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Services,mnc.

Signetics reserves the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in
order to improve design and/or performance. Signetics assumes no responsibility or
liability for the use of any of these products, conveys no license or title under any
patent, copyright, or mask work right to these products, and makes no representa-
tions or warranties that these products are free from patent, copyright, or mask work
right infringement, unless otherwise specified. Applications that are described herein
for any of these products are for illustrative purposes only. Signetics makes no
representation or warranty that such applications will be suitable for the specified use
without further testing or modification.

LIFE SUPPORT APPLICATIONS

Signetics Products are not designed for use in life support appliances, devices, or
systems where malfunction of a Signetics Product can reasonably be expected to
result in a personal injury. Signetics customers using or seliing Signetics' Products
for use in such applications do so at their own risk and agree to fully indemnify
Signetics for any damages resulting from such improper use or sale.

Signetics registers eligible circuits under
the Semiconductor Chip Protection Act.

® Copyright 1988 Signetics Company
a division of North American Philips Corporation

All rights reserved.
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Linear Products

The Linear Division, one of four
Signetics product divisions, is a major
supplier of a broad line of linear integrat-
ed circuits ranging from high perfor-
mance application specific designs to
many of the more popular industry stan-
dard devices.

A fifth Signetics division, the Military
Division, provides military-grade integrat-
ed circuits, including Linear. Please con-
sult the Signetics Military data book for
information on such devices.

Employing Signetics’ high quality pro-
cessing and screening standards, the
Linear Division is dedicated to providing
high-quality linear products to our cus-
tomers worldwide.

The three 1989 Linear Data and Applica-
tions Manuals provide extensive techni-
cal data and application information for a
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Preface

broad range of products serving the
needs of a wide variety of markets.

Volume 1— Communications:
Contains data and application informa-
tion concerning our radio and audio
circuits, compandors, phase-locked
loops, compact disk circuits, and ICs for
RF communication, fiber optic communi-
cation, telephony and modem applica-
tions.

Volume 2 — Industrial:

Contains data and application informa-
tion concerning our data conversion
products (analog-to-digital and digital-to-
analog), sample-and-hold circuits, com-
parators, driver/receiver ICs, amplifiers,
position measurement devices, power
conversion and control ICs and music/
speech synthesizers.

Volume 3 — Video:
Contains data and application informa-
tion concerning our video products. This

includes tuning, video IF and audio IF
circuits, sync processors/generators,
color decoders and encoders, video pro-
cessing ICs, vertical deflection circuits,
and power supply controllers for video
applications.

Each volume contains extensive pro-
duct-specific application information. In
addition there are selector guides and
product-specific symbols and definitions
to facilitate the selection and under-
standing of Linear products. A functional
Table of Contents for each of the three
volumes and a complete product and
application note listing is also included.

Although every effort has been made to
ensure the accuracy of information in
these manuals, Signetics assumes no
liability for inadvertent errors.

Your suggestions for improvement in
future editions are welcome.
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DEFINITIONS

Data Sheet
Identification

Product Status

Definition

Objective Specification

Formative or In Design

This data sheet contains the design target or goal
specifications for product development. Specifications may
change in any manner without notice.

Preliminary Specification

Preproduction Product

This data sheet contains preliminary data and Y
data will be published at a later date. Signetics reserves the
right to make changes at any time without notice in order to
improve design and supply the best possible product.

Product Specification

Full Production

This data sheet contains Final Specifications. Signetics
reserves the right to make changes at any time without
notice in order to improve design and supply the best
possible product.
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Section 4 — Tuning Systems
TUNER CONTROL PERIPHERALS

PCF8570 256 X 8 StAtC RAM .....uiiiitiiiiii ettt e et a e 4-3
PCF8571 1K Serial RAM......... 4-11
PCF8573 Clock/Calendar With Serial 1/0.. 4-19

PCF8574 8-Bit Remote I/0 Expander ...

PCF8582A 12C CMOS EEPROM (256 X 8)

TUNING CIRCUITS

SAB3035 FLL Tuning and Control Circuit (Eight D/A CONVErers)...........occviiiiiiiiiiiiiiiiiiii s 4-44
AN157 Microcomputer Peripheral IC Tunes and Controls @ TV Set (SAB3035) ........cccovviiiiiiiiiininiiieiireiiannns 4-55

SAB3036 FLL Tuning and Control Circuit . 459

SAB3037 FLL Tuning and Control Circuit (Four D/A CONVEMEIS) ..........c.viiuiiuniiiniiiiiiieiiiie et e eeieeaneennes 4-69

TUNER IC (MONOLITHIC)

TDA5030A VHF Mixer-Oscillator Circuit (VHF TUNET 1C) ........oiuiiiiiiiiiitiiiiii e e 4-80

Section 5 — Remote Control Systems
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TDA3048 IR Preamplifier 5-46
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TDA4502 Small-Signal Subsystem IC for Color TV With Video SWitch ..............ccoviiiiiiiiiiiiiiniii 6-13

TDA4503 Small-Signal Subsystem for MonOChrome TV ........c.iiiiiiiiiiiiiiiii e e ean s 6-15

TDA4505, A, B Small-Signal Subsystem 1C fOr COlOr TV ......uiuitieiiiii ittt e e e s e e ranaaes 6-24

Section 7 — Video IF

TDA8340

TDA8341 Television IF Amplifier and DemMOGUIATON .........iuuieiiiete ettt e e et e e e et e e tn e e eeneanen 7-3

Section 8 — Sound IF and Special Audio Decoding

TDA2545A Quasi-Split SOUNA IF SYStEM .......ccuuiiiiiiiiiii e 8-3

TDA2546A Quasi-Split Sound IF and SouNd DeMOTUIALON .. .......cuueuiiiitiii ittt e e et e raeaaas 8-6

Section 9 — Sync Processing and Generation

TDA2577A Sync Circuit With Vertical Oscillator and Driver (With Negative Horizontal Output)...... PPN 9-3

TDA2578A Sync Circuit With Vertical Oscillator and Driver (With Negative Horizontal Output).. . 914
AN162 A Versatile High-Resolution Monochrome Data and Graphics Display Unit....... . 925
AN1621 TDA2578A and TDA3651 PCB Layout Directives .............cc.ceovvunenns . 930

TDA2579 Synchronization Circuit (With Horizontal Output).. . 931

TDA2593 Horizontal Combination..................cc.occeues .94

TDA2594 Horizontal Combination.. 9-46

TDA2595 Horizontal Combination . 951
AN158 Features of the TDA2595 Synchronization ProCESSOr...........ciuuiiuiiiiiniiiiiiiiii e 9-57

Section 10 — Color Decoding and Encoding
AN155/A Multi-Standard Color Decoder With Picture Improvement .................ooviiiiiiiiiinii 10-3

TDA3505 Chroma Control Circuit

TDA3566 PAL/NTSC Decoder With RGB Inputs

TDA3567 NTSC COlOr DECOTEN ...ttt e et ettt s e et e e ea st e as e e s eanans

TDAA4555/56 Multistandard Color DECOTET .........vuiiniiiiiii ettt et et e e et et e eaeans
AN1551 Single-Chip Multi-Standard Color Decoder TDA4555/4556 .
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TDA4570 NTSC Color Difference DECOUET .........ccuiiiiiiniiiiiiiii ittt e e e et et e aaeeaas

TDA4580 Video Control Combination Circuit With Automatic Cut-off Control .

TDA8442 QuUAd DAC With 12C INTEIMACE ......eeoveeieeieeieeeeteeeeteee et eesie et e et e et eeete et e e et e e eteeeeaeeeeeseeeaeeenseans

TDA8443/8443A RGB/YUV SWItCN....eeiiiiii ettt ettt et e st e e e st e e e e et et et tea e eaas
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ADCO0803/4/5
ADC0820
AM26LS30

AM26LS31
AM26LS32/33
AM6012
AU2901
AU2902
AU2903
AU2904
CA3089
DAC-08 Series
HEF4750V
HEF4751V
ICM7555
LF198
LF298
LF398
LM111
LM119
LM124
LM139/A
LM158
LM193/A
LM211
LM219
LM224
LM239/A
LM258
LM293/A
LM311
LM319
LM324
LM339/A
LM358
LM393/A
LM2901
LM2902
LM2903
LM2904
MC1408-7
MC1408-8
MC1458
MC1488
MC1489/A
MC1496
MC1508-8
MC1558
MC3302
MC3303
MC3361
MC3403
MC3410
MC3410C
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Alphanumeric
Product List

Vol 1

8-Bit CMOS A/D Converter

8-Bit CMOS A/D Converter

Dual Differential RS-422 Party Line Quad Single-Ended RS-423 5-4
Line Driver

Quad High-Speed Differential Line Driver 5-12
Quad High-Speed Differential Line Receivers 5-18
12-Bit Multiplying D/A Converter

Quad Voltage Comparator

Low Power Quad Operational Amplifier

Low Power Dual Voltage Comparator

Low Power Dual Operational Amplifier

FM IF System 4-99
8-Bit High-Speed Multiplying D/A Converter

Frequency Synthesizer 4-163
Universal Divider 4-173
CMOS Timer

Sample-and-Hold Amplifier

Sample-and-Hold Amplifier

Sample-and-Hold Amplifier

Voltage Comparator

Dual Voltage Comparator

Low Power Quad Operational Amplifier

Quad Voltage Comparator

Low Power Dual Operational Amplifier

Low Power Dual Voltage Comparator

Voltage Comparator

Dual Voltage Comparator

Low Power Quad Operational Amplifier

Quad Voltage Comparator

Low Power Dual Operational Amplifier

Low Power Dual Voltage Comparator

Voltage Comparator

Dual Voltage Comparator

Low Power Quad Operational Amplifier

Quad Voltage Comparator

Low Power Dual Operational Amplifier

Low Power Dual Voltage Comparator

Quad Voltage Comparator

Low Power Quad Operational Amplifier

Low Power Dual Voltage Comparator

Low Power Dual Operational Amplifiers

8-Bit Multiplying D/A Converter

8-Bit Multiplying D/A Converter

General Purpose Operational Amplifier

Quad Line Driver 5-22
Quad Line Receivers 5-26
Balanced Modulator/Demodulator 4-57
8-Bit Multiplying D/A Converter

General Purpose Operational Amplifier

Quad Voltage Comparator

Quad Low Power Operational Amplifier

Low Power FM IF 4-105
Quad Low Power Operational Amplifier

10-Bit High-Speed Multiplying D/A Converter

10-Bit High-Speed Multiplying D/A Converter

1-6

Vol 2

5-11
5-24

5-99
5-229
4-29
5-234
4-35

5-90

7-3
5-306
5-306
5-306
5-239
5-242

4-40
5-248
4141
5.255
5.239
5-242

4-40
5-248
4141
5-255
5.239
5.242

4-40
5.248
4141
5.255

5-123
4-47
5-248
4-53

4-53
5-129
5-129
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Alphanumeric Product List

Vol 1 Vol 2 Vol 3
MC3503 Quad Low Power Operational Amplifier 4-53
MC3510 10-Bit High-Speed Multiplying D/A Converter 5-129
NE/SE521 High-Speed Dual Differential Comparator/Sense Amp 5-274
NE/SE522 High-Speed Dual Differential Comparator/Sense Amp 5-279
NE/SE527 Voltage Comparator 5-285
NE/SE529 Voltage Comparator 5-290
NE/SE530 High Slew Rate Operational Amplifier 4-66
NE/SE531 High Slew Rate Operational Amplifier 4-73
NE/SA532 Low Power Dual Operational Amplifier 4-141
NE/SE538 High Slew Rate Operational Amplifier 4-81
NE542 Dual Low-Noise Preamplifier 7-131
NE544 Servo Amplifier 8-33
NE/SE555 Timer 7-48
NE/SA/SE556/1 Dual Timer 7-33
NE/SA/SE558 Quad Timer 7-39
NE/SE564 Phase-Locked Loop 4-243
NE/SE565 Phase-Locked Loop 4-277
NE/SE566 Function Generator 4-290
NE/SE567 Tone Decoder/Phase-Locked Loop 4-299
NE568 150MHz Phase-Locked Loop 4-319 11-3
NES570 Compandor 4-341
NE/SA571 Compandor 4-341
NE/SA572 Programmable Analog Compandor 4-348
NE575 Low Voltage Compandor 4-357
NE587 LED Decoder/Driver 6-53
NES589 LED Decoder/Driver 6-63
NES590 Addressable Peripheral Drivers 6-34
NE591 Addressable Peripheral Drivers 6-34
NE/SE592 Video Amplifier 4-44 4-244 11-93
NE/SA594 Vacuum Fluorescent Display Driver 6-78
NE602 Low Power VHF Mixer/Oscillator 4-66
NE/SA604A High-Performance Low-Power FM IF System 4-114
NE605 Low Power FM IF System 4-137
NE612 Low Power VHF Mixer/Oscillator 4-83
NE/SA614A Low Power FM IF System 4-141 4-214
NE/SA615 High-Performance Low Power Mixer FM IF System 4-151
NE645 Dolby Noise Reduction Circuit 7-182
NE646 Dolby Noise Reduction Circuit 7-182
NE648 Low Voltage Dolby Noise Reduction Circuit 7-187
NE649 Low Voltage Dolby Noise Reduction Circuit 7-187
NE650 Dolby B-Type Noise Reduction Circuit 7-192
NE/SE4558 Dual General Purpose Operational Amplifier 4-61
NE/SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-137
NE/SE5019 8-Bit Microprocessor-Compatible D/A Converter 5-143
NE5020 10-Bit Microprocessor-Compatible D/A Converter 5-149
NE5034 8-Bit High-Speed A/D Converter 5-37
NE5036 6-Bit A/D Converter (Serial Output) 5-44
NE5037 6-Bit A/D Converter (Parallel Outputs) 5-51
NE5044 Programmable Seven-Channel RC Encoder 8-4
NE5045 Seven-Channel RC Decoder 8-15
NE5050 Power Line Modem 5-44
NES5060 Sample-and-Hold Circuit 5-311
NE5080 High-Speed FSK Modem Transmitter 5-78
NE5081 High-Speed FSK Modem Receiver 5-82
NES5090 Addressable Relay Driver 6-28
NE/SA/SE5105/A 12-Bit High-Speed Comparator 5-261
NE/SE5118 8-Bit Microprocessor-Compatible D/A Converter 5-157
NE/SE5119 8-Bit Microprocessor-Compatible D/A Converter 5-157
NE5150 RGB Video D/A Converter 5-169 11-19
NE5151 RGB Video D/A Converter 5-169 11-19
NE5152 RGB Video D/A Converter 5-169 11-19
NE5170 Octal Line Driver 5-32 6-14
NE5180 Octal Line Receiver 5-39 6-21
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Alphanumeric Product List

NE5181
NE5204
NE/SA/SE5205
NE5210
NE/SA5211
NE/SA5212
NE/SA5214
NE/SA5217
NE/SA5230
NE5240
NE/SE5410
NE/SE5512
NE/SE5514
NES517/A
NE5520
NE/SE5521
NE/SE5532/A
NES5533/A
NES534A
NE/SE5535
NE/SE5537
NE/SE5539
NE/SE5560
NE/SE5561
NE/SA/SE5562
NE5568
NE/SA/SE5570
NE5592
NES5900
omMs8210
PCD3310
PCD3311
PCD3312
PCD3315
PCD3341
PCD3343
PCD3360
PCD4415
PCF2100
PCF2111
PCF2112
PCF8200
PCF8566
PCF8570
PCF8571
PCF8573
PCF8574
PCF8576
PCF8577
PCF8582A
PCF8583
PCF8591
PNA7509
SA532
SA534
SA556/1
SA558
SA571
SA572
SA594
SAB04A
SA614A
SA615
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Octal Line Receiver

Wideband High Frequency Amplifier
Wideband High Frequency Amplifier
Transimpedance Amplifier (280MHz)
Transimpedance Amplifier (180MHz)
Transimpedance Amplifier (140MHz)
Postamplifier with Link Status Indicator

Fiber Optic Postamplifier with Link Status Indicator
Low Voltage Operational Amplifier

Dolby Digital Audio Decoder

10-Bit High-Speed Multiplying D/A Converter
Dual High Performance Operational Amplifier
Quad High Performance Operational Amplifier
Dual Operational Transconductance Ampiifier
LVDT Signal Conditioner

LVDT Signal Conditioner
Internally-Compensated Dual Low-Noise Operational Amp
Single and Dual Low-Noise Operational Amp
Single and Dual Low-Noise Operational Amp
Dual High Slew Rate Op Amp
Sample-and-Hold Ampilifier

Ultra High Frequency Operational Amplifier
Switched-Mode Power Supply Control Circuit
Switched-Mode Power Supply Control Circuit
SMPS Control Circuit, Single Output
Switched-Mode Power Supply Controller
Three-Phase Brushless DC Motor Driver
Video Amplifier

Call Progress Decoder

Speech Encoding and Editing System

Pulse and DTMF Dialer With Redial
DTMF/Modem/Musical Tone Generator
DTMF/Modem/Musical Tone Generator
CMOS Redial and Repertory Dialer

CMOS Repertory Telephone Set Controller
CMOS Microcontroller for Telephone Sets
Programmable Multi-Tone Telephone Ringer
Pulse and DTMF Dialer with Redial

LCD Duplex Driver

LCD Duplex Driver

LCD Driver

Single-Chip CMOS Male/Female Speech Synthesizer
Universal LCD Driver for Low Multiplex Rates
256 X 8 Static RAM

1K Serial RAM

Clock/Calendar With Serial 1/0

8-Bit Remote 1/0 Expandor

Universal LCD Driver for Low Multiplex Rates
32/64 Segment LCD Driver for Automotive
I2C CMOS EPROM (256 X 8)

256 X 8-Bit Static RAM with Alarm Clock/Calendar
8-Bit A/D and D/A Converter

7-Bit A/D Converter

Low Power Dual Operational Amplifier

Low Power Quad Operational Amplifier

Dual Timer

Quad Timer

Compandor

Programmable Analog Compandor

Vacuum Fluorescent Display Driver

4-114

4-141

High-Performance Low Power Mixer FM IF System

1-8

Vol 1

5-39
4-3
4-13
5-97
5-111
5-125
5-139
5-146

7-178

4-24

4-40

8-3
6-10
6-25
6-25
6-37
6-45
6-55
6-82
6-90

8-6

7-23

4-341
4-348

4-191
4-214
4-151

Vol 2

6-21
4-170
4-180
4-279
4-293
4-307
4-321
4-328
4-122

5-196
4-88
4-94

4-263

5-324

5-354

4-100

4-106

4-106

4-148

5-316

4-224
8-73

8-102

8-113

8-145
8-44

4-238

9-3

6-83
6-90
6-95

6-100
9-30
9-38
9-46
9-57

6-120

6-141
9-65

5-59
5-72
4-100
4-40
7-33
7-39

6-78

Vol 3

11-52
11-62

11-73

11-87

43
411
4-19
4-30

4-38
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Alphanumeric Product List

Vol 1 Vol 2 Vol 3
SA723C Precision Voltage Regulator 8-235
SA741C General Purpose Operational Amplifier 4-157
SA747C Dual Operational Ampilifier 4-163
SA1458 General Purpose Operational Amplifier 4-47
SA5205 Wide-band High Frequency Amplifier 4-13 4-180 11-62
SA5211 Transimpedance Amplifier 5-111 4-293
SA5212 Transimpedance Amplifier 5-125 4-307
SA5214 Transimpedance Amplifier 5-139 4-321
SA5217 Transimpedance Amplifier 5-146 4-328
SA5230 Low Voltage Operational Amplifier 4-122
SA5534A Single and Dual Low-Noise Operational Amp 4-106
SA5562 SMPS Control Circuit, Single Output 8-113
SA5570 Three-Phase Brushless DC Motor Driver 8-44
SAA1057 PLL Radio Tuning Circuit 4-182
SAA1064 4-Digit LED Driver with 12C Bus Interface 6-153
SAA1099 Stereo Sound Generator for Sound Effects and Music 8-16
SAA3004 IR Transmitter (448 Commands) 5-3
SAA3006 IR Transmitter (2K Commands, Low Voltage) 5-19
SAA3027 IR Transmitter 5-28
SAA3028 IR Remote Control Transcoder With 12C 5-37
SAA7210 Compact Disk Decoder : 7-284
SAA7220 Digital Filter and Interpolator for Compact Disk 7-298
SAB3035 FLL Tuning and Control Circuit (Eight D/A Converters) 4-50
SAB3036 FLL Tuning and Control Circuit 4-65
SAB3037 FLL Tuning and Control Circuit (Four D/A Converters) 4-75
SE521 High-Speed Dual Differential Comparator/Sense Amp 5-274
SE522 High-Speed Dual Differential Comparator/Sense Amp 5-279
SE527 Voltage Comparator 5-285
SE529 Voltage Comparator 5-190
SE530 High Slew Rate Operational Amplifier 4-66
SE531 High Slew Rate Operational Amplifier 4-73
SE532 Low Power Dual Operational Amplifier 4-141
SE538 High Slew Rate Operational Amplifier 4-81
SE555 Timer 7-48
SE555C Timer 7-48
SE556-1C Dual Timer 7-33
SE556/-1 Dual Timer 7-33
SE558 Quad Timer 7-39
SE564 Phase-Locked Loop 4-243
SE565 Phase-Locked Loop 4-277
SE566 Function Generator 4-290
SE567 Tone Decoder/Phase-Locked Loop 4-299
SE592 Video Amplifier 4-44 4-244 11-93
SE4558 Dual General Purpose Operational Amplifier 4-61
SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-137
SE5019 8-Bit Microprocessor-Compatible D/A Converter 5-143
SE5118 8-Bit Microprocessor-Compatible D/A Converter 5-157
SE5119 8-Bit Microprocessor-Compatible D/A Converter 5-157
SE5205 Wide-band High Frequency Amplifier 4-13 4-180 Co11-62
SE5212 Transimpedance Amplifier 5-125 4-267
SE5410 10-Bit High-Speed Multiplying D/A Converter 5-208
SE5512 Dual High Performance Operational Amplifier 4-88
SE5514 Quad High Performance Operational Amplifier 4-94
SE5521 LVDT Signal Conditioner 5-354
SE5532/A Internally-Compensated Dual Low-Noise Operational Amp 4-100
SES5534A Single and Dual Low-Noise Operational Amp 4-106
SE5535 Dual High Slew Rate Op Amp 4-148
SE5537 Sample-and-Hold Amplifier 5-316
SE5539 Ultra High-Frequency Operational Amplifier 4-24 4-224 11-73
SE5560 Switched-Mode Power Supply Control Circuit 8-73
SES5561 Switched-Mode Power Supply Control Circuit 8-102
SE5562 SMPS Control Circuit, Single Output 8-113
SE5570 Three-Phase Brushless DC Motor Driver 8-44
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Alphanumeric Product List

8G1524C
S$G2524C
SG3524
8G3524C
SG3526
TDA1001B
TDA1010A
TDA1011A
TDA1013A
TDA1015
TDA1020
TDA1023
TDA1029
TDA1072A
TDA1074A
TDA1510
TDA1512
TDA1514A
TDA1515A
TDA1520B
TDA1521
TDA1524A
TDA1534
TDA1541
TDA1574
TDA1576
TDA1578A
TDA2545A
TDA2546A
TDA2577A
TDA2578A
TDA2579
TDA2582
TDA2593
TDA2594
TDA2595
TDA2611A
TDA2653A
TDA3047
TDA3048
TDA3505
TDA3566
TDA3567
TDA3654
TDA4501
TDA4502
TDA4503
TDA4505
TDAA4555
TDA4565
TDA4570
TDA4580
TDAS5030A
TDA5040
TDA7000
TDA7010
TDA7021
TDA7040
TDA7050
TDA7052
TDA8340/41
TDA8440
TDA8442

December 1988

Improved SMPS Push-Pull Controller
Improved SMPS Push-Pull Controller

SMPS Control Circuit

Improved SMPS Push-Pull Controller
Switched-Mode Power Supply Control Circuits
Interference Suppressor

6W Audio Amplifier With Preamplifier

2 to 6W Audio Power Amplifier With Preamplifier

4W Audio Amplifier With DC Volume Control
1 to 4W Audio Amplifier With Preamplifier
12W Audio Amplifier With Preamplifier
Time-Proportional Triac Trigger

Stereo Audio Switch

AM Receiver Circuit

DC-Controlled Dual Potentiometers

2 X 12W Audio Amplifier

12 to 20W Audio Amplifier

40W High-Performance Hi-Fi Amplifier

24W BTL Audio Amplifier

20W Hi-Fi Audio Amplifier

2 X 12W Hi-Fi Audio Power Amplifier
Stereo-Tone/Volume Control Circuit

14-Bit A/D Converter, Serial Output

16-Bit Dual D/A Converter, Serial Output
FM Front End IC (VHF Mixer and Oscillator)
FM IF System

PLL Stereo Decoder

Quasi-Split Sound IF System

Quasi-Split Sound IF and Sound Demodulator
Sync Circuit With Vertical Oscillator and Driver
Sync Circuit With Vertical Oscillator and Driver
Synchronization Circuit

Control Circuit for Power Supplies

Horizontal Combination

Horizontal Combination

Horizontal Combination

5W Audio Output Amplifier

Vertical Deflection Circuit With Oscillator

IR Preamplifier

IR Preamplifier

Chroma Control Circuit

PAL/NTSC Decoder With RGB Inputs
NTSC Color Decoder

Vertical Deflection

Small Signal Subsystem IC for Color TV

Complete Video IF IC With Vertical and Horizontal Sync

Small Signal Subsystem for Monochrome TV
Small Signal Subsystem IC for Color TV
Muitistandard Color Decoder

Color Transient Improvement Circuit (CTI)
NTSC Color Difference Decoder

Video Control Combination Circuit With Automatic Cut-Off Control

VHF Mixer-Oscillator (VHF Tuner IC)
Brushless DC Motor Driver

Single-Chip FM Radio Circuit

Single-Chip FM Radio Circuit (SO Package)
Single Chip FM Radio Circuit

PLL Stereo Decoder (Low Voltage)

Low Voltage Mono/Stereo Power Amplifier
1 Watt Low Voltage Audio Power Amplifier
Television IF Amplifier and Demodulator
Video/Audio Switch

