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Data Sheet Identification --Advlnce lnlotmallon 

Ptollmlnary 

Praducl s,,..,111ca11on 

DEFINITION OF TERMS 
Product Status Definition 

Fonnatlve or In Daalgn 
This data sheet contains the design specifications for product development. Specifications may change 
in any '!lanner without notice. 

Sampling arf're.Producttan This data sheet contains advance information a~d specifications are subject to change without notice. 

This dat~ sheet contains preliminary data and supplementary da~a will be published at a later ~ate. 
First ~rocluotlon Slgnetlcs reserves the right to make changes at any time without notice In order to Improve design and 

supply the best posslble product. 

Full Productlan 
This data sheet contains flnar specifications. Signetics reserves the right to make changes at any time 
without notice In order to Improve design and supply the be~t possible product. 

Signetics reserves the right to make changes in the products contained In this book 
in order to improve design or performance and to supply the best possible products, 
Slgnetlcs also assumes no responslblllty for the use of any circuits described 
herein, conveys no license under any patent or other right, and makes no representa· 
lions that the circuits are free from patent Infringement. Applications for any inte­
grated circuits contained in this publication are for Illustration purposes only and 
Slgnetlcs makes no representation or warranty that such applications will be suit· 
able for the use specified without further testing or modification. Reproduction of 
any portion hereof without the prior written consent of Signetics Is prohibited. 
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Signetics 

Linear Products 

Preface 

The Linear Division, one of five Signetics divisions, is a major supplier of a broad line 
of linear integrated circuits ranging from high-performance designs to many of the 
more popular industry standard devices and custom designs. 

Employing Signetics' high quality processing and screening standards, the Linear 
Division is dedicated to providing high quality Linear products to our worldwide 
customers. Our full product line addresses the needs of the EDP, Automotive, 
Industrial, Consumer, and Communications markets. 

The 1985 Linear Data and Applications Manual Volume II provides complete 
technical data on our full line of interface, communication, amplifier, power 
conversion and control, and video products. A•'1ong these you will find new entrants 
such as the NE5205 high frequency amplifier, ;~E5170 and NE5180/5181 octal line 
driver and receivers, the DACSOO 12-Bit D/ A Converter, TCA520 low voltage 
amplifier, and the TDA1520 20 watt amplifier. 

Extensive Applications, Telephony, and Video sections and selector guides are also 
included in this volume. 

Volume II is intended to be a companion to Volume I, published in October 1984. 
This present volume has a Table of Contents which contains a complete listing of all 
products in both Volumes I and II. 

Although every attempt has been made to insure accuracy of information in this 
manual, Signetics assumes no liability for inadvertent errors. 

Your suggestions for improvement in future editions are welcome. 
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SECTION 1 - GENERAL 
Cross Reference Guides 

Contents 

By Part Number .................................................................................................................... .. 
By Company ......................................................................................................................... .. 

Index to Appllcatlons •..•.•.•.•.•..•••.•••...•••.••.•.•.......•.••...•....•.•.•..•.•.....•...••..•.•.•...•.•.•.•.•••••••••••••••••••• 
By Part Number ••••.••••••••.•.•.•.•..•......•..•......•.•.•.•.••...•....•...••.•.••..•..••.••••.•••.••••••••.•.••.•.••••.•••••••••. 
By Product Grouping .•.•...•..••••.••••...•.•••.•••.••.•...•..•......•..•...•.•.•.....•.•.••.•..•.•.....•.••••••.••.•••••••••••••• 

SO Package Avallablllty •.••......•••..•.•.....•.•.•....•.•......•...•....•...••.•.••••••••••••.••••.•••.•.•.•.•.••••.••••••••••••••• 
Ordering Information ................................................................................................................ . 

NOTE: 
See Section 12 for Full Linear Product Line and Forthcoming New Products. 

SECTION 2 - QUALITY AND RELIABILITY 
Quallty and Rellablllty ••.•.•.•.•..••••.••.••.••..••.•••.••.•.•.•.••...•....•...••.•.•.....•.•.••....•.....•.•.•••.••.•.••••.•.••••.••. 

SECTION 3-MILITARY 
Index .•.•••••••••••••••••.•••.••••.•••••••••••••••••••••••••••.•••...•...••.•.••.••••..••.•...•.•..•••...•..••••.•.••...•.•..•...••••.••.•. 
Military Products ....................................................................................................................... .. 
Military Process Levels .............................................................................................................. .. 
Mllltary Errata •••.•.•..•.•..•.•.•••••.•••.........•..•.•....•.••••••••••.••••••...••.•.•.•..•..•••.•.•••••••••••••.•.•••••••••••••••••••• 

SECTION 4 - INTERFACE PRODUCTS 
Index .•.•••••••••.•••••••••••••.••.••••.••••••••.••••••••••••••.•......•••..•.•.•••••••••.•...•.•..•.•......•.••.••.•...•....••..•••••••.•• 
Data Converters 

Symbols and Definitions •.••..••...•.•.•.•.•.•.•.••.•••.•..•.•.•..•.••.•.•....••.••.•.•..•.•..•.•.•.•...••••••••.•••••••••••••.•• 
Selector Gulde .•.•••.•..•......•.••••.•..•.•...•.•...••.••••••••.•••..•.••.•.•..•.•••••••••••••••••••••••••••••.•.••••••••••••••••••• 
Analog to Dlgltal Converters 

ADC080112131415 8-Bit CMOS AID Converter .................................................................. . 
SE/NE5030 10-Blt High Speed Microprocessor-Compatible Analog to Dlgltal 

Converter •••••••.•••.•.•..•••.•..•.••••...•••......•.•..•••...••.•.•.•••.•.•.••...•....•..•.•... 
NE5034 8-Bit High Speed AID Converter. .......................................................... .. 
NE5036 6-Bit AID Converter, Serial Output ........................................................ .. 
NE5037 6-Bit AID Converter, Parallel Output ....................................................... . 
PCF8591 8·Blt AID and D/A Converter ............................................................. . 
PNA7507 7-Blt Analog to Dlgltal Converter (ADC 7) ............................................ . 
TDA1534 14-Blt Analog to Dlgltal Converter, Serial Output ................................... . 

Digital to Analog Converters 
AM6012 12-Bit High Speed Multiplying DIA Converter .......................................... .. 
DAC08 Series 8-Bit High Speed Multiplying DIA Converter ............................................. . 
DAC800 12·Bll D/A Converter ......................................................................... . 
MC1508-811408-811408-7 8-Bit Multiplying DI A Converter .............................................................. . 
MC34101351013410C 10-Bit High Speed Multiplying DIA Converter .......................................... .. 
SE/NE5018 8-Blt Mlcroprocessor-Compatlble DIA Converter .................................... . 
SE/NE5019 8-Blt Mlcroprocessor-Compatlble D/A Converter .................................... . 
SE/NE5118 8·Bit Micro-Compatible DIA Converter-Current Output ................................. . 
SEINE5119 8-Bit Micro-Compatible DI A Converter-Current Output ................................. . 
SEINE5410 10-Bit High Speed Multiplying DIA Converter ........................................... . 
NE5020 10-Blt Mlcroprocessor-Compatlble D/A Converter .................................. . 
NE5150 Trlple 4-Blt RGB Video DAC ............................................................... . 
SAB3013 Six Function Analog Memory (&·Bit D/ A Converter) .............................. .. 
PCF8591 8-Blt A/D and D/A Converter ............................................................. . 

*For up-to-date cross reference information, contact your local sales office. 

VOL I VOL II 

1-3 
1-5 
1 -6See Sect. 9 
1-6 
1-7 
1-9 1-3 

1-10 1-7 

2-1 2-3 

3-1 
3-3 
3-3 

3-3 

4-1 4-1 

4-3 4-3 
4-4 4-4 

4-5 

4-5 
4-11 
4-17 
4-23 

4-10 
4-12 
4-19 

4-30 
4-40 

4-21 
4-50 
4-56 
4-63 4-27 
4-68 4-32 
4-81 
4-85 
4-89 
4-73 4-37 

4-45 
4-51 
4-10 

Listings In bold face will be found In Volume II. Listings In regular face will be found In Volume I. Please contact your local sales 
office for a copy of Volume I. 
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PNA7518 8-Blt Multlplylng DAC •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
TDA1540P,D 14-Blt D/A Converter, Serial Output ..................................................... . 

Comparators 
Selector Gulde ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

LM111 /211 /311 Voltage Comparator ............................................................................ . 
LM119/219/319 Dual Voltage Comparator ...............................................................••.•... 
LM139/ A/239/ A/339/ A Quad Voltage Comparator ..........................•........•......•...•....••..•............. 
LM193/A/293/A/393/A Low Po- Dual Voltage Comparator ...................................................... . 
LM2901 Quad Voltage Comparator ....................................................•........•..•.... 
LM2903 Low Pa- Dual Voltage Comparator ..............•....•.......•.•••.••••.........•........ 
MC3302 Quad Voltage Comparator ...............•..•...•..••..•..•.................................... 
SE/NE521 High Speed Dual Dif Comparator/Sense Amp ........................................... . 
SE/NE522 High Speed Dual Dif Comparator/Sense Amp .......................................•.•.. 
SE/NE527 Voltage Comparator ................................................................••..•••...... 
SE/NE529 Voltage Comparator ............................................................................ . 
PCF1251 Mlcropower Voltage Detector •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Drivers 
Symbole and Definitions ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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MC1489/MC1489A 
NE5090 
NE5170 
NE5180/NE5181 
NE587 
NE589 
NE590 
NE591 
SA/NE594 
PCE2100 
PCE2110 
PCE2111 
PCF1303T 
PCF2112 
PCF8576 
PCF8577 
SAA1060 
SAA1061 
SAA1062A 
SAA1063 
ULN2003 
ULN2004 

Position Measurement 

Quad Une Driver ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Quad Una Receivers •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Addreaaable Relay Driver ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ; •••• 
Octal Une Driver ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Octal Une Receivers •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
LED Decoder/Driver ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
LED Decoder /Driver ..................•.•.........•.•..•....•••...........................•...... 
Addressable Peripheral Driver .............................•................................... 
Addressable Peripheral Driver ........................•........................................ 
Vacuum Fluorescent Display Driver .................•..........................•....•........ 
40-Segment LCD Duplex Driver ......................................•..•.•.......•....•..... 
60-Segment LCD Duplex Driver ............................................................. . 
64-Segment LCD Duplex Driver ............................................................. . 
18 Element LCD BarGraph Display Driver · •••••••••••••••••••••••••••••••••••••••••••• 
32·Segment LCD Static Driver ............................................................... . 
Unlveraal LCD Driver for Low Multiplex Ratee ••••••••••••••••••••••••••••••••••••••• 
32/64 Segment LCD Driver for Automotive ••••••••••••••••••••••••••••••••••••••••••• 
LED Dlsplayllnterface Circuit ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
18-Segment LED Driver ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
LCD Dlsplay/lnterface Clrcutt ••••••••••••••••••••• , ••••••••••••••••••••••••••••••••••••••••• 
Fluo-nt Dlaplay/lnterface Circuit •••••••••••••••••••••••••••••••••••••••••••••••••••• 
High Volt.I Currant Darlington Transistor Array ........................................... . 
High Volt./Current Darlington Transistor Array ........................................•... 

NE5520 L VDT Signal Conditioner ...................................................................... . 
SE/NE5521 LVDT Signal Conditioner ••••••••••••• ; ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Sample and Hold 
Symbols And Deflnttlons ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

LF198/298/398 Monolithic Sample and Hold Circuit •.•.•••.••..••.••••••.••.•.•.••..•.•••.••.•••.•••..•.•••• 
SE/NE5537 Semple and Hold Amplifier ................................................................... . 
TDA1535 High Performance Sample and Hold Amplifier •••••••••••••••••••••••••••••••••••••••• 
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Analog and Audio "'-81ng 

NE570 Compandor ....................................................................................... . 
SAINE571 Compandor ....................................................................................... . 
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TDA3807 
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TEA5580 
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TEA5550 
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PLL Stereo Decoder .........•........•...••...•......•...•....•.•...•...•...........••••.•.•.. 
FM Stereo Multiplex Decoder Phase Locked Loop ..................................... . 

PLL Radio Tuning Circuit ................................................................... . 
Balanced Modulator/Demodulator ••......••..•.....•....•..•......••....•.•.•.......•...•. 
AM Receiver Circuit .............••...•........•..•••.•...•....•.............•..•...••••...•••• 
CMOS Frequency Synthesizer (LOPSY) ..•....•..•............................•.....•.... 
AM Radio Circuit .•••.••....••••••.••••.••..••......•.•...•......•............•.•.......•...•.•. 
AM/FM Radio Receiver Circuit ..•.........••....•..•.•.....•..•...•••••.....••..•...•••••.• 

FM l.F. System .................................................................................. . 
PLL Radio Tuning Circuit ................................................................... . 
Balanced Modulator/Demodulator ...••.•.••••.•.•..•.•••....••••...•..•••...•••••.•••.•••• 
Interference Suppressor ..•..•...•........•......•.........•.....•........••••........•.....•. 
FM Mixer Stage ••..•...•...••.•.....••......••.•....•........•.•..•.......•.......•.....•...••.• 
FM Front End IC •••..•.•••......••••••••••.•..•.•.••.•••..•...••••.....••••.....•••......••.••.• 
FM l.F. (Quadrature Detector) •••..•.•••.•.••••••..•.••••..•.•••••..•••.•....••••.•.•.•••••• 
FM l.F. Ampllfler •.•.................•.............••.....•.•.•..•.....•...•..•••.•....•••....•.• 
FM Radio Circuit •..•......•.••...•••..•.•••..••.••..•.•••••..••••.•••..••••.•...••••.••.•••••..• 
FM Radio Circuit (SO Package) •..........•...........•••....•.•.•...•.•.....•.•••.••.••••• 
FM Radio Circuit •.•.•.............•......•.•....•.•..•........•......•.......••..•...•••••.•..•• 
CMOS Frequency Synthesizer (LOPSY) .........•...•......•.......•.......•.•..••....•.• 
FM Radio Circuit ••...•.••.....•••....•••••...•..•.••.•••....•.•••....•.......•...•...•...•.....• 
AM/FM Radio Receiver Circuit .•....••.....•••.•..•••..•..•••.•...••••....•.•..•....••••..• 
FM l.F. System and Computer Interface (MUSTI) Circuit •...•..•••.•.••••••..••••• 
Balanced Modulator I Demodulator ........................................................... . 
Double Balanced Mixer and Oscillator .................................................. . 
Low Power Narrow Band FM l.F .•.•..................•....•...••...••.•.•..•.•••••.•••••• 

NE5080 2 Megabaud FSK Transmitter, IEEE 802.4 ............................................... . 
NE5081 FSK Receiver, IEEE 802.4 .................................................................... . 

l/R Remote Control Transmitters and Receivers 
SAA3004 l/R Transmitter ................................................................................. . 
SAA3006 l/R Transmitter ................................................................................. . 
SAA3028 l/R Receiver ..................................................................................... . 
SAF1032P Remote Control Receiver ................................................................... . 
SAF1039P Remote Control Transmitter ............................................................... . 
TDA3047 l/R Preampllfler ................................................................................ . 
TDA3048 l/R Preampllfler ................................................................................ . 

Phase Locked Loops ................................................................................................................. . 
SE/NE564 High Frequency Phase Locked Loop ...................................................... . 
SE/NE565 Phase Locked Loop ............................................................................ . 
SE/NE566 Function Generator ............................................................................. . 
SE/NE567 Tone Decoder/Phase Locked Loop ........................................................ . 

Small Area Networks (12C) 
Introduction ..••••••.••••••.•.•••.•.•.••.•.•..•.•.....••.•...•••....•••••..•.•••..•.•••••.•.••••.•....•.•...•.•.•....•......•••••.•.••• 
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14-Lead Mini-Pack; Plastic (S0-14, SOT-108A) •••••••••••••••••••••••••.••••••••••••••••••••••••.•••.••••••••••••.••••.• 
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SO Availability 1 

Part Number SMDPackage Description 

*DACOBED S0-16 B·Bit DI A Converter 
*LF398D S0·14 Sample and Hold Amp 
LM1870D SOL-20 Stereo Demodulator 
LM2901D S0·14 Quad Volt Comparator 
LM2903D SO·B Dual Volt Comparator 
LM311D SO·B Voltage Comparator 
LM319D S0-14 High Speed Dual Comparator 
LM324AD S0-14 Quad Op Amp 
LM324D S0-14 Quad Op Amp 
LM339D S0·14 Quad Volt Comparator 
LM358D SO·B Dual Op Amp 
LM393D So-8 Dual Comparator 

*MC1408·8D S0-16 B·Bit DI A Converter 
MC1458D SO·B Dual Op Amp 
MC1488D S0-14 Quad Line Driver 
MC1489AD S0-14 Quad Line Receiver 
MC1489D S0-14 Quad Line Receiver 
MC3302D S0-14 Quad Volt Comparator 
MC3403D S0-14 Quad Low Power Op Amp 
NE4558D SO·B Dual Op Amp 

*NE5008D S0·16 B·Bit DI A Converter 
*NE5018D SOL·24 B·Bit DI A Converter 
*NE5019D SOL-24 B·Bit DI A Converter 
*NE5036D S0-14 6·Bit A/ D Converter 
NE5037D S0-16 6-Bit AID Converter 
NE5044D S0-16 Programmable ?·Channel Encoder 
NE5045D S0-16 ?·Channel Decoder 
NE5090D SOL-16 Address Relay Driver 
NE5205D so.a High Frequency Amp 
NE521D S0·14 High Speed Dual Comparator 
NE522D S0·14 High Speed Dual Comparator 
NE5230D SO·B Low Voltage Op Amp 
NE527D S0-14 High Speed Comparator 
NE529D S0-14 High Speed Comparator 
NE532D SO·B Dual Op Amp 

*NE544D SOL-16 Servo Amp 
*NE5512D SO·B Dual High Performance Op Amp 
*NE5514D SOL-16 Quad High Performance Op Amp 
NE5517D S0-16 Dual High Performance Amp 
NE5520D SOL·16 LVDT Signal Conditioner Circuit 

*NE5532D SOL-16 Dual Low Noise Op Amp 
*NE5533D SOL-16 Low Noise Op Amp 
NE5534AD S0-8 Low Noise Op Amp 
NE5534D SO·B Low Noise Op Amp 

*NE5537D S0-14 Sample and Hold Amp 
NE5539D S0-14 High Frequency Wideband Amp 
NE555D SO·B Single Timer 
NE556D S0·14 Dual Timer 
NE5560D S0·16 SMPS Control Circuit 
NE5561D so.a SMPS Control Circuit 
NE5562D SOL-20 SMPS Control Circuit 
NE5568D SO·B SMPS Control Circuit 

"'Non-standard pinout. 
(Please check 1985 Linear Data Manual for additional pinout information.) 
For Information regarding addltlonal SO products released since the publication of this document, contact your local Slgnellcs sales office. 

1-3 September 1985 
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SO Availability 

Part Number SMDPackage Description 

NE558D SOL-16 Quad Timer 
NE5592D S0-14 Dual Video Amp 
NE564D S0-16 High Frequency Phase Locked Loop 

*NE565D S0-14 Phase Locked Loop 
NE566D S0-8 Function Generator 
NE567D S0-8 Tone Decoder Phase Locked Loop 
NE571D SOL-16 Compandor 
NE572D SOL-16 Programmable Compandor 

*NE587D SOL-20 ?-Segment LED Driver (Anode) 
*NE589D SOL-20 ?-Segment LED Driver (Cathode) 
NE592D14 S0-14 Video Amp 
NE592D8 S0-8 Video Amp 
NE592HD14 S0-14 High Gain Video Amp 
NE592HD8 S0-8 High Gain Video Amp 

*NE594D SOL-20 Vacuum Fluorescent Display Driver 
NE6020 S0-8 Double Balanced Mixer/Oscillator 
NE604D S0-16 Low Power FM IF System 
NE6120 S0-8 Double Balanced Mixer/Oscillator 
NE614D S0-16 Low Power FM IF System 
PCA1122TD VS0-40 LCD Watch Circuit 

*PCD3311TD S0-16 DTMF I Melody Generator 
PCD3312TD VS0-8 DTMF I Melody Generator 
PCD3315TD S0-28 Repertory Pulse Dialer 
PCD3343TD S0-28 Repertory Pulse Dialer 
PCD3360TD S0-16 Progressive Tone Ringer 
PCD3361TD S0-8 Progressive Tone Ringer 

*PCD5101TD S0-24 Static RAM 
PCD5114TD S0-20 4 K Static RAM 
PCD8571TD S0-8 1 K Serial RAM 
PCF1171BTD VS0-40 4-Digit LCD Car Clock 
PCF1172BTD VS0-40 3112-Digit Car Clock 
PCF1251TD S0-8 Micropower Voltage Detector 
PCF2100TD S0-28 LCD Duplex Driver (40) 
PCF2110TD VS0-40 LCD Duplex Driver (60) 
PCF2111TD VS0-40 LCD Duplex Driver (60) 
PCF2112TD VS0-40 LCD Duplex Driver (32) 
PCF8570TD S0-8 Static RAM (256 x 8) 
PCF8573TD S0-16 Clock/Timer 
PCF8574TD S0-16 Remote I/ 0 Expander 
PCF8576TD VS0-56 MUX/Static Driver 
PCF8577TD VS0-40 32-/64-Segment LCD Driver 
SA571D SOL-16 Compandor 
SA5720 SOL-16 Compandor 

*SA594D SOL-20 Vacuum Fluorescent Display Driver 
SA602D S0-8 Double Balanced Mixer/Oscillator 
SA604D S0-16 Low Power FM IF System 
SAA1062ATD S0-28 LCD Display Interface 
SAA3004TD S0-20 R/C Transmitter 
SG3524D S0-16 SMPS Control Circuit 
TCA240DD S0-16 Double Symmetrical Modulator/ 

Demodulator 
TCA520DD $0-8 Op Amp 

'Non-standard plnout. 

For Information regarding addltlonel SO products released since the publication of this document, contact your local Slgnetlcs sales office. 

September 1985 1-4 
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SO Availability 1 

Part Number SMDPackage Dascrlptlon 

TCA770DD S0-14 FMIF 
TDA0820TD S0-14 Demodulator I Mixer 
TDA1001BTD S0-16 Noise Suppressor 
TDA1005ATD S0-16 Stereo Decoder 
TDA7010TD S0-16 FM Radio Circuit 
TDA7020TD S0-16 FM Radio Circuit 
TDA7050TD S0-8 Mono/Stereo Amp 
TDB1080TD S0-16 FMIF 
TDD1742TD S0-28 Frequency Synthesizer 
TEA0653TD S0-20 DualDolbyB 
TEA0665TD S0-28 Dolby B/C Noise Reduction 
TEA1010TD S0-8 Touch Dimmer 
TEA1058TD S0-8 Touch Dimmer 
ULN2003D S0-16 Transistor Array 
ULN2004D S0-16 Transistor Array 
µA723CD S0-14 Voltage Regulator 
µA741CD S0-8 Single Op Amp 
µA747CD S0-14 Dual Op Amp 

•Non-standard plnout. 

For Information regarding adclltlonal SO products released since the publlcatlon of thla document, contact JOUr local Slgnatlcs salas office. 

1-5 September 1985 
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Ordering Information 

FOR PREFIXES AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

ORDERING INFORMATION 
Signetics' Linear LSI integrated circuit pro­
ducts may be ordered by contacting either the 
local Signetics sales office, Signetics represen­
tatives and/or Signetics authorized distributors. 
A complete listing is located in the back of this 
manual. 

Minimum Factory Order: 
Commercial Product: 

$1000 per order 
$250 per line item per order 

Military Product: 
$250 per line item per ordor 

Table 1 provides part number information 
concerning Signetics originated products. 

Table 2 is a cross reference of both the old 
and new package suffixes for all presently 
existing typAs, while Tables 3 and 4 provide 
appropriate explanations on the various 
prefixes employed in the part number 
descriptions. 

As noted in Table 3, Signetics defines device 
operating temperature range by the appropri­
ate prefix. It should be noted, however, that 
devices with a SE prefix ( - 55°C to + 125°C) 
indicates only its operating temperature 
range and not its military qualification status. 
The military qualification status of any Linear 
LSI product can be determined by either 
looking in the Military Section in this manual 
and/or contacting your local sales office. 

September 1985 

Table 1 PART NUMBER DESCRIPTION 

PART 
NUMBER 

NE5537N 
-·,-·r 

CROSS REF 
PART NO. 

LF398 

PRODUCT 
FAMILY 

LIN 

PRODUCT 
DESCRIPTION 

Sample & Hold Amp 

[Description of 
Product Function 

L-Product Family J LIN Analog Products 
. - ' ) MIL Mililary Products 

L._.. Package Descriptions-See Table 2 

~ Device Number 

Device Family and Temperature Range Prefix-See Tables 3 & 4 

Table 2 PACKAGE DESCRIPTIONS 

PACKAGE 

Old New DESCRIPTION 

A.AA N 14-lead plastic OIL 
A N-14 14-lead plastic OIL !Selected 

Anatog products oolyl 
B,BA N 16-lead plastic OIL 

- 0 Microminiature package (SO) 
F F 14, 16, 18, 22 and 24-lead 

ceramic ICerdipl OIL 
l,IK I 14, 16, 18, 22, 28 and 4-lead 

ceramic OIL 
K H 10-lead T0-100 
L H 10-lead high-profile T0-100 

can 
NA,NX N 24-lead plastic OIL 
Q,R Q 10, 14, 16 and 24-lead 

ceramic flat 
T,TA H 8-lead T0-99 
u u SIL Plastic powe• 
v N 8-lead plastic OIL 
'/.A N 18-lead plastic OIL 

XC N 20-lead plastic OIL 

xc N 22-lead plastic OIL 
XL.XF N 28-le•d plastic OIL 
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Table 3 SIGNETICS PREFIX AND 
DEVICE TEMPERATURE 

PREFIX 
DEVICE TEMPERATURE 

RANGE 

N o· to+ 1o·c 
s -55° to +125"C 
NE o• to+ 1o•c 
SE -55° to + 1:!5"C 
SA -40° to + 85°C 

Table 4 INDUSTRY STANDARD PREFIX 

PREFIX DEVICE FAMILY 

AM Linear Industry Standard 

CA Linear Industry Standard 

DAC Linear Industry Standard 

JB Mil Rel-Jan Qualified-
Old Designator 

JM Mil Rel-Jan Qualified-
New Designator 

LF Linear Industry Standard 

LM Linear Industry Standard 

M Mil Rel-Jan Processed 

MC Linear Industry Standard 

NE Linear Industry Standard 
SA Linear Industry Standard 

SE Linear Industry Standard 

SG Linear Industry Standard 
p.A Linear Industry Standard 
ULN Linear Industry Standard 



Slgnetlcs Linear Products 

Ordering Information 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

ORDERING INFORMATION 
Signetlcs Integrated circuit products may be 
ordered by contacting either the local 
Slgnetics sales office, Signetics representa· 
tlves and/or Slgnetlcs authorized distributors. 

Minimum Factory Order: 
Commercial Product: 

$1000 per order 
S250 per line Item per order 

Table 1 provides part number information con· 
cerning Signetics Europroducts integrated 
circuits. 

Table 2 provides package suffixes and descrip­
tions for all presently existing types. Letters 
following the device number not used in Table 
g are considered to be part of the device 
number. 

Table 3 provides explanations on the various 
prefixes employed in the part number descrlp· 
tlons. As noted In Table 3, Slgnetlcs 
Europroducts device operating temperature is 
defined by the appropriate prefix. 

Table 1. PART NUMBER DESCRIPTION 

Part Croll Rel. Product Product 
Number Part No. Famlly Description 

~2f.4ll l Video l.F. Amplifier 

loescriptlon of 
Product Function 

Product Family Linear LSI 

Package Description - See Table 2 

L.-..,.oevice Number 

'-----Device Family and Temperature Range Prefix - See Tables 3 & 4 

Table 2. PACKAGE DESCRIPTION 

Sulllx Package Description 

N 8,14,16,18,20,24,28,40 - lead plastic OIL 
D Microminiature Package (S.O.) 
F 14,16,18,22,24 - lead ceramic OIL 
u Single-in-line plastic (SIL) and SIL power 
H Metal Can 

OPERATING TEMPERATURE: Table 3. DEVICE PREFIX AND TEMPERATURE* 
The letters A to G give Information about the 
operating temperature: 

A: Temperature range not specified. 
See data sheet. 

e.g.: TDA2541N 
B: o to +7o•c 

e.g.: PCB8573PN 
c: - 55 to + 125•c 

e.g.: PCC2111PN 
D: - 25 to + 70°C 

e.g.: PCD8571PN 
E: -25to+85°C 

e.g.: PCE2111PN 
F: -40 to +85°C 

e.g.: PCF2111PN 
G: -55 to +85°C "NOTE: 

Prefix Device Famlly 

OM Linear circuit 
MAB,MAF Microcomputer 

MEA Microcomputer peripheral 

PCx CMOS Circuit 
PNx NMOS Circuit 

SAx Digital circuit 
TAX Linear circuit 
TBx Linear circuit 
TCx Linear circuit 
TDx Linear circuit 
TEX Linear circuit 

e.g.: PCG2111PN The third letter of the prefix, in a three letter prefix, is the temperature designator. 
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Quality and Reliability 

SIGNETICS LINEAR QUALITY 
Signetics has put together a winning 
process for manufacturing linear circuits. 
Our standard is zero defects, and cur­
rent customer quality statistics demon­
strate our commitment to this goal. 

The circuits produced in the Linear Divi­
sion must meet rigid criteria as defined 
by our design rules and as evaluated 
with a thorough product characterization 
and quality process. The capabilities of 
our manufacturing process are mea­
sured and the results evaluated and 
reported through our corporate-wide 
QA05 data base system. The SURE 
(Systematic Uniform Reliability Evalua­
tion) program monitors the performance 
of our product in a variety of accelerated 
environmental stress conditions. All of 
these programs and systems are intend· 
ed to prevent product-related problems 
and to inform our customers and em­
ployees of our progress in achieving 
zero defects. 

RELIABILITY BEGINS WITH THE 
DESIGN 
Quality and reliability must begin with 
design. No amount of extra testing or 
inspection will produce reliable ICs from 
a design that is inherently unreliable. 
Signetics follows very strict design and 
layout practices with its circuits. To elimi­
nate the possibility of metal migration, 
current density in any path cannot ex­
ceed 5 x 10(fifth) amps/cm(sq). Layout 
rules are followed to minimize the possi­
bility of shorts, circuit anomalies, and 
SCA type latch-up effects. Numerous 
ground-to-substrate connections are re­
quired to ensure that the entire chip is at 
the same ground potential, thereby pre­
cluding internal noise problems. 

PRODUCT CHARACTERIZATION 
Before a new design is released, the 
characterization phase is completed to 
insure that the distribution of parameters 

resulting from lot-to-lot variations is well 
within specified limits. Such extensive 
characterization data also provides a 
basis for identifying unique application­
related problems which are not part of 
normal data sheet guarantees. 

QUALIFICATION 
Formal qualification procedures are re­
quired for all new or changed products, 
processes and facilities. These proce­
dures ensure the high level of product 
reliability our customers expect. New 
facilities are qualified by corporate 
groups as well as by the quality organi­
zations of specific units that will operate 
in the facility. After qualification, prod­
ucts manufactured by the new facility 
are subjected to highly accelerated envi­
ronmental stresses to ensure that they 
can meet rigorous failure rate require­
ments. New or changed processes are 
similarly qualified. 

QA05 - QUALITY DATA BASE 
REPORTING SYSTEM 
The QA05 data reporting system col­
lects the results of product assurance 
testing on all finished lots and feeds this 
data back to concerned organizations 
where appropriate action can be taken. 
The QA05 reports EPQ (Estimated Pro­
cess Quality) and AOQ (Average Outgo­
ing Quality) results for electrical, visual/ 
mechanical, hermeticity, and documen­
tation audits. Data from this system is 
available on request. 

THE SURE PROGRAM 
The SURE (Systematic Uniform Aeliabili· 
ty Evaluation) program audits/monitors 
products from all Signetics' divisions 
under a variety of accelerated environ­
mental stress conditions. This program, 
first introduced in 1964, has evolved to 
suit changing product complexities and 
performance requirements. 
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The SURE program has two major func­
tions: Long-term accelerated stress per­
formance audit and a short-term accel­
erated stress monitor. Samples are se­
lected that represent all generic product 
groups in all wafer fabrication and as­
sembly locations. 

THE LONG-TERM AUDIT 
One-hundred devices from each generic 
family are subjected to each of the 
following stresses every four weeks: 
• High Temperature Operating Life: 

Tj = 150°C, 1000 hours, static 
biased operation. 

• High Temperature Storage: 
TJ = 1so•c, 1000 hours 

• Temperature Humidity Biased 
Life: 85°C, 85% relative humidity, 
1000 hours, static biased 

THE SHORT· TERM MONITOR 
Every other week a 50-piece sample 
from each generic family is run to 72 
hours of pressure pot (20psig, 127°C, 
100% saturated steam) and 300 cycles 
of thermal shock (-65°C to + 150°C) 

In addition, each Signetics assembly 
plant performs SURE product monitor 
stresses weekly on each generic family 
and molded package by pin count and 
frame type. Fifty-piece samples are run 
on each stress, pressure pot to 96 
hours, thermal shock to 300 cycles. 

SURE REPORTS 
The data from these test matrices pro­
vides a basic understanding of product 
capability, an indication of major failure 
mechanisms and an estimated failure 
rate resulting from each stress. This data 
is compiled periodically and is available 
to customers upon request. 

Many customers use this information in 
lieu of running their own qualification 
tests, thereby eliminating time-consum­
ing and costly additional testing. 
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RELIABILITY ENGINEERING 
In addition to the product performance moni­
tors encompassed in the Linear SURE pro­
gram, Signetics' Corporate and Division Reli­
ability Engineering departments sustain a 
broad range of evaluation and qualification 
activities. 

Included in the engineering process are: 

• Evaluation and qualification of new or 
changed materials, assembly/wafer-lab 
processes and equipment, product 
designs, facilities and subcontractors. 

• Device or generic group failure rate 
studies. 

• Advanced environmental stress 
development. 

• Failure mechanism characterization and 
corrective action/prevention reporting. 

The environmental stresses utilized in the 
engineering programs are similar to those 
utilized for the SURE monitor; however, more 
highly-accelerated conditions and extended 
durations typify these engineering projects. 
Additional stress systems such as biased 
pressure pot, power-temperature cycling, and 
cycle-biased temperature-humidity, are also 
included in some evaluation programs. 

FAILURE ANALYSIS 
The SURE Program and the Reliability Engi­
neering Program both include failure analysis 
activities and are complemented by corpo­
rate, divisional and plant failure analysis de­
partments. These engineering units provide a 
service to our customers who desire detailed 
failure analysis support, who in turn provide 
Signetics with the technical understanding of 
ihe failure modes and mechanisms actually 
experienced in service. This information is 
essential in our ongoing effort to accelerate 
and improve our understanding of product 
failure mechanisms and their prevention. 

ZERO DEFECTS PROGRAM 
In recent years, United States industry has 
increasingly demanded improved product 
quality. We at Signetics believe that the 
customer has every right to expect quality 
products from a supplier. The benefits which 
are derived from quality products can be 
summed up in the words, lower cost of 
ownership. 

Those of you who invest in costly test equip­
ment and engineering to assure that incoming 
products meet your specifications have a 
special understanding of the cost of owner­
ship. And your cost does not end there; you 
are also burdened with inflated inventories, 
lengthened lead times and more rework. 
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SIGNETICS UNDERSTANDS 
CUSTOMERS' NEEDS 
Slgnetics has long had an organization of 
quality professionals, inside all operating un­
its, coordinated by a corporate quality depart­
ment. This broad decentralized organization 
provides leadership, feedback, and direction 
for achieving a high level of quality. Special 
programs are targeted on specific quality 
issues. For example, in 1978 a program to 
reduce electrically defective units for a major 
automotive manufacturer improved outgoing 
quality levels by an order of magnitude. 

In 1980 we recognized that in order to 
achieve outgoing levels on the order of 
100PPM (parts per million), down from an 
industry practice of 10,000PPM, we needed 
to supplement our traditional quality programs 
with one that encompassed all activities and 
all levels of the company. Such unprecedent­
ed low defect levels could only be achieved 
by contributions from all employees, from the 
R and D laboratory to the shipping dock. In 
short, from a program that would effect a total 
cultural change within Signetics in our attitude 
toward quality. 

QUALITY PAYS OFF FOR OUR 
CUSTOMERS 
Signetics' dedicated programs in product 
quality improvement, supplemented by close 
working relationships with many of our cus­
tomers, have improved outgoing product 
quality more than twenty-fold since 1980. 
Today, many major customers no longer test 
Slgnetics circuits. Incoming product moves 
directly from the receiving dock to the produc­
tion line, greatly accelerating throughput and 
reducing inventories. Other customers have 
pared significantly the amount of sampling 
done on our products. Others are beginning 
to adopt these cost-saving practices. 

We closely monitor the electrical, visual, and 
mechanical quality of all our products and 
review each return to find and correct the 
cause. Since 1981, over 90% of our custom­
ers report a significant improvement in overall 
quality (see Figure 1). 

At Signetics, quality means more than work­
ing circuits. It means on-time delivery of the 
right product at the agreed upon price (see 
Figure 2). 

ONGOING QUALITY PROGRAM 
The Signetics quality improvement program 
steers its employees toward "Doing it Right 
the First Time." The intent of this innovative 
program is to change the perception of 
Signetics' employees that somehow quality is 
solely a manufacturing issue where some 
level of defects is inevitable. This attitude has 
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been replaced by one of acceptance of the 
fact that all errors and defects are prevent­
able, a point of view shared by all technical 
and administrative functions equally. 

This program extends into every area of the 
company, and more than 40 quality improve­
ment teams throughout the organization drive 
its ongoing refinement and progress. 

Key components of the program are the 
Quality College, the "Make Certain" Pro­
gram, Corrective Action Teams, and the Error 
Cause Removal System. 

The core concepts of doing it right the first 
time are embodied in the four absolutes of 
quality: 
1. The definition of quality is conformance 

to requirements. 
2. The system to achieve quality improve­

ment is prevention. 
3. The performance standard is zero de­

fects. 
4. The measurement system is the cost of 

quality. 

QUALITY COLLEGE 
Almost continuously in session, Quality Col­
lege is a prerequisite for all employees. The 
intensive curriculum is built around the four 
absolutes of quality; colleges are conducted 
at company facilities throughout the world. 

"MAKING CERTAIN" -
ADMINISTRATIVE QUALITY 
IMPROVEMENT 
Signetics' experience has shown that the 
largest source of errors affecting product and 
service quality is found in paperwork and in 
other administrative functions. The "Make 
Certain" program focuses the attention of 
management and administrative personnel on 
error prevention, beginning with each employ­
ee's own actions. 

This program promotes defect prevention in 
three ways: by educating employees as to the 
impact and cost of administrative errors, by 
changing attitudes from accepting occasional 
errors to one of accepting a personal work 
standard of zero defects, and by providing a 
formal mechanism for the prevention of er­
rors. 

CORRECTIVE ACTION TEAMS 
Employees with the perspective, knowledge, 
and necessary skills to solve a problem are 
formed into ad hoc groups called Corrective 
Action Teams. These teams, a major force 
within the company for quality improvement, 
resolve administrative, technical and manu­
facturing problems. 
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1979 1980 1981 1982 1983 1984 1985 

Figure 1. Slgnetlcs' Quality Progress­
Estimated Process Quality and Average Outgoing Quality 
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Figure 2. Performance To Schedule/On· Time Delivery- High and Low 

ECR SYSTEM 
(ERROR CAUSE REMOVAL) 
The ECR System permits employees to re­
port to management any impediments to 
doing the job right the first time. Once such 
an impediment is reported, management is 
obliged to respond promptly with a corrective 
program. Doing it right the first time in all 
company activities produces lower cost of 
ownership through defect prevention. 

PRODUCT QUALITY PROGRAM 
To reduce defects in outgoing products, we 
created the Product Quality Program. This is 
managed by the Product Engineering Council, 
composed of the top product engineering and 
test professionals in the company. This 
group: 
1. sets aggressive product quality improve­

ment goals; 
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2. provides corporate-level visibility and fo­
cus on problem areas; 

3. serves as a corporate resource for any 
group requiring assistance in quality im­
provement; and 

4. drives quality improvement projects. 

As a result of this aggressive program, every 
major customer who reports back to us on 
product performance is reporting significant 
progress. 

VENDOR CERTIFICATION 
PROGRAM 
Our vendors are taking ownership of their 
own product quality by establishing improved 
process control and inspection systems. They 
subscribe to the zero defects philosophy. 
Progress has been excellent. Through inten­
sive work with vendors, we have improved 
our lot acceptance rate on incoming materials 
as shown in Figure 3. Simultaneously, waivers 
of incoming material have been eliminated. 

Higher incoming quality material to us en­
sures higher outgoing quality products. 

QUALITY AND RELIABILITY 
ORGANIZATION 
Quality and reliability professionals at the 
divisional level are involved with all aspects of 
the product, from design through every step 
in the manufacturing process, and provide 
product assurance testing of outgoing prod­
uct. A separate corporate-level group pro­
vides direction and common facilities. 

Quality and Reliability Functions 

• Manufacturing quality control 

• Product assurance testing 

• Laboratory facilities - failure analysis, 
chemical, metallurgy, thin film, oxides 

• Environmental stress testing 

• Quality and reliability engineering 

• Customer liaison 

COMMUNICATING WITH EACH 
OTHER 
For information on Signetics' quality pro­
grams or for any question concerning product 
quality, the field salesperson in your area will 
provide you with the quickest access to 
answers. 

We are dedicated to preventing defects. 
When product problems do occur, we want to 
know about them so we can eliminate their 
causes. Here are some ways we can help 
each other: 

• Provide us with one informed contact 
within your organization. This will 
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Figure 3. Lot Acceptance Rate From Slgnetlcs Vendors 

establish continuity and build confidence 
levels. 

• Periodic face-to-face exchanges of data 
and quality improvement ideas between 
your engineers and ours can help 
prevent problems before they occur. 

• Test correlation data is very useful. 
Line-pull information and field failure 
reports also help us improve product 
performance. 

• Provide us with as much specific data 
on the problem as soon as possible to 
speed analysis and enable us to take 
corrective action. · 
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• An advance sample of the devices in 
question can start us on the problem 
resolution before physical return of 
shipment. 

This team work with you will allow us to 
achieve our mutual goal of improved product 
quality. 

MANUFACTURING: DOING IT 
RIGHT THE FIRST TIME 
In dealing with the standard manufacturing 
flows, it was recognized that significant im­
provement would be achieved by "doing 
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MATERIAL WAIVERS 
1985 - (0) (Goal) 
1984- 0 
1983- 0 
1982- 2 
1981 -134 

every job right the first time," a key concept 
of the quality Improvement program. During 
the development of the program many pro­
found changes were made. Figure 4, Linear 
Flow, shows the results. 

The achievements resulting from the im­
proved process flow have helped Signetics to 
be recognized as the leading Quality supplier 
of linear circuits. These achievements have 
also led to our participation in many Ship-to­
Stock programs, which our customers use to 
eliminate incoming inspection. Such pro­
grams reduce the user cost of ownership by 
saving both time and money. 
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WAFER 
FABRICATION 

I 
0 

I 
0 

DIE ATTACH 
WIRE-D 

0 

100% 
ELECTRICAL TEST 

BURN IN 
OPTION 

100% 
ELECTRICAL TEST 

SCANNING ELECTRON lllCROllCOPE CONTROL 

Wlfenl are sampled daily by Ille Quality Conttol Laboratory from each fabrication area and 8Ubjectlld to 
SEM analyais. This proceaa control reveals manufacturing defects such aa .,.,,,_ and ·- step 
coverage In the metalization process which may l'fft:llt in ffl'ly failures. 

DIE SORT VlauAL ACCEPTANCE 

Product la lnapec:ted lor defects cauaed during fabrication, - -ng. or 1he mechanical scribe and 
break operation. Defects ouch u acratcheo, smears and glaaaivated bonding pads are included In Ille lot 
acceptance criteria. 

PRE-BEAL VISUAL ACCEPTANCE 

Product Is inapact8d to dot8ct any damage incurrod at Ille die attach and wire bonding stations. Defects 
auch ae scratches. contamination and smeared ball bonds are included in the lot acceptance criteria. 

SEAL TESTS 

Hormatlc package - lntegrtty Is enaured by fine 100% groaa leak -ng. 

8VllllOL 

Devlcea are martced with the Slgnetica logo, deYlce number and date code or cuatom symbol per Individual 

--requirements. 

100% PllODllCTIOll ELECTRICAL TE8TINCI 

Every. device la teeted to all data lheet peram-. guaranteeing tempereture apeclflcatlons. 

BURN IN (SUPR II LEVEL 8 OPTION) 

Devices are ·burned in for 21 hon at 155•c maximum Junction Temperature. 

100% PRODUCTION ELECTRICAL TESTING 

Every devtce Is teeted to all data sheet para- guaranteeing ""'-8ture apoclftcatlons. 

VtBUAL 

All producta are 1 OO'llo vllually lnapected par Ille requirements apecifled in Signetics' ot cuatomer 
documents. 

FINAL QUALITY ASSURANCE GATE 

The final QA inapectlon step guara..- Ille apecifled machanlcal and atectrtcal AQL's. Every shipment Is 
-eel and ldanllfted by QA pera0nnet. 

Figure 4. Unear Dlvla!on Unear p,._aa Flow 
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1979 1980 1981 1982 1983 1984 

Figure 5. Linear AOQ Average Outgoing Quality 
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Military Errata 

Effective January 1, 1985, this section has been superseded by the 1985 Military Products Data Manual. Information regard­
ing this manual can be obtained from the Military Division in Sacramento. (916) 925-6700. 
Electrical specification herein as described for products with the "SE" prefix do not necessarily describe the performance 
characterization of military processed products. 
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Interface Products 
Section 4 

Symbols and Definitions ..•.•.•....•.•.•.••.••.•.•......•.....•.•.•..•.•.•..•..••..•...••.•.•..•.•..•.•..••..•.••...•...•..••••.• 
Selector Gulde ••••.•••••.•••.••.•.•••.•.••.•••••••••••••....•.....•...•..•.•..•....•........•.•.•..•.•....•......•.•.•..•...•..••.•.• 
Analog to Dlgltal Convertara 

SE/NE5030 10-Blt High Spaed Mlcroprocessor-Compatlble Analog to Dlgltal 
Converter ...••....•.•.••.•..•.••••••••••••••••..•...•.•......••.•.••.•••...•..•...•.....••.•.••• 

PCF8591 8·Blt A/D and D/A Converter .......•.•.•..•...•.•..•.•..•...•....•......•.•.•.....•..•.... 
PNA7507 7·Blt Analog to Dlgltal Converter (ADC 7) ••••••••••••••••••••••••••••••••••••••••••••• 
TDA1534 14·Blt Analog to Dlgltal Converter, Serial Output .••••.•.••.•....•.•....•.......••••• 

Dlgltal to Analog Converters 
DAC800 12·Blt D/A Converter .•.........•..•.•.......•.....•....•.•..•.•...••......•......•.•.•...•.•.• 
SE/NE5018 8·Blt Mlcroprocessor-Compatlble D/A Converter ....•....•.............•...•......... 
SE/NE5019 8·Blt Mlcroprocessor·Compatlble D/ A Converter •••....•.•..•••.•..•.•••...•.•..•.... 
NE5020 10·Blt Mlcroprocessor·Compatlble D/A Converter •.•..•....•...•..•...•.....••.•.•.• 
NE5150 RGB Video D/A Converter .•••..•......•.••.•.•...••.•.•..•.•.•...........•.•..........•.... 
SAB3013 Six Function Analog Memory (&·Bit D/A Converter) •...........•.•....•.......•.... 
PCF8591 8·Blt A/D and D/A Converter ..•.•......•••••••••••...••.•.•..•.••.••.••......•...•..••...• 
PNA7518 8·Blt Multlplylng DAC ••.••••••••••.•••••.•.•.••.••••.••••••..•.•..•..•.....••••••••••••.•.••..• 
TDA1540P,D 14·Blt D/A Converter, Serlal Output ..•.••.•.•.•...........•.•••.••.•...........•...•••••• 

Comparators 
Selector Gulde .•.•...•.•.•.•.••.•.•...•••.•..••.•.••.•.•...••.....•...•..•.•.......•.•.•....•.•.•..•.•.•..•.•....•.•....•......••.... 

PCF1251 Mlcropower Voltaga Detector •.•.••.••••.••.........••••••.••••••......•....•.•••••••••.••• 
Drivers 

Symbols and Definitions •••••.••..•..•••.••.••.•...••.•...........•..•.•.•.....••.•.....•...•..•.•..•..•.•...•....•.•.•.•...•..•• 
MC1488 Quad Line Driver .•••••••.....••••....•......•••.•.•.•.............•..•.•.•...........•....•.... 
MC1489/MC1489A Quad Line Receivers .••••.••••••....•......•••••••••.•••.........•..•.•••...•.......•....•.... 
NE5090 Addressable Relay Driver .•.•.••.•......•..•.•.••.•.•.•.•..•••.•......•..••••.•.•...•..••.... 
NE5170 Octal Line Driver .•....•.....•.•.•..•.•...•...•........•...•..•....•..•.....•....•.•......••••.. 
NE5180/NE5181 Octal Line Receivers ..•.•..••.•••••••.•••••.••.•.•.•.•••••..••...•..•.•••..••.••..•.•......... 
NE587 LED Decoder/Driver •..•.•.....••..•.•...•.•.••.•.•.••.•..•..•.•••••••••.•........•.••.•.•••••. 
PCF1303T 18 Element LCD Bar Graph Display Driver .••.•........•.••..•..•..•.•......•....•.... 
PCF8576 Universal LCD Driver for Low Multiplex Rates .•.........•......•.•....•.•.•.•..•.... 
PCF8577 32/64 Segment LCD Driver for Automotive ••.•.•..•.•....•..•••........•...•.•..•.... 
SAA1060 LED Display/Interface Circuit ..•.•.•.•.•.•.••..••.•..•.•.•.•••••••.•....•.•.•..•••....••.•.. 
SAA1061 16·Segment LED Driver ••..•.•••..•.•.....•.••.•.•.••.•........•.••.•.•....•.•......•.•..•.... 
SAA1062A LCD Dlsplay/lnterface Circuit •..••••.•.•...•...••.•.•.••.•....•....•...•.••.......•...••.... 
SAA1063 Fluorescent Display/Interface Circuit ••.••...•.•.••••.•.••••.••.•...••.•.••••.•.•••••.... 

Position Measurement 
SE/NE5521 

Sample and Hold 
LVDT Signal Conditioner ..•....•.•......•.••.•••••..•....•.•....•..•.•.•....•.•....•....•.... 

Symbols And Definitions •••...•...•.•.•..••.•.••.•.••.•.•..••..•.••....•..••••.••.•.•.••.•.•..•.•.•••••.•...•...••.•...•••.••.•.• 
TDA1535 High Performance Sample snd Hold Amplifier ...•.•..•.•..•......•.•.•..•......•..... 
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Slgnetics Linear Products Product Specification 

D/Aand A/D Converter-Symbols and Definitions 

Absolute Accuracy Error 

Absolute Accuracy Error is the difference between the theoretical 
analog input required to produce a given output code and the actual 
analog input required to produce the same code. The actual input is a 
range and the error is the midpoint of the measured band and the 
theoretical band. 

Absolute Maximum Ratings 
The Absolute Maximum Ratings are the operating safe zones. 
Exceeding these limits could cause permanent damage to the device. 
The device is NOT guaranteed to operate at these limits. 

Conversion Speed 

Conversion Speed is the speed at which a converter can make repeti­
tive conversions. 

Conversion Time 

Conversion time is the time required for a complete conversion cycle 
of an ADC. Conversion time Is a function of the number of bits and the 
clock frequency. 

Dlfferenllal Non-Linearity (DNL) 

Differential Non-Linearity of a DAC is the deviation of the measured 
output step size from the ideal step size. In an ADC it is the deviation 
in the range of inputs from 1 LSB that causes the output to change 
from one given code to the next code. Excessive DNL gives rise to 
non-monotonic behavior in a DAC and missing codes in an ADC. 

Differential Non-Linearity Tempco 

Differential Non-Linearity Tempco is the temperature coefficient of 
DNL and specifies how DNL changes with temperature. 

Full Scale Tempco 

Full Scale Tempco in a DAC is the change of full scale output with a 
change of temperature. In an ADC it is the change in the input 
required to cause full scale transistion. Expressed in ppm/degree C. 

Gain Error 

Gain Error is the error of the slope of the line drawn through the mid­
points of the steps of the transfer function as compared to the ideal 
slope. It is usually measured by determining the error of the analog 
input voltage to cause a full scale output word with the Ideal value that 
should cause this full scale output. This gain error is usually 
expressed in LSB or in percent of full scale range. 

Hysteresis Error 

Hysteresis Error is the code transition voltage dependence relative to 
the direction from which the transistion is approached. 

Integral Non-Linearity 

Integral Non-Linearity is the difference between the ideal transfer 
characteristic and the actual characteristic. 

Least Significant Bit (LSB) 

The Least Significant Bit is the lowest order bit, or the bit with the 
least weight. 

Missing Code 

A Missing Code is a code combination that does not appear in the 
ADC's output range. 

Monotonicity 

A DAC is monotonic if its output either increases or remains the same 
when the input code is incremented from any code to the next higher 
code. 

Most Significant Bit (MSB) 

The Most Significant Bit is the highest order bit, or the one with the 
most weight. 

Offset Error 

Offset error is the constant error or shift from the ideal transfer 
characteristic of a converter. In a DAC it is the output obtained when 
that output should be zero. In an ADC it is the difference between the 
input level that causes the first code transistion and what that input 
level should be. 

Output Voltage Compliance 

Output Voltage Compliance of a current oulput DAC is the range of 
acceptable voltages at the DAC output for the DAC output current to 
remain within its specified limits. 

Power Supply Sensitivity 

Power Supply Sensitivity of a DAC is the change of output current or 
voltage with changes in the power supply voltage. In an ADC, it is the 
change in the transistion points from code to code with changes in the 
power supply voltage. 

Quantizing Error 

In an A/D converter there is an infinite number of possible input 
levels, but only 2" output codes (n =number of bits). There will, there­
fore, be an error in the output code that could be as great as 1/2 LSB 
because of this quantizing effect. The greatest error occurs at the 
transistion point where the output state changes. 

Relative Accuracy 

Relative Accuracy is a measure of the difference of the theoretical 
output value with a given input after any offset and gain errors have 
been nulled out. 

Resolution 

Resolution is the number of bits at the input or output of an ADC or 
DAC. It is the number of discrete steps or states at the output and is 
equal to 2" where in is the resolution of the converter. However, n bits 
of resolution does not guarantee n bits of accuracy. 

Setting Time 

Setting Time is the delay in a DAC from the 50 percent point on the 
change in the input digital code to the effected change in the output 
signal. It is expressed in terms of how long it takes the output to settle 
to and remain within a certain error band around the final value and is 
usually specific for full scale range changes. 

Transfer Characteristic 

The Transfer Characteristic is the relationship of the output to the 
input. 

NOTE: 
Refer to Section 9 (Interface Circuits) for an in-depth explanation of 
data converters and their applications. 
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Signetics Linear Products Product Specification 

Converter Selector Guides 

D/A CONVERTERS 
CONV. 

OUTPUT PACKAGE TEMPERATURE RANGE SPEED INT. INT. 
DEVICE BITS ACC.% (µs) v I REF. LATCH N D F Com'I. Mii COMMENTS 

MC14Q8.7 8 0.39 0.07 x x x 
MC14Q8.8 8 0.19 0.07 x x x x x 
MC1508-8 8 0.19 0.07 x x x 
DA COS 8 0.19 O.Q7 x x x 
DACOSA 8 0.10 O.Q7 x x x 
DACOSC 8 0.39 0.07 x x x x 
DA COSE 8 0.19 0.07 x x x x x 
DACOSH 8 0.10 0.07 x x x x 
NE5018 8 0.19 0.2 x x x x x x 
SE5018 8 0.19 0.2 x x x x x 
NE5019 8 0.10 0.2 x x x x x x 
SE5019 8 0.10 0.2 x x x x 
NE5118 8 0.19 2.3 x x x x x x 
SE5118 8 0.19 2.3 x x x x x 
NE5119 8 0.10 2.3 x x x x x x 
SE5119 8 0.10 2.3 x x x x x 
NE5020 10 0.10 5.0 x x x x x x 
NE5410 10 0.05 0.25 x x x ±1/• LSB DNL 
SE5410 10 0.05 0.25 x x x ±1/• LSB DNL 
MC3410 10 0.05 0.25 x x x ±1/2 LSB DNL 
MC3510 10 0.05 0.25 x x x ±V. LSB DNL 
AM8012 12 0.05 0.25 x x x ±1 LSB DNL 
TDA1540D 14 0.012 0.5 x x x x x Serial Input 

±V. LSB DNL 

A/D CONVERTERS 
CONV. INPUT THREE· PACKAGE TEMPERATURE 
SPEED STATE INT. INT. RANGE 

DEVICE BITS ACC.% (µS) v I OUTPUT REF. CLOCK N F FE Com'I. Mii 

NE5034 8 0.19 17 x x x x x 
NE5036 6 0.78 23 x x x x x 
NE5037 6 0.78 9 x x x x x 
TDA1534 14 0.012 8.5 x x x x x 
ADC0801-1 8 0.10 73 x x x x xi 
ADC0802·1 8 0.19 73 x x x x xi 
ADC0803-1 8 0.19 73 x x x x xi 
ADC0804-1 8 0.39 73 x x x x xi 
ADC0805·1 8 0.39 73 x x x x x xi 

Note: 
1. Automotive temperature range: - 40 to + 85°C 
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10-Bit High Speed Microprocessor-Compatible 
Analog to Digital Converter 

DESCRIPTION 
The SE/NE5030 is a monolithic 10-bit, 
microprocessor ·compatible Analog-to­
Digital Converter which is manufactured 
on a high speed bipolar process using 
thin film resistors. The conversion pro­
cess is a new multi-step technique which 
combines parallel conversion and suc­
cessive approximation, allowing com­
plete 10-bit conversion in just 2.5 micro­
seconds at the maximum 3MHz clock 
rate. The fast conversion rate makes the 
SE/NE5030 excellent for a wide range 
of applications where system throughput 
sampling rates up to 360KHz are re­
quired. 

FEATURES 
• Microprocessor compatible 
• Fast conversion (2.5µsec) 
• Relative accuracy 1/4 LSB typical 
• 2.5 volt signal Input range 
• Accomodates either unipolar or 

bipolar Input 
• TTL compatible dlgltal Inputs/ 

outputs 
• No missing codes over temp 

range 
• Three state outputs 
• High Impedance analog Input 
• Low TC Internal reference 

{5ppm/°C typical) 

APPLICATIONS 
• Process control 
• Test and measurement 
• Machine tools 
•Robotics 
• Industrial monitoring 
• High speed waveform digitizing 
• High speed correlators 
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SE/NE5030 

PIN CONFIGURATION 

F PACKAGE 

+Vee 

D9(MSB) 

08 

06 

05 

04 

03 

02 

01 

DO(LSB) 

EOC 

TOP VIEW 

• Make no external connection 

PIN OESIG· 
# NATION 
1 VREF OUT 

ORDER NUMBERS 
NE5030F, SE5030F 

FUNCTION 

2.5V reference output voltage of the 
temperature compensated internal 
reference. 

2 VAEF IN Reference input for the converter. 
(Connect pin 1 to pin 2 or connect an 
external 2.500V reference voltage to pin 
2.) 

Make no external connection. 
-5V (±5%) negative supply pin. 
Analog input voltage. 

Unipolar range OV to + VREF 
Bipolar range -VReF/2 to +VReF/2 

6 ANA COM Analog common point to which all Analog 
signals are to be referenced. 

7 DIG COM Digital common point to which all digital 
signals are to be referenced. 

8 ~ Logic input for selecting either unipolar or 
bipolar mode of operation. 

Logic high selects unipolar mode 
Logic low selects bipolar mode 

9 CLOCK Single phase clock signal input 
1 o 'START Start signal input. Low-going edge initiates 

12 OE 

13 tl51: 

a conversion cycle. 
Chip Select. Must be low to enable 

conversion or read output data. 
Logic low causes normal operation 

(enables operation) 
Logic high inhibits conversion and 

holds output data lines in high 
impedance mode 

Output enable. 
Logic low when~ is low enables output 

buffers 
Logic high puts outputs into the high 

impedance state 
End of Conversion output signal. This 

output voltage goes low after the end of 
a conversion. This output voltage is 
reset to a logic high by a low level on the 
OE pin. 

14- 00- 09 Three-state buffer outputs (09 is MSB, DO 
23 is LSB). When c:5i=: is low, the converted 

24 Vee 
data word is available at these pins. 

+ 5V (± 5%) positive supply voltage pin. 

September 1985 
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Slgnetlcs Linear Products 

10-Bit High Speed Microprocessor-Compatible 
Analog to Digital Converter 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage 

Negative supply voltage 

Analog input range 

Digital input voltage 

Analog common to digital common 

VREF our short circuit to common 

VREF our short circuit to Vee 

VREF IN applied voltage 

Digital output pins applied voltage 
to logic high outputs 

Digital output sink current 

Operating temperature range 
NE5030 
SE5030 

Storage temperature range 

Power dissipation 

BLOCK DIAGRAM 

[ 
IiJli5Clli" I 

J1IU1. CLI( • 

September 1985 

BANDGAP 
VOLTAGE 

REFElll!NCE 

CONTROL 
LOGIC 

DI 
(USB) 

R 

10BITD/A 
in..&.llCM.l!•V,_/R 

10 

9UCCES9M! 
APPROXIMATION 
REGISTIR (8AR) 

14 13 24 

D10 "112" +IV 
(US) (END 

OF CONVP8ION) 
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RATING 

+8 

-8 

±3.5 

-0.5 to Vee 

±1 

Indefinite 

60 

0 to 5 

-0.5 to Vee 

10 

O to +70 
-55 to +125 

-60 to +150 

600 

-sv 
7 _.,AL 

CIND ... 

Advance Information 

SE/NE5030 

UNIT 

v 
v 
v 
v 
v 

seconds 

v 

v 

mA 

•c 
•c 
•c 

mW 
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Signetics Linear Products 

10-Bit High Speed Microprocessor-Compatible 
Analog to Digital Converter 

Advance Information 

SE/NE5030 

DC ELECTRICAL CHARACTERISTICS Vee= 5V, Vee• -5V, TA= o to 70°C for NE5030, TA= -55 to + 125°C for SE5030, 
FeLK < 3MHz, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Resolution 10 10 10 Bits 

Relative accuracy error 1 • 2 ± 1/4 ± 1/2 LSB 

DNL Differential linearity errori 10 bits 

Code width error ±1/4 ± 1/2 LSB 

Eps Full scale gain error TA= 25•c ±1 ±2 LSB 
over operating temp range ±1 ±5 LSB 

Euos Unipolar offset error TA - 25•c ±0.5 LSB 
over operating temp range ± 1.0 LSB 

Eeos Bipolar offset error TA= 25•c ±0.5 LSB 
over operating temp range ± 1.0 LSB 

Analog input range 
Unipolar BiPOLAR = 2.0V 0 + VREF v 
Bipolar BIPOLAR= 0.8V - VReF/2 + VReF/2 v 

le Analog input bias current 1 5 µA 

Z1N Analog input impedance 1 3 Megohms 

VREF Reference voltage output TA= 25•c 2.495 2.500 2.505 v 

TCReF Reference voltage dritt4 over operating temp range 
±1.25 ±2.5 mV 
(±5) (± 10) (ppml°C) 

IL (REF) Reference external load 2 2.5 mA 

\REF IN Reference input current VREF IN = 2.5V 2 3 mA 

Vee Pos supply operating range 4.75 5 5.25 v 
Vee Neg supply operating range -4.75 -5 -5.25 v 

PsR Power supply rejection5 Vee - 4. 75 to 5.25V ±0.25 LSB Vee= -4.75 to -5.25V 

Ice Positive supply current Vee - 5.25V, Vee= -5.25V 36 45 mA 

lee Negative supply current Vee= 5.25V, Vee= -5.25V 50 60 mA 

Logic Inputs 

V1H Logic 1 input voltage 2.0 v 
V1L Logic 0 input voltage 0.8 v 

V1H = 2.4V, TA= 25°C 10 µA 
l1H Logic 1 input current V1H = 2.4V, over operating 20 µA 

temp range 

V1L = 0.4V, TA= 25°C 200 µA 
l1L Logic 0 input current V1L = 0.4V, over operating 400 µA 

temp range 

Logic outputs 

VoH Logic 1 output voltage loH = -400µA, CS= OE= o.0v 2.4 3.2 v 
VoL Logic 0 output voltage loL = 1.SmA, CS = OE = 0.8V 0.2 0.4 v 

OE= 2.0V, VoL = OV or 5V, 

loz Three-state leakage TA= 25°C ±10 ±20 µA 
OE= 2.0V, VoL = OV or 5V, ±100 µA 

over temp 

NOTES: 
1. Specifications given in LSB refer to the weight of the least significant bit at the 10-bit level, which is 0.1 % of the full scale voltage. 
2. Relative accuracy is defined as the deviation of the actual code transition points from a straight line drawn between the first code transition point and 

the final code transition point. 
3. Resolution for which the device is guaranteed to have no missing codes. 
4. Deviation of the reference voltage output over the operating temperature range from its 25°C value. 
5. Maximum change in the final code transition point. This will also result in a linear change in all lower order codes. 
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Signetlcs Linear Products 

10-Bit High Speed Microprocessor-Compatible 
Analog to Digital Converter 

AC ELECTRICAL CHARACTERISTICS Vee - 5V, Vee - -5V, TA - 25°C, FcLK •-SMHz 

PARAMETER TO FROM EDGE MIN 

FcLK Max clock frequency 3.01 

tWCP Pos elk pulse width 90 

tWCN Neg elk pulse width 90 

lcoNv Conversion time 

tw START pulse width 100 

ts Set-up time CLK START HI-LOW tbd 

Ip (DATA) Access time 
DBO- rn: HI-LOW 
089 

Ip (3-STATe) Disable time hi-Z OE: LOW-HI 

Ip (eDC) Propagation delay mGhi rn: HI-LOW 

NOTES: 
1. Maximum clock frequency. Subject to change before product release. 
2. Frequency in MHz • 

. TIMING DIAGRAM 

CLOCK 

-I I-'- -I 
~ ----n"""'":-------1 I-to 

"Dl&DI I 
I 

'07 & DI ~ I 
I 

·cs• D4 ~~ I I 
I 

"03602 ~ I I 
I 

"D1 & DO ~~ I I 
-I I-'--

me 

Advance Information 

SE/NE5030 

TYP MAX UNITS 

4.0 MHz 

nS 

nS 

7.5/FcLK 2 nS 

nS 

tbd nS 

tbd tbd nS 

tbd tbd nS 

tbd tbd nS 

--' Tl"*>g diagram ahowa Internal logic opera11on for the sake of a11ort cycle operation. Data outputo are In Hl·2 atate until t:5l! and Cl are both 
brought to a logic loW. 
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Signetics Linear Products 

10-Bit High Speed Microprocessor-Compatible 
Analog to Digital Converter 

CIRCUIT DESCRIPTION 
The SE/NE5030 is a microprocessor compat­
ible, high speed, 10-bit Analog-to-Digital con­
verter. The device uses a new multi-step 
parallel conversion scheme 1 which deter­
mines two bits of the digital word in each 
conversion step, permitting a fast 2.5 micro­
second conversion time. 

Refer to the block diagram. The fullscale 
current of the DAG is VREF/R. When conver­
sion is initiated, the successive approximation 
register (SAR) directs the two MSB currents 
of the DAG (19 and 18) tQ TO and the remaining 
bit currents of the DAG (including the DAG R/ 
2R termination current) to lo1. This divides 
the input signal range into four equal subrang­
es. The three latched comparators determine 
into which of these subranges the input 
voltage falls. The decoded outputs of these 
comparators determine the two MSBs (D9 
and DB), which are stored in the SAR. 

In each subsequent step, the SAR controls 
the DAG such that the complement of the 
previously determined bits are directed 
through lo2; the bits currently being deter­
mined are. directed through TO, and the re­
mainder of the bits are directed through lo1. 
In this manner the subrange containing the 
analog input voltage in the previous step is 
divided into four smaller subranges and two 
bits of the digital output are determined. At 
the end of live steps the SAR contains a 1 O­
bit binary code which accurately represents 
the input signal to within ± 1 /2 LSB. 

FUNCTIONAL DESCRIPTION 
With an external clock signal connected to 
the CLOCK IN pin, CS at a logic low, and OE 
at a logic high, a conversion cycle is initiated 
with the application of an external start pulse 
applied to the START pin. The SAR se­
quences through the conversion as described 
above. At the end of the conversion, the end­
of-conversion flag (J:OC;) goes low. The EOG 
flag can be used to interrupt a microproces­
sor or otherwise notify a processor or control­
ler that a conversion is completed. OE may 
then be forced low (while holding CS low), 
enabling the three-state output buffers so that 
the converted word may be read. Bringing the 
OE pin low while the CS pin is low also resets 
the EOG flag to a logic high. It is recom­
mended that OE be brought to a logic high 
prior to the application of another START 
pulse. If OE were to remain low during a 
conversion, the output buffers would be en­
abled and would switch states during the 
conversion. This switching can couple into 
the analog input through parasitic capaci-

lances, causing erroneous conversion re­
sults. 

The application of another ST ART pulse 
while a conversion is in progress will halt the 
conversion in progress and begin a new 
conversion cycle. If a ST ART pulse is re­
ceived while the CS input is at a logic high, 
that START pulse is ignored. The outputs will 
be in the high impedance state as long as 
either CS or the OE input is at a logic high. 

LOGIC INPUTS AND OUTPUTS 
All the logic inputs (BIPOLAR, CLOCK IN, 
START, CS, OE) respond to TTL level signals 
and present one LS TTL load to the driving 
source. The logic outputs are capable of 
driving two TTL loads. If long digital lines or a 
heavily loaded bus must be driven, external 
logic buffers are recommended. 

VOLTAGE REFERENCE 
The internal voltage reference (2.5V ± 0.2%) 
is of a second order -corrected design. The 
output voltage is trimmed at the wafer level by 
the "Zener zap" technique to have a temper­
ature coefficient of less than ± 1 O ppm/°C 
(average) over the operating temperature 
range. VREF OUT (pin 1) and VREF OUT (pin 2) 
are not internally connected and should be 
connected together close to the device. The 
voltage reference output (pin 1) can provide 
up to 2mA to an external load for other 
system applications. The current drawn by 
any external load must remain constant dur­
ing a conversion. 

ANALOG INPUT 
The analog input voltage to ge digitized is 
connected between V1N (pin 5) and Analog 
Common (pin 6). The device operates in 
either a unipolar mode (input range of o to 
VREF) or in a bipolar mode (input range of 
-VREF/2 to +VREF/2). The TTL compatible 
BIPOLAR input is used to select the mode. 

When the BIPOLAR input is high, the device 
operates in the unipolar mode. The input 
range is then 0 to + VREF (2.5V nominal). The 
nominal value of the LSB is 2.44mV. The SE/ 
NE5030 is designed to have a 1 /2 LSB offset 
so that the analog input exactly correspond­
ing to a given code will fall in the center of 
that code's input range. Thus, the ideal input 
voltage to cause the first transition (from 00 
0000 0000 to 00 0000 0001) will occur for an 
input voltage of 1.22mV, and the final transi­
tion (from 11 1111 1110 to 11 1111 1111) will 
ideally occur for an input voltage of 
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SE/NE5030 

2496.34mV, or 1.5 LSB below the 2.5V refer­
ence. 

For bipolar operation, the BIPOLAR input is 
set to a logic low. This shifts the transfer 
curve of the AID by VREF/2 so that the input 
voltage range is now -(VREF/2) to + (VREF/ 
2), or (-1.25V to + 1.25V nominal). The ideal 
transition of code from 00 0000 0000 to 00 
0000 0001 occurs atan input of-1248.?BmV, 
and the final code transition (11 1111 111 O to 
11 1111 1111 occurs at 1246.34mV. 

The high input impedance of the SE/NE5030 
analog input simplifies the requirements of 
the signal source driving the SE/NE5030, 
eliminating the need for specialized drive 
circuitry. 

POWER SUPPLY DECOUPLING 
AND LAYOUT 
CONSIDERATIONS 
Since one LSB of the SE/NE5030 input is just 
2.44mV, good layout and grounding tech­
niques are crucial to attaining optimum perfor­
mance. 

The power supplies should be filtered, well 
regulated, and free of high frequency noise. 
Use of noisy supplies will cause unstable 
output codes to be generated. The power 
supplies should be bypassed to Analog Com­
mon with tantalum or electrolytic capacitors in 
parallel with a small, high frequency bypass. 
Suitable bypasses would be 22µF electrolytic 
capacitors with 0.1 µF ceramic capacitors in 
parallel with them. These capacitors should 
be located close to the device. 

Analog Common and Digital Common are not 
connected internally and should be connect­
ed together as close to the device as possi­
ble. Low impedance analog and digital com­
mon returns are important for optimum perfor­
mance. The power supply returns should be 
connected to the Digital Common of the 
device. The Analog Common is the ground 
reference point for the internal voltage and 
should be connected directly to the Analog 
Common reference point of the system. 

Coupling between the digital lines and the 
Analog Input should be minimized by careful 
printed circuit board layout. The layout should 
attempt to locate the analog circuitry and their 
interconnections as far from the logic circuitry 
as is possible. Use of wire wrap techniques or 
plug-in type boards is not recommended. 

NOTE: 
1. M. Kolluri: "A Multi-Step Parallel 10-Bit 1.5µSec 

ADC," ISSCC Digest of Technical Papers , p 
60-61; Feb 1964. 
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8-Blt A/D and D/ A Converter 

DESCRIPTION 
The PCF8591 is a single chip, single 
supply, low power 8-bit CMOS data ac­
quisition device. It contains an 8-bit suc­
cessive approximation analog to digital 
converter, a four channel analog multi­
plexer and a digital to analog converter. 
The four analog inputs can be pro­
grammed as two differential inputs or 
four single~ended inputs. PCF8591 has a 
serial 12C interface which allows for a 
maximum bus frequency of 1 OOK bits per 
second. 

September 1985 

FEATURES 
• Slngle power supply 
• Operating voltage 2.5V to 6V 
• Low power consumption 
• Serlal 12c bus 
• Four analog Inputs programmable 

as two differential or four slngle­
ended 

• On-chip sample and hold 

APPLICATIONS 
• Control systems 
• Low power converter for remote 

data acquisition 
• Automotive 
• Audio and T.V. 
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PIN CONFIGURATION 

T8T 

08C 

"' SCL 

v .. SDA 

TOPVllW 
CD0•'"'6 

PIN SYMBOL FUNCTION 
1 Ai.. 1 Analog input (A/D 

converter) 
Ai.. 2 Analog input (AID 

converter) 
AiN.3 Analog input (AID 

converter) 
4 A1N 4 Analog Input (A/D 

converte~ 
5 

""' 
Hardware address pin 

6 A, Hardware address pin 
7 A2 Hardware address pin 
6 Vss l'jegatlve supply 
9 SDA l"C Bus data line 

10 SCL 12c Bus clock line 
11 osc Oscillator 
12 TST Testpin 
13 l\aND Analog ground (reference 

ground) 
14 VREF R-...ce voltage 
16 Aoor Analog output (D/ A 

converter) 
16 Voo -supply 
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8-BIT A/D And D /A Converter 

BLOCK DIAGRAM 

--.. tlC IUl INfUMCli .. .. 
-------------~ ... 

-..ON -.. 
-------
.... .... .... .... 

..=t=.. 1---- ... 

For additional information, consult the Applications Section. 

Advance Information 

PCF8591 

CONTROL LOGIC 4 

-
.... 
BDOt120S 
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7-Bit Analog to Digital Converter (ADC 7) PNA7507 

GENERAL DESCRIPTION 

The PNA7507 is a monolithic NMOS 7-bit analogue-to-digital converter (ADC) designed for video 
applications. The device converts the analogue input signal into 7-bit binary coded digital words at a 
sampling rate of 15 MHz. 

The circuit comprises 129 comparators, a reference resistor chain, transcoder stages, and TTL output 
buffers which are positive edge triggered. The digital output is selectable in two's complement or 
binary coding. 

The use of separate" outputs for overflow and underflow detection facilitates full-scale driving. 

Features 

• 7-bit resolution 
• Digitizing rates up to 15 MHz 
• No external sample and hold required 
• High input impedance 
• Binary or two's complement TTL outputs 
• Overflow and underflow outputs 
• Low reference current (200 µA typ.) 
• Positive supply voltages (+ 5 V /+ 1-2 V) 
• Low power consumption (350 mW typ.) 
• Standard 24 pin package 

Applications 

• High-speed A/D conversion 
• Video signal digitizing 
• Radar pulse analysis 
• Transient signal analysis 
• High energy physics research 

QUICK REFERENCE DATA 

Supply voltage range (pins 3, 12, 23) 

Supply voltage range (pin 24) 

Supply current (pins 3, 12, 23) 

Supply current (pin 24) 

Reference voltage LOW (pin 20) 

Reference voltage 1-tlGH (pin 4) 

Linearity (± 0,4% full scale) 

Bandwidth (-3 dB) 

Clock frequency 

Total power dissipation 

PACKAGE OUTLINE 

24-lead DI L; plastic (SOT-101 A). 

September 1985 4-12 

Voo 4, 75 to 5,25 V 

Voo 11,4 to 12,6 V 

loo typ. 40 mA 

loo typ. 12 mA 

VrefL min. 2,4 v 
VrefH max. 5,2 v 

±% LSB 

B min. 6 MHz 

fcLK max. 15 MHz 

Ptot typ. 350 mW 
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7-Bit Analog to Digital Converter (ADC 7) 

reference 
voltage 
HIGH 

(VrefH) 

4 

20 

reference 
voltage 
LOW 

(VrefL) 

Note 

analogue 
voltage 
input 
(V1) 

15 MHz 
clock input 

(fCLK) 

14 

ROM 
127 x 7 

19 24 

C99 
Voo I 100 to (+12V) 

150nF 

select 
two's complement 

(STC) 

5 

6 

7 MSB 

8 

9 

LATCH 
10 

11 

15 

16 LSB 

17 

2 3,12,23 13 

analogue Voo digital 
ground (+5V) ground 

Advance Information 

PNA7507 

overflow 

bit 6 

bit 5 

bit 4 

digital 

bit 3 
voltage 
outputs 
(Vo) 

bit 2 

bit 1 

bit 0 

underflow 

7Z80489 

All three pins 3, 12 and 23 must be connected to positive supply voltage+ 5 V. 

Fig. 1 Block diagram. 
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Slgnetics Linear Products 

7-Bit Analog to Digital Converter (ADC 7) 

V1 Voo 

AGND Voo 

Voo n.c. 

n.c. 

STC VrefL 

OVFL V99 
PNA7507 

bit 6 n.c. 

bit 5 UNFL 

bit 4 bit 0 

bit 3 bit 1 

fcLK 

Voo DGND 

7280488 

Fig. 2 Pinning diagram. 

RATINGS 

PINNING 

1 Vi 

2 AGND 

3 Voo 
4 VrefH 
5 STC 

6 OVFL 

7 bit 6 

8 bit 5 

9 bit 4 

10 bit 3 

11 bit 2 

12 Voo 
13 DGND 

14 fcLK 
15 bit 1 

16 bit 0 

17 UNFL 

18 n.c. 

19 Vas 
20 VrefL 
21 n.c. 

22 n.c. 

23 Voo 
24 Voo 

Advance Information 

analogue voltage input 

analogue ground 

PNA7507 

positive supply voltage (+ 5 V) 

reference vo It age H I G H 

select two's complement 

overflow 

most-significant bit (MSB) 

positive supply voltage (+ 5 V) 

digital ground 

15 MHz clock input 

least-significant bit ( LSB) 

underflow 

not connected 

back bias output 

reference voltage LOW 

not connected 

not connected 

positive supply voltage (+ 5 V) 

positive supply voltage(+ 12 V) 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pins 3, 12, 23) Voo 
Supply voltage range (pin 24) 

Input voltage range 

Output current 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

HANDLING 

Voo 
V1 

lo 

Ptot 

Tstg 

Tamb 

-0,5 to +7 v 
-0,5 to + 13,5 v 
-0,5 to +7 v 

5 mA 

tbf mW 

-65to + 150 oc 

-10 to +80 °c 

Inputs and output are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see "Handling 
MOS Devices"). 
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7-Bit Analog to Digital Converter (ADC 7) 

CHARACTERISTICS 

Voo5 = V3, 12, 23-13 = 4,75 to 5,25 V; Voo12 = V24-2 = 11,4 to 12,6 V; Css = 100 nF; 
Tamb = 0 to+ 70 °C; unless otherwise specified 

parameter symbol min. typ, max. unit 

Supply 

Supply voltage (pins 3, 12, 23) Voo 4,75 5,0 5,25 v 
Supply voltage (pin 24) Voo 11,4 12,0 12,6 v 
Supply current (pins 3, 12, 23) too - 40 70 mA 

Supply current (pin 24) too - 12 20 mA 

Reference voltages 

Reference voltage LOW (pin 20) Vrefl 2,4 2,5 2,6 v 
Reference voltage HIGH (pin 4) VrefH 5,0 5, 1 5,2 v 
Reference current lref 120 200 280 µA 

Inputs 

Clock input (pin 14) 

Input voltage LOW Vtl -0,3 - 0,8 v 
Input voltage HIGH V1H 2,0 - 5,5 v 
Digital input levels (STC, pin 5)* 

Input voltage LOW Vtl 0 - 0,8 v 
Input voltage HIGH V1H 2,0 - 5,5 v 
Input leakage current (not STC) tu - - 10 µA 

Analogue input levels (pin 1) 
at Vrefl = 2,5 V; VrefH = 5, 1 V 

Input voltage amplitude 
(peak-to-peak value) Vt(p-p) - 2,6 - v 

Input voltage (underflow) v, - 2,5 - v 
Input voltage (overflow) v, - 5, 1 - v 
Offset input voltage (underflow) V1-Vrefl - 10 - mV 

Offset input voltage (overflow) V1-VrefH - -10 - mV 

Input capacitance C1-2 tbf 40 tbf pF 

Outputs 

Digital voltage outputs 
(pins 6 to 11and15 to 17) 

Output voltage LOW 
at 10 =2 mA Vol 0 - -0,4 v 

Output voltage HIGH 
at -to= 0,2 mA Vol 2,4 - Voo5 v 

PNA7507 

* When input voltage is LOW binary coding is selected; when input voltage is HIGH two's complement 
is selected; if pin 5 is open-circuit the input is HIGH. For output coding see Table 1. 

4-15 September 1985 
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7-Bit Analog to Digital Converter (ADC 7) 

Table 1 Output coding (Vrefl = 2,5 V; VrefH = 5,08 V) 

step V1.2 UNFL OVFL 
binary 

(typ.) bit 6-bit 0 

underflow <2,51 1 0 0000000 

0 2,51 0 0 0000000 

1 2,53 0 0 0 0 0 0 0 0 1 
. . . 

. . . . 
. . . 

. . . . 
126 5,03 0 0 1 1 1 1 1 1 0 

127 5,05 0 0 1 1 1 1 1 1 1 

overflow ;;. 5,07 0 1 1 1 1 1 1 1 1 

CHARACTERISTICS (continued) 

two's complement 
bit6-bit 0 

1 0 0 0 0 0 0 

1000000 

1 0 0 0 0 0 1 . . 
. . 

. 
. . . . 
0 1 1 1 1 1 0 

0 1 1 1 1 1 1 

0 1 1 1 1 1 1 

steps 
2-125 

Voo5 = V3, 12, 23-13 = 5,0 V; Voo12 = V24.2 = 12,0 V; Vrefl = 2,5 V; VrefH = 5, 1 V; 
CBB = 100 nF; Tamb = 0 to+ 70 °c; unless otherwise specified 

parameter symbol min. typ. max. unit 

Timing (see also Fig. 3) 

Clock input (pin 14) 

Clock frequency fcLK 1 - 15 MHz 

Clock cycle time LOW tLOW 22 - - ns 

Clock cycle time HIGH tHIGH 22 - - ns 

Input rise and fall times (note 1) 
rise time tr - - 3 ns 
fall time tf - - 3 ns 

Analogue input (pin 1) 

Bandwidth (-3 dB) B - 6 - MHz 

Aperture time delay (note 2) tad - 8 - ns 

Aperture jitter time taj - 0,2 - ns 

Digital outputs (note 3) 

Output hold time tHOLD tbf 20 - ns 

Output delay time td - 35 50 ns 

Internal delay tcv - 3 - clocks 

Propagation delay time 
at fcLK = 13,5 MHz tpd tbf - 272 ns 

Transfer function 

Linearity, integral and differential 
(± 0,4% full scale) - - ±% LSB 

Notes see next page. 
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7-Bit Analog to Digital Converter (ADC 7) PNA7507 

Notes to timing characteristics 

1. Clock input rise and fall times are at the maximum clock frequency ( 15 MHz). 

2. The aperture time delay is referenced to the peak-to-peak value of the analogue input voltage at 
V1(p-p) = 2,6 V (full scale); f = 5 MHz. 

3. The timing values of the digital outputs at pins 6 to 11 and 15 to 17 are measured with the clock 
input reference level at 1,5 V. 

CLOCK INPUT 
(pin 14) 

ANALOGUE INPUT 
(pin 1) 

DIGITAL OUTPUTS 
(pins 6 to 11 and 15 to 17) 

SAMPLE 
N+1 

Fig. 3 Timing diagram. 

4-17 

clock input 
~--+---reference level 

(1,5V) 
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FIXED +VE 
OUTPUT 

+15VO I I t I VOLTAGE 
REGULATOR 

78L12AC 
+ 

I 
+ 

""' 
10µFr 10µl 

analogue [ 0 ~ , 1 
input 

gain 
adjustment 

1kU 

offset 
adjustment 

2oon 

I 2,2kU 

FIXED -VE 
OUTPUT 

-15V 0 ' I I VOLTAGE 
REGULATOR 

79L05AC 
analogue I ~' 
ground ~ !lo' :;;oµF 10µFl I 

Cea! 
100to 150nF 

clock input 

17 

19 7 

24 8 

I 
4,5 

HEX 
INVERTER 

74F04 
c ~+5V 

11 10 

12 13 6 UNFL 

11 

8 9 MSB 

13 12 

2,2kU 
14 3-STATE 15 

PNA7507 tj 
1 (ADC 7) 10 7 

4 11 . • 

910U 151118 

16 
20 

5 
820U-

OCTAL 
DTYPE 

F.F. 
74F374 

19 

_I LSB 

digital 
outputs 

II +--.~~~~~~~~~~~~~~-0+5v 

.J.. =100nF 
T 

STC 

Cc.Re= amplifier compensation 

(e.g. Ac=100U; Cc=6,8pF) 

Fig. 4 Application circuit diagram. 
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14-Bit Analog to Digital Converter (Serial Output) 

DESCRIPTION 
The TDA1534 is a monolithic 14-bit succes­
sive approximation Analog-to-Digital Con­
verter (ADC) with internal reference and 
clock. The high linearity makes it suitable for 
Digital Signal Processing and the accurate, 
temperature stable reference makes it appli­
cable for instrumentation purposes. The con­
verter accepts either unipolar or bipolar input 
voltages. All digital outputs are TTL compat­
ible and the digital output is in serial form. 

REFERENCE DATA 

PARAMETER 

Positive supply (pin 5) 
Negative supply 1 (pin 6) 
Negative supply 2 (pin 9) 
Signal-to-noise ratio 
Linearity error 
Resolution 

FEATURES 
• Accurate reference 
• Internal clock 
• 'I• LSB linearity at 25°C 
• 112 LSB linearity over temp 
• Meets quality audio specifications 
• TTL compatible outputs 
• High signal-to-noise ratio (85 dB typ) 

APPLICATIONS 
• Instrumentation 
• DSP 
• Correlators 
• Digital audio 

LIMIT UNITS 

5 v 
-5 v 

-17 v 
84 dB 

y, LSB 
14 bits 

4-19 

Product Specification 

TDA1534 

PIN CONFIGURATION 

COMP 

COMP 

COMP 

COMP 

COMP 

TOP VIEW 

ORDER NUMBERS 
TDA1534 (CERAMIC) 
TDA1534A (PLASTIC) 

DECO UP 

DE COUP 

DACOUT 

A.GND 

osc, 

O.GND 
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14-Bit Analog to Digital Converter (Serial Output) TDA1534 

BLOCK DIAGRAM 

24 

D/A CONVERTER 

September 1985 

3 
t--+--

SUCCESSIVE 
APPROXIMATION 

REGISTER 
(SAR) 

LEVEL 4 

1--------1 CONVERTER t--+--

TI 
-")I CONTROLJ 

'--------~·-v/I LOGIC 

t--- REFERENCE 
SOURCE 

20 19 18 
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12-Bit DI A Converter 

DESCRIPTION 
The DAC800 is a single-chip converter 
with 12-bit linearity, obtained without 
trimming. It is pin compatible with the 
industry standard DAC80 (no external 
reference can be used) and has a faster 
settling time. This converter has thin 
film application resistors, a low temp­
erature coefficient bandgap reference, 
and an output amplifier IY models). 

The DACBOO provides for both bipolar 
and unipolar outputs. The V models al­
low output ranges of ±2.5V, ±5V, 
±10V, 0 to +5V, or O to +10V. The 
current models have an output range of 
either ±1mAorOto -2mA. 

FEATURES 
• Maximum Nonlinearity ±1/2 LSB 
• Guaranteed Monotonicity 

0°Cto70°C 
• Current or Voltage Output Models 
• Internal Reference 
• Unipolar and Bipolar Operation 
• Compatible with TTL/LSTTL/CMOS 
• No Laser111mmlng 
• Excellent Power Supply Rejection 

APPLICATIONS 
• Data Acquisition and Control 

Systems 
• Analog-to-Digital Converter Systems 
• Automatic Test Equipment 
• Robotics 

The DAC800 has a maximum nonlinear- • Waveform Generation 
ity error of ± 112 LSB over the full 
temperature range, 0°C to 70°C. Addi-
tionally, the DAC800 offers maximum 
total error over the full temperature 
range of ±0.15% of full-scale for unip-
olar operation and ±0.12% of full-scale 
for bipolar operation. The total error in-
cludes the effects of gain, offset, and 
linearity drift with gain and offset errors 
adjusted to zero at 25°C. 
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PIN CONFIGURATIONS 

Current Model 
FPackage 

r----t:20IDI ~~~~K 
~••-~•1•9• ~~~~~K 

L-_:..;,._;.+.~·11881 ~=~K 
._~V>Ar-111771 g~~S~R 

TOP VIEW 

Order Number 
DACBOOIF 

Voltage Model 
FPackage 

TOP VIEW 

Order Number 
DACBOOVF 
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12-Blt DI A Converter DAC800 

AC ELECTRICAL CHARACTERISTICS Vee= 15\1, VEE= -15\1, V00 = 5V, O"C <TA< 70"C (Unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 

Min 'fyp Mex 
UNIT 

V1H Logic Input High 2 16.5 v 
V1L Logic Input Low 0 0.8 v 
l1H Logic High Input Current V1N=2.4V 20 ,,A 

l1L Logic Low Input Current V1N=0.4V -20 ,,A 
Power Supply Sensitivity 

:t0.0005 :t0.001 %ofFSR/%V 
Vee, VEE• Voo 

Vee, VEE ±13.5 :t15 :t16.5 v 
Voos 4.5 5 16.5 v 
Ice 11 14 mA 

IEE -20 -17 mA 

loo 6.5 8 mA 

NOTES: 
1. Adjustable to zero with external trim potentiometer. 
2. To maintain drift specs Internal resistors must be used on current output model. 
3. FSRmeansfuli-scalerangeand ls20Vfor ±10Vrange, 10Vfor ±5Vrange,etc. 
4. Includes the effects of gain, offset, and linearity drift. Gain and offset errors are adjusted to zero at 25"C. 
5. Power dissipation Is an ·addition al 20 mW when V00 Is operated at + 15V. 
6. RL =2K, CL =200pF, TA =25"CforVmodelsonly. 
7. CL= 10pF, TA= 25"C for I models. 
8. Typical operating conditions for Amplifier Duration Output Short Circuit to Ground Is Indefinite at this time. 
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12-Bit DI A Converter 

POWER SUPPLY CONNECTIONS 
Any noise present on the power supply pins 
of the DAC800 creates add ltlonal error. For 
optimum performance this noise should be 
limited as much as possible. This can be ac· 
compllshed by bypassing the power supply 
pins with appropriate capacitors. Decou piing 
capacitors on the order of 1 µF are recom· 
mended with the best types being tantalum 
or electrolytic. Electrolytic capacitors have 
poor high frequency characteristics and, If 
used, should be paralleled with a 0.01 µF 
ceramic capacitor. 

LOGIC INPUTS 
The logic Inputs of the DACBOO are compatl· 
ble with TTL, LSTTL, and CMOS over the op­
erating range of V00 (5V to 15V) as well as 
over temperature (O°C to 70°C). The Input 
switching threshold Is TTL (about 1.4 V) and Is 
Independent of the supply voltage, V00. 

Logic Input coding for the DACBOO Is comple­
mentary. The specific code will be comple­
mentary straight binary (CSB) for unipolar 
output connections and complementary off­
set binary (COB) for bipolar output connec­
tions. For bipolar output connections, 
complementary two's complement (CTC) can 
be realized by Inverting the MSB with an ex­
ternal Inverter. The relationship between the 
digital Input and analog output for the three 
codes Is shown In Table 1. 

VOLTAGE REFERENCE 
The DACBOO has an Internal 6.3V reference 

Table 1. Coding Relatlonshlps 

DIGITAL INPUT 
CSB 

MSB LSB 

000000000000 +Full-Scale 
-1LSB 

011111111111 + 112 Full-Scale 

100000000000 + 112 Full-Scale 
-1LSB 

111111111111 Zero 

with a ± 1% tolerance. The reference Is con· 
nected Internally to the converter and to the 
bipolar offset resistor and to pin 16 which 
does not allow the use of an external refer­
ence. The reference Is brought out on pin 24 
for external use, If needed, and can typically 
supply 2.5 mA. If the external load varies, an 
external buffer Is recommended in order to 
Isolate the reference from load variations. 

EXTERNAL GAIN/OFFSET 
ADJUSTMENTS 
The gain and offset of the DACBOO can be ad· 
justed with external potentiometers. The po­
tentiometer configuration required for gain 
adjustment Is shown In Figure 1. The 10 MQ re­
sistor should have a tolerance of 20% or less 
and the potentiometer and 10 MQ resistor 
should have a temperature coefficient of 
200 ppm/ °Corless. 

The potentiometer configuration required for 
offset adjustment Is shown In Figure 2 and Its 
equivalent circuit In Figure 3. From the equiv­
alent circuit It can be seen that this configu­
ration adds/subtracts a current from the 
converter output current. The 3.9MQ resistor 
should have a tolerance of 20% or less and 
the potentiometer and 3.8MQ resistor should 
have a temperature coefficient of 200 ppm/ 
°C or less. Both adjustment circuits should 
be located close to the DACBOO to prevent 
noise pickup. If full-scale accuracy Is not re­
quired, then the gain adjust pin may be 
grounded to minimize noise pick-up. 

ANALOG OUTPUT 

COB CTC 

+Full-Scale -1 LSB 
-1LSB 

Zero -Full-Scale 

-1LSB +Full·Scale 
-1LSB 

-Full-Scale Zero 
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The effects of gain and offset adjustment are 
shown In Figures 4 and 5. Figure 4 shows that 
gain adjustment rotates the transfer function 
about the origin and has no Impact on the ori­
gin. Figure 5 shows that offset adjustment 
translates the transfer function along the AN· 
Al.OG OUTPUT axis. Note that this changes 
the output for full-scale. The objective of the 
adjustment procedure Is to fix the end points 
of the transfer function at the Ideal points. 
For this reason the adjustment sequence 
must be to first adjust the offset and then the 
gain. Offset adjustment Is accomplished by 
setting all logic Inputs to a logic high ("1") and 
adjusting the offset so that the output corres­
ponds to Its most negative value (zero for un­
ipolar outputs and - full-scale for bipolar 
outputs). Gain adjustment Is accomplished 
by setting all logic inputs to a logic low ("O") 
and adjusting the gain such that the output 
corresponds to Its most positive value (full· 
scale -1 LSB). 

VOLTAGE MODEL OUTPUT 
CONNECTIONS 
The DACBOO voltage models have Internal 
scaling resistors which provide output 
ranges of Oto +5V, 0 to +10V, ±2.5V, ±5V, 
and ±10V. The use of the Internal resistors 
minimizes gain and offset drift since excel­
lent thermal tracking with other on-chip 
components limits this effect. Figures 6a, b 
and c show the different output configura­
tions. 
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12-Bit DI A Converter 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER RATING UNIT 

Temperature Range 
Operating Oto70 oc 
Storage -65to +150 °C 

Power Supply 
Vee, Vee ±16.5 v 
Yoo +16.5 v 

Logic Levels 
High +16.5 v 
Low 0 v 

NOTE: 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 

device. These are stress ratings only. Functional operation of this device at these or any other condl· 
lions above those indicated In the operational sections of this specification is not implied and expo­
sure to absolute maximum rating conditions for extended periods may affect device reliability. 

Advance Information 

DAC800 

DC ELECTRICAL CHARACTERISTICS Vcc=15V, Vee= -15V, V00 =5V.0°C<TA < 70°C(Unlessotherwlsenoted) 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 

Min lYP Max 
UNIT 

Resolution 12 Bits 

Monotonicity 12 Bits 

NL Nonlinearity ±1/2 LSB 

DNL Differential Nonlinearity ±1/2 ±1 LSB 

Gain Error1 TA=25°C ±0.1 ±0.2 %ofFSR 

GalnTempco ±10 ±30 ppmt•c 

Offset Error1 :1:0.05 :1:0.15 % of FSR3 

Offset Tempco2 Unipolar Connection ±1 :1:3 ppm of FSR/°C 

Offset Tempco2 Bipolar Connection :1:7 ±15 ppm of FSR/°C 

Bipolar Drift Full-Scale Drift for Bipolar Connection ±10 :!:25 ppm of FSR/°C 

Total Error' Unipolar Connection :1:0.06 ±0.15 %of FSR 

Total Error' Bipolar Connection ±0.05 ±0.12 %of FSR 

Is Settling Time to 0.01 % of FSR6 20VRange 3 5 µS 

Is Settling Time to 0.01% of FSR6 10VRange 2.5 4 µS 

Is Settling Time to 0.01% of FSR6 1 LSB Change, Major Carry 1.5 µs 

Is Settling Time to 0.01% of FSR7 10 to 1002 I.Dad 300 ns 

Is Settling Timeto0.01% of FSR7 1k2 I.Dad 1 µS 

Full-Scale Current I Model Only 1.7 2 2.3 mA 

Converter Output Impedance I Model Only 10 MQ 

Converter Output Compliance I Model Only -2.5 +2.5 v 
Amplifier slew Rates 10 15 V/µS 

Amplifier Output Current VModelOnly ±5 mA 

Amplifier DC Output Impedance VModelOnly 0.05 Q 

Amplifier Duration Output VModelOnly Short Circuit to Grounds 

VREF Reference Voltage Output 6.23 6.30 6.37 v 
Reference Voltage Tempco ±10 ±30 ppm/°C 

Reference Output Source Current 1.5 2.5 mA 
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12-Bit DI A Converter 

Vee 

10K I 10M CONNECT 

100~ I----v\llr-0 TO PIN 23 

Vee 

Figure 1. Gain Adjust Circuit 
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BITS~· 
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Vee 
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Vee 

Figure 2. Offset Adjust Circuit 
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Figure 3. Offset Adjust Equivalent Circuit 

Figure 4. Gain Adjust Effects Figure 5. Offset Adjust Effects 

20 

SK 

SK 19 

18 

6.3K 17 
6.3V--"NV--Q 

1S 

'Connect pin 17 to pin 20 for ot2.5V Range and 
to ground for 0 to 5V Range 

a. Connections faro to SV Range and 
:t2.5V Range rl model) 

20 

~SK 
SK 19 

18 

6.3K 17 
6.3V~ 

1S 

'Connect pin 17 to pin 20 for ±5V Range and to 
ground forO to 10V Range 

b. Connections for O to 10 V Range and 
:t 5 V Range rl model) 

Figure&. 
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20 -IDAC 
SK 

SK 19 

18 

6.3K 17 
6.3V 

1S 
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c. Connections for :t10V Range rl model) 
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Slgnetlcs Linear Products Advance Information 

12-Bit DI A Converter DAC800 

20 20 ~ - -IDAC . ...., -= 
2K 19 2K 19 

. 3K 3K 

&K 18 REXT SK 18 

6.3K 17 
6.3V 6.3V 

15 
Your 

a. Connections forO lo - 2V Range (I modal) b. Connections for +1V Range (I model) 

CURRENT MODEL OUTPUT 
CONNECTIONS 
lntemal resistors are provided for the currant 
models which can be used with an external 
op amp or configured as a resistive load for 
output ranges of O to -2V or :t1V. Use of 
thess Internal resistors Is required to main· 
taln gain and bipolar offset drift 
specifications. 

Output ranges of Oto -2V and :t1V are ob­
tainable with the addition of a single external 
resistor (excluding the gain and offset adjust­
ment components). Figures 7a and b show 
the necessary connections for these output 
ranges. The internal resistors of the DAC800 
have wide tolerances and the eXtemal resis­
tor, Rext will have to be selected for each unit. 
Nominal values will be 32!2 for the unipolar 
connection and OQ for the bipolar connec­
tion. 

The current output can also be used to drive 
the summing junction of an external op amp 
used as a voltage to currant converter. This 
has the advantage of faster settling time than 
the voltage model. Figure 8 shows the gen· 
eral configuration and lkble 2 lists the avalla· 
ble output ranges and required connections. 

Table 2. Current Model Connection for 
Verloua Output Ranges 

OUTPUT CONNECT 
RANGE outro 191'0 1110 

:t10V 19 Out 15 

:t5V 18 NC 15 

:t2.5V 18 15 15 

Oto +10V 18 NC GND 

Oto +5V 18 15 GND 

September 1985 

Flgure7. 

20 - 2K 19 . ...., 

3K our 
&K 18 

6.3K 17 
6.3V 

15 

Figure 8. General Configuration for Current Modal Using External Op Amp 
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Signetics Linear Products 

8-Bit Microprocessor-Compatible D/ A Converter 

DESCRIPTION 
The NE5018 is a complete 8-bit digital to 
analog converter subsystem on one mono­
lithic chip. The data inputs have input 
latches. controlled by a latch enable pin. 
The data and latch enable inputs are ultra­
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the CT input is in the low state. When 
CT goes high, the input data present at the 
moment of transition is latched and retained 
until CT again goes low. This feature allows 
easy compatibility with most micro-proces­
sors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main­
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

VREF 
1131 OUT 

(12) ~~~ 

SK 
(10) 
CE 

(18) Your DAC CURRENT 

FEATURES 

• 8-blt resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Output buffer ampllller 
• Accurate to ± 112 LSB (.19%) 
• Monotonic to 8 bits 
• Ampllller and reference both short­

circuit protected 
• Compatible with 8085, 6800 and meny 

other ~P's 

APPLICATIONS 

• Precision 8-blt DI A converters 
• A ID converters 
• Programmable power supplles 
• Test equipment 
• Measuring Instruments 
• Analog-digital multlpllcation 

(1) 
(9) (8) (7) (6) (S) (4) (3) (2) DIGITAL 

DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO GND 

LATCHES AND 
SWITCH DRIVERS 

,.,..,_...,.,,.._.~-,"::- OUTPUT l 
1211 c~~~ o----' 

ANALOG 
(22) GND. o-------_.. 

(1S) B;jF~~~~ 
Vcc-O--'>-_..~V.. .... '/\.4",/\/l,4-"l'Y.,_.""11/\r'l--'ll'/\.4'1,/\/1,...--' 
(17) 

Figure 1 
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Product Specification 

SE/NE5018 

PIN CONFIGURATION 

LE 

NOTES· 

F,N PACKAGE 

ORDER NUMBERS 
SE/NE5018F,N 

02 PACKAGE 

TOP VIEW 
ORDER NUMBER 

NES01ao2 

ANALOG GND 

AMP COMP 

SUM NODE 

Vee+ 

Vour 

Vee-

OAC COMP 

BIPOLAR OFFSET R 

VREF IN 

VREF OUT 

VREF ADJ 

ANALOG GND 

AMP. COMP. 

SUM NODE 

+Vee 

Vour 

NC 

-Vee 

DAC COMP. 

BIPOLAR OFFSET 

NC 

VREF IN 

VREF OUT 

1. SOL-Released 1n Large SO package only 
2 SOL and non-standard pinout 
3. SO ~non-standard pmouts 

853-0291 80232 
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Signelics Linear Products 

8-Bit Microprocessor-Compatible D/ A Converter 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee+ Positive supply voltage 
Vee- Negative supply voltage 

V1N Logic input voltage 
VREFIN Voltage at VREF input 
VREFADJ Voltage at VREF adjust 

VsuM Voltage at sum node 

IREFSe Short-circuit current 
to ground at VREF OUT 

IOUTSe Short-circuit current to ground 
or either supply at VouT 

Po Power dissipation• 
-N package 
-F package 

TA Operating temperature range 
SE5018 
NE5018 

TsTG Storage temperature range 

TsoLO Lead soldering temperature 
( 1 O seconds) 

"NOTES 
For N package, derate at 120°C1W above 35°C 
For F package, derate at 75°C 1 W above 75°C 

RATING UNIT 

18 v 
-18 v 

Oto 18 v 
12 v 

0 to VREF v 
12 v 

Continuous 

Continuous 

800 mW 
1000 mW 

-55 to +125 'C 
Oto +10 'e 

-65 to +150 'e 

300 'e 

Product Specification 

SE/NE5018 

DC ELECTRICAL CHARACTERISTICS Vee+= +15V, Vee-= -15V, SE5018. -55'e :s TA :s 125'e, 
NE5018. O'e :s TA :s 10°e unless otherwise specified' 
Typical values are specified at 25'e 

SE5018 NE5018 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 Bits 
Monotonicity 8 8 8 R 8 8 Bits 
Relative accuracy :':0 19 :t0.19 %FS 

Vee+ Positive supply voltage 11.4 15 11.4 15 v 
Vee- Negative supply voltage -11.4 -15 -11.4 -15 v 
V1N(l) Logic "1" input voltage Pin 1 = OV 2.0 2.0 v 
V1N(O) Logic "O" input voltage Pin 1 = OV 0.8 0.8 v 
l1N(1) Logic "1" input current Pin 1 = OV, 2V<V1N<18V 0.1 10 0.1 10 µA 

llN(O) Logic "O" input current Pin 1 = OV, -5V<V1N<0.8V -2.0 -10 -2.0 -10 µA 

VFS Full scale output voltage Unipolar operation 9.50 9.961 10.50 9.50 9.961 10.50 v 
VREF IN = 5.000V, TA = 25°e 

VFS Full scale output voltage Bipolar operation 4.5 +4.961 5.5 4.5 +4.961 5.5 v 
VREF IN = 5.000V, TA = 25'e -5.04 -5.000 -4.960 5.04 -5.000 4.960 

Vzs Zero scale voltage -30 5 +30 -30 5 +30 mV 

ios Output short circuit TA= 25'e 15 40 15 40 mA 
current VouT = ov 

PSR+(out) Output power supply V- = -15V, 13.5V:SV+:s 16.5V, .001 .01 .001 .01 l\1FS 

rejection(+) external VREF IN = 5.000V %VS 

PSR-(out) Output power supply V+ = 15V. -13.5V:sV-:S-16.5V, .001 .01 .001 .01 010FS 
rejection(-) external VREF IN = 5.000V L1/oVS 

TeFS Full scale temperature VREF IN = 5.000V 20 20 ppmi°C 
coefficient 

Tezs Zero scale temperature 5 5 ppm1°e 
coefficient 
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Slgnetlcs Linear Products Product Specification 

8-Bit Microprocessor-Compatible DI A Converter SE/NE5018 

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vee+= +15V, Vee-= -15V, SE5018. -55'C :s; TA :s; 125'C, 
NE5018. O'C :s; TA :s; 70'C unless otherwise specified.1 

Typical values are specified at 25'C 

SE/5018 
PARAMETER TEST CONDITIONS 

Min Typ Max 

IREF Reference output current Note 8 3 

IREFSC Reference short circuit TA= 25'C 15 30 
current VREF OUT= OV 

PSR+(REF) Reference power supply V- = -15V, 13.5V :s; V+ :s; 16.SV, .003 .01 
rejection ( +) IREF = 1.0mA 

PSR-(REF) Reference power supply V+ = 15V, -13.5V :s; V- :s; 16.5V, .003 .01 
rejection (-) 

VREF Referencll voltage IREF = 1.0mA T = 25'C 4.9 5.0 5.25 
TC REF Reference voltage IREF = 1.0mA A 60 

temperature coefficient 
Z1N DAC VREF IN input IREF= 1.0mA TA= 25°e 4.15 5.0 5.85 

impedance 
tee+ Positive supply current Vee+= 15v 7 14 
ice- Negative supply current Vee-= -15v -10 -15 
Po Power dissipation 'REF= 1.0mA, Vee= ± 15V 255 435 

NOTE 

1. Refer to Figure 2. 

AC ELECTRICAL CHARACTERISTICS 2 Vee= ± 15V, TA= 25'C 

I PARAMETER 

TsLH Settling time 
TSHL Settling time 

tplh Propagation delay 
lphl Propagation delay 
lplsb Propagation delay 
lplh Propagation delay 
lphl Propagation delay 

Is Set·up time 
lh Hold time 
lpw Latch enable pulse width 

NOTES 

2. Refer to Figure 3. 
3 See Figure 6. 
4 See Figure 7. 
5. See Figure 8. 
6. See Figure 9. 
7. See Figure 10. 

TO 

± Y2 LSB 
±Y. LSB 

Output 
Output 
Output 
Output 
Output 

CT 
Input 

8. For reference currents > 3mA, use of an external butler is required. 

FROM TEST CONDITIONS 

Input All bits low to high3 
Input All bits high to low4 

Input All bits switched low to high3 
Input All bits switched high to low4 
Input 1 LSB change3,4 
CT low to high transition5 
CT high to low transition6 

-·--
Input 2, 7 
CT 2, 7 

2, 7 

4-29 

NE5018 
UNIT 

Min Typ Max 

3 mA 
15 30 mA 

.003 .01 %VR/ 
%VS 

.003 .01 %VR/ 
%VS 

4.9 5.0 5.25 v 
60 ppm/'C 

4.15 5.0 5.85 K{l 

7 14 mA 
-10 -15 m_A 
255 435 mW 

SE/NE5018 
UNIT 

Min Typ Max 

1.B I'S 
2.3 itS 

300 ns 
150 ns 
150 ns 
300 ns 
150 ns 

100 ns 
50 ns 
150 ns 

August1985 
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Signetics Linear Products Product Specification 

8-Bit Microprocessor-Compatible DI A Converter SE/NE5018 

DC PARAMETRIC TEST CONFIGURATION 

MSB 

14 VREF IN 

VREF OUT 

DAC 
COMP 

LSB 

5018 

Figure 2 

FULL/ZERO SCALE ADJUST-UNIPOLAR OUTPUT (0·10V) 

!DK 

IDT 

FULL SCALE 
ADJUST 

OATA 

VREF IN 

VREF OUT ,, 
VREF ADJ 

DAC 
COMP ,. ,, 15 

Figure 4 

DIG GND I 

ANA. GND 22 

vour 1B 

SUM 2D 

AMP ,, 
COMP. 

vcc+f 
"'" IDT 

vcc-

1M 

ZERO SCALE 
ADJUST 

SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA 

f 
------' .... 1 •~---TSLH----•I 

IOV 

OUTPUT 

DV _________ _, 

LE = l 

Figure 6 
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OUTPUT 
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AC PARAMETRIC TEST CONFIGUTATION 

14 ANA. GNO 22 

13 

,, 5018 

vour 

SUM 20 
DAC 

COMP AMP ,, 
" 

,, 15 COMP 

Figure 3 

BIPOLAR OUTPUT OPERATION (-5 to +SV) 

MS8 LS8 

5018 

vour 

SUM 

BIP. OFFSET AMP 
17 15 COMP. 

Figure 5 
'" ZERO SCALE 

ADJUST 

SETTLING TIME AND PROPAGATION DELAY, 
HIGH TO LOW DATA 

IDV 

ov 

Figure 7 



Signettcs Linear Products Product SpeclflCatton 

8-Bit Microprocessor-Compatible D/ A Converter SE/NE5018 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

DATA DATA 

LE \ LE \ 
I- IPLH-1 

1--- tPHL ----{ 

IOV 

7 
10¥ 

OUTPUT OUTPUT .. •• 
4 

Figure 8 Figure 9 

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 

DATA 

Figure 10 
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Slgnettcs Linear Products 

8-Bit Microprocessor-Compatible DI A Converter 

DESCRIPTION 
The NE5019 is a complete 8-bit digital to 
analog converter subsystem on one mono­
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable Inputs are ultra­
low loading tor easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition Is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces­
sors. 

The chip also C<1mprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
tor easy adjustment of full scale, while main­
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

(19) 

Vee+ 

(13> v~~o----.--c 

"" 

'" 

August 27, 1985 

(101 
LE 

FEATURES 

• 8-blt reaolutlon 
• Input latchea 
• Low-loading data Inputs 
• On-chip voltage reference 
• Output buffer ampUfler 
• Accurate to± 1/4LSB(.1%) 
• Monotonic to 8 bits 
• Ampllfler and reference both short· 

circuit protected 
• Compatible with 8085, 8800 and many 

other µP's 

APPLICATIONS 
• Precision 8-blt DI A converters 
• AID converters 
• Programmable power supplies 
• Teat equipment 
• Measuring Instruments 
• Analog-dlgltal multlpllcatlon 

(9) (81 (7) (6) 151 {4) (3) (2) 
087 086 DBS 084 083 082 081 DBO 

MSB LSB 

LATCHES AND 
SWITCH DRIVERS 

DAC SWITCHES 

Figure 1 
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l DAC CURRENT 
OUTPUT 

Product Specification 

SE/NE5019 

PIN CONFIGURATION 

(1) 
DIGITAL 

GND 

"' 

F,N PACKAGE 

Vcc­

DACCOMP. 

BIPOLAR OFFSET R 

VAEF IN 

lE VREF OUT 

ORDER NUMBERS 
NE5019F SE5019F 

NE5019N 

~-------0 SUM NOOE (201 

'" 

._ ______ _,., ~:~~OG (22) 
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Slgnettcs Linear Products 

8-Blt Mlcroprocessor-Compatlble DI A Converter 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee+ Positive supply voltage 
Vee- Negaiive supply voltage 
V1N Logic input voltage. 
VREFIN Voltage at VREF input 
VREFADJ Voltage at VREF adjust 
VsuM Voltage at sum node 
IREFSC Short-circuit current 

to ground at VREF OUT 
ioursc Short-circuit current to ground 

or either supply at Your 
Po Power dissipation' 

·N package 
·F package 

TA Operating temperature range 
SE5019 
NE5019 

TsTG Storage temperature range 
TsoLD Lead soldering temperature 

( 10 seconds) 

'NOTES 
For N package, derate at 120°c1w above 35°C 
For F package, derate at 75°C/W above 75°C 

RATING UNIT 

18 v 
-18 v 

Oto 18 v 
12 v 

Oto VREF v 
12 v 

Continuous 

Continuous 

800 mW 
1000 mW 

-55 to +125 ·c 
Oto +70 •c 

-85 to +150 ·c 

300 •c 

Product Specification 

SE/NE5019 

DC ELECTRICAL CHARACTERISTICS Vee+= +15V, Vee-·= -15V, SE5019. -55°C s TA s 125•c, 
NE5019. o•c s TA :S70°C unless otherwise specified.' 
Typical values are specified at 25 ° e 

SE5019 NE5019 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 Bits 
Monotonicity 8 8 8 8 8 8 Bits 
Relative accuracy ±0.1 ±0.1 %FS 

Vee+ Positive supply voltage 11.4 15 11.4 15 v 
Vee- Negative supply voltage -11.4 -15 -11.4 -15 v 

V1N(1) Logic "1" input voltage Pin 1 = OV 2.0 2.0 v 

V1N(O) Logic "O" input voltage Pin 1 = OV 0.8 0.8 v 

l1N(1) Logic "1" input current Pin 1 = OV, 2V<V1N<18V 0.1 10 0.1 10 µ.A 

l1N(O) Logic "O" input current Pin 1 = OV, -5V<V1N<0.8V -2.0 -10 -2.0 -10 µ.A 

VFS Full scale output voltage Unipolar operation 9.50 9.901 10.50 9.50 9.961 10.50 v 
VREF IN= 5.000V, TA= 25°e 

VFs Full scale output voltage Bipolar operation 4.5 +4.961 5.5 4.5 +4.961 5.5 v 
VREF IN= 5.000V, TA= 25°e -5.040 -5.000 -4.960 -5.040 -5.000 -4.960 

Vzs Zero scale voltage -30 5 +30 -30 5 +30 mv 

ios Output short circuit TA= 25•e 15 40 15 40 mA 
current Vour = ov 

PSR+(out) Output power supply V- = -15V, 13.5VSV+S16.5V, .001 .01 .001 .01 %FS/ 
rejection(+) external VREF IN = 5.000V %VS 

PSR-cout) Output power supply V+ = 15V, -13.5V:SV-:S-16.5V, .001 .01 .001 .01 %FS/ 
rejection (-) external VREF IN = 5.000V %VS 

TeFs Full scale temperature VREF IN = 5.000V 20 20 ppmt•e 
coefficient 

TCzs Zero scale temperature 5 5 ppmt•e 
coefficient 

NOTE 
1. Refer to Figure 2. 

4-33 August1985 
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Slgnellcs Linear Products Product Specification 

8-Blt Microprocessor.Compatible DI A Converter SE/NE5019 

DC ELECTRICAL CHARACTERISTICS (Cont'd) Vee+ - +15V, Vee- - -15V, SE5019. -55°C :STA :S 12s•e, 
NE5019. o•e :s TA :S70°C unless 01herwise specified.' 
Typical values are specified at 25°C 

SE5019 
PARAMETER TEST CONDITIONS 

Min Typ Max 

IREF Reference output current Notes 3 
IREFSe Reference short circuit TA= 2s•c 15 30 

current VREFOUT • OV 

PSR+REF Reference power supply V- = -15V, 13.5V :S V+ :S 16.5V, .003 .01 
rejection ( +) IREF • 1.0mA 

PSR-REF Reference power supply V+ = 15V, -13.5V :S V- :S 16.5V, .003 .01 
rejection (-) 

VREF Reference voltage 'REF • 1.0m\ = 2s•e 4.9 5.0 5.25 

TeREF Reference ·voltage IREF = 1.0mA A 60 
temperature coefficient 

Z1N DAC VREFIN input IREF=1.0mA 4.15 5.0 5.85 
impedance TA=25°C 

ice+ Positive supply current Vee+= 1sv 1 14 
Ice- Negative supply current Vee-• -1sv -10 -15 
Po Power dissipation IREF = f:CfmA.Vcc = ± 16V 250 435 

NOTE 

1. Refer to Figure 2. 

AC ELECTRICAL CHARACTERISTICS 2 Vee= ± 15V, TA - 25°e 

PARAMETER 

TsLH Settling time 
TsHL Settling time 

lplh Propagation delay 
lphl Propagation delay 
lplsb Propagation delay 
lplh Propagation delay 
tphl Propagation delay 

Is Set-up time 
lh Hold time 
lpw Latch enable pulse width 

NOTES 

2. Refer to Figure 3. 
3. See Figure 8. 
4. See Figura .7. 
5. See Figura 8. 
8. See Figure 8. 
7. See Figure 10. 

TO 

±l!i LSB 
±Y.i LSB 

Output 
Output 
Output 
Output 
Output 

LE 
Input 

8. For reference currente > 3mA, use ot an external buffer 11 raqffed. 

August1985 

FROM TEST CONDITIONS 

Input All bits low to high3 
Input All bits high to low4 

Input All bits switched low to high3 
Input All bits switched high to low4 
Input 1 LSB change3,4 
[E low to high transition& 
LE high to low transition6 

Input 2,7 
LE 2,7 

2,7 

4-34 

NE5019 
UNIT' 

Min Typ Max 

3 mA 
15 30 mA 

.003 .01 %VR/ 
%VS 

.003 .01 %VR/ 
%VS 

4.9 5.0 5.25 v 

60 ppmt•e 

4.15 5.0 5.85 Kil 

1 14 mA 
-10 -15 mA 
255 430 mW 

SE/NE5019 
UNIT 

Min Typ Max 

1.8 I'S 
2.3 I'S 

300 ns 
150 ns 
150 na 
300 ns 
150 ns 

100 ns 
50 ns 
150 ns 



Slgnetlcs Linear Products Product Specification 

8-Bit Microprocessor-Compatible D/ A Converter SE/NE5019 

DC PARAMETRIC TEST CONFIGURATION 

19 
DIG. GND 1 

ANA. GND 22 

5019 
vour 18 

SUM 20 
OAC 

COMP. AMP 21 
15 COMP. 

Figure 2 

FULL/ZERO SCALE ADJUST-UNIPOLAR OUTPUT (0-10V) 

FUU. SCALE 
ADJUST 

5019 

Figure 4 

VQUT 

SUM 

AMP 
COMP. 

18 

20 

21 

'"f 20k 1M 

10T ZERO SCALE 
Yee- ADJUST 

SETTLING TIME AND PROPAGATON DELAY, 
LOW TO HIGH DATA 

DATA I -----..JI,. ·~---rs'" ____ _,, I 
10V 

OUTPUT 

ov 

Figure 6 

2K 

10K 

10T 

OATA 

OUTPUT 
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AC PARAMETRIC TEST CONFIGUTATION 

DIG. GND 1 

ANA. GND 22 

5019 

Your 18 

SUM 20 
DAC 

COMP. AMP 21 
15 COMP. 

Figure 3 

BIPOLAR OUTPUT OPERATION (-5 to +SY) 

MS8 LSB 

14 VREF IN 

13 VREF OUT 

12 VREF ADJ 
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15 

Figure 5 
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ADJUST 
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HIGH TO LOW DATA 

10V 

ov 

Figure 7 
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Signetlcs Linear Products Product Specification 

8-Bit Microprocessor-Compatible DI A Converter SE/NE5019 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

DATA DATA 

ii \ ii \ 
1- •PLH-I 1--IPHL-j 

10V 

7 
10V 

OUTPUT OUTPUT 

ov ov 

Figure 8 Figure g 

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 

DATA 

Figure 10 
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Signetlcs Linear Products Product Specification 

10-Bit Microprocessor-Compatible DI A Converter SE/NE5020 

DESCRIPTION FEATURES PIN CONFIGURATION 
The NE5020 is a microprocasaor-compali· 
ble monolithic 10·bit digital to analog con· 
verier subsystem. Thia device offers 1 O·bit 
resolution and ± O. 1 % accuracy and 
monotonicity guaranteed over full operating 
temperature range. 

Low loading latches, adjustable logic 
thresholds and addressing capability allow 
the NE5020 to directly interface with moat 
microprocesaor and logic controlled sys· 
terns. 

The NE5020 contains internal voltage refer· 
ence, DAC switches and resistor ladder. 
Also, the input buffer and output summing 
amplifier are included. In addition, the 
matched application resistors for scaling el· 
ther unipolar or bipolar output values are 
included on a single monolithic chip. 

The result is a near minimum component 
count 1 O·bit resolution DAC system. 

BLOCK DIAGRAM 

• 10-blt reaolutlon 
• Guaranteed monotonlcHy over 

operating range 
• ±0.1% relatlve accuracy 
• Unlpolar (OV to +10V) and 

Bipolar ( ± 5V) output range 
• Logic bus complltlble 
• 5ii•ec ••ttllng time 

APPLICATIONS 
• Preclelon 10-blt DI A converters 
• 10-blt Analog to Dlgltal converters 
• Programmable power supplies 
• Test equipment 
• Measurement Instruments 

(11, (10) oo oo m oo ~ ~ m m -
1131 Cl:a o-----1 

1211+•cc==a 
(11) l/Mf'OUT ........ 
114) VIEf ADJ 

(18) lll'CILAR ....... 
111)-'IRIFIN 0--Y/I~-' 

August 27, 1985 

-•cc "" 

... - DB7 Dll DU DIM D83 DBI DB1 DBO 

LATCHES AND SWITCH DRIVUS 

Figure 1 
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F, N PACKAGE 

ORDER NUMBERS 
NE5020F 
NE5020N 

Ll8 

t-----o Cit 112) 

VQUT(20) 

~--<>IJl/Pl23) 
COMP 
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Signetics Linear Products 

10-Bit Microprocessor-Compatible DI A Converter 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee+ Positive supply voltage 
Vee- Negative supply voltage 
V1N Logic input voltage 
VREFIN Voltage at +VREF input 
VREF ADJ Voltage at VREF adjust 
vsuM Voltage at sum node 
IREFSC Short-circuit current 

to ground at VREF OUT 
louTsc Short-circuit current to ground 

or either supply at VouT 
Po Power dlssipation' 

-N package 
F package 

TA Operating temperature range 
NE5020 

TsTG Storage temperature range 
TsoLD Lead soldering temperature 

( 1 O seconds) 

'NOTES 
For N package, derate at 120°C/W above 35°C 
For F package, derate at 75°C/W above 75°C 

RATING UNIT 

18 v 
-18 v 

Oto 18 v 
12 v 

0 to VREF v 
12 v 

Continuous 

Continuous 

800 mW 
1000 mW 

Oto +70 'C 
-65 to +150 'C 

300 'C 

Product Specification 

SE/NE5020 

DC ELECTRICAL CHARACTERISTICS Vee+= +15V, Vee-= -15V, O'C::; TA ::s10°c unless otherwise specified.' 
Typical values are specified at 25°C 

NE5020 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Resolution 10 Bits 
Monotonicity 10 Bits 
Relative accuracy ±0.1 0/oFS 

Vee+ Positive supply voltage 11.4 15 16.5 v 
Vee- Negative supply voltage -11.4 -15 -16.5 v 

V1N(1) Logic "1" input voltage Pin 1 = OV 2.0 v 
V1N(O) Logic "O" input voltage Pin 1 = OV 0.8 v 

llN(1) Logic "1" input current Pin 1 = OV, 2V<V1N<18V 0.1 10 µ.A 
l1N(O) Logic "O" input current Pin 1 = OV, -5V<V1N<0.8V -2.0 -10 µ.A 

VFS Full scale output voltage Unipolar operation 9.5 9.9902 10.5 v 
VREF IN= 5.000V, TA= 25°C 

VFS Full scale output voltage Bipolar operation 4.5 4.9902 5.5 v 
VREF IN= 5.000V, TA= 25'C -5.040 -5.000 -4.960 

Vzs Zero scale voltage Unipolar operation -30 5 +30 mv 

los Output short circuit TA= 25'C ±15 ±40 mA 
current VouT = ov 

PSR+(out) Output power supply V- = -15V, 13.5V::SV+::S16.5V, .001 .01 0/oFS/ 
rejection ( +) external VREF IN = 5.000V %VS 

PSR-(oul) Output power supply V+ = 15V, -13.5V::SV-$-16.5V, .001 .01 %FS/ 
rejection (-) external VREF IN = 5.000V %VS 

TCFs Full scale temperature VREF IN = 5.000V 20 ppmFS 
coefficient l'C 

TCzs Zero scale temperature 5 ppmFS 
coefficient l'C 

NOTE 
1. Refer to Figure 2. 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) Vee+= +15V, Vee-= -15V, o•c s TA s 70°C unless otherwise specified. 1 

Typical values are specified at 25°C 

NE5020 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

IREF2 Reference output current 3 mA 

IREF SC Reference short circuit TA= 25°C 15 30 mA 
current VREF OUT= OV 

PSR+REF Reference power supply V- = -15V, 13.5V s V+ s 16.5V, .003 .01 %VR/ 
rejection(+) IREF = 1.0mA %VS 

PSR-REF Reference power supply V+ = 15V, -13.5V S V- S 16.5V, .003 .01 %VR/ 
rejection(-) %VS 

VREF Reference voltage IREF = 1.0mA, TA= 25°C 4.9 5.0 5.25 v 
TCREF Reference voltage IREF = 1.0mA 60 ppm1°c 

temperature coefficient 
Z1N DAC VREFIN input IREF = 1.0mA 5.0 kr! 

impedance 
ice+ Positive supply current Vee+= 15v 7 14 mA 
ice- Negative supply current Vee-= -15v -10 -15 mA 
Po Power dissipation IREF = 1.0mA, Vee= ±15V 255 435 mW 

NOTE 

1. Refer to Figure 2. 
2. For IREF OUT greater than 3mA, an external buffer is required. 

AC ELECTRICAL CHARACTERISTICS3 Vee=± 15V, TA= 25°C 

NE5020 
PARAMETER TO FROM TEST CONDITIONS 

Min Typ Max 
UNIT 

TsLH Settling time ± I> LSB Input All bits low to high4 5 µs 

TsHL Settling time ± I> LSB Input All bits high to low5 5 µs 

tplh Propagation delay Output Input All bits switched low to high4 300 ns 
tphl Propagation delay Output Input All bits switched high to low5 150 ns 
tplsb Propagation delay Output Input 1 LSB change4,5 150 ns 
tplh Propagation delay Output LE low to high transition6 300 ns 

tphl Propagation delay Output LE high to low transition 7 150 ns 

Is Set-up lime LE Input 3,8 100 ns 
th Hold time Input LE 3, 8 50 ns 
tpw Latch enable pulse width 3,8 150 ns 

NOTES 

3. Refer to Figure 3. 
4. See Figure 6. 
5. See Figure 7. 
6. See Figure 8. 
7. See Figure 9. 
8. See Figure 10. 
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DC PARAMETRIC TEST CONFIGURATION 

MSB LSB 

DIG. GND 1 

ANA. GND 24 

-VREF IN 16 

vouT 20 

SUM 22 

AMP 23 
19 18 COMP. 

vcc--

Figure 2 

FULL/ZERO SCALE ADJUST-UNIPOLAR OUTPUT (0-10V) 

10K <>•.,.,,VV-<>--1 
10T 

FULL SCALE 
ADJUST 

SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA 

OATA 1 TSLH 

10V 

OUTPUT 

OV 

CE= LOW 

Figure 6 
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10K 

10T 

DATA 

OUTPUT 

AC PARAMETRIC TEST CONFIGURATION 

MSB LSB 

21 
DIG. GNO 1 

ANA. GNO 24 

-VREF IN 16 

vour 20 

SUM 22 

AMP 23 
19 18 COMP. 

Figure 3 

BIPOLAR OUTPUT OPERATION (-5 to +5V) 

19 

vcc--

LSB 

BIP OFF ,. 

Figure 5 

21 
DIG. GND 1 

ANA. GND 24 

-VREF IN 16 

vour 20 t-<>-r----..-<> 
SUM 22 t-o-4-..-, 

AMP 23 
COMP. 

Yee+ 
20K >--'\l''VMV--~ 
10T FULL SCALE 

ADJUST 

SETTLING TIME AND PROPAGATION DELAY, 
HIGH TO LOW DATA 

10V 

ov 
LE= LOW 

Figure 7 
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

DATA 

LE 

10Y 

OUTPUT 

ov 

DATA 

\ LE 

l-•PLH-1 

7 OUTPUT 

Figure 8 

LATCH ENABLE PULSE WIDTH, SET·UP AND HOLD TIMES 

LE 

DATA 

TTL, OTL 
VTH = + 1.4V 

8 

Figure 10 

VrH = YPIN 1 + 1.4Y 
+ 1 SV CMOS, HTL. HNIL 

YTH = +7.6Y 

+ 1SY 

10K!l 9.1KU 

PIN 1 

10Y 

ov 

... , 
r1M>IPIN1) 

+12VTO+ISV} 

ZE~=~ 6.2KH l OM 

+SY CMOS 
VTH = +2.BV 

+SV 

3.6KH 

PIN 1 

IN4148 

+10YCMOS 
VTH"' +5.0V 

+10Y 

6.2K!! 

.__ .... -0 ... 1 

3.6KU 10.1,F 

Figure 11 
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\ 
f--lpHL-1 

Figure g 

PMOS 
VTH = OV 

IN4148 

PIN 1 

10KH 

-SV TO -10V 

NOTE DO NOT EXCEED NEGATIVE 
LOGIC. INPUT RANGE OF DAC 

1DK ECL 
v:,.H~· -1.29V 

1.3KH 

3.9KU 
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CIRCUIT DESCRIPTION 
The NE5020 provides ten data latches, an 
internal voltage reference, application resia· 
tors, and a scaled output voltage, in addition 
to the basic DAC components (see block 
diagram, figure 1). 

Latch Circuit 
Digital interface with the NE5020 is readily 
accomplished through the use of two latch 
enable ports (LE 1 and LE2) and ten data 
input latches. LE2 controls the two most sig· 
nificant bits of data (DBg and DBe) while 
LE 1 controls the eight lesser significant bits 
(DB7 through DBq,). Bot~ the latch enable 
ports (LE) and the data inputs are static and 
threshold sensitive. When the latch enable 
ports (LE) are high (Logic ' 1 ') the data in· 
puts become very high impedances and es· 
sentially disappear from the data bus. Ad· 
dressing the LE with a low (Logic 'O') the 
latches become active and adapt the logic 
states present on the data bus. During this 
state, Iha output of the DAC will change to 
the value proportional to the data bus value. 
When the latch enable returns to a high 
state, the selected set of data inputs (i.e., 
depending on which LE goes high) 'memo· 
rize' the data bus logic states and the output 
changes to the unique output value corre· 
sponding to the binary word in the latch. 

The data inputs are inactive and high imped­
ance (typically requiring -2µA for low (.BV 
max) or 0.1µA for high (2.0V min)) when the 
LE is high. Any changes on the data bus with 
LE high will hsva no effect on the DAC 
output. 

The digital logic inputs (LE and DB) for the 
NE5020 utilize a differential input logic sys· 
tem with e threshold level of + 1.4 volts with 
respect to the voltage level on the digital 
ground pin (Pin 1). Figure 11 details several 
bias schemes used to provide the proper 
threshold voltage levels for various logic 
families. 

To be compatible with s bus orientated sys· 
tem the DAC should respond in as short a 
period as possible to· insure full utilization of 
the microprocessor, controller and II 0 con­
trol lines. Figure 1 O shows the typical timing 
requirements of the latch and data lines. 
This figure indicates that data on the data 
bus should be stable for at least 50nsec 
after LE is changed to a high state. 

The independent LE (LE 1 and LE2) lines al· 
low for direct interlace from an 8 bit data bus 
(see figure 12). Data for the two MSB's is 
supplied -and stored when LE2 is activated 
low and returned high according to the 
NE5020 timing requirements. Then LE1 is 
activated low and the remaining eight LSB's 
of data are transferred into the DAC. With 

August1985 

'i:E 1 returning high the loading of ten bit data 
word from an eight bit data bus is complete. 

Occasionally the analog output must change 
to its data value within one data address 
operation. This is no problem using the 
NE5020 on a 18 bit bus or any other data 
bus with 10 or greater data bits. 

Thia can be sccompllshed from an 8 bit data 
bus by utilizing an external latch circuit to 
preload the two MSB data values. Figure 13 
shows the circuit configuration. 

Alter preloading (via LE pre-load) the exter­
nal latch with the two MSB values, LE2 is 
activated low and the eight LSB'a and the 

NE5020 µP INTERFACE &-BIT DATA BUS EXAMPLE 

DATA BUS 

BO 

.. 
87 

.---1 
r-1 i---

DB • • 1 • 6 4 3 2 1 0 -
Cl2 --1 ~·r=r~ a, LATCHES L 

I l_l_l_l_l_l 

l OAC 

Figure 12 

J 

] 

LS8 

J 
OUTPUT 

PRELOADING THE 2 MSB'S TO PROVIDE A SINGLE STEP OUTPUT 

8-al'T-DATABUS 

+sv 

f--1 2 r--. 
74LS74 I-- 10 

.__ 13 12 I--
3 11 5 • 

[!PRE-LOAD 
..... l J ..... 

INVERTER 11 10 • • 1 • 5 4 3 2 

MS8 LSB 

>-I ri!:tOAD 
12 er, 

G IE5020 

il!2 

Figure 13 
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two MSB's are concurrently loaded into the 
DAC in one address operation. This permits 
the DAC output to make its appropriate 
change at one time. 

Reference Interface 
The NE5020 contains an internal bandgap 
voltage reference which is designed to have 
a very low temperature coefficient and ex­
cellent long term stability characteristics. 

The internal band gap reference ( 1.23V) is 
buffered and amplified to provide the 5 volt 
reference output. Providing a VREFADJ (pin 
14) allows trimming of the reference output. 
Utilization of the adjust Circuit shown in fig­
ure 16 performs not only VREF adjustment 
but also.full scale output adjust. Notice that 
the VREFADJ pin is essentially the sum 
node of an op amp and is sensitive to exces­
sive node capacitance. Any capacitance on 
the node can be minimized by placing the 
external resistors as close as possible to 
the VREFADJ pin and observing good layout 
practices. 

The VREF out node can drive loads greater 
than the DAC VREF input requirements and 
can be used as an excellent system voltage 
reference. However, to minimize load el· 
feels on the DAC system accuracy, it is rec­
ommended that a buffer amplifier is used. 

Input Ampllfler 
The DAC reference amplifier is a high gain 
internally compensated op amp used to con· 
vert the input reference voltage to a preci­
sion bias current for the DAC ladder net­
work. 

Figure 1 details the input reference amplifier 
and current ladder. The voltage to current 
converter of the DAC amp will generate a 
1 mA reference current through OR with a 5 
volt VREF. This current sets the input bias to 
the ladder network. Data bit 9 CDB9)(Q9). 
when turned on, will mirror this current and 
will contribute 1mA to the output. DBa (Oa) 
will contribute l1o of that value or 0.5mA and 
so on. These current values act as current 
sinks and will add at the sum node to 
produce a DAC ladder to sum node function 
of: 

( 089 + DBS + 087 + 
2 4 8 

01~6 + 03~5 + 06~4 + ~:: + 

082 081 DBO) 
256 + 512 + 1024 . 

Because of the fixed internal compensation 
of the reference amp, the slew rate is limited 
to typically 0. 7V I µsec and source 
impedances at the VREF INPUT greater than 
5k!l should be avoided to maintain stability. 

The -VREF INPUT pin is uncommitted to al­
low utilization of negative polarity reference 
voltages. In this mode +VREF INPUT is 
grounded and the negative reference is tied 
directly to the -VREF INPUT· The -VREF 
INPUT contains a 5k!l resistor that matches 
a like resistor in the +VREF INPUT to reduce 
voltage offset caused by op amp input bias 
currents. 

Output Amplifier and Interface 
The NE5020 provides an on chip output op 
amp to eliminate the need for additional ex­
ternal active circuits. Its two stage design 
with feed forward compensation allows it to 
slew at 15V I µsec and settle to within 
± l1o LSB in 5µsec. These times are typical 
when driving the rated loads of RL ~ 5k and 
CL !S 50pF with recommended values of 
CFF = 1 nF and CFB = 30pF. Typical input 
offset voltages of 5mV and 50k open loop 
gain insure an accurate current to voltage 
conversion is performed when using the on 
chip RFB resistor. RFB is matched to RREF 
and RBIP to maintain accurate voltage gain 
over operating conditions. The diode shown 
from ground to sum node prevents the ·DAC 
current switches from saturating the op amp 
during large signal transitions which would 
otherwise increase the settling lime. 

The output op amp also incorporates output 
short circuit protection for both positive and 
negative excursions. During this fault condi· 
tion lour will limit at ± 15mA typical. Recov­
ery from this condition to rated accuracy will 
be determined by duration of short circuit 
and die temperature stabilization. 

Bipolar Output Voltage 
The NE5020 includes a thermally matched 
resistor, RBIP· to offset the output voltage 
by 5 volts to obtain -5V to +5V output volt· 
age range operation. This is accomplished 
by shorting pins 18 and 22 (see figure 14). 
This connection produces a current equal to 
CVREF IN -Vsum node>+ RBIP· (1mA nomi· 
nal), which is injected into the sum node. 
Since full scale current out is approximately 
2mA (1.9980mA), (2mA- 1mA)5k = 5V will 
appear at the output. For zero DAC output 
currents, 1 mA is still injected into sum mode 
and Vour = -(5k)(1mA) = -5V. Zero scale 
adjust and full scale adjust are performed as 
described below, noting that full scale volt· 
age is now approximately +5 volts, zero 
scale adjust may be used to trim Vour = 
o.oo with the MSB high or Vour = -5.0V 
with all bits off. 

Zero Scale Adjustment 
The method of trimming the small offset er­
ror that may exist when all data bits are low 
is shown in figure 15. The trim is the result of 
injecting a current from resistor R2 that 
counteracts the error current. Adjusting po­
tentiometer R1 until Vour equals 0.000 
volts in the unipolar mode or -5.000 volts in 
the bipolar mode (see bipolar section) ac­
complishes this trim. 

Full Scale Adjustment 
A recommended full scale adjustment circuit 
when using the internal voltage reference is 
shown in figure 16. Potentiometer Ra is 
adjusted until Vour equals 9.99023V. In 
many applications where the absolute accu-

BIPOLAR OUTPUT 

SK 
v~~~t ----+---~vv..----.,.----------, 

'"" ! 
. ' 

I 

IQ DAC 
4-- CURRENT 

FROM 
CURRENT 
SWITCHES 

I 
\ 

SK 

BIPOLAR 
OFFSET (18} 
JUMPER FOR 
BIPOLAR OPERATION "':" 
SUM 
NODE (22) 

,..__(IQ - IREFl 
SK 

Figure 14 
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racy of full seals is of low importance when 
compared to the other system accuracy fac­
tors, then this f!diustment circuit is optional. 

As resistors RAEF· Rfb and Re1p shown in 
figure 1 are integrated in close proximity, 

they match and track in value closely over 
wide ambient temperature variations. Typi­
cal matching is less than ± 0.3% which im­
plies that typical full scale (or gain) error is 
less than ± 0.3% of ideal full scale value. 

ZERO SCALE ADJUSTMENT 

SUM 

I NODE 

I 
I 

SK I 
I 
I 
I 

vour I 
DAC 

..,.. CURRENT OUTPUT 

AMP 
COMP 
(23) 

(24) "::" 
Cc 

Figure 15 

(22) 

(20) 

A1=20K, 10T POTENTIOMETER 
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I 
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I 
.1. -r -:-
I 
I 
I CFF 

REFERENCE ADJUST CIRCUIT 

VAel ,._ _____ _ 
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DESCRIPTION 

The NE5150/5151 are triple 4-bit DAC's 
intended for use in graphic display sys­
tems. They are a high performance -
yet cost effective - means of interfacing 
digital memory and a CRT. The NE5150 
is a single integrated circuit chip con­
taining special input buffers, an ECL 
static RAM, high-speed latches, and 
three 4-bit DAC's. The input buffers are 
user selectable as either ECL or TIL 
compatible. The RAM is organized as 
16 x 12, so that 16 "color 'jVOrds" can be 
down loaded from the pixel memory into 
the chip memory. Each 12-bit word rep­
resents 4 bits of red, 4 bits of green and 
4 bits of blue information. This system 
gives 4096 possible colors. The RAM is 
fast enough to completely reload during 
the horizontal retrace time. The latches 
resynchronize the digital data to the 
DAC's to prevent glitches. The DAC's 
include all the composite video func­
tions to make the output waveforms 
meet RS170 and RS343 standards, and 
produce 1VPP into 75 ohms. The com­
posite functions (reference white, bright, 
blank, and sync) are latched to prevent 
screen-edge distortions generally found 
on "video DAC's." External components 
are kept to an absolute minimum 
(bypass capacitors only as needed) by 
including all reference generation cir­
cuitry and termination resistors on chip, 
by building in high-frequency PSRR 

(eliminating separate VEE's and costly 
power supplies and filtering), and by 
using a single-ended clock. The guaran­
teed maximum operating frequency is 
BOMHz over the commercial tempera­
ture range. The device is housed in a 
standard 24-pin package and consumes 
less than 1 W of power. 

The NE5151 is a simplified version of the 
NE5150, including all functions except 
the memory. Maximum operating fre­
quency is 150MHz. 

FEATURES 

• Single chip 
• On-board ECL static RAM 
• 4096 colors 
• ECL and TTL compatible 
• BOMHz update rate (NE5150) 
• Low power and cost 
• Drives 75-ohm cable directly 
• Internal reference 
• 40dB PSRR 
• No external components 

necessary 

APPLICATIONS 

• Bit-Map graphics 
• Super high-speed DAC 
• Home computers 
• Raster-Scan displays 
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PIN CONFIGURATIONS 
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TOP VIEW 
Order Number 

NE5150F 

NE5151-F PACKAGE 
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R1 
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BLOCK DIAGRAMS 

NE5150 

AO A 1 A2 A3 DO 01 02 03 

Vee 

AG No 
DGND 

VEE 

STROBE 
WHITE 

SYNC 

BLANK 

BRIGHT 

WRITEG 
WAITER 
WRITEe 

GREEN RED BLUE 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING 

Temperature range 
Operating o to 70 
Storage -65to150 

Power supply 

Vee 7.0 

Vee -7.0 

Logic levels 
TTL-high 5.5 
TTL-low -0.5 
ECL-high 0.0 
ECL-low 0 to Vee 
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DC ELECTRICAL CHARACTERISTICS Vcc=5V (TTL), OV (ECL), VEE= -5V, 0°C<TA<70°C, unless otherwise noted. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Resolution 4 bits 

Monotonicity 4 bits 

NL Nonlinearity ± 1/16 ± 1/2 LSB 

DNL Differential nonlinearity ± 1/8 ±1 LSB 

Offset error (25°C) (1111] (BRT= 1) ± 1/2 ±1 LSB 

Gain error (25°C) (0000] (BRT= 1) ± 1/2 ±1 LSB 

Vee Positive power supply (TTL mode) 4.5 5.0 5.5 v 
(ECL mode) -0.1 0.0 0.1 v 4 

VEE Negative power supply (TTL or ECL mode) -4.75 -5.0 -5.5 v 

Ice Positive supply current 15 25 mA 

IEE Negative supply current (NE5150) 175 210 mA 
(NE5151) 145 175 mA 

Analog voltage range (ZS to FS) 603 mV 

Gain tracking (any two channels) ± 1/4 LSB 

Least signifidant bit 40.2 mV 

EWH Enhanced white level absolute (25°C) 0 mV 

BS Bright shift (25°C) (Oto 1) 71.4 mV 

EBL Enhanced blanking level absolute (25°C) -674 mv 

ESY Enhanced sync level absolute (25°C) -960 mv 

Ro Output resisiance (25°C) 67.5 75.0 82.5 !J 

V1H TTL logic input high 2.0 v 

V1L TTL logic input low 0.8 v 

l1H TTL logic high input current (V1N = 2.4V) 20 µA 

l1L TTL logic low input current (V1N = 0.4V) -1.6 mA 

V1H ECL logic input high - 1.13 v 

VIL ECL logic input low -1.48 v 

l1H ECL logic high input current MN = - 0.8V) -1.0 mA 

l1L ECL logic low input current (V1N = - 1.8V) -1.0 mA 

TEMPERATURE CHARACTERISTICS Vee= 5V (TTL), ov (ECL), VEE= - 5V, o•c <TA <70°C 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Offset TC1 ± 100 ppm/°C 

Gain TC1 ±200 ppm/°C 

Gain tracking TC (any two channels) ±50 ppm/°C 

Enhanced white level TC 1 ± 100 ppm/°C 

Bright shift TC ±200 ppm/°C 

Enhanced blanking level TC ±300 ppm/°C 

Enhanced sync level TC ±300 ppm/°C 

Output resistance TC + 1000 ppm/°C 

NOTE: 
1. Normalized to full scale (603mV). 
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AC ELECTRICAL CHARACTERISTICS Vee=SV (TTL), OV (ECL), VEE= -SV, 0°C<TA<70°C 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

IMAX Maximum operating frequency (NE5150) 80 MHz 

lwAS Write address setup (NE5150) 6 nsec 

!WAH Write address hold (NE5150) 0 nsec 

twos Write data setup (NE5150) 6 nsec 

lwoH Write data hold (NE5150) 0 nsec 

lwEW Write enable pulse width (NE5150) 6 nsec 

!Res Read composite 1 setup (NE5150) 4 nsec 

IReH Read composite 1 hold (NE5150) 2 nsec 

IRAS Read address setup (NE5150) 8 nsec 

!RAH Read address hold (NE5150) 0 nsec 

IRsw Read strobe pulse width (NE5150) 8 nsec 

!ADD Read DAC delay (NE5150) 8 nsec 

IMAX Maximum operating frequency (NE5151) 150 MHz 

les Composite' hold (NE5151) 4 nsec 

leH Composite' setup (NE5151) 2 nsec 

los Data-bits setup (NE5151) 4 nsec 

loH Data-bits hold (NE5151) 2 nsec 

lsw Strobe pulse width (NE5151) 4 nsec 

loo DAC delay (NE5151) 8 nsec 

IA DAC rise time (10-90%) 3 nsec 

Is DAC full-scale settling time2 10 nsec 

Gour Output capacitance (each DAC) 10 pF 

SR Slew rate 200 V/µ,sec 

GE Glitch energy 30 pV-sec 

PSRR Power supply rejection ratio (to red, green or blue outputs) 
VEE at 1 kHz 43 dB 
VEE at 10MHz 28 dB 
VEE at SOMHz 14 dB 
Vee at 1kHz 80 dB 
Vee at 10MHz 50 dB 
Vee at 50MHz 36 dB 

NOTES: 
1. Composite implies any of the WHITE, BRIGHT, BLANK or SYNC signals. 
2. Settling to ± 1/2 LSB, measured from STROBE 50% point (rising edge). This time includes the delay through the strobe input buffer and latch. 
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Triple 4-Bit RGB DAC 

PIN DESCRIPTION - NE5150 

Write enable inputs use negative-true logic 
while all other inputs are positive-true. All 
inputs operate synchronously with the posi­
tive edge-triggered strobe input. When V cc is 
taken high (5V), all inputs are TTL compati­
ble. When Vee is grounded, all inputs are 
ECL compatible. All DAC's are complemen­
tary, so that all ones is the highest absolute 
voltage and all zeroes is the lowest. All ones 
is called zero scale (ZS) and all zeroes is 
called fullscale (FS). The analog output volt­
age is approximately OV (ZS) to - 1 V (SYNC). 

Pins 1, 24, 23, 22: DATA bits DO (MSB) 
through D3, used to input digital information 
to the memory during the write phase. During 
this phase, the data bits are presented to the 
internal latches (noninverted) and the DAC's 
will output the analog equivalent of the stored 
word, unless overridden by WHITE, BLANK 
or SYNC. 

Pins 5, 4, 3, 2: ADDRESS lines AO (MSB) 
through A3, used for selecting a memory 
address to write to or read from. 

Pin 7: WHITE command. Presets the latches 
to all ones [1111] and outputs OV absolute on 
all DAC's. Can be modified to - 71mV abso­
lute when BRIGHT is taken low. Will be over­
ridden by either a BLANK or SYNC 
command. 

Pin 8: BRIGHT command. A low input here 
turns on an additional - 71 mV (10 IRE unit) 

NE5150 TIMING DIAGRAMS 

NE5150 READ CYCLE 

COMPOSITE 

STROBE 

ADDRESS 

DAC·OUTPUT 

switch, shifting all other levels downward. Not 
overridden by any other input. 

Pin 9: BLANK command. Presets the latches 
to all zeroes [0000] and turns on an additional 
- 71 mV (10 IRE unit) switch. Absolute output 
is - 671 mV. Can be modified another 
- 71mV to - 742mV absolute when BRIGHT 
is taken low. Will override WHITE, and will be 
overridden by SYNC. 

Pin 10: SYNC command. Presets the latches 
to all zeroes [0000] and turns on the BLANK 
switch. Additionally turns on a - 286mV 
(40 IRE unit) switch in the green channel only. 
Absolute output is - 671 mV for the red and 
blue channels, and - 957mV for the green 
channel. All levels can be shifted - 71 mV by 
taking BRIGHT low. Overrides WHITE and 
BLANK. 

Pins 11, 13, 15: GREEN, RED, BLUE. Analog 
outputs with 75-ohm internal termination 
resistors. Can directly drive 75-ohm cable and 
should be terminated at the display end of the 
line with 75 ohms. Output voltage range is 
approximately OV to - 1V independent of 
whether the digital inputs are ECL or TTL 
compatible. All outputs are simultaneously 
affected by the WHITE, BLANK, or BRIGHT 
commands. Only the GREEN channel carries 
SYNC information. 

NOTE: 
There are 100 IRE units from WHITE to BLANK. 
One IRE unit is approximately 7.1mV. Full scale is 
90 IRE units and 10 IRE units is 1/9 of fullscale (e.g., 
BRIGHT function). 

Advance Information 

NE5150 I NE5151 

Pins 19, 20, 21: WRITEB, WRITER, WRITEa. 
Write enable commands for each of the three 
16 x 4 memories. When all write commands 
are high, then the READ operation is 
selected. This is the normal display mode. To 
write data into memory, the write enable pin is 
taken low. Data DO-D3 will be written into 
address AO-A3 of each memory when its 
corresponding write enable pin goes low. 

Pin 17: STROBE. The strobe signal is the 
main system clock and is used for resyn­
chronizing digital signals to the DAC's. Pre­
venting data skew eliminates glitches which 
would otherwise become visible color­
distortions on a CRT display. The strobe com­
mand has no special drive requirements and 
is TTL or ECL compatible. 

Pins 12, 16: AaND• DGND· Both Analog and 
Digital ground carry a maximum of approxi­
mately 100mA of DC current. For proper oper­
ation, the difference voltage between AaNo 
and DGND should be no greater than 50mV, 
preferably less. 

Pin 14: Vee· The negative power supply is the 
main chip power source. Vee is only used for 
the TTL input buffers. As is usual, good 
bypassing techniques should be used. The 
chip itself has a good deal of power supply 
rejection - well up into the VHF frequency 
range - so no elaborate power supply filter­
ing is necessary. 

Pin 18: N/C. This unused pin should be tied 
high or low. 

NE5150 WRITE CYCLE 

ADDRESS 

DATA 

WRITE ENABLE 
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Triple 4-Bit RGB DAC 

NE5151 PIN DESCRIPTIONS AND 
TIMING DIAGRAM 
The eleven digital inputs DO-D3, AO-A3, 
WRITE G/R/B, and the unused pin 18 of the 
NE5150 are replaced in the NE5151 with the 
three 4-bit DAC digital inputs GO-G3, RO-R3, 
and BO-B3. All other pin functions (e.g., com­
posite functions, power supplies, strobe, etc.) 
are identical to the NE5150. 

NE5150/NE5151 LOGIC TABLE 

SYNC BLANK WHITE 

1 x x 
1 x x 
0 1 x 
0 1 x 
0 0 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

NOTES 

NE5151 TIMING 

DATA BITS 

DAC-OUTPUT 

BRIGHT DATA ADDRESS OUTPUT 

0 x x - 1031mV 
1 x x - 960mV 
0 x x - 746mV 
1 x x - 674mV 
0 x x - 71mV 
1 x x - OmV 
0 [0000) Note 2 - 674mV 
1 [0000) Note 2 - 603mV 
0 [1111) Note 2 - 71mV 
1 [1111) Note 2 - OmV 

1. Green channel output only. RED and BLUE will output BLANK or Enhanced BLANK under these conditions. 

Advance Information 

NE5150 I NE5151 

CONDITION 

SYNC1 

Enhanced SYNC' 
BLANK 
Enhanced BLANK 
WHITE 
Enhanced WHITE 
BLACK(FS) 
Enhanced BLACK (EFS) 
WHITE (ZS) 
Enhanced WHITE (EZS) 

2. For the NE5150 the DATA column represents the memory data accessed by the specific addfess. For the NE5151, the DATA is the direct digital inputs. 

COMPOSITE VIDEO WAVEFORM 

SYNC 
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Six Function Analog Memory; 
Microcomputer Controlled 

Product Specification 

SAB3013 

The SAB3013 is a MOS N-channel integrated circuit which provides 6 analogue memories controlled 
by a microcomputer. 

Features 

• 6-function analogue memory; DI A converter with 6-bit resolution. 
• The output of the analogue values is pulse-width modulated with adjustable repetition rate 

(max. 21,8 kHz). 
• Microcomputer-adapted asynchronous serial interface for data input (CBUS). 
• Parallel operation of up to four SAB3013 circuits is possible. 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature range 

Clock frequency 

Supply current; Voo = 5 V; lo= O; Tamb = 25 °c 

SAB3013 

OLEN __ ....._. 

BIT 

COUNTER 
CLB -t--t--1+'1 

DATA -+-+-+-+----! 

SAA 

SAB 

CLK 

osc 
CLO 

10 

reset 

OSCILLATOR 

POWER-ON 
RESET 

PACKAGE OUTLINE 

16-lead DI L; plastic (SOT-38). 

reset 

INPUT 
CONTROL 

& 
LOAD 

CONTROL 

CL/CLN 

reset 

reset 

Fig. 1 Block diagram. 
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Voo 

Tamb 

fcLK 

loo 

typ. 5 v 
0 to +70 oc 

< 
typ. 

reference for 
comparators 

7Z79614.2 

1,4 MHz 

15 mA 

ANAL1 

ANAL2 

ANAL3 

ANAL4 

ANAL5 

ANAL6 
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Six Function Analog Memory; 
Microcomputer Controlled 

Vss 16 ANAL1 

osc 2 15 ANAL2 

CLK 3 14 ANAL3 

CLB 4 ANAL4 
SAB3013 

DATA ANAL5 

OLEN ANAL6 

SAA CLO 

SAB Voo 

7Z79611.1 

Fig. 2 Pinning diagram. 

GENERAL DESCRIPTION 

Product Specification 

SAB3013 

PINNING 

1 Vss ground (0 V) 
9 Voo positive'Supply 

4 CLB asynchronous clock pulse 
5 DATA data input } CBUS 
6 OLEN data line enable input 

7 SAA } address inputs 
8 SAB 

2 osc oscillator output 
3 CLK oscillator input (Schmitt-trigger) 

16 ANAL1 l 15 ANAL2 
14 ANAL3 analogue outputs 
13 ANAL4 

r 
12 ANAL5 
11 ANAL6 

10 CLO buffered oscillator output 

The SAB3013 is designed to deliver analogue values in microcomputer-controlled television receivers 
and radio receivers. The circuit comprises an analogue memory and DIA converter for 6 analogue 
fonctions with a 6-bit resolution for each. The information for the analogue memory is transfered by 
the microcomputer via an asynchronous serial data bus. 
The SAB3013 accomplishes a word format recognition, so it is able to operate one common data bus 
together with circuits having different word formats. 
The 9ata word of the microcomputer used for the SAB3013 consists of information for addressing the 
appropriate SAB3013 circuit (2-bits), for addressing the analogue memories concerned (3-bits) and 
processing of the wanted analogue value (6-bits). The address of the circuit is externally programmable 
via two inputs. It is possible to address up to four SAB3013 circuits via one common bus. 
The built-in oscillator can be used for a frequency between 30 kHz and 1.4 MHz. The analogue values 
are generated as a pulse pattern with a repetition rate of fcLK/64 (max. 21,8 kHz at fcLK = 1.4 MHz). 
and the analogue values are determined by the ratio of the HIGH-time and the i:ycle time. A d.c. 
voltage proportional to the analogue value is obtained by means of an external integration network 
(low-pass filter). 

( 

HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 'Handling 
MOS Devices'). 
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Six Function Analog Memory; 
Microcomputer Controlled 

RATINGS 

Limiting values in accordance to the Absolute Maximum System (I EC 134) 

Supply voltage range Voo 
Input voltage range 

Input current 

Output voltage (open drain outputs) 

Output current (open drain/push-pull outputs) 

Power dissipation per output 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

4-53 

V1 

± 11 

Vo 
±lo 

Po 
Ptot 

Tamb 

Tstg 

Product Specification 

SAB3013 

-0,3to+7,5 V 

-0,3 to+ 15 V 

max. 100 µ.A 

Vss to 15 v 
max. 10 mA 

max. 25 mW 

max. 250 mW 4 
Oto +70 °c 

-20 to+ 125 oc 
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Six Function Analog Memory; 
Microcomputer Controlled 

CHARACTERISTICS 

Product Specification 

SAB3013 

Vss = 0; T amb = 0 to+ 70 °c; Voo = 4,5 to 5,5 V; unless otherwise specified 

symbol min. typ. max. conditions 

Supply voltage Voo 4,5 5 5,5 v 
Supply current loo - - 35 mA v00 = 5,5V 

Inputs DATA, CLB, 
OLEN, SAA, SAB 

Input voltage LOW V1L -0,3 - 0,8 v 
Input voltage HIGH V1H 2,0 - 12 v 
Input leakage current l1R - - 1 µA V1 = -0,3to+12 V 

Outputs ANAL 1 to 
ANAL6 
(open drain) 

Output voltage LOW Vol - - 0,7 v lo=6mA 

Output leakage current loR - - 20 µA VoH= 15 V 

Load capacitance CL - - 1000 pF 

Input CLK 
Input voltage LOW V1L -0,3 - 0,8 v 
Input voltage HIGH V1H 3,5 - 12 v 
Input leakage current llR - - 1 µA Vi= -0,3 to 12 V 

Pulse duration HIGH twH 355 - - ns 

Pulse duration LOW twL 355 - - ns 

Output CLO 
Output voltage LOW Vol - - 0,8 v lo 500µA 

Output voltage HIGH VoH 3,5 - - v -lo .. 100 µA 

Inputs DATA, CLB 
Pulse duration HIGH twH 450 - - ns ~see Fig. 3 
Pulse duration LOW twL 450 - - ns 

Input frequency CLB fcLB 0 - 1 MHz 

Internal oscillator 
CLK/OSC 

External resistor R 27 - 1000 kn 

External capacitor c 27 - 1000 pF 

Clock frequency fcLK 0,7 1,0 1,4 MHz R = 27 kn; C = 27 pF 

Frequency for 
external oscillator fCLK 0,03 - 1,4 MHz 
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Six Function Analog Memory; 
Microcomputer Controlled 

CHARACTERISTICS (continued) 

Product Specification 

SAB3013 

Vss = O; Tamb = 0 to+ 70 °c; Voo = 4,5 to 5,5 V; unless otherwise specified 

symbol min. typ. max. conditions 

Timing (see Fig. 3) 
Data set-up time 

DATA - CLB tsuoA 800 - - ns 

Data hold time 
DATA - CLB !HODA 300 - - ns measured with a 

Enable set-up time voltage swing of 

OLEN - CLB tsuEN 400 - - ns min. V1H-VIL 

Disable set-up time 
CLB - OLEN tsuo1 400 - - ns 

Set-up time 
OLEN - CLB (load pulse) tsuLD 1000 - - ns 

90% 90% 

OLEN 

VIL 
10% 

V1H 
90% 90% 

CLB 

VIL 
10% 10% 10% 

- -tr - --- tf 
VIH 

90% 

DATA 

VIL 
10% 

-- - - -- - -tsuEN I tsuoA - - 1HDDA 1suo1 tsuLD 

- 1WH-1 -twL-

ENABLE DATA DATA DISABLE LOAD 
7Z84541.1 

Fig. 3 CBUS timing. 
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Six Function Analog Memory; 
Microcomputer Controlled 

OPERATION DESCRIPTION 

Product Specification 

SAB3013 

The data input is achieved serially via the inputs DATA, OLEN and CLB. Clock pulses have to be 
applied at input CLB for data processing at input DATA. Data processing is only possible when 
OLEN= HIGH. The data from the data buffer is loaded directly into the output latch on receipt of 
a load pulse at input CLB (OLEN= LOW), provided the following conditions are met: 

• 12 clock pulses must be received at input CLB (word format control) during transmission (OLEN= 
HIGH). 

• The start-bit must be LOW. 
• The system address bits must be A = SAA and B = SAB. 
• The analogue address must be valid. 

The data word for the SAB3013 consists of the following bits (see Fig. 4): 

1 start-bit 
2 system address bits (A and 8) 
3 address bits for selection of the required analogue memory 
6 data bits for processing the analogue value 

DLEN H 

L 

CLB H 
L 

1-- t > 0 

DATA H 

L 
A 

system 
address analogue value 

Fig. 4 Waveforms showing a CBUS transmission. 

ADDRESS inputs (SAA, SAB) 

load pulse ,,,,,.,. 

7Z79613,1 

The address of the SAB3013 is programmed at the inputs SAA and SAB. These inputs must be 
defined and not left open-circuit. 

Reset 

The circuit generates internally a reset-cycle with a duration of one clock cycle after switching on the 
supply. If a spike on the supply is likely to destroy data, a reset signal will be generated. All analogue 
memories are set to 50% (analogue value 32/64) after the reset cycle. The supply voltage rise dVoo/dt 
must be max. 0,5 V/µ.s and min. 0,2 V/µ.s. 
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Oscillator inputs (CLK, OSC) 

Product Specification 

SAB3013 

The oscillator frequency is determined by the external circuitry connected to the terminals CLK and 
OSC as shown in Fig. 5. Instead of this circuitry an externally generated oscillator signal can be con· 
nected to input CLK. 

SAB3013 CLO 10 

CLK OSC 

3 2 

R 

7Z79612.1 

Fig. 5 Application advice for the oscillator. 

Analogue outputs (ANAL 1 to ANAL6) 

At output CLO a buffered oscillator signal is 
available for control of other circuits. 

For fcLK = 0,7 to 1.4 MHz; 
R = 27 kn; C = 27 pF. 

The analogue values are generated as a pulse pattern with a repetition rate of fcLK/64 at the outputs 
ANAL 1 to ANAL6. The analogue value is determined by the ratio of the HIGH-time and the cycle 
time (values between 1/64 and 64/64 can be obtained). 

Table 1 Addressing of the analogue data registers 

RA Rs Re addressing 
LSB MSB 

0 0 0 not valid 
1 0 0 ANAL1 
0 1 0 ANAL2 
1 1 0 ANAL3 
0 0 1 ANAL4 
1 0 1 ANAL5 
0 1 1 ANAL6 
1 1 1 not valid 

Table 2 Correlation of analogue value to analogue output signal 

analogue value 
binary input data duty cycle 

LSB MSB 'low' 'high' 

lowest value 0 0 0 0 0 0 63/64 1/64 
1 0 0 0 0 0 62/64 2/64 

power-on reset value 1 1 1 1 1 0 32/64 32/64 

highest value 0 1 1 1 1 1 1/64 63/64 
1 1 1 1 1 1 0 64/64 
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8-Bit Multiplying DAC PNA7518 

GENERAL DESCRIPTION 

The PNA7518 is a NMOS 8-bit multiplying digital-to-analogue converter (OAC) designed for video 
applications. The device converts a digital input signal into a voltage-equivalent analogue output at a 
sampling rate of 30 MHz. 

The input signal is latched, then fed to a decoder which switches a transfer gate array ( 1 out of 256) to 
select the appropriate analogue signal from a resistor chain. Two external reference voltages supply the 
resistor chain. 

The input latches are positive-edge triggered. The output impedance is approximately 0,5 kil depending 
on the applied digital code. An additional operational amplifier is required for the full bandwidth. 
Two's complement is selected when STC (pin 11) is HIGH or is not connected. 

Features 

• TTL input levels 
• Positive-edge triggered 
• Analogue voltage output at 30 MHz sampling rate 
• Binary or two's complement input 
• Output voltage accuracy to within ± Y, of the input LSB 

QUICK REFERENCE DATA 

Supply voltage range (pin 16) 

Supply current (pin 16) 

Reference voltage LOW (pin 2) 

Reference voltage HIGH (pin 9) 

Linearity 
at RL = 200 kS1; Vo= 2 V (peak-to-peak value) 

Bandwidth (-3 dB) 
at CL= 6 pF 

Clock frequency 

Total power dissipation 

Applications 

• Video data conversion 
• CRT displays 
• Waveform/test signal generation 
• Colour/black-and-white graphics 

PACKAGE OUTLINE 

16-lead OIL; plastic (SOT-38WE-1). 
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Voo 4,5 to 5,5 v 
loo typ. 50 mA 

VrefL min. 0 v 
VrefH max. 2 v 

± y, LSB 

B min. 12 MHz 

fcLK max. 30 MHz 

Ptot typ. 300 mW 
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8-Bit Multiplying DAC 

clock input 
(fcLK) 

reference 
voltage 
inputs 

select 
two's 

complement 
(STC) 

10 

7 280546 

Advance Information 

digital voltage input (V 1) 

bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7 
(+5V) 

Yoo 

6 5 4 3 15 14 13 

INPUT BUFFER/LATCH x 8 

DECODER 

16 

analogue 

-----1-- voltage 
output 
(VAol 

7 8 

100to 150nF T 
~ Vss 

V99 ' (OV) 

Fig. 1 Block diagram. 
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8-Bit Multiplying DAC 

PINNING 

Voo 
1 VAO 
2 VrefL 

bit 4 3 bit 3 

) 
4 bit 2 

bit 5 
5 bit 1 

bit 6 6 bit 0 
PNA7518 7 Vas 

bit 7 8 Vss 
9 VrefH 
10 fcLK 

fcLK 11 STC 
12 bit 7 

l 13 bit 6 
7280547 14 bit 5 

15 bit 4 
Fig. 2 Pinning diagram. 16 Voo 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage range (pin 16) Voo 

Input voltage range (pins 3, 4, 5, 6, 
11, 12, 13, 14 and 15) 

Output voltage range (pin 1) 

Total power dissipation 

Storage temperature range 

V1 

VAO 

Ptot 

Tstg 

Advance Information 

PNA7518 

analogue output voltage 
reference voltage LOW 

digital voltage inputs (V1) 

least-significant bit ( LSB) 
back bias 
ground 
reference voltage HIGH 
clock input 
select two's complement 
most-significant bit (MSB) 

digital voltage inputs (V1) 

positive supply voltage 

-0,5 to+ 7 V 

-0,5 to+ 7 v 
-0,5 to+ 7 v 

max. 400 mW 

-65 to+ 150 oc 

Operating ambient temperature range Tamb 0 to +70 °c 

HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
"Handling MOS Devices"). 
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8-Bit Multiplying DAC PNA7518 

CHARACTERISTICS 

Voo = 4,5 to 5,5; Vss = O V; CBB = 100 nF; Tamb = 0 to+ 70 °c; unless otherwise specified. 

parameter symbol min. typ. max. unit 

Supply (pin 16) 

Supply voltage Voo 4,5 5 5,5 v 
Supply current loo - 50 80 mA 

Reference voltages 

Reference voltage LOW (pin 2) VrefL -0,1 - + 2,1 v 4 
Reference voltage HIGH (pin 9) VrefH -0,1 - + 2, 1 v 
Reference ladder Rref 150 230 300 n 

Inputs 

Digital input levels (TTL) (note 1) 
input voltage LOW V1L 0 - 0,8 v 
input voltage HIGH V1H 2,0 - 5,25 v 
input leakage current lu - - 10 µA 

Clock input (pin 10) 
input voltage LOW V1L 0 - 0,8 v 
input voltage HIGH V1H 2,0 - 5,25 v 
input leakage current lu - - 10 µA 
frequency fcLK 1 - 30 MHz 
pulse width HIGH tPWH 10 - - ns 
pulse width LOW tpwL 10 - - ns 
input rise time at fcLK = 30 MHz tr - - 3 ns 
input fall time at fcLK = 30 MHz tf - - 3 ns 

Output 

Analogue voltage output (pin 1) 
at RL = 200 kn) VAO 0 - 2 v 

Bandwidth (-3 dB) at CL= 6 pf B - 12 - MHz 

Switching characteristics (Fig. 3) 

Data set-up time tsu;DAT 3 - - ns 

Data hold time tHD;DAT 4 - - ns 

Propagation delay time, input to output tpo tcLK + 15 tcLK + 22 tcLK + 30 ns 

Settling time: 10 to 90% full-scale change; 
CL= 6 pf; RL = 200 kn ts1 - 13 20 ns 

Settling time to ± 1 LSB; 
CL =6pF; RL =200kn ts2 - 40 - ns 
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8-Bit Multiplying DAC PNA7518 

parameter symbol min. typ. max. unit 

Output transients (glitches) 
(note 2 and Fig. 3) 

Glitch occurring at step 7 F-80 (HEX) : 
maximum amplitude for 1 LSB change area Vg - 3 - LSB 

- 23 - LSB.ns 

Glitch occurring at step 00-AA (HEX): 
maximum amplitude for 1 LSB change area Vg - 5 - LSB 

- 41 - LSB.ns 

Influence of clock frequency (note 2) 

Cross-talk at 2 x fcLK 
amplitude - 2 - LSB 
area - 8 - LSB.ns 

Notes to the characteristics 

1. Inputs bit 0 to bit 7 are positive-edge triggered and STC. 
2. Measured at VrefH·VrefL = 2,0 V; 1 x LSB = 7,8 mV. The energy equivalent of output transients is 

given as the area contained by the graph of output amplitude ( LSB) against time (ns). The glitch 
area is independent of the value of Vref· Glitch amplitudes and clock cross-talk can be reduced by 
using a shielded printed circuit board. 

CLOCK 

DATA 

ANALOGUE 
OUTPUT 

September 1985 

1,5V 

~tFWH-1 
-----·--- 2,0V 

J .. l-. _ _J" L O,BV 

Fig. 3 Switching characteristics. 
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14-Bit DAC (Serial Output) TDA1540D, P 

GENERAL DESCRIPTION 

The TOA 1540 is a monolithic integrated 14-bit digital to analogue converter ( DAC). It incorporates a 
14-bit input shift register with output latches, binary weighted current sources with switches and a 
reference source. 

The IC features an improved switch circuitry which eliminates the need for a deglitcher circuit at the 
output. This results in a signal-to-noise ratio of typical 85 dB in the audio band. 

QUICK REFERENCE DATA 

Supply voltages 
pin 4 

pin 7 

pin 11 

Signal-to-noise ratio (full scale sine-wave) 
at analogue output (pin 22) 

Non-linearity at T amb = -20 to+ 70 °c 

Current settling time 

Maximum input bit rate 
at data input (pin 1) 

Maximum clock frequency 
at clock input (pin 28) 

Full scale temperature coefficient 
at analogue output (pin 22) 

Operating ambient temperature range 

Total power dissipation 

PACKAGE OUTLINES 

TDA1540D:28-lead OIL; ceramic (cerdip) (SOT-135A). 
TOA 1540P: 28-lead DI L; plastic (SOT-117BE). 
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Vp1 

VN1 

VN2 

S/N 

tcs 

BRmax 

fcl max 

TCFS 

Tamb 

Ptot 

typ. 5 v 
typ. -5 v 
typ. -17 v 

typ. 85 dB 

typ. Yz LSB 

typ. 0.5 µs 

min. 12 Mbit/s 

min. 12 MHz 

typ. ± 30 · 10·6 K·1 

-20 to+ 70 oc 

typ. 350 mW 
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14-Bit DAC (Serial Output) TDA1540D, P 

FUNCTIONAL DESCRIPTION 

The binary weighted current sources are obtained by a combination of a passive divider and a time 
division concept. Figure 1a gives the diagram of one divider stage. The total emitter current 41 of the 
passive divider is divided into four more or less equal output currents. 

The output currents of the passive divider are now interchanged during equal time intervals generated 
by means of a shift register. The average output currents are exactly equal as a result of this operation. 
A ripple on the output current, caused by a mismatch of the passive divider, is filtered by an a.c. 
low-pass filter, requiring an external filter capacitor. 

The outputs of the dividers are combined to obtain the output currents I (i 1), I (l2) and 21 (l3) 
(see Fig. 1 b). The current of the most significant bit is generated by an on-chip reference source. 
A binary weighted current network is formed by cascading the current division stages (see Fig. 2). 

The interchanging pulses are generated by an on-chip oscillator and a 4-bit shift register. The binary 
currents are switched to the current output (pin 22) via diode-transistor switching stages; therefore, 
the voltage on the output pin must be 0 V ± 10 mV. The output current can be converted into a 
voltage by means of a summing amplifier. 

Figure 3 represents the data input format, and an application circuit is given in Fig. 4. 

2 3 

11 i 12 i 13 i 
SHIFT 

REGISTER 

--11/11--

JUl.f 

CLOCK i I+ 81 I i I+ 821 i I+ 831 i I+ 841 

Fig. 1 a Circuit diagram of one divider stage. 
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t 

13 
I -~ 811+821 

t 1-

1-411 -I 
7289039 

Fig. 1b Waveforms showing output 
currents 11, 12 and 13 of Fig. 1a. 
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14-Bit DAC (Serial Output) TDA1540D, P 

DA~~ SHIFT REGISTER 

f f f f f f f f ! ! f ! f f 
LATCH -I 

....--;.....----;. ...... __:....,.._:......_..;...,,__....:....,_-;.....----;. ...... --'C...--7-.-~,___,_. ..... ......,.....---022 
analogue 

....-t-'-+-+-''-+--+-;..+....--H--.-'-f-1,_!...+-.--;.++-':+-+-;..+....--'-!--.--7-1-1~+-~-t-...-irl----i output 

OSCILLATOR & 
4-BIT 

SHIFT REGISTER 

2 

Fig. 2 Functional diagram showing cascading of current division stages. 

OATA MSB 

>40ns 

--1 --
I LSB _JS:_ 

"'~r~i;;, 
------ ____ >_s_:~·j --~ 

>40ns 

7Z89038.1 

Fig. 3 Format of input signals. 
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14-Bit DAC (Serial Output) 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltages 
with respect to GND (pin 6) 
at pin 4 Vp1 

at pin 7 

at pin 11 

at pin 4 with respect to pin 11 

at pin 7 with respect to pin 11 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

CHARACTERISTICS (see application circuit Fig. 4) 

VN1 

VN2 

Vp1-VN2 

VN1-VN2 

Ptot 

Tstg 

Tamb 

T amb = 25 °c; at typical supply voltages; unless otherwise specified 

parameter symbol min. typ. 

Supply voltages 
with respect to GND (pin 6) 

at pin 4 Vp1 3 5 

at pin 7 VN1 -4.7 -5 

at pin 11 VN2 -16.5 -17 

Supply currents 

at pin 4* lp1 - 12 

at pin 7 IN1 - -20 

at pin 11 IN2 - -11 

Power dissipation 

Total power dissipation Ptot - 350 

Temperature 

Operating ambient temperature range Tamb -20 -

*When the output current is Y:.IFS (Y:. full scale output current). 
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TDA1540D, P 

max. 

max. 

max. 

max. 

12 v 
-12 v 
-20 v 

32 v 
-1to+20 V 

max. 600 mW 

-55 to+ 125 oc 

-25 to+ 80 oc 

max. unit 

7 v 
-7 v 
-18 v 

14 mA 

-24 mA 

-13 mA 

410 mW 

+70 oc 
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14-Bit DAC (Serial Output) TDA1540D, P 

parameter symbol min. typ. max. unit 

Data input DATA {pin 1) 

Input voltage HIGH V1H 2.0 - 7.0 v 
Input voltage LOW V1L 0 - 0.8 v 
Input current HIGH at V1H l1H - - 50 µA 

Input current LOW at VI L -l1L - - 0.2 mA 

Maximum input bit rate BRmax 12 - - Mbits/s 

Latch enable input LE (pin 2) 

Clock input CP (pin 28) 
Input voltage HIGH V1H 2.0 - 7.0 v 
Input voltage LOW V1L 0 - 0.8 v 
Input current HIGH at V1H l1H - - 50 µA 

Input current LOW at VI L -l1L - - 0.2 mA 

Maximum clock frequency fcPmax 12 - - MHz 

Oscillator (pins 8 and 9) 

Oscillator frequency 
at C9.9 = 820 pF fosc 100 160 200 kHz 

Analogue output lout (pin 22) 
Output v.oltage compliance Voe -10 - + 10 mV 

Full scale current IFS 3.8 4.0 4.2 mA 

Zero scale current ±lzs - - 100 nA 

Full scale temperature coefficient 
T amb = -20 to + 70 oc TCFs - ± 30 x 10-6 - K-1 

Settling time to ± Y.LSB 
all bits on or off tcs - 0.5 - µs 

Signal-to-noise ratio* S/N 80 85 - dB 

* Signal-to-noise ratio within 20 Hz and 20 kHz of a 1 kHz full scale sinewave, generated at a sample 
rate of 44 kHz .• 
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14-Bit DAC (Serial Output) TDA1540D, P 

DATA 

C"P 
LE 

28 

2 

12 

+5V -5V -17V 

10nF 

4 6 3 11 

TDA1540 

13 14 18 19 20 

2.7 
K 

10 

21 

820pF 

(1%) 

8 9 

23 24 

1 nF 

2.5 K 

22pF 

22 i--=-:"'"---~ 

151-'-';.:..:_-~ 

17 

16 1ref2 

25 
~~I 

metal-film 
resistors 

filter 

7Z89082.2A 

Fig. 4 Application circuit. 

PINNING 

1 DATA data input EP 
2 LE latch enable input 
3 Vref1 voltage reference 

i.e. 

4 Vp1 positive supply i.e. 

5 . * frequency compensation l.C. 

on-chip operational amplifier 
C10 

6 GND ground C9 

7 VN1 negative supply 
8 OSC1 } oscillator capacitor 

CB 

9 OSC2 lout 
10 Vref2 voltage reference TDA1540 

11 VN2 negative supply C7 

12 C1 } decoupling binary 
13 C2 weighted current 
14 C3 sources Vref2 cs 

15 1ref1 
} current reference sources 

VN2 C4 
16 1ref2 
17 1ref3 C1 1ref3 

18 C4 I decoupling binary weighted 
C2 1ref2 

19 C5 
20 C6 current sources C3 I ref 1 

21 C7 
22 lout analogue output 

7Z86851.A 

23 CB } decoupling binary Fig. 5 Pinning diagram. 
24 C9 weighted current 
25 C10 sources 
26 . * l.C. voltage reference 
27 . * l.C. voltage reference 
28 CP clock pulse input 

* i.e.: internally connected. 
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Selector Guide 

COMPARATORS 
MAX. INP. 

MAX. INP. 

OFFSET 
CURRENT 

SUPPLY 
COM- TEMP. VOLT BIAS OFFSET VOLTAGE 

DEVICE PLEXITY RANGE' (mV) (µA) (µA) (V) 

LM1111 Single M 4.00 0.15 002 ± 15 
LM211 Single I 4.00 0.15 0.02 to 
LM311 Single c 10.0 0.30 007 +5 and GND 
NE5272 Single c 10.0 4.00 t.0 ±Sto ±10 
SE527 Single M 6.00 4.00 1.00 and GND 
NE5295 Single c 10.0 50.0 15.0 ±510±10 
SE529 Single M 6.00 36.0 9.00 and GND 
LM1t93 Dual M 7.00 1.00 0.10 ± 15 
LM219 Dual I 7.00 1.00 0.10 to 
LM319 Dual c 10.0 1.20 0.30 ±5 and GND 
LM1933 Dual M 9.00 030 0.10 ± 1 to ± 18 
LM293 Dual I 9.00 0.40 0.15 0, 

LM393 Dual c 9.00 0.40 0.15 +2 to +36 GND 
LM2903 Dual I 15.0 0.50 0.20 
SE/NE5214 Dual M/C 15/10.0 40.0 12.0 +5, -5, GND 
SE/NE522 Dual M/C 15/10.0 40.0 12.0 +5, -5. GND 
LM1393 Ou ad M 9.00 0.30 0.10 
LM239 Quad I 9.00 0.40 0.15 ± 1 to ± 18 or 
LM339 Quad c 9.00 0.40 0.15 +2 to +36 
LM2901 Quad I 15.0 0.50 0.20 
MC33023 Quad I 40.0 1.00 0.30 +2 to +28 GND 

Notes 
1. With strobe, will work from single supply. 
2. Complementary output gates with individ~·al strobes 
3 Will operate from single or dual supplies 

·remperature Range 
I = Industrial 
C = Commercial 
M "' Military 4. Ultra-high speed. 

Product Specification 

COMMON VOLTAGE MAX. DIFF. 
RESPONSE MODE 

OUTPUT VOLTAGE 
GAIN INPUT 

TIME VOLTAGE v 0 L Max. VoH Min. OUTPUT (Typ.) TTL VOLTAGE 
(Typ.) (ns) RANGE (V) (V) (V) STRUCTURE V/mV FANOUT (V) 

200 ± 14 0.4 o.c 200 5 ±30 
200 ± t4 04 O.C. 200 5 ±30 
200 ± t4 04 o.c 200 5 ±30 
16 ±5 0.5 2.7 TTL 5 ±5 
t6 ±5 0.5 2.5 TTL 5 ±5 
t2 ±5 05 2.7 TTL 5 ±5 
t2 ±5 05 2.5 TTL 5 ±5 
80 ± t3 04 o.c 40 2 ±5 
80 ± t3 0.4 o.c 40 2 ±5 
80 ± 13 0.4 o.c 40 2 ±5 

1300 OtoV5 -2 07 o.c. 200 2 36 
1300 OtoV5 -2 0.7 oc 200 2 36 
1300 O!oV5 -2 0.7 O.C 200 2 36 
1300 OtoV5 -2 0.7 o.c 100 2 36 

8 ±3 0.5 2.7 TTL 12 ±6 
4 

10 ±3 05 o.c t2 ±6 
1300 OtoV5 -2 07 oc 200 2 36 
1300 OtoV5 -2 07 O.C 200 2 36 
1300 01ov5 -2 0.7 QC 200 2 36 
1300 OtoV8 -2 07 o.c. tOO 2 36 
2000 Otov5 -2 0.7 o.c 100 2 28 

4-69 September 1985 



Slgnetics Linear Products Product Specification 

Micropower Voltage Detector PCF1251 

8-LEAD DUAL IN-LINE; PLASTIC (SOT-97 A) 
QJ 
c 
.E 

I ____ .J 

ij 

10max h 
~-----,_______,--.__.--.-,___, 4,2 

-. -
3,43 
3,05 

' 

max 
+ o,~1 I 

:-=:] min t 
_-=r 076 121 

+ ' I 0,53 1 

~x 0,3_t --l~lo,2s4@1111 

--- i_iJ::!i_i 
1,15 
max 

8 

Dimensions in mm 

SOLDERING 

1. By hand 

5 top view 

----

4 

-a,25max-

I I 
I I 

- Jl0,32 :1 
11 max II 

$ 
@ 
( 1) 

(2) 

~ ~ 
' i-11,s21-i · 

9,5 
8,3 7Z73585.S 

Positional accuracy. 

Maximum Material Condition. 

Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(3) Only for devices with 
asymmetrical end-leads. 

Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 oc it must not be in contact for more than 10 seconds; if between 
300 oc and 400 oc, for not more than 5 seconds. 

2. By dip or wave 

The maximum permissible temperature of the solder is 260 oc; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis· 
sible limit. 

3. Repairing soldered joints 

The Same precautions and limits apply as in ( 1) above. 
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Micropower Voltage Detector PCF1251 

8-LEAD MINI-PACK; PLASTIC (S0-8; SOT-96A) 

---- 5,0 ----4,8 ---- 5,2 -----1•1 4,6 

•• t~: 1'4--- 4,0 ___ , 
3,8 

~ • t 

·1 • 0,491 I - - I 036 • 0,7 max --'-- I 4•[ o.2s @[ 
-- [1,27[ --

- --0,3 min 
------ 6,2 -------t•I 5,8 7Z68240.6 

top view 

Dimensions in mm 

$ Positional accuracy. 

@ Maximum Material Condition. 

5 6 7 8 

SOLDERING 

1. Soldering iron or pulse heated solder tool 

Apply the heating tool to the flat part of the pin only. 
Limit the contact time to maximum 10 seconds up to 300 oc, or 5 seconds up to maximum 400 °c. 
When using the proper tools, up to 20 pins (at one side of the device) can be soldered in one 
operation with 2 to 5 seconds and 270 to 320 oc. 

2. By dip or wave 

The maximum permissible temperature of the solder is 260 °c. The permissible total time of 
immersing the whole package in the bath is 10 seconds, if it is allowed to cool down to less than 
150 °c within 6 seconds. 

3. Repairing soldered joints 

The same precautions and limits apply as in (1) above. 
If the vertical part of the pin needs heating, reduce the soldering iron temperature to 260 °c. 
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Symbols and Definitions 

Absolute Maximum Rating 
Operating safe zones. Exceeding these limits could cause permanent 
damage to the device and are not meant to imply that devices can 
operate at these limits. 

BCD 

Binary Coded Decimal. 

Bi/RBO 

Blanking Input or Ripple Blanking Output. 

CE 

Chip Enable. 

CLR 

Clear. Clear command will preset all internal circuits to a pre­
determined state. 

Duty Cycle 
Ratio of time on to time off. Generally expressed in percentage. 

FMAX 
The maximum clock frequency: the maximum input frequency at a 
clock input for the predictable performance. Above this frequency the 
device may cease to function. 

le 
Input Bias Current. Current into an analog circuit input, 
specified at a particular voltage level. 

Ice (-led 
Supply Current. The current flowing into the +Vee (- V0c) sup­
ply terminal of the circuit with specified input conditions and 
open outputs. Input conditions are chosen to guarantee worst 
case operation unless specified. 

lcex 
Output Leakage Current. The current flowing out of or into a 
disabled (off) output with a specified High output voltage ap· 
plied. 

l1H 

Input High Current. The current flowing into or out of an input 
when a specified High level voltage is applied to that input. 

l1L 

Input Low Current. The current flowing out of an input when a 
specified Low level voltage is applied to that input. 

loH 
Output Current Source the device can supply while maintaining 
a specified voltage output level. 

loL 
Output Low Current. The current flowing into an output when it 
is in the Low State. 

los 
Output Short-Circuit Current. The current flowing out of an output 
which is in the High state when that output is shorted to ground. 

Is 
Source Current. Current flowing into the Vs supply terminal of 
the device with specified operating conditions. 

lsEG 
Segment Current. The amount of current supplied to each seg­
ment as a display. Current ratios are generally compared to seg· 
ment 'b'. 

LED 
Light Emitting Diode. 

Package Type Designation 

Product Specification 

See full package designations in Appendix. 

Power Dissipation 
The power that the device can safely handle at 15'C. The dissi­
pation must be derated as indicated for the individual package 
type. 

RBI 
Ripple Blanking Input. 

Segment Identification 

TA 
Ambient temperature range. Allowable range of the surrounding 
environment of the operating device. 

th 
Hold Time. The interval immediately following the active transi· 
lion of the timing pulse (usually the clock pulse) or following the 
transition of the control input to its latching level, during which 
interval the data to be recognized must be maintained at the in­
put to ensure its continued recognition. A negative hold time in­
dir,ues that the current logic level may be released prior to the 
ac11ve transition of the timing pulse and still be recognized. 

TJ 
Junction Temperature. The maximum temperature of the device. 
150'C is standard for silicon devices. 

IPHL 

Propagation Delay Times. The time between the specified refer­
ence points on the input and output waveforms with the output 
changing from the defined HIGH level to the defined LOW level. 

IPLH 

Propagation Delay Time. The time between the specified refer­
ence points on the input and output waveforms with the output 
changing from the defined LOW level to the defined HIGH level. 

tree 
Recovery Time. The time between the reference point on the 
trailing edge of an asynchronous input control pulse and the 
reference point on the activating edge of a synchronous (clock) 
pulse input such that the device will respond to the synchronous 
input. 

'· Setup Time. The interval immediately preceding the active tran-
sition of the timing pulse (usually the clock pulse) or preceding 
the transition of the control input to its latching level, during 
which interval the data to be recognized must be maintained at 
the input to ensure its recognition. A negative setup time in· 
dicates that the correct logic level may be initiated sometime 
after the active transition of the timing pulse and still be 
recognized. 
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Symbols and Definitions 

DISPLAY DRIVER DEFINITIONS (Cont'd) 

Truth Tables 

0 is logic level low 
1 is logic level high 
X - don't care condition - has no effect under circuit condi· 
lions listed. 

Typical Value 

The typical value of a particular parameter at 25°C determined by 
characterization of the device or sampling. Usually indicates that the 
particular device is not 100% tested for the parameter because it 
does not vary or can be determined by design and other tested varia­
bles. Occasionally typical values are given rather than min-max 
values because 100% testing would raise the cost of the product to a 
prohibitive level. If a typical value must be guaranteed to ensure spe­
cific operation, custom testing can often be provided at an additional 
cost to the user. 

VeR 
Output Breakdown Voltage. Maximum voltage applied to a 
disabled (off) output to ensure a leakage current less than the 
specified value. 

Vcc(-Vcc> 
Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 

VF 
Forward voltage drop of a device at a specified current level. 

V1H 
Input High Voltage. The range of input voltages recognized by 
the device as a logic high. 

Product Specification 

V1L 
Input Low Voltage. The range of input voltages recognized by 
the device as a logic low. 

V1N 
The range of voltage on any input which the device can safely 
handle or a specified input voltage to the device. 

VoH 
Output High Voltage. The minimum guaranteed High voltage at 
an output terminal for the specified output current loH and at the 
minimum Vee value. 

Vol 
Output Low Voltage. The maximum guaranteed low voltage at an 
output terminal sinking the specified load current loL· 

Vour 
The range of voltage on any output which the device can safely 
handle or a specified output voltage to the device. 

Vs 
Source Voltage. A separate Vee line depending on part type. 

xx 
Negate Bar - when it appears over a function indicates that the 
"true" or valid condition of that function is a logic low level. 
i.e. LE - would require a logic high level to cause a latch enable 

LE - would require a logic low level to cause a latch enable. 
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Quad Line Driver 

DESCRIPTION 
The MC1488 is a quad line driver which 
converts standard DTL/TTL input logic lev­
els through one stage of inversion to output 
levels which meet EIA Standard No. RS-
232C and CCITT Recommendation V.24. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage V+ 
V-

Input voltage <V1Nl 
Output voltage 
Power dissipation: 

F package 
N package 

Operating temperature range 
Storage temperature range 
Lead temperature <soldering, 10secl 

CIRCUIT SCHEMATIC 

R1 R2 
8.2K 6.2K 

01 

INPUT 

INPUT 

02 
03 

04 

R4 OS 

3.6K 

Q1 

Q3 

as 

RS R6 
10K 7K 

1/4CIRCUIT 

September 1985 

FEATURES 
• Current limited output: ±10mA Typ 
• Power-off source Impedance: 3000 Min 
• Simple slew rate control with external 

capacitor 
• Flexible operating supply range 
• Inputs are DTL/TTL compatible 

APPLICATIONS 
• Computer port driver 
• Digital transmission over long lines 
• Slew rate control 
• TTL/DTL to MOS translation 

RATING UNIT 

+15 v 
-15 v 

-15 :S V1N :S 7.0 v 
±15 v 

1000 mW 
800 mW 

o to +75 'C 
-65 to +150 'C 

300 'C 

V+ 

a2 09 

R3 
700 

RB 
3000 

OUTPUl 

06 

08 

04 

R7 
700 

V-
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Product Specification 

MC1488 

PIN CONFIGURATION 

D,F,N PACKAGE 

Vee 1 Vee 

INPUT1 2 INPUT48 

OUTPUT1 3 INPUT4A 

INPUT 2A 4 11 OUTPUT4 

INPUT28 5 INPUT38 

OUTPUT2 6 9 INPUT 3A 

GNO 7 • OUTPUT3 

TOP VIEW 

ORDER NUMBERS 
MC1488D MC1488F, MC1488N 
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Quad Line Driver MC1488 

DC ELECTRICAL CHARACTERISTICS Y+ = +9.0Y ± 1%, Y- = -9.0V ± 1%, TA= O'C to +75'C 
unless otherwise specified. 
All typicals are for Y+ = 9.0V, Y- = -9.0V, and TA= 25'C." 

PARAMETER TEST CONDITIONS 

Logic "O" input current Y1N = OY 
Logic "1" input current Y1N = +5.0V 

V+ =9.0Y 
RL = 3.0kO V- = -9.0Y 

High level output voltage 
Y1N = o.8Y V+ = 13.2Y 

Y- = -13.2Y 

V+ = 9.0Y 
RL = 3.0kO Y- = -9.0Y 

Low level output voltage Y1N = 1.9Y Y+ = 13.2Y 
Y- = -13.2Y 

High level output Vour = OY 
Short-circuit current Y1N = 0.8Y 
Low level output Your= OV 
Short-circuit current Y1N = 1.9V 

Output resistance 
Y+-Y- - OY 
Your= ±2V 

V+ = 9.0Y, Y- = -9.0V 
Y1N = 1.9V V+ = 12Y, Y- = -12Y 

Positive supply current 
V+ = 15Y, Y- = -15Y 

!output openl V+ - 9.0V, V- - -9.0V 
Y1N = 0.8Y V+ = 12V, Y- = -12V 

V+ = 15V, V- = -15Y 

V+ = 9.0Y, V- = -9.0Y 
Y1N = 1.9Y V+ = 12V, V- = -12Y 

Negative supply current 
V+ = 15V, Y- = -15Y 

!output open) V+ = 9.0Y, Y- = -9.0Y 
Y1N = 0.8Y V+ = 12Y, Y- = -12V 

Y+ = 15Y, Y- = -15V 

Power dissipation 
Y+ = 9.0V, Y- = -9.0V 
Y+ = 12Y, Y- = -12Y 

Propagation delay to "1" ltpd1 l RL = 3.0kO, CL= 15pF, TA= 25'C 
Propagation delay to "O" ltpdol RL = 3.0kO, CL= 15pF, TA= 25'C 
Rise time ltrl RL = 3.0kO, CL= 15pF, TA= 25'C 
Fall time lttl. RL = 3.0kO, CL= 15pF, TA= 25'C 

NOTE 

*Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin, 
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LIMITS 

Min Typ 

-1.0 
.005 

6.0 7.0 

9.0 10.5 

-6.0 -6.8 

-9.0 -10.5 

-6.0 -10.0 

5.0 10.0 

300 

15.0 
19.0 
25.0 

4.5 
5.5 
8.0 

-13.0 
-18.0 
-25.0 

-1 
-1 

-.01 

252 
444 
275 
70 
75 
40 

UNIT 
Max 

-1.6 mA 
10.0 µA 

y 

y 

y 

y 

-12.0 mA 

12.0 mA 

n 

20.0 mA 
25.0 mA 
34.0 mA 

6.0 mA 
7.0 mA 
12.0 mA 

-17.0 mA 
-23.0 mA 
-34.0 mA 

-15 µA 
-15 µA 
-2.5 mA 

333 mW 
576 mW 
560 ns 
175 ns 
100 ns 
75 ns 
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Quad Line Driver MC1488 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE AND 
CURRENT-LIMITING 
CHARACTERISTICS 

-16 -12 -8 -4 8 12 16 

Vo OUTPUT VOLTAGE (V) 

AC LOAD CIRCUIT 

V1N~VouT 
3K -::- J 15pF' 

l<OTE 

*CL includes probe and jig capacitance 

SWITCHING WAVEFORMS 

NOTE 

Ir and t1 are measured 
between 10% and 90% 
of the output waveform 

September 1985 

~-------------------------------~ 
RS232C DATA TRANSMISSION 

114 MC1468 
114MC1489/ 

MC1489A --r-
==t...)>- JC>--+----...----t--1..J>O---:::f-)o--­--...-

T2LIDTL 1~~~:~91 
INTERCONNECTING 

CABLE 

-~=i~. -+---------+~ - 1 ~ - SIGNAL GROUND 
----<:( >--_ _,__ 

114 MC1488 

NOTE 

INTERNAL DATA I-::-
TERMINAL 
EQUIPMENT 

*Optional for noise filtering 

APPLICATIONS 
By connecting a capacitor to each driver 
output the slew rate can be controlled utiliz­
ing the output current limiting characteris­
tics of the MC1488. For a set slew rate the 
appropriate capacitor value may be calcu­
lated using the following relationship 

c ~ lsc lAT/AVI 

where C is the required capacitor, lsc is the 
short circuit current value, and AV/ AT is the 
slew rate. 

RS232C specifies that the output slew rate 
must not exceed 30V per microsecond. 
Using the worst case output short circuit 
current of 12mA in the above equation, 
calculations result in a required capacitor of 
400pF connected to each output. 
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MODEM 

TYPICAL APPLICATIONS 

DTL/TTL-TO-MOS TRANSLATOR 

DTLI 
TTL 

INPUT 

+12V 

-12V 

10K 

-12V 

MOS 
OUTPUT 
-10V TO 
-0.4V 

DTL/TTL-TO-HTL TRANSLATOR 

OTLI 
TTL 

INPUT 

+12V 

-12V 

HTL 
JO--.-o OUTPUT 

-0.7V TO 
+1DV 

DTL/TTL-TO-RTL TRANSLATOR 

O'TLI 
TTL 

INPUT 

+12V 

-12V 

RTL 

..,.. ...... ~.-u C:~T;~~o 
+3.7V 

+3.0V 
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Quad Line Receivers 

DESCRIPTION 
The MC1489/MC1489A are quad line re­
ceivers designed to interface data terminal 
equipment with data communications 
equipment. They are constructed on a 
single monolithic silicon chip. These de­
vices satisfy the specifications of EIA stand­
ard No. RS232C. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power supply voltage 
Input voltage range 
Output load current 
Power dissipation· 

F package 
N package 

Operating temperature range 
Storage temperature range 

EQUIVALENT SCHEMATIC 

(1 4 OF UNIT SHOWN) 

RESPONSE 
CONTROL 0------~-'\AI\,---+---< 

INPUT 0--'V'v.,.____.. _ _.__..----£ 

MC1489: AF= 10k 
MC1489A: RF= 2k 

Product Specification 

MC1489 / MC1489A 

FEATURES PIN CONFIGURATION 
• Four totally separate receivers per pack- D, F, N PACKAGE 

age 
• Programmable threshold 
• Built-In Input threshold hysteresis 
• "Fall sale" operating mode 
• Inputs withstand ±30V 

APPLICATIONS 
• Computer port inputs 
• Modems 
• Eliminating noise in digital circuitry 
• MOS to TTL/DTL translation 

RATING UNIT 

10 v 
±30 v 
20 mA 

1 w 
800 mW 

0 to +75 oc 
-65 to +150 oc 

TOP VIEW 

ORDER NUMBERS 

MC14890, MC1489AD 

MC1489F, MC1489AF, MC1489N, MC1489AN 

VOLTAGE WAVEFORMS 

JV 

0 

INPUT l I ov -11-·· --11-" OUTPUT~ 90 

1.SV 

,,,a- 1- - [,pd, 

AC TEST CIRCUIT 

PULSE 

4-77 

RESPONSE 
CONTROL 
=OPEN OUTPUT Vee 
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Signetics Linear Products Product Specification 

Quad Line Receivers MC1489 / MC1489A 

DC ELECTRICAL CHARACTERISTICS Vee= 5.0V ± 1%, o•c s TA s +75°C unless otherwise specified.1.2 

PARAMETER TEST CONDITIONS 

Input high threshold voltage TA= 25°C, Vour s 0.45V, 
lour= 10mA 

Input low threshold voltage TA= 25°C, Vour s 2.5V, 
lour = -0.5mA 

V1N =+25V 
V1N = -25V 

Input current V1N =+3V 
V1N =-3V 

Output high voltage V1N = 0.75V, lour= -0.5mA 
Input= Open, lour = -0.5mA 

Output low voltage V1N = 3.0V, lour= 10mA 

Output short circuit current V1N =0.75V 
Supply current V1N = 5.0V 

Power dissipation V1N = 5.ov 

NOTES 

1. Voltage values shown are with respect to network ground termlnal. Positive current Is 
defined as current into the referenced pin. 

2. These specifications apply for response control pin =open. 

MC1489 

Min Typ 

1.0 

0.75 

+3.6 +5.6 
-3.6 -5.6 

+0.43 +0.53 
-0.43 -0.53 

2.6 3.8 
2.6 3.8 

0.33 

3.0 
20 

100 

MC1489A 

Min 
UNIT 

Max Typ Max 

1.5 1.75 2.25 v 

1.25 0.75 1.25 v 

+8.3 +3.6 +5.6 +8.3 
mA 

-8.3 -3.6 -5.6 -8.3 

+0.43 +0.53 
mA -0.43 -0.53 

5.0 2.6 3.8 5.0 v 
5.0 2.6 3.8 5.0 v 
0.45 0.33 0.45 v 

3.0 mA 
26 20 26 mA 

130 100 130 mW 

AC ELECTRICAL CHARACTERISTICS Vee= 5.ov ± 1%, TA= 25°C unless otherwise specified.1.2 

PARAMETER TEST CONDITIONS 

Input to output "high" Rl = 3.9k0 (AC test circuit) 
Propagation delay ltpd1) 
Input to output "low" Rl = 3900 (AC test circuit) 
Propagation delay (tpdol 

Output rise time Rl = 3.9kO (AC test circuit) 
Output fall time Rl = 3900 (AC test circuit) 

NOTES 

1. Voltage values shown are with respect to network ground terminal. Positive current la 
defined as current Into the referenced pin. 

2. These specifications apply for response control pin =open. 

TYPICAL APPLICATIONS 

RS232C DATA TRANSMISSION 

114MC1489t 
114MC1488 MC1489A TTL/DTL TTL/DTL _ _,....., 

=:t.-P- JO~-t-~~~..,...~~~+-~~~>O~-::- ..... )o--_.....,_ 

TTL/OTL 
1/4MC1489/ 
MC1489A 

INTERCONNECTING 
CABLE 

TTL/DTL. 

--<(.-i:----0Cll--l----''------l--d 
-...1--

-<:(,..."1:= 
-...1--

INTERFACE OATA 
TEFIMINAL 
EQUIPMENT 

*Optional for noise filtering 

September 1985 

SIGNAL GROUND 1/4MC1488 

MODEM 

4-78 

MC1489 MC1489A 
UNIT 

Min Typ Max Min Typ Max 

25 85 25 85 ns 

20 50 20 50 ns 

110 175 110 175 ns 
9 20 9 20 ns 

MOS TO TTL/DTL TRANSLATOR 

5V 

r--.J TTL10Tl 

1 MOSLOG•C -r-[) 
L,.. __ _J I 

114MC1489/ I [ .. 
MC 1489A f"'" - ' I .., 

b 



Signetlcs Linear Products 

Addressable Relay Driver 

DESCRIPTION 

The NE5090 addressable relay driver is a 
high current latched driver, similar In func­
tion to the 9934 address decoder. The device 
has 8 open collector Darlington power out­
puts, each capable of 150mA load current. 
The outputs are turned on or off by respec­
tively loading a logic "1" or logic "O" into the 
device data Input. The required output Is 
defined by a 3 bit address. The device must 
be enabled by a CE Input line which also 
serves the function of further address 
decoding. A common clear Input, CLR, turns 
all outputs off when a logic "O" is applied. 
The device is packaged in a 16 pin plastic or 
CERDIP package. 

BLOCK DIAGRAM 

INPUT STAGE 

ABSOLUTE MAXIMUM RATINGS 
TA= 25 •c unless otherwise specified. 

PARAMETER 

Vee Supply voltage 

FEATURES 

• 8 high current outputs 
• Low-loading bus compatible Inputs 
• Power-on clear ensures safe operation 
• Wiii operate In addressable or 

demultiplex mode 
• Allows rendom (addres88d} data entry 
• Easlly expandable 
• Pin compatible with 9334 

APPLICATIONS 

• Relay driver 
• Indicator lamp driver 
• Trlac trigger 
• LED display digit driver 
• Stepper motor driver 

OUTPUT STAGE 

RATING UNIT 

-0.5 to+ 7 v 
VIN Input voltage -0.5to+15 v 
VouT Output voltage Oto+ 30 v 
IGND Ground current 500 mA 
louT Output current 200 mA 

Each output 
Po Power dissipation 1 1 w 
Ambient temperature range ·c 

TA NE5090 Oto+ 70 
TJ Junction 150 
TsTG Storage -65to+ 150 
Tsold Lead soldering temperature 300 ·c 

(10 sec max) 

4-79 

Product Specification 

NE5090 

PIN CONFIGURATION 

NOTES: 

D\F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5090N 
NE5090F 
NE509001 

~. SOL - Released in Large SO package only. 
2. SOL and !lQ!l·standard pinout. 
3. so and mw-standard pinouts. 

September 1985 
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Signetics Linear Products Product Specification 

Addressable Relay Driver NE5090 

PIN DESIGNATION 
PIN NO. SYMBOL NAME AND FUNCTION 

1-3 AO-A2 A 3·bit binary address on these pins defines which of the 8 output latches is to receive the data. 

4-7, 9-12 Q0-07 The 8 device outputs. 

13 D The data input. When the chip is enabled, this data bit is transferred to the defined output such that: 
"1" turns output switch "ON" 
"O" turns output switch "OFF" 

14 CE The chip enable. When this input is low, the output latches will accept data. When CE goes high, all 
outputs will retain their existing state, regardless of address of data input conditions. 

15 CLR The clear input. When CLR goes low all output switches are turned "OFF". The high data input will 

TRUTH TABLE 

INPUTS 

-
CE D Ao CLR 

L H x x 

L L L L 
L L H L 
L L L H 
L L H H 
L L L H 
L L H H 

H H x x 
H L L L 
H L H L 
H L L H 
H L H H 
H L L H 
H L H H 

X = Don't care condttion 
ON-1 =Previous output state 

A1 A2 

x x 

L L 
L L 
L L 
L L 
H H 
H H 

x x 
L L 
L L 
L L 
L L 
H H 
H H 

L = low voltage level/"ON" output state 
H = High voltage tevel/"OFF" output state 

override the clear function on the addressed latch. 

OUTPUTS MODE 

Oo 01 02 03 04 05 05 07 

H H H H H H H H Clear 

H H H H H H H H 
L H H H H H H H 
H H H H H H H H Demultiplex 
H L H H H H H H 
H H H H H H H H 
H H H H H H H L 

DN-1 Memory 

H DN-1 
L DN-1 

DN-1 H DN-1 -DN-1 L DN-1 Addressable 
DN-1 ~ H Latch 
DN-1 L 

DC ELECTRICAL CHARACTERISTICS Vee= 4.75V to 5.25V, O'C,, TA,, 70'C unless otherwise specified (NE5090)2. 

PARAMETER TEST CONDITIONS 

Input voltage 
V1H High 
VIL Low 

Output voltage 
Vol Low loL = 150mA, TA = 25 'C 

Over temperature 

Input current 
l1H High V1N =Vee 
Ill Low V1N=OV 

loH Leakage current VouT=28V, 

Supply current 
lecL All outputs low Vec=5.25V NE5090 
lecH All outputs high 

NOTES 

1. Derate power dissipation as Indicated above threshold ambient temperature 
NE5090 N at 9.3mW/°C above 85°C 
NE5090 Fat 7.5mW/°C above 65°C 

2. All typical values are at Vee =5V and TA =25°C 

September 1985 

LIMITS 
UNIT 

Min Typ Max 

2.0 v 
0.8 

1.05 1.30 v 
1.50 

<1.0 10 µA 
-3.0 -250 

5 250 µA 

35 60 
mA 22 50 

4-80 



Slgnetlcs Linear Products Product Specification 

Addressable Relay Driver NE5090 

SWITCHING CHARACTERISTICS Vcc=5V, TA=25°C, VouT=5V, louT= 100mA, V1L=0.8V, V1H=2.0V 

PARAMETER TO FROM Min Typ Max UNIT 

Propagation delay time 

tPLH Low to high1 
Output 6E 900 1800 

tPHL High to low1 130 260 
ns 

tPLH Low to high2 
Output Data 

920 1850 
tPHL High to low2 130 260 

ns 

tPLH Low to high3 
Output Address 

900 1800 
!PHL High to low3 130 260 

ns 

!PLH Low to high4 
Output CLR 

920 1850 
tPHL High to low4 ns 

SWITCHING SETUP REQUIREMENTS 

ls(H)5 Chip enable High data 5 20 
ls(L)5 Chip enable Low data 10 30 

ns 

ts(A)6 Chip enable Address 0 20 ns 

th(H)5 Chip enable High data +10 0 
tH(L)S Chip enable Low data + 10 0 

ns 

lpw(E)1 Chip enable pulse width1 0 20 ns 

NOTES 

1. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing diagram. 

2. See Turn-On and Turn-Off Delays, Data to Output timing diagram. 

3. See Tum-On and Turn-Off Delays, Address to Output timing diagram. 

4. See Turn-Off Delay, Clear to Output timing diagram. 

5. See Setup and Hold Time, Data to Enable timing diagram. 

6. See Setup Time, Address to Enable timing diagram. 

TIMING DIAGRAMS 

TURN-ON AND TURN-OFF DELAYS, ENABLE TO OUTPUT 
AND ENABLE PULSE WIDTH 

CE 

Other Inputs: CCR = H, A = Stable, 

TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT 

Other Inputs: CE= L. CLR = L, D = H 

4-81 

TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT 

Other Inputs: CE= L, CLA = H, A= Stable 

TURN·OFF DELAY, CLEAR TO OUTPUT 

~ b 
-IPLIJ-

Other Inputs: CE= H, 

September 1985 
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Signetics Linear Products 

Addressable Relay Driver 

TIMING DIAGRAMS !Cont'd! 

SETUP AND HOLD TIME, DATA TO ENABLE 

Other Inputs: CLR = H. A= Stable, 

TYPICAL APPLICATIONS 

INTERFACING WITH A 
MICROPROCESSOR SYSTEM 

µP 

~~~DATA §§ BUS 

"o 
CONTROL 

+SV +SV 

CLEAR------------------' 

Ao, A,, A2, may be connected to the 

address bus if permitted by system design. 

September 1985 4-82 

Product Specification 

NE5090 

SETUP TIME, ADDRESS TO ENABLE 

Other Inputs: CLR = H, 

DRIVING SIMPLE LOADS 

OPERATING IN DEMULTIPLEX MODE 

+sv •sv 

a, 
a, 

Ao 
a, 

Aj 
a, 

A, 
a, 
a, 
a, 
a, 

1 J -=- -=- -=-



Signetlcs Linear Products Product Specification 

Addressable Relay Driver NE5090 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE VS LOAD CURRENT 

4 
50 100 150 200 

OUTPUT LOAD CURRENT (mA) 
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Signetics Linear Products 

Octal Line Driver 

DESCRIPTION 

The NE5170 is an octal line driver which 
is designed for digital communications 
with data rates up to 100Kb/s. This 
device meets all the requirements of EIA 
standards RS232C/RS423A and CCITT 
recommendations V.10/X.26. Three pro­
grammable features, (1) output slew rate 
(2) output voltage level, and (3) three­
state control (high impedance) are pro­
vided so that output characteristics may 
be modified to meet the requirements of 
specific applications. 

FUNCTION TABLE 

ENABLE LOGIC 
INPUT 

FEATURES 

• Meets EIA RS232C/423A and 
CCITT V.10/X.26 

• Simple slew rate programming with 
a single external resistor 

• 0.1 to 10V/JLS slew rate range 
• High/low programmable voltage 

output modes 
• TTL compatible inputs 

APPLICATIONS 

• High speed modems 
• High speed parallel 

communications 
• Computer 1/0 ports 
• Logic level translation 

OUTPUT VOLTAGE (V) 

RS232C 
RS423A1 

Low Output Mode 1 High Output Mode2 

L L 5 to 6V 5 to 6V 2: 9V 

L H -5to-6V -5 to -6V s -9V 

H x High Z High Z High Z 
NOTES: 
1. Vee= +10Vand VEE= -10V; RL=3K!1 
2. Vee= + 12V and VEE= - 12V; RL = 3K!1 

September 1985 4-84 

Advance Information 

NE5170 

PIN CONFIGURATION 

RsL 

NC 

NC 

N Package 

Ho 

H1 

~' -· -~ G1 ....___:__,,,.,Go 

---'''" Fo 

TOP VIEW 
Order Number 

NE5170N 

G Package 

TOP VIEW 
Order Number 

NE5170G 

F1 

Vee 

+MODE 

GND 

-MODE 

NC 

NC 



Slgnetics Linear Products Advance Information 

Octal Line Driver NE5170 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNITS 

Supply Voltage Vee 15 v 
Supply Voltage VEE -15 v 
Output Current 1 ±150 mA 
Input Voltage (Enable, Data) -1.510 +7 v 
Output Voltage2 + 15 v 
Minimum Slew Resistori 1K ll 
Power Dissipation 800 mW 

DC ELECTRICAL CHARACTERISTICS Vee (see notes 4, 5), o•csTAs70°C 4 
LIMITS 

SYMBOL PARAMETER TEST CONDITIONS UNITS 
Min Max 

V1N=0.8V 
5 6 

VoH Output high voltage 
RL =3Kll4 v 
RL =450114 4.5 6 

RL = 3Kll5, CL= 2500pF Vcc-3 

V1N=2.4V 
-6 -5 

RL =3Kll4 
VoL Output low voltage 

RL =450114 -6 -4.5 
v 

RL = 3Kll5, CL = 2500pF VEE+3 

Output unbalance voltage Vee= IVEEI• RL = 450114 0.4 v 
le Ex Output leakage current I Vol= 6V, ENABLE= 2V or Vee= VEE= OV -100 100 ,,A 

V1H Input high voltage 2.0 v 
VIL Input low voltage 0.8 v 
l1L Logic "O" input current V1N =0.4V -400 0 ,,A 

l1H Logic "1" input current V1N =2.4V 0 40 ,,A 

los Output short circuit current Vo=OV -150 150 ,,A 

VcL Input clamp voltage l1N= -15mA -1.5 v 
Ice Supply current 

NO LOAD 40 mA 

IEE NO LOAD -40 mA 

NOTES: 
1. Maximum current per driver. Do not exceed maximum power dissipation if more than one output is on. 
2. High impedance mode. 
3. Minimum value of the resistor used to set the slew rate. 

4. VaH• V0 l at Rl = 4500 will be "'90% of VaH• Vol at Rl = oo. 
5. High Output Mode; +MODE pin= Vee; - MODE pin= VEE; 9V s Vee s 13V; -9V "' VEE " -13V. 
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Signetics Linear Products Advance Information 

Octal Line Driver NE5170 

AC ELECTRICAL CHARACTERISTICS Vee= + 1ov; VEE= -1ov; Mode= GND, o•c :,; TA ,, 70°C 

SYMBOL PARAMETER TEST CONDITIONS 
LIMITS 

UNITS 
Min Max 

Propagation delay output high to high 
RL = 450, CL= 50pF 

tPHZ impedance 
or 5 ,,s 

RL = 3K, CL= 2500pF 

Propagation delay output low to high RL = 450, CL= 50pf 
tpLz impedance 

or 5 /LS 
RL = 3K, CL= 2500pF 

RsL =200K 

tpzH 
Propagation delay high impedance to RL = 450, CL= 50pf 

150 /LS high output or 
RL = 3K, CL= 2500pF 

RsL = 200K 

tpzL 
Propagation delay high impedance to RL = 450, CL= 50pf 

150 ,,s low output or 
RL = 3K, CL= 2500pF 

RsL =2K± 1% 8 12 

SR Ouput slew rate 1 RsL =20K± 1% 0.8 1.2 Vl,,s 

RsL = 200K ± 10/o 0.073 0.127 

NOTE: 
1. SR: Load condition. (A) For R8 , <4K!l use R, = 4500; c, = 50pF; (B) For R8, >4Kll use either R, = 4501!, c, = 50pF or R, =3K!l, c, =2500pF. 

SLEW RATE PROGRAMMING 
Slew rate for the NE5170 is set using a single 
external resistor connected between the RsL 
pin and ground. Adjustment is made accord­
ing to the formula: 

RsL (in kilohms) = --2-0-­
Slew Rate 

where the slew rate is in V/µs. The slew resis­
tor can vary between 2 and 200 kilohms which 
gives a slew rate range of 10 to 0. 1 Vt,,s. This 
adjustment of the slew rate allows tailoring 
output characteristics to recommendations 
for cable length and data rate found in EIA 

APPLICATIONS 

standard RS423A. Approximations for cable 
length and data rate are given by: 

Max. data rate (in Kb/s) = 300/t 

Cable length (in feet)= 100 x t 

where t is the rise time in microseconds. The 
absolute maximum data rate is 100Kb/s and 
the absolute maximum cable length is 
4000 feet. 

OUTPUT MODE PROGRAMMING 
The NE5170 has two programmable output 
modes which provide different output voltage 

levels. The low output mode meets the speci­
fications of EIA standards RS423A and 
RS232C. The high output mode meets the 
specifications of RS232C only since higher 
output voltages result from programming this 
mode. The high output mode provides· the 
greater output voltages where higher attenua­
tion levels must be tolerated. Programming 
the high output mode is accomplished by con­
necting the + MODE pin to V cc and the 
- MODE pin to VEE· The low output mode 
results when both of ·these pins are con­
nected to ground. 

r------------., r-------------, 

September 1985 

I 
I 
I 

lv"n. 
Iv, 
I INPUT 

I 
I 
I 
I 
I 
I 
I 

Vee 

I -= 

+V, r 
-V l.._J 

I 

L ______ _!!!, ___ _ 

I 'TIE TO GROUND FOR * RS232C 

'MODE PINS CONNECTED FOR 
PROPER OUTPUT LEVEL RS232C/RS423A Data Transmission 
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Signetlcs Linear Products 

Octal Line Driver 

AC PARAMETER TEST CIRCUIT AND WAVEFORMS 

+ 10V 

Vee 

Your t-....---....--0 OUTPUT 

VIN DIN 
- MOOE GND +MODE VEE RsL 

-10V 

av-~I 
V1N 1.SV 1.SV 

ov I I 

VoH 

VouT 

I I 
I I 

I 11 I 
I w 

I 
I-

RsL 

3V1___j v,. 
ov- -1 I 

I I 

lpzH----1 lpHz-1 

NOTES: 1) See AC electrical characteristics table for values of RsL, AL and CL. 
2) V1N pulse: Frequency= 1kHz, duty cycle=50%, Zour=500, tr=tts10ns. 
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Signetics Linear Products 

Octal Line Receivers 

DESCRIPTION 

The NE5180 and NE5181 are octal line 
receivers designed to interface data ter­
minal equipment with data communica­
tions equipment. These devices meet 
the requirements of EIA standards 
RS232C, RS423A, RS422A, and CCITI 
V.10, V.11, V.28, X.26 and X.27. The 
NE5180 is intended for use where the 
data transmission rate is up to 200 Kb/s. 
The NE5181 covers the entire range of 
data rates up to 10 Mb/s. The difference 
in data rates for the two devices results 
from the input filtering of the NE5180. 
These devices also provide a failsafe 
feature which protects against certain 
input fault conditions. 

FUNCTION TABLE 

INPUT 

V10 > 200 mV1 

V10 < - 200mV1 

NOTE: 

FEATURES 

• Meets EIA RS232C/423A/422A and 
CCITT V.10, V.11, V.28 

• Slngle + 5V supply - TTL 
compatlble outputs 

• Dlfferentlal Inputs withstand ± 25V 
• Failsafe feature 
• Input noise filter (NE5180 only) 
• Internal hysteresis 

APPLICATIONS 

• High speed modems 
• High speed parallel 

communications 
• Computer 1/0 ports 
• Logic level translation 

FAILSAFE LOGIC 
INPUT OUTPUT 

x H 

x L 

1. V10 is defined as the non-inverting terminal input voltage minus the inverting terminal 
input voltage. 
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NE5180 I NE5181 

PIN CONFIGURATION 

N Package 

TOP VIEW 
Order Numbers 

NE5180N NE5181 N 

G Package 

B- Ao A+ A- Vee Ho H+ 

D+ Do GND E- E+ Eo F-

TOP VIEW 
Order Numbers 

NE5180G NE5181 G 



Signetics Linear Products Advance Information 

Octal Line Receivers NE5180 I NE5181 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNITS 

Power Dissipation 800 mW 
Supply Voltage (V cc> 7 v 
Common Mode Range ±15 v 
Differential Input Voltage (V10) ±25 v 
Output Sink Current 50 mA 
Failsafe Voltage -0.3to Vee v 
Output Short Circuit Time 1 sec 

DC ELECTRICAL CHARACTERISTICS Vee= 5V ± 5%, o•c s TA s 70°C, input common mode range ± 7V 

SYMBOL PARAMETER TEST CONDITIONS 

R1N DC input resistance 3V :S IV1NI :S 25V 

Inputs open or 1 0 s lour :S BmA, Vrausafa = OV 
VoFS Failsafe output voltage shorted together lO"=lour"= - 400,.A, Vtallsafe =Vee 

Vth Differential input high4 Vour=2.7V, Rs=01 
threshold lour = - 440,.A Rs=5001 

V11 Differential input low4 Vour = 0.45V, Rs=01 

threshold lour=BmA Rs=5001 

VH Hysteresis4 F8 =0Vor Vee (See Figure 1) 

V1oe Open circuit input voltage 

C1 Input capacitance 

VoH High level output voltage V10 = 1 V, lour = - 440,.A 

Vol Low level output voltage V10= -1V lour=4mA2 

lour=BmA2 

los Short circuit output current Note 3 

Ice Supply current 4.75V :S Vee :S 5.25V 

l1N Input current V1N= +10V 
Other inputs grounded 

V1N= -10V 

NOTES: 
1. R6 is a resistor in series with each input. 
2. Measured after 100ms warm up (at 0°C). 
3. Only 1 output may be shorted at a time and then only for a maximum of 1 sec. 
4. See Figure 1 for threshold and hysteresis definitions. 

AC ELECTRICAL CHARACTERISTICS Vee= 5V ± 5%, o•c s TA s 70°C 

NE5180 NE5181 

Min 

3K 

2.7 

-0.2 

-0.4 

60 

2.7 

20 

-3.25 

Max Min 

7K 3K 

0.45 

2.7 

0.2 

0.4 

-0.2 

-0.4 

140 60 

2 

100 

2.7 

0.4 

0.45 

100 20 

125 

3.25 

-3.25 

Vour 
FS=Vcc FS=GND 

Max 

7K 

0.45 

0.2 

0.4 

140 

2 

100 

0.4 

0.45 

100 

125 

3.25 

UNITS 

0 

v 

v 

v 

mV 

v 
pF 

v 

v 

mA 

mA 

mA 

Figure 1. V11o V1h, VH Definition 

NE5180 NE5181 
SYMBOL PARAMETER TEST CONDITIONS UNITS 

Min Max Min Max 

tPLH Propagation delay - low to high CL= 50pF, V1N = ± 1V 300 70 ns 

tPHL Propagation delay - high to low CL= 50pF, V1N = ± 1V 300 70 ns 

fa Acceptable input frequency Unused input grounded, V1N = ± 200mV 0.1 5.0 MHz 

f, Rejectable input frequency Unused input grounded, V1N = ± 500mV 5.5 NA MHz 
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Signetics Linear Products 

Octal Line Receivers 

FAILSAFE OPERATION 
These devices provide a failsafe operating 
mode to guard against input fault conditions 
as defined in RS422A and RS423A stan­
dards. These fault conditions are (1) driver in 
power-off condition, (2) receiver not intercon­
nected with driver, (3) open-circuited intercon­
necting cable, and (4) short-circuited inter­
connecting cable. If one of these four fault 
conditions occurs at the inputs of a receiver, 
then the output of that receiver is driven to a 

APPLICATIONS 

AC TEST CIRCUIT 

+1V n 
-1v.J L 

September 1985 

Yee 

RS422A 
LINE 

DRIVER 

known logic level. The receiver is pro­
grammed by connecting the failsafe input to 
Vee or ground. A connection to Vee provides 
a logic "1" output under fault conditions, 
while a connection to ground provides a logic 
"O". There are two failsafe pins (Fs1 and Fs2) 

on the NE5180 or NE5181 where each pro­
vides common failsafe control for four 
receivers. 

I 

+V, r 
-V LJ 

Advance Information 

NE5180/NE5181 

INPUT FILTERING (NE5180) 
The NE5180 has input filtering for additional 
noise rejection. This filtering is a function of 
both signal level and frequency. For the speci­
fied input (5.5MHz at ± 500mV) the input 
stage filter attenuates the signal such that the 
output stage threshold levels are not 
exceeded and no change of state occurs at 
the output. As the signal amplitude decreases 
(increases) the rejected frequency decreases 
(increases). 

Vee 

I L--
VFAILSAFE 

1 I ·TIE TO GROUND 
I FOR RS232C 

I RS232C/RS423C Data Transmission -= 

+V r-i 
-v.J L 

RS422A Data Transmission 

Vee 

VFAILSAFE 

VOLTAGE WAVEFORMS 
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LED Decoder I Driver 

DESCRIPTION 
The NE587 is a latch I decoder I driver for 7 • 
segment common anode LED displays. The 
NE587 has a programmable current output 
up to 50mA which is essentially independent 
of output voltage, power supply voltage, and 
temperature. The data (BCD) inputs and LE 
(latch enable) input are low-loading so that 
they are compatible with any data bus sys· 
tern. The 7 ·segment decoding is implement· 
ed with a ROM so that alternative fonts can 
be made available. 

FEATURES 
• Latched BCD Inputs 
• Low loading bus-compatible Inputs 
• Rlpple·blanklng on leading and/or trail· 

Ing edge zeros 

APPLICATIONS 
• Dlgltal panel meters 
• Measuring Instruments 
• T88t equipment 
• Digital clocks 
• Digital bus monitoring 

ABSOLUTE MAXIMUM RATINGS TA= 25°c unless otherwise specified 

PARAMETER 

Vee Supply voltage 

V1N Input voltage 
(Do · 03, LE, RBI) 

VouT Output voltage 
(a-g, RBO) 

Po Power dissipation (25°C)' 

TA Ambient temperature range 

TJ Junction temperature 

Tsrn Storage temperature range 

TsoLD Soldering temperature 
( 1 o sec. max) 

NOTE 
Oerate power dissipation as indicated 

N package - 95°C/watt above 55°C 
F package - 100°C/watt above 50"C 

BLOCK DIAGRAM 

RATING 

-0.5 to +7 

-0.5 to +15 

-0.5 to +7 

1000 

o to 70 

150 

-65 to +150 

300 

~---------------------1 

I I 
I I 
I I 

vcc (1a) I I 

iiBt (5) o----'----------' 

Do (7) 0----'---i 

D1 (1) 0----'---i 

D2 (2) 0----'---i 

D3 (6) 0----'---i 

DATA 
LATCHES 

LE (3) 0----'-----' 

BCD TO 
7-SEGMENT 

DECODER 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

UNIT 

v 
v 

v 

mW 
•c 

•c 

•c 

•c 

lil!lj/li1(4) 

r----''---•--+-----0 a (15) 

Ip (8) U---.,_--1 BANDGAP 
REFERENCE 

GND (9) U---.,_--+-

SEGMENT 
CURRENT 

DRIVER 

---~---<> b(14) 

1--~---<> c (13) 

---~---<> d (12) 

1--.;-----<> • (11) 

t--~---<> I (17) 

L...-----.--1---r----<>. (16) 

L---------------
POWER QND (10) 
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PIN CONFIGURATIONS 

Ip 

DIG GND 

NOTES: 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE587F NE587N 

D2 PACKAGE 

TOP VIEW 

NE58702 

NE587 

Vee 

NC 

PWGND 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 
3. SO and non-standard pinouts. 
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LED Decoder I Driver NE587 

DC ELECTRICAL CHARACTERISTICS Vee= 4.75 to 5.25V, o•e <TA< 10°e. 
Typical values are at Vee= 5V, TA= 25•e, Rp = 1k!l ( + 1%) unless otherwise stated -

PARAMETER TEST CONDITIONS 

Vee Operating supply voltage 

V1H Input high voltage All Inputs except Bf 
Bi 

V1L Input low voltage 

V1c Input clamp voltage l1N = -12mA, TA= 25°e 

l1H Input high current Inputs Do -D3, LE, RBI 
V1N = 2.4V 
V1N = 15V 

Input Bi (pin 4) 
RBI= H 

V1N = Vee = 5.25V 

l1L Input low current V1N = 0.4V, Inputs Do - D3 
LE, RBI 
Input Bl 

Vee= 5.25V 
RBI = H, V1N = 0.4V 

VOL Output low voltage Output RBO 
lout= 3.0mA 

VoH Output high voltage Output RBO 
iour = -50µA 

RBI= H 

iour Output segment Outputs "a" thru "g" 
"ON" current Vour = 2.ov 

Ill our Output current ratio With reference to "b" segment 
(all outputs ON) 

VouT = 2.0V 

lo FF Output segment Outputs "a" thru "g" 
"OFF" current v 0 ur = 5.ov 

iceo Supply current Vee= 5.25V 
All outputs "ON" 

v 0 ur > 1v 

lee1 Supply current Vee= 5.25v 
All outputs blanked 

NOTE 
NE587 PROGRAMMING 

The NE587 output current can be programmed, provided a program resistor, Rp, be 

connected between Ip_ (pin 8) and Ground (pin 9). The voltage at Ip (pin 8) is constant 
1.3V lo 

(""" 1.3V). Thus, a current through Rp is Ip """FfP• as shown in Figure 5. IP is 20 in the 

15 to 50mA output current range. 
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Min Typ Max 
UNIT 

4.75 5.00 5.25 v 
2.0 15 

v 2.0 5.5 

0.8 v 
-1.5 v 

µA 
1.0 10 
15 15 
10 100 µA 

-5 µA 
-200 
-0.7 

mA 

.2 .5 v 

3.5 4.5 v 

20 25 30 mA 

0.90 1.00 1.10 

20 250 µA 

33 55 mA 

50 70 mA 
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LED Decoder I Driver NE587 

AC ELECTRICAL CHARACTERISTICS Vee= sv TA= 2s 0 c. RL = 130!l, CL= 30pF including probe capacity. 

PARAMETER 

1Dav. Propagation delay 
Figure 2 

1Dav. Propagation delay 
Figure 3 

tw Latch enable pulse width 
Figure 4 

ts Latch enable setup time 
Figure 4 

IH Latch enable hold time 
Figure 4 

NOTE 

1Dav. = 1h (tHL + tLH} 

TRUTH TABLE 

BINARY 
INPUT 

LE 

- H 

0 L 

0 L 
1 L 
2 L 
3 L 
4 L 
5 L 
6 L 
7 L 
8 L 
9 L 

10 L 
11 L 
12 L 
13 L 
14 L 
15 L 

'"Bl x 
NOTES 
H = HIGH voltage level, output is "OFF" 
L = LOW voltage level, output is "ON" 
X = Don't care 

RBI 

L 

H 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

INPUTS 

03 D2 D1 Do 

x x x x 
L L L L 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

x x x x 

• The RBI will blank the display only if a binary zero is stored in the latches. 

• • AB07Bi used as an input overrides ell other input conditions. 

SEGMENT IDENTIFICATION 

NE587 
TEST CONDITIONS 

Min Typ Max 
UNIT 

From data to output 135 ns 

From LE to output 135 ns 

30 ns 

From data to LE 20 ns 

From LE to data 0 ns 

OUTPUTS 

b d I RBO 
DISPLAY 

a c e g 

STABLE .. STABLE 

H H H H H H H L BLANK 

L L L L L L H H 0 
H L L H H H H H 1 
L L H L L H L H 2 
L L L L H H L H 3 
H L L H H L L H 4 
L H L L H L L H 5 
L H L L L L L H 6 
L L L H H H H H 7 
L L L L L L L H 8 
L L L L H L L H 9 
H H H H H H L H -
L H H L L L L H E 
H L L H L L L H H 
H H H L L L H H L 
L L H H L L L H p 
H H H H H H H H blank 

H H H H H H H L •• blank 
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LED Decoder I Driver 

NE587 PROGRAMMING 
NE587 output current can be programmed 
by using a programming resistor, Rp, con­
nected between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) is constant 
(,.. 1.40V). A partial schematic of the volt­
age reference used in the NE587 is shown in 
figure 1. 

vee 

.-----

Output current to program current ratio, 
lo/Ip, is 20 in the 15mA to 50mA range. 
Note that Ip must be derived from a resistor 
(Rp), and not from a high impedance source 
such as an IOUT DAC used to control display 
brightness. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I __________ ! 

IQ 

VrP 1.40V 

•P""R;-""RP 

Figure 1 

TIMING DIAGRAMS 

PROPAGATION DELAY, DATA TO OUTPUT 

OUTPUT 

_ ____.X ____ ___.X ..... ___ _ 
t IPLH -1 1-IPHL -1 

__ __,fr-----.\ __ 
LE= L 

Figure 2 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

I- IPLH 1 ~ IPHL 1 
Do-03 

OUTPUT __ I \ __ _ 
Figure 3 
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POWER DISSIPATION 
CONSIDERATIONS 
LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro­
vided that the LEDS are not driven too far 
into saturation, but the improvement is mar­
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment­
to-segment and digit-to-digit . 

An output current of 1 O to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de­
signing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output 
is a constant current source, all the remain­
ing supply voltage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg­
ment driver, although, of course, total sys­
tem power remains the same. 

Power dissipation may be calculated as fol­
lows. Referring to figure 6, the two system 
power supplies are Vee and Vs. In many 
cases, these will be the same voltage. Nec­
essary parameters are: 

Vee. 
Vs. 
Ice. 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of 
driver 
LED segment current 
LED segment forward voltage at 

lseg 
% Duty cycle 

VF. the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the lorward current. The actual forward volt­
age drops should be obtained from the LED 
display manufacturer's literature for the 
peak segment current selected; however, 
approximate voltages at nominal rated cur­
rents are: 

Red 
Orange 
Yellow 
Green 

1.6 to 2.0V 
2.0 to 2.5V 
2.2 to 3.5V 
2.5 to 3.5V 
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TIMING DIAGRAMS (Cont'dl 

OUTPUT __ )a< __ _ 
Figure 4 

TYPICAL PERFORMANCE CURVES 

SUPPLY CURRENT VS SUPPLY VOLTAGE OUTPUT CURRENT VS OUTPUT VOLTAGE 
NE587 NE587 

t 
:;;) ao.o Hrl-+-76-"f-t;.o!""Hrl-+-I 

4.4 4.8 5.2 5.6 6.0 6.4 

Vee (VOLTS)____. 

NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 

V0 =2V 
TA=25°C 

105 

NE587 
t 102 

IQUT 

(%1100 

r--... I'-.... (Rp _i_1K) 

98 

95 
4.0 4.5 

---~ 

5.0 5.5 6.0 

Vee (VOLTS) ____,.. 

Rp = 1Kohms 

40.0 ~~-~~-~~~:--:~~ 

2J~ 
3o.o H+-1..l..-1..L-""°-+-+-+-+~ 

~ t 70°C 
20.0 t+--+--+--+--+--+---+--+---+ 

IQUT 
(Ma) 

1.0 2.0 3.0 4.0 5.0 

Vour {VOLTS)-

MAXIMUM POWER DISSIPATION 
VS TEMPERATURE 

1000 

f 800 

l 600 

<I: 
400 

200 

25 

~ 

50 

TA {°C)--.. 

4-95 

75 
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These voltages are all for single diode dis· 
plays. Some early red displays had 2 series 
LEDS per segment; hence the forward volt· 
age drop was around 3.5V. 

Thus a maximum power dissipation calcula· 
lion when all segments are on, is: 

Pd= Vee x Ice+ cvs-VFl x 7 x lseg x Koc 
mW 

Assuming Vs = Vee = 5.25V 
VF= 2.0V 
Koc= 100% 

Pd max =5.25 X 50 + 3.25 X 7 X 30 mW 
= 945 mW 

NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 

Vee= 5.0V 

t 105.0 
NE587 

(Rp = 1K) tour 
(%) 

r 
IQUT 
(Ma) 

IJ. 

95.0 +-+-+--+--+--+--+-+--+-+---+ 

go.O +-1~0-2:':0--+30--+40:-:50+-6~0-+70--+80-+---+ 

TEMP ("C) ---.. 

50.0 

40.0 

30.0 

20.0 

10.0 

0.0 

OUTPUT CURRENT 
VS PROGRAM RESISTOR 

v,,J..ov 
TA=25°C --I 
Vour=2V 

\ 
~ 
~ 

2.0 4.0 6.0 8.0 10.0 

Rp(Kohms)-
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LED Decoder I Driver 

TYPICAL APPLICATIONS 

DRIVING A SINGLE DIGIT 

D3 

o, 
D1 

Do 

Ip 

... 

~ 

~ 

v 

(). 

~ 

NOTE 

•cc 

1}001, 
1 . 

' l l 
' B NE587 ' . 

JJ ' 
' J-I 1 -r. Rlrn 

Decoupling capacitor on Vee should be 0.01 ~F ceramic 

Figure 6 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd av = 5.0 X 30 + 3.00 X 5 X 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation 
graph. (See Typical Performance Charac­
teristics). 

However, a major portion of this power dissi­
pation (Pd max> is because the current 
source output is operating with 3.25 V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte­
grated circuit. 

Suppose the worst case V cc IVs supply is 
4. 75 to 5.25V, and that the maximum VE for 
the LED display is 2.25V. Only 2. 75V is re­
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis-

September 1985 

tor from Vee to Vs. The value of this resis­
tor is calculated by: 

Rs= ~ ~ ion (ll W rating) 
7 X lseg 

assuming worst case lseg of 30 mA 
Hence now Pd max =Vee x Ice+ <Vs - Vv -

Rx X 7 x 1899) x 7 X X lseg 
x Koc 
= 5.25 x 50 + 1.25 x 7 x 30 
mW 
= 525 mW 

and Pd av = 5.0 X 30 + 1.25 X 5 X 25 
= 306 mW 

If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen­
dent of the number of "ON" segments and 
will be equal to 

Vs - vF - nvd. v 0 ~a.av 

Where n is the number of diodes used, pow­
er dissipation can be calculated in a similiar 
manner. 
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In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi· 
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt· 
age, rather than the saturating PNP transis· 
tors shown in figure 9. For example a dar­
lington PNP or NPN emitter follower may be 
preferable. Figure 8 shows the NE591 as 
the digit driver in a multiplexed display sys­
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed between the two integral· 
ed circuits . 

Where Vs and V cc are two different sup· 
plies, the Vs supply may be optimized for 
minimum system power dissipation and I or 
cost. Clearly, good regulation in the Vs sup· 
ply is totally unnecessary, and so this supply 
can be rnade much cheaper than the regu­
lated 5V supply used in the rest of the sys­
tem. In fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voltage of about 3-4.5V rms 
works well in most LED display systems. 
Waveforms are shown below: 

Vs 

ISEG 

The duty cycle for this system depends upon 
Vg, VF and the output characteristics of the 
display driver. 

With 
Vs = 4.9V pk. 
VF= 2.0V 

The duty cycle is approximately 60%. 



Slgnetlcs Linear Products 

LED Decoder I Driver 

TYPICAL APPLICATIONS (Cont'd) 

4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING 

B B B B 

030-~--4H-++-l--+~~~+-IH---+~~_._.,H-+-t~t--~~ 

020-~~-+-+++--+~~---++-1H---+~~--<H-+-t~t--~~ 

010-~~~-.-i--1--1-~~~......,H---+~~~--+-+-t~t--~~--' 

~o-~~~---+-1--1-~~~--<H---+~~~~+-+~t--~~~~ 

•• . , 
LE 

C =.01µF .n.n. Figure 7 

INTERFACING &·DIGIT LED DISPLAY WITH µP BUS 
DATA BUS 

ADDRESS BUS 

-=ic-
ADORES 
DECODE 

s 

1: 

~I 
NE591 

l~ 01 o, 03 04 05 
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.. 07 

h·" 
B----------------8 . b c • • I • 

L:::>I 
J 

Nl!!587 

1 Rp 

":" 
Figure 8 
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LED Decoder I Driver NE587 

TYPICAL APPLICATIONS (Cont'd) 

4-DIGIT MULTIPLEXED LED DISPLAY 

•• 

_1'.. 
j 

...... ...... "'-, 

...... ...... ....... 
n.. 

_1'.. y ...... 
...... 

~ 

DIGIT 1 

DIGIT 2 

DIOIT 3 

DIGIT4 

B B B II 
0 

1I II I Jj 
l l 

I 
It± µ;: D3 

D2 

D1 0-
NE587 I .01~ 

1·'r 
Do 

ll! J 

Figure 9 

For additional Information, refer to the Applications Section. 
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18-Element LCD BarGraph Display Driver 

DESCRIPTION FEATURES 
The PCF1303T is an LCD driver which • 18-element bar graph capability 
drives 18 LCD segments in linear rela­
tion to a control voltage. The PCF1303T 
has 2 modes, one producing a continu­
ous bar (thermometer mode), the other 
activating one LCD element (pointer 
mode). Maximum and minimum refer­
ence voltage is set via external circuitry. 

• 2 modes: thermometer and 
pointer mode 

• Operating voltage 6.0V • 10.0V 
•Operating temperature -40 to 

+85°C 
• 28 pin SO package 

APPLICATIONS 
•Gauges 
• Volume/level Indicators 
• Thermometers 

FUNCTION TABLE 

11 Mode 

L Pointer 
H Thermometer 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
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PCF1303T 

PIN CONFIGURATION 

4 

TOP VIEW 

PIN SYMBOL FUNCTION 
1 yosc Oscillator terminal 
2 Connect to Vss 
3 Connect to Vss 
4 Thermometer/pointer 

(Choice select input) 
5 Vss Positive power supply 
6 o, Bar output 
7 o, Bar output 
8 o, Bar output 
9 o, Bar output 

10 o, Bar output 
11 Oa Bar output 
12 o, Bar output 
13 Oa Bar output 
14 Og Bar output 
15 010 Bar output 
16 011 Bar output 
17 012 Bar output 
18 013 Bar output 
19 014 Bar output 
20 015 ear output 
21 o,. Bar output 
22 017 Bar output 
23 o,. Bar output 
24 OR Back plate output 
25 Ve Control voltage input 
26 Vref. min Reference voltage input 
27 Vref. max Reference voltage input 
28 Voo Negative power supply 
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18-Element LCD BarGraph Display Driver PCF1303T 

TYPICAL SET-UP CONFIGURATION 

SOK C=:J 
C=:J 

900K c:::::::J 

L= c:::::::J 
t--i 

c:::::::J 
Yoo SOK 

l l1 -!'---< INr l 1 c:::::::J 

Yoo V..F V.EF Ve o. 01a 011 01s 015 014 013 012 o,, 010 C=:J 
MAX MIN 

c:::::::J 0.1M 

C=:J 
Vose •a .. ,, Vss o, 02 03 04 o, o, 07 Oa °" -~ 1 l l JJ -.I 390pF -Jfl -~ -GND JI 

~ ---
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Universal LCD Driver for Low Multiplex Rates PCF8576 

GENERAL DESCRIPTION 

The PCF8576 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having 
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to 
four backplanes and up to 40 segments and can easily be cascaded for larger LCD applications. The 
PCF8576 is compatible with most microprocessors and communicates via a two-line bidi~ctional bus 
(1 2C). Communication overheads are minimized by a display RAM with auto-incremented addressing, 
by hardware subaddressing and by display memory switching (static and duplex drive modes). 

Features 

• Single-chip LCD controller/driver 
• Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing 
• Selectable display bias configuration: static, 1/2 or 1/3 
• 40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric 

characters; or any graphics of up to 160 elements 
• 40 x 4-bit RAM for display data storage 
• Auto-incremented display data loading across device subaddress boundaries 
• Display memory bank switching in static and duplex drive modes 
• Versatile blinking modes 
• LCD and logic supplies may be separated 
• Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and 

high-threshold (automobile) twisted nematic LCDs 
• Low power consumption 
• Power-saving mode for extremely low power consumption in battery-operated and telephone 

applications 
• 12C bus interface 
• TTL/CMOS compatible 
• Compatible with any 4-bit, 8-bit or 16-bit microprocessors 
• May be cascaded for large LCD applications (up to 2560 segments possible) 
• Optimized pinning for single plane wiring in both single and multiple PCF8576 applications 
• Space-saving 56-lead plastic mini-pack (VS0-56) 
• Very low external component count (at most one resistor, even in multiple device applications) 
• Compatible with Philips/Videlec chip-on-glass technology 
• Manufactured in silicon gate CMOS process 

PACKAGE OUTLINES 

PCF8576T: 56-lead mini-pack; plastic (VS0-56; SOT-190). 
PCF8576U: uncased chip in tray 
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Universal LCD Driver for Low Multiplex Rates 

VLCD 12 

CLK 4 

SYNC 3 

osc 6 

Rose 

SCL 2 

SDA 1 

BPO BP2 BP1 BP3 

LCD 
VOLTAGE 
SELECTOR 

PCF8576 

TIMING BLINKER 

DISPLAY 
CONTROLLER 

OSCILLATOR 
POWER-

ON 
RESET COMMAND 

DECODER 

INPUT 12c BUS 
FILTERS +--+ CONTROLLER 

10 

SAO 

Product Specification 

PCF8576 

so S39 

17 -------- 56 

DISPLAY SEGMENT OUTPUTS 

INPUT 
BANK 

SELECTOR 

DISPLAY LATCH 

SHIFT REGISTER 

DISPLAY 
RAM 

40x 4 BITS 

OUTPUT 
BANK 

SELECTOR 

SUB­
ADDRESS 
COUNTER 

7 B 9 

AO Al A2 

7Z91475.1 

Fig. 1 Block diagram. 
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Universal LCD Driver for Low Multiplex Rates PCF8576 

PINNING 
S39 

1 SDA 12C bus data input/output 
S38 

2 SCL 12C bus clock input/output 
S37 3 SYNC cascade synchronization input/output 

S36 4 CLK external clock input/output 

S35 5 vDD positive supply voltage 

S34 
6 osc oscillator input 

S33 

S32 

7 AO 
8 A1 12C bus subaddress inputs 
9 A2 

4 
S31 10 SAO 12C bus slave address bit 0 input 

SAO S30 
11 Vss logic ground 

12 VLCD LCD supply voltage 
Vss S29 

VLCD S28 

SPO S27 

13 BPO 

l 14 BP2 
LCD backplane outputs 

15 BP1 
16 BP3 

BP2 S26 
PCF8576 

BP1 S25 

17 so l to to LCD segment outputs 
56 S39 j 

BP3 S24 

so S23 

S1 522 

S2 521 

53 520 

S4 519 

S5 S18 

S6 S17 

S7 516 

58 515 

59 514 

S10 S13 

S12 

Fig. 2 Pinning diagram. 
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FUNCTIONAL DESCRIPTION 

The PCF8576 is a versatile peripheral device designed to interface any microprocessor to a wide variety 
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up to 
40 segments. The display configurations possible with the PCF8576 depend on the number of active 
backplane outputs required; a selection of display configurations is given in Table 1. 

Table 1 Selection of display configurations 

active back- no. of 7-segment 14-segment dot matrix 
plane outputs segmenets numeric alphanumeric 

20 digits+ 10 characters + 160 dots 
4 160 20 indicator 20 indicator (4 x 40) 

symbols symbols 

15 digits+ 8 characters + 120 dots 
3 120 15 indicator 8 indicator (3 x 40) 

symbols symbols 

10 digits+ 5 characters + 80 dots 
2 80 10 indicator 10 indicator (2 x 40) 

symbols symbols 

5 digits+ 2 characters + 40 dots 
1 40 5 indicator 12 indicator 

symbols symbols 
-

All of the display configurations given in Table 1 can be implemented in the typical system shown in 
Fig. 3. The host microprocessor maintains the 2-line 12C bus communication channel with the PCF8576. 
A resistor connected between OSC (pin 6) and Vss (pin 11) controls the device clock frequency. The 
appropriate biasing voltages for the multiplexed LCD waveforms are generated internally. The only 
other connections required to complete the system are to the power supplies (VDD· Vss and VLcD) 
and to the LCD panel chosen for the application. 

HOST 
MICRO­

PROCESSOR 

Vss 

September 1985 

SDA 5 12 

SCL 
·17- 56 40 segment drives 

PCF8576 

osc 6 
4 backplanes 

7 8 9 10 11 

AO Al A2 SAO Vss 

7Z91464. 1 

Fig. 3 Typical system configuration. 
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Power-on reset 

At power-on the PCF8576 resets to a defined starting condition as follows: 

1. All backplane outputs are set to VDD· 

2. All segment outputs are set to VDD· 

3. The drive mode '1 : 4 multiplex with 1/3 bias' is selected. 

4. Blinking is switched off. 

5. Input and output bank selectors are reset (as defined in Table 5). 

6. The 12C bus interface is initialized. 

7. The data pointer and the subaddress counter are cleared. 

Data transfers on the 12C bus should be avoided for 1 ms following power-on to allow completion of the 
reset action. 

LCD bias generator 

The full-scale LCD voltage (V 0p) is obtained from VDD - VLCD· The LCD voltage may be temperature 
compensated externally through the V LCD supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between VDD and VLCD· The centre 
resistor can be switched out of circuit to provide a 'h bias voltage level for the 1 : 2 multiplex configuration. 

LCD voltage selector 

The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive 
configuration. The operation of the voltage selector is controlled by MODE SET commands from the 
command decoder. The biasing configurations that apply to the preferred modes of operation, together 
with the biasing characteristics as functions of V 0p = VDD - V LCD and the resulting discrimination 
ratios ( D), are given in Table 2. 

Table 2 Preferred LCD drive modes: summary of characteristics 

LCD drive mode LCD bias Voff(rms) Von (rms) D = Von(rms) 
configuration 

Vop Vop Voff(rms) 

static ( 1 BP) static (2 levels) 0 1 00 

1 : 2 MUX (2 BP) 1 /2 (3 levels) ,/214= 0,354 -JT0/4 = 0,791 y'5 = 2,236 

1 : 2 MUX (2 BP) 1/3 (4 levels) 1/3 = 0,333 y'5i3 = 0,745 y'5 = 2,236 

1 : 3 MUX (3 BP) 1/3 (4 levels) 1/3 = 0,333 yl33/9 = 0,638 yl33/3 = 1,915 

1 : 4 MUX (4 BP) 1 /3 (4 levels) 1/3 = 0,333 ..j373 = 0,577 VJ= 1,732 
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LCD voltage selector (continued) 

A practical value for V0p is determined by equating Voff(rms) with a defined LCD threshold voltage 
(VthLCDl, typically when the LCD exhibits approximately 10% contrast. In the static drive mode a 
suitable choice is V0p ~ 3VthLCD· 
Multiplex drive ratios of 1 : 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the 
contrast ratios are smaller (y'3 = 1,732 for 1 : 3 multiplex ory'2'i/3 = 1,528 for 1 : 4 multiplex). 
The advantage of these modes is a reduction of the LCD full scale voltage V 0p as follows: 

1 : 3 multiplex (1/2 bias): V0p =v'6Voff(rms) = 2,449 Voff(rms) 

1 : 4 multiplex (1/2 bias): V0p = 4}3;3 Voff(rms) = 2,309 Voff(rms) 

These compare with V0p = 3 Voff(rms) when 1/3 bias is used. 

LCD drive mode waveforms 

The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and 
segment drive waveforms for this mode are shown in Fig. 4. 

September 1985 

LCD segments l._Tframe-..j 

BPO VDD -rn---~ 
VLCD-- I \ 
VDD -ru state 1 state 2 

(on) (off) 
Sn 

VLCD-

Sn+1 VDD -111 
VLCD-- ---~ 

state 1 

(a) WAVEFORMS AT DRIVER 

VoOp ru 
-Vop 

Vop 

At any instant (t): 

Vstate 1 (t) = Vsn (t) - Vspo(t) 

Von(rms) = Vop 

state 2 O ------

Vstate 2(t) =Vsn+1 (t) - Vspo(t) 

Voff(rms) =0 V 

-Vop 

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

7 Z91465 

Fig. 4 Static drive mode waveforms: V0p = VDD - VLCD· 
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When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576 
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6. 

BPO 

BP1 

1- Ttrame -1 LCD segments 

!~::+vLcDl/2--J n___J---i•--t-
vLcD ~~/ 
v state 1 

DD I_ ____ _ n_ state2 
!VDD+VLcDl/2- --U - \ 
VLcD----

VDD-1 I I 
VLcD----

VDD---- r--1 r--1 i--
VLCD __ _J LJ LJ_~ 
Vop---­

V0p/2----

(a) WAVEFORMS AT DRIVER 

At any instant (t): 

state 1 0 ----

Vstate 1 (t) = Vsn(tl - Vspo(t) 

Vop r.n 

state 2 

-Vop/2---

-Vop ----

Vop ----

V:p/2-----FL-1 

-Vop/2---

-Vop ----
(b) RESULTANT WAVEFORMS 

AT LCD SEGMENT 

Von(rms) = 4v 10 = 0,791V0 p 

Vstate 2(t) = Vsn (tl - Vsp1 (t) 

Vop 
Voff(rms) = 4.J2 = 0,354V 0p 

7Z91477 

Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: V0 p = Voo - VLCD· 
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LCD drive mode waveforms (continued) 

BPO 

BP1 

Sn+1 

state 1 

LCD segments 
VDD---­

vDD-Vop/3-

vDD-2V0p/3 -

VLCD--- / 
state 1 

VDD ~state2 
VDD-Vop/3 - "'-

VDD-2 Vop/3 -

vLco---

