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Signetics

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 1987 Linear Data and Applica-
tions Manuals provide extensive techni-
cal data and application information for a
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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 disc circuits, and ICs for
RF communication, telephony and mo-
dem applications.

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,
Videotex and Teletext ICs 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
Product Status Definition

Identification

. This data sheet contains the design target or goal

P F or In Design i for product de ificati may

change in any manner without notice.
This data sheet contains preliminary data and y
P I s, flcation p fuction Product data will be published at a later date. Signetics reserves the

right to make changes at any time without notice in order to

Full Production

improve design and supply the best possible product.

This data sheet tains Final

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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Signetics Alphanumeric
Product List

Linear Products

ADC0801/2/3/4/5 8-Bit CMOS A/D Converter

ADC0820 8-Bit CMOS A/D Converter

AM6012 12-Bit Multiplying D/A Converter

CA3089 FM IF System

DAC-08 Series 8-Bit High-Speed Multiplying D/A Converter
DAC800 12-Bit D/A Converter

HEF4750V Frequency Synthesizer

HEF4751V Universal Divider

ICM7555 CMOS Timer

LF198 Sample-and-Hold Amplifier

LF298 Sample-and-Hold Amplifier

LF398 Sample-and-Hold Amplifier

LM111 Voltage Comparator

LM119 Dual Voltage Comparator

LM124 Low Power Quad Operational Amplifier
LM139/A Quad Voltage Comparator

LM158 Low Power Dual Operational Amplifier
LM193/A Low Power Dual Voltage Comparator
LM211 Voltage Comparator

LM219 Dual Voltage Comparator

LM224 Low Power Quad Operational Amplifier
LM239/A Quad Voltage Comparator

LM258 Low Power Dual Operational Amplifier
LM293/A Low Power Dual Voltage Comparator
LM311 Voltage Comparator

LM319 Dual Voltage Comparator

LM324 Low Power Quad Operational Amplifier
LM339/A Quad Voltage Comparator

LM358 Low Power Dual Operational Amplifier
LM393/A Low Power Dual Voltage Comparator
LM1870 Stereo Demodulator With Blend

LM2901 Quad Voltage Comparator

LM2903 Low Power Dual Voltage Comparator
MC1408-7 8-Bit Multiplying D/A Converter

MC1408-8 8-Bit Multiplying D/A Converter

MC1458 General Purpose Operational Amplifier
MC1488 Quad Line Driver

MC1489/A Quad Line Receivers

MC1496 Balanced Modulator/Demodulator
MC1508-8 8-Bit Multiplying D/A Converter

MC1558 General Purpose Operational Amplifier
MC3302 Quad Voltage Comparator

MC3303 Quad Low Power Operational Amplifier
MC3361 Low Power FM IF

MC3403 Quad Low Power Operational Amplifier
MC3410 10-Bit High-Speed Muitiplying D/A Converter
MC3410C 10-Bit High-Speed Multiplying D/A Converter
MC3503 Quad Low Power Operational Amplifier
MC3510 10-Bit High-Speed Multiplying D/A Converter
NE/SE521 High-Speed Dual Differential Comparator/Sense Amp
NE/SE522 High-Speed Dual Differential Comparator/Sense Amp
NE/SE527 Voltage Comparator

NE/SE529 Voltage Comparator

NE/SE530 High Slew Rate Operational Amplifier
NE/SE531 High Slew Rate Operational Amplifier
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4-110

4174
4184

7-114

5-4
5-8
4-60

4-116

Vol 2

5-11
5-18
5-100

5-111
5-124

5-130

5-263
4-40

4-40
5-136
5-136

4-40
5-136
5-285
5-290
5-296
5-301

4-53

4-60

Vol 3



Signetics Linear Products

Alphanumeric Product List

Vol 1 Vol 2 Vol 3
NE/SA532 Low Power Dual Operational Amplifier 4-123
NE/SES38 High Slew Rate Operational Amplifier 4-68
NE542 Dual Low-Noise Preamplifier 7-167
NES544 Servo Amplifier 8-34
NE/SE555 Timer 7-47
NE/SA/SE556/1 Dual Timer 7-32
NE/SA/SE558 Quad Timer 7-38
NE/SE564 Phase-Locked Loop 4-257
NE/SE565 Phase-Locked Loop 4-291
NE/SE566 Function Generator 4-304
NE/SE567 Tone Decoder/Phase-Locked Loop 4-313
NE568 150MHz Phase-Locked Loop 4-333 11-6
NE570 Compandor 4-357
NE/SA571 Compandor 4-357
NE/SA572 Programmable Analog Compandor 4-364
NE575 Low Voltage Compandor 4-373
NE587 LED Decoder/Driver 6-49
NE589 LED Decoder/Driver 6-59
NE590 Addressable Peripheral Drivers 6-34
NE591 Addressable Peripheral Drivers 6-34
NE/SE592 Video Amplifier 4-46 4-231 11-109
NE/SA594 Vacuum Fluorescent Display Driver 6-74
NE602 Low Power VHF Mixer/Oscillator 4-69
NE604 Low Power FM IF System (Independent IF Amp) 4-119 4-178
NE605 Low Power FM IF System 4-142
NE612 Low Power VHF Mixer/Oscillator 4-90
NE614 Low Power FM IF System (Independent IF Amp) 4-146 4-201
NE645 Dolby Noise Reduction Circuit 7-230
NE646 Dolby Noise Reduction Circuit 7-230
NE648 Low Voltage Dolby Noise Reduction Circuit 7-235
NE649 Low Voltage Dolby Noise Reduction Circuit 7-235
NE650 Dolby B-Type Noise Reduction Circuit 7-240
NE/SE4558 Dual General Purpose Operational Amplifier 4-48
NE/SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-144
NE/SE5019 8-Bit Microprocessor-Compatible D/A Converter 5-150
NE5020 10-Bit Microprocessor-Compatible D/A Converter 5-156
NE/SE5030 10-Bit High-Speed Microprocessor-Compatible A/D 5-31
NE5034 8-Bit High-Speed A/D Converter 5-36
NE5036 6-Bit A/D Converter (Serial Output) 5-43
NE5037 6-Bit A/D Converter (Parallel Outputs) 5-50
NE5044 Programmable Seven-Channel RC Encoder 8-4
NES045 Seven-Channel RC Decoder 8-16
NE5050 Power Line Modem 5-26
NE5060 Sample-and-Hold Circuit 5-322
NE5080 High-Speed FSK Modem Transmitter 5-44
NE5081 High-Speed FSK Modem Receiver 5-48
NE5090 Addressable Relay Driver 6-28
NE/SA/SE5105/A 12-Bit High-Speed Comparator 5-277
'NE/SE5118 8-Bit Microprocessor-Compatible D/A Converter 5-164
NE/SE5119 8-Bit Microprocessor-Compatible D/A Converter : 5-169
NE5150 RGB Video D/A Converter 5-181 11-25
NE5151 RGB Video D/A Converter 5-181 11-25
NE5152 RGB Video D/A Converter 5-181 11-25
NE5170 Octal Line Driver 5-14 6-14
NE5180 Octal Line Receiver 5-21 6-21
NE5181 Octal Line Receiver 5-21 6-21
NE5204 Wideband High Frequency Amplifier 4-3 4-155 11-66
NE/SA/SE5205 Wideband High Frequency Amplifier 414 4-166 11-77
NE/SA5212 Transimpedance Amplifier 5-63 4-267
NE/SA5230 Low Voltage Operational Amplifier 4-109
NE5240 Dolby Digital Audio Decoder 7-226
NE/SE5410 10-Bit High-Speed Multiplying D/A Converter 5-208
NE/SE5512 Dual High Performance Operational Amplifier 4-75
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Alphanumeric Product List

NE/SE5514
NES517/A
NE5520
NE/SE5521
NE/SE5532/A
NE5533/A
NE5534A
NE/SE5535
NE/SE5537
NE/SE5539
NE/SE5560
NE/SE5561
NE/SA/SE5562
NE5568
NE/SA/SE5570
NE5592
NE5900
OM8210
PCD3310
PCD3311
PCD3312
PCD3315
PCD3360
PCF1303
PCF2100
PCF2111
PCF2112
PCF8200
PCF8566
PCF8570
PCF8571
PCF8573
PCF8574
PCF8576
PCF8577
PCF8582
PCF8591
PNA7509
PNA7518
SA532
SA534
SA556/1
SA558
SA571
SA572
SA594
SA723C
SA741C
SA747C
SA1458
SA5205
SA5212
SA5230
SA5534A
SA5562
SA5570
SAA1027
SAA1057
SAA1060
SAA1061
SAA1099
SAA3004,T
SAA3006

February 1987

Vol 1

Quad High Performance Operational Amplifier

Dual Operational Transconductance Amplifier

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 Amplifier

Ultra High Frequency Operational Amplifier 4-26
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 4-40
Call Progress Decoder 6-3
Speech Encoding and Editing System 8-3
Pulse and DTMF Dialer With Redial 6-10
DTMF/Modem/Musical Tone Generator 6-24
DTMF/Modem/Musical Tone Generator 6-24
CMOS Redial and Repertory Dialer 6-37
Programmable Multi-Tone Telephone Ringer 6-45

18-Element LCD Bar Graph LCD Driver

LCD Duplex Driver

LCD Duplex Driver

LCD Driver

Single-Chip CMOS Male/Female Speech Synthesizer 8-6
Universal LCD Driver for Low Multiplex Rates
256 X 8 Static RAM

1K Serial RAM

Clock/Calendar With Serial 1/0

8-Bit Remote I/0 Expander

Universal LCD Driver for Low Multiplex Rates
32/64 Segment LCD Driver for Automotive
12C CMOS EPROM (256 X 8)

8-Bit A/D and D/A Converter

7-Bit A/D Converter

8-Bit Multiplying DAC

Low Power Dual Operational Amplifier

Low Power Quad Operational Amplifier

Dual Timer
Quad Timer
Compandor 4-357
Programmable Analog Compandor 4-364

Vacuum Fluorescent Display Driver

Precision Voltage Regulator

General Purpose Operational Amplifier

Dual Operational Amplifier

General Purpose Operational Amplifier

Wide-band High Frequency Amplifier 4-14
Transimpedance Amplifier 5-63
Low Voltage Operational Amplifier

Single and Dual Low-Noise Operational Amp

SMPS Control Circuit, Single Output

Three-Phase Brushless DC Motor Driver

Stepper Motor Driver

PLL Radio Tuning Circuit 4-193
LED Display Interface

Output Port Expander

Stereo Sound Generator for Sound Effects and Music 8-16
IR Transmitter (448 Commands)

IR Transmitter (2K Commands, Low Voltage)

1-10

6-79

6-90
6-95

6-100

7-12
7-24
6-120
6-141

5-59
5-71
5-217
4-123
4-29
7-32
7-38

6-74
8-211
4-142
4-148

4-34
4-166
4-267
4-109

4-93

8-97

8-45

8-49

6-152
6-155

Vol 3

11-89

11-103

43
412
421
433

4-41

11-14
11-52

11-77

5-13
5-29



Signetics Linear Products

Alphanumeric Product List

Vol 1 Vol 2 Vol 3
SAA3027 IR Transmitter 5-38
SAA3028 IR Remote Control Transcoder With 12C 5-47
SAA5025D Teletext Timing Chain for 525-Line System 13-14
SAA5030 Teletext Video Input Processor 13-25
SAA5040 Teletext Acquisition and Control Circuit 13-32
SAA5045 Gearing and Address Logic Array (GALA) 13-44
SAA5050 Teletext Character Generator 13-48
SAA5055 Teletext Character Generator 13-48
SAA5230 Teletext Video Processor 13-61
SAA5350 Single-Chip Color CRT Controller (625-Line System) 13-67
SAA7210 Compact Disk Decoder 7-329
SAA7220 Digital Filter and Interpolator for Compact Disk 7-343
SAA9001 317k-Bit CCD Memory 11-129
SAB1164 1GHz Divide-by-64 Prescaler 4-163 4-92
SAB1165 1GHz Divide-by-64 Prescaler 4-163 4-92
SAB1256 1GHz Divide-by-256 Prescaler 4-168 4-97
SAB3013 Hex 6-Bit D/A Converter 4-45
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
SAF1032P Remote Control Receiver 5-3
SAF1039P Remote Control Transmitter 5-3
SE521 High-Speed Dual Differential Comparator/Sense Amp 5-285
SE522 High-Speed Dual Differential Comparator/Sense Amp 5-290
SE527 Voltage Comparator 5-296
SE529 Voltage Comparator 5-301
SE530 High Slew Rate Operational Amplifier 4-53
SE531 High Slew Rate Operational Amplifier 4-60
SE532 Low Power Dual Operational Amplifier 4-123
SE538 High Slew Rate Operational Amplifier 4-68
SES555 Timer 7-47
SE555C Timer 7-47
SE556-1C Dual Timer 7-32
SE556/-1 Dual Timer 7-32
SE558 Quad Timer 7-38
SE564 Phase-Locked Loop 4-257
SE565 Phase-Locked Loop 4-291
SE566 Function Generator 4-304
SE567 Tone Decoder/Phase-Locked Loop 4-313
SE592 Video Amplifier 4-46 4-231 11-109
SE4558 Dual General Purpose Operational Amplifier 4-48
SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-144
SE5019 8-Bit Microprocessor-Compatible D/A Converter 5-150
SE5030 10-Bit High-Speed Microprocessor-Compatible A/D Converter 5-31
SE5118 8-Bit Microprocessor-Compatible D/A Converter 5-164
SE5119 8-Bit Microprocessor-Compatible D/A Converter 5-169
SE5205 Wide-band High Frequency Amplifier 4-14 4-166 11-77
SE5212 Transimpedance Amplifier 5-63 4-267
SE5410 10-Bit High-Speed Multiplying D/A Converter 5-208
SE5512 Dual High Performance Operational Amplifier 4-75
SE5514 Quad High Performance Operational Amplifier 4-81
SE5521 LVDT Signal Conditioner 5-358
SE5532/A Internally-Compensated Dual Low-Noise Operational Amp 4-87
SE5534A Single and Dual Low-Noise Operational Amp 4-93
SE5535 Dual High Slew Rate Op Amp 4-129
SE5537 Sample-and-Hold Amplifier 5-327
SE5539 Ultra High-Frequency Operational Amplifier 4-26 4-211 11-89
SE5560 Switched-Mode Power Supply Control Circuit 8-67
SE5561 Switched-Mode Power Supply Control Circuit 8-86
SE5562 SMPS Control Circuit, Single Output 8-97
SE5570 Three-Phase Brushless DC Motor Driver 8-45
SG1524C Improved SMPS Push-Pull Controller 8-131
8G2524C Improved SMPS Push-Pull Controller 8-131
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Vol 1 Vol 2 Vol 3

SG3524 SMPS Control Circuit 8-184
SG3524C Improved SMPS Push-Pull Controller 8-131
SG3526A Switched-Mode Power Supply Control Circuits 8-192
TBA120 IF Amplifier and Demodulator 8-3
TCA520 Operational Amplifier (Low Voltage) 4-138
TDA1001B Interference Suppressor 7-43
TDA1005A Frequency Multiplex PLL Stereo Decoder 7-119
TDA1010A 6W Audio Amplifier With Preamplifier 7-246
TDA1011A 2 to 6W Audio Power Amplifier With Preamplifier 7-251
TDA1013A 4W Audio Amplifier With DC Volume Control 7-255
TDA1015 1 to 4W Audio Amplifier With Preamplifier 7-267
TDA1020 12W Audio Amplifier With Preamplifier 7-272
TDA1023 Time-Proportional Triac Trigger 8-243
TDA1029 Stereo Audio Switch 7-180
TDA1072A AM Receiver Circuit 7-3
TDA1074A DC-Controlled Dual Potentiometers 7-189
TDA1510 2 X 12W Audio Amplifier 7-276
TDA1512 12 to 20W Audio Amplifier 7-288
TDA1514 40W High-Performance Hi-Fi Amplifier 7-293
TDA1515A 24W BTL Audio Amplifier 7-296
TDA1520A 20W Hi-Fi Audio Amplifier 7-307
TDA1521 2 X 12W Hi-Fi Audio Power Amplifier 7-317
TDA1522 Stereo Cassette Preamplifier 7-174
TDA1524A Stereo-Tone/Volume Control Circuit 7-196
TDA1534 14-Bit A/D Converter, Serial Output 5-78
TDA1535 High Performance Sample and Hold Amplifier With Resolution to

16 Bits 5-335
TDA1540 14-Bit DAC — Serial Output .7-355 5-221
TDA1541 16-Bit Dual D/A Converter, Serial Output 7-360 5-233
TDA1574 FM Front End IC (VHF Mixer and Oscillator) 4-96
TDA1576 FM IF System 4-156
TDA1578A PLL Stereo Decoder 7-129
TDA1721 8-Bit Multiplying D/A Converter 5-239
TDA2540 Video IF Amplifier and Demodulator, AFT, NPN Tuners 7-3
TDA2541 Video IF Amplifier and Demodulator, AFT, PNP Tuners 7-8
TDA2545A Quasi-Split Sound IF System 8-8
TDA2546A Quasi-Split Sound IF and Sound Demodulator 8-11
TDA2549 Multistandard Video IF Amplifier and Demodulator 7-14
TDA2555 Dual TV Sound Demodulator 8-15
TDA2577A Sync Circuit With Vertical Oscillator and Driver 9-3
TDA2578A Sync Circuit With Vertical Oscillator and Driver 9-14
TDA2579 Synchronization Circuit 9-31
TDA2582 Control Circuit for Power Supplies 14-3
TDA2593 Horizontal Combination 9-41
TDA2594 Horizontal Combination 9-46
TDA2595 Horizontal Combination 9-51
TDA2611A 5W Audio Output Amplifier 7-332
TDA2653A Vertical Deflection Circuit With Oscillator 123
TDA3047,T IR Preamplifier 5-52
TDA3048,T IR Preamplifier . 5-56
TDA3505 Chroma Control Circuit 10-11
TDA3563 NTSC Decoder With RGB Inputs 10-18
TDA3564 NTSC Decoder 10-38
TDA3566 PAL/NTSC Decoder With RGB Inputs 10-47
TDA3567 NTSC Color Decoder 10-60
TDA3651A Vertical Deflection 12-9
TDA3652 Vertical Deflection : 12-16
TDA3653 Vertical Deflection 12-9
TDA3654 Vertical Deflection 12-20
TDA3810 Spatial, Stereo, Pseudo-Stereo Processor 7-204
TDA4501 Small Signal Subsystem IC for Color TV 6-3
TDA4502 Complete Video IF IC With Vertical and Horizontal Sync 6-13
TDA4503 Small Signal Subsystem for Monochrome TV 6-15
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TDA4505
TDA4555
TDA4565
TDA4570
TDA4580
TDA5030A
TDA5040
TDA5230
TDA5702
TDA5703
TDAS5708
TDA5709
TDA6800
TDA7000
TDA7010T
TDA7021T
TDA7040T
TDA7050
TDA8400
TDAB432
TDAB440
TDAB442
TDAB443/A
TDA8444
TDD1742
TEA1017
TEA1039
TEA1046A
TEA1060
TEA1061
TEA1067
TEA1068
TEA1075
TEA1080
TEA2000
TEA5550
TEA5560
TEA5570
TEA5580
TEA5581
TEA6000
TEA6300
UC1842
UC2842
UC3842C
ULN2003
ULN2004
uA723
uA723C
uA733
uA733/C
uA741
uA741C
uA7AT
uA747C
uA758
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Small Signal Subsystem IC for Color TV
Multistandard 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

VHF/UHF Mixer-Oscillator

8-Bit Digital-to-Analog Converter

8-Bit Analog-to-Digital Converter

Photo Diode Signal Processor

Radial Error Signal Processor

Video Modulator Circuit

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
FLL Tuning Circuit With Prescaler
Deflection Processor With I2C Bus
Video/Audio Switch

Quad DAC With I2C Interface

RGB/YUV Switch Inputs

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

13-Bit Serial-to-Parallel Converter

Control Circuit for Switched-Mode Power Supply
Transmission Interface With DTMF

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
DTMF Generator for Telephone Dialing

Supply IC for Telephone Peripherals

Digital RGB to NTSC/PAL Encoder

AM Radio Circuit

FM IF System

AM/FM Radio Receiver Circuit

PLL Stereo Decoder

PLL Stereo Decoder

FM IF System and Computer Interface (MUSTI) Circuit

I’C Active Tone Controller With Source Inputs
Current Mode PWM Controller

Current Mode PWM Controller

Current Mode PWM Controller

High Voltage/Current Darlington Transistor Array
High Voltage/Current Darlington Transistor Array
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

4-102

4-106

7-366
7-368

7-49
7-85
7-90
7-138
7-326
4-220

7-210

4-226

6-53
6-65
6-65
6-76
6-114
6-125
6-135

7-26
7-96
7-34
7-144
7-147
7-104
7-216

7-154

Vol 2

8-57

5-243
5-84

5-247

6-158
8-203

8-216
8-216
8-216

6-42

6-42
8-211
8-211
4-245
4-245
4-142
4-142
4-148
4-148

Vol 3

6-24
10-67
10-82
10-86
10-91
4-102

4-106
11-56
11-21

11-3

4-86
9-62
11-60
10-101
10-107

14-12

10-116

11-123
11-123
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Linear Products

Signal Processing

AN140
AN141
AN198
AN1981
AN1982
AN199
AN1991

Compensation Techniques for Use With the SE/NE5539

Using the NE592/5592 Video Amplifier

Designing With SA/NE602

New Low Power Single Sideband Circuits (NE602)

Applying the Oscillator of the NE602 in Low Power Mixer Applications
Designing With the NE/SA604

Audio Decibel Level Detector With Meter Driver

Frequency Synthesis

AN196
AN197

Single-Chip Synthesizer For Radio Tuning
Analysis and Basic Application of the SAA1057 (VBA8101)

Phase-Locked Loops

AN177
AN178
AN179
AN180
AN1081
AN181
AN182
AN183
AN184
AN185
AN186
AN187
AN188

Compandors

AN174
AN175
AN176

An Overview of Phase-Locked Loops (PLL)
Modeling the PLL

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

Typical Applications 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
Compandor Cookbook

Line Drivers/Receivers

AN113
AN195
AN1950
AN1951

Telephony

AN1942
AN1943

Radio Circuits

AN1961
AN198
AN1981
AN1982
AN191
AN192
AN193
AN199
AN1991

February 1987

Applications Using the MC1488/1489 Line Drivers and Receivers
Applications Using the NE5080/5081

Exploring the Possibilities in Data Communications

NE5050: Power Line Modem Application Board Cookbook

TEA1067: Application of the Low Voltage Versatile Transmission Circuit
TEA1067: Supply of Peripheral Circuits With the TEA1067 Speech Circuit

TDA1072A: Integrated AM Receiver

Designing With the SA/NE602

New Low Power Single Sideband Circuits (NE602)

Applying the Oscillator of the NE602 in Low Power Mixer Applications
Stereo Decoder Applications Using the nA758

A Complete FM Radio on a Chip

TDA7000 for Narrow-Band FM-Reception

Designing With the SA/NE604

Audio Decibel Level Detector With Meter Driver (NE604)

1-14

Application Notes
by Product Group

Vol 1

4-34
4-55
4-75
4-79
4-87
4-130
4-140

4-201
4-208

4-236
4-241
4-266
4-273
4-277
4-280
4-282
4-297
4-301
4-309
4-310
4-325
4-330

6-88
6-108

7-15
4-75
4-79
4-87
7-159
7-54
7-69
7-130
7-140

Vol 2

4-219
4-240

4-189
4-199

6-11

Vol 3

11-97
11-118
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Application Notes by Product Group

Audio Circuits

AN148
AN1481
AN149
AN1491
AN190

Audio Amplifier With TDA1013

Car Radio Audio Power Amplifiers up to 20W With the TDA1515
20W Hi-Fi Power Amplifier With the TDA1520A

Car Radio Audio Power Amplifiers up to 24W With the TDA1510
Applications of Low Noise Stereo Amplifiers: NE542

Operational Amplifiers

AN142
AN144
AN1441
AN1511
AN160
AN164
AN165
AN166

Audio Circuits Using the NE5532/33/34
Applications for the NE5512 and NE5514
Applications for the NE5514

Low Voltage Gated Generator: NE5230
Applications for the MC3403

Explanation of Noise

Integrated Operational Amplifier Theory
Basic Feedback Theory

High Frequency Amps

AN199 Designing With the NE/SA604

AN1991 Audio Decibel Level Detector With Meter Driver

Video Amps

AN140 Compensation Techniques for Use With the SE/NE5539

AN141 Using the NE592/5592 Video Amplifier

Transconductance

AN145 NE5517: General Description and Applications for Use With the NE5517/A

Transconductance Amplifier

Data Conversion

AN100
AN101
AN105
AN106
AN108
AN1081
AN109
AN110

Comparators
AN116

An Overview of Data Converters

Basic DACs

Digital Attenuator

Using the DACO8 Without a Negative Supply

An Amplifiying, Level Shifting Interface for the PNA7507 Video D/A Converter
NE5150/51/52: Family of Video D/A Converters

Microprocessor-Compatible DACs

Monolithic 14-Bit DAC With 85dB S/N Ratio

Applications for the NE521/522/527/529

Position Measurement

AN118
AN1181
AN1182

LVDT Signal Conditioner: Applications Using the NE5520
NE5521 in a Modulated Light Source Design Application
NES5521 in Multi-faceted Applications

Line Drivers/Receivers

AN113

Applications Using the MC1488/1489 Line Drivers and Receivers

Display Drivers

AN112

LED Decoder Drivers: Using the NE587 and NE589

Serial-to-Parallel Converters

AN103

Timers

AN170
AN171

February 1987

13-Bit Serial-to-Parallel Converter

NE555 and NE556 Applications
NES58 Applications

Vol 1

7-258
7-300
7-312
7-280
7171

4130
4140

4-34
4-55

5-11

Vol 2

4101
478
484

4121
4-45

4-8
4-18
4.25

4-189
4-199

4-219
4-240

4-264

5-306

5-343
5-363
5-367

6-11

6-68

6-163

7-53
7-42

Vol 3

11.97
11-118

11-20
11-32
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Application Notes by Product Group

Motor Control and Sensor Circuits

AN127 Using the SAA1027 With Airpax Four-Phase Stepper Motors
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

AN121 Forward Converter Application Using the NE5560

AN122 NE5560 Push-Pull Regulator Application

AN123 NE5561 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
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

AN156 Application of the NTSC Decoder: TDA3563

AN1561 Application of the TEA2000 Color Encoder

Videotex/Teletext

AN152 A Single-Chip CRT Controller

AN153 The 5 Chip Set Teletext Decoder

AN154 Teletext Decoders: Keeping up With the Latest Technology Advances
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9-57
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13-89
13-3
13-8



Signetics Application Notes
by Part Numbers

Linear Products

Vol 1 Vol 2 Vol 3
DACO08 AN106: Using the DAC08 Without a Negative Supply 5-123
MC1488 AN113: Using the MC1488/89 Line Drivers and Receivers 5-11 6-11
MC1489/A AN113: Using the MC1488/89 Line Drivers and Receivers 511 6-11
MC1496/1596 AN189: Balanced Modulator/Demodulator Applications Using
the MC1496/1596 4-64
MC3403 AN160: Applications for the MC3403 4-45
NE5044 AN131: Applications Using the NE5044 Encoder 8-12
AN1311: Low Cost A/D Conversion Using the NE5044 8-14
AN1341: Control System for Home Computer and Robotics 8-23
NES045 AN132: Applications Using the NE5045 Decoder 8-22
NE5050 AN1951: NE5050: Power Line Modem Application Board
Cookbook 5-30
NE5080/5081 AN195: Applications Using the NE5080, NE5081 5-52
AN1950: Exploring the Possibilities in Data Communications 5-60
NE5150/51/52 AN1081: NE5150/51/52 Family of Video D/A Converters 5-188 11-32
NE521 AN116: Applications for the NE521/522/527/529 5-306
NE522 AN116: Applications for the NE521/522/527/529 5-306
NE5230 AN1511: Low Voltage Gated Generator: NE5230 4-121
NE527 AN116: Applications for the NE521/522/527/529 5-306
NE529 AN116: Applications for the NE521/522/527/529 5-306
NE531 AN1511: Low Voltage Gated Generator: NE5230 4-121
NE542 AN190: Applications of Low Noise Stereo Amplifiers: NE542 7171
NE544 AN133: Applications Using the NE544 Servo Amplifier 8-40
NE5512/5514 AN144: Applications for the NE5512 4-78
AN1441: Applications for the NE5514 4-84
NES517 AN145; NE5517: General Description and Applications for
Use With the NE5517/A Transconductance Amplifier 4-264
NE5520 AN118: LVDT Signal Conditioner: Applications Using the
NE5520 5-343
NE5521 AN1181: NE5521 in a Modulated Light Source Design
Application 5-363
AN1182: NE5521 in Multi-faceted Applications 5-367
NE5532/33/34 AN142: Audio Circuits Using the NE5532/33/34 4-101
NES5539 AN140: Compensation Techniques for Use With the
SE/NE5539 4-34 4-219 11-97
NE555 AN170: NE555 and NE556 Applications 7-53
NE556 AN170: NE555 and NE556 Applications 7-53
NE/SE5560 AN121: Forward Converter Application Using the NE5560 8-82
AN122: NE5560 Push-Pull Regulator Application 8-83
AN125: Progress in SMPS Magnetic Component
Optimization 8-225
NE/SE5561 AN123: NE5561 Applications 8-91
AN124: External Synchronization for the NE5561 8-96
AN125: Progress in SMPS Magnetic Component
Optimization 8-225
NE/SE5562 AN125; Progress in SMPS Magnetic Component
Optimization 8-225
NE/SE5568 AN125: Progress in SMPS Magnetic Component
Optimization 8-225
NES558 AN171: NES558 Applications 7-42
NES64 AN179: Circuit Description of the NE564 4-266
AN180: The NE564: Frequency Synthesis 4-273
AN1801: 10.8MHz FSK Decoder With the NE564 4-277
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Application Notes by Part Numbers

NE564

NE565

NE566

NE567
NE570/571/SA571
NE572

NE587/589

NE592/5592
NE/SA602

NE/SA604

PCF8570
PNA7509
SAA1027
SAA1057
SAA3004
SAA5025D
SAA5030
SAA5040
SAA5045
SAA5050
SAA5230
SAA5240

SAA5350
SAB3035

SG1524C

$G3524C

TDA1013A
TDA1023
TDA1072A
TDA1510

TDA1515
TDA1520A

TDA1540
TDA2578

February 1987

AN182:

AN181:

AN183:
AN184:
AN185:
AN186:
AN187:
AN188:
AN174:
AN175:
AN112:
AN141:
AN198:

AN1981:
AN1982:

AN199:

AN1991:

AN167:

AN108:

AN127:

AN196:
AN197:

AN1731:

AN153:
AN153:
AN153:
AN153:
AN153:
AN154:

AN154:

AN152:
AN157:

AN1261:

AN1261:

AN125:

AN126:
AN148:

AN1291:
AN1961:
AN1491:

AN1481:

AN149:
AN110:

AN1621:

Clock Regenerator With Crystal Controlled Phase-
Locked VCO

A 6MHz FSK Converter Design Example for the
NE564

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

Designing With the NE/SA602

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

Designing With the NE/SA604

Audio Decibel Level Detector With Meter Driver
(NE602)

PCF8570: Twisted-Pair Bus Carries Speech, Data,
Text and Images

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

Using the SAA1027 With Airpax Four-Phase Stepper
Motors

‘Single-Chip Synthesizer for Radio Tuning

Analysis and Basic Application of the SAA10567
SAA3004: Low Power Remote Control IR
Transmitter and Receiver Preamplifiers

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

Teletext Decoders: Keeping Up With the Latest
Technology Advances

Teletext Decoders: Keeping Up With the Latest
Technology Advances

SAA5350: A Single-Chip CRT Controller
Microcomputer Peripheral IC Tunes and Controls a
TV Set

High Frequency Ferrite Power Transformer and
Choke

High Frequency Ferrite Power Transformer and
Choke

Progress in SMPS Magnetic Component
Optimization

Applications Using the SG3524

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
Monolithic 14-Bit DAC With 85dB S/N Ratio
Directives for a Print Layout Design on Behalf of
the IC Combination TDA2578A and TDA3651
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4-297
4-301
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4-341
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Application Notes by Part Numbers

TDA2595
TDA2595

TDA2653

TDA3047

TDA3048

TDA3505

TDA3563
TDA3651

TDA4555

TDA7000

TEA1017
TEA1067

TEA2000
uA758

February 1987

AN158:
AN162:

AN162

AN172:
AN173:

AN172:
AN173:

AN155/A:

AN156:
AN1621:

AN155/A:
AN1551:
AN192:
AN193:
AN103:
AN1942:
AN1943:

AN1561:
AN191:

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

Multi-Standard Color Decoder With Picture
Improvement

Application of the NTSC Decoder: TDA3563
Directives for a Print Layout Design on Behalf of
the IC Combination TDA2578A and TDA3651
Multi-Standard Color Decoder With Picture
Improvement

Single-Chip Multi-Standard Color Decoder TDA4555/
4556

A Complete FM Radio on a Chip

TDA7000 for Narrowband FM Reception

13-Bit Serial-to-Parallel Converter

TEA1067: Application of the Low Voltage Versatile
Transmission Circuit

. TEA1067: Supply of Peripheral Circuits With the

TEA1067 Speech Circuit
Application of the TEA2000 Color Encoder
Stereo Decoder Applications Using the uA758
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7-69

6-88

6-108

7-159
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Signetics Outline
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Industrial

Linear Products

Preface

Section 1: GENERAL INFORMATION
Section 22 QUALITY AND RELIABILITY
Section 3: 12C SMALL AREA NETWORKS

Section 4: AMPLIFIERS
Operational
High Frequency
Transconductance
Fiber Optics

Section 5: DATA CONVERSION
Analog-to-Digital
Digital-to-Analog
Comparators
Sample-and-Hold
Position Measurement

Section 6: INTERFACE
Line Drivers/Receivers
Peripheral Drivers
Display Drivers
Serial-to-Parallel Converters

Section 7: TIMERS

Section 8: POWER CONVERSION/CONTROL
Section 9: PACKAGE INFORMATION
Section 10: SALES OFFICES
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Video

Linear Products

Preface

Section 1: GENERAL INFORMATION
Section 22 QUALITY AND RELIABILITY
Section 3: 12C SMALL AREA NETWORKS

Section 4: TUNING SYSTEMS
Tuner Control Peripherals
Tuning Circuits
Prescalers
Tuner IC

Section 5: REMOTE CONTROL SYSTEMS

Section 6: TELEVISION SUBSYSTEMS

Section 7: VIDEO IF

Section 8: SOUND IF AND SPECIAL AUDIO PROCESSING
Section 9: SYNCH PROCESSSING AND GENERATION
Section 10: COLOR DECODING AND ENCODING

Section 11: SPECIAL PURPOSE VIDEO PROCESSING
Video Modulator/Demodulator
A/D Converters
D/A Converters
Switching
High Frequency Amplifiers
CCD Memory

Section 12: VERTICAL DEFLECTION

Section 13: VIDEOTEX/TELETEXT

Section 14: SWITCHED-MODE POWER SUPPLIES FOR TV/MONITOR
Section 15: PACKAGE INFORMATION
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Signetics Cross Reference Guide

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

Linear Products

Competitor  Signetics Temperature Competitor  Signetics Temperature
Competitor Part Number Part Number Range (°C) Package Competitor Part Number Part Number Range (°C) Package
AMD AM6012DC AM6012F 0 to +70 Ceramic nA2901DC LM2901F -40 to +85 Ceramic

DAC-08AQ DAC-08AF -55 to +125 Ceramic nA2901PC LM2901N -40 to +85 Plastic

DAC-08CN DAC-08CN 0 to +70 Plastic uA311RC LM311F 0 to +70 Ceramic

DAC-08CQ DAC-08CF 0to +70 Ceramic uA324DC LM324F 0 to +70 Ceramic

DAC-08EN DAC-08EN 0 to +70 Plastic uA324PC LM324N 0 to +70 Plastic

DAC-08EQ DAC-08EF 0 to +70 Ceramic 1A3302DC MC3302F -40 to +85 Ceramic

DAC-08HN  DAC-08HN 01to +70 Plastic WA3302PC MC3302N -40 to +85 Plastic

DAC-08HQ DAC-08HF 0 to +70 Ceramic MA339/ADC  LM339/AF 0 to +70 Ceramic

DAC-08Q DAC-08F -55 to +125 Ceramic MA339/APC  LM339/AN 0 to +70 Plastic

LF198H LF198H ~-55 to +125 Metal Can MA3403DC MC3403F 0to +70 Ceramic

LF198H SE5537H -55 to +125 Metal Can MA3403PC MC3403N 0 to +70 Plastic

LF398H LF398H 0 to +70 Metal Can HA398HC SE5537H ~55 to +125 Metal Can

LF398H NE5537H 0 to +70 Metal Can HA398RC SE5537N -55 to +125 Plastic

LF398L LF398D 0 to +70 8O MAS55TC NES555N 0 to +70 Plastic

LF398L NE5537D 0to +70 SO HA556PC NE556-1N, 0 to +70 Plastic

LF398N LF398N 0 to +70 Plastic NE556N

LF398N NE5537N 0 to +70 Plastic uA723DC uA723CF 0 to +70 Ceramic
Datel AM-453-2 NE5534/AF 0 to +70 Ceramic uA723DM WAT23F -55 to +125 Ceramic

AM-453-2C NE5534/AF 0 to +70 Ceramic uA723HC MA723CH 0 to +70 Metal Can

AM-453-2M SE5534/AF -55 to +125 Ceramic uA723PC MA723CN 0to +70 Plastic

DAGC-UP10BC NE5020N 0 to +70 Plastic uA733DC WAT33F 0to +70 Ceramic

DAC-UPBBC  NE5018N 0 to +70 Plastic MA733DM MAT733F -55 to +125 Ceramic

DAC-UPSBM  SE5019F -55 to +125 Ceramic MA733PC MAT733N 0 to +70 Plastic

DAC-UP8BQ  SE5018F -55to 125  Ceramic WAT41NM WATHN -55 to +125 Plastic
Exar  XR-5502/A N NESS32/AF 010 470  Ceramic DA N ot e

XR-5532/A P NE5532/AN 0to +70 Plastic JAT4TDC AT4TCF 0o +70 Cerarmic

XR-L567CN  NE567F 0to+70  Ceramic LATATPG ;':A7 470N 0t 170 Plaste

XR-L567CP NE567N 0 to +70 Plastic uA9667DC ULN2003F 0o +70 Ceramic

XR-5534/A CN NE5534/AF 0to +70 Ceramic LA9B6TPC  ULN2003N 010 +70 Plastic

XR-5534/A CP NE5534/AN 0 to +70 Plastic AYE6BDC ULN2004F 0 to +70 Ceramic

XR-5534/A M SE5534/AF -55 to +125 Ceramic uA9BBEPC ULN2004N 0 to +70 Plastic

XR-558CN NE558F 0 to +70 Ceramic

XR-558CP NE558N 0 to +70 Plastic Harris HA-2539 NE5539 0 to +70 Plastic

XR-558M SE558F -55 to +125 Ceramic HA-2420-2/8B SES5060F -55 to +125 Ceramic

XR-1524N SG3524F 0 to +70 Ceramic HA-2425N NE5060N 0 to +70 Plastic

XR-1524P SG3524N 0 to +70 Plastic HA-2425B NE5060F 0 to +70 Ceramic

XR-2524P SG3524N 0to +70 Plastic HA1-5102-2  SE5532/AF -55 to +125 Ceramic

XR-3524N SG3524F 0to +70 Ceramic HA1-5135-2  SE5534/AF -55 to +125 Ceramic

XR-3524P SG3524N 0 to +70 Plastic HA1-5135-5  NE5534/AF 0 to +70 Ceramic
Fairchild  jAOSO/DA  DAC-OBF 0to+70  Ceramic ﬂﬁ?:;ﬁif; mgggggﬁg g . :;g (F;La:ﬁic

HAOBOICDC  MC1408F 0to+70  Ceramic HA5320B  NE5060F Oto+70  Ceramic

MAOB01CPC  MC1408N 0 to +70 Plastic

MAOB01EDC  DAC-08EF 0 to +70 Ceramic Intersil ADC0803LCD ADC0803-1 LCF -40 to +85 Ceramic

MAOB01EPC  DAC-08AF 0 to +70 Ceramic ADC0804 ADC0804-1 CN 0 to +70 Plastic

MA1458TC MC1458N 0 to +70 Plastic ADC0805 ADCO0805-1 LCN -40 to +85 Plastic

m:gggg mg}:::: g :g I;g gfa’:t::'c Motorola DAC-08CD DAC-08CN  Oto +70  Plastic

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

WA1489/A PC MC1489/AF 0to +70 Ceramic DAGOSED  DAG-0BEN 010 +70 Plastic

nA1489/A PC MC1489/AN 0 to +70 Plastic DAG-08EF DAC-08EF 0to +70 Ceramic

ﬁmm :E::g;: g :g :;g m:‘;:cca" DACOBHQ DACOBHF  0Oto +70  Ceramic
DAC-08Q  DAC-08F -55 to +125 Ceramic
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Signetics Linear Products

Cross Reference Guide

Competitor  Signetics Temperature Competitor  Signetics Temperature
Competitor Part Number Part Number  Range (°C) Package Competitor Part Number Part Number  Range (°C) Package
LM2901N LM2901N -40 to +85  Plastic DACO0808LCN MC1408N 0 to +70 Plastic
LM311J-8 LM311F 0 to +70 Ceramic DAC0808LD  MC1408F 0 to +70 Ceramic
LM311N LM311N 0 to +70 Plastic LF198H SE5537H -55 to +125 Metal Can
LM324J LM324F 0 to +70 Ceramic LF398H NE5537H 0 to +70 Metal Can
LM324N LM324N 0 to +70 Plastic LF398N NE5537N 0to +70 Plastic
LM339/A J LM339/AF 0 to +70 Ceramic LM13600AN  NE5517N 0to +70 Plastic
LM339/A N LM339/AN 0to +70 Plastic LM13600N NE5517N 0 to +70 Plastic
LM358N LM358N 0to +70 Plastic LM1458N MC1458N 0to +70 Plastic
LM393A/J LM393/AF 0 to +70 Ceramic LM161H SE529H -55 to +125 Metal Can
LM393A/N LM393/AN 0to +70 Plastic LM161J SE529F -55 to +125 Ceramic
MC1408L MC1408F 0 to +70 Ceramic LM2524J SG3524F 0 to +70 Ceramic
MC1408P MC1408N 0 to +70 Plastic LM2524N SG3524N 0 to +70 Plastic
MC1488L MC1488F 0 to +70 Ceramic LM2901N LM2901N -40 to +85 Plastic
MC1488P MC1488N 0 to +70 Plastic LM2903N LM2903N -40 to +85 Plastic
MC1489/A L MC1489/AF 0 to +70 Ceramic LM3089 CA3089N -55 to +125 Plastic
MC1489/A P MC1489/AN 0to +70 Plastic LM319J LM319F 0 to +70 Ceramic
MC1496L MC1496F 0 to +70 Ceramic LM319N LM319N 0to +70 Plastic
MC1496P MC1496N 0to +70 Plastic LM324J LM324F 0to +70 Ceramic
MC3302L MC3302F -40 to +85 Ceramic LM324N LM324N 0 to +70 Plastic
MC3302P MC3302N -40 to +85 Plastic LM324AD LM324AD 0 to +70 Plastic
MC3361D MC3361D 0 to +70 SO LM324AN LM324AN 0 to +70 Plastic
MC3361P MC3361N 0to +70 Plastic LM339/Ad LM339/AF 0 to +70 Ceramic
MC3403L MC3403F 0 to +70 Ceramic LM339/AN LM339/AN 0 to +70 Plastic
MC3403P MC3403N 0to +70 Plastic LM3524J SG3524F 0 to +70 Ceramic
MC3410CL MC3410CF 0 to +70 Ceramic LM3524N SG3524N 0 to +70 Plastic
MC3410L MC3410F 0 to +70 Ceramic LM358H LM358H 0 to +70 Metal Can
NE5410F 0 to +70 Ceramic LM358N LM358N 0 to +70 Plastic
MC3510L SE5410F 0 to +70 Ceramic LM361H NE529H 0 to +70 Metal Can
NE592F NE592F-8 0to +70 Ceramic LM361J NE529D 0 to +70 SO
NE592F NE592F-14 0to +70 Ceramic LM361N NE529N 0 to +70 Plastic
NE592N NE592N 0to +70 Plastic LM393/AN LM393/AN 0 to +70 Plastic
NES65N NES65N 0 to +70 Plastic LM555J NE555F 0 to +70 Ceramic
SE592F SE592F-8 -55 to +125 Ceramic LM555N NES555N 0to +70 Plastic
SE592F SE592F-14 -55 to +125 Ceramic LM556J SE556-1F -55 to +125 Ceramic
SE592H SE592H -55 to +125 Metal Can LM556N SE556-1N -55 to +125 Plastic
National ~ ADCOB03F  ADCOB03- LCF —40 to +85 Ceramic LMS56C)  NESS6-1F 0to+70  Ceramic
. LM556CN NE556-1N 0 to +70 Plastic
ADCO0803N ADC0803-1 LCN -40 to +85 Plastic .
" LM565CN NE565N 0 to +70 Plastic
ADC0805 ADC0805-1 LCN -40 to +85  Plastic !
" LM566N SE566N -55 to +125 Plastic
ADCO0820BCN ADCO0820BNEN 0 to +70 Plastic )
. LM566CN NE566N 0 to +70 Plastic
ADCO0820CCN ADCO0820CNEN 0 to +70 Plastic !
" LM567CN NE567N 0 to +70 Plastic
ADC0820BCD ADCO0B20BSAN -40 to +85 Plastic .
" LM733CN MA733CN 0 to +70 Plastic
ADC0820CCD ADCO0820CSAN -40 to +85  Plastic .
. LM741CJ uA741CF 0 to +70 Ceramic
ADC0820BD ADCO820BSEF -55 to +125 Ceramic N
" LM741CN uA741CN 0 to +70 Plastic
ADC0820CD  ADCO0B20CSEF -55 to +125 Ceramic .
. LM7414 MAT41F -55 to +125 Ceramic
DAC0800LCJ DAC-08EF 0 to +70 Ceramic .
N LM741N MAT4IN -55 to +125 Plastic
DACO0800LJ  DAC-08F -55 to +125 Ceramic .
. LM747CJ uA747CF 0 to +70 Ceramic
DACO800LCN DAC-08EN 0 to +70 Plastic )
. LM747CN MAT47CN 0 to +70 Plastic
DAC0801LCJ DAC-08CF 0 to +70 Ceramic .
. LM747J M747F -55 to +125 Ceramic
DACO0801LCN DAC-08CN 0 to +70 Plastic .
. LM747N MAT747N -55 to +125 Plastic
DAC0802LJ  DAC-08AF -55 to +125 Ceramic "
. UC3842D uC3842D 0 to +70 Plastic
DAC0802LCJ DAC-08HF 0 to +70 Ceramic .
. UCc3s42J UC3842FE 0 to +70 Ceramic
DAC0802LCN DAC-08HN 0 to +70 Plastic "
. UC3842N UC3842N 0 to +70 Plastic
DAC0806LCJ MC1408-6F 0to +70 Ceramic "
. ucas42D ucas42D 0 to +70 Plastic
DACO0806LCN MC1408-6N 0 to +70 Plastic .
. ucas42J UC2842FE 0 to +70 Ceramic
DAC0807LCJ MC1408-7F 0 to +70 Ceramic .
. UC2842N UC2842N 0 to +70 Plastic
DACO0807LCN MC1408-7N 0 to +70 Plastic .
DACO80SLCJ MC1408F 010 +70 Cerami ucis42J UC1842FE -55 to +125 Ceramic
° UC1842N  UC1842N -55t0 +125 Plastic
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Signetics Linear Products

Cross Reference Guidé

Competitor  Signetics Temperature Competitor  Signetics Temperature
Competitor Part Number Part Number  Range (°C) Package Competitor Part Number Part Number  Range (°C) Package
NEC uPC1571C NE571N 0to +70 Plastic LM311J LM311F 0 to +70 Ceramic
PMI CMP-05GP  NE5105N Oto +70  Plastic LM3T1JG  LM31IFE 0to+70  Ceramic

. LM324D LM324N 0 to +70 Plastic

CMP-05CZ SE5105F -55 to +125 Ceramic .

. LM324J LM324F 0to +70 Ceramic
CMP-05BZ SE5105F -55 to +125 Ceramic .
! LM339/AJ LM339/AF 0 to +70 Ceramic

CMP-05GZ SA5105N -40 to +85  Plastic "

" LM339/AN LM339/AN 0to +70 Plastic

CMP-05FZ SA5105N -40 to +85  Plastic .

N LM358P LM358N 0to +70 Plastic

DAC1408A-6P MC1408-6N 0to +70 Plastic "

! LM393/A P LM393/AN 0to +70 Plastic

DAC1408A-6Q MC1408-6F 0to +70 Ceramic N

N MC1458P MC1458N 0 to +70 Plastic

DAC1408A-7N MC1408-7N 0 to +70 Plastic N

’ NE5532/A JG NE5532/AF 0to +70 Ceramic

DAC1408A-7Q MC1408-7F 0to +70 Ceramic .

! NE5532/A P NE5532/AN 0to+70 Plastic

DAC1408A-8N MC1408-8N 0to +70 Plastic |

. NE5534/A JG NE5534/AF 0 to +70 Ceramic

DAC1408A-8Q MC1408-8F 0to +70 Ceramic "

. NE5534/A P NE5534/AN 0 to +70 Plastic

DAC1508A-8Q MC1408-8F -55 to +125 Ceramic N

) NE555JG NE555N 0to +70 Plastic

DAC312FR AM6012F 0to +70 Ceramic y

. NE555P NE555N 0to +70 Plastic
0OP27BZ SE5534AFE -55 to +125 Ceramic 8
; NE556D NE556N 0to +70 Plastic
0OP27CZ SE5534FE -55 to +125 Ceramic .
. NE556J NE556-1F 0 to +70 Ceramic

PM747Y MAT47N ~-55 to +125 Plastic .

’ NE556N NE556-1N 0to +70 Plastic

SMP-10AY SE5060F -55 to +125 Ceramic .

" NE592 NE592N14 0 to +70 Plastic

SMP-10EY NE5060N 0 to +70 Plastic .