Quad DAC With I°C Interface

Vol 1

7-35
7-198
7-203
7-207
7-219
7-224

7-138

7-3
7-147
7-228
7-240
7-245
7-248
7-259
7-269
7-154

7-310
4-89
4-156
7-96

7-274

4-95

7-41
7-77
7-82
7-105
7-278
7-281

7-210

Vol 2

8-147
8-147
8-200
8-147
8-216

8-268

5-82
5-217

8-63

Vol 3

9-14
9-31

7-3
11-46
10-101
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TDAB443/A
TDA8444
TDD1742
TEA1039
TEA1060
TEA1061
TEA1067
TEA1068
TEA5560
TEA5570
TEA5581
TEA6300
uc1842
uc2842
uCc3842
uA723
uA723C
nA733
uA733/C
uA741
uA741C
uAT747
uA747C
uA758

December 1988

RGB/YUV Switch Inputs

Octuple 6-Bit D/A Converter With 12C Bus

CMOS Frequency Synthesizer

Control Circuit for Switched-Mode Power Supply
Telephone Transmission Circuit With Dialer Interface
Telephone Transmission Circuit With Dialer Interface
Low Voltage Transmission IC With Dialer Interface
Low Voltage Transmission IC With Dialer Interface
FM IF System

AM/FM Radio Receiver Circuit

PLL Stereo Decoder

Digitally-Controlled Tone, Volume, and Fader Control Circuit
Current Mode PWM Controller

Current Mode PWM Controller

Current Mode PWM Controller

Precision Voltage Regulator

Precision Voltage Regulator

Differential Video Amplifier

Differential Video Amplifier

General Purpose Operational Amplifier

General Purpose Operational Amplifier

Dual Operational Amplifier

Dual Operational Amplifier

FM Stereo Multiplex Decoder Phase-Locked Loop

Vol 1

4-209

6-102
6-102
6-113
6-151

7-88

7-26
7111
7-168

7-118

Vol 2

5-222

8-227

8-241
8-241
8-241
8-235
8-235
4-257
4-257
4-157
4-157
4-163
4-163

Vol 3
10-107

13-12

11-106
11-106




Signetics Application Notes
by Product Group

Linear Products

Vol 1 Vol 2 Vol 3
Signal Processing
AN140 Compensation Techniques for Use With the NE/SE5539 4-32 4-232 11-81
AN141 Using the NE592/5592 Video Amplifier 4-53 4-253 11-102
AN1981 New Low Power Single Sideband Circuits (NE602) 4-72
AN1982 Applying the Oscillator of the NE602 in Low Power Mixer Applications 4-80
AN1991 Audio Decibel Level Detector With Meter Driver 4-124 4-201
Frequency Synthesis
AN196 Single-Chip Synthesizer For Radio Tuning 4-190
AN197 Analysis and Basic Application of the SAA1057 (VBA8101) 4-197
Phase-Locked Loops
AN177 An Overview of Phase-Locked Loops (PLL) 4-222
AN178 Modeling the PLL 4-227
AN179 Circuit Description of the NE564 4-252
AN180 The NE564: Frequency Synthesis 4-259
AN1801 10.8MHz FSK Decoder With the NE564 4-263
AN181 A 6MHz FSK Converter Design Example for the NE564 4-266
AN182 Clock Regenerator With Crystal Controlled Phase-Locked VCO 4-268
AN183 Circuit Description of the NE565 4-283
AN184 Typical Applications With NE565 4-287
AN185 Circuit Description of the NE566 4-295
AN186 Waveform Generators With the NE566 4-296
AN187 Circuit Description of the NE567 Tone Decoder 4-311
AN188 Selected Circuits Using the NE567 4-316
Compandors
AN174 Applications for Compandors: NE570/571/SA571 4-325
AN175 Automatic Level Control: NE572 4-356
AN176 Compandor Cookbook 4-334
Line Drivers/Receivers
AN113 Applications Using the MC1488/1489 Line Drivers and Receivers 5-29 6-11
AN195 Applications Using the NE5080/5081 5-86
AN1950 Application of NE5080 and NE5081 with Frequency Deviation Reduction 5-94
AN1951 NES5050: Power Line Modem Application Board Cookbook 5-50
Telephony
AN1942 TEA1067: Application of the Low Voltage Versatile Transmission Circuit 6-125
AN1943 TEA1067: Supply of Peripheral Circuits With the TEA1067 Speech Circuit 6-145
Radio Circuits
AN1961 TDA1072A: Integrated AM Receiver 7-15
AN1981 New Low Power Single Sideband Circuits (NE602) 4-72
AN1982 Applying the Oscillator of the NE602 in Low Power Mixer Applications 4-80
AN191 Stereo Decoder Applications Using the pA758 7-123
AN192 A Complete FM Radio on a Chip 7-46
AN193 TDA7000 for Narrow-Band FM-Reception 7-61
AN1991 Audio Decibel Level Detector With Meter Driver (NE604A) 4-124 4-201
AN1992 Using the Signetics MC3361 Demonstration Board 4-108
AN1993 High Sensitivity Applications of Low-Power RF/IF Integrated Circuits 4-126 4-203
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Application Notes by Product Group

Vol 1
Audio Circuits
AN148 Audio Amplifier With TDA1013 7-210
AN1481 Car Radio Audio Power Amplifiers up to 20W With the TDA1515 7-252
AN149 20W Hi-Fi Power Amplifier With the TDA1520A 7-264
AN1491 Car Radio Audio Power Amplifiers up to 24W With the TDA1510 7-232
AN190 Applications of Low Noise Stereo Amplifiers: NE542 7171
Operational Amplifiers
AN142 Audio Circuits Using the NE5532/33/34
AN144 Applications for the NE5512 and NE5514
AN1441 Applications for the NE5514
AN1511 Low Voltage Gated Generator: NE5230
AN1512 All in One: NE5230
AN160 Applications for the MC3403
AN164 Explanation of Noise
AN165 Integrated Operational Amplifier Theory
AN166 Basic Feedback Theory
High Frequency Amps
AN1991 Audio Decibel Level Detector With Meter Driver 4-124
Video Amps
AN140 Compensation Techniques for Use With the NE/SE5539 4-32
AN141 Using the NE592/5592 Video Amplifier 4-53
Transconductance
AN145 NES5517: General Description and Applications for Use With the NE5517/A
Transconductance Amplifier
Data Conversion
AN100 An Overview of Data Converters
AN101 Basic DACs
AN105 Digital Attenuator
AN106 Using the DACO08 Without a Negative Supply
AN108 An Amplifiying, Level Shifting Interface for the PNA7509 Video D/A Converter
AN1081 NE5150/51/52: Family of Video D/A Converters
AN109 Microprocessor-Compatible DACs
Comparators
AN116 Applications for the NE521/522/527/529
AN1161 12-Bit A/D Converter Using the NE5105 Comparator
Position Measurement
AN118 LVDT Signal Conditioner: Applications Using the NE5520
AN1180 A Microprocessor-Based Servo-Loop for Linear Position Control
AN1181 NE5521 in a Modulated Light Source Design Application
AN1182 NES5521 in Multi-faceted Applications
Line Drivers/Receivers
AN113 Applications Using the MC1488/1489 Line Drivers and Receivers 5-29

Display Drivers

AN112 LED Decoder Drivers: Using the NE587 and NE589
Timers

AN170 NES555 and NE556 Applications

AN171 NES558 Applications

December 1988 1-13

Vol 2

4-114
4-91
4-97

4-134

4-136
4-58

4-8
4-18
4-25

4-210

4-232
4-253

4-276

5-90
5-97
5-122
5-81
5-176
5-162

5-295
5-269

5-329
5-344
5-359
5-363

6-11

6-72

7-54
7-43

Vol 3

11-81
11-102

11-18
11-26
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Application Notes by Product Group

Motor Control and Sensor Circuits

AN1281 NE5570: A Theory of Operation and Applications
AN131 Applications Using the NE5044 Encoder

AN1311 Low Cost A/D Conversion Using the NE5044
AN132 Applications Using the NE5045 Decoder

AN133 Applications Using the NE544 Servo Amplifier
AN1341 Control System for Home Computer Robotics

Switched-Mode Power Supply

AN120 An Overview of SMPS

AN1211 A Microprocessor Controlled Switched-Mode Power Supply
AN122 NE5560 Push-Pull Regulator Application

AN1221 Switched-Mode Drives for DC Motors

AN123 NES5561 Applications

AN124 External Synchronization for the NE5561

AN125 Progress in SMPS Magnetic Component Optimization
AN126 Applications Using the SG3524

AN1261 High Frequency Ferrite Power Transformer and Choke
AN1262 Theory of Operation and Applications for SG1524C/2524G/3524C
AN128 Introduction to the Series-Resonant Power Supply

AN1291 TDA1023: Design of Time-Proportional Temperature Controls

Tuning Circuits
AN157 Microcomputer Peripheral IC Tunes and Controls a TV Set: SAB3035

Remote Control System

AN172 Circuit Description of the Infrared Receiver TDA3047/TDA3048
AN173 Low Power Preamplifiers for IR Remote Control Systems
AN1731 SAA3004: Low Power Remote Control IR Transmitter and Receiver

Preamplifiers

Synch Processing and Generator

AN158 Features of the TDA2595 Synchronization Processor
AN162 A Versatile High-Resolution Monochrome Data and Graphics
AN1621 Directives for a Print Layout Design on Behalf of the

IC Combination TDA2578A and TDA3651
Color Decoding and Encoding

AN155/A Multi-Standard Color Decoder With Picture Improvement
AN1551 Single-Chip Multi-Standard Color Decoder TDA4555/4556

December 1988 1-14

Vol 1 Vol 2

8-49
8-11
8-13
8-21
8-39
8-22

8-68
8-88
8-94
8-97
8-107
8-112
8-250
8-214
8-154
8-200
8-260
8-276

Vol 3

5-50
5-52
5-10

9-57
9-25

9-30

10-3
10-44



Signetics Application Notes
by Part Numbers

Linear Products

Vol 1 Vol 2 Vol 3
DACO08 AN101: Applying the DACO08 5-90
AN106: Using the DACO08 Without a Negative Supply 5-122
MC1488 AN113: Using the MC1488/89 Line Drivers and Receivers 5-29 6-11
MC1489/A AN113: Using the MC1488/89 Line Drivers and Receivers 5-29 6-11
MC1496/1596 AN189: Balanced Modulator/Demodulator Applications Using
the MC1496/1596 4-61
MC3361 AN1992 Using the Signetics MC3361 Demonstration Board 4-108
MC3403 AN160: Applications for the MC3403 4-58
NE5044 AN131: Applications Using the NE5044 Encoder 8-11
AN1311: Low Cost A/D Conversion Using the NE5044 8-13
AN1341: Control System for Home Computer and Robotics 8-22
NE5045 AN132: Applications Using the NE5045 Decoder 8-21
NE5050 AN1951: NE5050: Power Line Modem Application Board
Cookbook 5-50
NE5080/5081 AN195: Applications Using the NE5080, NE5081 5-86
NE/SA/SE5105/A AN1161 12-Bit A/D Converter Using the NE5105 Comparator 5-269
AN1950: Exploring the Possibilities in Data Communications 5-94
NE5150/51/52 AN1081: NE5150/51/52 Family of Video D/A Converters 5-176 11-26
NE521 AN116: Applications for the NE521/522/527/529 5-295
NE522 AN116: Applications for the NE521/522/527/529 5-295
NE5230 AN1511: Low Voltage Gated Generator: NE5230 4-134
AN1512: All in One: NE5230 4-136
NE527 AN116: Applications for the NE521/522/527/529 5-295
NE529 AN116: Applications for the NE521/522/527/529 5-295
NES31 AN1511: Low Voltage Gated Generator: NE5230 4-134
NES542 AN190: Applications of Low Noise Stereo Amplifiers: NE542 7-135
NE544 AN133: Applications Using the NE544 Servo Amplifier 8-39
NE5512/5514 AN144: Applications for the NE5512 4-91
AN1441: Applications for the NE5514 4-97
NE5517 AN145: NES5517: General Description and Applications for
Use With the NE5517/A Transconductance Amplifier 4-276
NE5520 AN118: LVDT Signal Conditioner: Applications Using the
NE5520 5-329
AN1180 A Microprocessor-Based Servo-Loop for Linear
Position Control 5-344
NES5521 AN1181: NE5521 in a Modulated Light Source Design
Application 5-359
AN1182: NES5521 in Multi-faceted Applications 5-363
NE5532/33/34 AN142: Audio Circuits Using the NE5532/33/34 4-114
NES5539 AN140: Compensation Techniques for Use With the
SE/NE5539 4-32 4-232 11-81
NE555 AN170: NE555 and NES556 Applications 7-54
NE556 AN170: NE555 and NE556 Applications 7-54
NE/SE5560 AN1211 A Microprocessor Controlled Switched-Mode Power
Supply 8-88
AN122: NE5560 Push-Pull Regulator Application 8-94
AN1221 Switched-Mode Drives for DC Motors 8-97
AN125: Progress in SMPS Magnetic Component
Optimization 8-250
NE/SE5561 AN123: NES5561 Applications 8-107
AN124: External Synchronization for the NE5561 8-112
AN125: Progress in SMPS Magnetic Component
Optimization 8-250
NE/SE5562 AN125: Progress in SMPS Magnetic Component
Optimization 8-250
NE/SE5568 AN125: Progress in SMPS Magnetic Component
Optimization 8-250
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Application Notes by Part Numbers

NE/SA/SE5570
NE558
NES564

NE564

NE565

NE566

NES567
NE570/571/SA571
NE572

NE587/589

NE592/5592
NE/SA602

NE/SAB04A
NE/SAB04A
PNA7509
SAA1057
SAA3004
SAB3035
SG1524C

S$G3524C

TDA1013A
TDA1023
TDA1072A
TDA1510
TDA1515

TDA1520A
TDA2578
TDA2595

TDA2653

TDA3047

TDAS3048

December 1988

AN1281
AN171:
AN179:
AN180:
AN1801:
AN181:

AN182:

AN183:
AN184:
AN185:
AN186:
AN187:
AN188:
AN174:
AN175:
AN112:
AN141:
AN1981:
AN1982:

AN1991:
AN1993

AN108:
AN196:
AN197:
AN1731:
AN157:
AN1261:
AN125;

AN126:
AN1261:

AN1262:
AN148:

AN1291:
AN1961:
AN1491:
AN1481:

AN149:
AN1621:

AN158:
AN162:

AN162

AN172:
AN173:

AN172:
AN173:

NE5570: A Theory of Operation and Applications
NE558 Applications

Circuit Description of the NE564

The NE564: Frequency Synthesis

10.8MHz FSK Decoder With the NE564

A 6MHz FSK Converter Design Example for the
NE564

Clock Regenerator With Crystal Controlled
Phase-Locked VCO

Circuit Description of the NE565

FSK Demodulator With NE565

Circuit Description of the NE566

Waveform Generators With the NE566

Circuit Description of the NE567 Tone Decoder
Selected Circuits Using the NE567

Applications for Compandors: NE570/571/SA571
Automatic Level Control: NE572

LED Decoder Drivers: Using the NE587 and NE589
Using the NE592/5592 Video Amplifier

New Low Power Single Sideband Circuits (NE602)
Applying the Oscillator of the NE602 in Low Power
Mixer Applications

Audio Decibel Level Detector With Meter Driver
High Sensitivity Applications of Low-Power RF/IF
Integrated Circuits

An Amplifying, Level Shifting Interface for the
PNA7509 Video D/A Converter

Single-Chip Synthesizer for Radio Tuning

Analysis and Basic Application of the SAA1057
SAA3004: Low Power Remote Control IR
Transmitter and Receiver Preamplifiers
Microcomputer Peripheral IC Tunes and Controls a
TV Set

High Frequency Ferrite Power Transformer and
Choke Design

Progress in SMPS Magnetic Component
Optimization

Applications Using the SG3524

High Frequency Ferrite Power Transformer and
Choke Design

Theory of Operation and Applications for SG1524C/
2524C/3524C

Audio Amplifier With TDA1013A

Design of Time-Proportional Temperature Controls
TDA1072A: Integrated AM Receiver

Car Radio Audio Power Amplifiers Up to 24W With
the TDA1510

Car Radio Audio Power Amplifiers Up to 20W With
the TDA1515

20W Hi-Fi Power Amplifier With the TDA1520A
Directives for a Print Layout Design on Behalf of
the IC Combination TDA2578A and TDA3651
Features of the TDA2595 Synchronization Processor
A Versatile High-Resolution Monochrome Data and
Graphics Display Unit

A Versatile High-Resolution Monochrome Data and
Graphics Display Unit

Circuit Description of the Infrared Receiver

Low Power Preamplifiers for IR Remote Control
Systems '

Circuit Description of the Infrared Receiver

Low Power Preamplifiers for IR Remote Control
Systems

Vol 1

4-252
4-259
4-263

4-266

4-268
4-283
4-287
4-295
4-296
4-311
4-316
4-325
4-356

4-53
4-72

4-80
4-124

4-126

4-190
4-197

7-120

7-15

7-232

7-252
7-264

Vol 2

8-49
7-43

6-72
4-253

4-201

4-203

5-81

8-154

8-250
8-214

8-154

8-200

8-276

Vol 3

11-102

11-18

5-10

4-55

9-30
9-57

9-25

9-25
5-50

5-52
5-50

5-52
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Application Notes by Part Numbers

TDA3505
TDA3651

TDA4555

TDA7000

TEA1067

uA758

December 1988

AN155/A:

AN1621:

AN1565/A:

AN1551:
AN192:
AN193:
AN1942:
AN1943:

AN191:

Multi-Standard Color Decoder With Picture
Improvement

Directives for a Print Layout Design on Behalf of
the IC Combination TDA2578A and TDA3651
Multi-Standard Color Decoder With Picture
Improvement

Single-Chip Muiti-Standard Color Decoder TDA4555/
4556

A Complete FM Radio on a Chip

TDA7000 for Narrowband FM Reception
TEA1067: Application of the Low Voltage Versatile
Transmission Circuit

TEA1067: Supply of Peripheral Circuits With the
TEA1067 Speech Circuit

Stereo Decoder Applications Using the uA758

Vol 1

7-46
7-61

6-125

6-145
7-123

Vol 2

Vol 3

10-3

10-44
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Linear Products

Cross Reference Guide by
Manufacturer

Pin-for-Pin Functionally-Compatible*
Cross Reference by Manufacturer

Manufacturer Signetics Temperature Manufacturer Signetics Temperature
Manufacturer Part Number Part Number Range (°C) Packag Manuf er Part Number Part Numb Range (°C) Package
AMD AM26LS30PC AM26LS30CN 0 to +70 Plastic HA1-5102-2  SE5532/AF -55 to +125 Ceramic

AM26LS31PC AM26LS31CN 0 to +70 Plastic HA1-5135-2  SE5534/AF -55 to +125 Ceramic

AM26LS32PC AM26LS32CN 0 to +70 Plastic HA1-5135-5  NE5534/AF 0to +70 Ceramic

AM25LS33PC AM26LS33CN 0 to +70 Plastic HA1-5202-5  NE5532/AF 0to +70 Ceramic

AM6012DC AMB012F 0to +70 Ceramic HA3-5102-5  NE5532/AN 0 to +70 Plastic

DAC08AQ  DAGOBAR -85 to +125 Ceramic Intersii  ADCOBOSLCD ADC0803-1 LCF-40 to +85 Ceramic

DAC-08CN DAC-08CN 0to +70 Plastic .

. ADC0804 ADC0804-1 CN 0 to +70 Plastic

DAC-08CQ DAC-08CF 0to +70 Ceramic "

’ ADC0805 ADC0805-1 LCN-40 to +85 Plastic

DAC-08EN DAC-08EN 0to +70 Plastic .

. ICM7555CBA  ICM7555CD 0to +70 Plastic

DAC-08EQ DAC-08EF 0to +70 Ceramic .

" ICM7555IPA  ICM7555IN -40 to +85 Plastic

DAC-OSHN ~ DAG-08HN  0to +70  Plastic ACM7555CP  ICM7555CN 0 to +70  Plastic

DAC-08HQ DAC-08HF 0to +70 Ceramic

DAC-08Q DAC-08F -55 to +125 Ceramic Motorola AM26LS31PCD AM26LS31CD 0 to +70 Plastic

LF198H LF198H -55 to +125 Metal Can AM26LS31PC AM26LS31CN 0 to +70 Plastic

LF198H SE5537H -55 to +125 Metal Can AM26L.S32PC  AM26LS32CN 0 to +70 Plastic

LF398H LF398H 0to +70 Metal Can AM26LS32PCD AM26LS32CD 0 to +70 Plastic

LF398H NE5537H 0to +70 Metal Can DAC-08CD DAC-08CN 0to +70 Plastic

LF398L LF398D 0to +70 Plastic DAC-08CQ DAC-08CF 0to +70 Ceramic

LF398L NE5537D 0to +70 Plastic DAC-08ED DAC-08EN 0to +70 Plastic

LF398N LF398N 0to +70 Plastic DAC-08EF DAC-08EF 0 to +70 Ceramic

LF398N NE5537N 0to +70 Plastic DAC-08HQ DAC-08HF 0to +70 Ceramic
Datel AM-453-2 NE5534/AF 0to +70 Ceramic DAC-08Q DAC-08F -55 to +125 Ceramic

AM-453:2C  NESS34/AF O to +70 ~ Ceramio M290IN  LM290IN  -40 to +85 Plastic

AM-453-2M SE5534/AF -55 to +125 Ceramic .

. LM311J-8 LM311F 0to +70 Ceramic

DAC-UP10BC NE5020N 0to +70 Plastic .

" LM311N LM311N 0 to +70 Plastic

DAC-UP8BC  NE5018N 0 to +70 Plastic .

: LM324J LM324F 0to +70 Ceramic

DAC-UP8BM  SE5019F -55 to +125 Ceramic .

DAC-UPBBQ  SE5018F 55 t0 125  Ceramic LMS24N LMS24N Oto +70  Pastic

LM339/A J LM339/AF 0to +70 Ceramic
Exar XR-558CN NE558F 0 to +70 Ceramic LM339/A N LM339/AN 0 to +70 Plastic

XR-558CP NE558N 0 to +70 Plastic LM358N LM358N 0to +70 Plastic

XR-558M SE558F -55 to +125 Ceramic LM393A/J LM393/AF 0to +70 Ceramic

XR-L567CN  NE567F 0to +70 Ceramic LM393A/N LM393/AN 0to +70 Plastic

XR-L567CP NE567N 0to +70 Plastic MC1408L MC1408F 0 to +70 Ceramic

XR-1488CP MC1488N 0to +70 Plastic MC1408P MC1408N 0to +70 Plastic

XR-1489/ACP MC1489/AN 0to +70 Plastic MC1488L MC1488F 0 to +70 Ceramic

XR-1524N SG3524F 0to +70 Ceramic MC1488P MC1488N 0to +70 Plastic

XR-1524P SG3524N 0 to +70 Plastic MC1489/A L MC1489/AF 0to +70 Ceramic

XR-2524P SG3524N 0to +70 Plastic MC1489/A P MC1489/AN 0to +70 Plastic

XR-3524N SG3524F 0to +70 Ceramic MC1496L MC1496F 0to +70 Ceramic

XR-3524P SG3524N 0 to +70 Plastic MC1496P MC1496N 0 to +70 Plastic

XR-4558CP NE4558N 0to +70 Plastic MC3302L MC3302F -40 to +85 Ceramic

XR-5532/A N NE5532/AF 0 to +70 Ceramic MC3302P MC3302N -40 to +85 Plastic

XR-5532/A P NE5532/AN 0to +70 Plastic MC3361D MC3361D 0to +70 Plastic

XR-5534/A CNNE5534/AF 0 to +70 Ceramic MC3361P MC3361N 0to +70 Plastic

XR-5534/A CP NE5534/AN 0 to +70 Plastic MC3403L MC3403F 0to +70 Ceramic

XR-5534/A M SE5534/AF -55 to +125 Ceramic MC3403P MC3403N 0to +70 Plastic

XR-6118CP NES594N 0to +70 Plastic MC3410CL MC3410CF 0to +70 Ceramic

XR-13600CP  NE5517N 0 to +70 Plastic MC3410L MC3410F 0 to +70 Ceramic
Mamis  HA253N  NESSSN 010 +70  Plastc NES4IOF Qo +70  Ceramic

; MC3510L MC5410F -55 to +125 Ceramic

HA-2420-2/88 SE5060F -55 to +125 Ceramic .

. NE565N NE565N 0to +70 Plastic

HA-2425N NE5060N 0to +70 Plastic .

; NE592F NE592F-8 0to +70 Ceramic

HA-2425B NES060F 0to +70 Ceramic .