~~~-V0p/3-~ 
VDD-2Vop/3 -
VLCD---

vDD-2V0p/3-
~~~-Vop/3 -_IUUl 
VLcD -----' 

Vop----

2V0p/3--­

V0p/3---

(a) WAVEFORMS AT DRIVER 

At any instant (t): 

V state 1 (t) = Vsn (t) - V BPo(t) 

PCF8576 

0---­
-V0p/3---

-2Vop/3---

Vop r;; 
Von(rms) = -3-v5 = 0,745Vop 

-Vop----

Vop----

2V0p/3---

Vop/3 ___n_n_n_ 
state 2 0 

-V0p/3---

-2Vop/3---

-Vop----
(b) RESULTANT WAVEFORMS 

AT LCD SEGMENT 

Vstate 2(t) = Vsn (t) - Vsp1 (t) 

Vop 
Voff(rms) = -3-= 0,333Vop 

7Z91466 

Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: V0 p = VDD - VLCD· 

The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes) 
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 
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Product Specification 

PCF8576 

LCD segments 

At any instant (t): 

Vstate 1(t) = Vsn(tl - Vspo(t) 

Vop r.;;; 
Von(rms) = 9 v 33 = 0,638V 0p 

V state 2(t) = Vsn(t) - Vsp1 (t) 

Vop 
Voff(rms)= 3 = 0,333V0 p 

7Z91478 

Fig. 7 Waveforms for 1 : 3 multiplex drive mode: V 0 p = Voo - VLCD· 
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LCD drive mode waveforms (continued) 
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LCD segments 

At any instant (t): 

Vstate 1(t) = 
Vsn(t) - v8po(t) 

Von(rms) = 
Vop r;:; 
3 v 3 = 0,577V op 

V state 2(t) = 

Vsn(t) - Vsp1 (t) 

Voff(rms) = 

Vop 
J=0,333Vop 

Fig. 8 Waveforms for 1 : 4 multiplex drive mode: V0 p = Voo - VLCD· 
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Oscillator 

Internal clock 

The internal logic and the LCD drive signals of the PCF8576 are timed either by the built-in oscillator 
or from an external clock. When the internal oscillator is used, frequency control is performed by a 
single resistor connected between OSC (pin 6) and Vss (pin 11) as shown in Fig. 9. In this case, the 
output from CLK (pin 4) provides the clock signal for cascaded PCF8576s in the system. 

fcLK 

7Z91467 

1000 E==i=a:::a:mtt:==EE::EffiE 
(kHz) 5001---1--~H-++t-H---+-H--t-l-+-i-+H 

501---1--_._,~~l"l<.-+-.......,~~--+--+---+->-H-++l 

min ~I 

External clock 

500 1000 2000 5000 
Rose (kl1) 

Fig. 9 Oscillator frequency 
as a function of R0 sc: 
fcLK ""'(3,6 x 107 /Rosel kHz·n. 

The condition for external clock is made by tying OSC (pin 6) to VDD; CLK (pin 4) then becomes the 
external clock input. 

The clock frequency (fcLKl determines the LCD frame frequency and the maximum rate for data 
reception from the 12C bus. To allow 12C bus transmissions at their maximum data rate of 100 kHz, 
fcLK should be chosen to be above 125 kHz. 

A clock signal must always be supplied to the device; removing the clock may freeze the LCD in a d.c. 
state. 

Timing 

The timing of the PCF8576 organizes the internal data flow of the device. This includes the transfer 
of display data from the display RAM to the display segment outputs. In cascaded applications, the 
synchronization signal SYNC maintains the correct timing relationship between the PCF8576s in the 
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of 
the clock frequency (Table 3). The frame frequency is set by the choice of value for R0 sc when 
internal clock is used, or by the frequency applied to pin 4 when external clock is used. 

Table 3 LCD frame frequencies 

PCF8576 mode recommended Rose (k.Q) fframe nominal ftrame (Hz) 

normal mode 200 fcLK/2880 64 

power-saving mode 1200 fcLK/480 64 
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Timing (continued) 

The ratio between the clock frequency and the LCD frame frequency depends on the mode in which 
the device is operating. In the normal mode, Rose= 200 kn will result in the nominal frame frequency. 
In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be 
reduced by a factor of six and for the same frame frequency Rose will be 1,2 Mn. The reduced clock 
frequency and the increased value of Rose together contribute to a significant reduction in power 
dissipation. The lower clock frequency has the disadvantage of increasing the response time when large 
amounts of display data are transmitted on the 12C bus. When a device is unable to 'digest' a display 
data byte before the next one arrives, it holds the SCL line LOW until the first display data byte is stored. 
This slows down the transmission rate of the 12C bus but no data loss occurs. 

Display latch 

The display latch holds the display data while the corresponding multiplex signals are generated. There 
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one 
column of the display RAM. 

Shift register 

The shift register serves to transfer display information from the display RAM to the display latch while 
previous data are displayed. 

Segment outputs 

The LCD drive section includes 40 segment outputs SO to S39 (pins 17 to 56) which should be connected 
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back­
plane signals and with the data resident in the display latch. When less than 40 segment outputs are 
required the unused segment outputs should be left open. 

Backplane outputs 

The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly 
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode. 
If less than four backplane outputs are required the unused outputs can be left open. In the 1 : 3 multi­
plex drive mode BP3 carries the same signal as BP 1, therefore these two adjacent outputs can be tied 
together to give enhanced drive capabilities. In the 1 : 2 multiplex drive mode BPO and BP2, BP1 and 
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the 
static drive mode the same signal is carried by all four backplane outputs and they can be connected in 
parallel for very high drive requirements. 

Display RAM 

The display RAM is a static 40 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map 
indicates the 'on' state of the corresponding LCD segment; similarly, a logic 0 indicates the 'off' state. 
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between 
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the 
40 segments operated with respect to backplane BPO (Fig. 10). In multiplexed LCD applications the 
segment data of the second, third and fourth column of the display RAM are time-multiplexed with 
BP1, BP2 and BP3 respectively. 
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PCF8576 

Fig. 10 Display RAM bit-map showing direct relationship between display RAM addresses and segment 
outputs, and between bits in a RAM word and backplane outputs. 

When display data are transmitted to the PCF8576 the display bytes received are stored in the display 
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg­
ment numeric display showing all drive modes is given in Fig. 11; the RAM filling organization depicted 
applies equally to other LCD types. 

With reference to Fig. 11, in the static drive mode the eight transmitted data bits are placed in bit 0 of 
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data 
bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive 
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address 
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but 
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the 
1 : 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc­
cessive display RAM addresses. 

Data pointer 

The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading 
of an individual display data byte, or a series of display data bytes, into any location of the display 
RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER 
command. Following this, an arriving data byte is stored starting at the display RAM address indicated 
by the data pointer thereby observing the filling order shown in Fig. 11. The data pointer is automati­
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight (static drive mode), by four ( 1 : 2 multiplex 
drive mode), by three ( 1 : 3 multiplex drive mode) or by two ( 1 : 4 multiplex drive mode). 

Subaddress counter 

The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed 
to take place only when the contents of the subaddress counter agree with the hardware subaddress applied 
to AO, A 1 and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT 
command. If the contents of the subaddress counter and the hardware subaddress do not agree then data 
storage is inhibited but the data pointer is incremented as if data storage had taken place. The subaddress 
counter is also incremented when the data pointer overflows. 
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Subaddress counter (continued) 

The storage arrangements described lead to extremely efficient data loading in cascaded applications. 
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next 
PCF8576 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is 
successful even if the change to the next device in the cascade occurs within a transmitted character 
(such as during the 14th display data byte transmitted in 1 : 3 multiplex mode). 

Output bank selector 

This selects one of the four bits per display RAM address for transfer to the display latch. The actual 
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex 
sequence. In 1 : 4 multiplex, all RAM addresses of bit 0 are the first to be selected, these are followed 
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected 
sequentially. In 1 : 2 multiplex, bits 0 then 1 are selected and, in the static mode, bit 0 is selected. 

The PCF8576 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In 
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected 
for display instead of bit 0 contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be 
selected instead of bits 0 and 1. This gives the provision for preparing display information in an 
alternative bank and to be able to switch to it once it is assembled. 

Input bank selector 

The input bank selector loads display data into the display RAM according to the selected LCD drive 
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive 
mode by using the BANK SELECT command. The input bank selector functions independently of the 
output bank selector. 

Blinker 

The display blinking capabilities of the PCF8576 are very versatile. The whole display can be blinked 
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the 
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which 
the device is operating, as shown in Table 4. 

An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the 
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By 
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks 
at the blinking frequency. This mode can also be specified by the BLINK command. 

In the 1 : 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD 
segments can be blinked by selectively changing the display RAM data at fixed time intervals. 

If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can 
be effectively performed by resetting and setting the display enable bit E at the required rate using the 
MODE SET command. 
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Blinker (continued) 

Table 4 Blinking frequencies 

blinking mode normal operating power-saving nominal blinking frequency 
mode ratio mode ratio fblink (Hz) 

off - - blinking off 

2 Hz fcLK/92160 fcLK/15360 2 

1 Hz fcLK/184320 fcLK/30720 1 

0,5 Hz fcLK/368640 fcLK/61440 0,5 

CHARACTERISTICS OF THE 12C BUS 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

I 

SDA I i 
I 
I 

SCL 
I 
I 

Start and stop conditions 

data line 
stable: 

data valid 

x 
change 
of data 
allowed 

Fig. 12 Bit transfer. 

7Z87019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r---., r---, 

SDA ---n l r===---.l..------+i-J 
I I 

SCL : : \ ;---\ I 
: s : \-, ---'· '"'' -----'· 
L ___ _J 

start condition 

I 

: p 
L---.J 

stop condition 

Fig. 13 Definition of start and stop conditions. 
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System configuration 

A device generating a message is a "transmitter", a device receiving a message is a "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~-,-~~~~~~--.~~~~~~~-.--~~~~~~-..~~~~~~~...--

SCL~-.--~~~-+-~~-.~~~--j~~~....-~~~+-~~--...~~~-+~~--<o--~~~-1---

MASTER 
TRANSMITTER I 

RECEIVER 

Acknowledge 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

MASTER 

TRANSMITTER 

Fig. 14 System configuration. 

MASTER 
TRANSMITTER/ 

RECEIVER 

7Z87004 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH 
level put on the bus by the transmitter whereas the master generates an extra acknowledge related 
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of 
each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 

Note 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

t 
__ ___r;\__j.\_ 

1'~/ ___,X'---_Y:_~ ~Y____...JI 
I 
s 

--~ 

7Z87007 

Fig. 15 Acknowledgement on the 12C bus. 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment. 
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PCF8576 12C bus controller 

The PCF8576 acts as an 12C slave receiver. It does not initiate 12C bus transfers or transmit data to an 
12C master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected 
devices. Device selection depends on the 12C bus slave address, on the transferred command data and on 
the hardware subaddress. 

In single device applications, the hardware subaddress inputs AO, A 1 and A2 are normally tied to Vss 
which defines the hardware subaddress 0. In multiple device applications AO, A 1 and A2 are tied to Vss 
or VDD according to a binary coding scheme such that no two devices with a common 12C slave address 
have the same hardware subaddress. 

In the power-saving mode it is possible that the PCF8576 is not able to keep up with the highest trans­
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8576 
forces the SCL line LOW until its internal operations are completed. This is known as the 'clock 
synchronization feature' of the 12C bus and serves to slow down fast transmitters. Data loss does not 
occur. 

Input filters 

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
the SDA and SCL lines. 

12C bus protocol 

Two 12C bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant 
bit of the slave address that a PCF8576 will respond to is defined by the level tied at its input SAO 
(pin 10). Therefore, two types of PCF8576 can be distinguished on the same 12C bus which allows: 

(a) up to 16 PCF8576s on the same 12C bus for very large LCD applications; 

(b) the use of two types of LCD multiplex on the same 12C bus. 

The 12C bus protocol is shown in Fig. 16. The sequence is initiated with a start condition (S) from the 
12C bus master which is followed by one of the two PCF8576 slave addresses available. All PCF8576s 
with the corresponding SAO level acknowledge in parallel the slave address but all PCF8576s with the 
alternative SAO level ignore the whole 12C bus transfer. After acknowledgement, one or more command 
bytes (m) follow which define the status of the addressed PCF8576s. The last command byte is tagged 
with a cleared most-significant bit, the continuation bit C. The command bytes are also acknowledged 
by all addressed PeF8576s on the bus. 

After the last command byte, a series of display data bytes (n) may follow. These display data bytes 
are stored in the display RAM at the address specified by the data pointer and the subaddress counter. 
Both data pointer and subaddress counter are automatically updated and the data are directed to the 
intended PCF8576 device. The acknowledgement after each byte is made only by the (AO, A 1, A2) 
addressed PCF8576. After the last display byte, the 12C bus master issues a stop condition (P). 
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slave address 

~ 

R/W 

l acknowledge by all 
taddressed PCF8576st 

s 
So11100~0Ac COMMAND A 

1 byte m ;;.1 bytes 

7Z91470.1 

Fig. 16 12C bus protocol. 

Command decoder 

acknowledge by 
(AO, A1, A2)-selected 

PCF6576 only 

i 
DISPLAY DATA A p 

n;;. 0 bytes t 
update data pointer 

and, if necessary, 
subaddress counter 

PCF8576 

The command decoder identifies command bytes that arrive on the 12C bus. All available commands 
carry a continuation bit C in their most-significant bit position (Fig. 17). When this bit is set, it indicates 
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates 
the last command byte of the transfer. Further bytes will be regarded as display data. 

0 = last command 
1 - commands continue 

H ~ES~ O:F ~PC~D~ I 
msb lsb 

7Z91471 

Fig. 17 General format of command byte. 

The five commands available to the PCF8576 are defined in Table 5. 
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Command decoder (continued) 

Table 5 Definition of PCF8576 commands 

command/opcode options description 

Defines LCD drive mode 
LCD drive mode bits M1 MO 

MODE SET 
static (1 BP) 0 1 

lcl1 olLPIEIBIM1IMoj 

1 : 2 MUX (2 BP) 1 0 
1 : 3 MUX (3 BP) 1 1 
1 : 4 MUX (4 BP) 0 0 

Defines LCD bias configuration 
LCD bias bit B 

1/3 bias 0 
1/2 bias 1 

Defines display status 
display status bit E The possibility to disable the 

display allows implementation 
disabled (blank) 0 of blinking under external 
enabled 1 control 

mode bit LP 
Defines power dissipation mode 

normal mode 0 
power-saving mode 1 

LOAD DATA POINTER Six bits of immediate data, 

I cl al P5 P4 P3 P2 Pol 

bits P5 P4 P3 P2 P1 PO bits P5 to PO, are transferred 
P1 to the data pointer to define 

6-bit binary value of 0 to 39 one of forty display RAM 
addresses 

DEVICE SELECT Three bits of immediate data, 

I cl 1 0 ojA2 AOI 

bits AO A1 A2 bits AO to A2, are transferred 
1 A1 to the subaddress counter to 

3-bit binary value of 0 to 7 define one of eight hardware 
subaddresses 
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command/opcode options description 

BANK SELECT Defines input bank selection 

I cl, oi 1iol 
static 1 : 2 MUX bit I (storage of arriving display data) 

1 1 1 
RAM bit 0 RAM bits 0, 1 0 
RAM bit 2 RAM bits 2, 3 1 

Defines output bank selection 
static 1 : 2 MUX bit 0 (retrieval of LCD display data) 

RAM bit 0 RAM bits 0, 1 0 
RAM bit 2 RAM bits 2, 3 1 

The BANK SELECT command has 
no effect in 1 : 3 and 1 : 4 multi-
plex drive modes 

BLINK Defines the blinking frequency 
blink frequency bits BF1 BFO 

I cl, oiAIBF1 BFOI 1 1 
off 0 0 
2 Hz 0 1 
1 Hz 1 0 
0,5 Hz 1 1 

blink mode bitA Selects the blinking mode; 
normal operation with frequency 

normal blinking 0 set by bits BF1, BFO, or 
alternation blinking 1 blinking by alternation of 

display RAM banks. Alternation 
blinking does not apply in 1 : 3 
and 1 : 4 multiplex drive modes 

Display controller 

The display controller executes the commands identified by the command decoder. It contains the 
status registers of the PCF8576 and coordinates their effects. The controller is also responsible for loading 
display data into the display RAM as required by the filling order. 
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Cascaded operation 

In large display configurations, up to 16 PCF8576s can be distinguished on the same 12C bus by using 
the 3-bit hardware subaddress (AO, A 1, A2) and the programmable 12C slave address (SAO). It is also 
possible to cascade up to 16 PCF8576s. When cascaded, several PCF8576s are synchronized so that they 
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost­
effective in large LCD applications since the backplane outputs of only one device need to be through­
plated to the backplane electrodes of the display. The other PCF8576s of the cascade contribute 
additional segment outputs but their backplane outputs are left open (Fig. 18). 

The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8576s. 
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be 
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by 
the definition of a multiplex mode when PCF8576s with differing SAO levels are cascaded). SYNC is 
organized as an input/output pin; the output section being realized as an open-drain driver with an 
internal pull-up resistor. A PCF8576 asserts the SYNC line at the onset of its last active backplane 
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it 
will be restored by the first PCF8576 to assert SYNC. The timing relationships between the backplane 
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 19. 

VLCD 

Voo I 
R < trise 

2Cbus I [ 

HOST 
MICRO-

PROCESSOR 

Vss 1 
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~6 
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Fig. 18 Cascaded PCF8576 configuration. 
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1 

I 
T ---

frame - fframe 

BPO l~ 
(a) STATIC DRIVE MODE 

u 
BP1 r 4 ( 1/2 bias) I 
BP1 I ( 1/3 bias) 

I 
SYNC lJ u 

(b) 1: 2 MULTIPLEX DRIVE MOOE 

BP2 

SYNC 

(c) 1: 3 MULTIPLEX DRIVE MOOE 

BP3 

SYNC u (d) 1: 4 MULTIPLEX DRIVE MODE 
7Z91481 

Fig. 19 Synchronization of the cascade for the various PCF8576 drive modes. 

For single plane wiring of packaged PCF8576s and chip-on-glass cascading, see application information. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range 

LCD supply voltage range 

Input voltage range (SCL; SDA; 
AO to A2; OSC; CLK; SYNC; SAO) 

Output voltage range (SO to S39; 
BPO to BP3) 

D.C. input current 

D.C. output current 

Voo. Vss or VLCD current 

Power dissipation per package 

Power dissipation per output 

Storage temperature range 

D.C. CHARACTERISTICS 

Vo 
± 11 

±lo 

±loo.± lss. ± ILCD 

Ptot 

Po 

Tstg 

Vss = o v; v 00 = 2 to 9 V; vLco = v 00-2 to v00-9 V; 

T amb = -40 to + 85 oc; unless otherwise specified 

parameter symbol min. typ. 

Operating supply voltage Voo 2 -
LCD supply voltage (note 1) VLCD Voo-9 -
Operating supply current 

at fcLK = 200 kHz (note 2) loo -· -
Power-saving mode supply current 

at Voo = 3,5 V; VLCD = 0 V; 
fcLK = 35 kHz (note 2) ILP -- -

LCD supply current 
at fcLK = 200 kHz (note 2) ILCD - -

Logic 

Input voltage LOW VIL Vss -
Input voltage HIGH V1H 0.7 Voo ··-· 

Output voltage LOW at Io = 0 mA Vol - -
Output voltage HIGH at Io = 0 mA VoH v00-o,o5 -
Output current LOW (CLK, SYNC) at 

VoL=1,0V;Voo=5V 10L1 1 -
Output current HIGH (CLK) at 

VoH = 4,0 V; Voo = 5 v loH - -
Output current LOW (SDA; SCL) at 

VoL = 0.4 v; v00 = 5 v loL2 3 -
Leakage current (SAO; AO to A2; CLK; 

SCL; SDA) at V1 = Vss or Voo ± IL1 - -
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-0,5 to+ 11 V 

Voo-11to Voo v 

Vss -·0,5 to v 00 + o,5 v 

VLco--0,5 to v 00 + 0,5 v 

max. 20 mA 

max. 25 mA 

max. 50 mA 

max. 400 mW 

max. 100 mW 

-65 to+ 150 oc 

max. unit 

9 v 
Voo-2 v 

tbf µA 

tbf µA 

tbf µA 

o,3 v00 v 
Voo v 
0,05 v 
- v 

- mA 

-1 mA 

- mA 

1 µA 
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parameter symbol 

Leakage current (OSC) 
at V1 = Voo ±IL2 

Pull-up resistor (SYNC) RsYNC 

Power-on reset level (note 3) VREF 

Tolerable spike width on bus tsw 

Input capacitance (note 4) C1 

LCD outputs 

D.C. voltage component (aPO to aP3) 
at Cap= 35 nF ± Vap 

D.C. voltage component (SO to S39) 
at Cs= 5 nF ±Vs 

Output impedance (aPO to aP3) 
at VLCD = Voo-5 V (note 5) Rap 

Output impedance (SO to S39) 
at VLCD = Voo-5 V (note 5) Rs 

A.C. CHARACTERISTICS (note 6) 

Vss = 0 V; Voo = 2 to 9 V; VLCD = Voo-2 to Voo-9 V; 

T amb = -40 to+ 85 °c; unless otherwise specified 

parameter symbol 

Oscillator frequency (normal mode) 
at Voo = 5 V; Rose= 200 kn 
(note 7) fcLK 

Oscillator frequency (power-saving 
mode) at Voo = 3,5 V; Rose= 1,2 Mn fcLKLP 

CLK HIGH time tcLKH 

CLK LOW time tcLKL 

SYNC propagation delay tPSYNC 
SYNC LOW time tsYNCL 
Driver delays with test loads at 

VLcD = Voo-5 v tPLCD 
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Product Specification 

PCF8576 

min. typ. max. unit 

- - 1 µA 

30 60 100 kn 

0,8 1,2 1,6 v 
- - 100 ns 

- - 7 pF 

4 
- 20 - mV 

- 20 - mV 

·- - 5 kn 

- - 7,0 kn 

min. typ. max. unit 

125 185 288 kHz 

21 31 48 kHz 

1 - - µs 

1 - - µs 

- - 200 ns 

1 - - µs 

- - 30 µs 

September 1985 



Signetlcs Linear Products Product Specification 

Universal LCD Driver for Low Multiplex Rates PCF8576 

A.C. CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

12C bus high-speed mode 

Bus free time tBuF 4,7 - - µs 

Start condition hold time tHD;STA 4 - - µs 

SCL LOW time tww 4,7 - - µs 

SCL HIGH time tHIGH 4 -- - µs 

Start condition set-up time 
(repeated start code only) tsu; STA 4,7 - - µs 

Data hold time tHD; DAT 0 - - µs 

Data set-up time tsu; DAT 250 - - ns 

Rise time tR - - 1 µs 

Fall time tF - - 300 ns 

Stop condition set-up time tsu; STO 4,7 - - µs 

12C bus low-speed mode 

Bus free time tBuF 105 - - µs 

Start condition hold time tHD;STA 365 - - µs 

SCL LOW time tww 105 - 155 µs 

SCL HIGH time tHIGH 365 - 415 µs 

Start condition set-up time 
(repeated start code only) tsu;STA 105 - 155 µs 

Data hold time tHD; DAT 0 - - µs 

Data set-up time tsu; DAT 250 - - ns 

Rise time tR - - 1 µs 

Fall time tF - - 300 ns 

Stop condition set-up time tsu;STO 105 - 155 µs 

Notes to characteristics 

1. VLcD < VDD-3 v for 1/3 bias. 

2. Outputs open; inputs at Vss or VDD; external clock with 50% duty cycle; l2C bus inactive. 

3. Resets all logic when VDD < VREF· 

4. Periodically sampled, not 100% tested. 

5. Outputs measured one at a time. 

6. All timing values referred to V1H and Vi L levels with an input voltage swing of Vss to VDD· 

7. At fcLK < 125 kHz, 12C bus maximum transmission speed is derated. 
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CLK 3,6 kn 
. ~o.1v00 

(pin 4) (2%) 

SDA SCL 1•5 kn 
· -c::::J--- Voo 

{pins 1, 2) (2%) 

SYNC 3•5 kn 
~Voo 

(pin 3) (2 %) 

BPOtoBP3 ------(Ir-----
(pins 13to16) _ 1\oad"' 25 µA 

SOtoS39~ 
(pins17to56) _ 1\oad"' 15 µA 

CLK 

BPO to BP3 
SO to S39 

Fig. 20 Test loads. 

1 

fcLK 

-tcLKH- -tcLKL-

tpsYNC - -

7Z91472.1 

o,7Voo 

o,3Voo 

0,1 v 00 

o,3Voo 

-tsYNCL---

!Voo = 5VI 

..__ ____ .....,. .... o,5 v 

t 7Z91473.1 

Fig, 21 Driver timing waveforms. 
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SDA 

-
SCL 

- tHD;STA - - - - -tsu;DAT 

SDA 

7Z87013.1 -1SU;STA 

Fig. 22 12C bus high-speed mode timing waveforms. 
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-- tLOW -- tF-. .-

SCL 

- tHD;STA - -- 1----- 1HIGH ----1 

tR - 1-
tHD;DAT 

SDA 

7Z87015.1 - tsu;STA -

Fig. 23 12C bus low-speed mode timing waveforms. 
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APPLICATION INFORMATION 
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-S7 S16- S56-
-SB S15- SSS-

-59 S14- S54-

S11~S12 S5l~S52 ~SlO~ ~S13Jl l[sso~ ~S53Jl 

SO ---S10 [,, SlJ S13---S39 S40---S50 [51 SSJ S53---S79 

'---r--' 
BACKPLANES SEGMENTS 

Fig. 24 Single plane wiring of packaged PCF8576s. 
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APPLICATION INFORMATION (continued) 

Chip-on-glass cascadability in single plane 

Product Specification 

PCF8576 

In chip-on-glass technology, where driver devices are bonded directly onto the glass of the LCD, it is 
important that the devices may be cascaded without the crossing of conductors, but the paths of 
conductors can be continued on the glass under the chip. All of this is facilitated by the PCF8576 
bonding pad layout (Fig. 25). Pads needing bus interconnection between all PCF8576s of the cascade 
are VDD· Vss. CLK, SCL, SDA and SYNC. These lines may be led to the corresponding pads of the 
next PCF8576 through the wide opening between the V LCD pad and the backplane output pads. 
The only bussed line that does not require a second opening to lead through to the next PCF8576 is 
VLCD· being the cascade centre. The placing of VLCD adjacent to Vss allows the two supplies to be 
tied together. 

S33 S31 S29 S27 

s34 D D D D D D 0 D 0 

5350 
S32 S30 S28 S26 

525 523 521 519 

0 0 0 0 D 0 D 0 0517 
524 S22 520 518 

0516 

0515 

0514 

0513 

0512 

S360 

S370 

S380 

S390 

SDAO 

5CL0 
PCF8576 

0511 

0510 

059 

Os8 

051 

056 

055 

5YNC0 

CLKO 

VooO 

05C0 

AO 0 cascade 
SAO centre 

Al 0 DOD DvLco 
A2 v55 

BP2 BP3 51 53 
0 D D 0 D 0 0 D 054 

BPO BP1 So 52 
7Z91474.1 

Fig. 25 PCF8576 bonding pad layout. 

Fig. 26 shows the connection diagram for a cascaded PCF8576 application with single plane wiring. 
Note the use of the open space between the V LCD pad and the backplane output pads to route VDD· 
Vss. CLK, SCL, SDA and SYNC. The external connections may be made to either end of the cascade, 
wherever most convenient for the connector. 

When an external clocking source is to be used, OSC of all devices should be tied to VDD· The pads 
OSC, AO, A 1, A2 and SAO have been placed between Vss and VDD to facilitate wiring of oscillator, 
hardware subaddress and slave address. 
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Fig. 26 Chip-on-glass application; cascaded PCF8576s with single-plane wiring (viewed from back of chip). 
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Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system provided 
the system conforms to the 12C specifications defined by Philips. 

Videlec is a joint venture of BBC Brown Boveri and Philips 
specializing in liquid crystal display technology to meet 
the requirements of original equipment manufacturers. 

Videlec AG 
Hardstrasse 5 
Lenzburg CH5600 
Switzerland. 
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GENERAL DESCRIPTION 

The PCF8577 is a single chip, silicon gate CMOS circuit. It is designed to drive liquid crystal displays 
with up to 32 segments directly, or 64 segments in a duplex manner. 

The two-line 12 C bus interface substantially reduces wiring overheads in remote display applications. 
Bus traffic is minimized in multiple IC applications by automatic address incrementing, hardware sub­
addressing and display memory switching (direct drive mode). 

Features 

• Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device 
• Operating supply voltage: 2,5 to 9 V 
• Low power consumption 
• 12 C bus interface 
• Optimized pinning for single plane wiring 
• Single-pin built-in oscillator 
• Auto-incremented loading across device sub-address boundaries 
• Display memory switching in direct drive mode 
• May be used for 12 C bus output expander 
• System expansion up to 256 segments 
• Power-on-reset sets all segments off (to blank) 

PCF8577 

SCL 
39 

SEGMENT BYTE 

12c BUS INPUT 12c BUS REGISTERS 
FILTERS CONTROLLER AND 

SDA 
40 MULTIPLEX - LOGIC 

S32 

BACKPLANE 
AND 

SEGMENT 

DRIVERS 32 S1 
33 

BP1 

34 
A2/BP2 

36 A1 
37 

AO/OSC 

vDD 
35 

CONTROL REGISTER OSCILLATOR 
AND AND 

COMPARATOR DIVIDER 

Vss 
38 

7 287556. 1 

Fig. 1 Block diagram. 

PACKAGE OUTLINES 

PCF8577P: 40-lead DIL; plastic (SOT-129). 
PCF8577T: 40-lead mini-pack; plastic (VS0-40; SOT-158A). 
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SDA 

SCL 

Vss 

AO/OSC 

A1 

Voo 

A2/BP2 

BP1 

S1 

S23 S2 
PCF8577 

S3 

S21 S4 

S20 S5 

S19 S6 

518 57 

S17 SB 

S16 59 

S15 S10 

$14 S11 

513 512 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

Hardware sub-address AO, A1, A2 

PINNING 

Supply 

35 vo0 
38 v88 

40 
39 

Inputs 

SDA 
SCL 

36 A1 
37 AO/OSC 

Outputs 

1-32 S1 -S32 

Input - Output 

34 A2/BP2 

33 BP1 

positive supply 
negative supply 

12 C bus data line 
12 C bus clock line 

hardware address line 

Product Speclflcatlon 

PCF8577 

hardware address line/oscillator pin 

seg111ent outputs 

harware address line/cascade sync 
input/backplane output 
cascade sync input/backplane output 

The hardware sub-address lines AO, A 1, A2 are used to program the device sub-address for each PCF8577 
on the bus. Lines AO and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements. 

AO/OSC Line AO is defined as LOW (logic 0) when this pin is used for the local oscillator or when 
connected to Vgg. Line AO is defined as HIGH (logic 1) when connected to VDb· 

A 1 Line A 1 must be defined as LOW (logic 0) or as HIGH (iogic 1) by connection to Vss or V DD 
respectively. 

A2/BP2 In the direct drive mode the second backplane signal BP2 is not used and the A2/BP2 pin is 
exclusively the A2 input. Line A2 is defined as LOW (logic 0) when connected to Vss or, 
if this is not possible, by leaving it unconnected (internal pull-down). Line A2 is defined as 
HIGH (logic 1) when connected to Voo· 

In the duplex drive mode the second backplane signal BP2 is required and the A2 signal is 
undefined. In this mode device selection is made exclusively from lines AO and A 1. 
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Oscillator AO/OSC 

The PCF8577 has a single-pin built-in oscillator which provides the modulation for the LCD segment 
driver outputs. One external resistor and one external capacitor are connected to the AO/OSC pin to 
form the oscillator. In an expanded system containing more than one PCF8577 the backplane signals 
are usually common to all devices and only one oscillator is needed. The devices which are not used for 
the oscillator are put into the expansion mode by connecting the AO/OSC pin to either Voo or Vss 
depending on the required state for AO. In the expansion mode each PCF8577 is synchronized from the 

backplane signal (s). 

User-accessible registers 

There are nine user-accesible 1-byte registers. The first is a control register which is used to control the 
loading of data into the segment byte registers and to select display options. The other eight are segment 
byte registers, split into two banks of storage, which store the segment data. The set of even numbered 
segment byte registers is called BANK A. Odd numbered segment byte registers are called BANK B. 

All PCF8577 have the same slave address (see Fig. 14). All devices load the second byte into the 
control register and each device maintains an identical copy of the control byte in the control register 
at all times (see 12 C bus protocol Fig. 15). 

The control register is shown in more detail in Fig. 3. The least-significant bits select which device and 
which segment byte register are loaded next. This part of the register is therefore called the Segment 
Byte Vector (SBV). 

The upper three bits of the SBV (V5 to V3) are compared with the hardware sub-address input signals 
A2, A 1 and AO. If they are the same then the device is enabled for loading, if not the device ignores 
incoming data but remains active. 

The three least-significant bits of the SBV (V2 to VO) address one of the segment byte registers within 
the enabled chip for loading segment data. 

r-CONTROL REGISTER------i 

DISPLAY I 
CONTROL SEGMENT BYTE VECTOR ISBVI 
,----'----,~----"-----
msb lsb 

I I V5 >< V3 I V2 ><VO I 
I j 11 segment byte I register address 

111 111 '-y----J 

rr1 L 
I A2 ><AO I 

device sub-address 

f---1---BA_N_K_'_A__,' } BANK 

BANK 'B' 

I SEGMENT BYTE REGISTERS I 

msb lsb 

1~1_,____,____.__.___.___.___.__ 

3'~ ----'------'------'------'----'---'---'--
5~!_,____.__.___.___.___.___.__ 

DIRECT DRIVE } DISPLAY (1) Bits ignored in duplex mode. 
DUPLEX DRIVE MODE 7Z87558.1 

Fig. 3 PCF8577 register organization. 
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FUNCTIONAL DESCRIPTION (continued) 

The control register also has two display control bits. These bits are named MODE and BANK. The 
MODE bit selects whether the display outputs are configured for direct or duplex drive displays. 
The BANK bit allows the user to display BANK A or BANK B. 

Auto-incremented loading 

After each segment byte is loaded the SBV is incremented automatically, thus auto-incremented 
loading occurs if more than one segment byte is received in a data transfer. 

Since the SBV addresses both device and segment registers, auto-incremented loading may proceed 
across device boundaries provided that the hardware sub-addresses are arranged contiguously. 

Direct drive mode 

The PCF8577 is set to the direct drive mode by loading the MODE control bit with logic 0. In this 
mode only four bytes are needed to store the data for the 32 segment drivers. Setting the BANK bit to 
logic 0 selects even bytes (BANK A); setting the BANK bit to logic 1 selects odd bytes (BANK B). 

In the direct drive mode the SBV is auto-incremented by two after the loading of each segment byte 
register. This means that auto-incremented loading of BANK A or BANK Bis possible. Either bank may 
be completely or partially loaded irrespective of which bank is being displayed. Direct drive output 
waveforms are shown in Fig. 4. 

OFF ON _ru ru BP1 

Vss 
_ru Ul Segment X 

(SX) 

I ru BP1 -SX 

_1_, I .. 
7Z875S9.1 

Fig. 4 Direct drive mode display output waveforms. 

Duplex mode 

VoN = VDo - Vss 

VoFF = 0 

The PCF8577 is set to the duplex mode by loading the MODE bit with logic 1. In this mode a second 
backplane signal (BP2) is needed and pin A2/BP2 is used for this; therefore A2 and its equivalent SBV 
bit V5 are undefined. The SBV auto-increments by one between loaded bytes. 

All of the segment bytes are needed to store data for the 32 segment drivers and the BANK bit is 
ignored. 

Duplex mode output waveforms are shown in Fig. 5. 
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Voo---
0,5 !Voo-Vssl 
Vss ---

Voo--­
o,5 (v00 -v88 1 

V55 --­

Voo---

OFF /OFF 

-?1---t_ 

-1?1-
TI 

I ~ 
v 

VoN = o,79 (Voo - Vssl 

voFF = o,35 (Voo - Vssl 

VoN =226 
VoFF ' 

ON /OFF OFF/ON 

A A 
u11- u11-
LJ _n_ 

J\ u11-

A 1l 

Product Specification 

PCF8577 

ON/ON 

A BP1 

~ BP2 

LI Segment X 
(SXI 

fl BP1 -SX 

I\ BP2-SX 

_,_I 
f LCD 7 Z87560.1 

Fig. 5 Duplex mode display output waveforms. 
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CHARACTERISTICS OF THE 12C BUS 

The 12 C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA ~-+--------l~X.__.__===~ 
SCL 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig. 6 Bit transfer. 

---\___ 

7Z87019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r----, r---, 
I I I 

SDA --i\ I c-= I 
SDA I I 

I 
I I 
I 

\ ;--\ I 
I 

SCL I I SCL 
s I I 

I I I 
L ___ _J L ___ _J 

start condition stop condition 
7ZB7005 

Fig. 7 Definition of start and stop conditions. 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~-.-~~~~~~--.~~~~~~~-.-~~~~~~--..~~~~~~~..--

SCL~-0--~~~-+-~~--..~~~-+~~~o--~~~+-~~-.-~~~--+-~~----.>--~~~1--

September 1985 

MASTER 
TRANSMITTER/ 

RECEIVER 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 8 System configuration. 
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Acknowledge 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to.enable 
the master to generate a stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

Timing specifications 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

* __ __;.\___/o\_ 

1~1 ~x~~)(~~J<~/ 
s 

7Z87007 

Fig. 9 Acknowledgement on the 12C bus. 

Within the l 2C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8577 
operates in both modes and the timing requirements are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 10. 

SDA 

tR-+- ~ 

I -
SCL 

1HD;STA - - -''] [ •cowJ [o'~ 
SDA 

7Z87013 1su ;STA tsu;STO 

Fig. 10 Timing of the high-speed mode. 
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CHARACTERISTICS OF THE 12 B BUS (continued) 

Where: 

PCF85n 

tsuF t;;;.tLOWmin The minimum time the bus must be free before a new 
transmission can start 

tHD; STA t;;;.tHIGHmin Start condition hold time 

tLOWmin 4,7 µs Clock LOW period 

tHIGHmin 4µs Clock HIGH period 

tsu; STA 

tHD; DAT 

t;;;.tLQWmin 
t;;;. 0 µs 

Start condition set-up time, only valid for repeated start code 

Data hold time 

tsu; DAT 

tR 

tF 

tsu; STO 

Note 

t;;;.250ns 

t.;;;; 1 µs 

t.;;;;3QOns 

t;;;.tLQWmin 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the timing values referred to V1H and Vi L levels with a voltage swing of Vss to VDD· 

'--' '---' '---' ~---~ 1.-------J L..--J L..----J L-----1 

START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK 
CONDITION CONDITION 

Fig. 11 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 1 : 1 (LOW-to-HIGH) 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

September 1985 

unrestricted 

allowed by generation of STOP condition 

must be provided by the master 
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Low-speed mode 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 f..LS 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 12. 

SDA 

SCL 

SDA 

7287015 

Where: 

tsuF 

tHD; STA 

tLOW 

tHIGH 

tsu; STA 

tHD; DAT 

tsu; DAT 

tR 
tF 

tsu; STO 

Note 

-tsuF- tR_. ..-

tHD;STA -- tHIGH ____ , - tsu;DAT 

tLow -- - l-1 
J''"mh '"'°''_ [ 

tsu;STO 

Fig. 12 Timing of the low-speed mode. 

t;,;. 105 f..LS (tLOWminl 

t;;;. 365 f..LS (tHIGHminl 

130µs±25µs 

390 f..LS ± 25 f..LS 

130 f..LS ± 25 f..LS* 

t;,;. 0 /.LS 

t;;;. 250 ns 

t <:;;; 1 f..LS 

t <:;;; 300 ns 

130 f..LS ± 25 f..LS 

All the timing values referred to VI H and VIL levels with a voltage swing of Vss to VoD. for definitions 
see high-speed mode. 

* Only valid for repeated start code. 
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CHARACTERISTICS OF THE 12 C BUS (continued) 

SDA \._ _______ _) \.__~c-~~~-:J R/W x ' r 
---~ 

......... 
START 

CONDITION 
START BYTE DUMMY REPEATED ADDRESS 

ACKNOWLEDGE START 
CONDITION 

Fig. 13 Complete data transfer in the low-speed mode. 

Where: 

Clock tLQWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Maximum number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 µs ± 25 µs 

390 f;.s ± 25 µs 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

ACKNOWLEDGE STOP 
CONDITION 

7287016 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: I Cs for digital systems in radio, audio and video equipment. 

ADDRESSING 

Before any data is transmitted on the 12 C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 

Slave address 

The slave address for PCF8577 is shown in Fig. 14·. 

September 1985 

L SLAVE ADDRESS _J 
7287561.1 

Fig. 14 PCF8577 slave address. 
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12 C bus protocol 

The PCF8577 12 C bus protocol is shown in Fig. 15. 

acknowledge by 
all PCF8577 

+ 

acknowledge by 
all PCF8577 

+ 

acknowledge by 
selected PCF8577 only 

+ 
s SLAVE ADDRESS SEGMENT 

BYTE VECTOR 
A SEGMENT DATA A p 

7Z87553. l 

R !w L- control byte ---1 i___ n bytes ___J ~ 

Fig. 15 12 C bus protocol. 

auto increment 
segment byte vector 

PCF8577 

The PCF8577 is a slave receiver and has a fixed slave address (Fig. 14). All PCF8577 on the same bus 
acknowledge the slave address in parallel. The second byte is always the control byte and is loaded into 
the control register of each PCF8577 on the bus. Subsequent data bytes are loaded into the segment 
registers of the selected device. Any number of data bytes may be loaded in one transfer and in an 
expanded system rollover of the SBV from 111 111 to 000 000 is allowed. If a stop (P) condition is 
given after the control byte acknowledge the segment data remains unchanged. This allows the BANK 
bit to be toggled without changing the segment register contents. During loading of segment data only 
the selected PCF8577 gives an acknowledge. Loading is terminated by generating a stop (P) condition. 

DISPLAY MEMORY MAPPING 

The mapping between the eight segment registers and the segment outputs S1 to S32 is shown in 
Tables 1 and 2. 

Since only one register bit per segment is needed in the direct drive mode, the BANK bit allows 
swapping of display information. If BANK is set to logic 0 even bytes (BANK A) are displayed; if 
BANK is set to logic 1 odd bytes (BANK B) are displayed. BP 1 is always used for the backplane output 
in the direct drive mode. 

Table 1 Segment byte - segment driver mapping in the direct drive mode 

MODE 
SEGMENtjBIT MSB LS B 

BANK V2 V1 VO 
REGISTE~ 

6 5 4 3 2 1 0 BACKPLANE 7 

0 0 0 0 0 0 SB S7 S6 S5 S4 S3 S2 Sl SP1 

0 1 0 0 1 1 SB S7 S6 S5 S4 S3 S2 S1 BP1 

0 0 0 1 0 2 S16 S15 S14 S13 S12 S11 S10 S9 BP1 

0 1 0 1 1 3 S16 S15 S14 S13 S12 S11 S10 S9 BP1 

0 0 1 0 0 4 S24 S23 S22 S21 S20 S19 S1B S17 BP1 

0 1 1 0 1 5 S24 S23 S22 S21 S20 S19 S1B S17 BP1 

0 0 1 1 0 6 S32 S31 S30 S29 S2B S27 S26 S25 BP1 

0 1 1 1 1 7 S32 S31 S30 S29 S2B S27 S26 S25 BP1 

Mapping example: bit 0 of re!)ister 7 controls the LCD segment S25 if BANK bit is a loaic 1. 
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DISPLAY MEMORY MAPPING (continued) 

Even bytes (BANK A) correspond to backplane 1 (BP1) and odd bytes (BANK B) correspond to back­
plane 2 (BP2). 

Table 2 Segment byte - segment driver mapping in the duplex mode 

MODE 
~EGMENT1BIT MSB 

BANK V2 V1 VO 
REGISTER\._ 7 

1 x 0 0 0 0 $8 

1 x 0 0 1 1 $8 

1 x 0 1 0 2 $16 

1 x 0 1 1 3 $16 

1 x 1 0 0 4 $24 

1 x 1 0 1 5 $24 

1 x 1 1 0 6 $32 

1 x 1 1 1 7 $32 

X =don't care. 

RATINGS 

6 5 4 3 2 
LSB 

1 0 BACKPLANE 

$7 $6 $5 $4 $3 $2 $1 BP1 

$7 $6 S5 $4 $3 $2 S1 BP2 

$15 $14 $13 $12 $11 $10 $9 BP1 

$15 $14 $13 $12 $11 $10 S9 BP2 

S23 S22 $21 S20 $19 $18 $17 BP1 

$23 S22 S21 S20 $19 $18 $17 BP2 

S31 $30 $29 S28 S27 S26 S25 BP1 

S31 $30 $29 $28 $27 $26 S25 BP2 

Mapping example: bit 7 of register 5 controls the LCD 
segment S24/BP2. 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Voo -0,5 to 11 V 

Voltage on any pin Vi Vss - 0,8 to Voo + 0,8 V 

D.C. input current ± I 1 max. 20 mA 

D.C. output current ±lo 

Voo or Vss current ±loo, lss 

Power dissipation per package Ptot 

Power dissipation per output p 

Operating ambient temperature range Tamb 

Storage temperature range Tstg 

* Derate 7,7 mW/K when Tamb > 60 oc. 
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CHARACTERISTICS 

Voo = 2,5 to 9 V; Vss = 0 V; Tamb = -40 to+ 85 °c unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply voltage Voo 2,5 - 9,0 v 
Supply current at fscL = 100kHz, no load, Rose= 1 Mn loo - - 250 µA 

Power-on-reset level* VREF 0,9 1,3 2,0 v 
Input SCL; input/output SDA 

input voltage LOW V1L 0 -· 0,8 v 
input voltage HIGH V1H 2,0 - 9,0 v 4 
output current LOW at Vol= 0,4 V loL 3,0 - - mA 

output leakage current HIGH at VoH = Voo loH - - 100 nA 

tolerable spike width on bus tsw - - 100 ns 

input capacitance at Vi= Vss C1 - - 7 pF 

A1 input leakage current at Vi= Vss or Voo 11 - - 100 nA 

A2/BP2 input current at V1 = Voo 11 - 5,0 - µA 

AO/OSC input current at Vi= Vss or Voo ± 11 - 5,0 - µA 

DC component of LCD driver ±VBP - 20 - mV 

Segment loads Csx - - 5 nF 

Rsx 1 - - Mn 

Segment output current 
at Vol =0,4V;Voo=5V loL 0,3 - - mA 

Segment output current 
at VoH = Voo - 0,4 V; Voo = 5 V -loH 0,3 - - mA 

Backplane load (direct drive) CBP - - 50 nF 

RBP 100 - - kn 

Backplane loads (duplex drive) Cap - - 35 nF 

RBP 100 - - kn 

Rise and fall times (VBP - Vsxl 
at maximum load tr, tf - - 200 µs 

Display frequency 
at Cose = 680 pF; Rose = 1 Mn fLCD 65 90 120 Hz 

*The power-on-reset circuit resets the 12 C bus logic with Voo < VREF· 
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APPLICATION INFORMATION 

vDD 

Cose 

Vss 

SCL 

SDA 

DIRECT DRIVE LCD DISPLAY 

device sub-address 
A2.A1.AO=OOO 

32 33 64 

device sub-address 
A2.A 1.AO = 001 

(1) The series resistance of the display backplane must be greater than 1 kil. 

Fig. 16 Direct drive display; expansion to 256 segments using eight PCF8577. 
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DUPLEX LCD DISPLAY 

device sub-address 
A1.AO=OO 

32 33 64 

device sub-address 
A1.A0=01 

(1) The series resistances of the display backplanes must be greater than 1 kSl. 

Fig. 17 Duplex display; expansion to 2 x 128 segments using four PCF8577. 
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APPLICATION INFORMATION (continued) 

Vss ----+---i 

SCL -----1 

SDA ------i 

32 output lines ....... 

device sub-address 
A2, A1, AO= 000 

Product Specification 

PCF85n 

7Z87562 ~---------}expansion 

September 1985 

Notes 

1. MODE bit must always be set to 0 (direct drive) 
2. BANK switching is permitted 
3. BP1 must always be connected to Vss and AO/OSC must be 

connected to either VDD or Vss (no LCD modulation) 

Fig. 18 Use of PCF8577 as 32-bit output expander in 12 C bus application. 
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LED Display/ Interface Circuit 

o1 o2 a3 a4 a5 a6 a7 a8 a9 a10 a11 0 12 a13 a14 a15 0 16 

14 17 21 24 23 20 16 13 18 22 2 )O 12 11 3 

16 OUTPUT STAGES 

MULTIPLEXER 

16 BIT-DATA LATCH A 16 BIT-DATA LATCH B 

Product Specification 

SAA1060 

6 
Vee 

15,19 v 
EE 

SAA1060 

Features 

LOAD CONTROL 

7 

DUP 

4 

LOEX 

• Driving 7, 14, 16-segment displays. 

17 BIT-SHIFT REGISTER 

Fig. 1 Block diagram. 

BUS CONTROL 

8 5 9 

DATA OLEN CLB 

• Driving linear displays, bar graph displays for analogue functions. 
• Serial to parallel decoder. 
• Bus control for the selection of 18-bit words. 
• 2 x 16-bit latch. 

7Z78907.1 

• Duplex operation for two modes of output: static (16 bit) or dynamic (2 x 16 bit). 
• Data transfer control. 
• 2 outputs for higher output current (80 mA). 

QUICK REFERENCE DATA 

Supply voltage range 
Operating ambient temperature range 

Maximum input frequency 
Supply current 
Output current 
Output current (Os and 015 only) 

PACKAGE OUTLINE 

24-lead OIL; plastic (SOT-101A). 

4-149 

Vee 
Tamb 

4to6 V 
-20to +80 oc 

typ. 
typ. 
< 
< 

50 kHz 
60 mA 
40 mA 
80 mA 
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LED Display /Interface Circuit SAA1060 

GENERAL DESCRIPTION 

The integrated circuit SAA 1060 is primarily designed to drive the display unit of a digital tuning 
system. It can also be used as a 16-bit serial to parallel decoder. Since the device has no decoder (this 
is handled by a microcomputer), it has many applications: 
• driving 7-segment displays 
• driving 14-segmeilt displays 
• driving linear displays, e.g. pointer, bar graph 
• static output of switch-functions 
• digital to analogue converter, with external R-2R network 
• extension of the number of outputs for microprocessors or microcomputers. 

Data transmission is initiated by means of a.burst of clock pulses (CLB), a data line enable signal 
(OLEN) and the data signal (DATA). The bus control circuit distinguishes between interference and 
valid data by checking word length (17 bits) and the leading zero. This allows different bus infor­
mation to be supplied on the same bus lines for other circuits (e.g. SAA1056 with 16 bits). 

The last bit (bit 17) of the data word contains the information which of the two internal latches will 
be loaded. The input LOEX determines if the latched data of selected latches is presented directly to 
the outputs, or synchronized with the data select signal OUP. 

The output stages are n-p-n transistors with open collectors. The current capability is designed for the 
requirements of duplex operation. Two of the outputs (Oa and 016) are arranged for double current, 
so that 2 x 2 segments can be connected in parallel. 

OPERATION DESCRIPTION 

Data inputs (OLEN, DATA) 

The SAA 1060 processes serially the 18-bit data words synchronized with the clock burst (CLB) and 
applied to the data input DAT A. A command will be accepted only when the data line enable input 
(OLEN) is HIGH (see Fig. 3). 

15th bit 

load p 0 N 
bit 015 0 15 0 14 

7278909 

Condition for 17th bit: 
0 = load data latch B 
1 = load data latch A 

M 
013 

1st bit 

L K J I H G F E D c B A 
012 011 010 Og Os 07 05 05 04 03 02 01 

leading zero~ 
Fig. 2 Organization of a data word. 

The loading .of the accepted information in one of the data latches is done by the 19th clock pulse, 
when OLEN is LOW. 
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LED Display/Interface Circuit SAA1060 

load pulse 

• 

-+--+-------- data word ----------

DATA :~start-bitj bit 1 I 
__ 1 I __ test leading zero 

7 278908 

Fig. 3 Pulse diagram of the 16-bit data transmission. 

Each data word must start with a leading zero. The SAA 1060 checks the data word for the correct 
length ( 18 bits) and also for the leading zero. 
The actual data is switched directly to the appropriate outputs. For switching on a segment, a 'O' (LOW) 
is necessary at the appropriate data bit. 

Data selection input (DUP) 

The logic states at input DUP determine which of the two latch contents can be found on the output. 

0 = latch A contents 
1 = latch B contents 

Load control input (LOEX) 

Input LOEX determines the operation mode in which the device is able to work. 

0 = duplex mode, i.e. output synchronized with the duplex signal 
1 = d.c. mode, i.e. output direct from the by DUP selected data latch. 

When operating in duplex mode at 50 Hz, the time between two data words to be transmitted must 
be>21 ms. 
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LED Display/ Interface Circuit SAA1060 

015 04 

011 05 

0 15 010 

LOEX 03 

OLEN 20 05 

Vee 6 19 VEE 
SAA1060 

DUP 7 18 09 

DATA 8 17 02 

eLB 9 16 07 

012 10 VEE 

0 14 01 

0 13 13 08 

7Z78906 

Fig. 4 Pinning diagram. 

RATINGS (VEE= 0) 

Limiting values in accordance with the Absolute Maximum System (I Ee 134) 

Supply voltage range 

Total power dissipation 

Operating ambient temperature range 

Storage temperature range 
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Vee -0,3 to+ 7 V 

Ptot max. 900 mW 

lamb -20to +80 oe 

Tstg -25 to+ 125 oe 
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LED Display/ Interface Circuit SAA1060 

CHARACTERISTICS 

VEE= 0; Tamb = 25 °c; unless otherwise specified 

Vee symbol min. typ. max. conditions 
v 

Supply voltage - Vee 4 5 6 v 
Supply current 5 'cc - 60 - mA 

Inputs DATA, CLB, 
DLEN,LOEX 
input voltage HIGH 5 V1H 2 - 5 v 4 
input voltage LOW 5 V1L - - 1 v 
input current LOW 5 -l1L - - 20 µA V1 =O 

maximum input frequency 5 f1 - 50 - kHz 

Input DUP 
input voltage HIGH 5 V1H 0,8 - 12 v 
input voltage LOW 5 V1L -6 - 0,4 v 
input current HIGH 5 l1H 0,01 - 12 mA 

maximum input frequency 5 f1 - 50 - kHz 

Outputs 01 to 07, 
Og to 015 
output voltage HIGH 5 VoH - - 16,8 v IOH =O 
output voltage LOW 5 Vol - - 0,5 v loL =40 mA 

output current LOW 

{ peak value at duplex mode 5 loL - - 60 mA 
sinusoidal voltage 

d.c. mode 5 loL - 20 40 mA 

Outputs 08 and 016 
output voltage H I G H 5 VoH - - 16,ti v loH =O 
output voltage LOW 5 Vol - - 0,5 v loL =80 mA 

output current LOW 

{ peak value at duplex mode 5 loL - - 120 mA 
sinusoidal voltage 

d.c. mode 5 loL - 40 80 mA 
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16 Segment LED Driver SAA1061 

The SAA1061 is a MOS N-channel output port expander circuit, which converts serial input data 
into parallel output information. The IC is used in combination with a microcomputer. 

Features 

• Bus control for the selection of 18-bit words. 
• 16-bit latch and low-ohmic driver outputs. 
• Pin compatible with the SAA1060, except the SAA1061 has no duplex mode. 
• Address selection inputs; up to four SAA 1061 circuits can be operated from a common CBUS. 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature range 

Supply current 

Output current per output 

l l l l l 

Voo 

Tamb 

loo 

lo 

14 17 21 24 ]23 120 16 113 18 ]22 ]2 10 12 

6 J,9 15 ' 9 
L_ 

, CLB 

HANDLING 

16 OUTPUT STAGE 

16-BIT LATCH 

TI 
CBUS RECEIVER 

& INPUT FORMAT CHECK 

' 5 

OLEN 
y 

CBUS 

' 8 

DATA, 

Fig. 1 Block diagram. 

' 7 ' 4 

Ao A1 
~ 

address inputs 

typ. 5 v 
-20 to +80 oc 

typ. 

typ. 

11 3 

9 mA 

15 mA 

1 

SAA1061 

7284675 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 

PACKAGE OUTLINE 

24-lead DIL; plastic (SOT-101A). 
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16 Segment LED Driver SM1061 

PINNING 

015 24 04 6 Voo positive supply (+ 5 V) 
15, 19 Vss ground (0 V) 

011 2 23 05 Inputs 

0 15 3 22 010 s DATA data word 
9 CLB clock burst CBUS 

A1 4 03 
5 OLEN data line enable 

21 
7 Ao address bit SO 

DLEN 5 20 05 
4 A1 address bit S 1 

Voo 6 19 Vss 
Outputs 

14 01 
SAA1061 17 02 

Ao 7 1S 09 21 03 
24 04 

DATA s 17 02 23 05 
20 05 

CLB 9 16 07 16 07 driver outputs 01 to 015 
13 Os corresponding with the data 

012 10 15 Vss 1S 09 bits 1 to 16 of the data word 
22 010 

014 11 01 
2 011 
10 012 

013 Os 
12 013 

12 11 014 
3 0.15 

7Z84676 1 015 
Fig. 2 Pinning diagram. 

GENERAL DESCRIPTION 

The SAA 1061 is an addressable output port expander for use in microcomputer controlled systems. It 
converts serial input data into parallel output information. The circuit comprises a CBUS receiver, 
logic to check input format, a 16-bit serial/parallel converter, latches and drivers for the parallel 
outputs. 

This universal device can be used for e.g.: 
• static output of switch-functions 
• extension of the number of outputs for microcomputers or microprocessors 
• driving maximum 16-segment LEDs; e.g. 7, 4 or 16-segment displays 
• driving linear displays (pointer, bar graph) 
• digital to analogue conversion with external resistor network. 

The data is transmitted via the 3-line CBUS from the microcomputer. If the data transmission is valid, 
the data are transferred by a load pulse via the latch to the driver output. Each data transmission is 
checked for word length (1S-bit) by the on-chip word format control circuitry. This allows different 
bus information to be supplied on the same bus lines for other circuits. 

The address inputs Ao and A1 determine four address possibilities. A data transmission only takes 
place if the programmed addresses correspond with the address bits SO and S1. 
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16 Segment LED Driver SAA1061 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Voo -0,3 to +7,5 V 

Input voltage range Vi -0,3 to + 15 V 

Input current 

Output voltage range 

Output current per output 

Power dissipation per output 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

CHARACTERISTICS 

± 11 

Vo 

±lo 

Po 

Ptot 

Tamb 

Tstg 

max. 10 mA 

-0,3to+16,5 V 

max. 

max. 

max. 

20 mA 

7,5 mW 

300 mW 

-20to +80 oc 

-20 to +125 oc 

Vss = O V; Voo = 5 V; Tamb = -20 to+ 80 oc; unless otherwise specified 

symbol min. typ. max. conditions 

Supply voltage Voo 4,5 5 5,5 v 
Supply current loo - - 20 mA 

Inputs CLB, OLEN, DATA, Ao, Ai 

Tamb = 25 oc 

Input voltage LOW V1L -0,3 - 0,8 v 
Input voltage HIGH V1H 2,0 - 15 v 
Input leakage current l1R - - 1 µA V1=-0,3to+15V 

Outputs 01 to 015 (open drain) 

Output voltage LOW Vol - - 0,65 v loL=15mA 

Output leakage current HIGH loH - - 20 µA VoH = 16,5 V 

Rise and fall times tr, tf - - 10 µs Vol= 1,5 V; VoH=13,5V 

CBUStiming 

Rise and fall times tr, tf - - 2 µs 

Data set-up time 
DATA - CLB tsuoA 400 - - ns 

Data hold time 
I 

DATA - CLB tHDDA 250 - - ns I 
Enable set-up time see Fig. 3 

OLEN - CLB tsuEN 400 - - ns 

Disable set-up time 
CLB - OLEN tsuo1 600 - - ns 

Set-up time 

J 
OLEN - CLB (load pulse) tsuLo 400 - - ns 

CLB pulse width HIGH/LOW twH. twL 450 - - ns 
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16 Segment LED Driver 

OLEN 

V1H ---+--.. -------
90% 90% 

CLB 

VIL --""'10% 
10% 

- ---tf 

DATA 

____,.. ..,__ ~ ____.,.. 
tsuEN I tsuoA - -tHoDA 

-twH-1 
ENABLE DATA DATA 

Fig. 3 CBUS timing. 

OPERATION DESCRIPTION 

1. CBUS transmission 

Product Specification 

SAA1061 

90% 

10% 

10% 

--tsuo1 tsuLD 

-twL-
DISABLE LOAD 

7Z84541.1 

The data words are entered via a serial CBUS interface. A clock burst of 18 clock periods is used to 
transmit the 16-bit data word, plus 2 identifier bits. 

Serial data words, which are synchronized with the clock burst (CLB), are accepted if the enable input 
OLEN is HIGH at the same time. Each transmission is checked for word length (number of clock 
pulses during OLEN is HIGH) and the address bits SO and S1. 

The valid data flag is only set if: 
1. Word length is correct; 2 address bits and 16 data bits. 
2. Address bits SO and S 1 correspond with Ao and A 1 · 

Loading the information into the selected latch register is done by the load pulse (first clock pulse 
after the HIGH-to-LOW transition of D LEN) if the address bits correspond with Ao and A 1 · The load 
pulse or a new LOW-to-HIGH transition of OLEN resets the valid data flag. Only after the valid data 
flag is reset, will new data be accepted. 

bit 

.__o _ _,_ ____ 2_..___3__.L--_4_...&..I ___ _ n-3 n-2 n-1 n 

Fig. 4 Data word organization. 
7Z84680 
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16 Segment LED Driver SAA1061 

OLEN ~~ I 
test on start-bit 
--1 1- -1 tsusv -H 

CLB 
L 

load pulse 

H 
DATA L 

bit no. 0 2 n 7Z84542 .1 

Fig. 5 CBUS data transmission. 

Definitions to Figs 4 and 5: 
• Word length: number of clock pulses during OLEN is active (HIGH); n + 1bits=18 bits. 
• Bit number 0 is for the SAA 1061 SO. 
• Data bits: bit numbers 1 to n-1 ( 16-bits); bit no. n is S1. 
• Load pulse: first clock pulse after OLEN returns to inactive (LOW). 

2 Address inputs Ao and A1 

The 1st bit (bit SO) and the 18th bit (bit S1) of the data word are the address bits. 
Data is accepted only if the addresses correspond to the programmed addresses at inputs Ao and A1, 
that is for: 

Ao= so and A 1 = S1. 

3 Data outputs 01 to 015 

-

The outputs 01 to 015 correspond with the data bits 1 to n-1 (16-bits). The open drain driver outputs 
(01 to 015) are switched to ground (On= LOW), if the corresponding data bit is LOW, 

4 Power-on reset 

The circuit generates internally a reset-cycle after switching on the supply and the outputs become 
high-ohmic (HIGH). 
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LCD Dlsplay/lntertace Circuit 

GENERAL DESCRIPTION 

Product Spec~lcatlon 

SAA1062A 
SAA1062AT 

The SAA 1062A is designed to drive a Liquid Crystal Display (LCD) of a digital tuning system. It contains 
a shift register with programmable length ( 18 or 21 bits). latches, both synchronized or static, exclusive­
OR segment drivers (17 or 20 bits), an l.f. oscillator and a backplane driver for the LCD. The circuit is 
designed to be driven by a 3 bus structure from a microcomputer and can also be used as a programm­
able 17 or 20 bits serial-to-parallel decoder. It is also capable of storing 40 bits of information. 

Features 

• Driving 7 to 20-segment displays. 
• Driving linear displays. 
• Serial to parallel decoder of digital signals. 
• Bus control for the selection of W/21-bit words. 
• 17 /20-bit latch. 
• A.C. segment drive. 
• On-chip oscillator. 

QUICK REFERENCE DATA 

Supply voltage range 

Operating ambient temperature range 

Maximum input frequency 

Supply current 

Output current (01 to 020) 

PACKAGE OUTLINES 

SAA 1062A : 28-lead DI L; plastic (SOT-117). 
SAA 1062AT: 28-lead mini-pack; plastic (S0-28; SOT-136A). 

4-159 

Vee 
Tamb 

4,2 to 5,5 V 

-20 to+ 70 oc 

typ. 

typ. 

> 

50 kHz 

3,5 mA 

60 µA 
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LCD Display/Interface Circuit 

CLB 

OLEN 

DATA 

Vee 

VEE 5 

cext 6 

BLS 7 

AC/EL 8 

01 

02 

03 11 

04 

05 

05 

Fig. 1 

September 1985 
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27 

26 

25 

24 

23 

22 
SAA1062 

21 

18 

17 

7Z78899 

Pinning diagram. 
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019 

018 

017 

015 

015 

014 

013 

012 

011 

010 

Og 

08 

07 

Product Specification 

SAA1062A 
SAA1062AT 
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LCD Display/Interface Circuit 

OPERATION DESCRIPTION 

Product Specification 

SAA1062A 
SAA1062AT 

The input information for this device consists of a data bus with 18 or 21 bits words, an external clock 
synchronized with the data bus and an enable signal. The organization of these signals is given in Fig. 3. 
These signals are handled by the BUS CONTROL circuit in which the decision is made whether these 
signals are valid for the device. It contains a leading zero detector (start condition of reception) and a 
data-length control. Leading zero is detected when the data signal is LOW and the OLEN signal is HIGH, 
during the first HIGH period of the clock signal. During the HIGH period of OLEN, the length control 
determines if the clock signal consists of the programmed number of pulses ( 18 or 21). This last func­
tion permits the user to supply other information on the same signal lines. 

Furthermore the bus control prevents the device from accepting interferences on the signal lines. While 
leading zero is detected, the shift register is set and for a proper leading zero the following data is 
shifted into this register. The On position of the first bit of the register is shifted into the last bit, if the 
length of the data and the clock input are correct. Incorrect length of the information is detected by 
checking the value of the last bit of the programmed register. If the data transmission has been accepted 
properly, the bus control stage generates a valid pulse ( LOL). 
This pulse enables the load control circuit to load the contents of the register into the output latch 
immediately. On the first edge of the backplane driver signal "AC out/EL in" following on this "LOL" 
pulse, the new information of this latch is transferred to the output driver which also contains a latch. 
With this ability it is possible to load the device with 20 bits and also to transfer this data to the 
segment outputs. Furthermore, the SR can be reloaded by a second complete load procedure without 
a load enable clock pulse. This causes the SR to contain 20 bits and the output latches another 20 bits 
of information. 
The output driver also contains an EXCLUSIVE-OR which is driven by the backplane driver signal and 
the latch output. The segment driver output signal is in phase with the output of the backplane driver 
when the input data is HIGH ("1") and 1800 out-of-phase when the input data is LOW ("O"). 
In the static or slave mode, the backplane output can be used as input by connecting pin 6 to ground 
or V CC· The IC now can operate as a static driver or as a synchronized slave. 

The 1.f. oscillator consists of a triangle generator of the 1-21 principle. It only needs an external capaci­
tor to fix the frequency. As both amplitude and current are temperature compensated, this frequency 
is more or less independent of pn temperature. An internal switching signal of this generator is divided 
by 4 to attain a symmetrical output for the backplane driver (pin 8) of nominal 60 Hz for an external 
capacitor of 22 nF. 

The backplane driver is able to drive a 40 bits display. 

The bit length of the shift register is programmed with BLS (Bit Length Selector) (pin 7). If BLS is 
kept LOW the DATA bit length is 20; for BLS open or HIGH a DATA bit length of 17 is selected. 
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DEVELOPMENT SAMPLE DATA 

OLEN Jn ~ 

DATA 
W..W.-1 

.!>. 
I 

~ CLB 

g> 
"O 
<D 
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~ 

~ 

/////(A 

bit number: 

output: 

bit number: 

output: 

L 

I L...J 

significant data 
I oad enable clock pulse + 

L...J L...J L...J L...J LJ L...J LJ L...J LJ LJ L...J L...J LJ LJ LJ LJ LJ=L...J LJ LJ.: 

20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 } 20 bits 

0 20 019 °rn 017 °16 0 15 °14 013 012 0 11 010 Og Og 07 06 05 04 03 02 01 S.R. 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 } 17 bits 

017 015 0 15 °14 °13 012 011 010 Og Og 07 05 05 04 03 02 01 -- load bit S.R. 

7278900 

Fig. 3 Organization of 18 and 21 bit words; DATA= LOW means segment 'on'. 
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Slgnetlcs Linear Products 

LCD Display/Interface Circuit 

RATINGS (VEE=; 0) 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage 

Total power dissipation at Tamb = ·100 oc 
derate linearly with 0,02 w;oc 

Operating ambient temperature range 

Storage temperature range 

CHARACTERISTICS 

VEE= O; Vee= 5 V; Tamb = 25 °c; unless otherwise specified 

Supply voltage 

Supply current 

Inputs CLB, OLEN, DATA, BLS 
input voltage HIGH 
input voltage LOW 

maximum input frequency 

Input Cext 
input voltage HIGH 
input voltage LOW 

input current HIGH 
input current LOW 

Input AC/EL (in slave mode) 
input voltage HIGH 
input voltage LOW 

Output Cext (oscillator mode) 
oscillator frequency 

Output stage backplane (AC/EL) 
output current sink/source 

Output 01 to 020 
output current sink/source 

d.c. rest voltage between 
pin 8 (AC/EL) and one of 
the segment drivers (see Fig. 4) 
segment 'on' situation 
segment 'off' situation 

AC/EL 
(pin 8) 

symbol 

Vee 

Ice 

V1H 
V1L 

f1 

V1H 
VIL 

l1H 
l1L 

V1H 
V1L 

fosc 

lo 

lo 

min. typ. 

4,2 5 

I 
- 3,5 

I 
1,6 -
-1 -
- 50 

4,6 -
-0,1 -

- -
- -

2,7 -
-0,4 -

120 240 

2,4 -

60 -

- -
- -

Vee 

Ptot 

Tamb 

Tstg 

max. 

5,5 v 
- mA 

Vee v 
+ 0,8 v 
- kHz 

- v 
0,4 v 
180 µA 
-40 µA 

Vee v 
2,3 v 

360 Hz 

- mA 

- µA 

25 mV 
25 mV 

SEGMENT +SV...., n 
DRIVER 0 _LJ L Fig. 4 AC/EL and segment driver pulses. 

max. 

max. 

Product Spec~ication 

SAA1062A 
SAA1062AT 

6 v 

500 mW 

-25 to+ 125 oc 

-55 to+ 125 oc 

condition 

static mode 
sync. slave mode 

C = 22 nF 

7Z86856 The d.c. voltage for segment 'on' is about 5 V. 
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Fluorescent Display/Interface Circuit SAA1063 

GENERAL DESCRIPTION 

The SAA 1063 is designed to drive the display unit of a digital tuning system. It contains a 17-bit shift 
register, latches, display multiplexers and output stages, capable of driving 4Y, decades of a 7 segment 
fluorescent display in duplex mode. The decoding for the display is carried out in the data input 
(microcomputer). 

Features 

• Driving 4Y. decades of a seven segment display in duplex mode. 

• Microcomputer compatible. 

• 17-bit shift register. 

• D.C. and duplex operation. 

QUICK REFERENCE DATA 

Supply voltage range 

Operating ambient temperature range 

Maximum input frequency 

Supply current 

Output current 

Maximum output voltage swing 

PACKAGE OUTLINE 

24-lead OIL; plastic (SOT-101A) 

Vee 

Tamb 

fi 

Ice 

lo 

Vomax 

4-165 

min. 

typ. 

max. 

min. 

4 to 5,5 

-20 to +80 

50 

20 

1,5 

34,5 

v 
oc 

kHz 

mA 

mA 

v 
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Fluorescent Display/ Interface Circuit SAA1063 

013 

012 

07 

014 

011 

VEE 
SAA1063 

08 4 
015 

010 

05 VEE 

016 

04 O& 

M0179 

Fig. 2 Pinning diagram. 

PINNING 

1. 01 13. 09 segment drive outputs 
2. 06 segment drive outputs 14. 016 
3. 02 15. VEE ground 
4. LOEX mode selection 16. 010 
5. OLEN bus enable 17. 015 segment drive outputs 
6. Vee +5 V power supply 18. '08 
7. DUPLEX duplex input 19. VEE ground 
8. DATA data input 20. 011 
9. CLOCK bus clock input 21. 014 

10. 05 22. Q7 segment drive outputs 
11. 03 segment drive outputs 23. 012 
12. 04 24. 013 
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Slgnettcs Linear Products Product Speclflcatton 

Fluorescent Display/ Interface Circuit SAA1063 

OPl:RATION DESCRIPTION 

The input information for this device consists of a data bus with 17 bit words, an external clock 
synchronized with the data bus and an enable signal. The data format of these signals is given in Fig. 3. 
These signals are handled by the BUS CONTROL circuit in which the decision is taken as to whether 
these signals are valid for this device. It contains a leading zero detector (start condition of reception) 
and a data-length control. Leading zero is detected when the data signal is LOW and the OLEN signal 
HIGH, during the first HIGH period of the clock signal. During the HIGH period of the OLEN signal, 
the length control determines if the clock signal consists of 18 pulses. This last function permits the 
user to supply other information on the same signal lines. 

Furthermore the bus control prevents the device accepting interference on the signal lines. If leading 
zero is detected the shift register is reset and then the data is written into this register. The reset 
position of the first bit of the register is shifted into the last bit, if the length of the data and the clock 
input is correct. Incorrect length of the information is detected by checking the value of the last bit of 
the register. If the data transmission has been accepted properly, the bus control stage generates a valid 
pulse (LOVP). This pulse enables the load control circuit to load the contents of the register into one 
of the two latches. When the load bit of the data word is HIGH the register contents are loaded into 
latch A; when this load bit is LOW the register contents are loaded into latch B. When the data 
information is accepted this load bit is written into the first bit of the shift register. 

In duplex mode the load pulse is synchronised by the duplex signal, to avoid current transients in the 
output stages during the loading of the latches. The duplex mode operates in one of two mode 
conditions. When LOEX (pin 4) is LOW the duplex mode condition is selected; when LOEX is HIGH 
the d.c. mode condition is selected. The output stages are switched to the contents of latch A and 
latch B respectively. 

When the duplex input (pin 7) is LOW the contents of latch A can be found on the output, when this 
input is HIGH the contents of latch Bare found on the output. 

In the duplex mode condition the output stages are capable of driving 32 duplexed segments of a 
fluorescent display. However, in the d.c. mode condition the output stages can only drive 16 segments 
of the display and two SAA 1063 devices are required to drive a 4Y. decade display unit. 

September 1985 4-168 



~ 
I 

$ 

'!1 .., ... 
3 
¥ 
I 

OLEN 

DATA 

CLOCK 

M0681 

Notes 

--~I- _r2.r3_ 

r1-l 

I I I I 11 I I I I I I I I I 
I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I 
I I I I I I I I I LL I I I I I 

output 
- stages 

1e IXl171,shsh4113112l11hol9IsI1 Is Is I 4 IJilD<l 1 - data word 

t t 
load bit length control bit 

Fig. 3 Organisation of 18-bit data word. 

1. The display segment is blanked by a HIGH data bit. 
2. In duplex mode the period between the two data words must be grea:ter than 21 ms. 
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4. q > 4 µ,s if a continuous clock is used. r2 and r3 > 4 µ,s. T 4 > 2 µ,s. 
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Slgnetics Linear Products Product Specification 

Fluorescent Display/Interface Circuit SM1063 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vee max. 6 v 
Total power dissipation at T amb = 80 °c Ptot max. 900 mW 

Operating ambient temperature range Tamb -20 to +80 oc 

Storage temperature range Tstg -55 to +125 oc 

CHARACTERISTICS 

VEE= 0 V; Vee= 5 V; Tamb = 25 °c unless otherwise specified 

parameter symbol min. typ. max. conditions 

Supply voltage Vee 4 5 5,5 v 
Supply current Ice - 20 - mA 

Inputs 
LOEX, OLEN, DATA, 
CLOCK 

input voltage HIGH V1H 2 - 5 v 
input voltage LOW V1L 0 - 0,8 v 
input current -l1H - - 20 µA (V1 =OV) 

max. input frequency fi 50 - - kHz 

DUPLEX 

input voltage HIGH V1H 0,8 - 20 v 
input voltage LOW V1L -6 - 0,4 v 
input current HIGH l1H 0,01 - 12 mA 

input frequency fi - 50 - Hz 

Outputs 
01 to 016 

output voltage HIGH -VoH 30 - - v lo<0,7 µA 

output voltage LOW Vol 4,5 - - v lo= 1 mA 

output current loL - - 1,5 mA 
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Slgnetics Linear Products 

LVDT Signal Conditioner 

DESCRIPTION 
The SE/NE5521 is a signal condition­
ing circuit for use with Linear Variable 
Differential Transformers (LVDT's) and 
Rotary Variable Differential Transform­
ers (RVDT's). The chip includes a low 
distortion, amplitude stable sine wave 
oscillator with programmable frequency 
to drive the primary of the LVDT/RVDT, 
a synchronous demodulator to convert 
the LVDT/RVDT output amplitude and 
phase to position information, and an 
output amplifier to provide amplifica­
tion and filtering of the demodulated 
signal. 

BLOCK DIAGRAM 

16 

v+ 18 

-IN 

+IN 

AMP 0-.+------' 
OUT 

10K 

FEATURES 
• Low distortion 
• Single supply SV to 20V, or dual 

supply ±2.SV to ±10V 
• Oscillator frequency 1 kHz to 20kHz 
• Capable of ratlometrlc operation 
• Low power consumption (182mW typ) 

APPLICATIONS 
• LVDT signal conditioning 
• RVDT signal conditioning 
• LPDT signal conditioning 
• Bridge circuits 

15 
FEEDBACK 

13 osc 

14 osc 

12 
VREF/2 

10K 
GND Iv-

LVOT IN 
SYNCHRONOUS 
DEMODULATOR 

SYNC 

DEMOD OUT 

Pin numbers are for F, N packages. 
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Advance Information 

SE/NE5521 

PIN CONFIGURATION 

F,N PACKAGE 

TOP VIEW 

D PACKAGE 

TOP VIEW 

ORDER NUMBERS 

NES521N 
NE5521F 

NE55210 

SA5521N 

SE5521F 
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Linear Products 

LVDT SIGNAL CONDITIONER 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Split supply voltage 
Operating temperature range 

NE5521 
SA5521 
SE5521 

Storage temperature range 
Power dissipation 

PIN DEFINITIONS 

1 Amp Out 
2 +IN 
3 -IN 
4 LVDT IN 

5 DEMODOUT 

6 SYNC 

7 GND 

8 NC 
9 NC 

10 NC 
11 RT 

12 VREF/2 

13 osc 

14 osc 

15 FEEDBACK 

16 VREF 

17 CT 

18 y+ 

September 1985 

RATING UNIT 

+20 v 
±10 v 

0 TO +70 oc 
-40 TO +85 oc 
-55 TO +125 oc 
-65 TO +150 oc 

840 mW 

Auxiliary Amplifier Output. 
Auxiliary Amplifier non-inverting input. 
Auxiliary Amplifier inverting input. 
Input to Synchronous Demodulator from the 
LVDT /RVDT secondary. 
Pulsating DC output from the Synchronous 
Demodulator output. This voltage should be 
filtered before use. 
Synchronizing input for the Synchronous 
Demodulator. This input should be connected 
to the OSC or OSC output. Sync is referenced 
to VREF/2. 
Device return. Should be connected to system 
ground or to the negative supply. 
No internal connection. 
No internal connection. 
No internal connection. 
Oscillator frequency-determining resistor. A 
temperature stable 18K-ohm resistor should be 
connected between this pin and pin 7. 
A high impedance source of one half the 
potential applied to VREF (pin 16). The 
LVDT /RVDT secondary return should be to this 
point. A bypass capacitor with low impedance 
at the oscillator frequency should also be 
connected between this pin and ground. 
Oscillator sinewave output that is 180° out of 
phase with the OSC signal at pin 14. The 
LVDT /RVDT primary is usually connected 
between OSC and OSC pins. 
Oscillator sine wave output. The LVDT/RVDT 
primaries are usually connected between OSC 
and OSC pins. 
Usually connected to the OSC (pin 14) output 
for unity gain. A resistor between this pin and 
OSC, and one between this pin and ground, can 
provide for a change in the oscillator output pin 
amplitudes. 
Reference voltage input for the oscillator and 
sine converter. This voltage MUST be stable 
and must never exceed v+ supply voltage. 
Oscillator frequency-determining capacitor. The 
capacitor connected between this pin and 
ground should be a temperature-stable type. 
Positive supply connection. 
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Linear Products Advance Information 

LVDT SIGNAL CONDITIONER SE/NE5521 

ELECTRICAL CHARACTERISTICS V+ = VAEF = 10V, TA= o to 70°C for NE5521, TA= -55 to +125°C for SE5521, 

TA= -40 to +85°C for SA5521, Frequency= 1 kHz, unless otherwise noted. 

PARAMETER CONDITIONS 
NE5521 SA/SE5521 

UNITS 
Min Typ Max Min Typ Max 

Supply current 12.9 20 12.9 18 mA 
Reference current 5.3 8 5.3 8 mA 
Reference voltage range 5 v• 5 v• v 
Power dissipation 182 280 182 260 mW 

Oscillator Section 

Oscillator Output RL=10K VREF VREF 
Vrms 8.8 8.8 

Sine wave distortion No Load 1.5 1.5 % 

Initial amplitude error TA=25°C 0.4 ±3 0.4 ±3 % 

Tempco of amplitude 0.005 O.D1 0.005 0.01 %/ oc 

lnit. accuracy of oscillator freq. TA=25°C ±0.9 ±5 ±0.9 ±5 % 

Temperature coell. of frequency 1 0.05 0.05 %/oC 

Voltage coefl. of frequency 2.5 3.3 % I V(VReF) 

Min OSC to (OSC) Load2 300 170 300 170 n 

Demodulator Section 

Linearity error 5 vp-p input ±0.05 ±0.1 ±0.05 ±0.1 %FS 

Maximum demodulator input VREF VREF Vp-p -2- -2-

Demodulator offset voltage ±1.4 ±5 ±1.4 ±5 mV 

Demodulator offset voltage drift 5 25 5 25 µVI °C 

Demodulator input current -600 -234 -500 -234 nA 

VR/2 accuracy ±0.1 ±1 ±0.1 ±1 % 

Auxlllary Output Amplifier 

Input offset voltage ±0.5 ±5 ±0.5 ±5 mV 

Input offse~ drift ±2 ±25 ±2 ±25 µVI °C 

Input bias current -600 -210 -500 -210 nA 

Input offset current 9 50 9 50 nA 

Gain 100 385 100 385 V/mV 

Slew rate 1.3 1.3 V/µSec 

Unity gain bandwidth product Av= 1 1.6 1.6 MHz 

Output voltage swing RL=10K 7 8.2 7 8.2 v 

Output short circuit current to ground 
TA= 25°C 42 100 42 100 mA 

or to Vee 

NOTES 
1. This is temperature coefficient of frequency for the device only. It is assumed that Cr and Rr are fixed Jn va1ue an~ Cr leakage is fixed over the operating temperature range. 

2. Minimum load impedance for which distortion is guaranteed to be less than 5%. 
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Linear Products Advance information 

LVDT SIGNAL CONDITIONER SE/NE5521 

EXPLANATION OF TEAMS 

01clllator Output rrt11 value of tha AC vOltaga available at the oscillator. output pin. This output ls. referenced to VREP2 and is a function of VREF· 

Sine Wave Dl1tortlon The Total Harmonic Ol1tortlori (THO) of the oscillator output with no load. Thia is not a critical specification in LVOT/RVOT 

syatam. Thia figure could be 15 ... or more without affectrng system perfor~ance. 

lnltlal Amplitude Error A measure of the Interchangeability of sEINE5521 part&, NOT a charactirlatlc of any one part. It la the degree to which the 

oscillator output of a nu·mber of SEINE5521 samPlea will vary from the median of that aample. 

lnltlal Accuracy of Olclliator Frequency Another measure of the Interchangeability of lndlvldual SE/NE5521 parts. Thia is the degree to which the oscillator frequency 

of a number of SEINE5621 samplu will vary from the median of that Nmple wtth a given timing capacitor. 

Tempco of Oeclllator Amplitude A meuurti of how the oscillator amplitude varl11 with ambient temperature as that temperature deviates from a 26°C ~rt'!blent. 

Tempco ol 01cllletor Frequency A mluure of how the oscmitor frequency varlet with ambient temperature as that temperature deviates from a 25°C ambient. 

Voltage Coelleclent of Oeclllator Frequency The degree to which the ooclllator frequency will vary 11 the reference voltage (VREFl devlatu from +10 volts. 

Linearity Error The degree to which the DC output of the demodulator/amplifier combination matctin a change In the AC signal at the 

demodulator Input. It la ri'leuured u the worst caee nonllnurlty from a straight line drawn between positive and negative full 

scale end points. 

Maximum Demodulator Input The maximum signal that can be applied to the demodulator Input without exceeding the specified llnearlty error. 

APPLICATION INFORMATION 
VReF-1.3V 

osc frequency = VReF(RT + 1.5K)CT 
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Signetics Linear Products 

Symbols and Definitions 

Acquisition Time 
The time required to acquire a new analog Input voltage with an 
output step of 10V. Note that acquisition time Is not Just the 
time required for the output to settle, but also Includes the time 
required for all Internal nodes to settle so that the output 
assumes the proper value when switched to the hold mode. 

Aperture Delay Time 
The time elapsed from the hold command to the opening of the 
switch. 

Aperture Jitter 
Also called "aperture uncertainty time", It's the time variation or 
uncertainty with which the switch opens, or the time variation In 
aperture delay. 

Aperture Time 
The delay required between "hold" command and an Input 
analog transition, so that the transition does not affect the hold 
output. 

Dynamic Sampling Error 
The error Introduced Into the held output due to a changing 
analog input at the time the hold command Is given. Error is ex­
pressed in mV with a given hold capacitor value and input slew 
rate. Note that this error term occurs even for long sample times. 

Effective Aperture Delay 
The time difference between the hold command and the time at 
which the Input signal Is at the held voltage. 

Figura Of Merit 
The ratio of the available charging current during sample mode 
to the leakage current during hold mode. 

Product Specification 

Gain Error 
The ratio of output voltage swing to Input voltage swing In the 
sample mode expressed as a percent difference. 

Hold-Mode Droop 
The output voltage change per unit of time while In hold. Com­
monly specified In V/s, µ.V/µs or other convenient units. 

Hold-Mode Feed Through 
This percentage of an Input sinusoidal signal that Is measured at 
the output of a sample-hold when It's In hold mode. 

Hold Settling Tlma 
The time required for the output to settle within 1 mV of final 
value after the "hold" logic command. 

Hold Step 
The voltage step at the output of the sample and hold when 
switching from sample mode to hold mode with a steady (de) 
analog Input voltage. Logic swing Is 5V. 

Sample-To-Hold Offset Error 
The difference In output voltage between the time the switch 
starts to open, and the time when the output has settled com­
pletely. It Is caused by charge being transferred to the hold 
capacitor switch as It opens. 

Slew Rate 
The fastest rate at which the sample & hold output can change 
(specified In V/µs). 

Threshold 
Level shall be defined as that level which causes the switch con­
trol to change state. 
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Signetlcs Linear Products 

High Performance Sample-and-Hold Amplifier 

DESCRIPTION 
The TDA1535 is a monolithic high speed, high 
performance, sample-and-hold amplHler con­
sisting of a high speed operational amplifier 
with two switchable JFET inputs and a wide 
band switchable class B output stage. The 
high accuracy makes this device suitable for 
data acquisition systems with resolution up 
to16bits. 

REFERENCE DATA 

PARAMETER 

Positive supply (pins 9, 16) 
Negative supply (pins 10, 15) 
Negative supply 2 (pin 9) 
Signal-to-noise ratio 
Distortion 

BLOCK DIAGRAM 

10 

v-

13 

14 

12 

11 

FEATURES 
• Low distortion (0.001%) 
• High slgnal-to-noiu ratio (110 dB) 
• Low droop rate (5 Vine) 
• TI'L compatible control input 

APPLICATIONS 
• Dlgltal slgnal processing 
• Digital audio 
• Data acquiaition 
•Telemetry 

LIMIT 

5 
-5 

-17 
110 

0.001 

15 16 

Y- Y+ v+ 

UNITS 

v 
v 
v 

dB 
% 

Advance Information 

TDA1535 

PIN CONFIGURATION 

GND 

2 

TOP VIEW 

ORDER NUMBER 
TDA1535 

DIGITAL 
CONTROL 

For addltional Information, consult the Appllcstlons Section. 
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Signetics 

Linear Products 

Communications 
Section 5 

Analog and Audio Procesalng 
Audio/Stereo 

SA/NE602 
SAINE604 
NE670 
TDA1029 
TDA1074A 
TDA1522 
TDA1524A 
TDA1576A 
TDA3806 
TDA3807 
TDA3810 
TEA5580 

AM Radio 
SAA1057 
TDA0820T 
TDA1072A 
TDD1742T 
TEA5550 
TEA5570 

FM Radio 
SAA1057 
TDA0820T 
TDA1001B,BT 
TDA1571 
TDA1574 
TDA1578 
TDA1598 
TDA7000 
TDA7010T 
TDA7020T 
TDD1742T 
TEA5580 
TEA5570 
TEA6000 
SA/NE802 

. SA/NE604 
FSK Modems 

Double Balanced Mixer and Osclllator .................................................. . 
Low Power FM l.F. System •••••••.••.•••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Low Voltage Dolby B/C Type Circuit •••••••••••••••••••••••••••••••••••••••.•••••••••.•• 
Stereo Audio Switch •••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••.••••.•. 
DC Controlled Dual Potentiometers •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Cassette Preamplltler ••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••.••••••• 
Stereo Audio Control ••••••••••••••••••••••••••••••••••••••••••••.••••••••••.•••••••••.••••••• 
PLL Stereo Decoder ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
TV-Stereo Sound Decoder (Zenith Format) •••••••••••••••••••••••••••••••••••••••••••• 
Second Audio Program ••••.••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Spatlal, Stereo, PseudO-Stereo Procesaor ••••••••.••.••.••••••••••••••••••••••••••••••• 
PLL Stereo Decoder •••••••••••••••••••••••••••••••••••••.•••••••••••••••.••••••••••••.•••••••• 

PLL Radio Tuning Circuit •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Balanced Modulator/Demodulator ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AM Receiver Circuit •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••• 
CMOS Frequency Syntheelzer (LOPSY) •••••••••••••••••••••••••••••••••••••••••••••••••• 
AM Radio Circuit ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AM/FM Radio Receiver Circuit ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLL Radio Tuning Circuit •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Balanced Modulator/Demodulator ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Interference Suppresaor •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
FM Mixer Stage •••••••••••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••• 
FM Front End IC •••••••••••••••••••••••••••••••••••••••••••••••••••• ~ ••••••••••••••••••••••••••• 
FM l.F. (Quadrature Detector) •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
FM l.F. Amplifier •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
FM Radio Circuit ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••• 
FM Radio Circuit (SO Package) •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
FM Radio Circuit •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CMOS Frequency Synthesizer (LOPSY) •••••••••••••••••••••••••••••••••••••••••••••••••• 
FM Radio Circuit •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AM/FM Radio Receiver Circuit •••••••••••••••••••••••••••••••••••••.•••••••••••••••.••••••• 
FM l.F. Syatem and Computer Interface (MUSTI) Circuit •••••••••••••••••••••••••• 
Double Balanced Mixer and Oaclllator ••••••••••••••••••••••••••••••••••••••••••••••••••• 
Low Power Narrow Band FM l.F •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

l/R Remote Control Transmitters and Receivers 
SAA3004 llR Transmitter ................................................................................ .. 
SAA3008 llR Tranemltter ................................................................................. . 
SAA3028 llR Receiver ..................................................................................... . 
SAF1032P Remote Control Receiver ................................................................... . 
SAF1039P Remote Control Tranemltter ............................................................... . 
TDA3047 llR Preampllfter ................................................................................ . 
TDA3048 llR Preamplifier ................................................................................ . 

Small Area Networks (12C) 
Introduction .......................................................................................................................... . 

MAB84XX Famlly Single-Chip I-Bit Mlcrocontroller ......................................................... . 
PCD8571 1K Serial RAM .................................................................................. . 
PCF8200 CMOS Male/Female Speech Synthealzer ............................................... . 
PCF8570 258 x 8 Static RAM ........................................................................... . 
PCF8573 Clock/Timer •••••••••••• , ........................................................................ . 
PCF8574 I-Bit Remote 110 Expanclor ................................................................ . 
PCF8578 Universal LCD Driver for Low Multiplex Rates ..................................... .. 
PCF8577 32/64 Segment LCD Driver for Automotive .......................................... . 
PCF8591 I-Bit AID and DIA Converter ............................................................. . 
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5-91 
5-94 

8-103 
5-110 
5-122 

5-81 
5-91 

5-135 
5-144 
5-148 
5-158 
5-167 
5-169 
5-174 
5-179 
8-103 
5-185 
5-122 
5-197 

5-3 
5-5 

5-209 
5-219 
5-232 
5-240 
5-240 
5-254 
5-260 

5-266 
5-267 
8-17 

5-286 
8-5 

5-597 
8-28 

4-101 
4-133 
4-10 



Slgnetlcs Linear Products 

Section 5 Communications 

SAA1057 
SAA1060 
SAA1061 
SAA1063 
SAA1300 
SAA3028 
SAA5240 
SAB3013 
SAB3035 
SAB3036 
SAB3037 
SAF3019P 
TDA1534 
TDA1540P, D 
TDD1742T 
TEA6000 

Speech Synthesis 
MEA8000 
OM8000 
OM8001 
OM8010/8011 
PCF8200 

Telephony 
Introduction 

PLL Radio Tuning Circuit ................................................................... . 
LED Display /Interface Circuit ••••••.•.•.••.••••••••••••••••••••••••••••••••••••••••••••••••• 
16 Segment LED Driver •••••••••••••••.•••••••••••••••••••••.•••••••••••••••••••••••••••••••• 
Fluorescent Display /Interface Circuit .••••••••••••••••••••••••••••••••••••••••••••••••••• 
Video Switch (5-0utput Switch) •••••••••••••••••••••.•••••••••••••••••••••••.•••••••••••••• 
l/R Receiver ••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••• 
Mlcroprocenor-Controlled Teletext Circuit ••••••••••••••••••••••••••••••••••••••••••••• 
Six Function Analog Memory (&·Bit D/ A Converter) •••••••••••••••••••••••••••••••• 
FLL TV Tuning Circuit (Eight D/A Converters) ••••••••••••••••••••••••.••••.••••••••• 
FLL TV Tuning Circuit (No D/ A Converters) ••••••••••••••••••••••••••••••••.••••••••• 
FLL TV Tuning Circuit (Four D/A Converters) •••••••••••••••••••••••••••••••••••••••• 
Clock/Timer with 12<: Interface •••.•••.•.•••••••••••••••••••.•••••••••••••••••••••••••••••• 
14-Blt A/D Converter-Serial Output •••••••••••••••••••••••••••••••••••••••••••••••••.•••.• 
14-Blt D/ A Converter-Serial Output ...................................................... . 
CMOS Frequency Synthesizer (LOPSY) ................................................. . 
FM IF System and Computer Interface (MUSTI) Circuit .......................... . 

Speech Synthesizer ••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••.••.••••.••••••••• 
Speech Evaluation P.C. Board •••••.••••••••••••••••••••••••••••••••••••••••••••.•.••••••••• 
Speech Demonstrator •.•.•..•.•••••••••••.••••••••••••••••••••.•••••••••••••••••••••••••.•••.• 
Speech Encoding System •.••.••••••••••••••••.••.•••••••••••.••.•••.•••••••••••••••••••.••.• 
CMOS Male/Female Speech Synthesizer .............................................. .. 

PCD3310 Pulse and DTMF Dialer with Redial .................................................... .. 
PCD3311/12 DTMF/MODEM/Muslcal·Toner Generators .............................................. . 
PCD3315 CMOS Redial and Repertory Dialer ...................................................... . 
PCD3343 CMOS Mlcrocontroller for Telephone Sets ............................................ . 
PCD3360/61 Programmable Multl·Tone Telephone Ringer ......................................... . 
PM4300/4337 Microcomputer Development System for MAB8400 ................................ . 
TEA 1042 Transmission Interface with Loudspeaking Facility ................................. . 
TEA1046 Transmission Interface with DTMF ....................................................... . 
TEA1060/61 Telephone Transmission Circuit with Dialer Interface ............................. . 
TEA1067 Low Voltage Transmlnlon IC with Dialer Interface ................................ . 
TEA1075 DTMF Generator for Telephone Dialing ............................................... .. 
TEA1080 Supply IC for Telephone Set Peripherals .............................................. . 
SA/NE602 Double-balanced Mixer and Oscillator (Cellular/Portable for Telephone) .... . 
SA/NE604 Low Power FM l.F. System ................................................................ . 
TDA7000 FM Radio Circuit ••••••••••.••.••.••••••••.••••••••••••••••••••••••••••••••••••••••••••••.••.••.• 
TDA7050T Low Voltage Mono/Stereo Power Ampllfler (for Cordlen Telephone) ..... .. 

Televlslon (For Television IC's see Video Section) 
Vldeotex/Teletext 
Explanation of Terms .•.••••..•••••••••••••.•.•••••••••••••.•.•.••.••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••.••.• 

SAA5025D Teletext Timing Chain for USA 525 Line System .................................. .. 
SAA5030 Teletext Video Processor .•••••••••••••.•••••••••••••••••••.••••••••••••••••••••••••••••••••• 
SAA5040 Teletext Acquisition and Control Circuit ............................................... . 
SAA5045 Gearing and Address Logic Array for USA Teletext (GALA) ................... . 
SAA5050/55 Teletext Character Generator ••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••• 
SAA5070 Microcomputer/Microprocessor Peripheral for Vlewdata (LUCY) .............. .. 
SAA5230 Teletext Video Processor ................................................................... . 
SAA5240 European Computer Controlled Teletext Circuit (EURO CCT) .................. . 
SAA5350 Single-chip Color CRT Controller (EUROM) .••••••••••••••••••••••••••.•••••••.••.••.•• 

Timers 
PCF8573 Clock/Calendar ••••••••••••••••.•••••••••.•.••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SAF3019P Clock/Timer .••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••.•. 

Compact Disc - Digital Audio 
SAA7000 Compact Disc Circuit •••••.•••••••.•.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SAA7010 Demodulator for Compact Disc ........................................................... . 
SAA7020 Error Corrector for Compact Disc •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SAA7030 Fiiter Circuit for Compact Disc ........................................................... . 

Music Synthesis 
SAA1099 
UAA2183 
PCD3311/3312 
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Microprocessor Controlled Stereo Sound Generator .............................. . 
Sound Generator IC for Organs •••••••••••••••••••••••••••••••••••••••••••••••••••••.••••• 
DTMF/MODEM/Muslcal Tone Generator .•••••••••••••••••••••••••••••••••••.••••••••.••• 
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5-391 
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5-567 
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Double Balanced Mixer and Oscillator 

DESCRIPTION APPLICATIONS 
The SA/ NE602 is a monolithic Double • HF and VHF frequency conversion 
Balanced Mixer with on-board oscillator and • Cellular radio mixer/oscillator 
voltage regulator. The oscillator can be used 
as a buffer for external injection. The design 
is optimized for frequency conversion applica­
tions up to 200MHz and has excellent noise 
and 3rd order intermodulation performance. 
The SA/NE602 is available in a 8 lead dual in 
line plastic package and 8 lead SO (Surface 
mounted miniature package). 

FEATURES 
• Low current consumption: 2.4mA 
typical 

• High input and oscillator frequency 
operation up to 200MHz 

• High third order intercept point: - 15 
dBm referred to matched input 

• Excellent noise figure: 5.0dB typical 
at 45 MHz 

• Low external count; suitable for 
crystal/ceramic filters 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Maximum operating voltage 

Storage temperature 

Operating temperature 
NE602 
SA602 

BLOCK DIAGRAM 

• Communication receivers 
• Instrumentation frequency converters 
• VHF walkie talkie 

RATING UNIT 

9 v 
-65 to +150 'C 

0 to + 70 'C 
-40 to +85 'C 

5-3 

Preliminary 

SA/NE602 

PIN CONFIGURATION 

D, N PACKAGES 

INPUTA08 Vee 

INPUT B 2 7 OSCILLATOR 

GROUND 3 6 OSCILLATOR 

OUTPUT A 4 5 OUTPUT B 

TOP VIEW 

ORDER PART NUMBERS 

NE602N SA602N 
NE6020 SA6020 

5 

September 1985 



Signetics Linear Products 

Double Balanced Mixer and Oscillator 

DC ELECTRICAL CHARACTERISTICS: TA= 25°C. Vee= 6V. 

SA/NE602 
SYMBOL AND PARAMETER UNIT 

Min Typ Max 

Power supply voltage range 4.5 - 8.0 v 
D.C. current drain - 2.4 2.7 mA 

Input signal frequency - - 200 MHz 

Oscillator frequency - - 200 MHz 

Noise figure @ 45MHz - 5.0 6 dB 

Third order intercept point - -15 -17 dBm 

Mixer input resistance 1.5 - - kf! 

Mixer input capacitance - 3 3.5 pF 

Mixer output resistance' - 2 x 1.5 - k!l 

NOTE: 

1. Each output pin is internally connected to Vee through a 1.5 (nominal) kn resistor 

CIRCUIT DESCRIPTION 
The NE602 utilizes an active double balanced 
mixer. The RF input port (pins 1 and 2) can be 
used in either a symmetrical or an asym­
metrical configuration. The RF input port has 
a resistance of 1.5Kf! shunted by 3.0pF. In 
order to be used as an asymmetrical configura­
tion, one of the two input pins (1 or 2) must be 
bypassed to ground with a capacitor. The RF 

TYPICAL APPLICATION 

Vee 

0.5 to 1.3,H 

47pF 

INPUT~o.209 to 0.283.H 

220pF 

100nF 

September 1985 

input port does not need any external bias and 
should not be DC grounded. An external DC 
path between pins 1 and 2 is allowed. 

The local oscillator is an emmitter-follower cir­
cuit and is capable of many types of oscillator 
configurations. Pin 6 (oscillator base) and pin 
7 (oscillator emitter) do not need any external 
bias circuitry, but only pin 6 may have a DC 

NE602 

Ob 
34.2MHz THIRD OVERTONE CRYSTAL 

1.5 to 
4.2µ.H 

5-4 

150pF 

Preliminary 

SA/NE602 

path to Vee· Pin 6 can be used for external 
oscillator or for frequency synthesizer injection. 

The NE602 output pins can be used in a single­
ended or push-pull configuration. There are in­
ternal 1.5K!l resistors connected to V cc for 
each output pin (4 and 5); therefore no exter­
nal bias is needed. Pins 4 and/or 5 may have 
a DC path to Vee· 
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Low Power FM l.F. System 

DESCRIPTION 
The SA/NE604 is a monolithic low power FM 
IF system incorporating two limiting inter­
mediate trequency amplifiers, quadrature 
detector, muting, logarithmic signal strength 
indicator, and voltage regulator. The 
SA/NE604 is available in a 16 lead dual-in-line 
plastic package and 16 lead SO (surface 
mounted miniature package). 

FEATURES 
• Low power consumption: 2.3mA typical 
• Logarithmic Received Signal Strength 

Indicator (RSSI) with a dynamic range in 
excess of 90dB 

• Separate data output 
• Audio output with muting 
• Low external count; suitable for 

crystal/ceramic filters 
• Excellent sensitivity: 1.5~V across input 

pins (0.27 ~V into SO!l matching network) 
for 12dB SINAD (Signal to Noise and 
Distortion ratio) at 455kHz 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Maximum operating voltage 

Storage temperature 

Operating temperature 

NE604 
SA604 

BLOCK DIAGRAM 

APPLICATIONS 
• Cellular Radio FM IF 
• Communications receivers 
• Intermediate frequency amplification and 

detection up to 10.7MHz 
• RF level meter 
• Spectrum analyzer 

RATING UNIT 

9 v 
-65 to + 150 oc 

Oto +70 oc 
-40 to +85 oc 

5-5 

Preliminary 

SA/NE604 

PIN CONFIGURATION 

N, D PACKAGE 

IF AMP 
DECOUPLING 

OAT A OUTPUT 7 

QUADRATURE 
INPUT 8 

TOP VIEW 

IF AMP INPUT 

IF AMP 
DECOUPLING 

IF AMP 
OUTPUT 

GND 

LIMITER 
INPUT 

LIMITER 
DECOUPLING 

LIMITER 
DECOUPLING 

9 LIMITER 
OUTPUT 

ORDER NUMBERS 

NE604N. NE604D 
SA604N. SA604D 

September 1985 
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Low Power FM l.F. System 

ELECTRICAL CHARACTERISTICS TA=25°C, Vee= +6volts, unless 
otherwise stated. 

SA/NE604 
SYMBOL AND PARAMETER 

Min Typ Max 

Power supply voltage range 4.5 8.0 

D.C. current drain 2.3 2.7 

l.F. frequency 10.7 

RSSI range TBD 90 

RSSI accuracy ± 1.5 

l.F. input impedance 1.5 

l.F. output impedance 1.0 

Limiter input impedance 1.5 

Quadrature detector data output impedance 50 

Muted audio out impedance 50 

Mute - switch input threshold (on) 1.7 
(off) 1.0 

TYPICAi- APPLICATION 

September 1985 5-6 

UNITS 

v 
mA 

MHz 

dB 

dB 

k{! 

k!l 

k!l 

k!l 

k{! 

v 
v 

Preliminary 

SA/NE604 

CIRCUIT DESCRIPTION 
The SA/NE604's IF amplifier has a gain of 
30dB, bandwidth of 1 SMHz, with an input 
impedance of 1.SK!l and an output impedance 
of 1.0K!!. The limiter has a gain of 60dB, 
bandwidth of 1 SMHz. and an input impedance 
of 1.SK!!. An interstage filter between the IF 
Amplifier and Limiter is recommended to 
reduce wideband noise. The quadrature 
detector input (pin 8) impedance is 40K!!. 

The data (unmuted output) and audio (muted 
output) both have SOK!! output impedance and 
their detected signals are 180 degrees out of 
phase with each other. The mute input (pin 3) 
has a very high impedance and is compatible 
with three and five volt CMOS and TTL levels. 
Little or no DC level shift occurs after muting 
when the quadrature detector is adjusted to the 
IF center frequency. Muting will attenuate the 
audio signal by more than 60dB and no voltage 
spikes will be generated by muting. 

The logarithmic signal strength indicator is a 
current source output with maximum source 
current of 50 microamps. The signal strength 
indicator's transfer function is approximately 
10 microamp per 20dB and is independent of 
IF frequency. The interstage filter must have 
a 6dB insertion loss to optimize slope linearity. 

Pins 1, 16, 15, 14, 12, 11, 10, 9, and 8 do not 
need external bias and should not have a 
DC path. 

kHz IF 

0.1p.FJ 
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Low Voltage Dolby BI C Type IC 

DESCRIPTION 

The NE670 is a monolithic IC intended 
for use in low voltage Dolby* B & C type 
noise reduction applications. This IC 
design features both record and play­
back mode with all internal electronic 
switching. 

FEATURES 

• B and C type noise reduction 
• Low voltage operation 1.8-8V 
• Playback and record modes 
• OdB (Dolby level) = 100mV 
• Record Input sensitivity somv 
• Playback sensitivity 20mV 
• All electronic switching 

APPLICATION 

• Portable tape recorders/players 

•Available only to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licens­
ing and application information must be obtained. 
Dolby Is a registered trademark of Dolby Laboratories Licensing Corporation, San Francisco, California. 

5-7 

Product Specification 

PIN CONFIGURATION 

DPACKAGE 

TOP VIEW 
Order Numbers 

NE670D 

Pin Function 

1. Test point 
2. Internal switch 

NE670 

3. High-level stage side chain input 
4. High-level stage high pass 
5. High-level stage 0-amp output 
6. High-level stage rectifier input 
7. High-level stage attack 
8. High-level stage decay 
9. Internal switch 

10. High-level stage output 
11. Low-level side chain input 
12. Low-level stage high pass 
13. Low-level stage D-amp output 
14. Low-level stage rectifier input 
15. Low-level stage attack 
16. Low-level stage decay 
17. Record output 
18. Vee 
19. VREF 
20. Anti-saturation network capacitor 
21. Mode switch 
22. Playback record switch 
23. Play input 
24. Ground 
25. Record input 
26. Compensation capacitor 
27. Line output 
28. Spectral skewing network 

September 1985 
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Low Voltage Dolby B/ C Type IC NE670 

BLOCK DIAGRAM 

28 

September 1985 5-8 
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Low Voltage Dolby BI C Type IC 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL & PARAMETER RATING UNIT 

Vee Supply Voltage 8 v 
Temperature Range 

TA Operating Oto + 70 •c 
TsTG Storage -65to +150 •c 

ELECTRICAL CHARACTERISTICS Standard Conditions: V cc= av, TA= 25°C. 
All levels referenced to OdB = 100mV at test point (TP). 

SPECIFICATION 

Voltage range Vee 

Min functional V cc 

Distortion 
THO; 2nd and 3rd Harmonics 

Signal-to-Noise Ratio 

Supply current, Ice 

Signal handling 

Input resistance 

Frequency response 
(Referenced to test point) 

Switching thresholds 

Pre-Amp gain 

NOTE: 
R = record mode 
P=play mode 

B/C NR MODE 

Off R 

Off R 

B Off R 

B On R 

c On R 

Off R 
B 

On R 

c On R 

Off R 
c 

On R 

c On R 

c On R 

B On R 

B On R 

B On R 

B On R 

c On R 

c On R 

c On R 

c On R 

Off 
B t---

!---
c 

f---
p 

R 

R 
B Off 

p 

CONDITIONS 
Min 

1.6 

THD1% 

OdB, f= 1kHz 

CCIR (DOLBY) 

Rs= 10Kohms 

OdB, f= 1kHz 

1% THO, Vee= 1.8V 12 

Vee= av 
Pin 23 35 

f = 10kHz,OdB -1.6 

1kHz, -20dB -17.8 

5kHz, -30dB -23.8 

5kHz, -40dB -31.7 

10kHz, OdB -5.5 

1kHz, -20dB -16.1 

5kHz, -40dB -28.5 

200Hz, -40B -33.9 

0 

0.95Vcc 

0 

0.7Vce 

5-9 

Product Specification 

NE670 

LIMITS 
UNIT 

Typ Max 

3 8 v 
1.5 v 5 

0.02 % 

0.05 0.1 % 

0.1 % 

78 dB 

74 dB 

66 dB 

7 mA 

9 mA 

dB 

14 dB 

50 65 K 

0.4 2.4 dB 

-15.8 -13.8 dB 

-21.8 -19.8 dB 

-29.7 -27.7 dB 

-3.5 -1.5 dB 

-14.1 -12.1 dB 

-26.5 -24.5 dB 

-31.9 -29.9 dB 

GND 0.1Vcc v 
Open v 
Vee Vee v 
GND 0.2 v 
Vee Vee v 

6 dB 

14 dB 

September 1985 
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Low Voltage Dolby B/ C Type IC NE670 

LINE OUT REC IN PLAY IN REC OUT 

5.&K 

12K 

Figure 1. Test Circuit 
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Stereo Audio Switch TDA1029 

The TOA 1029 is a dual operational amplifier (connected as an impedance converter) each amplifier 
having 4 mutually switchable inputs which are protected by clamping diodes. The input currents are 
independent of switch position and the outputs are short-circuit protected. 

The device is intended as an electronic two-channel signal-source switch in a.f. amplifiers. 

QUICK REFERENCE DATA 

Supply voltage range (pin 14) Vp 6 to 23 V 

Operating ambient temperature Tamb -30 to+ 80 oc 

Supply voltage (pin 14) Vp typ. 20 v 
Current consumption 114 typ. 3,5 mA 

Maximum input signal handling (r.m.s. value) Vi(rms) typ. 6 v 
Voltage gain Gv typ. 

Total harmonic distortion dtot typ. 0,01 % 

Crosstalk a typ. 70 dB 

Signal-to-noise ratio S/N typ. 120 dB 

PACKAGE OUTLINE 

16-lead DI L; plastic (SOT-38). 

5-11 September 1985 
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Stereo Audio Switch 

Rs= 47 k.11 (Bxl 

Rbias=470k.11 (Bx) 

signal inputs Il-4 

8 

signal 9 
output 

JI 

Il-3 

7 

SWITCH JI 

BIAS 
VOLTAGE 

RL -4,7kn n CL• 100pF 

I 

September 1985 

Il-2 

6 

10 

Il-1 

5 

l-4 

4 

I-3 

3 

··~~--~~-.1--------

11 

SWITCH 
CONTROL 

SWITCH I 

CIRCUIT 
SUPPLY 

VOLTAGE 

12 13 14 

4 3 2 1 
0-

Fig. 1 Block diagram. 

5-12 

I-2 

2 

signal 
output 

I 

15 

Product Specification 

TDA1029 

+ 

I 1i~ 
(15V) 

I-1 

7Z76181.1 
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Stereo Audio Switch TDA1029 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 14) Vp max. 23 V 

Input voltage (pins 1 to 8) 

Switch control voltage (pins 11, 12 and 13) 

Input current 

Switch control current 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

CHARACTERISTICS 

Vp = 20 V; T amb = 25 °c; unless otherwise specified 

Current consumption 
without load; lg= 115 = 0 

Supply voltage range (pin 14) 

Signal inputs 

Input offset voltage 
of switched-on inputs 
Rs.;;; 1 kn 

Input offset current 
of switched-on inputs 

Input offset current 
of a switched-on input with respect to a 
non-switched-on input of a channel 

Input bias current 
independent of switch position 

Capacitance between adjacent inputs 

D.C. input voltage range 

Supply voltage rejection ratio; Rs.;;; 10 kn 

Equivalent input noise voltage 
Rs= O; f = 20 Hz to 20 kHz (r.m.s. value) 

Equivalent input noise current 
f = 20 Hz to 20 kHz (r.m.s. value) 

Crosstalk between a switched-on input 
and a non-switched-on input; 
measured at the output at Rs= 1 kn; f = 1 kHz 

5-13 

V1 
-V1 

Vs 

± 11 

-Is 

Ptot 

Tstg 

Tamb 

114 

Vp 

Vio 

lio 

lio 

Ii 

c 

V1 

SVRR 

Vn(rms) 

ln(rms) 

max. Vp 
max. 0,5 V 

0 to 23 V 

max. 20 mA 

max. 50 mA 

max. 800 mW 

-55 to+ 150 oc 

-30 to + 80 oc 

typ. 

typ. 
< 

typ. 
<' 

typ. 
< 
typ. 
< 
typ. 

typ. 

typ. 

typ. 

typ. 

3,5 mA 
2 to 5 mA 

6 to 23 V 

2 mV 
10 mV 

20 nA 
200 nA 

20 nA 
200 nA 

250 nA 
950 nA 

0,5 pF 

3 to 19 V 

100 µVIV 

3,5 µV 

0,05 nA 

100 dB 
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Stereo Audio Switch 

CHARACTERISTICS (continued) 

Signal amplifier 

Voltage gain of a switched-on input 
at lg= I 15 = O; R L =co 

Current gain of a switched-on amplifier 

Signal outputs 

Output resistance (pins 9 and 15) 

Output current ca1>ability at Vp = 6 to 23 V 

Frequency limit of the output voltage 
Vi(p-p) = 1 V; Rs= 1 kn; RL = 10 Mn; CL= 10 pF 

Slew rate (unity gain); AVg.15/At; AV15.15/At 
RL = 10 Mn; CL= 10 pF 

Bias voltage 

D.C. output voltage 

Output resistance 

Switch control 

switched-on interconnected 
inputs pins V11.16 

1-1, 11-1 1-15, 5-9 H 
1-2, 11-2 2-15, 6-9 H 
1-3, 11-3 3-15, 7-9 H 
1-4, 11-4 4-15, 8-9 L 

1-4, ll-4 4-15, 8-9 L 
1-4, ll-4 4-15, 8-9 L 
1-4, ll-4 4-15, 8-9 L 
1-3, ll-3 3-15, 7-9 H 

Product Specification 

TDA1029 

Gv typ. 

Gi typ. 105 

Ro typ. 400 n 

±19;±115 typ. 5 mA 

typ. 1,3 MHz 

s typ. 2 V/µs 

V1Q-16 
typ. 11 v * 
10,2to11,8 V 

R1Q-16 typ. 8,2 kn 

control voltages 

V12-16 V13-16 

H H 
H L 
L H 
H H 

L H 
H L 
L L 
L L 

In the case of offset control, an internal blocking circuit of the switch control ensures that not more 
than one input will be switched on at a time. In that case safe switching-through is obtained at 
'-VSL ~ 1,5 V. 

Control inputs (pins 11, 12 and 13) 

Required voltage 
HIGH VsH > 3,3 v ** 
LOW VsL < 2,1 v 

Input current 
HIGH (leakage current) lsH < 1 µA 
LOW (control current) -ISL < 250 µA 

* V10.1s is typically 0,5·V14-16 + 1,5·Vee· 
** Or control inputs open (R11,12,13-16>33 Mn). 
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Stereo Audio Switch TDA1029 

APPLICATION INFORMATION 

Vp = 20 V; T amb = 25 °c; measured in Fig. 1; Rs= 47 kn; Ci = 0, 1 µF; Rbias = 470 kn; R L = 4,7 kn; 
CL= 100 pF (unless otherwise specified) 

Voltage gain Gv typ. -1,5 dB 

Output voltage variation when switching 
AV9_15; } typ. 10 mV the inputs 
AV15-16 < 100 mV 

Total harmonic distortion 
over most of signal range (see Fig. 4) dtot typ. 0,01 % 
Vi= 5 V; f = 1 kHz dtot typ. 0,02 % 
Vi= 5 V; f = 20 Hz to 20 kHz dtot typ. 0,03 % 

Output signal handling > 5,0 v 
dtot = 0, 1 %; f = 1 kHz (r.m.s. value) Vo(rms) typ. 5,3 v 

Noise output voltage (unweighted) 
f = 20 Hz to 20 kHz (r.m.s. value) Vn(rms) typ. 5 µV 

Noise output voltage (weighted) 
f = 20 Hz to 20 kHz (in accordance with DIN 45405) Vn typ. 12 µV 

Amplitude response 
AV9_15; l Vi= 5 V; f = 20 Hz to 20 kHz; Ci= 0,22 µF 
AV15-16 J 

< 0,1 dB* 

Crosstalk between a switched-on input 
and a non-switched-on input; 
measured at the output at f = 1 kHz Cl. typ. 75 dB** 

Crosstalk between switched-on inputs 
and the outputs of the other channels Cl. typ. 90 dB** 

* The lower cut-off frequency depends on values of Rbias and Ci. 
** Depends on external circuitry and Rs. The value will be fixed mostly by capacitive crosstalk of the 

external components. 

5-15 September 1985 

5 



Signetlcs Linear Products 

Stereo Audio Switch 

ln/Vf 

(pA/VHZI 

10 

Vn/Vf 

f'-.. 
~ 

Product Specification 

TDA1029 

7Z76947 1 

:s 

f (Hz) 

Fig. 2 Equivalent input noise current. 

7Z75945 1 

(nV/VHZI t--~+--t--t-t-t-t-tt1r-~r-+-t-t-+++++~--+~t--t---+-+-Ht-t+-~-+---t-+-t-1-++tt 

10 ...._~...__._ ....................... ..._~ ............... --........................ ~--_.,_._ ..................... ~ ....... __._.,...._ ........... 
10 

f (Hz) 
Fig. 3 Equivalent input noise voltage. 

September 1985 5-16 



Signetics Linear Products 

Stereo Audio Switch 

7275944 

0,8 

0,6 

t-+-+-t-t--+-+--+--++-+-t-t--+- Z L = 1 Mn // 1 0 0 p F ~ 

II IIII h 
0, 4 t-+-+-t-+-+-+-+-+-+-+-t-+-+ Z L = 4 .7 kn // 10 0 p F '-"-+-+-*-+"-<ftH 

J:::j I 

I I 

0,2 1-+-+-+-1-+-+-1-+-+--l-+-+-t-+--+-+-+-+-+-+-+-+-+-+-+--Ht-+-tH 

0 L...J......1-..L...J~::i::11-1:::r....:~~~1-:;;;i_;~~~~·~;;.J..1~~~~~·+-_L...J..11-1l_~~L...J..+-~11L...J..-~r--1......1.....L...J......1-.1......1...J 

0 2 4 
Vo (rms) (V) 

6 

Fig. 4 Total harmonic distortion as a function of r.m.s. output voltage. 
- f = 1 kHz; -- - - - f = 20 kHz. 
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Stereo Audio Switch 

30 

ve;15-1& 

(VI 

20 

10 
Iii" 

Ill 
~ 

ll: 
~ 

~ .... 

7Z72937 

f • 1 kHz 
dtot. 1% 

RL = oo 

max H 
~ 

~ 
Ii"'] 

~ 
~ 

Iii": 

~ 
~ 

Iii" 
~ 

r.~s. 

l.l. ...., _l l.l. 

'""' mi'j_-IA"'] 

_l l.l. 
_l l.l. 
:III 

15 Vp (V) 25 

Fig. 5 Output voltage as a fµnction of supply voltage. 

Product Specification 

TDA1029 

to2.--~_,.~...,........,......,....T""T'..,..,....-~--.~...,_....,......,....,........,.....,....~---,.--....,.._,.....,..~7Z~7~59~46~ 

Vn (rms) 
(µV) 

~I-I" 
. .r-1-1 

~· 
1--~_..~ __ _._ ............................ ~--~--....... --...................... ~~--....... _.. ..................... ~ 

1 10 102 Ri (kn) 103 

Fig. 6 Noise output voltage as a function of input resistance; Gv • 1; f • 20 Hz to 20 kHz. 
-Vn (output);- - -Vn (R5). 
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Stereo Audio Switch 

APPLICATION NOTES 

Input protection circuit and indication 

~---Vp 

11max 

+ 0-....... ----1 

(.;;;23V) 

TDA1029 

SWITCH 
CONTROL 

7Z75943.1 

Fig. 7 Circuit diagram showing input protection and indication. 

Unused signal inputs 

Product Specification 

TDA1029 

Any unused inputs must be connected to a d.c. (bias) voltage, which is within the d.c. input voltage 
range; e.g. unused inputs can be connected directly to pin 10. 

Circuits with standby operation 

The control inputs (pins 11, 12 and 13) are high-ohmic at VsH.;;; 20 V (ISH.;;; 1 µA), as well as, when 
the supply voltage (pin 14) is switched off. 
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Stereo Audio Switch 

+20V d.c. ------------------------~ 

' PREAMPLIFIER 
(with RIAA equalization) 

+ 
100µFl 

10 

3 

4 

8 

2 

6 

14 

TDA1029 

16 

Product Specification 

TDA1029 

pin connected to 0 V 
11 or LOW level: 

} 
none = radio 

12 13 =pick-up 
12=tape1 

13 11 =tape2 

15 L 
L 

OUTPUT 

9 R R 

0,1 0,1 
µF µF 

1 M!1 

~ 7Z84050.1A 

Fig. 8 TOA 1029 connected as a four input stereo source selector. 
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Stereo Audio Switch 

RADIO 

inputL t 
input R ~---------11----~--t 

820 
kll 

820 
kll 

TAPE 1 

4 

PICK-UP 

3 

(4xl (4xl 
5,6kll 39pF 

' PREAMPLIFIER 
(with RIAA equalization) 

3 

4 

8 

2 

6 

14 

TOA1029 

16 

Product Specification 

pin connected to ilv 
11 or LOW level: 

12 } ~g':';:~':, 
12•tlpe1 

13 11•tope2 

15 

9 R 

TDA1029 

.---------ir-----------' 

(Bx) 
0,22µF 

Fig. 9 TOA 1029 and TOA 1028 connected as a 
five input stereo source selector with monitor-

OV or LOW • AUX. on 

9 

ing facilities. ov or LOW• monitor on 
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Stereo Audio Switch TDA1029 

120kn (Bx) 

left 

15 left 

I 
output 

I 
I 

4 I 
I 
I 

TDA1029 I 
I 
I 
I 

1 I 

2 --i 9 right 
3 Sn output 

4 Vp 
(+20V) 

L------, 

6,8 6,8 10 BIAS SWITCH kn kn 

+ 100µF 
VOLTAGE CONTROL 

I(15V) 
11 12 13 

rumble subsonic 
filter filter 1 ZB41 B5 

Fig. 10 TOA 1029 connected as a third-order active high-pass filter with Butterworth response and 
component values chosen according to the method proposed by Fjallbrant. It is a four-function 
circuit which can select mute, rumble filter, subsonic filter and linear response. 

Switch control 

function V11-16 V12-16 V13-16 

linear H H H 
subsonic filter 'on' H H L 
rumble filter 'on' H L x 
mute 'on' L x x 
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Stereo Audio Switch 

Gv 

(dB) 

Product Specification 

TDA1029 

7Z84183 

-101----+--+--+--+-+-+-+++-z~1_,__-t--1--+-H~-..+-+-++---1---+--+-+--t-1-t-H 
1 

1 
L 

-20 1-----+--+--+-+-+-+-+--1A-----+--+--._L_'4-+-l-+-++-l-----+--+--+-+-+-+-+H 

1----1----+- subsonic.-+-11 H---+----++7 rumble +-+-++----+--+---+--+-+-+++-1 
1----1----+- filter IL filter ~f-+-1-+----+--+--+--4-+-+-+-1~ 

-301-----+--+--+--+-~ILJ-+-+-++---+--z~L.._-+---+--+-+-+-++---~-+--+-+--+-__,H 
1 _L_ 

I 

7 
-so~~~~__.~...._. ........ _._ ...... ...._~__..~_.___.. ....... _._.._. ....... ~~__.~_.___._.__._ .............. 

1 10 f (Hz) 

Fig. 11 Frequency response curves for the circuit of Fig. 10. 
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DC Controlled Dual Potentiometers TDA1074A 

GENERAL DESCRIPTION 

The TOA 1074A is a monolithic integrated circuit designed for use as volume and tone control circuit 
in stereo amplifiers. This dual tandem potentiometer IC consists of two ganged pairs of electronic 
potentiometers with the eight inputs connected via impedance converters, and the four outputs driving 
individual operational amplifiers. The setting of each electronic potentiometer pair is controlled by an 
individual d.c. control voltage. The potentiometers operate by current division between the arms of 
cross-coupled long-tailed pairs. The current division factor is determined by the level and polarity of 
the d.c. control voltage with respect to an externally available reference level of half the supply voltage. 
Since the electronic potentiometers are adjusted by a d.c. control voltage, each pair can be controlled 
by single linear potentiometers which can be located in any position dictated by the equipment styling. 
Since the input and feedback impedances around the operational amplifier gain blocks are external, the 
TDA 1074A can performs bass/treble and volume/loudness control. It also can be used as a low-level 
fader to control the sound distribution between the front and rear loudspeakers in car radio installations. 

Features 

• High impedance inputs to both 'en.ds' of each electronic potentiometer 
• Ganged potentiometers track within 0.5 dB 
• Electronic rejection of supply ripple 
• Internally generated reference level available externally so that the control voltage can be made to 

swing positively and negatively around a well-defined 0 V level 
• The operational amplifiers have push-pull outputs for wide voltage swing and low current consumption 
• The operational amplifier outputs are current limited to provide output short-circuit protection 
• Although designed to operate from a 20 V supply (giving a maximum input and output signal level 

of 6 V), the TDA 107 4A can work from a supply as low as 7 .5 V with reduced input and output 
signal levels 

QUICK REFERENCE DATA 

Supply voltage (pin 11) 

Supply current (pin 11) 

Input signal voltage (r.m.s. value) 

Output signal voltage (r.m.s. value) 

Total harmonic distortion 

Output noise voltage (r.m.s. value) 

Control range 

Cross-talk attenuation ( L/R) 

Ripple rejection ( 100 Hz) 

Tracking of ganged potentiometers 

Supply voltage range 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead OIL; plastic (SOT-102CS). 
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Vp 

Ip 

Vi(rms) 

Vo(rms) 
THO 

Vno(rms) 
~a 

act 

a100 

~Gv 

Vp 

Tamb 

typ. 20 v 
typ. 22 mA 

max. 6 v 
max. 6 v 
typ. 0.05 % 

typ. 50 µV 

typ. 110 dB 

typ. 80 dB 

typ. 46 dB 

typ. 0.5 dB 

7.5 to 23 V 

-30 to+ 80 oc 
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DC Controlled Dual Potentiometers TDA1074A 

± 1c1 ± 1c2 

10~ 
1K 

1 K v• = 20 v ~100µF 
Vcl Vc2 

-= + 1 
(25VI 

9 18 11 10 

+ + 

v,.1 8 
C; 

Zl v•/2 = Vref Z1 
C; 

V; 1A -+-j + 4 + f--+- V; 2A 
(RGI (RGI 

Z2 Z2 

co co 
V0 1A+-l + + 1--+ V0 2A 
IRLI (RLI 

Z3 Z4 Z4 Z3 

3 

C; 
Z1 Z1 

C; 
V; 16 -+--I + 14 15 + I--+- V; 26 
(RGI (RGI 

Z2 Z2 

Ca Ca 
V; 16 +-I + 12 17 + 1--+ V0 26 
(RLI I RLI 

Z3 Z4 Z4 Z3 

13 16 

TDA1074A 
7Z87196 

Fig. 1 Block diagram and basic external components; lc1 (at pin 9) and lc2 (at pin 10) are control in­
put currents;Vc1 (at pin 9) and Vc2 (at pin 10) are control input voltages with respect to Vref = Vp/2 
at pin 8; Z1 = Z2 = Z3 = Z4 = 22 kU; the input generator resistance RG = 60 U; the output load 
resistance R L = 4.7 kU; the coupling capacitors at the inputs and outputs are Ci = 2,2 µF and C0 = 10 µF 
respectively. 
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DC Controlled Dual Potentiometers TDA1074A 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 11) Vp max. 

Control voltages (pins 9 and 10) ± Vc1; ± Vc2 max. 

23 v 
1 v 

Input voltage ranges (with respect to pin 18) 
at pins 3, 4, 5, 6, 13, 14, 15, 16 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From crystal to ambient 

REMARK 

Vi 

Ptot 

Tstg 

Tamb 

Rth er-a 

Oto Vp V 

max. 800 mW 

-55 to+ 150 oc 

-30 to+ 80 oc 

80 K/W 

The difference between the TOA 1074 and its successor the TOA 1074A is shown in Fig. 2 as the 
different component configuration at pin 8. 

September 1985 

TDA1074 TDA1074A 

8 8 

15K 
33 

+ :J. 47 µF 
I-

100nF 

7Z87192 

Fig. 2 Component configuration at pin 8 showing the 
difference between the TOA1074 and the TOA1074A. 
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DC Controlled Dual Potentiometers 

APPLICATION INFORMATION 

Treble and bass control circuit 

Product Specification 

TDA1074A 

Vp = 20 V; Tamb = 25 oc; measured in Fig. 3; RG = 60 SJ; RL > 4.7 kn; CL< 30 pF; f = 1 kHz; with 
a linear frequency response (V c1 = V c2 = 0 V); unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply current (without load) Ip 14 22 30 mA 

Frequency response (-1 dB) 
Vc1=Vc2=0 V f 10 - 20000 Hz 

Voltage gain at linear frequency 
response (V c1 = V c2 = 0 V) G * v - 0 - dB 

Gain variation at f = 1 kHz 
at maximum bass/treble boost or 
cutat±Vc1 =±Vc2=120mV AGv* - ± 1 - dB 

Bass boost at 40 Hz (ref. 1 kHz) 
Vc2 = 120 mV - 17 .5 - dB 

Bass cut at 40 Hz (ref. 1 kHz) 
-Vc2=120 mV - 17 .5 - dB 

Treble boost at 16 kHz (ref. 1 kHz) 
Vc1 = 120 mV - 16 - dB 

Treble cut at 16 kHz (ref. 1 kHz) 
-Vc1=120 mV - 16 - dB 

Total harmonic distortion 
at V0 (rms) = 300 mV 
f = 1 kHz (measured selectively) THD - 0.002 - % 

f = 20 Hz to 20 kHz THD - 0.005 - % 

at Vo(rms) = 5 V 
f = 1 kHz THD - O.Q15 0.1 % 

f = 20 Hz to 20 kHz THD - 0.05 0.1 % 

Signal level at THD = 0.7% 
(input and output) Vi;o(rms) 5.5 6.2 - v 

Power bandwidth at reference 
level Vo(rms) = 5 V (-3 dB); 
THD = 0.1% B - 40 - kHz 

Output noise voltages 
signal plus noise (r.m.s. value); 
f = 20 Hz to 20 kHz Vno(rms) - 75 - µV 

noise (peak value); weighted to 
DIN 45405; CCITT filter Vno(m) - 160 230 µV 
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DC Controlled Dual Potentiometers TDA1074A 

Treble and bass control circuit 

parameter 

Cross-talk attenuation (stereo) 
f = 1 kHz 

f = 20 Hz to 20 kHz 

Control voltage cross-talk to 
the outputs at f = 1 kHz; 
Vc1(rms) = Vc2(rms) = 1 mV 

Ripple rejection at f = 100 Hz; 
Vp(rms) < 200 mV 

Vp 1+20V) 

100nF 

470K 
lin. 

47µF 
14VI 

symbol min. typ. max. unit 

O!ct - 86 - dB 

O!ct - BO - dB 

--<Xct - 20 - dB 

0!100 - 46 - dB 

68 K 68 K 

1 K 1 K 

t .-1----f--------t--i 

IA 
18 
2A 
28 

Vi 1A 

(RGI 
+ .........., 

L 2.2 
µF 

inpub 

2.2 
R µF 

........., + 

vi 1e 
(RGI 

September 1985 

treble (left) 
treble ( right) 
bass (left) 
baS! (right) 

39 39 
K 39 K K 

39 K 

1.8 nF 

39 39 
K K 

39 K 

1.8 nF 

~ 18 11 

n 100µF 
14VI 

+ l25VI 
1 10 

v+12 = Vref 

TDA1074A 

22µF V0 2A 

>-i+--+~~1--+-1+ f----;:+ 
RL>4.7 K 

outputs to 
power 

amplifier 

RL;;.4.7 K 

">-lf---+"--t~+--+-'-l+ ~ 
22µF Vo 28 

4.7 .u: 12 K 

14VI 

Fig. 3 Application diagram for treble and bass control. 
7Z87195 
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DC Controlled Dual Potentiometers TDA1074A 

APPLICATION INFORMATION (continued) 

7287185 

,y --
-20t;...~V""'--l-+++++l--~-t--+-+-+-+-+t-++~~+---t---t-+-t+t-t+~---1 

20 f (Hz) 

Fig. 4 Frequency response curves; voltage gain (treble and bass) as a function of frequency. 
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~ 
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Vc 2 lmV) 

Fig. 5 Control curve; voltage 
gain (bass) as a function of 
the control voltage (V c2l; 
f = 40 Hz. 

5-29 

2o~~~~~~~-,--,--,--'rZ8_7r1B_,7 
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]/ 
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-150 -100 -50 50 100 150 
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Fig. 6 Control curve; voltage 
gain (treble) as a function of 
the control voltage (V c1); 
f=16kHz. 
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5 
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TDA1074A 

value of R 

10kf2 
100 kil 
220kf2 

470kf2 

1 MO 

Fig. 7 Voltage gain (Gv = V 0/Vil c9ntrol curves as a function of the angle of rotation (a) of a linear 
potentiometer ( R); for curve numbers see table above; f = 40 Hz to 16 kHz. 
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TDA1074A 
(V+= 20V) 

+ 10 (9) B 

'f ..... ;__.,~-~--v.....-......,I ~io 
8 

vo(rms) 
(V) 

6 

7284088.1 

Fig. 8 Circuit diagram for 
measuring curves in Fig. 7. 
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_J' 
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[Z 
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Fig. 9 Output signal level as a flinction of Vp; 
THO= 0.7%; f = 1 kHz; Vc1 = Vc2 = 0 V. 
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APPLICATION INFORMATION (continued) 
0.2 
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0.1 
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').~\<.~~..., 

~ 

7287189 

/~' -- v ...-
0 4 6 8 

Vo(rms) IV) 
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TDA1074A 

Fig. 10 Total harmonic distortion as a function of the output level; Vp = 20 V; RL = 4,7 kil; 
Vc1 = Vc2 =O V (linear, Gvtot = 1 ). --f = 1 kHz;- - - -f =20 kHz. 
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Fig. 11 Power bandwidth at THD = 0,1%; reference level is 5 V (r.m.s.). 
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Fig. 12 Cross-talk as a function of frequency; linear treble/bass setting (Vc1=Vc2=0 V); Vi= 5 V; 
RG =60 il; RL =4.7 kil. 
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DC Controlled Dual Potentiometers TDA1074A 

Application recommendations 

1. If one or more electronic potentiometers in an IC are not used, the following is recommended: 
a. Unused signal inputs of an electronic potentiometer should be connected to the associated output, 

e.g. pins 3 and 4 to pin 2. 
b. Unused control voltage inputs should be connected directly to pin 8 (Vrefl. 

2. Where more than one TDA1074A IC are used in an application, pins 1 can be connected together; 
however, pins 8(Vrefl may not be connected together directly. 

3. Additional circuitry for limiting the frequency response in the ultrasonic range. 

from pin 
7 (12) 

1 
+ 

4 (1511---------

TDA1074A 180 
K 

12 
K 

33 
nF 

2I17) output 

Ill 120 12 
pF K 

3 (16) r---~---___, 

7Z87193 

( 1l L3 dB = 110 kHz at linear setting 

Fig. 13 Circuit diagram for frequency response limiting. 

4. Alternative circuitry for limiting the gain of the treble control circuit in the ultrasonic range. 

September 1985 

to pin 
4 (15) 

Vo 
1.8nF Rs1 

V; +-j 1-+---.--+-' 1--J\N'v-o---..-+-__, 5 I 141 

39 
K 

TDA1074A 
39 K 

39K 
---"'.N'V----..--------1 7 I 12) 

7287194 

For Rs1 = Rs2 = 3.3 kU; L3 dB~ 1 MHz at linear setting 
For Rs1 = Rs2 = 0 n; L3 dB~ 100 kHz at linear setting 

Fig. 14 Circuit diagram for limiting gain of treble control circuit. 
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Cassette Preamplifier 

GENERAL DESCRIPTION 

The TOA 1522 is a playback amplifier for car radio/cassette players. 

Features 

• Two independent amplifiers with open loop gain of typ. 90 dB 
• Internal d.c. feedback via a 140 kn resistor from output to feedback point 
• A.C. characteristics that can be determined externally by an RC network 
• Electronic on/off switching with transient suppression for switch on 
• Head input at d.c. ground that eliminates the input coupling capacitor 
• Minimal external component requirement 
• Stability down to a gain of 30 dB 
• Low input noise 
• Low distortion 
• O.C. input current< 2 µA 
• Wide supply voltage range 

QUICK REFERENCE DATA 

Supply voltage range (pin 8) Vp 

Supply current (pin 8) Ip 

Operating ambient temperature range Tamb 
Total harmonic distortion THO 

Channel separation at Rs= 10 kn; Ls= 0 a 

PACKAGE OUTLINE 

9-lead SIL; plastic (SOT-142). 

5-33 

Product Specification 

TDA1522 

5 
7.5 to 23 V 

typ. 5 mA 

-30 to +85 oc 

typ. 0.05 % 

min. 45 dB 
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Cassette Preamplifier 

vi,+-+ 

R102 

8.2 
+ C102 I 220,uF 

R51=300 
L51=80mH 

MUTE 

R202 

+ 8.2 
C202 r 220,uF 

3 

4 

2 
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7 

Product Specification 

TDA1522 

C101 

22nF 

TDA1522 
feedback 1 

140 K 

+°'~v,1 
5 

10,u 
1 
K 

SUPPLY 
& 

MUTE 

8 

9 +Cc2 output 2 
"'>-+----+:........,.,_--1-~1-------0Vo2 

140 K 
feedback 2 

V+ 

10,uF 
RL2 
4.7K 

7Z80260 

Fig. 1 Block diagram with external components; also used as test circuit. 
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Cassette Preamplifier 

out 2 + - mute out 1 
0 0 0 0 0 0 0 

1 0.1,uF 1 
Cc2 -If--- Cc1 

C201 II-- T lg TDA1522 1 I T ---1~1 
R20~ ~101 

R202 R102 

©~ ~© 
C202 C102 

0 0 
inp.2 

0 0 
inp.1 

7280266 

Product Specification 

TDA1522 

Fig. 2 Printed-circuit board component side, showing component layout for circuit of Figure 1. 

7280265 

Fig. 3 Printed-circuit board, showing track side. Dimensions 75 mm x 65 mm. 
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Cassette Preamplifier 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 8) Vp 

Power dissipation 

Feedback current (pins 3 and 7) 

Storage temperature range 

Operating ambient temperature range 

Note 

Ptot 

lfb 

Tstg 

Tamb 

Product Specification 

TDA1522 

7.5 to 23 V 

max. 800 mW 

max. 10 mA 

-55 to +150 oc 

-30 to +85 °c 

All pins except 3 and 7 (feedback) can be connected to Vp (pin 8) or ground, (pin 5). 

CHARACTERISTICS Vp = 8.5 V; Tamb = 25 °c; test circuit Fig. 1 unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 8) 

Supply voltage range Vp 7.5 - 23 v 
Supply current Ip - 5 - mA 

Inputs (pin 4 or 6) 

Noise input voltage (unweighted; r.m.s. value) 
at f = 20 Hz to 20 kHz* Vn(rms) - 1.6 - µV 

Noise input voltage 
at Rs=O;f= 1 kHz*,** Vn - 5 - nV/VHz 

Noise input current 
atf= 1 kHz*,& In - 1.2 - pA/vfrtz 

D. C. input current 
at pins 4 and 6 -l4;-l5 - - 2 µA 

Outputs {pin 1 or 9) 

Output voltage 
at Vi= 0.3 mV; f = 315 Hz Vo - 0.72 - v 
at THO= 1%; f = 1 kHz Vo 1.0 - - v 

Output source current 
at V2-5;;;;, 7.5 V; mute OFF -lo 5 10 - mA 

D.C. output voltage Vo - 3.7 - v 
Noise output voltage (weighted) 

at Rs = 300 n; Ls = 80 mH 

as DIN A (r.m.s. value) Vn(rms) - 700 -· µV 

as CCITT (peak value) Vn(m) - 1200 - µV 

as CCI R {peak value) Vn(m) - 1600 - µV 

Noise output voltage (unweighted) 
at Rs= 300 !J.; Ls = 80 mH 

as DIN 45405 (peak value) Vn(m) - 1800 - µV 

* Measured in Fig. 4. **See also Fig. 6. '*'See also Fig. 7. 
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Cassette Preamplifier TDA1522 

parameter symbol min. typ. max. unit 

Mute on/off characteristics (pin 2)* 

Mute ON voltage 
at mute switch closed Vm 0 - 1 v 

Mute ON current 
at mute switch closed or V2.5 = 0 V Im - 2.7 - µ.A 

Mute OFF voltage 
at mute switch open Vm 7.5 - Vp v 

Impedance 

Input impedance** 
atf= 1 kHz IZil 200 - - kn 

Output impedance** 
at f = 1 kHz IZol - - 1 kn 5 

General 

Internal feedback resistor** Rtb 100 140 180 kn 

Open-loop voltage gain** 
at f = 315 Hz Gv - 90 - dB 

Channel separation 
at Rs= 10 kn; Ls= O; (note 1) ex 45 - - dB 

Power supply ripple rejection 
at Vp(rms) = 0.1 V; f = 100 Hz (note 2) RR 90 95 - dB 

Total harmonic distortion 
at f = 1 kHz; V0 = 0.72 V (note 3) THO - 0.05 - % 

Notes 

1. Frequency range 300 Hz to 20 kHz. 
2. Referred to the input. 
3. Measured selective. 

* See also Fig. 5. 
** Applies to each amplifier. 
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Cassette Preamplifier 

+ 
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Fig. 4 Test circuit for noise measurement. 
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Product Specification 

TDA1522 

Cc1 + output 

10!JF 
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4.7K 

RL2 

4.7K 

7280258 

Fig. 5 Muting depth as a function of control voltage at pin 2. 
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Cassette Preamplifier TDA1522 

Vn l"----J t--
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Fig. 6 Noise input voltage as a function of frequency. 
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Fig. 7 Noise input current as a function of frequency. 
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Fig. 8 Frequency response curve for the circuit in Figure 1. 
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Cossette Preamplifier 

APPLICATION INFORMATION 

MUTE \u 
SWITCH l 

September 1985 
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Fig. 9 Simple mute application. 
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Cassette Preamplifier 
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Fig. 10 Application for plop-free muting. 
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TDA1522 

+Ccv1 output 1 Vo1 

10,u 
1 
K 

+Ccv2 output 2 Vo2 

10,u 
2 
K 

7Z80259.1 
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Stereo Audio Control TOA1524A 

GENERAL DESCRIPTION 

The device is designed as an active stereo-tone/volume control for car radios, TV receivers and mains-fed 
equipment. It includes functions for bass and treble control, volume control with built-in contour (can 
be switched off) and balance. All these functions can be controlled by d.c. voltages or by single linear 
potentiometers. 

Features 

• Few external components necessary 
• Low noise due to internal gain 
• Bass emphasis can be increased by a double-pole low-pass filter 
• Wide power supply voltage range 

QUICK REFERENCE DATA 

Supply voltage (pin 3) 

Supply current (pin 3) 

Maximum input signal with 
d.c. feedback (r.m.s. value) 

Maximum output signal with 
d.c. feedback (r.m.s. value) 

Volume control range 

Bass control range at 40 Hz 

Treble control range at 16 kHz 

Total harmonic distortion 

Output noise voltage (unweighted; r.m.s. value) 
at f = 20 Hz to 20 kHz; Vp = 12 V; 
for max. voltage gain 
for voltage gain Gv = -40 dB 

Channel separation 
at Gv = -20 to+ 21.5 dB 

Tracking between channels 
at Gv = -20 to + 26 dB 

Ripple rejection at 100 Hz 

Supply voltage range (pin 3) 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102CS). 
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Vp = V3.10 typ. 12 v 
35 mA Ip= 13 typ. 

Vi(rms) typ. 2.5 v 

Vo(rms) 

Gv 

AGv 

AGv 

THD 

Vno(rms) 
Vno(rms) 

ixcs 

AGv 

RR 

Vp = V3.18 

Tamb 

typ. 3 v 
-80 to + 21.5 dB 

typ. ± 15 dB 

typ. ± 15 dB 

typ. 0.3 % 

typ. 310 µV 
typ. 100 µV 

typ. 60 dB 

max. 2.5 dB 

typ. 50 dB 

7.5 to 16.5 V 

-30to + 80 oc 
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Stereo Audio Control 

TDA1524A 

5 (14) 6 (13) 

56nFY56nF 

110K 
.,... 7Z87199A 

Fig. 2 Double-pole low-pass filter 
for improved bass-boost. 

RATINGS 

Product Specification 

TDA1524A 

5 (14) 6 ( 13) 7 (12) 

TDA1524A 

8 (11) 

15nF1 I 2.2µF 

.,... 7Z87200A 

Fig. 3 D.C. feedback with filter network 
for improved signal handling. 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 3) Vp = V3.1a max. 20 V 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 
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Ptot 

Tstg 

Tamb 

max. 1200 mW 

-55 to + 150 oc 

-30 to + 80 oc 
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Stereo Audio Control TDA1524A 

D.C. CHARACTERISTICS 

Vp = V3.1a = 12 V; Tamb = 25 oc; measured in Fig. 1; RG .;;;;500 n; RL;;;;. 4.7 kil; CL.;;;; 200 pF; 
unless otherwise specified 

parameter symbol min. typ, max. unit 

Supply (pin 3) 

Supply voltage Vp=V3.1a 7.5 - 16.5 v 
Supply current 

at Vp = a.5 V Ip= 13 19 27 35 mA 
at Vp = 12 V Ip= 13 25 35 45 mA 
atVp=15V Ip= 13 30 43 56 mA 

D.C. input levels (pins 4 and 15) 
at Vp = a.5 V V4, 15-1a 3.a 4.25 4.7 v 
at Vp = 12 V V4,15.1a 5.3 5.9 6.6 v 
at Vp = 15 V V4,15.1a 6.5 7.3 a.2 v 

D.C. output levels (pins a and 11) 
under all control voltage conditions 
with d.c. feedback (Fig. 3) 
at Vp = a.5 V Va, 11-1a 3.3 4.25 5.2 v 
atVp=12V Va, 11-1a 4.6 6.0 7.4 v 
atVp=15V Va,11-1a 5.7 7.5 9.3 v 

Pin 17 

Internal potentiometer supply voltage 
at Vp = a.5 V V17.1a 3.5 3.75 4.0 v 

Contour on/off switch (control by ·I 17) 
contour (switch open ) -117 - - 0,5 mA 
linear (switch closed) -117 1.5 - 10 mA 

Application without internal potentiometer 
supply voltage at Vp;;;;. 1 O.a V 
(contour cannot be switched off) 

Voltage range forced to pin 17 V17.1a 4.5 - Vp/2-VBE v 
D.C. control voltage range for volume, 

bass, treble and balance 
(pins 1, 9, 10 and 16 respectively) 
at V17.1a = 5 v V1,9, 10, 16 1.0 - 4.25 v 
using internal supply V1,9,10,16 0.25 - 3.a v 

Input current of control inputs 
(pins 1, 9, 10 and 16) -I 1,9, 10, 16 - - 5 µA 
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Stereo Audio Control TDA1524A 

A.C. CHARACTERISTICS 

Vp = V3.1a = 8.5 V; Tamb = 25 °C; measured in Fig. 1; contour switch closed (linear position); 
volume, balance, bass, and treble controls in mid-position; RG ~ 600 n; R L;;;. 4.7 kil; CL~ 200 pF; 
f = 1 kHz; unless otherwise specified 

parameter symbol min. typ, max. unit 

Control range 

Max. gain of volume (Fig. 5) Gvmax 20.5 21.5 23 dB 

Volume control range; Gv maxlGv min AGv 90 100 - dB 

Balance control range; Gv = 0 dB (Fig. 6) AGv - -40 - dB 

Bass control range at 40 Hz (Fig. 7) AGv ±12 ±15 - dB 

Treble control range at 16 kHz (Fig. 8) AGv ±12 ±15 - dB 

Contour characteristics see Figs 9 and 10 

Signal inputs, outputs 

Input resistance; pins 4 and 15 (note 1) 
at gain of volume control: Gv = 20 dB Ri4,15 10 - - kn 

Gv= -40 dB Ri4,15 - 160 - kil 

Output resistance (pins 8 and 11) Roa, 11 - - 300 n 

Signal processing 

Power supply ripple rejection 
at Vp(rms).;;;;; 200 mV; f = 100 Hz; Gv = 0 dB RR 35 50 - dB 

Channel separation (250 Hz to 10 kHz) 
at Gv = -20 to+ 21.5 dB acs 46 60 - dB 

Spread of volume control with 
constant control voltage V 1-18 = 0.5 V 17-18 AGv - - ±3 dB 

Gain tolerance between left and right 
channel V15.1a = V1.1a = 0.5 V17.1a AGv,L-R - - 1.5 dB 

Tracking between channels 
for Gv = 21.5 to -26 dB 
f = 250 Hz to 6.3 kHz; balance adjusted at 
Gv=10dB AGv - - I 2.5 dB 
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Stereo Audio Control TDA1524A 

A.C. CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Signal handling with d.c. feedback (Fig. 3) 

Input signal handling 
at Vp = 8.5 V; THO= 0,5%; 
f = 1 kHz (r.m.s. value) Vi(rms) 1.4 - - v 
at Vp = 8.5 V; THO= 0.7%; 
f = 1 kHz (r.m.s. value) Vi(rms) 1.8 2.4 - v 
at Vp = 12 V; THO= 0.5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vi(rms) 1.4 - - v 
at Vp = 12 V; THO= 0.7%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vi(rms) 2.0 3.2 - v 
at Vp = 15 V; THO= 0.5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vi(rms) 1.4 - - v 
at Vp = 15 V; THO= 0.7%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vi(rms) 2.0 3.2 - v 5 

Output signal handling (note 2 and note 3) 
at Vp = 8.5 V; THO= 0.5%; 
f = 1 kHz (r.m.s. value) Vo(rms) 1.8 2.0 - v 
at Vp = 8,5 V; THO= 10%; 
f = 1 kHz (r.m.s. value) Vo(rms) - 2.2 - v 
at Vp = 12 V; THO= 0,5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vo(rms) 2.5 3.0 - v 
at Vp = 15 V; THO= 0.5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vo(rms) - 3.5 - v 

Noise performance (Vp = 8.5 V) 

Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value) 
for maximum voltage gain (note 4) Vno(rms) - 260 - µV 
for Gv = -3 dB (note 4) Vno(rms) - 70 140 µV 

Output noise voltage; weighted as DIN 45405 
of 1981, CCI R recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) 
for maximum emphasis of bass and treble 

Vno(m) - 890 - µV 

(contour off; Gv = -40 dB) Vno(m) - 360 - µV 

Noise performance (Vp = 12 V) 

Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) Vno(rms) - 310 - µV 
for Gv = -16 dB (note 4) Vno(rms) - 100 200 µV 

Output noise voltage; weighted as DIN 45405 
of 1981, CCI R recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) Vno(m) - 940 - µV 
for maximum emphasis of bass and treble 
(contour off; Gv = -40 dB) Vno(m) - 400 - µV 
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Stereo Audio Control 

parameter 

Noise performance (Vp = 15 V) 

Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) 
for Gv = 16 dB (note 4) 

Output noise voltage; weighted as DIN 45405 
of 1981, CCIR recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) 
for maximum emphasis of bass and treble 
(contour off; Gv = -40 dB) 

Notes to characteristics 

1. Equation for input resistance (see also Fig. 4) 

160 kn 
Ri = 1 + Gv ; Gv max = 12. 

Product Specification 

TDA1524A 

symbol min. typ. max. unit 

Vno(rms) - 350 - µV 

Vno(rms) - 110 220 µV 

Vno(m) - 980 - µV 

Vno(m) - 420 - µV 

2. Frequencies below 200 Hz and above 5 kHz have reduced voltage swing, the reduction at 40 Hz and 
at 16 kHz is 30%. 

3. In the event of bass boosting the output signal handling is reduced. The reduction is 1 dB for 
maximum bass boost. 

4. Linear frequency response. 

5. For peak values add 4.5 dB to r.m.s. values. 

A; 4.15 r--f--~=-i-T--t---t-t--t----tl 
~ I K I t-- --1---+--~c--l-+--+--+-t---; 

100 >----+--+--+---+----+--'\>-+--+---t----r--t 

~ 
0L-...L---'-----'--'----'--'--'--~~~ 

-60 -40 -20 0 20 
Gv (dB) 

40 

Fig. 4 Input resistance ( Ri) as a function of gain of volume control (Gvl· Measured in Fig. 1. 
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Fig. 5 Volume control curve; voltage gain (Gvl 
as a function of control voltage (V1-18l· 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = 8.5 V; f = 1 kHz. 
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Fig. 7 Bass control curve; voltage gain (Gvl 
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Fig. 6 Balance control curve; voltage gain (Gvl 
as a function of control voltage (V15.18l· 
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from pin 17 used); Vp = 8.5 V. 
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September 1985 

5 



Signetics Linear Products Product Specification 

Stereo Audio Control TDA1524A 

7Z90390 

-40 

1 I 1 l!i! ! !1!1 ! I !Ill ; : : 1 :i 20 · · ·· · · .. .,i. ......_......,.,_\ +1 +-1 1>+1+-1 --+---'--+-+, +. '"'· 4, ._, _ ........ __,___.__.__, '--· .__, ,.....___ · r i H H 
Gv ....... J !!!iii ii~!~[ [~\!]] l !.:!!, 

(dB) . ._ .............. , +i ... , !4!+-i --+---+-+-+, +, ..... ,, ..... , ..... ! --+--4--i-i,...: ..... ".__' ,-'-, .... , -< ' ii ! H 
0 ........ : ; _ : : :: :· . . . . . . ... 1i1 iii ; .. U.l.j. 

••••••••.~.! l1.,:: .. 
1.:1.

1r ... '.! .. : ...•. 1.'.i,.£.1
.: •. ••~.: ... r.1fnH~Li ... ••· ::rill 

' • . ,, ... f .. l..d.L!. 
'j ;!\! l '.!.iii l j iii! ; ii jj1 

.... ;·· ··,f · ,!· ·,t ,i·,t-,l·,l .. · ·· · ··i ·· .j .. l Li : 1 i ··· · !· .J. i· -i· i-i 1.1 i .. -~ .\) i.~ ! 
j i i i 1 rr .... :: , i j i 

' ! ! i i f ( l i ~ ) 1 : ! i i i i i 

-20 

10 104 f (Hz) 

Fig. 9 Contour frequency response curves; voltage gain (Gvl as a function of audio input frequency. 
Measured in Fig. 1 with single-pole filter; Vp = 8.5 V. 
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Fig. 10 Contour frequency response curves; voltage gain (Gvl as a function of audio input frequency. 
Measured in Fig. 1 with double-pole filter; Vp = 8.5 V. 

Gv 
(dB) 

10 

0 

-10 

- 2010 102 103 104 f (Hz) 106 

Fig. 11 Tone control frequency response curves; voltage gain !Gvl as a function of audio input 
frequency. Measured in Fig. 1 with single-pole filter; Vp = 8.5 V. 
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Fig. 12 Tone control frequency response curves; voltage gain (Gvl as a function of audio input 
frequency. Measured in Fig. 1 with double-pole filter; Vp = 8.5 V. 
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Fig. 13 Total harmonic distortion (THO); as a function of audio input frequency. Measured in Fig. 1; 
Vp = 8.5 V; volume control voltage gain at 

Vo 
Gv = 20 log Vi = 0 dB. 
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Fig. 14 Total harmonic distortion (THD); as a function of output voltage (V0 ). Measured in Fig. 1; 
Vp=8.5V;fi=1 kHz. 

(1)Vp=15V. 
(2) Vp= 12 V. 
(3) Vp = 8.5 V. 
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Fig. 15 Noise output voltage (Vno(rms); unweighted); as a function of voltage gain (Gv). Measured in 
Fig. 1; f = 20 Hz to 20 kHz. 
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GENERAL DESCRIPTION 

The TOA 1578A is a PLL stereo decoder based on the time-division multiplex principle. 

Features 

• adjustable input and output voltage levels 
• automatic mono/stereo switching with hysteresis, controlled by both pilot signal and field strength 

level 
• analogue control of mono/stereo change over 
• pilot indicator driver 
• analogue muting control 
• muting indicator driver 
• oscillator with decoupled frequency measurement output 
• electronic smoothing of the supply voltage 

QUICK REFERENCE DATA 

Measured with a frequency deviation ~f = ± 75 kHz without pilot; fm = 1 kHz 

Supply voltage (pin 8) Vp = Va-7 

Supply current (pin 8) 

Multiplex input signal (adjustable) 

Input resistance (adjustable) 

A.F. output voltage ( R = 15 kil) 

Output resistance 

Spread in gain 

Channel separation 

Total harmonic distortion 

Signal-to-noise ratio 

Carrier and harmonic suppression 
pilot signal; f=19kHz 
subcarrier; f = 38 kHz 

f=57kHz 
f=76kHz 

traffic radio (V .W .F .) ; f = 57 kHz 
SCA (Subsidiary Communications 

Authorization); f = 67 kHz 
ACI (Adjacent Channel 

Interference); f = 114 kHz 
intermodulation; f = 10/13 kHz 

Supply voltage range (pin 8) 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102HE). 

5-53 

Ip= la 

VMUX(p-p) 

Ri 

Vo 

Ro 
~Gv 

THO 

S/N 

a19 
a38 
a57 
a16 
a57(VWF) 

Vp = Va.7 

Tamb 

typ. 8,5 15 v 
typ. 21 30 mA 

typ. 0,5 1 v 
typ. 47 kil 

typ. 0,75 I 1,5 v 
low-ohmic 

..;;; dB 

typ. 50 dB 
..;;; 0,3 I 0,1 % 

typ. 90 dB 

typ. 32 dB 
typ. 50 dB 
typ. 46 dB 
typ. 60 dB 
typ. 70 dB 

typ. 70 dB 

typ. 80 dB 
typ. 70 dB 

7,5 to 18 

-30to +80 

v 
oc 
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PLL Stereo Decoder 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 8) Vp = V9_7 

Input voltages (pins 3, 4 and 5) 

Indicator driver output voltage 

Indicator driver output current 

Total power dissipation at T amb = 25 oc 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From crystal to ambient 

5-55 

V3;4;5-7 

V1 ;2-7 

I 1; 12 

Ptot 

Tstg 

Tamb 

Rth c-a 

Product Specification 
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max. 20 v 
0 to 12 V 

max. 24 V 

max. 30 mA 

max. 1,2 W 

-55 to+ 150 oc 

-30 to+ 80 oc 

80 K/W 

5 
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PLL Stereo Decoder 

CHARACTERISTICS (measured in Fig. 1) 

Input signal: m = 100% (Af = ± 75 kHz); pilot signal: m = 9% (Af = ± 6.75 kHz); 
modulation frequency: 1 kHz; V3_5 = V4_5 = 0 V; 
de-emphasizing time: T = 50 µs; oscillator adjusted to fosc at a pilot voltage Vi = 0 V; 
T amb = 25 °c; unless otherwise specified 

parameter Vp symbol min. typ. 
(V) 

Supply voltage range (pin 8) - Vp 7,5 -
Supply current (except 8,5 Ip - 21 

output and indicator) pin 8 15 Ip - 30 

Nominal multiplex input 
voltage (peak-to-peak value) 8,5 VMUX(p-p) - 0,5 
Ri = 47 kn 15 VMUX(p-p) - 1,0 

Overdrive reserve of input 
at THO= 1 % 8,5 3 6 
at THO= 0,3 % 15 3 6 

A.F. output voltage (r.m.s. 
value; mono without pilot) 
R 1 5-18 = R 16-17 = 15 kn 8,5 Vo(rms) - 0,75 

15 Vo(rms) - 1,5 
R15-18 = R16-17 =24 kn 8,5 Vo(rms) - 1,2 

15 Vo(rms) - 2,4 

Overdrive reserve of output 
R15-18 = R16-17 = 24 kn * 3 -

Spread in output voltage 
levels * ± AVo!Vo - -

Difference of output voltage 
levels * ± AV15-16IV0 - -

Output resistance * Ro low-ohmic 

Available output current 
pins 15 and 16 * ± lo - -

Modulation range at output 
(unloaded) * V15;16-7 - 1 to V9_7-1 

Internal current limiting * lo - 15 

D.C. output voltage 8,5 V15;16-7 3,6 4,1 
R 15-18 = R 16-17 = 24 kn 15 v 15;16-7 7,0 7,7 

D.C. current 8,5 -117 ;18 - 33 
(pins 17 and 18) 15 -111;18 - 23 

*Vp=8,5or15V. 
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- dB 
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- v 
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- mA 

- v 
- mA 

4,6 v 
8,4 v 
- µA 
- µA 
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PLL Stereo Decoder TDA1578A 

parameter Vp symbol min. typ. max. unit 
(V) 

Channel separation 8,5 Cl' 32 50 - dB 
at V4.5 = 0 V 15 Cl' 39 50 - dB 

Total harmonic distortion 8,5 THD - 0,1 0,3 % 
15 THD - 0,04 0,1 % 

Signal-to-noise ratio 8,5 S/N - 87 - dB 
f = 20 Hz to 16 kHz 15 S/N - 90 - dB 

Carrier and harmonic 
suppression at the output 

pilot signal; f = 19 kHz * a19 - 32 - dB 

subcarrier; f = 38 kHz * ll'38 40 50 - dB 
f=57kHz * a57 - 46 - dB 
f = 76 kHz * a75 - 60 - dB 5 

intermodulation (note 1) 
fm = 10 kHz; 
spurious signal fs = 1 kHz 
PLL-filter Fig. 1 * a2 - 50 - dB 

' 
PLL-filter Fig. 2 * a2 - 70 - dB 

fm = 13 kHz; 
spurious signal fs = 1 kHz * a3 - 75 - dB 

traffic radio (V.W.F.); 
f = 57 kHz (note 2) * ll'57(VWF) - 70 - dB 

SCA (Subsidiary Communi-
cations Authorization); 

f = 67 kHz (note 4) * a57 - 70 - dB 

ACI (Adjacent Channel 
Interference) (note 3); 

f=114kHz * ll'114 - 80 - dB 
f=190kHz * a190 - 52 - dB 

Ripple rejection at the 
output; f = 100 Hz; 
Vp(rms) = 100 mV (pin 8) * RR100 40 43 - dB 

Voltage on filter capacitor 
without external load * V9.7 - Vp-0,25 - v 

Source resistance * R9.8 6 8 10 kn 

* Vp =8,5or15 V. 
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CHARACTERISTICS (continued) 

parameter Vp symbol min. typ. max. unit 
(V) 

Mono/stereo control 

Pilot threshold voltages 
(peak-to-peak values) 
for stereo 'ON' 8,5 Vi(p-p) - 21 30 mV 

15 Vi(p-p) - 43 61 mV 

for mono 'ON' 8,5 Vi(p-p) 6 15 - mV 
15 Vi(p-p) 12 30 - mV 

Switch hysteresis 
Vi ONIViOFF * ~Vi - 3 - dB 

Switching time 
at C14-7 = 0,22 µF 
for stereo 'ON' * tstON - 15 - ms 
for mono 'ON' * tmoN - 27 - ms 

External mono/stereo control 
(see Fig. 12 and note 5) 

Switching voltage for 8,5 V14.7 - - 0,7 v 
external mono control 15 V14.7 - - 1,4 v 

* or:-V4.5 315 - - mV 

Control voltage for channel 
separation: a= 6 dB 8,5 -V4.5 - 120 - mV 

15 -V4.5 - 130 - mV 

* ~V4.5 - - ± 20 mV 

a= 26 dB 8,5 -V4.5 - 70 - mV 
15 -V4.5 - 80 - mV 

Control voltage 
for mono 'ON' 8,5 -V4.5 - 240 - mV 

15 -V4.5 - 270 - mV 

for stereo 'ON' 8,5 -V4.5 - 220 - mV 
15 -V4.5 - 250 - mV 

Control voltage difference 
for a= 6 dB; stereo 'ON' 8,5 ~V4.7 80 100 120 mV 

*Vp=8,5or15V. 
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parameter Vp symbol min. typ. max. unit 
(V) 

Muting circuit 
(see Fig. 13 and note 5) 

Control voltage for an 
attenuation: a= 3 dB 8,5 -V3.5 - 140 - mV 

15 -V3.5 - 145 - mV 

* AV3.5 - ± 20 - mV 

a= 26 dB 8,5 -V3.5 - 255 - mV 
15 -V3.5 - 270 - mV 

Attenuation 
with V3.5 = 0 V * a - - 0,2 dB 
with -V3.5 = 450 mV * a - 80 - dB 

LED driver output current at an 5 
attenuation: a= 3 dB " I 1 1,2 1,7 2,2 mA 

Control voltage 8,5 -V3.5 - 150 - mV 
for 11 = 200 µA 15 -V3.5 - 160 - mV 

Control inputs 

Recommended voltage range * V3;4;5-7 0 - 4 v 
Input bias current * 13;4;5 - 10 100 nA 

Indicator driver 

Output saturation voltages 
at I 1 = 20 mA; V3.5 = 0 V * V1-7sat - 1,2 1,8 v 
at 12 = 20 mA * V2-7sat - 0,5 1,0 v 

Output leakage current 
at V1 ;2-7 = 24 V * 11 ;2 - 20 - µA 

* Vp = 8,5or15 V. 
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CHARACTERISTICS (continued) 

parameter Vp symbol min. typ. max. unit 
(V) 

vco 
Oscillator frequency 

adjustable with R 10-7 * fosc - 76 - kHz 

Spread of free-running 
frequency at nominal 
external circuitry * fosc 71 - 82 kHz 

Free-running frequency 
dependency (note 6) 

with temperature * TC - 1 x 10-4 - K-1 

with supply voltage * AfosclAVp - - 400 Hz/V 

Capture and holding range 
for a pilot input voltage 
Vpil = 0,5 x Vpil nom * Af/f ±2 - - % 

PLL control slope (total) * Stot - 4,5 - kHz/µs 

D.C. voltage at pin 10 * V10_7 - 2,1 - v 
or: - 3,2 v 8 e - v 

Frequency measuring point; 
internal switching threshold * V4_7 - 6 - v 

or: - 9 Vse - v 

Output voltage (peak-to-peak 
value) at pin 4; R = 4,7 kn * v4-7(p-p) - 350 - mV 

Output resistance * R4_7 - 5 - kn 

* Vp = 8,5 or 15 V. 
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Notes to the characteristics 

1. Intermodulation suppression (BFC: Beat-Frequency Components) 

V ( · I) (at 1 kHz) 
a2 = 0 signa ;fs = (2 x 10 kHz) -19 kHz 

Vo(spurious) (at 1 kHz) 

V ( · I) (at 1 kHz) 
a3 = 0 signa ;fs={3x 13kHz)-38kHz 

Vo(spurious) (at 1 kHz) 

measured with: 91% mono signal; fm = 10 or 13 kHz; 9% pilot signal. 

2. Traffic radio (V.W.F.) suppression 

Vo(signal) (at 1 kHz) 
a57(VWF) 

Vo(spurious) (at 1 kHz ± 23 kHz) 

measured with: 91 % stereo signal; f m = 1 kHz; 9% pilot signal; 
5% traffic subcarrier (f = 57 Hz, fm = 23 Hz AM, m = 60%). 

3. ACI (Adjacent Channel Interference) 

a 114 = Vo (signal) (~t 1 kHz) 1; fs = 110 kHz - (3 x 38 kHz) 
Vo(spurious) at 4 kHz 

Vo(signal) (at 1 kHz) 
a19o = ; fs = 186 kHz - (5 x 38 kHz) 

Vo(spurious) (at 4 kHz) 

measured with: 90% mono signal; fm = 1 kHz; 9% pilot signal; 
1% spurious signal (fs = 110 or 186 kHz, unmodulated). 

4. SCA (Subsidiary Communications Authorization) 

aa1 = Vo(signal) (at 1 kHz) ; fs = (2 x 38 kHz) - 67 kHz 
Vo( spurious) (at 9 kHz) 

measured with: 81% mono signal; fm = 1 kHz; 9% pilot signal; 
10% SCA-subcarrier (fs = 67 kHz, unmodulated). 

5. Assuming VT= k x T = 28,6 mV at Tj = 330 K. 
q 

6. The effects of external components are not taken into account. 
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APPLICATION NOTES 

1. When mono/stereo control and muting control are not used, pins 3, 4 and 5 have to be grounded. 

2. In a receiver, channel separation adjustment can be obtained by: 

a. A capacitor at pin 12 (C12.7): phasing 19/38 kHz 
b. RC or LCR filter at the input: frequency response compensation (VG= f (w)) 
c. Feeding the output signals of the output amplifier to the inputs of the other channel. 

3. PLL-filter for reduced intermodulation (cx2); see Fig. 2. 

4. External mono 'ON' switch; see Fig. 3. 

5. Switching 'OFF' the oscillator; see Fig. 4. 

4 14 

13 10 11 47 k!1 

0,22 

39 100 
µF 

180 
k[J 

33 
10 

430 k!1 

!1 I k!1 

on on nFl IpF lmono 
, 

monol 
, 7Z84698.1 

7Z84697 

Fig. 2 PLL-filter for cx2 = 70 dB at Vp = 15 V 
(see also Fig. 1). 

13 10 

10122) 
k!1 

Fig. 3 (a) At pin 4;-V4.5 > 300 mV; 
(b) at pin 14. 

I FM on 
, 7 Z84699 

Fig. 4 The oscillator is switched-off when: 
lo> 100 µA(> 50 µA for Vp = 8,5 V) and lo< 1 mA. 
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Fig. 6 Supply current comsumption at 
V9.7 = Vp. 
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Fig. 8 Total harmonic distortion (THO) as a 
function of the peak-to-peak input current at 
pin 6;Vp = 15V;fm=1 kHz; 
V3.5 = V4.5 = 0 V. 

Fig. 9 Total harmonic distortion (THO) as a 
function of the modulation frequency (fml; 
Vp = 15 V; l5(p-p) = 21,5 µA. 
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Fig. 10 Channel separation (a) as a function of the 
modulation frequency (fml; Vp = 15 V; 
Ri = 47 ki1.; V4_5 = 0 V. 

Fig. 11 Phase shift between pilot signal at 
the input and the internal carrier processing 
as a function of C12-7. 
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10 

0,1 

0,01 

" .:-... 

~ 
~ 

r--· t--- t---1 

o -2 -4 

7280326 

~ 
::s.:i 

-6 -8 
l>Voiafl {dBi 

Fig. 14 Muting indicator current;Vp = 8,5to15 V;VpL = 14 V. 

--- Rbias1 = 680 n 
- - - - Rbias1 =matched 
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14 

P1 
10kQ 

TOA1576 TOA 1578A 

3,6k'2 

7Z80322 

Fig. 15 Application information for external circuitry to provide 
external mono/stereo and muting control. 

Adjustment recommendations: 

at Vi(hf) = 100 µ.V with P1 to a= 6 dB (channel separation), 
at Vi( hf) = 15 µ.V with P2 to Vo(af) = -3 dB. 

I0,22µF 3,3nF 

Rblas~ mute 15k0 VpL 18 
+15V 

3,3nF 

pilot 
15k0 

2 17 

Vmute 3 16 
vo(af) (Rl 

1,5V 

47k0 a.I. 
outputs 

v,.1 15 Vo(af) (Ll 
(Oto4V) 1,6V 

47k0 TDA1578A ~ 

VM/S 5 14 
33nF 

I ~ 
fosc 10k0 0,33µF 

6 13 ~ 

0,22µF 
12 I ~ 

430pf 

Vp = 15V (2%) 

+Vs o---[:: 8 11 I ~ 
d,+ 220k0 -r 

I + 10k0 . 
~µF 9 10 

39k0 f0sc~ 
(1%) 

7Z84696.1 

Fig. 16 Typical application circuit using TDA1578A for Vp = 15 V. 
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N-Stereo Sound Decoder (Zenith Format) 

DESCRIPTION 
The TDA3806 is a monolithic integrated 
circuit for decoding TV stereo multiplex 
signal. The decoding signal is generated 
by a phase-locked loop system. The 
SAP and A.C.I. are suppressed by the 
internal circuitry; also this decoder has a 
main signal and a subsignal output. It is 
possible to apply a separate noise re­
duction system to the subsignal. The 
main signal and the noise reduced sub­
signal have to be combined at an exter­
nal matrix to L resp. R. 

BLOCK DIAGRAM 

SOK 

12 

FEATURES 
• Selectable gain by external 

resistors (separate for main and 
subsignal) 

• DC input for smooth mono­
stereo takeover control (without 
influencing the pilot indicator) 

• Pilot dependent mono-stereo 
switch 

• Pilot indicator driver 
• PLL oscillator switch-off facility 
• Buffered oscillator frequency 

measuring facility 
• Internal suppression of SAP· 

distortion (5th harmonic of pilot) 

• Suppression of A.C.l.·distortion 
(3rd harmonic of subcarrier, 
adjacent channel interference) 

• Electronic hum filtering 

lose 

.-'IN'.--.... MONO/ST 
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TDA3806 

5 

>i....1-0--+---+-- VouT 
L+R 

.--+-<0----+ +Vp 
12V 

r 
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TV-Stereo Sound Decoder (Zenith Format) TDA3806 

REFERENCE DATA 

LIMITS 
PARAMETER SYMBOL UNIT 

Min Norn Max 

Supply voltage range, V 8 _ 7 7.5 12 15 v 
Supply current at V p = 12V 
(without indicator current), 18 15 22 30 mA 

Output voltage range, V1s11e-1. (Vs-1-1V) 1 11 v 
Voltage gain main signal, V0 u11s!Vmain 19.5 dB 

Harmonic distortion 
(Vour 1s,1s = 1.25V) THO 0.1 0.5 % 

SAP-suppression SAP 60 75 dB 

Nominal frequency lose 63.4 kHz 

Capture range delta f/f ±2 % 
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Second Audio Program 

DESCRIPTION 
The TDA3807 provides amplification, 
demodulation, indication and '' no-sig­
nal" muting for processing the SAP 
facility of the multi-channel TV sound 
system. 

REFERENCE DATA 

PARAMETER 

Supply voltage 

Supply current (indicator LED off) 

Input voltage for start of indication (f = 78.67kHz) 

AF output voltage (AF V1N = 2mV, f1N = 78.67kHz 
f = ± 10kHz, fmod = 1kHz) 

Output impedance 

Signal to noise ratio at V1N = 2mV 

AM supression at 2mV 

Total harmonic distortion AF fmod = 1kHz, delta 
f• ±10kHz 

AF-Bandwidth 

Noise level 
(reference input signal= 2mV at V1N < 1µ.V) 

SYMBOL 

Vs 

Is 

V1N 

VouT 

S/N 

Q: 

THO 

B 

N 
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LIMITS 
UNIT 

Min Typical Max 

8 v 

13.5 mA 

12 µ.V 

630 mv 

low ohmic 
(emitter 5 
follower) 

64 dB 

52 dB 

1 % 

9 kHz 

64 dB 

September 1985 



Signetics Linear Products Advance Information 

Second Audio Program TDA3807 

APPLICATIONS DIAGRAM 

•Vs (BY) 

2.2K 

2.2K 

470pf' 

3.3K 680pF 

100pF 
SAP 

fl~ INPUT 100nF 

1 
1.Sn -=-

TOA3807 

I 150nF 

-=-

-:- -:- J10pF 
270pf' 150nF 

18 SAP INDICATOR 

220pF // 

100pF r -:- 68K 
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Spatial, Stereo, Pseudo-Stereo Processor 

DESCRIPTION 
The TDA3810 is an integrated circuit which can 
provide three switched functions for radio and 
television equipment: spatial sound from a 
stereo source; stereo sound from a stereo 
source; pseudo-stereo sound from a mono 
source. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Vee Supply voltage (pin 1 B) 

Ice Supply current (pin 1 B) 

TsTG Storage temperature range 

FEATURES 
• Three switched functions: 

spat I al 
stereo 
pseudo-stereo 

• Muting circuit prevents LED flickering 
• LED driving outputs (pins 7 and 8) 
• TTL compatible Inputs for selecting 

operating mode 

RATING UNIT 

18 v 
12 mA 

-25 to +150 oc 
TA Operating ambient temperature range -20to+70 oc 

Thermal Resistance 

Ath er-a From crystal to ambient 

TRUTH TABLE 

MODE 
CONTROL INPUT STATE 

PIN 11 

Mono pseudo-stereo HIGH 
Spatial stereo HIGH 
Stereo LOW 

LOW = O to O.BV (the less positive voltage) 
HIGH = 2V to Vee (the more positive voltage) 
X = state is don't care 

PIN 12 

LOW 
HIGH 

x 

BO K/W 

LED LED 
SPATIAL PSEUDO 

PIN 7 PIN 8 

Off On 
On Off 
Off Off 

5-71 

Preliminary 

TDA3810 

PIN CONFIGURATION 

N PACKAGE 

TOP VIEW 

FUNCTIONAL PIN DESCRIPTION 5 PIN NO. NAME AND FUNCTION 

1 VREF 
2 Left channel input 
3 Left channel buffer output 
4 Left channel spatial feedback 
5 Left channel pseudo feedback 
6 Left channel output 
7 Spatial indicator driver 
B Pseudo indicator driver 
9 Mute 

10 Ground 
11 S1 
12 S2 
13 Right channel output 
14 Right channel pseudo feedback 
15 Right channel spatial feedback 
16 Right channel buffer output 
17 Right channel input 
18 Voo 
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Spatial, Stereo, Pseudo-Stereo Processor 

BLOCK DIAGRAM 

<1> r­
J.. 3.9nFT 

L_ 

10K 

.47µF 

c1> r­
J.. 

3.9nFT 

10K 

10K 

..--...... _,..'ho_ Pin 6 
20K 

Vee 
18 

L_ Pin 13 

100K 
._J\N'v--o Pin 13 

20K 18K 
._-'Vlh-_.-'\'h---l f-o Pin 6 

10nF 
16K 

d33nF 

mf"""t J 
~------' 

(1) Recommended in spatial mode for correction of high frequency (optimal performance) 
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Spatial, Stereo, Pseudo-Stereo Processor TDA3810 

DC ELECTRICAL CHARACTERISTICS Vee= 12V; TA= 25°C; Test circuit Figure 1 stereo mode (pin 11 to ground) unless 
otherwise specified. 

TDA3810 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

Vee Supply voltage range (Pin 18) 4.5 16.5 v 

Vee Supply current 6 12 mA 

Vs Reference voltage 5.3 6 6.7 v 

vi(rms) Input voltage (Pin 2 or 17) THD = 0.2% 2 v 
R; Input resistance (Pin 2 or 17) 50 75 kO 

Gv Voltage gain V0 N; 0 dB 

" Channel separation (R/L) 60 70 dB 

THD Total harmonic distortion I= 40 to 16000 Hz; Vo(rms) = 1V 0.1 % 

RR Power supply ripple rejection 50 dB 

Vn(rms) Noise output voltage (Unweighted) left and right output) 10 µV 

Spatial mode (Pins 11 and 12 HIGH) 

" Antiphase crosstalk 50 % 

Gv Voltage gain 1.4 2.4 3.4 dB 

PSEUDO-STEREO MODE The quality and strength of the pseudo-stereo effect is determined by external filter components. 

TDA3810 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

Control inputs (Pins 11 and 12) 

R; Input resistance 70 120 kO 

-I; Switching current 35 100 µA 

LED drivers (Pins 7 and 8) 

-lo Output current for LED 10 12 15 mA 

VF Forward voltage 6 v 
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Spatial, Stereo, Pseudo-Stereo Processor 

MONO 
INPUT 

o-j ~,___.,,-t-+-1 
0.1µF 

17 

··T:·· 11K 

22K 22K 

September 1985 

.47µF 

15 12 
SPATIAL/ 

PSEUDO 

16K 100K 

24K 

Figure 1. Pseudo Filter I 
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TDA3810 

Vee= +12V 

0.22µF.J 

18 

LEFT 
OUTPUT 

4.7µF 

+I-<> 

MUTE 
47µF 

+ 1:-
YS/2 

100µF 

+ 1:-
..,,. 10 

..,,. 
4.7µF 

13 
+ f-o 
RIGHT 

OUTPUT 

..,,. ..,,. 
SPATIAL PSEUDO 

18K 

10nF 
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Spatial, Stereo, Pseudo-Stereo Processor 

10 

iii 
~ 

Lrll T~R bH~NNEL ~SEUDOl J 
MONO FIL TEA t--

JL~ CHANNEL 
~ 
z -10 
:;;: 
~ 
:;;: -20 

" 

I ..._ PSEUDO 

N £ I\ I/ N 
DOUBLE·T·FILTER 

BANDlPASS Fiil TElR v 
-30 ~~~~~~~'--'~~-'--~--'---'--'--'-~--'~~-'---'---'--'-~--'-~~~~-'--' 

LEFT 
INPUT 

101 

o--11---f-+-+-l 
0.1µF 

RIGHT 
INPUT 

o-11--1--1""'1t--...., 
0.1µF 

10~nF 
f1K 

22K - 22K 

102 

.47pF 33K 

15 

16K 

33K 

82K 

103 

!(Hz) 

3.9nF (1) 

1-H--1 

10K 

Figure 2. Pseudo Filter II 
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Preliminary 

TDA3810 
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Spatial, Stereo, Pseudo-Stereo Processor 

10 ,.-~--,-~--,-~r-,--,~~Tl~~-Fl-LTrE-R~C-H~A-NNTE_L_P_S_ErUD-0~-,.--.i.Tjr-TTL~l;;i;rEA-R~CH,~-N-N-E-L/;Tps-E-lfrTD-0,-, 

LEFT 

iii L. ..... 
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g -20 BANDiASSFllLTERt--t-t~~+-~~~+-1---1-+~~t--~-t--+-+-t-~---;~~-t--+---t-1 
I DOUBLE· T ·FILTER 

-30 '--~-'-~--'-~.L-...... ~~-'-~~--'--'--'-~~.L-~-'---'---'--'-~--'~~""---'---'-' 
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.47µF 

10K 
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Vee= +12V 

18 

INPUT 
o--jl-+-1--e-I 

0.1µF 

>SOK 

MUTE 

Vs/2 

10 

>SOK 

13 

RIGHT 
INPUT 

o--j 
17 

0.1µF 

15 

-l~)-r 3.9nF 

.. :.µ .. 16K 100K 

11K 

22K 22K 

SPATIAL PSEUDO 

J22nF 
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Figure 3. Pseudo Filter Ill 
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PLL Stereo Decoder TEA5580 

The TEA5580 is a PLL stereo decoder. It is suitable for portable radios, radio recorders, medium-fl and 
car radio receivers. The circuit incorporates the following functions. 
- A voltage-controlled oscillator (f = 228 kHz) from which the 19, 38, 57 and 114 kHz signals are 

obtained via 12 L logic. 
- A phase-locked-loop system to lock the VCO to the 19 kHz pilot tone in the stereo signal. The phase 

detector in the loop system also suppresses phase distortion due to the 57 kHz pilot signal from VWF 
transmitters (traffic warning system in Germany). 

- A pilot presence detector and an automatic mono/stereo switch. 
- Two demodulators, one driven by the 38 kHz decoding signal for the stereo matrix, the second 

driven by a 114 kHz signal which suppresses the third harmonic of the multiplex signal (MUX). 
These prevent distortion caused by strong adjacent transmitters. 

- A matrix and two output buffers, for the left and right output signals. 
- An input amplifier, the gain of which can be adjusted by the external input resistor. 
- A pilot cancelling circuit, for extra suppression of the pilot signal. 
- An SDS circuit (signal dependent stereo) for a smooth changeover from stereo to mono on weak 

signals. 5 
- A driver output stage for a stereo LED indicator. 
- A stabilizer, for operation over a wide supply voltage range. 

The stereo decoder is compensated for a typical i.f. filter with a roll-off frequency of 50 kHz (2 dB 
down at 38 kHz). 

QUICK REFERENCE DATA 

Applicable supply voltage range Vs 3,6 to 16 v 

Supply voltage (pin 9) Vp nom. 6 v 
Ambient temperature Tamb typ. 25 oc 

Total quiescent current I tot typ. 10 mA 

Measured at Vi(p-p) = 1 V (MUX with 27 mV pilot) 

Overall gain Go typ. 0 to 20 dB 

Output channel unba~nce V1_5/V2_5 < ± 1 dB 

Output voltage (r.m.s. value) V1.5/V2.5 typ. 0,4 v 
Total harmonic distortion (300 Hz to 20 kHz) THO typ. 0,2 % 

Signal-to-noise ratio, DIN A-curve S/N typ. 80 dB 

Channel separation a typ. 40 dB 

Carrier suppression at: 
f = 19 kHz (adjusted) a19 typ. 50 dB 

PACKAGE OUTLINE 

16-lead DI L; plastic (SOT-38). 
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PLL Stereo Decoder 

TEA5580 

16 MUX 
input-++..._-! 
(V;l 

+ 
INPUT AMP 

+ 

STABILIZER 

Vp 

September 1985 

PHASE 

OETECTOR 

19 
kHz 

57 
kHz 

PILOT 

CANCEL 

19kHz 
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PRESENCE 
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off 

6 

8 

vco 
228 kHz 

SYNC 
OEMOOULATOR 

2 

SYNC 
DEMOOULATOR 

MONO/STEREO 

SWITCH 

pilot cancel or 
level control 

Fig. 1 Block diagram. 
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12LLOGIC 
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4 

1sDs 
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PLL Stereo Decoder 

A.C. CHARACTERISTICS 

Measured in circuit of Fig. 2 at Vp = 6 V, Vi(p-p) = 1 V (MUX with 27 mV pilot) 

Input impedance (external) IZil typ. 

Output impedance (external) 120 1 typ. 

Output voltage (r.m.s. value) Vo(rms) typ. 

Total harmonic distortion (300 Hz to 10 kHz) 
(mono, stereo and mono + pilot) THO typ. 

Total harmonic distortion at Vo(rms) = 0,6 V THO < 
Signal-to-noise ratio (DIN A-curve) S/N typ. 

Channel separation (for L = 1 and R = 0) ex typ. 

SOS control 
10 dB channel separation 14 typ. 
full stereo (channel separation;;;;. 26 dB) 14 > 
full mono (channel separation.;;;; 1 dB) 14 < 

Stereo/mono switch (for R2 =•kn) 
for switching to stereo Vi < 

for switching to mono Vi 
> 
typ. 

hysteresis A Vi typ. 

VCO frequency (adjustable) fvco typ. 

Capture range (deviation from 228 kHz centre frequency) 
Vpilot = 32 mV typ. 

Temperature coefficient (uncompensated) TC typ. 

VCO off switching voltage (pin 7) Voff > 
Carrier suppression (adjusted by R2) at: 

f= 19 kHz cx19 typ. 
f = 38 kHz cx38 typ. 
f = 228 kHz Ol.228 typ. 

ACI suppression at:* 
f=114kHz cx114 typ. 
f= 190kHz cx190 typ. 

SCA suppression at f = 67 kHz cx57 typ. 

VWF suppression** Ol.VWF typ. 

Ripple rejection at f = 100 Hz 
Vs= 3,6 V RR typ. 
Vs=8V RR typ. 

V0 (at 1 kHz) 
ACI suppression: Oi.114 = 20 log -

V0 (at 4 kHz) 
90% S-signal (L = -R, fm = 1 kHz); 9% pilot signal; 1% spurious signal (f = 110 kHz). 

V0 (at 1kHz+23 Hz) 
VWF suppression: Ol.VWF = 20 log-------­

V0 (at 1 kHz) 

Product Specification 

TEA5580 

47 kn 

5,1 kn 

400 mV 

0,2 % 

1 % 

80 dB 

40 dB 

50 µA 
100 µA 

10 µA 

18 mV 

5 mV 
13 mV 

2,5 dB 

228 kHz 

3,5 % 

A. kHz/K 

3 v 

50 dB 
50 dB 
70 dB 

80 dB 
60 dB 

66 dB 

70 dB 

20 dB 
26 dB 

90% S-signal ( L = -R, fm = 1 kHz); 9% pilot signal; 5% VWF signal (f = 57 kHz, fm = 23 Hz AM, 
m = 60%). 

-" Value to be established. 
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PLL Stereo Decoder 

APPLICATION INFORMATION 

i.f. 50 kHz roll-off filter 

+ 
220µF ~ 

16 

Vp 30!1 

300!1 

LED 

9 

TEA5580 

5, 1 
k!1 

5,1 
k!1 

Product Specification 

TEA5580 

lOnF lvo 
1---+-->---o right output 

.__,..4 ___ -"T6-----.----.-----,-7 __.2 signal 

I sos ---1--~ 

lOOnF R2 390pF 
470k!1 

R1 

Fig. 2 Test and application diagram. 

Notes 

R 1: VCO frequency adjustment; f = 228 kHz. 
R2: pilot cancelling and pilot level. 
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PLL Radio Tuning Circuit SAA1057 

The SAA 1057 is a single chip frequency synthesizer IC in 12 L technology, which performs all the 
tuning functions of a PLL radio tuning system. The IC is applicable to all tvpes of radio receivers, 
e.g. car radios, hi-fi radios and portable radios. 

Features 

• On-chip prescaler with up to 120 MHz input frequency. 
• On-chip AM and FM input amplifiers with high sensitivity (30 mV and 10 mV respectively). 
• Low current drain (typically 16 mA for AM and 20 mA for FM) over a wide supply voltage range 

(3,6 V to 12 V). 
• On-chip amplifier for loop filter for both AM and FM (up to 30 V tuning voltage). 
• On-chip programmable current amplifier (charge pump) to adjust the loop gain. 
• Only one reference frequency for both AM and FM. 
• High signal purity due to a sample and hold phase detector for the in-lock condition. 
• High tuning speed due to a powerful digital memory phase detector during the out-lock condition. 
• Tuning steps for AM are: 1 kHz or 1,25 kHz for a VCO frequency range of 512 kHz to 32 MHz. 
• Tuning steps for FM are: 10 kHz or 12,5 kHz for a VCO frequency range of 70 MHz to 120 MHz. 5 
• Serial 3-line bus interface to a microcomputer. 
• Test/features. 

QUICK REFERENCE DATA 

Supply voltage ranges Vcc1 3,6 to 12 v 
Vcc2 3,6 to 12 v 
Vcc3 Vcc2 to 31 v 

Supply currents 1cc1+1cc2 typ. 18 mA 

1cc3 typ. 0,8 mA 

Input frequency ranges 
at pin FAM fFAM 512kHzto32 MHz 
at pin FFM fFFM 70 to 120 MHz 

Maximum crystal input frequency fXTAL > 4 MHz 

Operating ambient temperature range Tamb -25 to+ 80 oc 

PACKAGE OUTLINE 

18-lead OIL; plastic (SOT-102HE). 
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PLL Radio Tuning Circuit 

FFM EJ- 15-BIT 

~----+ MUX '--PR-0.,.GR-AM_-_, 
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DCS 
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& 

HOLD 
PHASE 
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DATA 
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Fig. 1 Block diagram 

GENERAL DESCRIPTION 
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PROGRAMMABLE 
CURRENT 
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REFERENCE 
OSCILLATOR 

TEST/ 
FEATURES 

SAA1057 

Product Specification 

SAA1057 

OUT 

7Z83975., 

The SAA 1057 performs the entire PLL synthesizer function (from frequency inputs to tuning voltage 
output) for all types of radios with the AM and FM frequency ranges. 
The circuit comprises the following: 
• Separate input amplifiers for the AM and FM VCO-signals. 
• A divider-by-10 for the FM channel. 
• A multiplexer which selects the AM or FM input. 
• A 15-bit.programmable divider for selecting the required frequency. 
• A sample and hold phase detector for the in-lock condition, to achieve the high spectral purity of 

the VCO signal. 
• A digital memory frequency/phase detector, which operates at a 32 times higher frequency than 

the sample and hold phase detector, so fast tuning can be achieved. 
• An in-lock counter detects when the system is in-lock. The digital phase detector is switched-off 

automatically when an in-lock condition is detected. 
• A reference frequency oscillator followed by a reference divider. The frequency is generated by a 

4 MHz quartz crystal. The reference frequency can be chosen either 32 kHz or 40 kHz for the 
digital phase detector (that means 1 kHz and 1,25 kHz for the sample and hold phase detector), 
which results in tuning steps of 1 kHz and 1,25 kHz for AM, and 10 kHz and 12,5 kHz for FM. 

• A programmable current amplifier (charge pump), which controls the output current of both the 
digital and the sample/hold phase detector in a range of 40 dB. It also allows the loop gain of the 
tuning system to be adjusted by the microcomputer. 

• A tuning voltage amplifier, which can deliver a tuning voltage of up to 30 V. 
• BUS; this circuitry consists of a format control part, a 16-bit shift register and two 15-bit latches. 

Latch A contains the to be tuned frequency information in a binary code. This binary-coded num-
ber, multiplied by the tuning spacing, is equal to the synthesized frequency. The programmable divider 
(without the fixed divide-by-10 prescaler for FM) can be programmed in a range between 512 and 
32 767 (see Fig. 3). Latch B contains the control information. 
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PLL Radio Tuning Circuit 

OPERATION DESCRIPTION 

Control information 

Product Specification 

SAA1057 

The following functions can be controlled with the data word bits in latch B. For data word format 
and bit position see Fig. 3. 

FM FM/AM selection; '1' =FM, 'O' =AM 
REFH reference frequency selection; '1' = 1,25 kHz, 'O' = 1 kHz (sample and hold phase detector) 

CP3 l 
CP2 control bits for the programmable current amplifier 
CPl j (see section Characteristics) 
CPO 

SB2 enables last 8 bits (SLA to TO) of data word B; 

SLA 

PDMl I 
PDMOJ 

'1' =enables, 'O' =disables; when programmed 'O', the last 8 bits 
of data word B will be set to 'O' automatically 

load mode of latch A; '1' =synchronous, 'O' =asynchronous 

phase detector mode 

PDMl POMO digital phase 
detector 

0 x automatic 
on/off 

1 0 on 

1 1 off 

BRM bus receiver mode bit; in this mode the supply current of the BUS 
receiver will be switched-off automatically after a data transmission 
(current-draw is reduced); '1' =current switched; 'O' =current alw~ys on 

T3 test bit; must be programmed always 'O' 

T2 test bit; selects the reference frequency (32 or 40 kHz) to the TEST pin 

Tl test bit; must be programmed always 'O' 

TO test bit; selects the output of the programmable counter to the TEST pin 

T3 T2 Tl TO TEST (pin 18) 

0 0 0 0 1 

0 1 0 0 reference frequency 

0 0 0 1 output programmable counter 

output in-lock counter 
0 1 0 1 'O' = out-lock 

'1' =in-lock 
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PLL Radio Tuning Circuit 

OLEN %%! I 

tcLB lead ::::1 ... ~ 
CLB 

DATA 

1Tlead _. 

bit no. 0 

.- test leading zero 

Product Specification 

SAA1057 

....._ ____ s 
toLENhold -1 r- -1 1DIST 1--

1CLBlag2 -t--- 1--

7Z83974.1 

2 15 16 

Fig. 2 BUS format. 

(1) During the zero set-up time (tLzsul CLB can be LOW or HIGH, but no transient of the signal is 
permitted. This can be of use when an 12C bus is used for other devices on the same data and clock 
lines. 

DATA WORD A 

le;~;~g o 214 213 212 211 210 29 28 27 26 25 24 2J 22 21 20 

bits stored in latch A 

512.;; dividing number.;; 3276 7 

DATA WORD B 

leading 
.c.£...c.£..4-....:':.::er:.::0--1 FM REFH CP3 CP2 CP1 CPO 582 SLA PDM1 POMO BRM T3 T2 T1 TO 

bits stored in latch B 7Z83973 

Fig. 3 Bit organization of data words A and B. 

September 1985 5-84 



Signetics Linear Products Product Specification 

PLL Radio Tuning Circuit SAA1057 

PINNING 

TEST 1 TR ) '";ttoc/oop•dtm• 
2 TCA for sample and 

XTAL 3 TCB hold circuit 
Vcc2 4 DCS decoupling of supply 

VEE. 5 IN input of output amplifier 

SAA 105 7 CLB 6 OUT output of output amplifier 

7 Vcc3 positive supply voltage of 
DLEN 

output amplifier 
DATA 8 FFM FM signal input 

9 Vcc1 positive supply voltage of 

DCA 
high frequency logic part 

10 DCA decoupling of input 5 7Z83971 amplifiers 

11 FAM AM signal input 
Fig. 4 Pinning diagram. 12 DATA I BUS 13 DLEN 

14 CLB 

15 VEE ground 

16 Vcc2 positive supply voltage of 
low frequency logic part and 
analogue part 

17 XTAL reference oscillator input 

18 TEST test output 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage; logic and analogue part Vcc1; Vcc2 -0,3 to 13,2 V 

Supply voltage; output amplifier Vcc3 Vcc2 to+ 32 v 
Total power dissipation Ptot max. 800 mW 

Operating ambient temperature range Tamb -30 to+ 85 °c 

Storage temperature range Tstg -65 to + 150 oc 
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PLL Radio Tuning Circuit SAA1057 

CHARACTERISTICS 

VEE= O V; Vcc1 = Vcc2 = 5 V; Vcc3 = 30 V; Tamb = 25 oc; unless otherwise specified 

symbol min. typ. max. conditions 

Supply voltages Vcc1 3,6 5 12 v 
Vcc2 3,6 5 1.2 v 
Vcc3 Vcc2 - 31 v 

Supply currents* 
AM mode I tot - 16 - mA } ltot = lcc1 + lcc2 

FM mode I tot - 20 mA 
in-lock: BRM= '1 '; 

- PDM = 'O' 
1cc3 0,3 0,8 1,2 mA iouT = o 

Operating ambient 
temperature Tamb -25 - +80 oc 

RF inputs (FAM, FFM) 

AM input frequency fFAM 512kHz - 32 MHz 

FM input frequency fFFM 70 - 120 MHz 

Input voltage at FAM Vj (rms) 30 - 500 mV 

Input voltage at F FM Vi (rms) 10 - 500 mV 

Input resistance at FAM Ri - 2 - kn 

Input resistance at FFM Ri - 135 - n 

Input capacitance at FAM Ci - 3,5 - pF 

Input capacitance at FFM Ci - 3 - pF 

Voltage ratio allowed 
between selected and 
non-selected input Vs!Vns - -30 - dB 

Crystal oscillator (XTAL) see note 1 

Maximum input frequency fXTAL 4 - - MHz 

Crystal series resistance Rs - - 150 n 

BUS inputs (OLEN, CLB, 
DATA) 

Input voltage LOW V1L 0 - 0,8 v 
Input voltage HIGH V1H 2,4 - Vcc1 v 
Input current LOW -l1L - - 10 µA V1L=0,8V 

Input current HIGH l1H - - 10 µA V1H = 2,4 V 

*When the bus is in the active mode (see BRM in Control Information), 4,5 mA should be added to the 
figures given. 
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PLL Radio Tuning Circuit SAA1057 

CHARACTERISTICS (continued) 

VEE= 0 V; Vcc1 = Vcc2 = 5 V; Vcc3 = 30 V; Tamb = 25 °c; unless otherwise specified 

symbol min. typ. max. conditions 

BUS inputs timing see also Fig. 2 and 
(OLEN, CLB, DATA) note 2 

Lead time for CLB to OLEN tcLBlead 1 - - µs 

Lead time for DATA to 
the first CLB pulse tTlead 0,5 - - µs 

Set-up time for D LEN 
to CLB tcLBlag1 5 - - µs 

CLB pulse width HIGH tcLBH 5 - - µs 

CLB pulse width LOW tcLBL 5 - - µs 

Set-up time for DAT A 5 
to CLB toATAlead 2 - - µs 

Hold time for DATA to CLB toATAhold 0 - - µs 

Hold time for OLEN to CLB toLENhold 2 - - µs 

Set-up time for OLEN to 
CLB load pulse tcLBlag2 2 - - µs 

Busy time from load pulse next transmission 

to next start of transmission to1sT 5 - { after word 'B' - µs 
to other device 

Busy time or 
asynchronous mode to I ST 0,3 - - ms } next transmission 
synchronous mode to1ST 1,3 - - ms to SAA1057 

after word 'A' 
(see also note 5) 

Sample and hold circuit 
(TR, TCA, TCB) see also notes 3; 4 

Minimum output voltage VTCA· - 1,3 - v 
VTCB 

Maximum output voltage VTCA· - - Vcc2 -o,7 v 
VTCB 

Capacitance at TCA CTCA - - 2,2 nF REFH = '1' 
(external) CTCA - - 2,7 nF REFH = 'O' 

Discharge time at TCA tdis - - 5 µs REFH='1' 

tdis - - 6,25 µs REFH = 'O' 

Resistance at TR RTR 100 - - n external 

Voltage at TR during 
discharge Vrn - 0,7 - v 

Capacitance at TCB CTCB - - 10 nF external 

Bias current into TCA, TCB I bias - - 10 nA in-lock 
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PLL Radio Tuning Circuit SAA1057 

CHARACTERISTICS (continued) 

Ve E = 0 V; V CC1 = V CC2 = 5 V; V CC3 = 30 V; T amb = 25 °c; unless otherwise specified 

Programmable current 
amplifier (PCA) 

Output current of the 
dig. phase detector 

Current gain of PCA 

CP3 CP2 CP1 CPO 

P1 0 0 0 0 
P2 0 0 0 1 
P3 0 0 1 0 
P4 0 1 1 0 
P5 1 1 1 0 

Ratio between the output 
current of S/H into PCA 
and the voltage on 

CTCB 
Offset voltage on TCB 

Output amplifier (IN, 0 UT) 

Input voltage 

Output voltages 
minimum 
maximum 
maximum 

Maximum output current 

Test output (TEST)* 

Output voltage LOW 

Output voltage HIGH 

Output current OFF 

Output current ON 

Ripple rejection** 

at fripple = 100 Hz 

t.Vcc1/t-VouT 

t.Vcc2/t-VouT 

t. v cc3/ t. v o UT 

* Open collector output. 
** Measured in Fig. 6. 

September 1985 

symbol 

± ldig 

Gp1 
Gp2 
Gp3 
Gp4 
Gp5 

STCB 

t.VTCB 

V1N 

VouT 
VouT 
VouT 

± iouT 

VTL 

VTH 

IT off 

IT on 

min. typ. max. conditions 

- 0,4 - mA 

- 0,023 - Vcc2 ~ 5 V (only for P1) 
- O,Q7 -
- 0,23 -
- 0,7 -
- 2,3 -

- 1,0 - µA/V 

- - 1 v in-lock 

- 1,3 - v { in-lock; equal to 
internal reference voltage 

- - 0,5 v -louT = 1 mA 
Vcc3-2 - - v louT = 1 mA 
Vcc3-1 - - v loUT =0,1 mA 

5 - - mA VouT =% Vcc3 

- - 0,5 v 
- - 12 v 
- - 10 µA VTH 

150 - - µA VTL 

- 77 - dB 

- 70 - dB 

- 60 - dB VouT.;;;;; Vcc3-3 v 
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PLL Radio Tuning Circuit SAA1057 

NOTES 

1. Pin 17 (XTAL) can also be used as input for an external clock. 
The circuit for that is given in Fig. 5. The values given in Fig. 5 are a typical application example. 

+5VTu ~nF 22u1 17 

av 1 
4MHz C ..i...5 

XTAL-rpF 
I 

!"};; 

XTAL 

7283970 

Fig. 5 Circuit configuration showing external 4 MHz clock. 

2. See BUS information in section 'operation description'. 

3. The output voltage at TCB and TCA is typically 'h Vcc2+0,3 V when the tuning system is in-lock 
via the sample and hold phase detector. The control voltage at TCB is defined as the difference 
between the actual voltage at TCB and the value calculated from the formula 'h V cc2+0,3 V. 

4. Crystal oscillator frequency fxTAL = 4 MHz. 

5. The busy-time after word "A" to another device which has more clock pulses than the SAA 1057 
(> 17) must be the same as the busy-time for a next transmission to the SAA 1057. 
When the other device has a separate OLEN or has less clock pulses than the SAA 1057 it is not 
necessary to keep to this busy-time, 5 µswill be sufficient. 

APPLICATION INFORMATION 

Initialize procedure 

Either a train of at least 10 clock pulses should be applied to the clock input (CLB) or word B should 
be transmitted, to achieve proper initialization of the device. 
For the complete initialization (defining all control bits) a transmission of word B should follow. This 
means that the IC is ready to accept word A. 

Synchronous/asynchronous operation 

Synchronous loading of the frequency word into the programmable counter can be achieved when bit 
'S LA' of word B is set to' 1 '. This mode should be used for small frequency steps where low tuning noise 
is important (e.g. search and manual tuning). This mode should not be used for frequency changes of 
more than 31 tuning steps. In this case asynchronous loading is necessary. This is achieved by setting 
bit 'SLA' to 'O'. The in-lock condition will then be reached more quickly, because the frequency infor­
mation is loaded immediately into the divider. 

Restrictions to the use of the programmable current amplifier 

The lowest current gain (0,023) must not be used in the in-lock condition when the supply voltage 
Vcc2 is below 5 V (CP3, CP2, CP1 and CPO are all set to 'O'). This is to avoid possible instability of the 
loop due to a too small range of the sample and hold phase detector in this condition (see also section 
'Characteristics'). 

Transient times of the bus signals 

When the SAA 1057 is operating in a system with continuous activity on the bus lines, the transient 
times at the bus inputs should not be less than 100 ns. Otherwise the signal-to-noise ratio of the tuning -
voltage is reduced. 
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PLL Radio Tuning Circuit 

+sv 

47µF 4 Vcc1 

H + DCS 

10 nF 
H 10 

18on 

FM oscillato~ 1 nF 8 IZ;=75H)r~ 
22 nF 

11 AM oscillator 

DCA 

FFM 

(Z; = 2 kn) -+-----n--l FAM 

180!2 

16 

TR TCA 

SAA1057 

DLEN CLB DATA 

+30V 

I10nF 

3 

TCB 

IN 

330nF1 11 

TEST 18 

4 MHz 

XTAL 17 0HH 

Product Specification 

SAA1057 

TUNER 

I 
I 

~100nF 111 
I 
I 

w 

VEE 27 pf 
._---.,--...,...--...,...------,;;.;;_----' 

13 14 12 15 

7Z83972.1 

BUS 

(1) Values depend on the tuner diode characteristics. 

Fig. 6 Application example of the SAA 1057PLL frequency synthesizer module. 
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Balanced Modulator I Demodulator 

The TDA0820T is a monolithic integrated circuit for use at frequencies up to 650 MHz. 
Typical applications are: 

- modulator 
- mixer 
- switch/chopper 
- a.m. synchronous demodulator 
- f.m. quadrature demodulator 
- phase comparator 
- differential amplifier 

TDA0820T 

The circuit is arranged to offer very flexible circuit design possibilities. The excellent matching and 
temperature tracking of the transistors in the circuit allow the use of circuit techniques which are not 
available when using discrete devices. 

3 

PACKAGE OUTLINE 

01 

R1 
150!1 

12 4 

Fig. 1 Circuit diagram. 

14-lead mini-pack; plastic (S0-14; SOT-108A). 

5-91 

10 

5 

6 

7 

9 

02 

R4 
150!1 

8 

7270904 
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Balanced Modulator I Demodulator 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range 

Voltages (each transistor) 

Collector-substrate voltage (open base) 
and emitter) 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Currents (each transistor) 

Emitter current 

Base current 

Total power dissipation when 
mounted on a printed-circuit board 

Storage temperature 

Operating ambient temperature 

THERMAL RESISTANCE 

From junction to ambient 

CHARACTERISTICS 

Vcso 

Vcso 

VcEO 

VEBo 

IE 

IB 

Ptot 

Tstg 

Tamb 

Rth j-a 

V10-8 = V10-14 = V12-8 ~ V12-14 = 12 V; Tamb = 25 °c; measured in Fig. 2 

Supply current 110 + 112 

Input signals 
carrier signal (r.m.s. value) v3-4(rms); v5-4(rms) 

video signal; negative modulated 
(peak-to-peak value) v6-2(p-pl 

Output signal at top sync over 75 n 
(peak-to-peak value) V10-12(p-p) 

Carrier suppression in balanced condition V10-12 

Differential phase 

Differential gain 

Distortion of video signal 
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TDA0820T 

0 to 13,2 V 

max. 15 v 

max. 12 v 

max. 10 v 

max. 5 v 

max. 10 mA 

max. 10 mA 

max. 250 mW 

-55 to+ 125 oc 

0 to+ 70 oc 

220 K/W 

typ. 2,5 mA 
< 3 mA 

< 100 mV 

< 1,4 v 

> 22 mV 

> 38 dB 

< 50 

< 15 % 

< -38 dB 
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AM Receiver Circuit TDA1072A 

GENERAL DESCRIPTION 

The TOA 1072A integrated AM receiver circuit performs the active and part of the filtering functions 
of an AM radio receiver. It is intended for use in mains-fed home receivers and car radios. The circuit 
can be used for oscillator frequencies up to 50 MHz and can handle r.f. signals up to 500 mV. R.F. 
radiation and sensitivity to interference are minimized by an almost symmetrical design. The voltage­
control led oscillator provides signals with extremely low distortion and high spectral purity over the whole 
frequency range even when tuning with variable capacitance diodes. If required, band switching diodes 
can easily be applied. Selectivity is obtained using a block filter before the i.f. amplifier. 

Features 

• Inputs protected against damage by static discharge 
• Gain-controlled r.f. stage 
• Double balanced mixer 
• Separately buffered, voltage-controlled and temperature-compensated oscillator, designed for 

simple coils 
• Gain-controlled i.f. stage with wide a.g.c. range 
• Full-wave, balanced envelope detector 
• Internal generation of a.g.c. voltage with possibility of second-order filtering 
• Buffered field strength indicator driver with short-circuit protection 
• A.F. preamplifier with possibilities for simple a.f. filtering 
• Electronic standby switch 

QUICK REFERENCE DATA 

Supply voltage range 

Supply current range 

R.F. input voltage for S + N/N = 6 dB at m = 30% 

R.F. input voltage for 3% total harmonic 
distortion (THO) at m = 80% 

A.F. output voltage with Vi= 2 mV; 
fi = 1 MHz; m = 30% and fm = 400 Hz 

A.G.C. range: change of Vi for 1 dB change of Vo(af) 

Field strength indicator voltage at 
Vi= 500 mV; RL(9) = 2,7 kn 
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Vp 

Ip 

Vi 

Vi 

Vo(af) 

VIND 

7,5 to 18 V 

15 to 30 mA 

typ. 1,5 µV 

typ. 500 mV 

typ. 310 mV 

typ. 86 dB 

typ. 2,8 v 
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AM Receiver Circuit 

c1! 
lOOnF 

GAIN­

CONTROLLED 
R.F. STAGE 

+ 

DOUBLE 
BALANCED 

MIXER 

15 

VR (a.g.e.) 

STANDBY 
SWITCH 

Cose 
12 to 440pF 

~ 1'1 1 
~ o,1µFI cs 

2to22pF C7 

R2 
22!1 

14 13 

Ic3 
+ 47 µF 

Vp 

33 pF CB 

R3 Lose"' 95 µH 
22!1 

12 

CONTROLLED 

Product Specification 

TDA1072A 

~ $ optional 
band switching 
diodes 

$ lose 
t /. 

0 ~ 0 I 
cg-'-

-"' 10nfi 

11 10 

25!1 170!! 

AL (10) 

2,2 k!l AL (9) 

2,7 k!l 

220!1 9 

INTERNAL 
SUPPLY 

VOLTAGES OSCILLATOR 1-----iPt---~ 
INDICATOR 

DRIVER 

GAIN­
CONTROLLED 

BALANCED 
FULL-WAVE 

DETECTOR 

VR (a.g.e.) 

A.F. 
A.G.C. 

AMPLIFIER 
PRE -

AMPLIFIER 

TDA1072A 
H:::::J-...,_ __ 1- V2 

3k!l 
3 2 4 

C11 

HH 
56pF 

SFZ460A 

' l_ ___________ _ 

+Vp (pin 131 
1.F. FILTER 

C12 
I220nF 

R5 

3,3nF 12 k!l 

H 
C14 C15 

T100nF 

C16 + 
2,2µF I 

~ --c:::J- - -- .!..---+ V o(af) 
AL= 1 M!l 

(1) Coil data: TOKO sample no. 7XNS-A7523DY;. L 1 : N1/N2 = 12/32; 0 0 = 65; Os= 57. 
Filter data: ZF = 700 0 at R3.4 = 3 kil; Z1 = 4,8 kO. 

8 

C17 + 
22µFI 

7ZB7714 

Fig. 1 Block diagram and test circuit (connections shown in broken lines are not part of the test 
circuit). 
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AM Receiver Circuit 

FUNCTIONAL DESCRIPTION 

Gain-controlled r.f. stage and mixer 

Product Specification 

TDA1072A 

The differential amplifier in the r.f. stage employs an a.g.c. negative feedback network to provide a 
wide dynamic range. Very good cross-modulation behaviour is achieved by a.g.c. delays at the various 
signal stages. Large signals are handled with low distortion and the S/N ratio of small signals is improved. 
Low noise working is achieved in the differential amplifier by using transistors with low base resistance. 

A double balanced mixer provides the i.f. output signal to pin 1. 

Oscillator 

The differential amplifier oscillator is temperature compensated and is suitable for simple coil connect­
ion. The oscillator is voltage-controlled and has little distortion or spurious radiation. It is specially 
suitable for electronic tuning using variable capacitance diodes. Band switching diodes can easily be 
applied using the stabilized voltage V 11-16· An extra buffered oscillator output (pin 10) is available for 
driving a synthesizer. If this is not needed, resistor RL(10) can be omitted. 

Gain-controlled i.f. amplifier 

This amplifier comprises two cascaded, variable-gain differential amplifier stages coupled by a band-pass 
filter. Both stages are gain-controlled by the a.g.c. negative feedback network. 

Detector 

The full-wave, balanced envelope detector has very low distortion over a wide dynamic range. Residual 
i.f. carrier is blocked from the signal path by an internal low-pass filter. 

A. F. preamplifier 

This stage preamplifies the audio frequency output signal. The amplifier output has an emitter follower 
with a series resistor which, together with an external capacitor, yields the required low-pass for a.f. 
filtering. 

A.G.C. amplifier 

The a.g.c. amplifier provides a control voltage which is proportional to the carrier amplitude. Second­
order filtering of the a.g.c. voltage achieves signals with very little distortion, even at low audio 
frequencies. This method of filtering also gives fast a.g.c. settling time which is advantageous for 
electronic search tuning. The a.g.c. settling time can be further reduced by using capacitors of smaller 
value in the external filter (C16 and C17). The a.g.c. voltage is fed to the r.f. and i.f. stages via suitable 
a.g.c. delays. The capacitor at pin 7 can be omitted for low-cost applications. 

Field strength indicator output 

A buffered voltage source provides a high-level field strength output signal which has good linearity 
for logarithmic input signals over the whole dynamic range. If the field strength information is not 
needed, RL(9) can be omitted. 

Standby switch 

This switch is primarily intended for AM/FM band switching. During standby mode the oscillator, 
mixer and a.f. preamplifier are switched off. 

Short-circuit protection 

All pins have short-circuit protection to ground. 
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AM Receiver Circuit TDA1072A 

RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134) 

Supply voltage Vp = V 13-16 max. 20 V 

Total power dissipation 

Input voltage 

Input current 

Operating ambient temperature range 

Storage temperature range 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient 

DEVICE CHARACTERISTICS 

Ptot max. 

IV14-15I max. 

-V14-16· -V15-16 max. 

V14-16· V15-16 max. 

11141, 11151 max. 

875 mW 

12 v 
0,6 v 
Vp V 

200 mA 

Tamb 

Tstg 

Tj 

-40 to + 80 oc 

-55 to + 150 oc 

max. + 125 oc 

Rth j-a 80 K/W 

Vp = V13-16 = 8,5 V; Tamb = 25 °c; fi = 1 MHz; fm = 400 Hz; m = 30%; fif = 460 kHz; measured in 
test circuit of Fig. 1; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supplies 

Supply voltage Vp = V13-16 7,5 8,5 18 v 
Supply current Ip= 113 15 23 30 mA 

R.F. stage and mixer 

Input voltage (d.c. value) V14-16· V15-16 - Vp/2 - v 
R.F. input impedance at Vi< 300 µV R14-16· R15-16 - 5,5 - kn 

c 14-1 6· c 15-16 - 25 - pF 

R.F. input impedance at Vi> 10 mV R14-16· R15-16 - 8 - kn 
C14-16· C15-16 - 22 - pF 

I. F. output impedance R1-16 500 - - kn 
c 1-16 - 6 - pF 

Conversion transconductance 
before start of a.g.c. 11/Vi - 6,5 - mA/V 

Maximum i.f. output voltage, inductive 
coupling to pin 1 V1-13(p-p) - 5 - v 

D.C. value of output current (pin 1) 
at Vi= 0 V I 1 - 1,2 - mA 

A.G.C. range of input stage - 30 - dB 

R.F. signal handling capability: 
input voltage for THD = 3% at m = 80% Vi(rms) - 500 - mV 
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AM Receiver Circuit TDA1072A 

parameter symbol min. typ. max. unit 

Oscillator 

Frequency range fosc 0,6 - 60 MHz 

Oscillator amplitude (pins 11 to 12) V11-12 .. - 130 150 mV 

External load impedance R 12-11(ext) 0,5 - 200 kn 

External load impedance for no oscillation R12-11(ext) - - 60 n 

Ripple rejection at VP(rms) = 100 mV; 
fp = 100 Hz 
(RR= 20 log [V13.15/V11.15l) RR - 55 - dB 

Source voltage for switching diodes (6 x Vee) V11-16 - 4,2 - v 
D.C. output current (for switching diodes) --111 0 - 20 mA 

Change of output voltage at 
Al 11 = 20 mA (switch to maximum load) AV11-16 - 0,5 - v 

Buffered oscillator output 

D.C. output voltage V10-16 - 0,7 - v 
Output signal amplitude V1Q-16(p-p) - 320 - mV 

Output impedance R10 - 170 - n 

Output current -l10(peak) - - 3 mA 

l.F., a.g.c. and a.f. stages 

D.C. input voltage V3.15, V4.15 - 2,0 - v 
l.F. input impedance R3-4 2,4 3 3,9 kn 

C3.4 - 7 - pF 

l.F. input voltage for 
THO= 3% at m = 80% V3.4 - 90 - mV 

Voltage gain before start of a.g.c. V3.4/V5.15 - 68 - dB 

A.G.C. range of i.f. stages: change of 
V3.4 for 1 dB change of Vo(af); 
V3.4(ref) = 75 mV AV3-4 - 55 - dB 

A.F. output voltage at V3-4(if) = 50 µV Vo(af) - 130 - mV 

A.F. output voltage at V3.4(if) = 1 mV Vo(af) - 310 - mV 

A.F. output impedance (pin 6) IZol - 3,5 - kn 

Indicator driver 

Output voltage at Vi= 0 mV; 
RL(9) = 2,7 kn V9.15 - 20 150 mV 

Output voltage at Vi= 500 mV; 
RL(9) = 2,7 kn V9.15 2,5 2,8 3,1 v 

Load resistance RL(9) 1,5 - - kn 
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AM Receiver Circuit TDA1072A 

parameter symbol min. typ. max. unit 

Standby switch 

Switching threshold at Vp = 7,5 to 18 V; 
Tamb = -40 to+ 80 °c 

on-voltage V2.16 0 - 2,0 v 
off-voltage V2.16 3,5 - 20 v 
on-current at V2.16 = 0 V -12 - - 200 µA 

off-current at V2.16 = 20 V 1121 - - 10 µA 

OPERATING CHARACTERISTICS 

Vp = 8,5 V; fi = 1 MHz; m = 30%; fm = 400 Hz; Tamb = 25 oc; measured in Fig. 1; unless otherwise 
specified 

parameter symbol min. typ. max. unit 

R.F. sensitivity 

R.F. input required for S +NIN= 6 dB Vi - 1,5 - µV 

R.F. input required for S +NIN= 26 dB Vi - 15 - µV 

R.F. input required for S +NIN= 46 dB Vi - 150 - µV 

R.F. input at start of a.g.c. Vi - 30 - µV 

R.F. large signal handling 

R.F. input at THO= 3%; m = 80% Vi - 500 - mV 

R.F. input at THO= 3%; m = 30% Vi - 700 - mV 

R.F. input at THO= 10%; m = 30% Vi - 900 - mV 

A.G.C. range 

Change of Vi for 1 dB change 
of Vo(af); Vi(ref) = 500 mV A Vi - 86 - dB 

Change of Vi for 6 dB change 
of Vo(af); Vi(ref) = 500 mV A Vi - 91 - dB 

Output signal 

A.F. output voltage at 
Vi= 4 µV; m = 80% Vo(af) - 130 - mV 

A.F. output voltage at Vi= 1 mV Vo(af) 240 310 390 mV 

THO at Vi = 1 mV; m = 80% dtot - 0,5 - % 

THO at Vi= 500 mV; m = 30% dtot - 1 - % 

Signal-to-noise ratio at Vi= 100 mV (S + N)IN - 58 - dB 

Ripple rejection at Vi= 2 mV; 
Vp(rms) = 100 mV; fp = 100 Hz 
(RR= 20 log [Vp!Vo(af)]) RR - 38 - dB 
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parameter symbol 

Unwanted signals 

Suppression of i.f. whistles at 
Vi= 15 µV; m = 0% related to 
a.f. signal of m = 30% 

at fi ""'2 x fit 0'.2if 

at fi ""'3 x fif 0'.3if 
l.F. suppression at r.f. input 

for symmetrical input O'.if 
for asymmetrical input O'.if 

Residual oscillator signal at mixer output 
at fosc I 1(osc) 
at 2 x f0 sc 11(2osc) 

APPLICATION INFORMATION 

100nF 

1,2µH 

(2) 

11 

TDA1072A 

( 1) Capacitor values depend on crystal type. 

min. 

-

-

-

-

-
-

22 
n 

12 16 

7287701 

typ. 

37 

44 

40 

40 

1 

1, 1 

Product Specification 

TDA1072A 

max. unit 

- dB 

- dB 

- dB 

- dB 

- µA 

- µA 

(2) Coil data: 9 windings of 0, 1 mm dia laminated Cu wire on TOKO coil set 7K 199CN; Q 0 = 80. 

Fig. 2 Oscillator circuit using quartz crystal; centre frequency= 27 MHz. 
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7Z87702 

o +--+--+--+--+---+--+--+T-+--+--+--+---l 

Vo~fl S+N 
(dB V) t--+---tl/1-----:1...-t--T--t--i--t--;---r--t-~"<1 

-20f--+~--->l-l---l-+---+--+--+--+--+--+---l-----l 
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........ 'h. 

-60t--+--+--+--+-~---'l'"--rN~-+---+--+--+---l 
~ 

o 20 40 60 80 100 120 
V; (dBµV) 

Fig. 3 A.F. output as a function of r.f. input 
in the circuit of Fig. 1; fi = 1 MHz; fm = 400 Hz; 
m = 30%. 

S+N 
N 
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7 Z87 703 

THO 
t--+--+--+--+--+--+---\-+---+--+--+---l (%) 

(dB) S+N 
l\J 

60~-r-t--r--r--r---r--r---:r::::t:::+::::j:::j6 v 
J1 40f--+l--+--+-A--+--+---\f---!--+--+---+-l--l4 

}' 
2 20 J' 

)\ 
v f'...lt-+-1-......+-T~H-D~-rL-.I 

0 '---'---'--'--'---+---+~+---'---'---'--'--' 0 
0 20 40 60 80 100 120 

V; (d8µV) 

Fig. 4 Total harmonic distortion and (S + N)/N 
as functions of r.f. input in the circuit of 
Fig. 1; m = 30% for (S + N)/N curve and 
m = 80% for THO curve. 

C7-15=2,2µ~ ~=OµF 

0,1 +-----+---+---+--+-+-+-~-+-----+----+--+--+-~-+-~----+---+--+--+--+-~~ 
10 20 100 200 1000 2000 

Fig. 5 Total harmonic distortion as a function of modulation frequency at Vi = 5 mV; m = 80%; 
measured in the circuit of Fig. 1 with C7.16(ext) = 0 µF and 2,2 µF. 
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VIND >--+--+--+--+--+--+---1-t--+.o<+---+----< 
(V) tZ' 

lL 

I/ 

20 40 60 80 100 120 
V; (d8µV) 

Fig. 6 Indicator driver voltage as a function 
of r.f. input in the circuit of Fig. 1. 

,--------1 

Vo (af) 
(dB) 
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7287706 

-40+---+--+-+-+-t-++++--+-t-t--r-t-t-t~ 

-50~-+---+-~~~-~-~~~~ 

0,1 f rn (kHz) 10 

Fig. 7 Typical frequency response curves from 
Fig. 1 showing the effect of filtering as follows: 

with i.f. filter; 
- ·- ·- ·-· -· with a.f. filter; 
- - - - - - with i.f. and a.f. filters. 

Rgen v,f I 56!1 15pF .v.. 10nF FrrF, 50!1 60p~I 1!~i----t'l' 
I 100pF I160pF /. 0,1µF 

I , , I , I I 
1,2nF 

390pF 

~~~ -~~B_I __ _J 0,1µF 
60pF 

Vp 

16 15 14 13 12 11 

TDA1072A 
7 287707 

Fig. 8 Car radio application with inductive tuning. 

7287708 

v 
0 

(a f)o >--+--+--+--+--+--+___,>--+--+--+--+--+--+---+---1>--+--+-s-+1-N-l>-rn-]+-3-J+%-l-+--+--+--+--+----1-+-;--; 

(dBV) v 
20f---l-+kd--+-j.../-v-+-7"1---+----+--+--+--+-+---l-+-+---+---t---t--t-t---t--;---t--r---i--r---r-;-r-r~ 

VV1_-1---1-+-1-+-.L 
40 -- r-, 

'1'l 

0 20 40 60 80 100 Vrf (dBµV) 120 

Fig. 9 A.F. output as a function of r.f. input using the circuit of Fig. 8 with that of Fig. 1. 
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0 20 40 V'aew (dBµV) 
7 287709 

Vrfu V V'aeu 
(dBµ V) l--+-+-+--+--+--+---+---+----+-+--t--t---ll--l--+--+-+--+--+--+--+---+---+-17-l--+--t--t---ll--f--I (dB µV) 

120 ~ 106 

v 
100t--+-+->~~--t---t-l--t--+-+-+--+--+--+--+--+-+-+--+--+---t-l--t--+-+-+--+--+--+--+---t86 .r 

80'--~~~~~~~~~~~~~'--'--~~~~~~~~~~~~~~'--~66 

0 10 20 30 40 50 60 70 
Vrfw (dBµV) 

Fig. 10 Suppression of cross-modulation as a function of input signal, measured in the circuit of Fig. 8 
with the input circuit as shown in Fig. 11. Curve is for Wanted Vo(af)IUnwanted Vo(af) = 20 dB; 
Vrfw· Vrfu are signals at the aerial input, V'aew• V'aeu are signals at the unloaded output of the aerial. 

Wanted signal (V'aew• Vrtwl: fi = 1 MHz; fm = 400 Hz; m = 30%. 

Unwanted signal (V'aeu• Vrfu): fi = 900 kHz; fm = 400 Hz; m = 30%. 

Effective selectivity of input tuned circuit = 21 dB . 

Vwanted 

Vunwanted 

120 
V12(rms) 

(mV) 
100 

80 

60 

40 

20 

0 
0,1 

~ 

. ----, 
I I I 1 V'aew 

AERIAL I V' -t--•-•u-• to radio 
(Fig. 81 I input circuit 

I 
I ._ ___ ___.. 

7287710 

7287711 

Fig. 11 Input circuit to show 
cross-modulation suppression 
(see Fig. 10). 

Fig. 12 Oscillator amplitude as a 
function of pin 11, 12 impedance 
in the circuit of Fig. 8. 

10 100 200 

l2o 12-11 I (k!l) 
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7 Z87712 
S+N 

-N- ~-+--+---+--+--+~i--+--+-+--+--+--+--+--+--+-+---+--+---l~i--+--+--+--+--+--+--+--+--+~ THO 
(dB) (%) 
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0 20 40 60 80 100 Vrt (dBµV) 120 

Fig. 13 Total harmonic distortion and (S + N)/N as functions of r.f. input using the circuit of Fig. 8 
with that of Fig. 1. 

7Z87713 
omrrTTT--,--rmTTTT~--i::;;;;o;..--~,.,..,...r-r~,~1-1rTIT1~~~-h-rrrrrrrrr-111TTmn 

J I\ 

-40fl.H.H-++-+-~H++-l-+---ll+l+-l-l--j-+~l--+-f-+i-+++l+---+-+++++-PAA.-+-+t-H+tt 
1.2.:;_' 

-10 -1 ±0,1 

Fig. 14 Forward transfer impedance as a function of intermediate frequency for filters 1 to 4 shown 
in Fig. 15; centre frequency= 455 kHz. 
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56 pF 

3 

I 
V3_4 3 k!1 

~ 
Vp 4 

~ 
56 pF 

3 k!1 5 
4 

3 

I 
V3_4 3 k!1 

~ 
4 

100pF 100pF 

3 

I 
V3_4 3 k!1 

* 
4 

7Z87715 

Fig. 15 1.F. filter variants applied to the circuit of Fig. 1. For filter data, refer to Table 1. 
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Table 1 Data for 1.F. filters shown in Fig. 15. Criterium for adjustment is ZF =·maximum (optimum selectivity curve at centre frequency 
fo = 455 kHz). See also Fig. 14. 

filter no. 1 2 3 4 

Coil data L1 L1 L1 L2 L1 

Value of C 3900 430 3900 4700 3900 

N1: N2 12: 32 13: (33 +66) 15 : 31 29: 29 13: 31 

Diameter of Cu 
laminated wire 0,09 0,08 0,09 0,08 0,09 

Oo 65 (typ.) 50 75 60 75 

Schematic* 

I~ c=32 Iv c~66 I~ c=31 ;~ (: 29 ~v c:31 of I • -;;;;-i 

windings • .~ • • • • 
(N1) (N2) 

Tako order no. 7XNS-A7523DY L7PES-A0060BTG 7XNS-A7518DY 7XNS-A7521AIH 7XNS-A7519DY 

Resonators 

Murata type SFZ455A SFZ455A SFZ455A SFT455B 

D (typical value) 4 4 4 6 

RG,RL 3 3 3 3 

Bandwidth (-3 dB) 4,2 4,2 4,2 4,5 

S9kHz 24 24 24 38 

Filter data 

Z1 4,8 3,8 4,2 4,8 

Os 57 40 52 (L1) 18 (L2) 55 

ZF 0,70 0,67 0,68 0,68 

Bandwidth (-3 dB) 3,6 3,8 3,6 4,0 

S9kHz 35 31 36 42 

S18kHz 52 49 54 64 

S27kHz 63 58 66 74 

* The beginning of an arrow indicates the beginning of a winding; N 1 is always the inner winding, N2 the outer winding. 

)> 
~ 
@' 
0 
<I> 

unit ~-... 
Q 

pF ... 
0 
c: 
:::;: 

mm 

dB 

kQ 

kHz 

dB 

kQ 

kQ 

kHz 

dB 

dB 
-I 

dB ~ ....=-

~ 

"' 15· 
:> 

~ .--
5· 
<D 
Q 

" 0 
a. 
c 
@. 

~ 
c 
Q. 

f 
8 g 



Signetics Linear Products Product Specification 

AM Receiver Circuit TDA1072A 

5 

Vo (af) VIND 
standby v 8 1osc 
switch 

Fig. 16 Printed-circuit board component side, showing component layout. For circuit diagram see Fig. 1. 

Fig. 17 Printed-circuit board showing track side. 
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( 1) Values of capacitors depend on the selected group of capacitive diodes BB 112. 
(2) For i.f. filter and coil data refer to Fig. 1. 
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0100kj 
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7Z87716 

Fig. 18 Car radio application with capacitive diode tuning and electronic MW/LW switching. The circuit includes pre-stage a.g.c. optimised for 
good large-signal handling. 
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16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 

$ 
@ 

( 1 ) 

2 4 

top view 

(2) 

Dimensions in mm 

SOLDERING 

1. By hand 

Product Specification 

I 
I 

I 0,32 I 
II max II 
II 111 

~-~--J 
~ 9,5 -------... 

8,3 7Z 55041 _8 

Positional accuracy. 

Maximum Material Condition. 

Centre-lines of all leads are 

TDA1072A 

within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °c it must not be in contact for more than 10 seconds; if between 
300 oc and 400 °c, for not more than 5 seconds. 

2. By dip or wave 

The maximum permissible temperature of the solder is 260 °c; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis­
sible limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in ( 1) above. 
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The TEA5550 is an a.m. radio circuit, primarily intended for use in car radios. 
The IC can reduce the costs in a car radio due to the following features: 

• minimum periphery 
• no extra r.f.-prestage is necessary 
• ceramic i.f. filter is used 
' simple on/off switching method allows inexpensive band switching in a.m./f.m. radios 

The TEA5550 incorporates the following functions: 

Product Specification 

TDA5550 

• a double balanced mixer with large signal handling range and common mode rejection properties 
• a 'one-pin' oscillator, permitting the use of variable capacitance diode tuning 
• an i.f. amplifier, designed for ceramic filters 
• an a.m. envelope detector 
• a.g.c. stages 
• a voltage stabilizer, for supplying the internal circuit current and an external current up to 20 mA 
• a simple d.c. switch for a.m./f.m. radios 

QUICK REFERENCE DATA 

Supply voltage range; unstabilized (pin 8) 

Supply voltage; stabilized (pin 9) * 

Ambient temperature 

Supply voltage (pin 8) 

R.F. condition: fi = 1 MHz; m = 0,3; fm = 1 kHz 

R.F. input voltage (pin 1) 
V0 = 30 mV 
S/N = 26 dB 
S/N = 46 dB 

A.F. output voltage (pin 10) 
Vi= 10 mV 

Total harmonic distortion over most of the a.g.c. range; m = 0,8 

R.F. signal handling 
THD = 10%; m = 0,8 

A.G.C. range; change of r.f. input voltage 
for 10 dB change of a.f. output voltage 
(reference Vi1 = 200 mV) 

* Pins 8 and 9 have to be short-circuited externally. 

PACKAGE OUTLINE 

16-lead DIL; plastic (SOT-38). 
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Vp 10,2 to 18 V 

Vstab typ. 7,5 to 9 V 

Tamb typ. 25 °c 
Vp typ. 14,4 v 

Vi typ. 4 µV 
V· I typ. 16 µV 
Vi typ. 160 µV 

Vo typ. 180 mV 

THD typ. 1,2 % 

Vi typ. 400 mV 

Vi1/Vi2 typ. 86 dB 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltages 
pin 8 
pin 3 

Non-repetitive peak output current (pin g) 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

Note 

Pins 4, 5, 12 and 13 are not allowed to be connected. 

D.C. CHARACTERISTICS at Vi= 0 

Vp = 14,4 V; T amb = 25 OC; measured in Fig. 2 

Supply voltage range (unstabilized)* 

Voltage at ping; -lg= 0 

Change in stabilization voltage (pin g) 
at -lg= 0 to 20 mA 
at Vp = 10,2 to 14,4 V 

Voltage at pin 10 

Voltage at pins 1 and 2 

Voltage at pin 15 

Total supply current; -lg= 0 

Current drain 
pin 3 
pin 15 

Current supplied from ping 

Power consumption; -lg= 0 

Vp = V8-16 
V3.16 

lgsM 

Ptot 

Tstg 

Tamb 

Vp 

Vg.16 = Vstab 

AVg.16 =AV stab 
AVg.16 = AVstab 

V10-16 

V1.16 = V2.16 

v 15-16 

I tot 

13 
115 

-lg 
p 

max. 
max. 

max. 

Product Specification 

TDA5550 

24 v 
24 v 

100 mA 

max. 1100 mW 

-65 to+ 150 oc 

-30 to + 85 oc 

10,2 to 18 V 

typ. 8,7 v 
8 to g,2 V 

typ. 50 mV 
typ. 300 mV 

typ. 1,1 v 
typ. 5,0 v 
typ. Vstab 
typ. 20 mA 

typ. 1 mA 
typ. 0,2 mA 

< 20 mA 

typ. 300 mW 

* A stabilized supply voltage of 7 ,5 tog V can also be applied at ping (pin 8 short-circuited toping). 
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A.C. CHARACTERISTICS 

Vp = 14,4 V; Tamb = 25 oc; r.f. condition: fi = 1 MHz, m = 0,3, fm = 1 kHz; transfer impedance of 
the i.f. filter Ztr = v5/i3 = 850 n (loaded with 3 ks-2); measured in Fig. 2; unless otherwise specified 

R.F. input voltage; V 0 = 30 mV Vi 1,5 to 6,5 µV 

R.F. sensitivity at Rs= 25 n for: 
S + N/N = 6 dB V· I typ. 1,3 µV 
S + N/N = 20 dB Vi typ. 8 µV 

S + N/N = 26 dB V· { ~p. 16 µV 
I 20 µV 

S + N/N = 46 dB Vi typ. 160 µV 
S + N/N = 50 dB Vi typ. 350 µV 

Input conductance at pin 1 
Vi= 0,1 mV gie typ. 0,2 mS 
Vi= 100 mV gie typ. 0, 1 mS 

Input conductance at pin 6 gie typ. 0,3 mS 

Output capacitance at pin 15 Coe typ. 20 pF 

A.G .C. range; change of r.f. input voltage for 10 dB 
change of a.f. output voltage (reference Vi1 = 200 mV) Vi1/Vi2 typ. 86 dB 

A. F. output voltage > 140 mV 
Vi= 10 mV Vo typ. 180 mV 

Spread of a.f. output voltage A.Vo typ. ± 2 dB 

A.F. output impedance (pin 10) IZol typ. 2,1 kn 

Total harmonic distortion at m = 0,8 
Vi=16µV THD < 2,5 % 
over most of the a.g.c. range (see also Figs 3 and 10) THD typ. 1,2 % 
Vi= 25 mV THD typ. 3,5 % 

R.F. signal handling capability > 350 mV 
THD = 10%; m = 0,8 Vi typ. 400 mV 

I .F. suppression at V 0 = 30 mV > 20 dB* 
()/ 

typ. 35 dB* 

Oscillator voltage 
typ. 250 mV 

V9-16 = 8 V; fosc = 1468 kHz V15-8 < 300 mV 

V· 
* 0/ = 20 log~, where: Via is input voltage at f = 468 kHz and Vib is input voltage at f = 1 MHz. 

Vib 
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Coil data 

L1=47 µH; 0 0 = 100; N1-3 = 35 (0,1 posyn} BR7 

L2 = 0,64 mH; 0 0 = 110; catalogue no. 3122 138 91481 

N1-3 = 146 N1-2 = 33 
N2-3 = 113 N4-6 = 9 

The transfer impedance of the i.f. filter is: 

Ztr = v5/i3 = 850 .11(RL=3 k.11). 
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APPLICATION INFORMATION 

Figures 4 and 7 show the circuit diagrams of single-tuned and double-tuned AM channels respectively, 
using the TEA5550 and an r.f.-tuning unit (type ALPS). The i.f. filter consists of a single-tuned coil in 
combination with a ceramic filter (type SFT468). 

Typical performance (measured in Figs 4 and 7) 

Vp = 14,4 V; Tamb = 25 oc; aerial signal conditions: f 0 = 1 MHz; m = 0,3; fm = 1 kHz (dummy aerial 
as shown in Figs 4 and 7) 

Fig. 4 Fig. 6 
single-tuning double-tuning 

R.F. input voltage for: 
S + N/N =6 dB V· I 4 4 µV 
S + N/N = 26 dB Vi 47 49 µV 

A.F. output voltage (RL = R6 = 22 kfl) 
Vi= 1 mV Vo 160 160 mV 

Signal-to-noise ratio 
Vj = 1 mV S/N >50 >50 dB 

A.G.C. range; change of r.f. input voltage 
for 10 dB change of a.f. output voltage 
(reference Vi1 = 200 mV); see Figs 3 and 10 Vi1/Vi2 88 88 dB 

R.F. signal handling capability 
THO < 10%; m = 0,8; see Figs 3 and 10 Vi 1,5 1,5 v 

Total harmonic distortion (over most of 
the a.g.c. range); m = 0,8; see Figs 3 and 10 THO 1,2 1,2 % 

Oscillator voltage 
measured across the tank circuit Vose 250 250 mV 

Total selectivity (r.f. and i.f.) Sg 44 46 dB 

Total bandwidth (r.f. and i.f.) B3dB 4,1 4,4 kHz 

1.F. suppression at Vi = 20 µV 
tuned frequency = 600 kHz a 55 75 dB 

= 1600 kHz ex 58 85 dB 

Image rejection at Vi= 20 µV 
tuned frequency= 600 kHz 50 72 dB 

= 1000 kHz 46 68 dB 
= 1400 kHz 42 64 dB 

Whistle at Vi= 5 mV 
2 x i.f.-tweet -40 -40 dB 
3 x i.f.-tweet -48 -48 dB 
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Coil data: L 1, L2 =tuning coils, ALPS unit MMK 1 IEll (for coil connections see Fig. 5) 
L3 =trimming coil (4,7 µH); catalogue number 3122 138 27460 
L4 =padding coil (200 µH); catalogue number 3111 118 23510 
L5 = i.f. coil; catalogue number 3122 138 91481 
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Slgnetlcs Linear Products 

AM Radio Circuit 

(r=l) tuning 

Fig. 5 Printed-circuit board component side, showing component layout. 
For circuit diagram see Fig. 4. 

Fig. 6 Printed-circuit board showing track side. 

September 1985 5-118 

Product Speclflcalibn 

TDA5550 



dummy aerial 

. aerial 
signal input 

~T~~ Vp 
(pin 8) 

1 C5 
0 16~ 

C18 

c10! 
220nF 

C22 

4,7nF I 2 3 7 6 I 22nF 

CB reg 
10 

TEA5550 
50 

15 9 11 B ~i}c'l I i1c,_r:L L!f----T°" 
~ pFFI ~~I l l r~~ I820pF l, I220nF 

'/ I I '/ '/ 
c15J'.'. 
22 
nF vstab 

+I C20 
0100µF 
l(25V) 

ff? 
"E. 
CD 
3 

~ 
~ 

I 
I I L2 
L _ _.1 ________ _ 

oscillator circuit 

R4 
1,8 
kl1 

AM 

C14 
240 
pF 

to pin 5 of 
the TDA5560 

+ 
"iJ:, C19 I 33 

µF 

, 

+J, C17 I 4,7 
µF 

, 

(Vp = 10,2 to 18 V) 

7Z84959 

BA317 

Fig. 7 Typical application circuit diagram for a double-tuned AM channel in car radio receivers using the TEA5550; Sis AM/FM switch; for 

printed-circuit board see Figs 8 and 9. 

Coil data: L1a, L1b, L2 =tuning coils, ALPS unit MMK llEll (for coil connections see Fig. 8) 
L3 =trimming coil (4,7 µH}; catalogue number 3122 138 27460 
L4 =padding coil (200 µH}; catalogue number 3111 118 23510 
L5 = i.f. coil; catalogue number 3122 138 91481 
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Signetics Linear Products 

AM Radio Circuit 

<rl'")tuning 

aerial signal 
input generator 

Fig. 8 Printed-circuit board component side, showing component layout. 
For circuit diagram see Fig. 7. 

Fig. 9 Printed-circuit board showing track side. 
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Slgnetics Linear Products Product Specification 

AM/FM Radio Receiver Circuit TEA5570 

GENERAL DESCRIPTION 

The TEA5570 is a monolithic integrated radio circuit for use in portable receivers and clock radios. 
The IC is also applicable to mains-fed AM and AM/FM receivers and car radio-receivers. Apart from 
the AM/FM switch function the IC incorporates for AM a double balanced mixer, 'one-pin' oscillator, i.f. 
amplifier with a.g.c. and detector, and a level detector for tuning indication. The FM circuitry comprises 
i.f. stages with a symmetrical limiter for a ratio detector. A level detector for mono/stereo switch 
information and/or indication complete the FM part. 

Features 

• Simple d.c. switching for AM to FM by only one d.c. contact to ground (no switch contacts in the 
i.f. channel, a.f. or level detector outputs) 

• AM and FM gain control 
• Low current consumption (I tot = 6 mA) 
• Low voltage operation (Vp = 2,7 to 9 V) 
• Ability to handle large AM signals; good i.f. suppression 
• Applicable for inductive, capacitive and diode tuning 
• Double smoothing of a.g.c. line 
• Short-wave range up to 30 MHz 
• Lumped or distributed i.f. selectivity with coil and/or ceramic filters 
• AM and a.g.c. output voltage control 
• Distribution of PCB wiring provides good frequency stability 
• Economic design for 'AM only' receivers 

QUICK REFERENCE DATA (at Tamb = 25 °C) 

Supply voltage 
Supply current 

AM performance (pin 2) form= 0,3 
Sensitivity 

atV0 = 10mV 
at S/N = 26 dB 

A.F. output voltage at Vi= 1 mV 
Total harmonic distortion at Vi= 1 mV 

FM performance (pin 1) for At= ± 22,5 kHz 
limiting sensitivity, -3 dB 

Signal-to-noise ratio for Vi= 1 mV 
A.F. output voltage at Vi= 1 mV 
Total harmonic distortion at Vi= 1 mV 
AM suppression at Vi= 10 mV 

PACKAGE OUTLINE 

16-lead DI L; plastic (SOT-38). 

September 1985 5.:.122 

Vp = V7-16 
17 

Vi 
Vi 
Vo 
THO 

Vi 
S/N 
Vo 
THO 
AMS 

typ. 5,4 v 
typ. 6,2 mA 

typ. 1,7 µV 
typ. 16 µV 
typ. 100 mV 
typ. 0,5 % 

typ. 110 µV 
typ. 65 dB 
typ. 100 mV 
typ. 0,3 % 
typ. 50 dB 
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Signetics Linear Products Product Specification 

AM I FM Radio Receiver Circuit TEA5570 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 7) Vp = V7_ 15 max. 12 V 

Voltage at pins 4, 5, 9 and 10 to pin 16 (ground) 

Voltage range at pin 8 

Current into pin 5 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

1,2 

Vn-16 

Vs-16 

15 

Ptot 

Tstg 

Tamb 

7287 208 

Ptot 

(W) 

0,8 
\ 

September 1985 

0,4 

0 
-50 

I\ 
f\l 
~ 

[ 
0 50 100 

Tamb1°Cl 

Fig. 2 Power derating curve. 
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max. 12 V 

Vp ± 0,5 V 

max. 3 mA 

see Fig. 2 

-55 to + 150 oc 

-30 to +85 oc 



Signetics Linear Products Product Specification 

AM/FM Radio Receiver Circuit TEA5570 

D.C. CHARACTERISTICS 

Vp = 6 V; Tamb = 25 °c; measured in Fig. 10; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 7) 

Supply voltage (note 1) Vp = V7-16 2.4 5,4 9,0 v 

Voltages 

at pin 1 (FM) V1-16 - 1,42 - v 

at pin 1;-11=50µA (FM) Vl-16 - 1,28 - v 

at pins 2 and 3 (AM) V2,3-16 - 1,42 -- v 

at pin 6 v6-16 - 0,7 - v 

at pin 11 V11-16 ·- 1,4 - v 

at pin 13 v13-16 - 0,7 - v 5 
at pin 14 V14-16 - 4,3 - v 

Currents 

Supply current 17 4,2 6,2 8,2 mA 

Current supplied from pin 1 (FM) -11 - - 50 µA 

Current supplied from pin 12 -112 - - 20 µA 

Current supplied from pin 15 -115 - 30 - µA 

Current into pin 4 (AM) 14 - 0,6 - mA 

Current into pin 5 (FM) (note 4) 15 - 0,35 - mA 

Current into pin 8 (AM) lg - 0,3 - mA 

Current into pins 9, 10 (FM) 19,10 -- 0,65 - mA 

Current into pin 14 114 - 0,4 -- mA 

Power consumption p - 40 - mW 
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Signetics Linear Products Product Specification 

AM/FM Radio Receiver Circuit TEA5570 

A.C. CHARACTERISTICS 

AM performance 

Vp = 6 V; Tamb = 25 oc; r.f. condition: fi = 1 MHz, m = 0,3, fm = 1 kHz; transfer impedance of the 
i.f. filter IZtrl =v5/l4 = 2,7 k&l; measured in Fig. 10; unless otherwise specified 

parameter symbol min. typ. max. unit 

R.F. sensitivity (pin 2) 

atV0 =30mV Vi 3,5 5,0 7,0 µV 
at S + N/N = 6 dB Vi - 1,3 µV 
at S + N/N = 26 dB Vi - 16 20 µV 
at S + N/N = 50 dB Vi - 1 - mV 

Signal handling (THD <>; 10% at m = 0,8) Vi 200 - - mV 

A.F. output voltage at Vi= 1 mV Vo 80 100 125 mV 

Total harmonic distortion 
at Vi= 100µVto 100 mV (m = 0,3i THD - 0,5 - % 
at Vi= 2 mV (m = 0,8) THD - 1,0 2,5 % 
at Vi= 200 mV (m = 0,8) THD - 4,0 10 % 

I. F. suppression at V 0 = 30 mV (note 2) a 26 35 - dB 

Oscillator voltage (pin 8; note 3) 
at fosc = 1455 kHz V8-16 120 160 200 mV 

Indicator current (pin 12) at Vi= 1 mV 112 - 200 230 µA 

FM performance 

Vp = 6 V; Tamb = 25 oc; i.f. condition: fi = 10,7 MHz, Af = ± 22,5 kHz, f m = 1 kHz; transfer imped­
ance of the i.f. filter IZtrl = v0/i5 = 275 n; measured in Fig. 1 O; unless otherwise specified 

parameter symbol min. typ. max. unit 

1.F. part 

1.F. sensitivity (adjustable; note 4) 

I 
Input voltage 

at -3 dB before limiting Vi 90 110 130 µV 
at S + N/N = 26 dB Vi - 6 - µV 
at S + N/N = 65 dB Vi - 1 -

I 
mV 

A.F. output voltage at Vi= 1 mV Vo 80 100 125 mV 

Total harmonic distortion at Vi= 1 mV THD - 0,3 - % 

AM suppression (note 5) AMS - 50 - dB 

Indicator/level detector (pin 12) 

Indicator current 112 - 250 325 µA 

D.C. output voltage 
at Vi= 300µV V12-16 -- 0,25 - v 
at Vi= 2mV V12-16 - 1,0 - v 

AM to FM switch 

Switching current at V3-16 < 1 V -13 - - 400 µA 
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Signetics Linear Products Product Specification 

AM I FM Radio Receiver Circuit TEA5570 

Notes to characteristics 

1. Oscillator operates at V7-16 > 2,25 V. 

2. 1.F. suppression is defined as the ratio a= 20 log '!_Vi~ where: Vi1 is the input voltage at f = 455 kHz 
i2 

and Vi2 is the input voltage at f = 1 MHz. 

3. Oscillator voltage at pin 8 can be preset by Rose (see Fig. 10). 

4. Maximum current into pin 5 can be adjusted by R1 (see Fig. 10); 
V3-1a 

15 =~ --13 when V3-16 = 800 mV; 13 = 400µA. 

5. AM suppression is measured with fm = 1 kHz, m = 0,3 for AM; fm = 400 Hz, ~f = ± 22,5 kHz for FM. 

Facility adaptation 

Facility adaptation is achieved as follows (see Fig. 10): 

Facility 

FM sensitivity 

AM sensitivity 

AM oscillator biasing 

AM output voltage 

AM a.g.c. setting 

Component 

V3-1a 
R1 fixes the current at pin 5 (15 = R1 - 400 µA) 

(gain adjustable± 10 dB; see note 4) 

R11 and coil tapping 

Rose 

R7, R11 

R7 
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AM/FM Radio Receiver Circuit TEA5570 

Typical graphs 
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Fig. 3 Signal, noise and distortion as a 
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September 1985 

-8>--+-+--+--+----+---+---+--+--+--+---1-----< 

-20 0 20 40 60 80 

Tamb 1oc1 

----- sensitivity (Vi) at V 0 = 30 mV; m = 0,3. 
---- output voltage (V 0) at Vi= 2 mV; m = 0,3. 
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AM I FM Radio Receiver Circuit TEA5570 

FM 7Z87212 
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Slgnetics Linear Products 

AM I FM Radio Receiver Circuit 

COIL DATA 

AM i.f. coils (Fig. 10) 

7287204 

N1 73 
N2 73 
N3 9 
C16 = 180 pF (internal) 
Wire= 0,07 mm dia. 

Fig. 11 1.F. bandpass filter ( L 1 ). TOKO sample no. 7 MC-7 P. 

FM i.f. coils (Fig. 10) 

7287206 

N1 = 90 
N2 = 7 
Wire= 0,07 mm dia. 

Fig. 12 Oscillator coil (L2). TOKO sample no. 7 BR-7 P. 

7287205 

N1 5 
N2 5 
N3 4 
C19 = 82 pF (internal) 
Wire = 0, 1 mm dia. 

Product Specification 

TEA5570 

Fig. 13 Primary ratio detector coil ( L3). TOKO sample no. 119 AN-7 P. 

N1 
N2 
N3 
C20 = 
Wire= 

2 
6 
6 

68 pF (internal) 
0,1 mm dia. 

Fig. 14 Secondary ratio detector coil (L4). TOKO sample no. 119 AN-7 P. 
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l 
~ APPLICATION INFORMATION 

~ Figs 15 and 17 show the circuit diagrams for the application of 6 V AM MW/LW and 4,5 V AM/FM channels respectively, using the TEA5570. 

01 
I ..... 

(,) 
N 

Fig. 16 shows the circuitry of the TEA5570. 

fc:G c6 

'I :, 'f, 
4 6 14 13 

TEA5570 

N2 Cose (Y. l ( 
L--------------------~ 

Coil data 

L3 N1 = 73 
N2 = 73 
N3 = 9 
C =180pF 

Vs 

L4 N1=146 L5 N1=90 
N2= 9 N2= 6 
C =180pF 

Fig. 15 Typical application circuit for 6 V AM MW/LW reception using the TEA5570. 
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APPLICATION INFORMATION (continued) 
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Fig. 16 'TEA5570 circuit diagram. 
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Coil data 

L2 N1 = 3 
N2= 8 
N3= 1 
C = 82 pF 

L3 N1 = 33 
N2 = 113 
N3= 9 
C =180pF 

L4 

R5 

toon 

.---l.--. L3 ;::i h 

N1=90 
N2= 6 

V5 

LS 

.---l.--. L 5 j 

N3 

.J..C7 
lnF 

14 13 

TEA5570 

Nl = 33 
N2 = 113 
N3= 9 

RS 
V5 

+ 
ClO 

san 14,5V) 

lOOµF l BA281 
,......_ Dl 

R7 

I Nl~lf:l 1 cs-l I 11 to kn 

I N4 T 4,7µF r C12 -
RB 

220- 10 

9 10 

16 

L6 

l2 -
BA281 

!ca 
+ 

4,7µF 

11 

N1=50 
N2=50 
N3= 4,5 
N4= 6,5 
C = 82 pF 

7 

kn 

""' 

Vp 
a.f.c. 

(to FM 
front-end) 

151------t 

R 9 rn;oR 10 detector 
15 output kn 47 

kn 

~ 7Z87218 

Fig. 17 Typical application circuit for 
4,5 V AM/FM reception using the 
TEA5570 with coils and single-tuned 
ratio detector (with silicon diodes). 
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Signetics Linear Products Product Specification 

Interference Suppressor TDA1001B, BT 

GENERAL DESCRIPTION 

The TDA 1001 B is a monolithic integrated circuit for suppressing interference and noise in FM mono 
and stereo receivers. 

Features 

• Active low-pass and high-pass filters 

• Interference pulse detector with adjustable and controllable response sensitivity 

• Noise detector designed for FM i.f. amplifiers with ratio detectors or quadrature detectors 

• Schmitt trigger for generating an interference suppression pulse 

• Active pilot tone generation (19 kHz) 

• Internal voltage stabilization 

QUICK REFERENCE DATA 

Supply voltage (pin 9) 

Supply current (pin 9) 

A. F. input signal handling (pin 1) 
(peak-to-peak value) 

Input resistance (pin 1) 

Voltage gain (V1-16IV6-16l 

Total harmonic distortion 

Bandwidth 

Suppression pulse threshold voltage 
(peak value); R13 = 0 

Suppression pulse duration 

Supply voltage range (pin 9) 

Operating ambient temperature range 

PACKAGE OUTLINE 

TDA 1001 B: 16-lead DIL; plastic (SOT-38). 
TDA1001BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

5-135 

Vp 

Ip 

Vi(p-p) 

Ri 

Gv 

THD 

B 

Vi(tr)OM 

ts 

Vp 

Tamb 

typ. 12 v 
typ. 14 mA 

typ. 1 v 
min. 35 kn 

typ. 0,5 dB 

typ. 0,25 % 

typ. 70 kHz 

typ. 19 mV 

typ. 27 µs 

7,5 to 16 V 

-30 to +80 oc 
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Signetics Linear Products Product Specification 

Interference Suppressor TDA1001B, BT 

I,., '¥" 

IC11 

Vp 

HIGH -PASS R11 l 
i~ ,--+-1 Fl LTER I-+- l '-------1 R12 R1~ .,... 

~ 

15 14 13 

~ 
12 11 10 9 

HIGH -PASS A.G.C. 
INTERFERENCE SUPPRESSION 

~ t--!-+- PULSE t-4- PULSE 
AMPLIFIER AMPLIFIER 

DETECTOR GENERATOR 

TDA1001B NOISE 
SUPPLY 

DETECTOR I-+- -I- VOLTAGE !---' 
to Vp STABILIZER 

Lo 1 INPUT STAGE 
LOW-PASS 

INTERFERENCE 19 kHz 

r (EMITTER- t---i AMPLIFIER f--t+- SUPPRESSION t-- PILOT-TONE 
FOLLOWER) PULSE STAGE GENERATOR 

2 3 4 5 6 }1 Is la 
l'J, l l J; 

LOW-PASS f-+-J '-lh 19 kHz 
FILTER FILTER 

a.f. output 7Z87171 

Fig. 1 Block diagram. 
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Slgnetics Li near Products Product Specification 

Interference Suppressor TDA1001B, BT 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 9) Vp max. 18 v 
Vp V Input voltage (pin 1) 

Output current (pin 6) 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

1,5 r---,---~-~-~-----'.'7Zo.::8.:_71:..:_7o,2 

plot 
IW) 

Fig. 2 Power derating curves. 

r---+---K 

50 100 150 
Tamb 1°C) 

in plastic DIL (SOT-38) package (TDA1001B) 

max. 

max. 
max. 

1 mA 
15 mA 

see derating curves Fig. 2 

Tstg -65 to +150 oc 

Tamb -30 to +80 oc 

----- in plastic mini-pack (S0-16; SOT-109A) package (TDA1001BT); mounted on a ceramic 
substrate of 50 x 15 x 0,7 mm. 
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Signetics Linear Products Product Specification 

Interference Suppressor TDA1001B, BT 

CHARACTERISTICS 

Vp = 12 V; Tamb = 25 oc; measured in Fig. 4; unless otherwise specified 

parameter symbol min. typ. max. unit 

Input stage 

Input impedance (pin 1) 
f = 40 kHz IZi1I - 45 - kn 

Input resistance (pin 1) 
with pin 2 not connected Ri1 - 600 - kn 

Input bias current (pin 1) 
v1_16 = 4,8 v Ii 1 - 6 15 µA 

Output resistance (pin 2) 
unloaded Ro2 low-ohmic 

Internal emitter resistance R2-16 - 5,6 - kn 

Low-pass amplifier 

Input resistance (pin 3) Ri3 10 - - Mn 

Input bias current (pin 3) 1i3 - - 7 µA 

Output resistance (pin 4) Ro4 - - 5 n 

Voltage gain (V4/V3) Gv4/3 - 1,1 -

Suppression pulse stage 

Input offset current at pin 5 
during the suppression time ts 1io5 - 50 200 nA 

Output stage 

Output resistance (pin 6) Ros low-ohmic 

Internal emitter resistance R6-16 ·- 6 - kn 

Current gain (15/15) Gi5/6 - 85 - dB 

Pilot tone generation (19 kHz) 

Input impedance (pin 8) 1Zi81 - - 1 n 

Output impedance (pin 7) 
pin 8 open IZ07I 150 - - kn 

Output bias current (pin 7) lo7 0,7 1 1,3 mA 

Current gain (17/18) Gi7/8 - 3 -

High-pass amplifier 

Input resistance (pin 15) Ri15 10 - - Mn 

Input bias current (pin 15) 1i15 - - 7 µA 

Output resistance (pin 14) Ro14 - - 5 n 

Voltage gain (V14/15) Gv14/15 - 1,4 -
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Signetics Linear Products Product Specification 

Interference Suppressor TDA1001B, BT 

parameter symbol min. typ. max. unit 

A.G.C. amplifier; interference and 
noise detectors 

Internal resistance (pins 13 and 14) R13-14 1,5 2,0 2,5 kn 

Operational threshold voltage 
(uncontrolled); peak value (pin 14) ' 

of the interference pulse detector ±V14int m - 15 - mV 

of the noise detector ±V14n m - 6,5 - mV 

Output voltage (peak value; pin 11) V11-16M 5,2 5,8 6,4 v 
Output control current (pin 12) 

(peak value) l12M 150 200 250 µA 
Output bias current (pin 12) 1012 - 2,5 6 µA 

Input threshold voltage for onset 
of control (pin 12) V12-9 360 425 500 mV 

5 
(Vi(tr)O + 3 dB) or: - 0,66VsE - mV 

Suppression pulse generation 
(Schmitt trigger) 

Switching threshold (pin 11) 
1 : gate disabled V11-16 - 3,2 - v 
2: gate enabled V11-16 - 2,0 - v 

Switching hysteresis AV11-16 - 1,2 - v 
Input offset current (pin 11) lio11 - - 100 nA 

Output current (pin 10) 
gate disabled; peak value lo1QM 0,6 1 1,4 mA 

Reverse output current (pin 10) IR10 - ·- 2 µA 

Sensitivity (pin 10) V1Q-16 2,5 - - v 
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Signetlcs Linear Products Product Specification 

Interference Suppressor TDA1001B, BT 

APPLICATION INFORMATION 

Vp = 12 V; Tamb = 25 oc; f = 1 kHz; measured in Fig. 4; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply voltage range (pin 9) Vp 7,5 12 16 v 
Quiescent supply current (pin 9) Ip 10 14 18 mA 

Signal path 

D.C. input voltage (pin 1) V1-16 - 4,5 - v 
Input impedance (pin 1);f=40kHz 1Zi1 I 35 - - kn 

D.C. output voltage (pin 6) v6-16 2.4 2,8 - v 
Output resistance (pin 6) Ro6 low-ohmic 

Voltage gain (V5/V 1) Gv6/1 0 0,5 1 dB 

-3 dB point of low-pass filter f(-3dB) - 70 - kHz 

Sensitivity for TH D < 0,5% 
(peak-to-peak value) Vi(p-p) 1,2 1,8 - v 

Residual interference pulse after suppression 
(see Fig. 3!; pin 7 to ground; 
Vi(tr)M = 100 mV; (peak-to-peak value) v6-16(p-pl - - 3 mV 

Interference suppression at R13 = O; 
notes 5 and 6; Vi(rms) = 30 mV; f = 19 kHz 
(sinewave); Vi(tr)M = 60 mV; fr= 400 Hz Qint 20 30 - dB 

Interference processing 

Input signal at pin 1; output signal at pin 10 

Suppression pulse threshold voltage; control 
function OFF (pin 9 connected to pin 12); 
r.m.s. value; note 1 

measured with sinewave input signal 
f = 120 kHz; -V10-9 > 1 V 
at R13 =on Vi(tr)rms 8 11 14 mV 

at R13 = 2,7 kn Vi(tr)rms 18 28,5 40 mV 

voltage difference for safe triggering/ 
non-triggering (r.m.s. value) ~Vi(rms) - 1 - mV 

measured with interference pulses 
f = 400 Hz (see Fig. 3); peak value 
at R13 =on Vi(tr)M - 19 - mV 

at R13 = 2,7 kn Vi(tr)M - 45 - mV 

Suppression pulse duration (note 2) ts 24 27 30 µs 
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Interference Suppressor TDA1001B, BT 

parameters symbol min. typ. max. unit 

Noise threshold feedback control 
(notes 1 and 3) 

Noise input voltage (r.m.s. value) 
f = 120 kHz sinewave 

for V12-9 = 300 mV 
at R13 = 0 n Vni(rms) 2,3 3,3 4,3 mV 

at R 13 = 2,7 kn Vni(rms) - 8,2 - mV 

for V 12-9 = 425 mV (Vi(tr)O + 3 dB) 
at R13 = 0 n Vni(rms) - 7,3 - mV 

at R13 = 2,7 kn Vni(rms) - 16,5 - mV 

for V 12-9 = 560 mV (Vi(tr)O + 20 dB) 
at R13 = 0 n Vni(rms) 33 45 57 mV 5 
at R13 = 2,7 kn Vni(rms) - 107 - mV 

Amplification control voltage by interference 
intensity (note 4) 

Vi(rms) = 50 mV; f = 19 kHz; 
Vi(tr)M = 300 mV; r.m.s. value 

at repetition frequency fr= 1 kHz Vo6(rms) 49 - 56 mV 

at repetition frequency fr= 16 kHz Vo6(rms) 45 - 65 mV 
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Slgnetics Linear Products Product Specification 

Interference Suppressor TDA1001B, BT 

Notes to application information 

1. The interference suppression and noise feedback control thresholds can be determined by R13 or a 
capacitive voltage divider at the input of the high-pass filter and they are defined by the following 
formulae: 
Vi(tr) = (1 + R13/Rsl x Vi(tr)O in which Rs= 2 kn; 
Vni = (1 + R13/Rsl x VniO in which Rs= 2 kn. 

2. The suppression pulse duration is determined by C11 = 2,2 nF and R11 = 6,8 kn. 

3. The characteristic of the noise feedback control is determined by R12 (and R10). 

4. The feedback control of the interference suppression threshold at higher repetition frequencies is 
determined by R 10 (and F! 12). 

5. The 19 kHz generator can be adjusted with R7-16 (and R1.al. Adjustment is not required if compo­
nents with small tolerances are used e.g. AR< 1% and .:lC < 2%. 

6. Measuring conditions: 
The peak output noise voltage (V no m• CCITT filter) shall be measured at the output with a de­
emphazing time T = 50 µs (R = 5 kn, C = 10 nF); the reference value of 0 dB is V 0 int with the 
19 kHz generator short-circuited (pin 7 grounded). 

SQUARE-WAVE 
INPUT VOLTAGE 

SUPPRESSION 
PULSE (TRIGGER) 

OUTPUT 

OUTPUT 
VOLTAGE 

± Vi(tr)M 
(mV) 

0 J !-_-__________ _ 

0:5 
0,1 -------

0 .,.__ ttr ___.., 

7ZB7173 

...... 1..-td 
V OH----------,-~_,_..,...._..,......,...._..,.... __ 

10-9 - t =27µs --...... 1 \ 
(V) s I 

-1,5 !----_,.... _ _,.......,.......,........!....!-J 

v6-16 1 

(mV) O 

-1 

-2 

0 

offset voltage 
and drift 

10 20 

over-shoot of the 
/ low-pass filter 

voltage 

i 
30 40 50 

time (µs) 

Fig. 3 Measuring signal for interference suppression; at the input (pin 1) a square-wave is applied 
with a duration of ttr = 10 µsand with rise and fall times tr= tf = 10 ns. 
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Interference Suppressor 

HIGH-PASS FILTER 

430 kl1 4,7 pF 
to Vp 

91 kl1 

22 kl1 

16 15 14 

to Vp 

120 kl1 
3 

V; --j + 
(RGI 4,7 µF 

82 kl1 

LOW-PASS FILTER 

13 

4 

R11 
6,8 kl1 

12 

TDA10018 

1,5kl1 

Fig. 4 Application circuit diagram. 
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Vs 
(10 to 16V) 

I 82 
220 µF H 

+ 

11 10 9 

6 8 5 
3,9 

6,8 nF nF 2,2 kl1 

2,1 kl1 

7Z87170 

19 kHz FILTER 
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Slgnetlcs Linear Products Product Specification 

FM Mixer Stage TDA1571T 

GENERAL DESCRIPTION 

The TDA 1571T is a monolithic integrated circuit which, due to the universal design, can be used in 
various applications such as: 

•Mixer 
• Modulator 
• Chopper 
• AM synchronous demodulator 
• FM quadrature detector 
• Differential amplifier 

QUICK REFERENCE DATA 

For application as a mixer in FM tuners; fj • 98 MHz; fosc • 108.7 MHz 

Supply voltage (pins 12 and 13) Vp 

Total supply current (from Vs) 

Input admittance 
at pins 2 and 7 for f • 98 MHz 

at pins 3 and 5 for f • 108.5 MHz 

Mixer gain 

Mixer noise figure 

l.F. suppression 

Oscillator suppression at the input 

Supply voltage range (pins 12 and 13) 

Operating ambient temperature range 

PACKAGE OUTLINE 

16-lead mini-pack; plastic (S0-16; SOT-109A). 
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ts 

Y11 

Y11 

Gmix 

Fmix 

"if 

"osc 

Vp 

Tamb 

typ. 15 v 
typ. 6.5 mA 

typ. 3.8 +j5 mS 

typ. 2.3 + j8 ms 

typ. 19,5 dB 

typ. 6.5 dB 

typ. 40 dB 

typ. 46 dB 

4to25 V 

-30to+80 oc 



Signetics Linear Products 

FM Mixer Stage 

1nF 

·t n 
R2 

f. '\, 
1 22nF 

1: 1,9 

3,3 
kn 

7 

L2 

2 

8 

TDA1571T 

1 nF 
~~+--~~__,1--~~r1_s,.._ __ -1H 

--1--4~--iH 
IO 1 nF 

Product Specification 

TDA1571T 

7Z87107 .1 

Fig. 1 Application circuit diagram of the TOA 1571T used as a FM mixer; also used as test circuit for the 
characteristics. 

Data for coil L1: N 1 = 2 x 7 turns Cu L (0, 18 mm) on coil former 
N2 = 1 turn Cul (0.18 mm) on coil former 
0 0 = 78 

L2, R2, L3 and R3 are selected for minimum reflection 
r < 0.03; R2 = R3 = 1 kn 

N.B.: Unused pins should be grounded. 
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FM Mixer Stage 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltages (pins 12and13) Vp ==V12.9 = V13-16 

Voltage at pins 2 and 7 V2.9 = V7.15 

Voltage at pins 3 and 5 V3.2 • V5.7 

Voltage at pins 3 and 5 V3.9'" V5.15 

Voltage at pins 12 and 13 V12-3 • V13.5 
Voltage between pins 3 and 5 ± V3.5 

Voltage at pins 2 and 7 -V2.1 "'-V7.9 
Current on all pins 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

September 1985 

In 

Ptot 

Tstg 

Tamb 
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TDA1571T 

max. 40 v 
max. 18 v 
max. 18 v 
max. 23 v 
max. 18 v 
max. 6 v 
max. 6 v 
max. 10 mA 

max. 700 mW 

-55 to + 150 oc 

-30 to +80 °c 



Slgnetics Linear Products Product Specification 

FM Mixer Stage 

CHARACTERISTICS 

fi • 9B MHz; fosc = 108,7 MHz with Rs= RL = 50 n; oscillator amplitude Pose• -14 dBm; 
T amb = 25 °c; measured in test circuit in Fig. 1; unless otherwise specified 

parameter symbol min. typ. 

Supply voltage Vs - 15 

Total supply current Is - 6,5 

D.C. supply current output stage 
(pins 12 and 13) Ip - 2 

Input admittance 
at pins 2 and 7 for f = 9B MHz Y11 - 3,B + j5 

at pins 3 and 5 for f = 10B,7 MHz Y11 - 2,3 + jB 

Output admittance at pins 12 and 
13 for f = 10B.7 MHz v22 - 0.001 + j0.24 

Conversion transconductance of mixer IY21I - 11 

Mixer gain Gm ix - 19.5 

Mixer noise figure at Rs' = 200 il Fm ix - 6,5 

1.F. suppression at an input signal 
amplitude Pi = -60 dBm Qif - 40 

Oscillator suppression 
at the input aosc i - 46 

at the i.f. output aosc if - 38 

t--+--~~.>ori--+-+-+-+-+-+-+-+--110 
~inix 

,__.__.__.__..__...._...._....___.___.__~~ 0 
-30 -20 -10 0 

Pose (dBml 

Fig. 2 Mixer gain (Gmixl and mixer noise 
figure (Fmixl at Rs'= 200 n as a function 
of the oscillator amplitude (P0 scl· 
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Signetics Linear Products Product Specification 

FM Front End IC TDA1574 

GENERAL DESCRIPTION 

The TDA 1574 is a monolithic integrated FM tuner circuit designed for use in the r.f./i.f. section of car 
radios and home-receivers. The circuit comprises a mixer, oscillator and a linear i.f. amplifier for signal 
processing, plus the following additional features. 

Features 

• Keyed automatic gain control (a.g.c.) 
• Regulated reference voltage 
• Buffered oscillator output 
• Electronic standby switch 
• Internal buffered mixer driving 

QUICK REFERENCE DATA 

Supply voltage range (pin 15) 

Mixer input bias voltage (pins 1 and 2) 
noise figure 

Oscillator output voltage (pin 6) 
output admittance at pin 6 for f = 108,7 MHz 

Oscillator output buffer 

D.C. output voltage (pin 9) 

Total harmonic distortion 

Linear i.f. amplifier output voltage (pin 10) 
noise figure at Rs = 300 n 

Keyed a.g.c. output voltage range (pin 18) 

PACKAGE OUTLINE 

18-lead DIL;plastic (SOT-102HE). 
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Vp 7 to 16 V 

V1,2-4 typ. 1 v 
NF typ. 9 dB 

V5_4 typ. 2 v 
Y22 typ. 1,5 + j2 mS 

V9_4 typ. 6 v 
THD typ. -15 dBC 

V10-4 typ. 3,5 v 
NF typ. 6,5 dB 

V18-4 0,5 to Vp-0,3 V 
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Signetics Linear Products 

FM Front End IC 

FUNCTIONAL DESCRIPTION 

Mixer 

Product Specification 

TDA1574 

The mixer circuit is a double balanced multiplier with a preamplifier (common base input) to obtain 
a large signal handling range and a low oscillator radiation. 

Oscillator 

The oscillator circuit is an amplifier with a differential input. Voltage regulation is achieved by 
utilizing the symmetrical tanh-transfer-function to obtain low order 2nd harmonics. 

Linear i.f. amplifier 

The i.f. amplifier is a one stage, differential input, wideband amplifier with an output buffer. 

Keyed a.g.c. 

The a.g.c. processor combines narrow- and wideband information via an r.f. level detector, a comparator 
and an AN Ding stage. The level dependent, current sinking output has an active load which sets the 
a.g.c. threshold. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 15) V p = V 15-4 

Mixer output voltage (pins 16 and 17) 

Standby switch input voltage (pin 11) 

Reference voltage (pin 5) 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient (in free air) 

Note 

All pins are short-circuit protected to ground. 
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v16, 17-4 
v,,_4 
V5_4 

Ptot 

Tstg 

Tamb 

Rthj-amb 

max. 

max. 

max. 

max. 

max. 

18 v 
35 v 
23 v 

7 v 
800 mW 

-55 to + 150 °c 

-40to + 85 oc 

80 K/W 



Signetics Linear Products Product Specification 

FM Front End IC TDA1574 

CHARACTERISTICS 

Vp = V15.4 = 8,5 V; Tamb = 25 oc; measured in test circuit Fig. 1; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 15) 

Supply voltage Vp = V15-4 7 - 16 v 
Supply current (except mixer) Ip= 115 16 23 30 mA 

Reference voltage (pin 5) V54 4,0 4,2 4,4 v 

Mixer 

D.C. characteristics 

Input bias voltage (pins 1 and 2) V1,2-4 - 1 - v 
Output voltage (pins 16 and 17) v16, 17-4 4 - 35 v 5 
Output current (pin 16 + pin 17) 115 + 117 - 4,5 - mA 

A.G. characteristics (fi = 98 MHz) 

Noise figure NF - 9 - dB 

Noise figure including transforming network NF - 11 - dB 

3rd order intercept point EMF11p3 - 115 - dBµV 

Conversion power gain 

4 (VM(out) 10,7 MHz) 2 Rs1 
Gp 14 dB 101og x- - -

(EMF1 98 MHz) 2 RML 

Input resistance (pins 1 and 2) R1,2-4 - 12 - n 
Output capacitance (pins 16 and 17) c15, 11 - 13 - pF 

Oscillator 

D.C. characteristics 
Input voltage (pins 7 and 8) V1,8-4 - 1,3 - v 
Output voltage (pin 6) V54 - 2 - v 

A.G. characteristics (f0 sc = 108,7 MHz) 

Residual FM (Bandwidth 300 Hz to 15 kHz); 
de-emphasis = 50 µs .::if - 2,2 - Hz 
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Slgnetlcs Linear Products Product Specification 

FM Front End IC TDA1574 

parameter symbol min. typ. max. unit 

Linear i.f. amplifier 

D.C. characteristics 

Input bias voltage (pin 13) V13.4 - 1,2 - v 
Output voltage {pin 10) V10-4 - 3,5 - v 

A.G. characteristics (fi = 10,7 MHz) 

Input impedance 

R14-13 240 300 360 n 
C14-13 - 13 - pF 

Output impedance 

R10.4 240 300 360 n 
C10.4 - 3 - pF 

Voltage gain 

20 lo V10-4 

I Gv1F 27 30 - dB 
gv 14-13 

T amb = -40 to + 85 oc ~GVIF - 0 - dB 

1 dB compression point (r.m.s. value) 

at Vp = 8,5 V V10-4rms - 900 - mV 

atVp=7,5V V10-4rms - 500 - mV 

Noise figure 

at Rs= 300 n NF - 6,5 - dB 

Keyed a.g.c. 

D.C. characteristics 
Output voltage range (pin 18) V18-4 0,5 - Vp-0,3 v 
A.G.C. output current 

at 13 =cf> or 

V12-4 =450 mV; V18-4 = Vp/2 -118 25 50 100 µA 

at V3.4 = 2 V and 

V12-4 = 1 V; Vrn-4 = V154 118 2 - 5 mA 

September 1985 5-152 



Signetics Linear Products Product Specification 

FM Front End IC TDA1574 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Narrowband threshold 

at V3-4 = 2 V; V12-4 = 550 mV V18-4 - - 1 v 
at V3.4 = 2 V; V12-4 = 450 mV V18-4 Vp-0,3 - - v 

A.C. characteristics (fi = 98 MHz) 

Input impedance 

R3.4 - 4 - kil 

C3.4 - 3 - pF 

Wideband threshold (r.m.s. value) 
(see figures 2, 3, 4 and 5) 

at V12-4 = 0,7 V; V18-4 = Vp/2; 119 = 0 EMF2rms - 19 - mV 5 
Oscillator output buffer {pin 9) 

D.C. output voltage V94 - 6,0 - v 
Oscillator output voltage (r.m.s. value) 

at RL =oo V9-4rms - 110 - mV 

I at RL = 75 n V9-4rms 25 - - mV 

D.C. output impedance R9.15 - 2,5 - kil 

Signal purity 

Total harmonic distortion THO - -15 - dBC 

Spurious frequencies 

at EMF1 = 1 V; Rs1 = 50 il ts - -35 - dBC 

Electronic standby switch (pin 11) 

Oscillator; linear i.f. amplifier; a.g.c. 

at T amb = -40 to + 85 oc 

Input switching voltage 

for threshold ON; V18-4 =;;;.. Vp-3 V V11-4 0 - 2,3 v 
for threshold 0 FF; V 18-4 = .;;::; 0,5 V V11.4 3,3 - 23 v 

Input current 

at ON condition; V 11-4 = 0 V -111 - - 150 µA 

at OFF condition; V11-4 = 23 V I 11 - - 10 µA 

Input voltage 

atl11=1P V11-4 - - 4.4 v 

5-153 September 1985 
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FM Front End IC 

1Q,----~,--~-,-~-,---~~~~7Z_9_03_1~0 

V18-4 
(V) 

O'--~_L_~__J_~-L~=1=~"""'~ ..... 
0 10 20 30 

V3_4lmV) 

Fig. 2 Keyed a.g.c. output voltage V18-4 
as a function of r.m.s. input voltage V3.4. 
Measured in test circuit Fig. 1 
at v12_4 = 0,7 V; 118 = </>. 
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V3_ 4 (mV) 

Fig. 4 Keyed a.g.c. output current I 18 
as a function of r.m.s. input voltage V3.4. 
Measured in test circuit Fig. 1 
at V12.4 = 0,7 V; V18-4 = 8,5 v. 
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TDA1574 

l0,----~,--~-,-~-,---~~~~7-Z9_0_30~7 

V18-4 
(V) 

500 600 700 
V12-4 (mV) 

Fig. 3 Keyed a.g.c. output voltage V 18-4 
as a function of input voltage V 12-4· 
Measured in test circuit Fig. 1 
at V3.4 = 2 V; 118 = </>. 
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Fig. 5 Keyed a.g.c. output current I 18 
as a function of input voltage V 12-4· 
Measured in test circuit Fig. 1 
at V3.4 = 2 V; V18-4 = 8,5 v. 
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Fig. 6 TDA 1574 application diagram. 
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Slgnellcs Linear Products Product Specification 

FM l.F. (Quadrature Detector) TDA1576 

The TDA1576 is a monolithic integrated f.m./i.f. amplifier circuit provided with the following functions: 
• symmetrical limiting i.f. amplifier 
• symmetrical quadrature demodulator 
• internal muting circuit 
• symmetrical a. f.c. output 
• field-strength indication output 
• detune-detector 
• reference voltage output 
• electronic smoothing of the supply voltage 
• standby on/off switching circuit. 

QUICK REFERENCE DATA 

f0 = 10,7 MHz; Af = ± 22,5 kHz; fm = 400 Hz; QL = 20; de-emphasis T = 50 µ.s 

Supply voltages (pin 1) Vp 

Supply current 

Sensitivity at -3 dB before limiting 

l.F. sensitivity for 
S + N/N = 26 dB 
S + N/N = 46 dB 

A. F. output voltage 

Total distortion 
single tuned circuit 
two tuned circuits 

Signal plus noise-to-noise ratio; Vi> 1 mV 

A.M. rejection 

A.F.C. offset drift 

Field-strength indication range 

Permissible indicator (load) current 

Supply voltage range (pin 1) 

Ambient temperature range 

PACKAGE OUTLINE 

18-lead OIL; plastic (SOT-102C). 
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dtot 
dtot 

S+ N/N 

Cl( 

±Af 

A Vi 

IL 

Vp 

Tamb 

typ. 

typ. 

typ. 
typ. 

typ. 

typ. 
typ. 

typ. 

typ. 

typ. 
< 
typ. 

< 

8,5 

16 

67 

76 

15 v 
18 mA 

22 µ.V 

I 
8 µ.V 

35 µ.V 

1135 mV 

0, 1 9'o 
0,02 9'o 

I 80 dB 

50 dB 

3 
6 

90 

2 

kHz 
kHz 

dB 

mA 

7,5 to 20 V 

-30 to +80 oc 
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Fig. 1 Block diagram and test circuit. 
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Signetics Linear Products 

FM l.F. (Quadrature Detector) 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 1) Vp = V1.18 

Voltages 
at pin 2 

at pin 5 

at pin 12 

at pin 13 

at pin 14 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From crystal to ambient 
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V2,18 
-V2.18 

V5.18 
-V5.18 

V12-18 
-V12-18 

V13-18 

V14-18 
-V14-18 

Ptot 

Tstg 

Tamb 

Rth er-a 

Product Specification 

TDA1576 

max. 23 v 

max. Vp V 
max. 0 v 
max. 23 v 
max. 0 v 
max. 7 v 
max. 0 v 
max. 6 v 
max. 23 v 
max. 0 v 
max. 800 mW 

-55 to+ 150 oc 

-30 to +80 oc 

80 K/W 



Signetics Linear Products Product Specification 

FM l.F. (Quadrature Detector) TDA1576 

CHARACTERISTICS 

fo = 10,7 MHz; Af = ± 22,5 kHz; fm = 400 Hz; Rs= 60 n; de-emphasis T = 50 µs (C8-9 = 6,8 nF); 
Tamb = 25 °c; measured in Fig. 1, unless otherwise specified. The demodulator circuit is adjusted at 
minimum 2nd harmonic (d2) distortion: Vi= 1 mV; Af = ± 75 kHz. 

Supply voltage range (pin 1) Vp 7,5 to 20 v 

Vp = 8,5 V Vp = 15 V 

Supply current; without load (112= 113=0) 
typ. 16 18 mA 

Ip 10 to 23 12 to 25 mA 

I. F. amplifier/detector 

Sensitivity at -3 dB before limiting V· 
typ. 22 µV 

I < 30 µV 

I. F. sensitivity for 
S + N/N = 26 dB V· typ. 8 µV I 

5 S + N/N = 46 dB V· typ. 35 µV I 

l.F. output voltage (peak-to-peak value) 
I Vi= 1 mV; Z3.18 = Z7-18 = 1 Mn in 

parallel with 10 pF v3-7(p-p) typ. 680 mV 

I. F. output resistance R3.7 typ. 250 n 

Detector input impedance R4_5 typ. 30 kn 

C4.5 typ. 1 pF 

Output resistance R8; Rg typ. 3,7 kn 

D.C. output voltage v8-18=Vg_18 typ. 5,5 9,8 v 

A.F. output voltage; QL = 20 Vo 
typ. 67 135 mV 

60 to 75 120 to 150 mV 

Total distortion 
single tuned circuit; QL = 20 dtot typ. 0, 1 % 
two tuned circuits dtot typ. 0,02 % 

Signal plus noise-to-noise ratio 
B = 250 Hz to 15 kHz; Vi> 1 mV S + N/N typ. 76 80 dB 

A.M. rejection; Vi= 10 mV 
f.m.: fm = 70 Hz; Af = ± 22,5 kHz 
a.m.: fm = 1kHz;m=0,3 (\'. typ. 54 dB* 

I. F. input voltage range; Cl'. > 40 dB V· I 0,5 to 500 mV 

Hum suppression at f = 100 Hz I 
Vp = V1.18 = 100 mV r.m.s.; 

> 43 dB 
C2.18 = 47 µF 0'.100 typ. 48 dB 

A.F.C. tuning slope at QL = 20 
AV8-9 

8,5 17 mV/kHz 
Af0 

typ. 

A.F.C. offset voltages; QL = 20 
at Vi= 1 mV ± AV8-9 < 100 200 mV 

at Vi= 30 µV to 500 mV typ. 25 50 mV 
(reference at 1 mV and muting) ± AV8-9 < 50 100 mV 

* Simultaneously measured. 
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Slgnelics Linear Products Product Specification 

FM l.F. (Quadrature Detector) TDA1576 

Field-strength indication 
Vp= 8,5 V I Vp = 15 V 

Indicator sensitivity; 114 = 0 Vi 20 µV to 600 mV 

Field-strength indicator voltage I R13-18 = 3,6kil;I14 = 0 typ. 0 mV 
Vi =O VF= V13-18 < 200 mV 

Vi= 250 mV VF= V13-18 
typ. 3,6 v 

3,2 to 4, 1 v 
Available output current -113 > 2 mA 

Reverse voltage at the output I 
for FM 'off'; V5.18 > 3,5 V v 13-18 > 5 v 

Detune-detector I 
Quiescent input current; V 10-9 = 0 110 

typ. 20 nA 
< 100 nA 

Output voltage range V11-18 1,8 to 5,0 v 

Available output current I 11 
typ. 0,5 mA 

0,35 to 0,65 mA 

Voltage gain: AV11/A(± V10.9) 
at I 11 = 0,25 mA Gv typ. 3,3 

Input offset voltage (pin 10) 
at V11.18 = 2,5 v V10.9 typ. 20 mV 

Reference voltage 

Output voltage; - I 12 = 1 mA Vref= V12-18 typ. 5, 1 5,3 v 
Available output current -112 typ. 2,5 mA 

Standby switch 

Required control voltage within 
the rated ambient temperature and 
supply voltage ranges 
for FM 'on' V5on < 2 v 
for FM 'off' V5 off > 3,5 v 

Input switching current for FM 'on' -15 < 100 µA 
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FM l.F. (Quadrature Detector) 

Ip 
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Fig. 2 Supply current consumption; 
without load. 
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Product Specification 

TDA1576 
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0 10 Vp(V) 20 

Fig. 3 A.F. output voltage; Vi= 1 mV (i.f.); 
t.f = ± 15 kHz; fm = 400 Hz; typical values. 

Fig. 4 Total distortion for single tuned 
circuit; Vi= 1 mV (i.f.); fm = 400 Hz; 
adjusted at minimum 2nd harmonic 
distortion; typical values. 
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FM l.F. (Quadrature Detector) TDA1576 

7Z88051 
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I- Fig. 5 A.F. output voltage level as a function of i.f. input voltage; S =signal voltage; N =noise voltage; 
~ Vp = 15 V; fm = 400 Hz; B = 250 Hz to 16 kHz; QL = 20; C8-9 = 6,8 nF; typical values. 
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Fig. 6 Voltage at field-strength indicator output (proportional to V12-13); R13-18 = 3,6 kn. 
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FM l.F. (Quadrature Detector) TDA1576 

7Z88048 
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Fig. 7 Attenuation of output voltage (cxV 0 ) as a function of the muting control voltage V 11-18· 
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FM l.F. (Quadrature Detector) 
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Fig. 9 Detune-detector output voltage; Vp = 7,5 to 20 V; OL = 20. 
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FM l.F. (Quadrature Detector) TDA1576 
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Fig. 10 Example of the TOA 1576 when using a demodulator with two tuned circuits. Adjustment of 
the demodulator circuit is obtained with an i.f. signal which is higher than the 3 dB limiting level, L2 
should be short-circuited or detuned, L 1 should be adjusted to min. d2 distortion, and then L2 to 
min. d2 distortion. Coil data: L 1 = L2 = 0,38 µH; Q0 = 70; coil former KAN (C). 
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Fig. 11 Total distortion as a function of detuning; fm = 400 Hz; C8-9 = 6,8 nF; t.f = ± 75 kHz; 
V0 = 330 mV for a frequency deviation M = ± 75 kHz. 
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FM l.F. (Quadrature Detector) 

f.m./i.f. 
input 

V· I VF 

IRsl 
/ 
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C3 
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R1 +C2 
10nr47µF 
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Product Specification 
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R9 
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kn 
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C11 (1 l 240 
kn 
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(1) For mono: C11=6,8 nF; for stereo: C11=56 pF. 

Fig. 12 Application example of using TOA 1576. 
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FM l.F. Amplifier 

DESCRIPTION 
The TDA provides 1596 i.f. amplification, 
symmetrical quadrature demodulation 
and level detection for quality home and 
car FM radio receivers and is suitable for 
both mono and stereo reception. It may 
also be applied to common frontends, 
stereo decoders and AM receiver cir­
cuits. 

FEATURES 
• Simulated ratio detection 

(Internal, field strength + 
detuning - dependent voltage for 
dynamic AF slgnal muting) 

• Mono/stereo blending and fleld 
strength Indication control 

• Three-state mode switch giving 
FM/FM + mute-off/FM-off 

• Compensation of AF signal total 
harmonic distortion (THO) 

• Two tuning-stop outputs for 
micro-computer tuning control 

• Internal reference voltage source 
• Built-in hum and ripple rejection 

circuits 

5-167 

APPLICATIONS 
• FM IF systems 

Advance Information 

TDA1596 
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FM l.F. Amplifier 

REFERENCE DATA 

PARAMETER 

Positive supply voltage range, V 1 _ 15 

Supply current at Vp = 8.5V; 12 = 17 = OmA, 11 

AF output voltage (r.m.s. value) for input signal V1s (rms) = 10mV, V4_15 

Signal-to-noise ratio with input signal V 1B(rms) = 1 OmV; modulation 
frequency = 400Hz; deviation = 75kHz 

THO with input signal V 1B(rms) = 1 OmV; modulation frequency = 1 kHz; 
deviation = 75kHz; detuning 40kHz without deemphasis; 17 = OmA; 
internal muting on 

TYPICAL TEST CIRCUIT/APPLICATION DIAGRAM 

l.F. 
GENERATOR 

POWER 
SUPPLY 

OSCIL­
LOSCOPE 

MULTI· 
METER 

September 1985 

son 

-=-

18 18 

220 
nf 

I 

15 14 

TOA 1596 

13 

SELECTIVE 
VOLTMETER 

50µ1 
DE· EMPHASIS 
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SYMBOL 

MULTI­
METER 

Vp 

(rms) 

SIN 

THO 

100 
pf 

0L=20 

Min 

7.5 

BANDPASS 
FILTER 

250Hz-15 kHz 

LIMITS 

Typ 

18 

180 

82 
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Advance Information 

TDA1596 

Max 

12.0 

UNIT 

MULTI­
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FM Radio Circuit 

DESCRIPTION 
The TDA7000 is a monolithic integrated circuit 
for mono FM portable radios where a minimum 
of peripheral components is important (small 
dimensions and low costs). 

The IC has an FLL (Frequency-Locked-Loop) 
system with an intermediate frequency of 70 
kHz. The I .F. selectivity is obtained by active 
RC filters. The only function which needs align­
ment is the resonant circuit for the oscillator, 
thus selecting the reception frequency. 
Spurious reception is avoided by means of a 
mute circuit, which also eliminates too-noisy 
input signals. Special precautions are taken 
to meet the radiation requirements. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Vee Supply voltage (pin 5) 

Va.s Oscillator voltage (pin 6) 

Total power dissipation 

Tsrn Storage temperature range 

FEATURES 
• R.F. Input stage 
•Mixer 
• Local oscillator 
• l.F. ampllfler/llmlter 
• Phase demodulator 
• Mute detector 
• Mute switch 

RATING 

12 

Vcc-0.5 to Vcc+0.5 

UNIT 

v 

v 

See derating curve Figure 2 

-55 to +150 •c 

TA Operating ambient temperature range o to +60 •c 

5-169 

Preliminary 

TDA7000 

PIN CONFIGURATION 

N PACKAGE 

TOP VIEW 

FUNCTIONAL PIN DESCRIPTION 5 
PIN NO. NAME AND FUNCTION 

1 Muting capacitor 
2 Audio frequency output 
3 Noise source 
4 Loop filter capacitor 
5 Supply voltage 
6 vco 
7 1st integrator capacitor (to pin 9) 
8 2nd integrator capacitor 
9 1st integrator capacitor (to pin 7) 

10 IF filter capacitor (to pin 11) 
11 IF filter capacitor 
12 IF limiter capacitor 
13 RF input 
14 Mixer 
15 Current source capacitor 
16 Ground 
17 Demodulator capacitor 
18 Correlator capacitor 

September 1985 
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FM Radio Circuit TDA7000· 

BLOCK DIAGRAM 

llF INPUT 

IF FILTER 

Cv 

AF OUTPUT 
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FM Radio Circuit TDA7000 

DC ELECTRICAL CHARACTERISTICS Vee= 4.5V; TA= 25°C: measured in Figure 3; unless otherwise specified 

TDA7000 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

Vee Supply voltage (Pin 5) 2.7 4.5 10 v 

Ice Supply current Vee= 4.5V 8 mA 

le Oscillator current (Pin 6) 280 !'A 

v,4.1e Voltage (Pin 14) 1.35 v 

12 Output current (Pin 2) 60 !'A 

V2-1e Output voltage (Pin 2) AL = 22 kll 1.3 v 

AC ELECTRICAL CHARACTERISTICS Vee= 4.5 V; TA= 25°C; measured in Figure 3 (mute switch open, enabled); 1,1 = 96 

SYMBOL AND PARAMETER 

EMF 
Sensitivity (see Figure 2) 
(e.m.f. voltage) 

EMF Signal handling (e.m.f. voltage) 

SIN Signal-to-noise ratio 

THD Total harmonic distortion 

AMS AM suppression of output voltage 

RA Ripple rejection 

Ve-s(rms) Oscillator voltage (r.m.s. value) 

Afosc Variation of oscillator frequency 

S+300 
Selectivity 

S-300 

Af,1 A.F.C. range 

B Audio bandwidth 

Vo(rms) A.F. output voltage (r.m.s. value) 

AL Load resistance 

NOTES: 

MHz (tuned to max. signal at 5 l'V e.m.f.) modulated with Al= ±22.5 kHz; Im= 1 kHz; 5 EMF= 0.2 mV (e.m.f. voltage at a source impedance of 75 fl); r.m.s. noise voltage 
measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified. 

TDA7000 
TEST CONDITION UNIT 

Min Typ Max 

-3 dB limiting; muting disabled 1.5 

~3 dB muting 6 l'v 

S/N = 26 dB 5.5 

THD < 10%; Al = ± 75 kHz 200 mV 

60 dB 

Al = ±22.5 kHz 0.7 
% 

Af = ±75 kHz 2.3 

(ratio of the AM output signal referred to the FM 
output signal) 

50 dB FM signal: fm = 1 kHz; Al = ±75 kHz 
AM signal: Im = 1 kHz; m = 80% 

(AVcc = 100 mV; f = 1 kHz) 10 dB 

(Pin 6) 250 mV 

Supply voltage (AV cc = 1 V) 60 kHz/V 

45 
dB 

35 

±300 kHz 

AVo = 3 dB 
10 kHz measured with pre-emphasis (t = 50 l's) 

AL= 22 kll 75 mv 

Vee= 4.5V 22 
kll 

Vee= 9.0V 47 

1. The muting system can be disabled by feeding a current of about 20 µA into pin 1. 
2. The interstation noise level can be decreased by choosing a low~value capacitor at pin 3. Silent tuning can be achieved by omitting this capacitor. 
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FM Radio Circuit 

NOTES: 

1.5 1---+--l--+-~~-----+--+--+---i 
~ 

0.5 ~~--+--+--+-~~~\-+---i 

o~~~~~ 
-50 100 150 

Figure 1. Power Oerating Curve. 

-40 t----t---i---+l'+~+i'-..~~.+-~t--t--+-1~+----+-+-t-+---i~+-+++--t-~t--t-+-1-~+--+--t-H10 i 
'b-,. THO 

NOISE v 
-so~~-~~~-~~~~~~-~~~-~-~~~~-~~~-~-~~o 

10-6 10-5 10-4 10-3 10-2 10-1 1 

EMF (V) at As = 75 n 

Figure 2. AF output voltage (Vo) and total harmonic distortion (THO) as a function of 
the e.m.f. input voltage (EMF) with a source impedance (Rs) of 75 n: (1) muting 
system enabled; (2) muting system disabled. 

Conditions: OdB = 75mV; fr1 = 96 MHz 
for S + N curve: Af = ± 22.5 kHz Im = 1 kHz 
for THO curve: M = ± .75 kHz fm = 1 kHz 

1. The muting system can be disabled by feeding a current of about 20µA into pin 1. 

Preliminary 

TDA7000 

2. The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent tuning can be achieved by omitting this capacitor. 
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FM Radio Circuit TDA7000 

L L. 3.3nF 
330pF 

18 17 13 12 11 10 

IF FILTER 

5 

3.3nf 

10K 
150 22nf 10nf 
nF 

DISABLED 

Cv Cs 
Vee 

MUTE SWITCH 
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Figure 3. Test Circuit 
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FM Radio Circuit (SO Package) 

DESCRIPTION 

The TDA7010T is a monolithic integrated cir­
cuit for mono FM portable radios, where a 
minimum of peripheral components is impor­
tant (small dimensions and low costs). 

The IC has an FLL (Frequency-Locked-Loop) 
system with an intermediate frequency of 
70 kHz. The l.F. selectivity is obtained by ac­
tive RC filters. The only function which needs 
alignment is the resonant circuit for the 
oscillator, thus selecting the reception fre­
quency. Spurious reception is avoided by 
means of a mute circuit, which also eliminates 
too noisy input signals. Special precautions are 
taken to meet the radiation requirements. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Vee Supply voltage (pin 4) 

Va.5 Oscillator voltage (pin 5) 

FEATURES 

• R.F. Input stage 
•Mixer 
• Local oscillator 
• l.F. amplifier/limiter 
• Phase demodulator 
• Mute detector 
• Mute switch 

RATING 

12 

Vcc-0.5 to Vcc+0.5 

UNIT 

v 
v 

Total power dissipation See derating curve Figure 2 

TsTG Storage temperature range -55.to +150 oc 
TA Operating ambient temperature range o to +60 oc 
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TDA7010T 

PIN CONFIGURATION 

D PACKAGE 

TOP VIEW 

FUNCTIONAL PIN DESCRIPTION 

PIN NO. NAME AND FUNCTION 

1 Muting capacitor 
2 Audio frequency output 
3 Loop filter capacitor 
4 Supply voltage 
5 vco 
6 1st integrator capacitor (to pin 8) 
7 2nd integrator capacitor 
8 1st integrator capacitor (to pin 6) 
9 IF filter capacitor 

10 IF limiter capacitor 
11 RF input 
12 Mixer 
13 Current source capacitor 
14 Ground 
15 Demodulator capacitor 
16 Correlator capacitor 
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FM Radio Circuit (SO Package) TDA7010T 

BLOCK DIAGRAM 

R.F. INPUT 

l.F. FILTER 

5 

2.2K 

A.F. OUTPUT 
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FM Radio Circuit (SO Package) TDA7010T 

DC ELECTRICAL CHARACTERISTICS Vee= 4.5V; TA= 25°C: measured in Figure 3; unless otherwise specified. 

SYMBOL AND PARAMETER TEST CONDITION 
TDA7010T 

UNIT 
Min Typ Max 

Vee Supply voltage (Pin 4) 2.7 4.5 10 v 

Ice Supply current Vee= 4.5V 8 mA 

Is Oscillator Current (Pin 5) 280 µA 

V12-1• Voltage (Pin 12) 1.35 v 

12 Output current (Pin 2) 60 µA 

V2.1• Output voltage (Pin 2) RL = 22 kll 1.3 v 

AC ELECTRICAL CHARACTERISTICS Vee= 4.5 V; TA =25°C; measured in Figure 3 (mute switch open, enabled); 1,1 = 96 
MHz (tuned to max. signal at 5 µV e.m.f.) modulated with Al = ±22.5 kHz; fm = 1 kHz; 
EMF = 0.2 mV (e.m.f. voltage at a source impedance of 75 ll); r.m.s. noise voltage 
measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified. 

TDA7010T 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

-3 dB limiting; muting disabled 1.5 

EMF 
Sensitivity (see Figure 2) 

-3 dB muting 6 µV 
(e.m.f. voltage) 

S/N = 26 dB 5.5 

EMF Signal handling (e.m.f. voltage) THO< 10%; Al= ± 75 kHz 200 mv 

S/N Signal-to-noise ratio 60 dB 

THO Total harmonic distortion Al = ±22.5 kHz 0.7 % 
Al= ±75 kHz 2.3 % 

(ratio of the AM output signal referred to the FM 

AMS AM suppression of output voltage 
output signal) 

50 dB FM signal: Im= 1 kHz; Al= ±75 kHz 
AM signal: fm = 1 kHz; m = 80% 

RR Ripple rejection (AVcc = 100 mV; f = 1 kHz) 10 dB 

v5-4(rms) Oscillator voltage (r.m.s. value) (Pin 5) 250 mV 

Afosc Variation of oscillator frequency Supply voltage (AV cc = 1 V) 60 kHzN 

S+300 43 
Selectivity dB 

S_300 28 

Afr1 A.F.C. range ±300 kHz 

B Audio bandwidth AVo = 3 dB 
10 kHz measured with pre-emphasis (t = 50 µs) 

Vo(rms) A.F. output voltage (r.m.s. value) RL = 22 kll 75 mV 

RL Load resistance 
Vee= 4.5V 22 

kll 

Vee= 9.0V 47 
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FM Radio Circuit (SO Package) TDA7010T 

NOTE: 

0.4 

0.3 

\ 
~ 02 ;p . ~ 

0.1 cs: 
0 
-50 

~ 
100 150 

Figure 1. Power Oerating Curve 

THO 

-so~~~~~~~~~-'-'~--'~-'-""'-'W-~'---'--'-"-'-~""-~-'-"'"'-~~~~ ....... o 
10-6 10-5 10-4 10-3 10-2 10-1 1 

EMF (V) at A2 = 75 n 

Figure 2. AF output voltage (Vo) and total harmonic distortion (THO) as a function of the E.M.F. Input 
voltage (EMF) with a source impedance (Rs) of 75 !l: (1) muting system enabled; (2) muting 
system disabled. 

Conditions: O dB = 75mV; fr1 = 96 MHz 
for S + N curve: Af = ± 22.5 kHz: fm = 1 kHz 
for THO curve: Jl.f = ± 75 kHz: fm = 1 kHz 

1. The multing system can be disabled by feeding a current of about 20 jJ.A. into pin 1. 
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FM Radio Circuit (50 Package) 
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Figure 3. Test Circuit 
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FM Radio Circuit TDA7020T 

GENERAL DESCRIPTION 

The TDA7020T integrated circuit is for FM portable radios, stereo as well as mono, where a minimum 
periphery is important in terms of small dimensions and low cost. The IC has a FLL (Frequency Locked 
Loop) system with an intermediate frequency of 76 kHz. The selectivity is obtained by active 'RC 
filters. The only function to be tuned is the resonant circuit of the oscillator. lnterstation-noise as well 
as noise from receiving weak signals is reduced by a correlation mute system. 

Special precautions have been taken to meet local oscillator radiation requirements. Because of the 
low intermediate frequency, low pass filtering of the MPX signal is required to avoid noise when receiving 
stereo. 50 kHz roll-off compensation, needed because of the low pass characteristic of the FLL, is 
performed by the integrated LF amplifier. For mono application this amplifier can be used to directly 
drive an earphone. The field-strength detector enables field-strength dependent channel separation 
control. 

The TDA7020T includes the following functions: 
• RF input stage 
• Mixer 
• Local oscillator 
• IF amplifier/limiter 
• Frequency detector 
• Mute circuit 

QUICK REFERENCE DATA 

Supply voltage range (pin 4) 

Supply current at Vp = 3 V 

RF input frequency range 

Sensitivity for -3 dB limiting 
(e.m.f. voltage) 
(source impedance: 75 n.; mute disabled) 

Signal handling (e.m.f. voltage) 
(source impedance: 75 nl 

AF output voltage 

PACKAGE OUTLINE 

16-lead mini-peck; plastic (S0-16; SOT-109A). 

• Loop amplifier 
• Internal reference circuit 
• LF amplifier for: 

- mono earphone amplifier or 
- MPX filter 

• field-strength dependent 
channel separation control tacqity 

Vp 1,8 to 6 V 

Ip typ. 6,3 mA 

f rf 1,5 to 110 MHz 

EMF typ. 3 µV 

EMF typ. 200 mV 

Vo typ. 90 mV 
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FM Radio Circuit TDA7020T 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 4) Vp max. 7 v 
Oscillator voltage (pin 5) 

Total power dissipation 

Storage temperature range 

Vp -0,5 to Vp +0,5 V 

Operating ambient temperature range 

0,4 

Ptot 
(W) 

0,3 

0,2 

0,1 

0 
-50 0 

see derating curve (Fig. 2) 

Tstg -55 to+ 150 oc 

Tamb -10 to + 70 oc 

7288980 

~ 

~ 

50 

~ 
~ 

100 

Tamb (°CI 

150 

Fig. 2 Power derating curve. 

D.C. CHARACTERISTICS 

Vp = 3 V; Tamb = 25 °c; measured in Fig. 4; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply voltage (pin 4) V4_3 1,8 3,0 6 v 
Supply current 

at Vp = 3 V -13 - 6,3 - mA 

Oscillator current (pin 5) 15 - 250 - µA 
Voltage at pin 13 V13-3 - 0,9 - v 
Output voltage (pin 14) V14-3 - 1,3 - v 
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FM Radio Circuit TDA7020T 

A.C. CHARACTERISTICS MONO 

Vp = 3 V; Tamb = 25 oc; measured in Fig. 4; frt = 96 MHz modulated with Af = ± 22,5 kHz; fm = 1 kHz; 
EMF= 300 µV (e.m.f. voltage at a source impedance of 75 nl; r.m.s. noise voltage measured unweighted 
(f = 300 Hz to 20 kHz); unless otherwise specified. 

parameter symbol min. typ. max. unit 

Sensitivity (see Fig. 3) 
(e.m.f. voltage) 

for -3 dB limiting; 
muting disabled EMF - 4,0 - µV 

for -3 dB muting EMF - 5,0 - µV 

for S/N = 26 dB EMF - 6,5 - µV 

Signal handling (e.m.f. voltage) 
for THO< 10%; Af = ± 75 kHz EMF - 200 - mV 

Signal-to-noise ratio S/N - 60 - dB 

Total harmonic distortion 
at Af = ± 22,5 kHz THO - 0,7 - % 

at Af = ± 75 kHz THO - 2,3 - % 

AM suppression of output voltage 
(ratio of AM signal: fm = 1 kHz; 
m = 80% to FM signal: fm = 1 kHz; 
M = ± 75 kHz) AMS - 45 - dB 

Ripple rejection (AVp = 100 mV; 
f = 1 kHz) RR - 30 - dB 

Oscillator voltage (pin 5) 
r.m.s. value v5-3(rms) - 250 - mV 

Variation of oscillator frequency 
with supply voltage (AVp = 1 V) AfosclAVp - 5 - kHz/V 

with temperature Afosc/AT - 0,2 - kHz/Ki 

Selectivity S+300 - 30 - dB 

$_300 - 46 - dB 

AFC range ±Afrf - 160 - kHz 

Mute range ±Afrt - 120 - kHz 

Audio bandwidth at AV 0 = 3 dB 
measured with pre-emphasis (t = 50 µs) B - 10 - kHz 

AF output voltage (r.m.s. value) at 
RL(pin 14) = 100 U; pin 16 open Vo(rms) - 90 - mV 

AF output current 
max. d.c. load lo(dc) -100 - + 100 µA 

max. a.c. load for THO= 10% lo(ac) -3 - +3 mA 
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FM Radio Circuit TDA7020T 

parameter symbol min. typ. max. unit 

Field strength signal 
EMF= 5µV -lg - 160 - µA 

EMF= 50µV -lg - 100 - µA 

EMF= 500 µV -lg - 30 - µA 

A.C. CHARACTERISTICS 

For STEREO operation (only the difference to MONO is given) 

Vp = 3 V; Tamb = 25 °c; measured in Fig. 5; frt = g5 MHz modulated with pilot Af = ± 6,75 kHz and 
AF signal Af = ± 22,5 kHz; fm = 1 kHz; EMF= 1 mV (e.m.f. voltage at a source impedance of 75 n); 
r.m.s. noise voltage measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified. 

parameter symbol min. typ. max. 

Sensitivity (Fig. 3) (e.m.f. voltage) 
for S/N = 46 dB EMF - 300 -

Signal-to-noise ratio S/N - 53 -

Channel separation a: - 20 -

Pilot voltage level at pin 14 Vpilot - 12 -

Selectivity S+300 - 22 -

S-300 - 40 -

7Z87778 1 

Vo 
(dBJl---t---t-t-H+ttl---t---t-t-H+t+l---+--t-t-H-H-tjf----l-+1-t--l-++H+----11-+-H-t+iH+---il-+-H-t+i~ 

s+'N 
01--+-,3,. 

~11 
C71 /~ 

unit 

µV 

dB 

dB 

mV 

dB 

dB 

-2or--1,__~1.(..i=-+~1+1-1-H-~f--l-H1+1-1-H---11-+-H-++11-H-~f--l--h1+1-1-H---11-+-H-++11++---11-+-1-1+l-I~ 
~ THD 
......-r-=-..-i--t--t-H-tt'lii'....t---+--+-t-HttHl---+--+-t-HttHl---t--t-t-HttHl---+--Ht-HttH~-+--H-ttttH (%) 

-401---l--+-t-H+++~~~~-.;;;;-+-t-H+++l---+--+-t-H+++l---+--+-t-H+++l---+-·-Ht-H+++~-+--H-++++HlO 

1'N 

THD 

-ao~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~o 

10-6 10-5 10-4 10-3 10-2 10-1 1 
EMF (VJ at Rs= 75 n 

Fig. 3 A.F. output voltage (V0 ) and total harmonic distortion (THO) as a function of the e.m.f. input 
voltage (EMF) with a source impedance (Rs) of 75 n: (1) muting system enabled; (2) muting system 
disabled. 

Conditions: 0 dB= 100 mV; frf = g5 MHz. 

Note 

for S + N curve: Af = ± 22,5 kHz; fm = 1 kHz. 
for THO curve: Af = ± 75 kHz; fm = 1 kHz. 

The muting system can be disabled by feeding a current of about 20 µA into pin 2. 
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FM Radio Circuit 

a.f. 
output 

(({'I I 11001) 3,3 
TnF nF 

I 
I 

16 15 14 

~ EMF 
f rf 

I 220 R5=750 

pF 220 4,7nF 

pF 

13 12 11 

TDA7020T 

10 

field strength 

9 

820pF 

1,5nF 

Advance Information 

TDA7020T 

7Z87779.1 

1) To facilitate the use of high-impedance earphones the AF output can be increased by 5 dB by con­
nection of the 100 nF capacitor to pin 16. 
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Fig. 4 Test circuit for MONO operation. 
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Fig. 5 Test circuit for STEREO operation. 
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FM Radio Circuit TEA5560 

GENERAL DESCRIPTION 

The TEA5560 is a monolithic integrated FM/IF system circuit, intended for car radios and home­
receivers equipped with a ratio detector. 
The system incorporates the following functions: 

• a three-stage i.f. limiting amplifier 
• a 15 dB field-strength dependent muting circuit 
• a field-strength dependent d.c. voltage for e.g.: 

mono/stereo switching 
channel separation control of a stereo decoder 
an indicator (lmax ~ 1 mA) 

• standby ON/OFF switching circuit 
• a voltage stabilizer, for the internal circuit current and an external current up to 15 mA 
• adjustable gain (D.G = 15 dB) 

QUICK REFERENCE DATA 

Supply voltage range (pin 6) Vp 10,2 to 18 V 

Ambient temperature Tamb typ. 25 °c 
Supply voltage (pin 6) Vp typ. 14,4 v 
Frequency fo 10,7 MHz 

Sensitivity (3 dB limiting) Vi typ. 150 µV 

Signal-to-noise ratio for Vi= 10 mV S/N typ. 80 dB 

A.F. output voltage at D.f = ± 22,5 kHz Vo typ. 200 mV 

Total harmonic distortion; D.f = ± 22,5 kHz THD typ. 0,3 % 

A.M. suppression 
AM signal: m = 0,3; fm = 1 kHz 
FM signal: D.f = ± 22,5 kHz; fm = 70 Hz for Vi= 1 mV AMS typ. 50 dB 

PACKAGE OUTLINE 

9-lead SIL; plastic (SOT-142). The tab (on top of the package) is connected to pin 9. 
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FM Radio Circuit 

i.f. 
input 
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1st 1.F. 
AMPLIFIER 

2nd l.F. 
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d.c. 

feedback+-t-=-3-----------C=}---t 
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LEVEL 
DETECTOR 

d.c. output 
(level detector) 
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LEVEL 
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Fig. 1 Block diagram. 
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MUTING 
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FM Radio Circuit 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltages 
pin 6 Vp = V5_9 

pin 7 

Voltage at pin 4 

Voltage at pin 5 

Non-repetitive peak output current (pin 8) 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient (in free air) 

5-187 

V7_9 

V4_9 

V5_9 

-18sM 

Ptot 

Tstg 

Tamb 

Rth j-amb 

Product Specification 

TEA5560 

max. 24 v 
max. 24 v 
max. 6 v 
max. 9 v 
max. 100 mA 

max. 1000 mW 

-55 to+ 150 oc 

-30 to +85 oc 

75 K/W 5 
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FM Radio Circuit TEA5560 

D.C. CHARACTERISTICS 

Vp = 14,4 V; Tamb = 25 oc; measured in Fig. 2; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 6) 

Supply voltage * Vp = V5_9 10,2 14,4 1a,o v 

Voltages 

at pin a; -la= O ** Va-9 7,5 a,o a,5 v 
at pin 8 when -la 
increases from 0 to 15 mA l1Va-9 - 200 300 mV 

at pin a when Vp 
reduces from 14,4 V to 10,2 V l1Va-9 - - 1,0 v 
at pin a when Vp 
increases from 14,4 V to 1 a,O V l1Va-9 - - 200 mV 

at pin 4 (level detector) V4_9 - - 100 mV 

at pins 1, 2 and 3 V1,2,3-9 - 2,4 - v 

Currents 

Total supply current; -la= 0 I tot 15 20 30 mA 

Current supplied from pin a -la - - 15 mA 

Stand-by current; V5_9 = 0 lsb a 11 14 mA 

Current into pin 5 15 1,0 1,5 2,0 mA 

Current into pin 7 17 - 3,0 -- mA 

Power consumption 

at -la= 0 p - 300 - mW 

* A stabilized supply voltage of 7 to 9 V can also be applied at pin 5 and 6 (linked); for this application 
pin a must not be connected. 

** The temperature coefficient of the stabilized voltage at pin a is typical -2,3 mV/K. 

September 1985 5-188 



Signetics Linear Products Product Specification 

FM Radio Circuit TEA5560 

A.C. CHARACTERISTICS 

Vp = 14,4 V; Tamb = 25 oc; Vi= 1 mV; f 0 = 10,7 MHz; M = ± 22,5 kHz; fm = 1 kHz; measured 
in Fig. 2; unless otherwise specified 

parameter symbpl min. typ. max. unit 

I. F. part and ratio detector l 
Sensitivity 

at -3 dB before limiting (pin 1); V· I 105 150 210 µV 
(without muting) * 

Signal-to-noise S + N/S measured in 
a bandwidth of 60 Hz to 15 kHz 
at Vi= 20µV S/N 40 45 -- dB 

at Vi= 150 µV S/N - 65 - dB 

at Vi= 1 mV S/N - 78 - dB 

at Vi= 10mV S/N - 80 - dB 

A. F. output voltage 
M = ± 22,5 kHz Vo - 200 - mV 
M=±75 kHz Vo - 600 - mV 

Total harmonic distortion 
M = ± 22,5 kHz THO - 0,3 - % 
M= ± 75 kHz THO - 2,0 - % 

AM suppression 
fm = 1 kHz; m = 0,3 (for AM) 
fm = 70 kHz; M = ± 22,5 kHz (for FM) 
at Vi= 150µV AMS - 40 - dB 

at Vi= 1 mV AMS - 50 - dB 
at Vi= 10mV AMS - 55 - dB 

Level detector circuit 

O.C. output voltage (pin 4) 
at Vi= 200 µV V4_9 - 1,9 - v 
at Vi= 500 µV V4_9 - 2,8 - v 
at Vi= 1 mV V4_9 - 3,5 - v 
at Vi= 3mV V4_9 - 5,0 - v 
at Vi= 10mV V4_9 - 5,7 - v 

Muting circuit (see also Fig. 5) 

Change in output voltage at Vi = 3 µV 
(with and without muting) * CXvo 10 15 - dB 

Input voltage at a change in output voltage 
of.:;; 1 dB* 

(Vi at cxv0 .:;; 1 dB) V· I - - 250 µV 

*With muting V 4-9 < 0,3 V; without muting V 4-9 = 1,2 to 6 V. 
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Signetics Linear Products 

FM Radio Circuit 

i.f. 
input 

a.f. 
output 

Product Specification 

TEA5560 

Fig. 3 Printed-circuit board component side, showing component layout. For circuit diagram see Fig. 2. 

Fig. 4 Printed-circuit board showing track side. 
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Slgnetlcs Linear Products 

FM Radio Circuit 

(1) Without muting. 
(2) With muting. 

Product Specification 

TEA5560 

Fig. 5 A.F. output voltage (V0 ); reference level 0 dB= 1 V, and the total harmonic distortion (THO) 
as a function of the i.f. input voltage (Vil· Measured in the test circuit Fig. 2 at ~f = ± 22,5 kHz; 
fm = 1 kHz. 
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~ ......, 

V; (µVI 

Fig. 6 Level detector d.c. output voltage (pin 4) as a function of the i.f. input voltage. Measured in 
test circuit Fig. 2. 
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FM Radio Circuit TEA5560 

APPLICATION INFORMATION (continued) 

7Z86864 
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( 1) Without muting. 
(2) With muting. 

Fig. 8 Signal and noise (S + N) and noise (N); reference level 0 dB= 200 mV, and the total harmonic 
distortion (THD) as a function of the aerial input voltage (Vil· Measured in application circuit Fig. 7 
at Af = ± 22,5 kHz; fm = 1 kHz. 
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Fig. 9 Level detector d.c. output voltage (pin 4) as a function of the aerial input voltage. Measured in 
application circuit Fig. 7. 
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Signetics Linear Products Product Specification 

FM Radio Circuit TEA5560 

Fig. 11 Signal and noise (S + N) and noise (N); reference level 0 dB= 245 mV, AM suppression (AMS) 
and total harmonic distortion (THO) as a function of the aerial input voltage (Vil· Measured in applica­
tion circuit Fig. 10 at Af = ± 22,5 kHz; fm = 1 kHz; for AM suppression m = 0,3; Af = ± 22,5 kHz. 
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FM l.F. System and Computer Interface 
(MUSTI) Circuit 

GENERAL DESCRIPTION 

Product Specification 

TEA6000 

The TEA6000 is an FM/IF system circuit intended for microcomputer controlled radio receivers. The 
circuit includes an AM/FM-IF counter and an analogue-to-digital interface. The i.f. counter generates 
AM/FM precision tuning and accurate stop information. 

Features 

- 3-stage IF limiter for driving a ratio detector 
- 2-stage level detector with current output 
- operational amplifier for active filtering (e.g. multipath detector) 
- high resolution frequency counter for FM and AM IF-signals 
- time base reference from crystal oscillator or external source (SAA 1057) 
- serial two wire bidirectional computer interface (1 2 C-bus) 
- multiplexed 3 bit A/D converter for two input signals 
- software controlled sensitivity for both ADC inputs 

QUICK REFERENCE DATA 

Supply voltages (Vp1 and Vp2) Vp typ. 8,4 v 
Supply current; (I P1 + I p2) Ip typ. 36 mA 

FM/IF sensitivity 
at -3 dB before limiting V· I typ. 150 µV 

Signal to noise ratio for Vi = 10 mV S/N typ. 80 dB 

Audio output voltage 
Af = 22,5 kHz; Vi= 1 mV Vo typ. 170 mV 
Af = 75 kHz; Vj = 1 mV Vo typ. 520 mV 

AM suppression at Vi= 10 mV AMS typ. 58 dB 
Frequency counter sensitivity 

AM (pin 18) Vi(am) typ. 60 µV 
FM (pin 16) Vi(fm) typ. 80 µV 

Resolution frequency counter 
AM fs(am) typ. •250 Hz 
FM fs(fm) typ. 6,4 kHz 

Power dissipation Ptot max. 1300 mW 
Storage temperature Tstg -55 to+ 150 oc 
Operating ambient temperature Tamb -30to + 85 oc 

PACKAGE OUTLINE 

18-lead OIL; plastic (SOT-102HE). 
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Signetics Linear Products 

FM l.F. System and Computer Interface 
(MUSTI) Circuit 

FUNCTIONAL DESCRIPTION 

Product Specification 

TEA6000 

The IF SECTION consists of three balanced differential stages with separated FM and AM inputs, 
directly coupled by emitter followers. The last stage also has separated outputs, which are intended 
for driving a ratio detector and the frequency measuring system respectively. 

The last two stages are coupled via low-value capacitors to two LEVEL DETECTORS which generate 
a signal-dependent d.c. current for controlling channel separation and frequency response of a stereo 
decoder, multipath detector circuitry, AGC and the internal ADC. 

The IF MUTING circuit has been incorporated to decrease the interstation noise by about 15 dB. 

The 3-bit AID CON VE RTE R has two inputs, which are selected via two multiplexed analogue switches. 
One of these switches is internally connected to the level detector output but can also serve as an 
external input, as the level detector output can be switched off. The outputs of the ADC are converted 
to a Gray code, latched and reconverted to a binary code to obtain glitch-free output data. The 
sensitivity of both inputs can be selected independently via software on two levels. 

The reference for the ADC is derived from a BAND-GAP STABILIZER circuit. Multipath distortion 
on FM will generate an AM modulation on the d.c. voltage from the level detectors. This AM modu­
lation can be filtered and rectified to obtain a multipath-dependent d.c. voltage. This voltage can be 
applied to the other input of the ADC. 

To facilitate filtering an OPE RATIONAL AMPLIFIER (OPA) is incorporated on the chip. The typical 
circuit diagram for a multipath filter is given in Fig. 4. 

The FREQUENCY COUNTER is preceded by a 7-stage prescaler for FM, and FM/AM selector stage 
and a divider by 1 or 2. The actual counter is a presetable and resetable 8-stage counter with a 3-stage 
data disable overflow counter, which can be switched off. The eight significant output bits are situated 
symmetrically around 10,7 MHz and 460 kHz, when the external timebase source is used (e.g. 
SAA 1057). See Table 1. 

The reference for the Tl ME BASE is primarily thought to be the SAA 1057. This circuit generates from 
its 4 MHz crystal oscillator a 32 or 40 kHz signal. This signal is buffered and applied to the timebase 
circuitry (mode I). The circuit diagram for this mode I is given in Fig. 5a. 
In the timebase, the selection is made for reference frequency (32 to 40 kHz), FM or AM mode and 
the width of the measuring window, all under software control. Accuracy ± Y:, bit when the window is 
set to wide (see Fig. 2) and ± 1 bit when set to narrow. A special feature is the synchronization of the 
measuring cycle with the input DATA of the l 2 C-bus, meaning the measuring cycle starts immediately 
after a "WRITE" instruction via the 12 C-bus. 

For those who do not use the SAA 1057 as reference, a 2 15 Hz crystal (32 768 Hz) can be connected to 
the reference inputs directly, obtaining a quartz-oscillator reference. See Fig. 5b for the circuit diagram 
for this mode 11. 

When the circuit is used in mode 11 a correction has to be made to the values of window width and 
resolution as the cheap watch crystals differ by about 2,4% from the frequency generated by the 
SAA1057 (32 768 and 32 000 kHz respectively) See Table 2. 

Communication between MUSTI and the microcomputer is accomplished via the two-wire bidirectional 
l 2 C-bus (slave transceiver version); the SDA (serial data) and SCL (serial clock). 

To prevent crosstalk between the digital and analogue parts of the circuit the power supply lines are 
fully isolated. 
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FM l.F. System and Computer Interface 
(MUSTI) Circuit 

SDA 

SCL 

WRITE ACKN 

Product Specification 

TEA6000 

ACKN 

Fig. 2 Input data format waveforms. 

Input bits 

bit function "O" ''1" reference 
to Fig. 2 

1 reference frequency 32 kHz 40 kHz A 
2 sensitivity ADC2 LOW HIGH B 
3 sensitivity ADC1 LOW HIGH c 
4 level detector output off on D 
5 AM/FM AM FM E 
6 overflow counter off on F 
7 measuring window narrow wide ~G 

8 test mode off on H 

LEVEL 
DETECTOR MULTIPATH FREQUENCY COUNTER 

START ADDRESS OUTPUT DATABYTE 1 OUTPUT DATABYTE 2 STOP 

7287378 READ ACKN ACKN ACKN 

Fig. 3 Output data format waveforms. 
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Fig. 4 Multipath detector circuit. 
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Signetics Linear Products 

FM l.F. System and Computer Interface 
(MUSTI) Circuit 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage 
~n2 v~ 
pin 12 Vp2 

Power dissipation 

Storage temperature 

Operating ambient temperature 

THERMAL RESISTANCE 

From crystal to ambient 

D.C. CHARACTERISTICS 

Vp1 = VP2 = 8,4 V; Tamb = 25 oc, unless otherwise specified. 

parameter symbol min. 

Supply voltage 
(pin 2) Vp1 7,6 
(pin 12) Vp2 7,6 

Supply current AM mode 
pin 2 lp1 -
pin 12 IP2 -

Supply current FM mode 
pin 2 lp1 -
pin 12 IP2 -

Power dissipation Ptot -

A.C. CHARACTERISTICS (see Fig. 6) 

Ptot 

Tstg 

Tamb 

Rth c-a 

typ. 

8,4 
8,4 

18,5 
17,4 

19,2 
16,4 

350 

Product Specification 

TEA6000 

max. 13,2 V 
max. 13,2 V 

max. 1300 mW 

-55 to+ 150 oc 

-30to +85 oc 

50 K/W 

max. unit 

9,2 v 
9,2 v 

- mA 
- mA 

- mA 
- mA 

- mW 

Vp1=VP2=8,4 V;V15.10= 1mV;f=10,7 MHz; '1f = 22,5 kHz;fm = 1 kHz; unless otherwise 
specified. 

parameter symbol min. typ. max. unit 

Sensitivity 
at -3 dB before limiting V1(FM) - 150 - µ.V 

Signal-to-noise ratio, FM input 
Vi= 20 µ.V S/N 40 46 - dB 
Vi= 150 µ.V S/N ·- 64 - dB 
Vi= 1 mV S/N - 76 - dB 
Vi= 10mV S/N - 80 - dB 

Noise output voltage 
Vi= 0 V; with muting, switch 51 on Vno - 55 - µ.V 
Vi= 0 V; without muting, 51 off Vno - 420 - µ.V 

Audio output voltage 
.if= 22,5 kHz Vo - 170 - mV 
'1f = 75 kHz Vo - 520 - mV 
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Slgnetics Linear Products 

FM l.F. System and Computer Interface 
(MUSTI) Circuit 

A.C. CHARACTERISTICS (continued) 

parameter 

AM suppression 
ratio of the AM output signal referred 
to the FM signal (m = 0,3) 
Vi= 150µV 
Vi= 1 mV 
Vi= 10mV 
Vi= 100 mV 

Level detector output voltage (Fig. 4) 
R13-10 = 4,7 kil; Vi= 10 mV, FM mode 

Level detector output voltage slope 
R13-10 adjusted in FM mode for 
VL = 5,5 Vat Vi= 10 mV; f = 10,7 MHz 
Vi= 0 V (pin 16) 
Vi= 140µV 
Vi= 1 mV 
Vi= 3mV 

R13-10 adjusted in FM mode (see above) 
Vi= 0 V, f = 460 kHz (pin 18) 
Vi= 1 mV, f = 460 kHz (pin 18) 
Vj = 10 mV, f = 460 kHz (pin 18) 

Frequency counter sensitivity 
AM input voltage (pin 18) 
FM input voltage (pin 16) 
AM input impedance 

BUS inputs 
SDA and SCL (pins 9 and 8) 
input voltage HIGH 
input voltage LOW 
input current HIGH 
input current LOW 
acknowledge sink current 
maximum input frequency 

Output voltage SDA 
HIGH; 4 kil to 8,4 V 
LOW; I =2 mA 

symbol 

AMS 
AMS 
AMS 
AMS 

VL 

VL(FM) 
VL(FM) 
VL(FM) 
VL(FM) 

VL(AM) 
VL(AM) 
VL(AM) 

V1(AM) 
Vl(FM) 
Ri 

V1H 
V1L 
l1H 
l1L 
lack 
fj max 

VoH 
Vol 
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Product Specification 

TEA6000 

min. typ. max. unit 

- 46 - dB 
- 62 - dB 
- 58 - dB 
- 60 - dB 

- 6,2 - v 

- 130 - mV 
- 1,3 - v 
- 2,7 - v 
- 4,4 - v 

- 200 - mV 
- 1,4 - v 
- 2,7 - v 

- 60 - µV 
- 80 - µV 
- 30 - kil 

3,0 - Vp1 v 
-0,3 - 1,5 v 
- - 10 µA 
- - 10 µA 
- - 2 mA 
100 - - kHz 

8,0 - - v 
- - 0,4 v 



Slgnetlcs Linear Products 

FM l.F. System and Computer Interface 
(MUSTI) Circuit 

parameter 

A/D converter (pin 5 and 13) 
input resistance 
input capacitance 

Trip levels, sensitivity bit HIGH 
level 1 
level 2 
level 3 
level 4 
level 5 
level 6 
level 7 

Trip levels, sensitivity bit LOW 
level 1 
level 2 
level 3 
level 4 
level 5 
level 6 
level 7 

Crystal oscillator (see Fig. 5) 
reference frequency 
temperature coefficient 
input resistance 
input capacitance 

Operational amplifier (pins 6 and 7) 
voltage gain 
input bias current 
output sink current at V0 = 1 V 
output source current at V 0 = 7,4 V 
output voltage swing 

Frequency measuring system (see pages 8 and 9) 
measuring windows; fret= 32 or 40 kHz 
AM 
window "O" (LOW) 
window "1" (HIGH) 
FM 
window "O" (LOW) 
window "1" (HIGH) 
resolution frequency counter 
AM 
FM 

symbol 

Ri 
Ci 

VT 
VT 
VT 
VT 
VT 
VT 
VT 

VT 
VT 
VT 
VT 
VT 
VT 
VT 

fret 
TC 
Ri 
Ci 

Gv 
I bias 
lo 
lo 
V7(p-p) 

tgate 
tgate 

tgate 
tgate 

fs(am) 
fs(fm) 

tgate has to be multiplied by 32 000/32 768 for a fret of 215 Hz. 
f5 has to be multiplied by 32 768/32 000 for a fret of 215 Hz. 

5-203 

min. 

-
-
-
-
-
-
-

-
-
-
-
-
-
-

32 

-
-
-
5,5 
-

-
-

-
-
-
-

Product Specification 

TEA6000 

typ. max. unit 
I 1 

t.b.f. kn 
t.b.f. pF 

0,6 - v 
1,06 - v 
1,38 - v 
1,84 - v 
2, 14 - v 
2,55 - v 
2,97 - v 

0,96 - v 
1,78 - v 5 
2,44 - v 
3,26 - v 
3,92 - v 
4,63 - v 
5,38 - v 

32,768 40 kHz 
t.b.f. 10-6 

t.b.f. kn 
t.b.f. pF 

104 -
30 100 nA 
0,2 - mA 
10 - mA 
5,5 - v -
4 - ms 
8 - ms 

20 - ms 
40 - ms 

250 - Hz 
6,4 - kHz 

September 1985 



ff? IQ 
........ "T1 cc 

¥ ~~ ::J 

3 TABLE 1 REFERENCE FREQUENCY 32 000 Hz (SAA1057) c::: - ~ er 
!!l ~:-n c: 

~ AM READ FM AM READ FM AM READ FM AM READ FM AM READ FM ::J 

o~ 
<D 

(kHz) OUT (MHz) (kHz) OUT (MHz) (kHz) OUT (MHz) (kHz) OUT (MHz) (kHz) OUT (MHz) Q 
l------1----1------1 I------I----1------l l------1----1------l 1------1----1------l l------1----1------l --~ -0 

428.25 •oo• ·S .88R 441.00 'JJ• 10.214 '•~J.75 •66• 10.541 466.SO •99' 10.867 479.2S •CC• 11.194 0 <D a 
428.SO '01' S.H94 441.25 •J4• 1 () .221 4S4.00 '67' lO.S47 466.7S •9A 1 10.874 479.SO •CD• 11. 200 

Q_ 

s.3 c 
428.75 •02• ·S.901 441.50 •JS• lo.2n 454.25 •68• lll.5t;4 467.00 •9B' 10.880 479.7S •CE• 11. 206 ~ 
429.00 'OJ• S.907 441.75 •J6• 10.234 4~4.50 '69' lO.S60 467.2S •9C' 10.886 480.00 •CF• 11.21J -o 
429.25 •04• S.914 442.00 •J7• l f). 240 454.7S •6A' 10.566 467.50 •9D' 10.893 480.2S •DO• 11.219 :::> 429.SO •os• s .920 442.25 •J8• 10.246 4!:i!'>.OO •68' 10.s73 467. 7S •9E' 10.899 480.SO •DI• 11.226 a. 429.75 •06• ·S.926 442.SO •J9• 10.253 455.25 •6C' lll.S79 468.00 '9F' 10.906 480. 7S •D2• 11.232 
4.Jo.oo 107• S.933 442. 75 'JA• 10.259 4SS.50 •60' !0.5R6 468.2S 'AO' 10.912 48t.oo •oJ• lt.230 g 4Jo.25 •00• S.939 443.00 •JB• 10.266 4S5.75 •6E• 10.592 468.50 •Al' 10.918 481.25 •D4• 11.245 
430.50 '09• S.946 443.25 •Jc• 10.21;> 456.00 •6F• !0.!098 468 0 75 'A2' 10.925 481.50 •os• 11.2s1 3 4J0.75 •OA' S.952 44J.50 •Jo• 111.271:! 456.25 •10• l•l.605 469.00 •AJ' 10.931 481.7S •D6• 11.2s0 
431.00 'OB' ·S .95R 443.7S •3E• !IJ.285 456.50 •71' 10.611 469.25 •A4' 10.938 482.00 •01• 11.264 "O 
4Jt.25 •oc• S.965 444.00 •JF• 10.291 456.75 '72• 10.618 469.50 •AS• 10.944 482.2S •DB• 11.210 c 
431.so •oo• S.971 444.25 '40' 10.298 457.00 '7J• 10.624 469 0 75 'A6' 10.9SO 482.50 •D9• 11.211 a> 
431.75 'OE• S.978 444.50 •41' 10.304 457.25 '74' l•l.630 470.00 •A7' 10.957 482.75 •DA' 11.283 ..., 
432.00 'OF• S.9A4 444.75 •42 1 10.310 457.50 •75• lO.bJ7 470.25 •AB' 10.96J 48J.OO •DB• 11. 290 5" 432.25 '10' S.990 445.00 •4J• 10.317 4S7. 75 '76' 10.643 470.50 •A9' 10.970 483.2S •DC• 11.296 a> 4J2.50 '11' S.997 445.25 144• l0.32J 458.00 •77' l<l.650 470.7S •AA' 10.976 483.SO •DD• ll.J02 
4J2.75 '12' 10.003 445.50 •4S• 10.330 458.2S '78• l<J.bt;6 471.00 •AB' 10.982 483. 7S •DE• ll .J09 a-43J.OO 'lJ• 10.010 445.75 •46' lO.JJf, 458.50 '79• 10.bl\2 471.25 •AC' 10.989 484.00 •DF• ll .Jl5 
4JJ.25 114' 10.016 446.00 •47' 10.342 458.75 '7A' l•l.b(,9 471.SO •AD' 10.99S 484.25 •EO• 11. J22 0 

UI 43J.50 'lS' 10.022 446.25 '48' 10.J49 459.00 '78' lo.675 471. 75 •AE' ll o 002 484.SO •El' ll .J28 <D I 
I\) 4JJ.75 '16' 10.029 446.50 149• 10.355 4S9.25 '7C' l•l.682 472.00 •AF' 11.008 484.7S •E2' ll.JJ4 
0 4J4.00 •11• 10.0J5 446.75 •4A' 10.362 459.50 '70' 10.61!8 472.25 •so• 11.014 485.00 •EJ• 11. J"1 
""" 434.25 '18' 10.042 447.00 '48' 10.368 459. 75 '7E• 10.694 472.50 181' 11.021 48S.2S •E4 1 11.347 

4J4.50 1 19 1 10.048 447.25 •4C• 10.374 460.00 '7F 1 10.701 472.75 •02• 11.021 48S.SO •ES• ll .JS4 
4J4.75 'IA' 10.054 447.50 •40' 10.J81 460.2s •so• 10.707 47J.OO •BJ' 11.034 48S.7S •E6' ll .J60 
4J5.00 •10• 10.061 447.75 •4E' 10.387 460.50 181 1 10. 714 47J.25 •B4' ll. 040 486.00 •E7• ll .J66 
435.25 'lC• 10.067 448.00 '4F' lll.394 460. 75 •82' l ll. 720 47J.SO •BS' 11.046 486.2S •EB• ll.J7J 
4J5.50 'lD• 10.074 448. 25 '50' 10.400 461.00 •83• llJ.726 47J.75 •86• 11.0SJ 486.SO •E9• 11. J79 
4J5.75 •lE• 10.080 448.50 •Sl• 10.406 461.25 •84• 10. 73J 474.00 •87' ll. 059 486.7S •EA• ll .J86 
4J6.00 •1F 1 10.086 44a.1c; •52• lll.413 461.50 •es• 10.739 474 0 25 •88' 11.066 487.00 •EB• ll.J92 
4J6.25 •20• 10.09J 449.00 •5J• 10.419 461.75 •86• 111.746 474.SO •89' 11.072 487.2S •EC• ll.J98 
436.50 •21• 10.099 449.25 •S4• 10.426 462.00 •87• lu.752 474.75 •BA' llo078 487.50 •ED• llo40S 
436.75 •22• 10.106 449.50 •ss• 10.432 462.25 •es• 1 IJ. 7S8 475.00 •BB' 11.0BS 487.7S •EE• ll.4ll 
4J7.00 •23• 10.112 449.75 •S6• 10.4J8 4b2.50 •89• 10.76S 475.2S •BC' 11.091 488.00 •EF• 11.418 
4J7.25 •24' 10. ll8 450.00 1 57' lll.445 46c.75 •aA• lfl. 771 475.SO •BO' 11.098 488.2S •FO• 11.424 
437.50 1 25• 10 .12S 450. 2S 'SB' 10.451 463.00 •BB• 10. 778 475.7S •BE• llo 104 488.50 •Fl• 11.430 
437.7S 1 26 1 10.lJl 450.50 1591 l0.4S8 463.25 •BC• 10.784 476.00 •BF• 11.110 488.7S •F2• 11.437 
4J8.00 •21• 10.1J8 450.'15 'SA' 10.464 463.50 •SD• 10.790 476.2S •co• ll.ll7 489.00 •FJ• llo44J 
4J8.25 •28' 10.144 451.00 •SB• 10.470 46J.75 •8E• 10.797 476.50 •c1• ll .12J 489.2S •F4• 11.450 
438.SO 1 29 1 10.150 451.25 •sc• 10.477 464.00 •BF• l0.80J 476.7s •c2• 11.1Jo 489.SO •FS• ll .4S6 
4J8.7S 1 2A' lO.lS7 451.50 •so• 10.483 464.2S 190' 10.810 477.00 •CJ• 11.136 489o7S •F6• ll 0462 
4J9.00 •20• 10.l6J 4Sl.75 •SE• 10.490 464.50 '91' 10.816 477.2S •C4• 11.142 490000 •F7• 11.469 -0 a 439.25 •2c• 10 .110 452.00 •SF• 10.496 464. 7S '92' 10.822 411.so •cs• 11.149 490.2S •F8• ll .47S Q_ 

4J9. 50 '2D' 10.176 452.2S •60• 10.502 4b5.00 •9J• l0.829 477.75 •C6• ll. lSS 490.SO •F9• 11.482 c 
439.7S 12E 1 10.182 4S2.50 161' 10.509 465.25 •94• 10.8J5 478.00 •C7• 11.162 490.7S •FA• 11.488 -I Q. 

m en 
440.00 1 2F• 10.189 452.75 '62' 10.515 465.50 •9S• 10.842 478.25 •cs• 11.160 491.00 •FB• 11.494 

~ 1il 440.25 •JO• 10.195 45J.OO 16J• 10.522 465. 75 '96• 10.848 478.50 •C9• ll.174 49l.2S •FC• 11.501 0 
440.50 •31' 10.202 45J.2S •64' 10.528 466.00 •97• 10.854 478.7S •CA• ll.181 491.SO •FD• 11.507 ~ 
440.75 132• 10.208 4SJ.50 •6S• l0.5J4 466.25 •98• 10.861 479.00 •CB• 11.187 49l.7S •FE• 11.Sl4 0 g. 0 

::J 
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~~ :::> 

TABLE 2 REFERENCE FREQUENCY 32 768 Hz (215 Hz) ~ c_ f;l 
~:n r-

AM READ FM AM READ FM AM READ FM AM READ FM AM READ FM s· 
.::::; CJ) CD (kHz) OUT (MHz) (kHz) OUT (MHz) (kHz) OUT (MHz) (kHz) OUT (HMz) (kHz) OUT (MHz) Q 1------1----1------1 1------1----1------1 1------1----1------1 1------1----1------1 1------1----1------1 O'< 

" -·en 43H.53 '00' 10 .12s 45 l. c; \ 1331 ln.460 464.64 1 66• l •l. 7q4 477. 70 '99' l!. !2A 490.75 •cc• !l .462 0 <6' a 
43A.78 1 0 I• I c. 132 45l.K4 t34 I l 11.466 464.90 '67 t l!J.800 4 77. 95 •9A• 11.! 35 49!.0l •co• 11. 469 0. 

!:.3 c 
4 39. 04 '02 t Jr.. 138 452. lll •35• j O • 4 / J 465.15 '68' J 'I od07 418.21 •98' 11.141 491.26 •CE• 11. 4 75 ~ 439.30 '03 t IC. 145 4S2.3'i 1 36• l 'I• 4 74 465.41 1 69• I •I. 813 478.46 •9C• 11.J 4A 491.52 •CF' 11.482 - a 439.55 1 04• I 0. J 52 452.61 1371 l 1J .4H6 465.66 1 6A 1 J 11.8?0 478. 72 1 90• JJ.154 491.78 •oo• 11.488 ::J 439.81 •OS• 10.158 452.Hh 1 38 1 l 0. 4'12 465.92 1 68 1 l'J.8?7 478.98 •9E• 11.161 492.03 • 01. Jl.495 a. 440.06 t 06 I 10.165 453.12 1391 io.4qy 466 .18 •oc • l 'J .833 479.23 1 9F• ll.!67 492.29 •02 1 J!.502 
440.32 • 07' 10.171 453.Jd 1 3A 1 l (). 505 466.43 1 60 I J 11 o IJ40 479.49 I AO. 11.174 492.54 •OJ• 11.508 0 440.58 '08. l0.!1A 453.63 •JR• J0.512 466.69 '6E• J.J.846 479.74 1 Al 1 11.180 492.80 •04• 11.515 0 440.83 I 09 1 lO.lA4 453. ~19 •JC• 111. 51 <; 466.94 •6F 1 1 11 .HC,3 480.00 1 A2' JJ.187 493.06 •os• 11.521 3 441.09 'OA• l r,. 191 454 .14 •JO• 1n.:i2s 467.20 I 70 1 Jll.H59 480.26 1 A3 1 ll o l 94 493.31 •06 1 11. 528 
441.14 I OB I Ir,. l 97 454.411 •JE• Jn.532 467.46 • 71. lil.866 480.51 1 A4 1 11.200 493.57 •01• 11. 534 "tJ 
441.60 t 0C I 10. 204 454.66 13Ft Jn.SJ~ 467.71 172 1 l iJ. 872 480.77 1AS 1 11.201 493.82 •oa• 11. 541 c 
44J.e6 •OD• ir..211 454.91 140 1 111. 54'o 46 /. 9 7 I 73 I l <1.879 481. 02 1A6 1 11.213 494.08 •D9' JJ.547 <6' 442.11 1 OE• l 0. 21 7 455. 17 '41' 111. 551 46H.2i' • 74. l '1 .8R6 481.28 I A 7 • 11. 220 494.34 •DA• 11. 554 .., 
442.37 10F• I0.224 455.42 142 1 l n. s:iH 4btl.4A 1751 }l!.8Q2 4A 1. 54 1A8 1 JJ.226 494.59 'DB• 11.561 

::J 442.62 110 I JO .?30 455.6H 1431 l I). ">64 461J.74 I 76 I H.IJ9'1 481.79 1A9 1 JJ.233 494.85 •oc1 11. 56 7 m 442.8A 1 11 I !C.237 455.94 144' lll.5/l 46iJ. 9g t 77 I 111. 90') 482.05 •AA• JJ.239 495.10 •OD• 11.574 
443.14 • 12. 10.243 456 .1 q 1451 l0.57rl 469.2"> I 78 t J .1.912 482.30 •AB• JJ.246 495.36 •OE• !I. 580 ff 443.39 I 13 1 10.250 456.45 '461 lo.5H4 469.50 179• !0.918 482.56 1 AC 1 11 • 253 495.62 •OF• 11. 587 
443.65 '14' l 0. 2% 456. lO 1471 J0.591 469 .16 I 7A I ld.925 4A2.82 1 AD 1 J J .('59 49':i.H7 t EO I 11. 593 0 (J1 443.90 t 15 I 10.263 456.96 148 1 j I). 59 / 410. 112 • 7l:3' l (). 931 483.07 1 AE' JJ.266 496.13 •El' 11. 60 0 <D I 

I\) 444. J 6 t 16 I 10.269 457.22 1491 ! IJ .604 470.27 •1c• Jll.918 483.33 'AF' 11.212 49'>.38 1 E2• 11. 606 
0 444.42 '17 t l 0. 276 457.47 '4A I l 0. 61 IJ 41U.5l 170• J 0.945 483.58 •so• JJ.279 496.64 •E3• ll.613 (J1 

444.67 t 18 I l 0. 28.l 45 7. 73 1 4A' l u .617 4 7 o. 7 H '7E I l il. 95 l 483.84 1 81 1 ll. 285 496.90 •E4• !l.620 
444.93 '19 t !0.2H9 457.9M 1 4C 1 Jll.623 4 7 \ .114 17F• J 11.958 484.10 1 82 1 11. 292 497.J 5 •ES• ll .626 
445.IH I lA' 10.296 458.24 •40 1 l ti. 6311 4/1.30 I 80 I 1 \) .9f"J4 484.35 •83 1 JJ.298 497.41 1 E6• 11. 633 
445.44 '18' 10.302 458.511 14£' l (). 636 4 71. 55 '81. I iJ. 97 l 484.61 IB4' 11. 305 497.66 •E7• 11. 639 
445.711 'IC I !0.3U9 45H.7'i •4F 1 111. 643 471.81 •82• 1,1.977 484.86 1 BS 1 11.312 497.92 •ES• 11. 646 
445.95 t 10' 10.315 459.01 t 50. l 0. 6511 472.06 •83• l 11.984 485.12 •86• 11.318 498.18 •E9• 11. 652 
446.21 I IE I 10.322 459.26 1 Sl t l 11 .656 472.32 1941 10.990 485.38 187 1 JJ.325 491l.43 •EA' ll. 659 
446.46 1 1F• 10.328 459.52 1s2• 111. 663 472.58 •as• 1 fl .9Q7 485.63 •0a• 11. 331 498.69 •ES• 11.665 
446.72 1 20' 10.335 4S9.78 1531 J 11. 669 412 • H3 1 86• 11.003 485.89 •89 1 11.338 498.94 •EC• 11.672 
446.98 '21' 10.342 460.03 1541 111.676 473.09 197 I 11. II l 0 486.14 •BA' 11.344 499.20 •ED• 11.679 
447.23 122• l 0. 348 460.29 1551 l 0 .6H2 473.34 •aa• 11.017 486.40 •BB' 11 .JS! 499.46 •EE• 11. 6A5 
447.49 123 1 J0.355 4611.54 1S6 1 111. 689 413.60 1991 11.023 486.66 •BC• 11.357 499.71 •EF• 11. 692 
447.74 '24 1 10.361 460.80 •s1• 10.695 47J.H6 18A 1 11.010 486.91 •BO• JJ.364 499.97 •FO• Jl.698 
448.00 •2s• 10.368 461.06 1 58' 10.702 474.Jl •BB• IJ.016 487.17 1 BE• 11.370 500.22 IF l' !I. 705 
448.26 1 26• 10.374 461.31 1591 10.709 474.37 •ac• 11.043 487.42 •BF• 11.377 5Q0.48 •F2• 11.711 
448.51 •21• l c. 31l l 461.57 1 SA 1 111. 71 o 474.62 •ao• l l. 049 487.68 •co• 11.384 500. 14 •F3• 11. 718 
4 48. 77 1 28 1 IO. 387 461.82 'SA I 10.122 474.88 •aE • 11. 056 487.94 •Cl 1 l l .390 500.99 •F4• 11. 724 
449.02 129 1 10.394 462.0ll •sc• l 0. 7211 4 75.14 1 8F• ll.062 488. 19 •C2• JJ.397 501. 25 •FS• ll. 731 
449.28 12A 1 10.401 462 .34 '50 1 l 0. 735 475.3'1 190 I IJ.069 488.45 •C3 1 11.403 501.50 •Ft>• 11.737 
449.54 1 2B• 10.407 462.5'l 1 5E 1 10. 741 415.65 '91' 11.076 488.70 •C4 1 l1o4JO 501.76 •F7 t ll • 744 " 449.79 •2c• lC.414 462.85 1 5F 1 111.748 415.90 1 92• ll.082 488.96 •cs• llo4J6 502.02 •F8• Jl.751 a 

0. 
450.05 1 2D 1 10.420 463.JO '60' !0.754 476.16 1931 11.089 489.22 1 C6• JJ.423 502.27 •F9• 11. 757 c 

en 4'30.30 1 2E 1 10.427 463.36 '61 t 111. lb l 476.42 •941 11.095 489.47 •C7• 11.429 502.53 •FA' 11.764 -I Q. 
"' m (/) 

" 450.SE 1 2F• 10.433 463.62 1 62 1 !0.76H 476.67 1951 11.102 489.73 •ca• 11. 436 502.78 •FB• !I. 770 6:: "O m 4511.82 t'3.p1 10.440 463.87 '63' l (). 7 ·74 476.93 •96• 11.J 08 489.98 •c9• 11. 44 3 503.04 •FC• 11. 777 CD 3 () 
CT 451.07 '31 1 10.446 464. 13 '64 1 10.781 477.18 1 97• l l.J!5 490.24 •CA' ll.449 503.JO •FD• !I. 783 0 

=;; 

"' ()" 
4 51. 33 '32 1 10.453 464.38 1 65• 10. 787 4 77. 44 1 98• 11.121 490.50 •cs• IJ.456 503.55 •FE• Jl. HO 0 Q. 

"' 0 0· to 

"' :::> 

1111 

(II 



Signetics Linear Products 

FM l.F. System and Computer Interface 
(MUSTI) Circuit 

L2 
---, 

Product Specification 

TEA6000 

4,7 
nF i I 1k!1 I 12x1 27 n 

for { test 
only 

level detector output 

I 

_..,.....,.o--4 
S I 

I 
--c::::J--, 

100!1 

22 nF 

30 
k!1 

1 µF 

30k!1 

BA317 

multipath level --------.. 

12 
18 

16 

330!1 

15 

17 

10 

14 

+ 
13 

300k!1 

BA317 

Vo I AA119* lµF 

J i + 4,7 2,2 220 47 
nF 

I"F IpF 
k!1 

560!1 

11 

300k!1 

33 pF 
1--~ ........ ----1r----+- oscillator 

TEA6000 

270!1 
f-----C:::::J-->--1--SDA 

270!1 
1--C:::::J----+-- SCL 

7287377 

L 1=3122 138 2021/TOKO 85 ACS-4238 A 
L2 = 3122 138 2022/TOKO 85 ACS-4260 SEJ 

Fig. 6 MUST\ test and application circuit. 
Germanium diodes AA 119 are required in the test circuit only. 
In a complete FM channel (inclusive FM front end) the silicon diodes BA281 are recommended. 

S open = without muting 
S closed = with muting 

September 1985 

} for measuring purpose only. 
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Slgnetlcs Linear Products 

FM l.F. System and Computer Interface 
(MUSTI) Circuit 

Fig. 7 Track side of printed-circuit board. 

Fig. 8 Component side of printed-circuit board. 
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7Z87380 

7Z87379 
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Signetics Linear Products 

FM l.F. System and Computer Interface 
(MUSTI) Circuit 

Fig. 9 Level detector output as a function of input voltage. 

S/N 
(dB) 
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~\~v -50 ~,~21L 

63 dB 
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Product Specification 

TEA6000 

80dB 

V 26dB ""'t'-....,~ 
~[:7=;~f::::=t:1*".Q-W+l----l--l--l--l-J-t-l-f-t--I--=~ '--=-H a.m. suppression; m = o.,,.3. -;---i--i--i--r-t-r 1""'f-. ..... --+- - ·1-

,...... :l= --

September 1985 

10 

Fig. 10 Signal-to-noise ratio as a function of FM input voltage. 
fi = 10,7 MHz; Af = 22,5 kHz; fmod = 1 kHz; 0 dB= 245 mV. 
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Signetics Linear Products Product Specification 

I/ R Transmitter SAA3004 

GENERAL DESCRIPTION 

The SAA3004 transmitter IC is designed for infrared remote control systems. It has a total of 448 
commands which are divided into 7 sub-system groups with 64 commands each. The sub-system code 
may be selected by a press button, a slider switch or hard wired. 

The SAA3004 generates the pattern for driving the output stage. These patterns are pulse distance 
coded. The pulses are infrared flashes or modulated. The transmission mode is defined in conjunction 
with the sub-system address. Modulated pulses allow receivers with narrow-band preamplifiers for 
improved noise rejection to be used. Flashed pulses require a wide-band preamplifier within the 
receiver. 

The SAA3004 has the following features: 

• Flashed or modulated transmission 

• 7 sub-system addresses 

• Up to 64 commands per sub-system address 

• High-current remote output at Voo = 6 V (-loH = 40 mA) 

• Low number of additional components 

• Key release detection by toggle bits 

• Very low stand-by current (< 2 µA) 

• Operational current< 2 mA at 6 V supply 

• Wide supply voltage range (4 to 11 V) 

• Ceramic resonator controlled frequency (typ. 450 kHz) 

• Encapsulation: 20-lead plastic DI Lor 20-lead plastic mini-pack (S0-20) 

PACKAGE OUTLINES 

20-lead OIL; plastic (SOT-146C1). 
20-lead mini-pack; plastic (S0-20; SOT-163AC3). 
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7285678 

Fig. 1 Transmitter with SAA3004. 

INPUTS AND OUTPUTS 

Key matrix inputs and outputs (DAVON to DRV6N and SE NON to SEN6N) 

The transmitter keyboard is arranged as a scanned matrix. The matrix consists of 7 driver outputs and 
7 sense inputs as shown in Fig. 1. The driver outputs DAVON to DRV6N are open drain N-channel 
transistors and they are conductive in the stand-by mode. The 7 sense inputs (SE NON to SEN6N) enable 
the generation of 56 command codes. With 2 external diodes all 64 commands are addressable.The sense 
inputs have P-channel pull-up transistors, so that they are HIGH until they are pulled LOW by connec­
ting them to an output via a key depression to initiate a code transmission. 

Address mode input (ADAM) 

The sub-system address and the transmission mode are defined by connecting the ADAM input to one 
or more driver outputs (DAVON to DRV6N) of the key matrix. If more than one driver is connected 
to ADAM, they must be decoupled by a diode. This allows the definition of seven sub-system addres­
ses as shown in Table 3. If driver DRV6N is connected to ADAM the data output format of REMO is 
modulated or if not connected, flashed. 

The ADAM input has switched pull-up and pull-down loads. In the stand-by mode only the pull-down 
device is active. Whether ADAM is open (sub-system address 0, flashed mode) or connected to the 
driver outputs, this input is LOW and will not cause unwanted dissipation. When the transmitter 
becomes active by presssing a key, the pull-down device is switched off and the pull-up device is 
switched on, so that the applied driver signals are sensed for the decoding of the sub-system address 
and the mode of transmission. 
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The arrangement of the sub-system address coding is such that only the driver D RVnN with the highest 
number (n) defines the sub-system address, e.g. if driver DRV2N and DRV4N are connected to ADRM, 
only DRV4N wi II define the sub-system address. This option can be used in transmitters for more than 
one sub-system address. The transmitter may be hard-wired for sub-system address 2 by connecting 
DRV1 N to ADRM. If now DRV3N is added to ADRM by a key or a switch, the transmitted sub-system 
address changes to 4. 

A change of the sub-system address will not start a transmission. 

Remote control signal output (REMO) 

The REMO signal output stage is a push-pull type. In the HIGH state a bipolar emitter-follower allows 
a high output current. The timing of the data output format is listed in Tables 1 and 2. 

The information is defined by the distance tb between the leading edges of the flashed pulses or the 
first edge of the modulated pulses (see Fig. 3). 

The format of the output data is given in Figs 2 and 3. In the flashed transmission mode the data word 
starts with two toggle bits Tl and TO, followed by three bits for defining the sub-system address S2, S1 5 
and SO, and six bits F, E, D, C, Band A, which are defined by the selected key. 

In the modulated transmission mode the first toggle bit T1 is replaced by a constant reference time bit 
(REF). This can be used as a reference time for the decoding sequence. 

The toggle bits function as an indication for the decoder that the next instruction has to be considered 
as a new command. 

The codes for the sub-system address and the selected key are given in Tables 3 and 4. 

Oscillator input/output (OSCI and OSCO) 

The external components must be connected to these pins when using an oscillator with a ceramic 
resonator. The oscillator frequency may vary between 400 kHz and 500 kHz as defined by the resonator. 

FUNCTIONAL DESCRIPTION 

Keyboard operation 

In the stand-by mode all drivers (DRVON to DRV6N) are on. Whenever a key is pressed, one or more 
of the sense inputs (SENnN) are tied to ground. This will start the power-up sequence. First the oscil­
lator is activated and after the debounce time toB (see Fig. 4) the output drivers (DRVON to DRV6N) 
become active successively. 

Within the first scan cycle the transmission mode, the applied sub-system address and the selected 
command code are sensed and loaded into an internal data latch. In contradiction to the command 
code the sub-system address is sensed only within the first scan cycle. If the applied sub-system 
address is changed while the command key is pressed, the transmitted sub-system address is not altered. 

In a multiple key-stroke sequence (see Fig. 5) the command code is always altered in accordance with 
the sensed key. 

Multiple key-stroke protection 

The keyboard is protected against multiple key-strokes. If more than one key is pressed at the same time, 
the circuit will not generate a new output at REMO (see Fig. 5). In case of a multiple key-stroke the 
scan repetition rate is increased to detect the release of a key as soon as possi::ile. 

There are two restrictions caused by the special structure of the keyboard matrix: 
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FUNCTIONAL DESCRIPTION (continued) 

- The keys switching to ground (code numbers 7, 15, 23, 31, 39, 47, 55 and 63) and the keys 
connected to SEN5N and SEN6N are not covered completely by the multiple key protection. If one 
sense input is switched to ground, further keys on the same sense line are ignored. 

- SEN5N and SEN6N are not protected against multiple key-stroke on the same driver line, because 
this condition has been used for the definition of additional codes (code numbers 56 to 63). 

Output sequence (data format) 

The output operation will start when the selected code is found. A burst of pulses, including the latched 
address and command codes, is generated at the output REMO as long as a key is pressed. The format 
of the output pulse train is given in Figs 2 and 3. The operation is terminated by releasing the key or if 
more than one key is pressed at the same time. Once a sequence is started, the transmitted words will 
always be completed after the key is released. 

The toggle bits TO and T1 are incremented if the key is released for a minimum time tREL (see Fig. 4). 
The toggle bits remain unchanged within a multiple key-stroke sequence. 

tw 

H 
REMO 

L 
bit _____.. T1 TO S2 S1 so E D c B A T1 
data____. 0 0 0 0 0 0 0 0 

(a) 

tw I I H 

I I I I I I I I I I I I I REMO 
L 

bit _____. REF TO S2 S1 so E D c B A REF 
data__. 1 0 0 0 0 0 0 7285675 

(b) 

Fig. 2 Data format of REMO output; REF= reference time; TO and T1 =toggle bits; SO, S1 and S2 = 
system address; A, B, C, D, E and F =command bits. 
(a) flashed mode: transmission with 2 toggle bits and 3 address bits, followed by 6 command bits 
(pulses are flashed). 
(b) modulated mode: transmission with reference time, 1 toggle bit and 3 address bits, followed by 6 
command bits (pulses are modulated). 

REMO : Jl ___ _fl_ 
I 1l -1 l-tp 

tb I 
H ___ _lUL REMO 

(2) L c1:=··, -1ML 
--+- ..-tM 

tpw 7285676 

(1) Flashed pulse. 
(2) Modulated pulse (tpw = (5 x tM) + tMH· 

Fig. 3 REMO output waveform. 
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DEVELOPMENT SAMPLE DATA 

I key bouncing 

closed 
KEY 

released 

off 

/ 1-'REL-I new key 
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l scan 
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on 

H 
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H 
OSCO 

closed 
KEYA 

released 

closed 
KEY B 

released 

off 
DRVnN 

on f' _ toe 

H 
REMO 

L UUUUUUI 
WOf"d key A 

OSCILLATOR ACTIVE 

Fig. 4 Single key-stroke sequence. 
Debounce time: tos = 4 to 9 x T 0 • 

Start time: tsT = 5 to 10 x T 0 . 

Minimum release time: tREL = T 0. 

Word distance: tw· 

word key A 

new word 

7Z85674 

,/ 
key A decoded as LOW 

word key B 

OSCO H JlflVZ/////////////////////////// OSCILLATOR ACTIVE ZZOZ//OlllllOIOOZZZZOOOJ 
Fig. 5 Multiple key-stroke sequence . 
Scan rate multiple key-stroke: tsM = 6 to 10 x T 0 . 

For tos. tsT and tw see Fig. 4. 
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Table 1 Pulse train timing 

mode To tp 
ms µs 

flashed 2,53 8,8 
modulated 2,53 -

fosc 455 kHz 

tp 4 x tosc 

tM 12 x tosc 

tML 8 x tosc 

tMH 4 x tosc 

To 1152 x tosc 

tw 55 296 x tosc 

Table 2 Pulse train separation (tbl 

code 

logic "O" 

logic "1" 

reference time 

toggle bit time 

September 1985 

tM 
µs 

-
26,4 

tb 

2x T0 

3x T0 

3x T0 

tML tMH tw 
µs µs ms 

- - 121 

17,6 8,8 121 

tosc = 2,2 µs 
flashed pulse width 

modulation period 

modulation period LOW 

modulation period HIGH 

basic unit of pulse distance 

word distance 

2 x T 0 or 3 x T 0 
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Table 3 Transmission mode and sub-system address selection 

The sub-system address and the transmission mode are defined by connecting the ADRM input to one 
or more driver outputs (DRVON to DRV6N) of the key matrix. If more than one driver is connected to 
ADRM, they must be decoupled by a diode. 

mode sub-system driver DRVnN 
address for n = 

# S2 S1 so 0 1 2 3 4 5 6 

F 0 1 1 1 
L 1 0 0 0 0 

A 2 0 0 1 x 0 

s 3 0 1 0 x x 0 

H 4 0 1 1 x x x 0 

E 5 1 0 0 x x x x 0 

D 6 1 0 1 x x x x x 0 

M 
0 0 1 1 1 0 

D 1 0 0 0 a 0 

u 2 0 0 1 x 0 0 

L 3 0 1 0 x x 0 0 

A 4 0 1 1 x x x 0 0 

T 5 1 0 0 x x x x 0 0 o =connected to ADRM 
E 6 1 0 1 x x x x x 0 0 blank = not connected 
D to ADRM 

X =don't care 
Table 4 Key codes 

matrix matrix code matrix 
drive sense F E D c B A position 

DRVON SEN ON 0 0 0 0 0 0 0 
DRVlN SEN ON 0 0 0 0 0 1 1 
DRV2N SEN ON 0 0 0 0 1 0 2 
DRV3N SE NON 0 0 0 0 1 1 3 
DRV4N SE NON 0 0 0 1 0 0 4 
DRV5N SEN ON 0 0 0 1 0 1 5 
DRV6N SE NON 0 0 0 1 1 0 6 
Vss SE NON 0 0 0 1 1 1 7 

* SEN1N 0 0 1 ** 8 to 15 
* SEN2N 0 1 0 ** 16 to 23 
* SEN3N 0 1 1 ** 24 to 31 
* SEN4N 1 0 0 ** 32 to 39 
* SEN5N 1 0 1 ** 40 to 47 
* SEN6N 1 1 0 ** 48 to 55 

SEN5N 
* and 1 1 1 ** 56 to 63 

SEN6N 

* The complete matrix drive as shown above for SE NON is also applicable for the matrix sense inputs .­
SEN 1 N to SEN6N and the combined SEN5N/SEN6N. 

**The C, Band A codes are identical to SE NON as given above. 
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Voo 

DRV6N 

DRVSN 

DRV4N 

DRV3N 
SAA3004 

DRV2N 

DRV1N 

DAVON 

OSCO 

Vss 

7Z85677 

Fig. 6 Pinning diagram. 

RATINGS 

PINNING 

1 REMO 

2 SEN6N 
3 SEN5N 
4 SEN4N 
5 SEN3N 
6 SEN2N 
7 SEN1N 
8 SE NON 

9 ADRM 

10 Vss 
11 OSCI 

12 OSCO 

13 DAVON 
14 DRV1N 
15 DRV2N 
16 DRV3N 
17 DRV4N 
18 DRV5N 
19 DRV6N 

20 v0 o 

Product Specification 

SAA3004 

remote data output 

key matrix sense inputs 

address mode control input 

ground 

oscillator input 

oscillator output 

key matrix drive outputs 

positive supply 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage range Voo -0,5to+15 V 

Input voltage range Vi -0,5 to Voo +0,5 V 

Output voltage range Vo -0,5 to Voo +0,5 V 

D.C. current into any input or output 

Peak REMO output current 
du ring 10 µs; duty factor = 1 % 

Power dissipation per package 
for T amb = -20 to +70 °c 

Storage temperature range 

Operating ambient temperature range 
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CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; unless otherwise specified 

parameter Voo symbol min. typ. max. unit 
(V) 

Supply voltage 
Tamb = 0 to +70 °c - Voo 4 - 11 v 

Supply current; active 
fosc = 455 kHz; 6 loo - 1 - mA 
REMO output unloaded 9 loo - 3 - mA 

Supply current; inactive 
(stand-by mode) 6 loo - - 2 µA 
Tamb = 25 oc 9 loo - - 2 µA 

Osei I lator frequency 
(ceramic resonator) 4 to 11 fosc 400 - 500 kHz 5 

Keyboard matrix 

Inputs SENON to SEN6N 

Input voltage LOW 4 to 11 V1L - - 0,2 x v00 v 
Input voltage HIGH 4 to 11 V1H o,8 x v00 - - v 
Input current 4 -11 10 - 100 µA 

V1=0 V 11 -11 30 - 300 µA 

Input leakage current 
Vi= Voo 11 11 - - 1 µA 

Outputs ORVON to ORV6N 

Output voltage "ON" 
lo=0,1 mA 4 Vol - - 0,3 v 
lo= 1,0 mA 11 Vol - - 0,5 v 

Output current "OFF" 
Vo= 11 V 11 lo - - 10 µA 

Control input ADRM 

Input voltage LOW - V1L - - o,8 x v00 v 
Input voltage HIGH - V1H 0,2 x v00 - - v 
Input current (switched P-

and N-channel pu II-up/ 
pull-down) 

Pull-up active 4 l1L 10 - 100 µA 
stand-by voltage: 0 V 11 l1L 30 - 300 µA 

Pu I I-down active 4 l1H 10 - 100 µA 
stand-by voltage: Voo 11 l1H 30 - 300 µA 
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CHARACTERISTICS (continued) 

Vss = 0 V; T amb = 25 °C; unless otherwise specified 

parameter Voo symbol min. typ. max. unit 
(V) 

Data output REMO 

Output voltage HIGH 6 VoH 3 - - v 

-loH = 40 mA 9 VoH 6 - - v 

Output voltage LOW 6 Vol - - 0,2 v 

IOL = 0,3 mA 9 Vol - - 0,1 v 

Oscillator 

Input current 
OSCI at Voo 6 11 0,8 - 2,7 µA 

Output voltage HIGH 
-loL = 0,1 mA 6 VoH - - v 00-o,6 v 

Output voltage LOW 
loH = 0,1 mA 6 VoL - - 0,6 v 
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GENERAL DESCRIPTION 

The SAA3006 is intended as a general purpose ( RC-5) infrared remote control system for use where 
only low supply voltages are available. The device can generate 2048 different commands and utilizes a 
keyboard with a single-pole switch per key. The commands are arranged so that 32 systems can be 
addressed, each system containing 64 different commands. 

The circuit response to legal (one key pressed at a time) and illegal (more than one key pressed at a 
time) keyboard operation is specified later in this publication (see KEY ACTIVITIES). 

Features 

• Low supply voltage requirements 

• Very low current consumption 

• For infrared transmission I ink 

• Transmitter for 32 x 64 commands 

• One transmitter controls 32 systems 

• Transmission biphase technique 

• Short transmission times; speed-up of system reaction time 

• Single-pin oscillator input 

• Input protection 

• Test mode facility 

QUICK REFERENCE DATA 

Supply voltage range 

Input voltage range 

Input current 

Output voltage range 

Output current 

Operating ambient temperature range 

* Voo + 0,5 V not to exceed 9 V. 

PACKAGE OUTLINE 

28-lead DIL; plastic (SOT-117). 

5-219 

Voo 2 to 7 v 
V1 0,5 to (Voo + 0,5) V* 

± 11 max. 10 mA 

Vo -0,5 to (VoD + 0,5) V* 

±10 max. 10 mA 

Tamb -25 to +85 oc 
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5AA3006 
osc 18 

osc. 3x21 

TP1 20 

} TEST lli ·~" TP2 19 MODE 
RESET 

GENERATOR 

l 
SSM 2 MODE } 213 

SELECTION DECODER 1--1 DIVIDER 

I CONTROL 
UNIT t--

Z3 6 
Z2 5 f-+--
Z1 4 
zo 3 

X7 1 
X6 27 KEY!lOARD 

X5 26 ENCODER 

X4 25 

X3 24 17 ORO 

X2 23 
COMMAND 16 DR1 AND 

X1 22 SYSTEM 15 DR2 

XO 21 I-' 1-- ADDRESS KEYBOARD 13 DR3 LATCH 
DRIVER 12 DR4 

DECODER 11 DR5 
l 10 

PARALLEL }-
DR6 

OUTPUT TO SERIAL 9 DR7 
CONVERTER 

8 7 14 28 

DATA MDATA Vss I I Voo 7Z90143 

Fig. 1 Block diagram. 
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PINNING 

14 Vss negative supply (ground) 
28 Voo positive supply 

Voo 21 XO 
22 X1 

X6 23 X2 

X5 
24 X3 keyboard command inputs with 
25 X4 P-channel pull-up transistors 

X4 26 X5 
27 X6 

X3 
X7 

X2 3 zo 
X1 4 Z1 keyboard system inputs with 

SAA3006 5 Z2 P-channel pull-up transistors 
XO 6 Z3 5 
TPl 2 SSM system mode selection input 

DR6 TP2 20 TP1 test input 
19 TP2 test input/output 

osc 
18 osc oscillator input 

DR4 DRO 17 DRO 

DR3 DR1 16 DR1 
15 DR2 

Vss DR2 13 DR3 scan driver output with open 
12 DR4 drain N-channel transistors 

7 Z90139 
11 DR5 
10 DR6 

Fig. 2 Pinning diagram. 9 DR7 

7 MOAT A } remote signal outputs 
8 DATA (3-state outputs) 
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(3) 

(4) 

7Z90141 
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24 24 

32 25 

26 

27 
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17 16 15 13 12 11 10 9 

O..-NM.q-1.nco,..... 
a: a: cc a: a: a: 0: 0: 
Cl Cl Cl Cl Cl Cl Cl Cl 

XO 

X1 

X2 

X3 

X4 

XS 
SAA3006 

X6 

X7 

zo 

Z1 

Z2 

Z3 
~ <( 

:; c;: N ... <( u 
(J) Q. <( Cl 

~ (/) ... ... Cl :; 

f 2 f 20t19 8 18 

c::::J 
'--y---J .___,__, 

l (1) (2) 

( 1) Control inputs for operating modes, test modes and reset. 
(2) Remote signal outputs. 
(3) Keyboard command code matrix 8 x 8. 
(4) Keyboard system code matrix 4 x 8. 

Fig. 3 Keyboard interconnection. 
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FUNCTIONAL DESCRIPTION 

Combined system mode (SSM = LOW) 

Product Specification 

SAA3006 

The X and Z-lines are active HIGH in the quiescent state. Legal key operation either in the X-D R or Z-DR 
matrix starts the debounce cycle. When the contact is made for two bit times without interruption, the 
oscillator-enable signal is latched and the key may be released. Interruption within the two bit times 
resets the internal action. At the end of the debounce time, the DR-outputs are switched off and two 
scan cycles are started, switching on the DR-outputs one by one. When a Z- or X-input senses a LOW 
level, a latch-enable signal is fed to the system address or command latches, depending on whether 
sensing was found in the Z- or X-input matrix. After latching a system address number, the device will 
generate the last command (i.e. all command bits '1 ') in the chosen system as long as the key is pressed. 
Latching of a command number causes the device to generate this command together with the system 
address number stored in the system address latch. Releasing the key will reset the internal action if no 
data is transmitted at that time. Once the transmission is started, the signal will be finished completely. 

Single system mode (SSM =HIGH) 

The X-lines are active HIGH in the quiescent state; the pull-up transistors of the Z-lines are switched off 
and the inputs are disabled. Only legal key operation in the X-DR matrix starts the debounce cycle. 
When the contact is made for two bit times without interruption, the oscillator-enable signal is latched 
and the key may be released. Interruption within the two bit times resets the internal action. At the 
end of the debounce time, the pull-up transistors in the X-lines are switched off, those in the Z-lines 
are switched on during the first scan cycle. The wired connection in the Z-matrix is then translated 
into a system address number and stored in the system address latch. At the end of the first scan 
cycle the pull-up transistors in the Z-lines are switched off and the inputs are disabled again, while the 
transistors in the X-lines are switched on. The second scan cycle produces the command number 
which, after latching, is transmitted together with the system address number. 

Inputs 

The command inputs XO to X7 carry a logical '1' in the quiescent state by means of an internal pull-up 
transistor. When SSM is LOW, the system inputs ZO to Z3 also carry a logical '1' in the quiescent state 
by means of an internal pull-up transistor. 

When SSM is HIGH, the transistors are switched off and no current flows via the wired connection in 
the Z-DR matrix. 

Oscillator 

The oscillator is formed by a ceramic resonator (catalogue number 2422 540 98021 or equivalent) 
feeding the single-pin input OSC. Direct connection is made for supply voltages in the range 2 to 
5,25 V but it is necessary to fit a 10 kn resistor in series with the resonator when using supply voltages 
in the range 2,6 to 7 V. 

Key-release detection 

An extra control bit is added which will be complemented after key-release. In this way the decoder 
gets an indication that shows if the next code is to be considered as a new command. This is very 
important for multi-digit entry (e.g. by channel numbers or Teletext/Viewdata pages). The control bit 
will only be complemented after finishing at least one code transmission. The scan cycles are repeated 
before every code transmission, so that, even by 'take-over' of key operation during code transmission, 
the correct system and command numbers are generated. 
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The output DATA carries the generated information according to the format given in Fig. 4 and Tables 
2 and 3. The code is transmitted in biphase; definitions of logical '1' and 'O' are given in Fig. 5. 

The code consists of four parts: 

• Start part formed by 2 bits (two times a logical '1 '); 

• Control part formed by 1 bit; 

• System part formed by 5 bits; 

• Command part formed by 6 bits. 

The output MDATA carries the same information as output DATA but is modulated on a carrier fre­
quency of 1 /12 of the oscillator frequency, so that each bit is presented as a burst of 32 pulses. To 
reduce power consumption, the carrier frequency has a 25% duty cycle. 

In the quiescent state, both outputs are non-conducting (3-st(!te outputs). The scan drivers ORO to 
DR7 are of the open drain N-channel type and are conducting in the quiescent state of the circuit. After 
a legal key operation all the driver outputs go into the high ohmic state; a scanning procedure is then 
started so that the outputs are switched into the conducting state one after the other. 

Reset action 

The circuit will be reset immediately when a key release occurs during: 

• debounce time; 

• between two codes. 

When a key release occurs during scanning of the matrix, a reset action will be accomplished if: 

• the key is released while one of the driver outputs is in the low-ohmic 'O' state; 

• the key is released before detection of that key; 

• there is no wired connection in the Z-DR matrix while SSM is HIGH. 

Test pin 

The test pins TP1 and TP2 are used for testing in conjunction with inputs Z2 and Z3 as shown in Table 1. 

Table 1 Test functions 

TP1 TP2 Z2 Z3 function 

LOW LOW matrix input matrix input normal 

LOW HIGH matrix input matrix input scan + output frequency 
six times faster than normal 

HIGH output fosc6 LOW LOW reset 

HIGH output fosc6 HIGH HIGH output frequency 3 x 27 

faster than normal 
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KEY ACTIVITIES 

Every connection of one X-input and one DR-output is recognized as a legal keyboard operation and 
causes the device to generate the corresponding code. 

Activating more than one X-input at a time is an illegal keyboard operation and no circuit action is 
taken (oscillator does not start). 

When SSM is LOW, every connection of one Z-input and one DR-output is recognized as a legal key­
board operation and causes the device to generate the corresponding code. 

Activating two or more Z-inputs, or Z-inputs and X-inputs, at one time is an illegal keyboard operation 
and no circuit action is taken. 

When SSM is HIGH, a wired connection must be made between a Z-input and a DR-output. If no 
connection is made, the code is not generated. 

When one X or Z-input is connected to more than one DR-output, the last scan signal is considered 
legal. 

The maximum allowable value of the contact series resistance of the keyboard switches is 7 kn. 

debounce 1 CODE 

MSB LSB MSB LSB 

start I..,.__ system ----..I.,___ command ____... 
address bits bits 

...... control bit 

- 2bit 1---­
times 

data word time = 14 bit times 

2 CODES SUCCESSIVEL V 

-_____ 1-~~~. start 

11----- repetition time= 64 bit times 

1~ !_1st-I 
code 

7Z90142 

Fig. 4 DATA output format (RC-5). 

t 
digital '1' digital 'O' 

...-- 1 bit time ----... 
7Z82856 

Fig. 5 Biphase transmission code; 1 bit time = 3 x 28 x T OSC 
(typically 1,778 ms) where Tosc is the oscillator period time. 
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I/ R Transmitter SAA3006 

Table 2 Command matrix X-DR 

code X-lines DR-lines command bits 

no. x .. DR .. c .. 
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 5 4 3 2 1 0 

0 • • 0 0 0 0 0 0 

1 • • 0 0 0 0 0 1 

2 • • 0 0 0 0 1 0 

3 • • 0 0 0 0 1 1 

4 • • 0 0 0 1 0 0 

5 • • 0 0 0 1 0 1 

6 • • 0 0 0 1 1 0 

7 • • 0 0 0 1 1 1 

8 • • 0 0 1 0 0 0 

9 • • 0 0 1 0 0 1 

10 • • 0 0 1 0 1 0 

11 • • 0 0 1 0 1 1 

12 • • 0 0 1 1 0 0 

13 • • 0 0 1 1 0 1 

14 • • 0 0 1 1 1 0 

15 • • 0 0 1 1 1 1 

16 • • 0 1 0 0 0 0 

17 • • 0 1 0 0 0 1 

18 • • 0 1 0 0 1 0 

19 • • 0 1 0 0 1 1 

20 • • 0 1 0 1 0 0 

21 • • 0 1 0 1 0 1 

22 • • 0 1 0 1 1 0 

23 • • 0 1 0 1 1 1 

24 • • 0 1 1 0 0 0 

25 • • 0 1 1 0 0 1 

26 • • 0 1 1 0 1 0 

27 • • 0 1 1 0 1 1 

28 • • 0 1 1 1 0 0 

29 • • 0 1 1 1 0 1 

30 • • 0 1 1 1 1 0 

31 • • 0 1 1 1 1 1 
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code X-lines DR-lines command bits 
no. x .. DR .. c .. 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 5 4 3 2 1 0 

32 • • 1 0 0 0 0 0 

33 • • 1 0 0 0 0 1 

34 • • 1 0 0 0 1 0 

35 • • 1 0 0 0 1 1 

36 • • 1 0 0 1 0 0 

37 • • 1 0 0 1 0 1 

38 • • 1 0 0 1 1 0 

39 • • 1 0 0 1 1 1 

40 • • 1 0 1 0 0 0 5 
41 • • 1 0 1 0 0 1 

42 • • 1 0 1 0 1 0 

43 • • 1 0 1 0 1 1 

44 • • 1 0 1 1 0 0 

45 • • 1 0 1 1 0 1 

46 • • 1 0 1 1 1 0 

47 • • 1 0 1 1 1 1 

48 • • 1 1 0 0 0 0 

49 • • 1 1 0 0 0 1 

50 • • 1 1 0 0 1 0 

51 • • 1 1 0 0 1 1 

52 • • 1 1 0 1 0 0 

53 • • 1 1 0 1 0 1 

54 • • 1 1 0 1 1 0 

55 • • 1 1 0 1 1 1 

56 • • 1 1 1 0 0 0 

57 • • 1 1 1 0 0 1 

58 • • 1 1 1 0 1 0 

59 • • 1 1 1 0 1 1 

60 • • 1 1 1 1 0 0 

61 • • 1 1 1 1 0 1 

62 • • 1 1 1 1 1 0 

63 • • 1 1 1 1 1 1 
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l/R Transmitter SAA3006 

Table 3 System matrix Z-DR 

system Z-lines DR-lines system bits 
no. Z .. DR .. s .. 

0 1 2 3 0 1 2 3 4 5 6 7 4 3 2 1 0 

0 • • 0 0 0 0 0 

1 • • 0 0 0 0 1 

2 • • 0 0 0 1 0 

3 • • 0 0 0 1 1 

4 • • 0 0 1 0 0 

5 • • 0 0 1 0 1 

6 • • 0 0 1 1 0 

7 • • 0 0 1 1 1 

8 • • 0 1 0 0 0 

9 • • 0 1 0 0 1 

10 • • 0 1 0 1 0 

11 • • 0 1 0 1 1 

12 • • 0 1 1 0 0 

13 • • 0 1 1 0 1 

14 • • 0 1 1 1 0 

15 • • 0 1 1 1 1 

16 • • 1 0 0 0 0 

17 • • 1 0 0 0 1 

18 • • 1 0 0 1 0 

19 • • 1 0 0 1 1 

20 • • 1 0 1 0 0 

21 • • 1 0 1 0 1 

22 • • 1 0 1 1 0 

23 • • 1 0 1 1 1 

24 • • 1 1 0 0 0 

25 • • 1 1 0 0 1 

26 • • 1 1 0 1 0 

27 • • 1 1 0 1 1 

28 • • 1 1 1 0 0 

29 • • 1 1 1 0 1 

30 • • 1 1 1 1 0 

31 • • 1 1 1 1 1 
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l/R Transmitter SAA3006 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (!EC 134) 

Supply voltage range with respect to Vss VDD -0,5 to 8,5 v 
Input voltage range v, -0,5 to (VDD +0,5) V* 

Input current +It max. 10 mA 

Output voltage range Vo -0,5 to (VDD +0,5) V* 

Output current +10 max. 10 mA 

Power dissipation output OSC Po max. 50 mW 

Power dissipation per output (all other outputs) Po max. 100 mW 

Total power dissipation per package Ptot max. 200 mW 

Operating ambient temperature range Tamb -25 to +85 oc 

Storage temperature range Tstg -55 to + 150 oc 

HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see "Hand­
ling MOS Devices"). 

* VDD + 0,5 V not to exceed 9 V. 
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I/ R Transmitter SAA3006 

CHARACTERISTICS 

Vss = 0 V; Tamb = -25 to 85 °c unless otherwise specified 

parameter Voo (V) symbol min. typ. max. unit 

Supply voltage - Voo 2 - 7 v 
S~pply current 

at lo= 0 mA for all outputs; 
XO to X7 and Z3 at Voo; 
all other inputs at Voo or Vss; 
excluding leakage current from 
open drain N-channel -outputs; 
Tamb= 25 oc 7 loo - - 10 µA 

Inputs 

Keyboard inputs X and Z with 
P-channel pull-up transistors 

Input current (each input) at 
VI = 0 V; TP = SSM = LOW 2 to 7 -11 10 - 600 µA 

Input voltage HIGH 2 to 7 V1H 0,1 x v00 - Voo v 
Input voltage LOW 2 to 7 V1L 0 - o,3 x v00 v 
Input leakage current 

at Tamb = 25 OC; TP =HIGH; 
V1 =7V l1R ~ - 1 µA 

V1 =OV -l1R - - 1 µA 

SSM, TP1 and TP2 

Input voltage HIGH 2 to 7 V1H 0,1 x v00 - Voo v 
Input voltage LOW 2 to 7 V1L 0 - o,3 x v00 v 
Input leakage current 

at Tamb = 25 oc; 
Vi =7 v llR - ·- 1 µA 
V1 =OV -l1R - - 1 µA 

osc 

Input leakage current 
atTamb=250C;V1 =OV; 
TP1 =HIGH; Z2 = Z3 =LOW 2 to 7 -11 - - 2 µA 
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l/R Transmitter 

parameter 

Outputs 

DATA and MDATA 

Output voltage HIGH 
at -loH = 0,4 mA 

Output voltage LOW 
at loL = 0,6 mA 

Output leakage current at: 
Vo= 7 V 

Vo= OV 

Tamb = 25 oc; 
Vo= 7 V 

Vo=OV 

DAO to DR7, TP2 

Output voltage LOW 
at loL = 0,3 mA 

Output leakage current 
at Vo= 7 V 

at v0 = 7 v 
Tamb = 25 oc 

osc 

Oscillator current at OSC = VDD 

Oscillator 

Maximum oscillator frequency 
at CL= 40 pF (Figs 6 and 7) 

Free-running oscillator frequency 
at Tamb = 25 oc 

7 ZB2857 

nor ma Ii zed 1---~I \1---+--+--+--+--+--+--+----l 
frequency 1---+--\-Ah..-+-+--+--+--+--+--+-----l 

LS typ 

o...._..__..__..__..__..__..__..__..__....___. 

0 50 CL(pF) 100 

Fig. 6 Typical normalized input 
frequency as a function of the 
load (keyboard) capacitance. 

VDD (Vl symbol min. typ. 

2 to 7 VoH VDD -0,3 -

2 to 7 Vol - -

loR - -

-loR - -

loR - -
-loR - -

2 to 7 Vol - -

7 loR - -

IOR - -

7 lose 4,5 -

2 fosc - -

2 fosc 10 -

------Voo 

JlJUl 
osc 18 

XO 
21 

zo 3 

ORO 17 

Voo SSM 
28 2 

DATA 
8 

SAA3006 

20 19 14 

TP1 TP2 Vss 

---+-----+----4--+-- V55 

7Z90140 
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SAA3006 

max. unit 

- v 

0,3 v 

10 µA 

20 µA 

1 µA 

2 µA 

0,3 v 

10 µA 

1 µA 

30 µA 

450 kHz 

120 kHz 

Fig. 7 Test circuit 
for measurement of 
maximum oscillator 
frequency. 
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I/ R Receiver SAA3028 

GENERAL DESCRIPTION 

The SAA3028 is intended for use in general purpose ( RC-5) remote control systems. The main function 
of this integrated circuit is to convert RC-5 biphase coded signals into equivalent binary values. Two 
input circuits are available: one for RC-5 coded signals only; the other is selectable to accept ( 1) RC-5 
coded signals only, or (2) RC-5 (extended) coded signals only. The input used is that at which an 
active code is first detected. Coded signals not in RC-5/RC-5(ext) format are rejected. Data input and 
output is by serial transfer, the output interface being compatible for 12 C bus operation. 

Features 

• Converts RC-5 or RC-5(ext) biphase coded signals into binary equivalents 

• Two data inputs, one fixed (RC-5), one selectable (RC-5/RC-5(ext)) 

• Rejects all codes not in RC-5/RC-5(ext) format 

• 12 C output interface capability 

• Power-off facility 

• Master/slave addressable for multi-transmitter/receiver applications in RC-5(ext) mode 

• Power-on-reset for defined start-up 

QUICK REFERENCE DATA 

Supply voltage range 

Supply current (quiescent) at 
Yoo= 5,5 V; Tamb = 25 oc 

Operating ambient temperature range 

PACKAGE OUTLINE 

16-lead DI L; plastic (SOT-38Z). 

September 1985 5-232 

Voo 

loo 
Tamb 

4,5 to 5,5 V 

max. 200 µA 

-25 to +85 oc 



Signetics Linear Products Product Specification 

I/ R Receiver SAA3028 

RC5 DAV OSCI OSCO 

5 6 

TIMER CLOCK 

CONTROL GENERATOR 
CIRCUIT 

SAA3028 

12 9 
DATA 1 

INPUT 12C BUS SCL 

11 DETECTOR 
BUFFER 

INTERFACE 10 
DATA2 SDA 

POWER-ON POWER-OFF 

5 RESET CIRCUIT 

16 8 2 3 4 15 14 13 

VDD Vss MAO MA1 MA2 SSB ENB PO 7ZB7352 

Fig. 1 Block diagram. 

PINNING 

1 DAV data valid output with open drain 
N-channel transistor 

2 MAO 

) 3 MA1 master address inputs 
4 MA2 

5 RC5 data 2 input select 

SAA3028 
6 OSCI oscillator input 

7 OSCO oscillator output 

8 Vss negative supply (ground) 

9 SCL serial clock line 
} 12 C bus 

10 SDA serial data line 

11 DATA2 data 2 input 

12 DATA 1 data 1 input 

13 PO power-off signal output with open 
drain N-channel transistor 

Fig. 2 Pinning diagram. 14 ENB enable input 

15 SSB set standby input 

16 VDD positive supply (+5 V) 
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I/ R Receiver 

FUNCTIONAL DESCRIPTION 

Input function 

The two data inputs are accepted into the buffer as follows: 

Product Specification 

SAA3028 

• DAT A 1. Only biphase coded signals which conform to the RC-S format are accepted at this input. 

• DATA 2. This input performs according to the logic state of the select input RCS. When RCS= HIGH, 
DAT A 2 input will accept only RC-S coded signals. When RCS= LOW, DAT A 2 input will accept 
only RC-S(ext) coded signals. 

The input detector selects the input, DATA 1 or DATA 2, in which a HIGH to LOW transition is first 
detected. The selected input is then accepted by the buffer for code conversion. All signals received 
that are not in the RC-Sor RC-S(ext) format are rejected. 

Formats of RC-Sand RC-S(ext) biphase coded signals are shown in Figs 3 and 4 respectively; the codes 
commence from the left of the formats shown. The bit-times of the biphase codes are defined in Fig. S. 

~L Lcontrol 

start 

stop time _j -
·---------------data word time• 15 bit times --------------1~1 

7Z87364 

Fig. 3 RC-S code format: the first start bit is used only for detection and input gain-setting; stop 
time= 1,S bit-times (nominal). 

>+< : : I I 
L L Lcontrol 

master address 

start 

stop time ~ ....-

-----------data word time= 30bittimes--------------1~1 
7 ZB7 355 

Fig. 4 RC-S(extended) code format: the first start bit is used only for detection and input gain-setting; 
stop time= 1,S bit-times (nominal). 

i 
digital '1' digital •o• 

..,__ 1 bit ti me 
7Z82866 

Fig. S Biphase code definition: RC-S bit-time= 27 x Tosc = 1,778 ms (typical); RC-S(ext) bit-time 
= 26 x Tosc = 0,89 ms (typical), where Tosc =the oscillator period time. 
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I/ R Receiver SAA3028 

FUNCTIONAL DESCRIPTION (continued) 

More information is added to the input data held in the buffer in order to make it suitable for 
transmission via the 12 C interface. The information now held in the buffer is as follows: 

RC-5 buffer contents RC-5(ext) buffer contents 

• data valid indicator 1 bit • data valid indicator 1 bit 
• format indicator 1 bit • format indicator 1 bit 
• input indicator 1 bit • input indic<1tor 1 bit 
• control 1 bit • master address 3 bits 
• address data 5 bits • control· 8 bits 
• command data 6 bits • slave address 8 bits 

• data 8 bits 

The information assembled in the buffer is subjected to the following controls before being made avail-
able at the 12 C interface: 5 
ENB =HIGH Enables the set standby input SSB. 

SSB = LOW Causes power-off output PO to go HIGH. 

PO =HIGH 

PO =LOW 

DAV= HIGH 

This occurs when the set standby input SSB = LOW and allo~ the existing values 
in the buffer to be overwritten by the new binary equivalent values. After 
ENS= LOW, SSB is don't care. 

This occurs according to the type of code being processed, as follows: 

RC-5. When the binary equivalent value i~ lransferred to the buffer. 

RC-5(ext). When the reset standby bit is active and the master <1ddress bits are 
equal in value to the MAO, MA 1, MA2 inputs. 

At power-on, PO is reset to LOW. 

This occurs when·the buffer contents are valid. If the buffer is not empty, or an 
output transfer is taking place, then the new binary values are discarded. 
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I/ R Receiver SAA3028 

Output function 

The data is assembled in the buffer in the format shown in Fig. 6 for RC-5 binary equivalent values, or 
in the format shown in Fig. 7 for RC-5(ext) binary equivalent values. The data is output serially, starting 
from the left of the formats shown in Figs 6 and 7. 

I-data 1--,-data 2--,- data 3 --1- data4 --, 

MSB LSB MSB LSB 

0 0 COMMAND 

Fig. 6 RC-5 binary equivalent value format. 

~~L '--y---ll L reset standby 

master address 

input indicator: O= DATA 1input;1 = DATA2 input 

format indicator: 1 = RC-5 (ext) 

data valid= 0; data not valid= 1 

Fig. 7 RC-5(ext) binary equivalent value format. 

7287356 

7Z87367 

The output signal DAV, derived in the buffer from the data valid bit, is provided to facilitate use of the 
transcoder on an interrupt basis. This output is reset to LOW during power-on. 

The 12 C interface'allows transmission on a bidirectional, two-wire 12 C bus. The interface is a slave 
transmitter with a built-in slave address, having a fixed 7-bit binary value of 0100110. Serial output of 
the slave address onto the 12 C bus starts from the left-hand bit. 

Oscillator 

The oscillator can comprise a ceramic resonator circuit as shown in Fig. 8. The typical frequency of 
oscillation is 455 kHz. 

September 1985 

15nF 
H1-----------o OSCI 

(1) 

15nF 
H1---------o OSCO 

7287358 

( 1) Catalogue number of ceramic resonator: 2422 540 98008. 

Fig. 8 Oscillator circuit. 

5-236 



Signetics Linear Products 

I/ R Receiver 

FUNCTIONAL DESCRIPTION (continued) 

12 C bus transmission 

Product Specification 

SAA3028 

Formats for 12 C transmission in low and high speed modes are shown respectively in Figs 9 and 10. 

acknowledge 
from master 

Fig. 9 Format for transmission in 12 Clow speed mode. 

acknowledge 
from slave 

Fig. 10 Format for transmission in 12 C high speed mode. 

Note to Figures 9 and 10 

7 287359 

When R/W bit= O; the slave generates a NACK (negative acknowledge), leaves the data line HIGH and 
waits for a stop (P) condition. 

When the receiver generates a NACK; the slave leaves the data line HIGH and waits for P (the slave 
acting as if all data has been transmitted). 

When all data has been transmitted, the data line remains HIGH and the slave waits for P. 
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I/ R Receiver SAA3028 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range with respect to Vss Voo -0,5 to + 15 V 

Input voltage range Vi -0,5 to (Voo+0,5) V* 

Input current 

Output voltage range 

Output current 

Power dissipation output OSCO 

Power dissipation per output (all other outputs) 

Total power dissipation per package 

Operating ambient temperature range 

Storage terriperature range 

HANDLING 

± 11 

Vo 

±lo 

Po 

Po 

Ptot 

Tamb 

Tstg 

max. 10 mA 

-0,5 to (Voo+ 0,5) V* 

max. 10 mA 

max. 50 mW 

max. 100 mW 

max. 200 mW 

-25to +85 oc 

-55to + 150 °c 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see "Handling MOS 
Devices"). 

* Voo + 0,5 V not to exceed 15 V. 
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I/ R Receiver SAA3028 

CHARACTERISTICS 

Vss = 0 V; Tamb = -25 to 85 °c unless otherwise specified 

parameter Voo !VJ symbol min. typ. max. unit 

Supply voltage - Voo 4,5 - 5,5 v 
Supply current; quiescent 

at Tamb = 25 oc 5,5 loo - - 200 µA 

Inputs 

MAO, MA1, MA2, DATA 1, DATA 2, 
RC5, SCL, ENB, SSB, OSCI 

Input voltage HIGH 4,5 to 5,5 V1H 0,1 x v00 - Voo v 
Input voltage LOW 4,5 to 5,5 V1L 0 - 0,3 x v00 v 
Input leakage current 

atV1=5,5V; 5 
Tamb = 25 oc 5,5 11 - - 1 µA 

Input leakage current 
atV1=0V; 
Tamb = 25 oc; 5,5 -11 - - 1 µA 

Outputs 

DAV, PO 

Output voltage LOW 
at loL = 1,6 mA 4,5 to 5,5 Vol - - 0,4 v 

Output leakage current 
at Vo= 5,5 V; 
Tamb = 25 oc 5,5 IOR - - 1 µA 

OSCO 

Output voltage HIGH 
at -loH = 0,2 mA 4,5 to 5,5 VoH Voo-0.5 - - v 

Output voltage LOW 
at loL = 0,3 mA 4,5 to 5,5 Vol - - 0,4 v 

Output leakage current 
at Tamb = 25 OC; 
Vo=5,5V 5,5 loR - - 1 µA 

Vo=OV 5,5 loR - - 1 µA 

SDO 

Output voltage LOW 
at loL = 2 mA 4,5 to 5,5 Vol - - 0,4 v 

Output leakage current 
at Vo= 5,5 V; 
Tamb = 25 oc 5,5 loR - - 1 µA 

Oscillator 

Max. oscillator frequency (Fig. 8) 4,75 tosc1 500 - - kHz 
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RIC Receiver; RIC Transmitter SAF1032P / 39P 

The SAF1032P (receiver/decoder) and the SAF1039P (transmitter) form the basic parts of a sophis­
ticated remote control system (pcm: pulse code modulation) for infrared operation. The I Cs can be 
used, for example, in TV, audio, industrial equipment, etc. 
Features: 

SAF1032P receiver/decoder: 
• 16 programme selection codes 
• automatic preset to stand-by at power 'ON', including automatic analogue base settings to 50% and 

automatic preset of programme selection '1' code 
• 3 analogue function controls, each with 63 steps 
• single supply voltage 
• protection against corrupt codes. 

SAF1039P transmitter: 
• 32 different control commands 
• static keyboard matrix 
• current drains from battery only during key closure time 
• two transmission modes selectable. 

The devices are implemented in LOCMOS (Local Oxidation Complementary MOS) technology to 
achieve an extremely low power consumption. 
Inputs and outputs are protected against electrostatic effects in a wide variety of device-handling 
situations. However, to be totally safe, it is desirable to take handling precautions into account. 

SELC C/JSCI DATA 
SELD I MAIN 

12 

SAF1032P 

2 4 6 
L311JT I L1(/JT I BINC I BINA 

L2f!IT BIND BINB 
7Z7434B 

2 

TRXO I TRX2 
TRX1 

Fig. 1 Pin designations. 

PACKAGE OUTLINES 

SAF1032P: 18-lead OIL; plastic (SOT-102A). 
SAF1039P: 16-lead OIL; plastic (SOT-38Z). 
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RIC Receiver; RIC Transmitter SAF1032P / 39P 

PINNING 

To facilitate easy function recognition, each integrated circuit pin has been allocated a code as shown 
below. 

SAF1032P 

1 L30T linear output 10 H0LD control input 
2 L20T linear output 11 DATA data input 
3 L10T linear output 12 MAIN reset input 
4 BIND binary 8 output 13 0SCI clock input 
5 BINC binary 4 output 14 SELD binary 8 output 
6 BINB binary 2 output 15 SELC binary 4 output 
7 BINA binary 1 output 16 SELB binary 2 output 
8 TV0T on/off input/output 17 SELA binary 1 output 
9 Vss 18 Voo 

SAF1039P 5 
1 TRXO keyboard input 9 TR01 oscillator control input 
2 TRX1 keyboard input 10 TR02 oscillator control input 
3 TRX2 keyboard input 11 TRSL keyboard select line 
4 TRX3 keyboard input 12 TRY3 keyboard input 
5 TROT data output 13 TRY2 keyboard input 
6 TINH inhibit output/mode select input 14 TRY1 keyboard input 
7 TR0S oscillator output 15 TAYO keyboard input 
8 Vss 16 Voo 
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RIC Receiver; R/C Transmitter SAF1032P / 39P 

BASIC OPERATING PRINCIPLES 

The data to be transmitted are arranged as serial information with a fixed pattern (see Fig. 2), in 
which the data bit-locations Bo to B4 represent the generated key-command code. To cope with IR 
(infrared) interferences of other sources a selective data transmission is present. Each transmitted bit 
has a burst of 26 oscillator periods. 

Before any operation will be executed in the receiver/decoder chip, the transmitted data must be 
accepted twice in sequence. This means the start code must be recognized each time a data word is 
applied and comparison must be true between the data bits of two successively received data words. If 
both requirements are met, one group of binary output buffers will be loaded with a code defined by 
the stored data bits, and an internal operation can abo take place. See operating code table. 

The contents of the 3 analogue function registers are available on the three outputs in a pulse code 
versus time modulation format after D (digital) to A (analogue) conversion. The proper analogue levels 
can be obtained by using simple integrated networks. For local control a second transmitter chip 
(SAF 1039P) is used (see Fig. 7). 

-
DATA 

MODE1 

TINH 

0 0 1 1 0 0 1 1 Bo 1 B1 1 B2 1 83 1 84 1 0 0 0 0 0 0 

rkey down 

·-------start code------~•------ data bits ------1 

one data word 14-------------- ----------------1~ 
32xT0 =32x 27 ms12l 

ft 
7Z14351.2 

(1) To= 1 clock period= 128 oscillator periods. (2) ft in kHz. 

Fig. 2 Pattern for data to be transmitted. 

TIMING CONSIDERATIONS 

The transmitter and receiver operate at different oscillator frequencies. Due to the design neither 
frequency is very critical, blilt correlation between them must exist. Calculation of these timing 
requirements shows the following. 

With a tolerance of ±10% on the oscillator frequency (ftl of the transmitter, the receiver oscillator 
frequency lfr = 3 x ftl must be kept constant with a tolerance of ±20"..b. 
On the other hand, .the data pulse generated by the pulse stretcher circuit (at the receiver side) may 
vary ±25% in duration. 
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RIC Receiver; RIC Transmitter SAF1032P / 39P 

GENERAL DESCRIPTION OF THE SAF1039P TRANSMITTER 

SAF1039P 
1 TRXO TROT 5 

2 TRX1 
ENCODING 

~ 
OUTPUT 

3 TRX2 GATING 

TINH 6 4 TRX3 

J[ 
15 TRYO INPUT 

CONTROL 

Jl 14 TRY1 

13 TRY2 

12 TRY3 
OSCILLATOR ~ 

SCALER 
27 

11 TRSL 

& N CJ) 

s s 
Voo 

a:: a:: a:: Vss I- I- I-

/16 9 10 7 /8 7274350_1 

Fig. 3 Block diagram of SAF 1039P transmitter. 

Any keyboard activity on the inputs TRXO to TRX3, TRYO to TRY3 and TRSL will be detected. For 
a legal key depression, one key down at a time (one TRX and TRY input activated), the oscillator 
starts running and a data word, as shown on the previous page, is generated and supplied to the output 
TR DT. If none, or more than 2 inputs are activated at the same time, the input detection logic of the 
chip will generate an overall reset and the oscillator stops running (no legal key operation). 

This means that for each key-bounce the logic will be reset, and by releasing a key the transmitted data 
are stopped at once. 

The minimum key contact time required is the duration of two data words. The on-chip oscillator is 
frequency controlled with the external components R 1 and C1 (see circuit Fig. 6); the addition of 
resistor R2 means that the oscillator frequency is practically independent of supply voltage variations. 
A complete data word is arranged as shown in Fig. 2, and has a length of 32 x To ms, where To= 27/ft· 

Operation mode 

2 

DATA 

unmodulated: LOCAL operation 

modulated: REMOTE control 

FUNCTION OF TINH 

output, external pull-up resistor to Voo 
input, connected to Vss 
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RIC Receiver; RIC Transmitter SAF1032P / 39P 

GENERAL DESCRIPTION OF THE SAF1032P RECEIVER/DECODER 

7 6 5 4 17 16 15 14 

<{ m 0 c <{ m 0 c z z z z _, _, _, _, 
iii iii iii iii UJ UJ UJ UJ 

<J) <J) <J) <J) 

10 H(IJLD 1 BINARY OUTPUTJ lBINARY SELECTJ LINEAR 1 
DIGITAL TO 

1 FLAGS (BINF) FLAGS (SELF) REGISTER l-+-1 
ANALOGUE L1(1JT 3 

CONVERSION 
(LIN1) 

ID/Al 

t 
DIGITAL TO LINEAR 2 
ANALOGUE L2(1JT 2 

II REGISTER 1--1 CONVERSION 
(LIN2) 

ID/A) 

LINEAR 3 
DIGITAL TO 

l BUFFER 

J l ANALOGUE 

J 
REGISTER I"+; 

ANALOGUE L3fl)T 1 

REGISTER DECODER CONVERSION 
(BFR) (AN DEC) (LIN3) 

ID/Al 

' m 

] 

r 
DATA SHIFT 

COMPARATOR] COMPARATOR J l MAIN MAIN 12 
REGISTER 

(K(IJM) 
COUNTER FLAG 

ISRDT) (C(IJMP) (MAINF) 

] l l '0/ 01• DETECTOR 
BIT COUNTER J rV ON/OFF TV(IJT 8 

I (BITC) 
FLAG 

(TV(IJNF) 

J J l 
11 DATA J START CODE ] [TIMER COUNTEJ l PRESET 

OSCI l DETECTION (CTIMI TIZ: FLAG 13 
(CST(ll) (PRESTI ~ 

Voo 
SAF1032P 

Vss 

118 19 7Z7i.352 

Fig. 4 Block diagram of SAF1032P receiver/decoder. 

The logic circuitry of the receiver/decoder chip is divided into four main parts as shown in the block 
diagram above. , 

Part I 

This part decodes the applied DATA information into logic '1' and 'O'. 
It also recognizes the start code and compares the stored data-bits with the new data-bits accepted. 
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RIC Receiver; RIC Transmitter SAF1032P I 39P 

Part II 

This part stores the programme selection code in the output group (BINF) and memorizes it for 
condition H0LD = LOW. 

It puts the functional code to output group (SELF) during data accept time, and decodes the internally 
used analogue commands (AN DEC). 

Part 111 

This part controls the analogue function registers (each 6-bits long), and connects the contents of the 
three registers to the analogue outputs by means of DI A conversion. During sound mute, output L 10T 
will be forced to HIGH level. 

Part IV 

This part keeps track for correct power 'ON' operation, and puts chip in 'stand-by' condition at supply 
voltage interruptions. 

The logic design is dynamic and synchronous with the clock frequency (©SCI), while the required 
control timing signals are derived from the bit counter (BITC). 

Operation 

Serial information applied to the DATA input will be translated into logic '1' and 'O' by means of a 
time ratio detector. 

After recognizing the start code (CST©) of the data word, the data bits will be loaded into the data 
shift register (SRDT). At the first trailing edge of the following data word a comparison (K0M) takes 
place between the contents of SRDT and the buffer register (BFR). If SRDT equals BFR, the required 
operation will be executed under control of the comparator counter (C0MP). 

As shown in the operating code table on the next page, the 4-bit wide binary output buffer (BIN F) will be 
loaded for BFRO = '0'. while for BFRO = '1' the binary output buffer (SELF), also 4-bit wide will be 
activated during the data accept time. 

At the same time operations involving the internal commands are executed. The contents of the 
analogue function registers (each 6-bits long) are controlled over 63 steps, with minimum and maximum 
detection, while the DIA conversion results in a pulsed output signal with a conversion period of 
384 clack periods (see Fig. 5). 

First power 'ON' will always put the chip in the 'stand-by' position. This results in an internal 
clearing of all logic circuitry and a 50% presetting of the contents of the analogue registers (analogue 
base value). The programme selection '1' code will also be prepared and all the outputs will be non­
active (see operating output code table). 

From 'stand-by' the chip can be made operational via a programme selection command, generated 
LOCAL or via REMOTE, or directly by forcing the TV ON/OFF output (TV0T) to zero for at least 
2 clock periods of the oscillator frequency. 

For POWER ON RESET a negative-going pulse should be applied to input MAIN, when VDD is 
stabilized; pulse width LOW;;;;.. 100 µs. 

--11-+-6 clock periods 

ANALOGUE n n n n n n n n n n n n 
OUTPUT ...J LI LI LI LI LI LI LI L __ ...J LI LI LIL 

(50°/ocontents)1- 384 clock periods I 
7Z76078 

Fig. 5 Analogue output pulses. 
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RIC Receiver; RIC Transmitter SAF1032P / 39P 

OPERATING CODE TABLE 

key-matrix buffer BINF SELF 
position BFR (BIN.) (SEL.) function 

TRX. TRY. TRSL 0 1 2 3 4 A B c D A B c D 

0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 1 
0 1 0 0 0 0 1 0 1 0 0 0 1 1 1 1 
0 2 0 0 0 1 0 0 0 1 0 0 1 1 1 1 
0 3 0 0 0 0 0 0 1 1 0 0 1 1 1 1 programme 
1 0 0 0 1 1 1 0 0 0 1 0 1 1 1 1 select+ ON 
1 1 0 0 1 0 1 0 1 0 1 0 1 1 1 1 
1 2 0 0 1 1 0 0 0 1 1 0 1 1 1 1 
1 3 0 0 1 0 0 0 1 1 1 0 1 1 1 1 

2 0 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
2 1 0 0 0 0 1 1 1 0 0 1 1 1 1 1 
2 2 0 0 0 1 0 1 0 1 0 1 1 1 1 1 
2 3 0 0 0 0 0 1 1 1 0 1 1 1 1 1 programme 
3 0 0 0 1 1 1 1 0 0 1 1 1 1 1 1 select+ ON 
3 1 0 0 1 0 1 1 1 0 1 1 1 1 1 1 
3 2 0 0 1 1 0 1 0 1 1 1 1 1 1 1 
3 3 0 0 1 0 0 1 1 1 1 1 1 1 1 1 

0 0 1 1 0 1 1 0 x x x x 0 1 1 1 analogue base 
0 1 1 1 0 0 1 0 x x x x 0 0 1 1 reg. (LIN3) + 1 
0 2 1 1 0 1 0 0 x x x x 0 1 0 1 reg. (LIN2) + 1 
0 3 1 1 0 0 0 0 x x x x 0 0 0 1 reg. (LIN1) + 1 
1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 OFF 
1 1 1 1 1 0 1 0 x x x x 1 0 1 1 reg. (LIN3) - 1 
1 2 1 1 1 1 0 0 x x x x 1 1 0 1 reg. (LIN2) - 1 
1 3 1 1 1 0 0 0 x x x x 1 0 0 1 reg. (LIN1) - 1 

2 0 1 1 0 1 1 1 x x x x 0 1 1 0 mute (set/reset) 
2 1 1 1 0 0 1 1 x x x x 0 0 1 0 
2 2 1 1 cQ 1 0 1 x x x x 0 1 0 0 
2 3 1 1 0 0 0 1 x x x x 0 0 0 0 
3 0 1 1 1 1 1 1 x x x x 1 1 1 0 spare functions 
3 1 1 1 1 0 1 1 x x x x 1 0 1 0 
3 2 1 1 1 1 0 1 x x x x 1 1 0 0 
3 3 1 1 1 0 0 1 x x x x 1 0 0 0 

Note 

Reset mute also on programme select codes, (LIN 1) ± 1, and analogue base. 
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RIC Receiver; RIC Transmitter SAF1032P / 39P 

OPERATING OUTPUT CODE 

(BIN.) (SEL.) (Ul>T) 

A B c D A B c D 1 2 3 TV<l>T 

'stand-by' OFF 
0 0 0 0 0 0 0 0 1 0 0 1 

via remote 

ON - 'not hold' condition 1 1 1 1 1 1 1 1 x x x 0 
non-operating 

ON - 'hold' condition x x x x 1 1 1 1 x x x 0 
non-operating 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Voo-Vss -0.5 to 11 V 

Input voltage 

Current into any terminal 

Power dissipation (per output) 

Power dissipation (per package) 

Operating ambient temperature 

Storage temperature 

5-247 

v, 
±Ir 

Po 

Ptot 

Tamb 

Tstg 

max. 11 V 

max. 

max. 

max. 

10 mA 

50 mW 

200 mW 

-40 to +85 oc 

-65 to +150 oc 
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RIC Receiver; RIC Transmitter SAF1032P / 39P 

CHARACTERISTICS 

T amb = 0 to +85 °c (unless otherwise specified) 

SAF1039P only 

symbol min. typ. max. Voo Tamb 
v oc 

Recommended supply voltage Voo 7 - 10 v 

Supply current 

quiescent loo 
- - 10 µA 10 25 
- 1 50 µA 7 65 

operating; TR01 at Vss; 
outputs unloaded; 
one keyboard switch - - 1.7 mA 10 all closed loo - 0.8 - mA 10 25 

Inputs (note 1) 
TR(/)2; TINH (note 2) 

input voltage HIGH Y1H o.8v00 - Yoo y 7 to 10 all 
input voltage LOW V1L 0 - o.2v00 y 7 to 10 all 
input current 11 - 10-s 1 µA 10 25 

Outputs 
TROT; TRQ)S; TR01 

output current HIGH 
at VoH =Yoo -0.5 V -loH 0.4 - - mA 7 all 

output current LOW 
at Vol= 0.4 Y loL 0.4 - - mA 7 all 

TROT output leakage 
current when disabled 
Vo= Vss to Voo loL - - 1 µA 10 25 

TINH 
output current LOW 

loL 0.4 - - mA 7 all 
Vol= 0.4 V 

Oscillator 

I maximum oscillator 
frequency fosc 120 - - kHz 

frequency variation with 
supply voltage, temperature 
and spread of IC properties 
at fnom = 36 kHz (note 3) Af - - 0.15fnom 7 to 10 all 
oscillator current drain 
at fnom = 36 kHz lose - 1.3 2.5 mA 10 25 

Notes follow characteristics. 
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R/C Receiver; R/C Transmitter SAF1032P / 39P 

CHARACTERISTICS 

T amb = 0 to +85 °c (unless otherwise specified) 

SAF1032P only 

symbol min. typ. max. Voo Tamb 
v oc 

Recommended supply voltage Voo 8 - 10 v 

Supply current 

quiescent loo 
- - 50 µA 10 25 
- 1 300 µA 10 85 

operating; lo= O; at 
loo - -

0SCI frequency of 100 kHz 
1 mA 10 all 

Inputs 
DATA; 0SCI; H0LD; 

5 
TV0T (see note 4) I 

input voltage HIGH V1H o.1v00 - Voo v 8to 10 all 
input voltage LOW V1L 0 - o.2v00 v 8 to 10 all 

MAIN; tripping levels 
input voltage increasing Vti o.4v00 - o.9v00 v 5to 10 all 
input voltage decreasing Vtd o.1vo0 - o.ev00 v 5to 10 all 

input current; all inputs 
11 - 10-s 

except TV0T 
1 µA 10 25 

input signal rise and fall 
times (10% and 90% Vool tr, tf - - 5 µs 8 to 10 all 
all inputs except MAIN 

Outputs 
programme selection: 

BINA/B/C/D 
auxiliary: 

SELA/B/C/D 
analogue: 

L30T; L20T; L10T 
TV0T (note 4) 

all open drain n-channel 
output current LOW 

at VoL = 0.4 v loL 1.6 - - mA 8 all 

output leakage current 
at Vo= Vss to Voo IOL - - 10 µA 10 all 

For note 4 see next page. 
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RIC Receiver; RIC Transmitter SAF1032P / 39P 

Notes to characteristics 

1. The keyboard inputs (TRX.; TRY.; TRSL) are not voltage driven (see application information 
diagram Fig. 6). 

If one key is depressed, the circuit generates the corresponding code. The number of keys 
depressed at a time, and this being recognized by the circuit as an illegal operation, depends on the 
supply voltage (Vool and the leakage current (between device and printed-circuit board) externally 
applied to the keyboard inputs. 

If no leakage is assumed, the circuit recognizes an operation as illegal for any number of keys > 1 
depressed at the same time with Voo = 7 V. At a leakage due to a 1 MU resistor connected to each 
keyboard input and returned to either Voo or V55, the circuit recognizes at least 2 keys depressed 
at a time with Voo = 7 V. 

The highest permissible values of the contact series resistance of the keyboard switches is 500 n. 

2. Inhibit output transistor disabled. 

3. ~f is the width of the distribution curve at 2 a points (a= standard deviation). 

4. Terminal TV0T is input for manual 'ON'. When applying a LOW level TV0T becomes an output 
carrying a LOW level. 
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R/C Receiver; R/C Transmitter 

APPLICATION INFORMATION 

+ 
9V 

+ 100 
µF 

+ 

COY89 (2x) 

220 
µF 

10K 

SAF1039P 

R2 100 K 

7Z74353.2 

Product Specification 

SAF1032P / 39P 

Cl 
150pF 
(2%) 

S: saturation 
B: brightness 
V:volume 

Fig. 6 Interconnection diagram of transmitter circuit SAF1039P in a remote 
control system, for a television receiver with 12 programmes. 
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R/C Receiver; RIC Transmitter SAF1032P / 39P 

Voo +12V 

volume 
(pin 5; TBA750) 

+12V 

33K 
-~,A--• to pin 9 of TDA2581 

1100nF 

7Z74354.1 

Fig. 8 Additional circuits from outputs L 10T ( 1), L20T (2), L30T (3) and 
TV0T (4) of the SAF1032P in circuit of Fig. 7. 
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1/R Preamplifier 

The TDA3047 is for infrared reception with low power consumption. 