! NE592A NE592F14 0 to +70 Ceramic

SMP-11AY SE5060F -55 to +125 Ceramic )

SMP-11EY  NES060N 0to+70  Plastic NES92J NES92F Oto+70  Ceramic

NE592N NE592N-14 0 to +70 Plastic
Raytheon RC4805DE NE5105N 0to +70 Plastic SA556D SA556N -40 to +85 Plastic

RC4805EDE  NE5105AN 0to +70 Plastic SE5534/A JG SE5534/AF -55 to +125 Ceramic

RM4805DE SE5105F -55 to +125 Ceramic SE555JG SE555N -55 to +125 Plastic

RM4805ADE  SE5105AF -55 to +125 Ceramic SE556J SE556-1F -55 to +125 Ceramic

RC5532/A DE NE5532/AF 0to +70 Ceramic SE556N SE556-1N ~55 to +125 Plastic

RC5532/A NB NE5532/AN 0to +70 Plastic SE592 SE592N14 -55 to +125 Plastic

RC5534/A DE NE5534/AF 0to +70 Ceramic SE592J SE592F-14 -55 to +125 Ceramic

RC5534/A NB NE5534/AN 0to +70 Plastic SE592N SE592N-14 -55 to +125 Plastic

RM5532/A DE SE5532/AF -55 to +125 Ceramic SN55107AJ  NE521F 0to +70 Plastic

RM5534/A DE SE5534/AF -55 to +125 Ceramic SN55108AJ  SE522F -55 to +125 Ceramic
Siicon  SG3524)  SGO524F 0to+70  Ceramic SN75107A) - NES21F Qto+70  Plastic
General  SG3526N  SG3526N 0to+70  Plastic SN75107AN  NES21N Oto+70 Plastic

SN75108AJ  NE522F 0to +70 Ceramic
Sprague UDN6118A  SA594N -40 to +85 Plastic SN75108AN  NE522N 0 to +70 Plastic

UDN6118R  SA594F -40 to +85 Ceramic SN75188J MC1488F 0to +70 Ceramic

ULN8142M  UC3842N 0 to +70 Plastic SN75188N MC1488N 0to +70 Plastic

ULN8160A NE5560N 0to +70 Plastic SN75189AJ  MC1489AF 0to +70 Ceramic

ULN8160R NE5560F 0 to +70 Ceramic SN75189AN  MC1489AN 0to +70 Plastic

ULN8161M  NE5561N 0to +70 Plastic SN75189J MC1489F 0 to +70 Ceramic

ULN8168M  NE5568N 0to +70 Plastic SN75189N MC1489A 0to +70 Plastic

ULN8564A NE564N 0to +70 Plastic TL592A NES92F 14 0to +70 Ceramic

ULN8564R NE564F 0 to +70 Ceramic TL592P NE592NB 0 to +70 Plastic

ULS8564R SE564F -55 to +125 Ceramic uA723CJ MA723CF 0 to +70 Ceramic
T ADGOS03N  ADC0803-1 LON —40 to +85  Plastic HAT23CN  pAT23CN 0to+70  Plastic

" pA723MJ uA723F -55 to +125 Ceramic

ADCO804CN  ADC0804-1 CN 0 to +70 Plastic WA723MU uA723D _55 1o +125 SO

ADCO0805N ADC0805-1 LCN -40 to +85 Plastic

LM111J LM111F -55 to +125 Ceramic Unitrode  UC3524J SG3524F 0 to +70 Ceramic

LM311D LM311D 0 to +70 Plastic UC3524N SG3524N 0to +70 Plastic

*THERE MAY BE PARAMETRIC DIFFERENCES BETWEEN SIGNETICS'
PARTS AND THOSE OF THE COMPETITION.
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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
*DACOSED 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 *NES5514D SOL-16 Quad Hi-Perf Op Amp
LM2901D SO-14 Quad Volt Comparator NE5517D SO-16 Dual Hi-Perf Amp
LM2903D SO-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 *NE5533D 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
LM339D SO-14 Quad Volt Comparator NES5537D 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 SO-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 SO-8 SMPS Control Ckt
MC3302D SO-14 Quad Volt Comparator NES58D 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
*NES019D SOL-24 8-Bit D/A Converter , NE568D SOL-20 PLL
*NES5036D SO-14 6-Bit A/D Converter NE571D SOL-16 Compandor
NE5037D SO-16 6-Bit A/D Converter NE572D SOL-16 Prog Compandor
NE5044D 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)
NE5105/AD SO-8 High-Speed NE5900D SOL-16 Call Progress Decoder
Comparator NE592D14 SO-14 Video Amp
NE5170A PLCC-28 Octal Line Driver NES592D8 SO-8 Video Amp
NE5180A PLCC-28 Octal Line Receiver NE592HD14 SO-14 Hi-Gain Video Amp
NE5204D SO-8 High-Frequency Amp NES92HD8 SO-8 Hi-Gain Video Amp
NE5205D SO-8 High-Frequency Amp *NE594D SOL-20 Vac Fluor Disp Driver
NE521D 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 S0-8 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
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SO Availability List

PART SMD PART SMD
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 SO-16 Clock/Timer ULN2004D SO-16 Transistor Array
PCF8574TD SO-16 Remote 1/0 Expander pA723CD SO-14 Voltage Regulator
PCF8576TD VS0-56 MUX/Static Driver MA741CD SO-8 Single Op Amp
PCF8577TD VS0-40 32-/64-Segment LCD MA747CD 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 UNDER DEVELOPMENT
SA532D SO-8 Dual Op Amp
SA534D SO-14 Dual Op Amp PART SMD
SAS55D S0-8 Single Timer NUMBER PACKAGE DESCRIPTION
gﬁg;;g gg'[':g g°mp°"d°' 26LS31D SO-16 RS-422 Line Driver
- ompandor N .
*SA594D SOL-20 Vac Fluor Disp Driver 2618820 $0-16 RS-422 Line Recelver
SA602D S0-8 Double Bal Mixer/ 26LS33D SO-16 RS-422 L!ne Receiver
Oscillator 26L.S29D SO-16 RS-423 L!ne Drivel.“
SAB04D 80-16 Lower Power FM IF 26LS30D SO-16 RS-423 Line Receiver
System
NOTE:
For information regarding additional SO products released since the publication of this dc t, contact your local Signetics Sales Office.
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Signetics Ordering Information
9 for Prefixes ADC, AM, CA, DAC,
ICM, LF, LM, MC, NE, OP, SA,
SE, SG, uA, UC, ULN

Linear Products

Signetics' Linear integrated circuit prod- Table 1. Part Number Description

ucts may be ordered by contacting either

R . . ; N CROSS REF PRODUCT PRODUCT
the local Signetics sales office, Signetics |PART NUMBER PART NO. FAMILY DESCRIPTION
representatives and/or Signetics autho-
rized distributors. A complete listing is NE5537N LF398 LIN Sample-and-Hold Amp

located in the back of this manual.
Minimum Factory Order:
Commercial Product:

$1000 per order
$250 per line item per order

——= Description of
Product Function

Military Product:

$250 per line item per order Linear Product Family

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 L — = Package Descriptions — See Table 2

presently existing types, while Tables 3

and 4 provide appropriate explanations —— Device Number

on the various prefixes employed in the

part number descriptions. ‘————— Device Family and Temperature Range Prefix — See
Tables 3 & 4

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.
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Ordering Information

Table 2. Package Descriptions

oLD NEW

PACKAGE
DESCRIPTION

r X
Izx

NA, NX
Q, R

oz

x
o
mTmMm»Z2Z2ZZZCXI

mo

14-lead plastic DIP

14-lead plastic DIP
(selected analog
products only)

16-lead plastic DIP

Microminiature
package (SO)
14-, 16-, 18-, 22-,
and 24-lead
ceramic DIP

(Cerdip)

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

10-lead TO-100

10-lead high-profile
TO-100 can
24-lead plastic DIP

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

8-lead TO-99

SIP plastic power

8-lead plastic DIP

18-lead plastic DIP
20-lead plastic DIP
22-lead plastic DIP
28-lead plastic DIP

PLCC

TO-46 header

8-lead ceramic DIP

February 1987

Table 3. Signetics 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
OP Linear Industry Standard
SA Linear Industry Standard
SE Linear Industry Standard
SG Linear Industry Standard
A Linear Industry Standard
uc Linear Industry Standard
ULN Linear Industry Standard
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Signetics' integrated circuit products
may be ordered by contacting either the
local Signetics sales office, Signetics
representatives and/or Signetics autho-
rized distributors.

Minimum Factory Order:
Commercial Product:

$ 1000 per order
$ 250 per line item per order

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

Table 2 provides package suffixes and
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 3 provides explanations on the
various prefixes employed in the part
number descriptions. As noted in Table
3, Signetics/Philips device operating
temperature is defined by the appropri-
ate prefix.

OPERATING TEMPERATURE:
The third letter of the prefix, in a three-
letter prefix, is the temperature designa-
tor.

The letters A to F give information about
the operating temperature:
:  Temperature range not specified.

See data sheet.

e.g. TDA2541N
0 to +70°C

e.g. PCB8573PN
-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

Tm o oW
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Ordering Information

for Prefixes HE, OM, MA, ME,

PC, PN, SA, 1B, TC, TD,

Table 1. Part Number Description

TE

PART
NUMBER

PRODUCT
FAMILY

PRODUCT
DESCRIPTION

TDA2541N

—I;Packago Description — See Table 2A

Device Number

LIN
LProduct Family Linear

Video IF_Amplifier
Description of

Product Function

———— = Device Family and Temperature Range Prefix —See Table 3A

Table 2. Package Description

SUFFIX PACKAGE DESCRIPTION
PN 8-, 14-, 16-, 18-, 20-, 24-, 28-, 40-lead plastic DIP
TD Microminiature Package (SO)
DF 14-, 16-, 18-, 22-, 24-lead ceramic DIP
U Single in-line plastic (SIP) and SIP power packages

Table 3. Device Prefix

PREFIX DEVICE FAMILY

HEx CMOS circuit

oM Linear circuit

MAX Microcomputer

MEx Microcomputer peripheral
PCx CMOS circuit

PNx NMOS circuit

SAxX Digital circuit

TBx Linear circuit

TCx Linear circuit

TDx Linear circuit

TEX Linear circuit
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""Given the increasingly intense competitive
pressures our customers face, they should
demand nothing less than zero defects
from every IC vendor. We now know that
zZero defects is an achievable goal. Why
should IC customers pay for errors?'’

Norman Neumann
President
Signetics Corporation



Signetics

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.

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
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"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.

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-
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.

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

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.

PRODUCT RELIABILITY:
QUALITY OVER TIME IS THE
GOAL

Our concern with product reliability has devel-
oped from communication with many custom-
ers. In discussions, these customers have
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emphasized the high cost of field failures,
both in terms of dollars and reputations in the
marketplace.

In response to these concerns, we have
placed an emphasis on improving product
reliability. As a result of this effort, our product
reliability has improved more than fourfold in
a five-year period (see Figure 1). A key
program, SURE (Systematic and Uniform Re-
liability Evaluation), highlights the significant
progress made in this critical area.

SURE was first instituted in 1964 as the core
reliability measurement for all Signetics prod-
ucts. In 1980, as a first major step toward
improving product reliability, SURE was en-
hanced by increasing sampling frequency and
size and by extending stress tests. As a result
of these improvements, most of our major
customers now utilize SURE data with no
requests for additional reliability testing.

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.
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SURE Il DATA

Figure 1

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:

® 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.
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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. Product confor-
mance to specification is measured through-
out the manufacturing cycle. Our standard is
Zero Defects and our customers' statistics
and awards for outstanding product quality
demonstrate our advance toward this goal.

Nowhere is this more evident than at our
Electrical Outgoing Product Assurance in-
spection gate. Over the past six years, the
measured defect level at the first submission
to Product Assurance for Linear products has
dropped from over 4000PPM (0.4%) to under
150PPM (0.015%) (see Figure 2). Signetics
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calls the first submittal to a Product or Quality
Assurance gate our Estimated Process Quali-
ty or EPQ. It is an internal measure used to
drive our Quality Improvement Programs to-
ward our goal of Zero Defects. All product
acceptance sampling plans have zero as their
acceptance criteria. Only shipments that
demonstrate zero defects during these ac-
ceptance tests may be shipped to our cus-
tomers. This is in accordance with our com-
mitment to our Zero Defect policy.

The results from our Quality Improvement
Program have allowed Signetics to take the
industry leadership position with its Zero De-
fects Limited Warranty policy. No longer is it
necessary to negotiate a mutually acceptable
AQL between buyer and Signetics. Signetics
will replace any lot in which a customer finds
one verified defective part.
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QUALITY DATABASE
REPORTING SYSTEM — QA05

The capabilities of our manufacturing process
are measured and the results are recorded
through our corporate-wide QA05 database
system. The QAO05 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.

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
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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
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local Signetics sales office for a brochure and
further details.

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 105 amps/cm?. 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.
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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.

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:
Ty =150°C, 1000 hours, static bias
® High Temperature Storage Life:
Ty =150°C, 1000 hours, unbiased
©® Temperature Humidity Biased Life:
85°C, 85% relative humidity, 1000
hours, static bias
® Pressure Cooker:
15 psig, 121°C, 192 hours, unbiased
® Thermal Shock:
-65°C to +150°C, 300 cycles, 5 minute
dwell, liquid to liquid, 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.
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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: Low Voltage, Medium Voitage, High
Voltage, and Dual-Layer Metal, under a vari-
ety of accelerated stress conditions. This
program, first introduced in 1964, has evolved
to suit changing product complexities and
performance 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:
Ty =150°C, 1000 hours, static bias
® High Temperature Storage Life:
Ty =150°C, 1000 hours, unbiased
® 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.

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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Quality and Reliability

LINEAR DIVISION LINEAR PROCESS FLOW

WAFER
FABRICATION

— SCANNING ELECTRON MICROSCOPE CONTROL
Waters are sampled daily by the Quality Control 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 resuit in early failures.

DIE SORT VISUAL ACCEPTANCE

Product is 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 criteria.

DIE ATTACH AND WIRE BONDING

The latest automated equipment is used under statistical process control program.

PRE-SEAL VISUAL ACCEPTANCE

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

PLASTIC
ENCAPSULATION

SEAL TESTS
Hermetic package seal integrity is ensured 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

BURN-IN (SUPR i 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 all data sheet

100%
ELECTRICAL TEST

VISUAL

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

FINAL QUALITY ASSURANCE GATE

The final QA inspection step guarantees the specified mechanical and electrical AQL's. Every ship-
ment is sealed and identified by QA personnel.

I SHIPMENT I

PF00BS0S
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THE 12C CONCEPT

The Inter-IC bus (1°C) 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 12C interface capability, any of
which can be connected in a system by
simply "clipping" it to the 12C bus. Hence, any
collection of these devices around the 12C
bus is known as '‘clips."

The 12C bus consists of two bidirectional
lines: the Serial Data (SDA) line and the Serial
Clock (SCL) line. The output stages of de-
vices connected to the bus (these devices
could be NMOS, CMOS, I2C, TTL, ...) must
have an open-drain or open-collector in order
to perform the wired-AND function. Data on

February 1987

Introduction to 12C

the I2C 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 1°C
bus; however, there is no central master.
Therefore, a device addressed as a slave
during one data transfer could possibly be the
master for the next data transfer. Devices are

also free to transmit or receive data during a
transfer.

To summarize, the 12C bus eliminates 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 12C 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 1/0 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 1°C 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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12C Bus

Specification

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.

Evén 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

MICROCOMPUTER
A
SDA
ScL
GATE LCD
ARRAY DRIVER
BUS
STATIC RAM
ADG OR EEPROM
MICROCOMPUTER
B
'AF03480S
Figure 1. Typical 1°C Bus Configuration
3-4
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Table 1. Definition of 12C Bus Terminology

Figure 2. Connection of Devices to the 12

C Bus

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
+Vpp
>
n"s‘l'lr'g:s Re E: R
soa (SERIAL DATA LINE)
(SERIAL CLOCK LINE)
SCLK SCLK
&T.m_IE_ mv_JE_ sokz | mz_lli
out out out 1 out 1
SCLK DATA SCLK DATA
IN IN IN IN
DEVICE1 DEVICE 2

LD0S610S

kY

(2 \
h)

<

|
¥

SDA/|
I ¢
|

|
I
|
1
I
I
)

| oF paa
| ALLoweD |

| “smsLe:
| DATAVALID

|
N/
DATA LINE CHANGE

WF143508

Figure 3. Bit Transfer on the I°C Bus

scL | |
L

START CONDITION

Figure 4. Start and Stop Conditions

.
[

STOP CONDITION

R

SCL

WF14360S
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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
12C 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, I2L) which can be
connected to the I2C 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-
tion 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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scc.} : 1 2
L
START
CONDITION

“NLLOOOOQ/OOCA N YT

ACKNOWLEDGEMENT
SIGNAL FROM RECEIVER

BYTE COMPLETE,
INTERRUPT WITHIN RECEIVER

CLOCK LINE HELD LOW WHILE
INTERRUPTS ARE SERVICED

Figure 5. Data Transfer on the I2C Bus

ACKNOWLEDGEMENT
SIGNAL FROM RECEIVER

WF14370S
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3

XCX—7
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Figure 6. Acknowledge on the I°C Bus

/"

CLOCK PULSE FOR
ACKNOWLEDGEMENT

WF14380S

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 I°C 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 8. Arbitration Procedure of Two Masters
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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, while 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.

3-7

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 I2C 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 12C 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.

m’\L/**\__/tiDQ_/CDDDu/“
*‘\/*’v\/\_/*\/\/\_/*

,, |
JL ]

CONDITION

Sl'AR'I' ADDﬁEs le ACK

Figure 9. A Complete Data Transfer

l_

OONDlTION

WF144108

Possible Data Transfer Formats are:

a) Master transmitter transmits to slave
receiver. Direction is not changed.

A = ACKNOWLEDGE
S = START
P =STOP

b) Master reads slave immediately after
first byte.

c) Combined formats.

NOTES:

data can then be transferred.
2. Al isi on aut

s ] siavEADDREss | RIW ] A ] OAA | A | OGA | A 1 P ]
I —

.
13

0’ (WRITE) DATA TRANSFERRED
(n BYTES + ACKNOWLEDGE)
AF03491S8
|s|SLAVEAnnnEss|mW|AIM'A|AL|:ATA|A|P]
| 2 !
¢ (READ) DATA TRANSFERRED
(n BYTES + ACKNOWLEDGE)
/AF035008

— SLAVEADDRESS | RIW] A ] DATA | A| s | SLAVEADDRESS | RIW umuu

(n BYTES

READOR
WRITE

1. 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,

or of memory etc., are taken by the designer of the device.
3. Each byte is followed by an acknowledge as indicated by the A blocks in the sequence.
4. IC devices have to reset their bus logic on receipt of a start condition so that they all anticipate the sending of a slave address.

I,

+ ACKNOWLEDGE)
READOR DIRECTION OF
WRITE TRANSFER MAY
CHANGE AT
THIS POINT
AFDOS'OS
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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.

LSB
"]

T T T T T T
1 I A L A A

SLAVE ADDRESS

AF035508

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 12C 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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Figure 11. General Call Address Format

SECOND BYTE

AF035208

H'0e

[s]vor ] Al noz| A] ABcoooo | x | A | ABcooot | x| A | ABcoowo [ x [ A | P]

Figure 12. Sequence of a Programming Master
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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 12C
devices in one system. I2C 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 12C
and other protocols. Only I2C 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 I12C
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 hardware
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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T's | 00000000 | A | mAsTERADDRESS | 1 | A | pata | A | pata | A | P |
L 2 |
GENERAL SECOND (nBYTES + ACKNOWLEDGE)
CALL ADDRESS BYTE

Figure 13. Data Transfer From Hardware Master Transmitter

AF035408

S | SLAVEADDR H/WMASTER | RIW | A

DUMP ADDR FORH/WMASTER | X | A | P

WRITE

a. Configuring master sends dump address to hardware master

AF03560S

| S | DUMPADDRFROMH/WMASTER | RIW | A ] DATA | A ] DAA | A ] P |

WRITE

b. Hardware master dumps data to selected slave device

Figure 14. Data Transfer of Hardware Master Transmitter Capable of Dumping
Data Directly to Slave Devices

L o— |
(n BYTES + ACKNOWLEDGE)

AF03570S
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soa | | by MK:UO'&{EDGE | |
: T ¢ (HIGH) |
SRVAVANWAVAV W

L] [l

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

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

WF14430S

CBUS Compatibility

Existing CBUS receivers can be connected to
the 12C 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, I2C 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 IC 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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Voora=5V£10%
Voo Voo2 Voos Voos
< <
A3 Rp3 quos_' INuosJ uuosJ |Nuos_|
SDA
scL
LDO5620S

Figure 17. Fixed Input Level Devices Connected to the 1°C Bus

Vpp=e.g.3V
[ I ] I
B3 A3 IouosJ lcuos_l |cuosJ cMos
sbA
scL
LD05630S
Figure 18. Devices With a Wide Ragge of Supply Voltages Connected
. to the 1“C Bus

ViHmin = 3V (minimum input High
voltage)

Devices operating on a fixed supply voltage
ditferent from +5V (e.g. I2L), must also have
these input levels of 1.5V and 3V for V,_and
ViH, 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
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The maximum low-level input current at
Voumax of both the SDA pin and the SCL pin
of an I’C device is —10pA, 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 12C 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, Vppy=5V=10% Vppz=6V10% Vpps=5V£10%
the latter devices have to be connected to
one common supply line of +5V +10% along T
with the pull-up resistors (Figure 19).

RS Rpg [cmos | [cmos | [amos]| | e |

Input levels are defined in such a way that:

1. The noise margin on the Low level is 0.1
VDD-

2. The noise margin on the High level is 0.2
Voo Figure 19. Devices With Vpp Related Leve!s Mixed With Fixed Input Level

3. Series resistors (Rg) up to 300§2 can be Devices on the I°C Bus
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 Voo Voo
example) (Figure 20).

LDO5640S

The maximum bus capacitance per wire. is
400pF. This includes the capacitance of the 12c RC
wire itself and the capacitance of the pins
connected to it.

TIMING ) SDA
The clock on the I2C bus has a minimum Low scL
period of 4.7us and a minimum High period of LD056508

4us. Masters in this mode can generate a bus Figure 20. Serial Resistors (Rs) for Protection Against High Voltage
clock with a frequency from 0 to 100kHz.

All devices connected to the bus must be LOW-SPEED MODE Data Format and Timing

able to follow transfers with frequencies up to  As explained previously, there is a difference  The bus clock in this mode has a Low period
100kHz, either by being able to transmit or in speed on the I2C bus between fast hard- of 130us*25us and a High period of
receive at that speed or by applying the clock  ware devices and the relatively slow micro- 390us * 25us, resulting in a clock frequency
synchronization procedure which will force computer which relies on software polling.  of approx. 2kHz. The duty cycle of the clock
the master into a wait state and stretch the  For this reason a low speed mode is available  has this Low-to-High ratio to allow for more
Low periods. In the latter case the frequency  on the I2C bus to allow these microcomputers  efficient use of microcomputers without an
is reduced. to poll the bus less often. on-chip hardware I2C bus interface. In this

Figure 21 shows the timing requirements in  Start and Stop Conditions mbord o also, .?.:ta transfer with acknowlfedbge s
detail. A description of the abbreviations used  In the low-speed mode, data transfer is pre- ;) igatory. . e m?x'mug‘ n'umber of bytes
is shown in Table 2. All timing references are  ceded by the start procedure. ransferred is not limited (Figure 22).

at Vitmax and ViLmin.

ML - - 0 r
= O N\
M= e
[ T I ot IR
=1 Lll ¥ il il
LPJ‘ND; mLs j Yow =] tho; oar = f=tmon~ — tsu; oAt L;j' tsu; sTA tsy; sto L;j

Figure 21. Timing Requirements for the 1C Bus
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Table 2. Timing Requirement for the 12C Bus

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
tHp; 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
tsu; 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 12C 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; sTO Setup time for stop condition 4.7 us
NOTES:

All values referenced to Vi 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.

-

J—‘\ﬁm O

&-s—l
o START ouuuva aspsnsn ADDRESS ) b ooSToP
(HIGH) connmou ""'Es
‘WF14450S8
Figure 22. Data Transfer Low-Speed Mode
[l Il [ 3 i =
| | ¢ | |
soa | fil I\ N If 1
1 11\ N [BA N} - 11|
A X I \{s |
| i iR = =t = [~ N ik to; s || |
| R ) ; i 1o
st | [
L | | i
[ 1]l
| tno; s, =1 tiow+] | tian + o — | =ttsu; s tsu; sro—=| | [=—
P | s —to; DAT LSy L

WF14461S

Figure 23. Timing 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 : tiow = 130ps +25us
DUTY CYCLE : thigH = 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
¢lock 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
tBuF Time the bus must be free before a new transmission can start 105 us
tHD; 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 105 165 s
tHiIGH 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
tHD: toAT Hold time DATA
for CBUS compatible masters 5 us
for 12C devices o* 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
tsu; sTO Semp time for stop condition 105 155 us
NOTES:

All values referenced to V)4 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.

February 1987
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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 IC 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.

/

j Rg=0 //

'
A//mxns
|7

MINIMUM VALUE Rp (k2)
w

7
[
] 4 8 12 16
Voo V)
(OP03060S
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 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.

Vpp=25V 5V
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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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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 12C 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 I°C 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. Parallel
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 Vg, 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 I2C 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 [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
12C system might be used in a control func-
tion where digitally-controllable elements are
adjusted and monitored via a central proces-
sor.

The I12C 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 I2C
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 environment 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 12C controllers include
the MAB8400, and the PCD 3343 (the
PCD3343 is basically a CMOS version of the
MABB8400). The MAB8400 is based on the
8048 architecture with the I12C 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 I2C inter-
face is shown in Figure 1.

SERIAL 1/0 INTERFACE

A block diagram of the Serial Input/Output
(SI0) 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 1/0 signal P23 of port 2.
Consequently, only three 1/0 lines are avail-
able for port 2 when the 1°C 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 12C transfers occur between the
accumulator and register S0. The I°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 controlied
and monitored via the bus control register S1.
A definition of the registers is as follows:

Data Shift Register S0 — 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 12C 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 SnA 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 P,A *replaced by
ORLD P,A JT0, JNTO
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Figure 1. Block Diagram of the MAB8400 SIO Interface
Address Register S0' — In multi-master  status information AL, AAS, ADO, LRB (Arbi- of a byte transfer + acknowledge, and can be

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,

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

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

(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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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

vector program control to location O7H.

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.
S$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
(¢} 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 46
15 1155 3.8
16 1347 3.3
17 15639 2.9
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 I2C 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 equal
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).

February 1987

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 I°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 170 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 12C peripherals that
now must be defined: there are those with
only a chip address such as the 1/0 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 I/0 buffer SO with the desired

Vee
scL
SDA
MAB A
8400 0 b
PCF PCB
esm M 870 M
A2 A2
I RAM (128-BYTE)
1/0 EXPANDOR ADDR = "AOH
ADDR = "40'H
TC059208

Figure 2. Schematic for Assembly Examples
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SDA

UL

/ |

ACKNOWLEDGE

i -

START

|
|
I ADDRESS ‘40H'
|
| conprTion

DATA "2AH’

sTOP
CONDITION

MOV S1,#18H
MOV SO,#40H

MOV S1,#0F8H

MOV S1,#0D8H

-1

|

;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 /0, Bit Counter =
;Check for transmission complete, ack.

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

000).

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 ES0 BC2 BC1 BCO

[oTolo[+T+TeJolo]

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

February 1987

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-acknowl-
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 controller 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 t".; 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,St1

JB4 ACKWT

JBO BUSERR

RET

Figure 4

;Get bus status word
sfrom Si.

;Poll the PIN bit

;until it goes low
sindicating transfer
;completed

wJump 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
a read, 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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/ ‘NEGATIVE ACKNOWLEDGE'

U

RD

L e Y

]
|
I [
|
|

scL

ADDRESS = ‘41H' DATA

STOP

|
START |
| CONDITION
|
|

CONDITION

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
iclock out a negative

MOV 81,#0D8H ———— ;acknowledge.
:Generate Stop Condition.

WF14320S

Figure 5
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l

INITIALIZE

COMMUNICATION WITH PERIPHERAL REQUIRED

8uUS
STATUS

/

LOAD S0 WITH SLAVE
ADDRESS AND RO/WR BIT

Y

START CONDITION
AND TRANSMIT ADDRESS

PIN
&
ACK
RECEIVED
?

YES

SEND/RECEIVE
DATA BYTE

PIN
&
ACK
RECEIVED
?

GENERATE
STOP CONDITION

RETURN

Figure 6. Flowchart for Reading/Writing One Byte to an 1C
Peripheral; Single-Master, Single-Address Slave

GENERATE

sTOoP
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 iWait.
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,S0 ;Third data byte to acc
;negative ack. generated.
MOV R2,A ;Save third data byte in R2.
WAIT1: MOV A,S1 ;Get bus status.
JB4 WAIT1 ;Wait until transfer complete.
MOV S1,#0D8H ;Stop condition.
MOV S2,#41H :Restore acknowledge mode.
DF057008
PF007708
Figure 7

MOV 81, #18H

MOV S0, #0A0H ;Load SO with RAM's chip
;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

MOV S1,#0F8H

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

;preceded by repeated Start.

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 I12C 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.

February 1987

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 MAB8400 should not be in the
MABB8400 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 $MACROFILE
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 AS1
14 DB ODH
15 ENDM
16 MOVS2A MACRO ;MOV S2,A
17 DB 3EH
18 ENDM
19 MOVS0 MACRO L ;MOV S0,#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 82,#DATA
26 DB 9EH,L
27 ENDM
28 ENSI MACRO ;EN SI
29 DB 85H
30 ENDM
31 DISSI MACRO ;DIS SI (Disable serial
interrupt)
32 DB 95H
33 ENDM
34;
35; PORT 0 INSTRUCTIONS:
36; INAPO MACRO ;IN APO
37 DB 08H
38 ENDM
39;
40 OUTPOA MACRO ;OUTL PO,A
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;
February 1987 3-24
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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 OC1tH
59 ENDM
60;
61; SELECT MEMORY BANK INSTRUCTIONS:
62 SELMB2 MACRO ;SEL MB2
63 DB 0A5H
64 ENDM
65;
66 SELMB3 MACRO ;SEL MB3
67 DB 0B5H
68 ENDM
69;
70; CONDITIONAL JUMP INSTRUCTIONS:
7 DJNZAQ MACRO L ;DJNZ @RO,ADDR
72 DB OEOH,L AND OFFH
73 ENDM
74;
75 DJNZA1 MACRO L ;DINZ @R1,ADDR
76 DB OE1H,L AND OFFH
77 ENDM
78;
79 JNTF MACRO L WJUMP IF TIMERFLAG IS
NON ZERO
80 DB 06H,L AND OFFH
81 ENDM
82
83; END OF MACRO DEFINITIONS
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THE 8400 INSTRUCTIONS BUILT FROM THE MACRO LIST

LOC/0BJ LINE SOURCE STATEMENT
0000 1 ORG 0
2 MOVASO ;MACRO for MOV A,S0
0000 0C 3+ DB OCH
4 MOVAS1 ;MACRO for MOV A,S1
0001 OD 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 11+ DB 3EH
12 MOVS0 56H ;MACRO For MOV S0,
#56H
0005 9C 13+ DB 9CH,56H
0006 56
14 MOVS1 9FH ;MACRO for MOV S1,
#9FH
0007 9D 15+ DB 9DH,9FH
0008 9F
16 MOVS2 OE8H ;MACRO for MOV 82,
#O0E8H
0009 SE 17+ DB 9EH,0E8H
000A E8
18 ' ENS1 ;MACRO for EN S1
000B 85 19+ ' DB 85H
20 DIssI ;MACRO for DIS SI
000C 95 21 + DB 95H
22 INAPO ;MACRO for IN A,PO
000D 08 23 + DB 08H
24 QUTPOA ;MACRO for OUTL PO,A
000E 38 25+ DB 38H
26 ORLPO 5AH ;MACRO for ORL P0O,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 @RO
0013 CO 31+ DB 0COH
32 DECAR1 iMACRO 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 DJNZAO 567H ;MACRO for DIJNZ @RO,
567H
0017 EO 39 + DB OEOH,567H AND
OFFH
0019 67
40 DJNZA1 OEFEH ;MACRO for DJNZ @Rf1,
OEFEH
0019 E1 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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DESCRIPTION

The NE/SA5204 is a high-frequency
amplifier with a fixed insertion gain of
20dB. The gain is flat to + 0.5dB from DC
to 200MHz. The -3dB bandwidth is
greater than 350MHz. This performance
makes the amplifier ideal for cable TV
applications. The NE/SA5204 operates
with a single supply of 6V, and only
draws 25mA of supply current, which is
much less than comparable hybrid parts.
The noise figure is 4.8dB in a 752
system and 6dB in a 502 system.

The NE/SA5204 is a relaxed version of
the NE5205. Minimum guaranteed band-
width is relaxed to 350MHz and the "'S"
parameter Min/Max limits are specified
as typicals only.

Until now, most RF or high-frequency
designers had to settle for discrete or
hybrid solutions to their amplification
problems. Most of these solutions re-
quired trade-offs that the designer had
to accept in order to use high-frequency
gain stages. These include high power
consumption, large component count,
transformers, large packages with heat
sinks, and high part cost. The NE/
SA5204 solves these problems by incor-
porating a wideband amplifier on a single
monolithic chip.

The part is well matched to 50 or 7582
input and output impedances. The
standing wave ratios in 50 and 752
systems do not exceed 1.5 on either the
input or output over the entire DC to
350MHz operating range.

Since the part is a small, monolithic IC
die, problems such as stray capacitance
are minimized. The die size is small
enough to fit into a very cost-effective 8-
pin small-outline (SO) package to further
reduce parasitic effects.

ORDERING INFORMATION

NE/SA5204

Wide-band High-Frequency

Amplifier

Product Specification

No external components are needed
other than AC-coupling capacitors be-
cause the NE/SA5204 is internally com-
pensated and matched to 50 and 75S2.
The amplifier has very good distortion
specifications, with second and third-
order intermodulation intercepts of
+24dBm and +17dBm, respectively, at
100MHz.

The part is well matched for 5082 test
equipment such as signal generators,
oscilloscopes, frequency counters, and
all kinds of signal analyzers. Other appli-
cations at 5082 include mobile radio, CB
radio, and data/video transmission in
fiber optics, as well as broadband LANs
and telecom systems. A gain greater
than 20dB can be achieved by cascad-
ing additional NE/SA5204s in series as
required, without any degradation in am-
plifier stability.
FEATURES
® 200MHz (min.), +0.5dB bandwidth
e 20dB insertion gain
® 4.8dB (6dB) noise figure

Zo = 7552 (2o = 50%2)
o No external components required

o Input and output impedances
matched to 50/75S2 systems

e Surface-mount package available
e Cascadable

PIN CONFIGURATION

N, D Packages

TOP VIEW

CD127608

DESCRIPTION TEMPERATURE RANGE ORDER CODE
0 to +70°C NE5204N
8-Pin Plastic DIP 40 to +85°C SA5204N
0 to +70°C NES204D
8-Pin Plastic SO package —40 to +85°C SA5204D
February 12, 1987 4-3

APPLICATIONS

e Antenna amplifiers
o Amplified splitters
o Signal generators

e Frequency counters
e Oscilloscopes

o Signal analyzers

o Broadband LANs

© Networks

¢ Modems

© Mobile radio

e CB radio

o Telecommunications

853-1191 87586
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 Vv
Vin AC input voltage 5 Vp.p
Ta Operating ambient temperature range .
NE grade 0to +70 °C
SA grade -40 to +85 °C
Pp Maximum power dissipation’ 2
Ta = 25°C (still-air)
N package 1160 mwW
D package 780 mw
Ty Junction temperature 150 °C
TstG Storage temperature range -55 to +150 °C
Lead temperature o
Tsowo (soldering 60s) 300 c
NOTES:
1. Derate above 25°C, at the following rates
N package at 9.3mW/°C
D package at 6.2mW/°C.
2. See ''Power Dissipation Considerations'' section.
EQUIVALENT SCHEMATIC
Vee
< Ry $he
Oa} l/] AV O Vout
'ﬁ Qs
_—K Qy
ViN Oy -1} Q4 3R
Ry
$rer
L3
Qs
N
TC08480S

) February 12, 1987
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DC ELECTRICAL CHARACTERISTICS at Vcc =6V, Zg=2 =Zo =508 and Tp=25°C, in all packages, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vee Operating supply voltage range Over temperature 5 8 \
lcc Supply current Over temperature 19 24 31 mA
S21 Insertion gain f = 100MHz, over temperature 16 19 22 dB
f=100MHz 25 dB
S11 Input return loss
DC -550MHz 12 dB
f = 100MHz 27 dB
S22 Output return loss
DC -550MHz 12 dB
f = 100MHz -25 dB
S12 Isolation
DC -550MHz -18 dB
BW Bandwidth +0.5dB 200 350 MHz
BW Bandwidth -3dB 350 550 MHz
Noise figure (7582) f=100MHz 4.8 dB
Noise figure (5082) f = 100MHz 6.0 dB
Saturated output power f=100MHz +7.0 dBm
1dB gain compression f=100MHz +4.0 dBm
Thlrd~order intermodulation f = 100MHz 17 dBm
intercept (output)
Se'cond-order intermodulation f = 100MHz +24 dBm
intercept (output)
9
35
% I
T
< 2 20 =500
E 30 ). o8 Ta=25°C
1 =25 7
z 28 w Vec=8V ]
z 2 37 V=7V —
g T Vec=6V \
o 24 w Vee=5V N\
> o a - s
g 22 A o -
a ~ Z6 -
2 2
18
16 s
5 55 3 6.5 7 75 8 L 4 8 g2 2 ¢ 8 800
SUPPLY VOLTAGE—V FREQUENCY—MHz
OP04640S ‘OP04650S
Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency
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25
|
1
T 1T 1]
? Vcc=8v4
Vee=7V:
§ 20
5 1 Vce=6V: n
£ ] Vee=svL]
W 15 — Zo=502
2 | —Ta=25°C
10
10 2 4 6 8 492 2 4 8 8403
FREQUENCY—MHz
‘OP04660S

Figure 3. Insertion Gain vs Frequency (S21)

25
o Ta= -40°C
I 2 Ta=25°CY; 7
3 ' \
5 Ta=85°C=L_] -
§ 15— vce=8v
2 [—2Z=50m
10
10! 2 4 6 8402 2 4 6 8403
FREQUENCY—MHz

OP04671S

Figure 4. Insertion Gain vs Frequency (Sz1)

"

10 ;I - - T

9 cc= ] Vce=8V]
c s Voc =6V

—

6 Vi 5V Py
7 s Ses S N
o 4

3 N
g 3
£

0
13 -1 AN
3 -2

-3 —2zo=500

-4 —Tao=25°C

—s i

-8

10 2 4 6 8492 2 4 6 8403

FREQUENCY—MHz
0P04680S.

Figure 5. Saturated Output Power vs Frequency

‘: [Voc=8V,
8 Vee=7V
g 7 =1 N
3 g Vec=6v AN
o ¢ — N
g 3 A NA N
3 2 —__—Vge=5Y N
¥ == =
5-1 T
8-2 |—2zo=500 N
—: — Ta=25°C o
o3 1
it 1
10" 2 4 6 8 1'02 2 4 6 8 403
FREQUENCY—MHz
‘OP04680S.

Figure 6. 1dB Gain Compression vs Frequency

13
7
Y 1
8 .
wi
z
= 25
& /
g 20 / Ta=25°C
a y. Zo =500
Z s /-
2
[z

10

4 5 6 7 8 9 10

POWER SUPPLY VOLTAGE—V
OP04700S.

Figure 7. Second-Order Output Intercept vs Supply Voltage

30
3
25
&
i
F
E 15 pd Ta=25°C
g 20 =500
e 10
$ /
T
5
4 5 6 7 8 9 10

POWER SUPPLY VOLTAGE—V

OP047108

Figure 8. Third-Order Intercept vs Supply Voltage
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2.0

Figure 13. Insertion Gain vs Frequency (S21)

2.0
19 9
1.8
i Ta=25°C 18 7
. Vec=6v 1.7 Ta=25°C
-3 -3 J
R Veec=6V
§ 1.6 y 4 § 1.6
zs -/ £ 15
2 14 V4 a
. = 14
z - V4 S 7
13 ZorTe S 13
T > 4 20=750
12 i 1.2 — 7
1.1 |— Zo=500 } N\ 11 f—2zo=500 o
1.0 L [ 1.0 L
10! 2 4 6 8qg2 2 4 6 8403 10" 2 4 6 8402 2 4 6 8403
FREQUENCY—MHz FREQUENCY—MHz
OP04720S 0P04730S
Figure 9. Input VSWR vs Frequency Figure 10. Output VSWR vs Frequency
40 -10
-]
ei'? 35
Y -15
20 30 o
2z I =500
zE R\ ouTeut il s
xS 25 S-20 Ta=2
25 N\ & Vec=6V
we Vo= 6V N J <
] 7 —
a e INPUT \l -25
23 15
)
10 _30
10! 2 4 6 8902 2 4 8 8403 10 2 s 6 8192 2 4 6 8403
FREQUENCY —MHz FREQUENCY—MHz
OP04740S OP04750S
Figure 11. Input (S11) and Output (S22) Return Loss vs " :
9 put (S11) F,equen?,y ©z2) Figure 12. Isolation vs Frequency (S12)
* Vi (I;v = | ]
vcc:7v _\\ ' '
© cc= _\\ Ta= -40°C o
2 | o Ta= 25°C o
2 20 T 2 | i
- —+
T 1 o _ -
] Vee= GIV < - z Ta= 85°C ]
Vee=5V B E o
§ 5 ce E 15 |— 20=750
Z \ 2 — Vce=6V
2o=750 £
Ta=25°C V_ '
' i
10 I ] 10
10! 2 4 6 8102 2 4 6 84 10! 2 4 6 8 402 2 4 6 8403
FREQUENCY—MHz FREQUENCY—MHz
‘OP04760S 0P04771S

Figure 14. Insertion Gain vs Frequency (Sz1)
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THEORY OF OPERATION

The design is based on the use of multiple
feedback loops to provide wide-band gain
together with good noise figure and terminal
impedance matches. Referring to the circuit
schematic in Figure 15, the gain is set primari-
ly by the equation:

Vour
— = (Rr1 + Re1)/Rey (1)
Vin

which is series-shunt feedback. There is also
shunt-series feedback due to Rr2 and Rgz
which aids in producing wide-band terminal
impedances without the need for low value
input shunting resistors that would degrade
the noise figure. For optimum noise perfor-
mance, Rgq and the base resistance of Q4
are kept as low as possible, while Rgz is
maximized.

The noise figure is given by the following
equation:

2dlc1” (g
Ro )

KT
rp +Rgy +——
NF =10Log | 1 +

where Igy =5.5mA, Rgq =128, r, =130%,
KT/q = 26mV at 25°C and R = 50 for a 5052
system and 75 for a 7552 system.

The DC input voltage level Vi can be deter-
mined by the equation:

ViN = Vg1 + (Ic1 + Ica) Req 3

where Rgq =12, Vgg=0.8V, Ig1 =5mA
and Icg = 7mA (currents rated at Vgc = 6V).

Under the above conditions, Vy is approxi-
mately equal to 1V.

Level shifting is achieved by emitter-follower
Qg and diode Qq4, which provide shunt feed-
back to the emitter of Q4 via Rfy. The use of
an emitter-follower buffer in this feedback
loop essentially eliminates problems of shunt-
feedback loading on the output. The value of
Ry = 14082 is chosen to give the desired
nominal gain. The DC output voltage Voyt
can be determined by:

Vout = Vee - (Ic2* Ice)R2, 4

where Vg = 6V, Ry = 22552, Ico = 7mA and
Ios = 5MA.

From here, it can be seen that the output
voltage is approximately 3.3V to give relative-
ly equal positive and negative output swings.
Diode Qs is included for bias purposes to
allow direct coupling of Rg2 to the base of Q.
The dual feedback loops stabilize the DC
operating point of the amplifier.

The output stage is a Darlington pair (Qg and
Qj) which increases the DC bias voltage on
the input stage (Qi) to a more desirable
value, and also increases the feedback loop
gain. Resistor Rg optimizes the output VSWR
(Voltage Standing Wave Ratio). Inductors L4
and Lp are bondwire and lead inductances
which are roughly 3nH. These improve the
high-frequency impedance matches at input
and output by partially resonating with 0.5pF
of pad and package capacitance.

POWER DISSIPATION
CONSIDERATIONS

When using the part at elevated temperature,
the engineer should consider the power dissi-
pation capabilities of each package.

At the nominal supply voltage of 6V, the
typical supply current is 25mA (30mA max).
For operation at supply voltages other than
6V, see Figure 1 for Icc versus Vg curves.
The supply current is inversely proportional to
temperature and varies no more than 1mA
between 25°C and either temperature ex-
treme. The change is 0.1% per °C over the
range.

The recommended operating temperature
ranges are air-mount specifications. Better
heat-sinking benefits can be realized by
mounting the SO and N package bodies
against the PC board plane.

Vee

Figure 15. Schematic Diagram

<R <
> R1 > 225
2 650 1 Ro L2
Q3 ——AM— Y0 vour
10 3nH

4

TC085008
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PC BOARD MOUNTING

In order to realize satisfactory mounting of the
NE5204 to a PC board, certain techniques

need to be utilized. The board must be "

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

.o

double-sided with copper and all pins must be
soldered to their respective areas (i.e., all v
GND and V¢c pins on the package). The
power supply should be decoupled with a
capacitor as close to the Vg pins as possi-
ble, and an RF choke should be inserted
between the supply and the device. Caution
should be exercised in the connection of
input and output pins. Standard microstrip
should be observed wherever possible. There
should be no solder bumps or burrs or any
obstructions in the signal path to cause
launching problems. The path should be as
straight as possible and lead lengths as short
as possible from the part to the cable connec-
tion. Another important consideration is that
the input and output should be AC-coupled.
This is because at Vgc =6V, the input is
approximately at 1V while the output is at
3.3V. The output must be decoupled into a
low-impedance system, or the DC bias on the
output of the amplifier will be loaded down,
causing loss of output power. The easiest
way to decouple the entire amplifier is by
soldering a high-frequency chip capacitor di-
rectly to the input and output pins of the
device. This circuit is shown in Figure 16.
Follow these recommendations to get the
best frequency response and noise immunity.
The board design is as important as the
integrated circuit design itself.

Voo PLANE
outPUT

GND PLANE

SO PACKAGE
HOLE BACKSIDE

Both of the evaluation boards that will be
discussed next do not have input and output
capacitors because it is assumed the user will
use AC-coupled test systems. Chip or foil
capacitors can easily be inserted between the
part and connector if the board trace is
removed.

CAPACITOR HOLE (0.25%)
GND PLANE
INPUT
0 75"
I<— 0.5 -Pl
SO PACI

Figure 17. PC Board Layout for NE5204 Evaluation

POO006708

HOLE WPSDE

TO INPUT

GND FLANGE

SMA CONNECTOR

Vee
o)

RF CHOKE

DECOUPLING
I CAPACITOR

F—ovour
AC
COUPLING
CAPACITOR

Vin 0—‘

COUPLING
CAPACITOR

TC08511S|

Figure 16. Circuit Schematic for
Coupling and Power Supply Decoupling

February 12, 1987
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5082 EVALUATION BOARD

The evaluation board layout shown in Figure
17 produces excellent results. The board is to
scale and is for the SO package. Both top
and bottom are copper clad and the ground
planes are bonded together through 5082
SMA cable connectors. These are solder
mounted on the sides of the board so that the
signal traces line up straight to the connector
signal pins.

Solid copper tubing is soldered through the
flange holes between the two connectors for
increased strength and grounding character-
istics. Two- or four-hole flanges can be used.
A flat, round decoupling capacitor is placed in
the board's round hole and soldered between
the bottom Vg plane and the top side
ground. The capacitor is as thin or thinner
than the PC board thickness and has insula-

tion around its side to isolate V¢ and ground.
The square hole is for the SO package which
is put in upside-down through the bottom of
the board so that the leads are kept in
position for soldering. Both holes are just
slightly larger than the capacitor and IC to
provide for a tight fit.

This board should be tested in a system with
50%2 input and output impedance for correct
operation.

7582 EVALUATION BOARD

Another evaluation board is shown in Figure
18. This system uses the same PC board as
presented in Figure 17, but makes use of 758
female N-type connectors. The board is
mounted in a nickel plated box* that is used
to support the N-type connectors. This is an

excellent way to test the part for cable TV
applications. Again, the board should be test-
ed in a system with 7582 input- and output-
impedance for correct operation.

NOTE:

*The box and connectors are available as a '"MOD-
PACK SYSTEM" from the ANZAC division of
ADAMS-RUSSELL CO., INC., 80 Cambridge Street,
Burlington, MA 01803.

SCATTERING PARAMETERS

The primary specifications for the NE5204
are listed as S-parameters. S-parameters are
measurements of incident and reflected cur-
rents and voltages between the source, am-
plifier, and load as well as transmission
losses. The parameters for a two-port net-
work are defined in Figure 19.

(19.1)

DF05980S

080 FEEDTHRU 4-40 UNC-38
- 0.375 (9.5) DEEP
(1.9) 2 HOL(ES )
MODEL 7014 '
7014-1 (BNC) n y
712 () T ot
7014-3 (TYPE N) § 14 \ 1.344
7014-4 (SMA) p ; (34.1)
4 )
0.375 0.062 TYP
(9.5) ’Il:_ (1.6) ‘5'->l 1.000 DIA
0.750 (25.4)

BOTTOM VIEW

Figure 18. 752 N-Type Connector System

1084 ~—’ [-— 0.200 (5.1) TYP
(27.5) F 0.290 (7.4) TYP
]
)
|
0.984
(24.9)

AF036708
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S, — INPUT RETURN LOSS S, — FORWARD TRANSMISSION LOSS
Sa POWER REFLECTED OR INSERTION GAIN
o= FROM INPUT PORT S E\/TRANSDUCEH POWER GAIN
n=
POWER AVAILABLE FROM
\/ GENERATOR AT INPUT PORT S22 — OUTPUT RETURN LOSS
Sn S22 POWER REFLECTED
S, — REVERSE TRANSMISSION LOSS s FROM OUTPUT PORT
OR ISOLATION 2™ | POWER AVAILABLE FROM
S,= REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT
Siz 2 POWER GAIN
AF03680S AF03690S
a. Two-Port Network Defined b.
Figure 19
5082 System 7582 System
25 T 25 T
T Vec=8V X
1T 11 Vee=V\
@ " vcc;’av- [} (AN
I 20 == 12
] ] H -
3 T
z } [ n z Vee=6v =L q
E } Vee=sv=L] !
E s [ 20-50 E Vee=Sv ]
8 [ Ta=25C ]
z z
= 2o=750
Ta=25°C
l
10 10 1 |
10 2 4 6 8 402 2 4 6 8403 10! 2 4 6 8492 2 4 6 84103
FREQUENCY—MHz FREQUENCY—MHz
0P04780S 0P04780S
a. Insertion Gain vs Frequency (S21) b. Insertion Gain vs Frequency (S21)
-10 -10
-15 ~15
2 3
: oz, ]
2-20 v:;:;= 6V g 20
K 3
& ] 2 Vec=6v
-25 = 2 25=750
I Ta=25°C
-30
10 2 4 6 8402 2 4 8 840 'Mw‘ 2 4 6 8402 2 46 84p3
FREQUENCY—MHz FREQUENCY — MHz
OP04800S ‘0P04810S
c. Isolation vs Frequency (S2) d. Sy, Isolation vs Frequency
40 40
0% 3 0% 35
1 8
89 § §§ 30
é‘g N ourbur 32
52 N gz 25 OUTRUT T
L Voo=6V N 32 ~
Ty o2 Zo=500 ¥ 5 N
=5 f of ©,.
52 Ta=25°C NPUT N e INPUT
25 28 Vee=6V N\,
o £3 15 20=750
Ta=25°C
10 10 L
10! 2 4 6 8402 2 4 6 8403 o 2 T 6 802 s s 6 8q03
FREQUENCY—MHz FREQUENCY — MHz
OP04820S ‘OP04830S
e. Input (S14) and Output (Sy2) Return Loss vs f. Input (S11) and Output (Sz2) Return Loss vs
Frequency Frequency
Figure 20
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Actual S-parameter measurements, using an
HP network analyzer (model 8505A) and an
HP S-parameter tester (models 8503A/B),
are shown in Figure 20. These were obtained
with the device mounted in a PC board as
described in Figures 17 and 18.