HA-53208 NE5060F 0 to +70 Cerami NE592F NE592F-14 0to +70 Ceramic

c NE592N NE592N-14 0to +70 Plastic

1-20




Signetics Linear Products

Cross Reference Guide by Manufacturer

Manufacturer Signetics Temperature Manufacturer Signetics Temperature
Manufacturer Part Number Part Number Range (°C) Packag Manufacturer Part Number Part Number Range (°C) Package
SE592F SE592F-8 55 to +125 Ceramic LM565CN  NE565N 0to +70  Plastic
SE592F SE592F-14 -55 to +125 Ceramic LM566N SES566N -55 to +125 Plastic
SE592H SE592H -55 to +125 Metal Can LM566CN NE566N 0 to +70 Plastic
National ~ ADCOBO3F  ADCO803-1 LCF-40 to +85 Ceramic mggggz EffgggN 8 :g :Zg E:::::E
ADCO803N  ADC0803-1 LCN-40 to +85 Plastic M7e10)  WATAtCF o are cemm
ADCO805  ADC0B05-1 LCN-40 to +85 Plastic VION  ATaioN PSS
ADCO820CCN ADCOB20CNEN 0 to +70  Plastic vty BATATF s o 125 o
ADCO820CCD ADCOB20CSAN 40 to +85 Plastic LMraIN bATAIN ot +125 Placte
ADC0820CD  ADCOB20CSEF 55 to +125 Ceramic M7470)  AT4TCF 070 Commic
DACOB0OLCJ DAC-08EF 0 to +70  Ceramic LM77ON  AT4TON 0t 170 Phcie
DACO0800LJ  DAC-08F -55 to +125 Ceramic LM747J uT4TF 55 to +125 Ceramic
DACOB00LCN DAC-08EN 0 to +70  Plastic NN bATATN ot s 18 Pt
DACOB01LCJ DAC-08CF  0to +70  Ceramic !
DACOBOTLCN DAC08CN 0 to +70  Plastic LMCSS5CN ~ ICM7555CN 0 to +70  Plastic
DACO802LJ DAC-0BAF  -55 to +125 Ceramic LMCSS5CM  ICM7555CD 0 to #70  Plastic
DAC0802LCJ DAC-08HF O to +70  Ceramic HAOBO/DA - DAC-08F 0to+70  Ceramic
DAC0B02LCN DAC-08HN 0 to +70  Plastic HADBOTCDC  MC1408F 0to +70  Ceramic
DAC0B06LCJ MC1408-6F 0 to +70  Ceramic HAOBOICPG  MC1408N Oto +70  Plastic
DACOB0SLCN MC1408-6N 0 to +70  Plastic HAOBOIEDG  DAC-08EF 0o +70  Ceramic
DACOBO7LGJ MC1408-7F  0to +70  Geramic HAOBO1EPC  DAC-0BAF 0 1o +70  Ceramic
DACOBO7LCN MC1408-7N 0 to +70  Plastic HA124J LM1247 -85 to +125 Ceramic
DAC0808LCJ MC1408F 0to+70  Ceramic HAT458TC  MC1456N 0to+70  Plastic
uA1488DC MC1488F 0 to +70 Ceramic
DACOB0BLCN MC1408N 0to +70  Plastic uA1488PC  MC1488N 0to +70  Plastic
DACOB0BLD  MC1408F 0to+70  Ceramic uA1489/A PC MC1489/AF 0 to +70  Ceramic
DS3691N  AM26LS30CN 0 to +70  Plastic uA1489/A PC MC1489/AN 0 to +70  Plastic
DS3691M  AM26LS30CD 0 to +70  Plastic uA198HM  NE5537H 0to +70  Metal Can
LF198H SE5537H 55 to +125 Metal Can WA198RM  NE5537N 0to +70  Plastic
::ggg: L‘E:gg;: 8 :2 :;g m‘:ﬁi‘cc"‘" 4A2901DC  LM2901F ~40 0 +85 Ceramic
LM13600AN  NE5517N 0to+70  Plastic HA2901PC  LM2SOTN ~40 1o +85 Plastic
LM13600N  NES517N 0to+70  Plastic HASTIRC  LM311F 0to +70  Ceramic
LM1458N  MC1458N 0o +70  Plastic HAS24DC  LM324F 0to+70  Ceramic
LM161H SE529H -55 to +125 Metal Can HAS24PC  LM324N 0lo+70 Plastc
LM161J SE520F 55 1o +125 Ceramic HA3302DC  MC3302F ~40 1o +85  Ceramic
LM2524)  SG3524F 0to+70  Ceramic HA3S302PC - MC3302N ~40 to +85  Plastic
LM2524N  SG3524N 0to +70  Plastic HA339/ADC  LM3SS/AF 0 fo +70  Ceramic
LM290IN  LM290IN 40 to +85 Plastic HASSOIAPG  LMSSO/AN 0o +70  Plastic
LM2903N  LM2903N 40 to +85 Plastic KAS4DIDC MO  Olo+70  Cerarrio
LM3089 CA3089N -55 to +125 Plastic HAS403PC  MC3403N 0 to +70  Plastic
LM319J LM319F 0 to +70 Ceramic HA398HC SE5537H -55 to +125 Meta] Can
LM 19N LM 1oN oo oo UA39BRC ~ SE5537N -55 to +125 Plastic
LM324J LM324F 0to+70  Ceramic HASSSTC  NESSSN 0to +70  Plastic
LM324N LM324N 0to +70  Plastic HASSEPC L‘E:ggN‘N 0to+70  Plastic
hmoo wad 0w e e T
LM339/AJ  LM339/AF  0to +70  Ceramic HA72SDM - uAT23F =55 to +125 Ceramic
LM339/AN  LM339/AN O to +70  Plastic HA723PC  pAT23CN 0to +70  Plastic
LM3524)  SG3524F 0to +70  Ceramic HA7IIDC  WATISF 0to+70  Ceramic
LM3524N  SG3524N 0to+70  Plastic HATSIDM - uATI3R =85 10 +125 Ceramic
LM358H LM358H 0to +70  Metal Can HA7SSPC  pATI3N 0to +70  Plastic
LM358N LM358N 010 +70 Plastic HA741NM MA741N -55 to +125 Plastlc.
LM361H NE529H 0to +70  Metal Can HAT4TRC  pAT41CE 0to+70  Ceramic
LM3610 NEB29D o v PATMTC  pA741CN 010 +70  Plastic
LM361N NE529N 0to +70  Plastic HATATDC  uA7ATCF 0to+70  Ceramic
LM393/AN  LM393/AN O to +70  Plastic HATATRC  uATATON Oto+70  Plastic
[M555) NEBSSE 010 Commic UC3842D  UC3842D 0t0+70  Plastic
LMBBEN Nessan 00170 Pl UC3842)  UC3B42FE 010 +70  Ceramic
LM556. SE556-1F  -55 to +125 Ceramic UC3B42N  UC3B42N 0to+70  Plastic
LM556N SE556-1N _55 to +125 Plastic uc2842D  UG2642D Olto +70  Plastic
LM556CJ NE556-1F 0to +70 Ceramic uc2842J UC2842FE 0to +70 Cerafmc
LMS56CN  NESS6-IN  Oto +70  Plastic UC2B4oN  UC2842N  Oto +70  Plaste
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ucis42) UC1842FE -55 to +125 Ceramic LM311D LM311D 0 to +70 Plastic
UC1842N UC1842N -55 to +125 Plastic LM311J LM311F 0 to +70 Ceramic
NEC uPC1571C NE571N 0to +70 Plastic LM311JG LM311FE 0 to +70 Ceramic
PMI CMP-OSGP  NES10SN O 1o +70  Plastic LM324D - LM324N Oto+70  Plastic
) LM324J LM324F 0to +70 Ceramic
CMP-05CZ SE5105F -55 to +125 Ceramic .
. LM339/AJ LM339/AF 0 to +70 Ceramic
CMP-05BZ SE5105F -55 to +125 Ceramic .
. LM339/AN LM339/AN 0 to +70 Plastic
CMP-05GZ SA5105N -40 to +85 Plastic N
N LM358P LM358N 0 to +70 Plastic
CMP-05FZ SA5105N -40 to +85 Plastic .
" LM393/A P LM393/AN 0 to +70 Plastic
DAC1408A-6P MC1408-6N 0to +70 Plastic .
. MC1458P MC1458N 0to +70 Plastic
DAC1408A-6Q MC1408-6F 0to +70 Ceramic .
. NE5532/A JG NE5532/AF 0 to +70 Ceramic
DAC1408A-7N MC1408-7N 0to +70 Plastic N
. NE5532/A P NE5532/AN 0to +70 Plastic
DAC1408A-7Q MC1408-7F 0to +70 Ceramic .
. NE5534/A JG NES5534/AF 0 to +70 Ceramic
DAC1408A-8N MC1408-8N 0to +70 Plastic .
. NE5534/A P NE5534/AN 0to +70 Plastic
DAC1408A-8Q MC1408-8F 0to +70 Ceramic N
. NE555JG NES55N 0to +70 Plastic
DAC1508A-8Q MC1408-8F -55 to +125 Ceramic "
. NES555P NES55N 0 to +70 Plastic
DAC312FR AM6012F 0to +70 Ceramic .
. NE556P NE556N 0 to +70 Plastic
0oP27BZ SE5534AFE -55 to +125 Ceramic .
. NE556J NE556-1F 0 to +70 Ceramic
0oP27CZ SE5534FE -55 to +125 Ceramic .
. NE556N NES556-1N 0 to +70 Plastic
PM747Y HA747N -55 to +125 Plastic 3
. NE592 NE592N14 0 to +70 Plastic
SMP-10AY SE5060F -55 to +125 Ceramic .
. NE592A NE592F14 0 to +70 Ceramic
SMP-10EY NES060N 0to +70 Plastic .
. NE592J NE592F 0 to +70 Ceramic
SMP-11AY SE5060F -55 to +125 Ceramic "
SMP-11EY NE5060N 010 +70 Plastic NE592N NE592N-14 0to +70 Plastic
s SA556P SAB56N -40 to +85 Plastic
Raytheon RC4805DE NES105N 0to +70 Plastic SE5534/A JG SE5534/AF -55 to +125 Ceramic
RC4805EDE ~ NE5105AN 0to +70 Plastic SES555JG SE555N -55 to +125 Plastic
RM4805DE SE5105F -55 to +125 Ceramic SE556J SE556-1F -55 to +125 Ceramic
RM4805ADE  SES5105AF -55 to +125 Ceramic SE556N SE556-1N -55 to +125 Plastic
RC5532/A DE NE5532/AF 0to +70 Ceramic SE592 SE592N14 -55 to +125 Plastic
RC5532/A NB NE5532/AN 0 to +70 Plastic SE592J SE592F-14 -55 to +125 Ceramic
RC5534/A DE NE5534/AF 0to +70 Ceramic SE592N SE592N-14 -55 to +125 Plastic
RC5534/A NB NE5534/AN 0to +70 Plastic SN55107AJ  NE521F 0 to +70 Plastic
RMS5532/A DE SE5532/AF -55 to +125 Ceramic SN55108AJ  SE522F -55 to +125 Ceramic
RM5534/A DE SE5534/AF -55 to +125 Ceramic SN75107AJ  NE521F 0 to +70 Plastic
silicon SG3524)  SG3624F  Oto +70  Ceramic SN75107AN  NES2IN 0to+70  Plastic
General  SG3526N  SG3526N  Oto +70  Plastic SN75108A) - NES22F 0to+70  Ceramic
SN75108AN  NE522N 0 to +70 Plastic
Sprague UDN6118A SA594N -40 to +85 Plastic SN75188J MC1488F 0 to +70 Ceramic
UDN6118R SA594F -40 to +85 Ceramic SN75188N MC1488N 0to +70 Plastic
ULN3524A SG3524 0to +70 Plastic SN75189AJ  MC1489AF 0 to +70 Ceramic
ULN8142M UC3842N 0to +70 Plastic SN75189AN  MC1489AN 0 to +70 Plastic
ULN8160A NES5560N 0to +70 Plastic SN75189J MC1489F 0 to +70 Ceramic
ULN8160R NE5560F 0to +70 Ceramic SN75189N MC1489A 0 to +70 Plastic
ULN8161M NES561N 0to +70 Plastic TL592A NE592F14 0 to +70 Ceramic
ULN8168M NE5568N 0to +70 Plastic TL592P NE592NB 0 to +70 Plastic
ULN8564A NES564N 0 to +70 Plastic wA723CJ nA723CF 0 to +70 Ceramic
ULN8564R NES564F 0to +70 Ceramic MA723CN uA723CN 0 to +70 Plastic
ULS8564R SE564F -55 to +125 Ceramic HA723MJ uA723F -55 to +125 Ceramic
TI ADCO0803N ADC0803-1 LCN-40 to +85 Plastic Unitrode UC3524J SG3524F 0 to +70 Ceramic
ADC0804CN  ADC0804-1 CN 0 to +70 Plastic UC3524N SG3524N 0 to +70 Plastic
ADCOBOSN  ADC0805-1 LCN-40 to +85 Plastic +*THERE MAY BE PARAMETRIC DIFFERENCES BETWEEN SIGNETICS'
M111J LM111F -55 to +125 Ceramic

PARTS AND THOSE OF THE COMPETITION.
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Cross Reference Guide by Numeric Listing

ANALOG LINEAR RAY- SGS/ SILICON
NUMERIC DESCRIPTION SIGNETICS DEVICES EXAR | FAIRCHILD | HITACHI TECH MOTOROLA | NATIONAL | NEC PMI | rieon | PCA  lrhomson| GEneraL | SPRAGUE T OTHERS
DAC-08 8-Bit D/A DAC-08F ADDAC-08 HAOBO/DA HA17008 DAC-08 DAC-0800 | uPC624 | DAC-08 DATEL DAC-08
Converter DAC-08AF HAOBOTE DAC-0801 AMD DAC-08
DAC-08CF, CN DAC-0802 Harris-HI5618
NES007F, N
DAC-08ED, EN
NES5008D, F, N
SES008F
DAC-08HF, HN
NE5009F, N
SE5009F
08031 8-Bit A/D ADCO803LCF, LCN ADC0803 ADC0803 Intersil
0804/ Converter ADC0804CN, LCD, ADC0804 ADC0804 ADC0803
0805 LCF, LCN, AADC0805 ADC0805 0840
ADC0805 LCN 0805
0820 8-Bit CMOS ADC0820 CNED AD7820 AADC0820 Maxim
A/D Converter ADCO0820CNEN Max150
m Voltage LM111FE AD111 WAL WM LM111 LM111 PM111 LM111 SG111 M1
Comparator
19 Dual LM119F LT119 LM119 PM119
Comparator LM119
124 Quad OP Amp LM124F, N LM124 LT1014 LM124 LM124 CA124 SG124 LM124
13600 High NE5517AN XR13600 LM13600/A
Performance
Dual Transcon NESS17D, N
Amp
139 Quad LM139AF LA139 LM139 LM139 PM139 | LM139 CA139 LM139
Comparator LM139F, N CMP-04
1408/ 8-Bit D/A MC1408-6F, N AD1408 PA0B01C HA17408 MC1408/ DAC0806 DAC-1408| DAC-1408 Harris
1508 Converter MC1408-7F, N 1508 0807 HI5618
MC1408-8D, F, N 0808
MC1508-8F
Harris
CM1458
MC1458D, N
1458/ ’ MC1458 LM1458 Samsung
1558 Dual Op Amp MC1588N HA1458 MC1558 LM1558 uPC251 | OP-14 CA1458 | MC1458 MC1458 MC1458
SA1458N .
Micro Power
MP OP-14
Quad Line SN75188
1488 Driver MC14880, F, N XR1488 | uA1488 MC1488 DS1488 MC1488 MC1488
Quad Line MC1489A, D, F, N XR1489/ SN75189/A
1489 Receiver MC1489D, F. N A KA1489/A MC1489/A DS1489/A MC1489 | SG1489/A MC1489/A
Balanced
1496/ MC1496F, N MC1496 LM1496 Plessey
1596 Modulator/ MC1596F, N HATS6 MC1596 | LM1596 Satase SL14%6
Demodulator
. Cherry
1524 Improved SMPS | g31554cF, ON XR1524 LT1524 CAtS24 | SG1524 | SG1524 | ULNB124 | SGi524 CS1524
Control Circuit Unitrode
UC1524
LM158FE, N Intersil
158 Dual Op Amp NES32FE, N LM158 LM158 LM158 LM158 CA158
LM193AFE ,
193 Dual Comparator LM193FE HA193 LM193/A LM193/A LM193/A
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG

LINEAR

SGS/

SILICON

NUMERIC |  DESCRIPTION sanerics | AMOR | exar | Famcuio | wmacw | LAY | motoroLa |Namonau | wec | ew Raviueoh mea [ SSV | SLCON | sprague | m OTHERS
AMD
Sample-and- LF198FE, H LF198
198 Hold Amp SESSI7FE, H HA1S8 LF1%8 LF1s8 Hartis
HA2430
21 Voliage LM211D, FE N | AD211 M211 211 PM211 sG211 211
Comparator T
219 Dual Conparalor M219D, F, N M219 TOEO119
M224D, F, N
24 Quad Op Amp | e B 8 uA224 HA17224 LM224 Lm22¢ M224 Lmz24
Quad Voltage (M239AN PM239
239 Comparator LM239F, N 1A239 Lm239 LM239 OMP-04 LM233 | CA239 LM239
Cherry
Improved SMPS Cs2524
2524 Pl $G2524CN SG2524 fioiad
UCas24
LM258N
258 Dual Op Amp N A258 HA17258 LM258 258 | uPC2se CAZS8 | LM2s8 LM258
Sync with Vert Osc
2577 o TDAZSTTA TDA2577
Horizontal Plessey
2503 o TDA2593 TDA2593 vl
Quad HiSpeed | AM26LS31 AMD
sy | o B LN, N AM26LS31 AM26LS31 | DS26L531 nuzLss Ao
Quad Voltage
2001 o LM2901D, F, N 1A2901 (M2901 | LM2g01 LM2901
LM29020, N
2002 Quad Op Ap | Gpeatee 12902 (M2902 | LM2902 LM2902
2003 Dual Voltage LM2903D, FE, N 42903 IM2903 | LM2903 LM2903
Comparator
2904 Dual Op Amp LM2904D, N uA2904 M2904 | LM2904 LM2904
LM293AFE, AN
299 Dual Comparator | {2 hEL LM293/A | LM293/A LM293/A
3089 FM IF System CA30BIN LMa089 CA3089
mn Voltage Comparator | LM311D, FE, N A3 LM311 LM311 LM311
High Speed
M31 1 M31!
319 Dokl Comparator | LM31SD, F. N Mat9 | wPC3te M319
LM324AD, AN Samsung
a4 Quad Op Amp | ot DAY A4 HA17324 M32¢/A | LMa2e/A M3z LMa24 o]
Quad Voltage J
3302 Comparto MC3302D, F, N 4A3303 MC3302
3303 Quad Op Amp | MC3303F, N A3303 MC3303 MC3303 M3303
Samsung
3361 Low Power FM IF MC3361D, N MC3361 MC3361
Quad Voltage LM339AF, AN
339 Comparator LM339D, F, N MA339 LM339/A LM339/A uPC338 PM339 LM339 CA339 LM339 LM339
403/ MC3403D, F, N MC3403 MC3403 MC3403
3503 Quad Op Amp MC3505, F, N HA3403 MC3503 RMats? MC3503 MC3503
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Cross Reference Guide by Numeric Listing (Continued)

AN-sole source)

ANALOG LINEAR SGS/ SILICON
NUMERIC DESCRIPTION SIGNETICS DEVICES EXAR | FAIRCHILD HITACHI TECH MOTOROLA | NATIONAL NEC PMI |RAYTHEON RCA THOMSON| GENERAL SPRAGUE T OTHERS
autor 1081t D/A oo MC3410/G Harris
3510 Converter MC3510F MC3510 HI-5610
Cherry
3524 SMPS Conlrol 5635240, F, N XR3524 (3524 (M3524 CAsso4 | Saasos |SGas24 | ULNas24 | saase csas2e
Circuit Unitrode
UC3524
Improved SMPS Unitrode
3524C Control Gircit 8G3524C, D, N $G35248 UC3524A
Unitrode
3526 SMPS SG3526F, N S$G3526 SG3526 ULNB126 UC3526
LM358AD, AN Sanyo
358 Dual Op Amp LM358D, N HA17358 LM358/A LM358/A uPC358 | OP-221 CA358/A | LM358 LM358/A ¥
LA6358
NE532D, N
361 See 529
Unitrode
2842 SUPS Uc3sa2N, D UC3B42AN SGaBe2M UCBB42N/D
IC Cherry
CS3842AN
387 See 542
LMB393AFE, AN
LM393D, N Sanyo
d /
393 Dual Comparator LM393FE-Sole HA17393 LM393/A LM393/A LM393 LM393/A LAB393
Source
AMD
Sample-and-Hold LF398D, FE, H, N LF398
398 Amp NES537D, FE, H, N 1A398 LF398 LF398 SMP-10 Harris
HA2425
Dual General NE4556D, FE, N
4558 Pu! ose Op Amy SA4558FE, N XR4588 MC4558 RC4558
urp P | seassere, N
5007 See DAC-08C
5008 See DAC-08E
5009 See DAC-08H
AMD
5018 8-Bit Converter NE5018D, F, N AM6081
Voltage Out SE5018F Datel
DAC uP8B
8-Bit D/A Datel
5019 Converter gggg:gg N DAC
Voltage Out 1P8BM
10-Bit D/A
5020 Converter NESO20F, N pate
DAC uP10
Voltage Out
High-Speed Harris
Precision SMP-10 HA2420
5060 Sample- NES060F ADS83 SMP-11 HA24z5
and-Hold Amp HA5320
o |
5105 Precision (NES105AD, CMP-05 | RCA805
Comparator
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG . LINEAR SGS/ | SILICON
NUMERIC | DESCRIPTION SIGNETICS otvioes | EXAR | FARGHILD | HTacHi | 2ol | MOTOROLA | NATIONAL| NEC | PMI RAYTHEON RCA | bl coroll | SPRAGUE T OTHERS
5118 gf:ve[:{; NES116F, N Datel
ot SE5118F DAC-UP
.. Unitrode
5170 Ocal Line Drver NE5170A, N kit
Octal Line Unitrode
5180 Recoiver NE5180A, N o
529 High-Speed NE529D, F, H, N Mi61
Comparator SE529F, H LM361
High Slew Rate Op Harris
531 Amp NES31FE, H, N RC4531 HAZS15
532 See 358
Low Noise Dual
542 Prohmp NE542N LM387
5517 See 13600
) NESS32AFE, AN ,
5532 2:‘" Low Noise OP | eesaon, Fe, N AXR5532/ RCS532/A NE5532/A "‘;’fas 1025
p SES532AFE, FE 3
Dual Low Noise Op | NE5533AN
5533 o NESE33D, N XR5533 NE5533/A
NES534AD, AN
3 Analog
(Nﬁfcsgws-sow Syatoms
bt MA332
! NES534D, FE, N
5534 Low Noise Op Amp XR5534 OP-27 | RCSSM/A NESS534/A | Datel
SAS534AD, AN
AMA53-2C
SAS534N s
SE5534AFE, AN Frst01/11
SESS34FE, N
5537 See 398
NES5390, F, N Haris
5539 Fast Op Amp SES539, F, H AD5539 HA2539
NESSSD, FE, N
555 Timer SAS55D, N XR555 | uASSS HA17555 mf;iis Ms55 | uPCs55 RCS55 | CASS5 | NESSS NES55 '”‘Z’Es‘s'ss
SESS5CN, FE, N
NESS6D, F, N
556 Dual Timer SABSEN ASS5 ey | Lass NE5S6 NESS6 Sameung
SESS6CN, F, N
Cherry
5560 SMPS Control NES560D, F, N ULN8160 855600
Circuit SE5560F, N “disc IPS *disc
1P5560C
Cherry
5561 SMPS Control NES561D, FE, N ULNB161 095561
Gireuit SESS61FE, N *disc IPS *disc
1P5561C
Cherry
SMPS Control ULNB168 85568
5568 Ciret NESS6ED, N “disc IPS *disc
1P5568C
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG LINEAR sas/ | siLicoN
NUMERIC | DESCRIPTION SIGNETICS oevices | EXAR | FAIRCHILD | HITACHI | “E .Ul | MOTOROLA | NATIONAL | NEC | PMI RAYTHEON RCA | ouc | ol | SPRAGUE T OTHERS
NESS8D, F, N
558 Quad Timer SAS58N XR558
SES56F, N
High Frequency NESGAN
564 Phase-Losked Loop (;:Eise;D, F-sole ULN8564
565 Phase-Locked Loop 2‘5222? o NES65 LMs65
) NES66D, F, N
566 Function Generator SES66F, N LM566
NES67D, F, FE, N MCE
567 Tone Decoder SES67FE, F, N XR567 LMs67 MCE-567
Phase-Locked Loop | (SE567D-sole XR2567 Samsung
source) LM567
NES71D, F, N
571 Compandor (SA571D, F, N-sole uPC1571C]
source)
569 See 5060
NES92: D14, DB,
F14, F8, H, HD14,
HDB, HN14, HNB, ’
502 Video Amplifier | N14, N8 1A582C NE592 LM592 'T'I_Essggf '"';’nggz
SA59208, N8 :
SE592: F14, F8, H,
N14, N8
Sanyo
NES94D, F, N
594 Vacuum Fluorescent, | gasa4n £ XR6118 ULN6188 L81290
Display Driver SES94F. N Toshiba
: TD62781
AMD
' AMB012F
6012 126t D/A (AMG012D-s0le XR3464 NS84s4 DAC312 AMEO12
Converter source) Harris
! HIS62A
6081 See 5018
Siemens
6456 1GHz Prescaler SABB456PN, TD SD4211
Precision uA723CD, CF, ON )
723 Volage WATZ3F, N uAT23 HA1T723 Moz | Lwras AC723 JCA723 | \\7oy | sG728 AT23 Inters
M723  |LM723 LM723
Regulator SAT723CN
Differential "
. MA733CF, CN Intersil
733 Video BaTagF, N uA733 HA17733 MC1733 LM733 uAT33 a3
Amp
Micropower
MPOP-02
WATA1CD, CFE, CN
71 ge":;:‘ Pupose | a741FE, N uAT41 HA17741 MC1741 LM741 oP-02 LM741 | SG741 uATA1 P'essfsgz
P Amp SA741CFE, CN s
amsung
LM741

Bulst ouswINN AQ 8ping 8ousieey SSOID

SIONPOId IDaul soleubls
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG LINEAR $GS/ | SILICON
NUMERIC | DESCRIPTION SIGNETICS DEvices | EXAR | FAIRCHILD | WITACHI | “roo" | MOTOROLA | NATIONAL | NEC | PMI RAYTHEON RCA |- il | SlPol | SPRAGUE m OTHERS
WAT4TCD, CF, CN oP.0s i
747 Dual Op Amp UATATF, N uAT4T HA17747 MC1747 747 | upo1418 | Vo | RCP47 | CATAT uAT47 Micropower
MPOP-04
SAT47CN
75188 See 1488
75189 See 1489
ICM7555CN, CD ]
7555 (T:msﬁ ICM7555IN, ID LMCsS5 nosss |
ICM7555MN !
7820 See 0820
8126 See 3526
8160 See 5560
8161 See 5561 ,
8168 See 5568
8464 See 6012
8564 See 564
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SO Availability