Features 

• H.F. amplifier with a control range of 66 dB 
• Synchronous demodulator and reference amplifier 
• A.G.C. detector 
• Pulse shaper 

Product Specification 

TDA3047 

• 0-factor killing of the input selectivity, which is controlled by the a.g.c. circuit 
• Input voltage limiter 

QUICK REFERENCE DATA 

Supply voltage (pin 8) 

Supply current (pin 8) 

Input signal (peak-to-peak value) 
( 100% AM; f = 36 kHz) 

Output signal (peak-to-peak value) 

4 13 5 6 

CONTROLLED 

H.F. AMPLIFIER 

l 

J1 
I I 

REFERENCE 

AMPLIFIER 

l l 
SYNCHRONOUS 

DEMODULATOR 

A.G.C. 

Q- FACTOR 

KILLER 

I r- DETECTOR 

µ-----,....---

INPUT 

LIMITER 

12 

Vp=Vs-16 

Ip= Is 

V2-15(p-p) 

v9-16(p-p) 

PULSE 

SHAPER 

11 

Fig. 1 Block diagram of TDA3047. 

PACKAGE OUTLINE 

16-lead DIL; plastic (SOT-38). 
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5 v 
2.1 mA 

0.02 to 200 mV 

typ. 4.5 v 

+ 
1a 

OUTPUT 

BUFFER 
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Signetics Linear Products 

l/R Preamplifier 

FUNCTIONAL DESCRIPTION 

General 

Product Specification 

TDA3047 

The circuit operates from a 5 V supply and has a current consumption of 2 mA. The output is a current 
source which can drive or suppress a current of> 75 µA with a voltage swing of 4.5 V. The 0-killer 
circuit eliminates distortion of the output pulses due to the decay of the tuned input circuit at high input 
voltages. The input circuit is protected against signals of> 600 mV by an input limiter. The typical input 
is an AM signal at a frequency of 36 kHz. Figures 3 and 4 show the circuit diagrams for the application of 
narrow-band and wide-band receivers respectively. Circuit description of the eight sections shown in Fig. 1 
are given below. 

Controlled h.f. amplifier 

The input signal is amplified by the gain-controlled amplifier. This circuit comprises three d.c. amplifier 
stages connected in cascade. The overall gain of the circuit is approximately 83 dB and the gain control 
range is in the order of 66 dB. Gain control is initially active in the second amplifier stage and is trans­
ferred to the first stage as limiting in the second stage occurs, thus maintaining optimum signal-to-noise 
ratio. Offset voltages in the d.c. coupled amplifier are minimized by two negative feedback loops; these 
also allow the circuit to have some series resistance of the decoupling capacitor. The output signal of 
the amplifier is applied to the reference amplifier and to the synchronous demodulator inputs. 

Reference amplifier 

The reference amplifier amplifies and limits the input signal. The voltage gain is approximately 0 dB. The 
output signal of this amplifier is applied to the synchronous demodulator. 

Synchronous demodulator 

In the synchronous demodulator the input signal and reference signal are multiplied. The demodulator 
output current is 25 µA peak-to-peak. The output signal of the demodulator is fed to the input of the 
a.g.c. detector and to the input of the pulse-shaper circuit. 

A.G.C. detector 

The a.g.c. detector comprises two n-p-n transistors operating as a differential pair. The top level of the 
output signal from the synchronous demodulator is detected by the a.g.c. circuit. Noise pulses are 
integrated by an internal capacitor. The output signal is amplified and applied to the first and second stages 
of the amplifier and to the 0-factor killer circuit. 

Pulse-5haper 

The pulse-shaper comprises two n-p-n transistors operating as a differential pair connected in parallel 
with the a.g.c. differential pair. The slicing level of the pulse shaper is lower than the slicing level of the 
a.g.c. detector. The output of the pulse-shaper is determined by the voltage of the capacitor connected 
to pin 11, which is applied directly to the output buffer. 

Output buffer 

The voltage of the pulse-shaper capacitor is fed to the base of the first transistor of a differential pair. 
To obtain a correct RC-5 code, a hysteresis circuit protects the output against spikes. The output at 
pin 9 is active high. 

Q-factor killer 

Figure 3 shows the 0-factor killer in the narrow-band application. In this application it is necessary to 
decrease the 0-factor of the input selectivity particularly when large input signals occur at pins 2 and 15. 
In the narrow-band application the output of the 0-factor killer can be directly coupled to the input; 
pin 3 to pin 2 and pin 14 to pin 15. 
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l/R Preamplifier TDA3047 

Input limiter 

In the narrow-band application high voltage peaks can occur on the input of the selectivity circuit. The 
input limiter limits these voltage peaks to approximately 0.7 V. Limiting is 0.9 V max. at I 1 = 3 mA. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 8) Vp = Va-16 

Output current pulse shaper (pin 11) 

Voltages between pins* 
pins 2 and 15 
pins 4 and 13 
pins 5 and 6 
pins 7 and 10 
pins 9 and 11 

Storage temperature range 

Operating ambient temperature range 

* All pins except pin 11 are short-circuit protected. 
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111 

V2-15 
V4.13 
V5-a 
V7.1Q 
Vg.11 

Tstg 

Tamb 

max. 

max. 

max. 
max. 
max. 
max. 
max. 

13.2 v 
10 mA 

4.5 v 
4.5 v 
4.5 v 
4.5 v 
4.5 v 

-65 to+ 150 oc 

-25 to+ 125 oc 
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l/R Preamplifier TDA3047 

CHARACTERISTICS 

Vp = VB-16 = 5 V;Tamb = 25 °C;measured in Fig. 4;unlessotherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 8) 

Supply voltage Vp = VB-16 4.65 5.0 5.35 v 
Supply current Ip= la 1.2 2.1 3.0 mA 

Controlled h.f. amplifier (pins 2 and 15) 

Minimum input signal (peak-to-peak value) 
at f = 36 kHz (note 1) V2-15(p-p) - 15 25 µV 
at f = 36 kHz (note 2) V2-15(p-p) - - 5 µV 

A.G.C. control range (without 0-killing) 60 66 - dB 

Input signal for correct operation 
(peak-to-peak value; note 3) V2-15(p-p) O.Q2 - 200 mV 5 

0-killing inactive (13 = 114 < 0.5 µA) 
(peak-to-peak value) V2-15(p-p) - - 140 µV 

0-killing active (114 = 13 =max.) 
(peak-to-peak value) V2-15(p-p) 28 - - mV 

0-killing range see Fig. 2 

Inputs 

Input voltage (pin 2) V2.16 2.25 2.45 2.65 v 
Input voltage (pin 15) V15-16 2.25 2.45 2.65 v 
Input resistance (pin 2) R2.15 10 15 20 kn 

Input capacitance (pin 2) C2-15 - 3 - pF 

Input limiting (pin 1) 
at 11 = 3 mA V1-16 - 0.8 o.g v 

Outputs 

Output voltage high (pin g) 
at -lg= 75 µA -Vg.a - 0-1 0.5 v 

Output voltage low (pin g) 
at lg= 75 µA Vg.15 - 0.1 0.5 v 

Output current; output voltage high 
at Vg.15 = 4.5 V -lg 75 120 - µA 
at Vg.15 = 3.0 V -lg 75 130 - µA 
at Vg.15 = 1.0 V -lg 75 140 - µA 

Output current; output voltage low 
at Vg.15 = 0.5 V lg 75 120 - µA 

Output resistance between pins 7 and 10 R7.10 3.1 4.7 6.2 kn 

Notes 

1. Voltage pin 9 is high; -lg= 75 µA. 
2. Voltage pin 9 remains low. 
3. Undistorted output pulse with 100% AM input. 
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I/ R Preamplifier TDA3047 

parameter symbol min. typ. max. unit 

Pulse shaper (pin 11) 

Trigger level in positive direction 
(voltage pin 9 changes from high to low) V11.16 3.75 3.9 4.05 v 

Trigger level in negative direction 
(voltage pin 9 changes from low to high) V11-16 3.4 3.55 3.7 v 

Hysteresis of trigger levels .llV11-16 0.25 0.35 0.45 v 

A.G.C. detector (pin 12) 

A.G.C. capacitor charge current -112 3.3 4.7 6.1 µA 

A.G.C. capacitor discharge current 112 67 100 133 µA 

a-factor killer (pins 3 and 14) 

Output current (pin 3) 
at V12-16 = 2 v -13 2.5 7.5 15 µA 

Output current (pin 14) 
at V12-16 = 2 V -114 2.5 7.5 15 µA 

s.--~--.----.---.--..-,.-,-,...,..,-~~,---..---.--..-...-"T""T""rr-~--.-~,--r--r--.-.-,-,-.--~-..---.---.--..-1zra~12,..,,4a 

13;14 ......i-r-
(µA) 1--~-!--+-+-l-H--H+~~f---l--l-+-+++++--~~+j..""-..,,..~l--+-+-!--f+f--~-l--+-+-l-++-+-H 

s~~~~~~v~~+++-~~ 

1Y 
4t--~-t--+-+--+--t-t-H+~~t----+--+-+-+~~'t-t-lr-~-t--t---+---t-i--+-t-++~__,r--t--t-t-+-++H 

I/ 
v 

21-----+---+---+--+-+-+-++-+-~--+---+-~~v...,......_~C----+---+----+-i-t-t-+-t-t-~---+----+--+-+-+-+-++< 

_vr 
oL..~-1.........l......J....bbl.:l~:::::::=-L.....L.....L...L..l...LLLL~_L~L...L..L_.LI..LLL...~...L..__J___J__LL.LLlJ 

0.01 0.1 10 V2-15 (mV) 100 

Fig. 2 Typical Q-factor killer current (pins 3 and 14) as a function of the peak-to-peak input voltage 
(V2.15}; 13, 14 is measured to ground, V2-15(p-p} is a symmetrical square wave. Measured in Fig. 4; 
Vp = 5 V. 
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I/ R Preamplifier 

(1) N1 = 3.21 
N2=1 
Q =16 

47 
nF 

16 

(2) Q=6 

Product Specification 

TDA3047 

'----7Z_8_7-24-9-.1-A-+ ~~~~ut 

Fig. 3 Narrow-band receiver using TDA3047. 

22n 
~---------------------.-----i~--..,..'lr---QV5=5V 

+ 
100µF 1 

10nF 

3 4 6 

TDA3047 

16 15 14 13 12 11 10 

.J;2 nF _Je.a nF 

V2-15 • nn (symmetrical square-wave) 

Fig. 4 Wide-band receiver with TDA3047. 

a v+ 

9 

8.2 
mH 

2.2 
nF 

'-------+ ~~~~ut 

7Z87250A 

For better sensitivity both 12 k.Q resistors may have a higher value. 
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l/R Preamplifier TDA3048 

The TDA3048 is for infrared reception with low power consumption. 

Features 

• H.F. amplifier with a control range of 66 dB 
• Synchronous demodulator and reference amplifier 
• A.G.C. detector 
• Pulse shaper 
• Q-factor killing of the input selectivity, which is controlled by the a.g.c. circuit 
• Input voltage limiter 

QUICK REFERENCE DATA 

Supply voltage (pin 8) 

Supply current (pin Bl 

Input signal (peak-to-peak value) 
(100% AM; f = 36 kHz) 

Output signal (peak-to-peak value) 

4 13 5 6 

I I 
,-- REFERENCE 

CONTROLLED 

H.F. AMPLIFIER 

1 
0- FACTOR 

KILLER 

INPUT 

LIMITER 

,.- AMPLIFIER 

I I 
SYNCHRONOUS 

DEMODULATOR 

A.G.C. 

DETECTOR W'.....____,______. 

12 

Vp=Vs-16 

Ip= Is 

V2-15(p-p) 

v9-16(p-pl 

PULSE 

SHAPER 

typ. 

typ. 

5 v 
2.1 mA 

0,02 to 200 mV 

typ. 4.5 v 

OUTPUT 

BUFFER 

TDA3048 

11 2 7287197.1 

-=-
Fig. 1 Block diagram of TDA3048. 

PACKAGE OUTLINE 

16-lead OIL; plastic (SOT-38). 
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l/R Preamplifier 

FUNCTIONAL DESCRIPTION 

General 

Product Specification 

TDA3048 

The circuit operates from a 5 V supply and has a current consumption of 2 mA. The output is a current 
source which can drive or suppress a current of> 75 µA with a voltage swing of 4,5 V. The 0-killer 
circuit eliminates distortion of the output pulses due to the decay of the tuned input circuit at high input 
voltages. The input circuit is protected against signals of> 600 mV by an input limiter. The typical input 
is an AM signal at a frequency of 36 kHz. Figures 3 and 4 show the circuit diagrams for the application of 
narrow-band and wide-band receivers respectively. Circuit description of the eight sections shown in Fig. 1 
are given below. 

Controlled h.f. amplifier 

The input signal is amplified by the gain-controlled amplifier. This circuit comprises three d.c. amplifier 
stages connected in cascade. The overall gain of the circuit is approximately 83 dB and the gain control 
range is in the order of 66 dB. Gain control is initially active in the second amplifier stage and is trans­
ferred to the first stage as limiting in the second stage occurs, thus maintaining optimum signal-to-noise 
ratio. Offset voltages in the d.c. coupled amplifier are minimized by two negative feedback loops; these 
also allow the circuit to have some series resistance of the decoupling capacitor. The output signal of 
the amplifier is applied to the reference amplifier and to the synchronous demodulator inputs. 

Reference amplifier 

The reference amplifier amplifies and limits the input signal. The voltage gain is approximately 0 dB. The 
output signal of this amplifier is applied to the synchronous demodulator. 

Synchronous demodulator 

In the synchronous demodulator the input signal and reference signal are multiplied. The demodulator 
output current is 25 µA peak-to-peak. The output signal of the demodulator is fed to the input of the 
a.g.c. detector and to the input of the pulse-shaper circuit. 

A.G.C. detector 

The a.g.c. detector comprises two n-p-n transistors operating as a differential pair. The top level of the 
output signal from the synchronous demodulator is detected by the a.g.c. circuit. Noise pulses are 
integrated by an internal capacitor. The output signal is amplified and applied to the first and second stages 
of the amplifier and to the 0-factor killer circuit. 

Pulse-shaper 

The pulse-shaper comprises two n-p-n transistors operating as a differential pair connected in parallel 
with the a.g.c. differential pair. The slicing level of the pulse shaper is lower than the slicing level of the 
a.g.c. detector. The output of the pulse-shaper is determined by the voltage of the capacitor connected 
to pin 11, which is applied directly to the output buffer. 

Output buffer 

The voltage of the pulse-shaper capacitor is fed to the base of the first transistor of a differential pair. 
To obtain a correct RC-5 code, a hysteresis circuit protects the output against spikes. The output at 
pin 9 is active low. 

Q-factor killer 

Figure 3 shows the 0-factor killer in the narrow-band application. In this application it is necessary to 
decrease the 0-factor of the input selectivity particularly when large input signals occur at pins 2 and 15. 
In the narrow-band application the output of the 0-factor killer can be directly coupled to the input; 
pin 3 to pin 2 and pin 14 to pin 15. 

5-261 September 1985 

5 



Signetics Linear Products Product Specification 
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Input limiter 

In the narrow-band application high voltage peaks can occur on the input of the selectivity circuit. The 
input limiter limits these voltage peaks to approximately 0.7 V. Limiting is 0.9 V max. at I 1 = 3 mA. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 8) Vp = Vs-16 

Output current pulse shaper (pin 11) I 11 

Voltages between pins* 
pins 2 and 15 
pins 4 and 13 
pins 5 and 6 
pins 7 and 10 
pins9and11 

Storage temperature range 

Operating ambient temperature range 

* All pins except pin 11 are short-circuit protected. 
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V2.15 
V4.13 
V5_5 
V7.10 
V9-11 

Tstg 

Tamb 

max. 

max. 

max. 
max. 
max. 
max. 
max. 

13.2 v 
10 mA 

4.5 v 
4.5 v 
4.5 v 
4.5 v 
4.5 v 

-65 to+ 150 oc 

-25 to+ 125 oc 
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I/ R Preamplifier TDA3048 

CHARACTERISTICS 

Vp = Vs-16 = 5 V;Tamb = 25 °c; measured in Fig. 4; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 8) 

Supply voltage Vp = Vs-16 4.65 5.0 5.35 v 
Supply current Ip= lg 1.2 2.1 3.0 mA 

Controlled h.f. amplifier (pins 2 and 15) 

Minimum input signal (peak-to-peak value) 
at f = 36 kHz (note 1) V2-15(p-p) - 15 25 µV 
at f = 36 kHz (note 2) V2-15(p-p) - - 5 µV 

A.G.C. control range (without 0-killing) 60 66 - dB 

Input signal for correct operation 
(peak-to-peak value; note 3) V2-15(p-p) 0.02 - 200 mV 5 

0-killing inactive (13 = 114 < 0.5 µA) 
(peak-to-peak value) V2-15(p-p) - - 140 µV 

0-killing active !114 = 13 =max.) 
(peak-to-peak value) V2-15(p-p) 28 - - mV 

0-killing range see Fig. 2 

Inputs 

Input voltage (pin 2) V2-16 2.25 2.45 2.65 v 
Input voltage (pin 15) V15-16 2.25 2.45 2.65 v 
Input resistance (pin 2) R2-15 10 15 20 kn 

Input capacitance (pin 2) C2-15 - 3 - pF 

Input limiting (pin 1) 
at 11 = 3 mA Vl-16 - 0.8 o.g v 

Outputs 

Output voltage high (pin g) 
at-lg= 75µA -Vg.g - 0.1 0.5 v 

Output voltage low (pin g) 
at lg= 75µA Vg.15 - 0.1 0.5 v 

Output current; output voltage low 
-Vg.g =4.5 V lg 75 120 - µA 
-Vg.g =3.0 V lg 75 130 - µA 
-Vg-s = 1.0 V lg 75 140 - µA 

Output current; output voltage high 
-Vg.g = 0.5 V -lg 75 120 - µA 

Output resistance between pins 7 and 10 R7.10 3.1 4.7 6.2 kn 

Notes 

1. Voltage ping is/ow; lg= 75µA. 
2. Voltage pin g remains high. 
3. Undistorted output pulse with 100% AM input. 
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parameter symbol min. typ. max. unit 

Pulse shaper (pin 11) 

Trigger level in positive direction 
(voltage pin 9 changes from high to low V11-16 3.75 3.9 4.05 v 

Trigger level in negative direction 
(voltage pin 9 changes from low to high V11-16 3,4 3.55 3.7 v 

Hysteresis of trigger levels .:lV11-16 0.25 0.35 0.45 v 

A.G.C. detector (pin 12) 

A.G.C. capacitor charge current -112 3.3 4.7 6.1 µA 

A.G.C. capacitor discharge current 112 67 100 133 µA 

Q-factor killer (pins 3 and 14) 

Output current (pin 3) 
at V12.15 = 2 v -13 2.5 7.5 15 µA 

Output current (pin 14) 
at v12_15 = 2 v -114 2.5 7.5 15 µA 

7Z87248 
sr-~-,----,----,---,-r-r-rrr~~.---,--,-.,,-,,n-~----,-~,-,--,--,--,-rr,-~-,--,--,--,-,..,.-rr 

13; 14 ......r--
(µA) 1--~-+--+-+-t-H-H+~~t---t--+-t-:t--H-tt--~~T.i-"""~1"""-t-t-t-1-t++-~-t--+-t-t-t-t-H-

6 ~--+-+-+-+-++H---+--+-++-t~v'-+-+--+-+-+-++-++--+--+-i-+++H-

y 

I/ 
21--~-t----+---+-+-H--H+~~+--+--+->1-+-t-t--H-~-+~+-t-t-+-H-++-~--t----t-+--t-+-+-t-t-1 y 

0.1 10 V2-15 (mV) 100 

Fig. 2 Typical 0-factor killer current (pins 3 and 14) as a function of the peak-to-peak input voltage 
(V2.15); 13, 14 is measured to ground, V2-15(p-p) is a symmetrical square wave. Measured in Fig. 4; 
Vp = 5 V. 
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APPLICATION INFORMATION 

(1) N1 =3.21 
N2=-1 
Q =16 

47 
nF 

16 16 13 

(2) 0=6 

+ 
lOOµF 1 

lOnF 

TDA3048 

12 11 10 

~2nF ~.7nF 

8 V+ 

2.72 
mH 
(2) 

6.BnF 

data 
.__ __ 7_Z8_7_2_49-.1-A- output 

Fig. 3 Narrow-band receiver using TDA3048. 
22 

..--------------------1---....---..,.,.,~Vs=5V 

12K 

+ 
lOOµFJ 

lOnF 

6 V+ 

TDA3048 

16 16 14 13 12 10 

i2nF16.8nF 

V2-15 = nn (symmetrical square-wave) 

Fig. 4 Wide-band receiver with TDA3048. 

10 =36 kHz 

8.2 
mH 

2.2 
nF 

7Z87250A 

For better sensitivity both 12 kS1 resistors may have a higher value. 
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The 12c Concept 
The Inter-IC bus (12C) is a 2-wire serial bus designed to provide the facilities of a local 
area network, not only between the circuits of one system, but also between 
different systems; e.g., teletext and tuning (see figures). 

Philips/Signetics manufactures many devices with built-in 12C interface capability, 
any of which can be connected in a system by simply "clipping" it to the 12C bus. 
Hence, any collection of these devices around the 12C bus is known as "clips." 

The 12C bus consists of two bidirectional lines, the Serial Data (SDA) line and the 
Serial Clock (SCL) line. The output stages of devices connected to the bus (these 
devices could be NMOS, CMOS, 12C, TTL, ... ) must have an open drain or open 
collector in order to perform the wired-AND function. Data on the 12C bus can be 
transferred at a rate up to 1 OOK bits/sec. The physical bus length is limited to 13 feet 
and the number of devices connected to the bus is solely dependent on the limiting 
bus capacitance of 400pF. 

The inherent synchronization process, built into the 12C bus structure, using the 
wired-AND technique does not only allow fast devices to communicate with slower 
ones, but also eliminates the "Carrier Sense Multiple Access/Collision Detect" 
(CSMA/CD) effect found in some local area networks, such as Ethernet. 

Master-slave relationships exist on the 12C bus; however, there is no central master. 
Therefore, a device addressed as a slave during one data transfer could possibly be 
the master for the next data transfer. Devices are also free to transmit or receive 
data during a transfer. 

To summarize, the 12C bus eliminates interfacing problems. Since any peripheral 
device can be added or taken away without affecting any other devices connected to 
the bus, the 12C bus enables the system designer to build various configurations 
using the same basic architecture. 

Application areas for the 12C bus include: 

Video Equipment 

Audio Equipment 

Home Appliances 

Telephony 

Automotive 

Instrumentation 

Industrial Control 
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Single-Chip 8-Bit Microcontroller MAB84XX Family 

DESCRIPTION 
The MAB84XX family of microcontrollers 
is fabricated in NMOS. The instruction 
set is based on that of the 8048. The 
family consists of 8 devices: 
• MAB/F 8400 - 128 RAM bytes, 

external program memory 
• MAB/F 8401 - like 8400 but with 8-

bit LED-driver (10mA), emulation of 
MAB/F 8422/42* possible 

• MAB/F 8420 - 2K ROM/ 64 RAM 
bytes 

• MAB/F 8440-4K ROM/128 RAM 
bytes 

• MAB/F 8421 - 2K ROM/ 64 RAM 
bytes plus 8-bit LED-driver 

• MAB/F 8441 -4K ROM/128 RAM 
bytes plus 8-bit LED-driver 

• MAB/F 8461-6K ROM/128 RAM 
bytes plus 8-bit LED-driver 

Each version has 20 quasi-bidirectional 
1/0 port lines, one serial 1/0 line, one 
single-level vectored interrupt, an 8-bit 
timer event counter and on-board clock 
oscillator and clock circuits. Two 20-pin 
versions, MAB/F 8422 and MAB/F 8442 
are also available. 

This microcontroller family is designed 
to be an efficient controller as well as an 
arithmetic processor. The instruction set 
is based on that of the MAB8048. The 
microcontrollers have extensive bit han­
dling abilities and facilities for both bina­
ry and BCD arithmetic. 

FEATURES 
• 12c Compatible Serial 1/0 that 

can be used in single or multl­
master systems (serial 1/0 data 
and clock via P23 and SCLK 
respectively) 

• 8-blt: CPU, ROM, RAM and 1/0 In 
a single 28-lead OIL package 

• 2K, 4K or 6K ROM bytes plus a 
ROM-less version 

• 64 or 128 RAM bytes 
• 20 quasi-bidlrectional 1/0 port 

lines 
• Two testable inputs: one of 

which can be used to detect 
zero cross-over; the other Is also 
the external Interrupt Input 

• Single level vectored Interrupts: 
external, timer/event counter, 
serial 1/0 

• 8-bit programmable timer/event 
counter 

• Internal oscillator, generated with 
Inductor, crystal, ceramic 
resonator or external source 

• Over 80 Instructions (based on 
SCN8048) all of 1 or 2 cycles 

•Single SV power supply (± 10%) 
• Operating temperature range: 

o to + 10°c MAB84XX family 
-40 to +85°C MAF84XX family 
-40 to + 110°C MAF84AXX family 
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PIN CONFIGURATION 

NOTE: 
Pinning diagram for mask-programmable devices 
MAB8420, MABB421, MAB8440, MAB8441, 
MAB8461 and for MAB8400 and MAB8401 'Piggy­
back' version bottom pinning. 

TOP VIEW 
CD0141DS 

NOTE: 
Pinning diagram for MAB8400/018 'piggy-back' 
version top pinning to access a 2732 or 2764 
EPROM. Access times for ROMS/EPROMS to be 
below 1µs. 

September 1985 
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Single-Chip 8-Bit Microcontroller MAB84XX FAMILY 

ORDERING CODE 

See SCN8400 series in Microprocessor Data 
Manual 

PIN DESCRIPTION for Bottom Pinning 

DESCRIPTION PIN NUMBER 

Vss 14 
Vee 28 
POO- P07 4 -11 
P10- P17 18-25 
P20- P23 26, 27, 1, 2 

SCLK 3 
INT/TO 12 

T1 13 

RESET 17 
XTAL1 15 

XTAL2 16 

PIN DESCRIPTION for Top Pinning 

DESCRIPTION PIN NUMBER 

Vss 14, 22 
Vee 1, 26-28 
AO-A12 10 -3, 25, 24, 

21, 23, 2 
00-D? 11 -13, 

15-19 
PSEN 20 

FUNCTION 

Ground 
Power supply, + 5V 
Port 0, 8-bit quasi-bidirectional I/ 0 port 
Port 1, 8-bit quasi-bidirectional 1/0 port 
Port 2, 4-bit quasi-bidirectional 110 port; P23 is the serial data 1/0 in serial 1/0 
mode 
Bidirectional clock for serial 110 
External interrupt input (sensitive to a negative-going edge min LOW> > 7 clock 
pulse, min HIGH < 4 clock pulses), testable using the JTO or JNTO instructions. 
Input pin, testable using the JT1 or JNT1 instructions. It can be designated as 
event counter input using the STRT CNT instruction. It can also be used to 
detect zero cross-over of slowly moving A.C. inputs. 
Input to initialize the processor (active HIGH). 
Connection to timing component (crystal) that determines the frequency of the 
internal oscillator. It is also the input for an external clock source. 
Connection to other side of the timing component. 

Ground 
Power supply, + 5V 
Address outputs 

Data inputs 

Program store enable 

'""°" """"' BYTES 

......_... 
BOND OUT CHIP 

FUNCTION 

Figure 1. Connection of EPROM to 'Piggy-back' Package MAB8400/01B 
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Single-Chip 8-Bit Microcontroller 

BLOCK DIAGRAM 

-DATM'a 
(1'1112) 

-{~ __,. Yea --
AOTERRUPT INTIALIZE DICIUA10R 

l<TAL 

For additional information, consult the Applications Section and Signetics Microprocessor 
Data Manual 
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TESTO 

TESTI 

TIMER 
Fl.Ml 

CARRY 

1'CC 

1'CC BIT 

Advance Information 

MAB84XX FAMILY 

8 LEVEL STACK 
(VARIAlll.E LENGTH) 

OPTIONAL SECOND 
REGISTER BANK 

DATA STORE 

TEST .._ ______ _. 

RESIDENT RAii ARRAY 

8'00/01: 128 BYTES 
M20/21: 14BYTE8 
8'40/41: 128 BYTES 
8otl1: 121BYTES 
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S~eech Synthesizer 
~-

DESCRIPT10"4 
The MEA8000 Is a 24-pln N MOS Integrated 
circuit for generating good quality speech 
from digital code with a pro11rammable bit 
rate. The circuit Is primarily Intended for 
applications In microprocessor controlled 
systems, where the speech code Is stored 
separately In a Read·Only Memory. An effl· 
clent, easy-to-use speech editing anif en­
coding system with EPROM programming 
capability; has been speeially developed. 

APPLICATIONS 
• Telephony 
• Automotive 
• Computer response/prompt. 
• Video games. 
• General Industrial. 

BLOCK DIAGRAM 

{ OSC IN 1 CLOCK 
XTAL OSC OUT ~17r----~l,!G:,:E:;N:ERA~T~O:JR 

CLK IN ~18'!------~ 
CLKOUT~~'I-_ __,,__ ___ __, 

FEATURES 
• Mlcropn:iceSBor Interface cablllty In· 

eluding an 8-blt data bus, an enable and a 
111adlwrlte Input control slgnels. 

• 32-blt data buffer holding apeech frame 
codeS: · 

• Dtgltal filter of 8th order with 3 program· 
mable formant t111quencles, one'tlxed tor· 
mant fntquency, and 4 programmable for· 
mant bandwidths. 4 Kfl bandwidth. 

• Programmable amplitudes. 
• Progr8mm11ble duration of each frame: 8, 

18, 32, or 84 mllllsec;onds. 
• l.ciw data rate: averaga 1 OQO bits/sec. 
• Operates from standard EPROMslROMs. 
• Minimal external a~lo tilter 111qul111ment. 
• Crystal controlled oscillator or external 

(TTi..) clock. · · 
• Single + 5v power au11ply. 

MICROPROCESSOR INTERFACE 

84kHz 

Preliminary 

MEA8000 

PIN CONFIGURATION 

N PACKAGE 

DO 

AO 

ce 

TOP VIEW 

TEST 

w 

CLK OUT 

OUT 

REF 

CLKIN 

OSC OUT 

OSCIN 

NC 

REQEN 

Yee 

DATA 
HANDLING 

FORMANT 
SYNTHESIZER 

OUTPUT 
CIRCUIT 

~--r.,--r.:,3:--T1~5-T.24,.,..---------------t~20:-------!=-----'---------· 

Yss Yoo NC T OUT 
SPEECH OUTPUT 
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Speech Synthesizer MEA8000 

FUNCTIONAL PIN DESCRIPTION 

N PACKAGE 

vss ~ 
-.;;:::;T 

~TEST 
REQ rij rm w 

01 CI1 ~ii/W 
06 ~ ~ CLKOUT 

05 [[j ~OUT 
04 [Ij ~REF 
03 iI ~ CLKIN 

02 [[ µII OSC OUT 

01 [Ij ~ OSCIN 

DO !JI rm NC 

AO DI ~ REQEN 

CE@: ~Vee 5 
TOP VIEW 

PIN NO. SYMBOL NAME AND FUNCTION 

CONTROL 

2 REQ 
DATA REQUEST output signal (open drain) which follows the inverse of the status REQ bit, but 
only if enabled by either the ROE bit in the command register or the external REQEN input pin. 

3 to 10 D7 to DO 
Data bus to which command or encoded speech parameters can be written. D7 is a bidirectional 
line through which the status bit can be read. 

11 AO 
Data/control input. Discriminates between speech code input buffer (AO = 'O') and command register 
(AO = '1 ')during a 'write' operation. 

12 CE Chip enable, Read/Write, Write These control signals provides an easy interface to most 
22 RtW microprocessors or microcomputers (see timing 
23 w diagrams). 

14 REQEN 
Request enable input. REQEN = 'O' enables the status REQ bit to appear inverted on the REQ out-
put, independent of the command register. 

TIMING 

16 OSCJN Connections for internal clock oscillator. Nominal crystal frequency is 3.84 MHz. OSC IN must be 
17 OSC OUT tied to ground if CLK IN is used. 

18 CLKIN Clock input for external clock, TTL compatible, 3.84 MHz. Must be tied to ground when not used. 
21 CLK OUT A buffered output of the internal clock cycle ( = CLK JN divided by 3). 

OUTPUT 

REF 
Reference Current Input pin for biasing the audio output level. This reference current can be 

19 derived from a resistor to the positive supply. 

20 OUT 
Speech output. This output is a 64 kHz pulse, modulated in both width and amplitude. It is 
configured as a current sink with a saturating voltage of about 3V. 

SUPPLY 

1 Vss Ground. 

13 Vee Single supply voltage. Nominally SV, but battery operation is also possible. 

15 NC No connection. 

24 TEST Used for testing purposes. Changes other pin functions. Must be tied to ground for user operation. 
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Speech Synthesizer MEA8000 

ABSOLUTE MAXIMUM RATING 

SYMBOL AND PARAMETER RATING UNIT 

Vee Supply voltage -0.5 to +7 v 
v, Voltage on any pin with respect to V88 -0.5 to +7 v 
VREci, VouT Output voltage on pins 2 and 20 15 v 
TsTG Storage temperature range -20 to +125 'C 

TA Operating ambient temperature range o to +70 'C 

DC ELECTRICAL CHARACTERISTICS TA= 25°C: Vee = 5V, unless otherwise stated. All voltages referenced to V88 

MEABOOO 
SYMBOL AND PARAMETER TEST CONDITION 

Min Typ Max 
UNIT 

Vee Supply voltage (note 1) 4.5 5.0 5.5 v 
Ice Supply current (No audio load) 30 50 mA 

DO to 07, AO, CE, W, R/W, REQEN, CLK IN: 
V1H Input HIGH voltage 2.0 Vee v 
VIL Input LOW voltage -0.5 0.8 v 
l1R Input Leakage current (note 2) 10 µA 
c, Input Capacitance 7 pF 

07 (1/0), CLK OUT: 
VoH Output HIGH voltage loH =-100,..A 2.4 v 
Vol Output LOW voltage loL = 1.6 mA 0.4 v 
CL Output Load capacitance 50 pF 

REQ: 
VoH Output HIGH voltage Open drain 13.2 v 
Vol Output LOW voltage loL = 1.6 mA 0.4 v 
CL Output Load capacitance 50 pF 

Audio output 
IREF Reference current (note 8) - Pin 19 0.3 mA 
lour Output current (peak) - Pin 20 

IREF = 0 mA 100 µA 
IREF = 0.1 mA 1.7 mA 
IREF = 0.3 mA 5 mA 

Vour Vour (pin 20) for linear operation (note 3) IREF = 0.1 mA 2.5 13.2 v 
Oscillator 

fXTAL Crystal frequency Internal 3.84 4.00 MHz 
fcLK Clock frequency External 3.84 4.00 MHz 

NOTES 
1. The circuit will continue to operate from a supply of up to 6.SV, but wtthout necessarily meeting the specification. 
2. This Is also valid for V cc = OV. 
3. This permtts connection of the output load to a supply higher than that supplying the synthesizer. 
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Speech Synthesizer MEA8000 

AC ELECTRICAL CHARACTERISTICS (note 4) (Figure 4 and 5) 

SYMBOL AND PARAMETER TEST CONDITION 
MEA8000 

UNIT 
Min Typ Max 

lwR Write enable pulse width. 200 ns 
!As Address set-up time. 30 ns 
IAH Address hold time. 30 ns 
los Data set-up time for write operation. 150 ns 
loH Data hold time for write operation. 30 ns 
IRH Request hold time (note 5) 350 ns 
IRN Request next (note 6) Clock frequency = 3.84 MHz 3 µS 

!Ro Read enable time. 200 ns 
loo Data delay for read operation (note 7) 150 ns 
loF Data floating for read operation (note 7) 150 ns 
!Rv Request valid before a write operation. 0 ns 
!ROE Request output enable response. 750 ns 
!cs Control set-up time. 20 ns 
tcH Control hold time. 20 ns 

NOTES 5 4. Timing reference level is 1.5V. 
5. An external pull up resistor is required, as this is an open drain output. The time (tRH) to reach 2.0V is specified at a load to 5V of 3.3 k!l and 50 pf. 
6. Between two data write operations of one speech frame. 
7. Levels greater than 2.0V for a '1' or less than O.BV for a 'O' are reached with a load of one TTL input and 50 pf. 
8. Typical voltage level at the REF pin is 2.5V. 
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Speech Synthesizer 

PRINCIPLE OF OPERATION 
The MEABOOO voice synthesizer Implements 
the vocal tract modeling technique of voice 
synthesis (also known as . formant 
synthesis). This technique results In produc­
ing good quality speech with the lowest 
possible bit rates; this will in turn mean 
small memory size requirements. 

. Figure 1 shows an electronic model of the 
human vocal tract. A mixture of a periodic 
signal, representing the pitch of the orlglnal 
speech, and an aperiodic signal, represen­
ting the unvoiced sound In the speech, Is fed 
via an ampllfler stage to a variable filter 
comprising of four resonators. The amplifier 
controls the amplitude of the synthesized 
sound while the resonators model the sound 
in accordance with the formants In the 
original speech. Each resonator Is controll­
ed by two parameters, one for the resonant 
frequency and one for the bandwidth. The 
Information required to control such a syn­
thesizer system Is defined by the pitch fre­
quency, the amplitude values, the voiced/un­
voiced source selection and the resonator 
settings. By periodic updating of this control 
Information one can obtain a good replica of 
the original speech. 

Operation 
The MEA8000 generates speech output by 
suitable filtering of a relatively low frequency 
sawtooth waveform for voiced sounds or for 
random noise for unvoiced sounds. 

PITCI' Pl AMPL 

Speech encoded parameters, controlling the 
on-chip periodic source and digital filter, are 
transmitted on the 8-blt data bus from exter­
nal memory to the MEA8000 under the con­
trol of an external microprocessor or 
microcomputer. 

At first, a byte containing the starting pitch 
code must be transmitted to the MEABOOO . 
This byte goes directly to the pitch 
generating circuitry via the input Interface 
logic. Subsequent pitch frequencies are 
then specified using the pitch increment 
parameter, this method of encoding pitch 
contributes to the tow bit rate requirements. 

After receiving the starting pitch code, the 
codes of each speech frame (32 bits), when 
received, are shifted into a four-byte Input buf­
fer before being translated into control 
parameters by the code-to-parameter ROM 
{See Block Diagram). The parameter interpola­
tion logic calculates the difference, and inter­
polates linearly between consecutive 
parameters to smooth the parameter transients. 
The interpolation Interval is decoded using the 
two Frame Duration {FD) bits in each speech 
frame. Because the FD bits specify a frame 
duration of 8, 16, 32 or 64ms, the resulting 
average bit rate is about 1000 bits/sec. 

Since the on-chip output sampling rate Is 
64KHz, the need for an external analog out­
put filter is greatly reduced. 

FM1 
BW1 

FM2 
BW 

FM3 
BW3 

VOICED 

-1 
I 
I 
I 
I 
I 
I 

NOISE 

UNVOICED 

GAIN 

2•d ORDER 
DIGITAL 
FILTER 

2nd ORDER 
DIGITAL 
FILTER 

2nd ORDER 
DIGITAL 
FILTER 

SPECTRAL SHAPINO 
RESONATORS 
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Modes of Operation 

1. SlOP mode: characterized by a silent out­
put and the status REQ bit set to '1 '. This mode 
is entered from power up or by SlOP com­
mand. The mode is entered automatically if at 
the end of an active speech frame the next four 
parameter bytes are not yet received while the 
CONT bit In the command register is a 'O'. In 
the latter case the final speech frame will be 
repeated once but with a decaying amplitude 
and the same pitch. 

2. ACTIVE mode: a speech sample is being 
produced. 

3. CONTINUOUS mode: entered if an active 
speech frame is finished and new data is not 
supplied in time while the CONT bit in the com­
mand register is a '1'. The synthesizer will 
repeat the last speech frame indefinitely until 
all four new data bytes are received, a SlOP 
command has been issued or the CONT com­
mand bit has been reset. 

Control Signals 

With the three control signals CE, Vii and R!w, 
provided on 3 external pins, the MEA6000 voice 
synthesizer chip is made compatible with most 
popular microprocessors and microcomputers. 
Please refer to the timing diagrams for timing 
requirements. 

BW4 

2nd ORDER 
DIGITAL 
FILTER 

DAC OUT 

Figure 1. Electronic Model of Human Vocal Tract. 
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Addressing the MEASOOO 

The MEA8000 voice synthesizer chip is ad­
dressed as a perip~.eral device to the host 
microprocessor or microcomputer. The three 
control signals, CE, W, and R/W along with 
the AO address input, allow the MEA8000 to 

CE w R/W 

0 0 1 
0 0 1 
0 x 0 
0 1 1 
1 x x 

Speech Code Input Buffer 

The MEA8000 has a 32-bit (4-byte) input buf­
fer. This buffer holds the speech encoded 
parameters for one speech frame. 

Starting from the STOP mode - see 
Modes of Operation - the first data byte 
received by the MEA8000 will be inter­
preted as a starting value for the pitch. 
Every four successive data bytes received 
thereafter are treated as a group of speech 
code. The coded speech frame format is 
shown in Figure 2. 

Writing a data byte into the MEA8000 will, 
automatically, clear the status REQ bit to "O". 
Within a group of 4 bytes (i.e. one speech 
frame), the REQ output (if enabled) will be acti­
vated within ~s, measured from the trailing 
edge of CE or W (depending on which is used 
as the write strobe - see Timing), indicating 
a request for the next byte within the same 
group. Note that this time is extended to a multi­
ple of 8ms (8, 16, 32 or 64) after writing the 
fourth, or last, byte of a group. This allows the 
host microprocessor enough time to use poll­
ing, instead of interrupts, since the minimium 
time of a speech frame is 8ms. 

When in the STOP mode, the MEA8000 voice 
synthesizer will commence producing sound 
after receipt of 5 bytes (Figure 2). 

Preliminary 

MEA8000 

be addressed as an 1/0 device or as a Status Register 
memory device in a memory-mapped 1/0 
system. The MEA8000 status register consists of a 

single bit: REQ. The status REQ bit appears 
on bit 7 of the data bus, D7, when reading 
the status register. The REQ output carries 
the Inverse polarity of the status REQ bit. 
When the status REQ bit Is a "O", the 
MEA8000 is busy and cannot accept any 
write data. The MEA8000 requests more 
data by setting Its status REQ bit to a "1"; in 
this case the REQ output pin is active "O" 
only If this output Is enabled. The REQ out­
put is enabled either by hardware by con­
necting REQEN pin to ground, or by soft­
ware by setting the ROE bit In the command 
register to a "1" while holding REQEN pin 
high. The MEA8000 voice synthesizer chip 
can then be used In an Interrupt driven en­
vironment or In a polled type structure. 

The input buffer and the command register are 
write-only while the status register is a read­
only, as depicted in the following table: 

AO OPERATION 

0 Write Data 
1 Write Command Register 
x Read Status Register 
x Three-State Data Bus 
x Three-State Data Bus 

07 DO 

I :s+++~+: I 

Figure 2. Format of Coded Speech Frame 

SYMBOL AND PARAMETER 

Starting Pitch Initial value for pitch 
FD Speech frame duration 
Pl Pitch increment (rate of pitch change) or noise 

selection 
AMPL Amplitude 
FM1 Frequency of 1st formant 
FM2 Frequency of 2nd formant 
FM3 Frequency of 3rd formant 
FM4 Frequency of 4th formant (fixed at 3500 Hz) 
BW1 Bandwidth is 1st formant 
BW2 Bandwidth of 2nd formant 
BW3 Bandwidth of 3rd formant 
BW4 Bandwidth of 4th formant 
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BITS 

8 
2 

5 
4 
5 
5 
3 
0 
2 
2 
2 
2 
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Command Register 

The MEASOOO has a 5-bit Mmmand register. 
A command word is written into the command 
register by performaing a write operation with 
AO input being set to "1". 

The following explains the various command 
bits in the command register: 

STOP results in an immediate reset of the 
synthesizer to the STOP mode. The 
ROE and CONT are not affected by 
this command. 

01106JD5 
-

CONT Continuous mode. This bit can be set 
or cleared only if the corresponding 
CONT enable bit is programmed as a 
'1 '. In the continuous mode the syn­
thesizer will not revert to the STOP 
mode if all four parameters are not 
received before the end of the current 
speech frame, but will repeat it 
indefinitely. 

04 

STOP 

If CONT = 'O', the last frame will be 
repeated once with decaying ampli­
tude and the same pitch before the 
stop mode is entered. 

03 l 02 01 

CONT l CONT ROE 
enable enable 

ROE 

Preliminary 
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Request Output Enable. This bit can 
be set or cleared only if the correspon­
ding ROE enable bit is a '1'. ROE 
determines whether the request in the 
status bit appears on the REQ pin. 
Note: the same can be achieved by 
connecting the REQEN pin (request 
enable) tp a 'O'. 

After power on, the command register bits 
CONT and ROE will both be zero. Thus power 
on equals the command 00011010 = 1 A 
(hexadecimal). 

l DO 

l ROE 

00 = No action 00 = No action 
'O' = No action 01 = No action 01 = No action 

Not used 10 = Slow stop 10 = Disable REQ output 
'1' =Stop 11 = Continue 11 = Enable REQ output 

ROM Mapping 
The external ROM that stores the speech 
codes of an utterance or a word (called a 
speech file) also stores the starting pitch byte 
and the file header. The header comprises 
three bytes, two that indicate the number of 
bytes in the file and one that allows additional 
data to be encoded tor each file. 

Usually, more than one speech file will be 
stored in a ROM. An index is made by listing 
the 2-byte starting addresses of each file at the 
beginning of the ROM. The end of the index 
is indicated by the bytes FF FF. Figure 3 shows 
examples of ROM mapping. 

Power Supply 
During (slow) power-up or power-down, the 
MEASOOO voice synthesizer will not produce 
any spurious sound. When powering-up the 
device, the MEASOOO will be in the STOP mode 
with command bits ROE and CONT being set 
to "O". 

Speech Editing and Encoding 
System 
A specially designed speech editing and 
encoding system, targeted for use with the 
MEABOOOO, has been developed. The 
system con.slsts of a Speech Adapter Box 
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(SAB), a customized software package, and 
a general purpose personal computer. 

The system is capable of programming the 
PROM's with the most efficient speech 
parameters. These parameters, when read by 
the MEASOOO voice synthesizer chip, will pro­
duce the best quality speech possible that this 
chip is capable of delivering. 

Timing Diagrams 
Read and write timing diagrams are depicted 
in Figures 4, 5, and 6. Note that tor a read 
operation, either CE or RIW can be used as 
the read strobe whereas for a write operation, 
either CE or W can be used as the write strobe. 
This allows great flexibility in system design. 

Figure 7 shows the timing sequence en­
countered when writing speech code data in­
to the MEASOOO. In the figure, data Is written 
on the rising edge of CE. Starting in the STOP 
mode, the first byte to be written is the starting 
pitch. This is followed by 4 consecutive bytes, 
representing the first speech frame to be writ­
ten into the MEASOOO. Note that within the 
same frame, REa" output pin (ii enabled) is ac­
tivated within 3µs indicating, to the host 
microprocessor, its readiness to accept the next 
byte. After receiving the fourth byte of a speech 
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frame, the REQ output pin will not be ac­
tivated until the frame duration period 
(specified by the two FD bits) has elapsed. 
This time Is equivalent to 8, 16, 32 or 64ms. 

System Configurations 

Figure 8 shows a minimal system configuration 
tor a voice application system using a general 
purpose microprocessor or a single chip micro­
computer. In the latter case, speech code 
parameters are stored In the on-chip microcom­
puter ROM. 

Figure 9 depicts a speech synthesis system us­
ing the SCNB051, 8-bit single chip microcom­
puter. Separate external program memory and 
speech parameters memory is shown, using 
64K ROM chips. Note that external buffers 
might be needed on PO (0-7) depending on 
loading conditions. 

Figure 10 shows a typical audio output stage 
configuration using the TDA1011 audio 
power amplifier chip while Figure 11 depicts 
an audio output stage for 8 ohm speaker 
using discrete components. 

The oscillator/clock configurations are de­
picted in Figure 12. 
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OF FILE 1 
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FF 
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( r FILE LENGTH -

00 
STARTING PITCH 
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(a) 

FILE 

I 
I 
I 
I 

EMPTY 

l--a-e1T-I 
(b) 

Am 

?' 

EMPTY 

I 
_I 

,f'' 

l--a-BIT·--1 
(c) 

Preliminary 

MEA8000 

Figure 3. Examples of ROM Memory Mapping; (a) Vocabulary in One ROM, (b) and (c) Vocabulary in Two ROMs. 
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CE READ WRITE 

w = 0 

iiiw 

(•) 

~w\ READ I 
CE= o 

w \ WRITE I 
(b) 

Figure 4. (a) Chip Enable (CE) Used as a Read Dr Write Strobe; (b) Separate Read and Write Strobes. 

NOTES 

CE USED 
AS STROBE w = '0' 

11/W USED al ~EfQf! STROBE 

IRD 

Figure 5. Read Timing 

Address Input AO is a don't care. Data bits DO to D6 remain floating. 
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CE USED 
A_S STROBE 
W = 'O' 

W USED 
AS WRITE 

~R;'~~. 

WHEN WRITING 
DAT A INTO THE 
INPUT BUFFER 

WHEN WRITING 
A COMMAND WORD 
TO MANIPULATE 
THE ROE COMMAND 
BIT 

A0=1: AO=O 
(ADDRESS I (ADDRESS 
COMMAND I INPUT -
REGISTER) I BUFFER) 

I 
I 

STOP I 
COMMAND: 

DATA 
00-07 

I 

200ns min 

CE 

R/W 

R/W 

w 

AO 

00·07 

RED 

REQ 

IWR 

'•• 

'"" 

Figure 6. Write Timing 

1 ST SPEECH FRAME 

:.-a, 12, 32 or 64ms_.I 
I 
I 

Figure 7. Speech Code Data Write Timing Sequence 
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A -" DATA DO-D7 

" 
SINGLE CHIP MEABOOO 

MICROCOMPUTER REQ 

CE 

a. Minimal System: Single Chip Microcomputer With On-chip Voice ROM. 

ROM 

" ... 

"7 
-" DATA DO··D7 

AO 
MICROPROCESSOR MEABOOO 

REQ 

CE, R/W, w 

b. MEA8000 as a Microprocessor Peripheral 

1 

I LS 1 CONTROL 

ADDRESS ] VOICE VOICE 

l 
ROM ROM 

I(" 
~ 

Jj 
(- V' ~ DATA DO.·D7 
'I -y 

CONTROL AO 
PROCESSOR MEABOOO 

iiEQ 

CE, R/W, w 

c. Applications Using Separate Voice ROMs. 

Figure 8. Typical Application Configurations. 
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ENCODED SPEECH 
PARAMETERS STORE 

Preliminary 

MEA8000 

EXTERNAL PROGRAM 
MEMORY 

(UP TO 4 MINUTES OF SPEECH) 

SCN8051 ALEl-_,f--1+' 

P$EN i---+---+__,.,. 

P2 (0·7)1-_,f--l--"I'-""' 

(2) 

P2(0-4) 

PO (0-7)"kfM>--l--------';~------~ 

+SV.. P1 (0·7)-----t-TO MISC.110 AO 
Wii1----1-----------------....W 

El\ Rii1----<>------------------RIW 
rn~ iiEll 

mrni 
CLK IN MEASOOO 

01+-~~~~~~--+1 

(1.2·12MHz) ..._ ___ .. 

Figure 9. Speech Synthesis System Using the 8051 8-Blt Microcomputer 

•External buffers might be needed. 

••connect EA to ground for the ROM less version (SCN 8031). 

• • • + N is a single F/F when XTAL frequency is around 8 MHz 
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Vee 
(13) REF 

(19) 

MEA8000 

OUT 
(20) 

+sv 

18K 

I1o"~- -------------., 
':' I I 

: FILTER : 

I 47µF : 

: 100mH 800 ~ I 1oonF i I100nF 22nFI_ 22KI.,,.~t---<.----1 
: .,,. I ..___,~~,__~..,_~..,..~ 
•---------------• r1nF 

TDA1011 

5.8 

.,,. .,,. 
100nF~ 

Figure 1 o. Audio Output Stage-Typical Configuration 

+SV 

OUTt----+--.. 
MEA8000 
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Yoo>----.. 

Figure 11. Audio Output Stage Ualng Discrete Components (8!1 Speaker) 

MEA8000 MEA8000 MEABOOO 

Figure 12. Osclllator/Clock Configurations 
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Speech Evaluation Board/Demonstrator 

DESCRIPTION 
The OM8001 is an MEASOOO-based 
speech demonstration box. It contains 
all the necessary circuitry and software 
to reproduce over 100 seconds of 
speech. The OM8001 may be used for 
evaluation purposes. 

FEATURES 
• Based on the MEASOOO speech 

synthesizer 
• Complete stand-alone speech 

system 
• Bullt·ln ampllfler and loudspeaker 
• Output selection via thumbwheel 

switches 
• Automatic power-down mode 
• Easily exchangeable speech 

EPROMS 
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Speech Encoding System 

DESCRIPTION 
The OM8010/8011 are stand-alone 
speech editing and encoding systems 
for creating synthetic digitized speech 
for use with the MEA8000 speech syn­
thesizer. Both systems are based on 
popular personal computers: the 
OM8010 on the Hewlett Packard 9816S, 
and the OM8011 on the IBM PC. Along 
with the Speech Adaptor Box, these 
systems allow users to quickly create 
their own speech vocabulary. 

September 1985 

The system functions include instant 
access to original, synthesized, edited 
and unedited speech. This creates a 
user-friendly environment where all 
phases of editing can be accessed and 
compared with each other. In addition, 
the system allows for independent edit­
ing of each speech parameter, a high­
resolution graphical display of all speech 
parameters, and a wheel-controlled cur­
sor (HP system) allowing for frame-by­
frame sounding of each speech sample. 
An on-board PROM programmer makes 
the OM8010/8011 a complete stand­
alone system for creating unlimited 
speech vocabulary. 
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FEATURES 
•IBM PC or HP 98165 compatible 
• Sampling of analog speech 

signals 
• Marking of begin and end of 

utterance 
• Formants/pitch analysis program 
• Graphical parameter 

representation 
• Parameter editing capability: 

formants, pitch, voiced/unvoiced, 
amplitude, frame duration 

• Conversion of parameters to 
synthesizer codes 

• EPROM programmer on-board 
• Parameter and code storage on 

floppy disc 
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SAMPLE SPEECH MESSAGE 
FROM CAS8ET1E TAPE 

RUN AHM.Ysa& PROGRAM 

EDIT PAIWIET!RS 

EDIT FRAME DURATION 

STORE ON FLOPPY DISC 

CODE DESIRED UTTERANCES 

ARRANGE IN DE5'RED ORDER 

PROGRAM EPROM 

NO 

Speech Coding Process Flowchart 
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CMOS Male/ Female Speech Synthesizer PCF8200 

GENERAL DESCRIPTION 

The PCF8200 is a CMOS integrated circuit for generating good quality speech from digital tode with 
a programmable bit rate. The circuit is primarily intehded for applications in microprocessor controlled 
systems, where the speech code is stored separately. 
Applications include automotive, telephony, personal computers, annunciators, aids for the handicapped, 
and general industrial devices. 

Features 

• Male and female speech with good quality 
• Speech-band from 0 to 5 kHz 
• Bit-rate between 455 bits/second ahd 4545 bits/second 
• Programmable frame duration 
• Programmable speaking speed 
• CMOS technology 
• Operating temperature range -40 to + 85 oc 
• Single 5 V supply with low power consumption and power-down stand-by mode 
• Interfaces easily with most popular microcomputers and microprocessors through 8 bit parallel 

bus or 12C bus 
• Software readable status word (parallel bus or 12C bus) 
• BUSY-signal and REON-signal hardware readable 
• Internal low-pas$ filter and 11-bit DIA converter 

QUICK REFERENCE DATA 

parameter 

Supply voltage 
Supply current 
Supply curreht (stand-by) 

Inputs 

Input voltage 
Input voltage 
Input capacitance 

Outputs (05 to 07) 

Output voltage high 
Output voltage low 
Load capacitance 
Operating ambient 

temperature range 

PACKAGE OUTLINE 

24-lead OIL; plastic (SOT-101A). 
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symbol 

Voo 
loo 
loo(SB) 

Tamb 

min. 

2,0 
0 

3,5 
0 

-40 
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typ, max. 

5 
10 t.b.f. 
200 

Voo 
0,8 

7 

voo 
0,4 
80 

+85 

unit 

v 
mA 
µA 

v 
v 
pF 

v 
v 
pF 

oc 
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CMOS Male I Female Speech Synthesizer 

PINNING 

1 Voo-A supply 
2 VREF supply 
3 OUT output 
4 Vss-A supply 
5 NC not connected 
6 TEST input 
7 OSCI input 
8 OSCO output 
9 SE RN/PAR input 
10 REQN output 
11 BUSY output 
12 Vss-o supply 
13 CEN input 
14 RN/W input 
15 WN input 
16 SDA/07 input/output 
17 SCL/D6 input/output 
18 05 input/output 
19 04 input 
20 03 input 
21 02 input 
22 01 input 
23 DO input 
24 Voo-o supply 

Fig. 2 Pinning diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage* Voo min. -0,3 

Input voltage* Vi min. -0,3 

Output voltage* Vo min. -0,3 

Operating ambient temperature range 

Storage temperature range 

* Any pin with respect to Vss· 
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Tamb 

Tstg 
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max. 

max. 

max. 

Product Specification 

PCF8200 

7,5 v 
7,5 v 
7,5 v 

-40 to+ 85 oc 

-55 to + 125 oc 
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CMOS Male I Female Speech Synthesizer PCF8200 

FUNCTIONAL DESCRIPTION 

The synthesizer has been designed for a vocal tract modelling technique of voice synthesis. An excitation 
signal is fed to a series of resonators. Each resonator simulates one of the formants in the original speech. 
It is controlled by two parameters, one for the resonant frequency and one for the bandwidth. Five 
formants are needed for male speech and four for female speech. The output of this system is defined by 
the excitation signal, the amplitude values and the resonator settings. By periodic updating of all para­
meters very high quality speech can be produced. 

OPERATION 

Speech characteristics change quite slowly, therefore the control parameters for the speech synthesizer 
can be adequately updated every few tens of milliseconds with interpolation during the interval to ensure 
a smooth changeover from one parameter value to the next. In the PCF8200 the standard-frame duration 
can be set to 8,8 , 10,4, 12,8 or 17 ,6 milliseconds with the speed-option, speaking speed, in the command­
register. 
The duration of each individual speech frame is programmable to be 1, 2, 3 or 5 times the standard-frame 5 
duration. 

Table 1. Frame duration as a function of speed-option (FS1, FSO) and frame-duration (FD1, FOO). 

10 01 00 11 FS1, FSO 
00 8,8 10,4 12,8 17,6 ms 
01 17,6 20,8 25,6 35,2 ms 
10 26,4 31,2 38,4 52,8 ms 
11 44,0 52,0 64,0 88,0 ms 

FD1, FDO 

The excitation signal is a random noise source for unvoiced sounds and a programmable pulse generator 
for voiced sounds. Both sources have an amplitude modulator which is updated 8 times in one speech­
frame by linear interpolation. The pitch is updated every 1 /8 of a standard frame. 

The excitation signal is filtered with a five formant filter for male speech and a four formant filter for 
female speech. The formant filter is a cascade of all second-order sections. The control parameters, formant­
frequency and formant-bandwidth, are updated eight times per speech frame by linear interpolation. 
A block diagram of the formant synthesizer is shown in Fig. 3. 

The filter output is upsampled to 80 kHz and filtered with a digital low-pass filter. Before the signal is 
digital to analogue converted (DAC), with an 11-bit switched capacitor DAC, the signal is multiplied 
with a DAG-amplitude factor. The use of a digital filter means that no external audio filtering is required 
for low-medium applications and minimal filtering is required for those applications requiring very high 
quality speech. 

NOISE 

PULSE 
GENERATOR 

F; B; 

5 FORMANT 
FILTER 

UPSAMPLED 
DIGITAL 
FILTER 

DAC 

7Z80616 

Fig. 3 Block diagram of formant synthesizer. 
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DATA FORMAT 

Three types of format are used for data transfer to the synthesizer. 

DAC-amplitude factor 

The DAC-amplitude factor is one byte, which is used to optimize the digital speech signal to the 11-bit 
DAC. It is the first byte after a STOP or a BADSTOP or Voo on. Table 2 indicates the amplitude factor. 

Table 2 DAC amplitude factor. 

factor 
3,5 
3,25 
3,0 
2,75 
2,5 
2,25 
2,0 
1.75 
1,5 
1,25 
1,0 
0,75 
0,5 
0,25 
0,0 

dB 
10,88 
10,24 
9,54 
8,97 
7,96 
7,04 
6,02 
4,86 
3,52 
1,94 
0,00 

-2,50 
-6,02 

-12,04 

byte 
01110000 
10110000 
00110000 
11010000 
01010000 
10010000 
00010000 
1~100000 
01100000 
10100000 
00100000 
11000000 
01000000 
10000000 
00000000 
11110000 HEX code FO and is not allowed as a DAC amplitude 

Start pitch 

The second byte after a STOP or BADSTOP, or Voo on is the start pitch. It is a one byte start value 
for the on-chip pitch-period generator. 

Frame Data 

The frame data is a five byte block which contains the filter and source information: 

pitch increment/decrement value 
amplitude 
frame duration 
frequency of 1st formant 
frequency of 2nd formant 
frequency of 3rd formant 
frequency of 4th formant 
frequency of 5th formant 
bandwidth of 1st formant 
bandwidth of 2nd formant 
bandwidth of 3rd formant 
bandwidth of 4th formant 
bandwidth of 5th formant 

5 bits 
4 bits 
2 bits 
5 bits 
5 bits 
3 bits 
3 bits 
1 bit 
3 bits 
3 bits 
2 bits 
2 bits 
2 bits 

40 bits = 5 bytes 

The frame-data bits are organized as shown in Fig. 4. 
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07 

byte o 01 I 
byte 1 F5 ~3 I 
byte 2 FD1 I : F3 : : + 
byte3 FOO I ~3 : F2 

byte 4 0:4 F4 I 02 

It is not allowed to set byte 0 to the hexadecimal value EO. 

Fig. 4 Format of frame-date. 

CONTROL FORMAT 

Command Write 

Product Specification 

PCF8200 

DO 

7Z80617 

A command write consists of two bytes, and it may occur before a data block. The four bits which can 
be written are shown in Fig. 5. 

07 DO 

byte o I 1 : 1 : 1 : 0 : 0 : 0 : 0 : 0 I "EO" 

byte 1 I 0 : 0 :STOP:MN/F: 0 : 0 : FS1 : FSO I 
7Z80618 

Fig. 5 Control write: first byte fixed, second byte control. 

FSO, FS1 speed option 

FS1 

0 
0 
1 
1 

FSO 

0 
1 
0 
1 

speech 
speed 

100% 
123% 
145% 
73% 

MN/F, male/female option 

MN/F = 0 male quantization table 
= 1 female quanti:zation table 

STOP 

standard-frame 
duration 

12,8 ms 
10,4 ms 
8,8 ms 

17,6 ms 

STOP = 1 stop; repeat last complete frame with amplitude= 0 
(no excitation signal) 

= 0 if the frame data is not sent within the duration of a half 
frame, there will be a BADSTOP: 

1. REON= 1 STOP=O 
2. Repeat last frame with amplitude = 0 
3. BUSY = 0 
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Status Read 

Three status bits can be read out at any time without a preceding byte (EO). 
This is shown in Fig. 6. 

REON 

BUSY 

07 

IREQN: BUSY: STOP: 

Fig. 6 Status read. 

1 No data required 
0 Synthesizer requesting for new data 
1 Busy (an utterance is pronounced) 

DO 

7280619 

STOP 
0 Idle, REON will set to 1; the synthesizer is in STOP or BADSTOP mode 

The STOP bit is the same as the stop bit written to the 
synthesizer during a command write. 
STOP = 1, BUSY = 0 stopped by the user. 
STOP = 0, BUSY = 0 BADSTOP because the data was not sent in time. 

After initial power-up the status/command register is set to the following status: 

FSO, FS1 = 0 Standard-frame duration of 12,8 ms 
MN/F 0 Male quantization table 
STOP 1 
BUSY 0 Idle 
REON 1 No data required 

INTERFACE PROTOCOL 

Product Specification 

PCF8200 

Data can be written to the synthesizer when REON= 0 or, when REON= 1 and BUSY= 0. Figure 7 
shows the interface protocol of the synthesizer. 

In parallel mode the synthesizer is activated by sending the DAG-amplitude factor. In serial mode the 
DAG-amplitude factor can be sent as soon as the synthesizer is powered-up. 

The 12G transmitter/receiver will then acknowledge. When the request for the pitch-byte occurs the 
byte must be provided within the duration of a half standard frame. If the byte is not provided in time 
a BADSTOP will be generated. 

During each data write operation, the status bit REON will be set to '1 '. 
Within a frame data block, it disappears within a few microseconds, asking for the next byte of that 
block. If the bytes of frame data are not provided within the time-duration of a half frame, a BADSTOP 
will be generated. 

12C ADDRESS 
On chip there is a 12G slave receiver/transmitter with the address: 

7 6 5 4 3 2 1 0 
0 0 1 0 0 0 0 R/W 
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POWER UP 

The synthesizer will be set to power-up on a parallel-write sequence. 

PAR-mode: The input-latches are active so they can receive the first byte 
SER-mode: The 12C transmitter/receiver will not acknowledge until the synthesizer has powered­

up. To power up the synthesizer a parallel write sequence (Fig. 9) must be made to 
the synthesizer by using external logic for the control lines; at least one line must be 
toggled, CEN, while WN = 0 and RN/W = 1. 
The synthesizer can be set to permanent power-up by hard-wired control pins 
(CEN = 0, RN/W = 1, WN = 0). 

POWER DOWN MODE 

When BUSY= 0 the synthesizer will be set to power-down. In the power-down mode the status/command 
register will be retained. 
In power-down mode the clock-oscillator is switched off. After initial Voo the synthesizer is in power- 5 down mode. 

SE RN/PAR 

SE RN/PAR is hard-wired to Voo or Vss. 

HANDLING 

All inputs and outputs are protected against electrostatic charge under normal handling conditions. 
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CHARACTERISTICS 

Tamb = -45 to+ 85 °c; supply voltage (Voo to V55) = 4,5 V to 5,5 V with respect to Vss. otherwise 
specified 

parameter symbol min. typ. max. unit 

Supply 

Supply voltage Voo 4,5 5,0 t.b.f. v 
Supply current loo - 10 - mA 
Standby current loo(SBl - 200 - µA 

Inputs 

CEN, RN/W, WN, OSCI 

Input voltage HIGH V1H 2,0 - Voo v 
Input voltage LOW V1L 0 - 0,8 v 
Input leakage current 

Vin= 0 to 5,5 V l1R -10 - 10 µA 
Rise and fall times (note 2) trf - - 50 ns 
Input capacitance C1 - - 7 pF 

PARALLEL MODE 

Input Characteristics 
(DO to 07) 

Input voltage HIGH V1H 2,0 - Voo v 
Input voltage LOW VIL 0 - 0,8 v 
Input leakage current 

(Vin= 0 to 5,5 V, 
output off) l1R -10 - 10 µA 

Input capacitance C1 - - 7 pF 

Output Characteristics 
(05 to 07 only) 

Output voltage HIGH 
(loH = -100µ.A) VoH 3,5 - Voo v 

Output voltage LOW 
!loL = 3,2 mA) Vol 0 - 0,4 v 

Load capacitance CL - - 80 pF 
Rise and fall times (note 3) trf - - 50 ns 

SERIAL MODE 

Input Characteristics 
(SDA and SOL) 

Input voltage HIGH V1H 3,0 - Voo v 
Input voltage LOW V1L 0 - 1,5 v 
Input leakage current 

(Vin= 0 to 5,5 V, 
output off) l1R -10 - 10 µA 

Input capacitance C1 - - 10 pF 

Output Characteristics 
(SDA only, open drain) 

Output voltage LOW 
!loL = 3 mA) Vol 0 - 0,4 v 
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parameter symbol min. typ. max. unit 

OSCILLATOR 

Crystal frequency fxTAL t.b.f. 6 t.b.f. MHz 

VREF v00-1,5 
Reference voltage VREF 1,9 - v 

1,25 

Input leakage current l1R - t.b.f. 

Outputs 

REQN,BUSY 

Output voltage HIGH 
lloH = 100µA) VoH 3,5 - Voo v 

Output voltage LOW 
llQL = 3,2 mA) Vol 0 - 0,4 v 

Load capacitance CL - - 80 pf 
Rise and fall times (note 3) trt - - 50 ns 

OUT 

Output voltage VouT 0,66 x VREF 1,34 x VREF v 
Minimum external load 600 - - n 
Timing characteristics 

(note 1) (Figs 8 and 9) 

Write enable twR 200 - - ns 
Data set-up for write tos 150 - - ns 
Data hold for write toH 30 - - ns 
Read enable tRo 200 - - ns 
Data delay for read (note 2) too - - 150 ns 
Data floating for read 

(note 2) toF - - 150 ns 
Control set-up tcs 0 - - ns 
Control hold tcH 0 - - ns 
REQ new (new byte of the 

same speech frame) tRN - t.b.f. (""3) us 
REQ Valid tRv 0 -

l 
- ns 

REQ Hold tRH - 250 t.b.f. ns 

NOTES TO THE CHARACTERISTICS 

1. Timing reference level is 1,5 V; supply 5 V ± 10%; temperature range of -40 oc to 85 oc. 
2. Levels greater than 2 V for a '1' or less than 0,8 V for a 'O' are reached with a load of one TTL 

input and 50 pF. 
3. Rise and fall times between 0,6 V and 2,2 V levels. 

5-295 September 1985 

5 



Signetics Linear Products 

CMOS Male/ Female Speech Synthesizer 

September 1985 

EO 

COMMAND 
STOP 

no 

no 

7Z80620 

Fig. 7 Interface protocol. 
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Timing diagrams 

The control signals CE, R/W and W have been specified to enable easy interface to most microprocessors 
and microcomputers. For instance with connection to an MAB8048 microcomputer the R/W and W 
inputs can be used as the RD and WR strobe inputs. 

CE='O' or 

w~ 

R!w~ 

Typical connection of control signals. 

CE used 
as strobe 
W•'O' 

{ 

CE 

Fitw 

R/W used as { R/W 
re;~~ 

w 

07 

l CE 

~s~~~~ 
W='O' 

R/W 

aswnte 
strobe -

tcs 

tcs 

Fig. 8 Read timing. 

W us~d {R/W 
CE= 'O' W-----

data 
write 

D0----07 

Fig. 9 Write timing. 
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ADDRESS VOICE 
ROM 

DATA 

1¢:::=:=::::'...:::::=:=~ DATA 

OUT MICROPROCESSOR --------1CEN,RN/W,WN 
1+---------tREQN 
1+---------tBUSY 

PCF8200 

7Z80623 SYNTHESIZER 

Fig, 10 Typical application configuration with parallel interface. 

ADDRESS VOICE 
ROM 

DATA 

MICROPROCESSOR ---------SDA 

-------..... SCL 
12c 

OUT 

PCF8200 

7ZB0622 SYNTHESIZER 

Fig. 11 Typical application configuration with series interface. 

+sv 

I47 µF 
+ (10V) 

47 nF 
+sv 

22k0 

PCF8200 
SYNTHESIZER 

Fig. 12 An example of an output configuration. 
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PCF8200 PCF8200 

osc osc 
IN OUT 

n.c. 

TTL 
clock 7ZB0625 

Fig. 13 Oscillator clock configurations. 
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SOLDERING 

1. By hand. 

Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °c it must not be in contact for more than 10 seconds; if between 
300 oc and 400 °c, for not more than 5 seconds. 

2. By dip or wave 

The maximum permissible temperature of the solder is 260 oc; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis­
sible limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in (1) above. 
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24-LEAD DUAL IN-LINE; PLASTIC (SOT-101A) 

f j 1---" 

131 

2,2 i­
max 

24 23 

I 
II 
1' 

- .Lo.n ii max 
I 

111 

' t 

Dimensions in mm 

22 21 20 

32max ------+h 

19 18 

22x 

I 
'~'1 1--

17 16 15 14 

0,53 
max 

13 

5,1 

• 0,51mr 

;J ~;"5121 ; . 

top view 

---- - --- ---- - ------ -

10 11 12 

15,8 max $ Positional accuracy. 
14,1 max 

@ Maximum Material Condition. 
side view 

( 1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

115,241 (2) Lead spacing tolerances apply 
17,15 7Z73670.5 from seating plane to the line 
15,90 indicated. 

(3) Index may be horizontal as shown, 
or vertical. 
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DESCRIPTION 
The PCD3310 is a single-chip silicon­
gate CMOS integrated circuit with an on­
chip oscillator for a 3.58MHz crystal. It is 
a dual-standard dialing circuit for either 
pulse dialing (PD) or dual tone multi­
frequency (DTMF) dialing. 

Input data is derived from any standard 
matrix keypad for dialing in either DP or 
DTMF mode. Numbers of up to 23 digits 
can be retained in RAM for redial and 
notepad facilities. 

In DTMF mode, bursts as well as pauses 
are timed to a minimum in manual dial­
ing, the maximum depending on the key 
depression time. 

September 1985 

FEATURES 
• PD and DTMF dialing. 
• 23·dlglt capacity for redial 

operation (cursor method) 
• Memory clear and electronic 

notepad 
• Mixed mode dialing (start with 

DP and end with DTMF dialing 
• Dual redl11I buffers for PABX and 

public calls 
• Four extra function keys: 

program, flash, redial and PD to 
DTMF (mixed dialing) 

• DTMF timing: 
- manual dialing-minimum 

duration for bursts and pauses 
- redialing-calibrated timing 

• On-chip voltage reference for 
supply and temperature 
Independent tone output 

• On-chip filtering for low output 
distortion (CEPT CS 203 
compatible) 

• On-chip oscillator with low cost 
3.58MHz TV color-burst crystal 

• Uses standard single-contact e>r 
double-contact (common left 
open) keypad 

• Keyboard entries fully debounced 
at both edges 

• Flash (register recall) output 
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ORDERING CODE 

Yoo= 3.ov ± 5%; TA =-2s•c to +1o•c 
Pins Package Notes 

PCD3310P 20 Plastic DIP SOT146 

PCD3310T 28 Plastic mini-Pack so20; son 36 

REFERENCE DATA 

LIMITS 
PARAMETER SYMBOL UNIT 

Min Typ Max 

Operating supply voltage Voo 2.5 6.0 v 
Standby supply voltage Vooo 1.8 6.0 v 
Low standby current (on-hook) at V00o = 1.8V looo 5 •mµA 

Operating currents at V00 = 3.0V 
Conversation mode looc 60 •mµA 
Pulse dialing mode looP 200 •mµA 
DTMF dialing mode looF 1.2 mA 

DTMF voltage levels (r.m.s. values) mVrms 
5 

High Group VTONE 192 mVrms 

Low Group VTONE 150 mVrms 

Pre-emphasis t.V 2.1 dB 

Total harmonic distortion dtot -25 dB 

Operating ambient temperature range TA -25 +70 •c 

BLOCK DIAGRAM 

PD AND FLASH LOGIC 

PCD 3310 

i------1--PDtoTMF 

& 
u 
N 
T 

A E 
M 0 R 
A 0 p R 
I R 0 E 
N E IA 
R s .. 0 Yoo 
E s TI 
G 0 EW 

OUTPUT I E R R 
s & c• 

TR T 0 T Vss •• E 0 NE 
Mc R I T 
P I N R 
Os G 0 
Ry L 
Ae L 
eR 

E TONE 

INPUT 

RS A• R3 R2 R1 C1 C2 C3 C4 FLD CF M1 M2 CE OSCO 
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GENERAL DESCRIPTION 

The PCD3311 and PCD3312 are single-chip silicon gate CMOS integrated circuits. They are intended 
to provide dual-tone multi-frequency (DTMF) combinations required for tone dialling systems in 
telephone sets which contain a microcontroller for the control functions. 

The various audio output frequencies are generated from an on-chip 3,58 MHz quartz crystal-con­
trolled oscillator. 

The devices can interface directly to all standard microcontrollers by accepting a binary-coded parallel 
input or serial data input (1 2C bus). 

With their on-chip voltage reference the PCD3311 and PCD3312 provide constant output amplitudes 
which are independent of the operating supply voltage and ambient temperature. 

An on-chip filtering system assures a very low total harmonic distortion in accordance with the CEPT 
CS 203 recommendations. 

In addition to the standard DTMF frequencies the devices provide 12 MODEM frequencies (300 to 
1200 bits per second) used in sir;nplex MODEM applications and two octaves of musical scale in steps 
of semitones. 

Features 

• Stabilized output voltage level 
• Low output distortion with on-chip filtering (CEPT CS 203 compatible) 
• Latched inputs for data bus applications 
• 12 C bus compatible 
• Mode select input (selection of parallel or serial data input) 
• MODEM and melody tone generators 

QUICK REFERENCE DATA 

parameter symbol 

Operating supply voltage Voo 
Operating supply current loo 
Static standby current 1000 
DTMF output voltage level 

(r.m.s. values) 
HIGH group VHG(rms) 
LOW group VLG(rms) 

Pre-emphasis of group -6.VG 

Total harmonic distortion THO 

Operating ambient temperature range Tamb 

PACKAGE OUTLINES 

PCD3311P: 14-lead OIL; plastic (SOT-27K, M, T). 
PCD3311T: 16-lead mini-pack; plastic (S0-16L; SOT-162A). 
PCD3312P: 8-lead DI L; plastic (SOT-97 A). 
PCD3312T: 8-lead mini-pack; plastic (VS0-8; SOT-176). 
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- -
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158 192 
125 150 
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- ;-25 
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6,0 v 
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3 µA 

205 mV 
160 mV 

2,35 dB 

- dB 
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MODE 3 

Ds 
4 

D4 12 

D3 11 

D2 10 

D1/SDA 9(8) 

Do/SCL 8(7) 

STROBE 5 

OSCI 

INPUT 
CONTROL 

LOGIC 

7(6) 

Ao 

OSCO 

+X1 

DIVIDER 
SELECTION 

(ROM) 

+X2 

CLOCK 
GENERATOR -.,-----,--., 

I I I 
tone generator 'HIGH group' I I 

I I 

SWITCHED­
CAPACITOR 
BANDGAP 
VOLTAGE 

REFERENCE 

tone generator 'LOW group' 

I : 

SWITCHED­
CAPACITOR 
LOW-PASS 

FILTER 

Vss 

14(2) 13(1) 

RESISTOR/ 
CAPACITOR B(5) TONE 
LOW-PASS 

FILTER 

PCD3311 
PCD3312 

7Z87673 

Fig. 1 Block diagram; the pin numbers in parenthesis refer to the PCD3312. 

Fig. 2 Pinning diagram 
for the PCD3311. 

PINNING 
1 OSCI 
2 OSCO 
3 MODE 

4 D5 
5 STROBE 

6 TONE 

7 Ao 

8 Do/SCL 

9 Do/SD A 

10 D2 
11 D3 
12 D4 
13 Vss 
14 vDD 

*MODE= HIGH. 

5-305 

oscillator input 
oscillator output 
mode select input; used for 
the selection between serial 
mode (MODE= LOW) and parallel 
mode (MODE = HIGH) 
parallel data input* 
strobe input; used for the 
loading of data in the parallel mode 
frequency output for single 
or dual tones 
slave address input in the serial 
mode; must be connected to 
VDD orVss 
parallel data input* 
or serial clock line (12C bus) 
parallel data input* 
or serial data line (12C) bus) 

} parallel data inputs* 

negative supply 
positive supply 
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PCD3312 

Fig. 3 Pinning diagram 
for the PCD3312. 

FUNCTIONAL DESCRIPTION 

Clock/oscillator (OSCI and OSCO) 

PINNING 

1 Vss 
2 vDD 
3 OSCI 
4 OSCO 
5 TONE 

6 Ao 

7 SCL 
8 SDA 

Product Specification 

PCD3311/12 

negative supply 
positive supply 
oscillator input 
oscillator output 
frequency output for single 
or dual tones 
slave address input in the 
serial mode; must be connected 
to VDD or Vss 
serial clock line (1 2C bus) 
serial data line (1 2C bus) 

The timebase for the PCD3311 and PCD3312 is a crystal-controlled oscillator with a 3,58 MHz quartz 
crystal connected between OSCI and OSCO. Alternatively, the OSCI input can be driven from an 
external clock. 

Mode select (MODE) 

This input selects the data input mode. When connected to V DD· data can be received in the parallel 
mode (only for the PCD3311), or, when connected to V SS or left open, data can be received via the 
serial 12C bus (for both PCD3311 and PCD3312). 

Parallel mode can only be obtained for the PCD3311 by setting MODE input HIGH. 

Data inputs (Do, D1, D2, D3, D4 and D5) 

Inputs Do and D1 have no internal pull-down or pull-up resistors and must not be left open in any 
application. Inputs D2 to D5 have internal pull-down. D5 and D4 are used to select between DTMF 
dual, DTMF single, MODEM and melody tones (see Table 1). D3 to Do select the combination of the 
tones for DTMF or single-tone itself. 

Table 1 D5 and D4 in accordance with the selected application 

0 
0 
1 
1 

0 
1 
0 
1 

application 

DTMF single tones; standby; melody tones 
DTMF dual tones (all 16 combinations) 
MODEM tones; standby; melody tones 
melody tones 

1 = H =HIGH voltage level 
0 = L = LOW voltage level 

Note: Tables 2, 3, 4 and 5 show all input codes and their corresponding output frequencies. 
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FUNCTIONAL DESCRIPTION (continued) 

Strobe input (STROBE, only for the PCD3311) 

Product Specification 

PCD3311/12 

This input (with internal pull-down) allows the loading of parallel data into Do to D5 when MODE 
is HIGH. 

The data inputs must be stable preceeding the positive-going edge of the strobe pulse (active HIGH). 
Input data are loaded at the negative-going edge of the strobe pulse and then the corresponding tone 
(or standby mode) is provided at the TONE output. The output remains unchanged until the negative­
going edge of the next STROBE pulse (for new data) is received. 

Serial mode can only be obtained for the PCD3311 by setting MODE input LOW. 

STROBE 

o, 

TONE 

7287676.1 

~~­
........._.....~· 

~~· 
~=· 
~~-

~=· __. 1--ttone IONI ---,_ __ __ 
oscillator OFF oscillator ON I oscillator ON 

no output tone output tones 

Fig. 4 Timing diagram showing control possibilities of the oscillator and the TONE output (e.g. 
770 Hz+ 1477 Hz) in the parallel mode (MODE= HIGH). 

Serial clock and data inputs (SCL and SDA) 

SCL and SDA are combined with Do and Di respectively. For the PCD3311 the selection of SCL and 
SDA is controlled by the MODE input. SCL and SDA are serial clock and data lines according to the 
12 C bus specification (see "CHARACTERISTICS OF THE 12 C BUS"). Both inputs must be pulled-up 
externally to VDD· 

Address input (Ao) 

Ao is the slave address input and it identifies the device when up to two PCD3311 or PCD3312 devices 
are connected to the same 12C bus. In any case Ao must be connected to VDD or Vss· 
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12C bus data configuration (see Fig. 5) 

The PCD3311 and PCD3312 are always slave receivers in the 12C bus configuration (R/W bit= 0). 

The slave address consists of 7 bits in the serial mode for the PCD3311 as well as for the PCD3312, 
where the least significant bit is selectable by hardware on input Ao and the other more significant 
bits are internally fixed. In the serial mode the same input codes are used as in the parallel mode (see 
Tables 2, 3, 4, and 5). Da and 07 are don't care (X) bits. 

MSB 

s 0 1 0 0 1 0 

slave address 

7Z87677.1 

Tone output (TONE) 

acknowledge 
from slave 

acknowledge 
from slave 

+ 
X 05 04 03 02 01 DO A P 

data 

Fig. 5 12C bus data format. 

t 
internal STROBE 
for data latching 

The single and the dual tones which are provided at the TONE output are filtered by an on-chip 
switched-capacitor filter, followed by an active RC low-pass filter. Therefore, the total harmonic distor­
tion of the DTMF tones fulfils the CEPT CS 203 recommendations. An on-chip reference voltage 
provides output-tone levels independent of the supply voltage. Table 3 shows the frequency tolerance 
of the output tones for DTMF signalling; Tables 4 and 5 for the modem and melody tones. 

Power-on reset 

In order to avoid undefined states of the devices when the power is switched ON, an internal reset cir­
cuit sets them to the standby mode (oscillator OFF). 

Table 2 Input data for control (no output tone; TONE at Vool 

05 04 03 D2 

x 0 0 0 
x 

l 
0 0 0 

x 0 0 0 
x 0 0 0 

1 = H =HIGH voltage level 
0 = L = LOW voltage level 
X= don't care 
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D1 Do HEX oscillator 

0 0 00/20 ON 
0 1 01/21 OFF 
1 0 02/22 OFF 
1 1 03/23 OFF 

5-308 



Signetics Linear Products 

DTMF I MODEM I Musical-Toner Generators 

FUNCTIONAL DESCRIPTION (continued) 

Table 3 Input data for DTM F 

D5 D4 D3 D2 D1 Do HEX symbol standard 
frequency 

Hz 

0 0 1 0 0 0 08 697 
0 0 1 0 0 1 09 770 
0 0 1 0 1 0 OA 852 
0 0 1 0 1 1 OB 941 
0 0 1 1 0 0 oc 1209 
0 0 1 1 0 1 OD 1336 
0 0 1 1 1 0 OE 1477 
0 0 1 1 1 1 OF 1633 
0 1 0 0 0 0 10 0 941+1336 
0 1 0 0 0 1 11 1 697+1209 
0 1 0 0 1 0 12 2 697+1336 
0 1 0 0 1 1 13 3 697+1477 
0 1 0 1 0 0 14 4 770+1209 
0 1 0 1 0 1 15 5 770+1336 
0 1 0 1 1 0 16 6 770+1477 
0 1 0 1 1 1 17 7 852+1209 
0 1 1 0 0 0 18 8 852+1336 
0 1 1 0 0 1 19 9 852+1477 
0 1 1 0 1 0 1A A 697+1633 
0 1 1 0 1 1 lB B 770+1633 
0 1 1 1 0 0 1C c 852+1633 
0 1 1 1 0 1 10 D 941+1633 
0 1 1 1 1 0 1E * 941+1209 
0 1 1 1 1 1 1F # 941+1477 

Table 4 Input data for MODEM frequencies 

D5 D4 D3 D2 D1 Do HEX standard tone 
frequency output 

freq. 
Hz Hz** 

1 0 0 1 0 0 24 1300 1296,94 
1 0 0 1 0 1 25 2100 2103,14 
1 0 0 1 1 0 26 1200 1197,17 
1 0 0 1 1 1 27 2200 2192,01 
1 0 1 0 0 0 28 980 978,82 
1 0 1 0 0 1 29 1180 1179,03 
1 0 1 0 1 0 2A 1070 1073,33 
1 0 1 0 1 1 2B 1270 1265,30 
1 0 1 1 0 0 2C 1650 1655,66 
1 0 1 1 0 1 2D 1850 1852,77 
1 0 1 1 1 0 2E 2025 2021,20 
1 0 1 1 1 1 2F 2225 2223,32 

**Tone output frequency when using a 3,579 545 MHz crystal. 

1 = H =HIGH voltage level 
0 = L = LOW voltage level 

5-309 

Product Specification 

PCD3311/12 

tone frequency 
output deviation 
freq. 
Hz** % Hz 

697,90 + 0,13 + 0,90 
770,46 +0,06 + 0,46 
850,45 -0,18 -1,55 
943,23 +0,24 + 2,23 
1206,45 -0,21 -2,55 
1341,66 + 0,42 + 5,66 
1482,21 + 0,35 + 5,21 
1638,24 + 0,32 + 5,24 

5 

frequency remarks 
deviation 

% Hz 

-0,24 -3,06 V.23 
+ 0,15 + 3,14 
-0,24 -2,83 Bell 202 
-0,36 -7,99 
-0,12 -1,18 V.21 
-0,08 -0,97 
+ 0,31 + 3,33 Bell 103 
-0,37 -4,70 
+0,34 + 5,66 

V.21 
+ 0,15 + 2,77 
-0,19 -3,80 

Bell 103 
-0,08 -1,68 
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Table 5 Input data for melody tones 

D5 04 D3 D2 D1 Do HEX note standard tone 
frequency output 

frequency 
Hz* Hz** 

1 1 0 0 0 0 30 0#5 622,3 622,5 
1 1 0 0 0 1 31 E5 659,3 659,5 
1 1 0 0 1 0 32 F5 698,5 697,9 
1 1 0 0 1 1 33 F#5 740,0 741, 1 
1 1 0 1 0 0 34 G5 784,0 782,1 
1 1 0 1 0 1 35 G#5 830,6 832,3 
1 1 0 1 1 0 36 A5 880,0 879,3 
1 1 0 1 1 1 37 A#5 932,3 931,9 
1 1 1 0 0 0 38 85 987,8 985,0 
1 1 1 0 0 1 39 C6 1046,5 1044,5 
1 1 1 0 1 0 3A C#6 1108,7 1111,7 
1 0 1 0 0 1 29 06 1174,7 1179,0 
1 1 1 0 1 1 38 0#6 1244,5 1245, 1 
1 1 1 1 0 0 3C E6 1318,5 1318,9 
1 1 1 1 0 1 30 F6 1396,9 1402, 1 
0 0 1 1 1 0 OE F#6 1480,0 1482,2 
1 1 1 1 1 0 3E G6 1568,0 1572,0 
1 0 1 1 0 0 2C G#6 1661,2 1655,7 
1 1 1 1 1 1 3F A6 1760,0 1768,5 
0 0 0 1 0 0 04 A#6 1864,7 1875, 1 
0 0 0 1 0 1 05 86 1975,5 1970,0 
1 0 0 1 0 1 25 C7 2093,0 2103, 1 
1 0 1 1 1 1 2F C#7 2217,5 2223,3 
0 0 0 1 1 0 06 07 2349,3 2358,1 
0 0 0 1 1 1 07 0#7 2489,0 2470,4 

* Standard scale based on A4 = 440 Hz. 
** Tone output frequency when using a 3,579 545 MHz crystal. 

1 = H =HIGH voltage level 
0 = L = LOW voltage level 
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CHARACTERISTICS OF THE 12C BUS (continued) 

Timing specifications 

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The I Cs operate 
in both modes and the timing requirements are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 10. 

SDA 

SCL 

SDA 

7Z87013 

Where: 

tsuF 

tHD; STA 

tLQWmin 

tHIGHmin 

tsu; STA 

tHD; DAT 

tsu; DAT 

tR 

tF 

tsu; STO 

Note 

- 1suF- -
1HIGH 

''"] [ 
1SU;STO 

Fig. 10 Timing of the high-speed .mode. 

t>tLQWmin 

t>tHIGHmin 
4,7 µs 

4 µs 

t >tLOWmin 

t >O µs 

t > 250 ns 

t ~ 1 µs 

t~300ns 

t >tLOWmin 

The minimum time the bus must be free before a new 
transmission can start 

Start condition hold time 

Clock LOW period 

Clock HIGH period 

Start condition set-up time, only valid for repeated start code 

Data hold time 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the timing values refer to V1H and Vi L levels with a voltage swing of Vss to VDD· 
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CHARACTERISTICS OF THE 12C BUS 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA __._ _____ __,__,X'--1---=~~ 

SCL 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig. 6 Bit transfer. 

---\___ 

7287019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r----, 

r=== I 
I 

SDA I 

I 

SCL I I 

: s : \ ;--\ I 
I 
I SCL 
I 
I 

L ___ .J L ___ J 

start condition stop condition 
7287005 

Fig. 7 Definition of start and stop conditions. 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 
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SDA~~~~~....-~~~~~~-..-~~~~~~--~~~~~~---~~~~~~-+--

SCL ~-..-~~~+-~~---~~~+-~~-+-~~~--1-~~--~~~-1-~~--~~~-1--

MASTER 
TRANSMITTER/ 

RECEIVER 

Acknowledge 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 8 System configuration. 

MASTER 
TRANSMITTER 

MASTER 
TRANSMITTER/ 

RECEIVER 

7Z87004 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 5 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 
the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 
byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

* --~ 
}_~_/ ~X __ >C~~)( I 

I 
s 

Fig. 9 Acknowledgement on the I 2C bus. 
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'----' '-----' '----' ~----~ L.---...1 L--J L-----1 1...-----J 

START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP 
CONDITION CONDITION 7Z87014 

Fig. 11 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 1 : 1 (LOW-to-HIGH) 

Max. number of bytes unrestricted 

Premature termination of transfer 

Acknowledge clock bit 

Low-speed mode 

allowed by generation of STOP condition 

must be provided by the master 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 12. 

SDA 

- 1suF-1 

SCL 

SDA 

7Z87015 

Fig. 12 Timing of the low-speed mode. 
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Timing specifications (continued) 

Where: 

tsuF t ;;;.105 µs (tLOWminl 

tHO; STA t ;;;.355 µs (tHIGHminl 

tLQW 130 µs ± 25 µs 

tHIGH 390 µs ± 25 µs 

tsu; STA 130 µs ± 25 µs * 

tHO; DAT t;;;;. 0 µs 

tsu; DAT t;;;;. 250 ns 

tR t,;;;; 1 µs 

tF t,;;;; 300 ns 

tsu; STO 130 µs ± 25 µs 

Note 

Product Specification 

PCD3311/12 

All the timing values refer to v1H and Vi L levels with a voltage swing of Vss to Voo· For definitions 
see high-speed mode. 

SDA ___ _) 

SCL -v-v·--
START 

CONDITION 
START BYTE 

\1--__,C_~~~J R/W x \ I 

DUMMY REPEATED 
ACKNOWLEDGE START 

CONDITION 

---~ 

ADDRESS 
'--' 

ACKNOWLEDGE STOP 
CONDITION 

7Z87016 

Fig. 13 Complete data transfer in the low-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 µs ± 25 µs 

390 µs ± 25 µs 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook "!Cs for digital systems in radio, audio and video equipment". 

* Only valid for repeated start code. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

parameter symbol min. max. 

Supply voltage range Voo -0,8 + 8,0 

Input voltage range (any input) V1 -0,8 v00+o,8 

D.C. input current (any input) ± 11 - 10 

D.C. output current (any output) ±lo - 10 

Supply current ±loo;± lss - 50 

Power dissipation per output Po - 50 

Total power dissipation per package Ptot - 300 

Operating ambient temperature range Tamb -25 + 70 

Storage temperature range T stg -65 + 150 

CHARACTERISTICS 

Voo = 2,5 to 6 V; Vss = 0 V; crystal parameters: fosc = 3,579 545 MHz, Rsmax = 50 n; 
T amb = -25 to + 70 °c; unless otherwise specified 

parameter symbol min. typ. max. 

Operating supply voltage Voo 2,5 - 6,0 

Operating supply current (note 1) 
oscillator ON; Voo = 3 V 

no output tone loo - 50 100 
single output tone loo - 0,5 1,0 
dual output tone loo - 0,6 1,2 

Static standby current 
oscillator OFF; note 1 looo - - 3 

Inputs/outputs (SDA) 

Do to 05; MODE; STROBE 

Input voltage LOW V1L 0 - o,3 x v00 
Input voltage HIGH V1H 0,1 x v00 - Voo 

D2 to 05; MODE; STROBE; Ao 

Pull-down input current 
Vi =Voo -l1L 30 150 300 

SCL (Do); SDA (D1) 

Output current LOW (SDA) 
VoL=0,4V IOL 3 - -

Clock frequency (see Fig. 10) fscL - - 100 

Input capacitance; Vi= Vss C1 - - 7 

Allowable input spike pulse width t1 - - 100 
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unit 

v 
v 
mA 

mA 

mA 

mW 

mW 

oc 

oc 

unit 

v 

µA 
mA 
mA 

µA 

v 
v 

nA 

mA 

kHz 

pF 

ns 
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CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

TONE output (see Fig. 14) 

DTMF output voltage levels 
(r.m.s. values) 
HIGH group VHG(rms) 158 192 205 mV 
LOW group VLG(rms) 125 150 160 mV 

D.C. voltage level Voe - v. Voo - v 
Pre-emphasis of group D..VG 1,85 2,10 2,35 dB 

Total harmonic distortion 
Tamb = 25 oc 

dual tone; note 2 THO - -25 - dB 
modem tone, note 3 THO - -29 - dB 

Output impedance IZol - 0, 1 0,5 kn 

OSCI input 

Maximum allowable amplitude 
at OSCI Vosc(p-pl - - Voo-Vss v 

Timing (Voo = 3 Vl 

Oscillator start-up time tosc(ONl - 3 - ms 

TONE start-up time; note 4 tTONE(ON) - 0,5 - ms 

STROBE pulse width; note 5 tsTR 400 - - ns 

Data set-up time; note 5 tos 150 - - ns 

Data hold time; note 5 toH 100 - - ns 

Notes to the characteristics 

1. Crystal is connected between OSCI and OSCO; Do/SCL and 01/SDA via a resistance of 5,6 kn to 
Voo; all other pins left open. 

2. Related to the level of the LOW group frequency component (CEPT CS 203). 
3. Related to the level of the fundamental frequency. 
4. Oscillator must be running. 
5. Values are referenced to the 10% and 90% levels of the relevant pulse amplitudes, with a total voltage 

swing from Vss to Voo· 
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Voo > lµF 
TONE 

PC03311 
PC03312 

V55 
50pF 10 k.Q 

7Z87678 

Fig. 14 TONE output test circuit. 

1,6 

'ooo 
(µA) 

1,2 

0,8 

0,4 

0 
0 

lL:: 
~ 

I 
I 

2 

7Z87679 

TL-

~s 0c 
I 

+25°c 
+10°c 

4 6 Yoo <VI a 

Fig. 15 Standby supply current as a 
function of supply voltage; oscillator OFF. 

7Z87681 
1,5 

Tamb• 

100 
-25°c 

(mA) 

0 ~~-~--'---'---'------'---'---' 

a Voo (VI a 

Fig. 17 Operating supply current as a 
function of supply voltage; oscillator ON; 
dual tone at TONE. 

2 4 0 
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300 7Z87680 

Tamb • 
I 100 

(µA) -25°c 
I 

+25°c 
200 

+10°c 

o~~-~__. _ __,__..___,_ _ _.___, 
0 2 4 6 Yoo (VI a 

Fig. 16 Operating supply current as a 
function of supply voltage; oscillator ON; 
no output at TONE. 

6 7Z87682 

11 
(µA) 

4 

2 
V1 (V) 

Fig. 18 Pull-down input current as a 
function of input voltage; Voo = 3 V. 
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-11 

VTONE 
Tamb = (dBm) 

-12 -25°c 
+25°C 
+10°c 

-13 

-14 
-25°C 
+25°C 

+7o 0 c 

-15 
0 2 4 

Voo IVl 
6 

0.4 

VTONE 
(dB) 

0 

-0,4 

-0,8 
106 

7Z87684 

!"' Tamb 

~-25°C Irr-N 
1-11110.ic 

Fig. 19 DTMF output voltage levels 
as a function of operating supply 
voltage; R L = 1 Mn. 

Fig. 20 Dual tone output voltage 
level as a function of output load 
resistance. 

7Z90599 
0.---~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

level 
(dBm) 
-201---~~-++-~~~~++-~~~~~~~~~~~~~~~~~~~ 

-40 

level 
(dBm) 

0 2 

----------------------, ! ________ =-

3 4 5 
frequency I kHz) 

7Z90598 

-20 HHI~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-40 

-100 f---~---;~~--;-~~~~~-.-~~--.-~~-;-~~-.-~~;-~~.,-~---, 
0 10 20 30 40 

frequency I kHz) 

Fig. 21 Typical frequency spectrum of a dual tone 
signal after flat-band amplification of 6 dB. 
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APPLICATION INFORMATION 

Vss VDD 

GENERAL 
PURPOSE 

MICROCONTROLLER 
(4 or 8-BIT) 

mute 

D 
data bus OSCO OSCI STROBE 

Do 

II 
II 

: PCD3311 TONE 
D5 

MODE VDD Vss 

7 Z87686.1 

Fig. 22 PCD3311 driven by a microcontroller with parallel data-bus. 

Vss vDD 

TELEPHONY 
MICROCONTROLLER 

PCD3343 

mute 

:==:::::ISCL TONE 
SDA PCD3312 

Ao Vss vDD 

11 7Z87685.2 

II 

Fig. 23 PCD3312 driven by telephony microcontroller PCD3343 with serial 1/0 (12C bus). 

Product Specification 

PCD3311/12 

The PCD3343 is a single-chip 8-bit microcontroller with 3K ROM/224 RAM bytes. The same application 
is possible with the PCD3311 with MODE = Vss· 

September 1985 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined 
by Philips. 
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DESCRIPTION 
The PCD3315 is a single chip CMOS 
dialer IC for telephone sets. It has two 
dialing modes: pulse dialing (PD), and 
dual tone multi-frequency (DTMF) when 
used in conjunction with tone generator 
PCD3312. As well as manual dialing it 
also features several automatic func­
tions, e.g. redial, extended redial, note­
pad and repertory dial. 

FEATURES 
• Pulse dlallng 
• DTMF dlal control of tone 

generator PCD3312 
• Redlal 
• Extended redial 
• Electronic notepad 
•Ten repertory dial numbers 
• 18-dlglt capacity for each 

autodlal memory 
• Maximum of 36 digits per call 
• Flash or register recall 
• Uses standard 4 x 4 keyboard 

(single or double contact) 
• Four extra function keys: 

program/autodlal, flash, redial, 
acceu pause 

• Acceu pause generation and 
termination 

• Automatic PABX-dlglt recognition 
resulting In an access pause 
Insertion 

• Hold Input and access pause 
output (APO) to adjust the 
duration of the access pause 
and facllltate use of tone 
recognizers 

• Four diode or strap functions: 
general/German, acceu pause 
time, reset delay time, general: 
mark-apace ratio/German: 
prepulse 

• Manual reset of autodlal RAM 
• On-chip power-on reset 
• Programmed for Improved noise 

Immunity. 
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ORDERING CODE 

Voo=3.0V±5% TA=-25°C to +70°C 

Pins Packages Notes 

PCD3315 P 28 Plastic DIP SOT·117 

PCD3315 T 28 Plastic mini-pack S0-28; SOT-136A 

REFERENCE DATA 

LIMIT 
PARAMETER SYMBOL UNIT 

Min Typ Max 

Operating supply voltage Voo 2.75 6.0 v 
Standby supply voltage Voo 1 v 
Operating currents at V00 = 3.0V 

conversation mode loo 300 =mµA 

Standby supply at Voo = 1.8V; TA= 25°C loo 1.2 =mµA 

Crystal frequency f 3.58 MHz 

Operating ambient temperature range TA -25 +70 oc 

BLOCK DIAGRAM 

.. 
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GENERAL DESCRIPTION 

The PCD3343 is a single-chip 8-bit microcontroller fabricated in CMOS and is a member of the 
PCF8500 family. It has special on-chip features for application in telephone sets. 

PCD3343 

The device is mask programmable, designed to provide telephone dialling facilities such as redial, 
repertory dial, emergency call, keyboard scan and control for liquid crystal display, pulse dial and/or 
DTMF dial via dedicated peripheral. 

Features 
• 8-bit CPU, ROM, RAM, 1/0 in a single 28-lead DI Lor SO package 
• 3 K ROM bytes 
• 224 RAM bytes 
• 20 quasi-bidirectional 1/0 port lines 
• Two test inputs: one of which is also the external interrupt input (CE/TO) 
• Single-level vectored interrupts: external, timer/event counter, serial 1/0 
• Serial 1/0 which can be used in bus systems with more than one master (serial 1/0 data via an 

existing port line and clock via a dedicated line) 
• 8-bit programmable timer/event counter 
• Over 80 instructions (based on MAB8048, MAB8400 and PCF8500) 
• All instructions 1 or 2 cycles 
• Clock frequency 100 kHz to 10 MHz 
• Single supply voltage from 1,8 V to 6 V 
• Low standby voltage and current 
• STOP and ID LE mode 
• On-chip oscillator with output drive capability for peripherals (e.g. PCD3312 DTMF generator) 
• Configuration of all 1/0 port lines individually selected by mask: pull-up, open drain or push-pull 
• Power-on-reset circuit and low supply voltage detection 
• Reset state of all ports individually selected by mask 
• Operating temperature range: -25 to+ 70 oc 

PACKAGE OUTLINES 

PCD3343P: 28-lead DI L; plastic (SOT-1170). 
PCD3343D: 28-lead OIL; ceramic (CERDIP) (SOT-135A). 
PCD3343T: 28-lead mini-pack; plastic (S0-28; SOT-136A). 
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Fig. 1 Block diagram; PCD3343. 
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Advance Information 
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(b) 

224 

Fig. 1 a Replacement of dotted part in Fig. 1, 
for the PCF8500F bond-out version. 

Fig. 1 b Replacement of dotted part in Fig. 1, 
for the PCF8500B 'Piggy-back' version. 
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PINNING 
P22 Voo 

P23 P21 

SCLK P20 

POO P17 

POT P16 

P02 P15 

P03 P14 
PCD3343 

P04 P13 

P05 P12 

,/ P06 P11 

P07 PTO 

CE/TO RESET 

T1 XTAL2 

Vss XTAL1 

Note CE/TO is labelled INT/TO on the PCF8500B and has inverted polarity. 7Z87783 

Fig. 2 Pinning diagram: PCD3343 and bottom pinning PCF8500B. 

PIN DESIGNATION 

3 SCLK 

4-11 POO-P07 

12 CE/TO 

13 Tl 

14 Vss 
15 XTAL 1 

16 XTAL2 

17 RESET 

18-25 P10-P17 

26,27, 1,2 P20-P23 

28 Voo 

Clock: bidirectional clock for serial 1/0. 
Port 0: 8-bit quasi-bidirectional 1/0 port. 

Interrupt/Test 0: external interrupt input (sensitive to positive-going 
edge)/test input pin; when used as a test input directly tested by 
conditional branch instructions JTO and JNTO. 

Test 1: test input pin, directly tested by conditional branch instructions 
JTl and JNTl. Tl also functions as an input to the 8-bit timer/event 
counter, using the STAT CNT instruction. 

Ground: circuit earth potential. 

Crystal input: connection to timing component (crystal) which determines 
the frequency of the internal oscillator; also the input for an external 
clock source. 

connection to the other side of the timing component. 

Reset input: used to initialize the processor (active HIGH), or output of 
power-on-reset circuit. 

Port 1: 8-bit quasi-bidirectional 1/0 port. 

Port 2: 4-bit quasi-bidirectional 1/0 port. P23 is the serial data 
input/output in serial 1/0 mode. 

Power supply: 1,8 V to 6 V. 
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PINNING (continued) 

PCF85008 ~ 
Voo 

Voo 

A. 
AO-A12 K AO-A12 

(address bus) 

~ 
Voo 

AB 

D0-07 D0-07 

(data bus) --v 

~ EPROM 

A9 
max. 8 K bytes PCFBSOOB SCLK 

C'E 
PSEN BOND OUT CHIP 

A11 Tl 

Vss 
INTITO 

A10 

RESET 
PSEN 

AO 07 XTAL1 

06 XTAL2 
Vss Voo 

01 05 Voo 

02 04 
Vss 

Vss 03 

7Z87784 

7Z87786 

Fig. 3 Pinning diagram: PCF8500B 
'Piggy-back' version top pinning; 

Fig. 3a Connection of EPROM to 
'Piggy-back' package PCF8500B. 

to access a 2732 or 2764 EPROM. 

PIN DESIGNATION 

14,22 

1, 26-28 

10-3, 25, 24, 21, 23, 2 

11-13, 15-19 

20 

Notes 

Vss 
Voo 
A0-A12 

D0-07 

PSEN 

Ground 

Power supply 

Address outputs 

Data 

Program store enable 

1. RAM capacity of PCF8500B is 25& bytes. 

2. Access time for ROMS/EPROMS to be below 7 x 1/fxTAL· 

3. Pin 12 CE/TO is on the PCF8500B, inverted and labelled INT/TO. 
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FUNCTIONAL DESCRIPTION 

Bond-out version PCF8500F 

PCD3343 

The PCF8500F is a microcontroller that contains no on-board ROM, but has all address and data lines 
brought-out to access an external ROM or EPROM. This version has more pins than the PCD3343 
with on-board ROM (see Fig. 1a). The RAM has 256 bytes. It can address 8 K bytes of ROM. 

'Piggy-back' version PCF8500B 

The PCF8500B is a special package that has standard pinning to the bottom which facilitates insertion 
as a mask-programmed device. An EPROM can be mounted on top in an additional socket. The total 
package height is greater than the standard DI L package. The RAM has 256 bytes and can also address 
8 K bytes of program memory. 

Program memory PCD3343 

The program memory consists of 3072 bytes (8-bit words), in a read-only memory (ROM). Each 
location is directly addressable by the program counter. The memory is mask-programmed at the 
factory. Figure 4 shows the program memory map. 

Four program memory locations are of special importance: 

• Location O; contains the first instruction to be executed after the processor is initialized (RESET), 
• Location 3; contains the first byte of an external interrupt service subroutine, 
• Location 5; contains the first byte of a serial 1/0 interrupt service subroutine, 
• Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 

Program memory is arranged in banks of 2 K bytes, which are selected by SE L MB instructions. The 
program memory is further divided into location 'pages', each of 256 bytes. This latter division applies 
only for conditional branches. Memory bank boundaries can be crossed only by using the unconditional 
branch instructions after the appropriate memory bank has been selected. A CALL instruction can 
transfer control to a subroutine on any 'page'; RET and RETR instructions can transfer control from 
a subroutine back to the main program. 

Data memory PCD3343 

Data memory consists of 224 bytes (8-bit words), random-access data memory (RAM). All locations 
are indirectly addressable using RAM pointer registers; up to 16 designated locations are directly 
addressable. Memory also includes an 8-level program counter stack addressed by a 3-bit stack pointer. 
Figure 5 shows the data memory map. 

Working registers 

Locations 0 to 7 are designated as working registers, directly addressable by the direct register 
instructions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate 
their contents, makes these locations suitable for storing frequently addressed intermediate results. 
This bank of registers can be selected by the SE L RBO instruction. 

Executing the select register bank instruction SE L RB 1, designates locations 24 to 31 as working 
registers, instead of locations 0 to 7, and these are then directly addressable. This second bank of 
working registers may be used as an extension of the first or reserved for use during interrupt service 
subroutines saving the first bank for use in the main program. If the second bank is not used, locations 
24 to 31 may serve as general purpose RAM. 

The first locations of each bank contain the RAM pointer registers RO, R1, RO' and R1', which 
indirectly address all RAM locations. 

All RAM locations make efficient program loop counters when used with the decrement register and 
test instruction DJNZ. 
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FUNCTIONAL DESCRIPTION (continued) 

PCD3343 3071 r) 'H' SELMB1 
2048 t 
2047 --i 

SEL MBO 
: ; : : 

I 1 I The program memory of PCF8500 
from 4 K to 8 K can be used 

:~ : 

via SEL MB2 and SEL MB3 
instructions 

81------1 
7 location 7: timer/counter interrupt vector 

61------1 
5 location 5: serial I /O interrupt vector 

41------1 
t------< location 3 : external interrupt vector 

21------1 
11------1 
0 location 0 : reset vector 7ZB7786 

Fig. 4 Program memory map. 

Program counter stack 

PCF8500B 

PCD3343 

Advance Information 

PCD3343 

:::l' -~~:JI 1 addressed 

~ ; : th:~~~~e~~Ynters 

32 
31 

25 
24 

23 

8 
7 

1 
0 

: 
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WORKING 

REGISTERS 
8x8 

R1' 
RO' 

8 LEVEL 

~: ST~rCK :f 
USER RAM 

16x 8 

BANK 0 
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l;lEGISTERS 
8x8 

R1 
RO 

RO, R1, RO', R1' 

directly 
addressable 
when bank 1 
ls selected 

directly 
addressable 
when bank 0 
is selected 

7ZB7787 

Fig. 5 Data memory map. 

Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per level), or as 
general purpose RAM. The program counter stack (Fig. 6) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the pro§ram counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 

The stack pointer, when initialized to 000 by RESET, points to RAM locations 8 and 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 

At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 

If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. Possible locations from 32 to 223 may be 
used for storage of program variables or data. 

Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and lost 
since the stack pointer overflows from 111 to 000. It also underflows from 000 to 111. 
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The value of the saved contents of the program counter is different for an interrupt CALL compared 
to a normal CALL to subroutine. With an interrupt CALL, the program counter return address is 
saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. 

IDLE and STOP modes 

IDLE mode 

STACK 
POINTER 

111 

11 0 

101 

1 00 

011 

01 0 

001 

000 

7Z87323 

] R23 

+ 22 
21 

+ + 
+ 

20 
19 
18 

17 

] 
] 
] 
] 
] 
] 
.I 

PswzjPswSJ:Pc12:]Psw~PC1 {!:c1ij Peg }Pea 
Pc,j PceJ Pcsj_Pc4}PcaJ Pc2JPcijPco 

16 
15 
14 
13 
12 
11 

10 
9 

RS 
MSB LSB 

Fig. 6 Program counter stack. 

When the microcontroller enters the I OLE mode via the I OLE instruction (H'01 ')the oscillator, 
timer/counter and serial 1/0 are kept running. The microcontroller exits from the ID LE mode by one 
of three interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the 
processor will remain in the IDLE mode. An active signal on the RESET pin restarts the micro­
controller and a normal RESET sequence is executed (see Fig. 7). 

~ 
NORMAL MODE ~ IDLE MODE 

program 
counter= 0 

i NORMAL MODE 

0"":~::: I I I 11111111111111111111111111111:~ 111111111~II1111111111111111111111111111111 

_1 IRES 1_ 1866 --
> 1 µs clock periods 7Z877B8 

Fig. 7 Exit from IDLE mode via a RESET. 
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FUNCTIONAL DESCRIPTION (continued) 

An active signal coming from an enabled interrupt causes the execution of the normal interrupt 
routine since normal interrupt scanning is still being carried out. A LOW-to-HIGH transition on the 
external interrupt pin (CE/TO) reactivates the microcontroller. A HIGH level applied to CE/TO will 
reactivate the microcontroller only in the STOP mode. Thus, if CE/TO was HIGH before the micro­
controller entered the ID LE mode, it must go LOW before the microcontroller can be reactivated 
(see Fig. 8). 

PROGRAM FLOW 

OSCILLATOR 

CE/To 

program 

IDLE MODE ---1 counte; = 003 

_N_O_R_MA_L_M_O_D_E---t----;,' r NORMAL MODE 

11111111111111111111111111111 I I I ,, I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

'-""'-'WZ1'-'-'-'~J..<J..W~/.\..___--!:: $lll~}7$#;1$/#ff !luA 
''_j >4 \_ :J_ 60 _j 

clock clock 
periods periods 

clock 
periods 

Fig. 8 Exit from IDLE mode via an interrupt. 

7ZB7789 

Wake-up from the IDLE mode is ensured when CE/TO is LOW for 4 CP (clock periods) followed by a 
HIGH for 7 CP. After the initial forced CALL H'003' operation (60 CP) the program continues with 
the external interrupt service routine. 

STOP mode 
The microcontroller enters the STOP mode by the STOP instruction (H'22'). The oscillator is switched 
off. The internal status of the CPU, RAM contents and the state of 1/0 ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 9). 

If the microcontroller exits from the STOP mode by activating RESET, a normal RESET sequence is 
executed. 

@_D 
NORMAL MODE i STOP MODE 

program counter = 
0 or 003 

i NORMAL MODE 
PROGRAM FLOW -------+-----< 1------------t------

OSCILLATOR 11111111111111111111 

RESET 

OR 

CE/TO W/$1/A 

(( 

" 

I 
111111111111111111111111111111111111111 

j tRES 1- 1866 
;::>: 1 µs clock periods 

r~~-'"'~f..i.l..i..l...t.l..!.~"41JJ..l..f..i.l..i..1...t.1..!.~U 

_I t1NT I_ 1866 -
;::>: 1 µs clock periods 7Z87790 

Fig. 9 Entering and exiting the STOP mode. 
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If the microcontroller exits the STOP mode by pulling the external interrupt input pin HIGH, an 
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro­
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. If the interrupt is not enabled, it continues the normal program sequence, executing the 
instruction following the STOP instruction. 

The microcontroller is restarted by a HIGH level applied at the CE/TO pin, and not by a LOW-to-HIGH 
transition as in a normal interrupt mechanism. 

When the CE/TO level is active during the STOP instruction then no STOP is executed. 

A HIGH level on the external interrupt input of at least 1 µswill cause the microcontroller to exit the 
STOP mode. 

1/0 facilities 

The PCD3343 family has 23 1/0 lines arranged as: 

• Port 0 
• Port 1 
• Port 2 

parallel port of 8 lines (POO to P07) 
parallel port of 8 lines (P10 to P17) 
parallel port of 4 lines (P20 to P23) 

• SCLK serial 1/0 consisting of a data line shared with a parallel port line (P23) and a separate 
clock line SCLK 

• CE/TO external interrupt and test input. When used as a test input can be directly tested by 
conditional branch instructions JTO and JNTO 

• T1 test input which can alter program sequences when tested by conditional jump instructions 
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event counter. 

Parallel ports 

All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
Output data written to a port is latched and remains unchanged until rewritten. 
Input data is not latched and so must be present until read by an input instruction. 

Input lines are fully CMOS compatible, output lines can drive one LS-TTL or CMOS load. 

I CYCLE 1----1 CYCLE 2 I 
TIME 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 
SLOT.__..__.__.__..__.___._.__...._....__.__.__.__.___._.__~,__.__,.__.___. 

I 
I 
I 
I 
I 
: ANL 
1/0RL 

PO,P1,P2 ______ ...,,x,....---D-A_T_A_O_UT-----.x _____ _ 

ALL PORTS FOR IN AND OUTL INSTRUCTIONS 

7Z87791 

Fig. 10 Timing diagram of all ports on IN and OUTL instructions; for ANL and ORL instructions, 
the ports change on the time slot 7 of cycle 2. 

Fig. 11 shows the quasi-bidirectional 1/0 interface with push-pull output and switched pull-up current 
source. 

Each line is pulled up to Voo via a constant current source (TR4), which is enabled via TR3 whenever 
one of the two output latches contains a logic 1. This current provides sufficient source current for a 
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FUNCTIONAL DESCRIPTION (continued) 

TTL HIGH level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to 
be used for both input and output. 

When a logic 1 is written to the line for the first time (MO= 1, SO= O), TR2 is switched on for the 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic 0 to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same port which 
might be in the input mode and also connected to ground. 

When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 
is provided by TR 1, which is now switched on. When used as an input, a logic 1 must first be written 
to the line, otherwise TR1 will remain low impedance. 

In telephone applications this switched pull-up source may not be sufficient. Therefore the PCD3343 
offers the possibility to select individually 19 of the 20 parallel port pins (not P23), by the following 
mask options: 

Option 1- STANDARD PORT; quasi-bidirectional 1/0 with switched pull-up current source of 100 µA 
(typ.) and P-channel booster transistor TR2 (1,5 mA). TR2 is only active during 1 clock 
cycle (0,28 µsat 3,58 MHz). 

Option 2- OPEN DRAIN; quasi-bidirectional 1/0 with only an N-channel open drain output. 
Application as an output requires connection of an external pull-up resistor (Fig. 12). 

Option 3- PUSH-PU LL OUTPUT; drive capability of the output will be 1,5 mA (typ.) at VDD = 3 V 
in both polarities. To avoid a large current flowing through the output transistors during the 
input mode, these push-pull pins must only be used as outputs (Fig. 13). 

Also, individual mask selection of the RESET state of these port pins can be achieved by appending 
the following options S and R to options 1, 2 or 3. 

Option S-SET; after RESET this pin will be initialized to HIGH. 

Option R-RESET; after RESET this pin will be initialized to LOW. 

WRITE PULSE --------~ 

DATA BUS ----+-I 

D MQ .--,...---.D Sa 

TRI 

RESET 

ORL/ANL 

IN 

current 
source 

7287792 

Fig. 11 Standard output with switched pull-up current source. 
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WRITE PULSE ------------, 

SET 

DATA BUS ------+--ID MQl---+--ID SQ 

D MQ D SQ 

RESET 

ORL/ANL 

IN 

Fig. 12 Open drain output. 

WRITE PULSE------------, 

SET 

DATA BUS --+----+--< 

D MQl---1----ID SQ 

RESET 

ORL/ANL 

IN 

Fig. 13 Push-pull output. 
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FUNCTIONAL DESCRIPTION (continued) 

Serial 1/0 (SIO) 

The PCD3343 has an on-chip serial 1/0 interface. This SIO interface is a versatile feature in an 
intelligent telephone set, as shown in application diagram Fig. 32. 

In this application the SIO is used to communicate with the different peripherals, such as: 

• DTMF generator (PCD3312) 
• LCD drivers (PCF8577) 
• External RAM (PCD8571) 
• Clock calendar (PCB8573) 

No extra hardware is required for decoding, addressing and data processing. 

PCD3343 

Whereas a normal microcontroller must regularly monitor the serial data bus for the presence of data, 
the serial 1/0 interface detects, receives and converts the serial data stream into parallel format without 
interrupting the execution of the current program. An interrupt is sent to the PCD3343 only when a 
complete byte is received. It then reads the data byte in one instruction. Likewise during transmission 
the serial 1/0 interface performs parallel to serial conversion and subsequent serial output of the data. 
The microcontroller is only interrupted in the execution of its programmed tasks when a complete 
byte has been transmitted. 

The design of the PCD3343 serial 1/0 system allows any number of devices from PCF8500 family 
(clips) to be connected via the two-line serial bus. The ability of any devices to communicate, without 
interrupting the operation of any other devices on the bus, is an outstanding attribute of the system. 
This is achieved by allocating a specific 7-bit address to each device and providing a system whereby a 
device reacts only to a message prefixed with its own address or the 'general CALL' address. 
Address recognition is performed by the interface hardware so that operation of the microcontroller 
need only be interrupted when a valid address has been received. This saves significant processing time 
and memory space compared with a conventional microcontroller employing a software serial interface. 
When the addressing facility is not required, for instance in a system with only two microcontroll!'lrs, 
direct data transfer without addressing can be performed. In multi-master systems, an automatically 
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission. 

In NORMAL (running) and I OLE mode, the serial 1/0 logic remains active; its internal system clock 
will be switched off when there is no activity on the serial bus. 

After execution of the STOP instruction, the oscillator of the PCD3343 is switched off. This means 
that the serial 1/0 logic will remain in the state it was at the occurance of the STOP instruction. To 
avoid "bus block" problems and to assure correct start-up of the bus after exit from the STOP mode, 
the user should disable the serial logic (ESQ= 0) prior to the execution qf the STOP instruction. This 
must be carried out only when the PCD3343 has finished a serial data transfer. 

Serial 1/0 interface 

Figure 14 shows the serial 1/0 interface. The clock line of the serial bus has exclusive use of pin 3 
(SCLK) while the data line shares pin 2 (serial data) with the 1/0 line P23 of port 2. When the serial 
1/0 is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain). 

The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and inforr;,ation controlling the operation of the interface are stored in 
four registers: ' , . 

• Data shift register (SO) 
• Serial 1/0 interface status word (S1) 
• Serial clock control word (S2) 
• Address register 
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Data shift register (SO) 

Register SO converts serial data to parallel format and vice versa. A pending interrupt is generated only 
after a complete byte has been transmitted, or after a complete data byte, specific address or 'general 
CALL' address has been received. The most significant bit is transmitted first. 

Serial 1/0 interface status word (S 1) 

Register S1 provides information concerning the state of the interface and stores information from the 
microcontroller. Bits 0 to 3 are duplicated: control bits in these positions can only be written by the 
microcontroller, while interface bits can only be read. 

MST and TRX (see Table 1) 

These bits determine the operating mode of the serial 1/0 interface. 

Table 1 Operating modes of the serial 1/0 interface 

MST TRX operating mode 

0 0 slave receiver 
1 0 master receiver 
0 1 slave transmitter 
1 1 master transmitter 

BB: Bus Busy. 

This is the flag which indicates the status of the bus. 

PIN: Pending Interrupt Not 

PIN= 'O' indicates the presence of a pending interrupt, which will cause a Serial Interrupt Request 
when the serial interrupt mechanism is enabled. 

ESQ: Enable Serial output 

The ESO flag enables/disables the serial 1/0 interface: ESO = '1' enables, ESQ= 'O' disables. ESO can 
only be written by software. 

BCO, BC1 and BC2 

Bits BCO, BC1 and BC2 indicate the number of bits received or transmitted in a data stream. These 
bits can only be written by software. 

AL: Arbitration Lost 

The arbitration lost flag is set by hardware when the serial 1/0 interface, as master transmitter, loses a 
bus arbitration procedure. 

AAS: Addressed As Slave 

This flag is set by hardware when the interface detects either its own specific address or the 'general 
CALL' address as the first byte of a transfer and the interface has been programmed to operate in the 
address recognition mode. 

ADO: Address Zero 

This flag is set by hardware after detection of the 'general CALL' address when the interface is operating 
in the address recognition mode. 

LRB: Last Received Bit 
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FUNCTIONAL DESCRIPTION (continued) 

This contains either the last data bit received or, for a transmitting device in the acknowledgement 
mode, the acknowledgement signal from the receiving device. 

Bits AL, AAS, ADO and LRB can only be read by software. 

Serial clock control word (S2) 

Bits 0 to 4 of the clock control register S2 are used to set the frequency of the serial clock signal. When 
a 3,58 MHz crystal is used, the frequency of the serial clock can be varied between 92 kHz and 580 Hz 
(see Table 2). An asymmetrical clock with a HIGH-to-LOW ratio of 3: 1 can be generated using bit 5. 
The asymmetrical clock allows a microcontroller more time per clock period for sampling the data line, 
making the timing of this action less critical. Bit 6 can be used to activate the acknowledge mode of 
the serial 1/0. S2 is a write only register. 

Address register 

The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO, 
#data instructions, but only when ESQ= 'O'. 

Serial 1/0 interrupt logic 

An EN SI instruction enables and a DIS SI instruction disables the interrupt logic. When the logic is 
enabled, a pending interrupt results in a serial 1/0 interrupt to the processor, causing a CALL to 
location 5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in S1, 
allowing the interrupt to be serviced. However, vectored interrupt will not occur. 
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Table 2 SIO clock pulse frequency control when using a 3,58 MHz crystal 

hexadecimal fscLK (kHz) 
S20-S24 code divisor (approximate) 

0 not allowed 
1 39 92 
2 45 80 
3 51 70 
4 63 57 
5 75 48 
6 87 41 
7 99 36 
8 123 29 
9 147 24 
A 171 21 
B 195 18 5 
c 243 15 
D 291 12 
E 339 11 
F 387 9,2 
10 483 7,4 
11 579 6,2 
12 675 5,3 
13 771 4,6 
14 963 3,7 
15 1155 3, 1 
16 1347 2,7 
17 1539 2,3 
18 1923 1,9 
19 2307 1,6 
1A 2691 1,3 
18 3075 1,2 
1C 3843 0,93 
1D 4611 0,78 
1E 5379 0,67 
1F 6147 0,58 
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FUNCTIONAL DESCRIPTION (continued) 

Table 3 Serial 1/0 addresses for telephony peripherals 

address 
type 7 6 5 4 3 2 1 0 description 

PCF8570A 1 0 1 0 A2 A1 x RiW 2 KRAM 
PCF8570 1 0 1 0 A2 A1 AO R/W 2 KRAM 
PCD8571 1 0 1 0 A2 A1 AO R/W 1 KRAM 
PCD3311 0 1 0 0 1 0 AO R/W DTMF dialler 
PCD3312 0 1 0 0 1 0 AO R/W DTMF dialler 
PCE2111 0 0 0 0 0 0 1 0 LCD driver* 
PCD8573 1 1 0 1 0 A1 AO R/W clock calendar 
PCF8574 0 0 1 1 A2 A1 AO R/W 8-bit 1/0 expander 
PCF8576 0 1 1 1 0 0 SAO R/W 1 : 4 LCD driver 
PCF8577 0 1 1 1 0 1 0 R/W 1 : 2 LCD driver 

* LCD driver requires an additional enable line. 
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FUNCTIONAL DESCRIPTION (continued) 

Interrupts (see Fig. 15) 

PCD3343 

When the external interrupt is enabled, a LOW-to-HIGH transition on the CE/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location 3 following 
completion of the current instruction. 
The interrupt must remain enabled until the interrupt instruction is completed, otherwise the next 
instruction of the main program will be executed. Serial 1/0 interrupt, when enabled, causes a CALL 
to location 5, and a timer/event counter overflow forces a CALL to location 7 when the timer 
interrupt is enabled. 

When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt 
subroutines must reside in memory bank 0. 

Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of the occurance of a 
second interrupt during the running of the first routine. If 2 or 3 interrupts occur simultaneously, 
their priority is: 

• ( 1) external 
• (2) serial 1/0 
• (3) timer/event counter 

An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to ( H'F F'), then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7. 

On execution of a DIS I instruction, the PCD3343 always clears the digital filter/latch and the 
External Interrupt Flag. 

The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 

The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled. 

The microcontroller will exit the IDLE mode when any one of the following three interrupts is enabled: 

• External 
• Serial 1/0 
• Timer/event counter 

There is no internal pull-up or pull-down device connected to the external interrupt input (pin 12). 
If required pin 12 must be externally connected to a resistor (R ~ 100 kn). When the external 
interrupt is not used pin 12 must be connected to Vss· 
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Fig. 15 Interrupt logic. 

1. CE/TO positive edge is always latched in the digital filter/latch. 

Advance Information 

PCD3343 
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2. Correct interrupt timing in ensured when CE/TO is LOW for> 4 CP followed by a HIGH for> 7 CP. 
3. When the interrupt in progress flag is set, further interrupts are latched but ignored, until RETR is 

executed. 
4. A DIS I instruction always clears a pending external interrupt. 
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FUNCTIONAL DESCRIPTION (continued) 

Oscillator (see F i g. 16) 

Advance Information 

PCD3343 

The 3,58 MHz oscillator can be inhibited by the STOP instruction under software control. It is also 
inhibited when a low-voltage condition is present to prevent discharge of a weak back-up battery. 

Provided the supply voltage is within the operating range, the oscillator will be restarted after a STOP 
instruction by a HIGH level at either the CE/TO or RESET pin. 

PCD3343 
inhibit 

15 16 

3,58 MHz 7287795 

Fig. 16 Oscillator with integrated elements. 

The oscillator has the output drive capability for the DTMF generator (PCD3311/3312) via pin 16 
(XTAL 2). An external clock can be applied to pin 15 (XTAL 1 ). A machine cycle consists of 10 time 
slots, each time slot being 3 oscillator periods. 

In telephony applications the 3,58 MHz crystal provides a 8,4 µs machine cycle. The range of the clock 
frequency is from 100 kHz up to a maximum which is a function of the supply voltage (see Fig. 23). 

Timer/event counter (see Fig. 17) 

PRE SCALER 
XTA_L_+-30~...-.~ +32 

I internal clock 
frequency I cleared on 

start timer 

PS=l PS=O 

load or read 

EDGE 
DETECTOR 

A 

! 
B·BIT 

TIMER/ 
EVENT 

COUNTER 

A= START TIMER cleared 
B =START COUNTER on reset 
C =STOP TIMER/COUNTER 

Fig. 17 Timer/event counter. 

jump if 
timer flag 

= 1 

7289148 

An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. Table 4 gives the instructions that control the counter and the prescaler, and 
the functions performed. 
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Table 4 Timer/event counter control 

timer mode 
function modulo-1, modulo-32* counter mode 

CLEAR MOV T,A (A) = 0 MOV T,A (A) = 0 
or RESET or RESET 

PRESET MOVT,A MOVT,A 
START STRTT STRTCNT 
STOP STOPTCNT STOPTCNT 

or RESET or RESET 
TEST JTF/JNTF JTF/JNTF 
READ** MOV A,T MOVA,T 

When used as a timer, the input to the counter is either the overflow or input of a 5-bit prescaler. 5 
When used as an event counter, LOW-to-HIGH transitions on pin 13 (T1) are counted. The maximum 
rate at which the counter may be incremented is once every machine cycle (182,6 kHz for a 8,4 µs 
machine cycle). When the counter overflows, the timer flag is set. The flag can be tested and reset using 
the JTF (jump if timer flag= 1) or JNTF instruction. Overflow also generates an interrupt to the 
processor via setting of the Timer lnterrpt Flag when the timer/event counter interrupt is enabled. 

Program status word (see Fig. 18) 

The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about 
the current status of the microcontroller. 
The PSW bits are: 

• Bits 0 to 2 stack pointer bits (SPo, SP1, SP2l 
• Bit 3 prescaler select (PS); 

• Bit 4 

• Bit 5 

0 = modulo-32; 1 = modulo-1 (no prescaling) 
working register bank select (RBS); 
0 = register bank O; 1 = register bank 1 
not used (1) 

• Bit6 auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by the 
decimal adjust instruction DA A 

• Bit 7 carry (CY); the carry flag indicates that previous operation has resulted in an 
overflow of the accumulator. 

saved in 
the stack 
~ 

7 6 
MSB 

saved in 
the stack stack pointer 
~ 

0 
LSB 

7289149 

Fig. 18 Program status word. 

* With prescaler select, PS= 0, the timer counts modulo-32 machine cycles, with PS= 1 it counts 
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable. 

** READ does not disturb the counting process. 
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FUNCTIONAL DESCRIPTION (continued) 

Program status word (continued) 

Advance Information 

PCD3343 

All bits can be read using the MOVA, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSW, A instruction, and 
bits 0, 1 and 2 by the CALL, RET or RETR instructions and in the event of an interrupt. Bits 7, 6 and 
4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 
in the PSW with a RETR (return and restore) instruction which must be used at the end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 
be used at the end of an interrupt. 

Program counter (see Fig. 19) 

A 13-bit program counter is used to facilitate 8 K bytes of ROM being addressed. The arrangement of 
the bits is shown in figure 19. During an interrupt subroutine PC11 and PC12 are forced to logic 0. 
All 13 bits are saved in the stack during CALL and interrupt routines. 

Central processing unit 

PC12 PC11 PC10 PC9 PCs PC7 PCe PC5 PC4 PC3 PC2 PC1 PCo 

lL Conventional Program Counter 

• counts OOOH to 7FFH 
• overflows 7 FFH to OOOH 

JMP or CALL instructions transfer the 
contents of internal flipflop MBFFO to PC11 

7Z89150 

and MBFF 1 to PC12 

• (MBFFO) +- 0 by SELMBO or RESET 
(MBFF1) <-- 0 

o (MBFFO) +- 1 by SEL MB1 
(MBFF 1) <-- 0 

o (MBFFO) +- ObySELMB2 
(MBFF 1) <-- 1 

• (MBFFO) <-- 1 by SELMB3 
(MBFF1 I <-- 1 

Fig. 19 Program counter. 

The PCD3343 has arithmetic, logical an::l branching capabilities. The DA A, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 

Conditional branch logic 

The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user's program. Table 5 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents 
of the accumulator. 
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Table 5 Conditional branches 

test jump condition jump instruction 

accumulator all bits zero JZ 
any bit non-zero JNZ 

accumulator bit test 1 JBO to JB7 
carry flag 1 JC 

0 JNC 
timer overflow flag 1 JTF 

0 JNTF 
test input TO 1 JNTO 

0 JTO* 
test input T1 1 JT1 

0 JNT1 
register non-zero DJNZ 

Test input T1 (pin 13) 

The T1 input line can be used as: 

• A test input for branch instructions JT1 and JNT1 
• An external input to the event counter 

When used as a test input: 

• JT1 instruction tests for logic 1 level 
• JNT1 instruction tests for logic 0 level 

When used as an input to the event counter, T1 must be LOW for> 4 CP, followed by a HIGH for 
> 4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
(1 machine cycle). 

There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be 
externally connected to a resistor ( R = .;;;; 100 kn). When T1 is not used pin 13 must be connected to 

VDD or Vss· 

Reset (pin 17) 
A positive-going signal on the RESET input/output: 

• Sets the program counter to zero 
• Selects location 0 of memory band 0 and register bank 0 
• Sets the stack pointer to zero (000); pointing to RAM address 8 
• Disables the interrupts (external, timer and serial 1/0) 
• Stops the timer/event counter, then sets it to zero 
• Sets the timer prescaler to modulo-32 
• Resets the timer flag 
• Sets all ports according to reset states 
• Sets the serial 1/0 to slave receiver mode and disables the serial 1/0 
• Cancels IDLE and STOP mode 

After the voltage is applied to RESET an internal delay of 1866 CP is introduced before the micro­
controller commences operation. 

* Because of the inverted interrupt input CE/TO the conditional jump JTO is also inverted. 
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FUNCTIONAL DESCRIPTION (continued) 

Power-on-reset and low-voltage detection (see Fig. 20) 

Advance Information 

PCD3343 

In telephony applications, correct operation of the PCD3343 during moments of slowly changing 
supply voltages and low-voltage conditions is essential. This is achieved by the addition of an internal 
power-on-reset and low-voltage detection circuit. 
To allow an external RESET signal being fed into the PCD3343, the reset pin (pin 17) has been 
configured as an input/output. 

While a reset condition exists in the detection circuit, pin 17 is pulled HIGH by TR1 controlled by the 
reset circuit. 
When the reset condition is not present a pull-down current source (TR2) will be activated. TR2 forces 
pin 17 LOW thus removing the RESET signal from the microcontroller. 

Since the level at pin 17 is recognized by the microcontroller, the reset time constant can be stretched 
by connecting an external capacitor between Voo and pin 17 (see Fig. 22). 

The signal at pin 17 can also be used as an output to reset other devices in the system. 

The internal reset circuit monitors the PCD3343 supply voltage. If the voltage drops below the 
switching level (typ. 1,3 V), a reset (HIGH) is applied to pin 17. This reset is removed (pin 17 goes 
LOW). after a fixed delay (!dl. when the supply voltage rises above the switching level again. The delay 
ensures a complete reset even when the supply voltage quickly rises above switching level after initial 
switch-on. 

During a low-voltage condition the oscillator is inhibited to prevent complete discharge of a weak 
battery. The timing of the power-on-reset and low-voltage detection circuit is shown in figure 21. 

28 
Voo 

oscillator 
inhibit 

TR1 

POWER LI" p 
v,.1-+ ON 

JL RESET 17 
RESET 

TR2 
current 

,,,J" 
source 
(10µA) 

PCD3343 internal ,n reset 

Vss 

7Z87796 

Fig. 20 Power-on-reset configuration. 
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3V low voltage condition 

SUPPLY VOLTAGE VRESETt--~-:71"~~~~~~~~~~~~....,..::-~~~~~~~-r-~~~~~~-

0 

Vooi-----.... ;-------------.,...-.... 
RESET 

Voor---;~-::t;;..------------r----
OSCILLATOR (1) I (2) 

-tdl_ 
(1) (3) 

Where: ( 1) Oscillator inhibited 
(2) Oscillator starting 
(3) Oscillator running, but may be stopped with a STOP condition 

Fig. 21 Timing of power-on-reset and low-voltage detection. 

28 Voo 

oscillator 
inhibit 

TR1 Creset 
POWER "lJ"" p 

Vref-+ ON 
JL RESET 17 RESET 

TR2 
current 

,.,J" source 
(10µA) 

.;;100 
PCD3343 internal kn 

,n 

reset 

14 

Vss 

Fig. 22 Stretched power-on-reset with external capacitor. 
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INSTRUCTION SET 

The PCD3343 instruction set consists of over 80 one and two byte instructions and is based on the 
MAB8048 instruction set. New instructions include those for serial 1/0 operation and memory bank 
selection. Program code efficiency is high because all RAM locations and all ROM locations on a 
256 byte page require only a single byte address. 

Table 8 gives the instruction set of the PCD3343. Table 7 shows the instruction map and Table 6 
details the symbols and definition descriptions that are used. 

Table 6 Symbols and definitions used in Table 8 

symbol definition description 

A accumulator 
addr program memory address 
Bb bit designation (b = 0-7) 
RBS register bank select 
c carry bit (bit CY) 
CNT event counter 
D mnemonic for 4-bit digit (nibble) 
data 8-bit number or expression 
I interrupt 
MB memory bank 
MBFF memory bank flip-flop 
p mnemonic for 'in-page' operation 
PC program counter 
Pp port designation (p = 0, 1 or 2) 
PSW program status word 
RB register bank 
Rr register designation (r = 0-7) 
Sn serial 1/0 register 
SP stack pointer 
T timer 
TF timer flag 
TO, T1 test 0 and 1 inputs 
# immediate data prefix 
@ indirect address prefix 
(X) contents of X 
((X)) contents of location addressed by X 
+- is replaced by 
~ is exchanged with 
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Table 7 PCD3343 instruction map 
f ~~ -------- I 

1 [first hexadecimal character of opcode 1 
: second hexadecimal character of opcode : 

I ================================================================================================================================I 
llD1112131415161718191Al81CIDIEIFI 
1===================================================================================================================================1 
I D I NOP I IDLE I I ADD I JMP I EN I I JNTF I DEC A I IN AoPp I I llOV AoSn I I 
I I I I I A, ldat a I page DI I addr I I D I 1 I 2 I I D I 1 I I I 
1-----------------------------------------------------------------------------------------------------------------------------------1 
I 1 I INC iRr I JBD I ADDC I CALL I DIS I I JTF I INC A I INC Rr I 
I I D I 1 I addr I A, ldat a I page DI I addr I I D I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
I 2 I X CH A, iRr I STOP I llOV I J llP I EN I J NTD I CL R A I X CH A, Rr I 
I I D I 1 I IA,ldatal page 11 TCNTI I addr I I D I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------I 
I 3 I XCHD AoiRr I JB1 I I CALL I DIS I JTD I CPL A I OUTL PpoA I I llOV Sn•A I I 
I I D I 1 I addr I I page 11 TCNTI I addr I I D I 1 I 2 I I D I 1 I 2 I I 
1-----------------------------------------------------------------------------------------------------------------------------------I 
I 4 I ORL AoiRr I MOV I ORL I JllP I STRT I JNT1 I SWAP I ORL AoRr I 
I I 0 I 1 I A, T I A, ldat a I page 21 CNT I iiddr I A I 0 I 1 I 2 I J I 4 I 5 I b I 7 I 

1----------------------------------------------------------------------------------------------------------------
1 5 I ANL A•iRr I J82 I ANL I CALL I STRT I JT1 I DA A I ANL A.Rr 
I I 0 I 1 I addr I A, ldat a I page 21 T I addr I I 0 I 1 I 2 I J I 4 I 5 

--------------
I 6 I ADD A.aRr I 110V I I JMP I STOP I I RRC A I ADO A.Rr 
I I D I 1 I T,A I I page 31 TCNT I I I 0 I 1 I 2 I 3 I 4 I 5 
1----------------------------------------------------------------------------------------------------------------
1 7 I ADOC AoiRr I JB3 I I CALL I I I RR A I AOOC AoRr 
I I 0 I 1 I addr I I page 31 I I I D I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------
I 8 I I I I RET I JllP I EN I I I ORL Ppoldata I I I I I 
I I I I I I page 41 SI I I I 0 I 1 I 2 I I I I I 
1----------------------------------------------------------------------------------------------------------------------------
I 9 I I I JB4 I RETR I CALL I DIS I JNZ I CLR C I ANL Pp1ldata I I l'IOV Sn1ldata 
I I I I addr I I page 41 SI I addr I I D I 1 I 2 I I 0 I 1 I 2 
1------------------------------------------------------------------------------------------------------------------------
1 A I MOV iRroA I I MOVP I JMP I SEL I I CPL C I MOV RroA 
I I 0 I 1 I I AoiA I page 51 1182 I I I 0 I 1 I 2 I 3 I 4 I 5 I 6 
1------------------------------------------------------------------------------------------------------------------------
1 B I l'IOV aRr1ldata I JBS I Jl'IPP I CALL I SEL I I I MOV Rr1ldata 
I I 0 I 1 I addr I iA I page 51 1183 I I I D I 1 I 2 I 3 I 4 I 5 I 6 I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
I C I DEC iRr I I I JMP I SEL I JZ I MOV I DEC Rr I 
I I 0 I 1 I I I page 61 R80 I addr I AoPSW I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1------------------------------------------------------------------------------
1 0 I XRL AoiRr I J86 I XRL I CALL I SEL I I MOV I XRL AoRr 
I I D I 1 I addr IAoldatal page 61 RB1 I I PSW,A I D I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
I E I DJNZ iRroaddr I I I JMP I SEL I JNC I RL A I DJNZ Rro addr I 
I I D I 1 I I I page 71 MBD I addr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------t 
IFlllOVAoiRr I JB7 I I CALLI SEL I JC IRLCAI MOVAoRr I 
I I D I 1 I addr I I page 71 MB1 I aodr I I D I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
t===================================================================================================================================I 
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_g' INSTRUCTION SET (continued) 

~ Table 8 Instruction set 
~ 
~ 

or 
I 

gJ 

a: 
0 .... 
<{ 
...J 
:::> 
::!!: 
:::> 
u 
u 
<{ 

mnemonic 

ADD A, Rr 

ADD A,@Rr 

ADD A, #data 

ADDC A, Rr 

ADDC A,@Rr 

ADDC A, #data 

ANL A, Rr 

ANL A,@Rr 

ANL A, #data 

ORL A, Rr 

ORL A,@Rr 

ORL A, #data 

XRL A, Rr 

XRL A,@Rr 

XRL A, #data 

INCA 

DECA 

CLR A 

CPL A 

RLA 

opcode 
(hex.) 

6* 

60 
61 

03 data 

7* 

70 
71 

13 data 

5* 

50 
51 

53 data 

4* 

40 
41 

43 data 

D* 

DO 
D1 

D3 data 

17 

07 

27 

37 

E7 

bytes/ 
cycles 

1 /1 

1 /1 

2/2 

1 /1 

1/1 

2/2 

1/1 

1 /1 

2/2 

1/1 

1/1 

2/2 

1/1 

1 /1 

2/2 

1 /1 

1 /1 

1 /1 

1 /1 

1 /1 

description function 

Add register contents to A (A)<-(A) + (Rr) 

Add RAM data, addressed by Rr, to A (A)<-(A) + ( (RO)) 
(A)<-(A) + ((R1)) 

Add immediate data to A (A)<-(A) +data 

Add carry and register contents to A (A)<-(A) + (Rr) + (C) 

Add carry and RAM data, addressed (A)<-(A) +((RO))+ (C) 
by Rr, to A (A)<-(A) + ((R1)) + (C) 

Add carry and immediate data to A (A)<-(A) + data + (C) 

'AND' Rr with A (A)<-(A) AND (Rr) 

'AND' RAM data, addressed by Hr, with A (A)<-(A) AND ((RO)) 
(A)<-(A) AND ((R1)) 

'AND' immediate data with A (A)<-(A) AND data 

'OR' Rr with A (A)<-(A) OR (Rr) 

'OR' RAM data, addressed by Rr, with A (A)<-(A) OR ((RO)) 
(A)<-(A) OR ((R1)) 

'OR' immediate data with A (A)<-(A) OR data 

'XOR' Rr with A (A)<-(A) XOR (Rr) 

'XOR' RAM, addressed by Rr, with A (A)<-(A) XOR ((RO)) 
(A)<-(A) XOR ((R1)) 

'XOR' immediate data with A (A)<-(A) XOR data 

increment A by 1 (A)<-(A) + 1 

decrement A by 1 (A)<-(A) -1 

clear A to zero (A)<-0 

one's complement A (A)<-NOT(A) 

rotate A left (An + 1 )<-(Anl 
(Ao)<-(A7) 

notes 

r=0-7 1 

1 

1 

r=0-7 1 

1 

1 

r= 0-7 

r=0-7 

r= 0-7 

n =0-6 
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(J'1 
I 

(..) 

~ 

g> 
"9. 
CD 
3 
er 
~ 

~ 

..; 
c 
0 
2 
a: 
0 
I-
<( 
...J 
:::> 
~ 
:::> 
(.) 
(.) 
<( 

Ul 
w 
> 
0 
~ 
<( 
I-
<( 
Cl 

Ul 
(!) 
<( 
...J 
lL 

RLCA 

RR A 

RRCA 

DAA 

SWAP A 

MOVA, Rr 

MOV A,@Rr 

MOVA, #data 

MOV Rr, A 

MOV@Rr, A 

MOV Rr, #data 

MOV @Rr, #data 

XCH A, Rr 

XCH A,@Rr 

XCHD A,@Rr 

MOVA,PSW 

MOV PSW, A 

MOVPA,@A 

CLR C 

CPLC 

F7 1/1 

77 1 /1 

67 1 /1 

57 1/1 

47 1 /1 

F* 1 /1 

FO 1 /1 
Fl 

23 data 2/2 

A* 1/1 

AO 1 /1 
Al 

B* data 2/2 

BO data 2/2 
Bl data 

2* 1 /1 

20 1/1 
21 

30 1 /1 
31 

C7 1 /1 

07 1/1 

A3 1 /2 

97 1 /1 

A7 1 /1 

rotate A left th rough carry (An+ 1)<-An 
(Ao)"-(C). (C)<-(A7) 

rotate A right !An)<-(An + 1) 
(A7)<-(Ao) 

rotate A right through carry (Anl<-(An + 1) 
(A7)<-(C), (C)<-(Ao) 

decimal adjust A 

swap nibbles of A (A4-7)<-*(Ao_3) 

move register contents to A (A)<-(Rr) 

move RAM data, addressed by Rr, to A (A)<-((RO)) 
(A)<-((Rl)) 

move immediate data to A (A)<-data 

move accumulator contents to register (Rr)<-(A) 

move accumulator contents to RAM ((RO))<-(A) 
location addressed by Rr ((Rl))<-(A) 

move immediate data to Rr ( Rr)<-data 

move immediate data to RAM location ((RO))<-data 
addressed by Rr (( R 1) )<-data 

exchange accumulator contents with Rr (A)<-*(Rr) 

exchange accumulator contents with (A)<-*((RO)) 
RAM data addressed by Rr (A)<-*((Rl)) 

exchange lower nibbles of A and RAM (Ao_3)+>( ( R00_3)) 
data addressed by Rr (Ao_3)+>( ( R 10-3)) 

move PSW contents to accumulator (A)<-(PSW) 

move accumulator bit 3 to PSW3 (PSW3)<-(A3) 

move indirectly addressed data in (PC0_7)<-(A), (A)<-((PC)) 
current page to A 

clear carry bit (C)<--0 

complement carry bit (C)<-NOT(C) 

(11 

n = 0-6 2 

n = 0-6 

n =0-6 2 

2 

r= 0-7 

r= 0-7 

r= 0-7 
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en 
(I) 

¥ 
3 
er 
~ 

I 

Cf' 
~ 

ir: 
w 
I-
Cl) 

(.'.) 
w 
ir: 

:I: 
0 
z 
<( 
ir: 
ID 

mnemonic 

INC Rr 

INC@Rr 

DEC Rr 

DEC@Rr 

JMP addr 

JMPP@A 

DJNZ Rr, addr 

DJNZ @Rr, addr 

JBbaddr 

JCaddr 

JNC addr 

JZaddr 

JNZaddr 

JTOaddr 

JNTO addr 

JT1 addr 

JNT1 addr 

JTF addr 

JNTF addr 

opcode bytes/ 
(hex.) cycles 

1* 1 /1 

10 1/1 
11 

C* 1/1 

co 1/1 
Cl 

• 4 address 2/2 

83 1/2 

E* address 2/2 

EO 2/2 

El 

.i. 2 address 2/2 

F6 address 2/2 

E6 address 2/2 

C6 address 2/2 

96 address 2/2 

36 address 2/2 

26 address 2/2 

56 address 2/2 

46 address 2/2 

16 address 2/2 

06 address 2/2 

description 

increment register by 1 

increment RAM data, addressed by Rr, by 1 

decrement register by 1 

decrement RAM data, addressed by Rr, by 1 

unconditional jump within a 2 K bank 

indirect jump within a page 

decrement Rr by 1 and jump if not 
zero to addr 

decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 

jump to addr if Acc. bit b = 1 

jump to addr if C = 1 

jump to addr if C = 0 

jump to addr if A= 0 

jump to addr if A is NOT zero 

jump to addr if TO= 0 

jump to addr if TO = 1 

jump to addr if Tl = 1 

jump to addr if Tl = 0 

jump to addr if Timer Flag= 1 

jump to addr if Timer Flag= 0 

function 

(Rr)+-(Rr) + 1 

((RO))+-((RO)) + 1 
((Rl))+-((Rl)) + 1 

(Rr)+-(Rr) -1 

((RO))+-((RO)) -1 
((Rl))+-((Rl)) -1 

(PCa-1 ol+-addra-10 
(PC0-7l+-addr0-7 
(PC11-12l+-MBFF 0-1 

(PC0_7)+-((A)) 

( Rr)+-( Rr) - 1 
if (Rr) not zero (PC0-7l+-addr 

((RO))+-((RO)) -1 
if ((RO)) not zero (PC0-7)+-addr 

((Rl))+-((Rl)) -1 
if ((Rl)) not zero (PCQ-7)+-addr 

if b = 1 : (PC0_7)+-addr 

if C = 1 : (PC0-7)+-addr 

if C = 0 : (PC0_7)+-addr 

if A= 0 : (PC0-7)+-addr 

if A4'0 : IPC0_7)+-addr 

if TO= 0: (PC0-7)+-addr 

if TO= 1: (PC0-7)+-addr 

if T1 = 1 : (PC0-7)+-addr 

if T1 = 0: (PC0-7)+-addr 

if TF = 1: (PC0-7)+-addr 

if TF = 0: (PC0-7)+-addr 

notes 

r= 0-7 

r= 0-7 

r=0-7 

b=0-7 
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01 
I 

~ 
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CJ) 
<I> 
u 

'" 3 
CT 

!!l 
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a: 
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::::> 
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a: 
w 
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0 
a: 
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z 
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w 
z 
j:: 
::::> 
0 
a: 
al 
::::> 
<n 

MOVA, T 

MOVT, A 

STRTCNT 

STRTT 

STOP TCNT 

EN TCNTI 

DISTCNTI 

EN I 

DISI 

SEL RBO 

SEL RB1 

SEL MBO 

SEL MB1 

SELMB2 

SEL MB3 

STOP 

IDLE 

CALL addr 

RET 

RETA 

42 1 /1 

62 1 /1 

45 1 /1 

55 1 /1 

65 1 /1 

25 1 /1 

35 1 /1 

05 1 /1 

15 1 /1 

C5 1/1 

D5 1 /1 

E5 1 /1 

F5 1 /1 

A5 1 /1 

85 1 /1 

22 1 /1 

01 1 /1 

• 4 address 2/2 

83 1 /2 

93 1/2 

move timer/event counter contents to 
accumulator 

move accumulator contents to 
timer /event counter 

start event counter 

start timer 

stop timer/event counter 

enable timer/event counter interrupt 

disable timer/event counter interrupt 

enable external interrupt 

disable external interrupt 

select register bank 0 

select register bank 1 

select program memory bank 0 

select program memory bank 1 

select program memory bank 2 

select program memory bank 3 

enter STOP mode 

enter IDLE mode 

jump to subroutine 

return from subroutine 

return from interrupt and restore 
bits 4, 6, 7 of PSW 

(A)+-(T) 

(T)+-(A) 

(RBS)+-0 

(RBS)+-1 

(MBFF0)+-0, (MBFF1)+-0 

(MBFF0)+-1, (MBFF1)+-0 

(MBFF0)+-0, (MBFF1)+-1 

(MBFF0)+-1, (MBFF1)+-1 

((SP))+-(PC), (PSW4, 6, 7) 6 
(SP)+-(SP) + 1 
(PCg_ 1 ol +-addrg_ 1 o 
(PC0_7)+-addr0-7 
(PC11-12)+-MBFF 0-1 

(SP) +-(SP) -1 
(PC)+-( (SP)) 

(SP) +-(SP) -1 
(PSW4, 6, 7) + (PC)+-((SP)) 
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!(? 

l 
~ 
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O'I 
I 

~ 

mnemonic 

I-
IN A, Pp 

:::> 
0... 
I-
:::> 

OUTL Pp, A Q. 
I-
:::> 
0... 
z - ANL Pp, #data 
...J 
w 
...J 
...J 

< a: ORL Pp, #data 
< 
0... 

I-
MOVA, Sn 

:::> 
0... 
I- MOVSn,A :::> 
Q. 
I-
:::> 
0... MOV Sn, #data z -
...J 

< 
a: 

ENSI w 
tJ) 

DISSI 

NOP 

Notes to Table 8 

1. PSW CY, AC 
2. PSWCY 
3. PSWPS 

opcode 
(hex.) 

08 
09 
QA 

38 
39 
3A 

98 
99 
9A 

88 
89 
BA 

OC 
OD 

3C 
3D 
3E 

9C 
9D 
9E 

85 

95 

00 

affected 
affected 
affected 

bytes/ description function 
cycles 

1/2 input port p data to accumulator (A)+-(PO) 
(A)+-(Pl) 
(A)+-(P2) 

1/2 output accumulator data to port p (PO)+-(A) 
(Pl)+-(A) 
(P2)+-(A) 

2/2 AND port p data with immediate data (PO)+-(PO) AND data 
(P1)+-(P1} AND data 
(P2)+-(P2) AND data 

2/2 OR port p data with immediate data (PO}+-(PO) OR data 
(P1)+-(P1} OR data 
(P2}+-(P2} OR data 

1/2 move serial I /0 register contents to (A)+-(SO) 
accumulator (A)+-(Sl) 

1/2 move accumulator contents to serial (SO)+-(A} 
1/0 register (Sl}+-(A} 

(S2}+-(A} 

2/2 move immediate data to serial (SO}+-data 
1/0 register (Sl)+-data 

(S2)+-data 

1/1 enable serial 1/0 interrupt 

1 /1 disable serial 1/0 interrupt 

1/1 no operation 

5. PSW RBS affected 
6. PSW SPo. SP1, SP2 affected 
7. (A) = 1111 P23, P22, P21, P20. 

4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 

* :8,9,A,B,C,D,E,F 

8. (Sl) has a different meaning for read and write operation, see 
serial 1/0 interface. 

9. (S2) is a write only register. Reading S2 will give value FFH. • : 0, 2, 4, 6, 8, A, C, E 
• :1,3,5,7,9,B,D,F 

notes 
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Signetics Linear Products Advance Information 

CMOS Microcontroller for Telephone Sets PCD3343 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 28) Voo -0,8 to+ 8 V 

All input voltages V1 0,8 to v00 + 0,8 v 
D.C. current into any input or output ± 11, ±lo max. 10 mA 

Total power dissipation (see note) Ptot max. 500 mW 

Power dissipation per output 
except P23, SCLK Po max. 50 mW 
P23, SCLK Po max. 180 mW 

Storage temperature range Tstg -65 to+ 150 oc 

Operating ambient temperature range Tamb -25 to + 70 oc 

Operating junction temperature Tj max. 125 oc 

Note 5 
Thermal resistance (junction to ambient) 

for SOT-1170 Rth j-a max. 120 K/W 

for SOT-135A Rth j-a max. 60 K/W 

for SOT-136A Rth j-a max. 150 K/W 
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Signetlcs Linear Products Advance Information 

CMOS Microcontroller for Telephone Sets PCD3343 

D.C. CHARACTERISTICS 
Voo = 2,75to 6 V; Vss =O V;Tamb =-25to+ 1ooc; all voltages with respect to Vss; f = 3,58 MHz 
with Rs= 50 !J.; unless otherwise specified. 

parameter symbol min. typ. max. unit 

Supply voltage 
operating (see Fig. 23) Voo 1,8 - 6 v 
STOP mode for RAM retention Voo 1,0 - 6 v 

Supply current 
operating 

at Voo = 3 V (see Fig. 24) loo - 600 - µA 
IDLE mode 

at Voo = 3 V (see Fig. 25) loo - 300 - µA 
STOP mode (see Fig. 26 and note 1) 

at Voo = 1,8 V; Tamb = 25 °c loo - 1,2 2,5 µA 
at Voo = 1,8 V; Tamb = 55 °c loo - - 5 µA 

at Voo = 1,8 V; Tamb = 70 oc loo - - 10 µA 

RESET 1/0 

Switching level VRESET - 1,3 - v 
Sink current 

at Voo > VRESET loL - 7 - µA 

Inputs 

Input voltage LOW V1L 0 - 0,3v00 v 
Input voltage HIGH V1H o,1v00 - Voo v 
Input leakage current 

atVss<V1 <Voo ± l1L - - 1 µA 

Outputs 

Output voltage LOW 
at V1 = Vss or Voo; llol < 1 µA Vol - - 0,05 v 

Output sink current LOW 
at Voo = 3 V; Vo= 0,4 V 
except P23/SDA, SCLK (see Fig. 27) loL 0,75 1,5 - mA 

P23/SDA, SCLK (see Fig. 28) loL 1,5 - - mA 

Pull-up output source current HIGH (see Fig. 29) 
at Voo = 3 V; Vo= 0,9Voo -IOH 25 - - µA 
at Voo = 3 V; Vo= Vss -loH - - 200 µA 

Push-pu II output source current HIGH 
at Voo = 3 V; Vo= Voo-0,4 V -loH 0,75 1,5 - mA 

Note 1 
Crystal connected between XTAL 1 and XTAL 2; SCL and SDA pulled to Voo via 5,6 k!J. resistor; 
CE and T1 at Vss· 
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Signetics Linear Products Advance Information 

CMOS Microcontroller for Telephone Sets PCD3343 

fxTAL 
(MHz) 

7Z87799 
12.--,--.---r-----,-.----,-----,---,-..,---, 

10 r----r---r--r-----1--r--r--_-r-~----t (I) t--
.L_ _,(2) 

21---+-L-+---1---+---f-+---+---+---+--1 

o~~~~~-~~~~-~ 

0 2 4 6 8 TO 
Voo(Vl 

(1) Tamb = -25 oc 
(2) Tamb = 25 oc 
(3) Tamb = 70 °c 

Fig. 23 Maximum clock frequency (fxTALl 
as a function of the supply voltage (Vool. 

7Z87801 

1083~~~~~~§ 
loo 

(mA) 

i-- (I) t---1 
VIA(2) 

(3):!=== 

0,01 ~~~~~-~~~~-~ 
0 2 4 6 8 10 

Voo!Vl 

( 1) clock frequency = 4 MHz 
(2) clock frequency= 2 MHz 
(3) clock frequency = 500 kHz 

Fig. 25 Typical supply current (I ool 
in I OLE mode as a function of the 
supply voltage (Vool; Tamb = 25 °c. 

7 Z87800 

10~~~~~~~~~~~~~ 
100 

(mA) 
l--+---+--+-1---t---r--+-"""-+ ( 1 ) t----1 

0,01 '----'-----'-----'-----'--L-----'---'-~-~ 

100 
(µA) 

5-357 

3 

2 

0 

0 2 4 6 8 10 
Voo!Vl 

(1) clock frequency= 4 MHz 
(2) clock frequency= 2 MHz 
(3) clock frequency = 500 kHz 

Fig. 24 Typical supply current (I ool 
in operating mode as a function of the 
supply voltage (V ool; T amb = 25 °c. 

0 2 4 

( 1) T amb = 70 °c 
(2) Tamb = 25 °c 

7Z87802 

~ 
(I) 

...., ./ (2) 

6 8 10 
Voo!Vl 

Fig. 26 Typical supply current (loo) 
in STOP mode as a function of the 
supply voltage (Vool. 
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Signetics Linear Products 

CMOS Microcontroller for Telephone Sets 

10L 
(mAI 

7Z87803 

10L 
(mA) 

8 

6 

Advance Information 

PCD3343 

7 Z87804 

4 

J,.-1 y (2) 

31--+--+--+--+]7-"1~-±--"=-t--+---+--1 f/1_.,d--!31 ~(3) 

o~+----+--+--~~-~~~~~ 

0 2 4 

(1) Tamb = -25 °c 
(2) Tamb = 25 °c 
(3) Tamb = 70 °c 

6 8 10 
Voo (VI 

2 

0 
0 4 

( 1 ) T amb = -25 °c 
(2) Tamb = + 25 °c 
(3) T amb = + 70 °c 

6 8 10 
Voo!VI 

Fig. 27 Output sink current LOW (loL), 
except outputs P23/SDA and SCLK, as a 
function of supply voltage (Voo); Vo= 0.4 V. 

Fig. 28 Output current LOW (loll. 
outputs P23/SDA and SCLK, as a function 
of supply voltage (Voo); Vo= 0.4 V. 

September 1985 

- 1oH 
(µA) 

200~~~~~~-~~~7_Z~87_80~5 

16 0 >---+---+----+----+----'-+----+--+---+-___, 
.....+--(1) 

~)L- (3)~ 
L--1--· 

80 

o~+----+--+---+-~-'--~-'--+---" 

0 2 4 6 8 10 
Voo!VI 

(1) Tamb = 25 °C; Vo= Vss 
(2) Tamb = 25 °C; Vo= 0,9Voo 
(3) Tamb = 70 °C; Vo= Vss 
(4) Tamb = 70 °c; Vo= 0,9Voo 

Fig. 29 Output source current HIGH (-loH) 
as a function of supply voltage (Vool. 
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Signetics Linear Products Advance Information 

CMOS Microcontroller for Telephone Sets PCD3343 

A.C. CHARACTERISTICS 

Rise and fall times between 10 and 90% levels; CL= 50 pF 

symbol at 70 oc max. value unit 
parameter 

Fall time 

Rise time 

SCLK 

P23 

Voo 

tf 

tr 

•teuF ...... .,..._ 
'RC 

- tHO;STA .._ -+- ...,__ 
'RD 

1,8 

200 

200 

--- - ---'HD;DAT •su;DAT 

3,0 

100 

100 

6,0 

70 

80 

1------ 0,7 V DD 

o,3 v 00 

+---+----+-- 0,1 v00 

0,3 v00 

-;F;- -+ tsu;STO .._ 

--- -tFD 7287806 

Fig. 30 PCD3343 timing requirements for the P23 and SCLK input signals. 

Table 9 Input timing shown in figure 30 

symbol timing 

t8uF ;;;;. 14txTAL 

tHD;STA ;;;;. 14txTAL 

tHIGH ;;;;.17txTAL 

tLOw ;;;;. ntxTAL 

tsv;STO ;;;;.14txTAL 

tHD;DAT >O 
tsu;DAT ;;;;. 250 ns 

tRD ,,;;::; 1 µs 

tRc ,,;;::; 1 µs 

tFo ,,;;::; 1 µs 

tFc ,,;;::; 0,3 µs 

Notes to Table 9 

txTAL =one period of the XTAL input frequency (fXTALl 
= 280 ns for fxTAL = 3,58 MHz. 

These figures apply to all modes. 
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Signetics Linear Products 

CMOS Microcontroller for Telephone Sets 

A.C. CHARACTERISTICS (continued) 

SCLK 

P23 

-.. tHD;STA ...__ 

.-- tLow----

- -'SU;DAT -- --'HD;DAT 

-'AC 

acknowledge bit 

Advance Information 

PCD3343 

+----- o,9 v 00 

----vOLmax 

+-+----+-- o,9 v 00 

...... ....... _. ...__ 
'AC tsu;STO -- -­tsu;DAT 

VoLmax 

7Z87807 

Fig. 31 PCD3343 timing requirements for the P23 and SCLK output signals. 

Table 10 Output timing shown in figure 31 

symbol normal mode 
(ASC in S2 = 0) 

tHo; STA Y:. (OF+ 9) tXTAL 
tHIGH Y:. (OF) txTAL 
tLQW Y:. (OF) txTAL 
tsu; STO Y:. (DF-3) txTAL 
tHD; DAT 
(slave transmitter 
any OF ;;;.. 9txTAL 

~ 12txTAL 
tHD· DAT 
(master transmitter) 
for OF~ 51 ;;. 9txTAL 

~ 12txTAL 
for OF ~99 -

-
tsu; DAT 
(master transmitter) 
for DF > 51 ;;;.. 15txTAL 

~24tXTAL 
for DF >99 -
for DF ~ 51 ;;. 9txTAL 
for OF~ 99 -
tAC ;;;.. 9txTAL 

~ 12txTAL 
tFD, tFc ~ 100 ns 

at Cb= 400 pF 

Notes to Table 10 
txTAL =one period of the XTAL input frequency (fxTALl 

= 280 ns for fxTAL = 3,58 MHz. 
DF =divisor (see Table 2 Serial 1/0 section). 
Cb = the maximum bus capacitance for each line. 
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timing 

low-speed mode 
(ASC in S2 = 1) 

% (OF+ 9) txTAL 
% (OF) txTAL 
% (OF) txTAL 
% (DF-3) txTAL 

;;;.. 9txTAL 
~ 12txTAL 

-
-
;;;.. 9txTAL 
~ 12txTAL 

-
-
;;> 15txTAL 
~ 24txTAL 
;;. 9txTAL 
;;. 9txTAL 
~ 12txTAL 
~ 100 ns 
at Cb= 400 pF 
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CMOS Microcontroller for Telephone Sets PCD3343 

APPLICATION INFORMATION 

A block diagram of an electronic featurephone built around the PCD3343 is shown in figure 32. It 
comprises the following dedicated telephony IC's: 

• TEA1060/1061 transmission circuit for telephony 
• PCD3312 DTMF generator with Serial 1/0 
• PCE2111 or PCF8577 2 LCD drivers in-LCD module MB7020160 
• PCD8571 1 K RAM's with Serial 1/0; the number of RAM's depends on the 

required amount of stored telephone numbers 
• PCD3360/3361 programmable multi-tone ringer 

telephone 
line 

b/a 

TRANSMISSION 

T 
TRANSMISSION 

CIRCUIT 
TEA1060 

M TEA1061 

BST76 

I 
supply 

mute 

power down 

DTMF 

DIALLING 

DEDICATED 

MICROCONTROLLER 

PCD3343 

DTMF 
PCD3312 

SCL SDA 

I I 
I I 

2* LCD 
DRIVERS 

PCE2111 or 
PCF8577 

CLOCK 
CALENDAR 
PCB8573 

KEYBOARD 

-T, 
-H 
-H 
-H 
-H 
_L.J 

.-------, 
I I 16 DIGIT I 
: I LCD I 

I 
L------.J 

* mex. 8 

7287809 

Fig. 32 Block diagram of electronic featurephone with common line interface. 

Adetailed application diagram of the PCD3343 with PCD3312 (DTMF), two PCD8571 (RAM) and 
two PCE2111 (LCD display drivers) is shown in figure 33. 

Row 5 of the keyboard contains the following special keys: 

• P program and autodial • R redial or extended redial 
• FL flash or register recall • AP access pause 

Row 6 contains the different diode options. 

Columns 5 and 6 contain the button keys MO to M9; single name keys for repertory telephone numbers. 
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APPLICATION INFORMATION (continued) 

DTMF 

supply from 
TEA1060/1 

I. . --- L 
I 

I battery 
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+~ 

I 

vDD 

( upto8xPCD8571 

] l 
AO 

PCD331 I AO PCD8571 Al 
PCD3312 A2 

AOt=: PCD8571 Al 
A2 

SCL 

100 k!l 
10 
k!l 

ground 

I CE 

I Vss 
p23 I ~ SDA 1 1 1 I l l 1

2 
C bus 

{ 

M1 

mute lines ( M1 
PCD3343 ,---- -----, 

I BPI I M2 

line interrupter I DP ROWS COLUMNS 
or flash output I I 2 x PCF8577 BP2 I 

I 
I 
I 
I 
I 
I 
I 

6 5 4 3 2 I I 
I I 
I 16 DIGITS LCD I 
I I 
L __________ _J 

L.__j 4 5 B M2IM3 6 

keyboard c M4 I MS 8 9 

* o I# ID M6 I M7 7Z87810 

p FL R I AP M8IM9 

1 ] D 
'-----------tM/S I IDP diode options 

/I~ _.b 
PULSE/DTMF NORMAL/DIRECT EXTENSION KEYBOARD 

Fig. 33 Application diagram of PCD3343 for electronic featurephone with associated keyboard. 

Additional information is available on request for the following: 
• Serial 1/0 
• 12 C bus specification 
• Interrupt logic 
• Instruction set descriptions 
• Software routines for an intelligent telephone set 
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Signetics Linear Products Product Specification 

Programmable Multi-Tone Telephone Ringer PCD3360/61 

GENERAL DESCRIPTION 

The PCD3360/61 are CMOS integrated circuits, designed to replace the electro-mechanical bell in 
telephone sets. They meet most postal requirements, particularly with tone sequence possibilities and 
input frequency selectivity. Output signals tor a loudspeaker or for a piezo-electric (PXE) transducer 
are provided. In the former application, no audio transformer is required since the loudspeaker is 
driven in class D. 

Features 

• Output signals for electro-dynamic transducer (loudspeaker) or for piezo-electric transducer (PXE) 
• 7 basic frequencies (tones) and a pause 
• 4 selectable tone sequences 
• 4 selectable repetition rates 
• 3 selectable impedance settings 
• 3-step automatic swell \ 1 d k I 
• Delta-modulated output signal that approximates a sinewave f ou spea er on Y 
• Input frequency discriminator with selectable upper and lower frequency limits 
• Output for optical signal 

Note 

Tone sequences (up to 16 tones long), impedance settings and automatic swell levels are mask 
programmable for customized versions. 

QUICK REFERENCE DATA 

Available frequencies (tones) 

Number of intervals per tone sequence 

Lower limits of frequency discriminator 

Upper limits of frequency discriminator 

Impedance settings (with 50 n loudspeaker) 

Switch-on delay at 25 Hz 

PACKAGE OUTLINES 

PCD3360P: 16-lead DI L; plastic (SOT-38). 
PCD3361P: 8-lead OIL; plastic (SOT-Q7EE). 
PCD3360T: 16-lead mini-pack; plastic (S0-16L; SOT-162A). 
PCD3361T: 8-lead mini-pack; plastic (S0-8L; SOT-176). 

5-363 

533/600/667 /800/ 
1000/1067 and 1333 Hz 

15 or 16 

13,33 or 20 Hz 

30 or 60 Hz 

approx. 7 or 10,5 or 17 ,5 kn 

max. 60 ms 
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Signetics Linear Products Product Specification 

Programmable Multi-Tone Telephone Ringer PCD3360/61 

tcK = 32 kHz 

osc OSCILLATOR \.+-j ---! ._!-- TONE GENERATION 
(tone pattern) 

OUTPUT 
(64 kHz) t--1 

( 32 kHz pulses) CIRCUIT ~ 1-- TONE 

l 
TONE SEQUENCE GENERATION 7 

PCD3360 

I 
t-+- TIMING 1------i 

1--

l 
4- DUTY CYCLE ENABLE 1 

CONTROL CIRCUIT 
FDE 

15 ~1 ~o le 3 2 13 12 8 J4 l5 J;e 
1 1 T 1 I I I 7Z87622.1 

IS1 IS2 RR1 RR2 TS1 TS2 DM FDI FL FH 

Fig. 1 Block diagram. 
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Programmable Multi-Tone Telephone Ringer PCD3360/61 

PINNING 

1 PDE frequency descriminator enable 
FH 

2 RR2 
FL 3 RR1 

repetition rate selection 

FDI 4 osc oscillator 

TS! 5 Voo positive supply 
PCD3360P 

6 TONE tone output PCD3360T 
TS2 

7 OPT optical signal output 

8 OM drive mode selection 
ISl 9 IS2 

10 IS1 
impedance setting and automatic swell 

11 Vss negative supply 

5 12 TS2 

Fig. 2 Pinning diagram for PCD3360P 13 TS1 
tone sequence selection 

and PCD3360T. 14 FOi frequency discriminator input 

15 FL lower frequency limit selection 

16 FH upper frequency limit selection 

PINNING 

1 RR repetition rate selection 

2 osc oscillator 

PCD3361 P 3 Voo positive supply 
PCD3361T 

4 TONE tone output 

5 Vss negative supply 

6 TS2 
7Z87620.1 tone sequence selection 

7 TS1 

Fig. 3 Pinning diagram for PCD3361P 8 FOi frequency discriminator input 
and PCD3361T. 

Note 

PCD3360 pins not available in the PCD3361 are at Vss-
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Programmable Multi-Tone Telephone Ringer 

FUNCTIONAL DESCRIPTION (see Fig. 1) 

Supply pins (Voo and Vssl 

Product Specification 

PCD3360/61 

If the supply voltage (Voo) drops below the standby voltage (Vsel, the oscillator and most other 
functions are switched off and the supply current is reduced to the standby current !lsel. The 
automatic swell register retains its information until Voo drops further to a value VAS at which reset 
occurs. 

Oscillator (OSC) 

The 64 kHz oscillator is operated via an external resistor and capacitor connected to pin OSC. The 
oscillator signal is divided by two to provide the 32 kHz internal system clock. 

Selection pins (FOE, RR2, RR1, OM, IS2, IS1, TS2, TS1, FL and FH) 

These pins are pulled down internally by a pull-down current I 1H when they are connected to Voo, 
and by a pull-down resistance RI L when they are connected to Vss (see Fig. 4). Thus when the pins 
are open-circuit they are defined LOW. Therefore only a single-contact switch is required to connect 
the pins to Voo; yet the supply current is only marginally increased as I 1 H is very small. 

FOE 
RR1 
RR2 

selection OM 
pins 151 

152 
T51 
T52 

l1Hi 
(1) 

FL 
FH 

PC03360 
V55 

7Z87947 

( 1) Transistor resistance = RI L when switched on. 

Fig. 4 Input circuit of selection pins. 

Frequency discriminator circuit (pins FOE and FDI) 

The frequency discriminator circuit prevents the ringer being activated by dial pulses, speech or other 
unqualified signals. 

The circuit is enabled or disabled by input FOE. 

When FOE is HIGH, FOi acts as a logic enable input. 
The circuit will produce tone sequences provided FOi is HIGH and Voo exceeds Vse· 
When FOE is LOW, FOi acts as the frequency discriminator input. 
The circuit will produce tone sequences provided Voo exceeds Vse and the signal at FOi fulfils the 
conditions set by FL and FH. 

Wheri the frequency discriminator is enabled (Voo > Vse and FOE = LOW) the circuit will start to 
produce tone sequences after two rising or two falling edges have occurred at FOi. The time between 
these edges must be within the limits set by FL and FH. 
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Programmable Multi-Tone Telephone Ringer PCD3360/61 

The circuit will continue to produce tone sequences provided the time between subsequent falling edges 
or between subsequent rising edges remains within the limits set by FL and FH, otherwise it will stop. 
Because two edges are required for detection, either positive or negative, the switch-on delay will vary 
between 1 and 1,5 cycles of the incoming ringing frequency. 

FDI has a Schmitt-trigger action; the levels are set by an external resistor R2 (see Fig. 9) and an internal 
sink current that is switched from 20 µA (typ.) for FDI =LOW to< 0, 1 µA for FDI =HIGH. Excess 
current entering FDI via R2 is absorbed by internal diodes clamped to Voo and Vss· 

Selection of frequency discriminator limits (FL and F H) 

With the frequency discriminator enabled (Voo > Vss and FOE= LOW) the lower and upper limits 
of the input frequency are set by inputs FL and F H as shown by Table 1 and Table 2 respectively. 

Table 1 Selection of lower frequency 
discriminator limits (fosc = 64 kHz) 

FL lower 
input discriminator 
state limit (Hz) 

LOW 20 
HIGH 13,33 

Selection of tone sequences (TS1 and TS2) 

Table 2 Selection of upper frequency 
discriminator limits (fosc = 64 kHz) 

FH upper 
input discriminator 
state limit (Hz) 

LOW 60 
HIGH 30 

A tone sequence is composed of 15 or 16 equal time intervals. Each time interval may be filled with 
one of seven available tones or with a pause; these are shown together with their corresponding internal 
ROM tone code in Fig. 5. 

tone key d b 

frequency ( Hz) 0 533 600 667 800 1000 1067 1333 

frequency ratio 8 9 : 10 12 : 15 : 16 : 20 

tone code 0 2 3 4 5 6 7 

7Z87948 

Fig. 5 Available tones and their corresponding internal ROM tone code. 
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Programmable Multi-Tone Telephone Ringer PCD3360/61 

FUNCTIONAL DESCRIPTION (continued) 

Four tone sequences are programmed in the internal ROM (see Fig. 6). Inputs TS1 and TS2 determine 
which tone sequence is selected and output at pin TONE. The sequences are mask programmable with 
any length up to 16 time intervals. 

The tone sequences are repeated continuously provided the enable conditions at inputs FOE and FDI 
are valid and Voo > V59; the first sequence always starts with the first tone shown in Fig. 6. 

pin state tone sequence output at pin TONE 

TS2 TS1 

L L mmm wrrr 
tone code 333444222777666 

L H fl J1 j1f'f'j1j1 fl 
tone code 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 

H L ~ J ~ J ~ J ~ J ~ J ~ J ~ J ~ J 
tone code 4 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 

H H ~; ; ~ m~~ ; ; ; ; ; ~ ~ 
tone code 4 4 4 0 4 4 4 0 4 4 4 4 4 4 0 0 

7Z87949 

Fig. 6 Tone sequences mask-programmed in the PCD3360/61. 

Selection of repetition rates (RR 1 and R R2) 

The duration of a time interval within a tone sequence is determined by the state of inputs R R1 and 
R R2 as shown in Table 3. The resultant variation of repetition rate acts as a distinguishing feature 
between adjacent telephones. 

Table 3 Duration of time intervals (f05c = 64 kHz) 

input state time interval 

RR1 RR2 ms 

L L 15 
L H 30 
H L 45 
H H 60 

The repetition rate variation can be extended by mask programming (for customer defined versions) 
the same tone combination for all 4 tone sequences, but with a different number of time intervals per 
tone. Thus the repetition rate can be selected from 16 values by inputs RR 1, R R2, TS 1 and TS2. 
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Programmable Multi-Tone Telephone Ringer PCD3360/61 

Drive mode selection (OM) 

The output signal at pin TONE can be selected for application with electro-dynamic or piezo-electric 
transducers. An example of both signals, for a tone frequency of 667 Hz, is shown in Fig. 7. 

Loudspeaker mode 

In the loudspeaker mode (OM= LOW), pin TONE outputs a delta-modulated signal that approximates 
a sinewave sampled at a rate of 32 kHz. The output pulse duration is determined by pins IS1 and IS2. 
The resultant acoustic spectrum is aurally more acceptable and has greater penetration than a square 
wave spectrum because more power is concentrated at the fundamental frequency. 

PXEmode 

In the PXE mode (OM= HIGH), pin TONE outputs a square wave. In this mode the ringer impedance 
and sound pressure level are determined by the characteristics (e.g. the size) of the PXE transducer; 
inputs IS1 and IS2 are inactive. 

Setting of impedance, sound pressure level and automatic swell (IS1 and IS2) 

With OM= LOW (loudspeaker mode), inputs IS1 and IS2 determine the pulse duration of the output 
signal and thereby the d.c. resistance Rxy (seen at points x and y in Fig. 9) and also the Sound Pressure 
Level (SPL). The selection of 3 impedance settings and automatic swell is shown in Table 4. 

Table 4 Setting of pulse duration and automatic swell (OM= LOW) 

input state ringing pulse duration Rxy Z1 SPL 
function burst (µs) (kill (kn) (dBr) 

number 
IS1 IS2 (N) fund. harm. 

1 1,8 - 40 tbf tbf 
L L automatic 2 2,6 - 20 17,5 -4 

swell >2 3,9 1,6 5 7 0 

L H - 2,6 - 20 17,5 -4 
H L constant - 3,6 - 10 10,5 tbf 
H H level - 5,0 - 5 7 0 

Where: 

1. Typical pulse duration values of the fundamental and harmonic frequencies are for fosc = 64 kHz 
and fcK = 32 kHz. 

2. SPL is the relative Sound Pressure Level, and O dBr is defined as the SPL for IS1 = IS2 = HIGH. 

3. Values of the d.c. resistance Rxy• bell impedance (Z1) and SPL are valid for a value of input 
voltage Vi= 40 Vrms in Fig. 9. 
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Programmable Multi-Tone Telephone Ringer PCD3360/61 

FUNCTIONAL DESCRIPTION (continued) 

Setting of impedance, sound pressure level and automatic swell 

When pins IS1 and IS2 are both LOW, the circuit operates in the automatic swell mode. The SPL then 
increases in three steps so that the maximum level is reached for the third ringing burst. 
Each time Voo drops below VAS the automatic swell register is reset and the next ringing burst is 
considered as N = 1 (see Table 4). 
A buffer capacitor C3 (see Fig. 9) must hold Voo > VAS during the time between two consecutive 
ringing bursts of a series. 

For each of the other three combinations of pins IS1 and IS2 the pulse duration has a constant value. 
Thus the ringer can be designed so that the impedance represented at the telephone line will comply 
with postal requirements that vary in relation to parallel or series connections of more than one ringer. 

To satisfy some applications, a harmonic signal is added to the fundamental frequency in the last step 
of the automatic swell mode. The pulses representing this harmonic signal are interleaved with the 
pulses of the fundamental signal (see Fig. 8). The difference in pulse duration shown in Table 4, is 
chosen so that the harmonic level is 10 dB below the fundamental level. 
The harmonic frequency range is from 2 kHz to 3,2 kHz. The individual harmonic frequencies for the 
seven tone codes and the relative fundamental frequencies are shown in Table 5. 

Table 5 Harmonic frequency in relation to tone code and fundamental frequency 

tone frequency (Hz) 
code fundamental harmonic 

1 533 3200 
2 600 2400 
3 667 2667 
4 800 3200 
5 1000 2000 
6 1067 2133 
7 1333 2667 

Using a single mask it is possible to program the following:-

• Addition of harmonics in all the other input states of IS1 and IS2 
• All pulse duration values 
• Other even harmonic frequencies. 

Optical output (OPT) 

The OPT output is designed to drive an optical signal transducer or lamp. It is LOW when the ringer 
circuit is enabled and HIGH when the ringer circuit is disabled. This output can also be used to switch 
the transmitter ON and OFF in the base of a cordless telephone set. 
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Slgnetlcs Linear Products Product Specification 

Programmable Multi-Tone Telephone Ringer PCD3360/61 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Voo 
Supply current 

D.C. current into any input or output 

All input voltages 

Total power dissipation 

Total dissipation per output 

Storage temperature range 

Operating ambient temperature range 
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loo 
± 11, ± 10 

V1 

Ptot 

Po 
Tstg 

Tamb 

max. 

max. 

-0,8to+9 V 

50 mA 

10 mA 

~a.a v to Voo + a.a v 
max. 

max. 

300 mW 

50 mW 

-65 to+ 150 oc 

-25 to + 70 oc 
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Programmable Multi-Tone Telephone Ringer PCD3360/61 

D.C. CHARACTERISTICS 

Voo = 6 V; Vss = 0; fosc = 64 kHz; Tamb = -25 to+ 70 °c; valid enable conditions at FOi and FOE; 
unless otherwise specified ' 

parameter symbol min. typ. max. unit 

Supply 

Operating supply voltage Voo vs8 +0,1 - 8,0 v 

Standby supply voltage (note 1) Vss tbf 4,8 5,7 v 

Supply voltage for automatic swell reset (note 2) VAS - o,5Vss - v 

Operating supply current loo - 100 120 µA 

Standby supply current 
at Voo < Vss (note 3) lss - 4 8 µA 

Inputs 5 
Input voltage LOW (any pin) V1L 0 - o,3v00 v 

Input voltage HIGH (any pin) V1H o,1v00 - Voo v 

Pull-down circuits of inputs 

FOE, RR1, RR2, OM, IS1, IS2, TS1, TS2, FL, FH 

pull-down resistance with input at Vss R1L - 20 - kn 

pull-down current with input at Voo l1H - 0,1 - µA 

Pull-down circuit of FOi 

pull-down current with VFOI = 0,3Voo ISL tbf 20 tbf µA 

pull-down current with VFOI = 0,7Voo lsH - 0,1 - µA 

pull-down current with Voo < Vss tsx - 0, 1 - µA 
Current into input FOi (note 4) ± 11s - - 0,2 mA 

Outputs 

TONE, OPT 

Output sink current 
at Vol= 0,5 v loL 1 2 - mA 

Output source current 
at VoH = Voo-0,5 V - 1oH 1 2 - mA 

Notes see next page. 
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Programmable Multi-Tone Telephone Ringer PCD3360/61 

A.C. CHARACTERISTICS 

Voo = 6 V; Vss = O; fosc = 64 kHz; Tamb = -25 to+ 70 oc; valid enable conditions at FOi and FOE; 
unless otherwise specified 

parameter symbol min. typ. max. unit 

Switch-on delay 
(with FOE= LOW and ringing frequency within 
limits set by FL and FH) td(on) 1 - 1,5 note 5 

Switch-off delay (with FOE = LOW) 
at FL= LOW td(off) - - 75 ms 

at FL= HIGH td(off) - - 112,5 ms 

Oscillator frequency 
at Rose= 365 kn; Cose= 56 pF (note 6) fosc tbf 64 tbf kHz 

Frequency variation 
at Voo = 5,7 to 8,0 V ~fosc - - 1 % 

Notes to the characteristics 

1. For Voo < Vss the circuit is in standby. 

2. At Voo = VAS the automatic swell register is reset. 

3. The standby supply current is measured with all inputs and outputs open-circuit with the exception 
of OSC. 

4. The current I 1s is clamped to Voo and to Vss by two internal diodes. Correct operation is ensured 
with VFOI > Voo or VFOI < Vss. provided the maximum value of l1s is not exceeded. (The input 
FOi has an extended HIGH and LOW input voltage range.) 

5. The switch-on delay is measured in cycles of incoming ringing frequency. 

6. Lead lengths of Rose and Cose to be kept to a minimum. 
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Programmable Multi-Tone Telephone Ringer PCD3360/61 

APPLICATION INFORMATION 

Application of the PCD3360 in a telephone ringer circuit together with a loudspeaker is shown in Fig. 9. 

The threshold levels VH and VL of the frequency discriminator circuit are determined by: 

• The logic threshold of input FDI (0,5Voo typ. 3,4 V for Voo = 6,8 V) 
• The pull-down current of input FDI (20 µA typ. for FDI < 3,4 V) 
• The value of R2 (680 k.Q in Fig. 9) 

For a positive slope, the voltage at R2 must exceed the value VH before FDI will become HIGH; VH is 
the sum of the input threshold and the voltage drop across R2 thus: 

VH = 3,4 + (680 x 103) x (20 x 10"6) = 17 V. 

For a negative slope, the voltage at R2 must decrease below the value VL before FDI will become LOW. 
Because the current into FDI is negligible with FDI =HIGH the voltage drop across R2 can be 
discounted, thus VL = 3,4 V. 

The minimum operating voltage across C3 is 17,7 V which is determined by: 

• The minimum operating voltage of the PCD3360 (5,7 V) 
• The supply current of the PCD3360 (120 µA max.) 
• The value of R2 (100 k.Q in Fig. 9) 

The total switch-on delay equals approximately the time required to charge the supply capacitor C3 to 
the minimum operating value, plus the specified switch-on delay of the PCD3360. 

The high operating voltage combined with the class D output stage ensures optimal energy conversion 
and thereby a high sound level. The design can easily be optimized for parallel or series connection of 
more than one ringer. The diode bridge, zener diode (D1) and resistor R1 protect the ringer against 
transients up to 5 kV. During these surges the voltage on the 68 V zener diode (BZW03) can rise to 
100 V; the DMOS transistor BST72(TR1) has a maximum drain-source voltage of 100 V. Up to 220 V, 
50 Hz can be applied to the a/b terminals without damaging the ringer. 
The choke ( L 1) in series with the 50 n loudspeaker increases the sound pressure level by approximately 
3 dB by suppression of the 32 kHz carrier frequency and its sidebands. 
The flyback diode BAX18A (D2) is a fast type with low forward voltage to obtain high efficiency. 

Application of the PCD3360 together with a PXE transducer is shown in Fig. 10. The only significant 
difference between Fig. 9 and Fig. 10 is the output stage. Two BST72 transistors provide an output 
voltage swing almost equal to the voltage at C3. Pins IS1 and IS2 are inoperative because OM= HIGH. 
Volume control is possible using resistor Rv. 
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Fig. 9 Transformerless electronic ringer with PCD3360 and a loudspeaker. 
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Microcomputer Development System for MAB8400 

DESCRIPTION 
The PM4300 Microcomputer Instructor 
is a powerful tool for designing, prototyp­
ing, and debugging MAB8400 family­
based, microcomputer systems. Such 
systems are built around the two-wire 
serial Inter-Integrated Circuit (1 2C) bus. 
Along with the PM4337 personality mod­
ule, the Instructor can be used for writing 
and debugging programs in a target i2C 
system. Features include hardware 
breakpoint, single-step with disassem­
bly, automatic single-step, event timer, 
interrupt generation, and memory exami­
nation/ editing capability. Complete ac­
cess to all registers, flags, and 1/0 
status information on each instruction 
can be viewed through the PM4300's 
LED display, or on a CRT display via the 
built-in RS232 interface. 

The PM4300 Microcomputer Instructor 
is a completely self-contained system 
providing powerful emulation support for 
the i2C bus system. Because the 
MAB8400 family instruction set is based 
on that of the 8048, MAB8400 programs 
can be developed and downloaded from 
a host with an 8048 assembler. Pro­
grams may also be entered via cassette 
or through the 'HEX' keyboard. Once 
entered, the operator can use com­
mands to examine, change memory or 
registers, set breakpoints and single 
step. When program degubbing is fin­
ished, the built-in EPROM programmer 
transfer the program to a 2716 or 2732 
EPROM. A piggyback MAB8400 may 
then be used to run the protype. 

FEATURES 
• Complete low cost emulation 

support for the MAB8400 
microcomputer. 

• Manual or automatic single· 
stepping with disassembly. 

• Direct communication link 
(RS232) to a host system (for 
editing and assembling). 

• Complete access to ROM, RAM, 
registers and status bits. 

• Interrupt handling. 
• 1/0 exercising. 
• LED or CRT display of HEX 

code, source code, memory, 
registers and status. 

• Execution time measurements. 
• Bullt·ln test strip for hardware 

development. 
• Bullt·ln EPROM programmer. 
• Personality modules available for 

most popular micro-processors. 

5-377 

Advance Information 

PM4300 / 4337 

APPLICATIONS 
The PM4300/4337 allows system de­
signers to efficiently create and debug 
12C system hardware and software. The 
i2C protocol allows for multiple masters 
to co-exist on a two-wire serial bus 
creating an efficient, cost-effective 
means for completely asynchronous se­
rial communication between all control­
lers and peripherals on a single two-wire 
bus. The PM4300/4337 can be used to 
develop 12C system in such application 
as: 
• Feature phones 
• Television controllers 
• Automatlve consoles 
• Self-Aligning circuity 
• Control systems 
• Any system which can benefit 

from the hardware slmpllclty of 
the 12C bus. 
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Signetics Linear Products 

Transmission Interface with 
Loudspeaking Facility 

GENERAL DESCRIPTION 

Product Specification 

TEA1042 

The TEA 1042 is a bipolar integrated circuit performing all speech and line interface functions in 
electronic telephone sets. It is especially designed for handsfree loudspeaking equipment. 

Its features are: 
• Supplied from telephone line current 
• Voltage regulator with adjustable d.c. voltage drop and d.c. resistance 
• High and low-impedance handset microphone inputs 
• High-impedance base microphone input 
• Handset/base selection input 
• Muting input for pulse or DTMF dialling 
• Gain setting facility on all amplifiers 
• Line current dependent gain control facility with corrections for the exchange supply voltage and 

its feeding bridge resistance 
• Supply output for additional circuits. 

QUICK REFERENCE DATA 

Line voltage at lline = 15 mA Vline typ. 4,2 v 
Line current operating range l1ine 10 to 140 mA 

Telephone line impedance IZlinel nom. 600 n 
Supply current Ice typ. mA 

Voltage gain, transmitting amplifier 
MIC1 input Avd typ. 44, 1 dB 
MIC2 input Avd typ. 20 dB 
MIC3 input Avd typ. 20 dB 
DTMF input Avd typ. 25,6 dB 

Voltage gain, receiving amplifier Avd typ. 27 dB 

Gain adjustment range 
transmitting amplifier AAvd typ. ± 6 dB 
receiving amplifier AAvd typ. ± 8 dB 

Range of gain control with line current, 
all amplifiers AAvd typ. 6 dB 

Exchange supply voltage range Vexch 24 to 60 V 

Exchange feeding bridge resistance Rex ch 400 or 800 n 
Operating ambient temperature range Tamb -25 to + 70 oc 

PACKAGE OUTLINE 

24-lead DI L; plastic (SOT-101 A). 
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Signetlcs Linear Products 

Transmission Interlace with 
Loudspeaking Facility 

Vee 
21 

RX 

14 
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Product Specification 

TEA1042 

Fig. 1 Block diagram. The blocks marked dB are attenuators. The Mand MUTE inputs operate 
analogue switches that activate or inhibit the inputs and outputs as required by their function. 
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Signetlcs Linear Products Product Specification 

Transmission Interface with 
TEA1042 loudspeaking Facili1y 

PINNING 

1 LN positive line terminal 

2 GAT1 gain adjustment; transmitting 
amplifier 

LN 24 RA 
3 GAT2 gain adjustment; transmitting 

amplifier 
GAT1 23 GALN 

4 VEE negative line terminal 

GAT2 22 RCX 5 OTEL handset telephone output 

6 CX1 reference decoupling 

VEE 21 Vee 7 GAP gain adjustment; telephone 
amplifier 

OTEL 20 OTMF 8 OLSP loudspeaker preamplifier output 

9 GAL gain adjustment; loudspeaker 
ex1 6 19 Mle3 preamplifier 

TEA 1042 
10 MIC1 low-impedance handset microphone input 

GAP 7 18 Mle2 
11 REF reference voltage 

QLSP 8 17 MUTE 12 IR receiving amplifier input 

13 eX2 external stabilizing capacitor 
GAL 9 16 M 14 RX external resistor 

15 BROG selection input for gain control adaptation 
Mle1 10 15 BROG to feeding bridge impedance 

REF 11 RX 
16 M mode (handset/base selection) input 

17 MUTE mute input 

IR 12 eX2 18 MIC2 high-impedance handset microphone input 

19 Mle3 base microphone input 
7288486 20 OTMF dual-tone multi-frequency input 

21 Vee positive supply 

Fig. 2 Pinning diagram. 22 ReX line voltage adjustment and voltage 
regulator decoupling 

23 GALN gain control with line current; 
all amplifiers 

24 RA d.c. resistance adjustment 
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Signetics Linear Products 

Transmission Interface with 
Loudspeaking Facility 

FUNCTIONAL DESCRIPTION 

Product Specification 

TEA1042 

The TEA 1042 contains two receiving amp I ifiers, a transmitting amp I ifier, means to switch the inputs 
and the outputs, means to adjust the gain of all amplifiers individually, means to vary the gain with the 
line current and means to adjust the d.c. voltage drop and d.c. resistance. See the block diagram, Fig. 1. 

Supply: LN, Vee, Vee. RA, CX1 and CX2 (pins 1, 21, 4, 24, 6 and 13) 

The circuit is supplied from the line current, the arrangement is shown in Fig. 3. The circuit develops 
its own supply voltage at V cc (pin 21 ). This supply voltage may also be used to supply an external 
circuit, e.g. a CMOS pulse or DTMF dialler or an electret microphone amplifier stage. The current 
available for this circuit depends on external components, see Fig. 4. 

All line current has to flow through the circuit. If the line current exceeds the current required by the 
circuit itself via V cc (pin 21 ), i.e. about 1 mA, plus the current required by the peripheral circuits 
connected to this pin, then the excess current is diverted via LN, the positive line terminal (pin 1 ), 
to RA (d.c. resistance adjustment; pin 24). 

The minimum line voltage may be chosen by external resistor R5 and the variation with line current 
by external resistor R 10. The circuit regulates the line voltage at T amb = 25 oc to: 

R5 + R9 
Vline = VLN = ·~ x 0,62 + ILN x R10, 

I LN being the current diverted via LN. 

A regulator decoupling capacitor has to be connected between RCX (pin 22)and VeE, the negative 
line terminal (pin 4), a smoothing capacitor has to be connected between Vee (pin 21) and VEE' and 
a stabilizing capacitor between CX2 (pin 13) and VEE· Further a decoupling capacitor has to be 
connected between CX1 (reference decoupling; pin 6) and VEE (pin 4). 

The dynamic impedance that the circuit presents to the line in the speech band is determined primarily 
by resistor R1 connected between LN (pin 1) and Vee (pin 21). 

Mode (handset/base selection) input M (pin 16) 

The mode input permits selection of operation via the handset or via the base. A HIGH level on the M 
input or an open circuit selects handset operation, i.e. it activates the microphone inputs M IC1 and 
MIC2 and the handset telephone output QTEL. A LOW level on M selects the base microphone input 
MIC3 and the loudspeaker preamplifier output OLSP. 

Microphone inputs MIC1, MIC2 and MIC3 (pins 10, 18 and 19) 

Handset and base may be equipped with a sensitive microphone, e.g. an electret microphone with pre­
amplifier. This has to be connected to the MIC2 or MIC3 input respectively. The available gain from 
these inputs is typ. 20 dB. 

The handset may also be equipped with an insensitive low-impedance microphone, e.g. a dynamic or 
magnetic microphone. This has to be connected between MI C1 (pin 10) and (REF (pin 11). The available 
gain from this input is typ. 44, 1 dB. 

Dual-tone multi-frequency input DTMF and mute input MUTE (pins 20 and 17) 

A HIGH level on the MUTE input inhibits all microphone inputs and the telephone and loudspeaker 
outputs OTE Land OLSP and enables the DTMF input, a LOW level does the reverse. Switching the 
MUTE input will not produce any clicks on the line or in the telephone or loudspeaker. The available 
gain from the DTMF input is typ. 25,6 dB. 
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Signetics Linear Products 

Transmission Interface with 
Loudspeaking Facility 

Product Specification 

TEA1042 

Telephone output QTEL and loudspeaker preamplifier output QLSP (pins 5 and 8) 

As described before, the M input determines which of the outputs QTE L and QLSP will be 
activated. The receiving amplifier input IR (pin 12) is the input for both outputs. For both outputs the 
available gain is typ. 27 dB. The output OTE Lis intended for telephone capsules with an impedance of 
150 nor more. The OLSP output is intended to drive a power amplifier. Its output impedance is less 
than 1 kn. 

Gain adjustment: GAT1, GAT2, GAP and GAL (pins 2, 3, 7 and 9) 

The gain of the transmitting amplifier may be adjusted by an external resistor R2 connected between 
GAT1 and GAT2 (pins 2 and 3; see Fig. 9). This adjustment influences the sensitivity of the inputs 
MIC1, MIC2, MIC3 and DTMF to the same amount. The gain is proportional to R2 and inversely 
proportional to R 10 and R 12. 

The gain of the telephone amplifier may be adjusted by an external resistor R 14 between GAP (pin 7) 
and CX 1 (pin 6). The gain is proportional to R 14 and inversely proportional to R 12. 

The gain of the loudspeaker preamplifier may be adjusted by an external resistor R 13 between GAL 
(pin 9) and CX 1 (pin 6). The gain is proportional to R13 and inversely proportional to R12. 

Gain control with line current: GALN (pin 23) 

The circuit offers a facility to automatically vary the gain of all its amplifiers with the line current. In 
this way the circuit compensates for differences in line attenuation. The variation is accomplished by 
connecting an external resistor R 11 between GALN (pin 23) and VEE (pin 4). The value of this resistor 
should be chosen in accordance with the supply voltage of the exchange (see Figs 5 and 6). 

If no gain variation with line current is required the GALN connection may be left open. All amplifiers 
have their maximum gain then. 

Selection input for gain control adaptation to feeding bridge impedance: BROG (pin 15) 

A LOW level at the BROG input optimizes the gain control characteristics of the circuit for a 400 n 
feeding bridge in the exchange, a HIGH level for 800 Q. 

Side tone suppression 

In the circuit diagram shown in Fig. 9 side tone suppression is obtained with components C2, R3, R4, 
R7 and RS. Their component values have to be chosen to suit the cable type used. This network 
attenuates the signal from the telephone line to the IR input of the receiving amplifier. This attenuation 
may be adjusted by choosing the value of R7 without affecting the side tone suppression. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply current 
d.c. 
non-repetitive (t < 100 h) 

Storage temperature range 

Operating ambient temperature range 

Junction temperature 
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Slgnetlcs Linear Products 

Transmission Interface with 
Loudspeaking Facility 

CHARACTERISTICS 
lnne = 10 to 140 mA; f = 1000 Hz; Tamb = 25 oc, unless otherwise specified. 

parameter symbol min. 

Supply: LN and Vee (pins 1 and 21) 

Line voltage 
I line= 15mA Vline 4 

l1ine = 50mA Vline 
I line= 100 mA Vnne 

Variation with temperature --.1Vline/.:lT 8 

Line current operating rage lnne 10 

Supply current at Vee= 2 V ice 

Mode (handset/base selection) input M (pin 16) 

Input voltage 
HIGH level V1H 1 
LOW level V1L 0 

Input current -115 

Attenuation of non-selected signals -'1Avd 45 

Product Specification 

TEA1042 

typ. max. unit 

4,2 4.4 v 
5,8 v 
7,3 v 

10 12 mV/K 

140 mA 

mA 

Vee v 
0,2 v 

8 20 µA 

dB 

Low-impedance handset microphone input MIC1 and reference voltage pin REF (pins 10 and 11) 

Input impedance IZ10.11I 3 kn 

Voltage gain, see Fig. 7 Avd 43,1 44,1 45,1 dB 

High-impedance handset microphone input MIC2 (pin 18) 

Input impedance IZ18-41 40 48 kn 
Voltage gain, see Fig. 7 Avd 19 20 21 dB 

Base microphone input MIC3 (pin 19) 

Input impedance IZ19-4I 40 48 kn 

Voltage gain, see Fig. 7 Avd 19 20 21 dB 

DTMF input (pin 20) 

Input impedance IZ20.4I 10 15 kn 
Voltage gain, see Fig. 7 Avd 24,6 25,6 26,6 dB 

Gain adjustment pins; transmitting amplifier: GAT1 and GAT2 (pins 2 and 3) 

Gain adjustment range '1Avd ±6 dB 

Gain variation with frequency, 
f = 300 to 4000 Hz '1Avd ±0,5 dB 

Gain variation with temperature at 
I line= 50 mA; Tamb = -5 to +45 oc '1Avd ±0,5 dB 
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Signetlcs Linear Products 

Transmission Interface with 
loudspeaking Facility 

CHARACTERISTICS (continued) 

parameter 

Transmitting amplifier output LN (pin 1) 

Output voltage at lnne= 15mA; Rnne=600n;d=2% 

Psophometrically weighted* noise output 
voltage at lune= 15 mA; Rune= 600 n 

MUTE input (pin 17) 

Input voltage 
HIGH level 
LOW level 

Input current 

Attenuation of non-selected signals 

Receiving amplifier input IR (pin 12) 

Input impedance 

Telephone output OTEL (pin 5) 

Voltage gain at lune= 15 mA; 
R1oad= 150 n; R13 = 15 kn; see Fig. 8 

Gain variation with frequency, 
f = 300 to 4000 Hz 

Gain variation with temperature at 
lnne = 50 mA; Tamb = -5 to +45 oc 

Maximum output voltage at lune= 15 mA; 
R1oad = 150 n; d = 2% 

Psophometrically weighted* noise output 
voltage at I line= 15 mA 

Gain adjustment pin; telephone amplifier: GAP (pin 7) 

Gain adjustment range 

Loudspeaker preamplifier output OLSP (pin 8) 

Voltage gain at I line= 15 mA; 
R1oad = 10 kn; R14 = 15 kn; see Fig. 8 

Gain variation with frequency, 
f = 300 to 4000 Hz 

Gain variation with temperature 

Psophometrically weighted* noise output 
voltage at lnne = 15 mA 

Output impedance 

symbol 

VLN(rms) 

VLN(rms) 

V1H 
V1L 

-117 

-AAvd 

IZ124I 

Avd 

AAvd 

AAvd 

VO(rms) 

VO(rms) 

AAvd 

Avd 

AAvd 

AAvd 

VO(rms) 

IZ9.4I 

Gain adjustment pin; loudspeaker preamplifier: GAL (pin 9) 

Gain adjustment range l AAvd 
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Product Specification 

TEA1042 

min. typ. max. unit 

1,4 - - v 

- 245 - µV 

1 - Vee v 
0 - 0,2 v 

- 8 20 µA 

45 - - dB 

- 10 - kn 

26 27 28 dB 

- ±0,5 - dB 

- ±0,5 - dB 

350 - - mV 

- 40 - µ.V 

- ±8 - dB 

- 27 - dB 

- ±0,5 - dB 

- ±0,5 - dB 

- 40 - µ.V 

- - 1 kn 

- ±8 - dB 



Signetics Linear Products 

Transmission Interface with 
Loudspeaking Facility 

CHARACTERISTICS (continued) 

parameter symbol min. 

Product Specification 

TEA1042 

typ. max. unit 

Selection input for gain control adaptation to feeding bridge impedance BROG (pin 15) 

Input voltage 
HIGH level VrH 1 Vee v 
LOW level VrL 0 0,2 v 

Input current -115 8 20 µA 

Gain control with line current pin GALN (pin 23) 

Gain control range ~Avd 6 dB 

Highest line current for maximum gain, 
R11=105 kn; 

BROG= HIGH (Rexch = 800 n) I line 22,5 25 27,5 mA 
BROG= LOW (Rexch = 400 n) I line 31,5 35 38,5 mA 

Lowest line current for minimum gain, 
R11 = 105 kn; 

BROG= HIGH (Rexch = 800 n) lrine 49,5 55 60,5 mA 
BROG= LOW (Rexch = 400 n) lrine 81 90 99 mA 

* P53 curve. 
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Transmission Interface with 
Loudspeaking Facility 

I line 

R5 
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R9 e4 

3 

R1 

21 
LN 

ReX ex1 RA eX2 VEE 

22 6 24 13 4 

+ + + 
C6 C5 
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Fig. 3 Supply arrangement. 

Tamb =55°c 
R9 =20 kn 
R10 =2on 

Product Specification 

TEA1042 

IP 

-1 
I 
I 
I 
I 
I 
I 

6 
peripheral 
circuit 

? eg 
I 
I 
I 
I 
I 
I ___ _J 

7Z88493 

Ip 

(mA) l1ine = 15 to 120mA 

2 

O'--~~~.--~~-..,.--~~--."'--~~-fl~~ 

0 2 3 4 . 

7Z88492 Vee 1v1 

Fig. 4 Maximum current Ip available from Vee for external (peripheral) circuits. 
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Transmission Interface with 
Loudspeaking Facility 
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Product Specification 

TEA1042 

7Z88501 
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Fig. 5 Gain variation with line current, with R11 as a parameter, and with the BROG input HIGH, i.e. 
the circuit optimized for BOO n. The values chosen for R 11 suit the usual values for the supply voltage 
of the exchange. The curves are valid for 0,5 mm twisted-pair cables with an attenuation of 1,2 dB/km 
and a d.c. resistance of 176 fl/km. 
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Fig. 6 Gain variation with line current, with R11 as a parameter, and with the BROG input LOW, i.e. 
the circuit optimized for 400 n. The values chosen for R 11 suit the usual values for the supply voltage 
of the exchange .. The curves are valid for 0,5 mm twisted-pair cables with an attenuation of 1,2 dB/km 
and a d.c. resistance of 176 SJ/km. 
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Fig. 9 Typical.application of the TEA1042 in an electronic handsfree telephone set. The connections 
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the Functional Description. The diagram does not show voice switches and associated control circuits 
required in a practical circuit for stable loudspeaking operation. 
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Signetics Linear Products Product Specification 

Transmission Interface with DTMF TEA1046 

This integrated circuit is a dual-tone multi-frequency (DTMF) generator and a speech transmission 
circuit on a single chip. It supplies frequency combinations in accordance with CCITT recommendations 
for use in push-button telephones. It can be operated with a single contact keyboard or via a direct 
interface with a microcomputer. 12 L technology allows digital and analogue functions to be implement­
ed on the same chip. 

The speech-transmission part incorporates microphone and telephone amplifiers, anti-sidetone and line 
adaption. The microphone inputs, suitable for different types of transducers, are symmetrical to allow 
long cable connections with good immunity against radio-frequency interferences. 

The logic inputs contain an interface circuit to guarantee well defined states and on and off resistance 
of the keyboard contacts. 

The circuit features: 
- stabilized DTMF levels to be set externally 
- wide operating range of line current and temperature 
- no individual DTMF level adjustments required 
- microcomputer compatible logic inputs 
- gain setting for microphone and receiver amplifiers 
- internally generated electronic muting 
- low spreads on amplifier gains 
- low number of external components 

QUICK REFERENCE DATA 

Line voltage 

Line current 

Adjustable dynamic resistance 

Microphone signal amplification 

Telephone signal amplification 

DTMF tone levels (adjustable) 
lower frequency 
higher frequency 

Operating temperature range 

PACKAGE OUTLINES 

TEA 1046P: 24-lead DI L, plastic (SOT-101 ). 
TEA1046D: 24-lead OIL, ceramic (SOT-149). 

5-391 

VL typ. 4.8 v 
IL 10 to 120 mA 

Ri 600 to 900 n 
AM typ. 50 dB 

AT typ. 20 dB 

VLG max. -6 dBm 

VHG max. -4 dBm 

Tamb -25 to+ 85 oc 
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Transmission Interface with DTMF TEA1046 

PINNING 

1 VL positive line-voltage 

2 VN1 negative line-voltage 

osc 3 vs voltage stabilizer filter 

4 Tl telephone amplifier input 
COL4 

5 TO telephone amplifier output 
COLJ 

6 i.e. internally connected 
COL2 7 ZI impedance setting input 

COL! 8 AT anti-sidetone output 

ROW! 9 F2 second filter 
TEA1046 

TLS 
10 F1 first filter 

11 VN2 negative line voltage 
ROW2 

12 VA reference voltage output 
ROWJ 13 MIC1 microphone input (pos.) 

Fl ROW4 14 MIC2 microphone input (neg.) 

MIC2 15 ROW4 row input 941 Hz/BCD input 

VR MIC! 16 ROW3 row input 852 Hz/BCD input 

17 ROW2 row input 770 Hz/BCD input 

18 TLS DTMF level setting 

19 ROW1 row input 697 Hz/BCD input 
Fig. 2 Pinning diagram. 20 COL1 column input 1209 Hz/mute input 

21 COL2 column input 1336 Hz/mute input 

22 COL3 column input 1477 Hz/enable input 

FUNCTIONAL DESCRIPTION 

Voltage regulator (Fig. 3) 

23 

24 

COL4 

osc 

column input 1633 Hz/mute input 

oscillator input 

Different line lengths and feeding bridge resistances of the exchange cause a large line current range to 
supply this circuit. As all functions on this chip are working within a total current of 10 mA, the rest of 
the line current is shunted by the voltage regulator circuit. It regulates the voltage drop over the circuit 
on a nominal level of 4.8 V. 

The capacitor connected to input VS provides a low-pass filter function to avoid influence of the audio 
signals on the line. 

The static behaviour of the voltage regulator is expressed by: 

where V0 = 4.8 Vat Ta= 25 oc and R13 = 5 n, Ii= 10 mA. 

The dynamic impedance of the regulator is equivalent to a resistor in series with a simulated inductor: 

Zr (w) = Req + iwleq 

where Req = R13 = 5 n 
Leq .. 5 H (Cvs = 68 µF). 
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TEA1046 
1 VL 

R12 t I; 
IL 

10-140 
mA 

3 2 
VS VN1 

+ 
0 vs 68µF 

7287299 

Fig. 3 Voltage regulator principle. 

By connecting a resistor parallel to R12 the d.c. level (VL) can be decreased. A resistor parallel Cvs 
increases the level (see Fig. 3). All this with respect to limited values. The shunt regulator contains a 
thyristor which short-circuits R 12 for a short period during the switch-on time. This reduces the over­
shoot voltage to only 1 V above the level set by the regulator. 

Active output stage 

The amplifier consists of a voltage to current converter with a class-A output stage. Because of the 
feedback from the line to the input the circuit acts as a dynamic resistance (Ra). This resistance can be 
adjusted by the external resistor Rz1 and the value can be found by: 

Ra= 8.93 x Rz1 (n) 

The total dynamic resistance Ri equals Ra parallel with the resistance Rp of all other circuits parts, 
which value is approximately 7 kil. 
With Rz1 = 75 .n, Ra= 670 .n and Ri = 610 .n. 
For Rz1=120.Q, Ra= 1070 .n and Ri = 900 .n. 

Microphone amplifier 

Pins 13 and 14 respectively are the non-inverting and inverting inputs for the microphone. The purely 
symmetrical inputs are suitable for low ohmic dynamic or magnetic capsules. The input impedance 
equals 4 k.Q. The voltage amplification from microphone input to pin 1 (VL) is 50 dB and if a lower 
gain is required the attenuation for a series resistor RMS will be: · 

CMS 
lJ MIC1 

I AM(RMsf-0) 4 I (RMs in kil) 

iRMP 
AM(RMs=O) 4+ RMS 

I 

AM=l~~ l 
: RMS 

14 MIC2 

7Z89994.A 
(a) 

Fig. 4 Symmetrical microphone connection. Resistor AMP may be used to lower the microphone 
termination resistance. 
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The microphone amplifier also has an excellent behaviour for connection of an electret microphone 
with built in FET-source follower. In this condition pin 14 is decoupled for a.c. and the amplifier is 
driven at pin 13. The input impedance in this asymmetrical mode is 22 kn. If attenuation of the 
amplification is required the value of AMA is given by: 

----11---...;.1..;..i4 MIC2 

7289994.A 

(b) 

Fig. 5 Electret microphone circuit. 

Telephone amplifier and anti-sidetone network 

AM(RMA ;! 0) 

AM(RMA =O) 

22 +AMA 

22+11 AMA 
(AMA in k.Q) 

This amplifier is a non-inverting fixed feedback amplifier with a class-A output stage. The gain is fixed 
and measures 20 dB from pin 4 (Tl) to pin 5 (TO). The output is intended to drive capsules ZT of 
nom. 350 n. For ZT smaller than 350 n the maximum output voltage swing is determined by the bias 
current of 3.5 mA and ZT. For ZT greater than 350 n the maximum voltage swing is determined 
internally. The received line signal is attenuated by the anti-sidetone network and can be adjusted by 
RAT· The amplification from the line to the telephone output is given by: 

Zs is the impedance of the anti-sidetone network 
ZT is the capsule impedance 
Ro is the amplifier output resistance 

(see Fig. 14) 

Optimum side-tone suppression is obtained as Zs (RA1• RA2 and CA) equals 

ZL =line terminating impedance 
Ri =output stage impedance// passive circuit impedance 
K = 237 

In the application of Fig. 14 the network is optimized for 5 km of twisted copper wire (rp0.5 mm) cable 
with a d.c. resistance of 176 .Q/km. The side-tone suppression in the range from 0 - 10 km is at least 
10 dB compared with the case when no compensation is applied. 

5-395 September 1985 

5 



Signetics Linear Products Product Specification 

Transmission Interface with DTMF TEA1046 

Keyboard inputs 

Inputs for the logic control are compatible With different types of keyboard. Using a keyboard, tone 
combinations are generated: 
- by connecting one of row inputs to one of the column inputs by means of a single switch of the matrix. 
- or by applying a dual contact keyboard having its common row contact tied to ground and the 

common column contact tied to VR. 

An anti-bounce circuit eliminates the switch bounce for up to 2 ms. Two key roll-over is provided by 
blocking other inputs as soon as one key is pressed. Single tones can be generated if the column input is 
connected to VR or the row input to ground. The inputs for the keyboard connections can be used for 
direct connection to a microcomputer. If the column inputs are interconnected and made HIGH(= VR) 
the row inputs are changed to another mode, allowing the circuit to be driven by 4-bit data plus an 
enable signal. In this mode, it is also possible to connect a separate mute enable signal on inputs COL 1, 
2 and 4 and a tone enable input on COL3. 

Truth table microcomputer mode 

row column tones 
1 2 3 4 1, 2, 4 3 Hz 

symbol mute 

H H H H L L - - off 

x x x x H L - - on 

H H H H H H 697/1209 1 on 

H H H L H H 697/1336 2 on 

H H L H H H 697/1477 3 on 

H H L L H H 697/1633 A on 

H L H H H H 770/1209 4 on 

H L H L H H 770/1336 5 on 

H L L H H H 770/1477 6 on 

H L L L H H 770/1633 B on 

L H H H H H 852/1209 7 on 

L H H L H H 852/1336 8 on 

L H L H H H 852/1477 9 on 

L H L L H H 852/1633 c on 

L L H H H H 941/1209 * on 

L L H L H H 941/1336 0 on 

L L L H H H 941/1477 # on 

L L L L H H 941/1633 D on 
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1/01 t------------!ROW1 

1/02 ROW2 

1/03 ROW3 

J/04 AOW4 
MICRO-

AOW1, 
ROW2, 
ROW3, 

O• 
ROW4 

COMPUTER I /05t---M_U_T_E_=_E_NA_B_L_E_-.---l 
TEA1046 

COL1 
COL2 
COL3 

ood 
COL4 

MICRO-
COMPUTER 

f/06 
LINE 

SIGNAL 

SPEECH DTMF SPEECH DTMF SPEECH 

(a) 

Fig. 6 Microcomputer mode. 
All column inputs interconnected. 

Fig. 7 Tone/speech waveform in circuit 
diagram Fig. 6. 

AOW1, 
ROW2, ~~--~ ,--~ 

R9,~3, ~~--~ ~--~~--~~--~· ~ 
1/01 AOW1 

1/02 ROW2 
1/03 ROW3 

1/04 AOW4 

1/05 MUTE 

1/06 
ENABLE 

ROW4 

COL1 
COL2 

•nd 
COL4 

COL3 

LINE 
SIGNAL 

SPEECH DTMF SILENCE DTMF SIL SPEECH 

7291000.A 
(b) 

Fig. 8 Microcomputer mode. 
Column inputs COL 1, 2 and 3 
interconnected. 

Fig. 9 Tone/speech waveform in circuit 
diagram Fig. 8. 

AOW1 y---\ 
---1j 1'---

1 I 

Row2_/L__ 
I I 

~ ROW3 ____Ji L_ 
I I 
I I 

ROW4 I I 

I I 
~ COL3 ___J L_ 
I I 

COL1,2,4~ 
I I I 
1 I I 

LINE~I 
SIGNAL 

I ' I 
SPEECH DTMF SIL. SPEECH 

7287296 

Fig. 10 Waveform tones 697/1336 Hz (dialing number 2). 
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Dial tone generator 

The crystal oscillator frequency is twelve or nine times the clock frequency i.e. 4.782720 MHz or 
3.579 545MHz (mask option). The CCITT recommends that the tones should be within 1.5% of the 
specified frequencies. Many authorities however require a closer tolerance. The application using a 
crystal of 4.78 MHz gives a maximum dividing error of 0.11 % whilst for an application with a 3.58 MHz 
crystal the error is 0.25% maximum. 

The output from the dividers for the higher and the lower frequency tones are symmetrical square-wave 
pulses which contain considerable odd-numbered harmonics. The lower order odd numbered harmonics 
(11th and less) are eliminated by synthesising the tone frequencies as crude stepped sinewave approxima­
tions. Each half cycle of the tone waveform comprises seven discrete amplitudes for the higher frequency 
tone. Each amplitude increment is generated by switching on and off an individual current source for 
the duration of each step of the sinewave. The frequency of the tones is varied by changing the duration 
of each step. This circuit allows the connecting of two low-pass first order filters to pins 9 and 10 if 
CEPT 203 recommendations have to be achieved. 

The second filter is also used for filtering the microphone signal. If lower requirements for the distortion 
can be applied the filter at pin 10 can be deleted. In that case the filter at pin 9 must have a lower 
cut-off frequency ( 1800 Hz) to achieve a cqrrect pre-emphasis since the roll-off of the filters is 
compensated internally. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply current Ip 

Surge current (tp < 250 µs) Is 

Operating ambient temperature range 

Storage temperature range 

Junction temperature 

CHARACTERISTICS 

Tamb = 25 °c; IL= 15 mA, unless otherwise specified. See also Fig. 11. 

description symbol min. 

Supply 

Line voltage d.c. 
IL= 15 mA VL 4.5 
IL= 50mA VL 4.7 
IL= 100mA VL 5.0 

Temperature coefficient TC -
Line current range IL 10 

Stabilized voltage (pin 3) 
IL= 15mA Vs -
1L = 100mA Vs -

Reference voltage (pin 12) VR -

September 1985 5-398 

max. 

max. 

150 mA 

850 mA 

-25 to +85 oc 

-55 to+ 125 oc 

max. 150 oc 

typ, max. unit 

4.8 5.1 v 
5.0 5.3 v 
5.4 6.5 v 
-8 - mV/K 

- 120 mA 

3.3 - v 
3.8 - v 
1.0 - v 
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Transmission Interface with DTMF TEA1046 

description symbol min. typ. max. unit 

Microphone 

Input resistance (symmetrical) Ri 13-14 - 4 - k.11 

Input resistance (asymmetrical) Ri 13 - 22 - k.11 

Voltage amplification 
f = 800 Hz; R L = 600 .\1 AM 48 50 52 dB 

Temperature coefficient 
IL= 50 mA; Tamb = -5 to +45 oc TC t.b.f. dB 

Common mode rejection ratio CMRR 60 - - dB 

Distortion at VL = 3 dBm dt - 2 - % 

Noise output voltage ·1 

ZL = 600 .11; psophometrically weighted 
(P53 curve) VNO - -70 - dB mp 

Amplification reduction 5 
during dialling AAM - 70 - dB 

Anti-sidetone 

Voltage amplification, microphone to 
anti-sidetone output (RAT= 3.9 k.11) AAT - 25.8 - dB 

Transmitter output stage 

Dynamic resistance setting range Ri 600 - 900 n 
Variation over line current 

Ri = 600 .11 AZ0 - 100 - n 
Balance return loss from 300 up to 3400 Hz 

at 600 .11 (Rz1 = 75 .11, CL= 10 nF) BRL 20 - - dB 

at 900 .\1(Rz1=120 n, CL= 30 nF) BRL 20 - - dB 

Telephone amplifier 

Voltage amplification 
Rr= 350 n Ar 18 20 22 dB 

Amplification variation 
f = 300 to 3400 Hz aAr/f - 0 - dB 

Amplification variation 
T = -5 to +45 oc aAr/T - 0 - dB 

Output voltage swing (dt = 10%) Vo(p-p) - 1300 - mV 

Output impedance Zo - 5 10 n 
Input impedance zi - 100 - k.11 

Output distortion 
level< -7 dBV do - 2 - % 

Output noise voltage psophometrically 
weighted (P53 curve) Vno (rms) - - 500 µV 

Bias current IM 3 3.5 4 mA 
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CHARACTERISTICS (continued) 

description symbol min. typ. max. unit 

DTM F generator 

Tone frequencies 
low tones (row inputs) 697, 770, 852, 941 Hz 
high tones (column inputs) 1209, 1336, 1477, 1633 Hz 

Dividing error 
crystal frequency= 4.78 MHz Afd -0.04 - +0.11 % 
crystal frequency= 3.58 MHz Afd -0.25 - -0.05 % 

Tone output level 
IL> 10mA 
lower tones VLG - -11 - dBm 
higher tones VHG - -9 - dBm 

Tone output level 
IL> 12 mA 
lower tones VLG -11 - -6 dBm 
higher tones VHG -9 - -4 dBm 

Tolerance on output level 
over temp. and current range AV0 -2 - 2 dB 

Pre-emphasis higher tones 
over temp. and current range AVHG 1.3 2 2.7 dB 

Tone delay 
after key actuation td - 10 - µs 

Switch delay time speech/mute 
after key release td - 10 - µs 

Switch bounce elimination tsb - 2 - ms 

Keyboard inputs 

Contact off resistance RKoff 250 - - kn 

Contact on resistance RKon - - 10 kn 

Lower frequency inputs (ROW1, 2, 3, 4) 
voltage LOW V1L - 0.7 t.b.f. v 
voltage HIGH V1H t.b.f. 1.7 - v 
current (d.c.) at V1L l1L - 20 1000 µA 
current (d.c.) at V1H l1H - - - µA 

Higher frequency inputs (COL 1, 2, 3, 4) 
voltage LOW V1L - 0.3 t.b.f. v 
voltage HIGH V1H t.b.f. 1.0 - v 
current (d.c.) at V1L l1L - - - µA 
current (d.c.) at VI H l1H - 20 1000 µA 
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10-140 
mA 

1M 

100 + 
µF 10nF 

600 CL 
10nF 

VL 
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24 

i.e. 
6 

VN2 
11 

TLS 
18 

15 16 17 

TEA1046 

19 

7.5 
K 

ROW4 

ROW3 

ROW2 

ROW1 

MIC1 
13 

MIC2 
14 

TO 33µF 

5 + 

22nF 

VN1 
2 

TOnF 

Product Specification 

TEA1046 

t 
Vro 350 

i 

7ZB7302 -:-

Fig. 11 Test circuit for measuring amplifier voltage gains and frequencies and levels of DTMF generator. 
X = 3.58 or 4.78 MHz. 

I VAT I AAT= VM (VT1=0) 
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tone 
level 

(dBm) r-t---t---t--+---t--+---t--+-+-t-+--t--ll--+--+-+-+--+---t--l--l--l--+-t--1----1-1--+--~ 

vrms 
(mV) 

600 

' 500 
J_ f--i..-

-5 f-l-f----4--t'-=t~"""+...d:::-+-+--+---+--l-+-+-+-+-+-+-l--l--l--.J.--+--1--1---l--l----l--I-~ 
H.l'"-lo-=-+-+--f---l-Nf--t--l--+-t---==!==-i...,,..+---1---11--+-+--..:+high frequency 400 I -r--+- ~ tone Loup --+--+---+---+--+---t--+--+--t-+--1 

RTLS max 

I RTLsmin ~ 300 

I_... low frequency r-t-t-+-.. 
-10 hl-+-+-t-+---1--11--+--+--+to~e gro 1up r-+-+-+-+-+--+-+===!'"-t......jdl-1-f-+-+-+--+---J 

I ~I 
HI-+-+-t-+--t~l--+--+-+-+-+--+---+--l--l---l--t--1----1-l--+---1---1--1--l--..::i=~-<1--1-~200 

35 40 45 50 55 60 RTLS ( K ) 65 

Fig. 12 DTMF level selection. The curve is valid for a dynamic impedance of 600 .n (Rz1=75 U). 

Some values: 

LOW HIGH RTLS 
dBm dBm kil 

-6 -4 35.2 

-8 -6 44.8 

-11 -9 62.6 

------VL 
-------VL 

SK logic 

SK logic 
COL i _ _._-'VIA--__. 

-7Z_8_72_9_8 ---+-- VN _7Z_8_72-97 __ _.,._ VN 

(a) (b) 

Fig. 13 Configuration inputs. (a) ROW1, 2, 3 and 4. (b) COL 1, 2, 3 and 4. 
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COL4 
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COL2 
COL1 

23 22 21 20 

VL ROW1 OJ 0 @J IE 
19ROW2 

Rx(1M) 17ROW3 
[!] [§] [[] lfil 

osc III[]] [fil@J ALP 24 16 
18 

ROW4 ~@] [!] [fil 15 
CL i.e. 
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8AS11 en 
F2 

10nF 
9 

TEA1046 
VN2 

11 

RA1 
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TLS 
18 
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4 
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RF1 
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7287301.1 .,,. 

Fig. 14 Application diagram TEA1046 using dynamic transducers, RMS· RAT· Rz1 and RTLS 
determined by transducers and system requirements. 
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Telephone Transmission Circuit with Dialer Interface TEA1060/61 

GENERAL DESCRIPTION 

The TEA 1060 and TEA 1061 are bipolar integrated circuits performing all speech and line inter­
face functions required in fully electronic telephone sets. The circuits internally perform electronic 
switching between dialling and speech. 

Features 

• Voltage regulator with adjustable static resistance 
• Provides supply for external circuitry 
• Symmetrical low-impedance inputs for dynamic and magnetic microphones (TEA 1060) 
• Symmetrical high-impedance inputs for piezoelectric microphone (TEA 1061) 
• Asymmetrical high-impedance input for electret microphone (TEA 1061) 
• DTMF signal input 
• Mute input for pulse or DTMF dialling 
• Power down input for pulse dial or register recall 
• Receiving amplifier for magnetic, dynamic or piezoelectric earpieces 
• Large amplification setting range on all amplifiers 
• Line loss compensation facility, line current dependent 
• Gain control adaptable to exchange supply 

QUICK REFERENCE DATA 

Line voltage at I line= 15 mA VLN typ. 4,35 v 
Line current operating range I line 10 to 140 mA 

Supply current 
power down input LOW Ice typ. mA 

power down input HIGH Ice typ. 50 µA 

Voltage amplification range microphone amplifier 
TEA1060 Avd 44 to 60 dB 

TEA1061 Avd 30 to 46 dB 

receiving amplifier Avd 17 to 39 dB 

Amplification control range ~Avd typ. 6 dB 

Exchange supply voltage range Vexch 24 to 60 v 
Exchange feeding bridge resistance range Rexch 400 to 1000 n 
Operating ambient temperature range Tamb -25 to +75 oc 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102A). 
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MIC+ 8 

MIC-
7 

DTMF 
13 

14 
MUTE 

PD 
12 

Vee 
15 

TEA1060 
TEA1061 

SUPPLY AND 

REFERENCE 

hn 
l 

10 116 17 

VEE REG AGC 

CONTROL 

CURRENT r-L__ 

CURRENT u-+ 
REFERENCE 

l 
19 

STAS 

Product Specification 

TEA1060/61 

LN 
1 

5 t> _+ i---+--+-- OR+ 

t---+--t-4- QR-

r-------t--t-2- GAS 1 

,-+ t> k 
1~----+-3- GAS2 

f---J 

18 

7286758.1 SLPE 

Fig. 1 Block diagram. The blocks marked "dB" are attenuators. The block marked (1) is only present 
in the TEA1061. 
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PINNING 

1 LN positive line terminal 

2 GAS1 gain adjustment; transmitting 
amplifier 

3 GAS2 gain adjustment; transmitting 
SLPE amplifier 

AGe 4 QR- inverting output; receiving amplifier 

REG 5 QR+ non-inverting output, receiving amplifier 

Vee 
6 GAR gain adjustment; receiving 

amplifier 
TEA1060 MUTE 
TEA1061 7 MIC- inverting microphone input 

DTMF 8 MIC+ non-inverting microphone input 

PD 9 STAB current stabilizer 

10 Vee negative line terminal 

VEE 
11 IR receiving amplifier input 

12 PD power-down input 
7286746.1 

13 DTMF dual-tone multi-frequency input 

14 MUTE mute input 
Fig. 2 Pinning diagram. 

15 Vee positive supply decoupling 

16 REG voltage regulator decoupling 

17 AGC automatic gain control input 

18 SLPE slope (d.c. resistance) adjustment 

FUNCTIONAL DESCRIPTION 

Supply: Vee. LN, SLPE, REG and STAB 

The circuit and its peripheral eircuits usually are supplied from the telephone line. The circuit develops 
its own supply voltage at V cc and regulates its voltage drop. The supply voltage V cc may also be used 
to supply external peripheral circuits, e.g. dialling and control circuits. 

The supply has to be decoupled by connecting a smoothing capacitor between Vee and Vee; the 
internal voltage regulator has to be decoupled by a capacitor from REG to VEE· An internal current 
stabilizer is set by a resistor of 3,6 kn between STAB and VEE· 

The d.c. current flowing into the set is determined by the exchange supply voltage Vexch· the feeding 
bridge resistance Rexch· the d.c. resistance of the subs9riber line Rnne and the d.c. voltage on the 
subscriber set (see Fig. 3). 

If the line current l1ine exceeds the current Ice+ 0,5 mA required by the circuit itself !Ice"" 1 mA). 
plus the current Ip required by the peripheral circuits connected to Vee. then the voltage regulator 
diverts the excess current via LN. 

The voltage regulator adjusts the average voltage on LN to: 

VLN = Vref + lsLPE x R9 = Vref +(I line - Ice - 0,5.10-3 - Ip) x R9. 

Vref being an internally generated temperature compensated reference voltage of 4, 1 V and R9 being an 
external resistor connected between SLPE and VEE· Under normal conditions lsLPE >>Ice+ 0,5 mA +Ip. 
The static behaviour of the circuit then equals a 4, 1 V voltage regulator diode with an internal resistance 
R9. In the audio-frequency range the dynamic impedance equals R1. 
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FUNCTIONAL DESCRIPTION (continued) 

The current Ip available from Vee for supplying peripheral circuits depends on external components, 
and on the line current. Figure 4 shows this current for Vee= 3 V min., this being the minimum supply 
voltage for most CMOS circuits including a diode voltage drop for an enable diode. If MUTE is LOW the 
available current is further reduced when the receiving amplifier is driven. 

Microphone inputs MIC+ and MIC- and gain adjustment pins GAS1 and GAS2 

The TEA 1060 and TEA 1061 have symmetrical microphone inputs. 

The TEA 1060 is intended for low-sensitivity, low-impedance dynamic or magnetic microphones. Its 
input impedance is 2 x 4 kn and its voltage amplification is typ. 52 dB. 

The TEA 1061 is intended for a piezoelectric microphone or an electret microphone with built-in FET 
source follower. Its input impedance is 2 x 20 kn and its voltage amplification is typ. 38 dB. 

The arrangements with the microphone types mentioned are shown in Fig. 5. 

The amplification of the microphone amplifier in both types can be adjusted over a range of± 8 dB to 
suit the sensitivity of the transducer used. The amplification is proportional to external resistor R7 5 
connected between GASl and GAS2. 

An external capacitor C6 of 100 pF between GASl and SLPE is required to ensure stability. A larger 
value may be chosen to obtain a first-order low-pass filter. The cut-off frequency corresponds with the 
time constant R7 x C6. 

Mute input MUTE 

A HIGH level at MUTE enables the DTMF input and inhibits the microphone inputs and the receiving 
amplifier, a LOW level or an open circuit does the reverse. Switching the mute input will cause negligible 
clicks at the telephone outputs and on the line. 

Dual-tone multi-frequency input DTMF 

When the DTMF input is enabled, dia'lling tones may be sent onto the line. The voltage amplification 
from DTMF to LN is typ. 26 dB and varies with R7 in the same way as the amplification of the 
microphone amplifier. The signalling tones can be heard in the earpiece at a low level (confidence tone). 

Receiving amplifier: IR, QR+, OR- and GAR 

The receiving amplifier has one input IR and two complementary outputs, a non-inverting output QR+ 
and an inverting output QR-. These outputs may be used for single-ended or for differential drive, 
depending on the sensitivity and type of earpiece used (see Fig. 6). Amplification from IR to QR+ is 
typ. 25 dB. This will be sufficient for low-impedance magnetic or dynamic earpieces; these are suited 
for single-ended drive. By using both outputs (differential drive) the amplification is increased by 6 dB. 
This makes differential drive possible, which is required for high-impedance dynamic, magnetic and 
piezoelectric earpieces with load impedances exceeding 450 n. 

The output voltage of the receiving amplifier is specified for continuous-wave drive. The maximum 
output voltage will be higher under speech conditions, where the ratio of peak and r.m.s. value is higher. 

The amplification of the receiving amplifier can be adjusted over a range of± 8 dB to suit the 
sensitivity of the transducer used. The amplification is proportional to external resistor R4 connected 
from GAR to QR+. 

Two external capacitors C4 = 100 pF and C7 = 10 x C4 = 1 nF are necessary to ensure stability. A 
larger value of C4 may be chosen to obtain a first-order, low-pass filter. The "cut-off" frequency 
corresponds with the time constant R4 x C4. 
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Automatic gain control input AGC 

Automatic line loss compensation will be obtained by connecting a resistor R6 from AGC to VEE· 
This automatic gain control varies the amplification of the microphone amplifier and the receiving 
amplifier in accordance with the d.c. line current. The control range is 6 dB. This corresponds with a 
line length of 5 km for a 0,5 mm diameter copper twisted-pair cable with a d.c. resistance of 176 .Q./km 
and an average attenuation of 1,2 dB/km. 

Resistor R6 should be chosen in accordance with the exchange supply voltage and its feeding bridge 
resistance (see Fig. 7 and Table 1 ). Different values of R6 give the same ratio of line currents for begin 
and end of the control range. 

If automatic line loss compensation is not required AGC may be left open. The amplifiers then all give 
their maximum amplification as specified. 

Power-down input PD 

During pulse dialling or register recall (timed loop break) the telephone line is interrupted, as a conse­
quence it provides no supply for the transmission circuit. These gaps have to be bridged by the charge 
in the smoothing capacitor C1. The requirements on this capacitor are relaxed by applying a HIGH 
level to the PD input, which reduces the supply current from typ. 1 mA to typ. 50 µA. 

A HIGH level at PD further disconnects the capacitor at REG, with the effect that the circuit's 
impedance equals a 4, 1 V voltage regulator diode with an internal resistance equal to R9. This results 
in rectangular current waveforms in pulse dialling and register recall. 

When this facility is not required PD may be left open. 

Side-tone suppression 

Suppression of the transmitted signal in the earpiece is obtained by the anti-side-tone network consisting 
of R2, R3, RB and Zbal (see Fig. 10). Maximum compensation is obtained when Zba1/k equals the line 
impedance Zline as seen by the set (scale factor k = Rs!R 1). 

In practice Zline varies strongly with line length and cable type; consequently an average value has to 
be chosen for Zbal· The suppression further depends on the accuracy with which Zba1/k equals the 
average line impedance. 

The anti-side-tone network attenuates the signal from the line. With RB = 390 n and R9 = 20 n the 
attenuation is 32 dB. The attenuation is nearly flat over the audio-frequency range. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Positive line voltage VLN max. 13,2 v 
Line current 

average 

non-repetitive (tmax = 100 hours) 

non-repetitive peak (tmax = 1 ms) 

Voltage on all other pins 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

CHARACTERISTICS 

lline(AV) 

l1ine(S) 

lline(SM) 

v 
-V 

Ptot 

Tstg 

Tamb 

max. 140 mA 

max. 250 mA 

max. 1 A 

max. Vee+ 0,7 v 
max. 0,7 V 

max. 640 mW 

-40 to + 125 oc 

-25 to +75 oc 

I line = 10 to 140 mA; VEE = 0 V; f = 800 Hz; T amb = 25 oc; unless otherwise specified. 

parameter symbol min. typ. max. unit 

Supply: LN and Vee (pins 1 and 15) 

Voltage drop over circuit 
atlline=5mA VLN - 4, 15 - v 
at l1ine = 15 mA VLN 4, 15 4,35 4,55 v 
at l1ine = 100 mA VLN - 6,0 7 v 

Variation with temperature at I line= 15 mA AVLNIAT -4 -2 0 mV/K 

Supply current 
at Vee= 2,8 V; PD= LOW Ice - 0,96 1,25 mA 

at Vee= 2,8 V; PD= HIGH Ice - 50 - µA 

Microphone inputs MIC+ and MIC-

Input impedance 
TEA1060 IZisl - 4 - kn 

TEA1061 lzisl - 20 - kn 

Standard deviation on input impedance a - 12 ·- % 

Common-mode rejection ratio; TEA 1060 kcMR - 80 - dB 

Voltage amplification at 
I line= 15 mA; R7 = 68 kn 
TEA1060 Avd 51 52 53 dB 

TEA1061 Avd 37 38 39 dB 

Variation with frequency 
at f = 300 to 3400 Hz AAvdlM - ±0,2 - dB 

Variation with temperature at 
I line= 50 mA; Tamb = -25 to+ 75 oc AAvd/AT - ±0,5 ·- dB 
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parameter symbol min. typ. max. unit 

Dual-tone multi-frequency input DTMF 

Input impedance lzisl - 20 - kn 

Standard deviation on input impedance a - 12 - % 

Voltage amplification 
at I line= 15 mA; R7 = 68 kn Avd 25 26 27 dB 

Variation with frequency 
at f = 300 to 3400 Hz ti.Avdlt:..f - ±0,2 - dB 

Variation with temperature at 
l1ine = 50 mA; Tamb = --25 to+ 75 oc ti.Avd/ti.T - ±0,5 - dB 

Gain adjustment pins GAS1 and GAS2 

Amplification variation with R7, 
transmitting amplifier ti.Avd -8 - +8 dB 

Transmitting amplifier output LN 

Output voltage at I line= 15 mA; 
dtot = 2% VLN(rms) 1,4 2,3 - v 
dtot = 10% VLN(rms) - 2,6 - v 

Noise output voltage 
at I line= 15 mA; R7 = 68 kn; 
psophometrically weighted (P53 curve) Vno(rms) - -70 - dB mp 

Receiving amplifier input IR 

Input impedance lzisl - 20 - kn 

Receiving amplifier outputs OR+ and OR-

Output impedance; single-ended lzosl - 4 - n 

Voltage amplification 
at lune= 15 mA; R4 = 100 kn; 
single-ended; R L = 300 n Avd 24 25 26 dB 

differential; RL = 600 i1 Avd 30 31 32 dB 

Variation with frequency, 
at f = 300 to 3400 Hz ti.Avdlti.f - ±0,2 - dB 

Variation with temperature at 
lune= 50 mA; Tamb = -25 to +75 oc ti.Avdlti.T -- ±0,5 - dB 

Output voltage at Ip = O; dtot = 2%; sine-wave drive 
single-ended; RL = 150 n Vo(rms) 0,3 0,38 -- v 
single-ended; R L = 450 i1 Vo(rms) 0,4 0,52 - v 
differential; CL =47 nF + RL = 100 SJ; f = 3400 Hz Vo(rms) 0,8 1,0 - v 

Noise output voltage 
at lune= 15 mA; R4 = 100 ki1; 
psophometrically weighted (P53 curve) 
single-ended; RL = 300 i1 Vno(rms) - 50 - µV 

differential; RL = 600 i1 Vno(rms) - 100 - µV 
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CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Gain adjustment pin GAR 

Amplification variation with R4, 
receiving amplifier AAvd -8 - +8 dB 

MUTE input 

Input voltage 
HIGH V1H 1,5 - Vee v 
LOW VrL - - 0,3 v 

Input current IMUTE - 8 15 µA 

Reduction of voltage amplification from 
MIC+ and MIC-to LN at MUTE= HIGH -AAvd - 70 - dB 5 
Voltage amplification from DTMF to QR +or OR-

at MUTE= HIGH; single-ended load; 
RL = 300.Q Avd - -18 -- dB 

Power-down input PD 

Input voltage 
HIGH V1H 1,5 - Vee v 
LOW V1L - - 0,3 v 

Input current lpo - 5 10 µA 

Automatic gain control input AGC 

Amplification control range -AAvd - 6 - dB 

Highest line current for maximum 
amplification at R6 = 110 k.Q l1ine - 22 - mA 

t!'owest line current for minimum· 
amplification at R6 = 110 k.Q riine - 60 - mA 
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Aline 11ine R1 
---, 

'sLPE + 0,5 mA 'cc I 
15 t IP 

TEA1060 I 
TEA1061 I 

DC 6 
+ peripheral AC C1 

circuits 

REG STAB SLPE VEE ? 
9 1SLPE 

18 10 I 
I 

R5 R9 I 
I __ _J 

7286754.2 

Fig. 3 Supply arrangement. 

1,5 

Ip 

(mA) 

0,5 

b 

7286750.1 

I line= 15 mA 

Rl =620!1 

R9 = 2on 

0 ~~~~.--~~--,~~~--+~-'-------.~~~ 
0 2 3 Vee !Vl 4 

Product Specification 

TEA1060/61 

Fig. 4 Maximum current Ip available from Vee for external (peripheral) circuitry with Vee;;;;.. 3 V. 
Curve "a" is valid when the receiving amplifier is not driven or when MUTE= HIGH, curve "b" is valid 
when MUTE= LOW and the receiving amplifier is driven, Vo(rms) = 150 mV, RL = 150 n. 
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15 
B MIC+ Vee ----8

-1 MIC+ 
I MIC+ 

0(1) 
MIC-

I 
7 MIC- VEE .__ ___ 7-1 MIC-

10 
7Z86748.1 

(a) (b) (c) 

Fig. 5 Alternative microphone arrangements. (a) magnetic or dynamic microphone, TEA 1060. The 
resistor marked ( 1) may be connected to lower the terminating impedance. (b) electret microphone, 
TEA1061. (c) piezoelectric microphone, TEA1061. 

5 ( 1) 
QR+ 1-"-C:::J--, 

5 (2) 
QR+ 1-"-C:::J--, 

QR- 1-4'-----' QR- 1-4 __ __, 

7Z86747.1 

(a) (b) (c) (d) 

Fig. 6 Alternative receiver arrangements. (a) dynamic telephone with less than 450 Il impedance. 
(b) dynamic telephone with more than 450 Il impedance. (c) magnetic telephone with more than 
450 Il impedance. The resistor marked (1) may be connected to obtain an appropriate acoustic 
frequency characteristic. (d) piezoelectric telephone. The resistor marked (2) is required to increase 
the phase margin. 
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i!.Avd 

(dB) 

0 

-2 

-4 

-6 

0 20 40 60 80 100 

Product Speclflcatton 

TEA1060/61 

7288749. 1 

120 140 
lune (mA) 

Fig. 7 Variation of amplification with line current, with R6 as a parameter. 

Table 1. Values of resistor R6 for optimum line loss compensation, for various usual values of exchange 
supply voltage Vexch and exchange feeding bridge resistance Rexch· 

Rexch (0) 

400 600 800 1000 

R6(k0) 

24 61,9 48,7 x x 

Vexch (V) 
36 100 78,7 68 60,4 

48 140 110 93,1 82 

60 X.. i " l• 220 ,t 1'02-' ! 
' ~ 
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R1 11ine 

s2on 
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IR 
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LN 4 OR- 100 + 

] '" 
R4 µf 

1ookn RL 
OR+ soo 

C4 
n 

MIC-
TEA1060 

100 pf 
C7 

+ 13 TEA1061 
C1 DTMf 

GAR 

1 nf 10to 140mA 

GAS1 
2 

MUTE 

12 
PD GAS2 

VEE REG AGC STAB SLPE 

10 17 9 18 

R5 R9 
RS 3,S 2on 

kil 

7286755.2 

Fig. 8 Test circuit for defining voltage amplification of MIC+, MIC- and DTMF inputs. Voltage ampli­
fication is defined as: Avd = 20 log IV 0/Vil· For measuring the amplification from MIC+ and MIC- the 
MUTE input should be LOW or open, for measuring the DTMF input MUTE should be HIGH. Inputs 
not under test should be open. 

11 

,, l 8 

7 

+ 13 
Cl 100µf 

14 

12 

R1 

s20 n 

15 

Vee LN 

IR 

MIC+ 

MIC-
TEA1060 

DTMf TEA1061 

MUTE 

PD GAS2 

VEE REG AGC STAB SLPE 

10 1S 17 9 18 

+ 
C3 

4,7 µf 

RS 
R5 
3,6 
kil 

R9 

20il 

C4 
100pf 

C7 1 nf 

C6 
100 pf 

10 to 140mA 

7Z86756.2 

Fig. 9 Test circuit for defining voltage amplification of the receiving amplifier. Voltage amplification 
is defined as: Avd = 20 log IV 0/Vil· 

5-415 September 1985 

5 



(/) 

"' 
"* 3 
CT 

!!l 

~ 

(11 
I ..,.. 
~ 

telephone 
line 

R1 

620!1 C1 + 
R2 100µF 

1 1S 130k!1 

cs LN Vee 
11 

IR 

100 nF + 4 
OR-

13 
SI DTMF 

QR+ 

TEA1060 14 from dial 
TEA1061 MUTE and 

6 I 
GAR control circuits 

BZW14 
(2x) 

2 bal 

RS 

390!1 

8 I 
MIC+ 

MIC-

SLPE GAS1 GAS2 

18 2 3 

R7 
C6 

~ 
R9 100 pF 

20!1 

12 
PD 

REG AGC STAB VEE 

16 17 9 10 

+ RS 
C3 R6 3,6 k!l 

4,7 µF 

7Z86757 .2 

Fig. 10 Typical application of the TEA 1060 or TEA 1061, shown here with a piezoelectric earpiece and 
DTMF dialling. The bridge to the left, the zener diode and R 10 limit the current into the circuit and the 
voltage across the circuit during line transients. Pulse dialling or register recall require a different protection 
arrangement. 
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APPLICATION INFORMATION (continued) 

telephone 

line 

telephone 
line 

telephone 
line 

l 

1 

1 

BST76 

LN Vee 

TEA1060 
TEA 1061 

DTMF DTMF 

MUTE l-----4f--lM 

------+----~-..-J 

BST76 

BST76 

(a) 

LN Vee 

TEA1060 
TEA1061 

DTMF 

MUTE l-----4f--lM 

(b) 

PD,__........,,__,DP 

Vss 

LN Vee Voo 

TEA1060 
TEA1061 

DTMF 

MUTE 1----+-+-1M 

(c) 

PD~--+-t-IDP/FL 

Vss 

Fig. 11 Typical applications of the TEA 1060 or TEA 1061 (simplified). 

DTMF 
DIALLER 

PCD3320 

FAMILY 

D 

PCD3340 

D 

Product Specification 

TEA1060/61 

7286751.1 

7Z86752.1 

7Z86753.1 

(a) DTMF set with a CMOS DTMF dialling circuit. The dashed lines show an optional flash (register 
recall by timed loop break). 

(b) Pulse diar set with one of the PCD3320 family of CMOS interrupted current-loop dialling circuits. 
(c) Dual-standard (pulse and DTMF) feature phone with the PCD3340 CMOS telephone controller and 

the PCD3312 CMOS DTMF generator with 12 C bus. 
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Low Voltage Transmission IC with Dialer Interface 

DESCRIPTION 
The TEA 1067 is a low-voltage bipolar 
integrated circuit performing all speech 
and line interface functions required in 
fully electronic telephone sets. The 
TEA 1067 operates down to 2.0V .which 
facilitates the use of telephone sets in 
parallel operation. Electronic switching 
between dialing and speech is per­
formed by internal circuitry. Other speci­
fications similar to TEA 1060/61. 

September 1985 

FEATURES 
• Low DC line voltage; operates 

down to 2V excluding polarity 
guard. 

• Minimum instantaneous line 
voltage 0.9V excluding polarity 
guard. 

• Voltage regular with adjustable 
static resistance. 

• Provides supply with limited 
current for external circuitry. 

• Symmetrical high-impedance 
inputs (64kohm) for dynamic, 
magnetic or piezoelectric 
microphones. 

• Asymmetrical high-impedance 
input (32kohm) for electret 
microphone. 

• DTMF signal input. 
• Mute input for pulse or DTMF 

dialing. 
• Power down input for pulse dial 

or register recall. 
• Receiving amplifier for magnetic, 

dynamic or piezoelectric 
earpieces. 

• Large amplification setting range 
on microphone and earpiece 
amplifiers. 

• Line loss compensation facility, 
line current dependent. 

• Gain control adaptable to 
exchange supply. 

• Possibility to adjust the DC line 
voltage. 

5-418 

Advance Information 

TEA1067 

APPLICATIONS 
•Telephone handsets requiring low 

operating voltage. 
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APPLICATIONS DIAGRAM 
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R7 
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10 

Advance Information 

TEA1067 

~---+ 

FROM 
DIAL 
AND 

CONTROL 
CIRCUITS 

Typical appUcation of the TEA1087, shown here with a piezoelectric earpiece and DTMF dlallng. The bridge to the left, the zener diode, and R10 limit the current into and the voltage 
across the circuit during line transients. Pulse dialing, or register recall, require a different protection arrangement. 

By means of resistor RvA (16 - 18) the DC Une voltage can be set to a higher value. 
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DTMF Generator for Telephone Dialing TEA1075 

This integrated circuit is a dual tone multi-frequency (DTMF) generator with line interface for use in 
push button telephone sets containing an electronic speech circuit or a conventional hybrid transformer. 
The IC contains a mute switch handling the full line current, which allows two-wire connection between 
dial and speech parts. The logic inputs can be operated with a single contact keyboard or via a direct 
interface with a microcomputer. 12 L technology allows digital and analogue functions to be implemented 
on the same chip. The line interface incorporates a filter amplifier, an output stage and a voltage 
stabilizer all of which are switched off when the speech circuit is connected to the line. The tone 
generator is supplied by a temperature compensated current stabilizer and is be driven by a 3,58 MHz 
crystal. 

The logic inputs contain an interface circuit to guarantee well-defined states of the keyboard. 

Features: 
• two wire connection between dial and speech parts allowed 
• wide operating line current and temperature range 
• operating voltage down to 1,7 V 
• no individual tone level adjustment required 
• few external components required 
• all mute functions on chip 
• common inputs for keyboard and microcomputer 
• temperature and line current independent signal levels 
• all pins protected against electrostatic discharges 
• on-chip output stage and line regulator 
• single tone generation possibility 

QUICK REFERENCE DATA 

Operating voltage 

Line current range 

DTMF levels (adjustable) 
low frequency 
high frequency 

Pre-emphasis 

Operating temperature range 

PACKAGE OUTLINE 

TEA1075P: 18-lead DIL, plastic (SOT-102HE). 

September 1985 5-420 

VLG 
VHG 

VHG-VLG 

Tamb 

typ. 3,3 v 
10 to 120 mA 

-11 to -6 dBm 
-9 to-4 dBm 

max. 2 dB 

-25 to + 70 °c 
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10 DAC 
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Fig. 1 Functional block diagram. 

PINNING 

1 VN 
2 Fo 
3 ROW2 
4 ROW3 
5 MUTE 
6 Z1 
7 ROW4 

TEA1075 8 ROW1 
9 F1 
10 DAC 
11 NS 
12 osc 
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14 COL2 
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7287748.1 16 COL3 
17 Vs 

Fig. 2 Pin designation. 18 VL 
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negative line voltage 
filter output 
row input 770 Hz/BCD input 
row input 852 Hz/BCD input 
mute switch 
impedance setting terminal 
row input 941 Hz/BCD input 
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FUNCTIONAL DESCRIPTION 

Voltage regulator 

Product Specification 

TEA1075 

The voltage regulator switches on as a keyboard button is pressed. It regulates the voltage drop across 
the IC to a nominal level of 3,3 V, shunting excess line current to maintain a working current of 8 mA 
within the chip. The voltage regulator is switching to a higher voltage level when the keyboard switch 
is released. 

The capacitor connected to input Vs provides a low-pass filter function to avoid influence of audio 
signals on the line. For a short period during switch-on time the capacitor is directly connected to the 
line to reduce overshoot voltages to only 1 V above the voltage set by the regulator. 

In order to adapt the nominal d.c. level to the level as set by the speech circuit, a resistor can be 
connected either between V L and Vs or between V N and Vs. This will decrease or increase the level 
respectively. During the time the device is in the stand-by mode the voltage stabilizer circuit will 
conduct again as the d.c. line voltage set by the speech part achieves 6,0 V. Part of the line current 
then will flow through this stabilizer. 

Active output stage 
The transmitter amplifier consists of a voltage to current convertor with a class-A output stage. The 
circuit acts as a dynamic resistance ( Ral because of the feedback from the line to the input. This 
impedance can be set by output Z1 at pin 6: 
Ra = 900 n if pin 6 is left open 
Ra= 600 n if pin 6 is connected to VN (pin 1 ). 
The impedance is extremely high as long as no key is depressed (stand-by mode). 

Speech muting 
Figure 3 shows the connection of the dial circuit with a speech circuit TEA 1060/61. All mute functions 
are performed by internal switches. Pressing any keyboard push button switches the TEA 1075 to 
operating mode and isolates the speech circuit from the line. 

The line adaption then is taken over by the dial circuit which causes: 
• line voltage to be set by the voltage regulator TEA 1075 
• impedance to be set by the active output stage TEA 1075 
• audio output stage to be connected to the line for DTMF tone transmission. 

During the stand-by mode (no key pressed) the voltage on the line is set by the speech circuit. The 
minimum d.c. operating voltage of the dial circuit for guaranteed detection of push button operation on 
the keyboard is 2,5 V. The impedance is approximately 10 kn and the current consumption 2 mA. 
The stand-by current is used for the logic part as well as driving current for the internal mute switch 
which can switch the full line current available. 

TEA1075 

line MUTE 

Fig. 3 Muting system. 
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DTMF Generator for Telephone Dialing 

FUNCTIONAL DESCRIPTION (continued) 

OSC and DTMF generator 

Product Specification 

TEA1075 

The crystal oscillator frequency (3,579 545 MHz) is divided by a factor of nine to give the clock 
frequency. A maximum division error of 0,31% is achieved in the TEA 1075; CCITT recommendations 
are that tones should be within 1,5% of the specified frequencies. 
A bias resistor of 1 to 4,7 Mn must be connected between the oscillator input and Vp. An external 
frequency generator can be connected instead of a crystal (see Fig. 5). 

18 

TEA1075 

12 

7Z87746.1 

Fig. 4 Quartz crystal oscillator. Fig. 5 External frequency generator. 

The output from the dividers for the higher and the lower frequency tones are symmetrical square-wave 
pulses which contain considerable odd-numbered harmonics. The lower order odd-numbered harmonics 
(11th and less) are eliminated by synthesising the tone frequencies as crude stepped sinewave approxi­
mations. Each half cycle of the tone waveform comprises seven discrete amplitudes for the lower 
frequency tone and nine for the higher frequency tone. Each amplitude increment is generated by 
switching on and off an individual current source for the duration of each step of the sine wave. 
The frequency of the tones is varied by changing the duration of each step. This circuit allows the 
connection of a first or second order filter, depending on the distortion requirements (see filter and 
DTFM level). 

Deviation of ROW and COLUMN frequencies 

freq. deviation real freq. deviation real 
Hz % Hz Hz % Hz 

ROW1 697 -0,24 695,33 COL1 1209 -0,31 1205,23 
ROW2 770 -0,28 767,81 COL2 1337 -0, 10 1334,66 
ROW3 852 -0,25 849,84 COL3 1477 -0,27 1473,06 
ROW4 941 -0,31 938,04 COL4 1633 -0, 18 1630,03 

Filter and DTMF level 
The output current from the DAC causes a voltage drop across RTLS at pin 10. At this point the 
signal path is broken to allow insertion of filter components in series with the amplifier input at pin 9. 
The output of this amplifier is brought out to pin 2 to allow connection of filter components in 
the feedback path to provide additional attenuation of the higher-order odd harmonics of the tone 
frequencies. 

The output amplitude of the tones is directly proportional to the value of RTLS and can therefore be 
adjusted to meet specific requirements. Fig. 6 shows the output level as function of RTLS and Ra= 600 n. 
If Ra = 900 n RTLS must be devided by 1,25. 

5-423 September 1985 
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DTMF Generator for Telephone Dialing 

tone levet 

(dBml~~~-~~-,--~---.--,---.--.---.-~--r'z=oo"'••F•-,--.---, 500 
-4 f----+--+-+--+--+-+--+---+-+--t---+-+--+---+--t--+--1Vf--:;J..-=t-~i-'---I v lrmsl 

-5 f---+--+-+---+--+-+--+---+-+--+-~,o~w~rr-eq+ue-nc-v~w-ne~g-rou-p~V-:J;...-4'--t-+--i (mVJ 

-6 f----l--t-t--t--t-t--f---f--t--f---/-+-::...!"'.....-1"'---1/"~-t--+-f--+--t---J400 
~ t_ 

_8 f---+--+-+--+---+-=~_.,,,..."'---l-""t-----+--+-t---b....-f.l--'--+-l~owrrr_eq~u_en~~Tro_ne~g~ro~up--t-------t----1 300 
-9+-+-+--+--+-~/+.i------+--t---l--::;~~J...:::"-+-+--t---IC--t-t-+-+---+-~ 
-10..f--+--+f---t--+-~_..--+i-----=-...--:~~+--+--+-+--+--+-+--t---+-+--t---t--1 
-111---+---t-+--t:;;.,_..,..,~-+---+--+-+--+---+-+--+---+-+--+--+f--+-~ 

Fig. 6 DTMF level selection. 

TEA1075 

When RTLS is selected for the required tone level, CFI can be calculated to avoid too much influence 
of the filter characteristic on the pre-emphasis parameter, the time constant for a single pole filter is: 

RTLS • CFI = 26 µ.s (see Fig. 16). 

If higher attenuation is required a second-order filter can be applied. The time constant for such is: 

RTLS • CFQ = RFs • CFI = 46 µ.s (see Fig. 15). 

Keyboard inputs 
Inputs for the logic control are compatible with different types of keyboards. Using a keyboard, tone 
combinations are generated: 

- by connecting one of row inputs to one of the column inputs by means of a single switch of the 
matrix 

- or by applying a dual contact keyboard having its common row contact tied to VN and the common 
column contact via 68 kn to VL. 

Single tones can be generated by connecting a row input to VN (pin 1) or one of thtJ column inputs a 
68 kn resistor to VL (pin 18). 

An anti-bounce circuit eliminates switch bounce. 

COLi 

VL 

logic 

7Z87298 VN 

Fig. 7 Configuration of column inputs. 

Microcomputer mode 

-.----...--- VL 

logic 

"'1z""a1""20""1 _ __,~ .• VN 

Fig. 8 Configuration of row inputs. 

The inputs for the keyboard connections can be used for direct connection to a microcomputer. If the 
column inputs are interconnected and made 'HIGH'(> 1 V or led= 30 µ.A) the row inputs are 
changed to another mode, allowing the circuit to be driven by 4-bit data plus an enable signal. In this 
mode, it is possible to connect a separate mute enable signal on inputs COL 1, 2 and 4 and a tone 
enable input on COL3. 
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FUNCTIONAL DESCRIPTION (continued) 

Truth table microcomputer mode 

row column tones 

1 2 3 4 1, 2, 4 3 Hz 

H H H H L L -
x x x x H L -
H H H H H H 697/1209 
H H H L H H 697/1336 
H H L H H H 697/1477 
H H L L H H 697/1633 
H L H H H H 770/1209 
H L H L H H 770/1336 
H L L H H H 770/1477 
H L L L H H 770/1633 
L H H H H H 852/1209 
L H H L H H 852/1336 
L H L H H H 852/1477 
L H L L H H 852/1633 
L L H H H H 941/1209 
L L H L H H 941/1336 
L L L H H H 941/1477 
L L L L H H 941/1633 

* Mute "on" = switch open. 

ROW1 ~ -----"' ~ 
I I 
v----\! ROW2 __}. \___ 

I I 

~ ROW3 ___}, L_ 
I I 
I I 
I I ROW4 

I I 
~ COL3 __} L_ 
I I 

COL1,2,4 ___t---i\__ 
I I I 
1 I I 

LINE • M,1Jmnrnrnl : /1.. /\ 
SIGNAL 'V v 1~mmmr;"" VV' • 

SPEECH DTMF SIL SPEECH 

7Z87296 

symbol 

-
-
1 
2 
3 
A 
4 
5 
6 
B 
7 
8 
9 
c 
* 
0 
# 
D 

Fig. 9 Waveform tones 697 /1336 Hz (dial! ing number 2). 
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mute* 

off 
on 
on 
on 
on 
on 
on 
on 
on 
on 5 
on 
on 
on 
on 
on 
on 
on 
on 
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DTMF Generator for Telephone Dialing 

MICR 
COM PU 

0-
TER 

MICR 
COM PU 

0-
TER 

1/01 ROW1 

1/02 ROW2 

1/03 ROW3 

1/04 ROW4 

TEA 1075 
MUTE= ENABLE 

1/05 

E 
COL 1 

COL2 

1/06 f- COL3 

COL4 

Fig. 10 Microcomputer mode. 
All column inputs interconnected. 

1/01 ROW1 

1/02 ROW2 

1/03 ROW3 

1/04 ROW4 

TEA 
1/05 MUTE COL 1 

tj COL2 

1/06 
ENABLE 

COL3 

COL4 

'----

Fig. 12 Microcomputer mode. 
Column inputs COL 1, 2 and 4 
interconnected. 

1075 

RATINGS 

ROW1, 
ROW2, 
ROW3, 

or 
ROW4 

COL1 
COL2 
COL3 

and 
COL4 

LINE 
SIGNAL 

ROW1, 

Product Specification 

TEA1075 

SPEECH DTMF SPEECH DTMF SPEECH 

Fig. 11 Tone/speech waveform 
in circuit diagram Fig. 10. 

~g~~: -v x x x v-
Rc;'~4 -"~---'· \.... __ __, '----'· '-· --~IL 

COL1 
COL2 

and 
COL4 

COL3 

LINE 
SIGNAL 

SPEECH DTMF SILENCE DTMF SIL. SPEECH 

Fig. 13 Tone/speech waveform 
in circuit diagram Fig. 12. 

7Z91000A 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply current Ip max. 150 mA 

Surge current (tp < 250 µs) Is max. 1000 mA 

Operating ambient temperature range Tamb -25to + 70 °c 

Storage temperature range Tstg -55 to + 125 oc 

Voltage on any pin V1 (VN-0,3) to (VL +0,3) V 

Line voltage VL-N max. 10 v 
Power dissipation Ptot max. 750 mW 
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DTMF Generator for Telephone Dialing TEA1075 

CHARACTERISTICS 

Tamb = 25 oc; IL= 15 mA; f = 1 kHz; unless otherwise specified. See also Fig. 14. 

description symbol min. typ. max. unit 

Supply 
Line voltage d.c. (operating mode) 

IL= 15 mA VL - 3,3 - v 
IL=. 50mA VL - 3,7 - v 
IL=120mA VL - 4,5 - v 

Line voltage d.c. (stand-by mode) VL - - 6,5 v 
Temperature coefficient TC - -8 - mV/K 

Line current range IL 10 - 120 mA 

Transmitter output stage 
Dynamic resistance setting range 

pin 6 open. Ri - 900 - n 5 
pin 6 connected to VN Ri - 600 - n 

Variation over line current 
Ai =6000 AZ0 - 100 - n 

Gain ATL - t.b.f. - dB 

Balimce return loss from 300 up to 3400 Hz 
at soon BAL 20 - - dB 
at 900 n (CL= 30 nF) BRL 20 - - dB 

Total harmonic distortion with respect 
to total output level (second-order filter) dtot - -40 -25 dB 

DTMF generator 
Tone frequencies 

low tones (row inputs) 697, 770, 852, 941 Hz 
high tones (colu!'T'ln inputs) 1209, 1336, 1477, 1633 Hz 

Dividing error 
crystal frequency = 3,579545 MHz Afd -0,31 - -0,1 % 

To.ne output level (adjustable) 
IL> 10 mA 
lower tones VLG -11 - -8 dBm 
higher tones VHG -9 - -6 dBm 

IL> 12 mA 
lower tones VLG -11 - -6 dBm 
higher tones VHG -9 - -4 dBm 

Tolerance on output level 
over temp. and current range AV0 -2 - 2 dB 

Pre-emphasis higher tones/lower tones 
over temp. and current range AVHG 1 2 3 dB 

Tone delay 
after key actuation td - - 5 ms 

Switch bounce elimination tsb - 2 - ms 
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description 

Mute 

Mute output sink current (no key pressed) 

Saturation voltage (IMS= 75 mA) 

Maximum voltage 
(voltage set by speech part) 

Stand-by current (VL = 4,5 V) 

Switch delay 
after key release 

Resistance 

Keyboard inputs (microcomputer inputs) 

Contact off resistance 

Contact on resistance 

Lower frequency inputs ( ROW1, 2, 3, 4) 
voltage LOW 
voltage HIGH 
current (d.c.) at VIL dial mode 

Higher frequency inputs (COL 1, 2, 3, 4) 
voltage LOW 
voltage HIGH 
current (d.c.) at V1H dial mode 

Fig. 14 Test circuit measuring amplifier 
voltage gain (ATLl frequencies and tone 
output levels of the generator 

I VTLOI ATL= --
VTLI 

September 1985 

symbol 

IMSS 

VMT(sat) 

VMT 

lsTB 

td 

RM 

RKoff 

RKon 

VIL 
V1H 
l1LD 

V1L 
V1H 
l1HD 
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TEA1075 

min. typ. max. unit 

- - 120 mA 

- 150 500 mV 

- - 10 v 
- 2 2,5 mA 

- - 10 µ,s 

- 10 - kil 

300 - - kil 

- - 10 kn 

- - 1,1 v 
1,5 - - v 
- 30 - µ,A 

- - 0,5 v 
0,9 - - v 
- 30 - µ,A 

TEA1075 

7Z87744.1 
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Fig. 15 Application diagram TEA 1075 using a second-order filter for low harmonic distortion (CEPT T /CS 34-08). Dial and speech functions are 
complete separated, so line adaption is done either by TEA 1075 or TEA 1060. The diagram shows a complete DTMF telephone set including 
protection. Both circuits are set to an impedance of 600 n. 
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2 10 

CFI I IRTLS 
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Fig. 16 Application diagram TEA 1075 using a single pole filter. 

* CcT connected only if confidence tone is desired. 
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Supply IC for Telephone Set Peripherals 

DESCRIPTION 
The TEA 1080 is a bipolar integrated 
circuit intended for use in line powered 
telephone sets to supply peripheral cir­
cuits for extended dialing and or loud­
speaking facilities. The IC uses a part of 
the surplus of the line current sinked 
normally in the voltage regulator of the 
applied speech/transmission circuit. 

APPLICATIONS DIAGRAM 

FEATURES 
• High Input Impedance for audio 

signals 
• High output current 
• Large audio signal handling 
• Low distortion 
• Two modes of operation: 

- Regulated output voltage 
- Constant DC voltage drop In 

series with a resistor between 
line and output terminal 

• Low number of external 
components 

v, CL RL 

10µ1' SOK 

VL 

-ECH/ 
TRANSMISSION 

CIRCUIT 
TEA1080 

LINE 

ORDERING CODE 

PINS PACKAGE NOTE 

TDA1080 8-lead OIL Plastic (SOT-97A) 

REFERENCE DATA 

PARAMETER SYMBOL 

lo 

Min 

Line voltage, V 1 2.5 

DC output voltage, Vo 2 

DC voltage drop, V1 -Vo .5 

Series resistance, R1 

Output current (V1 > - 4V) lo 

AC line level (V1 > = 4.5V, 10 < 15mA, d < 2%), V1 (rms) 1.5 

Internal supply current lint 

Operating ambient temperature TA -25 

5-431 

Advance Information 

TEA1080 

PIN CONFIGURATION 

VLOBER YN2 780 

OAD 3 8 OVA 

RD4 SIF 

PIN SYMBOL 
1 VL 
2 VN 
3 OAD 
4 RD 
5 IF 
6 OVA 
7 so 
6 ER 

Vo 

I 
.~ 

::Av 
I 
I 
I 
I 
I 
I 

!. - .J 

LIMITS 

Typ 

20 

10PVIEW 
00013706 

FUNCTION 
Positive line terminal 
Negative line terminal 
Output amplifier decoupling 
Regula10< decoupling 
Low pau filter input 
Oulput voltage adjustment 
Supply output terminal 
Terminal for external 
series resistance 

PERIPHERAL 
CIRCUIT(S) 

........ 

UNIT 
Max 

10 v 
9.5 v 

v 
ohm 

30 mA 

v 
1 mA 

+70 ·c 
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Explanation of Terms 

Data Slicing: 

Full Field Teletext: 

Gearing: 

Ghost Rows: 

NABTS: 

NAPLPS: 

Page Header: 

SRM: 

Teletext: 

VBI: 

Videotex: 

WST: 

September 1985 

The process of extracting digital data from an incoming, non-TIL signal. 

In this mode, teletext information is transmitted over, virtually, all available TV lines. 

Since only 32 data characters can be transmitted during one TV line period and 40 characters 
need to be displayed, a gearing function needs to be implemented. 

These are the rows that are specified by the "row address field" of the "page header" but do not 
get displayed. These are rows 24 to 31. Sometimes referred to as "extension packets," these 
rows carry miscellaneous control information (page extension for telesoftware, linked pages, 
higher display level, .... etc.) 

North American Broadcast Teletext Specifications. Note that this is not a standard. This document 
specifies both the acquisition protocol and the display format. The display format is NAPLPS. 

North American Presentation Level Protocol Syntax. Again this is not a display standard. It applies 
to both teletext and videotex services. 

This is equivalent to row 0. Carry control information about this page. 

Service Reference Model of NAPLPS. It is a skeleton NAPLPS, specifying a low level type display 
in order to allow for easy implementation (256H x 200H pixels). 

One way broadcast of digital information. The digital information is injected in the broadcast TV 
signal: VBI, or full field. The transmission medium could be satellite, cable, .... etc. 

The display medium is a regular TV receiver. 

Vertical Blanking Interval - the time it takes the beam to llyback to the top of the screen in order to 
retrace the opposite field (odd or even). VBI is in the order of 20 TV lines. Teletext information is 
transmitted over 4 of these lines (lines 14-17). 

A two-way interactive system through which the user can communicate with a large, organized and 
secure, data base through a telephone line using the TV as the display medium. 

World System Teletext. WST is based on the U.K. teletext standard in which a one-to-one 
correspondence exists between transmitted characters, page memory, word addresses, and the 
display screen character locations. The block diagram depicts the 5-chip set WST decoder. Over 
98% of the world's teletext decoders are WST compatible. 
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Teletext Timing Chain for USA 525 Line System SAA5025D 

GENERAL DESCRIPTION 

The SAA5025D is a MOS N-channel integrated circuit which performs the timing functions for a Tele­
text system. It provides the necessary timing signals to extract data from a memory and produce a 
display according to the USA 525 line television standard (system M). 
The SAA5025D may be used in conjunction with the SAA5030 (Teletext video processor; VIP) the 
SAA5050 (Teletext character generator; TROM), the SAA50408 (Teletext acquisition control; TAC) 
and the SAA5045 (Gearing and Address Logic Array; GALA). 

Features 

• Designed to operate with USA 525 line television standard (system M) 
• For 24 row (8 TV lines per row) x 40 character display 
• Big character select input for double height characters 
• Composite sync signal output for display time-base synchronization 

F6 

T/B 22 

TR6 

3 

INPUT 
BUFFER 

5AA5025D 

Fl 

4 

RAM ROW ADDRESS 
DECODE LOGIC 

OUTPUT BUFFERS 

27 26 25 24 

PACKAGE OUTLINE 

28-lead OIL; plastic (SOT-1170). 

FLR 

BIG 
CHARACTER 

LOGIC 

20 19 21 

FS 

13 

RACK 

Fig. 1 Block diagram. 
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15 

DECODE 
LOGIC 

6 

DE 

17 
DEW 

16 
LOSE 

14 
CRS 

12 
CBB 

11 
PL 

8 
GLRD 

9 
GLR 

10 
GLRS 

5 
AHS 

18 
DEN 

7287766 
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Teletext Timing Chain for USA 525 Line System SAA5025D 

PINNING 

RACK 1 Vss ground 

Ao 
2 F6 6,0419 MHz clock input 
3 TR6 6,0419 MHz clock output 

A1 4 F1 1,007 MHz clock output 

A2 
5 AHS after hours sync output 
6 DE display enable input 

A3 7 FLA fast line reset input 
8 GLAD general line reset delay output 

A4 9 GLR general line reset output 

T/B 10 GLAS general line reset starting output 
SAA5025D 11 PL phase lock open drain output 

BCS 12 CBB colour burst blanking output 

HIE 13 FS field (picture) sync input 
14 CRS character rounding select output 

GLAS TLC 15 vDD positive supply (+ 5 V) 

DEN 16 LOSE load output shift register enable output 
17 DEW data entry window output 

CBB DEW 18 DEN display enable output (negative-going) 

FS LOSE 19 TLC transmitted large characters input 
20 HIE high impedance enable input 

CRS vDD 21 Bes big character select input 
22 T/B top/bottom select input 

7287767.1 
23 A4 

l Fig. 2 Pinning diagram. 
24 A3 
25 A2 memory row address outputs (3-state) 
26 A1 
27 Ao 
28 RACK read address clock output 

FUNCTIONAL DESCRIPTION 

The basic input to the SAB5025D is a 6,0419 MHz clock signal (e.g. from SAA5030). The clock input 
(F6) is buffered and also available as an output at TR6 to provide a dot rate clock. The signal at F6 is 
divided by 6 to produce the 1,007 MHz character rate clock at output F 1, which is in turn divided by 
64 to produce the line period of 63,556 µs. A divide-by-262 or 263 counter, clocked at line rate, 
produces a field (picture) period of 16,683 ms (average) i.e. 33,366 ms for divide-by-525. The display 
format is 40 characters per row for 24 rows (1 row is 8 TV lines). 
A big character select (BSC) input is provided and it enables double-height characters (16 TV lines per 
row) to be displayed. The top or bottom select Cf /B) input must be used in conjunction with BCS to 
select either the top half or bottom half of the page to be displayed on the television screen. 
A composite sync (AHS) output is available for synchronizing the display timebase. A high-impedance 
enable (HIE) input is included to switch the read address clock (RACK) and the memory row address 
(Ao to A4) outputs into their high-impedance states. 

HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
"Handling MOS Devices"). 
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Teletext Timing Chain for USA 525 Line System SAA5025D 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

r parameter symbol min. max. unit 
I---

Supply voltage range Voo -0,3 + 7,5 v 
Input voltage range (note 1) V1 -0,3 + 7,5 v 
High-impedance state output voltage VoHZ -0,3 + 7,5 v 
Open drain output voltage Vooo -0,3 + 13,2 v 
Electrostatic charge protection 

on all inputs and outputs (notes 2 and 3) 1000 - v 
Total power dissipation per package Ptot - 275 mW 

Operating ambient temperature range Tamb -20 + 70 oc 

Storage temperature range Tstg -20 + 125 oc 5 
~-

Notes to ratings 

1. See also characteristics on F6 input and Fig. 10. 
2. Equivalent to discharging a 250 pF capacitor through a 1 kil series resistor. 
3. N.B.: the SAA5025D is not protected against TV tube flash-over. 
4. All outputs are TTL compatible. 
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Teletext Timing Chain for USA 525 Line System SAA5025D 

CHARACTERISTICS 

Tamb = 25 °c; F6 input frequency= 6,041957 MHz; unless otherwise specified 

parameter Voo symbol min. typ. max. unit 
v 

Supply 

Supply voltage Voo 4,5 5,0 5,5 v 
Supply current 5 loo 5 - 50 mA 

Inputs 

Input leakage currents 

F6 5,5 11 0,2 - 10 µA 
0 -11 - - 10 µA 

FLR,TLC,FS,HIE,BCS, 0 to ± 11 - - 10 µA 
T/B, DE 5,5 

Input capacitance; all inputs 5 C1 - - 7 pF 

HIGH level input voltages 

F6; see Fig. 10 5 V1H 2,7 -- 6,5 v 
FLR, TLC,FS, HIE, BCS, 5 V1H 2,0* - 5,5 v 
T/B, DE 

LOW level input voltage 5 V1L - - 0,8* v 
all inputs; see Fig. 10 \ 

Input rise and fall time 0 and t6 tf - - 30 ns 
F6; see Fig. 6 2,7 

Input F6 duty factor 5 6 40 50 56 % 
(see Fig. 10) 

*These values give no noise immunity. 

September 1985 5-436 



Signetics Linear Products Product Specification 

Teletext Timing Chain for USA 525 Line System SAA5025D 

parameter VDD symbol min. typ. max. unit 
v 

Outputs 

Output node capacitance 5 Co - - 7 pF 
all outputs 

Output leakage current 
high-impedance state; 0 to ±lo - - 10 µA 

Ao to A4, RACK 5,5 

Output leakage current 6 lo - - 10 µA 
open drain; PL, CBB 

OutputTR6 6,041957 MHz clock 

HIGH level output voltage 5 VoH 2,75 - vDD v 
-loH = 100µA 5 

LOW level output voltage 5 Vol 0 - 0,4 v 
loL = 100 µA 

Output load capacitance 5 CL - - 15 pF 

Output rise and fall times 5 tr: tf - - 30 ns 
see Fig. 7 

Duty factor at 1,5 V level 5 8 40 - 60 % 
depends on input F6 
see F6 data and Fig. 10 

Output F1 1,007 MHz clock 

HIGH level output voltage 5 VoH 2,75 - vDD v 
-loH = 100µA 

LOW level output voltage 5 Vol 0 - 0,4 v 
loL = 400µA 

Output load capacitance 5 CL - - 40 pF 

Output rise and fall times 5 tr: tr - - 50 ns 
see Fig. 7 

Propagation delays from rising 5 tPHL; 7 - 60 ns 
edge of TR6; see Fig. 8; tPLH 
HIGH-to-LOW and LOW-to-HIGH 

Duty factor at 1,5 V level 5 8 45 50 52 % 

5-437 September 1985 



Signetics Linear Products Product Specification 

Teletext Timing Chain for USA 525 Line System SAA5025D 

CHARACTERISTICS (continued) 

parameter Voo symbol min. typ. max. unit 
v 

Output AHS see Fig. 6 

HIGH level output voltage 5 VoH 2,4 - Voo v 
-loH = 200µA 

LOW level output voltage 5 Vol 0 - 0,4 v 
loL = 1,6 mA 

Output load capacitance 5 CL - - 30 pF 

Output rise and fall times 5 t6 tf - - 100 ns 
see Fig. 7 

Propagation delay from rising 5 tPLH 0 - 350 ns 
edge of F1; see Fig. 8; 
LOW-to-HIGH 

Outputs GLR, GLAD, GLAS 
see Fig. 3 

HIGH level output voltage 5 VoH 2,4 - Voo v 
-loH = 100µA 

LOW level output voltage 5 Vol 0 - 0,4 v 
loL = 0,8 mA 

Output load capacitance 5 CL - - 40 pF 

Output rise and fall times 5 tr - - 70 ns 
see Fig. 7 tf - - 50 ns 

Propagation delay from rising 5 tPHL; 0 - 300 ns 
edge of F 1; see Fig. 8; tPLH 
HIGH-to-LOW and LOW-to-HIGH 

Output PL see Fig. 3 

LOW level output voltage 5 Vol 0 - 1,0 v 
loL = 2 mA 

Output load capacitance 5 CL - - 30 pF 

Output fall time; see Fig. 7 5 tf -- - 100 ns 

Propagation delay from rising 5 tPLH 0 -· 250 ns 
edge of F 1; see Fig_ 8; 
LOW-to-HIGH 
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-
parameter Voo symbol min. typ. max. unit 

v 

Output CBB see Fig. 3 

LOW level output voltage 5 Vol 0 - 1,0 v 
loL = 2 mA 

Output load capacitance 5 CL - - 30 pF 

Output fall time; see Fig. 7 5 tf - - 200 ns 

Propagation delay from rising 5 tPLH 0 - 250 ns 
edge of F 1; see Fig. 8; 
LOW-to-HIGH 

Output CRS 

HIGH level output voltage 5 VoH 2,4 - Voo v 5 
-loH = 100µA 

LOW level output voltage 5 Vol 0 - 0,4 v 
loL = 100µA 

Output load capacitance 5 CL - - 30 pF 

Output rise and fall times 5 tr: tf - - 1 µs 
see Fig. 7 

Output LOSE see Fig. 3 

HIGH level output voltage 5 VoH 2,4 - Voo v 
-loH = 100µA 

LOW level output voltage 5 Vol 0 - 0,4 v 
loL = lOOµA 

Output load capacitance 5 CL - - 30 pF 

I Output rise and fall times; see Fig. 7 5 tr; tf - - 50 ns 
I 

l 
Propagation delay from rising 5 tPHL; 0 - 1 µs 

edge of F1; see Fig. 8; tPLH 
HIGH-to-LOW and LOW-to-HIGH 

·- ·--'--· 
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CHARACTERISTICS (continued) 

parameter Voo symbol min. typ. max. unit 
v 

Output DEN 

HIGH level output voltage 5 VoH 2,4 - - v 
-loH = 200 µ.A 

LOW level output voltage 5 VoL - - 0,4 v 
loL = 100 µ.A 

Output load capacitance 5 CL - - 30 pF 

Output rise and fall times 5 tr; tf - - 50 ns 

Propagation delay from rising 5 tPHL; - - 250 ns 
edge of F1; tPLH 
HIGH-to-LOW and LOW-to-HIGH 

Output DEW see Fig. 4 

HIGH level output voltage 5 VoH 2,4 - Voo v 
--loH = 200 µ.A 

LOW level output voltage 5 VoL 0 - 0,4 v 
loL = 1,6 mA 

Output load capacitance 5 CL - - 50 pF 

Output rise and fall times 5 tr; tf - - 200 ns 

Propagation delay from rising 5 tPHL; 6,5 6,96 7,5 µ.s 
edge of CBB; see Fig. 8; tPLH 
HIGH-to-LOW and LOW-to-HIGH 
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parameter Voo symbol min. typ. max. unit 
v 

Outputs Ao to A4 
see Fig. 4 

HIGH level output voltage 5 VoH 2,4 - Voo v 
-loH = 100µA 

LOW level output voltage 5 Vol 0 - 0,4 v 
I loL = 1,6 mA 

Output load capacitance 5 CL - - 85 pF 

Output rise and fall times 5 tr; tf - - 1 µs 

Propagation delay from falling 5 tPHL; 6,5 - 9,0 µs 
edge of CBB; see Fig. 8; tPLH 
HIGH-to-LOW and LOW-to-HIGH 5 

Propagation delay from rising 5 tpHz; 0 - 0,9 µs 
edge of HIE to high-impedance tpLz 
state; see Fig. 9 

Propagation delay from falling 5 tpzH; 1 - 2,9 µs 
edge of HIE to normal active tpzL 
state; see Fig. 9 

Output RACK see Figs 3 and 4 

HIGH level output voltage 5 VoH 2,4 - Voo v 
-loH = 100µA 

LOW level output voltage 5 Vol 0 - 0,4 v 
loL = 1,6 mA 

Output load capacitance 5 CL - - 40 pF 

Output rise and fall times 5 tr - - 60 ns 
see Fig. 7 tf - - 300 ns 

Propagation delay from falling 5 tPHL 150 - 280 ns 
edge of F1; see Fig. 8; 
HIGH-to-LOW 

Propagation delay from rising 5 tpHz; 1 - 2,9 µs 

edge of HIE to high-impedance tpLz 
state; see Fig. 9 

Propagation delay from falling 5 tpzH; 0 - 0,9 µs 
edge of HIE to normal active tpzL 
state; see Fig. 9 
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Signetlcs Linear Products Product Specification 

Teletext Timing Chain for USA 525 Line System 

PUSH-PULL 
OUTPUTS 

(1) 

OPEN DRAIN 
OUTPUTS 

(2) 

( 1) These outputs will be tested with simulated TTL loads and with the load 
resistors adjusted such that the correct current conditions are obtained. 

(2) These outputs will be tested with 3 kil resistors to the+ 6 V line for 
outputs PL andCBB. 

Fig. 7 Definition of the rise and fall times for the output stages. 

PUSH-PULL 
OUTPUTS 

OPEN DRAIN 
2,0V OUTPUTS 

0,BV 

Fig. 8 Definition of the propagation delays for the output stages. 

HIE 
INPUT 

A0 ta A4, 
RACK 
OUTPUT 

- 1 PZL -

-t-t-VOL 

1,5V 

V 0 L -1----'1 

- 1PLZ 7287770 

Fig. 9 Definitions of the high-impedance state propagation delay times. 
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Teletext Timing Chain for USA 525 Line System 

(pin 6) F6 ,......,__.r'"'""T-,----- F6 (pin 2) 
I 

SAA5030 _l Clmax SAA5025D T= 20pF 

(pin 4) GND ------' ---- Vss (pin 1) 

F6 
INPUT 
(SAA5025D) 

.,___ tn ___.. .+--- t p ___.. 

2,7V 

1,5V 

0 
-0.4V 

7Z87771.1 

Product Specification 

SAA5025D 

Fig. 10 Recommended 6 MHz interface circuitry between the SAA5025D and the SAA5030 (input F6). 
With this circuitry the F6 input will be set to a level of approximately -0,4 Vin the LOW state. This is 
acceptable as the internal clamping diode in the F6 input of the SAA5025D provides an adequate cur­
rent clamp; also shown is the F6 input waveform with the appropriate definitions. 

t 
The duty factor is defined as: __ P - x 100% 

tp + tn 
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Teletext Timing Chain for USA 525 Line System SAA5025D 

APPLICATION INFORMATION 

The function is described against the corresponding pin number. 

1. Vss · - ground (O V) 

2. F6 - 6,041957 MHz clock input 

Obtained from video processor (SAA5030) or other source. The permissible mark/space ratio is in 
the range from 56:44 to 40:60 (see also Fig. 10). 

3. TR6 - 6,041957 MHz clock output 

Dot-rate clock for Teletext character generator SAA5050 series. 

4. F1 --· 1,007 MHz clock output 

Character-rate clock for Teletext character generator SAA5050 series. 

5. AHS - after hours sync output 

A composite sync waveform consisting of a successive sequence of line sync pulses ( LSP) followed 
by six equalizing pulses (EP), six broad pulses (BP) and six equalizing pulses (EP), and is followed by 
another sequence of LSP. This composite sync waveform occurs at the end and beginning of each 
field/picture (see also Fig. 6). 

6. DE ·- display enable input 

A LOW level signal from the Teletext acquisition and control circuit (SAA5040 series) to this input 
switches output DEN to the LOW state. 

7. FLA -·fast line reset input 

This is the input for a positive-going pulse with a duration of 0,5 µs to 63 µs which resets the line 
rate counter(+ 64). 
After accepting an FLR pulse, further resets are inhibited for one line period of approximately 
63,5 µs. 

8. GLAD - general line reset delay output 

A negative-going pulse with a duration of 993 ns which commences 5,96 µs from the start of each 
line (see also Fig. 3). 

9. GLR - general line reset output 

A negative-going pulse with a duration of 993 ns which commences 3,97 µs from the start of each 
line (see also Fig. 3). 

10. GLAS··- general line reset starting output 

A negative-going pulse with starting 3,97 µsand ending 7,94 µs from the start of each line (see 
also Fig. 3). 
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APPLICATION INFORMATION (continued) 

11. P[ -- phase lock open drain output 

This open drain output is used to lock the oscillator in the SAA5030 to the line rate. It is a 
negative-going pulse with a duration of 3,96 µs which starts at 61,58 µson one line and it ends 
at 1,98 µs after the start of the following line (see also Fig. 3). 

12. CBB - colour burst blanking output 

This open-drain output blanks the colour burst in the SAA5030. It is a 7,94 µs negative-going pulse 
which starts at the beginning of each line (t = O; see also Fig. 3). 

13. FS - field (picture) sync input 

This input accepts a positive-going pulse of approximately 160 µs duration. Its leading edge occurs 
during the second half of line one on even fields (half picture) and correspondingly in odd fields 
(other half picture). It is ignored during the odd field. 

14. CRS - character rounding select output 

The output signal starts HIGH during the even field (lines 1 to 263), goes LOW after the 1st LOSE 
pulse, again HIGH after the 2nd LOSE pulse, then LOW after the 6th LOSE pulse and finally 
HIGH at the end of the 7th LOSE pulse. This sequence repeats every 8 lines (every row) for the 
entire display period (see also Fig. 5). For the odd field (lines 264 to 525) CRS starts HIGH, goes 
LOW after the 2nd LOSE pulse, again HIGH after the 5th LOSE pulse, then LOW after the 7th 
LOSE pulse and finally HIGH at the end of the 8th LOSE pulse. This sequence repeats every 
8 lines (every row) for the entire display period (see also Fig. 5). 

15. VDD - positive supply (+ 5 V) 

16. LOSE - load output shift register enable output 

This is a positive-going output pulse of 39,72 µs duration commencing 13,41 µs from start of line 
valid during line 47 to 238 inclusive, for the even field. A step-pulse starting at the count of 3 
characterrate clock pulses (F1) after the 2nd and 7th LOSE pulses and of the count of 3 character­
rate clock pulses repeated every row is included. For the odd field, the LOSE pulse is preceded 
by a pre-pulse of 7 µs duration commencing 7,41 µs in line 20 and has a step-pulse after the 5th 
and 8th pulse, repeated every row (see also Fig. 5). 

17. DEW - data entry window output 

This output defines the period during which data may be extracted from the incoming television 
signal. It is HIGH during line 7 to 18 inclusive for the even fields and line 270 to 281 inclusive 
for the odd fields. The positive-going pulse has a duration of 762,67 µsand commences at 6,95 µs 
from the start ofthe line (see also Fig. 4). 

18. DEN - display enable output 

The output pulse is positive-going at 13,5 µs from the start of a line to 56,5 µsand is active during 
line 47 to 238 inclusive if the DE input is HIGH. If the DE input is LOW, the DEN is held in the 
LOW state. 
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19. TLC - transmitted large characters input 

When this input is LOW, it enables rows of double-height characters to be displayed as required. 
Large characters descend into the next memory row address location. TLC is always HIGH 
(i.e. small) for the first line of a row, even if it contains large characters. 

20. HIE - high impedance enable input 

When this input is in the HIGH state it will force the RACK and memory row address output into 
the high-impedance state. For normal Teletext operation this input should be connected to the 
DEW output (pin 17). 

21. BCS -·· big character select input 

For normal size character display this input signal must be HIGH while a LOW gives double-height 
characters. 

22. T/B -- top/bottom select input 

When both BCS and T/B are LOW the top half of a page is displayed with double-height characters. 
If f/B is HIGH and BCS is LOW the bottom half of the page is displayed also with double-height 
characters. 

23 to 27. Ao to A4 - memory row address outputs (3-state) 

These binary count outputs sequencing from 00000 (count 0) to address 10111 (count 23) for the 
40 x 24 format. 
The binary count changes every 8 TV lines per row in the display period of line 47 to 238 inclusive 
for the 24 row display. The count changes between 6,5 µ.sand 9,0 µ.s during the line period. 

28. RACK - read address clock output 

This is the read address clock output to the SAA5045 (GALA) column address counter during the 
display period. It consists of 39 positive pulses at the 1,007 MHz rate starting at 13,57 µ.s from the 
start of the line period with the last negative edge occuring at 51,8 µ.s. This sequence is active on 
line 45 to 238 inclusive. RACK is delayed by two F1 clock periods for the whole of the field when 
input DE is LOW for the whole of line 39. On line 19 to 44 inclusive output RACK is permanently 
delayed by two F1 clock periods, unaffected by DE. 

Note 

In the big character top mode the memory row address count is 0 to 11 and in the big character bottom 
mode the count is 12 to 23. 
Each big character row is equal to 16 television lines. 

The memory row addresses are held LOW for one line period starting 6,5 µ.s to 9 µ.s from the beginning 
of line 36 which is only valid in the big character bottom mode. 

For additional information 
consult the Applications Section. 
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Teletext Video Processor SAA5030 

The SAA5030 is a monolithic bipolar integrated circuit used for teletext video processing. It is one of 
a package of four circuits to be used in teletext tv data systems. The SAA5030 extracts data and data 
clock information from the television composite video signal and feeds this to the Acquisition and 
Control circuit SAA5040. A 6 MHz crystal controlled phase locked oscillator is incorporated which 
drives the Timing Chain circuit SAA5020. An adaptive sync separator is also provided which derives 
line and field sync pulses from the input video in order to synchronise the timing chain. 

QUICK REFERENCE DATA 

Supply voltage Vee nom. 12 

Supply current (Vee= 12 V) Ice typ. 110 

Video input amplitude (syhc-white) V16video(p-p) nom. 2.4 

Teletext data input amplitude V 16teletext(p-p) nom. 1.1 

Sync amp I itude V16sync(p-p) nom. 0.7 

Operating ambient temperature range Tamb -20 to +70 

video 
input 

ADAPTIVE 
DATA SLICER 

ADAPTIVE 
SYNC SEPARATOR 

PACKAGE OUTLINE 

data 

SIGNAL 
PRESENCE 
DETECTOR 

to SAA5040 

clock 

CLOCK 
REGENERATOR 

PHASE 
DETECTOR 

sync from 
SAA5020 
(SAA5025) 

6MHz CLOCK 
OSCILLATOR 

6MHz clock 
to SAA5020 

(SAA5025) 

Fig.1 Block diagram 

24-lead DI L; plastic (SOT -101 A with internal heat spreader). 
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Teletext Video Processor 

PINNING 

to signal presence time TCSP 
constant components 

line reset time constant TCLR 

fast line reset output F LR 

ground (OV) GND 

sandcastle input PL/CBB 

6MHz output F6 

to phase detector time TCPD 
constant components 

6MHz crystal 1 input FSI 
oscillator · 

output F6Q 

picture on input PO 

after hours sync input AHS 

sync output to tv SYNQ 12 

Product Specification 

SM5030 

C2S peak detector capacitor pin 

Cl Speak detector capacitor pin 

CCLK to clock pulse timing capacitor 

LCLK clock regenerating coil 

CA clock phase capacitor 

19 DAT A data output 

SAA5030 
18 F7 clock output 

17 Vee +12V supply 

16 VI composite video input 

15 CSS to sync separator capacitor 

FSST field sync separator timing 

FS field sync output 

M81-1163/2 /A 

Fig.2 Pinning diagram 
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RATINGS Limiting values in accordance.with the Absolute Maximum System. (IEC134) 

Voltages 

Supply voltage V17_4 Vee max. 13.2 v 

Input voltages V5_4 V1 max. 9.0 v 

V10-4 V1 max. vcc v 

V11-4 V1 max. 7.5 v 

Temperatures 

Storage temperature range Tstg -20 to +125 oc 

Operating ambient temperature range Tamb -20 to +70 oc 

CHARACTERISTICS (At T amb = 25 °c, V cc= 12 V and with external components as shown in Fig.3 
unless otherwise stated). 

min. typ. max. 

Supply voltage Vee 10.8 12.0 13.2 v 

Supply current (Vee= 12.0 V) Ice 110 mA 

Video input and sync separator 

Video input amplitude (sync to white) Fig.4 V 16video (p-p) 2.0 1.4 3.0 v 

Source impedance, f = 100 kHz I Zsl 250 n 
Sync amplitude V16sync(p-p) 0.07 0.7 1.0 v 

Delay through sync separator td 0.5 J.lS 

Delay between field sync datum at pin 12 
and the leading edge of separated field 
sync at pin 13 (Note 1, Fig.4) td 32 48 62 J.lS 

Field sync output 

Vo (LOW) (113 = 20 µA) Vol 0.5 v 

Vo (HIGH) H13 = 100 µA) VoH 2.4 v 
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Crystal controlled phase-locked oscillator 

Measured using a crystal with the fol lowing specification e.g. catalogue number 4322 143 03241 

C1 = 27.5 fF (typ.) 

Co= 6.8 pF (typ.) 

CL= 20 pF 

Trimability (CL increased to 30 pF) > 750 Hz 

Fundamental ESR < 50.Q 
min. typ. max. 

Frequency fF6 6.0 MHz 

Holding range 1.5 3.0 kHz 

Catching range 1.5 3.0 kHz 

5 Control sensitivity of phase 
detector measured as voltage 
at pin 7 with respect to phase 
difference between separated 
syncs and phase lock pulse PL 0.3 mV/ns 

Control sensitivity of oscillator 
measured as change in 6 MHz 
phase shift from pin 8 to pin 9 
with respect to voltage at pin 7 2 deg/mV 

Gain of sustaining amplifier, Vg.a 
measured with input voltage of 
100 mVp-p and phase detector 
immobilised 2.5 VIV 

Output voltage of 6 MHz signal at 
pin 6, measured into 20 pF load 
capacitance; peak-to-peak value 5.5 v 

Output rise and fall times at pin 6 
into 20 pF load tr; tf 30 ns 

Data slicer and clock regenerator 

Teletext data input amplitude, pin 16 
(Note 2, Fig.4); peak-to-peak value 1.1 v 

Data input amplitude at pin 16 required 
to enable amplitude gate flip-flop; 
peak-to-peak value 0.46 v 

Attack rate, measured at pins 23 and 24 
with a step to pin 16 (positive) 15 V/µs 

(negative) 9 V/µs 
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Data slicer and clock regenerator (continued) min. typ. max. 

Decay rate, measured at pins 23 and 24 
with a step input to pin 16 48 100 144 mV/µs 

Width of clock coil drive pulses from pin 21 
when clock amplitude is not being controlled 
(Note 3) 40 ns 

Clock hangover measured at pin 18 
as the time the clock coil continues Clock 
ringing after the end of data (Note 4) 20 Periods 

Clock and data output voltages at pins 18 and 19 
measured with 20 pF load capacitance; 
peak-to-peak value 5.5 v 

Output rise and fall times at pins 18 and 19 
into 20 pF loads tr; tf 30 ns 

Sandcastle input 

Sandcastle detector thresholds, pin 5 
Phase lock pulse (PL) on 2 v 
Phase lock pulse off 3 v 
Blanking pulse (CBB) on 4.5 v 
Blanking pulse off 5.5 v 

Dual polarity sync buffer 

After hours sync (AHS) pulse input pin 11 
Threshold for AHS active 1.0 v 
Threshold for AHS off 2.0 v 

Picture On (PO) input, pin 10 
Threshold for PO active 2.0 v 
Threshold for PO off 1.0 v 

Sync output, pin 12 
AHS output with pin 10 < 1 V (Note 5) 
peak-to-peak value 0.7 v 
Composite sync output with pin 10 
> 2 V (Notes 5 and 6); peak-to-peak value 0.7 1.0 v 
Output current 3 mA 

Line reset and signal presence detectors 

Schmitt trigger threshold on pin 2 to inhibit 
line reset output at pin 3 (syncs coincident) 6.2 v 

Schmitt trigger threshold on pin 2 to permit 
·line reset output at pin 3 (syncs non-coincident) 7.8 v 

Line reset output Vol (13 = 20 µA) 0.5 v 
Line reset output VoH (-13 = 100 µA) 2.4 v 
Signal presence Schmitt trigger threshold on pin 2 

below which the circuit accepts the input signal 6.0 v 
Signal presence Schmitt trigger threshold on pin 2 

above which the input signal is rejected. 6.3 v 
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Notes 

1. This is measured with the dual polarity buffer external resistor connected to give negative-going 
. syncs. The measurement is made after adjustment of the potential divider at pin 14 for optimum 

delay. 

2. The teletext data input contains binary elements as a two level N RZ signal shaped by a raised 
cosine filter. The bit rate is 6.9375 M bit/s. The use of odd parity for the 8-bit bytes ensures that 
there are never more than 14-bit periods between each data transition. 

3. This is measured by replacing the clock coil with a small value resistor. 

4. This must be measured with the clock coil tuned and using a clock-cracker signal into pin 16. The 
clock-cracker is a teletext waveform consisting of only one data transition in each byte. 

5. With the external resistor connected to the ground rail, syncs are positive-going centred on +2.3 V. 
With the resistor connected to the supply rail, syncs are negative-going centred on +9. 7 V. 

6. When the composite sync is being delivered, the level is substantially the same as that at the video 
input. 

APPLICATION DATA 

The function is quoted against the corresponding pin number 

Pin No. 

1. Signal presence time constant 

A capacitor and a resistor connected in parallel between this pin and supply determine the delay 
in operation of the signal presence detector. 

2. Line reset time constant 

A capacitor between this pin and supply integrates current pulses from the coincidence detector; 
the resultant level is used to determine whether to allow FLR pulses (see pin 3). 

3. Fast line reset output (FLR) 

Positive-going sync pulses are produced at this output if the coincidence detector shows no 
coincidence between the syncs separated from the incoming video and the CBB waveform from 
the timing chain circuit SAA5020. These 'pulses are sent to the timing chain circuit and are used 
to reset its counters, so as to effect rapid lock-up of the phase locked loop. 

4. Ground (0 V) 

5. Sandcastle input (PL and CBB) 

This input accepts~ sandcastle waveform which is formed from PL and CBB from the timing 
chain SAA5020. PL is obtained by slicing the waveform at 2.5 V, and this, together with separated 
sync, are inputs to the phase detector which forms part of the phase locked loop. When the loop 
has locked up, the edges of PL are nominally 2 µs before and 2 µs after the leading edge of 
separated line syncs. 
CBB is obtained by slicing the waveform at 5 V, and is used to prevent the data slicer being offset 
by the colour burst. 

6. 6 MHz output (F6) 

This is the output of the crystal oscillator (see pins 8 and 9), and is taken to the timing chain 
circuit SAA5020 via a series capacitor. 

7. Phase detector time constant 

The integrating components for the phase detector of the phase locked loop are connected between 
this pin and supply. 
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Teletext Video Processor SAA5030 

APPLICATION DATA (continued) 

8, 9. 6 MHz crystal 

A 6 MHz crystal in series with a trimmer capacitor is connected between these pins. It forms part 
of an oscillator whose frequency is controlled by the voltage on pin 7, which forms part of the 
phase locked loop. 

10. Picture On input (PO) 

The PO signal from the acquisition and control circuits SAA5040 Series is fed to this input and is 
used to determine whether the input video (pin 16) or the AHS waveform (pin 11) appears at 
pin 12. 

11. After hours sync (AHS) 

A composite sync waveform AHS is generated in the timing chain circuit SAA5020 and is used to 
synchronise the tv (see pin 10). 

12. Sync output to tv 

Either the input video of AHS is available at this output dependent on whether the PO signal is 
HIGH or LOW. In addition either signal may be positive-going or negative-going, dependent on 
whether the load resistor at this output is connected to ground or supply. 

13. Field sync output (FS) 

A pulse, derived from the input video by the field sync separator, which is used to reset the line 
counter in the timing chain circuit SAA5020. 

14. Field sync separator timing 

A capacitor and adjusting network is connected to this pin and forms the integrator of the field 
sync separator. 

15. Sync separator capacitor 

A capacitor connected to this pin forms part of the adaptive sync separator. 

16. Composite video input (VI) 

The composite video is fed to this input via a coupling capacitor. 

17. Supply voltage (+12 V) 

18. Clock output 

The regenerated clock, after extraction from the teletext data, is fed out to the acquisition and 
control circuits SAA5040 Series via a series capacitor. 

19. Data output 

The teletext data is sliced off the video waveform, squared up and latched within the SAA5030. 
The latched output is fed to the acquisition and control circuits SAA5040 Series via a series 
capacitor. 

20. Clock decoupling 

A 1 nF capacitor between pin 20 and ground is required for clock decoupling. 

21. Clock regenerator coil 

A high-Q parallel tuned circuit is connected between this pin and an external potential divider. 
The coil is part of the clock regeneration circuit (see pin 22). 
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Teletext Video Processor SAA5030 

APPLICATION DATA (continued) 

22. Clock pulse timing capacitor 

23, 24 

Short pulses are derived from both edges of data with the aid of a capacitor connected to this 
pin. The resulting pulses are fed, as a current, into the clock coil connected to pin 21. 
Resulting oscillations are limited and taken to the acquisition and control circuits SAA5040 
Series via pin 18. 

Peak detector capacitors 

The teletext data is sliced with an automatic data slicer whose slicing level is the mid-point of 
two peak detectors working on the video signal. Storage capacitors are connected to these pins 
for the negative and positive peak detectors. 
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------------ zero carrier 3V 

peak white 2.4V 

peak teletext 1.82V 

colour burst 

black 0.72V 

sync OV 
M81-1163/4 

5 
Fig.4 Part of teletext line, with burst showing nominal levels. 
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Fig.5 Detail of idealised composite sync waveform. 
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Teletext Acquisition and Control Circuit SAA5040 

GENERAL 

The SAA5040A, SAA5040B, SAA5040C, SAA5041, SAA5042 and SAA5043 form the SAA5040 
series of MOS N-channel integrated circuits. They perform the control, data acquisition and data 
routing functions of the teletext system. The circuits differ in the on-screen display that is provided 
and in the decoding of the remote control commands. The functions of the circuits are detailed in 
Tables 1, 2 and 3; throughout the remainder of the data the SAA5040 is referred to when the 
complete series of the circuits is being described. 
The SAA5040 is a 28-lead device which receives serial teletext data and clock sign.als from the 
remote control systems incorporating the SAA5012 or SAB3022, SAB3023 decoder circuits. The 
SAA5040 selects the required page information and feeds it in parallel form to the teletext page 
memory. 
The SAA5040 works in conjunction with the SAA5020 timing chain and the SAA5050 series of 
character generators. 

QUICK REFERENCE DATA 

nom. 5 Supply voltage 

Supply current 
Voo 
loo 
Tamb 

typ. 80 

Operating ambient temperature range -20to +70 

vDD 

14 

DLIM DATA GLR 

SAA5040 

WOK WRITE 
CONTROL 

r to row Al ROW 

address A2 ADDRESS 

bus OUTPUT 
AJ BUFFER 

A4 

WACK 
BIT 

COUNTER 

F7 
3 

DATA 
2 

PACKAGE OUTLINE 

28-lead 0 IL; plastic (SOT-117) 
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CONVERSION 
AND 

FRAMING CODE 
DETECTION 
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to data bus 

Fig.1 Block diagram. 
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Teletext Acquisition and Control Circuit 

PINNING 

ground v55 

data input from SAA5030 DAT A 

clock input from SAA5030 F7 

no connection NC 

remote control clock input D LIM 

remote control data input DATA 

data entry window input DEW 
SAA5040 

picture on output PO 

display enable output DE 

big character select output BCS 

top/bottom output T/B 

general line reset input G"CR 

1MHz clock input Fl 

+ sv supply v0 D 

Fig.2 Pinning diagram. 
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Teletext Acquisition and Control Circuit SAA5040 

DESCRIPTION 

The circuit consists of two main sections. 

a) Data acquisition section 

The basic input to this section is the serial teletext data stream DATA from the SAA5030 video 
processor circuit. This data stream is clocked at a 6.9375 MHz clock rate (F7) from the SAA5030. 
The incoming data stream is processed and sorted so that the page of data selected by the user is 
written as 7-bit parallel words into the system memory. Hamming and parity checks are performed 
on the incoming data to reduce errors. Provision is also made to process the control bits in the 
page header. 

b) Control section 

The basic input to this section is the 7-bit serial data (DATA) from the remote control decoder 
circuit such as the SAA5012 or SAB3012. This is clocked by the DLIM signal. 
The remote control commands are decoded and the control functions are stored. 
Full details of the remote control commands used in the various SAA5040 series options are 
given in Tables 1, 2 and 3 below. The control section also writes data into the page memory 
independently Cif the data acquisition section. This gives an on-screen display of certain user­
selected functions such as page number and programme name. 
The 3-state data and address outputs to the system memory are set to high impedance state if 
certain remote control commands are received (e.g. viewdata mode). This is to allow another 
circuit to access the memory using the same address and data lines. The address lines are also 
high impedance while the acquisition and control circuit is not writing into the memory. 
Further information on the control of the complete teletext system is available. 
The circuit is designed in accordance with the September 1976 Broadcast Teletext specification 
published by BBC/IBA/BREMA. 
A typical circuit diagram of a teletext decoder is shown in Fig.7. 

HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
"Handling MOS devices"). 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134). 

Voltages (wit~ respect to pin 1) 

min. max. 

Supply voltage (pin 14) vDD -0.3 7.5 

Input voltage (all inputs) V1 -0.3 7.5 

Output voltage (pin 8) Vos -0.3 13.2 

Output voltage (all other outputs) Vo -0.3 7.5 

Temperatures 

Storage temperature range Tstg -20 to +125 

Operating ambient temperature range Tamb -20 to +70 
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Teletext Acquisition and Control Circuit SAA5040 

CHARACTERISTICS 
min. typ. max. 

Supply voltage (pin 14) Voo 4.5 5.5 v 
The following characteristics apply at T amb = 25 °c and Voo = 5 V unless otherwise stated. 

Supply current loo 80 120 mA 

Inputs 

F7 DATA (pin 2), F7 CLOCK (pin 3) 

Input voltage; HIGH V1H 3.5 .5.5 v 
Input voltage; LOW Note 1 V1L 0.5 v 
Rise time tr 30 ns 

Fall time tf 30 ns 

Input resistance (measured at 4 V) R1 2 18 Mn 5 
Input capacitance C1 7 pF 

F1 (pin 13) 

Input voltage; HIGH V1H 2.4 Voo v 
Input voltage; LOW V1L 0 0.6 v 
Rise time tr - 50 ns 

Fall time tf 30 ns 

Input capacitance c, 7 pF 

Input leakage current (V1 = 0 to 5.5 V) l1R 10 µA 

All other inputs 

DLIM (pin 5), DATA (pin 6), DEW (pin 7), GLR (pin 12) 

Input voltage; HIGH V1H 2.0 Voo v 
Input voltage; LOW V1L 0 0.8 v 
Input capacitance C1 7 pF 

Input leakage current (V1 = 0 to 5.5 V) l1R 10 µA 

Outputs 

DE (pin 9). BCS (pin 10), T/B (pin 11) (with internal pull-up to Voo) 

Output voltage; LOW (loL = 400 µA) Vol 0 0.5 v 
Output voltage; HIGH -loH = 50 µA for pin 9 l -loH = 30 µA for pin 10 VoH 2.4 Voo v 

-loH = 20 µA for pin 11 

Output voltage rise time tr 10 

Output voltage fall time tf µs 

Output capacitance Co 7 pF 

Output current with output in HIGH state -10 50 500 µA 

(Vo= 0.5 V) 

5-463 September 1985 

----····---



Slgnetics Linear Products Product Speclficatton 

Teletext Acquisition and Control Circuit SAA5040 

CHARACTERISTICS Continued 
min. typ. max. 

PO (pin 8) (with internal pull-up to Vool 

Output voltage; LOW OoL = 140 µA) VoL 0 0.5 v 
Output voltage; HIGH (-loH = 50 µA) VoH 2.4 Voo v 
Output rise and fall time (CL= 40 pF) (Note 3) tr, tf 10 µs 

Output capacitance Co 7 pF 

Output current with output in HIGH state 
(Vo= 0.5 V) -10 50 500 µA 

01 to 07 (pins 16 to 22) (3-state) 

Output voltage; LOW (loL = 100 µA) Vol 0 0.5 v 
Output voltage; HIGH (loH = -100µA) VoH 2.4 Voo v 
Output rise and fall time (CL= 40 pF) (Note 3) tr, tf 100 ns 

Output leakage current in 'OFF' state 
(Vo= o to 5.5 Vl ±lo Roff 10 µA 

Output capacitance Co 7 pf 

WOK (pin 15) (3-state with internal pull-up to Vool 

Output voltage; LOW (loL = 400 µA) Vol 0 0.5 v 
Output voltage; HIGH (-loH = 200 µA) VoH 2.4 Voo v 

Output voltage rise time} (CL= 80 pF) (Note 3) 
tr 50 ns 

Output voltage fall time tf 100 ns 

Output current with 3-state 'OFF' (Vo= 0.5 V) -lo Roff 80 500 µA 

Output capacitar1ee Co 7 pF 

WACK (pin 28) (3-state) 

Output voltage; LOW (Io L = 1.6 mA) VoL 0 0.5 v 
Output voltage; HIGH (-.loH = 100 µA) VoH 2.4 Voo v 
Output voltage rise time } tr 50 ns 

(C = 40 pF) (Note 3) 
Output voltage fall time L tf 300 ns 

Output leakage current in 'OFF' state 
(Vo= o to 5.5 V) ±lo Roff 10 µA 

Output capacitance Co 7 pF 

AO to A2 (pins 25 to 27) (3-state) 

Output voltage; LOW (loL = 200µA) Vol 0 0.5 v 
Output voltage; HIGH (-loH = 200 µA) VoH 2.4 Voo v 
Output rise and fall time (CL= 90 pF) (Note 3) tr, tf 300 ns 

Output leakage current in 'OFF' state 
(Vo=Oto5.5V) ±lo Roff 10 µA 

Output capacitance Co 7 pF 
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Teletext Acquisition and Control Circuit SAA5040 

CHARACTERISTICS (Continued) 

Outputs 
min. typ. max. 

A3 and A4 (pins 23 and 24) (3-state) 

Output voltage; LOW lloL = 1.6 mA) Vol 0 0.5 v 
Output voltage; HIGH (-loH = 200 µA) VoH 2.4 Voo v 
Output rise and fall time (CL= 40 pF) (Note 3) tr, tf 300 ns 

Output leakage current in 'OFF' state 
(Vo= o to 5.5 V) +lo Roff 10 µA 

Output capacitance Co 7 pF 

TIMING CHARACTERISTICS 

Teletext Data and Clock (F7 DATA+ F7 CLOCK) 
(Note 2 and Fig.3) 5 F7 Clock cycle time TF7 144 ns 

F7 Clock duty cycle (HIGH to LOW) 30 70 % 

F7 Clock to data set-up time tsu 60 ns 

F7 Clock to data hold time tHOLD 40 ns 

Control DATA and Clock (DATA+ OUM) 
(Note 3 and Fig.4) 

OUM Clock HIGH time tcH 6.5 8 Note 4 µs 

D LIM Clock LOW time tcL 3.5 8 60 µs 

OUM to DATA set-up time tsu 0 14 µs 

OUM to DATA hold time tHOLD 8 14 µs 

Writing Teletext data into memory during DEW 
(Fig.5) 

WACK cycle time TWACK 1150 ns 

WACK rising edge to WOK falling edge tAWW 250 450 ns 

WACK rising edge to WOK rising edge twRW 150 310 ns 

WOK pulse width twpo 300 ns 

Data output set-up time tow 330 ns 

Data output hold time toH 0 ns 

Row address set-up time before first WOK tRAW 190 ns 

Row address valid time after last WOK tRwR 0 ns 
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Teletext Acquisition and Control Circuit SAA5040 

TIMING CHARACTERISTICS 

Writing Header information into memory during tv line 40 

(Fig.6) 

This arrangement is a combined phasing of the 
SAA5040 and the SAA5020 and is therefore 
referred to F 1 input. The first WOK is related 
to F1 No 14% from the SAA5020 

F 1 Clock cycle time 

Time from F1 to WOK falling edge 

Time from F1 to WOK rising edge 

Data output set-up time 

Data output hold time 

Notes 

twF 

tFw 

tow 

toH 

min. typ. max. 

1000 

300 500 

0 120 

330 

0 

1. These inputs may be a.c. coupled. Minimum rating is -0.3 V but the input may be taken more 
negative if a.c. coupled. 

2. Transition times measured between 0.5 and 3.5 volt levels. 
Delay times are measured from 1.5 V level.. 

3. Transition times measured between 0.8 and 2.0 volt levels. 
Delay times are measured from 1.5 V level. 

4. There is no maximum DLIM cyle time provided the DLIM duty cycle is such that tcLmax. 
requirement is not exceeded. 
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Teletext Acquisition and Control Circuit 

APPLICATION DATA 

The function is quoted against the corresponding pin number 

Pin No. 

1. Vss Ground - 0 v 
2. DAT A Data input from SAA5030 

Product Specification 

SAA5040 

This input is a serial data stream of broadcast teletext data from the SAA5030 video processor, 
the data being at a rate of 6.9375 MHz. 
This input from the SAA5030 is a.c. coupled with internal d.c. restoration of the signal levels. 

3. F7 Clock input from SAA5030 

Th is input is a 6.9375 MHz clock from the SAA5030 video processor which is used to clock the 
teletext data acquisition circuitry. The positive edge of this clock is nominally at the centre of 
each teletext data bit. 
This input from the SAA5030 is a.c. coupled with internal d.c. restoration of the signal levels. 

5. DLIM Remote control clock input 

This input from the remote control receiver decoder is used to clock remote control data into 
the SAA5040. The positive-going edge of every second clock pulse is nominally in the centre 
of each remote control data bit. 

6. DATA Remote control data 

This input is a 7-bit serial data stream from the remote control receiver decoder. 
This data contains the teletext and viewdata remote control user functions. The nominal data 
rate is 32 µs/bit. The remote control commands used in the SAA5040 series are shown in 
Tables 1, 2 and 3. 

7. DEW Data entry window 

This input from the SAA5020 Timing Chain defines the period during which received teletext 
data may be accepted by the SAA5040. This signal is also used to enable the 5 memory address 
outputs (pins 23 to 27) and the 7-bit parallel data outputs (pins 16 to 22). 

8. PO Picture On 

This output to the SAA5012, SAA5030 and SAA5050 circuits is a static level used for the 
selection of tv picture video 'on' or 'off'. The output is HIGH for tv picture 'ON', LOW for tv 

picture 'OFF'. The output has an internal pull-up to VDD· 

9. DE Display enable 

This output to the SAA5050 teletext character generator is used to enable the teletext display. 
The output is HIGH for display enabled, LOW for display disabled. 
The output is also forced to the LOW state during the DEW and tv line 40 periods and when a 
teletext page is cleared. 
The output has an internal pull-up to Voo· 

1 0. BCS Big character select 

This output to the SAA5020 timing chain and to the SAA5050 character generator is used to 
select double height character format under user control. The output is HIGH for normal height 
characters, LOW for double height characters. It is also forced to the HIGH state on page clear. 
The output has an internal pull-up to Voo-

11. T/B Top/bottom 

This output to the SAA5020 timing chain is used to select whether top or bottom half page is 
being viewed. The output is HIGH for bottom half page and LOW for top half page. It is also 
forced to the LOW state on page clear. 
The output has an internal pull-up to Voo-
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Teletext Acquisition and Control Circuit SAA5040 

APPLICATION DATA 

12. GLR General line reset 

This input from the SAA5020 timing chain is used as a reset signal for internal control 
and display counter. 

13. F1 

This input is a 1 MHz clock signal from the SAA5020 timing chain used to clock internal 
remote control processing and encoding circuits. 

14. VDD +5 v Supply 

This is the power supply input to the circuit. 

15. WOK Write 0.K. 

This 3-state output signal to the system memory is used to control the writing of valid data 
into the system memory. The signal is LOW to write, and is in the high impedance state 
when viewdata is selected. The three-state buffer is enabled at the same time as the data 
outputs (see below). An internal pull-up device prevents the output from floating into the 
LOW state when the 3-state buffer is 0 FF. 

16, 17, 18, D7 to D1, Data outputs 

19, 20, 21, These 3-state outputs are the seven bit parallel data outputs to the system memory. The 
22 outputs are enabled at the following times:-

a) During the data entry window (DEW) to write teletext data into the memory. 
The data rate is 867 kbytes per second and is derived from the teletext data clock. 

b) During tv line 40 for encoded status information about user commands 
(e.g. programme number), to be written into the memory. This period is known as 
EDIL (encoded data insertion line). The data rate is 1 Mbyte per second and is 
derived from the 1 MHz display clock F 1. 

c) When the page is cleared. In this case the data output is forced to the space code 
(0100000) during the display period for one field. This data is held at the space code 
from either tv line 40 (if page clear is caused by user command), or the received 
teletext data line causing the clear function, until the start of the data entry window 
(DEW) of the next field. 

23, 24, 25, A4 to AO Memory addresses 

26,27 

28. 

September 1985 

These 3-state outputs are the 5-bit row address to the page memory. 
This address specifies in which of 24 rows the teletext data is to be written. 
The outputs are enabled during the data entry period (DEW). 

WACK Write address clock 

This 3-state output is used to clock the memory address counter during the data entry 
period (DEW). The output is enabled only during this period. The positive-going edge of 
WACK is used to clock the address counter. 
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TABLE 1 (Note 8) 

Remote control commands used in the SAA5040A/SAA5040B/SAA5040C/SAA5043 

CODE 
TELEVISION MODE (b7 = b5 = 0) TELETEXT MODE (b7 = 1, b5 = 0) 

bs b4 b3 b2 b1 (Note 7) (Note 7) 

0 0 0 0 0 RESET (Note 1 I 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 TV/ON Gives programme display. 

0 0 1 0 0 STATUS Gives programme display. STATUS Programme/header display (Note 6) 

0 0 1 0 1 HOLD Stops reception of teletext. (Note 9) 

0 0 1 1 0 

0 0 1 1 1 TIME Gives time display. DISPLAY CANCEL (Note 3) 5 
0 1 0 0 0 

0 1 0 0 1 

0 1 0 1 0 

0 1 0 1 1 

0 1 1 0 0 TAPE Resets to small characters. 

0 1 1 0 1 

0 1 1 1 0 TIMED PAGE OFF 

0 1 1 1 1 TIMED PAGE ON 

1 0 0 0 0 
r 

1 

1 0 0 0 1 2 

1 0 0 1 0 3 

1 0 0 1 1 4 

1 0 1 0 0 5 

1 0 1 0 1 PROGRAMMES NUMBERS 6 
• .• 1 0 1 1 0 (Note 2) ( Notes 4 and 6) 7 

1 0 1 1 1 8 

1 1 0 0 0 9 

1 1 0 0 1 0 

" 1 1 0 1 0 SMALL CHARACTERS 

1 1 0 1 1 ' LARGE CHARACTERS TOP HALF PAGE 

1 1 1 0 0 LARGE CHARACTERS BOTTOM HALF PAGE 

1 1 1 0 1 

1 1 1 1 0 SUPERIMPOSE (Note 6) 

1 1 1 1 1 TELETEXT/ON (Note 5) 
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Notes for Table 1 

1. Reset clears the page memory, sets page number to 100 and time code to 00.00 and resets timed 
page and display cancel modes. 

2. Programme names are displayed for 5 s in a box at the top left of the screen in large characters. 
Programme commands clear the page memory except in timed page mode. 

The following boxed information is displayed. 

REMOTE CONTROL 
COMMAND SAA5040A SAA5040B SAA5040C SAA5043 

bs b4 b3 b2 bi 

1 0 0 0 0 BBC1 BBC1 Ch 1 

1 0 0 0 1 BBC2 ITV Ch 2 

1 0 0 1 0 ITV BBC2 Ch 3 

1 0 0 1 1 4 BBC1 Ch 4 

1 0 1 0 0 5 
Gives no 

ITV Ch 5 

1 0 1 0 1 6 VTR Ch 6 
status 

1 0 1 1 0 7 BBC1 Ch 7 

1 0 1 1 1 VCR 
box 

ITV Ch 8 

1 1 0 0 0 9 BBC2 Ch 9 

1 1 0 0 1 10 BBC1 Ch 0 

1 1 0 1 0 11 ITV Ch 10 

1 1 0 1 1 12 VTR Ch 11 

3. Display cancel removes the text and restores the television picture. The device then reacts to 
any update indicator on the selected page. An updated newsflash or subtitle is displayed 
immediately. When an updated normal page arrives the page number only is displayed in a box 
at the top left of the screen. The full page of text can then be displayed when required using the 
teletext/on command. 

4. Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 

5. The teletext/on command resets display cancel, hold and superimpose modes. 

6. Status, timed page on, timed page off, numbers, superimpose and teletext/on commands all reset 
to top half page and produce a box round the header for 5 s. This allows the header to be seen 
if the television picture is on (e.g. newsflash or display cancel modes). 

7. In viewdata mode (b7 = ba = 1) the device is disabled and teletext cannot be received. All 3-state 
outputs are high impedance. 

8. Table 1 shows code required for functions specified. The device requires the inverse of these codes 
i.e. b7 to b1. The code is transmitted serially in the following order: b7, b1, b2, b3, b4, IJ5, ba. 

9. When hold node is selected 'HOLD' is displayed in green at the top right of the screen. 

1 O. A 'P' is displayed before the page number at the top left of the screen (e.g. P123). 
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TABLE 2 (Note 9) 

Remote control commands used in the SAA5041 

CODE 

bs b4 bJ b2 b1 
TELEVISION MODE (b7 = b5 = 0) 

(Note 8) 
TELETEXT MODE (br 1, bs = 0) 

(Note 8) 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

0 0 1 0 0 TIME Gives time display. STATUS Gives header and time display. (Note 6 

0 0 1 0 1 TIMED PAGE On/off toggle function. 

0 0 1 1 0 

0 0 1 1 1 

0 1 0 0 0 
5 

0 1 0 0 1 

0 1 0 1 0 

0 1 0 1 1 

0 1 1 0 0 

0 1 1 0 1 

0 1 1 1 0 

0 1 1 1 1 TE LET EXT RESET (Note 1) 

/' 
/ 0 1 0 0 0 0 

1 0 0 0 1 1 

1 0 0 1 0 2 

1 0 0 1 1 3 

1 0 1 0 0 4 

1 0 1 0 1 PROGRAMMES (Note 10) NUMBERS 5 

1 0 1 1 0 (Notes 2 and 7) 6 

1 0 1 1 1 7 

1 1 0 0 0 8 

1 1 0 0 1 ' 9 
1 1 0 1 0 SMALL CHARACTERS 

1 1 0 1 1 LARGE CHARACTERS Top/bottom toggle 
function 

1 1 1 0 0 HOLD Stops reception of teletext - toggle 
function (Note 3) 

1 1 1 0 1 DISPLAY CANCEL (Note4) 

1 1 1 1 0 SUPERIMPOSE 

1 1 1 1 1 NORMAL DISPLAY (Note 5) 
'-
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Notes for Table 2 

1. The teletext reset command clears the page memory, selects Page 100, goes to small characters 
and resets hold, timed page and display cancel modes. 

2. Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 

3. When hold mode is selected 'HALT' is displayed in green at the top right of the screen. 

4. Display cancel removes the text and restores the television picture. The SAA5041 then reacts to 
any update indicator on the selected page. An updated newsflash or subtitle is displayed immed­
iately. When an updated normal page arrives the page number only is displayed in a box at the 
top left of the screen. The full page of text can then be displayed when required using the normal 
display command. 

5. The normal display command resets display cancel, hold and superimpose modes. 

6. Status, timed page, numbers, hold, superimpose and normal display commands all reset to top 
half page and produce a box round the header for five seconds. This allows the header to be seen 
even if the television picture is on (e.g. newsflash or display cancel modes). 

7. An 'S' is displayed before the page number at the top left of the screen (e.g. S123). 

8. In viewdata mode (b7 = b5 = 1) the SAA5041 is disabled and teletext cannot be received. All 
3-state outputs are high impedance. 

9. Table 2 shows code required for functions specified. The SAA5041 requires the inverse of these 
.£Od~ i.e. b1 to bl. The code is transmitted serially in the following order: b7, b1, b2. b3, b4, 
bs. b5. 

10. Clear Memory occurs except in Timed Page Mode. 
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TABLE 3 (Note 9) 

Remote control commands used in the SAA5042 

CODE 

bs b4 b3 b2 b1 
TELEVISION MODE (b7 = b5 = 0) TELETEXT MODE (b7 = 1, b5 = 0) 

(Note 8) (Note 8) 

0 0 0 0 0 RESET (Note 1) 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

0 0 1 0 0 STATUS Gives header and time display. (Note 6) 

0 0 1 0 1 HOLD Stops reception of teletext - toggle 
function (Note 3) 

0 0 1 1 0 

0 0 1 1 1 TIME Gives time display 5 
0 1 0 0 0 

0 1 0 0 1 

0 1 0 1 0 SMALL CHARACTERS 

0 1 0 1 1 

0 1 1 0 0 LARGE CHARACTERS TOP HALF PAGE 

0 1 1 0 1 LARGE CHARACTERS BOTTOM HALF PAGE 

0 1 1 1 0 DISPLAY CANCEL/RECALL (Note 4) 

0 1 1 1 1 DISPLAY RECALL 

1 0 0 0 0 ' 0 

1 0 0 0 1 1 

1 0 0 1 0 2 

1 0 0 1 1 3 

1 0 1 0 0 4 

1 0 1 0 1 PROGRAMMES (Note 10) NUMBERS 5 

1 0 1 1 0 (Notes 2 and 7) 6 

1 0 1 1 1 7 

1 1 0 0 0 8 

1 1 0 0 1 ,9 
1 1 0 1 0 TIMED PAGE On/Off toggle function 

1 1 0 1 1 CLEAR MEMORY 

1 1 1 0 0 LONG TERM STORE/SMALL CHARACTERS 

1 1 1 0 1 

1 1 1 1 0 SUPER IMPOSE 

1 1 1 1 1 '-
TELETEXT/ON (Note 5) 
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Notes for Table 3 

1. Reset clears the page memory, sets page number to 100 and time code to 00.00 and resets timed 
page and display cancel modes. 

2. Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 

3. When hold mode is selected 'STOP' is displayed in green at the top right of the screen. 

4. Display cancel/recall removes the text and restores the television picture. The SAA5042 then 
reacts to any update indicator on the selected page. An updated newsflash or subtitle is displayed 
immediately. When an updated normal page arrives the page number only is displayed in a box 
at the top left of the screen. The same command will then cause a normal page to be displayed, 
but will cancel a newsflash or subtitle page. Alternatively, text can be recalled by using the 
teletext/on command. 

5. The teletext/on command resets display cancel, hold and superimpose modes. 

6. Status, timed page, numbers, superimpose and teletext/on commands all reset to top half page 
and produce a box round the header for five seconds. This allows the header to be seen even if 
the television picture is on (e.g. newsflash or display cancel modes). 

7. A 'P' is displayed before the page number at the top left of the screen (e.g. P123). 

8. In viewdata mode (b7 = b5 = 1) the SAA5042 is disabled and teletext cannot be received. All 
3-state outputs are high impedance. 

9. Table 3 shows code required for functions specified. The SAA5042 requires the inverse of these 
£._Od~ i.e. b7 to b1. The code is transmitted serially in the following order: b7, b1, b2, b3, b4, 
bs. b5. 

10. Clear Memory occurs except in Timed Page Mode. 
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GENERAL DESCRIPTION 

Product Specification 

SAA5045 

The SAA5045 is a PCF0700 CMOS process gate array designed to interface the SAA50408 Teletext 
Acquisi~ion Control (TAC) IC to the SAA5030 Video Processor (VIP) data output for modified U.K. 
standard 525-line Teletext. It also provides an address interface between SAA50408, SAA5025D 
Teletext Timing Chain for USA 525 line system (USTIC) and the page memory RAM. The memory 
interface includes read/write control compatible with the geared 32 + 8 transmission system at 
5,727272 MHz data rate employed in the modified U.K. system. 

For RATINGS and CHARACTERISTICS see data sheet: CMOS GATE ARRAYS (PCF0700). 

SYSTEM CONTENT 

Functionally the chip contains two main sections which operate during the acquisition and display 
periods. 

Gearing control section 

The data from the SAA5030 (VIP) and data clock, are processed to detect the presence of the gearing 
bit and convert the data for correct operation of the SAA50408 (TAC). Data and clock outputs to the 
TAC are internally compensated for processing delays, so that correct clocking-in of data is ensured. 

Addressing section 

Column counters are included, which operate from the WACK (TAC) and RACK (USTIC) column 
clock signals during acquisition and display respectively. 

Five row-address input circuits (pins AO to A4) are provided for (TAC) and (USTIC) address outputs. 
These are multiplexed with the column address from the internal counters for correct mapping of the 
RAM via ten output address pins (AAO to AA9). During acquisition, the multiplexer is controlled by 
the gearing bit detection to give correct assembly of the 40 character per row page structure. 

The address output buffers are 3-state devices controlled by the line reset signal (pin 8; GLRS). During 
the horizontal flyback period the address pins are 3-state to allow alternative addressing for customized 
applications. 

Read/write control to RAM 

An internal counter prevents overwriting if more than 32 character WOK pulses are received from TAC 
due to poor transmission conditions. Two control outputs, one for read/write (WE) and the other for 
chip select (CS), are provided to eliminate conflicts on the input/output RAM bus. 

PACKAGE OUTLINE 

28-lead DI L; plastic (SOT-117D). 
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SYSTEM CURRENT (continued) 
Framing code detection 

Product Specification 

SAA5045 

When a valid data line is received and the framing code .is detected in the gearing section, then flag 
pulses (pair of pulses) are available at output WE, before the CS output is driven LOW for normal · 
writting into the RAM. If a framing-code-present signal is required, it can be obtained by gating WE and 
CS outputs such, that an output from the WE, when output CS is HIGH, indicates the detection of a 
framing code; N.B., each framing code produces a pair of pulses. 

RAM ADDRESS CONTROL 

Figure 2 shows that the ten RAM address outputs are controlled by a multiplexer (MUX3), which 
interchanges the two groups of five address lines, when a gearing bit equal to logic "1" is received 
during data input. During display, MUX3 is switched by bit number 6 of the column counter. MUX1, 
which is switched by the gearing bit, controls stepping of the row address when fill-in rows are received. 
MUX2 is switched by either the gearing bit or bit 6 of the column counter to access the part of RAM 
storing the last eight bytes of each row of data. 

The mapping of the 1024-byte RAM is shown in Fig. 1. Area "A" stores data corresponding to the 
left-hand side (32 bytes wide) of the display whilst area "B" stores the remainder for the right-hand 
side. 