For 5082 system measurements, SMA con-
nectors were used. The 7552 data was ob-
tained using N-connectors.

Values for Figure 20 are measured and speci-
fied in the data sheet to ease adaptation and
comparison of the NE5204 to other high-
frequency amplifiers. The most important pa-
rameter is Sp4. It is defined as the square root
of the power gain, and, in decibels, is equal to

Also measured on the same system are the
respective voltage standing-wave ratios.
These are shown in Figure 21. The VSWR
can be seen to be below 1.5 across the entire
operational frequency range.

Relationships exist between the input and
output return losses and the voltage standing
wave ratios. These relationships are as fol-
lows:

INPUT RETURN LOSS = S;4dB
S41dB = 20Log 1S¢41

OUTPUT RETURN LOSS = Sp,dB
Szde = 20Log ISZZ |

INTERMODULATION INTERCEPT
TESTS

The intermodulation intercept is an expres-
sion of the low level linearity of the amplifier.
The intermodulation ratio is the difference in
dB between the fundamental output signal
level and the generated distortion product
level. The relationship between intercept and
intermodulation ratio is illustrated in Figure
22, which shows product output levels plotted
versus the level of the fundamental output for
two equal strength output signals at different
frequencies. The upper line shows the funda-
mental output plotted against itself with a 1dB
to 1dB slope. The second and third order

_ [1+84| products lie below the fundamentals and
voltage gain as shown below: INPUT VSWR =——-|1 rw <1 exhibit a 211 and 3:1 slope, respectively.
Zp=Zn =220UT for the NE5204 . | | The intercept point for either product is the

_ Vi NE5204 [—° _Vour 1+ Sy intersection of the extensions of the product
PN z o 2z OPOUT Z OUTPUT VSWR = M-Sl curve with the fundamental output.

The intercept point is determined by measur-

Vo ing the intermodulation ratio at a single output

T 2 1dB GAIN COMPRESSION AND level and projecting along the appropriate

Pour__Zo _Vour” _ P SATURATED OUTPUT POWER product slope to the point of intersection with

Pn Vin2 VN2 The 1dB gain compression is a measurement  the fundamental. When the intercept point is

_ZD of the output power level where the small- knovyn, the intermodulation ratio can be de-

P = V|2 signal insertion gain magnitude decreases termined by the reverse process. The sec-

_ _ . 1dB from its low power value. The decrease ~Ond-order IMR is equal to the difference
P = Insert!on Power Gann_ is due to non-linearities in the amplifier, an between the second-order mter_cept and the
V| = Insertion Voltage Gain indication of the point of transition between fundamental qutput Ievgl. The third-order IMR
Measured value for the small-signal operation and the large-signal IS equal to twice the difference between the
NE5204 = | Sy 12 = 100 mode. third-order intercept and the fundamental out-
put level. These are expressed as:
P The saturated output power is a measure of
2Py =T s, 12= 100 the amplifier's ability to deliver power into an IP2 = Poyr + IMR;
PiN external load. It is the value of the amplifier's IP3 = Poyr + IMRg/2
_ Vout VP = _ output power when the input is heavily over- X .

and V| = v P =831 =10 driven. This includes the sum of the power in  Where P.OUT is the power level in dBm of each
IN all harmonics. of a pair of equal level fundamental output
In decibels: signals, IP; and IP3 are the second- and third-

: order output intercepts in dBm, and IMR; and

Pygg) = 10Log |S,1 |2 = 20dB IMRg are the second- and third- order inter-

- - modulation ratios in dB. The intermodulation
Vigs) = 20L0g S7; = 20dB intercept is an indicator of intermodulation
PI(dB) = V|(d|3) = Spq dB) = 20dB performance only in the small-signal operat-
2.0 2.0
1.9 1.9
1.8 Ta=25°C '8
« 17 Vee=6V « 17 Ta=25°C
% 16 7 g 6 Vec=6V
> 15 >

5 . 7 5 1.5

z 14 3R] f

H 13 [ 20=750 v 4 :;5; o 7

1.2 ! v4 —2o0=750
] ! I #7 AY 12 T
11— 2o =500 1 1.1 |— zo=500 L
1.0 . I L 1.0 T
10 2 4 6 82 2 4 6 8403 10! 2 4 6 8492 2 4 6 8403

a. Input VSWR vs Frequency

FREQUENCY—MHz

0P04840S

b. dutpui VSWR vs Frequency
Figure 21. Input/Output VSWR vs Frequency

FREQUENCY—MHz
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ing range of the amplifier. Above some output
level which is below the 1dB compression
point, the active device moves into large-
signal operation. At this point, the intermodu-
lation products no longer follow the straight-
line output slopes, and the intercept descrip-
tion is no longer valid. It is therefore important
to measure IP; and IP3 at output levels well
below 1dB compression. One must be care-
ful, however, not to select levels which are
too low, because the test equipment may not
be able to recover the signal from the noise.
For the NE5204, an output level of -10.5dBm
was chosen with fundamental frequencies of
100.000 and 100.01MHz, respectively.

ADDITIONAL READING ON
SCATTERING PARAMETERS

For more information regarding S-parame-
ters, please refer to High-Frequency Amplifi-
ers; by Ralph S. Carson of the University of
Missouri, Rolla, Copyright 1985, published by
John Wiley & Sons, Inc.

February 12, 1987
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Figure 22

S-Parameter Techniques for Faster, More
Accurate Network Design, HP App Note 95-1,
Richard W. Anderson, 1967, HP Journal.
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DESCRIPTION

The NE/SA/SE5205 is a High Frequen-
cy Amplifier with a fixed insertion gain of
20dB. The gain is flat to + 0.5dB from DC
to 450MHz, and the —3dB bandwidth is
greater than 600MHz in the EC package.
This performance makes the amplifier
ideal for cable TV applications. For lower
frequency applications, the part is also
available in industrial standard dual in-
line and small outiine packages. The
NE/SA/SE5205 operates with a single
supply of 6V, and only draws 25mA of
supply current, which is much less than
comparable hybrid parts. The noise fig-
ure is 4.8dB in a 7552 system and 6dB in
a 502 system.

Until now, most RF or high frequency
designers had to settle for discrete or
hybrid solutions to their amplification
problems. Most of these solutions re-
quired trade-offs that the designer had
to accept in order to use high frequency
gain stages. These include high power
consumption, large component count,
transformers, large packages with heat
sinks, and high part cost. The NE/SA/
SE5205 solves these problems by incor-
porating a wide-band amplifier on a sin-
gle monolithic chip.

The part is well matched to 50 or 7552
input and output impedances. The
Standing Wave Ratios in 50 and 7582
systems do not exceed 1.5 on either the
input or output from DC to the -3dB
bandwidth limit.

Since the part is a small monolithic IC
die, problems such as stray capacitance
are minimized. The die size is small
enough to fit into a very cost-effective 8-
pin small-outline (SO) package to further
reduce parasitic effects. A TO-46 metal
can is also available that has a case
connection for RF grounding which in-
creases the -3dB frequency to 650MHz.
The metal can and Cerdip package are
hermetically sealed, and can operate
over the full -55°C to +125°C range.

No external components are needed
other than AC coupling capacitors be-
cause the NE/SA/SE5205 is internally
compensated and matched to 50 and

February 12, 1987

NE/SA/SE5205

Wide-band High Frequency
Amplifier

Product Specification

7562 The amplifier has very good distor- PIN CONFIGURATIONS

tion specifications, with second and
third-order intermodulation intercepts of
+24dBm and +17dBm respectively at
100MHz.

The device is ideally suited for 7582
cable television applications such as
decoder boxes, satellite receiver/decod-
ers, and front-end amplifiers for TV re-
ceivers. It is also useful for amplified
splitters and antenna amplifiers.

The part is matched well for 502 test
equipment such as signal generators,
oscilloscopes, frequency counters and
all kinds of signal analyzers. Other appli-
cations at 502 include mobile radio, CB
radio and data/video transmission in
fiber optics, as well as broad-band LANs
and telecom systems. A gain greater
than 20dB can be achieved by cascad-
ing additional NE/SA/SE5205s in series
as required, without any degradation in
amplifier stability.

N, FE, D Packages

TOP VIEW
CD127608

NOTE:
Tab denotes Pin 1.

FEATURES
® 650MHz bandwidth
e 20dB insertion gain
® 4.8dB (6dB) noise figure
Zo =758 (Zo = 5052)
® No external components required

e Input and output impedances
matched to 50/755) systems

e Surface mount package available

o Excellent performance in cable
TV 75X2 systems

APPLICATIONS

e 75%) cable TV decoder boxes
e Antenna amplifiers
o Amplified splitters
e Signal generators

o Frequency counters
e Oscilloscopes

© Signal analyzers

e Broad-band LANs

o Fiber-optics

o Modems

e Mobile radio

e CB radio

o Telecommunications

4-14
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Wide-band High Frequency Amplifier NE/SA/SE5205

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO 0 to +70°C NE5205D
8-Pin Metal can 0 to +70°C NE5205EC
4-Pin Cerdip 0 to +70°C NE5205FE
8-Pin Plastic DIP 0 to +70°C NE5205N
8-Pin Plastic SO -40°C to +85°C SA5205D
8-Pin Plastic DIP -40°C to +85°C SA5205N
8-Pin Cerdip -40°C to +85°C SA5205FE
8-Pin Cerdip -55°C to +125°C SE5205FE

EQUIVALENT SCHEMATIC

Vee

< Ry P Ro
N
Q; S AAS Vi
s g ‘/T —O Vour
T*T s
< R
ViN O———— Q Q4 $M

ol

Rg2
AAA
VWA

TCo84908
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Wide-band High Frequency Amplifier NE/SA/SE5205

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 \
Vac AC input voltage .5 Vp.p
Ta Operating ambient temperature range
NE grade 0 to +70 °C
SA grade -40 to +85 °C
SE grade -55 to +125 °C
P Maximum power dissipation,
D Ta = 25°C (still air)’ 2
FE package 780 mwW
N package 1160 mw
D package 780 mwW
EC package 1250 mw

NOTES:
1. Derate above 25°C, at the following rates:
FE package at 6.2mW/°C
N package at 9.3mW/°C
D package at 6.2mW/°C
EC package at 10.0mW/°C
2. See ""Power Dissipation Considerations’ section.

DC ELECTRICAL CHARACTERISTICS at Voc =6V, Zg=2Z =Zo=500 and Ta =25°C, in all packages, unless otherwise

specified.
SE5205 NE/SA/SE5205
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max | Min | Typ | Max
Operating supply voltage range Over temperature 5 6.5 5 8 \
5 6.5 5 8 \
lcc Supply current Over temperature 20 24 30 20 24 30 mA
19 31 19 31 mA
S21 Insertion gain f = 100MHz 17 19 21 17 19 21 dB
Over temperature 16.5 215 | 165 21.5
S11 Input return loss f=100MHz D, N, FE 25 25 dB
DC-fuax D, N, FE 12 12 dB
S11 Input return loss f=100MHz EC package 24 dB
DC - fmax EC 10 dB
S22 Output return loss f=100MHz D, N, FE 27 27 dB
DC - fmax 12 12 dB
S22 Output return loss f=100MHz EC package 26 dB
DC - Fimax 10 dB
S12 Isolation f=100MHz -25 -25 dB
DC - fmax -18 -18 dB
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DC ELECTRICAL CHARACTERISTICS at Voo =6V, Zg =2, =Zo =500 and Ta=25°C, in all packages, unless otherwise

specified.
SE5205 NE/SA/SE5205
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max | Min | Typ | Max
BW Bandwidth +0.5dB D, N 450 MHz
fmax Bandwidth -3dB D, N 550 MHz
fMAX Bandwidth +0.5dB EC 300 500 MHz
fmax Bandwidth +0.5dB FE 300 300 MHz
fmax Bandwidth -3dB EC 600 MHz
fmax Bandwidth -3dB FE 400 400 MHz
Noise figure (7582) f=100MHz 4.8 4.8 dB
Noise figure (50€2) f=100MHz 6.0 6.0 dB
Saturated output power f=100MHz +7.0 +7.0 dBm
1dB gain compression f=100MHz +4.0 +4.0 dBm
Third-order intermodulation f=100MHz +17 +17 dBm
intercept (output)
Second-order intermodulation f = 100MHz +24 +24 dBm
intercept (output)
9
% [ N
< 32 o 8 ﬁ’::g?c
7 o Ta=25°C - 7
I w Vee=8v N
& 26 A a 7 :/’O(F?‘; -
[3 =
3 2 ; vg-sv N \
z A o i
& 22 L 2, pot
3 20 i
12 . [ T[]
5 55 [) 65 7 7.5 8 w2 4 8 842 2 4 8 80
SUPPLY VOLTAGE—V FREQUENCY—MHz
‘OP04840S OP04650S
Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency
25 n
1 10 T
I 9 Yeen IV Voe=6v |
Vi Iav‘_'— £ ; ooz
'cc= 8V T —
i i PO SENY
3 g
z ' Voo= 6V ] g 3
g T Veo=svL] 5 1
& 15 —Zo=500 a o AN
2 | Ta=25°C 5 -1
= o -2
-3 |—2zo=500 AN
-4 F—Ta=25°C
-5 +
10 -6 ]
10! 2 4 6 8 42 2 4 6 8403 10! 2 4 6 8402 2 4 6 8408
FREQUENCY—MHz FREQUENCY—MHz
OP04660S OP04680S
Figure 3. Insertion Gain vs Frequency (Sz1) Figure 4. Insertion Gain vs Frequency (Sz1)
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Figure 5. Saturated Output Power vs Frequency
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Figure 6. 1dB Gain Compression vs Frequency
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Figure 9. Input VSWR vs Frequency
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Figure 10. Output VSWR vs Frequency
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Figure 13. Insertion Gain vs Frequency (S21) Figure 14. Insertion Gain vs Frequency (Sz1)
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THEORY OF OPERATION

The design is based on the use of multiple
feedback loops to provide wide-band gain
together with good noise figure and terminal
impedance matches. Referring to the circuit
schematic in Figure 15, the gain is set primari-
ly by the equation:

Vour
N - (Rr1 + Re1)/Rgq
IN

(1)
which is series-shunt feedback. There is also
shunt-series feedback due to Rgz and Rgz
which aids in producing wideband terminal
impedances without the need for low value
input shunting resistors that would degrade
the noise figure. For optimum noise perfor-
mance, Rgy and the base resistance of Q4
are kept as low as possible while Rgs is
maximized.

The noise figure is given by the following
equation:

NF =

KT
b+ Rgy + ——

10 Log 1+ 29ici” ( dB (2)

Ro

where Igy =5.5mA, Rgq =128, r, =130,
KT/q = 26mV at 25°C and R = 50 for a 5082
system and 75 for a 7582 system.

The DC input voltage level V|y can be deter-
mined by the equation:

ViN = VBe1 + (Ic1 + Ica) Req

where Rgy =128, Vgg=0.8V, Igy =5mA
and Igg = 7mA (currents rated at Vgc = 6V).

Under the above conditions, Vy is approxi-
mately equal to 1V.

Level shifting is achieved by emitter-follower
Q3 and diode Q4 which provide shunt feed-
back to the emitter of Q; via Rgq. The use of
an emitter-follower buffer in this feedback
loop essentially eliminates problems of shunt
feedback loading on the output. The value of
Rpq = 14082 is chosen to give the desired
nominal gain. The DC output voltage Vout
can be determined by:

Vourt = Vee - (et lce)R2, )
where Vg = 6V, Ry = 2258, Ico = 7mA and
lce = 5mA.

From here it can be seen that the output
voltage is approximately 3.3V to give relative-
ly equal positive and negative output swings.
Diode Qs is included for bias purposes to
allow direct coupling of Rg» to the base of Q.
The dual feedback loops stabilize the DC
operating point of the amplifier.

The output stage is a Darlington pair (Qg and
Qy) which increases the DC bias voltage on
the input stage (Qi) to a more desirable
value, and also increases the feedback loop
gain. Resistor Rp optimizes the output VSWR

(Voltage Standing Wave Ratio). Inductors L4
and L, are bondwire and lead inductances
which are roughly 3nH. These improve the
high frequency impedance matches at input
and output by partially resonating with 0.5pF
of pad and package capacitance.

POWER DISSIPATION
CONSIDERATIONS

When using the part at elevated temperature,
the engineer should consider the power dissi-
pation capabilities of each package.

At the nominal supply voltage of 6V, the
typical supply current is 26mA (30mA Max).
For operation at supply voltages other than
6V, see Figure 1 for Icc versus Vgc curves.
The supply current is inversely proportional to
temperature and varies no more than 1mA
between 25°C and either temperature ex-
treme. The change is 0.1% per °C over the
range.

The recommended operating temperature
ranges are air-mount specifications. Better
heat sinking benefits can be realized by
mounting the D and EC package body against
the PC board plane.

PC BOARD MOUNTING

In order to realize satisfactory mounting of the
NE5205 to a PC board, certain techniques
need to be utilized. The board must be
double-sided with copper and all pins must be
soldered to their respective areas (i.e., all

Vee

[

AAA

\»

N %
_k Q2
:: R3
S0
<R
S Re2
12
Qs

Figure 15. Schematic Diagram

TC085008
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GND and V¢ pins on the SO package). In
addition, if the EC package is used, the case
should be soldered to the ground plane. The
power supply should be decoupled with a
capacitor as close to the V¢ pins as possible
and an RF choke should be inserted between
the supply and the device. Caution should be
exercised in the connection of input and
output pins. Standard microstrip should be
observed wherever possible. There should be
no solder bumps or burrs or any obstructions
in the signal path to cause launching prob-
lems. The path should be as straight as
possible and lead lengths as short as possi-
ble from the part to the cable connection.
Another important consideration is that the
input and output should be AC coupled. This
is because at Vgc = 6V, the input is approxi-
mately at 1V while the output is at 3.3V. The
output must be decoupled into a low imped-
ance system or the DC bias on the output of
the amplifier will be loaded down causing loss
of output power. The easiest way to decouple
the entire amplifier is by soldering a high
frequency chip capacitor directly to the input
and output pins of the device. This circuit is
shown in Figure 16. Follow these recommen-
dations to get the best frequency response
and noise immunity. The board design is as
important as the integrated circuit design
itself.

Both of the evaluation boards that will be
discussed next do not have input and output
capacitors because it is assumed the user will
use AC coupled test systems. Chip or foil
capacitors can easily be inserted between the
part and connector if the board trace is
removed.

502 EVALUATION BOARD

The evaluation board layout shown in Figure
17 produces excellent results. The board is to
scale and is for the SO package but can be
used for the EC package as well. Both top
and bottom are copper clad and the ground
planes are bonded together through 502
SMA cable connectors. These are solder
mounted on the sides of the board so that the
signal traces line up straight to the connector
signal pins.

Solid copper tubing is soldered through the
flange holes between the two connectors for
increased strength and grounding character-
istics. Two or four hole flanges can be used.
A flat round decoupling capacitor is placed in
the board's round hole and soldered between
the bottom Vg plane and the top side
ground. The capacitor is as thin or thinner
than the PC board thickness and has insula-
tion around its side to isolate Vg and ground.
The square hole is for the SO package which
is put in upside down through the bottom of
the board so that the leads are kept in

February 12, 1987
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Figure 17. BC Board Layout for NE/SA/SE5205 Evaluation

4-21




Signetics Linear Products

Product Specification

Wide-band High-Frequency Amplifier

NE/SA/SE5205

position for soldering. Both holes are just
slightly larger than the capacitor and IC to
provide for a tight fit.

This board should be tested in a system with
5082 input and output impedance for correct
operation.

7552 EVALUATION BOARD
Another evaluation board is shown in Figure
18. This system uses the same PC board as

presented in Figure 17, but makes use of 7582
female N-type connectors. The board is
mounted in a nickel plated box* that is used
to support the N-type connectors. This is an
excellent way to test the part for cable TV
applications. Again, the board should be test-
ed in a system with 7582 input and output
impedance for correct operation.

*The box and connectors are available as a '"MOD-
PACK SYSTEM'" from the ANZAC division of

ADAMS-RUSSELL CO., INC., 80 Cambridge Street,
Burlington, MA 01803.

SCATTERING PARAMETERS

The primary specifications for the NE/SA/
SE5205 are listed as S-parameters. S-param-
eters are measurements of incident and re-
flected currents and voltages between the
source, amplifier and load as well as trans-
mission losses. The parameters for a two-port
network are defined in Figure 19.

(19.1)

DF05980S

1.344
FEEDTHRU (34.1) UNC-3
0.469 r';“z ] 3}?5 (9.5 :EEP
(1.9) Q) pine VAR A
MODEL 7014 ¢
70141 (BNC) -
o142 (TN) + oerz |}
7014-3 (TYPE N) o 1/ 3 "7 1.344
7014-4 (SMA) 3 '&t : fh ] m—[ (34.1)
0375 0.0862 TYP ,_J
9.5) o _’;II:_ (1.6) 45 1.000 DIA
" sorromview (254

Figure 18. 7502 N-Type Connector System
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(27.5) 2 0.290 (7.4) TYP
|
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|
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S12

AF03680S

Figure 19a. Two-Port Network Defined
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Actual S-parameter measurements using an
S,; — INPUT RETURN LOSS S, — FORWARD TRANSMISSION LOSS HP network analyzer (model 8505A) and an
OR INSERTION GAIN HP S-parameter tester (models 8503A/B) are
';%‘gznlgﬁs#efgg S, =+ [TRANSDUCER POWER GAIN shown in Figure 20. These were obtained with
S, = SOWER AALABLE Frow 2 \/ the device mounted in a PC board as de-
GENERATOR AT INPUT PORT S, — OUTPUT RETURN LOSS scribed in Figures 17 and 18.
POWER REFLECTED For 5052 system measurements, SMA con-
Siz = givlggfiggsNSMlssnON Loss S5 FROM OUTPUT PORT nectors were used. The 75X data was ob-
2 POWER AVAILABLE FROM tained using N-connectors.
S.= REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT )
2 POWER GAIN Values for the figures below are measured
AF036908 and specified in the data sheet to ease
Figure 19b adaptation and comparison of the NE/SA/
SE5205 to other high frequency amplifiers.
5052 System 752 System
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The most important parameter is Syq. It is
defined as the square root of the power gain,
and, in decibels, is equal to voltage gain as
shown below:

Zp = Z)N = Zoyr for the NE/SA/SE5205

2 o_|NE/SA/ | o 2
P ViN SEs205[ Vour
IN = —— ouT =
Zp o— 2p Zp
Vour
Pour__2o__Vour”_p
PN VN W
Zp
P = V|2

Py = Insertion Power Gain
V| = Insertion Voltage Gain

Measured value for the
NE/SA/SE5205 =S, 12 =100

P N
2P =25y 12 = 100
PiN

v _
and Vi =2 = /By =8, =10
ViN

In decibels:

Pis) = 10 Log ISz 12=20dB
Vi) = 20 Log Spq = 20dB

~. Pygg) = Vi(gg) = S21(dg) = 20dB

Also measured on the same system are the
respective voltage standing wave ratios.
These are shown in Figure 21. The VSWR
can be seen to be below 1.5 across the entire
operational frequency range.

Relationships exist between the input and
output return losses and the voltage standing
wave ratios. These relationships are as fol-
lows:

INPUT RETURN LOSS = S11dB
S11dB =20 Log |S11 |

OUTPUT RETURN LOSS = Sy,dB
SzgdB =20 Log nggl

14844
INPUT VSWR = —— <1,
11-8441
11+ 8pl
OUTPUT VSWR = ——22. <15
11-85l

1dB GAIN COMPRESSION AND
SATURATED OUTPUT POWER
The 1dB gain compression is a measurement
of the output power level where the small-
signal insertion gain magnitude decreases
1dB from its low power value. The decrease
is due to nonlinearities in the amplifier, an
indication of the point of transition between
small-signal operation and the large signal
mode.

The saturated output power is a measure of
the amplifier's ability to deliver power into an
external load. It is the value of the amplifier's
output power when the input is heavily over-
driven. This includes the sum of the power in
all harmonics.

INTERMODULATION INTERCEPT
TESTS

The intermodulation intercept is an expres-
sion of the low level linearity of the ampilifier.
The intermodulation ratio is the difference in
dB between the fundamental output signal
level and the generated distortion product
level. The relationship between intercept and
intermodulation ratio is illustrated in Figure
22, which shows product output levels plotted
versus the level of the fundamental output for
two equal strength output signals at different
frequencies. The upper line shows the funda-
mental output plotted against itself with a 1dB

to 1dB slope. The second and third order
products lie below the fundamentals and
exhibit a 2:1 and 3:1 slope, respectively.

The intercept point for either product is the
intersection of the extensions of the product
curve with the fundamental output.

The intercept point is determined by measur-
ing the intermodulation ratio at a single output
level and projecting along the appropriate
product slope to the point of intersection with
the fundamental. When the intercept point is
known, the intermodulation ratio can be de-
termined by the reverse process. The second
order IMR is equal to the difference between
the second order intercept and the funda-
mental output level. The third order IMR is
equal to twice the difference between the
third order intercept and the fundamental
output level. These are expressed as:

IP2 = Poyt + IMR2
IP3 = Pour + IMR3/2

where Poyr is the power level in dBm of each
of a pair of equal level fundamental output
signals, IP; and IP3 are the second and third
order output intercepts in dBm, and IMR; and
IMR3 are the second and third order inter-
modulation ratios in dB. The intermodulation
intercept is an indicator of intermodulation
performance only in the small signal operat-
ing range of the amplifier. Above some output
level which is below the 1dB compression
point, the active device moves into large-
signal operation. At this point the intermodu-
lation products no longer follow the straight
line output slopes, and the intercept descrip-
tion is no longer valid. It is therefore important
to measure IP, and IP3 at output levels well
below 1dB compression. One must be care-
ful, however, not to select too low levels
because the test equipment may not be able
to recover the signal from the noise. For the
NE/SA/SE5205 we have chosen an output
level of —10.5dBm with fundamental frequen-
cies of 100.000 and 100.01MHz, respectively.

2.0 T 2.0
19 } 19
1
18 Ta=25°C 8 f
17 Vee=6V c 17 Ta=25°C {
Vee= 6V

g 16 / z 16 cc 1
- 1.5 y 4 E 15
5 / 2
g 14— 7/ g 14 i
= 13— Z0=750 3 43

12 T 7 — 20=750

. 1 \ 1. —pe 7

1.1 (— Zo =500 1 1.1 f— 202500 I

1.0 L 10 '

10! 2 4 6 84q2 2 4 6 8403 10! 2 4 6 8402 2 4 6 8403
FREQUENCY—MHz FREQUENCY—MHz
OP04840S OP04850S
a. Input VSWR vs Frequency b. Output VSWR vs Frequency
Figure 21. Input/Output VSWR vs Frequency
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ADDITIONAL READING ON
SCATTERING PARAMETERS

For more information regarding S-parame- ml_ﬂd Oﬁ?&)mr | -2t ofioen
ters, please refer to High-Frequency Amplifi- +20 Tdb EEISE' TN “T—POINT
ers by Ralph S. Carson of the University of o _chpaEss.ON_ ol h l [
Missouri, Rolla, Copyright 1985; published by B POINT Lo z _‘_,_
John Wiley & Sons, Inc. 2 o |FUNDAMENTAL . " —
2 E RESPONSE -_ | ‘ 1 I
"'S-Parameter Techniques for Faster, More 2% ob--2 ! & o —
Accurate Network Design'', HP App Note 95- % LA /g T~omooroer
1, Richard W. Anderson, 1967, HP Journal. 20 = - S - RESPONSE | -
V4 3RDORDER | |
"'S-Parameter Design", HP App Note 154, -30 — [ " RESPONSE — 1 ——T——
1972 L E Pl
) -40 - .
-60 -50 -40 -30 -20 -10 0 +10 +20 30 +40
INPUT LEVEL
dém
‘OP04860S
Figure 22
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DESCRIPTION

The NE/SE5539 is a very wide band-
width, high slew rate, monolithic opera-
tional amplifier for use in video amplifi-
ers, RF amplifiers, and extremely high
slew rate amplifiers.

Emitter-follower inputs provide a true
differential high input impedance device.
Proper external compensation will allow
design operation over a wide range of
closed-loop gains, both inverting and
non-inverting, to meet specific design
requirements.

ORDERING INFORMATION

NE/SE5539

Ultra-High Frequency

Operational Amplifier

Product Specification

FEATURES
e Gain bandwidth product: 1.2GHz
at 17dB

e Slew rate: 600/Vus
o Full power response: 48MHz
e AyoL: 52dB typical
e 350MHz unity gain

APPLICATIONS
o Fast pulse amplifiers
o RF oscillators
o Fast sample and hold

o High gain video amplifiers
(BW > 20MHz)

PIN CONFIGURATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0 to +70°C NE5539N
14-Pin Plastic SO 0 to +70°C NE5539D
14-Pin Cerdip 0 to +70°C NES539F
14-Pin Plastic DIP -55°C to +125°C SE5539N
14-Pin Cerdip ~-55°C to +125°C SE5539F

ABSOLUTE MAXIMUM RATINGS'
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage +12 \
Pp Internal power dissipation 550 mw
Tsta Storage temperature range -65 to +150 °C
Ty Max junction temperature 150 °C
Ta Operating temperature range
NE 0 to 70 °C
SE -55 to +125 °C
TsoLp Lead temperature (10sec max) 300 °C
NOTE:

1. Differential input voltage should not exceed 0.25V to prevent excessive input bias current and
common-mode voltage 2.5V. These voltage limits may be exceeded if current is limited to less

than 10mA.

October 10, 1986
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Ultra-High Frequency Operational Amplifier NE/SE5539

EQUIVALENT CIRCUIT

? (12) FREQUENCY COMP.
-0 (10) +vce
3 s f 3
(=) 14 O
INVERTING INPUT
s
3 b
) O————K )
NON-INVERTING
INPUT LA
4 -
'] v
b3 s ’W S
b3 :E b3 :E t——o (8) ouTPUT
< o 22¢
<>
O (7) GND
<
$ V] L
3
b3
P 3 < P
3 : 3
< 1 <
. . O (3 =Vce
so—-— ¥
“TC08730S
DC ELECTRICAL CHARACTERISTICS Vv =*8V, T =25°C, unless otherwise specified.
SE5539 NE5539
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Over temp 2 5
Vos input offset voltage Vo =0V, Rg =100Q mv
Ta=25°C 2 3 25| 5
AVps/ AT 5 5 uv/°Cc
| | . ! Over temp 0.1 3 A
nput offset curren
08 i Tp = 25°C 01| 1 2
Algg/ AT 0.5 0.5 nA/°C
Over temp 6 25
Ig Input bias current MA
Ta=25°C 5 13 5 20
Alg/AT 10 10 nA/°C
CMRR | Common-mode rejection ratio F =1kHz, Rg=100Q, Vgm 1.7V 70 | 80 70 | 80 dB
Over temp | 70 | 80 dB
RiN Input impedance 100 100 k2
Rout Output impedance 10 10 Q
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Ultra-High Frequency Operational Amplifier NE/SE5539

DC ELECTRICAL CHARACTERISTICS (Continued) Vg =8V, Ta=25°C, unless otherwise specified.

SE5539 NE5539
SYMBOL PARAMETER TEST CONDITIONS UNIT
- Min | Typ | Max | Min | Typ | Max
. RL=1508 to GND and | *+Swing ' +23|+27
V Output voltage swin Vv
our hs ge swing 4709 to Vo _Swing 17| -22
+Swing |+2.3|+3.0
Over temp “ou ARy \
) RL = 2kS2 to —Swing | -1.5/-2.
Vout Output voltage swin:
9 GND +Swing |+25|+3.1
Ta=25°C Y
-Swing -20|-27
| Posit | ¢ Vo=0. R Over temp 14 | 18 A
+ ositive su| curren =0, Ry=0o° m
cc PRy omn Ta=25°C 14 | 17 14 | 18
| Negati | ¢ Ve=0 R Over temp 1" 15 A
cc— egative supply curren =0, Ry=2 m
’ ! Ta=25°C 1| 14 1| 15
Over temp 300 | 1000
PSRR Power supply rejection ratio AVgo=*1V uv/v
Ta=25°C 200 | 1000
) ) Vo =+23V, -1.7V
AvoL Large signal voltage gain RL = 1502 to GND, 4702 to ~Vgo 47 52 57 dB
) ) Vo =+23V, 1.7V
A Large signal voltage gain ’ dB
Vot 9e sl 99 R =28 to GND Ta=25°C 47 | 52 | 87
! ) Vo=+25V, —2.0V Over temp | 46 60
A Large signal voltage gain ! dB
VoL ge 59 9e ¢ RL=2kQ to GND TA=25°G | 48 | 53 | 58
DC ELECTRICAL CHARACTERISTICS Vcc=+6V, T =25°C, unless otherwise specified.
SE5539
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Over temp 2 5
Vos Input offset voltage mv
Ta=25°C 2 3
| Inout offset " Over temp 0.1 3 A
S nput offset curren
0 Tp=25°C 0.1 1
Over temp 5 20
Ig Input bias current MA
Ta=25°C 4 10
CMRR | Common-mode rejection ratio Vem = 1.3V, Rg = 10092 70 85 dB
Over temp 1 14
lcc+ Positive supply current mA
Ta=25°C 1 13
| Negati | ¢ Over temp 8 1 A
cc— egative supply curren m.
9 Ta=25°C 8 10
. Over temp 300 1000
PSRR Power supply rejection ratio AV =*1V /v
Ta=25°C
+Swing +1.4 | +20
Over temp owi 1 7
. RL = 15002 to GND —Swing -1 -1
V Output voltage swin \
ot ® 9o swing and 390 to ~Veo +Swing | +15 | +20
Ta=25°C
-Swing -1.4 -1.8
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Ultra-High Frequency Operational Amplifier NE/SE5539

AC ELECTRICAL CHARACTERISTICS vcc =18V, R =150 to GND & 4708 to -V¢g, unless otherwise specified.

SE5539 NE5539
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
BW Gain bandwidth product AcL=7, Vo=0.1 Vpp 1200 1200 MHz
Small-signal bandwidth AcL=2, R .= 1500 110 110 MHz
tg Settling time AcL =2, R_=150Q" 15 15 ns
SR Slew rate AcL =2, R_=150Q' 600 600 V/us
tpp Propagation delay AcL =2, R_=150Q' 7 7 ns
Full power response AcL =2, R_=150Q! 48 48 MHz
Full power response Ay =7, R_=150Q" 20 20 MHz
Input noise voltage Rs = 5082 4 4 nv/vHz
NOTE:

1. External compensation.

AC ELECTRICAL CHARACTERISTICS Vo =+6V, R =150 to GND and 390£ to -V¢g, unless otherwise specified.

SE5539
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max

BW Gain bandwidth product AcL=7 700 MHz
Small-signal bandwidth AcL=2" 120 MHz

ts Settling time AcL=2' 23 ns
SR Slew rate AcL =2 330 V/us

trp Propagation delay AL =2! 45 ns
Full power response Ag =21 20 MHz

NOTE:

1. External compensation.

TYPICAL PERFORMANCE CURVES

NE5539 Open-Loop Phase NE5539 Open-Loop Gain

N i

o il 40 ]

™ 1 30 N T
- 20

10 x
270° I °
% 10MHz 100MHz 16Hz Mz oMKz 100MHz 1GHz
OP051808 OP05190S
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NE/SE5539

TYPICAL PERFORMANCE CURVES (Continued)

Power Bandwidth (SE)

—verssn I,

BwW.

P-P OUTPUT VOLTS
w

FREQUENCY IN CYCLES PER SECOND

SE5539 Open-Loop Gain vs Frequency

GANGE o
8

10—

R = 1260
" >
1 Mz 10 MHz 100 MHz 300MHz
FREQUENCY IN CYCLES PER SECOND
0P052208
SE5539 Open-Loop Phase vs Frequency
o
_ 5
o
8
9 °0°
]
180°
1 MMz 10 MMz 100 MHz 300MHz
FREQUENCY IN CYCLES PER SECOND
NOTE
y Indicates typical
W distribution —§6°C < T, < 125°C
0P052408

Power Bandwidth (NE)

3
é \
B.W.
g 2 A
3
3
IS
° vee = z6v
T RL = 150}
GAN (-2)
TMHz 10MHz 100MHz 300MHz
FREQUENCY IN CYCLES PER SECOND
0P052108
Power Bandwidth
REF
3.04v
PP
-2
E’ -4
3 \
5 -s
8 \
8 -s
N
A
1Mz 10 Mz 100 MHz 300 MHz
FREQUENCY IN CYCLES PER SECOND
0P052308

Galn Bandwidth Product vs Frequency

Av = X10

Ay = X7.5

e = z6vV—
RL = 1500
BANOWIOTF

| |

10 Mz 100 Mz
FREQUENCY N CYCLES PER SECOND
0P052508
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Ultra-High Frequency Operational Amplifier

NE/SE5539

CIRCUIT LAYOUT
CONSIDERATIONS

As may be expected for an ultra-high frequen-
cy, wide gain bandwidth amplifier, the physi-

cal circuit layout is extremely critical. Bread-
boarding is not recommended. A double-
sided copper-clad printed cirucit board will
result in more favorable system operation. An

example utilizing a 28dB non-inverting amp is
shown in Figure 1.

Re
AN
WA

+v

NOTES:

Ry =758 5% CARBON
Rz = 7582 5% CARBON
R =762 5% CARBON
R4 =36k 5% CARBON

1nF
+V O——AAA———O -V
Re RFC n
AAA
VW >y nF
R1
3 =
470

Re
= nF
RFC
R2
75
nF —

-V

Rs = 20k TRIMPOT (CERMET)
Re = 1.5k (28dB GAIN)
Rg = 4709 5% CARBON

75
R3 /

——AAA———O VouT [,’:,3,]

RFC 3T # 26 BUSSWIRE ON
FERROXCUBE VK 200 09/38 CORE
BYPASS CAPACITORS

1nF CERAMIC

(MEPCO OR EQUIV.)

TC087408

Top Plane Copper!
(Component Side)

Component Side
(Component Layout)

NOTES:
(X) indicates ground connection to top plane.
*Re is on bottom side.

Bottom Plane
Copper’

NOTE:
Bond edges of top and bottom ground plane copper.

Figure 1. 28dB Non-Inverting Amp Sample PC Layout
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Ultra-High Frequency Operational Amplifier NE/SE5539

NE5539 COLOR VIDEO
AMPLIFIER ‘

The NE5539 wideband operational amplifier
is easily adapted for use as a color video
amplifier. A typical circuit is shown in Figure 2
along with vector-scope’ photographs show-
ing the ampilifier differential gain and phase
response to a standard five-step modulated
staircase linearity signal (Figures 3, 4 and 5).
As can be seen in Figure 4, the gain varies
less than 0.5% from the bottom to the top of
the staircase. The maximum differential
phase shown in Figure 5 is approximately
+0.1°.

[l

The amplifier circuit was optimized for a 7582
input and output termination impedance with
a gain of approximately 10 (20dB).

NOTE:
1. The input signal was 200mV and the output 2V.
Vcc was 8V,

TC087508

Figure 2. NE5539 Video Amplifier

DF05950S.

Figure ‘3. Input Signal Figure 4. Differential Gain < 0.5%

NOTE:
1. Instruments used for these its were Tek ix, 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform monitor.
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PHASE
ERROR

¥

DF05960S

Figure 5. Differential Phase +0.1°

APPLICATIONS
+8V
-8V
Zin=500 =} AV 1 +
820 - 2-100F 470 118
- p. NE5539 20=500
203 8
- 87 =
14
1K 2K =
A AA
1 CLEAD
= 1.5pF
TC08760S
Figure 6. Non-Inverting Follower
1
D¢
= $a20 118
¥
K £ 2-20pF
A 200! 87
14

]
I—w—e
8
|

3.3pF

TCo87708

Figure 7. Inverting Follower
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NE5539 DESCRIPTION

The Signetics SE/NE5539 ultra-high frequen-
cy operational amplifier is one of the fastest
monolithic amplifiers made today. With a unity
gain bandwidth of 350MHz and a slew rate of
600V/ us, it is second to none. Therefore, it is
understandable that to attain this speed,
standard internal compensation would have
to be left out of its design. As a consequence,
the op amp is not unconditionally stable for all
closed-loop gains and must be externally
compensated for gains below 17dB. Properly
done, compensation need not limit slew rate.
The following will explain how to use the
methods available with the SE/NE5539.

LEAD AND LAG-LEAD
COMPENSATION

A useful method for compensating the device
for closed-loop gains below seven is to use
lag-lead and lead networks as shown in
Figure 1. The lead network is primarily con-
cerned with compensating for loss of phase
margin caused by distributed board capaci-
tance and input capacitance, while lag-lead is
mainly for optimizing transient response.
Lead compensation modifies the feedback
network and adds a zero to the overall
transfer function. This increases the phase,
but does not greatly change the gain magni-
tude. This zero improves the phase margin.

To determine components, it can be shown
that the optimal conditions for amplifier stabil-
ity occur when:

AN140

Compensation Techniques for
Use With the NE/SE5539

Application Note

However, when the stability criteria is ob-
tained, it should be noted that the actual
bandwidth of the closed-loop amplifier will be
reduced. Based on using a double-sided cop-
per-clad printed circuit board with a distribut-
ed capacitance of 3.5pF and a unity- gain
configuration, C| gap would be 3.5pF. Another
way of stating the relationship between the
distributed capacitance closed-loop gain and
the lead compensation capacitor is:

R1

Cieap = CDISTR_ @
F

When bandwidth is of primary concern, the
lead compensation will usually be adequate.
For closed-loop gains less than seven, lag-
lead compensation is necessary for stability.

If transient response is also a factor in design,
a lag-lead compensation network may be
necessary (Reference Figure 1). For practical
applications, the following equations can be
used to determine proper lag-lead compo-
nents:

Re

—_—> @)
R1/RLac

Therefore,

Riag <—F ©)
LG =7 Re /R

Using the above equation will insure a closed-
loop gain of seven above the network break

(R1)(Cpist) = (RF)(CLeAD) (1)
Cr
i -
AT "
Coist RF I LEAD Coist R
r-F- A r-F- AA
<L <
Ve = R g
IN VYVv
LAG LEAD —O Vour NES5539 —O Vour

=  INVERTING

NOTES:
CL=Claa
RL=Rua

TC09940S

Figure 1. Standard Lag-Lead Compensation

Vin 1,

NON-INVERTING

TC099508

February 1987

4-34

frequency. Cag may now be approxirhated
using:

_ 2m(GBW)

Wuag Rad/Sec 6)

T(GBW)
5

LAG = Rad/Sec @

where
1

~ Rure)Cire)

therefore,

Wiaa 8)

T(GBW) 1
5 (RLac)(CLac)

and

Ciag = (10)

5
" TRLAG(GBW)

TAG-LEAD
COMPENSATION
WILL CONTROL ™
GAIN PEAKING

(GAIN
PEAKING)

GAIN

0
—o00 PHASE \

-180° A\

\

a. Closed-Loop Inverting Gain of
Seven Gain-Phase Response

70MHz

OP0B210S

(Uncompensated)
00
_ AN
o AN
- 80 2
COMPENSATED|
-120
~160 AN
omsnsnso\(—l
-200
~240
-280
1MHz 10MHz  100MHz  1GHz
OP06220S

b. Open-Loop Phase

Figure 2
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SMALL SIGNAL RESPONSE

OuTRUT
200mV 100mVIDIV
p.p
INPUT
100mV ol 10ns/DIV
P-P

DF08010S

Figure 3. Compensated Pulse Response

This method adds a pole and zero to the
transfer function of the device, causing the
actual open-loop gain and phase curve to be
reshaped, thus creating a progressive im-
provement above the critical frequency where
phase changes rapidly. (Near 70MHz, see
Figures 2a and 2b.) But also, the lag-lead
network can be adjusted to optimize gain
peaking for transient responses. Therefore,
rise time, overshoot, and settling time can be
changed for various closed-loop gains. The
result of using this technique is shown for a
pulse amplifier in Figure 3.

TC09860S

Figure 4. Pin 12 Compensation

R
A W
Cc Cc
~— o
R1 R1
14N 12
VIN O—A\- - fA,A,A, 14 > 12
< 8 = < 8
Rc & | NEss3s b—0 Vour Rc 3 | nessas —O Vour
1 1
_L s Vin O +
= INVERTING NON-INVERTING

TC089708

118

18

INVERTING

TC08880S
Figure 5. Pulse Response Test Circuits

NON-INVERTING

TC09090S
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CRITICALLY DAMPED

INPUT

ouTPUT

UNDER DAMPED

| 100mV/DIV

RISE TIME -5.3ns
= 2.3pF

Re=226Q—Cc
PROPAGATION DELAY = 5.1ns

(a)

DF060208
RISE TIME -2.4ns RISE TIME -2.1ns
Rg = 1189 — Cg = 4.6pF Rc =200 — Cg =5.4pF
PROPAGATION DELAY = 2.3ns PROPAGATION DELAY = 2.3ns
(@ ®)
Figure 6. Small Signal Response — Non-Inverting
CRITICALLY DAMPED UNDER DAMPED
INPUT (VoS-
OUTPUT 100mV/DIV
10ns/DIV
DF08030S

Figure 7. Small Signal Response — Inverting

RISE TIME - 3.3ns
c= — Cc = 2.0pF
PROPAGATION DELAY = 4.5ns
(b)

USING PIN 12 COMPENSATION
An alternate method of external compensa-
tion is obtained by use of the SE/NE5539
frequency compensation pin. The circuits in
Figure 4 show the correct way to use this pin.
As can be seen, this method saves the use of
one capacitor as compared to standard lag-
lead and lead compensation as shown in
Figure 1.

But, most importantly, both methods are
equally effective; i.e., a good wide-band am-
plifier below 17dB, with control over ringing
and overshoot. For example, inverting and
non-inverting amplifier circuits using Pin 12
are shown in Figure 5. The corresponding
pulse response for each circuit is shown in
Figures 6 and 7 for the network values
recommended. As shown by’ the response
photos, the overshoot and settling time can
be controlled by adjusting Rc and Cg. In
damping the overshoot, rise time is slightly

February 1987

decreased. Also, the non-inverting configura-
tion (Figure 6) gives a very fast response time
compared to the inverting mode.

AA

Cc
[
o—d N2
Co=F )
Re NE5539 —O
1
j+
TC100008

Figure 8. Co WiIll Reduce Output
Offset and Noise

If it is important to reduce output offset
voltage and noise, an additional capacitor,

4-36

Co, can be added in series with the resistor
(Rc) across the inputs. This should be a large
value to block DC but not affect the benefits
of the compensation components at high
frequencies. A value of 0.01uF as shown in
Figure 8 is sufficient.

INTERNAL CHARACTERISTICS
OF THE NE/SE5539

In order to better understand the compensa-
tion procedure, a detailed discussion of the
amplifier follows.

The complete amplifier schematic is shown in
Figure 9. To clarify the effect of the compen-
sation pin, the schematic is split into five main
parts as shown in Figure 10.

Each segment in Figure 10 is defined as
follows: starting from the non-inverting input,
Section A4 is the amplification from the input
to the base of transistor Q4. Ay is from the
base of Q4 to the summation point at the
collector of Qa. Furthermors, Ag represents
the gain from the non-inverting input to the
summation point via the common emitter side
of Q; and Qs. Finally, Br is the feedback
factor of the positive feedback loop from the
collector of Qg to the base of Q4.

From Figure 10, it can be seen that the total
gain (A7) is:

Ar=—ttB2 a4+ BeAY
T T 3 F A2)
1-(Br A2)

Each term in this equation plays a role at
different frequencies to determine the total
transfer function of the device. Of particular
importance is the pole in Az (near 340MHz)
which causes a roll-off of 12dB/octave and
loss of phase margin just before unity gain.
This can be seen in the Bode plot in Figure
11a. To overcome this pole, a capacitor and
resistor are connected as shown in Figures
12a and 12b. The compensation pin is con-
nected to the emitter of Qs, which is in an
emitter-follower configuration. Therefore, a
reactance connected to Pin 12 acts essential-
ly as if it were connected at the base of Qs.
Since the capacitor is connected here, it is
now a component of Bg and a zero is added
to the transfer function. The resistor across
the input pins controls overall gain and caus-
es At to cross 0dB at a lower frequency; the
capacitor in the feedback loop controls phase
shift and gain peaking.

To further explain, Bode plots of open-loop
response using varying capacitor values and
corresponding pulse responses are shown in
Figures 13a through 13f. The changes in gain
and phase can readily be seen, as is the
effect on bandwidth.
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COMPENSATION
(<]
—O V.
< < < <
Sk 3K 3k e
B 1.5K
Sax Sk
:, . :‘1.3
Qs
N
-INO-
-
vy J
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Figure 9. Complete Schematic of NE/SE5539
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Figure 10. internal Sections
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COMPUTER ANALYSIS

The open-loop and pulse response plots
were generated using an IBM 370 computer
and SPICE, a general-purpose circuit simula-
tion program. Each transistor in the part is
mathematically modeled after actual device
parameters, which were measured in the
laboratory. These models are then combined
with the resistors and voltage sources
through node numbers so that the computer
knows where each is connected.