List

PART SMD PART SMD
NUMBER PACKAGE DESCRIPTION NUMBER PACKAGE DESCRIPTION
ADC0820D SOL-20 8-Bit CMOS A/D NE532D SO-8 Dual Op Amp
*DACO8SED SO-16 8-Bit D/A Converter *NE544D SOL-16 Servo Amp
*LF398D SO-14 Sample-and-Hold Amp *NE5512D SO-8 Dual Hi-Perf Op Amp
LM1870D SOL-20 Stereo Demodulator *NE5514D SOL-16 Quad Hi-Perf Op Amp
LM2901D SO-14 Quad Volt Comparator NE5517D SO-16 Dual Hi-Perf Amp
LM2903D S0O-8 Dual Volt Comparator NE5520D SOL-16 LVDT Signal Cond Ckt
LM311D SO-8 Voltage Comparator *NE5532D SOL-16 Dual Low-Noise Op
LM319D SO-14 High-Speed Dual Amp
Comparator *NES5533D SOL-16 Low-Noise Op Amp
LM324AD SO-14 Quad Op Amp NE5534AD SO-8 Low-Noise Op Amp
LM324D SO-14 Quad Op Amp NE5534D SO-8 Low-Noise Op Amp
LM338D SO-14 Quad Volt Comparator NE5537D SO-14 Sample-and-Hold Amp
LM358AD SO-8 Dual Op Amp NE5539D SO-14 Hi-Freq Amp
LM358D SO-8 Dual Op Amp Wideband
LM393D SO-8 Dual Comparator NE555D SO-8 Single Timer
*MC1408-8D SO-16 8-Bit D/A Converter NE556D SO-14 Dual Timer
MC1458D S0O-8 Dual Op Amp NE5560D SO-16 SMPS Control Ckt
MC1488D SO-14 Quad Line Driver NE5561D SO-8 SMPS Control Ckt
MC1489D SO-14 Quad Line Receiver NE5562D SOL-20 SMPS Control Ckt
MC1489AD SO-14 Quad Line Receiver NE5568D S0O-8 SMPS Control Ckt
MC3302D SO-14 Quad Volt Comparator NE558D SOL-16 Quad Timer
MC3361D SOL-16 Low Power FM IF NE5592D SO-14 Dual Video Amp
MC3403D SO-14 Quad Low Power Op NE564D SO-16 Hi-Frequency PLL
Amp *NE565D SO-14 Phase Locked Loop
NE4558D SO-8 Dual Op Amp NE566D SO-8 Function Generator
*NE5018D SOL-24 8-Bit D/A Converter NE567D SO-8 Tone Decoder PLL
*NE5019D SOL-24 8-Bit D/A Converter NE568D SOL-20 PLL
*NE5036D SO-14 6-Bit A/D Converter NE571D SOL-16 Compandor
NE5037D SO-16 6-Bit A/D Converter NE572D SOL-16 Prog Compandor
NES5044D SO-16 Prog 7-Channel *NE587D SOL-20 7 Seq LED Driver
Encoder (Anode)
NE5045D SO-16 7-Channel Decoder *NE589D SOL-20 7 Seq LED Driver
NE5090D SOL-16 Address Relay Driver (Cath)
NES5105/AD SO-8 High-Speed NES900D SOL-16 Call Progress Decoder
Comparator NE592D14 SO-14 Video Amp
NE5170A PLCC-28 Octal Line Driver NE592D8 SO-8 Video Amp
NE5180A PLCC-28 Octal Line Receiver NE592HD14 SO-14 Hi-Gain Video Amp
NE5204D SO-8 High-Frequency Amp NE592HD8 SO-8 Hi-Gain Video Amp
NES205D SO-8 High-Frequency Amp *NE594D SOL-20 Vac Fluor Disp Driver
NES521D SO-14 High-Speed Dual NE602D SO-8 Double Bal Mixer/
Comparator Oscillator
NE5212D8 SO-8 Transimedance NE604D SO-16 Low Power FM IF
Amplifier System
NE522D SO-14 High-Speed Dual NE605 SOL-20 FM IF System
Comparator NE612D SO-8 Double Balanced
NE5230D SO-8 Low Voltage Op Amp Mixer/Oscillator
NE527D SO-14 High-Speed NE614D SO-16 Low Power FM IF
Comparator System
NE529D SO-14 High-Speed *PCD3311TD SO-16 DTMF/Melody
Comparator Generator

February 1987
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SO Availability List

PART

SMD

PART

SMD

System

NOTE:

NUMBER PACKAGE DESCRIPTION NUMBER PACKAGE DESCRIPTION
PCD3312TD SO-8 DTMF/Melody SAA3004TD SOL-20 R/C Transmitter
Generator With ICC SG3524D SO-16 SMPS Control Circuit
PCD3315TD SOL-28 Repertory Pulse Dial TDA1001BTD SO-16 Noise Suppressor
PCD3360TD SO-16 Progress Tone Ringer TDA1005ATD SO-16 Stereo Decoder
PCF2100TD SOL-28 LCD Duplex Driver TDA3047TD SO-16 IR Preamp
(40) TDA3048TD SO-16 IR Preamp
PCF2111TD VS0-40 LCD Duplex Driver TDA5040TD SO-8 Brushless DC Motor
. (64) Driver
PCF2112TD VS0-40 LCD Duplex Driver TDA7010TD SO-16 FM Radio Circuit
(32) TDA7050TD SO-8 Mono/Stereo Amp
PCF8570TD SO-8 Static RAM (256 X 8) TDD1742TD SOL-28 Frequency Synthesizer
PCF8571TD SO-8 1K Serial RAM ULN2003D SO-16 Transistor Array
PCF8573TD S0O-16 Clock/Timer ULN2004D SO-16 Transistor Array
PCF8574TD SO-16 Remote 1/0 Expander uA723CD SO-14 Voltage Regulator
PCF8576TD VS0-56 MUX/Static Driver uA741CD SO-8 Single Op Amp
PCF8577TD VS0-40 32-/64-Segment LCD uA747CD SO-14 Dual Op Amp
Driver NOTE:
SA5105/AD SO-8 High-Speed *Non-standard pinout.
Comparator
SA5230D SO-8 Low Voltage Op Amp
SA5212D8 SO-8 Transimpedance Amp
SA532D SO-8 Dual Op Amp
SA534D SO-14 Dual Op Amp
SA555D SO-8 Single Timer
SA571D SOL-16 Compandor
SA572D SOL-16 Compandor
*SA594D SOL-20 Vac Fluor Disp Driver
SA602D SO-8 Double Bal Mixer/
Oscillator
SA604D S0-16 Lower Power FM IF

For information regarding additional SO products released since the publication of this document, contact your iocal Signetics Sales Office.

February 1987
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Signetics' Linear integrated circuit prod-
ucts may be ordered by contacting either
the local Signetics sales office, Signetics
representatives and/or Signetics autho-
rized 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 order

Table 1 provides part number informa-
tion concerning Signetics originated
products.

Table 2 is a cross reference of both the
old and new package suffixes for all
presently existing types, 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 appropriate prefix. It should be not-
ed, however, that an SE prefix (-55°C to
+125°C) indicates only the operating
temperature range of a device and not
its military qualification status. The mili-
tary qualification status of any Linear
product can be determined by either
looking in the Military Data Manual and/
or contacting your local sales office.

December 1988

Ordering Information
for Prefixes ADC, AM, AU, CA,
DAC, ICM, LF, LM, MC, NE, SA,

SE, SG, uA, UC

Table 1. Part Number Description

‘——— > Device Number

Tables 3 & 4

CROSS REF PRODUCT PRODUCT
PART NUMBER  oaRT NO. FAMILY DESCRIPTION
NES537N LF398 LIN Sample-and-Hold Am
NES537N LF38 LN Sample-and-Hold Amp

—— Description of
Product Function

——= Linear Product Family

——= Package Descriptions — See Table 2

————— = Device Family and Temperature Range Prefix — See

1-31
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Ordering Information

Table 2. Package Descriptions
PACKAGE
OLD | NEW | hESCRIPTION

A, AA N 14-lead plastic DIP

A N-14 | 14-lead plastic DIP
(selected analog
products only)

B, BA N 16-lead plastic DIP

D Microminiature
package (SO)

F F 14-, 16-, 18-, 22-,
and 24-lead
ceramic DIP
(Cerdip)

I, IK | 14-, 16-, 18-, 22-,
28-, and 4-lead
ceramic DIP

K H 10-lead TO-100

L H 10-lead high-profile
TO-100 can

NA, NX | N 24-lead plastic DIP

QR Q 10-, 14, 16-, and
24-lead ceramic
flat

T, TA H 8-lead TO-99

U U SIP plastic power

\ N 8-lead plastic DIP

XA N 18-lead plastic DIP

XC N 20-lead plastic DIP

XC N 22-lead plastic DIP

XL, XF |N 28-lead plastic DIP

A PLCC
EC TO-46 header
FE 8-lead ceramic DIP

December 1988

Table 3. Si

gnetics Prefix and

Device Temperature

DEVICE TEMPERATURE

PREFIX RANGE
NE 0 to +70°C
SE -55°C to +125°C
SA ~40°C to +85°C

Table 4. Industry Standard Prefix
PREFIX DEVICE FAMILY
ADC Linear Industry Standard
AM Linear Industry Standard
CA Linear Industry Standard
DAC Linear Industry Standard
ICM Linear Industry Standard
LF Linear Industry Standard
LM Linear Industry Standard
MC Linear Industry Standard
NE Linear industry Standard
SA Linear Industry Standard
SE Linear Industry Standard
SG Linear Industry Standard
MA Linear Industry Standard
uc Linear Industry Standard

1-32




Sianetics Ordering Information
9 for Prefixes HE, OM, PC, PN,
SA, D, TE

Linear Products

Signetics' integrated circuit products Table 1. Part Number Description

may be.orde‘red by contac.tlng e|§her t.he PART PRODUCT PRODUCT
local Signetics sales office, Signetics NUMBER FAMILY DESCRIPTION
representatives and/or Signetics autho-
rized distributors. TDA2541N

LIN Video IF Amplifier
Minimum Factory Order: .
Commercial Product: Description of

Product Function
$ 1000 per order

$ 250 per line item per order Product Family Linear

Table 1 provides part number informa-
tion concerning Signetics/Philips inte-
grated circuits. Device Number

Package Description — See Table 2A

Table. 2. provides package suﬁixe§ qnd L————— == Device Family and Temperature Range Prefix — See Table 3A
descriptions for all presently existing

types. Letters following the device num-
ber not used in Table 2 are considered
to be part of the device number.

Table 2. Package Description

Table 3 provides explanations on the SUFFIX PACKAGE DESCRIPTION

various prefixes employed in the part PN 8-, 14-, 16-, 18-, 20-, 24-, 28-, 40-lead plastic DIP
number descriptions. As noted in Table D Microminiature Package (SO)

3, Signetics/Philips device operating DF 14-, 16-, 18-, 22-, 24-lead ceramic DIP
temperature is defined by the appropri- U Single in-line plastic (SIP) and SIP power packages

ate prefix.

OPERATING TEMPERATURE: Table 3. Device Prefix

The third letter of the prefix, in a three- PREFIX DEVICE FAMILY
letter prefix, is the temperature designa- HEx CMOS circuit
tor. OM Linear circuit

The letters A to F give information about

the operating temperature: PCx CMOS circuit
A: Temperature range not specified. PNx NMOS circuit
See data sheet. SAx Digial circuit

e.g. TDA2541N TDx Linear circuit

0 (t:gflng%WSPN TEx Linear circuit
-55°C to +125°C
e.g. PCC2111PN
-25°C to +70°C
e.g. PCD8571PN
-25°C to +85°C
e.g. PCE2111PN
-40°C to +85°C
e.g. PCF2111PN

nm o o W
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Linear Products

SIGNETICS' ZERO DEFECTS
PROGRAM

In recent years, American industry has de-
manded increased product quality of its IC
suppliers in order to meet growing internation-
al competitive pressures. As a result of this
quality focus, it is becoming clear that what
was once thought to be unattainable — zero
defects — is, in fact, achievable.

The IC supplier committed to a standard of
zero defects provides a competitive advan-
tage to today's electronics OEM. That advan-
tage can be summed up in four words:
reduced cost of ownership. As IC customers
look beyond purchase price to the total cost
of doing business with a vendor, it is apparent
that the quality-conscious supplier represents
a viable cost reduction resource. Consistently
high quality circuits reduce requirements for
expensive test equipment and personnel, and
allow for smaller inventories, less rework, and
fewer field failures.

REDUCING THE COST OF
OWNERSHIP THROUGH TOTAL
QUALITY PERFORMANCE

Quality involves more than just IC's that work.
It also includes cost-saving advantages that
come with error-free service — on-time deliv-
ery of the right quantity of the right product at
the agreed-upon price. Beyond the product,
you want to know you can place an order and
feel confident that no administrative problems
will arise to tie up your time and personnel.

Today, as a result of Signetics' growing
appreciation of the concern with cost of
ownership, our quality improvement efforts
extend out from the traditional areas of prod-
uct conformance into every administrative
function, including order entry, scheduling,
delivery, shipping, and invoicing. Driving this
process is a Corporate Quality Improvement
Team, comprised of the president and his
staff, which oversees the activities of 30 other
Quality Improvement Teams throughout the
company.

LINEAR PRODUCT QUALITY
Signetics has put together a winning process
for the manufacturing of Linear Integrated
Circuits. The circuits produced by our Linear
Division must meet rigid criteria as defined in
our design rules and as evaluated through
product characterization over the device op-
erating temperature range.

December 1988

Quality and Reliability

Product conformance to specification is mea-
sured throughout the manufacturing cycle.
Signetics calls the first submittal to a Product
or Quality Assurance gate our Estimated
Process Quality or EPQ. It is an internal
measure used to drive our Quality Improve-
ment Programs toward our goal of Zero
Defects. All product acceptance sampling
plans have zero as their acceptance criteria.
Only shipments that demonstrate zero de-
fects during these acceptance tests may be
shipped to our customers. This is in accor-
dance with our commitment to our Zero
Defect policy.

Our standard is Zero Defects and our custom-
ers' statistics and awards for outstanding
product quality demonstrate our advance to-
ward this goal. Nowhere is this more evident
than at our Electrical and Visual-Mechanical
Outgoing Product Assurance inspection
gates. Over the past eight years, the mea-
sured defect level at the first submission to
Electrical Product Assurance for Linear prod-
ucts has dropped from over 4000PPM (0.4%)
to under 50PPM (0.005%) (See Figure 1a).
Similarly our Visual-Mechanical (body de-
fects, lead bend, etc.) defect level has im-
proved remarkably (see Figure 1b). The re-
sults from our Quality Improvement Program
have allowed Signetics to take the industry
leadership position with its Zero Defects Lim-
ited Warranty policy. No longer is it necessary
to negotiate a mutually acceptable AQL be-
tween buyer and Signetics. Signetics will
replace any lot in which a customer finds one
verified defective part.

QUALITY DATABASE
REPORTING SYSTEM — QA05

The capabilities of our manufacturing process
are measured and the results are recorded
through our corporate-wide QAO05 database
system. The QAO5 system collects the results
on all finished lots and feeds this data back to
concerned organizations where appropriate
corrective actions can be taken. The QA05
reports Estimated Process Quality (EPQ) data
which are the sample inspection results for
first submittal lots to Quality Assurance in-
spection for electrical, visual/mechanical,
hermeticity, and documentation. Data from
this system is available upon request and is
distributed routinely to our customers who
have formally adopted our Ship-to-Stock pro-
gram.

2-3

CUSTOMER/VENDOR
COOPERATION IS AT THE
HEART OF ZERO DEFECTS
AND REDUCED COSTS

Working to a zero defects standard requires
that emphasis be consistently placed, not on
""catching'" defects, but on preventing them
from ever occurring. This strong preventive
focus, which demands that quality be ''built-in"'
rather than "inspected in,"" includes a much
greater attention to ongoing communication on
quality-related issues. At Signetics, a focus on
this cooperative approach has resulted in bet-
ter service to all customers and the develop-
ment of two innovative customer/vendor pro-
grams: Ship-to-Stock and Self-Qual.
Signetics' Ship-to-Stock
Program

Ship-to-Stock is a joint program between
Signetics and a customer which formally
certifies specific parts to go directly into
inventory or to the assembly line from the
customer's receiving dock without incoming
inspection. This program was developed at
the request of several major customers after
they had worked with us and had a chance to
experience the data exchange and joint cor-
rective action that occurs as part of our
quality improvement program.

The key elements of the Ship-to-Stock pro-

gram are:

® Signetics and customer agree on a list
of products to be certified, complete
device correlation, and sign a
specification.

® The product Estimated Product Quality
(EPQ) must be 300ppm or less for the
past 3 months.

® Signetics will share Quality (QA05) and
Reliability data on a regular basis.

® Signetics will alert Ship-to-Stock
customers of any changes in quality or
reliability which could adversely impact
their product.

Any customer interested in the benefits of the
Ship-to-Stock program should contact his
local Signetics sales office for a brochure and
further details.

As a result of their participation in the Ship-to-
Stock Program, many of our customers have
eliminated costly incoming testing on select-
ed ICs. We will work together with any cus-
tomer interested to establish a Ship-to-Stock
Program, and identify the products to be
included in the program and finalize all neces-
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PPM (Parts per Million)

1985 1986

Figure 1a. Product Electrical Quality

1987
Year

1988 1989

0P20980S

PPM (Parts per Million)

1985

1986

Figure 1b. Visual-Mechanical Quality

1987
Year

1988 1989

0P20970S

sary terms and conditions. From that point,
the specified products can go directly from
the receiving dock to the assembly line or into
inventory. Signetics then provides, free of
charge, monthly reports on those products.

December 1988

In our efforts to continually reduce cost of
ownership, we are now using the experience
we have gained with Ship-to-Stock to begin
developing a Just-in-Time Program. With Just-
in-Time, products will be delivered to the
receiving dock just as they are needed, permit-

2-4

ting continuous-flow manufacturing and elimi-
nating the need for expensive inventories.

Signetics Self-Qual Program

Like Ship-to-Stock, our Self-Qual Program
employs a cooperative approach based on
ongoing information exchange. At Signetics,
formal qualification: procedures are required
for all new or changed materials, processes,
products, and facilities. Prior to 1983, we
created our qualification programs indepen-
dently. Our major customers would then test
samples to confirm our findings. Now, under
the new Self-Qual Program, customers can
be directly involved in the prequalification
stage. When we feel we have a promising
enhancement to offer, customers will be invit-
ed to participate in the development of the
qualification plan. This eliminates the need to
duplicate expensive qualification testing and
also adds another dimension to our ongoing
efforts to build in quality.

WE WANT TO WORK WITH

YOU

At Signetics, we know that our success de-

pends on our ability to support all our custom-

ers with the defect-free, higher density, higher

performance products needed to compete

effectively in today's demanding business

environment. To achieve this goal, quality in

another arena — that of communications —

is vital. Here are some specific ways we can

maintain an ongoing dialogue and information

exchange between your company and ours

on the quality issue:

® Periodical face-to-face exchanges of
data and quality improvement ideas
between the customer and Signetics
can help prevent problems before they
occeur. )

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

® When a problem occurs, provide us as
soon as possible with whatever specific
data you have. This will assist us in
taking prompt corrective action.

Quality products are, in large measure, the
result of quality communication. By working
together, by opening up channels through
which we can talk openly to each other, we
will insure the creation of the innovative,
reliable, cost effective products that help
insure a competitive edge.

QUALITY AND RELIABILITY
ASSURANCE

Signetics' Linear Division Quality and Reliabil-
ity Assurance Department is involved in all
stages of the production of our Linear ICs:
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® Product Design and Process
Development

® Wafer Fabrication

® Assembly

® Inspection and Test

@ Product Reliability Monitoring

® Customer liaison

The result of this continual involvement at all
stages of production enables us to provide
feedback to refine present and future de-
signs, manufacturing processes, and test
methodology to enhance both the quality and
reliability of the products delivered to our
customers.

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 eliminate the possibility of metal
migration, current density in any path cannot
exceed 5 X 10% amps/cm2. Layout rules are
followed to minimize the possibility of shorts,
circuit anomalies, and SCR type latch-up
effects. All circuit designs are computer-
checked using the latest CAD software for
adherence to design rules. Simulations are
performed for functionality and parametric
performance over the full operating ranges of
voltage and temperature before going to
production. These steps allow us to meet

device specifications not only the first time,
but also every time thereafter.

PRODUCT CHARACTERIZATION
Before a new design is released, the charac-
terization 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.

RELIABILITY MEASUREMENT
PROGRAMS

Signetics has developed comprehensive
product and process qualification programs to
assure that its customers are receiving highly
reliable products for their critical applications.
Additionally, ongoing reliability monitoring
programs, SURE Il and Product Monitor,
sample standard production product on a
regularly established basis (see Table | be-
low).

DESCRIPTION OF STRESSES

SHTL — Static High Temperature Life:
SHTL stressing applies static DC bias to the
device. This has specific merit in detecting
ionic contamination problems which require
continuous uninterrupted bias to drive con-
taminants to the silicon surface. DHTL stress-
ing is not as effective in detecting such
problems because the bias continuously

Table I. RELIABILITY ASSURANCE PROGRAMS

changes, intermittently generating and heal-
ing the problem.

HTSL — High Temperature Storage Life:
This stress exposes the parts to elevated
temperatures (150°C - 175°C) with no ap-
plied bias.

THBS — Biased Temperature-Humidity,
Static: This accelerated temperature and hu-
midity bias stress is performed at 85°C and
85% relative humidity (85°C/85% RH).

TMCL — Temperature Cycling, Air-to-Air:
The device is cycled between the specified
upper and lower temperature without power
in an air or nitrogen environment. Normal
temperature extremes are -65°C and
+150°C with a minimum 10 minute dwell and
5 minute transition per Mil-STD-883C, Meth-
od 1010.5, Condition C. This is a good test to
measure the overall package to die mechani-
cal compatibility, because the thermal expan-
sion coefficients of the plastic are normally
very much higher than those of the die and
leadframe.

PPOT — Pressure Pot: This stress exposes
the devices to saturated steam at elevated
temperature and pressure. The standard con-
dition is 20 PSIG which occurs at a tempera-
ture of 127°C and 100% RH. The stress is
used to test the moisture resistance of plastic
encapsulated devices. Because the steam
environment has an unlimited supply of mois-
ture and ample temperature to catalyze ther-
mally activated events, it is effective at de-
tecting corrosion problems, contamination in-

RELIABILITY FUNCTION

TYPICAL STRESS

FREQUENCY

New Process Qualification

High Temperature Operating Life
Biased Temperature-Humidity, Static
High Temperature Storage Life
Pressure Pot

Temperature Cycle

Each new wafer fab process

New Product Qualification

High Temperature Operating Life
Biased Temperature-Humidity, Static
High Temperature Storage Life
Pressure Pot

Temperature Cycle

Electrostatic Discharge Characterization

Each new product

SURE Il

High Temperature Operating Life
Biased Temperature-Humidity, Static
High Temperature Storage Life
Pressure Pot

Temperature Cycle

Thermal Shock

Each fab process family,
every four weeks

Product Monitor

Pressure Pot
Thermal Shock

Each package type and
technology family at each
assembly plant, every week

December 1988

2-5




Signetics Linear Products

Quality and Reliability

duced leakage problems, and general glassi-
vation stability and integrity.

TMSK — Thermal Shock, Liquid-to-Liquid:
Similar to TMCL, however, heating and cool-
ing are done by immersing the units in hot
and cold inert liquid. Temperature extremes
are -65°C to +150°C with a minimum 5
minute dwell and less than 10 second transi-
tion per Mil-STD-883C, Method 1011.4, Con-
dition C. Since heat transfer by conduction is
generally much faster than by convection, the
liquid-based thermal shock causes more rap-
id temperature changes in the part.

PRODUCT QUALIFICATION
Linear products are subjected to rigorous
qualification procedures for all new products
or redesigns to current products. Qualification
testing consists of:
® High Temperature Operating Life:
T,y =150°C, 1000 hours, static bias
® High Temperature Storage Life:
T, =175°C, 1000 hours, unbiased
® Temperature Humidity Biased Life:
85°C, 85% relative humidity, 1000
hours, static bias
® Pressure Cooker:
20 psig, 127°C, 168 hours, unbiased
® Temperature Cycle:
-65°C to +150°C, 500 cycles, 10
minute dwell, air to air, unbiased

Formal qualification procedures are required
for all new or changed products, processes,
and facilities. These procedures ensure the
high level of product reliability our customers
expect. New facilities are qualified by corpo-
rate groups as well as by the quality organiza-
tions of specific units that will operate in the
facility. After qualification, products manufac-
tured by the new facility are subjected to
highly accelerated environmental stresses to
ensure that they can meet rigorous failure
rate requirements. New or changed process-
es are similarly qualified.

December 1988

ONGOING RELIABILITY
ASSESSMENT PROGRAMS

The SURE Program

The SURE (Systematic and Uniform Reliabili-
ty Evaluation) program audits products from
each of Signetics Linear Division's process
families: Bipolar Junction, Single Layer Metal,
Dual Layer Metal, Gold-Doped and Schottky;
Oxide Isolated and ACMOS, under a variety
of accelerated stress conditions. This pro-
gram, first introduced in 1964, has evolved to
suit changing product complexities and per-
formance requirements.

The Audit Program
Samples are selected from each process
family every four weeks and are subjected to
each of the following stresses:
® High Temperature Operating Life:
T,y =150°C, 1000 hours, static bias
® Temperature Humidity Biased Life:
85°C, 85% relative humidity, 1000
hours, static bias
® Pressure Cooker:
20 psig, 127°C, 72 hours, unbiased
® Thermal Shock:
-65°C to +150°C, 300 cycles, 5 minute
dwell, liquid-to-liquid, unbiased
® Temperature Cycling:
-65°C to +150°C, 1000 cycles, 10
minute dwell, air-to-air, unbiased

The Product Monitor Program

In addition, each Signetics assembly plant
performs Pressure Cooker and Thermal
Shock SURE Product Monitor stresses on a
weekly basis on each molded package by pin
count per the same conditions as the SURE
Program.

Product Reliability Reports

The data from these test matrices provides 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.
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Many customers use this information in lieu of
running their own qualification tests, thereby
eliminating time-consuming and costly addi-
tional testing.

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-fab
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
departments. These engineering units pro-
vide a service to our customers who desire
detailed failure analysis support, who in turn
provide Signetics with the technical under-
standing of the failure modes and mecha-
nisms actually experienced in service. This
information is essential in our ongoing effort
to accelerate and improve our understanding
of product failure mechanisms and their pre-
vention.
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LINEAR DIVISION LINEAR PROCESS FLOW

WAFER
FABRICATION

HERMETIC
SEAL
PLASTIC
ENCAPSULATION

100%

ELECTRICAL TEST
BURN-IN
OPTION

100%
ELECTRICAL TEST
VISUAL

INSPECTION

OUTGOING
QUALITY CONTROL

SHIPMENT

SCANNING ELECTRON MICROSCOPE CONTROL

Wafers are sampled daily by the Quality Controi Laboratory from each fabrication area and subjected
to SEM analysis. This process control reveals manufacturing defects such as contact and oxide step
coverage in the metalization process which may result in early failures

DIE SORT VISUAL ACCEPTANCE

Product 1s inspected for defects caused during fabrication, wafer testing, or the mechanical scribe
and break operation. Defects such as scratches, smears and glassivated bonding pads are included
in the lot acceptance crtena.

DIE ATTACH AND WIRE BONDING
The latest automated equipment is used under statistical process control program.

PRE-SEAL VISUAL ACCEPTANCE

Product 1s inspected to detect any damage incurred at the die attach and wire bonding stations.
Defects such as scratches, contamination and smeared ball bonds are included in the lot acceptance
critenia.