Access to the RAM for custom operations can be made during the time that GLRS (pin 8) is LOW, 
which causes all ten address buffers to be in the open state. It should be noted that G LRS LOW also 
resets the column counters and the gearing-bit detection system to logic "O". This normally occurs 
during the horizontal interval (between 5 and 8 µs) after the horizontal sync pulse falling edge. 
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PIN DESCRIPTION 

pin no. symbol name and function 

1 WRACK input clock to column counter 

2 AO 

3 A1 

4 A2 row address system inputs 

5 A3 

6 A4 

7 DEW data entry window input 

8 GLRS general line reset starting output 

9 F5,7 DATA 5,7 MHz data output 

10 F5,7 CLOCK 5,7 MHz clock output 

11 WOK write enable input 

12 cs chip select output 

13 DE display enable input 

14 Vss ground 

15 DK5,7 5,7 MHz data clock input 

16 DA5,7 5, 7 MHz data input 

17 WE write enable output 

18 AA9 

19 AAS 

20 AA7 

21 AA6 

22 AA5 
memory address outputs 

23 AA4 

24 AA3 

25 AA2 

26 AA1 

27 AAO 

28 Voo positive supply 
{+ 4,5 V to+ 5,5 Vl 
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APPLICATION INFORMATION 

The function is described against the corresponding pin number. 

1. WRACK - input clock to column counter 

Product Specification 

SAA5045 

Input clock to column counter during data input or display; WACK from SAA5040B (TAC) or 
RACK from SAA5025D (USTIC). 

2 to 6. AO to A4 - row address system inputs 

Inputs to row address system during data input or display. Row address numbers greater than 0 to 
23 disable writing to the RAM during input. 

7. DEW - data entry window input 

Data entry window input enables gearing bit detection and data processing part of system. 

8. GLRS - general line reset starting output 

Input from the SAA5025D is a negative reset pulse at line rate for column counters and gearing 
system. When this input is LOW, it opens 3-state address buffers. 

9. F5,7 DATA - 5,7 MHz data output 

Data output at 5.7 MHz rate to SAA5040B (TAC) during the data acquisition period when DEW is 
HIGH. 

10. F5,7 CLOCK - 5,7 MHz clock output 

Data clock output at 5.7 MHz rate to SAA5040B (TAC), synchronized to data at pin 9 (F5,7 DATA). 

11. WOK - write enable input 

Write enable input from SAA5040B (TAC) during data acquisition, when correct data is received, 
for RAM write/read control (via output WE; pin 17). 

12. CS - chip select output 

Output to drive the RAM chip enable during data input and display periods controlled by the 
display enable output (DE) and write O.K. (WOK) output of the SAA5040B (TAC), avoiding input/ 
output bus conflict. 

13. DE - display enable input 

Display enable input from SAA5040B (TAC) to control CS. 

14. Vss - ground 

15. DK5,7 - 5,7 MHz data clock input 

Data clock input at 5.7 MHz rate from the SAA5030 (VIP); this pin is capacitively coupled with a 
d.c. restoring diode and is externally connected to Vss· 

16. DA5,7 - 5,7 MHz data input 

Data input at 5, 7 MHz rate from SAA5030 (VIP); this pin is capacitively coupled with a d.c. 
restoring diode and is externally connected to Vss· 
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APPLICATION INFORMATION (continued) 

17. WE - write enable output 

Write enable output to control RAM write/read. This output is the gated and delay version of the 
WOK from the SAA5040B, but limited to 32 pulses which are possible before the WACK count is 
equal to 32. 
A pair of pulses on this output precedes the WOK pulses, whilst CS is HIGH whenever a framing 
code is detected. 

18 to 27. AA9 to AAO - memory address outputs 

Memory address outputs; 3-state buffered outputs, open when GLRS is LOW for auxiliary access 
to the RAM address bus if required. 
N. B.: AA9 and AAS are simultaneously HIGH whenever a gear bit with logic "1" is received during 

DEW is HIGH. This enables detection of gearing bit reception, following GLRS reset on each 
line, which always resets AAO to AA9 to logic "O". 

28. Voo - positive supply (4,5 V to 5,5 V) 

Note 

Input pins other than 15 and 16 have internal 15 kn pull-up resistors for compatibility with SAA5025D 
and SAA5040B output signal ranges. Pins 15 and 16 are CMOS inputs for d.c. restored drive from the 
SAA5030 (VIP) clock and data output signals. 
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REMOTE 
~ 

REMOTE 
CONTROL CONTROL 
KEY-PAD RECEIVER 

DATA 

DATA 
CLOCK 

SAA5045 
(GALA) 

CLOCK 
ROW 

ADDRESS 

VIDEO 
INPUT SAA5030 
2,BV (VIP) 

ADDRESS 

(p-p) WRITE CONTROL 

ROW ADDRESS 
& TIMING 

SAA5025D 
(USTIC) 

SAA50408 CONTROL 
(TAC) 

DATA 

2 x 2614 
RAM 

TIMING 

CONTROL 

Fig. 4 Schematic diagram of the 5-chip decoder. 

For additional information 
consult the Applications Section. 
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Teletext Character Generator SAASOS0/55 

The SAA5050 series of MOS N-channel integrated circuits provides the video drive signals to the 
television receiver necessary to produce the teletext/viewdata display. The variants are described in the 
Quick Reference Data and full details of the characters sets are given in Figs. 11 to 18. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Operating ambient temperature range 

D1 

D2 

DJ 

Variant 
5050 
5051 
5052 
5053 

INPUT 

Character set 
English 
German 
Swedish 
Italian 

D4 
BUFFER 

ROM 

D5 

D6 

D7 

16 
TLC 

8 

G 0---11+-i 

R 0---11+-i 

CONTROL 
CHARACTER 
DETECTION 
AND STORE 

COLOUR 
MULTIPLEXER ______ _.... 

YO--t+--------~ 

vDD 

18 

DISPLAY 
CONTROL 

BLANn--------------~ 

28 27 
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PACKAGE OUTLINE 

28-lead DI L; plastic (SOT-117). 
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ground Vss 

superimpose Si 

remote control data DAT A 

character data 
inputs 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

remote control data clocJ< DLIM 

general line reset GLR 

data entry window DEW 

SAA5050 

character rounding select CRS 

Fig.2 Pinning diagram 

DESCRIPTION 

Product Specification 

SAA5050/55 

DE display enable input 

PO picture on input 

LOSE load output shift register enable 

BLAN blanking output 

R: l video outputs 

Y monochrome video output 

F1 1MHz input 

TR6 6MHz input 

VDD positive supply (+5Vl 

NC not connected 

ill transmitted large character 

m- big character select 

MB 1-1086/2/B 

The SAA5050 is a 28 pin device which incorporates a fast access character generator ROM (4.3 k bits), 
the logic decoding for all the teletext control characters and decoding for some of the remote control 
functions. The circuit generates 96 alphanumeric and 64 graphic characters. Jn addition there are 32 
control characters which determine the nature of the display. 
The SAA5050 is suitable for direct connection to the SAA5010, SAA5012, SAA5020 and SAA5040 
Series integrated circuits. 
The basic input to the SAA5050 is the character data from the teletext page memory. This is a 7 bit 
code. Each character code defines a dot matrix pattern. The character period is 1 µsand the character 
dot rate is 6 MHz. The timings are derived from the two external input clocks F 1 (1 MHz) and TR6 
(6 MHz) which are amplified and re-synchronised internally. Each character rectangle is 6 dots wide 
by 10 TV lines high. One dot space is left between adjacent characters, and there is one line space 
left between rows. Alphanumeric characters are generated on a 5 x 9 matrix, allowing space for 
descending characters. Each of the 64 graphic characters is decoded to form a 2 x 3 block arrangement 
which occupies the complete 6 x 10 dot matrix (Fig.9). Graphics characters may be either contiguous 
or separated (Fig.10). The alphanumeric characters are character rounded, i.e. a half dot is inserted 
before or after a whole dot in the presence of a diagonal in a character matrix. 
The character video output signals comprise a monochrome signal and RGB signals for a colour 
receiver. A blanking output signal is provided to blank out the television video signal under the control 
of the PO and DE inputs and the box control characters (see Table 3). 
The monochrome data signal can be used to inlay characters into the television video. The use of the 
32 control characters provides information on the nature of the display, e.g. colour. These are also 
used to provide other facilities such as 'concealed display' and flashing words etc. The full character 
set is given in Table 1. 
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HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (See 'Handling MOS 
Devices'). 

RATINGS Limiting values in accordance with the Absolute Maximum System,(IEC134) 

min. typ. max. 

Voltages (with respect to pin 1) 

Supply voltage (pin 18) Yoo -0.3 7.5 

Input voltages (all inputs+ input/output) V1 -0.3 7.5 

Output voltage (pin 16) V016 -0.3 7.5 
(all other outputs ) Vo -0.3 14.0 

Temperature 
Storage temperature range Tstg -20 to +125 

Operating ambient temperature range Tamb -20 to +70 

CHARACTERISTICS min. typ. max. 
Supply voltage (pin 18) Voo 4.5 5.5 

The following parameters apply at Tamb = 25 °c and Voo = 5 V unless otherwise stated. 

Supply current 

Inputs 

Character data 01 to 07 (pins 4 to 10) 

Input voltage; HIGH 

Input voltage; LOW 

Clock inputs F1 (pin 20) TR6 (pin 19) 

Input voltage; HIGH 

Input voltage; LOW 

Logic inputs 

DATA (pin 3) 
DLIM (pin 11) 
GLR (pin 12) 

DEW (pin 13) 
CRS (pin 14) 
BCS(pin15) 

Input voltage; HIGH 

Input voltage; LOW 

All inputs 

Input leakage current (V1 = 5.5 V) 

Input capacitance 

LOSE (pin 26) 
PO (pin 27) 
DE (pin 28) 

loo 

V1H 

V1L 

l1R 

C1 
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CHARACTERISTICS (continued) 
min. typ. max. 

Outputs 

Character video outputs+ Blanking output (open drain) (note 3) 

B - (pin 22), G - (pin 23), R - (pin 24), Y - (pin 21 ), 
Blanking (pin 25) 

Output voltage; LOW (loL = 2 mA) Vol 0.5 v 
Output voltage; LOW (loL = 4 mA) Vol 1.0 v 
Output voltage; LOW (loL = 6 mA) Vol 2.0 v 
Output voltage; HIGH (note 5) VoH Voo 13.2 v 
Output load capacitance CL 15 pF 

Output fall time l note 1 tt 30 ns 

Variation of fall time between any outputs J L'itt 0 20 ns 5 
TLC (pin 16) 

Output voltage; LOW (loL = 100 µA) Vol 0 0.5 v 
Output voltage; HIGH (-IOH = 100 µA) VoH 2.4 Voo v 
Output load capacitance CL 30 pF 

Output rise time } Measured between 0.8 V tr 1.0 µs 

Output fall time and 2.0 V levels tt 1.0 µs 

Input/output 

SI (pin 2) (open drain) 

Input voltage; HIGH V1H 2.0 6,5 v 
Input voltage; LOW V1L 0 0.8 v 
Input leakage current (V1 = 5.5 V) l1R 10 µA 

Input capacitance C1 7 pF 

Output voltage; LOW (loL = 0.4 mA) Vol 0 0.5 v 
Output voltage; LOW (loL = 1.3 mA) Vol 0 1.0 v 
Output load capacitance CL 45 pF 

Output voltage; HIGH state (note 2) VoH 6.5 v 
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Timing characteristics 

For typical display of 40 characters per line. Line rate= 64 µs. Field rate= 20 ms. 

Character data timing (Fig.4) 
min. typ. max. 

TR6 rising edge to F1 falling edge to 6 60 ns 

TR6 frequency fTR6 6 MHz 

TR6 mark/space ratio 40:60 60:40 

F1 frequency fF1 MHz 

F1 mark/space ratio 40:60 60:40 

Data set-up time tcos 80 ns 

Data hold time tcoH 100 ns 

Delay time - character in/ Graphics tcoG 2.6 µs 
character data at outputs Alphanumerics tcoA 2.767 µs 

Display period timing (Fig.5) 

F1 falling edge to LOSE rising edge tLDH 0 250 ns 

F1 falling edge to LOSE falling edge tLDL 0 250 ns 

LOSE rising edge to 'Display on' tooN 2.6 µs 

LOSE falling edge to 'Display off' too FF 2.6 µs 

'Display period' top 40 µs 

Line rate timing (Fig.6) 

F1 rising edge to GLR falling edge tDGL 0 200 ns 

F1 rising edge to GLR rising edge toGH 0 200 ns 

GLR LOW time tGLP µs 

Line start* to G LR falling edge tGLR 5 µs 

Line start* to LOSE rising edge tLSL 14.5 µs 

LOSE falling edge to Line start* tLLS 9.5 µs 

Line period tLNP 64 µs 

LOSE HIGH time tLHP 40 µs 

Remote data input timing (Fig.8) 

Assuming F1period=1 µsand GLR period= 64 µs 

DLIM clock HIGH time tcH 6.5 8 (note 4) µs 

DLIM clock LOW time tcL 3.5 8 60 µs 

DATA to DLIM set-up time tos 0 14 µs 

DLIM to DATA hold time toH 8 14 µs 

*Taken as falling edge of 'line sync' pulse. 
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Notes to characteristics 

1. Fall time, tf and 6 tf, are defined as shown and are measured using the circuit shown below: 

tf is measured between the 9 V and 1 V levels. 

6 tf is the maximum time difference between outputs. 

_____ ,_ - - - - 9.0V 

08243 

I 
I 
I 
I 
I 
I 
I 
rtf 

I 
I 
I 

------rt1 

---.......------+12v 

3K 

Output o----.. 
pin 

9V 
clamp 

+ 1'5pF 
T rQ· I 

+-L 

D8067b I Vss 
Fig.3 

2. Recommended pull-up resistor for Si is 18 kn. 

3. The R, G, B, Y and blanking outputs are protected against short circuit to supply rails. 

4. There is no maximum DLIM cycle time, provided the DLIM duty cycle is such that the tCL max 
requirement is not exceeded. 

5. With maximum pull-up voltage applied to R, G, Band BLAN outputs the leakage current will not 
exceed 20 µA with the outputs in the OFF state. 

SPECIAL FEATURES 

Flash oscillator 
The circuit generates a 0.75 Hz signal with a 3:1 ON/OFF ratio to provide the flashing character 
facility. 
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Power-on-reset 

When the supply voltage is switched on, the character generator will reset to tv, conceal, and not 
superimpose modes. 

Character rounding 

The character rounding function is different for the small and double height characters. In both cases 
the ROM is accessed twice during the character period of 1 µs. The dot information of two rows is 
then compared to detect the presence of any diagonal in the character matrix and to determine the 
positioning of the character rounding halt dots. 
For small characters rounding is always referenced in the same direction (i.e. row before in even fields 
and row after in odd fields as determined by the CRS signal). 
For double height characters rounding is always referenced alternately up and down changing every 
line using an internally generated signal. (The CRS signal is 'D' for the odd field and '1' for the even 
field of an interlaced tv picture). 

Graphics decoder 

The 64 graphics characters are decoded directly from the character data inputs and they appear on a 
2 x 3 matrix. Figure 9 gives details of the graphics decoding. 

APPLICATION DATA 

The function is quoted against the corresponding pin numbers 

Pin No. 

1. Vss Ground - o v 
2. Si Superimpose 

This is a dual purpose input/output pin. The output is an open drain transistor (capable of 
sinking current to Vssl. which is in the conducting state when superimpose mode is 
selected. This allows contrast reduction of the tv picture in superimpose mode if required. 
If the pin is held LOW, the internal 'tv mode' flip-flop is held in the 'text' state. This is for 
VDU applications when the remote control is not used. 

3. DATA Remote control data 

4,5,6 
7,8,9, 
10 

11. 

This input accepts a 7-bit serial data stream from the remote control decoder. This data 
contains the teletext and viewdata remote control functions. The nominal data rate is 
32 µs/bit. The command codes used in the SAA5050 are shown in Table 2. 

D1 to D7 Character data 

These inputs accept a 7-bit parallel data code from the page memory. This data selects the 
alphanumeric characters, the graphics characters and the control characters. The alphanumeric 
addresses are ROM column addresses, the graphics and control data are decoded internally. 

DLIM 

This input receives a clock signal from the remote control decoder and this signal is used to 
clock remote control data into the SAA5050. The positive-going edge of every second clock 
pulse is nominally in the centre of each remote control data bit (Fig.8). 

12 GLR General line reset 

This input signal from the SAA5020 Timing Chain is required for internal synchronisation of 
remote control data signals. 

13. DEW Data entry window 

September 1985 

This input signal from the SAA5020 Timing Chain is required to reset the internal ROM row 
address counter prior to the display period. It is also used internally to derive the 'flash' 
period. 
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APPLICATION DATA (continued) 

14. CRS Character rounding select 

This input signal from the SAA5020 Timing Chain is required for correct character rounding 
of displayed characters. (Normal height characters only). 

15. BCS Big character select 

This input from the SAA5040 Teletext Acquisition and Control device allows selection of 
large characters by remote control. 

16. TLC Transmitted large characters 

This output to the SAA5020 Timing Chain enables double height characters to be displayed 
as a result of control characters stored in the page memory. 

18. VDD + 5 V supply 

This is the power supply input to the circuit. 

19. TR6 

20. 

21. 

22,23, 
24. 

25. 

26. 

This input is a 6 MHz signal from the SAA5020 Timing Chain used as a character dot rate 
clock. 

F1 

This input is a 1 MHz equal mark/space ratio signal from the SAA5020 Timing Chain. It is 
used to latch the 7-bit parallel character data into the input latches. It is also used to synchron­
ise an internal divide-by 6 counter. The F 1 signal is internally synchronised with TR6. 

Y Output 

This is a video output signal which is active in the HIGH state containing character dot 
information for tv display. 
The output is an open drain transistor capable of sinking current to Vss 
B,G,R outputs 

These are the Blue, Green and Red Character video outputs to the tv display circuits. They 
are active HIGH and contain both character and background colour information. 
The outputs are open drain transistors capable of sinking current to Vss· 
BLAN Blanking 

This active HIGH output signal provides tv picture video blanking. It is active for the duration 
of a box when Picture On and Display Enable are HIGH. It is also activated permanently for 
normal teletext display when no tv picture is required (PO LOW). The output is an open 
drain transistor capable of sinking current to V55. Full details given in Table 3. 

LOSE Load output shift register enable 

This input signal from the SAA5020 Timing Chain resets the internal control character 
flip-flops prior to the start of each display line. 
This signal also defines the character display period. 

27. PO Picture On 

This input signal from the SAA5040 Teletext Acquisition and Control device is used to 
control the character video and blanking outputs. When PO is HIGH, only text in boxes is 
displayed unless in superimpose mode. The input is HIGH for tv picture video on, LOW for 
picture off. See Table 3. 

28. DE Display enable 

This input signal from the SAA5040 Teletext Acquisition and Control device is used to 
enable the teletext display. The input is HIGH for teletext display enabled. LOW for display 
cancelled. See Table 3. 
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TABLE 1 

Character data input decoding 
080&8a 

00 0 0 0 10 1 1 1 

~ 0 01 1 0 11 0 01 10 11 

bi_i~'"?:b,;' ,Col 1 0 1 2 l 2a 3 J 3a 4 5 6] 6a 1J1a 1 RctN~ 

0 0 0 0 0 NUL* OLE* DILJ [Q] I~ Kill [E] EJ I GJ [£]I~ I I I I 
0 0 0 1 1 

Alphan Graphics [JJ I[] []I CJ ~ [Q1 ~I~ L9J I~ Red Red 

Alphcf 
I I I I 

0 0 1 0 2 Graphics [Ji~ 0,~ ~ [BJ lli] I [) 01~ Green Green 

Alphan 
I 

[}]ICj [] ~ [£]I~ 
I 

0 0 1 1 3 'Graphics [fl I Lj ~1= Yellow Yellow 

I I 
0 1 0 0 4 Alphan Graphics [I] I~ g]I iJ [QJ ITJ @]I~ [I] I il Blue Blue I I I 
0 1 0 1 5 

Alphan Graphics r&J I~ [fil I IJ [] [Q] ~I~ ~I~ Magenta Magenta 
I I I I 

0 1 1 0 6 Alphan Graphics ~I~ [§],., [EJ ~ [I] I~ GJ I ii': Cyan Cyan 
*I! 

01~ CT] I lj [9]:~ ~:-= 0 1 11 7 Alp hon Graphics ~ ~ While White I I 
1 0 0 0 8 Flash Conceal ITJ I~ [ID I~ [8) ~ [EJl[j 0:~ Display 

** ** 
I 

I I 
1 0 0 1 9 Steady Contiguous [111~ llil1~ [] 0 GJ I ~ [ill I C'.ii Graphics 

I I I 
** Separated 

01~ Ul ~ 1 0 1 0 10 End Box 
Graphics l!l1 ~ DJ,[] 01~ 

* [JI~ o:~ 
I 

1 0 1 1 11 Start Box ESC [EJ El rEJ:LI rg1a 
** ** 

I 
1 1 0 0 12 Normal Black Qi~ ~lil [] ~ [IJI~ [ffili Height Bockgrrutl 

I I I 
1 1 0 1 13 Double New 

B1~ B'I! [BJ El §11~ ~11 Height ~l<g"O<rd 

* I I I I 
11 1 0 14 so Hold 

GJ1~ GI~ !ill m ~I~ EJli Graphics 
U! I I I I 

* Release 01~ rn1 I! [Q] [ffi ~1~1~1· 11 11 15 fil_ 
Graphics '.l l 

Control characters shown in columns 0 and 1 are normally displayed as spaces. 
The SAA5050 character set is shown as example. Details of character sets are given in Figs. 11 and 12. 

* These control characters 
are reserved for compatability 
with other data codes. 

** These control characters 
are presumed before each 
row begins. 
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row e.g. 2/5 refers to % 
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TABLE 2 

Remote control command codes used in the SAA5050 

CODE 
b] b5 bs b4 b3 b2 b1 

COMMAND FUNCTION 

0 x x x x x x 'tv' mode Allows text on top row of display only. 

x x x x x x 'Text' mode Allows text throughout display period. 

0 0 Superimpose Sets Superimpose mode. 

0 teletext Resets Superimpose mode. 

0 x x x x x x 'tv' mode Resets Superimpose mode. 

x x x x x viewdata mode Resets Superimpose mode; 

x 0 0 0 Reveal Reveals for time-out (notes 3, 4). 

x 0 0 Reveal set Sets Reveal mode (note 3). 

Any command apart from reveal set. Resets Reveal mode (note 3) 

X = Don't care. 

Notes 

1. When the power is applied the SAA5050 is set into the 'tv' mode and reset out of Superimpose and 
Reveal modes. 

2. 'Text' mode is selected when SI (pin 2) is held LOW 

3. Reveal mode allows display of text previously concealed by 'conceal display' control characters. 

4. This code is sent from the SAA5010 or the SAA5012 Series as a repeated command. Thus Reveal 
mode is set for as long as the Reveal key is depressed. The SAA5050 reverts to normal 'not Reveal' 
mode 160 ms after the last Reveal command. 

5. The Superimpose output is LOW only if Superimpose mode is set and the DE (display enable) input 
is HIGH. 

6. The above table shows code required for functions specified. 
The SAA5010 or the SAA5012 Series transmits and the SAA5050 requires the inverse of these codes 
i.e. b7 to b1. The code is transmitted serially in the following order: b7 b1 b2 b3 b4 b5 iJS. 
For full details of remote control data coding see the SAA5010 or the SAA5012 data sheets. 
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TABLE 3 

Conditions affecting display (see note 3) 

Inputs Control data Outputs 

Picture On Display Enable Superimpose Box Text Display Enabled Blankin 
(PO) (DE) Mode (i.e. R,G,B,Y outputs) 

(a) 1 0 1 or 0 1 or 0 0 0 

(b) 0 1 1 or 0 1 or 0 1 1 

(c) 0 0 1 or 0 1 or 0 0 (note 2) 1 

(d) 1 1 0 0 0 0 

(e) 1 1 1 0 1 0 

(f) 1 1 1 1 1 1 

(g) 1 1 0 1 1 1 

Notes 

1. For tv mode (Picture On = '1 ',Superimpose mode not allowed) rows (a), (d) and (g) of Table 3 
refer to display row 0 only. For all other rows text display is disabled and Blanking= 'O'. 

2. The R, G, B outputs may contain character and background colour information. The only 
exception is that background colours are inhibited when Blanking= 'O'. 

3. Valid during display period only (see Fig.5) otherwise no character or background information 
is displayed as blanking is determined by the Picture On. (No blanking if PO= '1 '). 
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Fig. 11 SAA5050 character set (English). 
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Fig. 12 SAA5055 character set (US ASCII). 
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Product Specification 

SAA5070 

The SAA5070 is a complex microcomputer/microprocessor peripheral integrated circuit in N-channel 
MOS technology intended for use in wired data communication systems, notably viewdata. 

Features 

• Microcomputer/microprocessor interface. • Modem - both 1200/75 and 1200/1200 baud. 

• Line "UART" and tape recorder "UART", both with software parity control (or 8-bit without parity). 

• Tape recorder modem (modified 'Kansas City' standard 1300 baud). 

• Autodialler for British Post Office and Continental requirements. 

• IBUS receivers and transmitters. •Timer circuits (60 sand 1.5 s time-outs). 

• General input/output ports. 

• Provision for connection of any external modem through V24 interface. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Operating ambient temperature range 
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The SAA5070 is a 40 pin integrated circuit in N-channel MOS with a 1 MHz clock supplying all the 
operating frequencies. It performs most of the hardware functions of a viewdata terminal including an 
autodial ling circuit, a 1200 baud demodulator and asynchronous receiver, and a 75/1200 baud modulator 
and asynchronous transmitter. 
The device also includes a tape interface circuit suitable for the recording of character codes of pages of 
text on a standard audio cassette recorder, and an IBUS receiver and receiver/transmitter on separate 
ports enabling the software recoding of IBUS transmissions. The 75 baud modulator and asynchronous 
transmitter can be switched to operate at 1200 baud for private telecommunications syste.ms. 
There are also two general purpose input/output ports. Port A could, for example, be used as an interface 
to a non volatile RAM which can store telephone numbers for autodialling and user passwords and Port 8 
could be used for display control. 
The SAA5070 has been partitioned for flexibility of use, e.g. an external modem can be used, if required, 
in conjunction with the internal asynchronous receiver and transmitter, or the internal modem can be used 
independently of the internal receiver and transmitter. Also the tape interface can work independently of, 5 and simultaneously with, the line receiver. 

HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices. (See 'HANDLING 
MOS DEVICES'). 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134). 

Voltages (with respect to pin 1) min. typ. max. 

Supply voltage (pin 20) Voo -0.3 7.5 v 
Input voltage: 
PO RT A (pins 15 to 10) and PBO (pin 24) V1 -0.3 14.0 v 
Input voltage (all other pins) V1 -0.3 7.5 v 

Temperatures 

Storage temperature range Tstg -20 to +125 oc 

Operating ambient temperature range Tamb -20 to +70 oc 

CHARACTERISTICS 

Supply voltage (pin 20) Voo 4.5 5.5 v 

The following characteristics apply at Tamb = 25 oc and V DD= 5 V unless otherwise stated. 

Supply current loo 75 150 mA 

Inputs 

All inputs (except Fl clock) 

Input voltage; LOW VIL -0.3 0.8 v 
Input voltage; HIGH V1H 2.0 5.5 v 
Input leakage current (V1 = 0 to 5.5 V) l1R 10 µA 

Input capacitance C1 7 pF 
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Data specific to certain inputs 
min. typ. max. 

F1 (1 MHz) Clock 

Input voltage; LOW VIL -0.3 0.6 v 
Input voltage; HIGH V1H 2.2 5.5 v 
Input leakage current (V1 = 0 to 5.5 Vl l1R 10 µ.A 

Input capacitance c, 7 pf 

Mark/space ratio (measured at 1.5 V level) 40:60 60:40 

DATA A, DLIM A/OLEN A (!BUS A) 

Data set up time l tos 3 µ.s 

Data hold time toH 3 µ.s 

DLIM clock; HIGH 

I 
Fig.14 

4 tcH µ.s 

DLIM clock; LOW tcL 4 62 µ.s 

Time between commands tsc 140 00 µ.s 

D LIM frequency fouM 16 160 kHz 

ALE (Address Latch Enable) (Figs. 3 and 4) 

Pulse width (HIGH) tALEH 400 ns 

Cycle time TALE 2500 ns 

RD, WR and CS (Figs. 3 and 4) 

Control pulse width twL 700 ns 

Address hold time tLA 80 ns 

Address set-up time tAL 120 ns 

Read cycle timings (Fig.3) 
ALE to read pulse delay time tALR 80 ns 

Read pulse (falling edge) 
to data bus delay time tRo 500 ns 

Data hold time toR 0 200 ns 

Write cycle timings (Fig.4) 
ALE to write pulse delay time tALW 80 ns 

Address set-up time to WR tAw 230 ns 

Data set up time before WR tow 500 ns 

Data hold time after WR two 120 ns 
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Inputs/Outputs 

These are protected against connection to Vss or VDD 

DATA B, DLIM B, OLEN B, IBCLCK (IBUS Bl min. typ. max. 

Input voltage; LOW VIL -0.3 0.8 v 
Input voltage; HIGH V1H 2.0 5.5 v 
Input leakage current (V1=0 to 5.5 V) 

(3 state buffers off) l1R 10 µA 

Input capacitance 
Fig.14 

C1 7 pF 

Output voltage; LOW Oo L = 1.6 mA) VoL 0.4 v 
Output voltage; HIGH (-loH = 200 µA) VoH 2.4 v 
Output rise and fall times (CL= 300 pF) 

tr ; 
tf 

µs 

other timings as IBUS A 

DOCDI (open drain output) 

Input voltage; LOW V1L -0.3 0.8 v 
Input voltage; HIGH V1H 2.0 5.5 v 
Input leakage current; (V1 = 0 to 5.5 V) 

(output transistor off) l1R 0.4 10 µA 

Input capacitance C1 7 pF 

Output voltage; LOW !loL = 1.6 mA) VoL 0.4 v 

TXDATA 

(Internal resistive pull-up, permitting wired - AND connection) 

Input voltage; LOW V1L -0.3 0.8 v 
Input voltage; HIGH V1H 2.0 5.5 v 
Input current; LOW (VI = 0.4 V) -l1L 500 µA 

Input capacitance C1 7 pF 

Output voltage; LOW (loL = 1.6 mA) VoL 0.4 v 
Output voltage; HIGH (-loH = 50 µA) VoH 2.4 v 
Load capacitance CL 40 pF 

Output rise time (CL= 40 pF) tr 3 µs 

PAO to PA4 (PORT A) (open drain output) 

Input voltage; LOW V1L -0.3 0.8 v 
Input voltage; HIGH V1H 2.0 13.2 v 
Input capacitance C1 7 pF 

Output voltage; LOW (loL = 1.6 mA) VoL 0.4 v 
Off state leakage current (V1=0 to 13.2 V) IQR 10 µA 

Load capacitance CL 40 pF 

Fall time tf µs 
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Inputs/Outputs (continued) min. typ. max. 

PBO (PORT 8) (open drain output) as PORT A except 

Output voltage; LOW (loL = 1.6 mA) Vol 0.4 v 
Output voltage; HIGH VoH 13.2 v 
Load capacitance CL 100 pF 

PB1 to PB3 (PORT B) 

Input voltage; LOW V1L -0.3 0.8 v 
Input voltage; HIGH V1H 2.0 5.5 v 
Input capacitance C1 7 pF 
Load capacitance CL 100 pF 

Output voltage; LOW (loL = 1.6 mA) Vol 0.4 v 
Off state leakage current (VI = 0 to 5.5 V) IOR 10 µA 

DO to D7 (8-bit Data bus) 

Input voltage; LOW V1L -0.3 0.8 v 
Input voltage; HIGH V1H 2.0 5.5 v 
Output voltage; LOW (loL = 1.6mA) Vol 0.4 v 
Output voltage; HIGH (-loH = 200 µA) VoH 2.4 v 
Input leakage current (VI = 0 to 5.5 V) 

(3-state buffers off) IJR 10 µA 

Input capacitance C1 7 pF 

Output rise and fall times (CL= 150 pF) tr 150 ns 
tf 

Outputs 

These are protected against connection to V55 or Voo· 

FSKOUT and TFSKOUT 

Output voltage; LOW !lo L = 1.6 mA) Vol 0.4 v 
Output voltage; HIGH (-loH = 200 µA) VoH 2.4 v 
Rise and fall times (CL= 100 pF) tr } 500 ns 

tf 
DON and IMP 

Output voltage; LOW (loL = 50 µA) Vol 0.2 v 
Output current; HIGH (VoH = 0.8 V clamped)* loH 200 2000 µA 

Output voltage; HIGH (-loH = 200 µA) VoH 2.4 v 
Autodialling timings are given in Fig.6 

*These outputs are normally intended to drive the base-emitter junction of a bipolar transistor and so 
in normal use the VoH may be clamped to Vbe· 

RESET FUNCTION 

It is possible to reset the SAA5070 to its nominal state either automatically on power-on by means of 
an internal power-on reset circuit, or by setting D5 in command register (R3) to '1', which returns to 
'O' on completion of the· reset sequence. The device resets to viewdata mode, i.e. 75 baud transmit rate, 
even parity, etc, as shown by the all zero's state in registers RO to R3, R6, R7 and RB except for 
LTXRDY, IBTXRDY, and TTXRDY (in the status registers RO and R1) which will come up as '1' after 
the transmitters have been reset, showing that they are ready to accept new data. 
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Each section of the SAA5070 may be accessed by the microprocessor via a register (ofup to 8-bits) 
connected to an internal data bus. There are 15 registers on chip accessed by 11 addresses. Some of 
the registers are two-level, i.e. two bytes of data are transferred by two successive read (or write) 
sequences to the same address, also some read only registers have the same address as a write only 
register. 
An appendix lists the registers, their contents, and their use. 

Section descriptions 

The description of each section includes associated registers, flags, and pins, as well as the method of 
operation. On the following block diagrams external pins are shown boxed and internal flags are shown 
underlined. 

Microprocessor Interface 

DO to D7 1/0 8-bit input/output port 

Associated pins: ALE input address latch enable from microprocessor 

WR input write pulse from microprocessor 

RD input read pulse from microprocessor 

CS input chip select 

Operation 

The control microprocessor communicates with the SAA5070 via an 8-bit data 1/0 port DO to D7. 
An internal read or write pulse is produced by gating RD and WR with CS. A single register is enabled 
onto the internal bus by gating the read or write lines with the address decoder outputs. The register 
address is taken from the 4 least significant data bits latched on the falling edge of ALE. (See timing 
diagrams Figs. 3, 4). The address (D3 most significant, DO least significant) relates directly to the 
register numbers shown in the register map, detailed in the appendix, and referred to in other section 
descriptions. 

Four registers not specifically related to any one section are included. These are the status registers 
RO and R 1, the mode register R2, and the command register R3. These registers are used to determine 
the current status of the device, to dictate the mode of operation or to initiate a specific operation. 
The status registers are read only, the mode and command registers are read/write. When writing to 
these registers, it is recommended that the unallocated bits are set to 'O'. On reading the registers the 
state of the unallocated bits should be assumed to be random. The exact functions of the flags 
contained in these registers are described in the section description to which they relate. 

Autodial section (see Fig.5) 

Associated Register: RS DO to D3 write only 
D4 to D7 read/write 

Associated flags in other registers: None 

Associated pins: DON output ) 
1 MP output f to drive dialling relays 
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The autodial section includes a clock divider, a digit impulse counter, a sequence controller and an 
impulse generator (see block diagram Fig.5). A sequence to generate the impulses for one digit is 
initiated by setting D5 (DIAL GO) to '1 ', D3 to DO to the binary code of the required digit, and D7 
to the required mode. This initiates the sequence controller which loads the binary code into the 
digit im'pulse counter. The counter then generates the correct number of impulses at the rate of 10 
per second, together with a DON pulse which overlaps the impulses by about 7 ms at the start and end 
(see Figs.6, 7); the interdigit pause period is also added by the sequence controller. D5 is reset to 'O' 
at the end of a dialling sequence and may be read by the microprocessor to determine when the dial 
circuit is free to accept the next digit. 

07 (UK/EUR) determines the mark/space ratio of the I MP pulses 
UK = 2 off to 1 on \ 
EUR = 1 _5 off to 1 on f both one pulse per 100 ms 

There is a timer in the dial circuit which can be used to time out 1.5 seconds or 60 seconds by setting 5 
04 or 06 respectively. These bits are read/write and are reset after the relevant time out period. In 
addition the 60 second timer can be reset by writing a 'O' to D6. The 60 second timer may be used 
typically by the microprocessor to release the telephone line if connection has not been made within 
60 seconds. The DON pulse resets the counter so that the time out is taken from the end of the last 
digit dialled. Once a dialling sequence for one digit has been initiated, RB should be used only in 
read mode until 05 has been reset internally to 'O' indicating the end of the dial sequence for that 
digit. 
When 05 (DIAL GO) is set to '1' the carrier detect circuit (see the next section and Fig.8) is disabled. 
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Line Demodulator and Carrier Detect (see Fig.8) 

Associated Register:- None 

Associated flags in other registers: 

LIDCO 02 RO (Status) 

LOCO 05 RO (Status) 

75/1200 05 R2 (Mode) 

LOB EN 04 R3 (Command) 

DIAL GO 05 R8 (Dial control) 

Associated pins: FSKIN input 
CARD ET input 
DOCDI input/output 

Operation 

instantaneous carrier detect flag 

carrier detect flag 

transmit frequency baud rate (used in 
demodulator carrier detect circuit) 

line demodulator output buffer and carrier 
detect enable 

used to disable carrier detect circuit during 
dialling sequence 

filtered, squared F .S. K. signal 
unfiltered (squared) F .S. K. signal. 
demodulator output, external LOCO in 

The input to the demodulator is the previously filtered and squared up F .S. K. signal from the telephone 
line. Its output is a pseudo analogue signal which must be externally filtered and squared to produce 
the demodulated data. The carrier detect circuit functions in the following modes: 

a) Viewdata mode (1200 baud receive, 75 baud transmit). Initially, a narrow frequency band 
'window' around 1300 Hz is accepted as carrier, this must be applied to the CARD ET input. If a 
frequency in this range is present, the 'instantaneous carrier detected' flag will be HIGH (LIDCD), 
after about 2 seconds the 'line carrier detected' flag will be set HIGH (LOCO). When this occurs, 
the frequency window is widened to include 2100 Hz and the circuit no longer takes its input from 
the CARDET pin, but from the F.SKIN pin. 
If carrier is then removed LIDCO immediately goes LOW, and after about 1 second LOCO is reset, 
the frequency window again becomes narrow and around 1300 Hz and the CARD ET input again 
becomes active. Reappearance of carrier in the 1300 Hz range will cause a repeat of the above. 

b) 1200 baud each way mode 
Only the instantaneous carrier detect is active in this mode. LOCO is forced LOW and the CARD ET 
input inhibited (only FSKIN should be used in this mode). 

c) External carrier detect input 
If an external modem is used its (active LOW) carrier detect output is connected to DOCDI. 
Provided that the demodulator is not enabled, LOCO will be set if OOCDI is LOW and reset 
if it is HIGH. 

Demodulator enable 

LOCO is produced by the carrier detect circuit, which is enabled by LDBEN and disabled by DIAL GO, 
In the viewdata mode the demodulator is enabled by LOCO. 
In the 1200 baud ea~h way mode the demodulator is enabled directly by LDBEN. 
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Line Receiver (see Fig.9) 

Associated Register: R4 read only 

Associated flags in other registers: 

LRXROY 06 . RO (status) valid data available in receive holding register 

LFERR 04 RO (status) line framing error (derived from STOP bit of 
message). 

LPERR 03 RO (status) line parity error. 

LPO/E 07 R2 (mode) odd or even parity detection mode select 

LPEN 06 R2 (mode) 8 bit data or 7 bit plus parity mode select 

LRXEN 07 R3 (command)- line receiver enable. 

Associated pins: RXOATA - input - received data input 

Operation 

The receiver may be configured to work with either 7 data bits and 1 parity, or with 8 data bits and no 
parity. Odd or even parity can be detected on chip, the LPE RR flag being set when an error is detected. 
The required mode of operation should be selected by setting LPEN and LPO/E to the required states 
by writing to mode register (R2) before enabling the rec!!iver by setting LRXEN to '1' in command 
register ( R3). The data format is 10 bits per data word. The data word is made up of a start bit (LOW), 
8 data bits, the 8th being an optional parity bit, and a stop bit (HIGH). The receive data will remain 
HIGH after the stop bit until the next data word. When the receiver has been enabled a negative 
transition is looked for on the RXOATA input indicating a possible start bit. After half a bit rate period 
the data is sampled again and if it is still LOW it is interpreted as a start bit, initiating a sequence which 
clocks the data into a shift register. When the full ten bit message has been received, the 8 data bits are 
parallel loaded into the receiver holding register (R4), the LRXROY flag is set to '1 '. The complement 
of the stop bit is loaded into the LF ERR latch and the result of the parity check is loaded into LPE RR 
latch. If line parity is not enabled i.e. LPEN = '1', then LPERR is held at 'O'. The LflXROY flag is 
reset to 'O' after the microprocessor has read the receiver holding register (R4). The receiver has a 52 
times baud rate factor to allow for maximum isochronous distortion. 
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Signetics Linear Products Product Specification 

Microcomputer I Microprocessor Peripheral 
for Viewdata (WCY) SAA5070 

Line Transmitter (see Fig.10) 

Associated Register: R4 write only 

Associated flags in other registers: 

LTXRDY 07 RO (status) transmit holding register ready to accept new 
data 

LPO/E 07 R2 (mode) odd or even parity mode select 

LPEN 06 R2 (mode) 8 bit data or 7 bit data with parity mode 
select 

75/1200 05 R2 (mode) select transmit baud rate 

LTXEN 06 R3 (command) line transmitter/modulator output enable 

Associated pins: TX DATA 1/0 transmitter output (and also modulator input) 

Operation 

The data format of the transmitter is the same as that of the line receiver i.e. 10-bits, a start bit (LOW) 
followed by 8-data bits, the 8th bit being an optional parity (selected by LPEN), odd or even parity 
being selectable (by LPO/E) ending with a STOP bit (HIGH) the output remaining HIGH until the next 
data .word is written. 
The transmitter and modulator may be used together or separately. The transmitter output is brought 
to the TX DATA pin (if LTXEN = 1) which is connected internally to the modulator input. The TXDATA 
pin has an internal resistive pull up permitting wire - AND connection. If the modulator is used with an 
off chip data source (e.g. UART) then data should not be written to the internal transmit holding register 
(R4). The STOP bit (HIGH) will then be continuously output when LTXEN = 1 (required to enable 
modulator output) allowing the external UART to control the TXDATA (pin 6). 
To operate the transmitter the required mode should be set-up initially by writing to the mode register 
(R2) the required states ofT5/1200, LPEN, LPO/E. The transmitter can then be enabled by setting 
L TXEN to '1' in the command register (R3). The 8-bit data word can then be written to the transmit 
holding register ( R4). If parity is enabled then the 8th bit is ignored and the value of the parity bit 
calculated from the first 7-data bits and LPO/E. The L TXRDY flag is set to zero when the holding 
register is written into. If the transmit output shift register is not currently in use the contents of the 
holding register are transferred to the output shift register and L TXRDY returns to '1'. This means 
that new data may now be written to the holding register but will not be transferred to the output shift 
register until the 10-bits of the current message have been clocked out. The start, stop, and parity bit 
(if selected) are written into the output shift register with the data word automatically. 
Two transmit baud rates are selectable, 75 baud for viewdata transmissions or 1200 baud for private 
data communication systems. 
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Signetics Linear Products 

Microcomputer I Microprocessor Peripheral 
for Viewdata (WCY) 

Line Modulator (see Fig.11) 

Associated Register: None 

Associated flags in other registers: 

R2 (mode) transmit baud rate select. 

Product Specification 

SAA5070 

75/1200 

LTXEN 

05 

06 R3 (command) line transmitter/modulator output enable. 

Associated Pins: TXOAT A 

FSKOUT 

Operation 

1/0 

output 

modulator input (also (on chip) transmitter output). 

line modulator output 

The modulator generates a pseudo analogue signal from a serial shift register which is parallel loaded 
with patterns from an internal ROM. The frequency of the sine wave is determined by the selected baud 
rate 15/1200, and the value of the data on TXOATA (pin 6). 

data 

1200 baud 
75 baud 

'1' 

1300 Hz 
390 Hz 

'O' 

2100 Hz 
450 Hz 

One sine wave cycle is comprised of a 92-bit pattern which after minimal external low pass filtering 
provides a suitable F.S.K. signal out (see Fig.11) 

data from 
line transmit 

TX DATA 

shift register -+--~ 
(wired AND 
connection) 

MB0-1277/11 
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Signetics Linear Products Product Specification 

Microcomputer I Microprocessor Peripheral 
for Viewdata (WCY) SAA5070 

Tape section (see Fig.12) 

Associated registers: R5 - Consists of two registers with the same address: 
transmit holding register write only 
receive holding register read only 

Associated flags in other registers: 

TTXROY 07 R1 (status) 

TRXROY 06 R 1 (status) 

TOCO 05 R1 (status) 

TFERR 04 R 1 (status) 

TPERR 03 R 1 (status) 

TPO/E 03 R2 (mode) 

TPEN 02 R2 (mode) 

TRXEN 03 R3 (command) 

TTXEN 02 R3 (command) 

Associated pins: TFSKIN input 

TFSKOUT output 

transmit holding register ready to accept new data 

valid data available in receive holding register 

tape data carrier detect flag 

tape framing error (derived from STOP bit of message) 

tape parity error 

odd or even parity mode select. 

8-bit data or 7-bit plus parity mode select 

tape receiver enable 

tape transmitter enable 

F.S.K. input to tape sections 

F.S.K. modulated data out 
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Signetics Linear Products 

Microcomputer I Microprocessor Peripheral 
for Viewdata (WCY) 

Operation of tape section (see Fig.12) 

Product Specification 

SAA5070 

The tape data modulation system is a modified form of the 'Kansas City' standard. A logic '1' is 
represented by one cycle of 1300 Hz, and a logic 'O' by two cycles of 2600 Hz, the data rate being 
1300 baud. The data format is the same as that for viewdata, i.e. 10-bit words consisting ofa START 
bit (LOW), followed by 8-data bits, the 8th being an optional parity bit, ending with a STOP bit (HIGH) 
which is continuous until the next data word. 
To operate the tape section the required parity mode should first be set up by writing the required 
states of TPEN and TPO/E to the mode register (R2). The TTXEN command enables the output of 
the transmit shift register into the modulator, and should be set before data is written to the transmit 
holding register. (With TTXEN = 'O' the modulator outputs a continuous 1300 Hz signal '1'). When a 
data word is written to the transmit holding register the TTXRDY flag is reset to 'O'. If the transmit 
shift register is not currently active the contents of the holding register, along with valid parity bit 
(if enabled) and the START and STOP bits are transferred to the transmit shift register, at the same 
time TTXRDY is set to '1 '. The holding register is then free to accept new data but this will not be 
transferred to the shift register until the current data has been clocked out. Data should be written to 
the tape transmit holding register, therefore, only when TTXRDY = '1'. 
The modulator produces 1300 Hz and 2600 Hz signals which occur synchronously with the data from 
the transmitter. Hence a '1' is one complete 1300 Hz cycle, and a 'O' two complete 2600 Hz cycles. 
The modulator output, TFSKOUT, requires minimal external low pass filtering to produce data 
suitable for audio cassette tape recorders. 
To overcome the tendency of cassette recorders to attenuate high frequencies, the 1300 Hz signal 
contains 2 µs wide attenuating pulses every 12 µs. This reduces the 1300 Hz signal by approximately 
3 dB relative to the 2600 Hz signal after external filtering. 
The data rate of 1300 baud is slightly faster than the 1200 baud line receive rate, allowing incoming 
data from the line to be transferred simultaneously (via the microprocessor) to tape. 

The TFSKIN input accepts the previously filtered and squared data from the tape recorder. The 
demodulator uses the fact that the modulated data is in phase with clock to regenerate the clock 
from the data. This permits a wide tolerance on replay speeds. A carrier detect circuit is included 
which sets the TDCD flag to '1' if carrier (1300 Hz or 2600 Hz) is valid for 100 ms, If carrier is 
lost for 100 ms the TDCD flag is reset to 'O'. This flag may be read by the microprocessor to determine 
when to enable the tape receiver by setting TRXEN to '1 '. 
If TRXEN is set, then on detection of a start bit (LOW) data is shifted into the tape receive shift register 
by the clock which has been extracted from the data. After ten clocks, the contents of the shift register 
are transferred to the receive holding register. At the same time the complement of the STOP bit is 
loaded into the TFER R latch, the results of the parity calculation loaded into the TPE RR latch, and 
TRXRDY is set to '1 '. The TRXRDY flag is read by the microprocessor to identify when valid data is 
in the holding register and is reset to 'O' when the' holding register ( R5) is read. 
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Signetics Linear Products Product Specification 

Microcomputer I Microprocessor Peripheral 
for Viewdata (WCY) 

IBUS A receiver and IBUS B receiver/transmitter (see Fig.13) 

Associated registers: 

Receiver A (2 bytes) 

Receiver B (2 bytes) 

Transmitter B (2 bytes) 

R10 

R11 

R11 

Associated flags in other registers: 

read only 

read only 

write only 

SAA5070 

IBRXRDY D1 RO (status) valid data available in receiver B holding register 

IBTXRDY DO RO (status) transmitter B holding register ready to accept 
new data 

IARXRDY D1 R 1 (status) valid data available in receiver A holding register 

CLCK IN/OUT D1 R3 (command) input/output control for B2.5 kHz pin 

DLEN A/DLIM A DO R3 (command) 3-line/2-line control for IBUS A receiver. 

Associated pins: 

DATA A input receiver A data input 

DLIM A/DLEN A input receiver A data clock or bus enable signal 

DATA B 1/0 receiver B data input/transmitter B data output 

DLIM B 1/0 receiver B data clock input/transmitter B data clock output 

DLEN B 1/0 receiver B bus enable input/transmitter B bus enable output 

IBCLCK 1/0 B2.5 kHz clock input/output 

Operation 

All three IBUS circuits (receiver A, receiver B, and transmitter B) are capable of handling variable length 
codes from 1 to 12 bits. (In fact 15 bits can be transmitted 12 being data the rest being trailing zero's, and 
15 bits may be received but only the last 12 being retained). Each of the three circuits have two 8-bit 
registers which are accessed by two successive read or write operations to the same address. There is a 
pointer for each pair of registers which selects the first or second byte. The pointers act in a bistable 
fashion with each access and are reset to point to the first byte with power on, D5 set in R3, or by 
reading either of the status registers RO and R 1. The two bytes of data in each holding register contain 
12 bits of message, and 4-bits which specify the word length of message. For the transmitter the word 
length is used to generate the correct number of data clocks, for the receivers it may be used to identify 
the source of the message, or to establish that the message was a valid length. 

The contents of each receiver register pair is organised as: 

1st byte D7 DB D5 D4 D3 D2 Dl DO 

RXA- R10A 
L-4 

RXB - R11A 
L-5 L-B L-7 L-8 L-9 L-10 L -11 

2nd byte D7 DB D5 D4 D3 D2 D1 DO 

RXA- R10B Word length 
Word length Word length Word length 

L L-1 L-2 L-3 
RXB - R11B MSB LSB 

Where L, L - 1 etc. means last data bit received, last minus one etc. 
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Signetics Linear Products 

Microcomputer I Microprocessor Peripheral 
for Viewdata (WCY) 

ASYNCHRONOUS ASYNCHRONOUS 
IARXRDY I DATAA I 2- LINE 2 - LINE 

I BUS I BUS 
RECEIVER IBRXRDY RECEIVER 

A B 

DLIM 

MUX OLEN A I DLIM A 

loLIM A I OLEN Al inhibit 

3- LINE 
DATA, DLIM, OLEN 

IBUS 
62.5kHz TRANSMITTER 

clock 
B 

3-STATE EN synchronise 

BUFFER outputs 

IBCLCK 

Fig.13 IBUS block diagram 

For the transmitter the register pair is organised as: 

1st byte 

TXB-R11A 

2nd byte 

TXB - R11B 

D7 

8 

D7 

Word length 
MSB 

D6 D5 

7 6 

D6 

Word length 

D4 

5 

D5 

Word length 

D3 D2 

4 3 

D4 

Word length 
LSB 

Product Specification 

SAA5070 

I DATA B I 

8 

IBTXRDY 
OLEN B I 

MS0-1277/13/A 

D1 DO 

2 

D3 D2 D1 DO 

12 11 10 9 

Where 1, 2, etc. means first data bit transmitted, second data bit transmitted, etc. 

IARXRDY or IBRXRDY (D1 in status registers R1 and RO) are set when a message has oeen received 
by RXA or RXB respectively. These flags also inhibit the receive holding registers from being overwritten 
by subsequent messages until the .holding registers have been read. Reading a holding register pair will 
reset the relevant IARXRDY or IBRXRDY flags. 
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Signetics Linear Products Product Specification 

Microcomputer I Microprocessor Peripheral 
for Viewdata (WCY) SAA5070 

Transmitter B is initiated by writing two bytes to the transmit holding register ( R 11 ). This sets I BTX R DY 
to 'O'. The DLIM line is sampled to detect the line busy state, and when the line is free a time out starts. 
If further DLIM's are detected before the end of the time out period the time out is reset and the sequence 
will begin again. When the time out has been completed the contents of the holding register are transferred 
to the output shift register and word length counter. The data and correct number of data clocks are then 
transmitted, at the completion of which IBTXRDY is returned to a '1 '. New data should not be written to 
the transmit holding register (R11) while IBTXRDY = 'O'. If the line is busy when a transmission is 
requested, the transmission will not start until 300 - 330 µs after the line becomes free (last DLIM). 
Receiver B is inhibited from receiving data transmitted by transmitter B. 
Receiver A may operated either as a two line receiver with DATA and DLIM, or as a three line DATA, 
DLEN and CLK receiver. DLIM A/DLEN A use the same pin, the function of which is selected by the 
DLEN A/DLIM A command DO, register R3 (command). 
The 62.5 kHz clock (pin IBCLCK) may be used either as an input for receiver A (as described above), 
or to synchronise transmitter B outputs, or as an output synchronous with transmitter B. The function 
is selected by CLCK IN/OUT command D1 in R3 

September 1985 
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Signetics Linear Products 

Microcomputer I Microprocessor Peripheral 
for Viewdata (WCY) 

PORTA 

Associated register: R6 - bits 0 to 4 read/write 

Associated pins: PAO to PA4 

Operation 

Product Specification 

SAA5070 

This is a 5-bit general purpose input/output port. The outputs are latched and are open drain up to 
nominal 12 V. 
The latches may be accessed by the microprocessor via BUS DO to 07 by a read or write sequence 
to register R6. If any pin of the port is used as an input then its output latch must first be written with 
a '1'. This allows the external circuit to control the pin. The state of the pins may be read by the 
microprocessor by reading R6. If the supply to the open drain outputs is turned on before the Voo 
supply to the IC, then the PO RT must first be cleared by writing 1 's to the output latch before 
operation. 
PORT A might typically be used in viewdata mode as an interface to a non-volatile memory in which 
telephone and password numbers may be stored. 

PORTB 

Associated register: R7 - bits 0 to 3 read/write 

Associated pins: PBO to PB3 

Operation 

This is a 4-bit general purpose input/output port. It behaves in exactly the same way as PORT A except 
that access is by addressing R7, and that outputs PB 1 to PB3 are open drain to nominal 5 V. PBO is 
open drain to nominal 12 V, and might typically be used in combined teletext/viewdata applications to 
control the Picture On function. 
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APPENDIX 
Register map 

D7 

RO LTXRDY 
R 

R1 TTXRDY 
R 

-
R2 LPO/E 

R/W 

R3 LRXEN 
R/W 

R4 PARITY 
OR 

R BB (R) -
R4 PARITY 

OR 
w BB (W) 

R5 PARITY 
OR 

R 88 (R) -
R5 PARITY 

OR 
w BB (W) 

R6 

R7 

RB UK/EUR 

R/W 

R10A BB 
R 
-

R10 B WL3 
R 

D6 

LRXRDY 
R 

TRXRDY 
R 
--
LPEN 
R/W 

LTXEN 
R/W 

87 

R 

87 

w 
87 

R 

87 

w 

60sTIMER 

R/W 

87 
R 
-

WL2 
R 

D5 D4 

LDCD LFERR 
R R 

TDCD TFERR 
R R 

-
75/1200 

R/W 

RESET LDBEN 
R/W R/W 

86 85 

R R 

86 85 

w w 
86 85 

R R 

86 85 

w w 
PA4 
R/W 

DIAL GO 1.5s TIMER 

R/W R/W 

86 85 
R R 
- -

WL1 WLO 
R R 

D3 D2 

LPERR LIDCD 
R R 

TPERR 
R 

- --
TPO/E TPEN 

R/W R/W 

TRXEN TTXEN 
R/W R/W 

84 83 

R R 

84 83 

w w 
84 83 

R R 

84 83 

w w 
PA3 PA2 
R/W R/W 

PB3 PB2 
R/W R/W 

Dl3 DI 2 

w w 
84 83 
R R 
- -

812 811 
R R 

D1 DO 

IBRXRDY IBTXRDY 
R R 

IARXRDY 
R 

-
CLCK IN/OUT DLEN A/DLIM A 

R/W R/W 

82 81 

R R 

82 81 

w w 
82 81 

R R 

82 81 

w w 
PA1 PAO 
R/W R/W 

PB1 PBO 
R/W R/W 

DI 1 DIO 

w w 
82 81 
R R 
- -

810 89 
R R 

STATUS 
REGISTER 0 

STATUS 
REGISTER 1 

MODE 
REGISTER 

COMMAND 
REGISTER 

LINE RECEIVE 
HOLDING 
REGISTER 

LINE TRANSMIT 
HOLDING 
REGISTER 

TAPE RECEIVE 
HOLDING 
REGISTER 

TAPE TRANSMIT 
HOLDING 
REGISTER 

PORTA 

PORTB 

DIAL CONTROL 
AND TIMING 
REGISTER 

IBUS A 
REGISTERS 
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APPENDIX 

Register map (continued) 

07 06 05 04 03 02 01 DO 

Rll A 88 87" 86 85 84 83 82 Bl 
R/W R/W R/W R/W R/W R/W R/W R/W IBUS B 
- - - - - - - - REGISTERS 

Rll B WL3 WL2 Wll WLO 812 811 810 89 
R/W R/W R/W R/W R/W R/W R/W R/W 

NOTE R9 is unused. 

For details of bit movement in R10 and R11 see discussion of IBUS operation. A mnemonic list for use with this register map and Fig.1b 
is given on the next page. 
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Signetics Linear Products Product Specification 

Microcomputer I Microprocessor Peripheral 
for Viewdata (WCY) SAA5070 

MNEMONIC LIST 

ALE 

CLCK IN/OUT 

CPNTR 

OLEN A/DLIM A 

DON 

IMP 

IARXRDY 

IBRXRDY 

IBTXRDY 

LDBEN 

LDCD 

LFERR 

LIDCD 

LPEN 

LPERR 

LPO/E 

LRXEN 

LRXRDY 

LTXEN 

LTXRDY 

SRn 

TDCD 

TFERR 

TPEN 

TPERR 

TPO/E 

TRXEN 

TRXRDY 

TTXEN 

TTXRDY 

UK/EUR 

75/1200 

September 1985 

address latch enable from microprocessor 

input/output control for 62.5 kHz clock pin 

pointer signal for two byte registers 

three line/two line control for IBUS A receiver 

dial off normal relay control for dialling 

impulsing relay control for dialling 

IBUS A receiver ready - data available 

IBUS B receiver ready - data available 

IBUS B transmitter ready - previous transmission complete 

line demodulator output buffer enable 

line data carrier detected 

line receiver framing error - received stop bit not HIGH 

line instantaneous data carrier detect 

line parity enable command 

line receiver parity error flag 

line parity odd/even command 

line receiver enable 

line receiver ready - data available 

line transmitter and modulator enable 

line transmitter ready - transmit holding register empty 

select register 'n' 

tape data carrier detected 

tape receiver framing error - received stop bit not HIGH 

tape parity enable command 

tape receiver parity error flag 

tape parity odd/even command 

tape receiver enable 

tape receiver ready - data available 

tape transmitter enable 

tape transmitter ready - transmit holding register empty 

impulsing ratio control for UK and European standards 

baud rate selection command for line modulator and line transmit shift 
register 
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Signetics Linear Products Product Specification 

Teletext Video Processor SAA5230 

The SAA5230 is bipolar integrated circuit intended as a successor to SAA5030. It extracts teletext data 
from the video signal, regenerates teletext clock and synchronizes the text display to the television 
syncs. The integrated circuit is intended to work in conjunction with CCT (Computer Controlled 
Teletext), EU ROM or other compatible devices. 

Its main functions are: 
• Adaptive data slicer 
• Data clock regenerator 
• Sync separator, line phase detector and 6 MHz VCO forming display phase locked loop (PLL) 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Video input amplitude (pin 2 LOW) 

Video input amplitude (pin 2 HIGH) 

Storage temperature 

Operating ambient temperature 

PACKAGE OUTLINE 

28-lead DIL; plastic (SOT-117). 

5-533 

Vee typ. 

Ice typ. 

V27(p-p) typ. 

V27(p-p) typ. 

Tstg -55 to 

Tamb -25 to 

12 v 
70 mA 

1 v 
2,5 v 

+ 150 °c 

+70 °c 
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Signetics Linear Products 

Teletext Video Processor 

sync output 

video input level select 

HF filter 

store amplitude 

store zero level 

external data input 

SAA5230 
data timing 

store phase 

crystal 

clock filter 

ground 

clock output I TTe) 

text composite sync input ( TCS) 
or _ 

scan composite sync input ( SCS) 

composite video input 

black level 

video composite sync output 
(VeS) 

pulse timing capacitor 

pulse timing resistor 

sandcastle input 

filter 1 

oscillator input 

filter 2 

oscillator output 

6 MHz output IF 6) 

supply Vee 

data output (TTD) 

7Z91272 

Fig. 2 Pinning diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I Ee 134) 

Supply voltage (pin 16) Vee max. 

Product Specification 

SAA5230 

13,2 v 
Storage temperature range 

Operating ambient temperature 

Tstg 

Tamb 

-55 to + 150 oe 

-25 to + 70 oe 
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Teletext Video Processor SAA5230 

CHARACTERISTICS 

Vee= 12 V; Tamb = 25 °c with external components as shown in Fig. 3 unless otherwise stated. 

min. typ. max. unit 

Supply voltage Vee 10,8 12,0 13,2 v 
Supply current Ice - 70 - mA 

Video input and sync separator 

Video input amplitude (sync to white) 
pin 2 LOW V27-13(p-p) 0,7 1 1,4 v 
pin 2 HIGH V27-13(p-p) 1,75 2,5 3,5 v 

Source impedance IZsl - - 250 n 
Sync amplitude V21-13(p-p) - - 1 v 

Video level select input 

Input voltage LOW V2-13 0 - 0,8 v 
Input voltage HIGH V2-13 2,0 - 5,5 v 
Input current LOW 12 0 - -150 µA 

Input current HIGH 12 0 - 1 mA 

Text composite sync input (TCS) 

Input voltage LOW V28-13 0 - 0,8 v 
Input voltage HIGH V28-13 2,0 - 7,0 v 

Scan composite sync input (SCS) 

Input voltage LOW V28-13 0 - 1,5 v 
Input voltage HIGH V28-13 3,5 - 7,0 v 

Select video sync from pin 1 

Input current 
Vi= 0 to 7 V l2s -40 -70 -100 µA 
Vi=lOVtoVcc 128 -5 - +5 µA 

Video composite sync output (VCS) 

Output voltage LOW V25-13 0 - 0,4 v 
Output voltage HIGH V25-13 2,4 - 5,5 v 
Output d.c. current LOW 125 - - 0,5 mA 

Output d.c. current HIGH 125 - - -1,5 mA 
Sync separator delay time td - 0,5 - µs 
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Teletext Video Processor SAA5230 

min. typ. max. unit 

Dual polarity buffer output 
-
TCS sync amplitude V1(p-p) - 0,45 - v 
Video sync amplitude V1(p-p) - - 1 v 
Output current I 1 -3 - +3 mA 
D.C. output voltage 

R L to ground (O V) V1 - 1,4 - v 
RL to Vee (12 V) V1 - 10, 1 - v 

Sandcastle input 

Phase lock pulse 
PL on (LOW) V22 0 - 3 v 
PL off (HIGH) V22 3,9 - 5,5 v 

Blanking pulse 5 
CBB on (LOW) V22 0 - 0,5 v 
CBB off (HIGH) V22 1,0 - 5,5 v 

Input current 122 -10 - + 10 µA 

PLL 

Line sync timing 
pulse width (using composite video) tp - 2 - µs 
pulse width (using:scan composite sync) tp - 3 - µs 

Pulse duration 
period PL must be LOW to make VCO free-run tp 100 - - µs 

6 MHz - VCO (F6) 

A.C. output voltage V17(p-p) 1 2 3 v 
D.C. output voltage V17_13 4 - 8 v 
Rise and fall time tr, tf 20 - 40 ns 

Load capacitance e17-13 - - 40 pF 

---
VCR 

VCR-mode on (LOW) V10-13 0 - 0,8 v 
VCR-mode off (HIGH) V10-13 2,0 - Vee v 
Input current 110 -10 - + 10 µA 

Data slicer 

Data amplitude of video input 
pin 2 LOW V27 0,30 0,46 0,70 v 
pin 2 HIGH V27 0,75 1, 15 1,75 v 
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Teletext Video Processor SAA5230 

min. max. typ. unit 

Teletext clock output 

A.C. output voltage V14(p-p) 2 3 4 v 
D.C. output voltage V14-13 4 - 8 v 
Load capacitance CL - - 40 pF 

Rise and fall times t6 tf 20 30 45 ns 

Delay of falling edge relative to other edges of TTD td -20 0 +20 ns 

Teletext data output 

A.C. output voltage V15(p-p) 2,0 3,0 4,0 v 
D.C. output voltage V15.13 4 - 8 v 
Load capacitance CL - - 40 pf 

Rise and fall times tr= tf 20 30 45 ns 

tll----1 ~ I I Vee 
470 3,3 220nF 

n kr! 47 nF 

1----ll + 15 22 
µF nF 

TCS 
sandcastle 

1,2 input 

kr! vcs 

i i F6 470 56 
composite nF krl 50 TTD 

video 68 220 µH 
input nF pF 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

sync out SAA5230 27 15 
pF µH 

3 4 6 8 9 10 11 12 13 14 

I 
I I 
I I 

]511 i70r22 170100 
01,2 

video I pF ~F pF nF pF pF c::J XTAL 
kr! input I , , 

level I I 13,875MHz 
I select I data 15 
I 

~ input pF l w 

~--+--+- TTC ..._ ____ ___. 
'-----!----------- VCR 

7Z91273 

X = 13,875 MHz 

Fig. 3 Test and application circuit. 
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Teletext Video Processor SAA5230 

APPLICATION DATA 

The function is quoted against the corresponding pin number 

1. Sync output to TV 
Output with dual polarity buffer, a load resistor to 0 V or+ 12 V selects positive-going or negative­
going syncs. 

2. Video input level select 
LOW level selects 1 volt input video level. With no connection level floats HIGH, selecting 2,5 volt 
level. 

3. H.F. filter 
A capacitor connected to this pin filters the video signal for the h.f.-loss compensator. 

4. Store h.f. 
The h.f. amplitude is stored by a capacitor connected to this pin. 

5. Store amplitude 
Store capacitor stores the amplitude for the adaptive data slicer. 

6. Store zero level 
Store capacitor stores the zero level for the adaptive data slicer. 

7. External data input 
Current input for sliced teletext data from external device. Active HIGH level (current), low 
impedance input. 

8. Data timing 
A capacitor is connected to this pin for timing of the adaptive data slicer. 

9. Store phase 
A capacitor connected to this pin stores the output signal from the clock phase detector. 

10. Video tape recorder mode (VCR) 
Signal input to command PLL into (short time constant mode), to enable text to synchronize to 
a video tape recorder. Active is LOW. If not connected, the level is HIGH. 

11. Crystal 
A 13,875 MHz crystal (2x data rate) in series with a capacitor is connected to this pin. 

12. Clock filter 
A filter for the clock signal is connected to this pin (6,938 MHz). 

13. Ground (O V) 

14. Teletext clock output 
TTC for CCT (Computer Controlled Teletext). 

15. Teletext data output 
TTD for CCT. 

16. Supply voltage Vee 
Typical value+ 12 V. 

17. F6 
6 MHz output clock for timing and sandcastle generation in CCT. 

18. Oscillator output (6 MHz) 
A series resonant circuit is connected between this pin and pin 20 to control the nominal frequency 
of the VCO. 
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Teletext Video Processor SAA5230 

APPLICATION DATA (continued) 

19. Filter 2 
A filter for the line phase detector is connected to this pin. The filter has a short time constant and 
is used in video recorder mode and while the loop is locking up. 

20. Oscillator input (6 MHz) 
See pin 18. 

21. Filter 1 
A long time constant filter for the line phase detector is connected to this pin. 

22. Sandcastle input 
This input accepts a sandcastle waveform, which is formed from PL and CBB from the CCT. Signal 
timing see Fig. 4. 

23. Pulse timing resistor 
A connected resistor defines the current for the pulse generator. 

24. Pulse timing capacitor 
A connected capacitor is used for timing of the pulse generator. 

25. VCS output 
Video composite sync output signal for CCT. 

26. Black level 
A capacitor connected to this pin stores the black level for the adaptive sync separator. 

27. Composite video input 
The composite video is fed to this input via a clamp capacitor. 

28.Syncinput 
Input for text composite sync (TCS) from CCT or SCS from external sync circuit. SCS is expected 
if there is no load resistor at pin 1. 

September 1985 

VIDEO 
SIGNAL 
(pin27) 

7291271 

SANDCASTLEl 
INPUT 2V 
(pin22) 

'--~~~-~~~~~~~~~~~~~~~-av 

.-----5V 

0 1,5 4,7 8,5 33,5 t (µs) 

Fig. 4 Sandcastle waveform and timing. 

For additional information 
consult the Applications Section. 
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European Computer Controlled Teletext Circuit (EURO CCT) SAA5240 

GENERAL DESCRIPTION 

The SAA5240 is a MOS N-channel integrated circuit which performs all the digital logic functions of 
a 625-line World System Teletext decoder. It qperates in conjunction with the teletext video 
processor SAA5230, standard static RAM's and is controlled via the 2-wire 12 C bus. The device can 
be used to provide videotex display conforming to a serial character attribute protocol. 

Features 

• Microcomputer controlled for flexibility • Cursor control for videotex/telesoftware 
• 7-bits parity or 8-bit data acquisition • High quality flicker-free display using a 

12 x 10 character matrix • Ghost row reception option (extension packets) 
• Field flyback (lines 6 to 22), or full channel 

(all lines) data acquisition 
• Up to four simultaneous page requests enabling 

acquisition during one magazine cycle 
• Direct interface up to 8 K bytes static RAM 
• Automatic language selection of up to 

three different languages 
• 25th display row for software generated 

status messages 

• Standard 12 C bus slave transceiver (slave 
address 0010001) 

• Single 5 volt power supply 
• Mask programmable character sets: 

SAA5240A; English, German, Swedish 
SAA5240B; Italian, German, French 

VDD I+ SVI 

j 
SAA5240 

TTD~ 
TTC~ 

HOK~ 

DATA 
ACQUISITION 

SDA----¥!!+-.. 12c INTERFACE 

TIMING 
CHAIN 

1 
1--+!!t- R 

~G 
CHARACTER ~ B 

SCL ~ AND CONTROL GENERATOR ~CCR 
~BLAN 
~y 

l 
MEMORY INTERFACE 

~ 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 2 3 41 

V551V) DO D2 04 D6 AO A2 A4 A6 AB A10 A12 _ ~ 
01 03 05 07 A1 A3 AS A7 A9 A11 OE 7Z87653.1 

Fig. 1 Block diagram. 

PACKAGE OUTLINES 

40-lead OIL; plastic (SOT-129). 
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European Computer Controlled Teletext Circuit (EURO ccn SAA5240 

PINNING 

Voo 

2,3,40 A 11, A 12, A 10 

4 OE 

5 WE 

6 TTD 

September 1985 

A10 

A9 

AB 

A7 

A6 

A5 

A4 

A3 

A2 

A1 
SAA5240 

AO 

07 

06 

05 

04 

03 

02 

01 

DO 

Vss 
7Z91394 

Fig. 2 Pinning diagram. 

Power supply:+ 5 V power supply pin. 

Chapter Address: three outputs that select which 1 K byte chapter 
of external RAM is being accessed for any read or write cycle. 

Output Enable: active low output signal used to control the 
reading of the external RAM. It occurs continuously at a 1 MHz 
rate. 

Write Enable: active low output signal used to control the writing 
of data to the external RAM. It occurs for a valid write cycle only 
and is interleaved with the read cycles. 

Teletext Data: input from the SAA5230 Video Input Processor 
(VIP2). It is clamped to Vss for 4 to 8 µs of each television line 
to maintain the correct d.c. level following the external a.c. 
coupling. 
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European Computer Controlled Teletext Circuit (EURO CCT) SAA5240 

7 TTC Teletext Clock: 6,9375 MHz clock input from the SAA5230. It is 
internally a.c. coupled to an active clamp input buffer. 

8 HOK Hamming O.K.: an active high output signal indicating reception 
of a valid teletext data line with no Hamming errors in the 
magazine or row bytes. It is reset at line rate. 

9 F6 Character display clock: 6 MHz clock input from the 
SAA5230. It is internally a.c. coupled to an active clamp input 
buffer. 

10 vcs Video Composite Sync: input from the SAA5230 derived from 
the incoming video signal. Sync pulses are active high. 

11 SAND Sandcastle: 3-level sandcastle output to the SAA5230 containing 
the phase locking and colour burst blanking information. 

12 TCS/SCS Text Composite Sync/Scan Composite Sync: as an output an 
active low composite sync waveform (TCS) with interlaced or 5 non-interlaced format (see Fig. 6) which is fed to the SAA5230 
to drive the display timebases. Alternatively this pin can act as an 
input for an active low composite sync waveform (SCS) to 'slave' 
the display timing circuits. 

13, 14, 15 R,G,B Red, Blue, Green: these 3 open drain outputs are the character 
video signals to the television display circuits. They are active 
high and contain character and background information. 

16 COR Contrast Reduction: open drain, active low output which allows 
selective contrast reduction of the television picture to enhance 
a mixed mode display. 

17 BLAN Blanking: open drain, active high output which controls the 
blanking of the television picture for a normal text display and 
for a mixed display. 

18 y Character foreground: open drain, active high video output signal 
containing all the foreground information displayed on the 
television screen (e.g. for driving a display printer). 

19 SCL Serial Clock: input signal which is the 12C bus clock from the 
microcontroller. 

20 SDA Serial Data: is the 12C bus data line. It is an input/output 
function with an open drain output. 

21 Vss Ground: 0 volts. 

22-29 DO-D7 8 RAM data lines: 3-state input/output pins which carry the data 
bytes to and from the external RAM. 

30-39 AO-A9 RAM address: 10 output signals that determine which byte 
location within a 1 K byte chapter of external RAM is accessed for 
any read or write cycle. 
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European Computer Controlled Teletext Circuit (EURO CCT) SAA5240 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 1) Voo -0,3 to + 7 ,5 V 

Input voltage range 
VCS, SDA, SCL, D0-07 

TTC, TTD, F6, TCS/SCS 

Output voltage range 
SAND, AO-A12, OE, WE, D0-07, SDA, HOK 

R,G,B,BLAN,COR,Y,TCS/SCS 

Storage temperature range 

Operating ambient temperature range 

September 1985 5-544 
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V1 -0,3 to +7,5 v 
V1 -0,3 to+ 13,2 V 

Vo -0,3 to +7,5 v 
Vo -0,3 to+ 13,2 V 

Tstg -20 to + 125 °c 
Tamb -20 to +70 °c 
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European Computer Controlled Teletext Circuit (EURO ccn SAA5240 

CHARACTERISTICS 

Voo = 5 V; Vss = 0 V; Tamb = 25 °c unless otherwise specified 

parameter symbol min. typ. max. unit 

SUPPLY 

Supply voltage {pin 1) Voo 4,5 5,0 5,5 v 
Supply current {pin 1) loo - 160 - mA 

INPUTS {note 1) 

TTD (note 2) 

External coupling capacitor Cext - - 50 nF 

Input voltage (peak-to-peak value) V1(p-p) 2,0 - 7,0 v 
Input data rise and fall times (note 3) tr, tf 10 - 80 ns 

Input data set-up time (note 4) tos 40 - - ns 5 
Input data hold time (note 4) toH 40 - - ns 

Input leakage current 
atV1=0to10V I LI - - 20 µA 

Input capacitance C1 - - 7 pF 

TTC; F6 (note 5) 

O.C. input voltage range Vi -0,3 - + 10,0 v 
A.C. input voltage (peak-to-peak value) V1(p-p) 1,0 - 7,0 v 
Input peaks relative to 50% duty cycle ± Vp 0,2 - 3,5 v 
TTC clock frequency tnc - 6,9375 - MHz 

F6 clock frequency fF6 - 6,0 - MHz 

Clock rise and fall times (note 3) tr, tf 10 - 80 ns 

Input leakage current 
at Vi= 0 to 10 V I LI - - 20 µA 

Input capacitance C1 - - 7 pF 

vcs 
Input voltage LOW V1L 0 - 0,8 v 
Input voltage HIGH V1H 2,0 - Voo v 
Input rise and fall times (note 3) tr, tf - - 500 ns 

Input leakage current 
atV1=5,5V I LI - - 10 µA 

Input capacita nee C1 - - 7 pF 
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European Computer Controlled Teletext Circuit (EURO CCD SAA5240 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

SCL 

Input voltage LOW V1L 0 - 1,5 v 
Input voltage HIGH V1H 3,0 - Voo v 
SCL clock frequency fscL 0 - 100 kHz 

Input rise and fall times (note 3) tr. tf - - 2 µs 

Input leakage current 
atV1 =5,5V iu - - 10 µA 

Input capacitance C1 - - 7 pf 

INPUT/OUTPUTS (note 6) 

TCS (output)/SCS (input) 

Input voltage LOW V1L 0 - 1,5 v 
Input voltage HIGH V1H 3,5 - 10,0 v 
Input rise and fall times (note 3) tr, tf - - 500 ns 

Input leakage current 
at Vi= 0 to 10 V 
and output in high impedance state ± lu - - 10 µA 

Input capacitance C1 - - 7 pf 

Output voltage LOW 
at loL = 1,6 mA Vol 0 - 0,4 v 

Output voltage HIGH 
at -loH = 0,2 mA VoH 2,4 - Voo v 
at loH = 0, 1 mA VoH 2,4 - 6,0 v 

Output rise and fall times 
between 0,6 V and 2,2 V levels tr, tf - - 100 ns 

Load capacitance CL - - 50 pf 

SDA (note 7) 

Input voltage LOW V1L 0 - 1,5 v 
Input voltage HIGH V1H 3,0 - Voo v 
Input rise and fall times (note 3) tr, tf - - 2 µs 

Input leakage current 
at Vi= 5,5 V with output off I LI - - 10 µA 

Input capacitance C1 - - 7 pf 

Output voltage LOW 
at loL = 3 mA Vol 0 - 0,5 v 

Output fall time 
between 3,0 V and 1,0 V levels tf - - 200 ns 

Load capacitance CL - - 400 pf 
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European Computer Controlled Teletext Circuit (EURO CCl) SAA5240 

parameter symbol min. typ. max. unit 

INPUT/OUTPUTS (continued) 

00-07 (note 8) 

Input voltage LOW V1L 0 - 0,8 v 
Input voltage HIGH V1H 2,0 - Voo v 
Input leakage current 

at Vi= 0 V to 5,5 V 
and output in high impedance state ± lu - - 10 µA 

Input capacitance C1 - - 7 pF 

Output voltage LOW 
at loL = 1,6 mA Vol 0 - 0,4 v 

Output voltage HIGH 
at -loH = 0,2 mA VoH 2,4 - Voo v 

Output rise and fall times 5 
between 0,6 V and 2,2 V levels tr, tf - - 50 ns 

Load capacitance CL - - 120 pF 

OUTPUTS (note 6) 

AO·A12; OE; WE (note 8) 

Output voltage LOW 
at loL = 1,6 mA Vol 0 - 0,4 v 

Output voltage HIGH 
at -loH = 0,2 mA VoH 2,4 - Voo v 

Output rise and fall times 
between 0,6 V and 2,2 V levels tr, tf - - 50 ns 

Load capacitance CL - - 120 pF 

HOK (note 9) 

Output voltage LOW 
at loL = 1,6 mA Vol 0 - 0,4 v 

Output voltage HIGH 
at -loH = 0,2 mA VoH 2,4 - Voo v 

Output rise and fall times 
between 0,6 V and 2,2 V levels tr, tf - - 100 ns 

Load capacitance CL - - 50 pF 

SAND (note 9) 

Output voltage LOW 
at loL = 0,2 mA Vol 0 - 0,2 v 

Output voltage INTERMEDIATE 
at IOL = ± 30µA Vo1 1,3 - 2,7 v 
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European Computer Controlled Teletext Circuit (EURO CCl) SAA5240 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

SAND (continued) 

Output voltage HIGH 
at loH = Oto -30 µA VoH 4,2 - VDD v 

Output rise time VoL to V 01 
between 0,4 V and 1, 1 V levels tr1 - - 400 ns 

Output rise time Vo1 to VoH 
between 2,9 V and 4,0 V levels tr2 - - 200 ns 

Output fall time VoH to Vol 
between 4,0 V and 0,4 V levels tf - - 50 ns 

Load capacitance CL - - 30 pF 

R;G;B;COR;BLAN;Y (note 10) 

Output voltage LOW 
at loL = 2 mA Vol 0 - 0,4 v 

Output voltage LOW 
at loL = 5 mA Vol 0 - 1,0 v 

Pull-up voltage as seen at pin Vpu - - 6,0 v 
Output fall time with a load resistor 

of 1,2 kSl to 6 V and measured between 
5,5 V and 1,5 V tf - - 20 ns 

Skew delay between outputs with a load 
resistor of 1,2 kn to 6 V and measured 
on the falling edges at 3,5 V tsK - - 20 ns 

Load capacitance CL - - 25 pF 

Output leakage current 
at Vpu = 0 to 6 V with output off ILQ - - 10 µA 

TIMING 

12C bus (note 11) 

Clock low period tLOw 4 - - µs 

Clock high period tHIGH 4 - - µs 

Data set-up time tsu; DAT 250 - - ns 

Data hold time tHD; DAT 0 - - ns 

Stop set-up time from clock high tsu; STO 4 - - µs 

Start set-up time following a stop tguF 4 - - µs 

Start hold time tHD;STA 4 - - µs 

Start set-up time following clock 
low to high transition tsu;STA 4 - - µs 
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European Computer Controlled Teletext Circuit (EURO CCT) 

parameter symbol min. typ. max. unit 

TIMING {continued) 

Memory interface {note 12) 

Cycle time tcv - 500 - ns 

Address change to OE LOW toE 60 - - ns 

Address active time tADDR 450 500 - ns 

OE pulse duration toEW 320 - - ns 

Access time from OE to data valid tAcc - - 200 ns 

Data hold time from OE HIGH or 
address change tDH 0 - - ns 

Address change to WE LOW twE 40 - - ns 

WE pulse duration twEw 200 - - ns 

Data set-up time to WE HIGH tDs 100 - - ns 

Data hold time from WE HIGH tDHWE 20 - - ns 

Write recovery time twR 25 - - ns 

Notes to the characteristics 

1. All inputs are protected against static charge under normal handling. 

2. The TTD input incorporates an internal clamping diode in addition to the active clamping 
transistor (see Fig. 3). 

3. Rise and fall times between 10% and 90% levels. 

SAA5240 

4. Teletext input data set-up and hold times are with respect to a 50% duty cycle level of the rising 
edge of the teletext clock input (TTC). Data stable 1 ;;;;. 2,0 V; data stable 0.;:;;; 0,8 V (see Fig. 4). 

5. The TTC and F6 inputs have internal clamping diodes and are a.c. coupled (see Fig. 3). 

6. All outputs and input/outputs are protected against static charge under normal handling and 
connection to Voo and Vss· 

7. For details of I 2C bus timing see Fig. 8. 

8. For details of RAM timing see Fig. 9. 

9. For details of synchronization and HOK timing see Fig. 5. 

10. For details of display output timing see Fig. 7. 

11. The 12C bus timings are referred to V1H = 3 V and Vi L = 1,5 V. For waveforms see Fig. 8. 

12. The memory interface timings are referred to Vi L = 1,5 V. For waveforms see Fig. 9. 
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European Computer Controlled Teletext Circuit (EURO CCT) 

SAA5240 

9 ~racter display clock input 
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~ 
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TTC --+'----1 to 
ata acquisition circuit 

J: 
TT~~f-6-------1 >-----teletext :ta Input 

Cext data acquisition circuit 

1 clamping pulses from timing circuit 
from time 41u to 8 µs of each 
television line to maintain correct 
d.c. level following external a.c. coupling 
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v 

t 
V1(p-p) 

i 
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.Product Speclflcatlon 

SAA5240 

Fig. 3 (a) F6, TTC and TTD input circuitry (b) input waveform parameters. 
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TTD 

tcv -
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I 

... tos ..... toH .. 
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I I 
data may change data may change data may change 

Data stable: 1 is ;;;i:. 2,0 V; 0 is.;;;; 0,8 V. 
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I 
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Fig. 4 Teletext data input timing. 
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Fig. 5 Synchronization and HOK timing. 

5-551 

Product Specification 

SAA5240 

7Z91396 

5 

7Z91397 

September 1985 



J 
~ 
~ 

U1 
I 

U1 
01 
I\) 

LSP L 
I I I 
0 ~66 64 

EP LJ LJ L 
I I I I I 
0 2,33 32 34,33 64 

BP_n n IL 
I I I I I 
0 27,33 32 59,33 64 

all timings in µs 

TCS 
( interlaced) 

I I I I I I I I I I I 
621 622 623 624 625 1 2 3 4 5 6 

(308) (309) (310) (311) (312) 

---
TCS 

(interlaced) 
I I - I I --, ----1 - I I I I I 

309 310 311 312 313 314 315 316 317 318 319 
(1) (2) (3) (4) (5) (6) 

I I I I I I I I I I I 
308 309 310 311 312 1 2 3 4 5 6 

numbers shown at end of line 

(equivalent count numbers in brackets} 7Z91401 

Line sync pulses (LSP), equalizing pulses (EP) and broad pulses (BP) are combined to provide the text composite sync waveform (TCS) 
as shown. 
All timings measured from falling edge of LSP with a tolerance of± 100 ns. 

Fig. 6 Composite sync waveforms. 
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LSP u 
ITCS) 

R,G,B,Y 
11) 

I I 
0 4,66 

I 
0 

I 

16,67 

40µs 

display period 

(a) LINE RATE 

I 
56,67 
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L 
I 

64 

all timings in µs 

lines 42 to 291 inclusive (and 355 to 604 inclusive interlaced)-, 

R, G, B, Y 
(1) 

I 
0 

I 
41 

(1 l also BLAN in character and box blanking 

display period 

(b) FIELD RATE 

Fig. 7 Display output timing (a) line rate (b) field rate. 

SDA 

SCL 

- tHIGH -

SDA J ["'~ 
7287013 tsu;STA 

Fig. 8 12C bus timing. 
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DATA 
FROM 
RAM 

ADDRESS 
A0-A12 

DATA 
TO 

RAM 

1
--toEw-1 

- tAcc 1- - tDH 1-------------x valid data output x-----
(a) READ 

1-----------. 
1- twEw -1 

1-tos ----toHwe-1 

_________ x valid data input >C 
(b) WRITE 

7Z91399 

Fig. 9 Memory interface timing (a) read (b) write. 
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APPLICATION INFORMATION I m ;& 
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0 g. 
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~ ~~ 0 
•selectfoc I I I ct ~ ~ ~'" B 05 Q positive or 17 BLAN :J 

negative sync ~ COR o4 =t 
+12V nR.~,,., nRBM oP.~.,.., 1Q ~~ Q 

v 01 CD 
HOK DO Q. 

sync out I STTV .... n..... VCR . - 10 nF SAA5240 A 12 rot 
CB TTD 15 6 TTD EURO All 1K8 -

01 video 1n f I 470 nFI 27 CV SAA5230 14 7 CCT A10 RAM <D 
I TTC TTC IC 1 Ag I C3 (J)-

01 link 2 VIP2 F6 17 9 F6 
01 VCR VI LS IC2 25 10 A8 ~ 
01 VCS 22 11 VCS A7 

BLACK SAND SAND AG 0 
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~ Fig. 10 EURO CCT based single-page decoder circuit diagram. O g 
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APPLICATION INFORMATION (continued) 

EURO CCT page memory organization 

Product Specification 

SAA5240 

The organization of a page memory is shown in Fig. 11. The EURO CCT provides an additional row 
compared with first generation decoders bringing the display format up to 40 characters by 25 rows. 
Rows 0 to 23 form the teletext page as broadcast and row 24 is the extra row available for user­
generated status messages. 

A MORE DETAILED DESCRIPTION OF CCT OPERATION AND APPLICATION IS AVAILABLE 
ON REQUEST. 

fixed character 
written by CCT hardware 

7 characters alphanumerics white for normal 
for status / alphanumerics green when looking 

,----A---, for display page 

1 N 24 

I 
24 characters from page header f­

l­

I­

f­

I 

rolling when display page looked for 

I 
I 
I 
I 
I 
I-

I­

I-

MAIN PAGE DISPLAY AREA 

this row always free for status 

10 I 14 J 
10 bytes for 

received 
page information 

14 bytes 
free for use 

by microcomputer 

8 characters 
always rolling 

(time) 

~ROW 
I s o 

1 

2 

3 
-j 

--JI ~ 
20 

-j 
21 

22 

23 

24 

25 

7Z91400 

Fig. 11 Page memory organization. 

Table 1 Row 25 received control data format 

PUO PTO MUO MTO HUO HTO C7 C11 MAGO 0 
PU1 PT1 MU1 MT1 HU1 HT1 CB C12 MAG1 0 
PU2 PT2 MU2 MT2 HU2 C5 C9 C13 MAG2 0 
PU3 PT3 MU3 C4 HU3 C6 C10 C14 0 0 

DO 
01 
02 
03 
04 
05 
06 
07 

HAM.ER HAM.ER HAM.ER HAM.ER HAM.ER .HAM.ER HAM.ER HAM.ER FOUND 0 
0 
0 
0 

Column 0 

Where: 

MAG 
PU 
PT 
PBLF 
FOUND 
HAM.ER 

0 
0 
0 

September 1985 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

magazine \ 
page units J page number 
page tens 
page being looked for 

0 
0 
0 

LOW for page has been found 
Hamming error in corresponding byte 

0 
0 
0 

5-556 

PBLF 
0 
0 

MU 
MT 
HU 
HT 
C4-C14 

minutes units 
minutes tens ] 
hours units page sub-code 

hours tens 
transmitted control bits 
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RowO 

Row 0 is for the page header. The first seven columns (0 to 6) are free for status messages. The eighth 
is an alphanumeric white or green control character, written automatically by EURO CCT to give a 
green rolling header when a page is being looked for. The last eight characters are for rolling time. 

Row25 

The first 10 bytes of row 25 contain control data relating to the received page. Seven digits are used to 
identify a page as shown in Table 1. The remaining 14 bytes are free for use by the microcomputer. 

Register maps 

EURO CCT mode registers R1 to R11 are shown in Table 2. Rl to R10 are WRITE only; Rl 1 is 
READ/WRITE. 
Register map ( R3), for page requests, is shown in detail in Table 3. 

Table 2 EURO CCT register map 5 
D7 D6 05 04 DJ 

TA 7+P/ ACQ. GHOST DEW/ 
B BIT ON/OFF ROW FULL 

ENABLE FIELD 

- BANK ACO. ACO. TB 
SELECT CCT CCT 
A2 A1 AO 

- - - PRD4 PRD3 

- - - - -
BKGND BKGND COR COR TEXT 
OUT IN OUT IN OUT 

BKGND BKGND COR COR TEXT 
OUT IN OUT IN OUT 

STATUS CURSOR CONCEAL/ TOP/ SINGLE/ 
ROW ON REVEAL BOTTOM DOUBLE 
BTM/TOP HEIGHT 

- - - - CLEAR 
MEM. 

- - - R4 R3 

- - cs C4 CJ 

07 06 05 04 03 
IR/W) IR/W) IR/W) (R/W) (R/W) 

Notes to Table 2 

D2 Dl DO 

TCS Tl TO 
ON 

START START START 
COLUMN COLUMN COLUMN 
SC2 SC1 sco 

PRD2 PRDI PROO 

A2 Al AO 

TEXT PON PON 

IN OUT IN 

TEXT PON PON 
IN OUT IN 

BOX ON BOX ON BOX ON 

24 1-23 0 

A2 Al AO 

R2 RI RO 

C2 Cl co 

02 DI DO 
IR/W) (R/W) IR/W) 

- bit does not exist 

) 

) 

) 
) 
) 

RI Mode 

R2 
Page request 
address 

R3 Page request data 

R4 Display chapter 

RS 
Display control 
(normal) 

R6 
Display control 

(newsflash/subtitle) 

R7 Display mode 

RB Active chapter 

R9 Active row 

RIO Active column 

Rll Active data 

The arrows shown on the right of the register map indicate that the register auto-increments to the next 
one on the following 12 C transmission byte. TA and TB must be logic 0 for normal operation. 
All bits in registers Rl to R10 are cleared to logic 0 on power-up except bits DO and D1 of registers 
R5 and R6 which are set to logic 1. 
All memory is cleared to 'space' (00100000) on power-up, except row 0 column 7 chapter 0, which is 
'alpha white' (00000111) as the acquisition circuit is enabled but all pages are on hold. 
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APPLICATION INFORMATION (continued) 

Table 2 (continued) 

Where: 

R1 Mode 

TO, T1 
TCSON 
DEW/FULL FIELD 
7 + P/8 BIT 

TA,T~ 

R2 Page request address 

START COLUMN 
ACQCCT 
BANK SELECT 

R3 Page request data 

R4 Display chapter 

R5, R6 Display control 
PON 
TEXT 
COR 
BKGND 

interlace/non interlace 312/313 line control 
teict composite sync or direct sync select 
field-flyback or full channel mode 
7 bits with parity checking or 8-bit mode 

test bits; 0 for normal operation 

start column for page request data 
selects one of four acquisition circuits 
selects bank of four pages being addressed for acquisition 

see Table 3 

determines which of the 8 pages is displayed 

for normal and newsflash/subtitle 
picture on 
text on 
contrast redu!!tion on 
background colour on 

Product Specification 

These functions have IN and OUT referring to inside and outside the boxing function respectively. 

R7 Display mode 

BOX ON 0 (1-23, 24) 
STATUS ROW BTM/TOP 

RB to R11 

September 1985 

boxing function allowed on row 0 (row 1-23, 24) 
row 25 displayed above or belqw the main text 

active chapter, row, column and data information written to or read 
from.page memory via the 12 C bus. 
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Table 3 Register map for page requests (R3) 

Start 
Column 

0 

2 

3 

4 

5 

6 

Notes to Table 3 

PRD4 

Do care 
Magazine 

Do care 
Page tens 

Do care 
Page units 

Do care 
Hours tens 

Do care 
Hours units 

Do care 
Minutes tens 

Do care 
Minutes units 

PRD3 

HOLD 

PT3 

PU3 

x 

HU3 

x 

MU3 

Abbreviations are as for Table 1 except for DO CARE bits. 

PRD2 PRD1 

MAG2 MAG1 

PT2 PT1 

PU2 PU1 

x HT1 

HU2 HU1 

MT2 MT1 

MU2 MU1 

Product Specification 

SAA5240 

PROO 

MAGO 

PTO 

PUO 

HTO 

HUO 

MTO 

MUO 

When the DO CARE bit is set to logic 1 this means the corresponding digit is to be taken into account 
for page requests. If the DO CARE bit is set to logic 0 the digit is ignored. This allows, for example, 
'normal' or 'timed page' selection. 
If HOLD is set LOW, the page is held and not updated. 
There are four groups of data shown in Table 3, one for each acquisition circuit (four simultaneous 
page requests). 
Columns auto-increment on successive 12C transmission bytes. 
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APPLICATION INFORMATION (continued) 

CHARACTER SETS 

The UK teletext specification allows the selection of national character sets via the page header 
transmission bits, C12 to C14 as shown in Table 4. The basic 96 character sets differ only in the 13 
national option characters as indicated in Tables 8 and 9 with reference to their table position in the 
basic character matrix shown in Table 7. EURO CCT automatically decodes control bits C12 to 
C14. Other combinations of C12 to C14 are defaulted to SAA5240A (English); SAA5240B (German). 
With 8-bit decoding the character matrices are shown in Tables 5 and 6. 

Table 4 Selection of national character sets 

PHCB 

C12 
C13 
C14 

Where: 

PHCB 

September 1985 

ENGLISH GERMAN 

0 0 
0 0 
0 1 

page header control bits. 

alphanumerics and 
graphics 'space' 

character 
2/0 

contiguous 
graphics character 

7/6 

alphanumerics 
character 

2/13 

separated 
graphics character 

7/6 

SWEDISH 

0 
1 
0 

alphanumerics or 
blast-through 
alphanumerics 
character 4/8 

separated 
graphics character 

7 /15 

Fig. 12 Character format. 
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ITALIAN FRENCH 

0 
1 
1 

1 
0 
0 

alphanumerics 
character 

7 /15 

I 
I 
I 
I 

1----1----
1 

I 
I 

----1----
1 
I 
I 
I 

7291406 

contiguous 
graphics character 

7 /15 

background O _ display 
colour - colour 
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Table 5 Character data input decoding (SAA5240A) 

a ba-
I 

0 0 0 or1 0or1 Dor 1 Oor 1 0or1. 0or1 
b1-- 0 0 0 0 1 1 1 T 1 

s be- 0 0 1 1 0 0 1 
b5-. 0 1 0 1 0 1 0 

b4b3b2b1 ~umn 0 +J. H 1 2 2a 
0 

3 3a 4 6 6 Ba 7 

w alpha-

D D [gj ~ [§] [B ~ ~ [Q 0 0 0 0 o numarlcs graphics 

black black 

alpha- graphics rn LJ [!] CJ !BJ [Q] ~ ~ [gJ 0 0 0 1 1 numarics 
red rad 

alpha- graphics IHI LJ ~ ~ ~ ~ ~ ~ [!:] 0 0 1 0 .,2 numarlcs 
green green 

alpha- graphics !BJ LJ ~ ~ (g ~ ~ ~ L§] 0 0 1 1 3 numerics 
yellow yellow 

alpha- graphics 

~ ~ ~ iJ [Q] m ~ ~ ~ 0 1 0 0 4 numerics 
blue blue 

alpha- graphics 

~ ~ [§ IJ ~ [g ~ ~ ~ 0 1 0 1 6 numerics 
magenta magenta 

alpha- graphics 

~ ~ ~ ij [EJ lS?] [£:] ~ IYl 0 1 1 0 8 numerics 
cyan cyan .. 

0 1 1 1 7 
alpha- graphics 

~ ~ !Zl ~ ~ ~ [Q] ~ ~ numerics white 
white 

1 0 0 0 8 flash 
conceal KJ ~ display ~ ~ BJ ~ [5] [i ~ .. .. 

1 0 0 1 9 steady 
contiguous [2J ~ ~ ~ 00 [Y] [J;J Li 00 graphics 

' .. 
1 0 1 0 10 end box 

separated ~ ~ [!] ~ g ~ Cl [J ~ graphics . 
~ ~ w ~ [g] [BJ ~ LI ~ 1 0 1 1 11 start box ESC 

.. .. 
normal black GJ ~ ~ ~ [Q [Q] [JJ ~ [Q] 1 1 0 0 12 height back-

ground 

double new 

EJ ~ E] ~ ~ [Q] m ~ [iJ 1 1 0 1 13 back-
height ground . 

1 1 1 0 14 ~ 
hold GJ ~ graphics ~ ~ ~ EJ ~ ~ [BJ . .. 

1 1 1 1 16 §.! 
release [Z] ~ [7] ~ [Q] D [Q1 ~ ~ graphics 

* These control characters are reserved for compatibility with other data codes. 
** These control characters are presumed before each row begins. 
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~ 

~ 

c 
~ 

~ 

~ 

IC 
Ui 
Ci 
~ 

c:I 
ii 
Ii 
ii 
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1 1 
0 0 

0 0 
0 1 

a 9 

!mJ ~ 
8 ~ 
~ ~ 

~ [DJ 5 
~ [Ml 

eta ~ 
rE !iJ 
[2J w 
[([] [QI 

~ ~ 
[±] [iJ 

~ [8J 

[!21 [Q] 

~ ~ 

~ [Q] 

~ D 
7Z91402 
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APPLICATION INFORMATION (continued) 

Table 6 Character data input decoding (SAA5240B) 

B bs- 0 0 0 or1 0or1 Oar 1 Oar 1 0or1. 0or1 
I b7- 0 0 0 0 1 1 1 1 T 
s ha- 0 0 1 1 0 0 1 

bs- 0 1 0 1 0 1 0 
b4b:J b2 bl ~umn HH 0 1 2 2a 3 3a 4 5 6 6a 7 

0 
w alpha- D D [g] ~ ~ [eJ ~ Q ~ 0 0 0 0 0 numerics graphics 

black black 

alpha- graphics OJ LJ [I] ~ [0J [QJ ~ ~ [gJ 0 0 0 1 1 numerics 
red red 

alpha- graphics IHI LJ ~ ~ ~ ~ [§ ~ ra 0 0 1 0 2 numerics 
green green 

alpha- graphics 

~ LJ ~ ~ [g ~ [g L::: [§] 0 0 1 1 3 numerics 
yellow yellow 

alpha- graphics 

~ ~ ~ iJ [QJ m ~ ~ [!:] 0 1 0 0 4 numerics 
blue blue 

alpha- graphics 

~ ~ ~ IJ ~ [g] ~ ~ ~ 0 1 0 1 5 numerics 
magenta magenta 

alpha- graphics 

~ ~ ~ ij [EJ ~ [fj ~ [YJ 0 1 1 0 6 numerics 
cyan C..'VBO .. 

~ 0 1 1 1 
alpha- graphics 

~ [Z] lj [t;] ~ [Q] ~ ~ 7 numerics white 
white 

1 0 0 0 8 flash 
conceal KJ ~ display ~ ~ [8] ~ L6l [j ~ .. .. 

1 0 0 1 9 steady 
contiguous [2J ~ ~ ~ ~ lYl [!] Li [YJ graphics .. 
~ g ~ [j] [I ~ 1 0 1 0 10 end box 

separated ~ [TI ~ graphics 

* [±] ~ [I] ~ [g] ~ [K] LI ~ 1 0 1 1 11 start box ESC 

** black ** 
1 1 0 0 12 normal back- ~ ~ ~ ~ [Q ~ [l] ~ [Q] height ground 

double new 

EJ ~ El ~ H ~ mi ~ ~ 1 1 0 1 13 back-
height ground 

* 
1 1 1 0 14 SQ 

hold GJ graphics ~ ~ ~ ~ ~ ~ ~ 00 . .. 
1 1 1 1 15 fil 

release [ZJ ~ ~ ~ [Q] ~ [Ql ~ ~ graphics 

* These control characters are reserved for compatibity with other data codes. 
** These control characters are presumed before each row begins. 
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1 1 
0 0 

0 0 
0 1 

8 9 

[§] ~ 

~ ~ 

~ ~ 

~ ~ 

~ 00 
~ ~ 

lE el 
12] w 
[Q] [QJ 

[iJ] ~ 

~ ~ 
[BJ ~ 
[Q] ~ 
[Q] ~ 

EJ 00 
D. ~ 
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Notes to Tables 5 and 6 

1. Control characters shown in columns 0 and 1 are normally displayed as spaces. 

2. Codes may be referred to by column and row. For example 2/5 refers to%. 

3. Black represents displayed colour. White represents background. 

4. Character rectangle shown as follows: 0 

5. The SAA5240A national option characters are shown in Table 8. 

6. The SAA5240B national option characters are shown in Table 9. 

7. Characters 8/6, 8/7, 9/5, 9/6 and 9/7 are special characters to combine with character 8/5. 

8. With bit 8 = 0 national option characters will be decoded according to the setting of control bits 
C12 to C14 (see Table 4). 
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¥ m «)" 

Table 7 SAA5240 basic character matrix c: ::J 
3 ~ CT a !!! £l 
ca 'O c: 

::J 
~ 2/0 2/8 3/0 3/8 4/0 4/8 5/0 5/8 6/0 6/8 7/0 7/8 CD <D •BBBG••BGm•B Q Q 

::::J -0 a g a. c 
9-

2/1 2/9 3/1 3/9 4/1 4/9 5/1 5/9 6/1 6/9 7/1 7/9 3 

•••••••••••• 'O c: 
<it ... 

2/2 2/10 3/2 3/10 4/2 4/10 5/2 5/10 6/2 6/10 7 /2 7/10 0 

•••••••••••• 
0 
::::J -a 
CD 

2/3 2/11 3/3 3/11 4/3 4/11 5/3 5/11 6/3 6/11 7 /3 7/11 Q. G••••••c:J•••D (i)4 
01 

Ci) -I 

~ 01 
5/4 C1> 2/4 2/12 3/4 3/12 4/4 4/12 5/12 6/4 6/12 7/4 7/12 .... D••••••D••BD Q ... 

0 c: 
2/5 2/13 3/5 3/13 4/5 4/13 5/5 5/13 6/5 6/13 7 /5 7/13 

::;: -•••••••D•••D m c 
;;o 
0 

2/6 2/14 3/6 3/14 4/6 4/14 5/6 5/14 6/6 7/6 7/14 g •••••••CJ•••CJ 2/7 2/15 3/7 3/15 4/7 4/15 5/7 5/15 6/7 6/15 7/7 7/15 

•••••••CJ•••- " a a. 
en c 

~ 
u. 

7291405 (/) 

"O 
Where: NC national option character position. <D 

0 

8 
3; 
0 g, 
0 
::J 
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Table 8 SAA5240A character set (national option characters) 

ENGLISH 

illlililililil 
5/15 6/0 7 /11 7 /12 7 /13 7 /14 

•••••• 
GERMAN 

llllJilllililil 5 
5/15 6/0 7/11 7/12 7/13 7/14 

•••••• 
SWEDISH 

••••••• 5/15 6/0 7/11 7/12 7/13 7/14 

•••••• 7Z91403 
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APPLICATION INFORMATION (continued) 

Table 9 SAA5240B character set (national option characters) 

IT A LIAN 
2/3 2/4 4/0 5/11 5/12 5/13 5/14 

••••••• 5/15 6/0 7/11 7/12 7/13 7/14 

•••••• GERMAN 

2/3 2/4 4/0 5/11 5/12 5/13 5/14 

••••••• 5/15 6/0 7/11 7/12 7/13 7/14 

•••••• FRENCH 

111111111111111 
5/15 6/0 7/11 7/12 7/13 7/14 

•••••• 7291404 

September 1985 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system provided 
the system conforms to the 12 C specifications defined by Philips. 

For additional information 
consult the Applications Section. 
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Single-Chip Color CRT Controller (EUROM) SAA5350 

GENERAL DESCRIPTION 

The SAA5350 EU ROM is a single-chip VLSI NMOS crt controller capable of handling all display 
functions required by the CEPT videotex terminal, model A4. Only minimal hardware is required to 
produce a videotex terminal using EU ROM - the simplest configuration needs just a microcontroller 
and 4 Kbytes of display memory. 

Features 

• Minimal additional hardware required 

• Screen formats of 40/80 character by 1-to-25 row display 

• 512 alphanumeric or graphical characters on-chip or extendable off-chip 

• Serial attribute storage (ST ACK) and parallel attribute storage 

• Dynamically redefinable character (DRCS) capability over full field 

• Interfaces with 8/16-bit microprocessors with optional direct memory access 

• On-chip scroll map minimizes data to be transferred when scrolling 

• On-chip colour map RAM followed by three non-linear digital-to-analogue converters which 
compensate for crt non-linearity 

• Memory interface capable of supporting multi-page terminals. EU ROM can access up to 128 Kbytes 
of display memory 

• Programmable cursor 

• Programmable local status row 

• Three synchronization modes: 
stand-alone built-in oscillator operating with an external 6 MHz crystal 
simple slave directly synchronized from the source of text composite sync 
phase-locked slave indirect synchronization allows picture-in-text displays (e.g. VCR/VLP video 

with text overlay) 

• On-chip timing composite sync output 

• Zoom feature which allows the height of any group of rows to be increased to enhance legibility 

PACKAGE OUTLINE 

40-lead OIL; plastic (SOT-129). 
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Slgnetlcs Linear Products Product Specification 

Single-Chip Color CRT Controller (EU ROM) SAA5350 

PINNING 

1 

2 

3 

4 to 19 

20 

21 

22 
23 
24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

TEST 

BUrrfil 
R""E" 

A16 to Al/ 
D15to DO 

Vss 
REF 

B 
G 
R 

VOS 

CLKO 

SAND 

Fl/6 

F6 

VCS/OSCO 

i"CS 
J!S"/DDA 

UITS 
LOS 

DTACK 

BR 

A5 
R/W (S/R) 

Voo 

Input to be connected to Vss· 

Buffer enable input to the 8-bit link-through buffer. 

Register enable input. This enables A 1 to A6 and UDS as inputs, and 08 to 
015 as input/outputs. 

Multiplexed address and data bus input/outputs. These pins also function 
as the 8-bit link-through buffer. 

Ground (0 V). 

Analogue reference input. 

Analogue outputs (signals are gamma-corrected). 

Switching output for dot, screen (row), box and window video data; for 
use when video signal is present (e.g. from tv, VLP, alpha+ photographic 
layer). This output is LOW for tv display and HIGH for text and will inter­
face directly with a number of colour decoder ICs (e.g. TDA3560, 
TDA3505). 

Output disable causing R, G, Band VOS outputs to go to high-impedance 
state. Can be used at dot-rate. 

12 MHz clock output for hard-copy dot synchronization (referenced to 
output dots). 

Sandcastle feedback output for SAA5230 teletext video processor or other 
circuit. Used when the display must be locked to the video source (e.g. VLP). 
The phase-lock part of the sandcastle waveform can be disabled to allow 
free-running of the SAA5230 phase-locked loop. 

1 MHz or 6 MHz output. 

6 MHz clock input (e.g. from SAA5230). Internal a.c. coupling is provided. 

Video composite sync input (e.g. from SAA5230) for phase reference 
of vertical display timing when locking to a video source (e.g. VLP) or, 
in stand-alone sync mode, output from internal oscillator circuit (fixed 
frequency). 

Text composite sync input/output depending on master/slave status. 

Field sync pulse output or defined-display-area flag output (both referenced 
to output dots). 

Upper data strobe input/output. 

Lower data strobe output. 

Data transfer acknowledge (open drain output). 

Bus request to microprocessor (open drain output). 

Address strobe output to external address latches. 

Read/write input/output. Also serves as send/receive for the link-through 
buffer. 

Positive supply voltage (+ 5 V). 
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A10/D9 
SAA5350 

A8/D7 

A7/D6 

A6/D5 

A5/D4 

A4/D3 

A3/D2 

A2/D1 

A1/DO 

Vss 

7280578 

vDD 

R/W(S/R) 

As 

BR 

VCS/OSCO 

F6 

F1/6 

SAND 

CLKO 

OD 

REF 

Fig. 2 Pinning diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 40) Voo 

Maximum input voltage (except F6, TCS, REF) 

Maximum input voltage (F6, TCS) 

Maximum input voltage (REF) 

Maximum output voltage 

Maximum output current 

Operating ambient temperature range 

Storage temperature range 

Vi max 

Vi max 

VREF 

Vomax 

lo max 

Tamb 

Tstg 

Outputs other than CLKO, OSCO, R, G, B, and VOS are short-circuit protected. 
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-0.3 to+ 7.5 V 

-0.3 to+ 7.5 V 

-0.3 to+ 10.0 V 

-0.3 to+ 3.0 V 

-0.3 to+ 7.5 V 

10 mA 

-20 to+ 70 oc 

-55 to+ 125 oc 



Slgnetlcs. Linear Products Product Specification 

Single-Chip Color CRT Controller (EUROM) SAA5350 

CHARACTERISTICS 

Voo"' 5 V ± 10%; Vss"' O V; Tamb"' -20 to+ 70 °c; unless otherwise specified 

parameter symbol min. typ. max. unit 

SUPPLY 

Supply voltage (pin 40) Voo 4.5 5.0 5.5 v 
Supply current (pin 40) loo - - 350 mA 

INPUTS 

F6 (note 1) 

Slave modes (Fig. 3) 

Input voltage (peak-to-peak value) V1(p-p) 1.0 - 7.0 v 
Input peaks relative to 

50% duty factor ±Vp 0.2 - 3.5 v 5 
Input leakage current at 

VI "' 0 to 10 V; T amb "' 25 °c lu - - 20 µA 

Input capacitance C1 - - 12 pF 

Stand-alone mode (Fig. 4) 

Series capacitance of crystal C1 - 28 - fF 

Parallel capacitance of crystal Co - 7.1 - pF 

Resonance resistance of crystal Rr - - 60 .n 
Gain of circuit G - - tbf VIV 

~.~.OD 
Input voltage LOW V1L 0 - 0.8 v 
Input voltage HIGH V1H 2.0 - 6.5 v 
Input current at 

V1 "'Oto Voo+0.3 V; Tamb"' 25 °c 11 -10 - + 10 µA 

Input capacitance C1 - - 7 pF 

REF (Fig. 5) 

Input voltage VREF 0 1to2 2.7 v 
Resistance (pin 21 to pin 20) with 

REF supply and R, G, B outputs OFF RREF - 125 - .n 
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parameter symbol min. typ. max. unit 

OUTPUTS 

SAND 

Output voltage high level at 
lo = o to -30 µA VoH 4.2 - Voo v 

Output voltage intermediate level at 
lo = -30 to+ 30 µA Vo1 1.3 2.0 2.7 v 

Output voltage low level at 
lo= 0.2mA Vol 0 - 0.2 v 

Load capacitance CL - - 30 pF 

F1/6, CLKO, DDA/FS 

Output voltage HIGH at 
loH = -200µA VoH 2.4 - Voo v 

Output voltage LOW at loL = 3.2 mA Vol 0 - 0.4 v 
Load capacitance CL - - 50 pF 

LDS, AS' 
Output voltage HIGH at 

loH = -200µA VoH 2.4 - Voo v 
Output voltage LOW at loL = 3.2 mA Vol 0 - 0.4 v 
Load capacitance CL - - 200 pF 

DTACK, BR (open drain outputs) 

Output voltage LOW at loL = 3.2 mA Vol 0 - 0.4 v 
Load capacitance CL - - 150 pF 

Capacitance (OFF state) CoFF - - 7 pF 

R, G, 8 (note 2) 

Output voltage HIGH (note 3) at 
loH = -100 µA; VREF = 2.7 V VoH 2.4 - - v 

Output voltage LOW at loL = 2 mA Vol - - 0.4 v 
Output resistance during line blanking RosL - - 150 n 
Output capacitance (OFF state) Co FF - - 12 pF 

Output leakage current (OFF state) 
at Vi= o to Voo+0.3 V; 
Tamb = 25 oc IOFF -10 - + 10 µA 
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parameter symbol min. typ. max. unit 

VOS 

Output voltage HIGH at loH = -250 µA VoH 2.4 - Voo v 
Output voltage LOW at loL = 2 mA Vol 0 - 0.4 v 
Output voltage LOW at loL = 1 mA Vol 0 - 0.2 v 
Output leakage current (OFF state) 

at v1 = o to v00+o.3 V; 
Tamb = 25 oc IOFF -10 - + 10 µA 

INPUT /OUTPUTS 

VCS/OSCO 

Input voltage HIGH V1H 2.0 - 6.0 v 
Input voltage LOW VIL 0 - 0.8 v 5 
Input current (output OFF) at 

v1 = o to v00+o.3 V; 
Tamb = 25oc 11 -10 - + 10 µA 

Input capacitance c, - - 10 pF 

TCS 

Input voltage HIGH V1H 3.5 - 10.0 v 
Input voltage LOW V1L 0 - 1.5 v 
Input current at 

V1 = o to v00+ 0.3 V; 
Tamb= 25 oc 11 -10 - + 10 µA 

Input capacitance C1 - - 10 pF 

Output voltage HIGH at 
loH = -200 to 100 µA VoH 2.4 - 6.0 v 

Output voltage LOW at Vol= 3.2 mA Vol 0 - 0.4 v 
Load capacitance CL - - 50 pF 

A1/DO to A16/D15, UDS, R/W 

Input voltage LOW V1L 0 - 0.8 v 
Input voltage HIGH V1H 2.0 - 6.0 v 
Input current at 

Vi= Oto Voo+0.3 V; 
Tamb = 25oc 11 -10 - + 10 µA 

Input capacitance C1 - - 10 pF 

Output voltage HIGH at loH = -200 µA VoH 2.4 - Voo v 
Output voltage LOW at loL = 3.2 mA Vol 0 - 0.4 v 
Load capacitance CL - - 200 pF 
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parameter symbol min. typ. max. unit 

TIMING 

F6 (Fig. 3) 

Rise and fall times tr, tf 10 - 80 ns 

Frequency fF6 5.9 - 6.1 MHz 

CLKO, F1/6, R, G, B, VOS, 
FS/DDA, OD (notes 4, 5 and Fig. 6) 

CLKO HIGH time tcLKH 30 - - ns 

CLKO LOW time tcLKL 20 - - ns 

CLKO rise and fall times tcLKr - - 10 ns 

tcLKf 

CLKO HIGH to R, G, B, VOS change tvcH 10 - - ns 

R, G, B, VOS valid to CLKO rise tvoc 10 - - ns 

CLKO HIGH to R, G, B, VOS valid tcov - - 60 ns 

CLKO HIGH to R, G, B, VOS floating 
after OD fall tFOo - - 30 ns 

Skew between outputs R, G, B, VDS tvs - - 20 ns 

R, G, B, VOS rise and fall times tvr. tvt - - 30 ns 

CLKO HIGH to R, G, B, VOS active 
after OD rise tAQD 0 - - ns 

CLKO HIGH to FS/DDA change tcoo - - 55 ns 

FS/DDA valid to CLKO rise tooc 5 - - ns 

F1 HIGH time (note 6) tF1 H - 500 - ns 

F1 LOW time (note 6) tF1 L - 500 - ns 

F6 HIGH time tF6H - 83 - ns 

F6 LOW time tF6L - 83 - ns 

OD to CLKO rise set-up taos - - 45 ns 

OD to CLKO HIGH hold tooH - - 0 ns 

MEMORY ACCESS TIMING 

(notes 7, 8, 9 and Fig. 7) 

UDS, LOS, AS 

Cycle time tcyc - 500 - ns 

OL5S" HIGH to bus-active for address output tsAA 75 - - ns 

Address valid set-up to AS fall tAsu 20 - - ns 

Address valid hold from AS" LOW tASH 20 - - ns 

Address float to UDS fall tAFS 0 - - ns 
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parameter symbol min. typ. max. unit 

AS LOW to UDS fall delay tATD 50 - - ns 

UDS, LDS HIGH time tHDS 220 - - ns 

UDS, LDS LOW time tLDS 200 - - ns 

AS HIGH time tHAS 125 - - ns 

AS LOW time tLAS 320 - - ns 

I AS LOW to UDS HIGH tAUH 305 - - ns 

I Data valid set-up to UDS rise tDsu 30 - - ns 

Data valid hold from UDS HIGH tDsH 0 - - ns 

UDS HIGH to AS rise delay tu AS 0 - - ns 

AS LOW to data valid tAFA - - 270 ns 

Link-through buffers 5 
(notes 7, 8 and Fig. 8) 

BU FEN LOW to output valid ts EA - - 100 ns 

Link-through delay time tLTD - - 85 ns 

Input data float prior to direction change t1FR 0 - - ns 

Output float after direction change to FR - - 60 ns 

Output float after BU FEN HIGH ts ED - - 60 ns 

Microprocessor READ from EU ROM 

(Fig. 9) 

R/W HIGH set-up to UDS fall tRUD 0 - - ns 

UDS LOW to returned-data access time tu DA - - 210 ns 

RE LOW to returned data access time tREA - - 210 ns 

Data valid to DTACK LOW delay tDTL -20 - - ns 

DTACK LOW to UDS rise tDLU 0 - - ns 

UDS HIGH to DTACK rise tDTR 0 - 50 ns 

UDS HIGH to address hold tDsA 0 - - ns 

UDS HIGH to data hold tDsH 10 - - ns 

UDS HIGH to RE rise ts RE 10 - - ns 

UDS HIGH to R/Wfall tu DR 0 - - ns 

UDS LOW to DTACK LOW tDsD 190 - 260 ns 

Address valid to UDS fall tAUL 0 - - ns 
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parameter symbol min. 

MEMORY ACCESS TIMING (continued) 

Microprocessor WRITE to EUROM (Fig. 10) 

Write cycle time (note 10) twcv 500 

R/W LOW set-up to DDS fall twuo 0 

RE LOW to UDS fall tRES 30 

Address valid to UDS fall tASS 30 

UDS LOW time tLUs 100 

Data valid to UDS rise toss 80 

UDS LOW to DTACK LOW toTA 0 

OT ACK LOW to UDS rise to LU 0 

UDS HIGH to DTACK rise toTR 0 

UDS HIGH to data hold tosH 0 

UDS HIGH to address hold tosA 0 

UDS HIGH to RE rise ts RE 10 

UDS HIGH to R/W rise tu ow 0 

F1 /6 to memory access cycle (Fig. 11) 

UDS HIGH to F6 (component of F1/6)rise tuF6 20 

F6 (component of F1/6) HIGH to UDS rise tF6U 40 

SYNCHRONIZATION and BLANKING 

TCS, SAND, FS/DDA 

See Fig. 12 for timing relationships 
and Fig. 13 for vertical sync and 
blanking waveforms. 

Notes to the characteristics 

1. Pin 30 must be biased externally as it is internally a.c. coupled. 
2. 16-level analogue voltage outputs. 
3. Output voltage guaranteed when programmed for top level. 
4. CLKO, R, G, B, F1/6, VOS: CL= 25 pF 

FS/DDA: CL= 50 pF 
5. CLKO, Fl/6, VOS, FS7DDA: reference levels= 0.8 to 2.0 V 

R, G, B: reference levels= 0,8 to 2,0 V with VREF = 2.7 V 

Product Specification 

SAA5350 

typ. max. unit 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 60 ns 

- - ns 

- 50 ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

6. These times may momentarily be reduced to a nominal 83 ns in slave-sync mode at the moment 
of re-synchronization. 

7. CL= 150 pF. 
8. Reference levels= 0.8 to 2.0 V. 
9. F6 input at 6 MHz. 
10. Microprocessor write cycle times of less than 500 ns are permitted but often result in Wait States 

being generated, the precise timing of DiACK will then depend on the internal synchronization 
time. 
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-1/fFe-

1 
V1 (p-p) 

l 
Fig. 3 F6 input waveform. 

SAA5350 

30 31 

F6 1Mfl OSCO 

(1) 

20pF D 20pF 

T 
l 

T 
7 ZB0580 

Vss 

(a) (b) 

( 1) Catalogue number of crystal: 4322 143 04101 

Fig. 4(a) Oscillator circuit for SAA5350 stand-alone sync mode and (b) equivalent circuit of crystal at 
resonance (see characteristics for values). 

R,G, or B analogue 
output 

-j -j 

7Z80581 

Fig. 5 Circuit arrangement giving one-of-sixteen reference voltage levels for the R, G or B analogue 
outputs. 
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CLKO 

R,G,B, 
VDs 

tooH ~ 

--~taos 

DO to D15 
A1 to A16 

I 
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Fig. 6 Video timing. 
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Fig. 7 Memory access timing. 
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DO to D7 

R/W 

A1/DO to 
A8/D7 

A9/D8 to 
A16/D15 

UDS 

R/W 

DTACK 

RE 

DATA 1 INPUT 

DATA 1 OUTPUT 

DATA2 
INPUT 

DATA2 
OUTPUT 

Fig. 8 Timing of link-through buffers. 

~ ADDRESS VALID 

1AUL 

~-
1REA 

tDsA 

DATA OUTPUT 

- 1DLU 

toTR 

1SRE 

Fig. 9 Timing of microprocessor read from EU ROM. 
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A1/DO to 
AB/07 ADDRESS VALID 

A9/D8 to DATA INPUT 
A16/D15 

toss 
UDS 

twuo tLUS 

R/W 

toLU 
toTA tuow 

RE 

Fig. 10 Timing of microprocessor write to EU ROM. 

) . . L~ ~., \ '"" ---
__ __. 7Z805B7 

F1/6 

Fig. 11 Timing of F1/6 to memory access cycle. 
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Signetics Linear Products 

Single-Chip Color CRT Controller (EU ROM) 

APPLICATION INFORMATION 

More detailed application information is available on request 

BASIC VIDEOTEX DECODER CONFIGURATION 

Product Specification 

SAA5350 

A basic, practical decoder configuration is shown in Fig. 14, reference should also be made to the 
block diagram Fig. 1. 

R 

G 

B 
sync 

EU ROM 
SAA5350 TELEPHONE LINE 

INTERFACE 

8051 

CONTROL LOGIC 1-------1----' 

7 Z95256 

Fig. 14 Basic videotex decoder configuration. 

Character and attribute data is fetched from the external memory, processed by the row buffer fill 
logic according to the stack coding scheme (in stack mode) and then fed into one half of the dual 
display row buffer. The data fetch process takes place during one line-flyback period (per row) and, 
since time is required to complete the fill, the other half of the dual row buffer is used for display. 
The row buffers exchange functions on alternate rows - each holds the 40 columns of 32 bits required 
to define explicitly every character in a row. 

The addresser is used for row buffer filling and for fetching screen colours, and during the display time 
it is also used for addressing D RCS characters. 

Timing 

The timing chain operates from an external 6 MHz clock or an on-chip fixed-frequency crystal 
oscillator. The basic video format is 40 characters per row, 24/25 rows per page and 10 video lines 
per row. EU ROM will also operate with 20/21 rows per page and 12 video lines per row. The two extra 
lines per row are added symmetrically and contain background colour only for ROM-based alpha­
numeric characters. DRCS characters, block and smooth mosaics and line drawing characters occupy 
all 12 lines. 

The display is generated to the normal 625-line/50 Hz scanning standard (interlaced or non-interlaced). 
In addition to composite sync (pin 32) for conventional timebases, a clock output at 1 MHz or 6 MHz 
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(pin 29) is available for driving other videotex devices, and a 12 MHz clock (pin 27) is available for 
hard-copy dot synchronization. A defined-display-area timing signal (pin 33) simplifies the application 
of external peripherals such as a light pen; this signal is nominally coincident with the character dot 
information. 

Character generation 

EU ROM supports eight character tables, each of (nominally) 128 characters. Four tables are in on-chip 
ROM and contain fixed characters and four are stored in an external RAM. The contents of the fixed 
character tables (Tables 0 to 3) are shown in Figs 15 and 16. 

September 1985 

Aa olP9P 
.IE~! lAQaq 
Ee"2BRbr 
uu23CScs 
caa4DTdt 
£e65EUeu 
iiijSFVfv 
<E6'7GWgw 
uu(BHXhx 
Eia)SIYiy 
~tD*:JZjz 
ceeQ;KJlka 
ii,iL010 
:Nn-oMtimti 
Aa.eNinB 
<;c;l?O#al 

(a) 

,,,, ""'" ,, .. 
C1 UL.A.OK 

,, ,,..,,..,,,,,, vv 

Nn.aaRruu 
ssccv)rE>d 
zzE:ei6ua 
ccG:9.I.1an 
&9izaaQ9 
:Hnt<:i~ &ii 1J 6 
ssi.icc1:.1 
ssljl}iat.1 
ww1J.J9Eeii 
99.fl.~aauu. 
Aa~~:Niif:y 
:Ee .:i. .t.R.ri 13 
iiy\lss'it 
oB!;)!;ioU.Dn 
OuT-tiizhi 

(b) 

Fig. 15 On-chip characters: (a) Table O; (b) Table 1. 
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5 

(a) (b) 

Fig. 16 On-chip characters: (a) Table 2; (b) Table 3. 
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The 128 most commonly used characters are contained in Table 0, these are the standard upper and 
lower-case letters of the Roman alphabet, numerals, punctuation and the more common accented 
characters. In normal text transmission, Table 0 is used most of the time. Tab.le 1 contains other 
accented characters. Miscellaneous characters, mathematical symbols, the line drawing character set 
and accents without associated symbols are contained in Table 2. Table 3 contains the block mosaics 
for the basic alpha-mosaic service and also the new smooth mosaics. 

The four tables stored in the external RAM (Tables 4 to 7) are used for DRCS. 

Scroll map 

The scroll map uses a 26-byte area of on-chip RAM and functions in association with the timing chain. 
It maps the scan row on to the fetched memory row so allowing the stored page to be displayed in any 
row order. For each row, a 1-byte pointer to the display memory row is stored in the scroll map. This 
allows scrolling without the need for data transfer to, or from, side storage. 
Additional control bits are stored, allowing 1 to 25 rows to be displayed at any location on the screen. 

Colour map and digital-to-analogue converters 

The colour map RAM contains thirty-two 12-bit words that are loaded by the microprocessor and read 
out in three 4-bit groups at pixel rate. Each group is fed to a non-linear (gamma-corrected) D-A con­
verter. The resulting R, G and B outputs are low-impedance with peak-to-peak amplitudes controlled 
by the reference voltage applied at pin 21. 

Cursor 

The cursor is available in the stack mode. Its position, character code, character table, foreground 
colour, background colour, lining and flash attributes are all software programmable via internal 
register bits. 

NON-VIDEOTEX APPLICATIONS 

For non-Videotex applications, the device will also support the following operating modes: 

Explicit fill mode. An alternative 40 character/rows mode which does not use the memory compression 
technique of stack coding. More display memory is required but there are no limitations on the number 
of display attribute changes per row. 

80 characters/rows mode. When operating with 80 characters per row, the available display attributes 
are eight foreground colours, eight (potentially different) background colours (including transparent) as 
well as underline and blink. 

Full field DRCS mode. This mode is not mutually exclusive to the explicit fill and 80 characters/rows 
modes but rather the available DRCS memory is expanded so that the whole screen can be covered, 
thus enabling a 'bit map'. All ROM-based characters and all display attributes remain available. 

MICROPROCESSOR and RAM BUS INTERFACE 

Three types of data transfer take place at the bus interface: 

• EU ROM fetches data from the display memory 

• The microprocessor reads from, or writes to, EUR OM 's internal register map 

• The microprocessor accesses the display memory 
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EU ROM access to display memory (Figs 17 and 18) 

EU ROM accesses the external display memory via a 16-bit multiplexed address and data bus with a cycle 
time of 500 ns. The address strobe (AS) signal from EU ROM flags the bus cycle and writes the address 
into octal latches (74LS373). The display data is stored in bytes of upper (most-significant) and lower 
(least-significant) display information and is always fetched in pairs of bytes (upper+ lower= 16 bits). 
The upper and lower display RAM sections are enabled simultaneously by the upper and lower data 
strobes (respectively UDS and DJS) which are always asserted together to fetch a 16-bit word. The 
read/write control R/W is included although EU ROM only reads from the display memory. 

EU ROM 
SAA5350 

A16to A9 
015 to DB 

AB to A1 
07 to DO 

UDS R/W LOS 

B B 

RAM RAM 

DISPLAY MEMORY 

(1) 74LS373 octal transparent latch (3-state) 

B 

B 

R 
G 
B 
TCS 

373 

A16toA9 

AB to A1 

(1) (1) 

373 

7Z95258 

Fig. 17 Simple RAM interface circuit for display memory access. 

AS I I 

\ I J, 
I I 

D15to DO ADDRESS DATA IN 
A16 to A1 OUT 

"1" 

R/W I 
I 

UDS,LDS \ t 
7Z95257 

Fig. 18 Bus timing for display memory access. 
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The display memory organization uses the word/byte addressing convention adopted for the SCN68000 
microprocessor series. Data fetched on the 16-bit bus is considered in terms of bytes where the even 
numbered bytes use the upper (most-significant) part of the bus as shown in Fig. 19. The word addresses 
are numerically the same as the upper byte that they contain - there are no odd-numbered word 
addresses. 

D15 to DB D7 to DO 

WORDO 
BYTEO I BYTE 1 

I 

WORD2 
BYTE 2 I 

l 
BVTE3 

WORD4 
BYTE4 I BYTES I 

I 

l 
: -

WORD 1FFFE 
BYTE 1 FFFE : BYTE 1 FFFF 

J_ 

7Z95251 

Fig. 19 Display memory word/byte organization. 

Warning time 

As EU ROM is a real-time display device, it must have direct access to the display memory with 
priority over the microprocessor and other peripheral devices. This is achieved by EU ROM issuing a bus 
request (BR) signal for the duration of the memory access plus a programmable advance warning time 
which allows the microprocessor to complete its current bus cycle. 

In systems where the buses of the microprocessor and EU ROM are intimately connected (connected 
systems), BFf may be used to suspend all microprocessor activity so that EU ROM can act as a dedicated 
DMA controller. In systems where the two buses are separated by buffers (disconnected systems), BR 
may be used either to generate an interrupt or as a direct signal. To these ends, the warning time 
between the assertion of BR and the beginning of EUROM's bus activity is programmable to be between 
0 and 23 µs. 
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Microprocessor access to register map 

EU ROM has a set of internal registers which, when memory-mapped, behave as an 8-bit wide RAM 
connected to the upper part of the data bus (Fig. 20). The control signals UDS and R/W are reversed 
to become inputs and the register map is enabled by the signal RE . Addresses are input via the lower 
part of the bus. A data transfer acknowledge signal (OT ACK) indicates to the microprocessor that the 
data transfer is complete. 

EU ROM 
SAA5350 

.------11-------1 REGISTER ----­
MAP 

8 6 

UDS A16 to A9 
D15 to DB 

R/W A6toA1 DTACK 
D5 to DO 

7Z95252 

Fig. 20 Microprocessor access to register map. 

The main data and address paths used in a connected 68000 interface are shown in Fig. 21. The outputs 
from the octal latches (74LS373) are enabled only when the 68000 has made the bus available in 
response to a bus request (BR). When the register map is accessed data is transferred via the upper part 
of the bus and the microprocessor's low-order address is passed to EU ROM via the octal buffers 
(74LS244). At the same time the bidirectional buffers (74LS245) disable the signals from the low order 
data bus of the 68000. 

The buffers '244 and '245 may be omitted in a 16-bit write-only configuration where the least-significant 
data byte is interpreted by EU ROM as an address. Here it will generally be necessary for the micro­
processor to hold a (readable) 'master copy' of EUROM's scroll map contents at a location in its main 
memory. 

8-bit microprocessors 

Although the control bus is optimised for the SCN68000 16-bit microprocessor unit, EU ROM will 
operate with a number of widely differing industry-standard 8, 16 or more-bit microprocessors or 
microcontrollers (e.g. SCN68008, MAB8051 ). The interfacing of 8-bit microprocessors to the 16-bit 
wide display memory is made simple by EUROM's on-chip link-through buffer which provides the 
microprocessor with bidirectional access to the lower (odd) half of the memory. The link-through 
buffer is enabled by the buffer-enable signal i3LTF"Dii, and the send/receive direction is controlled by the 
signal S/R. 

The main data and address paths used in a connected 8-bit microprocessor system are shown in Fig. 22. 
The interface is similar to that of the 16-bit system but here the display memory does not receive AO 
as an address, rather AO is used as the major enabling signal for BUF"EN (enables when HIGH). 
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BR 015 to 08 R/W 07to00 A23toA17 

68000 

(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 74LS245 octal bus transceiver (3-state) 
(4) SCN68000 microprocessor unit 

A16 to A9 

Le" 

iiUsAcK 

Fig. 21 Connected 16-bit microprocessor system. 
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Fig. 22 Connected 8-bit microprocessor system. 
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Disconnected systems 

For many applications it may be desirable to disconnect EU ROM and the display memory from the 
microprocessor and its ROM, RAM and other peripherals by using isolating buffers as shown in Fig. 23. 
The two parts of the system then operate independently and communicate only when the micro­
processor accesses EUROM's register map or the display memory. 
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245 

REGISTER 
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DISPLAY 
MEMORY 

address 

LINK 
THROUGH 
BUFFER 

EU ROM 
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LOWER 
(ODD) 

DISPLAY 
MEMORY 

data bus 

address bus 

( 1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 75LS245 octal bus transceiver (3-state) 

R 

G 

B 

TCS 

As 

A16toA1 

(1) 

373 t---+---1 

12) 
244 

Fig. 23 Disconnected 8-bit system. 
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As a stand-alone device (e.g. in terminal applications) EU ROM can output a composite sync signal (TCS) 
to the display timebase IC or to a monitor. Timing is obtained from a 6 MHz on-chip oscillator using an 
external crystal as shown in Fig. 24. 

Simple-slave 

F6 

+ 

VCS/OSCO 

EUR OM 
SAA5350 

7 295254 

R,G,B 

TCS 
to timebase 

Fig. 24 Stand-alone synchronization mode. 

In the simple-slave mode EU ROM synchronizes directly to another device, such as to the TCS signal 
from the SAA5240 European computer-controlled teletext circuit (CCT) or from another EU ROM as 
shown in Fig. 25. EU ROM's horizontal counter is reset by the falling edge of TCS. A dead time of 250 ns 
is built in to avoid resetting the counter at every tv line and so prevents screen jitter. 
Field synchronization is made using EUROM's internal field sync separator. 

6MHz 

F6 F6 

TCS i------+----<TCS EUROM R,G,B 

SAA5240 SAA5350 

TCS 7295255 

to timebase 

Fig. 25 Simple-slave (direct sync) mode. 
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Phase-locked slave 

The phase-locked slave (indirect sync) mode is shown in Fig. 26. A phase-locked VCO in the SAA5230 
teletext video processor provides sync to the timebases. When EU ROM is active, its horizontal counter 
forms part of the phase control loop - a horizontal reference is fed back to the SAA5230 from the 
SAND output and a vertical reference is generated by feeding separated composite sync to EUROM's 
field sync separator via the VCS input. In the phase-locked slave mode, the display derived from EU ROM 
can sync with that from a tv source or a local VLP player, thus giving picture-in-text display possiblities. 

September 1985 

broadcast 
video 

(baseband) 

SAA5230 

sync 
to timebase 

.,__F_6 ______ __, F6 

,.__S_A_ND--<t-----iSAND 

t--V-C-S --1>-----i VCS 

t-----<11-----1 TCS 
TCS 

EU ROM 
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Fig. 26 Phase-locked slave (indirect sync) mode. 
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SOLDERING 

1. By hand 

Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 oc it must not be in contact for more than 10 seconds; if between 
300 oc and 400 oc, for not more than 5 seconds. 

2. By dip or wave 

The maximum permissible temperature of the solder is 260 oc; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis­
sible limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in ( 1) above. 
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GENERAL DESCRIPTION 

The PCF8573 is a low threshold, monolithic CMOS circuit that functions as a real time clock/calendar 
in the Inter IC (12C) bus-oriented microcomputer systems. The device includes an addressable time 
counter and an addressable alarm register, both for minutes, hours, days and months. Three special 
control/status flags, COMP, POWF and NODA, are also available. Information is transferred serially via 
a two line bidirectional bus (12C). Back-up for the clock during supply interruptions is provided by a 
1,2 V nickel cadmium battery. The time base is generated from a 32,768 kHz crystal-controlled 
oscillator. 

Features 
• Serial input/output bus (1 2C) interface for minutes, hours, days and months 
• Additional pulse outputs for seconds and minutes 
• Alarm register for presetting a time for alarm or remote switching functions 
• Battery back-up for clock function during supply interruption 
• Crystal oscillator control (32,768 kHz) 

QUICK REFERENCE DATA 

Supply voltage range (clock) 

Supply voltage range (12C interface) 

Crystal oscillator frequency 

PACKAGE OUTLINES 

PCF8573P: 16-lead OIL; plastic (SOT-38). 
PCF8573T: 16-lead mini-pack; plastic (S0-16L;SOT-162A). 
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B LEVEL SHIFTER PCF8573 
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Fig. 1 Block diagram. 
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PCF8573P 
PCF8573T 

OSCO 
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TEST 

Fig. 2 Pinning diagram. 

PINNING 

1 AO 
2 A1 
3 COMP 
4 SDA 
5 SCL 
6 EXTPF 
7 PFIN 
8 Vss2 
9 MIN 
10 SEC 
11 FSET 
12 TEST 

13 OSCI 
14 OSCO 
15 Vss1 
16 Voo 
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address input 
address input 
comparator output 
serial data line I 12c bus 
serial clock line I 
enable power fail flag input 
power fail flag input 
negative supply 2 (12C interface) 
one pulse per minute output 
one pulse per second output 
oscillator tuning output 
test input; must be connected 
to Vss2 when not in use 
oscillator input 
oscillator input/output 
negative supply 1 (clock) 
common positive supply 
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The PCF8573 has an integrated crystal-controlled oscillator which provides the timebase for the 
prescaler. The frequency is determined by a single 32,768 kHz crystal connected between OSCI and 
OSCO. A trimmer is connected between OSCI and VDD· 

Prescaler and time counter 

The prescaler provides a 128 Hz signal at the FSET output for fine adjustment of the crystal oscillator 
without loading it. The prescaler also generates a pulse once a second to advance the seconds counter. 
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively, 
and are also readable via the 12C bus. The mark-to-space ratio of both signals is 1 : 1. The time counter 
is advanced one count by the falling edge of output signal MIN. A transition from HIGH to LOW of 
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and 
months, and provides a full calendar function which needs to be corrected once every four years. Cycle 
lengths are shown in Table 1. 

Table 1 Cycle length of the time counter 

unit number counting carry for content of 
of bits cycle following month 

unit counter 

minutes 7 OOto 59 59-00 
hours 6 00 to 23 23-00 
days 6 01to28 28-01 } 2 (see note) 

or29-01 
01to30 30-01 4, 6, 9, 11 
01 to 31 31-01 1, 3, 5, 7, 8, 10, 12 

months 5 01 to 12 12-01 

Note: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS. 

Alarm register 

The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag 
COMP. Details of writing and reading of the alarm register are included in the description of the 
characteristics of the 12C bus. 

Comparator 

The comparator compares the contents of the alarm register and the time counter, each with a length 
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN. 
This set condition occurs once at the beginning of each minute. This information is latched, but can be 
cleared by an instruction via the 12C bus. A clear instruction may be transmitted immediately after the 
flag is set and will be executed. Flag COMP information is also available at the output COMP. The 
comparison may be based upon hours and minutes only if the internal flag NODA (no date) is set. 
Flag NODA can be set and cleared by separate instructions via the 12C bus, but it is undefined until 
the first set or clear instruction has been received. Both COMP and NODA flags are readable via the 
12c bus. 
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Power on/power fail detection 
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If the voltage VDD-Vss1 falls below a certain value the operation of the clock becomes undefinecj. 
Thus a warning signal is required to indicate that faultless operation of the clock is not guarant!led. 
This information is latched in a flag called POWF (Power Fail) and remains latched after res~fation 
of the correct supply voltage until a write procedure with EXECUTE ADDRESS has beep received. 
The flag POWF can be set by an internally generated power fail level-discriminator Si!1Jlill for application 
with (VDD-Vss1) greater than VTH1· or by an externally generated power fail signal for application 
with (VDD-Vss1) less than VTH 1 ·The external signal must be applied to the input PFIN. The input 
stage operates with signals of any slow rise and fall times. Internally or externally controlled POWF 
can be selected by input EXTPF as shown in Table 2. 

Table 2 Power fail selection 

EXTPF PFIN function 

0 0 power fail is sensed internally 
0 1 test mode 
1 0 power fail is sensed externally 
1 1 no power fail sensed 

0 : connected to Vss1 (LOW) 
1 : connected to VDD (HIGH) 

The external power fail control operates by absence of the VDD-Vss2 supply. Thlirefore the input 
levels applied to PFIN and EXTPF must be within the range of VDD-VSS1· A LOW level at PFIN 
indicates a power fail. POWF is readable via the 12C bus. A power on reset for the 12C bus control is 
generated on-chip when the supply voltage VDD-Vss2 is less than VTH2· 

Interface level shifters 

The level shifters adjust the 5 V operating voltage (VDD-Vss2l of the microcontroller to the internal 
supply voltage (VoD-Vs51) of the clock/calendar. The oscillator and counter are not influenced by 
the VDD-Vss2 supply voltage. If the voltage VDD-Vss2 is absent (Vss2 = VDDl the output signal 
of the level shifter is HIGH because VDD is the common node of the VDD-Vss2 and the VDD-Vss1 
supplies. Because the level shifters invert the input signal, the internal circuit behaves as if a LOW signal 
is present on the inputs. FSET, SEC, MIN and COMP are CMOS push-pull output stages. The driving 
capability of these outputs is lost when the supply voltage VDD-Vss2 = 0. 
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CHARACTERISTICS OF THE 12C BUS 

The 12 C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer (see Fig. 3) 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

data line 
stable: 

data valid 

I 
1 change 
I of data 
I allowed 

Fig. 3 Bit transfer. 

Start and stop conditions (see Fig. 4) 

7Z87019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r---, ;---, 
SDA --J\ I I 

I r=== I SDA I I 
I 

I I I 
I I 

\ r--\ I 
I 

SCL I I I SCL 
I s I I p 
I I I 
t,. ___ .J L---.J 

start condition stop condition 
7Z87005 

Fig. 4 Definition of start and stop conditions. 

System configuration (see Fig. 5) 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the me$58ge is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~---.o--~~~~~---~~~~~~-.-~~~~~~...-~~~~~--1>--

SCL ~--~~--1~~__,,__~~-+-~~-...~~~-+-~~....-~~~r-~~.--~~--t~ 

MASTER 
TRANSMITTER/ 

RECEIVER 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 5 System configuration. 
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CHARACTERISTICS OF THE 12C bus (continued) 
Acknowledge (see Fig. 6) 

PCF8573 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generatesan extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. (See Fig. 13 and Fig. 14.) 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

Timing specifications 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

~ 
__ ___;;:\__je\_ 

l'--.._/ ____,X~-)(~~)( I 
s 

--~ 

Fig. 6 Acknowledgement on the 12C bus. 
7Z87007 

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined; The PCF8573 
operates in both modes and the timing requirements are as follows: 

High-speed mode 
Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 7. 

SDA 

SCL 

SDA 

7Z87013.1 
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tsu;STA. 

Fig. 7 Timing of the high-speed mode. 
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Where: 

tsuF t;;;;. tLOWmin The minimum time the bus must be free before a new 
transmission can start 

tHD; STA t;;;;. tH IGHmin Start condition hold time 

tLOWmin 4,7 µs Clock LOW period 

tHIGHmin 4 µs Clock HIGH period 

tsu;STA 

tHD; DAT 

t;;;;. tLOWmin 
t;;.Oµs 

Start condition set-up time, only valid for repeated start code 

Data hold time 

tsu; DAT 

tR 

tF 

tsu; STO 

Note 

t;;;;. 250 ns 

t.;;; 1 µs 

t.;;; 300 ns 

t;;;;. tLOWmin 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the values refer to Vi Hand Vi L levels with a voltage swing of VDD to Vss2· 

'---' '------' ...._____, '--------' L---.J 1.--.J '------! L----1 

START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK 
CONDITION CONDITION 

Fig. 8 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 1 : 1 (LOW-to-HIGH) 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

unrestricted 

allowed by generation of STOP condition 

must be provided by the master 

5-603 

STOP 
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CHARACTERISTICS OF THE 12C BUS (continued) 

Low-speed mode 

Product Specification 

PCF8573 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 366 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 

SDA 

SCL 

SDA 

7Z87015.1 

Where: 

teuF 

tHD; STA 

tLQW 

tHIGH 

tsu;STA 

tHD;DAT 

tsu; DAT 

tR 

tF 

tsu;STO 

Note 

-teuF- - tLDW - tF- -

- tHD;STA - -+ 1---- tHIGH ---+i 
tR 

1SU;STA -

Fig. 9 Timing of the low-speed mode. 

t;;;;. 105 µs ltLOWminl 

t;;;;. 365 µs (tHIGHminl 

130 µs ± 25 µs 

390 µs ± 25 µs 

130 µs ± 25 µs* 

t ;;;;.oµs 

t;;;;. 250 ns 

t .s;;; 1 µs 

t.s;;;300ns 

130 µs ± 25 µs 

tsu;OAT 

All the values refer to V1H and V1L levels with a voltage swing of VDD to Vss2. for definitions see 
high-speed mode. 

* Only valid for repeated start code. 
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SDA \ ___ _) '~~c-~~~~ R/W x ' r 
SCL~--- ---\__j\J\_/ 

'--' ~---------~~-~ 
START START BYTE DUMMY REPEATED ADDRESS 

CONDITION ACKNOWLEDGE START 
CONDITION 

Fig. 10 Complete data transfer in the low-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 µs ± 25 µs 

390 µs ± 25 µs 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

'--' 
ACKNOWLEDGE STOP 

CONDITION 

7Z87016 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: I Cs for digital systems in radio, audio and video equipment. 
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ADDRESSING 

Before any data is transmitted on the l2C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 

Slave address 

The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only 
an input signal, but the data signal SDA is a bidirectional line. The clock calendar slave address is shown 
in Fig. 11. 

MSB LSB 

7286686 

Fig. 11 Slave address. 

The subaddress bits AO and A 1 correspond to the two hardware address pins AO and A 1 which allows 
the device to have 1 of 4 different addresses. 

Clock/calendar READ/WRITE cycles 

The 12C bus configuration for different clock/calendar READ and WRITE cycles is shown in Fig. 12 
and Fig. 13. 

s 

acknowledge 
from slave 

R/W+ 

CLOCK/CALENDAR 0 A MODE POINTER ADDRESS 

! 

acknowledge acknowledge 
from slave from slave 

+ MSB LSB + 

A DATA A p 

~-~.~~; .. ~ 
7Z86687 

auto increment 
of 81, BO 

Fig. 12 Master transmitter transmits to clock/calendar slave receiver. 

The write cycle is used to set the time counter, the a,larm register and the flags; The transmission of the 
clock/calendar address is followed by the MODE-POINTER-WORD which contains a CONTROL-nibble 
(Table 3) and an ADDRESS-nibble (Table 4). The ADDRESS-nibble is valid only if the preceding 
CONTROL-nibble is set to EXECUTE ADDRESS. The third transmitted word contains the data to be 
written into the time counter or alarm register. 
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Table 3 CONTROL-nibble 

C2 C1 co function 

0 0 0 0 execute address 
0 0 0 1 read control/status flags 
0 0 1 0 reset prescaler, including seconds counter; without carry for minute counter 
0 0 1 1 time adjust, with carry for minute counter (see note) 
0 1 0 0 reset NODA flag 
0 1 0 1 set NODA flag 
0 1 1 0 reset COMP flag 

Note 

If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. -30 s. 
From the count 30 there is a carry which adjusts the time by max. + 30 s. 

Table 4 ADDRESS-nibble 

B2 B1 BO addressed to: 

0 0 0 0 time counter hours 
0 0 0 1 time counter minutes 
0 0 1 0 time counter days 
0 0 1 1 time counter months 
0 1 0 0 alarm register hours 
0 1 0 1 alarm register minutes 
0 1 1 0 alarm register days 
0 1 1 1 alarm register months 

At the end of each data word the address bits B1, BO will be incremented automatically provided the 
preceding CONTROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2. 

Table 5 shows the placement of the BCD upper and lower digits in the DAT A byte for writing into the 
addressed part of the time counter and alarm register respectively. 

Table 5 Placement of BCD digits in the DAT A byte 

MSB DATA LSB 

upper digit lower digit 

UD UC UB UA LD LC LB LA addressed to: 

x x D D D D D D hours 
x D D D D D D D minutes 
x x D D D D D D days 
x x x D D D D D months 

Where "X" is the don't care bit and "D" is the data bit. 

Acknowledgement response of the clock calendar as slave receiver is shown in Table 6. 
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i 

acknowliidge 
from slave 

R/Wt 

s I CLOCK/CALENDAR 
ADDRESS 0 A MODE POINTER 

acknowledge acknowledge 
from slave from slave 

+ R/W +MSB 

A s CLOCK/CALENDAR 1 A ADDRESS 

acknowledge 
from master 

LSB t MSB 

DATA A DATA 

111 
no acknowledge 

LSB t 
11 p 

atthis'."omentmaster }Jt{n-l)bytes_:+---:thbyte _l 
transmitter becomes 
master receiver and 
CLOCK/CALENDAR 
becomes slave transmitter auto increment auto increment 

of Bl, BO of Bl, BO 7Z86890.1 

(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been 
clocked out of the slave. 

Fig. 13 Master transmitter reads clock/calendar after setting mode pointer. 

To read the addressed part of the time counter and alarm register, plus information from specified control/status flags, the BCD digits in 
the DATA byte are organized as shown in Table 7. · 

acknowledge acknowledge 
from slave from master I I I 

R/W t MSB LSB t 
.-----·,-- '--,- ·-r-- .-----. 

$ CLOCK/CALENDAR 1 A DATA 
ADDRESS 

Lt-- n bytes -1 

auto increment 
of Bl, BO 7Z86689 

(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been 
clocked out of the slave. 

Fig. 14 Master reads clock/calendar immediately after first byte. 

The status of the MODE-POINTER-WORD concerning the CONTROL-nibble remains unchanged until a write to MODE POINTER 
condition occurs. 

0 
8 ,.... -g 
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ADDRESSING (continued) 

Table 6 Slave receiver acknowledgement 

acknowledge on byte 

mode pointer address mode pointer data 

C2 C1 co B2 B1 BO 

0 0 0 0 0 x x x yes yes 
0 0 0 0 1 x x x yes no 
0 0 0 1 x x x x yes yes 
0 0 1 0 x x x x yes yes 
0 0 1 1 x x x x yes yes 
0 1 0 0 x x x x yes yes 
0 1 0 1 x x x x yes yes 
0 1 1 0 x x x x yes yes 
0 1 1 1 x x x x yes no 
1 x x x x x x x yes no 

Where "X" is the don't care bit. 

Table 7 Organization of the BCD digits in the DATA byte 

MSB DATA 

upper digit 

UD UC UB UA LD 

0 0 D D D 
0 D D D D 
0 0 D D D 
0 0 0 D D 

0 0 0 * ** 

Where: "D" is the data bit. 
* =minutes. 
* * = seconds. 

LSB 

lower digit 

LC LB LA 

D D D 
D D D 
D D D 
D D D 

NODA COMP POWF 

5-609 

yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 

addressed to 

hours 
minutes 
days 
months 

control/status flags 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage ranges Voo-Vss1 

Voltage on pins 4 and 5 

Voltage on pins 6, 7, 13 and 14 

Voltage on any other pin 

Input current 

Output current 

Power dissipation per output 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

HANDLING 

Voo-Vss2 

11 

lo 

Po 

Ptot 

Tamb 

T stg 

-0,3to +8 V 

-0,3to +8 V 

Vss2-0,8 to v00 + 0,8 V* 

Vss1-0,6 to Voo + o,6 v 
Vss2-0,6 to Voo + o,6 v 
max. 10 mA 

max. 10 mA 

max. 100 mW 

max. 200 mW 

-40 to+ 85 oc 

-55to+125 oc 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 

* Impedance min. 500 n. 
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CHARACTERISTICS 

Vss2 = 0 V; Tamb = -40 to+ 85 °c unless otherwise specified. Typical values at Tamb = + 25 oc 

parameter symbol min. typ. max. unit 

Supply 

Supply voltage (1 2C interface) Voo-Vss2 2,5 5 6,0 v 
Supply voltage (clock I Voo-Vss1 1, 1 1,5 !Voo-Vss2l v 
Supply current Vss1 

at Voo-Vss1=1,5 V -1ss1 - 3 10 µA 
at Voo-Vss1 = 5 V -lss1 - 12 50 µA 

Supply current Vss2 
at Voo-Vss2 = 5 V 
!lo= 0 mA on all outputs) -1ss2 - - 50 µA 5 

lnputsSCL,SDA,AO,A1, TEST 

Input voltage HIGH V1H 0.7 x v00 - - v 
Input voltage LOW VIL - - o,3 x v00 v 
Input leakage current 

at V1 = Vss2 to Voo ± 11 - - 1 µA 

Inputs EXTPF, PFIN 

Input voltage HIGH V1H-Vss1 o,7 x !Voo-Vss1l - - v 
Input voltage LOW V1L-Vss1 0 - o,3 x !Voo-Vss1 l v 
Input leakage current 

at v1 = Vss1 to Voo ± 11 - - 1 µA 
at Tamb = 25 oc; 
v1 = Vss1 to Voo ± 11 - - 0, 1 µA 

Outputs SEC, MIN, COMP, FSET 
(normal buffer outputs) 

Output voltage HIGH 
at Voo-Vss2 = 2,5 V; 
-lo= 0,1 mA VoH Voo-0.4 - - v 
at Voo-Vss2 = 4 to 6 V; 
-lo= 0,5 mA VoH Voo-0.4 - - v 

Output voltage LOW 
at Voo-Vss2 = 2,5 V; 
lo= 0,3 mA Vol - - 0,4 v 
at Voo-Vss2 = 4 to 6 V; 
lo= 1,6 mA Vol - - 0,4 v 
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CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

OutputSDA 
(N-channel open drain) 

Output "ON": lo= 3 mA 
at Voo-Vss2 = 2,5 to 6 V Vol - - 0,4 v 

Output "OFF" (leakage current) 
at Voo-Vss2 = 6 V; Vo= 6 V lo - - 1 µA 

Internal threshold voltage 

Power failure detection VTH1 1 1,2 1.4 v 
Power "ON" reset 

at VscL = VsoA =Yoo VTH2 1,5 2,0 2,5 v 

Rise and fall times of input signals 

Input EXTPF tr, tf - - 1 µs 

Input PFIN tr, tf - - 00 µs 

Input signals except EXTPF and PF IN 
between VIL and VI H levels 
rise time tr - - 1 µs 

fall time tf - - 0,3 µs 

Frequency at SCL 

at Yoo-Vss2 = 4 to 6 V 

Pulse width LOW (see Figs 7 and 9) tLOw 4,7 - - µs 

Pulse width HIGH (see Figs 7 and 9) tHIGH 4 - - µs 

Noise suppression time constant 
at SCL and SOA input T1 0,25 1 2,5 µs 

Input capacitance (SCL, SDA) C1 - - 7 pF 

Oscillator 

Integrated oscillator capacitance Cout - 40 - pF 

Osei I lator feedback resistance Rf - 3 - Mn 

Oscillator stability for: 
~(Voo-Vss1) = 100 mV 
at Voo-Vss1=1,55 V; ' 

Tamb = 25 oc f/fosc - 2 x 10-s - -
Quartz crystal parameters 

Frequency= 32,768 kHz 

Series resistance Rs - - 40 kn 

Parallel capacitance CL - 9 - pF 

Trimmer capacitance CT 5 - 25 pF 
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Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined 
by Philips. 

APPLICATION INFORMATION 

R1 

'---y----' 
detection circuit 
with very high 

impedance 

R: pull- up resistor R A 

vDD 

PCD8571 

t---+---1 SDA MASTER DEVICE 

128 x 8 BIT STATIC CMOS RAM 

Vss 

EXTPF 

PFIN 

AO 

32,768 kHz 

VDD OSCO OSCI 

PCF8573 

SDA t---+--i 

SCL t---+--+---i 
Vss1 

1,2V 
(NiCa) 

Reh : resistor for 

permanent charging 

+ 

SCL MICROCONTROLLER 

z 
w _, 
Q 

PCE2111 

64 LCD 

SEGMENT DRIVER 

8 DIGIT LCD 

7286688.2 

Fig. 15 Application example of the PCF8573 clock/calendar. 
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R R 

0---+~~~~~~~~-.---+~~~~~~~~-+-~1--~-- SDA 
t--+~+-~~~~~~....--+~-t-~~~~~~-.-~t---+-~--+ SCL 

SCL SDA Voo 

MASTER 

MICRO­

CONTROLLER 

Vss 

SCL SDA Voo 
AO 

A1 OSCI 
PCF8573 

TEST 

PFIN 
OSCO 

EXTPF 
Vss2 Vss1 

SCL SDA Voo 

PCDB571 

Vss 

, 7Z87946 

Fig. 16 Application example of the PCF8573 with common Vss1 and Vss2 supply. 
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Clock/Timer 

32768 Hz 

OSCO 
14 

OSCILLATOR 

50Hz 
INTERFACE 

CONTROL 

CBUS 
INPUT /OUTPUT 

REGISTER 

FSET 

PRESCALER 

1 : 215 

SECONDS 
COUNTER 

1: 60 

MIN SEC 

9 10 

LS 

TIME COUNTER 

MINUTES - HOURS - fiNe :: MONTH 

COMPARATOR 

TIME REGISTER 

Product Specification 

SAF3019P 

vDD "'1"""5----. 

POWER-ON 

RESET 

LS 

3 

12 

Va= 
1.5 v 

POWF 

NODA 

COMP 

TEST 

SAF3019 

4 5 7Z84545.4 
DATA OLEN 

Fig. 1 Block diagram. 

Features 
• serial bidirectional CBUS interface for input/output of minutes, hours, day and month 
• additional pulse outputs for seconds and minutes 
• time register for presetting a time for alarm or remote switching functions 
• battery back-up for clock function during supply interruption 
• controlled either by the 50 Hz mains frequency or a crystal oscillator (automatic switch) 

QUICK REFERENCE DATA 

Supply voltage 

Battery supply voltage range 

Crystal oscillator frequency 

Alternative input frequency (pin 2) 

Operating ambient temperature range 

PACKAGE OUTLINE 

16-lead OIL; plastic (SOT-380,DE). 

Tamb = -40 to+ 85 oc 
T amb = 0 to + 70 oc 

5-615 

Voo 
V9 
V9 
fosc 

fF50 

Tamb 

typ. 5 v 
1.5 to 2.6 V 
1.3 to 2.6 V 

typ. 32.768 Hz 

typ. 50 Hz 

-40 to+ 85 oc 
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GENERAL DESCRIPTION 

The SAF3019 is a C-MOS integrated circuit comprising a digital clock for minutes, hours, day and 
month, as well as an additional register for resetting minutes, hours, day and month. The time counter 
provides cycles of 28, 30 or 31 days automatically, depending on the length of the month. 

The time reference is the 50 Hz mains frequency or a 32.768 Hz on-chip reference oscillator with an 
external crystal. If the 50 Hz mains frequency is interrupted, the circuit is automatically switched to 
crystal oscillator operation. 

The circuit can be controlled by a microcomputer. The data transmission (e.g. TIME SET and TIME 
READ of the time counter and time register) is achieved via the CBUS. A microcomputer then controls 
the data processing and the display unit drive. 

The circuit uses a 5 V supply for data transmission. If this 5 V supply is interrupted, the clock function 
is maintained by a 1.5 V battery. The clock can then continue to function for an extended period, 
because the battery load current is only a few µA. 

OPERATION DESCRIPTION 

Oscillator and prescaler (outputs OSCO, FSET; inputs OSCI, F50) 

The 32.768 Hz reference oscillator is achieved by connecting a quartz crystal between the output OSCO 
and the input OSCI (see also Fig. 7). The oscillator frequency of 32.768 Hz is divided by 256, and again 
by 128, in a prescaler. This results in a pulse once every second which controls the time counter. The 
divided-by-256 oscillator frequency ( 128 Hz) is available at FSET, which is used for fine-adjustment 
of the oscillator without loading it. 

The circuit can also be operated by applying the 50 Hz mains frequency to input F50. This signal is 
divided-by-50 to obtain a pulse every second to drive the time counter. Input F50 has a Schmitt trigger 
characteristic which allows slowly rising pulses at this input. 

If the mains frequency is interrupted, automatic quartz crystal operation is obtained (see Fig. 8). When 
the 50 Hz operation is not used, input F50 should be connected to ground (Vss2l. 

Time counter (outputs SEC, MIN) 

The one-second pulses are counted by a (no direct TIME READ) seconds counter and, after 60 seconds, 
they are transferred to successive counters for minutes, hours, day and month. This counter can be 
TIME SET and TIME READ by a microcomputer via the CBUS interface. The cycle length for the 
time counter is given in Table 1. 

The seconds and minutes pulses are avilable at output SEC and MIN respectively, with a pulse ratio of 
0.5. 

The input/output DATA is set LOW at each transfer of seconds to the minutes counter (i.e. each 
minute). as long as the CBUS is not occupied by a OLEN= HIGH transmission. 

DATA will be set HIGH again by a TIME ADDRESS/TIME READ or TIME SET instruction. 
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Table 1 Cycle lengths of time counter 

unit counting carry for content of 
cycle following unit month counter 

minutes 00 .......... 59 59 - 00 1 ........ 12 

hours 00 .......... 23 23 - 00 1 ........ 12 

days 01 .......... 28 28 - 01 2 
or 29 - 01* 2 

01 .......... 30 30 - 01 4, 6, 9, 11 

01 .......... 31 31 - 01 1, 3, 5, 7, 8, 10, 12 

months 01 .......... 12 12 - 01 

*The day counter may be set to 29.2. by a TIME SET instruction (for a leap year). then the month 
transfer occurs at 1.3. 

Comparator (output COMP; input NODA) 

The time register for a preset switching time (alarm or remote switching) is a 24-bit memory, which can 
also be set and read-out via the CBUS interface. If both the times of the time counter and the time 
register are equal, the output COMP becomes HIGH for one minute. 

It is possible to choose a comparison between time counter and the time register either based upon 
minutes, hours, day and month (i.e. clock time and date) or minutes and hours (i.e. daily). It is 
controlled by bit 'UC' and input NODA (see also Table 3) during setting of the month register; 

comparison with date: UC = 0 and NODA= LOW 

comparison daily: UC= 1 or NODA= HIGH. 

CBUS interface 

The data transmission of the SAF3019 to the microcomputer (TIME READ) and vice versa (TIME 
SET) is possible via the CBUS; DATA (input/output), OLEN (input) and CLB (input). 

Data and addresses are transmitted serially via the DATA line, which are synchronized with the clock 
burst (CLB) pulses from the microcomputer. The duration of the data transmission is determined by 
the number of CLB pulses when OLEN= HIGH. 

The IC includes a word format checking function, which allows the CBUS to be used for controlling 
other circuits as well. The following word lengths are recognized as valid transmissions: 
• TIME ADDRESS (3-bits and 1 start bit); 
• TIME SET (10-bits and 1 start bit). 

A TIME ADDRESS instruction always has to be followed by a TIME READ (7-bits) sequence. A TIME 
SET instruction combines address and data. With each instruction (each TIME ADDRESS and TIME 
READ instruction cycle) two digits of the time counter and time register can be set. The result is, that 
for a complete TIME READ and TIME SET transmission, 4 cycles TIME ADDRESS/TIME READ or 
4 TIME SET instructions are needed. 
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H :rn I 
OLEN ~ 

L test on start-bit 
--1 1-

CLB 
H 

H 
DATA L~~~!l._....J.:...._.....J'\...__,f\.... 

-··~£ 
load pulse==~ 

bit no. 0 2 7Z84642 .1 

Fig. 2 CBUS data transmission. 
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TIME READ 

First the bits S, AO and A1 are transferred from the microcomputer to the SAF3019 with the TIME 
ADDRESS instruction. With the next instruction (TIME READ), the contents of the selected digits are 
transferred from the SAF3019 to the microcomputer. 

1 2 3 4 5 

CLB :--11IUUL_fl_ _ --
OLEN :J 
DATA:• 

data is input 
TIME ADDRESS 

......._ ___ J 

6 8 9 10 11 

L 

data is output 
TIME READ 

7284544., 

Fig. 4 TIME ADDRESS/TIME READ cycle. 

Table 2 Selected digits with respect to the address bits and the TIME READ instruction function. 

s AO A1 LA LB LC LD UA UB UC instruction 

0 1 1 D D D D D D D m; .. ,., I 
0 0 1 D D D D D D 0 hours time read 
0 1 0 D D D D D D 0 date counter 
0 0 0 D D D D D 0 0 month 

1 1 1 D D D D D D D mlou"') 1 0 1 D D D D D D 0 hours time read 
1 1 0 D D D D D D 0 date register 
1 0 0 D D D D D 0 0 month 

D =data bit. 

TIME SET 

The Tl ME SET instruction transfers the address bits S, AO and A 1 .as well as the selected digits of the 
BCD-coded incoming data from the microcomputer to theSAF3019. The last bit (UC) can control special 
functions. A TIME SET instruction will not stop the time counter, and also will not generate a non­
selected digit for transmission. 

The prescaler and seconds counter are reset with the Tl ME SET instruction when S = 0, AO= 0, A 1 = 0 
(addressed for month) and UC= 0. If the seconds counter is between 30 and 59, this instruction 
generates a transfer for the minutes counter. Therefore, this instruction may be used for a very simple 
correction of the time counter if the deviation is within ±30 seconds. 
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L 
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2 3 4 5 6 7 8 9 10 11 12 

. DATA:~~~_,,.__.__s_l~A_o~l_A_1.l_LA~l~L_s~l_Lc.....L..IL_o~f~u_A~l_us.....L..lu_c~~~~ 
7Z84643.1 

Fig. 5 Data format for TIME SET instruction. 

Table 3 Selected digits with respect to the address bits and the possible Tl ME SET instruction function. 

s AO A1 

0 1 1 
0 0 1 
0 1 0 
0 0 0 

0 0 0 

1 1 1 
1 0 1 
1 1 0 
1 0 0 
1 0 0 

D = data bit; X = 1 or 0. 

* Compare with date. 

Level shifters 

LA 

D 
D 
D 
D 

x 

D 
D 
D 
D 
D 

LB LC LD UA 

D D D D 
D D D D 
D D D D 
D D D D 

x x x x 

D D D D 
D D D D 
D D D D 
D D D D 
D D D D 

** Compare without date. 

UB UC instruction 

D D m;oum. l 
D x hours time set 
D x date counter 
x 1 month 

x 0 seconds I reset 
I counter 

D D 
m;oute• l D x ~ours time set 

D x ate . 
x 0 h* 1reg1ster mont 
x 1 month** 

The circuit has been designed for low-voltage operation. However, to interface with the microcomputer, 
most inputs and outputs have level shifters to operate with the 5 V supply voltage of the micro­
computer. These level shifters only function when the 5 V supply (Vool is available. The internal 
clock function is independent of this supply. 

Power failure (output POWF) 

If the supply voltage Voo-VSS1 is below a certain internal value (VpowFl. the power-failure output 
(POWF) is set HIGH. The threshold voltage VpowF is lower than the minimum battery voltage 
Voo-Vss1. This battery is required as back-up for the logic circuitry. It is impossible to have data 
transmission via the CBUS when Voo-Vss1 < VpowF. however, the clock will continue running as 
long as Vo0Nss1 does not drop to a lower value. The CBUS is released directly when Voo-Vss1 
becomes larger than VpQWF• but POWF stays HIGH until the next Tl.ME SET instruction, which sets 
POWF LOW again. . 

N.B. The 5 V supply voltage (Voo-Vss2l must be switched off when exchanging the battery. 
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Clock/Timer SAF3019P 

TEST input 

The TEST input is used for testing purposes and it is connected to ground (Vss2) for normal operation. 

Yoo 

Vss1 

OSCO 

OSCI 
SAF3019 

TEST 

SEC 5 

7ZB4539.2 

Fig. 6 Pinning diagram. 

PINNING 

16 Voo common positive supply (5 V; Vs= 1.5 V) 

15 Vss1 negative battery supply (Vsl 

8 Vss2 ground (Voo) 

4 DATA data input/output 
} CSUS (bidirectional) 5 OLEN data line enable input 

6 CLS clock burst input 

1 NODA comparator mode select input 

12 TEST test mode input (normally ground) 

2 F50 50 Hz mains frequency input 

13 OSCI } input and output of the on-chip oscillator 
14 OSCO 

10 SEC 1 pulse per second output 

9 MIN 1 pulse per minute output 

3 COMP comparator output 

7 POWF power failure output 

11 FSET frequency setting signal output ( 128 Hz) 
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Clock/Timer 

flATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage ranges Voo -Vss1 
Voo-Vss2 

Product Specification 

SAF3019P 

-0.5to + 8 V 
-0.5 to +8 V 

Voltage on any pin (except OSCI, OSCO) 

Voltage on pins OSCI, OSCO 

V1 Vss2 -0,6 to v 00 + o.6 v 

Input currents 

Output currents 

Power dissipation per output 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

D.C. CHARACTERISTICS 

V1 

1111 

1101 

Po 

Ptot 

Tamb 

Tstg 

Vss1 -0.6 to vDo + 0.6 v 

max. 

max. 

max. 

max. 

10 mA 

10 mA 

100 mW 

200 mW 

-40 to+ 85 oc 

-65 to+ 150 oc 

Vss2 = 0 V; V DD = 4.5 to 5.5 V; T amb = -40 to + 85 oc; unless otherwise specified 

parameter conditions symbol min. typ. 

Supply voltage with respect to Vss2* VDD 4.5 5 

Battery voltage between VDD and Vss1 Vs 1.5 -
at T AMB = 0 to 70 oc Vs 1.3 -

Time keeping battery voltage Vso 1.3 -
Supply current lo=OmA** -lss2 - -
Battery current Vs= 1.5 V -lss1 - -
Inputs DLEN,DATA,CLB, 

F50,NODA 
Input voltage HIGH V1H 0.1 v 0 D -
Input voltage LOW VIL - -
Input current at V1 =Vss2 

orVDD vDD = 5.5 v 1111 - -
Input F 50 hysteresis AV= V1H -V1L AV 0.2 -

Outputs SEC, MIN, COMP, 
POWF 
(buffer outputs) 

Output voltage HIGH -lo =0.5 mA VoH voD-0.4-

Output voltage LOW lo= 1.6 mA Vol -
Output DATA 

(N-channel open drain) 

Output voltage LOW lo=1.6mA Vol -
Output leakage current Vo= 5.5 V (HIGH) IOR -

All outputs are available down to Vss2 = Vs at reduced current capability. 
** V1 = Vss2 or Vi= VDD at all inputs; quartz crystal oscillator operation: 

-

-

-

max. unit 

5.5 v 

2.6 v 
2.6 v 

2.6 v 

50 µ.A 

10 µ.A 

- v 

o.3 vDD v 

1 µ.A 

- v 

- v 

0.4 v 

0.4 v 

1 µ.A 

f = 32768 Hz, series resistance of crystal Rs max= 25 kn (40 kil for 0 to+ 70 °Cl. CL= 10 pf. 
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Clock/Timer 

A.C. CHARACTERISTICS 

Vss2 = 0 V; V DD = 4.5 to 5.5 V; T amb = -40 to + 85 °c; unless otherwise specified 

See Figs 2 and 3 for all timing. 

parameter conditions symbol min. typ. 

Inputs DLEN, DATA, CLB, NODA 

Rise and fall times note 1 tr. tf - -

CLB pulse width HIGH twH 4 -
CLB pulse width LOW twL 4 ··-

Data set-up time 
DATA - CLB tsuoA 1 -

Data hold time 
DATA - CLB tHDDA 2 -

Enable set-up time 
OLEN - CLB tsuEN 2 -

Disable set-up time 
CLB - OLEN tsuo1 2 -

Set-up time 
OLEN- CLB (load pulse) tsULD 1 -

Busy-time from load pulse 
to next start of transmission tsusv 2 -

CLB frequency fcLB 0 -

Input F50 

Rise and fall times notes 1 and 2 tr, tf - -

Pulse width HIGH twH 30 -
Pulse width LOW twL 30 -

Oscillator (OSCI, OSCO) 

Series resistance of crystal f = 32.768 Hz Rs - -
at Tamb = 

0 to 70 oc Rs - -
Load capacitance CL - 10 

Notes 

Product Specification 

SAF3019P 

max. unit 

1 µs 

00 µs 

00 µs 

- µs 

- µs 

- µs 

- µs 

- µs 

- µs 

100 kHz 

10 ms 

- µs 

- µs 

25 kn 

40 kn 

- pF 

1. All timing values are referred to V1H and V1L within a voltage swing of minimum Vss2 to Voo· 

2. The supply current lss2 increases at slow rise/fall times. 
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Clock/Timer SAF3019P 

APPLICATION INFORMATION 

OSCO OSCI 

14 13 15 
F50 

2 

NODA 
SAF3019 

TEST 12 

11 10 9 

-:- FSET SEC MIN 

Fig. 7 Typical application of the SAF3019 in a microcomputer controlled system. 

September 1985 

25V 
_L 
--~ 
t 

( 50 Hz mains I 

330 K 
-""""'---IF50 

10 

nF1 SAF3019 

7Z88149.1 

Fig. 8 Circuitry for applying the 50 Hz mains to input F50. 
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Compact Disc Circuit SAA7000 

GENERAL DESCRIPTION 

The SAA7000 interpolation and muting circuit descrambles and separates data into left and right 
channels and minimizes the effects of erroneous data on the performance of the Compact Disc Digital 
Audio System. Minor errors (those present in one data sample only) are replaced with audio data 
obtained by interpolation; more persistent errors are removed by muting. 

Features 

• Descrambles data from error corrector SAA7020 and formats into left and right channels 
• Minimizes the effect of erroneous data samples 
• 16-bit serial data input (two's complement) 
• Smoothed transitions before and after muting 
• Interpolated data replaces single erroneous data samples 
• Serial output for digital-to-analogue converters (DACs) or filter circuits 
• Generates crystal-derived timing signals for system master data clock (4,2336 MHz), serving error 

corrector SAA7020 and digital filter SAA7030 
• Selectable output format: offset binary or two's complement; 14 or 16-bit word 

CLEC 

DAEC 

Voo1 

Voo2 

Vss 

Vee 

UNEC-T~-+---­

FSEC -+'~---

INPUT 
SHIFT 

REGISTER 

4 SAMPLE 
DE-

SHIFT 
REGISTER 

TIMING & CONTROL 

MULTIPLIER 

COE FF. 

ROM 

OUTPUT 
FORMAT OUTPUT 

SELECTOR SHIFT DLCF 
REGISTER 

OUTPUT 
15 

SHIFT DRCF 
REGISTER 

~---------+-~12't-STR1 
~---------+-~11't-STR2 

'---~~~~~~~~~~~~--~~--' 

SAA7000 
16 

7Z80400 

XTAL1 XTAL2 CLOX 14/IB 

Fig. 1 Block diagram. 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102CS). 
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Compact Disc Circuit SAA7000 

PINNING 

1 Vse back bias supply 

2 FSEC frame sync pulse input 
Voo1 

3 CLEC input data clock 
TEST 4 DAEC data input (two's complement) 

14/16 and output format selector 

DRCF 
5 UNEC error flag input 

6 CLOX buffered clock output ( XT AL 1 ) 

7 
SAA7000 CLCF 

XTAL2 drive output to clock crystal 
DLCF 8 XTAL1 external clock input 

STR1 9 Vss ground 

10 VDD2 + 12 V supply 

11 STR2 strobe 2 output 

12 STR1 strobe 1 output 
7Z80398 

13 DLCF left channel data output 
Fig. 2 Pinning diagram. (format selected by DAEC) 

14 CLCF 14/16-bit clock burst output 

15 DRCF right channel data output 
(format selected by DAEC) 

16 14/16 selects bit length of clock burst 
output from CLCF 

17 TEST test input 

18 VDD1 +5 V supply 

FUNCTIONAL DESCRIPTION 

The SAA7000 is used in the Compact Disc system to reconstruct audio data by interpolation if the 
error corrector SAA7020 is unable to correct a data sample, or mutes the data when it passes 
consecutive erroneous data samples. Errors are indicated by an error flag (UNEC) from the SAA7020; 
when no error flag occurs, the data value through SAA7000 is unaffected. 

Data samples (at DAEC, clocked in by CLEC) are first descrambled and then separated into left and 
right channels. A similar descramble and separation is performed on the error flag (UNEC). 

If, for either left or right channels, a single 'error' is flagged between two 'good' data samples then 
linear interpolation is used to replace the erroneous value. If two or more adjacent samples are flagged, 
then the samples in error are muted. Beginning thirty samples before the first of the consecutive errors, 
the data value of the samples is attenuated smoothly to zero following a (0 to 11') cosine curve. After the 
error burst, the next thirty samples are smoothly returned to full level following a (11' to 211') cosine 
curve. The muting is applied simultaneously to data in both left and right channels regardless of the 
source of the error. 

The data (good or processed) is formatted into two's complement or offset binary to match the DACs 
in use. This selection is made with a special function of the data input (DAEC, see Fig. 6). The data is 
then fed to the left and right outputs (DLCF and DRCF) and is clocked out by the output clock 
(CLCF). Strobes (STR1 and STR2) are generated for the DACs and the digital filter (SAA7030). 
Fourteen or sixteen-bit DACs can be accommodated by the use of the select input ( 14/16). 

The SAA7000 automatically synchronizes to the error detector SAA7020 output using the frame sync 
pulse (FSEC) for internal timing reset and feeds a 2 x bit-rate clock (CLOX) to the system. 
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Compact Disc Circuit SAA7000 

Pin functions 

pin no. 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

mnemonic 

Vee 
FSEC 

DAEC 

UNEC 

CLOX 

XTAL2 

XTAL1 

Vss 
vDD2 
STR2 

STR1 

DLCF 

DRCF 

14/16 

description 

Back bias supply voltage: -2,5 V ± 20%. 

Frame sync pulse (active HIGH) received from SAA7020 at the start of a 
data frame ( 12 data samples). FSEC is used to synchronize the descrambler 
to the data frames. For re-synchronization to occur, two consecutive FSEC 
pulses must be received each having a pulse width of approximat11ly 6 CLOX 
cycles and the leading edge of the second pulse must be one data frame 
later than that of the first. FSEC is also used to synchronize the internal 
clock to the CLEC clock input, so aligning the gap in the internal clock to 
the FSEC pulse (see Fig. 4). 

Input data clock used to load serial data at DAEC into the input shift 
register. After a data sample has been loaded CLEC is held LOW to give a 
gap of 16 CLOX cycles (see Fig. 4). The period of the CLEC clock is 
2 x the period of a CLOX cycle. 

Serial data samples are received at DAEC in two's complement form. The 
data is in 16-bit words separated by gaps; each word comprising two 8-bit 
symbols. The DAEC input is also used to select the output format; during 
the CLEC gap, a HIGH level at DAEC selects two's complement and a 
LOW level selects offset binary format (see Fig. 41. · 
Error flag indicating unreliable data from SAA7020. During the period 
when data is clocked in at DAEC, UNEC is LOW only if the present 8-bit 
symbol is valid. During the period of the CLEC gap, UN!=C is LOW only 
if the whole of the data word due to arrive 5 frames later is valid. 

Buffered XT AL 1 clock output. 

Main clock crystal drive output. This pin should remain disconnected if a 
crystal is not used. 

Clock input from crystal circuit or for externally derived clock. 

Ground (0 V). 

Positive supply voltage: + 12 V ± 10%. 

Active HIGH strobe pulse of 2 CLOX cycles duration occurring every 
24 CLOX cycles and used to strobe data to the DACs. This pin should be 
left diseonnected if SAA 7030 is not used. 

Active HIGH strobe pulse of 2 CLOX cycles duration occurring every 
96 CLOX cycles - after each pair of data words have been clocked out. 
It is used to strobe data to SAA7030, or to the DACs if SAA7030 is not 
used. Both STR1 and STR2 are re-synchronized to XTAL 1 to minimize 
jitter. 

Left channel data output; format in two's complement or offset binary, 
as selected at DAEC. 

Clock burst output of either 14 or 16 bits, as selected at pin 16. It is used 
to clock data from DLCF and DRCF (data is valid on CLCF falling edge, 
see Fig. 5). 

Right channel data output; format is two's complement or offset binary, 
as selected at DAEC. 

Selects 14 or 16-bit bursts of output clock CLCF. 
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Compact Disc Circuit SAA7000 

17 

18 

TEST 

Voo1 
This pin should be held LOW to ensure normal operation. 

Positive supply voltage: + 5 V ± 10%. 

HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 

RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); Vss = 0 V 
Supply voltage 1 range (pin 18) VD D 1 --0,3 to + 7 ,5 V 

Supply voltage 2 range (pin 10) V DD2 -0,3 to + 15 V 

Back bias supply voltage range (pin 1) Vas -4 to + 0,3 V 

Input voltage range Vi -0,3 to + 7,5 V 

Output voltage range 
at Vi= -0,3 to+ 6,5 V; Tamb = 25 oc 

Output current 

Operating ambient temperature range 

Storage temperature range 
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Compact Disc Circuit SAA7000 

CHARACTERISTICS 

Vss = 0 V; Tamb = -20 to+ 70 °c unless otherwise specified 

parameter symbol min. typ. max. unit 

Supplies 

Supply voltage 1 (pin 18) Voo1 4,5 5,0 5,5 v 
Supply voltage 2 (pin 10) Voo2 10,8 12,0 13,2 v 

Back bias supply voltage (pin 1) -VBB 2,0 2,5 3,0 v 

Supply current 1 (pin 18) 1001 30 70 140 mA 

Supply current 2 (pin 10) 1002 2 5 10 mA 

Back bias supply current (pin 1) -IBB - - 500 µA 

Inputs (except VBB) 

Input voltage LOW V1L -0,3 - +0,8 v 

Input voltage HIGH V1H 2,4 - 6,5 v 5 
Input current (note 1) 11 -1 - + 1 µA 

Input capacitance (not XTAL1) c, - - 7 pF 

Outputs DLCF, DRCF, CLCF, 
CLOX, STR1, STR2 (note 2) 

Output voltage LOW at 
-loL = 1,6 mA Vol 0 - 0,4 v 

Output voltage HIGH at 
loH =0,2 mA VoH 3,0 - Voo1 + o,5 v 

Load capacitance CL - - 150 pF 

Output XTAL2 

Operating frequency using 
crystal oscillator (Fig. 3) fxTAL 3,0 4,2336 4,5 MHz 

Operating frequency using 
driven input applied to XTAL 1 f1N 3,0 4,2336 4,5 MHz 

Input XTAL1 

Input clock LOW t1XL 40 - - [%of 

Input clock HIGH t1XH 40 - - J period 

Crystal amplifier (pins 7 and 8) 

Mutual conductance at 5 MHz gm 1,5 - - mA/V 

Bandwidth of mutual conductance 
at minimum 3 dB Bgm 10 - - MHz 

Input capacitance c, - - 10 pF 

Output capacitance Co - - 7 pF 

Feedback capacitance CFB - - 5 pF 

Input leakage current 11 -1 - + 1 µA 

Output current at 5 MHz lo -1 - + 1 mA 

Small signal gain at 5 MHz Av -4 - -
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Compact Disc Circuit SAA7000 

parameter symbol min. typ. max. unit 

Inputs DAEC, UNEC, CLEC, FSEC 

Input rise time (FSEC only) t1R - - 100 ns 

Input fall time (FSEC only) t1F - - 100 ns 

CLEC HIGH t1cH 100 - - ns 

CLEC LOW t1cL 100 - - ns 

DAEC to CLEC set-up time t1os 40 - - ns 

CLEC to DAEC hold time t10H 40 - - ns 

FSEC HIGH (note 3) tfSH 4CLOX B CLOX 
periods - periods 
-400 + 190 ns 

DAEC/UNEC to FSEC set-up time tuFs 0 - - ns 

FSEC to DAEC/UNEC hold time tUFH BCLOX 
(note 3) periods - -

+ 325 ns 

Output CLOX (notes 4 and 5) 

Output clock LOW toxL 30 - - ( % of 

Output clock HIGH toxH 30 - - J period 

output clock rise time toxR - - 50 ns 

Output clock fall time toxF - - 40 ns 

Outputs STR1, STR2 (note 6) 

Output strobe rise time tosR - 10 20 ns 

Output strobe fall time tosF - 6 20 ns 

Output strobe HIGH tosH 1 CLOX 2CLOX 4CLOX 
period periods periods 
+ 50 -20 ns 

Output strobe LOW tosL 10 - - CLOX 
periods 

CLOX to STR1, STR2 delay time txsL 0 - - ns 

txsH - - 45 ns 
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Compact Disc Circuit SAA7000 

CHARACTERISTICS (continued) 

parameter symbol min. typ, max. unit 

Outputs CLCF, DLCF, DRCF 
(note 4) 

Output rise time toR - - 50 ns 

Output fall time toF - - 40 ns 

Output data clock HIGH tocH 120 - - ns 

Output data clock LOW tocL 120 - - ns 

DLCF, DRCF to CLCF 
set-up time taos 50 - - ns 

CLCF to DLCF, DRCF 
hold time tooH 100 - - ns 

CLCF LOW prior to STR 1 
(note 3) tcsL 52 60 - CLOX 

periods 

NOTES TO THE CHARACTERISTICS 

1. Vi= -0,3 to+ 6,5 V; Tamb = 25 °c. 

2. All outputs, except XTAL2, are short-circuit protected to Voo1 and Vss· Output XTAL2 is 
protected to Vss only. 

3. Input timings assume that CLOX output (pin 6) is used to drive SAA7020 CLOX input. CLEC 
period is twice the CLOX period. 

4. Output load capacitance is 50 pf. 

5. XTAL 1 (pin 8) is driven by an external clock. 

6. Output load capacitance is 30 pf on STR 1, STR2 outputs. 

8 
XTAL 1 

sspFl 

SAA7000 

1M!.2 

4,2336 MHz 
(1) 

( 1) Catalogue number of crystal is 6416 009 00111. 

XTAL2 

33pF 

I 7Z80399 

Fig. 3 Crystal oscillator circuit. 
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Compact Disc Circuit 

DAEC 

UNEC 

FSEC 

111 

output format select 

121 

ADVANCED UNEC 

IFSH 

131 

(1) CLEC remains LOW for a minimum period of approximately 16 CLOX periods. 

Product Specification 

SAA7000 

trns 

7280403 

(2) Data during this time is used to determine the format of the output from SAA7000; when DAEC 
is HIGH a two's complement format is selected, when LOW an offset binary format is selected. 

(3) Input timings assume that CLOX output (pin 6) is used to drive SAA7020 CLOX input. CLEC 
period is twice the CLOX period. 

Fig. 6 Input waveforms. Reference levels are 0,8 V and 2.4 V; t1R and tlF apply to FSEC waveform 
only. 

XTALl 

Fig. 7 Optional clock input waveform at XTAL 1 (pin 8). 
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Compact Disc Circuit 

DLCF 
or 

DRCF 

STR1 
or 

STR2 

CLOX 

tcsL 

CLCF 

Product Specification 

SAA7000 

~~~~~~~~~~~~~~~~~~-

7ZB0405 

Fig. 8 Output waveforms. Reference levels are 0,8 V and 2,4 V. Output loadings on STR 1 and STR2 
are 30 pF; output loadings on CLOX, CLCF, DLCF and DRCF are 50 pF. 
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Demodulator for Compact Disc SAA7010 

GENERAL DESCRIPTION 

The SAA7010 demodulates and decodes the pulse code modulated input signal into digital data for the 
Compact Disc Digital Audio system. A 4,3 MHz (typical) clock locked to the disc rate is also produced. 

Features 

• Phase-locked loop clock regenerator with frequency detector for locking 
• High-frequency level detector with adaptive slicer for input data 
• Built-in drop-out detector to prevent error propagation in adaptive slicer 
• Outputs to subcoding microprocessor 
• Fuliy protected timing synchronization to incoming data 

NC VDD1 

HFll VDD2 

HF12 
LEVEL INPUT SHIFT REGISTER VssD 

DETECTOR & VssA 
FB 

SYNC DETECTOR Vee 

HFD/TEST DEBOUNCE p 

POI PHASE & 
P02 FREQUENCY 

FD DETECTOR SHIFT 
SDATA 

REGISTER 

DAI 16 SBCL 
OPERATIONAL SWCL 

OA2 
AMPLIFIER 

EFM 
DECODER SHIFT 

DADE/OE FM 
OA3 18 REGISTER 

VC02 
8,64MHz 

26 CLOE 
vco 25 SS5E 

VCOI 20 TIMING & CONTROL 2 ffiM 
24 FSDE 

CRI II 
SAA7010 

7Z80406.1 

Fig. 1 Block diagram. 

PACKAGE OUTLINE 

28-lead DI L; package (SOT-117). 
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Demodulator for Compact Disc SAA7010 

PINNING 

Voo1 1 Vee back bias supply 

DADE/DEFM 2 SDATA subcoding data output 

CLOE 3 SeCL subcoding bit clock output 

SSDE 
4 SWCL subcoding word clock output 

5 p subcoding pause bit output 
FSDE 

6 HFD/TEST high-frequency detector input 
FD in normal operation. Selects 

CEFM 
test mode when at Voo2 

SAA7010 7 HF11 level detector input 
VC02 

8 Fe current feedback from level 
VC01 detector 

VssA 9 n.c. not connected 

OA3 
10 HFl2 alternative input to level 

detector 
OA2 11 CRI counter reset inhibit input 

OA1 12 PD2 phase detector reference output 

Voo2 13 PD1 phase detector signal output 

7Z90284 
14 Vsso digital ground 

15 Voo2 + 12 V supply 

Fig. 2 Pinning diagram. 16 OA1 operational amplifier non-
inverting input 

17 OA2 operational amplifier inverting 
input 

18 OA3 operational amplifier source-
follower output 

19 VssA analogue ground 

20 VC01 voltage-controlled oscillator 
amplifier input 

21 VC02 voltage-controlled oscillator 
amplifier output 

22 CEFM 4,3218 MHz clock output 

23 FD frequency detector output 

24 FSDE frame sync signal output 

25 SSDE symbol sync signal output 

26 CLOE data bit clock output 

27 DADE/DE FM serial data output/EFM 
digital output: selection 
determined by level at pin 11 

28 Voo1 + 5 V supply 
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Demodulator for Compact Disc SAA7010 

FUNCTIONAL DESCRIPTION 

The SAA7010 demodulator forms the front-end of the Compact Disc Digital Audio system, supplying 
demodulated data and timing signals to the error corrector (SAA7020) and to the subcoding micro­
processor. 

The detected signal from the disc is amplified and filtered externally and then converted to a digital 
signal via the level detector. The level detector is an adaptive data slicer which relies on the nature of 
the modulation system to determine the optimum slicing level. 

A frequency detector and a phase detector provide the coarse and fine control signals for the phase­
locked loop (PLL) system. The loop gain is supplied by an internal operational amplifier which drives 
a voltage-controlled oscillator (VCO) running at twice the input data rate (typically 8,6436 MHz). The 
VCO output is divided by two by a clock generator in the timing and control circuits and the resulting 
output is used to clock the input shift register and the timing chain. This clock signal completes the 
PLL loop when it is compared with the incoming data in the phase detector. 

After phase detection the data is clocked into the 23-bit input shift register which then detects the 
frame sync pattern. Within the timing and control circuits are minimum and maximum data length 5 
detectors which provide frequency limit signals for the frequency detector. 

Also within the timing and control circuits are two divide-by-588 counters, one master and one slave, 
two divide-by-17 symbol rate counters and a lock indication counter. The frame sync signal is used to 
reset the divide-by-588 slave counter. This counter and one divide-by-17 symbol rate counter supply 
timing signals for clocking the E FM (eight-to-fourteen modulation) decoder and the. subcoding output 
circuits. The data is read from the input shift register in 14-bit symbols which are first latched and then 
decoded into 8-bit data words. The subcoding part of the data consists of one word per frame (Fig. 3), 
so the output SDATA comprises a burst of 8 data bits accompanied by a 2, 1906 MHz clock burst signal 
SBCL (Fig. 4). One bit of this subcoding output data is replaced by a subcoding frame sync bit which 
is decoded from one of two special EFM codes. The displaced bit (the pause (P) bit) is latched to its 
own output via a debounce circuit to remove erroneous changes. 

The divide-by-588 slave counter also provides a sync coincidence pulse which occurs when two detected 
sync pulses are precisely one frame apart (588 clock cycles). The sync coincidence pulse is used to reset 
the lock indication counter and disable the FD output from the frequency detector. If the system goes 
out of lock, the sync pulses cease and the lock indication counter counts frame periods. After 63 frame 
periods with no sync coincidence pulse, the lock indication counter enables the frequency detector 
output. 

i+------------1 Frame = 588 channel bits-----------+< 

I 32 11 27 I 28 I 29 30 31 I 32 

( format of sync pattern - 27 channel bits 

1-----, 
_J 11 channel bits 

~-------~ 

11 channel bits 

i+-------may be inverted-----------<--

( 1) Merging and low frequency suppression bits. 

Fig. 3 Data input signal. 
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FUNCTIONAL DESCRIPTION (continued) 

SBCL 

SDATA SYNC ( 1) 

SWCL 

7Z90282 

( 1) The sync bit is LOW when a subcoding sync word is detected. 

Fig. 4 Typical subcoding waveform outputs. 

~ ~ I 

~~r~~~·~·~~·~,r~~~r~·~~,~~~,~,r~~~r~~~r~.~~·~~~~----~~~~~~,~~~~~~.~~r~,~~•~,~~~,r~~~r~.~~•~ 

DADE LSB MSB LSB MSB MSB 

symbol 30 symbol 31 symbol 32 symbol 1 symbol 2 

SSOE 

FSOE 

7Z80412.1 

Fig. 5 Typical waveform outputs to SAA7020. 
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Slgnetics Linear Products Product Specification 

Demodulator for Compact Disc SAA7010 

FUNCTIONAL DESCRIPTION (continued) 

A delayed version of the sync coincidence pulse resets the divide-by-588 master counter. This counter 
is reset only by coincident sync pulses or sync pulses which occur during a predetermined 'window' at 
the start of each frame and is therefore protected from accidental reset by erroneous sync patterns. 
The window is wide enough to allow PLL bit-slips but narrow enough to avoid false sync signals 
generated by corrupt data. The divide-by-588 master counter may be allowed to free-run by taking 
CR I input (pin 11) LOW to inhibit the reset signal. 

The divide-by-588 master counter and the second divide-by-17 symbol rate counter are used to time 
the data and clock outputs to the error corrector SAA7020 (Fig. 5). In this way, even if the data has 
been corrupted, the timing signals will be correct and are only re-synchronized after a complete frame 
has been sent to SAA 7020. 

The data output to SAA7020 comprises thirty-two 8-bit symbols per frame, with half-bit gaps between 
each symbol and a much longer gap during the frame sync period. It is this longer gap that changes in 
length when corrupt data upsets the timing system. 

Pin functions 

pin no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

mnemonic 

Vee 

SDATA 

SBCL 

SWCL 

p 

HFD/TEST 

HFl1 

FB 

n.c. 

HFl2 

CRI 

PD2 

PD1 

description 

Back bias supply voltage: -2,5 V ± 20%. 

Subcoding data push-pull output. An 8-bit burst of data (including a 
1-bit subcoding frame sync) is output serially once per frame coincident 
with SBCL. 

Subcoding bit clock push-pull output. An 8-bit burst clock, typically at 
2, 1609 MHz, is used to synchronize the subcoding data. 

Subcoding word clock push-pull output. A square-wave signal at data 
frame rate (7,35 kHz) used to synchronize the subcoding words and 
the pause (P) bit. 

Subcoding pause bit push-pull output. This signal is derived from the 
encoded subcoding word and is used to indicate a music pause. A 
debounce circuit is incorporated to eliminate erroneous data. 

External high-frequency detector input. When this signal is HIGH the 
frequency detector output (FD) and phase detector are enabled. When 
pin 6 is connected to Voo2. the device enters TEST mode. 

Level detector input. A signal of between 0,25 and 2,5 V (peak-to-peak 
value) is required to drive the level detector correctly. 

Current feedback from the level detector. 

Not connected. 

Alternative input to the level detector. 

Counter reset inhibit signal input. When LOW, this signal allows the 
divide-by-588 master counter to free-run and causes pin 27 output to 
be converted to DEFM. During power-up, pin 11 should be held HIGH 
for 10 ms. 

Phase detector reference signal, maximum impedance 10 kil. 

Phase detector output signal, maximum impedance 10 kil. The 
differential d.c. content of PD1 and PD2 signals is a measure of the 
phase difference between the data and the internal 4,3218 MHz clock. 
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Demodulator for Compact Disc SAA7010 

pin no. mnemonic 

14 VssD 
15 vDD2 
16 OA1 

17 OA2 

18 OA3 

19 VssA 

20 VC01 

21 VC02 

22 CEFM 

23 FD 

24 FSDE 

25 SSDE 

26 CLDE 

27 DADE/DEFM 

28 vDD1 

HANDLING 

description 

Digital ground. Main ground terminal. 

Positive supply voltage:+ 12 V ± 10%. 

Operational amplifier non-inverting input. 

Operational amplifier inverting input. 

Operational amplifier source follower output. 

Analogue ground. Ground terminal for operational amplifier and VCO 
only. Connected internally to VssD via a 25 n (nominal) resistor. 

Voltage-controlled oscillator amplifier input. The amplifier is a simple 
inverter operating up to 10 MHz. Frequency control is achieved via an 
external tuned circuit using variable capacitance diodes. 

Voltage-controlled oscillator amplifier output. The load for the 
inverting transistor may be turned off for test purposes by reducing 
VDD2 too v. 

Internal 4,3218 MHz clock generator push-pull output. 

Frequency detector three-state push-pull output. This output has a 1 kU 
(typical) impedance when active but assumes a high impedance state 
once the system is in lock. 

Frame sync signal push-pull output (to SAA7020). It provides a 
positive-going pulse at the end of each data frame. Typical frequency 
= 7,35 kHz. 

Symbol sync signal push-pull output for each data symbol. Typical 
frequency = 254 kHz. 

Data bit clock push-pull output (to SAA7020). An 8-bit clock burst at 
2, 1609 MHz (typical) which is used to synchronize the data to 
SAA7020 (see Fig. 5). 

Data push-pull output (to SAA7020). Serial data comprising 32 x 8-bit 
symbols per frame, synchronized to CLDE (see Fig. 5). This output is 
converted to DEFM when CRI (pin 11) is LOW. DEFM is the digital 
signal appearing at the output of the level detector. 

Positive supply voltage: + 5 V ± 10%. 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 
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Demodulator for Compact Disc SAA7010 

RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); 
VssA = VssD = o v. 
Supply voltage 1 range (pin 28) vDD1 -0,3 to + 7,5 V 

Supply voltage 2 range (pin 15) VDD2 -0,3 to + 15 v 

Back bias supply voltage range (pin 1) Vas -4 to + 0,3 V 

Input voltage range Vi -0,3 to + 7,5 V 

Output voltage range (except FD, OA3) Vo -0,3 to + 7,5 V 

Output voltage range (FD, OA3 only) Vo -0,3 to + 15 v 

Output current (each output) lo max. 10 mA 

Operating ambient temperature range Tamb -20 to +70 oc 

Storage temperature range Tstg -55 to+ 125 oc 

CHARACTERISTICS 

VssA = VssD = 0 V; Tamb = -20 to+ 70 °c unless otherwise specified 

parameter symbol min. typ. max. unit 

SUPPLIES 

Supply voltage 1 (pin 28) VDD1 4,5 5,0 5,5 v 
Supply voltage 2 (pin 15) vDD2 10,8 12,0 13,2 v 

Back bias supply voltage (pin 1) -Vas 2,0 2,5 3,0 v 
Supply current 1 (pin 28) ID01 30 60 150 mA 

Supply current 2 (pin 15) IDD2 4 8 21 mA 

I Back bias supply current (pin 1) -las - - 500 µA 

DIGITAL CIRCUITS I 
Input HFD, CRI 

Input voltage LOW V1L -0,3 - +0,8 v 

Input voltage HIGH V1H 2,4 - 6,5 v 

Input current (note 1) 11 -1 - + 1 µA 

Input capacitance C1 - - 7 pF 

Outputs DADE/DE FM, CLOE, FSDE, SSDE, 
SBCL, SDATA, P, SWCL, CEFM (note 2) 

Output voltage LOW at 
-loL = 1,6 mA VOL 0 - 0,4 v 

Output voltage HIGH at 
loH =0,2 mA VQH 3,0 - VDD1 + o,5 v 

Load capacitance CL - - 150 pF 
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Demodulator for Compact Disc SAA7010 

parameter symbol min. typ. max. unit 

DIGITAL CIRCUITS (continued) 

Output FD 

Output voltage LOW at 
-loL = 100 µA Vol 0 - 0,5 v 

Output voltage HIGH at 
loH = 100 µA VoH 8,0 - vDD2 +0,5 v 

Output leakage current at 
Vo= 0 to 6 V (note 3) ±IL - - 1 µA 

Output impedance Zo - 1 - kn 

Outputs PD1, PD2 

Output impedance Zo - 5 10 kn 

LEVEL DETECTOR 

Inputs HFl1, HFl2 

A.C. input voltage range 
(peak-to-peak value) V1(p-p) 0,25 - 2,5 v 

Input capacitance c, ·- - 7 pf 

Output FB 

Output current at VFB = 2 V IFB - 150 - µA 

OPERATIONAL AMPLIFIER (note 4) 

Inputs OA1, OA2 

Common-mode voltage range Vc1M 1,5 - 6,0 v 

Input offset voltage ±V10F - 20 - mV 

Input current (note 1) ± ,, - - 1 µA 

Input offset current (note 5) ± l10F - - 0, 1 µA 

Input capacitance c, - - 7 pF 

Common-mode rejection ratio CMRR 40 - - dB 

Open loop gain (d.c.) A 40 - - dB 

Gain bandwidth product 
(20 dB/decade roll-off) 1 5 - MHz 

Output0A3 

Output voltage LOW at -loL = 1 mA Vol 0 - 1 v 

Output voltage HIGH at loH = 1 mA VoH 8,0 - vDD2 +o,5 v 
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Demodulator for Compact Disc SAA7010 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

VCO 

Input VC01, output VC02 

Mutual conductance at 100 kHz gm 1,5 - - mA/V 

Bandwidth (-3 dB cut-off) Bgm 20 - - MHz 

Input capacitance C1 - - 7 pF 

Output capacitance Co - - 7 pF 

Feedback capacitance CFB - - 5 pF 

Input leakage current (note 1) ± 11 - - 1 µA 

Output current at 10 MHz ±lo - 1 - mA 

Small-signal voltage gain 
at 100 kHz Av 4 - - VIV 

TIMING 5 
Operating frequency (except VCO) FcEFM 0, 1 - 5 MHz 

Operating frequency (VCO only) Fvco 0,2 - 10 MHz 

Outputs CLOE, DADE, SSDE, FSDE, CEFM 
(Fig. 6 and note 6) 

Output rise time toR - - 50 ns 

Output fall time toF - - 40 ns 

CLOE period tocP 400 - - ns 

CLOE HIGH time tocH 150 - - ns 

CLOE LOW time tocL 150 - - ns 

OAOE/SSOE/FSOE to CLOE set-up time taos 100 - - ns 

CLOE to OAOE/SSOE/FSOE hold time tooH 100 - - ns 

SSOE LOW time (note 7) tssL - 3 - rcEFM 

CLOE LOW time during FSOE (Fig. 5 and note 8) tocG 16 46 - \ period 

Outputs SBCL, SDATA, P, SWCL (Fig. 7) 

Output rise time (SBCL, SOATA) (note 6) toR - - 50 ns 

Output fail time (SBCL, SOATA) (note 6) toF - - 40 ns 

Output rise time (P, SWCL) (note 9) tosR - - 200 ns 

Output fall time (P, SWCL) (note 9) tosF - - 200 ns 

SBCL HIGH time tocH 150 - - ns 

SBCL LOW time tocL 150 - - ns 

SOAT A to SBCL set-up time taos 100 - - ns 

P to SWCL set-up time toosP 1 - - ns 

SBCL to SOATA hold time tooH 100 - 500 ns 

SBCL to SWCL hold time tswH 0 - - µs 

SWCL duty cycle (tHIGHltperiodl 40 50 60 % 
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Demodulator for Compact Disc SAA7010 

parameter symbol min. typ. max. unit 

TIMING (continued) 

Output FD 

Output rise time (note 6) tFDR - - 1 µs 

Output fall time (note 6) tFDF - - 1 µs 

Outputs DEFM, CEFM (Fig. 8) 

Output rise time (note 6) toR - - 50 ns 

Output fall time (note 6) toF - - 40 ns 

DEFM to CEFM set-up time (note 10) toos 50 - - ns 

CEFM to DEFM hold time (note 10) tooH 70 - - ns 

CEFM HIGH time tocH 50 - - ns 

CEFM LOW time tocL 50 - - ns 

NOTES TO THE CHARACTERISTICS 

1. At Tamb = 25 °C; V1N = -0,3 to+ 6,5 V; Voo1=6,5 V. 

2. Short-circuit protected to Voo1 and V55. The maximum load capacitance that can be applied 
before short-circuit protection becomes operative is 150 pF. 

3. At T amb = 25 oc; output in high impedance state. 

4. All tests performed within common-mode voltage range. 

5. At Tamb = 25 oc. 

6. Output loading= 50 pF. 

7. SSDE remains LOW for only one negative edge of CLOE. 

8. Excessive bit-slip may cause gap to disappear. CLOE remains LOW when FSDE is HIGH. 

9. Output loading= 150 pF. 

10. Free running VCO frequency tuned to nominal and PLL in lock with a typical application circuit. 
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Demodulator for Compact Disc SAA7010 

DADE 

FSDE ---------------t-o_•y_, toes 
7Z80409 

Fig. 6 Timing of waveform outputs to SAA7020. 

SBCL 

SDATA 

SWCL 

p ------t-~~~ ~ -------t-os-F------,z-s-0410 
Fig. 7 Timing of waveform outputs for subcoding: reference levels are 0,8 and 2,4 V; SBCL and 
SDATA output loading= 50 pF; SWCL and P output loading= 150 pF; SWCL has a 50% duty cycle. 
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Demodulator for Compact Disc SAA7010 

DEFM 

7Z80411 

Fig. 8 Timing of EFM output waveforms: output loading= 50 pF; reference levels are 0,8 and 2,4 V. 
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Error Corrector for Compact Disc SAA7020 

GENERAL DESCRIPTION 

The SAA7020 detects and corrects errors in digital data received from the demodulator (SAA7010). 
The data is received serially in frames of 32 x 8-bit symbols and, after processing, is transmitted in a 
16-bit serial format to the interpolating and muting circuit (SAA7000). An error flag is generated to 
warn of data in which errors have not been corrected. 

Features 

• Internal timing and control circuits 
• Serial data input and output 
• 8-bit bidirectional data bus to external RAM (2K x 8 bits) 
• Corrects up to seven erroneous frames of data 
• Generates error flag to identify unreliable data 
• Provides a motor speed control output which stabilizes the input data rate and eliminates wow 

and flutter. 

28 ... 35 

DOER 
to 

D7ER 

5 INPUT 

24 25 26 3 22 40 21 20 

DADE REGISTER 
ARRAY 

C1 
DECODER 

C2 
DECODER 

OUTPUT 37 
SHIFT DAEC 

CLI5E 6 

SSDE 
7 

8 
TIMING &.CONTROL 

FSDE 

23 
CLOX 

4 39 38 

MCES GAP 

PACKAGE OUTLINE 

40-lead OIL; plastic (SOT-129). 

CONTROL BUS 

FLAG 
DELAY 

REGISTER 

36 
~--------..._- UNEC 

1---------------------2~7,.__"ELEC 
2 !---------------------.... - FSEC 

SAA7020 

7Z80413.1 

Fig. 1 Block diagram. 
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Error Corrector for Compact Disc SAA7fY1.0 

PINNING 

Voo1 Vee back bias supply 

SMsE 2 FSEC frame sync pulse output 

GAP 3 C1F C1 decoder error flag 

4 MCES motor speed control output 
DAEC 

5 DADE serial data input 
UNEC 

6 CLOE data bit clock input 
DOER 7 SSDE symbol sync signal input 

01ER 8 FSDE frame sync signal input 

02ER 9-19 AOER- address outputs to external 
AAER RAM 

D3ER 
20 Vss ground 

A1ER 04ER 21 Voo2 + 12 V supply 
SAA7020 

OSER 22 TEST2 test input 

A3ER OSER 23 CLOX basic clock input 

A4ER D7ER 24 WEER write enable output to external 
RAM 

A5ER CLEC 
25 OEER output enable signal to 

A6ER CeER external RAM 

A7ER OEER 26 CEER chip enable output to external 
RAM 

ABER WE'ER 
27 CCEC output data clock 

A9ER CLOX 28-35 DOER- data bus to/from external 

AAER Teffi D7ER RAM 

Vss Voo2 
36 UNEC error flag output 

37 DAEC data output (two's complement) 
7Z80414.1 and SAA7000 output format 

Fig. 2 Pinning diagram. 
38 

control 

GAP input to determine DAEC 
control output to SAA7000 

39 SMSE mute signal from servo 

40 Voo1 + 5 V supply 
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Error Corrector for Compact Disc SAA7020 

FUNCTIONAL DESCRIPTION 

The SAA7020 error corrector receives data samples from the Compact Disc Digital Audio demodulating 
system (SAA7010). processes the data samples and then passes them to the interpolating and muting 
circuit (SAA7000). The processing detects erroneous data and then, if possible, corrects the errors. If 
error correction is not possible, a flag (UNEC) is generated to warn of unreliable data output. The 
SAA7020 also controls the motor speed of the disc drive servo. 

Serial data received from the demodulator (SAA7010) is arranged in frames of 32 x 8-bit symbols; 
24 of the symbols contain audio samples, the remaining eight symbols contain parity information for 
error detection/correction. The data (DADE) is clocked into the input register array at the demodulator 
rate by CLOE. The input register array comprises a register which accumulates symbols ready for 
parallel output to an external RAM and a Fl FO register which acts as a jitter reduction circuit. 

The jitter reduction circuit uses the difference between the input data rate (CLOE) and the system data 
rate (derived from CLOX) to generate the motor speed control signal MCES (Fig: 3). This forms a 
feedback loop with the disc drive motor to control the disc speed and hence the input data rate. In this 
way unwanted effects such as wow and flutter are eliminated from the Compact Disc system, the Fl FO 5 
being capable of handling deviations from the system data rate of up to± 2 frames. 

An 8-bit bidirectional bus is used for transferring data to and from the external RAM (2K x 8 bits) and 
an 11-bit bus for addressing. Three bits control the RAM; write enable WEER, output enable OEE R 
and chip enable CEER (the latter is for operation with dynamic RAMs). 

The error correction process makes use of data interleaving and two Reed-Solomon codes, C1 and C2. 
The C1 decoder can correct one erroneous symbol in a 32-symbol frame after de-interleaving; the C2 
decoder can correct two erroneous symbols in a group of 28 symbols. Input data is de-interleaved and 
read from the RAM by the C1 decoder where syndromes are formed to check for erroneous symbols. 
If one error is detected it is corrected and the data is written back to the RAM with some parity symbols 
being discarded. If more than one error is detected the data is written back to the RAM unchanged but 
internal C1 flags are set to mark these symbols as unreliable. The data in the RAM is then further 
de-interleaved and read back to the C2 decoder. The symbols are then checked for errors as previously, 
if one error is detected it is corrected and the symbols are again written back to the RAM. If two error 
flags are detected erasure correction is attempted when the flags are received from C1. The corrected 
data is then written back to the RAM. If more than two symbols are in error the data is written back 
to the RAM unchanged but a flag is set to mark these symbols as unreliable. At this stage the remaining 
parity bits are discarded. 

After processing, the data is held in the RAM to give a 5-frame delay so that the error warning flag 
UNEC can be sent to the interpolation and muting circuit (SAA7000). The UNEC flag is also output 
when SMSE is active, this warns of data to be immediately muted. At the end of the 5-frame delay, the 
data is read back to the output shift register to be serially shihed out at DAEC. 
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Error Corrector for Compact Disc SAA7020 

Pin functions 

pin no. 

2 

3 

4 

5 

6 

7 

8 

9-19 

20 

21 

22 

23 

24 

25 

26 

27 

28-35 

36 

September 1985 

mnemonic 

vBB 
FSEC 

ClF 

MCES 

DADE 

FSDE 

AOER-AAER 

Vss 

Voo2 

TEST2 

CLOX 

WEER 

OEER 

CEER 

CLEC 

DOER-07ER 

UNEC 

description 

Back bias supply voltage: -2,5 V ± 20%. 

Frame sync pulse output, data is valid on the falling edge (Figs 5 and 9). 

'fhis output pin flags uncorrectable Cl errors. 

Motor control error signal; this open drain output provides a pulse 
width modulated signal to control the rate of data entry. If the data 
rate has been correct for a period, MCES duty cycle = 50%; if low, the 
duty cycle< 50%; if high, the duty cycle> 50% (Fig. 3). 

Serial data input. The data is clocked in by CLOE in 8-bit symbols, the 
most-significant bit first (Figs 4 and 6). 

Data clock input, data is accepted into DADE on the negative transition 
of CLOE (Figs 4 and 6). 

Input indicating the last bit of a symbol. A symbol is counted and 
clocked in when SSDE is LOW during the negative transition of CLOE; 
for correct operation, SSDE must remain LOW for only one negative 
transition in eight (Figs 4 and 6). 

Input indicating the end of a data frame. Indication is given when FSDE 
is HIGH during a negative transition of CLOE. 

Eleven address outputs to the external RAM. When data is being 
received at DADE, CLOE, etc. then addresses AOER to AAER are 
completely exercised every four frames allowing refresh to be automatic 
for dynamic RAMs (Figs 7 and 8). 

Ground. 

Positive supply voltage: + 12 V ± 10%. 

Test input. Connect to Voo1 or Voo2 for normal operation. 

System clock input, typical frequency= 4,2336 MHz (Fig. 6). 

Write enable output to external RAM; when LOW, SAA7020 is 
writing to the RAM (Fig. 7). 

Output enable to external RAM; when HIGH, memory output buffers 
must be in the high impedance state (Figs 7 and 8). 

Chip enable output for use with dynamic memories (Figs 7 and 8). 

Output data clock; data is valid on the falling edge (Figs 5 and 9). 

Input/output ports for 8-bit bidirectional bus from/to external RAM. 
The outputs are in the high impedance state when OEER is LOW 
(Figs 7 and 8). 

Error flag output; when HIGH, indicates that output data is unreliable. 
During active data output (i.e. when CLEC is operating) UNEC applies 
to each symbol of 8 bits of data output at that time. Before each data 
word of two symbols is output, UNEC applies to the whole data word 
that will follow in five frames time. 
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FUNCTIONAL DESCRIPTION (continued) 

pin no. 

37 

38 

39 

40 

HANDLING 

mnemonic 

DAEC 

GAP 

VDD1 

description 

Serial data output. Data is clocked out by CLEC and is in 16-bit words 
separated by gaps. Each word is in two's complement format with the 
most-significant bit first and comprises two 8-bit symbols. Data is valid 
on the falling edge of CLEC. During the gap between the data words, 
the state of pin 38 (GAP) acts as an output from DAEC (Figs 5 anq 9). 

The input level at this pin is reflected in the state of the output from 
DAEC between data words and is used to control the output format of 
the SAA7000. When GAP is HIGH, DAEC gap level is HIGH, and vice 
versa (Fig. 5). 

Select muting input. If SMSE is held LOW, the UNEC output will be 
held HIGH causing the interpolation and muting circuit (SAA7000) to 
mute the data. 

Positive supply voltage: + 5 V ± 10%. 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 'Handling 
MOS Devices'). 

RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); Vss = 0 V 

Supply voltage 1 range (pin 40) VDD1 -0,3 to + 7,5 V 

Supply voltage 2 range (pin 21) VDD2 -0,3 to + 15 v 
Back bias supply voltage range (pin 1) Vee -4 to + 0,3 V 

Input voltage range (except TEST) V1 -0,3 to + 7,5 V 

Input voltage range (TEST only) V1 -0,3 to + 15 v 
Output voltage range (except MCES) Vo -0,3 to + 7,5 V 

Output voltage range (MCES only) applied 
through a 10 kO resistor Vo -0,35 to+ 15 V 

Output current lo max. 10 mA 

Operating C!mbient temperature range Tamb -20 to + 70 oc 

~torage temperature range Tstg -55 to+ 125 oc 
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CHARACTERISTICS 

Vss = 0 V; Tamb = -20 to+ 70 oc unless otherwise specified 

parameter symbol min. typ. max. unit 

Supplies 

Supply voltage 1 (pin 40) Voo1 4,5 5,0 5,5 v 
Supply voltage 2 (pin 21) Voo2 10,8 12,0 13,2 v 
Back bias supply voltage (pin 1) -Vas 2,0 2,5 3,0 v 
Supply current 1 (pin 40) 1001 - 145 280 mA 

Supply current 2 (pin 21) 1002 - 14 26 mA 

Back bias supply current (pin 1) -Isa - - 500 µA 

Inputs (except OOER·07ER) 

Input voltage LOW V1L -0,3 - +0,8 v 
Input voltage HIGH (except SMSE) V1H 2,4 - 6,5 v 
Input voltage HIGH (SMSE only) V1H 2,0 - 6,5 v 
Input current (note 1) 11 -1 - + 1 µA 

Input capacitance C1 - - 7 pF 

Input/output OOER-07ER 

Input voltage LOW V1L -0,3 - +0,8 v 
Input voltage HIGH V1H 2,0 - 6,5 v 
Input current (notes 1 and 2) 11 -10 - +10 µA 

Input capacitance C1 - - 10 pF 

Output voltage LOW at 
-loL = 1,6 mA (notes 3 and 4) Vol 0 - 0,4 v 

Output voltage HIGH at 
loH = 0,2 mA (notes 3 and 4) VoH 3,0 - Voo1 +0,5 v 

Load capacitance (notes 3 and 4) CL - - 150 pF 

Outputs AOER·AAER, WEER, OEER, 
CEER,DAEC,UNEC,FSEC,CLEC 
(notes 3 and 4) 

Output voltage LOW at 
-IOL = 1,6 mA Vol 0 - 0,4 v 

Output voltage HIGH at 
loH =0,2 mA VoH 3,0 - Voo1 +0,5 v 

Load capacitance CL - - 150 pF 

Output MCES (open drain) (note 5) 

Output voltage LOW with pin 4 
connected to Voo2 via a 10 kil resistor Vol 0 - 0,4 v 

Output current with output OFF and 
pin 4 connected to Voo2 via a 
10 kil resistor; T amb = 25 oc IOH - - 20 µA 
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parameter symbol min. typ, max. unit 

Input CLOX (note 6) 

Operating frequency f1N 3,0 4,2336 4,5 MHz 

Input clock LOW t1xL 40 - - ns 

Input clock HIGH t1xH 40 - - ns 

Inputs DADE, CLOE, SSDE,-FSDE 
(note 7) 

Input rise time t1R - - 50 ns 

Input fall time t1F - - 50 ns 

CLOE period t1cP 1 CLOX - 20 µs 
period 

CLOE HIGH t1CH 100 - - ns 

CLOE LOW t1cL 100 - - ns 5 
OAOE/SSOE/FSOE to CLOE set-up time t1os 50 - - ns 

CLOE to OAOE/SSOE/FSOE hold time t10H 80 - - ns 

SSOE LOW time tssL - 1 - CLOE 
period 

CLOE gap after FSOE tFcG 6 - - CLOX 
periods 

Input SMSE (note 7) 

Input rise time t1R - 1 100 µs 

Input fall time t1F - 1 100 µs 

SMSE to UNEC output delay time tsMO - - 20 CLOX 
periods 

Outputs CLEC, DAEC, UNEC, FSEC 
(notes 3, 4, 7 and 8) 

Output rise time toR - - 50 ns 

Output fall time toF - - 40 ns 

CLEC HIGH tocH 130 - 350 ns 

CLEC LOW tocL 130 - - ns 

FSEC HIGH tFSH 6CLOX 6CLOX 
periods - periods 
-180 + 180 ns 

CLEC to FSEC delay time tcFO 3CLOX 3CLOX 
periods - periods 
-300 +300 ns 

OAEC/UNEC to FSEC set-up time tuFs 100 - - ns 

FSEC to OAEC/UNEC hold time tuFH 12 - - CLOX 
periods 
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Error Corrector for Compact Oise SAA7020 

parameter symbol min. typ. max. unit 

RAM interfaces ~AAJ;R, __ 
DOER-D7ER,OEER,CEER,WEER 
(notes 3, 4 and 7) 

Output rise time toR - - 30 ns 

Output fall time toF - - 25 ns 

Cycle time tc ~90 - 670 ns 

Read cycle timing 

CEER HIGH time tcEH 65 - - ns 

CEER LOW time tcEL 265 - - ns 

AOER-AAER to CEER set-up time tACS 0 - - ns 

CEEf! to AOER-AAER hold time tACH 300 - - ns 

OOER-07ER to OEER set-up time toos 85 - - ns 

OEER to OOER-07ER hold time tooH 0 - - ns 

OOER-07ER to AOER-AAER set-up time to AS 85 - - ns 

AOER-AAER to OOER-07ER hold time to AH 0 - - ns 

OEER to OOER-07ER from RAM active toLZ 0 - - ns 

OEER to OOER-07ER from RAM high 
impedance state to HZ 0 - 100 ns 

OEER LOW to AOER-AAER valid to AO -25 - +25 ns 

Write cycle timing 

CEER HIGH time tcEH 196 - - ns 

CEER LOW time tcEL 196 - - ns 

AOER-AAER to CEER set-up time tACS 100 - - ns 

AOER-AAER to WEER set-up time tAWS 50 - - ns 

WEER to AOER-AAER hold time tAWH 50 - - ns 

WEER to CEER set-up time twcs 50 - - ns 

CEER to WEER hold time twCH 65 - - ns 

OOER-07ER to CEER set-up time toes 50 - - ns 

CEER to OOER-07ER hold time tocH 150 - - ni; 

WEER to CEER reeovery time twR 65 - - ns 

OOER-07ER to WEER set-up time tows 150 - - ns 

WEER to DOER-07ER hold time towH 100 - - ns 

OEER to OOER-D7ER output active tooz 100 - - n~ 

OEER to OOER-07Ef! output in 
high impedance state to oz 20 - - ns 
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Error Corrector for Compact Disc SAA7020 

NOTES TO THE CHARACTERISTICS 

1. Measured from -0,3 to+ 6,5 Vat Tamb = 25 °c; Voo1 = 6,5 V. 

2. Input/output port in high impedance state (OFF); measured from 0 to 6 Vat T amb = 25 oc. 

3. Output loading: 1 TTL gate+ CL= 50 pF. 

4. All outputs are protected against short-circuit to Vss and Voo1. The maximum load capacitance 
that can be applied before the short-circuit protection becomes active is 150 pF. 

5. Phase detector gain for average MCES output voltage= 1, 1 V per frame. Phase detector control 
range = ± 2 frames. 

6. All maximum or minimum values assume respective frequency where appropriate. 

7. Reference levels= 0,8 V and 2,4 V. 

8. The DAEC level during the advanced UNEC period is defined by the state at pin 38 (GAP). If this 
state changes during CLEC LOW, the timings are applicable. If the state at pin 38 changes at other 
times, DAEC follows with a delay of between 20 and 500 ns. 
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Fig. 4 Typical input waveforms from SAA 7010/SAA 7011. 
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Fig. 5 Typical output waveforms to SAA7000. 
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Error Corrector for Compact Disc SAA7020 

FSDE 

-vv-v-\_f\_ 

I+---- tFCG 

.....------''°" ~ 

Fig. 6 Input waveform timing; reference levels= 0,8 V and 2,4 V. 

ADER 
to 

AAER 

WEER 

D7ER 
to 

DOER 

toes 

- tooz'1 ~ -J-tooz --

DEER L 
7Z80417 

7Z80416 

Fig. 7 RAM interface write cycle timing; reference levels= 0,8 V and 2,4 V, output loading= 1 TTL 
gate and CL= 50 pF. 
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AOER 
to 

AAER 

OOER 
to 

D7ER 

--- toLZ -----

Product Specification 

SAA7020 

tc 

7Z80418 

Fig. 8 RAM interface read cycle timing; reference levels= 0,8 V and 2.4 V; output loading= 1 TTL 
gate and CL= 50 pF; WEER is HIGH during read cycle. 

CLEC 
(1) 

DAEC (2) 

UNEC ADVANCED UNEC 

7Z80419 

(1) CLEC remains LOW for 8 CLEC cycle periods. 
(2) DAEC level during this period is defined by the level on pin 38 (GAP). If GAP changes during CLEC 

active, the above timings apply. If GAP changes at other times, DAEC follows with a delay of 20 to 
500 ns. 

Fig. 9 Output waveform timing; refarence levels= 0,8 V and 2.4 V, output loading= 1 TTL gate and 
CL=50pF. 

5-659 September 1985 

5 



Signetics Linear Products Product Specification 

Filter Circuit for Compact Disc SAA7030 

GENERAL DESCRIPTION 

The SAA7030 is a stereo interpolating digital filter designed for the Compact Disc Digital Audio 
system. The circuit incorporates two identical filters, each with a sampling rate of four times that of 
the normal digital audio sampling. 

Features 

• Suppresses spurious lobes in the audio spectrum 
• Improves the signal quality for digital-to-analogue conversion 
• Allows a low-order analogue post filter to be used after the digital-to-analogue converter (DAC) 
• Option of offset binary or two's complement data output format 
• Electrically-selectable d.c. offset/no offset on data output 
• Overflow detection and protection 
• Directly compatible with the interpolation and muting circuit (SAA7000) 
• Generates a latch output strobe to the DAC 

Vo01 

Voo2 

Vss 
V99 

DLCF 
(ORCF) 

CLCF 

STRl 

CLOX 

INPUT 
SHIFT 

REGISTER 

18 

21 

19 

PACKAGE OUTLINE 

RECIRC. 
SHIFT 

REGISTER 

TIMING & CONTROL 

24-lead OIL; plastic (SOT-101A). 
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Fig. 1 
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ROM 

MULTIPLIER ACCUMULATOR 
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Block diagram. 
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Filter Circuit for Compact Disc SAA7030 

PINNING 

1 VBB back bias supply 
Voo1 

2 OS offset/no offset select input 
TEST5 3 DLFD left channel data output 

TEST4 4 n.c. riot connected 

STR1 5 n.c. not connected 

DLCF 6 CLFD data clock output 

7 LAT strobe output 
CLOX 

SAA7030 8 n.c. not connected 
CLCF 9 n.c. not connected 
DRCF 10 DRFD right channel data output 

TEST3 11 OB offset binary/two's complement 

DRFD TEST2 
select input 

12 Vss ground 
TEST 1 

13 Voo2 + 12 V supply 
Vss Voo2 14 TEST1 test output 

7290277 15 TEST2 test input 

16 TEST3 test input 

17 DRCF right channel data input 
Fig. 2 Pinning diagram. 

18 CLCF data clock input 

19 CLOX master clock input 

20 DLCF left channel data input 

21 STR1 strobe input 

22 TEST4 test input 

23 TEST5 test input 

24 Voo1 + 5 V supply 

FUNCTIONAL DESCRIPTION 

The SAA7030 is a stereo interpolating filter which quadruples the data sample rate from 44, 1 to 
176,4 kHz and thus achieves the following: 

1. It suppresses spurious spectrum lobes in the output data that occur between the baseband frequency 
and 176,4 ± 20 kHz. This allows the DAC to be followed by a low-cost filter of the linear phase, 
low order, analogue post filter type (a very high order, low-pass filter would otherwise be required 
to suppress the 44, 1 ± 20 kHz lobe). 

2. It performs noise-shaping so that a 14-bit DAC yields the same in-band quantizing signal-to-noise 
ratio as from a 16-bit DAC supplied with unprocessed 44, 1 kHz samples. 
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Filter Circuit for Compact Disc SAA7030 

The circuit incorporates two identical filters (one per channel). Each is a finite impulse response, linear 
phase transversal filter. The filter length is 96 bits with 16-bit data words and 12-bit coefficients. The 
composition of each filter is. as follows: 

serial-to-parallel input shift register; 
sixteen 24-bit shift registers for data storage; 
96 x 12-bit coefficient ROM; 
12 x 16-bit array multiplier; 
28-bit accumulator; 
parallel-to-serial output' shift register. 

Overflow protection is incorporated in the filters so that, in the unlikely event of accumulator overflow, 
the output limits cleanly. Overflow only occurs if the input samples continuously reverse sign coinci­
dently with the coefficients, so that the products of the two entered into the accumulator are continu­
ally of the same sign. 

The data inputs may run asynchronously with the master clock (CLOX) provided that the data inputs 
are always complete before the rising edge of the 44, 1 kHz input strobe (STR 1 ). A 176,4 kHz output 
strobe (LAT) is provided, the rising edge of which follows the completion of the serial output data 
stream. This strobe pulse is timed to be used to gate the master clock (CLOX) if required. 

The input OS provides selection of -3% d.c. offset or no offset of the data output voltage level. The 
format of the output data is selected via the input OB to be in offset binary or two's complement form. 

Pin functions 

pin no. mnemonic 

1 Vee 
2 OS 

3 DLFD 

6 CLFD 

7 LAT 

10 DRFD 

11 OB 

,; 
12 Vss 
13 VDD2 
14 TEST1 

15 TEST2 

16 TEST3 

17 DRCF 

18 CLCF 

19 CLOX 

20 DLCF 

September 1985 

description 

Back bias supply voltage: -2,5 V ± 20%. 

Offset select input. When connected to V DD 1 • the data output has a fixed 
d.c. offSet of -3%. When connected to Vss. the data output has no offset. 

Left channel data output. The data is 14-bit serial with most-significant bit 
first and is valid on the falling edge of the output clock (CLFD). 

Data clock output. Typical frequency= 4,2336 MHz ( = CLOX). 
The falling edge of this clock defines output data valid. 

Strobe output at 176,4 kHz. The rising edge of this pulse indicates that the 
output of a 14-bit data word is complete. 

Right channel data output (see DLFD). 

Offset binary/two's complement select input. When connected to V55, the 
output data is coded in offset binary. When connected to VDD1· the output 
data is coded in two's complement. 

Ground (0 V). 

Positive supply voltage: + 12 V ± 10%. 

Test output; not used in normal operation. 

Test input; in normal operation this pin should be connected to Vss or VDD1· 

Test input; in normal operation this pin should be connected to Vss or VDD1· 

Right channel data input. Data should be 16-bit serial with most-significant­
bit first and in offset binary code. It is valid on the falling edge of the input 
data clock (CLCF). 

Input data clock. The falling edge of this clock defines input data valid. 

Master clock input. Runs continuously at a typical frequency of 4,2336 MHz. 

Left channel data input (see DRCF). 
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Filter Circuit for Compact Disc SAA7030 

FUNCTIONAL DESCRIPTION (continued) 

pin no. mnemonic 

21 STR1 

22 TEST4 

23 TESTS 

24 Voo1 

description 

Strobe input at 44, 1 kHz. The internal timing chain of the SAA7030 is 
synchronized by the rising edge of STR1 which must be synchronous with 
CLOX within the tolerance specified in CHARACTERISTICS. The rising 
edge should follow the completion of the input data stream. 

Test input; in normal operation this pin should be connected to VoD1· 

Test input; in normal operation this pin should be connected to Voo1. 

Positive supply voltage: + 5 V ± 10%. 

Pins 4, 5, 8 and 9 have no internal connection. 

HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 
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Filter Circuit for Compact Disc SAA7030 

RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); Vss = O V 

Supply voltage 1 range (pin 24) Voo1 -0,3 to + 7,5 V 

Supply voltage 2 range (pin 13) Voo2 -0,3 to + 15 V 

Back bias supply voltage range (pin 1) 

Input voltage range 

Output voltage range 

Output current 

Operating ambient temperature range 

Storage temperature range 

CHARACTERISTICS 

Vss = 0 V; Tamb = -20 to+ 70 °c unless otherwise specified 

parameter symbol min. 

Supplies 

Supply voltage 1 (pin 24) Voo1 4,5 

Supply voltage 2 (pin 13) Voo2 10,8 

Back bias supply voltage (pin 1) -vBB 2,0 

Supply current 1 (pin 24) 1001 50 

Supply current 2 (pin 13) 1002 3,5 

Back bias supply current (pin 1) 
at Voo1<5,5 V; Voo2<13,2 V -IBB -

Inputs 

Input voltage LOW V1L -0,3 

Input voltage HIGH V1H 2,0 

Input current at Tamb = 25 oc; 
V 1 = -0,3 to + 6,5 V ± 11 -

Input capacitance c, -

Outputs (note 1) 

Output voltage LOW at-loL = 1,6 mA Vol -0,3 

Output voltage HIGH at loH = 0,2 mA VoH 3,0 

Load capacitance CL -

lnputCLOX 

Operating frequency t1x 1,0 

Input clock LOW t1XL 25 

Input clock HIGH t1XH 25 

September 1985 5-664 

vBB -4to +0,3 V 

Vi -0,3 to + 7,5 V 

Vo -0,3 to + 7,5 V 

lo max. 10 mA 

Tamb -20to +70 oc 

Tstg -55 to+ 125 oc 

typ. max. unit 

5,0 5,5 v 

12,0 13,2 v 

2,5 3,0 v 
120 240 mA 

8,0 15,0 mA 

- 500 µA 

- +0,8 v 

- 6,5 v 

- 1 µA 

- 7 pF 

- + 0,4 v 

- v 001 +0,5 v 
50 150 pF 

4,23 4,5 MHz 

- - {%of 
- - t1xP 
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Filter Circuit for Compact Disc SAA7030 

CHARACTERISTICS (continued) 

parameter symbol min. typ, max. unit 

Inputs CLCF, DLCF, DRCF, STR1 

CLCF frequency f1c 0,1 2,12 4,50 MHz 

CLCF LOW time t1cL 75 - - ns 

CLCF HIGH time t1cH 75 - - ns 

DLCF/DRCF to CLCF set-up time t1os 25 - - ns 

CLCF to DLCF/DRCF hold time t10H 75 - - ns 

CLCF LOW to STR 1 time tcsL 0 - - ns 

STR1 LOW time t1sL 4 - -
f 

CLOX 

STR1 HIGH time t1SH 1 - - cycles 

CLOX to STR1 rising txsL -5 - - ns 

CLOX to STR1 HIGH txsH - - 55 ns 

Outputs CLFD, DRFD, DLFD, LAT 
(notes 2 and 3) 

Output rise time (except LAT) toR - 10 30 ns 

Output fall time (except LAT) toF - 8 15 ns 

Output rise time (LAT only) tLR - 7 15 ns 

Output fall time (LAT only) tLF - 6 10 ns 

CLFD HIGH time tocH 40 75 - ns 

CLFD LOW time 
I 

40 105 tocL - ns 

DRFD/DLFD to CLFD set-up time toos 20 70 - ns 

CLFD to DRFD/DLFD hold time tooH 50 120 - ns 

CLFD LOW prior to LAT rising tcLD 100 350 - ns 

CLOX to LAT starting to change 
(note 4) txLS 0 30 - ns 

CLOX to LAT reaching final value txLF 0 80 - ns 

CLFD LOW to rising edge of CLOX 
with rising edge to STR1 txcL 50 400 - ns 

LAT HIGH time tLH - 1 - CLOX 
cycle 

NOTES TO THE CHARACTERISTICS 

1. All outputs are protected against short-circuit to V55 and Voo1. The maximum load capacitance 
that can be applied before the short-circuit protection becomes active is 150 pF. 

2. Output loading CL= 50 pF. 

3. Reference levels are 0,8 and 2 V. 

4. Rising edge of LAT occurs in the first CLOX LOW period following the rising edge to STR1 and 
then recurs at every 24th CLOX cycle. 
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Filter Circuit for Compact Disc 

CLCF 
(1) 

DLCF 
or 

DRCF 

STAI '-k--
CLOX 

(2) 

Product Specification 

SAA7030 

(1) CLCF frequency (f1cl = 1/t1CP· The trailing edge of CLCF must occur 16 times between 
consecutive rising edges of STR 1. 

(2) CLOX frequency (f1xl = 1/t1XP· 

CLOX 

LAT 

CLFD 

DAFD 
DLFD 

Fig. 4 Input waveform timing; reference levels are 0,8 and 2 V. 

STRl 

Fig. 5 Output waveform timing: reference levels are 0,8 and 2 V; output loading= 50 pF. 
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Microprocessor Controlled Stereo Sound Generator 
for Sound Effects and Music Synthesis 

GENERAL DESCRIPTION 

Product Specification 

SAA1099 

The SAA 1099 is a mono I ithic integrated circuit designed for generation of stereo sound effects and 
music synthesis. 

Features 

• Six frequency generators 
eight octaves per generator 
256 tones per octave 

• Two noise generators 
• Six noise/frequency mixers 
• Twelve amplitude controllers 
• Two envelope controllers 
• Two 6-channel mixers/current sink analogue output stages 
• TTL input compatible 
• Readily interfaces to 8-bit microcontroller 
• Minimal peripheral components 
• Simple output filtering 

Applications 

• Consumer games systems 
• Home computers 
• Electronic organs 
• Arcade games 
•Toys 
• Chimes/alarm clocks 

QUICK REFERENCE DATA 

Supply voltage (pin 18) 

Supply current (pin 18) 

Reference current (pin 6) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead OIL; plastic (SOT-102CS). 
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Voo typ. 5 v 
loo typ. 55 mA 

I ref typ. 250 µA 

Ptot 450 mW 

Tamb 0 to+ 70 oc 
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Microprocessor Controlled Stereo Sound Generator 
for Sound Effects and Music Synthesis SAA1099 

PINNING 

PIN DESIGNATION 

WR 

2 cs 

3 AO 

4 OUTR 

5 OUTL 

6 I ref 

7 DTACK 

8 CLK 

9 Vss 
10-17 D0-07 

18 Voo 

September 1985 

SAA1099 

7Z90786 

Fig. 2 Pinning diagram. 

Write Enable: active LOW input which operates in conjunction with CS and 
AO to allow writing to the internal registers. 

Chip Select: active LOW input to identify valid WR inputs to the chip. This 
input also operates in conjunction with WR and AO to allow writing to the 
internal registers. 

Control/Address select: input used in conjunction with WR and CS to load 
data to the control register (AO= 0) or the address buffer (AO= 1 ). 

Right channel output: a 7-level current sink analogue output for the 'right' 
component. This pin requires an external load resistor. 

Left channel output: a 7-level current sink analogue output for the 'left' 
component. This pin requires an external load resistor. 

Reference current supply: used to bias the current sink outputs. 

Data Transfer Acknowledge: open drain output, active LOW to acknowledge 
successful data transfer. On completion of the cycle DTACK is set to inactive. 

Clock: input for an externally generated clock at a nominal frequency of 
8 MHz. 

Ground: 0 V. 

Data: Data bus input. 

Power supply: + 5 V typical. 
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Microprocessor Controlled Stereo Sound Generator 
for Sound Effects and Music Synthesis 

FUNCTIONAL DESCRIPTION 

Product Specification 

SAA1099 

The following sections provide a detailed functional description of the SAA 1099 as shown in the block 
diagram, Fig. 1. 

Frequency generators 

Six frequency generators can each select one of 8 octaves and one of 256 tones within an octave. 
A total frequency range of 30 Hz to 7,74 kHz is available. The outputs may also control noise or 
envelope generators. All frequency generators have an enable bit which switches them on and off, 
making it possible to preselect a tone tone and to make it inaudible when required. 

The frequency ranges per octave are: 

Octave 

0 
1 
2 
3 
4 
5 
6 
7 

Frequency range 

30 Hz to 60 Hz 
60 Hz to 122 Hz 
122 Hz to 244 Hz 
244 Hz to 488 Hz 
489 Hz to 976 Hz 
978 Hz to 1,95 kHz 
1,95 kHz to 3,90 kHz 
3,91 kHz to 7,81 kHz 

Noise generators 

The two noise generators both have a programmable output. This may be a software controlled noise 
via one of the frequency controlled generators or one of three pre-defined noises. There is no tone 
produced by the frequency generator when it is controlling the noise generator. The noise produced is 
based on double the frequency generator output, i.e. a range of 61 Hz to 15,6 kHz. 
In the event of a pre-defined noise being chosen, the output of noise generator 0 can be mixed with 
frequency generator 0, 1 and 2; and the output of noise generator 1 can be mixed with frequency 
generator 3, 4 and 5. In order to produce an equal level of noise and tone outputs (when both are 
mixed) the amplitude of the tone is increased. The three pre-defined noises are based on a clock 
frequency of 7,8 kHz, 15,6 kHz or 31,25 kHz. 

Noise/frequency mixers 

Six noise/frequency mixers each with four selections 

• Channel off 
• Frequency only 
• Noise only 
• Noise and frequency 

Each mixer channel has one of the frequency generator outputs fed to it, three channels use noise 
generator 0 and the other three use noise generator 1. 

Amplitude controllers 

Each of the six channel outputs from the mixer is split up into a right and left component giving 
effectively twelve amplitude controllers. An amplitude of 16 possible levels is assigned to each of the 
twelve signals. With this configuration a stereo effect can be achieved by varying only the amp I itude 
component. The moving of a sound from one channel to the other requires, per tone, only one update 
of the amplitude register contents. 
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When an envelope generator is used, the amplitude levels are restricted. The number of levels available 
is then reduced to eight. This is achieved by disabling the least significant bit (LSB) of the amplitude 
control. 

Envelope controllers 

Two of the six tone generators are under envelope control. This applies to both the left and right 
outputs from the tone generator. 
The envelope has the following eight possible modes: 

• Amplitude is zero 
• Single attack 
• Single decay 
• Single attack-decay (triangular) 
• Maximum amplitude 
• Continuous attack 
• Continuous decay 
• Continuous attack-decay 

The timing of the envelope controllers is programmable using one of the frequency generators (see 
Fig. 1 ). When the envelope mode is selected for a channel its control resolution is halved for that 
channel from 16 levels to 8 levels by rounding down to the nearest even level. 
There is also the capability of controlling the 'right' component of the channel with inverse of the 
'left' component, which remains as programmed. 

A direct enable permits the start of an envelope to be defined, and also allows termination of an 
envelope at any time. The envelope rate may be controlled by a frequency channel (see Fig. 1 ), or by 
the microprocessor writing to the address buffer register. If the frequency channel controlled is OFF 
(NE = FE = 0) the envelope will appear at the output, which provides an alternative 'non-square' tone 
capability. In this event the frequency will be the envelope rate, which provided the rate is from the 
frequency channel, will be a maximum of 1 kHz. Higher frequencies of up to 2 kHz can be obtained 
by the envelope resolution being halved from 16 levels to 8 levels. Rates quoted are based on the input 
of a 8 MHz clock. 

Six-channel mixers/current sink analogue output stages 

Six channels are mixed together by the two mixers allowing each one to control one of six equally 
weighted current sinks, to provide a seven level analogue output. 

Command/control select 

In order to simplify the microprocessor interface the command and control information is multiplexed. 
To select a register in order to control frequencies, amplitudes, etc. the command-register has to be loaded. 
The contents of this register determines to which register the data is written in the next control-cycle. 
If a continuous update of the control-register is necessary, only the control-information has to be 
written (the command-information does not change). 
If the command/control select (AO) is logic 0, the byte transfer is control; if AO is logic 1, the byte 
transfer is command. 

September 1985 5-672 



Signetics Linear Products 

Microprocessor Controlled Stereo Sound Generator 
for Sound Effects and Music Synthesis 

Interface to microprocessor 

Product Specification 

SAA1099 

The SAA 1099 is a data bus based 1/0 peripheral. Depending on the value of the command/control 
signal (AO) the CS and WR signals control the data transfer from the microprocessor to the SAA 1099. 
The data-transfer-acknowledge (DTACK) indicates that the data transfer is completed. When, during 
the write cycle, the microprocessor recognizes the DTACK, the bus cycle will be completed by the 
processor. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 18) Voo 

Maximum input voltage Vi 

at Voo = 4,5 to 5,5 v v 1 
Maximum output current 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

Electrostatic handling* 

lo 
Ptot 

T stg 

Tamb 

Ves 

* Equivalent to discharging a 250 µ.F capacitor through a 1 k!l series resistor. 

5-673 

-0,3to + 7,5 V 

-0,3 to + 7,5 V 

-0,5 to + 7,5 V 

max. 10 mA 

450 mW 

-55 to + 125 oc 

Oto + 70 oc 

-1000 to + 1000 V 
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D.C. CHARACTERISTICS 

Voo = 5 V; Tamb = 0 to 70 °c; unless otherwise specified 

parameter symbol min. typ. 

Supply 

Supply voltage Voo 4,5 5,0 

Supply current loo - 55 

Reference current (note 1) I ref 100 250 

INPUTS 

Input voltage HIGH V1H 2,0 -
Input voltage LOW V1L -0,5 -
Input leakage current ± lu - -
Input capacitance C1 - -

OUTPUTS 

DTACK (open drain; note 2) 

Output voltage LOW 
at loL = 3,2 mA Vol 0 -

Voltage on pin 7 (OFF state) V7_9 -0,3 -
Output capacitance (OFF state) Co - -
Load capacitance CL - -
Output leakage current (OFF state) -ILO - -

Audio outputs (pins 4 and 5) 

With fixed lreflnote 3) 

One channel on 101 /I ref 90 -
Six channels on lo5/6xlret 85 -
With 1ref=250 µA; RL = 1,1 kn(± 5%) 

One channel on 101 /I ref 95 -
Six channels on lo5/6xlref 90 -
Output current one channel on 101 238 -
Output current six channels on los 1,38 -

With resistor supplying lref (note 4) 

Output current one channel on 101 155 -
Output current six channels on 105 0,94 -
Load resistance RL 600 -
0.C. leakage current all channels oft -ILO - -
Maximum current difference between 

left and right current sinks (note 5) ± lomax - -
Signal-to-noise ratio (npte 6) S/N - tbf 
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max. unit 

5,5 v 
90 mA 

400 µA 

6,0 v 
0,8 v 
10 µA 

10 pF 

0,4 v 
6,0 v 
10 pF 

150 pF 

10 µA 

125 % 

120 % 

115 % 

110 % 

288 µA 

1,65 mA 

270 µA 

1,65 mA 

- n 
10 µA 

15 % 

- dB 
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A.C. CHARACTERISTICS 

SAA1099 

Voo = 5 V; Tamb = 0 to 70 °c; timing measurements taken at 2,0 V for a logic 1 and 0,8 V for a 
logic 0 unless otherwise specified (see waveforms Figs 3 and 4) 

parameter symbol min. typ. max. unit 

Bus interface timing (see Fig. 3) 

AO set-up time to CS fall tASC 0 - - ns 

CS LOW to WR fall tcsw 30 - - ns 

AO set-up time to WR fall tASW 50 - - ns 

WR LOW time twL 100 - - ns 

Data bus valid to WR rise tBsw 100 - - ns 

DTACK fall delay from WR fall (note 7) tDFW 0 - 85 ns 

AO hold time from WR HIGH tAHW 0 - - ns 

CS hold time from WR HIGH tcHW 0 - - ns 

Data bus hold time from WR HIGH tDHW 0 - - ns 

DTACK rise delay from WR HIGH tDRW 0 - 100 ns 

Bus cycle time (note 8) tcv 2CP - -
Bus cycle time (note 9) tcv SCP - -

Clock input timing (see Fig. 4) 

Clock period tcLK 120 125 255 ns 

Clock LOW time !HIGH 55 - - ns 

Clock HIGH time tLOw 55 - - ns 

Notes to the characteristics 

1. Using an external constant current generator to provide a nominal I ref or external resistor 
connected to Voo· 

2. This output is short-circuit protected to Voo and Vss· 
3. Measured with I ref a constant value between 100 and 400 µA; load resistance (RL) allowed to match 

E24 (5%) in all applications via: 

R L = 0,27775 ± 0,03611 

I ref 
4. Measured with Rref = 10 kn(± 5%) connected between I ref and Voo; R L = 820 n (± 5%); OUTR 

and OUTL short-circuit protected to V55. 
5. Left and right outputs must be driven with identical configuration. 
6. Sample tested value only. 
7. This timing parameter only applies when no wait states are required; otherwise parameter is invalid. 
8. The minimum bus cycle time of two clock periods is for loading all registers except the amplitude 

registers. 
9. The minimum bus cycle time of eight clock periods is for loading the amplitude registers. In a 

system using DT ACK it is possible to achieve minimum times of 500 ns. Without DT ACK the 
parameter given must be used. 
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K 

] 

K 
- toFW ..__ toRw 

--('----__ y,,_,,,, 
Fig. 3 Bus interface waveforms. 

CLK 

7Z87812 

Fig. 4 Clock input waveform. 
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Device operation 
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The SAA 1099 uses pulse width modulation to achieve amplitude and envelope levels. The twelve 
signals are mixed in an analogue format (6 'left' and 6 'right') before leaving the chip. The amplitude 
and envelope signals chop the output at a minimum rate of 62,5 kHz, compared with the highest tone 
output of 7,74 kHz. Simple external low-pass filtering is used to remove the high frequency components. 

Rates quoted are based on the input of a 8 MHz clock. 

A data bus based write only structure is used to load the on-board registers. The data bus is used to 
load the address for a register, and subsequently the data to that register. Once the address is loaded 
multiple data loads to that register can be performed. 

The selection of address or data is made by the single address bit AO, as shown in register maps Table 1 
and Table 2. 

The bus control signals WR and CS are designed to be compatible with a wide range of microprocessors, 
a DTACK output is included to optimise the interface with an S68000 series microprocessor. In most 5 
bus cycles DTACK will be returned immediately, this applies to all register address load cycles and all 
except amplitude data load cycles. With respect to amplitude data, a number of wait cycles may need 
to be performed, depending on the time since the previous amplitude load. DTACK will indicate the 
number of required waits. 

Register description (see Tables 2 and 3) 

The amplitudes are assigned with 'left' and 'right' components in the same byte, on a channel by 
channel basis. The spare locations that are left between blocks of registers is to allow for future 
expansion, and should be written as zero's. The tone within an octave is defined by eight bits and the 
octave by three bits. Note that octaves are paired (0/1, 2/3 etc.). The frequency and noise enables are 
grouped together for ease of programming. The controls for noise 'colour' (clock rate) are grouped 
in one byte. 

The envelope registers are positioned in adjacent locations. There are two types of envelope controls, 
direct acting controls and buffered controls. The direct acting controls always take immediate effect, 
and are: 

• Envelope enable (reset) 
• Envelope resolution (16/8 level) 

The buffered controls are acted upon only at the times shown in Fig. 5 and control selection of: 

• Envelope clock source 
• Waveform type 
• Inverted/non-inverted 'right' component 

Table 1 External memory map 

select data bus inputs 
operations 

AO D7 D6 D5 D4 D3 D2 D1 DO 

0 D7 D6 D5 D4 D3 D2 D1 DO data for internal registers 
1 x x x A4 A3 A2 A1 AO internal register address 

Where X = don't care state. 
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Table 2 Internal register map. 

register data bus inputs 
address 07 06 05 04 03 02 01 DO 

00 AR03 AR02 AR01 AROO AL03 AL02 AL01 ALOO 

01 1 1 1 1 1 1 1 1 
02 2 2 2 2 2 2 2 2 
03 3 3 3 3 3 3 3 3 
04 4 4 4 4 4 4 4 4 
05 5 5 5 5 5 5 5 5 
06 x x x x x x x x 
07 x x x x x x x x 
08 F07 F06 F05 F04 F03 F02 F01 FOO 
09 1 1 1 1 1 1 1 1 
OA 2 2 2 2 2 2 2 2 
OB 3 3 3 3 3 3 3 3 
oc 4 4 4 4 4 4 4 4 
OD F57 F56 F55 F54 F53 F52 F51 F50 
OE x x x x x x x x 
OF x x x x x x x x 
10 x 012 011 010 x 002 001 000 
11 x 032 031 030 x 022 021 020 
12 x 052 051 050 x 04.2 041 040 
13 x x x x x x x x 
14 x x FE5 FE4 FE3 FE2 FE1 FEO 
15 x x NE5 NE4 NE3 NE2 NE1 NEO 
16 x x N11 N10 x x N01 NOO 

17 x x x x x x x x 
18 E07 x E05 E04 E03 E02 E01 EOO 
19 E17 x E15 E14 E13 E12 E11 E10 
1A x x x x x x x x 
18 x x x x x x x x 
1C x x x x x x x SE 
1D x x x x x x x x 
1E x x x x x x x x 
1F x x x x x x x x 

Where: 
All don't cares (X) should be written as zero's. 
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operations 

amplitude 0 right channel; 
left channel 
amplitude 1 right/left 
amplitude 2 right/left 
amp I itude 3 right/left 
amp I itude 4 right/left 
amplitude 5 right/left 

frequency of tone 0 
frequency of tone 1 
frequency of tone 2 
frequency of tone 3 
frequency of tone 4 
frequency of tone 5 

octave 1 ; octave 0 
octave 3; octave 2 
octave 5; octave 4 

frequency enable 
noise enable 
noise generator 1 ; 
noise generator 0 

envelope generator 0 
envelope generator 1 

sound enable (all channels) 

00 to 1 F block of registers repeats eight times in the block between addresses 00 to FF (full internal 
memory map). 
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APPLICATION INFORMATION (continued) 

Table 3 Register description 

bit description 

ARn3; ARn2; 4 bits for amplitude control 
ARn1; ARnO of right channel 
(n = 0,5) 0 0 0 0 minimum amplitude (off) 

1 1 1 1 maximum amplitude 

ALn3; ALn2; 4 bits for amplitude control 
ALn1; ALnO of left channel 
(n = 0,5) 0 0 0 0 minimum amplitude (off) 

1 1 1 1 maximum amplitude 

Fn7 to FnO 8 bits for frequency control 
(n = 0,5) of the six frequency generators 

0 0 0 0 0 0 0 0 lowest frequency 
1 1 1 1 1 1 1 1 highest frequency 

On2; On1; OnO 3 bits for octave control 
(n =0,5) 0 0 0 lowest octave (30 Hz to 60 Hz) 

0 0 1 (60 Hz to 122 Hz) 
0 1 0 (122 Hz to 244 Hz) 
0 1 1 (244 Hz to 488 Hz) 
1 0 0 (489 Hz to 976 Hz) 
1 0 1 (978 Hz to 1,95 kHz) 
1 1 0 (1,95 kHz to 3,90 kHz) 
1 1 1 highest octave (3,91 kHz to 7,81 kHz) 

FEn frequency enable bit (one tone per generator) 
(n = 0,5) FEn = 0 indicates that frequency 'n' is off 

NEn noise enable bit (one tone per generator) 
(n = 0,5) NEn = 0 indicates that noise 'n' is off 

Nn1; NnO 2 bits for noise generator control. 
(n = 0,1) These bits select the noise generator rate (noise 'colour') 

Nn1 NnO clock frequency (kHz) 
0 0 31,3 
0 1 15,6 
1 0 7,6 
1 1 61 to 15,6 (frequency generator 0/2) 
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bit description 

En7; 
En5 to Eno 7 bits for envelope control 
(n = 0,1) Eno 

0 left and right component have the same envelope 
1 right component has inverse of envelope that is applied to left 

component 
En3 En2 En1 
0 0 0 zero amplitude 
0 0 1 maximum amplitude 
0 1 0 single decay 
0 1 1 repetitive decay 
1 0 0 single triangular 
1 0 1 repetitive triangular 
1 1 0 single attack 
1 1 1 repetitive attack 

En4 
0 4 bits for envelope control (maximum frequency= 976 Hz) 
1 3 bits for envelope control (maximum frequency= 1,95 kHz) 

En5 
0 internal envelope clock (frequency generator 1 or 4) 
1 external envelope clock (address write pulse) 

En7 
0 reset (no envelope control) 
1 envelope control enabled 

SE SE sound enable for all channels 
(reset on power-up to 0) 

0 all channels disabled 
1 all channels enabled 

Note 

All rates given are based on the input of a 8 MHz clock. 
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APPLICATION INFORMATION (continued) 

envelope generator inactive 

1En7=01 
envelope generator active 

1En7 = 11 

~,..-------~---------
En 3 En2 En1 EnO ~ 

0 0 0 0 ~ 

!-"-'"""'-'+--~~~~~~~~~~~~---, 

1-m-I t----------
131 

0 0 1 0 ~m 
(41 141 (4) 

121 

+ (21 

0 1 0 0 

1- m -I t----------
131 

a 

b 

c 

0 0 

(21 d 

0 0 0 

0 0 

1 0 0 

0 

1-m-1 + + + 
(4) (41 (41 

+ (2) 

1- m-1 t-------
131 

~:'" 
l-11l-I + 

(41 

~=========~! (2) 

1- m -1 +------------
13! 

+(2) 

~· 
(4) (41 (4) 

~1,,, ;:::;:=;:' 
(4) (4) (4) 7Z87813 

Fig. 5 Envelope waveforms. 
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Notes to Fig. 5 

(1) The level at this time is under amplitude control only (En7 = O; no envelope). 
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(2) When the generator is active (En7 = 1) the maximum level possible is 15/16ths of the amplitude 
level, rounded down to the nearest eight. When the generator is inactive (En7 = 0) the level will be 
16/16ths of the amplitude level. 

(3) After position (3) the buffered controls will be acted upon when loaded. 

(4) At positions (4) the buffered controls will be acted upon if already loaded. 

(5) Waveforms 'a' to 'h' show the left channel (EnO = O; left and right components have the same 
envelope). 
Waveform 'i' shows the right channel (EnO = 1; right component inverse of envelope applied to 
left). 

Voo 

CLOCK 
Rref RL RL 

GENERATOR OUTPUT 
OUTPUT AMPLIFIER 
FILTERS 

CLK (8 MHz) 18 6 5 
OUTL left channel 

8 
LOS WR 

output 

DTACK 

SAA1099 
OUTPUT 

DO to 07 10 to 17 AMPLIFIER 

CPU AO OUTR t> right channel 
3 2 9 4 output 

cs I I I I ADDRESS 7290787 
address 

DECODER 

Fig. 6 Typical application circuit diagram. 
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DESCRIPTION 
ORIC is a monolithic bipolar integrated 
circuit which generates tones and enve­
lopes for use in electronic keyboards. 

FEATURES 
• 10-tone polyphonic tone 

generator 
• 5-octave pitch capablllty 
• 6-octave tone capablllty 
• 3-tone output waveforms 

(squarewave 50% and 12.5% 
duty cycle and 8 steps staircase) 

• 10 analog envelope generators 
offering a variety of possibilities 
(piano, percussion, sustain, 
percussion/sustain) 

• Serlal/parallel Interface 

APPLICATIONS 
•Electronic pianos/organs 
• Melody generator• 

Advance Information 

UAA2183 

PIN CONFIGURATION 

TOP VIEW 
CD01290S 

PIN FUNCTION 
1 CENV1 O (envelope capacitor) 
2 CENV9 
3 CENV8 
4 CENV7 
5 CENV6 
6 OWB (drawbar) 
7 SUL (sustain level) 
8 Tout 2 (tone output) 
9 Tout 4 

10 Tout 6 
11 Tout 1 
12 Tout 3 
13 Tout 5 
14 DAN (decay time pin) 
15 +12 Volt 
16 CENV5 
17 CENV4 
18 CENV3 
19 CENV2 
20 CENV1 
21 IREF (current reference+ l2L supply) 
22 TINS (TOS 1/0 pin) 
23 TIN7 
24 TINS 
25 TINS 
26 TIN9 (TOS input pin) 
27 DATA 0 (bus pin) 
28 DATA 1 
29 DATA 2 
30 DATA 3 
31 CLOCK (bus) 
32 PR (pointer reset bus) 
33 TIN12 
34 TIN11 
35 TIN10 
36 TIN1 (TOS 1/0 highest frequency) 
37 TIN2 
38 TIN3 
39 TIN4 
40 COMMON 
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Power 
OM200/S2 
TDA1010A 
TDA1013A 
TDA1015 
TDA1020 
TDA1510 
TDA1512 
TDA1515 
TDA1520A 
TDA2611A 
TDA7050T 

Video 
NE5205 

Amplifiers 
Section 6 

Hearing Aid Ampllfler ........................................................................ . 
6W Audio Ampllfler .......................................................................... .. 
4W Audio Amplifier with DC Volume Control ........................................ . 
1 to 4W Audio Ampllfler .................................................................... . 
12W Audio Amplifier ......................................................................... . 
2 x 12W Audio Amplifier .................................................................... . 
12 x 20W Audio Ampllfler .................................................................. . 
24W BTL Audio Ampllfler ................................................................... . 
20W Hl·FI Audio Ampllfler ................................................................. .. 
SW Audio Output for TV ................................................................... .. 
Low Voltage Mono/Stereo Power Amplifier (for Cordless Telephone) ...... . 

Wideband High Frequency Ampllfler .................................................... . 
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Hearing Aid Amplifier OM200/S2 

Monolithic integrated circuit amplifier in a plastic envelope, primarily intended for use 
in ear hearing aids. 

QUICK REFERENCE DATA 

For meaning of symbols see test circuit on page ::! 

Supply voltage 

Supply current 

Total power dissipation up to T amb = 25 °c 

V1-3 max. 

12 max. 

Ptot max. 

The following data are measured in test circuit on page 3 

Total supply current 

Transducer gain 

Output power at dtot = 10% 

Cut -off frequency ( -3 dB) 

PACKAGE OUTLINE (Dimensions in mm) 

SOT-20 

_rwhite dot 

~[I 
0,12 max 

i==I =~=£1 Q;3 

2,75 max 3,5 min 

1· 'I' ·1 0,35 max 

7ZS5202 

0,635 

0,635 

0,635 
0,4 

ltot typ. 

Gtr 
> 
typ. 

po > 

fc > 

CIRCUIT DIAGRAM 

4 

3 

5 v 
5 mA 

25 mW 

1 mA 

77 dB 
85 dB 

0,2 mW 

20 kHz 

2 

The sealing of the plastic envelope withstands the accelerated damp heat test of !EC re­
commendation 68-2 (test D, severity IV, 6 cycles). 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

For meaning of symbols test circuit on page 3. 

Voltages 

Supply voltage 

Output voltage 

Input voltage 

Currents 

Output current 

Input current 

Power dissipation 

Power derating curve 

75 

Ptot 
(mW) 

50 

25 

0 
-25 

Temperatures 

Storage temperature 

0 25 

Ambient temperature (see derating curve above) 

Vl-3 max. 5 v 

Vz-3 max. 5 v 
-V4_3 max. 5 v 

I2 max. 5 mA 

I4 max. 5 mA 

7Z&7339 2 

~ 

"' "" ~ 
"'" K 

50 75 
Tamb (OC) 

Tstg 

Tamb 

-20 to +80 °c 
-20 to +80 °c 

1) 

1) This value may be exceeded during inductive switch-offfortransient energies< lOµWs. 
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CHARACTERISTICS at V1-3 =l,3V;I2 = 0, 7mAand Tamb=25 °c unlessotherwisespecified 

Supply currents (no signal) ltot < l, 1 mA 

11 typ. 0,30 mA 

> 77 dB 1) Transducer gain at f = 1 kHz Gtr typ. 85 dB 

Total distortion at f = 1 kHz 
typ. 4 % 

P 0 = lOO µW dtot < 6 % 

P0 = 200 µW dtot < 10 % 

Noise figure at Rs = 5 kQ 

F 
typ. 2,5 dB 

B = 400 to 3200 Hz 
< 6 dB 2) 

Cut -off frequency ( -3 dB) fc > 20 kHz 

Value of RF to adjust 12 at 0, 7 mA Rp 
170 to 1000 kQ 

typ. 400 kQ 

Test circuit 

11 I tot -- --
o,skn 
IZl=1,5k!l Note 

200µF 

OM200/52 2 -lz 

3 

'------rTl------.....1 nss2oa.1 

12 = 0, 7 mA; adjusted by means of Rp 

V l -3 = 1, 3 V; T amb = 25 °c 

1) The transducer gain is defined as the ratio of the output power in the load I Z I = 1,5 kQ 
and the available input power of the source with Rs = 5 kQ. 

2) Due to special processing and pre -measuring, the flutter -noise level is extremely low. 
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Hearing Aid Amplifier 

CHARACTERISTICS 

September 1985 

l,5.-r-r......,.-,--r-""T""-r-"T-,.-,r-T-,--,--r--r-~...-,.-,~'~Z6~7T34~0M 

12 l--l--l-+-1--+--+--+-+-+-11--t-+-1--+--t typ. values r-­
(mA) 1-1-+--1--t-+-t-t-+-t--t-t-f-+-t--+-.-r-r--r.--t-H 

i...-

QL-J-L.....J.......L-.i........1-L.-L....L-..L-l--L-L.-'--'-................... _._ ........ ..._~ 

-25 0 25 50 75 
Tamb (OC) 

The graph applies to test circuit on page 3 
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Hearing Aid Amplifier OM200/S2 

7Z67337 

-12,5 ......... _._ ................... _._ ........................ _._.._.__._...__._ ........... ......_ ........................ __ .._._..._.~ ........... ......_~ ........... ......_~~~~ 

-10 40 60 T amb (°C) 80 

10 ..-~~~..,.--~-,...~""T--.--....--....-.-~~...,.-~~~-.-_L--.-~.---,...~.--.,.-;.7FZ6~73=38T-i 

~ott--~~---t~~t---J+-+--+-+-+___,t--~~---1-.JL~--t~~~~~-j------f--i 
(%) >-----+-----+--V 1-31= 1 \ ~Jl-1r-l,/-t--t---z-_L_~ _ ____, T amb = 25 oc i--t-

7 ,5 1----l------+----f---l---l-.,jl,/-<....j--j.~-z-Z----+---+---+--__,1-+-+-1 
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v / __,_ 

51--~~-+-~-+---+-~~v,..,.-++-+-+-./""--::'l"'--+~_L+-+--+--+-+-+-11-H 
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J....Y /] 
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6 W Audio Amplifier TDA1010A 

The TOA 1010A is a monolithic integrated class-B audio amplifier circuit in a 9-lead single in-line (SIL) 
plastic package. The device is primarily developed as a 6 W car radio amplifier for use with 4 n and 
2 n load impedances. The wide supply voltage range and the flexibility of the IC make it an attractive 
proposition for record players and tape recorders with output powers up to 10 W. 
Special features are: 
•single in-line (SIL) construction for easy mounting 
•separated preamplifier and power amplifier 
•high output power 
• low-cost external components 
• good ripple rejection 
•thermal protection 

QUICK REFERENCE DATA 

Supply voltage range 

Repetitive peak output current 

Output power at pin 2; dtot = 10% 
Vp = 14,4 V; RL = 2 n 
Vp = 14,4 V; R L = 4 n 
Vp = 14,4 V; RL = 8 n 

Vp = 14,4 V; RL = 2 n; with additional 
bootstrap resistor of 220 n between pins 3 and 4 

Total harmonic distortion at P0 = 1 W; R L = 4 n 

Input impedance 
preamplifier (pin 8) 
power amplifier (pin 6) 

Total quiescent current at Vp = 14,4 V 

Sensitivity for P0 = 5,8 W; RL = 4 n 

Operating ambient temperature 

Storage temperature 

PACKAGE OUTLINE 

9-lead SIL; plastic (SOT-1108). 

September 1985 6-8 

Vp 6 to 24 V 

IQRM max. 3 A 

Po typ. 6,4 w 
Po typ. 6,2 w 
Po typ. 3,4 w 

Po typ. 9 w 
dtot typ. 0,2 % 

I zi l typ. 30 kn 

I zi I typ. 20 kn 

I tot typ. 31 mA 

Vi typ. 10 mV 

Tamb -25 to+ 150 oc 

Tstg -55 to+ 150 oc 
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Slgnetics Linear Products Product Specification 

6W Audio Amplifier TDA1010A 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 24 v 
5 A 

3 A 

Peak output current 

Repetitive peak output current 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

A.C. short-circuit duration of load 
during sine-wave drive; 
without heatsink at Vp = 14,4 V 

max. 

max. 

see derating curve Fig. 2 

Tstg -55 to+ 150 oc 

Tamb -25 to+ 150 oc 

max. 100 hours 

10 
72764193 

ptot 
(W) 

8 

6 

4 

~ 
~ 

\ 

\ ."' 
2 ~ 
0 

\ 
-25 0 50 100 150 

Fig. 2 Power derating curve. 

HEATSINK DESIGN 

Assume Vp = 14,4 V; R L = 2 n; T amb = 60 oc maximum; thermal shut-down starts at Tj = 150 oc. 
The maximum sine-wave dissipation in a 2 n load is about 5,2 W. The maximum dissipation for music 
drive will be about 75% of the worst-case sine-wave dissipation, so this will be 3,9 W. Consequently, the 
total resistance from junction to ambient 

_ 1~-W 
Rth j-a - Rth j-tab + Rth tab-h + Rth h-a = 3,9 = 23 K/W. 

Since Rth j-tab = 10 K/W and Rth tab-h = 1 K/W, 

Rth h-a = 23 - ( 10 + 1 ) = 12 K/W. 
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Signetics Linear Products 

6 W Audio Amplifier 

D.C. CHARACTERISTICS 

Supply voltage range 

Repetitive peak output current 

Total quiescent current at Vp = 14,4 V 

A.C. CHARACTERISTICS 

Vp 

IORM 

I tot 

Product Specification 

TDA1010A 

6 to 24 V 

< 3 A 

typ. 31 mA 

Tamb = 25 oc; Vp = 14,4 V; R L = 4 il; f = 1 kHz unless otherwise specified; see also Fig. 3. 

A. F. output power (see Fig. 4) at dtot = 10%; 
measured at pin 2; with bootstrap 

Vp = 14,4 V; RL = 2 il (note 1) Po typ. 6,4 w 

Vp = 14,4 V; RL = 4 il (note 1 and 2) Po (~p. 5,9 w 
6,2 w 

Vp = 14,4 V; RL = 8 il (note 1) Po typ. 3,4 w 
Vp = 14,4 V; R L = 4 il; without bootstrap Po typ. 5,7 w 
Vp = 14,4 V; R L = 2 il; with additional bootstrap 
resistor of 220 n between pins 3 and 4 Po typ. 9 w 

Voltage gain 
typ. 24 dB 

preamplifier (note 3) Gv1 21 to 27 dB 

power amplifier Gv2 
typ. 30 dB 

27 to 33 dB 

total amplifier Gvtot 
typ. 54 dB 

51 to 57 dB 

Total harmonic distortion at P0 = 1 W dtot typ. 0,2 % 

Efficiency at P 0 = 6 W 11 typ. 75 % 

Frequency response (-3 dB) B 80Hzto15 kHz 

Input impedance 
typ. 30 kil 

preamplifier (note 4) IZi I 20 to 40 kil 

power amplifier (note 5) 1zi I 
typ. 20 kil 

14 to 26 kil 

Output impedance of preamplifier; pin 7 (note 5) I Zol 
typ. 20 kil 

14 to 26 kil 

Output voltage preamplifier (r.m.s. value) 
dtot < 1% (pin 7) (note 3) Vo(rms) > 0,7 v 

Noise output voltage (r.m.s. value; note 6) 
Rs= on Vn(rms) typ. 0,3 mV 

Rs= 8,2 kil Vn(rms) 
typ. 0,7 mV 
< 1,4 mV 

Ripple rejection at f = 1 kHz to 10 kHz (note 7) RR > 42 dB 
at f = 100 Hz; C2 = 1 µF RR > 37 dB 

Sensitivity for P 0 = 5,8 W Vi typ. 10 mV 

Bootstrap current at onset of clipping; pin 4 (r.m.s. value) l4(rms) typ. 30 mA 

6-11 September 1985 
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Signetics Linear Products Product Specification 

6 W Audio Amplifier TDA1010A 

Notes 

1. Measured with an ideal coupling capacitor to the speaker load. 

2. Up to P0 ..;; 3 W: dtot..;; 1%. 

3. Measured with a load impedance of 20 kn. 

4. Independent of load impedance of preamplifier. 

5. Output impedance of preamplifier q Z0 I) is correlated (within 10%) with the input impedance 
(I Zil ) of the power amplifier. 

6. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 

7. Ripple rejection measured with a source impedance between 0 and 2 kn (maximum ripple amplitude: 
2V). 

8. The tab must be electrically floating or connected to the substrate (pin 9). 

Cl 
<;>-f + 8 

1 'µf 

V· I 

j 

September 1985 

C2 
100nF 

5 

9 

R1 330kf2 

3 

TDA1010A 

7 6 

C4 
1 nF 

Fig. 3 Test circuit. 
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C5 
100nF 

100µF 
4 C7 ----. + 

2 

C6 
100nF 

R2 
4.7 n 

+ 1000µF 
ca 

7Z7641B.2 



Signetics Linear Products Product Specification 

6W Audio Amplifier TDA1010A 

7277909.A 15 .................................................. ...,....., ....... ...,.....,l"""'T'"...,....,_,.....,....,_,....,......_,....,......"""T""T""'T"""T""T""'T"""T""T""T"""T""T""T-r-T""'T-r-,....., 

101-+~1-1-+-1-~1-1-+-+--+-1-++-+-+-+-++-+-+-+-+-H-+-+-+-+-::~~r~+-+-+-1-+~~JL-H-+-+-+-t-t 
k ldL 

I ~ -~JL 

OL..1.-1-............... ..J-............................. ~..J-................ _._ ................................. _._ ................ ..&....i'1 ........ ....._ ......... _.._ ......................................................... ~ 

0 5 10 : 15 
I 

Vp(V) 20 

14,4 

Fig. 4 Output power of the circuit of Fig. 3 as a function of the supply voltage with the load impedance 
as a parameter; typical values. Solid lines indicate the power across the load, dashed lines that available 
at pin 2 of the TDA 1010. R L = 2 n ( 1 l has been measured with an addition11I 220 n bootstrap resistor 
between pins 3 and 4. Measurements were made at f = 1 kHz, dtot = 10%, T amb = 25 °c. 

Fig. 5 See next page. 
Total harmonic distortion in the circuit of Fig. 3 as a function of the output power with the load 
impedance as a parameter; typical values. Solid lines indicate the power across the load, dashed lines 
that available at pin 2 of the TDA 1010. R L = 2 n ( 1 l has been measured with an additional 220 n 
bootstrap resistor between pins 3 and 4. Measurements were made at f = 1 kHz, Vp = 14,4 V. 
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6 W Audio Amplifier TDA1010A 

7277910 
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Fig. 5 For caption see page 6. 
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Fig. 6 Frequency characteristics of the circuit of Fig. 3 for three values of load impedance; typical 
values. P0 relative to 0 dB= 1 W; Vp = 14,4 V. 
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6W Audio Amplifier 
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Product Specification 

TDA1010A 

7Z77914 

-
211 

T/ 
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100 
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0 

Fig. 7 Total power dissipation (solid lines) and the efficiency (dashed lines) of the circuit of Fig. 3 as 
a function of the output power with the load impedance as a parameter (for R L = 2 nan external 
bootstrap resistor of 220 n has been used); typical values. Vp = 14,4 V; f = 1 kHz. 
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6 W Audio Amplifier TDA1010A 

Rthh-al--4-1--1-r+-+-+-l--+--+--+-+-+-+--1f-+-+-+-+-+-+--1r+-+-+-+--+-+-t--+-+-+-t-+--+-t-t--+-+-ti--t---t-r-t--t 

(°C/Wl1-+-1-1-+--t--t--+--+-+-+-+-+-+--"1-+--t-t--+-+-+-+-+-+-+-t--+--t-t--+-+-+-+-t-+--+-t---r--t-t---r-r-t--+-t-1 

5W t-t-

0 ._._.......,. ....... _...._ ........ __.__._._,..._._...._. ........ _._..__._._...._ ......... _._ ....... _._...._ ........ _._....._.__.__._ ........ _._~ ......... ~ ....... ~ 
0 25 50 75 100 

heatsink area (cm 2) 

Fig. 8 Thermal resistance from heatsink to ambient of a 1,5 mm thick bri~ht aluminium heatsink as a 
function of the single-sided area of the heatsink with the total power dissipation as a parameter. 
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TDA1010A 

7Z77931 

Fig. 10 Track side of printed-circuit board used for the 
circuit of Fig. 9; p.c. board dimensions 92 mm x 52 mm. 

Fig. 11 Component side of printed-circuit board 
showing component layout used for the circuit of Fig. 9. 
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Signetics Linear Products Product Specification 

4 W Audio Amplifier with DC Volume Control TDA1013A 

The TDA1013A is a monolithic integrated audio amplifier circuit with d.c. volume control in a 9-lead 
single in-line (SIL) plastic package. The wide supply voltage range makes this circuit very suitable for 
applications in mains-fed apparatus such as television receivers and record players. 

The d.c. volume control stage has a logarithmic control characteristic with a range of more than 80 dB; 
control can be obtained by means of a variable d.c. voltage between 3.5 and 8 V. 

The audio amplifier has a well defined open loop gain and a fixed integrated closed loop gain. This 
offers an optimum in number of external components, performance and stability. 

The SIL package (SOT-110B) offers a simple and low-cost heatsink connection. 

QUICK REFERENCE DATA 

Supply voltage range 

Repetitive peak output current 

Total sensitivity (d.c. control at max. gain) 
for P0 = 2.5 W 

Audio amplifier 

Output power at dtot = 10% 
Vp=18V;RL=8U 

Total harmonic distortion at P0 = 2.5 W; RL = 8 n 

Sensitivity for P0 = 2.5 W 

D.C. volume control unit 

Gain control range 

Signal handling at dtot < 1% 
(d.c. control at 0 dB) 

Sensitivity for V0 = 125 mV at max. voltage gain 

Input impedance (pin 8) 

PACKAGE OUTLINE 

9-lead SIL; plastic (SOT-110B). 

September 1985 6-20 

Vp 

IQRM 

Po 

dtot 

Vi 

</> 

Vi 

Vi 

IZil 

15 to 35 V 

max. 1.5 A 

typ. 55 mV 

typ. 4.5 w 
typ. 0.5 % 

typ. 125 mV 

> 80 dB 

> 1.2 v 
typ. 55 mV 

typ. 250 kn 
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4 W Audio Amplifier with DC Volume Control TDA1013A 

5.6K R1 ~ 
220 K 

0.1 µF Cl 

0.1 µF 
rl 1--8 1----1 

V; 

1 
7286574.3 

( 1) Belongs to power supply. 

Fig. 1 Basic application diagram also used as test circuit with R1 = 5.1 kil and C1 = 22 nF. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp 

Non-repetitive peak output current I QSM 

Repetitive peak output current 

Storage temperature 

Crystal temperature 

max. 

max. 

35 v 
3 A 

max. 1.5 A 

-55to+150 oc 

-25 to+ 150 oc 

Total power dissipation see derating curve Fig. 2 

HEATSINK DESIGN 

Assume Vp = 18 V; RL = 8 il; Tamb = 60 oc (max.); Tj = 150 oc (max); for a 4 W application into an 
8 n load, the maximum dissipation is about 2.5 w. 
The thermal resistance from junction to ambient can be expressed as: 

Tj max - T amb max 150 - 60 
Rth j-a = Rth j-tab + Rth tab-h + Rth h-a = - = 36 K/W. 

Pmax 2.5 

Since Rth j-tab = 9 K/W and Rth tab-h = 1 K/W, Rth h-a = 36 - (9 + 1) = 26 K/W. 

6-21 September 1985 
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4 W Audio Amplifier with DC Volume Control 

CHARACTERISTICS 

7286573 
a~~~~~~~~~~~~ 

Ptot 1--1-1-1-+-+-+-+-+--+--+--+--i 
(W) 

6.._,__,__+-+-+-+-+-i,..+-+-+-+-~ 

~ 
4 f----+--+-~r--+--+--ll\~ 

a.ar-... ~ 

1~ 
21--+-+--+-'~b.----~~ ... ~~,-+--+-.........-.~.\.-+---< 

..... ~ 

Fig. 2 Power derating curve. 
-- infinite heatsink; 
- - - without heatsink. 

Vp = 18 V; R L = 8 SJ; f = 1 kHz; T amb = 25 oc; unless otherwise specified 

Supply voltage Vp 

Total quiescent current I tot 
Noise output voltage (see also note) Vn 
Total sensitivity (d.c. control at maximum gain) 

for P0 = 2.5 W Vi 

Frequency response (-3 dB) f 

Audio amplifier 

Repetitive peak output current IQRM 

Output power at dtot = 10% Po 

Total harmonic distortion at P0 = 2.5 W dtot 

Voltage gain Gv 
Sensitivity for P0 = 2.5 W Vi 

Input impedance (pin 5) IZil 

Note 

Product Specification 

TDA1013A 

typ. 18 v 
15 to 35 V 

typ. 35 mA 

< 1.4 mV 

38to 69 mV 
typ. 55 mV 

35 Hz to 20 kHz 

< 1.5 A 

> 4W 
typ. 4.5 w 
typ. 0.5 % 
< 1 % 

typ. 30 dB 

typ. 125 mV 

> 100 kf! 
typ. .... ~-.250 k!l 

Measured in a bandwidth according to IEC 179-curve 'A'; Rs= 5 kf! and d.c. control at minimum gain. 
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4 W Audio Amplifier with DC Volume Control 

CHARACTERISTICS (continued) 

D.C. volume control unit 

Gain control range (see also Fig. 3) 

Signal handling at dtot < 1% 
(d.c. control at 0 dB) 

Sensitivity for V 0 = 125 mV at max. voltage gain 

Input impedance {pin 8) 

Output impedance (pin 6) 

Product Specification 

TDA1013A 

> 80 dB 

> 1.2 v 
typ. 55 mV 

> 100 kil 
typ. 250 kil 

100 to 400 n 
typ. 200 n 

Br-----.-r--,r--;---,~-.-----.~-.---~~.----r~-r--r~-r--r~-r--,..-~-r---.-7-Z_B6~57_2.,...,.2 

V7_9r---tt---1~-1----1~-1----t~-+---t~-+----+~+----+~+----+~+---+-~+--+---.,~I//~ 
(V) ./1 

7r---+t---+----+~+---+---+-----+~+--+---+-~~+---+--+~1---1---+---tr~LJ--+---1 
~ 

3...__._____....__._____.~_._____.~_.____.~-'-----'-~+---'-~-'---'-~-'---'-~-'----'-~"---' 

+20 0 -20 -40 -60 
fll (dB) 

-80 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 

17 (mA) 

Fig. 3 Typical values gain control; Vi at pin 7. 
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1to4 W Audio Amplifier TDA1015 

The TOA 1015 is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic 
package. The device is especially designed for portable radio and recorder applications and delivers up 
to 4 W in a 4 n load impedance. The very low applicable supply voltage of 3,6 V permits 6 V applications. 
Special features are: 
• single in-line (SIL) construction for easy mounting 
• separated preamplifier and power amplifier 
• high output power 
• thermal protection 
• high input impedance 
• low current drain 
• limited noise behaviour at radio frequencies 

QUICK REFERENCE DATA 

Supply voltage range 

Peak output current 

Output power at dtot = 10% 
Vp= 12 V; RL =4U 
Vp= 9 V; RL =4U 
Vp= 6V; RL =4U 

Total harmonic distortion at P0 = 1 W; RL = 4 n 
Input impedance 

preamplifier (pin 8) 
power amplifier (pin 6) 

Total quiescent current 

Operating ambient temperature 

Storage temperature 

PACKAGE OUTLINE 

9-lead SIL; plastic (SOT-1108). 
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Vp 

loM 

Po 
Po 
Po 

dtot 

lzd 
IZil 
I tot 

Tamb 

Tstg 

3,6 to 18 V 

max. 2,5 A 

typ. 4,2 w 
typ. 2,3 w 
typ. 1,0 w 
typ. 0,3 % 

> 100 kU 
typ. 20 kn 
typ. 14 mA 

-25 to+ 150 oc 

-55 to+ 150 oc 
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Signetics Linear Products 

1to4 W Audio Amplifier 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 

max. 

Product Specification 

TDA1015 

18 v 
2,5 A Peak output current 

Total power dissipation 

Storage temperature 

see derating curve Fig. 2 

Operating ambient temperature 

A.C. short-circuit duration of load 
during sine-wave drive; Vp = 12 V 

7,5 

Ptot 
(W) 

5 

2,5 

l"'1.... 
l"""' ,...... .,...... 

i""'-

Tstg -55 to+ 150 oc 

Tamb -25 to+ 150 oc 

max. 100 hours 

7Z78628.2 

~ 
~ infinite 

heatsink 

~ 
without ~ 
heats ink ' ....... l"'o.. ~ ]'. 

l' 
""" ~ ["""' 

0 
-25 0 +50 +100 +150 Tamb (°C) 

Fig. 2 Power derating curve. 

HEATSINK DESIGN 

Assume Vp = 12 V; RL = 4 D.; Tamb = 45 °c maximum. 

The maximum sine-wave dissipation is 1,8 W. 

150-45 
Rth j-a = Rth Hab + Rth tab-h + Rth h-a = 1,8 = 58 K/W. 

Where Rth j-a of the package is 45 K/W, so no external heatsink is required. 
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1 to 4 W Audio Amplifier 

D.C. CHARACTERISTICS 

Supply voltage range 

Repetitive peak output current 

Total quiescent current at Vp = 12 V 

A.C. CHARACTERISTICS 

Vp 

IORM 

I tot 

Product Specification 

TDA1015 

3,6 to 18 V 

< 2 A 

typ. 

< 
14 mA 
25 mA 

Tamb = 25 °C; Vp = 12 V; RL = 4 n; f = 1 kHz unless otherwise specified; see also Fig. 3. 

A.F. output power at dtot = 10% (note 1) 
with bootstrap: 
Vp=12V;RL=4n Po typ. 4,2 w 
Vp= 9V;RL=4n Po typ. 2,3 w 
Vp= 6V;RL=4n Po typ. 1,0 w 
without bootstrap: 
Vp= 12 V; RL =4n Po typ. 3,0 w 

Voltage gain: 
preamplifier (note 2) Gv1 typ. 23 dB 

power amplifier Gv2 typ. 29 dB 

total amplifier Gvtot 
typ. 52 dB 

49 to 55 dB 

Total harmonic distortion at P0 = 1,5 W dtot 
typ. 0,3 % 

< 1,0 % 

Frequency response; -3 dB (note 3) B 60 Hz to 15 kHz 

Input impedance: > 100 kn 
preamplifier (note 4) I zi1 I typ. 200 kn 

power amplifier 1zi2I typ. 20 kn 

Output impedance preamplifier I Zo1I typ. 1 kn 

Output voltage preamplifier (r.m.s. value) 
dtot < 1% (note 2) Vo(rms) typ. 0,8 v 

Noise output voltage (r.m.s. value; note 5) 
Rs=on Vn(rms) typ. 0,2 mV 

Rs= 10 kn Vn(rms) typ. 0,5 mV 

Noise output voltage at f = 500 kHz (r.m.s. value) 
B = 5 kHz; Rs = on Vn(rms) typ. 8 µV 

Ripple rejection (note 6) 
f= 100 Hz RR typ. 38 dB 

6-27 September 1985 

6 



Slgnetlcs Linear Products Product Specification 

1 to 4 W Audio Amplifier TDA1015 

Notes 

1. Measured with an ideal coupling capacitor to the speaker load. 

2. Measured with a load resistor of 20 kil. 

3. Measured at P0 = 1 W; the frequency response is mainly determined by C1 and C3 for the low 
frequencies and by C4 for the high frequencies. 

4. Independent of load impedance of preamplifier. 

5. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 

6. Ripple rejection measured with a source impedance between 0 and 2 kil (maximum ripple 
amplitude : 2 V). 

7. The tab must be electrically floating or connected to the substrate (pin 9). 

! C2 ! C6 
1 µF R1 100nF 

+ 

5 300k.Q 3 

TDA1015 4 

C1 8 2 rl 
1100nF 

Vj 9 7 6 RL 
R2 4.Q 

j 4.7 n 

Vp 

7Z89094.1 

Fig. 3 Test circuit. 
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1to4 W Audio Amplifier TDA1015 

APPLICATION INFORMATION 

3 

TDA1015 

C1 8 

<;>-II + 1 µF 

Vi C3 9 7 6 RL 
R3 4.0. 

l 
100pF 4,7.0. 

C5 
5,6k.O. 1,8 

nF 6 7Z89095 
'/ 

Fig. 4 Circuit diagram of a 1 to 4 W amplifier. 

40 
7Z89097 

I tot 

(mA) t--+-+-+-+-+--+--+--+--+--+--+--+--+--+--+--+--+--+-+-+--r--r----t-----t-----t-----t-----tr--r--t--1 

201-+-+-+-+-+-+-+-+-+-+-+-+-1--11--11--1--t--t--t--t--t--t--t--t---t---t---t---t-t-i 

t--+-+-+-+-+--+--+--+--+--+-tYP ~ 
~ 

Fig. 5 Total quiescent current as a function of supply voltage. 
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1to4 W Audio Amplifier 

10 

dtot 
(%) 

7,5 

5 

2,5 

I 

7 
L' 
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I' 

l 
I 
1 
lj_ 

-

Vp= 6V .,,,......._ 
I~ 
J 

~ 
V IL 

TDA1015 

9V 12V 
/......_ 11 7Z89093 

I If 
[ 
[ 

I 

-i 
_l ! 
_j_ I 
' 1 
I 1 
I 

lL 
~ 1 

J lj_ _J_ 

IJJ z 
»~ IZ': 

P0 (W) 10 

Fig. 6 Total harmonic distortion as a function of output power across R L; -- with bootstrap; 
- - - without bootstrap; f = 1 kHz; typical values. The available output power is 5% higher when 
measured at pin 2 (due to series resistance of C10). 

5 

Po 
(W) 

2,5 

0 
0 

~ 
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1£ 

~ 
""" 1..-' !-"': 

IA"'" 

5 

7Z89096 

y 

rJZ- rP-
12 

RL = 4nZ ifsn 
Jl' lL 

v l7 
ll'. 17 

~ 
~ 

~ 
1£ 

10 15 Vp (V) 20 

Fig. 7 Output power across RL as a function of supply voltage with bootstrap; dtot = 10%; typical 
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of C10). 
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1to4 W Audio Amplifier 
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Product Specification 

TDA1015 

7Z78637.1 

typ 

.... 
~ 
~ 
~ 

~ 

f (Hz) 

Fig. 8 Voltage gain as a function of frequency; P0 relative to 0 dB= 1 W; Vp = 12 V; RL = 4 n. 
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dtot 
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5 

2,5 

0 
10 

\ 
]\ 

!'-

7Z78636 1 

j_ 
~ 

Jd'1 ..__ typ 

""" 
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Fig. 9 Total harmonic distortion as a function of frequency; P0 = 1 W; Vp = 12 V; R L = 4 n. 
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1to4 W Audio Amplifier 

60 

RR 
(dB) 

40 

20 

0 

t- f-1 kHz 

f--100 Hz 

1 

Product Specification 

TDA1015 

7Z78635 1 

....+-
f"'" -----

10 R2 (kS1) 

Fig. 10 Ripple rejection as a function of R2 (see Fig. 4); Rs= O; typical values. 

600 

Vn 

(µV) 

400 

200 

0 

t-- --... 

1 

± 
:::---.... Rs=8,2kS1 

-........ 
J.::"'-, 

~ 
~ 
~ 

Rs= 0 

7 Z78633.1 

~ 
~ 
~ 

........ 

~ -....,.,,, 
......... 

""" -..... 
I"' 

N 

10 R2 (kS1) 

Fig. 11 Noise output voltage as a function of R2 (see Fig. 4); measured according to A-curve; capacitor 
CS is adapted for obtaining a constant bandwidth. 
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7Z78632.1 
102~~~.---.--.........,-.-...-...,.....~~--.~-r-""""T-r"...,...T'"T".,..,..~~-,..~...,--,.."'"T""..,.....,r'T"M 

t--~--+~-is;:~::s:->or~+-+-+++t--~~t---+---t--t-+-+-1-tt~~---t~-r----t-+-rr-rT1 

vn(rms) 
(µV) 

N 
N 

Fig. 12 Noise output voltage as a function of frequency; curve a: total amplifier; curve b: power 
amplifier; B = 5 kHz; Rs= 0; typical values. 
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(dB) 

40 

20 

0 
1 
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-- typ 

---.i -i.... - ...... 

10 R2 (kn) 

Fig. 13 Voltage gain as a function of R2 (see Fig. 4). 

6-33 September 1985 

6 



Signetlcs Linear Products Product Specification 

12W Audio Amplifier TDA1020 

The TOA 1020 is a monolithic integrated 12 W audio amplifier in a 9-lead single in-line (SIL) plastic 
package. The device is primarily develop!!d as a car radio amplifier. At a supply voltage of Vp = 14,4 V, 
an output power of 7 W can be delivered into a 4 n load and 12 W into 2 n. 
To avoid interferences and car ignition signals coming from the supply lines into the IC, frequency 
limiting is used peyond the audio spectrum in the preamplifier and the power amplifier. 

The maximum supP,ly voltage of 18 V 111akes the IC also suitable for mains-fed radio receivers, tape 
recorders or record players. However, if tl'le supply voltage is increased above 18 V (< 45 V), the 
device will not be damaged (load dump protected). Also a short-circuiting of the output to ground 
(a.c.) will not destroy the device. Thermal protection is built-in. As a special feature, the circuit has a 
low stand-by current possibility. 

The TOA 1020 is pin-to-pin compatible with the TOA 1010. 

QUICK REFERENCE DATA 

Supply voltage range 

Repetitive peak output current 

Output power at dtot = 10% (with bootstrap) 
Vp= 14,4V; RL =2U 

Vp=14,4V;RL=4U 
Vp=14,4V;RL=8n 

Output power at dtot = 10% (without bootstrap) 
Vp = 14,4 V; RL = 4 n 

Input impedance 
preamplifier (pin 8) 
power amplifier (pin 6) 

Total quiescent current at Vp = 14,4 V 

Stand-by current 

Storage temperature range 

Crystal temperature 

PACKAGE OUTLINE 

9-lead SIL; plastic (SOT-1108). 
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Vp 

lo RM 

IZi I 
IZi I 
I tot 

lsb 

Tstg 

Tc 

6 to 18 V 

< 4 A 

> 10 w 
typ. 12 w 
typ. 7 w 
typ. 3,5 w 

> 4,5 w 

typ. 4p kU 
typ. 40 kn 

' 
typ. ~o mA 

< mA 

-55 to+ 150 °G 
mqX. 150 oc 



°' I 

~ 

~ 
"9. 
<D 
3 
i 
~ 

5 ELECTRO s NIC FILTER/ I I TAND-BY SWITCH T 

LOAD 
DUMP 

6 I I I I I PROT. 

7 - v 

""-.. 11 I I I I I I 
B~ PRE-

AMP. 

POWER 

y 
THERMAL I ~ p 

y I SHUT DOWN 

9 
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Slgnetlcs Linear Products 

12W Audio Amplifier 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage; operating (pin 3) Vp 

Vp 

Vp 

losM 

max. 

max. 

max. 

max. 

Product Specification 

TDA1020 

18 v 
28 v 
45 v 
6 A 

Supply voltage; non-operating 

Supply voltage; load dump 

Non-repetitive peak output current 

Total power dissipation see derating curves Fig. 2 

Storage temperature range Tstg -55 to+ 150 °c 

Crystal temperature Tc max. 150 oc 

Short-circuit duration of load behind output electrolytic capacitor 
at 1 kHz sine-wave overdrive (10 dB); Vp = 14,4 V tsc max. 

7284548 1 101"""'T"-r-T""T-r-....--r-.-'T"""T--r-'T'""l--r--r--r""'T"-r-T"""T"-r-T""T-.-T""T--r-.......,_, 

P tot 1-+-r"l..-.!Sl--+-+-++-+--+-+-++-+--+-+-+cs~JS.....+-+-++-+--+-+-++-+--+-+--1 
(W) "- !\.: 

""' 

5 1-+-++-i-+-+-+-+-++-iT"l-f'~f"C""i Rth h-a ~infinite 1--+-1 
~ 9 K/W f-t--f-\.._heatsinki--+--i 

o ........... _._ .......... '-'-......_ .......... _._......_.'-'--'-J......1.--'-.......... '-'--'-J.......J.-'-.......... '-'--'-J.......J.~..::m 
0 50 100 T (oC) 150 

amb 

Fig. 2 Power derating curves. 

HEATSINK DESIGN EXAMPLE 

100 hours 

The derating of 8 K/W of the encapsulation requires the following external heatsink (for sine-wave 
drive): 

10 Win 2 n at Vp = 14,4 V 
maximum sine-wave dissipation: 5,2 W 
T amb = 60 °c maximum 

Rth j-a = Rth j-tab + Rth tab-h + Rth h-a = 150 ~ 60 = 17 ,3 K/W 
5, 

Since Rth j-tab + Rth tab-h = 8 K/W' Rth h-a = 17 ,3 - 8 "" 9 K/W. 
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12W Audio Amplifier 

D.C. CHARACTERISTICS 

Supply voltage range (pin 3) 

Repetitive peak output current 

Total quiescent current 
at Vp = 14,4 V 
atVp=18V 

A.C. CHARACTERISTICS 

Product Specification 

TDA1020 

Vp 6 to 18 V 

IORM < 4 A 

ltot typ. 30 mA 
ltot typ. 40 mA 

Tamb = 25 oc; Vp = 14,4 V; RL = 4 fl; f = 1 kHz; unless otherwise specified; see also Fig. 3 

Output power at dtot = 10%; with bootstrap (note 1) > 10 w 
Vp = 14,4 V; RL = 2 fl Po typ. 12 w 

Vp = 14,4 V; R L = 4 fl Po 
> 6W 
typ. 7W 

Vp=14,4V;RL=Bfl Po typ. 3,5 w 
Output power at dtot = 1%; with bootstrap (note 1) 

Vp=14,4V;RL=2fl Po typ. 9,5 w 
Vp=14,4V;RL=40 Po typ. 6W 

Vp= 14,4V; RL =BO Po typ. 3W 

Output voltage (r.m.s. value) 
RL = 1 kfl; dtot = 0,5% Vo(rms) typ. 5 v 

Output power at dtot = 10%; without bootstrap Po > 4,5 w 
Voltage gain typ. 17,7 dB 

preamplifier (note 2) Gv1 16,7 to 18,7 dB 

power amplifier Gv2 
typ. 29,5 dB 

28,5 to 30,5 dB 

total amplifier Gvtot 
typ. 47 dB 

46,2 to 48,2 dB 

Input impedance typ. 40 kfl 
preamplifier IZil 28 to 52 kfl 

power amplifier IZil 
typ. 40 kn 

28 to 52 kn 

Output impedance typ. 2,0 kfl 
preamplifier IZol 1,4 to 2,6 kfl 

power amplifier IZol typ. 50 mn 

Output voltage (r.m.s. value) at dtot = 1% > 1 v preamplifier (note 2) Vo(rms) typ. 1,5 v 
Frequency response B 50 Hz to 25 kHz 

Noise output voltage (r.m.s. value; note 3) 
typ. 0,3 mV 

R5=0fl Vn(rms) < 0,5 mV 

R5 =8,2 kfl Vn(rms) 
typ. 0,5 mV 
< 1,0 mV 
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12W Audio Amplifier 

Ripple rejection (note 4) 
at f = 100 Hz; C2 = 1 µF 

atf= 1 kHz to 10 kHz 

Bootstrap current at onset of clipping (pin 4) 
RL = 4 n and 2 n 

Stand-by current (note 5) 

Crystal temperature for -3 dB gain 

Notes 

1. Measured with an ideal coupling capacitor to the speaker load. 
2. Measured with a load resistor of 40 kn. 
3. Measured according to I EC curve-A. 
4. Maximum ripple amplitude is 2 V; input is short-circuited. 

RR 

RR 

14 

lsb 

Tc 

5. Total current when disconnecting pin 5 or short-circuited to ground (pin 9). 
6. The tab must be electrically floating or connected to the substrate (pin 9). 

c2! !stand-by 
C5I 

100 nF R1 330kn switch 100nF 

5 3 

TDA 1020 4 
100µF 

+ 
C1 

C7 

<;>--I + 8 2 

11 µF C6 
100nF 

V· I 9 7 6 

l C4 
3,3nF 

( 1) With R L = 2 n, preferred value of C8 = 2200 µF. 

Fig. 3 Test circuit. 
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TDA1020 

typ. 44 dB 

> 48 dB 
typ. 54 dB 

typ. 40 mA 

< 1 mA 

> 150 oc 

+ 

+ 
Vp 

RL 

7Z84546 
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2x12WAudioAmplifier TDA1510 

The TOA 1510 is a monolithic integrated class-B output amplifier in a 13-lead single in-line (SIL) plastic 
power package. The device is primarily developed for car radio applications, and also to drive low­
impedance loads (down to 1,6 U). At a supply voltage Vp = 14,4 V, an output power of24 W can be 
delivered into a 4 n BTL (Bridge Tied Load), or, when used as stereo amplifier, it delivers 2 x 12 W 
into 2 nor 2 x 7 w into 4 n. 
Special features are: 
• flexibility in use - stereo as well as 

mono BTL 
• high output power 
• low offset voltage at the output 

(important for BTL) 
• large useable gain variation 
• very good ripple rejection 
• load dump protection 
• a.c. short-circuit safe to ground 
• thermal protection 

QUICK REFERENCE DATA 

• internal limited bandwidth for high 
frequencies 

• low stand-by current possibility, 
to simplify required switches 

• low number and small sized external 
components 

• high reliability 

Supply voltage range (operating) 
Supply voltage (non-operating) 

Vp 6 to 18 V 

Supply voltage (non-operating; load dump protection) 
Repetitive peak output current 
Total quiescent current 
Stand-by current 
Switch-on current 
Input impedance 
Storage temperature range 
Crystal temperature 

Bridge tied load application (BTL) 

Output power at R L = 4 n (with bootstrap) 
dtot = 0,5% 
dtot = 10% 

Supply voltage ripple rejection; Rs= O; f = 1 kHz 
D.C. output offset voltage between the outputs 

Stereo application 

Output power at dtot = 10% (with bootstrap) 
RL =4U 
RL = 2U 

Output power at dtot = 0,5% (with bootstrap) 
RL =4U 
RL = 2U 

Channel separation 
Noise output voltage; Rs= 10 kU; according to IEC curve-A 

PACKAGE OUTLINE 

13-lead SIL; plastic power (SOT-141 Bl. 

Vp 
Vp 
IORM 
I tot 
lsb 
lso 

I Zi I 
Tstg 
Tc 

Vp 

Po 
Po 
RR 

I ~V5_9, 

Po 
Po 

Po 
Po 
a 
Vn 

max. 28 v 
max. 45 v 
max. 4 A 
typ. 75 mA 
< 2 mA 
typ. 0,35 mA 
> 1 MU 

-55 to + 150 oc 
max. 150 oc 

14,4 13,2 v 

typ. 18 15 w 
typ. 24 20 w 
typ. 50 50 dB 
< 50 50 niV 

typ. 7 6W 
typ. 12 10 w 

typ. 5,5 4,5 w 
typ. 9,0 7,5 w 
> 40 40 dB 
typ. 0,2 0,2 mV -
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11 < 

September 1985 

6 8 

~~~~ SOAR I THERMAL 1--+--~ 
PROT. PROT. !SHUT DOWN 

5 9 

Fig. 1 Internal block diagram; the heavy lines indicate the signal paths. 
Pin 4 is internally connected. 
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Signetics Linear Products Product Specification 

2 x 12W Audio Amplifier 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage; operating (pin 10) Vp 

Supply voltage; non-operating 

Supply voltage; during 50 ms (load dump protection) 

Peak output current 

Vp 

Vp 

loM 

max. 

max. 

max. 

max. 

TDA1510 

18 v 
28 v 
45 v 

6 A 

Total power dissipation see derating curve Fig. 2 

Storage temperature range Tstg -55 to+ 150 oc 

Crystal temperature Tc max. 150 oc 

20 

Ptat 
IWI 

16 

12 

8 

4 

0 

7Z86577 1 

b-J "l Rth h _a ~~finite 
r----=,....._+~-+'f'--...---t--t--1-t--t--P-ci~;wr---t--l_'.J eatsmk t--+-

-20 0 20 40 60 80 100 120 140 160 
Tamb 1oc1 

Fig. 2 Power derating curves. 

HEATSINK DESIGN EXAMPLE 

The derating of 3 K/W of the encapsulation requires the following external heatsink (for sine-wave 
drive): 

24 W BTL (4 ,Q) or 2 x 12 W stereo (2 ,Q) 

maximum sine-wave dissipation: 12 W 
T amb = 65 °c maximum 

150-65 
Rth h-a= 12 - 3 = 4 K/W. 

2 x 7 W stereo (4 ,Q) 

maximum sine-wave dissipation: 6 W 
T amb = 65 °c maximum 

150-65 
Rth h-a = 6 - 3 = 11 K/W. 
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2x12WAudioAmplifler 

D.C. CHARACTERiSTICS 

Supply voltage range (pin 10) 

Repetitive peak output current 

Total quiescent current 

Stand-by current 

Switch-on current (pin 11) at V 11 ...;; V 10 (note 1) 

A.C. CHARACTERISTICS 

Tamb = 25 °C; Vp = 14,4 V; f = 1 kHz; unless otherwise specified 

Bridge tied iolid application (BTL); see Fig. 3 

Output power at RL = 4 n (with bootstrap) 

Vp = 14,4 V; dtot = 0,5% 

Vp = 14,4 V; dtot = 10% 

Vp = 13,:Z V; dtot = 0,5% 

Vp = 13,2 v; dt~t"' 10% 

Open loop volt.age gain 

Closed loop voltage gain (note 2) 

Frequency response at -3 dB (note 3) 

Input impedance (note 4) 

Noise output voltage (r.m.s. value) at f = 20 Hz to 20 kHz 
Rs=on 

Rs= 10 k!l 

Rs = 10 k!l; according to I EC 179 curve A 

Supply voltage ripple rejection (note 5) 
f = 100 Hz 

D.C. output offset voltage between the outputs 

Loudspeaker protection (if one of the 2 outputs 
is short-circuited to ground) 
maximum d.c. voltage (across the load) 

Power bandwidth; -1 dB; dtot = 0,5% 
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Vp 

IQRM 

I tot 

fsb 

lso 

Po 

Po 

Po 

Po 

Go 

Ge 

B 

IZil 

Vn(rms) 

Vn(rms) 

Vn 

RR 

l~5.9I 

l~V5.9I 

B 

Product Speclflcotlon 

TDA1510 

6to18 V 

< 4A 

typ. 75 mA 

< 150 mA 

< 2 mA 

typ. 0,35 mA 

< 0,8 mA 

> 15,5 w 
typ. 18,0 w 
> 20 w 
typ. 24 w 
typ. 15 w 
typ. 20 w 
typ. 75 dB 

typ. 40 (± 0,5) dB 

20 Hz to min. 20 kHz 

> 1 MS'l 

typ. 0,2 mV 

typ. 0,35 mV 

< 0,8 mV 

typ. 0,25 mV 

> 42 dB 
typ. 50 dB 

< 50 mV 
typ. 2 mV 

< 1 v 
30 Hz to 40 kHz 
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2 x 12WAudioAmplifier TDA1510 

Stereo application; see Fig. 4 

Output power at dtot = 10%; with bootstrap (note 6) > 6 w 
Vp=14,4V;RL=4n Po typ. 7 w 

Vp=14,4V;RL=2n Po > 10 w 
typ. 12 w 

Vp= 13,2 V; RL =4n Po typ. 6 w 
Vp=13,2V;RL=2n Po typ. 10 w 

Output power at dtot = 0,5%; with bootstrap (note 6) 
Vp=14,4V;RL=4n Pa typ. 5,5 w 

Vp=14,4V;RL=2n Pa typ. 9,0 w 

Vp=13,2V;RL=4n Pa typ. 4,5 w 
Vp=13,2V;RL=2n Pa typ. 7,5 w 

Output power at dtot = 10%; without bootstrap 
Vp = 14,4 V; RL = 4 n (notes 6, 8 and 9) Pa typ. 6W 

Frequency response; -3 dB (note 3) B 40 Hz to min. 20 kHz 

Supply voltage ripple rejection (note 5) 

f = 1 kHz RR typ. 50 dB 

Channel separation; Rs= 10 kn; f = 1 kHz > 40 dB a 
50 dB typ. 

Closed loop voltage gain (note 7) Ge typ. 40 dB 

Noise output voltage (r.m.s. value) at f = 20 Hz to 20 kHz 
Rs =On Vn(rms) typ. 0,15 mV 

Rs= 10 kn Vn(rms) typ. 0,25 mV 

Rs= 10 kn; according to IEC curve A Vn typ. 0,2 mV 

Notes 

1. If V11 > V10. then 111 must be.;;;; 10 mA. 
2. Closed loop voltage gain can be chosen between 32 and 56 dB (BTL), and is determined by external -components. 
3. Frequency response externally fixed. 
4. The input impedance in the test circuit (Fig. 3) is typ. 100 kn. 
5. Supply voltage ripple rejection measured with a source impedance of 0 n (maximum ripple amplitude: 

2V). 
6. Output power is measured directly at the output pins of the IC. 
7. Closed loop voltage gain can be chosen between 26 and 50 dB (stereo), and is determined by external -

components. 
8. A resistor of 56 kn between pins 3 and 7 to reach symmetrical clipping. 
9. Without bootstrap the 100 µF capacitor between pins 5 and 6 (or 8 and 9) can be omitted. Pins 6, 8 

and 10 have to be interconnected. 
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2x12WAudioAmpllfier 

100kSl 100kSl 

+ stand-by switch 47 
µF;J; 

4 3 
0,1µF l 

12 1-1 
TDA1510 0,22µF 

13 

6 5 9 8 

7Z89091.3 

Fig. 3 Test and application circuit bridge tied load (BTL). 
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100kSl 

stand-by switch 
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0,lµF 
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+ 

100µF 

+ 
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0,1 
µF 

13 
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100kSl 

1 kSl 
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7Z89092.3 

Fig. 4 Test and application circuit stereo mode. 

( 1 ) Belongs to power supply. 
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Slgnellcs Linear Products Product Specification 

12 x 20WAudioAmplifier TDA1512 

The TOA 1512 is a monolithic integrated hi-fi audio power amplifier designed for asymmetrical power 
supplies for mains-fed apparatus. 
Special features are: 

• Thermal protection 
• Low intermodulation distortion 
• Low transient intermodulation distortion 
• Built-in output current limiter 
• Low input offset voltage 
• Output stage with low cross-over distortion 
• Single in-line (SI Ll power package 

QUICK REFERENCE DATA 

Supply voltage range 

Total quiescent current at Vp = 25 V 

Output power at dtot = 0, 7% 
sine-wave power 
Vp=25V;RL=4i1 
Vp=25V;RL=8i1 

music power 
Vp=32V; RL =4!1 
Vp=32V;RL=8i1 

Closed-loop voltage gain (externally determined) 

Input resistance (externally determined) 

Signal-to-noise ratio at P0 = 50 mW 

Supply voltage ripple rejection at f = 100 Hz 

PACKAGE OUTLINES 

TOA 1512: 9-lead SIL; plastic power (SOT-131 B). 

Vp 

I tot 

Po 
Po 

Po 
Po 

Ge 

Ri 

S/N 

RR 

TOA 15120: 9-lead SI L-bent-to-01 L; plastic power (SOT-157B). 

6-45 

15 to 35 V 
typ. 65 mA 

typ. 13 w 
typ. 7 w 

typ. 21 w 
typ. 12 w 
typ. 30 dB 

typ. 20 ki1 

typ. 72 dB 
typ. 50 dB 

September 1965 

6 



CJ> 
(!) 

¥ 
3 
0-
~ 
cO 
"" tn 

O> 
I 

~ 

. 

8 o--+ I I I 

9u--1r-------+-------. 
(-input) 

(+input) 

20 'f' ' ' ' I 

3 

Fig. 1 Simplified internal circuit diagram. 

~: 
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Signetics Linear Products Product Specification 

12 x 20W Audio Amplifier TDA1512 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage Vp max. 35 V 

Repetitive peak output current 

Non-repetitive peak output current 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

A.C. short-circuit duration of load 
during full-load sine-wave drive 
R L = O; Vp = 30 v with Ri = 4 n 

20 

Ptot 
(W) 

10 

0 
-25 

l"i, 
.-"+-.. 

I" 

0 

.-;... 
l"i_... 

I" 
r""-

l" 

50 

--- mounted on infinite heatsink. 

- - - - mounted on heatsink of 6 K/W. 

IQRM 

losM 

max. 

max. 

see derating curve Fig. 2 

3,2 A 

5 A 

T stg -55 to + 1 50 oc 

Tamb -25 to+ 150 °c 

max. 100 hours 

7Z8q152 

:rs: 

~ 

l' C'!. 
-~ l"'I.. 

1'1 .... h.. 
'!-.. 

l""I 
~ 

100 Tamb (oC) 150 

Fig. 2 Power derating curves. 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 

6-47 

typ. 
:;;;;; 

3 K/W 
4 K/W 
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Signetics Linear Products 

12 x 20W Audio Amplifier 

D.C. CHARACTERISTICS 

Supply voltage range 

Total quiescent current at Vp = 25 V 

A.C. CHARACTERISTICS 

Vp 

I tot typ. 

Product Specification 

TDA1512 

15 to 35 V 

65 mA 

Vp = 25 V; R L = 4 n; f = 1 kHz; Tamb = 25 oc; measured in test circuit of Fig. 3; unless otherwise 
specified 

Output power 
sine-wave power at dtot= 0,7 % 
RL = 4 n Po typ. 13 w 
RL =Sn Po typ. 7 w 
music power at Vp = 32 V 
RL =4n;dtot=0,7% Po typ. 21 w 
RL =4n;dtot= 10% Po typ. 25 w 
RL = 8 n; dtot = 0,7 % Po typ. 12 w 
RL =8n;dtot= 10% Po typ. 15 w 

Power bandwidth; -1,5 dB; dtot = 0,7% B 40 Hz to 16 kHz 

Voltage gain 
open-loop Go typ. 74 dB 
closed-loop Ge typ. 30 dB 

Input resistance (pin 1) Ri > 100 kn 

Input resistance of test circuit (Fig. 3) Ri typ. 20 kn 

Input sensitivity 
for P0 = 50 mW V· I typ. 16 mV 
forP0 =10W Vi typ. 210 mV 

Signal-to-noise ratio 

at P0 = 50 mW; Rs= 2 kn; 
f = 20 Hz to 20 kHz; unweighted S/N > 68 dB 

weighted; measured according to 
I EC 173 (A-curve) S/N typ. 76 dB 

Ripple rejection at f = 100 Hz RR typ. 50 dB 

Total harmonic distortion at P0 = 10 W dtot 
typ. 0, 1 % 
< 0,3 % 

Out1_>ut resistance (pin 5) Ro typ. 0,1 n 
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Signetics Linear Products Product Specification 

12 x 20W Audio Amplifier TDA1512 

Po 
(W)t--t--1--+-+-+-+--+--+--+-+-+-1---4---+-l--+--+--+--1--+--1-+-1---4---+-I--+----+--+-~ 

I/ I/ 
201-t-+-l--+-+-1-+-+--+-+-1-+-+-+-+-+-+-+~!7"F-+-!--1.o-~~~j.-1-+-+-+-+-l-l 17 y 

-·~ 
0 .__.__.._.__._..__.__..__.__.__.__.__..__..__.___.__._..._..__..__..__.__.._.__._..__.__..__.__.___. 

10 20 30 

Fig. 4 Output power as a function of the supply voltage; f = 1 kHz; 
--dtot= 0,7 %; - - -dtot = 10 %. 

1 

dtot 
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0,5 

0,25 

0 
10- 1 

y 
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tY v 
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10 

Fig. 5 Total harmonic distortion as a function of the output power. 
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Signetics Linear Products Product Specification 

24 W BTL Audio Amplifier TDA1515 

The TOA 1515 is a monolithic integrated class-B output amplifier in a 13-lead single in-line (SIL) plastic 
power package. The device is primarily developed for car radio applications, and also to drive low­
impedance loads (down to 1.6 n). At a supply voltage Vp = 14.4 V, an output power of 21 W can be 
delivered into a 4 n BTL (Bridge Tied Load), or, when used as stereo amplifier, it delivers 2 x 11 W 
into 2 nor 2 x 6.5 w into 4 n. 
Special features are: 
• flexibility in use - mono BTL 

as well as stereo 
• high output power 
• low offset voltage at the output 

(important for BTL) 
• large usable gain variation 
• very good ripple rejection 

• internal limited bandwidth for high frequencies 
• low stand-by current possibility (typ. 1 µA), to 

simplify required switches; TTL drive possible 
• low number and small sized external 

components 
• high reliability 

The following currently required protections are incorporated in the circuit. These protections also 
have positive influence on reliability in the applications. 
• load dump protection • speaker protection in bridge configuration 
• a.c. and d.c. short-circuit safe to • SOAR protection 

ground up to Vp = 18 V • outputs short-circuit safe to ground in BTL 
• thermal protection • reverse polarity safe 

QUICK REFERENCE DATA 

Supply voltage range (operating) 
Supply voltage (non-operating) 
Supply voltage (non-operating; load dump protection) 
Repetitive peak output current 
Total quiescent current 
Stand-by current 
Switch-on current 
Input impedance 

Bridge tied load application (BTL) 

Output power at R L = 4 n (with bootstrap) 
dtot = 0.5% 
dtot = 10% 

Supply voltage ripple rejection; Rs= 0 n; f = 100 Hz 
D.C. output offset voltage between the outputs 

Stereo application 

Output power at dtot = 10% (with bootstrap) 
RL =4 n 
RL = 2 n 

Output power at dtot = 0.5% (with bootstrap) 
RL =4 n 
RL = 2n 

Channel separation 
Noise output voltage; Rs= 10 kn; according to IEC curve-A 

PACKAGE OUTLINE 13-lead SIL; plastic power (SOT-141B). 

6-51 

Vp 
Vp 
Vp 
IORM 
I tot 
lsb 
lso 
IZil 

Vp 

Po 
Po 
RR 
IAV5.gl 

Po 
Po 

Po 
Po 
Q'. 

Vn 

6 to 18 V 
max. 28 v 
max. 45 v 
max. 4 A 
typ. 75 mA 
typ. 0 µA 
< 100 µA 
> 1 Mn 

14.4 13.2 v 

typ. 16 14 w 
typ. 21 18 w 
typ. 50 50 dB 
< 50 50 mV 

typ. 6.5 6W 
typ. 11 10 w 

typ. 5 4.5 w 
typ, 8 7.5 w 
> 40 40 dB 
typ. 0.2 0.2 mV 
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Slgnellcs Linear Products 

24W BTL Audio Amplifier 

6 

11 

3 

5 

LOAD 
DUMP 
PROT. 

LOUD­
SPEAKER 

PROT. 

4 

B 

9 

Product Specificaflon 

TDA1515 

12 

7Z89090.1 

Fig. 1 Internal block diagram; the heavy lines indicate the signal paths. 
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Slgnetics Linear Products Product Specification 

24W BTL Audio Amplifier TDA1515 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage; operating (pin 10) Vp max. 

max. 

18 v 
28 v 
45 v 

Supply voltage; non-operating 

Supply voltage; during 50 ms (load dump protection) 

Peak output current 

Total power dissipatio~-, -

Storage temperature range 

Crystal temperature 

A.C. and d.c. short-circuit safe voltage 

Reverse polarity 

Vp 

Vp 

loM 

max. 

max. 6 A 

see derating curve Fig. 2 

T stg -55 to + 150 oc 

Tc max. 150 oc 

max. 18 V 

max. 10 V 

20 ,--,----.-.----.--,----.---.-~~~---.---,~.-~-,----.-~7Z~B~s5:.:...:..77 

Ptot 
(W) 

16f--+-+-+-+-+---+--+--+-+-+--+--l--I!--!--+-+-+--+--

:s \ 

-20 0 20 40 60 80 100 120 140 160 

Fig. 2 Power derating curves. 

HEATSINK DESIGN EXAMPLE 

The derating of 3 K/W of the encapsulation requires the following external heatsink (for sine-wave 
drive): 

21 W BTL (4 n.) or 2 x 11 W stereo (2 n.) 
maximum sine-wave dissipation: 12 W 
T amb = 65 °c maximum 

Rth h = 2_?_9-5~ - 3 = 4 K/W. -a 12 

2 x 6.5 W stereo (4 D.) 
maximum sine-wave dissipation: 6 W 
T amb = 65 °c maximum 

150-65 
Rth h-a = --6- - 3 = 11 K/W. 
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Signetics Linear Products Product Specification 

24W BTL Audio Amplifier TDA1515 

D.C. CHARACTERISTICS 

Supply voltage range (pin 10) Vp 6 to 18 V 

Repetitive peak output current lo RM < 4 A 

Total quiescent current I tot typ. 75 mA 

Switching level 11 : OFF V11 < 1.8 v 
ON V11 > 3 v 

Impedance between pins 10 and 6; 10 and 8 
(stand-by position V 11 < 1.8 V) IZoFFI > 100 kn 

Stand-by current at V 11 = 0 to 0.8 V lsb 
typ. 1 µA 
< 200 µA 

Switch-on current (pin 11) at V 11 .;;; V 10 (note 1) lso 
typ. 10 µA 
< 100 µA 

A.C. CHARACTERISTICS 

T amb = 25 oc; V p = 14.4 V; f = 1 kHz; unless otherwise specified 

Bridge tied load application (BTL); see Fig. 3 

Output power at RL = 4 n (with bootstrap) > 15.5 w 
Vp = 14.4 V; dtot = 0.5% Po typ. 16 w 

Vp = 14.4 V; dtot = 10% Po > 20 w 
typ. 21 w 

Vp = 13.2 V; dtot = 0.5% Po typ. 14 w 
Vp = 13.2 V; dtot = 10% Po typ. 18 w 

Open loop voltage gain Go typ. 75 dB 

Closed loop voltage gain (note 2) Ge typ. 40 (± 0.5) dB 

Frequency response at -3 dB (note 3) B 20 Hz to min. 20 kHz 

Input impedance (note 4) IZil > 1 Mn 

Noise input voltage (r.m.s. value) at f = 20 Hz to 20 kHz 
Rs=on Vn(rms) typ. 0.2 mV 

Rs= 10 kn Vn(rms) 
typ. 0.35 mV 
< 0.8 mV 

Rs= 10 kn; according to IEC 179 curve A Vn typ. 0.25 mV 

Supply voltage ripple rejection (note 5) > 42 dB 
f = 100 Hz RR typ. 50 dB 

D.C. output offset voltage between the outputs l~V5.gl < 50 mV 

Loudspeaker protection typ. 2 mV 
(all conditions) 
maximum d.c. voltage (across the load) l~V5.gl < 1 v 

Power bandwidth;-1 dB; dtot = 0.5% B 30 Hz to 30 kHz 
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24 W BTL Audio Amplifier 

Stereo application; see Fig. 4 

Output power at dtot = 10%; with bootstrap (note 6) 
Vp=14.4V;RL=4n 

Vp=14.4V;RL=2n 

Vp = 13.2 V; RL = 4 n 

V p = 13.2 V; R L = 2 n 

Output power at dtot = 0.5%; with bootstrap (note 6) 
V p = 14.4 V; R L = 4 n 

Vp=14.4V;RL=2n 

Vp = 13.2 V; R L = 4 n 

Vp=13.2V;RL=2n 

Output power at dtot = 10%; without bootstrap 
Vp = 14.4 V; RL = 4 n (notes 6, 8 and 9) 

Product Specification 

TDA1515 

> 6W 
typ. 6.5 w 
> 10 w 
typ. 11 w 
typ. 6 w 
typ. 10 w 

typ. 5W 

typ. aw 
typ. 4.5 w 
typ. 7.5 w 

typ. 5.5 w 
Frequency response at -3 dB (note 3) 

Po 

B 40 Hz to min. 20 kHz 

Supply voltage ripple rejection (note 5) 

Channel separation; Rs = 10 kn; f = 1 kHz 

Closed loop voltage gain (note 7) 

Noise output voltage (r.m.s. value) at f = 20 Hz to 20 kHz 
Rs=on 

Rs=10kn 

Rs= 10 kn; according to IEC curve A 

Notes 

RR typ. 

> 
typ. 

Ge typ. 

V n(rms) typ. 

V n(rms) typ. 

Vn typ. 

1. The internal circuit impedance at pin 11 is> 5 kn if V 11 > V 1 O· 

50 dB 

40 dB 
50 dB 

40 dB 

0.15 mV 

0.25 mV 

0.2 mV 

2. Closed loop voltage gain can be chosen between 32 and 56 dB (BTL), and is determined by external 
components. 

3. Frequency response externally fixed. 
4. The input impedance in the test circuit (Fig. 3) is typ. 100 kn. 
5. Supply voltage ripple rejection measured with a source impedance of 0 n (maximum ripple amplitude: 

2V). 
6. Output power is measured directly at the output pins of the IC. 
7. Closed loop voltage gain can be chosen between 26 and 50 dB (stereo), and is determined by external 

components. 
8. A resistor of 56 kn between pins 3 and 7 to reach symmetrical clipping. 
9. Without bootstrap the 100 µF capacitor between pins 5 and 6 (8 and 9) can be omitted. Pins 6, 8 and 

10 have to be interconnected. 

6-55 September 1985 

6 



Signetics Linear Products 

24 W BTL Audio Amplifier 

lOOK lOOK 

+ stand-by switch 

I' 
+ 47µF :J 47 µF 

4 3 
0.lµF I 

12 
I l 

TDA1515 0.22 µF 

13 

6 5 9 8 

Fig. 3 

100 K 

-:-

6 

lOOK lOOµF 

+ 
0.1 µF 

4.7 
lOµF 

RL = 4 330pF 

1.8K 

-:-

7286575.3 

2K 4.7 µF 

Test/application circuit bridge tied load (BTL). 

4 3 

TDA1515 

5 

lOOK 

stand-by switch 

11 

9 

lOOµF 

+ 

8 

0.1 
µF 

4.7 

0.1 µFI 

1--o -:-
0.lµF 
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1 K 
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Fig. 4 Test/application circuit stereo. 

1. Belongs to power supply. 
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Slgnetlcs Linear Products Product Specification 

20W Hi-Fi Audio Amplifier TDA1520A 

GENERAL DESCRIPTION 

The TOA 1520A is a monolithic integrated hi-fi audio power amplifier designed for asymmetrical or 
symmetrical power supplies for mains-fed apparatus. 

Features 

• Low input offset voltage 
• Output stage with low cross-over distortion 
• Single in-line (SIL) power package 
• A.C. short-circuit protected 
• Very low internal thermal resistance 
• Thermal protection 
• Very low intermodulation distortion 
• Very low transient intermodulation distortion 
• Complete SOAR protection 

QUICK REFERENCE DATA 

Supply voltage range 

Total quiescent current at Vp = 33 V 

Output power at dtot = 0.5% 
sine-wave power 
Vp = 33 V; RL = 4 n 
Vp = 33 V; RL = 4 n 
Vp = 42 V; RL = 8 n 

Closed-loop voltage gain (externally determined) 

Input resistance (externally determined by Rs-1) 

Signal-to-noise ratio at P0 = 50 mW 

Supply voltage ripple rejection at f = 100 Hz 

PACKAGE OUTLINE 

TOA 1520A : 9-lead SIL; plastic power (SOT-131 A). 
TOA 1520AO: 9-lead SI L-bent-to-01 L; plastic power (SOT-157 A). 

6-57 

Vp 15 to 50 V 

I tot typ. 70 mA 

Po typ. 22 w 
Po > 20 w 
Po typ. 20 w 
Ge typ. 30 dB 

Ri typ. 20 kn 

S/N typ. 76 dB 

RR typ. 60 dB 
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Signetics Linear Products 

20W Hi-Fi Audio Amplifier 

9 

2 

PINNING 

1. Non-inverting input 
2. Input ground (substrate) 
3. Compensation 
4. Negative supply (ground) 
5. Output 
6. Positive supply (Vp) 
7. Not connected 
8. Ripple rejection 
9. Inverting input 

(feedback) 

September 1985 
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Fig. 1 Simplified internal circuit diagram. 
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Slgnettcs Linear Products 

20W Hi-Fi Audio Amplifier 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp 

IQRM 

iosM 

max. 

max. 

max. 

Product Specification 

TDA1520A 

50 v 
4 A 

5 A 

Repetitive peak output current 

Non-repetitive peak output current 

Total power dissipation see derating curve Fig. 2 

Storage temperature 

Operating ambient temperature 

Duration of a.c. short-circuit of load ( R L = 0 .Q) 
during full-load sine-wave drive at: 
Vs= ± 20 V (symmetrical) and Rsupply = 0 .Q; or 
Vs= 35 V (asymmetrical) and Rsupply ;;..4 n 

Tstg -55 to+ 150 oc 

Tamb -25 to+ 150 oc 

max. 100 hours 

50 ~~~~~~~~~~~1z~0_11_0~0 

Ptot 

THERMAL RESISTANCE 

(W) 

40~,~.,-+-+---+-.+-\~t---+~-+-----1 

30 f--+"-~·_,..._-+--+li--+-l-+---+-----4 
' \ 

10 >-----+---+---+---+------+-',.__.-+ ~~"""--->--------< 

O>----~-+---+---+----'-~-~___s_-' 
-25 0 50 100 150 

Tamb (OC) 

--mounted on infinite heatsink. 
- - -mounted on heatsink of 2.3 K/W. 

Fig. 2 Power derating curves. 

From junction to mounting base 
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Rth j-mb .,;; 2 K/W 

September 1985 

6 



Signetics Linear Products 

20W Hi-Fi Audio Amplifier 

D.C. CHARACTERISTICS 

Supply voltage range 

Total quiescent current at Vp = 33 V 

Minimum guaranteed output current (peak value) 

A.C. CHARACTERISTICS 

Vp 

I tot 
typ. 
.;;; 

Product Specification 

TDA1520A 

15to 50 V 

70 mA 
105 mA 

3.2 A 

Vp = 33 V; R L = 4 n; f = 1 kHz; Tamb = 25 oc; measured in test circuit of Fig. 3; unless otherwise 
specified 

Output power 
sine-wave power at dtot = 0.5% 
RL =4n 

) (Fig. 4) 
Po typ. 22 w 

RL =4n Po > 20 w 
RL = 8 n; Vp = 42 V Po typ. 20 w 

Power bandwidth at dtot = 0.5% from P0 = 50 mW to 10 W B 20 Hz to 20 kHz 

Voltage gain 
open-loop Go typ. 74 dB 
closed-loop Ge typ. 30 dB 

Internal resistance of pin 1 (at R 1-8 = 00) Ri > 1 Mn 

Input resistance of test circuit at pin 1 (Fig. 3) Ri typ. 20 kn 

Input sensitivity 
for P0 = 16 W Vi typ. 260 mV 

Signal-to-noise ratio 
at P0 = 50 mW; Rsource = 2 kn 
f = 20 Hz to 20 kHz; unweighted S/N typ. 76 dB 

weighted; measured according to 
IEC 179 (A-curve) S/N typ. 80 dB 

Ripple rejection at f = 100 Hz; Rs= 0 n RR typ. 60 dB 

Total harmonic distortion at P0 = 16 W dtot typ. 0.01 % 

Output resistance (pin 5) Ro typ. 0.01 n 

Input offset voltage V5.8 
typ. 1 mV 
< 100 mV 

Transient intermodulation distortion 
at P0 =10 W dTIM typ. O.Q1 % 

Intermodulation distortion at P0 = 10 W d1M typ. 0.01 % 

Slew rate SR typ. 9 V/µs 
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Slgnetlcs Linear Products Product Specification 

20W Hi-Fi Audio Amplifier TDA1520A 

APPLICATION INFORMATION 

150 + 

"Fl 
Rsource 1 µF "=" 

Rsupply 
~---------------'t--'111/v--- Vsupply (Vsl 

"+J.. 2.2 

TDA1520A 

SOAR & THERMAL 
PROTECTION 

n.c. 

T mF 

* 
r---wv---j o-+ ____ _,_ __ _ 

($) 
' -:?- 680 

+ 
10µFJ 

3 

I680pF 

270 

SOAR & THERMAL 
PROTECTION 

Fig. 3 Test and application circuit. 

30~--------~--7Z_9~1_17~0 
Po _,ij 
(W) I 

25t---t--+-+---t---t-+---T-1--t-+---I 
41 .L 
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20>---+--+-+--+---+-+7~>---~~~ra-+----< 

15 t---+--+-----+--t---t-lL----1,__11--Hz-+-----+---i 

10 1----+--+--+--+-17-+-_j_+----O[Z'---+---+---+----< 

IL~ 

10 20 30 40 50 
V+ (V) 

7Z91173.1 

Fig. 4 Output power (P0 ) versus supply voltage (Vpl at f = 1 kHz, dtot = 0.5%, Gv = 30 dB. 
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20W Hl·FI Audio Amplifier 

APPLICATION INFORMATION (continued) 

o.s~~~~~~~~~~..;..1:;.:zs:,.:,1:.;...;.111 

dtot 
(%) 

0. 2 1---1-1-1-1~~--+-+-1-l-l+ll-1---ll--l-I-~ 

-;-...+...i 7 
0L_.Ll:I:t~6=,6,±::61,Y:H!~Ll.llJU.W 
0.1 10 p0 (W) 100 

Product Specification 

TDA1520A 

Fig. 5 Total harmonic distortion (dtotl versus output power (P0 ) at Vp = 33 V, RL = 4 n, f = 1 kHz. 

0.3 

dtot 
(%) 

0.2 

0.1 

0 
0.1 

J.,.. 

7Z91172 

7 
j 

~ 

10 f (kHz) 100 

Fig. 6 Total harmonic distortion (dtotl versus operating frequency (f) at Vp = 33 V, RL = 4 n, 
P0 = 10 W (constant). 
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SWAudioOutputforTV TDA2611A 

The TDA2611A is a monolithic integrated circuit in a 9-lead single in-line (SIL) plastic package with a 
high supply voltage audio amplifier. Special features are: 

• possibility for increasing the input impedance 
• single in:line (SIL) construction for easy mounting 
• very suitable for application in mains-fed apparatus 
• extrel')'lely low number of external components 
• thermal protection 
• well defined open loop gain circuitry with simple quiescent current setting and fixed integrated 

closed loop gain 

QUICK REFERENCE DATA 

Supply voltage range Vp 6to35 V 

Repetitive peak output current lo RM < 1,5 A 

Output ppwer at dtot = 10% 
Vp=18V;RL= an Po typ. 4,5 w 
Vp=25V;RL=15il Po typ. 5W 

Total harmonic distortion at P0 < 2 W; RL = 8 il dtot typ. 0,3 % 

Input impedance IZd typ. 45 kil 

Total quiescent current at Vp = 18 V I tot typ. 25 mA 

Sensitivity for P0 = 2,5 W; RL = 8 il Vi typ. 55 mV 

Operating ambient temperature Tamb -25 to+ 150 oc 

Storage temperature Tstg -55 to+ 150 oc 

PACKAGE OUTLINE 

9-lead SIL; plastic (SOT-1108). 
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Signetics Linear Products 

5 W Audio Output for TV 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp 

losM 
IORM 

max. 

max. 

max. 

Product Specification 

TDA2611A 

35 v 
3 A 

1,5 A 

Non-repetitive peak output current 

Repetitive peak output current 

Total power dissipation see derating curves Fig. 2 

Storage temperature Tstg -55 to+ 150 oc 

Operating ambient temperature Tamb -25to+150 oc 

ptot 
(W) 

""\.._ ~nfinite 
~heatsink 

4 1---1--+~-+i"'----+i..._--lN--J,__wLith_oLut-+-+-+--l--ll--l--+-'l."'iJ~~--r--+--t--1 

I -....... heatsink I ' 

~ ~ 21--+--+-+-+-+--+--+-+-+-f,,,.,.-=1--!l--l--+-t-+-'"'1---t-~ 

~ I\. 

Fig. 2 Power derating curves. 

HEATSINK EXAMPLE 

Assume Vp = 18 V; RL = 8 U; Tamb = 60 oc maximum;Tj = 150 oc (max. for a 4 W application into 
an 8 n load, the maximum dissipation is about 2,2 W). 
The thermal resistance from junction to ambient can be expressed as: 

150 - 60 
Rth j-a = Rth j-tab + Rth tab-h + Rth h-a = 2,2 = 41 K/W · 

Since Rth j-tab = 11 K/W and Rth tab-h = 1 K/W, Rth h-a = 41 - ( 11 + 1) = 29 K/W. 
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SWAudioOutputforN 

D.C. CHARACTERISTICS 

Supply voltage range 

Repetitive peak output current 

Total quiescent current at Vp = 1a V 

A.C. CHARACTERISTICS 

Product Specification 

TDA2611A 

Vp 6to35 V 

loRM < 1,5 A 

ltot typ. 25 mA 

T amb = 25 oc; Vp = 1a V; R L =an; f = 1 kHz unless otherwise specified; see also Fig. 3 

A. F. output power at dtot = 10% 
Vp= 1av;RL= an 

Vp= 12V;RL= an 
Vp=a,3V;RL= an 
Vp = 20 V; RL = an 
Vp= 25V;RL=15n 

Po 

Po 
Po 
Po 
Po 

> 4W 
typ. 4,5 w 
typ. 1,7 w 
typ. 0,65 w 
typ. 6 w 
typ. 5 w 

Total harmonic distortion at P0 = 2 W 

Frequency response 

dtot 
typ. 
< 

0,3 % 
1 % 

Input impedance 

Noise output voltage at Rs= 5 kn; B = 60 Hz to 15 kHz 

Sensitivity for P0 = 2,5 W 

0,1 µF Cl 

+ 

7 

220pF 
C2 6 

C6 
22µF 
(16 V) 

5 
r 
I 
I a 

l2d 
Vn 

V· I 

Fig. 3 Test circuit; pin 3 not connected. 