B 55—
s I
2 S
N\ 0dB
0°
§ ‘\
3 180°
<
T
a
] 1
270 350
f (MHz)

a. Open-Loop Gain — No
Compensation (Computer

Simulation)
OUTPUT
[\
Juivanvive
>
i MR A 1A
INPUT
1
|
5ns/DIV

b. Closed-Loop Non-Inverting
Response — No Compensation
(Computer Simulation —
Oscillation is Evident)

Figure 11

To indicate the accuracy of this system, the
actual open-loop gain is compared to the
computer plots in Figures 14 and 15. The real
payoff for this system is that once a credible
simulation is achieved, any outside circuit can
be modeled around the op amp. This would
be used to check for feasibility before bread-
boarding in the lab. The internal circuit can be
treated like a black box and the outside circuit
program altered to whatever application the
user would like to examine.
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Application Note

Compensation Techniques for Use With the NE/SE5539
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d. Closed-Loop Non-Inverting Pulse

Response — R¢ = 20052, C¢c = 2pF, Av=3
(Computer Simulation — Critically-Damped)
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b. Closed-Loop Non-Inverting Pulse
Response — R¢ = 20052, C¢ = 1pF,
Ay =3 (Computer
Simulation — Underdamped)
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Rc¢ = 20052, C¢ = 3pF,
(Computer Simulation)

4
R
N
2 0dB
>
< »
920V
L
150 350
1 (MH2)
‘OP06260S.

c. Open-Loop Pin 12 Compensation —
Rc = 20052, Cc = 2pF (Computer

Simulation)
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f. Closed-Loop Non-Inverting Pulse
Response — R¢ = 200(2, Cc = 3pF, Ay =3
(Computer Simulation — Overdamped)
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Figure 13
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Signetics NE5592
Video Amplifier

Product Specification

Linear Products

DESCRIPTION FEATURES PIN CONFIGURATION
The NE5592 is a dual monolithic, two- e 120MHz bandwidth D. N P
y . . ) , ackages
stage, differential output, wideband vid- e Adjustable gain from 0 to 400
o ampfer 1 offes o fredgan o1 400 cuetable pass band .
P INAyL1 14| OUT Az
adjustable gain from 400 to 0 with one d :‘0 fi:- ec:‘uency compensation I:
external resistor. The input stage has equire . . WAz [2] [13] our A,
been designed so that with the addition ~® Wave shaping with minimal Ga E 2] vee
of a few external reactive elements be- ~ ©xternal components
tween the gain select terminals, the APPLICATIONS Ga [I E Gs
circuit can function as a high-pass, low- " disk head amplifier vee [5 ] 10] Gs
pass, or band-pass filter. This feature -oppy '8 - p our &, [5] | al
makes the circuit ideal for use as avideo ® Video amplifier ! 82
or pulse amplifier in communications, ® Pulse amplifier in out 8, [7] Z| IN By
magnetic memories, display, video re- communications
corder systems, and floppy disk head e Magnetic memory TOP VIEW
amplifiers. e Video recorder systems Cora0ss
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0 to 70°C NE5592N
14-Pin SO package 0 to 70°C NE5592D
EQUIVALENT CIRCUIT
-0 +V
IE Ry 3R IE Rg S Rio 3; Re
2 ¢
.,____KQ,
VP Qs Q3
N
INPOT 2 o ;:av O OUTPUT 1
INPUT 1 Q Qz —A VA
——O OUTPUT 2
G G
Rs Re
Q7a Q78 Qg Qg Q10 Q1
R7a Rs Ris Rig Riz R4
-0 -V
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Product Specification

Video

Amplifier

NE5592

ABSOLUTE MAXIMUM RATINGS T, =25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vce Supply voltage +8 \"
VIN Differential input voltage 5 \
Vem Common mode Input voltage 6 Vv
lout Output current 10 mA
Ta Sggrsagtgg temperature range 0to +70 oc
Tsta Storage temperature range -65 to +150 °C
Pp Power dissipation 500 mwW

DC ELECTRICAL CHARACTERISTICS T, = +25°C, Vgg =16V, Vom =0, unless otherwise specified. Recommended

operating supply voltage is Vg = £6.0V, and gain select pins are connected together.

SYMBOL PARAMETER TEST CONDITIONS LTS UNITS
Min Typ Max
Differential voltage gain RL = 2k, Vout = 3Ve.p 400 480 600 V/V
Rin Input resistance 3 14 kQ
CiN Input capacitance 25 pF
los Input offset current 0.3 3 MA
IBiAS Input bias current 5 20 MA
Input noise voltage BW 1kHz to 10MHz 4 nv/vVHz
ViN Input voltage range +1.0 v
CMRR Common-mode rejection ratio V\;;tht11\/\,/‘ff<=1:h(;l'<_|l-iz 60 23 gg
PSRR Supply voltage rejection ratio AVg = £ 0.5V 50 85 dB
Channel separation (Ol\l/tglliz Te:eerﬁc;:ef d? ;?.0:':'2(9 65 75 dB
Vos Outp.ut offset vpltage R =o° 0.5 1.5 v
gain select pins open Ry =9 0.25 0.75 \
Vem Output common-mode voltage R =020 24 3.1 3.4 \
Vour Output differential voltage swing R = 2kQ2 3.0 4.0 \
Rour Output resistance 20 Q
oo | o ey e | | m

October 10, 1986
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Product ‘Specification

Video

Amplifier

NE5592

DC ELECTRICAL CHARACTERISTICS Vgg =6V, Vom =0, 0°C < Ta <70°C, unless otherwise specified. Recommended

operating supply voltage is Vg = +6.0V, and gain select pins are connected together.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNITS
Min Typ Max
Differential voltage gain RL = 2kS2, Voyt = 3Vp.p 350 430 600 VIV
Rin Input resistance 1 11 k2
los Input offset current 5 MA
Igias Input bias current 30 MA
ViN Input voltage range 1.0 \
CMRR | Common-mode rejection ratio Vou £ 1';/5 ;;wOKHZ 55 dB
PSRR Supply voltage rejection ratio AVg = * 0.5V 50 dB
. Vout = 1Vp.p; f=100kHz
Channel separation (output referenced) Ry = 1kQ2 75 dB
Vos Output offset voltage
gain select pins connected Ro=0 15 \
together
gain select pins open Ro=o° 1.0 \
Vour Output differential voltage swing RL = 2kQ2 2.8 Vv
lcc Power supply current
(total for both sides) R =02 47 mA

AC ELECTRICAL CHARACTERISTICS Ta=+25°C, Vss =26V, Vom =0, unless otherwise specified. Recommended
operating supply voltage Vg = +6.0V. Gain select pins connected together.

SYMBOL PARAMETER TEST CONDITIONS - LIWITS UNITS
Min Typ Max
BW Bandwidth Vout = 1Vpp 25 20 MHz
tm Rise time 15 ns
trD Propagation delay Vout = 1Vp.p 7.5 12 ns
October 10, 1986 4-42
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Product Specification

Video Amplifier

NE5592

TYPICAL PERFORMANCE CHARACTERISTICS

C Mode Rejection Ratio Output Voltage Swing as a Channel Separation as a
as a Function of Frequency Function of Frequency Function of Frequency
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Product Specification

Video Amplifier

NE5592

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Video Amplifier NE5592

TEST CIRCUITS T, =25°C, unless otherwise specified.

0.2,F
0.2uF
—O (
O— o L 0.2,F
vin 5592> S RL Vour Cz @, I °
? 0.2uF
| H
S5
is s1 B3 . eouteout
>51 > >
L L 351 g8t K SIK i:"( ®
TC21370S8 = - - —. - - 4

TC213808
Vs = £6V Ta = 25°C

TC213808

October 10, 1986 4-45



Signetics

Linear Products

DESCRIPTION

The NE/SE592 is.a monolithic, two-
stage, differential output, wideband vid-
eo amplifier. It offers fixed gains of 100
and 400 without external components
and adjustable gains from 400 to 0 with
one external resistor. The input stage
has been designed so that with the
addition of a few external reactive ele-
ments between the gain select termi-
nals, the circuit can function as a high-
pass, low-pass, or band-pass filter. This
feature makes the circuit ideal for use as
a video or pulse amplifier in communica-
tions, magnetic memories, display, video
recorder systems, and floppy disk head
amplifiers. Now available in an 8-pin
version with fixed gain of 400 without
external components and adjustable
gain from 400 to O with one external
resistor.

EQUIVALENT CIRCUIT

NE/SE592

Video Amplifier

Product Specification

FEATURES

o 120MHz bandwidth

e Adjustable gains from 0 to 400
o Adjustable pass band

e No frequency compensation
required

o Wave shaping with minimal
external components

APPLICATIONS

o Floppy disk head amplifier

o Video amplifier

o Pulse amplifier in
communications

o Magnetic memory

o Video recorder systems

PIN CONFIGURATIONS

o+V
< < > P4
$h SR 2R 2P0 SR >
—R %
[
Qs
' ™
 $ Q4 Q3
Rt
INPUT 2 ¢ ;1; v OOUTPUT 1
INPUT 1 Q Q2 ANA-
——O OUTPUT 2
Gia G|
Ry Re
Gaa Gzs|
Q78 Qs Ng l Qg Qg ”

TEE

" D, F, N Packages

weut 2 [7] 1] INPUT 1
e 2 ] e
Ggp GAIN Gaa GAIN
sELECT L3 (2] s&lecr
Gyp GAIN Gqa GAIN
Beer (1] Y serect
v- 3] ] -
e [6] B
outpuT 2 [7] ’V'_éj OUTPUT 1
TOP VIEW ©D09780S
H Package*

G2a GAIN SELECT

Gy GAIN
'SBELECT

GD09800S

NOTES:
Pin 5 connected to case.
*Metal cans (H) not recommended for new designs.

D, F, N, Packages

INPUT 2 [ 5] INPUT 1
Gy GAIN Gya GAIN
SELECT (2 7] sttect
v-[3] 5] v
ouTPuT 2 [7] [5] output 1
TOP VIEW
CD09810S.
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Signetics Linear Products Product Specification

Video Amplifier NE/SE592

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0 to +70°C NE592N14
14-Pin Cerdip 0 to +70°C NES592F14
14-Pin Cerdip -55°C to +125°C SE592F14
14-Pin SO 0 to +70°C NES92D14
8-Pin Plastic Dip 0 to +70°C NE592N8
8-Pin Cerdip -55°C to +125°C SE592F8
8-Pin SO 0 to +70°C NE592D8
10-Lead metal can 0 to +70°C NE592H
10-Lead metal can -55°C to +125°C SE592H

NOTE:

Also N8, N14, D8 and D14 package parts available in ''High"' gain version by adding 'H"' before package
designation, as: NE592HDS8.

ABSOLUTE MAXIMUM RATINGS T, = +25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage +8 v
VIN Differential input voltage +5 \
Vem Common-mode input voltage +6 \"
lout Output current 10 mA
Ta Operating temperature range

SE592 -55 to +125 °C

NE592 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
Pp Power dissipation 500 mwW
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Video Amplifier NE/SE592

DC ELECTRICAL CHARACTERISTICS T, =+25°C, Vgg=*6V, Vgum =0, unless otherwise specified. Recommended
operating supply voltages Vg = *6.0V. All specifications apply to both standard and
high gain parts unless noted differently.

NE592 SE592
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
AvoL Differential voltage gain,
standard part
Gain 1! RL =2k, Vour=3Vpp | 250 | 400 | 600 | 300 | 400 | 500 VIV
Gain 22 4 80 | 100 | 120 | 90 | 100 | 110 VIV
High gain part 400 | 500 | 600 VIV
Rin Input resistance
Gain 1! 4.0 4.0 k2
Gain 2% 4 10 | 30 20 | 30 k2
CiN Input capacitance? Gain 2% 2.0 2.0 oF
los Input offset current 0.4 5.0 0.4 3.0 A
IBiAS Input bias current 9.0 30 9.0 20 uA
VNOISE Input noise voltage BW 1kHz to 10MHz 12 12 MVRMS
VIN Input voltage range +1.0 +1.0 \
CMRR Common-mode rejection ratio .
Gain 24 Vemt 1V, f < 100kHz 60 | 86 60 86 dB
Gain 24 Veomt 1V, f=5MHz 60 60 dB
PSRR Supply voltage rejection ratio
Gain 24 AVg =+0.5V 50 70 50 70 dB
Vos Output offset voltage
Gain 1 RL=o° 1.5 15 \Y
Gain 2* RL=c° 15 1.0 v
Gain 3° Rp =o° 035 | 0.75 035 | 0.75 \
Vom Output common-mode voltage Ry =90 2.4 2.9 3.4 2.4 29 3.4 \
Vout Output voltage swing RL =2k 30 | 40 3.0 | 40 \Y
differential
Rout Output resistance 20 20 Q
lcc Power supply current R =00 18 24 18 24 mA
NOTES:

1. Gain select Pins Gya and Gyg connected together.
2. Gain select Pins Gpp and Gpg connected together.
3. All gain select pins open.

4. Applies to 10- and 14-pin versions only.
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Video Amplifier NE/SE592

DC ELECTRICAL CHARACTERISTICS Vgg=16V, Vom =0, 0°C <T <70°C for NE592; -55°C < Tp < 125°C for SE592,
unless otherwise specified. Recommended operating supply voltages Vg = £6.0V. All
specifications apply to both standard and high gain parts unless noted differently.

NE592 SE592
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
AvoL Differential voltage gain,
standard part
Gain 1! Ry = 2k§2, Vour=3Vp.p | 250 600 | 200 600 VIV
Gain 22 4 80 120 | 80 120 VIV
High gain part 400 | 500 | 600 \'"74%
Rin Input resistance
Gain 22 ¢ 8.0 8.0 k2
los Input offset current 6.0 5.0 KA
IBiIAS Input bias current 40 40 MA
ViN Input voltage range +1.0 +1.0 v
CMRR Common-mode rejection ratio
Gain 2¢ Vomz 1V, f < 100kHz 50 50 dB
PSRR Supply voltage rejection ratio
Gain 2* AVg = £0.5V 50 50 dB
Vos Output offset voltage
Gain 1 Ry =9 1.5 1.5 \"
Gain 24 RL=o° 1.5 1.2 v
Gain 3% R =o° 1.0 1.0 v
Output voltage swing _
Vout differential R = 2kQ2 2.8 25 \"
lcc Power supply current RL=o° 27 27 mA
NOTES:

1. Gain select Pins Gia and Gyg connected togsther.
2. Gain select Pins Goa and Gog connected together.
3. All gain select pins open.

4. Applies to 14-pin version only.

AC ELECTRICAL CHARACTERISTICS Ta = +25°C, Vgg=*86V, VoM =0, unless otherwise specified. Recommended
operating supply voltages Vg = +6.0V. All specifications apply to both standard and
high gain parts unless noted differently.

NE592 SE592
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
BW Bandwidth
Gain 1! 40 40 MHz
Gain 22 4 90 90 MHz
tr Rise time
Gain 1! Vout = 1Vp.p 10.5 10.5 ns
Gain 2% ¢ 45 | 12 45 | 10 ns
tep Propagation delay
Gain 1’ Vout = 1Vpp 7.5 7.5 ns
Gain 2% ¢ 6.0 | 10 60 | 10 ns
NOTES:
1. Gain select Pins G4 and Gig connected together.
2. Gain select Pins Gpp and Gpg connected together.
3. All gain select pins open.
4. Applies to 10- and 14-pin versions only.
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NE/SE592

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Video Amplifier | NE/SE592

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) TEST CIRCUITS Ta=25°C, unless
otherwise specified.
Phase Shift as a Phase Shift as a
Function of Frequency Function of Frequency
0 ‘ GAINZ ¢ Vs= tev v 592 SR v
R THOS - N e " | 3" Vour
@ s \\ @ 100 > > —0
I >~ H \ 5102510
g‘l 10 S El -150 )\\ i
: : N\ L L
@15 w \ TC08400S
2 N g
f 250
E =20 \\ \ 0.2uF
-300 \\
-2 r 0 %0y 0 00 7000 .'“O M
FREQUENCY—MHz FREQUENCY—MHz
:Eﬂu 5100 * :Ew et
0P04600S OP04610S J JL
Voltage Gain as a 084108
Voltage Gain as a Function of Frequency
Function of Frequency (All Gain Select Pins Open)
60 T
Vs* eV Vg= tév
Ta=25°C a0 Ta = 25°C
0 gAY RL= 1K — GAIN 3
———-\ 30
“? “ GAIN 2 \\ ? 2
z N\ z w0
;. A\ HE A\
:_,’ 20 €0 / \
3 \\ 4 L
10 / \
\ -
° \ -40
-50 /
10 100 1000 01 . 10 100 1000
FREQUENCY—MHz FREQUENCY—MHz
0P04620S 0P04630S
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Video Amplifier

NE/SE592

TYPICAL APPLICATIONS

TC08420S
NOTE:
Vols) _ 1.4 X 10*
Vi) Z(s) + 2rg
1.4 x 10*
=
2(s) +32

Basic Configuration

I S

q

AMPLITUDE: 110 mV p-p
FREQUENCY:  1-4 MHz

READ HEAD ZERO CROSSING DETECTOR

TGC08430S

Disc/Tape Phase-Modulated Readback Systems

TC08440S

NOTE:
For frequency Fy <<¥27(32)C

dvi
Vo =1.4 X 10°C—
dT

Differentiation With High
Common-Mode Noise Rejection
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Video Amplifier

NE/SES92

FILTER NETWORKS

FILTER Vo () TRANSFER
Z NETWORK
o TYPE V1 (8) FUNCTION
R L 1.4 x 10% 1
O—AMN——TY"_o LOW PASS —
L s+R/L
R c 1.4 x 10° s
oO—AMM———{}——0 HIGH P —_—
ASS R s+ 1/RC
3 L c 1.4 % 10 8
O—WA——Y{|o BAND PASS
L s2+R/L s+ 1/LC
L
R 14 x104| 82+ VLC
o—wW— BAND REJECT |\ ™0 82+ 1/LC + 8/RC
—
TC084228
NOTE:
In the networks above, the R value used is assumed to include 2re, or approximately 3282

November 6, 1986
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VIDEO AMPLIFIER PRODUCTS

NE/SE592 Video Amplifier

The 592 is a two-stage differential output,
wide-band video amplifier with voltage gains
as high as 400 and bandwidths up to
120MHz.

Three basic gain options are provided. Fixed
gains of 400 and 100 result from shorting
together gain select pins Gia-Gig and
G - Gog, respectively. As shown by Figure
1, the emitter circuits of the differential pair
return through independent current sources.
This topology allows no gain in the input
stage if all gain select pins are left open.
Thus, the third gain option of tying an external
resistance across the gain select pins allows
the user to select any desired gain from 0 to
400V/V. The advantages of this configuration
will be covered in greater detail under the
filter application section.

Three factors should be pointed out at this
time:

1. The gains specified are differential. Single-
ended gains are one-half the stated value.

2. The circuit 3dB bandwidths are a function
of and are inversely proportional to the gain
settings.

3. The differential input impedance is an in-
verse function of the gain setting.

In applications where the signal source is a
transformer or magnetic transducer, the input
bias current required by the 592 may be
passed directly through the source to ground.
Where capacitive coupling is to be used, the
base inputs must be returned to ground
through a resistor to provide a DC path for the
bias current.

Due to offset currents, the selection of the
input bias resistors is a compromise. To
reduce the loading on the source, the resis-
tors should be large, but to minimize the
output DC offset, they should be
small — ideally 02. Their maximum value is
set by the maximum allowable output offset
and may be determined as follows:

1. Define the allowable output offset (assume
1.5V).

February 1987
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Using the NE/SE592 Video

Amplifier

Application Note

Table 1. Video Amplifier Comparison File

PARAMETER NE/SE592 733
Bandwidth (MHz) 120 120
Gain 0,100,400 10,100,400
Rin (k) 4-30 4-250
Vp_p (V8) 4.0 40

2. Subtract the maximum 592 output offset
(from the data sheet). This gives the output
offset allowed as a function of input offset
currents (1.5V —1.0V = 0.5V).

3. Divide by the circuit gain (assume 100).
This refers the output offset to the input.

4. The maximum input resistor size is:

Input Offset Voltage
Rmax = 1)
Max Input Offset Current
0.005V
5uA

= 1.00k2

Of paramount importance during the design
of the NE592 device was bandwidth. In a
monolithic device, this precludes the use of
PNP transistors and standard level-shifting
techniques used in lower frequency devices.
Thus, without the aid of level shifting, the
output common-mode voltage present on the
NE592 is typically 2.9V. Most applications,
therefore, require capacitive coupling to the
load. An exception to the rule is a differential
amplifier with an input common-mode range
greater than +2.9V as shown in Figure 2. In
this circuit, the NE592 drives a NE511B
transistor array connected as a differential
cascode amplifier. This amplifier is capable of
differential output voltages of 48Vp.p with a
3dB bandwidth of approximately 10MHz (de-
pending on the capacitive load). For optimum
operation, R1 is set for a no-signal level of
+18V. The emitter resistors, Rg, were select-
ed to give the cascode amplifier a differential
gain of 10. The gain of the composite amplifi-
er is adjusted at the gain selected point of the
NE592.
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Filters
As mentioned earlier, the emitter circuit of the
NE592 includes two current sources.

Since the stage gain is calculated by dividing
the collector load impedance by the emitter
impedance, the high impedance contributed
by the current sources causes the stage gain
to be zero with all gain select pins open. As
shown by the gain vs. frequency graph of
Figure 3, the overall gain at low frequencies is
a negative 48dB.

Higher frequencies cause higher gain due to
distributed parasitic capacitive reactance.
This reactance in the first stage emitter circuit
causes increasing stage gain until at 10MHz
the gain is 0dB, or unity.

Referring to Figure 4, the impedance seen
looking across the emitter structure includes
small rg of each transistor.

Any calculations of impedance networks
across the emitters then must include this
quantity. The collector current level is approx-
imately 2mA, causing the quantity of 2 rg to
be approximately 32€2. Overall device gain is
thus given by

Vols) _ 1.4 x 10
Vin(s) Z(s) +32

where Zs) can be resistance or a reactive
impedance. Table 2 summarizes the possible
configurations to produce . low, high, and
bandpass filters. The emitter impedance is
made to vary as a function of frequency by
using capacitors or inductors to alter the
frequency response. Included also in Table 2
is the gain calculation to determine the volt-
age gain as a function of frequency.

@
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v+

—AAA

Rexr
~MA- 4

VWA

14K

1LD059108

NOTE:
All resistor values are in ohms.

Figure 1. 592 Input Structure

+6V
[

+30V
12K 12K
v VWA v
v l O uis
+ 48VOLTS
st 0/ peakTo PEAK

NOTE:
All resistor values are in ohms.

Figure 2. Video Amplifier With High Level Differential Output

TC100508

Table 2. Filter Networks

vee 8y FILTER Vo(s) TRANSFER
“ “ Z NETWORK TYPE Va(s) FUNCTION
2
20
LOW 4
: * R L PASS 14x10° !
i, p O—AMNWN—YY"___ 5 L s+ R/L
g o / AF03770S
: \
-20
» / \ R c ;‘LGS'; 1.4 % 104 s
- V o—MWA——f}——o0 R |s+1/RC
AF03780S
~50
o1 Bl 1 0 100 1000
FREQUENCY (MHz} BAND 1.4 >< 104 s
- o__M"N__nm__.|L T PASS L 2+ R/Ls+1/LC
Figure 3. Voltage Gain as a Function oarss S /Ls+1/1
of Frequency (All Gain Select
Pins Open)
L BAND |44 x 104 s?+1/LC
Differentiation n T REJECT | —— TTICToRG
With the addition of a capacitor across the | Q———aAAA—¢ »—0 $ +1/LC+s/!
gain select terminals, the NE592 becomes a [
differentiator. The primary advantage of using : " J—
the emitter circuit to accomplish differentia-

tion is the retention of the high common
mode noise rejection. Disc file playback sys-
tems rely heavily upon this common-mode
rejection for proper operation. Figure 5 shows
a differential amplifier configuration with
transfer function.

Disc File Decoding
In recovering data from disc or drum files,
several steps must be taken to precondition

February 1987

NOTE: In the networks above, the R value used is assumed to include 2 re, or approximately 3282

the linear data. The NE592 video amplifier,
coupled with the 8T20 bidirectional one-shot,
provides all the signal conditioning necessary
for phase-encoded data.

When data is recorded on a disc, drum or
tape system, the readback will be a Gaussian
shaped pulse with the peak of the pulse
corresponding to the actual recorded transi-
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tion point. This readback signal is usually
500uVp.p to 3mVpp for oxide coated disc
files and 1 to 20mVp_p for nickel-cobalt disc
files. In order to accurately reproduce the
data stream originally written on the disc
memory, the time of peak point of the Gauss-
ian readback signal must be determined.
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LD05920S
NOTE:
Vo(s) 1.4 x 10*
V—1(-S-) - Z(s) + 2re
1.4 % 10*
"2 +32

Figure 4. Basic Gain Configuration
for NE592, N14

The classical approach to peak time determi-
nation is to differentiate the input signal.
Differentiation results in a voltage proportion-
al to the slope of the input signal. The zero-
crossing point of the differentiator, therefore,
will occur when the input signal is at a peak.
Using a zero-crossing detector and one-shot,
therefore, results in pulses occurring at the
input peak points.

A circuit which provides the preconditioning
described above is shown in Figure 6. Read-

+6

0.2uF

14N

o QB 2
vi s92 vo
o ! 7

1 -

_‘C i 0.2 uF
9 2«
TC100708
NOTES:

For frequency Fy < < 1/2m(32)C
dyi

Vo1.4 X 10%C —
dT

All resistor values are in ohms.

Figure 5. Differential With High
Common-Mode Noise Rejection

back data is applied directly to the input of the
first NE592. This amplifier functions as a
wide-band AC-coupled amplifier with a gain of
100. The NE592 is excellent for this use
because of its high phase linearity, high gain
and ability to directly couple the unit with the
readback head. By direct coupling of read-
back head to amplifier, no matched terminat-
ing resistors are required and the excellent
common-mode rejection ratio of the amplifier
is preserved. DC components are also reject-

ed because the NE592 has no gain at DC due
to the capacitance across the gain select
terminals.

The output of the first stage amplifier is
routed to a linear phase shift low-pass filter.
The filter is a single-stage constant K filter,
with a characteristic impedance of 200£2.
Calculations for the filter are as follows:

L=2'7wc

where
R = characteristic impedance (£2)

C =Y

where
wc = cut-off frequency (radians/sec)

The second NE592 is utilized as a low noise
differentiator/amplifier stage. The NE592 is
excellent in this application because it allows
differentiation with excellent common-mode
noise rejection.

The output of the differentiator/amplifier is
connected to the 8T20 bidirectional monosta-
ble unit to provide the proper pulses at the
zero-crossing points of the differentiator.

The circuit in Figure 6 was tested with an
input signal approximating that of a readback
signal. The results are shown in Figure 8.

4 mH

~0+5V

OV LF

IIH

READ A
HEAD

X100 AC
PRE-AMPLIFIER

NOTE:
All resistor values are in ohms

LINEAR PHASE
LOW PASS FILTER

|

01uF

llH

NES592

DIFFERENTIATOR

Figure 6. 5MHz Phase-Encoded Data Read Circuitry

DIGITAL
OUTPUTS

a———o0

8120

LR

200

C
BIDIRECTIONAL

ONE-SHOT
TC100808
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1K Q+6V
AA
vy
£
g 2.7K
< <.
< <
10 uF
o_.'l 4
I 4 6|
L
::51 MC1496
<
51
MV 1 12
4 5 10

< -
Kk a7k TseK 104F Z=0.04F
< < +
01
—
I +—o = =
<

VWV O-6V

TC100908

NOTE:
All resistor values are in ohms

Figure 7. Wide-Band AGC Amplifier

Automatic Gain Control

The NE592 can also be connected in con-
junction with a MC1496 balanced modulator
to form an excellent automatic gain control
system.

The signal is fed to the signal input of the
MC1496 and RC-coupled to the NE592. Un-
balancing the carrier input of the MC1496
causes the signal to pass through unattenuat-
ed. Rectifying and filtering one of the NE592
outputs produces a DC signal which is pro-
portional to the AC signal amplitude. After
filtering; this control signal is applied to the
MC1496 causing its gain to change.
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PRE-AMPLIFIER OUTPUT
100mV/DIV.

DIFFERENTIATOR

f ’ [ [ 200mV/DIV.
v

TIME BASE 200ns/DIV.
OP083408
A
! /1 I PRE:AMP AND DIFFERENTIATOR
¢ / N SUPER IMPOSED
V. BOTH
TIME BASE 200ns/DIV.
OP063508

RN N
DIFFERENTIATOR

u 1u 200mV/DIV.

8T20 Q OUTPUT
2VIDIV.

TIME BASE 200ns/DIV.

0P06360S

Figure 8. Test Results of Disc File Decoder Circuit
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DESCRIPTION

The MC1496 is a monolithic double-
balanced modulator/demodulator de-
signed for use where the output voltage
is a product of an input voltage (signal)
and a switched function (carrier). The
MC1596 will operate over the full military
temperature range of -55°C to +125°C.
The MC1496 is intended for applications
within the range of 0°C to +70°C.

ORDERING INFORMATION

MC1496/MC1596
Balanced Modulator/

Demodulator

Product Specification

FEATURES

e Excellent carrier suppression
65dB typ @ 0.5MHz
50dB typ @ 10MHz

o Adjustable gain and signal
handling

e Balanced inputs and outputs

e High common-mode rejection —
85dB typ

APPLICATIONS

e Suppressed carrier and amplitude
modulation

o Synchronous detection
o FM detection

e Phase detection

o Sampling

o Single sideband

® Frequency doubling

PIN CONFIGURATION

F, N Packages

POSITIVE
sianAL INPUT L} il Vee
GAIN ADJUST [Z] 13] NC
GAIN ADJUST [3] 7 Gotpur -
NEGATIVE
SIGNAL INPUT L4 i Ne A
NEGATIVE
o s‘::c: [E] 19 cARRIER INPUT
outeut (€] 21 Ne
s 5y Posimve
; CARRIER INPUT

TOP VIEW
cD111318

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Cerdip 0 to +70°C MC1496F
14-Pin Plastic 0 to +70°C MC1496N
14-Pin Cerdip -55°C to + 125°C MC1596F
14-Pin Plastic -55°C to +125°C MC1596N

EQUIVALENT SCHEMATIC

Q4

CARRIER (=) o2

Vo(+)

Vo(-)
912

i o

INPUT (+) O
4 g
SIGNAL (-) o——————(lzf, l—@f
INPUT (+) O 25 GAIN
3° ADJUST
5 Q7
BIAS O Qg
D4
Ry Ry Ry
500kQ 500k 500k

March 18, 1987
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Balanced Modulator/Demodulator MC1496/MC1596

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Applied voltage 30 \
Vg-Vio | Differential input signal +5.0 \
V4-Vyq Differential input signal (515 Re) \
VQ—V1, .
ViV, Input signal 5.0 \
Is Bias current 10 mA
P Maximum power dissipation, Tp = 25°C
o (still-air)"
F package 1190 mw
N package 1420 mw
Ta Operating temperature range
MC1496 0 to +70 °C
MC1596 -55 to +125 °C
Tsta Storage temperature range -65 to +150 °C
NOTE:

1. Derate above 25°C, at the following rates:
F package at 9.5mW/°C.
N package at 11.4mW/°C.

DC ELECTRICAL CHARACTERISTICS Vcc= +12Vpg; Voo =-8.0Vpg; Is = 1.0mApg; R = 3.9kQ2; Rg = 1.0kSY; T = 25°C,
unless otherwise specified.

MC1596 MC1496
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min { Typ | Max | Min | Typ | Max

Single-ended input impedance Signal port, f=5.0MHz

Rip Parallel input resistance 200 200 kS

Cip Parallel input capacitance 2.0 2.0 pF
Single-ended output impedance f=10MHz

Rop Parallel output resistance 40 40 k2

Cop Parallel output capacitance 5.0 5.0 pF
Input bias current uA

Iy +14
Iss Igs = 2 12 25 12 30
lg+1

[ lsg = 5—21‘3 12 | 25 12 | 80 A
Input offset current MA

lios llos=11-1l4 0.7 5.0 0.7 7.0

lioc hoc=1ls-l10 0.7 5.0 0.7 7.0 MA
Average temperature coefficient

Tcho of input offset current 2.0 2.0 nA/°C
Output offset current

loo le—l12 14 50 15 80 MA

Tcloo Average temperature coefficient 9 | 90 nA/°C
of output offset current
Common-mode quiescent

Vo output voltage (Pin 6 or Pin 12) 8.0 8.0 Vpc
Power supply current mApc

Ip+ lg + 142 2.0 3.0 2.0 4.0

Ip- l14 3.0 4.0 3.0 5.0

Pp DC power dissipation 33 33 mwW
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Balanced Modulator/Demodulator

MC1496/MC1596

AC ELECTRICAL CHARACTERISTICS V¢ =+12pg; Vg =-9.0Vpg; Is = 1.0mApg; RL = 3.9k Rg = 1.0kS; Ta = +25°C,

unless otherwise specified.

MC1596 MC1496
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
. Vg = 60mVRums sinewave and
Vorr Carrier feedthrough offset adjusted to zero
fc = 1.0kHz 40 40 MVRMS
fc = 10MHz 140 140
V¢ =300mVp_p squarewave:
Offset adjusted to zero
fo = 1.0kHz 0.04 | 0.2 004 | 04 | mVpus
Offset not adjusted fc = 1.0kHz 20 100 20 200
Vcs Carrier suppressions fs = 10kHz, 300mVRms sinewave
fc = 500kHz, 60mVRyg sinewave| 50 65 40 65 dB
fc = 10MHz, 60mVRys sinewave 50 50
" . Carrier input port,
BW3qs Transadmittance bandwidth VG = 60mVams 300 300 MHz
(Magnitude) (R = 5082) sinewave fg = 1.0kHz,
300mVRms sinewave
Signal input port,
Vs = 300mVaus 80 80 MHz
sinewave |Vg|=0.5Vpc
Avs Signal gain Vg = 100mVpps; f= 1.0kHz 25 3.5 2.5 3.5 \74%
IVgl=0.5Vpc
CMV Common-mode input swing Signal port, fg = 1.0kHz 5.0 5.0 Vp.p
Acm Common-mode gain Signal port, fg = 1.0kHz -85 -85 dB
IVel=0.5Vpg
Differential output voltage
DVour swing capability 8.0 8.0 Ve-p

March 18, 1987
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Balanced Modulator/Demodulator MC1496/MC1596

TEST CIRCUITS

= 10K 104F 1 INPUT +12vDC
AN K 7o)
a7 2 3
31000 6000 S <
.001 __1 L 1 SIK
50K § %
N2 $1000 3 1K _‘ﬁ" 2 4 39K 339K
> 10K — EVW" =08

S R 3—AAA = = L o1 8| e +Vo
01 {7500} 8 1 12j-0——4— -V,
s (]

o 7500 i: 5,19.( 10 ~500pF Vg 414 5

ouTPUT K | seo = . fc INPUT 50
VMW L\Y 0 =
1 8200 68K
o x4 ———Iww o L
+8V -
L o F In,p $ 16K -8VDC ==
i TC137608|
= = = Signal Gain and Output Swing
TC137508

Carrier Rejection and Suppression

+12vDC

C2
CARRIER  0.14F

INPUT
fee)H
Is

MODULATING
SIGNAL 10K <
INPUT

CARRIER NULL
-8vDC
TC137708

Carrier Rejection and Suppression
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BALANCED MODULATOR/
DEMODULATOR APPLICATIONS
USING MC1496/MC1596

The MC1496 is a monolithic transistor array
arranged as a balanced modulator-demodula-
tor. The device takes advantage of the excel-
lent matching qualities of monolithic devices
to provide superior carrier and signal rejec-
tion. Carrier suppressions of 50dB at 10MHz
are typical with no external balancing net-
works required.

Applications include AM and suppressed car-
rier modulators, AM and FM demodulators,
and phase detectors.

THEORY OF OPERATION

As Figure 1 suggests, the topography in-
cludes three differential amplifiers. Internal
connections are made such that the output
becomes a product of the two input signals
Vg and Vs.

To accomplish this the differential pairs
Q1-Q2 and Q3-Q4, with their cross-cou-
pled collectors, are driven into saturation by
the zero crossings of the carrier signal Vc.
With a low level signal, Vg driving the third
differential amplifier Q5 - Q6, the output volt-

AN189

Balanced Modulator/
Demodulator Applications
Using the MC1496/MC1596

Application Note

age will be full wave multiplication of V¢ and
Vg. Thus for sine wave signals, Voyt be-
comes:

Vourt = ExEy |cos(wx + wy)t + cos(wx - wy)t
(1)

As seen by font=K (fc-fs) +K (fc +fs)
(see Figure 2), the output voltage will contain
the sum and difference frequencies of the two
original signals. In addition, with the carrier
input ports being driven into saturation, the
output will contain the odd harmonics of the
carrier signals.

BIASING

Since the MC1496 was intended for a multi-
tude of different functions as well as a myriad
of supply voltages, the biasing techniques are
specified by the individual application. This
allows the user complete freedom to choose
gain, current levels, and power supplies. The
device can be operated with single-ended or
dual supplies.

Vol+l Vo (=)
6 9
gz 03 o8
8
carmier 1O
NPUT () 4
4
(-)o————Kus 06
SIGNAL
INPUT 9 2
#O- ~OGAIN
-OADIUST
iAs & o €
01
R R3 R2
500 500 500
10
v-O
TC077908
NOTE:
All resistor values are in ohms
Figure 1. Balanced Modulator Schematic
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Internally provided with the device are two
current sources driven by a temperature-
compensated bias network. Since the transis-
tor geometries are the same and since Vgg
matching in monolithic devices is excellent,
the currents through Q; and Qg will be
identical to the current set at Pin 5. Figures 2
and 3 illustrate typical biasing arrangements
from split and single-ended supplies, respec-
tively.

Of primary interest in beginning the bias
circuitry design is relating available power
supplies and desired output voltages to de-
vice requirements with a minimum of external
components.

The transistors are connected in a cascode
fashion. Therefore, sufficient collector voltage
must be supplied to avoid saturation if linear
operation is to be achieved. Voltages greater
than 2V are sufficient in most applications.

Biasing is achieved with simple resistor divid-
er networks as shown in Figure 3. This
configuration assumes the presence of sym-
metrical supplies. Explaining the DC biasing
technique is probably best accomplished by

Vee

f

2
@
»
E
4
E]
.

Tco7soo

NOTE:
All resistor values are in ohms

Figure 2. Single-Supply Biasing
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an example. Thus, the initial assumptions and
criteria are set forth:

1. Output swing greater than 4Vp.p.

2. Positive and negative supplies of 6V are
available.

3. Collector current is 2mA. It should be
noted here that the collector output cur-
rent is equal to the current set in the
current sources.

As a matter of convenience, the carrier signal
ports are referenced to ground. If desired, the
modulation signal ports could be ground ref-
erenced with slight changes in the bias ar-
rangement. With the carrier inputs at DC
ground, the quiescent operating point of the
outputs should be at one-half the total posi-
tive voltage or 3V for this case. Thus, a
collector load resistor is selected which drops
3V at 2mA or 1.5k2. A quick check at this
point reveals that with these loads and cur-
rent levels the peak-to-peak output swing will
be greater than 4V. it remains to set the
current source level and proper biasing of the
signal ports.

The voltage at Pin 5 is expressed by
Veias = VBe = 500 X Is

where |g is the current set in the current
sources.

For the example Vgg is 700mV at room
temperature and the bias voltage at Pin 5
becomes 1.7V. Because of the cascode con-
figuration, both the collectors of the current
sources and the collectors of the signal
transistors must have some voltage to oper-
ate properly. Hence, the remaining voltage of
the negative supply (-6V + 1.7V =-4.3V) is
split between these transistors by biasing the
signal transistor bases at —2.15V.

< <.
;: 18K :;I.SK

NOTE:
Al resistor values are in ohms

Figure 3. Dual Supply Biasing

Tco7e108

Countless other bias arrangements can be
used with other power supply voltages. The
important thing to remember is that sufficient
DC voltage is applied to each bias point to
avoid collector saturation over the expected
signal wings.

BALANCED MODULATOR
In the primary application of balanced modu-
lation, generation of double sideband sup-

pressed carrier modulation is accomplished.
Due to the balance of both modulation and
carrier inputs, the output, as mentioned, con-
tains the sum and difference frequencies
while attenuating the fundamentals. Upper
and lower sideband signals are the strongest
signals present with harmonic sidebands be-
ing of diminishing amplitudes as character-
ized by Figure 4.

»

w Y

E e &

a -

H CNC I

- _ _ " F 0 P,
@ & ) o N3
S 8 &8 8§ & &8 §°5
1 + P T T =T 5
ol ® o © o (3] 2 O
AR s|&8| 8 5|8 | &
L1t P11 [ 1111

NOTES:

fe Carrier Fundemental

fs Modulating Signal

fctfs Fundemental Carrier Sidebands
fetnfg F Carrier Sit L
nfc Carrier Harmonics

nfct nfg Carrier Harmonic Sidebands

FREQUENCY ————3»

Figure 4. Modulator Frequency Spectrum

AF03630S
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Gain of the 1496 is set by including emitter
degeneration resistance located as Rg in

. . . 1K 1K
Figure 5. Degeneration also allows the maxi- ’

VWA VWA~ -0 +12 Vdc
mum signal level of the modulation to be I.mﬂ, R
increased. In general, linear response defines I I—vw—l a S
N ¥ . = = >
the maximum input signal as = = bk 3 abk
51 2 3
Vs < 15+ Rg(Peak) ve oae | WA~ ? 6 0Vo
o—j 8
e o  wores
and the gain is given b Vs E
9 g d MODULATING e s° —O-Vo
SIGNAL & e B <
RL INPUT 310K w0k $61 51
Ays = 2 50K
Rg + 2re . AN Ly
. . " . . 15 6.8K
This approximation is good for high levels of CARRIER DL
carrier signals. Table 1 summarizes the gain = Iy =
for different carrier signals. Yo vee
As seen from Table 1, the output spectrum Torosees
suffers an amplitude increase of undesired NOTE: .
sideband signals when either the modulation Al resistor values are in ohms

or carrier signals are high. Indeed, the modu- Figure 5. Double Sideband Suppressed Carrier Modulator
lation level can be increased if Rg is in-

creased without significant consequence. Taple 1. Voltage Gain and Output Spectrum vs Input Signal
However, large carrier signals cause odd

harmonic sidebands (Figure 4) to increase. At CARRIER INPUT APPROXIMATE OUTPUT SIGNAL
the same time, due to imperfections of the SIGNAL (Vc) VOLTAGE GAIN FREQUENCY(S)
carrier waveforms and small imbalances of RLVc

the device, the second harmonic rejection will Low-level DC _————KT fm

be seriously degraded. Output filtering is of- 2(Re + 2rg) (_)

ten used with high carrier levels to remove all q

but the desired sideband. The filter removes

unwanted signals while the high carrier level b RL

guards against amplitude variations and maxi- High-level DC R+ 2rg fu

mizes gain. Broadband modulators, without

benefit of filters, are implemented using low RLVc(rms)

carrier and modulation signals to maximize Low-level AC ““—)_KT fct fm
linearity and minimize spurious sidebands. 2V2 (-;- (Rg + 2r¢)

AM MODULATOR High{evel A O.097R fo f, 3o * fu
The basic current of Figure 5 allows no carrier Re + 2re 5fc* fu..

to be present in the output. By adding offset
to the carrier differential pairs, controlled

amounts of carrier appear at the output +12VDC
whose amplitude becomes a function of the ™ K
modulation signal or AM modulation. As l
shown, the carrier null circuit is changed from . I 01F ?ﬁ n F n
Figure 5 to have a wider range so that wider = = [™]aw 3.9€
control s .achleved. All connections are Ve 048 — .2 s b oy,
shown in Figure 6. camgRmpug [ |

4 [ —0 -V,
AM DEMODULATION TSR N e
As pointed out in Equation 1, the output of the 50K b Senx
balanced mixer is a cosine function of the : .
angle between signal and carrier inputs. Fur- = | =
ther, if the carrier input is driven hard enough CARRIER ADJUST
to provide a switching action, the output 90
becomes a function of the input amplitude. svoc

TC103708

Thus the output amplitude is maximum when
there is 0° phase difference as shown in :ﬁ"‘"’

. resistor values are in ohms
Figure 7. Figure 6. AM Modulator
Amplifying and limiting of the AM carrier is
accomplished by IF gain block providing 556dB
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Figure 7. AM Demodulator
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-90° 0 90°
PHASE ANGLE

TC078208

of gain or higher with limiting of 400uV. The
limited carrier is then applied to the detector
at the carrier ports to provide the desired
switching function. The signal is then demod-
ulated by the synchronous AM demodulator
(1496) where the carrier frequency is attenu-
ated due to the balanced nature of the
device. Care must be taken not to overdrive
the signal input so that distortion does not
appear in the recorded audio. Maximum con-
version gain is reached when the carrier
signals are in phase as indicated by the
phase-gain relationship drawn in Figure 7.

Output filtering will also be necessary to
remove high frequency sum components of
the carrier from the audio signal.

PHASE DETECTOR

The versatility of the balanced modulator or
multiplier also allows the device to be used as
a phase detector. As mentioned, the output of
the detector contains a term related to the
cosine of the phase angle. Two signals of
equal frequency are applied to the inputs as
per Figure 8. The frequencies are multiplied
together producing the sum and difference
frequencies. Equal frequencies cause the
difference component to become DC while
the undesired sum component is filtered out.

February 1987

Ve 014F 7 —0Vo
PHASE 1 s MC 1808

NOTE:
All resistor values are in ohms

Figure 8. Phase Comparator

4 0 -vo

TC078308

The DC component is related to the phase
angle by the graph of Figure 9. At 90° the
cosine becomes zero, while being at maxi-
mum positive or maximum negative at 0° and
180°, respectively.

The advantage of using the balanced modula-
tor over other types of phase comparators is
the excellent linearity of conversion. This
configuration also provides a conversion gain
rather than a loss for greater resolution. Used
in conjunction with a phase-locked loop, for
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instance, the balanced modulator provides a
very low distortion FM demodulator.

FREQUENCY DOUBLER

Very similar to the phase detector of Figure 8,
a frequency doubler schematic is shown in
Figure 10. Departure from Figure 8 is primarily
the removal of the low-pass filter. The output
then contains the sum component which is
twice the frequency of the input, since both
input signals are the same frequency.
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Figure 9. Phase Detector + Voltages
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DESCRIPTION

The SA/NE602 is a low-power VHF
monolithic double-balanced mixer with
input amplifier, on-board oscillator, and
voltage regulator. It is intended for high
performance, low power communication
systems. The guaranteed parameters of
the SA602 make this device particularly
well suited for cellular radio applications.
The mixer is a "'Gilbert cell'" multiplier
configuration which typically provides
18dB of gain at 45MHz. The oscillator
will operate to 200MHz. It can be config-
ured as a crystal oscillator, a tuned tank
oscillator, or a buffer for an external L.O.
The noise figure at 45MHz is typically
less than 5dB. The gain, intercept per-
formance, low-power and noise charac-
teristics make the SA/NE602 a superior
choice for high-performance battery op-
erated equipment. It is available in an 8-
lead dual in-line plastic package and an
8-lead SO (surface-mount miniature
package).

BLOCK DIAGRAM

NE/SA602

Double-Balanced Mixer and

Oscillator

Product Specification

FEATURES

o Low current consumption: 2.4mA
typical

e Excellent noise figure: < 5.0dB
typical at 45MHz

e High operating frequency

e Excellent gain, intercept and
sensitivity

e Low external parts count;
suitable for crystal/ceramic filters

o SA602 meets cellular radio
specifications

APPLICATIONS

e Cellular radio mixer/oscillator
e Portable radio

e VHF transceivers

o RF data links

e HF/VHF frequency conversion

e Instrumentation frequency
conversion

e Broadband LANs

PIN CONFIGURATION

D, FE, N Packages

z‘ Vee

7] osciiaton

INPUT AL 1

INPUT B E:
crouno [3 |

outeut A (4]

6 l OSCILLATOR

5 ] ourpur @

TOP VIEW

GD100408|

& ] K2 6] [
Vee + +
VOLTAGE
REQULMGR ” OSCILLATOR , J
GROUND
L] Lz ] Ls ]
BD01801S
September 13, 1985 4-69
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Double-Balanced Mixer and Oscillator NE/SA602
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to +70°C NE602N
8-Pin Plastic SO 0 to +70°C NE602D
8-Pin Cerdip 0 to +70°C NE602FE
8-Pin Plastic DIP -40°C to +85°C SA602N
8-Pin Plastic SO -40°C to +85°C SA602D
8-Pin Cerdip -40°C to +85°C SA602FE
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voltage 9 v
Tsta Storage temperature -65 to +150 °C
Ta Operating ambient temperature range 0 to +70 °C
NE602 -40 to +85 °C
SA602
AC/DC ELECTRICAL CHARACTERISTICS T, =25°C, Vo =6V, Figure 1
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
i Vee Power supply voltage range 4.5 8.0 \%
DC current drain 2.4 28 mA
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figured at 45MHz 5.0 6.0 dB
Third-order intercept point RF)y =-45dBm: f; = 45.0 -15 -17 dBm
fp = 45.06
Conversion gain at 45MHz 14 dB
RiN RF input resistance 1.5 k2
CiN RF input capacitance 3 3.5 pF
Mixer output resistance (Pin 4 or 5) 1.5 k2

;

0.5 to 1.3;H

Vee
IVYYL
6.8,F 100nF -:_LTE 1

8 7

I L
:; 100€

NE602

47pF

INPUT

]0.209 to 0.283,H

220pF

100nF

Figure 1. Test Configuration

22pF
r . 44.545MHz THIRD OVERTONE CRYSTAL
55 | '_'l, o 5.6pF |
6 s

1 ’—__l 150pF
ouTPUT

TC027018

September 13, 1985
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DESCRIPTION OF OPERATION
The NE/SA602 is a Gilbert cell, an oscillator/
buffer, and a temperature compensated bias
network as shown in the equivalent circuit. The
Gilbert cell is a differential amplifier (Pins 1 and
2) which drives a balanced switching cell. The
differential input stage provides gain and deter-
mines the noise figure and signal handling
performance of the system.

The NE/SA602 is designed for optimum low
power performance. When used with the
SA604 as a 45MHz cellular radio 2nd IF and
demodulator, the SA602 is capable of receiv-
ing —119dBm signals with a 12dB S/N ratio.
Third-order intercept is typically —15dBm
(that's approximately +5dBm output intercept
because of the RF gain). The system designer
must be cognizant of this large signal limita-
tion. When designing LANs or other closed
systems where transmission levels
are high, and small-signal or signal-to-noise
issues not critical, the input to the NE602
should be appropriately scaled.
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Besides excellent low power performance
well into VHF, the NE/SA602 is designed to
be flexible. The input, output, and oscillator
ports can support a variety of configurations
provided the designer understands certain
constraints, which will be explained here.

The RF inputs (Pins 1 and 2) are biased
internally. They are symmetrical. The equiva-
lent AC input impedence is approximately
1.5k || 3pF through 50MHz. Pins 1 and 2 can
be used interchangeably, but they should not
be DC biased externally. Figure 3 shows
three typical input configurations.

The mixer outputs (Pins 4 and 5) are also
internally biased. Each output is connected to
the internal positive supply by a 1.5k$2 resis-
tor. This permits direct output termination yet
allows for balanced output as well. Figure 4
shows three single ended output configura-
tions and a balanced output.