SEAL TESTS
Hermetic package seal integrity is ensurea by 100% and fine gross leak testing.

SYMBOL

Devices are marked with the Signetics logo. device number and period date code of assembly or
custom symbol per individual specification requirements.

100% PRODUCTION ELECTRICAL TESTING
Every device is tested to all data sheet temperature

BURN-IN (SUPR Il LEVEL B OPTION)
Devices are burned in for 21 hours at 155°C maximum Junction Temperature

100% PRODUCTION ELECTRICAL TESTING
Every device is tested to ail data sheet temperature

VISUAL

All products are visually inspected per the requirements specified in Signetics’ or customer
documents.

FINAL QUALITY ASSURANCE GATE

The final QA step t the specified and electrical AQL's. Every ship-
ment ts sealed and identified by QA personnel.

PFO0850S
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SIGNETICS' MANUFACTURING
FACILITIES

Signetics, as part of a multinational corpora-
tion, utilizes manufacturing facilities for wafer
fabrication, package assembly, and test in
three states and three overseas countries as
shown in Table Il. All wafer fabrication is
performed in Signetics operated fabs which
report to the Vice President of Die Manufac-

turing Operations (DMO) in Sunnyvale. Simi-
larly, Signetics Assembly operations in Utah,
Korea, and Thailand, report to the Vice Presi-
dent of Assembly Manufacturing Operations
(AMO). Assembly subcontractors, Pebei and
Anam, are scheduled and controlled through
the AMO organization. Assembly subcontrac-
tors process all product to Signetics' specifi-
cations and materials. Signetics has on-site

Table Il. Signetics' Linear Product Manufacturing Facilities

WAFER FABRICATION FACILITIES
Designation Location Process Families
Fab 01 Sunnyvale, California Bipolar Junction Isolated
Fab 09 Orem, Utah Bipolar Gold Doped
Fab 16 Sunnyvale, California Oxide Isolated
Fab 21 Orem, Utah Bipolar Schottky
Fab 22 Albuquerque, New Mexico ACMOS
ASSEMBLY FACILITIES
Designation Location Package
SigKor Seoul, Korea DIP, SO, and PLCC
SigThai Bangkok, Thailand DIP and CERDIP
Orem Orem, Utah Military ''Jan"" Hermetic
Pebei Kaohsiung, Taiwan SO
Anam Seoul, Korea SO and Metal Can
TEST FACILITIES
Designation Location Package
TAO03 Sunnyvale, California Wafer Sort, Final Test
and Quality Assurance
SigKor Seoul, Korea Final Test and Quality
Assurance
SigThai Bangkok, Thailand Final Test and Quality
Assurance
Sacto Sacramento, California Military Final Test and
Quality Assurance

December 1988
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quality assurance personnel at each subcon-
tractor to audit assembly processes and pro-
cedures.

All Signetics Linear products are electrically
tested in Signetics operated facilities. These
facilities report to the manufacturing organiza-
tion (DMO or AMO) operating the facility at
which they are located.
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SYMBOLIZATION INFORMATION

Signetics' Linear Division products are symboled with the
following information on each package:

® Signetics' Logo

® Product Identification and Package Designator

® Traceability Code*

® Assembly Date and Plant Codes*

@ Product Revision Level*

® SUPR Il B Processing Code (if applicable)

* May appear on the backside of SO 8, 14 & 16 lead
packages due to space limitations on topside symbol.

Example:

S NE5534N line 1
FBW5491  line 2
8901VCB  line 3

Line 1:

S = Signetics' Logo

NE5534 = Product type designation

N = Package type:

N = Dual-in-Line Plastic

F = Dual-in-Line CerDip

D = Small Outline (SO) Surface Mount
A = Plastic Leaded Chip Carrier (PLCC)
E or H = Metal Header

Line 2:

FBW5491 = 7 character Traceability Code assigned to each
Assembly Lot which maintains product

traceability back to the Wafer Fabrication.

(May be truncated on SO-8 and metal headers.)

Line 3:

8901 = Assembly Date Code (YYWW) specifies the year (YY)
(YYWW) and week number (WW) that begins the 4 week
assembly period during which the product was
manufactured. Thus, 8901 indicates that the

product was packaged during the first four weeks

of 1989. The first digit of the year may be

omitted on some packages: 901.

V = Assembly Plant Code which indicates the assembly
facility in which the finished product was packaged.
Assembly Plants Codes are:
V = Signetics Bangkok, Thailand
K = Signetics Seoul, Korea
B = Philips Kaohsiung, Taiwan
L = Anam Seoul, Korea
C = Product Revision Level
B = SUPR II B Burn-in Processing Code (if present)
indicates that the product was processed through 100% SUPR Il B Burn-in for 21 hours
under biased operation at a junction temperature (Tj) of 155°C
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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 small
area network, not only between the circuits of
one system, but also between different sys-
tems; e.g., teletext and tuning.

Philips/Signetics manufactures many devices
with built-in 1C interface capability, any of
which can be connected in a system by
simply "'clipping"" it to the I2C 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 de-
vices connected to the bus (these devices
could be NMOS, CMOS, I°C, TTL, ...) must
have an open-drain or open-collector in order
to perform the wired-AND function. Data on
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Intfroduction to 12C

the 12C bus can be transferred at a rate up to
100kbits/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, not only allows fast devices
to communicate with slower ones, but also
eliminates the ''Carrier Sense Multiple Ac-
cess/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
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also free to transmit or receive data during a
transfer.

To summarize, the 12C bus eliminates inter-
facing 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 I12C bus include:
Video Equipment

Audio Equipment
Computer Terminals
Home Appliances
Telephony
Automotive
Instrumentation
Industrial Control
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INTRODUCTION

For 8-bit applications, such as those requiring

single-chip microcomputers, certain design

criteria can be established:

® A complete system usually consists
of at least one microcomputer and
other peripheral devices, such as
memories and 1/O expanders.

® The cost of connecting the various
devices within the system must be
kept to a minimum.

® Such a system usually performs a
control function and does not require
high-speed data transfer.

® Overall efficiency depends on the
devices chosen and the
interconnecting bus structure.

In order to produce a system to satisfy these
criteria, a serial bus structure is needed.
Although serial buses don't have the through-
put capability of parallel buses, they do re-
quire less wiring and fewer connecting pins.
However, a bus is not merely an interconnect-
ing wire, it embodies all the formats and
procedures for communication within the sys-
tem.

Devices communicating with each other on a
serial bus must have some form of protocol
which avoids all possibilities of confusion,
data loss and blockage of information. Fast
devices must be able to communicate with
slow devices. The system must not be depen-
dent on the devices connected to it, other-
wise modifications or improvements would be
impossible. A procedure has also to be re-
solved to decide which device will be in
control of the bus and when. And if different
devices with different clock speeds are con-
nected to the bus, the bus clock source must
be defined.

All these criteria are involved in the specifica-
tion of the I2C bus.

THE 12C BUS CONCEPT

Any manufacturing process (NMOS, CMOS,
12L) can be supported by the 12C bus. Two
wires (SDA - serial data, SCL - serial clock)
carry information between the devices con-
nected to the bus. Each device is recognized
by a unique address — whether it is a micro-
computer, LCD driver, memory or keyboard
interface -~ and can operate as either a trans-
mitter or receiver, depending on the function
of the device. Obviously an LCD driver is only
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a receiver, while a memory can both receive
and transmit data. In addition to transmitters
and receivers, devices can also be consid-
ered as masters or slaves when performing
data transfers (see Table 1). A master is the
device which initiates a data transfer on the
bus and generates the clock signals to permit
that transfer. At that time, any device ad-
dressed is considered a slave.

The I2C bus is a multi-master bus. This means
that more than one device capable of control-
ling the bus can be connected to it. As
masters are usually microcomputers, let's
consider the case of a data transfer between
two microcomputers connected to the 12C
bus (Figure 1). This highlights the master-
slave and receiver-transmitter relationships to
be found on the 12C bus. It should be noted
that these relationships are not permanent,
but only depend on the direction of data
transfer at that time. The transfer of data
would follow in this way:

1) Suppose microcomputer A wants to send

information to microcomputer B

- microcomputer A (master) addresses
microcomputer B (slave)

- microcomputer A (master transmitter)
sends data to microcomputer B (slave
receiver)

- microcomputer A terminates the
transfer.

2) If microcomputer A wants to receive infor-
mation from microcomputer B

- microcomputer A (master) addresses
microcomputer B (slave)

~ microcomputer A (master receiver)
receives data from microcomputer B
(slave transmitter)

- microcomputer A terminates the
transfer.

Even in this case, the master (microcomputer
A) generates the timing and terminates the
transfer.

The possibility of more than one microcompu-
ter being connected to the 12C bus means
that more than one master could try to initiate
a data transfer at the same time. To avoid the
chaos that might ensue from such an event,
an arbitration procedure has been developed.
This procedure relies on the wired-AND con-
nection of all devices to the 12C bus.

If two or more masters try to put information
on to the bus, the first to produce a one when
the other produces a zero will lose the
arbitration. The clock signals during arbitra-
tion are a synchronized combination of the
clocks generated by the masters using the
wired-AND connection to the SCL line (for
more detailed information concerning arbitra-
tion see Arbitration and Clock Generation).

Generation of clock signals on the 12C bus is
always the responsibility of master devices;
each master generates its own clock signals
when transferring data on the bus. Bus clock
signals from a master can only be altered
when they are stretched by a slow slave

ADC

MICROCOMPUTER
A

MICROCOMPUTER
B

Figure 1. Typical 12C Bus Configuration

Lco
DRIVER

STATIC RAM
OR EEPROM

AF03480S
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Table 1. Definition of I2C Bus Terminology

TERM

DESCRIPTION

Transmitter

The device which sends data to the bus

Receiver The device which receives data from the bus

Master The device which initiates a transfer, generates clock
signals and terminates a transfer

Slave The device addressed by a master

Multi-master More than one master can attempt to control the
bus at the same time without corrupting the message

Arbitration Procedure to ensure that if more than one master
simultaneously tries to control the bus, only one is
allowed to do so and the message is not corrupted

Synchronization Procedure to synchronize the clock signals of two or

more devices

(SERIAL DATA LINE)

— +Vpp

PULLUP g S
resistors ° S PP

(SERIAL CLOCK LINE)
L

SCLK

SCLK DATA

[

]

| J— ___

LK1 DATA1

: OUT_lt__I_ OUT"JE
i

|

I

1

|

1

DEVICE 1

LD05610S

Figure 2. Connection of Devices to the I°C Bus

~

~A

DATA LINE CHANGE
STABLE: OF DATA
DATAVALID | ALLOWED |

WF143508

Figure 3. Bit Transfer on the I°C Bus

soa |\
|

N

|
scL | |
LS

START CONDITION

[N\ /T
| | soa
— = -+ |

| |
\ / | | scL
LE

STOP CONDITION

WF14360S

Figure 4. Start and Stop Conditions
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device holding down the clock line or by
another master when arbitration takes place.

GENERAL CHARACTERISTICS
Both SDA and SCL are bidirectional lines,
connected to a positive supply voltage via a
pull-up resistor (see Figure 2). When the bus
is free, both lines are High. The output stages
of devices connected to the bus must have
an open-drain or open-collector in order to
perform the wired-AND function. Data on the
I2C bus can be transferred at a rate up to
100kbit/s. The number of devices connected
to the bus is solely dependent on the limiting
bus capacitance of 400pF.

BIT TRANSFER

Due to the variety of different technology
devices (CMOS, NMOS, IL) which can be
connected to the 12C bus, the levels of the
logical 0 (Low) and 1 (High) are not fixed and
depend on the appropriate level of Vpp (see
Electrical Specifications). One clock pulse is
generated for each data bit transferred.

Data Validity

The data on the SDA line must be stable
during the High period of the clock. The High
or Low state of the data line can only change
when the clock signal on the SCL line is Low
(Figure 3).

Start and Stop Conditions

Within the procedure of the 12C bus, unique
situations arise which are defined as start and
stop conditions (see Figure 4).

A High-to-Low transition of the SDA line while
SCL is High is one such unique case. This
situation indicates a start condition.

A Low-to-High transition of the SDA line while
SCL is High defines a stop condition.

Start and stop conditions are always generat-
ed by the master. The bus is considered to be
busy after the start condition. The bus is
considered to be free again a certain time
after the stop condition. This bus free situa-
ticn will be described later in detail.

Detection of start and stop conditions by
devices connected to the bus is easy if they
possess the necessary interfacing hardware.
However, microcomputers with no such inter-
face have to sample the SDA line at least
twice per clock period in order to sense the
transition.

TRANSFERRING DATA

Byte Format

Every byte put on the SDA line must be 8 bits
long. The number of bytes that can be
transmitted per transfer is unrestricted. Each
byte must be followed by an acknowledge bit.
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r= r—
| |
- SDA : | | |
L |
! ) ACKNOWLEDGEMENT
- ACKNOWLEDGEMENT
‘ : : SIGNAL FROM RECEIVER SIGNAL FROM RECEIVER } }
| | | |
: : BYTE COMPLETE, : :
| I INTERRUPT WITHIN RECEIVER i |
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Figure 5. Data Transfer on the 1°C Bus
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START
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'WF14380S
Figure 6. Acknowledge on the 1°C Bus

Data is transferred with the most significant
bit (MSB) first (Figure 5). If a receiving device
cannot receive another complete byte of data
until it has performed some other function, for
example, to service an internal interrupt, it
can hold the clock line SCL Low to force the
transmitter into a wait state. Data transfer
then continues when the receiver is ready for
another byte of data and releases the clock
line SCL.

In some cases, it is permitted to use a
different format from the 12C bus format, such
as CBUS compatible devices. A message
which starts with such an address can be
terminated by the generation of a stop condi-
tion, even during the transmission of a byte.
In this case, no acknowledge is generated.

Acknowledge

Data transfer with acknowledge is obligatory.
The acknowledge-related clock pulse is gen-
erated by the master. The transmitting device
releases the SDA line (High) during the ac-
knowledge clock pulse.
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The receiving device 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 this clock pulse (Figure 6). Of
course, setup and hold times must also be
taken into account and these will be de-
scribed in the Timing section.

Usually, a receiver which has been addressed
is obliged to generate an acknowledge after
each byte has been received (except when
the message starts with a CBUS address.

When a slave receiver does not acknowledge
on the slave address, for example, because it
is unable to receive while it is performing
some real-time function, the data line must be
left High by the slave. The master can then
generate a STOP condition to abort the
transfer.

If a slave receiver does acknowledge the
slave address, but some time later in the
transfer cannot receive any more data bytes,
the master must again abort the transfer. This
is indicated by the slave not generating the
acknowledge on the first byte following. The
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slave leaves the data line High and the
master generates the STOP condition.

In the case of a master receiver involved in a
transfer, it must signal an end of data to the
slave transmitter by not generating an ac-
knowledge on the last byte that was clocked
out of the slave. The slave transmitter must
release the data line to allow the master to
generate the STOP condition.

ARBITRATION AND CLOCK
GENERATION

Synchronization

All masters generate their own clock on the
SCL line to transfer messages on the 12C bus.
Data is only valid during the clock High period
on the SCL line; therefore, a defined clock is
needed if the bit-by-bit arbitration procedure
is to take place.

Clock synchronization is performed using the
wired-AND connection of devices to the SCL
LINE. This means that a High-to-Low transi-
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Figure 7. Clock Synchronization During the Arbitration Procedure
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Figure 8. Arbitration Procedure of Two Masters

WF14400S

tion on the SCL line will affect the devices
concerned, causing them to start counting off
their Low period. Once a device clock has
gone Low it will hold the SCL line in that state
until the clock High state is reached (Figure
7). However, the Low-to-High change in this
device clock may not change the state of the
SCL line if another device

clock is still within its Low period. Therefore,
SCL will be held Low by the device with the
longest Low period. Devices with shorter Low
periods enter a High wait state during this
time.

When all devices concerned have counted off
their Low period, the clock line will be re-
leased and go High. There will then be no
difference between the device clocks and the
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state of the SCL line and all of them will start
counting their High periods. The first device
to complete its High period will again pull the
SCL line Low.

In this way, a synchronized SCL clock is
generated for which the Low period is deter-
mined by the device with the longest clock
Low period while the High period on SCL is
determined by the device with the shortest
clock High period.

Arbitration

Arbitration takes place on the SDA line in
such a way that the master which transmits a
High level, whii2 another master transmits a
Low level, will switch off its DATA output
stage since the level on the bus does not
correspond to its own level.

Arbitration can carry on through many bits.
The first stage of arbitration is the comparison
of the address bits. If the masters are each
trying to address the same device, arbitration
continues into a comparison of the data.
Because address and data information is
used on the 12C bus for the arbitration, no
information is lost during this process.

A master which loses the arbitration can
generate clock pulses until the end of the
byte in which it loses the arbitration.

If a master does lose arbitration during the
addressing stage, it is possible that the win-
ning master is trying to address it. Therefore,
the losing master must switch over immedi-
ately to its slave receiver mode.

Figure 8 shows the arbitration procedure for
two masters. Of course more may be in-
volved, depending on how many masters are
connected to the bus. The moment there is a
difference between the internal data level of
the master generating DATA 1 and the actual
level on the SDA line, its data output is
switched off, which means that a High output
level is then connected to the bus. This will
not affect the data transfer initiated by the
winning master. As control of the 1°C bus is
decided solely on the address and data sent
by competing masters, there is no central
master, nor any order of priority on the bus.

Use of the Clock Synchronizing
Mechanism as a Handshake

In addition to being used during the arbitration
procedure, the clock synchronization mecha-
nism can be used to enable receiving devices
to cope with fast data transfers, either on a
byte or bit level.

On the byte level, a device may be able to
receive bytes of data at a fast rate, but needs
more time to store a received byte or prepare
another byte to be transmitted. Slave devices
can then hold the SCL line Low, after recep-
tion and acknowledge of a byte, to force the
master into a wait state until the slave is
ready for the next byte transfer in a type of
handshake procedure.

On the bit level, a device such as a micro-
computer without a hardware 12C interface
on-chip can slow down the bus clock by
extending each clock Low period. In this way,
the speed of any master is adapted to the
internal operating rate of this device.
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FORMATS

Data transfers follow the format shown in
Figure 9. After the start condition, a slave
address is sent. This address is 7 bits long;
the eighth bit is a data direction bit (R/W). A
zero indicates a transmission (WRITE); a one
indicates a request for data (READ). A data
transfer is always terminated by a stop condi-
tion generated by the master. However, if a

master still wishes to communicate on the
bus, it can generate another start condition,
and address another slave without first gener-
ating a stop condition. Various combinations
of read/write formats are then possible within
such a transfer.

At the moment of the first acknowledge, the
master transmitter becomes a master receiv-

er and the slave receiver becomes a slave
transmitter. This acknowledge is still generat-
ed by the slave.

The stop condition is generated by the mas-
ter.

During a change of direction within a transfer,
the start condition and the slave address are
both repeated, but with the R/W bit reversed.

[

’\L/‘*“\___/CDQ_/QDCXDU/’

b) Master reads slave immediately after
first byte.

c) Combined formats.

NOTES

START ADDRESS aw
CONDITH counmou
WF144108
Figure 9. A Complete Data Transfer
Possible Data Transfer Formats are:
a) Master transmitter transmits to slave [Ts"T staveaooress | Riw | A | Daa | A | oaa | A | P |

receiver. Direction is not changed. | 1 R |
A = ACKNOWLEDGE T
S =START ‘0’ (WRITE) DATA TRANSFERRED
p = STOP (n BYTES + ACKNOWLEDGE)

AF03491S

[s | staveaporess ] RwW | A ]

DATA | A | oaa | A | P |

. ]

4 (READ)

{3
DATA TRANSFERRED
(nBYTES + ACKNOWLEDGE)

AF035008

p—

| s | sLaveADDRESS | RIW

IA]DATAIAlSISLAVEADDRESSIRIWIAIDATA[AIP]

+ ACKNOWLEDGE)

READOR
WRITE

(—? ?—]
(nBYTES
+ ACKNOWLEDGE)

READOR
WRITE

DIRECTION OF
TRANSFER MAY
CHANGE AT
THIS POINT

AF035108

. Combined formats can be used, for example, to control a serial memory. During the first data byte, the internal memory location has to be written. After the start condition is repeated,
data can then be transferred.

All isi on auto-i or of previously memory etc., are taken by the designer of the device.

Each byte is followed by an acknowledge as indicated by the A blocks in the sequence.

12C devices have to reset their bus logic on receipt of a start condition so that they all anticipate the sending of a slave address.

Eal ol
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ADDRESSING

The first byte after the start condition deter-
mines which slave will be selected by the
master. Usually, this first byte follows that
start procedure. The exception is the general
call address which can address all devices.
When this address is used, all devices
should, in theory, respond with an acknowl-
edge, although devices can be made to
ignore this address. The second byte of the
general call address then defines the action
to be taken.

Definition of Bits in the First
Byte

The first seven bits of this byte make up the
slave address (Figure 10). The eighth bit
(LSB - least significant bit) determines the
direction of the message. A zero on the least
significant position of the first byte means that
the master will write information to a selected
slave; a one in this position means that the
master will read information from the slave.

B LSB

MS|
| T T T T T lle

SLAVE
AF03550S

Figure 10. The First Byte After the
Start Procedure

When an address is sent, each device in a
system compares the first 7 bits after the start
condition with its own address. If there is a
match, the device will consider itself ad-
dressed by the master as a slave receiver or
slave transmitter, depending on the R/W bit.

The slave address can be made up of a fixed
and a programmable part. Since it is expected
that identical ICs will be used more than once
in a system, the programmable part of the
slave address enables the maximum possible
number of such devices to be connected to
the 12C bus. The number of programmable
address bits of a device depends on the
number of pins available. For example, if a
device has 4 fixed and 3 programmable
address bits, a total of eight identical devices
can be connected to the same bus.

The I2C bus committee is available to coordi-
nate allocation of 1°C addresses.

The bit combination 1111XXX of the slave
address is reserved for future extension pur-
poses.

The address 1111111 is reserved as the
extension address. This means that the ad-
dressing procedure will be continued in the
next byte(s). Devices that do not use the
extended addressing do not react at the
reception of this byte. The seven other possi-
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]

FIRST BYTE
(GENERAL CALL ADDRESS)

Figure 11. General Call Address Format

SECOND BYTE

AF03520S

H'06

[sfHoo | Aa] Ho | A ascooco | x| A [ ascooot [ x| A aecooo [ x]Aa[P]

Figure 12. Sequence of a Programming Master

AF03530S

bilities in group 1111 will also only be used for
extension purposes but are not yet allocated.

The combination 0000XXX has been defined
as a special group. The following addresses
have been allocated:

FIRST BYTE
Slave _
Address |R/W
0000 { 000 | O |General call address
0000 | 000 | 1 |Start byte
0000 | 001 | X |[CBUS address
0000 | 010 | X |Address reserved for
different bus format
0000 | 011 | X
0000 | 100 | X
0000 | 101 | X To be defined
0000 | 110 X
0000 | 111 | X

No device is allowed to acknowledge at the
reception of the start byte.

The CBUS address has been reserved to
enable the intermixing of CBUS and 1°C
devices in one system. 12C bus devices are
not allowed to respond at the reception of this
address.

The address reserved for a different bus
format is included to enable the mixing of I°C
and other protocols. Only I12C devices that are
able to work with such formats and protocols
are allowed to respond to this address.

General Call Address

The general call address should be used to
address every device connected to the 12C
bus. However, if a device does not need any
of the data supplied within the general call
structure, it can ignore this address by not
acknowledging. If a device does require data
from a general call address, it will acknowl-
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edge this address and behave as a slave
receiver. The second and following bytes will
be acknowledged by every slave receiver
capable of handling this data. A slave which
cannot process one of these bytes must
ignore it by not acknowledging.

The meaning of the general call address is
always specified in the second byte (Figure
11).

There are two cases to consider:
1. When the least significant bit B is a zero.
2. When the least significant bit B is a one.

When B is a zero, the second byte has the
following definition:

00000110 (H'06') Reset and write the pro-

grammable part of slave
address by software and
hardware. On receiving this
two-byte sequence, all de-
vices (designed to respond
to the general call address)
will reset and take in the
programmable part of their
address.
Precautions must be taken
to ensure that a device is
not pulling down the SDA
or SCL line after applying
the supply voltage, since
these low levels would
block the bus.

00000010 (H'02') Write slave address by
software only. All devices
which obtain the program-
mable part of their address
by software (and which
have been designed to re-
spond to the general call
address) will enter a mode
in which they can be pro-
grammed. The device will
not reset.
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An example of a data transfer of a program-
ming master is shown in Figure 12 (ABCD
represents the fixed part of the address).

00000100 (H'04') Write slave address by
hardware only. All devices
which define the program-
mable part of their address
by hardware (and which re-
spond to the general call
address) will latch this pro-
grammable part at the re-
ception of this two-byte se-
quence. The device will not
reset.

00000000 (H'00') This code is not allowed to
be used as the second
byte.

Sequences of programming procedure are
published in the appropriate device data
sheets.

The remaining codes have not been fixed and
devices must ignore these codes.

When B is a one, the two-byte sequence is a
hardware general call. This means that the
sequence is transmitted by a hardware mas-
ter device, such as a keyboard scanner,
which cannot be programmed to transmit a
desired slave address. Since a haraware
master does not know in advance to which
device the message must be transferred, it
can only generate this hardware general call
and its own address, thereby identifying itself
to the system (Figure 13).

The seven bits remaining in the second byte
contain the device address of the hardware
master. This address is recognized by an
intelligent device, such as a microcomputer,
connected to the bus which will then direct
the information coming from the hardware
master. If the hardware master can also act
as a slave, the slave address is identical to
the master address.

In some systems an alternative could be that
the hardware master transmitter is brought in
the slave receiver mode after the system
reset. In this way, a system configuring mas-
ter can tell the hardware master transmitter
(which is now in slave receiver mode) to
which address data must be sent (Figure 14).
After this programming procedure, the hard-
ware master remains in the master transmit-
ter mode.