> 15 kHz 

typ. 45 kn* 

typ. 0,2 mV 
< 0,5 mV 

typ. 55 mV 
44 to 66 mV 

+ 
C5 

~ 0,1 µF 

Vp 

7Z76437.1 

* Input impedance can be increased by applying C and R between pins 5 and 9 (see also Figures 6 and 7). 
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5 W Audio Output for TV 

7Z76429 
10 

dtot 
(%) 

7,5 

5 

2,5 

typical values 
-RL =8ll;Vp=18V 

--RL =15ll;Vp=25V 

7 
J 

TT 

I 
r 

i 
I 
I 

11 
I 
I 

I!" 
U I 
fl I 
111 

' = 0 
10-1 

;;;;;-
~ ... "' 

P0 (W) 

Fig. 4 Total harmonic distortion as a 
function of output power. 

10 

15 

Po 
(W) 

10 

5 

0 
0 

Product Specification 

TDA2611A 

7Z76430 1 

-- not guaranteed in typical values 
view of lo RM= 1,5 A f = 1 kHz 

dtot = 10% 

:r Ll 

:± :H II 
RL=anli [J 

II 
J 

1. 

~ RL = 15H 

rz 
IJ 

lZ v 
IJ V 

~ 
&..+":V 

20 Vp (V) 40 

Fig. 5 Output power as a function of 
supply voltage. 

zi 

(Mill1--~+--+-+-t-t-t-++11--~1--+-f-++++++~---+~l--l-+-~f++-~---+----+---+--+4-U..~ 

17 
7 z b· -+-~f-+-;1-++1 

Fig. 6 Input impedance as a function of frequency; curve a for C = 1µF,R=0 .n; curve b for 
C = 1 µF, R = 1 kfl; circuit of Fig. 3; C2 = 10 pF; typical values. 
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5 W Audio Output for TV TDA2611A 

zi t... 
(kU)r--~-+--+-+--+-1f-+-l-++--"'"_...,..-+--+--+-+-1f-+-l-++-~--4~+-+--4-+-1-+4-1 

~ 

6 

dtot 
(%) 

4 

2 

0 
102 

Fig. 7 Input impedance as a function of R in circuit of Fig. 3; C = 1 µF; f = 1 kHz. 

7Z77978 

rl-
17 

~ 
2 
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l2 
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v 

Fig. 8 Total harmonic distortion as a function of Rs in the circuit of Fig. 3; P0 = 3,5 W; f = 1 kHz. 
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5 W Audio Output for TV TDA2611A 

Ptot 
(W)t--~----i~-+---+-+-+-+-+++-~~-+-~+--+-+-1-+-+-1-+--~----<~-+--+-l--i-+..+-+-1 

2,5 r---t--+-+--t-+++-Hr----+--+-+-+-+-t-++t]...../-~-+--,~-+-1-!-+-+-H 

T/ 
(%) 

--~ 

Ii 

/, 
5Qi---~--r-~t--+--!-+-+-+-++-~~t----+--+--+-+-+-++<l--~--+-~~~:,..o+---+---l-+-l-4-l-I 

A' 

~---~ 

P0 (W) 10 

-Vp= 25V; RL = 15.Q; f= 1 kHz 

- -Vp=18V; RL = 8.Q;f= 1 kHz 

Fig. 9 Total power dissipation and efficiency as a function of output power. 
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SWAudioOutputforTV TDA2611A 

APPLICATION INFORMATION 

R1 volume 

7 

C4 
1Mil 

R3 
100 

(log) pf 
Vj 

51 6 
kn 

C2 10nF 

7Z77975 

Fig. 10 Ceramic pickup amplifier circuit. 

dtot 1--~~1---+~~1-+-+-1-+-1f--~--1~-+---1~-+--+-1-++~~~~-+--+-+-11--1-1--1-1 
(%) 

I 

J 
7 2,5 ----+----+---+--+--+-+-+-+-1----+---l---1---1-..j..4..4-l-!--..._--i-V~l~~ ...... 

2 7 

10-1 P0 (W) 

Fig. 11 Total harmonic distortion as a function of output power; - with tone control; 
- - - without tone control; in circuit of Fig. 10; typical values. 
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5 W Audio Output for TV 
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Product Specification 

TDA2611A 

7277980 

~ ... F~ 
~ l°"-,.1 
~ ..... 

' i"I 
1'" ::s:: 

f (Hz) 

Fig. 12 Frequency characteristics of the circuit of Fig. 10; -- tone control max. high; - - - tone 
control min. high; P0 relative to 0 dB= 3 W; typical values. 
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Fig. 13 Frequency characteristic of the circuit of Fig. 10; volume control at the top; tone control 
max. high. 
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Low Voltage Mono/Stereo Power Amplifier TDA7050T 

GENERAL DESCRIPTION 

The TDA7050T is a low voltage audio amplifier for small radios with headphones (such as watch, pen and 
pocket radios) in mono (bridge-tied load) or stereo applications. 

Features 

• Limited to battery supply application only (typ. 3 and 4 V) 
• Operates with supply voltage down to 1.6 V 
• No external components required 
• Very low quiescent current 
• Fixed integrated gain of 26 dB, floating differential input 
• Flexibility in use-mono BTL as well as stereo 
• Small dimension of encapsulation (see package design example) 

QUICK REFERENCE DATA 

Supply voltage range 

Total quiescent current (at Vp=3 V) 

Bridge tied load application (BTL) 

Output power at R L = 32 n 
Vp = 3 V; dtot = 10% 

D.C. output offset voltage between the outputs 

Noise output voltage (r.m.s. value) 
at f = 1 kHz; Rs = 5 kn 

Stereo application 

Output power at R L = 32n 
dtot = 10%; Vp = 3 V 
dtot = 10%; Vp = 4.5 V 

Channel separation at Rs = 0 n; f = 1 kHz 

Noise output voltage (r.m.s. value) 
at f = 1 kHz; Rs = 5 kn 

PACKAGE OUTLINE 

8-lead mini-pack; plastic (S0-8; SOT-96A). 
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Vno(rms) 

vno(rms) 

1.6 to 6.0 V 

typ. 3.2 mA 

typ. 140 mW 

max. 70 mV 

typ. 140 µV 

typ. 35 mW 
typ. 75 mW 

typ. 40 dB 

typ. 100 µV 



Signetics Linear Products 

Low Voltage Mono/Stereo Power Amplifier 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage 

Peak output current 

Total power dissipation 

Storage temperature range 

Crystal temperature 

A.C. and d.c. short-circuit duration 
at Vp = 3.0 V (during mishandling) 

400 

"1ot 
lmWI 

300 

200 

100 

0 -so 

SO PACKAGE DESIGN EXAMPLE 

Vp max. 6 

loM max. 150 
see derating curve, Figure 1 

Tstg -55 to +150 

Tc max. 100 

tsc max. 5 

7Zl131& 

\ 
~ 
\. 
\ 
~ 
~ 

0 50 100 150 

Tmnb l°cl 

Fig. 1 Power derating curve. 

Product Specification 

TDA7050T 

v 
mA 

oc 
oc 

s 

To achieve the small dimension of the encapsulation the SO package is preferred with only 8 pins. Because a 
heatsink is not applicable, the dissipation is limited by the thermal resistance of the 8-pin SO encapsulation 
until: 

Ti max -Tamb 100-60 
-----= --- = 0.1 w. 

Rth j-a 300 
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Low Voltage Mono/Stereo Power Amplifier TDA7050T 

CHARACTERISTICS 

Vp = 3 V; f = 1 kHz; RL = 32 n; Tamb = 25 °C; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply 

Supply voltage Vp 1.6 - 6.0 v 

Total quieseent current 1tot - 3.2 4 mA 

Bridge-tied lciad application (BTL); see Fig. 4 

Output power* 

Vp = 3.0 V; dtot = 10% po - 140 - mW 

Vp=4.5V;dtoi:= 10%(RL =64n) po - 150 - mW 

Voltage gain Gv - 32 - dB 
Noise output voltage (r.m.s. value) 

Rs = 5 kn; f = 1 kHz Vno(rms) - 140 - µV 

Rs= o n; f = 500 kHz; B = 5 kHz vno(rms) - tbf - µV 

D.C. output offset voltage (at Rs= 5 kn) IAVI - - 70 mV 
Input impedance (at Rs = oo) IZil 1 - - Mn 
Input bias current Ii - 40 - nA 

Stereo application; see Fig. 5 

Output power* 

Vp = 3.0 V; dtot = 10% po - 35 - mW 

Vp = 4.5 V; dtot = 10% po - 75 - mW 
Voltage gain Gv - 26 - dB 
Noise output voltage (r.m.s. value) 

Rs= 5 kn; f = 1 kHz vno(rms) - 100 - µV 

Rs= On; f = 500 kHz; B = 5 kHz Vno(rms) - tbf - µV 
Channel separation 

Rs= on; f = 1 kHz Q( 30 40 - dB 
I npui: impedance (at Rs = oo) IZil 2 - - Mn 
Input bias current Ii - 20 - nA 

*Output power is measured directly at the output pins of the IC. It is shown as a function of the supply voltage in Fig. 2 (BTL 
application) and Fig. 3 (stereo application). 
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Low Voltage Mono/Stereo Power Amplifier TDA7050T 

7 
I 

2 
Vp tV) 6 

Fig. 2 Output power across the load impedance 
(RL) as a function of supply voltage (Vp) in 
BTL application. Measurements were made at 

4 

f = 1 kHz; dtot = 10%; Tamb = 25 °C. 

APPLICATION INFORMATION 

Vp 

Input 8 

7 

8 

7Zl1314 

Fig. 4 Application diagram (BTL); 
also used as test circuit. 
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lj / / ,v;_ 
2 4 

Vp IVI 6 

Fig. 3 Output power across the load impedance 
(RL) as a function of supply voltage (Vp) in 
stereo application. Measurements were made at 
f = 1 kHz; dtot = 10%; Tamb = 25 °C. 

left channel 
input 

~c:t..nnel 
input 

7zt1313 

Vp 

8 

7 

TOA7050T 

Fig. 5 Application diagram (stereo); 
also used as test circuit. 

September 1985 

6 
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Wideband High Frequency Amplifier NE5205 

DESCRIPTION third-order intermodulation intercepts of. PIN CONFIGURATION 
The NE5205 is a High Frequency Ampli­
fier with a fixed insertion gain of 20dB. 
The gain is flat to ± 0.5dB from DC to 
450MHz, and the - 3dB bandwidth is 
greater than SOOMHz. This performance 
makes the amplifier ideal for cable TV 
applications. The NE5205 operates with 
a single supply of 6 volts, and only draws 
25mA of supply current, which is much 
less than comparable hybrid parts. The 
noise figure is 4.SdB in a 75 ohm system 
and SdB in a 50 ohm system. 

Until now, most RF or high frequency 
designers had to settle for discrete or 
hybrid solutions to their amplification 
problems. Most of these solutions 
required trade-offs that the designer had 
to accept in order to use high-frequency 
gain stages. These include high power 
consumption, large component count, 
transformers, large packages with heat 
sinks, and high part cost. The NE5205 
solves these problems by incorporating 
.a wideband amplifier on a single mono­
lithic chip. 

The part is well matched to 50 or 75 ohm 
input and output impedances. The 
Standing WeNe Ratios in 50 and 75 ohm 
systems do not exceed 1.5 on either the 
input. or output over the entire DC to 
SOOMHz operating range. 

Since the part is a small monolithic IC 
die, problems such as stray capacitance 
are minimized. The die size is small 
enough to fit into a very cost-effective 
8-pin small-outline (SO) package to fur­
ther reduce parasitic effects. A T0-46 
metal can is also available that has a 
case connection for RF grounding which 
increases the - 3dB frequency to 
650MHz. The metal can is hermetically 
sealed, and can operate over the full 
- 55 to + 125°C range. 

No external components are needed 
other than AC coupling capacitors 
because the NE5205 is internally com­
pensated and matched to 50 and 75 
ohms. The amplifier has very good dis­
tortion specifications, with second and 

September 1.986 

+ 24dBm and + 17dBm respectively at 
100MHz. 

The device is ideally suited for 75 ohm 
cable television applications such as 
decoder boxes, satellite receiver/ 
decoders, and front-end amplifiers for 
TV receivers. It is also useful for ampli­
fied splitters and antenna amplifiers. 

The part is matched well for 50 ohm test 
equipment such as signal generators, 
oscilloscopes, frequency counters and 
all kinds of signal analyzers. Other appli­
cations at 50 ohms include mobile radio, 
CB radio and data/video transmission in 
fiber optics, as well as broadband LAN's 
and telecom systems. A gain greater 
than 20dB can be achieved by cascad­
ing additional NE5205's in series as 
required, without any degradation in 
amplifier stability. 

FEATURES: 
• 650MHz bandwidth 
• 20dB Insertion gain 
• 4.BdB (&dB) noise figure Z0 = 750 

(Zo=500) 
• No external components required 
• Input and output impedances 

matched to 50/750 systems 
• Surface-Mount package available 
• Excellent performance In cable TV 

750 systems 

APPLICATIONS 
• 750 cable TV decoder boxes 
• Antenna amplifiers 
• Amplified splitters 
• Signal generators 
• Frequency counters 
• Oscilloscopes 
• Signal analyzers 
• Broadband LAN's 
• Fiber optics 
• Modems 
• Mobile radio 
• CB radio 
• Telecommunications 

6-76 

D PACKAGE 

TOP VIEW 
Order Number 

NE5205D 

NOTE: Signetics 9 designates Pin 1. 

EC PACKAGE 

TOP VIEW 
Order Number 

NE5205EC 

NOTE: Tab denotes Pin 1. 



Signetics Linear Products Product Specification 

Wideband High Frequency Amplifier NE5205 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNITS 

Supply Voltage 9 v 
AC Input Voltage 5 V-PP 
Operating Temperature 
SO package air-mount -55 to +85 •c 
TO package air-mount -55 to + 125 oc 

(Derate SO package above 6V) 

EQUIVALENT SCHEMATIC 

Vee 

Rt 
R, 

Ro 
Vour 

a, 6 
v,. a, 

RE2 

REt 

-=-
RF2 

-=-
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Wideband High Frequency Amplifier NE5205 

DC ELECTRICAL CHARACTERISTICS at Vee= 6V, Zs= ZL = Z0 = 50!l and TA= 25 °C, in SO package unless otherwise specified. 

PARAMETER 

Operating supply voltage range 

Supply current 

Insertion gain - S21 

Input return loss - S11 

Input return loss - S11 

Output return loss - S22 

Output return loss - S22 

Isolation - S12 (SO, TO) 

Bandwidth-SO 

Bandwidth-SO 

Bandwidth-TO 

Noise figure (75!l) 

Noise figure (SOil) 

Saturated output power 

1 dB gain compression 

Third-order intermodulation 
intercept (output) 

Second-order intermodulation 
intercept (output) 

35 
34 

.. 32 

E 30 I 
I- 28 z 

t-- TA= 25°C 

w a: 26 a: 
::> 

2 
~ 

0 

~ 
0. 
0. 
::> 

"' 

24 

22 

20 

18 

16 
5 

2 .,. 
lZ 

5,5 6.5 

z 

SUPPLY VOLTAGE-V 

TEST CONDITIONS 

f = 100MHz 

f = 100MHz SO pkg 

DC-550MHz 

t = 100MHz TO pkg 

DC-600MHz 

t = 100MHz SO pkg 

DC-550MHz 

f= 100MHz TO pkg 

DC-600MHz 

1= 100MHz 

DC-550MHz 

±0.5dB 

-3dB 

-3dB 

f= 100MHz 

f= 100MHz 

f = 100MHz 

f = 100MHz 

f-100MHz 

f= 100MHz 

~ 
~ 

7.5 

Figure 1. Supply Current vs Supply Voltage 
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101 

Min 

5 

20 

17 

12 

10 

12 

10 

-18 

550 

600 

Typ Max 

8 

24 30 

19 21 

25 

23 

27 

26 

-25 

450 

600 

650 

4.8 

6.0 

+ 7.0 

+4.0 

+ 17 

+24 

zo =son /, 
TA= 25°C 

A~ 
Vcc=BV ~ 4 Vcc=7V 
Vcc=6V ~ ~ ~ v'cc=SV 

6 8 102 

FREQUENCY-MHz 

z 

6 8 103 

Figure 2. Noise Figure vs. Frequency 

UNIT 

v 
mA 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

MHz 

MHz 

MHz 

dB 

dB 

dBm 

dBm 

dBm 

dBm 
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Wideband High Frequency Amplifier 
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Figure 3. Insertion Gain vs Frequency (S21 ) 
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Figure 5. Saturated Output Power vs Frequency 
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NE5205 

"' iL- 55~'.2:]+-! 20 t----+---+-+-+--<-- TA= 2s0 c tz.L:.t-+---
~ ~ 
Z l----+---+-+-+-+TA=85°C .l_ 

~ 15 r-t----V-+cc_=_e_v:::t:::j:::_j"~_t--T_•_=_12~5-·c_J--ll---l'11l11111\-1 
!!; t-- Zo = 500 -t---+--+--+--+---+---+lli ... :]__, 

± 
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101 6 8 102 

FREQUENCY-MHz 

6 8 103 

Figure 4. Insertion Gain vs Frequency (S21 ) 
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Figure 6. 1dB Gain Compression vs Frequency 
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Wideband High Frequency Amplifier 
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THEORY OF OPERATION 

The design is based on the use of multiple 
feedback loops to provide wideband gain 
together with good noise figure and terminal 
impedance matches. Referring to the circuit 
schematic in Figure 15, the gain is set primar­
ily by the equation: 

(1) 

which is series-shunt feedback. There is also 
shunt-series feedback due to RF2 and Re2 
which aids in producing wideband terminal 
impedances without the need for low value 
input shunting resistors that would degrade 
the noise figure. For optimum noise perform­
ance, RE1 and the base resistance of 0 1 are 
kept as low as possible while RF2 is 
maximized. 

The noise figure for 50 and 75 ohm systems is 
given by the following equation: 

where lc1 = 5.5mA, Re1 = 120, rb = 1300, 
KT/q = 26mV at 25°C and R0 = 50 for a 500 
system and 75 for a 750 system. 

September 1985 

The DC input voltage level V1N can be deter­
mined by the equation: 

(3) 

where Re1 = 120, V8e = O.BV, lc1 = 5mA and 
lc3 = 7mA (currents rated at Vee= 6V). 

Under the above conditions, V1N is approxi­
mately equal to 1V. 

Level shifting is achieved by emitter follower 
0 3 and diode 0 4 which provide shunt feed­
back to the emitter of 0 1 via RF1· The use of 
an emitter-follower buffer in this feedback 
loop essentially eliminates problems of shunt 
feedback loading on the output. The value of 
RF1 = 140 ohms is chosen to give the desired 
nominal gain. The DC output voltage VouT 
can be determined by: 

(4) 

where Vcc=6V, R2 =2250, lc2 =7mA and 
lc6 = 5mA. 

From here it can be seen that the output volt­
age is approximately 3.3V to give relatively 
equal positive and negative output swings. 
Diode 0 5 is included for bias purposes to 
allow direct coupling of RF2 to the base of 0 1• 

The dual feedback loops stabilize the DC 
operating point of the amplifier. 

The output stage is a Darlington pair (06 and 
0 2) which increases the DC bias voltage on 

R1 
650 

RE1 
12 

Vee 

Figure 15. Schematic Diagram 
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the input stage (01) to a more desirable value, 
and also increases the feedback loop gain. 
Resistor R0 optimizes the output VSWR (Volt­
age Standing Wave Ratio). Inductors L1 and 
L2 are bondwire and lead inductances which 
are roughly 3nH. These improve the high fre­
quency impedance matches at input and out­
put by partially resonating with 0.5pF of pad 
and package capacitance. 

POWER DISSIPATION 
CONSIDERATIONS 

When using the part at elevated temperature, 
the engineer should consider the power dissi­
pation capabilities of each package. Signetics 
does not recommend operation at die temper­
atures above 110°c in the SO package. With 
this in mind, the following equation can be 
used to estimate the die temperature: 

Ti = TA+ (Pd x OJA) 

where TA= Ambient Temperature, Ti= Die 
Temperature, Pd= Power Dissipation =Ice x 
Vee. oiA =Package Thermal Resistance, and 
oiA = 270°C/watt for S0-8, o1A = 100°Ciwatt for 
T0-46. 

At the nominal supply voltage of 6 volts, the 
typical supply current is 25mA (30mA Max). 
For operation at supply voltages other than 
6 volts, see Figure 1 for Ice versus Vee 
curves. The supply current is inversely pro­
portional to temperature and varies no more 
than 1 mA between 25°C and either tempera-
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lure extreme. The change is 0.1 % per •c 
over the range. 

The recommended operating temperature 
ranges are air-mount specifications. Better 
heat sinking benefits can be realized by 
mounting the SO and T0-46 package body 
against the PC board plane. Operation at 
higher temperatures is possible but may 
result in lower MTBF (Mean Time Between 
Failures). This lower MTBF should be consid· 
ered before operating beyond 11o•c die tem­
perature because of the overall reliability 
degradation. 

PC BOARD MOUNTING 

In order to realize satisfactory mounting of the 
NE5205 to a PC board, certain techniques 
need to be utilized. The board must be 
double-sided with copper and all pins must be 
soldered to their respective areas (i.e., all 
GND and Vee pins on the SO package). In 
addition, if the T0-46 package is used, the 
case should be soldered to the ground plane. 
The power supply should be decoupled with a 
capacitor as close to the V cc pins as possible 
and an RF choke should be inserted between 
the supply and the device. Caution should be 
exercised in the connection of input and out­
put pins. Standard microstrip should be 
observed wherever possible. There should be 
no solder bumps or burrs or any obstructions 
in the signal path to cause launching prob­
lems. The path should be as straight as possi· 
ble and lead lengths as short as possible from 
the part to the cable connection. Another 
important consideration is that the input and 
output should be AC coupled. This is because 
at Vee= 6V, the input is approximately at 1V 
while the output is at 3.3V. The output must 
be decoupled into a low impedance system or 
the DC bias on the output of the amplifier will 
be loaded down causing loss of output power. 
The easiest way to decouple the entire ampli· 
lier is by soldering a high frequency chip 
capacitor directly to the input and output pins 
of the device. This circuit is shown in Figure 
16. Follow these recommendations to get the 
best frequency response and noise immunity. 
The board design is as important as the inte­
grated circuit design itself. 

Both of the evaluation boards that will be dis­
cussed next do not have input an output ca­
pacitors because it is assumed the user will 
use AC coupled test systems. Chip or foil ca­
pacitors can easily be inserted between the 
part and connector ii the board trace is 
removed. 

50 OHM EVALUATION BOARD 

The evaluation board layout shown in Figure 
17 produces excellent results. The board is to 
scale and is for the SO package but can be 

Yee 

~Your 
AC 

COUPLING 
CAPACITOR 

Figure 18. Circuit Schematic for 
Coupling and Power Supply 
Decoupling 

II-LEAD MINI-PACK; PLASTIC (S0-8; SOT-96A) 

Yee PLANE 

OUTPUT 

GNDPLANE 

SO PACKAGE 
HOLE BACKSIDE 

.. --- .. ---

CAPACITOR HOLE (0.2s•1 

INPUT 

BOTTOM TOP 

GND FLANGE 
SMA CONNECTOR 

Figure 17. BC Board Layout for NE5205 Evaluation 
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used for the T0-46 package as well. Both top 
and bottom are copper clad and the ground 
planes are bonded together through 50 ohm 
SMA cable connectors. These are solder 
mounted on the sides of the board so that the 
signal traces line up straight to the connector 
signal pins. 

Solid copper tubing is soldered through the 
flange holes between the two connectors for 
increased strength and grounding character­
istics. Two or four hole flanges can be used. A 
flat round decoupling capacitor is placed in 
the board's round hole and soldered between 
the bottom V cc plane and the top side 
ground. The capacitor is as thin or thinner 
than the PC board thickness and has insula­
tion around its side to isolate V cc and ground. 
The square hole is for the SO package which 
is put in upside down through the bottom of 

MODEL 7014 

7014-1 (BNC) 
7014-2 (TNC) 
7014-3 (TYPE N) 
7014-4 (SMA) 

FEEDTHRU 

0.469 (11.9)n 

the board so that the leads are kept in posi­
tion for soldering. Both holes are just slightly 
larger than the capacitor and IC to provide for 
a tight fit. 

This board should be tested in a system with 
50 ohm input and output impedance for cor­
rect operation. 

75 OHM EVALUATION BOARD 

Another evaluation board is shown in Figure 
18. This system uses the same PC 
board as presented in Figure 17, but makes 
use of 75 ohm female N-type connectors. The 
board is mounted in a nickel plated box• that 
is used to support the N-type connectors. 
This is an excellent way to test the part for 
cable TV applications. Again, the board 

BOTTOM VIEW 

1.000DIA 
(25.4) 

Figure 18. 75-0hm N-Type Connector System 

S21 

... I 
• 

I·· • S12 

Figure 19a. Two-Port Network Defined 
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should be tested in a system with 75 ohm 
input and output impedance for correct oper­
ation. 

*The box and connectors are available as a "MODPACK 
SYSTEM" from the ANZAC division of ADAMS-RUSSELL 
CO., INC., 80 Cambridge Street, Burlington, MA 01803. 

SCATTERING PARAMETERS 

The primary specifications for the NE5205 
are listed as $-parameters. $-parameters are 
measurements of incident and reflected cur­
rents and voltages between the source, 
amplifier and load as well as transmission 
losses. The parameters for a two-port network 
are defined in Figure 19. 

8 1 r 0.200 (5.1) TYP 
1.0 4 
(27.5) JS 0.290 (7.4) TYP 

LO· 
0.984 L__.l 
(24.9) 
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S,, - INPUT RETURN LOSS 

POWER REFLECTED 
FROM INPUT PORT 

S21 - FORWARD TRANSMISSION LOSS 
OR INSERTION GAIN 

Actual S-parameter measurements using an 
H.P. network analyzer (model B505A) and an 
H.P. S-parameter tester (models 8503A/B) are 
shown in Figure 20. These were obtained with 
the device mounted in a PC board as 
described in Figures 17 and 18. 

POWER AVAILABLE FROM 
GENERATOR AT INPUT PORT 

S12 - REVERSE TRANSMISSION LOSS 
OR ISOLATION 

S21 "VTRANSDUCER POWER GAIN 

S22 - OUTPUT RETURN LOSS 

POWER REFLECTED 
FROM OUTPUT PORT 

For 50 ohm system measurements, SMA con­
nectors were used. The 75 ohm data was 
obtained using N-connectors. 

S12=V REVERSE TRANSDUCER 
POWER GAIN 

POWER AVAILABLE FROM 
GENERATOR AT OUTPUT PORT 

Figure 19b 
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and specified in the data sheet to ease adap-

750 System 

1---+---+--+---+-+-vee Jv _::;;:--+--+-+--< 

1---+---+--+---+-+Vee=7V'"3._,,.::S::_..._+--+-< 
_l ::s:: 

1-----1 Zo = 750 
i-------t TA = 25°C +-+-+---+---+--+-ti-I 

10'----'--~'--'--'--'-~~'--~-'-~'-~ 

101 6 8 102 

FREQUENCY-MHz 

6 8 103 

Figure B. Insertion Gain vs Frequency (S21 ) 

-10 .----.-~.--.-.-.--...,.---,-,--,.-, 

-15 t----+---+---+-+--t--~r----t--+--+-t .. 
" I 
Q _ 20 1----+--t--+-+-+--1--l----+--hf.v-l 

a_ llvi VI Vcc=SV 
_ 25 t----------1 Zo = 750 +--+-+----+-~,,__-+-+-I 

TA=rC i::-1 
- 30 ~d:::::::±::t:t:t::l_J_lJJ 

101 6 8 102 

FREQUENCY - MHz 

6 8103 

Figure D. S12 Isolation vs Frequency 

40 .--~-.-~~.--.....-....-.---.----....-.-~ 

mi 35 t----+--+---+--+--+--t---+-+--+-< 

I~ 
~g 30 

~ ~ 25 t------t- OUTPUT t--t-t--:::±:--t----t--±:-1 

2~ ~ /1' 
ii!~ 20 f---+-... 1---+-+"""~::::F~~~k--*-+-1 
!; ~ INPJUT -""~ 
~ ~ 15 1----r---+---+-+--+-Vcc"' 6V """"'lliJ 

-o ~~:::?c N 
10'--~"'-~-'---'-L-'---l"'-~-'---'--'-' 

101 6 8 102 

FREQUENCY - MHz 

6 8 103 

Figure F. Input (S11) and Output (S2,) 

Return Loss vs Frequency 

September 1985 

6 



Signetics Linear Products 

Wideband High Frequency Amplifier 

talion and comparison of the NE5205 to other 
high frequency amplifiers. The most impor­
tant parameter is S21 . It is defined as the 
square root of the power gain, and, in deci­
bels, is equal to voltage gain as shown below: 

Z0 = Z1N = Zour for the NE5205 

P1N • -- Pour = --
V1N2~E5205 Vour2 

Zo Zo Zo 

P1 = Insertion Power Gain 

V1 = Insertion Voltage Gain 

Measured value for the 
NE5205=1~1 1 2 =100 

In decibels: 

P1(dB) = 10 Log IS21 l2 = 20dB 

V1(dB) = 20 Log S21 = 20dB 

10 

:. P1(dB) = V1(dB) = S21(dB) = 20dB 

2.0 

1.9 

Also measured on the same system are the 
respective voltage standing wave ratios. 
These are shown in Figure 21. The VSWR 
can be seen to be below 1.5 across the entire 
operational frequency range. 

Relationships exil!I between the input and 
output return losses and the voltage standing 
wave ratios. These relationships are as 
follows: 

INPUT RETURN LOSS = S11dB 
S11 dB = 20 Log IS11 1 

OUTPUT RETURN LOSS = S22dB 
S2~B = 20 Log IS22 I 

INPUTVSWR = ~ s1.5 
l1-S11I 

OUTPUT VSWR = I 1+ S221 s 1.5 
l1-S22I 

1dB GAIN COMPRESSION AND 
SATURATED OUTPUT POWER 
The 1dB gain compression is a measurement 
of the output power level where the small· 
signal insertion gain magnitude decreases 
1 dB from its low power value. The decrease is 
due to nonlinearities in the amplifier, an indi­
cation of the point of transition between small­
signal operation and the large signal mode. 

The saturated output power is a measure of 
the amplifier's ability to deliver power into an 
external load. It is the value of the amplifier's 
output power when the input is heavily over­
driven. This includes the sum of the power in 
all harmonics. 
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INTERMODULATION INTERCEPT 
TESTS 
The intermodulation intercept is an expres­
sion of the low level llnearlty of the amplifier. 
The intermodulation ratio is the difference in 
dB between the fundamental output signal 
level and the generated distortion product 
level. The relationship between intercept and 
intermodulation ratio is illustrated in Figure 
22, which shows product output levels plotted 
versus the level of the fundamental output for 
two equal strength output signals at different 
frequencies. The upper line shows the funda­
mental output plotted against itself with a 1 dB 
to 1dB slope. The second and third order 
products lie below the fundamentals and 
exhibit a 2:1 and 3:1 slope respectively. 

The intercept point for either product is the 
intersection of the extensions of the product 
curve with the fundamental output. 

The intercept point is determined by measur­
ing the intermodulation ratio at a single output 
level and projecting along the appropriate 
product slope to the point of intersection with 
the fundamental. When the intercept point is 
known, the intermodulation ratio can be 
determined by the reverse process. The sec­
ond order IMR is equal to the difference 
between the second order intercept and the 
fundamental output level. The third order IMR 
is equal to twice the difference between the 
third order intercept and the fundamental out­
put level. These are expressed as: 

TA=25°C 
Vcc=&V 

6 8 102 

FREQUENCY-MHz 

• 
17 

6 8 103 

Figure A. Input VSWR vs Frequency Figure B. Output VSWR vs Frequency 

Figure 21. Input/Output VSWR Versus Frequency 
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where POUT is the power level in dBm of each 
of a pair of equal level fundamental output 
signals, IP2 and IP3 are the second and third 
order output intercepts in dBm, and IMR2 and 
IMR3 are the second and third order inter­
modulation ratios in dB. The intermodulation 
intercept is an indicator of intermodulation 
performance only in the small signal operat­
ing range of the amplifier. Above some output 
level which is below the 1 dB compression 
point, the active device moves into large sig­
nal operation. At this point the intermodula­
tion products no longer follow the straight line 
output slopes, and the intercept description is 
no longer valid. It is therefore important to 
measure IP2 and IP3 at output levels well 
below 1 dB compression. One must be care­
ful, however, not to select too low levels 
because the test equipment may not be able 
to recover the signal from the noise. For the 
NE5205 we have chosen an output level of 
- 10.5dBm with fundamental frequencies of 
100.000 and 100.01 MHz, respectively. 

ADDITIONAL READING ON 
SCATTERING PARAMETERS 

For more information regarding $-param­
eters, please refer to High-Frequency Ampli­
fiers by Ralph S. Carson of the University of 
Missouri, Rolla, Copyright 1985; published by 
John Wiley & Sons, Inc. 

S-Parameter Techniques for Faster, More 
Accurate Network Design, H.P. App Note 95-1, 
Richard W. Anderson, 1967, HP Journal. 

S-Parameter Design, H.P. App Note 154, 1972. 
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AC Motor Control Circuit 

The HEF4752V is a circuit for a.c. motor speed control utilizing LOCMOS technology. The circuit 
synthesizes three 1200 out of phase signals, of which the average voltage varies sinusoidally with time 
in the frequency range 0 to 200 Hz. The method employed is based upon the pulse width modulation 
principle, in order to achieve a sufficient accuracy of the output voltages over the whole frequency 
range. A pure digital waveform generation is used. 

HEF4752V 

All outputs are of the push-pull type. Inputs and outputs are protected against electrostatic effects in a 
wide variety of device-handling situations. However, to be totally safe, it is desirable to take handling 
precautions into account. 

OBC1 

OBM2 OBC2 

OBM1 VAV 

ACT 

cw L 

OCT ASYN 

K HEF4752V OYM1 

OAM1 OYM2 

OAM2 OYC1 

OAC1 OYC2 

OAC2 CSP 

FCT VCT 

A c 

Vss B 

7Z75992 

Fig. 1 Pinning diagram. 

HEF4752VP: 28-lead DIL;plastic (SOT-117). 

PINNING 

Inputs; group I Inputs; group II 

24 = L data 
25 =I data 

12 = FCT frequency clock 
17 = VCT voltage clock 

7=K data 
5 =CW data 

13=A data 

4 = ACT reference clock 
6 = OCT output delay 

clock 
15=8 data 
16 = C data 

Outputs; group I 

23 = ASYN A-phase synchronization 
26 = V AV average voltage 
18 = CSP current sampling pulses 

Outputs; group II 

8 = OAM1 A-phase main 
9 = OAM2 A-phase main 

10 = ORC1 A-phase commutation 
11 = ORC2 R-phase commutation 
22 = OYM1 Y-phase main 
21 = OYM2 Y-phase main 
20 = OYC1 Y-phase commutation 
19 = OYC2 Y-phase commutation 
3 = OBM 1 8-phase main 
2 = OBM2 8-phase main 
1 = OBC1 B-phase commutation 

27 = OBC2 B-phase commutation 

SUPPLY VOLTAGE 

rating recommended 
operating 

HEF4752V -0,5 to 18 4,5 to 12,5 V 

HEF4752VD: 28-lead DIL;ceramic (cerdip) (SOT-135A). FAMILY DATA see Family Specifications 
HEF4752VT: 28-lead mini-pack; plastic 

(S0-28; SOT-136A). 
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D.C. CHARACTERISTICS Vss = 0 v 

parameter 
Voo 

v 

Quiescent device current 
5 

10 

Input leakage current 10 

Input voltage HIGH 
5 

10 

Input voltage LOW 
5 

10 

Output voltage HIGH 
5 

10 

Output voltage LOW 
5 

10 

Input tripping level; 5 
input voltage increasing 10 

Input tripping level; 5 
input voltage decreasing 10 

Output current LOW 
5 

10 

Output current HIGH 
5 

10 

Output current HIGH 5 

Output current HIGH 
5 

10 

Output current HIGH 5 

Total supply current 10 

symbol 

too 

± l1N 

V1H 

V1L 

VoH 

Vol 

Vti 

Vtd 

loL 

-loH 

-loH 

-loH 

-loH 

I tot 

-

Tamb (OC) 

-40 +25 
min. max. min. max. 

- 50 - 50 
- 100 - 100 

- - - 0,3 

3,5 - 3,5 -
7,0 - 7,0 -

- 1,5 - 1,5 
- 3,0 - 3,0 

4,95 - 4,95 -
9,95 - 9,95 -
- 0,05 - 0,05 
- 0,05 - 0,05 

1,5 4,0 1,5 4,0 
3,0 8,0 3,0 8,0 

1,0 3,5 1,0 3,5 
2,0 7,0 2,0 7,0 

0,45 - 0,38 -
1,4 - 1, 17 -

0,3 - 0,25 -
0,9 - 0,75 -

0,9 - 0,75 -
0,6 - 0,5 -
1,8 - 1,5 -

1,8 - 1,5 -

- - typ.2 

+85 unit 
min. max. 

- 375 µ.A 
- 750 µ.A 

- 1 µ.A 

3,5 - v 
7,0 - v 
- 1,5 v 
- 3,0 v 

4,95 - v 
9,95 - v 
- 0,05 v 
- 0,05 v 

1,5 4,0 v 
3,0 8,0 v 
1,0 3,5 v 
2,0 7,0 v 
0,3 - mA 
0,9 - mA 

0,2 - mA 
0,6 - mA 

0,6 - mA 

0,4 - mA 
1,2 - mA 

1,2 - mA 

- - mA 

conditions 

} all valid input combinations; 
V1 = Vss or Voo 

Vi= 0 or 10 V 

} inputs: group I 

) inputs: group I 

l V1=V55orVoo: Ito I <1 µ.A 

} V1=V55orVoo:j1oj<1µ.A 

} inputs: group 11 

} inputs: group II 

VoL=0,4V I outputs: groups I 
VoL=0,5V r and II 

VoH=4,6V } 
VoH = 9,5 V outputs: group I 

VoH = 2,5 V; outputs: group I 

VoH=4,6V } 
VoH = 9,5 V outputs: group II 

VoH = 2,5 V; outputs: group II 

f loL = loH = O; frequency applied to 
j inputs; FCT=700kHz;VCT= 400 kHz; 

ACT =400 kHz 

~ 
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Signetics Linear Products Product Specification 

AC Motor Control Circuit HEF4752V 

APPLICATION INFORMATION 

Figure 2 shows the functional block diagram of a 3-phase a.c. motor speed control system using a 
thyristorized inverter with variable frequency output. The inverter control signals are generated by 
the HEF4752V (PWM-IC). A special feature of the PWM (Pulse-Width Modulation) - IC is here, that 
the motor is supplied by sinnoidally modulated pulses, hence the resulting motor current will approach 
a sine-wave with a minimum on higher harmonics. In this way, an optimum speed drive with high per­
formance is obtained. 
Furthermore, the HEF4752V contains all logic circuitry required for this special waveform generation, 
so that the amount of control circuit components is reduced considerable. The speed drive system in 
Fig. 2 is controlled by the analogue control section. 
The FCT and VCT clock pulse oscillators are driven in such a way, that a fast response speed control 
of the a.c. motor is obtained, depending on: the reference values for speed; motor voltage; motor cur­
rent (Limited by the measured motor current via DCCT - d.c. current transformer-); the increasing 
value of Vcb during braking action. 

3·phase 
mains 

Nref 

Im ref 

FILTER 

rL 
T T 

RECTIFIER 

!VCb +15V 

. 
+12 v 
-12V 

M/G 

ANALOGUE 
CONTROL 

I • m 

SMOOTHING 
CAPACITOR 

$cb 

INVERTER 

PWM-IC 

HEF4752V 

Fig. 2 PWM motor speed control system using HEF4752V. 

MORE APPLICATION INFORMATION SUPPLIED ON REQUEST 

7-5 

7Z82749 

-® 
3-phase 

'V 
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Signetics Linear Products Product Specification 

Motor Regulator and Function Controller TDA1506 

The TDA 1506 is for car radio/casette players. It incorporates the following functions: 
• a motor speed regulator with a multiplication coefficient of k = 20,5. 
• an electronic motor stop, controlled by commutator pulses; 
• protection circuitry to avoid restarting of the motor after the set is switched to radio reception; 
• playback indication; 
• tape-end indication with intermittent light; 
• fast-wind/rewind circuitry; 
• two separately stabilized voltage regulators for the playback amplifier stages; 
• a stabilized output voltage for the radio part; 
• an automatic switch for switching the preamplifier supply outputs to zero and the radio supply 

output to a high level at tape-end; 
• an output signal for auto-reverse; 
• short-circuit protection for all pins to ground at T amb = 30 oc maximum and between output and 

power supply pin; 
• load dump protection. 

During fast wind (or rewind) the voltage regulator for the second playback preamplifier is switched off. 
This feature allows application in an A.P.S.S. (Automatic Program Search System) set. At tape-end and 
at an externally chosen fixed time before motor stop, the automatic replay output gives a d.c. infor­
mation signal. This signal may, e.g., be used to control the plunger in an automatic-reverse set. 
Automatic switching, with all switches to ground. 

QUICK REFERENCE DATA 

Supply voltage range Vp 10 to 16 V 

Operating ambient temperature range 
atVp=14,4V Tamb -20 to +80 oc 
at Vp = 16 v Tamb -20 to +60 oc 

Motor regulator 
Regulator supply voltage range V6-3 3,2 to 12 V 
Internal reference voltage Vref = V6-5 typ. 1,38 v 
Drop-out voltage V4.3 < 1,8 v 
Multiplication coefficient (.614/.615) k typ. 20,5 

Stabilization radio 
Output voltage V11-8 > 8,5 v 
Limited output current 111 lim > 45 mA 

Stabilization preamplifier I 
Output voltage V1Q-8 > 7,7 v 
Limited output current 110 lim > 2 mA 

Stabilization preamplifier II 
Output voltage Vg.8 > 8,7 v 
Limited output current l91im > 20 mA 

Lamp driver 
Output voltage V2-8 > 13 v 
Limited output current 12 lim > 20 mA 

PACKAGE OUTLINE 16-lead DIL; plastic power (SOT-38). 

September 1985 7-6 
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Signetics Linear Products 

Motor Regulator and Function Controller 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage 

Limited output current 

Power dissipation 

Storage temperature range 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient 

Ptot 
(W) 

Vp 

141im 
see Fig. 2 

Tstg 

Tj 

Rth j-a 

max. 

max. 

Product Specificatton 

TDA1506 

24 v 
1 A 

-65 to+ 150 oc 

max. 150 oc 

55 K/W 

2~t--t-+--+-+-~+-1!-...'"'""""c--+-+-+-+--+--+-+-+-+-1-+-+-+-+-+--+--+-+-+-+-1~ 
')..... 

N 

OL-JL....-1---1----l.--L--l...---L..-L----l.---!-_._~....l-...l-...l.-J___J___!.,,_L...._J___J,____j.--L--l...---L..-L----l.--1...."l~i-...~ 
0 25 50 75 100 125 150 

Note to Fig. 2 

Tj max -Tamb 

Rth j-a 

Fig. 2 Power derating curve. 

Ptot in playback position (see Figure 3): 

Tamb (oC) 

Ptot "=' I 12 x Vp + V 4-3 (Im+ V~~t)+ ( V 4-3 + Vret)(.\! + lq)-12 x V2-8 -I& x Vg_g -I 10 x V1Q-8 

Ptot in radio reception is much lower than Ptot in playback. 
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Slgnetlcs Linear Products Product Specification 

Motor Regulator and Function Controller TDA1506 

CHARACTERISTICS 

Vp = 14,4 V;Tamb= 25oc;14= 70mA;111=45mA;110=0,3mA;12 = 18 mA; lg= 2mA; 
unless otherwise specified; see test circuit Fig. 3. 

symbol min. typ. max. unit conditions 

General 

Supply voltage Vp 10 * - 16 v 
Current consumption 

at playback 112 - - 38 mA 14 = 0 

at radio 112 - - 64 mA 

Motor regulator 

Supply voltage V5.3 3,2 - 12 v 
Drop-out voltage V4.3 - - 1,8 v AVref = ± 2% 

Internal reference voltage Vref = V5.5 1,32 1,38 1.44 v V5.3 = 8,7 V 

Quiescent current lq - 1,5 2,5 mA 14 = 0; V5.3 = 8,7 V 

Limited output current l41im 0,5 - - A V5.3 = 8,7 V 

Multiplication coefficient k = Al4fAl5 18,5 20,5 22,5 {V5.3 = 8,7 V; 

Line regulation variation Al4=± 10mA 

Vref versus Vp AV ref x 100% 
""2WP" V ref 

0 0,05 0,09 %/V Vp = 3,2 to 12 V 

k versus Vp 
Ak x 100% 

0 0,3 0,6 %/V 
jVp = 3,2 to 12 V 

AVp k IAl4=± 10mA 

lq versus Vp ~x 100% - 1,25 - %/V 
JVp = 3,2 to 12 V 

. p lq 114 = 0 

Load regulation variation 

Vref versus 14 
AVrefx 100% -0,037-0,018 - %/mA 14 = 20 to 150 mA 
Al4 Vref 

Ak 100% J14=20to150 mA 
k versus 14 

x-- -0,02 0 +0,02 %/mA 
Al4 k jAl4= ± 10mA 

Temperature coefficient 
variation 

Vref versus T amb 
~x 100% 0 0,025 0,045 %/K 

IT amb = -20 to +80 °c 
ATamb Vref IV5.3 = 8.7 v 

k versus T amb 
~x 100% 

-0,016 0,008 0,032 %/K 
f T amb = -20 to +80 °c 

ATamb k IV5.3 = 8,7; Al4 = ±10 mA 

lq versus T amb 
Alq_x 100% - 0,13 - %/K 

JT amb = -20 to +80 °c 
Aiamb lq lV5.3 = 8,7 V; 14 = 0 

Saturation voltage 
fast winding V74 sat - 0,18 - v 17 = 10 mA (max. 50 mA) 

Input current (pin 5) 15 - 19 - p.A V5.3 = 8.7 V 

* For starting conditions: min. 6 V. 
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Signetlcs Linear Products Product Specification 

Motor Regulator arid Function Controller TDA1506 

symbol min. typ. max. unit conditions 

Automatic motor stop 

Output current (pin 15) I 15 0,4 - 0,9 mA 

Time constant tst - 700 - ms C1=47 µF ± 1%; Fig. 4 

Switching level V16-8 - 9 - v 

Stabilization radio 

Output voltage v 11-8 8,5 8,9 9,3 v 

Limited output current I 11 Jim 45 - - mA 

Variation of V 11-8 LW11-8 - - 200 mV Vp = 10,5 to 16 V 

- 100 - mV/V Vp = 10 to 10,5 V 

Leakage current I 11 - - 0,5 µA R11-8 = 100 kn 

I 11 - - 4 µA 
JR11-8 = 100 kn 
lTamb = 80 oc 

Temperature coefficient AV 11 _3/ AT amb -2 0 +2 mV/K T amb = -20 to +80 oc 

Stabilization preamp. I 

Output voltage V10-8 7,7 8, 1 - v 

Limited output current 110 Jim 2 - - mA 

Variation V 10-8 versus Vp AV 10-s/A Vp - - 12 mV/V Vp = 10,5 to 16 V 
AV 10-8/Ll Vp - 5 - mV/V Vp=10to10,5V 

Stabilization preamp. 11 

Output voltage V9_3 8,5 9, 1 - v 

Output voltage V9_3 - 0 0,5 v fast rewind 

Limited output current 19 lim 20 - - mA 

Variation V9_3 versus Vp AV9_3/AVp - - 12 mV/V Vp = 10,5 to 16 V 
AV9_3/AVp - 10 - mV/V Vp = 10 to 10,5 V 

Lamp driver 

Output voltage V2-8 13 13,4 - v 
Limited output current l21im 20 - - mA 

Blinking time tb - 0,5 - s Cl= 47 µF; Fig. 4 

Rejection voltage supply AVp - 0,3 - v 

Automatic replay output 

Output current; playback I 1 - - 10 µA V1-8 = Vp 

Output current; radio I 1 300 500 - µA v1_8 ;;;,5v 

Delay time td - 380 - ms Cl= 47 µF; Fig. 4 
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Signetics Linear Products 

Motor Regulator and Function Controller 

CHARACTERISTICS (continued) 

Radio playback switch 

Switching levels 
to playback 

to radio 

Input impedance 

Output current 

Fast wind switch 

Switching levels 
normal to fast 
fast to normal 

Output voltage; playback 

Output current; fast wind 

Output impedance 

commutator 
Vp pulses 

de, 
16 15 

2 

Vp 

S1 closed: playback 
S1 open: radio reception 
S2 closed: fast speed 
S2 open: normal speed 

symbol min. typ. max. unit 

V14-8 - - 2 v 

V14-8 3,5 - - v 

IZ14-81 - 20 - kn 

114 - 200 - µA 

V13-8 - - 2 v 
V13-8 6 - - v 

V13-8 - 6,8 - v 
I 13 - 500 - µA 

1z13-8I - 13 - kn 

Vp 

14 13 12 11 

TDA1506 

4 5 6 

Vp 
C2 is only used with sets on which a fast rewind 
key is available (C2 = 2,2 µF). 
C1 is 200 µF maximum (typ. 47 µF). 
C3 = 100 nF. 

Fig. 3 Test circuit. 

7-11 

Product Specification 

TDA1506 

conditions 

[ Vp = 10 to 16 V 

JTamb = -20 to +80 °c 

V14-8 = 0 

\ V p = 1 0 to 16 V 
J T amb = -20 to +80 °c 

V13-8 = 0 

7 

10 9 

7 

~ 

7Z84949 
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Slgnetics Linear Products 

Motor Regulator and Function Controller 

signal across Cl 

commutator 
pulses (pin 15) 

input current 
(pin 1) 

output voltage 
(pin 4) 

output voltage 
(pins 9 and 10) 

output voltage 
(pin 11) 

output voltage 
(pin 2) 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

- td -
.--tst-

Fig. 4 Waveforms showing signal levels and time constants. 

H =HIGH state (the more positive voltage) 

L = LOW state (the less positive voltage) 
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Signetics Linear Products 

Motor Regulator and Function Controller 

APPLICATION INFORMATION 

commutato~r ! 
pulses 

S3 
Vp 

C1..i47µF 

16 15 

2 

~ ~ 
record 
playback wind only 

S1 S2 
Vp 

14 13 12 

TDA1506 

3 4 5 

R2 

'l 
LED 
(tape-end 
indicator) 

Product Specification 

TDA1506 

supply supply 
supply preamplifier preamplifier 
radio 2 

11 10 9 

6 7 8 

7Z84950 

R1 
( 1) 

~---------- Vp 

auto - reverse 
information 

(1) See Fig. 6 

Fig. 5 Typical simplified application circuit diagram. 
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Signetics Linear Products 

Motor Regulator and Function Controller 

6 TDA1506 7 

lq 14/k 

V ref 
5 

k 
,....----A-..-- 4 

7284947 

Product Specification 

TDA1506 

D Vp 

Rm 

En 

( 1) Inclusion of D ( BA220) is 
optional; it permits 
compensation of variation 
of the motor resistance as 
function of temperature. 

Fig. 6 Example of using the TOA 1506 (only the motor 
regulation part is shown) in a d.c. motor speed regulation circuit. 

Notes to Fig. 6 

R2 = R2' + R2" 
where: n = speed in revolutions per minute 

C = motor constant 
<P = magnetic flux 
En = electromotive force 
T = motor torque 
Rm= motor resistance 

En can be expressed (excluding diode D) as: 

En=lm (~ -Rm)+Vref\1+~~(1+t))+Rlxlq 
For optimal regulation (dn/dT = 0), (~1 - Rm) should be zero. 

Example: 

En= E2400 = 5,24 V(±12,2%) 

Rm= 25,6 U(±10%) 

n = 2400 rev/min 

T = 1,3 mNm 
R1 =430U 
R2' =110U 
R2" = 22on 

However, if R1 = k x Rm, the regulator will be oscillating, so for stability always R 1 < k x R111 • 

R2 is determined by: 

V ref x R 1 x ( 1 + l ) 
R2 = R1 ) 

En- (R1 x lq) - Vref - Im ( k - Rm 
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Signetlcs Linear Products Product Specification 

Motor Regulator and Function Controller 

+5 

t. n 
(%) 

+2,5 

a 

-2,5 

N 

""N 

-5 
0,9 

"""' N 
!""- r-t-.. 

"""' N 
N 

!""-,...... 

"""' N N ~p= 16V N 
N NII 

N ]""j.. 
N.....I 
10V 

1,1 1,3 

TDA1506 

7Z84943 

t.... 

"""' 
N 

N N 
~ 

"""' N !""-
N r,.... 

N 

1,5 T (mNm) 1,7 

Fig. 7 Variation in motor speed (n is revolutions per minute) as a function of the applied motor 
torque at T amb = 25 °c. 

+5,...,....,.-.,.......,._,....,,_,.....,.....,....,.....,...."T""'i.....,....-r-,......,..-.-T""'T_,....,,_,.....,.....,....,.....,...."T""'i.....,....-r-,.....,..-.-T""'T-.-.,.......,.....,....~7~Z~84~9~4..;.,4 

t. n 
(%) 

+2,5.-+-+-+-+-+-+-+"""'~~No+-+-+-+-+-+-+-+-l-+-1-1-++-l-+-+-+-+-+-+-+-+-+-l-+-l-l-++-l-+-+-+-+-I 
N 

N 
N 

N 

-2,5 t-t-+-t-+-+-t-++-t-++-ir-+-+-i-++-i-++-i-++-i-++-t-+-+-+N,...~N+-ir-+-+-i-++-i-++-i-+-t 

N 

Fig. 8 Variation in motor speed (n is revolutions per minute) as a function of the ambient 
temperature at T = 1,3 mNm nominal and Vp = 16 V. 
-----:with diode D (see Fig. 6). 
- - - - - - - : without diode. 
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Signetics Linear Products Product Specification 

Motor Regulator and Function Controller TDA1506 

7 Z84945 
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Fig. 9a Vp = 10 V. 
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Fig. 9b Vp = 16 V. 

50 75 

Fig. 9 Variation in motor speed (n is revolutions per minute) as a function of the ambient 
temperature without diode (see Fig. 6). 
- -- ---: T= 1,17 mNm 
-----: T = 1,30 mNm 
-- - · ---: T = 1,43 mNm 
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Signetics Linear Products Product Specification 

Motor Speed Regulator TDA1559 

The TDA 1559 is a 3 pins speed regulator circuit for d.c. motors. It is especially intended for low-voltage 
motors in battery operated cassette recorder systems and record players. The IC features a high multi­
plication coefficient (k = 21,5) and a low drop-out voltage (0,5 V). It also contains a current limiter 
and thermal shut-down. 

QUICK REFERENCE DATA 

Supply voltage 

Internal reference voltage 

Drop-out voltage 

Limited output current 

Multiplication coefficient 

Thermal limitation 

Operating ambient temperature range 

PACKAGE OUTLINE 

Fig. 1 T0-126 (SOT-32). 
Pin 1 connected to metal part of mounting surface. 

max 12,7,-

a 
1 .. ,,2 

' ' 

... I I 4,50 I 1.- JI ... 
0,5 

Vp max. 16 v 
Vref typ. 1,26 v 
V2.3 typ. 0,5 v 
l21im typ. 0,7 A 

k typ. 21,5 

Tjlim typ. 145 oc 

Tamb -25to +70 °c 

Dimensions in mm 

, .. 7,8 max ... , 

3'~·2 --+--_Th -
3:<>_ ~ 

3,75 + 1 
11,1 
max 

'--Tr---r+r--TT_J 
l 

+ I 

15,3 
min 

1 3' 2' i ... ----~ 
0,00 __ 1! .. , 
max =.! I ... 

7Z59324.2A 

12,291 

(1) Within this region the cross-section of the leads is uncontrolled. 
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Slgnetlcs Linear Products 

Motor Speed Regulator 

CRYSTAL 
TEMPERATURE 

LIMITER 

CURRENT 
LIMITER 

REFERENCE 
VOLTAGE 

k 

I ....... 
r-1 
I "'1 

,.L, 
I I 
I I .,.. 

Fig. 2 Functional diagram. 
RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Product Specification 

TDA1559 

Vp 

R1 

2 

3 

7Z86301 

Supply voltage Vp = V1.3 max. 16 V 

Output current I 2 max. 1,2 A 

Storage temperature 

Junction temperature (limited by thermal limitation) 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to case 

From junction to ambient 

September 1985 

----------Vp 

2 

Fig. 3 Test circuit. 

7-18 

Tstg 

Tj 

Tamb 

Rthj-c 

Rthj-a 
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max. 130 oc 
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Motor Speed Regulator TDA1559 

CHARACTERISTICS 

Vp = 9 V; 12 = 70 mA; Tamb = 25oc;R1 = O; heatsink with Rth = 100 K/W and after thermal stab­
ilization; unless otherwise specified; see test circuit Fig. 3. 

symbol min. typ. max. unit conditions 

Internal reference voltage Vref = V1-2 1,20 1,26 1,32 v Vp=2,1 V 

Drop-out voltage V2_3 - 0,5 0,7 v 

V2-3 - 0,85 1, 1 v 12 = 400 mA 

Quiescent current lq 0,8 1,3 1,8 mA 

Limiting output current i21im 0,45 0,7 1 A 

Multiplication coefficient* 
Al2 

19,3 21,5 24,3 Al2 = ±10 mA k=-
Al1 

Thermal limitation Tj lim 130 ·-· 160 oc Vref = 1,2 V 

Line regulation variation 
AV ref mV/V 

)vp=2,1to15V Vref versus Vp 
0 0,9 2,0 

AVp 0 0,07 0, 16 %/V 

k-spread versus Vp 
Ak 

-0,3 +0,2 +1 %/V {Al2=±10mA 
AVp Vp=2,1to15V 

lq versus Vp 
Alq - 11 - µA/V \ 12 = 0 
AVp -- 0,95 - %/V lvp=2,1to15V 

Load regulation variation 
AV ref 

V ref versus I 2 
-0,4 0 +0,4 V/A 

} I 2 = 50 to 100 mA 
~ ·-0,03 0 +0,03 %/mA 

k-spread versus I 2 
Ak 

-0,05 0 +0,05 %/mA { I 2 = 50 to 100 mA 
-
Al2 Al2 = ± 10 mA 

Temperature coefficient 
variation AV ref -0,2 0, 1 +0,4 mV/K 

) T amb = -5 to + 55 °c Vref versus Tamb 
ATamb --0,02 0,01 +0,04 %/K 

k-spread versus T amb 
Ak 

-0,03 0 +0,03 %/K { T amb = -5 to+ 55 °c --
ATamb Al2=±10mA 

lq versus T amb 
Alq - -1,1 -- µA/K ) T amb = -5 to + 55 °c 

ATamb - --0,08 - %/K 12 = 0 

*There are 4 ranges of k-factors, indicated by either '1 ', '2', '3', or '4' on the package. Ordering a 
specific range is not possible. 

1=19,3 to 20,5 
2 = 20,3 to 21,5 
3 = 21,3 to 22,7 
4 = 22,5 to 24,3 
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Motor Speed Regulator 

APPLICATION INFORMATION 

c 
0,1 µF 

3 
TDA1559 

7Z86302 

Product Specification 

TDA1559 

Vp 

R2 

k __ _.A..__ __ 
r 

2 

(1) Inclusion of D (BA220) is optional; it permits compensa­
tion of variation of the motor resistance as function of 
temperature. 

Fig. 4 Example of using the TOA 1559 in a d.c. motor speed regulation circuit. 
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Motor Speed Regulator 

Notes to Fig. 4 

R2 = R2' + R2" 

En= n x C x ¢ 

271" 
Im =Tx -

60 

where: n =speed in revolutions per minute 
C = motor constant 
¢ = magnetic flux 
En =electromotive force (e.m.f.) 
T = motor torque 
Rm= motor resistance 

En can be expressed as: 

En= Im ( Rkl - Rm) + Vref ( 1 + ~~ ( 1 + ~)} + R2 x lq 

For optimal regulation (dn/dT = 0), ( Rkl - Rm) should be zero. 

Product Specification 

TDA1559 

However, if R 1 = k x Rm, the regulator will be oscillating, so for stability always R 1 < k x Rm. 

R2 is determined by: 

V ref x R 1 x ( 1 + ~ ) 
R2 = Rl 

En - (Rl x lq) - Vref - Im ( k - Rm) 

Example: 

En= E2000 = 3,58 V ± 11,6% 
Rm= 13 n ± 10% 
n = 2000 rev/min 
T = 1 mNm 
Rl = 220 n 
R2' = 82 n 
R2" = 220 n 

When a diode (D = BA220) is connected is series with pin 1, then the expressions for R2 and En are: 

(Vref +Vol x Rl x ( 1 + ~) 
R2 ~ R1 ) 

En - (R1 x lq) - (Vref +Vol - Im (-k- -- Rm 

En= Im ( Rkl - Rm)+ (vref +Vo) { 1 + ~; ( 1 + ~)} + R2 + lq 

Example: 

En= E2000 = 3,58 V ± 11,6% 
Rm= 13 n ± 10% 
n = 2000 rev/min 
T = 1 mNm 
Rl = 220 n 
R2' = 160 n 
R2" = 470 n 
D = BA220 
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Motor Speed Regulator TDA1559 

7Z86306 +10 .--................................ -.--.--.--.--r--r--r--r--r--.--.---r--.,....-.,....-.,....--,--,--,---,._,.-,--,--,---,---,r-, 

An 

(%) 
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6V 
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0,25 0,5 0,7 5 1,2 5 1,5 1,7 5 

T (mNm) 

Fig. 5 Variation in motor speed (n is revolutions per minute) as a function of the applied motor 
torque at T amb = 25 oc. 

7286303 +5 r-r-.-.,......,-.,......,....,r-r..-r-i--r-..--r-.-.,......,-.,......,....,-.,....-.-;-r.,-T""T-,-.,......,-.,......,....,....,.., 

fl n 
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-2,5t-+-+-+-+-+--+-+-+--+-+-+--+-+-+--t-+-+--t-++-l-+-+-t-+-+-t-+-+-t-t--+-t-+-1 

-5 ......... ...._ ........ _._ .................... ...._. ........ _._ ........ ...._ ........ _._ .................... ...._. ........ _._ ........ ...._ ........ _._ ........... ~ 
-10 0 10 20 30 40 50 60 

Tamb (OC) 

Fig. 6 Variation in motor speed (n is revolutions per minute) as a function of the ambient temperature 
at T = 1 mNm nominal and Vp = 9 V. 
-----: with diode (D = BA220; see Fig. 4). 
-----:without diode. 
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Motor Speed Regulator 
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Fig. 7a Vp = 6 V. 
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Fig. 7b Vp = 9 V. 

40 

L,..l 

-"'"1 

40 
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Tamb (OC) 

60 

7 Z86304 
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~ 

~ 
~ 

.. _....-

60 

TDA1559 

Fig. 7 Variation in motor speed (n is revolutions per minute) as a function of the ambient temperature 
without diode (D = BA220; see Fig. 4). 

-------: T = 0,9 mNm 
-----: T= 1,0mNm 
-------: T = 1,1 mNm 
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Stepping Motor Control Circuit TEA1012 

GENERAL DESCRIPTION 

The circuit is intended to drive two phase stepping motors in full step as well in half step mode. The 
logic part is driven by four input stages: 
CL - a clock signal input stage 
F/H - to select the full step or half step mode 
CW/CCW - to select clockwise or counter clockwise direction 
STOP - to stop the motor after the last step is completed 

The input stages are TTL compatible. The circuit contains also a bi-level switch for bi-level voltage 
drive of the motorcoi Is. 
Moreover the circuit offers a constant current motordrive capability, independent of the i.e. supply 
and motordrive voltage. 

Features 

• TTL inputs, all logic included 
• Full/half step mode 
• Bi-level output control 
• Optimum system by external drivers 
• Closed loop current control 
• Free choice of motor supply voltage 
• Wide i.e. supply voltage range 
• One i.e. per motor 
• Simple system design 

QUICK REFERENCE DATA 

Supply voltage range 

Supply current (without load) 

Output current (per output) 

Operating ambient temperature range 

PACKAGE OUTLINE 

TEA1012P: 16-lead dual in-line; plastic (SOT-38). 
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Stepping Motor Control Circuit TEA1012 

TEA1012 

TBL-+-'------------1 Bl-LEVEL 
SWITCH 

>-----------------t--OBL 

CL 

F/H 

CW/CCW 

STOP 

S2 

Pin designation 

TBL 
2 OBL 
3 S1 
4 Tom 
5 S2 
6 Toff2 
7 04 
8 VEE 
9 03 
10 02 
11 o1 
12 STOP 
13 CW/CCW 
14 F/H 
15 CL 
16 Vee 

14 

CLOCK 

STEP MODE 

ROTATION 
MODE 

DISABLE 
SWITCH 

COMPARATOR 

COMPARATOR 

7Z80525.2 

LOGIC 

MONO 
STABLE 

4 

T off1 

MONO 
STABLE 

T off2 

Fig. 1 Block diagram. 

bi-level time adjustment 
bi-level switch output 
current sense input 1 
monostable period setting 1 
current sense input 2 
monostable period setting 2 
output 4 
negative supply (ground) 
output 3 
output 2 
output 1 
stop input (last step) 
direction control 
full/half step mode control 
clock input (step freq.) 
positive supply 

7-25 

OUTPUT 
STAGE 

OUTPUT 
STAGE 

OUTPUT 
STAGE 

OUTPUT 
STAGE 

TEA1012 

01 

CL 

F/H 

CW/CCW 

STOP 

Fig. 2 Pinning diagram. 
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Stepping Motor Control Circuit TEA1012 

FUNCTIONAL DESCRIPTION 

function pin description 

CL 15 Clock input 
The leading edge of the clock input triggers the circuit. 

F/H 14 Full/half step mode 
Determines full step or half step mode of operation. 
Full step active HIGH; Half step mode active LOW. 

CW/CCW 13 Clock wise/Counter clock wise 
Input to determine the direction of rotation. 
CW active LOW; CCW mode active HIGH. 

STOP 12 Stop 
At LOW level the last output current combination is fixed and the other 
inputs are disabled. A step in progress will be finished. 

01 11 

) o,;., o"''"" to tho moto' '"rront ,w;toh ... 
02 10 
03 9 
04 7 

S1, 2 3,5 Current sense inputs 1 and 2 
If the voltage-drop across the sense-resistor in the motor current loop 
exceeds 0,4 V the internal comparator will be activated. 

Toff1,2 4,6 Monostable period settings 1 and 2 
After activation of the current sense comparator circuit a one-shot is 
triggered. The timing of this one-shot is determined by the R/C network 
connected to this pin. 

OBL 2 Bi-level switch output 
Output terminal to activate the external bi-level drive transistor (active 
is LOW). 

TBL 1 Bi-level time adjustment. 
The R/C network connected to this pin determines the on-time of the 
bi-level drive transistor. 

Vee 16 Positive supply to the circuit. 

VEE 8 Negative supply to the circuit (ground). 
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Stepping Motor Control Circuit TEA1012 

TRUTH TABLE 

Sequential logical states of the outputs in full step and half step mode. 

INPUTS 

CL J F/H l CW/CCW l STOP o, 
half step mode ccw 

f 0 1 1 0 
f 0 1 1 0 

i J 0 1 1 0 
f 0 1 1 0 
f 0 1 1 0 
f 0 1 1 1 
J 0 1 1 1 
f 0 1 1 1 

half step mode cw 
J 0 0 1 1 
J 0 0 1 1 
J 0 0 1 1 
J 0 0 1 0 
J 0 0 1 0 
f 0 0 1 0 
J 0 0 1 0 
J 0 0 1 0 

tu II step mode cw 

f 1 0 1 1 
J 1 0 1 1 
J 1 0 1 0 
f 1 0 1 0 

full step mode CCW 

f 1 1 1 0 
f 1 1 1 0 
f 1 1 1 1 
f 1 1 1 1 

RATINGS 

OUTPUTS 

02 03 

0 0 
1 0 
1 0 
1 1 
0 1 
0 1 
0 0 
0 0 

0 0 
0 0 
0 1 
0 1 
1 1 
1 0 
1 0 
0 0 

0 0 
0 1 
1 1 
1 0 

1 0 
1 1 
0 1 
0 0 

04 

1 
1 
0 
0 
0 
0 
0 
1 

1 
0 
0 
0 
0 
0 
1 
1 

1 
0 
0 
1 

1 
0 
0 
1 

Positive logic: 
1 = H =HIGH state 

=the more positive voltage 
0 = L = LOW state 

= the less positive voltage 
J= LOW to HIGH transition 

Limiting values in accordance with the Absolute Maximum System (I Ee 134) 

Supply voltage Vee max. 18 V 

Output voltage 01, 2, 2, 4' QBL· Tott1,2 Vo max. 18 V 

Input voltages Vi max. Vee+ 0,4 V 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From crystal to ambient 

7-27 

Ptot 

T stg 

Tamb 

Rth c-a 

max. 500 mW 

-40 to+ 150 oe 

-20to +80 oe 

75 K/W 
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Stepping Motor Control Circuit 

CHARACTERISTICS 

Vee= 7,5 V, Tamb = 25 oc, unless otherwise specified. 

parameter 

Supply voltage range 

Supply current 

Output current; Vee= 7,5 V 

Output current; Vee= 5 V 

Saturation output voltage 
la= 30 mA 
IQ= 50 mA; Vee> 7,5 V 

Pulse width factor (k x R x C) 
of chopper drive T off! 2 
of monostable TsL ' 

Output current QBL 

Switching level of input stages 

Input current of input stages 

1,2 

1,0 
p 

(W) 

0,8 

0,6 

0,4 

0,2 

0 

V1 HIGH 
V1 LOW 

I--

~ 
; 
~ 
~ 

!"". 
~ 

symbol 

Vee 

ice 

la 

la 

Vasat 
Vasat 

k 
k 

IQBL 

Vi 

11 
-11 

7Z80529 

0 50 100 150 200 
T(Oe) 

Fig. 3 Power derating curve. 
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TEA1012 

min. typ. max. unit 

4,5 5 16 v 
4,5 6,5 18 mA 

75 - - mA 

50 - - mA 

- - 0,3 v 
- - 0,5 v 

0,74 - 0,92 
0,74 - 0,92 

20 

0,8 

-
-

- -
1,4 2,0 

- 2 
- 10 

Vee 

TEA1012 

I 

motor 
coil 

mA 

v 

µ.A 
µA 

> 7Z80528 

Fig. 4 IC output; motor drive stage. 

In case of driving the motor by a bi-level 
switch, resistor Rs and the low-pass filter 
can be omitted; inputs S1 and S2 should 
be connected to ground. 
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Stepping Motor Control Circuit 

Vmotor 

Vee 

I7nF 

01 

Vee 1okn Toff1 11 3 
4 

Vee 10kn T off2 
6 

8 

2,7nl I,7nF 
VEE 

Vee 

+ 

I 
S1 02 

10 16 

TEA1012 

13 15 

CW/CCW CL 

68 
µF 

03 

9 5 

14 

F/H 

S2 04 

7 

12 

STOP 

I7nF 

motor 
coils 

7280526.2 

Fig. 5 Application circuit diagram constant current mode. 
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Stepping Motor Control Circuit TEA1012 

52 53 

R7 

Vee 

68 + 

µFI 01 02 03 04 

OBL 11 10 16 9 
3 

TeA1012 
22 kn TBL 

Vee 5 
8 13 15 14 12 

150 nF I Vee 

CW/CCW CL F/H STOP , 7287932.1 

Fig. 6 Application circuit diagram bi-level mode. 

In case Vm < 18 V it is possible that Vm =Vee· Then TR1 can be omitted and output QBL can be 
connected directly to the base of TR2 (dotted line). 
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Stepping Motor Control Circuit 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 

top view 

Dimensions in mm 

SOLDERING 

1. By hand 

Product Specification 

I 
I 

, 0,32 I 
II max II 
II 1,1 

t_ [ill]----J 
_s.s 

8,3 7Z5504U 

$ Positional accuracy. 

@ Mnximum Material Condition. 

( 1) Centre· lines of all leads are 

TEA1012 

within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °c it must not be in contact for more than 10 seconds; if between 
300 oc and 400 oc, for not more than 5 seconds. 

2. By dip or wave 

The maximum permissible temperature of the solder is 260 °c; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis­
sible limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in ( 1) above. 
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Time Proportional Triac Trigger TDA1023 

GENERAL DESCRIPTION 

The TOA 1023 is a bipolar integrated circuit for controlling triacs in the time proportional or burst 
firing mode. It permits very precise temperature control of heating equipment and is especially suited 
for the control of panel heaters. The circuit generates positive-going trigger pulses and complies with 
the regulations on radio interference and mains distortion. 

Special features are: 
• adjustable proportional range width 
• adjustable hysteresis 
• adjustable trigger pulse width 
• adjustable firing burst repetition time 
• control range translation facility 
• failsafe operation 
• supplied from the mains 
• provides supply for external temperature bridge 

QUICK REFERENCE DATA 

Supply voltage (derived from mains voltage) 

Stabilized supply voltage 
for temperature bridge 

Supply current (average value) 

Trigger pulse width 

Firing burst repetition time at CT= 68 µF 

Output current 

Operating ambient temperature range 

Vee typ. 13.7 v 

Vz typ. 8 v 
l16(AV) typ. 10 mA 

tw typ. 200 µs 

Tb typ. 41 s 

-loH* max. 150 mA 

Tamb -20to + 75 oc 

* Negative current is defined as conventional current flow out of a device. A negative output current 
is suited for positive triac triggering. 

PACKAGE OUTLINE 

16-lead DI L; plastic (SOT-38). 
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Time Proportional Triac Trigger TDA1023 

PINNING 

Rpd RX 1 Rpd internal pull-down resistor connection 

2 n.c. not connected 

n.c. n.c. 3 Q output 

Vee 
4 HYS hysteresis control input 

Q 
5 PR proportionai range control input 

HYS VEE 6 Cl Control input 

TDA1023 7 UR unbuffered reference input 

PR TB 8 QR output of reference buffer 

9 BR buffered reference input 
Cl Vz 

10 PW pulse width control input 

UR PW 11 Vz reference supply output 

12 TB firing burst repetition time control input 

QR BR 13 VEE ground connection 

14 Vee positive supply connection 
7Z85658 15 n.c. not connected 

Fig. 2 Pinning diagram. 16 RX external resistor connection 

FUNCTIONAL DESCRIPTION 

The TOA 1023 generates pulses to trigger a triac. These trigger pulses coincide with the zero crossings 
of the mains voltage. This minimizes r.f. interference and transients on the mains supply. The trigger 
pulses come in bursts, with the net effect that the load is periodically switched on and off. This further 
minimizes mains pollution. The average power in the load is varied by varying the duration of the 
trigger pulse burst, in accordance with the voltage difference between the control input Cl and the 
reference input, either UR or BR. 

Power supply: Vee. RX and Vz (pins 14, 16 and 11) 

The TOA 1023 is supplied from the a.c. mains via a resistor Ro to the RX connection (pin 16); the 
VEE connection (pin 13) is connected to the neutral line (see Fig. 4a). A smoothing capacitor Cs has 
to be connected between the Vee and VEE connections. 

The circuit contains a string of stabilizer diodes between the RX and VEE connections that limit the 
d.c. supply voltage, and a rectifier diode between the RX and Vee connections (see Fig. 3). 

At pin 11 the device provides a stabilized reference voltage Vz for an external temperature sensing 
bridge. 

The operation of the supply arrangement is as follows. During the positive half of the mains cycles the 
current through external voltage dropping resistor Ro charges the external smoothing capacitor Cs 
until RX reaches the stabilizing voltage of the internal stabilizer diodes. Ro should be chosen such that 
it can supply the current Ice for the TOA 1023 itself plus the average output current l3(AV) plus the 
current required from the Vz cpnnection for an external temperature bridge, and recharge the 
smoothing capacitor Cs (see Figs 9 to 12). Any excess current is bypassed by the internal stabilizer 
diodes. Note that the maximum rated supply current must not be exceeded. 

During the negative half of the mains cycles external smoothing capacitor Cs has to supply the sum of 
the currents mentioned above. Its capacitance must be high enough to maintain the supply voltage 
above the minimum specified limit. 
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Time Proportional Trice Trigger TDA1023 

FUNCTIONAL DESCRIPTION (continued) 

Dissipation in resistor Ro is halved by connecting a diode in series (see Fig. 4b and 9 to 12). 

A further reduction of dissipation is possible by using a high-quality voltage dropping capacitor Co in 
series with a resistor Rso (see Figs 4c and 14). Asuitable VDR connected across the mains provides 
protection of the TOA 1023 and of the triac against mains-borne transients. 

Control and reference inputs Cl, BR and UR (pins 6, 9 and 7) 

For room temperature control (5 oc to 30 OC) the best performance is obtained by using the 
translation circuit. The buffered reference input BR (pin 9) is used as a reference input, and the output 
of the reference buffer QR (pin 8) is connected to the unbuffered reference input UR (pin 7). In this 
arrangement the translation circuit ensures that most of the potentiometer rotation can be used to 
cover the room temperature range. This provides an accurate temperature setting and a linear 
temperature scale. 

If the translation circuit is not required, the unbuffered reference input UR (pin 7) is used as a 
reference input. The buffered reference input BR (pin 9) must be connected to the reference supply 
output Vz (pin 11 ). 

For proportional power control the unbuffered reference input UR (pin 7) must be connected to the 
firing burst repetition time control input TB (pin 12) and the buffered reference input BR (pin 9), 
which is inactive now, must be connected to the reference supply output Vz (pin 11 ). 

In all arrangements the train of output pulses becomes longer when the voltage at the control input 
Cl (pin 6) becomes lower. 

Proportional range control input PR (pin 5) 

With the proportional range control input PR open the output duty factor changes from 0% to 100% 
by a variation of 80 mV at the control input Cl (pin 6). For temperature control this corresponds with 
a temperature difference of only 1 K. 

This range may be increased to 400 mV, i.e. 5 K, by connecting the proportional range control input 
PR (pin 5) to ground. Intermediate values are obtained by connecting the PR input to ground via a 
resistor R5, see Table 1. 

Hysteresis control input HYS (pin 4) 

With the hysteresis control input HYS (pin 4) open the device has a built-in hysteresis of 20 mV. For 
temperature control this corresponds with 0.25 K. 

Hysteresis is increased to 320 mV, corresponding with 4 K, by grounding HYS (pin 4). Intermediate 
values are obtained by connecting pin 4 to ground via a resistor R4. See Table 1 for a set of values for 
R4 and R5 giving a fixed ratio between hysteresis and proportional range. 

Trigger pulse width control input PW (pin 10) 

The trigger pulse width may be adjusted to the value required for the triac by choosing the value of 
the external synchronization resistor Rs between the trigger pulse width control input PW (pin 10) 
and the a.c. mains. The pulse width is inversely proportional to the input current (see Fig. 13). 

Output Q (pin 3) 

Since the circuit has an open-emitter output, it is capable of sourcing current, i.e. supplying a current 
out of the output. Therefore it is especially suited for generating· positive-going trigger pulses. The 
output is current-limited and protected against short-circuits. The maximum output current is 150 mA 
and the output pulses are stabilized at 10 V for output currents up to that value. 
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FUNCTIONAL DESCRIPTION (continued) 

A gate resistor RG must be connected between the output Q and the triac gate to limit the output 
current to the minimum required by the triac (see Figs 5 to 8). This minimizes the total supply current 
and the power dissipation. 

Pull-down resistor Rpd (pin 1) 

The TDA1023 includes a 1.5 kn pull-down resistor Rpd between pins 1and13 (VEE· ground 
connection), intended for use with sensitive triacs. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage, d.c. Vee 

Supply current 
average 
repetitive peak 
non-repetitive peak 

Input voltage, all inputs 

Input current, Cl, UR, BR, PW input 

Voltage on Rpd connection 

Output voltage, Q, QR, Vz output 

Output current 
average 
peak, max. 300 µs 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 
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l16(AV) 
l16(RM) 
l16(SM) 

V1 

15; 7; 9; 10 

V1 

V3;8;11 

-IOH(AV) 
-loH(M) 

Ptot 

Tstg 

Tamb 

max. 16 v 

max. 30 mA 
max. 100 mA 
max. 2 A 

max. 16 v 
max. 10 mA 

max. 16 v 
max. 16 v 

max. 30 mA 
max. 700 mA 

max. 500 mW 

-55 to + 150 oc 

-20to +75 oc 
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Time Proportional Triac Trigger TDA1023 

CHARACTERISTICS 

Vee= 11to16 V; Tamb = -20 to+ 75 °c unless otherwise specified 

symbol min. typ. max. unit 

Supply: Vee and RX (pins 14 and 16) 

Internally stabilized supply voltage 
at 115 = 10 mA Vee 12 13.7 15 v 
Variation with 115 AVcc/Al15 - 30 - mV/mA 

Supply current at V15.13=11to16 V; 
110 = 1 mA; f = 50 Hz; pin 11 open; 
V5.13 > V7.13; pins 4 and 5 open 115 - - 6 mA 

pins 4 and 5 grounded 115 - - 7 .1 mA 

Reference supply output Vz (pin 11) 
for external temperature bridge 

Output voltage V11-13 - 8 - v 
Output current -111 - - 1 mA 

Control and reference inputs Cl, BR and UR 
(pins 6, 9 and 7) I 

Input voltage to inhibit the output V5.13 - 7.6 - v 
Input current at V1 = 4 V 16; 7; 9 - - 2 µA 

Hysteresis control input HYS (pin 4) 

Hysteresis, pin 4 open AV5 9 20 40 mV 7 
pin 4 grounded AV5 - 320 - mV 

Proportional range control input PR (pin 5) 

Proportional range, pin 5 open AV5 50 80 130 mV 

pin 5 grounded AV5 - 400 - mV 

Pulse width control input PW (pin 10) 

Pulse width at I 10(RMS) = 1 mA; f = 50 Hz tw 100 200 300 µs 

Firing burst repetition time control input TB 
(pin 12) 

Firing burst repetition time, 
ratio to capacitor Cr Tb/Cr 320 600 960 ms/µF 

Output of reference buffer QR (pin 8) 

Output voltage 
at input voltage Vg.13 = 1.6 V V8·13 - 3.2 - v 

Vg.13 = 4.8 V V8·13 - 4.8 - v 
Vg.13=8 v V8·13 - 6.4 - v 
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symbol min. 

Output Q (pin 3) 

Output voltage HIGH at -loH = 150 mA VoH 10 

Output current HIGH -loH -

Internal pull-down resistor Rpc1 (pin 1) 

Resistance to VEE Rpd 1 

--

Table 1. Adjustment of proportional range and hysteresis. 
Combinations of resistor values giving hysteresis>.% proportional range. 

proportional proportional minimum maximum 
range range hysteresis hysteresis 

resistor R5 resistor R4 
mV kn mV kn 

80 open 20 open 
160 3.3 40 9.1 
240 1.1 60 4.3 
320 0.43 80 2.7 
400 0 100 1.8 

Table 2. Timing capacitor CT values. 

effective marked a.c. catalogue 
d.c. value specification number* 

µF µF v 

68 47 25 2222 016 90129 
47 33 40 - - 90131 
33 22 25 - 015 90102 
22 15 40 - - 90101 
15 10 25 - - 90099 
10 6.8 40 - - 90098 

* Special electrolytic capacitors recommended for use with TDA1023. 
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Fig. 13 Synchronization resistor Rs as a 
function of required trigger pulse width tw 
with mains voltage Vs as a parameter. 

Fig. 14 Nominal value of voltage dropping 
capacitor Co and power PRSD dissipated in 
voltage dropping resistor Rso as a function 
of the average supply current l 1 s(AV) with 
the mains supply voltage Vs as a parameter. 



Signetics Linear Products 

Time Proportional Trice Trigger 

APPLICATION INFORMATION 

14 16 

11 Vee RX 
Vz 

6 
Cl TDA1023 

9 BR 
VEE QR UR HYS 

13 B 7 4 

Rs 

10 
PW 

RG 
Q 3 

Rpd 
PR TB 

triac 

-U 

7271712.3 

Product Specification 

line 

a.c. mains 
voltage 

Vs 
neutral 

TDA1023 

Fig. 15 The TOA 1023 used in a 1200 to 2000 Wheater with tril!C BT139. For component values 
see Table 3. 

Conditions 

Mains supply: Vs = 220 V 

Temperature range = 5 to 30 oc 

BT139 data: VGT < 1.5 V j 
IGT >70mA 

IL <60 mA 
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Table 3. Temperature controller component values (see Fig. 15). 

parameter symbol value remarks 

Trigger pulse width tw 75µs see BT139 data sheet 

Synchronization resistor Rs 1sokn see Fig. 13 

Gate resistor RG 110 n see Fig. 6 

Max. average gate current l3(AV) 4.1 mA see Fig. 8 

Hysteresis resistor R4 n.c. see Table 1 

Proportional band resistor R5 n.c. see Table 1 

Min. required supply current l16(AV) 11.1 mA 

Mains dropping resistor Ro 6.2kn see Fig. 10 

Power dissipated in Ro PRO 4.6W see Fig. 10 

Timing capacitor (eff. value) CT 68µF see Table 2 

Voltage dependent resistor VDR 250 Va.c. cat. no. 2322 593 62512 

Rectifier diode 01 BYW56 

Resistor to pin 11 R1 1s.1 kn 1 % tolerance 

NTC thermistor (at 25 OC) RNTC 22kn B =4200 K 
cat. no. 2322 642 12223 

Potentiometer Rp 22 kn 

Capacitor between pins 6 and 9 C1 47 nF 

Smoothing capacitor Cs 220µF;16 V 

If Ro and 01 are replaced by Co and Rso 

Mains dropping capacitor Co 470nF l Series dropping resistor Rso 390n see Fig. 14 

Power dissipated in Rso PRSD 0.6W 

Voltage dependent resistor VDR 250 Va.c. cat. no. 2322 594 62512 

Notes 

1. ON/OFF control: pin 12 connected to pin 13. 
2. If translation circuit is not required: slider of Rp to pin 7; pin 8 open; pin 9 connected to pin 11. 

APPLICATION INFORMATION SUPPLIED ON REQUEST 
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Zero Crossing Trice Trigger TDA1024 

GENERAL DESCRIPTION 

The TOA 1024 is a bipolar integrated circuit delivering positive pulses for triggering a triac or a 
thyristor. It is primarily intended for use as a static switch to replace mechanical thermostats that 
switch resistive loads, such as: 
• central heating installations 
• washing machine heaters 
• water heaters 
• smoothing irons 

The TOA1024 provides its own d.c. supply and will supply an external circuit, e.g. a temperature 
sensing bridge. The circuit complies with the regulations on radio interference and mains distortion. 

Its main features are: 
• adjustable trigger pulse width 
• adjustable hysteresis 
• supplied from the mains 
• provides supply for external temperature bridge 
• protected inputs and output 
• low supply current, low dissipation 

QUICK REFERENCE DATA 

Supply voltage (d.c.) 
(internally derived from mains voltage) 

Supply current (average value, unloaded) 

Output current HIGH 

Output pulse width 

Power dissipation (unloaded) 

Operating ambient temperature range 

Vee typ. 6.5 v 
IRX(AV) max. 1.8 mA 

-loH* max. 100 mA 

tw typ. 195 µs 
p typ. 12 mW 

Tamb -20to+80 oe 

* Negative current is defined as conventional current flow out of a device. A negative output current is 
suited for positive triac triggering. 

PACKAGE OUTLINE 

8-lead OIL; plastic (SOT-97A). 
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Zero Crossing Triac Trigger TDA1024 

FUNCTIONAL DESCRIPTION 

The TOA 1024 generates positive-going output pulses to trigger a triac. These trigger pulses coincide with 
the zero crossings of the mains voltage. This minimizes r.f. interference and transients on the mains 
supply. 

Supply: Vee and RX (pins 8 and 7) 

The TOA 1024 may be supplied by an external d.c. power supply connected to V cc (pin 8), but usually 
it is supplied directly from the mains voltage. For this purpose the circuit contains a stabilizer diode 
between RX and VEE that limits the d.c. supply voltage (see Fig. 4). An external resistor Ro has to be 
connected frorl) the mains to RX (pin 7); VEE is connected to the neutral line (see Fig. 5a). A smooth­
ing capacitor Cs has to be connected between Vee and VEE· 

During the positive half of the mains cycles the current through external voltage-dropping resistor Ro 
charges the external smoothing capacitor Cg up to the stabilizing voltage of the internal stabilizer 
diodes. Ro should be chosen such that it can supply the current Ice for the TOA 1024 itself plus the 
average output current -IQ(AV)• and recharge the smoothing capacitor Cg. Arly excess current is 
bypassed by the internal stabilizer diode. Note that the maximum rated supply current must not be 
exceeded. 

During the negative half of the mains cycles external smoothing capacitor Cs supplies the circuit. Its 
capacitance must be high enough to maintain the supply voltage above 5 V, the minimum specified 
limit (see Fig. 10). 

Dissipation in resistor Ro is halved by connecting a diode in series (see Figs 5b and 11 ). 

A further reduction of dissipation is possible by using a high-quality voltage-dropping capacitor Co in 
series with a resistor Rso {see Figs 5c and 12). 

A suitable VDR connected across the mains provides protection of the TOA 1024 and of the triac 
against mains-borne transients. 

Control and reference inputs Cl and REF (pins 5 and 4) 

The TOA 1024 produces output pulses when the Cl input is at a higher potential than the REF input. 
For power control as a function of temperature the inputs may be connected as shown in Fig. 14. 

An input buffer circuit at the Cl input gives a high input impedance and a low output impedance. This 
makes the hysteresis of the circuit independent of the input voltage. 

Hysteresis control input HYS (pin 3) 

With the hysteresis control input HYS open the device has a built-in hysteresis of 20 mV. For 
temperature control this corresponds with a temperature difference of 0.25 K. 

Hysteresis is increased to 300 mV, corresponding with a temperature difference of 4 K, by grounding 
HYS. Intermediate values are obtained by connecting HYS to ground via a resistor. 

Pulse width control input PW (pin 6) 

The output pulse width may be adjusted to the value required for the triac by choosing the value of the 
external synchronization resistor Rs between the pulse width control input PW and the a.c. mains. The 
pulsewidth is inversely proportional to the input current (see Fig. 13). 

Output Q (pin 2) 

Since the circuit has an open-emitter output, it is capable of sourcing current, i.e. supplying a current 
out of the output. Therefore it is especially suited for generating positive-going trigger pulses. The 
output is current-limited and protected against short-circuits. The maximum output current is 100 mA 
and the output pulses are stabilized at 4 V for output currents up to that value. 
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FUNCTIONAL DESCRIPTION (continued) 

Output Q (pin 2) (continued) 

Product Specification 

TDA1024 

A gate resistor AG must be connected between the output Q and the triac gate to limit the output 
current to the minimum required by the triac (see Figs 6 to 9). This minimizes the total supply current 
and the power dissipation. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (d.c.) Vee 

Supply current 
average 

repetitive peak 

non-repetitive peak (t < 50 µs) 

Input voltage (all inputs) 

Input current (Cl, REF, PW) 

Output voltage HIGH 

Output current 
average 

peak, max. 300 µs 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

IRX(AV) 

IRX(RM) 

IRX(SM) 

V1 

lc1; IREF; ± lpw 

Vo 

-loH(AV) 

-IOH(M) 

7-49 

max. 

max. 

max. 

max. 

max. 

max. 

max. 

max. 

max. 

8 v 

30 mA 

80 mA 

2 A 

8 v 
10 mA 

8 v 

30 mA 

400 mA 

max. 225 mW 

-55 to + 125 oc 

-20 to +80 oc 
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Zero Crossing Triac Trigger TDA1024 

CHARACTERISTICS 

Vee= 5 to 8 V; Tamb = -20 to +80 oc unless otherwise specified. 

symbol min. typ. max. unit 

Supply: Vee and RX (pins 8 and 7) 

Internally stabilized supply voltage 
at IRX(AV) = 10 mA Vee 5.5 6.5 7.5 v 
variation with I RX AV cc/ Al Rx - 15 - mV/mA 

Supply current at Vee= 5.5 V; 
unloaded; f = 50 Hz; Vc1 > VREF 
pin 3 open (minimum hysteresis) IRX(AV) - - 1.8 mA 

Supply current increase 
pin 3 grounded (maximum hysteresis) AIRX(AV) - 1.4 - mA 

Control and reference inputs Cl and REF 
(pins 5 and 4) 

Input current, Cl input, at Vc1 > VREF lc1 - - 5 µ.A 

Input current, REF input, at VREF > Vc1 IREF - - 5 µ.A 

Hysteresis control input HYS (pin 3) 

Hysteresis, 
pin 3 open (minimum hysteresis) AV cl-REF 10 20 30 mV 

pin 3 grounded (maximum hysteresis) AV cl-REF 150 300 500 mV 

Pulse width control input PW (pin 6) 

Pulse width at lpw(RMS) = 1 mA; 
V CC = 5.5 V; f = 50 Hz tw 130 195 265 µ.s 

Output Q (pin 2) 

Output voltage HIGH 
at -loH = 100 mA VoH 4 - - v 
at-IQH = 1 mA VoH 1 - - v 

Output current HIGH -loH - - 100 mA 
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Fig. 10 Maximum value of voltage-dropping resistor Ro as a function of minimum value of the current 
into RX with the mains supply voltage Vs as a parameter for the supply arrangements of Figs 5a and 
5b, and recommended value of smoothing capacitor Cs as a function of the current into RX for all 
three supply arrangements.of Fig. 5. When Vee is used to supply external circuitry such as a tempera­
ture-sensing bridge, the current required by that external circuitry should be added to I RXmin· 
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Fig. 11 Power dissipated in voltage-dropping resistor RD as a function of its value with the mains 
supply voltage Vs as a parameter, for the supply arrangements of Figs 5a and 5b. 
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Fig. 12 Power dissipated in voltage-dropping 
resistor Rso and dropping capacitor Co as a 
function of the minimum current into RX with 
the mains supply voltage Vs as a parameter, for 
the supply arrangement of Fig. 5c. When Vee 
is used to supply external circuitry such as a 
temperature-sensing bridge, the current 
required by that external circuitry should be 
added to I RXmin· 

Fig. 13 Synchronization resistor Rs as a 
function of required trigger pulse width tw 
with mains supply voltage Vs as a parameter. 
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APPLICATION INFORMATION 

resistive 
Rs Ro load 

1200W 

line 
7 

Vee RX a.c. mains 

Rl PW voltage 

20K Vs 
5 Cl RG neutral 

+ TDA1024 Q -u 
Cs REF 

RNTC Rp VEE 

-e 22K 

7280275 

Fig. 14 Typical application of the TOA 1024 in a 1200 W thermostat covering the temperature range 5 
to 30 oc. For component values see Table 1. 

Conditions 

Mains supply voltage Vs( RMS)= 220 V 

Temperature range: 5 to 30 oc 

BT138 data:VGT < 1.5 V } 
IGT > 70 mA at Tj = 25 oc 
IL < 60mA 

7-57 Septem~r 1985 

7 



Signetlcs Linear Products Product Specification 

Zero Crossing Triac Trigger TDA1024 

Table 1 

Temperature controller component values (see Fig. 14) 

parameter 

Trigger pulse width 

Synchronization resistor 

Gate resistor 

Average output current 

Min. required supply current 

Voltage-dropping resistor 

Power dissipated in Ro 

Voltage dependent resistor 

Rectifier diode 

NTC thermistor (at 25 OC) 

Smoothing capacitor 

If Ro and 01 are replaced by Co and Rso 

Voltage-dropping capacitor 

Series dropping resistor 

Power dissipated in Rso 

Voltage dependent resistor 

7Z72627.1 

0 50 Ia (mA) 100 

September 1985 

symbol 

tw 

Rs 

RG 

IQ(AV) 

IRX(AV) 

Ro 

PRO 

VOR 

01 

RNTC 

Cs 

Co 

Rso 

PRSO 

VOR 

value 

105 µs 

180 kn 

33n 

3.7mA 

6.5mA 

10 kn 

3.2W 

250 V a.c. 

BYW56 

22kn 

220µF; 16 V 

270 nF 

390n 

190mW 

250 V a.c. 

TDA1024 

2 

remarks 

see BT 138 data sheet 

see Fig. 13 

see Fig. 7 

see Fig. 10 

see Fig. 11 

cat. no. 2322 593 62512 

B = 4200 K 
cat. no. 2322 642 12223 

cat. no. 2322 594 62512 

7Z74246.1 "=' 

Fig. 15 Gate voltage (VG) as a function of trigger 
current (IQ) with gate resistor (RG) load lines. 
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Touch Dimmer Circuit TEA1010, T 

GENERAL DESCRIPTION 

The TEA 1010 is a bipolar integrated circuit for switching and regulating lamps and other loads with a 
minimum of external components. It provides ON/OFF switching and a physiological power regulation 
(equal brightness steps). It is suited for touch plates and for switches, and may combine local and 
remote control. It produces negative pulses to drive a triac. The circuit is suited for resistive and for 
inductive loads, i.e. it is not only suited for dimming lamps but also for regulating motors in fans, 
vacuum cleaners, etc. 

The TEA 1010 and TEA 1010T switch on at the maximum brightness level upon a brief touch of the 
contacts. 

The circuits feature: 
- Alternative ON/OFF switching by a brief touch of one or both contacts. 
- ON switching at minimum brightness by a long touch of one or both contacts. 
- Gradual change to maximum brightness during a long touch of the UP contact. 
- Gradual change to minimum brightness during a long touch of the DOWN contact. 
- No action during a long touch of both contacts in the ON state. 

QUICK REFERENCE DATA 

Supply voltage, d.c. (derived from mains voltage) Vee typ. 15 v 
Supply current ice typ. 1 mA 

Output current lo max. 100 mA 

Firing phase range I{! typ. 30° to 1400 

Time to change from minimum to maximum 
brightness, or vice versa tv typ. 3,8 s 

Power dissipation in the ON state p typ. 19 mW 

Operating ambient temperature range Tamb 0 to+ 85 oc 

PACKAGE OUTLINE 

TEA1010 : 8-lead OIL; plastic (SOT-97C2). 
TEA 1010T: 8-lead mini-pack; plastic (S0-8; SOT-96AC1 ). 
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Touch Dimmer Circuit TEA1010, T 

FUNCTIONAL DESCRIPTION 
The TEA1010 generates negative output pulses to trigger a triac. These output pulses are phase shifted 
with respect to the mains voltage. The amount of phase shift is determined by the difference between 
the initial states of two 7-bit counters. Both counters are driven by the same clock pulse generator. 
One of the counters is preset to a number determined by the required phase angle. The higher the 
required brightness, the smaller the required phase angle, the lower the number to which the counter 
is preset. The relation between brightness and preset number has been chosen so that almost equal 

.brightness steps are obtained (physiological control). The minimum phase shift corresponds with 32 
clock pulses and the maximum with 160. 

Upwards and downwards regulation inputs UP and ON (pins 7 and 6) 

At 50 Hz mains frequency the device ignores signals with a duration of less than BO ms and signals with 
a duration of 80 to 320 ms are accepted as brief commands, these cause the circuit to switch on and off 
alternatively. Signals that last longer than 320 ms are interpreted as long commands. A long command 
via the UP input causes the output phase angle to decrease, i.e. the brightness to increase gradually; a 
long command via the ON input has the opposite effect. A long signal on both inputs will switch on the 
lamp at minimum brightness. If the lamp is already on, a long signal on both inputs will have no effect. 

The UP and ON inputs may be activated by touch plates or by switches. For the input arrangements 
see Fig. 2. 

Slave input SL V (pin 2) 

The SLV input operates in the same manner as the UP and ON inputs, but with a two-wire connection, 
ideal for remote control. The SLV input is only suited for switches. For the arrangement see Fig. 3. 
If the SL V input is not used it must be connected to the load via a 1,5 MO resistor (see Fig. 4). 

Oscillator RC pin OSC (pin 1 I 
The frequency of the clock pulse generator is determined by an external resistor and capacitor, both 
connected to the OSC terminal (see Fig. 4). The generator switches at levels equal to 1/6 and 1/2 of 
the difference between the injector voltage Vinj and the supply voltage V CC· The clock pulse period 
is about 50 µs. 

Output Q (pin 3) 

Since the circuit has an open-collector output, it is capable of sinking current, i.e. drawing a current 
into the output. Therefore it is especially suitable for delivering negative trigger pulses. 

The maximum output current is 100 mA. A gate resistor RG must be connected between the output Q 
and the triac gate to limit the output current to the minimum required by the triac (see Fig. 4). This 
minimizes the total supply current and the power dissipation. 

A negative-going trigger pulse is generated at the output after every zero crossing of the mains voltage. 
The output pulse has a maximum duration of one clock pulse period, i.e. 50 µs. To reduce the power 
dissipation the output pulse is terminated as soon as the triac has switched on. 

Supply Vee and Vee (pins a and 4) 

The TEA 1010 is supplied from the a.c. mains via a capacitor Co and a diode to Vee: Vee is connected 
to the line (see Fig. 4). A smoothing capacitor Cs has to be connected between Vee and VEE· The 
circuit contains a string of stabilizer diodes between Vee and Vee that limit the d.c. supply voltage. 

During the positive half of the mains cycles the current through external voltage dropping capacitor 
Co charges the external smoothing capacitor Cs up to the stabilizing voltage of the internal stabilizer 
diodes. Co should be chosen such that it can supply the current Ice for the TEA 1010 itself plus the 
average output current l3(AV)• and recharge the smoothing capacitor Cs. 
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Any excess current is bypassed by the internal stabilizer diodes. Note that the maximum rated supply 
current must not be exceeded. 

During the negative half of the mains cycles external smoothing capacitor Cs supplies the circuit. Its 
capacitance must be high enough to maintain the supply voltage above the minimum specified limit. 

A supply voltage at VEE that is negative with respect to Vee and the line is developed at the VEE pin. 
Note that in the characteristics the voltages are mainly measured with respect to VEE and not with 
respect to Vee and the line. 

The circuit has an internal power-on reset, which forces the circuit into the OFF state. 

Synchronization input SYN (pin 5) 

The connection to the SYN input should be short and must be decoupled via a capacitor to V cc (pin 8). 

PINNING 

TEA1010 

7Z89709 

Fig. 1 Pinning diagram. 

RATINGS 

1 osc 
2 SLV 
3 Q 
4 VEE 
5 SYN 
6 DN 
7 UP 

8 Vee 

oscillator (RC) 
slave input 
output 
common 
synchronization input 
downward regulation input 
upward regulation input 
positive supply 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range, d.c. Vee -0,5 to+ 18 V 

Supply current, d.c. Ice max. 20 mA 

peak, max. 10 µs lccM max. 0,5 A 

Input voltage range, all inputs Vi -0,5 to + 18 v 
Input current, all inputs ± 11 max. 20 mA 

Output voltage range Vo -0,5 to+ 18 V 

Output current range lo -20 to+ 150 mA 

Power dissipation Ptot max. 250 mW 

Storage temperature range T stg -55 to+ 125 oc 

Operating ambient temperature range Tamb 0 to +85 oc 
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CHARACTERISTICS 

Vee= 5 to 18 V; Tamb =Oto+ 85 oc 

parameter symbol min. typ. max. unit 

Supply Vee (pin 8) 

Internally stabilized supply voltage, 
at Ice= 1,5 to 20 mA Vee 13,3 15 16,8 v 

Supply current at Vee= 15 V, unloaded, 
OFF state Ice - 1 1,2 mA 

ON state Ice - 1,25 1,5 mA 

Power dissipation, unloaded, 
OFF state p - 15 - mW 

ON state p - 19 25 mW 

Thermal resistance 
TEA1010 Rth j-a - 162 - K/W 

TEA 1010T (note 1) Rthj-a - 140 - K/W 
TEA1010T (note 2) Rthj-a - 220 - K/W 

Power-on reset threshold voltage Vccpor - - 4,8 v 

Oscillator RC pin OSC {pin 1) 

Injector voltage Vinj 550 - 700 mV 

Synchronization input SYN (pin 5) 

Input current (r.m.s. value) l5(rms) 3 - - µA 

Upwards and downwards regulation 
inputs UP and ON {pins 7 and 6) 

Input voltage V5.4; V7.4 1 - - v 
Input current -l5;-l7 - 315(rms) - µA 

Slave input SL V (pin 2) 

Input current ± 12 10 - - µA 

Output Q (pin 3) 

Output current 13 - - 100 mA 

Notes 

1. TEA 1010T mounted on a ceramic substrate of 50 x 50 x 0,7 mm. 

2. TEA 1010T mounted on a printed-circuit board of 50 x 50 x 1,5 mm. 
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Product Specification 
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Fig. 2 Alternative arrangements for the UP and DN inputs. 

UP 15V 

DOWN 
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Vee 
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Fig. 3 SLV input arrangement. 
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Touch Controlled Lamp Dimmer with Memory TEA1058, T 

GENERAL DESCRIPTION 

The TEA 1058 is a bipolar integrated circuit for switching and regulating lamps and other loads with a 
minimum of external components. It provides ON/OFF switching and a physiological power regulation 
(equal brightness steps). It is suited for touch plates and for switches, and may combine local and 
remote control. It produces negative pulses to drive a triac. The circuit is suited for resistive and for 
inductive loads, i.e. it is not only suited for dimming lamps but also for regulating motors in fans, 
vacuum cleaners, etc. 

The TEA 1058 and TEA 1058T switch on at the level at which they were switched off. 

The circuits feature: 
- Alternative ON/OFF switching by a brief touch of one or both contacts. 
- ON switching at previous brightness by a long touch of one or both contacts. 
- Gradual change to maximum brightness during a long touch of the UP contact. 
- Gradual change to minimum brightness during a long touch of the DOWN contact. 
- No action during a long touch of both contacts in the ON state. 

QUICK REFERENCE DATA 

Supply voltage, d.c. (derived from mains voltage) Vee typ. 

Supply current Ice typ. 

Output current lo max. 

15 v 
1 mA 

100 mA 

Firing phase range op typ. 300 to 1400 

Time to change from minimum to maximum 
brightness, or vice versa tv typ. 3,8 s 

Power dissipation in the ON state p typ. 19 mW 

Operating ambient temperature range Tamb 0 to+ 85 oc 

PACKAGE OUTLINE 

TEA 1058 : 8-lead DI L; plastic (SOT-97C2). 
TEA1058T: 8-lead mini-pack; plastic (S0-8; SOT-96AC1 ). 
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FUNCTIONAL DESCRIPTION 
The TEA 1058 generates negative output pulses to trigger a triac. These output pulses are phase shifted 
with respect to the mains voltage. The amount of phase shift is determined by the difference between 
the initial states of two 7-bit counters. Both counters are driven by the same clock pulse generator. 
One of the counters is preset to a number determined by the required phase angle. The higher the 
required brightness, the smaller the required phase angle, the lower the number to which the counter 
is preset. The relation between brightness and preset number has been chosen so that almost equal 
brightness steps are obtained (physiological control). The minimum phase shift corresponds with 32 
clock pulses and the maximum with 160. 

Upwards and downwards regulation inputs UP and ON (pins 7 and 6) 
At 50 Hz mains frequency the device ignores signals with a duration of less than 80 ms and signals with 
a duration of 80 to 320 ms are accepted as brief commands, these cause the circuit to switch on and off 
alternatively. Signals that last longer than 320 ms are interpreted as long commands. A long command 
via the UP input causes the output phase angle to decrease, i.e. the brightness to increase gradually; a 
long command via the DN input has the opposite effect. A long signal on both inputs will switch on the 
lamp at previous brightness. If the lamp is already on, a long signal on both inputs will have no effect. 

The UP and ON inputs may be activated by touch plates or by switches. For the input arrangements 
see Fig. 2. 

Slave input SLV (pin 2) 

The SLV input operates in the same manner as the UP and DN inputs, but with a two-wire connection, 
ideal for remote control. The SLV input is only suited for switches. For the arrangement see Fig. 3. 
If the SLV input is not used it must be connected to the load via a 1,5 Mn resistor (see Fig. 4). 

Oscillator RC pin OSC (pin 1) 
The frequency of the clock pulse generator is determined by an external resistor and capacitor, both 
connected to the OSC terminal (see Fig. 4). The generator switches at levels equal to 1/6 and 1/2 of 
the difference between the injector voltage Vinj and the supply voltage V CC· The clock pulse period 
is about 50 µs. 

Output Q (pin 3) 
Since the circuit has an open-collector output, it is capable of sinking current, i.e. drawing a current 
into the output. Therefore it is especially suitable for delivering negative trigger pulses. 
The maximum output current is 100 mA. A gate resistor RG must be connected between the output Q 

and the triac gate to limit the output current to the minimum required by the triac (see Fig. 4). This 
minimizes the total supply current and the power dissipation. 
A negative-going trigger pulse is generated at the output after every zero crossing of the mains voltage. 
The output pulse has a maximum duration of one clock pulse period, i.e. 50 µs. To reduce the power 
qissipation the output pulse is terminated as soon as the triac has switched on. 

Supply Vee and VEE (pins 8 and 4) 

The TEA1058 is supplied from the a.c. mains via a capacitor Co and a diode to VEE; Vee is connected 
to the line (see Fig. 4). A smoothing capacitor Cs has to be connected between Vee and VEE· The 
circuit contains a string of stabilizer diodes between Vee and VEE that limit the d.c. supply voltage. 
During the positive half of the mains cycles the current through external voltage dropping capaci!or 
Co charges the external smoothing capacitor Cs up to the stabilizing voltage of the internal stabilizer 
diodes. Co should be chosen such that it can supply the current Ice for the TEA 1058 itself plus the 
average output current l3(AV), and recharge the smoothing capacitor Cs. 
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Any excess current is bypassed by the internal stabilizer diodes. Note that the maximum rated supply 
current must not be exceeded. 

During the negative half of the mains cycles external smoothing capacitor Cs supplies the circuit. Its 
capacitance must be high enough to maintain the supply voltage above the minimum specified limit. 

A supply voltage at VEE that is negative with respect to Vee and the line is developed at the VEE pin. 
Note that in the characteristics the voltages are mainly measured with respect to VEE and not with 
respect to Vee and the line. 

The circuit has an internal power-on reset, which resets the brightness to minimum and forces the cir­
cuit into the OFF state. 

Synchronization input SYN (pin 5) 

The connection to the SYN input should be short and must be decoupled via a capacitor to Vee (pin 8). 

PINNING 

1 osc oscillator (RC) 
2 SLV slave input 
3 Q output 
4 VEE common 

TEA105B 5 SYN synchronization input 
6 DN downward regulation input 
7 UP upward regulation input 
8 Vee positive supply 

7ZB9709.A 

Fig. 1 Pinning diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range, d.c. Vee 

Supply current, d.c. Ice 

peak, max. 10 µs lccM 

Input voltage range, all inputs VI 

Input current, all inputs 

Output voltage range 

Output current range 

Power dissipation 

Storage temperature range 

Operating ambient temperature range 
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Vo 

lo 
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Touch Controlled Lamp Dimmer with Memory TEA1058, T 

CHARACTERISTICS 

V cc = 5 to 18 V; T amb = 0 to + 85 oc 

parameter symbol min. typ. max. unit 

Supply Vee (pin 8) 

Internally stabilized supply voltage, 
at Ice= 1,5 to 20 mA Vee 13,3 15 16,8 v 

Supply current at Vee= 15 V, unloaded, 
OFF state Ice - 1 1,2 mA 

ON state ice - 1,25 1,5 mA 

Power dissipation, unloaded, 
OFF state p - 15 - mW 

ON state p - 19 25 mW 

Thermal resistance 
TEA1058 Rth j-a - 162 - K/W 
TEA1058T (note 1) Rthj-a - 140 - K/W 
TEA1058T (note 2) Rthj-a - 220 - I K/W 

Power-on reset threshold voltage Vccpor - - 4,8 v 

Oscillator RC pin OSC (pin 1) 

Injector voltage Vinj 550 - 700 mV 7 
Synchronization input SYN (pin 5) 

Input current (r.m.s. value) l5(rms) 3 - - µA 

Upwards and downwards regulation 
inputs UP and ON (pins 7 and 6) 

Input voltage V5_4; V7_4 1 - - v 
Input current -l5;-l7 - 3 15(rms) - µA 

Slave input SL V (pin 2) 

Input current ± 12 10 - - µA 

Output Q (pin 3) 

Output current 13 - - 100 mA 

Notes 

1. TEA 1058T mounted on a ceramic substrate of 50 x 50 x 0,7 mm. 

2. TEA 1058T mounted on a printed-circuit board of 50 x 50 x 1,5 mm. 
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TEA1058 
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UP 
TEA1058 

rl-[=}--; DN VEE 
R 

R between 150!1 and 390k!1 

Vee 
TEA1058 Q 

1 line 

220V 
50Hz 
mains 

neutral 

7Z89710.1A 

Fig. 2 Alternative arrangements for the UP and DN inputs. 

UP 

OOWN Vee 
_._.,-C:==J-ISLV Q 

l,SM!1 TEA1058 
100k!1 

Fig. 3 SLV input arrangement. 
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Touch Controlled Lamp Dimmer with Memory 

APPLICATION INFORMATION 

touch 
plates 
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150 
nF Cl 

(630V 
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TEA1058, T 

neutral 

7289712.1 

(1) The connection to the SYN input should be short and must be decoupled near to pins 5 and 8. 
(2) For example, Vakuumschmelze FD 2.5 1 N1 KN. 

Fig. 4 Touch-controlled lamp dimmer circuit for max. 450 W. L 1 and C1 form a radio-frequency 
interference filter with a quality factor Q of less than 1. This filter is necessary to satisfy the 
regulations of C.l.S.P.R. and V.D.E. 
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Explanation Of Terms 

Anti-Top Flutter Pulse: 

Black Current Stabilizer: 

Black Level Noise: 

Breakthroughs: 

CVS: 

Hue: 

NTSC: 

PAL: 

Peaking: 

Pulling: 

RGB: 

R-Y, B-Y, G-Y 

Sandcastle Pulse: 

Y Signal 

Disables the phase detector during equalization and framing times. 

Is an adjustment on each gun (R,G,B) for setting the leakage current when the gun is in the off 
condition. If this is not adjusted, you will get background discoloring. The leakage is measured via 
sensing resistors. 

Is very similar to a white spot noise spike except it is in the opposite, or black level, direction. 

Are unwanted signals present at the output. 

Composite Video Signal. The signal carrying information for brightness (black & white), color, and 
synchronization of scan. 

Tint, or color-yellow, blue, violet, orange. 

National Television Standards Committee. This group defines T.V. technical standards of 
broadcasting. (U.S.A. system). 

Phase Alternate Line. The primary T.V. system used in Europe. 

Is a technique whereby a little overshoot is induced on a waveform (usually a pulsed wave) for the 
purpose of realizing better definition, or sharpness, in a picture. 

Is caused by part of the signal from the A.F. input affecting the horizontal oscillator. The top of the 
picture "pulls" to one side. 

Three signals, Red, Green, and Blue (with luminance information), that are sent to a color CRT to 
produce the color image. 

Red (R), blue (B), or green (G) color saturation signal without the luminance (-Y) signal. 

Is used to synchronize the burst keying signal, the horizontal flyback pulse, and the vertical flyback 
pulse. This is a waveform generated internally by the sync processor and then output to the color 
decoder. 

Luminance signal or brightness signal that determines the brightness of each spot on the face of 
the picture tube of monochrome receivers. It is a D.C. level. 
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Signetics Linear Products Product Specification 

256 x 8 Static RAM PCF8570 / 70A 

GENERAL DESCRIPTION 

The PCF8570 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (I 2C). The built-in word address register 
is incremented automatically after each written or read data byte. Three address pins AO, A 1, A2 are 
used for programming the hardware address, allowing the use of up to eight devices connected to the 
bus without additional hardware. 
In the PCF8570A the hardware address pin AO is don't care. 

Features 

• Operating supply voltage 
• Low data retention voltage 
• Low standby current 
• Power saving mode 

Applications 

• Telephony 

• Radio and television 
• Video cassette recorder 
• General purpose 

AO 

Al 

A2 

SCL 

SDA 

vDD 

Vss 

TEST 

2 

3 

8 

PCF8570 
PCF8570A 

POWER 
ON 

RESET 

PACKAGE OUTLINE 

2,5 V to 6 V 
min. 1,0 V 
max. 15 µA 
typ. 50 nA 

• Serial input/output bus (I 2C) 
• Address by 3 hardware address pins 
• Automatic word address incrementing 
• 8-lead DI L package 

RAM expansion for stored numbers in repertory dialling 
(e.g. PCD3343 applications) 
channel presets 

RAM expansion for the microcomputer families MAB8400 
and PCF84COO 

WORD 
ADDRESS ROW REGISTER SELECT 

COLUMN 
SELECT 

MEMORY 
CELL 

ARRAY 

MULTIPLEXER 

R/W 
CONTROL 

~~~~~,,__~~~--. ..... 

7Z90775 

Fig. 1 Block diagram. 

PCF8570P: 8-lead DI L; plastic (SOT-97A). 
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256 x 8 Static RAM 

PINNING 

1to3 
4 
5 
6 

AO to A2 
vss 
SOA 
SCL 

address inputs 
negative supply 
serial data line I 12 C b 
serial clock line J us 

Product Specification 

PCF8570 /70A 

7 TEST test input for test speed-up; must be connected to Vss when not in use 
(power saving mode, see Figs 14 and 15) 

8 Yoo positive supply 

PCF8570 

Fig. 2 Pinning diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage range (pin 8) Yoo 

Voltage range on any input 

O.C. input current (any input) 

O.C. output current (any output) 

Supply current (pin 4 or pin 8) 

Power dissipation per package 

Power dissipation per output 

Storage temperature range 

Operating ambient temperature range 

September 1985 8-6 

V1 

± 11 

±lo 

±loo; lss 

Ptot 
p 

Tstg 

Tamb 

-0,8 to + 8,0 V 

-0,8 to v 00 + 0,8 v 

max. 10 mA 

max. 10 mA 

max. 50 mA 

max. 300 mW 

max. 50 mW 

-65 to+ 150 oc 

-40 to+ 85 oc 
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256 x 8 Static RAM PCF8570 /70A 

CHARACTERISTICS 

Voo = 2,5 to 6 V; Vss = 0 V; Tamb = -40 to+ 85 °c unless otherwise specified 

parameter symbol min. typ. max. unit 
f---------------f---···--r-----------+----- t----------+-----< 

Supply 

I Supply voltage 

Supply current at fscL = 100 kHz; 
V1 = Vss or Voo 
operating 
standby 
standby at T amb = -25 to+ 70 oc 

Power-on reset voltage level* 

Input SCL; input/output SDA 

Input voltage LOW** 

Input voltage HIGH** 

Output current LOW 
atVoL =0,4V 

Output leakage current HIGH 
at VoH = Voo 

Input leakage current (AO, A 1, A2) 
at V1 = Voo or Vss 

Clock frequency (Fig. 7) 

Input capacitance (SCL, SOA) 
at V1 = Vss 

Tolerable spike width on bus 

LOW Voo data retention 

Supply voltage for data retention 

Supply current at VooR = 1 V 

Supply current at VooR = 1 V; 
Tamb = -25 to+ 70 oc 

Power saving mode (Figs 14 and 15) 

Supply current at T amb = 25 °C; 
TEST= VooR 

Voo 

loo 
looo 
looo 

VpoR 

loH 

± 11 

fscL 

C1 

tsw 

VooR 

looR 

looR 

looR 

2,5 

1,5 

-0,8 

0,1 x v 00 

3 

0 

1,9 

I 

1= 
[_ 
I 1-

I-
I 

50 

* The power-on reset circuit resets the 12C bus logic when Voo < VpoR· 

6 

200 
15 
5 

2,3 

o,3 x v 00 

Voo +0,8 

250 

250 

100 

7 

100 

6 

5 

2 

400 

v 

µA 
µA 
µA 
v 

v 
v 

mA 

I nA 

nA 

kHz 

pF 

ns 

v 
µA 

µA 

nA 

** If the input voltages are a diode voltage above or below the supply voltage Voo or Vss an input 
current will flow; this current must not exceed ± 0,5 mA. 
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256 x 8 Static RAM PCF8570 /70A 

CHARACTERISTICS OF THE 12C BUS 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

Start and stop conditions 

SDA ~-+-------<~x---===~ 
SCL 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig. 3 Bit transfer. 

---\_ 

7287019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r----, r---, 

-----t-\ I 

SDA ! \ : 
I ~. -ll---~---c=== I 

I 
SDA I 

1 I I 
I I 

\ /--\ I 
I 
I SCL 
I 
I 

SCL I I 

: s : 
L ___ _J L ___ _J 

start condition stop condition 
7287005 

Fig. 4 Definition of start and stop conditions. 
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256 x 8 Static RAM PCF8570 / 70A 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~-.-~~~~~~--t~~~~~~~---~~~~~~---...~~~~~~~o--

SCL ~-.-~~~-+-~~-.~~~--1~~~+-~~~-l-~~~~~~--+~~~~~~~.I.--

MASTER 
TRANSMITTER I 

RECEIVER 

Acknowledge 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 5 System configuration. 

MASTER 

TRANSMITTER 

MASTER 
TRANSMITTER I 

RECEIVER 

7Z87004 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 
the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 
byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 8 
to enable the master to generate a stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRAN SM ITTE R 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

+ 
__ __r;\___/s\_ 

~---~! ~X~-K~~y I 
I 
s 

--~ 

7Z87007 

Fig. 6 Acknowledgement on the 12C bus. 
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256 x 8 Static RAM PCF8570 /70A 

Timing specifications 

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The device 
operates in both modes and the timing requirements are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 7. 

SDA 

SCL 

SDA 

7287013 

Where: 

tsuF 

tHD;STA 

tLOWmin 

tHIGHmin 

tsu; STA 

tHD; DAT 

tsu; DAT 

tR 

tF 

tsu;STO 

Note 

tsuF-

J [°'~ 'w] [ 
tsu;STA tsu;STO 

Fig. 7 Timing of the high-speed .mode. 

t;;;i.tLOWmin 

t;;;i.tHIGHmin 

4,7 µs 

4µs 

t;;;i.tLOWmin 
t ;;;i,o µs 

t ;;;i. 250 ns 

t..;;;; 1 µs 

t..;;;300ns 

t ;;;i.tLQWmin 

The minimum time the bus must be free before a new 
transmission can start 

Start condition hold time 

Clock LOW period 

Clock HIGH period 

Start condition set-up time, only valid for repeated start code 

Data hold time 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the timing values refer to V1H and Vi L levels with a voltage swing of Vss to VDD· 
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256 x 8 Static RAM PCF8570 /70A 

'----~ '-----' '-----' .__ _ __, '-----' '-----' 

START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK 
CONDITION CONDITION 

Fig. 8 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 1 : 1 (LOW-to-HIGH) 

Max. number of bytes unrestricted 

Premature termination of transfer 

Acknowledge clock bit 

Low-speed mode 

allowed by generation of STOP condition 

must be provided by the master 

STOP 

7287014 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 

SDA 

- 1suF-1 tF_. .,__ 

SCL 

SDA 

7287015 

Fig. 9 Timing of the low-speed mode. 
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256 x 8 Static RAM 

Timing specifications (continued) 

Where: 

tsuF t ~ 105 µs (tLOWminl 

tHD; STA t ~365 µs (tHIGHminl 

tLOw 130 µ.s ± 25 µ.s 

tHIGH 390 µ.s ± 25 µ.s 

tsu; STA 130 µ.s ± 25 µ.s * 

tHD; DAT t~ 0 µ.s 

tsu; DAT t ~ 250 ns 

tR t.;;; 1 µ.s 

tF t.;;; 300 ns 

tsu; STO 130 µ.s ± 25 µs 

Note 

Product Specification 

PCF8570 /70A 

All the timing values refer to V1H and Vi L levels with a voltage swing of Vss to Voo· For definitions 
see high-speed mode. 

SDA \ ___ _) 

SCL -v-u---
.___, 

START 
CONDITION 

START BYTE 

\._____.C_~~~"J R/W x , r 

DUMMY REPEATED 
ACKNOWLEDGE START 

CONDITION 

---~ 

ADDRESS ACKNOWLEDGE STOP 
CONDITION 

7287016 

Fig. 10 Complete data transfer in the low-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 µ.s ± 25 µ.s 

390 µ.s ± 25 µ.s 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook "I Cs for digital systems in radio, audio and video equipment". 

* Only valid for repeated start code. 
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256 x 8 Static RAM PCF8570 / 70A 

Bus protocol 

Before any data is transmitted on the I 2C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. The 12C bus 
configuration for different PCF8570 READ and WRITE cycles is shown in Fig. 11. 

s 

acknowledge 
from slave 

i 
SLAVE ADDRESS 0 A 

R/W 

acknowledge 
from slave 

i 
WORD ADDRESS A DATA 

acknowledge 
from slave 

i 
A p 

L___ n bytes --11 
7Z87031.1A auto increment 

memory word address 

Fig. 11 (a) Master transmits to slave receiver (WRITE mode). 

acknowledge acknowledge acknowledge 
from slave from slave from slave 

i i i 
acknowledge 
from master 

i 
s SLAVE ADDRESS 0 A WORD ADDRESS A s SLAVE ADDRESS 1 A DATA c__J__c-'--'-'-~-'-'-~-L-->-----'-~'--"----'-~~~~~~~__._,_..-c-~~~~~;;----"A --;7 

7Z90778 

R/W 
at th IS moment master } L t n b tes lr 
transmitter becomes ~·--- Y -----11 
master receiver and ncrement 
PCF8570slave receiver a~~~~ address 
becomes slave transmitter 

no acknowledge 
from master 

i 
L---1 : : :D~TA: : : I 1 I p I 

'----- last byte -4 
auto increment 
word address 

Fig. 11 (b) Master reads after setting word address (WRITE word address; READ data). 

7Z90777 

acknowledge acknowledge no acknowledge 
from slave from master from master 

t t 

auto increment 
word address 

auto increment 
word address 

Fig. 11 (c) Master reads slave immediately after first byte (READ mode). 
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256 x 8 Static RAM PCF8570 /70A 

APPLICATION INFORMATION 

The PCF8570 slave address has a fixed combination 1010 as group 1, while group 2 is fully 
programmable (see Fig. 12). 

I ' I " I ' I " I ., I ., I AO I ""I 
1- group 1 -1--- group 2 - 7287030 1 

Fig. 12 PCF8570 address. 

Note 
PCF8570A version: the slave address AO state is X (don't care), however, the hardware address AO input 
must still be connected to Vss or Voo· 

AO 

Al 

Voo AO 

0 
Al 

Voo AO 

Voo Al 

Voo 

Note 

Voo 

PCF8570 
'1010' 

Voo 

Voo 

PCF8570 
'1010' 

Voo 

Voo 

PCF8570 
'1010' 

Vss 

SCL 

SCL 

SDA 

SDA SCL 
(12 C bus) 

SDA 
MASTER 

SCL TRANSMITTER 

up to 8 PCF8570 
without additional 
hardware 

to v00 
,.......;..---. 

R R 

R: pull-up resistor 

trise 
R=--

Csus 

7Z90774 

Fig. 13 PCF8570 application diagram. 

AO, A 1, and A2 inputs must be connected to Voo or Vss but not left open. 
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256 x 8 Static RAM PCF8570 /70A 

POWER SAVING MODE 

With the condition TEST= Vo DR· the PCF8570 goes into the power saving mode. 

TEST 

SCL 

SDA 

Where: 
tsu:;;;;. 4 µs 
tHo;;;.4µs 

Note to Fig. 15 

power saving mode operating mode 

--1----- VooR 
-----ov 

Voo 

----''+----,-- VooR 
---+---'-!-'-- 0 v 

Voo 

_ __, __ ___,,,.___ VooR 

ov 

r---Voo 

___ ___}_ VooR 

-------ov 

r--- 100 
....._ ____________________ ___}_ 1oos 

7Z90773 

Fig. 14 Timing for power saving mode. 

Voo 

MICROCOMPUTER 

SDA 8 
5 A2 

3 VooR 
SCL + 

6 PCF8570 

I 
1,2V 

INiCd) 

TEST 

4 

Vss 
7Z90776 

Fig. 15 Application example for power saving mode. 

1. In the operating mode, TEST= 0. 
2. In the power saving mode, TEST= VooR· 
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256 x 8 Static RAM 
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Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specification defined 
by Philips. 
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1 K Serial RAM PCD8571 

GENERAL DESCRIPTION 

The PC08571 is a low power 1024-bit static CMOS RAM organized as 128 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (12C). The built-in word address register 
is incremented automatically after each written or read data byte. Three address pins AO, A 1, A2 are 
used for programming the hardware address, allowing the use of up to eight devices connected to the 
bus without additional hardware. 

Features 

• Operating supply voltage • Serial input/output bus (I 2C) 
• Low data retention voltage 

2,5 V to 6 V 
min. 1,0 V 
max. 5µA 
typ. 50 nA 

• Address by 3 hardware address pins 
• Low standby current • Automatic word address incrementing 
• Power saving mode 

Applications 

• Telephony 

• Radio and television 
• Video cassette recorder 
• General purpose 

AO 

Al 

A2 

SCL 

SDA 

Voo 

Vss 

TEST 

PCD8571 

2 

PACKAGES OUTLINES 

• 8-lead DI L package 

RAM expansion for stored numbers in repertory dialling 
(e.g. PC03340 applications) 
channel presets 

RAM expansion for the microcomputer families MAB8400 
and PCF84COO 

WORD 
ADDRESS ROW REGISTER SELECT 

COLUMN 
SELECT 

~~~~~,__~~~__, ..... 

Fig. 1 Block diagram. 

MEMORY 
CELL 

ARRAY 

R/W 
CONTROL 

7ZBB371.1 

PC08571P: 8-lead OIL; plastic (SOT-97A). 
PC08571D: 8-lead OIL; ceramic (cerdip) (SOT-151A). 
PC08571T: 8-lead mini-pack (VS0-8; SOT-176). 
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1 K Serial RAM 

PINNING 

1to3 AO to A2 
4 Vss 
5 SOA 
6 SCL 

address inputs 
negative supply 
serial data line ) i2 Cb 
serial clock line us 

Product Specification 

PCD8571 

7 TEST test input for test speed-up; must be connected to Vss when not in use 
(power saving mode, see Fig. 14 and 15) 

8 Voo positive supply 

Fig. 2 Pinning diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage range (pin 8) Voo 

Voltage range on any input 

O.C. input current (any input) 

O.C. output current (any output) 

Supply current (pin 4 or pin 8) 

Power dissipation per package 

Power dissipation per output 

Storage temperature range 

Operating temperature range 

September 1985 8-18 

V1 

± 11 

±lo 

±loo; lss 

Ptot 
p 

Tstg 

Tamb 

-0,8 to + 8,0 V 

-0,8 to v00 + 0,8 v 
max. 10 mA 

max. 10 mA 

max. 50 mA 

max. 300 mW 

max. 50 mW 

-65 to+ 150 oc 

-25 to+ 70 oc 
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1KSerial RAM PCD8571 

CHARACTERISTICS 

Voo = 2,5 to 6 V; Vss = 0 V; Tamb = -25 to+ 70 °c unless otherwise specified 

parameter symbol min. typ. max. unit 

SUPPLY 

Supply voltage Voo 2,5 - 6 v 
Supply current at fscL = 100 kHz; 

V1 = Vss or Voo 
operating loo - - 200 µA 
standby looo - - 5 µA 

Power-on reset voltage level* 
at VscL = VsoA = Voo VpoR 1,5 1,9 2,3 v 

Input SCL; input/output SDA 

Input voltage LOW** V1L -0,8 - o,3 x v00 v 
Input voltage HIGH** V1H 0,1 x v 00 - v00 + o,8 v 
Output current LOW 

atVoL=0,4V loL 3 - - mA 

Output leakage current HIGH 
at VoH = Voo loH - - 100 nA 

Input leakage current (AO, A 1, A2) 
at V1 = Voo or Vss ± 11 - - 100 nA 

Clock frequency (Fig. 7) fscL 0 - 100 kHz 

Input capacitance (SCL, SDA) 
at V1= Vss C1 - - 7 pF 

Tolerable spike width on bus tsw - - 100 ns 

LOW Voo data retention 

Supply voltage for data retention VooR 1 - - v 
Supply current at VooR = 1 V looR - - 2 µA 

Power saving mode (Fig. 14) 

Supply current at Tamb = 25 °c; 
TEST= AO=A1 =A2=VooR loos - 50 200 nA 

* The power-on reset circuit resets the 12C bus logic when Voo < VpoR· 

** If the input voltages are a diode voltage above or below the supply voltage V DD or Vss an input 
current will flow: this current must not exceed ± 0,5 mA. 
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1KSerial RAM PCD8571 

CHARACTERISTICS OF THE 12C BUS 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period:of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA I i 
I 
I 

SCL I 
I 

Start and stop conditions 

data line 
stable: 

data valid 

x 
change 
of data 
allowed 

Fig. 3 Bit transfer. 

7ZB7019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r----, r---, 
-----t-\ I 

SDA ! \ : 
I '-· -!l-----'---

I r=== I 
SDA I 

1 I 
I I 

\ ;--\ I SCL 
p 

SCL I I 

: s : 
L,,. ___ ..J 

L---.J 

start condition stop condition 
7207005 

Fig. 4 Definition of start and stop conditions. 
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1 K Serial RAM PCD8571 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that.controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~-.-~~~~~~-.~~~~~~~~~~~~~~---~~~~~~--a~ 

SCL~-.-~~~-1-~~-.~~~--+~~~o--~~~-l-~~---~~~-l--~~-.~~~--I~ 

MASTER 
TRANSMITTER/ 

RECEIVER 

Acknowledge 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 5 System configuration. 

MASTER 

TRANSMITTER 

MASTER 
TRANSMITTER/ 

RECEIVER 

7287004 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 
the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 
byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

t 
__ ___/a\___F\_ 

'\,__..__; _x'---_)(~~)(.________,; 
I 
s 

Fig. 6 Acknowledgement on the 12C bus. 
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1 K Serial RAM PCD8571 

Timing specifications 

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The PCD8571 
operates in both modes and the timing requirements are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 7. 

SDA 

SCL 

SDA 

7287013 

Where: 

tauF 

tHD; STA 

tLQWmin 

tHIGHmin 

tsu; STA 

tHD; DAT 

tsu; DAT 

tR 

tF 

tsu; STO 

Note 

t R ----.. .,._ -

J ["~ -''"] [ 
tsu;STA tsu;STO 

Fig. 7 Timing of the high-speed mode. 

t ;;;..tLOWmin 

t;;;..tHIGHmin 

4,7 µ.s 

4 µ.s 

t;;;..tLQWmin 

t;;;.-0µ.s 

t;;;.. 250 ns 

t ,;;;;; 1 µ.s 

t,;;;;; 300 ns 

t ;;;..tLQWmin 

The minimum time the bus must be free before a new 
transmission can start 

Start condition hold time 

Clock LOW period 

Clock HIGH period 

Start condition set-up time, only valid for repeated start code 

Data hold time 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the timing values refer to V1H and Vi L levels with a voltage swing of Vss to VDD· 
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1 K Serial RAM 

~----' '-------J '-------J 

START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK 
CONDITION CONDITION 

Fig. 8 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 1 : 1 (LOW-to-HIGH) 

Max. number of bytes unrestricted 

Premature termination of transfer 

Acknowledge clock bit 

Low-speed mode 

allowed by generation of STOP condition 

must be provided by the master 

PCD8571 

STOP 

7287014 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 

SDA 

tR_..... ....--

SCL 

SDA 

7287015 

Fig. 9 Timing of the low-speed mode. 
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1 K Serial RAM 

Timing specifications (continued) 

Where: 

tsuF t;;;;. 105 µs (tLOWminl 

tHD; STA t >365 µs (tHIGHminl 

tLQW 130 µs ± 25 µs 

tHIGH 390 µs ± 25 µs 

tsu; STA 130 µs ± 25 µs * 

tHD; DAT t> 0 µs 

tsu; DAT t;;;;. 250 ns 

tR t..;;; 1 µs 

tp t.;;;300ns 

tsu; STO 130 µs ± 25 µs 

Note 

Product Specification 

PCD8571 

All the timing values refer to v1 Hand Vi L levels with a voltage swing of Vss to VDD· For definitions 
see high-speed mode. 

SDA \ ___ _) 

SCL -v-v---
'--' 

START 
CONDITION 

START BYTE 

\._____.c_=~=~ R/W x ' ; 

DUMMY REPEATED 
ACKNOWLEDGE START 

CONDITION 

---v-v-v-
ADDRESS ACKNOWLEDGE STOP 

CONDITION 

7287016 

Fig. 10 Complete data transfer in the low-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 µs ± 25 µs 

390 µs ± 25 µs 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook "I Cs for digital systems in radio, audio and video equipment". 

* Only valid for repeated start code. 
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1 K Serial RAM PCD8571 

Bus protocol 

Before any data is transmitted on the 12C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. The 12C bus 
configuration for different PCD8571 READ and WRITE cycles is shown in Fig. 11. 

s SLAVE ADDRESS 

7Z87031.1 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 
A X WORD ADDRESS A DATA 

acknowledge 
from slave 

+ 
A p 

R/W L__nbytes~ 
auto increment 

memory word address 

Fig. 11 (a) Master transmits to slave receiver (WRITE mode). 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 

acknowledge 
from master 

+ 
~s~~s_L~A_V~E~A-D~D_R~E_s.s~-O~A_._x_.__,_w_D.R_D.A_D~D-R~E-S~S~~A_.__s~~s_L~A~V-E~A-D~D_R~E_s.s~__,_A_.__.___._~D-A~T-A_.__.__.__._A_, --;;;' 

t at this moment master } ~- ~ 
7Z87032.2 

A/Vii transmitter becomes R/W --- n bytes 
master receiver and 
PCD8571 slave receiver auto increment 
becomes slave transmitter word address 

no acknowledge 
from master 

+ 

L--- last byte ---J 

Fig. 11 (b) Master reads aher setting word address (WRITE word address; READ data). 

s 

7Z87033.3 

acknowledge 
from slave 

+ >H:: 
acknowledge 
from master 

no acknowledge 
from master 

+ + 
:DA~A: : : I A I : : : : : : : I 1 I p I 

t 
Rfw L__ n bytes~ L.__ last byte--' 

auto increment 
word address 

Fig. 11 (c) Master reads slave immediately after first byte (READ mode). 

Note 

X =don't care bit. 
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1 K Serial RAM PCD8571 

APPLICATION INFORMATION 

The PCD8571 slave address has a fixed combination 1010 as group 1, while group 2 is fully 
programmable (see Fig. 12). 

Voo 
0 

Yoo 

Yoo 

Yoo 

Note 

I · , I · I , I ., .. I ·t'" I 
1-group 1 -1- group 2 - 7ZB7030.1 

AO 

A1 

AO 

A1 

AO 

A1 

Fig. 12 PCD8571 address. 

iloo 
Yoo 

PC08571 
'1010' 

Vss 

Voo 
Yoo 

PC08571 
'1010' 

Yoo 
Voo 

PC08571 
'1010' 

SCL 

SOA 

SCL 

SCL 

SOA SCL 
(1 2 Cbus) 

SOA MASTER 

SCL TRANSMITTER 

up to 8 PC08571 
without additional 
hardware 

R R 
R: pull-up resistor 

R = 1rise 
Ce us 

7Z87029.2 

Fig. 13 PCD8571 application diagram. 

AO, A 1, and A2 inputs must be connected to Voo or Vss but not left open. 
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1 K Serial RAM PCD8571 

POWER SAVING MODE 

With the condition TEST= A2=A1 =AO= VoDR· the PCD8571 goes into the power saving mode. 

TEST 

SCL 

SOA 

100 

Where: 
tsu ~4 µs 
tHo~4µs 

Note 

power saving mode operating mode 

_ __,, _____ VooR 

I'----- OV 

---'+---A--- VooR 
---+---+-'-- ov 

Voo 

---J----JA--- VooR 

ov 

,---voo 

'-------------------- - _ ___}_ VooR 
-------ov 

,--- 100 

'----------------------___}- loos 
7Z90281 

Fig. 14 Timing for power saving mode. 

Voo 

SOA 8 
5 A2 

3 VooR 
SCL + 

6 A1 

I 
1,2V 

PC08571 2 (NiCd) 

TEST AO 

7 
1 

4 

MICROCOMPUTER 

7Z90280 

Fig. 15 Application example for power saving mode. 

1. In the operating mode, TEST= 0 (AO, A1=O;A2=1). 
2. In the power saving mode, TEST= AO= A1 = A2 = VoDR· 
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8-Bit Remote I/ 0 Expander PCF8574 

GENERAL DESCRIPTION 

The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote 1/0 expansion for the 
MAB8400 and PCF8500 microcomputer families via the two-line serial bidirectional bus (1 2C). 
It ci:in also interface microcomputers without a serial interface to the 12 C bus (as a slave function only), 
The device consists of an 8-bit quasi-bidirectional port and an l 2C interface. 
The PCFl3574 has low current consumption and includes latched outputs with high current drive 
capability for directly driving LEDs. It also possesses an ·interrupt line (INT) which is connected to 
the interrupt logic of the microcomputer on the l2 C bus. By $E!nding an interrupt signal on this line, 
the remote 1/0 can inform the microcomputer if there is incoming data on its Ports without having to 
communicate via the l2 C bus. This means that the PCF8574 can remain a simple slave device. 

Features 

• Operating supply voltage 
• Low stand-by current consumption 
• Bid!rectional expander 
• Open drain interrupt output 
• 8-bit rerpote 1/0 port for the 12 C bus 
• Peripheral for the MAB8400 and PCF8500 microcomputer families 

2,5 V to 6 V 
max. 10µA 

~ Latched outputs with high current drive capability for directly driving LEDs 
• Address by 3 hardware address pins for use of up to 8 devices (up to 16 possible with mask option) 

PCF8574 

INT 
13 INTERRUPT 

LP FILTER 
LOGIC 

AO 

Al 
3 4 

PO A2 

P1 
SCL 

14 6 
INPUT P2 

SDA 
15 FILTER -- SHIFT 1/0 P3 

REGISTER PORTS P4 

P5 
11 P6 
12 P7 

write pulse 

Voo 16 read pulse 
POWER-ON 

Vss RESET 

7Z86821.1 
Fig. 1 Block diagram. 

PACKAGE OUTLINES 

PCF8574P: 16-lead OIL; plastic (SOT-38). 
PCF8574T: 16-lead mini-pack; plastic (S0-16L; SOT-162A). 
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8-Bit Remote 1/0 Expander 

PINNING 

PCF8574 

7287597 

1to3 AO to A2 

4to 7 PO to P3) 

9 to 12 P4 to P7 I 
8 Vss 
13 INT 

14 SCL 

15 SDA 

16 Voo 

data from 
shift register 

Fig. 2 Pinning diagram. 

address inputs 

8-bit quasi-bidirectional 1/0 port 

negative supply 

interrupt output 

serial clock line 

serial data line 

positive supply 

FF 

FF 

data to 
shift register +---------------4--------H 

Product Specification 

PCF8574 

POtoP7 

~-+--~>----- Vss 

>------• to interrupt 
logic 

7 Z87698 

Fig. 3 Simplified schematic diagram of each port. 
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8-Bit Remote I/ 0 Expander PCF8574 

CHARACTERISTICS OF THE 12C BUS 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA I i 

SCL 

Start and stop conditions 

data I ine 
stable: 

data valid 

X....__.. __ =~~ 
---\_ 

change 
of data 
allowed 7Z87019 

Fig. 4 Bit transfer. 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r----i r---r 
I I I 

SDA --~ I r=== I 
SDA I I 

I 
I I 

I I 

\ ;--\ I 
I 

SCL I I I SCL 
I s I I 
I I I 
L--~ _J 

L ___ ..J 

start condition stop condition 
7Z87005 

Fig. 5 Definition of start and stop conditions. 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~---~~~~~~-0-~~~~~~~...-~~~~~~-+-~~~~~~---<1~ 

SCL ~...-~~~;-~~-.-~~~--t-~~~t-~~~t-~~---~~~-+-~~--.~~~--t~ 

MASTER 

TRANSMITTER I 
RECEIVER 

September 1985 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 6 System configuration. 

8-30 

MASTER 

TRANSMITTER 

MASTER 

TRANSMITTER/ 
RECEIVER 
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8-Bit Remote I/ 0 Expander 

CHARACTERISTICS OF THE 12C BUS (continued) 

Acknowledge 

Product Specification 

PCF8574 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

Timing specifications 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

* --~ 
~'---..__/ ___,X~->C~~)(~/ 

7287007 

Fig. 7 Acknowledgement on the l 2C bus. 

Within the l 2C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8574 
operates in both modes and the timing requirements are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 8. 

SDA 

SCL 

I 

SDA J t"~ -''"] [ 
7Z87013 1SU;STA 1SU;STO 

Fig. 8 Timing of the high-speed mode. 
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8-Bit Remote 1/0 Expander 

Where: 

tsuF t;;;. tLOWmin 

tHD; STA t;;;. tHIGHmin 

tLOWmin 4,7 µs 

tHIGHmin 4 µs 

tsu; STA t;;;. tLOWmin 

tHD; DAT t;;;. 0 µs 

tsu; DAT t;;;. 250 ns 

tR t,,;;; 1 µs 

tF t,,;;; 300 ns 

tsu; STO t;;;. tLOWmin 

Note 

Product Specification 

PCF8574 

The minimum time the bus must be free before a new 
transmission can start 

Start condition hold time 

Clock LOW period 

Clock HIGH period 

Start condition set-up time, only valid for repeated start code 

Data hold time 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the values refer to VI Hand Vi L levels with a voltage swing of Vss to VDD· 

~-~ '-----' '-----' 
START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP 

CONDITION CONDITION 

Fig. 9 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

September 1985 

1 : 1 (LOW-to-HIGH) 

unrestricted 

allowed by generation of STOP condition 

must be provided by the master 
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8-Bit Remote 1/0 Expander 

CHARACTERISTICS OF THE 12C BUS (continued) 

Low-speed mode 

Product Specification 

PCF8574 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 10. 

SDA 

SCL 

SDA 

7287015 

Where: 

tsuF 

tHD; STA 

tLOW 

tHIGH 

tsu; STA 

tHD; DAT 

tsu; DAT 

tR 
tF 

tsu; STO 

Note 

tR ------+-- ....___ 

Fig. 10 Timing of the low-speed mode. 

t;? 105 µs (tLOWminl 

t;;. 365 µs (tHIGHminl 

130 µs ± 25 µs 

390 µs ± 25 µs 

130 µs ± 25 µs* 

t ;;. 0 /lS 

t;? 250 ns 

t ~ 1 µs 

t ~ 300 ns 

130 µs ± 25 µs 

All the values refer to V1H and V1L levels with a voltage swing of Vss to VDD· for definitions see 
high-speed mode. 

* Only valid for repeated start code. 
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8-Bit Remote I/ 0 Expander 

SDA ___ __} 

~I\,---

SCL U LJ 

START 

CONDITION 
ST ART BYTE 

Product Specification 

PCF8574 

\'--__.C_~~~~ R/W x \ I 

DUMMY REPEATED 
ACKNOWLEDGE START 

CONDITION 

---\_J'U\_J 

ADDRESS ACKNOWLEDGE STOP 
COND!TION 

7Z87016 

Fig. 11 Complete data transfer in the low-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Maximum number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 µs ± 25 µs 

390 µs ± 25 /lS 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

The g~neral characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: I Cs for digital systems in radio, audio and video equipment. 
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8-Bit Remote I/ 0 Expander 

FUNCTIONAL DESCRIPTION 

Addressing (see Figs 12 and 13) 

Product Specification 

PCF8574 

Each bit of the PCF8574 1/0 port can be independently used as an input or an output. Input data is 
transferred from the port to the microcomputer by the READ mode. Output data is transmitted to the 
port by the WRITE mode. 

SCL 

slave address data to port 

I 
I 
I data to port 

I 
I 
I 

~~~~~~~~~---I ~~~~~~~~~---.1 

1 l A I : : DA~A 2 : SDA Is I a:.: a: o'.A2><A< 0 l!A I : : >+·: 
t I 1j 

WRITE start condition R/W : acknowledge from slave 

ro I 

:+ 
1 acknowledge from slave 

I 

l[A I 
it 

acknowledge from slave 

PORT 

DATA OUT 
FROM PORT DATA 1 VALID DATA 2 VALID 

SDA 

READ FROM 
PORT 

DATA INTO 
PORT 

INT 

Note 

~~~~~~~~~~~_.__~~~~~~~~~~-1--~1~~~~~~~~~~-c--'1 

~J L ~~ ~ 
Fig. 12 WRITE mode (output port). 

slave address data from port data from port 

I s I < 1 : < 0 ><Al>< 1 1:A I : >+< IH: 
t l :1 It 

start condition R /W 
1 

~~~~o5%1::ge : acknowledge 
I from master 

I 
I 
I 

JK 
I 

DATA 1 ~ DATA 3 ~ I 
I 

I I 
I I 

I _, i--tph -1 :--tps 
I I 

DATA 4 

I I I 
I I 

I 
I I I _J I -I 1--tiv -1 1--tir l-- 1 +r 

Fig. 13 READ mode (input port). 

I I 
I stop 
I condition 

I 

I 
I 
j 7287596 

A LOW-to-HIGH transition of SDA, while SCL is HIGH is defined as the stop condition (P). Transfer 
of data can tie stopped at any moment by a stop condition. When this occurs, data present at the last 
acknowledge phase is valid (output mode). Input data is lost. 
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8-Bit Remote I/ 0 Expander PCF8574 

Interrupt (see Figs 14 and 15) 

The PCF8574 provides an open drain output (INT) which can be fed to a corresponding input of the 
microcomputer. This gives these chips a type of master function which can initiate an action elsewhere 
in the system. 

PCF8574 PCF8574 PCF8574 
Voo 111 121 IBI 

MICROCOMPUTER '"' ., ____ _9 
INT 

7287599 

Fig. 14 Application of multiple PCF8574s with interrupt. 

An interrupt is generated by any rising or falling edge of the port inputs in the input mode. After time 
tiv the signal INT is valid. 
Resetting and reactivating the interrupt circuit is achieved when data on the port is changed to the 
original setting or data is rei:id from or written to the port which has generated the interrupt. 
Resetting occurs as follows: 

• In the READ mode at the acknowledge bit after the rising edge of the SCL signal. 
• In the WRITE mode at the acknowledge bit after the HIGH to LOW transition of the SCL signal. 

Each change of the ports after the resettings will be detected and after the next rising clock edge, will 
be transmitted as INT. 
Reading from or writing to another device does not affect the interrupt circuit. 

slave address data from port 

SDA Is I 0: 1 : 0: 0: A2: Al: AO: 1 1:A I : 1: 
! I it ! 

start condition R /W I acknowledge P 5 
1fromslave 

I 
I 

SCL 
I 

DATA INTO P5 

INT 
I 

-.I 1._tir 

Fig. 15 Interrupt generated by a change of input to port P5. 
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8-Bit Remote 1/0 Expander 

FUNCTIONAL DESCRIPTION (continued) 

Quasi-bidirectional 1/0 ports (see Fig. 16) 

Product Specification 

PCF8574 

A quasi-bidirectional port can be used as an input or output without the use of a control signal for data 
direction. The bit designated as an input must first be loaded with a logic 1. In this mode only a current 
source to Voo is active. An additional strong pull-up to Voo allows fast rising edges into heavily 
loaded outputs. These devices turn on when an output changes from LOW to HIGH, and are switched 
off by the negative edge of SCL. SCL should not remain HIGH when ii short-circuit to Vss is allowed 
(input mode). 

slave address 

SDA I s I a: .; 0 > >< A1 >< 0 I A I : : 
I I t 

SCL 

P3 
OUTPUT 

VOLTAGE 

start condition R/W acknowledge 
from slave 

data to port data to port 

: .; :.: 
t I 

P3 P3 

Pu~C-uP j_ ~----------,-l 
~~~~~ ~-------------------.-!, I I f 

'oHt: 1ze1ss5 : 10H 

Fig. 16 Transient pull-up current lo Ht while P3 changes from LOW-to-HIGH and back to LOW. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Voo 

Input voltage range (any pin) Vi 

O.C. current into any input ± 11 
O.C. current into any output ±lo 

Yoo or Vss current ±loo: lss 
Total power dissipation Ptot 
Power dissipation per output Po 
Storage temperature range Tstg 
Operating ambient temperature range Tamb 

8-37 

-0,5to + 7 V 

Vss-0,5 to Yoo+ o,5 v 
max. 20 mA 

max. 25 mA 

max. 100 mA 

max. 400 mW 

max. 100 mW 

-65 to+ 150 oc 

-40to +85 oc 

September 1985 
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8-Bit Remote I/ 0 Expander PCF8574 

CHARACTERISTICS 
Voo = 2,5 to 6 V; Vss = 0 V; Tamb = -40 to+ 85 °c unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 16) 

Supply voltage Voo 2,5 - 6 v 

Supply current 
at Voo = 6 V; no load, inputs at Voo. Vss 
operating loo - - 100 µ,A 
standby looo - - 10 µ,A 

Power-on reset voltage level (note 1) VREF - 1,3 2,4 v 

Input SCL; input/output SOA (pins 14; 15) 

Input voltage LOW V1L -0,5V - o,3v00 v 

Input voltage HIGH V1H 0.7Voo - v 00 +o,5 v v 

Output current LOW 
at Vol= 0,4 V IOL 3 - - mA 

Input/Output leakage current llLI - - 100 nA 

Clock frequency (see Fig. 8) tscL - - 100 kHz 

Tolerable spike width 
at SCL and SOA input ts - - 100 ns 

Input capacitance (SCL, SOA) 
at V1 = Vss C1 - - 7 pF 

1/0 ports (pins 4 to 7; 9 to 12) 

Input voltage LOW V1L -0,5 v - 0,3v00 v 

Input voltage HIGH V1H o,1v00 - v 00 +0,5 v v 

Maximum allowed input current 
through protection diode 
at v 1 > Voo or.;;:; Vss ± llHL - - 400 µ,A 

Output current LOW 
at Vol= 1 V; Voo = 2,5 V loL 5 - - mA 

Output current HIGH 
at VoH = Vss (current source only) -loH 30 100 300 µ,A 

Transient pull-up current HIGH 
during acknowledge (see Fig. 16) 
at VoH = V55 -IOHt - 0,5 - mA 

Input/Output capacitance C1/0 - - 10 pF 

Port timing; CL.;;:; 100 pF (see Figs 12 and 13) 

Output data valid tpv - - 4 µ,s 

Input data set-up tps 0 - - µ,s 

Input data hold tph 4 - - µ,s 
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8-Bit Remote I/ O Expander PCF8574 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Interrupt INT (pin 13) 

Output current LOW 
at Vol= 0.4 v loL 1,6 - - mA 

Output current HIGH 
at VoH = Voo lloHI - - 100 nA 

INT timing; CL,;;;; 100 pF (see Fig. 13) 

Input data valid tiv - - 4 µs 

Reset delay tir - - 4 µs 

Select inputs AO, A1, A2 (pins 1to3) 

Input voltage LOW V1H -0,SV - o,3v00 v 

Input voltage HIGH V1H o,1v00 - v 00 +o,s v v 

Input leakage current 
at V1 = Voo or Vss llLI - - 100 nA 

Note 1 

The power-on reset circuit resets the 12 C bus logic with Voo < VREF and sets all ports to logic 1 
(input mode with current source to Vool. 
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Video Switch SAA1300 

The SAA 1300 is for switching on and off the supply lines of various circuit parts via an 12 C bus signal. 
Furthermore, it can be used to supply current for switching diodes in radio and television tuners. It 
contains 5 output stages, which are capable of supplying up to 100 mA in the ON state or sinking up 
to -100 µA in the OFF state. 

Current limiting and short-circuit protection are included. The output stages are driven by a shift 
register/latch combination which is loaded via data from the 12 C bus. A power-on reset of the latches 
ensures the OFF state of the output stages (OUT 2 to OUT 5) without data reception from the l 2 C bus. 
A subaddressing system allows the connection of up to three circuits on the same 12 C bus lines; one of 
the outputs (OUT 1, pin 7) can also be used as an input to select the device via a simple internal AID 
converter. 

SOA -++-+-+-! 

SCL -++-+-+-

12C-BUS 
RECEIVER 

PACKAGE OUTLINE 

A/D 
CONVERTER 

9-lead SIL; plastic (SOT-1428). 

September 1985 

OUT 1 OUT 2 OUT 3 OUT 4 OUT 5 

Fig. 1 Block diagram. 

~-40 

POWER-ON 
RESET 

(Bx) 

SAA1300 

7Z85576.1 

Vp 

GND 
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Video Switch 

PINNING 

pin no. symbol function 

1 GND ground 
2 Vp positive supply 
3 OUT5 
4 OUT4 
5 OUT3 

outputs 

6 OUT2 
7 OUT 1 output and subaddressing input 
8 SDA serial data line ) i 2 c b 
9 SCL serial clock line us 

12C BUS INFORMATION* 

Address, first byte 

0 1 0 0 0 A B 0 where, 

A B function condition 

0 0 general address OUT 1 =output 

Product Specification 

SM1300 

0 1 
1 0 
1 1 

OUT 1 =input 
OUT 1 =input 
OUT 1 =input 

address accepted if VouT 1 = VouT L (LOW) 
address accepted if VouT 1 = VouT H (HIGH) 
address accepted if VouT 1 = VouT M (MEDIUM) 

Data, second byte 

OUT5,0UT4,0UT3,0UT2,0UT1,X,X,X 

The 1/0 output stage (OUT 1) is switched as an input stage after a power-on reset. It depends on the 
contents of the first data transmission whether the output stage is switched as an output or remains 
as an input. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage Vp 

Input voltage range at SDA, SCL 

Input voltage range at OUT 1 

Output voltage range at OUT 1 to OUT 5 

Input current at SDA, SCL 

Input current at OUT 1 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

* Detailed information is given in a separate data sheet. 
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Vi 

Vi 

Vo 

11 

11 

Ptot 

Tstg 

Tamb 

max. 13,2 v 
-0,5 to+ 13,7 V 

-0,5 to+ 12,5 V 

-0,5 to+ 12,5 V 

max. 20 mA 

max. 20 mA 

max. 650 mW 

-40 to+ 125 oc 

-20 to+ 80 oc 
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Video Switch SAA1300 

CHARACTERISTICS 

Vp = 8 V; Tamb = 25 oc; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 2) 

Supply voltage range Vp 4 - 12 v 
Supply current Ip - 10 - mA 

Power-on reset level 
output stage in "OFF" condition VpR - - 3,5 v 

Maximum power dissipation* Pmax - 650 - mW 

Inputs SDA, SCL (pins 8 and 9) 

Input voltage HIGH V1H 2,8 - Vp+0,5 v 
Input voltage LOW V1L 0 - 1,8 v 
Input current HIGH -l1H - - 50 µA 

Input current LOW l1H - - 0,1 µA 

Acknowledge sink current IACK 2,5 - - mA 

Maximum input frequency fi max 100 - - kHz 

Outputs OUT 1 to OUT 5 (pins 3 to 7) 

Maximum output current; source : "ON" loso + 100 - + 150 mA 

Maximum output current; source: "ON" 
Tamb= 800C loso 60 - - mA 

Output voltage HIGH at loso VoH - - Vp-2 v 
Output current; sink: "OFF" losi -100 -300 - µA 

Output voltage LOW at losi Vol - - 100 mV 

Output voltage MEDIUM at lo= 12,5 mA VoM - - Vp-0,5 v 

OUT 1 used as subaddressing input 

Input voltage HIGH (code 1 0) VouT1H 0,72 Vp - Vp v 
Input voltage MEDIUM (code 11) VouT1M 0,39 Vp - 0,61 Vp v 
Input voltage LOW (code 0 1) VouT1L 0 - 0,28 Vp v 

*Outputs must not be driven simultaneously at maximum source current. 
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1 GHz Divide by 64 SAB1164/65 

This silicon monolithic integrated circuit is a prescaler in current-mode logic. It contains an amplifier, 
a divide-by-64 scaler and an output stage. It has been designed to be driven by a sinusoidal signal from 
the local oscillator of a television tuner, with frequencies from 70 MHz up to 1 GHz, for a supply 
voltage of 5 V ± 10% and an ambient temperature of 0 to 70 oc. It features a high sensitivity and low 
harmonic contents of the output signal. 

8 

Fig. 1 Block diagram. CTR6 = 6 binary dividers= (7 64). 

QUICK REFERENCE DATA 

Supply voltage (pin 8) 

Input frequency range (pins 2 and 3) 

Output voltage swing (pins 6 and 7) 

Supply current; unloaded (pin 8) 

Operating ambient temperature 

PACKAGE OUTLINE 

SAB1164P: 8-lead DI L; plastic (SOT-97A). 

8-43 

Vee 
fi 

Vo(p-p) 

Ice 
Tamb 

5±10%V 

70 to 1000 MHz 

typ. 1 v 
typ. 42 mA 

0 to+ 70 oc 
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1GHz Divide by64 SAB1164/65 

PINNING 

V cc positive supply 

VEE 0 V;ground 

C1, C2 differential inputs 

OH, QL complementary outputs 

i.e. internally connected 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

The circuit contains an amplifier, a divide-by-64 scaler and an output stage. It has been designed to be 
driven by a sinusoidal signal from the local oscillator of a TV tuner, with frequencies from 70 MHz up 
to 1 GHz; for a supply voltage of 5 V ± 10% and an ambient temperature of 0 to 70 °c. 

The inputs are differential and are internally biased to permit capacitive coupling. For asymmetrical 
drive the unus.ed input should be connected to ground ilia a capacitor. 

The first divider stage will oscillate in the absence of an input signal; an input signal within the specified 
range will suppress this oscillation. 

The output differential stage has two complementary outputs. The output voltage edges are slowed 
down internally to reduce the harmonic contents of the signal. 

Wide, lo~·impedance ground connections and a short capacitive bypass from the Vee pin to ground 
are recommended. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (d.c.) Vee 

Input voltage 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From crystal to ambient 

D.C. CHARACTERISTICS 

Rth c-a 

VEE= 0 V (ground); Vee= 5 V; Tamb = 25 oc unless otherwise specified. 

max. 7 v 
Oto Vee v 

-55 to+ 125 oc 

max. 125 oc 

120 K/W 

The circuit has been designed to meet the d.c. specifications as shown below, after thermal equilibrium 
has been established. The circuit is in a test socket or mounted on a printed-circuit board. 

Output voltage 
HIGH level VoH max. Vee v 
LOW level Vol max. Vcc-0,8 v 

Supply current Ice 
typ. 42 mA 
max. 50 mA 
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1 GHz Divide by 64 

A.C. CHARACTERISTICS 

VEE= 0 V (ground); Vee= 5 V ± 10%; Tamb = 0 to+ 70 oc. 

Input voltage r.m.s. value (see Fig. 4) 
input frequency 70 MHz 

150 MHz 
300 MHz 
500 MHz 
900 MHz 

1 GHz 

Input overload voltage r.m.s. value 
input frequency range 70 MHz up to 1 GHz 

Output voltage swing 

Output resistance 
SAB1164 

SAB1165 

Output unbalance 

Output rise time* 
fi = 1 GHz 

Output fall time* 
fi = 1 GHz 

v.h. f. /u.h. f. 
sinewave 
generator 

50 !1 

7287385 , 

hybrid junction 

(-3dB) 

~ 
(-3 dB) 

R;=50!1 

Vi(rms) 

Vi(rms) 

Vo(p-p) 

Ro 

Ro 

I:!. Vo 

tTLH 

tTHL 

8 
6 

3 
4,5 

Fig. 3 Test circuit for defining input voltage. 

- Cables must be 50 n coaxial. 
- The capacitors are leadless ceramic (multilayer capacitors) of 10 nF. 

Product Specification 

SAB1164/65 

min. typ. max. unit 

9 17,5 mV 
4 10 mV 
3 10 mV 
3 10 mV 
2 10 mV 
3 17,5 mV 

200 mV 

0,8 v 

kn 

0,5 kn 

0, 1 v 

25 ns 

25 ns 

Vee 
(+ 5VI 

to 
oscilloscope 

VEE= OV 

- All connections to the device and to the meter must be kept short and of approximately equal lengths. 
- Hybrid junction is ANZAC H-183-4 or similar. 

* Between 10% and 90% of observed waveform. 
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1 GHz Divide by 64 

IOOO ~~$~~~~~$$~~7~Z8~7~38~7 
V; (rms) 

(mV) 

Fig. 4 Typical sensitivity curve under nominal conditions. 

September 1986 

Fig. 5 Smith chart of typical input impedance. 
Vi(rms) = 25 mV; Vee= 5 V; reference value= 60 0. 
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1 GHz Divide by 64 

2k!1 

2 

differential 
inputs 

3 

4 

to 
~...,,...-+ dividers 

7 287 386 

Fig. 6 Input stage. 

APPLICATION INFORMATION 

10nF I 
10nF 

v.h.f.~ 
u.h.f. 

, 
10nF 

7287389 , 

2 8 

3 

Product Specification 

SAB1164/65 

Vee 
8 

R1 

Jl_ ___,______. 

7287388.1 

Fig. 7 Output stage. Vee= 5 V. 

SAB1164: R1=R2=1kn;I=1 mA 
SAB1165: R1 = R2 = 0,5 kn; I= 2 mA. 

I 0,47 µF 

6 

4 5 

to tuning 
system 
(twisted leadsl 

Fig. 8 Circuit diagram. Application in a television tuning system. 
The output peak-to-peak voltage is about 1 V. 
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1 GHz Divide by 256 SAB1256 

This silicon monolithic integrated circuit is a prescaler in current-mode logic. It contains an amplifier, 
a divide-by-256 scaler and an output stage. It has been designed to be driven by a sinusoidal signal from 
the local oscillator of a television tuner, with frequencies from 70 MHz up to 1 GHz, for a supply 
voltage of 5 V ± 10% and an ambient temperature of 0 to 70 oc. It features a high sensitivity and low 
harmonic contents of the output signal. 

8 SAB1256 

4 5 
7Z87383 

Fig. 1 Block diagram. CTR8 = 8 binary dividers=(+ 256). 

QUICK REFERENCE DATA 

Supply voltage {pin 8) 

Input frequency range (pins 2 and 3) 

Output voltage swing (pins 6 and 7) 

Supply current, unloaded (pin 8) 

Operating ambient temperature 

PACKAGE OUTLINE 

SAB1256P: 8-lead DI L; plastic (SOT-97). 

September 1985 

Vee 

fi 

Vo(p-p) 

ice 

Tamb 
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5 ± 10% v 
70 to 1000 MHz 

typ. 1 v 
typ. 47 mA 

0 to+ 70 oc 



Signetics Linear Products 

1 GHz Divide by 256 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

PINNING 

Vee 

VEE 

C1, C2 

QH,QL 

i.e. 

Product Specification 

positive supply 

0 V; ground 

differential inputs 

complementary outputs 

internally connected 

SAB1256 

The circuit contains an amplifier, a divide-by-256 scaler and an output stage. It has been designed to be 
driven by a sinusoidal signal from the local oscillator of a TV tuner, with frequencies from 70 MHz up 
to 1 GHz, for a supply voltage of 5 V ± 10% and an ambient temperature of 0 to 70 oc. 

The inputs are differential and are internally biased to permit capacitive coupling. For asymmetrical 
drive the unused input should be connected to ground via a capacitor. 

The first divider stage will oscillate in the absence of an input signal; an input signal within the specified 
range will suppress this oscillation. 

The output differential stage has two complementary outputs. The output voltage edges are slowed 
down internally to reduce the harmonic contents of the signal. 

Wide, low-impedance ground connections and a short capacitive bypass from the V CC pin to ground 
are recommended. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (d.c.) Vee 

Input voltage Vi 
Storage temperature Tstg 
Junction temperature Tj 

THERMAL RESISTANCE 

From crystal to ambient Rth c-a 

8-49 

max. 7 v 
Oto Vee v 

-55 to + 1 25 oc 

max. 125 oc 

120 K/W 
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1 GHz Divide by 256 SAB1256 

D.C. CHARACTERISTICS 

VEE= 0 V (ground); Vee= 5 V; Tamb = 25 °c unless otherwise specified. 

The circuit has been designed to meet the d.c. specifications as shown below, after thermal equilibrium 
has been established. The circuit is in a test socket or mounted on a printed-circuit board. 

Output voltage 
HIGH level 

LOW level 

Supply current 

A.C. CHARACTERISTICS 

VEE= 0 V (ground); Vee= 5 V ± 10%; Tamb = 0 to+ 70 oc. 

Input voltage r.m.s. value (see Fig. 4) 
input frequency 70 MHz 

150 MHz 
300 MHz 
500 MHz 
900 MHz 

1 GHz 

Input overload voltage r.m.s. value 
input frequency range 70 MHz to 1 GHz 

Output voltage swing 

Output resistance 

Output unbalance 

Output rise time* 
fi=1GHz 

Output fall time 
fi = 1 GHz 

* Between 10% and 90% of observed waveform. 
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VoH 
VoL 

ice 

Vi(rms) 

Vi(rms) 

Vo(p-p) 

Ro 

!Y.Vo 

tTLH 

tTHL 

max. 

max. 

typ. 
max. 

min. 

0,8 

Vee 

Vcc-0,8 

v 
v 

typ. 

9 
4 
3 
3 
2 
3 

40 

40 

47 mA 
55 mA 

max. unit 

17,5 mV 
10 mV 
10 mV 
10 mV 
10 mV 

17,5 mV 

200 mV 

v 
kn 

0,1 v 

ns 

ns 
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1 GHz Divide by 256 

v.h.f./u.h.f. 
sinewave 
generator 

50.Q 

7 287385 

hybrid junction 

(-3dB) 
R; = 50.Q 

~ 8 

(-3dB) 

3 
4,5 

Fig. 3 Test circuit for defining input voltage. 

- Cables must be 50 n coaxial. 
- The capacitors are leadless ceramic (multilayer capacitors) of 10 nF. 

Product Specification 

SAB1256 

Vee 
(+ 5V) 

6 
to 

oscilloscope 

VEE= OV 

- All connections to the device and to the meter must be kept short and of approximately equal lengths. 
- Hybrid junction is ANZAC H-183-4 or similar. 

V; (rms) 
(mV) 

Fig. 4 Typical sensitivity curve under nominal conditions. 
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1 GHz Divide by 256 

September 1985 

Fig. 5 Smith chart of typical input impedance. 
Vi(rms) = 25 mV; Vee= 5 V; reference value= 50 n. 
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1 GHz Divide by 256 

2kn 

2 

differential 
inputs 

3 

4 

to 
~---- dividers 

7 Z87 386 

Fig. 6 Input stage. 

APPLICATION INFORMATION 

lOnF I 
lOnF 

v.h.f.~ 
u.h.f. 

, 
lOnF 

7Z87 389 

2 8 

Product Specification 

SAB1256 

8 
1kn 

JL. -+----I 

> lOnH 
I 0,47 µF 

6 

4 5 

7287388 

Fig. 7 Output stage. 
Vee= 5 V; I= 1 mA. 

to tuning 
system 
(twisted leads) 

Fig. 8 Circuit diagram, 

Application in a television tuning system. The output peak-to-peak voltage is about 1 V. 
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FLL TV Tuning Circuit SAB3035 

GENERAL DESCRIPTION 

The SAB3035 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 8 analogue functions, 4 general purpose 1/0 ports and 4 high-current outputs for 
tuner band selection. 

The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional 12 C bus. 

Features 

• Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

• Frequency measurement with resolution of 50 kHz 

• Selectable prescaler divisor of 64 or 256 

• 32 V tuning voltage amplifier 

• 4 high-current outputs for direct band selection 

• 8 static digital to analogue convertors (DACs) for control of analogue functions 

• Four general purpose input/output (1/0) ports 

• Tuning with control of speed and direction 

• Tuning with or without a.f.c. 

• Single-pin, 4 MHz on-chip oscillator 

• 12 C bus slave transceiver 

QUICK REFERENCE DATA 

Supply voltages 
(pin 16) 

(pin 22) 

(pin 17) 

Supply currents (no outputs loaded) 
(pin 16) 

(pin 22) 

(pin 17) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

28-lead DI L; plastic (SOT-117). 

September 1985 

Vp1 

VP2 

Vp3 

lp1 

lp2 

lp3 

Ptot 

Tamb 
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typ. 12 v 
typ. 13 v 
typ. 32 v 

typ. 32 mA 

typ. 0.1 mA 

typ. 0.6 mA 

typ. 400 mW 

-20 to +70 oc 
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PINNING 

1 DAC4 

2 DAC5 outputs of static DACs 
3 DAC6 

4 DAC7 

5 SDA serial data line } 12 C bus DAC3 

6 SCL serial clock line 
DAC2 

7 P20 
DAC1 8 P21 general purpose 
DACO 9 P22 input/output ports 

osc 10 P23 

FDIV 
11 AFC+ 

a.f.c. inputs 

Vp2 
12 AFC-

SAB3035 13 Tl tuning voltage amplifier inverting input 
P13 

14 GND ground 
P12 15 TUN tuning voltage amplifier output 

P23 P11 16 Vp1 + 12 V supply voltage 

P10 17 Vp3 + 32 V supply for tuning voltage 

AFC- Vp3 
18 

amplifier 

P10 
Tl Vp1 19 P11 High-current band-selection output 

GND TUN 20 P12 ports 

7 286564. 1 21 P13 

22 Vp2 positive supply for high-current band-
selection output circuits 

23 FDIV input from prescaler 
Fig. 2 Pinning diagram. 

24 osc crystal oscillator input 

25 DACO 

26 DAC1 

27 DAC2 
outputs of static DACs 

28 DAC3 
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FUNCTIONAL DESCRIPTION 

The SAB3035 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an 12 C bus. 

Tuning 

This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by_64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program­
mable tuning window (TUW). 

The system cycles over a period of 6.4 ms (or 2,56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation Ll.f in steps of 50 kHz. For loop gain control, the relationship AIT/Af is 
programmable. In the normal mode (when control bits TUHNO and TUHN1 are both at logic 1, see 
OPERATION), the minimum charge IT at Af = 50 kHz equals 250 µA µs (typical). 

By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COi B) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at Af = 50 kHz equals 
26 x 23 x 250 µA µs (typical). 

The maximum tuning current I is 875 µA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current I is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 

An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (F L/1 N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic 0. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TDI RD (tuning direction down) and 
TDI RU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TDI RD which causes the 
system to tune down. In normal operation TDIRD must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDI RU. 

Setting both TDIRD and TD I RU.causes the digital tuning to be interrupted and a.f.c. to be switched on. 

The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 

8-57 September 1985 

8 



Signetics Linear Products Product Specification 

FLL TV Tuning Circuit SAB3035 

Control 

For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp2. 

For additional digital control, four open collector 1/0 ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 

Eight 6-bit digital-to-analogue converters DACO to DAC7 are provided for analogue control. 

Reset 

CITAC goes into the power-down-reset mode when Vp1 is below 8.5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 

OPERATION 

Write 

CIT AC is control led via a bidirectional two-wire 12 C bus; the 12 C bus is specified in our d~fa handbook 
"I Cs for digital systems in radio, audio, and video equipment". For programming, a module address, 
R/W bit (logic 0). an instruction byte and a data/control byte are written into CIT AC in the format 
shown in Fig. 3. 

MODULE ADDRESS 

msb l _msb 
R/W 

INSTRUCTION BYTE 

Fig. 3 12 C bus write format. 

DATA/CONTROL BYTE 

msb 
7Z90129 

The module address bits MA 1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 

Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp1 > 8.5 V (typical)). 

Table 1 Valid module addresses 

MA1 MAO P20 

0 0 don't care 
0 1 GND 
1 0 %Vp1 
1 1 Vp1 
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OPERATION (continued) 

Tuning 

Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

17 15 15 14 13 12 1, lo D7 D5 05 04 03 D2 

freq. F14 F13 F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 

Product Specification 

SAB3035 

o, Do 

F1 FO 

TCDO 0 0 0 0 0 AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO 

TCD1 0 0 0 0 0 VTMl1 C0181 COIBO AFCS1 AFCSO TUS2 TUS1 TUSO 

TCD2 0 0 0 0 0 0 0 0 AFCP FDIVM TDIRD TDIRU 

7Z90125 
Fig. 4 Tuning control format. 

Frequency 

Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 

Tuning hold 

The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Af = 50 kHz) into the tuning amplifier. 

Table 2 Tuning current control 

TUHN1 TUHNO typ. lmax typ. IT min typ. AVTUNmin at CINT = 1 µF 
µA µAµs 

0 0 3.5* 1* 
0 1 29 8 
1 0 110 30 
1 1 875 250 

* Values after reset. 

During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 

µV 

1* 
8 

30 
250 

The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 

Tuning sensitivity 

To be able to program an optimum loop gain, the charge IT can be programmed by changing Tusing 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHN1 =logic 1. 
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Table 3 Minimum charge IT as a function of TUS 

Af = 50 kHz; TUHNO =logic 1; TUHN1 =logic 1 

TUS2 TUS1 

0 
0 
0 
0 
1 
1 
1 

* Values after reset. 

Correction-in-band 

0 
0 
1 
1 
0 
0 
1 

TUSO typ. IT min 
mAµs 

0 0.25* 
1 0.5 
0 1 
1 2 
0 4 
1 8 
0 16 

Product Specification 
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typ. AVTUNmin at CINT = 1 µF 
mV 

0.25* 
0.5 
1 
2 
4 
8 

16 

This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUN to give charge multiplying 
factors as shown in Table 4. 

Table 4 Programming correction-in-band 

COIB1 COIBO 
charge multiplying factors at typical values of VTUN at: 

<12V 12to18V 1Bto24V >24V 

0 0 1* 1* 1* 1* 

0 1 1 1 1 2 
1 0 1 1 2 4 
1 1 1 2 4 8 

* Values after reset. 

The transconductance multiplying factor of the a.f.c. amplifier is similar when COIB is used, except for 
the lowest transconductance which is not affected. 

Tuning window 

Digital tuning is interrupted and FLOCK is set to logic 1 {in-lock) when the absolute deviation IA fl 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If IA fl is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 

Table 5 Tuning window programming 

TUW1 TUWO IAfl (kHz) tuning window (kHz) 

0 0 O* O* 
0 1 50 100 
1 0 150 300 

* Values after reset. 
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OPERATION (continued) 

A.F.C. 

Product Specification 

SAB3035 

When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as IL\fl is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 

Table 6 A.F.C. hold range programming 

AFCR1 AFC RO l6fl (kHz) a.f.c. hold range (kHz) 

0 0 0* O* 
0 1 350 700 
1 0 750 1500 

* Values after reset. 

Transconductance 

The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 

Table 7 Transconductance programming 

AFCS1 AFCSO typ. transconductance (µA/V) 

0 0 0.25* 
0 1 25 
1 0 50 
1 1 100 

* Value after reset. 

A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic 0 (value after reset). At AFCP =logic 1, 
VTUN rises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTM 11 and VTM 10, are at logic 0 after reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 

The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 

Table 8 Frequency measuring window programming 

FDIVM prescaler division factor cycle period (ms) measuring window (ms) 

0 256 6.4* 5.12* 
1 64 2.56 1.28 

* Values after reset. 

Tuning direction 

Both tuning direction bits, TOI RU (up) and TOI RD (down), are at logic 0 after reset. 
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Control 

The instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) are 
shown in Fig. 5, together with the corresponding data/control bytes. Control is implemented as follows: 

P13, P12, P11, P10 

P23,P22, P21,P20 

DACX 

17 15 15 

POD~ 0 

: 
0 

: DAG; 0 0 

Read 

Band select outputs. If a logic 1 is programmed on any of the POD bits 03 to 
Do, the relevant output goes HIGH. All outputs are LOW after reset. 

Open collector 1/0 ports. If a logic O is programmed on any of the POD bits 
D1 to D4, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

Digital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the DACX bits X2, X1, XO. The 
output voltage of the selected DAC is set by programming the bits AX5 to 
AXO; the lowest output voltage is programmed with all data AX5 to AXO at 
logic 0, or after reset has been activated. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

14 13 '2 1, lo D7 D5 D5 D4 D3 D2 Di Do 

: 
0 

: : 
0 

: 

0 

: 
0 

I 
P23 P22 P21 P20 P13 P12 P11 P10 

0 0 X2 Xl XO 0 0 AX5 AX4 AX3 AX2 AX1 AXO 

7290127 

Fig. 5 Control programming. 

Information is read from CIT AC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master _after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 

MODULE ADDRESS TUNING I RESET INFORMATION PORT INFORMATION 

Isl< ,·:a :0 :0 :Mt:MaA'.i I A I : : : : : :0 :0 I A I : : : : : : : I A IP I 
7Z90130 

September 1985 

R/W J l l l l 1V R~~WN l l l l L P~l P~Ofrom master 

FL/ON P122 
FL/1N Pl23 

FLOCK P22/0N 
P22/1N 

'--from CITAC 

'-- P23/0N 
'-- P23/1N 

from master 

Fig. 6 Information byte format. 
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OPERATION (continued) 

Tuning/reset information bits 

FLOCK 

FL/1 N 

FL/ON 

FOV 

RESN 

MWN 

Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

Set to logic 0 (active LOW) when FLOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

As for F L/1 N but is set to logic 0 when FLOCK changes from 1 to 0. 

Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic 0. FOV is not valid when TDI RU and/or TDI RD are set to logic 1. 

Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1.28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 

When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic 0. 

Port information bits 

P23/1 N, P22/1 N 

P23/0N, P22/0N 

Pl23, Pl22, Pl21, 
Pl20 

Reset 

Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

As for P23/1 N and P22/1 N but are set to logic 0 at a HIGH-to-LOW transition. 

Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 

The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 

GENERAL CALL ADDRESS HEX06 

JsJo:o:o:o:o:o:o:o/A/0:0:0:0:0:1:1:0/AJP/ 
7Z90128 

Fig. 7 Reset programming. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage ranges: 
(pin 16) Vp1 -0.3 to + 18 v 
(pin 22) Vp2 -0.3 to + 18 v 
(pin 17) Vp3 -0.3 to +36 v 

Input/output voltage ranges: 
(pin 5) VsoA -0.3 to + 18 v 
(pin 6) VscL -0.3 to + 18 v 
(pins 7 to 10) VP2X -0.3 to + 18 v 
(pins 11 and 12) VAFC+,AFC- -0.3 to Vp1* v 
(pin 13) VTI -0.3 to Vp1* v 
(pin 15) VTUN -0.3 to Vp3* v 
(pins18to21) Vp1x -0.3 to Vp2**V 

(pin 23) VFDIV -0.3 to Vp1 * v 
(pin 24) Vose -0.3 to +5 v 
(pins 1 to 4 and 25 to 28) VoACX -0.3 to Vp1* v 

Total power dissipation Ptot max. 1000 mW 

Storage temperature range Tstg -55 to +125 oc 

Operating ambient temperature range Tamb -20 to +70 oc 

* Pin voltage may exceed supply voltage if current is limited to 10 mA. 
** Pin voltage must not exceed 18 V but may exceed Vp2 if current is limited to 200 mA. 
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CHARACTERISTICS 

Tamb = 2S 0 c; Vp1, Vp2. Vp3 at typical voltages, unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply voltages Vp1 10.5 12 13.5 v 
Vp2 4.7 13 16 v 
Vp3 30 32 35 v 

Supply currents (no outputs loaded) lp1 20 32 50 mA 

IP2 0 - 0.1 mA 

lp3 0.2 0.6 2 mA 

Additional supply currents (A) IP2A -2 - IOHP1X mA 

(note 1) lp3A 0.2 - 2 mA 

Total power dissipation Ptot - 400 - mW 

Operating ambient temperature Tamb -20 - +70 oc 

12 C bus inputs/outputs 

SDA input (pin 5); 
SCL input (pin 6) 

Input voltage HIGH (note 2) V1H 3 - Vp1-1 v 
Input voltage LOW V1L -0.3 - 1.5 v 
Input current HIGH (note 2) l1H - - 10 µA 

Input current LOW (note 2) l1L - - 10 µA 

SDA output (pin 5, open collec~or) 

Output voltage LOW at loL = 3 mA Vol - - 0.4 v 
Maximum output sink current loL - 5 - mA 8 
Open collector 1/0 ports 

P20,P21,P22,P23 
(pins 7 to 10, open collector) 

Input voltage HIGH V1H 2 - 16 v 
Input voltage LOW V1L -0.3 - 0.8 v 
Input current HIGH l1H - - 25 µA 

Input current LOW -l1L - - 25 µA 

Output voltage LOW at loL = 2 mA Vol - - 0.4 v 
Maximum output sink current loL - 4 - mA 
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parameter symbol min. typ. max. unit 

A.F.C. amplifier 

Inputs AFC+, AFC- (pins 11, 12) 

Transconductance for input voltages 
up to 1 V differential: 

AFCS1 AFCS2 
0 0 goo 100 250 800 nA/V 
0 1 g01 15 25 35 µ.A/V 
1 0 g10 30 50 70 µ.A/V 
1 1 g11 60 100 140 µ.A/V 

Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used ~Mg -20 - +20 % 

Input offset voltage V1off -75 - +75 mV 

Common mode input voltage Vcom 3 - Vp1-2.5 v 
Common mode rejection ratio CMRR - 50 - dB 

Power supply (Vp1) rejection ratio PSRR - 50 - dB 

Input current 11 - - 500 nA 

Tuning voltage amplifier 

Input Tl, output TUN (pins 13, 15) 

Maximum output voltage at 
l1oad = ± 2.5 mA VTUN Vp3-1.6 - Vp3-0.4 v 

Minimum output voltage at 
l1oad = ± 2.5 mA: 

VTMl1 VTMIO 
0 0 VTMOO 300 - 500 mV 
1 0 VTM10 450 - 650 mV 
1 1 VTM11 650 - 900 mV 

Maximum output source current -ITUNH 2.5 - 8 mA 

Maximum output sink current ITUNL - 40 - mA 

Input bias current ITI -5 - +5 nA 

Power supply (Vp3) rejection ratio PSRR - 60 - dB 
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CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Tuning voltage amplifier (continued) 

Minimum charge IT to tuning voltage amplifier 

TUHN1 TUHNO 
0 0 CHoo 0.4 1 1.7 µAµs 
0 1 CH01 4 8 14 µAµs 
1 0 CH10 15 30 48 µAµs 
1 1 CH11 130 250 370 µAµs 

Tolerance of charge (or ~VTuNl 
multiplying factor when 
COi Band/or TUS are used ~CH -20 - +20 % 

Maximum current I into tuning amplifier 

TUHN1 TUHNO 
0 0 ITQQ 1.7 3.5 5.1 µA 
0 1 ITQ1 15 29 41 µA 
1 0 lno 65 110 160 µA 
1 1 IT11 530 875 1220 µA 

Correction·in-band 

Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V ~VCIB -15 - +15 % 

Band-select output ports 

P10, P11, P12, P13 (pins 18 to 21) 

Output voltage HIGH at 
-loH = 50 mA (note 3) VoH Vp2-0.6 - - v 8 

Output voltage LOW at loL = 2 mA Vol - - 0.4 v 
Maximum output source current (note 3) -loH - 130 200 mA 

Maximum output sink current loL - 5 - mA 

FDIV input (pin 23) 

Input voltage (peak-to-peak value) 
(!rise and !fall .;;; 40 ns) VFDIV(p-p 0.1 - 2 v 

Duty cycle - 40 - 60 % 

Maximum input frequency fmax 14.5 - - MHz 

Input impedance Zi - 8 - k.Q 

Input capacitance Ci - 5 - pF 
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parameter symbol min. typ. max. unit 

OSC input (pin 24) 

Crystal resistance iit resonance (4 MHz) Rx - - 150 n 

DAC outputs 0 to 7 
(pins 25 to 28 and 1 to 4) 

Maximum output voltage (no load) 
at Vp1=12 V (note 4) VoH 10 - 11.5 v 

Minimum output voltage (no load) 
at Vp1 = 12 V (note 4) Vol 0.1 - 1 v 

Positive value of smallest step 
(1 least-significant bit) ..:lVo 0 - 350 mV 

Deviation from linearity - - - 0.5 v 

Output impedance at I 1oad = ± 2 mA Zo - - 70 n 
Maximum output source current -loH - - 6 mA 

Maximum output sink current loL - 8 - mA 

Power-down-reset 

Maximum supply voltage Vp1 at which 
power-down-reset is active Vpo 7.5 - 9.5 v 

Vp1 rise-time during power-up 
(up to Vpo) tr 5 - - µs 

Voltage level for valid module address 

Voltage level at P20 (pin 7) for valid module 
address as a function of MA 1, MAO 

MA1 MAO 
0 0 VvAOO -0.3 - 16 v 
0 1 VvA01 -0.3 - 0.8 v 
1 0 VvA10 2.5 - Vp1-2 v 
1 1 VvA11 Vp1-0.3 - Vp1 v 

Notes to the characteristics 

1. For each band-select output which is programmed at logic 1, sourcing a current IQHP1 x, the addi­
tional supply currents (A) shown must be added to IP2 and lp3 respectively. 

2. If Vp1<1 V, the input current is limited to 10 µA at input voltages up to 16 V. 

3. At continuous operation the output current should not exceed 50 mA. When the output is short­
circuited to ground for several seconds the device may be damaged. 

4. Values are proportional to Vp1. 
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12 C BUS TIMING (Fig. 8) 

12 C bus load conditions are as follows: 
4 k.11 pull-up resistor to+ 5 V; 200 pf capacitor to GND. 

All values are referred to VI H = 3 V and VIL= 1.5 V. 

parameter symbol min. typ. 

Bus free before start tsuF 4 -
Start condition set-up time tsu,STA 4 -

Start condition hold time tHD,STA 4 -
SCL, SDA LOW period tLOW 4 -
SCL HIGH period tHIGH 4 -
SCL, SDA rise time tR - -
SCL, SDA fall time tf - -
Data set-up time (write) tsu,DAT 1 -

Data hold time (write) tHD,DAT 1 -
Acknowledge (from CITAC) set-up time tsu,CAC - -

Acknowledge (from CITAC) hold time tHD,CAC 0 -

Stop condition set-up time tsu,sTo 4 -
Data set-up time (read) tsu,RDA - -
Data hold time (read) tHD,RDA 0 -
Acknowledge (from master) set-up time tsu,MAC 1 -

Acknowledge (from master) hold time tHD MAC 2 -

Note 

Timings tsu DAT and tHD DAT deviate from the 12 C bus specification. 
After reset h~s been activated, transmission may only be started after a 50 µs delay. 

SDA 
(write) 

SCL 

SDA 
I read) 

'A' from CITAC 

-----1su, STA 'HD, STA 'LOW 

1su, DAT 

1su, ADA 

Fig. 8 12 C bus timing SAB3035. 
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GENERAL DESCRIPTION 

The SAB3036 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. 
It also controls 4 general purpose 1/0 ports and 4 high-current outputs for tuner band selection. 

The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via 
a two-wire, bidirectional 12C bus. 

Features 

• Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

• Frequency measurement with resolution of 50 kHz 

• Selectable prescaler divisor of 64 or 256 

• 32 V tuning voltage amplifier 

• 4 high-current outputs for direct band selection 

• Four general purpose input/output ( 1/0) ports 

• Tuning with control of speed and direction 

• Tuning with or without a.f.c. 

• Single-pin, 4 MHz on-chip oscillator 

• 12C bus slave transceiver 

QUICK REFERENCE DATA 

Supply voltages 
(pin 5) 

(pin 14) 

(pin 9) 

Supply currents (no outputs loaded) 
(pin 5) 
(pin 14) 

(pin 9) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102HE). 
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Vp1 typ. 12 v 
Vp2 typ. 13 v 
Vp3 typ. 32 v 

lp1 typ. 23 mA 

lp2 typ. 0.1 mA 

lp3 typ. 0.6 mA 

Ptot typ. 300 mW 

Tamb -20 to+ 70 oc 
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n ,----1 PRESCALER 

Vp1 = Vp2 Vp3 GND FDIV 

L £11 
osc 14 19 16 1• 

Evp, 1 _I::-.- Vp3 

[ffi] POWER-DOWN REFERENCE 13 
DETECTOR OSCILLATOR 0IJ 12 

I 
PORT 1 

SAB3036 CONTROL TUNER 
WRITE CIRCUIT 

SDA f-+--8 [DI] 
12c 11 

17 
SCL BUS 

READ 0II 
18 ~.-.-.1 10 

I ri\iwi\il '-- ITJ 
TIME L ___ .J 

REFERENCE lFDIVMj 
GATE 

~ 
15-BIT 

2-BIT I---+- FREQUENCY BUFFER .-- COUNTER 
~ ADC 151 

r 15-BIT 

P20 rpT201 f---i 
1 L.: __ '..J FREQUENCY COUNTER 

P21 Cp"ff1, 
2 

t...: __ J 

P22 ~F'.I[~ :_p~m 12 v 3{ 
3 'Fciv' 'FLCici<' '"Fu' L--.-J ~--:..:.I L--....J 

P23 [!'l2JJ :_p:m TUNING CONTROL Cl RCUIT 
4 I TDIR l lAFCTl PORT 2 

CONTROL CIRCUIT I TUW l lAFCRl lvTM1 I 

DIVISOR 3-BIT 
SELECTOR DAC 

Vp3 
8 

I + 
ITUHN I 

TUN 

IT 8 
12-BIT T CHARGE 

TUNING COUNTER 
PUMP TUNING 

VOLTAGE 
CINTJ 

AFC+ 
Vp~ AMPLIFIER 

,.:~>\rn~ 
Tl 

AFC- 6 
AFCP 

AFCS 

I COIB I 
CORRECTION-

IN-BAND 
CIRCUIT 

7Z90165 

Fig. 1 Block diagram. 
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PINNING 

SCL 1 P20 general purpose 
2 P21 input/output ports 

SDA 

3 P22/AFC+ \ general purpose input/output 
osc 4 P23/AFC- I ports and a.f.c. inputs 

FDIV 5 Vp1 + 12 V supply voltage 

SAB3036 Vp2 6 Tl tuning voltage amplifier 
inverting input 

P13 
7 GND ground 

P12 8 TUN tuning voltage amplifier output 

9 Vp3 + 32 V supply for tuning 

P10 
voltage amplifier 

10 P10 l 7290163 11 P11 high-current band-selection 

Fig. 2 Pinning diagram. 12 P12 

r 
output ports 

13 P13 

14 Vp2 positive supply for high-current 
band-selection output circuits 

15 FDIV input from prescaler 

16 osc crystal oscillator input 

17 SDA serial data line \ 12C b 
18 SCL serial clock line / us 
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FUNCTIONAL DESCRIPTION 

The SAB3036 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an 12 C bus. 

Tuning 

This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program­
mable tuning window (TUW). 

The system cycles over a period of 6.4 ms (or 2.56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation.Min steps of 50 kHz. For loop gain control, the relationship .6.IT/.6.f is 
programmable. In the normal mode (when control bits TUHNO and TUHN 1 are both at logic 1, see 
OPERATION), the minimum charge IT at Af = 50 kHz equals 250 µA µs (typical). 

By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at Af = 50 kHz equals 
26 x 23 x 250 µA µs (typical). 

The maximum tuning current I is 875 µA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current I is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 

An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (F L/1 N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic 0. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TOI RD (tuning direction down) and 
TOI RU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TOI RD which causes the 
system to tune down. In normal operation TDIRD must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDIRU. 

Setting both TOI RD and TOI RU.causes the digital tuning to be interrupted and a.f.c. to be switched on. 

The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 

For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp2. 

For additional digital control, four open collector 1/0 ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals and are connected 
with the AFC+ and AFC- inputs respectively. The a.f.c. amplifier must be switched off when P22 
and/or P23 are used. When a.f.c. is used, P22 and P23 must be programmed HIGH (high impedance 
state). With the aid of port P20, up to three independent module addresses can be programmed. 

Reset 

CITAC goes into the power-down-reset mode when Vp1 is below 8.5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 

OPERATION 

Write 

CITAC is controlled via a bidirectional two-wire 12 C bus; the 12 C bus is specified in our data handbook 
"I Cs for digital systems in radio, audio, and video equipment". For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 

MODULE ADDRESS 

msb l _msb 

R/W 

INSTRUCTION BYTE 

Fig. 3 12 C bus write format. 

DATA/CONTROL BYTE 

msb 

7290129 

The module address bits MA 1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 

Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp1 >8.5 V (typical)). 
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OPERATION (continued) 

Table 1 Valid module addresses 

MA1 MAO P20 

0 0 don't care 
0 1 GND 
1 0 Y:.Vp1 
1 1 Vp1 

Tuning 

Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

17 15 15 14 13 12 1, lo 

freq. F14 F13 F12 F11 F10 F9 FB F7 F6 F5 F4 F3 F2 F1 FO 
-I 

TCDO 0 0 0 0 AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO 
-I 

TCD1 0 0 0 0 0 VTMl1 COIB1 COIBO AFCS1 AFCSO TUS2 TUS1 TUSO 

-I 
TCD2 0 0 0 0 0 0 0 AFCP FDIVM TDIRD TDIRU 

Fig. 4 Tuning control format. 
7Z9012f' 

Frequency 

Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 

Tuning hold 

The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at M = 50 kHz) into the tuning amplifier. 

Table 2 Tuning current control 

TUHN1 TUHNO typ. lmax typ. IT min typ. ~VTUNmin at C1NT = 1 µ.F 
µ.A µ.A µ.s 

0 0 3.5* 1* 
0 1 29 8 
1 0 110 30 
1 1 875 250 

* Values after reset. 

During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 

µ.V 

1* 
8 

30 
250 

The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 
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Tuning sensitivity 

To be able to program an optimum loop gain, the charge IT can be programmed by changing Tusing 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHN1=logic1. 

Table 3 Minimum charge IT as a function of TUS 

t.f = 50 kHz; TUHNO =logic 1; TUHN1=logic1 

TUS2 TUS1 TUSO typ. IT min 
mAµs 

0 0 0 0.25* 
0 0 1 0.5 
0 1 0 1 
0 1 1 2 
1 0 0 4 
1 0 1 8 
1 1 0 16 

* Values after reset. 

Correction-in-band 

typ. t.VTUNmin at C1NT = 1 µF 
mV 

0.25* 
0.5 
1 
2 
4 
8 

16 

This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUN to give charge multiplying 
factors as shown in Table 4. 

Table 4 Programming correction-in-band 

COIB1 COIBO 
charge multiplying factors at typical values of VTUN at: 

<12V 12 to 18 V 18 to 24 V >24V 

0 0 1 * 1 * 1 * 1* 
0 1 1 1 1 2 
1 0 1 1 2 4 
1 1 1 2 4 8 

* Values after reset. 

The transconduci:ance multiplying factor of the a.f.c. amplifier is similar when COi B is used, except for 
the lowest transconductance which is not affected. 

Tuning window 

Digital tuning is interrupted and FLOCK is set to logic 1 (in-lock) when the absolute deviation IAfl 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If IAfl is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 
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OPERATION (continued) 

Table 5 Tuning window programming 

TUW1 TUWO It.fl (kHz) tuning window (kHz) 

0 0 O* O* 
0 1 50 100 
1 0 150 300 

* Values after reset. 

A.F.C. 

When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as It.fl is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 

Table 6 A.F.C. hold range programming 

AFCR1 AFC RO It.fl (kHz) a.f.c. hold range (kHz) 

0 0 0* O* 
0 1 350 700 
1 0 750 1500 

* Values after reset. 

Transconductance 

The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 

Table 7 Transconductance programming 

AFCSl AFCSO typ. transconductance (µA/V) 

0 0 0.25* 
0 1 25 
1 0 50 
1 1 100 

* Value after reset. 

A. F. C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic 0 (value after reset). At AFCP =logic 1, 
VTLJN rises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMI 1 and VTMIO, are at logic 0 after reset. Further details 
are given in CHARACTERISTICS. 
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Frequency measuring window 

The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 

Table 8 Frequency measuring window programming 

FDIVM prescaler division factor cycle period (ms) measuring window (ms) 

0 256 6.4* 5.12* 
1 64 2.56 1.28 

* Values after reset. 

Tuning direction 

Both tuning direction bits, TDI RU (up) and TDI RD (down), are at logic 0 after reset. 

Control 

The instruction byte POD (port output data) is shown in Fig. 5, together with the corresponding data/ 
control byte. Control is implemented as follows: 

P13, P12, P11, P10 

P23,P22, P21, P20 

September 1985 

Band select outputs. If a logic 1 is programmed on any of the POD bits DJ to 
Do, the relevant output goes HIGH. All outputs are LOW after reset. 

Open collector 1/0 ports. If a logic 0 is programmed on any of the POD bits 
D1 to D4, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

INSTRUCTION BYTE DATA/CONTROL BYTE 

7Z90164 

Fig. 5 Control programming. 

8-78 



Signetics Linear Products Product Specification 

FLL TV Tuning Circuit SAB3036 

OPERATION (continued) 

Read 

Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 

MODULE ADDRESS TUNING/ RESET INFORMATION PORT INFORMATION 

Is Ii'.< 0: 0: O:Mt:MoA:i I A I : : : : : '.a '.a I A I : : : : : : : I A IP J 

7290130 R/W j l l l L F~/~:WN [ l l l L P~l P~Ofrom master 

FL/ON P122 
FL/lN Pl23 

FLOCK P22/0N 
P22/1N 

'--- P23/0N 
~ P23/1N 

'--- from CITAC '-- from master 

Fig. 6 Information byte format. 

Tuning/reset information bits 

FLOCK Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

FL/lN 

FL/ON 

FOV 

RESN 

MWN 

Set to logic 0 (active LOW) when FLOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

As for F L/1 N but is set to logic 0 when FLOCK changes from 1 to 0. 

Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic 0. FOV is not valid when TDI RU and/or TDI RD are set to logic 1. 

Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1.28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 

When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being . .loaded at the same 
time, frequency should be programmed only during the period of MWN = logic 0. 
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Port information bits 

P23/1 N, P22/1 N Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

P23/0N, P22/0N 

P123, Pl22, Pl21, 
P120 

As for P23/1 N and P22/1 N but are set to logic 0 at a HIGH-to- LOW transition. 

Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 

Reset 

The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CIT AC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 

GENERAL CALL ADDRESS HEX06 

7Z90128 

Fig. 7 Reset programming. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage ranges: 

(pin 5) Vp1 -0.3 to+ 18 V 

(pin 14) Vp2 -0.3 to+ 18 V 

(pin 9) Vp3 -0.3 to+ 36 V 

Input/output voltage ranges: 

(pin 17) VsoA -0.3to + 18 V 

(pin 18) VscL -0.3to + 18 V 

(pins 1 and 2) Vp2Q, P21 -0.3 to+ 18 V 

(pins 3 and 4) Vp22. P23• AFC -0.3 to Vp1* V 

(pin 6) VTI -0.3 to Vp1* V 

(pin 8) VTUN -0.3 to Vp3* V 

(pins 10to 13) Vp1x -0.3 to Vp2** V 

(pin 15) VFDIV -0.3 to Vp1* V 

(pin 16) Vose -0.3to+5V 

Total power dissipation Ptot max. 1000 mW 

Storage temperature range Tstg -55 to+ 125 oc 

Operating ambient temperature Tamb -20to + 700C 

* Pin voltage may exceed supply voltage if current is limited to.10 mA. 
** Pin voltage must not exceed 18 V but may exceed Vp2 if current is limited to 200 mA. 
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CHARACTERISTICS 

Tamb = 25 °c; Vp1, Vp2. Vp3 at typical voltages, unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply voltages Vp1 10.5 12 13.5 v 
VP2 4.7 13 16 v 
Vp3 30 32 35 v 

Supply currents (no outputs loaded) lp1 14 23 40 mA 

lp2 0 - 0.1 mA 

lp3 0.2 0.6 2 mA 

Additional supply currents (A) lp2A -2 - loHP1 X mA 

(note 1) lp3A 0.2 - 2 mA 

Total power dissipation Ptot - 300 - mW 

Operating ambient temperature Tamb -20 - +70 oc 

12 C bus inputs/outputs 

SDA input (pin 17); 
SCL input(pin 18) 

Input voltage HIGH (note 2) V1H 3 - Vp1 -1 v 
Input voltage LOW V1L -0.3 - 1.5 v 
Input current HIGH (note 2) l1H - - 10 µA 

Input current LOW (note 2) l1L - - 10 µA 

SDA output (pin 17, open collector) 

Output voltage LOW at loL = 3 mA Vol - - 0.4 v 
Maximum output sink current loL - 5 - mA 8 
Open collector 1/0 ports 

P20,P21,P22, P23 
(pins 1 to 4, open collector) 

Input voltage HIGH (P20, P21) V1H 2 - 16 v 
Input voltage HIGH (P22, P23) AFC switched off V1H 2 - Vp1-2 v 
Input voltage LOW V1L -0.3 - 0.8 v 
Input current HIGH l1H - - 25 µA 

Input current LOW -l1L - - 25 µA 

Output voltage LOW at loL = 2 mA Vol - - 0.4 v 
Maximum output sink current loL - 4 - mA 
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parameter symbol min. typ. max. unit 

A.F.C. amplifier 

Inputs AFC+, AFC- (pins 3, 4) 

Transconductance for input voltages 
up to 1 V differential: 

AFCS1 AFCS2 
0 0 900 100 250 800 nA/V 
0 1 901 15 25 35 µA/V 
1 0 g10 30 50 70 µA/V 
1 1 911 60 100 140 µA/V 

Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used ~Mg -20 - +20 % 

Input offset voltage V1off -75 - +75 mV 

Common mode input voltage Vcom 3 - Vp1-2.5 v 
Common mode rejection ratio CMRR - 50 - dB 

Power supply (Vp1) rejection ratio PSRR - 50 - dB 

Input current (P22 and P23 programmed HIGH) 11 - - 500 nA 

Tuning voltage amplifier 

Input Tl, output TUN (pins 6, 8) 

Maximum output voltage at 
l1oad = ±2.5 mA VTUN Vp3-1.6 - Vp3-0.4 v 

Minimum output voltage at 
l1oad = ± 2.5 mA: 

VTM11 VTMIO 
0 0 VT MOO 300 - 500 mV 
1 0 VTM10 450 - 650 mV 
1 1 VTM11 650 - 900 mV 

Maximum output source current -ITUNH 2.5 - 8 mA 

Maximum output sink current ITUNL - 40 - mA 

Input bias current ITI -5 - +5 nA 

Power supply (Vp3) rejection ratio PSRR - 60 - dB 
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CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Tuning voltage amplifier (continued) 

Minimum charge IT to tuning voltage amplifier 

TUHN1 TUHNO 
0 0 CHoo 0.4 1 1.7 µAµs 

0 1 CH01 4 8 14 µAµs 

1 0 CH10 15 30 48 µAµs 
1 1 CH11 130 250 370 µAµs 

Tolerance of charge (or ~VTuN) 
multiplying factor when 
COIB and/or TUS are used ~CH -20 - +20 % 

Maximum current I into tuning amplifier 

TUHN1 TUHNO 
0 0 1Too 1.7 3.5 5.1 µA 
0 1 IT01 15 29 41 µA 
1 0 1T10 65 110 160 µA 
1 1 1T11 530 875 1220 µA 

Correction-in-band 

Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V ~VCIB -15 - +15 % 

Band-select output ports 

P10, Pl 1, P12, P13 (pins 10 to 13) 

Output voltage HIGH at 
-loH = 50 mA (note 3) VoH Vp2-0.6 - - v 8 

Output voltage LOW at loL = 2 mA Vol - - 0.4 v 
Maximum output source current (note 3) -loH - 130 200 mA 

Maximum output sink current loL - 5 - mA 

FDIV input (pin 15) 

Input voltage (peak-to-peak value) 
(trise and ttall ,;;;; 40 ns) VFDIV(p-pl 0.1 - 2 v 

Duty cycle - 40 - 60 % 

Maximum input frequency fmax 16 - - MHz 

Input impedance Z· I - 8 - kn 

Input capacitance Ci - 5 - pF 
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parameter symbol min. typ. max. unit 

OSC input (pin 24) 

Crystal resistance at resonance (4 MHz) Rx - - 150 n 

Power-down-reset 

Maximum supply voltage Vp1 at which 
power-down-reset is active Vpo 7.5 - 9.5 v 

Vp1 rise-time during power-up 
(up to Vpo) tr 5 - - µs 

Voltage level for valid module address 

Voltage level at P20 (pin 1) for valid module 
address as a function of MA 1, MAO 

MA1 MAO 
0 0 VvAOO -0.3 - 16 v 
0 1 VvA01 -0.3 - 0.8 v 
1 0 VvA10 2.5 - Vp1-2 v 
1 1 VvA11 Vp1-0.3 - Vp1 v 

Notes to the characteristics 

1. For each band-select output which is programmed at logic 1, sourcing a current IQHP1 x, the addi­
tional supply currents (A) shown must be added to I P2 and I p3 respectively. 

2. If Vp1<1 V, the input current is limited to 10 µA at input voltages up to 16 V. 

3. At continuous operation the output current should not exceed 50 mA. When the output is short­
circuited to ground for several seconds the device may be damaged. 

4. Values are proportional to Vp1. 
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12 C BUS TIMING (Fig. 8) 
12 C bus load conditions are as follows: 
4 kn pull-up resistor to+ 5 V; 200 pF capacitor to GND. 

All values are referred to V1H = 3 V and V1L = 1.5 V. 

parameter symbol min. typ. 

Bus free before start teuF 4 -

Start condition set-up time tsu,STA 4 -

Start condition hold time tHD,STA 4 -

SCL, SDA LOW period tLOW 4 -
SCL HIGH period tHIGH 4 -

SCL, SDA rise time tR - -

SCL, SDA fall time tF - -
Data set-up time (write) tsu,DAT 1 -

Data hold time (write) tHD,DAT 1 -
Acknowledge (from CITAC) set-up time tsu,CAC - -
Acknowledge (from CITAC) hold time tHD,CAC 0 -

Stop condition set-up time tsu,STO 4 -
Data set-up time (read) tsu,RDA - -

Data hold time (read) tHD,RDA 0 -
Acknowledge (from master) set-up time tsu,MAC 1 -

Acknowledge (from master) hold time tHD MAC 2 -

Note 

Timings tsu,DAT and tHD,DAT deviate from the 12 C bus specification . 
After reset has been activated, transmission may only be started after a 50 µs delay. 

SDA 
(write) 

SCL 

SDA 
(read) 

1su,'RDA 

Fig. 8 12 C bus timing SAB3036. 
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max. unit 

- µs 

- µs 

- µs 

- µs 

- µs 

1 µs 

0.3 µs 

- µs 

- µs 

2 µs 

- µs 

- µs 

2 µs 

- µs 

- µs 

- µs 

8 

--1su. STD 

7Z90131 
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GENERAL DESCRIPTION 

The SAB3037 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 4 analogue functions, 4 general purpose 1/0 ports and 4 high-current outputs for 
tuner band selection. 

The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional 12 C bus. 

Features 

• Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

• Frequency measurement with resolution of 50 kHz 

• Selectable prescaler divisor of 64 or 256 

• 32 V tuning voltage amplifier 

• 4 high-current outputs for direct band selection 

• 4 static digital to analogue convertors (DACs) for control of analogue functions 

• Four general purpose input/output ( 1/0) ports 

• Tuning with control of speed and direction 

• Tuning with or without a.f.c. 

• Single-pin, 4 MHz on-chip oscillator 

• 12 C bus slave transceiver 

QUICK REFERENCE DATA 

Supply voltages 
(pin 13) 

(pin 19) 

(pin 14) 

Supply currents (no outputs loaded} 
(pin 13) 

(pin 19) 

(pin 14) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

24-lead DI L; plastic (SOT-101 A). 

September 1985 
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lp3 
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8-86 

typ. 12 v 
typ. 13 v 
typ. 32 v 

typ. 30 mA 

typ. 0.1 mA 

typ. 0.6 mA 

typ. 380 mW 

-20 to +70 oc 



Slgnetlcs Linear Products 

FLL TV Tuning Circuit 

n 
Vp1 GND FDIV osc 

SDA 
2 

SCL 

12c 

BUS 

11 

"::" 

READ 

:.--.£~] 

21 

REFERENCE 

OSCILLATOR 

2-BIT 

ADC 

TIME n1~RJ 
REFERENCE jFDIVMj 

COUNTER ~ 

[PI~J 

--;:-t+--+ti.f:W [P!tiJ 
[~~2] ~l~~ 

--,;t+--++~~ rr~J i!':m 

AFC+ 

8 
AFC-

PORT2 

CONTROL CIRCUIT 

DIVISOR 
SELECTOR 

12 

20 

PRESCALER 

Vp2 Vp3 

19 

Vp3 

[ill] 

!!ill 
SAB3037 PORT 1 

CONTROL 
CIRCUIT 

(fil] 

mil 

rn 
15-BIT 

FREQUENCY BUFFER 

15 

15-BIT 

FREQUENCY COUNTER 

3-BIT 
DAC 

[ff>:y] [f~<iE!S [EQJ 
TUNING CONTROL CIRCUIT 

jTDIR ! iAFCTI 

(TI!fil [illID IYf!ID 

Fig. 1 Block diagram. 
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PINNING 

1 DAC3 output of static DAC 

2 SDA serial data line \ 12 c bus 
DACO 3 SCL serial clock line J 

4 P20 
osc 

5 P21 general purpose 
FDIV 

6 P22 input/output ports 
Vp2 7 P23 

SAB3037 
P13 8 AFC+} 

9 AFC-
a.f.c. inputs 

P12 

P11 
10 Tl tuning voltage amplifier inverting input 

11 GND ground 
Tl P10 

12 TUN tuning voltage amplifier output 
Vp3 

13 Vp1 + 12 V supply voltage 
TUN Vp1 14 Vp3 + 32 V supply for tuning voltage 

7ZB6665.1 
amplifier 

15 P10 

Fig. 2 Pinning diagram. 16 P11 

17 P12 
high-current band-selection output ports 

18 P13 

19 Vp2 positive supply for high-current 
band-selection output circuits 

20 FDIV input from prescaler 

21 osc crystal oscillator input 

22 DACO l 23 DAC1 outputs of static DACs 

24 DAC2 
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FUNCTIONAL DESCRIPTION 

The SAB3037 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an 12 C bus. 

Tuning 

This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program­
mable tuning window (TUW). 

The system cycles over a period of 6.4 ms (or 2.56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation .:lf in steps of 50 kHz. For loop gain control, the relationship .:llT/.:lf is 
programmable. In the normal mode (when control bits TUHNO and TUHN 1 are both at logic 1, see 
OPERATION), the minimum charge IT at .:lf = 50 kHz equals 250 µA µs (typical). 

By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at .:lf = 50 kHz equals 
26 x 23 x 250 µA µs (typical). 

The maximum tuning current I is 875 µA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current I is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 

An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (FL/1 N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic 0. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TDIRD (tuning direction down) and 
TOI RU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TOI RD which causes the 
system to tune down. In normal operation TOI RD must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TOI RU. 

Setting both TOI RD and TOI RU causes the digital tuning to be interrupted and a.f.c. to be switched on. 

The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 

For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input VP2. 

For additional digital control, four open collector 1/0 ports P20 to P23 are provided. Ports P22 and 
P23 are capable'of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 

Four 6-bit digital-to-analogue converters DACO to DAC3 are provided for analogue control. 

Reset 

CITAC goes into the power-down-reset mode when Vp1 is below 8.5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 

OPERATION 

Write 

CITAC is controlled via a bidirectional two-wire 12 C bus; the 12 C bus is specified in our data handbook 
"ICs for digital systems in radio, audio, and video equipment". For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 

MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE 

Fig. 3 12 C bus write format. 

The module address bits MA 1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 

Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp1 > 8.5 V (typical)). 

Table 1 Valid module addresses 

MA1 MAO P20 

0 0 don't care 
0 1 GND 
1 0 Y.Vp1 
1 1 Vp1 
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OPERATION (continued) 

Tuning 

Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

17 15 15 14 13 12 11 lo D7 D5 Ds D4 D3 D2 

freq. F14 F13 F12 Fl 1 FlO F9 FB F7 F6 F5 F4 F3 F2 

-

Product Specification 

SAB3037 

Dl Do 

Fl FO 

TCDO 0 0 0 0 0 AFCT VTMI 0 AFCR 1 AFCR 0 TUHN 1 TUHN 0 TUWl TUWO 

-
TCDl 0 0 0 0 0 VTMll COi Bl COIBO AFCSl AFCSO TUS2 TUSl TUSO 

-
TCD2 0 0 0 0 0 0 0 AFCP FDIVM TDIRD TDIRU 

7Z90125 

Fig. 4 Tuning control format. 

Frequency 

Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 

Tuning hold 

The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Af = 50 kHz) into the tuning amplifier. 

Table 2 Tuning current control 

TUHN1 TUHNO typ. lmax typ. IT min typ. AVTUNmin at CINT = 1 µF 
µA µAµs 

0 0 3.5* 1* 
0 1 29 8 
1 0 110 30 
1 1 875 250 

* Values after reset. 

During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 

µV 

1 * 
8 

30 
250 

The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 

Tuning sensitivity 

To be able to program an optimum loop gain, the charge IT can be programmed by changing Tusing 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHN 1 =logic 1. 
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Table 3 Minimum charge IT as a function of TUS 

Af = 50 kHz; TUHNO =logic 1; TUHN1 =logic 1 

TUS2 TUS1 TUSO typ. IT min 
mAµs 

0 0 0 0.25* 
0 0 1 0.5 
0 1 0 1 
0 1 1 2 
1 0 0 4 
1 0 1 8 
1 1 0 16 

* Values after reset. 

Correction-in-band 

Product Specification 

SAB3037 

typ. AVTUNmin at C1NT = 1 µF 
mV 

0.25* 
0.5 
1 
2 
4 
8 

16 

This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUN to give charge multiplying 
factors as shown in Tab!e 4. 

Table 4 Programming correction-in-band 

COIB1 COIBO 
charge multiplying factors at typical values of VTUN at: 

< 12V 12to18V 18 to 24 V >24V 

0 0 1* 1* 1* 1* 
0 1 1 1 1 2 
1 0 1 1 2 4 
1 1 1 2 4 8 

* Values after reset. 

The transconductance multiplying factor of the a.f.c. amplifier is similar when COIB is used, except for 
the lowest transconductance which is not affected. 

Tuning window 

Digital tuning is interrupted and FLOCK is set to logic 1 (in-lock) when the absolute deviation IAfl 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If IAfl is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 

Table 5 Tuning window programming 

TUW1 TUWO IAfl (kHz) tuning window (kHz) 

0 0 O* 0* 
0 1 50 100 
1 0 150 300 

* Values after reset. 
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OPERATION (continued) 

A.F.C. 

Product Specification 

SAB3037 

When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as ID.fl is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 

Table 6 A.F.C. hold range programming 

AFCR1 AFC RO ID.fl (kHz) a.f.c. hold range (kHz) 

0 0 o• o· 
0 1 350 700 
1 0 750 1500 

• Values after reset. 

Transconductance 

The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 

Table 7 Transconductance programming 

AFCS1 AFCSO typ. transconductance (µA/V) 

0 0 0.25* 
0 1 25 
1 0 50 
1 1 100 

* Value after reset. 

A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic O (value after reset). At AFCP =logic 1, 
VTUN rises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMI 1 and VTMIO, are at logic 0 aher reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 

The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 

Table 8 Frequency measuring window programming 

FDIVM prescaler division factor cycle period (ms) measuring window (ms) 

0 256 6.4* 5.12* 
1 64 2.56 1.28 

* Values after reset. 

Tuning direction 

Both tuning direction bits, TOI RU (up) and TOI RD (down), are at logic 0 after reset. 
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Control 

The instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) are 
shown in Fig. 5, together with the corresponding data/control bytes. Control is implemented as follows: 

P13, P12, P11, P10 Band select outputs_ If a logic 1 is programmed on any of the POD bits D3 to 
Do, the relevant output goes HIGH. All outputs are LOW after reset. 

P23,P22,P21,P20 

DACX 

17 15 15 

POD~ 0 

: 
0 

: 
1 

OAC; 0 0 

Read 

Open collector 1/0 ports. If a logic 0 is programmed on any of the POD bits 
D1 to D4, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

Digital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the DACX bits X1, XO. The 
output voltage of the selected DAC is set by progra'mming the bits AX5 to 
AXO; the lowest output voltage is programmed with all data AX5 to AXO at 
logic 0, or after reset has been activated. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

14 13 12 1, lo D7 D5 D5 D4 D3 D2 o, Do 

: 

0 

: 

1 

: 

0 

: 

0 

: 
0 

I 
P23 P22 P21 P20 P13 P12 P11 P10 

0 0 X1 XO AX5 AX4 AX3 AX2 AX1 AXO 

7290126 

Fig. 5 Control programming. 

Information is read from CIT AC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CIT AC) stops transmitting. The format of the information bytes is shown in Fig. 6. 

MODULE ADDRESS TUNING/ RESET INFORMATION PORT INFORMATION 

Is I < i'. a'. 0: o'.Mt:MaA> I A I : : : : : '.a '.a I A I : : : : : : : I A IP I 
7Z90130 
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R/W J l l l l 1V R~:WN l l l l L p~1 P~Ofrom master 

Fl/ON Pl22 
FL/1N Pl23 

FLOCK P22/0N 
P22/1N 

~from CITAC 

~ P23/0N 
'-- P23/1N 

1..- from master 

Fig. 6 Information byte format. 
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OPERATION (continued) 

Tuning/reset information bits 

FLOCK 

FL/1 N 

FL/ON 

FOV 

RESN 

MWN 

Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

Set to logic 0 (active LOW) when FLOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

As for F L/1 N but is set to logic 0 when FLOCK changes from 1 to 0. 

Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic 0. FOV is not valid when TDI RU and/or TDI RD are set to logic 1. 

Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1.28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 

When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic 0. 

Port information bits 

P23/1 N, P22/1 N 

P23/0N, P22/0N 

Pl23, Pl22, Pl21, 
Pl20 

Reset 

Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

As for P23/1 N and P22/1 N but are set to logic 0 at a HIGH-to- LOW transition. 

Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 

The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 

GENERAL CALL ADDRESS HEX06 

JsJa:a:a:a:a:a:a:o/A/o:a:a:a:a: 1: 1 :a/A/P/ 
7Z90128 

Fig. 7 Reset programming. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage ranges: 
(pin 13) Vp1 -0.3 to + 18 v 

(pin 19) Vp2 -0.3 to + 18 v 

(pin 14) Vp3 -0.3 to +36 v 

Input/output voltage ranges: 
(pin 2) VsoA -0.3 to + 18 v 

(pin 3) VscL -0.3 to + 18 v 

(pins 4 to 7) Vp2x -0.3 to + 18 v 

(pins 8 and 9) VAFC+,AFC- -0.3 to Vp1 * v 

(pin 10) VTI -0.3 to Vp1 * v 

(pin 12) VTUN -0.3 to Vp3* v 

(pins 15 to 18) Vp1x -0.3 to Vp2** V 

(pin 20) Vrn1v -0.3 to Vp1 * v 

(pin 21) Vose -0.3 to +5 v 

(pins 1 and 22 to 24) VoACX -0.3 to Vp1 * v 

Total power dissipation Ptot max. 1000 mW 

Storage temperature range Tstg -55 to +125 oc 

Operating ambient temperature range Tamb -20 to +70 oc 

September 1985 8-96 



Signetics Linear Products Product Specification 

FLL TV Tuning Circuit SAB3037 

CHARACTERISTICS 

Tamb = 25 oc; Vp1, VP2, Vp3 at typical voltages, unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply voltages Vp1 10.5 12 13.5 v 
Vp2 4.7 13 16 v 
Vp3 30 32 35 v 

Supply currents (no outputs loaded) lp1 18 30 45 mA 

lp2 0 - 0.1 mA 

lp3 0.2 0.6 2 mA 

Additional supply currents (A) lp2A -2 - IOHP1X mA 

(note 1) lp3A 0.2 - 2 mA 

Total power dissipation Ptot - 380 - mW 

Operating ambient temperature Tamb -20 - +70 oc 

12 C bus inputs/outputs 

SPA input (pin 2); 
SCL input (pin 3) 

Input voltage HIGH (note 2) V1H 3 - Vp1-1 v 
Input voltage LOW V1L -0.3 - 1.5 v 
Input current HIGH (note 2) l1H - - 10 µA 

Input current LOW (note 2) l1L - - 10 µA 

SDA output (pin 2, open collector) 

Output voltage LOW at loL = 3 mA Vol - - 0.4 v 8 
Maximum output sink current loL - 5 - mA 

Open collector 1/0 ports 

P20,P21,P22,P23 
(pins 4 to 7, open collector) 

Input voltage HIGH V1H 2 - 16 v 
Input voltage LOW V1L -0.3 - 0.8 v 
Input current HIGH l1H - - 25 µA 

Input current LOW -l1L - - 25 µA 

Output voltage LOW at loL = 2 mA Vol - - 0.4 v 
Maximum output sink current loL - 4 - mA 
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parameter symbol min. typ. max. unit 

A.F.C. amplifier 

Inputs AFC+, AFC- (pins 8, 9) 

Transconductance for input voltages 
up to 1 V differential: 

AFCS1 AFCS2 
0 0 goo 100 250 800 nA/V 
0 1 go1 15 25 35 µA/V 
1 0 g10 30 50 70 µA/V 
1 1 g11 60 100 140 µA/V 

Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used LlMg -20 - +20 % 

Input offset voltage V1off -75 - +75 mV 

Common mode input voltage Vcom 3 - Vp1-2.5 v 
Common mode rejection ratio CMRR - 50 - dB 

Power supply (Vp1) rejection ratio PSRR - 50 - dB 

Input current 11 - - 500 nA 

Tuning voltage amplifier 

Input Tl, output TUN (pins 10, 12) 

Maximum output voltage at 
l1oad = ± 2.5 mA VTUN Vp3-1.6 - Vp3-0.4 v 

Minimum output voltage at 
l1oad = ± 2.5 mA: 

VTMl1 VTMIO 
0 0 VT MOO 300 - 500 mV 
1 0 VTM10 450 - 650 mV 
1 1 VTM11 650 - 900 mV 

Maximum output source current -ITUNH 2.5 - 8 mA 

Maximum output sink current ITUNL - 40 - mA 

Input bias current ITI -5 - +5 nA 

Power supply (Vp3) rejection ratio PSRR - 60 - dB 
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Signetlcs Linear Products Product Specification 

FLL TV Tuning Circuit SAB3037 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Tuning voltage amplifier (continued) 

Minimum charge IT to tuning voltage amplifier 

TUHN1 TUHNO 
0 0 CHoo 0.4 1 1.7 µAµs 
0 1 CH01 4 8 14 µAµs 
1 0 CH10 15 30 48 µAµs 
1 1 CH11 130 250 370 µAµs 

Tolerance of charge (or AVTuNI 
multiplying factor when 
CO I B and/or TUS are used ACH -20 - +20 % 

Maximum current I into tuning amplifier 

TUHN1 TUHNO 
0 0 ITQQ 1.7 3.5 5.1 µA 
0 1 ITQ1 15 29 41 µA 
1 0 'no 65 110 160 µA 
1 1 IT11 530 875 1220 µA 

Correction-in-band 

Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V AVc1B -15 - +15 % 

Band-select output ports 

Pl 0, Pl 1, Pl 2, Pl 3 (pins 15 to 18) 

Output voltage HIGH at 
-loH = 50 mA (note 3) VoH VP2-0.6 - - v 8 

Output voltage LOW at loL = 2 mA Vol - - 0.4 v 
Maximum output source current (note 3) -loH - 130 200 mA 

Maximum output sink current loL - 5 - mA 

FDIV input (pin 20) 

Input voltage (peak-to-peak value) 
(trise and tta11 .;;;; 40 ns) VFDIV(p-p) 0.1 - 2 v 

Duty cycle - 40 - 60 % 

Maximum input frequency fmax 14.5 - - MHz 

Input impedance zi - 8 - kn 

Input capacitance C· I - 5 - pF 
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Signetlcs Linear Products Product Speclflcatiop 

FLL TV Tuning Circuit SAB3037 

parameter symbol min. typ. max. unit 

OSC input (pin 21) 

Crystal resistance at resonance (4 MHz) Rx - - 150 n 

OAC outputs 0 to 3 
(pins 22 to 24 and pin 1) 

Maximum output voltage (no load) 
at Vp1 = 12 V (note 4) VoH 10 - 11.5 v 

Minimum output voltage (no load) 
at Vp1=12 V (note 4) Vol 0.1 - 1 v 

Positive value of smallest step 
( 1 least-significant bit) ~Vo 0 - 350 mV 

Deviation from linearity - - - 0.5 v 

Output impedance at I 1oad = ± 2 mA Zo - - 70 n 
Maximum output source current -loH - - 6 mA 

Maximum output sink current loL - 8 - mA 

Power-down-reset 

Maximum supply voltage Vp1 at which 
power-down-reset is active Vpo 7.5 - 9.5 v 

Vp1 rise-time during power-up 
(up to Vpol tr 5 - - µs 

Voltage level for valid module address 

Voltage level at P20 (pin 4) for valid module 
address as a function of MA 1, MAO 

MA1 MAO 
0 0 VvAOO -0.3 - 16 v 
0 1 VvA01 -0.3 - 0.8 v 
1 0 VvA10 2.5 - Vp1-2 v 
1 1 VvA11 Vp1-0.3 - Vp1 v 

Notes to the characteristics 

1. For each band-select output which is programmed at logic 1, sourcing a current loHP1 x, the addi­
tional supply currents (A) shown must be added to lp2 and lp3 respectively. 

2. If Vp1<1 V, the input current is limited to 10 µA at input voltages up to 16 V. 

3. At continuous operation the output current should not exceed 50 mA. When the output is short­
circuited to ground for several seconds the device may be damaged. 

4. Values are proportional to Vp1. 
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FLL TV Tuning Circuit 

12 C BUS TIMING (Fig. 8) 

12 C bus load conditions are as follows: 
4 kn pull-up resistor to+ 5 V; 200 pF capacitor to GND. 

All values are referred to V1H = 3 V and V1L = 1.5 V. 

parameter symbol min. typ. 

Bus free before start teuF 4 -

Start condition set-up time tsu,STA 4 -
Start condition hold time tHD,STA 4 -

SCL, SDA LOW period tLQW 4 -

SCL HIGH period tHIGH 4 -

SCL, SDA rise time tR - -

SCL, SDA fall time tF - -
Data set-up time (write) tsu,DAT 1 -

Data hold time (write) tHD,DAT 1 -
Acknowledge (from CITAC) set-up time tsu,CAC - -
Acknowledge (from CITAC) hold time tHD,CAC 0 -

Stop condition set-up time tsu.srn 4 -
Data set-up time (read) tsu,RDA - -
Data hold time (read) tHD,RDA 0 -
Acknowledge (from master) set-up time tsu,MAC 1 -
Acknowledge (from master) hold time tHD MAC 2 -

Note 

Timings tsu DAT and tHD DAT deviate from the 12 C bus specification. 
After reset has been activated, transmission may only be started after a 50 µs delay. 

SDA 
(write) 

SCL 

SDA 
(read) 

---­'su, STA 'HD, STA 'LOW 

'su, RDA 'HD, RDA 

..... 
'su, CAC 

Fig. 8 12 C bus timing SAB3037. 

8-101 

Product Specification 

SAB3037 

max. unit 

- µs 

- µs 

- µs 

- µs 

- µs 

1 µs 

0.3 µs 

- µs 

- µs 

2 µs 

- µs 

- µs 

2 µs 

- µs 

- µs 

- µs 

8 
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Slgnetics Linear Products 

VHF Mixer-Oscillator 

DESCRIPTION FEATURES 
The TDA5030T is a monolithic IC for the VHF • Balanced mixer 
mixer/oscillator function in TV tuners. • Amplitude controlled oscillator 

• SAW filter preamplifier 
• UHF IF preampllfler 
• Buffered stage for drive of a presceler 

with the oscillator signal 
• Voltage stabilizer 
• U-V switehing circuit 

BLOCK DIAGRAM 

iVHF 
INPUT 

1nF 

4 

15 14 13 

t-1 
rF 

LO 

APPLICATIONS 
• Mixer/oscillator 
• RF receiver 
•Tuners 
•CATV 

IF 
AMPLIFIER 

STAB+ 
SWITCH 

12 

1nF 
t-1 

U·V 

11 

1nF 

10 

1nF 

B1 OUTPUT SWITCH 
2.2µH 

SIGNAL INPUT 

47k 

t-1 VI 
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Slgnetlcs Linear Products 

CMOS Frequency Synthesizer (LOPSY) 

DESCRIPTION 
The TDD1742T is an oxide-isolated 
CMOS (LOCMOS) circuit designed spe­
cifically for Low Power Frequency Syn­
thesizer applications, especially for VHF 
and UHF portables. 

FEATURES 
• Single chip with on-board sample 

and hold capacitor 
• Low power requirements 
• High performance phase 

comparator with low phase noise 
and spurious response 

• Auxlllary digital phase 
comparator for fast locking 

• On-board phase modulator 
• Slmple Interface to memory 
• Microprocessor controllable 
• Power-on reset circuitry 

APPLICATIONS 
• Frequency synthesizers 
• Radio/TV LO circuit 

8-103 

Advance Information 

TDD1742T 

PIN CONFIGURATION 

lOPVIEW 

PIN SYMBOL FUNCTION 
1 Vooo Main power supply; + 7 to 

+10V 
PC1 High-gain phase comparator 

(analogue) 
PC2. Low-gain phase comparato< 

(digital) 
Test 2 Not connected 
Test 1 Not connected 
Vss Positive pawer ouppiy 
RF IN RF input 
V1J02 Powe< ouppiy for TTL· 

compatible stages: + 5V ± 10% 
9 FB Feedback to pre.scaler 

10 OL Out-of-lock Indication 
11 RES Power-on-reset 
12 XTAL Reference oscmator/buffer 

output 
13 osc Reference oscillator/butter Input 
14 Vc01 Main power suppty; + 7 to 

+10V 
15 083 Data bus inputs 
16 082 Data bus inputs 
17 081 Data bus inputs 
18 080 Data bus inputs 

8 
19 ABO Address bus 
20 AB1 Address bus 
21 AB2 Address bus 
22 PE2 Program enable 2 
23 PE1 Propm enable 1 
24 MOD Phase modulation input 
25 !;1EMEiii Memory enable 
26 TAB Bias resistor Re 
27 TAC Blas resistor Re 
28 TRA Bias resistor RA 
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CMOS Frequency Synthesizer (Lopsy) 

REFERENCE DATA 

PARAMETER LIMITS 
Operating supply voltages 

(referenced to Vss = OV, GND) Min 

Voo1 7.0 

Voo2 4.5 

Vooa 7.0 

1001 (modulator off) 

1002 

BLOCK DIAGRAM 

+5V +7.4V +5V 

5.25MHz 

C1 

C2 

+1AV 

10K 

Q 

+80181 
M ... 

23 22 14 13 

PE1 PE2 Yoo1 Vo03 Yooz osc 
IN 

FB 

TDD1742T 
RESET 

+7AV~0--+--'1-1-t RES 

470K 

24 
MOD o--fi--+-----+--------1 MOD 

100nf 

TX MUTE 
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1M 

12 25 

XTAL iiEiiEN 
ABO 

AB1 

AB2 

DBO 

DB1 

DB2 

DB3 

Advance Information 

TDD1742T 

UNIT 
Max 

10.0 v 
5.0 v 

10.0 v 
3.0 mA 

100.0 =mµA 

+7.4V +SY 

10K 

BC559 

19 Vee 
AO 

20 
A1 A3 

21 
A2 A4 

18 
01 AS CHANNEL 

SELECT 
17 

D2 A8 

18 
D3 A7 

15 
04 

••• 

-=-
PROM 
828129 
258x4 



Slgnetlcs Linear Products Product Specification 

Video l.F. /AFT TDA2540 

The TDA2540 is an i.f. amplifier ,3nd demodulator circuit for colour and black and white television 
receivers using n-p-n tuners. 
It incorporates the following functions: 

- gain-controlled wide-band amplifier, providing complete i.f. gain 
- synchronous demodulator 
- white spot inverter 
- video preamplifier with noise protection 
- a. f.c. circuit which can be switched on/off by a d.c. level, e.g. during tuning 
- a.g.c. circuit with noise gating 
- tuner a.g.c. 'output (n-p-n tuners) 
- VCR switch, which switches off the video output; e.g. for insertion of a VCR playback signal 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

1.F. inp~t voltage at f = 38.9 MHz (r.m.s. value) 

Video output voltage (white at 10% of top sync) 

I. F. voltage gain control range 

Signal-to-noise ratio at Vi = 10 mV 

A.F.C. output voltage swing for Af = 100 kHz 

PACKAGE OUTLINES 

TDA2540 : 16-lead OIL; plastic (SOT-38). 
TDA2540Q: 16-lead OIL; plastic (SOT-58). 

8-105 

V11-13 typ. 12 v 
I 11 typ. 50 mA 

V1.16 (rms) typ. 100 µV 

V12(p-p) typ. 2.7 v 
Gv typ. 64 dB 

S/N typ. 58 dB 

AVs-13 typ. 10 v 
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Signetlcs Linear Products Product Specification 

Video l.F./ AFT TDA2540 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage V 11-13 max. 13.2 v 
Tuner a.g.c. voltage 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

CHARACTERISTICS (measured in Fig. 5) 

Supply voltage range 

V4.13 

Ptot 

Tstg 

Tamb 

V11.13 

max. 12 V 

max. 900 mW 

-55 to+ 125 oc 

-25 to+ 60 oc 

typ. 12 v 
10.2 to 13.2 V 

The following characteristics are measured at Tamb = 25 °c; V11-13 = 12 V; f = 38.9 MHz 

1.F. input voltage for onset of a.g.c. (r.m.s. value) V1-16(rms) 

Differential input impedance Jz1-16I 

Zero-signal output level V12-13 

Top sync output level v 12-13 

1.F. voltage gain control range Gv 

Bandwidth of video amplifier (3 dB) B 

Signal-to-noise ratio at Vi = 10 mV S/N 

Differential gain dG 

Differential phase d<,O 

* So-called 'projected zero point', e.g. with switched demodulator. 

V 0 black-to-white 
** S/N = 

V n(rms) at B = 5 MHz 

September 1985 8-108 

typ. 
< 
typ. 

typ. 

typ. 

typ. 

typ. 

typ. 

typ. 
< 
typ. 
< 

100 µV 
150 µV 

2 kil in parallel 
with 2 pF 

6±0.3 V* 

3.07 v 
2.9 to 3.2 V 

64 dB 

6 MHz 

58 dB** 

4 % 
10 % 

20 
100 



Signetlcs Linear Products 

Video l.F./AFT 

CHARACTERISTICS (continued) 

Intermodulation at 1.1 MHz: blue* 

yellow* 

at 3.3 MHz** 

-10d8 

-13.2d8 

-30dB 

S.C. C.C. P.C. 

spectrum for 
yellow 

-13.2dB 

-30d8 

S.C. C.C. 

S.C.: sound carrier level 
C.C.: chrominance carrier level 
P.C.: picture carrier level 

} with respect to top sync level 

- 3.2d8 

P.C. 

Product Specification 

TDA2540 

> 46 dB 
typ. 60 dB 

> 46 dB 
typ. 50 dB 

> 46 dB 
typ. 54 dB 

spectrum for 
blue 

7Z66331.1 

Fig. 2 Input conditions for intermodulation measurements; standard colour bar with 75% contrast. 

s.c. 
GENERATOR 

33.4 MHz 

P.C. 
GENERATOR 

38.9 MHz 

c.c. 
GENERATOR 

34.5 MHz 

ATTENUATOR 
TEST 

CIRCUIT 

~+12V 

-= manual gain control; 

SPECTRUM 
ANALYZER 

7Z76178 

adjusted for blue: V 12 _ 13 = 4 V 

Fig. 3 Test set-up for intermodulation. 

V0 at 4.4 MHz 
* 20 log + 3.6 dB. 

V0 at 1.1 MHz 

V0 at 4.4 MHz 
** 20 log----­

V 0 at 3.3 MHz 
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Signetics Linear Products 

Video l.F. /AFT 

Carrier signal at video output 

2nd harmonic of carrier at video output 

White spot inverter threshold level (Fig. 4) 

White spot insertion level (Fig. 4) 

Noise inverter threshold level (Fig. 4) 

Noise insertion level (Fig. 4) 

External video switch (VCR) switches off 
the output at: 

v 12-13 

(V) 

h. . 7 
w 1te spot inverter_ 6 6-1-------------· 

threshold level · 

zero-signal level, __ 5 7 _6-+-"""""" 
white level (CCI R) 

5 
white spot insertion_ 4 7 -1--1.---------=_.,..., 

level · 

noise insertion level - 3.8-4.:..+--·'-

top sync level ---3.07 3 

I 
I 
I 
I 
I 
I 

noise inverter 1 _,,204--_______ 1 1 
threshold level --- ·8 11 

~ 

Product Specification 

TDA2540 

typ. 4 mV 
< 30 mV 

typ. 20 mV 
< 30 mV 

typ. 6.6 v 
typ. 4.7 v 
typ. 1.8 v 
typ. 3.8 v 

V14-13 < 1.1 v 

7Z76177.1 

time 

Fig. 4 Video output waveform showing white spot and noise inverter threshold levels. 

Tuner a.g.c. output current range 14 10to 0 mA 

Tuner a.g.c. output voltage at 14 = 10 mA V4.13 < 0.3 v 
Tuner a.g.c. output leakage current 

V14-13 = 5 V; V4.13 = 12 V 14 < 15 µA 

Maximum a.f.c. output voltage swing AV5.13 > 10 v 
typ. 11 v 

Detuning for a. f.c. output voltage swing Af 
tvp. 100 kHz 

of 10 V < 200 kHz 

A.F.C. zero-signal output voltage 
V5.13 

typ. 6 v 
(minimum gain) 4 to 8 V 

A.F.C. switches on at: V5.13 > 3.2 v 
A. F .C. switches off at: V6-13 < 1.5 v 
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Slgnettcs Linear Products 

Video l.F. /AFT 

12 

Vs-13 
(V) 

6 1-
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V5-13 
(V) 
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TDA2540 

7Z72940 1 

fl 

J.ll v 
17 

loo" 
17 

~ 
12 

Ii 

[1 

J 

7._ 

-3 -2 -1 38.9 +1 +2 +3 +4 
f (MHz) 

7Z72938 1 

i"'.I 

~ 

:x: 

rr 

\ 

:x: 

II 

n 

-100 kHz 38,9 MHz +100 kHz 

Fig. 6 A.F.C. output voltage (V5.13l as a function of the frequency. 
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Video l.F. /AFT 

70 

S/N 
(dB) 

50 

30 
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IL 

IL 
IL 
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0 

I/ 
l2 

l2 
IL 

LL 
l..o!" , 

l..o!" 

20 

~ 
IL 
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l..o!" 

I/ 
I/ 

7Z71828 

J_ 
J_ 

I I 
typ i.,..t-1 

v ,,. 

40 V1-15(dB) 60 

(OdB=100µV) 

Fig. 7 Signal-to-noise ratio as a function of the input voltage (V1.15l. 
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Signetics Linear Products Product Specification 

Video I. F. /AFT TDA2541 

The TDA2541 is an i.f. amplifier and demodulator circuit for colour and black and white television 
receivers using p-n-p tuners. 
It incorporates the following functions: 

- gain-controlled wide-band amplifier, providing complete i.f. gain 
- synchronous demodulator 
- white spot inverter 
- video preamplifier with noise protection 
- a. f.c. circuit which can be switched on/off by a d.c. level, e.g. during ti.ming 
- a.g.c. circuit with noise gating 
- tuner a.g.c. output (p-n-p tuners) 
- VCR switch, which switches off the video output; e.g. for insertion of a VCR playback signal. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

1.F. input voltage at f = 38.9 MHz 
(r.m.s. value) 

Video output voltage (white at 10% of top sync} 

1.F. voltage gain control range 

Signal-to-noise ratio at Vi= 10 mV 

A. F .C. output voltage swing for .:lf = 100 kHz 

PACKAGE OUTLINES 

TDA2541 : 16-lead OIL; plastic (SOT-38). 
TDA2541Q: 16-lead QI L; plastic (SOT-58). 
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V11-13 typ. 12 v 
I 11 typ. 50 mA 

V1-16(rms} typ. 100 µV 

v 12(p-p} typ. 2.7 v 
Gv typ. 64 dB 

S/N typ. 58 dB 

.:lV5_13 typ. 10 v 
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Signetics Linear Products 

Video l.F./AFT 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage V 11-13 

Tuner a.g.c. voltage 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

CHARACTERISTICS (measured in Fig. 5) 

Supply voltage range 

V4.13 

Ptot 

Tstg 

Tamb 

V11-13 

Product Specification 

TDA2541 

max. 13,2 v 
max. 12 V 

max. 900 mW 

-55 to+ 125 oc 

-25 to + 60 oc 

typ. 12 v 
10.2 to 13.2 V 

The following characteristics are measured at Tamb = 25 °C; V11.13 = 12 V; f = 38.9 MHz 

I. F. input voltage for onset of a.g.c. (r.m.s. value) V 1-16(rms) 

Differential input impedance I z1.16 I 
Zero-signal output level v 12-13 

Top sync output level V12.13 

1.F. voltage gain control range Gv 

Bandwidth of video amplifier (3 dB) B 

Signal-to-noise ratio at Vj = 10 mV S/N 

Differential gain dG 

Differential phase d.p 

* So-called 'projected zero point', e.g. with switched demodulator. 

* * V 0 black-to-white 
S/N = 

Vn(rms) at B = 5 MHz 
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typ. 
< 

100 µV 
150 µV 

2 kn in parallel 
typ. with 2 pF 

typ. 6 ± 0.3 V* 

typ. 3.07 v 
2.9 to 3.2 V 

typ. 64 dB 

typ. 6 MHz 

typ. 58 dB** 

typ. 4 % 
< 10 % 

typ. 20 

< 10° 
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Video l.F./AFT 

CHARACTERISTICS (continued) 

Intermodulation at 1.1 MHz: blue* 

yellow* 

at 3.3 MHz** 

-10d8 

-13.2d8 

-30d8 

s.c. c.c. P.C. 

spectrum for 
yellow 

- 3.2d8 

-13.2dB 

-30d8 

S.C. C.C. P.C. 

Product Specification 

TDA2541 

> 46 dB 
typ. 60 dB 

> 46 dB 
typ. 50 dB 

> 46 dB 
typ. 54 dB 

spectrum for 
blue 

7Z66331.1 

S.C. : sound carrier level l 
C.C. : chrominance carrier level 
P.C. : picture carrier level 

with respect to top sync level 

Fig. 2 Input conditions for intermodulation measurements; standard colour bar with 75% contrast. 

s.c. 
GENERATOR 

33.4 MHz 

P.C. 
GENERATOR 

38.9 MHz 

c.c. 
GENERATOR 

34.5 MHz 

ATTENUATOR 
TEST 

CIRCUIT 

~+12V 
-:- manual gain control; 

SPECTRUM 
ANALYZER 

7Z76178 

adjusted for blue: V 12_ 13 = 4 V 

Fig. 3 Test set-up for intermodulation. 

V0 at 4.4 MHz 
* 20 log Vo at 1.1 MHz +3.6 dB. 

V0 at 4.4 MHz 
** 20 log 

V0 at 3.3 MHz 
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Video l.F. /AFT 

Carrier signal at video output 

. 2nd harmonic of carrier at video output 

White spot inverter threshold level (Fig. 4) 

White spot insertion level (Fig. 4) 

Noise inverter threshold level (Fig. 4) 

Noise insertion level (Fig. 4) 

External video switch (VCR) switches off 
the output at: 

v 12-13 

(V) 

white spot inverter_ 6 6 7 
threshold level · -1-------------• 

zero-signal level, __ 5 _6-+--::;:;,.o 
white level (CCI Rl ·7 

5 
white spot insertion_ 4 7 -1---t---------=..-•w 

level · 

noise insertion level - 3.8-4-+--.... 

top sync level ---3.07 3 

I 
I 
I 
I 
I 

noise· inverter 2 1 

threshold level --- 1 ·8 -1---------·,I 
~ 

Product Specification 

TDA2541 

typ. 4 mV 
< 30 mV 

typ . 20 mV 
< 30 mV 

typ. 6.6 v 
typ. 4.7 v 
typ. 1.8 v 
typ. 3.8 v 

V14-13 < 1.1 v 
7Z76177.1 

time 

Fig. 4 Video output waveform showing white spot and noise inverter threshold levels. 

Tuner a.g.c. output current range 14 Oto 10 mA 

Tuner a.g.c. output voltage at 14 = 10 mA V4.13 < 0.3 v 
Tuner a.g.c. output leakage current 

V14-13 = 11 V; V4.13 = 12 V 14 < 15 µA 

Maximum a. f.c. output voltage swing .:1 V5.13 > 10 v 
typ. 11 v 

Detuning for a.f.c. output voltage swing of 10 V .:if typ. 100 kHz 
< 200 kHz 

A.F.C. zero-signal output voltage 
V5.13 

typ. 6 v 
(minimum gain) 4to8 V 

A.F.C. switches on at: V5.13 > 3.2 v 
A.F.C. switches off at: V5.13 < 1.5 v 
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APPLICATION INFORMATION I 0: ~ 

<D Li 
0 s-

+12 V YFI*- +28V 100K ~ ~ 

47K I ~~ ~~·:·:T T"; T ~ 2~0 7 ~ ! 

39 11 330 ~ a. f.c. switch 

K 1 µ~ =f -:!::-
10 nF -1Tf 1 12 13 14 15 16 11 18 

Cf' i 'F'l r 

::l: I I I 

co . f . 1•5 TDA2541 56 I I I 
'·. input ..,...nF ,- pF I I loo I 

I I pF I 

~--~--~--~--~--~--~---'' I L -i L -f' , ,16 115 114 113 112 111 lio 19 
10 nF l I I .... I 

7Z76192.1 

1.5 K 

--0+12 v 
+ 

2.7nFi i330nF l i~~ ..J.:68µF a _ _ I Cl 

00 - - video - -I Q. 
~ output ~ -g' 
~ "> ~ i Fig. 5 Typical application circuit diagram; Q of L 1 and L2 ""80; f0 = 38.9 MHz. ~ ; 
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Video l.F. /AFT 

12 

VS-13 
(V) 

6 1-

0 
-4 

12 

V5-13 
(V) 

6 

0 
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TDA2541 

7272940 1 

LL 

I[_ 

l 

IZ 
lo!"'l 

1-"'1 

.... 
I' 

Lll 
Lll 

Ll 

lJ 

LL 

lL. 

-3 -2 -1 38.9 +1 +2 +3 +4 
f (MHz) 

7272938.1 

:"'i 

~ 

.l 

ll 

l 

l 
Ll 

l 

ll 

' 
-100 kHz 38.9 MHz +100 kHz 

Fig. 6 A.F.C. output voltage (V5.13l as a function of the frequency. 
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Video l.F. /AFT 

70 

S/N 

(dB) 

50 

30 

1 

10 
0 

LL 
LL 

IL 
IL 

j 

LL 
.L 

~ 

1L 

~ 
IL 

IL 
.L 

20 

7271828 

J_ 
J_ 

I I 

typ J..-1'""'" 
Y1 

P'" 

40 V1_15(dB) 60 

(OdB=100µV) 

Fig. 7 Signal-to-noise ratio as a function of the input voltage (V 1-16 ). 
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Signetics Linear Products Product Specification 

Small Signal Combination IC for Color TV TDA4501 

GENERAL DESCRIPTION 

The integration into a single package of all small-signal functions required for colour tv reception is 
achieved in the TDA4501. The only additional circuits needed to complete the receiver are a tuner, 
the deflection output stages and a colour decoder. 
The IC includes a vision IF amplifier with synchronous demodulator and AFC circuit; an AGC detector 
with tuner output; an integral three-level sandcastle pulse generator; and fully synchronized vertical 
and horizontal drive outputs. A triggered vertical divider automatically adapts to 50 or 60 Hz working 
and eliminates the need for an external vertical frequency control. 
Signal-strength dependent time-constant switches in the horizontal phase detector make external VCR 
switching unnecessary. 
Sound signals are demodulated and amplified within the IC in a circuit which includes volume control 
and muting. 

Features 

• Vision IF amplifier with synchronous demodulator 
• AGC detector for negative modulation 
• AGC output to tuner 
• AFC circuit 
• Video and audio preamplifiers 
• Sound IF amplifier and demodulator 
• Choice of sound volume control or horizontal oscillator starting function 
• Horizontal synchronization circuit with two control loops 
• Triggered divider system for vertical synchronization and sawtooth generation giving automatic 

amplitude adjustment for 50 or 60 Hz working 
• Transmitter identification circuit with mute output 
• Sandcastle pulse generator 

QUICK REFERENCE DATA 

Supply voltage 

Supply voltage 

Operating ambient temperature range 

Storage temperature 

Power dissipation 

PACKAGE OUTLINE 

28-lead DI L; plastic (with internal heat spreader) (SOT-117). 

September 1985 8-122 

V1-6 typ. 10,5 v 
V11-6 typ. 10,5 v 
Tamb -25to + 65 oc 

Tstg -25 to+ 150 oc 

Ptot max. 1,7 w 
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Slgnetlcs Linear Products Product Specification 

Small Signal Combination IC for Color TV TDA4501 

PINNING 

1. AGC take over 15. Sound IF input 
2. Ramp generator 16. Ground 
3. Vertical drive 17. Video output 
4. Vertical feedback 18. AFC 
5. Tuner AGC 19. AGC detection 
6. Ground 20. Sync demodulator 
7. Supply 21. Sync demodulator 
8. IF input 22. Coincidence detector decoupling 
9. IF input 23. Horizontal oscillator 
10. Decoupling capacitor 24. Frequency control 
11. Volume control/start Hor. osc. 25. Sync separator 
12. Audio output 26. Horizontal drive 
13. Sound demodulator 27. Sandcastle out/flyback in 
14. Sound IF decoupling 28. Phase detection 

FUNCTIONAL DESCRIPTION 

IF amplifier, demodulator and AFC 

The IF amplifier has a symmetrical input (pins 8 and 9), the input impedance of which is suitable for 
SAW-filtering to be used. The synchronous demodulator and the AFC circuit share an external 
reference tuned circuit (pins 20 and 21). An internal RC-network provides the necessary phase-shifting 
for AFC operation. The AFC circuit provides a control voltage output with a swing greater than 9 V 
from pin 18. 

AGC circuit 

Gating of the AGC detector is performed to reduce sensitivity of the IF amplifier to external electrical 
noise. The AGG time constant is provided by an RC-circuit connected to pin 19. Tuner AGC voltage 
is supplied from pin 5 and is suitable for tuners with p-n-p or n-p-n RF stages. The sense of the AGG 
(to increase in a positive or negative direction) and the point of tuner take-over are preset by the 
voltage level at pin 1. 

Video amplifier 

The signal through the video amplifier comprises video and sound information, therefore no gating of 
the video amplifier is performed during flyback periods. 

Sound cir!)Ui1 and horizontal oscillator starting function 

The input to the sound IF amplifier is obtained by a bandpass filter coupling from the video output 
(pin 17). The sound is demodulated and passed via a dual-function volume control stage to the audio 
output ampl!fier. The volume control function is obtained by connecting a variable resistor (10 kO) 
between pin 11 arid ground, or by supplying pin 11 with a variable voltage. Sound output is 
suppressed by an internal mute signal when no input signal is present. 

The horizontal ·oscillator starting function is obtained by supplying pin 11 with a current of 6 mA 
during the switching-on period. The IC then uses this current to generate drive pulses for the horizontal 
deflection. For this application, the main supply voltage for the IC can be obtained from the horizontal 
deflection circuit .. 
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Small Signal Combination IC for Color TV 

FUNCTIONAL DESCRIPTION (continued) 

Vertical divider system 

Product Specification 

TDA4501 

A triggered divider system is used to synchronize the vertical drive waveforms, adjusting automatically 
to 50 or 60 Hz working. A large window (search window) is opened between counts of 488 and 722; 
when a separated vertical sync pulse occurs before count 576, the system works in the 60 Hz mode, 
otherwise 50 Hz working is chosen. 
A narrow window is opened when 15 approved sync pulses have been detected. Divider ratio between 
522 and 528 switches to 60 Hz mode; between 622 and 628 switches to 50 Hz mode. 
The vertical blanking pulse is also generated via the divider system by adding the anti-topflutter pulse 
and the blanking pulse. 

Line phase detector 

The circuit has three operating conditions: 
a. Strong input signal and synchronized. 
b. Weak signal and synchronized. 
c. Non synchronized (weak and strong) signal. 
The input signal condition is obtained from the AGC circuit. 

D.C. volume control/horizontal oscillator start 

The operation depends on the application. When during switch-on no current is supplied pin 11 will 
act as volume control. When a current of 6 mA is applied the volume control is set to maximum and 
the circuit will generate drive pulses for the horizontal deflection. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 7) Vp = V7.5 max. 13,2 v 
Total power dissipation 

Operating ambient temperature range 

Storage temperature range 

8-125 

Ptot 

Tamb 

T stg 

max. 1,7 W 

-25 to + 65 oc 

-25 to+ 150 oc 

September 1985 

8 



Signetlcs Linear Products Product Specification 

Small Signal Combination IC for Color TV TDA4501 

CHARACTERISTICS 

Vp = V7.5 = 10,5 V; T amb = 25 °c; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supplies 

Supply voltage (pin 7) V7.5 9,5 10,5 13,2 v 
Supply current (pin 7) 17 - 120 - mA 

Supply voltage (pin 11 ) V11-6 - 10,5 - v 
Supply current (pin 11) for horizontal 

oscillator start I 11 - 6 - mA 

Vision IF •mplifier (pins Band 9) 

Input sensitivity at 38,9 MHz (note 1) Vs-9 40 70 120 p.V 

Input sensitivity at 45,75 MHz (note 1) VB-9 - 90 - p.V 

Differential input resistance 
(pin Bto 9) RB-9 - 1,3 - kSl 

Differential input capacitance 
(pin B to 9) CB-9 - 5 - pf 

AGC range - 60 - dB 

Maximum input signal VB-9 50 70 - mV 

Expansion of output signal for 50 dB 
variation of input signal with 
VB-9 at 150 p.V (0 dB) 4V17.5 - 1 - dB 

Video amplifier 

Output level for zero signal input 
(zero point of switched demodulator) V17-6 - 4,5 - v 

Output signal top sync level (note 2) V17.5 - 1,4 - v 
Amplitude of video output signal 

(peak-to-peak value) V17-6(p-p) - 2,B - v 
Internal bias current of output transistor 

(n-p-n emitter follower) I 11(int) 1,4 2,0 - mA 

Bandwidth of demodulated output signal B - 6 - MHz 

Differential gain (Fig. 4) G11 - 6 - % 
Differential phase (Fig. 4) - 4 - % 
Video non-linearity complete video 

signal amplitude - - 10 % 
Intermodulation (fig. 5) 

at gain control = 45 dB 
f= 1,1 MHz; blue; 55 60 - dB 
f= 1,1 MHz; yellow; 50 54 - dB 
f = 3,3 MHz; blue; 60 66 - dB 
f = 3,3 MHz; yellow 55 59 - dB 

September 1985 8-126 



Slgnetlcs Linear Products Product Specification 

Small Signal Combination IC for Color TV TDA450'1 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Video amplifier (continued) 

Signal to noise ratio (note 3) 
Zs= 75 .n 
Vi= 10 mV S/N 50 54 - dB 
end of gain control range S/N 50 56 - dB 

Residual carrier signal - 7 30 mV 

Residual 2nd harmonic of carrier signal - 3 30 mV 

Tuner AGC * 
Take-over voltage (pin 1 for positive-going 

tuner AGC (NPN tuner) V1-6 - 3,5 - v 

Starting point take over; V = 5 V V1-6(rms) - 0,4 2 mV 

Starting point take over; V = 1,2 V V1-6(rms) 50 70 - mV 

Take-over voltage (pin 1) for negative-going 
tuner AGC (PNP tuner) V1-6 - 8 - v 

Starting point take over; V = 9,5 V V1-6(rms) - 0,3 2 mV 

Starting point take over; V = 5,6 V V1-6(rms) 50 70 - mV 

Maximum output swing 15max 2 3 - mA 

Output saturation voltage 
I =2mA v5-6(sat) - - 300 mV 

Leakage current 15 - - 1 µA 

Input signal variation complete tuner control ..:1Vi 0,5 2 4 dB 8 
AFC circuit (pin 18; note 4) 

AFC output voltage swing V18-6(p-p) 9 - 10 v 

Available output current ± 118 - 1 - mA 

Control steepness 
-100% picture carrier 20 40 80 mV/kHz 
-10% picture carrier - 15 - mV/kHz 

Output voltage at nom. tuning of the 
reference tuned circuit V18-6 - 5,25 - v 

Output voltage without input signal V18-6 2,7 5,25 8,5 v 

* Starting point tuner take-over NPN current 1,8 mA; PNP tuner I = 0,2 mA. 
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Small Signal Combination IC for Color TV TDA4501 

parameter symbol min. typ, max. unit 

Sound circuit 

Input limiting voltage 
V0 = V0 max. -3 dB; OL = 16 
fAF = 1 kHz; fc = 5,5 MHz V151im - 400 - µV 

Input resistance 
Vi(rms) = 1 mV R15-6 - 2,6 - kn 

Input capacitance 
Vi(rms) = 1 mV C15-6 - 6 - pF 

AM rejection (Figs 8 and 9) 
Vi= 10 mV AMR - 35 - dB 
Vi= 50 mV AMR - 43 - dB 

AF output signal 
~f = 7,5 kHz; min. distortion V12-6(rms) 220 320 - mV 

AF output impedance z12-6 - 150 - n 

Total harmonic distortion 
~f = 27,5 kHz THO - 1 - % 

Ripple rejection 
fk = 100 Hz, volume control 20 dB RR - 22 - dB 
when muted RR - 26 - dB 

Output voltage 
mute condition V12-6 - 2,6 - v 

Signal to noise ratio 
weighted noise (CCI R 468) S/N - 47 - dB 

Volume control 

Voltage (pin 11 disconnected) V11-6 - 4,8 - v 
Current (pin 11 short circuited) I 11 - 1 - mA 

External control resistor R11-6 - 10 - kn 

Suppression output signal during 
mute condition - 66 - dB 

Horizontal synchronization 

Slicing level sync separator - 30 - % 

Holding range PLL 800 1100 1500 Hz 

Catching range PLL 600 1000 - Hz 

Control sensitivity 
video to oscillator; at weak signal - 2 - kHz/µs 
at strong signal during scan - 3 - kHz/µs 
during vert. retrace and during catching - 6 - kHz/µs 
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Small Signal Combination IC for Color TV TDA4501 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Second control loop (positive edge) 

Control sensitivity .6. td I .6. t0 - 300 - µs 

Control range td - 25 - µs 

Phase adjustment 
via second control loop; 
control sensitivity - 25 - µA/µs 
Maximum allowed phase shift - ±2 - µs 

Horizontal oscillator (pin 23) 

Free running frequency 
R = 35 k!l; C = 2,7 nF ffr - 15625 - Hz 

Spread with fixed external components - - 4 % 

Frequency variation due to change of 
supply voltage from 8 to 12 V .6.f tr - 0 0,5 % 

Frequency variation with temperature .6.ffr - - 1 x 10-4 K-1 

Maximum frequency shift .6.ffr - - 10 % 

Maximum frequency deviation (V7.5 = 8 V) .6.f fr - - 10 % 

Horizontal output (pin 26) 

Output voltage high V25.5 - - 13,2 v 
Output voltage at which protection 

commences V25.5 - - 15,8 v 
Output voltage low at 125 = 10 mA V26-6 - 0,3 0,5 v 8 
Duty cycle of horizontal output signal llo - 45 - % 

Rise and fall times of output pulse tr, tf - 150 - ns 

Flyback input and sandcastle output 

Input current required during flyback pulse 127 0,1 - 2 mA 

Output voltage during burst key pulse V27-6 7,5 - - v 
Output voltage during horizontal blanking V21-6 3,5 4,0 4,5 v 
Output voltage during vertical blanking V27-6 1,8 2,2 2,6 v 
Width of burst key pulse 3,1 3,5 3,9 µs 

Width of horizontal blanking pulse flyback pulse width 

Width of vertical blanking pulse 
50 Hz working - 21 - lines 
60 Hz working - 17 - lines 

Delay between start of sync pulse at video 
output and rising edge of burst key pulse - 5,2 - µs 

8-129 September 1985 



Signetics Linear Products Product Specification 

Small Signal Combination IC for Color TV 

parameter symbol min. typ. max. unit 

Coincidence detector mute output (pin 22) 

Voltage for in-sync condition V22-6 - 9,5 - v 

Voltage for no-sync condition no signal V22-6 - 1,0 1,5 v 

Switching level to switch phase detector 
from slow to fast V22-6 4,9 5,3 5,8 v 

Fast-to-slow hysteresis - 1 - v 

Switching level to activate mute function 
(transmitter identification) V22-6 2,25 2,5 2,75 v 

Output current for in-sync condition 
(peak-to-peak value) l22(p-p) 0,7 1,0 - mA 

Vertical ramp generator (pin 2) 

Input current during scan 12 - 12 - µA 

Discharge current during retrace 12 - 0,5 - mA 

Minimum voltage V2-6 - 1,5 - v 

Vertical output (pin 3) 

Output current 13 - - 10 mA 

Output impedance R3.5 - 400 - n 

Feedback input (pin 4) 

Input voltage 
d.c. component V4.5 - 3 - v 
a.c. component (peak-to-peak value) v4-6(p-pl - 1,2 - v 

Input current 14 - - 12 µA 

Internal precorrection to sawtooth - 6 - % 

Deviation amplitude 50/60 Hz - - 5 % 

Notes 

1. Typical value taken at starting level of AGC. 
2. Signal with negative going sync, maximum white level 10% of the maximum sync amplitude 

(see Fig. 3). 

. . . Vo(black to white) 
3. S1gnal-to-no1se ratio equals 20 log . 

Vn(rms) at B = 5 MHz 
4. Vi(rms) = 10 mV; see Fig. 2; 0-factor = 36. 
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Small Signal Combination IC for Color TV TDA4501 
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Fig. 2 Application diagram. 
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Fig. 3 Video output signal. 
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Fig. 4 E.B.U. test signal waveform (line 330). 
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Fig. 5 Input signal conditions. 
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Small Signal Combination IC for Color TV 

SC 
33,4 MHz 

PC 
38,9 MHz 

cc 
34,5 MHz 

ATIENUATOR TEST 
CIRCUIT 

V0 at 4,4 MHz 
Value at 1,1 MHz: 20 log + 3,6 dB 

V0 at 1,1 MHz 

V0 at 4,4 MHz 
Value at 3,3 MHz: 20 log 3 3 MH . 

V0 at , z 

Fig. 6 Test set-up intermodulation. 
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Fig. 7 S/N ratio as a function of the input voltage. 
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Small Signal Combination IC for Color TV TDA4501 
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Fig. 8 Test set-up AM suppression. 
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Complete Video l.F. IC with Vertical and Horizontal Sync TDA4502 

DESCRIPTION 
The TDA4502 is a monolithic integrated 
small signal combination for television 
receivers. 

FEATURES 
• Vision IF-ampllfler with 

synchronous demodulator. 
• A.G.C. detector suited for 

negative modulation. 
• Tuner A.G.C. 
• A.F.C. circuit with on/off switch. 
• Video pre-ampllfler. 
• Video-switch to select the 

Internal video signal or an 
external video signal. 

• Horizontal synchronization circuit 
with two control loops. 

•Vertical synchronization (divider 
system) and sawtooth generation 
with automatic amplitude 
adjustment for so and 60Hz. 

•Transmitter Identification (mute) 
• Sandcastle pulse generation. 
•The vision IF-ampllfler and 

synchronization circuit Is Identical 
to that of the TDA4501. The 
differences of TDA4502 
compared to the TDA4501 are 
the following: 
- The TDA4502 has no sound 

circuit but contains Instead a 
video switching circuit. 

8-135 

APPLICATIONS 
• Color TV receivers 
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Complete Video l.F. IC with Vertical and Horizontal Sync 

APPLICATIONS DIAGRAM 
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Signetics Linear Products Product Specification 

Small Signal Combination for Monochrome TV TDA4503 

GENERAL DESCRIPTION 

The TDA4503 combines all small signal functions (except the tuner) which are required for a mono­
chrome television receiver. 

For a complete monochrome television receiver only output stages are required to be added for 
horizontal and vertical deflection, video and sound. The TDA4503 can also be used in simple colour 
television receivers. In this application an external sandcastle pulse generator is required. 

It incorporates the following functions: 

vertical sync separator/oscillator 
vertical output 
coincidence detector (sound mute) 
phase detector/frequency control 
a.g.c. detector 
sync separator 
horizontal oscillator 
synchronous demodulator 
vision i.f. amplifier 
tuner a.g.c. 
d.c. volume control 
a.f.c. detector 
video output 
sound demodulator 
audio output 
gate pulse generator 
sound limiter/feedback 
goo phase shift 
overload detector 
horizontal output 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Supply current 

Operating ambient temperature range 

Storage temperature range 

Power dissipation 

PACKAGE OUTLINE 

V7_1Q, V22-10 

17 

'22 

Tamb 

Tstg 

28-lead DI L; plastic, with internal heat spreader (SOT-117). 

8-137 

typ. 10.5 

typ. 75 

typ. 4.5 

-25 to +65 

-25 to +150 

max. 1.7 

v 
mA 

mA 

oc 
oc 

w 
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Small Signal Combination for Monochrome TV TDA4503 
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Fig. 1 Block diagram. 
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Small Signal Combination for Monochrome TV TDA4503 

PINNING 

Pin number function Pin number function 

1. vertical oscillator 15. sound i.f. 
2. vertical output 16. a.f.c. output 
3. vertical feedback 17. video output 
4. top linearity 18. decoupling capacitor 
5. flyback pulse 19. ground 
6. tuner a.g.c. 20. 38,5 MHz reference 
7. +10.5 V supply 21. (38,9 MHz reference) 
8. i.f. input 

22. horizontal supply voltage 
9. 23. horizontal oscillator 

10. ground 24. top sync detector 
11. volume control 25. phase detector 
12. sound output 26. sync separator 
13. 6 MHz tuning 27. horizontal output 

(5.5 MHz tuning) 
14. decoupling 28. mute/coincidence 

detector 

8 

8-139 September 1985 



Signetics Linear Products Product Specificatton 

Small Signal Combination for Monochrome TV TDA4503 

FUNCTIONAL DESCRIPTION (Fig. 1) 

A complete black-and-white receiver can be built around this circuit by adding only the output stages 
for horizontal and vertical deflection with the video and sound output stages. The TDA4503 can also 
be used in simple colour television receivers using an external circuit to generate the sandcastle. 

The block diagram (Fig. 1) depicts the various functions which are described briefly below. 

The sensitivity of the i.f. amplifier is 70 µV for a peak-to-peak output voltage of 3 V (compare the 
TDA3541 ). This amplifier has a symmetrical input (pins 8 and 9) and is followed by a synchronous 
demodulator. The external tuned circuit is connected to pins 20 and 21. This circuit provides the 
information for the a.f.c. circuit, the 900 phase shift being supplied by internal RC-networks. An 
a.f.c. output with a voltage swing of about 9 Vis obtained from pin 17 (V7-10 = 10.5 V). 

The a.g.c. detector is gated to reduce sensitivity to external electrical noise and the a.g.c. time constant 
network is connected to pin 24. Gain control range of the i.f. amplifier is greater than 60 dB. Adjust­
ments of the tuner take-over point is made at pin 4. When the voltage at pin 4 is approximately 3.5 V 
the direction of the tuner control voltage is positive-going. When the voltage at pin 4 is approximately 
8 V the direction of the tuner control voltage is negative-going. 

An output signal of 3 V (p-p) is obtained from the video amplifier (top sync level 1.5 V) with negative­
going sync. Since the sound signal is derived from pin 16 (see Fig. 4) the Video output is not blanked 
during the flyback period. As shown in the application circuit (Fig. 4) the band-pass filter for the 
sound must be connected between video output (pin 16) and sound i.f. input (pin 15). Sound infor­
mation passes through a sound limiter network and a sound demodulator circuit with an external 
tuned circuit for this stage connected to pin 13. The demodulator is followed by a volume control 
stage with a control range of 80 dB and an output amplifier with an audio output signal of 170 mV 
(r.m.s.) for a Lf of 7.5 kHz and at maximum volume setting. 

The slicing level of the sync separator is referred to the top sync and is determined by the values of 
external resistors, the recommended slicing level being 30%. Noise protection is provided for the 
sync separator stage. Separated sync pulses are supplied to the gated phase detector which compare 
the sync pulses with the sawtooth voltage obtained from the horizontal flyback pulse (pin 5). During 
catching the gating of the phase detector is switched off and the phase detector output current is 
increased. 

The in-sync or out-of-sync condition is detected with the coincidence detector which is also used 
for transmitter identification. Sound output is suppressed when no input signal is available. Clamping 
the voltage on pin 28 to a level of 3.5 V sets the phase detector to a high output current, short time 
constaht mode. This is appropriate for the reception of VCR signals. 

Phase detector output voltage levels maintain the horizontal oscillator at its correct operating 
frequency. The push-pull output (pin 27) has a typical duty cycle of 40%. 

Vertical sync pulses are obtained from an internal integrating network with the vertical sawtooth being 
generated in the vertical oscillator. This sawtooth voltage is compared with the feedback voltage from 
the deflection coil via pin 3. The comparator generates the drive voltage for the vertical deflection 
output stage. 

The TDA4503 has four supply pins. Pin 7 and pin 10 are for the main positive supply and circuit 
ground respectively. 

Critical circuits are grounded by pin 19. Pin 22 is the supply for the horizontal oscillator. A low 
current supply (5 mA minimum) can be used to start the oscillator from an external high voltage 
supply rail. 
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Small Signal Combination for Monochrome TV 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC134) 

Supply voltage V7_10, V22-10 max. 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 
CHARACTERISTICS 

max. 

13.2 

1.7 

-25to +150 

-25 to +65 

V7_10=10.5 V, V22-10 = 10.5 V and Tamb = 25 oc unless otherwise specified 

parameter symbol min. typ. max. 

Supply voltage V7_10 9.5 10.5 13.2 

Supply current 17 - 75 -
Supply voltage (horizontal 
oscillator) V22-10 9.5 10.5 13.2 

Supply current (horizontal 
oscillator, note 1) 122 - 4.5 -

Power dissipation Ptot - 850 -
Vision i.f. amplifier (pin 8) 

Input sensitivity (onset of a.g.c.) 
at 39.5 MHz (note 2) Vi(rms) - 70 -

Differential input resistance Ri - 800 -
(note 3) 

Differential input capacitance Ci - 6 -
(note 3) 

Gain control range lo.G - 56 -
Output signal expansion for 50 dB 

input signal variation (note 4) lo.Vo - 1 -
Maximum input signal Vi max - 50 -
Video amplifier (note 5) 

Zero signal output level 
(note 6) V15_10 - 5 -

Tap sync output level 
(note 7) V15_10 1.2 1.4 1.6 

Video output signal amplitude 
(peak-to-peak value) v16-10(p-pl 2.75 3.0 3.25 

Internal bias current of n-p-n 
emitter follower output transistor Is 1.4 2.0 -

Bandwidth of demodulated 
output signal B 5 6 -

Video non-linearity (note 8) - - 10 
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TDA4503 

v 
w 
oc 

oc 

unit 

v 

mA 

v 

mA 

mW 

µV 

n 

pF 

dB 

dB 

mV 

v 

v 

v 

mA 

MHz 

% 
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Slgnetlcs Linear Products Product Specification 

Small Signal Combination for Monochrome TV TDA4503 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Tuner a.g.c. 

Take-over voltage (pin 4) for 
positive-going tuner a.g.c. 
(n-p-n tuner) V4-10 - 3.5 - v 

Take-over voltage (pin 4) for 
negative-going tuner a.g.c. 
(p-n-p tuner) V4-10 - 8 - v 

Maximum tuner a.g.c. output 
swing la max 2 3 - mA 

Output saturation voltage at 
15= 2 mA Va-10(sat) - - 300 mV 

Leakage current 15 - - 1 µA 

A.F.C. circuit (note 9) 

A.F .C. output voltage swing V17_19 9 - 10 v 
Available output current ±117 - 1 - mA 

Output voltage at nominal 
tuning of the reference tuned 
circuit V17_19 - 5.25 - v 

Sound circuit 

Input limiting voltage when 
Vo= Vomax -3 dB 
(note 10) V14 lim - 400 - µV 

Input resistance at pin 15 
(note 11) Ri - 3 - kn 

A.F. output signal at pin 12 
(note 12) (r.m.s. value) V 12-10(rms) 170 - 240 mV 

Volume control (pin 11) (Fig. 3) 
Voltage with pin 11 

disconnected V11-10 - 6.5 - v 
Current pin 11 short-circuited 
to ground I 11 - 1 - mA 

Volume control characteristic 
(note 13) See Fig. 3 

Value of external control resistor R11-10 - 5 - kn 
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Small Signal Combination for Monochrome TV TDA4503 

parameter symbol min. typ. max. unit 

Horizontal synchronization 
circuit 

Slicing level sync separator 
(note 14) - 30 - % 

Holding range PLL - ±1000 - Hz 

Catching range PLL - ±600 - Hz 

Control sensitivity video to 
flyback (note 15) - 2 - kHz/µs 

Horizontal oscillator 

Free running frequency fosc - 15625 - Hz 

Spread with fixed external 
components f:.fosc - - 4 % 

Frequency variations due to 
supply voltage changes 
(note 16) f:.foscl.t:.V - 0 - % 

Frequency variation with 
temperature f:.fosclf:.T - - 1 x 10-4 K-1 

Maximum frequency shift f:.fosc - - 10 % 

Maximum frequency deviation 
between starting point output 
and nominal condition f:.fosc - - 10 % 

Horizontal (push-pull) output 

Output current 127 10 - - mA 8 
Output impedance R27-10 - 200 - n 
Voltage when 127 = 10 mA V27-10 - 2 - v 

V27-22 - 3 - v 
Duty cycle of output pulse 

(note 17) 8 0.35 0.40 0.45 

Flyback input (note 18) 

Minimum required input 
amplitude (peak-to-peak value) V5-10(p-p) - 4 - v 

Phase detector switching voltage - 0 - v 
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Small Signal Combination for Monochrome TV TDA4503 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. ljnit 

Coincidence detector (mute) 
(note 19) 

Voltage in synchronized condition V28-19 - 9.5 - v 

Voltage in non-synchronized 
condition (no-signal) V28-19 - 1.0 1.5 v 

Switching level to switch phase 
detector from slow to fast V28-19 45 5.0 5.5 v 

Switching level to activate the 
'mute' function (transmitter 
identification) V28-19 2.25 2.5 2.75 v 

Outputcurrent; in-sync 
(peak-to-peak value) l2S(p-p) - 1 - mA 

Vertical oscillator 

Free running frequency fosc - 47.5 - Hz 

Spread with fixed external 
components 6fosc - - 4 % 

Holding range at nominal frequency 52.5 - - Hz 

Temperature coefficient TC - 1 x 10-4 - K-1 

Frequency shift due to a supply 
voltage change from 9.5 to 12 V 6fosc/6V - 5 - % 

Vertical output (pin 2) 

Output current 12 1 1.3 - mA 

Output resistance R2-10 - 2 - kil 

Feedback input (pin 3) 

D.C. input voltage V3-10 4.75 5 5.25 v 

A.C. input voltage 
(peak-to-peak value) v3-10(p-p) - 1.2 - v 

Input current 13 - - 10 µA 

Non-linearity of deflection current 
at Vp = 10.5 V - - 2.5 % 
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Small Signal Combination for Monochrome TV TDA4503 

Notes to characteristics 

1. It is possible to start the horizontal oscillator by supplying a current of 5 mA which can be taken 
from the mains rectifier, to pin 22. The main supply (pin 7) can then be derived from the 
horizontal output stage. 

2. l.F. input voltage (r.m.s.) - value at top sync level at which the video amplitude has dropped 0.5 
dB compared with the amplitude at an input signal of 10 mV. 

3. The input impedance has been chosen such that a SAW-filter can be applied. 800 n is an 
acceptable compromise between the requirements for triple transient suppression and power loss. 

4. Measured with 0 dB= 150 µV. 

5. Measured at 10 mV(r.m.s.) top sync input signal. 

6. With switched demodulator. 

7. Signal with negative-going sync with top white being 10% of the top sync amplitude (Fig. 2). 

8. This figure is valid for the complete video signal amplitude (peak-white to top sync). 

9. Measured with an input signal (V8-9l of 10 mV(r.m.s.); the a.f.c. output (pin 7) loaded with 2 x 
100 kn between the supply and ground. The Q factor of the reference tuned circuit is 50. 

10. Voltage at pin 15 is the r.m.s. value. QL of the demodulator tuned circuit is 20. Audio 
frequency is 1 kHz and the carrier frequency is 5.5 MHz. 

11. Measured with an input signal of 1 mV(r.m.s.) 

12. The tuned demodulator circuit must give an output level equal to that given in the "mute" 
condition. 

13. Volume can be controlled using a variable resistor connected to ground (nominal 5 kn) or by 
means of a variable d.c. voltage. In this latter case the rather low impedance at pin 11 must be 
taken into account. 

------------T 
3 v 

---- ----- __ L," 
M0643 

Fig. 2 Video output signal. 
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Small Signal Combination for Monochrome TV TDA4503 

Notes to characteristics (continued) 

14. The sync separator is noise gated. The slicing level is referred to top sync level and is 
independent of the video information. The value given is a percentage of the sync pulse 
amplitude. The slicing depends on the values of external resistors connected to pin 26. 

15. Phase detector current increases by a factor of 7 during "catching" and when phase detector 
operates in the 'FAST' mode (pin 28). This ensures a high catching range and a higher dynamic 
loop gain. 

16. Supply voltage variation in the range 8 to 12 V. 

17. The negative-going edge of this pulse initiates the switch-off of the horizontal output transistor 
(simultaneous driver). 

18. The circuit requires an integrated flyback pulse. The gate pulses for a.g.c. and the coincidence 
detector are obtained from the sawtooth. 

19. The functions of in-sync/out-of-sync and transmitter identification have been combined on pin 
28. For reception of VCR-signals the voltage on this pin must be fixed between 3 V and 4.5 V so 
that the time constant is fast and the sound is still available. 
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Small Signal Combination for Monochrome TV 

APPLICATION INFORMATION 
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Sound 1.F. Amplifter/Demodulator For TV TBA120U 

The TBA 120U is an i.f. amplifier with a symmetrical FM demodulator and an a.f. amplifier with 
adjustable output voltage. The a.f. amplifier is also provided with an output for volume control and 
an input for VCR operation. 

The input and output of the TBA 120U are especially designed for LC·circi.Jits, but the input can also 
be used with a ceramic filter. 

QUICK REFERENCE DATA 

Supply voltage (pin 11) 

Supply current 

1.F. voltage gain at f = 5,5 MHz 

Input voltage starting limiting 

AM suppression at Af = ± 50 kHz 

A.F. output voltage adjustment range (pin 8) 

A.F. output voltage at Af = ± 50 kHz (r.m.s. value) 
at pin 8 

at pin 12 

Vp 

11 

i 
+ 

14 

2 

3 

13 x 
6 10 9 

Fig. 1 Block diagram. 

PACKAGE OUTLINE 

14-lead OIL; plastic (SOT-27K, M, T). 
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Vp typ. 12 v 
Ip typ. 13,5 mA 

Gv if typ. 68 dB 

Vi typ. 30 µV 

a typ. 60 dB 

AVoaf typ, 85 dB 

Vo af(rms) typ, 1,2 v 
Vo af(rms) typ. 1,0 v 

~=:::::1-+'8-+- a. I. 
(adjustable) 

TBA120U 

3,6V 

4 
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Slgnetlcs Linear Products Product Specification 

Sound l.F. Amplifier/Demodulator For TV TBA120U 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 11) Vp = V11-1 max. 18 V* 

Adjustment voltage (pin 5) V5_1 max. 6 v 
Total power dissipation Ptot max. 400 mW 

By-pass resistance R13-14 max. 1 kn 

Storage temperature range Tstg -40 to+ 125 oc 

Operating ambient temperature range Tamb -15 to +70 °c 

CHARACTERISTICS 

Vp = 12 V; Tamb = 25 °C; f = 5,5 MHz 

1.F. voltage gain Gv if6-14 typ. 68 dB 

Input voltage starting limiting 
typ. 30 µ.V 

at ~f = ± 50 kHz; fm = 1 kHz Vi < 60 µ.V 

1.F. output voltage at limiting 
(peak-to-peak value) Vo if (p-p) typ. 250 mV 

AM suppression at ~f = ± 50 kHz; Vi= 500 µ.V; > 50 dB 
fm = 1 kHz; m = 30% (\' 

typ. 60 dB 

1.F. residual voltage without de-emphasis 
at pin 12 Vif 12 typ. 30 mV 

at pin 8 Vif8 typ. 20 mV 

A. F. voltage gain Gv af8-3 typ. 7,5 

A.F. adjustment 
20 to 36 dB 

at R4_5 = 5 kn;.R5_1 = 13 kn ~Vo af typ. 28 dB 8 
A.F. output voltage control range > 70 dB 

~Vo af typ. 85 dB 

Adjustment resistor** R4_5 1to10 kn 

D.C. voltage portion at the a.f. outputs 
pin 12 V12-1 typ. 5,6 v 
pin 8 V8-1 typ. 4,0 v 

Output resistance of the a.f. outputs 
pin 12 Ro 12-1 typ. 1, 1 kn 

pin 8 Ro8-1 typ. 1, 1 kn 

Input resistance of the a.f. input Ri3-1 typ. 2 kn 

Stabilized reference voltage V4.1 = Vref 
4,2 to 5,3 V 

typ. 4,8 v 
Source resistance of reference 

voltage source R4_1 typ. 12 n 

* Supply voltage operating range is 10 to 18 V. 
** Pin 5 must be connected to pin 4, when volume control adjustment is not applicable. 
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Sound l.F. Amplifieli"Demodulator For TV 

Hum suppression 
at pin 12 

at pin 8 

Supply current (pin 11) 

I. F. input impedance 

A.F. output voltage at ~f = ± 50 kHz; fm = 1 kHz; 
Vj = 10 mV; Oo = 45; r.m.s. value 
at pin 12 

at pin 8 

Distortion at ~f = ± 50 kHz; fm = 1 kHz; 
Vi= 10 mV; 0 0 = 20 

47µF 

H+ 

V12IV11 typ. 

Vs!V11 typ. 

Ip= 111 typ. 

IZil typ. 
> 

Vo af (rms) typ. 

Vo af (rms) typ. 

dtot typ. 

a.f. (adjustable) 

l2,2µF 

+ 47 nF 

H 
....._-+-...... H 

47 nF 

11 3 12 8 

Product SpecWlcatlon 

TBA120U 

30 dB 

35 dB 

9,5 to 17,5 mA 
13,5 mA 

40 kil/4,5 pF 
15 kfl/<6 pF 

1,0 v 
1,2 v 

1 % 

s:;0~MA ~~pF 14 10 
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Fig. 2 Application example using TBA120U. 
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Sound l.F. Amplifier/Demodulator For TV 
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Fig. 3 The a.f. output voltage at pin 8 as a 
function of the resistance values as shown 
in Fig, 4. 
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(1) V 0 at with de-€mphasis at ~f = ± 50 kHz; 
fm = 1 kHz; dtot = 1,5%; 0 dB~ 770 mV. 

(2) Vi: O dB~ 200 mV at 60 n. 

Fig. 5 The a.f. output voltage.at pin 8 as a 
function of the input voltage with SFC 5,5 MA 
at the input (see Fig. 2). 
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4 5 

Fig. 4 Resistor conditions for 
curves in Fig. 3. 

vo(af) (1) 
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-100 -80 -60 -40 -20 0 

V; (dB) (2) 

( 1) V 0 at with de-emphasis at f m = 1 kHz; 
0 dB~ 770 mV; 
curve a: ~f = ± 50 kHz; dtot = 3%; 
curve b: ~f = ± 25 kHz; dtot = 1%. 

(2) Vi: 0 dB~ 200 mV at pin 14. 

Fig. 6 The a.f. output voltage at pin 8 
as a function of the input voltage with 
broadband input (60 n). 
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Slgnetlcs Linear Products 

Sound l.F. Amplifiei;/Demodulator For TV 

Volaf) 
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_l 

-5t--+---!--'-~--'--'---1--+---+--+--l----I 

0 10 15 Vp (V) 20 

Fig. 7 The a.f. output voltages at pins 8 
and 1 as a function of the supply voltage; 
OdB~770mV. 
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Fig. 9 Supply current and the reference 
voltage at pin 4 as a function of supply 
voltage. 
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Fig. 8 Total distortion as a function 
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Signetlcs Linear Products Product Specification 

Quasi-Split Sound Circuit TDA2545A 

The TDA2545A Is a monollthlc Integrated circuit forquasl·spllt·sound processing In televlslon receivers. 

• 3-stage gain controlled IF ampllfler 

• A.G.C. circuit 

1ST SOUND l.F. & DEMODULATOR 

':" 

*330nF 

• Reference ampllfier with llmlter ampllfier for vision 
carrier (V.C.) processing 

• Linear multipller for quadrature demodulator 

38.9MHz 

V+ 

LIMITER 
AMPLIFIER 

':" 

90' V+ 

x 

x 
':" 

+Vs 
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Signetics Linear Products Product Specification 

Quasi-Split Sound l.F. with Sound Demodulator TDA2546A 

GENERAL DESCRIPTION 

The TDA2546A is a monolithic integrated circuit for quasi-split-sound processing, including 5.5 MHz 
demodulation, in television receivers. 

Features 

1st i.f. (V.C.: vision carrier plus S.C.: sound carrier) 

• 3-stage gain controlled i.f. amplifier 
• A.G.C. circuit 
• Reference amplifier and limiter amplifier for vision carrier (V .C.) processing 
• Linear multiplier for quadrature demodulation 

2nd i.f. (5.5 MHz signal) 

• 8-stage limiter amplifier 
• Quadrature demodulator 
• A.F. amplifier with de-emphasis 
• AV switch 

QUICK REFERENCE DATA 

Supply voltage (pin 15) 

Supply current (pin 15) 

Minimum i.f. vision carrier input voltage (r.m.s. value) 

Output voltage; 5.5 MHz (r.m.s. value) 

Output voltage; 5.742 MHz (r.m.s. value) 

I. F. control range 

Signal-to-weighted-noise ratio 
at 5.5 MHz 

at 5.742 MHz 

A.F. output voltage (r.m.s. value) 

PACKAGE OUTLINES 

18-lead DI L; plastic (SOT-102CS). 

September 1985 8-154 

Vp = V15.15 typ. 

Ip= 115 typ. 

Vvc1-18(rms) typ. 

V14-16(rms) typ. 

V14-16(rms) typ. 

AGv min. 

S+W/W min. 

S+W/W min. 

Vo6-16(rms) typ. 

12 v 
54 mA 

50 µV 

100 mV 

45 mV 

66 dB 

53 dB 

51 dB 

0.6 v 
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Signetlcs Linear Products Product Specification 

Quasi-Split Sound l.F. with Sound Demodulator TDA2546A 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 15) Vp = V15.15 max. 13.2 v 
Input current (pin 4) 

Storage temperature range 

Operating ambient temperature range 

September 1985 8-156 

14 

Tstg 

Tamb 

max. 5 mA 

-25 to + 150 oc 

0 to +10 oc 



Slgnetlcs Linear Products 

Quasi-Split Sound l.F. with Sound Demodulator 

CHARACTERISTICS 

Vp = V15-16 = 12 V; Tamb = 25 °c; measured at fvc = 38.9 MHz, fsc1=33.4 MHz, 
fsc2 = 33.158 MHz: 

Product Specification 

TDA2546A 

Vision carrier (V.C.) modulated with 2 T/20 T pulses, line-for-line alternating with white bars; modula­
tion depth 100% (proportional to 10% residual carrier). 

Sound carriers (S.C.1, S.C.2) modulated with f = 1 kHz and .:if=± 30 kHz. 

Vision-to-sound carrier ratios are V .C./S.C.1 = 13 dB and V .C./S.C.2 = 20 dB. 
Vision carrier amplitude (r.m.s. value) is Vvc = 10 mV. 
For measuring circuit see Fig. 2; unless otherwise specified. 

parameter symbol min. 

Supply (pin 15) 

Supply voltage Vp = V15.16 10.8 

Supply current Ip= 115 -

l.F. amplifier 

Minimum input voltage (r.m.s. value) 
(intercarrier signals -3 dB) Vvc1-18(rms) -

Maximum input voltage (r.m.s. value) 
(intercarrier signals + 1 dB) Vvc1-18(rms) -

1.F. control range .:1Gv 66 

Control voltage range V3.15 4 

Input resistance R1-18 -
Input capacitance C1-18 -

lntercarrier generation 

Output voltage; 5.5 MHz (r.m.s. value) V14-16(rms) -
Output voltage; 5.742 MHz (r.m.s. value) V14-16(rms) -
D.C. output voltage V14.15 -
Allowable load resistance at the output R14-16 7 

Allowable output current -114 -

Frequency demodulator 
(measured at f = 5.5 MHz) 

Input voltage for start of limiting (r.m.s. value) V12-16(rms) -
Maximum input voltage (r.m.s. value) V12-16(rms) -
D.C. output voltage v 11, 12, 13-16 -

8-157 

typ. max. unit 

12 13.2 v 

54 - mA 

50 - µV 

100 - mV 

- - dB 

- 9 v 

2 - kfl 

2 - pF 

100 - mV 

45 - mV 

5.9 - v 

- - kfl 

- 1 mA 

- 100 µV 

200 - mV 

2.2 - v 
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Signetics Linear Products 

Quasi-Split Sound l.F. with Sound Demodulator 

parameter 

A.F. output voltage (r.m.s. value) 

D.C. output voltage 

Allowable load resistance at the output 

Total harmonic distortion 

Internal de-emphasis resistance 

Switching voltage (pin 4) 
for mute 

for a.f. on 

lntercarrier signal-to-noise 
(measured behind the FM demodulators) 

Signal-to-weighted-noise ratio 
according to CCI R 468-2, quasi-peak 
at 5.5 MHz 

at 5.742 MHz 

with black level (vision carrier 
modulated with sync pulses only) 
at 5.5 MHz 

at 5.742 MHz 

18 17 

2 

AV 
switching 

voltage 

3 

symbol min. typ. 

V6-16(rms) - 600 

V6-16 - 4 

R6-16 27 -
THO - -
Ri5-16 - 1 

V4-16 9 -
V4.15 - -

S+W/W 53 -
S+W/W 51 -

S+W/W 60 -
S+W/W 58 -

filter 5.742MHz 
1n1--+ to external 

820 ~ FM demodulator 

filter 5.5 MHz 

1 6~::H 2 .,_0""2"'0..._._4 ..... 1~ 
22nF 

14 13 12 11 10 

TDA2546A 

5 6 

I~~ I~~ [;t --6-t80t-p-F-

a.f. L2 
de-emphasis 

a.f. 
output 

(1) 1.F. signal: vision carrier (V.C.) and sound carrier (S.C.). 

Fig. 2 Measuring circuit for TDA2546A. 
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TDA2546A 

max. 

-
-
-
1 

-

-
2.5 

-
-

-
-

68 
pF L1 

7Z84653.1A 

unit 

mV 

v 
kil 

% 

kil 

v 
v 

dB 

dB 

dB 

dB 



Signetics Linear Products Product Specification 

Dual TV Sound Demodulator Circuit TDA2555 

GENERAL DESCRIPTION 

The TDA2555 incorporates two FM demodulator systems to perform the demodulator functions 
required in a dual sound carrier TV system for demodulating the sound carriers. 

• Eight stage limiting amplifier 
• Quadrature demodulator for FM detection 
• De-emphasis stage 
• Output amplifier 

QUICK REFERENCE DATA 

Supply voltage (pins 13 and 15) 

Supply current (pins 13 and 15) 

AF output voltage (pins 2 and 8), rms value 

Total harmonic distortion 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102HE). 

8-159 

Vp 

Ip 

typ. 

typ. 

V o(rms) typ. 

THO < 

12 v 
24,5 mA 

350 mV 

0,1 % 
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8 



Slgnetlcs Linear Products Product Specification 

Dual TV Sound Demodulator Circuit ·TDA2555 

Fig. 1 Block diagram. 
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Dual TV Sound Demodulator Circuit 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pins 13 and 15) Vp 

Total power dissipation 

Storage temperature range 

Operating ambient temperature 

CHARACTERISTICS 

Ptot 

Tstg 

Tamb 

Product Specification 

TDA2555 

max. 13,2 v 
max. 400 mW 

-25 to+ 150 oc 

0 to +70 oc 

Vp = V13, 15-14 = 12 V; Tamb = 25 °C; f = 5,5 MHz; fm1=1 kHz; . .M = ± 30 kHz; Vi (rms) = 5 mV, see 
test circuit Fig. 2, voltages with respect to ground (pin 14), unless otherwise specified. 

parameter symbol min. typ. max. unit 

Supply voltage (pins 13 and 15) Vp 10,8 12,0 13,2 v 
Supply current 113, 15 - 24,5 - mA 

Input voltage (rms value) 
for start of limiting V12, 17(rms) - - 100 µV 

Maximum input voltage V12,17-14 - 200 - mV 

D.C. voltage at inputs 
pins 10, 11, 12, 16, 17 and 18 to 14 Vi - 2,0 - v 

A.M. suppression 
fm(fm) = 70 Hz; ~f = ± 30 kHz 

AMS 50 dB fm(am) = 1 kHz; m = 30% - -

A. F. output voltage 
r.m.s. value V2,8-14 350 - - mV 

D.C. voltage at outputs 
pins 2 and 8 V2,8-14 - 3,7 - v 

Output lead resistance 
pins 2 and 8 RL 10 - - kil 

Total harmonic distortion THO - - 0, 1 % 

Internal de-emphasis resistance 
pins 1 and 9 Ri - 1,0 - kil 

Channel separation ()( 60 - - dB 

8-161 September 1985 
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Signetics Linear Products Product Specification 

Dual TV Sound Demodulator Circuit TDA2555 

+12V 

~2µF 

TDA2555 

2 5 8 9 

47 nF 47 nF 

I r 
1 nF 

22 pF 1 kr! 22 pF 22pF 1kS1 22pF 

~ ~ 7ZB0515 
1,8kS1 1,8kS1 

Fig. 2 Test circuit. 
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Signetics Linear Products Product Specification 

Sync Circuit with Vertical Oscillator and Driver TDA25nA 

GENERAL DESCRIPTION 

The TDA2577 A separates the vertical and horizontal sync pulses from the composite TV video signal 
and uses them to synchronize horizontal and vertical oscillators. 

Features 

• Horizontal sync separator and noise inverter 
• Horizontal oscillator 
• Horizontal output stage 
• Horizontal phase detector (sync to oscillator) 
• Time constant switch for phase detector (fast time constant during catching) 
• Slow time constant for noise only conditions 
• Time constant externally switchable (e.g. fast for VCR) 
• Inhibit of horizontal phase detector and video transmitter identification circuit during vertical 

oscillator flyback 
• Second phase detector (.,o2) for storage compensation of horizontal deflection stage 
• Sandcastle pulse generator (3-levels) 
• Video transmitter identification circuit 
• Stabilizer and supply circuit for starting the horizontal oscillator and output stage directly from the 

mains rectifier 
• Duty factor of horizontal ou~put pulse is 50% when flyback pulse is absent 
• Vertical sync separator 
• Bandgap 6.5 V reference voltage for vertical oscillator and comparator 
• Synchronized vertical oscillator/sawtooth generator (synchronization inhibited when no video 

transmitter is detected) 
• Internal circuit for 3% parabolic pre-correction of the oscillator/sawtooth generator. Comparator 

supplied with pre-corrected sawtooth and external feedback input 
• Vertical comparator with internal 3% pre-correction circuit for vertical oscillator/sawtooth generator 
• Vertical driver stage 
• Vertical blanking pulse generator with external adjustment of pulse duration (50 Hz: 21 lines; 

60Hz: 17 lines) 
• Vertical guard circuit 

QUICK REFERENCE DATA 

Supply 

Minimum current required to start horizontal 
oscillator and output stage (pin 16) 

Main supply voltage (pin 10) 
Supply current 

Input signals 

Sync pulse input voltage (peak-to-peak value; negative-going) 

Output signals 

Horizontal output pulse (open collector) at I 11 = 40 mA 
Vertical output pulse (emitter-follower) at I 1 = 10 mA 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102HE). 

8-163 

I 15 
Vp = V10_9 
Ip= 110 

V5_9(p-p) 

V11-9 
v1-9 

> 4 mA 
typ. 12 v 
typ. 55 mA 

0.15 to 1 v 

< 0.5 v 
> 4 v 
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Signetics Linear Products Product Specification 

Sync Circuit with Vertical Oscillator and Driver TDA25nA 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Start current (pin 16) 115 max. 8 mA 

13.2 v Supply voltage (pin 10) Vp = V10.9 max. 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTERISTICS 

Ptot 

Tstg 

Tamb 

Rthj-a 

I 15 = 5 mA; Vp = 12 V; T amb = 25 °c; unless otherwise specified 

Supply 

Supply current at pin 16 

Stabilized supply voltage (pin 16) 

Supply current (pin 10) 

Supply voltage (pin 10) 

Video input (pin 5) 

Top-sync level 

Sync pulse amplitude (peak-to-peak value) (note 1) 

Slicing level 

Delay between video input and detector output 

Noise gate (pin 5) 

Switching level 

First control loop (sync to oscillator; pin 8) 

Holding range 

Catching range 

Control sensitivity video with respect to 
oscillator, burst key and flyback pulse 

for slow time constant 
for fast time constant 

8-165 

I 15 

V16-9 

I 10 

Vp = V10.9 

V5_9 

V5.9(p-p) 

t1 

V5.9 

at 

at 

max. 1.1 W 

-55 to+ 150 oc 

-25 to+ 65 oc 

typ. 50 K/W 

4to8 mA 

typ. 8.7 v 
8.0 to 9.5 V 

typ. 55 mA 
< 70 mA 

typ. 12 v 
10 to 13.2 V 

typ. 3.1 v 
1.5 to 3.75 V 

typ. 0.6 v 
0.15 to 1 V 

typ. 50 % 
35 to 65 % 

typ. 0.35 µs 

typ. 0.7 v 
< 1 v 

typ. ±800 Hz 

typ. ± 800 Hz 
± 600 to 1100 Hz 

typ. 1 kHz/µs 
typ. 2 75 kHz/µs 
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Slgnetics Linear Products 

Sync Circuit with Vertical Oscillator and Driver 

vertical drive 
TDA3651 
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START CIRCUIT STABILIZER 

6,5 v 
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Product Specification 

TDA25nA 

18 
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sandcastle 

output pulse 

l15>4mA 
16-

100 J µF 

~----+ 12V 

Fig. 2 TDA2577A Circuit Diagram. 
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Signetics Linear Products Product Specification 

Sync Circuit with Vertical Oscillator and Driver TDA2.577A 

video 

~put 

1K 

150 

pF J 

1;1 

4.7 
K 

82 

to pm 16 

4.7 +1 
µF 

2K 

+12 v 

osc ref 
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I 
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L _____ __:::_ 
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HORIZONTAL SYNC SEPARATOR 

sliced 

to sync 
slicer 

I 

- - ;;-N~ ;,:;C·E;;- - - - - -- -L 

SLOW PHASE DETECTOR 1p, 
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K 
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K 
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Fig. 2 TDA2577A Circuit Diagram. (Continued) 
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Signetlcs Linear Products 

Sync Circuit with Vertical Oscillator and Driver 

Second control loop (horizontal output to flyback; pin 14) 

Control sensitivity; static (see note 2) 

Control range 

Controlled edge 
Phase adjustment (via 2nd control loop; pin 14) 

Control sensitivity 

Maximum permissible control current 

Horizontal oscillator (pin 15) 

Frequency (no sync) 

Frequency spread (Cose= 2.2 nF; Rose= 40 k!l) 

Frequency deviation between starting point of 
output signal and stabilized condition 

Temperature coefficient 
Horizontal output (pin 11) 

Output voltage; high level 

Voltage at which protection starts 

Output voltage; low level 
start condition at I 11 = 10 mA 

normal condition at I 11 = 40 mA 

Duty factor of output signal during 
starting (no phase shift; voltage at pin 11 low) 

Duty factor of output signal 
without flyback pulse 

Controlled edge 

Duration of output pulse (see Fig. 3) 

Sandcastle output pulse (pin 17) 

Output voltage during: 
burst key 

horizontal blanking 

vertical blanking 

Pulse duration 

burst key 

horizontal blanking 

vertical blanking 
for 50 Hz application (-112: 0 to 0.1 mA) 
for 60 Hz application (-112: typ. 0.2 mA) 

September 1985 8-168 

Product Specification 

TDA2.5nA 

.:1td/At0 typ. 400 µs/µs 

td 1to50µs 

negative 

typ. 25 µA/µs 

± 114 < 50 µA 

fosc typ. 15 625 Hz 

Afosc < 4 % 

Afosc 
typ. 6 % 
< 8 % 

TC typ. 1 • 10-4 K-1 

V11-9 < 13.2 v 
V11-9 13 to 15.8 V 

V11-9 
typ. 0.3 v 
< 0.5 v 

V11-9 
typ. 0.3 v 
< 0.5 v 

6 typ. 65 % 

6 
typ. 50 % 

45 to 55 % 

negative 

td + t0 + 2.5 µs 

V17_9 > 10 v 

V17_9 
typ. 4.6 v 

4.2 to 5 V 

V17_9 
typ. 2.5 v 

2 to 3 V 

tp 
typ. 4 µs 

3.6 to 4.4 µs 

flyback pulse (see note 3) 

21 lines 
17 lines 



Signetics Linear Products 

Sync Circuit with Vertical Oscillator and Driver 

CHARACTERISTICS (continued) 

Delay between the start of the sync at the video 
input and the rising edge of the burst key pulse 

Coincidence detector; video transmitter identification circuit; 
time constant switches (pin 18); see also Fig. 2 

Detector output current 

Voltage during noise (note 4) 

Voltage level for in-sync condition 

Switching level slow to fast 

Switching level 
mute function active; <P1 fast to slow 

vertical period counter 
3 periods fast 

Switching level slow to fast (locking) 
mute function inactive 

Switching level fast to slow (locking) 

Switching level for VCR (fast time constant) 
without mute function 

Video transmitter identification output (pin 13) 

Output voltage active (no sync) at 113 = 1 mA 

Output voltage active (no sync) at I 13 = 5 mA 

Output voltage inactive 

VCR switching (pin 13) 

Input current for fast time constant 
phase detector <P1, with mute function active 

Flyback input pulse (pin 12) 

Switching level 

Input current 

Input pulse amplitude (peak-to-peak value) 

Input resistance 

Delay time of sync pulse (measured in <P1) 
to fly back at switching level; t11 = 12 µs 
(see also note 2 and Fig. 4) 

8-169 

± 118 

V18-9 

V18-9 

v18-9 

V18-9 

V18-9 

V18-9 

v18-9 

V18-9 

V12-9 

I 12 

V12-9(p-p) 

R12-9 

to 

Product Specification 

TDA25nA 

typ. 4.9 µs 

typ. 

typ. 

typ. 

4_5 to 5.3 µs 

300 µA 

0.3 v 
7.5 v 

typ. 3.5 v 
3.2 to 3.8 V 

typ. 1.2 v 
1.0 to 1.4 V 

typ. 0.12 v 
0.08to0.16 V 

typ. 1.7 v 
1.5to1.9V 

typ. 5.0 v 
4.7 to 5.3 V 

typ. 8.6 v 
8.2 to 9.0 V 

> 10 v 
typ. 11 v 

> 7 v 
typ. 10 v 

< 0.5 v 
typ. 0.1 v 

typ. 0.6 mA 
0.4 to 0.8 mA 

typ. 1 v 

0.2 to 4 mA 

< 12 v 

typ. 2.1 kn 

typ. 1.3 µs 
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Duration of vertical blanking pulse (pin 12) 

Required input current (negative) 
for 50 Hz application; 21 lines blanking 

for 60 Hz application; 17 lines blanking 

Maximum allowed input current 

Vertical sawtooth generator (pin 3) 

Vertical frequency (no sync) 

Frequency spread (Cose = 680 n F; R osc = 180 kU; at + 26 V) 

Synchronization range 

Input current at V3.9 = 6 V 

Frequency shift for Vp = 10 to 13 V 

Temperature coefficient 

Comparator (pin 2) 

Input voltage; d.c. level 

a.c. level (peak-to-peak value) 

Input current at V2.9 = 6 V 

Sawtooth internal pre-correction (parabolic convex) 

Vertical output stage; emitter follower (pin 1) 

Output voltage at I 1 = 10 mA 

Output current 

Vertical guard circuit 

Activating voltage levels (vertical blanking level is 2.5 V) 

switching level low 

switching level high 

Notes to characteristics 

-112 

-112 

-112 

fs 

LHs 

13 

~fs 

TC 

V2.9 

V2-9(p-p) 

12 

V1.9 

I 1 

Product Specification 

TDA2577A 

typ. 0.2 mA 
>0.15to< 0.3 mA 

< 0.1 mA 

< 0.4 mA 

typ. 46 Hz 

< 4% 

typ. 22 % 

< 2 µA 

< 0.2 % 

typ. 1 • 10-4 K-1 

typ. 4.4 v 
4.0 to 4.8 V 

typ. 1.6 v 
< 2 µA 

typ. 3 % 

typ. 3.6 v 
3.2 to 5 V 

< 20 mA 

typ. 3 v 
2.7 to 3.3 V 

typ. 5.7 v 
5.3 to 6.1 V 

1. Up to 1 V peak-to-peak the slicing level is constant; at amplitudes exceeding 1 V peak-to-peak the 
slicing level will increase. 

2. td = delay between negative transient of horizontal output pulse and the rising edge of the flyback 
pulse. 
t 0 =delay between the rising edge of the flyback pulse and the start of the current in <P1 (pin 8). 

3. The duration of the flyback pulse is measured at the input switching level, which is about 1 V (tf1). 
4. Depends on d.c. level at pin 5; value given applicable for V5.9,.,, 5 V. 
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v,._, I _~70_-~_yn_c_co-nd ... ition 

<P 1 fast-

1.2V 1.7V 

noise only 

\01 fast VCR mode; 
+--- without mute function 
......_ normal mode 

\01 fast VCR mode; - <l'1slow l 
with mute function 

.,.._mute out 

7Z86170.1 

Fig. 3 Voltage levels at pin 18 (V19_9). 

APPLICATION INFORMATION 

Product Specification 

TDA2.5nA 

The TDA2577A generates the signal for driving the horizontal deflection output circuit. It also· contains 
a synchronized vertical sawtooth generator for direct drive of the vertical deflection output stage. 

The horizontal oscillator and output stage can start operating on a very low supply current 015 ;;;.4 mA), 
which can be taken directly from the mains rectifier. Therefore, it is possible to derive the main supply 
(pin 10) from the horizontal deflection output stage. The duty factor of the horizontal output signal 
is about 65% during the starting-up procedure. After starting-up, the second phase detector (1P2l is 
activated to control the timing of the negative-going edge of the horizontal output signal. 

A bandgap reference voltage (6.5 Vl is provided for supply and reference of the vertical oscillator and 
comparator stage. 

The slicing level of the horizontal sync separator is independent of the amplitude of the sync pulse at 
the input. The resistor between pins 6 and 7 determines its value. A 4.7 kil resistor gives a slicing level 
at the middle of the sync pulse. The nominal top sync level at the input is 3.1 V. The amplitude 
selective noise inverter is activated at a level of 0.7 V. 

Good stability is obtained by means of the two control loops. In the first loop, the phase of the 
horizontal sync signal is compared with a waveform of which the rising edge refers to the top of the 
horizontal oscillator signal. In the second loop, the phase of the flyback pulse is compared with another 
reference waveform, the timing of which is such that the top of the flyback pulse is situated symmetrically 
on the horizontal blanking interval of the video signal. Therefore the first loop can be designed for a good 
noise immunity, whereas the second loop can be as fast as desired for compensation of switch-off delays 
in the horizontal output stage. 

The first phase detector is gated with a pulse derived from the horizontal oscillator signal. This gating 
(slow time constant) is switched off during catching. Also, the output current of the phase detector is 
increased fivefold, during the catching time and VCR conditions (fast time constant). The first phase 
detector is inhibited during the retrace time of the vertical oscillator. 

The in-sync, out-of-sync or no video condition is detected by the video transmitter identification/coin­
cidence detector circuit (pin 18). The voltage on pin 18 defines the time constant and gating of the first 
phase detector. The relationship between this voltage and the various switching levels is shown in Fig. 3. 
The complete survey of the switching actions is given in Table 1. 
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APPLICATION INFORMATION (continued) 

Table 1 Switching levels at pin 18. 

voltage at first phase detector <P1 

pin 18 time constant gating 

slow fast on off 

7.5 v x x 
7.5 to 3.5 V x x 
3.5 to 1.2 V x x 
1.2 to 0.1 V x x 
0.1to1.7 V x . x . 
1.7 to 5.0 V x x 

5.0 to 7.5 V x x 
8.7 v x x 

Where: * = 3 vertical periods. 

mute output 
at pin 13 

on off 

x 
x 
x 

x 
x 

x 

x 
x 

Product Specification 

TDA2.5nA 

receiving conditions 

video signal detected 

video signal detected 

video signal detected 

noise only 

new video signal detected 

horizontal oscillator locked 

VCR playback with mute function 

horizontal oscillator locked 

VCR playback without mute function 

The stability of displayed video information (e.g. channel number), during noise only conditions, is 
improved by the first phase detector time constant being set to slow. 

The average voltage level of the video input on pin 5 during noise only conditions should not exceed 
5.5 V otherwise the time constant switch may be set to fast due to the average voltage level on pin 
18 dropping bel.ow 0.1 V. When the voltage on pin 18 drops below 100 mV a counter is activated 
which sets the time constant switch to fast, and not gated for 3 vertical periods. This condition occurs 
when a new video signal is present at pin 5. When the horizontal oscillator is locked the voltage on pin 18 
increases. Nominally a level of 5 V is reached within 15 ms ( 1 vertical period). The mute switching level 
of 1.2 Vis reached within 5 ms (C10 = 47 nF). If the video transmitter identification circuit is required 
to operate under VCR playback conditions the first phase detector can be set to fast by connecting a 
resistor of 180 k.U between pin 18 and ground. Also a current of 0.6 mA into pin 13 sets the first phase 
detector to fast without affecting the mute output function (active HIGH with no video signal detected). 
For VCR playback without mute function, the first phase detector can be set to fast by connecting a 
resistor of 1 kil to the supply (pin 10). 

The supply for the horizontal oscillator (pin 15) and horizontal output stage (pin 11) is derived from the 
voltage at pin 16 during the start condition. The horizontal output signal starts at a nominal supply cur­
rent into pin 16 of 3.5 mA, which will result in a supply voltage of about 5.5 V (for guaranteed operation 
of all _devices I 15 > 4 mA). It is possible that the main supply voltage at pin 10 is 0 V during starting, so 
the main supply of the IC can be taken from the horizontal deflection output stage. The start of the 
other IC functions depends on the value of the main supply voltage at pin 10. At 5.5 Vall IC functions 
start operating except the second phase detector (oscillator to flyback pulse). The output voltage of the 
second phase detector at pin 14 is clamped by means of an internally loaded n-p-n emitter follower. 
This ensures that the duty factor of the horizontal output signal (pin 11) remains at about 65%. The 
second phase detector will close if the supply voltage at pin 10 reaches 8.8 V. At this value the supply 
current for the horizontal oscillator and output stage is delivered by pin 10, which also causes the 
voltage at pin 16 to change to a stabilized 8.7 V. This change switches off the n-p-n emitter follower 
at pin 14 and activates the second phase detector. The supply voltage for the horizontal oscillator will, 
however, still be referred to the stabilized voltage at pin 16, and the duty factor of the output signal 
at pin 12 is at the value required by the delay at the horizontal deflection stage. Thus switch-off delays 
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in the horizontal output stage are compensated. When no horizontal flyback signal is detected the duty 
factor of the horizontal output signal is 50%. 

Horizontal picture shift is possible by externally charging or discharging the 47 nF capacitor connected 
to pin 14. 

The IC also contains a synchronized vertical oscillator/sawtooth generator. The oscillator signal is 
connected to the internal comparator (the other side of which is connected to pin 2), via an inverter 
and amplitude divider stage. The output of the comparator drives an emitter-follower output stage at 
pin 1. For a linear sawtooth in the oscillator, the load resistor at pin 3 should be connected to a voltage 
source of 26 V or higher. The sawtooth amplitude is not influenced by the main supply at pin 10. The 
feedback signal is applied to pin 2 and compared to the sawtooth signal at pin 3. For an economical 
feedback circuit with less picture bounce the sawtooth signal is internally precorrected by 3% (convex) 
referred to pin 2. The linearity of the vertical deflection current depends upon the oscillator signal at 
pin 3 and the feedback signal at pin 2. 

Synchronization of the vertical oscillator is inhibited when the mute output is present at pin 13. 

To minimize the influence of the horizontal part on the vertical part a 6.5 V bandgap reference source 
is provided for supply and reference of the vertical oscillator and comparator. 

The sandcastle pulse, generated at pin 17, has three different voltage levels. The highest level ( 11 V) 
can be used for burst gating and black level clamping. The second level (4.6 V) is obtained from the 
horizontal flyback pulse at pin 12 and used for horizontal blanking. The third level (2.5 V) is used for 
vertical blanking and is derived by counting the horizontal frequency pulses. For 50 Hz the blanking 
pulse duration is 21 lines and for 60 Hz it is 17 lines. The blanking pulse duration is set by the negative 
voltage value of the horizontal flyback pulse at pin 12. 

The IC also incorporates a vertical guard circuit, which monitors the vertical feedback signal at pin 2. 
If this level is below 3 V or higher than 5.8 V, the guard circuit will insert a continuous level of 2.5 V 
into the sandcastle output signal. This will result in complete blanking of the screen if the sandcastle 
pulse is used for blanking in the TV set. 
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APPLICATION INFORMATION (continued) 

September 1985 

video signal 
(pin 5) 

<P1 detector 
output current 
(pin8) 

horizontal 
oscillator signal 
(pin 15) 

horizontal 
output signal 
(pin 11) 

--rl.J--
t1 _J _ 0.35µs 

'-- L 
1 td 

switch-off delay =7 
horizontal output stage 

flyback pulse 

(pin 12) 0 V -===:.=.=.:::11 
switching 

~ ... _ .... _-_-_-_-level 

-1.3µs 
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output current If---
(pin 14) I 4 s 

:u~!castle horizontal blankinj]ib" :::5: 
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_,---- 1- 12µs - 1 _----i:=, 1ze,.s

2
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Fig. 4 Timing diagram of the TDA2577 A. 
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+12V 
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flyback 
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drive 

>0.2mA 
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<4.0mA 
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13 

4.7K 

82 
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36K 

47nF~ 
14 
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>4mA 
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µF 

+ 
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K 
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video 

220 
K 

vertical vertical 
feedback drive 
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TDA3651 7286168.1 
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Fig. 5 Typical application circuit diagram; for combination of the TDA2577A with the TDA3651 see 
Fig. 7. 

33K F.+12V 
to pin 180K 

14 +----'VV'v--+ 
TDA2577 A 
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Fig. 6 Circuit configuration at pin 14 for phase adjustment. 
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APPLICATION INFORMATION (continued) 

10nF 

~ 
6.8 K 

vertical drive 
(from pin 1 TDA2577A) 

47K 

vertical feedback 

(pin 2 TDA2577A) 3.9 nF 

330 

8.2 K 

linearity 

TDA3651 

.,.. 

VERTICAL 
DEFLECTION 

COILS 
AT1236/20 

1.8K 
shift 

+ 1000µF 
( 16V) 

1.2 

Product Specification 

TDA2577A 

n.c. 
+ 

470 

.,.. 
BAX12A 

47 nF 
+ J 220µF 

+26V 

27 

7286902.A 

Fig. 7 Typical application circuit diagram of the TDA3651 (vertical output), when used in combination 
with the TDA2577A (9QO application). 
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GENERAL DESCRIPTION 
The TDA2578A separates the vertical and horizontal sync pulses from the composite TV video signal 
and uses them to synchronize horizontal and vertical oscillators. 

Features 

• Horizontal sync separator and noise inverter 
• Horizontal oscillator 
• Horizontal output stage 
• Horizontal phase detector (sync to oscillator) 
• Time constant switch for phase detector (fast time constant during catching) 
• Slow time constant for noise only conditions 
• Time constant externally switchable (e.g. fast for VCR) 
• Inhibit of horizontal phase detector and video transmitter identification circuit during vertical 

oscillator flyback 
• Second phase detector (1P2) for storage compensation of horizontal deflection stage 
• Sandcastle pulse generator (3-levels) 
• Video transmitter identification circuit 
• Stabilizer and supply circuit for starting the horizontal oscillator and output stage directly from the 

mains rectifier 
• Duty factor of horizontal output pulse is 50% when flyback pulse is absent 
• Vertical sync separator 
• Bandgap 6.5 V reference voltage for vertical oscillator and comparator 
• Synchronized vertical oscillator/sawtooth generator 

(synchronization inhibited when no video transmitter is detected) 
• Internal circuit for 6% parabolic pre-correction of the oscillator/sawtooth generator. Comparator 

supplied with pre-corrected sawtooth and external feedback input 
• Vertical driver stage 
• Vertical blanking pulse generator 
• 50/60 Hz detector 
• 50/60 Hz identification output 
• Automatic amplitude adjustment for 60 Hz 
• Automatic adjustment of blanking pulse duration 

(50 Hz: 21 lines; 60 Hz: 17 lines) 
• Vertical guard curcuit 

QUICK REFERENCE DATA 

Supply 

Minimum current required to start horizontal 
oscillator and output stage (pin 16) 

Main supply voltage (pin 10) 
Supply current 

Input signals 

Sync pulse input voltage (peak-to-peak value; negative-going) 

Output signals 

Horizontal output pulse (open collector) at I 11 = 40 mA 
Vertical output pulse (emitter-follower) at I 1 = 10 mA 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102HE). 

8-177 

115 
Vp = V1Q-9 
Ip= 110 

V5_9(p-p) 

V11-9 
V1-s 

> 4 mA 
typ. 12 v 
typ. 55 mA 

0.15to 1 V 

< 0.5 v 
> 4 v 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Start current (pin 16) 115 max. 8 mA 

13.2 v Supply voltage (pin 10) Vp = V10.9 max. 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTERISTICS 

Ptot 

Tstg 

Tamb 

Rth j-a 

I 15 = 5 mA; Vp = 12 V; T amb = 25 °C; unless otherwise specified 

Supply 

Supply current at pin 16 

Stabilized supply voltage (pin 16) 

Supply current (pin 10) 

Supply voltage (pin 10) 

Video input (pin 5) 

Top-sync level 

Sync pulse amplitude (peak-to-peak value) (note 1) 

Slicing level 

Delay between video input and detector output 

Noise gate (pin 5) 

Switching level 

First control loop (sync to oscillator; pin 8) 

Holding range 

Catching range 

Control sensitivity video with respect to 
oscillator, burst key and flyback pulse 

for slow time constant 
for fast time constant 

8-179 

I 15 

V15.9 

110 

Vp = V10.9 

V5.9 

V5.9(p-p) 

~f 

~f 

max. 1.1 W 

-55 to+ 150 oc 

-25 to + 65 oc 

typ. 50 K/W 

4 to 8 mA 

typ. 8.7 v 
8.0 to 9.5 V 

typ. 55 mA 
< 70 mA 

typ. 12 v 
10 to 13.2 V 

typ. 3.1 v 
1.5 to 3.75 V 

typ. 

typ. 

typ. 

typ. 
< 

0.6 v 
0.15to 1 V 

50 % 
35 to 65 % 

0.35 µs 

0.7 v 
1 v 

typ. ± 800 Hz 

typ. ± 800 Hz 
± 600 to 1100 Hz 

typ. 
typ. 

1 kHz/µs 
2.75 kHz/µs 
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Fig. 2 TDA2578A Circuit diagram. 
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PHASE DETECTOR <P2 

14 
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K 
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sync 
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K 

82 
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• µF 
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+12V 
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Fig. 2 TDA2578A Circuit diagram. (Continued) 
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Second control loop (horizontal output to flyback; pin 14) 

Control sensitivity; static (see note 2) 

Control range 

Controlled edge 

Phase adjustment (via 2nd control loop; pin 14) 

Control sensitivity 

Maximum permissible control current 

Horizontal oscillator (pin 15) 

Frequency (no sync) 

Frequency spread (Cose= 2,7 nF; Rose= 33 kS?.; no sync) 

Frequency deviation between starting point of 
output signal and stabilized condition 

Temperature coefficient 

Horizontal output (pin 11) 

Output voltage; high level 

Voltage at which protection starts 

Output voltage; low level 
start condition at I 11 = 10 mA 

normal condition at I 11 = 40 mA 

Duty factor of output signal during 
starting (no phase shift) I 16 = 4 mA (voltage at pin 11 low) 

Duty factor of output signal 
without flyback pulse 

Controlled edge 

Duration of output pulse (see Fig. 4) 

Sandcastle output pulse (pin 17) 

Output voltage during: 
burst key 

horizontal blanking 

vertical blanking 

Pulse duration 
burst key 

horizontal blanking 

vertical blanking 
at 50 Hz 
at 60 Hz 
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TDA2578A 

..:itd/..:ito typ. 400 µs/µs 

td 1 to 45 µs 

positive 

typ. 25 µA/µs 

± 114 < 50 µA 

fosc typ. 15 625 Hz 

..:ifosc < 4 % 

..:ifosc 
typ, 6 % 
< 8 % 

TC typ, 1 • 10-4 K-1 

V11-9 < 13.2 v 
V11-9 13 to 15.8 v 

V11-9 
typ. 0.3 v 
< 0.5 v 

V11-9 
typ. 0.3 v 
< 0.5 v 

8 typ. 65 % 

8 
typ, 50 % 

45 to 55 % 

positive 

td +horizontal flyback pulse 

V17_9 > 10 v 

V17_9 
typ. 4.6 v 

4.2 to 5 V 

V17_9 
typ. 2.5 v 

2to 3 V 

tp 
typ, 4 µs 

3.6 to 4..4 µs 

flyback pulse (see note 3) 

21 lines 
17 lines 
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CHARACTERISTICS (continued) 

Delay between the start of the sync at the video 
input and the rising edge of the burst key pulse 

Coincidence detector; video transmitter identification circuit; 
time constant switches (pin 18); see also Fig. 3 

Detector output current 

Voltage during noise (note 4) 

Voltage level for in-sync condition 

Switching level slow to fast 

Switching level 
mute function active; \01 fast to slow 

vertical period counter 
3 periods fast 

Switching level slow to fast (locking) 
mute function inactive 

Switching level fast to slow (locking) 

Switching level for VCR (fast time constant) 
without mute function 

Video transmitter identification output (pin 13) 

Output voltage active (no sync) at I 13 = 1 mA 

Sink current active (no sync) 

Output current inactive (sync: 50 Hz) 

50/60 Hz identification (pin 13) 

R13 = 15 kn to+ 12 V (note 5) 
at f = 50 Hz (in sync condition) 

at f = 60 Hz (in sync condition) 

Flyback input pulse (pin 12) 

Switching level 

Input current 

Input pulse amplitude (peak-to-peak value) 

Input resistance 

Delay time of sync pulse (measured in \01) 
to flyback at switching level; tt1 = 12 µs 
(see also note 2 and Fig. 4) 
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V13.9 

V13.9 

V12-9 

112 

V12-9(p-p) 

R12.9 

to 

Product Specification 

TDA2578A 

typ. 4.9 µs 

typ. 

typ. 

4.5 to 5.3 µs 

300 µA 

0.3 v 
typ, 7.5 v 
typ, 3.5 v 

3.2 to 3.8 V 

typ. 1.2 v 
1 0 to 1.4 V 

typ, 0.12 v 
0.08 to 0.16 V 

typ, 1.7 v 
1.5 to 1.9 V 

typ. 5.0 v 
4.7 to 5.3 V 

typ, 8.6 v 

< 
typ. 

< 

typ. 

typ, 

typ, 

< 
typ, 

typ, 

8.2 to 9 0 V 

0.5 v 
0.3 v 

5 mA 

1 µA 

V10.9 V 

7.6 v 
7.2 to 8 V 

1 v 
0.2 to 4 mA 

12 v 
2.1 kn 

1.3 µs 
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Sync Circuit with Vertical Oscillator and Driver 

Vertical sawtooth generator (pin 3) 

Vertical frequency (no sync) 

Frequency spread (Cose = 680 nF; 
Rose= 180 kO; at+ 26 V) 

Synchronization range (note 6) 

Input current at V3.9 = 6 V 

Frequency shift for Vp = 10 to 13 V 

Temperature coefficient 

Comparator (pin 2) 

Input voltage; d.c. level 

a.c. level (peak-to-peak value) 

Input current at V2.9 = 6 V 

Sawtooth internal pre-correction (parabolic convex) 

Vertical output stage; emitter follower (pin 1) 

Output voltage at I 1 = 10 mA 

Output current 

· Vertical guard circuit 

Activating voltage levels (vertical blanking level is 2.5 V) 
switching level low 

switching level high 

Notes to characteristics 

fs 

.::lfs 

13 

.::lfs 

TC 

V2.9 

V2-9(p-p) 

12 

V1.9 

11 

V2.9 

V2.9 

Product Specification 

TDA2578A 

typ. 46 Hz 

< 4 % 

typ. 33 % 

< 3 µA 

< 0.2 % 

typ. 1 • 10"4 K-1 

typ. 4.4 v 
4.0 to 4.8 V 

typ. 0.8 v 
< 2 µA 

typ. 6 % 

typ. v 
3.2to 5 V 

< 20 mA 

typ. 3.35 v 
3.0 to 3.7 V 

typ. 5.15 v 
4.75 to 5.55 V 

1. Up to 1 V peak-to-peak the slicing level is constant; at amplitudes exceeding 1 V peak-to-peak the 
slicing level will increase. 

2. td = delay between positive transient of horizontal output pulse and the rising edge of the flyback 
pulse. 
t 0 =delay between the rising edge of the flyback pulse and the start of the current in '1'1 (pin 8). 

3. The duration of the flyback pulse is measured at the input switching level, which is about 1 V (tf1). 

4. Depends on d.c. level at pin 5; value given applicable for Vs-g ~ 5 V. 

5. For 60 Hz a p-n-p emitter clamp is activated. 

6. When f 0 = 46 Hz the 50/60 Hz detector switches over to 60 Hz; video input signal at pin 5 ~ 55 Hz. 
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,,._, 1-~~_~:_"c_c_on-d""ition 

'l'1fast-

1.2V 

noise only 

'1' 1 fast VCR mode; 
.+--- without mute function 
...._ normal mode 

¥'1 fast VCR mode; -'l'1slow) 

with mute function 
-+-- mute out 

7286170.1 

Fig. 3 Voltage levels at pin 18 (V18_9). 
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Sync Circuit with Vertical Oscillator and Driver TDA2578A 

APPLICATION INFORMATION 

The TDA2578A generates the signal for driving the horizontal deflection output circuit. It also contains 
a synchronized vertical sawtooth generator for direct drive of the vertical deflection output stage. 

The horizontal oscillator and output stage can start operating on a very low supply current (I 15 ;;;io 4 mA), 
which can be taken directly from the mains rectifier. Therefore, it is possible to derive the main supply 
(pin 10) from the horizontal deflection output stage. The duty factor of the horizontal output signal 
is about 65% during the starting-up procedure. After starting-up, the second phase detector (ip2l is 
activated to control the timing of the positive-going edge of the horizontal output signal. 

A bandgap reference voltage (6.5 V) is provided for supply and reference of the vertical oscillator and 
comparator stage. 

The slicing level of the horizontal sync separator is independent of the amplitude of the sync.pulse at 
the input. The resistor between pins 6 and 7 determines its value. A 4.7 kn resistor gives a slicing level 
at the middle of the sync pulse. The nominal top sync level at the input is 3.1 V. The amplitude 
selective noise inverter is activated at a level of 0.7 V. 

Good stability is obtained by means of the two control loops. In the first loop, the phase of the 
horizontal sync signal is compared with a waveform of which the rising edge refers to the top of the 
horizontal oscillator signal. In the second loop, the phase of the flyback pulse is compared with 
another reference waveform, the timing of which is such that the top of the flyback pulse is situated 
symmetrically on the horizontal blanking internal of the video signal. Therefore the first loop can be 
designed for a good noise immunity, whereas the second loop can be as fast as desired for compensation 
of switch-off delays in the horizontal output stage. 

The first phase detector is gated with a pulse derived from the horizontal oscillator signal. This gating 
(slow time constant) is switched off during catching. Also, the output current of the phase detector 
is increased fivefold, during the catching time and VCR conditions (fast time constant). The first phase 
detector is inhibited during the retrace time of the vertical oscillator. 

The in-sync, out-of-sync or no video condition is detected by the video transmitter identification/coin­
cidence detector circuit (pin 18). The voltage on pin 18 defines the time constant and gating of the 
first phase detector. The relationship between this voltage and the various switching levels is shown in 
Fig. 3. The complete survey of the switching actions is given in Table 1. 

Table 1 Switching levels at pin 18. 

·-
voltage at first phase detector '1'1 mute output receiving conditions 

pin 18 time constant gating at pin 13 

slow fast on off on off 

7.5 v x x x video signal detected 

7.5 to 3.5 V x x x video signal detected 

3.5 to l.2 V x x x video signal detected 

1:.2 to 0.1 V x x x noise only 

0.1to1.7V x * x * x new video signal detected 

1.7 to 5.0 V x x x horizontal oscillator locked 
VCR playback with mute function 

5.0 to 7.5 V x x x horizontal oscillator locked 

8.7 v x x x VCR playback without mute function 

Where: * = 3 vertical periods. 

September 1985 8-186 



Signetics Linear Products Product Specification 

Sync Circuit with Vertical Oscillator and Driver TDA2578A 

APPLICATION INFORMATION (continued) 

The stability of displayed video information (e.g. channel number), during noise only conditions, is 
improved by the first phase detector time constant being set to slow. 

The average voltage level of the video input on pin 5 during noise only conditions should not exceed 
5.5 V otherwise the time constant switch may be set to fast due to the average voltage level on pin 18 
dropping below 0.1 V. When the voltage on pin 18 drops below 100 mV a counter is activated which 
sets the time constant switch to fast, and not gated for 3 vertical periods. This condition occurs when 
a new video signal is present at pin 5. When the horizontal oscillator is locked the voltage on pin 18 
increases. Nominally a level of 5 V is reached within 15 ms ( 1 vertical period). The mute switching 
level of 1.2 Vis reached within 5 ms (C19 = 47 nF). If the video transmitter identification circuit is 
required to operate under VCR playback conditions the first phase detector can be set to fast by 
connecting a resistor of 180 kU between pin 18 and ground (see Fig. 7). 

The supply for the horizontal oscillator (pin 15) and horizontal output stage (pin 11) is derived from 
the voltage at pin 16 during the start condition. The horizontal output signal starts at a nominal 
supply current into pin 16 of 3.6 mA, which will result in a supply voltage of about 5.5 V (for 
guaranteed operation of all devices I 15 > 4 mA). It is possible that the main supply voltage at pin 10 
is 0 V during starting, so the main supply of the IC can be taken from the horizontal deflection output 
stage. The start of the other IC functions depends on the value of the main supply voltage at pin 10. 
At 5.5 V all IC functions start operating except the second phase detector (oscillator to flyback pulse). 
The output voltage of the second phase detector at pin 14 is clamped by means of an internally 
loaded n-p-n emitter follower. This ensures that the duty factor of the horizontal output signal (pin 11) 
remains at about 65%. The second phase detector will close if the supply voltage at pin 10 reaches 
8.8 V. At this value the supply current for the horizontal oscillator and output stage is delivered by 
pin 10, which also causes the voltage at pin 16 to change to a stabilized 8.7 V. This change switches 
off the n-p-n emitter follower at pin 14 and activates the second phase detector. The supply voltage 
for the horizontal oscillator will, however, still be referred to the stabilized voltage at pin 16, and the 
duty factor of the output signal at pin 12 is at the value required by the delay at the horizontal 
deflection stage. Thus switch-off delays in the horizontal output stage are compensated. When no 
horizontal flyback signal is detected the duty factor of the horizontal output signal is 50%. 

Horizontal picture shift is possible by externally charging or discharging the 47 nF capacitor connected 
to pin 14. 

The IC also contains a synchronized vertical oscillator/sawtooth generator. The oscillator signal is 
connected to the internal comparator (the other side of which is connected to pin 2), via an inverter 
and amplitude divider stage. The output of the comparator drives an emitter-follower output stage at 
pin 1. For a linear sawtooth in the oscillator, the load resistor at pin 3 should be connected to a voltage 
source of 26 V or higher. The sawtooth amplitude is not influenced by the main supply at pin 10. 
The feedback signal is applied to pin 2 and compared to the sawtooth signal at pin 3. For an economical 
feedback circuit with less picture bounce the sawtooth signal is internally pre-corrected by 6% (convex) 
referred to pin 2. The linearity of the vertical deflection current depends upon the oscillator signal at 
pin 3 and the feedback signal at pin 2. 

Synchronization of the vertical oscillator is inhibited when the mute output is present at pin 13. 

To minimize the influence of the horizontal part on the vertical part a 6. 7 V bandgap reference source 
is provided for supply and reference of the vertical oscillator and comparator. 

The sandcastle pulse, generated at pin 17, has three different voltage levels. The highest level (11 V) can 
be used for burst gating and black level clamping. The second level (4.6 V) is obtained from the 
horizontal flyback pulse at pin 12 and used for horizontal blanking. The third level (2.5 V) is used for 
vertical blanking and is derived by counting the horizontal frequency pulses. For 50 Hz the blanking 
pulse duration is 21 lines and for 60 Hz it is 17 lines. The blanking pulse duration and sawtooth 
amplitude is automatically adjusted via the 50/60 Hz detector. 
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The IC also incorporates a vertical guard circuit, which monitors the vertical feedback signal at pin 2. 
If this level is below 3.35 V or higher than 5.15 V, the guard circuit will insert a continuous level of 
2.5 V into the sandcastle output signal. This will result in complete blanking of the screen if the 
sandcastle pulse is used for blanking in the TV set. 
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Fig. 4 Timing diagram of the TDA2578A. 
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APPLICATION INFORMATION (continued) 
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Fig. 5 Typical application circuit diagram; for application of the TDA2578A with the TDA3651 see 
Fig. 8. 
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Fig. 6 Circuit configuration at pin 14 for 
phase adjustment. 
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1 K 

to pin ~+!2 V 
18 
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I!OOnF -=-
-=- 7Z86166.1 

Fig. 7 Circuit configuration at pin 18 for 
VCR mode. 
1 k!l resistor between pin 18 and+ 12 V: 
without mute function. 
180 k!l between pin 18 and ground: 
with mute function. 
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3 
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Product Specification 
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Fig. 8 Typical application circuit diagram of the TDA3651 (vertical output), when used in combination 
with the TDA2578A, (90° application). 
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Sync Circuit with Vertical Oscillator and Driver 
(with Horizontal Output) 

DESCRIPTION 
The TDA2579 is a synchronization cir­
cuit with synchronized vertical divider 
system and horizontal and vertical out­
put stages. 

FEATURES 
• Horizontal sync. separator and 

noise Inverter 
• Horizontal osclllator 
• Horizontal output stage 
• Horizontal phase detector (sync. 

to osclllator) 
• Slow phase detector time 

constant and gated sync. pulse 
operation are automatically 
switched on by an Internal sync. 
pulse noise level detection circuit 

• Slow time constant for noise 
only conditions 

• Time constant externally 
switchable 

• Sandcastle pulse generator 
(3 levels) 

• Stabilizer and supply circuit for 
starting the horizontal oscillator 
and output stage directly from 
the maln's rectifier. 

• The duty cycle of the horizontal 
output pulse Is 50% when the 
horizontal flyback pulse Is 
absent. 

• Vertical synchronization pulse 
separator without external 
components and J. integration 
times. 

• Zener diode reference voltage 
source for the vertical sawtooth· 
generator and vertical 
comparator. 