The oscillator is capable of sustaining oscilla-
tion beyond 200MHz in crystal or tuned tank
configurations. The upper limit of operation is
determined by tank "Q" and required drive
levels. The higher the ""Q" of the tank or the
smaller the required drive, the higher the

[{vee
315K :E 1.5K
< <
4 ]

.
«

Figure 2.

Equivalent Circuit

H—aAAA
H—AAA,

TC020308

permissible oscillation frequency. If the re-
quired L.O. is beyond oscillation limits, or the
system calls for an external L.O., the external
signal can be injected at Pin 6 through a DC
blocking capacitor. External L.O. should be at
least 200mVp.p.

Figure 5 shows several proven oscillator
circuits. Figure 5a is appropriate for cellular
radio. As shown, an overtone mode of opera-
tion is utilized. Capacitor C3 and inductor L1
suppress oscillation at the crystal fundamen-
tal frequency. In the fundamental mode, the
suppression network is omitted.

Figure 6 shows a Colpitts varacter tuned tank
oscillator suitable for synthesizer-controlled
applications. It is important to buffer the
output of this circuit to assure that switching
spikes from the first counter or prescaler do
not end up in the oscillator spectrum. The
dual-gate MOSFET provides optimum isola-
tion with low current. The FET offers good
isolation, simplicity, and low current, while the
bipolar transistors provide the simple solution
for non-critical applications. The resistive di-
vider in the emitter-follower circuit should be
chosen to provide the minimum input signal
which will assure correct system operation.

When operated above 100MHz, the oscillator
may not start if the Q of the tank is too low. A
22k2 resistor from Pin 7 to ground will
increase the DC bias current of the oscillator
transistor. This improves the AC operating
characteristic of the transistor and should
help the oscillator to start. 22k$2 will not upset
the other DC biasing internal to the device,
but smaller resistance values should be
avoided.

T

llH

TC020408

a. Single-Ended Tuned Input

TC020508

b. Balanced Input (For Attenuation
of Second-Order Products)

Figure 3. Input Configuration

)
G

T
I I

TC020608

c. Single-Ended Untuned Input

September 13, 1985
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¥

CFU4ss
OR EQUIVALENT

T

a. Single-Ended Ceramic Filter

TC020108

cr

11
2-10pF 7é §1IuH—T—M=

'I'J' 11uH "
é ﬂ‘#z-ms

—:i

Y NE602 FILTER K&L38780 OR EQUIVALENT
*Cr MATCHES 3.5KQ TO NEXT STAGE.

b. Single-Ended Crystal Filter

i
TC020808

c. Single-Ended IFT

TC020708

e

R

Figure 4. Output Configuration

T

d. Balanced Output

TC020808

~ =’-
be i
1[5

A
"

D -

D

NE602

L ) 18] LaJ
TC02100S
a. Colpitts Crystal Osclllator
(Overtone Mode)

L L] L] [

TC021108

b. Colpitts L/C Tank Osclllator

Figure 5. Osclllator Circuits

L 2] 3] [a]

¢. Hartley L/C Tank Oscillator

TC021208

September 13, 1985
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0.01pF

< <3
100K 2 K
< < 3sK128
0.01pF
| (
4 o
2pF TO SYNTHESIZER
It
It
e
100K 3 ‘; A< 0.01pF
100K < Io .001pF

TC021408

1000pF =<
+—i DC CONTROL VOLTAGE
5| 1000pF FROM SYNTHESIZER
0.06uH I = MV2105
OR EQUIVALENT

TC021308
<P l
2N5484 3 I

| TO SYNTHESIZER

TC021508

2N918

TC021608

Figure 6. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers

05'013‘1”

5.5H | I rmanuoveavons CRYSTAL

) -

4TpF

INPUT 10.20. 10 0.283.H

100nF

TG020208

Figure 7. Typical Application for Cellular Radio
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INTRODUCTION

The NE/SA602 represents a new industry
standard for low power, double-balanced mix-
ers. This device also includes an on-board
local oscillator and voltage regulator. Typical
power supply requirements are 2.5mA at 6V
for a conversion gain of 18dB and a noise
figure of 5dB with operation up to 200MHz.
The NE/SA602 is available in either an 8-pin
DIP or a surface mount package. These
specifications render this device an ideal
choice for portable battery-operated applica-
tions.

CIRCUIT CONFIGURATIONS

Figure 1 shows a simplified block diagram of
the NE/SAB02. A multiplier "Gilbert Cell" is
used as the mixer portion of the device with
the input differential amplifier providing most
of the conversion gain. This differential ampli-
fier also serves as an input balun which helps
reduce the second-order distortion products.

Figure 2 shows some possible balanced and
unbalanced input and output circuits while
Table 1 summarizes these configurations'
relative advantages and disadvantages.

Figure 3 shows a simplified version of the
internal circuitry adjacent to the device pins.
The oscillator can be configured with a crys-
tal, a tank, or as a buffer/driver for an
external oscillator. When used as a buffer
amplifier, optimum performance will be
achieved when Pin 6 is driven with a 200 to
300mVRrms signal through capacitive cou-
pling.

This LO amplitude tolerance becomes more
critical as the LO frequency approaches the
200MHz maximum. Figure 4 shows a typical

February 1987
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Designing With the NE/SA602

Application Note

test circuit for the NE/SA602. For this over-
tone circuit, it is important to specify the
parallel mode crystal frequency and use a
crystal with a loading capacitance of 5pF.

DESIGN DATA

Figure 6 shows typical intermodulation and
compression point performance of the
NE/SA602. The compression point defines
the upper limit of the effective mixer dynamic
range at about —25dBm. This level is mainly a
function of the circuit insertion loss prior to
the 602 input. The input third order intercept
point is shown here at the minimum value of
-15dBm, and, as such, can be considered a
worst-case condition.

The remaining charts show various mixer
parameters over temperature and supply volt-
age variation. The overall optimum supply
voltage is between 5 and 6V, and this value
range is thus recommended. Unless specifi-
cally indicated, Figure 4 was the test circuit
used to produce the data. The frequency
schemes used here are typical of those found
in cellular radio applications employing a
455kHz 2nd IF. All of the major specifications
are nearly constant over the 200MHz fre-
quency range with the exception of the LO
drive level tolerance and device impedances.
The noise figure has been optimized for a
45MHz input frequency.

ADDITIONAL COMMENTS

The NE602 has some obvious specification
advantages: very low power consumption for
very respectable performance. There are also
some characteristics which are not obvious to
the user. As a result of the very fast bipolar

4-75

process used by the NE6B02, the phase integ-
rity through all three ports is superb. This
aspect makes the NE602 an ideal choice for
image rejection mixer applications. Signetics
AN1981 is dedicated to a detailed description
of image rejection mixer techniques, or ''dual
quadrature mixers''.

AN1982 presents a detailed discussion of
oscillator configurations possible with the
NE602. Figure 4 presents a typical overtone
crystal configuration. However, a more tradi-
tional Colpitts fundamental circuit can be built
using only the 5.6 and 22pF capacitors.
Newer damping techniques in crystal technol-
ogy can eliminate the need for tank circuits in
overtone oscillators as well.

Although Signetics offers specifications up to
200MHz, the NE602 has been used success-
fully up to 900MHz. However, no guarantees
can be made at frequencies over 200MHz on
any specification.

DIFFERENTIAL
AMPLIFIER

LDO6120S

Figure 1. NE/SA602 Functional Diagram
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)

NE602

...pg_v_l—i % l
I

TC106008

a. Single-Ended Input

FILTER

o |

D e

T

c. Single-Ended Output

b. Balanced Input (for attenuation
of second-order products)

1

-

¢

) NE602

Figure 2. Circuit Configurations

T

d. Balance Output (for 3dB output improvement)

FILTER

TC106308

Table 1
ADVANTAGES DISADVANTAGES
Input Pins 1 & 2 Single-ended No sacrifice in Increase in 2nd-
3rd-order order products
performance,
simplified circuit
Balanced Reduce 2nd-order Impedance match
products more difficult to
achieve
Output Pins 4 & 5 Single-ended Simple interface to 3dB reduction in
filters output, less RF
and LO isolation
Balanced 3dB improvement More complex

in output, better
LO and RF
isolation at the
output

circuitry required

February 1987
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Figure 3. NE/SA602 Equivalent Circult
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Figure 4. Typical Application

February 1987 4-77



Signetics Linear Products

Application Note

Designing With the NE/SA602

AN198

D, N Packages
+10 l I 02 J -10 l
0}—1dB COl \ -1
POINT  —— 3RD ORDER -12
10 INTERCEPT -12 —12.5
- NT
et AT ] 8] vee 5 / pol & -1 7 125
weut 82| [ 7] osciLLaton § -2 / / E -1 -135
Q
g _ &* -15
Grouno [1 | [6] osciiaton g % / 3RD ORDER g
RESPONSI £ -16
~40
outeut a[4] 3 ouTPUT B v "
RESPONSE
TOP VIEW -so I I / —~18
CD10040S —-60
~60 -50 -40 -30 -20 -10 O 4 5 6 7 8 9 10
dBm INPUT Vce VOLTS
OP075408 OP075508
Figure 6. NE/SA602 Third-Order
Intermod and 1dB Compression Figure 7. Input Third-Order Intercept
Figure 5. Pin Configuration Point Performance Point vs Vcc
-145 22
/
£ -155 o - av
° /
E -165 4 =
o )
4 =
£ / z 18 6V
Z s s /
5
2 v
2 s 16
-19.0 ¥
-195
-40 0 40 80 120 14
TEMPERATURE (°C) -40 0 +40 +80
TEMPERATURE (°C)
‘OP075608
OP07570S
Figure 8. Input Third-Order Intercept Point vs Temperature Figure 9

/

*
4

_— |

\\___/

NOISE FIGURE (dB)
o

SUPPLY CURRENT (mA)
w

1 6V | ] 8V
/
L
2 /ﬁ/ &V
' i “ ‘% 0 +40 +80
-40 0 * * TEMPERATURE (“C)
TEMPERATURE (°C) AT 45 MHz INPUT FREQUENCY
0P07580S OP075918
Figure 10 Figure 11
February 1987 4-78



Signetics

Linear Products

by Robert J. Zavrel Jr.
INTRODUCTION

Several new integrated circuits now permit
RF designers to resurrect old techniques of
single-sideband generation and detection.
The high cost of multi-pole crystal filters limits
the use of the SSB mode to the most
demanding applications, yet the advantages
of SSB over full-carrier AM and FM are well-
documented (Ref 1 & 2). The use of multi-
pole filters can now be circumvented by
reviving some older techniques without sacri-
ficing performance. This has been made
possible by the availability of some new RF
and digital integrated circuits.

DESCRIPTION

Figure 1 shows the frequency spectrum of a
10MHz full-carrier double-sideband AM signal
using a 1kHz modulating tone. This well-
known type of signal is used by standard AM
broadcast radio stations. Full-carrier AM's
advantage is that envelope detection can be
used in the receiver. Envelope detection is a
simple and economical technique because it
simplifies receiver circuitry. Figure 2 shows
the time domain "envelope' of the same AM
signal.

The 1kHz tone example of Figures 1 and 2
serves as a simple illustration of an AM
signal. Typically, the sidebands contain com-
plex waveforms for voice or data communica-
tions. In the full-carrier double sideband mode
(AM), all the modulation information is con-
tained in both sidebands, while the carrier
"rides along" without contributing to the
transfer of intelligence. Only one sideband
without the carrier is needed to effectively
transmit the modulation information. This
mode is called ''single-sideband suppressed
carrier''. Because of its reduced bandwidth, it
has the advantages of improved spectrum
utilization, better signal-to-noise ratios at low
signal levels, and improved transmitter effi-
ciency when compared with either FM or full-
carrier AM. A finite frequency allocation using
SSB can support three times the number of
channels when compared with comparable
FM or AM full-carrier systems.

There are three basic methods of single-
sideband generation. All three use a balanced
modulator to produce a double-sideband sup-
pressed carrier signal. The undesired side-
band is then removed by phase and ampli-
tude nulling (the phasing method), high Q
multi-pole filters (the filter method), or a
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CARRIER

LOWER UPPER
SIDEBAND SIDEBAND
9.999MHz  10.000MHz  10.001MHz
0P01290S

Figure 1. Frequency Domain Display of
a 10MHz Carrier AM Modulated by a
1kHz Tone (Spectrum Analyzer Display)

fe——1ms —>|

10MHz CARRIER
10015908

Figure 2. Time Domain Display of the
Same Signal Shown in Figure 1
(Oscilloscope Display)

"third" method which is a derivation of the
phasing technique called here the '"Weaver"'
method for the apparent inventor. The recip-
rocal of the generator functions is employed
to produce sideband detectors. Generators
start with audio and produce the SSB signal;
detectors receive the SSB signal and repro-
duce the audio. Since the sideband signal is
typically produced at radio frequencies, it can
be amplified and applied to an antenna or
used as a subcarrier.

Reproduction of the audio signal in a full-
carrier AM receiver is simplified because the
carrier is present. The signal envelope, which
contains the carrier and the sidebands, is
applied to a non-linear device (typically a
diode). The effect of envelope detection is to
multiply the sideband signal by the carrier;
this results in the recovery of the audio
waveform. The mathematical basis for this
process can be understood by studying trigo-
nometric identities.

Since the carrier is not present in the received
SSB signal, the receiver must provide it for
proper audio detection. This signal from the
local oscillator (LO) is applied to a mixer
(multiplier) together with the SSB signal and
detection occurs. This technique is called
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product detection and is necessary in all SSB
methods. A major problem in SSB receivers is
the ability to maintain accurate LO frequen-
cies to prevent spectral shifting of the audio
signal. Errors in this frequency will result in a
""Donald Duck" sound which can render the
signal unintelligible for large frequency errors.

Theory of Single-Sideband
Detection

Figures 3 through 8 illustrate the three meth-
ods of SSB generation and detection. Since
they are reciprocal operations, the circuitry for
generation and detection is similar with all
three methods. Duplication of critical circuitry
is easy to accomplish in transceiver applica-
tions by using appropriate switching circuits.

Figures 3 and 4 show the generation and
detection techniques employed in the filter
method. In the generator a double sideband
signal is produced while the carrier is elimi-
nated with the balanced modulator. Then the
undesired sideband is removed with a high Q
crystal bandpass filter. A transmit mixer is
usually employed to convert the SSB signal to
the desired output frequency. The detection
scheme is the reciprocal. A receive mixer is
used to convert the selected input frequency
to the IF frequency, where the filter removes
the undesired SSB response. Then the signal
is demodulated in the product detector. A
major drawback to the filter method is the fact
that the filter is fixed-tuned to one frequency.
This necessitates the receive and transmit
mixers for multi-frequency operation.

Figures 5 and 6 show block diagrams of a
generator and demodulator which use the
phase method. Figure 5 also includes a
mathematical model. The input signal
(Cos(Xt)) is fed in-phase to two RF mixers
where "X" is the frequency of the input
signal. The other inputs to the mixers are fed
from a local oscillator (LO) in quadrature
(Cos(Yt) and Sin(Yt)), where "Y" is the fre-
quency of the LO signal. By differentiating the
output of one of the mixers and then summing
with the other, a single sideband response is
obtained. Switching the mixer output that is
differentiated will change the selected side-
band, upper (USB) or lower (LSB). in most
cases the mixer outputs will be the audio
passband (300 to 3000Hz). Differentiating the
passband involves a 90 degree phase shift
over more than three octaves. This is the
most difficult aspect of using the phasing
method for voice band SSB.
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For voice systems, difficulty of maintaining
accurate broadband phase shift is eliminated
by the technique used in Figures 7 and 8. The
"Weaver'' method is similar to the phasing
method because both require two quadrature
steps in the signal chain. The difference
between the two methods is that the Weaver
method uses a low frequency (1.8kHz) sub-
carrier in quadrature rather than the broad-
band 90 degree audio phase shift. The de-
sired sideband is thus ''folded over" the
1.8kHz subcarrier and its energy appears
between 0 and 1.5kHz. The undesired side-
band appears 600Hz farther away between
2.1 and 4.8kHz. Consequently, sideband re-
jection is determined by a low-pass filter
rather than by phase and amplitude balance.
A very steep low-pass response in the Wea-
ver method is easier to achieve than the very
accurate phase and amplitude balance need-
ed in the phasing method. Therefore, better
sideband rejection is possible with the Wea-
ver method than with the phasing method.

Quadrature Dual Mixer Circuits

One of the two critical stages in the phasing
method and both critical stages in the Weaver
method require quadrature dual mixer circuits.
Figures 9 and 10 show two methods of
obtaining quadrature LO signals for dual mix-
er applications. Other methods exist for pro-
ducing quadrature LO signals, particularly use

DOUBLE SIDEBAND
SUPPRESSED CARRIER
SINGLE SIDEBAND
SUPPRESSED CARRIER
RF 588
OUTPUT
LD01600S
Figure 3. Filter Method SSB Generator
1ST MIXER PRODUCT
AUDIO
OUTPUT
PRODUCT
Lo DETECTOR
Lo
LDo1610S
Figure 4. Fliter Method SSB Detector
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Figure 5. Phasing Method Detector with Simplified Mathematical Model
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Figure 6. Phasing Method Generator
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of passive LC circuits. LC circuits will not
maintain a quadrature phase relationship
when the operating frequency is changed.
The two illustrated circuits are inherently
broad-banded; therefore, they are far more
flexible and do not require adjustment. These
circuits are very useful for SSB circuits, but
also can be applied to FSK, PSK, and QPSK
digital communications systems.

The NE602 is a low power, sensitive, active,
double-balanced mixer which shows excel-
lent phase characteristics up to 200MHz. This
makes it an ideal candidate for this and many
other applications.

The circuit in Figure 9 uses a divide-by-four
dual flip-flop that generates all four quadra-
tures. Most of the popular dual flip-flops can
be used in different situations. The HEF4013
CMOS device uses very little power and can
maintain excellent phase integrity at clock
rates up to several megahertz. Consequently,
the HEF4013 can be used with the ubiquitous
455kHz intermediate frequency with excellent
power economy. For higher clock rates (up to
120MHz for up to 30MHz operation), the fast
TTL 74F74 is a good choice. It has been
tested to 30MHz operating frequencies with
good results (> 30 dB SSB rejection). At
lower frequencies (5MHz) sideband rejection
increases to nearly 40dB with the circuits
shown. The ultimate low frequency rejection
is mainly a function of the audio phase shifter.
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Better performance is possible by employing
higher tolerance resistors and capacitors.

The circuit in Figure 10 shows another tech-
nique for producing a broadband quadrature
phase shift for the LO. The advantage of this
circuit over the flip-flops is that the clock
frequency is identical to the operating fre-
quency; however, phase accuracy is more
difficult to achieve. A PLL will maintain a
quadrature phase relationship when the loop
is closed and the VCO voltage is zero. The
DC amplifier will help the accuracy of the
quadrature condition by presenting gain to
the VCO control circuit. The other problem
that can arise is that PLL circuits tend to be
noisy. Sideband noise is troublesome in both
SSB and FM systems, but SSB is less sensi-
tive to phase noise problems in the LO.

Figure 11 shows a circuit that is effective for
driving the 74F74, or other TTL gates, with a
signal generator or analog LO. The NE5205
provides about 20dB gain with 502 input and
output impedances from DC to 450MHz. Mini-
mum external components are required. The
1kS2 resistor is about optimum for ''pulling'
the input voltage down near the logic thres-
hold. A 5082 output level of 0dBm can be
used to drive the NE5205 and 74F74 to
100MHz. Two NE5205s can be cascaded for
even more sensitivity while maintaining ex-
tremely wide bandwidth. An advantage of
using digital sources for the LO is that low-
frequency power supply ripple will not cause
hum in the receiver front end. This is a
common problem in direct conversion de-
signs.

Figure 12 shows the interface circuitry be-
tween the 74F74 and the NE602 LO ports.
The total resistance reflects conservative cur-
rent drain from the 74F74 outputs, while the
tap on the voltage divider is optimized for
proper NE602 operation. The low signal
source impedance further helps maintain
phase accuracy, and the isolation capacitor is
miniature ceramic for DC isolation.

Audio Amplifiers and Switching

Using active mixers (NE602) in these types of
circuits gives conversion gain, typically 18dB.
More traditional applications use passive di-
ode ring mixers which yield conversion loss,
typically 7dB. Consequently, the detected
audio level will be about 25dB higher when
using the NE602. This fact can greatly reduce
the first audio stage noise and gain require-
ments and virtually eliminate the ''microphon-
ic'" effect common to direct conversion re-
ceivers. Traditional direct conversion receiv-
ers use passive audio LC filters at the mixer
output and low noise, discrete JFETs or
bipolars in the first stages. The very high
audio sensitivity required by these amplifiers
makes them respond to mechanical vibra-
tion—thus the ''microphonics’ result. The
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conversion . gain allows use of a simple op
amp stage (Figure 13) set up as an integrator
to eliminate ultra-sonic and RF instability. The
NES5534 is well known for its low noise, high
dynamic range, and excellent audio charac-
teristics (Reference 12) and makes an ideal
audio amp for the 602 detector.

The sideband select function is easily accom-
plished with an HEF4053 CMOS analog
switch. This triple double-pole switch drives
the phase network discussed in the next
section and also chooses one of two ampli-
tude balance potentiometers, one for each
sideband. Figure 14 illustrates this circuit. A
buffer op amp is used with the two sideband
select sections to reduce THD, maintain am-
plitude integrity, and not change the filter
network input resistance values. The gain
distribution within both legs of the receiver
was found to be very consistent (within 1dB),
thus the amplitude balance pots may be
eliminated in less demanding applications.
The NE602s have excellent gain as well as
phase integrity.

Audio Phase Shift Circuits

The two critical stages for the phasing meth-
od are a dual quadrature mixer and a broad-
band audio phase shifter (differentiator).
There are several broadband, phase shift
techniques available. Figure 15 shows an
analog all-pass differential phase shift circuit.
When the inputs are shorted and driven with a
microphone circuit, the outputs will be 90
degrees out-of-phase over the 300 to 3000Hz
band. This 'splitting" and phase shift is
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necessary for the phasing generator. For
phasing demodulation the two audio detec-
tors are fed to the two inputs. The outputs are
then summed to affect the sideband rejection
and audio output.

Standard 1% values are shown for the resis-
tors and capacitors, although better gain
tolerances can be obtained with 0.1% laser-
trimmed integrated resistors. Polystyrene ca-
pacitors are preferred for better value toler-
ance and audio performance. Two quad op
amps fit nicely into this application. One op
amp serves as a switch buffer and the other
three form a phasing section. The NE5514
quad op amps perform well for this applica-
tion. Careful attention to active filter configu-
rations can yield highly linear and very high
dynamic range circuits. Yet these characteris-
tics are much easier to achieve at audio than
the common IF RF frequencies. This fact,
coupled with the lack of IF tuned circuits,
shielding, and higher power requirements
make audio IF systems attractive indeed.

Figure 16 shows a "tapped" analog delay
circuit which uses weighted values of resis-
tors to affect the phase shift. This technique
takes advantage of the Hilbert transform.
(Readers are requested to consult Reference
4 for details.) Excellent phase and amplitude
balance are possible with this technique, but
the price for components is high. It should be
stressed that the audio phase shift accuracy
and amplitude balance are the limiting factors
for SSB rejection when using the phase
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method; thus the higher cost may be justified
in some applications.

The summing amplifier is a conventional,
inverting op amp circuit. It may be useful to
configure a low-pass filter around this amplifi-
er, and thus help the sharp audio filters which
follow. Audio filters are necessary to shape
the desired bandpass. Steep slope audio
bandpass filters can be built from switched
capacitor filters or from active filters requiring
more op amps. Switched capacitor filters
have the disadvantage of requiring a clock
frequency in the RF range. Harmonics can
cause interference problems if careful design
techniques are not used. Also, better dynamic
range is obtained with active filter techniques
using "'real" resistors although much work is
being done with SCF's and performance is
improving.

Audio Processing

Direct conversion receivers rely heavily on
audio filters for selectivity. Active analog or
switched capacitor filters can produce the
high Q and dynamic ranges necessary. Signal
strength or ""S-meters can be constructed
from the NE602's companion part, the
NE604. The "RSSI" or ''received signal
strength indicator'" function on the 604 pro-
vides a logarithmic response over a 90dB
dynamic range and is easy to use at audio
frequencies. Finally, the AGC (automatic gain
control) function can also be performed in the
audio section. Attack and delay times can be
independently set with excellent distortion
specifications with the NE572 compandor IC.
The audio-derived AGC eliminates the need
for gain controlling and RF stage, but relies
on an excellent receiver front-end dynamic
range. In ACSSB systems transmitter com-
pression and receiver expansion are defined
by individual system specifications.

Phasing-Filter Technique

High quality SSB radio specifications call for
greater than 70dB sideband rejection. Using
the circuits described in this paper for the
phasing method, rejection levels of 35dB are
obtainable with good reliability. Coupled with
an inexpensive two-pole crystal or ceramic
filter, the 70dB requirement is obtained. Also,
the filtering ahead of the NE602 greatly
improves the intermodulation performance of
the receiver. Figure 17 shows a complete
SSB receiver using the Phasing-Filter tech-
nique. The sensitivity of the NE602 allows low
gain stages and low power consumption for
the RF amplifier and first mixer. A new
generation of low power CMOS frequency
synthesizers is now available from several
manufacturers including the TDD1742T and
dual chip HEF4750/51 solutions.

Direct Conversion Receiver
The antenna can be connected directly to the
input of the NE602 (via a bandpass filter) to
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form a direct conversion SSB receiver using
the phasing method. 35dB sideband rejection
is adequate for many applications, particularly
where low power and portable battery opera-
tion are required. Figure 13 shows a typical
circuit for direct conversion applications.

There are many other applications which can
make use of SSB technology. Cordless tele-
phones use FM almost exclusively. Eaves-
dropping could be greatly reduced for sys-
tems which employ SSB rather than FM.
Furthermore, the better signal-to-noise ratio
will extend the range, and battery life will be
extended because no carrier is needed.

SSB is also used for subcarriers on micro-
wave links and coaxial lines. Telephone com-
munications networks that use SSB are
called FDM or Frequency Domain Multiplex
systems. The low power and high sensitivity
of the NE602 can offer FDM designers new
techniques for system configuration.

Weaver Method Receiver

Techniques
The same quadrature dual mixer can be used
for the first stage in both the phasing and
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Weaver method receiver. The subcarrier
stage in the Weaver method receiver can use
CMOS analog switches (HEF4066) for great
power economy. Figure 18 shows a circuit for
the subcarrier stage. A 1.8kHz subcarrier
requires a 7.2kHz clock frequency. If switched
capacitor filters are used for the low-pass and
audio filters, a single clock generator can be
used for all circuits with appropriate dividers.
Furthermore, if the receiver is used as an IF
circuit, the fixed LO signal could also be
derived from the same clock. This has the
added advantage that harmonics from the
various circuits will not interfere with the
received signal.

Results

The circuit shown in Figures 13, 14, and 15
has a 10dB S/N sensitivity of 0.5uV with a
dynamic range of about 80dB. Single-tone
audio harmonic distortion is below 0.05% with
two-tone intermodulation products below
55dB at RF input levels only 5dB below the
1dB compression point. The sideband rejec-
tion is about 38dB at a 9MHz operating
frequency. The good audio specifications are
a side benefit to direct conversion receivers.
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When used with inexpensive ceramic or crys-
tal filters, this circuit can provide these speci-
fications with > 70dB sideband rejection.

Conclusions

Single sideband offers many advantages over
FM and full-carrier double-sideband modula-
tion. These advantages include: more effi-
cient spectrum use, better signal-to-noise
ratios at low signal levels, and better transmit-
ter efficiency. Many of the disadvantages can
now be overcome by using old techniques
and new state-of-the-art integrated circuits.
Effective and inexpensive circuits can use
direct conversion techniques with good re-
sults. 35dB sideband rejection with less than
1uV sensitivity is obtained with the NE602
circuits. 70dB sideband rejection and superior
sensitivity are obtained by using phasing-filter
techniques. Either the phasing or Weaver
methods can be used in either the direct
conversion or IF section applications. The
filter and phase-filter methods can be used in
only the IF application.
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by Donald Anderson

INTRODUCTION

For the designer of low power RF systems,
the Signetics NE602 mixer/oscillator pro-
vides mixer operation beyond 500MHz, a
versatile oscillator capable of operation to
200MHz, and conversion gain, with only
2.5mA total current consumption. With a
proper understanding of the oscillator design
considerations, the NE602 can be put to work
quickly in many applications.

DESCRIPTION

Figure 1 shows the equivalent circuit of the
device. The chip is actually three subsystems:
A Gilbert cell mixer (which provides differen-
tial input gain), a buffered emitter follower
oscillator, and RF current and voltage regula-
tion. Complete integration of the DC bias
permits simple and compact application. The
simplicity of the oscillator permits many con-
figurations.

While the oscillator is simple, oscillator design
isn't. This article will not address the rigors of
oscillator design, but some practical guide-
lines will permit the designer to accomplish
good performance with minimum difficulty.

Either crystal or LC tank circuitry can be
employed effectively. Figure 2 shows the four

AN1982

Applying the Oscillator of the
NE602 in Low Power Mixer

Applications

Application Note

most commonly used configurations in their
most basic form.

In each case the Q of the tank will affect the
upper frequency limits of oscillation: the
higher the Q the higher the frequency. The
NE602 is fabricated with a 6GHz process, but
the emitter resistor from Pin 7 to ground is
nominally 20k. With 0.25mA typical bias cur-

rent, 200MHz oscillation can be achieved with
high Q and appropriate feedback.

The feedback, of course, depends on the Q
of the tank. It is generally accepted that a
minimum amount of feedback should be
used, so even if the choice is entirely empiri-
cal, a good trade-off between starting charac-
teristics, distortion, and frequency stability
can be quickly determined.
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Crystal Circuit Considerations
Crystal oscillators are relatively easy to imple-
ment since crystals exhibit higher Q's than LC
tanks. Figure 3 shows a complete implemen-
tation of the SA602 (extended temperature
version) for cellular radio with a 45MHz first IF
and 455kHz second IF.

The crystal is a third overtone parallel mode
with 5pF of shunt capacitance and a trap to
suppress the fundamental.

LC Tank Circuits

LC tanks present a little greater challenge for
the designer. If the Q is too low, the oscillator
won't start. A trick which will help if all else
fails is to shunt Pin 7 to ground with a 22k
resistor. In actual applications this has been
effective to 200MHz with high Q ceramic
capacitors and a tank inductor of 0.08uH and
a Q of 90. Smaller resistor value will upset DC
bias because of inadequate base bias at the
input of the oscillator. An external bias resis-
tor could be added from V¢c to Pin 6, but this
will introduce power supply noise to the
frequency spectrum.

The Hartley configuration (Figure 2D) offers
simplicity. With a variable capacitor tuning the
tank, the Hartley will tune a very large range
since all of the capacitance is variable.
Please note that the inductor must be cou-
pled to Pin 7 with a low impedance capacitor.
The Colpitts oscillator will exhibit a smaller
tuning range since the fixed feedback capaci-
tors limit variable capacitance range; howev-
er, the Colpitts has good frequency stability
with proper components.

Synthesized Frequency Control
The NE602 can be very effective with a
synthesizer if proper precautions are taken to
minimize loading of the tank and the introduc-
tion of digital switching transients into the
spectrum. Figure 4 shows a circuit suitable for
aircraft navigation frequencies (108 - 118MHz)
with 10.7MHz IF.

The dual gate MOSFET provides a high
degree of isolation from prescaler switching
spikes. As shown in Figure 4, the total current
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consumption of the NE602 and 3SK126 is
typically 3mA. The MOSFET input is from the
emitter of the oscillator transistor to avoid
loading the tank. The Gate 1 capacitance of
the MOSFET in series with the 2pF coupling
capacitor adds slightly to the feedback ca-
pacitance ratio. Use of the 22k resistor at Pin
7 helps gssure oscillation without upsetting
DC bias.

For applications where optimum buffering of
the tank, or minimum current are not manda-
tory, or where circuit complexity must be
minimized, the buffers shown in Figure 5 can
be considered.

The effectiveness of the MRF931 (or other
VHF bipolar transistors) will depend on fre-
quency and required input level to the pres-
caler. A bipolar transistor will generally pro-
vide the least isolation. At low frequencies the
transistor can be used as an emitter follower,
but by VHF the base emitter junction will start
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to become a bidirectional capacitor and the
buffer is lost.

The 2N5484 has an IDSS of 5mA max. and
the 28K126 has IDSS of 6mA max. making
them suitable for low parts count, modest
current buffers. The isolation is good.

Injected LO

If the application calls for a separate local
oscillator, it is acceptable to capacitively-
couple 200 to 300mV at Pin 6.

Summary

The NE602 can be an effective low power
mixer at frequencies to 500MHz with oscilla-
tor operation to 200MHz. All DC bias is
provided internal to the device so very com-
pact designs are possible. The internal bias
sets the oscillator DC current at a relatively
low level so the designer must choose fre-
quency selective components which will not
load the transistor. If the guidelines men-
tioned are followed, excellent results will be
achieved.
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Applying the Oscillator of the NE602 AN1982
in Low Power Mixer Applications

O Vec

jgnlum
sII

o Bronen
E i

35K126 OR EQUIVALENT

i
o
]
5
)
by

> 3300
4 < 0o

£
i
le
§
n
]
ﬁ-
I
]
§
g

:
|||--)
g

7T T | e wam ;
- - 7 éu 11 réj;"“?
Tm.u

| 2-10pF # = = =
0.08uH T oom 18K muI 2-10pF
& oo
7fz-vope] =
SYNTH LOOP
FILTER
MV2105
OREQUIV

Too18128

NOTES:
* Permits impedance match of NE602 output, ie: 1.5K//3pF to 3.5K filter impedance.

** Choose for impedance match to next stage.
Figure 4

TCo1841S |

NOTE:
* 2K or as necessary for current limits or prescaler impedance match.

Figure 5
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DESCRIPTION

The NE612 is a low-power VHF mono-
lithic double-balanced mixer with on-
board oscillator and voltage regulator. It
is intended for low cost, low power
communication systems with signal fre-
quencies to 500MHz and local oscillator
frequencies as high as 200MHz. The
mixer is a "'Gilbert cell' multiplier config-
uration which provides gain of 14dB or
more at 49MHz.

The oscillator can be configured for a
crystal, a tuned tank operation, or as a
buffer for an external L.O. Noise figure at
49MHz is typically below 6dB and makes
the device well suited for high perfor-
mance cordless telephone. The low
power consumption makes the NE612
excellent for battery operated equip-
ment. Networking and other communica-
tions products can benefit from very low

NE612

Double-Balanced Mixer ondi

Oscillator

Product Specification

FEATURES

e Low current consumption
® Low cost

e Operation to 500MHz

o Low radiated energy

o Low external parts count;
suitable for crystal/ceramic filter

o Excellent sensitivity, gain, and
noise figure

APPLICATIONS

e Cordless telephone

e Portable radio

o VHF transceivers

o RF data links

e Sonabuoys

e Communications receivers
e Broadband LANs

e HF and VHF frequency

PIN CONFIGURATION

7 o
[17] &7
16] B
[13] B4

CDO4680S

radiated energy levels within systems. conversion
The NE612 is available in an 8-lead dual
in-line plastic package and an 8-lead SO
(surface mounted miniature package).
BLOCK DIAGRAM

I 8 I l 7 l l 6 I | 5

Vee
nngnggn I OSCILLATOR
1
GROUND
Ll [E Le]
BDO1801S
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Double-Balanced Mixer and Oscillator NE612

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to +70°C NE612N
8-Pin Plastic SO 0 to +70°C NE612D

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vce Maximum operating voltage 9 \
Tsta Storage temperature -65 to +150 °C
Ta Operating ambient temperature range 0to +70 °C

AC/DC ELECTRICAL CHARACTERISTICS T, =25°C, Ve = 6V, Figure 1

SYMBOL PARAMETER TEST CONDITION LTS UNIT
Min Typ Max

Vee Power supply voltage range 4.5 8.0 \"
DC current drain 2.4 28 mA
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figured at 49MHz 5.0 dB
Third-order intercept point at 49MHz RFiy =-45dBm -15 dBm

Conversion gain at 49MHz 14 dB

Rin RF input resistance 1.5 k&2
CiN RF input capacitance 3 pF
Mixer output resistance (Pin 4 or 5) 1.5 k2

DESCRIPTION OF OPERATION

The NE612 is a Gilbert cell, an oscillator/
= buffer, and a temperature compensated bias
2228 THIRD OVERTONE CRYSTAL network as shown in the equivalent circuit.

22pF
san L nE “l "FI The Gilbert cell is a differential amplifier (Pins
6

0.5 to 1.3;H

;

Vee
6.8,F

AL oL 8 T
T T ] 1 and 2) which drives a balanced switching
% 1oonF I I l cell. The differential input stage provides gain
4 I 1onF = e 7 s | - and determines the noise figure and signal
= = 150pF N

| OUTPUT handling performance of the system.

NE612

$on
s

3‘[ 5 The NE612 is designed for optimum low

power performance. When used with the
L NE614 as a 49MHz cordless telephone sys-
3 . —Ti20eF = tem, the NE612 is capable of receiving

1 2
-119dBm signals with a 12dB S/N ratio.
4TpF lI‘ | Third-order intercept is typically -15dBm
INPUT y y = (that's approximately +5dBm output intercept
1““ 10 0-283:H because of the RF gain). The system design-
220pF er must be cognizant of this large signal

100nF

limitation. When designing LANs or other
closed systems where transmission levels

Teo27118 are high, and small-signal or signal-to-noise
Figure 1. Test Configuration . issues not critical, the input to the NE612
should be appropriately scaled.
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Double-Balanced Mixer

and Oscillator

NE612

Besides excellent low power performance
well into VHF, the NE612 is designed to be
flexible. The input, output, and oscillator ports
can support a variety of configurations provid-
ed the designer understands certain con-
straints, which will be explained here.

The RF inputs (Pins 1 and 2) are biased
internally. They are symmetrical. The equiva-
lent AC input impedance is approximately
1.5k || 3pF through 50MHz. Pins 1 and 2 can
be used interchangeably, but they should not
be DC biased externally. Figure 3 shows
three typical input configurations.

The mixer outputs (Pins 4 and 5) are also
internally biased. Each output is connected to
the internal positive supply by a 1.5k resis-
tor. This permits direct output termination yet
allows for balanced output as well. Figure 4
shows three single-ended output configura-
tions and a balanced output.

The oscillator is capable of sustaining oscilla-
tion beyond 200MHz in crystal or tuned tank
configurations. The upper limit of operation is
determined by tank ""Q'' and required drive
levels. The higher the Q of the tank or the
smaller the required drive, the higher the

permissible oscillation frequency. If the re-
quired L.O. is beyond oscillation limits, or the
system calls for an external L.O., the external
signal can be injected at Pin 6 through a DC
blocking capacitor. External L.O. should be
200mVp.p minimum to 300mVp.p maximum.

Figure 5 shows several proven oscillator
circuits. Figure 5a is appropriate for cordless
telephones. In this circuit a third overtone
parallel-mode crystal with approximately 5pF
load capacitance should be specified. Capac-
itor C3 and inductor L1 act as a fundamental
trap. In fundamental mode oscillation the trap
is omitted.

E] Vee Figure 6 shows a Colpitts varacter tuned tank
oscillator suitable for synthesizer-controlled
applications. It is important to buffer the

S output of this circuit to assure that switching
< <L spikes from the first counter or prescaler do
[ s« 318« not end up in the oscillator spectrum. The
B] dual-gate MOSFET provides optimum isola-
E] tion with low current. The FET offers good
isolation, simplicity, and low current, while the
4 bipolar circuits provide the simple solution for
- non-critical applications. The resistive divider
in the emitter-follower circuit should be
BIAS BIAS chosen to provide the minimum input signal
| f which will assume correct system operation.
0 —3
5 L
BiAS
> < <
3 2 3 sk
= = E] =.L
GND
TC021808
Figure 2. Equivalent Circuit
> NE612 > NES12
> NE612
L I8 R I |
= # )_Lr' IT'
I 3 { o L
- TC021908 = “TC022008 - i TC022108
a. Single-Ended Tuned Input b. Balanced Input (For Attenuation c. Single-Ended Untuned Input
Of Second Order Products)
Figure 3. Input Configuration

September 13, 1985
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Double-Balanced Mixer and Oscillator NE612

( ) 12pF c:w
l 1L i
- L1y l l J- l 1LY
£ I — 'J‘r._l 2-10pF 74 11uH -wz: L b 542-10;#
i Jl
OR EQUIVALENT
) NEB12 > NEB12 FILTER K&L38780 OR EQUIVALENT
*Ct MATCHES 3.5KN TO NEXT STAGE.
T T
TC022208 TC022308
a. Single-Ended Ceramic Fliter b. Single-Ended Crystal Filter
o |
> NE612 T‘ L > NE612 :F ; =
||
TC022408 TC022508
c. Single-Ended IFT d. Balanced Output
Figure 4. Output Configuration
AL
I3 ] ¢
b Cs 4L = L b
—F == XTAL T
[ —) B
- 1L IL - ——
YU N = T
Cy
maliln sz 31 3l I35l [wml rTﬂ il el
> NE612 > NE612 ) NE612
L 2] [a] 4 L) 2] ) [a] L) 2] Ls] Ta]
TC022608 TC022708 TC022808
a. Colpitts Crystal Oscillator b. Colpitts L/C Tank Oscillator ¢. Hartley L/C Tank Oscillator
(Overtone Mode)
Figure 5. Oscillator Circuits

September 13, 1985
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Double-Balanced Mixer and Oscillator NE612

+8v
1o,.FI Im uF
[
1 10
2 7 BUFFER
B ot
o~
1
DC CONTROL VOLTAGE
E ﬂ 1000pF FROM SYNTHESIZER
O.Wuﬂ‘?t MV2105
T OR EQUIVALENT
- - TC022908
Iom.w I
= askizs T =
_J_ 2N918
‘P
2F TO SYNTHESIZER WS S I
! . =
1 < > —o
100K | I BT ZR00mF TO SYNTHESIZER
100K 0.001pF
I I 4 = L
TC023008 - TC02310S TC02320S8
Figure 6. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers

0.510 1.3H I l 1_

—

22pF
—-—
S.5uH - 1nF 5.6pF THIRD OVERTONE CRYSTAL
o g g i
o4F 100nF é l'l_l 7 3 3]
> NE612

INPUT

TC021708

Figure 7. Typical Application for 46/49MHz Cordless Telephone
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Double-Balanced Mixer and Oscillator

NE612

-145
+10 - 10
-1
0f— 1.dB COMPRESSION ¥ -
POINT ——| 3RD ORDER 2 125 212 E 18
INTERCEPT =
-1 POINT s M
5 g -13 -125 E .
g /. w T1esps
5 20 5 -1 -135 Q2
E / / g -15 E _178
° 3RD ORDER 5 =
—a0 RESPOI £ -1 2
& FUNDAMENTAL 17 B _185
o |_RESPONSE
I | / -18 -19.0
60 -195
€0 -50 40 -30 -20 -0 0 4 5 6 7 8 9 1 0 +40 +70
dBm INPUT Vce (VOLTS) TEMPERATURE (°C)
‘OP01360S ‘OP01370S OP01380S
Figure 8. NE612 Third-Order
Intermod And 1dB Compression Figure 9. Input Third-Order Figure 10. Third-Order Intercept
Point Performance Intercept Point vs V¢c Point vs Temperature
18 5 8
/av-’ y
16 T4
E 8
v A
i E g \./
Z 18— €3 G v
] o 6V H
> w
3 @ av
[ % /____.———- g
12 v B 2 m—— rm
10 1 4
] +40 +70 [ +40 +70 ° +40 +70
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
0PD1390S OP01400S OP014108
Figure 11 Figure 12 Figure 13
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Sighe’rics TDA1574
FM Front-End IC

Product Specification

Linear Products

DESCRIPTION ' FEATURES PIN CONFIGURATION
The TDA1574 is a monolithic integrated e Keyed automatic gain control N Package
FM tuner circuit designed for use in the (AGC)
RF/IF section of car radios and home o Regulated reference voltage AGCOUT
receivers. The circuit comprises a mixer, o gy tfered oscillator output MIXER
oscillator and a linear IF amplifier for o Electronic standby switch O:JXL:O'-T
signal processing, plus the following ad- r standby .s . 80 Vour
ditional features. e Internal buffered mixer driving Vee
APPLICATIONS :::'I":s'“
o FM radio vogr—lsmp
® Radio communication RARBo
e Auto radio swen’
o High-performance stereo FM AR our
ORDERING INFORMATION ToPVIEW oo
DESCRIPTION TEMPERATURE RANGE ORDER CODE
18-Pin Plastic DIP (SOT102HE; 0 to +70°C TDA1574N
( ) FUNCTIONAL DESCRIPTION
ABSOLUTE MAXIMUM RATINGS Mixer
The mixer circuit is a double balanced
SYMBOL PARAMETER RATING UNITS multiplier with a preamplifier (common
Veec =Vis5-4 | Supply voltage (Pin 15) 18 v base input) to obtain a large signal
Vie, 17-4 Mixer output voltage (Pins 16 and 17) 35 \ ::2:""9 range and a low oscillator radi-
Vi1- Standby switch input voltage (Pin 11 23 \ -
L y put voltage (Pin 1) Oscillator
Vs-4 Reference voltage (Pin &) 7 M The oscillator circuit is an amplifier with
Prot Total power dissipation 800 mw a differential input. Voltage regulation is
_ A achieved by utilizing the symmetrical
Tsta Storage temperature range 65 to +150 c tank-transfer function to obtain low-or-
Ta Operating ambient temperature range -40 to +85 °C der 2nd harmonics.
'R Therm.al res.istance f.rom junction to 80 °G/W Linear IF .amp“ﬂer
ambient (in free air) The IF amplifier is a one-stage, differen-
NOTE: tial input, wideband amplifier with an
1. All Pins are short-circuit protected to ground. output buffer.
Keyed AGC

The AGC processor combines narrow-
and wideband information via an RF
level detector, a comparator and an
ANDing stage, The level-dependent,
current sinking output has an active load
which sets the AGC threshold.
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FM Front-End IC TDA1574

BLOCK DIAGRAM AND TEST CIRCUIT

AGC OUTPUT 10
.L VW ——OVee
Ru 300 N2 N1 AGC STANDBY SWITCH
pALS IOnF NARROWBAND THRESHOLD
1003 22F b Vuour s = INFORMATION  SUPPLY VOLTAGE
>
i ¥ A I
= Jsopk 20F= - o=o2o0F
18 17 16 15 14 13 12 1
>
30 J 300 | 22nF LINEAR
WA IF AMPLIFIER
‘SOFA AGC 13 R OouTPUT
osv AMPLIFIER 300
STANDBY
———6 I = SWITCH
200 =
N
’—vw-l TDA1574
'Av‘
- I v nF BUFFERED
L 1 MA- -1 OSCILLATOR
= = = OUTPUT
OSCILLATOR 75
_/|OUTPUT BUFFER
—] BALANCED *Z A
MIXER \j__ =
REFERENCE
VOLTAGE
OSCILLATOR
1 2 3 4 5 6 7 8
Rgy = 6.8pF f:aapr = inF __L =~ 10nF == 3.9pF
a =
50 56pF 2 I °
EMF 1 1% h 50 = 30pF L2
1= 98MHz L1 T::___ EMF 2 .
T 1= 98MHz
TC116208
NOTES:
Coll Data
L1: TOKO MC-108, 514HNE-150023514; L = 0.078uH
L2: TOKO MC-111, E516HNS-200057; L = 0.08uH
L3: TOKO coil set 7P, N1 =5.5 + 5.5 turns, N2 = 4 turns
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FM Front-End IC TDA1574

DC AND AC ELECTRICAL CHARACTERISTICS Vg =Vi5_4 =8.5V; Ta=25°C; measured in test circuit (Block Diagram),

unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ ] Max
Supply (Pin 15)
Vec=Vi5-4 Supply voltage 7 . 16 \"
lcc =15 Supply current (except mixer) 16 23 30 mA
Vs_4 Reference voltage (Pin 5) 4.0 4.2 4.4 \'
Mixer
DC characteristics .
Vi, 2-4 Input bias voltage (Pins 1 and 2) 1 Vv
Vig, 17-4 Output voltage (Pins 16 and 17) 4 35 "
e + 147 Output current (Pin 16 + Pin 17) 4.5 mA
AC characteristics (f = 98MHz)
NF Noise figure 9 dB
NF Noise figure including transforming network 1 dB
EMF1p3 3rd order intercept point 115 dBuV
Conversion power gain
4 10.7 MHz2)> R
Gp 10 log -‘XM’——%X St 14 dB
(EMF1 98 MHz) RmL
Ry, 2.4 Input resistance (Pins 1 and 2) 12 Q
Cis, 17 Output capacitance (Pins 16 and 17) 13 pF
Oscillator
DC characteristics
V7, 8-4 Input voltage (Pins 7 and 8) 1.3 \
Ve-4 Output voltage (Pin 6) 2 \"
AC characteristics (fosc = 108.7MHz)
Residual FM (Bandwidth 300Hz to 15kHz);
Af de-emphasis = 50us 2.2 Hz
Linear IF amplifier
DC characteristics
Viz_4 Input bias voltage (Pin 13) 1.2 Vv
Vio-4 Output voltage (Pin 10) 3.5 \"
AC characteristics (f; = 10.7MHz)
Input impedance
Rys4-13 240 300 360 Q
Ci4-13 13 pF
Output impedance
Ry0-4 240 300 360 Q
Ci0-4 3 pF
Voltage gain .
Vio-
Gvir 20 log —2=% 27 30 dB
14-13
AGyip Ta=-40 to +85°C 0 dB
1 dB compression point (RMS value)
V10 - 4RMS at Vgc =8.5V 900 mV
V10 -4RMS at Vgc=7.5V 500 mV
Noise figure
NF at Rg = 30082 6.5 dB
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FM Front-End IC

TDA1574

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc =Vis_4=8.5V; Ta=25°C; measured in test circuit

(Block Diagram), unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min [ Typ | Max
Keyed AGC
DC characteristics
Vig-4 Output voltage range (Pin 18) 0.5 Vec-0.3 \
AGC output current
atly = ¢ or
-lg Vig.4=450mV; Vig_4=Vcc/2 25 50 100 MA
at Vz_4=2V and
l1g Vig_a=1V; Vig_4=Vi5_4 2 5 mA
Narrow-band threshold
Vig-4 at V3g_4=2V; Via_4=550mV 1 \"
Vig_4 at Va_4=2V; Vi3_4=450mV Vcc-0.3 \
AC characteristics (fj = 98MHz)
Input impedance
Rg -4 4 k2
C3-4 3 - pF
Wide-band threshold (RMS value)
(see Figures 1, 2, 3 and 4)
EMF2gms at Viz_4 =0.7V; Vig_4=Vcc/2; l1g=0 19 mV
Oscillator output buffer (Pin 9)
Vg_4 DC output voltage 6.0 \"
Oscillator output voltage (RMS value)
Vg _4pMS at R = e 110 mV
Vg _4RMS at R =758 25 mV
Rg-15 DC ouput impedance 25 kS
Signal purity
THD total harmonic distortion -15 dBC
Spurious frequencies
fs at EMF1 = 1V; Rgy = 50Q -35 dBC
Electronic standby switch (Pin 11)
Oscillator; linear IF amplifier; AGC at Ta =-40 to +85°C
Input switching voltage
Vi1-4 for threshold ON; Vig_4=Vcc-3V 0 2.3 \"
Vii-4 for threshold OFF; Vig_4 <0.5V 3.3 23 \%
Input current
=l4q at ON condition; Vi1_4 =0V 150 MA
144 at OFF condition; V1.4 =23V 10 MA
Input voltage
Viy_a at ly1=¢ 4.4 \%