Start Byte

Microcomputers can be connected to the 12C
bus in two ways. If an on-chip hardware 12C
bus interface is present, the microcomputer
can be programmed to be interrupted only by
requests from the bus. When the device
possesses no such interface, it must con-
stantly monitor the bus via software. Obvious-
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GENERAL
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Figure 13. Data Transfer From Hardware Master Transmitter

N
(n BYTES + ACKNOWLEDGE)

AF03540S

[S T StAve ADoR niw mASTER | RIW | A | DUMP ADDRFORH/WMASTER | X | A | P |

WRITE

a. Configuring master sends dump address to hardware master

AF03560S

[ s T oumpaoorFromMH/wMASTER | RiW | A | pata | A | oana | A | P |

WRITE

L — ]

{9
(n BYTES + ACKNOWLEDGE)

AF03570S

b. Hardware d

data to lected slave d

P

Figure 14. Data Transfer of Hardware Master Transmitter Capable of Dumping
Data Directly to Slave Devices
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soa | \ | b)Y AcKﬂl(‘)':/'l‘.;DGE ! |

| ™ s (HIGH) | =
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st || 1 2 7 8 9 [
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L] |

| START BYTE |

Figure 15. Start Byte Procedure

WF144208

ly, the more times the microcomputer moni-
tors, or polls, the bus, the less time it can
spend carrying out its intended function.

Therefore, there is a difference in speed
between fast hardware devices and the rela-
tively slow microcomputer which relies on
software polling.

In this case, data transfer can be preceded by
a start procedure which is much longer than
normal (Figure 15). The start procedure con-
sists of:

a) A start condition, (S)

b) A start byte 00000001

¢) An acknowledge clock pulse
d) A repeated start condition, (Sr)

After the start condition (S) has been trans-
mitted by a master requiring bus access, the
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start byte (00000001) is transmitted. Another
microcomputer can therefore sample the
SDA line on a low sampling rate until one of
the seven zeros in the start byte is detected.
After detection of this Low level on the SDA
line, the microcomputer is then able to switch
to a higher sampling rate in order to find the
second start condition (Sr) which is then used
for synchronization.

A hardware receiver will reset at the reception
of the second start condition (Sr) and will
therefore ignore the start byte.

After the start byte, an acknowledge-related
clock pulse is generated. This is present only
to conform with the byte handling format used
on the bus. No device is allowed to acknowl-
edge the start byte.
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DLEN | | | |
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START cBUS R | n DATABITS cBUS stop
CONDITION ADDRESS BT LOADPULSE CONDITION
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RELATED
CLOCK PULSE

Figure 16. Data Format of Transmissions With CBUS Receiver/Transmitter

WF14430S

CBUS Compatibility

Existing CBUS receivers can be connected to
the I2C bus. In this case, a third line called
DLEN has to be connected and the acknowl-
edge bit omitted. Normally, 12C transmissions
are multiples of 8-bit bytes; however, CBUS
devices have different formats.

In a mixed bus structure, 12C devices are not
allowed to respond on the CBUS message.
For this reason, a special CBUS address
(0000001X) has been reserved. No 12C de-
vice will respond to this address. After the
transmission of the CBUS address, the DLEN
line can be made active and transmission,
according to the CBUS format, can be per-
formed (Figure 16).

After the stop condition, all devices are again
ready to accept data.

Master transmitters are allowed to generate
CBUS formats after having sent the CBUS
address. Such a transmission is terminated
by a stop condition, recognized by all devices.
In the low speed mode, full 8-bit bytes must
always be transmitted and the timing of the
DLEN signal adapted.

If the CBUS configuration is known and no
expansion with CBUS devices is foreseen,
the user is allowed to adapt the hold time to
the specific requirements of device(s) used.

ELECTRICAL SPECIFICATIONS
OF INPUTS AND OUTPUTS OF
12C DEVICES

The 12C bus allows communication between
devices made in different technologies which
might also use different supply voltages.

For devices with fixed input levels, operating
on a supply voltage of +5V £10%, the fol-
lowing levels have been defined:

ViLmax = 1.5V (maximum input Low
voltage)
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Figure 17. Fixed Input Level Devices Connected to the 1°C Bus
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Vpp=6e.g.3V
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cMmos ] | cMos l )

Figure 18. Devices With a Wide Ra

to the 1“C Bus

LD05630S

nge of Supply Voltages Connected

ViHmin = 3V (minimum input High
voltage)

Devices operating on a fixed supply voltage
different from +5V (e.g. I2L), must also have
these input levels of 1.5V and 3V for V;_and
Vin, respectively.

For devices operating over a wide range of
supply voltages (e.g. CMOS), the following
levels have been defined:

ViLmax = 0.3Vpp (maximum input Low
voltage)

ViHmin = 0.7Vpp (minimum input High
voltage)

For both groups of devices, the maximum
output Low value has been defined:

VoLmax = 0.4V (max. output voltage Low)
at 3mA sink current

3-11

The maximum low-level input current at
VoLmax Of both the SDA pin and the SCL pin
of an I2C device is —10uA, including the
leakage current of a possible output stage.

The maximum high-level input current at
0.9Vpp of both the SDA pin and SCL pin of an
12C device is 10uA, including the leakage
current of a possible output stage.

The maximum capacitance of both the SDA
pin and the SCL pin of an I°C device is 10pF.

Devices with fixed input levels can each have
their own power supply of +5V +10%. Pull-
up resistors can be connected to any supply
(see Figure 17).

However, the devices with input levels related
to Vpp must have one common supply line to
which the pull-up resistor is also connected
(see Figure 18).
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When devices with fixed input levels are
mixed with devices with Vpp-related levels,
the latter devices have to be connected to
one common supply line of +5V £ 10% along
with the pull-up resistors (Figure 19).

Input levels are defined in such a way that:

-

. The noise margin on the Low level is 0.1

VDDA

The noise margin on the High level is 0.2

VDD-

. Series resistors (Rg) up to 30052 can be
used for flash-over protection against high
voltage spikes on the SDA and SCL line
(due to flash-over of a TV picture tube, for
example) (Figure 20).

n

w

The maximum bus capacitance per wire is
400pF. This includes the capacitance of the
wire itself and the capacitance of the pins
connected to it.

TIMING

The clock on the I2C bus has a minimum Low
period of 4.7us and a minimum High period of
4us. Masters in this mode can generate a bus
clock with a frequency from O to 100kHz.

All devices connected to the bus must be
able to follow transfers with frequencies up to
100kHz, either by being able to transmit or
receive at that speed or by applying the clock
synchronization procedure which will force
the master into a wait state and stretch the
Low periods. In the latter case the frequency
is reduced.

Figure 21 shows the timing requirements in
detail. A description of the abbreviations used
is shown in Table 2. All timing references are
at Viimax and Viimin.

Vpp1=5V=10%

Rp S Rp ;; cMos

CMOS

Vpp2=5V=10%  Vppg=5V=10%

NMOS 2L

SDA J‘

{

ScL

Figure 19. Devices With Vpp Related Levels Mixed With Fixed Input Level
Devices on the 1“C Bus

LD05640S.

Voo
2c
DEVICE
<
RS Rs3
SDA
SCL

Figure 20. Serial Resistors (Rg) for Protection Against High Voltage

LD05650S

LOW-SPEED MODE

As explained previously, there is a difference
in speed on the I12C bus between fast hard-
ware devices and the relatively slow micro-
computer which relies on software polling.
For this reason a low speed mode is available
on the I2C bus to allow these microcomputers
to poll the bus less often.

Start and Stop Conditions
In the low-speed mode, data transfer is pre-
ceded by the start procedure.

Data Format and Timing

The bus clock in this mode has a Low period
of 130us +25us and a High period of
390us + 25us, resulting in a clock frequency
of approx. 2kHz. The duty cycle of the clock
has this Low-to-High ratio to allow for more
efficient use of microcomputers without an
on-chip hardware 12C bus interface. In this
mode also, data transfer with acknowledge is
obligatory. The maximum number of bytes
transferred is not limited (Figure 22).

51 . _ 2% O
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o V| i\
el - 'F*l N
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: !n ! Jl = tow = - ~twiane]  —| |t _.l
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Figure 21. Timing Requirements for the 12C Bus
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Table 2. Timing Requirement for the I°C Bus

All values referenced to Viy and V) levels.
* Note that a transmitter must internally provide a hold time to bridge the undefined region (300ns max.) of the falling edge of SCL.

LIMITS
SYMBOL PARAMETER UNIT
Min Max
fscL SCL clock frequency 0 100 kHz
tsur Time the bus must be free before a new transmission can start 4.7 us
tHD; STA Hold time start condition. After this period the first clock pulse is generated 4 us
tLow The Low period of the clock 4.7 us
tHIGH The High period of the clock 4 us
tsy; sTA Setup time for start condition (Only relevant for a repeated start condition) 4.7 us
tHD; DAT Hold time DATA
for CBUS compatible masters 5 us
for I12C devices 0* us
tsu; DAT Setup time DATA 250 ns
tr Rise time of both SDA and SCL lines 1 us
tr Fall time of both SDA and SCL lines 300 ns
tsy; sToO Setup time for stop condition 4.7 us
NOTES:

—= —=
|
|
T

o

Figure 23. Timing Low-Speed Mode
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Figure 22. Data Transfer Low-Speed Mode
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LOW SPEED MODE

In this mode, a transfer cannot be terminated

during the transmission of a byte.
CLOCK : tLow = 130us +25us
DUTY CYCLE : thign = 390us +25us The bus is considered busy after the first start
: 1:3 Low-to-High (Duty cycle of condition. It is considered free again one
clock generator) minimum clock Low period, 105us, after the
START BYTE - 0000 0001 detection of the stop condition. Figure 23
MAX. NO. OF BYTES . UNRESTRICTED shows the timing requirements in detail, Table
PREMATURE TERMINATION OF TRANSFER : NOT ALLOWED 3 explains the abbreviations.
ACKNOWLEDGE CLOCK BIT : ALWAYS PROVIDED
ACKNOWLEDGEMENT OF SLAVES : OBLIGATORY
Table 3. Timing Low Speed Mode
LIMITS
SYMBOL PARAMETER UNIT
Min Max
tsur Time the bus must be free before a new transmission can start 105 us
tHp; sTA Hold time start condition. After this period the first clock pulse is generated 365 us
tHD; STA Hold time (repeated start condition only) 210 us
tLow The Low period of the clock 105 155 us
tHIGH The High period of the clock 365 415 us
tsu; sTA Setup time for start condition (Only relevant for a repeated start condition) 105 155 us
thp: tpaT Hold time DATA
for CBUS compatible masters 5 us
for 12C devices 0* us
tsu; DAT Setup time DATA 250 ns
tr Rise time of both SDA and SCL lines 1 us
te Fall time of both SDA and SCL lines 300 ns
tsu; sTo Setup time for stop condition 105 155 us
NOTES:

All values referenced to Viy and Vi_ levels.

* Note that a transmitter must internally provide a hold time to bridge the undefined region (300ns max.) of the falling edge of SCL.
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APPENDIX A

Maximum and minimum values of the pull-up
resistors Rp and series resistors Rg (See
Figure 20).

In a I2C bus system these values depend on
the following parameters:
- Supply voltage
- Bus capacitance
-~ Number of devices (input current + leak-
age current)

1) The supply voltage limits the min-
imum value of the Rp resistor due
to the specified 3mA as minimum
sink current of the output stages,
at 0.4V as maximum low voltage.
In Graph 1, Vpp against Rpmin is
shown.

MINIMUM VALUE R;, (kQ)
w
>
\ -3

[ 4 8 12 16
Voo V)
OP03060S

In Graph 2, Rgmax against Rp is shown.

2) The bus capacitance is the total ca-
pacitance of wire, connections, and
pins. This capacitance limits the maxi-
mum value of Rp because of the
specified rise time of 1us.

© T
Vpp=25V (3%

. 7

Graph 1

The desired noise margin of 0.1 Vpp for the
low level limits the maximum value of Rs.
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In Graph 3, the bus capacitance — Rpmax
relationship is shown.
3) The maximum high-level input current
of each input/output connection has a
specified value of 10uA max. Due to
the desired noise margin of 0.2 Vpp
for the high level, this input current
limits the maximum value of Rp. This
limit is dependent on Vpp.

In Graph 4 the total high-level input cur-
rent - Rpmax relationship is shown.
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Graph 4

12C LICENSE

Purchase of Signetics or Philips 12C compo-
nents conveys a license under the Philips 12C
patent rights to use these components in an
12C system, provided that the system con-
forms to the 1°C standard specification as
defined by Philips.
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INTRODUCTION

The I2C (Inter-IC) bus is becoming a popular
concept which implements an innovative seri-
al bus protocol that needs to be understood.
On the hardware level 12C is a collection of
microcomputers (MAB8400, PCD3343,
83C351, 84CXX) and peripherals (LCD/LED
drivers, RAM, ROM, clock/timer, A/D, D/A,
IR transcoder, 1/0, DTMF generator, and
various tuning circuits) that communicate seri-
ally over a two-wire bus, serial data (SDA)
and serial clock (SCL). The I2C structure is
optimized for hardware simplicity. Paralle!
address and data buses inherent in conven-
tional systems are replaced by a serial proto-
col that transmits both address and bidirec-
tional data over a 2-line bus. This means that
interconnecting wires are reduced to a mini-
mum; only Vge, ground and the two-wire bus
are required to link the controller(s) with the
peripherals or other controllers. This results in
reduced chip size, pin count, and intercon-
nections. An 12C system is therefore smaller,
simpler, and cheaper to implement than its
parallel counterpart.

The data rate of the 12C bus makes it suited
for systems that do not require high speed.
An I°C controller is well suited for use in
systems such as television controllers, tele-
phone sets, appliances, displays or applica-
tions involving human interface. Typically an
I2C system might be used in a control func-
tion where digitally-controllable elements are
adjusted and monitored via a central proces-
sor.

The I2C bus is an innovative hardware inter-
face which provides the software designer
the flexibility to create a truly multi-master
environment. Built into the serial interface of
the controllers are status registers which
monitor all possible bus conditions: bus free/
busy, bus contention, slave acknowledge-
ment, and bus interference. Thus an I°C
system might include several controllers on
the same bus each with the ability to asyn-
chronously communicate with peripherals or
each other. This provision also provides ex-
pandability for future add-on controllers. (The
12C system is also ideal for use in environ-
ments where the bus is subject to noise.
Distorted transmissions are immediately de-
tected by the hardware and the information
presented to the software.) A slave acknowl-
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edgement on every byte also facilitates data
integrity.

An I2C system can be as simple or sophisti-
cated as the operating envircnment de-
mands. Whether in a single master or multi-
master system, noisy or 'safe’, correct sys-
tem operation can be insured under software
control.

CONTROLLERS

Currently the family of I°C controllers include
the MAB8400, and the PCD 3343 (the
PCD3343 is basically a CMOS version of the
MAB8400). The MAB8400 is based on the
8048 architecture with the 12C interface built-
in. The instruction set for the MAB8400 is
similar to the 8048, with a few instructions
added and a few deleted. Tables 1 and 2
summarize the differences.

Programs for the MAB8400 and PCD 3343
may be assembled on an 8048-assembler
using the macros listed in Appendix A. The
serial 1/0 instructions involve moving data to
and from the S0, S1, and S2 serial 1/0 control
registers. The block diagram of the 12C inter-
face is shown in Figure 1.

SERIAL 1/0 INTERFACE

A block diagram of the Serial Input/Output
(SIO) is shown in Figure 1. The clock line of
the serial bus (SCL) has exclusive use of Pin
3, while the Serial Data (SDA) line shares Pin

2 with parallel I/O signal P23 of port 2.
Consequently, only three 1/0 lines are avail-
able for port 2 when the 12C interface is
enabled.

Communication between the microcomputer
and interface takes place via the internal bus
of the microcomputer and the Serial Interrupt
Request line. Four registers are used to store
data and information controlling the operation
of the interface:

® data shift register SO

® address register SO’

® status register S1

® clock control register S2.

THE 12C BUS INTERFACE:
SERIAL CONTROL REGISTERS
S0, S1

All serial 1°C transfers occur between the
accumulator and register S0. The 1°C hard-
ware takes care of clocking out/in the data,
and receiving/generating an acknowledge. In
addition, the state of the I°C bus is controlled
and monitored via the bus control register S1.
A definition of the registers is as follows:

Data Shift Register SO — S0 is the data shift
register used to perform the conversion be-
tween serial and parallel data format. All
transmissions or receptions take place
through register SO MSB first. All 1°C bus
receptions or transmissions involve moving
data to/from the accumulator from/to SO.

Table 1. MAB8400 Family Instructions not in the MAB8048 Instruction Set

CONDITIONAL
SERIAL 1/0 REGISTER CONTROL BRANCH
MOV A,Sn DEC @Rr SEL MB2 JNTF addr
MOV Sn,A DJINZ @Rr,addr SEL MB3
MOV Sn,#data
EN SI
DIS si

Table 2. MAB8048 Instructions not in

the MAB8400 Family Instruction Set

DATA MOVES FLAGS BRANCH CONTROL
MOVX A,@R CLR FO *JNI addr ENTOCLK
MOVX @R,A CPL FO JFO addr
MOVP3 A @A CLR F1 JF1 addr
MOVD AP CPL F1
MPVD P,A
ANLD PA *replaced by
ORLD P,A JTO, JNTO
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Figure 1. Block Diagram of the MAB8400 SIO Interface

Address Register SO’ — In multi-master
systems, this register is loaded with a control-
ler's slave address. When activated,
(ALS = 0), the hardware will recognize when
it is being addressed by setting the AAS
(Addressed As Slave) flag. This provision
allows a master to be treated as a slave by
other masters on the bus.

Status Register S1 — S1 is the bus status
register. To control the SIO interface, infor-
mation is written to the register. The lower 4
bits in S1 serve dual purposes; when written
to, the control bits ESO, BC2, BC1, BCO are
programmed (Enable Serial Output and a 3-
bit counter which indicates the current num-
ber of bits left in a serial transfer). When
reading the lower four bits, we obtain the
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status information AL, AAS, ADO, LRB (Arbi-
tration Lost, Addressed As Slave, Address
Zero (the general call has been received), the
Last Received Bit (usually the acknowledge
bit)). The upper 4 bits are the MST, TRX, BB,
and PIN control bits (Master, Transmitter, Bus
Busy, and Pending Interrupt Not). These bits
define what role the controller has at any
particular time. The values of the master and
transmitter bits define the controller as either
a master or slave (a master initiates a transfer
and generates the serial clock; a slave does
not), and as a transmitter or receiver. Bus
Busy keeps track of whether the bus is free or
not, and is set and reset by the 'Start' and
'Stop' conditions which will be defined. Pend-
ing Interrupt Not is reset after the completion
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of a byte transfer + acknowledge, and can be
polled to indicate when a serial transfer has
been completed. An alternative to polling the
PIN bit is to enable the serial interrupt; upon
completion of a byte transfer, an interrupt will
vector program control to location 07H.

SERIAL CLOCK/ACKNOWLEDGE
CONTROL REGISTER S2

Register S2 contains the clock-control regis-
ter and acknowledge mode bit. Bits
S20 - S24 program the bus clock speed. Bit
S26 programs the acknowledge or not-ac-
knowledge mode (1/0). The various 12C bus
clock speed possibilities are shown in
Table 3.
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Table 3. Clock Pulse
Frequency Control
When Using a 4.43MHz Crystal

HEX APPROX.
$20-S24 DIVISOR fcLock
CODE (kHz)
0 Not Allowed
1 39 114
2 45 98
3 51 87
4 63 70
5 75 59
6 87 51
7 99 45
8 123 36
9 147 30
A 171 26
B 195 23
C 243 18
D 291 15
E 339 13
F 387 11
10 483 9.2
11 579 7.7
12 675 6.6
13 771 5.8
14 963 4.6
15 1155 3.8
16 1347 3.3
17 1539 29
18* 1923 2.3
19* 2307 1.9
1A* 2691 1.7
1B* 3075 1.4
1C 3843 1.2
1D 4611 1.0
1E 5379 0.8
1F 6147 0.7

*only values that may be used in the low speed mode
(ASC = 1).

These speeds represent the frequency of the
serial clock bursts and do not reflect the
speed of the processor's main clock (i.e. it
controls the bus speed and has no effect on
the CPU's execution speed).

BUS ARBITRATION

Due to the wire-AND configuration of the 12C
bus, and the self-synchronizing clock circuitry
of 12C masters, controllers with varying clock
speeds can access the bus without clock
contention. During arbitration, the resultant
clock on the bus will have a low period equat
to the longest of the low periods; the high
period will equal the shortest of the high
periods. Similarly, when two masters attempt
to drive the data line simultaneously, the data
is '"ANDed', the master generating a low while
the other is driving a high will win arbitration.
The resultant bus level will be low, and the
loser will withdraw from the bus and set its
'Arbitration Lost' flag (S1 bit 3).
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The losing Master is now .configured as a
slave which could be addressed during this
very same cycle. These provisions allow for a
number of microcomputers to exist on the
same bus. With properly written subroutines,
software for any one of the controllers may
regard other masters as transparent.

12C PROTOCOL AND
ASSEMBLY LANGUAGE
EXAMPLES

12C data transfers follow a well-defined proto-
col. A transfer always takes place between a
master and a slave. Currently a microcompu-
ter can be master or slave, while the 'CLIPS'
peripherals are always slaves. In a 'bus-free’
condition, both SCL and SDA lines are kept
logical high by external pull-up resistors. All
bus transfers are bounded by a 'Start' and a
'Stop' condition. A 'Start' condition is defined
as the SDA line making a high-to-low transi-
tion while the SCL line is high. At this point,
the internal hardware on all slaves are acti-
vated and are prepared to clock-in the next 8
bits and interpret it as a 7-bit address and a
R/W control bit (MSB first). All slaves have an
internal address (most have 2-3 program-
mable address bits) which is then compared
with the received address. The slave that
recognized its address will respond by pulling
the data line low during a ninth clock generat-
ed by the master (all 1’C byte transfers
require the master to generate 8 clock pulses
plus a ninth acknowledge-related clock
pulse). The slave-acknowledge will be regis-
tered by the master as a '0' appearing in the
LRB (Last Received Bit) position of the S1
serial 1/0 status register. If this bit is high

after a transfer attempt, this indicates that a
slave did not acknowledge, and that the
transfer should be repeated.

After the desired slave has acknowledged its
address, it is ready to either send or receive
data in response to the master's driving
clock. All other slaves have withdrawn from
the bus. In addition, for multi-master systems,
the start condition has set the 'Bus Busy' bit
of the serial 1/0 register S1 on all masters on
the bus. This gives a software indication to
other masters that the bus is in use and to
wait until the bus is free before attempting an
access.

There are two types of I2C peripherals that
now must be defined: there are those with
only a chip address such as the I/0 expan-
der, PCF8574, and those with a chip address
plus an internal address such as the static
RAM, PCF8570. Thus after sending a start
condition, address, and R/W bit, we must
take into account what type of slave is being
addressed. In the case of a slave with only a
chip address, we have already indicated its
address and data direction (R/W) and are
therefore ready to send or receive data. This
is performed by the master generating bursts
of 9 clock pulses for each byte that is sent or
received. The transaction for writing one byte
to a slave with a chip address only is shown in
Figure 3.

In this transfer, all bus activity is invoked by
writing the appropriate control byte to the
serial 1/0 control register S1, and by moving
data to/from the serial bus buffer register SO.
Coming from a known state (MOV S1,#18H-
Slave, Receiver, Bus not Busy) we first load
the serial 1/0 buffer SO with the desired

Vee
scL
SDA _
MAB o ™
8400
PCF PCB
om M ss70 A
Az Az
RAM (128-BYTE)
1/0 EXPANDOR ADDR = 'A0'H
ADDR = '40'H

Figure 2. Schematic for Assembly Examples

7C059208
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L——— ACKNOWLEDGE ————————

|

ADDRESS "40H’

| START
CONDITION

DATA "2AH’

|
I
|
|

I svop
| coNDITION

MOV

S1.#18H
MOV S0,#40H

MOV S1,#0F8H

MOV S1,#0D8H

R

T

:R/W bit.

CALL ACKWT:
;received, no arbitration, etc.
MOV A #2AH ;Get a data byte.
MOV S0,A :Transmit data byte.
CALL ACKWT:

Figure 3

;Initialize S1-Slave, Receiver, Bus not
;Busy, Enable Serial 1/0.
:Preload SO with Slave's address &

;Invoke start condition & slave address
:(Master, Transmitter, Bus Busy, Enable
;Serial 1/0, Bit Counter = 000).

:.Check for transmission complete, ack.

:Wait for transmission compiete again.
:Generate Stop condition
(Master, Transmitter, Bus not Busy).

WF14311S

slave's address (MOV S0,#40H). To transmit
this preceded by a start condition, we must
first examine the control register S1, which,
after initialization, looks like this:

MAS- BUS
TER TRANS BUSY PIN ESO BC2 BC1 BCO

[elofofr]rJofo]o

To transmit to a slave, the Master, Transmit-
ter, Bus Busy, PIN (Pending Interrupt Not),
and ESO (Enable Serial Output) must be set
to a 1. This results in an 'F8H' being written to
S1. This word defines the controller as a
Master Transmitter, invokes the transfer by
setting the 'Bus Busy' bit, clears the Pending
Interrupt Not (an inverted flag indicating the
completion of a complete byte transfer), and
activates the serial output logic by setting the
Enable Serial Output (ESO) bit.

BIT COUNTER S12, S11, S10

BC2, BC1, and BCO comprise a bit-counter
which indicates to the logic how long the
word is to be clocked out over the serial data
line. By setting this to a 000H, we are telling it
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to produce 9 clocks (8 bits plus an acknowl-
edge clock) for this transfer. The bit counter
will then count off each bit as it is transmitted.
The bit counter possibilities are shown in
Table 4.

Thus the bit counter keeps track of the
number of clock pulses remaining in a serial
transfer. Additionally, there is a not-acknowi-
edge mode (controlled through bit 6 of clock
control register S2) which inhibits the ac-
knowledge clock pulse, allowing the possibili-
ty of straight serial transfer. We may thus
define the word size for a serial transfer (by

preloading BC2, BC1, BCO with the appropri-
ate control number), with or without an ack-
nowledge-related clock pulse being generat-
ed. This makes the controiler able to transmit
serial data to most any serial device regard-
less of its protocol (e.g., C-bus devices).

CHECKING FOR SLAVE
ACKNOWLEDGE

After a 'Start' condition and address have
been issued, the selected slave will have
recognized and acknowledged its address by

Table 4. Binary Numbers in Bit-Count Locations BC2, BC1 and BCO

BITS/BYTE BITS/BYTE

BC2 BC1 BCo WITHOUT ACK WITH ACK
0 0 1 1 2
0 1 0 2 3
0 1 1 3 4
1 0 0 4 5
1 0 1 5 6
1 1 0 6 7
1 1 1 7 8
0 0 0 8 9
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pulling the data line low during the ninth clock
pulse. During this period, the software (which
runs on the processor's 4MHz clock) will
have been either waiting for the transfer to be
completed by polling the PIN bit in S1 which
goes low on completion of a transfer/recep-
tion (whose length is defined by the pre-
loaded Bit-counter value), or by the hardware
in Serial Interrupt mode. The serial interrupt
(vectored to 07H) is enabled via the EN Si
(enable serial interrupt) instruction.