• 50/60 Hz detection system 
• 50/60 Hz identification output 

combined with mute function. 
• Automatic amplitude adjustment 

for 50Hz and 60Hz 
• Automatic adjustment of blanking 

pulse duration In 50Hz: 42 
clockpulses; 60Hz: 34 clockpulses 

• Guard circuit which generates 
the frame blanking level on the 
sandcastle output pin 17 when 
the feedback level at pin 2 is 
not within the specified limits 

8-191 

APPLICATIONS 
• Video monitors 
•Graphics 
• Color printers 
• TV receivers 

Advance Information 

TDA2579 

8 
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Sync Circuit with Vertical Oscillator and Driver 
(with Horizontal Output) 

ORDERING CODE 

PINS PACKAG.E NOTE 
TDA2579 18 Plastic DIP SOT-102HE 

REFERENCE DATA 

PARAMETER 

Min. required current for starting horizontal oscillator + output stage, lp;n 16 

Main supply voltage, V pin 10 

Supply current, lp;n 1 o 

Sync. pulse input amplitude, Vp1n 5-9pp 

Horizontal output (open collector) lp;n 11-40mA, Vp;n 11 

Vertical output stage driver (emitter follower) lp;n 1-1.5mA, Vp;n 11 
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TDA2579 

TYPICAL UNIT 

0.5 mA 

12 v 
typ 65 mA 

0.1-1 v 
0.5 v 
5 v 
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Sync Circuit with Vertical Oscillator and Driver 
(with Horizontal Output) 
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Horizontal Combination TDA2593 

The TDA2593 is a monolithic integrated circuit intended for use in colour television receivers in com­
bination with TDA2510, TDA2520, TDA2560 as well as with TDA3500, TDA3510 and TDA3520. 
The circuit incorporates the following functions: 

- horizontal oscillator based on the threshold switching principle 
- phase comparison between sync pulse and oscillator voltage (<P1) 
- internal key pulse for phase detector (<P1) (additional noise limiting) 
- phase comparison between line flyback pulse and oscillator voltage (.p2) 
- larger catching range obtained by coincidence detector (.pJ; between sync and key pulse) 
- switch for changing the filter characteristic and the gate circuit (VCR-operation) 
- sync separator 
- noise separator 
- vertical sync separator and output stage 
- colour burst keying and line flyback blanking pulse generator 
- phase shifter for the output pulse 
- output pulse duration switching 
- output stage with separate supply voltage for direct drive of thyristor deflection circuits 
- low supply voltage protection 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Input signals 

Sync separator input voltage (peak-to-peak value) 

Noise separator input voltage (peak-to-peak value) 

Pulse duration switch input voltage 
at t = 7 µs (thyristor driving) 
at t = 14 µs + td (transistor driving) 
at t = 0 (input 4 open or V3.16 = 0) 

Output signals 

Vertical sync output pulse (peak-to peak value) 

Burst gating output pulse (peak-to-peak value) 

Line drive pulse (peak-to-peak value) 

PACKAGE OUTLINE 

16-lead DI L; plastic (SOT-38). 
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V1-16 typ. 12 v 
I 1 typ. 30 mA 

V9-16(p-p) 3 to 4 v 
V1Q-16(p-p) 3to4 V 

V4-16 9.4 to V1-16 v 
V4.16 0 to 3.5 v 
V4.16 5.4 to 6.6 v 

Vs-16(p-p) typ. 11 v 

V7-16(p-p) typ. 11 v 
V3-16(p-p) typ. 10.5 v 
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Horizontal Combination 

RATINGS 

Limiting valul!S in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage 
at pin 1 (voltage source) 
at pin 2 

Voltages 

Pin 4 

Ping 

Pin 10 

Pin 11 

Currents 

Pins 2 and 3 (thyristor driving) (peak value) 

Pins 2 and 3 (transistor driving) {peak value) 

Pin 4 

Pin 6 

Pin 7 

Pin 11 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

V4.15 

±Vg.15 

± V1Q-16 

V11-16 

l2M,-l3M 

12M·-13M 

14 

±15 

-17 

I 11 

Ptot 

Tstg 

Tamb 

CHARACTERISTICS at V1-16 = 12 V; Tamb = 25 OC; measured in Fig. 1 

Sync separator 

Input switching voltage 

Input keying current 

Input leakage current at Vg.15 = -5 V 

Input switching current 

Switch off current 

Input signal (peak-to-peak value) 

* Permissible range 1 to 7 V. 
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lg 

lg 

lg 

Vg.16(p-p) 

8-196 

Product Specification 

TDA2593 

max. 13.2 v 
max. 18 v 

max. 13.2 v 
max. 6 v 
max. 6 v 
max. 13.2 v 

max. 650 mA 

max. 400 mA 

max. mA 

max. 10 mA 

max. 10 mA 

max. 2 mA 

max. 800 mW 

-25 to+ 125 oc 

-20to +70 oc 

typ. 0.8 v 
5 to 100 µA 

< 1 µA 
.s;;; 5 µA 

> 100 µA 
typ. 150 µA 

3 to 4 V* 
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Horizontal Combination 

Noise separator 

Input switching voltage 

Input keying current 

Input switching current 

Input leakage current at V10.16 = -5 V 

Input signal (peak-to-peak value) 

Permissible superimposed noise signal (peak-to-peak value) 

Line flyback pulse 

Input current 

Input switching voltage 

Input limiting voltage 

Switching on VCR 

Input voltage 

Input current 

Pulse duration switch 

Fort= 7 µs (thyristor driving) 

Input voltage 

Input current 

Fort= 14 µs + !ci (transistor driving) 

Input voltage 

Input current 

Fort= O; V3.15 = 0 or input pin 4 open 

Input voltage 

Input current 

* Permissible range 1 to 7 V. 
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V10-16 

110 

110 

110 

V10.16(p-p) 

V10.16(p-p) 

15 

Ve-16 

VS-16 

V11-16 
V11-16 

-111 
I 11 

V4.15 

14 

V4.15 

-14 

V4.15 

14 

Product Specification 

TDA2593 

typ. 1.4 v 
5 to 100 µA 

> 100 µA 
typ. 150 µA 

< 1 µA 

3 to 4 V* 

< 7 v 

typ. 1 mA 
0.02 to 2 mA 

typ. 1.4 v 
-0.7 to+ 1.4 V 

0 to 2.5 V 
9 to V1.16 V 

< 200 µA 
< 2 mA 

9.4 to V1.16 V 

> 200 µA 

0 to3.5 V 8 
> 200 µA 

5.4 to 6.6 V 

typ. 0 µA 
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Horizontal Combination 

Vertical sync pulse (positive-going) 

Output voltage (peak-to-peak value) 

Output resistance 

Delay between leading edge of input and output signal 

Delay between trailing edge of input and output signal 

Burst gating pulse (positive-going) 

Output voltage (peak-to-peak value) 

Output resistance 

Pulse duration; V7.15 = 7 V 

Phase relation between middle of sync pulse at the input 
and the leading edge of the burst gating pulse; V7.15 = 7 V 

Output trailing edge current 

Line flyback-blanking pulse (positive-going) 

Output voltage (peak-to-peak value) 

Output resistance 

Output trailing edge current 

Line drive pulse (positive-going) 

Output voltage (peak-to-peak value) 

Output resistance 
for leading edge of line pulse 
for trailing edge of line pulse 

Pulse duration (thyristor driving) 
V4.15 = 9.4 to V1-16 V 

Pulse duration (transistor driving) 
V 4-16 = 0 to 4 V; tfp = 12 µs 

Supply voltage for switching off the output pulse 

Overall phase relation 

Phase relation between middle of sync pulse 
and the middle of the flyback pulse 

Tolerance of phase relation 

* td = switch-off delay of line output sta11e. 
** Line flyback pulse duration tfp = 12 µs. 
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Product Specification 

TDA2593 

> 10 v 
typ. 11 v 
typ. 2 kil 

typ. 15 µs 

typ. ton µs 

> 10 v 
typ. 11 v 
typ. 10 n 
typ. 4 µs 

3.7 to 4.3 µs 

typ. 2.65 µs 
2.15 to 3.15 µs 

typ. 

typ. 

typ. 

typ. 

typ. 
typ. 

typ. 

typ. 

typ. 

< 

2 mA 

4to5 V 

10 n 
2 mA 

10.5 v 

2.5 n 
20 n 

7 µs 
5.5 to 8.5 µs 

14 + td µs* 

4 v 

2.6 µs** 

0.7 µs 
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Horizontal Combination TDA2593 

The adjustment of the overall phase relation and consequently the 
leading edge of the line drive pulse occurs automatically by phase 
control ip2. 
If additional adjustment is applied it can be arranged by current 
supply at pin 5 such that Al5/At typ. 30 µA/µs 

Oscillator 

Threshold voltage low level V14.15 typ. 4.4 v 
Threshold voltage high level V14-16 typ. 7.6 v 
Discharge current ± 114 typ. 0.47 mA 

Frequency; free running (Cose= 4.7 nF; 
Rose= 12 kO) fo typ. 15.625 kHz 

Spread of frequency Af0 /f0 < ± 5 %* 

Frequency control sensitivity Af0 /Al15 typ. 31 Hz/µA 

Adjustment range of network in circuit (Fig. 1) Af0 /f0 typ. ± 10 % 

Influence of supply voltage on frequency 
Af0 /f0 

AV!Vnom 
< ± 0.05 %* 

Change of frequency when V 1-16 drops to 5 V Af0 < ± 10 %* 

Temperature coefficient of oscillator 
frequency < ± 10-4 Hz/K* 

Phase comparison ip1 

Control voltage range V13-16 3.8 to 8.2 V 

Control current (peak value) ± l13M 1.9 to 2.3 mA 

Output leakage current 

8 at V 13-16 = 4 to 8 V 113 < µA 

Output resistance 
at V13.15 = 4 to 8 V R13 high ohmic ** 
at V13-16 < 3.8 V or> 8.2 V R13 low ohmic .... 

Control sensitivity typ. 2 kHz/µs 

Catching and holding range (82 kO beteeen 
pins 13 and 15) At typ. ± 780 Hz 

Spread of catching and holding range A(Af) typ. ± 10 %* 

* Excluding external component tolerances. 
** Current source. 
• Emitter follower. 
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Slgnetlcs Linear Products Product Specification 

Horlzontal Combination TDA2593 

Phase comparison 'P2 and phase shifter 

Control voltage range V5.15 5.4 to 7.6 V 

Control current (peak value) ± l5M typ. 1 mA 

Output resistance 
at V5.15 = 5.4 to 7.6 V high ohmic * 
at V5.15 < 5.4 V or> 7.6 V R5 typ. 8 kO 

Input leakage current 
V5.15 = 5.4 to 7.6 v 15 < 5 µ.A 

Permissible delay between leading edge of output 
pulse and leading edge of flyback pulse (tfp = 12 µ.s) td < 15 µ.s 

Static control error At/Atd < 0.2 % 

Coincidence detector 'P3 

Output voltage V11-16 0.5 to 6 V 

Output current (peak value) 
without coincidence l11M typ. 0.1 mA 
with coincidence -l11M typ. 0.5 mA 

Time constant switch 

Output voltage V12-16 typ. 6 v 
Output current (limited) ±112 < mA 

Output resistance 
at V11-16 = 2.5 to 7 V R12 typ. 0.1 kn 
at V11-16<1.5 V or>9 V R12 typ. 60 kO 

Internal gating pulse 

Pulse duration tp typ. 7.5 µ.s 

* Current source. 
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Slgnetlcs Linear Products Product Specification 

Horizontal Combination TDA2594 

The TDA2594 is a monolithic integrated circuit intended for use in colour television receivers. 
The circuit incorporates the following functions: 

• Horizontal oscillator based on the threshold switching principle. 
• Phase comparison between sync pulse and oscillator voltage (.,01 ). 
• Internal key pulse for phase detector (.,01) (additional noise limiting). 
• Phase comparison between line flyback pulse and oscillator voltage (.,02). 
• Larger catching range obtained by coincidence detector (.,03; between sync and key pulse). 
• Switch for changing the filter characteristic and the gate circuit (VCR-operation). 
• Sync separator. 
• Noise separator. 
• Vertical sync separator and output stage. 
• Colour burst keying and line flyback blanking pulse generator and clamp circuit for vertical blanking. 
• Phase shifter for the output pulse. 
• Output pulse duration for transistor deflection systems. 
• External switching off of the line trigger pulse. 
• Output stage with separate supply voltage. 
• Low supply voltage protection. 
• Transmitter identification and muting circuit, and vertical sync switch-off. 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Input signals 

Sync separator input voltage (peak-to-peak value) 

Noise separator input voltage (peak-to-peak value) 

Pulse duration switch input voltage 
at t = 14 µ.s + td (transistor driving) 
at t = 0 (V3-18 = O); input 4 open (14 = 0) 

Output signals 

Vertical sync output pulse (peak-to-peak value) 

Burst key output pulse (peak-to-peak value) 

Line drive-pulse (peak-to-peak value) 

*Permissible range: 1 to 7 V. 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102DS). 

8-201 

V1-1a=Vs 

I 1 

v 11-1 B(p-p) 

v 12-1 B(p-p) 

V4_1a 
V4_1a 

Vs-18(p-p) 

V1-1a(p-p) 

v3-1B(p-p) 

typ. 12 v 

typ. 30 mA 

typ. 3 V* 

typ. 3 V* 

0 to 3.5 V 
5.4 to 6,6 V 

typ. 11 v 

typ. 11 v 

typ. 10 v 
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Signetics Linear Products Product Specification 

Horizontal Combination TDA2594 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage 
at pin 1 (voltage source) V1-18 =Vs max. 13.2 v 
at pin 2 V2-18 max. 18 v 

Voltages 
Pin 4 V4-18 max. 13.2 v 

Pin 9 Vg_18 max. 18 v 
-V9-18 max. 0.5 v 

Pin 11 ±V11-18 max. 6 v 
Pin 12 ±V12-18 max. 6 v 
Pin 13 V13-18 max. 13.2 v 
Currents 
Pins 2 and 3 (transistor driving) (peak value) l2M.-l3M max. 400 mA 

Pin 4 14 max. mA 

Pin 6 ±15 max. 10 mA 

Pin 7 -17 max. 5 mA 

Pin 9 lg max. 10 mA 

Pin 13 I 13 max. 2 mA 

Total power dissipation Ptot max. 800 mW 

Storage temperature range Tstg -25 to +125 oc 

Operating ambient temperature range Tamb -20to +70 oc 

CHARACTERISTICS at V 1-18 = 12 V; T amb = 25 °c; measured in Fig. 1 

Sync separator (pin 11) 8 
Input switching voltage V11-18 typ. 0.8 v 
Input keying current 111 5 to 100 µA 

Input leakage current at V11-18 = -5 V I 11 .;;;;; 1 µA 

Input switching current 111 .;;;;; 5 µA 

Switch off current 111 
~ 100 µA 
typ. 150 µA 

Input signal (peak-to-peak value) v 11-18(p-p) 3 to 4 V* 

* Permissible range 1 to 7 V. 
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Slgnetlcs Linear Products 

Horizontal Combination 

Noise separator (pin 12) 

Input switching voltage 

Input keying current 

Input switching current 

Input leakage current at V 12-18 = -5 V 

Input signal (peak-to-peak value) 

Permissible superimposed noise signal (peak-to-peak value) 

Line flyback pulse (pin 6) 

Input current 

Input switching voltage 

Input limiting voltage 

Switching on VCR (pin 13) 

Input voltage 

Input current 

Pulse switching off (pin 4) 

Fort= O; input pin 4 open or V3.1s = 0 

Input voltage 

Input current 

Vertical sync pulse (positive-going) (pin 8) 

Output voltage (peak-to-peak value) 

Output resistance 

Delay between leading edge of input and output signal 

Delay between trailing edge of input and output signal 

Switching off the vertical sync pulse 

Burst key pulse (positive-going) (pin 7) 

Output voltage 

Output resistance 

Pulse duration; V7.18 = 7 V 

Phase relation between middle of sync pulse at the input 
and the leading edge of the burst key pulse; V7.1s = 7 V 

Output trailing edge current 

Saturation voltage during line scan 

* Permissible range 1 to 7 V. 
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V12-18 

112 

112 

112 

V12-18(p-p) 

V12.18(p-p) 

15 

Vs-18 

Vs-18 

V13-18 
or: V13.1s 

-113 
or: 113 

V4.1s 

14 

Vs.18(p-p) 

Rs 

ton 

to ff 

V10-18 

V7.18 

R7 

tp 

t 

17 

V7.18 

Product Specification 

TDA2594 

typ. 1.4 v 
5to 100 µA 

;;;a. 100 µA 
typ. 150 µA 

" 1 µA 

3 to 4 V* 

" 7 v 

;;;a. 0.02 mA 
typ. 1 mA 

typ. 1.4 v 
-0.7 to +1.4 V 

0 to 2.5 V 
9to Vs v 

" 200 µA 

" 2 mA 

5.4 to 6.6 V 

typ. 0 µA 

;;;a. 10 v 
typ. 11 v 
typ. 2 kn 

typ. 15 µs 
;;;a. ton µs 

" 3 v 

;;;a. 10 v 
typ. 11 v 
typ. 10 n 

typ. 4 µs 
3.7 to 4.3 µs 

typ. 2.65 µs 
2.15 to 3. 15 µs 

typ . 2 mA 

..;; 1 v 



Slgnetlcs Linear Products 

Horizontal Combination 

Line flyback-blanking pulse (positive-going) (pin 7) 

Output voltage 

Output resistance 

Output trailing edge current 

Field flyback/blanking pulse (pin 7) 

Output voltage with externally forced in current 
17 = 2.4 to 3.6 mA 

Output resistance at 17 = 3 mA 

TV-transmitter identification output (pin g; open collector) 

Output voltage at lg= 3 mA; no TV-transmitter 

Output resistance at lg= 3 mA; no TV-transmitter 

Output current at V 10-18;;;;., 3 V; TV-transmitter identified 

TV-transmitter identification (pin 10) 

V7.1a 

R7 

Vg.1a 

Rg 

lg 

When receiving a TV signal the voltage V10-1a will change from E:;; 1 V to;;;;., 7 V. 

Line drive pulse (positive-going) 

Output voltage (peak-to-peak value) V3.1a(p-p) 
Output resistance 

for leading edge of line pulse R3 
for trailing edge of line pulse R3 

Pulse duration (transistor driving) 
V4.1a = o to 3.5 V; -14;;;;., 200 µA; ttp = 12 µs tp 

Supply voltage for switching off the output pulse V1-1a 

Overall phase relation 

Phase relation between middle of sync pulse 
and the middle of the flyback pulse At 

Product Spaclflcatlon 

TDA2594 

4.1to4.g V 

typ. 10 n 
typ. 2 mA 

2to3 V 

typ. 10 n 

E:;; 0.5 v 
E:;; 100 n 
E:;; 5 µA 

typ. 10 v 

typ. 2.5 n 
typ. 20 n 

14 + td µs* 

typ. 4 v 

typ. 2.6 ± 0.7 µs** 

The adjustment of the overall phase relation and consequently the leading edge of the line drive pulse 
occurs automatically by phase control <P2· 

If additional adjustment is applied it can be arranged by current supply at pin 5, such that: 

Supplying current Al/At typ. 30 µA/µs 

* td = switch-off delay of line output stage. 
** Line flyback pulse duration tfp = 12 µs. 
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Signetics Linear Products Product Specification 

Horizontal Combination TDA2594 

Oscillator (pins 16 and 17) 

Threshold voltage low level v16-18 typ. 4.4 v 

Threshold voltage high level V16-18 typ. 7.6 v 

Charging current ±115 typ. 0.47 mA 

Frequency; free running (Cose= 4.7 nF; Rose= 12 kn) fo typ. 15.625 kHz 

Spread of frequency Afo ..; ±5 % ... 

Frequency control sensitivity Mo/A17 typ. 31 Hz/µA 

Adjustment range of network in circuit (Fig. 1) Af0 typ. ±10 % 

Influence of supply voltage on frequency; reference at Vs= 12 V 
Af0 /f0 ..; ±0.05 % ... 

AV!Vnom 

Change of frequency when Vs drops to 5 V; reference at 
Vs= 12 V Af0 ..; ± 10 % ... 

Temperature coefficient of oscillator frequency TC ..; ±10-4 K-1 _. 

Phase comparison <P1 (pin 15) 

Control voltage range V15_18 4.1to7.9 V 

Control current (peak value) ±l15M 1.8 to 2.2 mA 

Output leakage current 
at V 1 5-18 = 4 .3 to 7. 7 V 115 ..; 1 µA 

Output resistance 
at V15-18 = 4.3 to 7.7 V R13 high ohmic * 
at V15-18..;4.1 V or;;;.7.9 V R13 low ohmic ** 

Control sensitivity typ. 2 kHz/µs 

Catching and holding range (82 kn between pins 15 and 17) Af typ. ± 680 Hz 

Spread of catching and holding range A(Af) typ. ±12 % ... 

Phase comparison <P2 and phase shifter (pin 5) 

Control voltage range v5-18 5.4 to 7.6 V 

Control current (peak value) ±l5M typ. 1 mA 

Output resistance at V 5-18 = 5.4 to 7 .6 V R5 high ohmic * 
Input leakage current at V 5-18 = 5.4 to 7 .6 V 15 ..; 5 µA 

Permissible delay between leading edge of output 
pulse and leading edge of flyback pulse (tfp = 12 µs) td ..; 15.5 µs 

Static control error At/Atd ..; 0.2 % 

Coincidence detector <P3 (pin 13) 

Output voltage V13-18 0.5 to 6 V 

Output current (peak value) 
without coincidence l13M typ. 0.1 mA 
with coincidence -l13M typ. 0.5 mA 

* Current source. 
** Emitter follower. 
•Excluding external component tolerances. 
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Horizontal Combination TDA2594 

Time constant switch (pin 14) 

Output voltage V14-18 typ. 6 v 
Output current (limited) ±114 typ. mA 

Output resistance 
at V13-18 = 3.5 to 7 V R14 typ. 0.1 k.Q 
at V 13-18 <;;;; 2.5 V or;;;. 9 V R14 typ. 60 k.Q 

Internal keying pulse 

Pulse duration tp typ. 7 .5 µ.s 

8 
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Slgnetlcs Linear Products Product Specification 

Horizontal Combination TDA2595 

GENERAL DESCRIPTION 

The TDA2595 is a monolithic integrated circuit intended for use in colour television receivers. 
The circuit incorporates the following functions: 

• Positive video input; capacitively coupled (source impedance< 200 il) 
• Adaptive sync separator; slicing level at 50% of sync amplitude 
• Internal vertical pulse separator with double slope integrator 
• Output stage for vertical sync pulse or composite sync depending on the load; both are switched 

off at muting 
• \01 phase control between horizontal sync and oscillator 
• Coincidence detector <P3 for automatic time-constant switching; overruled by the VCR switch 
• Time-constant switch between two external time-constants or loop-gain; both controlled by the 

coincidence detector <P3 
• <P1 gating pulse controlled by coincidence detector <P3 
• Mute circuit depending on TV transmitter identification 
• <P2 phase control between line flyback and oscillator; the slicing levels for <P2 control and horizontal 

blanking can be set separately 
• Burst keying and horizontal blanking pulse generation, in combination with clamping of the 

vertical blanking pulse (three-level sandcastle) 
• Horizontal drive output with constant duty cycle inhibited by the protection circuit or the supply 

voltage sensor 
• Detector for too low supply voltage 
• Protection circuit for switching off the horizontal drive output continuously if the input voltage 

is below 4 V or higher than 8 V 
• Line flyback control causing the horizontal blanking level at the sandcastle output continuously in 

case of a missing flyback pulse 
• Spot-suppressor controlled by the line flyback control 

QUICK REFERENCE DATA 

Supply voltage (pin 15) 

Sync pulse amplitude (pqsitive video) 

Horizontal output current 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102CS). 
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Signetlcs Linear Products 

Horizontal Combination 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 15) V 15-5 = Vp 

Voltages at: 
pins 1, 4 arid 7 

pins 8, 13 and 18 

pin 11 (range) 

Currents at: 
pin 1 

pin 2 (peak value) 

pin 4 

pin 6 (peak value) 

pin 7 

pin 8 (range) 

pin 9 (range) 

pin 18 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 
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V1 ;4;7-5 

Vs;13;18-5 
v,,_5 

I 1 

± l2M 

14 

±ISM 

17 

Is 

19 

± 118 

Ptot 

Tstg 

Tamb 

Product Specification 

TDA2595 

max. 13.2 v 

max. 18 V 

max. Vp V 

-0.5to+6 V 

max. 10 mA 

max. 10 rilA 

max. 100 mA 

max. 6 mA 

max. 10 mA 

-5to+1 mA 

-10 to+ 3 mA 

max. 10 mA 

max. 800 mW 

-25 to+ 125 oc 

-20 to+ 70 oc 



Signetics Linear Products Product Specification 

Horizontal Combination TDA2595 

CHARACTERISTICS 

Vp = 12 V; Tamb = 25 oc; measured in Fig. 1; unless otherwise specified 

parameter symbol min. typ. max. unit 

Composite video input and 
sync separator (pin 11) 
(internal black level determination) 

Input signal (positive video; 
standard signal; peak-to-peak value) V11-5(p-p) 0.2 1 3 v 

Sync pulse amplitude 
(independent of video content) v 11-5(p-p) 50 - - mV 

Generator resistance RG - - 200 n 
Input current during: 

video I 11 - 5 - µA 
sync pulse -111 - 40 - µA 
black level -111 - 30 - µA 

Composite sync generation (pin 10) 
horizontal slicing level at 50% 
of the sync pulse amplitude 

Capacitor current during: 
video 110 - 12 - µA 
sync pulse -110 - 170 - µA 

Vertical sync pulse generation 
slicing level at 25% (50% between 
black level and horizontal slicing 
level); pin 9 8 

Output voltage Vg.5 10 - - v 
Pulse duration tp - 190 - µs 

Delay with respect to the vertical 
sync pulse (leading edge) ~ - 45 - µs 

Pulse-mode control 
output current for vertical sync no current applied 
pulse (dual integrated) at pin 9 I I 
output current for horizontal and current applied via a 
vertical sync pulse resistor of 15 kil from 
(non-integrated separated signal) Vpto ~n 9 

-1 
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Signetics Linear Products Product Specification 

Horizontal Combination TDA2595 

parameter symbol min. typ. max. unit 

Horizontal oscillator 
(pins 14 and 16) 

Frequency; free running fosc - 15 625 - Hz 

Reference voltage for fosc V14.5 - 6 - v 
Frequency control sensitivity Afosc/Al14 - 31 - Hz/µA 

Adjustment range of circuit Fig. 1 Afosc - ± 10 - % 

Spread of frequency Afosc - - 5 % 

Frequency dependency (excluding 
tolerance of external components) 

Afosclfosc 
with supply voltage (Vp = 12 V) - ±0.05 -

AV 15-5/V 15-5 

with supply voltage drop of 5 V Afosc - - 10 % 

with temperature TC - - ± 10-4 K-1 

Capacitor current during: 
charging -116 - 1024 - µA 

discharging 116 - 313 - µA 

Sawtooth voltage timing (pin 14) 
rise time tr - 49 - µs 

fall time tf - 15 - µs 

Horizontal output pulse (pin 4) 

Output voltage LOW at 14 = 30 mA V4.5 - - 0.5 v 
Pulse duration (HIGH) tp - 29 ± 1.5 - µs 

Supply voltage for switching off 
the output pulse (pin 15) Vp - 4 - v 
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Slgnetlcs Linear Products Product Specification 

Horizontal Combination TDA2595 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Phase comparison <P1 (pin 17) 

Control voltage range V17.5 3.55 - 8.3 v 
Leakage current 

at V17.5 = 3.55 to 8.3 V 117 - - 1 µA 

Control current for external 
time-constant switch ± 117 1.8 2 2.2 mA 

Control current at V 18-5 = V 15-5 
and V13.5 < 2 V or V13.5 > 9.5 V ± 117 - 8 - mA 

Control current at V 18-5 = V 15-5 
and V13.5 = 2 to 9.5 V ± 117 1.8 2 2.2 mA 

Horizontal osci I lator control 

control sensitivity SIP 6 - - kHz/µs 

catching and holding range dfosc - ± 680 - Hz 

spread of catching and holding 
range dfosc - ± 10 - % 

Internal keying pulse 
at V13.5 = 2.9 to 9.5 V tp - 7.5 - µs 

Time-constant switch 
slow time-constant at V13.5 9.5 - 2 v 
fast time-constant at V13.5 2 - 9.5 v 

Impedance converter offset voltage 
(slow time-constant) ± V17.1a - - 3 mV 

Output resistance 8 
slow time-constant R1s-5 - - 10 n 
fast time-constant R18-5 high impedance 

Leakage current 118 - 1- 1 µA 
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Signetics Linear Products Product Specification 

Horizontal Combination TDA2595 

parameter symbol min. typ. max. unit 

Coincidence detector 'P3 (pin 13) 

Output voltage 
without coincidence with 
composite video signal V13-5 - - 1 v 
without coincidence without 
composite video signal (noise) V13-5 - - 2 v 
with coincidence with 
composite video signal V13-5 - 6 - v 

Output current 
without coincidence with 
composite video signal I 13 - 50 - µA 

with coincidence with 
composite video signal -113 - 300 - µA 

Switching current 
at V13-5 = Vp -0.5 V I 13 - - 100 µA 

at V13-5 = 0.5 V (average value) l13(av) - - 100 µA 

Phase comparison 'P2 (pins 2 and 3) 
(see note 1) 

Input for line flyback pulse (pin 2) 

Switching level for 'P2 comparison V2-5 - 3 - v 
Switching level for horizontal 

blanking and flyback control V2-5 - 3 - v 
Input voltage limiting V2-5 - -0.7 - v 

or: - +4.5 - v 
Switching current 

at horizontal flyback 12 0,01 1 - mA 

at horizontal scan 12 - - 2 µA 

Phase detector output (pin 3) 

Control current for 'P2 ± 13 - 1 - mA 

Control range At.p2 - 19 - µs 

Static control error At/Atd - - 0.2 % 

Leakage current 13 - - 5 µA 
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Horizontal Combination TDA2595 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Phase comparison <P2 (pins 2 and 3) 
(continued) 

Phase relation between middle of the 
horizontal sync pulse and the 
middle of the line flyback pulse 
at tfp = 12 µs (note 2) ~t - 2.6 ± 0.7 - µs 

If additional adjustment is 
required, it can be arranged by 
applying a current at pin 3, 
such that for applied current: ~l/~t - 30 - µA/µs 

Burst gating pulse (pin 6; note 3) 

Output voltage V5.5 10 11 - v 
Pulse duration tp 3.7 4 4.3 µs 

Phase relation between middle of 
sync pulse at the input and the 
leading edge of the burst gating 
pulse at V5.5 = 7 V t<P6 2.15 2.65 3.15 µs 

Output trailing edge current 15 - 2 - mA 

Horizontal blanking pulse (pin 6) 
(note 3) 

Output voltage V5.5 4.2 4.5 4.9 v 
Output trailing edge current 15 - 2 - mA 8 
Saturation voltage at 

horizontal scan Va-5sat - - 0.5 v 

Clamping circuit for vertical 
blanking pulse (pin 6; note 3) 

Output voltage at 15 = 2.8 mA V5.5 2.15 2.5 3 v 
Minimum output current 

at V5.5 > 2,15 V lam in - 2.3 - mA 

Maximum output current 
at V5.5 < 3 V lam ax - 3.3 - mA 

TV-transmitter identification 
(pin 12) 

Output voltage 
no TV transmitter V12.5 - - 1 v 
TV transmitter identified V12-5 7 - - v 
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Horizontal Combination TDA2595 

parameter symbol min. typ. max. unit 

Mute output (pin 7) 

Output voltage at 17 = 3 mA 
no TV transmitter V7.5 - - 0.5 v 

Output resistance at 17 = 3 mA 
no TV transmitter R7.5 - - 100 n 

Output leakage current 
atV12-5>3V 
TV transmitter identified 17 - - 5 µA 

Protection circuit (beam-current/ 
EHT voltage protection) (pin 8) 

No-load voltage for lg= 0 
(operative condition) Vg.5 - 6 - v 

Threshold at positive-going voltage Vg.5 - 8 ± 0.8 - v 
Threshold at negative-going voltage Vg.5 - 4 ± 0.4 - v 
Current limiting 

for Vg.5 = 1 to 8.5 V ± lg - 60 . - µA 

Input resistance for Vg.5 > 8.5 V Rg.5 - 3 - kil 

Response delay of threshold switch td - 10 - µ,s 

Control output of line flyback 
pulse control (pin 1) 

Saturation voltage at standard 
operation; 11 = 3 mA V 1-5sat - - 0.5 v 

Output leakage current 
in case of break in transmission 1, - - 5 µA 

Notes to the characteristics 

1. Phase comparison between horizontal oscillator and the line flyback pulse. Generation of a phase 
modulated (,P2) horizontal output pulse with constant duration. 

2. tfp is the line flyback pulse duration. 

3. Three-level sandcastle pulse. 

September 1985 8-216 



Signetics Linear Products Product Specification 

Universal Sync Generator SAA1043 

GENERAL DESCRIPTION 

The SAA 1043 generates the synchronizing waveforms required in all types of video source equipment 
(video cameras, film-scanners, video games, computer displays and similar applications). The device 
is programmable to suit standards SECAM 1, SECAM 2, PAL/CCI R, NTSC 1, NTSC2, and PAL-M; the video 
game 624 and 524-line standards; and can be synchronized to an external sync signal. Inputs and 
outputs are CMOS compatible. 

Features 

• Programmable to eight standards 

• Horizontal frequency manipulation for application in non-standard systems 

• Oscillator functions with LC or crystal elements 

• Additional outputs to simplify camera signal processing 

• Can be synchronized to an external sync signal 

• Vertical reset for fast vertical lock 

• Subcarrier lock in combination with subcarrier coupler SAA 1044 

• Very low power consumption 

QUICK REFERENCE DATA 

Supply voltage range (pin 28) 

Supply current (quiescent) 

Oscillator frequency 

PACKAGE OUTLINE 

28-lead DI L; plastic (SOT-117). 

8-217 

Voo 
loo 
fosc1 

5,7 to 7,5 V 

max. 10 µA 

max. 5, 1 MHz 
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Signetics Linear Products Product Specification 

Universal Sync Generator SM1043 

PINNING 

1 BC burst flag/chroma blanking (SECAM) output 
Voo 2 FH2 PAL identification output 

ID 3 SI set identification input (SE CAM, PAL, PAL-M) 

cs 4 FH3 400 Hz (PAL); 360 HZ (NTSC, PAL-M) and 

CB 
fH/3 (SECAM) 

5 x standard programming input 
H2 

6 y standard programming input 
H1 7 FD standard programming input 

DL 8 FH80 80 x fH output ( 1,25 MHz) 
SAA1043 

9 VCR VCR standard input CLP 

10 OSCO oscillator output 
V2 

11 OSCI oscillator input 
OSCO V1 

12 PH phase detector output 
RR 13 NS no-sync detector output 

PH WMP 14 Vss negative supply voltage (ground) 

NS RI 15 ECS external composite sync input 

Vss ECS 16 RI vertical identification output 

17 WMP white measurement pulse output 

18 RR vertical reset input 

Fig. 2 Pinning diagram. 19 V1 vertical drive output 

20 V2 vertical drive output 

21 CLP clamp pulse output 

8 22 DL 2 x fH input/output 

23 H1 horizontal drive output 

24 H2 horizontal drive output 

25 CB composite blanking output 

26 cs composite sync output 

27 ID SECAM identification output 

28 vDD positive supply voltage 
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Universal Sync Generator 

FUNCTIONAL DESCRIPTION 

Sync pulse generation 

Programming of operating standard 

Product Specification 

SAA1043 

The standard required for operation is programmed using the inputs X, Y and FD as shown in Table 1. 
The FD input selects 525 or 625-line working of the vertical counter (524 or 624-lines for video game 
standards) and also influences the choice of oscillator frequency as shown in Table 2. 

Table 1 Programming of operating standard 

standard FD x y 

SECAM 1 0 0 0 

SECAM 2 0 0 1 

624 0 1 0 

PAL/CCI R 0 1 1 

NTSC 1 1 0 0 

NTSC 2 1 0 1 

524 1 1 0 

PAL-M 1 1 1 
--------

positive logic: 1 =HIGH; 0 =LOW 

Oscillator 

The built-in oscillator of the SAA 1043 functions with an external LC-circuit (Fig. 3) or with a crystal 
of the parallel resonance type (Fig. 4). For operation in the VCR mode the LC oscillator circuit is 
recommended. The frequencies required for the operating standards are shown in Table 2. 

Table 2 Oscillator input frequencies 

operating 
standard 

osc. frequency vertical vertical fre- horizontal fre-
(f osc 1) MHz divider (FD) quency (fy) Hz quency (fH) Hz 

1-----------1-----------~-----------+---------+---------1 

PAL, SECAM, 624 

NTSC, PAL-M, 524 

PAL, SECAM, 624 

NTSC, PAL-M, 524 

~ 0 w 1~~ 

5,034964 1 

2,5 H2 (pin 24) 

2,501748 Hl (pin 23) 

c 
HL OSCI 

J 
(1) L 

c l OSCO 
H~ 

11 

10 

59,94 

50 

59,94 

SAA1043 

7Z87661 

15734,26 

15625 

15734,26 

( 1) Component values can be calculated from the formula fosc1 = 1/2iry'LCv where Cv = C/2 + Cp and 
Cp = parasitic capacitance of typically 5 pF. 

Fig. 3 LC oscillator circuit. 
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Universal Sync Generator 

10pF 

x y Voo 
5 6 28 

DSCI 
11 8 

FH80 
27 pF 

Hi--..... ..-~~.....-;;.;.:;.;...i 

3,3 SAA1043 
MO 

OSCO 10 22 DL 

1kf! 
14 

H1----+-c::J-4~~ 
33 pF 

(2) FD V55 

7Z87662 

( 1) Catalogue number of crystal: 8222 298 40760. 

(2) All inputs not shown are at V55. 

RL 

CL 

Fig. 4 Crystal oscillator circuit showing test set-up for 
oscillator frequency measurement. 

Synchronization to an external sync signal 

Product Specification 

SAA1043 

Voo 

V55 

Use is made of the phase comparator output PH to lock the internally generated sync pulses to an 
external sync signal. Reset pulses derived at each falling edge of the external sync signal (ECS) reset the 
the sync counter which is clocked at the internal horizontal frequency by the horizontal counter. At 
each horizontal scan period the sync counter opens the sync pulse gate and allows the ECS to be 
applied to the phase comparator where it is compared with the phase of the internally generated 
horizontal sync pulse. When the two signals are in phase the output PH is in a high impedance state. 
When a phase difference exists PH is pulled towards Voo or Vss depending on the direction of the 
error (Fig. 5). The phase-analogue voltage on PH is used to correct the frequency at OSCI via a 
voltage-controlled oscillator and null the phase error between internal and external signals. Pulses 
occurring on the ECS outside of the sync pulse gating time (serration and equalization pulses) do not 
effect the phase comparator. 

VpH 
(V) 

o,s v00 

7Z87663 y 
v 

L_ 

ll' y 
v 
~ 
~ 

-21T 
O phase error (rad) 2 " 

Fig. 5 Phase comparator characteristic. 
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Signetics Linear Products 

Universal Sync Generator 

FUNCTIONAL DESCRIPTION (continued) 

Synchronization to an external sync signal (continued) 

Product Specification 

SAA1043 

The circuit will lock to standard and non-standard sync signals. With standard signals the resetting of 
the sync counter is permitted after 3/4 of the horizontal scan period and if one reset pulse is missed 
the next pulse will reset the counter. With non-standard signals a narrow reset window is imposed to 
avoid disturbances which would otherwise be visible on the screen during vertical blanking time. The 
width of this window is 64 - 15,2 <reset time< 64 + 15,2 µs. If a reset pulse does not occur within 
this window the same window timing is specified for the next horizontal scan. 

A no-sync signal is generated by the sync pulse gate if the sync counter is not reset from the ECS. The 
no-sync signal (NS) occurs 6,4 µs after the time of the missing reset pulse. 

Detection of the vertical sync in the ECS is performed using a double sampling method which minimizes 
detection failures. Vertical lock is performed by comparing the internal vertical sync with a pulse 
derived from the ECS and using the result to modify the period of the vertical counter. This is achieved 
by manipulating the DL (2 x fHl input to the vertical counter via the addition/subtraction 
logic. The DL pulses are added or suppressed to bring the circuit into lock in the shortest possible time; 
the direction taken is determined by a logic decision based on the half picture in which the ECS derived 
pulse occurred. 

Use in non-standard systems 

For systems requiring a non-standard horizontal frequency the number of horizontal scans per picture 
can be manipulated using the open drain input/output DL. The addition or suppression of pulses 
during the high ohmic period of DL modifies the vertical counter value. The suppression of two DL 
pulses per half picture will give one extra horizontal scan and the addition of two DL pulses will 
remove one horizontal scan from the half picture (see Fig. 6). 

H1 

DL{ ::: _n,______ ___ ll_ 

(3) 

(1) Normal waveform at DL; fol= 2 x fH. 

(2) Waveform at DL with two pulses suppressed increases the number of horizontal scans per half 
picture by 1. 

(3) Waveform at DL with two additional pulses decreases the number of horizontal scans per half 
picture by 1. 

Fig. 6 Manipulation of the horizontal frequency for non-standard systems. 

September 1985 8-222 



CX> 
I 

I\) 

~ 

en 
<D 

¥ 
3 
C" 
Ill 
ell 
ffi 

Output waveforms 

The output waveforms for the different modes of operation are shown in Figs 7 and 8. 

cs 1st half 
picture 

cs 2nd half 
picture 

CB 1st half 
picture 

CB 2.nd half 
picture 

{'""·-picture 

FH2 2nd half 
CCIR/PAL picture 

FH2 3~ half 
picture 

FH2 4~h half 
picture 

Vt 
V2 

{" ··-picture 

BC 2nd half 
CCIR/PAL picture 

BC 3rd half 
picture 

BC 4th half 
picture 

{ BC 1st half 

SECAM-1 
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BC 2nd half 
picture 

10 1st half 
picture 
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:start half picture 

_illt:ilj~~B~;~:~'.J~~:~::~:~'.~~:=~=::::~:2~=·"'.:-_+ ;_,w:c;B'.:::::::::::::::::::::~ 
1JUlJ 

~ 
~ 

~~----==-;;;;;-====--=--==---=~-L~~~---,f 
f------ ~Jl/2 H f 

I I : 9 " I I I I I I I I I I L I I 
I I : 
I : I l I I I I I I I I I ,, 

I I I I I I I ,1LLJ I I I I I I I I II 

I I I 

I na1sse 

C» 

( 1) H = 1 horizontal scan. 

Fig. 7 Typical output 
waveforms for PAL/CCIR 
and SECAM. In the 624-line 
mode the output waveforms 
are identical to the 1st half 
picture of PAL/CCIR and 
are not interlaced·(0,5H 
subtracted from the wave­
form timing). 
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FUNCTIONAL DESCRIPTION (continued) 

Output waveforms (continued) 
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( 1) H = 1 horizontal scan. 
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picture for NTSC. 

Fig. 8 Typical output 
waveforms for NTSC and 
PAL-M. In the 524-line mode 
the outputwaveforms are 
identical to the 1st half 
picture of NTSC and are not 
interlaced (0,5H subtracted 
from the waveform timing). 

c 
::J 
~-
..... 
en 
0 

!R 
::J 
0 
(j) 
<I> 
::J 
<I> a 
0 ..... 

CJ) 

~ e 

!:ll 
<O 
::J 

~ 
' :;-
(J) 

8 
a 
Q_ 
c 
~ 

~ 
g_ 
en 

~ 
a 
()" 
::J 



Signetics Linear Products Product Specification 

Universal Sync Generator SAA1043 

WAVEFORM TIMING (Table 3, Figs 9 and 10) 

The waveform timing depends on the frequency of the oscillator input (fosc1). This is shown in Table 3 
as the number (n) of oscillations at OSCI. The timings given are derived from n x tosc1 ± 100 ns. One 
horizontal scan (H) = 320 x tosc1 = 1/fH. Note that the number of horizontal scans per half picture 
can be modified for non-standard systems using input/output D Las shown in Fig. 6. 

Table 3 Waveform timing 

parameter symbol PAL NTSC PAL-M SE CAM unit n 

cs 
Horizontal sync 
pulse width twsc1 4,8 4,77 4,77 4,8 µ.s 24 

Equalizing pulse width twsc2 2,4 2,38 2,38 2.4 µ.s 8 

Serration pulse width twsc3 4,8 4,77 4,77 4,8 µ.s 24 

Duration of pre-
equalizing pulses - 2,5 3 3 2,5 H 

Duration of post-
equalizing pulses - 2,5 3 3 2,5 H 

Duration of serration 
pulses - 2,5 3 3,5 2,5 H 

CB 
Horizontal blanking 

µ.s 160 

pulse width 

PAL/SECAM/PAL-M twcB 12 - 11,12 12 

NTSC 1 twcB -- 11,12 - - µ.s 156 
NTSC 2 , twcB - 10,53* - - µ.s 53 

Front porch ! tpcBcs 1,6 1,59 1,59 1,6 µ.s 8 

Duration of vertical 
blanking 

PAL/SECAM/PAL-M 25H+twcB - 1~1H+twcB 25H+twcB 
NTSC 1 - 21H+twcB -
NTSC 2 - 19H+twcB -

BC (PAL) 
Burst key pulse width twBc 2.4 2,38 2,38 - µ.s 12 

Sync to burst delay tpcsBc 5,6 5,56 5,76 - µ.s 28 

Burst suppression - 9 9 11 - H 

Position of burst 
suppression: 1st half - H623 to H523 to H523 to - -

picture H6 H6 HS - -

2nd half - H310 to H261 to H260 to - -
picture H318 H269 H270 - -

3rd half - H622 to H523 to H522 to - -
picture H5 H6 H7 - -

4th half - H311 to H261 to H259 to - -
picture H319 H269 H269 - -
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Universal Sync Generator 

WAVEFORM TIMING (continued) 

Table 3 (continued) 

parameter symbol PAL 

BC (SECAM) 

Chroma pulse width twsc -

Chroma to sync delay tpsccs -

Duration of vertical 

NTSC PAL-M 

- -
- -

blanking: SECAM 1 1st half picture: 25H + twsc except H320 to H328 
2nd half picture: 24,5H + twBC except H7 to H15 

SECAM 2 1st half picture: 25H +twsc 
2nd half picture: 24,5H + twBC 

CLP 

Clamp pulse width twCLP 2.4 2,38 2,38 

Sync to clamp delay tpcsCLP 2.4 2,38 2,38 

DL 

Frequency fDL 2 x fH 2 x fH 2 x fH 

Pulse width twDL 9,6 9,53 9,53 

DL to sync delay tpcLCS 5,6 5,56 5,56 

FHSO 

Frequency fFH80 80x fH 80x fH 80x fH 

Sync to FH80 delay - 0,2 0,2 0,2 

H1, H2 

H1 pulse width twH1 7,2 7,15 7, 15 

H2 pulse width twH2 7,2 7, 15 7,15 

H 1 to sync delay tPH1CS 0,8 0,79 0,79 

Sync to H2 delay tpcsH2 0,8 0,79 0,79 

Repetition period - 64 63,56 63,56 

V1,V2 

V1 duration - 10 6 6 

V2 duration - 7,5 9 9 

V1 to sync delay tpv1cs 1,6 1,59 1,59 

Sync to V2 delay tpv2cs 1,6 1,59 1,59 

FH2 

Frequency fFH2 fH/2 fH/2 fH/2 

Sync to FH2 delay - 0 0 0 

FH3 

Frequency fFH3 400 360 360 

Sync to FH3 delay - - - -

September 1985 8-226 
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SAA1043 

SE CAM unit n 

7,2 µs 36 

1,6 µs 8 

2.4 µs 12 

2.4 µs 12 

2 x fH -

9,6 µs 48 

5,6 µs 28 

80x fH -
0,2 µs 1 

7,2 µs 36 

7,2 µs 36 

0,8 µs 4 

0,8 µs 4 

64 µs 

10 H 

7,5 H 

1,6 µs 8 

1,6 µs 8 

fH/2 -
0 µs 

fH/3 -
0 µs 



Signetics Linear Products Product Specification 

Universal Sync Generator SAA1043 

parameter symbol PAL NTSC PAL-M SE CAM unit n 

WMP 
WMP pulse width - 2,4 2,38 2,38 2.4 _µs 12 

Sync to WMP delay - 34.4 34,16 34,16 34.4 µs .172 

Duration of WMP - 10 9 9 10 H 

Position of WMP 
1st half picture: - H163 to H134 to H134 to H163 to -

H173 H143 H143 H173 -
2nd half picture: - H475 to H396 to H396 to H475 to -

H485 H405 H405 H485 -

RI 

Frequency - fy/2 fy/2 fy/2 10fH -

Position of edges - H6 and H318 H7 and H269 H7 and H269- -

ID 

ID pulse width twlD 12,0 11, 12 11,12 12,0 µs 60 

ID to sync delay tp1Dcs 1,6 1,59 1,59 1,6 µs 8 

Position of ID 
1st half picture: - H7toH15 H8 to H22 H8 to H22 H7 to H15 -

2nd half picture: - H320to H271 to H271 to H320 to -
H328 H285 H285 H328 -

8 

* Horizontal blanking pulse width for NTSC 2 can be 11, 12 µs maximum. 
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Universal Sync Generator 

WAVEFORM TIMING (continued) 

{ ~'°~' sync pulse 

composite 
cs equalizing pulse 

sync 

serration pulse 

composite CB horizontal 
blanking blanking pulse 

{ burst key (PALI 
burst key I BC 
chroma 

chroma (SECAM I 

H1 horizontal drive 

H2 horizontal drive 

CLP clamp pulse 

DL 2 x IH pulses 

ID SE CAM 
identification 

V1, V2 start, stop 
vertical drives 

FH2 PAL 
identification 

FH3 400 Hz (PALI, 
IH/3 (SECAMI 

Product Specification 

SAA1043 

1- twsc1 - .. I _________ _ 
~----------!! 

I 
--J1-twsc2 

~--------'1 ..._ ___________ _ 
I 

~~ 
I 
I 

------~l----+-1~~~-twcB~~~~~-~--­
tPcBcs-I l-

~--------+1---t_P_c_sB_c_--...... r---"l .. ~-t-w_B_c ____ _ 
I 

______ _.l---i--twBc----1~-------~ 
tpBccs-1 1-

~------~rl ~:---t-w-H-,--------:_1 _______ _ 

tpH1cs-I 1-i rl----tw_H_2 _____ ..,I 
--------~1-'1 '------~ 

1PcsH2-1 -

~--------+i __ -__.r---1~---tw_c_LP ______ _ 
--: 1- tpcsCLP 

___J two~~~----1~~~~~~~-
1-tpoLCS __,..I 

1· i tw10 

tp1ocs-1 1-

~-------~r-i~----tp_v_1_c_s_,t_p_v_2_c_s ________ _ 

7Z87658 

Fig. 9 Waveform timings: PAL/CCI R; SECAM; 624-line modes. 
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Universal Sync Generator 

composite 
sync 

composite CB 
blanking 

BC 

horizontal 
sync pulse 

equalizing pulse 

serration pulse 

horizontal 
blanking pulse 

burst key 

Product Specification 

l-twcs1-I 
--------~I '----------

1 

-l!-twcs2 ----------'I '------------
1 

l-twcs3-I 
I 
I 

_______ l---..-1 ~~-twcs~~~~- ... __ _ 

tpcscs-1 1-
:--tpcssc-1!-twsc 
I 
I 

SAA1043 

horizontal drive ________ l-4----- twH1-... I ______ _ 
tpc1cs-I i-

H1 

H2 

CLP 

DL 

V1,V2 

FH2 

horizontal drive 

clamp pulse 

2 x fH pulses 

start, stop 
vertical drives 
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Fig. 10 Waveform timings: NTSC; PAL-M; 524-line modes. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range with respect to Vss Voo 

Input voltage range 

Input current 

Output voltage range 

Output current 

Power dissipation per output 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

* Voo + 0,5 V not to exceed 15 V. 

8-229 

Vi 

± 11 

Vo 

± io 

Po 

Ptot 

Tamb 

Tstg 

-0,5to+15 V 

-0,5to(v00 +0,5)* v 
max. 10 mA 

-0,5 to (Voo+0,5)* v 
max. 10 mA 

max. 100 mW 

max. 200 mW 

-25 to +70 oc 

-55to+150 oc 
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Universal Sync Generator SAA1043 

CHARACTERISTICS 

Voo = 5,7 to 7,5 V; Vss = 0 V; Tamb = -25 to+ 70 °c unless otherwise specified 

parameter symbol min. typ. max. unit 

Supplies 

Supply voltage Voo 5,7 - 7,5 v 

Supply current (quiescent) 
at lo= 0 mA at all outputs; 
Voo = 7,5 V; Tamb = 25 oc loo - - 10 µ.A 

Inputs 

Input voltage HIGH V1H 0,1 x v 00 - Voo v 

Input voltage LOW V1L 0 - o,3 x v 00 v 
Input leakage current at 

Vi= 7,5 V; Voo = 7,5 V; 
Tamb = 25 ov l1R - - 1 µ.A 

Input leakage current at 
V1=0V;Voo=7,5V; 
Tamb = 25 oc -l1R - - 1 µ.A 

Outputs (except PH and OSCO) 

Output voltage HIGH at 
-loH = 0,5 mA VoH Voo- o,5 - - v 

Output voltage LOW at 
loL = 0,5 mA VoL --- -- 0,4 v 

Output PH 

Output voltage HIGH at 
-loH = 0,9 mA VoH v 00 - o,5 - - v 

Output voltage LOW at 
loL = 1,0 mA VoL - - 0,4 v 

Output leakage current at 
v 0 = 7,5 v; v 00 = 7,5 v loR - - 5 µ.A 

Output leakage current at 
Vo= 7,5 V; Voo = 7,5 V; 
Tamb = 25 oc loR - - 1 µ.A 

Output leakage current at 
Vo=OV;Voo=7,5V -loR - - 5 µ.A 

Output leakage current at 
Vo= 0 V; Voo = 7,5 V; 
Tamb = 25 °c -loR - - 1 µ.A 

Output OSCO 

Output voltage HIGH at 
Vosc1 = 0 V; -loH = 0,9 mA VoH v 00 - o,5 - - v 

Output voltage LOW at 
Vosc1 = Voo; loL = 1,0 mA VoL - - 0,4 v 
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Universal Sync Generator SAA1043 

parameter symbol min. typ. max. unit 

Input/output DL (open drain)* 

Output voltage LOW at 
loL: 1,0 mA Vol - - 0,4 v 

Output leakage current at 
v0 : 7,5 v; v00 : 7,5 v loR - --- 5 µA 

Output leakage current at 
Vo: 7,5 V; Voo: 7,5 V; 
Tamb: 25 oc loR - - 1 µA 

Load resistance (Fig. 4) 
at Voo: 5,7 V RL 1,4 - - kU 

at Voo: 7,5 V RL 0,82 - - kil 

Time constant (Fig. 4) 
atVoo:5,7V RLCL - - 19 ns 

at Voo: 7,5 V RLCL - - 13 ns 

Oscillator frequency (Fig. 4) 

Maximum oscillator frequency 
at Voo: 5,7 V tosc1 5,1 - - MHz 

* An external pull-up resistor (3,9 H2) must be connected between DL and Voo· The time constant 
RLCL must not exceed the values given. 
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Universal Sync Generator 

APPLICATION INFORMATION 

Voo 

3,9kil 
external 
sync JL 

ECS DL 
15 22 

12 
PH 

820kil 

+ 
I2,2µF 

Voo 
Voo 

+ 
IlµF I22nF 

x y VCR Voo 

5 6 9 28 

SAA1043 

11 10 3 14 
OSGI OSCO SI FD Vss 

1,2kil 

I82pF 

7287665 

Fig. 11 Synchronizing circuit using passive filter network. 

HANDLING 

Product Specification 

SAA1043 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 
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Subcarrier Coupler SAA1044 

GENERAL DESCRIPTION 

The SAA 1044 maintains the correct relationship between subcarrier and horizontal scan frequencies 
when an exact coupling is required. It is for use in combination with sync generator SAA 1043 for 
application in colour video sources (cameras, film-scanners and similar equipments). 

Features 
• Provides exact relationship between subcarrier and horizontal scan frequencies 
• Accommodates all standard frequencies 
• Facilitates GEN LOCK (general locking) applications 

FD X FH3 

l l 
11 13 14 116 ~ 

~ 1 
STANDARD 

~ SELECTOR 
DIVISION r-+- 15 TO fh 

FACTOR EQUATION I-+-
10 LOGIC r-- CIRCUIT 

FHBO 

so 

·~ 

L 5 
~ 

7 

'"'"'"'" ~ '"'"'""' f=...-6 OSCILLATOR DIVIDERS t-- r+--
SUB! 

SUBO 

SUBTRACTOR 

1 
t--t+-SE CAM SE CAM 

2 ""'"""0' ~ DIVIDER .... 
3 

SEC! 

SECO 

REFERENCE 
SEO 

RS 4-+ SUBFREOUENCY r.-
SAA1044 

DIVIDER 

Fig. 1 Block diagram. 

PACKAGE OUTLINE 

16-lead OIL; plastic (SOT-38). 
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PHASE 
9 

COMPARATOR -.. 
1 

PHASE 
COMPARATOR 

15 

2 

PHASE 
COMPARATOR 

12 

3 

7287698 

PH1 

PH2 

PH3 
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Signetics Linear Products 

Subcarrier Coupler 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

Programming of operating standard 

PINNING 

1 SECI 

2 SECO 

3 SEO 

4 RS 

5 so 

6 SUBO 

7 SUBI 

8 Vss 

9 PH1 

10 FHBO 

11 FD 

12 PH3 

13 x 
14 FH3 

15 PH2 

16 VDD 

Product Specification 

SAA1044 

SECAM oscillator input (272fH) 

SECAM oscillator output (272fH) 

inverted SECAM oscillator output 

reference subfrequency 

inverted subcarrier oscillator output 

subcarrier oscillator output 

subcarrier oscillator input 

negative supply voltage (ground) 

phase comparator 1 output (FHBO/SUBI) 

1,25 MHz input (from SAA 1043) 

standard programming input 

phase comparator 3 output (RS/SUBI) 

standard programming input 

standard programming input 
(from SAA 1043) 

phase comparator 2 output (SECl/FHBO) 

positive supply voltage 

The standard required for operation is programmed using the inputs FD, X and FH3 as shown in 
Table 1. 

Table 1 Programming of operating standard 

standard FD x FH3 relationship of subcarrier frequency (fs) 
to horizontal scan frequency (fH) 

PAL 0 1 400 Hz fs = 283,7516fH 

SE CAM 0 0 don't care fs = 282fH 

PAL-N 1 1 400 Hz fs = 229,2516fH 

PAL-M 1 0 1 fs = 227 ,25fH 

NTSC 1 0 0 ts= 227,5fH 

Positive logic: 1 =HIGH; 0 =LOW 
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Subcarrier Coupler SAA1044 

Subcarrier/horizontal scan frequency relationship 

The input F HBO from SAA 1043 is the reference for horizontal scan frequency (fH). This frequency is 
reduced by a factor determined by the selected operating standard to give a value of 8fH (PAL, SE CAM 
or 1 OfH (PAL-N, PAL-M, NTSC) to phase comparator 1. The subcarrier frequency (fs) is manipulated 
to provide a comparable value at the second input to the phase comparator. When the frequencies of 
the two inputs to phase comparator 1 are equal, the relationship between fH and fs is as shown in 
Table 1. 

Phase comparator 1 functions with an exclusive-OR phase detector circuit and provides an output 
which may be used to control a voltage-controlled oscillator (VCO) via a low-pass filter. The VCO 
reference can be the subcarrier or the horizontal scan frequency and the filter can be active or passive, 
depending on application. 

A second subcarrier oscillator circuit is provided for SE CAM operation. The operating frequency of 
this is centred on 272fH to give, when ts = 282fH, comparable values of 5fH at the two inputs to phase 
comparator 2. A second VCO loop can be used to control the SE CAM oscillator frequency. 

The high degrees of accuracy and stability required for GEN LOCK applications are met by phase 
comparator 3. This compares the internal subcarrier and external reference frequencies. To adjust the 
phase over 27r, this comparator has a linear characteristic over 47r. The output signal PH3 has a period 
time of fs/4 and a duty cycle of between 12,5% and 62,5% giving a sensitivity of 240 mV /rad. Errors 
due to temperature variation are minimized by symmetrical circuit and chip design. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range with respect to Vss Voo -0,5to+15 V 

Input voltage range V1 -0,5 to (Voo + 0,5)* v 
Input current ± 11 max. 10 mA 

Output voltage range Vo -0,5 to (Voo + 0,5)* v 
Output current ±lo max. 10 mA 

Power dissipation per output Po max. 100 mW 

Total power dissipation per package Ptot max. 200 mW 

Operating ambient temperature range Tamb -25 to+ 70 oc 

Storage temperature range Tstg -55 to + 150 oc 

HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 

* VDD + 0,5 V not to exceed 15 V. 
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Subcarrler Coupler SAA1044 

CHARACTERISTICS 

Voo = 5,7 to 7,5 V; Vss = O V; Tamb = -25 to+ 70 oc unless otherwise specified 

parameter symbol min. typ. max. unit 

Supplies l 
Supply voltage Voo 5,7 - 7,5 v 
Supply current (quiescent) 

at lo= 0 mA at all outputs; 
10 Voo = 7,5 V;Tamb = 25 °c loo - - µ.A 

Inputs 

Input voltage HIGH V1H 0,1 x v00 - Voo v 
Input voltage LOW V1L 0 - 0,3 xVoo v 
Input leakage current at 

V1 = 7,5 V; Voo = 7,5 V; 
Tamb = 25 oc l1R - - 1 µ.A 

Input leakage current at 
Vi= 0 V; Voo = 7,5 V; 
Tamb = 25 oc -l1R - - 1 µ.A 

Outputs (except SECO and SUBO) 

Output voltage HIGH at 
-loH =0,5 mA VoH v00 -o,5 - - v 

Output voltage LOW at 
loL = 0,5 mA Vol - - 0.4 v 

Outputs SECO and SUBO 

Output voltage HIGH at 
-loH =0,9 mA VoH v00 -o,5 - - v 

Output voltage LOW at 
loL = 1,0 mA Vol - - 0.4 v 

Oscillator frequency (Fig. 3) 

Maximum oscillator frequency 
fsUBI } at Voo = 5,7 v 
fsECI 

5,1 - - MHz 
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Subcarrier Coupler 

10pF 

27 pF 

~i----..~~~.-"-~ 

Hr--'--c:::J-~~ 
33pF 

33pF 

~1-----c----i--.--=="'"-! 

Hi--........ ~~~>-'-"-'-! 
27 pF 

10pF 

( 1) Catalogue number of crystal: 4322 143 04040. 
(2) Inputs not shown are don't care. 

Fig. 3 Test set-up for oscillator frequency measurement. 
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Signetics Linear Products Product Specification 

PAL/ NTSC Encoder TDA2501 

The TDA2501 encodes two colour-difference signals R-Y and B-Y onto one subcarrier. Quadrature 
modulation allows the coding to be in accordance with either the PAL or NTSC system. 

Functions: 

• Generates two sinusoidal subcarriers with a relative phase of goo (also accepts external subcarriers) 

• Modulates the two subcarriers with the colour difference signals 

• Inverts the output from one modulator on command of an external signal (as in case of PAL) 

• Sums the output from the modulators to obtain a quadrature modulated output signal 

• Clamps the output d.c. level to a reference voltage 

• Divides the frequency of horizontal sync pulses by three so that the output level can be clamped and 
the balance of the two modulators sequentially controlled during the line-blanking minus burst-key 
period 

QUICK REFERENCE DATA 

Supply voltage (pin 6) Vp typ. 6 v 
Supply current Ip typ. 40 mA 

Output chrominance voltage (pin 9) Vg(p-p) max. 1,4 v 
Storage temperature Tstg -65 to + 150 oc 

Operating ambient temperature Tamb -25 to +70 °c 

PACKAGE OUTLINE 

16-lead DI L; plastic with internal heat spreader (SOT-38WE-2). 
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Signetics Linear Products Product Specification 

PAL/ NTSC Encoder TDA2501 

DESCRIPTION 

The colour difference signals B-Y and R-Y with a maximum amplitude of 1,4 volt are to be applied at 
pin 12 and pin 5. D.C.-coupling of the input signals is allowed if their d.c. levels are within specified 
limits from the d.c. level at pin 10 (Vref). The following table shows these limits as a function of supply 
voltage. The table also shows the limits of the reference voltage range as a function of the supply voltage. 

supply voltage 

V6-16 

(V) 

5,5 
6,0 
7,0 
8,0 
9,0 

10,0 

* Minimum 2,4 V. 
**At Vs - 2,2 V. 

input d.c. 
(R-Y) 
(B-Y) 
min. (V)* 

2,4 
>Vref-1,4V 
> Vref- 1,4 V 
> Vref- 1,4 V 
> Vref - 1,4 V 
> Vref-1,4 V 

• Minimum values at 0,2 Vs+ 1,2 V. 

V5.15 
V12-16 
(V) 
max. (V)* 

3,3 
3,8 
4,8 
5,8 
6,S 
7,S 

Typical values without pull-up or pull-down resistor. 
Maximum values at O,S Vs - 0,9 V. 

reference voltage• 

V10-16 
-1\11 

min typ. max. 

2,3 3,0 3,5 
2,4 3,3 3,9 
2,6 4,0 4,7 
2,S 4,S 5,5 
3,0 5,5 6,3 
3,2 6,3 7, 1 

The inputs (B-Y) and (R-Y) should be zero, independent of their (limited) d.c.-levels, during the line­
blanking minus burst-key period (LB - BK). Clamping the output and correcting the out-of-balance of 
the modulators, is done by applying a HIGH level to pin 7 within the (LB - BK) period (e.g. line sync 
pulse). 

Modulation at output: 
Vs= LOW; output= sex (B-Y) +sc'x (R-Y) 
Vs= HIGH; output= sc x (B-Y) - sc' x (R-Y) 
in which sc' = subcarrier 

sc = goo phase-shifted subcarrier to sc' (sc lags). 

The bandpass filter at the output suppresses the d.c. components of the (R-Y) + (B-Y) signal. Luminance 
(Y) is not processed by this circuit. 

Internal subcarrier 

The internal subcarrier oscillator is crystal controlled. The oscillator generates a sinewave with low 
harmonic distortion and an amplitude of about 500 mV peak-to-peak. The amplitude can be changed if 
necessary with a current input at pin 1. The adjustment range is 0 to SOO mV, with a corresponding 
current range of + 250 to -150 µA. 

Phase shift 

To obtain a goo phase-shifted carrier, two low impedance subcarrier outputs are provided, pins 2 and 15, 
the last being the inverse of the first. Between pins 2 and 15 an external RC combination must be used 
to obtain the desired goo shift. The capacitor value must be limited to 33 pF to minimize subcarrier 
distortion. 

The resistor required between pins 2 and 14 is O,SS5 (2 n fC). 
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PAL/ NTSC Encoder TDA2501 

External subcarrier 

The (B-Y) and (R-Y) signals can also be multiplied with an external subcarrier. In this case the external 
subcarrier is connected to pin 1. For maximum input impedance at pin 1 V3=V16 (Zmi > 1400 n). The 
same RC network generate the goo phase-shifted subcarrier. For the use of an externally generated sub­
carrier, applied at pin 14, the d.c. level must be the same as in the case of an RC-network generated one. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage V6-16 Vp max. 13,2 v 
Total power dissipation 

Storage temperature range 

Operating ambient temperature 

2 

Ptat 

(Wl 

0 
-50 

see derating curve (Fig. 2) 

Tstg -65 to + 150 °c 
Tamb -25 to +70 °c 

7290238 

~ 
:s 

1\ 
~ 

\_ 
l'~ 

~ 
0 50 100 150 

Tamb (OC) 

Fig. 2 Power derating curve. 

8-243 September 1985 

8 



Slgnetlcs Linear Products Product Specification 

PAL/ NTSC Encoder TDA2501 

D.C. CHARACTERISTICS 

Va-10 = -V1a-10 = 3 V; Tamb = 25 °c; see Fig. 1 
min. typ. max. 

Single power supply Va-16 5,5 6 10 v 
Dual power supply 

positive Va-10 2 3 5 v 
negative -V16-10 2,3 3 5 v 

Supply current 
at pin 10 110 -1 0 3,5 mA 
positive (pin 6) 15 2a 40 64 mA 
negative (pin 6) -115 2a 40 64 mA 

Limitation d.c. level 
oscillator feedback V1 -30 0 +30 mV 

Nominal amplitude input signal 
a.c. peak-to-peak V5(p-p) - 1 1,4 v 

Input voltages (R-Y) and (B-Y) 
V12(p-p) 

zero d.c. level V5, V12 2,4 3,3 3,9 v 
Required level sync input 

HIGH V7 4 -. Vp V 
LOW V7 - - V10 V 

Required level PAL pulse (H/2) 
HIGH Va V10 + O,a - Vp V 
LOW Va -Vp - 0 v 

Input current sync input 
V7=Vp+1 V 17 - 4 15 µA 

Input current PAL input (H/2) 
Va= V10 + O,B V la - 1,5 5 µA 

Output chroma voltage swing 
(R-Y) = (B-Y) = 1,4 V 
subcarrier pulse= 0,5 V Vg(p-p) - - 1,4 v 

Amplitude of suppressed 
subcarrier Vg 0 7 16 mV 

Input currents 
V4 = V10 14 0 1,5 5 µA 
V11=V10 I 11 0 1,5 5 µA 
V13 = V10 113 0 1,5 5 µA 
V5 = V10 15 0 9 30 µA 
V12 = V10 112 0 9 30 µA 
V14 =V15+2,3V 114 - 6 - µA 

Input impedance (R-Y) Z5 - 160 - kn 

Input impedance (B-Y) Z12 - 160 - kn 
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Chroma Control Circuit TDA3505 

The TDA3505 performs the control functions in a PAL/SECAM decoder, which also comprises the 
TDA3510 (PAL decoder) and/or TDA3530 (SECAM decoder). 

The required input signals are: luminance and colour difference -(R-Y) and -(B-Y). while linear RGB 
signals can be inserted from external sources. RGB output signals are delivered for driving the video 
output stages. This circuit provides automatic cut-off control of the picture tube. The TDA3505 has 
the following features: 

• capacitive coupling of the colour difference and luminance input signals with black level clamping 
in the input stages 

• linear saturation control in the colour difference stages 
• (G-Y) and RGB matrix 
• linear transmission of inserted signals 
• equal black levels for inserted and matrixed signals 
• 3 identical channels for the RGB signals 
• linear contrast and brightness control, operating on both the inserted and matrixed RGB signals 
• peak beam current limiting input 
• horizontal and vertical blanking and clamping of the three input signals obtained via a 3-level sand-

castle pulse 
• d.c. gain controls for each of the RGB output signals (white point adjustment) 
• emitter-follower outputs for driving the RGB output stages 
• input for automatic cut-off control of the picture tube 
• compensation for leakage current of the picture tube 

QUICK REFERENCE DATA 

Supply voltage 

Supply current 

Composite video input signal (peak-to-peak value) 

Input resistance 

Colour difference input signals (peak-to-peak values) 
-(B-Y) 
-(R-Y) 

Inserted RGB signals 
(black-to-white values) 

Three-level sandcastle pulse (required input voltage) 

Control voltage ranges 
brightness 
contrast 
saturation 

PACKAGE OUTLINE 28-lead OIL; plastic (SOT-117). 

8-245 

V6-24 = Vp 

15 =Ip 

v 15-24(p-p) 

R15_24 

V18-24(p-p) 
V17-24(p-p) 

v 12, 13, 14-24(p-p) 

V1Q-24 

V2Q-24 
V19-24 
v16-24 

typ. 

typ. 

typ. 

> 

typ. 
typ. 

typ. 

typ. 

12 v 

85 mA 

0,45 v 

100 kn 

1,33 v 
1,05 v 

1 v 

2,5/4,5/8,0 v 

1,0 to 3,0 V 
2,0 to 4,3 V 
2,0 to 4,3 V 
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Slgnetics Linear Products Product Specification 

Chroma Control Circuit TDA3505 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

min. max. 

Supply voltage Vp = Va-24 13,2 v 

Voltages with respect to pin 24 

pin 26 V26-24 0 Vp v 

pin 25 V25-24 0 Vp v 

pin 10 V1Q-24 0 Vp v 

pin 11 V11-24 -0,5 3 v 

pins 16, 19, 20 v16,19,20-24 0 0,5 Vp v 

pins 21, 22, 23 V21,22,23-24 0 Vp v 

pins 1, 3, 5; 2, 4, 28; 7, 8, 9; 12, 13, 14; 
15, 17, 18; 27 no external d.c. voltage 

Currents 

pins 1, 3, 5 -11, 3, 5 max. 3 mA 

pin 19 119 max. 10 mA 

pin 20 120 max. 5 mA 

pin 25 -125 max. 5 mA 

Total power dissipation Ptot max. 1,7 w 
Storage temperature range Tstg -25 to +125 oc 

Operating ambient temperature range Tamb -20 to +70 oc 

CHARACTERISTICS 

Supply voltage range Vp = VB-24 10,8 to 13,2 v 

The following characteristics are measured in a circuit similar to Fig. 2; Vp = 12 V; Tamb = 25 oc; 
V18-24(p-p) = 1,33 V; V17-24(p-p) = 1,05 V; V15-24(p-p) = 0,45 V; V12,13,14-24(p-p) = 1 V; unless 
otherwise specified 

Supply current 15 = Ip typ. 85 mA 

Colour difference inputs 

-(B-Y) input signal at pin 18 (peak-to-peak value)*V18-24(p-p) 

-(R-Y) input signal at pin 17 (peak-to-peak value)*V11-24(p-p) 

Input current during scanning 117, 18 

Input resistance R 17, 18-24 

Internal d.c. voltage due to clamping V 17, 18-24 

Saturation control at pin 16 
control voltage range for a change of 
saturation from -20 dB to +6 dB 

control voltage for attenuation > 40 dB 

nominal saturation (6 dB below max.) 

input current 

V15_24 

v16-24 

V15_24 

115 

* For saturated .colour bar with 75% of maximum amplitude. 
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typ. 

typ. 
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typ. 
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typ. 
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1,33 v 

1,05 v 

1 µA 

100 kfl 

4,2 v 

2, 1to4,3 v 

1,8 v 

3, 1 v 

20 µA 



Slgnetlcs Linear Products Product Specification 

Chroma Control Circuit TDA3505 

(G-Y) matrix 

Matrixed according to the equation V(G-Y) = -0,51 V(R-Y) -0,19 V(B-Y) 

Luminance amplifier (pin 15) 

Composite video input signal (peak-to-peak value) V15-24(p-p) typ. 0,45 

Input resistance R15.24 > 100 

Internal d.c. voltage V15-24 typ. 2,7 

Input current during scanning 115 < 1 

RGB channels 

Signal switching input voltage for insertion (pin 11) 
on level V11-24 0,9 to 3 
off level V11-24 < 0,4 

Input current I 11 -100 to+ 200 

Signal insertion (pin 12: blue; pin 13: green; pin 14: red) 
external RGB input signal (black-to-white values) V12, 13, 14-24(p-p) 1 

internal d.c. voltage due to clamping* V12,13,14-24 typ. 4,4 

input current during scanning I 12, 13, 14 < 
Contrast control (pin 19) 

control voltage range for a change of 
contrast from -18 dB to + 3 dB V19.24 2 to 4,3 

nominal contrast (3 dB below max.) V19.24 typ. 3,6 

control voltage for -6 dB V19.24 typ. 2,8 

input current at V25-24;;;;. 6 V I 19 < 2 

Peak beam current limiting (pin 25) 
internal d.c. bias voltage V25-24 typ. 5,5 

input resistance R25-24 typ. 10 

input current at contrast control input 
at V25-24=5,1 V 119 typ. 17 

Brightness control (pin 20) 
control voltage range V2Q-24 1 to 3 

input current -120 ,;;;;; 10 

control voltage for nominal black level which 
equals the inserted artificial black level V20-24 typ. 2 

change of black level in the control range 
related to the nominal luminance signal (black-white) for 6 V20-24 = 1 V typ. 50 

* V11-24 < 0,4 V during clamping time: the black levels of the inserted RGB signals are clamped 
on the black levels of the internal RGB signals. 

v 
kn 

v 
µA 

v 
v 
µA 

v 
v 
µA 

v 
v 
v 
µA 

v 
kfi 

mA 

v 
µA 

v 

% 

V11-24 > 0,9 V during clamping time: the black levels of the inserted signals are clamped on an 
internal d.c. voltage. 
Correct clamping of the external RGB signals is only possible when they are synchronous with 
the sandcastle pulse. 
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Signetics Linear Products 

Chroma Control Circuit 

CHARACTERISTICS (continued) 

Internal signal limiting 
signal limiting for nominal luminance 
(black to white= 100%) 
black 
white 

typ. 
typ. 

White point adjustment (pin 21: blue; pin 22: green; pin 23: red) 

A.C. voltage gain (note 1) 
at V21 22 23-24 = 5,5 V 
at V21'22' 23-24 = 0 V 
at V21:22:23-24 = 12 V 

Input resistance 

Emitter-follower outputs (pin 1: red; pin 3: green; pin 5: blue) 

At nominal contrast, saturation and white point adjustment 

Output voltage (black-to-white 
signal, positive) 

Black level without automatic cut-off 
control (V28,2,4-24 = 10 V) 

Internal current source 

Cut-off current control range 

Automatic cut-off control (pin 26) 

typ. 

R21,22,23-24 typ. 

v 1,3,5-24(p-p) typ. 

V1,3,5-24 typ. 

I source typ. 

-LW 1,3,5-24 typ. 

The measurement occurs in the following lines after start of the vertical blanking pulse: 
line 21: measurement of leakage current 
line 22: measurement of red cut-off current 
line 23: measurement of green cut-off current 
line 24: measurement of blue cut-off current 

Product Specification 

TDA3505 

-25 % 
120 % 

100 % 
60 % 

140 % 

20 kn 

2 v 

6,7 v 
3 mA 

4,6 v 

Input voltage range Oto+ 6,5 V 

Voltage difference between cut-off current 
measurement (note 2) and leakage current 
measurement (note 3) 

Input 26 switches to ground during horizontal flyback 

Notes 

typ. 

1. With input pins 21, 22 and 23 not connected an internal bias voltage of 5,5 V is supplied. 

0,7 v 

2. Black level of measured channel is nominal; the other two channels are blanked to ultra-black. 

3. All three channels blanked to ultra-black. 
The cut-off control cycle occurs when the vertical blanking part of the sandcastle pulse contains more 
than 3 line pulses. 
The internal signal blanking continues until the end of the last measurement line. 
The vertical blanking pulse is not allowed to contain more than 34 line pulses otherwise another 
control cycle begins. 
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Chroma Control Circuit 

Gain data 

At nominal contrast, saturation and white point adjustment 

Voltage gain with respect to Y-input (pin 15) G1,3,5-15 

Frequency response (0 to 5 MHz) d1,3,5-15 

Voltage gain with respect to colour difference 
inputs (pins 17 and 18) 

Frequency response (0 to 2 MHz) 

Voltage gain of inserted signals 

Frequency response (0 to 6 MHz) 

Sandcastle detector (pin 10) 

d5-18 = d1-17 

G1-14 = G3-13 = G5-12 

d1-14 = d3-13 = d5-12 

typ. 

typ. 

typ. 

Product Specification 

TDA3505 

16 dB 

3 dB 

6 dB 

3 dB 

6 dB 

3 dB 

There are 3 internal thresholds (proportional to Vp); note 1. The following amplitudes are required 
for separating the various pulses: 

horizontal and vertical blanking pulses (note 2) 

horizontal pulse 

clamping pulse (note 3) 

d.c. voltage for Cjrtificial black level 
(scan and flyback) 

no keying 

input current 

Notes 

1. The thresholds are for 
horizontal and vertical blanking: V 10-24 = 1,5 V 
horizontal pulse: V1Q-24 = 3,5 V 
clamping pulse: V10-24 = 7,0 V 

2. Blanking to ultra-black (-25%). 

3. Pulse duration;;,, 3,5 µ.s. 

8-251 

V10.24 

V10.24 

V10.24 

V10-24 

V10-24 

-110 

> 
< 
> 
< 
> 

> 
< 
< 

2 v 
3 v 
4 v 
5 v 

7,5 v 

7,5 v 
1 v 

110 µA 
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Chroma Control Circuit 
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Fig. 2 Typical application circuit diagram using the TDA3505. 
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PAL I NTSC Decoder TDA3562A 

GENERAL DESCRIPTION 

The TDA3562A is a monolithic integrated decoder for the PAL and/or NTSC colour television standards. 
It combines all functions required for the identification and demodulation of PAL/NTSC signals. 
Furthermore it contains a luminance amplifier, an RGB-matrix and amplifier. These amplifiers supply 
output signals up to 4 V peak-to-peak (picture information) enabling direct drive of the discrete output 
stages. The circuit also contains separate inputs for data insertion, analogue as well .as digital, which 
can be used for text display systems (e.g. Teletext/broadcast Antiope), channel number display, etc. 

Features 

• A black-current stabilizer which controls the black-currents of the three electron-guns to a level low 
enough to omit the black-level adjustment 

• Contrast control of inserted RGB signals 
• No black-level disturbance when non-synchronized external RGB signals are available on the inputs 
• NTSC capability with hue control 

QUICK REFERENCE DATA 

Supply voltage (pin 1) 

Supply current (pin 1) 

Luminance amplifier (pin 8) 

Input voltage (peak-to-peak value) 

Contrast control range 

Chrominance amplifier (pin 4) 

Input voltage range (peak-to-peak value) 

Saturation control range 

RGB matrix and amplifiers 

Output voltage at nominal luminance and contrast 
(peak-to-peak value) 

Data insertion 

Input signals (peak-to-peak value) 

Data blanking (pin 9) 

Input voltage for data insertion 

Sandcastle input (pin 7) 

Blanking input voltage 

Burst gating and clamping input voltage 

PACKAGE OUTLINE 

28-lead DI L; plastic, with internal heat spreader (SOT-117). 

8-253 

Vp=V1-27 typ. 12 v 

Ip= 11 typ. 80 mA 

Va-27(p-p) typ. 450 mV 

typ. 20 dB 

v4-27(p-p) 40 to 1100 mV 

min. 50 dB 

v 13, 15, 17-27(p-p) typ. 4 v 

V12, 14, 16-27(p-p) typ. 1 v 

V9_27 min. 0.9 v 

V7_27 typ. 1.5 v 

V7_27 typ. 7 v 
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Signetics Linear Products 

PAL I NTSC Decoder 

FUNCTIONAL DESCRIPTION 

Luminance amplifier 

Product Specification 

TDA3562A 

The luminance amplifier is voltage driven and requires an input signal of 450 mV peak-to-peak (positive 
video). The luminance delay line must be connected between the i.f. amplifier and the decoder. The input 
signal is a.c. coupled to the input (pin 8). After amplification, the black level at the output of the 
preamplifier is clamped to a fixed d.c. level by the black level clamping circuit. 

During three line periods after vertical blanking, the luminance signal is blanked out and the black level 
reference voltage is inserted by a switching circuit. This black level reference voltage is controlled via 
pin 11 (brightness). At the same time the RGB signals are clamped. Noise and residual signals have no 
influence during clamping thus simple internal clamping circuitry is used. 

Chrominance amplifiers 

The chrominance amplifier has an asymmetrical input. The input signal must be a.c. coupled {pin 4) and 
have a minimum amplitude of 40 mV peak-to-peak. The gain control stage has a control range in 
excess of 30 dB, the maximum input signal must not exceed 1.1 V peak-to-peak, otherwise clipping of 
the input signal will occur. From the gain control stage the chrominance signal is fed to the saturation 
control stage. Saturation is linear controlled via pin 5. The control voltage range is 2 to 4 V, the input 
impedance is high and the saturation control range is in excess of 50 dB. The burst signal is not affected 
by saturation control. The signal is then fed to a gated amplifier which has a 12 dB higher gain during 
the chrominance signal. As a result the signal at the output {pin 28) has a burst to chrominance ratio 
which is 6 dB lower than that of the input signal when the saturation control is set at --6 dB. The 
chrominance output signal is fed to the delay line and, after matrixing, is applied to the demodulator 
input pins {pins 22 and 23). These signals are fed to the burst phase detector. 

Oscillator and identification circuit 

The burst phase detector is gated with the narrow part of the sandcastle pulse {pin 7). In the detector 
the {R-Y) and {B-Y) signals are added to provide the composite burst signal again. This composite signal 
is compared with the oscillator signal divided-by-2 { R-Y) reference signal. The control voltage is 
available at pins 24 and 25, and is also applied to the 8.8 MHz oscillator. The 4.4 MHz signal is obtained 8 
via the divide-by-2 circuit, which generates both the {B-Y) and (R-Y) reference signals and provides a 
goo phase shift between them. 

The flip-flop is driven by pulses obtained from the sandcastle detector. For the identification of the 
phase at PAL mode, the {R-Y) reference signal coming from the PAL switch, is compared to the 
vertical signal (R-Y) of the PAL delay line. This is carried out in the H/2 detector, which is gated during 
burst. When the phase is incorrect, the flip-flop gets a reset from the identification circuit. When the 
phase is correct, the output voltage of the H/2 detector is directly related to the burst amplitude so 
that this voltage can be used for the a.c.c. To avoid 'blooming-up' of the picture under weak input 
signal conditions the a.c.c. voltage is generated by peak detection of the H/2 detector output signal. 

The killer and identification circuits get their information from a gated output signal of the H/2 
detector. Killing is obtained via the saturation control stage and the demodulators to obtain good 
suppression. The time constant of the saturation control {pin 5) provides a delayed switch-on after 
killing. 

Adjustment of the oscillator is achieved by variation of the burst phase detector load resistance 
between pins 24 and 25 {see Fig. 7). With this application the trimmer capacitor in series with the 
8.8 MHz crystal {pin 26) can be replaced by a fixed value capacitor to compensate for unbalance of 
the phase detector. 
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PAL/ NTSC Decoder 

FUNCTIONAL DESCRIPTION (continued) 

Demodulator 

Product Specification 

TDA3562A 

The (R-Y) and (B-Y) demodulators are driven by the colour difference signals from the delay-line 
matrix circuit and the reference signals from the 8.8 MHz divider circuit. The (R-Y) reference signal 
is fed via the PAL-switch. The output signals are fed to the Rand B matrix circuits and to the (G-Y) 
matrix to provide the (G-Y) signal which is applied to the G-matrix. The demodulation circuits are 
killed and blanked by by-passing the input signals. 

NTSC mode 

The NTSC mode is switched on when the voltage at the burst phase detector outputs (pins 24 and 25) 
is adjusted below 9 V. To ensure reliable application the phase detector load resistors are external. 
When the TDA3562A is used only for PAL these two 33 kn resistors must be connected to+ 12 V 
(see Fig. 7). For PAL/NTSC application the value of each resistor must be reduced to 10 kn and 
connected to the slider of a potentiometer (see Fig. 8). The switching transistor brings the voltage at 
pins 24 and 25 below 9 V which switches the circuit to the NTSC mode. The position of the PAL flip­
flop ensures that the correct phase of the (R-Y) reference signal is supplied to the (R-Y) demodulator. 
The drive to the H/2 detector is now provided by the (B-Y) reference signal. In the PAL mode it is 
driven by the ( R-Y) reference signal. 

Hue control is realized by changing the phase of the reference drive to the burst phase detector. This is 
achieved by varying the voltage at pins 24 and 25 between 7.5 and 8.5 V, nominal position 8.0 V. The 
hue control characteristic is shown in Fig. 5. 

RGB matrix and amplifiers 

The three matrix and amplifier circuits are identical and only one circuit will be described. 

The luminance and the colour difference signals are added in the.matrix circuit to obtain the colour 
signal, which is then fed to the contrast control stage. The contrast control voltage is supplied to pin 6 
(high-input impedance). The control range is+ 5 dB to -15 dB nominal. The relationship between the 
control voltage and the gain is linear fsee Fig. 2). 

During the 3-line period after blanking a pulse is inserted at the output of the contrast control stage. 
The amplitude of this pulse is varied by a control voltage at pin 11. This applies a variable offset to the 
normal black level, thus providing brightness control. The brightness control range is 1 V to 3 V. 

While this offset level is present, the 'black-current' input impedance (pin 18) is high and the internal 
clamp circuit is activated. The clamp circuit then compares the reference voltage at pin 19 with the 
voltage developed across the external resistor network RA and RB (pin 18) which is provided by 
picture tube beam current. The output of the comparator is stored in capacitors connected from pins 
10, 20 and 21 to ground which controls the black level at the output. The reference voltage is composed 
by the resistor divider network and the leakage current of the picture tube into this bleeder. During 
vertical blanking, this voltage is stored in the capacitor connected to pin 19, which ensures that the 
leakage current of the CRT does not influence the black current measurement. 

The RGB output signals can never exceed a level of 10 V. When the signal tends to exceed this level 
the output signal is clipped. The black level at the outputs (pins 13, 15 and 17) will be about 3 V. 
This level depends on the spread of the guns of the picture tube. If a beam current stabilizer is not 
used it is possible to stabilize the black levels at the outputs, which in this application must be 
connected to the black current measuring input (pin 18) via a resistor network. 
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PAL/ NTSC Decoder TDA3562A 

Data insertion 

Each colour amplifier has a separate input for data insertion. A 1 V peak-to-peak input signal provides 
a 4 V peak-to-peak output signal. To avoid the 'black-level' of the inserted signal differing from the 
black level of the normal video signal, the data is clamped to the black level of the luminance signal. 
Therefore a.c. coupling is required for the data inputs. To avoid a disturbance of the blanking level due 
to the clamping circuit, the source impedance of the driver circuit must not exceed 150 n. 
The data insertion circuit is activated by the data blanking input (pin 9). When the voltage at this pin 
exceeds a level of 0.9 V, the RGB matrix circuits are switched off and the data amplifiers are switched 
on. To avoid coloured edges, the data blanking switching time is short. 

The amplitude of the data output signals is controlled by the contrast control at pin 6. The black level 
is equal to the video black level and can be varied between 2 and 4 V (nominal condition) by the bright­
ness control voltage at pin 11. 

Non-synchronized data signals do not disturb the black level of the internal signals. 

Blanking of RGB and data signals 

Both the RGB and data signals can be blanked via the sandcastle input (pin 7). A slicing level of 1.5 V 
is used for this blanking function, so that the wide part of the sandcastle pulse is separated from the 
remainder of the pulse. During blanking a level of+ 1 V is available at the output. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 1) Vp = V 1-27 max. 13.2 v 
Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient (in free air) Rth j-a 

8-257 

max. 1.7 W 

-25 to + 150 oc 

25 to +70 oc 

40 K/W 
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PAL/ NTSC Decoder TDA3562A 

CHARACTERISTICS 

Vp = V1-27 = 12 V; Tamb = 25 V; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 1) 

Supply voltage Vp = V1-27 10.8 12 13.2 v 

Supply current Ip= 11 - 80 110 mA 

Total power dissipation Ptot - 0.95 1.3 w 
Luminance amplifier (pin 8) 

Input voltage (note 1) 
(peak-to-peak value) VS-27(p-p) - 0.45 - v 

Input level before clipping VS-27 - - 1 v 

Input current lg - 0.1 1 µA 

Contrast control range (see Fig. 2) -15 - +5 dB 

Input current contrast control 17 - - 15 µA 

Chrominance amplifier (pin 4) 

Input voltage (note 2) 
(peak-to-peak value) V4-27(p-p) 40 390 1100 mV 

Input impedance IZ4.27I - 10 - kn 

Input capacitance C4.27 - - 6.5 pF 

A.C.C. control range 30 - - dB 

Change of the burst signal at the output 
over the whole control range - - 1 dB 

Gain at nominal contrast/saturation 
pin 4 to pin 28 (note 3) 34 - - dB 

Chrominance to burst ratio at nominal 
saturation (notes 2 and 3) at pin 28 - 12 - dB 

Maximum output voltage 
(peak-to-peak value); RL = 2 kn V2S-27(p-p) 4 5 - v 

Distortion of chrominance amplifier 
at v28-27(p-p) = 2 v (output) 
up to V 4-27(p-p) = 1 V (input) d - - 5 % 

Frequency response between 0 and 5 MHz ~28-4 - - -2 dB 

Saturation control range (see Fig. 3) 50 - - dB 

Input current saturation control (pin 5) 15 - - 20 µA 

Cross-coupling between luminance 
and chrominance amplifier (note 4) - - -46 dB 

Signal-to-noise ratio 
at nominal input signal (note 5) S/N 56 - - dB 

Phase shift between burst and chrominance 
at nominal contrast/saturation tl'{J - - ±5 deg 

Output impedance of chrominance amplifier IZ2s-21I - 10 - n 

Output current 12s - - 15 mA 
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parameter symbol min. typ. max. unit 

Reference part 

Phase-locked-loop 
catching range (note 6) at 500 700 - Hz 

phase shift for± 400 Hz deviation 
of f0 sc (note 6) a.p - - 5 deg 

Oscillator 
temperature coefficient 
of oscillator frequency (note 6) TCosc - -2 - Hz/K 

frequency variation when supply voltage 
increases from 10 V to 13.2 V (note 6) afosc - 40 - Hz 

input resistance (pin 26) R26-27 - 400 - n 
input capacitance (pin 26) C26-27 - - 10 pF 

A.C.C. generation (pin 2) 
control voltage at nominal input signal V2.27 - 4.5 - v 
control voltage without chrominance input V2.27 - 2.0 - v 
colour-off voltage v2-27 - 2.8 - v 

colour-on voltage v2-27 - 3.0 - v 

identification-on voltage v2-27 - 1.7 - v 

change in burst amplitude with 
temperature - 0.1 0,25 %/K 

voltage at pin 3 at nominal input signal V3.27 - 5.1 - v 

Demodulator part 

Input burst signal amplitude 
(peak-to-peak value) 
between pins 23 and 27 (note 7) V23-27(p-p) - 80 - mV 

Input impedance 
between pins 22 or 23 and 27 IZ22-27/23-271 - 1 - kil 

8 
Ratio of demodulated signals (note 8) 

V17.27 (B-Y)/(R-Y) 
V13-27 

-- 1.78±10% -

(G-Y)/(R-Y); no (B-Y) signal 
V15.27 

-0.51±10% 
V13-27 

- -

(G-Y)/(B-Y); no (R-Y) signal 
V15-27 

-0.19±25% 
V17.27 

- -

Frequency response between 0 and 1 MHz - - -3 dB 

Cross-talk between colour difference signals 40 - - dB 

Phase difference between (R-Y) signal 
and (R-Y) reference signal a.p - - 5 deg 

Phase difference between (R-Y) 
and (B-Y) reference signals a.p 85 90 95 deg 
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PAL/ NTSC Decoder TDA3562A 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

RGB matrix and amplifiers 

Output voltage (peak-to-peak value) 
at nominal luminance/contrast 
(black-to-white) (note 3) V13, 15, 17-27(p-p) 3.5 4 4.5 v 

Output voltage at pin 13 (peak-to-peak 
value) at nominal contrast/saturation 
and no luminance signal to (R-Y) V13-27(p-p) - 4.2 - v 

Maximum peak-white level V13,15,17(m) 9.7 10 10.3 v 
Available output current (pins 13, 15, 17) 113,15,17 10 - - mA 

Difference between black level and 
measuring level at the output 
for a brightness control voltage 
at pin 11 of 2 V (note 9) AV13,15,17-27 - 0 - v 

Difference in black level between 
the three channels without black 
current stabilization (note 10) - - 100 mV 

Control range of black-current stabilization 
atVb1 =3V;V11.27=2V - - ±2 v 

Black level shift with vision contents - - 40 mV 

Brightness control voltage range see Fig. 4 

Brightness control input current I 11 - - 5 µA 

Variation of black level with temperature AV/AT - 0 - mV/~ 
Variation of black level with contrast* AV - - 100 mV 

Relative spread between the R, G 
and B output signals - - 10 % 

Relative black-level variation between the 
three channels during variation of 
contrast, brightness and supply voltage 
(± 10%) - 0 20 mV 

Differential black-level drift 
over a temperature range of 40 oc * - 0 20 mV 

Blanking level at the RGB outputs - 0.95 1.1 v 
Difference in blanking level 

of the three channels - 0 - mV 

Differential drift of the blanking levels 
over a temperature range of 40 oc - 0 - mV 

Tracking of output black level AVbl Vp 
with supply voltage \7b1 x AVp - 1 -

Tracking of contrast control between the 
three channels over a control range 
at 10 dB - - 0.5 dB 

• With respect to the measuring pulses. 
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parameter symbol min. typ. max. unit 

Output signal during the clamp pulse (3L) 
after switch-on 7.5 - - v 

Signal-to-noise ratio of output signals 
(note 5) S/N 62 -- - dB 

Residual 4,4 MHz signal at RGB outputs 
(peak-to-peak value) - - 50 mV 

Residual 8.8 MHz signal and higher 
harmonics at the RGB outputs 
(peak-to-peak value) - - 150 mV 

Output impedance of RGB outputs IZ13,15,17-271 - 50 - n 
Frequency response of total luminance 

and RGB amplifier circuits 
for f = 0 to 5 MHz - -1 -3 dB 

Current source of output stage 2 3 - mA 

Difference of black level at the three 
outputs at nominal brightness* - - 10 mV 

Tracking of brightness control - - 2 % 

Data insertion (pins 12, 14and 16) 

Input signals (peak-to-peak value) for an 
RGB output voltage of 4 V 
(peak-to-peak) at nominal contrast v 12, 14, 16-27(p-p) 0.9 1 1.1 v 

Difference between the black levels 
of the RGB signals and the inserted 
signals at the output (note 11) 11V - - 100 mV 

Output rise time tr - - 80 ns 8 
Differential delay time for the 

three channels td - 0 40 ns 

Input current 112,14,16 - - 10 µ.A 

Data blanking (pin 9) 

Input voltage for no data insertion V9.27 - - 0.4 v 
Input voltage for data insertion V9.27 0.9 - - v 
Maximum input voltage V9.21(m) - - 3 v 
Delay of data blanking td - - 20 ns 

Input resistance R9-27 7 10 13 kn 

Suppression of the internal RGB signals 
when V9.27 > 0.9 V 46 - - dB 

* With respect to the measuring pulses. 
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CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Sandcastle input (pin 7) 

Level at which the RGB blanking is 
activated V7.27 1 1.5 2 v 

Level at which the horizontal 
pulses are separated V7.27 3 3.5 4 v 

Level at which burst gating and 
clamping pulse are separated V7.27 6.5 7.0 7.5 v 

Delay between black level clamping 
and burst gating pulse td - 0.6 - µs 

Input current 
at V7.27 = 0 to 1 V -17 - - 1 mA 

at V7.27 = 1 to 8.5 V 17 - 50 - µA 

at V7.27 = 8.5 to 12 V 17 - - 2 mA 

Black current stabilization (pin 18) 

D.C. bias voltage V18-27 3.5 5 7.0 v 
Difference between input voltage for 

'black' current and leakage current tN - 0.5 - v 
Input current during 'black' current 118 - - 1 µA 

Input current during scan '18 - - 10 mA 

Internal limiting at pin 10 V10-21 -- 9 - v 
Switching threshold for 

'black' current control ON V1-27 - 8 - v 
Input resistance during scan R1-27 - 1.5 - kn 

D.C. input current during scan 
at pins 10, 20 and 21 110,20,21 - - 50 nA 

Maximum charge/discharge current during 
measuring time at pins 10, 19,20 and 21 lc/d - 10 - mA 

NTSC 

Level at which the PAL/NTSC switch is 
activated (pins 24 and 25) V24-25 - 9 - v 

Average output current (note 12) 124+25 75 90 105 µA 

Hue control see Fig. 5 
t I 

September 1985 8-262 



Signetics Linear Products Product Specification 

PAL/ NTSC Decoder TDA3562A 

Notes to the characteristics 

1. Signal with the negative-going sync; amplitude includes sync amplitude. 

2. Indicated is a signal for a colour bar with 75% saturation; chrominance to burst ratio is 2.2 : 1. 

3. Nominal contrast is specified as the maximum contrast -5 dB and nominal saturation as the 
maximum saturation -6 dB. 

4. Cross coupling is measured under the following condition: input signal nominal, contrast and 
saturation such that nominal output signals are obtained. The signals at the output at which no 
signal should be available must be compared with the nominal output signal at that output. 

5. The signal-to-noise ratio is defined as peak-to-peak signal with respect to r.m.s. noise. 

6. All frequency variations are referred to 4.4 MHz carrier frequency. 

7. These signal amplitudes are determined by the a.c.c. circuit of the reference part. 

8. The demodulators are driven by a chrominance signal of equal amplitude for the { R-Y) and the {B-Y) 
components. The phase of the {R-Y) chrominance signal equals the phase of the {R-Y) reference 
signal. This also applies to the {B-Y) signals. 

9. This value depends on the gain setting of the RGB output amplifiers and the drift of the picture 
tube guns. Higher black level values are possible {up to 5 V) but in that application the amplitude 
of the output signal is reduced. 

10. The variation of the black-level during brightness control in the three different channels is directly 
dependent on the gain of each channel. Discolouration during adjustments of contrast and bright­
ness does not occur because amplitude and the black-level change with brightness control are 
directly related. 

11. This difference occurs when the source impedance of the data signals is 150 n and the black level 
clamp pulse width is 4 µs {sandcastle pulse). For a lower impedance the difference will be lower. 

12. The voltage at pins 24 and 25 can be changed by connecting the load resistors { 10 k.Q in this 
application) to the slider bar of the hue control potentiometer {see Fig. 8). When the transistor is 
switched on, the voltage at pins 24 and 25 is reduced below 9 V, and the circuit is switched to 
NTSC mode. 
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Fig. 9 PAL/SE CAM application circuit diagram using the TDA3590 and TDA3562A. 

Note to pin 5 TDA3590: 

V5_2 < 1 V; horizontal identification and black level clamping. 
V5_2 > 11 V; vertical identification and artificial black level. 
V5_2 = 5 to 7 V; horizontal identification and artificial black level. 
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NTSC Decoder with RGB Inputs TDA3563 

GENERAL DESCRIPTION 

The TDA3563 is a monolithic integrated colour ~ecoder for the NTSC standard. It combines all 
functions required for the identification and demodulation of NTSC signals. Furthermore it contains 
a luminance amplifier, an RGB-matrix and amplifier. These amplifiers supply signals up to 5,3 V 
peak-to-peak (picture information) enabling direct drive of the output stages. The circuit also 
contains inputs for data insertion, analogue as well as digital, which can be used for Teletext 
information, channel number display, etc. 

QUICK REFERENCE DATA 

Supply voltage (pin 1) Vp = V 1-27 

Supply current (pin 1) Ip = I 1 

Luminance input signal 
(peak-to-peak value) V 10-27(p-p) 

Chrominance input signal 
(peak-to-peak value) v3-27(p-p) 

Data input signals 
(peak-to-peak value) V 13;15;17-27(p-p) 

RGB output signals at nominal contrast and saturation 
(peak-to-peak value) V12;14;16-27(p-p) 

Contrast control range 

Saturation control range 

Input voltage for fast video-data signal switching 

Blanking input voltage 

Burst gating and black-level gating input voltage 

PACKAGE OUTLINE 

V9_27 

V8-27 

V8-27 

28-lead DI L; plastic, with internal heat spreader (SOT-117). 

8-269 

typ. 12 v 

typ. 85 mA 

typ. 0,45 v 

55 to 1100 mV 

typ. 1 v 

typ. 5,3 v 

typ. 20 dB 

min. 50 dB 

min. 0,9 v 

typ. 1,5 v 

typ. 7 v 
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NTSC Decoder with RGB Inputs TDA3563 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 1) Vp = V1.27 max. 13,2 v 
1,7 w Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient (in free air) 

8-271 

Ptot 

Tstg 

Tamb 

Rth j-a 

max. 

-25to+150 oc 

-25 to +65 oc 

50 K/W 

September1985 
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NTSCDecoderwith RGB Inputs TDA3563 

CHARACTERISTICS 

Vp = V 1-27 = 12 V; T amb = 25 oc; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 1) 

Supply voltage Vp = V1-27 10 12 13,2 v 

Supply current Ip= 11 - 85 115 mA 

Total power dissipation Ptot - 1 1,4 w 
Luminance amplifier 

Input voltage (note 1) 
(peak-to-peak value) V1Q-27(p-p) - 0,45 - v 

Contrast control range (see Fig. 2) -17 - +3 dB 

Control voltage for an attenuation 
of 40 dB - 1,2 - v 

Contrast control input current 17 - - 15 µ.A 

Chrominance amplifier 

Input voltage (note 2) 
(peak-to-peak value) v3-27(p-pl 55 550 1100 mV 

A.C.C. control range 30 - - dB 

Change of the burst signal at the 
output over the whole control range - - 1 dB 

Output voltage (note 3) 
(peak-to-peak value) 
at a burst signal of 0,3 V peak to peak V28-27 - 0,15 - v 

Maximum output voltage range 
(peak-to-peak value); RL = 2 kn V28-27 - 4 - v 

Frequency response between 0 and 5 MHz a28-3 - - -2 dB 

Saturation control range (see Fig. 3) 50 - - dB 

Saturation control input current 15 - - 20 µ.A 

Output impedance of chrominance 
amplifier IZ28-271 - 25 - n 

Output current 128 - - 10 mA 

Reference part 

Phase-locked loop 

Catching range (note 4) .lf 500 700 - Hz 

Phase shift (notes 4 and 5) .lip - - 5 deg 

Oscillator 

Temperature coefficient of oscillator 
frequency (note 4) TCosc - -1,5 - Hz/K 

Frequency variation when supply voltage 
increases from 10 V to 13,2 V (note 4) .lfosc - 40 - Hz 
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NTSC Decoder with RGB Inputs TDA3563 

parameter symbol min. typ. max. unit 

Reference part (continued) 

Oscillator (continued) 

Input resistance (pin 26) R26-27 - 400 - n 
Input capacitance (pin 26) C26-27 - - 10 pF 

A.C.C. generation (pin 2) 

Control voltage at nominal input signal V2.27 - 5,0 - v 
Control voltage without chrominance 

input V2.27 - 2,7 - v 
Colour-off voltage V2.27 - 3,0 - v 
Colour-on voltage V2.27 - 3,3 - v 
Hue control 

Control range ±50 - -- deg 

Demodulator part 

Input burst signal amplitude 
(peak-to-peak value) V21-27(p-p) - 300 - mV 

Ratio for demodulated signals for equal 
input signal amplitudes 

V16-27 
(B-Y)/(R-Y) 

V12-27 
- 1,06±10% -

(G-Y)/(R-Y); no (B-Y) signal 
v 14-27 

-0,27±20% 
V12-27 

- -

(G-Y)/(B-Y); no (R-Y) signal 
V14-27 

-0,2±20% 
V16-27 

- -

Frequency response between 0 and 1 MHz - - -3 dB 8 
RGB matrix and amplifiers 

Output voltage (note 3) 
(peak-to-peak value) 
at nominal luminance/contrast 
(black-to-white) V12;14;16-27 4,5 5,3 6,3 v 

Maximum peak-white level (note 6) V12;14;16-27 9,0 9,3 9,6 v 
Maximum output current I 12;14;16 - - 10 mA 

Output black level voltage 
for brightness control of 2 V - 2,7 - v 

Brightness control voltage range see Fig. 4 

Brightness control input current I 11 - - 50 µA 

Relative spread between R, G and B 
output signals - - 10 % 

Blanking level at RGB outputs 1,9 2, 1 2,3 v 
Tracking of output black level dVbl Vp 

with supply voltage --x-- - 1, 1 -
Vbl dVp 

8-273 September 1985 



Signetics Linear Products Product Specification 

NTSC Decoder with RGB Inputs TDA3563 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

RGB matrix and amplifiers (continued) 

Output impedance of RGB outputs IZ12;14;16-271 - 50 -- n 
Frequency response of total 

luminance and RGB amplifier 
circuits for f = 0 to 5 MHz - - -3 dB 

Data insertion 

Input signals (peak-to-peak value) 
for an RGB output voltage of 5 V 
(peak-to-peak) v 13;15;17-27(p-p) 0,9 1 1, 1 v 

Data blanking (pin 9) 

Input voltage for no data insertion V9_27 - - 0,3 v 
Input voltage for data insertion V9_27 0,9 - - v 
Maximum input voltage V9-27(m) - - 2 v 
Delay of data blanking td - - 20 ns 

Input current lg - -- 35 µ.A 

Sandcastle input (pin S) 

Level at which RGB blanking is 
activated Vs-27 1 1,5 2 v 

Level at which burst gating and 
clamping pulse are separated Vs-27 6,5 7,0 7,5 v 

Delay between black level clamping 
and burst gating pulse td - 0,4 - f.l.S 

Input current 
at V S-27 = 0 to 1 V -Is - - 1 mA 

at Vs-27 = 1 to S,5 v Is - 20 - µ.A 

at Vs-27 = S,5 to 12 v Is - - 2 mA 

Notes to the characteristics 

1. Signal with negative-going sync; amp I itude includes sync amplitude. 

2. Indicated is a signal for a colour bar with 75% saturation; chrominance to burst ratio is 2,2 : 1. 

3. At nominal contrast and saturation. Nominal contrast is specified as the maximum contrast -3 dB 
and nominal saturation as the maximum saturation -6 dB. 

4. All frequency variations are referred to 3,5S MHz carrier frequency. 

5. For± 400 Hz deviation of the oscillator frequency. 

6. If the typical voltage for this white level is exceeded, the output voltage is reduced by discharging 
the capacitor at pin 7 (contrast control); discharge current is 1,5 mA. 
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APPLICATION INFORMATION 

The function is described against the corresponding pin number. 

1. + 12 V power supply 

The circuit gives good operation in a supply voltage range between 8 and 13,2 V provided that the 
supply voltage for the controls is equal to the supply voltage of the TDA3563. All signal and control 
levels have a I inear dependency on the supply voltage. The current consumed by the IC at + 12 V is 
typically 85 mA. It is linearly dependent on the supply voltage. 

2. Control voltage for identification 

The output pulses of the a.c.c. detector are detected with a sample-and-hold circuit to obtain 
information for the colour killer. The output is available at pin 2. 

3. Chrominance input 

The chrominance signal must be a.c.-coupled to the input. Its amplitude must be between 55 and 
1100 mV peak-to-peak (25 to 500 mV peak-to-peak burst signal). All figures for the chrominance 
signals are based on a colour bar signal with 75% saturation, that is if the burst-to-chrominance ratio 
of the input is 1 : 2,2. 

4. Control voltage a.c.c. detector 

The shifted burst signal is synchronously demodulated in a separate a.c.c. detector to generate the 
a.c.c. voltage. The output pulses of this detector are peak detected to control the gain of the 
chrominance amplifier, thus preventing blooming-up of the colour during weak signal reception. 

5. Decoupling of the goo phase shift circuit 

A control circuit is required in the goo phase shift circuit to make the chrominance voltage independent 
of the hue setting. The control circuit is decoupled by a capacitor at this pin. 

6. Saturation control 

The saturation control range is in excess of 50 dB. The control voltage range is 2 to 4 V. Saturation 
control is a linear function of the control voltage. 

When the colour killer is active, the saturation control voltage is reduced to a low level if the 
resistance of the external control network is sufficiently high. Then the chrominance amplifier 
supplies no signal to the demodulator. Colour switch-on can be delayed by proper choice of the time 
constant for the saturation control setting circuit. 

When the saturation control pin is connected to the power supply the colour killer circuit is overruled 
so that the colour signal is visible on the screen. In this way it is possible to adjust the oscillator frequency 
without using a frequency counter (see also pins 24 and 26). 

7. Contrast control 

The contrast control range is 20 dB for a control voltage change from + 2 V to + 4 V. Contrast control 
is a linear function of the control voltage. The output signal is suppressed when the control voltage is 
1 V or less. If one or more output signals surpasses the level of 9 V the peak-white limiter circuit 
becomes active and reduces the output signals via the contrast control by discharging a 10 µF capacitor 
via an internal current sink. 

8. Sandcastle and vertical blanking input 

The output signals are blanked if the amplitude of the pulse is between 2 V and 6,5 V. The burst gate 
and clamping circuits are activated if the input pulse exceeds a level of 7,5 V. The higher part of the 
sandcastle pulse should start just after the sync pulse to prevent clamping of the video signal on the 
sync pulse. The duration should be about 4 µs for proper a.c.c. operation. 
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9. Video-data switching 

The insertion circuit is activated by means of this input by an input pulse between 1 and 2 V. In that 
condition, the internal RGB signals are switched off and the inserted signals are supplied to the 
output amplifiers. If only normal operation is wanted this pin should be connected to ground (pin 27). 

The switching times are very short (< 20 ns) to avoid coloured edges of the inserted signals on the screen. 

10. Luminance signal input 

The input signal should have a peak-to-peak amplitude of 0,45 V (peak-white to sync) to obtain a 
black-white output signal of 5,3 Vat nominal contrast. It must be a.c.-coupled to the input by a capacitor 
of about 22 n F. The signal is clamped at the input to an internal reference voltage. The 1 kn luminance 
delay line can be applied because the luminance impedance is very high. Consequently the charging 
and discharging currents of the coupling capacitor are very small and do not influence the signal level 
at the input noticeably. Additionally the coupling capacitor value may be small. 

11. Brightness control 

The black level of the RGB outputs can be set by the voltage on this pin (see Fig. 4). The minimum 
black level is identical to the blanking level. The black level can be set higher than 4 V, however, the 
available output signal amplitude is reduced (see also pin 7). Brightness control also operates on the 
black level of the inserted signals. 

12, 14, 16. RGB outputs 

The output circuits for red, green and blue are identical. Output signals are 5,3 V (black-white) for 
nominal input signals and control settings. The black levels of the three outputs have the same value. 
The blanking level at the outputs is 2, 1 V. The peak-white level is limited to 9 V. When this level is 
exceeded the output signal amplitude is reduced via the contrast control (see also pin 7). 

13, 15, 17. Inputs for external RGB signals 

The external signals must be a.c.-coupled to the inputs via a coupling capacitor of about 100 nF. 
Source impedance should not exceed 150 n. The input signal required for a 5 V peak-to-peak output 
signal is 1 V peak to peak. At the RGB outputs the black level of the inserted signal is identical to that 
of normal RGB signals. When these inputs are not used the coupling capacitors have to be connected 
to ground (pin 27). 

18, 19, 20. Black level clamp capacitors 

The black level clamp capacitors for the three channels are connected to these pins. The value of each 
capacitor should be about 100 nF. 

21, 22. Demodulator input and reference signal phase adjustment 

The (R-Y) and (B-Y) demodulator inputs are internally connected (pin 21). The phase angle between 
the two reference carriers is 1150, At the nominal hue adjustment the (B-Y) signal is demodulated with 
a difference of oo. The phase shift of 1150 can be changing the voltage at pin 22. The gain at the two 
demodulators is identical. The (G-Y) is composed of -0,27(R-Y) -0,22(B-Y). 

23, 25. Hue control 

The hue control is obtained by changing the phase of the input signal of the burst phase detector with 
respect to the demodulator input signal. This phase shift is obtained by generating a goo shifted sine­
wave via a Miller integrator (biased via pin 23) which is mixed with the original burst signal. 
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APPLICATION INFORMATION (continued) 

24, 26. Reference oscillator 

As the burst phase detector has an asymmetrical output the oscillator can be adjusted by changing the 
voltage of the output (pin 24) via a high-ohmic resistor. The capacitor in series with the oscillator 
crystal must then have a fixed value. When pin 6 (saturation control) is connected to the positive supply 
line the burst phase detector is based in its nominal position and the colour killer is overruled. This 
position can therefore be used for the adjustment of the oscillator. 

27. Ground 

28. Output of the chrominance amplifier 

The ( R-Y) and (B-Y) demodulator input (pin 21) is a.c.-coupled to this output. 
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GENERAL DESCRIPTION 

The TDA3564 is a monolithic integrated decoder for the NTSC colour television standards. It combines 
all functions required for the demodulation of NTSC signals. Furthermore it contains a luminance 
amplifier, an RGB-matrix and amplifier. These amplifiers supply output signals up to 5 V peak-to-peak 
(picture information) enabling direct drive of the discrete output stages. 

QUICK REFERENCE DATA 

Supply voltage (pin 1) 

Supply current (pin 1) 

Luminance input signal (pin 9) 

Input voltage (peak-to-peak value) 

Contrast control range 

Chrominance amplifier (pin 3) 

Input voltage range 
(peak-to-peak value) 

Saturation control range 

RGB matrix and amplifiers 

Output voltage at nominal luminance 
input signal and nominal contrast 
(peak-to-peak value) 

Sandcastle input (pin 8) 

Blanking input voltage 

Burst gating and clamping input voltage 

PACKAGE OUTLINE 

Vp = V1.23 

Ip= 11 

V9.23(p-p) 

V3.23(p-p) 

typ, 

typ. 

typ. 

12 v 
85 mA 

450 mV 

typ. -17 to+ 3 dB 

55to 1100 mV 

min. 50 dB 

V13, 14, 15-23(p-p) typ. 5 v 

V8-23 

V8-23 

typ. 

typ. 

1,5 v 
7 v 

24-lead OIL; plastic, with internal heat spreader (SOT-101A, B). 
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NTSC Decoder 

FUNCTIONAL DESCRIPTION 

Luminance amplifier 

Product Specification 

TDA3564 

The luminance amplifier is voltage driven and requires an input signal of 450 mV peak-to-peak (positive 
video). The luminance delay line must be connected between the i.f. amplifier and the decoder. The 
input signal is a.c. coupled to the input (pin 9). 

The black level at the output of the preamplifier is clamped to a fixed d.c. level by the black level 
clamping circuit. The high input impedance of the luminance amplifier minimizes disturbance of the 
input signal black level by the source impedance (delay line matching resistors). 

During clamping the low input impedance reduces noise and residual signals. After clamping the signal 
is fed to a peaking stage. The overshoot is defined by the capacitor connected to pin 10 and the peaking 
is adjusted by the control voltage at pin 11. 

The peaking stage is followed by a contrast control stage. The contrast control voltage range (pin 7) is 
nominally-17 to+ 3 dB. The linear relationship between the contrast control voltage and the gain is 
shown in Fig. 2. 

Chrominance amplifier 

The chrominance amplifier has an asymmetrical input. The input signal must be a.c. coupled (pin 3) 
and have a minimum amplitude of 55 mV peak-to-peak. The gain control stage has a control range in 
excess of 30 dB, the maximum input signal must not exceed 1, 1 V peak-to-peak, otherwise clipping of 
the input signal will occur. From the gain control stage the chrominance signal is fed to the saturation 
and contrast control stages. Chrominance and luminance contrast control stages are directly coupled 
to obtain good tracking. Saturation is linearly controlled via pin 6 (see Fig. 3). The control voltage 
range is 2 V to 4 V, the input impedance is high and the saturation control range is in excess of 50 dB. 
The burst signal is not affected by saturation control. The output signal at pin 24 is a.c. coupled to the 
demodulators via pin 17. 

Oscillator and a.c.c. detector 

The 7, 16 MHz reference oscillator operates at twice the subcarrier frequency. The reference signals for 
the ( R-Y) and ( B-Y) demodulators, burst phase detector and a.c.c. detector are obtained via the 
divide-by-2 circuit, which provides a goo phase shift. The oscillator is controlled by the burst phase 
detector, which is gated with the narrow part of the sandcastle pulse (pin 8). As the burst phase 
detector has an asymmetrical output the oscillator can be adjusted by changing the voltage of the 
output (pin 21) via a high-ohmic resistor. The capacitor in series with the oscillator crystal must then 
have a fixed value. When pin 6 (saturation control) is connected to the positive supply line the burst 
signal is suppressed and the colour killer is overruled. This position can therefore be used for adjustment 
of the oscillator. The adjustment is visible on the screen. 

The hue control is obtained by changing the phase of the input signal of the burst phase detector with 
respect to the chrominance signal applied to the demodulators. This phase shift is obtained by gener­
ating a goo shifted sine-wave via a Miller integrator (biased via pin 1 g) which is mixed with the 
original burst signal. A control circuit is required in the goo phase shift circuit to make the chrominance 
voltage independent of the hue setting. This control circuit is decoupled by a capacitor connected to 
pin 5. 

Oscillator and a.c.c. detector 

As the shifted burst signal is synchronously demodulated in a separate a.c.c. detector to generate the 
a.c.c. voltage, it is not affected by the hue control. The output pulses of this detector are peak <letected 
(pin 4) to control the gain of the chrominance amplifier, thus preventing blooming-up of the colour 
during weak signal reception. This ensures reliable operation of the colour killer. During colour killing 
the colour channel is blocked by switching-off saturation control and the demodulators. 
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FUNCTIONAL DESCRIPTION (continued) 

Demodulators 

Product Specification 

TDA3564 

The ( R-Y) and (B-Y) demodulators are driven by the chrominance signal (pin 24) and the reference 
signals from the 7, 16 MHz divider circuit. The phase angle between the two reference carriers is 1150. 
This is achieved by the ( R-Y) demodulator receiving an additional phase shift by mixing the two signals 
from the divider circuit. The phase shift of 1150 can be varied between goo and 1400 by changing the 
bias voltage at pin 18. The demodulator output signals are fed to Rand B matrix circuits and to the 
( G-Y) matrix to provide the ( G-Y) signa I which is applied to the G matrix. The demodulator circuits 
are killed and blanked by by-passing the input signals. 

RGB matrix and amplifiers 

The three matrix and amplifier circuits are identical and only one circuit will be described. 
The luminance and the colour difference signals are added in the matrix circuit to obtain the colour 
signal. Output signals are 5 V (p-p) (black-white) for the following nominal input signals and control 
settings. 

• Luminance 450 mV(p-p) 
• Chrominance 550 mV (p-p) (burst-to-chrominance ratio of the input 1: 2,2) 
• Contrast -3 dB max. 
• Saturation -6 dB max. 

The maximum output voltage is approximately 7 V (p-p)· 
The black level of the blue channel is compared with a variable external reference level (pin 12) which 
provides brightness control. The brightness control range is 1 V to 3,2 V (see Fig. 4). The control 
voltage is stored in a capacitor (connected to pin 16) and controls the black level at the output (pin 15) 
between 2 V and 4 V, via a change of the level of the luminance signal before matrixing. 

Note 

Black levels of up to approximately 6 V are possible, but amplitude of the output signal is reduced to 
3 V(p-p)· 

If the output signal surpasses the level of 9 V the peak-white limiter circuit becomes active and reduces 
the output signal via the contrast control. 

Blanking of RGB signals 

The RGB signals can be blanked via the sandcastle input (pin 8). A slicing level of 1,5 V is used for 
this blanking function, so that the wide part of the sandcastle pulse is separated from the remainder 
of the pulse. During blanking a level of+ 2 V is available at the output. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 1) Vp = V1-23 max. 13,2 v 
1,7 w Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient (in free air) 
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CHARACTERISTICS 

Vp = V 1-23 = 12 V; T amb = 25 °c; unless otherwise specified 

parameter symbol min. typ. max. unit 
t-----·-----·----- _____ ,._, ,, _________ , ___ -· -·· ---------·-· 

._,,_. _________ -· --I-
Supply (pin 1) 

Supply voltage Vp = V1-23 8 12 13,2 v 

Supply current Ip= 11 - 85 - mA 

Total power dissipation Ptot - 1,0 - w 

Luminance amplifier (pin 9) 

Input voltage (note 1 ) 
(peak-to-peak value) v9-23(p-pl - 450 - mV 

Input level before clipping Vg.23 - - 2 v 

Input current lg - 0,15 1 µA 

Contrast control range (see Fig. 2) -17 - +3 dB 

Control voltage for an attenuation of 40 dB - 1,2 - v 

Input current contrast control 17 - - 15 µA 

Peaking of luminance signal 

Output impedance (pin 10) IZ10-23I - 200 - n 

Ratio of internal/external current when 
pin 10 is short-circuited - 3 -

Control voltage for peaking adjustment 
(pin 11) V11-23 - 2-4 - v 

Input impedance (pin 11) IZ11-23 - 10 - kn 

Chrominance amplifier (pin 3) 

Input voltage (note 2) 8 
(peak-to-peak value) v3-23(p-p) 55 550 11100 mV 

Input impedance IZ3.23I - 8 1- kn 

Input capacitance C3.23 - 4 16 pF 

A.C.C. control range 30 - - dB 

Change of the burst signal at the output 
over the whole control range - - 1 dB 

Gain at nominal contrast/saturation I pin 3 to pin 24 (note 3) 13 - 1- dB 

Output voltage (note 3) 
(peak-to-peak value) 
at a burst signal of 300 mV(p-p) V24-23(p-p) - 240 - mV 

Maximum output voltage range (pin 24) 
(peak-to-peak value) V24-23(p-p) - 1-7 - v 

Distortion of chrominance amplifier 
at V24-23(p-p) = 0,5 V (output) 
up to V3.23(p-p) = 1 V (input) d - 3,0 5 % 
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CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Chrominance amplifier (continued) 

Frequency response between 0 and 5 MHz a24-3 - - -2 dB 

Saturation control range (see Fig. 3) 50 - - dB 

Input current saturation control (pin 6) 15 - - 20 µA 

Tracking between luminance and 
chrominance contrast control - - 2 dB 

i 
Cross-coupling between luminance and 

chrominance amplifier (note 4) - - -46 dB 

Signal-to-noise ratio 
at nominal input signal (note 5) S/N 56 - - dB 

Phase shift between burst and chrominance 
at nominal contrast./saturation !:..q, - - ±5 deg 

Output impedance of chrominance amplifier IZ24-23I - 25 - Q 

Output current 124 - - 10 mA 

Reference part 

Phase-locked loop 

Catching range (note 6) !:..f 500 700 - Hz 

Phase shift for± 400 Hz deviation 
of fosc (note 6) !:..q, - - 5 deg 

Oscillator 

Temperature coefficient of oscillator 
frequency (note 6) TCosc - -1,5 - Hz/K 

Frequency variation when supply voltage 
increases from 10 to 13,2 V (note 6) !:..fosc - 40 - Hz 

Input resistance (pin 22) R22-23 - 300 - Q 

Input capacitance (pin 22) C22-23 - - 10 pF 

A.C.C. generation (pin 2) 

Control voltage at nominal input signal V2-23 - 5,3 - v 
Control voltage without chrominance input V2-23 - 2,8 - v 
Colour-off voltage V2-23 - 3,4 - v 
Colour-on voltage V2-23 - 3,6 - v 
Change in burst amplitude 

with supply voltage independent 

Voltage at pin 4 at nominal input signal V4-23 - 5,2 - v 

Hue control 

Centro I range ± 50 - - deg 
Control voltage range see Fig. 5 v 
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parameter symbol min. typ. max. unit 
t-----

Demodulator part 

Input burst signal amplitude (pin 17) 
(peak-to-peak value) V11.23(p-pl - 320 - mV 

Input impedance (pin 17; note 7) IZ17.23I - 2 - kn 

Ratio of demodulated signals V15-23 
(B-Y)/(R-Y) --- - 1, 1 -

V13-23 

(G-Y)/(R-Y); no (B-Y) signal 
V14-23 

0,26 --- - -
V13.23 

(G.'Y)/(B-Y); no (R-Y) signal 
V14-23 

0,22 --- - -
V15.23 

Frequency response between 0 and 1 MHz - - -3 dB 

Cross-talk between colour difference signals 40 - - dB 

Control range reference signal 
( R-Y) demodulator (pin 18; note 8) </> see Fig. 6 deg 

RGB matrix and amplifiers 

Output voltage (peak-to-peak value) 
at nominal input signal 
(black-to-white) (note 3) v 13, 14, 15-23(p-p) - 5 - v 

Output voltage at pin 13 (peak-to-peak value) 
at nominal contrast/saturation 
and no luminance signal to ( R-Y) V13-23(p-p) - 5,25 - v 

Maximum peak-white level (note 9) V13,14,15-23 9,0 9,3 9,6 v 

Maximum output current (pins 13, 14, 15) 1113,14,15 - - 10 mA 

Output black level voltage for a brightness 
control voltage at pin 12 of 2 V lv13,14,15-23 - 2,7 - v 

Black level shift with vision contents - - 40 mV 

Brightness control voltage range see Fig. 4 v 
I Brightness control input current 112 - - 5 µA 

8 

Variation of black level 
with temperature AV/AT - 0,35 1,0 mV/K 
with contrast AV - 10 100 mV 

Relative spread between 
the R, G and B output signals - - 10 % 

Relative black-level variation 
between the three channels during 
variation of contrast, brightness and 
supply voltage - 0 20 mV 

Differential black-level drift over a 
temperature range of 40 oc - 0 20 mV 

Blanking level at the RGB outputs 1,9 2, 1 2,3 v 

Difference in blanking level of thethree channels - 0 - mV 
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CHARACTERISTICS (continued) 

parameter symbol min. typ, max. unit 
!------

RGB matrix and amplifiers (continued) 

Differential drift of the blanking levels 
over a temperature range of 40 oc - 0 - mA 

Tracking of output black level with AVb1 Vp 
supply voltage --x-- - 1, 1 -

Vb1 AVp 

Signal-to-noise ratio of output signals 
(note 5) S/N 62 - - dB 

Residual 7,1 MHz signal and higher 
harmonics at the RGB outputs 
(peak-to-peak value) - 75 150 mV 

Output impedance of RGB outputs IZ13,14,15-231 - 50 - n 
Frequency response of total luminance and 

RGB amplifier circuits for f = 0 to 5 MHz - - -3 dB 

Sandcastle input (pin 8) 

Level at which the RGB blanking is activated Va-23 1 1,5 2 v 
Level at which.burst gatJ.Ag-andclamping_ ______ 

pulse are separated W1~23 6,5 7,0 7,5 v 
Delay between black level clamping and 

burst gating pulse td - 0.4 - µ.s 

Input current 
at Va.23 = 0 to 1 V -Is - - 1 mA 

at Va.23 = 1 to 8,5 v la - 20 - µ.A 

at Vs.23 = 8,5 to 12 v Is - - 2 mA 

Notes to the characteristics 

1. Signal with the negative-going sync; amplitude includes sync amplitude. 
2. Indicated is a signal for a colour bar with 75% saturation; chrominance to burst ratio is 2,2 : 1. 
3. Nominal contrast is specified as the maximum contrast -3 dB and nominal saturation as the 

maximum saturation -6 dB. 
4. Cross coupling is measured under the following conditions: 

• Input signals nominal 
• Contrast and saturation such that nominal output signals are obtained 
• The signals at the output at which no signal should be available must be compared with the 

nominal output signal at that output. 
5. The signal-to-noise ratio is defined as peak-to-peak signal with respect to r.m.s. noise. 
6. All frequency variations are referred to 3,5S MHz carrier frequency. 
7. These signal amplitudes are determined by the a.c.c. circuit of the reference part. 
S. When pin 1S is open circuit the phase shift between the (R-Y) and (B-Y) reference carrier is 1150, 

This phase shift can be varied by changing the voltage applied to pin 1 S. 
9. If the typical voltage for this white level is exceeded, the output voltage is reduced by discharging 

the capacitor at pin 7 (contrast control); discharge current is 1,5 mA. 
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Slgnetics Li near Products Advance Information 

Monolithic Integrated Delay Line and Filter Combination 
for NTSC Television Receivers TDA3568 

DESCRIPTION 
Monolithic integrated delay line and filter 
combination for NTSC television receiv­
ers. It is intended to be used in combina­
tion with the NTSC-decoder TDA3563. 

BLOCK DIAGRAM 

September 1985 

FEATURES 
• Combination filter Interface for 

glass delay line 
• Luminance delay line 
• Peaking circuit for the luminance 

signal 
• Differentiated luminance signal 

outputs which can be used for 
driving Scan Velocity Modulation 
circuits 

8-288 

• Automatic chroma leveling circuit 
to avoid heavy oversaturated 
pictures for non-standard signals 

• Tuning circuit which compensates 
for spreads of gyrator cells which 
are used In the various functions. 

80010908 



Signetics Linear Products Advance Information 

Multistandard Decoder TDA4555/56 

GENERAL DESCRIPTION 

The TDA4555 and TDA4556 are monolithic integrated multistandard colour decoders for the PAL, 
SECAM, NTSC 3,58 MHz and NTSC 4,43 MHz standards. The difference between the TDA4555 and 
the TDA4556 is the polarity of the colour difference output signals (B-Y) and ( R-Y). 

Features 

Chrominance part 

• Gain controlled chrominance amplifier for PAL, SECAM and NTSC 
• ACC rectifier circuits (PAL/NTSC, SE CAM) 
• Burst blanking (PAL) in front of 64 µs glass delay line 
• Chrominance output stage for driving the 64 µs glass delay line (PAL, SE CAM) 
• Limiter stages for direct and delayed SECAM signal 
• SECAM permutator 

Demodulator part 

• Flyback blanking incorporated in the two synchronous demodulators (PAL, NTSC) 
• PAL switch 
• Internal PAL matrix 
• Two quadrature demodulators with external reference tuned circuits (SECAM) 
• Internal filtering of residual carrier 
• De-emphasis (SECAM) 
• Insertion of reference voltages as achromatic value (SECAM) in the (B-Y) and (R-Y) colour difference 

output stages (blanking) 

Identification part 

• Automatic standard recognition by sequential inquiry 
• Delay for colour-on and scanning-on 
• Reliable SE CAM identification by PAL priority circuit 
• Forced switch-on of a standard 
• Four switching voltages for chrominance filters, traps and crystals 
• Two identification circuits for PAL/SECAM (H/2) and NTSC 
• PAL/SECAM flip-flop 
• SECAM identification mode switch (horizontal, vertical or combined horizontal and vertical) 
• Crystal oscillator with divider stages and PLL circuitry (PAL, NTSC) for double colour subcarrier 

frequency 
• HUE control (NTSC) 
• Service switch 

QUICK REFERENCE DATA 

Supply voltage (pin 13) 
Supply current (pin 13) 
Chrominance input signal (peak-to-peak) 
Chrominance output signal (peak-to-peak) 
Colour difference output signals (peak-to-peak values) 

TDA4555: -(R-Y); TDA4556: + (R-Y) 
TDA4555: -(B-Y); TDA4556: + (B-Y) 

Sandcastle pulse; required amplitude for 
vertical and horizontal pulse separation 
horizontal pulse separation 
burst gating 

PACKAGE OUTLINE 

28-lead DI L; plastic (SOT-117). 

8-289 

Vp = V13-9 
Ip= 113 
V15-9(p-p) 
V12-9(p-p) 

V1-9(p-p) 
v3-9(p-pl 

V24-9 
V24-9 
V24-9 

typ. 12 v 
typ. 65 mA 

20 to 200 mV 
typ. 1,6 v 

typ. 1,05 V ± 2 dB 
typ. 1,33 V ± 2 dB 

typ. 2,5 v 
typ. 4,5 v 
typ. 7,7 v 
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Signetics Linear Products 

Multistandard Decoder 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 13) Vp = V13.9 

Voltage range at pins 10, 11, 17, 23, 24, 25, 26, 27, 
28 to pin 9 (ground) 

Current at pin 12 

Peak value 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

8-291 

l12M 

Ptot 

Tstg 

Tamb 

Advance Information 

TDA4555/56 

max. 13,2 v 

0 to Vp v 
max. 8 mA 

max. 15 mA 

max. 1,4 w 
-25 to + 150 oc 

0 to +70 °c 

8 
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Signetics Linear Products Advance Information 

Multistandard Decoder TDA4555/56 

CHARACTERISTICS 

Vp = V 13-9 = 12 V; Tamb = 25 °c; measured in Fig. 1; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 13) 

Supply voltage range Vp = V13.9 10,8 - 13,2 v 
Supply current Ip= 113 - 65 - mA 

Chrominance part 

Chrominance input signal (pin 15) 
input voltage with 75% colour bar signal 
(peak-to-peak value) V15.9(p-p) 20 100 200 mV 

input impedance IZ15.9l 2,3 3,3 - kf/. 

Chrominance output signal (pin 12) 
output voltage 
(peak-to-peak value) V12-9(p-p) - 1,6 - v 
output impedance 
(n-p-n emitter follower) IZ12-91 - - 20 fl. 

d.c. output voltage V12-9 - 8,2 - v 
Input for delayed signal (pin 10) 

d.c. input current 110 - - 10 µA 

input resistance R10.9 10 - - kf/. 

Demodulator part (PAL/NTSC) 

Colour difference output signals 
output voltage (proportional to V 13.9) 
(peak-to-peak value) 
TDA4555 
- (R-Y) signal (pin 1) V1-9(p-p) - 1,05 V±2 dB - v 
- (B-Y) signal (pin 3) V3.9(p-p) - 1,33 V ±2 dB - v 
TDA4556 

+ ( R-Y) signal (pin 1) V1-9(p-p) - 1,05 V ±2 dB - v 
+ (B-Y) signal (pin 3) V3.9(p-p) - 1,33 V±2dB - v 

Ratio of colour difference output signals 
(R-Y)/(B-Y) V1;3.9 - 0,79 ± 10% -

Residual carrier (subcarrier frequency) 
(peak-to-peak value) V1,3-9(p-p) - - 30 mV 

Residual carrier (PAL only) 
(peak-to-peak value) V1,3-9(p-p) - 10 - mV 

H/2 ripple at (R-Y) output (pin 1) 
(peak-to-peak value) 
without input signal V1-9(p-p) - - 10 mV 

D.C. output voltage 
n-p-n emitter follower with 
internal current source of 0,3 mA V1 3-9 - 7,7 - v 
output impedance 1z1',3.9l - - 150 fl. 
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Signetlcs Linear Products 

Multistandard Decoder 

parameter symbol min. 

Demodulator part (SECAM) 

Colour difference signals (see note 1) 
output voltage (proportional to V 13-91 
(peak-to-peak value) 
TDA4555 

-(R-Y) signal (pin 1 V1-9(p-p) -
- (B-Y) signal (pin 3) V3_9(p-p) -
TDA4556 

+ (R-Y) signal (pin 1) V1-9(p-p) -
+ (B-Y) signal (pin 3) V3_9(p-p) -

Ratio of colour difference output signals 
(R-Y)/(B-Y) V1/3-9 -

Residual carrier (4 to 5 MHz) 
(peak-to-peak value) v 1,3-9(p-p) -

Residual carrier (8 to 10 MHz) 
(peak-to-peak value) v 1,3-9(p-p) -

H/2 ripple 
at (R-Y) (B-Y) outputs (pins 1 and 3) 
(peak-to-peak value) 
with f 0 signals v 1,3-9(p-p) -

D.C. output voltage V1,3-9 -

Shift of inserted levels relative to levels 
of demodulated f0 frequencies (IC only) AV/AT(R-Y) -

AV/AT(B-Y) -
HUE control (NTSC)/service switch 

Phase shift of reference carrier 
at v17_9 = 2 v -t/J -
at V17-9 = 3 V 

"' 
-

at V17_9 = 4 V +t/J -
Input resistance R11_9 -
Service position 

Switching voltage (pin 17) 
burst OFF; colour ON 
(for oscillator adjustment) V17_9 -
HUE control OFF; colour ON 
(for forced colour ON) V17-9 6 

Crystal oscillator (pin 19) 

For double colour subcarrier frequency 
input resistance R19-9 -

lock-in-range 
referred to subcarrier frequency .Af ± 400 

* Value measured without influence of external circuitry. 
** Relative to phase at V17_9 = 3 V. 

8-293 

Advance Information 

TDA4555/56 

typ, max. unit 

1,05 - v 
1,33 - v 

1,05 - v 
1,33 - v 

0,79* ± 10% -

20 30 mV 

20 30 mV 

- 20 mV 

7,7 - v 

-0,55 - mV/K 
+0,25 - mV/K 

30** - deg 

0 - deg 8 
30** - deg 

5 - k.tl 

- 0,5 v 

- - v 

350 - n 

• 
- - Hz 
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Signetics Linear Products Advance Information 

Multistandard Decoder TDA4555/56 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Identification part 

Switching voltages for chrominance filters 
and crystals 

at pin 28 (PAL) 
at pin 27 (SECAM) 
at pin 26 (NTSC 3,58 MHz) 
at pin 25 (NTSC 4,43 MHz) 

Control voltage 0 FF state V25,26,27,28-9 - - 0,5 v 
Control voltage ON state 

during scanning; colour OFF V25,26,27,28-9 - 2,45 - v 
colour ON V25,26,27,28-9 - 5,8 - v 

Output current -125,26,27,28-9 - - 3 mA 

Voltage for forced switching ON 
PAL V28-9 9 - - v 
SE CAM V27.9 9 - - v 
NTSC 3,58 MHz V25.9 9 - - v 
NTSC 4,43 MHz V25.9 9 - - v 

Delay time for 
restart of scanning ~s 2 to 3 vertical periods 

colour ON ~C1 2 to 3 vertical periods 

colour OFF tdC2 0 to 1 vertical periods 

SECAM identification (pin 23) 

Input voltage for 
horizontal identification (H) V23.9 - - 2 v 
vertical identification (V) V23.9 10 - - v 
combined (H) and (V) identification V23.9 - 6* - v 

Sequence of standard inquiry 
PAL-SECAM-NTSC 3,58 MHz-NTSC 
4,43 MHz 

Reliable SECAM identification by PAL 
priority circuit 

Scanning time for each standard ts 4 vertical periods 

l l l 
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Signetics Linear Products Advance Information 

Multistandard Decoder TDA4555/56 

parameter symbol min. typ. max. unit 

Sandcastle pulse detector (see note 2) 

Input voltage pulse levels (pin 24) 
to separate vertical and horizontal 
blanking pulses V24-9 1,2 - 2,0 v 
required pulse amplitude V24-9(p-p) 2,0 - 3,0 v 
to separate horizontal blanking pulse V24-9 3,2 - 4,0 v 
required pulse amplitude V24-9(p-p) 4,0 - 5,0 v 
to separate burst gating pulse V24-9 6,5 - 7,7 v 
required pulse amplitude V24-9(p-p) 7,7 - Vp v 

Input voltage during horizontal scanning V24-9 - - 1,0 v 
Input current -124 - - 100 µA 

Notes to the characteristics 

1. The signal amplitude of the colour difference signals (R-Y) and B-Y) is dependent on the character­
istics of the external tuned circuits at pins 7, 8 and 4, 5 respectively. Adjustment of the amplitude 
is achieved by varying the 0-factor of these tuned circuits. The resonant frequency must be adjusted 
such that the demodulated output frequency (f0 ) provides the same output level as the internally 
inserted reference voltage (achromatic value). 

2. The sandcastle pulse is compared with three internal threshold levels, which are proportional to the 
supply voltage. 
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Signetics Linear Products Product Specification 

Color Transient Improvement Circuit TDA4560 

GENERAL DESCRIPTION 

The TDA4560 is a monolithic integrated circuit for colour transient improvement (CTI) and luminance 
delay line in gyrator technique in colour television receivers. 

Features 

• Colour transient improvement for colour difference signals ( R-Y) and ( B-Y) with transient detecting-, 
storage- and switching stages resulting in high transients of colour difference output signals 

• A luminance signal path (Y) which substitutes the conventional Y-delay coil with an integrated 
Y-delay line 

• Switchable delay time from 720 ns to 1035 ns in steps of 45 ns 
• Output for the option of velocity modulation 

QUICK REFERENCE DATA 

Supply voltage (pin 10) 

Supply current (pin 10) 

(R-Y) and (B-Y) attenuation 

(R-Y) and (B-Y) output transient time 

Adjustable Y-delay time 

Y-attenuation 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102CS). 

8-297 

Vp = V10-18 typ. 12 v 
Ip= 110 

a:cd 

!tr 

td 

O:y 

typ. 35 mA 

typ. 0 dB 

typ. 150 ns 

720 to 1035 ns 

typ. 7 dB 
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Slgnetlcs Linear Products Product Speciilccillon 

Color Transient Improvement Circuit TDA4560 

FUNCTIONAL DESCRIPTION 

The IC consists of two colour difference channels (B-Y) and (R-Y) and a luminance signal path (Y) as 
shown in Fig. 1. 

Colour difference channels 

The (B-Y) and (R-Y) colour difference channels consist of a buffer amplifier at the input, a switching 
stage and an output amplifier. The switching stages, which are controlled by transient detecting stages 
(differentiators), switch to a value that has been stored at the beginning of the transients. The 
differentiating stages get their signal direct from the colour difference detecting signal (pins 1 and 2). 
Two parallel storage stages are incorporated in which the colour difference signals are stored during 
the transient time of the signal. After a time of about 600 ns they are switched immediately (transient 
time of 150 ns) to the outputs. The colour difference channels are not attenuated. 

Y -signal path 

The Y-signal input (pin 17) is capacitively coupled to an input clamping circuit. Gyrator delay cells 
provide a maximum delay of 1035 ns including an additional delay of 45 ns via the fine adjustment 
switch (S1) at pin 13. Three delay cells are switched with two interstage switches dependent on the 
voltage at pin 15. Thus three switchable delay times of 90 ns, 180 ns or 270 ns less than the maximum 
delay time are available. A tuning compensation circuit ensures accuracy of delay time despite process 
tolerances. The Y-signal path has a 7 dB attenuation as a normal Y-delay coil and can replace this 
completely. The output is fed to pin 12 via a buffer amplifier. An additional output stage provides a 
signal of 90 ns less delay at pin 11 for the option of velocity modulation. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 10) Vp = V10-18 max. 13.2 v 
Voltage ranges to pin 18 (ground) 

at pins 1, 2, 12, 15 

at pin 11 

at pin 17 

Voltages ranges 
at pin 7 to pin 6 

at pin 8 to pin 9 

Currents 
at pins 6, 9 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

Note 

Pins 3, 4, 5, 6, 9, 13 and 14 d.c. potential not published. 

September 1985 8-300 

Vn-18 

V11-18 

V17.19 

±15,9 

Ptot 

Tstg 

Tamb 

Oto Vp V 

Oto Vp-3 V 

Oto 7 V 

Oto 

Oto 

5 v 
5 v 

max. 15 mA 

max. 1.1 W 

-25 to+ 150 oc 

Oto + 70 oc 



Signetics Linear Products Product Specification 

Color Transient Improvement Circuit TDA4560 

CHARACTERISTICS 

Vp = V10-1s = 12 V; Tamb = 25 oc; measured in application circuit Fig. 2; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 10) 

Supply voltage Vp = V10-18 - 12 13.2 v 
Supply current Ip= 110 - 35 - mA 

Colour difference channels (pins 1 and 2) 

(R-Y) input voltage (peak-to-peak value) 
75% colour bar signal V1.1s - 1.05 - v 

(B-Y) input voltage (peak-to-peak value) 
75% colour bar signal V2-18 - 1.33 - v 

Input resistance R1, 2-18 - 12 - kn 

Vs V7 
0 dB (B-Y), (R-Y) signal attenuation-, - acd - -

V1 V2 

Output current (emitter follower with 
constant current source 0.5 mA) -17, 8 - 1.2 - mA 

(R-Y) and (B-Y) output signal transient time ttr - 150 - ns 

Y-signal path (pin 17) 

Y-input voltage (composite signal) 
(peak-to-peak value) V17-18(p-p) - 1 - v 

Input resistance R17-18 - 20 - kn 

Internal bias voltage V17.1s - 2.3 - v 
Input current 

8 
during picture content I 17 - 8 - µA 
during synchronizing pulse -117 - 100 - µA 

. . . V11 V12 
Y-s1gnal attenuation - 1 - ay - 7 - dB 

V17 V17 

Output current (emitter follower with 
constant current source 0.4 mA) -111, 12 - 1.2 - mA 

Frequency response (V15.1s = 0 V) 
at R14-18 = 1 kn f12-17 - 6 - MHz 

at R 14-18 = 1.1 kn f12-17 - 4.5 - MHz 
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Signetics Linear Products Product Specification 

Color Transient Improvement Circuit TDA4560 

parameter symbol min. typ. max. unit 

Y-signal path (pin 17) (continued) 

Adjustable delay (switch S1 open) 
at V15-18 = 0 to 2.5 V; R14-18 = 1 kO td - 640 - ns 

at V15-18 = 0 to 2.5 V; R14-18 = 1.1 kO td - 720 - ns 

at V15.19 = 3.5 to 5.5 V; R14-18 = 1 kO td - 720 - ns 

at V15.19 = 3.5 to 5.5 V; R14-18 = 1.1 kO td - 810 - ns 

at V15.19 = 6.5 to 8.5 V; R14-18 = 1 kO ~ - 800 - ns 

at V15.10 = 6.5 to 8.5 V; R14-18 = 1.1 kO td - 900 - ns 

at V15.19 = 9.5 to 12 V; R14-18 = 1 kO td - 880 - ns 

at V 15-18 = 9.5 to 12 V; R 14-18 = 1.1 kO td - 990 - ns 

Fine adjustment delay (switch S1 closed) 
at V13.19 = 0 V .:itd - 45 - ns 

Signal delay for velocity modulation (pin 11) 
with R14-18 = 1 kO t td-80ns 

with R 14-18 = 1. 1 kO t td -90 ns 

Thermal resistance 

From junction to ambient (in free air) Rth j-a - - 70 K/W 
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Signetlcslinear Products Product Specification 

Color Transient Improvement Circuit 

APPLICATION INFORMATION 

(2) 

22K 
(a):r(+12V) 

..___,,.,.,,.._--0 (b) 

27 K _ __,,.,.,.._-o ( c) 

Y- output luminance 
input signal 

(Y) 
,----->-----, v+ 

1330nF 

(td) (td-90ns) (+12V) 

18 -= 17 16 

2 3 

I~!~ 1~~~ I ~~0 
(1) r ±c r tc(1) 

(R-Y) (B-Y) 

'---y-----J 
colour difference 

input signals 

15 14 13 

TDA4560 

5 6 

12 11 

7 Q 

(B-Y) (R-Y) 
output output 

(1) Residual carrier reduced to 20 mV peak-to-peak (R = 1kn,C=100 pF). 
(2) Switching sequence for delay times shown in Table 1. 

Fig. 2 Application diagram and test circuit. 

Table 1 Switching sequence for delay times. 

connection voltage at delay 
pin 15 time 

(a) (b) (c) (ns)* 

x x x 0 to 2.5 V 720 
x x 0 3.5 to 5.5 V 810 
x 0 0 6.5 to 8.5 V 900 
0 0 0 9.5to 12 V 990 

Where: X =connection closed; 0 =connection open. 

* When switch (S1) is closed the delay time is increased by 45 ns. 

8-303 

10 

9 

220 

470 

JpF 

7287367 

TDA4560 
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Signetlcs Linear Products Advance Information 

Video Control with Two RGB and Color Difference Inputs TDA4580 

DESCRIPTION FEATURES PIN CONFIGURATION 
The TDA4580 is a monolithic integrated 
video control circuit with automatic cut­
off stabilization for TV-receivers with 
color difference interface, e.g. in con­
nection with the multistandard decoder 
TDA4555 linear RGB-signals can be in­
serted from two different external 
sources. 

September 1985 

• Clamped Input stage for 
capacitive coupled R-, G· and B­
slgnals followed by a high 
precision matrix to obtain the 
luminance- and color-dlfference­
slgnals 

• Fast switch 1 for Y·, CD, R·, G·, 
B-slgnals 

• Switch for NTSC-matrlx and 
vertical blanking time 

• Fast switch 2 for Insertion of 
Teletext-signals 

• Emitter-follower outputs for 
driving the RGB output signals 

APPLICATIONS 
• Video monitors 
•Graphics 
• Color printers 
• TV receivers 

8-304 

TOP VIEW 

PIN FUNCTION 
1 A- output 
2 Storage capacity for cutoff central 
3 G- output 
4 Storage capacity for cutoff central 
5 B- output 
6 Supply Vee 
7 Storage capacity for cutoff central 
e NTSC. matrix and blanking time switch 
9 Peak drive listing 

10 Sandcastle- input 
11 Signal switch for RGB inputs 
12 B- input (ext. signal) 
13 G- input (ext. signal) 
14 R- Input (ext. signal) 
15 Y- input 
16 Saturation control 
17 (R-Y-)- input 
18 (B-Y+ input 
19 Contrast control 
20 Brightness control 
21 TxT - B input 
22 TxT -G input 
23 TxT - A input 
24 Ground 
25 Average beam current listing 
26 Beam info (cutoff central) 
27 Storage capacity for leakage current 

information 
28 Signal switch for TxT inputs 



Signetics Linear Products Advance Information 

Video Control with Two RGB and Color Difference Inputs TDA4580 

ORDERING CODE 

PINS PACKAGE NOTE 

TDA4580 28 Plastic DIP SOT117 

REFERENCE DATA 

LIMITS 
PARAMETER UNIT 

Min Typ Max 

Supply voltage range 10.8 13.2 v 
Supply current, 16 110 mA 

Color difference Inputs (pin 17, 18) 

(B - Y) input signal at pin 18 (peak to peak value), V 18 _ 24 1.33 v 
(R - Y) input signal at pin 17 (peak to peak value), V 17 _ 24 1.05 v 
Luminance Input (pin 15) 

Composite video input signal (peak to peak value), V15 _ 24 0.45 v 
R, G, B Inputs (pin 12, 13, 14) 

R, G, B signals controlled by saturation, contrast and brightness 
Input signal (peak to peak value), V12, 13, 14-24 0.7 v 
TXT·lnputs (pin 21, 22, 23) 

RGB inputs for teletext use. The signals are only controlled by the 
brightness control. 
Input signal for 100% output signals (peak to peak value), 
V21, 22, 24-24 1.0 v 
Outputs tor positive RGB slgnals 

Emitter followers with current sources and emitter protection resistors 
Minimum output voltage, V 1, 3, s _ 24 1.0 v 

8 
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Slgnettcs Linear Products 

Video Control with Two RGB and Color Difference Inputs 

BLOCK DIAGRAM 

FAST 
IWITCH1 

11 

. " ~l-0--+-.--+-+<>J 
1.GIYpp .. 
~~r<>-+--!,.,...--IH--to....t_ 

1.Uv,. 

.... 
~ IATUllA-
TRAST TICIN 

For additional Information, consult the Applications Section. 

September 1985 
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SWITCH 
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BRIGHT· -
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SWITCHI 
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STORAGE 

III 

I 

Advance Information 

TDA4580 

• ROUT 
3VBW 

• GOUT 
3VBW 

• BOUT 
3VBW 

.... 



Signetlcs Linear Products 

RGB to NTSC/ PAL Encoder 

DESCRIPTION 
The TEA2000 encodes color information 
and provides compasite video output for 
driving a VHF or UHF modulator. 

FEATURES 
• An Internal osclllator from which 

the (R·Y) and (B·Y) waveforms 
are generated 

• Accepts timing slgnals 
(composite sync, composite 
blanklng) 

• A &·bit binary coded Input giving 
color Information 

• Resulting output Is a 64 color 
composite video signal (Including 
black and white). 

• Burst timing and PAL-switch· 

Advance Information 

TEA2000 

PIN CONFIGURATION 

function Is Internally generated. 10P VIEW 

""'"'"" PIN FUNCTION 
1 Red 1 binary input 
2 Green 0 binary input 
3 Green 1 binary input 
4 Blue o binary Input 
5 Blue 1 binary input 
6 Composite video output 
7 Luminance output to delay line 
8 Luminance input from delay line 
9 Ground 0 volt 

10 Chroma band limiting 
11 Supply vol1age 
12 7.16MHz crystal for NTSC 
13 6.66MHz crystal for PAL 
14 PAL/liT!lt: switch 
15 Ramp 
16 CompositB sync input (mml) 
17 Con'4JositB blanking input (CBLNK) 
16 Red O binary input 
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Signetlcs Linear Products Advance Information 

RGB to NTSC/PAL Encoder TEA2000 

REFERENCE DATA 

LIMITS 
PARAMETER SYMBOL UNIT 

Min Typ Max 

Supply voltage, V 11 _ 9 12 v 
Supply current at V 11 _ 9 = 12V, I 11 55 mA 

Input voltage V1L 0.8 v 
(pins 1, 2, 3, 4, 5, 14, 16, 17, 18) V1H 2.0 v 
Composite video output (peak-to-peak), V6 2 v 

BLOCK DIAGRAM 

XTAL1 XTALO GND Vee 

fia j'.2 99 11 

I I TEA 2000 

DSC. I---- DIVIDER t-----; ~ ...__ Vs 17 

_f 
CBLNK 

1 !.--
~ 1 a;: 

LOGIC .~ 
DECODER 

~ 1---1 MOOE SELECT 

[ 
5_,., 

t--1 PAL SWITCH 18 

TIMING I J CONTROL 
UNIT 

r J [ }--CHROMA LUMINANCE VIDEO ~ ENCODER ENCODER SUMMER covo 

j 

1 
RAMP 

GENERATOR 

l 
61s 14 10 7 6' 
RAMP CHRBL LUMO WMI 
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Slgnetics Linear Products Product Specification 

Vertical Deflection TDA2653A 

The TDA2653A is a monolithic integrated circuit for vertical deflection in large screen colour television 
receivers, e.g. 30AX and Pl L-S4 systems. 

The circuit incorporates the following functions: 

• Oscillator; switch capability for 50 Hz/60 Hz operation. 

• Synchronization circuit. 

• Blanking pulse generator with guard circuit. 

• Sawtooth generator with buffer stage. 

• Preamplifier with fed-out inputs. 

• Output stage with thermal and short-circuit protection. 

• Flyback generator. 

• Voltage stabilizer. 

QUICK REFERENCE DATA 

For 30AX system 

Supply voltage (pin 9) 

Supply current (pin 5 +pin 9) 

Output current (peak-to-peak value) 

Picture frequency 

Sync input pulse (peak-to-peak value) 

Thermal resistance from junction to mounting base 

PACKAGE OUTLINE 

13-lead OIL; plastic power (SOT-1416). 

8-309 

Vg.s= Vs 

15 +lg= Is 

l5(p-pl 
f 

V2-8(p-p) 

Rthj-mb 

typ. 26 v 
typ. 325 mA 

typ. 2.2 A 

50 Hz/60 Hz 

;;;;.. 1 v 
...; 5 K/W 
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Signetlcs Linear Products 

Vertical Deflection 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 9) Vg_8 =Vs 

Supply voltage output stage (pin 5) V5_8 

Voltages 

Pin 3 V3-11 

Pin 13 V13-8 
Pins 4 and 10 V4; 10-8 

Pin 6 Ve-8 
-Ve-8 

Pins 7 and 11 V7;11-8 

Currents 

Pin 1 I 1 
-11 

Pin 2 ±12 

Pin 3 13 
-13 

Pin 7 17 
-17 

Pin 11 I 11 
-I 11 

Pin 12 112 
-112 

Pins 5, 6 and 8: internally limited by the short-circuit protection circuit. 

Total power dissipation: internally limited by the thermal protection circuit. 

Storage temperature range Tstg 

Operating ambient temperature range Tamb 

7Z83312 

Product Specification 

TDA2653A 

max. 40 v 
max. 58 v 

max. 7 v 
max. 7 v 
max. 24 v 
max. 58 v 
max. 0 v 
max. 40 v 

max. 0 mA 
max. 1 mA 

max. 10 mA 

max. 0 mA 
max. 5 mA 

max. 1.2 A 
max. 1.5 A 

max. 50 mA 
max. 1 mA 

max. 3 mA 
max. 0 mA 

-25to+150 oc 

-20 oc to limiting value 

ptot 

(W) Fig. 2 Total power dissipation. 
Rth h-a includes Rth mb-h 
which is expected when heat­
sink compound is used. 
Rth j-mb,,,;;; 5 K/W. 

OL..L.-'-1....1.-'-l....l.-'-l....l.-'-1-1.-'-L-J..-'-L-J......L-L.....L.....L-JL.....L.....L-JL.....L....CI 

0 50 100 T (DC) 150 
amb 
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Slgnetlcs Linear Products Product Specification 

Vertica.I Deflection TDA2653A 

CHARACTERISTICS 

T amb = 25 °c unless otherwise specified. 

Supply voltage/output stage 

Supply voltage Vg_a =Vs 9to30 V 

Output voltage ;;;. V5.a- 2.2 V at-la= 1.1 A Va.a typ. V5.a - 1.9 V 

at la= 1.1 A Va.a 
typ. 1.3 v 
..;; 1.a v 

Flyback generator output voltage at -la = 1.1 A V7.a typ. Vs- 2.2 V 

Peak output current ±la ..;; 1.2 A 

Flyback generator peak current ±17 ..;; 1.2 A 

Feedback 

Input quiescent current -14;10 typ. 0.1 µA 

Synchronization 

Sync input pulse V2.a 1 to 12 V 

Tracking range typ. 2a % 

Oscillator /sawtooth generator 

Oscillator frequency control input voltage V1.a ato9 V 

Sawtooth generator output voltage V3.a Oto Vs-1 v 
V11.a Oto Vs-2 v 

Sawtooth generator output current -13 Oto 4 mA 

I 11 
;;;. -2 µA 
..;; +30 mA 

Oscillator temperature dependency 
T case = 20 to 100 °c (.1f/f)/ .1 T case typ. 10-4 K" 1 

Oscillator voltage dependency 
Vs= 10 to 30 v (.1f/f)/ .1 Vs typ. 4 x 10-4 v·1 

Blanking pulse generator 

Output voltage 
at Vs= 24 V; 12 = 1 mA V2-8 typ. 18.5 v 

Output current -12 ..;; 3 mA 

Output resistance R2-a typ. 410 n 
Blanking pulse duration at 50 Hz sync tb typ. 1.4 ± 0.07 ms 

50 Hz/60 Hz switch capability 

Saturation voltage; LOW voltage level V12-a typ. 1 v 
Output leakage current '12 typ. 1 µA 
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Signetics Linear Products Product Specification 

Vertical Deflection TDA2653A 

Thermal resistance/junction temperature 

From junction to mounting base 5 K/W 

Junction temperature; switching point thermal protection typ. 150 ± 8 oc 

PINNING 

1. Oscillator adjustment 8. Ground 
2. Synchronization input/blanking output 9. Positive supply (Vs) 
3. Sawtooth generator output 10. Reference voltage 
4. Preamplifier input 11. Sawtooth capacitor 
5. Positive supply of output stage 12. 50 Hz/ 60 Hz switching voltage 
6. Output 13. Oscillator capacitor 
7. Flyback generator output 

APPLICATION INFORMATION 

The function is described against the corresponding pin number 

1, 13. Oscillator 

The oscillator frequency is determined by a potentiometer at pin 1 and a capacitor at pin 13. 

2. Sync input/blanking output 

Combination of sync input and blanking output. The oscillator has to be synchronized by a 
positive-going pulse between 1 and 12 V. The integrated frequency detector delivers a switching 
level at pin 12. 
The blanking pulse amplitude is 20 V with a load of 1 mA. 

3. Sawtooth generator output 

The sawtooth signal is fed via a buffer stage to pin 3. It delivers the signal which is used for 
linearity control, and drive of the preamplifier. The sawtooth is applied via a shaping network 
to pin 11 (linearity) and via a resistor to pin 4 (preamplifier). 

4. Preamp I ifier input 

The d.c. voltage is proportional to the output voltage (d.c. feedback). The a.c. voltage is 
proportional to the sum of the buffered sawtooth voltage at pin 3 and the voltage, with 
opposite polarity, at the feedback resistor (a.c. feedback). 

5. Positive supply of output stage 

This supply is obtained from the flyback generator. An electrolytic capacitor between pins 7 
and 5, and a diode between pins 5 and 9 have to be connected for proper operation of the 
flyback generator. 

6. Output of class-B power stage 

The vertical deflection coil is connected to this pin, via a series connection of a coupling 
capacitor and a feedback resistor, to ground. 

7. Flyback generator output 

An electrolytic capacitor has to be connected between pins 7 and 5 to complete the flyback 
generator. 

8. Negative supply (ground) 

Negative supply of output stage and small signal part. 

9. Positive supply 

The supply voltage at this pin is used to supply the flyback generator, voltage stabilizer, 
blanking pulse generator and buffer stage. 
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Slgnettcs Linear Products . Product Specification 

Vertical Deflection TDA2653A 

APPLICATION INFORMATION (continued) 

10. Reference voltage of preamplifier 

External adjustment and decoupling of reference voltage of the preamplifier. 

11. Sawtooth capacitor 

This sawtooth capacitor has been split to realize linearity control. 

12. 50 Hz/SO Hz switching level 

This pin delivers a LOW voltage level for 50 Hz and a HIGH voltage level for SO Hz. The ampli­
tudes of the sawtooth signals can be made equal for 50 Hz and SO Hz with these levels. 

The following application data are measured in Figs 3 and 4. 

30AX system 30AX system PIL-S4 
(2SV) (2S V/12 V) system 
Fig. 3 Fig. 4 Fig. 3 

System supply voltages Vs1 typ. 2S 2S 2S v 
Vs2 typ. 12 v 

System supply currents 1s1 typ. 315 330 195 mA 
ls2 typ. -35 - mA 

Output voltage Vs-a typ. 14 14.S 13.5 v 
Output voltage (peak value) Vs-a typ. 42 42 49 v 
Deflection current (peak-to-peak value) ls(p-p) typ. 2.2 2.2 1.32 A 

Flyback time tfl typ. 0.9 1.1 ms 

Total power dissipation per 
typ. 4.1 4 3W package Ptot max. 4.a 4.a 3.4 W* 

Oscillator frequency unsynchronized f typ. 4S.5 4S.5 4S.5 Hz 

*Calculated with ~Vs= +5% and ~Ryoke = -7%. 
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Slgnetlcs Linear Products Product Specification 

Vertical Deflection TDA3651A/ AQ/ 3653 

The TDA3651A;AQ is a vertical deflection output circuit for drive of various deflection systems with 
deflection currents up to 2 A peak-to-peak. 

The circuit incorporates the following functions: 
• Driver 
• Output stage 
• Thermal protection and output stage protection 
• Flyback generator 
• Voltage stabilizer 

QUICK REFERENCE DATA 

3651 

Supply voltage (pin 9) V9_4 = Vp Oto 50 

Peak output voltage during flyback (pin 5) V5-4M < 

Output current (peak-to-peak value) l5(p-p) < 

Operating junction temperature Tj max. 

Thermal resistance from 
junction to mounting base Rth j-mb typ. 

PACKAGE OUTLINES 

TOA3651A: 9-lead SIL; plastic power (SOT-1318). 
TOA3651AQ: 9-lead SIL bent to OIL; plastic power (SOT-1578). 
TOA3653: 9-lead SIL bent to OIL (SOT-1108). 

8-317 

55 

1.5 

150 

3 

3653 

v o to 40 v 
v max. 60 v 
A max. 1.5 A 
oc max. 150 oc 

typ. 10 K/W 
K/W typ. 3.5 K/W 
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Slgnetlcs Linear Products 

Vertical Deflection 

GENERAL DESCRIPTION 

Output stage and protection circuit 

Product Specification 

TDA3651A/ AQ/ 3653 

Pin 5 is the output pin. The supply for the output stage is fed to pin 6 and the output stage ground is 
connected to pin 4. The output transistors of the class-B output stage can each deliver 1 A maximum. 
The 'upper' power transistor is protected against short-circuit currents to ground, whereas, during 
flyback, the 'lower' power transistor is protected against too high voltages which may occur during 
adjustments. 
Moreover, the output transistors have been given extra solidity by means of special measures in the 
internal circuit layout. 
A thermal protection circuit is incorporated to protect the IC against too high dissipation. This circuit 
is 'active' at 175 oc and then reduces the deflection current to such a value that the dissipation cannot 
increase. 

Driver and switching circuit 

Pin 1 is the input for the driver of the output stage. The signal at pin 1 is also applied to pin 3 which is 
the input of a switching circuit. When the flyback starts, this switching circuit rapidly turns off the 
lower output stage and so limits the turn-off dissipation. It also allows a quick start of the flyback 
generator. Pin 3 is connected externally to pin 1, in order to allow for different applications in which 
pin 3 is driven separate from pin 1. 

Flyback generator 

The capacitor at pin 6 is charged to a maximum voltage, which is equal to the supply voltage Vp (pin 9), 
during scan. 
When the flyback starts and the voltage at the output pin (pin 5) exceeds the supply voltage (pin 9), 
the flyback generator is activated. The Vp is connected in series (via pin 8) with the voltage across the 
capacitor. 
The voltage at the supply pin (pin 6) of the output stage will then be maximum twice Vp. Lower 
voltages can be chosen by changing the value of the external resistor at pin 8. 

Voltage stabilizer 

The internal voltage stabilizer provides a stabilized supply of 6 V for drive of the output stage, so the 
drive current of the output stage is not affected by supply voltage variations. The stabilized voltage is 
available at pin 7. 
A decoupling capacitor of 2,2 µF can be connected to this pin. 
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Slgnetlcs Linear Products Product Specification 

Vertical Deflection TDA3651A/AQ/3653 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 

3651 3653 

Voltages (pins 4 and 2 externally connected to ground) 

Output voltage {pin 5) V5_4 max. 55 v max. 60 v 

Supply voltage (pin 9) V9_4 = Vp max. 50 v max. 40 v 

Supply voltage output stage (pin 6) V5_4 max. 55 v max. 60 v 

Input voltage (pins 1 and 3) V1-2; V3_2 max. Vp max. Vp 

External voltage (pin 7) V7_2 max. 5.6 v 

Currents 
Repetitive peak output current (pin 5) ±l5RM max. 0.75 A max. 0.75 A 

Non-repetitive peak output current (pin 5) ±15sM max. 1.5 A* max. 1.5 A* 

Repetitive peak flyback generator 
lssM 

-0.75 A -0.75 A 
output current (pin S) max. +O.S5 A max. +0.S5 A 

Non-repetitive peak flyback generator 
'ssM 

-1.5 A -1.5 A 
output current (pin S) max. +1.6 A* max. +1.6 A* 

Temperatures 
Storage temperature range Tstg -65 to +150 oc -65 to +150 

Operating ambient temperature range Tamb -25 to +65 oc -25 to +65 

Operating junction temperature range Tj -25 to +150 oc -25 to +150 

CHARACTERISTICS 
Tamb = 25°C; Vp = 26V; pins 4 and 2 externally connected to ground; unless otherwise specified 

3651 3653 

typ. 1.2 A typ. 1.2 A 
Output current (peak-to-peak value) l5(p-p) < 1.5 A < 1.5 A 

typ. 0.7 A typ. 0.7 A 
Flyback generator output current -Is < 0.S5 A < O.S5 A 

typ. 0.6 A typ. 0.6 A 
Flyback generator output current Is < 0.75 A < 0.75 A 

Output voltages 
Peak voltage during flyback V5-4M < 55 v < 60 v 

Saturation voltage to supply at typ. 2.5 v typ. 2.3 v 
-15 = 1A (3651 ); 0.6A (3653) -v5-6sat < 3.0 v < 2.S v 

Saturation voltage to ground at typ. 2.5 v typ. 1.7 v 
-15 = 1A (3651 ); 0.6A (3653) V5-4sat < 3.0 v < 2.2 v 

typ. 2.2 v typ. 2.5 v 
Saturation voltage to supply at -15 = 0.75A -V5-6sat < 2.7 v < 3.0 v 

typ. 2.2 v typ. 2.0 v 
Saturation voltage to ground at 15 = 0.75A V5-4sat < 2.7 v < 2.5 v 

*Non-repetitive duty factor maximum 3.3%. 
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3651 3653 

Supply 

Supply voltage V9_2; 4 10 to 50 V* 10 to 40 v 
Supply voltage output stage V5_4 < 55 V* < 60 v 
Supply current (no load and typ. 9 mA typ. 10 mA 

no quiescent current) lg < 12 mA < 20 mA 

typ. 3a mA typ. 25 mA 
Quiescent Current (see Fig. 2) 14 25 to 52 mA 6 to 40 mA 

Variation of quiescent current with temperature typ. -0.04 mA/K typ. -0.04 mA 

Flyback generator 

Saturation voltage at -la = 1.1 A typ. 1.6 v typ. 1.6 v 
(3651 ); O.a5A (3653) Vg_asat < 2.1 v < 2.1 v 

Saturation voltage at la = 1 A typ. 2.5 v typ. 2.3 v 
(3651 ); 0.75A (3653) Va-9sat < 3.0 v < 2.a v 

Saturation voltage at la = o.a5A typ. 1.4 v typ. 1.4 v 
(3651 ); 0.7A (3653) Vg_asat < 1.9 v < 1.9 v 

Saturation voltage at la = 0.75A typ. 2.3 v typ. 2.2 v 
(3651 ); 0.6A (3653) Va-9sat < 2.a v < 2.7 v 

Flyback generator active if: V5_9 > 4 v > 4 v 
typ. 250 µA typ. 5 µA 

Leakage current -la < 100 µA < 100 µA 

Input current for ±15 = 1A typ. 230 µA 
(3651); 1.5A (3653) 11 175 to 3aO µA 1.3 mA 

typ. 1.9 v 
Input voltage during scan V1-2 0.9 to 2.7 v 3.2 v 
Input current during scan 13 O.Q1 to 2.5 mA .01 to .52 mA 8 
Input voltage during scan V3_2 0.9 to Vp v 0.9 to Vp v 
Input voltage during flyback V3_2 Oto 0.2 v 250 mV 

typ. 6.1 v typ. 5.0 v 
Voltage at pin 7 V7_2 5.6 to 6.6 v 4.4 to 5.6 v 
Load current of pin 7 17 < 15 v 
Unloaded voltage at pin 7 during flyback V7_2 typ. 15 v 
Junction temperature of switching typ. 175 oc 

on the thermal protection Tj 15a to 192 oc 
Thermal resistance from junction typ. 3 K/W typ. 10 K/W 

to mounting base Rth j-mb < 4 K/W < 12 K/W 
Power dissipation see Fig. 3 

Open loop gain at 1kHz; Rioad = 1k!1 Go typ. 36 dB typ. 42 dB 

Frequency response (-3d8); R1oad = 1k!1 f typ. 60 kHz typ. 40 kHz 

*The maximum supply voltage should be chosen such that during flyback the voltage at pin 5 does not exceed 55V. 
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APPLICATION INFORMATION 

The following application data are measured in a typical application as shown in Figs 4 and 5. 

Deflection current (including 6% overscan) 
peak-to-peak value 

Supply voltage 

Total supply current 

Peak output voltage during flyback 

Saturation voltage to supply 

Saturation voltage to ground 

Flyback time 

Total power dissipation in IC 

Operating ambient temperature 

2 

6.8K 

vertical drive 
(from pin 1 TDA2578A) 

vertical 
feedback 
(pin 2 
TDA2578A) 

1.8 nF 

I 

12K 

8.2 K 

amplitude 

3 4 
390 pF -=-

.100nF 

10K 

+ 
4.7 µF 

100 

TDA3651A 

5 

VERTICAL 
DEFLECTION 

COILS 
AT1236/20 

+ 1500µF 
(16V) 

1.2 

l5(p-p) 

V9-4 

I tot 

V5.4M 

V5-6sat 

V5-4sat 

tf1 

Ptot 

Tamb 

6 n.c. 7 

+ 
220µF I 

+ 

typ. 0.87 A 

typ. 26 v 
typ. 148 mA 

< 50 v 
typ. 2.0 v 
< 2.5 v 
typ. 2.0 v 
< 2.5 v 
typ. 0.95 ms 
< 1.2 ms 

typ. 2.5 w 
< 65 oc 

8 9 

1K 

4.7 

+ +26V 
(pinJ, 

TDA2578A) 

7ZB6169.A 

Fig. 4 Typical application circuit diagram of the TDA3651A (vertical output). when used in combina­
tion with the TDA2578A (see Fig. 5). 

Note to deflection coils AT1236/20: L = 29 mH, R = 13.6 n; deflection current without overscan is 
0.82 A peak-to-peak and EHT voltage is 25 kV. 
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horizontal 
flyback sandcastle pulse 

horizontal }\_ .r··A ... ._ +12V drive mute 
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<4.0mA v+ 

*L ':' L >4mA 
4.7 K 
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6,8 36K 220 
K 

47nF_[* 
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TDA2578A 

9 8 7 
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':' 

820 
82 

1 100 
K K 

4,7µF 
150 + + 150 + 680 22 1 10 

+ nF I 
JµF JµF pFJ JµF nF i 10 

J µF -:-
56K 

f0 adj. 
(vertical) 

"j f0 adj. J (horizontal) 

video 

220 
K 

vertical vertical 
feedback drive 

+from pin 9 
TDA3651A 7Z86168.A 

Fig. 5 Typical application circuit diagram; for combination of the TDA2578A with the TDA3651 A see 
Fig. 4. 

33 K F +12V 
to pin 180 K 
14~ 

TDA2578A 

-:- 7Z86900 

Fig. 6 Circuit configuration at pin 14 for 
phase adjustment. 
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Fig. 7 Circuit configuration at pin 18 for 
VCR mode. 
1 kn resistor between pin 18 and + 12 V: 
without mute function. 
220 kn between pin 18 and ground: 
with mute function. 
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Vertical Deflection TDA3652 

GENERAL DESCRIPTION 

The TDA3652 is an integrated power output circuit for vertical deflection in systems with deflection 
currents up to 3 A peak to peak. 

Features 

• Driver 
• Output stage and protection circuits 
• Flyback generator 
• Voltage stabilizer 

QUICK REFERENCE DATA 

Supply voltage (pin 9) 

Peak output voltage during flyback (pin 5) 

Output current (peak-to-peak value) 

Operating junction temperature 

Thermal resistance from junction to mounting base 

VOLTAGE 
STABILIZER 

& 
CURRENT 
SOURCE 

THERMAL 

PROTECTION 

TOA3652 

OUTPUT 
STAGE 

PROTECTION 

V9.4 = Vp 

V5.4M 

l5(p-p) 

Tj 

Rth j-mb 

9 

FLYBACK 
GENERATOR 

OUTPUT 
STAGE 

4 

Fig. 1 Block diagram. 

PACKAGE OUTLINES 

TDA3652: 9-lead SIL; plastic (SOT-1318). 
TDA36520: 9-lead SIL bent to DI L; plastic (SOT-1578). 

8-325 

0 to 40 V 

< 55 v 
max. 3 A 

max. 150 oc 

max. 4 K/W 

V+ 

+ 

7287182 
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Vertical Deflection 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages (pins 4 and 2 externally connected to ground) 

Output voltage (pin 5) 

Supply voltage (pin 9) 

Supply voltage output stage (pin 6) 

Driver input voltage (pin 1) 

Switching circuit input voltage (pin 3) 

Currents 

Repetitive peak output current (pin 5) 

Non-repetitive peak output current (pin 5) 

Repetitive peak flyback generator output 
current (pin 8) 

Non-repetitive peak flyback generator output 
current (pin 8) 

Temperatures 

Storage temperature range 

Operating ambient temperature range 

Operating junction temperature range 

V5_4 

V9_4 = Vp 

V5_4 

V1-2 

V3_2 

± 15RM 

± l5sM 

18RM 

± 18sM 

Tstg 

Tamb 
T· J 

Product Specification 

TDA3652 

0 to 55 V 

0 to 40 V 

0 to 55 V 

Oto Vp V* 

Oto 5.6 V 

max. 1.5 A 

max. 3 A** 

max. -1.5 A 
+ 1.6 A 

max. 3 A** 

-65 to +150 oc 

-25 to +65 oc 

-25 to + 150 oc 

* The maximum input voltage should not exceed the supply voltage (Vp at pin 9). In most applica­
tions pin 1 is connected to pin 3; the maximum input voltage should then not exceed 5.6 V. 

** Non-repetitive duty factor maximum 3.3%. 
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Vertical Deflection TDA3652 

CHARACTERISTICS 

Vp = 26 V; Tamb = 25 °c; pins 4 and 2 externally connected to ground; unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply 

Supply voltage; pin 9 Vp 10 - 40 V* 

Supply voltage output stage; pin 6 V5_4 - - 55 V* 

Supply current (no load and no quiescent 
current); pin 9 Ip - 9 12 mA 

Quiescent current (see Fig. 2) 14 25 40 65 mA 

Variation of quiescent current with temperature lil4 - -0.04 - mA/K 

Output current 

Output current (pin 5) (peak-to-peak value) l5(p-p) - 2.5 3.0 A 

Output current flyback generator (pin S) -Is - 1.35 1.6 A 

Output current flyback generator (pin S) Is - 1.25 1.5 A 

Output voltage 

Peak voltage during flyback V5_4M - - 55 v 

Saturation voltage to supply 
at -15 = 1.5 A -V5-6sat - 2.5 3.0 v 

Saturation voltage to ground 
at 15 = 1.5 A V5-4sat - 2.5 3.0 v 

Saturation voltage to supply 
at-l5=1A -V5-6sat - 2.2 2.7 v 

Saturation voltage to ground 
at 15 = 1 A V5-4sat - 2.2 2.7 v 

Flyback generator 

Saturation voltage 
at-ls= 1.6A v9-Ssat - 1.6 2.1 v 

Saturation voltage 
atls=1.5A Vs-9sat - 2.5 3.0 v 

Saturation voltage 
at-ls= 1.1 A v9-Ssat - 1.4 1.9 v 

Saturation voltage 
at la= 1 A Vs-9sat - 2.3 2.8 v 

Flyback generator active if: V5_9 4 - - v 

Leakage current at pin 8 -Is - 5 100 µA 

Input current for 15 = 4 A 
at pin 1 (peak-to-peak value) l1(p-p) 190 240 400 µA 

Input voltage during scan (pin 1) V1-2 1.3 2.0 3.5 v 

Input current during scan (pin 3) 13 0.01 - 2.5 mA 

* The maximum supply voltage should be chosen such that during flyback the voltage at pin 5 does 
not exceed 55 V. 
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Vertical Deflection 

CHARACTERISTICS (continued) 

parameter 

Flyback generator (continued) 

Input voltage during scan (pin 3) 

Input voltage during flyback (pin 3) 

General data 

Junction temperature of switching on 
the thermal protection 

Thermal resistance from junction to 
mounting base 

Total power dissipation 

Open-loop gain at 1 kHz 

Frequency response (-3 dB) 
at RL = 1 kn 

o~~~~~~~~-'-~----'------' 

0 20 40 v+ (V) 60 

Fig. 2 Quiescent current (14) as a 
function of supply voltage (Vp). 
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symbol min. 

V3.2 0.9 

V3.2 0 

Tj 158 

Rth j-mb -

Ptot 

Go -

f -

~eatsink 

50 

typ, 

-
-

175 

-

see Fig. 3 

I 
65 

36 

50 

Product Specification 

TDA3652 

max. unit 

5.6 v 
0.2 v 

192 oc 

4 K/W 

- dB 

- kHz 

7287184 

100 Tamb(OC) 150 

Fig. 3 Power derating curve. 
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Vertical Deflection TDA3652 

APPLICATION INFORMATION 

The function is described against the corresponding pin number. 

1. Driver 

This is the input for the driver of the output stage. 

2. Negative supply (ground) 

3. Switching circuit 

This pin is normally connected externally to pin 1. It is also possible to use this pin to drive the 
switching circuit for different applications. This switching circuit rapidly turns off the lower output 
stage at the end of scan and also allows for a quick start of the flyback generator. 

4. Output stage ground 

5 and 6. Output stage and protection circuits 

Pin 5 is the output pin and pin 6 is the output stage supply pin. The output stage is a class-B type with 
each transistor capable of delivering 1.5 A maximum. The "upper" output transistor is protected against 
short-circuit currents to ground. The base of the "lower" power transistor is connected to ground 
during flyback and so it is protected against too high flyback pulses which may occur during adjustments. 
In addition the output transistors are protected by a special layout of the internal circuit. The circuit 
is protected thermally against excessive dissipation by a circuit which operates at temperatures of 
175 °c upwards causing the output current to drop to a value such that the dissipation cannot increase. 

7. Voltage stabilizer 

The internal voltage stabilizer provides a stabilized supply voltage of 6 V for drive of the output stage, 
so the drive current is not influenced by the various voltages of different applications. 

8 and 9. Flyback generator 

Pin 8 is the output pin of the flybaek generator. Depending on the value of the external resistor at 
pin 8, the capacitor at pin 6 will be charged to a fixed level during the scan period. The maximum 8 
height of this level is equal to the supply voltage at pin 9 (Vp). When the flyback starts and the flyback 
pulse at pin 5 exceeds the supply voltage, the flyback generator is activated and then the supply voltage 
is connected in series (via pin 8) with the voltage across the capacitor. The voltage at the supply pin 
(pin 6) of the output stage will then be not more than twice the supply voltage. 
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NTSC Decoder 

DESCRIPTION 
The TDA3654 is a full performance verti­
cal deflection output circuit intended for 
direct drive of the deflection coils. It can 
be used for a wide range of 90° and 
100° deflection systems. 

The TDA3654 is provided with a guard 
circuit which blanks the picture tube 
screen in case of absence of the deflec­
tion current. 

BLOCK DIAGRAM 

FEATURES 
• Output stage 
• Thermal protection and SOAR 

protection circuits 
• Driver and switching circuit 
• Flyback generator 
• Voltage stabilizer 
• Guard circuit 

VOLTAGE 
STABILIZER 

FLVBACK 
GENERATOR 

I 

September 1985 

DRIVER 

SWITCHING 
CIRCUIT 

THERMAL 
AND SOAR 

PROTECTION 

8-330 

GUARD 
CIRCUIT 
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NTSC Decoder TDA3654 

ORDERING CODE 

PINS PACKAGE NOTE 

TDA3654 9 Plastic SIL SOT-1318 

TDA3654 9 
Plastic SIL 

SOT-1578 
bent to DIL 

REFERENCE DATA 

LIMITS 
PARAMETER UNIT 

Min Typ Max 

Output voltage, Vs 60 v 
Output current (peak to peak), Is 3.0 A 

Supply voltage, pin 9 40 v 
Supply voltage output stage, Vs_ 4 60 v 
Peak voltage during flyback, Vs _ 4 60 v 
Input current of pin 1 for Is = 1.5A 0.33 0.55 mA 

Input voltage during scan (pin 1), V1 -2 2.35 3.0 v 

8 

8-331 September 1985 





Signetics 

Linear Products 

Interface 
Data Conversion 

AN110 
Communications 

Audio 
AN198 
AN199 
AN200 

Small Area Networks 
AN163 
AN167 

AM Radio 
AN196 
AN197 

FM Radio 
AN192 
AN193 

IR Remote Control 
AN172 
AN173 

Telephony 
AN194 

Teletext 
AN152 
AN153 
AN154 

Voice Synthesis 
AN119 

Ampllflers 
Video Ampllflers 

AN146 
Audio Ampllflers 

Applications 
Section 9 

Monollthlc 14·Blt DAC with 85dB S/N Ratio ........................................ .. 

Designing with the SA/NE802 •••.•....••....•••.•..••••••.•••••••...••••••••••••••.•••••••• 
Designing with the SA/NEB04 .••.•.•••..•.•••••.•...••••..•.•••••..••••••••••••••••••••.••• 
IC's for Compact Audio Disc Decoders •••.•••••••..••••••.•••••.•....•••..••••.....••• 

Small Area Networks Using Serlal Data Transfer ••.••••••••...••••••.••••••..••••••• 
Twisted-Pair Bua Carries Spaech, Date, Text, and lmagaa ••••••••••••••••••••••• 

Slngls·Chlp Synthesizer for Radio Tuning ••••••••.••••••••••••••••••.••••••••.•••••.... 
Analysls and Basic Appllcatlon of the SAA1057 •.•••••••..•••••••..••••.••••.•.•..•. 

A Complete FM Radio on a Chip ..•....•...•••.•••••••....•.•••....•••••.•••••••..••••••• 
TDA7000 for Narrow-Band FM Reception ••...••••••...•••••••••••••••.•••••••••••••.•. 

Circuit Description of the Infra Red Receiver TDA3047 /TDA3048 •...••....... 
Low Power Pre·Ampllflers for IR Ramote Control Systems ..•..•.•...••...•..•.• 

TEA1042: Usa In Loudspeaking Phone ..•••••..••••••••••••••.••••••••.••••••..••••..... 

SAA5350 Slngle-Chlp CRT Controller ••.•....•••......•••...•..••.....•..•.•.•..•••.•..•. 
The 5 Chip Set Teletext Decoder •.•....•.•...•...•...•.•......•........•......••.......•• 
Teletext Decoders: Keeping up with the Latest Technology Advances .••••• 

MEA8000 Voice Synthesizer: Prlnclples and Interfacing •.•.......•....•..•.•....•. 

Wideband FM Composite Video Fiber Optic Link ..•..•.•..••••......•.•.•..••..•..•• 

AN148 Audio Ampllfler with TDA1013A .•....•..•.•.•••......••.•..•.•••...•.••••.•.••••••.•.••••. 
AN149 20W Hl·FI Power Ampllfler with the TDA1520A .••••••....•••••.....••.•.•..••••...•• 

Power Conversion and Control 
Switched Mode Power Supplies (SMPS) 

AN 125 Progress In SMPS Magnetic Component Optimization •....•••.•.•.•••••.•.••••.... 
AN 127 Using the SAA 1027 with Alrpax Four-Phase Stepper Motors ..••••...•.•••...... 
AN128 Introduction to the Serles-Resonant Power Supply ..•.•.••..•...•.•......••.•..•.•• 
AN129 Design of Static Switching Circuits Using TDA1024 •..•••....•••••..••••••..••••••. 

Control Circuits 
AN130 
AN135 
AN136 
AN137 

Video 
Color Decoders 

AN155 
AN156 

Digital Tuning 

TOA 1559 Motor Speed Regulator with Thermal Shut·Down •....•••..•..•.•....•. 
Introduction to PWM Speed control System for 3-Phase AC Motors •••.•••• 
LSI Circuit for AC Motor Speed Control ...•••••.•..••••.....•••...•.••••.•...••••••••. 
Analog Control System for AC Motor with PWM Variable Speed Drive .•.•. 

Four Standard Color Decoder with Picture Improvement ..•••••••..••••••.••....• 
Appllcatlon of the N.T.S.C. Decoder: TDA3563 ••••••••••••.•••••....•••••••••••••.••• 

AN157 Microcomputer Peripheral IC Tunes and Controls a TV Set •.•.•••••••.••••••••• 
Synchronization Processing and Deflection 

AN 158 Features of the TDA2595 Synchronization Processor .•.•...•...•..•.....••.••...•• 
AN159 Full-Page Display Using Television Components ..•...••••.....••••.•.•..••••.•.•.••• 
AN161 A Very·Hlgh·Resolutlon Monochrome Data and Graphics Display Unit .•••••• 
AN162 A Versatile High-Resolution Monochrome Data and Graphics 

Display Unit •.•.•.•.•.••..•....•........•••...•..•••.•.....•••....•.••..•.•.••••..•.••••........ 

9-3 

9-10 
9-14 
9-24 

9-35 
9-60 

9-65 
9-73 

9-84 
9-96 

9-112 
9-114 

9-118 

9-127 
9-136 
9-141 

9-147 

9-163 

9-167 
9-170 

9-174 
9-184 
9-189 
9-197 

9-213 
9-219 
9-233 
9-244 

9-254 
9-267 

9-280 

9-284 
9-289 
9-295 

9-300 

9 



Slgnetlcs Linear Products 

Section 9 Applications 

Miscellaneous 

AN210 SO Package Tape and Reel................................................................. 9-305 
Application Notes by Part Numbers 

HEF4750 
HEF4752 

MAB8400 
MEA8000 
NE5539 
NE564 
PCD8571 
PCF8570 
PCF8574 
PCF8577 
PCF8591 
SA/NE602 
SA/NE604 
SAA1027 
SAA1057 

SAA1300 
SAA5025D 
SAA5030 
SAA5040 
SAA5045 
SAA5050 
SAA5230 
SAA5240 
SAA5350 
SAB3035 
SE/NE5560 
SE/NE5561 
SE/NE5562 
SE/NE5568 
SG3524 
SG3526 
TDA1013A 
TDA1024 
TDA1520A 
TDA1540 
TDA1559 
TDA2593 
TDA2595 

TDA2653 

TDA3047 

TDA3048 
TDA3505 
TDA3563 
TDA4555 
TDA4560 
TDA4580 
TDA7000 

TEA1042 

September 1985 

AN161: 
AN135: 
AN136: 
AN137: 
AN163: 
AN119: 
AN146: 
AN146: 
AN163: 
AN167: 
AN163: 
AN163: 
AN163: 
AN198: 
AN199: 
AN127: 
AN196: 
AN197: 
AN163: 
AN153: 
AN153: 
AN153: 
AN153: 
AN153: 
AN154: 
AN154: 
AN152: 
AN157: 
AN125: 
AN125: 
AN125: 
AN125: 
AN125: 
AN125: 
AN148: 
AN129: 
AN149: 
AN110: 
AN130: 
AN159: 
AN158: 
AN162: 
AN159: 
AN162: 
AN161: 
AN172: 
AN173: 
AN172: 
AN155: 
AN156: 
AN155: 
AN155: 
AN155: 
AN192: 
AN193: 
AN200: 
AN194: 

A-Very-High Resolution Monochrome Data and Graphics Display Unit ...... . 
Introduction to PWM Speed Control System for 3-Phase AC Motors ....... . 
LSI Circuit for AC Motor Speed Control .............................................. . 
Analog Control System for AC Motor with PWM Variable Speed Drive .... . 
Small Area Networks Using Serlal Data Transfer .................................. .. 
MEA800 Voice Synthesizer: Principles and Interfacing ............................ . 
Wideband FM Composite Video Fiber Optic Link .................................. .. 
Wideband FM Composite Video Fiber Optic Link .................................. .. 
Small Area Networks Using Serial Data Transfer ................................... . 
PCF8570: Twisted-pair Bus Carries Speech, Data, Text, and lmag88 ........ .. 
Small Area Networks Using Serial Data Transfer .................................. .. 
Small Area Networks Using Serlal Data Transfer ................................... . 
Small Area Networks Using Serial Data Transfer .................................. .. 
Designing with the SA/NE602 ............................................................ .. 
Designing with the SA/NE604 ...................................................... ; ...... . 
Using the SAA1027 with Alrpax Four-Phase Stepper Motors .................. .. 
Slngle-Chlp Synthesizer for Radio Tuning ............................................. . 
Analysis and Basic Application of the SAA1057 ................................... .. 
Small Area Networks Using Serial Data Transfer ................................... . 
The 5 Chip Set Teletext Decoder ........................................................ . 
The 5 Chip Set Teletext Decoder ....................................................... .. 
The 5 Chip Set Teletext Decoder ....................................................... .. 
The 5 Chip Set Teletext Decoder ....................................................... .. 
The 5 Chip Set Teletext Decoder ....................................................... .. 
Teletext Decoders: Keeping up With the Latest Technology Advances .... . 
Teletext Decoders: Keeping up With the Latest Technology Advances ... .. 
SAA5350: A Single-Chip CRT Controller ............................................... . 
Microcomputer Peripheral IC Tunes and Controls a TV Set ................... .. 
Progress In SMPS Magnetic Component Optimization ........................... .. 
Progress In SMPS Magnetic Component Optimization ........................... .. 
Progress in SMPS Magnetic Component Optimization ........................... .. 
Progress in SMPS Magnetic Component Optimization ........................... .. 
Progress in SMPS Magnetic Component Optimization ........................... .. 
Progress In SMPS Magnetic Component Optimization ........................... .. 
Audio Amplifier with TDA1013A ......................................................... .. 
Design of Static Switching Circuits Using TDA1024 .............................. .. 
20W HI-Fl Power Amplifier with the TDA1520A .................................... .. 
Monolithic 14-Bit DAC with 85dB S/N Ratio ......................................... . 
TDA1559 Motor Speed Regulator with Thermal Shut-Down ..................... . 
Full-Page Display Using Television Components .......................... , ......... . 
Features of the TDA2595 Synchronization Proc888 ............................... .. 
A Versatile High-Resolution Monochrome Data and Graphics Display Unit • 
Full-Page Display Using Televlalon Components ................................... .. 
A Versatile High-Resolution Monochrome Data and Graphics Display Unit • 
A Very-High-Resolution Monochrome Oats and Graphics Display Unit ..... .. 
Circuit Description of the Infra Red Receiver TDA3047/TDA3048 ........... .. 
Low Power Pre-Amplifiers for IR Remote Control Systems ..................... . 
Circuit Description of the Infra Red Receiver TDA3047/TDA3048 ........... .. 
Four Standard Color Decoder with Picture Improvement ....................... .. 
Application of the N.T.S.C. Decoder: TDA3563 ..................................... .. 
Four Standard Color Decoder with Picture Improvement ....................... .. 
Four Standard Color Decoder with Picture Improvement ....................... .. 
Four Standard Color Decoder with Picture Improvement ....................... .. 
A Complete FM Radio on a Chip ....................................................... .. 
TDA7000 for Narrow-band FM Reception .............................................. . 
IC's for Compact Audio Disc Decoders .............................................. .. 
TEA1042: Use In Loudspeaking Phone ................................................ .. 

9-2 

9-295 
9-219 
9-233 
9-244 
9-35 

9-147 
9-163 
9-183 
9-35 
9-60 
9-35 
9-35 
9-35 
9-10 
9-14 

9-184 
9-65 
9-73 
9-35 

9-136 
9-136 
9-136 
9-136 
9-136 
9-141 
9-141 
9-127 
9-280 
9-174 
9-174 
9-174 
9-174 
9-174 
9-174 
9-167 
9-197 
9-170 

9-3 
9-213 
9-289 
9-284 
9-300 
9-289 
9-300 
9-295 
9-112 
9-114 
9-112 
9-254 
9-267 
9-254 
9-254 
9-254 
9-84 
9-96 
9-24 

9-118 



Signetlcs Linear Products Application Note 

Monolithic 14-Bit DAC with 85dB S/N Ratio AN110 

R. J. v. d. PLASSCHE 

The introduction of digital signal processing in sound 
recording and reproduction systems imposes stringent 
requirements on the performance of digital-to-analogue 
converters (DACs). Many of these systems demand con­
verters with up to 16-bit resolution to obtain sufficiently 
high signal-to-noise ratio and good linearity. 

The TDAI 540 is the first monolithic bipolar 14-bit 
DAC with a signal-to-noise ratio of 85 dB (typ) for audio 
signals, sampled at 44 kHz. It uses a new .method of 
current division, called dynamic element matching, to 
achieve high-accuracy binary-weighted currents. with 
long-term stability. Dynamic element matching combines 
passive division with a time djvision concept which 
eliminates resistor trimming. 

In addition, the IDA! 540 features: 

- on-chip serial-to-parallel shift register and data latches, 

- on-chip current reference, 

- inherent monotonicity from -25 to +70°C, 

- TTL compatible input, 

serial data input (offset binary) which reduces feed­
through and correlated noise, 

improved bit switching - no deglitching circuit 
required. 

Table I gives further data on the TDAI 540. 

STANDARD DIGIT AL-TO-ANALOGUE 
CONVERSION TECHNIQUES 

Monolithic DACs widely use an R-2R tesistive ladder 
network with multiple-emitter terminating transistors to 
generate binary-weighted currents. These currents are 

switched by digitally-controlled switches (bit switches) 
to a summing point; thereby digital-to-analogue signal 
conversion is performed. Figure I shows a DAC of this 
type. 

Trere are two problems in the design of an R-2R 
DAC: the weighting accuracy of the binary currents 
which is set by the tolerance of the resistors and tran­
sistors, and the switching of the accurately weighted 
binary currents without glitches which determines the 
dynamic perfom1ance. Regarding the problem of accu­
racy, Table 2 shows that it is straightforward to integrate 
DA Cs having up to I 0 bits; a I 0-bit converter requires a 
512: I current division, i.e. requires resistor tolerance 
better than 0.05%. Twelve-bit converters usually need 
laser trimming of thin-film resistors, or trimming of the 
binary-weighted currents using Zener zapping to achieve 
12-bit accuracy. 
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Vref 

-lout 

Fig.1 3-bit binary-weighted R-2R digital-to-analogue 
converter 
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Resolution 

TABLE I 
TDAIS40 data 

14 bits 

BS dB Signal-to-noise ratio• (typ,) 

Linearity (typ.) t%LSB at.T amb = 25 •r 

Full-scale current (typ.) 

Settling tlm~ to ±~LSB 

t'lzLSB -20°r < Tamb < +10°c 
4mA 

(for a full-scale change) 

Maximum input bit rate 

Power dissipation 

Supply voltages 

Encapsula lion 

typ, I µs 

12 Mbit/s 

350mW 

+5 V, -5 V and -17 V 

28·pin ceramic DIL 

•measured between 31,5 Hz and 20kHz at a sampling frequency 
of 44kHz. 

TABLE 2 
Matching tolerance of different types of resistor 

matching tolerance 

fabrication process a(%) mean(%) 

IOµm 40µm IOµm 40µm 
----
Diffusion 0.44 0.23 -0.l 0.07 
Thin-film 0.24 0.11 -0.1 -0.06 

Ion implantation 0.34 0.12 -0.04 0.05 

Resistor linewidth 10 µm and 40 µm. 

It is questionable how successfully trimming can be 
applied to 14 or 16-bit converters. Mounting the chip 
after trimming can change the resistances; trimming after 
mounting can be expensive. Long-term stability may be 
a problem too. Furthermore, the cost of laser trimming 
in large-volume production can be significant. 

In the TDAI 540 trimming has been eliminated by 
dynamic element matching. 

DYNAMIC ELEMENT MATCHING 

Basic current divider 
Figure 2(a) shows the block diagram of the divider. It 
consists of a passive current divider and a set of switches 
driven at a frequency f by a clock pulse generator. 

The· input current 21 is divided into two nearly equal 
parts: I 1 = I+ Al and 12 =I - Al. Then, I 1 and 12 arc 
interchanged with .respect to the output terminals 3 and 
4 for equal times by means of the switches. The average 
current at each output terminal is then exactly equal and 
has a value I, see Fig.2(b ). 
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There is a small ripple current 2Al (p-to·p) of frc. 
quency r on t.he output currents. This ripple is propor· 
tional to the accuracy of current division by the passive 
divider. By using a simple low-pass filter to suppress the 
ripple an exact current ratio of 2: I (input-to-output) is 
obtained. 

If the time that I 1 and 12 are switched to each output 
differs by At, see Fig.'.!(b), there will be an error in their 
I: I current ratio of (At/t)(Al/I). For AI/I ,., I% and 
At/t ,., 0.1 %, this error is -=0.00 I%. 

CLOCK 

_,,,,,_ 
.nn 

3 outputs 4 

! 13 !14 

SWITCHES 

+2 
PASSIVE 

CURRENT DIVIDER 

input 

7Z89033 

(al Basic current divider using dynamic element matching 

It• l+AI 
12• I-Al 

tt = t+At 
t2-t1 = t-At 

(bl Output currents 13 and 14 

Fig.2 
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By cascading divider stages an accurate binary­
weighted current network is formed. However, in a 
practical circuit, each stage requires a minimum supply 
voltage of "'2 V. This leads to an impractically large 
supply voltage for a 14-bit current network. Therefore, 
an improved divider is used which gives more weighted 
currents in one current interchange. 

Improved divider 

In the improved divider, a current 41 is divided into four 
nearly equal parts: I+ Li.1 I, I+ Li.21, I+ L!.31 and I+ L!.41, 
see Fig.3(a). Note that L!.1 + ti.2 + L!.3 + L!.4 = 0. 

These currents are fed into a switching network which 
interchanges all the currents with respect to the output 
terminals for equal times. The switches are controlled 
by signals from a 4-bit shift register. 

At the output of the switching network, two currents 
are combined; thus, the output currents have average 
values of 21, I and I, Fig.3(b). All currents have a ripple 
of frequency f/4 (the time for one complete interchange 
of the four currents being 4/f). Timing errors in the 
current switching have the same effect on accuracy as 
for the basic divider. 

Figure 4 shows the circuit diagram of a practical 
current divider. Transistors TRI, TR2, TR3 and TR4, 
with the resistors R divide the current 41 into four 
nearly equal currents. These currents are fed into the 
switching network which consists of Darlington tran­
sistor switches to minimise base current. loss. Two 
currents are summed directly giving an output current of 
21 (av.). A 4-bit shift register controls the transistor 
switches which for accurate current division must have 
high current gain. 

SHIFT 
REGISTER 

CLOCK 

(al 

Fig.3 

BINARY-WEIGHTED CURRENT NETWORK 

By cascading divider stages, a binary-weighted current 
network is formed, see Fig.5. In the first stage the on­
chip reference current source lref and a current amplifier 
form an accurate current mirror. The reference current 
is used as the most significant bit current, which elimi­
nates filtering. 

To obtain 14-bit accuracy, a choice can be made 
between the number of switched and unswitched current 
dividers. The minimum supply voltage decreases as the 
number of unswitched dividers increases. However, the 
number of unswitched dividers is limited by circuit 
yield. Five switched dividers followed by a 4-bit passive 
divider using emitter scaling represents the best compro­
mise between supply voltage and circuit yield. 

FILTERS AND BIT SWITCHES 

Figure 6 shows how the output currents of a switched 
divider stage are filtered and switched to the output. 
RICI and R2C2 form first-order filters (the capacitors 
are connected externally). Darlington transistors TR3, 
TR4 and TRS, TR6 isolate the filters from the switching 
of the binary-weighted currents to the output (bit 
switching). Bit switching is performed with a diode­
transistor configuration TRI, DI and TR2, 02, enabling 
fast and accurate switching with no loss of base currents. 

Individual filtering of bit currents minimises the noise 
of the TOA 1540 output current. and makes the con­
version time solely dependent upon the speed of the 
bit switches. 

'-411-' 
7Z89039 

{bl 

(al Improved current divider. (bl Output currents 11, 12 and 13 
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Fig.4 Circuit diagram of the practical current divider 

14 13 12 11 10 9 8 7 6 5 4 3 2 1 
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Fig.6 Binary-weighted currant network 
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Fig.6 Filtering and switching the binary-weighted 
currents to the output 
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COMPLETE 14-BIT DAC 

Figure 7 is the block diagram of the complete DAC. It 
shows the 14-bit binary-weighted current network, the 
reference current source, individual bit-current filters 

and the bit switches. The shift register that controls the 
Darlington transistor switches is at the bottom of the 
figure. 

digital 0 
input o---='---l 

EP SERIAL-PARALLEL SHIFT REGISTER 

LE 

INDIVIDUAL 
BIT CURRENT 

FILTERS 

4-BIT SHIFT REGISTER 

~ 

14 

LATCHES 

14 

BIT SWITCHES 

14 

ISOLATION 

analogue 
output 

MSB 

rB 2-7 2-6 2-5 2-4 2-3 2-2 r' 20 2' 
mA mA mA mA mA mA mA mA mA mA 

SWITCHED 
CURRENT DIVIDER 

SWITCHED 
CURRENT DIVIDER 

SWITCHED 
CURRENT DIVIDER 

SWITCHED 
CURRENT DIVIDER 

7Z89043 

Fig.7 Block diagram of the TOA 1540 
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Fig.8 Circuit diagram of a voltage-output digital-to-analogue converter using the TOA 1540 

>40ns 

7Z89038 

Fig.9 TOA 1540 timing diagram 
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Fig.10 Non-linearity of the TOA1540 as a 
function of temperature 
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Fig.11 Arrangement for measuring dynamic performance 
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Fig.12 Distortion of an output sinewave of frequency 600 Hz, 5.5 kHz and 18 kHz, respectively. 
Vertical scale 10d8/div., horizontal scale 2 kHz/div. Bandwidth 30 Hz 

Figure 8 shows how to obtain a voltage output using 
the TDA 1540 with an operational amplifier. 
Figure 9 shows the input data format D, and the cor­
responding timing signals CP (clock input) and LE (latch 
enable). 

PERFORMANCE 

Linearity 

A DAC is monotonic if the non-linearity is less than 
±\'2 LSB. Figure 10 shows that the non-linearity of the 
TOA 1540 is typically less than \'ZLSB (3 x I o·s) over the 
temperature range -20 to +70 °C. 

Dynamic performance 

Figure 11 shows the arrangement used to measure 
dynamic performance. A digital sine wave source pro­
duces 14-bit words which are latched at 44 kHz. The 
outputs of the latches drive directly the bit switches of 
the converter. A high-speed operational amplifier with 
feedback resistor R converts the output current of the 
converter into a voltage suitable for examination by 
spectrum analyser and oscilloscope, or distortion analyser. 

Figure 12 shows the results of spectrum analysis. For 
sine waves of 600 Hz, 5 .5 kHz and 18 kHz, distortion is 
about -90 dB with respect to the maximum sine wave 
output. Note, -90 dB is the limit of resolution of the 
spectrum analyser. 

Figure 13 shows oscillograms of the filtered and un­
filtered output signals. The low-pass filter introduces a 
delay in the output signal. 

APP LI CA TIO NS 

Dynamic element matching is a simple, accurate and 
reliable method of current division for high-accuracy 
monolithic DACs; the resulting dynamic performance of 
the TDA 1540 makes it ideal for sound reproduction and 
recording systems. 

9-9 

Fig.13 Filtered and unfiltered output signals: 
above, 1 kHz; below, 6.3 kHz. Vertical scale 0.33 volt/div. 

Its 15-bit linearity also makes it suitable for applica­
tions that do not require 14-bit resolution, but demand 
high linearity to improve relative accuracy. Such applica­
tions include graphic display systems, electron-beam 
recording and nuclear instrumentation. 

The TDA 1540 easily fulfills the requirements of a 12-
bit DAC' for telephony. For instrument manufacturers. 
the TDAI 540 can extend present limits of performance 
of distortion meters, spectrum analysers, sine wave and 
other signal generators. 

The use of over-sampling techniques with the 
TDA 1540 further improves the S/N ratio in audio 
applications and simplifies output analogue filters. 
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INTRODUCTION 
The SA/NE602 represents a new in­
dustry standard for low power, double­
balanced mixers. This device also in­
cludes an on-board local oscillator and 
voltage regulator. Typical power supply 
requirements are 2.SmA at 6 volts for a 
conversion gain of 20dB and a noise 
figure of 5dB with operation up to 
200MHz. The SA/NE602 is available in 
either an eight pin DIP or a surface mount 
package. These specifications render this 
device an ideal choice for portable bat­
tery-operated applications. 

CIRCUIT CONFIGURATIONS 
Figure 1 shows a simplified block diagram 
of the SA/NE602. A multiplier "Gilbert 
Cell" is used as the mixer portion of the 
device with the input differential amplifier 
providing most of the conversion gain. 
This differential amplifier also serves as 
an input balun which helps reduce the 
second-order distortion products. 

Figure 2 shows some possible balanced 
and unbalanced input and output circuits 
while Table 1 summarizes these config­
urations' relative advantages and disad­
vantages. 

Figure 3 shows the internal circuitry 
adjacent to the device pins. The oscillator 
can be configured with a crystal, a tank, or 
as a buffer/driver for an external oscillator. 
When used as a buffer amplifier, optimum 
performance will be achieved when pin 6 is 
driven with a 200 to 300mV RMS signal. 

September 1985 

This LO amplitude tolerance becomes 
more critical as the LO frequency ap­
proaches the 200MHz maximum. Figure 4 
shows a typical test circuit for the SA/ 
NE602. For this circuit it is important to 
specify the parallel mode crystal fre­
quency and use a crystal with a loading 
capacitance of 5pF. 

DESIGN DATA 
Figure 6 shows typical intermodulation 
and compression point performance of 
the SA/NE602. The compression point 
defines the upper limit of the effective 
mixer dynamic range at about -25dBm. 
This level is mainly a function of the circuit 
insertion loss prior to the 602 input. The 
input third order intercept point is shown 
here at the minimum value of -15dBm, 
and, as such, can be considered a worst 
case condition. 

The remaining charts show various mixer 
parameters over temperature and supply 
voltage variation. The overall optimum 
supply voltage is 6 volts, and this value 
is thus recommended. Unless specifically 
indicated, Figure 4 was the test circuit 
used to produce the data. The frequency 
schemes used here are typical of those 
found in cellular radio applications em­
ploying a 455kHz 2nd IF. All of the major 
specifications are nearly constant over 
the 200MHz frequency range with the 
exception of the LO drive level tolerance 
and device impedances. 

9-10 
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AN198 

OSCILLATOR ALIGNMENT 
The objective in measuring the crystal 
oscillator frequency in a production en­
vironment is to read the data without 
loading the circuit. This can be accom­
plished by using one of two methods. 
The first uses a small inductive loop 
placed near the oscillator circuit. The loop 
feeds a suitable amplifier which drives a 
counter. The second method takes ad­
vantage of LO leakage into the output. 
Again, with the oscillator running and no 
RF input signal present, the 602 output 
is connected to an amplifier and counter. 
The single-ended output configuration will 
provide more LO leakage and the mixer 
itself will act as a buffer. 

Written by: Bob Zavrel 
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GND 

Figure 1. SA/NE602 Functional Diagram 
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NE802 

A. Slngl•Ended Input 

NE802 

C. Slngl•Ended Output 

FILTER 

NE802 

B. Balanced Input (for attanuation 
of second order products) 

NE802 
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D. Balance Output (for 3dB output improvement) 

Figure 2. CircuH Configurations 

TABLE 1 
ADVANTAGES DISADVANTAGES 

Input Single· No sacrifice in 3rd Increase in 2nd 
Pins ended order performance, order products 
1 &2 simplified circuit 

Balanced Reduce 2nd order Impedance match 
products more difficult to 

achieve 

Output Single- Simple interface 3dB reduction in 
Pins ended \ to filters output, less RF and 
4&5 LO isolation 

Balanced 3dB Improvement in more complex 
output, better LO circuitry required 
and RF isolation at 
the output 
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Figure 3. SA/NE602 Equiv Circuit 
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Figure 4. Typical Application 
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Designing with the SA/NE604 

INTRODUCTION 
The SA/NE604 represents a new standard of 
performance in low power FM IF integrated 
circuits. Originally designed for cellular radio 
applications, the 604 is also well suited to 
other radio frequency circuits where good 
performance and low power consumption are 
the important design considerations. When 
used with its companion double-balanced 
mixer, the SA/NE602, a low power system 
solution for the cellular radio and other RF 
applications is realized. (Reference 1 ). 

Figures 1 and 2 show the device pin-out and 
a functional diagram of the 604. The device 
provides an IF amplifier, quadrature detector, 
received signal strength indicator (RSSI), and 
mute circuit Two detector outputs are provid­
ed for audio and data information with the 
audio output being controlled by the mute 
circuit. 

CIRCUIT OVERVIEW 
The IF amplifier consists of five differential 
stages with a total gain of about 90dB. 
Provision is made for an external inter-stage 
filter to reduce broadband noise and increase 
receiver selectivity. The differential input to 
the first IF section appears at pins 15 and 16. 
One pin is usually AC-coupled to ground (pin 
15) with pin 16 used as the "high" input. The 
first IF section has a typical gain of 40dB with 
its output appearing on pin 14. Similar to the 
first IF section, the second section uses a 
differential input appearing at pins 12 and 11, 
with pin 11 usually AC-coupled to ground. The 
five stages are identical and any one may go 
into limiting, depending on the RF input level. 

The interstage filter can be ceramic, crystal, 
or an LC circuit. RSSI tracking is optimized 
when the filter circuit loss is 6dB. The output 
impedance of both amplifier sections (pins 14 
and 9) is about 1 K ohms. For convenience, 
an "L" pad circuit showing 6dB loss is shown 
in Figure 3. This circuit allows observation of 
the RSSI response without using a filter. 

The quadrature detector multiplies two IF 
signals to produce the audio output. One of 
the IF signals is differentially phase shifted t>Y 
an external quadrature tank or discriminator 
circuit connected between pins 8 and 9 
(Figure 4). The second IF signal is fed to the 
other detector input internally. Figure 5 shows 
the desired phase/frequency response of the 
quadrature-tuned circuit. A detailed mathe­
matical explanation of detector operation can 
be found in Reference 2. The detected audio 
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appears at the data terminal (pin 7) and, via 
the mute circuit, at the audio (pin 6) terminal. 

The cellular radio specHications call for a 
logarithmic signal strength indicator accurate 
within 3dB over an 80dB dynamic range. The 
604 meets this requirement with an effective 
technique. A sample current corresponding to 
the output of each IF stage is fed to a 
summing amplifier. The output of this amplifi­
er provides a current source which is reflect­
ed by a current mirror. The current mirror 
output that appears on pin 5 provides the 
logarithmic RSSI information. It is usable over 
a 90dB dynamic range with 1.5dB accuracy. 
Typically, a 1 DOK ohm resistor is used to 
convert the RSSI current to a voltage which is 
logarithmically proportional to the received 
signal strength. 

PACKAGING 
Both the SA/NE604 and its companion dou­
ble balanced mixer, the SA/NE602, are avail­
able in either the plastic dual-in-line "DIP" or 
surface mounted "SO" packages. The NE 
prefix specHies a O to+ 70°C operating tem­
pera tu re range while SA specifies-40 
to+ 85°C operation. The extensive tempera­
ture data presented in this application note 
pertain to both the SA and NE devices. 

TYPICAL APPLICATIONS 
Figure 6 is a simplified schematic diagram of 
the 604 which details the internal circuitry 
adjacent to the device's pins. This should 
help the designer match impedances to ex­
ternal circuitry. Figure 7 shows the schematic 
diagram of a typical test circuit using the 604 
and 602. 

The quadrature tuned circuit (F3) shifts the 
phase of the IF signal as shown in Figure 5. 
Low distortion demodulation is obtained if the 
IF signal deviation is restricted to the linear 
portion of the S-curve; There are three vari­
ables affecting quadrature linearity: circuit Q, 
deviation, and IF frequency. If the deviation is 
increased, the Q must be decreased for a 
given degree of linearity. The circuit Q will 
also affect the demodulated signal level. A 
higher Q will yield a higher audio output from 
the quadrature detector since the phase shift 
will be greater for a given deviation. The 
quadrature Q must be optimized for a given 
frequency deviation, IF frequency, and de­
sired linearity. A loaded Q of about 20 is 
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typical for narrow band FM applications using 
a 455kHz IF. 

The supply voltage for the 602/604 pair can 
range from 4.5 to 8 volts. Optimum overall 
performance is realized at 6.0 volts for the 
device pair. Several operation parameters are 
plotted for supply voltage as well as tempera­
ture. 

Quadrature detector linearity can be affected 
by temperature variations. LC circuit reso­
nances will drift as the coil and capacitor 
values change with temperature. This effect 
becomes more critical with increased circuit 
Q. If wide temperature variations are ex­
pected, careful choice of circuit components 
can minimize this effect. Most inductors have 
positive temperature coefficients (increase of 
inductance with increase of temperature). If a 
negative coefficient capacitor is chosen to 
compensate the inductor, the resonant fre­
quency will track over temperature. 

Since a bipolar current source is used to 
provide the RSSI function, the current will 
change with temperature. An increase in 
temperature will result in an increase in RSSI 
indication (Figure 8, uncorrected response). 
The circuit shown in Figure 9 will "smooth" 
the response over temperature by dropping 
the load impedance presented to pin 5 as 
temperature increases (Figure 8, corrected 
response). 

All the major performance parameters of the 
604 are shown in Figure 1 o. Figure 11 illus­
trates a typical test set-up for measuring 
many of the discussed parameters. Figures 
12 to 25 provide a comprehensive guide to 
604 performance over temperature and other 
variables. 

USE AS A FIELD STRENGTH/ 
RF VOLTMETER 
As stated eaMier the RSSI function is usable 
over a 90dB dynamic range. This function 
taken alone can provide a useful RF voltme­
ter function. The circuit in Figure 26 can be 
used as a field strength or RF voltmeter 
application. A linear readout device can be 
calibrated directly in decibels or logarithmical­
ly for power, current, or volts. 

USE AS AN AM SYNCHRONOUS 
DETECTOR 
The 604 can also be used as an AM envelope 
detector. The IF signal is fed to both the 604, 
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as in the FM application, and to an additional 
linear IF amplifier (Figure 27). The linear 
amplifier then feeds the quadrature detector 
which mixes with the AM limited carrier and 
demodulates the envelope. 1 % THD is ob­
tainable with this technique with a 90% AM 
modulated signal. 

USE AS A PRODUCT 
DETECTOR 
Figure 28 shows how the 604 can be used as 
a product detector for SSB or DSB. In this 
case the LO is applied to the 604 IF amplifier 
and an external linear IF amplifier is used for 

the SSB or DSB signal. The 604 quadrature 
detector then acts as the product detector. 
With the addition of a simple switching array, 
a single 604 can be used for FM, AM, or SSB 
detection in a communications receiver! 

REFERENCES 
1. Zavrel, R.: Signetics AN198 Designing With 
the SAINE 602, December, 1984. 

2. Hayward, W.: Introduction to Radio Fre­
quency Design, 1982, Prentice-Hall. 

Written by Bob Zavrel 

Figure 2. Block Diagram 
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AF0139CIS 

Figure 6. Appllcatlon Demonstration Board 
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C1 47 pF 2% 100V N750 Ceramic 
C2 220pF 2% 100V N750 Ceramic 
C3 0.1 µF 10% 50V Polyester 
C4 10nF 80% 63V K10000 - 25X Ceramic 

20% 
cs 0.1µF±10% SOV Polyester 
C6 5.6 pf± 25% 100V NPO Ceramic 
C7 22pF± 2% 100V N150 Ceramic 
C6 1nF±10% 100V K2000 - Y5P Ceramic 
C9 0.1µF±10% 50V Polyester 
C10 0.1µF±10% sov Polyester 
C11 6.8µF:!:20% 25V Tantalum 
C12 1 nf±10% 100V K2000 - Y5P Ceramic 
C13 15nF±10% SOV Polyester 
C14 10pF± 2% 100V NPOCeramic 
C15 0.1µF±10% sov Polyester 
C16 0.1µF±10% sov Polyester 
C17 0.1µF±10% 50V Polyester 
C18 150pf± 2"/o 100V N1500 Ceramic 
R1 1.5 K± 5% 1/8W Carbon Composition 
R2 100K± 1% 1/4W Metal Film 
RFC 5.5µH RF Chocke J.W. Miller 542 - 4609 
L1 0.209 - 0.283 µH Adjustable VHF Coil Miller 48A257MPC 
L2 0.5-1.3,u.H Adjustable Coil 1811 - 0036TW 
F1 455 kHz Ceramic Filter Murata SFG 455A3 
F2 
F3 455 kHz IF Filter Toko A2549 
X1 44.545 MHz Third Overtone Crystal 

Figure 7. Application Test Board Parts 

RL=100Kfi 
A= -113 dBm= 2.7 µV 

10 100 1K 10K 100K 

1500!1 INPUT SIGNAL STRENGTH (µVJ 

Figure 8. RSSI vs. Signal Strength 
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SA/NE804 
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Figure 9. Temperature Compensated RSSI Circuit 
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J. MATULL 

One side of a 12 cm Compact Disc stores an hour of stereo 
music in the form of a helical track of tiny pits and flats 
rep re sen ting more than five billion data bits. During playback, 
the pits scatter the light from a small semiconductor laser, 
the flats reflect it onto a photodetector. The data bits are 
recovered at a rate of 4.3 million bits/s and converted into 

· a PCM signal from which the original audio waveform is 
accurately reconstructed without the degradation associated 
with analogue reproduction systems. 

The change to digital signal processing leaves all analogue 
problems such as wow and flutter and crosstalk behind. 
Owners of a Compact Disc player will therefore be able to 
enjoy music of a quality unequalled by that available from 
disc or tape. Compact Disc players can be programmed to 
access individual pieces of music and reproduce them in any 
order desired by the listener. Some other possible features, 
not easily implemented in a conventional LP disc system, 
are the display of elapsed/remaining playing time, auto­
matic switching of de-emphasis circuits and search and 
repeat functions. 

Compact OiM: 

DECODING 

USER 

INTERFACE 

~---- 7.Z86626 

Fig.1 Functional schematic of a Compact Disc player. 
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Development decoder board which performs more than 4 million 
decoding, control and errorwcorrection operations every second of 
playback of a Compact Disc. The four new NMOS LSI circuits at 
the heart of this mammoth processing task enable a complete decoder 
controlled by one master clock to be assembled on one small singlew 

sided board 1~220 cm') 

Figure 1 shows the main components of a Compact Disc 
player. This article describes the decoding section for 
which four new NMOS LSI circuits have been developed: 

SAA7010, demodulator IC (28-pin DIL). 

SAA 7020, error correction IC ( 40-pin DIL). 

SAA7000, interpolation and muting IC (18-pin DIL). 

SAA7030, digital oversampling filter IC (24-pin DIL) 
used with the TDA1540 DAC (28-pin DIL) in a unique 
16-bit digital-to-analogue conversion system. 
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Fig.2 Compact Disc encoding system 

These circuits are in standard OIL packages, require only a 
few peripheral components and are controlled by one 
master clock. Because of a high degree of integration, a 
complete decoder from h.f. input to audio output can be 
built on one small ("'220 cm 2) single-sided printed circuit 
board. 

The !Cs are key components determining the per­
formance of a Compact Disc player. Before describing them 
and the decoding process, it will be helpful to describe 
briefly the digitising and encoding of audio signals onto a 
Compact Disc. Figure 2 shows the encoding process. 

ENCODING THE DIGIT AL AUDIO 

The first step is to sample the analogue audio and convert 
the samples to 16-bit PCM signals. Since the frequency 
spectrum of impulse-sampled audio signals is simply double 
sidebands of the audio signal spectrum repeated at multiples 
of the sampling frequency, the analogue input signals are 
first passed through a low-pass filter with sharp cut-off 
which limits their bandwidth to less than half the sampling 
frequency. This prevents intermodulation distortion due to 
aliasing. If required, the filtered analogue signals can be 
passed through a pre-emphasis network to improve signal-to­
noise ratio (SNR). 

The analogue signals are sampled at 44.1 kHz. The output 
of the sample and hold circuit is a flat-top PAM signal, 
whose pulse heights correspond to the audio signal ampli­
tudes at the sampling instants. 

Each sample is held long enough for the previous one to 
be converted to a 16-bit 2's complement number by an 
analogue-to-digital converter (ADC). Sixteen-bit quantisa­
tion gives extremely high resolution, the maximum SNR of 
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a 16-bit PCM signal being ,,,9g dB ( 6n + 1.8 dB, where n is 
the number of bits used to express each quantisation level). 

Channel separation in Compact Disc digital audio is 
almost total, because the data of the left channel are com­
pletely independent of those of the right. 

The 16-bit binary words from the ADC go to a multi­
plexer which sends a serial data stream of alternately 16 
left channel bits and 16 right channel bits to an error-cor­
rection encoder. 

Sixteen-bit quantisation solves one problem associated 
with any digital audio system - quantisation noise. Another 
- drop-out (the loss of single or several data bits in the 
recovered data) - is overcome in the Compact Disc system 
by the method used for encoding the digital data prior to 
recording the Disc. This enables any errors in the signal read 
from a Compact Disc, which could cause distortion, to be 
detected and corrected during playback. A powerful 
multiple-error-correcting code called the Cross Interleave 
Reed-Solomon Code (CIRC) is used. This code is based on 
parity bits and an interleaving (rearranging) of the digital 
audio samples in time. 

This code can correct a drop-out in which up to about 
3500 successive bits are lost (equivalent to a track length 
on the disc of about 2.4 mm). Beyond this, it enables the 
loss of up to about 12 000 bits, occupying a track length of 
8.5 mm, to be compensated by interpolation. This, plus the 
track being beneath a protective layer, is why a Compact 
Disc is insensitive to scratches and dirt on its surface. 

Figure 3 shows the principle of interleaving. In Fig.3(a), 
a sequence of signal processing events is shown without 
interleaving. An audio signal is sampled at instants 1, 2, 3 
etc., digitised and the data representing the samples recorded 
onto disc. If there is a drop-out while reading the disc, some 
words will be missing in the received data. In Fig.3(a), three 
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words are missing. If the length of the drop-out region is 
greater than the error correction ability of the decoder, the 
missing values cannot be reconstructed and the audio output 
has to be muted in order to avoid audible clicks in the 
reproduced sound. 

In Fig.3(b ), the same sequence of events is shown, this 
time with interleaving of data. The original audio signal is 
sampled, but the sequence of the samples is then rearranged 
prior to recording on disc. For the same drop-out as before, 
three words are again missing. After the original sequence 
of the data words is restored, the drop-out region is spread 
out in time, but now there are only single errors (dashed 
lines) which can be easily corrected. 

The Compact Disc system enables many features, not 
possible with the microgroove record system, to be in­
corporated in the new players. For example, signals can be 
added to mark the pause between two successive pieces of 
music and used to implement search and repeat functions, 
or to indicate remaining/elapsed playing time, titles and 
composers. This control and display information (known as 
subcoding information) must be inaudible and so is encoded 
separately by the control and display encoder. The 8-bit 
output of this encoder means eight information channels 
can be recorded. Since the subcoding information is gener­
ated and recorded bit-serially, there must be provision for 
recognising the beginning of a block of subcoding data. 
There are two outputs from the encoder, one carrying the 
data, the other synchronising the data blocks. 

The subcoding data and the 8-bit serial words from the 
error correction and encoding unit, which are either data or 
parity words, pass through a multiplexer to the channel 
modulator. The sync generator creates a unique pattern, 
not contained in the normal data, which identifies the 
beginning of each frame of data. 

WITHOUT INTERLEAVING WITH INTERLEAVING 

I ~ odg;ool •od;o 

./' ~ waveform 

1 2 3 4 ~ ~ a ~ 
I~ 
1~~~5~7~9 

I 11 I I 1 

data sequence 
on disc 

11 1 I II 
'2 ' 3 ' 4 2' 

I 11 I I 
data after 

I I 1 

reading 

(with drop·out) 

I 11 I I 
data after 

I 1. I . I 
de-interleaving 

l I I 
(a) (b) 7ZB6529 

Fig.3 Principle of interleaving 
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The output data of both the error correction encoding 
unit and the control and display encoding unit are in non­
return-to-zero (NRZ) format. Data in NRZ format are not 
suitable for recording onto disc, because the bit clock 
cannot be recovered from the data stream during playback. 
In addition, the data stream may contain low-frequency 
components which could interfere with the servo systems in 
the player, controlling the disc rotation and the tracking/ 
focusing of the laser pick-up. The NRZ data is converted to 
another code in the channel modulator, whose output is 
then recorded on disc. 

The requirements of a code for an optical audio disc 
system are: 

bit clock can be regenerated from the data 

low spectral power at low frequencies 

permits read-out at high information density 

small error propagation. 

The encoding procedure used is called Eight-to-Fourteen 
Modulation (EFM). As the name implies, each group of 8 
data bits (called a symbol) from the error correction en­
coder, or from the control and display encoding unit, is 
encoded into a group of 14 bits. To ensure that the bit 
clock can be regenerated from the data, and to permit the 
reading of high-density information, there are always at 
least two Os between successive 1 s and no more than ten 
consecutive Os in a 14-bit EFM word. The transmitted in­
formation is contained in the transitions which are in­
dicated by the ls. There are 277 combinations of 14 bits 
which satisfy the constraint of at least two Os. Deleting the 
21 patterns with ten or m_ore Os in a row leaves 25 6 com­
binations, which gives a one-to-one correspondence be­
tween 8-bit NRZ data and 14-bit EFM data. Code con­
version can therefore be done easily, via a T flip-flop, using 
a look-up table stored in a ROM. 

The 14-bit blocks generated cannot, however, be con­
catenated without violating the constraint of the two to ten 
Os at the block boundaries. Therefore, three merging bits 
are inserted between successive 14-bit blocks. These bits do 
not contain audio or control/display information and are 
skipped by the decoder. The d.c. content of the bit stream 
can be controlled by inserting a transition in the merging 
bits, if the constraints are not violated. The decision to 
insert is made using advance knowledge of symbols. 

Because of the requirement for regenerating the bit 
clock, synchronisation is necessary. This is achieved by 
dividing the bit stream into frames and adding a unique 
pattern to each. Each frame contains: 

a synchronisation pattern 
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twelve 16-bit data words representing 6 stereo samples 
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Fig.4 Data stream after Eight-to-Fourteen Modulation (EFM) 

The 16-bit data and parity words are split into 8-bit words 
before EFM encoding. 

The total number of channel bits per frame after encoding 
is 588, comprising: 

- 24 sync pattern bits 

336 (12 x 2 x 14) data bits 

112 ( 4 x 2 x 14) error correction bits 

14 control and display bits 

102 (34 x 3) merging and d.c. control bits. 

Figure 4 shows the arrangement of the bit stream after EFM. 
Since EFM is based upon a block structure of 8-bit input 

data, it is well suited for the CIRC error correction system, 
also based ·on blocks of eight consecutive data bits. Propaga­
tion of errors is limited to the eight bits in a symbol. 

DECODER 

The function of the decoding system of a Compact Disc 
player is to regenerate both analogue audio channels from 
the h.f. data stream retrieved from the disc by the laser 
pick-up. Figure 5 shows the block diagram of a decoder 
and the !Cs used: 

5882016 

2K8 RAM 

13 

• SAA 7010, for the signal processing tasks of demodulation. 
Converts the data stream from the laser pick-up back to 
its original format, regenerates the bit clock from the 
data stream, and separates the data representing the re­
corded sound from control and display data. 

• SAA7020 and an SBB2016 RAM. 
De-interleave the demodulated data from the SAA7010, 
and detect and correct errors in the data stream. The 
SAA 7020 generates an unreliable data signal if it is 
unable to correct an error. The SAA 7020 also removes 
jitter in the data by resynchronising the data to a clock 
derived from a crystal oscillator. 

• SAA 7000, for interpolation and muting. 
Reconstructs audio data by interpolation should the 
SAA 7020 be unable to correct any single samples in 
error; mutes consecutive erroneous samples. 

• SAA7030 and two TDA1540s for digital-to-analogue 
conversion. SAA7030 increases the SNR of the 16-bit 
data stream containing the audio information by 13 dB 
so that 14-bit DACs can be used with no loss of quality 
in the reproduced audio. 

Figure 6 shows the demodulation, error correction and 
muting section of the decoder in more detail. Figure 8 
shows the 16-bit digital-to-analogue conversion section. 
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Fig.5 Block diagram of a Compact Disc decoder 

9-27 September 1985 

9 



Slgnetlcs Linear Products 

ICs for Compact Audio Disc Decoders 

+OV 

HFI 8 

100kn Fi 10 

100nF 

~1--~~--.~--~=t-•I 

Ukn 

100nF 

15nF 

560kn 

15nF 

580k0 

s.&kn 

~­SAA 7020 

-SAA7010 

HFi 7 

100kn FB 9 

SAA7010 

LEVEL 

DETECTOR 

-2,5V +OV •12V 

v,. VDD2 

28 15 

Fig.6 Demodulation, error correction and muting section of a Compact Disc decoder 

September 1985 9-28 

Application Note 

AN200 

to91Jbeoding 
microcomputer ,........,.___ 

.. 
SAA7020 

.. 
SAA7000 

to16·blt 
D/A 

conwnicin 

!Fig.8) 



Signetics Linear Products 

ICs for Compact Audio Disc Decoders 

SAA7010: demodulator IC 

The SAA7010 forms the front-end of the decoding system 
and supplies demodulated data and timing signals to the 
error correction IC (SAA 7020) and to the subcoding 
microcomputer. 

The h.f. signal read from the Compact Disc by the.laser 
pick-up is first amplified and filtered, then supplied to the 
input of the SAA7010 and to an optional h.f. threshold 
detector. The analogue h.f. signal is first digitised by a level 
detector and then passed to a phase-locked loop (PLL) 
which regenerates the bit clock from the incoming data. 

There are six complete stereo audio samples in one frame 
(588 EFM channel bits) of the disc data. Therefore, one 
stereo sample comprises 98 channel bits. For a sampling 
frequency of 44.1 kHz, the data rate of the h.f. signal is 
4.3218 Mbits/s. The voltage-controlled oscillator (YCO) of 
the PLL operates at twice the incoming data rate from 
which a 4.3218MHz master clock signal used in all internal 
timing is derived. Frequency-sensitive and phase-sensitive de­
tectors provide the coarse and fine tuning signals for the YCO. 
Both detectors are enabled/disabled using the HFD input. 

The incoming data is clocked into a shift register and the 
sync pattern detected, which enables the start of each frame 
of data to be identified. Sync information is passed to the 
timing and control logic in order to synchronise the de­
modulation with the incoming data. The level detector has 
feedback which automatically adjusts to the optimum 
switching level. However, if the frequency of the incoming 
data falls below a set level, e.g. owing to a drop-out, the 
level detector switches to a nominal feedback level of half 
the supply voltage Yoo l · This prevents the switching level 
drifting away from its optimum. 

Provided the timing generator is locked to the h.f. signal, 
each 14-bit word received is stored in a latch, then converted 
into an 8-bit word by the EFM decoder. 

In the SAA 7010, a logic array is used for code con­
version, not a ROM look-up table as mentioned earlier. This 
saves chip area and reduces power dissipation. 

·Demodulated audio data are shifted out of the SAA7010 
to the error correction IC SAA7020 on DADE, with the 
clock signal CLOE and the symbol and frame sync signals 
SSDE and FSDE respectively. 

The seven bits Q to W of the subcoding data plus a sync bit 
are shifted out serially at the SDATA output with clock 
SBCL and sync signal SWCL, while channel P (pause bit) is 
output at P after passing through a debounce circuit. 

Note, use of an h.f. threshold detector at the input HFD 
of the SAA7010 is optional. If one is not used, the HFD 
input is connected to Yoo 1 for normal operation of the de­
modulator. Using an h.f. detector can improve the perform­
ance of a Compact Disc player because it disables the phase 
and frequency detectors in the demodulator when the 
amplitude of the h.f. input is small. Thus, the PLL cannot 
lock onto noise in the absence of an h.f. signal and so clock 
jitter is prevented. 
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SAA 7020: error correction IC 

The SAA 7020 detects, and where possible corrects, errors 
in the demodulated data stream and supplies these data to­
gether with a flag, indicating whether the data are correct 
or unreliable, to the SAA7000. 

Data from the SAA7010 are arranged in frames of 
thirty-two 8-bit symbols. Twenty-four of these symbols 
contain 12 audio samples (i.e. 6 stereo samples), the re­
maining eight are parity symbols added for error detection 
and correction. 

Data enter serially into a register array at DADE. This 
array comprises a shift register which accumulates symbols 
for parallel processing and a FIFO register which acts as a 
jitter reduction circuit. The FIFO register can compensate 
for deviation of up to ±2.25 frames from the nominal data 
rate. It is this register that eliminates wow and flutter in the 
Compact Disc. system. The output data rate from the 
SAA7020 depends only on the clock signal CLOX derived 
from a crystal oscillator. Any discrepancy between the clock 
derived in the demodulator and that from the crystal 
oscillator generates an error signal MCES which controls 
the speed of the motor spinning the disc. MCES is a PWM 
signal with a range of 142 linear steps. 

The CIRC makes use of interleaving and two Reed­
Solomon codes Cl and C2. The data from the demodulator 
are de-interle.aved by temporarily storing the thirty-two 
8-bit symbols forming the input word of the Cl decoder 
and the output word of this decoder in a 2K8 RAM. 

An 8-bit bidirectional bus is used for transferring data to 
and from the RAM, an 11-bit bus for addressing. Three bits 
control the .RAM: write enable WEER, output enable OEER, 
and chip enable CEER. The last is for operation with 
pseudo-static RAMs. 

The Cl decoder of the SAA7020 is designed to correct 
one erroneous symbol in a 32-symbol frame. The C2 decoder 
is designed to correct one erroneous symbol, or two erasures 
in a group of28 symbols. 

The input word to the Cl decoder is checked for errors 
by multiplying this word with the Cl parity check matrix. 
This produces four syndromes. If there are no errors in the 
input word, all four syndromes are equal to zero and the 28 
data symbols at the output of the Cl decoder (4 parity 
symbols being discarded) are written back into the RAM 
unchanged. In case of one erroneous symbol, this is cor­
rected and the 28 corrected output symbols are written 
into the RAM. In case of two or more erroneous symbols, 
the 28 output symbols are written into the RAM unchanged 
and a flag is set which marks these 28 symbols as unreliable. 

Since each symbol in a Cl output word is delayed by a 
different amount before reaching the C2 decoder, the Cl 
flag of each unreliable symbol is delayed by the same 
amount as the symbol to ensure that symbol and flag arrive 
at the input of the C2 decoder together. 

The output symbols of the Cl decoder are de-interleaved 
further by means of the RAM. Then, the 28 symbols 
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forming the input word of the C2 decoder are also checked 
for errors by examining the four syndromes resulting from 
multiplication of this word with the C2 decoder parity 
check matrix. 

If there are no errors, all four syndromes are equal to 
zero, and the 24 data symbols at the output of the C2 
decoder are written back into the RAM unchanged and the 
remaining four parity symbols discarded. 

In case of one erroneous symbol, this symbol is cor­
rected in the same way as for the C 1 decoder. Then, the 
corrected 24 output symbols are written into the RAM. In 
case of two erroneous symbols, the sum of the error values 
is given by one of the syndromes. Information about the 
position of erasure symbols is given by the flags. With this 
additional information, both symbols can be corrected and 
the 24 corrected output symbols are written back into the 
RAM. In case of more than two erroneous symbols in a C2 
word, all 24 symbols are rewritten into the RAM unchanged 
and a C2 flag is set which marks these 24 symbols as un­
reliable. 

Data from the SAA7020 are output on DAEC in 16-bit: 
bursts separated by 8-bit intervals. If the unreliable data 
signal UNEC is output simultaneously with a data symbol, 
it marks that symbol as unreliable. If UNEC is output 

CIRC decoding' 
Use of error correction is one of the fundamental reasons 
why digital audio is vastly superior to analogue audio. And 
from a practical point of view, the ability to correct errors 
means that the requirements for disc manufacture are not 
pushed to Impossible limits. 

A very powerful error·correcting code called the Cross 
Interleave Reed-Solomon Code is used in the Compact Disc 
system. This code, which is based on the use of parity bits 
and an Interleaving of the digital audio samples, enables an 
error burst of up to about 3500 bits to be corrected. Beyond 
this, it enables a loss of up to about 12 000 bits to be com­
pensated by interpolation. In systems not using interleaving, 
a drop-out means that several adjacent samples are lost, 
leaving no chance of reconstructing them. 

Two Reed-Solomon Codes termed C1 and C2 are used for 
correcting erroneous audio samples. C1 is characterised by 
thirty-two 8-bit symbols, comprising 28 data symbols and 
4 parity symbols. C2 is characterised by twenty-eight 8-bit 
symbols, comprising 24 data symbols and 4 parity symbols. 
The minimum distance of each code, i.e. the Hamming 
distance at symbol level, is five. Thus, in theory, 2 symbols in 
error, or four erasures (symbols whose position is known but 
whose value is not) can be corrected. 

Figure 7 shows the principle of a CIRC decoder. Delays 
are used to rearrange (de-interleave) the digital samples back 
to their original sequence and are organised for efficient error 
correction. 

Delays at the input of the C1 decoder are all of equal 
length and separate the even and odd numbered symbols. 
This enables the C1 decoder to correct small errors in ad· 
joining symbols. Delays between the two decoders are of 
unequal length and longer than those et the input of the C1 
decoder which enables the C2 decoder to · ~rrect burst 
errors. 
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during the interval between data bursts, it indicates that the 
sample arriving 30 sampling periods later is unreliable. This 
advance information of the reliability of symbols is used in 
the SAA7000 in a muting procedure. 

The unreliable data signal is generated when: 

- both Cl and C2 decoders detect an uncorrectable error 
pattern. In this case, UNEC marks one or more symbols 
of the C2 output data as unreliable. 

C 1 fails to detect an error, but C2 detects it without 
being able to correct all erroneous symbols. In this case, 
the whole C2 output frame is marked unreliable. 

a mute signal SMSE is received from the servo system. 
UNEC is immediately activated and marks symbols as 
unreliable as long as SMSE is present. 

The output data are shifted out serially with the data clock 
CLEC and the frame sync signal FSEC. The logic state of 
DAEC in the gaps between successive clock bursts, which is 
determined by the input GAP, is used to select 2's com­
plement or offset binary format for the SAA 7000. 

The 8-bit input and output data format of the SAA 7020 
makes it also suitable for error correction in other appli­
cations. 

The Input to the C1 decoder is a frame of 32 symbols 
which is multiplied by the Ct parity check matrix to produce 
four syndromes. From the syndromes, errors can be detected 
and corrected. The C1 decoder of the SAA7020 is designed 
to fully correct one erroneous symbol out of a 32-symbol 
frame. If there is more than one error, each of the 28 output 
symbols (the four C1 parity symbols having been dropped) 
is marked with a flag, indicating that each may contain an 
error. If there is no flag associated with a symbol arriving at 
the C2 decoder, that symbol is correct. 

The C2 decoder is designed to correct one erroneous sym­
bol, or two erasures. When even the C2 decoder cannot cor­
rect all errors, it outputs the 24 data symbols (the four C2 
parity symbols having been dropped) uncorrected, but 
marked with flags. Most of these output symbols are usually 
error-free and can be reconstructed by linear interpolation, 
because the combination of the C1 and C2 flags is used as an 
unreliable data signal for interpolation, or if necessary, 
muting of symbols in the SAA7000. 

32input 
symbols 

Fig.7 Principle of a CIRC decoder 
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SAA 7000: interpolation and muting IC 

The SAA 7000 eliminates the audible annoyance that could 
result if an erroneous symbol which managed to get through 
the error correction circuitry was processed further. The 
SAA 7000 also generates the clock used for internal timing 
of the SAA 7020 and SAA 7030. 

Serial data from the SAA 7020 on DAEC are entered into 
a shift register using the clock CLEC. Data are then de­
scrambled and separated into left and right channel samples. 
A similar descrambling and separation is performed on the 
unreliable data flag UNEC. When there are no unreliable 
data flags, the data values of the audio samples are un­
affected by the SAA 7000. 

When, for either left or right channel, a single unreliable 
sample is flagged between two correct samples, linear 
interpolation is used to replace the erroneous sample. If 
two or more adjacent samples are flagged as unreliable, they 
are muted. Starting thirty samples before muting (by making 
use of the advance information of UNEC), the correct 
samples are attenuated smoothly to zero according to a 
cosine curve. The levels of the first thirty samples following 
muting are then increased back to the normal level, again 
according to a cosine curve. The thirty-sample (5-frame) 
delay necessary in muting is obtained using the 2K8 RAM. 

The data which are now either correct or processed are 
converted into 2's complement or offset binary depending 
on the digital-to-analogue converters used. Selection is made 
by the status of DAEC during the intervals between input 
samples which is controlled by the GAP input of the 
SAA 7020. Left and right channel output data on DLCF 
and DRCF are clocked out by the shift clock CLCF. Strobe 
signals STRl and STR2 are generated for the digital-to, 
analogue conversion unit. A 14-bit or 16-bit output data 
format can be selected using the input 14/16. A full-per­
formance 16-bit conversion system is described in the next 
section. 

A crystal oscillator is used to generate internal timing 
signals and the clock signal CLOX for the SAA 7020 and the 
SAA 7030. By using the frame sync signal FSEC to reset the 
internal timing, the SAA 7000 is automatically synchronised 
with the output of the SAA7020. 

16-bit digital-to-analogue conversion 

The digital-to-analogue conversion section (Fig.8) converts 
the digital output data from the interpolation and muting 
IC to analogue voltages and removes all unwanted frequency 
components above the audio band. 

This conversion system is an outstanding feature of the 
Compact Oise decoder. It is based on a digital oversampling 
filter (SAA 7030) followed by two (one for each channel) 
14-bit DACs (TDA 1540) and low-order analogue filters. 
This arrangement has the SNR of a system using 16-bit 
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DACs and high-order filters, plus the following advantages 
over that approach: 

- linear phase response in the audio band (0-20 kHz) 

reduced slew rate distortion 

- requires only a 14-bit DAC 

- less intermodulation distortion, because the oversampling 
frequency moves any intermodulation products well 
outside the audio band 

only a simple low-cost analogue filter is needed after the 
DAC to suppress any residual frequency components 
not removed by the digital filter. 

SAA7030: digital oversampling filter IC 

The SAA 7030 consists of three main parts: oversampling 
section, transversal filter, and noise shaper. Circuitry in the 
SAA7030 is duplicated, one for each channel. 

The two 16-bit data streams, at DLCF and DRCF are 
fed into shift registers which quadruple the sampling fre­
quency from 44.lkHz up to 176.4kHz. Quadrupling the 
sampling frequency also quadruples the effective audio 
bandwidth, which is thus increased from 22 kHz to 88 kHz. 
The quantisation noise power, previously distributed uni­
formly across a 22 kHz bandwidth, is now distributed 
uniformly up to 88 kHz. Since 75% of the noise is now 
above the audio band, it can be suppressed by filtering. 

The SAA 7030 incorporates two identical filters, one for 
each stereo channel. Each filter is a finite impulse response 
transversal filter of length 24 with ninety-six 12-bit coeffi­
cients and using 16-bit input data words entering at 44.1 kHz. 
A recirculating shift register is used to store data required 
during the multiplication of input data with the filter 
coefficients which are stored in ROM. Each multiplication 
produces a 28-bit word which is stored in an accumulator, 
the 14 most significant bits of the words are then shifted 
out at DLFD for the left channel, DRFD for the right 
channel, with the clock CLFD. Overflow protection is in­
corporated so that the output always limits cleanly in the 
unlikely event of accumulator overflow. 

Oversampling and filtering add 6 dB to the SNR of the 
digital audio signal, bringing it to 90 dB for the 14-bit 
output words. A further improvement of 7 dB is obtained 
in the SAA 7030 by means of a noise shaper. This circuit 
redistributes the quantisation noise, now uniformly spread 
across 0-88 kHz because of oversampling, reducing the 
noise in the audible region still further and increasing it 
above 22 kHz, see Fig.9. 

A choice of offset binary or 2's complement output 
data can be made using OB. The OS input enables a 3% 
d.c. offset to be added. This can be useful to reduce the 
effects of glitches at low output voltages with certain DACs. 
A 176.4 kHz strobe (LAT) is provided which can be used to 
latch data into the DAC in applications where a SAA 7000 
is not used. 
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Fig.9 How 16-bit SNR is obtained from a system using 
14-bit DACs. Oversampling reduces the in-band quantisation 
noise by spreading the total noise over a wide bandwidth. 
Only a quarter of the original quantisation noise remains in 
the audio band after oversampling. This increases the SNR of 
the words applied to the 14-bit DACs from 84 d8 to 90dB. 
Noise shaping adds another 7 dB, making the maximum SNR 
of the conversion system 97 dB, the, same as that of a conw 

ventional 16-bit system 

TDA1540: 14-bit DAC 

Each TDA 1540 converts 14-bit digital audio samples ar­
riving at 176.4kHz to an analogue output current. The 
output current is held between conversions by latching a 
flip-flop in the output circuitry of the DAC. 

Data DLFD (left channel), or DRFD (right channel) are 
entered serially with the clock CLFD. STR2 strobes the 
input data into a latch. 

The TDA 1540 uses a method of current division called 
dynamic element matching to achieve high-accuracy, binary­
weighted currents with long-term stability. The input data. 
are used to activate fourteen bit switches which determine 
the output current. Conversion to an output voltage is done 
in the analogue filters following the DAC. 

The hold function of the DAC results in a (sin x)/x 
response with a first zero point at 176.4 kHz which sup­
presses the signal around that frequency. 

If desired, one of the reference current sources in the 
TDAI 540s can be adjusted, see Fig.8. This will compensate 
for slight differences in the DAC output currents for 
identical input data due to tolerances in the external com­
ponents. 

Analogue filters 

The analogue filters suppress any remammg frequencies 
above the audio band. Since the first spectral lobe is at 
176.4 kHz± 20 kHz and has already been largely suppressed 
by the hold function of the DAC, third order low-pass 
filters provide sufficient attenuation. A Bessel filter with a 
cut-off frequency of 30 kHz is used because it has a linear 
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phase characteristic. Figure 10 shows a suitable filter 
designed around the NE5532 dual opamp. The output of 
the filter is I V r.m.s. max. The filter components don't 
have to be adjusted and the de-emphasis circuit can be 
automatically controlled by information on the discs. 

Both the Bessel filter response and the (sin x)/x response 
of the DAC have been taken into account when calculating 
and scaling the filter coefficients in the SAA 7030 to give 
the digital-to-analogue conversion unit a flat frequency 
response in the audio band. 

Note: the conversion system can be used at other 
sampling frequencies since the digital filter retains its cut­
off frequency at 0.45 times the input sampling frequency. 
In addition, the (sin x)/x compensation is unchanged for 
different sampling frequencies, the first zero always occur­
ring at the oversampling frequency. For a large frequency 
variation, only the analogue filter has to be changed to 
maintain an optimally flat amplitude characteristic. 

Figure 11 shows how the original audio spectrum is 
recovered from the digital audio by oversampling and 
digital filtering followed by analogue filtering. 
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Fig.10 Third-order Bessel filter shown in Fig.8 
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Fig.11 Oversampling and digital filtering remove the spectral 
lobes between the baseband and 176.4 ± 20 kHz, so that cheap 
low-order low-pass analogue filters can be used after the DACs 
instead of very-high-order ones necessary to suppress the 
44.1 ± 20 kHz Jobe in systems not using oversampling tech­
niques. (a) Spectrum of an impulse-sampled audio signal 
sampled at 44.1 kHz. (b) Spectrum after oversampling at 
176.4 kHz and digital filtering which suppress the lobes 
between the audio baseband and 176.4 ± 20 kHz. (c) Audio 
output spectrum. The lobe around 176.4 kHz is suppressed 
by the hold function of the DAC, which has a sin x/x char­
acteristic with a first zero at 176.4 kHz, and by the analogue 
low-pass output filter with a cut-off frequency between 

30 and 40 kHz 

Power supply 

Supplies for the decoder shown in Figs.6 and 8 are easily 
derived. Figure 12 shows an example. 
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Fig.12 Power supply of decoder 
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THE 12C AND CLIPS 
The attraction of serial data transfer is that 
it requires fewer lines - and, equally 
important, fewer line drivers, receivers and 
signal processing circuits - than parallel 
transfer. Microprocessors and microcom­
puters work with data in parallel form, so 
parallel transfer is still the method of 
choice where distances are short and the 
number of devices sharing a communica­
tion channel is small. 

It is straightforward and fast, and in the 
disciplined environment of most comput­
ing and data processing equipment the 
multiplicity of conductors required is un­
objectionable. But in many other 
applications of digital data transfer that is 
not so. 

The answer is then to sacrifice speed for 
simplicity and flexibility, and to opt for 
serial instead of parallel transfer. Two con­
ductors are usually sufficient, and the 
additional requirement it imposes for 
parallel-to-serial and serial-to-parallel con­
verters can be easily met by today's LSI. 
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Serial data can be transferred asynchro­
nously lunclocked) or synchronously 
!clocked). Asynchronous data typically 
originates from low speed terminals with 
rates of less than 1200 bits per second. 
When idle, the transmission line is at mark 
!binary 1 ); a start bit, or transmission from 
mark to space !binary m, signals the 
beginning of each character, and one or 
more stop bits its end. This sequence is 
repeated character by character until the 
whole message has been sent; the start 
and stop bits enable the receiver to syn­
chronize itself character by character with 
the transmitter. 

One of the CLIPS System IC's - the PCF8574 8-bit 1/0 Circuit. 

In synchronous transmission, the clock 
signal that synchronizes transmitter and 
receiver may be carried on a separate wire 
or incorporated in the data stream by one 
of several codes INRZI, Manchester, FM, 
etc). Once the receiver senses a synchron­
ization character, data proceeds character 
by character with no intervening start or 
stop bits. A special ending character or a 
specified character count tells the receiver 
when the message is over. 

Asynchronous transmission is advantage­
ous when the data flow is irregular, as 
from a keyboard operator's typing speed. 
Because of the simplicity of the interface 
logic and circuitry, it is also cheap. Syn-

chronous transmission, on the other hand, 
makes far better use of the communication 
channel capacity by eliminating start and 
stop bits between characters. Furthermore, 
when using modems, it proves suitable for 
multi-level modulation schemes which 
combine two or four bits in one signal 
element. 

One of the major drawbacks of a serial 
data link is that it is autocratic; it relies on 
a master or primary station to control all 
communication on the link. Even if the 
data from one secondary station is meant 
not for the primary but for another second­
ary, the primary must first store the data, 
poll the intended secondary to determine 
whether it is ready to accept the data, and 
then retransmit the data. 

It does not adapt easily to changing condi­
tions. If some stations have periods of 
peak activity, elaborate software algo­
rithms must be written to take that into 
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account. Moreover, if the system charac­
teristics are ever changed, those 
algorithms have to be updated. 

Also, it does not adapt easily to changing 
requirements. As all activity is centrally 
controlled, adding or removing secondary 
stations necessitates changing the soft­
ware that controls the primary. This is so 
even if the secondaries affected need only 
to communicate with each other and not 
with the primary. 

The reliability of the entire system depends 
on that of the primary; if for any reason it 
fails, the entire system fails. 

If the system is one that relays control 
information to a decision-making center, 
its data-gathering and status monitoring 
secondaries have to be polled continually. 
Often, however, the polling indicates no 
change and so returns little real informa­
tion; thus, the overhead due to the polling 
protocol is high in relation to the data 
acquired. !This problem is dealt with dif-
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ferently in a computer. There, a peripheral 
unit takes the initiative and interrupts the 
computer when it requires attention. As 
serial data links lack that facility, they must 
often be designed with much more capa­
city than their actual data rate requires, 
merely to accommodate the polling 
protocoll. 

These limitations of serial data links derive 
primarily from the fact that they are based 
on old electromechanical principles and 
do not take advantage of the opportuniiies 
now offered by VLSI. 

Local area networks, by contrast, do not 
rely on a central controller; they are 
democratic, not autocratic. Any unit can 
take control of the network whenever it 
needs to and can transmit directly to. any 
other. When two units require control 
simultaneously, they arbitrate to determine 
which gets it. 

Local area networks are self-adapting to 
conditions since the attached units request 
to use it only-when they need to; if neces­
sary, some can be assigned higher 
priorities than others. 

Like a telephone exchange, networks can 
easily be adapted to changing require­
ments. Any unit can call any other or 
group of others lconferencingl. New units 
can be added without disturbing existing 
ones, provided that the total data rate 
never exceeds the network capacity. 

Since control is ·not central, communica­
tion does not depend on any single unit, 
and since any unit can take control and 
address any other, the network in effect 
allows one unit to interrupt another. In a 
monitoring and control system, therefore, 
the network capacity need be scarcely 
larger than the required data capacity. 

Small area networks such as Ethernet, 
intended for data rates of 1 os to 107 bits 
per second over distances of 400 to 2000 
metres, are well suited to transferring data 
between two large computers with their 
own files or to carrying digitized voice 
communication as well as data. However, 
they are overqualified for tasks such as 
transferring data between a terminal and a 
slow printer, or between a floppy-disc file 
server and a terminal. 

Small area networks ISANs) can be 
regarded as less expensive, lower­
performance counterparts of LANs. Their 
application areas include: the home, where 
they can be used to transfer control, 
information, and security signals; business, 
where they can deal with traffic insufficient 
to justify a LAN or can serve as feeder 
networks to a LAN; and certain self-
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contained units, such as motor cars, where 
sensors, actuators, and services are neces­
sarily remote from the operator's displays 
and controls. 

Apart from size and performance, SANs 
differ from LANs in another important 
respect: LANs are big enough to justify 
professional managers to configure and 
administer them; SANs are not. A SAN 
should require no adaptation when units 
are added to the network or removed from 
it. 

Two SANs that provide the facilities of a 
LAN but on a smaller scale and have 
appeared in the past two years are the 
Inter-IC bus 112C) and the digital data bus 
ID2BJ. Both are designed to cover only 
limited distances. 

The procedure for a unit attempting to use 
the bus is as follows: 

• Wait until no activity is detected on the 
bus. 

• Then issue a start bit which is unique 
and recognizable as such. llf a unit 
detects another's start bit just as it is 
about to issue one of its own, it retires 
and synchronizes its internal clock on 
the edge of the detected start bitl. 

• After the start bit, issue message bits 
serially, most significant bit first. 

12c and D2B are both wire-AND buses, 
which is essential to their method of 
resolving conflicts. Consider the situation 
when two units, A and B, happen to 
transmit simultaneously. Say A attempts to 
issue the signal 1101, and B the signal 
1110. Both issue the first bit, a 1, and mon­
itor the bus; both see a 1, so both proceed. 
The same occurs again on the second bit. 
But on the third bit, A issues and sees a 0, 
while B issues a 1 and sees a 0 because of 
the wired-AND. This is a signal to B to 
retire immediately, as it has lost the arbitra­
tion. !The retirement must be immediate, 
otherwise a similar situation would occur 
again on the fourth bit, but in that case 
with A losingl. This method of arbitration 
works because the shortness of the bus 
sets a limit to the propagation time 
between any two units on it. 

Besides using the same principle for arbi­
tration, 12c and D2B are also similar in 
other respects. They both distinguish 
between master and slave and transmitter 
and receiver. The master is the unit that 
initiates an exchange with a slave. If it 
requests a slave to supply data, it is the 
receiver and the slave is the transmitter. If 
it supplies data to a slave, it is the transmit-
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ter and the slave is the receiver. Not every 
unit on the bus has to be able to function 
as a master; slave-only units are also per­
missible and are of course cheaper. 

Another similarity is in the method of 
acknowledging correct receipt, whether of 
data or address. The line is an open collec­
tor one, and while the transmitter awaits 
acknowledgement it lets the line stay high. 
If the receiver does not pull it low within a 
prescribed time, the transmitter interprets 
that as a NACK !negative acknowledge) 
indicating that what was sent was not cor­
rectly received. If a non-existent unit is 
addressed, the addresser will automatically 
see a NACK. 

Apart from these similarities, 12c and D2B 
differ significantly in function, application 
area, and throughput characteristics. 

The 12c bus is designed to provide the 
facilities o.f a focal area network within a 
single system or equipment. It enables the 
system designer to distribute the system 
functions where they are most needed or 
convenient, without having to pay more 
than cursory attention to interconnection 
problems. 

The bus consists of two lines, serial clock 
ISCU and serial data ISDAl, and, unlike 
other buses, permits more than one unit to 
drive the clock. This is possible because 
their own internal clocks can operate 
together and synchronize with each other 
!figure 1 l. 

Normally the SDA line changes only when 
SCL is low, so that the receiver can sample 
data on the rising edge of the next clock 
pulse. To generate a start condition, how­
ever, SDA goes from high to low while 
SCL is high (figure 2l; this is a unique 
occurrence which enables all units to rec­
ognize the start of a message. The stop is 
similarly unique: SDA goes from low to 
high while SCL is high. 

A complete message on the 12c bus con­
sists of the following fields: 

START SADD 
BYTE 

R/W 
ACK 

ACK DATA 
STOP 

START Start condition !also called start 
bill. 

.SADD Slave address, a 7-bit identify­
ing the slave to be addressed 
and the priority of the message. 

R/W Read/write, a single bit indicat­
ing whether the addressed 
slave is to be read from or writ­
ten to. 

ACK Acknowledge bit for the 
preceding field. 
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Figure 1. Clock Synchronization on the 12c Bus. 
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Figure 2. Start and Stop Conditions. 
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Figure 3. Application of the 12c Bus in a TV Set. 
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A series of 8-bit characters, 
each followed by an ACK. 
There is no set limit to the 
number of characters in this 
field, although one may be 
imposed in certain imple­
mentations. 
Stop condition !also called stop 
bill. 

There are no hard and fast limits to the 
length of the bus or the number of units 
that can be attached to it; there are implicit 
limits, however, due to the 400pF maxi­
mum capacitance that can be connected 
to either the SCL or the SDA line. 

The 12c bus can be monitored and driven 
either by specialized hardware or, more 
slowly, by software in a microcomputer. In 
the latter case, the start bit is followed by a 
start byte of the form 00000001 to give 
slaves which have the system algorithm 
implemented in software rather than hard­
ware time to poll the data line. Once such 
a slave detects a low value on the SDA 
line, it switches to scanning the line more 
frequently. 

The maximum bus throughput rate is 100K 
bits per second, corresponding to about 
11 K characters per second; lower rates 
can be achieved with slower devices mak­
ing use of the clock synchronization 
principle. 

Typical applications of the 12c bus take 
advantage of the ease with which units can 
be added to or removed from it. As an 
example, consider the TV set illustrated in 
figure 3. The 'standard' set includes the 
blocks on the right of the diagram. The 
control microprocessor has master capa­
bilities and communicates with slave-only 
units in the keyboard, tuning control, tun­
ing memory, and tuning display. The 
optional units on the left can be added or 
removed at any time; the ACK/NACK facil­
ity of the bus automatically tells the control 
microprocessor whether they are there or 
not. 

The optional page memory for viewdata is 
an example of the ability to communicate 
on the bus without the controller even hav­
ing to be aware of the unit's existence. 
Only the viewdata unit needs to communi­
cate with the page memory, and, provided 
it has bus-master capability, it can do so 
directly. 

The bus gives the set designer freedom to 
place the various units wherever is func­
tionally best - the display and keyboard 
on the front panel, the tuning control away 
from heat sources, and the others where 
they can most easily be installed later as 
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extras. It also gives him the freedom to 
redesign units to reduce cost, improve 
operation, or take advantage of new tech­
nology without worrying about the impact 
on other units in the system; only the two­
wire interface and the command set need 
remain the same. 

The D2B is designed primarily as a device­
to-device interconnection, although it 
could also be used in certain self­
contained equipment where some of its 
characteristics, such as low radiation and 
greater length, might make it preferable to 
the 12c. It is currently being considered by 
CENELEC as a possible European stand­
ard for the interconnection of electronic 
apparatus in the home. 

The CLIPS concept: To exploit the 'build­
ing block' design possibilities using the 
12c, Philips now offers a range of devices 
under the collective designation CLIPS 
!consumer and industrial peripheral setl. 
The aim of CLIPS is to create a design 
environment in which devices can be 
'clipped' on to a bus. Incorporating the 
hardware capable of supporting the 12c 
bus directly on-chip enables the designer 
to concentrate on the functional aspects of 
a system without having to worry about 
the communication link between the dif­
ferent system parts. 

Hardware for 12c is already being mar­
keted by Philips and includes the 
MAB8400 series of single-chip microcom­
puters. Peripherals incorporating the bus 
interface are also available and more are 
being developed. They include display 
drivers, memories, timers, tuning systems, 
AID and D/A converters, and a CMOS 
gate array for specialized functions. 

A licensing agreement between Philips, 
Signetics and Intel IE/ectronic Engineer­
ing, March 1983, page 108) has resulted in 
the availability of PCF80C48 and 
PCF80C51-based microcomputers incor­
porating the 12c and D2B buses, as well as 
development support products such as 
assemblers and in-circuit emulators. 

Devices: To give examples of the types of 
circuit available addressing schemes and 
read/write actions, some of the CLIPS ICs 
are described below. 

The PCD8571 static CMOS RAM incorpor­
ates an interface for direct connection to 
the 12c bus. Its low data retention voltage 
lmin 1V) and low standby current !typically 
50nA) make this memory suitable for 
numerous CLIPS applications. 

In addition to acting as a general-purpose 
RAM expansion for CLIPS micro­
computers, the PCD8571 can also find 
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service as a more dedicated device. In the 
telephone application described below, for 
example, it can provide the extra RAM to 
store telephone numbers for repertory 
dialing. In radio or tv, it can be used to 
store channel presets. 

Three hardware address pins are included 
on the PCD8571 to extend the specific 
device address. Up to eight of these RAMs 
can be connected to the 12c bus, allowing 
the amount of memory used and its even­
tual purpose to rest with the designer. 

Auto-increment for memory word 
addresses also facilitates efficient write/ 
read of blocks of data; for example, chan­
nel preset information in a tv application 
would usually require two consecutive 
data bytes. 

The PCF8577 is a CMOS silicon gate LCD 
driver for driving either 64 segments 
duplex or up to 32 segments directly. For 
systems with several PCF8577s, hardware 
subaddressing and automatic address 
incrementing keeps wiring and bus traffic 
to a minimum. 

CLIPS circuits such as LCD drivers require 
control information from the microcompu­
ter in the form of pointers or control bytes 
before they can carry out a requested 
function. This information is provided 
within the 12c bus addressing procedure. 
The first byte of the slave address is used 
to address all LCD drivers connected to 
the 12c bus. All PCF8577 devices con­
nected to the bus will therefore respond to 
this address. Each device then loads the 
second byte into its control register. 
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The six least significant bits of this byte 
constitute the segment byte vector ISBV); 
they select the device and the segment 
byte register which is to be loaded next. 
The upper three bits of the SBV are com­
pared with the preset hardware address of 
the device. If the address is the same, the 
device is enabled for loading. 

After each segment byte is loaded, the 
SBV is incremented automatically. In this 
way, sequential loading occurs when more 
than one segment byte is received in a 
data transfer. The control register also 
includes two display control bits, MODE 
and BANK. The MODE bit selects either 
direct drive or duplex; the BANK bit allows 
switching between two alternative control 
stores when the device is in the direct 
drive mode. 

The programmable addressing of the 
PCF8577 allows the number of LCD driv­
ers connected to a CLIPS system to be 
increased to a maximum of eight directly 
driven units lfour duplex), giving 256 dis­
play segments. Therefore, the type of 
display output can be tailored to suit each 
member of a product range. 

As shown in the industrial control exam­
ple, !figure 8), remote I/Os within a CLIPS 
system can act as an interface between the 
12c bus and a digital source. The PCF8574 
is an 8-bit 1/0 circuit. It consists of an 8-bit 
quasi-bidirectional port and an 12c inter­
face. This device can also interface 
microcomputers without a serial interface 
to the 12c bus las a slave function onlyl. 
The PCF8574 has low current consump-

PJO 
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Figure 4. Block diagram of the PCF8574. The interrupt latch informs the 
microcomputer of data on the 1/0 ports which can then access the 
expander in the READ mode via the 12c bus. 
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Figure 5. Typical CLIPS Application Showing the General Purpose Circuits 
Used in Most 8-bit Designs. 
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Figure 6. Modern TV Using the 12c Bus. 

lion and includes latched outputs with 
high current drive capability for directly 
driving LEDs. 

The PCF8574 differs from the other CLIPS 
circuits described above in that it pos­
sesses an interrupt line HNTl. This line is 
connected to the interrupt logic of the 
microcomputer on the 12c bus. By sending 
an interrupt signal on this line, the remote 

1/0 can inform the microcomputer if there 
is incoming data on its ports without hav­
ing to communicate via the 12c bus. This 
means that the PCF8574 can remain a 
simple slave device {figure 4). 

To cover a broad range of applications, 
including battery-powered operation. most 
CLIPS circuits will be CMOS devices; 
because of'its high noise immunity CMOS 
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is ideal for noisy industrial and automotive 
applications. The specification of the 12c 
bus, however, permits devices using any 
type of technology (CMOS, NMOS or 12u 
to be connected together in one CLIPS 
system. Besides standard DIL, all CLIPS 
circuits are also available in SO packages. 

CLIPS circuits are also adaptable to 
further integration. A typical system can be 
considered as various general purpose 
devices - microcomputers, LCD drivers, 
1/0 expanders, extra memory (figure 5), 
with specific application-oriented devices 
tagged on. If a particular CLIPS system 
has been successfully used in large 
numbers, the specific combination of devi­
ces can be integrated with the existing 
general-purpose devices. Separate micro­
computer and A/D converter ICs, for 
example, can easily become one unit, with 
circuit functions and system performance 
remaining the same. 

Standardization within CLIPS systems 
leads to more economical use of any soft­
ware developed. Modular application 
software can be used again and again in a 
variety of applications, carrying out the 
general-purpose functions within a CLIPS 
system. Subroutines associated with 
implementing a particular CLIPS IC will 
also be included in the support material for 
that circuit as an aid to designers. 

Applications: To illustrate how CLIPS can 
be used, a few implementations in widely 
differing applications will be discussed. 

Video games, teletext and home compu­
ters are transforming TV sets from mere 
receivers of broadcast programes to com­
plete entertainment and information 
terminals. As extra features are introduced, 
the TV receiver must be able both to 
accept them and integrate them. 

Let us consider a top-of-the-range TV set 
including at least a remote control, a 
games interface, and viewdata capability. 
Figure 6 shows how these, as well as other 
functions, might be served by a CLIPS sys­
tem. Using CLIPS, it is possible to relate 
each block to an equivalent IC. 

A point worth noting is the use of the 
remote control receiver within the system. 
Since the microcontroller associated with 
this device has to be active all the time, it is 
best implemented in CMOS. The 12c bus 
supports devices in any of the major 
manufacturing technologies and, there­
fore, allows each IC in the CLIPS system 
to be realized in the technology best suited 
to its function. 
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Figure 7. Telephone Using the Bus. 
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Figure 8. An 12c Bus Based System for Industrial Control. 

The D2B interface enables the TV to be 
linked to other 'intelligent' appliances, such 
as a VCR or video camera, which them­
selves benefit from CLIPS implementation. 

The CLIPS implementation of a subscriber 
telephone set includes all the functional 
units usually found in top-of-the-range 
models (figure 71. The RAM is in addition 
to that found on the microcomputer and 
can be used for such functions as 
repeated call or repertory dialing. The 
DTMF dialer can be added whenever the 
local exchange converts to a tone-dialing 
system. The LCD and its drivers are also 
optional. 
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By providing the general-purpose devices 
within a telephone set, the CLIPS system 
gives the designer a great deal of freedom. 
Although the application demands that the 
interfacing ringer and bipolar transmission 
ICs are not connected directly to the 12c 
bus, the other devices which can be con­
figured to match a wide range of 
specifications and demands from both tele­
phone authorities and subscribers. 

Philips has already built up a library of 
telephony-related software modules to 
help designers meet the various require­
ments they are likely to encounter. 
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Each telephone authority has its own 
requirements; each consumer has his own 
preference. To design a 'cover-all' tele­
phone set is almost impossible. CLIPS 
offers a framework within which a designer 
can work effectively. 

In industrial environments, CLIPS systems 
(figure 81 can perform a variety of func­
tions. For intelligent machine control, level 
sensing or pressure monitoring, the 
implementation of CLIPS systems can 
provide distributed processing and micro­
computer control on-site, where it is 
needed. 

For analogue applications, a range of sen­
sors can be used. These can then be 
connected to an ND converter to provide 
data for devices connected to the 12c bus. 
Keyboard encoding circuitry provides 
user-access to the system, with user­
output sent via the display driver. 

For control purposes, evaluated data can 
be fed back to actuators such as tempera­
ture controls or electromechanical 
switches via another D/ A converter. 

For digital applications, data can be sent 
or received via remote 1/0 circuits. 

Due to the nature of the 12c bus, remote 
I/Os can be situated anywhere within the 
control environment; other CLIPS circuits 
can likewise be placed exactly where they 
will best perform their alotted task. Within 
a cabinet, wiring can therefore be greatly 
reduced. Instead of trailing parallel wires 
between devices, remote I/Os can be used 
to convert the parallel device output into 
serial bus input almost immediately - sav­
ing space and wire and making life much 
easier for the service engineer. 

The remote 1/0, for example, would be 
connected near simple on/off devices: to 
drive valves or relays, activate emergency 
sirens, or read keys and drive LEDs. 

When used in an industrial environment, 
CLIPS systems can also be connected to 
higher levels of control, using parallel 
ports of the microcontroller, for example. 

A CLIPS system can therefore cover the 
complete range of industrial applications 
from hand held, battery powered measur­
ing instruments to the first stage of a large 
scale process control system. 

For low volume industrial designs, piggy­
back versions of both the NMOS MAB8400 
and CMOS PCF84COO single chip micro­
computers can be used. By connecting 
industry standard EPROMs to these devi­
ces, designers can still build systems using 
CLIPS ICS. 
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SLAVE DEVICES 
In the preceding section the salient fea­
tures of the Inter IC (12CJ bus and its 
protocol were described. The bus is key to 
a structured approach to system design 
based on a combination of micro­
controllers, general purpose peripheral 
IC's (LCD drivers, memory) and/or 
application-dedicated peripheral IC's. 

Such circuits are known collectively as 
CLIPS since they can simply be 'clipped' 
onto the bus. 

While multi-master control and two-way 
information transfer are fundamental ele­
ments in any flexible design concept, there 
are many applications in which the peri­
p he ra I circuits need only accept 
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commands and/or data and thus, apart 
from the need to acknowledge receipt of 
data, information transfer is one way only. 
Now we will describe how the bus may be 
used in such applications. For simplicity, it 
is assumed that only one master controller 
is used. 

The 12c bus has been described in some 
detail and the main features are as follows: 

There are two lines - for serial data (SDA) 
and for serial clock (SCU. 

A START condition occurs when the SDA 
level changes from high to low when SCL 
is high. 

DATA on SDA is changed when SCL is 
low and is clocked on the rising edge of 
SCL. 

The byte immediately following the 
ST ART condition consists of the seven bit 
address of the intended addressee and, in 
the LSB position, a READ/NOT-WRITE bit 
for the ensuing communication. 

At the end of each 8-bit byte, including the 
first, a ninth clock pulse is supplied on 
SCL and an addressed receiver may pull 
SDA low to signal an acknowledgement of 
a received byte. 

A STOP condition is defined by a low to 
high of SDA when SCL is high. Figure 9 
illustrates the SDA and SCL for START, 
address with R/W, two data bytes and 
STOP. 

In multimaster configurations of the 12c 
bus, a contending master must be able to 
detect that the bus is busy and that arbitra­
tion after bus contention has been 
achieved. 

A slave must be able to: 

• recognize a START condition, 9 • recognize its own address when sent 
immediately after a START, 

• respond to the READ/NOT-WRITE bit, 
• when receiving, provide an ACKNOW­

LEDGE on each ninth clock, 
• recognize a STOP and, if a transmitter, 

release the bus. 

12c bus hardware: There are several bus 
configurations to be considered: 
• single master and one or more passive 

slaves that do not put data on the bus 
e.g., display drivers; 

• single master and slaves that can 
transmit e.g., RAMs; and 

• multiple masters. 
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Figure 9. The SDA and SCL for START, Address with R/W, Two Data Bytes and 
STOP. 

All devices are connected to the 12c bus in 
the WIRED-AND mode and the two lines, 
SDA and SCL, each have a pull-up resis­
tor. The 'quasi-bidirectional' 1/0 on many 
MOS LSI circuits, with open drain, is suit­
able provided the device can sink 3mA. 

A single master transmitter, apart from 
being able to provide the proper timing, in 
particular for the START and STOP condi­
tions, has a data register which can send 
out data serially, MSB first, onto the SDA 
line and which can be loaded in parallel 
from the rest of the IC. 

It must also leave SDA high for the ninth 
clock pulse and be able to test for receipt 
of ACKNOWLEDGE. 

As a master receiver, it must accept serial 
data and read the 1/0 register in parallel. 

For the other bus configurations this serial 
data register should rotate such that data 
sent out serially is also clocked back into 
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the same register. However, the hardware 
requirements of these other configurations 
will be described in a future issue. 

The requirements of a master transmitter 
can be met by a single chip microcon­
troller 'bit bashing' two 1/0 pins under 
software control, but to transmit data at 
the maximum serial clock rate of 100 kHz 
specified in the 12c bus specification 
would occupy most of the microcon­
troller's real time capacity. 

The first devices developed with 1/0 specifi­
cally for controlling the 12c. bus are the 
MAB8400 range of microcontrollers. These 
are based on the widely used 8048 8-bit 
controllers. Other microcontrollers with 
12c bus interface and based on the 80C49 
and the 80C51 will come onto the market 
this year. 
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The MAB8400 is based on the 8048 but, 
instead of being housed in a 40 pin pack­
age, it uses a 28 pin package. Unlike the 
8048 it does not have an external data bus 
and, therefore, cannot access external 
program memory. However, it is available 
with 4K ROM, which is the maximum pro­
gram memory size addressable by the 
8048 family. It has most of the 8048 
instructions set, but those instructions for 
operating external memory are omitted 
and the two one-bit flags for setting and 
testing are not available. 

An addition to the 8048 circuit within the 
MAB8400 is an area dedicated to control­
ling the serial 1/0 bus. At the time the 
MAB8400 was developed, there were few 
12c peripheral devices available so the 1/0 
circuitry was designed so that it can be 
programmed to drive other serial buses for 
which peripherals are available - the 'C' 
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bus and the 'I' bus. A simpler 1/0 control 
can be made if 12c bus only is considered 
and controllers with simplified serial 1/0 
will be available soon (MAB8422 and 
MAB8442 in 20-pinl. 

A block diagram of the serial section of the 
MAB8400 is shown in Figure 10. The serial 
1/0 circuit lies on the main data bus of the 
microcontroller and is controlled by 
instructions for moving data between the 
accumulator and registers SO, S1 and S2. 
These registers can also be loaded by 
immediate instructions. 

Register SO is the 1/0 register with a serial 
connection to the 12c bus. 

Register S1 is the main control and status 
register. 

The MSB bit (MSTl contains the Master/ 
slave bit which is set to '1' when the 

Figure 10. Serial 1/0 Interlace of the MAB8400. 

microcontroller is commanding the bus 
conversation. 

Bit 6 !TRXI is the transmitter/receiver set to 
'1' when transmitting. 

Bit 5 (BBi is the bus busy bit and is set to 
'1' whenever a START appears on the 12c 
bus and is reset by a STOP, whether 
initiated by this or another master. 

Bit 4, the pending interrupt not (PINI, is set 
to 'O' whenever a complete word is trans­
mitted or received over the 12c bus. It also 
reflects the serial interrupt state if that is 
enabled. 

PIN is reset to '1' either by moving data to 
or from the 1/0 register SO or by direct 
loading of S1. 

There are two lower nibbles to S1: 

al can be written only by the controller, bit 
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3 (ESOI is set to enable the serial 1/0, and 
bits 0-2 are for bit counting; 

bl is set by the hardware and is read only 
by the controller to determine the status of 
the serial 1/0: bits 3, 2, and 1 are arbitra­
tion lost (AU, addressed as slave (AASI, 
and all zeros addressed (ADOI respec­
tively, and will be dealt with in more detail 
when multi-master systems are discussed. 

Bit O (LRBI contains the last received bit 
and reflects the last data bit to appear on 
SDA after the rising edge of the last serial 
clock pulse on SCL. 

Register S2 is used for setting up the 1/0 
clock speed, whether the acknowledge 
feature will be used, and whether a sym­
metrical clock for 12c standard is selected. 
For 12c bus acknowledge is mandatory. 
This is summarized in Table 1. 
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SO Data address 

ESO BC2 BC1 BCO (a) 
MST TRX BB Pl N 1--1----1-+-~ 

AL AAS ADO LRB (b) 

S1 

S2 Clock control register 

The simplest configuration of the 12c bus 
is one master controlling the bus and one 
or more 'dumb' peripherals that are not 
required to respond with any data. The fol­
lowing procedures must be implemented 
within the software that the user must 
write for the microcontroller: 

• initialization of the serial 1/0, 
• sending the slave address, 
• data transfer, and 
• signing off. 

Initialization: First the serial clock fre­
quency is selected and, if working to 12c, 
rules, 'acknowledge', and normal symmet­
ric clock are selected. 

These are set by immediate addressing of 
the control register S2 e.g., MOV S2, 
#H'43' 

will set the clock at 87kHz, assuming 
the MAB8400 is using a 4.43 MHz crys­
tal. It also sets 'with Ack', (ACK = 1 ), 
and 'Symmetric', (ASC = 0). 

By setting the status register S1, the con­
troller is put into slave receiver mode, the 
serial 1/0 is enabled, and the word length 
is set to 8 bits: 
MOV S1, #H'18' 

MST= 0, TRX = 0, BB = 0, PIN = 1, 
SIO = 1, BC2, BC1, BCO = 0. 

To operate in an Interrupt mode then: 
ENSI 

Enable serial interrupt 

But if it is prefered to work in a polling 
mode, the pending interrupt-not PIN bit in 
S1 I bit 41 may be examined. For this single 
master - dumb slave mode this completes 
the initialization. 

Sending slave address: The slave address 
is seven bits which are sent out onto the 
12C but MSB first. The LSB is set at o or 1 
depending on the direction of flow of the 
data to follow. If 0, then the master will 
WRITE data to the slave. 
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If the address of the slave device, plus the 
WRITE bit, is in, say, register 7 the address 
must first be moved to the accumulator 
and then to the Serial 1/0 register SO: 
MOV A.R7 

Get slave address. 

MOVSO.A 

Put address in SO. 

Alternatively, SO could be immediately 
addressed: 
MOV SO,#H'xx' 

Address 'xx' with LSB = O to SO. 

A 'START' condition must be created and 
the slave address transmitted. 

This is done by setting the MASTER, 
TRANSMIT and BUS BUSY bits in the 
control register S1: 
MOV S1 ,#H'f8' 

Mst, Trx, BB, PIN= 1, ESO = 1, BC2-
BCO = 0 (8-bits) 

Transmission now starts. 

Address sent: After eight clock pulses the 
address will have been sent onto the 12c 
bus. On the ninth clock pulse the serial 
data ISDAI line will be left high by the 
transmitting master and, if a slave recog­
nizes the address, the slave will pull SDA 
line low to signal 'Acknowledge'. 

The PIN bit in S1 of the MAB8400 will now 
go to 0 and the serial clock line, SCL, will 
be held low. If enabled, the serial interrupt 
will call the appropriate service routine. 

Bit O llast received bill is now examined to 
check that acknowledge was received. The 
programmer may jump to an 'error' routine 
if an acknowledge is not received: 
MOVA,S1 

Get status into accum. for testing. 

JBO Error 

Acknowledge failed so go to 'Error' 

Send data: Having established a connec­
tion with the addressed slave, data can 
now be sent. A record of the communica­
tion will be kept in some register for 
checking that all the data has been sent. 
MOVA.Rx 

Will fetch data from Rx into 
accumulator 

MOV SO,A 

Puts the data in the 110 register. 

This last instruction also releases the clock 
line, restarts the transmission and resets 
the PIN bit to 1. 
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Again, after nine clock pulses a serial inter­
rupt will occur. As before the LRB will be 
tested to check if Acknowledge has been 
received. 

Signing off: Once all the data has been 
sent, the bus may be cleared by creating a 
STOP condition. Another device may not 
be addressed until the bus has been 
cleared. To STOP all that is needed is to 
force the BUS BUSY bit in S1 to zero 
when in Master Transmitter mode: 
MOV S1 ,#H'DB' 

MST= 1, TRX = 1, BB = 0, PIN= 1, 
ESO = 1. 

The MAB8400 reverts to Slave Receiver 
mode automatically once the STOP has 
been transmitted. 

To address the same or a further device, 
the procedure is repeated but with a fresh 
slave address. 

The most obvious requirement for a 
straightforward single-master writing to 
slave peripherals is remote switching and 
specific applications include LED or LCD 
driving. As the number of segments in a 
display increases, the advantages of the 
12c bus become more apparent since the 
use of serial data transmission still requires 
only the two data lines. The limitation on 
the number of segments is then deter­
mined by the drive capability of the drivers 
themselves or in some cases by the 
number of sub-addressed devices allowed. 

There are several 12c bus peripherals suit­
able for remote driving extending from the 
SAA 1300 which has five output stages 
capable of supplying up to 100 mA to LCD 
drivers capable of driving 160 LCD seg­
ments each. The DTMF ldual tone 
multifrequencyl and modem tone genera­
tor, the PCD3312, also falls into the class 
of remote switching applications. A fuller 
list is given in the appendix, but for the 
purposes of this article a more detailed 
account will be given of the PCF8577 
LCD-driver. 

THE PCF8577 is designed to drive LCD 
displays. Each device is individually capa­
ble of driving either 32 segments in the 
static mode or 64 segments in the duplex 
mode, and several devices may be cas­
caded to permit system expansion to up to 
256 display segments. In such multiple IC 
applications, 12c bus traffic is minimized 
by additional design features, including 
automatic address incrementing, hardware 
sub-addressing, and display memory 
switching. 
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Figure 11. Block Diagram of the PCF8577 LCD Driver. 

Acknowledge by I 
all PCF 8577'st 

Acknowledge by selected 
PCF 8577 only+ 

Slave address Segment byte 
vector Segment data 

Figure 12. The Data Format of the PCF8577. 

The salient features of the circuit are 
shown in the block diagram. Figure 11. 
The inputs include the 12c bus, clock 
($CU and data (SDAl, and three hardware 
sub-address address inputs AO, A 1, and A2 
which are used to program the sub­
addressed uniquely for each PCF8577 on 
the bus. The outputs include two back 
plane drivers, BP1 and BP2, and thirty-two 
segment drivers, S1 to S32. The second 
back plane signal (BP2l is only required 
during duplex mode driving of 64 seg­
ments. In passing it should be noted that, 
to reduce pin-out requirements, AO and A2 
are shared with the oscillator and BP2 sig­
n al s respectively, but this may be 
disregarded for the moment. 

The data format of the PCF8577 differs 
slightly from that of other 12c peripheral 
circuits and is shown in Figure 12. It com­
prises a slave address and a control byte 
followed by N segment data bytes. 

The seven-bit 'software' slave address 
(0111010) is identical for all 8577's and all 
8577's on the same bus acknowledge the 
slave address in parallel. Note that the 
eighth bit of the first byte is always set to 
zero, i.e. WRITE mode. The second byte is 
always a control byte and is loaded into 
the control register of all the PCF8577's on 
the bus and again all the services 
acknowledge its receipt in parallel. Subse­
quent data bytes are loaded into the 
segment data registers of the selected 
device (see below) but only the selected 
device acknowledges receipt of its data. If 
a STOP condition is generated after the 
control byte acknowledge, the segment 
data remains unchanged. 

There are nine user controlled byte wide 
registers in the PCF8577. The first is the 
control register which is used to control 
the loading of data into the other eight 
segment byte registers and to select the 
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display options. All PCF8577 devices on 
the bus load the control byte into the con­
trol register from the 12C-bus and thus at 
any one time each device has an identical 
copy of the control byte in the control 
register. 

The register is shown in more detail in 
Figure 13. The six least significant bits 
select which device and which segment 
byte registers are to be loaded next and 
ac-cordingly this part of the register is 
known as the segment byte vector (SBVI. 
The upper three bits of the SBV (VS to V31 
are compared with the hardware address 
input signals (A2 to AOl and if they are 
identical then the device is enabled for 
loading, otherwise the device ignores the 
incoming data. The three least significant 
bits (V2 to VOl define the address of the 
segment byte registers into which the 
segment data has to be loaded. 

After each segment byte is loaded, the 
SBV is automatically incremented so that 
more than one segment byte can be sent 
in a data transfer. Furthermore, since the 
SBV refers to both the device and the 
segment byte registers, then auto­
incremented loading may proceed across 
device address boundaries provided that 
the hardware-sub-addresses are arranged 
contiguously. In an expanded system, roll­
over of the SBV form 111 111 to 000 000 is 
also possible. 

All PCF8577 devices on the bus auto­
increment the SBV even though they may 
not be loading segment data, but only the 
selected device transmits the acknowledge. 

The control register also has two display 
control bits, MODE and BANK. 

The MODE bit selects whether the device 
is to operate in the direct or duplex drive 
mode and the BANK bit allows the user to 
select which of the two groups of segment 
byte registers are to be displayed when 
operating in the direct mode. 

If the MODE control bit is set to zero, then 
the PCF8577 is set to the direct drive 
mode. In this mode only four bytes are 
needed to store the data for the 32 seg­
ment drivers; accordingly, the eight 
seg-ment byte registers have been divided 
into two separate banks, even and odd 
respectively, which may be separately 
selected by the BANK bit. Setting the 
BANK bit to zero selects even bytes (bank 
Al, whereas setting the BANK bit to one 
selects the odd bytes (bank Bl. Thus, in the 
direct drive mode, two independent dis­
play memory maps may be stored and the 
BANK mode bit may be used to display 
either one or toggle between them. 
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Figure 13. The Nine User Controlled Byte Wide Registers in the PCF8577. 

INIT 

Load 52 - serial clock rate. with ACK, s~tr c 

Load Sl - slave Rx. enable serial 1/0, 8-bit words 

Enable serial interrupt (optiOMl) 

Main program 

Figure 14. A General Flow Chart for Addressing and Sending Data to a Slave 
CLIPS Device. 
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When operating in the direct drive mode, 
the SBV is auto incremented by two after 
each segment byte vector is loaded. Thus, 
independent auto-incremented loading of 
bank A or bank B is possible, and either 
bank may be completely or partially 
loaded irrespective of which bank is being 
displayed. 

With eight display drivers on the bus, two 
memory maps of up to 256 segments each 
may be stored, and, once loaded, it is only 
necessary to generate the relevant control 
bytes to switch between the two. 

The duplex mode is established by setting 
the MODE tiit to 'one'. In this mode the 
second back plane signal BP2 is required 
to drive the display, and consequently, 
since this pin is shared with A2, the value 
of the address pin A2 thus becomes 
undefined. 

Duplex Mode 
Accordingly, A2 N5 in the SBV) and the 
BANK bit are ignored in the duplex mode, 
and the device hardware address is 
defined only by A 1 and AO. Naturally, the 
SBV auto-increments by one between 
loaded bytes and device sub-address 
boundaries may still be crossed. 

Inevitably, a maximum of four devices are 
permitted on the bus, but this still allows 
256 LCD segments to be driven. 

A flow chart for addressing and sending 
data to a slave CLIPS device is shown in 
Figure 14. It is assumed that the 'main 
program' calls the serial 1/0 routine when 
it is necessary to update the display. 

After each byte has been put into SO and 
transmission has started, S1 is repeatedly 
checked for PIN = 0 indicating that all 
eight bits of data have been sent and that 
the ninth clock pulse has also been gener­
ated. The LRB bit in S1 can then be tested 
to see if the data has been acknowledged. 
When all the data has been sent, a STOP 
is generated. 

Figure 15 is a: complete software listing of 
program that could be used for driving the 
PCF8577. 

While in the above example a single dis­
play driver was used, the expansion to two 
or more devices involves no new 12c bus 
principles and the application circuit Fig­
ure 16 shows how straightforwardly it may 
be implemented. 

There are other LCD drivers in the CLIPS 
family designed specifically for higher lev­
els of multiplexing and for dot matrix 
displays; namely, the PCF8576 and 
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In this example of single master 'dumb' slave system the program first goes 
through a short SIO initialisation. The display routing DISP is called as 
a subroutine. 
The PCF8577 is used in the direct drive mode to drive 32 segments of LCD. 
The data to be displayed is assumed to be in the lower nibble only of 
RAM addresses 30-33Hex. 
Conversion of the numbers into data for driving the segments of the LCD 
is via a look-up table. 
In this example all 32 segments are loaded or updated using the 
auto-incrementing of the PCF8577 register addresses. (If you need to 
change one digit only then just the appropriate register need be updated.) 
In this example the Pending Interrupt Not bit will be polled, as an 
alternative to using the serial interrupt. The latter would give a more 
complex program but leave the CPU more time for other activities. 

LCDD a sect rom, inpage 
page 2;6 
er.try strt 
org 00 

strt JMP in it reset vector 
org 09 clear of interrupt vectors 

in it MOV S2,#H'43' with ACK, SCLK=87KHz with 4.43MHz Xtal. 
MOV Sl ,#H'l8' slave, receiver, enable serial 1/0 

main NOP main program! 
CALL DISP call display subroutine 
JMP main 

DISP MDV RO,#H'30' pointer for display data 
MOV RI ,#04 counter for digits 
MDV SO,#H'74' address of PCF8577-write 
MOV Sl ,#H'fB' send out address 

bytA MOV A,Sl get SIO status 
JB4 bytA wait for PIN"'O 

* address sent so now check for acknowledge: 
JBO ERROR no acknowledge so go ERROR 

* now send Contra~ Byte to PCF85 77 
* select direct drive, bank A, 010 device address, 000 segment byte address. 

MOV SO,#H'lO' this send control byte out and resets PIN=l 
byte MDV Sl ,A get SlO status 

JB4 byte wait for control byte finished, PIN=O 
JBO ERROR check for acknowledge. 

*Now get numbers from RAM, converting to segment data with look-up table SEGT 
num MOV A,@RO get number 

ADD A,#H'50' start address of look-up table 
MOVP A,@A get segment data 
MOV SO,A send out data 
INC RO set pointer for next number 

bytD MOV A,Sl SIO status 
JB4 bytD wait for PIN=O 
JBO ERROR ACK? 
DJNZ R7 ,num finished? 

* message is finished so STOP must be sent. 
Stop MOV Sl ,#H'd8' send Stop. 
* MAB8400 automatically reverts to Slave Receiver after STOP. 

RET return to main program 

ERROR JMP Stop clear bus and try again! 

SEGT org H'SO' Segment look-up table 
data H'IE' Segment data for '0' 
data H'06' l 
data H'DA' 2 
data H'BE' 3 
data H'A6' 4 
data H'AC' 5 
data H'FC' 6 
data H'OE' 7 
data H'EE' 8 
data H'BE' 9 

END 

Figure 15. 
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PCF8578. Naturally these devices need 
more control information to be sent in 
order to select between various modes of 
operation, but apart from the need to 
increase the number of control bytes 
between the slave address and the seg­
ment data, the data format remains the 
same and hence the driving routines are 
very similar. 

In contrast with general purpose CLIPS 
such as the LCD drivers mentioned above, 
a dedicated peripheral, which may be used 
for the generation of DTMF, modem and 
musical tones, will be briefly described. 
The device, in contrast with the general 
purpose 14 pin tone generator (PCD3311 l, 
the PCD3312 requires only eight pins, two 
of which are required for the 12c-bus, one 
for the tone output and a hardware 
address pin AD. This latter pin identifies 
the particular device when two PCD3312's 
are connected to the same bus. Because 
all the filtering is done on-chip, no external 
components are required. 

The simple data format is shown in Figure 
17. The first byte, slave address, is fol­
lowed by a single data byte. The lowest six 
bits in this byte are used to switch the 
oscillator on and off and to select various 
tone or tone combinations. These include: 

• single-and-dual DTMF frequencies in 
accordance with CEPT CS203 

• 300 and 1200 baud modem frequencies 
in accordance with V21, V23, Bell 103 
and Bell 202, and 

• two octaves of musical semitones in the 
frequency range 622 to 2489 Hz. 

Modular Approach 
Accordingly, with this single dedicated cir­
cuit a range of advanced DTMF/DECADIC 
'feature telephones' with repertory, display, 
calendar-timing facilities may be con­
structed from what may be regarded as 
general purpose components. Such a 
modular approach, centered on the 12c­
bus, leads to a high degree of flexibility: 
increased memory size or use of non­
volatile RAMs instead of volatile ones, 
display options, etc, which are typical of 
12C-bus applications. 

The SAA 1300 remote switch was designed 
to enable the 12c bus to be used to control 
the power supply lines of integrated cir­
cuits or other parts of a system. 
Consequently, the five-output stages were 
designed to supply 1 DOmA in the on-state, 
or sinking - 100µA in the off stage. Natu­
rally current limiting and short-circuit 
protection are included on chip and there 
are limitations on the total power dissipa-
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SDA 

Figure 16. PCF8577 Direct Drive Display Application Diagram with Expansion to 
256 Segments with 8 PCF8577 Units. 

m.s.b 

'---Slave address_____/ ~----Data---~ i 
Internal STROBE for data latching 

Figure 17. The Data Format of the PCD3312. 

tion which prevents the supply of the 
maximum current at all the output stages 
simultaneously. 

One of the output stages can be alterna­
tively used as a sub-address input, and up 
to three circuits may pe attached to the 
same 12c-bus. The 2-byte data format is 
similar to that of the previously described 
PCD3312, a slave address byte followed by 
a data byte. The only unconventional fea­
tures of the circuit are the use of bipolar 
technology to obtain the high current cap­
ability and the use of a single sub-address 
which recognizes three separate voltage 
levels to select one of a maximum of three 
devices on the bus. 
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LED Drivers 
Naturally, LED display applications fall 
between the very low current drive 
requirements of LCD's and the applica­
tions for which the SAA130.0 was 
designed, and a specific LED driver is 
planned to fill this gap. Meanwhile the 
PCD8574 1/0 port expander, to be 
described next, may be used as a LED 
driver. 

An ND and D/ A integrated circuit, the 
PCF8591, is in development and, while it 
should be classified as a slave transceiver 
which will be featured more fully in a sub­
sequent article, the D to A part is an 
example of another category of simple 
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receive-only-peripheral 12C-bus applica­
tions. The complete device possesses a 
four-input multiplexed analogue to digital 
converter and a single 12C-bus to analogue 
output converter; the device is designed to 
function simultaneously as an ADC and 
DAG. 

The data format is similar to that of the 
PCF8577 which in the DAG mode com­
prises a slave address (including three 
hardware sub-address kits!, a control byte, 
and a data byte. 

12c MASTER CONTROLLER 
OPERATION 
12c bus applications have been considered 
in which. a s·ingle master controller was 
programmed to write to one or more 
receive-only slaves. A liquid crystal display 
driver was used as the example, controlled 
by the MAB8400 microcontroller. 

A larger range of CLIPS peripherals do not 
just receive data but respond with data; 
e.g., RAMs, 1/0 expanders, analogue to 
digital converters, etc. 

The purpose of this section is to describe 
what is currently the most common con­
figuration of the 12c bus, namely a single 
master microcontroller in the WRITE and 
READ modes. The particular case to be 
considered will be the use of the bus to 
store and retrieve data from the Mullard 
PDC8571 128 x 8 CMOS RAM with 12c 
interface. 

As before it will be assumed that there is 
but one 'master' using the 12c bus. Arbitra­
tion beiween competing masters will be 
covered next month. 

However, before this specific application is 
studied, the general format of the data is 
described. 

The data format for sending data is shown 
in Figure 1 Ba. The START condition is a 
falling edge of the serial data line (SDAI 
when the serial clock line ($CU is still 
high. Then follows a seven bit address, to 
select the slave, together with the WRITE 
bit (Ql. This is followed by the acknowledge 
bit when the transmitter leaves SDA high 
and checks for the receiver dragging SDA 
low. In the case of the RAM the next byte 
is a pointer or word address but this could 
well be a command with other peripherals. 
This byte is acknowledged. The subse­
quent bytes are the data flow, each 
acknowledged, and the communication 
terminated with a STOP condition (rising 
edge of SDA with SCL high!. 
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I s I MEM. ADR. J w I A I POINT I A I DATA l I A I DATA 2 I A I p I 
Figure 18a. Format to Write Pointer Value and Two Data Bytes. 

S M£M. ADR. W NA P 

s is the START condition 
toEM ADR 
POINT 

is the slave address of the CMOS memory PC08571 

w 
is the pointer address (internal RAM location address) 
is the read/write bit in write status (= O) 

R is the read/write bit in read state (= l) 
A is the acknowledge bit; this has to be 'O' 
NA 
p 

is the not acknowledge bit, this has to be '1' 
is the STOP condition 

Figure 18b. Format to Write Pointer Value and Read Two Data Bytes. 

Though some peripherals may just send 
data as slave transmitters when addressed. 
many peripherals need a command or. in 
the case of a RAM. an address pointer, sent 
after the device address and before the 
actual data can be returned. This means 
that at the start of the conversation the 
master is a transmitter and then, having 
sent the slave address and the appropriate 
command(sl or pointer, the master must 
turn the conversation round and receive 
data from the slave transmitter. At the end 
of the conversation a STOP condition has 
to be created to clear the 12c bus. 

The format for sending a pointer and 
receiving data is shown in Figure 1 Bb. The 
READ/WRITE bit only occurs as the least 
significant bit of the slave address which 
follows the start condition; therefore a 
second start condition is generated fol­
lowed by the slave address with the READ 
bit set 11 I: When all the required data has 
been received, the master receiver 
instructs the slave transmitter to release 
the bus by sending a 'not acknowledge' of 
the last data byte; the master can then 
generate the stop to clear the bus. 

In the CLIPS family of 12c peripherals the 
four most significant bits of the device 
address are commonly fixed within the IC 
leaving the three LSBs for selection by wir­
ing. This means normally up to eight 
CU PS of the same type can be used on a 
single 12c. 

Some CLIPS devices, such as the 
PCD8571 RAM, receive or send several 
bytes of data in each transfer and these 
devices usually auto-increment their inter­
nal word address pointer after each byte, 
so such block transfers use the bus 
efficiently. 

In the previous article the high speed, or 
normal mode of the J2C bus, has been dis­
cussed. The 12c bus specification also 
allows for a slow speed mode. This mode 
is to facilitate the driving of CLIPS devices 
by controllers not specifically designed to 
interface and control this bus. 

In the low speed mode the serial clock is 
limited to 2kHz and the data format 
includes a START byte 101Hexl imme­
diately after the start condition, and before 
the slave address, to indicate that the low 
speed mode is being used. 

When using the MAB8400 range of micro­
controllers for controlling the J2C bus, the 
following software functions should be 
included in the user's program. 

First, a reminder of the special serial 1/0 
registers being used: 'SO' is the data regis­
ter connected to the bus, and data/address 
is clocked in or out of SO on the rising 
edge of SCL. 

'S1' is the status and control register: 

IEso1sc21sc11sco I 

IMstlTrxlBBIPIN I 

I ALjAASIADOI LRB I 

'S2' is used to set up clock speeds, etc: 

1-IAcKIAscls Clock speed bitsl 

Within the normal initialization routines in 
the user's program, the initialization of the 
serial 1/0 is carried out, e.g.: 

MOV S2,#h'43' 

Clock at 87 kHz, with ACK. 

MOV S1,#h'18' 

Enable Serial 1/0, slave Rx. 

ENS! 

(Enable Serial Interrupt if used) 
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When the main program calls the Serial 
1/0 routine to read data from a slave, the 
address of the slave is sent out following 
the START condition, e.g.: 

MOV SO,#h'AO' 

Slave address - write mode. 

MOV 51 ,#h'F8' 

Send ST ART and device address. 

Wait for 'address sent' by polling PIN or 
serial interrupt as shown last month: 

MOV S1,A 

Check status 

JBO ERROR 

Check for acknowledge (LRB = O) 

Now the 'command' or address pointer is 
sent: 

MOV SO,#h'xx' 

Send command 'xx' 

and tests for PIN = 0 and LRB = 0 IACKI 
etc. performed. 

Having sent the command or pointer, it is 
now necessary to reverse the direction of 
the communication on the 12c bus. 

Multiple starts are permitted within the 12c 
protocol so the slave address is transmit­
ted again but this time with the LSB = 1 
IREADI. 

Loading or reading SO clears PIN and 
allows the SCL to restart so, if SO is just 
loaded with 'slave address+read', transmis­
sion will start immediately as if this were 
data and it would be received by the slave 
as data. The START condition distin­
guishes 'address+ R/W' from data bytes. 

First the serial data, SDA, and serial clock 
SCL lines are released by: 

MOV S1,#h'18' 

Slave, Rx, BB =O, ESO = 1 

This is not a STOP condition as the master 
is no longer a transmitter. First the SDA 
will go high. Then the SCL goes high and 
this action clocks the data into the last 
received bit of S1 so both SDA and SCL 
can be checked to see if they are high by 
testing S1 for LRB = 1, and it is then clear 
to create a fresh START condition: lsee 
Figure 19l. 
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I 

'!JV Sl # BB-0 
PIN+ESO 

repeated 
START 

condition 

Figure 19. Testing Status Bits BB and LRB to See Whether the SCL Line has 
Been Released. 

Vee 
P23--.---+--.. 

SeLK------.. 
MAB84XX 

µe 

vss 
Master 
transmitter I 
receiver 

Figure 20. Block Diagram MAB84XX - PCD8571 Serial RAM Configuration. 

Test 
MOV A,S1 Get status, 
JBO Restrt LRB =1 so go to repeat start. 
JMP Test Still waiting - try again. 
Now to turn bus round: 
Restart 
MOV SO,#h'A1' 
MOV 81 ,#h'FB' 

Slave address + read 
START - Master, Tx, 

BB= 1, PIN= 1, ES0=7. 

Though the MAB8400 sends this repeated 
start plus slave address in master transmit 
mode because the LSB = 1 (Not Write!, the 
MAB8400 changes to master receive mode 
at the end of the byte. The addressed slave 
generates the ACK on the ninth clock and 
becomes a transmitter. The master checks 
for receipt of the acknowledge and then, to 
reset the Pl N and allow clocking to con­
tinue, SO is read, even though it just 
contains the slave address and read. 

To read bytes of data from the slave the 
master receiver continues providing the 
serial clock, and on its ninth clock the 
master holds SDA low to acknowledge the 
receipt of the data. To clear the bus after 
each byte then: 

MOV A,SO 

reads the data, clears the PIN bit and 
allows the clocking to continue. 

When the required number of bytes has 
been read by the master receiver, the mas­
ter has to indicate this to the slave 
transmitter. 
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Th is is where the acknowledge bit comes 
in. The master is generating nine clock 
pulses for each byte and is pulling SDA 
low on the ninth. If the master receiver 
does not acknowledge but leaves SDA 
high on the ninth SCL, then the slave 
transmitter will cease sending data and will 
leave the SDA and SCL high also. This is a 
requirement of an 12c peripheral. Now a 
STOP condition can be generated by the 
master. 

The MAB8400 is the first of a range of 12c 
bus controllers and the generation of the 
STOP condition in master receiver mode is 
fairly complex. Later controllers, already in 
development, have simpler solutions. 

First, a 'not acknowledge' must be created. 
Before clocking the last data byte from the 
slave transmitter, the MAB8400 is set in the 
not acknowledge mode by clearing the 
ACK bit (bit 61 in S2: 

MOV S2,#h'03' 

(was 43 when initialized) 

This is done before reading the penulti­
mate byte from SO in the master receiver. 
The MAB8400 will now provide eight clock 
pulses only to receive the final data byte. 
The slave transmitter is now waiting for the 
ninth clock pulse with SDA held low as an 
acknowledge. As the MAB8400 is in the 
'not Ack' mode, after eight clock pulses 
PIN = O (and serial interrupt, if enabled! 
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and the SCL stays low. The last received 
byte is now in SO. 

One more clock pulse is needed with SDA 
left high so the bit counter in S1 is set for a 
word length of one: 

MOV S1 ,#h'A9' Mst, Rx, BB, PIN= 0, 
ESQ= 0 & BC= 1. 

The clock is released as the received byte 
is read from SO: 

MOV A,SO last byte to accumulator 

and the slave transmitter sees the 'ninth' 
clock with.'no Ack', as this READ will leave 
SDA high, so releases the bus. 

The master checks that the single bit has 
gone out by checking for PIN = 0 (comple­
tion of. transmission of the one-bit wordl; 

GON MOVA,S1 
JB4 GON 

Get status 
wait until PIN= 0. 

The 'with Ack' mode can now be restored 
and the STOP condition sent: 

MOV S2,#h'43' 
MOV S1 ,#h'DB' 

This clears the bus so a new conversation 
can be started. 

A practical example. Figure 20 shows the 
PCD8571 RAM connected to the MAB8400 
microcontroller. 

The PCD8571 is a 128 x 8 CMOS RAM 
and as it uses the 12c bus for both data 
and address, it is housed in an eight pin 
package. Three address pins are supplied 
to allow up to eight PCD8571s to be on the 
same 12c bus. 

Access time is determined by the 100kHz 
maximum clock rate of the 12c bus speci­
fication. In power-down mode data may be 
maintained by a 1 volt battery from which 
it draws typically only 50nA. 

A program for reading four bytes of data 
from the RAM is shown. This program was 
modified to read just two bytes and oscil­
loscope pictures of the serial data and 
clock lines taken. The composite picture is 
shown in Figure 21. 

The serial clock frequency used is 87kHz 
and at this speed the time between each 
acknowledge and the restarting of the 
clock is significant. It is then that the check 
is made for Ack and the 1/0 register SO is 
read. Faster 12c bus microcontrollers are 
in development which will reduce the time 
interval between successive bytes on the 
bus. 

After the pointer has been sent and 
acknowledged, both SDA and SCL are 
low. The bus is cleared (both highl by the 
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Figure 21. SDA (top) and SCL MAB8400 Reading Two Bytes from PCD8571. 

MOV S1 ,#h'18' instruction !line 42 of list­
ing) so the second start condition can be 
generated lline 48l. 

The eight clock pulse for the last data byte 
can be seen clearly; the rising edge of the 
delayed ninth clock pulse clocks the 
NACK into the PCD8571 to indicate the 
end of transmission. The SDA is left high 
and is then taken low by the MOV 
S1 ,#h'D8' instruction Hine 77) when the 
STOP condition is generated ISDA low to 
high with SCL highl. 

A non-volatile memory IEEPROMI equival­
ent of tbe PCD8571 is being developed. 
This circuit, the PCF8572, has the same 
pinning and hardware address as 
PCD8571; it can be used as a plug-in 
replacement for the RAM. Naturally there 
are some differences for which allowances 
have to be made. 

In the first place the single 5V power 
supply voltage has a more restricted range 
of ±10% and secondly the write cycle lie, 
erase/rewrite! time is now significantly 
longer 110 ms/bytel. As a consequence, the 
circuit will not accept more than two con­
secutive data bytes in the write mode, but 
otherwise the data format is the same as 
has been described above. Furthermore, 
the device is block-erasable. Finally, allow­
ance has to be made for the inclusion of 
an RC-time constant at pin 7 which is not 
required in the RAM application. 

Clock/calendar/timer. The PCB8573 is a 
real time clock/calendar circuit using a 
32kHz crystal controlled oscillator and an 
auxiliary 1.2V battery to protect against 
power supply interruptions. The device 
has both addressable' time counter and 
addressable alarm register for minutes, 
hours, days, and months. Access to the 
counter and the alarm register is via the 
12c bus. Consequently, the circuit not only 
functions as a clock/calendar but also can 
be used for presetting a time and/or a date 
for alarm or remote switching function. 

Figure 22 shows a block diagram of the 
circuit. In essence the timer function is 
provided by comparing the time-counter 
and alarm registers. When the contents are 
equal, a flag COMP is set. This flag is 
accessible either via the 12c bus or via an 
external pin. The comparison may be 
based upon hours and minutes only if the 
internal flag NODA lno date! is set. 

The data format of this slave transceiver 
follows the general format described 
above. Specifically, the control byte or 
mode pointer is divided equally into an 
upper control-nibble and a lower 
address-nibble. 

The former is used to read or set the con­
trol and status flags as well as for seconds 
adjustment, whereas the latter is used to 
set or read the time counter or alarm regis­
ter, i.e. selects hours, minutes, days or 
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months. Each of the two registers is 24 bits 
long but four data bytes are necessary for 
complete data transfer to or from each 
register. 

Remote 8-bil 1/0 Expander 
PCF8574. 
The block diagram of this circuit is shown 
in Figure 4. The device was designed as a 
remote 1/0 expander for the 8400 and 
84COO families of 8-bit microcomputers 
but naturally it can be used to interface 
microcomputers without a serial interface. 
When used as an input device an interrupt 
line, INT is used to interrupt a master 
device on the 12c bus so that the PCF857 4 
remains a slave transceiver. 

The 1/0 ports are quasi-bidirectional and 
thus can be used as inputs or outputs 
without the use of a control signal for data 
direction. Any bit designated as an input 
must be first loaded with a logic 1, 
although all ports are set to logic 1 auto­
matically by the power-on-reset circuit. 

Reading from and writing to the 1/0 ports 
follows the principles already outlined and, 
in doing so, it is only necessary to recog­
nize that in a read cycle the inputs are 
latched in the same clock period as the 
acknowledge signal after the state address, 
and in the write cycle the outputs are 
latched in the acknowledge signal clock 
period after receipt of the data byte. 

It has already been mentioned that the 
PCF8574 is a slave transceiver so, in the 
event of an input change, the device does 
not take control of the 12c bus to transmit 
the relevant information to the microcon­
troller but uses a separate interrupt request 
line. The microcontroller then takes action 
to read the port expander concerned. An 
interrupt is generated by any rising or 
falling edge at a pin which has been 
designated as an input. The interrupt sig­
nal !INTI is reset either when the data on 
the input in question returns to its original 
value or when data is read from or written 
to the port which has generated the 
interrupt. 
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1 ., ............................................................................... . 

Z • aout1n• for re1chng frOlll PCDl511 CHOS RAM 
J • vu the I2C t:u.u with "'11400 MJ.crocontroller as Master 
4 .................................................................................. . 

5 • ln ttu.1 11uMPl• of a 1.1n1l• Master converung w.1.th a responuve CUPS Clttvi.ce 
& • the Huter sets up a pointer for the word 1ddr1u l.n the IAM, then beco•Hs a 

* Master Recuver to read frOM the IAH. The H11t1r lndicates the end of the 
• 1:1lnv1r11tion by Not Acknowledge and, h1v1n9 beco.. 1 Huter Tun11111tt1r •111n 

! • puts out a Stop cond1h.on to clear the bus. 
10 I For thu UIMPle th• data to bl rHd 11 l.n ICICIUUH 10· 1lH11l l.n tne RAM and 
11 • Wlll bl stored in RJO-]J in tr'• MAllUO. 
12. 
13 U."R a sect roM, 1npa9e 
14 page 25& 
15 entry st rt 

" . ,. • 
11 st rt '"' 1n1t reset vector 

" . ,. •• clear of interrupt vectors 
19 1n1t •OY S2 .I"" 4J' with ACK, SCLK= 11K"z. 
20 •oY SI ,I"' 11' slave Ric.Enable Serial 1/0 
21 1tun NOP "un progra•! 

'' CALL ... Call read data ro1.1tlne. 
23 '"' Mal.n continue •ain progra•. 

" . 25 DAR •oY RO ,I"' JO' pointer for read data to be stored. 

" •OY R7 .I02 Cot.inter for nu.bu of bytes to be read -z. 
27 •ov SO,I"' AO' Address Of PCDl57 I t 101DDDDI Write ID). 

" •OY SI, '"'Fl' START and Hnd addreu 

" . -Hst. Tu,H,PIN,ESO, Hits. 
JD bytA •ov A, SI get SlO status 
31 "' byU wut for PJN=O • 11.ddnss unt) 

" '" ERROR e1ut 1f no ACK. 
JJ • Address Hnt so now send word address pointer 
J4 MOY so.1"·10· address of first word to be read. 
l5 bytW MOY A,SI Get status 
l6 Jl4 bytW ia1ut for PlN=D I word address sent) 
J7 JIO ERROR Check ACIC. 
JI • PCDl571 now set up w1th po1nter so change Master fro• Wr1te to READ. 
J9 * SCL and SDA tYrr•ntly LOW as PIN=O not y•t r•set. 
40 MOY s1,1"·11· Clear lus lusy bit to cleu bus, PIN=I, ES0=1. 
41 Testl HOV A,Sl g•t status 
42 Jto Clear LRl=l so clear to continue. 
4J J"P Testl Still waiting for bus to char - try agun. 

" . 
45 Clui HOV Address of PC08571 t READ 
Hi MOY 

SO ,I"' Al' 
SI, IH' F8' 
A, SI 

START - Hst,Tn,11,PIN,ESO,lllts. 
4 7 bytR MOY 
48 J84 
49 JllO 

bytR 
ERROR 

Get st.tus 
wut for PIN=O 

50 • HAU400 now a Master Receaer. To release the Bus clear PIN by ruding SO. 
51 •OY 
52 bytO •oY 

A, SD 
A, S1 

SCL can now run tu fetch dat• fro111 RAM 
Get StiltUS 

53 '" 54 •oY 
55 HOY 

bytD 
A,SD 
QRO,A 

Wut for PIN=O IOata received. I 
Read data rece1ved and clear PIN. 
store d•ta away. 

" INC 
57 DJNZ •• R7 ,bytO 

increMnt data sture pointer. 
dat• byte counter>O, get •ore. 

!18 Penult11Hte byte on lt~ way. 
59 bytP '10V A,SI Get Status 
60 JB4 bytP wut for PIN=O 
61 Now change to No Ack •ode to 119nal PCOl571 'end of conversation' 
62 • Penult11Hte byte st1ll in SO and but is not moved u11til No Ack Mode is set up. 
6l MOY S2,l"'OJ' NO ACK, 17KHz. .. 
" " 

•oY 
HOY 
INC 

A, SO 

~RO.A 

read data. PIN= 1, SCL res tuts. 
store away byte ]ult read. 

•• incre•nt data store po.1.nter for final byte . 
67 bytF '10V A,:.1 get status 
61 JU bytF wut PIN=O lflnal byte in SDI 
69 FJ.nal byte so • "No Ack" •ust be sent to RAM - a one bit word = 1. 
70 HOV ~1.IH'A9' Hs.t,b,11,PIN=D,ESO,IC=I 
71 MOY A, SO reaa fl.nal byte and release bus for 
72 one bl. t word. 
7 J MOY QRO, A Store away final byte. 
74 Now check for one bl.t word trans•ission co•plete. 
75 GON MOV A,SI get status 
76 Jl4 GON wut PIN=O 
77 MOY SZ,IH'4l' restore "w.1.th ACK" Mode 
11 STOP HOV S1,IH'OI' STOP 
79 MAIUOO autOMat.1.c•lly reverts to Sl.1v11 hceiver a ft er STOP . •• • 
81 RET r11turn to ma1n progra11. 

" . 
13 ERROR JHP STOP IF ERROR STOP .. .. ENO 
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Figure 22. Block Diagram of the PCB8573. 

Figure 23. Application Example of the PCB8573. 
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In Figure 23 a typical application of the 
clock/calendar circuit the PCB8573 is 
shown. The most obvious point about this 
application is that this is neither the simpl­
est nor the cheapest way of making a 
clock/calendar with an LCD display since 
there are several I Cs capable of perform­
ing that function alone. However, in a 
system in which a microcontroller is per­
forming a large number of other tasks, 
using its 8-bit wide ports, it will be simpler 
and cheaper to use a serial port to provide 
additional features and facilities. which do 
not require high data transfer rates, such 
as the clock/calendar function. This is 
because the costs of interfacing between 
the microcomputer and a separate dedi­
cated clock circuit may be high. Thus the 
first application area is one of incremental 
facilities which in themselves may not be 
particularly expensive to provide in isola­
tion, but might be to add to a more 
complex system. 

A second related aspect of 12c bus 
designs is that it allows for 'optional' facili­
ties i.e. some equipments may require a 
clock, others not. A particularly good 
example of this is a facility phone shown in 
Figure 24, where a DTMF option can be 
readily added or the repertory dialing 
memory can be easily extended, simply by 
plugging in extra integrated circuits, e.g., 
PCD3312 and PCD8571. 

The circuit shows the PCD3340 repertory 
dialer controller. This is a special adapta­
tion in CMOS of the general purpose 
MAB8420 microcontroller to make it more 
suitable for telephone applications. It has 
sufficient RAM on board to store 10 reper­
tory numbers and possesses redial and 
extended redial features. The microcon­
troller interlaces directly with a suitable 
transmission circuit such as one of the 
TEA1060 family and provides decadic dial­
ing and register recall outputs. 

This circuit, together with two LCD drivers. 
forms the starting point of a facility tele­
phone with repertory and display features. 
To extend the repertory store, it is only 
necessary to add PCD8571 RAMs to the 
12c bus and, to add DTMF signaling, the 
PCD3312 tone-generator, described 
earlier, is 'clipped-on' the bus as well. 
Naturally there would be advantages in 
using EEPROMs instead of the RAMs. 
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Figure 24. Repertory Dialing Facility Phone. 

c::::::J ~C Data bus 

c::::::JAll 12c modes ESO 

c:::JMuit; master only 

0--Reset 
ln;tiaHze 
(P;n 17) 

sync 
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control 

e;t 7 B;t 0 

Clock 
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12c Bus with Multiple Masters 
Previously bus configurations with only 
one master have been discussed. An 
increasing number of applications use 
more than one master, either initially to 
divide the total system tasks or as exten­
sions added to provide customer options. 

In the latter case, as long as the original 
single master was programmed to 
accommodate the possibility of having to 
compete for the 12c bus, the additional 
masters can be added without modifying 
the program of the original master. This 
assumes that the added master is not 
required to communicate with the original 
master. 

In a system designed with several masters 
the possibility arises that masters, compet­
ing for the t>us, may be addressing each 
other so this must be allowed for. 

Two or more masters may use the same 
bus just to drive their 'own' sets of peri­
p her a Is or they may even share 
peripherals. The MAB8400 microcontroller, 
commonly used as a master, may also be 

WR ADDR. latches Int 

8400 req 
SIO interrupt 

interrupt logk EN Sl 
logk DIS Sl 

Internal clock 
._ ___________________ _. Progr.counter 

Figure 25. Block Diagram of the MAB8400 SIO Interface. 
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used as an 'intelligent' slave and can have 
its address loaded by software. 

For the 12c bus to function with multiple 
masters, an arbitration system is required, 
and this section describes both the arbitra­
tion and the software control of a 
multi-master system. 

The first section described how master 
controllers competing for the bus can 
recognize competition. As the connection 
to the bus is by open-drain MOS, with a 
common pull-up resistor, a LOW always 
overrules a HIGH and as the serial 1/0 pins 
are quasi-bidirectional, a device failing to 
get a HIGH bit onto the bus will be able to 
recognize that fact. 

The second section showed the serial 1/0 
section of the MAB8400, but, as this will be 
referred to in some detail, it is shown again 
in Figure 25. 

Register SO' is used for the address of this 
device so it may be addressed as a slave. If 
a START condition appears on the 12c 
bus, then the address following it is fed 
into SO and then compared with SO'. If the 
comparison is true, then PIN bit in S1 is 
set to 'O' and, if enabled, the serial interrupt 
is asserted. 

If the LSB in S1' is set to '1 ', this indicates 
the always selected IALSJ mode in which 
case the comparison of address is 
assumed true. 

S2 operates as previously described and is 
used to set up the serial clock frequency 
and operating modes in the initialization 
routine. 

The significance of each bit in the serial 
status register S1 requires more detailed 
explanation: 

The master bit IMSTI is set to '1', by soft­
ware, when the interface is in the master 
mode, in which case this device provides 
the serial clock SCL. It may be reset by 
software, but will be reset to 'O' if the 
device loses the bus in an arbitration 
contest. 

MST TRX Oper1tingcode 

'Slave receiver' 

'Master receiver' 

'Shvetrans111itter' 

'Master trans111itter' 

Figure 26. Operating Modes Set by Bits 
MSTandTRX. 

The transmitter bit ITRXI is set to '1 ', by 
software in master mode, when transmit­
ting. It can also be set to '1', in slave mode, 
when another master demands that data 
be transmitted by this device. It will be 
reset to 'O' if arbitration is lost. Both MST 
and TRX are reset to 'O' by a STOP 
condition. 

The operating modes of MST and TRX are 
summarized in Figure 26. 

The busy bit IBBI is set by hardware when­
ever a START condition appears on the 
12c bus and it is reset by a STOP condi­
tion. When in master transmitter mode, it is 
set to '1' by software to create a ST ART 
condition and reset to 'O' to create a STOP. 

Setting the pending interrupt not bit !PINI 
to 'O' initiates a serial interrupt, if enabled. 
As long as PIN = 0 the serial clock is held 
LOW. It is taken LOW by several condi­
tions - a complete word has been 
transmitted, this device has been 
addressed or a complete word has been 
received. It is reset to '1' by reading from 
or writing to serial data register SO or by 
direct operation on S1. 

The enable serial output bit IESOI enables 
the serial 1/0. If ESO = O then the SCL pin 
is at high impedance and the SDA pin 
reverts to an ordinary port pin. Also, with 
ESQ = 0, any data loaded by software into 
SO is also latched into SO' thus enabling 
this device to load its 'slave' address. 

The arbitration lost bit IALI is set to '1' 
whenever this device transmits a 'high' 
onto the serial data line and this is over­
ruled by a 'low' written by some other 
device, or noise. Setting of AL also resets 
MST and TRX. It is cleared by a MOV to or 
from SO or S1 . 

The addressed as slave bit IAASI is set to 
'1' when the comparison between the data 
received after a ST ART and SO' is true, or 
anyway if the ALS bit in so· is set. 

The addressed by Os bit IADOI is set if an 
all zeros byte is received following a 
START condition, this being the 'general 
call' address. 

The last received bit ILRBI reflects the 
state of SDA and is latched in by the rising 
edge of each SCL. It is normally used to 
check for acknowledge, as described 
earlier. 

In the simpleset case of multi-masters the 
controllers only communicate with slave 
peripherals and not with each other. 

After initialization, the user's program should 
include the following actions for control­
ling the bus. 
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When a potential master requires the bus, 
it must first check that it is free. As any 
other master currently using the bus must 
have put a START condition onto it, this 
will have set the bus busy bit within all 
potential master MAB8400 controllers. 
This can be checked by examining the sta­
tus register S1: 

MSTX MOV A,S1 Get status 
JB5 MSTX Bus busy so try again. 

BB can be checked indefinitely or, if the 
system involves lengthy bus useage, for a 
finite time before withdrawing to try later. 

Having established the bus is available, the 
slave address is loaded into SO ready for 
transmission. S1 is then loaded to create a 
ST ART and send out the slave address. 

MOV SO,#SLAD Load slave address into SO 
MOV S1 ,#H'FB' Mst, Trx, BN, PIN, ESO. 

-START. 

In the interval between checking BB and 
sending out a START, another master may 
have put a ST ART onto the bus. The serial 
1/0 hardware of the MAB8400 will recog­
nize this START and automatically prevent 
a further transmission of a START. In this 
case the MST and TRX bits will be reset to 
'O' and the AL bit set to '1 '. 

If a competing master sends out a coinci­
dent ST ART, then both potential masters 
will send out the slave addresses. The 
clock arbitration circuit on the MAB8400 
ensures that an effective SCL results from 
competing masters. As the bus ensures 
that LOWs overrule HIGHs, the lower, 
numerical value address will succeed at 
some stage. At this moment the device 
sending out the higher address will imme­
diately cease putting data out. The MST 
and TRX bits in the loser will be reset to 'O' 
and its AL set to '1 '. 

At the end of this first byte the status regis­
ter is examined just as in the single master 
configurations described earlier. Examina­
tion of the MST bit will show if the 
transmission was successful and the LRB 
bit will show if the addressed slave has 
acknowledged. 

MOVA, S1 
JB7 MSTR 
RETR 

Get status 
Still master? 

Return 
(If serial interrupt used) 

MSTR JBO ERROR Check for 
acknowledge . .. (0 = O.K.) 

Communication now continues as with 
single master and the final STOP condition 
will clear the BB bit in ALL the 12c bus 
controllers. 
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Savt acci.lator 
sellct rtt1ster 

b1nk 

Figure 27. Flow Chart of the 'Master' Mode Alter lnltlallzatlon. 

If the system uses two or more MAB8400 
communicating with each other, as well as 
the CLIPS peripherals, then different pro­
cedures are necessary. 

First, before the serial 1/0 is enabled, the 
MAB8400 loads its own address into SO': 
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MOV SO,#OWNAD 
MOV S1,#H'18' 

Load own address 
PIN+ESO 

Now, just as before, when this master 
requires the bus, it checks BB and then 
sends out a ST ART and slave address. 
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However, when checking S1 after trans­
mission there are more possibilities. 

Just as llefore check to see if this device is 
still a master: 

MOVA,S1 
JB7 MSTR 

Get status 
Still master so continue from 

MSTR. 

If this device is no longer the master, the 
reason is determined and a jump is made 
to the appropriate subroutine. Bit 3 will 
indicate that arbitration has been lost: 

JB3 MSTAL Master lost arbitration 

At MSTAL S1 is further examined to see if 
this device .was addressed as a slave; if 
not, the program returns to its main activ­
ity ready to try for the bus again. 

JB2 ADDSL 
JMP CLEAR 

Addressed as slave 
CLEAR reads SO to 

clear the bus and 
PIN before 

returning to main 
program. 

It is possible for a losing master to recog­
nize its own address, despite trying to 
transmit another, as before the address bit 
where arbitration is lost the transmitted 
bits are returned into the LSB of SO. Sub­
sequent address bits on the bus follow into 
SO so the 'winning' address always appears 
complete. 

At ADDSL a further test of S1 will indicate 
whether, as a slave, this device is now a 
receiver or a transmitter. 

JBC SLVTR Slave transmitter routine 

If the test fails, then this device must be a 
slave receiver and should behave just as 
any CLIPS peripheral described 
previously. 

There is just the possibility that the general 
call address (all zeros) was used and this 
can be checked by examining bit 1 of S1. 
If true, then successive bytes will indicate 
to receivers what to do. This facility is 
available for controlling hardware masters 
in a multi-master configuration with a mix­
ture of software controlled and hardware 
masters. 

', 

Once all the checks described above have 
been completed, the curr!nt configuration 
of the bus, one master and one slave, is 
clear and procedures continue as for a 
single master situation described pre­
viously. Figure 27 illustrates the decision 
tree for a master and Figure 28 for a slave, 
but not including general call. 

In some applications the 12c bus may be 
subject to occasional interference, e.g., 
flash-over of a TV tube. The MAB8400 
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Figure 28. Flow Chart of the 'Slave' Mode After lnltlalization. 

provides some resistance to interference 
by means of a digital filter on the SDA and 
SCL inputs. This prevents spikes less than 
about 1/2 microsecond getting through. 
However, the consequences of bus distur­
bances should be considered and, when 
possible, recovery procedures included in 
the program. 

Disturbances can, of course, occur on 
either or both SCL and SDA, but as the 
effect is similar it will be assumed SCL is 
undisturbed and SDA is corrupted. 

If SDA should be high and is transiently 
forced low, the significance depends on 
the state of SCL. 

If SCL is low, then SDA being forced low is 
the same as losing arbitration. In a single 
master configuration it is therefore advisa­
ble to check for this despite not having to 
compete for the bus. The master must 
then clear the bus and start again. 

If SCL is HIGH, then the HIGH to LOW 
transition of SDA is a repeated start condi-
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lion and 'new address' will be on the bus. 
The normal S1 checks should reveal this 
and the master will create a STOP and try 
again . 

If SDA is properly LOW and forced HIGH 
when SCL is HIGH, then a STOP condi­
tion has been created so the bus will be 
cleared. 

An effective way of handling these situa­
tions is to check on the time that PIN = O 
before it is reset. If excessively long then 
the bus should be cleared by a STOP. In 
really extreme cases, possible where the 
12c bus is not most suitable, all masters 
could create a STOP and clear the bus at 
regular intervals. In such a case messages 
would be repeated and the data rate on the 
bus would be low; however it has been 
shown that this bus can be used effectively 
in hostile environments with recovery rou­
tines operating. 

Two classes of multimaster applications 
will now be considered. At one extreme is 
the category where full use is made, at the 
outset, of the bus protocol for distribution 
of control amongst several microcon­
troller5. These master-transmitter devices 
communicate with each other and with a 
set of shared peripherals. One such appli­
cation which will be considered is a local 
area network <LANl terminal. 

At the other extreme is the case where a 
new feature is added to an existing system 
which may not have been contemplated at 
the outset of the design and accordingly 
the new devices added to the bus may or 
may not communicate with devices 
already on the bus; two examples of this 
type of application will be considered first. 

One of the most powerful features of the 
12C-bus protocol is that it allows the addi­
tion <or subtraction) of components to 
<from) the bus without the need for major 
redesign of the system; i.e., a clock or a 
display may or may not be present. Usu­
ally, of course, all the relevant software will 
have been written in the master controller. 
It is perhaps natural to assume that all the 
required functions have been accommo­
dated in the original design and the 
various production options merely require 
the inclusion or omission of the different 
peripheral types. 

Furthermore, it has probably been 
assumed that there is only one master 
controller and that, therefore, the bus is 
always available to it. In such a situation 
the bus-busy bit is probably not interro­
gated in the original software and bus 
crashes could be anticipated if another 
master device is added to the bus. It is 
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therefore prudent, if possible, to check the 
availability of the bus, even in single­
master applications, since this does allow 
increased flexibility should a new feature 
have to be added. 

Addltlonal Controllers 
If as an afterthought it becomes necessary, 
for example, to display particular data 
which are available in a slave receiver such 
as a memory or 1/0 port, it is a straight­
forward task, assuming that the relevant 
data locations are known, to write the 
appropriate software for a separate master 
controller and associated display driver. 

Care must be taken to ensure that the 
memory device pointers are returned to 
their initial addresses to ensure that the 
original microcontroller is unaware of the 
system additions. It is conceivable that in 
some situations the nature of the addition 
does require the modification of the data 
base, but, naturally, the interaction with 
the original controller is indirect and very 
limited in scope. 

A second application concerns the modifi­
cation of a system function, for example, 
continuing the display theme, the case of 
changing from an LED to an LCD driver or 
or modifying the data displayed on the 
same display. In this application the com­
mands and data from the original 
microcontroller are intercepted by replac­
ing the original slave peripheral with a 
microcontroller having the same address. 
The data is added to, and/or manipulated 
by, the second controller and re­
transmitted to a new peripheral or to the 
same peripheral with a new externally pro­
grammed address. Again the original 
controller is unaware of .the system 
changes. 

These examples, while they may be very 
useful in accommodating real-life changes, 
are in fact pseudo-multi-master applica­
tions and do not take into account the full 
capabilities of the 12C-bus. An example of 
a genuine multi-master application now 
follows: 

Local area networks ILANsl are designed 
to provide for efficient data communica­
tions for a local environment such as a 
single building or office. Several standards 
have been proposed and, although it is 
outside the scope of the current article to 
provide any justification, it is possible to 
demonstrate that emphasis on efficient 
data transfer has led to proposals which 
are not especially suitable for applications 
in which efficient transfer of 64kbits/s dig­
itized speech is as important as efficient 
data transfer. 
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Accordingly, with this and the develop­
ment of Integrated services digital 
networks OSDNl in mind, a new integrated 
services terminal bus OST-bus) suitable for 
the local transmission of digital voice, text, 
image and data on a single twisted-pair 
cable has been proposed. The bus may be 
used to provide a completely distributed 
switching system for up to 30 terminals. 

A generalized application of the IST bus is 
shown in Figure 29, and various types of 
terminal are depicted, each of which con­
tains three parts: 

• a microcontroller 
• an IST-bus interface circuit 
• a service module !voice, text, image, 

etc.l 

All three sub-systems are interconnected, 
for control purposes, by the 12C-bus. 
Oncidentally the other bus shown is a ter­
minal highway ITHWl over which 64K 
bits/s circuit switched channels are trans­
mitted to and from the IST-bus and the 
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service modules>. In the event that connec­
tion to an external network is required an 
additional interface circuit, as shown in 
Figure 30, is required. Once again control 
data is transmitted via the 12C-bus. 

For the purpose of this article, the first 
significant point is that the use of the 
12C-bus for control purposes permits the 
construction of a complete range of sta­
tions from a limited number of dedicated 
IC's, together with the general purpose 
microcontrollers, RAMs, LCD drivers, etc., 
which have been described in previous 
sections (~ee Figure 31 ). 

Secondly, because the 12C-bus carries the 
control information necessary to establish 
an inter-terminal .connection on the IST­
bus, and, in the case of a gateway station, 
the signaling and control data for another 
networks, a single master-microcontroller 
would be unable to cope. 

Furthermore, when using a multi-master 
approach, it is important to recognize that 
there is a limit to the amount of control 
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Figure 29. The IST Bus Concept. 
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information that can be handled by the 
serial bus. 

Extreme Case 
Accordingly, in this example, which is 
indeed an extreme case, the dedicated 
sub-master circuits poses a high degree of 
autonomy and intelligence. For example 
the !ST-bus interface circuit performs all 
the functions needed to establish a link 
between terminals, including the retrans­
mission of control messages if necessary 
li.e., it performs all the relevant OSI layer 1 
and 2 functions!. This allows the station 
controller to contend with overall terminal 
control functions. 

This has attempted to show that a well 
specified serial data bus for Inter-IC 112c1 
communication is capable of leading to a 
range of flexible but structured designs 
based upon a growing family of 8-bit 
microcontrollers, general purpose peri­
pherals, and/or application dedicated 
circuits. Furthermore, the availability of a 
range of CMOS gate arrays with an 12c­
interface permits customer-specific circuits 
to be designed as well. 

Reprinted from Electronic Engineering, January­
April 1984. 
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Twisted-Pair Bus Carries 
Speech, Data, Text, and Images 

If any one characteristic can be said to 
dominate currently available local-area 
networks, it is efficient data transfer. That 
is all well and good, except for integrated 
communications networks, where traffic 
consists mainly of digitized speech. In the 
foreseeable future, in fact, speech traffic 
will become increasingly important, so that 
communications networks will have to be 
as efficient in transferring digitized speech 
as in transferring data. 

In addition, a digital network for general­
purpose communication must be able to 
transmit other types of information as well; 
interface easily with telephone sets and 
existing networks; use a low-cost trans­
mission medium; and of course connect to 
almost all types of equipment commonly 
found in factories, offices and so on. 

All these requirements are met by the 
Integrated Services Terminal OSTI bus, 
which forms a low-cost local network for 
transmitting digitized speech, data, text, 
and facsimile copies. A serial bus, it con­
forms to the seven-layer Open Systems 
Interconnection reference model of the 
ISO and uses twisted-pair cable to carry 
64-kbit channels synchronized to the 
8-kHz speech sampling frequency. 