November 14, 1986
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FM Front-End IC

TDA1574

Vig-4
(v)

0 30
V3_g4(mV)
OP195908

Figure 1. Keyed AGC Output Voltage Vig_4 as a Function
of RMS Input Voltage V3._4. Measured in Test Circuit
(Block Diagram) at Vi2.4=0.7V; lig=¢

Vig-4
)

o
400 500 600 700

Vyz-4 (mV)

OP19600S

Figure 2. Keyed AGC Output Voltage Vg4 as a Function
of Input Voltage Vi2_4. Measured in Test Circuit
(Block Diagram) at Vz_4=2V; lig=¢

hs
(mA)

20 30
V3_g(mV)
OP19610S

Figure 3. Keyed AGC Output Current 143 as a Function
of RMS Input Voltage V3_4. Measured in Test Circuit
(Block Diagram) at Vi3_4=0.7V; Vig_4=8.5V

November 14, 1986

he
(mA)

]
400 500 600 700

Viz-4(mV)
‘OP18620S

Figure 4. Keyed AGC Output Current li3 as a Function
of Input Voltage Vi2_4. Measured in Test Circuit
(Block Diagram) at V3_4=2V; Vig_4=8.5V
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FM Front-End IC TDA1574

10
ANA OVee
J_ ] STANDBY SWITCH
s T [ — AGC THRESHOLD
0wF N2 v J100F amrowBAND  SUPPLY VOLTAGE
Nt SFE I INFORMATION ~ LOW FOR FM ON
= _' l— = l V("
150pF —| F——{ 4 1500F
o= ® |15 1 3 12 "
>
3% 300 SFE LINEAR
WV AMA }—o IF AMPLIFIER
S0uA IF
8 é * “ AGC osv AMPLIFIER
STANDBY
I = - SWITCH
200
TDA574
Mo 1
-4 v BUFFERED
I H—O OSCILLATOR
- = = = [ OUTPUT
OSCILLATOR g Ry (fosd
__A OUTRUT BUFFER
—1 BALANCED - 1
MIXER <\I._ =
—1’
OSCILLATOR
1 2 3 4 J_ 7 8
=X - 3.3pF o 1.8pF 3 9pF >
3pF = T I =
=7 : 1
(LY A
100k W
ANTENNA  [Vee AGC
\ | | 1
— —— +) 88204
N1 P4
GAIN CONTROLLED - Sse
RF PRESTAGE < L
N2 b
>
VOLTAGE
';‘ L TUNING
TC116308
NOTES:

1. Field strength indication of main IF amplifier.

Coll Data:
L1: TOKO MC-108, N1 =5.5 turns, N2=1 turn

L2: } see Block Diagram
L3

Figure 5. TDA1574 Application Diagram
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Signetics TDA5030A
VHF Mixer/Oscillator Circuit

Product Specification

Linear Products

DESCRIPTION FEATURES PIN CONFIGURATIONS
The TDA5030A performs the VHF mixer, e A balanced VHF mixer N Package
VHF oscillator, SAW filter IF amplifier, e An amplitude-controlled VHF
and UHF IF amplifier functions in televi- local oscillator DECOUP [1] [18) oscINPUT
sion tuners. ® A surface acoustic wave filter IF vHFINPUT [Z] 17) pcoup
amplifier GND [Z] [18] oscinpuT
e A UHF IF preamplifier DEcoup [4] [18] Veo
® A buffer stage for driving an " L] il ano
external prescaler with the local :‘%:’E% (5] 13] oscoutput
oscillator signal (whr) ourput [ 12] SWITCH INPUT
IF AMP m IF AMP
e A voltage stabilizer INPUT ouTPUT
) : IF AMP (9] [70] IF AMP
e A UHF/VHF switching circuit INPUT ouTpuY
TOP VIEW
APPLICATIONS conzonis
o Mixer/oscillator D Package
o TV tuners
e CATV VHF DECOUP [T] [20] osc INPUT
° LAN VHF INPUT [19] DECOUP
GND [18] OSC INPUT
o Demodulator \FAMP
DECOUP 7] Vo
ORDERING INFORMATION IFPREAME 78] GND
DESCRIPTION TEMPERATURE RANGE | ORDER CODE Ne pisl ne
- - " " S e 3] osc outpuT
18-Pin Plastic DIP (SOT-102A) -25°C to +85°C TDAS5030AN MIXTE PREAME - NPT
20-Pin Plastic SO DIP (SOT-163A) -25°C to +85°C TDA5030ATD IF AMP 7] IFAMP
IF AMP i 1F AMP
INPUT OUTPUT
BLOCK DIAGRAM TOP VIEW
CD12021S
18 16 T‘IS
VHF BUFFERED 13
LOCAL OSCILLATOR —O0
OSCILLATOR OUTPUT
TDAS5030A
2 1"
o-
T VHF SAW FILTER o
o MIXER - __ .1 IFAMPLIFIER o
o— STABILIZER
UHFIF
ot PREAMPLIFER | | Switon
13.14 ln 7 |e 8 |9 12
) o o <)
BD098Y0S
NOTE:
Pinout is for 18-pin N package.
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Product Specification

VHF Mixer/Oscillator Circuit

TDAS030A

UHFIVHF
vy Vee SWITCH
:I:1.5pF ?;1.5;# %mr Il nF
= = LOCAL OSCILLATOR OUTPUT
S -
224H S 22k s“;;‘:f“
-
‘E; nF nF inF
18 ‘|—17 ® |1 | -l-m 12 Tﬂ Tm
TDA5030
) 7

inF

—

= InF

M———

VHF INPUT O————  —

IF INPUT O

27pF =
I

Figure 1. Test Circuit

~ 27pF

TC221708

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vce Supply voltage (Pin 15) 14 \
Vi Input voltage (Pin 1, 2, 4, and 5) Oto5 \
V12 Switching voltage (Pin 12) 0 to Vgc+0.3 Vv
-lyo, 11, 13 Output currents 10 mA
Storage-circuit time on outputs
tss (Pin 10 and 11) 10 s
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +85 °C
Ty Junction temperature +125 °C
'R Ther.mal resistance from junction to +55 °CIW
ambient
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VHF Mixer/Oscillator Circuit TDAS030A

DC AND AC ELECTRICAL CHARACTERISTICS Measured in circuit of Figure 1; Voo = 12V; Ta = 25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min I Typ l Max

Supply
Vee Supply voltage 10 13.2 \
lcc Supply current 42 55 mA
Vi2 Switching voltage VHF 0 25 \
Vi2 Switching voltage UHF 9.5 Vee+0.3 \"
l42 Switching current UHF 0.7 mA
VHF mixer (including IF amplifier)
fr Frequency range 50 470 MHz
NF Noise figure (Pin 2)

50MHz 7.5 9 dB

225MHz 9 10 dB

300MHz 10 12 dB
G Optimum source admittance (Pin 2)

50MHz ’ 0.5 ms

225MHz 1.1 ms

300MHz 1.2 ms
G Input conductance (Pin 2)

50MHz 0.23 ms

225MHz 0.5 ms

300MHz 0.67 ms
C Input capacitance (Pin 2)

50MHz 25 pF
Va3 Input voltage for 1% cross-modulation 97 99 dBuv

(in channel); Rp > 1k&; tuned circuit

with Cp = 22pF; frgs = 36MHz
Va.14 Input voltage for 10kHz pulling (in channel) at < 300MHz 100 dBuv
Ay Voltage gain 22,5 24.5 26.5 dB
UHF preamplifier (including IF amplifier)
G, Input conductance (Pin 5) 0.3 ms
C Input capacitance (Pin 5) 3.0 pF
NF Noise figure 5 6 dB
Vs.14 Input voltage for 1% cross-modulation (in channel) 88 90 dBuv
Ay Voltage gain 31.5 33.5 35.5 dB
Gs Optimum source admittance 3.3 ms
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Product Specification

VHF Mixer/Oscillator Circuit

TDAS030A

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Measured in circuit of Figure 1; Voo = 12V; Ta = 25°C,

unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min ] Typ l Max
VHF mixer
Yca_e, 7 Conversion transadmittance 5.7 ms
Zo Output impedance 1.6 k2
VHF oscillator
fr Frequency range 70 520 MHz
Af Frequency shift 200 kHz
AVgc = 10%; 70 to 330MHz
Af Frequency drift 250 kHz
AT = 15k; 70 to 330MHz
Af Frequency drift from 5sec to 15min after switching on 200 kHz
SAW filter IF amplifier
Zg o Input impedance 340+j100 Q
Z10, 1= ZKQ, f = 36MHz
Zg, 9-10, 11 Transimpedance 2.2 k2
Z10, 11 Output impedance 50+ j40 Q
Zg, 9 = 1.6k2; f=36MHz
VHF local oscillator buffer stage
Output voltage
Vis R = 758; f < 100MHz 14 20 mV
Vi3 R =75%; f> 100MHz 10 20 mVv
z Output impedance
3 f = 100MHz %0 Q
RF
e — RF signal on LO output; R = 5082 V| =1V; f<<225MHz 10 dB
(RF+LO)

January 14, 1987
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DESCRIPTION

The TDA5230 consists of three (VHF,
Hyperband, UHF) mixer/oscillators, and
an IF Amplifier Circuit for TV tuner or
communication front end designs. The
integration of these functions within one
IC facilitates the construction of a com-
plex tuner design with higher perfor-
mance and fewer components than cir-
cuitry using discrete transistors.

ORDERING INFORMATION

TDA5230

VHF, Hyperband, and UHF
Mixer/Oscillator With IF Amp

Preliminary Specification

FEATURES

e Balanced mixer for VHF having a
common emitter input

o Amplitude-controlled oscillator for
VHF

e Balanced mixer for hyperband &
UHF with common base input

e Balanced hyperband & UHF
oscillator

e Balanced mixer for UHF with
common base input

o SAW filter preamplifier with a
7552 output impedance

o Buffer stage for drive of a
prescaler with the oscillator
signal (VHF only)

o Voltage stabilizer for oscillator
stability

e Band switch circuit

APPLICATIONS

e CATV

e Communication receiver
o TV tuners

o Data communication

PIN CONFIGURATION

D Package
e o 124] VHFIN
VHELO: 7] VHFIN

VHF 0SC
(COLLECT IN) Kl

N
HYPERBAND HYPERBAI
oscin (4] 21] | No
HYPERBAND [F] [75) anD
e = [19] UHFIN
UHF 0SC
(coLLECT INy [Z} 18] UHFIN
(oouﬂz':mm [E] [17] Ve
U"F°|s,f) =] [76] MIXER OUT
GND [0} [75] MIXER OUT

[14] IF AMP IN
13] IF AMPIN

TOP VIEW

CD13170S

DESCRIPTION TEMPERATURE RANGE ORDER CODE
24-Pin Plastic DIP (SOT-137) -25°C to +80°C TDA5230D
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VHF, Hyperband, and UHF Mixer/Oscillator With IF Amp

BLOCK DIAGRAM
A T ? TR SR S g
1 2 3 4 5 [3 7 8 9 10 ~ 11 12
e S TDA5230
L. HYPERB. UHF
osc . L osc L [* %,k osc W s
- >
T 1. +12V
: | Lt I
7 [
<
. e e 20k4:
MIXER MIXER MIXER SWITCH™
VHF
STAGE [~ - -
‘IE_ET —
INTERNAL
BIASINGS
5k 5k
HYPERB. UHF
STAGE STAGE
24 % 2 2 20 |19 18 7 16| |15 T 3
& s $ 6 'L' s S 84 &
BD0868 1S
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cr PRE-STAGES
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I T e
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=c5 o
"
® o T Zrs TFO L) iLms ]
PRESCALER * it = = = - =
1 |z 3 4 5 6 |7 8 |o = = lvo 11 12 »
| — s
R C s_lC Cp ] =
\HFose 10 HYPERBAND UHF n ELECTRONIC
Vosc-STAB ] ampurEr OSCILLATOR i OSCILLATOR <1 SWITCH
r 1 1
[ ] 1 IR
TOA5230T DC STABILIZER + F
MIXER MIXER MIXER m AMPLIFIER
VHF
STAGE
2 7 18 3 " 13 g‘ s
To= o2
m
1. 1L
| 1 |11
JL
"W
4
BD08691S
NOTES:
1. L6-L7 is a matching transformer (n=L7/L6 = 6). Terminated with 508, it simulates the impedance of a saw-filter on Pins 11-12.
2. Cm is the si d input i of the saw-filter, which is 18pF if the capacitance between the leads to Pins 11-12 is <4pF.
3. In the application Cm, L6 and L7 must be by a filter and an i across its input which tunes out the total capacitance between the pins if no IC has been connected.

4. This circuit is mounted on the V-H-U p.b.c. number: 3373.
Figure 1. Test Circuit for All Band VHF-UHF Mixer Oscillation IC TDA5230
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Signetics Linear Products Preliminary Specification

VHF, Hyperband, and UHF Mixer/Oscillator With IF Amp TDA5230

Component Values of Circuit in Figure 1

Resistors
R1 = 47kS§2 R6 = 10082 R11 =1k
R2 = 18Q2 R7 = 22kQ2 R12 = 2.2kQ2
R3 = 4.7kQ2 R8 = 22k2 R13 = 22kQ2
R4 = 1.2kQ R9 = 2.2k2 R14 = 2.2kQ2
R5 = 47kQ2 R10 = 22k2 R15 = 2.2kQ2
R16 = 1082 (SMD)
Capacitors
C1 =1uF-40V C11=12pF (N750) C21=1nF C31=1nF
C2 =1nF C12=1nF C22 = 1nF C32 = 1nF
C3 =82pF (N750) C13 = 1.5pF (SMD) C23 = 15pF (N750) Cwm = 18pF (N750)
C4 =1nF C14 = 1.5pF (SMD) C24 = 15pF (N750)
C5 =1.8pF (N750) C15=1nF C25 = 1nF
C6 = 1.8pF (N750) C16 = 5.6pF (SMD) C26 = 1nF
C7 =1nF C17 = 100pF (SMD) C27 = 1nF
C8 =1nF C18 = 1.5pF (SMD) C28 = 1nF
C9 =1nF C19 = 1.5pF (SMD) C29 = 1nF
C10 = 1nF C20 = 1nF C30 = 1nF
Diodes and IC
D1 = BB909B D2 = BA482 D3 = BB909B D4 = BB405B IC = TDA5230
Colls
L1 =25t ¢3 L6 =2t TOKO 7kN
L2 = 6.5t ¢4 L7 =10t Mat : 113kN
L3 =2.5t ¢2.5 L8 = 5uH
L4 =1.5t ¢2.5 L9=2 X 6 t TOKO 7kN
L5 = 1.5t ¢3 Mat : 113kN
wire used: 0.4 for Ly1-Ls and 0.1 for Lg, L7, and Lg
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DESCRIPTION

CA3089 is a monolithic integrated circuit
that provides all the functions of a com-
prehensive FM IF system. The block
diagram shows the CA3089 features,
which include a three-stage FM IF ampli-
fier/limiter configuration with level de-
tectors for each stage, a doubly-bal-
anced quadrature FM detector and an
audio amplifier that features the optional
use of a muting (squelch) circuit.

The circuit design of the IF system
includes desirable features such as de-
layed AGC for the RF tuner, an AFC
drive circuit, and an output signal to drive
a tuning meter and/or provide stereo
switching logic. In addition, internal pow-
er supply regulators maintain a nearly
constant current drain over the voltage
supply range of +8V to +18V.

The CA3089 is ideal for high-fidelity
operation. Distortion in a CA3089 FM IF
system is primarily a function of the
phase linearity characteristic of the out-
board detector coil.

BLOCK DIAGRAM

CA3089
FM IF System

Product Specification

The CA3089 utilizes a 16-lead dual-in-
line plastic package and can operate
over the ambient temperature range of
-40°C to +85°C.

FEATURES

o Exceptional limiting sensitivity:
10uV typ. at -3dB point

e Low distortion: 0.1% typ. (with
double-tuned coil)

® Single-coil tuning capability

o High recovered audio: 400mV
typ.

e Provides specific signal for
control of interchannel muting
(squelch)

o Provides specific signal for direct
drive of a tuning meter

e Provides delayed AGC voltage
for RF amplifier

o Provides a specific circuit for
flexible AFC

e Internal supply/voltage regulators

PIN CONFIGURATION

N Package
i weut [T [76] N
“:,:'s':x; 2 [75] oeLaveo AGc
avpasema 72] suBSTRATE
FRAME [4] [73] TUNE METER
MuTE conTroL 5] 12] muTE LoGIC
Aupio out [] (1] v+
aFc ouTPuT [7 ] [70] ReF. Bias
¥ out [2] 5] QUADRATURE
TOP VIEW
CD10910S
APPLICATIONS

o High-fidelity FM receivers
o Automotive FM receivers
e Communications FM receivers

2. L tunes with 100pF (C) at 10.7MHz

1. All resistor values are typical and in ohms. Qo =~ 75 (G... EX27825 or equivalent)

QUADRATURE CLAR e 00eF
v- INPUT | = 000
27uH i¢
[e] | 1t .l_
__ 4
TO INTERNAL REFERENCE
REGULATIONS A 8IAS
A\ ouT |8 9 10
_____________ AFC 7 AFC
I F ampLiFiER _: "— —T———— r= AMPL O outpur
wneuta] ] asTie 2ND IF 3RO IF | H cuaorature
i ameL. | ameL. AMPL. r‘l‘ﬁ ! oetecror | |
2]
N | | | AUDIO 6 AUDIO
[ 0
AMPL ouTPUT
0.02uF 0.02,4F| I [ DETECTOR |
TT | L . -

I Il Lever LEVEL LEVEL | | LEVEL | AUDIO
e ron Ot 15| jJoerecton] [oetecton| foetecron| | ] oevecton | MUTE

| (SQUELCH)
RF AMPL L.__[_._.__.i____._ —=d = -] CONTROL 5

oK — — AMPLITUDE MUTING
TUNING MUTE (SQUELCH) SENSITIVITY
METER DRIVE CIRCUIT 12 470 270Ky
FRAME SUBSTRATE CIRCUT Y sook
T T !
4 " 150uA J & os0E
1 MeTER AAA —O YO STEREO
33K TUNING METER OUTPUT THRESHOLD
= = - LOGIC CIRCUITS L .
BD07490S
NOTES:

November 14, 1986

4-110

853-0044 86551




Signetics Linear Products Product Specification

FM IF System CA3089

EQUIVALENT SCHEMATIC

DETECTOR

weur
B
on
2%
o
0202
»
p
o
.
a
c $x
o
™
«
o1
e
@

OUAORATURE

o AMpUrIER

LEVEL DETECTOR 0 METER ComCUIY

TC13141S
NOTES:

1. All resistance values are typical and in ohms.
2. Al capacitance values are in picofarads.
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Product Specification

FM IF System

CA3089

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP ~-40°C to +85°C CA3089N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee DC supply voltage:
between terminals 11 and 4 18 \
between terminals 11 and 14 18 \
DC current (out of Terminal 15) 2 mA
Pp Device dissipation:
up to Tp=60°C 600 mw
above Tp =60°C derate linearly
6.7 mwW/°C
Ta Operating ambient temperature range -40 to +85 °C
Tsta Storage temperature range -65 to +150 °C
Lead soldering temperature o
TsoLp (10sec max) +300 (¢

November 14, 1986
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FM IF System CA3089

DC ELECTRICAL CHARACTERISTICS T, =25°C, V* =12V, unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min ' Typ ] Max
Static (DC) Characteristics
144 [Ouiescent circuit current No signal input, non-muted I 16 r 23 I 30 T mA
DC Voltages®
Vi Terminal 1 (1F input) No signal input, non-muted 1.2 1.9 2.4 \
Vo Terminal 2 (AC return to input) No signal input, non-muted 1.2 1.9 2.4 \
V3 Terminal 3 (DC bias to input) No signal input, non-muted 1.2 1.9 2.4 \
Ve Terminal 6 (audio output) No signal input, non-muted 5.0 5.6 6.0 \
V7 Terminal 7 (AFC) No signal input, non-muted 5.0 5.6 6.0 \
V1o Terminal 10 (DC reference) No signal input, non-muted 5.0 5.6 6.0 \"
Dynamic Characteristics
Viumy | Input limiting voltage (-3dB point)® 10 25 uv
_— . 4 Vin = 0.1V, fo =10.7MHz,
AMR AM rejection (Terminal 6) fuop = 400Hz, AM Mod = 30% 45 55 dB
Vo Recovered audio voltage (Terminal 6)3 400 500 600 mv
Total harmonic distortion:'
THD Single tuned (Terminal 6)° 0.5 1.0 %
THD Double tuned (Terminal 6)* fmop = 400Hz, V|y =0.1 0.1 %
S+ N/N | Signal plus noise-to-noise ratio (Terminal 6)° | Deviation =  75kHz, Vi = 0.1V 60 70 dB
MU\ Mute input (Terminal 5) Vs =25V 50 70 dB
MUouyt | Mute output (Terminal 12) Vin = 50uV 0.5 "
ViN=0V 4.0 \Y
MTR Meter output (Terminal 13) Vin=0.1V 2.5 3.5 \
VN = 500uV 1.0 15 v
ViN =0V 0.7 "
AGC Delay AGC (Terminal 15) Vin =0.01V 0.5 \
Vin =10V 4.0 5.0 \"
THD Double tuned (Terminal 6)* fmop = 400Hz 0.1 %
ViN=0.1
NOTES

1. THD characteristics and audio level are essentially a function of the phase and Q characteristics of the network connected between Terminals 8, 9,
and 10.

. Test circuit Figure 1.

. Test circuit Figure 2.

. Test circuit Figures 1 and 2.

AN

November 14, 1986 4-113



Signetics Linear Products

Product Specification

FM IF System

CA3089

TEST CIRCUITS

V- o12v "
|
|
0.05.F T
siGNaL o 001-F N AFC OUTPUT
INPUT } L
VOLTAGE
s
< AUDIO
3 QUTPUT
0.02..F :}: 2
TC131808.
NOTES:
1. L tunes with 100pF (C) at 10.7MHz.
2. All resistor values are typical and in ohms.
3. Qo (unioaded) ~ 75 (G.l. automatic mfg. div. EX27825 or equivalent).
Figure 1. Test Circuit Using a Single-Tuned Detector Coll

November 14, 1986

0.05.F T
SIGNAL 0.01.F . AFC OUTPUT
INPUT |

VOLTAGE

25t

AUDIO
3 outeuT
l 0.01
F
0.02.F =X 2
TC131708

NOTES:

All resistor values are typical and in ohms.

T: Pri— Qo (unloaded) =~ 75 (tunes with 100pF (C1) 20 } of 34e on 7/32' dia.
form) Sec. - Q (unloaded) =~ 75 (tunes with 100pF (C2) 20 { of 34e on 7/32'
dia. form)

kQ (percent of critical coupling) > 70%

(Adjusted for coil voltage Vg = 150mV)

Above values permit proper operation of mute (squelch) circuit 'E' type slugs,
spacing 4mm

ble-Tuned Detector Coil

Figure 2. Test Circuit Using a D
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FM IF System CA3089

TEST CIRCUITS

V¥ a2y
M—="
| (NOTE &)
100
—AAA
OVF :JE
220pF 250pF

mo Ll | ik 'f_‘ CERAMIC
i1 TUNER ¥ Ut FILTER Auoio
INPUT vove 134 T (NOTE 2) 27K OUTPUT

? O

TC131508

NOTES:
All resistor values are typical and in ohms.
1. Waller 4SN3FIC or equivalent.
2. Murate SFG 10.7mA or equivalent.
3. Rg will affect stability depending on circuit layout. To increase stability Rg is decreased.

Range of Rg is 330
4. L tunes with 100pF (C) at 10.7MHz Qg unloaded ~ 75 (G.l. EX27825 or equivalent).

Performance data at fo = 98MHz, fyop = 400Hz, deviation = + 74kHz.
+74kHz.

-3dB limiting sensitivity
20dB quieting sensitivity
30dB quieting sensitivity

2uV (antenna level)
11V (antenna level)
1.5uV (antenna level)

Figure 3. Typical FM Tuner With a Single-Tuned Detector Coil

SYSTEM DESIGN

CONSIDERATIONS

The CA3089 is a very high gain device and
therefore careful consideration must be given
to the layout of external components to
minimize feedback. The input bypass capaci-
tors should be located close to the input
terminals and the values should not be large

nor should the capacitors be of the type
which might introduce inductive reactance to
the circuit. An example of good bypass ca-
pacitors would be ceramic disc with values in
the range of 0.01 to 0.05uF.

The input impedance of the CA3089 is ap-
proximately 10,0008. It is not recommended

TYPICAL PERFORMANCE CHARACTERISTICS

to match this impedance. The value of the
input termination resistor should be as low as
possible without degrading system operation.
The lower the value of this resistor the
greater the system stability. An input terminat-
ing resistor between 5052 and 100S2 is recom-
mended.

Muting Action, Tuner

(Tuning meter output as a
function of input signal voltage.)

AGC

(Current at Terminal 7 as a
function of change in frequency.)

AFC Characteristics

w BC VOLTAGE SUPPLY V- =12V | 125 I'5C FOWER SUPPLY (V5 =12V | /
g AMBIENT TEMPERATURE (T a) = +25°C 100 | AMBIENT TEMPERATURE (Tp) = 25°C
£ o |JEST CIRCUIT _ SEE FIGURE 3 6 SEE TEST CIRCUIT FIGURE 3 4
T _ SEE FIGURE
2 RECOVERED AUDIO < 7sf10 sk 7 /
@ FROM FULL OUTPUT /] | o__._AM.@—o 74
vE_y (LEFT CO-ORDINATE) 5 ~ s b /
| o S WA
o3 4 E /
2% 5 TUNER AGC DC 2 : »
23 VOLTAGE AT 3 &
a f TERMINAL NO. 15 > -0
- RIGHT CO-ORDINATE o °
gxw ‘ ! 2o z -2
32 | = /
z
Sz-w LY 2 g —so s
25 VOLTAGE \ - /
o AT TERMINAL 3 -5 7
g-s0 'NO. 13 METER CIRCUIT —{ 1
z (33K1) TO GND) ~100
5 (RIGHT CO-ORDINATE) "4
3 -60 ~125
1 10 100 1K 10K 100K -100 -50 o so 100
INPUT SIGNAL - uv CHANGE IN FREQUENCY (Af)— kHz
‘OP09370S

OP03380S
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DESCRIPTION

The MC3361 is a monolithic low-power
FM IF signal processing system consist-
ing of an oscillator, mixer, limiting ampli-
fier, quadrature detector, filter amplifier,
squelch, scan control and mute switch. It
is intended for use in narrow band FM
dual conversion communications equip-
ment. The MC3361 is available in a 16-
lead, dual-in-line plastic package and
16-lead SO (surface-mounted miniature
package).

BLOCK DIAGRAM

MC3361
Low Power FM IF

Objective Specification

FEATURES PIN CONFIGURATION

e 2.0V to 8.0V operation

e Low current: 4.2mA typ at
Ve =4.0Vpe z‘:;"

o Excellent sensitivity: 2.0uV for AUDIO
-3dB limiting typ Noou

o Low external parts count SQuELCH

e Operation to 60MHz FILTER

FILTER INPUT
APPLICATIONS i
e Cordiess telephone coosaros

e Narrow band receivers
® Remote control

MIXER SCAN
INPUT GND MUTE  CONTROL

[e] [o1 {1 T+

SQUELCH FILTER FILTER REOOVERED
OUTPUT INPUT AUDI

[ o] [e] f+]

o

SQUELCH TRtGGER WITH I
HYSTER =
l DEMODULATOR I
109F1
weEr LIMITER uly
iy
sk g Ss2k
1.8k T <
OSCILLATOR WA
1.8k
V‘VAf
L L] L L_J L] L] [ L]
e ER LIMITER
CRYSTAL O':TXPUT INPUT DECOUPUNG cou.
osc.

BD02490S
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Low Power FM IF MC3361

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE| ORDER CODE
16-Pin Plastic DIP 0 to +70°C MC3361N

16-Pin Plastic; SO (surface-mounted
miniature package)

0 to +70°C MC3361D

ABSOLUTE MAXIMUM RATINGS (Ta=25°C, unless otherwise noted)

SYMBOL PARAMETER PIN RATING UNIT
Vee (Max) Power supply voltage 4 10 Voc
Vee Generating supply voltage range 4 2.0 to 8.0 Voc

Detector input voltage 8 1.0 Vp.p
Vig Input voltage (Vcc24.0V) 16 1.0 VRmMs
Vig Mute function 14 -0.5 to 5.0 Vpk
Ty Junction temperature 150 °C
Ta Operating ambient temperature range -30 to +75 °C
Tste Storage temperature range -65 to +150 °C

AC AND DC ELECTRICAL CHARACTERISTICS (Voc=4.0Vpg, fo=10.7MHz, Af= +3.0kHz, fyop = 1.0kHz, Ta =25°C
unless otherwise noted.)
LIMITS
PARAMETER PIN TEST CONDITIONS UNIT
Min Typ Max
Drain current (no signal)
squelch off 4 4.2 7.0 mA
squelch on 5.4 9.0

Input limiting voltage 16 -3.0dB limiting 2.0 6.0 ny
Detector output voltage 9 2.0 Vbc
Detector output impedance 450 Q
Recovered audio output voltage 9 Vin = 10mVgus 100 150 270 mVems
Filter gain (10kHz) Vin = 1.0mVgus 40 46 dB
Filter output voltage 1 1.7 Vbc
Trigger hysteresis 50 mV
Mute function low 14 10 Q
Mute function high 14 10 MQ
Scan function low (mute off) 13 Vi2=1.0Vpc 0.5 Vpc
Scan function high (mute on) 13 Vi2=GND 35 Vpc
Mixer conversion gain 3 27 dB
Mixer input resistance 16 3.6 k2
Mixer input capacitance 16 2.2 pF
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Objective Specification

Low Power FM IF

MC3361

TEST CIRCUIT

Vee
[+]
10.245MHz
i
220pF 75 OOFF
N 0
4l 14]
muRata
CFU455D2 3
—
—14]
0.1uF
0.1uF
E7
20k
A
0.14F 3% i M
Il
= P uuar' | auan con

0.01.F
i o

= U 10.7MHz

b3

s 51

—3

[ls}————0 aupio muTe

13 SCAN CONTROL
10k

[———0 sa swweur

1.0uF

E—[-;K—o FILTER AMP OUT

<

i

>
_‘170" $ 510 10F
1o} WAV (—O FILTER AMP IN

8.2k

[ _Jﬂ——/vv-I—o AF OUTPUT
0.01uF

I

TC058108
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DESCRIPTION

The NE/SA604 is a monolithic low pow-
er FM IF system incorporating two limit-
ing intermediate frequency amplifiers,
quadrature detector, muting, logarithmic
signal strength indicator, and voltage
regulator. The NE/SA604 is available in
a 16-lead dual in-line plastic and Cerdip
packages and 16-lead SO (surface-
mounted miniature package).

BLOCK DIAGRAM

NE/SA604
Low Power FM

Product Specification

FEATURES

e Low power consumption: 2.3mA
typical

e Logarithmic Received Signal
Strength Indicator (RSSI) with a
dynamic range in excess of 90dB

e Separate data output

e Audio output with muting

o Low external count; suitable for
crystal/ceramic filters

o Excellent sensitivity: 1.5uV across
input pins (0.27uV into 502
matching network) for 12dB
SINAD (Signal-to-Noise and
Distortion ratio) at 455kHz

® SA604 meets cellular radio
specifications

APPLICATIONS

e Cellular Radio FM IF

e Communications receivers

o Intermediate frequency
amplification and detection up to
15MHz

® RF level meter

e Spectrum analyzer

o Instrumentation

IF System

PIN CONFIGURATION

D, F, N Packages

IF AMP
DECOUPLING

GND [Z

MuTE INPUT [3 ]

vee [2]

RSSI OUTPUT E

Aupio outpu (6 ]

DATA OUTPUT [z

QUADRATURE
INPUT

—/

E IF AMP INPUT

T3] IF AMP
DECOUPLING

T7] IF AMP
ouTPUT

13] GND

LIMITER

INPUT

7] LIMITER
DECOUPLING

70) LIMITER
DECOUPLING

9| LIMITER
ouTPUT

12

TOP VIEW

CDO50708

6] [5] [a] [3] [2] [w]l [w] [9]
GND
LIMITER
SIGNAL
STRENGTH
UAD
DET
VOLTAGE
REGULATOR
GND [ Ve
L) 2] L] [e] [s1 [ef [2] [e]
BD01910S
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Low Power FM IF System NE/SA604

ORDERING INFORMATION

DESCRIPTION TEMPERATURE ORDER CODE
16-Pin Plastic DIP 0 to +70°C NE604N
16-Pin Plastic SO 0 to +70°C NE604D
16-Pin Cerdip 0 to +70°C NE604F
16-Pin Plastic DIP -40°C to +85°C SA604N
16-Pin Cerdip -40°C to +85°C SA604F
16-Pin Plastic SO -40°C to +85°C SA604D

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voltage 9 v
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range

NE604 0 to +70 °C
SA604 -40 to +85 °C

DC ELECTRICAL CHARACTERISTICS T, =25°C; Voo = +6V, unless otherwise stated.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vee Power supply voltage range 4.5 8.0 \
DC current drain 2.7 mA
Mute switch input threshold
(on) 1.7 \"A
(off) 1.0 v

AC ELECTRICAL CHARACTERISTICS T4 =25°C; Voo = +6V, unless otherwise stated. RF frequency = 455kHz; RF
level = -47dBm; FM modulation = 1kHz with+8kHz peak deviation. Audio output with
C-message weighted filter and de-emphasis capacitor.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input limiting - 3dB Test at Pin 16 -90 dBm
AM rejection 80% AM 1kHz 30 dB
Recovered audio level After C ﬁltzra::gtgre-emphasis 80 100 mMVams
Recovered data level 250 350 mVRems
SINAD sensitivity RF level - 97dBm 12 15 dB
THD Total harmonic distortion -35 dB
S/N Signal-to-noise ratio No modulation for noise 70 75 dB
RSS! output R4 = 100k2
RF level = -97dBm 0 400 mv
RF level = -47dBm 2.0 26 v
RF level = 3dBm 4.0 5.0 v
RSSI range R4 = 100kS2 Pin 5 90 dB
RSS! accuracy R4 = 100k2 Pin 5 +1.5 dB
IF input impedance 1.5 k2
IF output impedance 1.0 k2
Limiter input impedance 1.5 k2
Quadrature detector data output impedance 50 k2
Muted audio output impedance 50 k2
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TYPICAL APPLICATION

INPUT @11—\ 1T J__——
-_{_-.- 0.1,F % 0.1,F 1 0.1,F == 10pF
[f6]1 [s] [Ca] ln; [G2] 1 iwl [5]
IF
3
LIMITER AM
SIGNAL
STRENGTH
MUTE QuaD
DET
VOLTAGE
REGULATOR
L] 2 3 ‘5 6 7 1
0.1F T
GND MUTE RSSI AUDIO  DATA
N out out ouT
BD01920S
NE604 TEST SETUP
AM FM RF Vee
SIGNAL AC DVM
Ly POWER SUPPLY
‘ Vee DATA
RF INPUT OUTPUT
MUTE iNpuT | NES04 TEST CIRCUIT | o oo o
l RSSI OUTPUT
C-MESSAGE
MUTE
DC DVM WEIGHTING
POWER SUPPLY PR
AUDIO
DISTORTION
& LEVEL METER
TC02380S
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NE604 TEST CIRCUIT

r Q = 20 LOADED
TR ; L L
INPUT| Ry = < A
ﬁje_l 5] [a] [3] [2] [ |'-1I;'| |:'9[| ‘; §
< I
Cyo= ) NE604 ;[ L

NOTES:

C1 10nF +80-20% 63V K10000-Z5V Ceramic
C2 100nF £10% 50V Polyester

C3 100nF +10% 50V Polyester

C4 100nF +10% 50V Polyester

C5 100nF £10% 50V Polyester

C6 10pF +2% 100V NPO Ceramic

C7 100nF £ 10% 50V Polyester

C8 100nF £ 10% 50V Polyester

C9 15nF £10% 50V Polyester

C10 150pF £+2% 100V N1500 Ceramic

C11 1nF £10% 100V K2000-Y5P Ceramic
C12 6.8uF +20% 25V Tantalum

F1 455kHz Ceramic Filter Murata SFG455A3
F2 455kHz IF Filter A2549

R1 512£1% 1/4W Metal Film

R2 15002 +1% 1/4W Metal Fim

R3 15002 +5% 1/8W Carbon Composition
R4 100k2£1% 1/4W Metal Film

MUTE  Vce
INPUT

RSS!
OuTPUT

Figure 1. NE604 Test Circuit and Parts List

TC024508

DESCRIPTION OF OPERATION

The NE/SA604 is comprised of five subsys-
tems for IF signal processing. These subsys-
tems, two IF limiting amplifiers, quadrature
detector, audio mute, and logarithmic signal
strength, can be configured to satisfy many
high-performance or low-power systems ob-
jectives. Internal temperature compensated
bias regulation completes the circuitry. Taken
together, the SA604 exceeds the demanding
technical requirements for cellular radio.

‘November 4, 1985

Figure 2 shows the equivalent circuits of the
NE/SA604.

Limiting Amplifiers

The NE/SA604 has two independent limiting
IF amplifiers. The first has a gain of 30dB.
The second has 60dB gain. Both have 1.5k
nominal input impedance and 15MHz band-
width. The output impedance of the first
limiter is approximately 1k§2. These imped-
ances permit direct interface with popular
ceramic filters such as the SFU455. On the
surface, the 1k output of the first limiter would
not seem correct. However, approximately
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6dB insertion loss is required between limiter
stages to optimize the linearity of the signal
strength indicator. The impedance mismatch
has little effect on passband. Use of an
interstage filter reduces wide-band noise. A
DC blocking capacitor or L/C filter can also
be used.

As the signal frequency increases, the 90dB
total gain can become a source of instability.
Figure 3 shows the limiters as a closed-loop
system with stray capacitance and the equiv-
alent AC input impedance setting the loop
gain.
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ADJUST FOR 6 dB INSERTION
LOSS RELATIVE TO THE 1K
SOURCE (PIN 14) AND THE 1.5K LOAD (PIN 12) -

2 b % 4 a

o)
z
S
]

Vee

L :
C:JAI\-ILE FULL WAVE xKg Sk
= RECT 1 asx
— RECT. \VAA
| VOLTAGE/ | PF
CURRENT v
CONVERTER i¢
"Eﬁl voLr VOLTAGE AQUAD
REG REGULATOR . ‘
] Vee
. l DET
BAND
GAP !
voLr Q40K 40K
—1
Vee
80K 80K 80K

80019308

Rin

|l|——)

L

TC02480S

Figure 3. Considerations for Stability
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The equivalent AC attenuation factor from the
output to the input must be greater than 90dB
or oscillation can occur. The input impedance
of the device is nominally 1.5k. The stray
layout capacitance is a frequency-dependent
impedance so that as the frequency of opera-
tion or the value of stray capacitance in-
creases, the output-to-input attenuation fac-
tor decreases. Keep stray capacitance low by
using good RF layout technique. Sockets
should be avoided above 455kHz.

Good RF layout is the proper way to avoid
instability. However, if system constraints re-
quire, stability can be achieved by only using
one of the limiting amplifiers, or by adding a
resistance, RN, which will increase the atten-
uation factor.
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455 kHz

Q=20

NEB04 1. INPUT (uV) (150000)

a. Cellular Radio Configurati
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b. Cellular Circuit Performance
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Adding an input resistor is an easy way to
reduce the attenuation factor, but may make
correct termination of interstage filters difficult
or impossible. At 455kHz instability should not
be a problem if reasonable RF layout is used.

Quadrature Detector

The detector of the NE604 is a four quadrant
multiplier of the Gilbert cell type. It can be
used for frequency or amplitude demodula-
tion. Figure 4 indicates a typical quadrature
FM configuration. Fully limited in-phase signal
is applied to the multiplier internally. 90°
phase shift is accomplished with the L/C
tuned circuit connected directly to Pin 8 and
capacitively to Pin 9. Because of the DC bias
of the NE604, the phase shift network must
be returned to ground through a low imped-
ance capacitor. Recovered signal is continu-
ously available at Pin 7 or on a switched basis
at Pin 6.

The quadrature coil or crystal/ceramic dis-
criminator affects three system parameters:
bandwidth, linearity, and detected signal am-
plitude. Figure 6 shows three quadrature
curves.

November 4, 1985

QUAD TANK
RPL + cp P JRPU

Cy
vin>—{}

Vour

TC024008

EQUATION
Vour _ JCy
vin ! 1+pa c
—_— 12— )+
RPL| |RPU o TG

Q = wo (RPL| |RPU) CP
Aw = PEAK DEVIATION

wp = CENTER FREQUENCY
TC023808

Figure 5. General Equations
For Quadrature Coil

Table 1. System Parameters as
Applied to Figure 4a

Aw = 2m+8kHz
wo = 2m*455kHz
cpP = 180pF
RPU = 233K

RPL = 40K

LP = 644uH

Q ~ 20

Curve A has the most narrow bandwidth and
high peak-to-peak output versus frequency
deviation corresponding to a high Q network.
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Curve C is very low Q with good linearity and
shows how very large deviations can be
processed. Curve B shows how the quadra-
ture network can cause non-linearity in the
detected output. A loaded Q for the 455kHz
quadrature coil of Figure 4 is 20. Using the
test circuit of Figure 4 with an input of
—47dBm, the recovered audio is typically
90mVRMs with —35dB distortion.

While the NE604 was designed principally for
FM applications, the detector can be used for
synchronous amplitude demodulation if the
carrier is limited through the internal circuitry
and AGC'd external to the device. The AGC'd
signal is applied to Pin 8 instead of a quadra-
ture signal. The signal strength indicator can
control AGC. A low-pass filter on the output
completes the demodulator. Figure 7 shows
the equivalent circuit.

+90°

7

PHASE ANGLE

A

RESONANCE
——» FREQUENCY —>»
0P01430S

[——NON-LINEAR
-90°

Figure 6. Quadrature
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LINEAR
IF AMP
MIXER
X
16 14 12
> NE604
6 8
o AUDIO
OuTPUT
100K
\/\\ TC02440S8
Figure 7. Synchronous AM Detection
Audio Mute adjusted to the IF center frequency. Muting  The interstage filter must have a 6dB inser-

An electronic switch permits muting or
squelich of one of the demodulated outputs.
The data (unmuted output) and audio (muted
output) both have 50kS2 output impedance
and their detected signals are 180 degrees
out of phase with each other. The mute input
(Pin 3) has a very high impedance and is
compatible with three and five volt CMOS and
TTL levels. Little or no DC level shift occurs
after muting when the quadrature detector is

will attenuate the audio signal by more than
60dB and no voltage spikes will be generated
by muting.

Signal Strength Indicator

The logarithmic signal strength indicator is a
current source output with maximum source
current of 50uA. The signal strength indica-
tor's transfer function is approximately 10uA
per 20dB and is independent of IF frequency.

tion loss to optimize slope linearity.

There is some temperature dependence to
the signal strength output. Figure 8 shows the
characteristic. Two suggested lead circuits
are shown to improve linearity in critical
applications. For cellular radio applications
use of either technique and the SA604 device
(~40°C to +85°C) will assure compliance with
RSSI criteria.

SA/NEBO4
s
0.1,F 7 b
L
b 4
S
TC005408

a. Temperature-Compensated RSSI Circuits

Figure 8. Signal Strength

ADJUST GAIN
AVIITM THIS RESISTOR

VWV

0.9uF il <

> 100K
5

RSSI
OUTPUT

!

NORMALIZE SLOPE
WITH THIS RESISTOR

=5000 PPM/°C
TEMPERATURE SENSOR
— 1.5k} NOMINAL

TCo2421S
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Figure 8 (Continued) Figure 9. NE/SA604 Signal-To-Noise Ratio vs Temperature
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Figure 10. NE/SA604 AM Rejection vs Temperature Figure 11. NE/SA604 Audio Output vs Temperature
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Figure 12. NE/SA604 Data Output vs Temperature Figure 13. RSSI vs Temperature
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Figure 16. NE/SA604 Muting vs Temperature Figure 17. NE/SA604 Limiting RF Level vs Temperature
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Figure 20. NE/SA604 Supply Current vs
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Figure 21. Small-Signal RSSI vs Temperature and Voltage
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INTRODUCTION

The NE/SA604 represents a new standard of
performance in low power FM IF integrated
circuits. Originally designed for cellular radio
applications, the 604 is also well suited to
other radio frequency circuits where good
performance and low power consumption are
the important design considerations. When
used with its companion double-balanced
mixer, the NE/SA602, a low power system
solution for the cellular radio and other RF
applications is realized (Reference 1).

Figures 1 and 2 show the device pin-out and
a functional diagram of the 604. The device
provides an IF amplifier, quadrature detector,
received signal strength indicator (RSSI), and
mute circuit. Two detector outputs are provid-
ed for audio and data information with the
audio output being controlled by the mute
circuit.

CIRCUIT OVERVIEW

The IF amplifier consists of five differential
stages with a total gain of about 90dB.
Provision is made for an external inter-stage
filter to reduce broadband noise and increase
receiver selectivity. The differential input to
the first IF section appears at Pins 15 and 16.
One pin is usually AC-coupled to ground (Pin
15) with Pin 16 used as the ""high"" input. The
first IF section has a typical gain of 40dB with
its output appearing on Pin 14. Similar to the
first IF section, the second section uses a
differential input appearing at Pins 12 and 11,
with Pin 11 usually AC-coupled to ground.
The five stages are identical and any one may
go into limiting, depending on the RF input
level.

The interstage filter can be ceramic, crystal,
or an LC circuit. RSSI tracking is optimized
when the filter circuit loss is 6dB. The output
impedance of both amplifier sections (Pins 14
and 9) is about 1kS2. For convenience, an
"L" pad circuit showing 6dB loss is shown in
Figure 3. This circuit allows observation of the
RSSI response without using a filter.

The quadrature detector multiplies two IF
signals to produce the audio output. One of
the IF signals is differentially phase shifted by
an external quadrature tank or discriminator
circuit connected between Pins 8 and 9
(Figure 4). The second IF signal is fed to the
other detector input internally. Figure 5 shows
the desired phase/frequency response of the
quadrature-tuned circuit. A detailed mathe-
matical explanation of detector operation can
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be found in Reference 2. The detected audio
appears at the data terminal (Pin 7) and, via
the mute circuit, at the audio (Pin 6) terminal.

The cellular radio specifications call for a
logarithmic signal strength indicator accurate
within 3dB over an 80dB dynamic range. The
604 meets this requirement with an effective
technique. A sample current corresponding to
the output of each IF stage is fed to a
summing amplifier. The output of this amplifi-
er provides a current source which is reflect-
ed by a current mirror. The current mirror
output that appears on pin 5 provides the
logarithmic RSSI information. It is usable over
a 90dB dynamic range with 1.5dB accuracy.
Typically, a 100kS2 resistor is used to convert
the RSSI current to a voltage which is loga-
rithmically proportional to the received signal
strength.

PACKAGING

Both the: NE/SA604 and its companion dou-
ble balanced mixer, the NE/SA602, are avail-
able in either the plastic dual-in-line "'DIP"" or
surface mounted ""'SO'' packages. The NE
prefix specifies a 0 to+70°C operating tem-
perature range while SA specifies—40
to+85°C operation. The extensive tempera-
ture data presented in this application note
pertain to both the SA and NE devices.

TYPICAL APPLICATIONS

Figure 6 is a simplified schematic diagram of
the 604 which details the internal circuitry
adjacent to the device's pins. This should
help the designer match impedances to ex-
ternal circuitry. Figure 7 shows the schematic
diagram of a typical test circuit using the 604
and 602.

The quadrature tuned circuit (F3) shifts the
phase of the IF signal as shown in Figure 5.
Low distortion demodulation is obtained if the
IF signal deviation is restricted to the linear
portion of the S-curve. There are three vari-
ables affecting quadrature linearity: circuit Q,
deviation, and IF frequency. If the deviation is
increased, the Q must be decreased for a
given degree of linearity. The circuit Q will
also affect the demodulated signal level. A
higher Q will yield a higher audio output from
the quadrature detector since the phase shift
will be greater for a given deviation. The
quadrature Q must be optimized for a given
frequency deviation, IF frequency, and de-
sired linearity. A loaded Q of about 20 is
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typical for narrow band FM applications using
a 455kHz IF.

The supply voltage for the 602/604 pair can
range from 4.5 to 8V. Optimum overall perfor-
mance is realized at 6.0V for the device pair.
Several operation parameters are plotted for
supply voltage as well as temperature.

Quadrature detector linearity can be affected
by temperature variations. LC circuit reso-
nances will drift as the coil and capacitor
values change with temperature. This effect
becomes more critical with increased circuit
Q. If wide temperature variations are ex-
pected, careful choice of circuit components
can minimize this effect. Most inductors have
positive temperature coefficients (increase of
inductance with increase of temperature). If a
negative coefficient capacitor is chosen to
compensate the inductor, the resonant fre-
quency will track over temperature.

Since a bipolar current source is used to
provide the RSSI function, the current will
change with temperature. An increase in
temperature will result in an increase in RSSI
indication (Figure 8, uncorrected response).
The circuit shown in Figure 9 will "'smooth"
the response over temperature by dropping
the load impedance presented to Pin 5 as
temperature increases (Figure 8, corrected
response).

All the major performance parameters of the
604 are shown in Figure 10. Figure 11 illus-
trates a typical test set-up for measuring
many of the discussed parameters. Figures
12 to 25 provide a comprehensive guide to
604 performance over temperature and other
variables.

USE AS A FIELD STRENGTH/
RF VOLTMETER

As stated earlier the RSS! function is usable
over a 90dB dynamic range. This function
taken alone can provide a useful RF voltme-
ter function. The circuit in Figure 26 can be
used as a field strength or RF voltmeter
application. A linear readout device can be
calibrated directly in decibels or logarithmical-
ly for power, current, or volts.

USE AS AN AM SYNCHRONOUS
DETECTOR

The 604 can also be used as an AM envelope
detector. The IF signal is fed to both the 604,
as in the FM application, and to an additional
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linear IF amplifier (Figure 27). The linear
amplifier then feeds the quadrature detector
which mixes with the AM limited carrier and
demodulates the envelope. 1% THD is ob-
tainable with this technique with a 90% AM
modulated signal.