At the point when PIN goes low (or the serial
interrupt is received) the 9-bit transfer has
been completed. The acknowledgement bit
will now be in the LRB position of register S1,
and may be checked in the routine '"ACKWT'
(Wait for Acknowledge) as shown in Figure 4.

This routing must go one step further in multi-
master systems; the possibility of an Arbitra-
tion Lost situation may occur if other masters
are present on the bus. This condition may be
detected by checking the 'AL' bit (bit 3). If
arbitration has been lost, provisions for re-
attempting the transmission should be taken.
If arbitration is lost, there is the possibility that
the controller is being addressed as a Slave.
If this condition is to be recognized, we must
test on the 'AAS' bit (bit 2). A 'General Call'
address (00H) has also been defined as an
‘all-call' address for all slaves; bit 1, ADO,
must be tested if this feature is to be recog-
nized by a Master.

After a successful address transfer/acknowl-
edge, the slave is ready to be sent its data.
The instruction MOV SO,A will now automati-
cally send the contents of the accumulator
out on the bus. After calling the ACKWT
routine once more, we are ready to terminate
the transfer. The Stop condition is created by
the instruction 'MOV S1, #0D8H'. This re-
sets the bus-busy bit, which tells the hard-
ware to generate a Stop —the data line
makes a low-to-high transition while the clock
remains high. All bus-busy flags on other
masters on the bus are reset by this signal.

The transfer is now complete — PCF8574
1/0 Expandor will transfer the serial data
stream to its 8 output pins and latch them
until further update.
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ACKWT: MOV A,S1

JB4 ACKWT

JBO BUSERR

RET

Figure 4

;Get bus status word
;from Si.

;Poll the PIN bit

;until it goes low
sindicating transfer
;,completed

;Jump to BUSERR
;routine if acknowledge
;not received.

stransfer complete,
;acknowledge received - return.

MASTER READS ONE BYTE
FROM SLAVE

A read operation is a similar process; the
address, however, will be 41H, the LSB
indicating to the 1/0 device that a read is to
be performed. During the data portion of a
read, the 1/O port 8574 will transmit the
contents of its latches in response to the
clock generated by the master. The Master/
Receiver in this case generates a low-level
acknowledge on reception of each byte (a
'positive’ acknowledge). Upon completion of
aread, the master must generate a 'negative’
acknowledge during the ninth clock to indi-
cate to the slaves that the read operation is
finished. This is necessary because an arbi-
trary number of bytes may be read within the
same transfer. A negative acknowledge con-
sists of a high signal on the data line during
the ninth clock of the last byte to be read. To
accomplish this, the master 8400 must leave
the acknowledge mode just before the final
byte, read the final byte (producing only 8
clock pulses), program the bit-counter with
001 (preparing for a one-bit negative ac-
knowledge pulse), and simply move the con-
tents of SO to the accumulator. This final
instruction accomplishes two things simulta-
neously: it transfers the final byte to the
accumulator and produces one clock pulse
on the SCL line. The structure of the serial
1/0 register SO is such that a read from it
causes a double-buffered transfer from the
12C bus to SO, while the original contents of
SO are transferred to the accumulator. Be-
cause the number of clocks produced on the
bus is determined by the control number in
the Bit Counter, by presetting it to 001, only
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one clock is generated. At this point in time
the slave is still waiting for an acknowledge;
the bus is high due to the pull-up, as single
clock pulse in this condition is interpreted as
a 'negative’ acknowledge. The slave has now
been informed that reading is completed; a
Stop condition is now generated as before.
The read process (one byte from a slave with
only a chip address) is shown in Figure 5.
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"L e AT
|
|

scL

|
: ADDRESS - "41H’ DATA
l sTopP

START
CONDITION

| conpiTION

MOV S1,#18H :Initialize serial 1/0 control
register.

MOV S0,#41H ;Preload serial register SO
.with slave address and RD
;control bit.

— MOV S1,#0F8H :Send address to bus along with

.start condition.

CALL ACKWT ‘Wait for acknowledge (as
.before).

MOV S2,#01H ;Leave acknowledge mode.

MOV S0 A —— ;Read data from slave to SO.

WAIT: MOV A,S1 \Test for byte received by

itesting S1 PIN bit.

JB4 Wait \Wait until PIN received.

MOV S1,#0A9H :Set Bit Counter to 1 and
\become a receiver (A9 =
:Mst,Rec,Bus Busy,Bit Coutner =
;001).

MOV A,S0 :Move data to accumulator and
clock out a negative

MOV S1,#0D8H ————— ;acknowledge.
:Generate Stop Condition.

WF143208

Figure 5
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INITIALIZE
BUS

COMMUNICATION WITH PERIPHERAL REQUIRED

STATUS

)

LOAD SO WITH SLAVE
ADDRESS AND RO/WR BIT

START CONDITION
AND TRANSMIT ADDRESS

l

PIN
&
ACK
RECEIVED
?

SEND/RECEIVE
DATA BYTE

l

PIN
&
ACK
RECEIVED
?

GENERATE
STOP CONDITION

RETURN

Figure 6. Flowchart for Reading/Writing One Byte to an 12C
Peripheral; Single-Master, Single-Address Slave

;address.
MOV S1, #0F8H ;Start cond. and transmit
- ,address.
CALL ACKWT ;Wait until address received.
MOV A, #00H ;Set up for transmitting RAM
;location address.
MOV SO0,A ;Transmit first RAM address.
CALL ACKWT ;Wait.
MOV S1, #18H ;Set up for a repeated Start
;condition.
MOV A #0A1H ;Get RAM chip address & RD bit.
MOV S0,A ;Send out to bus
GENERATE MOV S1,#0F8H ipreceded by repeated Start.
sTOP
CONDITION CALL ACKWT ‘Wait.
MOV A,S0 ;First data byte to SO.
CALL ACKWT ;Wait.
MOV A,S0 ;Second data byte to SO.
;And First data byte to Acc.
CALL ACKWT ;Wait.
MOV RO,A ;Save first byte in RO.
MOV A,S0 :Third data byte to SO
;and second data byte to Acc.
CALL ACKWT ;Wait.
MOV R1,A ;Save second data byte
;in R1.
MOV S2 #01H ;Leave ack. mode.
;Bit Counter=001 for neg ack.
MOV A SO :Third data byte to acc
;negative ack. generated.
MOV R2,A ;Save third data byte in R2.
WAIT1: MOV AS1 ;Get bus status.
JB4 WAIT1 ;Wait until transfer complete.
MOV S1,#0D8H ;Stop condition.
MOV S2,#41H :Restore acknowledge mode.
DF05700S
PF00770S
Figure 7

MOV S1, #18H

MOV S0, #0A0H

;Initialize bus-status register
;Master, Transmitter,
;Bus-not-Busy, Enable SIO.

- ;Load SO with RAM’s chip

These examples apply to a slave with a chip
address — more than one byte can be writ-
ten/read within the same transfer; however,
this option is more applicable to 1C devices
with sub-addresses such as the static RAMs
or Clock/Calendar. In the case of these types
of devices, a slightly different protocol is
used. The RAM, for example, requires a chip
address and an internal memory location
before it can deliver or accept a byte of
information. During a write operation, this is
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done by simply writing the secondary address
right after the chip address — the peripheral
is designed to interpret the second byte as an
internal address. In the case of a Read
operation, the slave peripheral must send
data back to the Master after it has been
addressed and sub-addressed. To accom-
plish this, first the Start, Address, and Sub-
address is transmitted. Then we have a
repeated start condition to reverse the direc-
tion of the data transfer, followed by the chip

3-22

address and RD, then a data string (w/
acknowledges). This repeated Start does not
affect other peripherals —they have been
deactivated and will not reactivate until a
Stop condition is detected. 12C peripherals
are equipped with auto-incrementing logic
which will automatically transmit or receive
data in consecutive (increasing) locations.
For example, to read 3 consecutive bytes to
PCB8571 RAM locations 00, 01 and 02, we
use the following format as shown in Figure 7.
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This routine reads the contents of location 00,
01 and 02 of the PCB8571 128-byte RAM and
puts them in registers RO, R1, and R2. The
auto-incrementing feature allows the pro-
grammer to indicate only a starting location,
then read an arbitrary block of consecutive
memory addresses. The WAIT 1 loop is
required to poll for the completion of the final
byte because the ACKWT routine will not
recognize the negative acknowledge as a
valid condition.
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BUS ERROR CONDITIONS:

ACKNOWLEDGE NOT RECEIVED
In the above routines, should a slave fail to
acknowledge, the condition is detected dur-
ing the '"ACKWT' routine. The occurrence
may indicate one of two conditions: the slave
has failed to operate, or a bus disturbance
has occurred. The software response to ei-
ther event is dependent on the system appli-
cation. In either case, the 'BusErr' routine
should reinitialize the bus by issuing a 'Stop’
condition. Provision may then be taken to
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repeat the transfer an arbitrary number of
times. Should the symptom persist, either an
error condition will be entered, or a backup
device can be activated.

These sample routines represent single-mas-
ter systems. A more detailed analysis of multi-
master/noisy environment systems will be
treated in further application notes. Examples
of more complex systems can be found in the
‘Software Examples' manual; publication
9398 615 70011.
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APPENDIX A

Only the 8048 assembler is capable of as-
sembling MAB8400 source code when it has
at least a "DATA"" or ""Define Byte'' assem-
bler directive, possibly in combination with a
MACRO facility.

MACRO DEFINITIONS

The new instructions can be simply defined
by MACROs. The instructions which are not
in the MABB8400 should not be in the
MAB8400 source program.

An example of a macro definitions list is given
here for the Intel Macro Assembler.

This list can be copied in front of a MAB8400
source program; the new instructions are
added to the MAB8400 source program by
calling the MACRO via its name in the op-
code field and (if required) followed by an
operand in the operand field.

LINE

SOURCE STATEMENT

1 $SMACROFILE

2 ;MACROS FOR 8048 ASSEMBLER RECOGNITION
3 ;OF 8400 COMMANDS

4 MOVS0A MACRO ;MOV S0,A
5 DB 3CH
6 ENDM
7 MOVASO MACRO ;MOV A,S0
8 DB OCH
9 ENDM
10 MOVS1A MACRO ;MOV S1,A
11 DB 3DH
12 ENDM
13 MOVAS1 MACRO ;MOV A8t
14 DB ODH
15 ENDM
16 MOVS2A MACRO ;MOV S2,A
17 DB 3EH
18 ENDM
19 MOVSo MACRO L ;MOV SO0,#DATA
20 DB 9CH,L
21 ENDM
22 MOVS1 MACRO L ;MOV S1,#DATA
23 DB 9DH,L
24 ENDM
25 MOVS2 MACRO L ;MOV S2,#DATA
26 DB 9EH,L
27 ENDM
28 ENSI MACRO EN SI
29 DB 85H
30 ENDM
31 DISSI MACRO ;DIS S| (Disable serial
interrupt)
32 DB 95H
33 ENDM
34;
35; PORT 0 INSTRUCTIONS:
36; INAPO MACRO ;JIN A,PO
37 DB 08H
38 ENDM
39;
40 OUTPOA MACRO ;OUTL POA
41 DB 38H
42 ENDM
43;
44 ORLPO MACRO L ;ORL PO,#DATA
45 DB 88H,L
46 ENDM
47;
48 ANLPO MACRO L ;ANL PO, #DATA
49 DB 98H,L
50 ENDM
51;
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MACRO DEFINITIONS (Continued)

LINE SOURCE STATEMENT
52; DATA MEMORY INSTRUCTIONS:
53 DECARO MACRO ;DEC @RO
54 DB 0COH
55 ENDM
56;
57 DECAR1 MACRO ;DEC @R1
58 DB OC1H
59 ENDM
60;
61, SELECT MEMORY BANK INSTRUCTIONS:
62 SELMB2 MACRO ;SEL MB2
63 DB 0ASH
64 ENDM
65;
66 SELMBS3 MACRO ;SEL MB3
67 DB 0B5H
68 ENDM
69;
70; CONDITIONAL JUMP INSTRUCTIONS:
71 DJNZAO MACRO L ;DJNZ @RO,ADDR
72 DB OEOH,L AND OFFH
73 ENDM
74;
75 DJNZA1 MACRO L ;DJNZ @R1,ADDR
76 DB OE1H,L AND OFFH
77 ENDM
78;
79 JINTF MACRO L JUMP IF TIMERFLAG IS
NON ZERO
80 DB 06H,L AND OFFH
81 ENDM
82
83; END OF MACRO DEFINITIONS

December 1988 3-25



Signetics Linear Products Application Note

The Inter-Integrated Circuit (12C) Serial Bus: AN168
Theory and Practical Consideration

THE 8400 INSTRUCTIONS BUILT FROM THE MACRO LIST

LOC/OBJ  LINE SOURCE STATEMENT
’1 0000 1 ORG 0
2 MOVAS0 :MACRO for MOV A,S0
f 0000 0C 3+ DB OCH
4 MOVAS1 :MACRO for MOV A;S1
0001 0D 5+ DB ODH
| ' 6 MOVSO0A :MACRO for MOV S0,A
| 0002 3C 7+ DB 3CH
| 8 MOVS1A :MACRO For MOV S1,A
‘ 0003 3D 9+ DB 3DH
10 MOVS2A :MACRO For MOV S2,A
0004 3E 1+ DB 3EH
12 MOVS0 56H :MACRO For MOV S0,
#56H
0005 9C 13+ DB 9CH,56H
0006 56
14 MOVST 9FH :MACRO for MOV S1,
#9FH
0007 9D 15+ DB 9DH,9FH
0008 9F
16 MOvS2 OESH :MACRO for MOV S2,
#0E8H
0009 9E 17+ DB 9EH,0E8H
000A ES8
18 ENS1 :MACRO for EN S1
0008 85 19+ DB 85H
20 DISS! :MACRO for DIS SI
000C 95 21 + DB 95H
22 INAPO :MACRO for IN APO
000D 08 23+ DB 08H
24 OUTPOA :MACRO for OUTL PO,A
000E 38 25+ DB 38H
26 ORLPO 5AH :MACRO for ORL PO,A
000F 88 27 + DB 88H,5AH
0010 5A
28 ANLPO 2FH :MACRO for ANL PO,A
0011 98 29 + DB 98H,2FH
0012 2F
30 DECARO :MACRO for DEC @R0
0013 CO 31+ DB 0COH
32 DECAR{ :MACRO for DEC @R1
0014 C1 33+ DB 0C1H
34 SELMB2 :MACRO for SEL MB2
0015 A5 35+ DB 0ASH
36 SELMB3 :MACRO for SEL MB3
0016 B5 37 + DB 0B5H
38 DJINZAO 567H :MACRO for DJNZ @R,
567H
0017 EO 39 + DB OEOH,567H AND
OFFH
0019 67
40 DJINZAT OEFEH :MACRO for DINZ @Ri,
OEFEH
0019 Ef 41+ DB OE1H,0EFEH AND
OFFH
001A FE
42 JINTF 789H :MACRO for JNTF 789H
001B 06 43+ DB 06H, 789H AND
OFFH
001C 89
44 END
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Signetics

Linear Products

DESCRIPTION

The PCF8570 is a low power 2048-bit
statc CMOS RAM organized as 256
words by 8-bits. Addresses and data are
transferred serially via a two-line bidirec-
tional bus (1C). The built-in word ad-
dress register is incremented automati-
cally after each written or read data byte.
Three address pins — A0, A1, and A2 —
are used for programming the hardware
address, allowing the use of up to eight
devices connected to the bus without
additional hardware.

ORDERING INFORMATION

PCF8570

256 X 8 Static RAM

Product Specification

FEATURES

e Operating supply voltage: 2.5V to
6V

e Low data retention voltage: min.
1.0V

e Low standby current: max. 5uA

e Power saving mode: typ. 50nA

 Serial input/output bus (12C)

e Address by 3 hardware address
pins

e Automatic word address
incrementing

e 8-lead DIP package

APPLICATIONS

e Telephony RAM expansion for
stored numbers in repertory
dialing (e.g., PCD3343
applications)

e Radio and television channel
presets

o Video cassette recorder

e General purpose RAM expansion
for the microcomputer families
MAB8400 and PCF84C00

PIN CONFIGURATION

N, D Packages
INEER [8] Voo
A1 [2] 7] TEST
A2 [3] 6] scL
Ves [7] [5] spA
TOP VIEW
Co113008
PIN
NO. SYMBOL DESCRIPTION
1 A0
2 Al Address inputs
3 A2
4 Vss Negative supply
5 SDA Serial data line }Iz(; bus
6 SCL Serial clock line
7 TEST Test input for test speed-up; must
be connected to Vss when not in
use. (Power saving mode, see
Figures 12 and 13)
8 Vbp Positive supply

DESCRIPTION TEMPERATURE RANGE | ORDER CODE
8-Pin Plastic DIP (SOT-97A) -40°C to +85°C PCF8570PN
8-Pin Plastic SO (SO-8L; SOT-176) -40°C to +85°C PCF8570TD

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vpp Supply voltage range (Pin 8) -0.8 to +8.0 \
V) Voltage range on any input -0.8 to Vpp +0.8 \
E1 DC input current (any input) 10 mA
*lp DC output current (any output) 10 mA
*lpp; Iss Supply current (Pin 4 or Pin 8) 50 mA
Pror Power dissipation per package 300 mwW
Po Power dissipation per output 50 mW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -40 to +85 °C

August 1, 1988
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Signetics Linear Products Product Specification

256 X 8 Static RAM PCF8570

BLOCK DIAGRAM

PCF8570
worD  f————— | sow " MEMORY
A CELL
REGISTER |-/ SELECT ARRAY
1
A0 0—
10— 1 T
A2 O *
6
SCL 2
2 L vy [ el o
SDA O 1 am
RIW
POWI
v 8 OONER SHIFT P / CONTROL
o5 O— - REGISTER [7 7
Vg Ol
ss O—1——] f
TEST 0— = a
R—

DC ELECTRICAL CHARACTERISTICS Vvpp =25 to 6V; Vgg =0V; Tp=-40°C to +85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ | Max

Supply

Voo Supply voltage 25 6 v

Supply current at fgg = 100kHz; V| = Vgg or Vpp

Ipp operating 200 A
ipbo standby 15 HA
Ibbo standby at Tp=-25 to +70°C 5 A
VpoRr Power-on reset voltage level® 1.5 1.9 2.3 \
Input SCL; input/output SDA

Vi Input voltage LOW? -0.8 0.3 X Vpp v
Vin Input voltage HIGH? 0.7 X Vpp Vpp + 0.8 v
loL Output current LOW at Vg = 0.4V 3 mA
lon Output leakage current HIGH at Voq = Vpp 250 nA
4 Input leakage current (A0, A1, A2) at V|=Vpp or Vsg 250 nA
fscL Clock frequency (Figure 5) 0 100 kHz
C Input capacitance (SCL, SDA) at V)= Vgg 7 pF
tsw Tolerable spike width on bus 100 ns
LOW Vpp data retention

VbpRr Supply voltage for data retention 1 6 \"
loor Supply current at Vppg =1V 5 uA
loor Supply current at Vppr = 1V; Ta =-25 to +70°C 2 A
Power saving mode

IobR Supply current at Ta = 25°C; TEST = Vppg L 50 l 400 i nA

NOTES:

1. The power-on reset circuit resets the 12C bus logic when Vpp < Vpog.

2. If the input voltages are a diode voltage above or below the supply voltage Vpp or Vss an input current will flow; this current must not exceed *0.5mA.

August 1, 1988
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Signetics Linear Products

Product Specification

256 X 8 Static RAM

PCF8570

CHARACTERISTICS OF THE I2C
BUS

The 12C bus is for 2-way, 2-line communica-
tion between different ICs 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 puli-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.

DATA LINE | CHANGE |
STABLE: OF DATA
DATA VALID | aLLowep |

Figure 1. Bit Transfer

WF 185008

Start and Stop Conditions
Both data and clock lines remain HIGH when
the bus is not busy. A HIGH-to-LOW transi-

tion 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).

\

Figure 2. Definition of Start and Stop Conditions

WF18510S

System Configuration
A device generating a message is a ''trans-
mitter''; a device receiving a message is the

"receiver''. The device that controls the mes-
sage is the ''master'’ and the devices which

are controlled by the master are the
"slaves''.

SDA
SCL
MASTER
TRANSMITTER/
RECEIVER

SLAVE
SLAVE MASTER
TRANSMITTER/
RECEIVER RECEIVER TRANSMITTER

MASTER
TRANSMITTER/
RECEIVER

Figure 3. System Configuration

AF04590S

August 1, 1988
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Product Specification

256 X 8 Static RAM

PCF8570

Acknowledge

The number of data bytes transferred be-
tween the start and stop conditions from
transmitter to receiver is not limited. Each
byte of eight bits is followed by one acknowl-
edge bit. The acknowledge bit is a HIGH level
put on the bus by the transmitter whereas the
master generates an extra acknowledge re-

lated 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, setup and hold times
must be taken into account. A master receiv-
er must signal an end of data to the transmit-
ter 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.

START
CONDITION

SCL FROM
MASTER | 1 2 8
| .
|
DATA OUTPUT
BY TRANSMITTER

CLOCK PULSE FOR
ACKNOWLEDGEMENT

)
DATA OUTPUT )
BY RECEIVER
WF18520S
Figure 4. Acknowledge on the 12C Bus
——
r
son \
>t
<—tgyr tlow > <= ty0.toar F ..I tsutoar
| ——
SCL \ Z
] |e—tg ¢
thot | tg,t.
HO tsTA "“"’i—‘sw'sn HIGH sutsto
SDA
'WF 169308
Where:
tBurF 2t owmin The minimum time the bus must be free before a new transmission can start
tHpi t 2 tHiGHmin Start condition hold time
tsta
tLowsmin 4.7us Clock LOW period
tHIGHmIn 4us Clock HIGH period
tsus tsTA  t=tLowmin Start condition set-up time; only valid for repeated start code
thp: t=0us Data hold time
toat
tsus t>250ns Data setup time
toaT
tp t<1ius Rise time of both the SDA and SCL line
te t<300ns Fall time of both the SDA and SCL line
tsus t 2 t owmin Stop condition setup time
tsto
NOTE:

All the timing values refer to Viy and V)_ levels with a voltage swing of Vgg to Vpp.

Figure 5. Timing

August 1, 1988
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256 X 8 Static RAM PCF8570

A WA U SV AW B G A WA AR W

—_——————— — e — ————— ——
START ADDRESS RIW ACK DATA ACK START  ADDRESS RIW ACK STOP
CONDITION CONDITION
WF185408

Where:
Clock tLowmin 4.7us

tHIGHMIn 4us
The dashed line is the acknowledgement of the receiver
Mark-to-space ratio 1:1 (LOW-to-HIGH)
Maximum number of bytes Unrestricted
Premature termination of transfer Allowed by generation of STOP condition
Acknowledge clock bit Must be provided by the master

Figure 6. Complete Data Transfer in the High-Speed Mode
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256 X 8 Static RAM PCF8570

dressed first. The addressing is always done ferent PCF8570 READ and WRITE cycles is
with the first byte transmitted after the start shown in Figure 7.
procedure. The I2C bus configuration for dif-

Bus Protocol
Before any data is transmitted on the 12C bus,
the device which should respond is ad-

ACKNOWLEDGE ACKNOWLEDGE © ACKNOWLEDGE

FROM SLAVE FROM SLAVE FROM SLAVE

[ s] . staeavoress ofa| | 'wombaooress  Ja] | | ‘oam " Ja]r|

o SCAVEADORESS o . WORDADDRESS oo O
RIW
L wevres

AUTO INCREMENT

MEMORY WORD ADDRESS

AF04600S

a. Master Transmits to Slave Receiver (WRITE Mode)

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE

FROM SLAVE FROM SLAVE FROM SLAVE FROM MASTER
[s] | staveaooress ofa] | 'womoaporess | Jal s | | staveaporess I}JA ., ,DAWA . ]n|—7
RIW AT THIS MOMENT MASTER RIW
TRANSMITTER BECOMES [ NBYiEs
MASTER RECEIVER AND
PCF8563 SLAVE RECEIVER D ICREMENT
BECOMES SLAVE TRANSMITTER
NO ACKNOWLEDGE
FROM MASTER
e R MR K1 KX
L astovre
AUTO INCREMENT
WORD ADDRESS
AF04602S
b. Master Reads After Setting Word Address (WRITE Word Address; READ Data)
ACKNOWLEDGE ACKNOWLEDGE NO ACKNOWLEDGE
FROM SLAVE FROM MASTER FROM MASTER
Tt T T
Lsl . suveaooress  +a] | (oam, 7 7 Ja] T T T T " T ife]
RIW | l
NBYTES i LAST BYTE H
AUTO INCREMENT AUTO INCREMENT
WORD ADDRESS WORD ADDRESS

AF04812S

c. Master Reads Slave Immediately After First Byte (READ Mode)
Figure 7

August 1, 1988 4-8
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256 X 8 Static RAM PCF8570

APPLICATION INFORMATION
The PCF8570 slave address has a fixed
combination 1010 as group 1, while group 2 is
fully programmable (see Figure 8.)

1 | 0 l 1 I 0 |AzlA1le|mWI
‘—enoupv——l—enoun—-l

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 Vpp.

Figure 8. PCF8570 Address

AF046208

Voo

i

Voo SDA
MASTER
T _ 5L TRANSMITTER
0
Ao Voo oo 1
9]  PCFESTO =
“010°
Qo test veSDA
Voo
1 UP TO 8 PCF8570
Vop <—] A0 Voo go1 WITHOUT ADDITIONAL
a1 PCF8s70 HARDWARE
[} 010" spa
A2 TEST Vs
L 1 '
= = |
Voo TOVpp
f
Vpp <—— A0 Voo oo R R
v 3 PCF8570
oo <A1 O <o R: PULL-UP RESISTOR
Vop <—] A2 TEST Vs o teuse
L L Ceus
- - SDA SCL
(12C BUS)

TC155108

NOTE:
A0, A1, and A2 inputs must be connected to Vpp or Vss but not left open.

Figure 9. PCF8570 Application Diagram

August 1, 1988 4-9
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256 X 8 Static RAM PCF8570.