The IST bus provides distributed switching 
and control and offers several major benef­
its over current telephone, intercom, and 
small PBX systems. It can be interfaced 
with larger networks such as digital or 
analog PBX, public telephone, Telex, and 
data networks, and higher-performance 
Oocal and wide-areal networks. 

The first applications will be for small, 
internal communication systems that 
primarily handle speech. Here, subscribers 
require very few lines (often only onel to 
the public network, and the IST bus will 
form an economical and versatile com­
munications medium. In addition, the bus's 
data, text, and telemetry facilities will allow 
factories, offices, retailers - and even 
consumers - to connect telephone sets, 
personal computers, intercoms, word pro­
cessors, and viewdata and point-of-sales 
terminals, as well as lighting, heating, and 
security equipment. 

Twisted-pair Cables 
The twisted-pair cable of the bus gives 
high speech and data transfer rates at low 
cost for the wire, installation, connectors 
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and coupling transformers. The transmis­
sion speed is 1.024 Mbits/s, the maximum 
bus length 350 meters. Depending on the 
type of cable used, the characteristic 
impedance of the line can be between 100 
and 150 0. 

Each station is connected to the bus by an 
interface circuit and has a microcontroller, 
called \he station controller (Figure 1.l. The 
only other circuits needed are those which 
provide the services at each station. 

As many as 30 stations may be connected 
either in a cluster or spread along the 
cable, and a de power supply can be con­
nected directly to the bus to provide up to 
about 0.5 W to each station. A small tran­
sistor splits the de supply and the digital 
bus signals. Alternate mark inversion IAMll 
line code, which reverses the polarity of 
each successive 1 to ensure no de com­
ponent, prevents the coupling transformer 
from distorting the signals. 

Both circuit-switched and packet-switched 
data can be transmitted across the bus. in 
a circuit-switched channel, a connection 
between the calling and called stations is 
established for exclusive use of the circuit 
until the connection is released (as for a 
telephone calll, whereas in a packet­
switched channel the connection between 
stations exists only while each individual 
packet is being transmitted. 

The data on the IST bus is time­
mu ltiplexed into frames that are 
synchronized to the standard 8-kHz 
speech sampling frequency, making for 
easy and inexpensive connection to public 
and private digital networks. Each frame is 
125 µs long and is divided into 10 chan­
nels, one for 8-kHz frame synchronization; 
one 64-kbiVs half-duplex channel for con­
trol, signaling, and packet-switched data; 
and eight 64-kbiVs half-duplex channels 
(or four simultaneous duplexl for speech 
and circuit-switched data. In one frame, 
each occupied channel begins with a 1 
(the start bill, followed by a single word 
comprising four bits for the frame syn­
chronization channel and eight bits for 
each of the other channels. 

The 32-kbiVs frame synchronization chan­
nel (f) carries a four-bit frame word (0011 l, 
which is transmitted by one of the stations 
on the bus every 125 µS to synchronize all 
stations to the 8-kHz speech sampling fre­
quency. During power-on, a synchroniza-

9-60 

Application Note 

AN167 

lion procedure selects the station that will 
transmit the frame word. Each station has 
a unique five-bit address, and each begins 
to count up from that address; the first to 
reach 00000 takes over as the master sta­
tion (that is, begins to transmit the frame 
wordl. If this station later fails or is 
removed from the bus for any reason, 
another station will take over as master. 

If any station needs to make an external 
call, the bus must be synchronized to the 
PBX or public network. Stations with links 
to exchanges have higher addresses (a 
sixth address bit is hard-wired on the sta­
tion) and consequently take priority in 
becoming masters over other stations. 

Besides overall synchronization, the syn­
chronization procedure also ensures that 
there is no corruption of the data when 
equipment is plugged onto the bus, 
because a station can only begin to trans­
mit data once it has been synchronized. 

The Circuit-Switched Channels 
The eight 64-kbiVs channels that carry dig­
itized speech and circuit-switched data to 
and from the stations are designated b1·ba. 
Stations take control of vacant circuit­
switched channels as needed. Two halves 
of a duplex phone call between two sta­
tions may, for example, be carried on 
channels b3 and ba, while those for a call 
between two other stations may be located 
on channels b4 and ba. Routing for the 
calls is performed by the relevant station 
controller using the station's IST bus inter­
face circuit. 

The packet-switched channel (bdl has 
three main uses: to arbitrate between sta­
tions wishing to make a connection to the 
circuit-switched channels, to set up the 
physical links that will transfer the circuit­
and packet-switched data between 
stations, and to transfer packet-switched 
data and telemetry information between 
stations. It uses a protocol similar to the 
ISO's High-level Data Link control. 

The channel's access method keeps 
retransmissions and access delays to a 
minimum for efficient packet transport. It is 
based on CSMNCD (carrier-sense multi­
ple access with collision detection), which 
allows network control to be fully distrib­
uted. CSMNCD uses the principle "listen 
before and during transmission" to access 
the bus. All stations monitor the signals on 
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The Rules for Control and Message Packets 

The IST bus uses a protocol for its packet­
switched channel that closely resembles 
HDLC !High-level Data Link Control!. One 
important difference is that each byte of 
data transferred over an IST bus channel is 
preceded by a 1 lthe start bill, as long as 
information is transferred in a channel, 
whereas HDLC uses flag bytes to indicate 
the start and end of a data packet. Another 
is that the first bit of the first byte indicates 
whether the message being transferred 
consists of information 111 or control ICI 
characters lsee the figure!. 

Control characters are transmitted by a 
station in the form of a seven-bit frame 
control message IFCMI, the main uses of 
which are to arbitrate between stations 
wishing to make a connection to the eight 
circuit-switched channels and to set up the 
physical link !layer 1 of the ISO's seven­
layer reference model! between the 
stations. 

Before connecting to one of the circuit­
switched channels, a station must first take 
control of the packet-switched channel by 
transmitting a frame control message Ito 
prevent circuit-switched messages from 
colliding!. Once a station has transmitted 
this message, it occupies over one or two 
vacant circuit-switched channels, 
depending on wheter the connection is 
half-or full-duplex. 

A station will also place a frame control 
message on the bus when it wishes to 
make an external call. The master station 
decodes this message, "wakes up" the link 

to the exchange, and synchronizes the IST 
bus to it. Once the transmitting station has 
finished the call, it sends another frame 
control message to the master, which dis­
connects from the exchange. 

If the first bit of the first byte indicates an 
information message, the following five 
bits form a destination address and the last 
two bits are unused. The second byte 
contains a message service indicator for 
the controller of the receiving station, of 
which the first bit specifies whether a 
signaling or data message follows; the 
remaining seven bits indicate further 
message type identifications, for example, 
call setup messages or response 
messages. On this byte, the controller can 
also decide to take the message or route it 
to another 12c bus member. 

The subsequent data bytes carry the 
actual information in the message being 
transmitted !signaling information, dis­
play information, packet data, and so 
onl. The number of data bytes in a mes­
sage is limited only by the buffer space 
in the stations' IST bus interface circuit. 

For signaling messages, the data bytes 
give the information used to establish 
and cancel circuit-switched connec­
tions. A telephone call or circuit­
switched data transmission on the 
circuit-switched channels is therefore 
preceded by one or more signaling 
messages on the packet-switched chan­
nel to establish the connection; after the 
call or transmisison is finished, signaling 

Control I I I packet C, FCM CRC CRC EMPT NACK 

Message I I I packet I, DEAs/d, MSI DATA ----------- Data CRC 

messages are sent to release the 
connection. 

All packet-switched data and telemetry 
transfers between stations use data mes­
sages. Such messages would establish a 
packet-switched connection between ter­
minals, serve as a "wake-up call," or signal 
the start or end of a packet transport. The 
data bytes in this message would consist, 
for example, of packets between Telex 
terminals, between V.24 IRS-2321 or X.25 
stations !personal computers or word pro­
cessors I, between remote control 
equipment, or between telemetry 
equipment. 

After each control of information packet, 
two CRC (cyclic-redundancy-check) bytes 
are transmitted for error detection. The 
end of a transmission is indicated by an 
"empty" byte, which is simply the absence 
of start and information bits. After this 
byte, any station that was unable to 
receive the message can transmit a "not 
acknowledged" INACKl byte 1111111111. It 
will do so if an error was detected, if the 
station's buffer was full, or if there was a 
collision between two or more transmis­
sions that destroyed the information. The 
negative acknowledgment allows broad­
cast calls to be made lone station 
transmitting to all others, using the desti­
nation address OOOOOl. 

If a not-acknowledge signal is detected, 
the IST bus interface circuit retransmits 
the message, relieving the terminal from 
the software burden of retransmissions. 

CRC EMPT NACK 

c = "control" bit I information bit 
FCM = 7-bit frame control mes- DEA = 5-bit destination address 

sage MSI = 7-bit message service 
s/d = signaling or data bit indicator 
Data = data being transmitted CRC cyclic-redundancy-check 
EMPT = empty byte byte 

NACK not acknowledged byte 
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the bus, and any unit can begin transmis­
sion as soon as the bus is free (CSMAl. If 
two or more units begin to transmit simul­
taneously, they detect that fact (CDl and 
retire from the bus. 

During message transmission, signaling 
and frame control messages have a higher 
priority than data messages. If, for exam-
· pie, two signaling me5sages and three data 
messages were to try to simultaneously 
access the bus (an improbably high 
number, even with 30 stations), the signal­
ing messages would be transmitted first, 
followed by the data messages. 

Message errors and collisions are resolved 
by an access protocol that prevents con­
tinued collisions from occurring. This 
protocol - unlike that of Ethernet and 
many other CSMA/CD networks - guar­
antees that a station will gain access within 
a certain time; if the message suffers three 
successive retransmissions (because the 
destination station was unable to receive 
the message), the bus interface warns the 
station controller, which takes the approp­
riate action. 

Access delay to the packet-switched 
channel is low - less than 250 µs - if the 
channel is idle. If the channel is occcupied 
and no collision occurs, the worst-case 
access delay is the maximum packet 
length of the station currently occupying 
the bus plus 2 ms. 

Gateways can connect the bus to analog 
and digital PBXs, public Telex and data 
networks, and other local networks. The 
interface is particularly easy to implement 
if the larger network is an integrated servi­
ces digital network !ISDNl, because the 
bus has been designed with such networks 
in mind. Furthermore, the bus can be con­
nected to a PBX to particular advantage. 

The traditional star configuration of a PBX 
is reliable but rather costly (each station 
requires an interface and twisted-pair 
cable to the exchange). In addition, it can­
not be extended easily. Large bus systems, 
on the other hand, are easy to extend and, 
because of today's VLSI technology, can 
use low-cost interfaces. A bus network, 
however, is very sensitive to bus failures, 
which can moreover be difficult to locate. 

An Island Cabin 
Small, local IST buses connected to a PBX 
give the advantages of both bus and star 
networks with none of the attendant disad­
vantages. The IST bus can simply be 
connected in place of an existing PBX tel­
ephone set; the resulting network has the 
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Telephone set, 
keyphone, 
intercom 

Telex, 
videotex, 

word processing 

Facsimile, 
slow-scan TV 

Remote control, 
remote meter 

reading, security 

Figure 1. The IST bus serves speech and data transfer, carries up to 30 
stations and can easily be interfaced to larger networks. The twisted-pair 
cable can supply de power to the stations on the bus. 

V.24, V.35, X.24, or 
parallel microprocessor 

bus (5100, VMEbus, etc.) 

IST bus 

Microphone 
/udspeaker 

Terminal Highway 

LCD 

] Service 
modules 

Network interface 
controller 

(microcomputer and 12C bus) 

Application-dependent } Basic 
network interface network 

.__(_g_at_e_w_•Y_s_t_a1_1o_n_s_o_n_1y_) ~ ·interface 

External communications: 
existing telephony, 

Telex, and data networks 

Figure 2. In this modular setup for telephones and data terminals, the 
interfaces between the various I Cs are standardized by means of the 12c bus 
and the terminal highway. The lower part services the network interface, the 
upper part the speech and data services. 
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reliability of a PBX and is also inexpensive 
to implement (much of the existing PBX 
wiring can be used). 

The networks connected by the bus func­
tion as speech and data "islands" passing 
information between telephone sets, data 
terminals, building energy-control equip­
ment !lighting, heating, and ventilation), 
and security equipment. This island con­
figuration is very flexible and can be easily 
extended. 

A station connected to one node of the 
bus can range from a single digital tele­
phone up to a computer with peripherals. 
In addition, the station can incorporate 
network interfaces to connect to other 
computers, local networks, and the 
exchange. The modular architecture (Fig­
ure 2) will allow a complete range of 
stations to be built up from a few dedi­
cated ICs, together with general-purpose 
microcomputers, RAMs, LCD drivers, and 
so on. 

The two major interfaces in this architec­
ture are the inter-IC (12C) bus and the 
Terminal Highway (THWl. Together, they 
guarantee a well-structured station archi­
tecture with easy, smooth expansion from 
simple systems up to intelligent data ter­
minals with integral speech services. 

The 12c bus is a two-wire multiple-master 
bus for transferring data and control 
information between integrated circuits 
(Electronic Design, March 31, 1981, 
p. 69Al. Its maximum specified transfer 
speed is 100 kbiVs (for synchronization 
reasons, the maximum transfer rate for 
interfacing with the 8-kHz synchronous 
IST bus is 64 kbit/s). The multimaster fea­
ture of this bus makes distributed system 
control possible and is therefore very 
powerful for use in ISDN telephone sets 
and ISDN interfaces for personal compu­
ters and data terminals. The bus carriers 
the information transfer to be received or 
transmitted across the packet-switched 
channel. This information includes signal­
ing, telemetry, and packet-switched data, 
as well as control information between the 
station controller (which has an on-chip 
12c bus interface) and other !Cs in the sta­
tion. In a gateway station, the information 
is similar. 

The Terminal Highway is a standard 
2.048-Mbit/s 32-channel PCM highway 
that is compatible with those used in dig­
ital telephone switching equipment. In an 
IST bus station, it provides connections 
between the various circuits in the station, 
such as the station controller; the IST bus 
interface circuit; and the ICs in the speech, 
text, image, and/or data interface modules 

and network interface(sl. Access to the 
THW is assigned via the 12c bus by the 
station controller, which switches the 
64-kbiVs channels of the various circuits to 
the required THW channels. 

The IST bus interface circuit performs all 
functions needed to establish a link 
between stations and to transfer informa­
tion and control messages over the 
packet-switched channel between two or 
more stations, including retransmissions. It 
therefore relieves the station controller 
from OSI layer 1 and 2 functions. The cir­
cuit is controlled, and data entered, via the 
12c bus, which can function as an inter­
face medium to layer 3. This layer is 
actually located in the software of the sta­
tion controller, or it can be part of the 
service modules. 

A station will be connected to the bus 
using this IC and a small coupling trans­
former (figure 3). The transformer provides 
a convenient means of supplying de to the 
stations and also affords a high resistance 
to induced common-mode signals, impor­
tant in industrial environments. Some 
additional components are required when 
the station is supplied de via the bus - for 
example, a polarity guard bridge to pre­
vent incorrect installation and a de-de 
converter to convert the varying de bus 
voltage (approximately 20 to 50 Vl to a sta­
ble 5-V station supply. 

To reduce the implementation costs of an 

.~ 
8-MHz crystal~ 

418 MHz .__.....__, 

Terminal ESC ---f-+-j 
suily Reset 

Timing 
circuitry 

IST bus system, the interface circuit will be 
integrated onto a single chip. (Samples are 
planned for mid-1985). It will incorporate a 
dedicated microcontroller, a 256-by-8-bit 
RAM, and a PLA !programmable logic 
array!. On-chip layer 1 circuitry will inter­
face the IST bus with the THW and the 12c 
bus and layer 2 functions will be imple­
mented in the control section's PLA. 

To keep system costs low, the interface 
chip will integrate several additional cir­
cuits. These include a 8.192-MHz 
crystal-controlled oscillator, a choice of a 
4.096- or 8,.192-MHz clock output Ito pro­
vide the clock for other station ICsl, a 
2.048-MHz Terminal Highway synchroniza­
tion output, and the control section of the 
station's de-de converter. For synchroniza­
tion with other digital networks, the IC will 
also have an 8-kHz external synchroniza­
tion input. 

The timing section of the interface chip 
will also take care of any cable delays. 
Once a station gains access to the packet­
switched circuit-switched channels and 
begins transmitting, the receiving station 
must be synchronized to it. Although each 
station is synchronized to the 8-kHz frame 
word at the beginning of each frame, there 
will be a cable delay between transmitting 
and receiving stations. The bus interface 
IC therefore allows for a 4-µs reception 
window, which accounts for the maximum 
cable length (5 ns/m x 2[400 m]l; as soon 
as it receives the start bit, the chip syn-

Controller 
(dedicated microcomputer chip) 

Internal data bus 

T 
De-de 1+----1-+i conversion 

I 
I I De-de 

converter r controller 

IST bus 
interface 

THW 
interface 

12c bus 
interface 

IST 
bus 

I I 

41 fr-------'] 
~ 

I I 

IT} l'Cbus 
[_'.: (100 kbits/s) 1

1 }Terminal _ L------ Highway L-------- (2 MHz) 

Figure 3. In the one-chip IST bus interface, layer 1 functions - such as for 
the 12c bus, THW, and IST bus - are performed by dedicated hardware. 
Layer 2 funtions are programmed into the memory of the special on-chip 
microcontroller. The chip includes a 256-by-8-bit RAM for message storage 
and housekeeping. 
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chronizes to it to permit reception of the 
attendant byte. 

A 1-Mbyte/s data bus in the IC will con­
nect the layer 1 circuitry to the chip's 
controller. Packet-switched data and con­
trol signals will be routed via this bus to 
the various sections of the circuit. 

Thirty-two RAM locations will be used for 
internal housekeeping, the remainder pro­
viding four bd channel buffers. The size of 
each of these buffers will be program­
mable by messages across the 12c bus 
interface during system initialization. Two 
buffers are used to transmit and receive 
the signaling messages to and from the bd 
channel, and two to transmit and receive 
data packets. 

The station controller can route informa­
tion into two additional header buffers, 
allowing the interface chip to route incom­
ing signaling or data messages to other 
ICs in the station independently of the sta­
tion controller. 

Putting It All Together 
The IST bus interface circuit simplifies the 
designer's job of connecting the terminals 
of an internal communications system to 
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an integrated services digital network. As 
stated earlier, it takes care of all layer 1 
and 2 protocols, and the designer needs to 
know only the protocol used on the 12c 
bus, which serves as an interface between 
layers 2 and 3. The network controller, 
which can be one or more standard 
microprocessors, will incorporate the soft­
ware for layer 3 and higher layers. 

The microprocessor adds the routing 
addresses to calls and routes incoming 
signaling messages and data packets to 
other terminal circuits such as the termi­
nal's display, the data modules, or in case 
of a gateway, to the interface circuit of 
another network. 

The terminal controller's software modules 
include call setup and breakdown routines 
and initialization routines that cause the 
terminal circuits to initialize at power-on. 

The initialization procedure for the IST bus 
interface circuit will be performed mostly 
by the chip itself; it resets all internal regis­
ters and RAM locations after power-on. 
During this process, which takes about 4 
ms, the Reset output is kept high. If this 
output is connected to the Reset input of 
the terminal controller, the program coun­
ter of the controller will be kept at zero. 
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After the reset process is finished, the ter­
minal controller starts the initialization 
program to load the IST bus address of the 
terminal; set the sizes of the on-chip sig­
naling, message, data-packet transmission 
or reception and routing header buffers; 
and initialize the IST bus. The IC then 
does the rest automatically. If another ter­
minal begins to transmit the frame word, 
the chip will lock its synchronization cir­
cuitry to the IST bus; otherwise it will itself 
start to transmit the frame word and then 
become available to set up connections on 
the bus. 

The use of an interface circuit implement­
ing layers 1 and 2 makes terminal design 
more of a software than a hardware job. 
Like the terminal architecture around the 
12c bus and the THW and the architecture 
of the IST bus interface IC, the software of 
the network or terminal controller will be 
modular. When the software modules 
become available for standardized call 
setup procedures and routing routines, life 
will be even easier for the terminal 
designer. 
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To remain competitive, manufacturers of domestic radios 
must not only produce a comprehensive range of reliable 
equipment with the required performance at the right price, 
but must also meet the needs of the market with regard to 
styling, ease of operation and available functions. Although 
the widespread use of integrated circuits has allowed vast 
improvements of performance and reliability and has in­
creased the range of available facilities, the integrated circuits 
are not always optimally matched, resulting in partial 
redundancy and a large number of peripheral components. 
We foresaw this problem and were able to avoid it by using 
a total systems approach to manufacture our comprehensive 
range of ideally matched integrated circuits for signal pro­
cessing and digital control of tuning, displays and analogue 
functions in all classes of radio. We can now therefore devote 
our design resources and considerable knowledge of inte­
gration technologies and techniques to reducing radio 
manufacturers' development and assembly costs by mini­
mising the number of integrated circuits needed to imple­
ment the wide range of features and facilities required in 
today's radios. 

If a radio must incorporate facilities such as search 
tuning and/or tuning by direct entry of frequency at a key­
board, variable-capacitance diode tuning must be used and 
a stable local-oscilla'tor signal can be generated by indirect 
frequency synthesis with a phase-locked loop (PLL) con­
trolled by a microcomputer. This system was fully described 
in Ref.I which showed how integrated circuits SAA1059 
(h.f. prescaler), SAA1056 (PLL frequency synthesiser) and 
an op-amp integrator (PLL loop filter and amplifier) were 
used in our radio tuning system (RTS). We have now used 
bipolar technology to combine analogue circuits with several 
types of logic (I2L, ECL and miniwatt) so that all the 
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functions previously performed by three integrated circuits 
can be performed by a single 18-pin LSI integrated circuit 
called synthesiser module SAA1057. The component 
economy afforded by the SAA1057 is amply illustrated 
by Fig. I which shows that tuning synthesiser functions 
which previously required the use of three integrated 
circuits and a large number of peripheral components 
can now be performed by the SAA1057 and only 16 
peripheral components. 

The SAA1057 is not only economical with regard to the 
required number of components. It also consumes very little 
current ( <20 mA) and is able to meet the varied performance 
requirements of all classes of radio from battery-powerd 
portables to mains-powered hi-fi tuners. For example, a 
novel twin phase detector system in the PLL achieves the 
fast tuning often required for car radios and also ensures 
that, when the PLL is locked, the VCO signal has high 
spectral purity to ensure low distortion in hi-fi tuners. The 
wide frequency range (a.m. 512 kHz to 32 MHz, f.m. 70 MHz 
to 120 MHz) and high maximum tuning voltage (30 V) make 
the SAA 1057 suitable for multi-waveband mains sets. The 
low current consumption combined with the wide supply 
voltage range (3.6 V to 12 V) due to internal stabilisation 
allow it to be used in battery-powered portables. 

In addition to the basic function of tuning by direct 
entry of frequency, the SAA 1057 can also provide the 
following software-controlled facilities: 

search tuning with muted interstation noise 

continuous up/down step tuning (manual tuning) 

acGurate storage and automatic tuning to preset fre­
quencies 
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9V 

(a) 

3,6V to 12V 

7Z89707 
(b) 

Fig.1 Basic radio tuning synthesisers. Circuit (a) uses three integrated circuits and 
36 peripheral components. Circuit (b) performs the same functions using synthesiser 

module SAA 1057 and 16 peripheral components 
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Fig. 2 Integrated circuits for tuning systems using SAA 1057. 

BIPOLAR CIRCUITS 

Remote control 

TDB2033 gain-controlled remote IA receiver amplifier 

Frequency synthesiser 

SAA1057 radio tuning PLL frequency synthesiser 

Display drivers 

SAA 1060 32 segment LED 
SAA 1062/T 20 static outputs for LCD 
SAA1063 32 segment FTD 

Tuner switching 

SAA1300 5-line switching circuit 

MOS CIRCUITS 

Display drivers 

PCE2100 
PCE2110 
PCE2111 
PCE2112 
SAA1061 

SAB3044 

40 segment LCD 
60 segment LCD+ 2 LEDs 
64 segment LCD 
32 segment LCD static 

} in duplex mode 

16 static outputs for LED drive and switching 
functions 
2 digit LED 

Single-chip 8-bit microcomputers 

MAB8021 
MAB8048 
MAB84XX 

with 1 K byte ROM and 28-pin package 
with 1 K byte ROM and 40-pin package 
NMOS family with 1 to 4 Kbyte ROM and 12c 
bus 

MAB85XX CMOS family with 0.5 to 4K byte ROM and 12c 
bus 

Memories 

PCD8571 
PCB1400 

128 x 8-bit CMOS memory with serial 1/0 
100 x 16-bit EEPROM with serial 1/0 

Infrared remote-control receivers 

SAB3023 
SAB3033 
SAB3042 
SAB3028 

receiver and analogue memory 
receiver and analogue memory 
receiver and decoder with C-bus 
receiver and decoder with ;2c bus 

Infrared remote-control transmitters 

SAB3004 
SAB3021 
SAB3027 
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7 x 64 commands 
2 x 64 commands 
32 x 64 commands 
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loading of frequency data in synchronism with the 
sampling frequency to prevent disturbance of the tuning 
lock 

feed out of a number of internal signals for alignment 
purposes 

adjustment of PLL current gain over 40 dB range (0.023 
to 2.3) to eliminate switching of external loop filter 
components during waveband selection. 

As the word 'module' in the· name of the SAA1057 in­
dicates, this new IC is part of a modular, data-bus compat­
ible, digitally-controlled tuning system in accordance with 
the systems design philosophy followed for other circuits in 
our range of !Cs for digital systems in radios. The modular 
approach minimises radiation and reduces wiring and 
screening costs because: 

all the sensitive signal processing circuits for the tuning 
systems are now in the SAA1057 which can be mounted 
in the ideal position close to the tuner 

internal h.f. dividers eliminate the need for an external 
prescaler 

two sensitive, internally switched VCO inputs to the 
SAA!057 allow direct connection of the f.m. and a.m. 
local-oscillator signals without additional impedance 
matching, amplification or switching 

the crystal-controlled reference oscillator for the PLL 
operates at the same frequency for the a.m. and f.m. 
waveband and causes little radiation because it generates 
a low-level sinewave 

the separate microcomputer and memory can be mounted 
close to the keyboard and their capacity can be tailored 
to meet the demands of specific radios 

the frequency display driver can be mounted close to its 
display. 

As shown in Fig.2, the data-bus compatibility of tuning 
systems using the SAA I 057 also allows the simple addition 
of circuits as required for waveband-switching and for 
driving LED, LCD or fluorescent displays of preset station 
number, waveband and channel number. Other facilities 
which can be simply and economically accommodated are 
analogue signal control, extra display functions, and remote 
control via an infrared data link. 

OPERA TING PRINCIPLES OF FREQUENCY 
SYNTHESIS 

A basic digitally-controlled PLL for radio tuning is shown 
in Fig.3. The output from the voltage-controlled local­
oscillator in the radio is converted into a pulse train, and 
frequency divided by a programmable divider, before being 
applied to one of the inputs of the phase detector. The 
output from the crystal-controlled reference oscillator is 
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converted into a pulse train, and frequency divided by one 
of two ratios, before being applied to the other input of the 
phase detector. The phase detector output, which is propor­
tional to the relative phase (and therefore the frequency) of 
the two input signals, is passed through thelow-pass loop 
filter to remove the high-frequency components and fed 
back to the VCO as the tuning control voltage. The loop is 
locked, and the radio correctly tuned, when fosc =Nfref 
where N is the programmable division ratio determined by 
selecting the frequency of the required broadcast. 

FREQUENCY 
SELECTION 

r ~;,o- · - · - · 1 · -
VOLTAGE 

CONTROLLED 
LOCAL 

OSCILLATORS fosc a.m. i r----'"-~ 
AM • PR~Xtl'eM- fosclN 

DIVIDER 
FM ..;. N 

- • _ • _ .. _ .. __J PHASE 

REFERENCE REFERENCE 
OSCILLATOR DIVIDER 

FREQUENCY 

LOW-PASS 
LOOP FILTER 

DETECTOR 

tune up 
tune down 

locked 

L~Y~H-ES~E~ - - - .. - - - - - - - - - .. -
7Z89706 

Fig.3 A basic digitally-controlled PLL for radio tuning 

BRIEF DESCRIPTION OF THE FUNCTIONS OF 
THE SAA1057 (Fig.4) 

Local-oscillator inputs 

The local-oscillator signals from the radio are applied to 
inputs FFM for f.m. and FAM for a.m. Since these inputs 
have a sensitivity of 30mV to 500mV (a.m.) and !OmV to 
500mV (f.m.), the local-oscillator signals can be directly 
applied without preamplification or buffering. A separate 
pin (DCA) allows the bias circuitry of the internal input 
amplifiers to be decoupled by an external capacitor. The 
input frequency range is 512 kHz to 32 MHz for a.m. and 
70MHz to 120MHz for f.m., the f.m'. signals being passed 
through an internal divide-by-ten h.f. prescaler which is 
switched off by software to minimise curr~nt consumption 
whllst tuning the a.m. band. Since the a.m. and f.m. local­
oscilla tor signals are automatically selected by software, 
they need not be externally switched during waveband 
selection. 
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Fig.4 Block diagram of the SAA 1057 

Programmable divider 

This 15-bit frequency divider, which is designed in a special 
manner to minimise current consumption, is programmed 
with a binary-coded divisor (N) to synthesise the required fre­
quency for the voltage-controlled local-oscillator in the radio. 
The local-oscillator frequency (fosc) is usually the i.f. above 
the tuned frequency. The dividing number is (32fosc)/fref 
for a.m. and (3.2f0 sc)/fref for f.m., where fref is the output 
frequency from the reference frequency divider ( 40 kHz or 
32 kHz). The minimum divisor is 512 and the maximum 
divisor is 32 767. The frequency-divided local-oscillator 
signal is applied as one of the inputs to a dual phase detector 
system. 

Reference frequency oscillator 

This stable, temperature-compensated oscillator is con­
trolled by an in~xpensive 4 MHz crystal (series resistance 
<150.Q) connected in series with a capacitor between pin 
17 of the SAA1057 and the common return line. The 
reference frequency may alternatively be derived from a 
stable external source. In this case, a 4 MHz squarewave of 
5 V peak to peak may be connected to pin 17 via a series­
connected 10 nF capacitor and 22 k.Q resistors. 

9-69 

Reference frequency divider 

This circuit divides the frequency of the signal from the 
reference oscillator by 125 or 100 to obtain a reference fre­
quency of 32 kHz or 40 kHz for the dual phase detector 
system under the control of software. If the selected 
reference frequency is 32 kHz, the minimum tuning step is 
1 kHz on a.m. and, due to the divide-by-ten h.f. divider, 
10 kHz on f.m. If the selected reference frequency is 40 kHz, 
the minimum tuning steps for a.m. and f.m. are 1.25 kHz 
and 12.5 kHz respectively. If larger tuning steps are required, 
integer multiples of these tuning steps can be selected by 
software. 

Phase detector system 

To simplify the design of the PLL loop filter, the SAA 1057 
incorporates a novel dual phase detector system that uses 
the same reference frequency for a.m. and f.m. One of the 
phase detectors is a high speed digital memory (flip-flop) 
type, the other is a high gain analogue memory (sample and 
hold) type. The digital phase detector operates at the 
reference frequency, generates about 100 times as much 
tuning current as the analogue phase detector and provides 
high speed tuning over a wide frequency range. The analogue 
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phase detector operates at 1/32 of the reference frequency, 
has no region of uncertainty in its transfer characteristic and 
provides increased spectral purity of the local-oscillator 
signal when the PLL is locked. The 'hold' voltage from the 
analogue phase detector is converted into a d.c. current and 
summed with the output pulses from the digital phase 
detector to provide a current proportional to tuning error. 
This current drives a gain-programmable amplifier to 
generate the tuning voltage output. 

The analogue phase detector is always operating, but the 
digital phase detector can be switched on/off by setting/ 
resetting the in-lock detector with features/test bits in the 
software (e.g. to minimise noise during step tuning). If the 
software does not include any features/test bits, the digital 
phase detector is automatically switched on if the tuning 
error exceeds the phase range of the analogue phase detec­
tor. This could occur. for exa~ple, as the result of exe­
cuting a large frequency change. When the in-lock detector 
determines that the tuning error has been reduced to within 
the operating range of the analogue phase detector for three 
conse.cutive sampling periods, the digital phase detector is 
automatically switched off again. 

Gain-programmable current amplifier 

The sum of the output 'currents from the two phase detectors 
drives a gain-programmable bidirectional current source 
which replaces the normally-used resistor between the 
charge pump and loop amplifier of a PLL. This allows the 
loop gain of the PLL to be software programmed over a 
40 dB range within the limits 0.023 to 2.3, thereby elimi­
nating the need to switch loop filter components during 
waveband selection. 

Loop amplifier 

The loop amplifier is capable of providing a tuning voltage 
output of up to 30 V and only requires a series-connected 
RC network between its input and output to form an active 
low-pass loop filter. The supply voltage for the loop ampli­
fier (VcCJ) need not be stabilised but fr should be ade­
quately filtered. 

Reception of frequency and control data 

Data for the SAA I 05 7 consists of serially-transmitted 17-bit 
frequency setting and control words from a microcomputer. 
Both types of word incorporate a zero start bit which is 
tested to identify a correct transmission. Each word also 
contains a latch selection bit which is 0 for a frequency 
setting word and 1 for a control word. The incoming data is 
transmitted via an asynchronous data highway with separate 
data (DATA), clock (CLB) and enable (DLEN) lines. The 
logic levels on the Jines are TTL compatible and are in­
dependent of supply voltage .. 

Sixteen bits of each incoming data word are loaded into 
a shift register. The bus, load and control logic then checks 
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that the transmission is valid by checking that the first bit 
is zero and that the word length is correct during the HIGH 
period of the DLEN line. If valid, the data word is then 
transferred to the appropriate latch by the next pulse on 
the clock line. 

A frequency-setting word includes fifteen bits which 
define the required frequency expressed as a 15-bit binary­
coded divisor ( 512 to 32 767) for the programmable divider. 

A control word includes fifteen bits for the following 
purposes: 

one bit (FM) to control the switch to select the required 
input from the a.m. or f.m. local-oscillator. If the a.m. 
input is selected, the divide-by-ten prescaler is switched 
off to conserve power 

one bit (REFH) to program the divisor for the reference 
frequency divider 

four bits (CPO to CP3) to set the gain of the gain-pro­
grammable current amplifier 

one bit (SB2) to determine whether the remaining eight 
features/test bits should be used or not 

one feature bit (SLA) which determines whether fre­
quency setting data is loaded into the programmable 
divider immediately after reception (asynchronous 
loading) or synchronised with the sampling frequency 
(synchronous loading). Synchronous loading is for 
minimising noise during manual tuning without muting 

- two features bits (POMO and PDMI) which set the 
operating mode of the digital phase detector as pre­
viously described 

one feature bit (BRM) which sets the bus receiver into 
an automatic mode so that it is switched off to conserve 
power after a data transmission 

four test bits (TO to T3) which can route the reference 
signal, the output from the programmable divider or the 
output level from the in-lock detector to the TEST pin 
for alignment purposes. 

TECHNIQUES USED TO OBTAIN THE HIGH 
PERFORMANCE OF THE SAA1057 

Many new circuit techniques have been used in the SAAi 057 
to achieve the high performance, application flexibility and 
low power consumption. A description of the techniques 
listed here is beyond the scope of this article but further in­
formation can be found in the references: 

travelling-wave dividers in the divide-by-ten prescaler 
ensure low current consumption and high sensitivity for 
the r.f. inputs 
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a tail-end divider is used to increase the speed of the 
digital phase detectm 

a rate-select technique in the programmable divider 
minimises phase jump in the digital phase detector 

current consumption is minimised by using stacked logic 
for the three different types of digital circuits (12L, ECL 
and miniwatt). In this way, many of the logic circuits act 
as current sources for other logic circuits 

Jov VccJ 

5 v Vcc1. ~CC2 

ts 
g Vcc1 

10 Vcc2 

13 OLEN 

CBo~S 14 CLB 

12ceus 12 DATA 

f.m.: Z=75!l 

a.m.: Z•2k0 

vco 
4Vto28V 

R1 

---------------
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use of a bandgap current reference ensures that the 
current consumption remains constant over a wide range 
of supply voltage and operating temperature 

the op-amps at the r.f. inputs have an input bias current 
of Jess than I 0 nA and also have a very high slew rate 

the tuning voltage is derived from a 30 V op-amp with a 
low bias current and a high slew rate. 

TR TCA TCB 

IN-LOCK 
DETECTOR 

SAA1057 

GAIN 

PROGRAM­
MABLE 

CURRENT 

AMPLIFIER 

OUT 6 

LOOP 
AMPL 

IN 5 

R3 

R2 

"fcs 
C4 .1 

TEST 18 TEST 

7Z89708 

Fig.5 An a.m./1.m. frequency synthesiser using the SAA1057 
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BASIC APPLICATION OF THE SAA1057 

Figure 5 is the circuit diagram of a complete frequency synthesiser using the SAA1057. The functions and values for each 
component in the diagram are as follows: 

ref. function value 

R1 defines the current in the analogue phase detector 180.0 

R2 loop filter resistor (value depends on VCO) 18kn 

R3 low-pass filter resistor (value depends on VCO) 100.0 min. 

lOkn typ. 

R4 matching resistor for 75 n f.m. input 180.0 

C1 sample capacitor (low leakage type) 2.2 nF typ. 

C2 hold capacitor (low leakage type) 10 nF typ. 

C3 decoupling of internal reference voltage 47 µF 

C4 loop filter capacitor (value depends on VCO) 330 nF typ. 
/ 

Cs low-pass filter capacitor, normally located in the 
tuner (value depends on loop frequency) 100 nF typ. 

c6 power supply filtering 100 nF· 

C7 d.c. blocking 1 nF 

Cg power supply filtering lOOµF 

C9 decoupling of r.f. input stages lOnF 

C10 d.c. blocking 11 nF 

C 11 series capacitor for crystal 
(value depends on crystal) 33 pF 
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INTRODUCTION 
Early digital tuning systems for AM/FM 
radio receivers were constructed from 
ICs out of standard logic families (ECL, 
TTL etc.). 

Later, first dedicated ICs for PLL fre­
quency synthesizers have appeared on 
the market, but there were still several 
packages required for the complete tun­
ing system. The partitioning of functions 
depends on the semiconductor technol­
ogies used. The tuning part of a digital 
tuning system typically requires three 
packages: a prescaler in ECL or 
Schottky TTL (speed), a programmable 
divider and other digital functions in 
either LOCMOS, NMOS or 12L (packing 
density, current consumption) and a loop 
amplifier with FET inputs (low bias cur­
rent) and a bipolar output stage (current, 
slew rate). 

Now, more sophisticated ICs for digital 
tuning of radio receivers are showing. 
The SAA 1057, being described in this 
report, belongs to this new generation of 
radio PLL frequency synthesizers. It 
comprises all of the functions of a digital 
PLL frequency synthesizer and all active 
components from the inputs for the local 
oscillators to the output for the varactor 
tuning voltage on one monolithic chip, 
requiring only a minimum of external 
passive components. 

SYSTEM DESCRIPTION 
A functional block diagram of the SAA 
1057 is shown in Figure 1. This system is 
designed to handle both AM and FM 
local oscillator frequencies in a micro­
computer-controlled radio receiver. At­
tention has been paid to the power 
consumption of the IC in order to permit 
its use in portable as well as in mains 
operated radios. 

An important property of the SAA 1057 
is its very low radiation. This is due to the 
compact one-chip design which does 
not require an external prescaler and its 

control line and due to the crystal con­
trolled reference oscillator which oper­
ates with a low sine-wave voltage swing. 

R.F. Inputs 
Separate inputs are provided for the AM 
and FM local oscillators. Amplifiers at 
the inputs offer high sensitivity for easy 
interfacing to the radio's VCOs. No ex­
ternal buffers are required. A built-in 
divide-by-1 o prescaler for FM permits a 
maximum input frequency of 120MHz 
while the AM input can directly handle 
up to 32MHz. 

An input multiplexer permits both oscilla­
tors to be operating at the same time, 
thus saving cost for switching the oscil­
lators in the radio. On AM, the prescaler 
is switched off in order to reduce the 
current drain of the chip. 

There is one pin, DCA, for the decoupling 
of the input amplifiers' bias circuitry. 

Programmable Divider 
This 15 bit divider is programmed with a 
binary coded dividing number, N, in or­
der to synthesize a desired frequency 
fvco- In view of the current consumption, 
this divider was designed according to 
the rate select technique. This implies a 
minimum permissible dividing number, 
Nmin• which is equal to 512 in the SAA 
1057. The maximum dividing number, 
Nmax, is given by the 15 bit length as 
32767. 

Two outputs of the programmable divid­
er are fed to the phase detectors. They 
differ in frequency by a factor of 32. 

Reference Osclllator 
This oscillator is designed to operate 
with a low-cost 4MHz crystal. Only one 
pin is required for this stable, tempera­
ture-compensated oscillator. 

In case of an externally available 4MHz 
signal of sufficient stability, the pin XTAL 
can be supplied with a resistor from that 
source. 

Reference Divider 
This divider generates the reference fre­
quency for the digital phase detector 
from the 4MHz crystal frequency. This 
reference frequency is either 32kHz or 
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40kHz. It can be changed under soft­
ware control and outputted at the pin 
TEST in case that is desired, e.g. for 
aligning the frequency of the reference 
oscillator. 

With these two reference frequencies, 
the minimum step size for changing the 
VCO' s frequency is 1 kHz and 1.25kHz 
on AM. On FM, the step size is 1 OkHz 
and 12.5kHz due to the divide-by-10 
prescaler. Larger steps in VCO frequen­
cy (integer multiples of the values given 
above) can be achieved under software 
control. 

Phase Detectors 
A novel phase detector concept is used 
in the SAA1057, permitting the use of 
the same reference frequency on AM 
and FM, thereby facilitating the design of 
the loop filter. 

Two phase and frequency sensitive de­
tectors are used in this concept, a high­
speed digital flip-flop type detector and a 
high-gain analog sample and hold type 
detector. The digital phase detector (PD) 
operates at the reference frequency and 
provides for high tuning speed. The 
analog PD operates at 1 /32 of the 
reference frequency and provides for 
improved spectral purity of the radio's 
VCO after lock has been achieved. 
There is no region of uncertainty in the 
analog PD' s transfer characteristic. 

The analog PD is always operating. The 
digital PD can be switched on/off either 
under software control (see also 2.9) or 
automatically. If no features/test bits are 
selected, the digital PD is automatically 
switched on if the operating range of the 
analog PD is exceeded, e.g. when a 
jump in frequency is executed. It is 
automatically switched off again if the 
operating range of the analog PD has 
not been exceeded during three conse­
cutive sampling periods. That Is accom­
plished by the in-lock detector. This 
detector can be set and reset under 
software control to establish the differ­
ent modes of PD operation. 

September 1985 
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DCA 

FAM 

FFM 

The "hold" voltage of the analog PD is 
converted to a DC current and summed with 
the output pulses of the digital PD. 

Gain-Programmable Current 
Amplifier 
The output current of the phase detector 
configuration is passed through a gain-pro­
grammable amplifier. This is an equivalent for 
the normally used series resistor from the 
charge pump to the loop amplifier. The ad­
vantage of this solution is that the loop gain 
can be programmed under software control 
without any changes in hardware. 

Loop Amplifier 
The on-chip loop amplifier requires only a CR 
series connection between its input and out­
put pins to build a basic loop filter. Tuning 
voltages of up to 30 volts can be generated. 
The supply voltage for this amplifier, Vcc3, 

September 1985 
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OSCILLATOR 

,_ __ ..._XTAL 
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DIVIDER 

IN-t.OCK 
DETECTOR 

Dl.EN CLCK DATA 

Figure 1. Functional Block Diagram 

need not be stabilized; however, it should be 
sufficiently filtered. 

Data Reception 
The SAA 1 057 requires both frequency and 
control information from an external micro­
computer. This information is received via an 
asynchronous serial data link with separate 
data (DATA), shift clock (CLCK) and enable 
(DLEN) lines. This structure with the associat­
ed timing requirements used to be called 
CBUS. The logic levels on these CBUS lines 
are TTL compatible, independent of the sup­
ply voltage. 

Incoming data is received in a shift register. A 
bus, load and control logic performs a format 
check on received data and a decision on 
whether the transmission was valid or not. 
Only correctly received data are transferred 
to one of the two latches. Frequency informa-
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lion is stored in latch A and control informa­
tion in latch B. 

Features I Test 
In addition to the basic PLL operation of the 
SAA 1057 there are a few features and test 
functions which can be enabled by certain 
bits in the control information. 

Examples are synchronous loading of fre­
quency data to prevent an out-of-lock condi­
tion due to that transmission, disabling of the 
digital phase detector to avoid tuning noise in 
case of step tuning, and outputting of the 
reference frequency, e.g. for the alignment of 
the crystal oscillator frequency. Details are 
described in the application section of this 
report. 
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Table 1. Description of Components 

R1 Defines current in S/H detector e.g. R1=390 n 
R2 Loop filter resistor, depends on VCO e.g. R2 = 1B kn 
R3 Low-pass filter resistor min. R3 = 100 n 
R4 Matching resistor for FM input e.g. R4 = 1BO n 
C1 Sample capacitor, low leakage type typ. C1 = 2.2 nF 
C2 Hold capacitor, low leakage type typ. C2 = 10 nF 
C3 Decoupling of internal reference voltage typ. C3 = 10 nF 
C4 Loop filter capacitor, depends on VCO e.g. C4 = 330 nF 
C5 LOW-pass filter capacitor, mostly located in tuner, depends on loop frequency e.g. C5 = 100 nF 
C6 Power supply filter capacitor 
C7 DC blocking capacitor 
CB Power supply filter capacitor 
C9 Decoupling of RF input stages 
C10 DC blocking capacitor 
C11 Series capacitor for crystal 
Y1 Crystal for reference oscillator, f = 4.000MHz 

18 

":' 

_[ 
SAA 1057 

.f 

VfUN 

Vcca 

FMOS [> 

? 
VCC112 

Figure 2. Basic Appllcatlon 

VTUN 

GND 

FMOS 

GND 

AMOS 

SAA 1057 RADIO PLL SYNTHESIZER 

Figure 3. Bottom View of P.C. Board 
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e.g. C6 = 100 nF 
typ. C7 = 1 nF 
e.g. CB= 100 nF 
typ. C9 = 10 nF 
typ. C10 = 22 nF 
e.g. C11=33 pF 

TEST 

Y1 C11 

OH~ 

C9 

GND 

CLCK 

OLEN 

DATA 

AMOS 

Power Supply 
Besides the already mentioned supply volt· 
age for the loop amplifier there are two pins 
for the supply of the whole circuit: V cc1 and 
V cc2· The supply voltage may be chosen in 
the range from 3.6 to 12 volts without signifi· 
cant influence on the supply current due to 
the internal stabilizer, which is decoupled at 
pin DCS. The supply voltage should be well 
filtered. 

APPLICATION 
The circuit diagram for the basic application 
of the SAA1057 in an AM/FM radio receiver 
is shown in Figure 2; a short description of the 
components is given in Table 1. 

As there are many ways in which radio 
receivers can be different from each other, 

September 1985 

9 



Slgnetlcs Linear Products Application Note 

Analysis And Basic Application Of The SAA1057 AN197 

e.g. number of wave bands, supply voltages, 
tuning voltage range, V /F characteristic of 
the VCO, the synthesizer circuitry has to be 
designed for a specific application. 

In this chapter information is given on all of 
the components in the circuit diagram and on 
the software requirements of the SAA 1057 
for a number of receiver tuning procedures. 

A typical lay-out of a printed circuit board for 
the application of the SAA 1057 is given in 
Figure 3. There are two connectors; one for 
the supply voltages and the connection of the 
radio receiver and one for the CBUS from the 
microcomputer or a synthesizer controller, 
like the SYCO II. 

Interfacing of the Tuner's 
Oscillators 
The oscillator frequency lines are either real­
ized on a p.c. board or as a screened cable, 
depending on their length, among others. The 
output at the AM VCO is not critical; it can be 
an inductive or capacitive tap at the rescnant 
circuit, provided the output voltage is at least 
30 millivolts nns into a load of 2 kS'l. The 
minimum required FM oscillator voltage is 10 
millivolts rms, the input resistance of the SAA 
1057 is 135 ohms. In order to minimize the 
voltage standing wave ratio, VSWR, a resis­
tor, R4, is used to match the input resistance, 
R;FM• to that of the connecting cable, Z0 • 

Ignoring the capacitances, R4 can be calcu­
lated according to 

R4 = R1FM •Zo 

R;FM-Zo 

Let Z0 = 75 ohms, then 

R4 = 135 075 = 1690 
135-75 

(1) 

The closest standard resistor is R4 - 180 
ohms. 

The DC blocking capacitors, C7 and C1 O, 
should be chosen so that their series reac­
tance at the lowest VCO frequency is small 
compared to the input impedance. Thus, 

C7> >------
2 • ft • fFM,mln ' R1FM 

and 

(2) 

C10 > > (3) 
2 •ft• fAM,min • R1AM 

Interfacing of the Tuning 
Voltage 
The output of the loop amplifier Is connected 
to the varicap tuning diodes via a CR low­
pass filter, R3 and CS. 
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Figure 4. Loop Fiiter Principle 
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B001410S 

Figure 5. PLL Block Diagram 

Although there is no lower limit of R3, a 
minimum of about 1oon should be used to 
avoid capacitive loading of the loop amplifier 
output. For CS, there is normally a lower limit 
given by the design of the varactor tuned 
resonant circuits in the radio. 

The cut-off frequency of the low-pass filter, 
f 1 P• should be less than the sampling frequen­
cy, f8 , of the phase detector in order to 
attenuate potential ripple at this frequency. 
On the other hand, the cut-off frequency 
should be high compared to the loop's natu­
ral frequency, f "' to keep the decrease of the 
phase margin as small as possible. fn de· 
pends on the F IV characteristic of the VCO, 
the dividing number, N, and the loop filter 
design. 

Thus, the choice of the low-pass filter's cut­
off frequency is a compromise between ripple 
rejection at the sampling frequency and loss 
of phase margin. 

or 

1 1 
->R3•C5>-­
Wn 2ft•f8 

with Wn = 2 •ft •fn 

f8 = 1kHz or 1.25kHz 

Designing the Loop Fiiter 

(4) 

(5) 

Due to the on-chip loop amplifier and gain­
programmable current amplifier, the loop filter 
consists of only two external components, R2 
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and C4. The loop filter principle is shown in 
Figure 4. 

As outlined earlier, the commonly used series 
resistor between charge pump and loop am­
plttier input is replaced by a gain-programma­
ble current amplifier in the SAA 1057. There­
fore, the loop filter transfer function evaluates 
to 

Vour (s) 1 + sT 
KF=---=--

i1N (S) sC4 

with T = R2 • C4. 

(6) 

The basic block diagram of a PLL in terms of 
gain is shown in Figure 5. 

The output to input ratio reflects a second 
order system: 

8i(s) s+ 

(7) 

K,p·~·Kv 

N 

with Kip - gain of digital phase detec-
tor Including current amplifier 

~ = gain of loop filter as given 
in Equation (6) 

Kv - gain of VCO 
N - integer divisor 

Substituting KF yields 
(8) 
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Table 2. Loop Fiiter Input Current vs. Gain Programming 

CP3 CP2 CP1 CPO ldlg 

0 0 0 
0 0 0 
0 0 1 
0 1 1 
1 1 1 

-.... 

0 
1 
0 
0 
0 

0.01mA 
0.03mA 
0.1mA 
0.3mA 
1.0mA 

OP01160S 

Figure 6. Type 2. Second Order Step Response 

Kop•Kv 
90 (s) --C- • (1 + sT) 

9;(s) s2 + s. Kop ·Kv· R2 + Kop· Kv 

N C4·N 

clearly showing the Characteristic Equation of 
a second order polynomial: 

C.E. = s2 + s • 2!" • Wn + c.fn (9) 

By comparison of coefficients one obtains 

Wn=~ 
C4•N 

R2·C4 
t=Wn·-2-

(10) 

(11) 

with Wn = loop bandwidth or natural 
frequency 

I = damping factor 

The gain of the phase detector, Kµ, is the 
output current of the P.O. times the gain of 
the programmable current amplifier. In order 
to simplify the calculation, we re-write Equa­
tion (10) as follows: 

w=~~ nV~ (12) 

with ldig = current programmed according to 
Table 2 

and 
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(13) 

being the slope of the VCO's F/V characteris­
tic. 

Since neither Svco nor N remain constant 
over a larger frequency band, Wn and I 
should be calculated for several points in the 
wave band considered, in order to find the 
appropriate constants for best loop perfor­
mance. See the Appendix for a design exam­
ple. 

The lock-up time not only depends on the 
loop filter components but also on the current 
gain setting. The longest time which can 
occur is that for a jump from one end of a 
wave band to the other. It consists of two 
parts: 

tband ~ tstew + tsettle (14) 

The output pulses of the digital phase detec­
tor can be assumed to have an average duty 
cycle of 50 o/o during most of the slew time. 
Therefore, ls1ew can be approximated as 

C4 • Ll.V1une 
!slew "" 2 ·---­

ldig 
(15) 

The settling time, !settle· depends on Wn and 
can be estimated from 

(16) 

with Wnl taken from Figure 6 for a certain 
overshoot and Wn as given by Equation (12). 

The output phase response of a type 2 
second order system (Figure 5) to a phase 
step input is shown in Figure 6. The curves 
can also be used for frequency inputs and 
outputs. The required damping factor, t, for a 
given overshoot can be taken from the plot. 
Also, the natural frequency, w 0 , can be calcu­
lated if I and the lock-up time, !settle· are 
known. 

The Analog Phase Detector 
In the analog PD a comparison of the relative 
phase of two digital signals is performed. In 
principle, a voltage ramp is started by the 
crystal controlled reference frequency and 
stopped by the high-speed output of the 
programmable divider. As only every 32nd 
output pulse is sampled, the phase jitter of 
that rate-multiplier type divider is elimin,ated. 
The ramp voltage is transferred to the hold 
capacitor, C2. Any deviation from the ramp's 
center voltage is converted to a current, 
amplified in the gain-programmable current 
amplifier, and fed into the loop amplifier. 

The voltage ramp is generated by first charg­
ing the capacitor, C1, with internal circuitry 
and then discharging it with a constant cur­
rent, which is defined by an external resistor, 
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Figure 7. Maximum R1 As A Function Of VCC2 
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Figure a. Connection of an External 4MHz Source 

Table 3. Loop Filter Input Current Per Volt Change of the 
Hold Capacitor Voltage 

CP3 CP2 CP1 CPO lana1og PER VOLT 

0 0 0 0 0.03=mµA 
0 0 0 1 0.1=mµA 
0 0 1 0 0.3=mµA 
0 1 1 0 1.0•mµA 
1 1 1 0 3.5=mµA 

September 1985 9-78 

Application Note 

AN197 

R1. Thus, the slope of the ramp, i.e. the gain 
of the analog PD, can be changed by chang­
ing the component values of C1 and R1. 
There are two limitations. For R 1, there exists 
a minimum value of 100 ohms in order to limit 
the discharge current to a safe value and for 
C2, there is a maximum value given for both 
reference frequencies to permit complete 
pre-charging of that capacitor. 

The maximum ramp amplitude depends on 
the supply voltage, V cc2• and is typically 

V ramp - V cc2 - 2 volts (17) 

The time required for a discharge of C1 from 
VTCA,max to VrcA,min depends on the value of 
C1 and the discharge current, which is de­
fined by R1. The maximum time is 

C1 ·Vramp 
tramp= --Id-ls-

With 

(18) 

(19) 

and the maximum permitted time, ~;0, we can 
calculate the maximum value of resistor R1 to 
be 

(20) 

VrR is the voltage at pin 1 of the SAA 1057 
during the discharging of capacitor, C1. The 
dependency of the upper limit of R1 on Vcc2 
is shown in Figure 7 for two different values of 
C1. 

The center voltage is typically 
VCC2 

Vr,o = - 2- + 0.3 volts (21) 

giving an operating range of the analog PD of 
Vramp 

VsH = Vr.o ± - 2- (22) 

As the maximum output current of the analog 
PD depends on Vcc2, only a "gain" constant 
of 1.5=mµA/V is specified, i.e. a deviation of 
1 volt from the center voltage, V r,o• produces 
an output current of 1.5=mµA. This current is 
amplified in the gain-programmable amplifier 
and then fed into the loop amplifier. In Table 3 
there are given some loop filter input current 
values for different gain settings of the gain­
programmable amplifier. 

To obtain the maximum currents obtainable 
from the analog PD, the values in Table 3 
have to be multiplied by 112 • Vramp· 

Generating the Reference 
Frequency 
The simplest way of completing the reference 
frequency oscillator is to connect a 4MHz 
quartz crystal from pin 17 O<T AL) to ground. 
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OLEN u 
CLCK 

DATA 

TEST FOR START BIT 

Figure 9. CBUS Timing 

START BIT 

REGISTER SELECT BIT - --.----.--...... ---.----.---...---..---.----.---...--....... ---.---...... --..---.......... 
DATA : 0 214 213 212 211 210 29 27 26 25 24 21 

I 

Figure 10. Data Word for Frequency 

START BIT 

REGISTER SELECT BIT - --.----.---..----..--...... ---.---..---..----.----.---..--...... ---.---...... --.,.,.,.,.,.. 
DATA : 1 FM REFH CP3 CP2 CP1 CPO SB2 SLA PDM1 POMO BRM T3 T2 T1 TO 

I 

Figure 11. Data Word for Control Information 

Table 4. Frequency Programming Range Please note that the stray capacitance at pin 

INPUT fret= 1kHz f ref = 1.25kHz 
32 32 

AM fmin= 512kHz 640kHz 
fmax= 32767kHz 40958.75kHz 

FM fmin = 5.12MHz 6.40MHz 
fmax= 327.67MHz 409.5B75MHz 

Any crystal with a series resistance of not 
more than 150 ohms will do. As crystal 
frequencies are normally specified for a cer­
tain external capacitance, a series capacitor, 
C11, should be connected in series with the 
crystal, Y1. If the crystal spec is properly 
chosen, a fixed capacitor will normally do. If 
we assume a mis-alignment of 50 ppm the 
resulting VCO frequency of e.g. 100MHz 
would be offset by 5kHz, i.e. half the step 

size. That is normally unimportant. In special 
applications, however, it might be necessary 
to tune the crystal. There is room for a series 
trimmer capacitor on the p.c. board. 

Another way of generating the reference 
frequency is the use of an external 4MHz 
source of satisfactory stability. In Figure B it is 
shown how to connect such an external 
source. 
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17 should not exceed BpF. 

Transmitting Data to the 
SAA1057 
All information is entered serially into the SAA 
1057. The timing of the CBUS data transmis­
sion is shown in Figure 9. 

There are two checks performed on data 
received in the SAA 1057 

- a test for the start bit 
- a test for correct word length. 

The start bit is tested during the high time of 
the first clock pulse. It has to be 'O' to indicate 
the beginning of a proper transmission. 

The word length is defined as the number of 
clock pulses during the time interval 
DLEN = '1 ', i.e. the number of data bits plus 1 
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Table 5. Phase Detector Mode mode (FM = 'O') a part of the FM signal path 

POM1 POMO 

0 0 
0 1 
1 0 
1 1 

DIGITAL PD 

Automatic on/off 
Automatic on/off 
On 
Off 

is switched off in order to reduce the current 
drain of the chip. 

Control bit REFH - With the control bit 
AEFH the reference divider can be pro­
grammed for two different dividing numbers, 
Nr0 = 125 and Nrt = 100. In connection with 
the 4MHz reference oscillator this results in 

Table 6. TEST Slgnals the reference frequencies fr0 = 32kHz and 

T3 T2 T1 TO 

0 0 0 0 
0 1 0 0 
0 0 0 1 
0 1 0 1 

Table 7. Control Information 

TRANSMISSION SB2 

Control 1 1 
Control 2 1 
Control 3 1 

X = don't care 

(start bit). The word length for the SAA1057 
is 17. 

Correctly received data are transferred to 
their latch by another pulse on the CLCK line, 
the so-called load pulse. Clock pulses need 
not be symmetric; however, minimum high 
and low times should be observed. 

Due to internal data shifting there is a time 
after the reception of the load pulse during 
which the SAA1057 does not react to infor­
mation on the CBUS lines. This time is called 
busy time. Under worst case conditions this 
busy time is as long as 1.3 milliseconds, i.e. a 
following data transmission to the SAA 1057 
must not start before 1.3 milliseconds have 
passed since the trailing edge of the load 
pulse. If the following transmission is, howev­
er, intended for a different device, e.g. a 
display driver, it may start as early as 5µs 
after the load pulse for the SAA1057. 

Frequency Information 
The organization of the data word for the 
setting of frequency is shown in Figure 1 o. 
Frequency is expressed as a dividing number, 
N, for the programmable divider according to 
the following formulae: 

32•fosc,AM 
NAM= --,rel~~ 

N • 32 'fosc,FM 
FM 10•fre1 

(23) 

(24) 

with lose being the VCO frequency (nor­
mally the sum of tuning fre­
quency and i.f.) and 
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OUTPUT AT TEST (PIN 18) 

Reference frequency 
Output of prog. divider 
Output of in-lock detector 
low = out-of-lock 
high = in-lock 

SLA PDM1 POMO 

0 
1 
1 

0 x 
0 x 
1 1 

fre1 being the reference frequency 
at the digital PD of either 
32kHz or 40kHz. 

The dividing number has then to be convert­
ed to binary notation in a 15 bit format as 
shown in Figure 1 O and a 'O' added for the 
register select bit, thereby defining latch A as 
the destination of the data word. 

Due to the applied divider principle, the mini­
mum dividing number is Nmin = 512. In case a 
smaller value is transmitted, N = 512 will be 
programmed. The maximum dividing number 
of Nmax = 32767 results from the 15 bit 
length. The total programming range of the 
SAA1057 is given in Table 4. 

Concerning the usability of the given pro­
gramming range the frequency limits of the 
SAA1057 (AM: 0.512 to 32MHz, FM: 60 to 
120MHz) as well as any relevant licensing 
regulations (e.g. FCC, GPO etc.) have to be 
observed. 

Control Information 
The organization of the data word for the 
transmission of control information is shown 
in Figure 11. 

By setting the control bits either low or high 
the mode of operation of the SAA 1057 is 
programmed. The register select bit is always 
'1' to define latch B as the destination of 
control information. 

Control bit FM - With the control bit FM 
either the frequency at the AM input 
(FM= 'O') or one tenth of the frequency at 
the FM input (FM - '1') is switched to the 
input of the programmable divider. In AM 
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frt - 40kHz and the sampling frequencies 
Isa= !kHz (AEFH = 'O') and 181=1.25kHz 
(AEFH - '1'), respectively. 

Control bits CP3 to CPO - With the control 
bits CP3 through CPO the gain of the gain­
programmable current amplifier is influenced. 
In addition to a minimum gain there are 4 
steps available which may be combined at 
will. In Table 2 there are given some program­
ming examples and the resulting loop filter 
input currents under control of the digital PD. 
With a given loop filter the PLL gain can be 
changed under software control in a range of 
1 to 100 with intermediate values resulting 
from programming of bit combinations. The 
current from the analog PD depends on the 
amount of phase error and the supply volt­
age, VCC2, as outlined in section 3.4. See also 
Table 3 for some current values. 

Control bit SB2 - With the control bit SB2 it 
can be chosen whether the features/test bits 
(lower half of control word) shall be used 
(SB2 - '1') or not (SB2 = 'O'). In case of 
SB2 - 'O' the lower 6 bits of the control word 
are interpreted as all "zeros" independent of 
the actual transmitted bit pattern. Please 
note, that the length of the control word must 
not be shortened in view of the format re­
quirements of the SAA1057. In case of 
SB2 = '1' the actual value of the lower 8 bits 
is used. 

Control bit SLA - With this control bit it can 
be chosen whether transmitted frequency 
information is loaded into the programmable 
divider immediately after reception 
(SLA = 'O') or synchronized to the sampling 
frequency (SLA = '1'). 

Asynchronous loading is mandatory for fre­
quency changes of more than 31 tuning 
steps, e.g. when recalling a pre-programmed 
station from memory. Synchronous loading 
(SLA = '1 ') is recommended for manual tun­
ing without muting in order to minimize tuning 
noise. 

Control bits PDM1, POMO - With these 
control bits the operating mode of the phase 
detectors is selected according to Table 5. 

The meaning of automatio on/off is that in 
case of a phase error exceeding the operat­
ing range of the analog PD the digital PD is 
automatically switched on. It is switched off 
again as described in section 2.5, i.e. if the 
analog PD's operating range has not been 
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........ -

Figure 12. Data Sequences for the Synthesizer 

Vee Vee 

·1-~ A 

100 

1057 
TO Cr Cr SAA 
1057 

-- -·-
a) b) 

Figure 13. Power SUpply Fllterlng 

exceeded during three consecutive sampling 
periods. For the in-lock condition it is recom­
mended to switch the digital PD permanently 
off in order to improve the digital PD perma-

nently off in order to improve the VCO' s 
spectral purity. Otherwise, induced distur­
bances could cause a temporary out-of-lock 
condition and, thus, an audible noise. 
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Control bit BRM - With this control bit the 
bus receiver mode is selected, i.e. whether 
the bus receiver is permanently switched on 
(BRM = 'O') or automatically switched off af­
ter each data transmission (BRM= '1') in 
order to reduce the current drain. 

Control bits T3 to TO - These bits are test 
bits. T3 and T1 must always be programmed 
low. With T2 and TO a few internal signals can 
be put out at pin 18 (TESn as shown in 
Table 6. 

Software Considerations 
After power has been · applied to the SAA 
1057, an initialization must be performed 
before any meaningful data transmission 
takes place. This initialization can either con­
sist of a train of at least 10 clock pulses on 
the CLCK line and afterwards a transmission 
of control information (word B) or by transmit· 
ting that control information twice, as it con· 
tains a sufficient number of clock pulses. 

A number of radio tuning operations is axe· 
cuted with the audio part being mute in order 
to suppress any tuning noise. This applies to 
recalling of stored stations, executing numeri· 
cal frequency inputs, changing of wave bands 
and to automatic search tuning. During manu· 
al tuning undistorted listening should be pos· 
sible. From the above there result a few 
different sequences of data transmissions 
from a µ.C to the SAA1057, as shown in 
Figure 12. 

It is assumed that at power-up the receiver is 
silent. Therefore, no SILT signal need be 
output to operate switching or squelch 
circuitry. 

In Table 7 a proposal is made for a few 
control bits which are not dictated by tuner 
characteristics or test signals. 

FM and REFH depend on the current wave· 
band and the desired VCO step size. CPS to 
CPO depend on the tuner characteristics and 
tuning time specHication, their programming 
need not be the same for each control word. 
The word "control 3" sets the synthesizer to 
synchronous loading of frequency data, i.e. 
no extra control information is required in 
case of manual tuning, and switches the 
digital phase detector off for best spectral 
purity of the tuner's VCO. 

The different delays shown in Figure 12 serve 
for the following purposes. 'Delay 1' is intend· 
ed to permit the audio squelch circuitry to 
reach a certain muting depth before tuning 
changes. The time is typically in the range 
between o and 50 milliseconds. 'Delay 2' is to 
adjust search tuning sweep speed to a speci­
fied value. The time depends largely on the 
frequency step size and on receiver time 
constants. In case of the minimum step size 
there might be no delay allowed at all. Time is 
typically between O and 50 milliseconds. Dur-
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ing 'delay 3' the actual tuning process takes 
place. In order to permit any frequency to be 
tuned to, this time is normally between 200 
and 500 milliseconds. 

The path for manual tuning in Figure 12 
depends on the type of actuator, e.g. tuning 
knob or plus/minus buttons. In case of a 
tuning knob the tuning speed depends on the 
user's action. In case of plus/minus buttons 
and one step per operation it is nearly the 
same. But in case of an auto-repeat function 
some time delay is required to adjust the 
speed, as shown for the path of automatic 
search tuning. 

Please note, that between consecutive trans­
missions to the SAA 1057 there has to be a 
minimum time delay of 1.3 milliseconds 
(SLA = '1 '). This need not necessarily be a 
restriction, as processing of data in the micro­
computer, e.g. BCD to binary conversion or 
operating a display driver, also takes time. 

Power Supply Requirements 
As shown in Figure 2, two different supply 
voltages are required for the SAA 1057. 
Vcc112 is between 3.6 and 12 volts and VcC3 
between V cc2 and 31 volts, depending on the 
varactor diodes used in the tuner. If the full 
programming range of the gain-programma­
ble current amplifier is to be used, Vcc112 
should, however, not be less than 5 volts. 

Power supply ripple cannot be neglected 
because of the limited ripple rejection of the 
SAA1057. For the calculation of permissible 
power supply ripple let us assume the follow­
ing: 

- we use an FM tuner 
- the maximum slope is Svea= 3MHz/V 
- the desired signal-to-noise ratio is 

SNR = 75dB 
- SNR is based on a deviation of 

Al= ± 40kHz 
- SNR depends on supply ripple only 

From the data sheet it can be seen that the 
rejection of Vcc2 and VcC3 ripple is dominat­
ing. If we assume both voltages to be of equal 
influence each of them has to give an SNR 
which is 3dB better than specified. The per­
missible supply ripple voltage (peak-to-peak) 
can be calculated from 

2 • Af (rvcc; - SNR - 3dB) 
V VCCi = -- • 10'-'-'..:..:.'------

T, Svea 20 (25) 

with i = 2 or 3, indicating Vcc2. Vccs 
rvcc; =ripple rejection of Vee; in dB 

For the data assumed above we will get 
V, vcc2 = 0.6mV peak-to-peak 
v,:vcC3 = 6mV peak-to-peak 

In other words, if the power supply ripple in 
the basic application of Figure 2 is not greater 
than indicated above, an overall signal-to-
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noise ratio of 75dB can be achieved with a 
VCO slope of 3MHz/V and no other noise 
sources being present. 

If, however, the actual power supply ripple is 
larger than the limit calculated for a desired 
SNR, additional filtering has to be used. The 
design of a filter circuit depends on the 
permitted voltage drop. If a drop of several 
volts is acceptable, a circuit as given in Figure 
13a can be used. If the drop should be less 
than 1 volt, Figure 13b could be used. 

Let us assume that a stabilized supply voltage 
of 8 volts with a maximum ripple of 5 millivolts 
peak-to-peak is available. We choose the 
filter circuit of Figure 13a to generate the 
supply voltage V cc1 ,2. The attenuation is 
given by 

a = 20 • logv' 1 + (wRC)2 (26) 

The required attenuation is 20 • log (5/ 
0.6) = 18.5dB. In order not to operate the 
SAA 1057 below 5 volts, the drop across R 
should be less than 3 volts. Thus, 

3 volts 
Amax= --= 167.Q 

18mA 

We select 
R = 150.Q 
C = 100µF 

and obtain an attenuation of 
a= 21dB @ f, = 120Hz 

Now let us calculate component values for 
Figure 13b as a filter for VcC3· Let us assume 
a supply voltage of 30 volts with a ripple of 1 
volt peak-to-peak and a maximum tuning 
voltage of 27 volts. The allowed voltage drop 
should be less than 1 volt. The required filter 
attenuation is 20 log (1 /0.006) = 44.4dB. 
Again the attenuation is given by Equation 
(26). The voltage drop is 

IE·R 
AV= VsE + - 8-

with 

IE = load current = Ices 

B = DC gain of transistor 

We select 
R = 10k.Q 
C = 22µF 

and obtain 
a= 44.4dB @ fr= 120Hz 
AV= 0.7 volts @VsE = 0.6 volts 

B = 100 
IE= 1mA 

(27) 

In case of higher attenuation, i.e. a larger time 
constant R • C, a speed-up path for a quick 
charging of C at power-on should be provid­
ed. Otherwise, VcC3 could reach its nominal 
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value too late and tuning to the desired 
frequency can be delayed. 

SUMMARY 
This report has described a new microcompu­
ter-controlled AM/FM radio PLL frequency 
synthesizer IC, the SAA1057, and its basic 
application. 

There are several unique design ideas real­
ized in the IC. The most important is the 
combination of a digital and an analog phase 
detector, giving improvements in tuning 
speed as well as in spectral purity of the VCO. 
The use of the same reference frequency for 
both AM and FM tuning simplifies the design 
of the loop filter. The PLL gain can be 
programmed in a range of 1 to 100 under 
software control, thereby eliminating the need 
for switching of external loop filter compo­
nents. 

For the basic application to AM/FM radios 
there is information given on hardware, soft­
ware, power supply and a design example for 
the calculation of the loop filter. 
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APPENDIX 

Design Example 
Based on the Circuit Diagram of Figure 2 a 
PLL frequency synthesizer for an FM radio 
shall be designed. The following tuner data 
are given: 

tuning range fr.t. = 88 to 108MHz 
Afr.t. = 1 OkHz 

f;.1. = 10.70MHz 
V tune = 4 to 28 volts 

Svea = 3.0 to 0.3MHz/V 

tuning steps 
intermediate frequency 
tuning voltage 
VCOgain 

Svco is assumed to decrease linearly from 
the low end of the tuning range to the high 
end. 
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From the tuning step size it is obvious to use 
REFH = o, i.e. 32kHz reference frequency. 
Using Equation (24) we can calculate the min 
and max values of the dividing number, N, for 
the programmable divider: 

Nmin = 9870 
Nmax = 11870 

The tuning time from one end of the band to 
the other is assumed to be not longer than 
0.4 seconds. If we split this time into equal 
parts for the slew and settle times, we can 
calculate capacitor C4 by rewriting equation 
(15) as 

C4 ,., ts1ew • ldig 

2 • ~Vtune 
(15a) 

For the first trial a medium value is taken for 
the loop filter current, e.g. 

ldig = 0.1mA (CP = 0010) 

We then get from Equation (15a) 

C4 ""0.4µF 

We choose the closest standard capacitor 
value of 

C4 = 0.33µF 

and calculate an approximate slew time of 

ts1ew ""0.16 seconds 

Now we have to determine the lower limit of 
the loop's natural frequency and see if the 
actual frequency is larger. From Figure 6 we 
read wnl = 7 for a maximum overshoot of 1 
olo at an optimum damping factor of 0.7. We 
re-write Equation (16) as 

Wn'I 
Wn=-­

tsettle 

and calculate 

Wn,min ~ 35s-1 

(16a) 

with !settle = 0.2 seconds being our initial 
assumption. Using Equation (12) we calculate 
the loop's natural frequency for the low and 
high ends of the tuning range. 

Wn low= 304 s- 1 

wn:high = 88 s- 1 

As both values are well above the minimum, 
the settling time will not be larger than as­
sumed and we will not have to change the 
assumptions made so far. 

Now, we have to solve for resistor, R2. 
Looking at Equation (11) we quickly realize 
that the damping factor, I, will change with 
wn. thereby influencing the overshoot. Let us 
try to solve this dilemma by calculating R2 for 
the mid of the tuning range. We take 

and get 

N = 10870 
Svco = 1.7MHz/V 

ldig = 0.1mA 
I= o.7 

C4 = 0.33µF 

Wn = 218 s-1 

R2 = 19500 ohms 

We choose a standard resistor value of 
R2=18k!"! 

and check the damping factor with the aid of 
Equation (11) at the ends of the tuning range 
end get 

llow = 0.87 
lhigh = 0.25 

The low end value is still good. At the high 
end the response is highly under-damped, 
resulting in wnl = 18 for a maximum over­
shoot of 1 o/o. That would mean a settling 
time of 

!settle = 0.2 seconds 

which is equal to our assumption. In reality, 
the digital phase detector will be switched off 
earlier due to the action of the analog PD. 
Thus, tuning from one end of the band to the 
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other is achieved in less than 0.4 seconds. If 
the calculated damping factor lhigh is regard­
ed too small, a new calculation can be started 
with a higher current gain, e.g. ldig = 0.3mA 
(CP = 0110). This would result in lhigh = 0.45 
and l1ow = 1.56 which is now too large. 

For normal applications it seems to be satis­
factory to use only one value for the gain­
programmable amplifier. Using more than one 
value within one wave-band requires addition­
al software in the µC because the tuning 
frequency has to be checked against some 
cross-over frequency. 

For the low-pass filter, R3 and CS, we get 
from Equation (5) by using wn = wn,low 

4.6ms > R3 • C5 > 0.32ms 

We choose the filter time constant to be 1 
millisecond, resulting in component values of 
e.g. 

R3=10k!"! 
C5 = 0.1µF 

As the filter capacitor might be designed in 
view of r.f. reasons, a modification may be 
necessary which, however, should include R3 
to maintain the time-constant of the low-pass 
filter. 

ADDENDUM 
The currently available samples of the 
SAA 1057 are stamped as N 1653. These 
samples require an extra current of approxi­
mately 1 O microamps at room temperature 
into pin 4. This extra current can most easily 
be realized by connecting a resistor between 
pins 4 and 16. In this case, the supply voltage 
Vcc112 shall not be changed, once a resistor 
value has been fixed. For a nominal supply 
voltage of Vcc112 = 5 volts, a resistor value of 
270k ohms is an adequate solution at room 
temperature. At ambient temperatures above 
approx. 40 to 45'C it may be necessary to 
increase the resistor value. 
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Until now, the almost total integration of an f.m. radio has 
been prevented by the need for LC tuned circuits in the 
r .f., i.f., local-oscillator and demodulator stages. An obvious 
way to eliminate the coils in the i.f. and demodulator stages 
is to reduce the normally used intermediate frequency of 
10.7 MHz to a frequency that can be tuned by active RC 
filters, the op-amps and resistors of which can be integrated. 
An i.f. of zero seems to be ideal because it eliminates 
spurious signals such as repeat spots and image response, 
but it would not allow the i.f. signal to be limited prior to 
demodulation, resulting in poor S/N ratio and no a.m. 
suppression. With an i.f. of 70 kHz, these problems are over­
come and the image frequency occurs about halfway 
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between the desired signal and the centre of the adjacent 
channel. However, the i.f. image signal must be suppressed 
and, in common with conventional f.m. radios, there is also 
a need to suppress interstation noise and noise when tuned 
to a weak signal. Spurious responses above and below the 
centre frequency of the desired station (side tunings), and 
harmonic distortion in the event of very inaccurate tuning 
must also be eliminated. 

We have now developed a mono f.m. reception system 
which is suitable for almost total integration. It uses an active 
70 kHz i.f. filter and a unique correlation muting circuit for 
suppressing spurious signals such as side responses caused 
by the flanks of the demodulator S-curve. With such a low 

A laboratory model of the TDA7000 in a complete f.m. radio. Also shown is the TDA7010T in the SO package against a cm scale. 
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i.f., distortion would occur with the ±75 kHz i.f. swing due 
to received signals with maximum modulation. The maxi­
mum i.f. swing is therefore compressed to ±15 kHz by 
controlling the local-oscillator in a frequency locked loop 
(FLL). The combined action of the muting circuit and the 
FLL also suppresses image response. 

The new circuit is the TDA 7000 which integrates a mono 
f.m. radio all the way from the aerial input to the audio 
output. External to the IC are only one tunable LC circuit 
for the local-oscillator, a few inexpensive ceramic plate 
capacitors and one resistor. The TDA 7000 dramatically 
reduces assembly and post-production alignment costs 
because only the oscillator circuit needs adjustment during 
manufacture to set the limits of the tuned frequency band. 
The complete f.m. radio can be made small enough to fit 

Vp 

(+4,6V) 

,---
' 
I 
' 

I 
' 

I 

C18 
220pF 

18 

Lf, output 

C17 
330pF 

17 

C3 
22 nf 

Fig.1 The TDA7000 as a variable capacitor 
tuned f .m. broadcast receiver 

C4 
10nF 
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inside a calculator, cigarette lighter, key-ring fob or even a 
slim watch. The TDA 7000 can also be used .as a receiver in 
equipment such as cordless telephones, CB radios, radio­
controlled models, paging systems, the sound channel of a 
tv set or other f.m. demodulating systems. 

Using the TDA 7000 results in significant improvements 
for all classes of f.m. radio. For simpler portables, the small 
size, lack of i.f. coils, easy assembly and low power con­
sumption are not the only attractive features. The unique 
correlation muting system and the FLL make it very easy 
to tune, even when using a tiny tuning knob. For higher­
performance portables and clock radios, variable-capaci­
tance diode tuning and station presetting facilities are often 
required. These are easily provided with the TDA 7000 
because there are no variable tuned circuits in the r .f. signal 

C14 
2,2nF c22 

C15 47pF 

L2 l21 

130nH 

15 14 
1,4V 

1oon 7DOn 

C23 

39 
pf 

13 12 

C12 
150pf 

C7 

3,3nF 

C11 

CB 
180pF 

7Z90212 

1) These pins are not used in the SO package version (TOA 701 OT) 
AP= All-Pass filter. 

2) L2 is printed on the experimental PCB (Fig. 12). 
L1 = Toko MC10B No.514 HNE 150013513. 
C20 =TokoNo.2A-15BT·R01. 
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path. Only the local-oscillator needs to be tuned, so tracking 
and distortion problems are eliminated. 

The TOA 7000 is available in either an 18-lead plastic DIL 
package (TOA 7000), or in a 16-pin SO package(TDA 701 OT). 
Future developments will include reducing the present 
supply voltage (4.5 V typ.), and the introduction of f.m. 
stereo and a.m./f.m. versions. 

BRIEF DATA 

typical supply voltage 

typical supply current 

4.5V 

8mA 

r.f. input frequency range frf 1.5 to 110 MHz 

sensitivity for -3 dB limiting e.m.f. 
with Zs= 75n, mute disabled Vrf-3 dB 1.5 µV 

maximum signal input for 
THO< 10%, Lif = ±75 kHz 
e.m.f.withZs=7sn Vrf 200mV 

a.udio output (r.m.s.) with 
RL=22kn,M=±22.5kHz V0 75mV 

CIRCUIT DESCRIPTION 

As shown in Fig.I, the TOA 7000 consists of a local-oscillator 
and a mixer, a two-stage active i.f. filter followed by an i.f. 
limiter/amplifier, a quadrature f.m. demodulator, and an 
audio muting circuit controlled by an i.f. waveform cor­
relator. The conversion gain of the mixer, together with the 
high gain of the i.f. limiter/amplifier, provides a.v.c. action 
and effective suppression of a.m. signals. The r .f. input to 
the TDA7000 for -3dB limiting is l.5µV. In a conven­
tional portable radio, limiting at such a low r.f. input level 
would cause instability because higher harmonics of the 
clipped i.f. signal would be radiated to the aerial. With the 
low i.f. used with the TOA 7000, the radiation is negligible. 

To prevent distortion with the low i.f. used with the 
TOA 7000, it is necessary to restrict the i.f. deviation due to 
heavily modulat~d r .f. signals to ± 15 kHz. This is achieved 
with a frequency-locked loop (FLL) in which the output 
from the f.m. demodulator shifts the local-oscillator fre­
quency in inverse proportion to the i.f. deviation due to 
modulation. 

Active i.f. filter 

The first section of the i.f. filter (AFIA) is a second-order 
low-pass Sallen-Key circuit with its cut-off frequency 
determined by internal 2.2 kn resistors and external 
capacitors C7 and Cg. The second section (AFIB) consists 
of a first-order bandpass filter with the lower limit of the 
passband determined by an internal 4. 7 kn resistor and 
external capacitor C 11. The upper limit of the passband is 
determined by an internal 4.7 kn resistor and external 
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capacitor C lQ. The final section of the i.f. filter consists of 
a first-order low-pass network comprising an internal 12 kn 
resistor and external capacitor C12. The overall i.f. filter 
therefore consists of a fourth-order low-pass section and a 
first-order high-pass section. Design equations for the filter 
are given in Fig.2. Figure 3 shows the measured response for 
the filter. 

AF1A 

RI 

Sallen - Key filter BP LP 
7290191 

Sellen-Key circuit 

with a=2R1Ca 

b = RjC7C9 

For C7 = 3.3 nF, Ca= 180 pf; Q = 2.1and10 = 94 kHz 

Bandpass circuit 

1 + jwC11R2 + j"'.C10R2 
1+1wC10R2 

1 1 
for fLP = 2nR2C10 and fHP = 2nR2C11 

For C10 = 330 pf, C11 = 3.3 nF; fLP = 103 kHz, fHP = 10.3 kHz 

Low-pass circuit 

1 
ALP= -1-+-jw_C_1_2_R_3 

1 
ALp=---

w 
1+j­

WLP 

For C12 = 150 pF; fLp = 88.4 kHz. 

Fig.2 l.F.filteroftheTDA7000 
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F lg .3 Measured response of the i.f. filter 

F.M. demodulator 

The quadrature f.m. demodulator M2 converts the i.f. varia­
tions due to modulation into an audio frequency voltage. 
It has a conversion gain of -3 .6 V /MHz and requires phase 
quadrature inputs from the i.f. limiter/amplifier. As shown 
in Fig.4, the 90° phase shift is provided by an active all-pass 
filter which has about unity gain at all frequencies but can 
provide a variable phase shift, dependent on the value of 
external capacitor C 17. 

;i;; C,)7 

7Z90194 

With R2=0, 

4> = -2 tan·• wR1C17 

for 4> = -90°, C17 = - 1- , • 227 pF for fif = 70 kHz, 
wR1 

To improve the performance of the all-pass filter with the 
amplitude limitecfi.f. waveform, R2 has been added. 
Since this influences the phase angle, the value of C17 must 
be increased by 45% i.e. to 330 pF for fif = 70 kHz. 

Fig.4 F .M. demodulator phase shift circuit (all-pass filter I 
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l.F. swing compression with the FLL 

With a nominal i.f. as low as 70 kHz, severe harmonic 
distortion of the audio output would occur with an i.f. 
deviation of ±75 kHz due to full modulation of a received 
f.m. broadcast signal. The FLL of the TOA 7000 is therefore 
used to compress the i.f. swing by using the audio output 
from the f.m. demodulator to shift the local-oscillator 
frequency in opposition to the i.f. deviation. The principle 
is illustrated in Fig.5, which shows that an i.f. deviation of 
75 kHz is compressed to about 15 kHz. The THO is thus 
limited to 0.7% with ±22.5 kHz modulation, and to 2.3% 
with ±75 kHz modulation. 
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F.M. 

'" MIXER ANO fif DEMODULATOR v,. 
l.F. AMPLIFIER (CONVERSION 

GAIN D • 

-3,6V/MHzl 

'""' 
C17 ;J; 330pF 

VOLTAGE· LOOP AMPLIFIER 

CONTROLLED 

LOCAL OSC. 

!SLOPES• 

-1,14pF/V) 
Al• -1,08 

7Z90192 

C0 "'Cext + Cstray + Cdiode with open loop• 49 pf at f0 = 96 MHz 

feedback factor P = ALS fo 
2C0 

open loop conversion gain= 0 = -3.6 V/MHz 

closed loop conversion gain = _o_ • 0.68 V /MHz for f0 = 96 MHz 
1 +DP 

open loop gain 3.6 V/MHz 
modulation compression factor K = ------ = "' 5 

closed loop gain 0.684 V /MHz 

Afosc = Atrf (1 -k) 
Atrf 

Afif=K 

for Afrt = 75 kHz, Af05c ~ 60 kHz, Afif l't! 15 kHz 

Afif"'85-70., 151(.H1 

f'osc 'rt 

••osc•60kH' I 
-~~---1 

fit•70kHz 
I 

'1frt•75kHz 

7290193.1 

f'rt 

I • 
l~~~-··~,·-·-··-'-"'~~-1 
I 

95,9 95,93 95,99/ 96 96,075 96, 1 
frt (MHz) 

Fig.5 1.F. swing compression with the FLL 
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Correlation muting system with open FLL 
A well-known difference. between f.m. and a.m. is that, for 
f.m., each station is received in at least three tuning posi­
tions. Fig.6 shows the frequency spectrum of the output 
from the demodulator of a typical portable f.m. radio 
receiving an r.f. carrier frequency-modulated with a tone of 
constant frequency and amplitude. In addition to the audio 
response at the correct tuning point in the centre of Fig.6, 
there are two side responses due to the flanks of the de­
modulator S-curve. Because the flanks of the S-curve are 
non-linear the side responses have increased harmonic 
distortion. Jn Fig.6, the frequency and intensity of the side 
responses are functions of the signal strength, and they are 

Vaf 1---i v,,. tOmV 

I 
200kHt 

r·---_,,,••a··--~~~-

100µV 
v •• I . 
~~--

v,, f-1---~>---'o_.v_ 
v.,

11 

~-3·V 
.----- &·889' 

1,5µV v,,1-
~ ~..-----

J enlarged in i 
v,,f---------~: 

7290210 
tuned frequency 

Fig.6 Audio signal of a typical portable radio as a function 
of tuned frequency with r.f. input as a parameter. The modu­

lation frequency and amplitude are both constant 
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separated from the correct tuning point by amplitude 
minima. However, in practice, the amplitude minima are 
not well defined because the modulation ·frequency and 
index are not constant and moreover, the side responses of 
adjacent channels often overlap. 

High performance f.m. radios incorporate squelch 
systems such as signal-strength-dependent muting and 
tuning-deviation-dependent muting (Ref.I) to suppress side 
responses. They also have a tuning meter to facilitate 
correct tuning. Although the TOA 7000 is mainly intended 
for use in portables and clock radios, it incorporates a very 
effective new correlation muting system which suppresses 
interstation noise and spurious responses due to detuning to 
the flanks of the demodulator S-curve. The muting system 
is controlled by a circuit which determines the correlation 
between the waveform of the i.f. signal and an inverted 
version of it which is delayed (phase shifted) by half the 
period of the nominal i.f. (180°). A noise generator works 
in conjunction with the muting system to give an audible 
indication of incorrect tuning. 

large 
correlation 

with 
correct 
tuning 

small 
correlation 

due to 
detuning 

very small 
correlation 

due to 
noise 

1.F. _l1_JLS 

tF.' _l1_JLS 

1.F. JlSUL 
1.F." _fULJ1 

l.F. jlJL_J 

1.F.·~ 
7290207 

(a) 

(b) 

(c) 

Fig.7 Function of the correlation muting system 

Figure 7 illustrates the function of the muting system. 
Signal IF' is derived by delaying the i.f. signal by half the 
period of the nominal i.f. and inverting it. With correct 
tuning as shown in Fig.7(a), the waveform of the two 
signals are identical resulting in large correlation. Jn this 
situation, the audio signal is not muted. With detuning as 
shown in Fig.7(b ), signal IF' is phase-shifted with respect to 
the i.f. signal. The correlation between the two waveforms 
is therefore small and the audio output is muted. Figure 7(c) 
shows that, because of the low Q of the i.f. filter, noise 
causes considerable fluctuations of the period of the i.f. 
signal waveform. There is then small correlation between 
the two waveforms and the audio is muted. The correlation 
muting system thus suppresses noise and side responses due 
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to detuning to the flanks of the demodulator S-curve. Since 
the mute threshold is much lower than that obtained with 
most other currently used muting systems, this muting 
system is ideal for portable radios which must often receive 
signals with a level only slightly above the input noise. 

F.M. 
Vif DEMODULATOR 

7Z90195 

ALL-PASS 1-'..:,-C::::J-+; 
FILTER 
(Fig. 4) 

18 

;;i;; C18 

<1>2 = -2 tan·• wR1C1a -<1>1 

for <1>2 = --180' C1s = - 1-
wR1 

for 1;1 = 70 kHz, C1 a = 227 pF. 

Fig.8 Correlator of the TDA7000 

;;i;; Cl 

As shown in Fig.8, the correlation muting circuit consists 
of all-pass filter AP2 connected in series with f.m. de­
modulator all-pass filter AP! and adjusted by an external 
capacitor to provide a total phase shift of 180°. The output 
from AP2 is applied to mixer M3 which determines the 
correlation between the undelayed limited i.f. signal at one 
of its inputs and the delayed and inverted version of it at 
its other input. The output from mixer M3 controls a muting 
circuit which feeds the demodulated audio signal to the 
output when the correlation is high, or feeds the output 
from a noise source to the output to give an audible indica­
tion of incorrect tuning when the correlation is low. The 
switching of the muting circuit is progressive (soft muting) 
to prevent the generation of annoying audio transients. The 
output from mixer M3 is available externally at pin 1 and 
can also be used to drive a detuning indicator. 

Figure 9 shows that there are two regions where the de­
modulated audio signal is fed to the output because the 
muting is inactive. •one region is centred on the correct 
tuning point fL. The other is centred on the image fre­
quency -fL. The image response is therefore not suppressed 
by the muting system when the frequency-locked loop is 
open. When the loop is closed, the time-constant of the 
muting system, which is determined by external capacitor 
CJ, prevents the image response being passed to the audio 
output. This is described under the next heading. 

9-89 

correlator 
output voltage 

ON 

OFF-----
1 

-f1 -f2 0 f1 f2 

I I I I 
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(a) 

(b) 

(c) 

(d) 

output voltage 

'soft'w~~tlng / . - - - - frt-fosc (e) 
side tumng 
suppreuad 

7Z90208 

Fig.9 Operation of the correlation muting system 
with open-loop FLL 

Correlation muting system with closed FLL 

The closed-loop response of the FLL is shown in Fig. I 0, in 
which the point oforigin is the nominal i.f. (frf- fosc= fL). 
With correct tuning, the muting is inactive and the audio 

__ capture __ 

range 

--- holdingrange ---

O"areaofcorr!!'Clll,mrng 

Fig.10 Closed-loop response of the FLL. The slope of the 
correct tuning line is such that a 75 kHz deviation of lrf 

causes a 15 kHz deviation off rf-fosc 
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signal is fed to the output. Spurious responses due to the 
flanks of the demodulator S-curve which occur outside the 
i.f. band -f2 to f2 are suppressed because the muting is 
active. Fast transients of the audio signal due to locking of 
the loop (A and B), and to loss of lock (C and D) are sup­
pressed in two ways. 

Lock and loss of lock transients B and D occur when the 
i.f. is greater than f2 and are therefore suppressed because 
the muting is active. The situation is different during loss of 
lock transient C because the muting is only active for the 
last part of the transient. To completely suppress this 
transient, capacitor C1 in Fig.I holds the muting control 
line positive (muting active) during the short interval whilst 
the i.f. traverses from -f1 to -f2. The same applies for lock 
transient A during the short interval whilst the i.f. traverses 
from -f2 to -f1. Since the image response occurs halfway 
between -f1 and -f2, it is also suppressed. 

200kHz 

1-1 
v,, Vrt=- 10mV 

v,, lmV 

I 

~~ 

v,,.____ __ 

v,, 10µV 

v,, 3µV 

7Z90209.1 
tuned frequency 

Fig.11 Audio signal of the TDA7000 as a function of the 
tuned frequency with r .f. input as a parameter. The modu· 

lation frequency and amplitude are both constant 

Figure 11 shows the audio output from the TDA 7000 
radio as a function of tuned frequency with aerial signal 
level as a parameter. Compared with the similar diagram for 
a typical conventional portable radio (Fig.6), there are 
three important improvements: 

September 1985 9-90 

Application Note 

AN192 

There are no side responses due to the flanks of the de­
modulator S-curve. This is due to the action of the 
correlation muting system (soft mute) which combines 
the function of a detuning-dependent muting system 
with that of a signal-strength-dependent muting system 

The correct tuning frequency band is wide, even with 
weak aerial signals. This is due to the a.f.c. action of the 
FLL which reduces a large variation of aerial input fre­
quency (equivalent to detuning) to a small variation of 
the i.f. There is no audio distortion when the radio is 
slightly detuned 

Although the soft muting system remains operative with 
low-level aerial signals, there is no degradation of the 
audio signal under these conditions. This is due to the 
high gain of the i.f. limiter/amplifier which provides 
-3 dB limiting of the i.f. signal with an aerial input level 
of 1.5 µV. However, the soft muting action does reduce 
the audio output level with low level aerial signals. 

RECEIVER CIRCUITS 

Circuits with variable capacitor tuning 

The circuit diagram of the complete mono f.m. radio shown 
in the frontispiece is given in Fig. I. An experimental 
printed-wiring board layout is given in Fig.12. Special 
attention has been paid to supply lines and the positioning 
of large-signal decoupling capacitors. 

The functions of the peripheral components of Fig.I not 
already described are as follows: 

CJ: 
Determines the time constant required to ensure muting of 
audio transients due to the operation of the FLL. 

C2: 

Together with R2 determines 'the time-constant for audio 
de-emphasis (e.g. R2C2 = 40µs). 

C3: 

The output level from the noise generator during muting 
increases with increasing value of C3. If silent mute is re­
quired, C3 can be omitted. 

C4: 
Capacitor for the FLL filter. It eliminates i.f. harmonics at 
the output of the f.m. demodulator. It also determines the 
time-constant for locking the FLL and influences the fre­
quency response. 

C5: 

Supply decoupling capacitor which must. be connected as 
close as possible to pin 5 of the TDA 7000. 
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C7 to CJ2, C17and C18: 
Filter and demodulator capacitors. The values shown are 
for an i.f. of 70 kHz. For other intermediate frequencies, 
the values of these capacitors must be changed in inverse 
proportion to the i.f. change. 

C14: 
Decouples the reverse r .f. input. It must be connected to 
the common return via a good quality short connection to 
ensure a low-impedance path. Inductive or capacitive 
coupling between C 14 and the local-oscillator circuit or i.f. 
output components must be avoided. 

C15: 
Decouples the d.c. feedback for i.f. limiter/amplifier LAI. 

C19andC2J: 
Local-oscillator tuning capacitors. Their values depend on 
the required tuning range and on the value of tuning 
capacitor C2Q. 

C22. C23, LJ, L2: 
The values given are for an r .f. bandpass filter with Q = 4 for 
the European and U.S.A. domestic f.m. broadcast band 
(87 .5 MHz to i08 MHz). For reception of the Japanese f.m. 
broadcast band (76 MHz to 91 MHz), LJ must be increased 
to 78 nH an:d L2 must be increased to 150 nH. If stopband 
attenuation for high level a.m. or tv signals is not required, 
L2 and C22 can be omitted and C23 changed to 220 pF. 

R2: 
The load for the audio output current source. It determines 
the audio output level, but its value must not exceed 22 kn 
for Vp = 4.5 V, or 47 kn for Vp = 9 V. 

TDA7000 

14 

7Z90197 

v. 
idB) 

(75mVl 0 

-20 

-40 

v, 
h-..j 
r---K 

-60 
10- 6 

IL 1 

1 

~ )'-.. 

10-5 

..L..L l".i. .t"--11- ..1...L 
CIOTTT TT --It-- C15 TTC18 

C11 C23 C14 C17 

~ J., 

L2 

S+ l 

NOISE 

10-2 10-1 

Fig.13 Audio output as a function of input e.m.f. The curves numbered 1 were measured with the 
muting system active. The curves numbered '2 were measured with the muting system disabled by 
injecting about 20 µA into pin 1 of the TDA7000. The input frequency was 96 MHz modulated with 
1 kHz with a deviation of ± 22.5 kHz for the output level curves, and± 75 kHz for the distortion curve 
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Performance of the circuit 

unless otherwise specified, Yp = 4.5 V, Tamb = 25 °C, frf = 96 MHz, Vrf = 0.2 mV e.m.f. from a 75 n source, modulated with 
Af = ±22.5 kHz, fm = 1 kHz. Noise voltage measured unweighted over the bandwidth 300 Hz to 20 kHz 

parameter symbol typ. max. unit 

sensitivity 

(e.m.f. voltage) 

for -3 dB limiting: 

muting disabled EMF 1.5 µV 

for -3 dB muting EMF 6 µV 

for (S+N)/N = 26 dB EMF 5.5 µV 

signal handling (e.m.f. voltage) 

for THD < 10%; Af = ±75 kHz EMF 200 mV 

signal-to-noise ratio (see Fig.13) (S+N)/N 60 dB 

total harmonic distortion (see Fig.13) 

at Af = ±22.5 kHz THD 0.7 % 

at Af = ±75 kHz THD 2.3 % 

a.m. suppression 

(ratio of the a.m. output signal 

referred to the f.m. output signal) 

f.m. signal: fm = 1 kHz; Af= ±75 kHz 

a.m. signal: fm = 1 kHz; m = 80% AMS 50 dB 

ripple rejection (AVp = 100 mV; 

f= 1 kHz) RR 10 dB 

oscillator voltage (r.m.s. value) 

at pin 6 Y6-5(rms) 250 mV 

variation of oscillator frequency 

with supply voltage (A Yp = 1 V) Afosc 60 kHz/V 

selectivity S+300 45 dB 

8-300 35 dB 

a.f.c. range Afrf ±300 kHz 

audio bandwidth at AV 0 = 3 dB 
measured with pre-emphasis (t = 50 µs) B IO kHz 

a.f. output voltage (r.m.s. value) 

at RL = 22 kn Yo(rms) 75 mV 

load resistance for audio output current source 

at Yp =4.5 V RL 22 kn 

at Yp = 9.0V RL 47 kn 
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Circuit with variable-capacitance diode tuning 

Since it is only necessary to tune the local-oscillator coil, it 
is very simple to modify the circuit of Fig. I for variable­
capacitance diode tuning. The modifications are shown in 

Vp 

t4,5V) 
BZX79-

1ookn ""' 3VO 5,6 k.Q 

Vtune 

1ookn 
(log) 

300kll 1,5k.11 

OV 
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Fig.14. A circuit board layout for the modified receiver and 
a photograph of a complete laboratory model are shown in 
Fig.15. 

pin 5 

10 nF 3,3 nF 

1okn TOA7000 
56 nH (Fig. 1) 

88809 

pin 6 

pin 16 

Fig.14 Variable-capacitance diode tuning for the local-oscillator. Additonal measures must be taken to ensure temperature stability 

a.I, output 

ov 

Fig.15 Circuit board layout and complete model of a TDA7000 radio with variable-capacitance diode tuning. This is the same pcb 
as shown in Fig.12 

Narrow-band f.m. receiver 

The TDA 7000 can also pe used for reception of narrow­
band f.m. signals. In this case, the local-oscillator is crystal­
controlled as shown in Fig.16 and there is therefore hardly 
any compression of the i.f. swing by the FLL. The devia­
tion of the transmitted carrier frequency due to modula­
tion must therefore be limited to prevent severe distortion 
of the demodulated audio signal. 

The component values in Fig.16 result in an i.f. of 
4.5 kHz and an i.f. bandwidth of 5 kHz (Fig.17). If the i.f. 

9-93 

is multiplied by N, the values of capacitors C 17 and C 18 in 
the all-pass filters and the values of filter capacitors C7, Cg, 
C10, C11, andC12mustbemultiplied by 1/N. For improved 
i.f. selectivity to achieve greater adjacent channel attenua­
tion, second-order networks can be used in place of C 10 
andC11. 

In this circuit the detuning noise generator is not used. 
Since the circuit is mainly for reception of audio signals, the 
audio output must be passed through a low-pass Chebyshev 
filter to suppress i.f. harmonics. 
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C12 
3,3nF 
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C7 
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CB 
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Fig.16 A narrow-band f.m. receiver with a crystal-controlled local-oscillator 
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Flg.17 l.F. salactivity for tha narrow-band f.m. receiver 

AUDIO AMPLIFIER AND DETUNING 
INDICATOR CIRCUITS 
Audio output stages suitable for use with the TDA 7000 are 
shown in Fig.18 and 19. Figure 20 shows how the muting 
signal can be .used to operate a LED to give an indication of 
detuning. 
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Fig.18 A 0.4mW transistor audio output stage without 
volume control for driving an earpiece 
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Flg.19 An Integrated 250 mW audio output stage 
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of the BC658 
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Flg.20 A detuning Indicator driven by the 
mute signal from the TDA7000 
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INTRODUCTION 
Today's cordless telephone sets make 
use of duplex communication with carri­
er frequencies of about 1.7MHz and 
49MHz. 

- In the base unit incoming 
telephone information is 
frequency-modulated on a 1.7MHz 
carrier. 

- This 1.7MHz signal is radiated via 
the AC-mains line of the base 
unit. 

- The remote unit receives this 
signal via a ferrite bar antenna. 

- The remote unit transmits at 
49MHz via a telescopic antenna 
the call-signals and speech­
information from the user. 

- The base unit receives this 
49MHz FM-modulated signal via a 
telescopic aerial. 

A Today's Remote Unit 
Receiver 
In cordless telephone sets which are 
used today, a normal superheterodyne 
receiver is used for the 1.7MHz handset. 
The suppression of the adjacent channel 
at e.g. 30kHz must be 50db and the 
bandwidth of the channel must be 6-
1 OkHz for good reception. Therefore an 
i.f.-frequency of 455kHz is chosen. Since 
at this frequency there are ceramic filters 
with a bandwidth of 9kHz (AM-filters), 
the 1.7MHz is mixed down to 455kHz 
with an oscillator frequency of 
2.155MHz. Now there is an image recep­
tion at 2.61MHz. To suppress this image 
sufficiently, there must be at least two 
RF filter-sections at the input of the 
receiver. 

The ceramic IF-filter with its subharmon­
ics is bad for far-off-selectivity, so there 
must be an extra LC-filter added be­
tween mixer output and the ceramic 
filter. 

After the selectivity there is a hard-limiter 
for age-function and suppression of AM. 

Then there is an FM-detector which 
must be accurate, because it must de-
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1.7MHz 

2.155MHz 
TC01130S 

Figure 1. Remote-unit Receiver: 1.7MHz 

tect a swing of ± 2.5kHz at 455kHz; 
hence it must be tuned. 

Figure 1 shows the block diagram which 
fulfills this principal. The total numbers of 
alignment points of this receiver is then 
5: 

2 RF-filter 
1 Oscillator 
1 IF-filter 

FM-detector 

5 Alignments 

A Remote Unit Receiver With 
TDA7000 
The remote unit receiver, see Figure 2, 
has as main component the IC 
TDA7000, which contains mixer, oscilla­
tor, i.f. amplifiers and demodulator (and 
squelch functions). 

To avoid expensive filtering (and expen­
sive filter-adjustments) in RF, IF and 
demodulator stages, the TDA7000 
mixes the incoming signal to such a low 
IF-frequency, that filtering can be real­
ized by active RC-filters, of which the 
active part and the R's are integrated. 

To select the incoming frequency, only 
one tuned circuit is necessary: the oscil­
lator tank circuit. The frequency of this 
circuit can be set by a crystal. 

IMAGE RECEPTION 
For today's concept there are a lot of 
expensive components necessary to 
suppress the image sufficiently. The 
suppression of the image is very impor­
tant because the signal at the image can 
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be much larger than the wanted signal 
and there is no correlation between the 
image and the wanted signal. 

In a concept with 455kHz i.f. frequency, 
the 1.7MHz receiver has image recep­
tion at 2.155MHz. In the TDA7000 re­
ceiver the i.f. frequency is chosen to be 
at 5kHz. Then the 1.7MHz receiver (with 
1.695MHz oscillator frequency) has im­
age reception at 1.69MHz, which is at 
1 OkHz from the required frequency, see 
Figure 3. 

An IF-frequency of 5kHz has been 
chosen as: 

- this frequency is so low, there 
will be no neighboring-channel 
reception at the image frequency. 

- this frequency is not that low that 
at maximum deviation (maximum 
modulation) distortion could occur 
(folding distortion, caused by the 
higher order bessel functions) 

- this frequency gives the 
opportunity to obtain the required 
neighboring-channel-suppression 
with minimum components in the 
IF-selectivity. 

CIRCUIT DESCRIPTION 
(see Figure 2) 
When a remote unit is at "Power on" in 
the "Stand-by" -position, it is ready to 
receive a "Bell-signal". A bell-signal­
coming through the telephone line will 
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and IF-selectivity, the RF input filter is only 
required for stopband selectivity (a far-off 
selectivity to suppress unwanted large signals 
from e.g. Radio-Broadcast transmitters). 

In a remote unit receiver at 1.7MHz, this filter 
is at the ferrite-rod. Figure 4 shows the 
bandpass behavior of such a fillet at 1. 7MHz. 

RF-filter at 46MHz: see Appendix 

Pre-stage at 46MHz: see Appendix 

The Mixer 
The mixer conversion gain depends on the 
level of the oscillator voltage as shown in 
Figure 5; so the required oscillator voltage at 
pin 6 is 200mV rms. 

The Oscillator 

Figure 3 
To obtain the required frequency stability in a 
cordless telephone set, where adjacent chan­
nels are at 20 or 30kHz, crystal oscillators are 
common used. set the base unit in the mode of transmitting a 

1.7MHz signal, modulated with e.g. 0.75kHz 
with ± 3kHz deviation. 

The ferrite-antenna of the remote unit re­
ceives this signal and feeds it to the mixer, 
where it is converted into a 5kHz IF signal. 

Before the RF signal enters the mixer (at pins 
13 and 14) it passes RF-selectivity, taking 
care of good suppression of unwanted sig­
nals from e.g. tv- or radiobrosdcast frequen­
cies. The IF signal from the mixer output 
passes IF selectivity (pins 7 to 12) and the IF 

amplifier/limiter (pin 15), from which the out­
put is supplied to a quadrature demodulator 
(pin 17). Due to the low IF frequency, cheap 
capacitors can be used for both IF-selectivity 
and the phase-shift for the quadrature de­
modulator. 

The A.F.-output of the demodulator (pin 4) Is 
fed to the A.F. fillet and A.F. amplifier NE 
5535. 

The RF Input Circuit 
As the image reception is an in-channel 
problem, solved by the choice of IF-frequency 
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The crystal oscillator circuits usable for this 
kind of application always need an LC-tuned 
resonant circuit to suppress the other modes 
of the crystal. In this type of oscillator (see as 
an example Figure 6) the crystal Is in the 
feedback line of the oscillator-amplifier. Inte­
gration of such an amplifier should give a 2-
pln oscillator. 

The TOA 7000 contains a one-pin oscillator. 
An amplifier with current output develops a 
voltage across the load impedance. 
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Figure 6 

Voltage feedback is internal to the IC. 

To obtain a crystal oscillator with the TOA 
7000 one-pin concept, a parallel circuit con­
figuration as shown in Figure 7 has to be 
used. 

Explanation of this circuit: 
a. Without the parallel resistor Rp. 

Figure 8 shows the relevant part of the 
equivalent circuit. There are three fre­
quencies where the circuit is in reso­
nance (see Figure 9, and the frequency 
response for "impedance" and "phase", 
shown in Figure 1 O). The real part of the 
highest possible oscillation frequency 
dominates; and, as there is also a zero 
crossing of the imaginary part, this high­
est frequency will be the oscillator fre­
quency. However this frequency fpar .. is 
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not crystal controlled; it is the LC-oscilla­
tion, in which the parasitic capacitance of 
the crystal contributes. 

b. With parallel resistor Rp. 
The frequency response (in "amplitude" 
and "phase") of the oscillator circuit of 
Figure 7 with Rpis given in Figure 11 . As 
the resistor value of Rp is large related to 
the value of the X-tal series resistance 
R1 or R3 the influence of Rp at x-tal 
resonances is negligible. So, at x-tal res­
onance (see Figure 9b), R3 causes a 
circuit damping R = 1 /w • *2. R3. 
C1 ••2 + R3 (1 + C2/C1)**2 

However at the higher LC-oscillation frequen­
cy fpar (see Figure 9c), Rp reduces the circuit 
impedance Ro to (Ro*R damping)/Ro + R 
damping)= Re, where Rdamping = 1/w**2. 
Rp.C1 **2 + Rp (1 + C2/C1)**2. 

Thus a damping resistor parallel to the crystal 
(Fig. 7), damps the parasitic LC-oscillation at 
the highest frequency. (Moreover the imagi­
nary part of the impedance at this frequency 
shows. incorrect zero-crossing). 

Taking care that Rp > Rseries, the resistor is 
too large to have influence on the crystal­
resonances. Then with the impedance Re at 
the parasitic resonance lower than Rat x-tal­
resonance, oscillation will only take place at 
the required x-tal-frequency, where imped­
ance is maximum and phase is correct (In this 
example at third-overtone resonance). 

Remarks: 
a. For application in cheap sets, operating 

at 1. 7MHz, the application of an LC-tuned 
oscillator circuit has been described in 
appendix 5.3 . 

b. It is advised to avoid inductive or capaci­
tive coupling of the oscillator tank circuit 
with the RF-input circuit by careful posi­
tioning of the components for these cir­
cuits and by avoiding common supply or 
ground connections. 

Tl'ie IF-amplifier 

The Selectivity 
Normal selectivity in the TDA7000 is a 4th 
order low-pass and a 1st order high-pass 
filter. This selectivity can be split up in a 
Sallen and Key section (pins 7, 8, 9), a 
bandpass filter (pins 10, 11) and a 1st order 
lowpass filter (pin 12). 

Some possibilities for obtaining required se­
lectivity are given: 
a. In the basic application circuit, Figure 

12a, the total filter has a bandwidth of 
7kHz and gives a selectivity at 25kHz IF­
frequency of 42dB. 
In this filter the lower limit of the pass­
band is determined by the value of C4 at 
pin 11, where C3 at pin 10 determines 
the upper limit of the bandpass filter 
section (see Ref. 1 ). 
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b. To obtain a higher selectivity, there is the 
possibility to add a coil in series with the 
capacitor between pins 11 and ground. 
The so obtained 5th order filter has a 
selectivity at 25kHz of 57dB, (see Figure 
12b). 

c. If this selectivity is still too small, there is 
a possibility to increase the 25kHz selec­
tivity to 65dB by adding a coil in series 
with the capacitor at pin 11 to ground. In 
this application, where at 5kHz IF-fre­
quency an adjacent channel at -30kHz 
will cause a (30-5) = 25kHz interfering 
IF-frequency, the pole of the last men­
tioned LC-filter (trap-function) is at 
25kHz, (see Figure 12c). 

For cordless telephone sets with channels at 
15kHz distance, the filter characteristics are 
optimum as shown in the curves in Figure 13 
in which case the filters are dimensioned for 
5kHz IF-bandwidth (instead of 7kHz). So for 
this small channel-distance application the 
required selectivity is obtained a.o. by reduc­
ing the IF-bandwidth; this at the cost of up to 
2dB loss in sensitivity. (Note: At 5kHz IF­
frequency adjacent channels at ± 15kHz give 
undesired IF-frequencies of 20kHz and 1 OkHz 
resp.). 

The Limiter I Ampllfler 
The high gain of the limiter I amplifier provides 
a. v .c. action and effective suppression of 
a.m.-modulation. D.C.-feedback of the limiter 
is decoupled at pin 15. 

The Signal-demodulator 
The signal-demodulator is a quadrature-de­
modulator driven by the IF-signal from the 
limiter and by a phase-shifted IF-signal de­
rived from an all-pass-filter, (see Figure 14). 

This filter has a capacitor connected at pin 
17, which fixes the IF-frequency, being that 
frequency where 90 degrees phase shift 
takes care for the center position in the 
demodulator output characteristics (see Fig­
ure 15, showing the demodulator output (at 
pin 4) as a function of the frequency, at 1 mV 
input signal). 

The A.F. Output Stage 
The signal demodulator output is available at 
pin 4, where a capacitor C serves for elimina­
tion of IF-harmonics. This capacitor also influ­
ences the audio-frequency response. Appen­
dix 5.4 gives more information about the use 
of an extra a.f.-output stage. The output from 
this stage, available at pin 2, has an audio­
frequency response as shown in Figure 16, 
curve a. The output at pin 2 can be muted 
(see Appendix 5.5). 

Output Signal Filtering 
Output signal filtering is required to suppress 
the IF harmonics and interference products of 
these harmonics with the higher order bessel 
components of the modulation. Active filter­
ing with operational amplifiers have been 
used (see Figure 17). The frequency re­
sponse of such a filter is given in Figure 16, 
curve b, for an active second order filter with 
an additional passive RC-filter. 

Output Amplification 
The dimensioning of the operational amplifier 
of Fig. 17-a results in no amplification of the 
a.I. signal. In case amplification of this opamp 
is required, a feedback resistor and an RC­
filter at the reverse input can be added (see 
Figure 17b, for about 30dB amplification). 

MEASUREMENTS 
For sensitivity, signal-handling and noise be­
havior information in a standard application 
as shown in Figure 18, the signal and noise 
output as a function of input signal has been 
measured at 1.7MHz, at 400Hz modulation 
where the deviation is ± 2.5kHz (see Figure 
19). As a result the S+ N/N ratio is as given in 
Figure 19, curve 3. 

APPENDIX 

RF-tuned Input Circuit at 46MHz 
In Figure 20 a filter is given which matches at 
46MHz a 75 ohm aerial to the input of the 
TDA7000. Extra suppression of RF-frequen­
cies outside the passband has been obtained 
by a trapfunction. 
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RF-Pre-Stage at 46MHz 
For better quality receivers at 46MHz an RF­
pre-stage can be added, see Figure 21, such 
to improve the noise figure. Without this 
transistor a noise figure F = 11 dB was found. 
With a transistor (BFY 90) with RC-coupling 
at 3mA F = 7dB or at 6mA F • 6dB. 

With a transistor stage having an LC-tuned 
circuit one can obtain F = 7dB at I = 0.3mA. 
(Note: The noise figure includes image­
noise). 

An LC-oscillator at 1.7MHz 
An LC-oscillator can be designed with or 
without AFC. If for better stability external 
AFC is required, one can make use of the 
d.c.-output of the signal demodulator, which 
delivers BOmV /kHz at a d.c.-level of 0.65V to 
+supply. An LC-oscillator as shown in Figure 
22a, using a capacitor with a temperature 
coefficient of -150ppm, gives an oscillator 
signal of 190mV, with a temperature stability 
of 1kHz/50 degrees. 

With the use of AFC, as shown in Figure 22b, 
one can further improve the stability, as such 
AFC reduces the influence of frequency­
changes in the transmitter (due to temp. 
influence or aging). The given circuit gives a 
factor 2 reduction. Note that the temperature 
behavior of the AFC-diode has to be compen­
sated. In Figure 22b, with 884058 having a 
capacitance of 1 BpF at the reverse voltage 
V4 = 0.7 Volt, the temp. coefficient of the 
capacitor C has to be -200ppm. 

A.F.-output Possibilities 
The a.f.-output from the signal demodulator, 
available at pin 4, depends on the slope of 
the demodulator as shown in Figure 15. The 
TDA7000 A.F. output is also available at pin 2 
(see Figure 23). The important difference 
between the output at pin 2 and the output at 
pin 4 is that the pin 4 output is amplified and 
limited before it is led to pin 2 (see Figure 24). 
Moreover the pin 2 output is controlled by the 
mute function; a mute which operates in case 
the received signal is bad as far as noise and 
distortion is concerned (see chapter 5.5). 

The pin 2 output delivers a higher a.I. signal; 
however the a.I. output spectrum shows more 
mixing products between i.f.-harmonics and 
modulation-frequency-harmonics. This is due 
to the "limited output situation" at pin 2. In 
narrow band application with relative large 
deviation these products are so high, that 
extra a. I. output filtering is required and more­
over the if-center frequency has to be higher 
compared with the concept, using a.I. output 
at pin 4. 

So for those sets where the mute/ squelch 
function of the TDA7000 is not used, and the 
higher a.I. output is not required, the use of 
the a.I. output at pin 4 is advised, giving less 

September 1985 

9 



Slgnetlcs Linear Products 

TDA7000 for Narrow-Band FM Reception 

a. 

I 
c::i 

T001041S 
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--
interfering products and simplified a.f.-output 
filtering. 

Squelch And Squelch Indication 
The.TOA7000 contains a mute function, con­
trolled by a "waveform correlator'', based on 
the exactness. of the IF-frequency. 

The correlation circuit uses the i.f. frequency 
and an inverted version of It, which is delayed 
(phase shifted) by half the period of nominal 
i.f. The phase shift depends on the value of 
the capacitor at pin 18 (see Figure 23). 

This mute also operates at low field strength­
levels, where the noise in the IF-signal 
means: bad-signal definition. (The correlation 

September 1985 

Figure 8 

b. At fa 

c. 

... [~ Ct 

Figure 9 

between I.I. signal and the Inverted phase 
shifted version is small due to fluctuations 
caused by noise; see Figure 25). This field 
strength-dependent mute biihavior is shown 
in Fig. 26, curve 2, measured at full-mute 
operation. The a.f.-output is not "fast­
switched" by the mute function, but there Is a 
"progresslve-(soft-muting-) switch". This 
soft-muting reduces the audio-output signal at 
low field strength levels, without degradation 
of the audio output signal under these condi­
tions. 

The capacitor C1 at pin 1 (see Figure 23) 
determines the time constant for the mute 
action. 
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--
Part-operation of the mute is also a possibility 
(as shown by curve 3, Figure 26) by circuiting 
a resistor in parallel with the mute capacitor 
at pin 1. 

In Figure 26 the small signal behavior with 
the mute disabled has been given, too (see 
curve 1). 

One can make use of the mute output signal, 
available at pin 1, to indicate squelch situation 
by a LEO (see Figure 27). Operation of the 
mute by means of an external d.c.-voltage 
(see Figure 28) is also possible. 
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a. One Pin XTAL Osclllator 

b. One Pin XTAL Osclllator 

Figure 10 

Bell-signal Operation 
To avoid tone decoder filters and tone decod­
er rectifiers for Bell-signal transmission, use 
can be made of the mute information in the 
TDA 7000 to obtain a bell-signal without the 
transmission of a bell-pilot-signal. 

With a handset receiver as shown in Figure 
23 in the "Stand-by" position, the high mute 
output level keeps via transistor T1 amplifier 1 
out of operation. This situation remains until a 
correct IF-frequency is obtained. This situa­
tion appears at the moment that a Bell-signal 
switches the base-unit in transmission mode. 

If the transmitted field strength is high enough 
to be received above a certain noise level, 
the mute level output goes down; T1 will be 
closed and the amplifier 1 starts operating. 
However due to feedback this amplifier starts 
oscillating at a low frequency (a frequency, 
dependent on the filter concept). This low­
frequent signal serves for bell-signal informa­
tion at the loudspeaker. · 

Switching the handset to "Talk"-position will 
stop the oscillation. Then the amplifier 1 
serves to amplify normal speech information. 

Mute at Dialing 
During dial-operation the key-pulser IC deliv­
ers a mute voltage. This voltage can be used 
to mute the A.F.-amplifier e.g. via T1 of the 
bell-signal circuit/ amplifier (see Figure 23). 

CONCLUSIONS 
The application of the TOA 7000 in the remote 
unit (hand set) as narrow band FM-receiver is 
very attractive, as the TOA 7000 reduces 
assembly and post-production alignment 
costs. The only tunable circuit is the oscillator 
circuit, which can be a simple x-tal controlled 
tank circuit. 

A TDA7000 with: 
- 5th order i.f. filter 
- 3rd order a.I. output filter 
- matched input circuit 
- crystal-oscillator tank circuit 
- disabled mute circuit 

gives in cordless telephone application at 
1. ?MHz a sensitivity of 2.5µV for 20dB signal 
to noise ratio, at adjacent channel selectivity 
of 40dB (at 15kHz). 

The TOA 7000 circuit is: 
- without an R.F. pre-stage 
- without R.F. tuned circuits 
- without oscillator transistor (and its 

components) 
- without LC or ceramic filters in l.F. 

and demodulator. 

For improved performance the TDA7000 cir­
cuit can be expanded 
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OM-XfM.OICIUATOlll(fl'"-.•_, 

a. One Pin XTAL Oscillator 
(R = 00, 250, 80) 

b. One Pin XTAL Osclllator 
(R = 00, 250, 80) 

Figure 11 

- with an R.F. pre-stage and R.F. 
selectivity 

- with higher order l.F. filtering 
- with mute/ squelch function 

-

For reduced performance the TDA7000 cir­
cuit can be simplified 

- to LC tuned oscillator 
- to lower-order l.F. filter 
- to Bell-signal · operation without pilot 

transmission. 

September 1985 

9 



Slgnetlcs Linear Products 

TDA7000 for Narrow-Band FM Reception 

September 1985 

10dBllllY 
40 

r -

FREQUENCY lk/DIY 

a. 

Figure 12 

9-102 

Appllcatlon Note 

AN193 

"" 11 



Slgnetlcs Linear Products 

TDA7000 for Narrow-Band FM Reception 

1Dd8/DIV. 
40 

-70 

l-

FREQUENCY 

b. 

Figure 12 

IF SELECTIVITY 

10 

FREQUENCY (kHz) 

c. 

Figure 12 

9-103 

57dB 

15 

R5=12K 
R1=R2=2.2K 
R3:R4::4.7K 
C1=1.3nF 
C2= 68nF 
C3=3nf 
C4=47r# 
Cs=3.3nf 
L1=100mH 

20 

Application Note 

AN193 

9 

September 1985 



Slgnetlcs Linear Products Application Note 

TDA7000 for Narrow-Band FM Reception AN193 

•• 11 12 15 7 8. 10 1112 15 

I3.3nF I4.7µF ... 

~I lu~gr I 
T..... • .... I I..... I .. , ... 

TC01001S 

a. b. 

7 8 9 10 1112 15 7 8. 10 1112 15 

TC01031S 

c. d. 
Figure 13 

VIII 

L------•TO CORRELATOR 

11 _____ _ 

With R2•0. 

¢- -2 tan1 WR1C17 1 

for c/J-= -90°C, C17 =---•4.1nF for fi1'""5kHz. 
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Ra 

To improve the performance of the all·pass filter with the amplitude limited i.t. wavetonn, R2 has been 
added. Since this influences the phase angle, the value of C17 must be increased by 13% i.e. to 4.7nF. 

Figure 14. F.M. Demodulator Phase Shift Circuit (All·pass Fiiter) 
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Figure 23. Remote-unit Receiver: 1.7MHz 
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Author: A.J.E. Bretveld 

INTRODUCTION 
As a successor of the current integrated 
circuits TCA440 and NE555 for receiving 
infra red remote controlled signals a new 
integrated circuit has been developed. 

In comparison with the TCA440-NE555 
combination this IC is aimed to have a 
higher replacement value and improved 
performance. The TDA3048 is equal to 
the TDA3047 except for the polarity of 
the output signal. 

GENERAL DESIGN 
CONSIDERATIONS 
The target of this development is to 
make a receiver integrated circuit for 
infra red remote controlled signals which 
functions optimally in a narrow band 
application. 

4 13 5 6 

2 
CONTROL 
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AMPLIFIER 
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Q-KILLING 
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This integrated circuit shall have the 
following advantages in comparison with 
the present TCA440-NE555 combina­
tion: 

- A higher replacement value 
- A considerable saving of the 

current consumption 
- An improvement of the 

specification (less spread) 
- Less periphery and no adjustment 

points 
- Total spread on pulse widening 

< 10% by a standard RC-5 
signal. 

Besides the IC is also suitable to be 
used in a RC-5 extended receiver and in 
a wide band receiver. 

A standard bipolar process with single 
layer interconnect and without collector 
wall has been used. 

Due to the low currents a collector wall 
is not necessary. 

7 10 
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FUNCTIONAL DESCRIPTION OF 
THE BLOCK PARTS 
Block diagram. 
Figure 1 shows the block diagram of the 
TDA3047 and TDA3048. 

Ampllfler 
The input signal ia amplified by the gain­
controlled amplifier. The output signal of 
the amplifier is fed to the synchronous 
demodulator inputs and to the reference 
amplifier. 

Reference Ampllfler 
The reference amplifier amplifies and 
limits the input signal. The output signal 
of this amplifier is fed to the synchro­
nous demodulator. 

Synchronous Demodulator 
In the synchronous demodulator the in­
put signal and reference signal are multi· 
plied. The output signal of the demodula· 
tor is fed to the input of a pulse-shaper 
circuit and to the input of the AGC 
circuit 

8 

SUPPLY 

OUTPUT 
BUFFER 9 

":" 

16 

'""""" 
Figure 1. Block Diagram Of The TDA 3047/3048 
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FUNCTIONAL DESCRIPTION 
{Continued) 

AGC Circuit 
The output signal of the synchronous demod­
ulator is fed to the AGC circuit. The top level 
of the signal is detected by the AGC detector. 
Noise pulses are integrated by an internal 
capacitor. The output signal from the AGC 
detector is amplified and supplied to the first 
and second stage of the amplifier and to the 
Q killing circuit. 

Pulse-shaper Circuit 
The output of the synchronous demodulator 
is also fed to the pulse-shaper circuit. The 

slicing level of the pulse-shaper is lower than 
the slicing level of the AGC detector. 

The output of the pulse-shaper is fed to the 
output buffer. 

Output Buffer 
The output buffer gives for the TDA304 7 an 
active high level and for the TDA304B an 
active low level on the output pin. To obtain a 
correct RC-5 code a hysteresis circuit pro­
tects the output against spikes. 

Q Kiiiing Circuit 
In the narrow band application it is necessary 
to degenerate the Q of the input selectivity 
particularly when large signals occur at the 
input. 

22 

The output of the Q killing circuit can be 
directly coupled to the input. 

Input Voltage Limiter 
In the narrow band application high voltage 
peaks can occur on the input selectivity. The 
input limiter limits these voltage peaks to 
about O. 7 Volts. 

APPLICATION 
The narrow band application diagram has 
been given in Figure 2 and a lower perfor­
mance wide band application diagram in 
Figure 3. 

..---.-------------.---w'v---Vs= 5.0VOLT 

6.8nf 

~J]~ ..._ ____ __, ..._ _____ ..,DATA OUT 

Figure 2. Narrow Band Appllcatlon Diagram Of The TOA 3047/3048 

epw~ 
50 

22 
..---4------------+--"V'.I\,--- Vs= 5.0VOLT 

~ 33µFr------, 

TOA 3047/3048 2.2nF 

...__,___16-+-1~5 14 13 12 11 10~9+---..... -~ 
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Figure 3. Wide Band Appllcatlon Diagram Of The TOA 304713048 
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INTRODUCTION 
The monolithic integrated bipolar circuits 
TDA3047 and TDA3048 are amplifiers 
intended for use in infra-red remote 
control systems. Both circuits are excel­
lent and applicable as narrow band am­
plifiers, especially for those types of 
remote control concepts which use the 
modulated transmission technique. Un­
der certain conditions both IC's are also 
applicable as broadband amplifiers. The 
only difference between the IC' s is po­
larity of the output signal. This type of IA 
amplifier offers the following advan­
tages: 

- Low power consumption, typically 
10.5mV 

- Gain controlled amplification, 
control range 66dB 

- High amplification factor, > 80dB, 
ensures a long range 

- Great stability in signal handling 
- Demodulation via a synchronous 

demodulator 
- Automatic limitation of large input 

signals, 600mV 

- Independent of large input 
amplitude variations with a Q-killer 

- Applicable as narrow or 
broadband amplifier 

This circuit proves to be a reliable device 
with regard to interference from other IR 
sources such as light bulbs, etc. 

The automatic gain control (A.G.C.) en­
sures very good stability in amplification 
of large or low input signals, which 
correspond to short or long distances 
from transmitter to receiver. 

FUNCTIONAL DESCRIPTION 
The functional block diagram is shown in 
Figure 1. The input signal is applied to 
the gain controlled multi-stage differen­
tial pre-amplifier, capacitively coupled 
via C2 and C3. The capacitors C4 and C5 
stabilize the differential pre-amplifier. 
Hereafter the signal is fed to a synchro­
nous demodulator and the reference 
amplifier, which limits the input signal. 
After multiplication of the input and refer­
ence signal by the demodulator, the 

4 13 5 8 

~-t----t t-+'it--1 CONTROLLED PULSE 
SHAPER 
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signal is applied to a pulse shaper, 
whose time constant is controlled by ea. 
The same signal is also used for the 
feed back loop, resulting in an automatic 
gain control defined by the amplitude of 
the input signal. The A.G.C. acquisition 
time is set by C7. The Q-killer limits the 
amplification of the tuned input circuit in 
conjunction with input amplitude. In this 
way the behavior of this device on large 
amplitude variations ensures a great sta­
bility in the signal handling. A maximum 
input limitation is achieved via the ampli­
tude limiter, typically activated by a 
600mV input signal. 

The differential pre-amplifier has in prin­
ciple two stages, as shown in Figure 2. 
Each stage is stabilized via an external 
feedback capacitor. Both define the low­
er boundary of the frequency, with the 
greatest influence from C4 because 
stage 1 has the highest gain. Both ca­
pacitors should be specified so that 
interference from low frequencies is sup­
pressed. For instance, bulbs radiate in­
fra-red frequencies at (n)(1 OOHz). 

.... 
• 

TDA3047 
(TDA3048) 

18 
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TDA3047 
(TDA3048) 

1Sct-------i 

13 

47 

~-+---<'°'fo'-=~36kHz 

6.8 
nF 

~----g~~ 

Figure 4 

The highest boundary in frequency of this 
amplifier is greater than 1 MHz and is given by 
the internal capacitance of this device. 

IR AMPLIFIER 
For remote control systems two different 
types of amplifiers are available. Both are 
described in the following sections. 

Narrow Band Ampllfler 
The diagram of Figure 3 shows the 
TDA3047/48 in such an application. Pin 15, 
one of the differential inputs, is grounded for 
AC, while the second input, pin 2, is connect­
ed to the tuned input circuit via a capacitor of 
0.056µF. The input voltage is taken with a 
transformer ratio N - 1 :3. Direct coupling to 
the top will only lower the quality a factor of 
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the tuned input circuit, due to the relatively 
low input resistor R1N of the IC. 

The selectivity is obtained with the tuned 
input circuit and strongly reduces IR interfer­
ences. The effect of direct IR radiation is also 
avoided. Due to the low-ohmic resistance of 
the coil, the IA-receiving diode will never 
become saturated. The center frequency of 
the input tank must be equal to the modula­
tion frequency of the transmitter used. 

For this frequency (10 ) the input tank has a 
high impedance. Small variations of the cur­
rent of the IR receiving diode at (f0 ) result 
directly in large input signals. 

This frequency (f0 ) is equal to 37.5kHZ for the 
SAA3004 transmitting chip. The R.C. combi­
nation of 47 ohms and .33µF suppresses the 
unwanted current variations caused by the 
supply line. 

The Q of the tuned input circuit is practically 
defined by the transformer ratio and the input 
resistor R1N of the IC. The effect of RiN to the 
quality 0 1 of the coil is negligible, because 
RiN is relatively low (typically 16K ohms). 

The transformer ratio must be adjusted for 
small signals, so that the range is hardly 
influenced by component spread and/or tol­
erances in frequency at both sides in the 
system. The Q can be calculated from 

a------'------
RL1 ~ +~0 

L1 Rp C1 

where RL1 is the ohmic resistance of the coil 
and the parallel resistor Rp = n2 R1N1. 

With the component values shown in Figure 4 
and a given RL 1 = 125 ohms, R1N = 16K 
ohms, the factor a is calculated as a= 13. 
The bandwidth is now known from 

al = ~ = 2.9kHz a 
The transformer ratio can also be realized 
with two capacitors in series, as shown in 
Figure 4, where the total capacity is equal to 
the required one. 

The ratio is n = Cia + Cib 
C1b 

With values of: C1a = 2.2nF, C1b = 560pF and 
L1 = 40mH, about the same input quality will 
be obtained. 

The A.G.C. acquisition time and the time 
constant of the pulse shaper are defined by 
the capacitors C, and Ca respectively. The 
time constant at pin 12 equals the length of a 
received data bit and Ca delays the pulse 
shaper output to the output stage. 

The Os of the tuned circuit of the synchro­
nous demodulator is practically given by the 
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Figure 5 

Internal resistance R1N2 between the pins 7 
and 10 and is calculated from 

a.-~--------

RL20+-1-~ 
L2 R1n2 Ce 

with 12 ohms for RL2 and SK ohms for R1N. 
Q8 ""' 7. The quality 0 8 ls continuously limited. 
With e relatively high value for a,, the acqulsl­
. lion time will be Increased and this will delay 
the pulse edges. By ampllflcatlon of "bi­
phase" modulated signals, disturbances 
could occur in the decoding. For correct 
decoding of "blphase" coded data, a nearly 
exact position of the pulse edges Is required. 

Broadband Ampllfler 
The application as broadband amplifier is 
shown in Figure 5. The IA-receiving diode is 
now positioned between both differential In­
puts, while the series resistors of 12K ohms 
are the work resistors. The Q-killer and Ampli­
tude Limiter do not have any function here 
and are not used. Also the resonance fre­
quency (f0) of the tuned demodulator circuit 
equals the modulation frequency of the re­
mote transmitter. 
The charge current to capacitor Ce equals to 

fl.Vee 
lce=(Ce)--al 

where ll.t Is the charge time and fl. VCe is the 
voltage increment. ICe Is generated by an 
internal current source. 

The voltage increment at Ce is proportional to 
ll.t, with ICe constant and expressed as 

(lce)(ll.t) 
ll.Vce•-c;;-

The pulse width ll.t of the demodulated signal 
must be large enough that VCe exceeds the 
threshold voltage of the pulse shaper. 
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Given the format of the received data, Ce will 
have different values 

I Pulse Width I c, 
2.2nF 

A 2.2nF capacitor in the SAA3004 remote 
control system Is an optimum one. 

The SAA3004 used in unmodulated mode 
has a pulse width of 8.8µsec. Ce must have a 
low value so that the threshold voltage of the 
pulse shaper is exceeded. On the other hand, 
if Ce becomes too small, interference pulses 
will easily trigger the pulse shaper. The selec­
tion of Ce is a compromise between the 
sensitivity of the amplifier and the Immunity 
against interference. Such a compromise is a 
2.2nF capacitor for the unmodulated mode of 
the SAA3004, including the tolerances of the 
Internal current sources. Given the technolo­
gy, small tolerances are not possible. 

Correct operation can not be guaranteed for 
the combination of a small pulse width 
(8.8µsec.) and a low source current Howev­
er, practical tests did show that correct opera­
tion of the SAA3004, in the unmodulated 
mode in combination with this type of pream­
plifier, can be realized. 

CONSIDERATIONS FOR 
AMPLIFIER SELECTION 
The narrow or broadband application is de­
fined by the following points: 

- Modulation mode of the transmitter 
- Requirements for the reach In 

distance 
- Reliability (insensitivity to Interference) 
- Price-attractive total remote control 

system 

Either modulated or unmodulated data trans­
mission Is possible with the SAA3004. 
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In the unmodulated mode of the SAA3004, 
the logic representation of the data word is 
defined by the time intervals between the 
generated output pulses, each of 8.8µsec 
width. In the modulated output mode each 
active output stage has a burst of 6 clock 
periods. 

The ground wave of this output, with a 
frequency of 38kHZ, contains the IR power 
generated. 

The greatest sensitivity is realized with a 
narrow band amplifier, whose tuned input 
circuit is selected for this ground wave fre­
quency . 

In the unmodulated transmission mode, the 
single output pulse represents a continuous 
frequency spectrum, in which the generated 
IR power is divided. A broadband amplifier is 
then required. 

The greatest range, with constant current 
through the IR transmission diode(s), will be 
obtained with a narrow .band amplifier, be­
cause the signal-to-noise ratio is the largest 
value. 

When IR interference is absent, the combina­
tion of modulated transmission mode and the 
narrow band amplifier Is the most preferable. 
With lower requirements for the reliability, 
less range etc., the broadband amplifier is the 
most effective solution for both types of 
modulation modes. 

RANGE 
To give some idea what range can be ex­
pected, a number of measurements are made 
with the remote transmitters SAA3004. 

With Various IR Output Powers 
Transmitter SAA3004 drives 1 IA-transmitting 
diode with a peak current IC:.!2A. In the 
modulated mode, the power product per bit 
equals 

(m) (IF) (n) (Ip) 
where m = number of diodes, n - number of 
pulses per bit, and Ip = pulse width. 

The power product for each bit is: 
- Modulated mode (m) (IF) (n) (tp) = (1) 

(2) (6) (8.8) - 106•mµA sec 
- Unmodulated mode (m) (IF) (n) 

(Ip)= (1) (2) (1) (8.8) - 18•mµA sec 

This power product is proportional to the 
generated IR power. Table 1 indicates the 
results of the measurements. Optic lenses 
will Increase the distances about 10%. 

With Equal Output Power 
These measurements are done with one 
transmitting diode for each ·transmitter type 
and the power product/bit constant at 
18•mµA sec. Table 2 is comprised of the 
results from these measurements. 
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Table 1. Distance Reach with Various Power Products 

SAA3004 

Modulated Unmodulated 

Power product 106µA sec. 18µA sec. 

Narrow band 
25mt 11mt 

Ca= 4.7nF 

Broad band 
16mt 12mt 

Ca= 2.2nF 

Table 2. Distance Reach with Constant Power Product of 18µA 
sec. 

SAA3004 

Modulated Unmodulated 

Narrow band 
11mt 11mt 

Ca= 4.7nF 

Broad band 
8mt 12mt 

Ca= 2.2nF 

Table 3. Application Posslbllltles 

SAA3004 

Unmodulated Modulated 

Narrow band No sense; no selectivity Great distance reach, high se-
lectivity, reliable 

Broad band Function only possible Low reach, low selectivity; inter-
with small width output ference. 
pulse; less reliable 

Results of the Measurements 
The results of the measurements can be 
summarized as follows: 
a. Only the combinations "modulated and 

narrowband amplifier" are reasonable. 

b. With the peak current IF through one IR­
transmitting diode, the range with one IR 
diode is limited. 

c. A maximum range is obtained using the 
modulated mode of data transmitting, but 
the loss of power in the transmitter is of 
subordinate importance. 
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POWER DISSIPATION 
In comparison with older types of pre-amplifi­
ers, the power consumption is enormously 
reduced. For instance, the TDB2033 con­
sumed 204mW at 12 volt supply, while the 
TDA3047/48 only takes 10mW at 5 volt 
supply, which is very useful for "stand by" 
mode. A second advantage is the 5 volt 
supply which can also be used by the decod­
ing microcomputer. 

POSSIBLE APPLICATION 
COMBINATIONS 
In Table 3 the different combinations are 
given for remote control systems operating in 
the modulated or unmodulated mode. 

OUTPUT SIGNAL 
As indicated in the introduction, the TDA3047 
has an active "high" output signal, while an 
active "low" output is generated by the 
TDA3048. This choice in polarity is made 
available for maximum cooperation with the 
decoding part. If, for example, an 8048 micro­
computer is used on interrupt level, with 
active "low" at input INT, the TDA3048 is 
then the correct amplifier. If the INT input is 
active "High", the TDA3047 outputs the 
proper "High" level. 

PC-BOARD DESIGN 
Special attention must be given to the place­
ment of C5. The greatest distance must be 
realized between the position of this capacitor 
and the inputs 2 and/or 15. Ground connec­
tions and screening must also be done with 
great accuracy. 
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Author: J.A.C.M. van Tiggelen 

SUMMARY 
The TEA 1042 is a dedicated transmis­
sion circuit designed for use in loud­
speaking telephone sets. Besides the 
normal lowspeaking functions (transduc­
ers in the handset) it also contains 
amplifiers for a microphone and a loud­
speaker in the base. A logical input is 
provided to select between lowspeaking 
and loudspeaking. However to make full 
handsfree operation possible some ad­
ditional circuitry has to be applied, i.e. 
two voice-switches and a duplex control­
ler in order to avoid howling of the 
telephone set, a microphone preamplifi­
er and a power amplifier for the loud­
speaker. This report gives a design ex­
ample for this additional circuitry using 
off-the-shelf components. It has been 
designed for a low supply voltage and a 
low supply current consumption. There­
fore the circuitry can be powered from 
the telephone line. This has been real­
ized using an electronic inductor which 
fulfills all balance-return-loss demands. 

INTRODUCTION 
The TEA 1042 is a transmission circuit 
designed for use in loudspeaking tele­
phone sets. Besides the normal func­
tions (supplied from telephone line cur­
rent, adjustable voltage regulator, high 
and low-impedance handset micro­
phone inputs, muting input, gain setting 
facility and a line current dependent gain 
control facility) it contains amplifiers for 
the base microphone and the base loud­
speaker and switches to select between 
lowspeaking and loudspeaking. Howev­
er, to make full handsfree operation 
possible, some additional equipment has 
to be used. 

Because of the much greater distance 
the sound of the talker has to bridge 
(typ. 50cm between mouth/ears of the 
user and the microphone/loudspeaker 
of the telephone set instead of typ. 
2.5cm when a handset is used) a micro­
phone preamplifier and a loudspeaker 
power amplifier are necessary. 
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FUNCTIONAL DESCRIPTION 

Figure 1. Block Diagram Of The Loudspeaking Telephone Set 

As a result of introducing this extra gain, 
stable operation of the telephone set 
cannot be ensured under all circum­
stances. The gain of the loop consisting 
of microphone amplifiers, hybrid net­
work, receiving amplifiers and the acous­
tic coupling between loudspeaker and 
microphone then can exceed unity 
which will cause 'howling' of the tele­
phone set. Therefore it is necessary to 
insert a loss in this loop to ensure the 
loop gain not to exceed unity. Since this 
loss will attenuate voice signals, too, it is 
necessary to insert it at any moment in 
the channel in which no voice signals (or 
in practice: less voice signals) are pres­
ent. Therefore a duplex controller has to 
be inserted with the task to control in 
which channel the loss has to be insert­
ed. 

This report gives a design example for 
this additional circuitry using standard 
components. 

In Figure 1 a block diagram of the 
loudspeaking telephone set is shown. As 
a base microphone an electret type is 
preferable because of its small dimen­
sions and its high sensitivity. The signals 
of this microphone are amplified and 
then go to the transmission circuit 
TEA1042 via voice-switch VS1. The 
preamplified signals are also fed to the 
duplex controller. 

The signals received from the transmis­
sion circuit TEA 1042 go to the loud-
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speaker amplifier and the loudspeaker 
via voice-switch VS2 and a volume regu­
lator. The signals are also input for the 
duplex controller. 

The duplex controller consists of two 
peak value detectors, PD1 and PD2, 
which rectify the microphone and tele­
phone signals respectively. The peak 
values are compared in a comparator. 
The voice-switch in the channel with the 
stronger signals is closed by the com­
parator. 

The duplex controller and the micro­
phone amplifier have been built using an 
LM324 quadruple operational amplifier. 
For the loudspeaker amplifier a 
TDA7050 has been used. The voice­
switches have been made using BC547 
transistors. The circuit is powered from 
the telephone line using an operational 
amplifier of the type TCA520 as an 
electronic inductor. 

MICROPHONE PREAMPLIFIER 
The transmission circuit TEA 1042 pro­
vides a gain for base microphone signals 
of typ. 20dB. In practice a much higher 
value is needed. Therefore a micro­
phone preamplifier Is necessary. This 
has to be a low-noise amplifier which 
must have a constant gain over the full 
supply voltage range of 3 to 6V. There­
fore it has been realized using a BC549 
as a low-noise preamplifier and one of 
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Figure 2. Circuit Diagram Of The Microphone Preampllfler 

the four op amps of the LM324. The schemat­
ic diagram is shown in Figure 2. 

The gain of this amplifier is 30dB (11 dB in the 
preamplifier; 19dB in the LM324 amplifier). 
The capacitors C4 and C5 have been included 
in order to reject out-of-band signals. 

The low pass filter consisting of Ra and Ca is 
necessary to avoid unwanted amplification of 
supply voltage variations. 

LOUDSPEAKER AMPLIFIER 
The transmission circuit TEA 1042 contains a 
loudspeaker preamplifier which drives in this 
design a TOA7050 dual power amplifier. This 
results in a very simple circuit requiring few 
external components (see Figure 3). The 
TOA 7050 provides a fixed gain of 26dB in this 
single-ended configuration which is preferred 
to the bridge-tied-load configuration from the 
view of supply current consumption in this 
application. The second amplifier in the 
TOA 7050 might be used as a preamplifier in 
case the 26dB gain turns out to be too low. A 
volume regulator has been included making it 
possible for the user to adjust the volume to 
the required acoustic level. 

The filter in the supply line (R11 and Cr) has 
been included in order to protect the rest of 
the circuitry for excessive supply voltage 
drops caused by the TOA7050 when it is 
driven to full power. 

Figure 3. Circuit Diagram Of 
The Loudspeaker Ampllfler 

VOICE SWITCHES 
The extra gain of about 30dB of the micro­
phone signals and of the received signals is 
too much to ensure stable operation of the 
telephone set under all circumstances. 

Therefore it is necessary to insert a loss to 
ensure the loop gain not to exceed unity. 
Since this loss will attenuate the voice sig­
nals, too, it is necessary to insert it in the 
channel in which no voice signals (or in 
practice: fewer voice signals) are present at a 
moment. 

The amount of loss necessary can easily be 
calculated using Figure 4. As can be seen in 
this Figure the loop gain is max. 22dB in our 
design. The contributions of the amplifiers 
and the volume adjustment are quite obvious. 
The contributions of the acoustic coupling 
and the hybrid coupling are less clear. 

The contribution of the acoustic coupling 
depends mainly on the acoustic properties of 
the cabinet used, the optimization of which is 
of paramount importance for the ultimate 
performance of the loudspeaking telephone 
set. There are three mechanisms of sound 
propagation from the loudspeaker to the 
microphone. 

First, the sound can propagate via the air 
outside the cabinet. This contribution can be 
minimized by maximizing the distance be­
tween loudspeaker and microphone, i.e. plac­
ing them in opposite sides of the cabinet. 

Second, the sound can travel via vibration of 
the cabinet which can be prevented by using 
a 'stiff' cabinet and a rather loose mounting 
of the loudspeaker and the microphone in the 
cabinet. 

A third mechanism is the propagation via the 
air inside the cabinet. This contribution can be 
diminished by means of shielding the loud­
speaker and the microphone with respect to 
each other and by means of filling the appro-
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priate holes (acoustic resonators!) with mate­
rial (e.g. foam, but even a printed circuit board 
with electronics can have a positive effect) in 
order to prevent the occasion of standing 
waves in the speech frequency spectrum. 

In our design an existing cabinet has been 
used giving with some small modifications an 
acoustic coupling between loudspeaker and 
microphone of max. -34dB (electrically mea­
sured). 

The contribution of the hybrid coupling de­
pends on the side tone suppression which 
has been optimized for an average telephone 
line length (about 3km) and an average 
frequency (about 1 kHz). For shortest (Okm) 
and longest (10km) line lengths and lowest 
(300Hz) and highest (3400Hz) frequencies 
this suppression reaches a minimum. In our 
design the maximum hybrid coupling was 
measured to be OdB at a frequency of 
3400Hz. At higher frequencies the hybrid 
coupling was even higher and therefore it 
turned out to be necessary to introduce a low­
pass filter into the circuit. This has been 
realized in the receiving amplifier of the 
TEA 1042 (see Figure 13, capacitor C80). 

The amount of loss to be introduced in the 
loop in our design therefore is 22dB (the sum 
of all contributions of Figure 4) plus a singing 
margin of 15dB. 

The loss elements have been built using 
resistor networks with transistor-switches of 
the type BC54 7C to select between the loss 
and no-loss position (see Figure 5). 

If the input of the switches is high, transistor 
T 20 switches ott the loss in the microphone 
channel by means of T 21• while the signals in 
the receiver channel are attenuated by tran­
sistor T 22 which will have a resistance of 
about 60 Ohm (divider (R28 + R29 )/ 

(Rao + T 22)). If the input of the switches is 
low, then transistor T 21 is in conduction and 
the microphone signals are attenuated (divid­
er (R20 + R21)) while the receiver channel 
signals pass unattenuated. T 21 and T 22 are 
applied inversely in order to minimize switch­
ing 'clicks'. As the on-resistance of transis­
tors depends on their beta, C-types have to 
be used. The values of the resistors R20, R21" 

R2e and R2e depend on the type of cabinet 
and the type of telephone lines used. There­
fore no values are given in Figure 5. See 
Appendix II for more details. 

The voice-switch in the receiving channel is 
followed by an emitter-follower (T 2a) in order 
to convert down the high output impedance. 
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Figure 4. C&lculatlon Of The Losa Required To Achieve Stable Operations 

Figure 5. The Volce-Swltchee Ueecl In The Microphone And A-Iver Channel 

Figure 6. Slmpl~d .Circuit Diagram Of The Duplex Controller 
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DUPLEX CONTROLLER (DUCO) 

Introduction 
The voice switches are controlled by the 
DUCO. The task of this DUCO Is to determine 
In which channel the stronger signals are 
present in order to switch off the attenuation 
in this channel and to insert it in the channel 
with tile weaker voice signals. ·Therefore its 
switching behavior is of crucial importance for 
the ultimate performance of the loudspeaking 
telephone set. 

A simplified circuit diagram is shown in Figure 
6. The circuit has been built using three op 
amps of the LM324. Two of them are used as 
peak-value rectifiers, one for the signals com· 
ing from the microphone preamplifier and one 
for the received signals coming from the 
TEA 1042 (pin QLSP). 

During the positive parts of the (AC) input 
signals the capacitors C45 and C46 will be 
charged to the peak value of their respective 
input voltages. During the negative parts, 
however, the diodes D40 and D41 are blocked 
and the capacitors can discharge only via the 
resistors R53 and R54 respectively. The time 
constants R53*C45 and R54*C46 are chosen 
rather high in order to diminish the Influence 
of echo signals; if after a signal is received 
from the telephone line, capacitor c46 is 
discharged before the echos in the room 
have ebbed away, the voltage on C45 could 
be the higher voltage resulting in an unwant· 
ed switching action. The resistors R50 and 
R55 have been included In order to diminish 
the influence of spike voltages at the inputs. 

The rectified signals are then compared in the 
third op amp which is used as a comparator. 
If the mlcr0phone signals are the stronger 
signals its output will be high and vice versa. 

Attenuators 
It Is not possible to include this DUCO in 
Figure 5 without additional measures. To 
understand this it Is necessary to look careful· 
ly at the Figures 7 and 6. 
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Figure 7. Influence Of 
Acouetlc Coupling 

OP01140S 

Figure 8. Influence Of Hybrid Coupling 

When the telephone set is in the receiving 
mode, its microphone receives rather strong 
signals from its loudspeaker. This is called 
the acoustic coupling. As can be seen in 
Figure 4 the signals after the microphone 
preamplifier, vm. are In our design up to 22dB 
stronger than the original signals Vt. 

The (linear) relation of this acoustic feedback 
signals with the original signals Vt is shown in 
Figure 7 by the line 'acoustic coupling I'. As 
the comparator selects the stronger signals 
as Is shown by the dashed line in Figure 7 the 
loudspeaking telephone set would immedi­
ately switch into the sending mode as a result 
of its own acoustic feedback. 

In order to prevent such unwanted switching 
action, It is necessary to attenuate the micro­
phone signals which are fed to the DUCO to 
such an amount that the acoustic feedback 
signals never can become greater than the 
original signals v1 •. As a result the acoustic 
coupling line (Figure 7) will tum off until it falls 
completely in the receiving mode part of the 
figure facoustic coupling II'). 

Note that the acoustic coupling in practice is 
extremely frequency-dependent. Therefore it 

is necessary for stable operation of the 
DUCO that the acoustic coupling line for 
every frequency is in the receiving mode part 
of Figure 7. 

There is a similar problem in the sending 
mode of the loudspeaking telephone set. 
Dependent on the hybrid coupling and the 
position of the volume regulator, the signals Vt 
received via the hybrid might be slightly 
greater than the original microphone signals 
Vm. This also will cause unstable operation of 
the DUCO as is shown in Figure 8 by the line 
'hybrid coupling I'. As the comparator still 
selects the stronger signal (dashed line), the 
loudspeaking telephone set would select the 
receiving mode as a result of its own hybrid 
coupling. 

To prevent unwanted switching actions it is 
necessary to introduce a loss in the receiver 
input of the DUCO in this sending mode in 
order to ensure the hybrid coupled signals 
always to be smaller than the original signals 
vm. The hybrid coupling line In Figure 8 will 
then tum off until It falls completely in the 
sending mode area of the figure ('hybrid 
coupling II'). 

Note again that this demand must be fulfilled 
under all circumstances, especially for the 
maximum volume position of the volume 
regulator together with maximum hybrid cou­
pled signals (i.e. maximum line impedance 
mismatching). 

The input-attenuators have been realized as 
a tap on the respective speech attenuators. 
This Is shown in Figure 9 (R20 - R21 in the 
sending channel; R28 - R29 in the receiving 
channel). 

In the sending position (output of the compar­
ator high) transistor T 21 is blocked, switching 
off the attenuator in the microphone input of 
the DUCO. Transistor T 22 is conducting in­
serting a loss determined by divider R29/ 
(R29 + R30 + T 22) in the receiving channel in 
order to tum off the hybrid coupling line into 
the sending mode part of Figure 8. 

In the receiving position (output of the com­
parator low) transistor T 22 is blocked, switch­
ing off the attenuator in the receiving channel; 
T 21 is conducting inserting the attenuator 
R20/ (R21 + R22 + T 21) In the microphone 
channel in order to turn off the acoustic 
coupling line Into the receiving mode part of 
Figure 7. See Appendix II for more details. 

In principle the DUCO only has to be supplied 
with signals of the part of the frequency 
spectrum from about 500 to 2000Hz. In this 
part of the spectrum the strongest voice 
signals are present, therefore allowing for a 
reliable decision of the DUCO. 

In the acoustic coupling of the cabinet used in 
our design there are some resonances at 
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frequencies of about 3kHz. As the acoustic 
coupling line for every frequency has to be in 
the receiving mode part of Figure 7, the loss 
in the DUCO microphone input has to be 
adjusted at the acoustic coupling at these 
frequencies. Therefore It is advantageous in 
our design to introduce a lowpass filter in this 
Input (R40/C41 ; cut-off frequency: 2000Hz) 
giving an additional loss for this frequency 
and thus allowing for a reduction of the 
required loss of the attenuator. This measure 
turns out to be advantageous for the interrup­
tion behavior of the loudspeaking telephone 
set. 

In order to counteract this filter at frequencies 
above about 5kHz (which is necessary due to 
the increased hybrid coupling at this and 
higher frequencies) a second lowpass filter 
has been Included in the receiver input of the 
DUCO (R60/C4e) with a cut-off frequency of 
5kHz. Two emitter-followers (T40 and T41) 
convert down the high output impedance of 
the filters. 

DC·Ad)ustmenta And Hysteresis 
For the DC-adjustment of the DUCO it is not 
sufficient to supply R43 and Rs1 with a suit­
able common DC voltage. Referring to Fig­
ures 7 and 8 this would result in an undefined 
position of the comparator in the absence of 
input signals (v1 = Vm = 0, zero crossing point) 
due to offset voltages of the op amps and 
due to always present noise signals on the 
inputs. 

Offset voltage compensation has been real­
ized with R49 in Figure 10. With this resistor 
the DC voltage at the receiver Input (via Rs1) 
of the DUCO can be made slightly different 
from the DC voltage at the microphone input 
(via R43) of the DUCO. See Appendix II for 
more details. 

In order to make the DUCO bistable, even in 
the absence of input signals, a small positive 
feedback has been made. This has been 
realized with R52 in Figure 1 o. The capacitors 
C43 and C47 increase the positive feedback of 
the circuit during switching actions resulting in 
a firm switch-over. 

In Figure 1 O the circuit diagram of the part of 
the duplex controller considered here is giv­
en. 

POWER SUPPLY OF THE 
CIRCUIT 
The circuit described in the preceding chap­
ters consumes a supply current of about 5mA 
in quiescent state while the loudspeaker am­
plifier will need another 5mA to power the 
loudspeaker In the receiving state. This is far 
above the supply capacity of the supply point 
of the TEA 1042 which is about 1 mA. 
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Figure 9. Slmpllfted Circuit Diagram Of DUCO Including Attenuators 
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Figure 10. Circuit Diagram Of The DC-adjustment And 
Hystereels Measurements Of The Duplex-controller. 
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Therefore it is necessary to bridge the 620 
Ohm supply resistor R71 of the TEA 1042 (see 
Figure 11) with an inductor resulting In a low 
supply voltage drop at high supply currents 
for DC and In a high impedance for speech 
frequencies thus keeping the good balance 
return loss figures of the TEA1042 Itself. 

A coil with these properties is rather bulky. 
Therefore we have chosen an electronic 
solution. This Is shown In Figure 11. For DC 
this circuit acts as a resistance of 15 Ohm 
(R53) in series with a diode (O. 7V voltage drop 
across the base-emitter transition of Teo). For 
AC it acts as an Inductance of about 1 OH 
(R53 *Re1 *Ceo). 

This supply circuit itself consumes about 1 mA 
supply current resulting in a total (quiescent) 
current of the loudspeaking circuitry of 6mA. 

APPLICATION DIAGRAM AND 
PRINTED CIRCUIT BOARD 
In Figures 12 and 13 a complete application 
diagram of the loudspeaking circuit with the 
TEA 1042 transmission circuit has been given. 
In Appendix I a parts list Is given. 

CAB. have developed a p.c. board (C.A.B. 
Elcoma nr. 3206) which contains all the 
circuitry. The print lay-out is shown in Figure 
14 . 

In Appendix II a summary of required adjust· 
ments is given . 

CONCLUSIONS 
Using the TEA 1042 transmission circuit it is 
possible with the rather simple circuitry pres­
ented in this report to make a loudspeaking 
telephone with good performance. The circuit 
is powered from the. telephone line. 

To obtain optimal performance It is very 
important to adjust the duplex controller care­
fully to Its cabinet (acoustic coupling) and to 
the types of telephone lines used (hybrid 
coupling). Appendix II might help you in the 
adjustment procedure. 
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Figure 11. Circuit Diagram Of The Supply Circuit For The Loudspeaking Equipment 
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Figure 12. Application Diagram Of The Loudspeaking Circuitry With The TEA1042 Circuit (Loudspeaking Part). 
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Figure 13. Application Diagram Of The Loudepeaktng Circuitry With The TEA1042 Circuit {Tranemlaelon Circuit And Supply). 
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APPENDIX I: PARTS LIST 

ITEM DESCRIPTION ITEM DESCRIPTION ITEM DESCRIPTION 

R1 330K R61, 62 68K C47, 72, 75 10nF 
R2, 7, 23, 40, 53, 54, 60 100K R63 15 C49 330pF 
R3, 24, 31 27K R71 620 cso, 61, 76, 78 10µF 
R4, 48 5.6K R72 30K C62 33pF 
R5, 43, 57 33K R73, 74 9.1K C71 220nF 
RS 22K R75 110K C74 2.2µF 
RB, 50, 51, 55, 56, 76 1K R77 330 C77 47nF 
R9 150K R78 820 C79 1000µF 
R10 18K R79 20K CBO 2.7nF 
R11 33 RBO 20 040, 41 BAW62 
R12 10K R81 105K 060 BAT85 
R20, 21, 28, 29 R82 3.6K 071, 72 BAS11 
R22 100 R83, 84 15K 073, 74 BZW14 
R25 1M R85 18 075 BZX79C12 
R26 10K log potm. C1, 2, 5, 43 100nF T1 BC549 
R27 3.9K C3 47µF T20 BC547 
R30 390 C4 100pF T21, 22 BC547C 
R32, 41, 59 2.7M CB, 20, 21 470nF T23, 40, 41 BC547A 
R33, 42, 58 47K C7, 8, 44 68µF TSO, 61 BC557 
R44 2.2K C22 330nF IC1 LM324N 
R45, 46 18 C23 4.7nF IC2 TOA7050 
R47 3.3K C40, 50 33nF IC3 TCA520B 
R49 470 1 Ot-potm. C41, 73 1nF IC4 TEA1042 
R52 680K C42, 48 22nF L A03071/Y50 

C45, 46 33µF 

* t.b.f.; see Appendix II 
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APPENDIX II: SUMMARY OF 
REQUIRED ADJUSTMENTS 
N.B. apply and measure all voltages with 
respect to ground. 

Dimension the Voice-switches 
In the Sending and Receiving 
Channel (R20 + R2t• R29 + R29) 
A suitable method Is the following: 
Remove R20. R21. R29, R29. Make the output 
of the comparator !Cle LOW (receiving posi­
tion) by means of R.ie (extreme position of 10 
turn potmeter; measure on R52 (solder tag 
1 )). Apply an AC voltage (1 o .. 30mV) of vari­
able frequency to C23/R30 (solder tag 2). 
Measure the transfer function between this 
point and Cao (solder tag 3) for frequencies of 
100Hz to 1 OkHz. This measurement gives you 
the transfer function of the loudspeaker am­
plifier plus microphone amplifier plus the 
cabinet (acoustic coupling). 

Keep in mind that the acoustic coupling is 
influenced by persons (or things) in the sur­
roundings of the cabinet. It might be neces­
sary to Include this influence In the measure­
ments. 

Now apply the AC voltage to C21 /R22 (solder 
tag 4). Make the output of the comparator 
HIGH (sending position) by means of R49 
(other extreme position). Adjust maximum 
volume with the volume regulator. Measure 
the transfer function between this point and 
the wiper of R25 (solder tag 5) for frequencies 
of 1 OOHz to 1 OkHz. This measurement gives 
you the transfer function of the sending and 
receiving amplifiers of the TEA 1042 plus the 
sldetone network (hybrid coupling). Note that 
the hybrid coupling component is dependent 
on the type and length of telephone line used 
and on its termination. Do this measurement 
for several telephone line lengths, types and 
terminations In order to find the worst-case 
transfer function. 

The sum of these two worst-case transfer 
functions gives you, at a certain frequency, 
the maximum loop gain of the telephone set. 
Since this loop gain must always remain 
lower than -15dB the loss required for the 
voice-switches is 15dB plus the measured 
maximum loop gain. This loss must be real­
ized by a suitable choice of (R20 + R21) for 
the microphone loss element and by 
(R29 + R29) for the receMng loss element 

In order to prepare the circuit for the adjust­
ments 2 and 3, choose R21 and R29 zero 
(shortcircuit) and make R20 and R29 equal to 
the sum resistances calculated above, 
(R20 + R2d respectively (R2s + R29). 

September 1985 

Dimension the Loss Element In 
the Sending Input of the 
Duplex Controller (R20, R2tl 
A suitable method is: 
Make the output of the comparator !Cle LOW 
(receiving position). Apply an AC voltage of 
10-30mV to R28/R26 (solder tag 5). Mea­
sure the transfer functions from this point to 
R57/C4s and to R43/C42. As the signals on 
fti3/C42 always have to be smaller than the 
signals on R57/C4s for proper operation of 
the DUCO, the difference (in dB) of the two 
transfer functions (R43/C42 minus R57/C48) 
has to be less than OdB for every frequency in 
the band of 1 OOHz to 1 OkHz. Strong negative 
values, which you are likely to find now, will 
negatively Influence the switching sensitivity. 
You have achieved the optimal loss If the 
difference is less than or equal to -5dB for 
every frequency which gives you a reason­
able switching sensitMty and a good overall 
stability (even if something or someone is 
near to the cabinet (Increased acoustic cou­
pling) or In the presence of echo signals). 

The resistance which is now in R2o alone 
must be divided over R20 and R21 (without 
altering the sum of the resistances!) to such 
an amount that the -5dB demand sketched 
above is fulfilled. 

Calculate the Required Loss In 
the Receiving Input of the 
Duplex Controller 
A suitable method is: 
Make the output of the comparator !Cle HIGH 
(sending position). Apply an AC voltage of 
10 - 30mV to C20/R20 (solder tag 3). Mea­
sure the transfer functions from this point to 
R43/C42 and to R57/C49. As the signals on 
R57/C49 always have to be smaller than the 
signals on R43/C42 for proper operation of 
the DUCO, the difference (in dB) of the two 
transfer functions (R57/C49 minus R43/C42) 
has to be less than OdB for every frequency In 
the band of 1 OOHz to 1 OkHz. You are likely to 
find a slightly positive value for the worst case 
telephone line types, lengths and termina­
tions. The optimal value for the difference is 
now about -2dB. 

The resistance which is now in R29 alone 
must be divided over R29 and R2s (without 
altering the sum resistance) to such an 
amount that the -2dB demand sketched 
above is fulfilled. 

Now the optimal values for the resistors R20. 
R21. R2e and R29 have been found. You might 
wish to check points 2 and 3 once again. Be 
sure the difference between the two transfer 
functions In point 2 Is -5dB and more and in 
point 3 is -2dB and more for every frequency. 
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DC4dJustment 
a -Adjust maximum voltage on R57/R49 with 

R49. the duplex controller is monostable 
now; if no signals are applied to It it will 
switch to the receiving position. 

b - Turn R49 until the duplex controller tends 
to become bistable: if only a microphone 
signal has been applied to it It remains In 
the sending position. Mark the position of 
the potentiometer. 

c - Continue turning R.ie until the duplex con­
troller tends to become monostable again; 
if no signals are applied to it, it switches to 
the sending position. Mark this position of 
the potentiometer, too. 

d -Adjust R48 between the two marks until 
the DUCO operates stable, I.e. there are 
no unwanted switching actions anymore. 

The adjustment procedure has been finished 
now. The circuit now must operate quite well. 
In case you still have problems with the circuit 
the list given below might help you. This list 
assumes that you have done the adjustments 
1 to 4 as described above. 

TROUBLESHOOTING LIST 
• Unwanted switching actions to sending po­
sition while the DUCO has to remain In the 
receMng position. 

This might be caused by echo signals. Some 
remedies are possible: 

1) Enlarge C45 and C4B- Disadvantage: the 
DUCO will switch slower. 

2) Decrease R52. This increases the hystere­
sis of the DUCO. Disadvantage: switching 
sensitivity will decrease. 

3) Increase R20 and/ or decrease R21 · Disad­
vantage: the sensitivity for switching to 
sending position will decrease. 

• DUCO switches too slow to the other posi­
tion. 

This is caused by a too large time constant in 
the peak value rectifiers. Decrease C45 and 
C49. Disadvantage: sensitivity for echo sig­
nals will increase. 

• DUCO sensitivity for switching to sending 
position is not enough. 

This might be caused by a strong acoustic 
coupling between loudspeaker and micro­
phone which demands for a high loss in the 
microphone input of the DUCO. Try to de­
crease the acoustic coupling. Don't forget to 
readjust the circuit according to the points 1 
to 4 In this Appendix after changes in the 
acoustic coupling have been made. 
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The SAA5350 is a VLSI Advanced Peri­
p her a I Display Controller <APDCl 
containing approximately 120,000 transis­
tors in advanced NMOS technology. 

The APDC may be used for many display 
terminal applications such as color video 
monitors, personal computers, medical/in­
dustrial equipment, picture-telephones, 
videotex terminals, dot color printers, 
workstations and more. 

Video systems design is made simple 
when using the APDC. The APDC can eas­
ily interface to a general purpose 8 or 
16-bit microprocessor and act as a OMA 
device when accessing the display 
memory. Due to stack coding technique 
and the on-chip character ROM, external 
display memory requirements are minimal; 
4K bytes is sufficient to create a high reso­
lution, full color, animated display. Figure 
1 depicts a typical Videotex terminal 
implementation using the SAA5350. The 
4K bytes include a 2K bytes user defined 
Dynamically Redeflnable Character Set 
(ORCSl. The DRCS Concept is a powerful 
technique which allows each pixel of a 
character cell to be individually set permit­
ting almost unlimited expansion of the 
character repertoire and the display of 
more complex alphabets <Cyrillic, Arabic, 
Katakana, etc.) simple pictures, company 
logos, and other symbols <Figure 2). 

The main features of the APDC are: 
• 40/80 column by 20/24 row display 
• On-chip ROM containing 512 alpha­

numeric characters 
• Dynamically Redefinable Character Set 

<DRCSl capability 
• On-chip scroll map 
• On-chip color look-up table RAM and 

three D/A converters with gamma 
corrected outputs <32 colors/row-total 
color palette of 4,096 colors> 

• Various flashing modes 
• Many display attributes: double height, 

double width, double size, invert, 
conceal, window, ... etc. 

• Easy interface to 8 or 16-bit 
microprocessors 

• OMA capability to system display 
memory !this IC has a 16-bit 
multiplexed address and data bus.) 

• Three synchronization modes; stand­
alone, simple slave or phase locked 
slave, allowing easy implementation of 
text-in-picture or picture-in-text type 
displays. 

•YOO 

Figure 1. Vldeotex Decoder Using the SAA5350 

• Composite sync output 
• Support both interlaced and 

non-interlaced type displays 
• Designed for 625 line systems 
• Single 5V supply, 40-pin DIP 

This application note outlines how the 
APDC operates, summarizes its attributes 
and gives examples of how it interfaces 
with microprocessors and display memory. 
The concepts of stack Coding and DRCS 
are also briefly described. 

Figure 2. Examples of Displays Using DRCS 
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SAA5350 CRT Controller IC APDC 
A block diagram of APDC is shown in 
Figure 3. The APDC contains the following 
general functions: timing chain, character 
generator, attribute logic, scroll map, 
screen color logic, DRCS logic, and 
microprocessor interface. 

To optimize system cost; APDC also 
incorporates a color map .RAM and DI A 
converters providing RGB outputs cor­
rected for CRT non-linearity. The on-chip 
scroll map eliminates the need for massive 
data transfer when scrolling. 

Character and attribute data is fetched 
from the external memory, processed by 
the row buffer fill logic according to the 
stack coding scheme !when in Stack 
Model, and then fed into one half of the 

DVNAMICALL V REDEFINABLE 
CHARACTER SETS (DRCS) 
In a basic alphamosaic system, the shape 
of each character is stored as a dot !pixel) 
pattern within a defined matrix. Since the 
repertoire of possible characters within the 
matrix is finite, simple and inexpensive 
decoders can be designed. The use of 
DRCS, however, enormously extends the 
display repertoire. Using DRCS, additional 
characters can be defined by the informa­
tion provider, and then used as part of the 
character set for a specific page or group 
of pages. The additional characters can be 
used singly, or as alphanumerics in a dif­
ferent alphabet, or as symbols in time­
tables, etc. They can also be used in 
groups to create simple designs such as 
company logos. 

Figure 3. APDC Block Diagram 

In essence DRCS requires the transmis- APDC can also operate in a 6 x 10, 4 bits/ 
sion of the dot pattern for each character pixel mode with a memory organization 
matrix and the allocation of a code to that more suited to bit-map implementation. 
matrix. When transmitting a page contain­
ing DRCS, the DRCS data can be trans­
mitted independently of the page 
information and stored in DRCS RAM. For 
display, both the fixed and the DRCS 
character tables are used, depending on 
the character code stored in the page 
memory. 

The DRCS character cell is based on a 12 
pixel horizontal resolution. When operating 
with 10 lines/row, the following modes, 
each representing different combinations 
of horizontal, vertical, and color resolu­
tions, are available. 

When operating with 12 lines/row, fewer 
characters are available per chapter. 

All attributes apply to DRCS in the same 
manner as to normal characters, but for 
multi-color DRCS !that is, the modes with 
more than one data bit per pixel) the fol­
lowing rules apply: 

• The whole character cell is treated as 
foreground color 

• When the Conceal lor Flash, Invert) 
attribute is used, the background color 
that would otherwise be pertaining is 
displayed 

10 lines/row 

• The Underline attribute has no effect 
lthe one biVpixel DRCS modes are 
underlined as normal alphanumeric 
characters). Pixel Configuration 

Mode (h xv) Bits/Pixel 

1 12 x 10 1 
2 12 x 10 2 
3 6 x 10 1 
4 6 x 10 2 
5 6 x 10 4 
6 6 x 5 2 
7 6 x 5 4 

'one chapter contains 1024 16-bit words 
12 llnes/row 

Pixel 
Mode Configuration Bits/Pixel 

8 12 x 12 1 
9 12 x 12 2 
10 6 x 12 1 
11 6 x 12 2 
12 6 x 12 4 
13 6x 6 2 
14 6 x 6 4 
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Maximum Number of 
Characters/Chapter* 

102 
51 

2 x 102 
102 
51 

2 x 102 
102 

Maximum Number of 
Characters/Chapter* 

85 
42 

2 x85 
85 
42 

2 x 85 
85 
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When operating with 2 bits/pixel color 
DRCS, the DCLUT IDRCS Color Look-up 
Table) is used. This behaves as a small 
RAM that maps the four combinations of 
two bits onto any four to the 32 locations 
in the color map. 

When operating with 4 bits/pixel color 
DRCS, the 16 combinations can be taken 
either from locations O to 15 or from loca­
tions 16 to 31 of the color map depending 
on the value of a register bit. 

The physical organization of APDC's 
DRCS memory is 1K1611024 16-bit words) 
for Tables 4 and 5, and a further 1 K16 for 
Tables 6 and 7. In addition to the page 
memory pointer, two independent memory 
pointers in APDC indicate the beginning of 
each 1 K16 'chapter' of DRCS memory. 
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dual display row buffer. The data fetch 
process takes place during one line fly­
back period lper rowl, and since time is 
required to complete the fill, the other half 
of the dual row buffer is used for display. 
The row buffers exchange functions on 
alternate rows; each holds the 40 columns 
of 32 bits required to define explicitly every 
character in a row. 

The addresser is used for row buffer filling 
and for fetching screen colors; during the 
display time it is also used for addressing 
DRCS characters. 

Timing 
The timing chain operates from an exter­
n a I 6MHz clock or the on-chip 
fixed-frequency crystal oscillator. The 
basic format is 40 characters per row, 
24/25 rows per page, 10 video lines per 
row. 

APDC will also operate with 20/21 rows 
per page, 12 video lines per row. !This 
meets the requirements of Ref. 2 which 
embodies the DIN standard on terminal 
ergonomics, reducing operator fatigue by 
improving the readability of displayed text.I 

.A.a OllPgp 
A:a!!lAQaq 
E:e"2BRbr 
uui3CScs 
caa4DTdt 
:Eeo5EUeu 
iiijSFV'fv 
<E6'7GWgw 
uu(SHXhx 
lia)SIYiy 
0tzt*:JZjz 
ceeQ;KAka 
ii,iLolo 
in-oMtimi.i 
Aa.eNinB 
<;t;l?O#ol 

II II 

Cl. 

The two extra lines per row are added 
symmetrically, and contain background 
color only for ROM-based alphanumeric 
characters. DRCS characters, block and 
smooth mosaics, and line drawing charac­
ters, however, occupy all 12 lines. 

The display is generated to the normal 
625-line/50Hz scanning standard, inter­
laced or non-interlaced. In addition to 
composite sync for conventional time­
bases, a clock output at 1 MHz or 6 MHz is 
available for driving other videotex devices, 
and a 12MHz clock is available for hard­
copy dot synchronization. A Defined 
Display Area timing signal simplifies the 
application of external peripherals such as 
a light pen. This signal is nominally coin­
cident with the character dot information. 

Character Generation 
APDC supports eight character tables, 
each of nominally 128 characters. Four are 
in on-chip ROM and contain fixed charac­
ters, and four for DRCS are stored in 
external RAM. The contents of the fixed 
character tables !Tables O to 3l are shown 
in Figures 4 and 5. 

""'II II " ULAOK 

Application Note 

AN152 

Table 0 contains the 128 most commonly 
used characters: standard upper- and 
lower-case Roman alphabet, numerals, 
punctuation, and the more common 
accented characters. In normal text trans­
mission, Table 0 is used most of the time. 

Table 1 contains further accented 
characters. 

Table 2 contains a number of miscellane­
ous characters, mathematical symbols, the 
line drawing character set, and accents 
without associated characters. 

Table 3 contains the block mosaics for the 
basic alphamosaic service, together with 
the new smooth mosaics. The two sets are 
complementary and can readily be com­
bined to create pleasing graphic displays 
such as maps, some examples of which 
are shown in Figure 6. Although the editor­
ial need for these characters has 
decreased somewhat with the availability 
of DRCS, being pre-defined and resident 
on-chip, their use makes for savings in 
transmission time and avoids the waiting 
times associated with the downloading of 
DRCS characters. 

Tables 4, 5, 6 and 7 are stored in external 
memory and are used for DRCS. 

Figure 4. On-chip Characters: Tables 0 and 1 Figure 5. On-chip Characters: Tables 2 and 3 
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0 

-c•ntral 

-a;allerloo 
-Mort...,rn 
-P:lt:1':adilly 
... Mt• t l'OPU 1 l t .i\·n 

Figure 6. Examples of Displays Using Smooth and Mosaic Line Drawing Characters 

Scroll Map 
Associated with the timing chain is the 
scroll map, an area of on-chip RAM of 26 
bytes. It maps the scan row on to the 
fetched memory row, allowing the stored 
page to be displayed in any row order. For 
each row, a one-byte pointer to the display 
memory row is stored in the scroll map. 
This allows scrolling without the need for 
data transfer to or from side storage. Addi­
tional control bits are stored, allowing 1 to 
25 rows to be displayed at any location on 
the screen. 

Color Map and D/ A Converters 
The on-chip color map and D/A converters 
considerably simplify the external circuitry. 
The color map RAM contains 32 12-bit 
words that are loaded by the microproces­
sor and read out in three 4-bit groups at 
pixel rate. Each group is fed to a non­
linear !gamma-corrected) D/A converter. 
The resulting R, G, and B outputs are low 
impedance with peak-to-peak amplitudes 
controlled by the voltage applied to the 
Reference Pin. 

Cursor 
A cursor is available in Stack Mode. Its 
position, character code, character table, 
foreground color, background color, lining 
and flash attributes are all software pro­
grammable via internal register bits. 

September 1985 

DISPLAY ATTRIBUTES 
APDC provides the following attributes for 
any character displayed. 

Foreground Color 
Foreground color is coded in five bits, 
implying a total of 32 colors. Of these, 31 
represent specific locations in the color 
map; the last is interpreted as transparent. 

When a pixel is set to transparent, the dis­
play color pointer is set to the value of the 
screen color at this location. If the screen 
color attribute is also transparent, the 
underlying tv picture, if any, is unblanked 
li.e. displayed). 

The 32nd location is also used during line 
or field flyback to output blanking level 
lblackl. 

Background Color 
Background color operates in exactly the 
same way as foreground color, with five 
bits defining 31 colors plus transparent. 

Screen Color 
The color of the screen may also oe set to 
any one of the 31 color map locations, or 
transparent. The screen is notionally 
divided into 27 areas corresponding to the 
25 rows and the upper and lower border 
areas. Each of these 27 areas can refer to a 
different location in the color map. 

9-130 

Flash 
Ref. 2 defines three states and six rates of 
flash. Other combinations such as 3-phase 
flash at 1 Hz are not required but nonethe­
less are available with APDC. 

Three flash states defined by Ref. 2 are: 

• normal flash !active pixels alternating 
between foreground and background 
colors) 

• inverted flash lin antiphase with normal 
flash) 

• color table flash, where the active pixels 
alternate between two colors in the 
color map 

The six flash rates are: 

• 2-phase 1 Hz flash leven flashing at 1 Hz) 
• each phase of 3-phase 2 Hz flash 
• ICF !increment flash) 
• DCF !decrement flash) 

If the image of an object is given sequen­
tial phases in adjacent character cells, 
three-phase flash gives the impression of 
movement along a row. Three-phase flash 
can also be used with DRCS to produce 
dynamic displays without the need for 
continuous transmission. 
The ICF and DCF attributes cause objects 
to appear to move right or left respectively, 
in the same way as with 3-phase flash. It 
avoids the need to specify flash phase 
explicitly on a per-character basis. In Stack 
Mode, APDC automatically supplies the 
correct phase. This method of specifying 
object motion reduces transmission time 
and serial attribute memory utilization. 
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STACK CODING 
For full implementation of all the required 
functions in APDC, 32 bits per character 
location are necessary. This means that to 
display a full screen of 25 rows of 40 char­
acters, 4 Kbytes of external memory are 
required - four times the capacity of a 
basic alphamosaic decoder memory, 
excluding any DRCS requirements. 

7 Bits Character Code 
3 Bits Character Table 
5 Bits Foreground Color 
5 Bits Background Color 
5 Bits Flash 
3 Bits Size (0.HT., Top/Bot., D.Widthl 
1 Bit Lining (Underline or Mosaic 

Separation! 
1 Bit Conceal 
1 Bit Invert 
1 Bit Window/Box 

32 Bits per character position 

To reduce the amount of memory 
required, attributes in APDC are coded 
using a Stack architecture. Such a system 
exploits the natural redundancy of normal 
text by allocating memory dynamically. It 
allows the external memory to be reduced 
to 2 Kbytes per screen. This has beneficial 
side effects; for example, it reduces the 
memory bandwidth for a given display, 
reducing the memory speed required or 
increasing the time available for micropro­
cessor operations. 

In the stack coding system used in APDC, 
the page memory is divided into character 
and attribute sections, each organized as 
40-byte groups. The 40 character bytes 
and 40 attribute bytes together make up 
one displayed row. 

Each 8-bit byte includes a pointer bit. 
When the pointer bit of a character byte is 
set, it indicates the presence of one or 
more attributes set at the same character 
position. When the pointer bit of an attrib­
ute byte is set, it indicates that there are 
further attributes in that group .. At the 
beginning of a row, default attributes are 
set, which are then updated by the attri­
bute bytes fetched from the stack. 

An example of stack coding is given in the 
Figure. The first three characters of the 
row have clear pointer bits. These charac­
ters will be taken from the default group of 
128 (on-chipl characters, and will be dis­
played white on black, normal size, not 
underlined, etc. The fourth character in the 
row has its pointer bit set, and so the first 
(or, generally, the nextl attribute byte is 

character-code, 7 bit pointer attribute-code, 7 bit pointer 
1 bit 

byte 0 
byte 1 

0 
0 
0 
1 

.¥ ;1 1 
1 
1 
0 

0 
0 
1 
1 
0 
1 
0 

=·· 
0 
0 
1 
1 
1 
1 
0 

byt 3 9 0 

character memory 

{ 

{ 

-~· 

attribute and character 
group memory 

1 
1 
0 
0 
0 
1 
0 

0 
0 
0 
0 
1 
0 
0 
0 
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Example of Dynamic Allocation of Memory Using Coding Stack 

fetched from memory. This byte also has 
its pointer bit set, and so the next attribute 
byte is also fetched, and so on. 

The fourth attribute byte has a clear point­
er bit indicating that it is the last in the 
group. The next character byte is now 
fetched. The pointer being clear, this char­
acter is displayed with the same attributes 
as those set for the previous one. 

The stack system records only the position 
in a row where attribute-changes occur, 
with no restriction upon how many 
attribute-changes apply to any one charac­
ter. The restriction to 40 attribute-changes 
in a row has been carefully studied, and 
not found in practice to be an editorial lim­
itation; it is built in to Ref. 2 as a 
transmission requirement. 

The actual coding of attributes, a form of 
Huffman coding, is shown below. 

Stack coding used in APDC 

B7 B6 BS B4 B3 B2 B1 BO Comments 

p 0 0 F4 F3 F2 F1 FO Foreground color (PIBGRI 
Transparent= 00000 

p 0 B4 B3 B2 B1 BO Background color (PIBGRI 
Transparent= 00000 

p 0 H4 H3 H2 H1 HO Flash 
p 1 0 L T2 T1 TO Character Table and Lock bit 
p 1 1 0 0 G D Size. Double Height and 

Width 
p 0 1 0 u Underline (Lining! 
p 0 1 1 I Invert 
p 1 0 0 c Conceal 
p 1 0 1 w Window/Box 
p 1 1 0 H Marked area 

(not a display attribute! 
p p Protected area 

(not a display attribute! 
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Character Size 
Double height is available in the basic 
alphamosaic service, with certain restric­
tions. For example, a single row can 
contain only top or bottom halves of char­
acters, not both, and so double-height 
characters cannot be interleaved. In 
accordance with Ref. 1 APDC provides 
double-width and double-size in addition 
to double-height, with no restrictions on 
horizontal or vertical interleaving. 

In Stack Mode, APDC applies 'size rules' to 
determine the displayed output when con­
flicts occur; for example, if the bottom half 
of a double-height character would 
occupy the same position as the right­
hand half of a double-width character. Part 
characters are never displayed. 

Lining 
For alphanumeric characters, the Lining 
attribute underlines the character. For 
mosaics. and line drawing characters, it 
separates the character into six blocks or 
sub-squares !mosaic separation>. 

Conceal 
The Conceal attribute makes the fore­
ground and background colors the same 
until a local reveal function is activated. 
The local reveal function can be applied 
either to the whole field or on a row-by­
row basis, allowing progressive reveal in 
response to user interaction. 

Invert 
This attribute exchanges the foreground 
and background colors and is Included for 
compatibility with Teletel transmission 
codes. It also applies to Flash, giving anti­
phase instead of normal flash. 

Box/Window 
If the basic frame begins in tv mode, this 
attribute superimposes a box containing 
text !Foreground and Background or 
Screen colors> on the tv picture. It is com­
patible with the Box function used in the 
basic alphamosaic teletext service. 

If the basic frame begins in text mode, the 
attribute provides a Window. That is, it sets 
the screen color to transparent at the 
character positions where it applies, so 
that the underlying tv picture is visible at 
pixels that are not obscured by foreground 
or background colors. 
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White Button 
Various attributes and combinations of 
attributes can cause on-screen data to be 
obscured - double heighVdouble width, 
conceal, foreground and background 
colors the same, etc. It is a requirement of 
Ref. 2 that this effect can be negated by a 
user function, colloquially known as the 
'white button', which sets all the attributes 
to their default values without affecting the 
display memory contents. This function is 
implemented in APDC by a microprocessor­
defined register bit which is active in 
Stack, Explicit Fill, and 80 Characters/Row 
modes !see later>. 

ADDITIONAL FEATURES 
As well as exceeding the Ref. 1 specifica­
tion in several respects - supplementary 
flash modes for example - APDC offers a 
number of features which are outside the 
specification, giving the IC a wider range 
of application. 

Explicit Fill 
In Explicit Fill mode, the page memory is 
not stack coded, and no processing is car­
ried out during the Row Buffer Fill 
operation. Data from the memory is trans­
ferred directly to the row buffer. 

Since there is then an explicit representa­
tion of all the attributes at every character 
location, there is no limit to the number of 
attribute changes on a given row. How­
ever, this mode requires a larger amount of 
external RAM <6 Kbytes/page including 
DRCS memory>. Also, enlarged characters 
are not checked, so the rules concerning 
the size attributes must be implemented in 
software. 

SO-Characters/Row 
The SO-character mode is also an explicit 
fill mode without stack coding. No addi­
tional circuitry is required; the row buffer is 
effectively rearranged as 80 16-bit words, 
each containing: 

• 8 character bits 
• 3 foreground color bits 
• 3 background color bits 
• 1 underline bit 
• 1 flash bit 

Dot data is fetched from external memory 
in the same way that DRCS data is 
retrieved. All characters are displayed as a 
6 x 10 dot matrix, with both one and two 
bits/dot modes available. In the one biVdot 
mode, the external dot memory need only 
be eight bits wide. When using 10 lines/ 
row, 204 different character matrices may 
be stored in a 2K8 memory. 
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The flash mode incorporates color table 
flash. For maximum flexibility of display 
the foreground and background colors are 
applied to different areas of the color map. 

Full-Fleld DRCS 
For alphageometric and similar applica­
tions, a bit-map display is desirable, where 
each pixel on the screen corresponds to a 
location in the memory. APDC implements 
this indirectly by expanding the DRCS 
character repertoire so that the entire 
defined display are!! can be covered with 
fully random data. 

One chapter !1K16> of DRCS memory can 
contain data for 51 6x10x4 (6 pixels wide, 
1 O pixels high, 4 bits per pixell characters, 
sufficient for two complete character 
columns. If after these two columns have 
been scanned, the DRCS chapter is 
incremented to a new area of memory, a 
further two columns can be covered with 
different random data. 

This method of using 20 contiguous chap­
ters of display memory and incrementing 
the DRCS chapter latch in synchronism 
with the horizontal scan forms the basis of 
the full-field DRCS mode. All DRCS 
modes, on-chip ROM-based characters, 
and attributes are still available. 

If, for example, a less memory-intensive 
DRCS mode, such as 12x10x1, is desired, 
then the necessary 10 chapters can be 
addressed by omitting the least significant 
chapter bit !A 11 > from the memory 
address. 

MICROPROCESSOR AND RAM 
INTERFACE 
Three types of data transfer take place at 
the bus interface: 

• APDC fetches data from the display 
memory 

• The microprocessor reads from, or 
writes to, APDC internal register map 

• The microprocessor accesses the dis­
play memory 

APDC Access to Dlsplay Memory 
APDC accesses the external display 
memory via a 16-bit multiplexed address 
and data bus with a 500 ns cycle time. Fig­
ure 7 shows a rudimentary RAM interface 
circuit and bus timing diagram. When 
APDC accesses the dis£!.ay memory, its 
Address Strobe signal AS flags the bus 
cycle and writes the address into the '373 
latches. The display RAMs, shown in Fig. 
1 O as two 8-bit blocks, are enabled with 
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A16 to A9 
D15toD8 

APDC 
SAA5350 

A8toA1 
07 to DO 

RAM RAM 

DISPLAY MEMORY 

Figure 7. APDC Access to Display Memory 

Upper Data Strobe, UDS, and Lower Data 
Strobe, LDS, respectively. (APDC never 
actually fetches a single byte from 
memory; UDS and CDs are alway asserted 
together to fetch a 16-bit word.l The 
Read/Write control signal, RiW is included 
for completeness although APDC only 
reads the display memory. 

Although the APDC data bus is 16 bits 
wide, the data fetched is often considered 
to exist in terms of bytes and so the byte 
addressing convention is important. The 
standard adopted is that of the 68000 
microprocessor where the even-numbered 

015 to DB 07 to DO 

WORD 0 
BYTE 0 I BYTE 1 

I 

WORD 2 
BYTE 2 I 

I 
BYTE 3 

WORD 4 
BYTE 4 

I 
BYTE 5 I 

I 

I 

* I 

WORD 1FFFE 
BYTE 1FFFE I BYTE 1FFFF 

I 

bytes exist on the left or upper (most sig­
nificant) part of the bus, as shown in Fig. 8. 
The word addresses are numerically the 
same as the upper byte they contain -
there are no odd-numbered word 
addresses. 

Warning Time 
Because APDC is a real-time display 
device. it must have direct access to the 
display memory with priority over the con­
trolling microprocessor or other peripheral 
devices. To achieve this, APDC issues a 

iJDs A16toA.9 
015 to 08 
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Bus Request BR signal for the duration of 
the memory access plus a programmable 
advance warning time to allow the micro­
processor to complete its current bus 
cycle. 

In systems where the microprocessor's 
bus and APDC's bus are intimately con­
nected, (a 'connected' systeml, BR may be 
used to suspend all microprocessor activ­
ity so that APDC acts as a dedicated DMA 
controller. In systems where the two buses 
are separated by buffers ('disconnected' 
systems), the BR signal may be used either 
to generate an interrupt or as a directly 
testable signal. To these ends, the warning 
time between the assertion of BR and the 
beginning of APDC's bus activity is pro­
grammable from 0 to 23 µs. 

Microprocessor Access to APDC's 
Register Map 
The set of internal registers, when 
memory-mapped, behave as an 8-bit wide 
RAM connected to the upper part of 
APDC's bus; see Fig. 9. The control signals 
UDS and R/W are reversed to become 
inputs and the register map is enabled with 
Register Enable, RE. Addresses are input 
via the lower portion of the bus. A Data 
Transfer Acknowledge signal DTACK, is 
also generated to indicate to the micro­
processor that data transfer is complete. 

Fig. 10 shows the main data and address 
paths used in a 'connected' 68000 inter­
face. The outputs of the '373 latches are 
only enabled when the 68000 has yielded 
the bus in response to Bus Request, BR. 
When the register map is accessed, data is 
transfered via the upper part of the bus, 
and the microprocessor's low-order 
address is passed to APDC via the '244 
buffer. Simultaneously, the '245 bidirec­
tional buffer disables the signals from the 
low-order data bus of the 68000. 

R/W 

APOC 
SAA5350 

A6toA1 DTACK 
05 to DO 

Figure 8. APDC's Display Memory 
Word/Byte Organization Figure 9. Processor Access to APDC's Internal Register Map 
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UPPER 
DISPLAY 

RAM 

UPPER 
SYSTEM 
MEMORY 

R/W 

LOWER 
SYSTEM 
MEMORY 

015 to 08 A16toA9 A8toA1 

BUS A Ed 07 to 00 

Figure 10. 'Connected' 68000 Interface 

UPPER 
(EVEN) 

DISPLAY 
MEMORY 

SYSTEM 

address 

$/R BUFEN 

APDC 
SAA5350 

MEMORY ,___A_B t_o_A_15 ____ ~ 

A16toAXX 

A16toAXX 

B·BIT MICROPROCESSOR 

A15toA8 A7 to AO 

Figure 11. 'Connected' 8-bH Microprocessor Interface 
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The '244 and '245 buffers may be omitted 
in a 16-bit write-only configuration where 
the least-significant data byte is interpreted 
by APDC as an address. Here it will gener­
ally be necessary for the microprocessor 
to hold a (readable! 'master copy' of 
APDC's scroll map contents at some loca­
tion in main memory. 

8-bit Microprocessors 
Although the control bus is optimized for 
the 68000, APDC will operate with a 
number of widely different industry­
standard 8- and 16- (or morel bit 
microprocessors such as 80(1188, 68008, 
8051, etc. The interfacing of 8-bit micro­
processors to the 16-bit wide display 
memory is simplified by APDC's on-chip 
link-through buffer which provides the 
microprocessor with bidirectional access 
to the lower (odd bytel half of the display 
RAM. The link-through buffer is enabled 
with Buffer Enable, BUFEN, and its Send/ 
Receive direction is controlled by S/R 
which is physically the same APDC pin as 
RiW 
Fig. 11 shows the main data and address 
paths used in a 'connected' 8-bit micro­
processor interface. This is very similar to 
the 68000 interface but it should be noted 
that the display memory does not receive 
AO as an address, rather AO (when highl is 
used as the major enabling signal for 
BU FEN. 

Disconnected Systems 
For many applications it may be desirable 
to 'disconnect' APDC and the display RAM 
from the microprocessor and its ROM, 
RAM, and peripherals. The two parts of the 
system then operate independently and 
communicate only when the microproces­
sor accesses APDC's register map or the 
display memory. Fig. 12 shows the rudi­
ments of such an 8-bit system; it can be 
seen that the main data and address paths 
are essentially the same as those des­
cribed above, the only difference being the 
addition of a set of isolating buffers. 
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address 

APDC 
SAA5350 

address bus 

Figure 12. 'Disconnected' 8-blt System 

6MHz 

F6 

APDC 
SAA5350 

F6 

fCs t---<i--_, ITS APDC 

R.G,8 

TCs 
to timebase 

SAA5240 SAA5350 

broadcast 
video 

(ba$E!band) 

'Y"' to timebase 

TCs 
to timebase 

F6 
SANO 
VCS 

TCs 

F6 
SANO APDC 

vcs SAA5350 

TCs 

Figure 13. Synchronization Modes 
a. Stand-alone 
b. Simple Slave (Direct Sync) 

R,G, B 

R, G, B 

c. Phase-locked Slave (Indirect Sync) 
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Synchronization 
APDC has three synchronization modes. 
As a stand-alone device (in terminal ap­
plications for example, it can output a 
composite sync signal TCS to the display 
timebase IC or to a monitor. Timing is 
derived from a 6 MHz on-chip oscillator 
with an external crystal as shown in 
Fig. 13a. 

APDC can also sync directly to another 
device, such as the 'i'CS signal from the 
SAA5240 teletext IC or another APDC, as 
shown in Fig. 13b. APDC's horizontal 
counter is reset by the falling edge of TCS. 
A dead time of 250 ns is built-in to avoid 
resetting the counter on every Iv line, so 
that screen jitter does not occur. Field 
synchronization is achieved with APDC's 
internal field sync separator. 

The third mode is phase-locked slave 
operation, as in Fig. 13c. In the SAA5230 
video input processor IC, an internal 
phase-locked VCO provides a 6 MHz 
clock. When APDC is active, its horizontal 
counter is part of the phase control loop; a 
horizontal reference is fed back to the 
SAA5230 via the SAND pin and the vertical 
reference is generated by feeding separ­
ated composite sync via the VCS pin into 
APDC's field sync separator. In this mode, 
the display derived from APDC can sync 
with that from a Iv source or a local VLP 
(laser discl player, to allow picture-in-text 
displays, as might be used, for example, in 
the travel industry. 

Previously published as Technical Information 
137, ELCOMA, October 1984. 
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The 5 Chip Set Teletext Decoder 

Author: D. S. Hobbs 

SYSTEM REQUIREMENTS 
The current 525 line (modified U.K.) 
Teletext system differs in a few respects 
from the 625 line system for which the 
U.K. chip set was designed. These are: 

(a) Data Rate 5,727272Mb/s. 
(b) Data bytes per data line 32. 
(c) Gearing bit system for routing data to 

RAM. 
(d) Approximately 200 display lines 

available for text with normal raster 
geometry. 

These are catered for in the decoder 
described below so that the 625 line 
chip set is presented with signals which 
it can interpret correctly and provide a 
suitable display for general use. 

Data Rate (a) and (b) 
(a) To accomodate the lower data rate 

the clock coil and tuning capacitor in 
the SAA5020 video input processor 
circuit are redesigned. 

(b) The write enable (WOK) signal from 
TAC (SAA5040) to the RAM is limit­
ed to 32 data bytes in GALA. 

Gearing Bit System (c) 
This is accomodated in the Gearing and 
Address Logic chip (GALA). Since 40 
characters per row are displayed, where­
as only 32 are transmitted per data line, 
a routing system is used to position 
character data in RAM as it is received. 

The left hand part of the display is built 
up by 32 byte rows of data positioned in 
RAM by transmitted ROW addresses. 
The right hand side of the display is 
'filled-in' by 4 sequential groups of 8 
characters sent as one data line but 
stored in RAM as the last 8 bytes of 4 
sequential rows. A gearing bit in the 
magazine number/row address group 
(see Table 1) is set to '1' if fill-in informa­
tion is being transmitted and to 'O' if left 
hand rows are sent. The ROW address 
of the data line containing the gearing bit 
set to '1' determines the starting ROW 
number for the fill-in operation. For ROW 
zero start, a ROW address for ROW 
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number 1 is employed since ROW zero 
can only be used for header information. 
The presence of the gearing bit set • 1 
together with ROW address number 1 is 
detected in GALA. 

From Table 1 it will be seen that the 
gearing bit occupies the position occu­
pied by the most significant bit of the 
magazine number in the 625 system. In 
order to allow the Teletext Acquisition 
Chip (TAC, SAA504oB) to acquire data 
from such lines the gearing bit is de­
tected by GALA and converted always 
to zero. This preserves the magazine 
number as that set by the two least 
significant bits. The number of maga­
zines available using the present decod­
er is 4. (Subsequent development of 
new chip sets will allow expansion of 
these by using header coding at present 
designated as time coded page Informa­
tion and detected as such by the 625 
line TAC). 

Dlsplay Compression (d) 
In order to allow the display of 40 
characters per row and 24 rows on a 
525 line raster, a compression technique 

· has been developed which only requires 
192 active t.v. line pairs (interlaced). The 
character shape is essentially un­
changed from the 825 line set but the 
row timing is now only every 8 t.v. lines 
instead of every 1 O. This is achieved 
using a special 525 line standard timing 
chip (SAA5025D), to drive the same 
TROM (SAA5050) as is used in the 625 
line decoder. 

DECODER BLOCK SCHEMATIC 
Diagram 1 shows the basic decoder 
elements in block form, made up of 
dedicated chips SAA5025D, SAA5030, 
SAA5040B, SAA5045 (GALA) and 
SAA5050 together with RAM. These are 
divided into functional areas to simplify 
the decoder description. Only the most 
important inter-connections are shown 
in order to reduce complexity. 

Inputs to the system are the video input 
to the Video Input Processor (VIP) and 
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remote control signals (see Appendix 
'A'), to (TAC) and (TROM). 

Outputs consist of R, G and B, blanking, 
Y and superimpose control. These allow 
flexible interfacing with the t.v. set video 
drive system. (See Appendix B). 

Video Input Processor 
(SAA5030) 
This chip (VIP) performs mainly ana­
logue functions concerned with extract­
ing the data signal from the t.v. set video 
and presenting it in a suitable form to the 
Teletext Acquisition Chip (TAC, 
SAA5040B). 

VIP also provides a phase locked crystal 
oscillator at 384MHz horizontal line rate, 
i.e. 6.041957MHz. This frequency is di­
vided down in the Timing Chip (TIC, 
SAA5025D) to produce all the line and 
field related timing waveform locked to 
the input video sync pulses. As ancillary 
to this function VIP includes a sync 
separator to provide field rate sync to 
TIC. 

Data is sliced in VIP by an adaptive slicer 
referenced to peak detectors. This is 
followed by Data Clock regeneration in 
an DC circuit. A data latch driven inter­
nally supplies latched data, correctly 
phased with the Data Clock, to TAC. 

Gearing And Address Logic 
Array (GALA) SAA5045 
Due to the system differences between 
525 and 625 line Teletext the data from 
VIP must be modified before it is pres­
ented to the Teletext Acquisition Chip 
(TAC, SAA5040B). The presence of a 
gearing bit set to '1' or 'O' is detected in 
GALA and the data is delayed for one 
byte period in a shift register. This allows 
the inversion of the gearing bit, if re­
quired, to avoid confusion in the decod­
ing of the magazine number (see para­
graph on Gearing Bit System). 

GALA includes a bistable which is set or 
not set, according to the state of the 
gearing bit. This is held for the duration 
of each data line and reset before the 
next. Also included in GALA are RAM 
address and read/write control func­
tions. 
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Table 1. Data Line Coding for 525 Line Teletext (U.K. Modified) System Characteristics Current for 
Operating Systems 1982 

CLOCK RUN IN lcLOCK RUN INl FRAMING CODE MAGAZINE AND ROW ADDRESS DATA DATA 
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Teletext Acquisition and Control 
(TAC, SAA5040B) 
Data from GALA is clocked into TAC, by the 
data clock (5. 727272MHz), where it is de­
coded byte by byte to provide character and 
control data for the storage in RAM. Row 
addresses are decoded after Hamming 
checks and issued to the RAM address 
system. A column address clock for writing 
into RAM during data lines (WACK) is also 
generated at byte (character) rate. Parity 
checking is carried out to produce write 
enable pulses (WO!<) for each correctly re­
ceived character to be written into RAM. 

Header (row zero) information is also de­
coded and Hamming checked in TAC so that 
only the data relating to the page called up by 
the remote control system (Key Pad input of 
required page number) is written into RAM. 
Clearing functions are also controlled by 
Header and Remote Control input data, to 
clear the RAM. 

Selected page number information is written 
into RAM by TAC during an unused t. v. line 
between the end of data entry (DEW) and the 
start of the text display period. When double 
height characters are requested (via remote 
control) TAC issues commands to the timing 
chain (TIC) and display device (TROM). Simi­
larly the system controls for TEXT or TV or 
MIXED (Text+ t.v.), are issued by TAC as 
picture ON (PO) and display enable (DE) to 
VIP and TROM. 

Timing Chain (TIC, SAA5025D) 
The timing of line and field rate functions 
together with display dot clock are derived 
from the VIP crystal oscillator (6.041957MHz) 
signal fed to TIC. This signal is counted down 
to line rate (+384) and field rate, phase 
locked to the incoming t.v. syncs. A compos­
ite sync waveform (AHS) is also generated 
which free runs (under crystal control) to 
allow display of text to continue alter the t. v. 
signal has ended. This is known as 'alter 
hours sync'. 

Row addresses for the display period are 
generated in TIC (Ao through A4l together 
with a column count (character rate) clock 
(RACK). The row addresses are stepped from 
zero to twenty three at one eighth of t.v. line 
rate giving 24 rows at 8 lines/row in each field 
(60 fields/sec.). This address information for 
reading RAM is multiplexed with the writing 
address information under control of a field 
rate signal generated by TIC, called (DEW) or 
data entry window. This Is timed to occur on 
t.v. lines 10 through 19 inclusive which are 
the lines in the vertical interval during which 
data is accepted. The DEW signal controls 
data entry in (TAC) and also the address 
tristate switches. 
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Signals fed back from TIC to VIP are used to 
reset the data slicer system and to enable 
rapid phase locking of the crystal oscillator. A 
buffered dot rate clock at crystal frequency is 
issued by TIC to drive the display generators 
in TROM. The display area on the t v. raster is 
controlled by the (LOSE) signal from TIC 
(load output shift register enable) which oc­
curs on all active text lines. 

When double height characters are called up 
by control signals from (TAC), originated at 
the Key Pad, the row addresses are stepped 
at half rate and the top or bottom of the 
display is selected by the (T /B) signal. This 
resets the row address counter in TIC to start 
at row zero or twelve of the text display. 

Address Logic (GALA) 
The address logic in GALA contains column 
address counters for the character rate ad­
dress generation, a multiplexer for address 
combining and an address latch/ step func­
tion for the gearing system. Since the teletext 
address structure for transmission and dis­
play contains five row address bits and six 
column address bits these must be reduced 
to a total of ten bits to suit conventional RAM 
structures. This is achieved in GALA by 
multiplexing the Row and column addresses. 

During the input of data lines, containing a 
gearing bit set to '1 ', a multiplexer causes the 
row address to be indexed every 8 bytes. The 
multiplexer is transparent to addresses during 
data lines containing a gearing bit set to zero. 
The row addresses from TAC go to the GALA 
and are multiplexed with the display row 
addresses under control of (DEW), by tri­
states in Tic and TAC. 

Random Access Memory (RAM) 
Character data from TAC is stored in a page 
display memory with a capacity of 1024 eight 
bit bytes. Of these only 960 bytes of seven bit 
length are actually used. Data is written in 
during acquisition from (TAC) and read out 
during display to TROM, under control of 
write enable and chip select signals, generat­
ed from the WOK and DE signals from TAC 
via GALA. A common input/ output bus struc­
ture is used in the devices employed in this 
decoder. Conflict of signal direction is avoid­
ed in the WOK/DE gating arrangement in 
GALA. 

Display Compression (50250) 
The drive signals from TIC (5025D) to TROM 
during the display period are organized so 
that suitably shaped characters are generat­
ed by TROM on an 8 t.v. line pair per row 
basis. Since TROM is primarily intended for 
1 O line pairs per row operation, it is necessary 
to provide effectively 10 drive pulses per row 
per field although output dot data is only 
required on eight of these in each field. The 
compression logic in TIC (5025D) inserts 
additional step pulses during the horizontal 
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sync interval to keep the internal counters in 
TROM in the correct sequence. A further 
operation included is the blanking of the 
display during the same period to avoid spuri­
ous 'dots' on the t.v. tube. Character rounding 
normally employed in the TROM character 
generator is also controlled to obtain the best 
shaped 'compressed' characters. 

Teletext Read Only Memory 
(TROM, SAA5050) 
This device contains the read only memory 
and character generating system which pro­
duces the text display (and graphics) charac­
ters. It is controlled by direct input remote 
control signals (Key Pad originated) and by 
transmitted controls via TAC. Timing of the 
display system is controlled by signals from 
TIC and the actual display data is read in from 
the page memory RAM. 

Output signals for R, G, B, Y, Blanking and 
superimpose are available by open collector 
transistor output buffers. These are interfaced 
to the regular t.v. video drive system via 75!1 
emitter followers in this decoder. However, it 
is simple to obtain outputs at different imped­
ance levels by changing the emitter follower 
input/ output components or by substituting 
TTL buffers with input pull-up resistors. Inter­
facing will differ for different setmakers but 
the 75S1 1 V p-p system is flexible in allowing 
long connections between the decoder and 
the video circuits of the t.v. 

FUNCTIONAL LOGIC 
INTERCONNECTION SCHEMATIC 
The complete decoder is built on a double 
side P.C.B. with Molex 0.1" pitch plug con­
nectors. Supplies required are 150mA at 12V 
and 250mA at 5V ± 5 % . The supply rails are 
decoupled by distributed discrete 1 OOn ca­
pacitors not shown on the circuit diagram. 
P.C.B. layout is only critical in the analogue 
area surrounding VIP where connections 
must be kept short and ground paths sensibly 
routed. Good video frequency practice is 
followed in this area to ensure minimum 
radiation of interference and suppression of 
local oscillatory effects. 

VIP Circuit 
IC4 the SAA5030 device has a number of 
discrete resistors and capacitors connected 
to it to define operating levels and frequen­
cies. Tuning capacitors C17, C1B, C15, C12. 
C13 should all be of high grade r.f. tuning 
types. The crystal XT1 is of similar grade to a 
color sub-carrier crystal in that it needs good 
setting stability with the possibility of being 
'pulled' by about ± 750Hz for phase locked 
operation. 

The center frequency is 6.041957MHz when 
series connected with a load capacitance of 
30pF. Capacitor C11 and coil L2 form a 
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rejector circuit to avoid oscillation outside the 
correct frequency range of the crystal. 

Inductor L1 and capacitor C15 form the data 
clock recovery tuned circuit. A coil Q-factor of 
greater than 50 is essential for good clock 
recovery. A component with an unloaded Q of 
90 is commonly employed. The clock coil is 
tuned on test by applying a video signal at pin 
3 of PL3 containing data lines with pseudo 
random data at 5. 727272MHz preferably 
throughout the normal display period for ease 
of observation on an oscilloscope. This 
should be connected to pin 18 of VIP. 

The coil is adjusted for minimum jitter of the 
clock falling edge which should occur approx­
imately at the center of the 'eye' pattern 
formed by syncing the source data on anoth­
er trace of the oscilloscope. For best results it 
is preferable to trigger the oscilloscope from 
the data clock of the generator used to form 
the test data. 

Phase Locking Adjustments For Sync 
The series tuning capacitor C1g Is used to 
adjust the center frequency of the crystal 
oscillator which determines horizontal Oine) 
frequency phase lock, whereas R 10 is adjust­
ed for field sync lock. 

The crystal circuit is adjusted first whilst 
observing an input video signal at pin 3 of PL3 
together with a line frequency signal such as 
that on VIP pin 5 ('sandcastle waveform'). 
Connect pin 1 of VIP direct to the 12V rail, 
which allows the oscillator to free run, and 
shunt the filter capacitor C1 with a 5.6M'2 
resistor (this gives a preferred initial offset). 
C19 is then adjusted to obtain a stationary 
relationship between the two signals. Re­
move the test connections from pin 1 of VIP 
and C1 when the two waveforms should 
remain solidly locked in phase. 

Field sync adjustment can then be carried out 
by adjusting R10 whilst observing the output 
of (FS) at pin 13 of VIP together with the field 

sync of the incoming video. When correctly 
adjusted, the rising edge of (FS) should be 
half way along the second broad pulse of the 
field sync pattern of the input video. This 
adjustment is important to ensure the correct 
selection of data lines in the vertical interval 
by the (DEW) signal. Field lock in the wrong 
position may cause the loss of one or more 
data lines. 

The adjustments of the decoder are now 
complete, all subsequent areas of operation 
are controlled by digital systems. 

Input And Output Requirements Of VIP 
The video input from the t.v. should be 2.8V 
p-p at pin 3 of PL3 and its DC level not 
greater than 7 volts. If higher, the electrolytic 
capacitor C5 (1 µ) may be reverse biased and 
cause maloperation of the DC restoration 
circuit in VIP. 

Sync Output Signals 
The t.v. set may be synchronized via VIP if a 
synchronized display is required from (AAS} 
when the t.v. signal disappears. This is ob­
tained from pin 2 of PL3. The polarity can be 
set by connecting resistor R1 (1 k5) via link 
(LPI) to + 12 volts or zero volts for negative or 
positive going syncs respectively. 

TAC (SAA5040B) 
Data from GALA is clocked into TAC pin 2 by 
the data clock at pin 3, also from GALA. 
When correct data is received write enable 
pulses are issued from pin 15 (WOK). This is 
an indication that Hamming codes and parity 
are correct. Data is output in parallel from 
pins 16 through 22 to RAM, whilst row ad­
dress Ao through At. are supplied by pins 
23-27. 

Internal Data Writing To RAM 
Selected page numbers, called up by the 
remote control Key Pad input, are written into 
the row zero position in RAM together with 
indications such as 'HOLD' and timed page 
'time'. This function occurs during t.v. line 
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number 37 only. At this time the display 
enable (DE) output pin 9 Is held low and WOK 
pulses are emitted at pin 1 5 in two groups of 
8, corresponding to the first and last eight 
character spaces in row zero. Since this 
function occurs outside of the (DEW) period 
the column counters are driven by read ad­
dress pulses (RACK) from TIC. 

Character Generator, TROM 
(SAA5050) 
The character generator i.e. (SAA5050) re­
ceives data from RAM during the display 
period (t.v. fines 48 to 239 inclusive) and 
internally decodes the data to generate char­
acters or control functions. TROM receives 
direct remote control information on pins 3 
(DATA) and 11 {DLIM) which control such 
functions as MIX (T.V. +text), conceal/re­
veal. 

Control of display on/off (DE) and double 
height are received from TAC on pins 28 and 
15 together with picture on (PON) pin 27. 
TROM outputs control signals to TIC from pin 
16 when 'Transmitted Large Characters' 
(iu::) are called up by transmitted data 
codes. 

The video output of TROM consists of R, G 
and B signals at pins 24, 23 and 22 (open 
collector) and a Y signal pin 21 (open collec­
tor). Blanking is obtained at pin 25 (open 
collector) to switch the t.v. video on and off 
under control of signals decoded in TROM. 

Superimpose signals from pin 2 are used to 
modify the contrast setting of the t.v. video 
when MIX mode is called up (by remote 
control or News Flash). This output pin must 
be connected via a pull-up resistor of 1 Okohm 
to the + 5V rail whether its output is used or 
not. 

The R, G, B, Y and Blanking output buffers 
will drive interface circuits directly if required 
provided that the open circuit output voltage 
does not exceed 13.2 volts maximum. 
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ABSTRACT 
The new generation teletext decoder, 
unlike its predecessor introduced in 
1976, is user programmable under the 
control of a general purpose microcom­
puter or microprocessor. The new de­
coder is programmable to operate in the 
Vertical Blanking Interval (VBI) or full 
field teletext mode of operation. It can, 
simultaneously, acquire multi-pages re­
sulting in a much faster system response 
time. 

The new teletext decoder is 12C bus 
controlled; therefore it is easy to inte­
grate into any digitally controlled J2C bus 
system. The modular nature of the 12C 
bus architecture allows the system de­
signer to add to or delete from his or her 
system various function blocks. The tel­
etext decoder can be treated as one of 
these blocks. 

INTRODUCTION 
Integrated Circuit (IC) technology has 
marched a long way since the advent of 
the first generation teletext decoder in 
1976. Some improvements and new fea­
tures can now be economically incorpo­
rated in the second generation decoder 
while keeping the chip count even lower 
than its first generation counterpart. 

The new generation teletext decoder is 
microcomputer (or microprocessor) con­
trolled. It is user programmable and 
therefore more flexible and friendlier to 
use. Today, virtually every system is 
microprocessor controlled. The micro­
processor controls various special pur­
pose peripheral chips, each controlling 
one or more functions of the overall 
system. One of these peripheral chips 
can control the television tuning function 
while another chip can control the tele­
text acquisition and display function. The 
system can be designed in a modular 
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fashion so that modules performing dif­
ferent functions can be added to or 
deleted from the system with minimal 
effort. 

The Inter-IC (1 2C) bus has been de­
signed to achieve modularity. Bus inter­
facing problems are eliminated by inte­
grating all the necessary bus handshake 
logic in the on-chip silicon. The J2C bus 
is a serial bus consisting of two bidirec­
tional lines: the Serial Data (SDA) line 
and the Serial Clock (SCL) line. 

THE NEW GENERATION 
TELETEXT DECODER 
The new generation teletext decoder 
consists of a super data slicer (the Video 
Input Processer - VIP), the teletext con­
troller chip, multi-page memory, and a 
general purpose microcomputer. (See 
Figure 1.) 

The microcomputer communicates with 
the teletext controller via the J2C. The 
microcomputer can be either a master or 
a slave; the teletext controller chip is a 
slave-only device. 

The new teletext controller is an J2C 
peripheral and belongs to the large 
"CLIPS" family. The new J2C teletext 
decoder can be integrated in a system 
where a single microcomputer is used. 
The microcomputer is the only master 
and controls other system functions in 
addition to the teletext decoder, simulta­
neously. (See Figure 2.) On the other 
hand, since 12C bus concept allows mod­
ularity, a multi-master system can be 
easily implemented. (See Figure 3.) 

In the single master system, the system 
designer should allow for possible future 
software (and, consequently, memory) 
expansion. This is necessary to allow 
future system expansion. In the multi­
master case, only one microcomputer is 
shown to receive and decode remote 
control commands. This microcomputer 
will then communicate the different com-
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mands to other microcomputers via the 
12c bus. 

Microcomputers with built-in J2C bus in­
terface are available today. The instruc­
tion set is based on that of the industry 
standard 8048 microcomputer family. 

The New Teletext Decoder 
Acquisition Circuitry 
The teletext decoder accepts as input a 
composite video baseband signal. This 
signal is readily available in a TV set (to 
be discussed later). Digital data is insert­
ed in the Vertical Blanking Interval (VBI) 
or into, virtually, all available TV lines 
(full field). The acquisition circuitry can 
be programmed to operate in the VBI or 
in a full field mode. Full field teletext is a 
useful feature contributing to a very fast 
system response time but, obviously, 
does not permit any video information to 
be transmitted. 

Since high speed teletext digital data 
(data rate is 6.93MHz in Europe and only 
5.72MHz in North America due to band­
width limitation) is transmitted via broad­
cast information, a high performance 
data slicer is essential to have at the 
receiving end. 

The video input processor should have 
good data slicing capability in the pres­
ence of echoes, noise, and co-channel 
interference. The device should provide 
compensation for high frequency losses 
and be able to regenerate the clock from 
the digital data. The digital data can 
have different rates, as mentioned 
above. Other desirable features that the 
video input processor might have in­
clude: providing a mechanism by which it 
is easy to lock to a VCR; having a 
minimal number of external compo­
nents/adjustments required; being able 
to accept many levels of peak-to-peak 
amplitudes of the composite video input; 
and last, but not least, consuming low 
power. 

September 1985 

9 



Slgnetlcs Linear Products 

Teletext Decoders: Keeping Up 
With the Latest Technology Advances 

VIDEO 
INPUT 

VIDEO 
INPUT 

PROCESSOR 

r----, 
I I 
I KEYPAD I 
I I 
I I 
I 6'o':~1;L I TRANSMITTER 

L-- __ _J 
REMOTE CONTROL 

HANDSET 

MULTI­
PAGE 

MEMORY 

TELETEXT 
CONTROLLER RGB 

SERIAL CONTROL 
BUS(PC) 

CONTROL 
MICROCOMPUTER 

8001290$ 

Figure 1. Computer Controlled Teletext (CCT) Decoder Block Diagram 
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Figure 3. Distributed Control Architecture 

Digital data and its associated clock (Figure 
4) can now be presented by the video input 
processor in a nice clean form to the teletext 
controller chip. 

The teletext controller is looking for the page 
addressing information, imbedded in the page 
header - row number O - to find a match with 
the pre-specified page number requested by 
the user via the remote control keypad. When 
a page address match is found, this page is 
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captured and stored in page memory. In order 
to speed up the system response time and to 
make it friendlier to use, the acquisition cir­
cuitry is designed to capture four teletext 
pages simultaneously. Four independent ac­
quisition circuits co-exist on the teletext con­
troller and are able to capture four pages 
simultaneously. The four acquired pages can 
be specified, by the user program, to be the 
requested page plus the next three sequential 
pages or the requested page plus the next 
three linked pages as specified by the linking 
information received in ghost row number 27. 

The teletext controller can then support up to 
SK bytes of memory. If ghost rows are to be 
received and decoded for, 2K bytes of memo­
ry will be needed per teletext page. 

The new acquisition circuitry can be pro­
grammed to receive the normal 7-bit plus one 
parity bit or 8-bit byte data. This is useful 
when a more sophisticated error correction 
scheme (such as CRC) needs to be imple­
mented. The 8-bit mode is also instrumental 
in implementing the "telesoftware" concept. 
Through telesoftware, computer programs 
can be down-loaded and acquired as teletext 
information. 

It is worth noting that the fixed format, World 
System Teletext, is virtually error free. This is 
due to the simple fact that a one-to-one 
correspondence exists between transmission 
codes, acquisition memory, display memory, 
and the actual display position on the screen. 
Due to the fact that teletext information is 
being constantly cycled through the system, 
an error received during one cycle can be 
automatically corrected during a subsequent 
cycle. 

The New Teletext Decoder 
Display Circuitry 
Since four pages can be acquired and stored 
in the acquisition memory simultaneously, but 
only one page can be displayed at a time, a 
display chapter register, residing on the tele­
text controller chip, is user programmable to 
select which acquired page is to be displayed. 
The display memory is, physically, the same 
as the acquisition memory. Ghost rows are 
not displayable and the display consists of 25 
rows, (the 25th row contains locally generat­
ed status information), 40 characters each. 
The character cell occupies a 12 x 10 dot 
matrix, giving nicely shaped characters at 
12MHz dot rate. The display could be inter­
laced or non,interlaced. 

There are four control functions that can be 
individually turned on or off under user soft­
ware control. These are: TV picture, text, 
background, and contrast reduction. Boxed 
text information in a TV picture can be dis­
played by specifying the "Start box", "End 
box" control characters. 
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The teletext controller provides RGB outputs 
as well as a blanking output and a contrast 
reduction output. These outputs can be used 
as they are or a video buffer stage can be 
added. (See Figure 4.) This stage consists of 
emitter followers and clamping diodes. The 
diodes clamp the upper voltage values to a 
potential suitable for the particular TV receiv­
er's contrast control. The blanking output is a 
combined box and dot blanking (full screen). 
The contrast reduction output is used for 
implementing more readable mixed (text over 
video) displays or to implement subtitles in 
reduced contrast boxes. 

If a composite video display is desirable, a 
single chip multi-standard color encoder is 
available to produce PAL or NTSC compati­
ble displays. 

It is important to note that the new teletext 
decoder provides a secure means to synchro­
nize the incoming video with the resulting 
text/video display. In addition, the decoder 
generates a composite sync signal that is 
suitable for driving the display time base. 

THE 12C BUS - GENERAL 
CONCEPT 
Many system applications do not require very 
fast data transfer offered by the traditional 
parallel schemes. 

As shown in Figure 5, a typical microcompu­
ter controlled television receiver using a par­
allel bus type architecture implies a large 
number of interconnects, devices with a large 
number of pinouts and a bigger layout area. 
Since many applications do not necessarily 
need the speed offered by parallel bus type 
architecture, an economical, easy to imple­
ment solution can be used. Figure 6 depicts 
the television receiver block diagram de­
signed around the 2-wire 12C serial bus. 

Many devices have been implemented with 
on-chip 12C bus interface logic. These devices 
communicate through the 2-wire serial bus. 
The system designer will no longer worry 
about the communication interface between 
the different blocks in his or her system and 
can now concentrate on the more important 
issues: the function/system requirements. 
Devices with built-in 12C bus interface can be 
added to or deleted from the system by 
simply "clipping" them to the common 2-wire 
bus. The only limitation is the bus capaci­
tance of 400pF. Hence a collection of these 
devices is known as "CLIPS". 

The i2C bus consists of 2 bidirectional lines, 
the Serial Data (SDA) line and the Serial 
Clock (SCL) line. Devices with built-in 12C bus 
interface can be implemented in any technol­
ogy, i.e. NMOS, CMOS, 12L, TTL, etc. These 
devices are connected together (wired-AND) 

CLOCK 
GEHEAATION 

VIDEO 
INPUT 

PROCESSOR 

DIGITAL 
DATA 

CLOCK 
TELETEXT 

CONTROLLER 

SYNC OUT TO 
TV TIMEBASE 

Figure 4. Teletext Decoder - Detailed Block Diagram 
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Figure 5. Conventional Microcomputer Controlled TV Receiver Block Diagram 

SOA 

SCL 

Eli --, 
REMOTE 

CONTROL 1
1 

DECODER ___ J 

Figure 6. Block Diagram TV Receiver i2C Based 

to form an i2C bus-based system, provided 
that they all exhibit an open collector output 
at each of their respective SDA and SCL 
lines. 

The i2C bus concept allows a flexible master I 
slave relationship to exist. A device master 

9-143 

during the present bus cycle can be a device 
slave during the following bus cycle. 

An 12C bus cycle starts with a ST ART condi­
tion. (See Figures 7 and 8.) A 7-bit device 
(slave) address is then sent followed by a 
single bit to determine the direction of the 
data transfer. A ninth clock pulse is then 
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generated by the master device to allow the 
addressed receiver to acknowledge reception 
of this byte. Now any number of 8-bit data 
transfers can take place with the receiver 
acknowledging each byte after it has been 
received. At the end of the data transfer, the 
device master generates a STOP condition. 

The 12c bus uses the wired-AND concept to 
achieve clock synchronization and proper 
arbitration between different device masters 
in the system. If two device masters start 
bidding for the bus simultaneously by gener­
ating the start condition, they will both be 
driving the SDA and the SCL lines. Clock 
synchronization is easily achieved through 
the wired-AND connection. The resulting 
clock will have a LOW period determined by 
the device master with the longest clock LOW 
period. The HIGH period of the resulting clock 
is determined by the device master with the 
shortest clock HIGH period. 

Arbitration procedure in an 12C bus system is 
also easy to implement. Keep in mind that all 
devices are wire-ANDed and that a master 
device driving the SDA line will sample that 
line during the same clock period. In Figure 9 
master device 1 is driving the data line HIGH 
but the resulting SDA line is LOW (due to 
master device 2) and so transmitter 1 loses 
arbitration, after detecting that condition, and 
prepares itself as a slave that could be 
addressed during this very same cycle. Note 
that no time is wasted for the arbitration 
procedure since both address and data infor­
mation is used to determine the winning bus 
master. 

It is very comforting to know that all of the 
functions above have been implemented on 
all of the "CLIPS" peripherals. This allows 
system designers to implement modular ar­
chitectures and build systems around the 
various available function blocks. Each lune-

SCL 

!ion block, in its simplest form, can be one of 
the "CLIPS" peripherals. 

TELETEXT DECODER • SYSTEM 
INTEGRATION 

Tv Receiver With Built-in 
Teletext Decoder 
Teletext decoders, in general, can be easily 
integrated into TV receivers. In reality, TV 
receivers can be considered a natural home 
to house teletext decoders. The input to the 
teletext decoder is composite video, base­
band signal which is already available at the 

output of the demodulator stage in a typical 
TV receiver. (See Figure 10.) The output of 
the teletext decoder consists of RGB signals, 
blanking and contrast reduction/ control sig­
nals. The signals are of open collector type 
and can be easily manipulated. A simple 
video output circuit might be needed at the 
output of the teletext decoder, the purpose of 
which is to provide the buffer I drive capability 
and the appropriate voltage level control 
suitable for the TV receiver under consider­
ation. These signals can then be combined 
with the existing RGB and contrast control 
signals available at the output of the TV video 
amplifier stage. 

:::.:BEROF1~-~1~·~1~,,__~~1~~--o•~l·•-1•·~1·~1~,~1~•>---s~••+l•o-1••~1·,__-a~••+l••-1••~1·~1-+1•I 
""l-s-.-l-sLA __ V_E_A-DD_R_E_ss-..IRJW---~1-A-.-1-o_A_T_A..,..1-A-..l_o_A_T_A..,..1-A-rl-P""""I 

S=START 
A= ACKNOWLEDGE 
P=STOP 

Figure 7. Typical 12C Data Transfer 

... -, 
DATAOUTPUTBY~I Hx.=J 

TRANSMITTER I I 
I --
1 : 

DATAOUTPUT I I --~ r 
BY RECEIVER I I \.__/ 

: I 
SCL FROM -!---f. r--"\ r-'\. r:-\. r:-\. 

MASTER l 8 j\._/ 1 \._/ 2 \_ __ _/ B '\._/ , 9 '\.. 
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Figure 8. Acknowledgement On The 12c Bus 
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Figure 9. 12c Bus Arbitration Procedure Of Two Masters 
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In Figure 10, the digital portion of the TV 
chassis is depicted to be 12C controlled. 
Some of the function blocks can be imple­
mented with a single chip belonging to the 
"CLIPS" peripheral set. For example, the 
tuning function, as well as controlling the 
various analog signals, is implemented using 
one of the "CLIPS" peripherals. Non-volatile 
serial memory devices (12C bus compatible) 
as well as LCD display drivers are readily 

RFAGC 

UHF/VHF IF STAGE 
TUNER AGC/AFC 

OSCILLATOR 
FRl!OUl!NCY 

BAND 
SELECTION 

AND 
TUNING 

VOLTAGE 
DIVIDED 
FRl!QUl!NCY 

DIGITAL TUNING AFC 
AND 

ANALOG CONTROL 

PANEL 
DISPLAY 

available and can be, as explained earlier, 
clipped to the 12C bus. 

Teletext Decoder As A Set-top 
Adapter 
Teletext service can be incorporated in exist­
ing TV receivers through the addition of a set­
top adapter. The set-top adapter concept is 
familiar through the use of the CA TV cable 
converter boxes. The set-top adapter con-

DEMO· FILTER 
AUDID 

DULATOR 

'*' VIDEO 

capt will offer the average consumer teletext 
and cable TV service as well as a remote 
control feature. This is true even though his or 
her existing TV is, at present, not remotely 
controlled. 

Figure 11 depicts a set-top adapter block 
diagram. The switch can be used to inhibit the 
teletext feature, if necessary. On the other 
hand when switching at high speed, this 
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Figure 10. TV Receiver Block Diagram 
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Figure 11. Teletext Set·Top Adapter 
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switch can be used to implement a superim­
posed text over video feature. 

SUMMARY 
The newly introduced teletext decoder is 
discussed. The decoder. is microcomputer 
controlled so it is user programmable. The 
teletext controller chip belongs to the diversi­
fied number of i2C bus peripherals, known as 
"CLIPS", and therefore can be easily inte­
grated in an i2C bus controlled digital system. 

September 1985 

The new decoder performs well under poor 
signal conditions, it can work in either VBI or 
full field mode, it offers an easy, effective way 
to implement the "telesoftware" concept, it 
can acquire multi-teletext pages simulta­
neously resulting in a fast system response 
time and is capable of displaying interlaced or 
non-interlaced type displays. In addition to all 
of the above, the new teletext decoder is 
easy to integrate into a TV receiver or as a 
set-top adapter. 
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Until now, communication between machine and man has 
mainly been in sign language from visual displays, audible 
communication being restricted to cries of alarm emitted by 
beepers, hooters, bells and buzzers. Voice communication 
has been impractical because analogue storage of speech re­
quired the use of moving parts, e.g. tape drives, which un­
duly prolonged the retrieval time, and digital storage of 
speech required handling an enormous number of bits. The 
development of speech synthesis techniques (Fig.I) has 
dramatically reduced the bit rate and the memory required 
for digital speech synthesis so that it is now economically 
feasible to open a wideband voice channel between machine 
and man. Such a channel is provided by our totally-digital 
integrated voice synthesizer MEA8000. 

FEATURES OF THE MEA8000 

- interfaces easily with most 8-bit microprocessors and 
microcomputers 
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4 kHz speech bandwidth 

can generate melodies 

bit rate from 500 to 4000 bit/s thanks to a variable 
speech frame duration 

synthesis occupies a very small percentage of the control 
processor's time 

8th-order digital filter with three programmable formant 
frequencies, one fixed formant frequency and four pro­
grammable formant bandwidths 

operates with standard PROMS 

requires minimal external audio filtering 

timing: crystal-controlled internal oscillator or external 
TTL clock 

dynamic NMOS technology 

30 mA current consumption (typ.) from one +5 V supply 

24-pin plastic OIL package. 

Part of a demonstration board incorporating the MEA8000 
voice synthesizer and an integrated audio output stage 
TDA!Oll. The MEA8000 uses the technique of vocal tract 
modelling to generate quality speech from digital code. 
Formant synthesis, a variation of linear predictive coding 
(LPC), is used to control the electronic model representing 
the human speech production mechanism. Formant synthesis 
has all the advantages of LPC plus a lower bit rate than 
straight LPC for the same speech quality. 
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Fig.1 The development of speech storage methods. In stages 1 and 2 
(waveform coding), the actual speech waveform is stored, the digital 
approach (stage 2) requiring a very large memory. In stages 3 and 4, 
a much smaller memory is required, because redundant speech infor­
mation is eliminated and only the essential characteristics of the 
speech sounds are stored. This voice 'score' is then used to control a 
voice generating instrument (speech synthesizer). In stage 4, the 
method used in the MEASOOO, formant coding allows further 
reduction of the required bit rate. 

PRINCIPLES OF FORMANT SPEECH 
SYNTHESIS 
Figure 2 shows the human speech mechanism. To produce 
speech, the lungs build up air pressure like a pump. This 
increasing pressure causes the initially-closed vocal cords to 
open. As a result, pressure drops, the vocal cords close and 
pressure builds up again. This mechanism excites the vocal 
tract with a periodic train of sawtooth pressure pulses. 
Sounds generated in this way, e.g. the vowels A and E, are 
called voiced sounds. Voiced sounds contain a lot of harmo­
nics which fall off at about 12 dB/ octave. The frequency of 
this periodic signal is commonly referred to as pitch. 

The vocal tract can also be excited with the vocal cords 
always slightly open, so that air passes continuously through 
them, causing turbulence in the vocal tract. Sounds 
generated in this way, for instance the sibilants, are called 
unvoiced sounds. 

All speech is derived from either a periodic or a noise 
source, i.e. a voiced or an unvoiced source. During speech, 
the source and its amplitude are always varying, sometimes 
quite rapidly. 

Situated above the vocal cords are the pharyngeal, oral and 
nasal cavities which shape the spectrum qf the generated 
sounds. The nasal cavity is accessed via the velum. Like all 
other synthesizers, the MEA8000 does not simulate the 
velum and the nasal cavity, so their functions are not 
separately represented. Consequently, for speech synthesis, 
the vocal tract can be analysed as if it were a tube of 
constant diameter, Fig.3. 
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Fig.2 The human speech production mechanism. 
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Fig.3 Resonance of a cylindrical tube. 
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4kHz 7291013 

Fig.4 Frequency response of a cylindrical tube. 

This tube is almost closed by the vocal cords at one end 
and is open at the other where mouth radiation takes place. 
The frequency response of the tube is characterized by a 
number of equally-spaced resonances at frequencies given 
by: 

f(n)= 34o(;~-l) forn=l,2,3,4 ... 

where 1 is the tube length in metres. 

These resonant frequencies are called the formants of the 
vocal tract. Within a 4 kHz bandwidth, as used in the 
MEA8000, four formants are present for a male voice 
(1 ""0,175) and three for a female voice due to a woman's 
shorter vocal tract, see Figs.3 and 4. 

During speech, the shape of the vocal tract is constantly 
changing. When an Eis pronounced, for example, the 
pharyngeal cavity is large while the oral cavity is small. This 
increases the frequency of the second formant. When an A 
is pronounced, the situation is reversed, reducing the 
separation between the first and second formant, see Fig.5. 

Each formant is further characterized by its bandwidth. The 
first two or three formants are the most important for 
intelligible speech; the MEA8000 generates and shapes four. 
The first three have adjustable frequency and adjustable 
bandwidth; the fourth has a fixed frequency of 3500 Hz 
and adjustable bandwidth. 

(a) D== -1~ 
frequency 

(b) cC -1~ 
frequency 

PHYSIOLOCilCAL MODIFIED FREQUENCY RESPONSE 
SITUATION TUBE OF MODIFIED TUBE 

7Z91014 

Fig.5 (a) Pronouncing E; (b) Pronouncing A. 
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Fig.6 Simple electronic model of the human speech 
production mechanism. 

Figure 6 shows a simplified electronic model of the human 
speech production mechanism (i.e. a formant synthesizer). 
A combination of a periodic signal, representing the pitch 
of the original speech, and an aperiodic signal, representing 
the unvoiced sound in the speech, is fed to a variable filter 
comprising four resonators, via an amplifier which controls 
the amplitude of the synthesized sound. The resonators 
model the sound in accordance with the formants in the 
original speech. Each resonator is controlled by two param­
eters, one for the resonant frequency and one for the band­
width. The information required to control the synthesizer is: 

- pitch I 
amplitude excitation source 

f (vocal cords) 
voiced/unvoiced source selector 

filter settings spectrum shaping 
(vocal tract) 

A good replica of the original speech is obtained by periodic 9 updating of this control information. 

In the MEA8000, each formant is simulated by a second­
order digital filter, comprising three multipliers, an adder 
and two delays (Fig.7). The resonant frequency and band­
width are set by assigning different values to the multipliers 
A, Band C where: 

A= 1 - B - C for unity gain 

B = 2V:Z cos 2rrf0 /fs 

C = -exp (-2rrb/fs) 

sets the formant frequency 
(f0 is the resonant frequency, 
fs is the sampling frequency) 

sets the 3 dB bandwith b. 

The filter of Fig.7 can be modified slightly to give explicit 
expressions for bandwidth and resonant frequency, see 
Fig.8. To simulate four formants, four such filters are 
cascaded, see Fig.9. 
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Figure 10 shows the complete formant synthesizer. As 
mentioned earlier, the jaws, tongue and lips are constantly 
moving during speech. In addition, the pitch and amplitude 
are constantly changing and the type of source can change 

•i 
~CR>--+>-----~---

(a) 

7Z91015 

-••+-~-~~-
0 500 1000 1500 

f {Hz) 

(b) 

Fig. 7 (a) Second-order digital filter and (b) its frequency response 
for: a formant centre frequency f0 = 500 Hz (A= 0,15); a 3 dB 
bandwidth b = 100 Hz (B = 1,77); and a sampling frequency 
fs = 8 kHz (C = -0,92). 

B•2cos2rfo/f1 
C • exp(-2'11'b/f1 ) 

Fig.8 Modified digital filter. 

7Z91016 

FM1,BW1 FM2, BW2 

Fig.9 Spectral shaping using four cascaded filters. 
The fourth filter has a fixed resonant frequency 
of 3500 Hz. 
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too. This is why all input parameters controlling the syn­
thesizer need regular updating. In the MEA8000, the 
standard updating period is 8 ms. 

Speech parameters are determined using the lPC en­
coding algorithm on sampled speech data. This involves 
sampling the speech waveform and passing the 
samples through a digital analysing filter to obtain an 
'inverse' voice spectrum. From this spectrum, it is possible 
to extract the centre frequencies and bandwidths of the 
four formants that represent the vocal tract resonances up 
to 4 kHz. From the formants, the coefficients of the digital 
filter in the MEA8000 which control the electronic vocal 
tract can be set to give faithful reproduction of the original 
recorded speech. The advantage of formant encoding over 
LPC encoding is a lower bit rate for equal speech quality. 

pitch 
pitch 

increment 

Fig.10 Formant synthesizer. 

FM3, BW3 BW4 

frequency 
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MEA8000 BLOCK DIAGRAM 

Figure 11 is a block diagram of the MEA8000. Speech codes 
from external ROM are sent to the synthesizer and converted 
to the parameters controlling the formant synthesizer. The 
output of the formant synthesizer is converted to an analogue 
signal, ready for amplification and filtering. 

Fonnant synthesizer 

The periodic and noise sources and the four formant resona­
tors actually consist of a 16-bit multiplication and addition 
unit which calculates the voice samples at a rate of 8 kHz. 
The synthesizer is controlled by eleven parameters repre­
senting pitch, pitch increment (rate of pitch change) for 
voiced operation or noise selection for unvoiced operation, 
amplitude, four filter centre frequencies and four filter 
bandwidths. 

OSC IN CLOCK 
GENERATOR OSCOUT 

CLKlN-+~-~ 

CLKOUT~'-'2~1 ---~ 

CE A/w W 

INTERFACE 
& TIMING 

A second-order digital filter is used to simulate each formant 
resonator. To simplify the ROM containing the filter coeffi­
cients, we have used three multipliers in the digital formant 
filters (see Fig.8) so that each bandwidth and each centre 
frequency are determined by only one filter coefficient. 

Output circuit 

The 16-bit samples from the formant filter bank are trun­
cated to I I-bits before entering the interpolation and 
digital-to-analogue circuitry. This circuitry combines pulse­
width and current modulation techniques to perform the 
dual functions of 8-bit DAC and linear interpolator, the 
latter generating seven additional samples between each 
8 kHz sample from the formant filter bank. The sample rate 
of the DAC is therefore 64 kHz which is far above the 
audible frequency range, allowing the use of a simple 
external audio filter. 
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Fig. I I Block diagram of the MEASOOO. 
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Input data handling, speech code format and 
parameter quantization 

Since the human vocal tract is a mechanical system, its 
characteristics change quite slowly during the formation of 
voice sounds. It has been found that the speech synthesizer 
control parameters can be adequately represented if they 
are updated once every few tens of milliseconds with linear 
interpolation during the intervals to ensure a smooth 
changeover from one set of parameters to the next. In the 
MEA8000, the updating period (called a speech frame) can 
be set to 8, 16, 32 or 64 ms. 

The duration of a speech frame must be long enough for it 
to contain sufficient speech samples to allow the speech 
parameters to be calculated, yet short enough to isolate 
changes of the parameters. Using a long speech frame when 
the utterance is either not changing, or changing linearly 
means that intelligible speech can be created using average 
bit rates of about I 000 bit/s. 

During voice output, the speech codes from a microcompu­
ter or external ROM are transmitted on an 8-bit data bus to 
the DATA port of the MEA8000 in blocks of four bytes, 
each block characterizing a speech frame, see Fig.l 2 and 
Table l. Byte four contains a 5-bit pitch increment code 
which can be positive or negative. However, when the syn­
thesizer starts to talk, a preliminary byte containing the 
full starting pitch code must be transmitted. This byte goes 
directly to the pitch generating circuitry via the input 
interface. This method of encoding pitch contributes to a 
lower bit rate. 

07 DO 

I H·f+~+~ I 
BW1 BW2 BW3 BW4 FM3 FM2 FM1 AMPL FD Pl 

byte 1 byte2 byte 3 byte 4 

7286355.1 

Fig.12 Format of a speech frame. 

After the starting pitch code, the codes of each speech 
frame are shifted into a four-byte input buffer (when 
AO = 0), before being translated into control parameters by 
the code-to-parameter ROM. The parameter interpolation 
logic calculates the difference between consecutive param­
eters and interpolates·linearly between them to smooth the 
parameter transients. The interpolation interval is decoded 
using the two frame duration (FD) bits in each speech 
frame. 
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TABLE I Speech frame bit allocation. 

code bits par:'imckr 

PI 5 pitch increment or noise selection 

FD 2 speech frame duration 

AMPL 4 amplitude 

FMl 5 frequency of 1st fonnant 

FM2 5 frequency of 2nd formant 

FM3 3 frequency of 3rd fonnant 

BW1 2 bandwidth of 1st formant 

BW2 2 bandwidth of 2nd fonnant 

BW3 bandwidth of 3rd formant 

BW4 bandwidth of 4th fonnant 

FM4, the frequency of the fourth formant, is fixed. 

MEABOOO EDITING SYSTEM 

During speech encoding, digitized speech samples from a 
recorded voice are analysed by a computer to produce speech 
codes which, after manual editing, are stored in PROM. These 
codes are applied to the synthesizer which translates them 
into the pitch, amplitude, voiced/unvoiced source and filter 
control information required to reproduce the original speech. 

In order to obtain the lowest possible bit rate and the 
highest possible speech quality, any voice synthesizer needs 
an editing system. Present editing systems for both waveform 
analysis and LPC synthesizers have the severe disedventage 
that the speech to be edited is usually displayed on a screen 
in the form of complex tables of coded parameters. It is a 
specialized task to edit these parameters, because the editor 
must know what the codes mean before he can start. In our 
editing system, the synthesized speech is displayed on a screen 
as a waveform instead of as codes. Speech editing is so simpli­
fied by this method that the entire speech. editing process 
be learnt in a day. At present, spe~ch encoding and editing 
for the MEA8000 is a service that we provide. A stand-alone 
speech editing system will be included in a popular type of. 
personal computer available in autumn 1983. 
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The pitch increment code goes directly from the buffer to 
the parameter interpolation logic. One of the pitch incre­
ment codes, 100002 (1610), does not change the pitch, and 
is used to select the voiced or unvoiced source. 

The outputs of the interpolation logic control the aforemen­
tioned synthesizer functions of pitch, amplitude, voiced/ 
unvoiced source selection and filter formants. 

The speech code parameters are shown in Table 2. Fig.13 
shows the beginning of a stream of speech codes for the 
utterance 's'. The starting pitch is 98 Hz (represented by 
H3 l) and 104 ms of speech are represented by these codes, 
since the FD bits indicate speech frames of 32, 64 and 8 ms. 
The average bit rate of this utterance would therefore be 
about 1000 bit/s. Note, a common speech frame of 8 ms is 
used initially, this being changed if necessary during editing. 

TABLE2 Speech code parameters when using a clock frequency of 3,84MHz. 

decimal hex. FD pitch Pl 
amplitude 

FMl FM2 FM3 BW 
code code (ms) (Hz) (Hz/8 ms) {Hz) (Hz) (Hz) (Hz) 

0 00 8 0 0 0 150 440 1179 726 

01 16 1 0,008 162 466 1337 309 

2 02 32 4 2 0,011 174 494 1528 125 

3 03 64 6 3 0,016 188 523 1761 50 

4 04 8 4 0,022 202 554 2047 

5 05 10 5 0,031 217 587 2400 

6 06 12 6 0,044 233 622 2842 

7 07 14 7 0,062 250 659 3400 

8 08 16 8 0,088 267 698 
9 09 18 9 0,125 286 740 

10 OA 20 10 0,177 305 784 

11 OB 22 11 0,250 325 830 

12 oc 24 12 0,354 346 880 

13 OD 26 13 0,500 368 932 

14 OE 28 14 0,707 391 988 

15 OF 30 15 1,00 415 1047 

16 10 32 noise 440 1110 

17 11 34 -15 466 1179 

18 12 36 -14 494 1254 

19 13 38 -13 523 1337 

20 14 40 -12 554 1428 

21 15 42 -11 587 1528 
22 16 44 -10 622 1639 
23 17 46 -9 659 1761 
24 18 48 -8 698 1897 
25 19 50 -7 740 2047 
26 lA 52 -6 784 2214 

27 1B 54 -5 830 2400 

28 lC 56 -4 880 2609 

29 ID 58 -3 932 2842 
30 IE 60 -2 988 3105 
31 IF 62 -1 1047 3400 

49 31 98 

255 FF 510 

The frequency of FM4 is fixed at 3500 Hz. The BW (bandwidth) column applies to all four filters. For exact values of pitch and 
pitch increment, multiply the values given above by 1,024. 
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starting 
byte 1 byte 2 byte 3 byte4 

pitch 

31 05 D2 FE 50 

OA D7 FE 70 

1A D8 F5 90 

(a) 

byte 1 

BW1 BW2 BW3 BW4 FM3 

00 00 01 01 110 

00 00 10 10 110 

00 01 10 10 110 

speech 
frame 

1 

2 

3 

byte 2 

FM2 

10010 

10111 

11000 

Fig.13 (a) Beginning of a stream of speech codes in hexadecimal 
notation; (b) binary representation of the codes shown in (a); 
(c) parameter values of the speech codes in (a) and (b). 

byte 3 byte4 
speech 

FM1 AJPL. FD Pl 
frame 

11111 110 0 10 10000 1 

11111 110 0 11 10000 2 

11110 101 1 00 10000 3 

(b) 

BW1 BW2 BW3 BW4 FM3 

726 726 309 309 2842 

726 726 125 125 2842 

726 309 125 125 2842 

CONTROL 

Control inputs 

The inputs CE, W, R/W and AO, together with the REQ 
output pin which signals a request for speech codes, are 
used to control the transmission of codes to the synthe­
sizer and to set the synthesizer's operating mode. 

The functions of the control inputs are: 

CE enables the circuit 

W controls the writing of data 

R/W controls the reading/writing of data 

AO when AO = 0, the input buffer is addressed, 

when AO = 1, the command register is addressed. 

FM2 

1254 

1761 

1897 

Table 3 is the control input truth table. The control inputs 
can be used in many combinations to allow simple inter­
facing of the MEA8000 to a variety of host processors. 
Figure 14 shows two ways of interfacing the MEA8000 to 
most popular microcomputers. Read and write timing are 
shown in Figs.IS and 16 and Table 4. 

(c) 

September 1985 9-154 

FM1 AMPL. FD Pl 
speech 
frame 

1047 0,354 32 noise 1 

1047 0,354 64 noise 2 

988 0,250 8 noise 3 

-{°'~ W•O 

Rtw -----
(a) 

7Z86359 

-{"'w~ CE=O 

w~ 

(b) 
7Z86353 

Fig.14 (a) Chip enable {CE) used as a read or write strobe; 
(b) separate read and write strobes. 
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TABLE 3 Control input truth table. 

CE 

0 

0 

0 

0 

w 
0 

0 

x 
1 

x 

- (CE CE used 
as_strobe 

W= 0 
Rtw 

R/W.,"''" ( R/W 
read strobe 

EE=O W 

R/W AO operation 

0 write data 

write command 

0 x read status 

x three-state data bus 

x x 

-tRo-

-- tcH-+-

D7 -----+---<I 

CE used 
as_strobe 

W=O 

w""" 
" wr~ strobe 

Fig.15 Read timing. 

--- twA -

{ 
CE 

Rtw 

- {"'w 
CE=O _---~ 

w 

Fig.16 Write timing. 

7291018 

7Z91033 

TABLE4 Timing characteristics') (Figs.15 and 16). 

min. max. 
write enable 1WR 200 ns 

address set-up 1AS 30 ns 

address hold tAH 30 ns 

data set-up for write 1os 150 ns 

data hold for write toH 30 ns 

request hold 2) tRH 350 ns 

request next') (3 ,84 MHz clock) tRN 3 µs 

read enable 1RO 200 ns 

data delay for read4 ) too 150 ns 

data floating for read4) top 150 ns 

request valid before write tRV 0 ns 
request Output enable response 1ROE 350 ns 

control set-up tcs 20 ns 

control hold tcH 20 ns 

1) Timing reference level is 1,5 V. 
2) REQ is an open drain output, requiring an external pull-up. 

The time stated is that to reach 2,0 V via a 3,3 kn and 50 pF 
pull-up connected to 5 V. 
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') Between two data write operations of a speech frame. 
4) Levels greater than 2,0 V for a 1, or less than 0,8 V for a 0 are 

reached with a load of one TTL input and 50 pF. 

Command register and status register 

The contents of the command register (command word) 
determines whether the synthesizer is silent or active 
(operating mode) and the procedure that will be followed 
when the supply of speech codes is intermittent. It also 
determines how the contents of the status register, i.e. the 
data request bit (REQ) used to request more data, will be 
broadcast. Table 5 gives the bit allocation of the command 
register. It is written into via data lines D4 to DO when 
CE = W = 0 and AO = R/W = 1. 

The request bit REQ 

REQ is stored in the status register and signals a request for 
the next byte of speech code, or the starting pitch byte if a 
STOP command has just been received. The request for 
data can be broadcast in two ways: 

on the REQpin, 

on data port 07. 

The REQ pin can be enabled in hardware or software. The 
hardware method is to connect REQEN (pin 14) to ground. 
The software method is to set ROE in the command register 
to a 1 (and to hold REQEN high). The REQ pin can be con­
nected to the control processor's interrupt input or polled. 

The status bit REQ can also be broadcast to the control 
processor via bidirectional port 07, 07 being read when 
CE = R/W = 0 (see Table 3). 

September 1985 
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TABLE 5 Command word bit allocation and truth table. 

D4 
STOP 

0 =no action 

1 =STOP 

D3 

CONT 
enable 

0 

0 

D2 

CONT 

0 =no action 

1 =no action 

Dl DO 
ROE ROE 
enable 

0 O =no action 

0 1 =no action 

0 = SLOW STOP procedure 0 = disable REQ 

I = CONTINUOUS procedure 1 = enable REQ 

D7, D6 and DS are not used; 

ROE= request output enable. 

After power-on reset, the command register bits CONT and 
ROE will both be zero since power-on corresponds to the 
command word XXXl 1010. Therefore, the synthesizer 
will be in the SWW STOP procedure. 

OPERA TING MODES AND PROCEDURE 
DURING INTERMITIENT CODE SUPPLY 

The operating modes (Fig.17) are: 

- the SILENT mode 

- the ACTIVE mode. 

The SILENT mode, characterized by a silent output and 
the status REQ bit high, is entered after a power-on reset or 
reception of a STOP command, or at the end of a SWW 
STOP procedure. The STOP command mutes the syn­
thesizer immediately. The active mode is re-entered after a 
starting pitch byte has been received. 

In the ACTNE mode, speech codes are synthesized. During 
the synthesis of one speech frame, all four bytes of the next 
frame must be received. If this is not the case, one of two 
procedures is followed depending on the CONT bit of the 
command word: 

- the CONTINUOUS procedure (CONT = 1) 

- the SWW STOP procedure (CONT= 0). 

The CONTINUOUS procedure causes the synthesizer to 
repeat the last speech frame indefinitely until all the codes 
of the next frame have been received or until a STOP 
command is received. When generating melodies, this 
procedure can be used to advantage. 

The SLOW STOP procedure causes the synthesizer to enter 
the SILENT mode by repeating the last frame once, 
decreasing amplitude to zero and then going silent. 

Figure 18 shows the audio output in the case of inter­
mittent code supply for the CONTINUOUS and SLOW 
STOP procedure. 

September 1985 

Fig.17 Operating modes and procedures. 

Figure 19 shows the speech codes for the utterance 's' 
again, plus the audio output during the utterance. The 
timing for the first frame is shown in Fig.20. Subsequent 
frames have identical timing, with the exception of the 
starting pitch. The utterance starts from the SILENT mode, 
in this case after a STOP command has been written to the 
synthesizer, so REQ is low. After the starting pitch byte has 
been written, REQ remains high for up to 8 ms, then goes 
low indicating that the first byte of speech codes may be 
sent. To write data to the input buffer, CE is first hrou»it 
iow, data being written on the rising edge of CE. After 
a byte has been received, REQ remains high for about 2 µs 
between the first and second, second and third, and third 
and fourth bytes. After the fourth byte has been written, 
REQ remains high for 8 to 64 ms during which time the 
synthesizer sets the speech parameters of the first frame 
according to the codes 05, 02, FE and 50. 

Preparing the first frame is different to preparing those that 
follow, because, except for the amplitude which starts from 
zero and reaches its correct value at the end of the frame, 
the value of each parameter is set before the fust frame is 
spoken. Foe subsequent frames, the values of all parameters 
are only reached at the end of the frame owing to the inter­

. nal linear parameter interpolation. 
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I CONT• 1 I 

-1-
1llent111ctlve 

I 
I 
I 

,// 

/ 

' l STOP 
command 

starting 
pitch 

-1--
1ilent1active 

I 
I 
I 

\TOP l command 

starting 
pitch 

frame1 

frame1 

AUDIO OUTPUT 

frame1 frame2 frame3 frameJ frame3 frame4 frame5 

I l I I I I I 

i 
/ 

I 

// 
I 

I ' 
/,/ / I / 

/" 
frame2 frame3 frame4 

I 
frame6 

(incomplete) 
DATA STREAM 

(a) 

AUDIO OUTPUT 

frame 1 frame2 frame3 

I I I 

frame2 frame3 frame4 

DATA STREAM (incomplete) 

(b) 

frame4 
(completion) 

frame3' 

I 1-
l•ilent 

I 
I 
I 

frame 3',. slow stop frame 

7Z91037 

Fig.18 Audio output in the case of intermittent code supply 
(a) for the CONTINUOUS procedure 
(b) for the SLOW STOP procedure. 

.... 
D0-07 

At t1 (Fig.19), the syntheSizer starts speaking, REQ going 
low at the same time, requesting the next speech codes. 
The duration of the first speech frame is 32 ms (the FD bits 
being 102) during which the four bytes of the second frame 
must be received. 

At tJ, pronounciation of the first frame ends, the synthe­
sizer starts pronouncing the second and, by means of REQ, 
requests the codes of the third. In this example, 64 ms are 
available to receive the third frame, since that is the time 
taken to pronounce the second. 

A0=1 I AO•O I A0•1 

I I 
I starting I 
l pitch frame 1 frame 2 frame 3 last frame dummy I 

~-1o5D2FE50~-1oA07FE70~-11AD8F590~-i AMPL.•0 t--1 AMPL.=0 ~---,-

STOP co7m'"d I I I STOP ~omm•nd 
I ~REG 

,..d;o I I : 
output \ 

silent 

,, 
I pronouncing pronouncing pronouncing pronouncing I 

frame 1 frame 2 frame 3 last frame I 
-a2ms-..-64ms-- Bms --- Bms -I 

q q 4 q 

7291020 

Fig.19 A four frame utterance in which a dummy frame is used to 
ensure that pronounciation of the last frame is not curtailed by the 
STOP command. 

7291038 

8to64ms 

1st speech frame 

Fig.20 Timing of the first frame of Fig.19 in detail. Data is written on the rising edge of CE. Polling of REQis 
unnecessary since it returns to the high state within 3 µs of receiving each byte. The trailing edge of REQ is 
good timing reference, occurring at multiples of 8 ms. 
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At t4, the synthesizer starts pronouncing the last frame. 
Since the utterance has to be terminated by a STOP 
command so that the new starting pitch of the next 
utterance can be received, the microprocessor has to 
determine when STOP may be written without shortening 
the last frame. A practical way of doing this is to provide 
a dummy frame when REQ goes low at t4, the amplitude 
bits of the dummy frame being set to zero. After the 
dummy frame has been received, REQ goes low again at ts 
marking the end of speech output and STOP may be 
written. 

INTERPOLATION, D/A CONVERSION AND 
SPECTRAL RESPONSE 

The 8 kHz samples from the digital filters are fed to a linear 
interpolator which increases the effective sampling rate to 
64 kHz, simplifying analogue post filtering. 

The 8-bit digital samples are converted into a series of syn­
thesized speech waveform increments by the D/ A converter 
shown in Fig.21. The converter consists of two parallel­
connected open-drain current sinks of amplitude I and 161 
and an external capacitor. Current I equals the d.c. current 
injected into the REF pin of the MEA8000. When all eight 
bits of the digital sample are zero, both current sinks are off 
and capacitor C charges through resistor R. For other digital 
samples, one or both sinks are activated and three capacitor 
discharge currents can be defined (I, 161 and 171). To ensure 

171 

most 
significant - 0000 

nibble 

least 
significant - 0001 

nibble 

161 ----

CLK 

I sinks on for I 
- - duration set by --
both the control nibbles both 
sinks sinks 
on off 

0001 

0001 

that the charge on the capacitor is well-defined before each 
digital sample is converted, both sinks are turned off for 
the last two clocks of each 20-clock sampling period and on 
the first three, leaving 15 clocks per sampling period to 
define each analogue increment. 

The current sinks are switched on for the number of clocks 
indicated by the two nibbles of each 8-bit sample. The least 
significant nibble indicates the time for which the capacitor 
discharges into the I current sink, and the most significant 
nibble that for which it discharges into the 161 sink, see 
Fig.22. Each nibble can determine discharge durations from 
0 clocks (both sinks off for whole sampling period) to 15 
clocks. The sixteen possible discharge durations of the 161 
sink combined with the sixteen of the I sink allow 256 
average voltage levels (16 x 16) to be defined for each in­
crement of the speech waveform. 

from 
filters 

SkHz 

INTEA­
POLATOA 

Fig.21 Output circuit. 

1000 

1111 

11e4 ms ---~I 1/64 ms ---~1----- 1/s4 ms 

September 1985 
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Fig.22 Output current pulses from the MEASOOO for three samples. Two 4-bit codes are used to produce 
a possible 256 average charge levels of which three are shown here shaded. 
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Note, to compensate for the fall-off in the frequency 
response due to the linear interpolation, an analogue post 
filter for the MEA8000 should have an (x/sin x)2 correction, 
Fig.23. The interpolation can be regarded as a convolution 
of the 8 kHz samples with a triangular non-causal impulse 
response, see Fig.24. 

0,5 

7Z91023 

3dB 
I bandwidth 

I 
I 
I 
I 
I 
I 
I 
I 
I 

4 5 
f (kHz) 

Fig.23 H(w)/T. Frequency response of the MEABOOO. 
I/T is the sampling frequency. 

S2 

Sii I 
j_J_j_ 
-125µ.s 0 125µs 

samplH 

_L_ 
-125µs 0 125µs 

impulH reaponte 

-125µ.s 0 125µ.s 
7291024 

Fig.24 Convolution of 8 kHz samples with a triangular 
non-causal impulse response. 

from OUT 
MEABOOO 

(pin20) i 100mH 

i lOOoF __________ _. 

Fig.25 Audio output stage. 

AUDIO OUTPUT ST AGE 

Figure 25 shows an integrated 6 W audio output stage for 
the MEA8000 and filter which performs (x/sin x)2 correc­
tion as well as bandlimiting. The best voice quality is 
obtained with an audio filter having the transfer charact­
eristic shown in Fig.26 and Table 6. The characteristic of 
the actual filter is a good approximation of the optimum. 

+20 
7Z91026 

dB l 6'11H ' !. 
+10 

-+::::,;:" ;~-.~o~~ f(I' 
~ -- -+- 6dj"''· goon ~ 120°1./ -10 

-20 

-30 
50 

l 
100 200 500 1000 2000 

Fig.26 Output filter transfer characteristic. 
--- for optimum voice quality; 

5000 8000 

f (Hzl 

-- characteristic of the filter shown in Fig.25. 

The first section of the filter integrates the pulses from the 
output of the MEA8000 and cuts off at about 3400 Hz. 
The second section is an LCR circuit with resonant fre­
quency 3400 Hz which compensates for the (x/sin x)2 

distortion. If Jess high frequency compensation is required, 
the Q of the resonant circuit ( wL/R) can be decreased by 
connecting a resistor in series with the inductor. The 600 n 
resistance R is the winding resistance of the 100 mH in­
ductor. The third section is a first order low-pass section 
which removes any d.c. components. 

100 

"' 

TDA1011 

l'"' 

100 
µF 

7Z91D25 
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TABLE 6 (x/sin xj2 co"ection factors for the audio output filter. 

freq. {si~x)2 20 log(.,~ xr 
(Hz) (dB) 

0 0 

400 0,99 0,09 

800 0,97 0,26 

1200 0,93 0,63 

1600 0,88 1,11 

2000 0,81 1,83 

2400 0,74 2,62 

2800 0,66 3,61 

3200 0,57 4,88 

3600 0,49 6,20 

4000 0,41 7,74 

SOFTWARE 

ROM mapping 

The external ROM that stores the speech codes of an utter­
ance or a word (called a speech file) also stores the starting 
pitch byte and the file header. The header comprises three 
bytes, two that indicate the number of bytes in the file and 
one that allows additional data to be encoded for each file. 

ROM I 

-t 
file 

starting 
addremis 

~:~.~f :F=Y~ 
j- Fl LE LENGTH -i 

00 

AO{ header 
of fileO 

STARTING PITCH 

r -I 
~ FRAME 1 ~ 

r -I 
~ FRAME 2 ~ 

f' ' ,1 

A1{ 
header 

of file 1 

LAST FRAME 

!- FILE LENGTH -i 
00 

STARTING PITCH 

,f'' 
LAST FRAME 

EMPTY 

(a) 

hie 

1 
fi\e 

I 
I 
I 

Table 7 shows a header and a starting pitch byte followed 
by twenty-one four-byte speech frames for synthesizing 
the word 'stop'. 

Usually, more than one speech file will be stored in a ROM. 
An index is made by listening the 2-byte starting addresses 
of each file at the beginning of the ROM. The end of the 
index is indicated by the bytes FF FF. Figure 27 shows 
examples of ROM mapping. 

Speech output routine 

This routine controls the transmission of speech codes to 
the synthesizer. Figure 28 shows the flow chart. 

Each utterance is terminated with the STOP command. 

ROM! 

bdl starting 
Am addresses 

in ROMs 
• '111<11 

Ap j 
r FF -FF 

fileO 

1 
filep 

l 
EMPTY 

(bl 

AOMI 

.. 1f-.--A-o --It ,,:t 
' addresses 

1-------< in ROM A 
A~m-1) 

FF 
FF 

I 

I 
fileO 

j 

H.+ 
t:j· 

ROM II 

,lr--A-m --11.,:!~, 
add re 
in RO MB 

Ap I 
FF -I FF 

I 
l 

H1. 
bd· 

7Z91034 

(c) 

Fig.27 Examples of ROM memory mapping; (a) vocabulary in one ROM, (b) and (c) vocabulary in two ROMs. 
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TABLE 7 Hexadecimal fpeech codef for the word 'ftop'. 

--(a)-- (b) 

00 5B 00 31 

05 D2 FE 50 OA D7 FE 70 lA DB F5 90 lA DB FO 10 

44 D9 FB 70 4B DA FF BO OB DB FF 90 46 DB FF 02 

79 Dl 67 OF AA CF 9F 7E BB AD 96 Cl 96 CC B5 BE 
---------------------------------------------------------------------- , Speech codes 
46 BF B4 99 55 D7 24 12 45 B6 13 9E 05 B5 A3 lF 

05 B5 AO 00 2A B3 BO 70 59 B3 E5 BO 2A B2 DD BO 

19 B2 ED 90 

(a) header containing byte count of word code file for microcomputer, 
(b) starting pitch. 

Set CP to starting address 
of file 

Read fite length (2 bytes) 

Calculate EA• 
CP+file length 

Skip byte 

Fig.2B Speech output routine. It is not 
usually necessary to check the status of 
REQ after each byte, so bytes can be 
sent in groups of four (right). 
CP =code pointer; 
EA = end address. 
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A STOP command should be given when the status bit REQ 
is high. It can also be useful to send a STOP command at 
the beginning of an utterance, e.g. if a new frame is to over­
ride the present one. 

INTERFACING 

System timing is set using clock pulses from an internal 
oscillator controlled by a crystal connected between 
OSC-IN and OSC-OUT. The synthesizer can also be driven 
by an external clock via CLK IN. Pulses at one third of the 
clock frequency are available at CLK OUT. Figure 29 
shows examples of oscillator/clock configurations. 

Figure 30 shows how the MEA8000 can be interfaced to 
different control devices. 

MEABOOO 

3,84MHz 

CLK 
IN 

MEASOOO 

osc osc 
IN OUT 

clock from 
e.g. processor 

7Z91027 

Fig.29 Oscillator/clock configurations. 
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MAB8400 MEASOOO 
FAMILY 

R/W 

P10 w 
CE 

P11 AO 

12c bus POO-P07 00-07 

T1 REQ 

REOEN 

XTAL1 XTAL2 CLK IN 

D 
7Z91028 

(a) 

2650 MEABOOO 
R/Wt-------+IR/w 

-+W 

OPREQ 

HI-ADDA 

DATAl<::=====::>loo-01 

data 

control 

SENSE+­

iNTREQ +-
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(b) 

REGEN 

REQ 
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(d) 

MEABOOO 

chip 
enable---+ CE sound 
decoder mixer - Ao 

R/W 

tBkn 
00-07 IAEF Vee 

~O,tµF 

DSC DSC 
IN OUT 

D 7Z910JO 

(c) 

Fig.30 (a) Small vocabulary system. Status is tested on the T 1 input 
via the REQ signal. REQ is enabled via REQEN = 0. The MAB8400 
microcomputer holds both the program and the speech codes. 

(b) Small vocabulary system. Status is tested via data port 07. 
R/W pins are connected so that the REQ signal can be read on 07. 
The program and the speech codes are in external ROM. 

(c) Adding a voice output to an existing video game. Jn addition to 
the hardware shown, the game cartridge ROM needs to be increased 
by about 125 bytes for the speech output routine. The speech codes 
can also be put in the same ROM. When used with an interrupt 
routine, only 1% of the processor's time is used. 

(d) General system for applications in card systems, small-volume 
large-vocabularly systems. Serial or parallel input data. Status is 
read via REQ. 

OUT 
AMPLIFIER . 

FILTER 

audio 
output 
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Wideband FM Composite Video Fiber Optic Link 

INTRODUCTION 
A low cost yet high performance, color, 
composite video fiber optic link for 
short-haul applications can easily be 
built using readily available off-the-shelf 
l.C.'s and optoelectronic devices. Also, 
all the necessary tools and hardware for 
interfacing the fiber to the electronics 
are available in kit form. This adds 
further simplicity and lower cost to the 
construction of the finished design and 
cancels the need to obtain factory 
installed terminations. 

OPERATION 
Starting at the transmitter end (Figure 1 ), 
the system begins with an NE592 
differential video amplifier. The amplifier 
receives the composite video signal and 
then differentially drives the voltage 
controlled oscillator (VCO) of an NE564 
phase locked loop (PLL). This is done 
through the output pins of the PLL phase 
comparator. The VCO is driven directly 
to avoid the input limiter and phase 
detector of the NE564. This method of 
operation opens up a number of applica­
tions for the NE564 that were previously 
impossible. The loop, in this case, is con­
figured as a frequency modulator with 
a center of 30MHz and a deviation of 
±10MHz. From here, the modulated 
signal is fed to an NE522 high speed 
comparator with an open collector out­
put. The comparator boosts the signal in 
order to drive a high power aluminum 
gallium arsenide infrared (810µm) LED 
which has a typical rise time of 3ns. 

The composite video is essentially sent 
at a 60 Mb/s data rate over the fiber and 
is received by an AIGaAs PIN photo­
diode. The light is converted to a current 
by the diode and is amplified and 
changed to a voltage by the NE5539 op 

amp in a transimpedance configuration. 
The very high speed response (600V/ µs) 
and wide bandwidth (350MHz unity 
gain) makes this device ideally suited for 
high performance optical links. Com­
pensation components and their values 
are also shown in Figure 1 to make the 
NE5539 unconditionally stable because 
it is not internally compensated. The second 
NE5539 is a voltage gain stage and is 
optional depending upon the attenua­
tion in the fiber or its length. Immedi­
ately following is another NE564 PLL set 
up as an FM demodulator which is AC 
coupled to the last NE5539 op amp. This 
third NE5539 acts as an amplifier and 
buffer that drives 75ohm cable to a video 
monitor. 

TEST 
Tests using 30 meters of 125µm glass 
fiber show the chrominance S/N ratio of 
an EIA color bar test signal to be approx­
imately 40dB. This S/N ratio can be 
improved if an additional filter is added 
to the circuit. The primary noise source 
is the 30MHz modulation frequency. To 
attenuate this noise and other high fre­
quencies effectively, a third order low 
pass Chebyshev filter with a cutoff of 
3.58MHz is constructed around the last 
NE5539 (Figure 2). This increases the 
SIN ratio significantly. Comparison 
photos taken from a spectrum analyzer 
are shown in Figure 3. 

Caution should be exercised so as not to 
roll off too much of the 3.58MHz 
chrominance signal. A tradeoff between 
noise and color signal should be con­
sidered. Higher order filters using the 
NE5539 will sharpen the roll off con­
siderably so that the color amplitude will 
not be affected. A comparison of input 
and output using the EIA color bar test 
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signal is shown in Figure 4. As can be 
seen, there is excellent reproduction of 
the original signal and little overall phase 
shift in the vector plot. Also, using a 5 
step staircase signal, differential gain 
and phase error measurements of 
the entire system are 1 % and 0.5° 
respectively. 

SYNOPSIS 
The main intent is to show how to build 
a color video transmission system. But it 
may be possible to transmit other 
analog or digital signals along with the 
video since the circuit shown only 
utilizes the 20 to 40MHz band. These 
signals can be sent using the lower 
frequencies (i.e., data via FSK, voice 
channels, etc.). Additional circuitry can 
be used to multiplex the signals electron­
ically after the Ii rst PLL, and bandpass 
filters utilized before the second PLL, on 
the receiver side, to separate and then 
demodulate them. 

The circuit in Figure 1 can be made very 
inexpensively. The tools and connectors 
as well as instructions for constructing a 
very reliable fiber link are from Amp Inc. 
kit number 227385. The fiber used is ITT 
number T-3000, and the IR LED and 
photodiode are Motorola part numbers 
MFOE1202 and MFOD1100 respectively. 

The circuits should be laid out on a 
double sided copper clad PC board with 
all power supply pins decoupled as 
shown. Care should be P.xercised in 
shielding both the PIN photodiode and 
the first NE5539 in the receiver end to 
avoid pick up and amplification of 
unwanted noise. The RF chokes are 
Ferroxcube part number VK200-10"38. 
The l.C.'s are all available from Signetics. 

Written by: Thomas DeLurio 

September 1985 

9 



Slgnetlcs Linear Products 

Wideband FM Composite Video Fiber Optic Link 

+SY 

-f 2K 

+SY 

lalAB 

'680µA 

NESB4PLL 
FM 

MODULATOR 

1K 

10 

1K 

MODULATED 
VIDEO 

i::: 
""'8µH 

3.5BMHz 
":'TRAP 

V'= sv 

COMPOSITE ":' n.,,,,.,. B 1J'IM 
:::~~~Ao;)-.... -~14.J'...,.._ ......... NE&92~~~~ ..... 
-aomv VIDEO AMPl.IFIER 

p-p 7S DIF~~~:::"'L 75 

12 
10K 

V-= 2V 

1K 

+SY 

1/2NE522 
COMPARATOR 
LED DRIVER 

0.01µF 

TRANSMITTER 

+BY RF 
5.1K 

-8V 

Your= 1,N (Rf) ALL PWR SUPPLY 
DECOUPLED 

±V 

V~~~~==~22nF 
CERAMIC 

~ 

September 1985 

Ra 
2.SK 

RECEIVER 

+av 

20K 

Figure 1. Fiber Optic Video System 

9-164 

Application Note 

AN146 

+10 

MFO~~ 
AIGaAa 

»---11--------'IR LED 

13 

-sv 

T,3n1 

ALL PWR SUPPLY 
DECOUPLED 

±V 

VK200·10·3B 
RF CHOKE 

22nF 

~CERAMIC 

+BV 



Signetics Linear Products 

Wideband FM Composite Video Fiber Optic Link 

1·30pF 

~I 

20pF 
MICA 

AV= 1+.!!.t 
R2 

Application Note 

AN146 

Figure 2. NE5539 CHEBYSHEV Low Pass Fllter-3.58MHz Cutoff 

INPUT 3.58MHz BURST OUTPUT 3.58MHz BURST AFTER LOW PASS FILTER 
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Figure 3. Noise ll!ats 
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Figure 4. Input/Output Tuai Signals Not to Scale 
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Author: D. Udo 

ABSTRACT 
The 9 lead SOT 11 O B encapsulated 
TDA1013A is an audio power amplifier 
that has a DC volume control on board. 
The device is designed for audio amplifi­
er applications in TV sound channels. 

At a supply voltage of 1 av, the output 
power is about 4.4W into an an loud­
speaker. 

The gain control range is > aodB with a 
DC control voltage from a to 3.5V. 

Some basic information of the TDA 
1013A is dealt with in this application 
note. Detailed pertormance properties 
are given for an 1 av into an application. 

INTRODUCTION 
The TDA1013A has two functions: a DC 
volume control and audio power amplifi­
er. 
Some pertormance characterisitcs are: 

• Supply voltage range 15 - 35V 
• Max. repetitive peak cur- 1.5A 
rent 
• Max. non-repetitive peak 3A 
current 
• Rth i-tab 
• Rth j-a 
• Input imedance (pins 5 
and a) 
• Output impedance (pin 6) 

• Voltage gain DC control 
part (pins a to 6) 
• Voltage gain power ampli­
fier (pins 5 to 2) 

APPLICATION CIRCUIT 

9K/W 
45K/W 
> 
100kn 
2oon 
(typ.) 
7d8 

30d8 

The complete application circuit is given 
in Fig. 1 . With high input inpedance, C9 is 
necessary to filter out RF input interter­
ences. R3 in combination with Cs is used 
to limit the a. I. frequency bandwidth. The 
470µF power supply decoupling capaci­
tor is C10. 

INPUTf---- 8 

DC VOLUME 
CONTROL 

TDA1013A 

ELECTRONIC 
FILTER 

,-----1> SUPPLY VOLTAGE 

Figure 1 

Figure 2. Block Diagram And External Components. 

i . 

'• 

Figure 3. Quiescent Current Versus VP 
---------

MEASUREMENTS 
Various measurements made in the cir­
cuit of Fig. 1 are given. If not otherwise 
stated, the measurements are done at 
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Figure 4. Midtap Voltage Versus Vp 

Vp=1av, RL=an, f=1kHz and 
Ta= 25°C. 
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Quiescent Current Consumption 
The quiescent current as a function of VP is 
given in Fig. 3. At Vp • 1eV the maximum 
spread on 20 samples is indicated by arrows. 

Mldtap Voltage 
The midtap voltage VA versus V p at output pin 
2 is shown in Fig. 4. 

Output Power and Dissipation 
The output power for d • 10% as a function 
of v P at pin 2 and across the en loudspeaker 
load is given in Fig. 5. The upper curve gives 
the worst case sinewave dissipation. The 
dissipation versus output power for V p = 1 ev 
is given in Fig. 6. 

Distortion 
The total harmonic distortion as a function of 
P0 is shown in Fig. 7 for signal frequencies of 
1 and 1 OkHz (DC control voltage at pin 7 is 
constant eV). In Fig. e the same curve is 

'• 

given for f = 1 kHz but now the output power 
is reduced by the DC control voltage (at 
d = 10% Voe pin 7 = eV). The distortion for 
2.5W output power versus frequency is given 
in Fig. 11. In Fig. 9 the distortion of the DC 
gain controlled pre-amplifier as a function of 
the signal excursion at pin 6 is shown for a 
DC control voltage (Voe pin 7) of ev. 

Gain Control 
The typical overall voltage gain (Voe pin 
7 • eV) is 3edB. The gain control curve 
versus the DC control voltage on pin 7 is 
shown in Fig. 1 0. 

Frequency Characteristic 
The frequency characteristic is presented in 
Fig. 12. The -3dB bandwidth is from 32Hz to 
20kHz. 

Power Bandwidth 
The power bandwidth (d = 10%) is given in 
Fig. 13. The low frequency behavior is deter-
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mined by. the value of the output electrolytic 
C7. 

Supply Voltage Ripple Rejection 
The supply voltage ripple rejection versus 
frequency is shown in Fig. 14 for Rs = O and 
10k!l. Ripple voltage on pin 3 is 500m. Vrrns· 

Noise Behavior 
The A-weighted, IEC 179 standard, signal-to­
noise ratio at maximum gain (Voe pin 7 = ev) 
is eedB at Rs= on and related to P0 = 2.5W. 
Increasing Rs has hardly any influence on this 
noise level. Typical SIN is 74dB. 

CONCLUSIONS 
The TDA1013A is a suitable IC as an audio 
amplifier in TV receivers. It delivers an output 
power of about 4.4W in RL = en at Vp = 1 eV. 
An eOdB DC gain control is incorporated. 

. .. ,., 
Figure 5. Output Power And Dissipation Versus Vp Figure 6. Dissipation Versus P0 

T 

I ·1---+-+-++++H+--+-"-ll-+-+-l+H . 
- I 

Figure 7. Distortion Versus P0 
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20W Hi-Fi Power Amplifier with the TDA1520A 

Author: D. Udo 

ABSTRACT 
The TOA 1520A single operational hi-fi 
power amplifier is intended for audio and 
television applications. 

The circuit can deliver output power up 
to 20W into 4 and B ohm loudspeakers 
operating either from symmetrical or 
asymmetrical power supplies. 

The 9-lead SOT 131A power encapsula­
tion combines good thermal behavior 
(Rthj-mb < 2 K/W) with a reliable simple 
mounting to external heatsinks (screw or 
clip mounting). 

The IC has several internal protection 
circuits to allow misloading conditions. 

INTRODUCTION 
The TOA 1520A integrated operational 
amplifier in the 9-lead single-in-line plas­
tic power package SOT 131A, is intend-
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ed for use as class-8 hi-Ii power amplifi­
er. 

Some performance specifications are 
shown below. 

Supply voltage range 
Minimum guaranteed 
output current 
Minimum non-repetitive 
output peak current 
Maximum operating 
ambient temperature 
Thermal resistance Rthj-mb 
Input impedance at pin 1 

15-50V 

3.2A 

5A 

1so0 c 
<2K/W 

> 1 Mohm 

The TOA 1520A can be powered with 
symmetrical and asymmetrical power 
supplies. This APP note shows applica­
tions with asymmetrical power supplies. 

INTERNAL CIRCUIT 
DESCRIPTION 
The internal circuit block diagram of the 
TOA 1520A is shown in Figure 1. 

Figure 1. Internal Circuit Block Diagram 
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The input amplifier is a Darlington cou­
pled PNP differential stage (T1 - T4) 
having a BOO/=mµA current source S1. 
D.C. biasing for T1 can be derived from 
the internal voltage bleeder RA- RB. 

In our application, with asymmetrical 
power supply, the D.C. biasing is made 
with an external resistor between pin 1 
and pin B. The external resistance be­
tween pin 1 and pin B must be limited to 
100 kohm for offset voltage reasons. 
The current drive to the class-A driver 
stage (T7 - TB) is obtained from the 
current mirror circuit of T5 - T6. 

The D.C. current source S2 (5mA), for 
the class-A stage T7 - TB flows through 
the three series diodes D, to adjust and 
stabilize the quiescent current of the 
output stage. 

Each branch of the quasi complement­
ary output stage consists of two Darling­
ton coupled NPN transistors (T9 - T10 
and T13-T14). 
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The unity gain PNP class-8 driver (T11 - T12) 
offers the 180° phase-shift for the lower 
output stage. 

The open loop frequency cut-off is deter­
mined by the integrated capacitor C1. Open 
loop gain is typical 7 4dB. 

The amplifier has a number of internal circuit 
blocks to protect the device against short­
circuiting of the loudspeaker, misloading con­
ditions (SOAR and thermal protection). 

The thermal shut-down circuit starts operat­
ing for chip temperatures higher than 150°C. 

AMPLIFIER APPLICATION 
CIRCUIT 
The circuit diagram of the TDA 1520A amplifi­
er operating from an asymmetrical power 
supply is shown in Figure 2. 

The closed loop gain of 30dB is fixed by the 
resistors R 1 and R3 while the input resistor 
R2 has the same value as R3 to keep the 
offset voltage as small as possible. 

Also to keep the offset voltage low, it is 
advised to limit the value of R2 to about 1 00 
Kohm. 

To improve the turn-off behavior, some exter­
nal components are added. These compo­
nents, a resistor of 2.2 Kohm and two diodes, 
are dashed in Figure 2. 

It is recommended to have the power supply 
electrolytic as close as possible to the amplifi­
er p.c.board. 

With the asymmetrical power supply of 33V, 
the worst-case power dissipation is 15.5W 
(see also Figure 18). 

Calculation of the heatsink: 
Tjmax - Tamax 

Rthfj-a) = Plot 

(150 - 45)°C 6. 7 K/W 
15.5W 

The thermal resistance of the heatsink be­
comes: 

Rth(h-a) = Rth(j-a) - Rth(j-mb) - Rth(mb­
h) = (6. 7 - 2 - 0.2) K/W = 4.5 K/W. 

In the proposed appliance a 3.5cm extruded 
heatsink is used (type KL-134 of Seifert). 

MEASUREMENTS 
Several measurements are done on the appli­
cation circuit of Figure 2. 

Quiescent Current Consumption. 
The quiescent current consumption versus 
supply voltage is given in Figure 3. 

Mldtap Voltage 
The midtap voltage versus supply voltage is 
given in Figure 4. 

;--------r----1>1-------- ------.-------------....-+-----

,,.~ * 6 

1150µF 

.l.. I 
-:' '= 

C1 ,,,. 
INPUT i'-jll+~--+---+--.....----"~----1 

C2 
10,11F*C2 

C3 
220pF 

R3 
2.0K TDA1520A 

C4 

R4 
270 I680pF 

Figure 2. Circuit Diagram 

.• 

.. 
! 
~ . 

"o 10 . . . . 
Y1(Vf 

"""""' 
Figure 3. Quiescent Current 

Versus Supply Voltage 

V1•:1*¥ ,_.,, 
Po·-

I 
I l 

_.-11 

Figure 5. Distortion Versus Frequency 

Harmonic Distortion 
The harmonic distortion versus frequency at 
Po= 10W is given in Figure 5 for Vs= 33V 
and RL = 4 ohm and in Figure 6 for Vs= 42V 
and RL = 8 ohm. 

The harmonic distortion versus output power 
at f = 1 kHz is given in Figure 7 for Vs = 33V 
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Figure 4. Midtap Voltage 
Versus Supply Voltage 

.• 
FREO.CHI) 

OP00910S 

Figure 6- Distortion Versus Frequency 

and RL = 4 ohm and in Figure 8 for Vs = 42V 
and RL = 8 ohm. 

Power Bandwidth 
The power bandwidth for d101 = 0.5% is given 
in Figure 9 for Vs = 33V and RL = 4 ohm and 
in Figure 10 for Vs= 42V and RL = 8 ohm. 
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Intermodulation Distortion 
IM distortion versus output power is given in 
Figure 11 for Vs = 33V and RL = 4 ohm and 
in Figure 12 for Vs = 42V and RL = 8 ohm. 

Frequency Response 
In Figure 13 the frequency response is given 
for Vs = 33V and RL = 4 ohm and in Figure 
14 for Vs= 42V and RL = 8 ohm. 

The reference level {OdB) is at 1 OdB below 
Po max { = 2.2W) at f = 1 kHz. 

Output Power 
The output power versus supply voltage is 
given in Figure 15 for RL = 4 ohm and 8 ohm, 
measured at dtot = 0.5% and f = 1 kHz. 

Power Dissipation 
The power dissipation of the TDA 1520A as a 
function of the output power, measured at 
Vs = 33V, f = 1 kHz and RL = 4 ohm is given 
in Figure 16 and with Vs = 42V, f = 1 kHz and 
RL = 8 ohm in Figure 17. 

v, ...... 

The worst-case power dissipation versus sup­
ply voltage is shown in Figure 18. 

Input And Output Impedance 
The input impedance of the TDA 1520A at pin 
1 is > 1 Mohm. The input impedance of the 
application circuit of Figure 2 is 20 Kohm, 
determined by the external resistor R2. 

The output impedance at pin 5 is 1 O mohm at 
f • 1kHz. 

Gain 
The input sensitivity for Po = 1 OW is 21 OmV. 
The closed loop gain measured at f = 1 kHz is 
30dB. The closed loop gain can be varied by 
resistors R 1 and R3. 

Noise 
The weighted signal to noise ratio at 
Po = 50mW and RS = 2 Kohm is 80dB mea­
sured according to IEC 179 {A-curve). 

The unweighted noise {f = 20Hz - 20kHz) is 
76dB. 

~41!-

+ 
'•• 
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Measured according to CCI R 468 peak value 
{also new DIN 45405 standard) this S/N ratio 
is 66dB. 

Slew Rate 
The slew rate of the amplifier is 6V I µsec. 

Supply Voltage Ripple Rejection 
The supply voltage ripple rejection at 
f = 100Hz, is 58dB {RS= 0). 

Short Circuit Behavior 
A.C. short circuiting is possible during 60 sec, 
measured with sine wave drive f ;;. 40Hz into 
clipping at a supply voltage of 30V and with a 
supply series resistance of 4 ohm. 

Measuring under the same conditions but 
with pink noise drive, according to IEC 268-
1 C, A.C. short circuiting is allowed up to 15 
minutes. 

Turn-on and -off Behavior 
With the extra network the turn-off behavior 
of the TDA 1520A can be improved. 

0"""'5 

Figure 7. Distortion Versus Output Power Figure 8. Distortion Versus Output Power 
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Figure 9. Power Bandwidth Figure 10. Power Bandwidth 
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Figure 11. IM Distortion Versus Output Power 
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Figure 13. Frequency Response at P0 = 2.2W 

Figure 15. Output Power Versus Supply Voltage 
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Figure 17. Power DIBBlpatlon Versus Output Power 
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Figure 18. Worst Case Power 
Dissipation Versus Supply Voltage 
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L. P. M. BRACKE 

The last t~n years have seen considerable progress in the 
development of the switched-mode power supply. Both 
design methods and associated hardware have been refined 
by experience and intensive development. These improve­
ments, especially in the understanding of the influence of 
magnetic material and winding-conductor properties on 
SMPS operation, are reflected in the more straightforward 
and complete design routines now available. The better 
understanding that made for the improved design routines 
has also resulted in improved core designs: the ETD range 
of ferrite cores. Furthermore, lessons learned from experi­
ence in wound-component production have been applied to 
the design of the associated hardware, especially the coil 
former. The improved core and coil former, together with 
specially-developed assembly hardware, form the ETD 
system. 

IMPROVED DESIGN ROUTINES 

References 1 to 4 form a series of publications that presents 
complete design routines for the magnetic components of 
all common versions of SMPS. Part 1 of the Series (Ref.I) 
covers most aspects of SMPS design, with emphasis on the 
interaction between the electronic and magnetic aspects. 
The basic electrical relationships are given for forward, 
push-pull and flyback converters. Practical formulae are 
given for inductance and effective-current values. Auxiliary 
outputs and other special features are included in the 
coverage, as are related control aspects. All treatments are 
related to the magnetic design. 

The data derived from Ref.I are used in Part 2 of the 
Series (Ref.2) to select a suitable ferrite core for the trans­
former. Here, the magnetic and thermal properties of ferrite 
cores are considered as they affect their suitability for a 
given application. Initial selection of a suitable core is by 
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me.ans of charts showing the limits of performance to be 
expected at various frequencies. The optimum working 
conditions for cores in various transformer types are 
discussed, and a further chart enables this optimum to be 
determined. Wound transformer thermal characteristics are 
discussed, and formulae given for the losses in the core 
itself. Together with expressions for the number of turns 
required, Ref.2 allows the design of an SMPS transformer 
to progress from the electrical requirements set forth in 
Ref.I to the mechanical design of the windings themselves 
discussed in Ref.3. 

SELECTING THE CORRECT CORE 

Most SMPS requirements can be satisfied by the range of 
cores currently available (Ref.5). The preferred grade of 
material for such high-frequency power applications is 
Ferroxcube 3C8. 

Core selection charts 

Due to the wide variation in application conditions, the 
selection charts have been designed to indicate the range of 
operation of the cores. This is done by using areas of 
throughput power as a function of frequency as shown in 
Fig.I. These are effectively areas of good design, since both 
boundaries represent the performance of a well-designed 
transformer. 

The upper boundary of each area corresponds to a trans­
former design operating at optimum flux density sweep, 
with maximum use of the winding window, and Litz-wire 
windings, for minimum a.c. resistance. The lower boundary 
corresponds to a transformer design that also operates at 
optimum flux density, but has optimised solid-wire windings 
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incorporating 8 mm creepage distance for IEC 435 mains 
isolation, and with a demagnetising winding occupying one 
third of the winding space. 

Selection charts are given for push-pull, forward and 
fly back converter SMPS. However, the flyback converter 
charts are mainly intended as a cross-check on the design 
obtained by the method given in Ref.4 for chokes. 

range of l\h ....... 
practical 
designs 

.... 

I ---------

10 

7280385 

100 
f(kHzl 

Fig.1 In the core selection charts given in Part 2 of the SMPS 
transformer design series (Ref.2), the power-handling capa­
bility of each core is plotted as a shaded area extending from 
10 kHz to 100kHz. The vertical boundaries of this area are 
the upper and lower limits of throughput power capacity 
achievable by good design but depending on conductor type 

and insulation requirements 

Operating conditions 

Converter type has the largest influence on throughput 
power obtainable, but other factors also influence per­
formance, principally 

flux-density sweep 

winding configuration (simple or split, for example) and 

the presence of sensor or demagnetising windings 

the type of conductor used in the windings 

the number of output windings required 

mains insulation requirements. 

Generally, the selection charts assume worst-case conditions. 
Operation at ambient temperatures lower than the 60 °C 
assumed, the use of feed-forward to ease the restriction on 
peak flux density (1/1.72 of saturation to allow for transient 
conditions), or heatsinking or potting to reduce thermal 
resistance, will all increase transformer power capacity. 

Flyback transformers and chokes 

Flyback converter transformers and output chokes are 
magnetically much the same: the main design requirement 
is stored energy, ~12L. This is the basis of a separate design 
routine that includes winding design (Ref.4). This routine, 
using specially-developed design charts, leads directly to 
spacer thickness and number of turns. 

OPERATING FLUX DENSITY 

For chokes and flyback-converter transformers (which 
operate as chokes), stored energy is the basis of the design 
(subject to the core not being driven into saturation). With 
forward and push-pull converter transformers, the operating 
flux density (both a.c. and d.c. components) is set at the 
beginning of the design process . 

Forward and push-pull converters 

The operating flux density in forward and push-pull con­
verter transformers strongly influences the overall volume 
of the transformer. Thus, it is set at the beginning of the 
design process to as high a level as practicable. For forward 
converter transformers, this level is determined by transient 
protection requirements or permissible core loss only. With 
push-pull converters, however, considerations of symmetry 
may dominate the choice. 

Both forward and push-pull converter transformers must 
be designed to accommodate rapid changes of load. This is 
done by introducing a transient factor, usual symbol a, 
related to the range of input voltage for which the power 
supply is designed. A common value of a is 1.72. This is 
suitable for mains-fed supplies (215 V to 3 70 V or 200 V to 
340 V), telephone supplies ( 40 V to 70 V), and mobile 
supplies (9 V to 15 .5 V). 

Considerations of symmetry usually result in the value 
of a being multiplied by a further factor E for push-pull 
converter transformers. Asymmetry leads to core satura­
tion, which in turn results in destruction of power switches. 
Principal causes of asymmetry are unbalanced flux linkage 
in windings (Ref.3) and unequal conduction times in 
switches. Where care has been taken to achieve balanced 
transformer windings, and protection circuitry is incorpo­
rated to ensure equal conduction times, the value of E may 
be 1.15; that is, a is increased from 1.72 to 2 for a typical 
core. Where unbalance is accepted, however, the value of E 

should be 2. (A list of the symbols used in this article, to­
gether with their definitions, is given as Table I). 

The use of feedforward (Ref.I) can considerably reduce 
the value of a required but at the expense of reduced 
transient response. 

In forward-converter transformers core remanence 
should also be taken into consideration. However, the in­
troduction of a small airgap in the core, and the use of a 
slow-rise capacitor (Ref.I) allows the whole first quadrant 
of the core hysteresis loop to be used. 
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TABLE 1 
List of symbols 

symbol unit definition 

Bae T flux-density sweep; half the peak-to-peak flux 
density excursion 

Bcp mm coil fonner breadth 

Hz operating frequency 

fl Hz the frequency at which the number of turns on 
the lowest-voltage·transfqnner winding becomes 
unity 

fL Hz the lowest frequency at which the coil fonner 
height is sufficient to accommodate ideal (mini-
mum-loss) windings 

fT Hz the frequency above which no useful increase in 
the throughput-power capacity of a transformer 
can be obtained 

Hcr mm coil fonner height 

L H choke inductance 

2av mm average turn length 

Pc w total transfonner core loss 

Rthc K/W transfonner or choke thennal resistance with 
winding creepage distance incorporated 

Rthn K/W transfonner or choke thennal resistance for a 
winding without creepage distance 

Ve m• effective volume of a core 

"' ratio of core saturation flux to working flux 
allowed: for transient response without satu-
ration 

.<l.T K temperature rise above ambient 

unbalance factor 

subscripts 
e effective value 
cp pertains to centre pole 

Figure 2 shows the maximum transformer flux-density 
sweeps for various converter types, and Table 2 gives the 
value of transient factors ct and e under various conditions. 

Optimum flux-density sweeps 

Manipulation of the expression (Ref.6) for the throughput 
power of an SMPS transformer shows that power reaches a 
maximum at a combination of operating frequency and flux 
density such that core loss is 44% of total loss. That is, when 

0.44 R~T = 16.7 f1•3 B~i:5em Ve 
th 

Here, the right-hand part of the expression is the typical 
hysteresis loss ofFerroxcube 3C8 ferrite. Since eddy-current 
loss is neglected, this 'expression applies only up to about 
lOOkHz. 

TABLE 2 
Maximum values of flux-density sweep for various converter 

types and control circuits 

boundary conditions 

maximum sweep for 
FXC 3C8 (100 °C) 

at transient factor a 

with unbalance factor e* 

with x% feedforward 

with unbalance factor e and 
x% feedforward 

flux-density sweep Bae cp (T) 

forward push-pull 

0.16 

0.32 
20< 

0.32 
2 (1 + x/100) 

0.32 

0.32 

"' 
0.32 
ea 

0.32 
(1 + x/100) 

0.32 
e (1 + x/100) 

* e is the ratio of peak flux density in a balanced converter to the 
peak flux density in an unbalanced converter. 

Fig.2 Flux-densitV excursions and corresponding flux-density 
sweeps for (a) push-pull, (b) forward converter transformers 
(with slow-rise capacitor) or ringing choke, and (c) flyback 

converter chokes 

Using this expression, curves of Bae em. the peak flux­
density sweep, have been derived for all Philips' SMPS 
transformer cores (See Fig.3). 

THERMAL RESISTANCE AND TEMPERATURE 
RISE 

The maximum permissible dissipation of a transformer or 
choke is set by its maximum operating temperature; ambient 
temperature and thermal resistance depend on core size, 
mounting method and attitude, the type of conductor in 
the winding and the amount of insulation incorporated. 
Due to the insulating effect of the interleaving where 8 mm 
creepage distance is allowed for in the windings, two values 
are quoted for thermal resistance in Ref.2: with and without 
creepage allowance. 

Measurement methods are discussed in Ref.2 and 7. 
Results given in Ref. 7 confirm that transformer tempera­
ture rise can be accurately calculated from the product of 
total transformer dissipation and thermal resistance for any 
ratio of core to winding loss. 
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Fig.3 Optimum, peak, centre-pole flux-density sweeps Bae cp for a variety of cores for 
SMPS applications. Horizontal lines indicate the limits for various converter types (a= 1.72). 

The curves were calculated for a peak· temperature rise of 40 K 

THE EFFECT OF OPERATING FREQUENCY 

Winding properties 

Depending on frequency, the windings of an SMPS trans· 
former fall into one of three categories. At low frequencies, 
the available winding-window height will be insufficient to 
accommodate minimum-loss (ideal) windings. At some 
higher frequency, f1, the height of minimum-loss windings 
becomes less than that of the winding window. Finally, at 
some higher frequency, f 1, the number of turns required 
for the lowest-voltage winding becomes unity. 

It is shown in Ref.8 that, where the winding height is 
insufficient for minimum-loss windings, winding loss is 
inversely proportional to the squares of both flux-density 
sweep and operating frequency. At frequencies above f1 
winding loss becomes inversely proportional to operating 
frequency. 

Flux density sweep 

From the considerations given earlier, it is apparent that at 
lower frequencies, operating flux density is limited by core 
saturation rather than loss. Above some frequency fr, the 
optimum operating flux density (for maximum power) be­
comes less than the saturation-related maximum, and the 
flux-density sweep is limited by the requirement that (for 
Ferroxcube 3C8) core loss Pc = 0.44 Ptot. where Ptot is the 
total permissible dissipation. 

Throughput power 

In Ref.8, these various effects of operating frequency are 
combined to explain the observed variation of SMPS trans­
former throughput power with operating frequency for 
Ferroxcube 3C8 cores. Figure 4(a) shows the division 
between core and winding loss for an SMPS transformer as 
a function of operating frequency. Frequencies f1, fr and 
ft, are marked. (Note that f1 may, in fact, be higher than 
fr for some cores. This does not alter the main argument.) 
In Region I, operating flux density is limited by saturation 
considerations only, so that throughput power is roughly 
proportional to frequency. Operation remains saturation 
limited into Region II, but here power increases roughly as 
the root of the frequency. (This relationship is complicated 
by ·the fact that average turn length decreases as ideal. 
winding height decreases.) Region III begins at fr, where 
core operating flux density becomes limited by core loss to 
the optimum value for that frequency. The shape of the 
throughput power curve in the region depends on core 
material characteristics: the Steinmetz coefficient and its 
associated flux-density and frequency exponents. For 
Ferroxcube 3C8, flux density is inversely proportional to 
the root of frequency. Then, winding resistance decreases 
slightly with frequency so that, since winding loss is constant, 
throughput power is also about constant. 
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Fig.4 (a) Division of transformer loss between core loss and 
winding loss as a function of frequency, showing the various 
boundary frequencies. (bl Relation between flux densitV and 
frequency for maximum throughput power. (c) The cor-

responding throughput power characteristic 

Region IV begins where frequency increases to the point 
where the number of turns required on the lowest-voltage 
winding falls to unity. (Contours of number of turns N as a 
function of frequency for various voltages are indicated in 
Fig.4(a)). When this happens, flux density must then decrease 

September 1985 

with frequency. The rate of this decrease is greater than that 
required for optimum core loss, so that throughput power 
decreases. The effect is accentuated by the increasing con­
tribution of eddy-current losses at high frequencies. 

In practice, other factors, such as eddy-currents, para­
sitic capacitance and rounding of numbers of turns, cause 
the transitions from one Region to another to become 
blurred so that, as Fig.4( c) shows, the thoughput power 
characteristic is more rounded. Calculated values for real 
cores, Fig.5, shows that the general characteristics remain, 
however: there is always a frequency, close to the core 
transition frequency, above which no useful increase in 
throughput power can be obtained. 

.. 100 zoo 
tfkttrl 

Fig.5 Celcu1atedthroughputpowers (5 V forward converters) 
with frequency for EC52 and E42/21 /20 core show the same 
general characteristics: there is a frequency (from Fig.3) 
above which no useful increase in throughput power can be 
obtained. For the EC52 core this Is 100 kHz, for the E42 

core it is 52 kHz 

EFFECT OF CORE DESIGN 

The more complete understanding of the factors that in­
fluence throughput power obtainable has made it possible 
to examine established core designs with a view to improving 
the designs available. Electrical, magnetic and mechanical 
considerations can now be combined so that the core can 
be made as effective as possible. 

Existing core designs 

Analysis of existing core designs (E, EC, PM, PQ and RM 
cores, Ref.8) shows that performance agrees well with values 
of fT. The performance of the smaller cores is found to be 
relatively poor at 50 kHz due to lack of sufficient winding­
window height for ideal windings. 

The effectiveness of the use of core materials is another 
important consideration, since it directly affects the weight 
of an SMPS. Constant cross-section E cores generally have 
the best power-to-weight ratios. 
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Fig.3 Optimum, peak, centre-pole flux-density sweeps Baccp for a variety of cores for 
SMPS applications. Horizontal lines indicate the limiu for various converter types(<>= 1.721. 

The curves were calculated for a peak temperature rise of 40 K 

THE EFFECT OF OPERATING FREQUENCY 

Winding properties 

Depending on frequency, the windings of an SMPS trans­
former fall into one of three categories. At low frequencies, 
the available winding-window height will be insufficient to 
accommodate minimum-loss (ideal) windings. At some 
higher frequency, f1, the height of minimum-loss windings 
becomes less than that of the winding window. Finally, at 
some higher frequency, f 1, the number of turns required 
for the lowest-voltage winding becomes unity. 

It is shown in Ref.8 that, where the winding height is 
insufficient for minimum-loss windings, winding loss is 
inversely proportional to the squares of both flux-density 
sweep and operating frequency. At frequencies above fL 
winding loss becomes inversely proportional to operating 
frequency. 

Flux density sweep 

From the considerations given earlier, it is apparent that at 
lower frequencies, operating flux density is limited by core 
saturation rather than loss. Above some frequency fr, the 
optimum operating flux density (for maximum power) be­
comes less than the saturation-related maximum, and the 
flux-density sweep is limited by the requirement that (for 
Ferroxcube 3C8) core loss Pc = 0.44 Ptot. where Ptot is the 
total permissible dissipation. 

Throughput power 

In Ref.8, these various effects of operating frequency are 
combined to explain the observed variation of SMPS trans­
former throughput power with operating frequency for 
Ferroxcube 3C8 cores. Figure 4(a) shows the division 
between core and winding loss for an SMPS transformer as 
a function of operating frequency. Frequencies f1, fr and 
f}, are marked. (Note that f1 may, in fact, be higher than 
fr for some cores. This does not alter the main argument.) 
In Region I, operating flux density is limited by saturation 
considerations only, so that throughput power is roughly 
proportional to frequency. Operation remains saturation 
limited into Region II, but here power increases roughly as 
the root of the frequency. (This relationship is complicated 
by ·the fact that average turn length decreases as ideal­
winding height decreases.) Region III begins at fr, where 
core operating flux density becomes limited by core loss to 
the optimum value for that frequency. The shape of the 
throughput power curve in the region depends on core 
material characteristics: the Steinmetz coefficient and its 
associated flux-density and frequency exponents. For 
Ferroxcube 3C8, flux density is inversely proportional to 
the root of frequency. Then, winding resistance decreases 
slightly with frequency so that, since winding loss is constant, 
throughput power is also about constant. 
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Fig.4 (a) Division of transformer loss between core loss and 
winding loss as a function of frequency, showing the various 
boundary frequencies. (b) Relation between flux densitV and 
frequency for maximum throughput power. (c) The cor-

responding throughput power characteristic 

Region IV begins where frequency increases to the point 
where the number of turns required on the lowest-voltage 
winding falls to unity. (Contours of number of turns N as a 
function of frequency for various voltages are indicated in 
Fig.4(a)). When this happens, flux density must then decrease 
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with frequency. The rate of this decrease is greater than that 
required for optimum core loss, so that throughput power 
decreases. The effect is accentuated by the increasing con­
tribution of eddy-current losses at high frequencies. 

In practice, other factors, such as eddy-currents, para­
sitic capacitance and rounding of numbers of turns, cause 
the transitions from one Region to another to become 
blurred so that, as Fig.4( c) shows, the thoughput power 
characteristic is more rounded. Calculated values for real 
cores, Fig.5, shows that the general characteristics remain, 
however: there is always a frequency, close to the core 
transition frequency, above which no useful increase in 
throughput power can be obtained. 
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Fig.5 Calcu1ated throughput powers (5 V forward converters) 
with frequency for EC52 and E42/21/20 core show the same 
general characteristics: there is a frequency (from Fig.3) 
above which no useful increase in throughput power can be 
obtained. For the EC52 core this is 100 kHz, for the E42 

core it is 52 kHz 

EFFECT OF CORE DESIGN 

The more complete understanding of the factors that in­
fluence throughput power obtainable has made it possible 
to examine established core designs with a view to improving 
the designs available. Electrical, magnetic and mechanical 
considerations can now be combined so that the core can 
be made as effective as possible. 

Existing core designs 

Analysis of existing core designs (E, EC, PM, PQ and RM 
cores, Ref.8) shows that performance agrees well with values 
of fT. The performance of the smaller cores is found to be 
relatively poor at 50 kHz due to lack of sufficient winding­
window height for ideal windings. 

The effectiveness of the use of core materials is another 
important consideration, since it directly affects the weight 
of an SMPS. Constant cross-section E cores generally have 
the best power-to-weight ratios. 
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SWITCHED-MODE POWER SUPPLIES 

The essential difference between switched-mode and con· 
ventional (mains) power supplies is operating frequency. 
Whereas conventional power supplies operate at meins fre· 
quencies, 50 Hz or 60 Hz, switched-mode power supplies 
(SMPS) operate at frequencies of the order of 50 kHz. The 
complications associated with operetion at these high fre· 
quencies are more than compensated for by the savings in 
weight and volume, especially of transformers and smoothing 
components. 

Voltage conversion and control in SMPS is achieved by 
chopping th.e incoming supply voltage with a high-speed 
switch such as a transistor. The chopped voltage is applied to 
a transformer which performs voltage conversion and provides 
isolation. This transformer is generally wound on a ferrite 
core, and is much smaller and lighter than a 50 Hz unit of 
comparable power capacity. Fine control of output voltage Is 
obtained by varying the duty cycle of the switch. 

Most SMPS converters require a d.c. input and provide a 
d.c. output. For operation from the mains, therefore, a recti· 
tier and smoothing circuit generally precedes the converter 
Itself, Fig.A. 

SMPS converten 
There are three basic SMPS converter arrangements; they and 
their variants are discussed in detail in Ref .1 . 

In the forward converter, Fig.B, power is transferred 
directly to the load while the switch is closad; the energy 
stored in the inductor is transferred to the load while the 
switch is open. The switch may be transformer coupled to 
the inductor for Input/output isolation. 

In the flyback converter, Fig.C, power is stored in the in· 
ductor while the switch is closed and transferred to the load 
while the switch is open. The functions of transformer and 
inductor mey be combined where voltage transformation is 
required. 

The push-pull converter is, effectively, a forward converter 
in which the output choke is driven by any push-pull arrange· 
ment of power transistors, including a full bridge, Fig.D. 
Operation after the transformer is similar to that of a forward 
converter, but with twice the effective switching frequency. 

Transformer and choke requirements 

There are two main boundary conditions for the power trans­
former: it must not saturate (otherwise the power transistors 
will be damaged) and it must not overheat. In addition to 
these boundary conditions, the output choke should be 
capable of storing sufficient energy to deliver one output 
cycle so that ripple will be low and regulation good. 

Saturation is prevented by designing for worst probable 
combinations of load change and input voltage fluctuation. 
In forward converters, provision must be made for removing 
energy stored in the transformer at the end of the ON period 
of the switch. In push-pull converters, the degree of symmetry 
achievable in both power switches and transformer windings 
determines the unbalance allowance. 

Overheating of the transformer and choke is prevented by 
calculation of total power dissipation: core hysteresis and 
eddy current losses, and winding lossas. 
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Mechanical design is of great importance since this in­
fluences manufacturing cost and transformer production 
cost. The core should be cheap to manufacture. Enclosed 
cores, such as pot cores and their variants (RM, PQ, PM 
cores) are more expensive to make than E cores for a given 
power capacity. However, round centre legs make for easier 
winding, with less leakage inductance - especially for strip. 
For all but the smallest transformers, E cores result in more 
compact design than U cores. Finally, due to their sym­
metry, E cores require some 20% less core material for a 
given power capacity than U cores, with a consequent 
reduction in eddy-current losses. This last point is of 
especial importance at higher operating frequencies. 

Core design requirements 

From this theoretical and practical background the require­
ments for a new core design are clear. The range of cores 
should be optimised for frequencies appropriate to their 
power handling capacity: 50 kHz for 300 W, 100 kHz for 
lOOW, for example. This requires proper choice of fL and 
fr. Optimisation should be aimed at forward-converter 
applications (the cores will then also be suitable for un­
balanced push-pull converters). 

The design of the associated coil formers is also critically 
important. They should be suitable for automatic handling. 
A large number of pins is required, both for flexibility of 
layout and to accommodate multiple secondaries. 

The core and wound coil former should be quick and 
easy to assemble. The combination should be designed for 
horizontal mounting on p.c. boards to minimise height and 
make termination of strip windings easier. 

THE ETD SYSTEM 

The cores 

These criteria have been adopted in the design of the ETD 
cores (Ref.8). They are constant cross-section E cores in 
Ferroxcube 3C8 ferrite with round centre legs, photo and 
Fig.6, and are designed for 

- minimum throughput powers in the range 100 W to 300W 

-' economical manufacture 

- minimum weight of ferrite 

- operating frequenc;ies in the range 50 kHz to 150 kHz 

- high throughput power density 

- mains isolation 

- minimum transformer volume and p.c. board areas. 

Magnetic properties are given in Table 3. 
The ETD cores are compared with existing core designs 

for power per unit weight in Fig. 7. Throughput power areas 
as a function of frequency for ETD cores are given in Fig.8, 
and the optimum flux density sweep in Fig.9. 

TABLE3 
Magnetic dimensions of ETD system cores 

core 
type 

ETD34 

ETD39 
ETD44 

ETD49 

type 

ET034 

ETD 39 

ET044 

ETD49 

Acpmin Ae Ve 
(mm') (mm') (mm') 

87 
117 
167 

204 

•2 

34.2 26.3 
39.1 30.1 
44.0 33.3 

46.7 37.0 

97.1 

125 
173 
211 

mid-limit dimensions Imm) 

d3 h1 •2 

10.8 17.3 12.1 

12.5 19.8 14.6 
14.9 22.3 16.6 

16.4 24.7 18.1 

7 640 

11 500 
17 800 

24 000 

(gl 
!core half) 

10.8 20 

12.5 30 
14.9 47 

16.4 62 

2e 
(mm) 

78.6 

92.2 

103 
114 

Fig.6 Outline drawing and dimensions of the new ETD core range 

Fig.7 The throughput power per unit weight of core material 
for ETD cores compared with that of other popular core types 
at two operating frequencies: 50 kHz (shaded areas) and 
100 kHz (open areas). Forward-converter operation is assumed 
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These ETD system components provide OEMs with the most efficient and economical route to SMPS transformers 
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Fig.8 Throughput power as a function of frequency for ETD cores in forward-converter transformers 
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fl kHz! 

Fig.9 Optimum flux-density sweeps for ETD cores 

The coil former and assembly hardware 

Simple, rapid winding and assembly of ETD-system based 
transformers and chokes is made possible by the coil fortner 
of Fig.I 0, together with the associated snap-on stainless­
steel assembly clips. 

Principal features of the design are indicated in Fig.IO: 

the length and number of slots gives a wide choice of 
lead-out position 

2 3 4 5 

there is at .least 8 mm creepage distance from the pins to 
the ferrite core 

the pegs between the slots allow . wire to be run from 
any one slot or pin to any other 

the four support legs provide 8 mm creepage distance 
between the windings and the p.c. board 

the hood over the pins provides 8 mm creepage distance 
between leadouts and assembly clips 

a separate earthing clip for the core is to be available. 

The coil former itself is moulded in polybutylene tere­
phthalate, a high-grade, flame retardant (UL 94-VO), 
thermoplastic. Windings dimensions are given in Table 4. 

TABLE4 
Winding dimensions of ETD-system coil formers 

type BcF HcF 2av 
(mm) (mm) (mm) 

ETD34 20.9 5.9 61 
ETD39 25.7 6.9 69 
ETD44 29.5 7.3 78 
ETD49 32.7 8.4 86 

ETD system components provide OEMs with the most 
efficient electrical, magnetic and mechanical route to full, 
economical, automated production of SMPS transformers. 

1 - pegs allow wires to be taken from 
most appropriate slot to chosen pin 

2 these plates give 8 mm creepage dis­
tance between wires and assemb•y 
clips 

3 - legs give 8 mm creepage distance 
from windings and p.c. board. 

4 - 8 mm creepage from pins to core 
5 - multiple slots for maximum free­

dom of lead-out position 

Fig.10 Coil former design for the ETD system, 
intended for automatic winding 
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INTRODUCTION 
Airpax has introduced a range of five 
new 4-phase stepper motors which can 
be directly driven by an SAA 1027 inte­
grated circuit without the need for dis­
crete power stages or compensating 
networks. Both the IC and the motors 
can operate from a single 12V supply. 
The high noise immunity design of the IC 
makes the system particularly suitable 
for use in electrically noisy environ­
ments. Use of the new motors and IC will 
drastically reduce the cost and complex­
ity of stepper motor systems and thereby 
open up many new areas of application 
for digital motor control systems. · 

THE STEPPER MOTORS 
The five new stepper motors are similar 
to our present industrial range with modi­
fied stator windings to match them to the 
output capability of the SAA 1027 
(350mA each phase). The maximum 
torque and pull-in rates obtained from 
the motors when they are driven by the 
SAA1027 are given in Table 1 for easy 
reference: the torque/speed character­
istic curves and outline drawings of the 
motors are given in the Technical Data 
section of this publication. 

THE INTEGRATED CIRCUIT 
The SAA 1027 integrated stepper motor 
drive circuit is contained in a 16-pin DI L 
plastic package and is shown in block 
diagram form in Fig. 1. The circuit com­
prises three input stages, a logic section, 
and an output stage for each of the four 
stator windings of the motor. The three 
input stages are compatible with high 
noise immunity logic to ensure correct 
operation in electrically noisy environ­
ments: 
• The trigger stage accepts the 

incoming pulse train which initiates 
the logic section switching 
sequence, and thereby controls the 
speed of rotation and ultimate 

"" Clockwise/ counter~clockwise 
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Table 1. Quick Reference Data for the Motors 

CATALOGUE NO. STE!' MAX. TORQUE MAX. PULL·IN RATE 
ANGLE 

9904 112 04002] 
9904 112 05001 7° 30' 9904 112 06001 
9904 112 07005 
9904 112 08001 15° 

Table 2. Brief Data for the SAA1027 

Supply voltage Vp 
la 

(mNm) (STEPS/S) 

12 240 
65 140 
45 120 
5 350 

43 120 

Load current (Each output) 
HIGH logic input level 
LOW logic input level 

VRH· VsH. VTH 
VRL· VsL. VrL 

9.5V to 18V 
350mA max. 
7.5V to Vp 
OV to 4.5V max. 

angular position of the motor drive 
shaft. 

• The set stage accepts a logic level 
input which overrides the switching 
sequence of the logic section and 
sets the output stages to a pre­
determined logic state. This facility 
simplifies the programming of a 
system, by allowing the motor drive 
shaft to be pre-positioned. 

•The cw/ccw• stage accepts a logic 
level input which reverses the 
switching sequence of the logic 
section, thereby reversing the 
direction of rotation of the motor 
drive shaft. 

The logic section contains a 4-bit bi­
directional synchronous counter which 
switches the four output stages in the 
correct sequence to cause the motor 
drive shaft to rotate at the speed, and in 
the direction, dictated by the input sta­
ges. 

The four output stages switch the supply 
current to the four phases of the motor 
stator. Each output stage is capable of 
switching a current of 350mA and incor­
porates an integrated diode for protec­
tion against transient spikes caused by 
switching the stator windings. 

Brief data for the SAA1027 is given in 
Table 2. Further information is given in 
the Technical Data section of this publi­
cation. 
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THE SYSTEM 
A practical stepper motor drive system 
and pulse diagram are given in Fig. 2. 

Electrical Requirements 
The system is powered from a single 
12V supply with a current output com­
patible with the motor being driven. The 
current applied to pin 4 of the IC must be 
adjusted by selection of resistor Ra for 
each type of motor in accordance with 
Table 3. 

Table 3. Selection Of Resistor Re 

MOTOR Re VALUE lsvsTEM 
(mA) 

9904 112 04002 470 n, 0.33W 300 
9904 112 05001 220 n. o.s?W 620 
9904 112 06001 220 n, 0.67W 620 
9904 112 07005 620 n, 0.33W 200 
9904 112 08001 220 n, 0.67W 620 

The relationship between the current at 
pin 4 of the IC and the output current is 
given in the Technical Data section of 
this publication. 

Trigger Input T 
The repetition rate and the number of 
pulses applied to pin 15 of the IC deter­
mine the stepping rate and ultimate 
angular position of the motor drive shaft. 
The steps are initiated by the positive­
going edges of the pulses in the se­
quence shown in Table 4. The 'O' state 
shown in the table is the logic state of 



Signetics Linear Products Application Note 

Using the SAA1027 With AN127 
Airpax Four-Phase Stepper Motors 

BLOCK DIAGRAM 

Vp + 

Ip I ··I 
1000 .. 

0.1j.iF 

p + 

8AA1027 

m1GGER 
STAGE 

SET 
STAGE 

CW/CCW 
STAGE 

the outputs when the 'set' input is operative. 

Set Input S 
The output switching sequence can be set to 
a predetermined logic state (01 = L, 0 2 = H, 
03 = L, 04 = H), by applying a LOW voltage 
level to pin 2 of the IC. This input is only 
effective if the voltage level at the trigger 
input is HIGH. To achieve maximum noise 
immunity, this input should be connected 
permanently to the HIGH voltage level if it is 
not required. 

Direction Of Rotation Input R 
The output switching sequence of the IC, and 
therefore the direction of rotation of the motor 
drive shaft, is determined by the level of the 
voltage applied to pin 3 of the IC. If the 
voltage level is HIGH, the drive shaft will 
rotate counter-clockwise: if the level is LOW, 
the drive shaft will rotate clockwise. The level 
of the voltage applied to pin 3 can be 
changed at any time regardless of the logic 
state of the other two inputs. To achieve 
maximum noise immunity, this input must not 

Table 4. Output Switching Sequence 

S=H 

R=L R=H 

T 01 02 03 04 T o, 02 aa 04 

0 L H L H 0 L H L H 
1 H L L H 1 L H H L 
2 H L H L 2 H L H L 
3 L H H L 3 H L L H 
0 L H L H 0 L H L H 

14 

BIDIRECTIONAL 
4POSITION 

SYNCHRONOUS 
COUNTER 

Ve Vp 

13 

• a, 
OUTPUT 
STAGES e a, 

,---------, 
I I 
I I 

----- ,4 4'1 
I 

'• I I -- I I 

13 
I : .. .. 
" la : 

6 01 •----· I 

12 

Figure 1. Block Diagram Of The SAA1027 

be left floating if not used, but should be 
connected to the voltage level appropriate to 
the required direction of rotation (to pin 14 for 
counter-clockwise; to pin 5 for clockwise). 

Precautions to Minimize the 
Effects of Switching Transients 
If the IC and the motor are connected to the 
same supply source, a simple RC-network 
must be connected in the supply line to the 
logic part of the IC to prevent the switching 
sequence from being disturbed by transient 
spikes caused by switching of the motor 
windings. This network, which consists of a 
resistor of 1 oon and a capacitor of 0.1 µF, is 
shown in Fig. 2 and Fig. 3. The capacitor must 
be located as close as possible to pins 14 
and 5(12) of the IC. The connection between 
the common line of the four integrated clamp­
ing diodes (pin 13) and the common line of 
the four motor windings must be as short as 
possible. 

Minimizing the Dissipation of 
the IC 
The four integrated clamping diodes dissipate 
the energy which is stored in the motor 
windings when outputs 0 are switched off. 
This dissipation (Po) is different for each of 
the motors and adds to the normal dissipation 
of the IC. If it is necessary to reduce Po to 
prevent overheating of the IC, the integrated 
clamping diodes must be disconnected, by 
removing the connection from pin 13, and 
four discrete clamping diodes must be con­
nected to the motor windings as shown in Fig. 
3. 
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11 1·• L ________ J 
STEPPER 
MOTOR 

TECHNICAL DATA 
Electrical Requirements of the 
Drive System 
The various parameters are shown in Fig. 1. 

Supply Characteristics 
Control circuit supply Vp 9.5 - 1 SV 

voltage (12V typ.) 
Control circuit supply 

current at Vp = 12V Ip 4.5mA typ. 
Output circuit current le see Fig. 4 
Output circuit bias 

voltage at pin 4 
Motor supply voltage 

Total motor current 
Motor current in one 

Ve see Fig. 5 
Vm 1.5-1BV 

(12V typ.) 
Im 700mA max. 

stator la 350mA max. 
Saturation voltage of 

output transistors at 
la=350mA 
(pins 6, B, 9 and 11) V681 < 1V 

Input Levels R, S and T 
HIGH VRH· VsH. VrH 7.5V to Vp 

IRH· lsH. lrH 1 µA typ. 
LOW VAL· VsL. VrL 0 - 4.5V max. 

IRL• lsL. lrL -3QµA typ. 

Ratings 
Limiting values in accordance with the Abso­
lute Maximum Rating System (IEC 134). 

Voltages 
Voltage to pins 6, B, 9, 1 BV max. 

11, 13 and 14 
Input voltages R (pin 3), Vp max. 

S (pin 2) and T (pin 15) 
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Currents 
Output currents /01 (pin 6), 500mA max. 
102 (pin 6), /03 (pin 9) and /04 (pin 11) 
Bias current into pin 4 I e 90mA max. 

Thermal Resistance 
From junction to ambient Rth i-a 70°CIW 

lsvSTEM 

Ry=1000 Re 

T 

02------t--1 

03------+--+--' 

o.------+--+--. 

Junction Temperature 

STEPPER MOTOR 
CHARACTERISTICS 

Tj 12s0 c Max. 

Each of the five stepper motors will have 
its own typical performance when it is 

r---------, 
.--~I-.~ •·1 

I I 
I I 

13 
I 

: 
3'1 

I 
I 
I 

p 1'1 ._ _________ .. 
STEPPER 
MOTOR 

cw- -ccw 

Figure 2. Connection And Pulse Diagrams For The Drive System. 
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connected as shown in Fig. 2 with the 
value of resistor Ra correctly selected. 
The typical torque/ speed characteristics 
for the motors under these conditions, 
together with a typical dimensioned me­
chanical outline drawing is given in 
Fig. 6. 
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I SYSTEM 

Vs 

Rv=100n •• 
0.1µF 

~ 
D 

T 
15 

14 

SAA1027 
13 
I 
I 

R ,2 2'1 
I I 

•1 1·• 
L------.J 

STEPPER 
MOTOR 

Figure 3. External Spike Suppression Diodes 
Being Used To Reduce The Dissipation Of The IC. 

l1(mA) 

Figure 4. Relationship Between Output Current And Bias Current. 

l1(mAJ 

Figure 5. Relationship Between Bias Voltage At Pin 4 And Bias Current. 
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Figure 6. Dimensions And Torque/Speed Characteristic For Stepper Motor 
9904 112 04002, And The Temperature Rise Of The IC With And Without External Diodes. 
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E. B. G. NIJHOF and H. W. EVERS 

There has long been a need for a smaller and more efficient 
alternative to the transformer/rectifier/series-stabiliser cir­
cuit for deriving a constant, easily-isolated d.c. supply from 
the mains. The development of high-voltage switching tran­
sistors, such as our BUX80 series, has allowed the construc­
tion of SMPS circuits which go a long way toward meeting 
this need but are still far from providing the ideal answer to 
the problem. The main drawbacks of the SMPS, when it is 
supplied from the 220 V /240 V mains, are limited efficiency 
due to switching losses and dissipation in dV/dt limiting 
RC networks, mains pollution and r.f.i. due to the genera­
tion of near-rectangular current waveforms, difficult trans­
former design, and the need for a complex control circuit 
to ensure continued operation with an open-circuit or 
short-circuit load. A circuit that overcomes these drawbacks 
is the series-resonant power supply (SRPS) which incorpor­
ates an inverter in which a semiconductor switch maintains 
sinusoidal oscillation in a series-resonant LC network. Al­
though the high-frequency sinusoidal currents generated in 
an SRPS allow it to be made compact and efficient, with 
far less mains pollution and r.f.i. than the SMPS, its use has 
so far been restricted to low-voltage power supplies due to 
the lack of a suitable low-loss, high-voltage semiconductor 
switch. 

Our recently introduced range of GTOs (gate turn-off 
Thyristors described in Ref. I, 2 and 3) with their high VA 
ratings, fast switching and simple, transistor-like drive, now 
allow the construction of SRPS circuits which can operate 
from a rectified mains input and will undoubtedly replace 
the SMPS for controlled mains power conversion in appli­
cations such as television sets, industrial drives, fluorescent 
lighting systems, microwave and inductive cookers. The 
SRPS is also suitable for controlling the speed of d.c. series­
wound motors in domestic appliances, and for reducing 
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harmonic distortion in the mains supply by acting as a 
buffer between the mains and a d.c. power supply. The 
main advantages of the SRPS are: 

It is a more than 90% efficient power converter. 

It causes minimal mains pollution because the mains in­
put current can be made sinusoidal 50 Hz in phase with 
the mains voltage. 

It can be built with a single, easily-designed, inductive 
element (transformer) which also provides mains isola­
tion. 

It continues to operate with the output short-circuit. It 
also continues to supply a well-stabilised output when it 
is not connected to a load. 

It can be made self-starting and does not therefore need 
a small 50 Hz transformer to supply the control circuit 
for the GTO. 

Survey ofGTOs for SRPS 

type VDRM ITCRM IT(AV) case 
number (V) (A) (A) 

BT157 1500 10 2.2 T0-220 

1300 10 2.2 T0-220 

BTW58 1500 25 6.5 T0-220 

1300 25 6.5 T0-220 

1000 25 6.5 T0-220 

BTW59* 1500 50 12 T0-238 

1300 50 12 T0-238 

*With isolated base. 
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PRINCIPLES OF SRPS OPERATION 

Figure I is the basic circuit of an SRPS, the operating prin· 
ciple of which depends on sinusoidal alternating current 
generation in the L1C1Co circuit. For guaranteed self-oscil· 
lation, there are two conditions regarding the values of the 
components. The inductance of Ls must be at least ten 
times that of L l ·and the value of C0 must be at least twice 
that of Cl · The operation of the circuit will first be de­
scribed without a load connected to V0 and with a very 
brief conduction period for the GTO. This will be followed 
by a description of the circuit operation under similar con­
ditions but with a longer conduction period for the GTO. 
Since the behaviour of the SRPS is complex (it sometimes 
functions as a fourth-order network), a complete analysis of 
the circuit is only possible with the aid of a computer; these 
theoretical descriptions are therefore only intended to give 
a basic understanding of the circuit operation and are fol­
lowed by plots of the current and voltage waveforms de· 
rived by computer analysis of the basic circuit. The article 
concludes with a description of ten methods of connecting 
a load to the SRPS. 

v, 

Fig.1 Basic SAPS circuit 

Unloaded circuit ":ith brief GTO conduction period 

The waveforms for this mode of operation are given in 
Fig.2. Since Ls:> L 1, and I0 is very small, the influence of 
Ls and I0 on the circuit behaviour can be disregarded for 
this simplified description. 

In the steady state, with the GTO turned off, CI is 
charged to Vs. Assume that the GTO is turned on for the 
very short time necessary to just discharge CJ. Further 
assume that current I J is negligible during this brief on-time 
of the GTO. When the GTO is switched off, current I\ oscil· 
!ates sinusoidally about zero at the resonant frequency of 

v, 

GTO ---~n ... ___ ... n ... __ __.rc ~:, 
Fig.2 Waveforms of the basic SAPS for the shortest possible 

conduction time for the GTO 

the circuit comprising L J together with C0 and C 1 in series: 

w = V(L I Ctot) 

where 

CJCo 
Ctot = C1 +Co 

The peak oscillatory current is the supply voltage divided 
by the impedance of the resonant circuit (Z 1), 

• Vs V Ctot I1 =-=Vs --
Z1 L1 

which has an instantaneous value 

Vs 
I1 = ZJ sin wt 

(I) 

For stable self-oscillation of the circuit, the minimum level 
of VJ must just reach zero during each cycle. The instan· 
taneous value of VJ is therefore given by 

V1 =Vs (I - cos wt) 

V1=2Vs (2) 

the a.c. component of which is 

V1 a.c. = V1 - Vs= Vs 

This voltage therefore oscillates sinusoidally between 0 V 
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and 2 Vs and has an average value equal to the supply 
voltage (Vs). Since the average value of the oscillatory 
current I 1 must therefore be zero, it is apparent that, as is 
to be expected, power is not drawn from the supply when 
the output from the circuit is unloaded. 

The ratio V0 /Vt is determined by the ratio of the values 
ofC1 and C0 • The peak value ofV0 is 

Vt Ct Ct+ C0 
V0 =Vs+-- =Vs---

2Co C0 

the a.c. component of which is 

(3) 

Unloaded circuit with longer GTO conduction 
period 

The waveforms for this mode of operation are given in 
Fig.3. If the conduction period of the GTO is made longer 
than that necessary to just discharge C 1, considerable 
current due to 10 and the discharge of C0 is flowing in L 1 
at the turn-off instant. This value of I 1 will be denoted loff· 
The peak oscillatory current VsfZ1 from equation (1) will 
now increase, in proportion to the ratio I 0 [fto VsfZ1, by a 
factor 

v, 

Fig.3 Waveforms for the longest possible conduction time for 
the GTO and V1=1200V max, V5 =300V, C1=10nF, 

C0 =22nF, L0 = 10mH, L1•1 mH, M=3 
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The peak current through L 1 will therefore be 

, MVs 
It= Zl (4) 

The peak voltage across Ct in Eq.(2) was Vs above its 
average value Vs. The rise of Vt above Vs will now increase 
by the multiplying factor M, which gives 

V1 =Vs+ MVs=Vs{M + 1) (5) 

the a.c. component of which is 

Vt a.c. = MVs 

Solving Eq.(5) for the maximum multiplying factor in terms 
of the supply voltage and the maximum allowable peak 
voltage across the G TO gives 

¥1 
Mmax = - -1 

Vs 
(6) 

The a.c. component of the output voltage is Vt a.c. multi­
plied by the ratio C tf C0 , which gives 

V _ Vt a.c. Ct MVs Ct 
oa.c. - Co Co (7) 

Voltage control range of the basic SRPS 

Assuming that Vs is the rectified mains voltage (300 V) and 
that the maximum peak voltage permitted across the GTO 
(Vt) is 1200 V, then from Eq.(6) the maximum multiplying 
factor is 3 and, from Eq.(4), the maximum peak current 
through L 1 is 

• 3Vs 
It =Zt (8) 

Comparing Eq.(l) and (8) shows that the peak current 
through Lt increases threefold when the conduction 
period of the GTO is increased to the maximum allowed by 
the pennitted peak voltage across the GTO (Vt). Comparing 
Eq.(2) and (5) shows that, with M = 3, the peak voltage 
across the GTO increases from 2Vs = 600V to 4Vs= 1200V 
when the conduction period of the GTO is changed from 
minimum to maximum. Comparing Eq.(3) and (7) shows 
that, with C1/C0 =0.5, the control range for the a.c. com­
ponent ofV0 is 

V0 a.c. min = 0.5 Vs= 150 V 

Voa.c. max= 1.5 Vs= 450V 

The circuit can therefore be used as a power converter with 
its output voltage controlJabte over a 3: t range by varying 
the conduction period of the GTO. 

Alternatively, for a lower supply voltage such as Vs= 
IOOV, and the same maximum peak voltage Vt= t200V, 
the maximum multiplying factor from Eq.(6) is t 1. Solving 
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Fig.4 Compu~r plots of the waveforms In the circuit of Fig.1 with V5 = 300 V d.c., Lo= 10 mH, L1 = 1 mH, C0 = 20 nF, C1 = 10 nF. 
The dotted sections are the conduction period of the GTO, which is the maximum allowed by the V1 specification 
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Eq.(2) and (5) for Vs shows that the variation of supply 
voltage (Vs) that can be compensated by variation of the 
conduction period of the GTO is: 

V1 
Vsmin =M + l = lOOV 

V1 
Vs max = 2 = 600 V 

The SRPS output voltage can therefore be stabilised against 
a 6: 1 d.c. supply voltage variation by varying the conduc­
tion period of the GTO. 

Computer plot of the SRPS voltage and currents 

As shown in Fig.4, a computer program has been used to 
plot the exact time functions for 10 , I1, V0 and V1 with Vs 
=300V d.c. and components values Ls= lOmH, L1=1 mH 
C0 =20nF and C1 = lOnF. The computer plots have been 
made for peak values of V 0 of 490 V, 590 V, 770 V and 
1030 V. Subtracting Vs= 300 V from these figures gives the 
a.c. component of V0 , which is about 190V, 290V, 470V 
and 720 V respectively. This shows that the available out­
put voltage control range for Vs=300V and V1 max.= 
1200 V is at least 3 .8: 1 instead of 3: 1 as calculated in Eq .(3) 
and (7). This is due to the fact that the voltages across the 
capacitors in the oscillatory circuit are almost 180° out of 
phase so that the voltage division between them is not di­
rectly proportional to their values. The plots also indicate 
that the operating frequency decreases as the conducting 
time of the GTO is increased. 

Extracting power from the SRPS 

There are three basic methods of extracting power from the 
SRPS. They are: 

From capacitor C0 , via a diode, to an output electrolytic 
capacitor. Since the output voltage V0 a.c. is superim­
posed on the input d.c. level Vs, the voltage across the 
electrolytic capacitor will always exceed Vs. The circuit 
is therefore an up-converter and its main use is as a 
buffer between the mains and a d.c. power supply unit. 

- From capacitor C0 via a capacitor which blocks the d.c. 
component of V0 so that pure a.c. is available at the out­
put. This circuit is suitable for driving resistive loads and 
fluorescent lighting tubes. If the output from the block­
ing capacitor is rectified in a voltage doubler circuit, this 
type of SRPS is suitable for controlling the speed of a 
series-wound d.c. motor. 

- By replacing inductor Ls with a transformer. This ar­
rangement gives the best performance because it gives 
very good mains isolation and the load can be correctly 
matched to the SRPS by adjustment of the turns ratio of 
the transformer. This type of circuit can drive resistive 
or rectifier loads and can also be used as a supply for flu­
orescent tubes. For rectifier loads, however, the leakage 
inductance of the transformer must be made very low; 

for example, by using sandwiched windings. The final 
part of this article shows how inductor L1 can be inte­
grated with the transformer to overcome this problem 
and create an SRPS with a single inductive component. 