USE AS A PRODUCT
DETECTOR

Figure 28 shows how the 604 can be used as
a product detector for SSB or DSB. in this
case the LO is applied to the 604 |F amplifier
and an external linear IF amplifier is used for
the SSB or DSB signal. The 604 quadrature

detector then acts as the product detector.
With the addition of a simple switching array,
a single 604 can be used for FM, AM, or SSB
detection in a communications receiver!

REFERENCES
1. Zavrel, R.: Signetics AN198 Designing With
the SA/NE 602, December, 1984.

2. Hayward, W.: Introduction to Radio Fre-
quency Design, 1982, Prentice-Hall.

Written by Bob Zavrel
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Figure 2. Block Diagram
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Figure 6. Application Demonstration Board
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(9] 47pF = 2% 100V N750 Ceramic

c2 220 pF = 2% 100V N750 Ceramic

c3 0.1 uF £ 10% 50V Polyester

c4 10 nF £ 80% 83V K10000 — 25X Ceramic
20%

Cc5 0.1 uF £ 10% 50V Polyester

ceé 5.6 pF + 25% 100V NPO Ceramic

c7 2pF+ 2% 100 V N150 Ceramic

c8 1nF £ 10% 100V K2000 — Y5P Ceramic

(o] 0.1 uF £ 10% 50V Polyester

c10 0.1 uF £ 10% 50V Polyester

o1 6.8 uf £ 20% 25V Tantalum

c12 1nF £ 10% 100V K2000 — Y5P Ceramic

c13 15 nF + 10% 50V Polyester

Cc14 10pF = 2% 100V NPO Ceramic

C15 0.1 uF £ 10% 50V Polyester

c16 0.1 uF £ 10% 50V Polyester

c17 0.1 uF £ 10% 50V Polyester

c18 150 pF £ 2% 100V N1500 Ceramic

R1 15K+ 5% 1/8W  Carbon Composition

R2 100K+ 1% 1/4W  Metal Film

RFC 5.5 uH RF Chocke J.W. Miller 542 — 4609

(A} 0.209 — 0.283 uH Adjustable VHF Coil Miller 48A257MPC

L2 05—13uH Adjustable Coil 1811 — 0036TW

F1 455 kHz Ceramic Filter Murata SFG 455A3

F2

F3 455 kHz IF Filter Toko A2549

X1 44.545 MHz Third Overtone Crystal

TB00440S

Figure 7. Application Test Board Parts
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Figure 8. RSSI vs Signal Strength

February 1987 4-134



Signetics Linear Products Application Note

Designing With the NE/SA604 AN199

SA/NEB04
5
$
X :: 60K
—o
s
ek
TC005408
Figure 9. Temperature-Compensated RSS! Circuit
NEG604 LF. INPUT (V) (150002)
10 100 1K 10K 100K
T T T T T
- —_—————Ae e
7/
/
/, —4V
[-4
20 _ v
fof @ d
28
235 —av
e S THD + NOISE
398
] :
b o —2v
TN
u'* b AM (80% MOD)
o 60
E QH
e
v
-80 NOISE
I I
) ~20
SA/NE602 RF INPUT (dBm) (5002)
(OP003908
Figure 10. NE602/604 System Performance
Vee
POWER .
SUPPLY AC DVM
e lm_ __
i 1
|
MUEMRF | por] | samesoz SA/NES04 | DATA OUTPUT
GENERATOR TEST |— TEST
HP 86408 (45MHz) } CIRCUIT CIRCUIT | aubio ouTPUT
i |
MUTE SWITCH RSS! l
C-MESSAGE
| orF —__|outPur | WEIGHTING
| ON l_ FILTER
| _?_ (Voc) (20dB GAIN)
| u oC VM T
-0 = AUDIO
DISTORTION &
LEVEL METER
HP 339A
BD00620S
Figure 11. NE/SA602/NE/SA604 Applications Board

\
February 1987 4-135



Signetics Linear Products

Application Note

Designing With the NE/SA604

AN199

73.8
% JQV 8.5V gv J
20 y:s 73.6 Pt O]
_ 15 e D < A 734 /
g v N g pd
: 10 2V Zz 73.2
g 5 \ \> g //
o N o 73.0
g o R g “
3 N = 728
g i 3 A
E 72.6 7
-10 /
\‘ 72.4
-15 5
_20 72.2
-40 0 40 80 120 -40 0 40 80 120
TEMPERATURE (°C) TEMPERATURE (°C)
OP00240S OP00250S
Figure 12. NE/SA604 Indicated Gain vs Figure 13. NE/SA604 Signal-To-Noise Ratio vs
Temperature and Voitage Temperature
3.5 80
34.0
335 \ S /
_. 330 s //
g 325 \ f 1:/
g 32.0 N g 6s
w35 N 3 0
E 31.0 \ o /
' N E /
2 a0 N B
30.0 }{
\ 50
295 ~] E/ {
29.0 45
-40 [] 40 80 120 -40 0 40 80 120
TEMPERATURE (°C) TEMPERATURE (°C)
0P00260S OP00270S
Figure 14. NE/SA604 AM Rejection vs Temperature Figure 15. NE/SA604 Audio Output vs Temperature
340 2.8
st ]
320 P 2.6
300
£ 280 /// 2.4
a ':3 22
% 240 A « /(
§ 220 / 2.0
200 r/
1.8
A d
1.6
1e0 —40 o 20 80 120 -40 0 40 80 120
TEMPERATURE (°C) TEMPERATURE (°C)
‘OP00280S ‘OP00290S
Figure 16. NE/SA604 Data Output vs Temperature Figure 17. RSSI vs Temperature
February 1987 4-136



Signetics Linear Products

Application Note

Designing With the NE/SA604

AN199

OP00340S

Figure 22. NE/SA604 Supply Current vs
Temperature and Voltage

-89.5
7.5
iy \[
67.0 \ -90.5
E-n.o
au.s S _ 915
= pry
3 N 2 920 N
2 66.0 = o,
& -925 N
-93.0 NG
65.5 N
-935
65.0 hall ~94.0 2
-40 [) 40 80 120 -4 o 40 80 120
TEMPERATURE (°C) TEMPERATURE (°C)
'OP00300S 0P00310S
Figure 18. NE/SA604 Muting vs Temperature Figure 19. NE/SA604 Limiting RF Level vs Temperature
5.2 -4
5.0 L -42 / \\
4.8
-43
4.6 Vs \
4.4 lp, g
g S s
4
T
z 4.0 T s \ ‘
3.8 . < g
3.6 M
/ -a8 5
3.4 =4
3.2 —49
-40 ) a0 80 120 -40 0 40 80 120
TEMPERATURE (°C) TEMPERATURE (°C)
OP00320S 0P00330S
Figure 20. NE/SA604 Large Signal Uncompensated Figure 21. NE/SA604 Total Harmonic Distortion vs
RSSI Voltage vs Temperature Temperature
2.7 200
— |85V o 85V [P
2.6 ‘s 55 180 /
- 160
g 25 /(
s S wo 6.0V
g 24 3 I
2 i 6.0V P——tC] @ 120
g 23 i 2 w0 /1 /.
: 22 0 A’/’A.sv
Yo ag
% 21 bl 60 \ o 7/{
2.0 P 40
20
1.9 -0 [ 40 80 120
-40 0 40 80 120 TEMPERATURE (°C)
TEMPERATURE (°C) opoossos

Figure 23. Small-Signal RSSI vs Temperature and Voltage

February 1987

4-137




Signetics Linear Products Application Note

Designing With the NE/SA604 AN199

Vec=8.5V —
P 8.5V 26 cc=8.5
6.0v
45V T —] H
4 S — e 2.4
g’ g
o E Vec=6.0V
2 3
@ 12 % 2.2
z |
’ / Vec=4.5V
10 N 2.0 r
-40 0 40 80 120 -40 0 40 80
TEMPERATURE (°C) TEMPERATURE (°C)
OP00360S ‘OP00370S.
Figure 24. NE/SA604 SINAD vs Temperature and Vcc Figure 25. SA604 Supply Current vs Temperature
2pF
o
| SENSITIVITY
<
10K 3 I
—

= 16 I'J_lu r“"|12

) NESos

L..,_] ] METER

12NE5532

TC005008

Figure 26. Field Strength Meter

February 1987 4-138



Signetics Linear Products Application Note

Designing With the NE/SA604 AN199

>

MIXER
FILTER
16 14 12
> NEG04
i il
AUDIO
OUTPUT
100K
TC005108
Figure 27. AM Synchronous Detector
MIXER LINEAR
IF AMP

FILTER

Lo
—Onput
12

> NE604

0K

6 8
- o AuDIO
OuTPUT

%10

Figure 28. Product Detector

February 1987 4-139



Signetics

Linear Products

Author: Robert J. Zavrel Jr.

DESCRIPTION

AN1991

Audio Decibel Level Detector
With Meter Driver

Application Note

The RSSI function requires a DC output
voltage which is proportional to the logyo of

Although the NE604 was designed as an RF 0dB=300mVPTPR | | A
device intended for the cellular radio market, the input signal level. Thus a standard 0-5 SOLID LINE INDICATES )
it has features which permit other design Vvoltmeter can be linearly calibrated in deci- -&E#Emz | y 7
configurations. One of these features is the ~ bels over a single 80dB range. The entire INDICATES , 4
Received Signal Strength Indicator (RSSI). In ~ circuit is composed of 9 capacitors and two £ o | WEASURED SLOPE /)
a cellular radio, this function is necessary for ~ resistors along with the two ICs. No tuning or 5 o /r
continuous monitoring of the received signal ~ calibration is required in a manufacturing £ Y.
strength by the radio's microcomputer. This ~ setting. 52 ’/I
cnrm:ut provudes_a Ioggrlthmlc feSpoNse Pro-  Thg Audio Input vs Output Graph shows that //
portional to the input signal level. The NE604 g gireuit is within 1.5dB tolerance over the 1 7
can provide this logarithmic response over an  gogg range for audio frequencies from 100Hz L %
80dB range up to a 15MHz operating frequen- 5 10kHz. Higher audio levels can be mea- [}
cy. This paper describes a technique which  gyreq by placing an attenuator ahead of the -0 -8 -60 -4 -20 0
optimizes this useful function within the audio input capacitor. The input impedance is high AUDIO INPUT (dB) o
band. (about 50Kk), so lower impedance terminations
A sensitive audio level indicator circuit can be (50 or 600£2) will not be affected by the input
constructed using two integrated circuits: the ~impedance. if very accurate tracking is re-
NE604 and NE532. This circuit draws very quired (< 0.5dB "accuracy')', a 40 or 50dB
litle power (less than 5mA with a single 6V~ segment can be "'selected”. A range switch
power supply) making it ideal for portable ~can then be added with appropriate attenua-
battery operated equipment. The small size tors !( more than 40 or 50dB dynamic range is
and low-power consumption belie the 80dB  required.
dynamic range and 10.5uV sensitivity.
AUDIOINPUT  33,F 0.015,F
- —¢ O +6V
04F
— ka4
) s 0F =
::ZK q“
|—=‘.- i
® 5 W 18 12 1n 10 9 h
+ L!OuF —\ 5K 2NES32 _OMETER
wuﬁ]: = NES04 1LNES32 + prl
+
- T "
NC NC NC = = = =
3 100K :FN;«F
1.C00030S|
Figure 1
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There are two amplifier sections in the 604
with 2 and 3 stages in the first and second
sections respectively. Each stage outputs a
sample current to a summing circuit. The
summing circuit has a current mirror which
appears at Pin 5. This current is thus propor-
tional to the log1o of the input audio signal. A
voltage is dropped across the 100k resistor
by the current, and a 0.1uF capacitor is used
to bypass and filter the output signal. The 532
op amp is used as a buffer and meter driver,
although a digital voltmeter could replace
both the op amp and the meter shown. The
rest of the capacitors are used for power
supply and amplifier input bypassing.

The RC circuit between Pins 14 and 12 forms
a low-pass filter which can be adjusted by
changing the value of C1. Raising the capaci-

February 1987

tance will lower the cut-off frequency and also
lower the zero signal output resting voltage
(about 0.6V). Lowering the capacitance value
will have the opposite effect with some reduc-
tion in dynamic range, but will raise the
frequency response. The 2kS2 resistor value
provides the near-ideal inter-stage loss for
maximum RSS! linearity. C2 can also be
changed. The trade-off here is between out-
put damping and ripple. Most analog and
digital metering methods will tend to cancel
the effects of small or moderate ripple volt-
ages through integration, but high ripple volt-
ages should be avoided.

A second op amp is used with an optional
second filter. This filter has the advantage of
a low impedance signal source by virtue of
the first op amp. Again, a trade-off exists

4-141

between meter damping and ripple attenua-
tion. If very low ripple and low damping are
both required, a more complex active low-
pass filter should be constructed.

Some applications of this circuit might in-
clude:

1. Portable acoustic analyzer

Microphone tester

Audio spectrum analyzer

VU meters

S-meter for direct conversion radio
receiver

Audio dynamic range testers

7. Audio analyzers (THD, noise, separation,
response, etc.)

A

I
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DESCRIPTION

The NE/SA605 is a monolithic, low pow-
er FM IF system incorporating VHF
monolithic, double-balanced mixer with
input amplifier, on-board oscillator, two
limiting intermediate frequency amplifi-
ers, quadrature detector, muting, loga-
rithmic signal strength indicator, and
voltage regulator.

It is intended for high performance, low
power communication systems. The
guaranteed parameters of the SA605
make this device particularly well-suited
to cellular radio applications. The mixer
is a "Gilbert cell" multiplier configuration
which typically provides 15dB of gain at
45MHz. The oscillator will operate to
200MHz. It can be configured as a
crystal oscillator, a tuned tank oscillator,
or a buffer for an external L.O. The noise
figure at 45MHz is typically less than
5dB. The gain, intercept performance,
low power, and noise characteristics
make the NE/SA605 a superior choice
for high-performance battery-operated
equipment.

The NE/SA605 is available in 20-lead
dual in-line plastic and Cerdip packages
and 20-pin SO (surface-mounted minia-
ture) packages.

ORDERING INFORMATION

NE/SA605

Low Power FM

Objective Specification

FEATURES

e Low power consumption: 5.3mA
typical

o Excellent noise figure: < 5.0dB
typical at 45MHz

o High operating frequency

e Excellent gain, intercept, and
sensitivity

o Low external parts count;
suitable for crystal/ceramic filters

® SA605 meets cellular radio
specifications

o Logarithmic Received Signal
Strength Indicator (RSSI) with a
dynamic range in excess of 80dB

e Separate data output

e Audio output with muting

e Excellent sensitivity: 1.5uV across
input pins (0.27uV into 50Q
matching network) for 12dB
SINAD (Signal-to-Noise and
Distortion ratio) at 455kHz

DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic DIP 0 to +70°C NE605N
20-Pin Plastic SO 0 to +70°C NE605D
20-Pin Ceramic DIP 0 to +70°C NE605F
20-Pin Plastic DIP -40°C to +85°C SA605N
20-Pin Plastic SO -40°C to +85°C SA605D
20-Pin Ceramic DIP -40°C to +85°C SA605F

February 1987 4-142

IF System

PIN CONFIGURATION

D, F, N Packages

TOP VIEW

CD13081S

APPLICATIONS

o Cellular radio FM IF

o Communications receivers
¢ Intermediate frequency

amplification and detection up to
25MHz

o RF level meter

e Spectrum analyzer

o Instrumentation

o Portable radio

o VHF transceivers

o RF data links

o HF/VHF frequency conversion

o Instrumentation frequency
conversion

e Broadband LANs
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Low Power FM IF System NE/SA605

BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vce Maximum operating voltage 9 \
Tsta Storage temperature range -65 to +150 °C
Ta Operating temperature range

NE605 0 to +70 °C
SA605 -40 to +85 °C
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Objective Specification

Low Power FM IF System NE/SA605
DC ELECTRICAL CHARACTERISTICS T, =25°C; Vo = +6V, unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vee Power supply voltage range 45 8.0 \
DC current drain 5.3 6.0 mA
Mute switch input threshold
(on) 1.7 Vv
(off) 1.0 \%
AC ELECTRICAL CHARACTERISTICS T =25°C; Vo = +6V, unless otherwise stated. RF frequency = 45MHz; IF
frequency = 455MHz; FM modulation = 1kHz with +8kHz peak deviation. Audio output
with C-message weighted filter and de-emphasis capacitor.
LIMITS ‘
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figured at 45MHz 5.0 dB
Third-order intercept point RFiN =-45dBm: f{ =45.0 -15 dBm
fa = 45,06
Conversion gain at 45MHz 15 dB
Rin RF input resistance Single-ended input 1.5 k2
CiN RF input capacitance 3 3.5 pF
Mixer output resistance (Pin 20) 1.5 kQ
Input limiting -3dB Test at Pin 1 -117 dBm
AM rejection 80% AM 1kHz 30 dB
. After C filter and de-emphasis
Recovered audio level capacitor 80 100 mVems
Recovered data level 250 350 mVRuvs
SINAD sensitivity RF level ~117dBm 12 15 dB
THD Total harmonic distortion -35 dB
S/N Signal-to-noise ratio No modulation for noise 70 75 dB
RSS! output Rpgsi = 100K
RF level =-117dBm 0 400 mV
RF level = -67dBm 2.0 2.6 \"
RF level = -23dBm 4.0 5.0 v
RSSI range Rpss) = 100k Pin 7 90 dB
RSSI accuracy Rpssi = 100k Pin 7 +1.5 dB
IF input impedance 15 k2
IF output impedance 1.0 k2
Limiter input impedance 15 k2
Quadrature detector data output
impedance 50 kR
Muted audio output impedance 50 kQ

February 1987
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Objective Specification

Low Power FM IF System

NE/SA605

Circuit Description

The NE/SA605 is an RF/IF signal processing
system suitable for second IF or single con-
version systems with input frequency as high
as 500MHz. The bandwidth of the IF amplifi-
ers is 25MHz. However, the gain distribution
is optimized for 455kHz. The overall system is
well-suited to battery operation as well as
high-performance and high quality products
of all types.

The input stage is a Gilbert cell mixer with
oscillator. Typical mixer characteristics in-
clude a noise figure of 5dB, conversion gain
of 15dB, and input third order intercept of
-15dBm. The oscillator will operate well in
excess of 200MHz in L/C tank configurations,
either Hartley or Colpitts. For crystal oscilla-
tors, the Colpitts configuration is used.

The output of the mixer is internally loaded
with a 1.5k resistor permitting direct con-

nection to a 455kHz ceramic filter. The equiv-
alent input impedance of the limiting IF ampli-
ers is also 1.5kS2. With most 455kHz ceramic
filters and many crystal filters, no impedance
matching network is necessary. To achieve
optimum linearity of the log signal strength
indicator, there must be a 6dB insertion loss
between the first and second IF stages. If the
IF filter or interstage network does not cause
6dB insertion loss, a fixed or variable resistor
can be added between the first IF output (Pin
16) and the interstage network..

The signal from the second limiting amplifier
goes to a Gilbert cell quadrature detector.
One port of the Gilbert cell is internally driven
by the IF. The other output of the IF is AC-
coupled to a tuned quadrature network. This
signal, which now has a 90° phase relation-
ship to the internal signal, drives the other
port of the multiplier cell.

Overall, the IF section has a gain of 92dB. For
operation at intermediate frequencies greater
than 455kHz, special care must be given to
layout, termination, and interstage loss to
avoid instability. Alternatively, if gain distribu-
tion permits, only the second limiting IF stage
can be used. This stage has 57dB of gain.

The demodulated output of the quadrature
detector is available at two pins, one continu-
ous and one with a mute switch. Signal
attenuation with the mute activated is greater
than 60dB. The mute input is very high
impedance and is compatible with CMOS or
TTL levels.

A log signal strength indicator completes the
circuitry. The output range is greater than
80dB and is temperature compensated. This
log signal strength indicator exceeds the
criteria for AMPs or TACs cellular telephone.

FILT1 FILT 2
1l 1
= =
* ol T |
‘[ o 1E R3 'l'cu -['013
20 Tw 18 17 18 15 " 13 -|-12 Tﬂ
) NEG0S
1 2 3 4 5 ) 7 ) 9 10
(:1L1 ‘C; XTAi R2 -0 -
Ri
c2 = L2 ”-I- 3 RFC
T _ co
T EREE
i [T
= = o “ = o ° °
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Figure 1. NE/SA605 45MHz Test and Application Circuit

BD09492S8
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DESCRIPTION

The NE614 is a monolithic low power
FM IF system incorporating two limiting
intermediate frequency amplifiers, quad-
rature detector, muting, logarithmic sig-
nal strength indicator, and voltage regu-
lator. The NE614 is available in a 16-
lead dual in-line plastic package and 16-
lead SO (surface-mounted miniature
package).

BLOCK DIAGRAM

NE614

Low Power FM

Product Specification

FEATURES
e Low power consumption

e Logarithmic signal strength
indicator

e Separate data output

o Audio output with muting

e Low external count; suitable for
crystal/ceramic filters

o Excellent sensitivity

APPLICATIONS

e Cellular Radio FM IF

e Communications receivers

o Intermediate frequency
amplification and detection up to
15MHz

o RF level meter

e Spectrum analyzer

o Instrumentation

e Cordless telephone

o Remote control

IF System

PIN CONFIGURATION

N, D Packages
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Low Power FM IF System NE614

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP 0 to +70°C NE614N
16-Pin Plastic SO 0 to +70°C NE614D

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voltage 9 \
Tste Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range

NE614 0 to +70 °C

DC ELECTRICAL CHARACTERISTICS T, =25°C; Voc = +6V, unless otherwise stated.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Voo Power supply voltage range 4.5 8.0 v
DC current drain 3.0 mA
Mute switch input threshold
(on) 1.7 "
(off) 1.0 \Y

AC ELECTRICAL CHARACTERISTICS Tp=25°C; Vcc = +6V, unless otherwise stated. RF frequency = 455kHz; RF
level = -47dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with
C-message weighted filter and de-emphasis capacitor.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input limiting - 3dB Test at pin 16 -90 -80 dBm
AM rejection 80% AM 1kHz 30 dB
Recovered audio level After C filter and 80 100 mVRMs
de-emphasis capacitor
Recovered data level 250 350 mVRMs
SINAD sensitivity RF level -97dBm 8 12 dB
THD Total harmonic distortion -35 dB
S/N Signal-to-noise ratio No modulation 75 dB
IF input impedance 1.5 kS
IF output impedance 1.0 k2
Limiter input impedance 15 k2
Quadrature detector data 50 k2

output impedance

Muted audio output impedance 50 k2
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NE614

TYPICAL APPLICATION
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NE614

C3 5

1t
Ny

NE 614 TEST CIRCUIT Fy
—
D B
1l
TR TL.I
INPUT 4’—| e Rs - G Ce
P B
16 15 14 13 12 11 10 9

NE 614

NOTES:

C1 10nF +80-20% 63V K10000-Z5V Ceramic
C2 100nF £ 10% 50V Polyester

C3 100nF +10% 50V Polyester

C4 100nF £ 10% 50V Polyester

C5 100nF +10% 50V Polyester

C6 10pF +2% 100V NPO Ceramic

C7 100nF £ 10% 50V Polyester

C8 100nF £ 10% 50V Polyester

C9 15nF £10% 50V Polyester

C10 150pF £2% 100V N1500 Ceramic

C11 1nF £10% 100V K2000-Y5P Ceramic
C12 6.8uF £20% 25V Tantalum

F1 455kHz Ceramic Filter Murata SFG455A3
F2 455kHz IF Filter A2549

R1 512£1% 1/4W Metal Film

R2 15002+ 1% 1/4W Metal Film

R3 150082+ 5% 1/8W Carbon Composition
R4 100k2 1% 1/4W Metal Film

©

Q = 20 LOADED

F2

Figure 1. NE614 Test Circuit and Parts List

d DATA
OUTPUT

TC024708

DESCRIPTION OF OPERATION
The NE614 is comprised of five subsystems
for IF signal processing. These subsystems,
two IF limiting amplifiers, quadrature detector,
audio mute, and logarithmic signal strength,
can be configured to satisfy many high-
performance or low power systems objec-
tives. Internal temperature compensated bias
regulation completes the circuitry.

Figure 2 shows the equivalent circuits of the
NE614.

November 4, 1985

Limiting Amplifiers

The NE614 has two independent limiting IF
amplifiers. The first has a typical gain of
30dB. The second typically has 60dB gain.
Both have 1.5k nominal input impedance and
15MHz bandwidth. The output impedance of
the first limiter is approximately 1k§2. These
impedances permit direct interface with popu-
lar ceramic filters such as the SFU455. On
the surface, the 1k output of the first limiter
would not seem correct. However, approxi-
mately 6dB insertion loss is required between

4-149

limiter stages to optimize the linearity of the
signal strength indicator. The impedance mis-
match has little effect on passband. Use of an
interstage filter reduces wide-band noise. A
DC blocking capacitor or L/C filter can also
be used.

As the signal frequency increases, the 90dB
total gain can become a source of instability.
Figure 3 shows the limiters as a closed-loop
system with stray capacitance and the equiv-
alent AC input impedance setting the loop
gain.
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Low Power FM IF System NE614

ADJUST FOR 6 dB INSERTION
0SS TO THE 1K
SOURCE (PIN 14) AND THE 1.5K LOAD (PIN 12) o
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Figure 2. Equivalent Circuit

BD01961S

The equivalent AC attenuation factor from the
Cstray output to the input must be greater than 90dB
€ or oscillation can occur. The input impedance
of the device is nominally 1.5k. The stray
layout capacitance is a frequency-dependent
[ impedance so that as the frequency of opera-
tion or the value of stray capacitance in-
creases, the output-to-input attenuation fac-

Rin tor decreases. Keep stray capacitance low by
using good RF layout technique. Sockets

1 I T should be avoided above 455kHz.
T B - Toozsers Good RF layout is the proper way to avoid
Figure 3. Considerations for Stability instability. However, if system constraints re-

quire, stability can be achieved by only using
one of the limiting amplifiers, or by adding a
{ resistance, Ry, which will increase the atten-
uation factor.
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NE614
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a. NE614 Application Circuit
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b. Typical Application Circuit Performance

OPO14508

Adding an input resistor is an easy way to
reduce the attenuation factor, but may make
correct termination of interstage filters difficult
or impossible. At 455kHz instability should not
be a problem if reasonable RF layout is used.
Figure 4a indicates a 455kHz circuit configu-
ration which should serve as a reasonable
starting point for many applications. This
circuit is configured for 46/49MHz cordless
telephone.

Quadrature Detector

The detector of the NE614 is a four quadrant
multiplier of the Gilbert cell type. It can be
used for frequency or amplitude demodula-
tion. Figure 4b indicates a typical quadrature
FM configuration. Fully limited in-phase signal

November 4, 1985

is applied to the multiplier internally. 90°
phase phase shift is accomplished with the L/
C tuned circuit connected directly to Pin 8 and
and capacitively to Pin 9. Because of the DC
bias of the NE614, the phase shift network
must be returned to ground through a low
impedance capacitor. Recovered signal is
continuously available at Pin 7 or on a
switched basis at Pin 6.
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Table 1. System Parameters as
Applied to Figure 4a

Aw = 2m+8kHz
wo = 2m+455kHz
CP = 180pF
RPU = 233K

RPL = 40K

LP = 644uH

Q =~ 20
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NE614

o ‘GUAD TANK
vin>—{ |- J_ Vour
APL Tcp  2RRPU
“TC024908|
EQUATION
Vour _ JwCy
Vv (141024 o
—— (1 + 20— ) +
RPL| [RPU wo !

Q = wp (RPL| |RPU) CP
Aw = PEAK DEVIATION
wo = CENTER FREQUENCY

TC025008

Figure 5. General Equations
For Quadrature Coil

The quadrature coil or crystal/ceramic dis-
criminator affects three system parameters:
Bandwidth, linearity, and detected signal am-
plitude. Figure 6 shows three quadrature
curves.

Curve A has the most narrow bandwidth and
high peak-to-peak output versus frequency
deviation corresponding to a high Q network.
Curve C is very low Q with good linearity and
shows how very large deviations can be
processed. Curve B shows how the quadra-

ture network can cause non-linearity in the

detected output. A typical loaded Q for the
455kHz quadrature coil of Figure 4 is 20.
Using the test circuit of Figure 4 with an input
of ~47dBm, the recovered audio is typically
90mVRms with —35dB distortion.

While the NE614 was designed principally for
FM applications, the detector can be used for
synchronous amplitude demodulation if the
carrier is limited through the internal circuitry
and AGC'd external to the device. The AGC'd
signal is applied to Pin 8 instead of a quadra-
ture signal. The signal strength indicator can
control AGC. A low-pass filter on the output
completes the demodulator. Figure 7 shows
the equivalent circuit.

+90°
Al
¢
)
]
T
a
//
- l‘,_’/ NON-LINEAR
RESONANCE

——> FREQUENCY —
OP014608

Figure 6. Quadrature

Audio Mute

An electronic switch permits muting or squelch
of one of the demodulated outputs. The data
(unmuted output) and audio (muted output)
both have 50kS2 output impedance and their
detected signals are 180 degrees out of phase
with each other. The mute input (Pin 3) has a
very high impedance and is compatible with
three and five volt CMOS and TTL levels. Little
or no DC level shift occurs after muting when
the quadrature detector is adjusted to the IF
center frequency. Muting will attenuate the
audio signal by more than 60dB and no voltage
spikes will be generated by muting.

Signal Strength Indicator

The logarithmic signal strength indicator is a
current source output with maximum source
current of 50uA. The signal strength indicator's
transfer function is approximately 10uA per
20dB and is independent of IF frequency. The
interstage filter must have a 6dB insertion loss
to optimize slope linearity.

N
L

5

I FILTER I
Jj St |

[ 116 14 12
> NE614

100K

Figure 7. Synchronous AM Detection

AuDIO
OUTPUT

TC025208
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NE614

INDICATED GAIN (dB)
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Figure 8. NE614 Indicated Gain vs
Temperature and Voltage
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Figure 11. NE614 Audio Output vs Temperature
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Figure 12. NE614 Data Output vs Temperature

Figure 13. RSSI vs Temperature
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Figure 14. NE614 SINAD vs Temperature and Vcc
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Figure 15. NE614 Supply Current vs Temperature
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Figure 16. NE614 Muting vs Temperature
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Figure 17. NE614 Limiting RF Level vs Temperature
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Figure 19. NE614 Total Harmonic Distortion vs
Temperature
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Figure 20. NE614 Suppl{ Current vs
Temperature and Voltage Figure 21. Small-Signal RSSI vs Temperature and Voltage
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DESCRIPTION

TDA1576 is an IC which provides all the
functions of a comprehensive FM-IF sys-
tem. The block diagram of the TDA1576
includes a 4-stage FM-IF Amplifier/Lim-
iter with level detector, quadrature FM
detector, FM detector, internal regulator,
AFC output, and audio meeting circuit.
The TDA1576 is ideal for application
areas that require low distortion charac-
teristics (THD).

ORDERING INFORMATION

TDA1576

FM-IF (Quadrature Detector)

Product Specification

FEATURES

o Symmetrical limiting IF amplifier

o Symmetrical quadrature
demodulator

o Internal muting circuit

o Symmetrical AFC output

o Field-strength indication output

o Detune-detector

o Reference voltage output

o Electronic smoothing of the
supply voltage

e Standby on/off switching circuit

DESCRIPTION TEMPERATURE RANGE ORDER CODE

18-Pin Plastic DIP (SOT-102C) -30°C to +80°C TDA1576N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vcc =Vi-18| Supply voltage (Pin 1) 23 "
Voltages

Va_1g ; Vee v
“Va_18 at Pin 2 0 v
Vs_18 - 23 \
~Vs_18 at Pin 5 0 v
Vi2-18 ; 7 \
Viz18 at Pin 12 0 v
Vi3-18 at Pin 13 6 \
Via-18 at Pin 14 23 \
-Vig-18 0 v
Prot Total power dissipation 800 mwW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -30 to +80 °C
Ocra Thermal resistance from crystal to ambient 80 °C/W

January 14, 1987
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APPLICATIONS

o High-fidelity receiver

o Communication receiver
o Automotive receiver

e TVRO

853-1134 87196
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FM-IF (Quadrature Detector)

TDA1576

BLOCK DIAGRAM AND TEST CIRCUIT

+
It ] 1
L@ <: 750 0.1uF 4:10
[__W.VCc
@5V
6 4 1 2
17 }'ﬂ( 15k 15k AFC
vy ] VOLTAGE
2 0-14F 25k 8.3k + -
3R
\ 15 1 355
:
“ e QUADRATURE T H
LIMITER/ MUTING 250
3= 00uF 16 AMPLIFIER DEMODULATOR L
3ark 3
0.1uF <
Ry = = 8 (3.3k) v
AA
TDAI576 ! _L i L]
S8k Cao()
Vs LEVEL 3 T
DETECTOR
INDICATOR INTERNAL |17V
DRIVER SWITCH | &v<—] POWER
(6Vge) SUPPLY
53V
2 (185Vy)
e 20k
x 3 -~
13 14 5 12
3.6k 1
) 1 "——_I r"VW-'1
[e]
1mA > S (25k) S',“ <-| 0.47,F
I1nF
L
(Am) = = = = = =
FIELDSTRENGTH Vg Veo + Veer DETUNE-
INDICATOR ZERO-ADJUSTMENT (<23V) VOLTAGE
OF FIELD-STRENGTH
INDICATOR
NOTES:
1. For de-emphasis 7 = 50us: Cg-g = 6.8nF. For stereo operation: Cg_g = 56p|
2. L=0.38uH; Qo =70; Q_ = 20; adjusted to minimum 2nd harmonic dnstomon (d2); at V;=1mV; coil: 6 turns CuL (0.25mm) on coil former KAN (C).

BD08720S
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FM-IF (Quadrature Detector) TDA1576

DC AND AC ELECTRICAL CHARACTERISTICS Vg =85V fo = 10.7MHz; Af = +22.5kHz; fy = 400Hz; Rg = 60S2; de-em-
phasis 7=50us (Cg_g=6.8nF); Ta =25°C; measured in the Block Dia-
gram, unless otherwise specified. The demodulator circuit is adjusted at
minimum 2nd harmonic (dp) distortion: V4 = 1mV; Af = + 75kHz.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Vce Supply voltage range (Pin 1) 7.5 20 \'
Icc Supply current; without load (l12 =13 =0) 10 16 23 mA
IF amplifier/detector
' Sensitivity at ~3dB before limiting 22 30 uv
IF sensitivity for
Vi S+ N/N = 26dB 8 uv
' S+ N/N = 46dB 35 uv
Va_7(-p) IF output voltage (peak-to-peak value) 680 mV
Vi=1mV; Z3_18=2Z7_18
R3-7 IF output resistance 250 Q
Rs-6 Detector input impedance 30 k2
Cy-8 1 pF
Rg; Rg Output resistance 3.7 k2
Vg-18=Vg_1g DC output voltage 5.5 \'
Vo AF output voltage; Q_ = 20 60 67 75 mV
Total distortion
dror single tuned circuit; Q_ = 20 0.1 %
dror two tuned circuits 0.02 %
Signal pulse noise-to-noise ratio
S+N/N B =250Hz to 15kHz; V; > 1mV 76 d8
AM rejection; V| = 10mV
& FM: fyy = 70Hz; Af =+ 225kHz 54 dg’
AM: fyy = 1kHz; m=0.3
A\ IF input voltage range; &> 40dB 0.5 500 mV
Hum suppression at f = 100Hz
Ve =V1-18 = 100mVgms
%100 Co_1g=47uF 43 48 dB
AVg_g :
_— AFC tuning slope at Q=20 8.5 mV/kHz
Afp
AFC offset voltages; Q_ = 20
+AVg._g at Vi=1mV ’ 100 mvV
+AVg_g at V;=230uV to 500mV (reference at 1mV and muting) 25 50 mV
Field-strength indication
Vi Indicator sensitivity; 114 =0 20 600 mV
_ Field-strength indicator voltage
VF=Vi3-1s Ris—18= 3.6k l14=0; V;=0 0 200 mv
VE=Vi3-18 V| = 250mV 3.2 3.6 41 \
-li3 Available output current 2 mA
Viz-18 Reverse voltage at the output for FM 'off'; V5_1g > 3.5V 5 \'
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FM-IF (Quadrature Detector) TDA1576

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ve =8.5V fo = 10.7MHz; Af = £22.5kHz; fy = 400Hz;
Rg = 60£2; de-emphasis 7= 50us (Cg-g = 6.8nF);
Ta = 25°C; measured in the Block Diagram, unless other-
wise specified. The demodulator circuit is adjusted at
minimum 2nd harmonic (dg) distortion: V¢ = 1mV;

Af = + 75kHz.
LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max
Detune-detector
l1o Quiescent input current; Vig_g=0 20 100 nA
Vi1-18 Output voltage range 18 5.0 \
111 Available output current 0.35 0.5 0.65 mA
Ay Voltage gain; AVy1/A(t Vyg-g) at l41 = 0.25mA 3.3
Vio-9 Input offset voltage (Pin 10) at Vy1_1g =25V 20 mV
Reference voltage
VRer = V12-18| Output voltage; -l12 = 1mA 5.1 \"
-li2 Available output current 25 mA
Standby switch
Required control voltage within
the rated ambient temperature and supply voltage ranges
Vs on for FM ‘on’' 2 \"
Vs ofFf for FM 'off' 3.5 \
-5 Input switching current for FM 'on' 100 MA
NOTE:
1. Simultaneously measured.
30 150 T 15
- /
Q =30 /
=30/
_ 20 . - 100 .4 _ 1 Q. of
3 s Y S V4
£ T 3 20, A 7/
RS 3 4 D » v?
Z
10 50 7 05 2 7
A P
> 1 ’
0 0 0 —
L] 10 20 0 10 20 [] +50 +100
Vec ™ Vee W) Af(kH2)
OP16650S OP16660S ‘OP16670S
VT V() Af= 4+ 15KkHz: fy =400tz typical :/‘?-Tfmv (IF); f = 400Hz; adjusted at minimum 2nd
vacﬁe—s ' + M L harmonic distortion; typical values.
Figure 1. Supply Current Consumption; Figure 3. Total Distortion for Single
Without Load Figure 2. AF Output Voltage Tuned Circuit
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TDA1576

1T T
i I EERIE
FAf=
+20 i F +75kHz H
7 T N :
0 T AR
! S+N X\t 40kHz
8 2 \L e
= = i
-40 i
i |
! i
-60 AN 1
N i |
-80 T Tt
1 10 102 10% 104 10° 108
ViV)
OP16680S

NOTE:
8 = Signal Voltage; N = Noise Voltage; Vcc = 15V; fi = 400Hz; B = 250Hz to 16kHz; Q = 20; Cg_g = 6.8nF; Typical Values.

Figure 4. AF Output Voltage Level as a Function of IF Input Voltage

Figure 6. Attenuation of Output Voltage
(*Vp) as a Function of the Muting
Control Voltage Vi1-1g

4 T T
NT
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i i
y
3 zZLA |51|/
% T el
e 2R N T 7
® 3 ZAlZ O WAl T
# Z 2z TZ T
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S
1 » I T,
7
At—wSh
2 z LI m
0 Z z T
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)
OP16690S
NOTE:
Rig- 18 = 3.6k
Figure 5. Voltage at Field-Strength Indicator Output (Proportional to Vi2- 1g)
5 3 E l-o
718 5"?_
YZAR)
/ _Rg_10=240k2 |
° 0 4 711 T V[ Re-o=180k2
g s FM ‘on’ s VAT IR
2 z 2 RV
o-2 -2 3
: 3 5 y) / \
: /17 \
-40 -4 2 4 \
b—l 1/ [, -
-80 -60 1
FM ‘off’
-80 -80 0
0 02 04 [X] 08 0 1 2 3 4 ~200 —100 o 100 +200
Vir1g V) V518 V) A (kH2)
OP16700S OP16710S OP16720S
NOTES:

Figure 7. FM 'on'/FM 'off'
Standby Switch; Attenuation of
Output Voltage (%Vp) as a Function of
Control Voltage Vs_1g

1. Limited by external preset (< * Viz_1g).

Figure 8. Detune-Detector Output
Voltage Ve =7.5 to 20V; Q=20

January 14, 1987
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FM-IF (Quadrature Detector) TDA15676

——
3 33pF _ _‘
39pF
. ! e
i 1
| ‘ '—_l_ &
TDA1576 == 560pF | u | Sk 560pF L2 S 0
I -l-
39pF
8 J m
i 1—°
33pF
T ‘_.J I l
9 s = =
Coo
Von
TC204108
NOTES:
of the circuit is obtained with an IF signal which is higher than the 3dB limiting level; L2 should be short-circuited or detuned, L1 should be adjusted to min. dp

distortion, and then L2 to min. dp distortion. Coil data: L1 = L2 = 0.38uH; Qo = 70; coil former KAN (C).

Figure 9. Example of the TDA1576 When Using a Demodulator With Two Tuned Circuits

01

e B

0
-75 -50 ~25 [} +25 +50 +75
(o =10.7MHz) At (kHz)

OP16730S

NOTES:
fm = 400Hz; Cg_g = 6.8nF; Af=+75kHz; Vo =330mV for a frequency deviation Af =+ 75kHz.

Figure 10. Total Distortion as a Function of Detuning
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FM-IF (Quadrature Detector)

TDA1576

r
=+ <L Ins
FM/IF i L ATk
A _
INPUT im, - -ﬂgg\.—
v, Ve 220k
R © Vagr DETUNE-
-L__I_ I VOLTAGE
= lcs cé SR3
Tm,.r T 0uF ? 3.6k
c3
01AuF -L cs Locw
— ImF 047,F
Rg = 1] =
AAA AAA
W W
L L] w
= = 10k
18 17 18 15 14 13 12 ] 10
< R9
TDA1576 $ 180k
1 2 J-a 4 5 6 J-7 8 9
b Vee L. cs cs
! 33pF c7 '|'aspr=
+ 560pF cng
c1 SR c2 1 i R0 S
0AuF S 10 47uF R2 240k S
750
— — M-
SRT SR8
<> ‘)
L S33k 233k
0.38uH
ﬁ FMON '_1012|
X
+ —-M/v—-@- ——————— o4 I
- AFC Vo
VOLTAGE (AF)
TC204208
NOTES:
1. For mono: C11 = 6.8nF; for stereo: C11 = 56pF.
Figure 11. Application Example of Using TDA1576
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DESCRIPTION

This silicon monolithic integrated circuit
is a prescaler in current-mode logic. It
contains an amplifier, a divide-by-64
scaler and an output stage. It has been
designed to be driven by a sinusoidal
signal from the local oscillator of a
television tuner, with frequencies from
70MHz up to 1GHz, for a supply voltage
of 5V £10% and an ambient tempera-
ture of 0 to 70°C. It features a high
sensitivity and low harmonic contents of
the output signal.

ORDERING INFORMATION

SAB1164/65

1GHz Divide-by-64 Prescaler

Product Specification

FEATURES
e 3mV (typ) sensitivity
o Differential inputs

o AC input coupling; internally
based

e Outputs edge-controlied for low
RFI

o Power consumption: 210mW (typ)

e Mini-DIP package

e Low output impedance (SAB1165)

APPLICATIONS

e PLL or FLL tuning systems, FM/
communications/TV

e Frequency counters

PIN CONFIGURATION

ic ] 5] vee

¢ 2] 7] a,

c2[3] (5] 9y

Vee [4] (5] Vee
TOP VIEW

CD11880S

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP (SOT-97A) 0 to +70°C SAB1164N
8-Pin Plastic DIP (SOT-97A) 0 to +70°C SAB1165N
BLOCK DIAGRAM
Vee
o
8
1
2
c1o c Q 0 Qy
3 +64
C2 O- T ) 0 Q
|
4 5
[o] o
Vee Vee
80079515
NOTE:
Divide-by-64 = 6 binary dividers

December 2, 1986
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1GHz Divide-by-64 Prescaler

 SAB1164/65

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (DC) 7 Vv
Vi Input voltage 0 to Vco \"
Tste Storage temperature range -65 to +125 °C
Ty Junction temperature 125 °C
fca T:::g;::ﬂresustance from crystal to 120 °C/W

DC ELECTRICAL CHARACTERISTICS Vge =0V (ground); Voo = 5V; Ta = 25°C, unless otherwise specified.

The circuit has been designed to meet the DC specifications as shown below, after thermal equilibrium has been established. The circuit is in a
test socket or mounted on a printed-circuit board.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Output voltage
VoH HIGH level Voo \"
VoL LOW level Vec-0.8 \
lcc Supply current 42 50 mA
AC ELECTRICAL CHARACTERISTICS Vg =0V (ground); Vg =5V 10%; To=0 to +70°C
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
ViRMS) Input voltage RMS value (see Figure 2)
input frequency 70MHz 9 17.5 mV
150MHz 4 10 mv
300MHz 3 10 mV
500MHz 3 10 mv
900MHz 2 10 mv
1GHz 3 175 mV
ViRrMS) Input overload voltage RMS value
input frequency range 70MHz up to 1GHz 200 mV
Vo(p-p) Output voltage swing 0.8 1 "
Output resistance
Ro SAB1164 1 k2
Ro SAB1165 0.5 kS
AVg Output unbalance 0.1 Vv
Output rise time'
trLH fi=1GHz 25 ns
Output fall time'
tTHL fi=1GHz 25 ns
NOTE:

1. Between 10% and 90% of observed waveform.

FUNCTIONAL DESCRIPTION

The circuit contains an amplifier, a divide-by-
64 scaler and an output stage. It has been
designed to be driven by a sinusoidal signal
from the local oscillator of a TV tuner, with
frequencies from 70MHz up to 1GHz, for a
supply voltage of 5V +10% and an ambient
temperature of 0 to +70°C.

December 2, 1986

The inputs are differential and are internally
biased to permit capacitive coupling. For
asymmetrical drive the unused input should
be connected to ground via a capacitor.

The first divider stage will oscillate in the
absence of an input signal; an input signal
within the specified range will suppress this
oscillation.

4-164

The output differential stage has two comple-
mentary outputs. The output voltage edges
are slowed down internally to reduce the
harmonic contents of the signal.

Wide, low-impedance ground connections
and a short capacitive bypass from the Voo
pin to ground are recommended.
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1GHz Divide-by-64 Prescaler SAB1164/65

HYBRID JUNCTION
VHFIUHF (~aaB) Ry=500 1000
SINE WAVE | ——— Voc
GENERATOR + (+5V)
= = = 8 —
- 100 e s s e
~308 —3 5 3
( ) + F— & GUARANTEED
TO g [ OPERATING AREA T —
= 3 7 OSCILLOSCOPE H Ll =
50 - — = |
10— -
\
T 14.5 \C
T O Vege=0V
= 1 N /
TC153808 0 600 1200
NOTES: f,(MHz2)
Cables must be 502 coaxial. OP151308
The capacitors are leadless ceramic (multilayer capacitors) of 10nF.

All connections to the device and to the meter must be kept short and of approximately equal lengths.
Hybrid junction is ANZAC H-183-4 or similar.

Figure 2. Typical Sensitivity Curve
Figure 1. Test Circuit for Defining Input Voitage Under Nominal Conditions
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1GHz Divide-by-64 Prescaler

SAB1164/65

NOTE:
Virms) = 25mV; Vg = 5V; reference value = 50Q.

Figure 3. Smith Chart of Typical Input iImpedance

OP18760S.

December 2, 1986
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1GHz Divide-by-64 Prescaler SAB1164/65

Ve
8
1k 6
WA Qy
1 7
Veer VWA ’ -0 0,
I 5 $
DIVIDERS 3
32k 2k
2
DIFFERENTIAL L
INPUTS b
3 1
?‘
LD07510S l I
? s
—O Ve
LD075008
NOTES:
1. SAB1164: R1 =R2 = 1k&2; |=1mA
2. SAB1165: R1 = R2 = 0.5k; |= 2mA
3. Voo =5V
Figure 4. Input Stage Figure 5. Output Stage
>10nH
T M T O Vee =5V
IwnF :l:o.md=
8
VHF 10nF 2 6
UHF f >
TO TUNING
=  1OnF SYSTEM
|'|‘ 3 7 (TWISTED LEADS)
1 —————
4 5
O Vgg=0V
TC155008
NOTE:
TV tuning system. The output peak-to-peak voltage is about 1V.
Figure 6. Circuit Diagram
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DESCRIPTION

This silicon monolithic integrated circuit
is a prescaler in current-mode logic. It
contains an amplifier, a divide-by-256
scaler and an output stage. It has been
designed to be driven by a sinusoidal
signal from the local oscillator of a
television tuner, with frequencies from
70MHz up to 1GHz, for a supply voltage
of 5Vt 10% and an ambient temperature
of 0 to 70°C. It features a high sensitivity
and low harmonic contents of the output
signal.

ORDERING INFORMATION

SAB1256

1GHz Divide-by-256 Prescaler

Product Specification

FEATURES

e 3mV (typ.) sensitivity

e AC input coupling, internally
biased

e Outputs edge-controlied for low
RFI

e 235mV typical power dissipation
e Low output impedance~ 1k

APPLICATIONS

e PLL or FLL tuning systems,
FM/communications/TV

o Frequency counters

PIN CONFIGURATION

N Package
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NOTE:
Divide-by-256 = 8 binary dividers.

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP (SOT-97) 0 to 70°C SAB1256N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vece Supply voltage (DC) 7 \"
Vi Input voltage 0 to Veo \"
Tste Storage temperature range -65 to +150 °C
Ty Junction temperature 125 °C
Ooa Thern‘_\al resistance from crystal to 120 °C/W
ambient
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Product Specification

1GHz Divide-by-256 Prescaler

SAB1256

DC ELECTRICAL CHARACTERISTICS Vg =0V (ground); Voo =5V; Ta = 25°C, unless otherwise specified. The circuit has
been designed to meet the DC specifications as shown below, after thermal
equilibrium has been established. The circuit is in a test socket or mounted on a

printed-circuit board.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Output voltage
Vo HIGH level Vee v
VoL LOW level Vec-0.8 v
lcc Supply current 47 55 mA
AC ELECTRICAL CHARACTERISTICS Vg =0V (ground); Voo =5V+10%; Ta=0°C to +70°C.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Input voltage RMS value (see Figure 2)
Input frequency 70MHz 9 17.5 mV
150MHz 4 10 mV
v, 300MHz 3 10 mV
I(RMS) 500MHz 3 10 mv
900MHz 2 10 mV
1GHz 3 175 mV
Input overload voltage RMS value
Viaus) input frequency range 70MHz to 1GHz 200 mv
Vop-p) Output voltage swing 0.8 1 \"
Ro Output resistance 1 k2
AVp Output unbalance 0.1 v
‘ Output rise time'
TLH fi = 1GHz 40 ns
t Output fall time
THL fi= 1GHz 40 ns
NOTE:

1. Between 10% and 90% of observed waveform.

FUNCTIONAL DESCRIPTION

The circuit contains an amplifier, a divide-by-
256 scaler and an output stage. It has been
designed to be driven by a sinusoidal signal
from the local oscillator of a TV tuner, with
frequencies from 70MHz up to 1GHz, for a
supply voltage of 5V +10% and an ambient
temperature of 0 to 70°C.
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The inputs are differential and are internally
biased to permit capacitive coupling. For
asymmetrical drive the unused input should
be connected to ground via a capacitor.