POWER SAVING MODE
With the condition TEST = VppR, the
PCF8570 goes into the power saving mode.

|+————————— POWER SAVING MODE ————————————={ OPERATING MODE
—_—— Voor
TEST ov
——-: {—-—'\ / Voo
SCL - Vem
- 0
sy = thp >
\ Voo
soA - e et Voor
-_— oV
—\ —/_ Voo
Voo - Vpor
ov
lop
oo \ |
p—— (A .
WHERE:
tey>4us
typ>4us

WF18560S

Figure 10. Timing for Power Saving Mode

o
+5V O E - \’{/
X < < S
= $ 3 3
MICROCOMPUTER 8
5
spa Voo 3

+ Vppr
6 A2 12

L NI
PCD8571 A1 2 -T-(m

TEST

IS

AT

TC155408
NOTE:
1. In the operating mode, TEST = 0.
2. In the power saving mode, TEST = Vppg.

Figure 11. Application Example for Power Saving Mode

August 1, 1988 4-10
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PCF8571

1K Serial RAM

Product Specification

DESCRIPTION FEATURES PIN CONFIGURATION
The PCF8571 is a low power 1024-bit e Operating supply voltage: N, D Packages
static CMOS RAM organized as 128 2.5V to 6V ’
words by 8 bits. Addresses and dataare e Low data retention voltage:
. . " L Ao [0 (8] Voo
transferred serially via a two-line bidirec- min. 1.0V o= - et
N 2 g ]
tional bu§ (I Cf)‘ 'The built-in word aq- e Low standby current:
dress register is incremented automati- max. 5uA A2 (3] 6] scL
cally after each written or read data byte. o Power saving mode: Vves [2] [5] spa
Three address pins — A0, A1, and A2 — t 50nA 9 ) TOP VIEW
are used for programming the hardware yp.. i 2 consaos
address, allowing the use of up to eight @ Serial input/output bus (I°C) PN svmBoL  DESCRIPTION
devices connected to the bus without ® Address by 3 hardware address |
o A 1 A0
additional hardware. pins 2 A1 } Address inputs
® Automatic word address 5 7 Negatve supply
incrementing 5 SDA Seraldawine Yy
i Jind
e 8-lead DIP package 7  TEST T:s(a in‘i:gf for teest speed-up; must
be connected to Vss when not in
APPL'CATIONS u;e.r(Power :aving mode, see
° Telephony 8 Vob g?;(:se 1sipapl;1 9

ORDERING INFORMATION

RAM expansion for stored
numbers in repertory dialing
(e.g., PCD3340 applications)
o Radio and television
channel presets
o Video cassette recorder
e General purpose
RAM expansion for the

micro-computer families MAB8400

and PCF84C00

DESCRIPTION TEMPERATURE RANGE| ORDER CODE
8-Pin Plastic DIP (SOT-97A) -25°C to +70°C PCF8571PN
8-Pin Plastic SO (SOL-8; SOT-176) -25°C to +70°C PCF8571TD

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Voo Supply voltage range (Pin 8) -0.8 to +8.0 "
A Voltage range on any input -0.8 to Vpp +0.8 v
* DC input current (any input) 10 mA
tlp DC output current (any output) 10 mA
*Ipp; Iss Supply current (Pin 4 or Pin 8) 50 mA
Ptor Power dissipation per package 300 mwW
Po Power dissipation per output 50 mw
Tste Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +70 °C

August 1, 1988 853-1036 94025
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1K Serial RAM PCF8571

BLOCK DIAGRAM

PCDBSTY
WORD MEMORY
ADDRESS L] oL 7 T
REGISTER |/ ARRAY
1
00—
10— & §a
Ao 3
]
seLo INPUT [ r’c COLUMN
s FILTER BUS CONTROL SELECT [7] MULTIPLEXER
oA O 1 -
= [ (
POWER RIW
Vop O > ON R:;:‘;,‘En + £ CONTROL
Ve 02 RESET
=" 1 7
Esto— T ,
7

80078708

DC ELECTRICAL CHARACTERISTICS Vpp =25 to 6V; Vgg =0V; Ta=-25°C to +70°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ | Max

Supply

Vbp Supply voltage 25 6 Vv

Supply current at fgo = 100kHz; V| = Vgg or Vpp

Ibp operating 200 MA
lobo standby 5 A
VpoR Power-on reset voltage level at VscL = Vspa = Vpp' 15 19 23 \
Input SCL; input/output SDA

Vi Input voltage LOW? -0.8 0.3 X Vpp v
ViH Input voltage HIGH? 0.7 X Vpp Vpp + 0.8 v
loL Output current LOW at Vg = 0.4V 3 mA
loH Output leakage current HIGH at Vo = Vpp 100 nA
£ Input leakage current (AO, A1, A2) at V,=Vpp or Vgg 100 nA
fscL Clock frequency (Figure 5) 0 100 kHz
C Input capacitance (SCL, SDA) at V| = Vgg 7 pF
tsw Tolerable spike width on bus 100 ns
LOW Vpp data retention

VooR Supply voltage for data retention 1 \
bR Supply current at Vppr =1V 2 MA
Power saving mode (Figure 12)

Ibps T Supply current at Tp = 25°C; TEST = A0 = A1 = A2 = VppR 50 200 nA

NOTES:

1. The power-on reset circuit resets the 12C bus logic when Vop < VpoR-
2. If the input voltages are a diode voltage above or below the supply voltage Vpp or Vgg an input current will flow: this current must not exceed *0.5mA.

August 1, 1988 4-12
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Product Specification

1K Serial RAM

PCF8571

CHARACTERISTICS OF

THE 12C BUS

The IC bus is for 2-way, 2-line communica-
tion between different ICs 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

/

-\

SCL

DATA LINE ; CHANGE l
STABLE: OF DATA
DATA VALID | ALoweo |

Figure 1. Bit Transfer

T\

WF 185005

Start and Stop Conditions
Both data and clock lines remain HIGH when
the bus is not busy. A HIGH-to-LOW transi-

tion 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).

- o1
soa ;\{

/ ‘

\

|

s |

L2l
START CONDITION

Figure 2. Definition of Start and Stop Conditions

WF18510S

System Configuration
A device generating a message is a ''trans-
mitter'’; a device receiving a message is the

"'receiver’'. The device that controls the mes-
sage is the ""'master’ and the devices which

are controlled by the master are the
"'slaves'.

SDA

SCL

MASTER
TRANSMITTER/
RECEIVER

SLAVE
MASTER
TRANSMITTER/
RECEIVER TRANSMITTER

SLAVE
RECEIVER

MASTER
TRANSMITTER/
RECEIVER

Figure 3. System Configuration

AF04590S

August 1, 1988
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Product Specification

1K Serial RAM

PCF8571

Acknowledge

The number of data bytes transferred be-
tween the start and stop conditions from
transmitter to receiver is not limited. Each
byte of eight bits is followed by one acknowl-
edge bit. The acknowledge bit is a HIGH level
put on the bus by the transmitter, whereas the
master generates an extra acknowledge re-

lated 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 receiv-
er must signal an end-of-data to the transmit-
ter 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.

START CLOCK PULSE FOR
CONDITION ACKNOWLEDGEMENT
SCL FROM
MASTER | 1 2 9
|
|
DATA OUTPUT
BY TRANSMITTER
s
>
s
DATA OUTPUT
BY RECEIVER
WF185208
Figure 4. Acknowledgement on the I1°C Bus
SDA
t
—tgyr—>] tow | [*tuotoar F tsutpar
SsCL \ Z
\
- 1,
thortsTa :1,'._ teutsta thiGH tsutsto
SDA
WF16930S
Where:
tBuUF 1=t owmin The minimum time the bus must be free before a new transmission can start
tHo, tsTA t 2 tHiGHmIn Start condition hold time
tLowmin 4.7us Clock LOW period
tHiIGHmIn 4us Clock HIGH period
tsus tsTA 2t owmin Start condition setup time; only valid for repeated start code
tHD, tDAT t=0us Data hold time
tsu. toat t=250ns Data setup time
tr t<1tus Rise time of both the SDA and SCL line
tr t<300ns Fall time of both the SDA and SCL line
tsu, tsto t =t owmin Stop condition setup time
NOTE:
All the timing values refer to V|4 and V)_ levels with a voltage swing of Vgg to Vpp.
Figure 5. Timing

August 1, 1988
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1K Serial RAM PCF8571

o WAL WY SV AN O GV A WA AR WA

START ADDRESS R/W  ACK DATA ACK  START ADDRESS R/W ACK  STOP
CONDITION CONDITION
WF18540S

Where:
Clock t owmin 4.7us

tHiIGHmIn 4us
The dashed line is the acknowledgement of the receiver
Mark-to-space ratio 1:1 (LOW-to-HIGH)
Maximum number of bytes Unrestricted
Premature termination of transfer Allowed by generation of STOP condition
Acknowledge clock bit Must be provided by the master

Figure 6. Complete Data Transfer
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1K Serial RAM PCF8571

Bus Protocol dressed first. The addressing is always done ferent PCF8571 READ and WRITE cycles is

Before any data is transmitted on the 12C bus, ~ With the first byte transmitted after the start ~shown in Figure 7.
the device which should respond is ad- Procedure. The 12C bus configuration for dif-

ACKNOWLI NOWLE KNOW
FROM suEeSE' A‘:F'r:cm suSSE ancu sﬁovgE
| | }
Ls 1 | staveaporess Z?IAIX.' worosooress, | [aT 7 7 Todm T T T TaT e ]
RIW
;nmss
AUTO INCREMENT
MEMORY WORD ADDRESS

AF04640S

a. Master Transmits to Slave Receiver (WRITE mode)

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
Fnoulsuvs Fnoulsuvs FROM SLAVE FROM MASTER
T T T T T T L T T l T 1
Ls [ | stAvedooress ' o[a]x woroAoomess | [l s | | swaveaboRess 1 [a] . . . oam . | | [ab—>
RIW AT THIS MOMENT MASTER RW
TRANSMITTER BECOMES NBYTES
MASTER RECEIVER AND
PCF 8571 SLAVE RECEIVER ity
BECOMES SLAVE TRANSMITTER
NO ACKNOWLEDGE
FROM MASTER

|
niae BN 7S SRR K1 B

‘——LASTBYTE——I

AF04642S

b. Master Reads After Setting Word Address (WRITE Word Address; READ Data)

ACKNOWLEDGE ACKNOWLEDGE NO ACKNOWLEDGE
FROM SLAVE FROM MASTER FROM MASTER
Lsl . swaesooress Jaf 7 7 Tom? T T Tal T 7 T T T T T
RIW
;NMES L——LMTBVTE—,
AUTO INCREMENT
WORD ADDRESS

AF046508

c. Master Reads Slave Immediately After First Byte (READ Mode)

NOTE:
X =don't care bit

Figure 7
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APPLICATION INFORMATION
The PCF8571 slave address has a fixed

combination 1010 as group 1, while group 2 is
fully programmable (see Figure 8).

1 I [ l 1 lolulmleIle
Lh—aaou»1—4~—Gnoun—-}

Figure 8. PCF8571 Address

AF046208

Vop
Voo SDA
MASTER
T —— scL TRANSMITTER
A0 Voo
a  Poresn SCt Jf_
A2 TEST vssh
Voo
1
v v UPTO 8 PCF 8571
bp =— A0 pori SCL WITHOUT ADDITIONAL
At 5 | | HARDWARE
0 010" spa
A2 TEST Vss
= = = |
Voo TOVpp
PCF T
1
Voo a0 Voo oo SR
Vop w—ay  PCFESTI
s A R: PULL-UP RESISTOR
Voo A2 TEST Vss [
| R= 'RISE
J__ _I Caus
- SDA SCL
(PCBUS)
NOTES:

TC15631S

A0, A1, and A2 inputs must be connected to Vpp or Vgg but not left open.

Figure 9. PCF8571 Application Diagram
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POWER SAVING MODE

With the condition TEST = A2 = A1
= A0 = VppR, the PCF8571 goes into the
power saving mode.

|e———————— POWER SAVING MODE —————— | OPERATING MODE
TEST - x‘l;nu
_) Vamm — 1—- Voo
scL \; ——-—/ v,
R
pp—— AV o
tsy e typ =
\ Voo
SDA }‘ —— DC v
—-_— ot
v __\ —/-—— VDD
oD
- Vpor
g off
L _/___ Iop
0D
[Rp— Iops
'WF18580S
Where:
tsy = 4us
thp = 4ps
Figure 10. Timing for Power Saving Mode
A
I <
T I |
= s 3 3
MICROCOMPUTER 8
5
. spa Voo 3 Ve
I [ A2 1.2?"
| scL 2 l (NIiCd)
—1— PCFEST A1 L
1
. 7 TEST A0
-+ Ves
4
TC15541S
NOTES:

1. In the operating mode, TEST =0 (A0, A1,=0; A2=1).
2. In the power saving mode, TEST = A0 = A1 = A2 = VppR.

Figure 11. Application Example for Power Saving Mode
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Clock/Calendar with Serial 1/0
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Linear Products

DESCRIPTION FEATURES PIN CONFIGURATION

The PCF8573 is a low threshold, mono- e Serial input/output bus (1C)
lithic CMOS circuit that functions as a interface for minutes, hours,
real-time clock/calendar in the Inter IC days and months

(%C) bus-oriented microcomputer sys- e Additional pulse outputs for
tems. The device includes an address- seconds and minutes

able time counter and alarm register, e Alarm register for presetting a
both hforTr:inutes, holurs, daly/s and time for alarm or remote
months. Three special control/status i i :

flags, COMP, POWF and NODA, are R Z‘:;::?mga::: 3"0:: clock
also available. Information is transferred £ t.y duri P 1

serially via a two-lin bidirectional bus .unc |on. uring supply

(12C). Back-up for the clock during sup- mterruptlon‘

ply interruptions is provided by a 1.2v  ® Crystal oscillator control 0P VIEW
nickel cadmium battery. The time base is (32.768kHz) cotoasis
generated from a 32.768kHz crystal- APPLICATIONS PIN NO. - SYMBOL DESCRIPTION

N, D Packages

Address input

1
i 2 Al Address input
controlled oscillator. o Automotive 2 AOMP Comparal‘or tput
4 SDA Serial data line
e Telephony 5 SCL  Serial clock fine )G bus
6 EXTPF  Enable power fail flag
oot
ORDERING INFORMATION 7 PAN  Power fai flag input_
8 Vss2 Negative supply 2 (IC
DESCRIPTION TEMPERATURE RANGE ORDER CODE 0 MIN O'g;e';:f:e‘ per minute
16-Pin Plastic DIP (SOT-38) -40°C to +85°C PCF8573PN 10 SEC  Onormuise per second
16-Pin Plastic SOL (SOT-162A) -40°C to +85°C PCF8573T 1 FSET  Oseiiator tuning output
12 TEST Test input; must be
connected to V,
ABSOLUTE MAXIMUM RATINGS ey Jonen ot in use
13 | scillator input
SYMBOL PARAMETER RATING UNIT 14 0SCO  Oscillator input/output
15 Vss1 Negative suppl_y 1 (clock)
Vpp - Vss1| Supply voltage range (clock) -0.3 to +8 v 6 Voo Common positive supply
Vpp - Vssz2| Supply voltage range (12C interface) -03 to +8 "
Iin Input current 10 mA
lout Output current 10 mA
Pp Maximum power dissipation per package 200 mw
Ta Operating ambient temperature range —40 to +85 °C
Tsta Storage temperature range -65 to +150 °C
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BLOCK DIAGRAM

FSET MIN  SEC Voo
° < )
1 9 10 16
s
1.5V
0SCO 14
[ SECONDS
PRESCALER POWER-ON 15
ReskzT OSCILLATOR =] Pt co:;zt;zen - RESET Vsst
0SCI Ls
cr
v 8
o0 L—. %74 ’—]_Vssz
4
SDA O~ —— v | $ o exteF
TIME COUNTER
scL o3 v [ . DAYS —> 1 onTHS
MINUTES —» HOURS ——» DATE <— 7
PFIN
s ! o !
COMPARATOR —l Ls 3 o comp
- i ! f i
INPUT "c
FILTER BUS 12
CONTROL ALARM REGISTER Ls TEST
Ls LEVEL SHIFTER
1 2
o [
A0 A1

BD03481S.
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DC ELECTRICAL CHARACTERISTICS vggo = 0V; Ta=-40 to + 85°C, unless otherwise specified. Typical values at

Ta= +25°C.
LIMITS
SYMBOL PARAMETER UNIT
Min I Typ I Max
Supply
Vpp - Vss2 Supply voltage (1°C interface) 25 5 6.0
Vop - Vss1 Supply voltage (clock) 1.1 1.5 (Vop - Vss2) Vv
Supply current Vggy
-lss1 at Vpp-Vssi = 1.5V 3 10 MA
~lssy at Vpp - Vsst =5V 12 50 uA
Supply current Vgsz
at Vpp - Vgs2 =5V
-lgso (lo=0mA on all outputs) 50 MA
Inputs SCL, SDA, A0, A1, TEST
ViH Input voltage HIGH 0.7 X Vpp
Vi Input voltage LOW 0.2 X Vpp
Input leakage current
) at V| =Vgsz to Vpp 1 MA
Inputs EXTPF, PFIN
Vin - Vssi Input voltage HIGH 0.7 X (Vpp - Vss1)
ViL- Vssi Input voltage LOW 0 0.2 X (Vpp - Vss1)
Input leakage current
| at V)= Vgg1 to Vpp 1 MA
at Ta =25°C;
1 V|=Vggy to Vpp 0.1 MA
Outputs SEC, MIN, COMP, FSET (normal buffer outputs)
Output voltage HIGH
at Vpp - Vssz2 =2.5V;
VoH -lo=0.1mA Vpp-0.4 \
at Vpp-Vss2 =4 to 6V;
VOH "O =0.5mA VDD -0.4 \
Output voltage LOW
at Vpp-Vss2 =25V,
VoL lo =0.3mA 0.4 \
at Vpp-Vss2=4 to 6V;
VoL lo=1.6mA 0.4 \"
Output SDA (N-Channel open drain)
QOutput 'ON'": Iop =3mA
VoL at Vpp—-Vss2=2.5 to 6V 0.4 Vv
Output 'OFF' (leakage current)
lo at Vpp - Vsgs2 = 6V; Vo =6V 1 MA
Internal Threshold Voltage
VTH1 Power failure detection 1 1.2 14 v
Power 'ON' reset
VTH2 at VgL = Vspa = Vop 1.5 2.0 25 \
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AC ELECTRICAL CHARACTERISTICS Vg, = 0V; Ta=-40 to + 85°C, unless otherwise specified. Typical values at

Ta = +25°C.
LIMITS
SYMBOL PARAMETER UNIT
Min l Typ | Max
Rise and Fall Times of Input Signals
tr, tr Input EXTPF 1 us
tr, tr Input PFIN L us
Input signals except EXTPF and PFIN
between V| and Viy levels
tr rise time 1 us
tr fall time 0.3 us
Frequency at SCL
at Vpp-Vgs2 =4 to 6V
tLow Pulse width LOW (see Figure 8) 4.7 us
tHIGH Pulse width HIGH (see Figure 8) 4 us
4 Noise suppression time constant at SCL and SDA input 0.25 1 25 us
CIN Input capacitance (SCL, SDA) 7 pF
Oscillator
Cout Integrated oscillator capacitance 40 pF
Rr Oscillator feedback resistance 3 MQ
Oscillator stability for:
(Vpp - Vss1) = 100mV
at Vpp - Vsst1 = 1.55V;
f/tosc Ta=25°C 2 x 108
Quartz crystal parameters
Frequency = 32.768 kHz
Rg Series resistance 40 k2
Cp Parallel capacitance 9 pF
Cr Trimmer capacitance 5 25 pF
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—

SDA ’

X \

1
|
i
|
|

scL
| DATA LINE CHANGE |

STABLE: | OF DATA
| DATA VALID | ALLowED |

Figure 1. Bit Transfer

e

WF16980S

Table 1. Cycle Length of the Time Counter

UNIT NUMBER OF BITS | COUNTING CYCLE | CARRY FOR FOLLOWING | CONTENT OF MONTH COUNTER
UNIT
Minutes 7 00 to 59 59 — 00
Hours 6 00 to 23 23 — 00
Days 6 01 to 28 28 = 01 2
or 29 — 01 (see note)
01 to 30 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.
FUNCTIONAL DESCRIPTION Table 2. Power Fail Selection
Oscillator EXTPF PFIN FUNCTION
The PCF8573 has an integrated crystal-con- o -
trolled oscillator which provides the time base 8 ? $::te;1gi;;|s sensed internally
for the pres'caler. The frequency is deter- 1 0 Power fail is sensed externally
mined by a single 32.768kHz crystal connect- 9 1 No power fail sensed
ed between OSCI and OSCO. A trimmer is P
connected between OSCI and Vpp. NOTE:

Prescaler and Time Counter

The prescaler provides a 128Hz 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 and MIN, re-
spectively, 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.

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

August 1, 1988

0: connected to Vsgy (LOW)
1: connected to Vpp (HIGH)

with a length of 24 bits. When these contents
are equal, the flag COMP will be set 4ms 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 immedi-
ately after the flag is set, and then it will be
executed. Flag COMP information is also
available at the output COMP. The compari-
son 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 sepa-
rate 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 [2C bus.

Power On/Power Fail Detection

If the voltage Vpp - Vss1 falls below a certain
value, the operation of the clock becomes
undefined. Thus, a warning signal is required
to indicate that faultless operation of the
clock is not guaranteed. This information is
latched in a flag called POWF (Power Fail)
and remains latched after restoration of the
correct supply voltage until a write procedure
with EXECUTIVE ADDRESS has been re-

4-23

ceived. The flag POWF can be set by an
internally-generated power fail level-discrimi-
nator signal for application with (Vpp - Vss1)
greater than V4, or by an externally-gener-
ated power fail signal for application with
(Vbop-Vss1) less than Vyyy. 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.

The external power fail control operates by
absence of the Vpp - Vgs2 supply. Therefore,
the input levels applied to PFIN and EXTPF
must be within the range of Vpp-Vssi. 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 Vpp - Vss2
is less than Vypp.

Interface Level Shifters

The level shifters adjust the 5V operating
voltage (Vpp - Vssz) of the microcontroller to
the internal supply voltage (Vpp — Vss1) of the
clock/calendar. The oscillator and counter
are not influenced by the Vpp - Vsso supply
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voltage. If the voltage Vpp - Vgsp is absent
(Vss2 = Vpp) the output signal of the level
shifter is HIGH because Vpp is the common
node of the Vpp-Vss2 and the Vpp - Vgsy
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
Vop - Vss2=0.

CHARACTERISTICS OF THE I%C
BUS

The I12C bus is for 2-way, 2-line communica-
tion between different ICs 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 Figure 1)
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

(see Figure 2)

Both data and clock lines remain HIGH when
the bus is not busy. A HIGH-to-LOW transi-
tion 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).

System Configuration

(see Figure 3)

A device generating a message is a ''trans-
mitter'', a device receiving a message is the
"'receiver''. The device that controls the mes-
sage is the ""master" and the devices which
are controlled by the master are the
"slaves''.

Acknowledge (see Figure 4)

The number of data bytes transferred be-
tween the start and stop conditions from
transmitter to receiver is not limited. Each

byte of eight bits is followed by one acknowl-
edge bit. The acknowledge bit is a HIGH leve!
put on the bus by the transmitter whereas the
master generates an extra acknowledge-re-
lated 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, setup and hold times
must be taken into account. A master receiv-
er must signal an end of data to the transmit-
ter 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.

Timing Specifications

Masters generate a bus clock with a maxi-
mum frequency of 100kHz. Detailed timing is
shown in Figure 5.

r—-—" r——"
- | - ' ——
SDA | \ i / \ | | SDA
| : - T |
| | | |
—— -—— = e
T 1
scL 1 s | \ / e | sCL
| | | |
| SR | SR
START STOP
CONDITION CONDITION
'WF16970S
Figure 2. Definition of Start and Stop Conditions
SDA
1 I ] 1
MASTER SLAVE MASTER
TRANSMITTER/ RESENER TRANSMITTER/ Y v TRANSMITTER/
RECEIVER RECEIVER RECEIVER
BD03450S
Figure 3. System Configuration
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START CLOCK PULSE FOR
CONDITION ACKNOWLEDGEMENT
SCL FROM
| -
|
| -
DATA OUTPUT
BY TRANSMITTER
| -
S
DATA OUTPUT
BY RECEIVER
WF163405
Figure 4. Acknowledgement on the 12C Bus
SDA
— 4 4
taur -~ tow F—=
SsCL
—=1 thp: ts1a ~— thian
L™ p— —
o toar tsu toar
SDA
— tsutsta — e
tswr tsto
WF20540S
Where:
tguF 2t owmin The minimum time the bus must be free before a new transmission can start
D, tsTA 2 tHiGHmin Start condition hold time
tLowmin 4.7us Clock LOW period
tHIGHmin 4us Clock HIGH period
tsus tsta 2t owmin Start condition setup time, only valid for repeated start code
tHo. tDAT t=300ns Data hold time
tsu, tbar t=250ns Data setup time
tr t<1tus Rise time of both the SDA and SCL line
te t < 300ns Fall time of both the SDA and SCL line
tsus tsto 2t owmin Stop condition setup time
NOTE:
1. All the values refer to Vi and V|_ levels with a voltage swing of Vpp to Vgsa.
Figure 5. Timing
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S\ LTEXTNLIT S

START DDRESS RW

Mark-to-space ratio

Max. number of bytes
Premature termination of transfer
Acknowledge clock bit

CONDITION
Where:
Clock tLowmin 4.7us
tHIGHmn Aps

The dashed line is the acknowledgemenl of the rece:ver
1:1 (LOW-to-HIGH)
unrestricted
allowed by generation of STOP condition
must be provided by the master

DATA CK START
CONDITION

Figure 6. Compl Data Tr

ADDRESS R/W ACK STOP

WF16920S

-\

Y e

=V V'V V'V VvV VU~

START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE  STOP
CONDITION ACKNOWLEDGE  START CONDITION
CONDITION
WF18570S
Where:
Clock tLowmin 130us +25us
YHIGHmin 390us + 25us

Mark-to-space ratio 1:3 (LOW-to-HIGH)

Start byte 0000 0001

Maximum number of bytes 6

Premature termination of transfer not allowed

Acknowledge clock bit must be provided by master

NOTE:

1. 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.
Figure 7. Complete Data Transfer in the Low-Speed Mode
ADDRESSING
Before any data is transmitted on the 12C bus, MSB LSB
the device which should r