PRACTICAL SRPS CIRCUITS WITHOUT MAINS­
ISOLATION 

Direct-coupled SRPS up-converter 

The circuit of this type of SRPS is given in Fig.5. Diode 0 0 

half-wave rectifies V0 and feeds the resultant half-sinewaves 
to output electrolytic C0 . Since the average value of V0 is 
Vs, the rectified half-sinewaves at the output are superim­
posed on the d.c. input voltage and the d.c. output voltage 
must necessarily exceed this level. The circuit is therefore 
an up-converter. The percentage of the total output power 
which has to be converted by the series-resonant circuit is 
(Vo - Vs)/V0 . For Vs= 200V (average voltage of full-wave 
rectified 220 V mains) and V 0 a.c. = 500 V, this amounts to 
only 60 % of the total output power. This, together with 
the inherent high efficiency of the SRPS (about 95 % at 
Vs = 200 V d.c.), allows the circuit to feed some current to 
the load, even when the input voltage is as low as 10 % of 
the output voltage. For V0 a.c. = 500 V to 600 V, the full­
wave rectified mains input need not therefore be smoothed 
and can be obtained directly from a bridge rectifier follow­
ed by a low value decoupling capacitor (a few µF). This ar­
rangement results in an SRPS up-converter with a well­
stabilised d.c. output with a low level of superimposed 
100 Hz ripple. Since the 50 Hz mains current flowing via 
the bridge rectifier without a high value smoothing capaci­
tor is sinusoidal, the circuit can convert unlimited power 
without exceeding the limits of mains harmonic generation 
specified for domestic equipment in CENELEC specifica­
tion EN 50 006. 

Fig.5 SAPS up-converter 
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The foregoing considerations indicate that the main use 
for this type of SRPS is for reducing mains distortion by 
acting as a buffer between the a.c. mains supply and a 
500 V to 600 V d.c. power supply of more than 500 W. 

Capacitively-coupled SRPS circuits 

In capacitively-coupled SRPS circuits, the d.c. component 
of voltage V0 is blocked by a capacitor between C0 and the 
output rectifier. The circuit is given in Fig.6 which shows 
three methods of rectifying the a.c. component V0 . 

Circuit 1. In circuit 1 of Fig.6, the a.c. component of V0 

is rectified in a voltage doubler circuit that applies a posi­
tive d.c. voltage to the load. like the previously described 
up-converter, this circuit works best with a d.c. output of 
more than 500 V, but has the added advantage that it is im­
mune to output short-circuit. The main use of circuit 1 is 
speed control of a series d.c. motor connected as shown in 
Fig.7. Since inductor Ls has now been replaced by the 
series-connected armature and field windings of the motor, 
the SRPS has an effective input voltage of Vs minus the 
back e.m.f. Since the back e.m.f. is proportional to the cur­
rent through the motor at a given speed, it is not necessary 
to use a high value capacitor to smooth the rectified mains 
input. The current flowing in the 50 Hz mains can therefore 
be made sinusoidal so that mains pollution is minimal. The 
range of back e.m.f. must not exceed about 75 % of supply 
voltage Vs so that the SRPS can still supply a reasonable 
amount of current when the motor is running at full speed. 

Circuit 2. Circuit 2 of Fig.6 is similar to circuit 1 except 
that the output rectifier/voltage doubler is connected to 
provide a negative d.c. output voltage. The possible uses for 
this circuit are fe;w. 
Circuit 3. Circuit 3 of Fig.6 is again similar to circuits 1 
and 2 except that the output is bridge-rectified. Since the 
bridge rectifier provides half the average output voltage of a 
voltage doubler rectifier, the minimum peak value for the 
d.c. output can be reduced to about 250 V. A disadvantage 
of the circuit however, is that the output is floating with re­
spect to the return line of the input voltage. 

SRPS CIRCUITS WITH MAINS ISOLATION 
Since capacitor Cm has a much higher value than C0 , C0 is 
effectively in parallel with Ls so that V0 appears across this 
inductor. If mains isolation is required, Ls can therefore be 
replaced by a transformer with output rectifier connected 
to the secondary winding (Fig.8). The manner in which the 
rectifier and transformer are connected then determines the 
mode of operation, i.e. power transferred to the load 
- when the current in the primary winding of the trans­

former is positive (forward mode, circuit 1) 
- when the current in the primary is negative (flyback 

mode, circuit 2) 
- when the current in the primary is positive and when it 

is negative (forward flyback mode, circuit 3). 
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In circuit 3, a bridge rectifier can also be used with an un­
tapped secondary winding. 

In addition to driving rectifier loads via a transformer 
with low leakage inductance, these circuits with trans­
former-coupled output are also suitable for driving a resis­
tive load or a load that behaves like a voltage source, for 
example, a fluorescent lamp or a magnetron in a microwave 
cooker. The best performance is obtained with a d.c. out­
put of about 300 V. 

r--------, I a I see t-1 b~---

' L __ ~': ___ J IL1 

~ Cln ~ 

c, 

FORWARD 

a~b 

circuit 1 

FLYBACK 

circuit 2 

FORWARD/fLYBACK 

circuit 3 

Fig.8 SAPS circuits with transformer coupled output 

SRPS with a single inductive component 
(transformer) 

In the circuits shown in Fig.8, inductor Lr is rather bulky 
because, at operating frequencies of about SO kHz, the flux 

swing in the core is quite large. It is therefore necessary to 
use a large core to prevent saturation and consequent over­
heating due to hysteresis losses. The core heating problem 
can be completely overcome by constructing the output 
transformer in such a manner that Ls is formed by the pri­
mary self-inductance and magnetising inductance of the 
transformer, and LI is formed by the primary and second­
ary leakage inductances. The flux swing of the transformer 
core is then quite small and the hysteresis losses are low. 

Figure 9 shows how inductor LI can be integrated with 
the output transformer. Firstly, since Cm is a much higher 
value than C0 , C0 is effectively in parallel with the primary 
winding of the transformer and can therefore be connected in 
this position. Secondly, if the value of C0 is multiplied by the 
square of the turns-ratio of the transformer, it can be con­
nected in parallel with the secondary winding. Finally, since 
there is now no connection to the junction of Ls and L 1, LI 
can be integrated with the output transformer. This final step 
is clarified by the equivalent T-circuit of the transformer 
given in Fig.I 0. Since a requirement for guaranteed self­
oscillation of the SRPS is that the value of Ls is at least ten 
times that of L 1, the minimum coefficient of coupling for 
the transformer is ;;>0.8. A transformer with sufficient leak­
age inductance can easily be constructed on a pair of fer­
roxcube U-cores with the primary wound round one pole 
and the secondary wound round the other. If the external 
magnetic field with this type of construction is too great 
(for example, in a television receiver), the primary and 
secondary windings can be stacked on the gapped centre 
pole of a pair of E-cores. Experiments have shown that 
when this type of transformer is installed in a working 
SRPS and positioned within 4 cm of the deflection coils of a 
26-inch CTV set with a 30AX deflection system, there is no 
perceptible distortion of the raster. If the transformer is 
positioned within 4 cm of the most sensitive part of the 
tube (cathode, grid 1 and 2 area), the maximum distortion 
of the raster is 1 mm. 
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Typical construction of a mains·isolated SAPS output trans· 
former in which the leakage inductance is used for L5 . This 
transformer is for a 150W to 200W power supply operating 
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L1 = 2L1eak 

Ls = Lmag 

Fig.10 Transformer equivalent T-circuit 
with ideal transformation 

An important advantage of the SRPS with a single in­
ductive element is that it is inherently immune to a short­
circuited output. It is therefore self-starting, even with zero 
volts across the output capacitor, so it is not necessary to 
use a separate 50 Hz transformer to provide a supply for the 
GTO control circuit. 

The single-transformer SRPS can be used in any of the 
modes of operation illustrated in Fig.8 and can provide con­
trolled power for all the previously mentioned types of 
load. Because the design of SRPS circuits is complex, we 
have calculated the time functions for the variables V0 , V 1, 
10 and I 1 and used them in a closed-loop computer program 
to calculate the steady-state conditions for any set of input 
conditions. The computer program has also been used to 
construct a set of five universally-applicable graphs as a de­
sign aid for SRPS circuits. 
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An a.c. static switch is an entirely elec­
tronic circuit which uses a controlled 
rectifier (triac or thyristor> as its switching 
element. It is considerably more reliable 
than a mechanical switch or contractor 
because it has no moving parts and is 
therefore not subject to wear or contact 
erosion due to arcing. Furthermore, it can 
be silently and safely operated by a very 
low power mains-isolated circuit such as a 
simple mechanical contact, a thermistor 
bridge, or the output from a logic element. 

Static switches can be designed for either 
synchronous or asynchronous operation. 
Asynchronous switches are the less 
expensive of the two types but, since they 
can be operated at any instant during the 
a.c. voltage cycle, they can cause a rapid 
current rise in a switched resistive load 
and thereby generate considerable r.f. 
interference. This disadvantage can be 
overcome by using a switch that triggers 
the power switching element when the 
switched a.c. voltage passes through zero. 
Such a synchronous switch, however, 
tends to become expensive when con­
structed from discrete components 
because it must incorporate complex cir­
cuitry for detecting the a.c. voltage zero 
crossing instant and synchronizing the 
switching action. 

The TDA1024 provides an economic solu­
tion to this problem. 

DESCRIPTION OF THE TDA1024 
The TDA1024 is an 8-pin dual-in-line inte­
grated circuit which, together with a few 
peripheral components, can be used to 
construct on/off static switch circuits. It 
incorporates the following functions (see 
Figs 1 and 2>: 

• a comparator with Schmitt-trigger 
action. This circuit compares the con­
trol voltage at pin 5 with the reference 
voltage at pin 4 and switches on when 
the control voltage exceeds the refer­
ence voltage. The hysteresis of the 
circuit is adjustable between 20mV and 
300mV by selection of the value of a 
resistor connected between pin 3 of the 
TDA1024 and the negative supply line. 

• an input buffer circuit with high input 
impedance and low output impedance. 
This circuit presents a low impedance 
to the comparator input so that the hys­
teresis of the circuit is independent of 
variations of the input voltage. 

• a d.c. supply circuit which provides a 
zener-limited nominal 6.5V supply, at a 
current of up to 30mA, for application 
to the input bridge. 

• a zero-crossing detector which produ­
ces an output when the sinusoidal 
voltage applied to pin 6 passes through 
zero. 

• a control gate which inhibits the output 
trigger pulse from the TDA 1024 unless 
there are outputs from both the zero­
crossing detector and the comparator. 

• an output stage which delivers a 
positive-going, mains-synchronized 
triac trigger pulse whenever the control 
gate is activated. The output from this 
stage is current-limited and protected 
against short-circuit. Since, for zero vol­
tage switching, the current and voltage 
in the load must be in phase, the appli­
cations of the TDA1024 described in 
this publication are restricted to the 
switching of resistive loads. 

The TDA1024 is mainly intended for appli­
cations such as thermostatic control of: 

• central heating installations; 

• washing machine heaters; 

• water heaters; 

• smoothing irons; 

• industrial heating equipment. 

mains control circuit 
fV5) d.c. supply 

The circuit is also suitable for use in on/off 
lighting 'control systems. The input can be 
derived from a resistance bridge or from a 
logic element, either directly or via a photo­
coupler if mains isolation is essential. 

PERIPHERAL COMPONENTS 
This section will show how to select the 
values for the peripheral components so as 
to ensure correct operation of the 
TDA1024 under worst-case conditions 
with regard to operating conditions such 
as mains voltage, triac characteristics and 
load characteristics. 

To aid the designer in selecting compo­
nent values, larger versions of all the 
curves shown in this section are available 
on request. 

TRIGGER PULSE WIDTH AS A 
FUNCTION OF TRIAC LOAD 
The main advantage of triggering a triac at 
the instant when the applied voltage 
passes through zero is that this mode of 
operation renders the use of r.f. suppres­
sion components unnecessary. The trigger 
pulse (Fig. 3> must commence before the 
triac current Ur> falls below the holding 
level and must continue until it rises above 
the latching level. Since, in general, the 
latching current (IL> of a triac is 20% higher 
than its holding current UH>, the minimum 
width for the trigger pulse is equal to twice 

mains 
synchronization 

common 
ZENER LIMITEO 

O.C. SUPPLY 
TDA1024 

9-197 

COMPARATOR 

.LT 

hysteresis 
control 

Figure 1. Block Diagram of the TDA1024. 

trigger 
output 

September 1985 

9 



Signetics Linear Products Application Note 

Design of Static Switching Circuits Using TDA1024 

r - - -ZENER -u..;,TEo -- ~ - ---;-- - ---; -- - zE•O'C•o5s1.<a-oET"Eci-0R -- i 
' SUPPLY I 
I 02 • i 
I 10--.---.i1--.-~+--+--+--+-~-~--...----+b j 

I Rl 

01 

R2 I 
o-_.__~~_.__--1~--~~~~----~~~~--_,,__-r---+' I 

'-+~~~~~~~~~~~~~__.__., 

---------~-------------------5~J 

r------

1 ~~_,.---.-~+-~-+--+-+-<>---<~+-~~---~~-.--<.--+-~~__,__,~+-+--+--+~~---------< 

INPUT BUFFER 

the time taken for the triac current to rise 
from zero to the latching level. 

The current passed by the triac is a func­
tion of its on-state voltage, the load 
resistance, and the applied a.c- voltage. 
The required trigger pulse width (Ip) is 
therefore a function of: 

• the latching current of the triac UL); 

• the applied a.c. voltage M; 

• the load resistance (Rl; 

• the on-state voltage of the traic (Vrl. 

The following equation can be derived: 

tp min= 

September 1985 

2 (ILR + Vrl 

d (V sin wtl/dt 
at t =O. 
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_L....._ ____ ----

Figure 2. Circuit Diagram of the TDA1024. 
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-t 
Vr 

+ 

Figure 3. Definition of Minimum Trigger Pulse Width 
for Mains Zero-Point Triggering. 
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Assuming that the load resistance has a 
tolerance of ±5%, the a.c. voltage variation 
is ±10% and the on-state voltage of the 
triac is a maximum of 2V at IL, the min­
imum width of the trigger pulse in the 
worst case is: 

Ip min= 

in which 

R= 
power being controlled (p) 

Figure 4 shows Ip as a function of P, with 
IL as a parameter, at four a.c. voltages. 

SYNCHRONIZATION RESISTOR 
VALUE AS A FUNCTION OF 
REQUIRED PULSE WIDTH 
The minimum width of the trigger pulse 
available from pin 2 of the TDA1024 is 
specified in the published data as 130µs 
with a synchronization current into pin 6 
(Is) of 1 mA at 50Hz, and a d.c. output vol­
tage at pin 8 of 5.5V (a.c. input voltage to 
pin 7: 220V, 50Hz). 

The general expression for the minimum 
width of the trigger pulse as a function of 
the current into pin 6 (see Fig. 5) is: 

Ip min= 
Ip min at Is = 1 mA 

Is max x 103 

0.13 x 10-s x Rs min 

Vmax 

Assuming a tolerance of ±5% for Rs and 
±10% for the supply voltage, it would 
appear that the worst-case (lowest) value 
for Ip min is given by: 

tp min=:: 
0.13 x 10-s x 0.95 Rs 

1.1V 

This, however, is not realistic because the 
longest trigger pulse is required when the 
rate of change of the triac current is slow­
est, i.e. when the applied voltage is 
minimum (see Fig. 31. The true worst case 
therefore occurs when the applied voltage 
is minimum and the pulse length due to Rs 
is minimum (minimum Rs value). This is 
given by: 

Ip min= 
0.13 x 10-s x 0.95 Rs 

0.9V 

0.137 Rs x 10-s 

v 

Figure 6 shows the value of Rs as a func­
tion of the required trigger pulse width 
with the applied a.c. voltage as a 
parameter. 

600 t(µ•) 

600 tlµsJ 

--"""'­
V;-220V 

Figure 4. Minimum Pulse Width as a Function of Switched Power for 
Four Supply Voltages, with Latching Current as a Parameter: 
Curve A, IL= 60mA; Curve B, IL== 100mA; Curve C, IL= 200mA. 
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Figure 5. Definition of the Value of the 
Mains Synchronization Resistor as a 
Function of the Required Trigger Pulse 
Width. 
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Figure 6. Synchronization Resistor 
Value as a Function of Required 
Trigger Pulse Width with Applied a.c. 
Voltage as a Parameter. 

GATE RESISTOR VALUE AS A 
FUNCTION OF OUTPUT V/I 
CHARACTERISTIC AND TRIAC 
GATE CHARACTERISTICS 
The maximum amplitude of the pulse at 
the output lpin 21 of the TDA1024 is speci­
fied in the published data as being not less 
than 4V at an output current of 100mA. 
Since the output stage is a voltage stabil­
izer, the output voltage remains at 4V 
minimum for all output currents below 
100mA. If an attempt is made to draw a 
higher current at this output voltage, the 
output current is limited to 100mA. This 

September 1985 

limiting action does, in fact, render a gate 
current limiting resistor unnecessary. 

Its use is, however, recommended to limit 
the gate current to its minimum value and 
thereby reduce the power dissipated by 
mains dropping resistor Rd by reducing 
the overall current consumption. 

The rectangular output V/1 characteristic 
of the TDA1024 is shown in Fig. 7. Load 
lines for various values of gate resistor 
have been plotted on this diagram so that 
the maximum value of gate resistor !min­
imum gate currentl can be selected by 
plotting horizontal and vertical lines to 
represent the required minimum gate cur­
rent and voltage that will reliably trigger all 
triacs of a particular type. 

If gate resistor values are to be calculated, 
Fig. 8 shows that 

therefore, 

RG max= 

v, 
IV) 

4 - VG 

IG 

Ro= 
1en 

22 

Figure 7. Gate Voltage as a Function of 
Output Current with Gate Resistor 
Load Lines. Example: for VG = 1.SV and 
12 = 62mA, Ra = 39k0. 

TDA1024 

Figure 8. Definition of the Value of the 
Gate Resistor as a Function of the Out­
put VII Characteristic of the TDA1024 
and the Characteristic of the Triac. 
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From the last equation, it is obvious that 
the plots of Fig. 7 will result in an indica­
tion of the maximum value for the gate 
resistor. If the plotted value falls between 
two load lines, the lower value must be 
selected for the gate resistor. 

COMPARATOR HYSTERESIS AS 
A FUNCTION OF PERIPHERAL 
RESISTOR Rh 
The comparator in the TDA1024 compares 
the input voltages at pins 4 and 5, and 
operates with Schmitt-trigger action and 
built-in hysteresis. The hysteresis 
increases the noise immunity of the circuit 
and prevents half-waving. It is adjustable 
between 20mV and 300mV by selection of 
the value of a resistor connected between 
pin 3 and the common return line. A dia­
gram of the circuit is given Fig. 9 together 
with the transfer characteristic of the 
comparator. 

The current delivered by the current 
source llhl can be set by selecting a value 
for peripheral resistor Rh. Current lh 
defines the voltage across resistor Rh int 
and therefore determines the voltage dif­
ferential lthe hysteresis) required between 
pins 4 and 5 of the TDA1024 to initiate 
output trigger pulses. 

The typical hysteresis of the circuit is plot­
ted as a function of the value of Rh in 
Fig. 10. 

DETERMINATION OF MAXIMUM 
AVERAGE OUTPUT CURRENT 
AS A FUNCTION OF Ra WITH Rs 
AS A PARAMETER 
In this section, the maximum average out­
put current of the TDA1024 will be 
calculated so that the minimum required 
supply current can be determined in the 
next section. Since the minimum required 
supply current is to be calculated in the 
next section, this section will show how to 
calculate the maximum output current at 
minimum supply voltage, and will trans­
form the result into the maximum average 
output current that can occur under condi­
tions of maximum trigger pulse duty cycle. 
This procedure is feasible because all the 
parameters given in the published data are 
guaranteed at the minimum supply voltage 
IVs = 5.5VI. Making the calculation at min­
imum supply voltage is also valid because 
making it at maximum supply voltage 
would result in subsequent selection of too 
high a value for the supply dropping resis­
tor and consequent unnecessary power 
dissipation. 
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Figure 9. Hysteresis of the Comparator as a Function of Rh· The Comparator is 
Shown in (a) and the Transfer Characteristic in (b). 
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Figure 10. Comparator Hysteresis as a Function of the Value of Peripheral 
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Assuming a ±5% tolerance for gate resistor 
Ra, the worst-case peak output current 
from pin 2 is: 

1 _ V2 max at Va min = _4_.7_ = 4_.9_4_7 
2 max - 0.95RG 0.95RG RG 

Assuming a ±5% tolerance for Rs and a 
±10% tolerance for the supply voltage, the 
maximum pulse width is: 

Ip max at Is = 1 mA 1.05Rs 
Ip max = 1 ()3 X 0_9V 

0.265 x 10·6 x 1.167Rs 

v 
0.309Rs x 10-s 

v 

The maximum trigger pulse duty cycle is: 

tp max 
!Smax = 

half 50Hz period 

The worst-case maximum average current 
output from pin 2 is: 

l2(av) max = 12 max X Omax 

4.947 

RG 
x 

0.309Rs x 10-4 

v 
1.53Rs x 10·4 

RaV 

The value of l21avl max is plotted as a func­
tion of the value of Ra, with the value of Rs 
as a parameter, for four 50Hz supply vol­
tages in Figs 11 to 14. 

MINIMUM REQUIRED SUPPLY 
CURRENT ('7) AS A FUNCTION 
OF OUTPUT CURRENT (12) 
WITH HYSTERESIS SETTING AS 
A PARAMETER 
The minimum supply current required at 
pin 7 of the TOA 1024 is the s.um of the fol­
lowing currents: 

• the maximum average output current; 

• the current drawn by the TOA1024 
internal circuits; 

• the current drawn by the input circuit 
components connected to pin 8 of the 
TOA1024. 

The maximum average output current was 
defined in the previous section. 

The current drawn by the internal circuits 
of the TOA 1024 depends on the hysteresis 
control current drawn from pin 3. At '3 = 0, 
lie = 1.BmA !minimum hysteresis!, and at 
V3 = 0, lie = 3mA !maximum hysteresis!. 
Calculations and measurements have 
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Figure 13. Maximum Average Trigger 
Current as a Function of the Value of 
RG with the Value of Rs as a 
Parameter. 
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Figure 12. Maximum Average Trigger 
Current as a Function of the Value of 
RG with the Value of Rs as a 
Parameter. 
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Figure 14. Maximum Average Trigger 
Current as a Function of the Value of 
RG with the Value of Rs as a 
Parameter. 

Figure 15. Minimum Required Supply 
Current as a Function of Maximum 
Average Trigger Current, with 
Hysteresis Setting as a Parameter. 
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shown that, with the hysteresis set to max­
imum, and input conditions such that Vs > 
V4 !maximum total current consumptionl, 
lie =3mA. 

With minimum hysteresis, the minimum 
required supply current is: 

17 min= 12(av) max+ 0.0018 + lbridge. 

With maximum hysteresis, the minimum 
required supply current is: 

17 min = l2(av) max + 0.003 + I bridge. 

The minimum required supply current is 
shown as a function of the maximum aver­
age output current, with the hysteresis 
setting as a parameter in Fig. 15. The 
bridge current is assumed to be 1 mA in 
this graph. 

VALUE OF THE MAINS 
DROPPING RESISTOR AS A 
FUNCTION OF THE MINIMUM 
REQUIRED SUPPLY CURRENT 
WITH THE SUPPLY VOLTAGE 
AS A PARAMETER 
The value of the mains dropping resistor 
IRdl must be such that the average supply 
current to pin 7 of the TDA1024 is at least 
equal to the minimum required value 
defined in the previous section. Figure 16 
shows the diagram of the supply circuit 
and gives the mains voltage waveform. 

During the positive excursion of the mains 
voltage, the current supplied to the 
TDA 1024 and the electrolytic capacitor via 
Rd is given by: 

1 82 ( 'V sin a - V7 ) 
17(av) = 2rr J Rd da. 

a, 

Assuming 10% mains voltage variation, 
10% tolerance for Rd, and a maximum of 
8.2V at pin 7, the worst-case condition 
!minimum current, maximum resistance! is 
given by: 

1 aJ2 [ 10.9 x 'V sin al - 8.2 J 
17 min = 2rr 1.1 Rd da 

a, 

in which a, = rr - 82 = arcsin 8.2/0.9V = 
arcsin 9.1/V. 

This expression has been computed, and 
the results plotted graphically, for four 
values of r.m.s. mains voltage in Fig. 17. 

r 
v, 

l 

Vs 

TDA1024 
c, 
110VI 

v, j 

Figure 16. Mains Supply Circuit and Voltage Waveform. 

16 

12 

4 

0 
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380V 

iiJv 

* ~ _]'.,, 
220V 

110V 

1 200 

c, 

Rorn1n 

800 

400 

0 
20 I?mm (mA) 30 

Figure 17. Value of Rd as a Function of 17 with Supply Voltage (r.m.s.) as a 
Parameter. The Value of the Smoothing Capacitor as a Function of 17 is also 
Shown. 
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t-+-+-++-+++-H++++-t+-1' with diode BYX 10 
H-+-+-+-++-+++-+-+-+-+-+-1---without diode BYX 10 

201-+-+-++++++-Hrt-++-t+-l+-IH-H-H-H-++++-t-1 
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220V tru 
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+ l TDA1024 
c, 

r (10VI 

_l 

7Z74249~ 

Figure 18. The Power Dissipated by Mains Dropping Resistor Rd as a Function 
of its Value with the Supply Voltage as a Parameter. 

MINIMUM PERMISSIBLE VALUE 
FOR Rd AS A FUNCTION OF 
THE MAXIMUM PERMISSIBLE 
CURRENT TO PIN 7 
The maximum current allowed at pin 7 of 
the TDA 1024 is 80mA. This places the fol­
lowing restriction on the minimum value of 
Rd: 

0.9Rd min= 
1.1 c-
0.08 

or, Rd min = 15.28. This lower limit for the 
value of mains dropping resistor has also 
been plotted in Fig. 17. 

September 1985 

POWER DISSIPATED BY MAINS 
DROPPING RESISTOR Rd AS A 
FUNCTION OF ITS VALUE WITH 
THE SUPPLY VOLTAGE AS A 
PARAMETER 
The following two methods can be used to 
reduce the supply voltage to the level 
required at pin 7 of the TDA1024: 

• by connecting a series combination of 
a diode and a resistor between the 
supply voltage and pin 7 of the 
TDA 1024. The diode half-wave rectifies 
the voltage applied to the resistor and 
thereby minimizes its dissipation. 
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• by connecting a resistor between the 
supply voltage and pin 7 of the 
TDA1024. 

The general expression for the power dis­
sipated by resistor Rd in Fig. 18 is: 

P = V(rms12/Rd 

in which, 

V(rms/ = 2rr 

2rr 

lsee Fig. 161. 

82 

J 10 sin a -V712 da + 
a1 

2rr 

J 1¢ sin a12 da 
1T 

Assuming a supply voltage variation of 
±10%, a resistor tolerance of ±10%, and a 
minimum of 6.1V at pin 7 of the TDA1024, 
the worst-case dissipation by the resistor, 
if it is connected in series with a diode, is 
given by: 

[ 182 • ] 
Pmax = 2rr J 11.1 V sin a - 6.112 da 

a1 

0.9Rd 

Assuming the same conditions, the worst­
case dissipation by the resistor, if it is used 
without a diode, is given by: 

[ 1 a2 
Pmax = 27T J 11.1 0 sin a- 6.112 da 

a1 

1 2rr 

+ 2rr J 11.1 ¢sin a)2 da] 
0.9Rd 

1T 

These last two expressions have been 
computed for four values of supply voltage 
and have been plotted in Fig. 18. 

USING A CAPACITOR FOR 
MAINS VOLTAGE REDUCTION 
It is possible to replace the half-wave recti­
fication diode and the supply dropping 
resistor with a capacitor IFig.191, and there­
by limit the power dissipated by the mains 
voltage reduction components yet further. 
However, for mains voltages below 220V, 
the power dissipated by the dropping res­
istor is comparatively small and the use of 
a capacitor is not considered to be neces­
sary. For mains voltages above 240V, the 
additional cost of the required high-voltage 
capacitor is not justified. For these rea­
sons, it is recommended that capacitive 
voltage reduction is only used with a 
mains input of 220V r.m.s. or 240V r.m.s. 
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R,, 
I l 390fi 

'1c, ~ 
7 , ]-(1 u 

TDA1024 [ 
I 

iZ742SO~ 

(a) 

(b) 

1000>-+--+-+-+--+--+-f-+-+-+-+--+-+-+-<1000 
>-+---+--+-+--+-+-~5d-+-+-+--+--+-+-+ 
>-+---+--+-+--+--+-!LIH--t-t-Vs = t-H 
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Figure 19. Using a Capacitor for Mains Voltage Dropping. The Circuit is Shown 
in (a) and the Power Dissipated by the Dropping Resistor and the Capacitor 
Value as Functions of the Current into Pin 7, with the Mains Supply Voltage as 
a Parameter, is Shown in (b). 

When selecting a capacitor for mains vol­
tage reduction, the following points must 
be considered: 

• the specified maximum a.c. voltage for 
the capacitor must be compatible with 
the mains supply voltage. 

• inrush current must be limited to less 
than 2A by a resistor connected in ser­
ies with the capacitor. 

• mains-borne transients must be sup­
pressed to limit the maximum current 
applied to pin 7 of the TDA1024 to less 
than 2A. 

• the value of the capacitor must be cal­
culated as a function of the required 
average current at pin 7 of the 
TDA1024, using the mains voltage as a 
parameter. The maximum permissible 
value of the capacitor must also be cal­
culated to ensure that the maximum 
permissible current at pin 7 of the 
TDA 1024 is not exceeded under worst­
case conditions. 

• the power dissipated by the series resis­
tor must be calculated as a function of 
the required average current at pin 7 of 
the TDA 1024, using the mains voltage 
as a parameter. 

Suppression of Mains-Borne 
Transients 
A zinc-oxide voltage-dependent resistor 
must be connected across the mains input 
to limit mains-borne transients to: 

Vtrans = l?SM X 0.9Rsd 

where l1sM is the maximum permitted non­
repetitive peak current at pin 7 (2 Al. 

For Rsd = 390!l, this yields a maximum 
transient voltage of about 700V. For 220V 
operation, a typical VDR type 2322 594 
13512 will limit the supply voltage to the 
required level during current transients of 
up to about 200A. For 240V operation, a 
typical VDR type 2322 594 13912 will limit 
the supply voltage to the required level 
during current transients of up to about 
BOA 

Limitation of Inrush Current 
Resistor Rsd must also limit the peak value 
of the inrush current to less than 2A under 
worst-case normal operating conditions. 
With a 240V r.m.s supply, the value of 
390!! will limit the worst-case peak value 
of the inrush current to: 

-)2x (240x1.1) =1.06A. 
0.9 x 390 

Value of the Capacitor as a 
Function of the Required Average 
Current at Pin 7 of the TDA1024 
The average current supplied to pin 7 of 
the TDA 1024 via capacitor Cd can be 
approximated by: 

1 
l(av) = - X 

11" 

V-V7 

Assuming tolerances of ±10% for the 
capacitor and the resistor, and variations 

9-205 

Application Note 

AN129 

of ±10% for the mains voltage, the worst­
case average current can be approximated 
by: 

0.9V-V7 max 
l(av) = 

rr X -jj(1.1Rsdi2 + (1/0.9wCdl2j 

This relationship has been plotted for 
supply voltages of 220V and 240V in 
Fig. 19. 

Maximum Permissible Value for 
the Capacitor 
The maximum permissible value for the 
capacitor must be such that the maximum 
current into pin 7 of the TDA 1024 does not 
exceed BOmA. Therefore, assuming ±10% 
tolerance for the components and for the 
mains voltage: 

A 
1.1 v 

-}[10.9Rsdl2+11/1.1wCdl2[ 
s; 0.08. 

Solving the expression for Cd gives: 

Cd max= 1.1w-}jl1.1 V/0.0812 - I0.9 Rsdl2j 

For V1rmsl = 220V, 50Hz, this yields 
Cd max = 679nF !most suitable preferred 
value = 680nFI. For V1rmsl = 240V, 50Hz, 
the equation yields Cd max= 622nF (most 
suitable preferred value= 560nFI. 

Power Dissipated by the Series 
Resistor 
The power dissipated by the 390!! series 
resistor Rsd can be approximated by: 

[ 1 v ] 2 
p = l(rms)2 Rsd = -)2xVIRsd2+11/wCdi2[ Rsd-

Assuming tolerances of ±10% for the ;;;;;~~~!iE 
capacitor and the resistor, and variations 9 
of ±10% for the mains voltage, the worst-
case dissipation can be approximated by: 

1.1 Rsd 
P= --2- x 

11.1v12 

11.1Rsdi2+11/1.1wCdi2 

The power dissipated by the resistor has 
been plotted as a function of 11, with the 
mains voltage as a parameter, in Fig. 19. 

TEMPERATURE SENSING 
BRIDGES FOR THERMOSTATIC 
SWITCHES 
This section will show how to calculate 
nominal values for the components of a 
resistance bridge that incorporates an 
NTC thermistor as a temperature sensing 
element. The worst-case deviations of the 
indicated temperature due to component 
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L.' -·'----

mains 
input 

Vs 

-~: --------------R, f 
--,---- ----------Re 

---:-----{----- -----Re 

I I I 
I I I 
I I I 
I I I 

Te 

Figure 20. Typical Temperature Sensing Bridge, and the Relationship between 
RNTC• V5 and Temperature. 

tolerances will also be calculated and 
represented graphically. 

ACHIEVING A LINEAR 
TEMPERATURE SCALE 
Figure 20 shows a temperature sensing 
bridge together with a graphical plot of the 
voltage at pin 5 of the TOA 1024, and the 
resistance of the thermistor, as functions 
of the temperature of the thermistor. For 
the most linear relationship between the 
measured temperature and the voltage at 
pin 5, the following condition must apply: 

TA-Ts=Ts-Te. 

Therefore, 

RA Rs Rs Re 
R1 + RA - R1 + Rs = R1 + Rs - R1 + Re ' 

where RA, Rs and Re are the resistances of 
the thermistor at temperatures TA, Ts and 
Tc respectively. 

Solving for R1 gives: 

Rs!RA + Rel - 2RARe 
. (1) 

RA+ Re-2Rs 

TEMPERATURE INDICATION 
ERROR DUE TO COMPONENT 
TOLERANCES 
The component tolerances which affect 
the temperature indication are: 

• the value of R1 tt5%l; 

• the resistance of the NTC thermistor at 
25°C 1±100/ol; 

• the B !{3) value of the NTC thermistor 
!±5%). 

The nominal resistance of the NTC ther­
mistor at any given temperature is 
expressed by the well-known formula: 

RNTe = AeSIT, 

where 

A= 
R2s 

eB/29S 

(2) 

(3) 

and T is the temperature in degrees kelvin 
!°C + 273). 

Substituting Eq. !3) for A in Eq. (2) gives: 

( 298-T) RNTe = R2s exp B 298T . (4) 

Taking the tolerances of R2S and B into 
account for T > 25°C gives: 
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The equivalent equations for T < 25° C are: 

( 298-T) RNTC ma• = 1.1 R2s exp 1.05B 298T , 17) 

( 298-T) RNTC min = 0.9R2s exp 0.95B 298T · (8) 

The nominal voltage level at pin 5 of the 
TOA 1024 !as a percentage of the voltage at 
pin 8), and therefore the percentage of the 
full travel of the adjustment potentiometer 
!270°), is given by: 

Vs x 100 

Vs 
nom= 

RNTe x 100 
R1 + RNTC 

( 298-T) 
R2sexpB mT 

[ (
298-T)x]100. (9) 

R1 + R2s exp B 298T 

Taking the minimum value of R1 into 
account and substituting Eq. (5) for RNTC 
in Eq. (9) gives the worst-case upper limit 
at T > 25°C: 

Vs x 100 

Vs 
max 

( 298-T) 
1.1R2s exp 0.95B 298T 

[ ( 298 - T )x]1(~i 0.95R1 + 1.1 R25 exp 0.95B 298T 

Taking the maximum value of R1 into 
account and substituting Eq. (6) for RNTe 
in Eq. (9) gives the worst-case lower limit at 
T>25°C: 

Vs x 100 
Vs 

min 

( 298-T) 
0.9R2s exp 1.05B 298T 

x 100. 

[ ( 298-T)] (11> 1.05R1 + 0.9R2s exp 1.05B 298T 

Since the output voltage from the bridge is 
always less than the supply voltage and 
greater than zero, the full rotation of the 
adjustment potentiometer cannot be used 
because it is connected directly across the 
supply voltage. However, an advantage of 
this configuration is that. the spreads of 
potentiometer values do not influence the 
accuracy of the bridge. 

( 298-T) RNTe ma• = 1.1 R25 exp 0.95B 298T • !5) 

A TEMPERATURE SENSING 
BRIDGE FOR A WATER HEATER 
For this application, the bridge must be 
capable of sensing temperatures within the 
range 60° C to 90° C. It uses an NTC ther­
mistor type 2322 640 12473 !R2s = 47kn ± 
10%, B "' 3825 ±5%>. The housing of an 
NTC thermistor type 2322 640 90007 can 
be used to mount the thermistor in a wash­
ing machine or a water heater; the ( 298-T) (6) RNTC min = 0.9R2s exp 1.05B 298T · 
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Table 1. Analysls of the Bridge Circuit 

T Reading on Error Reading on Error 
(oC) Plot Nam.Scale (oC) Shifted Scale (oC) 

Nominal m 60 0 -
60 Worst-case max. 131 66.6 +6.6 56.3 

Worst-case min. 121 54 -8 62.3 

Nominal m 75 0 -
75 Worst-case max. 131 83.1 +8.1 73.6 

Worst-case min. 121 67.7 -7.3 75,g 

Nominal 111 90 0 -
go Worst-case max. 131 gg,5 +g,5 90 

Worst-case min. 121 81.2 -8.8 go 

Potentiometer shaft rotation angle for temperature range 60° C to goo C = 
270170.5 -48.11 6 

100 0.480. 

RA= 12 1g5n at TA= 60°C; 

RB= 7433{} at TB= 75°C; 

Re= 4720fl at Tc= go0 c. 

-
-3.7 
+2.3 

-
-1.4 
+o.g 

-
0 
0 

thermistor which is normally contained in 
the housing is not suitable for this applica­
tion because its low resistance at the 
desired temperatures 160° C to goo Cl 
would cause the TDA 1024 to draw addi­
tional current. 

The three most important temperatures for 
the application are TA= 60°C, TB= 75°C 
and Tc= go0 c. From Eq. 141, the nominal 
resistance of the thermistor IRNTC noml at 
each of these temperatures is: 

Substituting these values in Eq. 111 yields 
R1 = 5177fl. The value selected for R1 is 
therefore 5100fl ±5%. The worst-case cur­
rent consumption for the bridge is: 

55 

Vs min 
RNTC min at Tc+ R1 min 

5.5 

3788 + 4845 
+ 

5.5 
1760 

+ 
Va min 

Ap min 

=o.g5 mA. 
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Equations 1g1, (10J and (111 have been 
computed for this bridge and have been 
plotted in Fig. 21 and analyzed in Table 1. 
The analysis shows that the worst-case 
maximum error is +g,5° C at go° C. The 
worst-case minimum error is -9° C at 
goo C. By rotating the scale around the 
shaft of the potentiometer until the read­
ings are correct at 90° C in both cases, 
these errors are reduced to +2.3° C at 
60°C and -3.7°C at 60°C. 

For many thermostat applications, it is 
unwise to allow too high a temperature to 
be selected. For this reason, the potentio­
meter shaft should be prevented from 
rotating beyond the upper temperature 
limit by a stop affixed to the scale. This is 
also the reason for correcting the angular 
position of the scale at 90° C although the 
accuracy of the temperature adjustment 
would be improved if the correction were 
made at 75° C. 

Figure 22 shows the same plots as Fig. 21 
but, in this case, plot 2 has been moved 
upwards by the worst-case minimum error 
at 90° C. Plot 3 has been moved down­
wards by the worst-case maximum error at 
90° C. Figure 22 therefore shows the accur­
acy of these thermostats if the angular 
position of every dial is correct at 90° C. 

nom. 
scale 
(°Cl 
50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

55 60 65 70 75 80 85 90 95 100 
sensed temperature (°C) 

Figure 21. Nominal and Worst-Case Calculations of Vs as a Percentage of v8 Plotted as a Function of Temperature. Plot 1 is 
the Nominal Calculation; Plots 2 and 3 are the Minimum and Maximum Worst-Case Calculations Respectively. 
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R1 

TOA1024 

2 

Figure 31. Interfacing the TDA1024 with a Shunt Photocoupler. When Input A 
is Logic 1; the Triac is On; when A Is 0, the Triac Is Off. 

From Eq. !12l: 

5.5 +0.4 
2 

From Eq. !131: 

= 2.95V. 

70 x 103 (6.5 - 2.951 
R1 = 6.5 =38230!1. 

The nearest preferred value is 39k!l. 

The nominal value for R2 can be approxi­
mated by: 

R2=110 x 1031- !39 x 1031=31 ooon. 
The nearest preferred value is 30k!l. 

September 1985 

The worst-case current drawn by the 
bridge at Vs = 5.5V is: 

Vs min + le max + Is max 
0.95 !R1 + R2l 

= 83.9 + 578.9 + 5 = 667.BµA. 

The circuit diagram of the TDA1024 inter­
faced with a photocoupler type CNY42 
connected in parallel with the output from 
a logic element is given in Fig. 31. The 
component values are the same as those 
calculated for the previous circuit but the 
switching function is reversed. 

Previously published as Technical Information 
010, ELCOMA. April 1976. 
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Figure 22. Nominal and Worst-Case Calculations of Dial Reading as a Function of Temperature, with the Angular Position 
of the Dial Corrected at 90° C. Plot 1 is the Nominal Calculation; Plots 2' and 3' are the Minimum and Maximum Worst-Case 
Calculations Respectively. 

APPLICATION EXAMPLES 

A COMPLETE DESIGN FOR A 
1200 W WATER HEATER 
THERMOSTAT 
For this application, three possible circuit 
configurations will be considered, namely: 
• a circuit using the minimum number of 

peripheral components, i.e. a diode is 
not connected in series with mains 
dropping resistor Rd, and a gate resis­
tor is not used. 

• a circuit in which the power dissipated 
by the mains dropping resistor Rd is 
minimized by connecting a diode in 
series with Rd, and by using a gate 
resistor. 

• a circuit that uses a capacitor for mains 
dropping. 

The resistive water heating element is 
powered from a nominal 220V r.m.s. 
supply and is switched by a triac type 
BT138 (for BT138, P 5 1400W; for BT139, 
P 5 2000W). The essential design data are 
as follows: 

• minimum gate voltage that will trigger 
all devices, VGT = 1.6V at 0°C; 

• minimum gate current that will trigger 
all devices, IGT = 72mA at 0°C; 

• maximum latching current, IL= 60mA. 

The three circuit diagrams are given in capacitor in parallel with the bridge output 
Figs 23, 24 and 25. The design of the (between pins 4 and 5 of the TDA1024). 

bridge, which is common to all three cir- In all three circuits, pin 3 of the TDA 1024 
cuits and is suitable for room temperature is not connected; this causes minimum 
control, was discussed in the previous sec- switching hysteresis (=-0.3oC). The reliabil-
tion. The bridge can be modified (e.g. ity of the circuits is improved if a zinc-
operated via a photocoupler) as long as oxide VDR is used to protect the triac 
the current drawn from pin 8 of the against mains-borne transients. The circuit 
TDA 1024 does not exceed 1 mA. If long with capacitor mains reduction (Fig. 25) 
leads are used between the temperature must incorporate a zno VDR in parallel 
sensing bridge and the remainder of the with the mains supply to prevent high cur-
circuit, it may be necessary to increase the rents at pin 7 of the TDA1024 during mains 
noise immunity by connecting a 100nF transients. 

Table 2. Component Values and Circuit Parameters for a 1200 W Water Heater Thermostat 

Circuit Diagram Fig.23 Fig.24 Flg.25 Unit 

Trigger pulse width Ip !Fig. 4) 105 105 105 µS 

Synchronization resistor RG I Fig. 6) 180 180 180 kfl 

Gate resistor RG !Fig. 7) - 33 33 n 
Average gate current l21av) !Fig. 12) 5.6 3.7 3.7 mA 

Minimum required supply 
current 17 !Fig. 15) 8.4 6.5 6.5 mA 

Mains dropping resistor Rd (Fig. 17) 8.2 10 - kfl 

Smoothing capacitor Cs (Fig. 17) 680 470 470 µF 

Power dissipated by Rd !Fig. 18) 7.8 3.2 - w 
Mains dropping capacitor Cd !Fig. 19) - - 270 nF 

Power dissipated by Rsd !Fig. 19) - - 190 mW 
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The component values and operating 
characteristics for the three circuits are 
listed in Table 2. They have all been 

derived from the formulae and graphs 
given earlier in this publication. 

c, + 
!10V) 

Rs 

Vs= 
--.--------.----220V 

resistive 
load 

1200W 

*I spike suppressor (VDR): 350V/1mA (2322 59413512) 

11111R 25 =22kfi 

Figure 23. A 1200W Water Heater Thermostat Covering the Temperature 
Range 60° C to go° C and Using the Minimum Number of Peripheral Components. 

resistive 
load 

1200 w 

11 1 spike suppressor (VOR)· 350V/1mA (232259413512) 

**I R25 = 22 kfi 

Figure 24. A 1200W Water Heater Thermostat Covering the Temperature 
Range 60° C to 90° C and Designed to Minimize the Power Dissipated by the 
Mains Dropping Resistor Rd. 

c, + 
(10V) 

*I spike suppressor (VDR) 350V/1mA 12322 59413512) 

**I R25 =22kQ 

u•1 

Vs= 
220V 

Figure 25. A 1200W Water Heater Thermostat Covering the Temperature 
Range 60° C to go° C and Designed to Minimize the Dissipation in the Mains 
Voltage Reduction Circuit by Using Capacitor Cd· 
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SWITCHING HIGHER POWERED 
RESISTIVE LOADS 
The thermal characteristics of triacs type 
BT138 and BT139 limit their use to the 
switching of resistive loads operating at 
powers up to 1400 Wand 2000 W respect­
ively. For switching higher powered loads, 
the TOA1024 can be used to drive a high 
current triac type BTW41. 

The BT\~1141 is a glass-passivated 40A triac 
encapsulated in plastic. The essential 
design data for this component are: 

• minimum gate voltage that will trigger 
all devices, VGT = 2.1V at 0°C; 

• minimum gate current that will trigger 
all devices, IGT = 95mA at 0° C; 

• maximum latching current, IL= 60mA. 

Note: A gate resistor will not reduce the 
overall current consumption in this case. 

Although this triac is rated at 40A. its max­
imum power handling capability is limited 
by thermal considerations to about 5000W. 
A load that consumed more power than 
this would render forced cooling neces­
sary and thereby make it unsuitable for 
application to domestic appliances. 

THE TDA1024 AS A LIGHT­
CONTROLLED SWITCH FOR A 
LAMP 
The circuit given in Fig. 26 is similar to the 
previously described thermostat circuits 
except for the input bridge which incorpor­
ates a light-dependent resistor (LOR) 
instead of an NTC thermistor. In this 
application, the reference voltage at pin 4 
of the TOA1024 is fixed at about 35% of 
the voltage at pin 8. The sensitivity of the 
switch is determined by the setting of the 
potentiometer connected in series with the 
LOR. The characteristics of the LOR are 
not critical for this application; types in the 
series 2322 600 93 ... or 2322 600 96 ... are 
all suitable. 

INTERFACING THE TDA1024 
WITH LOGIC ELEMENTS 
The application range of the TOA 1024 can 
be extended by driving it from the output 
of logic elements. This section describes 
the simple interface circuits that are 
required between the input of the 
TOA1024 (pin 5) and: 

• 7 4800 series TTL outputs; 

• FZ/30 series HNIL interfacing gate type 
FZH161/4.Ll31; 

• LOCMOS logic outputs; 

• photocoupler type CNY42. 
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Figure 26. The TDA1024 as a Light-Controlled Switch for a Lamp. 

Interfacing the TDA1024 with 
74SOO Series TTL Outputs 
The circuit diagram of the TDA1024 inter­
faced with a 7 4SOO series TTL gate with 
totem-pole output (e.g. SN74SOOl is given 
in Fig. 27. The maximum output voltage 
specified for this logic series is 7V, and the 
specified logic levels are VoH min = 2.7V, 
VoL max = 0.5V. The series is therefore 
compatible with the TDA1024 and a direct 
interface can be made. 

In the interests of minimum power con­
sumption, the current drawn by the 
reference arms of the bridge IR1 and R2l 
should be restricted to about 100µA, a 
suitable value for the sum of the values of 
these two resistors is therefore about 
70k!l. For maximum noise immunity, the 
reference voltage at pin 4 of the TDA1024 
should be at the middle of the logic level 
range, i.e., 

VoH min + VoL max 

2 

R2 

(121 

Inserting values in Eq. 112l gives: 

2.7 + 0.5 

2 
= 1.6V. 

The nominal value for R1 can be approxi­
mated by: 

70 x 103 IVs - v.1 

Vs 

Inserting values in Eq. 113l gives: 

70 x 103 (6.5 - 1.61 

(131 

=52 769!!. 
6.5 

The nearest preferred value is 51 k!l. 

The nominal value for R2 can be approxi­
mated by: 

R2 = (70 x 103l - (51x103l = 19 ooon 
The nearest preferred value is 18k!l. 

The worst-case current drawn by the 
bridge at Vs = 5.5V is: 

Vs min 
= 83.9µA. 

TDA1024 

Figure 27. Interfacing the TDA1024 with TTL When Input A is Logic 1, the 
Triac is Off; when A is 0, the Triac is On. 
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Interfacing the TDA1024 with 
FZ/30 Series HNIL Interface Gate 
Type FZH161/4.Ll31 
The circuit diagram of the TDA1024 inter­
faced with the FZH161/4.Ll31 is given in 
Fig. 28. The output stage of the gate has 
an open collector. It can therefore be inter­
faced with the TDA1024 by connecting a 
collector load resistor (R3I between the 
output of the gate and Vs. 

When selecting a value for R3, it is impor­
tant to ensure the value is low enough to 
prevent the maximum current drawn by 
the gate in the HIGH state UoH max = 
80µAl from reducing the voltage at pin 5 of 
the TDA1024 to below Vs - 0.5V. The 
maximum value for R3 is therefore: 

R3 max= 
0.5 

IQH max 

= 6250fl. 

0.5 
80 x 10-6 

The nearest preferred value is 6.8k!l. 

The maximum specified output level from 
the FZH161/4.Ll31 in the LOW state is 
VoL max= 0.4V. The minimum output level 
when the gate is in the HIGH state will be 
approximately 5V. 

From Eq. (121: 

5 + 0.4 
2 

From Eq. (131: 

=2.7V. 

70 x 103 (6.5 - 2.71 

6.5 
= 40 923!!. 

The nearest preferred value is 39k!l. 

The nominal value for R2 can be approxi­
mated by: 

R2 = (70 x 1031 - (39 x 103) = 31 OOO!l. 

The nearest preferred value is 33k!l. 

The worst-case current drawn by the 
bridge at Vs= 5.5V is: 

Va min 
+ 

0.95(R1 + R2l 

= 80.4 + 789 = 869µA. 

Vs min - VoL max 
0.95R3 

Interfacing the TDA1024 with 
LOCMOS Logic Outputs 
The circuit diagram of the TDA1024 inter­
faced with a LOCMOS inverting/non-invert­
ing buffer type HEF4049 or HEF4050 is 
given in Fig. 29. The specified logic levels 
are VoH min= 5V, VoL max = 0.5V. The min­
imum available current in the HIGH state is 
loH min = 700µA. 

A direct interface with the TDA1024 can 
therefore be made. 

September 1985 
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TOA1024 

+ 
R2 

Figure 28. Interfacing the TDA1024 with FZ/30-Series. When Input A is Logic 1, 
the Triac is Off; when A is 0, the Triac is On. 

TOA1024 

Figure 29. Interfacing the TDA1024 with LOCMOS. When the HEF4049 is used, 
a Logic 1 at A Means the Triac is Off; a O at A Means that the Triac is On: the 
Opposite is True when the HEF4050 is Used. 

TDA1024 

R2 

Figure 30. Interfacing the TDA1024 with a Series Photocoupler. When Input A 
is Logic 1, the Triac is Off; when A is 0, the Trlac is On. 
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From Eq. 112): 

5+0.5 
V4= 2 = 2.75V. 

From Eq. 113): 

R1 = 70 x 103 16.5 - 2.75) = 40 3840_ 
6.5 

The nearest preferred value is 39k!1. 

The nominal value for R2 can be approxi­
mated by: 

R2 = 170 x 103) - 139 x 103) = 31 000!1. 

The nearest preferred value is 30k!l. 

The worst-case current drawn by the 
bridge at Vs= 5.5V is: 

Vs min 
+ loo max+ Is max 

0.95 IR1 + R2l 

= 83.9 + 45 + 5 = 133.9µA 

Interfacing the TDA1024 with 
Photocoupler CNY42 
The circuit diagram of the TOA 1024 inter­
faced with a CNY42 connected in series 
with the output from a logic element is 
given in Fig. 30. This is a useful circuit 
when safety regulations dictate that the 
logic circuitry must be mains isolated. 

To obtain a diode current of about 10mA, 
the value of R4 must be: 

5 - V1 = 5 - 1.2 = 380f1. 
10-2 10-2 

The nearest preferred value is 330fl. 

To ensure saturation of the transistor with 
a diode current of 10mA, the collector cur­
rent of the transistor must be limited to 
4mA. The minimum value for R3 is 
therefore: 

R3 . = Va max = ~ = 1875fl. 
min 4 X 10-3 4 X 10-3 

To minimize the current consumption from 
pin 8 of the TOA1024, a value of 10kfl has 
been chosen for R3. 

This results in a maximum collector cur­
rent IVs = 5.5Vl of: 

Va 
le max= 0.95 R3 

5.5 
9500 = 578.9µA. 

The minimum HIGH state level at pin 5 of 
the TOA1024 is: 

VoH min~ Vs min~ 5.5V. 

The maximum LOW state voltage level at 
pin 5 of the TOA 1024 is: 

VoL max= VcE sat= 0.4V. 
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INTRODUCTION 
Trends of decreasing the supply voltage 
in portable apparatus sets was one of 
the reasons to develop the TDA 1559. 
Another very important reason was to 
decrease the total current consumption. 

The absolute value of the multiplication 
coefficient, called K-factor, determines 
the current consumption for a large por­
tion. A higher K-factor results in a lower 
current consumption. 

The TDA 1559 has a K-factor of twenty­
one. 

Application in apparatus sets with a low 
supply voltage is only possible if the 
internal voltage loss, called drop-out 
voltage, is sufficiently low. The TDA 1559 
can be used in a voltage range of 2.1 up 
to and including 15V. 

MOTOR REGULATORS 

General 
The function of the regulator is to supply 
the terminals of the applied DC-motor 
with a voltage capable of maintaining 
revolutions constant against supply volt­
age, applied torque and ambient temper­
ature variations. 

The discussed integrated regulator is a 
so called e.m.f. {ElectroMotive Force) 
regulator. 

For calculations a DC-motor can be 
replaced by a voltage source E; in series 
with a resistor Rm. The voltage source is 
the induced back e.m.f. of the DC-motor 
and defined as: 

E; = N.O.C (1) 

where 

N = number of revolutions per minute 
O = magnetic flux in Weber 
C =constant 

The resistor Rm is the internal resistance 
of the DC-motor. 

As soon as the motor is connected to a 
voltage source, a current Im will be 
absorbed by the motor. The current is 
linear proportional to the applied torque 
T. The current can be expressed as: 

271' 1 
Im = T. 60 • C.O (2) 

where: T = applied torque in Newton­
meters. 

271' 1 
- x - is called the specific motor 
6° C.O current (I specific). 

An e.m.f. regulator is based on the 
expression 

Vm = E; +Im· Rm 

where 

Vm =voltage across the DC-motor 
E; = back electromotive force 
Im = current absorbed by the motor 

Rm = internal resistance of the motor 

Constant revolutions can be obtained by 
compensating the variations of voltage 
losses Im ·Rm. 

The solution is a voltage source with a 
negative output resistance equal to Rm. 

Explanation: 

--Im --Im 

.. l 
v, 

Vs 

\ 

REGULATOR MOTOR 

TC01160S 

Figure 1 

Vs - E; =Im (Rs+ Rm) (3) 

The influence of Im is zero if: 

Rs =-Rm 

Thus to any increase in current {caused 
by an increased torque) will correspond 
a proportional increasing of output volt­
age. In practice, however, Rs may never 
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be equal to -Rm. This is because of low 
frequence oscillation. 

Consequently the regulator will always 
show slight torque dependence. 

Three Pins Regulator 
The TDA 1559 is a so-called three pins 
regulator like TDA1059 B/C. 

Figure 2 shows a block-diagram of the 
integrated regulator. 

Figure 2 

In contrast with TDA 1059 B/C, the 
TDA 1559 has a higher K-factor and a 
lower drop-out voltage. Also the nominal 
quiescent current is reduced. The princi­
ple of the discussed regulator can be 
expressed in a formula, namely: 

output current 
Input current = K-factor 

The output current is given by the sum of 
the absorbed motor current Im and a 
reference current lret (see Figure 3). The 
absolute value of the reference current 
depends on the speed of the motor. 

This current should be, once adjusted, 
independent of supply voltage, tempera­
ture and torque variations. The refer­
ence current is being made by means of 
a voltage stabilizer, which is integrated in 
the TDA 1559, and an externally adjust­
able resistor. The K-factor is fixed inter­
nally in the l.C. 

CALCULATIONS 
Figure 3 gives an application diagram of 
the TDA 1559. All currents and voltages 
necessary for calculations are indicated 
too. 
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9 



Slgnetics Linear Products Application Note 

TDA1559 Motor Speed Regulator With Thermal Shut-Down AN130 

Figure 3 

The regulator parameters are: 
- V ref (V 2 _ 3) internal reference voltage. 
- K-factor. 
- 10 quiescent current 

In such a network the voltage across the 
motor can be calculated as follows: 

Im+ lref 
Vm = lref • R2 + R1 (lo+ lref + --K-) (4) 

lref is given by: 

making the AR (AR = I~ - Rml) as low as 
K 

possible. Remember AR zero is not allowed. 

Thus in practice from Rm. R1 and K-factor we 
have to know: 

- the absolute value 
- the spread 
- the temperature dependency 
- the supply voltage dependency and 
- the current dependency 

So: R1 should be 
R1(max) < Kmin X Rm(min) 

R2 Calculation 
The speed of the applied DC motor can be 
adjusted by means of R2. A simplification of 
formula (8) to R2 gives: 

(9) 

The spread, however, of each parameter will 
lead us to two values, namely: 

- R2 (max) and Vref 
lret=­

R2 
(5) - R2 (min) 

(4) and (5) gives: 

(6) 

The voltage across the motor is also given by: 

Vm•E;+lm•Rm 

So: 
R1 

E; + Im •Rm = R1 • lo + Im • K 

R1 1 
+Vref (1 +- (1 +-)) 

R2 K 

or: 

R1 
E; • R1 • 10 + Im (K - Rml 

R1 1 
+Vref (1 +- (1 +-)) 

R2 K 

(7) 

(8) 

Formula (8) is very important and will be used 
for all other calculations. In equation (8) the 
resistance Rs is represented by the term R1 I 
K. 

The Value of R1 
R1 is very important since together with the K· 
factor it determines the quality of the regula· 
tor. I already noted that the motor current is 
linear to the applied torque. So the torque 
influence on the speed can be decreased by 
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R Vref(m8'C) • R1(max) • 
2(max) = E;(min) - Ri(max) • lo(m8'C)- 1m(m8'C) • 

1 
(1+--) 

Kc min) 

Ri(m"") 
(--- Rm(min)l - Vref(max)· 

K(min) 

R Vref(min) • Ri(min) • 
2(min) = E;(max) - R1(min) • lo(min) - lm(mln) • 

1 
(1 +--) 

K(max) 

R1(min) 
(--- Rm(max)l -Vref(min)· 

K(min) 

In practice R2 is realized by a fixed resistor 
R2 1 in series with a potentiometer Rp used as 
an adjustable resistor. The components R2 1 
and Rp are determined as follows: 

R2 1(max)> < R2(min) 

Rp(max) ;;;.. R2(max) - Rx(min) 
- Rx is the chosen value for R2 1. 

TEMPERATURE COMPENSATION 
The temperature dependency of the regulator 
can be influenced by adding a diode in series 
with pin 1 (see Figure 4). The temperature 
behavior of the used mechanical parts (cas· 
sette deck) determines the necessity of ap­
plying a diode. Which type and the necessity 
of a diode should be determined by practical 
experiments. From our side we can only give 
the influence of the diode in a formula and a 
figure (see Figure 5) which shows the differ-
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ence in motor speed between with and with· 
out a diode. Application diagram TOA 1559 
with temperature compensation diode is giv· 
en in Figure 4. 

Expression of R1 and R2 with 
Diode Compensation 
The current lref through R2 is now .determined 
by: 

Vnsf + Uo 
(see Figure 4) lref - --­

R2 

Using formula (4) gives: 

Ri 1 
Vm • Vre1(1 + - (1 + -)) 

R2 K 
R1 1 R1 

+ Uo(1 + - (1 + -)) + R1 •lo+ Im•-
R2 K K 

or 

Vm • (Vret + Uo) • 

R1 1 R1 
(1 +- (1 +-)) + R1 •10 +Im•-

R2 K K 

Using (7) and (10) gives: 

R1 
E; • R1 • 10 + Im (K - Rml 

R1 1 
+ <Vref + Uo) • (1 + - (1 + -)) 

R2 K 

(10) 

(11) 

Formula (11) shows that the application of D1 
has no influence on the calculation of R1; AR 

is still I ~ - Rm/. A simplification of formula 

(11) to R2 gives: 
1 

<Vref + Uo) x R1 x (1 + K) 

R1 
E;-R1 •lo-Im (K-Rml-<Vref+ Uo) 

For measuring of Figure 5 the following com· 
ponents are being used: 

- D1 •BA220 
- R1•2200±2% 
- R2 1 - 18on ±so;. 
- Rp•470!l 
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TDA1559 APPLICATION 

9V Application 
-Accepted ambient 

temperature range 
-Accepted supply voltage 

range 

-5 to 55°C 

9 to 6V 

Information about the used motor: 
manufacture: Philips 
type : 4322 010 71020 

Nominal speed 2000 r.p.m. 
Recommend torque to get 1 mNm 

optimal efficiency 
e.m.f. at 2000 r.p.m. 3.58V±11.6% 
Rm (static), Rm81 13!1 ± 10% 
Rm (dynamic), Rmdy Rm81 x 1.16 
I specific 59.25A/ 

Temperature dependency: 
-e.m.f. 
-Rm 

Nm± 11.6% 

-0.2%/°C 
+0.4%1°C 

Remark: For the calculation of R 1 we 
have to use Rmdy· 

R 1 calculation: 

Requirement: R1 max< Kmin x Rm min· 

The minimum values will be found at 
Tamb • -5°C. 

At worst-case condition we found: 
Rmin"" 11.9!1 
Kmin::::. 18 

So Km1n X Rm(min) "" 214!1 

Practical value: 
R1 •220!1±2% 

Rz calculation: 

Using the formulas and the information given 
we found that R2 is about: 

86 < R2 < 203!1 

Remark: ambient temp. range• 
voltage range• 

15 to 35•c 
9±1.5V 

We know that: R2 • R2 1 + Rp 

R2 1(max)> < R2(mln) 

practical value for R2 1 = 82!1 ± 5% - Rx 

Rp(max) ;;. R2(max) - Rx(mln) 

practical value Rp - 22on 

Measuring Results 
N • f (Torque) 

at: T amb - + 25°C 
Vp•9V and 
Vp•6V 

See Fig. 7. 
N=f <Tambl 

at: Vp • 9V and 
Vp•6V 
T• 1 mNm±10% 

See Fig. 8 and Fig. 9. 

Remark: For measuring set-up see 
Appendix 1. 

6V Application 
-Accepted ambient 

temperature range 
-Accepted supply voltage 

range 

-5 to 55°C 

6 to 4.2V 

Information about the used motor: 
manufacture: Philips 
type : 4322 010 71000 

Nominal speed 2000 r.p.m. 
Recommend torque to get 1 mNm 
optimal efficiency 
e.m.f. at 2000 r.p.m. 2.57V ± 9% 
Rm (static), Rm81 7.1!1±8% 
Rm (dynamic), Rmdy Rm81 x 1.16 
I specific 82.3A/ 

Nm±9% 
-temperature dependency: 

-e.m.f. -0.2%/°C 
-Rm +0.4%/°C 

Remark: For the calculation of R 1 we 
have to use Rmdy· 
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R1 calculation: 

Requirement: R1 max< Km;n x Rm min· 

Minimum value at T amb - -5°C. 

At worst-case condition we found: 
Rmln""6.67!1 
Kmin""' 18 

So Km1n x Rm(min) ""' 120 

Practical value: 
R1•120!1±2% 

R2 calculation: 

Using the formulas and the information given 
we found that R2 is about: 
77.;;; R2.;;; 102!1. 

Remark: ambient temp. range• 15 to 35°C. 
voltage range• 6±1.5V. 

We know that: R2 - R2 1 + Rp 
R2 1(max)> < R2(mln) 

Practical value for R2 1 = 75!1±5% = R., 
Rp(max) ;;. R2 1 (max)> - Rx(mln)· 

Practical value 
Rp= 220!1. 

Measuring Results 
N • f (Torque) 

N • f <Tambl 

at: Tamb • +25°C 
Vp • 6V and 4.2V 

See Fig. 11. 

at: Vp=6V and 
Vp • 4.2V 
T= 1 mNm±10% 

See Fig. 12 and Fig. 13. 

Remark: For measuring set-up see 
Appe11d1X 1. 

CONCLUSION 
Specification and measuring results both 
show that the TOA 1559 can be used in a lot 
of applications. The low drop-out voltage 
resulting in an input voltage at pin 2 as low as 
2.1 V offers the possibility to use the TOA 1559 
in applicatioris with a low supply voltage. 
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J. A. HOULDSWORTH and W. B. ROSINK 

The majority of industrial drives use electric motors, 
since they are controllable and readily available. In 
practice, most of these drives are based on a.c. induction 
motors because such motors are rugged, reliable, and 
relatively inexpensive. 

To control the speed of a drive many methods have 
been developed, ranging from mechanical and hydraulic 
systems to electrical and electronic systems using, for 
example, d.c. shunt-wound motors whose speed can be 
controlled directly. However, it has been the desire of 
drive system manufacturers to vary the speed of the 
standard three-phase induction (asynchronous) motor by 
electrical means. This aim has been technically possible 
for some years, and with recent advances in power 
electronic components and integrated circuits it is now 
achievable with both cost and quality comparable to 
that of alternative systems. 

This article begins by considering the development of 
the most common currently available electronic systems 
by examining two approaches to the control of d.c. 
motors: phase (or line) control, and chopper (switched 
mode) control. Then, the characteristics of the three­
phase induction motor are discussed, establishing the 
dependence of motor speed on frequency, and the need 
to control both frequency and voltage for a proper 
method of control. This is achieved by using a three-phase 
inverter to convert the mains frequency to a variable 
frequency and voltage supply to the motor. The main 
features of the various types of inverter currently avail­
able are then considered. These systems have certain 
shortcomings, and in this article we describe a new 
improved system using Pulse-Width Modulation (PWM) 
techniques. We have developed a purpose-designed Large 
Scale Integrated (LSI) circuit specifically for this 
application. 

GENERAL INTRODUCTION TO MOTOR 
SPEED CONTROL 

Traditionally, d.c. motor control using Ward-Leonard 
sets required the use of three electrical machines: a three­
phase induction motor, a d.c. generator, and ~ d.c. 
motor. This can now be replaced by a double six­
thyristor bridge employing only one electric machine, 
the d.c. motor. Changing from electromechanical control 
systems to electronic control systems generally provides 
a reduction in complexity, savings in cost, space, and 
response time, and gains in efficiency. 

Phase control of d.c. motors 

Figure I shows a typical d.c. motor controller using a 
bridge circuit of six thyristors fed from the three-phase 
mains supply. Motor voltage control is achieved by 
varying the phase angle at which the thyristors are fired 
relative to the incoming mains voltage supply waveform. 
This provides an output voltage ranging from zero to a 
value equal to that provided by a full-wave diode rectify­
ing bridge. Such a circuit is typically used in the control 
of d.c. shunt motors (d.c. motors with separate field 
excitation). 

Phase controlled rectifier circuits, like that shown in 
Fig. I, are the simplest form of electronic motor control 
because the thyristors are naturally "mains-commutated" 
or "line-commutated" from the three-phase a.c. source. 
In this case, the commutation process consists of a cyclic 
transfer of current from one pair of conducting thyristors 
to the next. The three thyristors in the upper group 
(Thi. Th3, and Ths) have a common cathode terrninai, 
and conduction is via the thyristor with the most positive 
anode voltage. The other two thyristors are reverse-biased 
relative to the common cathode terminal. Similarly, the 
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Fig.1 Basic 6-thyristor phase-control circuit for d.c. motor 

thyristors in the lower group (Th4 , Th6 , and Th2) have 
a common anode connection, and conduction is via the 
thyristor with the most negative cathode. For a phase 
sequence R, Y, B, the thyristors conduct in pairs: Th 1 
and Th2 ; Th2 and Th3; Th 3 and Th4 ; Th4 and Th5 ; Th5 
and Th6 ; they are consequently numbered in their 
correct firing sequence in Fig.I. 

All phase control systems use line commutation 
which imposes a controller bandwidth limited by the 
mains supply frequency, and for improved performance 
other systems are required. 

Chopper control of d.c. motor 

The limitations of phase control may be overcome by 
using chopper control. The principle of chopper control 
can be illustrated by considering the speed control of a 
d.c. shunt motor from a rectified a.c. supply or d.c. 
supply source. The motor average voltage is controlled 
by varying the on-to-off time ratio for which the d.c. 
supply voltage is applied to the load, and thyristor turn­
off is now achieved by forced commutation. Forced 
commutation, <!$!he name implies, "forces" the thyristor 
to turn-off by using an auxiliary circuit (the 
commuta.tion circuit) consisting for example of an 
auxiliary or commutation thyristor and a series resonant 
LC circuit. 

The mechanism of varying the on-off time by 
"chopping" the input voltage into discrete pulses gives 
this type of control its name. Thus, by varying the width 
of the pulses, or the repetition frequency of the switch­
ing period, the average value of the d .c. output voltage 

c 
01 Thi Th2 

v, 02 
Im 

c: 
M79592/2 

Fig.2 Basic chopper circuit for d.c. motor 

can be varied from a very small value to almost the 
voltage of the supply source. 

An example of a basic chopper circuit is shown in 
Fig.2. The motor current is labelled Im. Thyristor Th1 is 
the main thyristor and Th2 the commutation thyristor 
which is used to turn off the main thyristor Th 1 with 
the aid of the series-resonant LC circuit. When Th 1 is 
switched off, the motor current Im can flow via the 
diode D3, the inductance L, and the diode D2. The diode 
0 3 is therefore known as the 'flywheel diode'. The 
operation of the commutation circuit is described in 
detail later in this article. 

The a.c. motor 

The majority of industrial drives are powered by three­
phase a.c. induction motors. The wide application of 
these motors is a direct consequence of their inherent 
advantages when compared with other types. These 
advantages include: 
• High reliability with low maintenance costs. 
• Low cost: for a given output power a d.c. motor can 

cost several times as much as its a.c. equivalent. 
• High output power to volume and weight ratios. 
• The speed is relatively independent of the load for a 

given supply frequency. 
• Brushlcss construction: this makes it particularly 

suitable for use in hazardous environments such as 
mining and petrochemical industries. 

• Standard versions are readily available from stock. 
The stand;ml three-phase induction motor is essentially 
a single-speed machine when supplie<l from nrnins of 
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fixed voltage and fixed frequency. If f is the frequency 
of the mains supply and p is the number of pole-pairs in 
the stator, then the speed of rotation of the stator field 
(the synchronous speed) is given by: 

Ns = .f. X 60 rev/min. 
p 

By changing the number of pole-pairs of the motor, the 
motor can be made to operate at a number of fixed 
speeds. For continuously variable speed control, how­
ever, the supply frequency must be varied; the applied 
voltage must also be varied in linear proportion to the 
supply frequency to maintain constant motor flux. At 
low frequencies, where the motor inductive reactance is 
low, boosted voltage may be used to compensate for the 
stator 'IR' voltage drop. Thus control of both frequency 
and voltage is necessary for proper variable-speed opera· 
tion. Under normal operating conditions, the rotor 
(motor shaft) speed is a few per cent less than the 
synchronous speed. The difference between the two 
speeds is called slip. 

Figure 3 illustrates the induction motor torque-speed 
characteristics under nominal rated voltage V 1 and 
reduced voltage V 2 together with typical fan and 
industrial machine tool loads (superimposed). It can 
be shown that smooth speed control depends on the 
slope of both the motor torque curve and the speed 
torque curve. Thus constant-frequency variable-voltage 
operation is suitable only for "square law" loads such as 
fans or pumps to ensure proper starting and stable run­
ning conditions. Systems using speed control by variable 
voltage are not suitable for use with constant-torque 
loads, and, when used with fan or pump loads, efficiency 

torque 

fan load I 
I 

I "' I ,,,-' 

~"' 
machine tool 

load 

speed 

M79591/:1 

Fig.3 Induction motor torque-speed characteristics 

is poor. To overcome these limitations it is necessary to 
provide a variable-frequency variable-voltage supply to 
the motor, and this requires the use of some type of 
inverter circuit. 

INVERTERS FOR A.C. MOTORS 

There are two basic types of inverter for use with 
variable-frequency and variable-voltage speed control 
systems for three-phase a.c. motors: the current-source 
type and the voltage-source type. 

The current-source inverter 

A block diagram of a current-source inverter is shown in 
Fig.4. It consists of either a phase-controlled rectifier 
circuit, or rectifier-chopper circuit, followed by a choke 
to provide a constant-current source for the inverter. 
The inverter thyristors are force-commutated to transfer 
the current between phases. Since the inverter is supplied 
from a current source, it is protected from transient 
current surges arising from rapid load variations. 

In theory, the current-source inverter makes possible 
an economical inverter design in which the thyristors are 

fully utilised during normal operation. However, it 
cannot be used for the control of two or more motors in 
parallel, and motors exhibit pulsating torques at low 
frequencies. Because of these restrictions, current-source 
inverters are therefore only of limited application. 

The voltage-source inverter 

Because of the limitations of the current-source inverter, 
the voltage-source inverter is the most commonly used 
type. The simplest form of this is the quasi-square-wave 
inverter, or 'six-pulse inverter'. 

Quasi-square-wave control of a.c. motors 
In the quasi-square-wave inverter system, each of the 
three inverter outputs is switched every half-period 
between the plus and minus terminal of the fixed d.c. 
supply source as in Fig.5. This produces the output 
waveforms of Fig.6. The half-period average line output 
voltage is given by V(R-Y)av =Vs X 2/3, where Vs equals 
the d.c. supply voltage. However, the a.c. motor requires 
an average voltage proportional to frequency, and this 
variation of the output voltage with frequency requires 
the use of an additional chopper circuit. 

Pulsed quasi-square-wave source inverter 
The need for this extra circuitry can be overcome by the 
pulsed quasi-square-wave system. The output of this 
system is shown in Fig. 7. Each of the three inverter 
outputs supply the motor with n output pulses, ampli-
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Fig.5 Voltage-source inverter 
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Fig.7 Pulsed quasi-square waveforms 

tude V 5, pulse-width T 6 , during each half-period. 
The average line output voltage for half a period is 

given by: 
2 2 

v(R-Y)av = v, x n x 3 x T6 x T' 
4n 

=V5 X3XT6 Xf0 . 

The output voltage v(R-Y)av is therefore proportional 
to the motor drive frequency f0 , assuming V 5 , n, and T 6 
are fixed, and so the induction over the whole speed 
range is constant. However, for a fixed number of pulses 
per cycle, system performance is limited at high speeds 
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by the high inverter switching frequency required, and at 
low speeds by the pulsating torques produced. 

The performance of the pulsed quasi-square-wave 
system can be considerably improved by increasing the 
number of pulses per half-period as the motor speed 
decreases. The pulse-width T 6 has to be decreased at the 
same time so that the total half-period voltage-time 
product remains constant. This increase in pulse number 
reduces the level of the harmonics in the motor current 
to a level comparable with the simple quasi-square-wave­
forms. However, the harmonic spectra associated with 
the quasi-square-waveforms (Fig.Sa) give rise to signifi­
cant motor losses requiring derating of the motor. 

PWM control of a.c. motors using an LSI circuit 

The motor performance obtained using the quasi-square 
inverter system can be improved by using the technique 
of sinewave-modulated pulse-width modulation (PWM). 
Many types of sinusoidal PWM systems have been 
developed in the past, but each system has had its own 
shortcomings, such as circuit complexity, cost, and 
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Fig.8 Motor line voltage spectra 

output variation with temperature, etc. Our approach 
overcomes ail of these problems by using a purpose­
designed LSI circuit type HEF4 752V for signal genera­
tion. This IC uses a totally digital approach and is 
fabricated using the LOCMOS process. A block diagram 
of the system is shown in Fig.9, and the PWM section, 
the most important part of this diagram, is described 
below. 

The IC provides three complementary pairs of output 
drive waveforms which, when applied to a three-phase 
bridge inverter, produce a symmetrical three-phase (120°) 
output. Data inputs for reversing, start/stop, and interlock 
delay selection are provided. Twelve PWM outputs, 
together with monitoring and synchronising signals, are 
available for user control. 

The output waveforms are pulse-width modulated 
using double-edged modulation such that the average 
voltage difference between any two of the three output 
phases varies sinusoidally, and this is illustrated in Fig. I 0 
using a nine-pulse waveform for clarity. Figure !Oa 
shows the unmodulated inverter output, 1 Ob shows the 
double-edge modulated R-phase, lOc and !Od show the 
double-edge-modulated Y and B phases. The line-to-line 
voltage obtained by subtracting the R and Y phases is 
shown in Fig.JOe. Double-edged modulation combined 
with odd multiple-of-three values for pulse number or 
frequency ratio n would give perfect line-to-line voltage 
waveform symmetry as illustrated in Fig.!Oe. The term n 
is defined as the ratio of switching frequency to motor 
drive frequency. In practice, the following eight pulse 
numbers (n) were chosen: 

n = 15, 21, 30, 42, 60, 84, 120, 168. 

Figure 8 compares the harmonic spectra of a quasi­
square-waveform to the PWM waveforms with n = 15 
and n = 21. The in formation in Fig.8 is also given in 
Table I. These PWM harmonic patterns together with 
the variable pulse number operation produce low motor 
losses and smooth starting performance. 

The relationship between the motor drive voltage and 
frequency is inherently linear, but separate control of 
voltage and frequency is possible if required. Double­
edged modulation has the advantage of giving twice the 
number of line voltage pulses for any given switching 
frequency, resulting in substantially lower values for 
motor current ripple compared with single-edged modu­
lation systems. The system has a built-in over-modulation 
capability which permits the PWM waveform to become 
a quasi-square waveform in the limit condition. This 
facility is useful in retro-fit applications where a standard 
induction motor is fitted to machinery and variable 
speed operation up to the same top speed is required. 

The integrated circuit has four clock inputs which 
define motor frequency, motor Hz/volt, bridge switching 
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TABLE I 

Hannonic contents for quasi-square, IS-pulse, and 21-pulse wavefonns 

Harmonic number A1 As A1 Au A13 A17 A19 A23 A2s 

Quasi-square wave 1.103 0.221 0.157 0.100 0.085 0.065 0.058 0.048 0.044 

15-pulse waveform• 0.881 0.002 0.007 0.009 0.248 0.305 O.o38 0.001 0.016 

21-pulse waveform• 0.881 0.003 0.001 0.014 0.005 0.006 0.257 0.295 0.031 

•At 100% modulation All tabulated values are referenced to the a.c. supply voltage source. 

frequency, and mmunum pulse width. The inverter 
switching frequency f5 is an integral multiple of the 
motor drive frequency f0 , that is: 

Figure 11 shows typical operation with the maximum 
switching frequency set to I kHz. A small amount of 

inverter 
switching 
frequ~ncvf5 
(kHz) 

1.25 

hysteresis is included at the pulse number change points 
to ensure that jitter is avoided when operating in these 
regions. The minimum switching frequency is set 
internally by the LSI circuit to: 

fs (min)"" 0.6 f, (max)· 

The frequency of the motor line-i:urrent ripple is held 

1.0 
maximum 

;-~-n:r::--:-..--=--::-r----:c--,.-~~--..r-~~~-,,~~~~~~-7"''---~~~ inverter 
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Fig.11 Inverter switching frequency -sus motor drive frequency with pulse number as a parameter 
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(b) 

within a band of constant width over an operating motor 
drive frequency range of greater than 18.5: I. 

Figure 12 shows the resultant line currents at various 
frequencies for a 2.2 kW motor system using a maximum 
switching frequency of I kHz. 

Single section of three-phase inverter 

The inverter circuit design required for PWM using the 
LSI circuit type HEF4752V is composed of three com­
pletely independent choppers, one for each of the phases 
R, Y, and B. A circuit diagram of a section of such an 
inverter is shown iii Fig.13. 

The circuit contains four thyristors: two main thyris­
tors Th 1 arid Th2 which chop the rectified mains, and 
two commutation thyristors Th 3 and Th4 which force­
commutate Th 1 and Th 2. The trigger pulses for the 
thyristors are supplied via pulse amplifiers and trigger 
pulse transformers. The motor current Im is conducted 
alternatively via Th 1 and the Oywheel diode D2, or via 

Fig.12 Line current waveforms at various motor drive 
frequencies: 

(a) motor drive frequency= 10 Hz 
pulse number= 60 

(b) motor drive frequency = 25 Hz 
pulse number= 21 

(c) motor drive frequency = 50 Hz 
pulse number= 9 

Th 2 and D1. The commutation circuit for Th1 is com­
posed of the elements Th3, D 3, L2, and C1 , and flywheel 
diode D1. 

The anti-parallel connection of the main thyristor­
diode combination (for example Th 1 and D 1) avoids the 
need to use reverse voltage commutation which is 
particularly important since it permits the use of modern 
high-speed asymmetric thyristor types having only a few 
volts reverse blocking capability. 

The operating principle of the commutation circuit 
can be understood with reference to Fig.14 which shows 
only the basic elements of the commutation circuit 
associated with main thyristor Th 1• It is assumed that 
the capacitor C 1 is charged to the supply voltage with 
the polarity marked 'a' and Th 1 is conducting the load 
current Im and is required to be turned off. Commutation 
is initiated by triggering the auxiliary thyristor Th3. This 
action causes a sinusoidal resonant current to now via 
Th 3, L2 , and C' 1 in the direction indicated by the arrow 
marked 'A'. At the end of the half-cycle of sinusoidal 
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Fig.13 One phase of three-phase PWM inverter 
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Fig.14 Principle of auxiliary commutation 

current the voltage polarity of C 1 is now reversed 
(marked 'b'), the current through Th 3 is zero and Th 3 
turns off. The direction of capacitor current now 
reverses, and the second half-cycle of sinusoidal resonant 
current begins to flow in the directions indicated by the 
arrow marked 'B'. As the current through D3 increases 
during the resonant half-cycle, so the load current Im is 
increasingly supplied from the resonant circuit. A point 
is reached when no current is supplied through Th 1 and 
the thyristor turns off. Any excess current flows through 
D1 , and the duration of conduction of 0 1 provides the 
turn-off interval. During the fourth quarter-cycle when 
the current in D3 is again reduceq to the load current Im, 
forward voltage is then reapplied to both thyristors Th 1 

and Th 3, and the capacitor voltage polarity is now 
restored to the initial condition marked 'a' and commu­
tation ofTh 1 is complete. 

The second half-sinewave of current which commu­
tates-off Th 1 has an amplitude Icp and a period Tep 
given approximately by: 

lcp Vcbv'(C1/L1), 

Tep rr\/(L2C1), 

where C1 = commutation capacitance and L2 = commu­
tation inductance. 
The values of c1 and L2 must be chosen so that the 
commutation current in L2 exceeds the maximum peak 
load current Im for the commutation turn-off, 'tq value' 
of the thyristor Th 1. 

In the inverter section shown in Fig.13, the values of 
1--i and c1 required are determined by the maximum 
motor peak current, the minimum d.c. voltage V Cb(min)> 
and the required turn-off time tq ofTh 1, as given in the 
following equations: 

0.4 Vcb(min) X tq 
L2""------­

lm(pk) 

tq X Im(pk) 
C1 ;.~--~-

Vcb(min) 

An RC filter is connected across each thyristor to ensure 
that, after commutation the rate of rise of reapplied 
voltage dV /dt does not exceed the thyristor rating. 
Diodes 0 6 and 0 8 with the resistors R, provide critical 
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damping of the L2C1 and L3C2 circuits at the end of a 
commutation cycle. Diodes D5 and D7 limit the maxi­
mum peak voltages across the thyristors to slightly more 
than the d.c. supply voltage. 

For good performance, smooth operation at low 
speeds, and high electrical efficiency, it is necessary to 
operate the inverter at a relatively high PWM switching 
frequency. This requires the use of thyristors with short 
tq times and high reapplied dV/dt ratings together with 
correspondingly fast diodes. Suitable thyristors and fast 
diodes are available from our range. 

A.C. MOTOR SPEED CONTROL SYSTEM 
USING HEF4752V 

An example of a practical drive system has been designed 
round our fast thyristors and the PWM IC type 
HEF4752V (see Fig.15). The type of thyristors, and the 
design of the power section, are determined by the power 
rating of the motor which is to be controlled. 

System specification 

The specification of the described system includes: 
• Mains input: standard three-phase, 380 to 415 V, 

50 Hz 
• Fast dynamic speed response (accelerating and 

decelerating) 
• Output frequency: 0 to I 00 Hz (bidirectional speed 

control) 
• Output voltage: up to 415 V r.m.s. (line-to-line) for 

415 V r.m.s. line voltage input 
• Fast dynamic braking 

Control system 

The control system provides the following facilities. 
• Adjustment of motor speed, from zero up to twice 

nominal speed. Remote control is possible by an 
externally supplied control voltage. 

• Adjustment of maximum motor current up to about 
150% of the nominal value. 

• Adjustment of the acceleration and deceleration time 
during motor speed variation. 

Fig.15 2.2 kW PWM a.c. motor control system 
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Fig.16 PWM motor control system using HEF4752V 

• Limitation of power regenerated during speed deceler­
ation to protect the inverter against overvoltage. 

• Adjustable slip correction to improve speed regula­
tion with load variation. 

• Adjustable 'IR' compensation to increase the starting 
torque. 

The basic speed control system is shown in Fig.16. 
The mains input is connected to the rectifier via an inter­
ference filter which ensures that mains pollution caused 
by the inverter remains below CISPR and VOE limits. 
The d.c. voltage Vcb is smoothed by a smoothing 
capacitor and then applied to the inverter. The inverter 
delivers the three-phase output voltages for the a.c. 
motor. The d.c. supply voltage is also connected to an 
SMPS, which provides the low-voltage supply for the 
control section. 

To limit motor current and V Cb during overload or 
braking conditions, the following three feedback signals 
are supplied to the control section. 
• A voltage Vcb *, from the SMPS: this signal is pro­

portional to the d.c. voltage across the smoothing 
capacitor. Without some form of voltage limitation, 
the d.c. voltage across the smoothing capacitor can 
become excessive under uncontrolled braking condi­
tions. V Cb* is also used to provide safe operating 
conditions during switch-on and switch-off. 

• A signal M/G: this signal is also derived from the 
smoothing capacitor voltage, and indicates the direc­
tion of power flow in the drive system (motor mode 
or generator mode). 

• The motor current signal Im*: this is sensed by a D.C. 
Current Transformer (DCCT) in the motor current 
lines. 

The twelve thyristors of the inverter section are 
triggered by the PWM IC, the HEF4752V, via pulse 
amplifiers and trigger transformers. The HEF4752V 
generates the sinusoidal pulse-width modulated signals. 
The following four clock inputs VCT, FCT, RCT, OCT 
define the operating conditions of the IC. 
• VCT (Voltage Clock Trigger). This determines the 

output frequency/voltage ratio (Hz/V). 
• FCT (Frequency Clock Trigger). This determines the 

motor supply frequency, thereby controlling the 
motor speed. 

• RCT (Reference Clock Trigger). This sets the inverter 
maximum switching frequency. 

• OCT (Output C'lock Trigger): This sets the minimum 
pulse-width allowable. 

The CW input to the HEF4752V determines the 
direction of motor rotation. The motor can only be 
reversed when the FCT clock is stopped. Both FCT and 
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VCT are generated in the control section. Motor speed, 
maximum motor current, and motor voltage are adjust­
able by potentiometer settings N,ef• lm<rcn• and Vmot· 
However, under overload and regenerative conditions, 
the motor speed is also controlled by the motor current 
and the d.c. voltage across the smoothing capacitor. The 
analogue control sectio.1 provides the required start and 
stop signals to ensure safe switching on and off of the 
power section. 

Speed reference circuit 

The speed reference circuit provides the voltage control 
signal for the FCT clock pulse generator. The input 
speed reference signal can be adjusted by potentiometer, 
N,er from - IO V to +IO V, varying the motor speed 
from maximum clockwise to maximum counter clock­
wise. A functional diagram of the circuit is given in 
Fig.17. The circuit rectifies the input signal. The output 
signal can be expressed as V N = --k I N,cr I. The required 
direction of rotation is given by the digital CW/CCW 
output signal. 

The output V N is derived from the signal N,c 1 via a 
comparator (I) and an integrator (2). A stepwise varia­
tion of N,cr results in a linear increase or decrease of the 
output signal VN. The rate of variation of VN can be 
adjuste'd via the accelerate/decelerate limiting potentio-

M/G 

A 

start 

M79592/18 

F ig.18 Performance of speed reference control system 

meters A and D, as shown in the waveforms of Fig.18. 
This control of maximum speed variation protects the 
drive system, and is useful for achieving special speed 
change characteristics. Inverter protection against exces­
sive motor currents and against excessive voltage across 
the smoothing capacitor during a regenerative mode is 
given by the llim signal, obtained from the current 
voltage control circuit (see next section). A motor cur­
rent which exceeds the preset current limit under motor­
ing conditions (such as a stalled motor), will result in a 
negative signal of llim. The negative value of V N will be 
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Fig.17 Speed reference control system 
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decreased. resulting in a lower output frequency of the 
inverter, thereby reducing the slip and the motor 
current. 

Under regenerative conditions, Ihm will be positive if 
the preset limits for current or voltage across the smooth­
ing capacitor are exceeded. This action increases the 
value of -VN, and thus increases the output frequency. 
In this way the frequency difference between inverter 
and rotor (slip frequency) is decreased, thereby reducing 
the braking torque of the motor. 

For correct current control, the M/G signal is also 
supplied to the accelerate/decelerate limiting circuit. 
Motor acceleration is prevented as long as the M/G signal 
indicates the generator mode. A second digital input is 
provided by the start signal which releases the output 
VN after the start procedure. To improve the motor 
speed stability, a signal 1111 * can be applied to the input 
of the first comparator (I). This signal increases the 
inverter output frequency when the motor torque is high 
(slip correction). 

Current/voltage limitation 

As mentioned in the previous section, the inverter should 
be protected against excessive current and voltage. The 
current and voltage control loops that provide this 
protection are shown in Fig.19. 

The motor current is measured by three d.c. current 

INVERTER i---;i.----' 

SMPS 

Vcb(ref) 

M 
3-

transformers connected between the inverter output and 
motor. If the motor current exceeds the val UP set by the 
potentiometer Im( ref)• llim becomes negative, resulting 
in reduction of the inverter output frequency and hence 
the motor torque. 

During braking, when power is regenerated to the d.c. 
supply source, the voltage across the smoothing capacitor 
Yeh rises above its normal val«·. This increase results in 
an activation of the M/G signal from the mains supply 
section, and the lower control section of Fig.19 becomes 
operative. As soon as the braking current signal Im* 
exceeds the value of IG(ret)• a positive voltage is genera­
ted at the llim output. The inverter output frequency is 
therefore increased and the braking torque reduced. If 
the voltage across the smoothing capacitor exceeds the 
preset maximum level V Cb(rcf)• the comparator (3) 
reduces the reference value Ic(rcl) of the current 
comparator (4). The braking torque will then be reduced 
to a level where the regenerated power is just compen­
sated by power losses of the inverter, the SMPS, and the 
motor. As a result of this control principle, the maximum 
braking action is always available. 

Motor voltage control 

To improve the low-speed torque of the motor, required 
for such load conditions as compressors and vehicle drive 
systems requiring a high starting torque, it is necessary 

M79592/ 19 

Fig.19 Current and voltage limit control system _________ _, 
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to increase the motor voltage at low speed. This function, 
which compensates for the relatively high 'IR' losses at 
low speed, is obtained by decreasing the frequency of 
the VCT clock at the low end of the speed range. The 
circuit can be adjusted with three potentiometers giving 
control over the following conditions: 

I) the motor voltage at nominal speed, 
2) the speed range for 'IR' compensation, 
3) the maximum 'IR' compensation at zero speed. 

APPLICATIONS 

The stage of technological evolution has now been 
reached where it is cost-effective to manufacture 
general-purpose high-quality industrial variable-speed 
drives using three-phase induction motors. This has been 
made possible by recent advances in power semiconduc· 
tors and the introduction of a purpose-designed LSI 
circuit for signal generation. 

The system described in this article illustrates one 
method of producing a high-performance variable-speed 
drive for a three-phase induction motor, using the most 
advanced power semiconductors and LSI technology 

September 1985 

now available. Typical applications of variable-frequency 
a.c. inverters include: 

• textile manufacturing, 
• chemical processing, 
• glass manufacture, 
• machine tools, 
• polymer forming, 
• food processing, 
• material handling and packaging, 
• printing and paper making, 
• grinders, 
• pumps. 

In these and many other applications, the electronic 
motor control system described in this article provides 
improved efficiency, compactness, and control flexibility. 
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LSI Circuit for AC Motor Speed Control 

B.G. STARR and J.C.F. van LOON 

In the past, sinusoidal Pulse-Width Modulation (PWM) 
speed control systems for three-phase a.c. motors have 
been produced in a number of different forms. However, 
no single system has been completely satisfactory. High 
costs, circuit complexity, output variation with tempera· 
ture, etc. have all prevented the widespread application 
of this potentially attractive method of a.c. motor speed 
control. This article describes a purpose-designed LSI 
circuit, type HEF47S2V, which has been developed 
specifically for signal generation in such systems, and 
overcomes all the previous disadvantages. The IC is 
manufactured using locally-oxidised complementary 
MOS technology (LOCMOS) and is mounted in a 
standard 28-pin dual-in-line package. 

This is the third in a series of articles all devoted to 
our a.c. motor speed control system. A general introduc­
tion to this subject is given in Refs. I and 2, and a 
description of an inverter circuit developed specifically 
for the system is given in Ref.3. 

PWM CONTROL OF A.C. MOTORS 

A block diagram of our PWM speed control system is 
shown in Fig.!. In this system, the output waveforms 
from the three ph3ses Red (R), Yellow (Y), and Blue (B) 
of a six-clement inverter consist of sinusoidally modulated 
trains of carrier pulses, both edges of each pulse being 
modulated to give an average voltage difference between 
any two of the output phases which varies sinusoidally. 
This is illustrated in Fig.2 for a carrier wave having 15 
pulses for each cycle of the inverter output. 

Figure 2a shows the IS-fold carrier, Fig.2b the douhle-
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edge modulated R-phase, and Figs.2c and 2d show the 
double-edge modulated Y and B phases. 111e line-to-line 
voltage obtained by subtracting the Y·phase from the 
R-phase is shown in Fig.2e. 

A detail of the double-edge modulation of a carrier 
wave is shown in Fig.3. Each edge of the carrier wave is 
modulated by a variable time 8, where 8 is proportional 
to sina, and a is the angular displacement of the 
unmodulated edge. The modulation of a l S-fold carrier 
requires a total of 30 8 values. 

The modulation of the output waveforms is achieved 
by opening and closing the upper and lower switching 
elements (transistors or thyristors) in each phase of the 
inverter. Closing the upper element gives a high output 
voltage, and closing the lower element gives a low output 
voltage. 111e basic function of the PWM IC is to provide 
three complementary pairs of output drive waveforms 
which. when applied to the six-element inverter, open 
and close the switching elements in the appropriate 
sequence to produce a symmetrical three-phase output. 
The drive waveforms are supplied to the inverter via 
buffer amplifiers with isolation where necessary. The 
integrated circuit is completely digital, so that the repeti­
tion frequency of the PWM signal (switching frequency) 
is always an exact multiple of the inverter output 
frequency. This results in excellent phase and voltage 
balance and consequent low motor losses. 

A l S-fold carrier multiple is used only for the highest 
motor speed range. To improve the pulse distribution at 
lower motor speeds the switching frequency is derived 
from higher multiples of the inverter output frequency. 
A hysteresis between the switching points is included to 
avoid jitter when operating in these regions. Typical 
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Fig.3 Detail of double-edge modulation 

values of the carrier multiple and the output frequency 
are given in Table I. It should be noted that this table 
applies only for a particular set of input conditions. The 
selection of input conditions is discussed later in this 
article. 

For the values shown in Table I, the IC has full 
control of the inverter switching frequency for output 
frequencies in the range 4.0 to 71.3 Hz. For output 
frequencies greater than 71.3 Hz, the switching frequency 
will increase beyond I 070 Hz until over-modulation is 
reached. Over-modulation implies a merging of adjacent 

pulses, with a corresponding reduction in switching 
frequency, until eventually a quasi-square output wave­
form is obtained. The point at which over-modulation 
occurs is determined by two of the clock inputs of the 
IC: VCT and FCT. This is covered in detail under the 
discussion of the VCT clock input. The practical upper 
limit on the output frequency is determined by the 
rating of the motor under control, the design of the 
inverter, and the performance of the IC. Detailed advice 
on the recommended maximum output frequency is also 
given under the discussion of the VCT clock input. 

TABLE 1 

Output frequency range 
Hz 

0 to 4.0 

4.0 to 6.4 

5.7 to 8.9 

8.1 to 12.8 

11.2 to 17.9 

16.3 to 25.5 

22.3 to 35.7 

32.5 to 51 

44.6 to 71.3 

71.3 + 

Variation of carrier multiple with output frequency 

Carrier multiple 

168 

168 

120 

84 

60 

42 

30 

21 

15 

15 

9-235 

Switching frequency 
Hz 

0 to 675 

675 to 1070 

675 to 1070 

675 to 1070 

675 to 1070 

675 to 1070 

675 to 1070 

675tol070 

675 to 1070 

See text 
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HEF4752V INTERNAL ORGANISATION 

A block diagram indicating the internal organisation of 
the IC is shown in Fig.4. The circuit comprises three 
counters, one decoder, three output stages, and a test 
circuit. The test circuit is used primarily for testing the 
IC during manufacture, and is not discussed in this 
article. The operation of the IC is now considered in 
outline, and this is followed by a detailed discussion of 
the various input/output functions. 

The three output stages (Fig.4) correspond to the R, 
Y, and B phases of the inverter. Each output stage has 
four outputs: two main outputs which control the upper 
and lower switching elements in each phase of the 
inverter, and two auxiliary outputs used to trigger com­
mutation thyristors in 12-thyristor inverter systems. As 
explained above, the essential function of the IC is to 
provide the output waveforms which open and close the 
upper and lower inverter switching elements in the 
appropriate sequence. This is achieved by alternately 
switching between the upper and lower main outputs in 
each output stage. To ensure that the main outputs can­
not be on simultaneously, an interlock delay period is 
used to separate the on condition of the upper and lower 
outputs. The interlock delay period is determined by 
inputs OCT and K, while the switch between the main 
outputs is controlled by an internally-generated control 

signal. A change in the level of this control signal causes 
the HIGH main drive output to switch off, and then 
after the interlock delay period, causes the LOW main 
drive output to switch on. With the interlock delay 
period fixed, variations in motor speed are produced by 
changes in the control signal, and a description of the 
production of this signal provides a basic understanding 
of the operation of the IC. 

The control signal is derived from the carrier wave 
modulated by the appropriate Ii values. Production of 
the control signal therefore requires the determination 
of the correct carrier frequency, and the corresponding Ii 
modulations. The carrier frequency, which is equal to 
the product of the output frequency and the carrier 
multiple,is set by the FCT counter and the RCTcounter. 
Dividing the clock input of the FCT counter by 3360 
gives the output frequency, while the correct carrier 
multiple is determined by gating RCT clock pulses into 
the RCT counter, with a gating time equal to a fixed 
number of FCT clock pulses. For a given frequency of 
the RCT clock, the number of pulses counted in the 
gating time will fall as the frequency of the FCT clock 
increases, and this is used to derive a correspondingly 
lower value of the carrier multiple. 

For each value of the carrier multiple, the decoder 
holds a corresponding set of Ii values. Each Ii value is 

CW VAV OCT K L I M80854/4 

r------------------------
1 5 26 
I 
I 
I 
112 

FCT COUNTER 

VCT COUNTER VCT o-<..._. _ _. 
: 17 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RCTo'-4 ___ RCT COUNTER 

I 
I 
I 
I 
I 

~------------------
CSP 

I 

13 15 16 23 : -- -- -- ______________________ J 

A B C RSYN 

Fig.4 Block diagram of HEF4752V 
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stored as a number, and the width of the corresponding 
modulation is determined by the rate at which this 
number is counted. The counting frequency used is the 
VCT clock input, and the modulation depth is therefore 
inversely proportional to the frequency of the VCT 
clock input. 

From the carrier frequency, and the Ii modulations, 
the decoder finally assembles the control signal. A total 
of three control signals is produced by the decoder, one 
for each output stage, with a phase difference of 120° 
between each signal. 

INPUT /OUTPUT FUNCTIONS OF THE 
HEF47S2V 

A pinning diagram of the HEF4752V IC' is shown in 
Fig.5. The IC has 12 inverter drive outputs, three control 
outputs. four clock inputs, and seven data inputs. 

OBC1 Voo 

OBM2 OBC2 

OBM1 VAV 

ACT 

cw 

OCT RSYN 

OYM1 
HEF47S2V 

0RM1 OYM2 

ORM2 OYC1 

ORC1 OYC2 

ORC2 CSP 

FCT VCT 

A 

Vss 
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Inverter drive signals 

There are six main drive outputs which are arranged in 
complementary pairs. The pins are coded as follows. 

First letter 
Second letter 
Third letter 
Number 

0 (output) 
R, Y, or B (phase indication) 
M (main) 
I for output of upper switching 
element, or 2 for lower switching 
element 

For example, ORM2 is the main drive waveform for the 
Red phase lower switching clement. 

Associated with each main output is the auxiliary 
output used to trigger the commutation thyristor in I 2-
thyristor inverter systems. These outputs are identified 
by a C as the third letter of the pin code, so that ORC2 
is the commutation trigger pulse output associated with 
ORM2. 

The inverter drive signals can be obtained in two 

PINNING 

Inverter drive signals 
8 ORM1 
9 ORM2 

10 ORC1 
11 ORC2 
22 OYM1 
21 OYM2 
20 OYC1 
19 OYC2 
3 OBM1 
2 OBM2 

OBC1 
27 OBC2 

Data inputs 
24 L 
25 I 

7 K 

5 cw 
13 A 
15 B 
16 c 

Clock inputs 
12 FCT 
17 VCT 
4 RCT 

6 OCT 

Control outputs 
23 RSYN 
26 VAV 
18 CSP 

R -phase main 
R-phase main 
A-phase commutation 
R-phase commutation 
Y-phase main 
Y-phase main 
Y -phase commutation 
Y -phase commutation 
8-phase main 

B·phase main 
B-phase commutation 
B-phase commutation 

data 
data 
data 
data 
data 
data 
data 

frequency clock 
voltage clock 
reference clock 
output delay clock 

A-phase synchronisation 

average voltage 
current sampling pulses 

Fig.5 Pinning diagram 
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forms, one mode for driving transistor inverters, the 
other for thyristor inverters. The form produced by the 
IC is determined by the logic level applied to the data 
input I. 

Data inputs 
Data inputs /, K, and l 
As explained above, input I determines whether the 
inverter drive signals are in the thyristor or transistor 
mode. Input I LOW corresponds to the transistor mode; 
input I HIGH corresponds to the thyristor mode. In the 
transistor mode the main upper and lower switching 
elements in the inverter are switched HIGH alternately, 
with an interlock delay period (both switches LOW) at 
each changeover. During the delay period the commuta­
tion output associated with the off-going main output is 
set HIGH. The data mput K, in association with the 
clock input OCT, is used to adjust the length of the 
interlock d"elay period. The details of this adjustment are 
described under the discussion of clock input OCT. 

Input L provides a stop/start facility. In the transistor 
mode, with L LOW, all main and commutation signals 
are inhibited, and with L HIGH, the normal modulated 
block pulses continue. The action of L inhibits the actual 
output circuits only, so that while Lis LOW the internal 
circuits generating the output signals continue to operate. 
Typical output waveforms for the transistor mode are 
shown in Fig.6. Figures 6a to 6d show the normal 
inverter drive outputs, and Fig.be shows the internally­
generated control signal which effects the transition 
between the upper and lower main drive outputs. Figures 
6g to 6j illustrate the influence of changes in the level of 
input L (Fig.bf) on the inverter drive outputs. 

With input I HIGH. thyristor mode, the main outputs 
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become pulse trains with a mark-space ratio of 1:3, and 
the commutation outputs become a single pulse lasting 
for the first quarter of the interlock delay period. This is 
used to facilitiate the use of trigger transformers for 
isolation purposes. The interlock delay period is set in 
the same way as that used in the transistor mode, but in 
this case the logic level at input K and the frequency of 
OCT also control the frequency of the main output 
pulse trains, which in turn will affect the choice of trigger 
transformer. The delay period is selected to allow time 
for the commutation circuit to operate and reset in the 
12-thyristor circuit, or to set the minimum pulse width 
for the six-thyristor self-commutated circuit. In this 
mode, with L LOW, the three lower switching elements 
in the inverter are triggered continuously, the upper 
elements being inhibited. Typical output waveforms for 
the thyristor mode are shown in Fig.7. 

Data input CW 

The phase sequence input CW is used to control the 
direction of rotation of the motor by altering the phase 
sequence. This is illustrated in Table 2. The phase 
sequences shown in Table 2 represent the order in which 
the phases pass through zero voltage in a positive direc­
tion. 

TABLE 2 

Phase sequence input CW 

Input CW 

LOW 

llIGH 

Phase sequence 

R,B,Y 
R,Y,B 

r-----------------------------------------------------~ 

ti ___r-----i ___ __,n~---~n _____ _. ______ ~_ 
c n n n~------' .._ ____ _ 

--~n.._ ____ n.._ ___ __. L__ ___ ___, ..____ ___ _ 

F ig.6 Typical output waveforms for transistor mode 

MB0854/6 

ORM1} 
ORM2 L lligh 

ORCl 

ORC2 
internal control 
signal 

L input 

:::~} L varying 
ORC1 

ORC2 

L__ _________________________________________ __J 
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b ~-----~~------''-----•'-------' ORCl L hi h 
ORM!} 

ORM2 g c _JlJLJlJlJl._I ---
d ORC2 

internal control 
siqnal 

L input 

llJl ~: ~ 11 } L varying 

-'~••u•u--~•Juu~•u••u•u~•u••~•uu~------'u~•u••~•u~•UL-'--- ORM2 

---J~---------""---------fl.Jl__ ORC2 

Fig.7 Typical output waveforms for thyristor mode 

Data inputs A, B, and C 

The three inputs A, B, and Care provided for use during 
production testing. They are not used during normal 
operation, when they must be connected to V ss (0 V). 

Input A HIGH initiallises all the IC circuits, and can be 
used for reset. The use of input A is considered in detail 
below under the discussion of switch-on conditions. 

aock inputs 

There are four clock inputs which are used to control 
the output waveforms. The following sections give a 
guide to selecting the frequency, or range of frequencies, 
for each clock. 

Frequency control clock FCT 

The clock input FCT controls the inverter output 
frequency fout• and therefore the motor speed. The 
clock frequency fFCT is related to fout by the following 
equation: 

It is permissible to stop the FCT clock during system 
operation, the effect being to switch the outputs to either 
all Ml or all M2 outputs, and this occurs irrespective of 
the state of input I. 

Voltage control clock VCT 

An induction motor is governed by the general expression: 

V = N d<I> 
dt , 

so that to maintain constant motor flux, the voltage-time 
product Vt must be kept constant. The IC automatically 
satisfies this requirement by making the output voltage 
directly proportional to the output frequency. The level 

of the average inverter output voltage, at a given output 
frequency, is controlled by the VCT clock input, changes 
in output voltage being achieved by varying the modula­
tion depth of the carrier. Increasing f v CT reduces the 
modulation depth, and hence the output voltage, while 
decreasing fvcT has the opposite effect. 

The maximum undistorted sinusoidal output voltage, 
which is obtainable in a given system, is determined by 
the voltage of the d.c. link, Vlink; the maximum r.m.s. 
value of the fundamental component is given by 0.624 X 
Vlink. This voltage occurs at 100% modulation of the 
carrier; that is, when some adjacent pulses are just about 
to merge. The output frequency at which this condition 
can apply in a given system is determined by the Vt 
product of the motor. The frequency at 100% modula­
tion, fout(m)' can be determined by relating the 
maximum r.m.s. inverter output voltage to the motor 
ratings as follows: 

0.624V1;nk 
fout(m) = fN X VN 

where f N is the motor rated frequency and V N the motor 
rated r.m.s. voltage. 

Once fout(m) has been established, a value of fvcT 
can be determined which will set the Vt product 
correctly throughout the frequency range of the motor 
to be controlled. This nominal value of fvcT is denoted 
by fvcT(nom)' and is related to fout(m) by: 

fvCT(nom) = 6720 X fouttm)· 

With fvcT fixed at fvcT(nom)• the output voltage will 
be a linear function of the output frequency up to 
f.,ut(m)· Any required variation in this linear relation-
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ship is obtained by changing fvcT· For example, to 
double the output voltage at low frequencies, as a 
possible compensation for 'IR' losses, fvcT is made 
equal to 0.5 fvcT(nom)· 

The frequency ratio fFcT/fvcT is important in 
system design. At I 00% modulation it will have a value 
given by: 

fvcT(nom) 

3360 X fout(m) 

6720 X fout(m) ' 

= 0.5. 

Below 0.5 the modulation is sinusoidal, while above 
0.5 the phase waveform approaches a squarewave, giving 
a quasi-squarewave line-to-line voltage. At approximately 
2.5, the full squarewave is obtained. Above 3.0, the 
waveform becomes unstable as the internal synchronising 
circuits cannot function correctly, and 3 .0 is therefore 
the recommended limit. 

Reference clock RCT 

RCT is a fixed clock which is used to set the maximum 
inverter switching frequency fs(max)" The clock 
frequency, fRCT• is related to fs(max) by the following 
equation: 

fRCT = 280 X fs(max)" 

The absolute minimum value of the inverter switching 
frequency, fs(min)' is set by the IC at 0.6 fs(max)" 
These figures apply provided fFCT is within the range 
0.043 fRcT to 0.8 fRCT• and fFcT/fvcT is less 
than 0.5. 

Figures 8 and 9 show the variation of inverter switch­
ing frequency plotted against output frequency with 
fRCT = 280 kHz, and fs(max) = I kHz. To obtain the 
equivalent figures for different values of fs(max)' both 
scales and fRcT should be multiplied by the required 
value of fs(max) in kHz. For example, with fs(max) = 

2 kHz, fRCT = 2 X 280 = 560 kHz, and referring to 
Fig.9, the value of f5 for f001 = 50 Hz (2 X 25) will be 
1.5 kHz (2 X 0.75) at a pulse rate of 30 pulses per out­
put cycle. Referring to Figs.8 and 9, it can be seen that 
the range of fout that will keep f5 in the band 2 to 
1.2 kHz will be 7.1 Hz (2 X 3.55) to 133 Hz (2 X 66.5), 
provided the ratio fFcT/fvcT is less than 0.5. 

Output delay clock OCT 

The OCT clock input, operating in conjunction with the 
data input K, is used to set the interlock delay period 
which is required at the changeover between the comple­
mentary outputs of each phase. For a thyristor inverter, 
where the output thyristors are triggered by a train of 
pulses (mark-space ratio I :3), OCT and K have the addi­
tional function of determining the frequency of the 
pulse train. 

The operation of OCT and K is shown in Table 3. 
Whenever possible input K should be HIGH as this keeps 
the jitter caused by lack of synchronisation between 
FCT and OCT to a minimum. In many cases a design 
economy can be obtained by using the same clock for 
both RCT and OCT. 

Control outputs 

Oscilloscope synchronisation RSYN 

This is a pulse output of frequency f001 and pulse width 
identical to the VCT clock pulse. It is timed to occur 
just before the positive-going zero transition of the 
R·phase voltage. It therefore provides a stable reference 
for triggering an oscilloscope. 

Output voltage simulation VA V 

VAY is a digital waveform which simulates the average 
value of the expected line-to-line voltage of the inverter 
output; however, it excludes the effect of the interlock 

TABLE 3 

K 

LOW 

HIGH 
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Operation of clock input OCT* and data input K 

Interlock delay period 
ms 

8/foCT 

16/focT 

Trigger pulse frequency 
kHz 

•focT in kHz 
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inverter 
switching 
frequency fs 
(kHz) 

1.25 

1.0 

0. 75 

0.5 

0.25 

0 

0 

120 pulses 

10 20 

tRcr= 280kHz 

30 40 50 60 66.5 70 
(2x66.5= 133) 

M80854/8 

1s (min) 

80 90 

output frequency fout (Hz) 

Fig.8 Inverter switching frequency against output frequency (full range) 

inverter 
switching 
frequency fs 
(kHz I 

1.25 

0.75 ---­
(2x0.75= 1.5) 

0.50 

0.25 

0 

0 3.55 5 10 
(2x3.55=7.1) 

M808S4/9 

Is (max) 

fRcT = 280kHz 

15 20 25 30 35 40 45 48 
(2x25=50) output frequency fout (Hz) 

Fig.9 Inverter switching frequency against output frequency (expanded scale for low frequencies) 
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delay set by the K and OCT inputs, and is present 
irrespective of the L input state. The V AV signal has a 
frequency equal to the inverter switching frequency f out. 

and a modulation given by 6f out· 

VAY is useful for closed-loop control of fvcT to 
obtain some improvement in the linearity of voltage 
with frequency when the frequency ratio f1 CT ff v c T is 
greater than 0.5. The variation of V AV with frequency 
ratio is shown in Fig.I 0. 

Inverter switching output CSP 

The output CSP is a pulse train at twice the inverter 
switching frequency. The falling edge of each pulse 
occurs at the point of zero modulation of the main out­
puts. When fFcrffvcr exceeds 0.5, CSP represents the 
theoretical inverter frequency: however, because of the 
merging of pulses from over-modulation, the actual 
switching frequency will be less. As with the V AV 
output, CSP is unaffected by the state of input L. 

APPLICATION ADVICE 

Proper operation of the IC requires limitations on the 

frequency ratio fFcT/fvcT• and on the range of fFcT· 
These limitations have already been described under the 
discussion of the clock inputs VCT and RCT. Three 
additional conditions for ensuring satisfactory perform· 
ance are now considered. 

Start/stop input L 

If input L is used in the thyristor mode, care must be 
taken to ensure that the switching edges are clean. For 
example, if some switch bounce occurs when switching 
to the LOW condition, then this can result in one or 
more of the Ml outputs being on instead of all the M2 
outputs. A simple circuit to overcome this problem, 
together with the corresponding output waveform, is 
shown in Fig.I I. 

Switch-on conditions 

For safe operation an initial switch-on period is required, 
during which the thyristor trigger circuits or transistor 
drive circuits are inhibited, and the correct clock and 
input conditions are established. During the first half of 
the switch-on period, the internal IC circuit should be 
reset. This can be done by either applying a HIGH signal 
to input A, or running the FCT clock for at least 
3360 FCT pulses. 

The required input states on all inputs must be estab­
lished during the second half of this period. If FCT is to 
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Fig.11 Circuit for use with L input to ensure a minimum 
pulse width: (a) Circuit with pinning corresponding to IC 
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M80854/12 

red phase M 1 
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IHEF4752V 
(part) 
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I 
I 
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I 
I ORC21----+-------+ red phase C2 

_J_ __ _ 

Fig.12 Circuit for producing a full length trigger pulse 
under minimum pulse width conditions. Pinning corres­

ponds to IC type HEF4071 

be started from zero during normal operation, it is 
advisable to run the FCT clock at about 0.04 fRCT 
during the second half of the switch-on period for at 
least 3360 pulses, otherwise the output circuits will be 
set at 15 pulses per cycle for the first few pulses, instead 
of 168, which could result in damage to the inverter. 
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Minimum pulse width 

From Figs.6 and 7 it can be seen that once the control 
signal (waveforms 6e and 7e) produces a pulse width 
equal to, orless than, the interlock delay, the appropriate 
main output is reduced to a narrow pulse. The width of 
this pulse is l/focT and it is always followed by a full­
width commutation pulse. In the transistor mode, this 
narrow pulse will normally have little or no effect on the 
inverter. However, in the thyristor mode the correct trig­
gering of the main thyristor may require the connection 
of the commutation pulse to the main pulse via an OR­
function. A circuit to achieve this result is shown in 
Fig.12. 

The next article in this series will describe the 
analogue control section. 
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This article describes an analogue control system which 
has been developed for use with our Pulse-Width 
Modulation (PWM) variable speed drive for three-phase 
a.c. motors. The article is the fourth in a series, previous 
articles being listed in Refs.I , 2, and 3. Reference 1 gives 
a general introduction to our PWM drive system, Ref.2 
describes a specially developed inverter circuit, and 
Ref.3 describes an LSI circuit, type HEF4752V, 
developed specifically for signal generation in PWM drive 
systems. 

The three-phase a.c. motor is remarkable for its 
simplicity of construction. This simplicity is in contrast 
to the comparatively complex requirements of a control 
system for an a.c. motor operating under variable speed 
and load conditions. The features needed by such a 
system will be determined by three factors: the inherent 
operating characteristics common to all a.c. motors, the 
method of speed variation employed, and the particular 
control requirements needed by the motor user. The 
control system described in this article has been designed 
to meet the requirements of the majority of users, but 
without being excessively complex. Alternative system 
designs of greater or lesser refinement are of course 
possible. The detailed description of the design and 
operation of the analogue control system is preceded by 
a review of the operating characteristics of a.c. motors, 
and the relevant features of our PWM variable speed 
drive. 

THE A.C. MOTOR 
The three-phase a.c. induction (asynchronous) motor 
consists of a wound stator connected to a three-phase 
a.c. supply, and a squirrel-cage rotor with no external 
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connections. The stator currents produce a rotating 
magnetic flux, with a speed of rotation (synchronous 
speed) n5 given by: 

fs 
n5 = - X 60 rev/min, 

p 
(1) 

where f5 is the stator supply frequency, and p is the 
number of pole-pairs in the stator. The rotating stator 
field induces an e.m.f. in the rotor conductors, and since 
the conductors are short-circuited, this results in rotor 
currents. Motor torque is produced by the interaction of 
the stator flux and the rotor currents, the torque contri· 
bution T of each rotor conductor being proportional to 
the product of the in-phase component of the rotor 
current and the air-gap flux; that is: 

T ex I, cos8 ,If>, (2) 

where I, is the rotor current, cos8, the rotor power 
factor, and If> the air-gap flux per pole. 

In order that rotor currents may be induced, the 
rotor speed n, must be different from the synchronous 
speed. This speed difference is called slip, and is usually 
expressed as a fraction of the synchronous speed; that is: 

n5 -n, 
s = ---. 

ns 
(3) 

The speed of the rotor relative to the stator field is 
(n5 - n,), and the frequency of the rotor e.m.f., f,, is 
therefore given by: 

( n.-nr) 
f, = --- fs, 

n, or: 
f, = sf,. (4) 
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For constant flux, the magnitude of the rotor e.m.f., 
and therefore I,, is proportional to s, so that as load is 
added to an induction motor, additional torque is 
produced by an increase in fractional slip. Since the 
rotor impedance is low, a small increase in slip produces 
a large increase in rotor current, the full-load slip being 
typically 3 to 5%. When rotor current flows, there is a 
corresponding increase in stator current. 

Provided that the fractional slip is small, torque will 
increase with increasing slip. However, as the slip 
increases, the frequency of the rotor e.m.f. will increase 
(see Eq.4) so that rotor reactance will rise, together with 
the phase angle 8,. With increasing slip, the motor torque 
therefore reaches a maximum and then falls. This maxi­
mum value is called the pull-out torque, and the motor 
will stall if this peak value is exceeded. Controlled opera­
tion of the speed drive therefore requires that slip 
variations do not exceed the limit defined by the pull-out 
torque. 

The variation of torque with fractional slip for a 
typical squirrel-cage motor of the standard type is shown 
in Fig.I. This curve has been extended into the generator 
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mode, where the rotor speed is greater than the synchro­
nous speed. In this region, the motor converts mechanical 
energy into electrical energy which is partially absorbed 
by the power converter system, or returned to the 
supply. The generator mode occurs when the load drives 
the motor at super-synchronous speeds, as in crane 
drives. It can also occur in a variable-frequency system 
when the supply frequency is rapidly reduced. 

Under direct-on-line starting conditions, the fractional 
slip is unity, so that the rotor frequency and reactance 
are both high. This implies a high motor current at a low. 
power factor so that the starting torque is low (see Eq.2). 
By increasing the rotor resistance, the power factor can 
be increased and starting torque improved (see Fig. I). 
However, under running conditions the motor will then 
operate at reduced efficiency due to high I2 R losses. In 
practice, rotor design is a compromise between the needs 
of starting performance and efficiency, and while there 
are ways of reducing this conflict, such as the double­
squirrel-cage design, starting performance remains a 
potential weakness of the induction motor when 
operated under constant-frequency conditions. 

snndard motor 

MB0-0011/1 

speed.----. 
2n5 

-0.4 -0.6 -0.8 -1.0 

F!g.1 Variation of torque with slip for a standard squirrel-cage motor, and a motor with a high 
resistance rotor 
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PWM DRIVE FOR A.C. MOTORS 
From Eq.l it can be seen that varying the input frequency 
to the stator will result in a corresponding change in the 
·synchronous speed. Since under normal operating condi­
tions the rotor speed is only a few percent less than the 
synchronous speed, this provides a method of 
continuously changing the motor speed. To maintain 
constant full-load torque, the air-gap flux must be held 
constant, and this requires an applied voltage which 
must be varied in linear proportion to the input 
frequency. The speed/torque characteristics for an 
induction motor operating under constant flux and 
variable frequency are shown in Fig.2. 

Our PWM drive system (see Ref.I) is designed to 

MB0-0011/2 

torque 

speed 

Fig.2 Induction motor speed/torque characteristics under 
constant flux and variable Input frequencies 
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provide this type of variable speed constant-torque 
operation. A block diagram of the system is shown in 
Fig.3. The three-phase mains input is connected to the 
bridge rectifier via an interference filter. The d.c. voltage 
V Cb is smoothed by a capacitor input filter (a choke 
input filter may be used for higher powers), and then 
applied to the inverter. The outputs from the three 
phases of the inverter consist of sinewave-weighted 
pulse-width-modulated waveforms at the selected carrier 
frequency; this gives sinusoidal motor currents with low 
harmonic content. The form of the inverter output 
waveforms is determined by the timing of the trigger 
pulses, generated by the PWM IC, HEF47S2V. This IC 
forms the central feature of the PWM drive system, and 
the analogue control section effects changes in the 
motor performance solely by varying the inputs to the 
IC. 

The operation of the IC is defined by a digital signal 
CW, which controls the direction of motor rotation, and 
four clock inputs FCT, VCT, RCT, and OCT. The four 
clock inputs have the following functions. 

• FCT (Frequency Clock Trigger). This determines the 
stator frequency, thereby controlling the motor speed. 

• VCT (Voltage Clock Trigger). This determines the 
stator frequency/voltage ratio. 

• RCT (Reference Clock Trigger). This sets the inverter 
maximum switching frequency. 

• OCT (Output Clock Trigger). This sets the minimum 
pulse-width allowable. 

INVERTER 
MB0-0011/3 
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FILTER 
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T T 

RECTIFIER 
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SMOOTHING 
CAPACITOR VCb ill· 
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The clock inputs of FCT and VCT are determined by 
wide-frequency-range voltage-controlled oscillators 
(VCOs), while the clock inputs of RCT and OCT are 
fixed for a given application, and can be controlled by 
VCOs or fixed oscillators. 

The analogue control section produces three outputs: 
the digital signal CW, and voltage reference signals RF CT 
and RvcT for the VCOs of FCT and VCT. There are six 
inputs to the analogue control section: three are feedback 
signals, and three are potentiometer settings. The three 
feedback signals are: a voltage Vcb which is proportional 
to the voltage across the smoothing capacitor, the motor 
current signal IMO)> sensed by a D.C. Current 
Transformer (DCCT) in the motor current lines, and a 
digital signal M/G, derived from the power rectifier/ 
filter circuit, indicating whether the motor is in the 
motor mode or generator mode. The potentiometer set­
tings Vref• IM(reO• and Vcb(reO respectively set the 
motor speed, limit motor current in the motor mode, 
and limit the d.c. voltage in the generator mode. A fuller 
explanation of the function of the various input/output 
signals, is given in the next section. 

ANAWGUE CONTROL SECTION 

The analogue control section is designed to ensure safe 
and effective speed control under variable load and 
variable speed conditions. It provides the following 
facilities. 

• Bidirectional control of motor speed from zero up to 
twice nominal speed, with fast response. 

• Adjustment of maximum motor current up to about 
140% of the nominal value. 

• Adjustment of acceleration and deceleration time 
during motor speed variation. 

• limitation of motor current and voltage to protect 
the inverter, and to keep the motor operating within 
the specified slip range. 

• Adjustable slip correction to improve speed regulation 
with load variation. 

• Adjustable IR compensation to increase the starting 
torque. 

• Protection circuits to ensure safe switch-on/switch-off 
performance. 

The control section can be subdivided into four separate, 
but interrelated, circuits: the start/stop circuit, the speed 
reference circuit, the current/voltage control circuit, and 
the IR-compensation circuit. Each of these four circuits 
will now be considered in tum. 

Start/stop circuit 

Strictly speaking, the start/stop circuit is peripheral to 
the analogue control section represented as a block in 
Fig3. However, it provides a number of important func­
tions essential to the safe operation of the drive system, 
and a brief description of its operation is therefore given. 
A block diagram showing the essential features of the 
start/stop circuit, and its position in the total drive 
system is shown in Fig.4. 

The circuit protects the system against adverse start/ 
stop conditions, and provides the reset signal for the 
PWM IC. After switch-on, the three-phase rectifier 

SMOOTHING 3- phase 
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CONTROL 
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Fig.4 Start/stop circuit 
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charges the smoothing capacitor Cb via a limiting resistor 
R,,protecting the rectifier diodes against inrush currents. 
When Vcb exceeds 80% of its nominal value, the signal 
Re closes the relay which short-circuits R,. After a delay, 
determined by the action of a ramp generator, the PWM 
IC is reset. With the IC reset, the START signal goes 
HIGH, and the start procedure is complete. 

When the mains supplies are disconnected, the 
capacitor Cb starts to discharge. When Vcb is at 80% of 
its nominal value, the STOP signal goes HIGH, inhibiting 
the inverter action. Below this level, the commutation 
currents of the inverter are too low for safe commutation 
of the motor currents. The STOP signal remains HIGH 
until Cb has discharged. Figure 5 shows the various 
signals associated with the start/stop procedure. 

Speed reference circuit 
The rate at which the speed of a motor can be changed is 
limited by the inertia of motor and load,and the available 
motor torque. As the stator frequency is altered, there is 
an inevitable lag in the response of the rotor, resulting in 
an increase in slip. Unless some limitation is placed on 

R2 

START o----+ 

IC2 

80%ofl--+-~----,,..--~ 
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value 

STARTl--+-----L, 
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Fig.5 Start/stop signals 
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the rate at which the stator frequency can change, the 
increase in slip can result in the pull-out torque being 
exceeded and the motor stalling. The speed reference 
circuit gives bidirectional speed variation together with 
control over the maximum rates of increase (acceleration 
control), and decrease (braking control) in the stator 
frequency. 

A simplified circuit diagram is shown at Fig.6. The 
motor speed is determined by the potentiometer setting 
V ref· This can be changed from -10 V to +JO V, chang­
ing the motor speed from maximum clockwise to 
maximum counter-clockwise. The speed signal output 
V N is derived from V ref via a comparator IC7, and an 
integrator IC16 togiveVN =-klVrerl·Astepwisevaria­
tion of V ref results in a linear increase or decrease of the 
output signal V N. The rate of variation of V N can be 
adjusted via the accelerate/decelerate limiting potentio­
meters P1 and P3. The output VN is grounded as long as 
the START input is low. The voltage output RrcT• 
proportional to V N, controls the frequency of the FCT 
clock, which in turn sets the inverter output frequency 
and hence determines the motor speed. The third output 
CW, controls the direction of rotation of the motor. 
Inputs IM L and le L protect the inverter against overload 
conditions, while input IM (2) gives improved speed 
regulation for large load variations. The action of these 
three inputs is considered in detail under the discussion 
of the current and voltage control circuit. 

Circuit operation 

The influence of changes in input signals Vref and 
START, on the output signals VN and CW is shown in 
Fig.7. The features of the circuit operation which give 
rise to the results of Fig.7 are now considered. 

At t0 START is LOW, Vref is positive, and CW is 
HIGH. The outputs of IC2 and IC3 will therefore be 
HIGH, so that MOS switches S1 and S2 will be open and 
no reference signal is supplied to the comparator IC7• 

The output of IC14 will be low, so that MOS switch S3 
is closed and capacitor C4 short-circuited. The speed 
output signal VN is then zero. 

At t1 START now goes HIGH, ~ogether with the 
output of IC14 , so that S3 is opened. The output of IC3 
goes LOW, S2 is closed, and Vref is supplied to the non­
inverting input of comparator IC7 . The output of IC7 is 
positive and the integrator IC16 ramps to a negative 
value. The slope of the integrator output voltage is deter­
mined by voltage V x, resistors ~ and R11 , and capacitor 
C4 ; that is: 

dV Yx 
dt = - CiR9 +Ru) (5) 

As described below, the value of V x can be limited by 
potentiometers P1 and P3 to give maximum rates of 
deceleration and acceleration respectively. 
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Fig.7 Input/output signals of the speed reference circuit 

At t2 , Vref rs increased and VN ramps to a more 
negative value. 

At t3 the input voltage Vref is now reversed to a 
negative value, the output of IC7 goes negative, voltage 
V x is negative, and the integrator IC16 begins to ramp 
up. This implies a decelerating motor. The change in sign 
of Vref causes the reference polarity detector IC4 to 
switch the output of IC5 from HIGH to LOW. 

At t4 the output of IC16 now reaches a slight!)' posi­
tive value, and the reference polarity detector IC19 
switches the output of IC17 from LOW to HIGH. The 
flip-flop, IC11 and IC12 , now set via IC9 , and the output 
of IC11 goes HIGH so that CW goes LOW. With the CW 
signal LOW, the output of IC3 goes HIGH and S2 is 
opened, and the output of IC2 goes LOW and S1 is 
closed. This transfers the Yref signal from the non­
inverting to the inverting input of IC7 • This action 
ensures that the output of IC7 is positive whenever the 
motor is accelerating, irrespective of the direction of 
rotation. The output VN now ramps down to a value 
determined by the setting of Vref at t3 • 

At t5 , Vref is set at zero, the output of IC7 goes nega­
tive, and V N ramps up to zero, bringing the motor to 
rest. 

Limitation of the rate of speed variation 

The maximum rate of speed variation is limited by 
controlling the maximum positive and negative values of 
Yx. The maximum positive value Yx(max) is determined 
by the setting of potentiometer P3 and the inverting 
operational amplifier IC15 ; that is: 

R12 
Yx(max) = -Vp3 R' (6) 

10 

where V pJ is the voltage set by potentiometer P3. Simi­
larly, the maximum negative value of V x is determined 
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by potentiometer P 1 and the inverting operational 
amplifier IC6. 

Suppose that the motor is accelerating; V x will be 
positive. If V x exceeds V x(max)' then diode Og will 
conduct clamping V x to V x (max J. If V x exceeds the 
preset maximum negative value while decelerating, then 
diode 0 2 will conduct, clamping V x to the maximum 
negative value. In this way independent control of 
acceleration and deceleration is obtained. 

Current and voltage control circuit 

The purpose of this circuit is to provide the IM L, IG L, 
and IM ( 2) signals for the speed reference circuit. As 
explained above, IM L and IG L limit the motor current 
and applied voltage to below the maximum capacity of 
the inverter, while IM(2) provides a degree of speed 
stabilisation under large loads. The protection of the 
inverter is considered first. 

Inverter protection 

In considering the problem of inverter protection, it is 
necessary to examine the requirements of the motor and 
generator modes separately. 

In the motor mode, high motor currents will result if 
the required motor torque is too high, or the rate of 
acceleration is excessive. Both situations will give rise to 
high positive slip with correspondingly high currents. 
Motor current is controlled by reducing the synchronous 
speed so that the slip is also reduced. 

In the generator mode, high motor currents can arise 
under braking conditions, or when the load drives the 
motor. In both cases, the motor speed can exceed the 
synchronous speed, giving negative slip. If this negative 
slip value is high, motor current will become excessive. 
By increasing the synchronous speed the slip is reduced 
and the motor current brought under control. There is a 
further complication in the generator mode, since the 
design of the control section does not allow for the 
return of energy to the supply; instead, any energy 
generated by the motor is initially stored in the smooth­
ing capacitor. Without some limitation on the rate at 
which energy is fed to this capacitor the applied voltage 
could exceed the voltage rating of the inverter. To ensure 
that this voltage does not exceed a preset maximum 
value, the circuit reduces the synchronous speed at a 
slow enough rate so that power generation is just com­
pensated by the power losses of the inverter and motor. 
In practice, limiting braking torque in this way still 
provides a fast braking action, even with large load 
inertia. 

A circuit diagram is shown at Fig.8. The circuit has 
three input signals IMO)' M/G and Ycb· The output 
signals are IML• laL and IM(2). Signal IML is the current 
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limiting signal in the motor mode, while Ia L is the 
current limiting signal in the generator mode. 

To reduce motor current in the motor mode, IML is 
driven negative. Diode 0 5 of Fig.6 then conducts, so that 
the negative value of V N is reduced, thus the synchro­
nous speed falls and the slip is reduced. For excessive 
motor current conditions in the generator mode, laL is 
driven positive. Diode 0 6 of Fig.6 then conducts, the 
negative value of V N is increased, the synchronous speed 
rises, and the slip is again reduced. 

The switch between IM L and Io L is controlled by the 
input M/G. Signal M/G is LOW for the motor mode and 
HIGH for the generator mode. With M/G set LOW, the 
output of IC3 (Fig.8) is HIGH. This clamps the output 
of IC7 (Fig.8) negative, so that diode 0 6 (Fig.6) inhibits 
the IG L signal. With M/G HIGH, the output of IC6 
(Fig.8) is HIGH, keeping IM L at a high level so that 
diode 0 5 (Fig.6) inhibits the IM L signal. 

The measured motor current signal IM (1 )' sensed by 
the DCCT in the motor current lines, is amplified and 
filtered by IC1 (Fig.8) and smoothed by capacitor C2 to 
suppress the sampling ripple frequency of the measuring 
circuit. The output of IC1, signal IM(2), is then supplied 
to the current limiting control amplifier IC5, where it is 
compared with the current reference signal for the motor 
mode IM(ref)·This circuit works as a 3-terrn error ampli­
fier with proportional-integral-derivative control action. 
The proportional gain of the circuit is given by R1g/R11 . 
The crossover frequencies for the differential action are 
determined by the values of R11 , R12 , and C7, while the 
crossover frequencies for the integral action are given by 
Cg, R17 , and R1g. The use of the differential network 
gives an optimal response for the current-limiting signal 
and prevents overshoot. By varying the setting of 
potentiometer IM(ref)• the maximum motor current for 
the motor mode can be adjusted from 70% up to 140% 
of the nominal motor current. Current limiting below 
70% can cause instabilities, because the motor current 
cannot be decreased below the magnetising current. 

Control of motor current in the generator mode is 
achieved by supplying the IM(2) signal to the second 
error amplifier IC2, where it is compared with the pre­
adjusted reference signal la(ref)· As soon as IM(2) 
exceeds IG (ref)• which sets the current limit level in the 
generating mode, the output of IC2 goes negative. This 
signal is fed to a unity-gain inverting amplifier, IC7, and 
then the resulting positive signal IG L, is supplied to the 
speed reference circuit where it increases the synchronous 
speed, under current limit conditions in the generating 
mode. 

To limit the applied voltage in the generator mode, 
the negative Vcb signal, which is proportional to the 
voltage across the smoothing capacitor, is supplied to a 
third error amplifier IC4 , and compared with the adjust­
able maximum reference value V Cb(ref)· For Ycb 
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greater than V Cb(ref) the output signal P of IC4 goes 
positive. This signal is supplied to the input of IC2, 
where it effectively reduces the current reference level 
for the generator mode until the regenerative power is 
just equal to the power losses in the inverter and motor. 
The response of the current and voltage control circuit 
under variable speed conditions is shown in Fig.9. The 
lower trace of Fig.9b shows the change in synchronous 
speed following a stepwise variation in the Vref input of 
the speed reference circuit. It shows a fast speed 
response, with an acceleration time of 0.8 seconds, and a 
braking time of one second. The motor current is limited 
to a peak value of 8 A on acceleration, and to a peak 
value of 7 A on braking (lower trace Fig.9a). The maxi­
mum voltage on braking is 700 V (upper trace Fig.9a). 

t 

0-

.... w ~ .. " ~ LI 
] l 

.. 
1 ~ 

0- 7 ~ 

(b) 

Fig.9 Current and voltage waveforms during speed change 
conditions 

(a) upper trace - supply voltage Vcb (100 V/division) 
lower trace - motor current IM (5 A/division) 

(b) upper trace - DCCT output IM(1 l (correSPonds to Im of 
approximately 3.5 A/division) 

lower trace - synchronous speed (approximately 700 rev/min 
per division) 

time scale: 0.5 s/divlslon 
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Under increasing motor torque, the slip will increase, so 
that for a fixed synchronous speed the motor speed falls. 
The output of IC1, signal IM(2), which is proportional 
to IM, may be used to give improved speed regulation 
under variable load conditions. 

The IM(2) signal is supplied to the noh-inverting 
input of IC7 (Fig.6) where its effect is to make V N more 
negative, thus giving a higher synchronous speed and in 
turn a higher motor speed. The degree of slip correction 
can be varied with potentiometer P2 (Fig.6). 

The effectiveness of this technique of speed regulation 
is reduced for low-power standard asynchronous motors, 
where the magnetising current is a significant proportion 
of the load current. However, even with motors of this 
type, the speed deviation from the no-load to full-load 
condition can be reduced by SO to 80%. 

IR - compensation 
With a variable frequency drive system, the motor is 
started at a low input frequency and then brought-up to 
the desired operating speed by a steady increase in 
frequency, and a motor voltage proportional to this 
frequency. In this way, the high motor currents, and low 
power factor associated with starting a fixed frequency 
system are avoided. However, the low input frequency 
will also result in a low applied motor voltage. 

At low frequencies the voltage drop across the stator 
resistance is, therefore, relatively large when compared 
with the applied voltage. These high IR losses will result 
in a low air-gap flux, and consequently a low starting 
torque. If a high starting torque is required, it can be 
achieved by increasing the applied voltage at low 
frequencies. 

The value of the applied voltage at a given input 
frequency is determined by the VCT clock input of the 
IC. Reducing the frequency of this clock will increase 
the applied voltage for a given input frequency, while 
increasing the clock frequency has the opposite effect. A 
full discussion of the relationship between the VCT 
clock and input frequency is given in Ref.3. The 
frequency of the VCT clock is determined by its voltage 
reference signal Rv CT, so that IR-compensation requires 
the modification of RvcT for low input frequencies. 

A circuit to obtain this modification is shown at 
Fig.I 0. The circuit has a single input, the negative speed 
signal V N derived from the speed reference circuit, 
and a single output RvcT· For values of VN which are 
less negative than the value given by: 

R1 
VN = Vpl R3 ' (7) 

where VP 1 is the voltage set by potentiometer P1, the 
circuit decreases the negative value of Rv CT, while for 
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R4 
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P3VI------' 

Fig.10 IR~ompensation circuit 

values of V N which are more negative than the value 
defined by Eq.7, the output signal RvcT is adjusted by 
potentiometer P3 to obtain the nominal rated motor 
voltage. Equation 7 therefore defines the region of IR­
compensation. For VN as given by Eq.7, the output of 
IC1 is zero, while for less negative values the output of 
IC1 becomes increasingly negative, driving the output of 
IC2 and thus RvcT less negative. For more negative 
values, the output of IC1 is blocked by diode D1. Within 
the region of IR-compensation, the influence of V N on 
RvcT can be adjusted with potentiometer P2. Figure 11 
shows the effect of IR-compensation on the average 
applied voltage VA v, and illustrates the roles of the 
three potentiometers P1 , P2, and P3 . 

The next article in this series will describe the D. C 
°'"ent Transformer (DCCT), which is used to sense the 
motor cu"ent. 
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The decoder concept presented here 
comprises a four standard decoder and 
a video combination. The concept can 
also be extended by means of a picture 
improvement circuit. 

A brief overview will first be given to 
clarify this arrangement. Figure 1 shows 
the block diagram of a complete color 
decoder from the CVBS interface up to 
the picture tube. There are switchable 
filters for separation of the luminance 
and chrominance signals from one an­
other. Only one IC is necessary for the 
demodulation of four color standards. 

The output signals are the standard­
independent color difference signals (B· 
Y) and (R-Y), i.e. U and V. The baseband 
signals (i.e. color difference signals and 
luminance signal Y) can either be direct­
ly supplied to the video combination or 
they can be supplied via a signal proces­
sor IC as shown here. 

The video combination comprises all 
functions for advanced video signal pro­
cessing. The RGB output signals of the 
IC can be fed to the video final stages 
directly. 

The interface selected in this decoder 
concept, with the baseband signals as 
input signals of the video combination, 
also permits new circuit concepts to be 

introduced, e.g. the delay line which is 
required for PAL and SECAM can be 
realized with CCD lines. Picture improve­
ment circuits with picture memories can 
also be added. 

The CTI IC which is incorporated in 
Figure 1 was likewise developed for this 
interface. In this circuit two functions are 
integrated: a transient improvement for a 
better picture, and a Y delay line in 
gyrator technique to replace the previ­
ously required wound line. 

In the past, multi-standard color decod­
ers have been built up with a number of 
integrated circuits. Parallel working con­
cepts are known, and also transcoder 
concepts specially for PAL and SECAM. 
The decoders of the various standards 
require circuit blocks of the same type; 
this applies in particular to the quadra­
ture amplitude modulation standards 
(QAM standards) PAL and NTSC, but to 
a large extent also for the FM standard 
SECAM. An obvious approach for the 
integration of a multi-standard decoder 
on one chip is therefore to make use of 
as many circuit blocks as possible in 
common for the different standards, in 
order to minimize the components and 
thus also the crystal area required. Un­
der the condition of automatic standard 
identification, as is already the state of 
the art for present MSD concepts, multi-

pie utilization of the circuit blocks can 
only be realized if automatic standard 
identification is effected by sequential 
standard scanning. A system of this kind 
gives the great advantage that the entire 
decoder including the filters can be de­
signed in the optimum way for the indi­
vidual standards. 

The MSD shown here as in the block 
diagram in Figure 2 works on this princi­
ple and is designed for 4 standards: 
PAL, SECAM, NTSC and a second (ad­
mittedly non-standard) NTSC with the 
PAL chrominance subcarrier frequency. 
This NTSC system has been introduced 
in the Near East due to American soft­
ware and in Britain de facto. 

The IC incorporates a digital control unit 
in 12L technique, which switches the 
color decoder in the sequentially opti­
mum way for the different standards. As 
long as there has been no identification 
of a color standard, the four possible 
standards are scanned sequentially in 
the order PAL, SECAM, NTSC M and 
NTSC 4.4MHz. The activation time for 
each of the standards is four vertical 
periods (BOms). 

Investigations have shown that the time 
indicated in connection with suitable 
time constants for automatic chromi­
nance control (ACC) and for standard 
identification gives a good compromise 

AGB - 81GNA&. INPUTS 

CYB& 
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between speed of "color on" switching and 
noise elimination. 

Together with a "color on" switching delay 
circuit, which is likewise in digital technique 
and corresponds to the time of two vertical 
periods, "color on" switching is effected after 
360ms in the worst case. The switching 
voltages output by the IC are also used for 
switching on/over the external chrominance 
signal filters and crystals. 

The respective standard identification circuit 
checks whether the standard being scanned 
is present. If the standard is not identified in 
80ms, the next standard is scanned. Thus the 
search is carried out continuously when there 
is a monochrome signal. If a color standard is 
detected by the identification circuit, the two 
color difference signals are supplied to the 
outputs after the "color on" switching delay. 
In addition, the switching voltage supplied 
(which is 2.5V for the search, and is used for 
switching on the chrominance signal filters 
and also the crystals) is increased to 6V, so 
that a chrominance subcarrier trap in the 
luminance channel can also be switched on 
with a suitable circuit. 

A standard scanning start delay with a time of 
two vertical periods (40ms) is also incorporat­
ed, so that in the event of disturbances such 
as transient failure of the chrominance signal 
e.g. due to fading, there is no immediate start 
of a new search with corresponding lengthen­
ing of the color switch-off time. 

The pulses for scanning control and all other 
necessary pulses are derived from the sand­
castle pulse. 

For extremely unfavorable signals there is 
also a manual "standard forced switch-on" 

provided. The MSD can be fixed to one of the 
four color standards by feeding in a switching 
voltage of ;;. 1 OV, via the four switching 
voltage outputs. However the automatic color 
killer continues to operate. 

The identification circuits make use of syn­
chronous demodulators. For PAL and SE­
CAM the H/2 components of the burst sig­
nals and of the f0 frequencies on the back 
porch are evaluated, or also in the case of 
SECAM, evaluation is effected during the 
vertical blanking time. 

In order to provide definite distinction be­
tween the NTSC color standard with PAL 
frequency and the PAL color standard, it is 
necessary to have two identification circuits 
working in parallel, one with and one without 
H/2 circuit. For this reason it is also neces­
sary to have two pins for two identification 
capacitors. These identification signals are 
evaluated in a logic circuit in the standard 
control circuit. 

The ACC works for all color standards. With 
QAM signals it controls for constant burst 
signal amplitude. With the FM signal SECAM, 
the entire signal is used for generation of the 
control voltage. Amplitude measurement is 
effected by in-phase synchronous demodula­
tion. The controlled chrominance signal is 
supplied in the case of the PAL standard 
directly, and in the case of the NTSC stan­
dards, via a hue control circuit to the gated 
PLL circuit of the quartz oscillator. 

The quartz oscillator oscillates at twice the 
frequency of the chrominance subcarrier, in 
order to obtain in the known manner the 90° 
out-of-phase reference carriers for the de­
modulators. The respective crystals for the 

standards oscillate in series resonance and 
are connected to the IC via external switching 
stages. 

The hue control circuit is in operation for the 
NTSC standard. A phase shift of ± 40° can 
be achieved with a DC control voltage. For 
the PAL and SECAM decoding it is necessary 
to have chrominance signals delayed by 
64µs. The MSD is designed for a glass delay 
line, but can easily be adapted to color 
difference signal delay lines, e.g. in PCCD 
technique. 

Demodulators with external LC reference cir­
cuits have been used for SECAM. 

After the demodulators, the harmon­
ics - especially the second - of the chromi­
nance subcarrier frequencies in the demodu­
lated color difference signals are filtered in 
each case with three integrated RC elements. 

For the SECAM standard it is necessary to 
carry out color difference deemphasis and 
blanking for the two color difference signals 
after demodulation. 

The color switch-off stages are directly before 
the outputs. The color difference outputs are 
low-resistance emitter followers with internal 
current sources. Apart from a chrominance 
input signal, the MSD with the TOA 4550 only 
requires the sandcastle pulse and of course 
the operating voltage in order to supply the 
negative baseband color difference signals. 

The external circuitry required for the IC is 
minimal, and is included as periphery to the 
block diagram in Figure 3 with the exception 
of the standard-dependent filters. 

Figure 2. Block Diagram Of The Multlstandard Color Decoder For PAL, SECAM, NTSC (3.SMHz) And NTSC (4.4MHz) 
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The Multi-Standard Decoder IC has approxi­
mately 1500 components on an area of 
14mm2, and requires a 28-pin package. 

The video combination IC incorporates all 
setting functions for color picture reproduc­
tion. A black current stabilizing circuit Is 
provided. This saves three tuning operations 
and also automatically regulates operating 
point changes due to warming up after 
switch-on and to ageing. 

RGB signal inputs are provided for signal 
supply from RGB sources via the perl-televi­
sion plug, e.g. from cameras or from internal 
teletext decoders. 

Figure 4 shows the block diagram of the Input 
part of this IC. The two color difference 
signals -(R-Y) and -(B-Y) are fed in via 
capacitors and clamped jn the Input stages to 
reference values. After the saturation control 
stages, the -(G-Y) signal is generated with 
the (G-Y) matrix. These color difference sig­
nals together with the Y-signal which is like­
wise clamped in the input stage are convert­
ed to the R, G and B signals in the R, G and B 
matrix. 

Switching stages, together with a switching 
matrix and a driver stage for the switching, 
permit the choice between the picture signals 
from the color difference and Y inputs or from 
the R, G, B inputs. When the R, G, B signals 
from the R, G, B Inputs are selected, these 
are added to the black levels, which are 
simultaneously Inserted. The switching times 
between blanking, Insertion and changeover 
are about 50ns and are so small that there 

are no visible errors in the picture. If the RGB 
inputs are constantly connected, synchroni­
zation with the other signals is not necessary. 
The signals also pass through the contrast 
and brightness control stages. A peak beam 
current limitation can be effected via an Input 
to a threshold level switching circuit. The 
threshold level circuit then reduces the con­
trast control voltage. Average beam current 
limitation is effected directly via the contrast 
control voltage, whereby under certain cir­
cumstances the brightness control is also 
reduced via an Internal diode. 

All the pulses required in the IC, and especial­
ly for the black current stabilization which will 
be explained below, are derived from the 
sandcastle pulse. 

Signal processing is effected in parallel in 
three R, G, B channels and therefore the 
description and explanation will continue to 
be limited to the R channel. 

Figure 5 shows the functional block diagram 
of the black current stabilizer. The R signal is 
blanked out and a measuring pulse is inserted 
for the black current measurement. A subse­
quent limiter stage prevents overdriving of the 
video final stages. A control stage is provided 
for white point adjustment, which can be 
effected by means of a DC setting voltage. 
There Is an adding stage in which the voltage 
from the black current stabilization circuit is 
added to the R signal. The output stage of the 
IC can feed the video final stage directly. Its 
output voltage is supplied via a pnp measur­
ing transistor to the cathode of the CRT. The 

collector circuit includes a measuring resistor 
at which voltage drops occur at the respec­
tive sequential measuring times; these are 
due on the one hand to any leakage currents 
which occur and on the other hand to dark 
current with leakage currents. These voltages 
are given to the IC. Following a buffer stage, 
the measurement voltage for the leakage 
currents is stored on the capacitor CL. Switch 
SL is only closed at the time when the signal 
is blanked and no signal current can flow. 
During the black level measurement time a 
reference voltage of 0.5V is subtracted from 
the voltage to be measured and then com­
pared In a comparator circuit with the stored 
voltage for the leakage currents. Switch Sd is 
only closed during the black measurement 
time and closes the control loop. Capacitor 
Cd stores the control voltage. 

A dark current of 1 O=mµA is not too small for 
reliable evaluation and not too big, so that if it 
is in the right time position no disturbing 
effects are visible on the screen. 

Insertion of the measurement pulses and 
their evaluation is sequential; this means that 
from the measuring resistor through the mea­
surement input and leakage current storage 
up to and including the comparator circuit 
these circuits only have to be realized once 
and are used for all three channels. 

Figure 6 shows the time positions of the 
various measurement pulse Insertions and 
evaluations. The measurement pulses are 
alter the vertical flyback pulse and are thus 
above the upper picture edge in the overscan. 

Figure 3. Multlstandard Color Decoder For PAL, SECAM, NTSC (3.5MHZ) And NTSC (4.4MHz) 
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The A, G, B signals are blanked up to the 
inserted measurement pulses. The leakage 
current of all channels is measured in the line 
before the first measurement pulse. This is 
followed by the measurement pulses and 
their evaluation in the sequence red, green, 
blue. 

A comprehensive application diagram with 
the video combination TOA 3505 and the 
video final stages is shown in Figure 7. 

A complete Multi-Standard Decoder can be 
built up with the two IC's described above. A 
third IC, which can be interconnected in the 
color difference interface, can be used for 
color picture improvements by means of tran­
sient improvement of the color difference 
signals. 

In Figure S the signal characteristics a) and b) 
show a transient in the Y and color difference 
signal. The rise time of the color difference 
signal is longer, corresponding to the smaller 
bandwidth. A delay line in the Y channel 
coordinates the centres of the transients as 
shown in Figure Sc. 

In deviation from the previous signal process­
ing, with the Color Transient Improvement IC 
the color difference transient does not occur 
until the input signal transient is finished, but 
then it occurs with a steepness correspond­
ing to that of the Y signal. The characteristic 
of this color difference signal is shown in 
Figure Sd. It is now clear that - as shown in 
Figure Se - a correspondingly longer delay is 
necessary for the Y signal in order to achieve 
coincidence of the transients. 

Color signal transmissions, especially of test 
pictures coming via this CTI circuit, appear on 

September 19S5 

the screen with the same color definition as 
RGB transmissions. 

Figure 9 gives an explanation of the CTI 
function: the simplified circuits are shown on 
the left and the signals occuring at these are 
shown on the right. Part a shows a color 
difference input signal with a fast positive 
transient corresponding to the maximum 
bandwidth of the color difference signal. 

The subsequent negative signal characteris­
tics is slower. In this circuit the input signal is 
supplied after an impedance transformer via a 
switch and a further impedance transformer 
to the output. A storage capacitor is connect­
ed between the switch and the output imped­
ance transformer, and is charged by the input 
impedance transformer in accordance with 
the signal characteristic. 

Processing of the switching signal is effected 
by differentiation of the color difference sig­
nal, followed by full-wave rectification. Figure 
9b shows the signals obtained in this way, 
which are supplied to a comparator via a 
high-pass filter. A diode at the high-pass filter 
reduces the charge reversal time and thus 
the dead time for generation of a switching 
signal for transients following in rapid succes­
sion. A comparator with threshold voltage 
generates a switching voltage as shown in 
Figure 9d from the signal of 9c when the 
threshold voltage is exceeded, and this trig­
gers the switch. The switch is thus opened at 
the beginning of a transient and thus the 
voltage is maintained by the storage capaci­
tor at the time before the transient. After 
completion of a fast transient the switch is 
closed and the capacitor's charge is changed 
in approx. 150ns to the voltage after the 
in approx. 150ns to the voltage after the 

9-258 

Figure 10 shows the entire block diagram with 
external circuitry of the CTI IC. 

The lower CTI section effects signal process­
ing for the two color difference signals in 
parallel circuits, as already described. Only 
one switching signal forming stage is incorpo­
rated, and this is triggered by the differentiat­
ing stage of the two channels. Thus the signal 
switches will always work in parallel, so that 
transient improvement is also parallel in the 
two channels. 

The transient-improved color difference sig­
nals require a longer Y signal delay line with a 
delay time of up to 1 OOOns, and this is 
additionally realized in this IC in gyrator tech­
nique. 

A selection capability has been incorporated 
for the delay time, by means of a switching 
voltage, since the total required delay time is 
dependent on the overall television receiver 
concept. The delay line comprises a total of 
11 gyrator all-pass elements with a delay time 
of 90ns each, making a total of 990ns. The 
group delay and frequency behavior of the 
gyrator delay line is very good up to 5MHz. 

A switching stage permits optional by-pass of 
one, two or three of these elements, so that a 
minimum of S x 90ns = 720ns is effective. 
The transient improvement of the color differ­
ence signal makes coincidence errors with 
respect to the Y signal especially visible. A 
slight increase in delay time by 45ns has 
therefore been provided for fine tuning, work­
ing via an IC pin to be connected to ground. 

A signal tapping is available before the last 
delay element for a further picture improve­
ment capability by means of deflection modu­
lation. 
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~ ... 1'-17 ---,1>~ 
0.33µF 

COLOR TRANSIENT IMPROVEMENT 

OIFFERENTIATING 
STAGE+ 

DOUBLE RECTIFIER 

13 

10 

Vs= 12V 

2% 

OUTPUTS 

6100~ 
STORAGE 

CAPACITOR 

Figure 10. Block Diagram Of Picture lmprovament IC TDA4560 
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.... 
47K 

V15/18 
U •.. 12V 
8.5. • .8.&V 
3.5...5.&V 
0 • ..2.&V 

T12/17 
1035111 
94Sn1 
855n1 
78Sn1 

I I I 
X I I 
X X I 
x x x 

I 0 I g CONNECTED 
X -45ns X e DISCONNECTED 

1 ONLY FOR LAB. 
YIN -----0-----------------, EXPERIMENTS J POTENTIOMETER 

INSTEAD OF r1. 

~ 
(B-Y)OUT 

(R-Y)OUT 

~ 
10 

Yo OUT 

11 
Yo (-90n1) OUT 

12 
+12V 

TDA4560 

RESISTOR .r' '::' DIVIDER 

'::' r------
1 I 

0.33µF 

150-t----+-'ll..,..,-o---O 

12<>-<>----~ 

+12V 
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Figure 11. Circuit Diagram For CTI And Y-gyrator Delay Line With TDA4560 
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+12V (1) 

CHROMA ... 
SWITCHING 
STAGES (l)r 

Y·LNTSC ..._---"'-+--1--t•> 

TOSYNCHA. 
CIRCUITS 

CHROMA-S.PAUNTSC 

Y..SPAL/NTSC 
(SECAM) 

c,. ..... 
v .. .seCAM 

NUMBERS It ()ARE THE CONNECTION NR. OF THE PC BOARD. 

CHROMA-a. 
TOMSD-IC 
TDA.4550 

Y..SIGNAL 
SWITCHING 
STAOE8 

...__.._ ..... _.__(10} 
Y..SIGHAL 

(5, 7, •• 11, 12) 

Figure 12. Chromlnance And Luminance (Y) Signal Fiiters With Switching Stages For The MSD IC TDA4555 
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L1 YELLOW DESIGN SPECIFICATIONS TOKO'S SPECIFICATIONS 

Center frequency 4.4MHz 4.4MHz 

Tuning range (1 - 3) 240pF ± 10% at 4.4MHz 240pF ± 6% at 4.4MHz 

Tuning capacitance pF ± % (int)+ pF (ext) pF ± % (int)+ pF (ext) 

Inductance 5-SµH ± % at Hz ± % at Hz 

Unloaded 0 (Ou) -.... - ± % at 4.4MHz 90 Min ± % at 4.4MHz 

CONNECTION (BOTTOM VIEW) STAMP & STAMPING SIDE NUMBER OF TURNS 

88 3 © 
3-1 16 16 

3-2 8 8 

2-1 8 

@ 8 

s: start of winding Color YELLOW 
k: key of case 
x: cut of pin 

NOTES: 
1. Ou & QI measured without internal capacitor using 0-meter 
2. Above sample modified from Toko Sample No. 
3. (•) Indicates the data of customer's actual sample checked by T oko 

Chroma trap 2 x (4.4/3.SMHz) 

L2 GREEN DESIGN SPECIFICATIONS TOKO'S SPECIFICATIONS 

Center frequency 4.4MHz 4.4MHz 

Tuning range (1 - 3) 105pF ± % at 4.4MHz 105pF ± 6% at 4.4MHz 

Tuning capacitance pF ± % (int)+ pF (ext) pF ± % (int)+ pF (ext) 

Inductance 12-SµH ± % at Hz 12.sµH ± % at Hz 

Unloaded 0 (Ou) --.... ± % at 4.4MHz 90 Min ± % at 4.4MHz 

CONNECTION (BOTTOM VIEW) STAMP & STAMPING SIDE NUMBER OF TURNS 

88 3E 
3-1 24 24 

4-6 1 1 

s: start of winding Color GREEN 9 
k: key of case 

x: cut of pin 

NOTES: 
1. Ou & 01 measured without internal capacitor using 0-meter 
2. Above sample modified from Toko Sample No. 
3. (•) Indicates the data of customer's actual sample checked by Toko 

Chroma filter 2 x (PAL/NTSC) 

Figure 13. Coll Specs For MSD Fiiter 
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L3 VIOLET DESIGN SPECIFICATIONS TOKO'S SPECIFICATIONS 

Center frequency 4.4MHz 4.4MHz 

Tuning range (1 - 3) 66 µH ± 10% at 2.52MHz 66 µH ± 6% at 2.52MHz 

Tuning capacitance pF ± % (int)+ pF (ext) pF ± % (Int)+ pF (ext) 

Inductance H ± % at Hz ± % at Hz 

Unloaded Q (Qu) ---- ± % at 4.4MHz 60 ±20% at 2.52MHz 

CONNECTION (BOTTOM VIEW) STAMP & STAMPING SIDia NUMBER OF TURNS 

0 a © 1-3 65 65 

1-2 46 46 

2-3 19 19 

@ 

a: start of winding Color VIOLET 
k: koy of C8ll8 
x: cut of pin 

NOTES< 
1. au & 01 measured without internal capacitor using a.meter 
2. Above sample modified from Toko Sample No. 
3. (*) Indicates the data of customer's actual sample checked by Toko 

Y·Aperture 2 x (PAL/NTSC) 

L4 RED DESIGN SPECIFICATIONS TOKO'S SPECIFICATIONS 

Center frequency 4.4MHz 4.4MHz 

Tuning range (1 - 3) 330pF ± 10% at 4.4MHz 330pF ± 6% at 4.4MHz 

Tuning capacitance pF ± % (Int)+ pF (ext) pF ± % (int)+ pF (ext) 

Inductance 3°BµH ± % at Hz 3°8µH ± % at Hz 

Unloaded Q (Qu) ........ ± % at 4.4MHz 60 ±20% at 4.4MHz 

CONNECTION (BOTTOM VIEW) STAMP & STAMPING SIDE NUMBER OF TURNS 

0 3 
© 3-1 17 17 

3-2 14 14 

2-1 3 3 

@ 

a: start of winding Color RED 
k: koy of C8ll8 
x: cut of pin 

NOTES: 
1. Ou & 01 measured without internal capacitor using Q.meter 
2. Above sample modified from Toko Sample No. 
3. (') Indicates the data of customer's actual sample checked by Toko 

Chromaflltar SECAM bell 1 x 

Figure 14. Coll Specs For MSD Fiiter 
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L10 BLUE DESIGN SPECIFICATIONS TOKO'S SPECIFICATIONS 

Center frequency 4.4MHz 4.4MHz 

Tuning range (1 - 3) ± % at MHz 120pF ± 6% at 4.4MHz 

Tuning capacitance pf ± % (int)+ pf (ext) 0 pF ± % (int)+ 120pF (ext) 

Inductance 11µH ± % at Hz ± % at 

Unloaded Q (Qu) 40 Min± % at 4.4MHz 80 Min ± % at 4.4MHz 

CONNECTION (BOTTOM VIEW) STAMP & STAMPING SIDE NUMBER OF TURNS 

1-2 

a G) 
2-3 ~·- 1-3 

53 

8 © 

a: start of winding Color BLUE 
k: key of case 
x: cut of pin 

NOTES: 
1. Qu & QI measured without internal capacitor using Q-meter 
2. Above sample modHied from Toko Sample No. 
3. (*) Indicates the data of customer's actual sample checked by Toko 
Glass delay line 2X 
SECAM reference sig. 2X 
SECAM reference ident 1X 
Chrome trap SECAM 1X & 6X 

Figure 15. Coll Specs For MSD Fiiter 
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Figure 16. Block Diagram Of A Color Decoder With Baseband Slgnal Interlace Ullng TDA4580 
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Signetics Linear Products 

Application of the N.T.S.C. Decoder: TDA3563 

Author: H.J.S. Aben 

INTRODUCTION 
The 28-pin single chip decoder 
TDA3563 combines all the functions 
required for the identification and de­
modulation of NTSC signals. 

Furthermore it contains a luminance am­
plifier, a R.G.B. matrix and R.G.B. ampli­
fiers which provide nominal output sig­
nals of 5.3Vpp· 

It also contains analog inputs for exter­
nal R.G.B. data signals. Switching over 
from video handling to data insertion 
occurs via fast video-data switching, 
which allows inlay of data into the run­
ning picture, without causing colored 
edges at the transients. So these inputs 
can be used for teletext, channel num­
bering, T.V. games, etc. The output sig­
nals are controlled by a peak white 
limiter, by means of an internal current 
sink on the contrast control voltage, 
which reduces the outputs when they 
tend to become too large. A description 
of the IC and its external circuitry is given 
in this report. 

CIRCUIT DESCRIPTION 
The block diagram of the TDA3563 is 
given in Figure 1. The internal circuitry 
connected directly to the pins will be 
discussed at the concerning subjects. 

The Luminance Signal 
(see Figure 2) 
The luminance channel is designed for 
luminance signals with negative-going 
sync pulses which should have a typical 
amplitude of 0.45Vpp (peak white to 
sync). So the decoder can also be easily 
designed to accept external video sig­
nals with an amplitude of 1Vpp (e.g. 
video recorder signals). The luminance 
signal is AC coupled to the luminance 
input (pin 10) where it is clamped to an 
internal reference voltage of about 
2.5Voc. 

The input impedance is very high (input 
current typ. 0.15=mµA) and the charging 
and discharging currents of the coupling 
capacitor are very small. Therefore a 1 K 

delay line circuit can be placed in front of 
it, without influencing the black level of 
the input signal noticeably (also see 
Figure 3). Additionally the coupling ca­
pacitor can be small: 10nF. During 
clamping the input is very low-ohmic, 
which reduces noise and residual sig­
nals. 

The clamping pulse is obtained from the 
upper part of the sandcastle pulse (pin 
8) and it operates only during the back 
porch of the video signal. In the lumi­
nance contrast control stage the lumi­
nance is gain controlled by a DC voltage 
from the lin-log converter of the contrast 
control voltage at pin 7. For a control 
range of 2.0 to 4.0V there exists a linear 
relationship between a voltage change 
at pin 7 and the gain of the luminance 
contrast control stage (see Figure 4a). 

The input impedance at this pin 7 is very 
high (maximum input current 15=mµA), 
so remote control circuitry can directly 
drive the contrast control without need 
for an impedance converter. (This also 
holds for the saturation and the bright­
ness control inputs, resp. pins 6 and 11.) 

The total contrast range is in excess of 
20dB. At nominal contrast control volt­
age (3.4Voc) and nominal input signal of 
0.45V PP (including sync pulse) the output 
signals at the R.G.B. output pins (resp. 
pins 12, 14 and 16) are 5.3V PP (black to 
white). At maximum contrast control 
voltage (4Voc) the output signals have 
an amplitude of + 3dB, with respect to 
their nominal value. At minimum contrast 
control voltage (2.0Vocl the output sig­
nals still have an amplitude of minus 
17dB with regard to their nominal value 
(about 15% rest signal). This to avoid 
completely disappearing of the picture 
on the screen at mistuned front controls. 

If the voltage at pin 7 is below 1.2Voc 
(this is outside of the normal contrast 
control range) the output signals are 
completely suppressed (minus 40dB); 
also see Figure 4a. After contrast con­
trol, the luminance signal is fed to the 
three matrix circuits. 

9-267 

Application Note 

AN156 

The External Luminance Input 
Circuit (also see Figure 3) 
A composite video signal of 2.7Vpp is 
assumed with a low-ohmic source im­
pedance: 
The video signal is fed to an 3.58MHz 
trap (L 1 C1) and a delay equalization 
circuit (L2C2). Because of the latter the 
attenuation of the 3.58MHz chroma sig­
nal can be very high without causing 
group delay distortion into the luminance 
signal. Besides it has the additional ad­
vantage of contour correction, which 
generates very sharp transients; see 
Figure 6. 

- the upper signal shows a 250kHz 
bar with a contour correction of 
about 10% 

- the lower signal is the 
corresponding sweep signal up to 
10MHz 

The extension of contour correction de­
pends on the source impedance of the 
video signal (the original source imped­
ance plus the value of resistor R 1) and 
on the adjustment of L2. (If a cheaper 
3.58MHz trap or a comb filter is pre­
ferred, the filters L 1 C1 and L2C2 can be 
replaced by it.) 

After trapping, the luminance signal is 
fed via a luminance delay line and a 
resistor network to a coupling capacitor 
of 10nF. 

•NOTE: If a video input signal of 1Vpp is 
used R2 can be omitted and R3 
should then have a value of 1 
Kohm without changing the rest 
of the input circuit. 

The Chromlnance Signal 
(see Figures 3 And 7) 
Via C3 the composite video signal is fed 
to the 3.58MHz bandpass filter, consist­
ing of L4, C4 and R4. The chrominance 
information then is fed via a coupling 
capacitor of 1 OnF to the chroma input 
(pin 3). The chrominance channel has 
an asymmetrical input and must be AC 
coupled; its amplitude should be be­
tween 55 and 1100mVpp (which corre­
sponds to 25 and 500mVpp burst infor­
mation of a 75% saturated color bar). It 

September 1985 

9 



Slgnetlcs Linear Products 

Application of the N.T.S.C. Decoder: TDA3563 

may not exceed 1.1 V PP• otherwise clipping of 
the input signal will occur. The chrominance 
signal is first fed to the gain control stage, 
which has a control range in excess of 30dB, 
controlled by the A.C.C. (Automatic Color 
Control) detector. After this the signal is fed 
to the gated saturation and contrast control 
stages. The contrast stage is directly coupled 
to the luminance contrast control, so that 
there is a good tracking between the lumi­
nance and the chrominance contrast control. 
Typical tracking is within 1 dB over a control 
range of 1 OdB, starting at maximum contrast. 

The saturation control stage is driven by a DC 
voltage of the lin-log converter of the satura­
tion control voltage at pin 6. The control 
range is in excess of SOdB, which corre­
sponds to a saturation control voltage of 2.0 
to 4.0Voc; also see Figure 4b. 

To cancel the settings of saturation and 
contrast control during the burst information, 
the two control stages are set at maximum 
gain during flyback. Via an emitter follower 
the chrominance signal is fed to the chromi­
nance output (pin 28). 

* NOTE: If a video signal of 1V PP is used C4 
should have a value of xxpF and R4 
can be omitted. 

Via a capacitor of 220pF the chrominance 
output signal at pin 28 is fed to the demodula­
tor input pin 21, where the chrominance 
signal is split up into two ways, the first going 
to the color demodulators and the second 
going to the chrominance reference circuit. 

The Chromlnance Reference 
Circuit (see Figure 8) 
The chrominance signal at pin 21 is fed to a 
Miller integrator, which is biased via pin 23, 
where it is shifted over 90 degrees. Both the 
original incoming signal and the shifted signal 
are fed to a mixer circuit, which is controlled 
by the DC voltage of the hue control voltage 
at pin 2S. 

The voltage range of the hue control at pin 2S 
corresponds to a phase control; (see Figure 
Sa). In this way the chrominance signal of the 
reference circuit is phase-controlled. A gain 
control circuit is required in the 90° phase 
shift circuitry to make the chrominance volt­
age independent of the Hue setting. Its con­
trol voltage is decoupled by the capacitor 
connected at pin S. 

The Burst Phase Detector 
The burst phase detector consists of a syn­
chronous detector, in which the phase con­
trolled chrominance signal is demodulated by 
the (R-Y) reference signal, obtained from the 
divider-by-2 circuit of the reference oscillator. 
Via the low pass filter RS, CS and C6 at pin 24 
the demodulated burst information is fed to 
the reference oscillator. In this way the refer-

September 1985 

ence oscillator is locked to the hue controlled 
chrominance signal. 

The Reference Osclllator 
The 7.16MHz reference oscillator operates at 
twice the subcarrier frequency and is con­
trolled by the burst phase detector, which is 
gated with the narrow part of the sandcastle 
pulse. As the burst phase detector has an 
asymmetrical output the oscillator can be 
adjusted by changing the voltage of the 
output (pin 24) via a high-ohmic resistor (R6). 
The capacitor in series with the X-tal (pin 26) 
should then have a fixed value. 

When pin 6 (saturation control) is connected 
to the positive supply line, the burst phase 
detector is biased in its nominal position and 
the color killer is overruled. In this position the 
reference oscillator can be adjusted (see 
chapter 3.1 ). 

By dividing the oscillator signals by a factor 2, 
two reference signals, with a mutual phase 
difference of 90 degrees are obtained. 

A.C.C. and Color Kiiiing 
For the generation of the A.C.C. control 
voltage, the phase controlled burst informa­
tion is synchronously demodulated in a sepa­
rate A.C.C. detector. Because the burst infor­
mation as well as the reference signals are 
phase controlled, there will be no mutual 
phase difference. In this way the demodu­
lated burst amplitude information will be inde­
pendent of hue settings. 

The output pulses of this detector are peak 
detected at pin 4 to control the gain of the 
chrominance amplifier, thus preventing 
blooming up of the color during weak signal 
reception, and fed to the A.C.C. gain control 
stage of the chrominance channel (also see 
Figure 7). To obtain information for the color 
killer, the output pulses of the A.C.C. detector 
are also detected by a sample and hold 
circuit, this output voltage is available at pin 2. 
For a decreasing burst information the control 
voltage also decreases until it reaches an 
internal fixed reference voltage of xxVoc; 
then the killer becomes active. At that mo­
ment the demodulators are switched off and 
an internal current sink reduces the saturation 
control voltage to a low level (provided the 
source impedance of the external saturation 
control network is sufficiently high). Color 
switch-on can be delayed by proper choice of 
the time constant of the saturation setting 
circuit. Manual killing can be achieved by 
connecting pin 6 to ground. 

Reference Signals for the Demodulators 
<-Figure 9) 
The reference signal for the (B-Y) color de­
modulator is directly achieved from the divi­
der-by-two circuit. 

To obtain a flesh tone correction, the refer­
ence signal for the (R-Y) color demodulator is 
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achieved by mixing the (R-Y) and (B-Y) refer­
ence signals to a new (R-Y) • reference sig­
nal. When pin 22 is left open there is a mutual 
phase relation of about 11 S degrees between 
the (B-Y) and the (R-Y) • reference signal. If a 
DC voltage is connected to pin 22, this phase 
angle can be adjusted between 90° and 140° 
(see Figure 1 O). 

The Color Demodulators 
The incoming chrominance signal at pin 21 is 
also fed to the two demodulators. The refer­
ence signals for the demodulators are hue 
controlled, so the chrominance output signals 
of the demodulators will also be hue con­
trolled. 

Also for flesh tone correction the gain of the 
two demodulators is made identical. This 
means that the amount of (R-Y) information is 
increased by a factor 1. 78. 

The output signals are fed to the R and B 
matrix circuits and to the (G-Y) matrix, where 
the (G-Y) signal is composed by: 

(G-Y) • -0.27(R-Y) -0.22(B-Y). 

This means that only the red information is 
increased. 

The Video Control Circuits 
(see Figure 11) 
The R.G.B. Matrices 
Because the three matrix and output circuits 
are identical, only the A-channel will be de­
scribed. 

The luminance signal from the luminance 
contrast control stage and the color-differ­
ence signal from the (R-Y) matrix are added 
in the matrix circuit. Alter this the signal is fed 
to the Video-Data switch. 

The Video-Data Switch 
This single chip NTSC decoder also has the 
facility for inserting analog external R.G.B. 
signals at resp. pins 13, 1 S and 17. The black 
level of the inserted signals are equalized to 
the black level of the internal video signals. In 
this way there will be no mutual black level 
difference between the video and the insert­
ed R.G.B. signals. For this purpose the exter­
nal signals are AC coupled to the input pins 
and clamped during the upper part of the 
sandcastle pulse. The source impedance of 
the external signals should not exceed a 
value of 1 SO ohm to avoid any disturbance of 
black level during clamping. 

Switching-over from video handling to exter­
nal data insertion is activated by means of the 
Input signal at pin 9. If the voltage level at this 
Switch input pin 9 exceeds a DC level of 
0.9Voc the internal R.G.B. signals, coming 
from the matrix circuits, are switched off and 
the external R.G.B. signals are inserted. Be­
cause switching times are very short (within 
20nsec) also inlay of data into the running 
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picture, e.g. teletext information, channel 
numbering, is possible without causing col­
ored edges at the transients of the inserted 
signals. For an output signal amplitude of 
nominal 5.3Vpp the external input signal 
should have an amplitude of 1V pp· 

Because the inserted signals are clamped by 
means of the sandcastle pulse, the external 
R.G.B. signals must be synchronous with the 
video input signal and the sandcastle pulse. 

Even if they are not inserted by means of the 
video-data switching signal at pin 9, the 
external signals at the input pins 13, 15 and 
17 must be synchronized. This is in order to 
avoid a disturbance of the control voltages at 
the storage capacitors at the pins 18, 19 and 
20, by large current surges, introduced by 
voltage steps in the external signals during 
clamping time. This effect would disturb the 
black level of the output signals considerably 
and would be visible on the screen. If only 
video handling is wanted, the components at 
the switch and data inputs can be omitted. 

The Brightness Control 
After the Video-Data Switch the signal is 
amplified and fed to a black level clamp. The 
black level of the output signal is compared 
with an external reference voltage level (pin 
11) which is used for brightness setting, and 
the control voltage is stored in a capacitor 
that is connected to pin 20 (pins 19 and 18 for 
resp. G and B). The clamping pulse is derived 
from the small upper part of the sandcastle 
pulse at pin 8. 

The Peak White Limiter 
The maximum white level of the output sig­
nals is 9.3V0c. If one (or more) of the output 
signals tends to surpass this level, the output 
signal will be clipped to this maximum voltage 
level and at the same time the peak white 
limiter becomes active. It reduces the output 
signals via the contrast control by discharging 
the smoothing capacitor C7 at pin 7 via an 
internal current sink of about 5mA. As long as 
the output signal is too high, the current sink 
will be active. The time constant of decreas­
ing the contrast setting voltage is determined 
by the internal discharging current of 5mA 
and by the value of the smoothing capacitor 
C7. The recovery time is determined by the 
source impedance of the resistor network at 
pin 7. The complete time constant of loading 
and unloading should be chosen so that the 
peak white limiting action will not become 
visible on the screen within one field period. 
When this time constant is too small, the 
contrast setting voltage will decrease too 
rapidly (e.g. within some line periods) and will 

NOTE: 
1. For alternative adjustment procedure, see Appen­

dix 11. 

also recover too fast after the limiting action 
stops (depending on the picture contents). 
When this happens the complete action be­
comes visible on the screen; if there is a 
white object on the screen (with too high 
amplitude), the complete video signal ampli­
tude will be reduced rapidly and when the 
object ends, the video signal amplitude also 
increases very fast. This would result into 
horizontal bars of different brightness on the 
screen; the length and the number of bars 
depends on the video contents. 

Note: The peak white limiter will also be 
activated if the inserted R.G.B. signals 
become too large. However, these sig­
nals are not contrast-controlled and 
cannot be reduced by the limiter. If the 
inserted signals are inlaid into a running 
picture, and the peak white limiter is 
activated by them, the R.G.B. signals 
will be clipped at 9.3Voc, but the nor­
mal video signal will disappear because 
the limiter will reduce the contrast­
setting voltage completely. 

The Sandcastle Pulse Processor 
(see Figure 9) 
In the sandcastle pulse processor, the sand­
castle pulse at pin 8 is separated into two 
timing pulses. The first pulse is separated at a 
voltage level of 1.5Voc and will be used for 
gating in the chrominance channel (for the 
gated saturation and contrast amplifiers) and 
for blanking the R.G.B. output signals. During 
blanking a level of 2Voc is available at the 
outputs. 

The second timing pulse is separated at a 
voltage level of 7Voc; this pulse is used for 
black level clamping and burst keying. There­
fore, the upper part of the sandcastle pulse 
should start just after the horizontal synchro­
nization pulse, to prevent black level clamp­
ing during the sync. pulse. 

The Control Setting Circuits 
Figure 3 also shows the resistor networks 
that are used to make the control voltage 
ranges, for the several controls, out of a 
control range of 0 to V supply· This means that 
all the front controls of the color receiver are 
standard from zero up to the supply voltage. 
Using such networks it is also possible to 
transform control voltage ranges from remote 
control systems to the required voltage 
ranges in an easy way. Also see Appendix 1. 

The contrast control voltage should also be 
controlled by the average beam current limit­
er, which should become active if the average 
beam current exceeds a certain value. At that 
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moment the capacitor at pin 7 should be 
discharged via diode D1. 

The contrast and saturation control voltages 
can be overruled by service switches used for 
adjustment procedures. 

ALIGNMENT PROCEDURES 
Only four adjustments are required by the 
whole decoder: 

- the reference oscillator 
- the 3.58MHz trap in the luminance 

channel 
- the contour correction in the 

luminance channel 
- the 3.58MHz band pass in the 

chrominance channel 

The Reference Oscillator 1 
For adjusting the frequency of the reference 
oscillator, the color information on the screen 
can be used without using any extra measur­
ing instruments: 
1. apply a color bar signal. 
2. connect pin 6 (sat.) to the supply voltage; 

the oscillator is free-running now and the 
killer is set at unkilling. 

3. adjust R9 for minimum rolling of the 
colors on the screen. 

4. remove connection of pin 6 to supply 
voltage. 

The 3.58MHz Trap in the 
Luminance Channel 
1. apply a color bar signal. 
2. observe one of the output signals (pin 12, 

14 or 16) and adjust L 1 for minimum 
subcarrier information. 

or 
1. apply a plain color picture, e.g. red. 
2. put the saturation control to minimum so 

that the screen becomes grey. 
3. put contrast to maximum. 
4. put brightness to normal position. 
5. adjust L 1 for minimum 3.58MHz interfer­

ence on the screen. 

Contour Correction 
1. apply a 250kHz bar luminance signal, 

with rise and fall times of about 90nsec. 
2. observe one of the output signals (pin 12, 

14 or 16) and adjust L2 for equal pre- and 
overshoots. (also see Figure 5) 

The 3.58MHz Band Pass in the 
Chrominance Channel 
1. apply a color bar signal. 
2. observe one of the output signals (pin 12, 

14 or 16) and adjust L4 for optimum step 
response. 
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CONTRAST 
CONTROL 
VOLTAGE 

WMINANCE 
CONTRAST 
CONTROL 

FROM PEAK WHITE LIMITER 

Figure 2. The Luminance Channel. 
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Figure 3. The AppllcaUon Circuit Of The TDA3563. 
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YocPIN7 

a. The Control Characteristic Of The Contrast Control. 
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b. The Control Characteristic Of The Saturation Control. 

Figure 4 
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a. The Control Characteristic Of The Brightness Control. 
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b. The Control Characteristic Of The Hue Control. 

Figure 5 
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Figure 6. The Contour Correction. 
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Figure 7. The Chrominance Channel. 
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Figure 8. The Chromlnance Reference Circuits. 
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Figure 9. The Chromlnance Reference Circuits (Continued). 
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Figure 10. The Control Characteristic Of The Phase Of The (R·Y) Reference Signal, (B-Y) Phase la Equal To Zero. 

9-277 September 1985 

9 



Slgnetlcs Linear Products 

Application of the N.T.S.C. Decoder: TDA3563 

R.G.8.·MATRIX 

September 1985 

VIDEO/ 
DATA 
SWITCH 

1 EXTERNAL 
R.G.8. 
SIGNAL 

13, 15, 17 

JL 
VIDEO/ 
DATA 

flWITCHING 
CIRCUIT 

11 

BRIGHTNESSf CONTROL 
VOLTAGE 

20,19, 18 

I 

BLACK LEVEL 
CLAMPING 
CAPACITOR 

BRIGHTNESS 
CONTROL 
CIRCUIT 

Figure 11. The Video Control Circuits. 
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APPENDIX I: 
Conversion of a full swing control voltage 
range (from zero up to V supply) into a restrict­
ed control voltage range of V1ow to Vhigh: 

• first define a source impedance Rs 

Vs 
'R, =--xRs 

v.-vH 
Vs 

.. 
.. 

.. 

• R2=-xR8 
VL 

v • 
'Rs=--xR8 

VH-VL 

APPENDIX II 

Temporary Information, 
Concerning TDA3563 Versions 
Up to N& 

Alternative Adjustment 
Procedure for the Reference 
Oscillator of the TDA3563 

The resistors R1, R2 and R3, as a function of 
the source impedance Rs of the network, are 
defined by the following formula: 

Using the normal frequency adjustment pro­
cedure for the reference oscillator of the 
TDA3563, i.e. setting the saturation control 
voltage (pin 6) to 12 volt (unkilling and unlock­
ing of the reference oscillator), and adjusting 

ADJUSTMENT PROCEDURE FOR THE REFERENCE OSCILLATOR 
OF THE TDA3565, NS. 

PIN3o-j~ 10nf 

BC547 PIN8 
10K SANDCASTLE 

PULSE 

1. Connect An Electronic Switch To Pin 3. 
(Removing the burst Information) 

12V 
PIN 1 C>-'11\1\r-<l PIN 2 

10K 

PIN2:±10V 
PIN 4: ±6V (VIA INTERNAL CIRCUIT) 

2. Connect A Resistor Of 10 Kohm Between Pin 2 And 12V Supply Line. 
(Color killer off and ACC control to minimum) 

PIN 3o-----j I---<> PIN 21 
56-100pf 

3. Connect A Capacitor of 56 to 100pF Between Pins 3 And 21. 
(Input signal at the demodulator Input wlll be without any burst Information) 

PIN26 PIN24 12V 

1 
c::J X-TAL 

!12pf 

BURST 
PHASE 
FILTER 

-= 

4. Frequency Adjustment Of The Oscillator. 
(Adjust the potentiometer for minimum rolling of color bars at the TV screen) 
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the trimmer capacitor for minimum rolling of 
color bars on the TV screen, the adjustment 
is disturbed by an internal defect of the burst 
phase detector. 

If the reference frequency is adjusted in this 
way, it results into a frequency deviation of 
about 1 kHz when removing the 12 volt con­
nection at the saturation control input. So this 
frequency adjustment of the oscillator of the 
TDA3563, NS cannot be used. 

Therefore an alternative adjustment proce­
dure is developed: 
The X-tal has now a fixed capacitor of 12pF in 
series to ground, instead of the trimmer 
capacitor. The frequency adjustment is done 
via current injection into the burst phase 
detector (pin 24 ). 

The reference oscillator is made free running 
by removing the burst information out of the 
chrominance signal. 
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The necessity for television set manufacturers to reduce 
costs, provide more features, simplify tuning and incorporate 
remote control has led to a need for all-electronic digital 
tuning and control circuits. Naturally enough, component 
manufacturers would prefer to meet the need with a 
dedicated integrated system which they can make in large 
quantities. This however is impractical because it would not 
allow the set manufacturers to satisfy the widely varying 
requirements of the tv market. The most suitable system is 
therefore one controlled by a standard microcomputer 
(e.g. one from the MAB8400 family), so that the variants 
can be accommodated by software. The only additional 
components than then need to be separately integrated are 
those required for interfacing and for performing functions 
that cannot be handled by the microcomputer because of 
speed, voltage or power consumption considerations. To 
minimise costs and maximise performance however, the 
partitioning of the remaining functions and their allocation 
to various integrated circuits peripheral to the micro­
computer must be carefully considered. 

Figure 1 illustrates the control and tuning functions in a 
basic tv set and shows how the circuitry is positioned 
within the cabinet. Some of the functions are concentrated 
around the microcomputer and mounted close to the front 
panel to reduce the cost of the wiring to the local keyboard 
and displays. The tuning and analogue controls are on the 
main chassis. The only link between the microcomputer 
and the main chassis is a 2-wire bidirectional !2C bus which 
allows the microcomputer to read tuning status and other 
information from the main chassis, and to write data 
regarding required frequency and analogue control settings 
to the main chassis. 

The foregoing considerations have led to the design of 
the SAB3035 integrated Computer Interface for Tuning 
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and Analogue Control (CIT AC). The SAB303S is an I2C 
bus-compatible microcomputer peripheral IC for digital 
frequency-locked loop (FLL) tuning and control of analogue 
functions associated with the tv picture and sound. As 
shown in block form in Fig.2, the IC incorporates a fre­
quency synthesiser using the charge pump FLL principle 
and contains the following circuits: 

l S-bit frequency counter with a resolution of 50 kHz 

charge pump and 30 V tuning-voltage amplifier 

a.f.c. amplifier 

logic circuitry for programming the currents from the 
charge pump and a.f.c. amplifier 

four high-current band switches 

four general purpose I/O ports for additional control 
functions 

a one-pin crystal-controlled 4 MHz reference oscillator 

receiving/transmitting logic for the 2-wire I2C bus 

eight static DACs for control of analogue functions as­
sociated with the picture and sound. 

AFC+ 11 

AFC- 12 

osc 24 

SDA 5 

SCL 6 

15·BIT 
TUNING COUNTER 

15·BIT 
FREQUENCY COUNTER 

FREQUENCY 
REGISTER 

BUS TRANSCEIVER 
& CONTROL 

SAB3035 

FUNCTIONAL DESCRIPTION 
12C bus 

The SAB3035 is microcomputer-controlled via an asyn­
chronous, Inter-IC (I2C) bus. The bus is a two-wire, bi­
directional serial interconnect which allows integrated 
circuits to communicate with each other and pass control 
and data from one IC to another. The communication 
commences after a start code incorporating an IC address 
and ceases on receipt of a stop code. Every byte of trans­
mitted data must be acknowledged by the IC that receives 
it. Data to be read must be clocked out of the IC by the 
microcomputer. The address byte includes a control bit 
which defines the read/write mode. 

Frequency synthesis tuning system 

Figure 3 is the block diagram of the frequency synthesising 
system comprising a frequency-locked loop (FLL) and an 
external prescaler which divides the frequency of the 
voltage-controlled local-oscillator in the tv tuner by 64 or 
2S6. The tuning section comprises a IS-bit programmable 

Vcc2 
22 

7Z91003 

Fig.2 Block diagram of the SAB3035 
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Vtuning 

AFC 
control 

15·BIT 
FREQUENCY 

COUNTER 

FREQUENCY 
LATCH 

REGISTER 

REFERENCE 
COUNTER 

lie OSCILLATOR 

Fig.3 Block diagram of the SAB3035 
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frequency counter, a 15-bit tuning counter, tuning control 
and zero detection logic, a reference counter and a charge 
pump followed by a low-pass filter amplifier. 

Input FDIV accepts frequency-divided local-oscillator 
signals with a level of more than IOOmV and a frequency 
of up to 16MHz. The frequency measurement period is 
defin~d by passing the internally amplified signal from 
FDIV through a gate which is controlled by the reference 
counter. The reference counter is driven by a crystal­
controlled oscillator, the low-level output of which is 
almost free from high-order harmonics. This oscillator also 
generates the internal clock for the IC. Before starting the 
frequency measurement cycle, the 15-bits of data in the 
latch register, which represent the required local-oscillator 
frequency, are loaded into the frequency counter. Pulses 
from the prescaler then decrement the frequency counter 
for the duration of the measurement period. 

The contents of the frequency counter at the end of the 
measurement period indicate whether or not the frequency 
of the local-oscillator in the tuner is the same as the desired 
frequency which was preloaded into the frequency counter. 
If the frequency counter contents is zero after the measure­
ment period, a flag (FLOCK), which can be read by the 
microcomputer serial bus, is set to indicate that the local­
oscillator is correctly tuned. 

A frequency counter contents of other than zero at the 
end of the measurement period indicates that the tuner 
local-oscillator frequency is either too high (contents below 
zero) or too low (contents above zero). Ifit is too high, an 
overflow flag which initiates the "tuning down" function is 
set. To generate the tuning voltage correction, the tuning 
counter is loaded with the remaining contents of the fre­
quency counter at the end of the measurement period, and 
then decremented to zero by an internal clock. The duration 
of the pulse applied to the charge pump is proportional to 
the time taken to decrement the tuning count.er to zero, 
and therefore also proportional to the tuning error. The fre­
quency correction has a resolution of SO kHz. 

The frequency measurement method of tuning used in 
the SAB303S can also be easily combined with anologue 
a.f.c. to allow tracking of a drifting transmitter frequency 
within a limited range. The required tuning mode (with or 
without a.f.c.) is selected and controlled by software. By 
not testing some of the LSBs of the contents of the frequency 
counter, tune-in "windows" of ± 100 kHz or ±200 kHz 
can be defined. The corresponding a.f.c. "windows" are 
±400 kHz or ±800 kHz. The SAB303S also contains the 
a.f.c. control logic and amplifier. To allow matching to a 
wide variety of tuners, the tuning loop gain and tuning 
speed can be adjusted over a wide range. To minimise sound­
on picture, a "tuning hold" mode is selectable in which the 
charge pump and a.f.c. currents can be reduced when 
correct tuning has been achieved. 

Fig.4 Using some of the selectable charge pump currents for 
making 50 kHz tuning steps in the u.h.f. band 

decreasing frequency (top) 
increasing frequency (bottom) 
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Bandswitching 
The IC also incorporates four 50 mA current sources with 
outputs at ports Pl 0 to Pl 3 for executing band switching 
instructions from the microcomputer. Bandswitching data 
is stored in the data output register. The supply voltage for 
the current sources is derived from a separate input (Vcc2) 
and is therefore independent of the logic supply voltage 
(Vcc1). 

1/0 ports 

There are four bidifectional ports P20 to P23 for additional 
control signals to or from the tv receiver. Typical examples 
of these additional controls are stereo/dual sound, search 
tuning and switching for external video sources. The output 
data for ports P20 to P23 is stored in the port data register. 

Input data must be present during the read cycle. Two of 
the inputs are edge-triggered. Each input signal transition is 
stored and can be read by the microcomputer via the serial 
data bus. The stored data is cleared after each read cycle. 

Analogue controls 

The SAB3035 includes eight static DACs for controlling 
analogue functions associated with the tv picture and sound 
(volume, tone, brightness, contrast, colour saturation etc,). 
External RC networks are not necessary to complete the 
D/ A conversion. The control data for the DACs is derived 
from the serial data bus and stored in eight 6-bit latch 
registers. The output voltage range at DACO to DAC7 is 
0.5 V to 10.5 V and can be adjusted in 64 increments. 

MICRO- +5Vto+18V +33V +12V 
COMPUTER 

C1'.i 

Vcc2 Vcc3 Vcc1 
(band) 

12c bus SCL SDA 4MHz1 FDIV C2 

28 27 26 25 24 

SAB3035 

2 3 4 5 6 

OACl OAC3 DAC5 OAC7 
DACO DAC2 DAC4 DAC6 

ANALOG OUTPUTS (0,6V to 10,5V) 

7 8 9 

dual VCR 
sound switch .... 

"'"'h 
1/0 PORTS 

7Z91004 

Fig.5 This typical example of the SAB3035 in a tv tuning and control system shows how the peripheral components 

have been reduced to three capacitors, a resistor and a 4 MHz crystal 
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FEATURES 
• Positive video Input, capacitive 

coupled (source Impedance 
< 2oon> 

•Adaptive sync slicer at 50% of 
sync pulse amplitude 

• Internal vertical pulse separator 
with double-slope Integrator 

• Outputstage for vertical sync 
pulse or composite sync 
depending on the load. Both are 
switched off by mute 

• ip1 phase control between H-sync 
and oscillator 

• Coincidence detector "'3 for 
automatic time-constant 
switching, overruled by the VCR· 
switch 

H/COMP. SYNC 

SYNC H 
SEP 

T 
v 

OSCILLATOR vs SYNC 
loss of sync 

</>1 
DET. 

</>a 
DET. 

FL YBACK vs OSCILLATOR 
storage time variations: video shift 

COINCIDENCE DETECTOR 
fast/slow ~ loop switch 
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• Time-constant switch between 
two external time-constants or 
loop-gain switch both controlled 
by coincidence detector "'3 

• ip1 gating pulse controlled by 
coincidence detector "'3 

• Mute circuit depending on TV 
transmitter Identification 

• cp,, phase control between llne 
flyback and oscillator. The sllclng 
levels for cp,, control and llne 
blanklng can be set separately 

• Burst keying and llne blanking 
pulse generation, combined with 
clamping of fleld blanking pulse 
(triple-level sandcastle) 

TDA2595 

LOOP HOR 
FILTER osc 

FAST/SLOW 

Figure 1 
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• H-drlve output with constant duty 
cycle Inhibited by the protection 
circuit or the supply voltage 
detector 

• Detector for too low supply 
voltage 

• Protection circuit switching off H­
drlve output continuously If Input 
voltage Is below 4V or higher 
than av 

• Line flyback control causing llne­
blanklng level at sandcastle 
output continuously In case of 
mlulng flyback pulse 

• Spot-suppre880r controlled by 
the line flyback control 

PHASE _!~ 

PHASE 
SHIFT 

L-+ </>2 !+-DET. 

HORIZONTAL 
DRIVE 

I\_ 
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I 
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</>1 TIMING REFERENCE 
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SYNC SEPARATOR 
Adaptive sync separator to slice H-sync at 
50% and V-sync at 25% independent on 
sync-amplitude. This is to insure immunity 
against deteriorated sync impulses. The black 
level is stored on a capacitor which is fed to 
the positive video-signal (source impedance 
2oon1 into pin 11. The slicing level is de­
tected internally and stored in a capacitor at 
pin 12. 

The internal vertical integrator has a delay of 
45µs and is of the double-slope type to avoid 
jitter and to improve noise immunity. 

VERTICAL/COMPOSITE SYNC 
The output stage at pin 9 delivers a positive 
vertical pulse or a positive composite sync 
signal if the current drain is higher than 3mA. 

If no TV transmitter is detected, the output is 
switched to ground. The source impedance is 
low-ohmic. 

15KHZ VCO 
The VCO is a current controlled ramp oscilla­
tor with 49µs rise time and 15µs fall time. The 
timing capacitor Is connected to pin 16; the 
control current has to be fed into pin 14. 

While adjusting f0, pin 12 should be connect­
ed to ground. 

The oscillator generates the following signals 
(see timing diagram fig 2): 

- timing reference for 1/11 

- gating pulse for l/li 
- reference pulse for video identification 

circuit and coincidence detector "'3 
- burst keying pulse 
- time reference for t/l2 

'1>1 PHASE CONTROL 
The phase control f/11 compares the l/>1 timing 
reference of the VCO with the center of the 
H-sync signal and converts the time differ­
ence into a proportional current at pin 17. 

The external low-pass filter at pin 17 deter­
mines the time constant and the catching and 
tracking range of the VCO. 

If pin 18 is connected to the V+, the loop gain 
is increased 4 times as long as the oscillator 
is not locked in or pin 13 Is connected to 
ground or V + (VCR switch). 

If pin 18 is connected as shown in the circuit 
diagram, pin 18 has the same voltage as pin 
17 as long as the oscillator is not locked in or 
pin 13 is connected to ground. Due to this the 
"long" time constant connected from pin 18 
to ground, ground is electrically disconnected 
from pin H. 

September 1985 

If the oscillator is locked in and pin 13 not 
connected to ground, pin 18 switches to high 
impedance and thus the loop filter to the 
"long" time-constant. 

By switching loop gain or loop time-constant, 
the lock in condition of the oscillator is not 
disturbed. This enables a fast search tuning 
using the TV transmitter identification (mute) 
as a search stop. 

To increase noise immunity the phase detec­
tor is inhibited during horizontal retrace and 
vertical retrace if the oscillator is locked in 
and pin 13 not connected to ground or V+. 

COINCIDENCE DETECTOR "'3 
The coincidence circuit detects whether there 
is coincidence between the H-sync pulse and 
a 8µs impulse generated by the VCO. The 
capacitor at pin 13 is discharged continuously 
by 8µs current pulses of 50=mµA. If there is 
coincidence, the capacitor is additionally 
charged by H-sync pulses of 350=mµA. 

If the voltage at pin 13 exceeds 3V, the loop 
gain is reduced and the loop time constant is 
switched to the "long" value. 

If the voltage exceeds 4.5V, the phase detec­
tor f/11 is gated to improve noise immunity. 

MUTE CIRCUIT 
The mute circuit detects whether there is 
coincidence between the H-sync impulse and 
a 8µs impulse generated by the VCO. The 
capacitor at pin 12 is discharged during sync­
pulses of 50=mµA and by 8µs current pulses 
of SO=mµA. If there is coincidence, the ca­
pacitor is additionally charged by H-sync 
pulses of 450=mµA. 

If the voltage at pin 12 exceeds 4V, mute is 
released and the mute output at pin 7 is 
switched to high impedance. Although the 
coincidence detector f/l:i and the mute circuit 
act similarly, separate circuits have been 
chosen. This is to gain in design flexibility as 
far as the time constants are related and to 
keep the mute function alive independently 
on the VCR switch. 

"'2 PHASE CONTROL 
The phase control 1/12 compares the center of 
the positive flyback pulse at pin 2 at a 
threshold of 3V with the t/J2 timing reference. 
The time difference is converted into a pro­
portional current at pin 3. Loop gain and time­
constant are influenced by the external com­
ponents at pin 3. The voltage at pin 3 in turn 
controls the phase shift. 

To achieve a small phase adjustment a small 
current may be injected into pin 3. 

9-286 

The aim of having two different thresholds at 
the flyback input is 1~0 determine the perfor­
mance of the t/J2 loop, e.g. a straight vertical 
center line, by the amplitude of the applied 
flyback pulse without affecting the blanking 
time. 

SUPER SANDCASTLE 
For burst keying and vertical and horizontal 
blanking there is a 3 level pulse at pin 6. 

The burst keying part Is driven from the VCO 
and is 4µs wide. Due to its small tolerances in 
widths and phase it keys the burst very 
exactly and is suitable as black level clamping 
pulse. 

The blanking part is derived from the line 
flyback pulse at pin 2 at a threshold of 0.2V. If 
no flyback is applied to pin 2, there will be 
continuous blanking level superimposed by 
the burst keying pulse. 

The frame blanking part has to be fed in 
externally as a 2mA current. 

HORIZONTAL DRIVE 
The H-drive output is an open-collector out­
put at pin 4. The output pulse has a constant 
aspect ratio of 45.3% off and 54.7% on 
dependent upon the line frequency. An inter­
nal guard logic insures that there will be high 
level during flyback. The output is inhibited by 
the protection circuit also if the supply voltage 
is below 4V. In both cases the line flyback 
vanishes and by this the spot suppressor is 
activated. 

SPOT SUPPRESSOR 
The spot suppressor is an open collector 
output at pin 1. If no flyback impulses are 
detected at pin 2, the output switches to high 
impedance and remains there as long as the 
flyback pulses are missing even if the supply 
voltage vanishes during that time. 

PROTECTION CIRCUIT 
The protection circuit is activated if the volt­
age at pin 8 exceeds 8V or decreases below 
4V. One of both thresholds may be used (as 
indicated in Figures 4a and b) to have X-ray 
protection or over-current protection. 

If activated, the H-drive is inhibited by this and 
the line flyback vanishes and in turn the spot 
suppressor is activated. 

The protection circuit is reset If the supply 
voltage decreases below 4V e.g. the set is 
switched off. 
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INPUT X~RAY PROTECTION 

Figure 4a. Input X-ray Protection 
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Figure 4b. Input Over Current Protection 
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Full-Page Display Using Television Components AN159 

A full-page data-graphic display, with upwards of 5000 
characters on an upright screen, puts severe demands on 
deflection, resolution, and raster geornetry(Ref.). To meet 
those demands it has been usual to specify expensive monitor 
tubes and deflection components designed expressly for the 
purpose. Now, however, that is no longer necessary. The 
laboratory prototype shown in the photo more than satisfies 
the usual specifications for full-page display, and it does so 
with parts mainly derived from normal television practice. 

The cathode-ray tube is a refinement of a black-and-white 
television tube, adapted to the requirements of data-graphic 
display. Its 38 cm diagonal screen is capable of displaying 
106 pixels. The deflection assembly, though designed for 

Laboratory prototype full·page display. 110° deflection and push­
through tube mounting afford generous styling latitude for a 

production version 

the adapted tube, is constructed according to principles first 
developed for colour television. In addition, the line-driver, 
line-output, and picture-shift transformers are standard 
television parts, unaltered, as are the two integrated circuits 
used in the line and field timebase circuitry. 

The use of television-derived technology benefits not only 
the cost and reliability of the display but also its size. 
Thanks to the 110° deflection angle, the 38 cm tube occupies 
no more depth than a 31 cm tube with 90° deflection. This 
and its television-style push-through mounting afford the 
designer more than ordinary latitude in the styling of an 
attractive, slim-line enclosure for a production version of 
the display. 

PERFORMANCE SPECIFICATIONS 

Table l lists the main specifications. The line and field 
deflection frequencies given there are for a non-interlaced 
raster of 1066 lines, just over 1000 of which are displayed. 
Non-interlacing precludes jitter, and at the 60 Hz field 
deflection frequency flicker is not a problem, even at the 
high brightness used with inverse video. Higher field fre­
quencies may be used, as may an interlaced raster, but for 
thermal and other reasons the line deflection frequency 
should not exceed 64kHz. 

The prototype shown in the photo incorporates the 
elements to the right of the dashed line in the block diagram 
(Fig.I). The amplifier to the left of the line is required for 
video inputs at lower than TTL level. The power supply 
used with the prototype was a mains-isolated switched-mode 
supply operating at 30 kHz and stabilised against mains 
variations between 185 V and 225 V r.rn.s. 

9-289 September 1985 
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The excellent raster geometry of the display is due 
largely to the AT1039/00 deflection unit. Both the line and 
field deflection coils are saddle-type and are wound by the 
pin-indexed method in which each coil is divided into groups 
of turns that can be positioned to close tolerances. Since its 
introduction more than ten years ago to solve some of the 
electron-optical problems peculiar to 110° colour television, 
pin-indexed winding has gained wide acceptance and has 
opened the way to a number of improvements in deflection 
coil design. The AT1039/00 embodies one of the latest of 
these: 'flangeless' winding, in which the narrow end of each 
coil is not bent up into the usual flange but lies flat along 
the neck of the tube and is enclosed by the ferrite ring. The 
shape of the coils permits even closer control of their turns 
distribution, and their total enclosure by the ferrite ring 
prevents radiation of line and field frequencies. In a data­
graphic display it also prevents ringing effects and the 
vertical bars that are often seen when a white page is 
displayed. 

The electrical characteristics of the A Tl 039 /00 coils are: 
line deflection coil (parallel connected) 

L = 0.23mH R= 0.4812 

I = 6.18 A for edge-to-edge scan at 17kVe.h.t. 

field deflection coil (series connected) 

L=9.I mH R= 10.Hl 

I = 1.3 A for edge-to-edge scan at 17 kV e.h.t. 

1V VIDEO 
video PREAMPLIFIER 

3V 
Video 

CGmPOlite 
oync 

LINE 

Built-in adjustable permanent magnets correct residual 
raster errors. No raster correction circuitry is required. 

The AT1039/00 is for displays with upright page presen­
tation. A unit with equivalent characteristics for horizontal 
page presentation is the AT1039/01; owing to the longer 
line scan, the line frequency with this unit is limited to about 
32kHz. 

TABLE I 
Brief specification of the display 

cathode-ray tube 

deflection unit 

line deflection frequency 

line flyback time 

field deflection frequency 

field flyback time 

e.h.t. voltage 
line linearity error 

field linearity error 

M38·32s·· 

AT1039/00 

64 kHz 

3 µs 

60Hz 

0.6ms 

17kV 
..;3% 

..;3% 

raster size variation ('breathing') for 0 to 100 µA 
beam current variation 1% 

60MHz video bandwidth at 30 V input 

sync inputs 

supply 

VIDEO 
OUTPUT 

47V 

positive-going composite sync 
or separate line and field sync 
at TIL level 

330 mA at 105 V 

90mAat 12V 

DRIVER 

AT4043/87 
26V 

TTL LINE OSCILLATOR 
lnputt AND 

line SYNC SEPARATOR 
oync 

TDA2593 TDA2653A 

field 
oync 

105 V/330rnA 

'V POWER 
SUPPLY 12V/90mA 

Flg.1 The photographed prototype Includes the elements to the right of the dashed line 
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LINE OSCILLATOR AND LINE DRIVER 

The TDA2593 in Fig.2 is a television IC that combines the 
functions of coincidence detector, sync separator, and line 
oscillator. Some functions provided for television are not 
used: for instance, a phase comparison loop for synchro­
nising the oscillator voltage with the flyback pulse; the 
storage time of the line output transistor is sufficiently 
stable that there is no significant raster drift with respect to 
the video information during warm-up. 

The AT4043/87 transformer that couples the line driver 
transistor to the line output stage is also a standard television 

TABLE 2 
Line driver stage operating conditions 

supply voltage 

supply current 

transfonner voltage 

transfonner voltage ripple 

peak collector voltage 

peak collector current 

fleld~n~b 
->-----., 

TTL 

470 
nF 

linesyncb ,,Skn 

~-t::::i---ji--~ 
oomp 
sync 

105 v 
40mA 

63 v 
3V 

lSOV 
120mA 

22on 

10 

12 

part, chosen for the tight coupling between its windings. To 
minimise the effects of outside interference, particularly 
picture-tube flashover, the line driver is placed as close as 
possible to the line output transistor on the printed wiring 
board. 

LINE OUTPUT STAGE 

The line output stage (Fig.3) uses a parallel efficiency diode, 
as in television practice, with a 2.2 nF capacitor in parallel 
with the diode to give 3 µs flyback time. The small leakage 
inductance of the line driver transformer, aided by the 
speed-up capacitor and resistor in the base circuit, ensures 
suitable storage and zener times for correct turn-off of the 
transistor; the base-emitter resistor damps ringing of the base 
drive waveform. 

The 220nF capacitor in series with the AT1039/00 line 
deflection coil provides S correction. The AT4043/29 shift 
transformer and the potentiometer associated with it enable 
the raster to be centred laterally; the direction of shift can 
be reversed by reversing the connection of the flying lead 
shown dotted in the drawing. Since at the 64 kHz line fre-

12V 105V 

1kSl 

B 
IFig.31 

2,2 
•n 

100 
pF 

TOA2593 

75n 

A 
field timebase 

(Fig.5) 

Fig.2 

e2.n 100nF 
14 

12n 

1on 
16 

100pF 33pF 
12kn 

Line oscillator and line driver 
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quency the resistance of the deflection coil Is negligible 
compared with its impedance, no asymmetric 'linearity 
correction is required. Figure 4 shows the line-scan linearity. 

Lilce a television receiver, the display obtains its e.h.t. 
and housekeeping voltages from a transformer driven by the 
line output stage. It is a type AT2076/53 'diode split' trans­
former intended for large-screen colour sets with 25 kV 
e.h.t. and 15.625 kHz line frequency. Although working 
here at slightly more than four times that frequency, it is 
quite capable of supplying 17 kV at the lower current re­
quired by the smaller, single-gun tube. Because of the very 
tight coupling between its primary and e.h.t. windings, the 
AT2076/53 can operate over a wide frequency range 
without distorting the line-scan waveforms. A harmonically 
tuned line output transformer, as used in some television 
receivers, would not be suitable. 

BVV98E 

The e.h.t. winding is in three layers connected by built­
in diodes. The cable connecting it to the picture-tube anode 
incorporates a bleeder resistor to prevent raster width varia­
tion ('breathing') at low beam current. 

Other windings supply 26 V for the field timebase, 47 V 
for the video amplifier, and -140 V for brightness (grid 1) 
and focus (grid 3) control potentiometers. Three turns of 
insulated wire on the core limb opposite the primary 
winding supply the heater. 

The grid 2 potential is obtained by peak rectification of 
the line output transistor collector voltage. To ensure the 
best possible resolution, the maximum allowable grid 2 to 
grid I voltage is used: 700 V. The upper end of the voltage 
divider containing the focus control potentiometer is also 
connected to this voltage to provide for positive as well as 
negative control voltages. 

10pf 
+ 

c 
IF~.81 

I---+---- 17 kV 

820k0 22okn 

2,2MD focus 

D 
IF •. 81 

680k0 1,2MO 

101v-------------+-----, 
1MO brightnea 

a 
IFlo.21 

8VWl8E 

Fig.14 Une output stage. The conwnlence of 
obtaining llne scan, e.h.t., and housekeeping 
voltages from a tingle component compenaatea 
for the IP8Cll taken up by the trenaformer 
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220,iF 
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s.en ..... 
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TABLE 3 
Line output stage operating conditions 

supply voltage 

supply current 

supply voltage ripple, 64 kHz 

100 Hz 

peak collector current 

peak collector voltage 

base current at end of scan 
reverse base-emitter voltage 

deflection coil current, peak-to-peak 

scan-width/screen-width ratio 

7Z84993 

20'410 5 80 10 
~ scan(%) 

• (Fig.2) 

[ 1 

Fig.4 Line-scan I inearity 

3 4 

105 v 
290 mA 

IV 
0.1 v 
3.2 A 

720V 

0.6 A 

3V 
6A 

87 % 

TDA2653A 

39 
k!l 
~~ 

1 100 ,, 
+-----+--~ 

'-V ••• ,, 

FIELD TIMEBASE AND WA VE-SHAPING 
CIRCUIT 

The TDA2653A field timebase circuit (Fig.5) is another 
television IC. It can accept separate sync pulses at TTL level 
or pulses obtained from a composite sync input by the sync 
separator of the TDA2593 in the line oscillator circuit. For 
interlaced operation, separate line and field sync pulses are 
'recommended. 

The TDA2653A has a class B output stage and thermal 
and short-circuit protection. 

The wave-shaping circuit integrates the sawtooth voltage 
across the feedback resistor R to produce a positive-going 
field-frequency parabola for dynamic focus. 

TABLE 4 
Field timebase operating conditions 

supply voltage 

supply current 

deflection coil current, p~p 

flyback time 

pin 5 voltage 

pin 5 voltage ripple 

9 10 11 

5600 

13 

llneoutput 
transformer 

26V 

dynamic 

·~· F(fig.7) 

26 v 
232 mA 

1.25 A 

0.6ms 

25 v 
2V 

BAS1(!) 
+-----+--c"·="":i--+----4 

"r;:i~7kn *10oF 
33k0 

L 3,3kn 

1200 

18k0 

4,7k0 

'""'¥ •mp. t ... 
'7t0on 

8200 

330 
n 

lineari~ 

~220k!l 

330 

'" 
~~* eskn 

82 

"' 
r---+-_.,A_T...;1039/00 r----_.__ _ __, _________ _, 

';\' l I *~~o l~o 
t--

2~ I 5,6n 

'-- ...J 'Y,,n 
~ "''" 

R 
1n 

10Ul 

1JO ~J * 470 nF 

10k0 

36ktl 

56k'1 

Fig.5 Field timebase and wave-shaping circuit 
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H11earitv 
deviation 

1%1 

-2 

I FD 
40 60 BO 100 

Fig.6 Field-scan linearity 

VIDEO AMPLIFIER AND DYNAMIC FOCUS 

The video amplifier (Fig.6) requires an input of about 4 V 
for a maximum output of 30 V. The small load resistance 
and peaking coil in the output transistor collector circuit, 
together with some compensation in the emitter circuit, 
ensure a bandwidth of 60MHz. No provision is made for 
blanking; if it is required, it can be introduced in the logic 
circuits, as part of the video information. 

Although the design of the deflection coils minimises 
deflection defocusing, there is some residual error. To correct 
it, line and field-frequency parabolas of about 250 V each 
are superimposed on the grid 4 focus voltage. The dynamic 
focus circuit uses two transistors in series to acconunodate 
the 500 V excursion that occurs when the field-frequency 
parabola is maximum. Because the tube has a unipotential 
electron gun, the focus characteristic is fairly flat and it is 
unnecessary to provide for separate adjustment of the 
dynamic focus. 

1f;;31~ 
focus 

330kfl 
68nF 

lin; freq-+---r--1-+-+i 
!Fig.3) 

470 
kn 

470 
kn 

kn 

11kV 

100kH 

22kfi 

,.J""' 
~-~-+-~-

F 
field freq 
JFiq.S) 

DYNAMIC FOCUS 

brightne'>S 
ffig,3) 

TABLE 5 
Dynamic focus operating conditions 

---·----------------------
supply voltage 

supply current 

input voltage, line frequency, p·p 

input voltage, field frequency, p·p 

output voltage, line frequency, p-p 

output voltage, field frequency, p·p 

CONSTRUCTION 

730 y 

3.2 mA 

SY 

SY 

2SO y 

2SO y 

Complete details of construction, setting up, and adjustment, 
together with a parts list and oscillograms of waveforms at 
all significant points, are available as a separate publication: 
Technical Publication M81-0084 from Mullard Ltd., Mit· 
cham, England; or Technical Publication 026 from N.V. 
Philips', Electronic Components and Materials Division, 
Eindhoven, The Netherlands. 

REFERENCE 

'Cathode-ray tube requirements for data-graphic displays' 
Electronic Components and Applications, Vol. 4 No. I, 
Nov.1981. 
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A Very-High-Resolution Monochrome Data 
and Graphics Display Unit 

INTRODUCTION 
The Data and Graphics Display !DGDI unit 
!also referred to as a VDUl is for specialist 
applications such as communications, 
medicine, and printing. Its uses include 
facsimile, phototypesetting, CAD graphics, 
and full-page word processor systems. It 
consists of a very-high-resolution CRT 
paired with precision deflection coils and 
all the associated display circuitry, as 
shown in Figure 1. 

The picture tube/deflection coil combina­
tion, type M38-201, provides a high-quality 
display. Resolutions in excess of 3000 lines 
can be achieved with remarkably little 
deflection defocusing at the screen 
corners. The accurate geometry of the 
display is produced automatically without 
any need for external field shaping 
magnets. The small deflection angle 170°) 
requires modest scanning power. This 
allows operation at the high scanning fre­
quencies necessary to fully utilize the 
resolution capabilities of the tube with a 
complete absence of flicker. 

The monitor described is merely one 
example of the many possible applications 

of the M38-201 picture tube/deflection coil 
combination. It operates at a line fre­
quency of 125 kHz. a field frequency of 
100 Hz, a video dot rate of 288 Mbits. and a 
100 MHz video bandwidth. Interlaced or 
non-interlaced operation is possible. When 
interlaced, it can display 1728 pixels per 
line and 2300 lines, thus meeting the 
CCITT Group Ill standard for digital fac­
simile. As such it offers a display capability 
of 4 million pixels or a minimum of 8000 
complex characters 1 including Roman and 
subscripted) in full detail. Various display 
formats may be used. One example is a 
display of moderate character density with 
a large number of pixels per character. 
This allows the production of letter fonts 
as used in the printing industry and covers 
the requirements of various languages, 
special signs, and mathematical symbols. 

Conventional techniques are used in the 
monitor design. Both line scan and e.h.t. 
are derived from a diode-split transformer, 
type AT2076/54. The line deflection coils 
are connected in parallel and directly 
driven. 

Figure 1. C52 DGD Unit 
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Dynamic focus, to provide optimum focus 
over the whole raster, is applied in both 
the line and field directions. E.H.T. regula­
tion and minimum picture breathing 
!change in picture width with beam cur­
rent) are ensured by modulating the 
flyback time with changes in picture tube 
beam current. 

The unit will accept EGL level video input 
and separate positive-going line and field 
sync at TTL levels. It requires 5 V and 118 
V stabilized d.c. supplies and has a total 
power consumption of 52 W. 

Note: e.h.t stands for extreme haute­
tension, or extreme high voltage. 

GENERAL DESCRIPTION 
A block diagram of the DGD is shown in 
Figure 2. The circuit diagram is shown in 
Figure 3. 

Picture Tube and Coils 
The normal DGD requirements of good 
raster geometry with minimal loss of dis­
play quality between the screen center and 
corners are even more important in high­
definition systems. To ensure a display 
offering the best possible presentation of 
information over the whole screen, the unit 
uses the very-high-quality, purpose­
designed picture tube/deflection coil 
combination M38-201. This consists of the 
picture tube, type M38-200, and deflection 
coils, type AT1991. 

The M38-200 picture tube has a 70° 
deflection angle and contains a bi­
potential electron gun requiring a focus 
voltage of around 6 kV and an 800 V grid 2 
potential; it is capable of resolving more 
than 3000 lines. It is available in a variety of 
phosphors including the WA type which 
gives a warmer white than the standard 
monochrome TV W phosphor and is con­
sidered more suitable for data display 
applications. 

The AT1991 deflection coils give excellent 
deflection performance and raster geome­
try with no need for external raster 
correction. Terminations for each coil are 
brought out separately to allow for either 
series or parallel connections. The active 
dynamic focus circuit applies parabolic 
correction in both the line and field direc­
tions, and gives precise focus over the 
whole raster. 

September 1985 
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and Graphics Display Unit 

auxiliary circuit 

E.H.T. 
STABILISER 

ECL LINE 
video input DRIVE 

23V 

TTL LINE 
line sync OSCILLATOR 

TOA2653A 

TTL 
fiefdsync 

~ I 118V POWER 
SUPPLY 

: 420mA 
§V 

45mA 

Figure 2. DGD UnH Block Diagram 

Line Circuitry 
The line output stage consists of trans­
former T1, type AT2076/54, transistor TR3 
and parallel efficiency diode 02. The line 
drive is provided by transistor TR2 and 
driver transformer T4, type AT4043/87. 
Frequency synthesiser IC, type HEF4750, 
is used as line oscillator and coincidence 
detector. 

Both line scanning and e.h.t. are provided 
by a diode-split line output transformer, 
T1. Although it has tight overwind-to­
primary coupling it must be harmonically 
tuned. This is due tO the very high operat­
ing frequency (and hence short flyback 
time> of the unit, and is accomplished by a 
small adjustable inductor, L1 in series with 
the h.t. supply. Transformer T1 also pro­
vi des all the picture tube supply 
requirements and the h.t. for both the 
video and field output stages. 

The line drive is supplied via transformer 
T4, which together with the speed-up 
capacitor C18 and its parallel resistor R23 
provide the short storage and adequate 
zener times necessary to turn off the line 
output transistor TR3. Any ringing of the 
base drive waveforms, which might other-

September 1985 

wise cause spurious turn-on, is damped by 
base-emitter resistor R23. 

For systems operating at these very high 
line frequencies and data rates, the line 
phase jitter must be much les$ than 1 pixel 
duration. To meet· this requirement, fre­
quency synthesiser IC, type HEF4750 is 
used with an LC-tuned voltage-controlled 
oscillator. This IC contains a phase modu­
lator, which is used for phase detection, 
with an adjustment for fine phase control. 
Phase comparison is made between the 
leading edges of the line flyback and line 
sync pulses. In the design shown, sync 
and blanking pulses are coincident but dif­
ferent phase positions can be 
accomodated by using a different value of 
integrating resistor R18. 

Dynamic Focus 
Parabolic dynamic focus is applied in both 
the lihe and field directions. The input for 
the line dynamic focus is taken directly 
from across S-correction capacitor, C29. 
For field frequencies, a parabolic wave­
form is obtained by integrating the saw­
tooth waveform across resistor R57. The 
same amplifier is used for both 
frequencies. 
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E.H.T. Stabilization 
In displays containing large areas of both 
high and low beam currents, for example a 
white block in the center of a black raster, 
e.h.t. stabilization is particularly important. 
Any e.h.t. 'sagging' would produce a grad­
ual change in the width of the displayed 
block. 

To prevent this e.h.t. sagging and to obtain 
minimum picture breathing, an e.h.t. stabil­
ization circuit is provided. The saturable 
transformer T2 is placed in parallel with 
the line deflection coil, its inductance 
being controlled by the picture-tube beam 
current. An increase in beam current pro­
duces a reduction in the inductance of T2 
and a corresponding reduction in the fly­
back time. The increase in e.h.t., produced 
by the flyback time reduction, compen­
sates for e.h.t. sagging due to the internal 
impedance of the e.h.t. generator. This 
provides an internal e.h.t. impedance of 
about 200 kO. 

Field Timebase 
All the field timebase functions are per­
formed by the TDA2653A IC and its 
associated peripheral networks. This IC 
contains a class B output stage, incorpo­
rating thermal and short-circuit protection, 
which drives the AT1991 series-connected 
field coils. A field blanking pulse is availa­
ble for screen-burn protection. The IC is 
contained in a 13-lead OIL plastic power 
encapsulation, SOT-141, which offers 
straightforward heatsinking. 

Video Amplifier 
The large number of displayed pixels and 
the high refresh rate needed to avoid pic­
ture flicker, mean that video dot rates in 
excess of 200 MHz are required. This is 
conveniently provided by an ECL logic 
unit "scanning" the contents of a semicon­
ductor page memory. Thus, an ECL line 
receiver at the video amplifier input is used 
as an interface. The basic output stage 
consists of a long-tailed pair, using 
medium-power u.h.f. transistors TR11 and 
TR12, driven by the complementary out­
puts of the ECL device. To simplify the 
interface between the video amplifier out­
put and the CRT cathode, the whole video 
amplifier is mounted directly on the tube 
base. 

General Considerations 
Picture-tube flashover protection for the 
circuitry is included. Spark gaps for all 
picture-tube pins are provided, and all are 
returned to a single point which is, in turn, 
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connected to the outside aguadag layer of 
the tube and the common earth point of 
the unit. 

To achieve a satisfactory stable display 
with good linearity and no undesirable 
modulation. well recognized procedures 
should be adopted with regard to printed­
circuit board layout. It is essential that 
each individual circuit block has its own 
grounding system connected to a central 
point on the main printed-circuit board 
which is, in turn. connected to the chassis. 
Circuit layout within the individual blocks 
may also be critical. For this reason 
printed-circuit cards and overlay diagrams 
are available for this design. 

Table 1. DGD Unit Specifications 

Picture tube 

Deflection coils 

Character display 

Line frequency interlaced 

Line flyback 

Field frequency 

Field flyback 

E.H.T. 

Line linearity 

Field linearity 

Raster breathing <0-100 µ.Al 

Video rise time 

Input signals 

Power input 

M38-200 15 in, 70° 

AT1991 

4 X 1 ()6 pixels 

125 kHz 

1.6 µ.S 

100 Hz 

0.6 ms 

18 kV 

better than 3% 

better than 3% 

better than 1 % 

<3.5 ns at 30 V pk-pk 

Application Note 
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positive-going line sync at TTL level, 
positive-going field sync at TTL level. 
video at ECL level 

52Wtotal 
118 V d.c. at400 mA 
5 V d.c. at 40 mA 

Originally published as "Technical Publication 135;· El COMA. The Netherlands. 1984. 
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INTRODUCTION 
The Data and Graphics Display !DGD) unit 
!also referred to as a VDU) is built for wide 
ranging applications. It consists of a very 
high resolution c.r.t. paired with precision 
deflection coils and all the associated dis­
play circuitry, as shown in Figure 1. Using 
the same printed circuit board and com­
ponents, it can easily be adapted to 
operate over a wide range of line and field 
frequencies with different flyback times in 
either horizontal (landscape) or vertical 
!portrait) format. 

The possible applications of this unit range 
from video games to high-resolution dis­
plays. However, it is as a computer 
terminal display device that the DGD will 
be most useful. Normally, it is the logic 
design that determines all the parameters 
to be specified in a computer system, and 
it is only when the logic circuitry has been 
finalized that a suitable display is sought. 
Consequently, the display must be tailor­
made for the application. There are no 
signs of any standardization in the future. 
For this reason the DGD has been 
designed to allow different dedicated dis­
play units to be built up very simply from 
one basic design. 

The DGD is a straightforward and efficient 
design which will operate with line fre­
quencies of between 15 and 70 kHz and 
field frequencies of 50 to 100 Hz, inter­
laced or non-interlaced. All the design 
features combine to provide the resolution 
required for very high density displays !up 
to 1.5 million picture elements per page). 
They also ensure a sharp picture right to 
the screen corners, and allow operation at 
high line frequencies without undue 
temperature rise. A diode-split transformer 
provides combined line scan and e.h.t., 
and it is this component which allows 
changes in line frequency and flyback time 
to be accomplished very easily. 

Note: e.h.t stands for extreme haute­
tension, or extreme high voltage. 

GENERAL DESCRIPTION 
Figure 2 shows a block diagram of the 
DGD unit and its auxiliary circuits. ffhe 
unit is to the right of the broken line, with 
the auxiliary circuits to the left.) The circuit 
diagram is shown in Figure 3. 

The normal DGD requirements of good 
raster geometry and minimal loss of dis­
play quality between the screen center and 
corners are even more important in high-

Figure 1. DGD Unit 
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definition systems. To ensure a display 
offering the best possible resolution over 
the whole line frequency range, the unit 
uses high-quality purpose-designed 
deflection coils type AT1039. These are 
paired with either the 12 in <M31-326 ) or 
15 in !M38-328) picture tubes. These coils 
have been designed using recently deve­
loped techniques to give good deflection 
performance and raster geometry suitable 
for correction by built-in magnets. For the 
12 in tube, type AT1039/03 deflection coils 
are used. Two types of coil are available 
for the 15 in tube, the AT1039/00 which 
has been optimized for portrait <vertical) 
formats and the AT1039/01 for landscape 
!horizontal) displays. Terminations to each 
coil are brought out separately to allow for 
both series and parallel connections. 

Both line scanning and e.h.t. are provided 
by a purpose-built diode-split transformer. 
It is the flexibility of this device which pro­
duces the extreme versatility of the DGD 
unit as a whole and allows operation of the 
wide range of line frequencies and flyback 
times. In addition, all auxiliary power 
supply requirements are obtained from the 
same transformer. The primary is provided 
with several taps, each of which corres­
ponds to a different peak voltage and 
hence flyback ti me. By careful positioning 
of these transformer primary taps, and by 
utilizing both parallel and series connec­
tion of the line deflection coils, a wide 
variety of flyback times can be accomo­
dated in steps. Each step allows sensible 
values of flyback ratio for the different line 
frequencies. Apart from the selection of 
the correct transformer tap, the only other 
components that may need to be changed 
in order to use a different line frequency 
are the oscillator timing capacitor C6, 
$-correction capacitor C22, base drive res­
istor R52, linearity control L 1, and heater 
resistor R84. 

Although deflection defocusing has been 
minimized by careful design of the line 
deflection coils, there is still some focusing 
action in the deflection process. Also, 
there is a difference between the electron 
beam path lengths for axial beams and 
those deflected to the tube corners. These 
effects combine to produce a change in 
focus requirements from the center to the 
edges of the picture tube. To overcome 
this, dynamic focus is employed, The 
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1 V video 
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TTL +ve line 
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SYNC 
INVERTER 

POWER 
SUPPLY 

active dynamic focus circuit applies para­
bolic correction in both the line and field 
directions to give precise focus over the 
whole raster. Because the electron gun is a 
unipotential type, the tube has a fairly flat 
focus characteristic. The amplitude of the 
dynamic focus can therefore be preset and 
adjustment is unnecessary. 

Width control is accomplished with a 
series-parallel inductance arrangement 
which does not affect the flyback time or 
e.h.t. Adjustable picture shift is supplied in 
both the line and field directions by pass­
ing d.c. through the appropriate deflection 
coils. 

The TDA2595 line oscillator combination 
IC provides the correct waveforms to drive 
the line output transistor via a transformer­
coupled driver stage. This IC includes both 
the line oscillator and coincidence detec­
tor; a line flyback pulse, obtained from the 
collector of the line output transistor TR2, 
is required for phase detection. A protec­
tion circuit which turns off the output drive 
if the voltage at pin B is either below 4 or 
above B V is used to provide overvoltage 
protection for the line output stage. 

All the field timebase functions are con­
trolled by the TDA2653A IC. It takes a 

AT4043/64 

DYNAMIC 
FOCUS 

LINE FIELD 
OSCILLATOR TIMEBASE 

TOA2595 

Figure 2. DGD Unit Block Diagram 

positive-going field sync input at TTL level 
and drives the impedance-matched 
AT-1039 deflection coils in series connec­
tion. A field blanking pulse, which may be 
used for screen burn protection, is availa­
ble from pin 2. The IC is contained in a 
13-lead DIL plastic power encapsulation 
type SOT-141, which offers straight­
forward heatsinking. 

An emitter-driven video output stage is 
used with output transistor TR6 and driver 
TR7. The collector load resistors RB? and 
RBS with peaking coil L5 and some com­
pensation in the emitter circuit ensure a 
bandwidth of 60 MHz at 35 V, measured at 
the cathode. In order to minimize stray 
capacitance, the video amplifier is placed 
on the tube-base printed circuit board 
close to the cathode pin of the tube. The 
55 V h.t. line is provided from the line out­
put stage. 

The unit will accept video input at TTL 
level with positive-going field sync and 
negative-going line sync. However, inputs 
at other levels and polarities may be 
accepted by using the auxiliary circuits, as 
shown in Figure 2. 

The main h.t. line input will depend upon 

9-301 

TDA2653A 

M1130 

the line frequency and varies from about 
30 to 150 V. If lower values of h.t. are pre­
ferred, a floating tap will accomodate a 
series boosted circuit arrangement. 

A 12 V supply is required at all frequen­
cies. The total power consumption of the 
unit is about 40 W. 

Standard measures are taken to protect 
the circuitry in the event of a picture tube 
flashover. Spark gaps for all picture tube 
pins are provided and all are returned to a 
single point which is, in turn, connected to 
the outside aquadag layer of the tube and 
the common earth point. 

To achieve a satisfactory stable display 
with good linearity and one that is free 
from undesirable modulation, well recog­
nized procedures should be adopted with 
regard to printed circuit board layout. It is 
essential that each individual circuit block 
has its own grounding system connected 
to a central point on the main printed cir­
cuit board which is, in turn, connected to 
the chassis. Circuit layout within the indi­
vidual blocks may also be critical. For this 
reason printed circuit cards and overlay 
diagrams are available for this design. 
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Table 1. DGD UnH Specifications 

Picture tube 

Deflection coils 

Line output transformer 

Character display 

Line frequency 
landscape format 
portrait format 

Field frequency 
non-interlaced or interlaced 

E.H.T. 

Line linearity 

Field linearity 

Raster breathing 
<Oto 100µA) 

Line flyback time 

Field flyback time 

Video bandwidth 
<at 35 V output measured 
at the cathode> 

Input signals 

Power input 

12 in M31-326 series 
15 in M38-328 series 

AT1039 series 

AT2076/84 

up to 1.5 X 10s pixels 

15 to 50 kHz 
15 to 70 kHz 

50 to 100 Hz 

17 kV 

better than 3% 

better than 3% 

better than 2% 

3 to9 µS 

O.Sms 

SO MHz 

positive field sync at TTL level, negative 
line sync at TTL level, video input at TTL level 

40Wtotal 
30to150V36W 
12V4W 

Originally published as "Technical Publication 115;· ELCOMA, The Netherlands, 1963. 
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SO Package Tape and Reel 

Integrated Circuits packaged and Table 1. 
shipped In Tape and Reel wlll slgnlfl· 
cantly alter the production methods of 
the US electronlcs Industry. SO pack· 
ages are now avallable In 12mm, 16mm, 
and 24mm tapes depending on the size 
of the package. 

Tape and Reel wlll enable manufactur· 
ers to use very high speed automatic 
placement equipment. With reels con· 
talnlng 1000 or 2000 components each, 
this equipment can run at high speed 
for longer periods without stopping the 
machine to replace empty tubes. Fur· 
ther, the components packaged In Tape 
and Reel require much less storage 
space than those In the . tradltlonal 
tubes. For example, the SMD Technol· 
ogy Center In Miiwaukee, WI saved over 
90% in storage area for 5,000,000 5MDs 
In Tape and Reel vs. the space It would 
have required for the traditional axial 
leaded parts In tubes and/or reels. 

SPECIFICATIONS 
Tape and Reel specifications conform 
to Electronic Industries Association 
(EIA) Proposed Specification #Rs.481 A, 
''Taping of Surface Mounted Com· 
ponents for Automated Placement". 

The carrier tape material Is PVC with a 
carbon flller and the cover tape Is poly· 
ester. The reel material Is cardboard. 

Slgnetlcs' SO packages will be loaded 
onto reels In the quantities indicated In 
Tablet 

Components packaged In Tape and 
Reel are protected against damage due 
to electrostatlc discharge. The carrier 
tape Is conductive, as shown In Table 2. 
Resistivity measurements are In ac· 
cordance with ASTM·D-991. 

The cover tape Is heat sealed to the car­
rier tape along the outer edges of the 
cover tape. The seal releases when 

PACKAGE TAPE 
TYPE WIDTH PITCH 

S0-8 12mm 8mm 
S0-14 16mm 8mm 
50-16 16mm 8mm 
S0-16L 24mm 12mm 
S0-20 24mm 12mm 
S0-24 24mm 12mm 
50-28 24mm 12mm 

Table 2. SURFACE RESISTIVITY 

RESISTIVITY 
ITEM RANGE 

Carrier Tape CONDUCTIVE 

Cover Tape ANTISTATIC 
Reel ANTISTATIC 

pulled with a peelback force (Z) of 15 
grams (min.) to 65 grams (max.). The 
peelback force must be exerted at an 
angle of 180-175° with respect to the 
carrier tape direction. Peel speed Is 
120±5mm/min. 

Components are loaded with pin #1 on 
the side nearest the sprocket holes. The 
carrier tape, cover tape, and reels are 
designed to withstand normal condl· 
tions seen In the Industrial e'\vlronment 
without changes In dimensions or other 
physical properties. COMPONENTS 
ARE FULLY PROTECTED FROM LEAD 
DAMAGE ONCE THEY ARE LOADED 
INlO THE TAPE. 

BOXES 
Taped components wlll be shipped In 
foll lined packing boxes approximately 
16"x16"x1112" which wlll In turn be 
placed In shipping boxes that are 
16"x16"x 10". The shipping boxes can 
hold up to 5 packing boxes. 
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PARTS REEL 
PER REEL DIAMETER WIDTH 

2000 330mm 18.4mm 

2000 330mm 22.4mm 

2000 330mm 22.4mm 
1000 330mm 22.4mm 
1000 330mm 30.4mm 
1000 330mm 30.4mm 
1000 330mm 30.4mm 

RESISTIVITY 
VALUES SPECIFICATION 

<1 x 1Q5Q I sq <1 x 1Q5Q I sq 
>109 to >10142 I sq None 
>109 to >10142/sq None 

ORDERING 
To order Tape and Reel, simply Indicate 
with the letter 'R' after the part number 
(example: N74LSOODR). This SPC code 
Identifies to the factory that this is a 
Tape and Reel order. Orders for Tape and 
Reel MUST BE FOR WHOLE REELS, I.e. 
2000 units of S0-8, S0-14 and S0-16, 
and 1000 units of S0-16L, S0-20, S0-24 
and S0-28. NO PARTIAL REELS WILL 
BE5HIPPED. 

SAMPLES 
Full reels of dummy parts wlll be availa· 
ble through 1.Dglc Division for purchase 
by customers who would like to use 
dummies to check out their automatic 
pick-and-place machines. 

To Get... Order ... 
DUMMY..S0-8 M1511DE R 
DUMMY.S0-14 M1511DH R 
DUMMY.S0-16 M1511DJ R 
DUMMY.S0-16L M1511DJA R 
DUMMY.S0-20 M1511DLA R 
DUMMY.S0-24 M1511DNA R 
DUMMY.S0-28 M1511DQA R 

Written by: Mark Kastner 
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FOR ALL COMPONENTS VALUE BY COMPONENT 
ITEM SPECIFICATIONS S0-8 S0-14 S0-18 SYMBOL 

Yalue lblerance S0-18L S0-20L S0-24L S0-28L 
Carrier Width w :1:0.30 12 16 16 16 24 24 24 
Tape Fiim Thickness t 0.40 Max. 

Total Thickness K Max. 2.4 2.4 2.4 3.2 3.2 3.2 3.2 
Camber 6 0.3 Max. 

Com part- Length, Inside Ao :1:0.1 6.33 6.35 6.35 10.8 10.8 10.8 10.8 
men ts Width, Inside Bo :1:0.1 5.15 8.90 10.15 10.65 13.15 15.75 18.25 

Depth, Inside Ko :1:0.1 1.9 1.9 1.9 2.80 2.80 2.80 2.80 
Width, Outside Bi Max. 8.2 12.1 12.1 12.1 20.1 20.1 20.1 
Length, Outside 
Depth, Outside 
Radius A,, fl:!, R3 0.3 Max. 

Pitch p :1:0.1 8 8 8 12 12 12 12 
Wall Angle a 5• ±1.0 
Ref.Plane Ho 0.3 +0.10-0.05 
CenterUne 

P2 2.0 :1:0.05 Compartment to Sprocket Hole Distance, Width 
Centerline F :1:0.05 5.5 7.5 7.5 7.5 11.5 11.5 11.5 Distance, Length 
Hole Diameter Di 1.5 Mln.ejt0.2 

Sprocket Diameter D 1.55 :1:0.05 
Hole Pitch Po 4.0 :1:0.1 

10-Pltch - 40.0 :1:0.2 
Distance to Edge E 1.75 ±0.1 

NOTES: 
1. All feature dimensions In mllllmetsrs. 
2. Ao and B0 dimensions are measured at a plane defined as H0 distance up from the Inside compartment bottom and parallel to the bottom. Ko Is 

measured from the same plane to the top surface of the tape. 
3. Camber to be no more than 1.0 mm per 250 mm length measure per semi specification #G1D-83-(Camber). 
4. Pin #1 to be nearest sprocket holes. lbp side of the package will be up. 

Figura 1. Emboaaed Csrrler Tape Specifications 
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Signetlcs Linear Products 

SO Package Tape and Reel 

OD 

ITEM 

Cover Width 
Tape Thickness 

Break Force 

w, 

-..----------------~~~~~--._l_ 
T 

r, 

FOR ALL COMPONENTS VALUE BY COMPONENT 

SYMBOL SPECIFICATIONS S0-8 S0-14 S0-18 
value lblerance S0-18 S0-20 

W1 -0.5 9.0 13.0 13.0 13.0 21.0 

T1 0.1 Max. 

- 1.0KG Min. 

Figure 2. Cover Tape Specifications 

9-307 

Application Note 

AN210 

S0-24 S0-28 

21.0 21.0 

9 

September 1985 



Slgnetlcs Linear Products 

SO Package Tape and Reel 

ITEM 

'DRIVE SPOKEB OPTIONAL 
IF USED ASFERISKED 
DIMENSIONS APPLY. 

a• 

--l~ 
Cl 

FOR ALL COMPONENTS VAWE BY COMPONENT 
SYMBOL SPECIFICATIONS S0-8 S0-14 S0-18 

Application Note 

AN210 

Value lblarance S0-18 S0-20 S0-24 S0-28 
Reel 
Flange 

Diameter, Outside 
Thickness 
Space Between 
Flanges 

Reel Hub Diameter, Outside 

A 330 Max. 

G +2.0 
N 56 ±2.0 

Diameter, Hole C 13.0 ±0.5 

12.4 16.4 16.4 16.4 24.4 24.4 24.4 

Key L~w'"'"'"'1~~h'---+~~e~·~-1--1~.5'--+--~M~i~n.'---+-~~1--~-1-~~+--~-+~~+-~-+~~~ 
Slots L Diameter D* 20.2 Min. 

J l..Dcation o 120° 
Reel Assy. Thickness T Max. 18.4 22.4 22.4 22.4 30.4 30.4 30.4 

NOFES: 
1. All feature dimensions In mllllmeters. 
2. A clearance of 0.1 mm to 2.2mm max. will be maintained between the carrier tape and the reel at the hub. This clearance will be measured at the hub 

O.D. 
3. Dimension T and G will be measured at the hub O.D. 

Figura 3. Rael Specifications 
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Signetics Package Information 
Section 10 

Linear Products 

Package Outlines for products with prefixes: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, 
SE, SG, µA, ULN ....•...............•......................................................................•..................•.•.•. 

Introduction .........................................•...........•..•.............•...............•.......•.•.....••.........••.•..• 
D SO Plastic Dual-In-Line .................................................................•.••.. 
E Metal Can ........................................•.......•..........••..............•....•.......• 
F Hermetic Cerdip .........................................................•.......•.......•.•..... 
G Hermetic Lead less Chip Carrier .........•...............•...............•............•..... 
H Metal Can ......................•..•......•..........................•........•....•...•.•...•.•••• 
I Hermetic Side Braze ................................••................•.................•...... 
N Plastic Dual-In-Line ................•..............•.•.............•.............•.........•..... 

Package Outlines for products with prefixes: HEF, OM, MAB, MAF, MEA, PC, PN, SA, TA, 
TB, TC, TD, TE, UAA ...........................................................•.•.............•..•••••....••••.•......•.......•.• 

Solderlng Notes .....•.....•......................................•..........•.•....•............•.....•.•...•.•.•.•..•....••.•... 
B·Lead Dual-In-Line; Plastic (SOT·97A)1 ..•........................•............••................•.......•............... 
B·Lead Dual-ln·Llne; Ceramic (CERDIP) (SOT·151A) •.•.................•................•••...•.•.•.....•••....•...•• 
8-Lead Dual-ln·Llne;Metal Ceramic (CERDIL) (SOT·153B) .........•.....••.•..•.•.......••.....••••.•...•.....•..... 
9-Lead Slngle-ln-Llne; Plastlc (SOT·110B) ....................•.............•..•........•........••.....•..••.•.....•..... 
9-Lead Slngle·ln~Line;Plastlc Power (SOT·131A), B) .....................•..•.•.............•.....•..•.•............... 
9·Lead Slngle·ln·Llne; Plastic (SOT-142) ..................................•......•........••.......••........•••.....••..• 
9-Lead Sll·Bent·To-Dll; Plastic Power (SOT·157B) ..............••......••..•..•.•••...•..•••....••.••••...••••......•• 
12-Lead Dual-In-Line; Plastic With Metal Cooling Fin (SOT-150) .......•.•.....•.•......•...•.....••...•....•....• 
13-Lead Sii-Bent· To-DH; Plastic Power (SOT· 141 B) ..........•...........•..•.•...•....•••......••...•.•.•••.....•.•... 
14-Lead Dual-In-Line; Plastic (SOT ·27K, M, T) ....•...••.........••...•.•.••.•....•.........••......•••.•••...•••..•.... 
14-Lead Dual·ln·Llne; Ceramic (CERDIP) (SOT·73A, B, C) .....•.•......••....•.••.•....•.••........••....••••.....• 
14·Lead Dual·ln·Llne; Metal Ceramic (CERDIL) (SOT·83B) ....•..•....•..•........•.•......••.....•.••......•.•..... 
16-Lead Dual·ln·Llne; Plastic (SOT-38) ..............•...............................•...............................•..... 
16-Lead Dual-In-Line; Plastic (SOT-38A) .....•......•..........................•.....•..................•.•.••.•.....••... 
16-Lead Dual-In-Line; Plastic (SOT·3BD, DE) .•....••...............••••.....••......••••...•.••••.......•.....•.•••..... 
16·Lead Dual-In-Line; Plastic (SOT ·38Z) •....•................•..........••.•..........•..•....•........•...........•.••... 
16-Lead Dual-In-Line; Plastic With Internal Heat Spreader (SOT-38 WE-2) •.•..•.•.••.••••.•.....•••••...••.•. 
16-Lead Quadruple-In-Line; Plastic (SOT-58) ...............•...........•..........••...•.••••......•.••....••••••.....•• 
16·Lead Dual·ln·Llne; Ceramic (CERDIP) (SOT·74A, B, C) .........•....•........•••.•..••••.•...•.•••...••.••....•• 
16·Lead Dual-ln·Llne; Metal Ceramic (CERDIL) (SOT·84B) ...............••...•...••.•.••••••...••.••..•..•••••...•. 
18-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-85B) .........•...............•.•..•..•..•.....•...........•... 
18-Lead Dual-In-Line; Plastic (SOT·102A) ........•..•....................•.•.....•••......••.•.....•••...•..•••....•.•.•.. 
18·Lead Dual-In-Line; Plastic (SOT·102C) .....................•........•.•.•.•••......••.•...•••.......•••.•...••..•..•.•• 
18-Lead Dual-In-Line; Plastic (SOT·102CS) .•............•.....•..........•...•....•.•...••.•...•.•...•.•.••.......•••.•.. 
18-Lead Dual-In-Line; Plastic (SOT-102G) ....•..........•.....................•........•.•....••.•••.......•..•••......... 
18-Lead Dual·ln·Llne; Ceramic (CERDIP) (SOT·133A, B) ..•.•............•.............•......•..•......•.......••... 
20-Lead Dual-In-Line; Plastic (SOT-146) ..••..•.••...•..•••....••.•••...•••.•..•..•••...•.•.••....•...•....•.•••...•..•.... 
20-Lead Dual-In-Line; Ceramic (CERDIP) (SOT·152B, C) •.•.•..........••••....••••.•..•••.•.....••••••..•••••••..... 
20-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-154B) •.....•......•.•.•..••.•...••••.....•..••..•.....••.•.•. 
22·Lead Dual·ln·Llne; Plastic (SOT-116) .........•........•...........•..•••...•..•••......•.....•.....•................... 
22·Lead Dual·ln·Llne; Metal Ceramic (CERDIL) (SOT·118B) ••.•.•...•••••..••..•....••••.....••••....•••.....•.•••• 
22-Lead Dual-In-Line; Ceramic (CERDIP) (SOT·134A) •..........••.•......••••.•..•.••.•.••••••...••.••....•••••••.•.• 
24-Lead Dual·ln·Llne; Metal Ceramic (CERDIL) (SOT·86A) •.•...•.•....•...•.........•..............•.•...•...•..... 
24·Lead Dual-ln·Llne; Ceramic (CERDIP) (SOT ·94) ...•....•...•....••••...•......•.............••••.....••.•...•.•••.. 
24-Lead Dual-In-Line; Plastic With Internal Heat Spreader (SOT·101A, B) ........••••..•.•..•••.....••••.....• 
28-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT -87 A) ...•...•......•....•.•..............•.•....•.•.•...••..•.. 
28·Lead Dual·ln·Llne; Metal Ceramic (CERDIL) (SOT·87B) .......•.....•...•.••••...•.•••....••••.•..••••••....•.••. 
28-Lead Dual-In-Line; Plastic (SOT-117) .•.........•......•....•..•.................•.•....•..•.•....•....•.•.....••••...•• 
28-Lead Dual·ln·Line; Plastic (SOT· 117D) ...••....•.....••.•......•..............•....•....•.••.•...........•.•.•.......•. 
28-Lead Dual-ln·Line; Ceramic (CERDIP) (SOT-135A) •...••......•.............•.•.....••••.•..•••.•.•..••••.•.•..•... 
40-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-88) ...................•....••...•..•.••.•...••...•.••.•...••••. 
40-Lead Dual·ln·Line; Metal Ceramic (CERDIL) (SOT ·BBB) ......•........................••.•.....•••....••••.•...•• 
40·Lead Dual-In-Line; Plastic (SOT· 129) 1 ..........•....••................•.•.................................•..•••...... 
40·Lead Dual·ln·Llne; Ceramic (CERDIP) (SOT-145) ..................•.•............•.......••••...•••......•.•.....•• 

Mlcromlnlature Package Outlines 

10-3 
10-3 
10-5 
10-7 
10-8 

10-10 
10-11 
10- 11 
10-12 

10-16 
10-16 
10-16 
10-16 
10-17 
10-17 
10-18 
10-18 
10-19 
10-19 
10-20 
10-20 
10-21 
10-21 
10-22 
10-22 
10-23 
10-23 
10-24 
10-24 
10-25 
10-25 
10-26 
10-26 
10-27 
10-27 
10-28 
10-28 
10-29 
10-29 
10-30 
10-30 
10-31 
10-31 
10-32 
10-32 
10-33 
10-33 
10-34 
10-34 
10-35 
10-35 
10-36 
10-36 
10-37 
10-37 
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Slgnetics Linear Products 

Section 10 Package Information 

8-Lead Mini-Pack; Plastic (SO·S, SOT ·96A) ......•.....•.•........•.................••................................•... 
S·Lead Mlnl·Pack; Plastic (VSO·S, SOT·176) ....••...........................•..................•.•......••....••••.•.••. 
14·Lead Mlnl·Pack; Plastic (S0·14, SOT·108A) .•..•...•.•.................•..............................•.....•.•..••.. 
16·Lead Mini-Pack; Plastic (S0·16, SOT·109A) ......................................................................... . 
16-Lead Mini-Pack; Plastic (S0·16L, SOT·162A) ...............................•.......•...........•••......•••.....•.•• 
20·Lead Mlnl·Pack; Plastic (S0·20, SOT·163A) ......................................................................... . 
24·Lead Mlnl·Pack; Plastic (S0·24, SOT·137A) ........•.............................................•..........•........ 
28·Lead Mini-Pack; Plastic (S0·28, SOT·136A) ......................................................................... . 
40-Lead Mini-Pack; Plastic (VS0·40, SOT·158A) ....................................................................... . 
40-Lead Mini-Pack; Plastic (Opposite Bent Leads) (VS0-40, SOT-1588) ....................................... . 
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Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ.A, ULN 

INTRODUCTION 
The following Information applies to all 
packages unless otherwise specified on 
Individual package outline drawings. 

General 
1. Dimensions shown are metric units 

(millimeters), except those In par­
entheses which are English units 
(Inches). 

2. Lead spacing shall be measured with· 
In this zone. 
a. Shoulder and lead tip dimensions 

are to centerline of leads. 

3. Tolerances non-cumulstlve. 

4. Thermal resistance values are deter­
mined by utilizing the linear tempera­
ture dependence of the forward volt­
age drop across the substrate diode In 
a digital device to monitor the Junc­
tion temperature rise during known 
power application across V cc and 
ground. The values are based upon 
120 mils square die for plastic pack­
ages and a 90 mils square die In the 
smallest available cavity for hermetic 
packages. All units were solder 
mounted to P.C. boards, with stand­
ard stand-off, for measurement. 

PLASTIC ONLY 
5. Lead material: Alloy 42 (Nickel/Iron 

Alloy) Olin 194 (Copper Alloy) or equiv­
alents, solder dipped. 

6. Body material: Plastic (Epoxy) 

7. Round hole In top corner denotes lead 
No. 1. 

B. Body dimensions do not Include 
molding flash. 

9. SO Packages-mlcromlnlature 
packages. 
a. Lead material: Alloy-42. 
b. Body material: Plastic (Epoxy). 

HERMETIC ONLY 
10. Lead material 

a. ASTM alloy F-15 (KOVAR) pr 
equivalent-gold plated, tin plated, 
or solder dipped. 

b. ASTM alloy F-30 (Alloy 42) or 
equivalent-tin plated, gold plated 
or solder dipped. 

c. ASTM alloy F-15 (KOVAR) or 
equivalent-gold plated. 

11. Body Material 
a. Eyelet, ASTM alloy F-15 or equlva· 

lent-gold or tin plated, glass 
body. 

10-3 

b. Ceramic with glass seal at leads. 
c. BeO ceramic with glass seal at 

leads. 
d. Ceramic with ASTM alloy F-30 or 

equivalent. 

12. Lid Material 
a. Nickel or tin plated nickel, weld 

seal. 
b. Ceramic, glass seal. 
c. ASTM alloy F-15 or equivalent, gold 

plated, alloy seal. 
d. BeO Ceramic with glass seal. 

13. Slgnetlcs symbol, angle cut, or lead 
tab denotes Lead No. 1. 

14. Recommended minimum offset 
before lead bend. 

15. Maximum glass climb .010 Inches. 

16. Maximum glass climb or lid skew Is 
.010 Inches. 

17. Typical four places. 

18. Dimension also applies to seating 
plane. 

September 1985 
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Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

PLASTIC PACKAGES 
PACKAQE CODE 0..i_0~CIW) DESCRIPTION 

Standard Dual-in·Llne Packages 
B·Pin N 99/50 

14-Pln N 86/48 T0-116/M0-001 
18-Pln N 83/42 M0-001 
18-Pln N 63/29 
20-Pln N 61/24 
22·Pln N 51/23 
24-Pln N 52/23 M0·015 
28-Pln N 52/23 M0·015 

Metal Headers 
4·Pln E 100/20 T0-46 Header 
4·Pin E 150/25 T0-72 Header 
B·Pln H 150/25 T0·5 Header 

10·Pln H 150/25 TO 5/T0-100 Header, Short Can 
10·Pln H 150/25 T0·51T0·100 Header, Tall Can 
Cerdlp Family 
8·Pln FE 110/30 Oual·ln·Line Ceramic 

14-Pln F 110/30 Dual·in·Line Ceramic 
18-Pln F 100/30 Oual·ln·Llne Ceramic 
18-Pln F 93/27 Dual·ln·Llne Ceramic 
20-Pln F 90/25 Oual·ln·Llne Ceramic 
22·Pin F 75127 Dual-In-Line Ceramic 
24-Pln F 60/26 Oual·ln·Line Ceramic 
28-Pln F 57/27 Dual-In-Line Ceramic 

Laminated Ceramic, Side Brazed Lead 
16·Pln I 90/25 Olp Laminate 

SO Package Thermal Data 

Package Max. Allowable Max. Allowable Thermal Resistance 
Package Mounting PowerDl11. PowerDIH. (9.JA°C/Watt) 

!:lP9 Technlgue• 1mwiat2s0 c (mW)at7o0 c Avera!i!e Maximum 
S0-14 PCB 658 421 190 225 

Ceramic 962 615 130 165 
Ceramic w/H.S. 1471 941 85 110 

S0-16 PCB 862 551 145 170 
Ceramic 1250 800 100 125 
Ceramic w/H.S. 1923 1231 65 85 

S0-16L PCB 1250 800 100 140 
Ceramic 1743 1143 70 100 
Ceramic w/H.S. 2500 1600 50 65 

S0-20 PCB 1471 941 85 115 
Ceramic 2273 1454 55 85 
Ceramic w/H.S. 3572 2286 35 55 

S0-24 PCB 1563 1000 80 110 
Ceramic 2000 1600 50 80 
Ceramic w/H.S. 4167 2667 30 50 

PCB= Printed circuit board 
Ceramic=Ceramic substrate 
Ceramic w/H.S. =Ceramic substrate with heat sink and/or thermal compound 
•Air gap is 0.006 inches unless thermal compound is used 

September 1985 10-4 



Slgnettcs Linear Products Product Speclflcaflon 

Package Outllnes 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ.A, ULN 

LEAD ND. 1 

Note: 

t 
6.2 (.206) 
mm! 
~~ 
3.8 (.160) 6.B (.228) 

.41(.0111--l l-­

.3S(.814) 11 

1.27(~SC 

.7 (.OZl}MAX-i 

-yf 6.107(.205) 
4.0D(.1511t 4.823(.112) 
3.80(.1llO) 

_J_ 

D PACKAGE - PLASTIC 
(808-PIN) 

D PACKAGE - PLASTIC 
(SO 14-PIN) 

D PACKAGE - PLASTIC 
(SO 18-PIN) 

Dimensions shown are metric units (millimeters), except thoss In parentheses which are English units (Inches). 

10-5 September 1985 
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Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

September 1985 

Note: 

~r­-- .. -I II 

.48(.11111)--!r­

.36(.014) I I 

1.27(.0llO)ISC 

.75 (.GIO)MAX --i 

D PACKAGE - PLASTIC 
(S0·18L PIN) 

D PACKAGE - PLASTIC 
(S0·20) 

Dimensions shown are metric units (millimeters), except those In parentheses which are English units (Inches). 
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Signetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ,A, ULN 

Note: 

.30(.012) 

.10(JI04) 

1.27(.0SO)BSC 

.75 (.Q30)MAX --i 

li I 9.246(.364) 
i76i(.345) 

1.~ (.299) 

.49 (.D19)--l r---­

.35 (.014) II 

ill.248(.384) 
,,- 8.783(.346) 

•, 7.6(.2911) 
'"""- 7A(.291) 

~----...,._J_ 

1.27(.0SO)BSC 
I 

.76 (.030)MAX--j 

D PACKAGE-PLASTIC 
(S0-24) 

D.PACKAGE-PLASTIC 
(S0-28) 

E PACKAGE - HERMETIC 
(T0·72 HEADER) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 

10-7 September 1985 
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Slgnellcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

September 1985 

Note: 

1.111.010~~11 I L 
0.78(.030) ~ -I 'l 

2.79(.1101 
0.68 !.0231 2.28 (.0901 
0.38(.0161 

FE PACKAGE - HERMETIC 
(6-PIN) 

F PACKAGE - HERMETIC 
(14-PIN) 

F PACKAGE - HERMETIC 
(16-PIN) 

Dimensions shown are metric units (mllllmetera), except those in parenth8888 which are English units (Inches). 
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Signetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ,A, ULN 

Note: 

0.38 (.015) 

LEAD NO l Q 

1 

F PACKAGE - HERMETIC 
(18-PIN) 

F PACKAGE - HERMETIC 
(20-PIN) 

7 67 1.302) l\AAX. 

!-M-r-rT-...,.....,..........-rT""T"l~-_J 

F:~;~::r,:~ ;::::~: 
-102[0401 

~ ij ij llil U U U U UlJ038 10151 

1 78 I 070)~[ I b I I 
O 76 I 0301~ '....,fi], 2 79 I 1101....j 
0 58 I 0231 2 29 I 0901 
038 I 0151 

1 27 I 0501 
127 I 0051 

10.03 [.395) 
7.62 1.300) 

4.19 [.165) 
3.18 I 125) 

F PACKAGE - HERMETIC 
(22-PIN) 

0.36 (.014)-
0.20 (.OOB) 

I_ 12.s1 (.495) _ 1 
!t0.161400)1 

4.19 (.165) 
3.18 (.125) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 

10-9 September 1985 

10 



Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

NC 

F PACKAGE - HERMETIC 
(24·PIN) 

GPACKAGE 
(14·PIN) 

I NC 4 NC 3 

tO NC 11 NC U 

Note: 

r-8.350+0.0tDBQ I/"' _, ... 

NC 

" 

G PACKAGE 

Ho.oss:t:o.ooa 

GPACKAGE 
(16·PIN) 

i NC 4 

F PACKAGE - HERMETIC 
(28-PIN) 

G PACKAGE 
(20·PIN) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (Inches). 
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(Note) 



Signetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

H PACKAGE - HERMETIC 
8·PIN 

(T0·5 HEADER) 

L 8.26 1.325) DIA. _] 
r-s.oo (.315) l 

~~076(030( 4 70 ( 185) 05'1(1i20T 

'l= I I 
14 28 ( 562) 

12Tol50oT 0 0 0 0 0 

::~~::;~~:DIA. 

..!J.i.LQllilNSULATOA 
038(015! 

0.48 (.019) DIA 
0.41 (.016) 
8 LEADS 

H PACKAGE HERMETIC 
10-PIN 

(T0-5/100 HEADER 
TALL CAN) 

~DIA. 

r~.76(.030( 
6.48 (.255) 0.51 (.020) 

5.97T235i I 1·14 (.04S) INSULATOR + ~38(.015( 

14.28 (.562) 
12.70 (.500) 

~J 
0.71 (.028) 

Note: 

1.02 (.0401 
0.74 (.029) 

6.10 (.240) 
5.59 (.220) 

j 

H PACKAGE - HERMETIC 
10-PIN 

(T0·5/100 HEADER 
SHORT CAN) 

I PACKAGE - HERMETIC 
(16-PIN) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Slgnetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ.A, ULN 

September 1985 

Note: 

N PACKAGE - PLASTIC 
(8·PIN) 

7.87 (.310) rr7.37 (.290)~1.65 (.065) 
1.39 (.055) 

J_ 

2.79 (.110) 
2.29 (.090) 

1.14 (.045) 
0.64 (.025) 

N PACKAGE - PLASTIC 
(14-PIN) 

3.43(.135)L J 
3.05Ti2oi 10.03 (.395) 

2.16 (.085) 7.62 (.300) 
1.65 (.065) 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 

10-12 



Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µA, ULN 

Note: 

N PACKAGE - PLASTIC 
(18·PIN) 

LEAD NO. 1 

3.43!.13s)1-10.oo1.a9&1 I 
~ 7.62(.300)~ 

0.76 (.030) 
'0.5fT.Ci20) 

N PACKAGE - PLASTIC 
(18·PIN) 

Dimensions shown are metric units (millimeters), except those In parentheses which are English units (inches). 

10-13 September 1985 
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Slgnetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ,A, ULN 

September-1981i 

Note: 

0 

N PACKAGE - PLASTIC 
(20-PIN) 

N PACKAGE - PLASTIC 
(22-PIN) 

LEAD NO. 1 

Of 
8.94 (.352) 
8.45 (.345) 

............... .,..,......,...'TT'TT"T"r.,.,......,....._l 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Signelics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, µ,A, ULN 

Note: 

1.32 (.0521 
tT2T.Oiii 

0.53 f.021) 
i.3iTo'i5i 

N PACKAGE - PLASTIC 
(24-PIN) 

N PACKAGE - PLASTIC 
(28-PIN) 

2.791.1101 
~ 

2.16 (.086) 
1.i5T.Oi5i 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 

10-15 September 1985 
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Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 
SOLDERING 

1. By hand 

Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °c it must not be in contact for more than 10 seconds; if between 
300 oc and 400 oc, for not more than 5 seconds. 

2. By dip or wave 

The maximum permissible temperature of the solder is 260 oc; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis­
sible limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in ( 1) above. 

8-LEAD DUAL IN-LINE; PLASTIC (SOT-97A) 8-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-151A) 

.__8,25max [...._....._ 10,4 max __ 
1 

~t 

top view 

September 1985 10-16 

I 
~---''¥-----' 11 

I 
- :.;f._0,32 11 

i,1 0 23 1,l 

. !~~-f 



Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

8-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-1538) 

-7,S'lmax-1 

- 0,30 
,I 0,20 

I 
-t;i i-[lli]-1 
'I max 1zsnu 

top view 

9-LEAD SINGLE IN-LINE; PLASTIC (SOT-1108) 

-.1,65 -

10 

22max~-

~ top view 

j 

10-17 September 1985 



Signetlcs Linear Products Product Specificatton 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 
~-LEAD SINGLE IN-LINE; PLASTIC POWER (SOT-131A, B) 

9-LEAD SINGLE IN-LINE; PLASTIC (SOT -142) 

l 
6)5 

. J 

J ,,;;l~o.• 

September 1985 10-18 



Signetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

9-LEAD SIL-BENT-TO-DIL; PLASTIC POWER (SOT-1578) 

12-LEAD DUAL IN-LINE; PLASTIC WITH METAL COOLING FIN 
(SOT-150) 

22 max -----•1 

l~~---------~·t------1 
4,7 
m0> 

top view 

10-19 

.-l[•0,4 : _12 

L 
2,7 
2,3 r-

\-~· ~-1- 4,3 

September 1985 

10 



Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES H EF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 
13-LEAD SIL-BENT-TO-OIL; PLASTIC POWER (SOT-1418) 

September 1985 

-----24,4mt1x-----, , ____ ,,, ____ , 

.... l,i .. 0,4 

I-'·'­... 

I - ' -
,,.,,,,,;-~ -l...-i..,3-

14-LEAD DUAL IN-LINE; PLASTIC (SOT-27K,M,T) 

,-----19,5max ----

top view 

10-20 

I I 
-. I 0,32 : 

I II 

~ ~ 
i--rn-----1. ____ 10 __ 

8,3 



Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

14-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-73A,B,C) 

----- 19,94mox -----

l
-B,25max~I 

~ ' ~ 
if-?·32 1i 
1,1 0,23 :,1 

.!_~_!, 
___ 10,0 __ _ 

7,6 

top view 

[ 14-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-838) 

12 10 

top view 

1 Dimensions in mm 

10-21 

-,..._0,30 
: 0.20 

II 
1! 

-.ii--[!.ill~I 
7°max ' 'no,,i.i 

side view 

September 1985 
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Slgnetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 

22 max 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38A) 

top view 

September 1985 10-22 

I 
- 0,32 

I. max 1 
II i 
!_[?;@_j 

9$ 
8,3 1a~o .. 1.a 

I 0,32 

'1:m•• _JI 
-!?@ 

9$-
8,3 7i83501.I 



Slgnettcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 
16-LEAD DUAL IN-LINE; PLASTIC (SOT-38D, DE) 

,-----19,Smaic-----, 

I 
lead1indication!eitherinde11orsign) 

top view 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38Z) 

I 
J1ad 1 indlCGtion (either indeic or sign I 

10-23 

-a,2Smax-

i 
I 0,32 
~ maic ti 
!_[@_J 
_10_ 

8,3 7l901l6 

September 1985 

10 



Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 
16-LEAD DUAL IN-LINE; PLASTIC WITH INTERNAL HEAT SPREADER 

September 1985 

(SOT-38WE-2) 
-----22maM----~ 

I 
- .0,32 

i max 

I 
I 
I 

II 111 

'~~--! 
_e.s ............... 

8,3 7l500411 

16-LEAD QUADRUPLE IN-LINE; PLASTIC (SOT-58) 

10-24 



Slgnetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

16-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-74A,B,C) 

-----19,94mox-----

top view 

I 
~____,,~~I 

- I 0,32 :: 
J i.1 0,23 :,1 L 

.!_~~!, 

16-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-848) 

1,27 (12xl 

-1 -
14 13 12 

top view 

I 
..... r,..._o,3o 

~ 0,20 

;:~~:-~~l 

10-25 

side view 

September 1985 

10 



Signetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 
18-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-858) 

side view 

"' I 
-~~~i-i_i_i_iQ;§.i __ i __ i_i 

top view 

18-LEAD DUAL IN-LINE; PLASTIC (SOT-102A) 

, ______ 23,Smax ------ 1- 8,25 m0> -1 . . 
I , side view 

(4) 
top view 

September 1985 10-26 



Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES H EF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

18-LEAD DUAL IN-LINE; PLASTIC (SOT-102C) 

top view 

18-LEAD DUAL IN-LINE; PLASTIC (SOT-102CS) 

, ______ 22ma11 -----

top view 

10-27 

1-a,2Sma•~1 

-~ ~- ~~~ ij 
' ' 

1--- ~:~~ -:::L 

I I 

I i 
-. 4.._ o,32 II 

~ max ~ 

:----~-~; 

···-~ S,J 1783';!1.I 

side view 

side view 

September 1965 

10 



Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES H EF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

September 1985 

18-LEAD DUAL IN-LINE; PLASTIC (SOT-102G) 

, ______ 2S,4max ------•' 

top view 

18-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-133A,B) 

1,27_ 
max 

23,6max ------, 

--1 
l+r=i=::r;i==n::::,~=r=-=:r;;::::n:::::;~:::;=,:1 ~~~ 

1e 17 16 15 14 13 12 11 10 top view 

10-28 

side view 

', t-CZ!!J-i ' 
1_9.5-uenn.l 

8,3 

-- 8,25 max-

side view 

I ' ~ I 

a ~! 0,32 

.! :.1 0,23 

.L_~~- ' 
-·-- 10,0 ___ 

7,6 



Slgnettcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

20-LEAD DUAL IN-LINE; PLASTIC (SOT-146) 

,------- 27max -------1 

top view 

20-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-1528, C) 

1,27_ 
max 

-------25,4max--------

10-29 

--! 

top view 

•Ide view 

I 
I 
11 
1, 

' 0,23 1.1 

,f~~-i 

side view 

September 1985 
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Slgnetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES H EF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

20-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-1548) 

20 12 11 top view 

10 

22-LEAD DUAL IN-LINE; PLASTIC (SOT-116) 

,~------- """"' --------, 

September 1985 10-30 

c7,57max -1 
side view 

l 0 30 

~ 0:20 

.1i. m----i 
7°mox 1n1H& 

.....--10.9max­

- 9max 

'------'---;--'------' I 

I: 
1, 

I 
1-~-i 1 

j __ 12,4S-

11,17 7t•)lll.I 

side view 



Slgnetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

22-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-1186) 

-! j 28,0max I 
go! I ~ ~o 

=~ ~j~ ma• - . - - . . . . : o~g : !o,1s i21 

o' nnnwnvv~L ..... 
' ' ' ' ' ·~· ' ' ' ' _.ma~l__.l ____ l-1-1-1-1-1-1---l-1 

top view 

22-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-134A) 

--------27,94.max------~ 

top view 

10-31 

I
~ 10,9 ma• _

1 
1
-10,os ma>1 -

1 

0,30 
0,20 

~ii-llill]--i 
7°max 1z1&11&.1 

side view 

side view 

September 1985 
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Slgnetics Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

24-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-86A) 

topYlew 

24-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-94) 

tcp view 

September 1985 10-32 



Signetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

24-LEAD DUAL IN-LINE; PLASTIC (WITH INTERNAL HEAT 
SPREADER) (SOT-101A, B) 

1,7max 

top view 

(4) 

28-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-87A) 

-------36,00max------~ 

tap view 

10-33 

,: ~---+--------' 
,1 

-..t~~; :: 
I~ 1,1 .! ___ ~ ___ ! 

---~- ~~:~~ --·--

side view 

September 1985 
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Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES H EF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

28-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-878) 

-~ ij-&~g ~ 

28-LEAD DUAL IN-LINE; PLASTIC (SOT-117) 

I
- -- __ ,,_,_, ----1·----14.,1 rnax ----

' ' 
1id1 vitw 

I 

: ~----r---~ 
- 11 0,32 I 

1' mo.11 J1 

' L _______ M _____ J ' 
- -·- l~;~i ··---· ···---·-- •mm.• 

September 1985 10-34 



Signetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

28-LEAD DUAL IN-LINE; PLASTIC (SOT-117D) 

top view 

28-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-135A) 
---------l&.1max---------

top Vint 

10-35 

I I 

~ ~ o 3 2 I : 
11 niox 11 

! ~ 
'1----~--~1 
---- l~:~ii----

September 1985 

10 



Slgnettcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

40-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-88) 

I I 
I I 
~· j 

,,._---~~ 

40-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-888) 

-~ ~-g~g ' ij 
i ___ l!mI ---i ....... 

.. 21 26 25 24 23 22 21 top vltw 

September 1985 10-36 



Slgnetlcs Unear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

40-LEAD DUAL IN-LINE; PLASTIC (SOT-129) 
,~----------~:----------~ 

15,lmo•---

mi!M Vl•W 

(4) 

tuoview 

40-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-145) 

52,Smo~ 

tapviww 

10 

10-37 September 1985 



Signetics Linear Products Product Speclflcatlon 

Fockage Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

SOLDERING 

The reflow solder technique 

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem­
perature of this paste is about 220 to 230 oc when a mild flux is used. 

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 µm is used 
for which the emulsion thickness should be about 50 µm. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 
After soldering, the substrate must be cleaned of any remaining flux. 

8-LEAD MINI-PACK; PLASTIC (80-8; SOT-96A) $ Positional accuracy. 

top view 

September 1985 10-38 

@ Maximum Material Condition. 

( 1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(3) Only for devices with 
asymmetrical end-leads. 



Slgnetlcs Linear Products Product Specification 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

8-LEAD MINI-PACK; PLASTIC (VS0-8; SOT-176) 

top view 

14-LEAD MINI-PACK; PLASTIC (S0-14; SOT-108A) 

·----::~~----· 
n-i= 

0.1'-tl-----------,rr---..-----. 
o.& trl'n--n--r"'\-.f"'l--f'l.......,..,_-n-1 

16-LEAD MINI-PACK; PLASTIC (S0-16; SOT-109A) 

10 

Note: 
Dimensions shown are metric units (millimeters), exospt those in parentheses which are English units (Inches). 

10-39 September 1985 



Slgnetlcs Linear Products Product Specification 

Package Outllnes 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

16-LEAD MINI-PACK; PLASTIC (S0-16L; SOT-162A) 

20-LEAD MINI-PACK; PLASTIC ($0-20; SOT-163A) 

Note: 
Dimensions shown are metric units (millimeters), except thoae In parentheses which are English units (Inches). 

September 1985 10-40 



Slgnetics Linear Products Product Speclflcotlon 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

Note: 

24-LEAD MINI-PACK; PLASTIC ($0-24; SOT-137A) 

top vi•w 

28-LEAD MINI-PACK; PLASTIC (S0-28; SOT-136A) 

H;· 
7,6 
7,4 

t ~~~~ 

'-i.l--\,1---ilt-lll:'= • &~ 

l~l~i 

-0,'16mo.M 
--1,~~5, ____ , 

Dimensions shown are metric units (millimeters), except those in parentheses which are English units (Inches). 

10-41 September 1985 

10 



Slgnetlcs Linear Products Product Speclflcatlon 

Package Outlines 

FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, µAA 

September 1985 

40-LEAD MINI-PACK; PLASTIC (VS0-40; SOT-158A) 

top view 

-1s,omax ---

40"LEAD MINI-PACK; PLASTIC (OPPOSITE BENT LEADS) 
(VS0~40; SOT-1588) 

top view 

--- 16,0max ---

10-42 

1--9,0max--

_1 ~'a4x - 7,6 max--
7• 

max ~Q~ 'o.1s 
m'n 

' ' 
_ 1.1 _ 

1,5 

---12,3max~ 



Signetics 

Linear Products 

Sales Offices 
Section 11 

11 





Signetics Linear Products 

Sales Offices 

SIGNETICS NORTH CAROLINA MICHIGAN CANADA 

~hone: (919) 481-0400 
Bloomfield Hills N'\:n Ontario 

Enco Marketing ech-Trek, Lid. 

HEADQUARTERS OHIO Phone: (313) 642-0203 Phone: (613) 564-0049 
Worthington MINNESOTA Pointe Claire, Quebec 

811 East Arques Avenue Phone: (614) 888-7143 Eden Prairie Tech-Trek, Lid. 
P.O. Box 3409 

OREGON High Technolo~ Sales Phone: (514) 697-3385 
Sunnyvale, California 94088-3409 Rexdale Ontario 
Phone: (408) 991-2000 Portland Phone: (612) 9 4-727 4 Tech-trek, Ltd. 

Phone: (503) 297-5592 MISSOURI Phone: (416) 674-1717 
ALABAMA 

PENNSYLVANIA Bridgeton Richmond, B.C. 
Huntsville 

Horsham B. C. Electronic Sales Tech-Trek, Lid. 
Phone: (205) 830-4001 Phone: (314) 291-1101 Phone: (604) 271-3149 

ARIZONA Phone: (215) 443-5500 
NEW JERSEY DISTRIBUTORS Phoenix TENNESSEE 
East Hanover ALABAMA Phone: (602) 265-4444 Greeneville Emtec Sales, Inc. Huntsville 

CALIFORNIA Phone: (615) 639-0251 Phone: (201) 428-0600 Hamilton/Avnet Electronics 
Canoga Park TEXAS NEW MEXICO Phone: (205) 837-7210 

Phone: (818) 340-1431 Austin Albuquer'lue Schweber Electronics 
lnine Phone: (512) 339-9944 Power nterrrises Phone: (205) 882-2200 

Phone: (714) 833-8980 Richardson Phone: (505 298-1918 ARIZONA (213) 588-3281 Phone: (214) 644-3500 
NEW YORK Phoenix 

Los Angeles CANADA Ithaca Schweber Electronics Phone: (213) 670-1101 SIGNETICS CANADA, LTD. Bob Dean, Inc. Phone: (602) 997-4874 
San Diego Etobicoke, Ontario Phone: (607) 257-llll Wyle LEMG Phone: (714) 560-0242 Phone: (416) 626-6676 Melville Phone: (602) 249-2232 
Sunnyvale Ni:n, Ontario Emlec Sales, Inc. Tempe Phone: (408) 991-3737 ignetics Canada, Lid. Phone: (516) 752-1630 Arrow Electronics 
COLORADO Phone: (613) 726-9576 OHIO Phone: (602) 968-4800 
Aurora Cincinnati Hamilton/Avnet Electronics 

Phone: (303) 751-5011 Stegman Blaine Marketing, Inc. Phone: (602) 231-5100 
CONNECTICUT REPRESENTATIVES Phone: (513) 729-1969 CALIFORNIA 
Brookfield ARIZONA Cleveland Calabasas 

Phone: (203) 775-6888 Scottsdale Stegman Blaine Marketing, Inc. Wyle LEMG 
FLORIDA Thom Luke Sales, Inc. Phone: (216) 331-4474 Phone: (818) 880·9000 

Phone: (602) 941-1901 Vandalia Can~ Park Clearwater Stegman Blaine Marketing, Inc. Sc weber Electronics Phone: (813) 796-7086 CALIFORNIA Phone: (513) 832-2488 Phone: (818) 999-4702 Ft. Lauderdale Santa Clara OKLAHOMA Chatsworth Phone: (305) 486-6300 Magna Sales Tulsa Anthem Electronics 
GEORGIA Phone: (408) 727-8753 Jerry Robinson and Associates Phone: (818) 700-1000 
Atlanta San Diego Phone: (918) 665-3562 Arrow Electronics 

Phone: (404) 953-0067 Mesa En~ineerinl OREGON Phone: (818) 701-7500 
ILLINOIS Phone: ( 19) 27 -8021 

Hillsboro Avnet Electronics 
Itasca CONNECTICUT Western Technical Sales Phone: (818) 700-2600 

Hamilton/Avnet Electronics Phone: (312) 250-0050 Brookfield Phone: (503) 640-4621 
Phone: (818) 700-6500 IN DIANA Kanan Associates PENNSYLVANIA 

Phone: (203) 775-0494 Costa Mesa 
Kokomo Horsham Avnet Electronics 

Phone: (317) 453-6462 FLORIDA Delta Technical Sales Inc. Phone: (714) 754-6lll 
KANSAS Po~Mi~i::ach Phone: (215) 443-5503 Hamilton Electro Sales 
Overland Park Pittsburgh Phone: (714) 641-4100 

Phone: (913) 469-4005 
Phone: (305) 971-0900 Covert & Newman Co. Culver City 

ILLINOIS Phone: (412) 531-2002 Hamilton Electro Sales MARYLAND Schaumburg TEXAS Phone: (213) 558-2121 
Glen Burnie Micro-Tex, Inc. Houston Garden Grove Phone: (301) 787-0220 Phone: (312) 885-1131 OM Sales ~le LEMG Computer Products 
MASSACHUSETTS IOWA Phone: (713) 789-4426 one: (714) 891-1717 
Littleton Marion UTAH Gardena 

Schweber Electronics Phone: (617) 486-8411 Rep. Associates Cor~. Salt Lake City Phone: (213) 327-8409 MICHIGAN Phone: (319) 373-01 2 Electrod(ine 
H~d Farmington Hills KANSAS Phone: 801) 486-3801 

rrow Electronics Phone: (313) 476-1610 Kansas City WASHINGTON Phone: (415) 487-4600 
MINNESOTA B. C. Electronic Sales Bellevue Irvine 
Edina Phone: (913) 342·1211 Western Technical Sales Anthem Electronics 

Phone: (612) 835-7455 Wichita Phone: (206) 641-3900 Phone: (714) 768-4444 

11 NEW JERSEY 8. C. Eleclronic Sales Spokane Schweber Electronics 
Parsippany Phone: (316) 722-0104 Western Technical Sales Phone: (714) 863-0200 

Phone: (509) 922-7600 W~le LEMG Phone: (201) 334-4405 MARYLAND 
WISCONSIN P one: (714) 863-1611 NEW YORK Columbia 
Waukesha Ontario Delta Ill Hau~pauge Phone: (301) 730-4700 Micro-Tex, Inc. Hamilton/Avnet Electronics 

P one: (516) 348-7877 Phone: (414) 542-5352 Phone: (714) 989-4602 
Liverpool MASSACHUSETTS 

Phone: (315) 451-5470 Needham Heights 
Wa~~ingers Falls Kanan Associates 

one: (914) 297-4074 Phone: (617) 449-7400 
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Rancho Cordova Hollywood MASSACHUSETTS NEW MEXICO 
Wlle LEMG Schweber Electronics Wilmington Albuquerque 
P one: (916) 638-5282 Phone: (305) 927-0511 Lion ex Cory. Hamilton/Avnet Electronics 

Sacramento Palm Bay Phone: (61 ) 657-5170 Phone: (505) 765-1500 
Hamilton/Avnet Electronics 
Phone (916) 925-2216 Arrow Electronics Schweber Electronics Arrow Electronics 
Schweber Electronics Phone: (305) 725-1480 Phone: (617) 275-5100 Phone (505) 243-4566 
Phone: (916) 929-9732 St. Petersburg Woburn NEW YORK 

San Diego HamiltonlAvnet Electronics Arrow Electronics Buffalo Anthem Electronics Phone: (813) 576-3930 Phone: (617) .933-8130 Summit Distributors Phone: (619) 453-4871 
Winter Park Hamilton/Avnet Electronics Phone: (716) 887-2800 

Arrow Electronics 
Hamilton/Avnet Electronics Phone: (617) 273-7500 East Syracuse Phone (619) 565-4800 

Hamilton/Avnet Electronics Phone: (305) 628-3888 
MICHIGAN 

Hamilton/Avnet Electronics 
Phone: (619) 571-7510 Phone: (315) 437-2641 
Schweber Electronics GEORGIA Ann Arbor Hauppa:'fi, LI. 
Phone: (619) 450-0454 Arrow Electronics Arrow lectronics 

Norcross Phone: (313) 971-8220 Phone: (516) 231-1000 Wyle LEMG Arrow Electronics Phone: (619) 565-9171 Phone: (404) 449-8252 Grand Rapids Hamilton/Avnet Electronics 
San Jose Hamilton/Avnet Electronics Phone: (516) 231-9800 

Anthem Electronics Inc. Hamilton/Avnet Electronics Phone: (616) 243-8805 Lionex Corg. Phone: (408) 946-8000 Phone: (404) 447-7507 Livonia Phone: (51 ) 273-1660 
Schweber Electronics Schweber Electronics Hamilton/Avnet Electronics Liverpool Phone: (408) 946-7171 Phone (404) 449-9170 Phone: (313) 522-4700 Arrow Electronics Santa Clara 
Wyle LEMG Schweber Electronics Phone: (315) 652-1000 
Phone: (408) 727-2500 ILLINOIS Phone: (313) 525-8100 Rochester 

Sunnyvale Elk Grove MINNESOTA 
Arrow Electronics 

Arrow Electronics Schweber Electronics Phone: (716) 427-0300 
Phone: (408) 7 45-6600 Phone: (312) 364-3750 Edina Hamilton/Avnet Electronics 
Hamilton/Avnet Electronics Arrow Electronics Phone: (716) 4 75-9130 
Phone: (408) 7 43-3355 Schaumburg Phone: (612) 830-1800 Schweber Electronics 

Tustin Arrow Electronics Schweber Electronics Phone: (716) 424-2222 Arrow El~.:tronics Phone: (312) 397-3440 Phone: (612) 941-5280 Westbury{, l.I. Phone: (714) 838-5422 
Woodland Hills Bensenville Minnetonka Schwe er Electronics 

Avnet Electronics Hamilton/Avnet Electronics Hamilton/Avnet Electronics Phone: (516) 334-7474 
Phone (818) 700-2600 Phone: (312) 860-7700 Phone: (612) 932-0600 NORTH CAROLINA 

COLORADO IN DIANA MISSOURI Raleigh Aurora 
Earth City Arrow Electronics Arrow Electronics Carmel Phone: (919) 876-3132 Phone (303) 696-1111 Hamilton/Avnet Electronics Hamilton/Avnet Electronics 

En~ewood Phone: (317) 844-9333 Phone: (314) 344-1200 Hamilton/Avnet Electronics 
nthem Electronics Schweber Electronics Phone: (919) 878-0810 

Phone: (303) 790-4500 Indianapolis Phone: (314) 739-0526 Schweber Electronics 
Hamilton/Avnet Electronics Arrow Electronics 

St. Louis Phone: (919) 876-0000 
Phone: (303) 779-9998 Phone: (317) 243-9353 

Arrow Electronics OHIO Schweber Electronics Phone: (314) 567-6888 Beechwood Phone: (303) 799-0258 IOWA 
Thornton Cedar Rapids NEW HAMPSHIRE Schweber Electronics 

Wlle LEMG Hamilton/Avnet Electronics Manchesler 
Phone: (216) 464-2970 

P one: (303) 457-9953 Centerville Phone: (319) 362-4757 Arrow Electronics Arrow Electronics CONNECTICUT Schweber Electronics Phone: (603) 668-6968 (513) 435-5563 
Danburli Phone: (319) 373-1417 Hamilton/Avnet Electronics Cleveland 

Ham1 ton/Avnet Electronics Phone: (603) 624-9400 Hamilton/Avnet Electronics 
Phone: (203) 797-2800 KANSAS Schweber Electronics Phone: (216) 831-3500 
Schweber Electronics Overland Park Phone: (603) 625-2250 D'rlon 
Phone: (203) 748-7080 Hamilton!Avnet Electronics NEW JERSEY amilton/Avnet Electronics 

Phone: (913) 888-8900 Phone: (513) 439-6700 
Meriden Cherry Hill Schweber Electronics Lionex Corp. Schweber Electronics HamiltonJAvnet Electronics Phone: (513) 439-1800 Phone: (203) 237-2282 Phone: (913) 492-2921 Phone: (609) 424-0100 Solon 
Wallingford MARYLAND Fairfield Arrow Electronics 

Arrow Electronics Columbia Arrow Electronics Phone: (216) 248-3990 
Phone: (203) 265-7741 Arrow Electronics Phone: (201) 575-5300 Westerville 

Phone: (301) 995-0003 Hamilton/Avnet Electronics Hamilton/Avnet Electronics 
FLORIDA 

Hamilton/Avnet Electronics Phone: (201) 575-3390 Phone: (614) 882-7004 
Altamonte Springs Phone: (301) 995-3500 Lionex Cor~oration OKLAHOMA 

Schweber Electronics Lionex Corp. Phone: (20 ) 227-7960 
Tulsa Phone: (305) 331-7555 Schweber Electronics 

Deerfield Beach Phone: (301) 964-0040 
Phone: (201) 227-7880 Quality Components 

Arrow Electronics Gaithersburg Phone: (918) 664-8812 
Phone: (305) 429-8200 Schweber Electronics Marlton Schweber Electronics 

Phone: (301) 840-5900 Arrow Electronics Phone: (918) 622-8000 Ft. Lauderdale Phone: (609) 596-8000 
Hamilton/Avnet Electronics 
Phone: (305) 971-2900 
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OREGON UTAH Ville St. Laurent, 'ebec INDIA 

Hillsboro Sah lake City Hamihon/Avnet lectronics Philips India & Elect. Ltd. 
Anthem Electronics Phone: (514) 335-1000 Bombay 

Wyle LEMG 
Phone: (801) 973-8555 Zentronics. Ltd. Phone: 91·22·295144 

Phone: (503) 640-6000 
Arrow Electronics Phone: (514) 735-5361 INDONESIA 

lake Osw:to Phone: (801) 972-0404 Waterloo P.T. Philips-Ralin Electronics 
Anthem lectronics Zentronics. Lid. Jakarta 
Phone: (503) 684-2661 Hamilton/Avnet Electronics Phone: (519) 884-5700 Phone: 716 131 
Hamilton/Avnet Electronics Phone: (801) 972-2800 Vfmnipeg IRELAND 
Phone: (503) 635-8831 Wfule LEMG Zentronics, Lid. Philips Electrical Ltd. 

Tigard P one: (801) 974-9953 Phone:.(204) 775-8661 Dublin 
Arrow Electronics WASHINGTON 

FOR SIGNETICS Phone: 353-1-69-3355 
Phone: (503) 684-1690 Bellevue 

Arrow Electronics PRODUCTS ISRAEL 
PENNSYLVANIA RTec Electronics, Ltd. 
Horsham 

Phone: (206) 643-4800 WORLDWIDE: el Aviv 
Lionex Cor~. 

Hamilton/Avnet Electronics ARGENTINA Phone: 972-3-477115 
Phone: (21 ) 443-5150 Phone: (206) 453-5844 Philips Argentina S.A. 
Schweber Electronics 

Wyle LEMG Buenos Aires ITALY 
Phone: (215) 441-0600 

Phone: (206) 453-8300 Phone: 541-7141 PhiliP.S S.p.A. 
Redmond AUSTRALIA Milano 

Monroeville Anthem Electronics Philips Industries Holdings Lid. Phone: 39-2-6994 
Arrow Electronics Phone: (206) 881-0850 Lane-Cove. N.S.W. Phone: (412) 856-7000 

WISCONSIN Phone: 61-2-427-0888 JAPAN 
Pittsbur~ Signetics Japan, ltd. 

Hamil on/Avnet Electronics Brookfield AUSTRIA Tokyo 
Phone: (412) 281-4150 Schweber Electronics Osterrichische Philips Bauelemente Phone: 813-230-1521 
Schweber Electronics Phone: (414) 784-9020 Wien Osaka 
Phone: (412) 782-1600 New Berlin Phone: 43-222-93-26-2 Phone: 816-304-6171 

Hamilton/Avnet Electronics BELGIUM TEXAS Phone: (414) 784-4510 N. V. Philips & MBLE KOREA 
Addison Oak Creek Bruxelles Philips Elect. Korea Ltd. 

Quality Components Arrow Electronics Phone: 32-02-242-7400 Seoul 
Phone: (214) 733-4300 Phone: (414) 764-6600 BRAZIL Phone: 794-4202 

Austin 
CANADA lbrape 

MALAYSIA Arrow Electronics 
Brampton, Ontario Sao Paulo 

Philips Malaysia Sdn. Berhad Phone: (512) 835-4180 Phone: 55-011-211-2600 
Hamilton/Avnet Electronics Zentronics. Lid. 

CHILE 
Kuala Lumpur 

Phone: (512) 837 -8911 Phone: (416) 451-9600 Phone: 77 44 11 
Burnab1, Vancouver Philips Chilena S.A. 

Quality Components Hamilton/Avnet Electronics Santiago MEXICO Phone: (512) 835-0220 Phone: (604) 272-4242 Phone: 56-2-39-4001 Electronica S.A. de C.V. 
Wyle LEMG Ca\fary, Alberta COLOMBIA Mexico D.F. 
Phone: (512) 834-9957 am11ton/Avnet Electronics Sadape S.A. Phone: 52-721-61300 
Schweber Electronics Phone: (403) 230-3586 Bogota D.E. 

NETHERLANDS Phone: (512) 458-8253 Zentronics. Lid. Phone: 600 600 
Carrolton Phone: (403) 272-1021 DENMARK Philips Nederland B.V. 

Arrow Electronics Downsview, Ontario Miniwall A/S Eindhoven 
Phone: (214) 380-6464 Arrow/Cesco Kobenhavn N.V. Phone: 31-40-79-3333 

Dallas Phone: (416) 661-0220 Phone: 45-01-69-1622 NEW ZEALAND Mississauga, Ontario Schweber Electronics Hamilton/Avnet Electronics FINLAND Philips Electrical Ind. Ltd. 
Phone: (214) 661-5010 Phone: ~16) 677-7432 Oy Philips Ab Auckland 

Houston Montreal, uebec Helsinki Phone: 64-9-605914 
Arrow Electronics Arrow/Cesco Phone: 358-1-7271 
Phone: (713) 530-4700 Phone: (514) 735-5511 FRANCE NORWAY 
Hamilton/Avnet Electronics Zentronics. Lid. R.T.C. la Radiotechnique-Compelec Norsk A/S Philips 
Phone: (713) 780-1771 Phone: (514) 735-5361 Paris Oslo 
Schweber Electronics Nexean, Ontario Phone: 33.1.338.8000 Phone: 47-2-680200 
Phone: (713) 784-3600 rrow/Cesco GERMANY PERU 
Wfule LEMG Phone: (613) 226-6903 Valvo Cadesa 
P one: (713) 879-9953 Hamilton/Avnet Electronics Hamburf Lima Phone: (613) 226-1700 Irving Zentronics. Ltd. Phone: 9-40-3296-19 Phone: 326070 
Hamilton/Avnet Electronics Phone: (613) 226-8840 GREECE 

PHILIPPINES Phone: (214) 659-41Jl Quebec, guebec Philire s.A. Hellenique 
Richardson Arrow/ esco At ens Philips Industrial Dev., Inc. 

Wyle LEMG Phone: (418) 687-4231 Phone: 9215lll Makati-Rizal 
Phone: (214) 235-9953 Richmond, B.C. HONGKONG Phone: 868951 

S~r land Zentronics. Ltd. Philips Hong Kong, Ltd. PORTUGAL 
uality Components Phone: (604) 273-5575 Kwai Chun~ Philips Portuguesa SARL 

11 Phone: (713) 240-2255 Phone: 85 -0-245121 Lisboa 
Phone: 351-19-68-3121 
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SINGAPORE 
Philips Project Dev. Pie., Ltd. 

Singapore 
Phone: 65·253-8811 

SOUTH AFRICA 
E.D.A.C. (PTn Ltd. 

Johannesburg 
Phone: 27-11-614-2362 

SPAIN 
Miniwatt S.A. 

Barcelona 
Phone: 301 63 12 

SWEDEN 
A.B. Elcoma 

Stockholm 
Phone: 46·08-67-9780 

SWITZERLAND 
Philips A.G. 

Zurich 
Phone: 41-01-988-2211 

September 1985 

TAIWAN 
PhHips Taiwan, Ltd. 

Taipei 
Phone: 886-2-563-1717 

THAILAND 
PhHips Electrical Co. 
of ThaHand Ltd. 

Bangkok 
Phone: 233-6330-9 

TURKEY 
Turk Philips 
Ticarel A.S. 

Istanbul 
Phone: 43 59 10 

UNITED KINGDOM 
Mullard, Ltd. 

London 
Phone: 44-01-580-6633 

UNITED STATES 
Silflelics International Corp. 

Sunnyvale. California 
Phone: (408) 739-7700 

URUGUAY 
Luzilectron S.A. 

Montevideo 
Phone: 91 43 21 

VENEZUELA 
Industrias Venezolanas 
Philips S.A. 

Caracas 
Phone: 58-2-36-0511 
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Linear Products 

ADC0801/2/3/4/5 ................................................................................................................ . 
AM6012 ......................•..............•........................................................................................ 
CA3089 ............................................................................................................................. . 
DACOB Series •.•.•...•••.•.•.•.•.•...••.•.•.••.•.•.••••.•.•.•..•.•.•....••.•.•.•••.•...•.•..•.•.•......•...•.•...••.•.....•..•.•.•. 
DACBOO ............................................................................................................................. . 
HEF4752V .......................................................................................................................... . 
LF198/298/398 ................................................................................................................... . 
LM111 /211 /311 ................................................................................................................... . 
LM119/219/319 ................................................................................................................... . 
LM124/224/324/SA534 ......................................................................................................... . 
LM139/A/239/ A/339/A ......................................................................................................... . 
LM158/258/358 ................................................................................................................... . 
LM1870 ..............................•....•.............•............................................................................ 
LM193/A/293/A/393/A ......................................................................................................... . 
LM2901 .................................................................•............................................................ 
LM2903 ............................................................................................................................. . 
MAB84XX Famlly ................................................................................................................ . 
MC/SA1458/MC1558 ............................................................................................................ . 
MC1488 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
MC1489/MC1489A ............................................................................................................... . 
MC1496 ......................................•....................................................................................... 
MC1508-B/1408-B/1408-7 ...................................................................................................... . 
MC3302 ...................•.......................................................................................................... 
MC3303/3403/3503 .............................................................................................................. . 
MC3410/3510/3410C ............•.............................................................................................•.• 
MEABOOO ........................................................................................................................... . 
NE5020 ............................................................................................................................. . 
NE5034 ..........................................................................................................•................... 
NE5036 ............................................................................................................................. . 
NE5036 ............................................................................................................................. . 
NE5037 .............................................................•................................................................ 
NE5044 ...........................................................................................................•.................. 
NE5045 ........................................................................................................•..................... 
NE5060 ............................................................................................................................. . 
NE5061 ............................................................................................................................. . 
NE5090 ............................................................................................................................. . 
NE5150 •••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
NE5170 ............................................................................................................................ .. 
NE5180/NE5181 .................................................................................................................. . 
NE5205 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
NE542 .............................•................................•...............................•................................. 
NE544 ..........................................•............•........•......................•..............•......................... 
NE5517/A .............•............................................................................................................. 
NE5520 ............................................................................................................................. . 
NE5533/A/SA/SE/NE5534/A ....................................................•.•..................•........................ 
NE5562 ...............................•.............................................................................................. 
NE5568 ............................................................................................................................ .. 
NE570 .............................................................................................................................. .. 
NE587 ............................................................................................................................... . 
NE589 .............................................................................................................................. .. 
NE590 .............................................................................................................................. .. 
NE591 .............................................................................................................................. .. 
NE645/646 ........................................................................................................................ .. 
NE648/649 ......................................................................................................................... . 
NE650 ............................................................................................................................... . 
NE660 ......................•......................................................................................................... 
NE670 .............................................................................................................................. .. 

VOL I 
4-5 

4-30 
5-81 
4-40 

4-217 
4-105 
4-107 

6-5 
4-112 

8-9 
5-15 

4-117 
4-112 
4-117 

6-13 
4-140 
4-143 
5-96 
4-50 

4-112 
6-18 
4-56 

5-159 
4-73 
4-11 
4-17 
4-17 
4-23 
7-3 
7-9 

5-99 
5-103 
4-145 

5-19 
7-14 

6-106 
4-212 
6-59 
7-42 
7-46 
5-3 

4-150 
4-158 
4-168 
4-168 
5-26 
5-30 
5-34 
5-38 

VOL II 

4-21 
7-3 

5-267 

4-74 
4-77 

5-270 
4-37 

4-79 
4-45 
4-84 
4-88 
6-76 

4-91 
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OM200/S2 .•.••.•.••••••.••..••.•.•.•.•.•.•••.•..•...•.••••••••••.....•.••••••.••.•.•.•......•.•.....•....••.••...•..••••••••••..••• 
OM8000 •..•.•....•.•.•....•.•.•....•.•••••••.•.••.••••••.••.•.•.•........•.••.•.•......•.•.•.•••••••...•.•.•...•.•.•.•.•....•..•.•••. 
OM8001 •....•.•.••••.•.••..•••.••••••••.•.•...••••.••.•..•.••.....•.•.••.•.•......•.•..••..•••.•••••••..••.•.••••••...•..•.••.•.•••.. 
OM8010/8011 ••••.•.•...••••••••.•.•••.•.....•.••...••..•...••.•.•..••..•.•.•..•.•.••••.•••.•.......•••.••.•••.•.•.••...•.•..•..••. 
PCD3310 •••••••.•.•..••••••••••...•.•.•.•••...•..•....•...••.•.••••...•.••.•.•••..•••.....•..•....••••••..•...•...•.••.....•..•..•.. 
PCD3311/12 .•..•.•••.•..•.•.•...•..•....••.•.•.•••.•••••••..•.•.•...•..••••.•.•.•....•.•.••..•.•.•.•...•.•....•....•......••...••.• 
PCD3315 ••.•.•..•.•••.•..•.•.•.••••..••.•••.•••.•.••••..•.•....•.•...•..•.•......•..•.......•.•.•••.......•....•.•.•.••••.•..•.••••. 
PCD3343 •••••••••.•.•••••••••..•••...•...•...•.......•..•.••••••••••.•••••.•••••••••••••••••.......•••.•.••........•..•....•...•...• 
PCD3360/61 ...•.•••.•..•.•.•.••.•.•...•.•••••.•...••••••.•...•.•.•.•..•••.•.•.••••..••..•.•.•.•.•...•...•••.•....••.•.•....•.....•• 
PCD8571 •...•.•.••.•.•.••.•.•.••••••••••••...•••••••••.•.•...•..•.•.•.••.••.....•.•.•........•.....•.•....••.•...•••.••••••••.•..••. 
PCE2100 ............................................................................................................................ . 
PCE2110 ............................................................................................................................ . 
PCE2111 ............................................................................................................................ . 
PCF1251 ••.•....•.•..••.•..•.•.•.•..•••••••••••......••••••••.••.•.•.•...•••••••••.•..•.....•.....•.•.•...•••.•....•..•...••••••..••. 
PCF1303T ••.•..•••..........•.•.•..•.............•.•...•.•...•..••.•••••.•......•..•.••....•••••.•...•....••.••••••...•..•.•....••.. 
PCF2100 ............................................................................................................................ . 
PCF2110 ............................................................................................................................ . 
PCF2111 ............................................................................................................................ . 
PCF2112 ............................................................................................................................ . 
PCF8200 •.•••••••••.•.••••••••••••••••..•.•...•••••.•.....•...•..••..•••..•...•..•...•....•...•.••••..•...•.•.•.•••••••.•.•.••.•••••• 
PCF8570/70A ••••••••••..•••.•••..•.....•...•...•.•..•..•••••••••••••••••.•.•..•.••.•••••••••••.•.••••••••••••••••......•.•..•.••.. 
PCF8573 ..•..•.•.••......•..•.•..•.••.....•..•.•..•....•..•.•.•.•.........•.•.•.•........................•..................•........ 
PCF8574 •••••••.•••.•••••••.•••••••.••.•.•.•.•••.••..•.•....•.•.•.••.•.•..•.•.•.•......•...•...•.•••.....•.•..••.•.•••.••••••..•.•••• 
PCF8576 •......•.••••••••••.•.••.•.•.•.•.•.•••.•.•...•.•.•..•••.•••••••••.....•.•.•.••.•••••••••••••...•...•••.•••••..••....•.•.•••.. 
PCF8577 •...••...•.•.••••.•.•.••.•.•.•.•.•••••.•.•.•.•••.•.••••••••••.••.•.••.•.•.••••••••••••.•.•.•.•.••.•••••••••••....•......••... 
PCF8591 .•..•.•.••••.•.•....•.••.•••••••••••.•..••.•••••••••••..•.•...•..•••••••••••.••..•...•.•.•.••••••••..•....•....•.•.•.••.•.•.• 
PM4300/4337 ••••.•.•.••..••.•••••••••••••••••.••••••••••.•.•.••...•...•••.•••••••.•........•...•.•••..••.•.•..•.•..•.....•..•..•.. 
PNA7507 •••••••.•••••••••••••••••••••.•.•...••••••••...•••...•.•••..•.•..•...•..•...•........•.•.•...•....••.•..•.•..••..•.•.••.••.• 
PNA7518 .•..•.•..••••••••.•••••••.•••.•.•.•.•.•............•.•......•.•........•....•.....•..•.•...........•.•..•.•......•.•....••.. 
SA/NE571 .......................................................................................................................... . 
SA/NE572 .......................................................................................................................... . 
SA/NE594 .......................................................................................................................... . 
SA/NE602 •.••.•.•.••••••.•••.••.•.•.•.•.•.•.•.•.••..•.•.•..•.•.•....•.•.•..•.•.••.....•.•.•..••..••.••..•.•..•.••.•.••••••.•..•.•••• 
SA/NE604 ..•••.••.•...•..•.•.•..•.•.•••••.•••.•.•...•.•.•.••.•.•..••••••••...•.••.....•.•.•••••••••.......••••..••••••••.•.•..•••••• 
SA/SE/NE532 ..................................................................................................................... . 
SA/SE/NE556/-1/-1C ........................................................................................................... . 
SA/SE/NE558 ..................................................................................................................... . 
SAA1027 ............................................................................................................................ . 
SAA1043 ••..•••.••.•••••••••••••••••••••••••.•••••••••••••••••••.•••.....•••••••••••••••..........•.•••••........•....•.•.•....•..•• 
SAA1044 .•..•.•.••••••.••••••.•.•..•.•.•.•.•.•••••••••.•.••.•.•.•..•.•.••••••••.••••.•............•..•.•...•...•.•.•..•.•.•..•.•...• 
SAA1057 ••.••••.••.•...•.•.••.•.•..•...•.•••••.•.•.•.•.•.••.•.•.•.•••..•••....•.•.•..•.....•...••••....••...•.•..•.••.••••••••.•...• 
SAA1060 ........................................................................................................................... . 
SAA1061 ••••••••.••.•.•••••••••••••••••••••••...•••••••••••••••••••••••.•....•.••••••••••••.••...•••••••.•••••.••.•..•••.•....•••••• 
SAA1062A •••••••••.•••.•..••..•....•.•••.•.•••.•••.••..•.••.•.•....•.•.•..•.•.••.•.•.•...••.•...••..•...•.•.•....••.••...•.••....•. 
SAA1063 ••••••••••..•••.••••••.••••.•••••••••.•.•.••••••••••.•.•....••••.•.•.••••.•.•.....•••••••••..•...•.•.••..••••••.•••.•••...•• 
SAA1099 •.••••••.•••••••••••••••.•••••••••..••••••••••••••••.•••••.••••.•••••••••••••••••.••.•.•.•.••••••••••••..•.•.••...•...••.•.• 
SAA1300 •.•..•.•.••••••••.•••..••••.•.•.••••.••••.•.•••.•.••.•.•.•..•.•.••••••.••.•.•••..•.•.•.•.•.•••••.•.•...•.•.•..•.•.•...••...• 
SAA3004 ••••••••••..•••••.•••.••.••.•••.•••••.•.•.•.•.•.••••.•.•....•.•..•...•..•.•.••...•.•..•••••..•.•..•....•.•.•..••••••••.•...• 
SAA3006 •••••••••••••••••.•••••••••••••••••••.•.••..•••••.••••••••••••••.•.•.•..•.•.••••.••••••.•••.••.••.•.•.•••••••••••••....•..•• 
SAA3028 ..••••..••••••.••••••.•••..•.•.•.•.•.••••••••••••••••.••.•.•.••.•••.•••••••••••••.••.•....••••••••••••....••.••...•..•••.••. 
SAA5025D .••••.•..••.••••.•.•••••••••••••••••.•..•.•••••••••••••••••••••..•.•.••.•.••••••••••••••...•.•.•.••••••••••••••••••.....•• 
SAA5030 ••.••••.••••••••••••••••••.•.•.•.•.•••••••••••••••••••.••••.•••.••••••••••••••••••••.•.•.•..•••••••••.••.•••..•••.•..•••••.• 
SAA5040 ••.•••••••.•.•.•...••.••••.•.•.•••.•.•.••.••.•..•.••...•....•••.•••••••.•.•.•....•.•.•...•••••.•..••..••.......••.•..•.••••• 
SAA5045 ••••••••••.•...•.•.••.••••.•••.•••••••.••.••.•..••••.•.•.•.••.•..•.•.•..•.•..•...•.••..••.•.......•...••....•.•..•.•••.•••.. 
SAA5050/55 •.•.•.••••••.•••••••••••••.•.•.••••••••••••••••••••••••.•.••.•..•.•.••••.••••••••.•.•.•.•.••..•.•.•.••••••••••.•..•.•••• 
SAA5070 •••••••.••.•.•.•.••.•..•••..•••••••••••••••••.•••..•.•.••...•.•••••••••.•..•.•.•....•.•.•.••••••••••••..•.•..•...•..•.••.••• 
SAA5230 ••••••••••.•.•.•..•.••.•.••.•••••.•••.•.••..••••.••..••••.•.•..•.••.•.•.••.•.•..•.....•.•••.•...•.••.•..•.•..••..••.•.....•• 
SAA5240 •..•.•.••.••••••••••••••••.•.•.•.•.•.••••••••••••••.•..•.•.•.••..•••••.••.••••••••.•.....••.••••••••••••.••••...•..•.••••••• 
SAA5350 ••.•.••••.•.•.••••.••••.•..•.•.•.•.•.•.••.•..•..•.••••.•...•..•.••.•.•..•.•.••...•.•.••••.•.....•.•.•.•...•.•....•.•.••.•••. 
SAA7000 •••••••••••.••••.•.•••••••••••••••••••.••.•..•.•••••••••••••••••.......••.•..•...••••••••••.•...•.•.•.•.•.•••••..•••..•..••. 
SAA7010 ••.••••.••••••••••••••••••••••••••.•••.••••••••••••••••••••.••••••..•.••••••••.••••••.•.•.•.•..•••••.•••••••••••••••..•..••• 
SAA7020 ••.••••.•••••••••••••.••••.•.•.•.•.••••••••.••..•..•.•.••.•....••.•.•••.••...•..•.•.•.....••.•••..••.••...•..•.•....•.••.••• 
SAA7030 ••.•••••••.•.•••.••••.••••.•.•.•.•.•....•.•......•.•.•.••.••.•.•.••.•....•.•....•.•.••.•..•.••....••.•....••..•...•.•.•....• 
SAB1164 ........................................................................................................................... . 
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VOL I 

4-176 
4-184 
4-193 

4-176 
4-184 
4-93 

4-201 

5-208 

5-3 
5-9 

4-172 
5-22 
5-24 
6-9 

5-190 
5-195 
7-19 

5-226 
5-236 

5-255 

VOL II 
6-3 

5-283 
5-283 
5-284 
5-302 
5-304 
5-321 
5-323 
5-363 
8-17 

4-70 
4-99 

5-280 
8-5 

5-597 
8-28 

4-101 
4-133 
4-10 

5-377 
4-12 
4-58 

5-3 
5-5 

8-217 
8-233 
5-81 

4-149 
4-154 
4-159 
4-165 
5-668 
8-40 

5-209 
5-219 
5-232 
5-433 
5-450 
5-460 
5-479 
5-486 
5-503 
5-532 
5-541 
5-567 
5-625 
5-635 
5-647 
5-660 
8-43 
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Section 12 Full Linear Product Line and Forthcoming New Products 

SAB1165 ....•....•..•...••..•...••.••...••.•.•.•••..••.•.•.••••.•••.•.•.•••.•••.•.•.••••••••..•.•.•..•••.••.•••.•••..••••••.•••.•••. 
SAB1256 .•.•••••••.••.•.•••••.•.••....•..•...•...••..•••.•..••..••..•...••..•••.•.•.•..••..••.•.•.•••.••.•••..••.•.•..••.•••.••.•••• 
SAB3013 ••••••••••.•.•••••.•.•••.•....•..••......••...•..•...•...•...•...•..••..•...•...........•...•..•...•..•...••...•.•.•.••...•. 
SAB3035 •.••..••...•..••.•••...•...............•...•.....................•...........•...•...•......••.............•...••..••.•...•• 
SAB3036 ••.•...•..••...•...•...•...•...•.......•...••..•..•....•...•..•...•......•••.•...•...•...•......••.......•......•..•.•.••..• 
SAB3037 ........................................................................................................................... . 
SAF1032P .......................................................................................................................... . 
SAF1039P .......................................................................................................................... . 
SAF3019P •••••.•.••••••..••.•••.••••.•.••.•.•••••••••••.••...•.•.•.•.•••.•.•.•••.•.•...••••••••.•.••••.•••..•••.•••..•••••.••••••.•• 
SE/NE4558 ........................................................................................................................ . 
SE/NE5018 •••••.•••..••.••...••..•..••...•.......•...•..•.......•..•.......•......•...............••..•...•..••..••...•...•........ 
SE/NE5019 •..•....•..••....•......•.......•...........•......•......•.......•...••............•.•..•..•...•...•...•..••...•.......• 
SE/NE5030 ••..•.•..•.......••...•.••...•..•.•.•...••..•••••..••..••..•••.••..•.•••..•.•.....•...•......•...••..•...•..........••..• 
SE/NE5118 ........................................................................................................................ . 
SE/NE5119 ........................................................................................................................ . 
SE/NE521 .......................................................................................................................... . 
SE/NE522 .......................................................................................................................... . 
SE/NE527 .......................................................................................................................... . 
SE/NE529 .......................................................................................................................... . 
SE/NE530 .......................................................................................................................... . 
SE/NE531 .......................................................................................................................... . 
SE/NE538 ........................................................................................................................ . 
SE/NE5410 ........................................................................................................................ . 
SE/NE5512 ........................................................................................................................ . 
SE/NE5514 ........................................................................................................................ . 
SE/NE5521 •.•••••••.•••••.•.•.•••.•••••••••••.•.•.•••.•••••••.••..••..••..•..••.•.•.•...•...•......••..••.••..•..•••••..•••.•...••. 
SE/NE5532/ A ..................................................................................................................... . 
SE/NE5535 ........................................................................................................................ . 
SE/NE5537 ........................................................................................................................ . 
SE/NE5539 ........................................................................................................................ . 
SE/NE555/SE555C .............................................................................................................. . 
SE/NE5560 ........................................................................................................................ . 
SE/NE5561 ........................................................................................................................ . 
SE/NE5592 ........................................................................................................................ . 
SE/NE564 .......................................................................................................................... . 
SE/NE565 .......................................................................................................................... . 
SE/NE566 .......................................................................................................................... . 
SE/NE567 .......................................................................................................................... . 
SE/NE592 .......................................................................................................................... . 
SE556-1C ........................................................................................................................... . 
SG1526A/2526A/3526A ........................................................................................................ . 
SG3524 ............................................................................................................................. . 
TBA120U .••••••..••.••..•••.•.....•.•.........................•••••••.••..••..•...••.•••••..•...•..•••.••..••.•••..•.•••..••.••.•••. 
TCA520B,D ......................................................................................................................... . 
TDA0820T ••.•••••••••••••••••••.••••.•.••..••..••.•...•..•...•.•.•..•..•••.••.•••.•••.••••••••••.•••••.•••••••••••.••••.•.•.••.•••.. 
TDA1001B,BT .•..•.••••..•..•••.••.•••••.••••.•••••••••••••...•..•.......•...•.....•...•..••..••..••..•.•••.•••.•.•.••••••.••••••.• 
TDA1010A •.•••.••..•..••.•...••..•..••..••.•••.••••••••••.•.•.•.••••.•••.•••.•.•••••••..••...•..•..•••.•.•••..•.•.••.•..••..•••.•.. 
TDA1013A ........................................................................................................................ .. 
TDA1015 ........................................................................................................................... . 
TDA1020 ••••••...•...•................•........•••.•••.••.•••.•••.••..••.••..•..••..••.••.•••.•.•..•••••.•••••••.•••••••••.••••..••. 
TDA1023 •••••••••••••••••••.•.••••••••.•••..•..•..•...••••..••..•••••.•••••••••.•••.•••.••.••••..••••••..•..••..••.••..••...•.•.•..• 
TDA1024 .......................................................................................................................... .. 
TDA1029 ........................................................................................................................... . 
TDA1072A ••••.••••.•••.•.••••.•••.••.••..••.•••.••.••••.•.••.••••••.••••.••••••••.•.•.•.•••.••..•..••..•...••.•..••..••.••..••.••.• 
TDA1074A .•••.••.••.••..•••••••••••••••••••••••••.••..•..••..•.••...•..••.••..•...•..••..•••••.••••.•••••.•••••••••••..•.••••.••..• 
TDA1506 .••••••••••.••..•..••..••..•••••.••.•••••••••••••••••.••••••..•••.••••.•.•...•••.••.••..•..••.•••.••.•••..••.•••••••••.•••.• 
TDA1510 ........................................................................................................................... . 
TDA1512 •••.•...•..••.•.••••.•••.••.•••.•••••••••••.••••.••••.•.•.•...•..••.••...•..••.•...••..••.••.••••••••.••.••••••.•.••••.•••.• 
TDA1515 ••••••••.••••...•••••••••..••..•.••.•••..••••••..••••••.••••.••••.••.•••.•.•.•...•.•.••.•••..•.••.•••.••.••..••.••••••.•••.• 
TDA1520A ••.•••.••••.••••••••••••••••••••.••.••......••.•..••..••...•.•••••..••.•.•.•.•••••••••.••••••••••.•...••..•...•••••••.••.• 
TDA1522 ••••••.•••.•...•••••.••.•••.•••.••••••••••••••.•..••..••..•...•..•..........•..•...••..•••••.••••••••.••••••••••.•••••.••..• 
TDA1524A •••••.•••.•...••..••..•.••..•..••..••.•••.••••.••••••.•.••..••••••.•...•.•.•...•.....••...•.••..•••••.•.•••••••••••••••••• 
TDA1534 ••••••.••••••.•••••••.•.•••.••••••.••..•..•...•..•..••..••..••.•••.••.•.•.•••.•...••.•••..•.•.•.••..•......•.••..••.•••••••• 
TDA1535 ........................................................................................................................... . 

12-3 

VOL I VOL II 

8-3 
8-19 
8-35 

5-107 
5-107 
5-198 
6-22 
4-63 
4-68 

4-81 
4-85 

4-122 
4-126 
4-130 
4-134 
6-26 
6-31 
6-38 
4-89 
6-44 
6-46 

6-48 
6-65 

4-221 
6-118 
5-185 
7-25 
7-38 

6-125 
5-134 
5-141 
5-146 
5-149 
6-130 

7-48 
7-52 

6-73 

6-90 

7-62 
7-75 

5-42 

6-94 
6-100 
5-51 
5-60 

8-43 
8-48 
4-51 
8-54 
8-70 
8-86 

5-240 
5-240 
5-615 

4-27 
4-32 
4-5 

4-171 

8-148 

5-91 
5-135 

6-8 
6-20 
6-24 
6-34 
7-32 
7-45 
5-11 
5-94 
5-24 
7-6 

6-39 
6-45 
6-51 
6-57 
5-33 

5-42 12 4-19 
4-176 

September 1985 
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TDA1540P, D ••••.••••••.•.••••.•••••.•••••.•••••••••••••.•.•.•.•....•.•..•.•.•..•.•..•.•.•...••..•.••.•..••••.•.••.•.••••••••••••• 
TDA1559 .••••••..•••••.•••••••••••.•.••••.•..•.•.••..•.•••.•..•••...•••...•••...•••••.•••••••••••••••••••••••••••••••••••••••••••••• 
TDA1571 ••....••••.•.•.••...••...•.•••..••••..•••••.•••••..•••••.••••••.••••••••••••••••••.••••••••••••••••••••••••••••••••.•••••••• 
TDA1574 •••..•••••.••••••.•.••.•.••••..•••••.••••••••••••••••••.•••••••••••••••••••.••••••.•••••.•••••.•••••.•.•••••.••••.•.•••••••• 
TDA1576 ••.•••••••••••••••••••••••••••••••••••••••.•••••••••••••••••...•••••.••••••.•••••.••••..•.••..•.••••..•••••..••••••••••••••• 
TDA1576A •••••..••••••.••••••••••.•.••.•...••.••..•.•...•••...•••..•.••.•.•.•.••••••..•.•••...•••.•.••••.•••••..•••••.•.••••••••••• 
TDA1596 .•....•.••.•.•...•..•.•..•...•.•.•...•..•••..••••.••.•••.•.••••.•.••••.•.••••.•••••••••••••••••••••••••••••••••••••••••••••• 
TDA2501 •••...•••..••••••.•.••.•.•••••.•.•••.••••••..•••••••••••.••••••••••••••••••••.•..•.•.•.•...•.••.•.••.••••.••...•.••••••••••• 
TDA2540 .•••••..••••••.••••••.••••••.••••••.•••..••••.•.•••..•.•••••.•.••.••.•.•.•.••••.•••.•.•••••.•..••.•.•••••••.•••.••••.•.••••• 
TDA2541 .••...•..•••.•.••••.•.••••.•.•.•.•..••...•••.•..•..•.•.•.•..•.•.•.••••.•.••••.•..•••.••••••.•••••.••••••••••••.••••••••••••• 
TDA2545A .•.••••..•.•.•.•..•••.••.••...••••..•••••.•••••.•.••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
TDA2546A ....••••.•.••••.••••.•.•••••••••••.••••••••••••••••••••••••.•••••••••••••••••••••••••••.•••••.•••••••••••••••••••.••••••.• 
TDA2555 ••.•.••••..•••••.••••••.•••••.••••••.••••••••••••••••••.••••••••••••.••••••••••••••••••••••••••••••••••••••••.•••••••••••.•• 
TDA2577A ..•••••••••••••••••••••••••••••••.••••••.••••.••••••.•••••..••••••.•••••..•••.•.•••••.•.•••.•.••••..•••••.••••••.••••••••• 
TDA2576A ••••..••••••.••••.•.•••.•..•.•••..•.•.••.••.•.•••..•..••••.•.••.•..•...•.••••.•.•.•.•.•.•.•..••.•.•.••.•..•.••••••...••..• 
TDA2579 ••...•••••.•.•••....••...•.•••.•••••.•.•••••.••••..•••••.••••••.••••••.•••••.•••••••••••••••••••••••••••••••••••••••••••••.• 
TDA2593 ••.•.••••....•••.•.••••.•••••...•••••••••••.•••••.•••••••••••••••••••.••••••.••••••••••••.•••••••••••••••••••••••••••••••••• 
TDA2594 ••.•.•••••••••••..••••.•••••••.•••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.• 
TDA2595 •••••••••••••••••••••.•••••.••••.•..•••..•.••.•.•••••••.••••.•.••••..•••.•.••••.•.•••••.•.•••••••••••.•••••.•.•••••••••••.•• 
TDA2611A •••••..••••••.•.•.•..•.•...•.•.•...•.•.•.•.•..•..•.•.•....•.•.•.••.•.•.•.•..•...•..•..•••...•••.••..•••••.•••..•.•.•.••••• 
TDA2653A ••.••.••...•.•...•....•..•.•.•.•.•.....••.•..••.•..•••.•.•.••••.••••...•••.••.•••..••••••..•••..••.••.•.••••..••••.••••••• 
TDA3047 .•..•.••••.•.•••..•.••.•.•.•••.•.•••.•.•.•••.•••••.•.•••....•••.•.••••.•.••••.••••••••••••.••••••.•••••.••••••..•••••••••••• 
TDA3048 .••••••.••••••.••••••.••••.•.•••.•.••••..•.••...••••.•.•••••.•.••••..•••.•..•••.•.••••..•.•••.•.•••••.•••••••••••••••••••.•• 
TDA3505 .••.•.•...•••••.•••.•.••.•.•.•.•...•.•.•..••.•.•.••..•......•.•••..•••.••.•.•.••.•.•.•.•••.•.•.•••••.•.•••••••••.•••..•••••• 
TDA3540/41 ....................................................................................................................... . 
TDA3562A •.••.••..•••••..••••.•.•••••.•••••.•••••••••••••••••••.••••••.••••••..••••••••••••••••••.•••••.••••••.••••••.••••••••••••• 
TDA3563 ••••••••••••••••••••••.•••.•••••••••••••••.•••••••••••••••••••.•••••••••••••••••••.•••••••••••••.••••••..••••••••••••••••••• 
TDA3564 .••••..•.••••.••••••••••.....•.•...•••.•...•••.•.•••....•...•.••••...••••.•.••••.•.••••..•••••••••••••.•••••.••••••.•••••••• 
TDA3568 .•.•..•.••••...•..•.•..•.•.•.••.....•.•.•.•.•••...•.•.•.•.••.•.•....•••••..•••..•..•..•.•••••.•••••••..••••.•.••••••••••..•• 
TDA3651A/AQ .................................................................................................................... . 
TDA3651A/AQ/3653 ••••••.•••...•••••.•.•••••..••••••.•••••..•••.•.••••••..•••••.••••••••••••••••••••••••••••••••••••••••••••••• 
TDA3652 •.•....•.••.•.•.••.•.••.•...•••.....••..•.•••.•..••.•...••••.•.•••..••••...••••••..••••.•••••••••••••..••••••.••••••••••..•• 
TDA3654 ••.•.••••......•...••.•.•..........••...••.•....•..•...•.•.•....•.•....•.•..•.•.•..•.•.•.•••....••••.•.••.••••••••.••••••••• 
TDA3806 ••••••••.•••••••.••••••.•••••.•••••.•.••••..••••..•.••••.•.••••••.•••..•.•••..•••••..•.••.•.•.•••.••.••.•.••••...•••.••••••• 
TDA3807 .••••••.•••••.•••••.•.••••••.•••••••••••••.•••••••••••••.••••••.•••••..••••••.••••••••••••.•••••.••••••..••••••••••••••••••• 
TDA3810 •..•.•.........•.•.••.•.•...•••....••...•••.....••••.•.•••.••.••••.•.••••...••••••.•••••••••••..••••••.•••••••••••.••••••••• 
TDA4501 .••••.•..••••••.•••.•.••••.•.•••••.•••••••••••••.•.••••.•.•••••..••••.••••••..•••••.•.•••...••••.•..••••.••••••••••••••••••• 
TDA4502 ...•.••.•......•....•.•....•...•.•.•••.•.•••...•.•••.•..•...•.••••.•.••••.•.••••.•.•••••.•••••••••••••.•••••.••••••.•••••••• 
TDA4503 •••.•.••••.•.••••....•......•......•.•..•....••.....•.•.•..•.•.•....•••.•..•••..•.•.....•••.•.•.•••••.•••.•.••••.•.•••••..•• 
TDA4555/56 ••••.•••••••••••••..••••••.•••••.•••••.•.•.•••.••.•••....•••.•..•••.•..•.•.••..••.•.•...•.••••..•.••••.••••.••••.•.•.••• 
TDA4560 .••••..•.••••.•.••••.••••••.•••••••.•••••.•••••••.•.•••••..••••••.•••..•.•••.••.••••.•.•••••.••••.•••••.•.••••.•.••••••••••• 
TDA4580 ••.•.•••••.••••••.•.••.•...••..•..•••...••••.••..••.•.•.•.••...••...••••••.••••••.•••••.•••••••••••••••••••••••••••••••••••• 
TDA5030 ..••••.•.••••••.•••••••.•••••.•••••.•.••••....•••.••..••.•.•..•.•.••.•.•....•.•.••••.•.•.•.•.•...•.•.••.••.•.••••.•••.•.•••• 
TDA7000 ..•.•.••....•.•.••.•.•....•..••.•.•.•...•.•.•.•..••••....••••.•.••••.•.••••.•.••••••.•••••.•••••.••••••••••••••••••••••••••• 
TDA7010T ....••••.•..•••.•.••••.•.•••..•.•.•.•.•.•.•...•.•.•....•...•.••.•...••••.•.••••...••••.•••••••••••••.•••••••••••••••••••.•• 
TDA7020T .•••..•.••••.•.••••.•••••••••••••••.•••••...•••••.•.•••.•.••••.••.••••.•.•••..•.••••.••.•..•..•••.•••••••.••••••••••••••••• 
TDA7050T •.•.•••••.•.••.•••.•.••.•.•.•.•.•.•••.•..••••.•.••••.•.•••••••••••••••••••••••••••.•••••.•••••••••••••.••••••.••••••••••••• 
TDD1742T .••••••••••••••.•.••••..•.•••.•.•••.•.•.•.•.•.•.•.••.•.•.•..•••...•••••••.•••..•.•••••••••••••.•••••••••••••••••••.•••••••• 
TEA1010,T •••••..••••.•••••••••••••••..•••••....•••.•.•.•.•.•.••.•.•..•.•.••.•.•....•.••.•••••.•.•••••.•••••••.••••••••••••••••••••• 
TEA1012 ••.•..•.••.•.•....•.••••.•.•...•.•.••••.•.•••.•..••••...•••••••.••••••.•••••••••••.•••••••..••••.•.•••••.•.••••.•••••.•••••• 
TEA1042 ..•.•..•.••.•.•••••••••••.•.•••••••.••••••.•••••••.••••••..•••...•.••.•.••••.•..•••.....•••.•.•.••••.•.••••••••..•.••••••••• 
TEA1046 •••.•.••••..•.•.••...••...•.•••••.•.•••.•••••..•••••••.••••••••..••••.••••••.•.••••••••••.•.•••••.••.••.•.•.•••.•••••.•••••• 
TEA1058,T •••••••••.••••.•.••••.•..•••.•.•.•.•.•.•.•.•.•.••.•.•.•..•.••••••..•••.•.••••••••••••••••••••••••••••••••••••••••••••••••• 
TEA 1060/61 .••.•••••.••••••..•••••....•••••..••••.•.•••••.••••••..•.•.•..•.•••.•.••••.••••••.•.•••••••.•••••.•••••••••••••••••••••• 
TEA1067 .•.••.•.••.•.••••••.••••.•.•.•...•.••••.•.•••••..••••..••••••••.•••••••.••••••.•••.••.•••.•.•.•••.•••••••.•.••••••.•••.••••• 
TEA1075 •••••••••••••••..•••••••.•.••.•.•••.•.•..•.•...•.•.••.•.•.•..••••...••••••.••••••.•••••••••••••••••••••••••••••••••••••••••• 
TEA1080 ..•••..•.••.•.•••••..•••••••••••••••••••••...•••••.••••••.••••.•.•.••.•.••.•.•..•.••.•.•••••••.••••••••••••••••••••••••••••• 
TEA2000 •.••••••••.•••••.•.••••.•••••..•.•••.•.•...•...•.••.•..•.•.•....•.••.•••....••••.••••••.•••••••••••••••.•••••••••••••••••••• 
TEA5550 •.••.••.••..••.•••.•..••••••.•••••.••••••..•.••••••.•••..••••••••.••••.•.••••.••.•.••.•••••••.••••••..•••••••••••••••••••••• 
TEA5560 ••.••.••••.••••.•.•..•.•.•.•..........•...•...•.••••.•.••••.•.••••.•••••••••••••••••••••••••••••.•.•••••.•.•.••••••••.•••••• 
TEA5570 .••••.•..••••••.•.••••.••••••..•••••..•.•.•.•.•.•.••.•.••.•.•.••••.••••.•••••••••.••••••••••••••.•••••..•••••••.•.•••••••••• 
TEA5580 ..•.••.•..•.•.••.•.•.••••••..•••••..••••••.•••••••.••••.••.••••••.••••.•..•.•.••.••••.•.•••••••••••••••••••••••••••••••••••• 
TEA6000 •••.•••••.•.•.•..•.•.••.•.•.•.•.••....••.•.•...•.••••.•••••••.•••••••••••••.••••••.••••••...•.••••..•••••.•.••••••.••••••••• 

uAA2183 •·•••·•·••••·•····••••••·•·••······•·····••·•·•···•····•·•··•·•··•··•••·••·••••••·••••••••••••••••••••··•••••••·•••••••••••• 

September 1985 12-4 

VOLi 
4-98 

8-51 
8-59 

8-67 

8-72 
8-86 

8-100 
8-107 
8-114 

8-123 
5-121 
5-127 

8-131 

8-141 

8-149 

5-71 

8-154 

8-165 

5-86 
5-91 

5-172 

VOL II 
4-63 
7-17 

5-144 
5-148 
5-156 
5-53 

5-167 
8-240 
8-105 
8-114 
8-153 
8-154 
8-159 
8-163 
8-177 
8-191 
8-194 
8-201 
8-208 
6-63 

8-309 
5-254 
5-260 
8-245 

8-253 
8-289 
8-279 
8-288 

8-317 
8-325 
8-330 
5-67 
5-69 
5-71 

8-122 
8-135 
8-137 
8-289 
8-297 
8-304 
8-102 
5-189 
5-174 
5-179 
8-72 

8-103 
7-59 
7-24 

5-378 
5-391 
7-84 

5-404 
·5-418 
5-420 
5-431 
8-307 
5-110 
5-185 
5-122 
5-77 

5-197 
5-683 



Slgnetlcs Linear Products 

Section 12 Full Linear Product Line and Forthcoming New Products 

µA723/C/SA723C ............................................................................................................... .. 
µA733/C ........................................................................................................................... .. 
µA741/741C/SA741C .......................................................................................................... .. 
µA747/747C/SA747C ........................................................................................................... . 
µA758 .............................................................................................................................. .. 
ULN2003 ........................................................................................................................... . 
ULN2004 ........................................................................................................................... . 
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AN109 .............................................................................................................................. .. 
AN110 •••••••••.••.•••••••.•••••••••••.••••••••.•••••••••.••••••••••.••.•••••••••••••••••••••••••••••••••••.•••••••••.•••••••••.••••.• 
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AN118 ............................................................................................................................... . 
AN119 ••••••••••.••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••••.••••••••••••••••.••.••••••.•.•••••••••••• 
AN120 ............................................................................................................................... . 
AN121 ............................................................................................................................... . 
AN122 ............................................................................................................................... . 
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AN124 ............................................................................................................................... . 
AN125 ••••••••••••••••.•••••••••••••••••••••••••.•.••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••.••••••••••••••.• 
AN126 ............................................................................................................................... . 
AN127 ••••••••••••••••.•••••••.••••••.••••••••••••••••••.••••••.••••••••••.•••••••.•••••••••••••••••••••••••••••••••••••••••••••••••.• 
AN128 •••••.•••••••••••••••••••••••••••••••••.••••••••••••••.••.••••.••••••.•••••••••••••••••••••••••••.•••••.•••••••.•••••.••.•.•••.• 
AN129 •••••.•••••.••.••.•••••••••••••••••••.••••••••••••••••••••••••••••.••••••••••••••••••••••.••••••••••••••.•••.••.•••••••••..•..•• 
AN130 •••••••••••••••••••.•••••••••••.•••..•..•...•...•..•.......••..•...•••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••.• 
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AN135 ••••••••••••••••••••.•.•.••••••.•••••••••.••••••••••.••••••.•••.••••••••••.•••.•.•••.•••••••••••••••••••••••••.••••••••••••••••. 
AN136 ••••••••••••••••••••••.••••••••••••••••••••••••.•••••••••.••••.•••••••••.••••••••••..••.••.•••••••••••••••••••••••••••••.••••••. 
AN137 ••••••••••••••••.•••.....••..•...•....•.•..........••••••••.••••••••••••••••.•••..••.•••••.•..••••••••••••••••••••.•••.••.•••... 
AN140 .............................................................................................................................. .. 
AN141 .............................................................................................................................. .. 
AN142 ............................................................................................................................... . 
AN143 ............................................................................................................................... . 
AN144 ............................................................................................................................... . 
AN145 ............................................................................................................................... . 
AN146 •••••••..•..................•..........•..•••••••••.•••.•••••••••.•••••••••••••••.•••••••••••••.•••••••••••••••••.••.•.••••.•••• 
AN148 ••••.••.•••.•••••..••••.•.•••.••••.•••••••••••••••.••••••.•••.•••.•••••.•••.•.•.•.••••••••••••••••••••••••••••••••••.•.••••.•.•. 
AN149 •••••••••••••••.••.•••••••••••••••••••••••••••••••••••••.•.•••••••••••••.•••••••••••••••••.•••••••••••••••••••••••••.••••••••••• 
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AN151 ............................................................................................................................... . 
AN152 ••••••••••••.••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••.••••.••••••••••••••••••••••••••••••••••••••••••••••••• 
AN153 •••••••••••••••••••••••••.••••••••••.••••••••••••.••••••.•.••••••••••••••.••••.••••••••••••••••••••••••••••••••••••••••••••••.•. 
AN154 •••...•••••....•......•.....••••••••••.••••••••••••.•••••••••••••••••••••.••••.••••••••••••••••••••••••••••••••••••••••••••••••. 
AN155 ••••••••••••••••••••••••••••••••••••.••••••••••••.••••••••••••••••.•••••.••••••.•••••••••••••••••••••••••••••••.••••••.••••••••. 
AN156 •••••.•••••••••••••••••••••••••••••••.•••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••. 
AN157 ••••••••••••••••••.•••••••••••.•••••••••••••••••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AN158 •••••••••••••••••••••••.•••••••••••••••••••••••••••••••.••••••••••••••••.•••••••••••••••••••••••••••••••••••••••.••••••••••••••• 
AN159 •••••••••••••••••••••••••••••••••••••••••••.••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••• 
AN160 ............................................................................................................................... . 
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AN162 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••.••••••••••••••••••••••••••••••••••••••••••••••••••.• 
AN163 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AN164 ............................................................................................................................... . 
AN165 ............................................................................................................................... . 
AN166 ............................................................................................................................... . 
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VOL I VOL II 
7-57 

6-137 
6-79 
6-84 
5-77 

4-208 
4-208 

9-3 
9-6 

9-15 
9-16 
9-17 

9-3 
9-24 
9-30 
9-33 
9-41 

9-147 
9-237 
9-242 
9-243 
9-245 
9-249 

9-174 
9-250 

9-184 
9-189 
9-197 
9-213 

9-252 
9-254 
9-256 
9-261 

9-219 
9-233 
9-244 

9-231 
9-226 
9-192 
9-200 
9-208 
9-21 

9-163 
9-167 
9-170 

9-203 
9-204 

9-127 
9-136 
9-141 
9-254 
9-267 
9-280 
9-284 
9-289 

9-205 
9-295 
9-300 
9-35 

9-217 
9-181 
9-186 

9-60 
9-57 
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Section 12 Full Linear Product Line and Forthcoming New Products 
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Forthcoming New Products by Product Group 
Amplifiers 

NE5260 Voltage Controlled Amplifier 
NE5212 Fiber Optic Preamplifier 

Communications 
NE568 
NE575 
NE5050 
MC3361 

150MHz Phase Locked Loop 
Low Voltage Compandor 
Power Line Modem 
FM l.C. Processor 

Interface/Data Conversion 
ADC0820 8-Bit High Speed CMOS AID Converter 
NE5060 12-Bit Accuracy Sample and Hold Amplifier 
NE5082 Ethernet Transceiver for Local Area Network 
NE5105 12-Bit Accuracy Comparator 

Power Conversion and Control 
SG1524C/2524C/3524C SMPS 
SG1525/2525/3525 SMPS 
SG1527/2527/3527 SMPS 
SE/NE5563 SMPS - Improved NE5560 
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VOL I VOL II 
9-74 

9-112 
9-114 

9-156 
9-165 
9-166 
9-79 
9-84 

9-100 
9-105 
9-110 
9-112 
9-121 
9-125 
9-128 
9-129 
9-132 
9-137 
9-140 
9-145 
9-148 

9-84 
9-96 

9-118 
9-173 

9-85 
9-73 
9-10 
9-14 
9-24 

9-305 
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