The first divider stage will oscillate in the
absence of an input signal; an input signal
within the specified range will suppress this
oscillation.

4-169

The output differential stage has two comple-
mentary outputs. The output voltage edges
are slowed down internally to reduce the
harmonic contents of the signal.

Wide, low-impedance ground connections
and a short capacitive bypass from the Vo
pin to ground are recommended.
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Product Specification

1GHz Divide-by-256 Prescaler

SAB1256
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NOTES:
Cables must be 50Q coaxial.
The capacitors are leadless ceramic (multi-layer capacitors) of 10nF.

All conshort and of approximately equal lengths. short and of approximately equal lengths.
Hybrid junction is ANZAC H-183-4 or similar.
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Figure 1. Test Circuit for Defining Input Voitage
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Figure 2. Typical Sensitivity Curve Under Nominal Conditions
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SAB1256

1GHz Divide-by-256 Prescaler
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Vigms) = 25mV; Vo

Figure 3. Smith Chart of Typical Input Impedance
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1GHz Divide-by-256 Prescaler SAB1256
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Figure 4. Input Stage
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Vog =5V; t=1mA.

Figure 5. Output Stage
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1GHz Divide-by-256 Prescaler SAB1256

>10nH

—O Ve =5V
0474F

1

VHF 2 8
UHF >—@_| — —

7 (TWISTED LEADS)

e

TOTUNING
SYSTEM

O Veg=0V

TC155008
NOTE:
Application in a television tuning system. The output peak-to-peak voltage is about 1V.

Figure 6. Circuit Diagram
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DESCRIPTION

The HEF4750V frequency synthesizer is
one of a pair of LOCMOS devices,
primarily intended for use in high-perfor-
mance frequency synthesizers; e.g., in
all communication, instrumentation, tele-
vision and broadcast applications. A
combination of analog and digital tech-
niques results in an integrated circuit
that enables high performance. The
complementary device is the universal
divider type HEF4751V.

Together with a standard prescaler, the
two LOCMOS integrated circuits offer
low-cost single-loop synthesizers with
full professional performance.

ORDERING INFORMATION

HEF4750V

Frequency Synthesizer

Product Specification

FEATURES

e Wide choice of reference
frequency using a single crystal

o High-performance phase
comparator — low phase —low
noise spurii

e System operation to > 1GHz

o Typical 15MHz input at 10V

o Flexible programming:
-frequency offsets
~ROM compatible
- fractional channel capability

© Program range 6}2 decades,
including up to 3 decades of
prescaler control

o Division range extension by
cascading

o Built-in phase modulator
o Fast lock feature
e Out-of-lock indication

e Low power dissipation and high
noise immunity

APPLICATIONS

Some examples of applications for the
HEF4750V in combination with the
HEF4751V are:

o VHF/UHF mobile radios
o HF SSB transceivers

e Airborne and marine
communications and navaids

o Broadcast transmitters

e High quality radio and television
receivers

o High-performance citizens band
equipment
o Signal generators

PIN CONFIGURATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
28-Pin Cerdip —-40°C to +85°C HEF4750VDF
28-Pin Cerdip -55°C to +125°C HEC4750VDF

November 6, 1986 4-174

F Package

TOP VIEW
CD11210S
PIN  SYMBOL  DESCRIPTION
NO.
v Phase comparator input

1
2 STB  Strobe input

3 TCB  Timing capacitor Cg pin

4 oL Out-of-lock indication

5 TCA  Timing capacitor Cp pin

6 TRA  Biasing pin (resistor Ra)

7 TCC  Timing capacitor Cg pin

8 PCy Analog phase comparator output
9 PC,  Digital phase comparator output
° "

1 Ao F inputs/pi
divider
" Ay Py inputs/p
divider
12 Ay inputs/p
divider
13 Ag F inputs/p
divider
14 Vg
15 As Py inputs/p
divider
16 As P inputs/p
divider
17 As Py inputs/p
divider
18 Ay F inputs/p
divider
19 Ag inputs/p
divider
20 Ag F inputs/p!
divider
21 XTAL Reference oscillator/buffer output
22 OSC  Reference oscillator/buffer input
23 NSp  Programming inputs, prescaler
24 NS,y Programming inputs, prescaler

25 R Phase comparator input, reference
Reference divider output

Phase modulation input

853-0905 86381
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Frequency Synthesizer HEF4750V

BLOCK DIAGRAM

fula
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REFERENCE 1,290 PHASE |} SwITCH 9
OSCILLATOR |1 ey’ +1T0 1024 — COMPARATOR 0
& BUFFER PC2 >1 NMOS pC,®
tr  ttebee I 3 :
PROGRAM PROGRAMMING CAMPLESHOLD TYPE) LY
LOGIC LOGIC PCt "
PCy
i PHASE
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osc XTAL NSq NS, A, Ay |outlr |v [rcB{mOD |sTB TRA |tcA |TCC
] o o o 00000 oo O 0 0 0 o <l> o o o
2 21 23 24 10111213151617181920 26 25 1 3 27 2 6 5 7
PROGRAMMING INPUTS t f
REFERENCE DIVIDER
i—-lD Ics Tco Ra =|:°A Icc
= = EXTERNAL CIRCUITRY
CRYSTAL STANDARD
BDO076018
NOTES:
1. PCy = analog output
2. PCp = 3-state output
Block Diagram Comprising Five Basic Functions: Phase Comparator 1 (PC4), Phase Comparator 2 (PCy),
Phase Modulator, Reference Oscillator and Reference Divider (These Functions are Described Separately)

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vpp Supply voltage -0.5 to +15 \
Vi Voltage on any input -0.5 to Vpp +0.5 \
+] DC current into any input or output 10 mA
Po ?;)vie(r’ (ti:)sslpsa;?g per package for 500 mw
Po ?:v_/__e(r) ?;sslpaa;?g per output for 100 mw
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature

HEF4750V -40 to +85 °C
HEC4750V -55 to +125 °C
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Frequency Synthesizer HEF4750V

DC ELECTRICAL CHARACTERISTICS HEF4750V, HEC4750V Vpp = 10V+5%; voltages are referenced to Vgs =0V, un-
less otherwise specified. For definitions see Note 1.

LIMITS
SYMBOL PARAMETER Ta=-40°C Ta=+25°C Ta=+85°C UNIT
Min Typ | Max Min Typ | Max Min Typ | Max
Iop Quiescent device current? 100 100 750 HA
. ;:gﬁt‘sc‘;;{ggg logic 300 300 1000 | nA
Output leakage current at
1/2 VDDS' 4
tlz TCA, hold-state 20 0.05 20 60 nA
TCC, analog
1z switch OFF 20 0.05 20 60 nA
PC,, high impedance
tlz OFF-state 50 50 500 nA
Logic input voltage
Vi LOW 0.3Vpp 0.3Vpp 03Vpp | V
Viy HIGH 0.7Vpp 0.7Vpp 0.7Vpp \"
Logic output voltage®
VoL LOW; at ligl< 1uA 50 50 50 mv
VoH HIGH Vpp-50mV Vpp - 50mV Vpp - 50mV mv
Logic output current LOW;
at Vo = 0.5V3
loL outputs OL, PC,, OUT 5.5 4.6 3.6 mA
loL output XTAL . 2.8 2.4 1.9 mA
Logic output current HIGH;
at Vou = Vpp - 0.5V3
—loH outputs OL, PC,, OUT 1.5 1.3 1.0 mA
~loH output XTAL 1.4 1.2 0.9 mA
Output TCC sink
lo current® 4 5 21 mA
QOutput TCC source
-lo current® 4 6 19 mA
Internal resistance
of TCC
loutput swing! < 200mv
specified output range: 0.3
R Vpp to 0.7 V[)Da' 4 0.7 kY
Output TCC voltage
AV with respect to 0 0 0 \
TCA input voltage® 4 7
Output PC4 sink
lo curantS' a's T mA
Output PCy source
-lo current® 4 @ 10 mA
Internal resistance
of PCq4
loutput swingl < 200mv
specified output range:
R 0.3 Vpp to 0.7 Vpp™ 4 1.4 k2
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Frequency Synthesizer

HEF4750V

DC ELECTRICAL CHARACTERISTICS (Continued) HEF4750V, HEC4750V Vpp = 10V+5%; voltages are referenced to
Vgg = 0V, unless otherwise specified. For definitions see Note 1.

LIMITS
SYMBOL PARAMETER Ta =-40°C Ta=+25°C Ta=+85°C UNIT
Min Typ | Max Min Typ | Max Min Typ Max
Output PC;4 voltage
AV with respect to 0 0 0 '
TCC input voltage® * 10
EOR generation
Veor | Veor=Vop-Vrcad % & 1 0.9 0.7 0.6 v
Source current; HIGH
at Vour = Y2 Vopi
output in ramp mode® 4
lo TCA 13 mA
lo TCB 25 mA

AC ELECTRICAL CHARACTERISTICS

General Note

The dynamic specifications are given for the circuit built-up with external components as given in Figure 6, under the following conditions; for
definitions see Note 1; for definitions of times see Figure 17; Vpp = 10V+ 5%; Ta = 25°C; input transition times < 20ns; R = 68k + 30% (see
also Note 4); Cp = 270pF; Cg = 150pF; Cc = 1nF; Cp = 10nF; unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Slew rate !
Stca TCA Ra = minimum 52 V/us
Stca TCA Ra = maximum 28 V/us
Stce TCB Ra = minimum 20 V/us
Stce TCB Ra = maximum 10 V/us
Ramp linearity'®
ltca TCA 2 %
Itce TCB 2 %
tcsca Start of TCA ramp delay 200 ns
trcA Delay of TCA hold 40 ns
tvca Delay of TCA discharge 60 ns
tvcs Start of TCB ramp delay 60 ns
tce TCB ramp duration Vmop = 4V 250 ns
Vmop = 6V 350 ns
Vmop = 8V 450 ns
tc Required TCB min. ramp duration'4 150 ns
Pulse width
tpwvL V: LOW 20 ns
tPwvH V: HIGH 20 ns
tPwRL R: LOW 20 ns
tPwRH R: HIGH 20 ns
tpwsL STB: LOW 20 ns
towsH STB: HIGH 20 ns
Fall time
tica TCA 50 ns
tics TCB 50 ns
November 6, 1986 4-177
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Frequency Synthesizer ‘ HEF4750V

AC ELECTRICAL CHARACTERISTICS (Continued)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
fer Prescaler input frequency All division ratios 30 MHz
foiv Binary divider frequency All division ratios 30 MHz
fosc Crystal oscillator frequency 10 MHz
Average power supply current Locked state
lcc with speed-up 1:10'° 36 | mA
Icc without speed-up'® 3.2 mA
NOTES:
1. Definitions:

Ra = external biasing resistor between pins TRA and Vgs ; 68 k2t 30%.
Cha = external timing capacitor for time/voltage converter, between pins TCA and Vgs.
Cp = external timing capacitor for phase modulator, between pins TCB and Vgs.
Cc = external hold capacitor between pins TCC and Vsg.
Cp = decoupling capacitor between pins TRA and Vpp.
Logic inputs: V, R, STB, Ag to Ag, NSy, NS4, OSC.
Logic outputs: OL, PCp, XTAL, OUT.
Analog signals: TCA, TCB, TCC and MOD.
2. TRA at Vpp; TCA, TCB, TCC and MOD at Vgg; logic inputs at Vgs or Vpp.
3. All logic inputs at Vgg or Vpp.
4. Rp connected; its value chosen such that ltra = 100uA.

5.The analog switch is in the ON position
(see Figure 1).

LDOB540S.

Figure 1. Equivalent Cicuit for Note 5

6.The analog switch is in the ON position
(see Figure 2).

Voo
TCA lo
2
ANALOG TCC
SWITCH v,
ss
LD08550S

Figure 2. Equivalent Circuit for Note 6

7. This guarantees the DC voltage gain,
combined with DC offset. Input condition:

0.3Vpp < Vrca < 0.7Vpo. AV = Vrog-Vrca. Yoo
$ 0k
3
TCC
TCA ANALOG P4
SWITCH S 10k
S
LDO06560S

Figure 3. Circuit for Note 7

8. See Figure 4.

m.ivq e
T

Vss

LDO08570S

Figure 4. Equivalent Circuit for PC; Sink Current
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Product Specification

Frequency Synthesizer

HEF4750V

9. See Figure 5.

10. This guarantees the DC voltage gain, com-
bined with DC offset.
Input condition: 0.3 Vpp < Vycc <0.7Vpp.
AV = Vpgy - Vrce.

11. Switching level at TCA, generating an Ex-OR
signal, during increasing input voltage.
12. See Figure 7.

13. Definition of the ramp linearity at full swing. See
Figure 8.

14. The external components and modulation input
voltage must be chosen such that this require-
ment will be fulfiled, to ensure that Cp is
sufficiently discharged during that time.

November 6, 1986

rcc—{v” D
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Figure 5. Equivalent Circuit for PCy Source Circuit

LDO06580S

m G'I;aok
g e =

P 0_1
:; 20k
1.
LD08580S

Figure 6. Circuit for Note 10

70% Voo SPECIFIED

RANGE

30% Vpp

—/

Figure 7. Waveform at the Output

WF18040S

70% Vpp

30% Vo av

RAMP WAVEFORM
WF180508

NOTE:

X 100%

Linearity = Y

inearity = % Voo

Figure 8. AV is the Maximum Deviation of the Ramp Waveform to the Straight
Line, Which Joins the 30% Vpp and 70% Vpp Points
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Frequency Synthesizer

HEF4750V

15. Circuit connections for power supply current
specification, with speed-up 1:10. V and R are in
the range of PCy, such that the output voltage at
PCy is equal to 5V.
fosc = 5MHz (external clock)
fsTe = 12.5kHz
fv = 125kHz

16. Circuit connections for power supply current
specification, without speed-up. V and R are in
the range of PCy, such that the output voltage at
PCy is equal to 5V.
fosc = 5MHz (external clock)
fste = 12.5kHz
fy = 12.5kHz

November 6, 1986
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Figure 9. Circuit for Note 15 o
+10V
LLTTTTTIT =
(N — A
Voo DIVISION RATIO = 400 our
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Figure 10. Circuit for Note 16
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Frequency Synthesizer

HEF4750V

TO Vg OR Vpp
[T TV ———
— Voo our —
—] MOD
. Poy—
HEF4750V
—Vv PC L
— st
— Vss oLp—
TRA TCA TCB 0SC XTAL
LR s i
Voo —
- TC139408
Figure 11. Test Circuit for Measuring AC Characteristics

FUNCTIONAL DESCRIPTION

Phase Comparator 1

Phase comparator 1 (PC4) is built around a
SAMPLE and HOLD circuit. A negative-going
transition at the V input causes the hold
capacitor (Ca) to be discharged and, after a

specified delay, caused by the Phase Modula-
tor by means of an internal V' pulse, it
produces a positive-going ramp. A negative-
going transition at the R input terminates the
ramp. Capacitor Ca holds the voltage that the
ramp has attained. Via an internal sampling
switch this voltage is transferred to Cc and in

turn buffered and made available at output
PC1.

If the ramp terminates before an R input is
present, an internal end of ramp (EOR) signal
is produced. These actions are illustrated in
Figure 12.

v I
-
R i |
1.
DETERMINED BY THE
[~ PHASE MODULATOR ]
—
v
Voo
—
-
-~ 1
m ————
(ANALOG)
VOLTAGE
TRANSFERRED TO TCC Vgs
—HOLD RESET RAMP —>{«———————HOLD t
EOR
ANALOG
SAMPLING ——ON OFF ON
SWITCH'S' — _ ON —sfe— oo —— OFF ! ON— —— ——
)
- -~
-
TCcC -
(ANALOG)
Vss
'WF180118
Figure 12. Waveforms Associated With PC,
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Frequency Synthesizer

HEF4750V

The result phase characteristic is shown in
Figure 13. PC, is designed to have a high
gain, typically 3200 V/cycle (at 12.5kHz). This
enables a low noise performance.

Phase Comparator 2

Phase comparator 2 (PC,) has a wide range,
which enables faster lock times to be
achieved than otherwise would be possible. It
has a linear +360°C phase range, which
corresponds to a gain of typically 5V/cycle.
This digital phase comparator has three sta-
ble states:

® Reset state

® V' leads R state

® R leads V' state

Conversion from one state to another takes
place according to the state diagram of Fig-
ure 14.

Output produces positive or negative-going
pulses with variable width; they depend on
the phase relationship of R and V'. The
average output voltage is a linear function of
the phase difference. Output PCp remains in
the high-impedance OFF state in the region in
which PCy operates. The resultant phase
characteristic is shown in Figure 15.

Strobe Function

The strobe function is intended for applica-
tions requiring extremely fast lock times. In
normal operation the additional strobe input
(STB) can be connected to the V input and
the circuit will function as described in the
previous sections.

In single, phase-locked loop type frequency
synthesizers, the comparison frequency gen-
erally used is either the nominal channel
spacing or a sub-multiple, PC, runs at the
higher frequency (a higher reference frequen-
cy must also be used), while strobing takes
place on the lower frequency, thereby obtain-
ing a decrease in lock time. In a system using
the Universal Divider HEF4751V, the output
OFS cycles on the lower frequency, the
output OFF cycles on the higher frequency.

Out-of-Lock Function
There are a number of situations in which the
system goes from the locked to the out-of-
lock state (OL goes HIGH):

1. When V' leads R, however out of the range
of PCy.

2. When R leads V'.
3. When an R pulse is missing.
4. When a V pulse is missing.

5. When two successive STB commands
occur, the first without corresponding V sig-
nal.

Phase Modulator
The phase modulator only uses one external
capacitor, Cg at pin TCB. A negative-going

November 6, 1986
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Figure 13. Phase Characteristic of PC4
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Pv=PR
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Figure 14. State Diagram of PC,

ACTIVE R-EDGE
(NEGATIVE GOING)

ACTIVE V-EDGE

(NEGATIVE GOING)

AF04400S

OUTPUT
VOLTAGE

AVERAP:E ‘

; -

e

Figure 15. Phase Characteristics of PC;

Pv-PR
WF180305

transition at the V input causes Cg to produce
a positive-going linear ramp. When the ramp
has reached a value almost equal to the
modulation input voltage (at MOD), the ramp
terminates, Cp discharges and a start signal
to the Cp ramp at TCA is produced. A linear
phase modulation is reached in this way. If no
modulation is required, the MOD input must
be connected to a fixed voltage of a certain
positive value up to Vpp. Care must be taken
that the V' pulse is never smaller than the
minimum value to ensure that the external
capacitor of PC4(Ca) can be discharged dur-
ing that time. Since the V' pulse width is
directly related to the TCB ramp duration,
there is a requirement for the minimum value
of this ramp duration.

Reference Oscillator

The reference oscillator normally operates
with an external crystal as shown in the block
diagram. The internal circuitry can be used as
a buffer amplifier in case an external refer-
ence should be required.

4-182

Reference Divider
The reference divider consists of a binary
divider with a programmable division ratio of
1-t0-1024 and a prescaler with selectable
division ratios of 1, 2, 10 and 100, according
to the following tables:

Binary divider

N (Ap TO Ag) DIVISION RATIO
0 1024
0<N<1023 N
Prescaler

PROGRAMMING

WORD DIVISION RATIO
(NSo, NS,)
0 1
1 2
2 10
3 100
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Frequency Synthesizer HEF4750V

In this way, suitable comparison frequencies
can be obtained from a range of crystal
frequencies. The divider can also be used as J_ Iv,,,,
a 'stand-alone' programmable divider by con- c

necting input TRA to Vpp, which causes all
internal analog currents to be switched off. TRA

Biasing Circuitry
The biasing circuitry uses an external current Sh,
source or resistor, which has to be connected

between the TRA and Vgg pins. This circuitry les

supplies all analog parts of the circuit. Conse- 0065308
quently the analog properties of the device,
such as gain, charge currents, speed, power
dissipation, impedance levels, etc., are mainly
determined by the value of the input current
at TRA. The TRA input must be decoupled to
Vpp, as shown in Figure 16. The value of Cp
has to be chosen such that the TRA input is
‘clean’, e.g., 10nF at Rp = 68kS2.

v *50% 3‘
Y towvL

" __7|lm. ' X

HEF4750V

Figure 16. Decoupling of Input TRA

W

t,
PWRH: PWRL

sTB 50% |
—-“ T
1

T

towsL
| |
FORBIDDEN (1)
ZONE
50ns («100ns
Voo
[
TcA Rea
(ANALOG) 90%
10% 0.5V Vs
tca— |——
tvea
— tcaca
Voo
1 | t
o8 vce tcs
(ANALOG) 0%
10%
0.5V Vs
Yics
'WF18060S
NOTE:

1. Forbidden zone in the locked state for the positive edge of V and R and both edges of STB.

Figure 17. Waveforms Showing Times in the Locked State

November 6, 1986 4-183



Signetics

Linear Products

DESCRIPTION

The HEF4751V is a universal divider
(UD) intended for use in high-perfor-
mance phase-locked loop frequency
synthesizer systems. It consists of a
chain of counters operating in a pro-
grammable feedback mode. Program-
mable feedback signals are generated
for up to three external (fast) + 10/11
prescalers.

The system comprising one HEF4751V
UD together with prescalers is a fully-
programmable divider with a maximum
configuration of 5 decimal stages, a
programmable mode M stage

(1 <M <16, non-decimal fraction chan-
nel selection), and a mode H stage
(H=1 or 2, stage for half-channel off-
set). Programming is performed in BCD
code in a bit-parallel, digit-serial format.
To accommodate fixed or variable fre-
quency offset, two numbers are applied
in parallel, one being subtracted from
the other to produce the internal pro-
gram. The decade selection address is
generated by an internal program count-
er which may run continuously or on
demand. Two or more universal dividers
can be cascaded. Each extra UD (in
slave mode) adds two decades to the
system. The combination retains the full
programmability and features of a single
UD. The UD provides a fast output signal
flip-flop at output OFF, which can have a
phase jitter of £ 1 system input period, to
allow fast frequency locking. The slow
output signal FS at output OFS, which is
jitter-free, is used for fine phase control
at a lower speed.

ORDERING INFORMATION

HEF4751V

Universal Divider

Product Specification

FEATURES

(in combination with HEF4750V) are:

o Wide choice of reference
frequency using a single crystal

e High-performance phase
comparator — low phase noise —
low spurii

e System operation to > 1GHz
e Typical 15MHz input at 10V

o Flexible programming:
frequency offsets
ROM compatible
fractional channel capability

e Program range 6.5 decades,
including up to 3 decades of
prescaler control

o Division range extension by
cascading

o Built-in phase modulator

o Fast lock feature

o Out-of-lock indication

o Low power dissipation and high
noise immunity

APPLICATIONS
o VHF/UHF mobile radios
o HF SSB transceivers

o Airborne and marine
communications and navigations

o Broadcast transmitters

e High quality radio and television
receivers

e Signal generators

PIN CONFIGURATION

PIN
0. fVMBOL

As
A,

OFF

N
1
2
3
4
5
6
7
8
9
10
1
12
13
14
15
16
17 By
18
19
20
21
22
23
24
25
26
27
28 Vpp

DESCRIPTION TEMPERATURE RANGE |ORDER CODE
28-Pin Plastic DIP (SOT-117) -40°C to +85°C HEF4751VPN
28-Pin Cerdip (SOT-135A) -55°C to +125°C HEC4751VDBF
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 Borrow input

F,N Packages

TOP VIEW

€D112008
DESCRIPTION

Data inputs

Data address outputs

Program enable
Program clock

Data inputs

Input
Sync output

Prescaler control outputs
Output signal (slow)

Rate input
Output signal (FAST)
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BLOCK DIAGRAM
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Universal Divider HEF4751V
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vop Supply voltage -0.5 to +15 \
Vi Voltage on any input -0.5 to Vpp +0.5 \
*| DC current into any input or output 10 mA
Total power dissipation per package
PTOT | for To=0 to +85°C 500 mw
Power dissipation per output for
Po To=0 to +85°C 100 mw
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range —40 to +85 °C
DC ELECTRICAL CHARACTERISTICS vss=o0v
LIMITS
Voo Vou VoL = —40° = 4 08O = +85°
SYMBOL PARAMETER Ta=-40°C Ta=+25°C Ta=+85°C UNIT
) v ) A A A
Min Max Min Max Min Max
Output (sink) 4.75 0.4 1.6 1.4 1.1 mA
loL current LOW 5 0.4 1.7 1.5 1.2 mA
10 0.5 29 2.7 2.2 mA
Output (source) 5 4.6 1.0 0.85 0.55 mA
—-loH current HIGH 5 25 3.0 2.5 1.7 mA
10 9.5 3.0 25 1.7 mA
AC ELECTRICAL CHARACTERISTICS vsg=0V; Ta=25°C; input transition times < 20ns.
V. LIMITS
SYMBOL PARAMETER TEST CONDITIONS 3" UNIT
™ | min | Typ | Max
tPHL Propagation delay
IN - psy C_ = 10pF 5 135 270 ns
HIGH-to-LOW 10 45 90 ns
Output transition times
5 30 60 ns
tTHL HIGH-to-LOW C = 50pF 10 12 25 ns
_ 5 45 90 ns
tron LOW-to-HIGH C, = 50pF 10 20 40 ns
f Maximum input frequency; IN [ &=50% 5 4 8 MHz
MAX ’ COy, ratio > 1 10 12 24 MHz
. . . §=50% 5 2 4 MHz
fmMAX Maximum input frequency; IN { COy, ratio = 1 10 6 12 MHz
. . . 5 0.15 0.3 MHz
fmax Maximum input frequency; PC 10 05 10 MHz
Typical Formula for P (uW)
P Dynamic power dissipation per 5V 1 200 f; + Z (foCL) X Vpp?
b package (P)' 10V 5 400 f, + Z (foCL) X Vpp2
NOTE:
fy = input frequency (MHz)
fo = output frequency (MHz)
Cp =load capacitance (pF)
Z (foCp) = sum of outputs
Vpp = supply voltage (V)
November 14, 1986 4-186
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OFF
c2 ¢4 [ INT co, ¢ c2 c3 ca
INPUT —1 >
O osv| > —> OFS
® ] ] +10m, +1,2,5 | 1 +ng
+10M +10/11 5/6,2/3 101M ng+1 +10 +M +H
l +10/M RSt
| "
— RS3
|_ OFB,
—d
ng
— RS2
OFB,
Vo Ul
<
H ny
Ve RSt RSO RSH
| OFB, _
%— le—O Rl
EXTERNAL PRESCALER I UNIVERSAL DIVIDER L L) ™y
AF04391S
NOTES:
1<M<16; 1 <SH<2; ns>0; fi/fors={(ns*10* + ng10% + ng*102 + np*10 + ny) M+ g} H + np.
Figure 1. The HEF4751V UD Used in a System With 3 (Fast) Prescalers
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- U YUYy Uy

DATA Vszg

FETCH PERIOD

zZ

7.

| A V000

AN

A V) YA VA VA V)

Figure 2. Timing Diagram Showing Program Data Inputs
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Allocation of Data Input

FETCH INPUTS
PERIOD As A, A, Ry | By B, By B s1
0 NoA Nog bin
1 nA nyg X
2 n2a n2p X
3 nN3a nag X
4 N4A N4 X
5 NsA nsg X
4
6 M COp /2 channel X
control control
Allocation of Data Input B; to By During Fetch Period 6
B; B, CO, DIVISION RATIO B4 Bo ¥2 CHANNEL CONFIGURATION
L L 1 L L H=1
L H 2 L H H=2np=0
H L 5 H H H=2; nh=1
H H 10/11 H L test state

H = HIGH state (the more positive voltage)
L =LOW state (the less positive voltage)
X = state is immaterial

PROGRAM DATA INPUT (see

also Figures 1 and 2)

The programming process is timed and con-
trolled by input PC and PE. When the pro-
gram enable (PE) input is HIGH, the positive
edges of the program clock (PC) signal step
through the internal program counter in a
sequence of 8 states. Seven states define
fetch periods, each indicated by a LOW signal
at one of the corresponding data address
outputs (ODp to ODg). These data address
signals may be used to address the external
program source. The data fetched from the
program source is applied to inputs Ag to A
and By to Bz. When PC is LOW in a fetch
period, an internal load pulse is generated.
The data is valid during this time and has to
be stable. When PE is LOW, the programming
cycle is interrupted on the first positive edge
of PC. On the next negative edge at input PC,
fetch period 6 is entered. Data may enter
asynchronously in fetch period 6.

Ten blocks in the UD need program input
signals (see Block Diagram). Four of these
(COp, C3, C4 and RSH) are concerned with
the configuration of the UD and are pro-
grammed in fetch period 6. The remaining
blocks (RSO to RS4 and C1) are programmed
with number P, consisting of six internal digits
np to ns.

P=(ns * 10*+ns * 103+ng * 102+n, *
10+nq) * M+ng

These digits are formed by a substractor from
two external numbers A and B and a borrow-
in (bin)-

November 14, 1986

P=A-B-bj, or if this result is negative;
P=A-B-bjn+M ¢ 105

The numbers A and B, each consisting of six
four bit digits na to nsa and ngg to nsp, are
applied in fetch period 0 to 5 to the inputs Ag
to A3 (data A) and By to Bj (data B) in binary
coded negative logic.

A=(nsp * 10% + ngs * 10% + nga *
102+ ngp * 10+ nyp) * M+ ngp

B = (nsg * 10* + ngg * 10° + ngg * 102 + nyg *
10+ n4g) * M+ngp

Borrow-in (bjn) is applied via input Sl in fetch
period 0 (S| = HIGH: borrow; SL = LOW: no
borrow).

Counter C1 is automatically programmed with
the most significant non-zero digit (nms) from
the internal digits ns to na of number P. The
counter chain C-2 to C1 (Figure 1) is fully
programmable by the use of pulse rate feed-
back.

Rate feedback is generated by the rate selec-
tors RS4 to RSO and RSH, which are pro-
grammed with digits n4 to ng and ny,, respec-
tively. In fetch period 6 the fractional counter
C3, half-channel counter C4 and CO, are
programmed and configured via data B in-
puts. Counter C3 is programmed in fetch
period 6 via data A inputs in negative logic
(except all HIGH is understood as: M = 16).
The counter CO is a side steppable 10/11
counter composed of an internal part COp, and
an external part CO,. COy, is configured via Ba
and B to a division ratio of 1 or 2 or 10/11;
CO04 must have the complementary ratio 10/

4-189

11 or 5/6 or 2/3 or 1, respectively. In the
latter case, CO, comprises the whole CO
counter with internal feedback. COq is then
not required.

The half channel counter C4 is enabled with
Bo = HIGH and disabled with By = LOW. With
C4 enabled, a half channel offset can be
programmed with input By = HIGH, and no
offset with By = LOW.

FEEDBACK TO PRESCALERS
(see also Figures 3 and 4)

The counters C1, CO, C-1 and C-2 are
side-steppable counters, i.e., their division
ratio may be increased by one, by applying a
pulse to a control terminal for the duration of
one division cycle. Counter C2 has 10 states,
which are accessible as timing signals for the
rate selectors RS1 and RS4. A rate selector,
programmed with n (ny to ng in the UD)
generates n of 10 basic timing periods an
active signal. Since n <9, 1 of 10 periods is
always non-active. In this period RS1 trans-
fers the output of rate selector RS0, which is
timed by counter C3 and programmed with
no. Similarly, RSO transfers RSH output dur-
ing one period of C3. Rate selector RSH is
timed by C4 and programmed with ny,. In one
of the two states of C4, if enabled, or always,
if C4 is disabled, RSH transfers the LOW
active signal at input Rl to RSO. If Rl is not
used it must be connected to HIGH. The
feedback output signals of RS1, RS2 and
RS3 are externally available as active LOW
signals at outputs OFB;, OFB, and OFBg.

Output OFB; is intended for the prescaler at
the highest frequency (if present), OFB, for
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the next (if present) and OFBj for the lowest
frequency prescaler (if present). A prescaler
needs a feedback signal, which is timed on
one of its own division cycles in a basic timing
period. The timing signal at OSY is LOW
during the last UD input period of a basic
timing period and is suitable for timing of the
feedback for the last external prescaler. The
synchronization signal for a preceding pres-
caler is the OR-function of the sync. input and
sync. output of the following prescaler (all
sync. signals active LOW).

CASCADING OF UDs (see

Figure 6)

A UD is programmed into the 'slave’ mode by
the program input data: nga = 11, ngg = 10,
N3a = Ngp = N3g = Nyg = ngg = 0. A UD oper-
ating in the slave mode performs the function

of two extra programmable stages C2' and
C3' to a 'master’ (not slave) mode operating
UD. More slave UDs may be used, every
slave adding two lower significant digits to the
system.

Output OFB3 is converted to the borrow
output of the program data subtractor, which
is valid after fetch period 5. Input Sl is the
borrow input (both in master and in slave
mode), which has to be valid in fetch period 0.
Input Sl has to be connected to output OFB3
of a following slave, if not present to LOW.
For proper transfer of the borrow from a lower
to a higher significant UD subtractor, the UDs
have to be programmed sequentially in order
of significance or synchronously if the pro-
gram is repeated at least the number of UDs
in the system.

Rate input Rl and output OFS must be
connected to rate output OFB4 and the input

IN of the next slave UD. The combination
thus formed retains the full programmability
and features of one UD.

OUTPUT (see Figure 5)

The normal output of the UD is the slow
output OFS, which consists of evenly spaced
LOW pulses.

This output is intended for accurate phase
comparison. If a better frequency acquisition
time is required, the fast output OFF can be
used. The output frequency on OFF is a
factor M * H higher than the frequency on
OFS. However, phase jitter of maximum *1
system input period occurs at OFF, since the
division ratio of the counters preceding OFF
are varied by slow feedback pulse trains from
rate selectors following OFF.

Cc1 Co,
+10/1 +516 IN Co, | c c2
O——1IN" OuT” >IN’ out’ +ngl —
+2 ng+1 +10
—d L= L1
: RS
oSy SWITCH RS4
osY
| o o Sm— |
-F1 ny
- iy T
= L1
oF8, RS3
N3
OFB, RS2
L]
oFE, RS1
ng
UNIVERSAL DIVIDER

Figure 3. Block Diagram Showing Feedback to Prescalers

LD0B521S.
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BASIC TIMING PERIOD BASIC TIMING PERIOD BASIC TIMING PERIOD
-9 | L) = (n+1)
|

co 1 +%0 L
"’l —/\ \ -\ Y — \

co, 5 6 5 I3 5 *5
wour L | | ! I L

| D |

Y e O —— -0
Y — -

E]

3

+1

WF17990S

NOTE:
1. Scaling factor.

Figure 4. Timing Diagram Showing Signals Occurring In Figure 3

X2 s I g I pes T ey IV e

(MeH) PULSES

WF18000S

Figure 5. Timing Diagram Showing Output Pulses
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AgTO Ay By TOBy A TOAy By'TO By’
PC PE 2% PE’
PROGRAM PROGRAM —I
COUNTER COUNTER l
DECODER DECODER
B v
I | OFB,
BORROW DATA J BORROW DATA .
warch [ SUBTRACTOR r LATCH _‘ SUBTRACTOR '# s
N co, ¢t c2 c3 ca JOFS|Nv c2 ca' 3 .
osv | " I_ -'I OFS’
OFB, L
oF8, 4
o— #
l MASTER UNIVERSAL DIVIDER SLAVE UNIVERSAL DIVIDER
(124 <9 n<8) I (g =11; nop =10)

BDO75008

Figure 6. Block Diagram Showing Cascading of UDs
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DESCRIPTION

The SAA1057 performs the entire PLL
synthesizer function (from frequency in-
puts to tuning voltage output) for all
types of radios with the AM and FM
frequency ranges.

The circuit comprises the following:

® Separate input amplifiers for the
AM and FM VCO-signals.

e A divider-by-10 for the FM channel.

o A multiplexer which selects the AM
or FM input.

e A 15-bit-programmable divider for
selecting the required frequency.

o A sample-and-hold phase detector
for the in-lock condition, to achieve
the high spectral purity of the VCO
signal.

e A digital memory frequency/phase
detector, which operates at a 32
times higher frequency than the
sample-and-hold phase detector, so
fast tuning can be achieved.

e An in-lock counter detects when
the system is in-lock. The digital
phase detector is switched-off
automatically when an in-lock
condition is detected.

e A reference frequency oscillator

followed by a reference divider. The

frequency is generated by a 4MHz
quartz crystal. The reference
frequency can be chosen either
32kHz or 40kHz for the digital
phase detector (that means 1kHz
and 1.25kHz for the sample-and-
hold phase detector), which results
in tuning steps of 1kHz and
1.25kHz for AM, and 10kHz and
12.5kHz for FM.

A programmable current amplifier

(charge pump), which controls the

output current of both the digital

and the sample/hold phase
detector in a range of 40dB. It also
allows the loop gain of the tuning
system to be adjusted by the
microcomputer.

e A tuning voltage amplifier, which
can deliver a tuning voltage of up
to 30V.

November 14, 1986
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SAA1057

PLL Radio Tuning Circuit

Product Specification

® BUS: this circuitry consists of a
format control part, a 16-bit shift
register and two 15-bit latches.
Latch A contains the to be tuned
frequency information in a binary
code. This binary-coded number,
multiplied by the tuning spacing, is
equal to the synthesized frequency.
The programmable divider (without
the fixed divide-by-10 prescaler for
FM) can be programmed in a
range between 512 and 32,767.
Latch B contains the control
information.

FEATURES

e On-chip prescaler with up to
120MHz input frequency

e On-chip AM and FM input
amplifiers with high sensitivity
(30mV and 10mV, respectively)

e Low current drain (typically 16mA
for AM and 20mA for FM) over a
wide supply voltage range (3.6V
to 12V)

e On-chip amplifier for loop filter
for both AM and FM (up to 30V
tuning voltage)

e On-chip programmable current
amplifier (charge pump) to adjust
the loop gain

o Only one reference frequency for
both AM and FM

e High signal purity due to a
sample and hold phase detector
for the in-lock condition

o High tuning speed due to a
powerful digital memory phase
detector during the out-lock
condition

® Tuning steps for AM are: 1kHz
or 1.25kHz for a VCO frequency
range of 512kHz to 32MHz

® Tuning steps for FM are: 10kHz
or 12.5kHz for a VCO frequency
range 70MHz to 120MHz

o Serial 3-line bus interface to a
microcomputer

o Test/features

4-193

PIN CONFIGURATION

N Package
TR [1] [18] TeEST
Tca [2] 7] XTAL
veB [3] [16] Veca
ocs [4] [15] Vee
N[5} 4] cLs
our [§] [13] DLEN
Vees [7] [12] DATA
Frm (8] 1] FAM
Veer (2] [10] oca
TOP VIEW
CD11490S
APPLICATIONS

o Hi-Fi radios
e Auto radios
o Communication receivers

853-0956 86556
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ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE | ORDER CODE
18-Pin Plastic DIP (SOT-102HE) -25°C to +80°C SAA1057N

BLOCK DIAGRAM

TR TCA TCB N Ve
+ P s s e
|
r, 4 I
+10
15-BIT 3“:"'-5 .
wene ol e T | toour
oY DIVIDER oerzcrEon
FAM
oH— — PROGRAMMABLE
Yoo z —> CURRENT
’——— AMPLIFIER
16
Vmo—-l_T——>
DIGITAL REFERENCE
PHASE  fee] DIVIDER <] ReFERENCE | e erar
4 CURRENT DETECTOR +100/125 OSCILLATOR
DCs O~ STABILIZER [ T
Vol —T— L1
LATCH A LATCH B TESY/ 18
15 BITS 15 BITS FEATURES —O TEST

2

13
e — Eﬁ
& SAA1057

cLe
CONTROL L
DaTA O2 LOGIC C:D 16-BIT SHIFT REGISTER

BD078508
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Veer; Veez Supply voltage; logic and analog part -0.3 to 13.2 \"
Veea Supply voltage; output amplifier Vcez to +32 \"
Prot Total power dissipation 800 mwW
Ta Operating ambient temperature range -30 to +85 °C
Tsta Storage temperature range -65 to +150 °C
DC AND AC CHARACTERISTICS Vge =0V; Vcoy = Vo = 5V; Voca = 30V; Ta =25°C, unless otherwise specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Veet Supply voltages 3.6 5 12 \"
Veez 36 5 12 v
Vees Vcez 31 \"
Supply currents!
ot AM mode 16 mA
Itot = lcc1 + Iccz in-lock:
BRM ="1";
ot FM mode 20 mA
PDM='0' loytr=0

lcca 0.3 0.8 1.2 mA
RF inputs (FAM, FFM)

fram AM input frequency 512kHz 32 MHz
frEM FM input frequency 70 120 MHz
ViRrMs) Input voltage at FAM 30 500 mvV
ViRMS) Input voltage at FFM 10 500 mV
R Input resistance at FAM 2 k2
R Input resistance at FFM 135 Q
C Input capacitance at FAM 3.5 pF
C Input capacitance at FFM 3 pF
Vs/Vis Voltage ratio a!lowed between selected and _30 dB

non-selected input

Crystal oscillator (XTAL)?

fxTAL Maximum input frequency 4 MHz
Rs Crystal series resistance 150 Q
BUS inputs (DLEN, CLB, DATA)

Vi Input voltage LOW 0 0.8 \"
Vin Input voltage HIGH 2.4 Vet Y
=l Input current LOW ViL=0.8V 10 MA
IiH Input current HIGH Vip = 2.4V 10 HA
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DC AND AC CHARACTERISTICS (Continued) Vg =0V; Vot = Vooz = 5V; Voca = 30V; Ta = 25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max

BUS Inputs timing® (DLEN, CLB, DATA)
tcLBlead Lead time for CLB to DLEN 1 us
tTIead Lead time for DATA to the first CLB pulse 0.5 us
tcLBlagt Setup time for DLEN to CLB 5 us
tcLsH CLB puise width HIGH 5 us
toLeL CLB pulse width LOW 5 us
tDATAlead Setup time for DATA to CLB 2 us
tDATAhoId Hold time for DATA to CLB 0 us
toLENhold Hold time for DLEN to CLB 2 us
tcLBlag2 Setup time for DLEN to CLB load pulse 2 uS

Busy time from load pulse to next start of After word 'B' to other
toist transmission device 5 us

Busy time
toisT Asynchronous mode 0.3 ms
toisT Synchronous mode® 1.3 ms
Sample-and-hold circuit® ® (TR, TCA, TCB)
Vrca, Vrce | Minimum output voltage 1.3 v
Vrcas VTcs Maximum output voltage Veez-0.7 \'
Crca Capacitance at TCA REFH ='1' 2.2 nF
Crca (external) REFH ='0' 2.7 nF
tois Discharge time at TCA REFH ="1" 5 us
tois REFH ="0' 6.25 us
RTR Resistance at TR (external) 100 Q
VTR Voltage at TR during discharge 0.7 "
Crcs Capacitance at TCB (external) 10 nF
IgiAs Bias current into TCA, TCB in-lock 10 nA
Programmable current amplifier (PCA)
tlpig Output current of the digital phase detector 0.4 mA

Current gain of PCA

Vccz =5V (only for P1)
| cps | cp2 | cP1 | oo

Gpy P1 0 0 0 0 0.023 dB
Gpp P2 0 0 0 1 0.07 dB
Gps P3 0 0 1 0 0.23 dB
Gps P4 0 1 1 0 0.7 dB
Gps P5 1 1 1 0 2.3 dB

Ratio between the output current of S/H into
Stos PCA and the voltage on Crcg 1.0 BAIV

Offset voltage on TCB
AVrcs 12 in-lock 1 v
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DC AND AC CHARACTERISTICS (Continued) Vge =0V; Vooy = Voca = 5V; Vees = 30V; Ta = 25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Output amplifier (IN, OUT)
Input voltage
ViN in-lock; equal to internal reference voltage 138 v
Output voltages
Vout minimum 0.5 Vv
—loyt = 1mA
Vout maximum Veez -2 v
lout = 1mA
Vour maximum Veea -1 \
loutr = 0.1mA
tlout Maximum output current, Voyt = %2 Vees 5 mA
Test output (TEST)”
V1L Output voltage LOW 0.5 "
VTH Output voltage HIGH 12 \
lrorF Output current OFF, V1y 10 MA
IToN Output current ON, Vi 150 A
Ripple rejection (see Figure 4)
At frippLe = 100Hz
AVCC1 /AVOUT 77 dB
AVcca/ AVout 70 dB
AVces/ AVour
Vout <Vccz -3V 60 dB

NOTES:

. When the bus is in the active mode (see BRM in Control information), 4.5mA should be added to the figures given.

2. Pin 17 (XTAL) can also be used as input for an external clock. The circuit for that is given in Figure 3. The values given in Figure 3 are a typical
application example.

. See BUS information in section ''Operation Description'’.

. The output voltage at TCB and TCA is typically ¥2 Vcep + 0.3V when the tuning system is in-lock via the sample and hold phase detector. The
control voltage at TCB is defined as the difference between the actual voltage at TCB and the value calculated from the formula %2 Vgop + 0.3V.

5. Crystal oscillator frequency fytaL = 4MHz.

-

P

6. The busy-time after word 'A' to another device which has more clock pulses than the SAA1057 (> 17) must be the same as the busy-time for a
next transmission to the SAA1057. When the other device has a separate DLEN or has less clock pulses than the SAA1057 it is not necessary to
keep to this busy-time; 5us will be sufficient.

7. Open-collector output.
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OPERATION DESCRIPTION

Control Information

The following functions can be controlled with
the data word bits in latch B. For data word
format and bit position see Figure 2.

M FM/AM selection; '1' = FM, '0' = AM
REFH Reference frequency selection; '1' = 1.25kHz, '0' = 1kHz (sample-and-hold phase detector)
CP3
CcP2 . o
Control bits for the programmable current amplifier
CP1 N e
(see section Characteristics)
CPO
SB2 enables last 8 bits (SLA to TO) of data word B; '1' = enables, '0' = disables; when programmed '0', the last 8 bits of data
word B will be set to '0' automatically
SLA Load mode of latch A; '1' = synchronous, '0' = asynchronous
PDM1
PDMO Phase detector mode
PDM1 | PDMO| DIGITAL PHASE DETECTOR
0 X Automatic on/off
1 0 on
1 1 off
BRM Bus receiver mode bit; in this mode the supply current of the BUS receiver will be switched-off automatically after a data
transmission (current-draw is reduced); '1' = current switched; '0' = current always on
T3 Test bit; must be programmed always '0’
T2 Test bit; selects the reference frequency (32 or 40kHz) to the TEST pin
™ Test bit; must be programmed always '0’
TO Test bit; selects the output of the programmable counter to the TEST pin
T3 | T2 | T1 | TO TEST (PIN 18)
0 0 0 0 1
0 1 0 0 Reference frequency
0 0 0 1 Output programmable counter
0 1 0 1 Output in-lock counter
'0' = out-lock
'1' = in-lock
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APPLICATION INFORMATION

Initialize Procedure

Either a train of at least 10 clock pulses
should be applied to the clock input (CLB) or
word B should be transmitted, to achieve
proper initialization of the device.

For the complete initialization (defining all
control bits) a transmission of word B should
follow. This means that the IC is ready to
accept word A.

Synchronous/Asynchronous
Operation

Synchronous loading of the frequency word
into the programmable counter can be

achieved when bit 'SLA' of word B is set to
'1". This mode should be used for small
frequency steps where low tuning noise is
important (e.g., search and manual tuning).
This mode should not be used for frequency
changes of more than 31 tuning steps. In this
case asynchronous loading is necessary.
This is achieved by setting bit 'SLA' to '0".
The in-lock condition will then be reached
more quickly, because the frequency informa-
tion is loaded immediately into the divider.

Restrictions to the Use of the

Programmable Current Amplifier
The lowest current gain (0.023) must not be
used in the in-lock condition when the supply

voltage Vccz is below 5V (CP3, CP2, CP1 and
CPO are all set to '0'). This is to avoid
possible instability of the loop due to a too
small range of the sample and hold phase
detector in this condition.

Transient Times of the Bus
Signals

When the SAA1057 is operating in a system
with continuous activity on the bus lines, the
transient times at the bus inputs should not
be less than 100ns. Otherwise the signal-to-
noise ratio of the tuning voltage is reduced.
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DLEN
tcLB gt
e
cL8

—

tors Lacz -
DLEN HOLD- toisT

=

<—'cm.->l

— toaTa HOLD

teren [— toaTA LEAD i
/ %

__X

X

Xy

L-Wmﬁ

BIT NO. o

NOTE:

[&——TEST LEADING ZERO
1 2 15

1. During the zero setup time (t zsy) CLB can be LOW or HIGH, but no transient of the signal is permitted. This can be
of use when an I2C bus is used for other devices on the same data and clock lines.

Figure 1. BUS Format
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Figure 2. Bit Organization of Data Words A and B
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17
o—

XTAL
4 MHz ¢ 5
™I
pF
- TC144508

Figure 3. Circuit Configuration Showing
External 4MHz Clock
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NOTE:

Values depend on the tuner diode characteristics.

Figure 4. Application Example of the SAA1057 PLL Frequency Synthesizer Module
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To remain competitive, manufacturers of do-
mestic radios must not only produce a com-
prehensive range of reliable equipment with
the required performance at the right price,
but must also meet the needs of the market
with regard to styling, ease of operation and
available functions. Although the widespread
use of integrated circuits has allowed vast
improvements of performance and reliability
and has increased the range of available
facilities, the integrated circuits are not al-
ways optimally matched, resulting in partial
redundancy and a large number of peripheral
components. We foresaw this problem and
were able to avoid it by using a total systems
approach to manufacture our comprehensive
range of ideally-matched integrated circuits
for signal processing and digital control of
tuning, displays and analog functions in all
classes of radio. We can now, therefore,
devote our design resources and consider-
able knowledge of integration technologies
and techniques to reducing radio manufactur-
ers' development and assembly costs by
minimizing the number of integrated circuits
needed to implement the wide range of
features and facilities required in today's
radios.

If a radio must incorporate facilities such as
search tuning and/or tuning by direct entry of

February 1987
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Single-Chip Synthesizer for

Radio Tuning

Application Note

frequency at a keyboard, variable-capaci-
tance diode tuning must be used and a stable
local oscillator signal can be generated by
indirect frequency synthesis with a phase-
locked loop (PLL) controlled by a microcom-
puter. We have now used bipolar technology
to combine analog circuits with several types
of logic (1%L, ECL and miniwatt) so that all the
functions previously performed by three inte-
grated circuits can be performed by a single
18-pin LSI integrated circuit called synthesiz-
er module SAA1057. The component econo-
my afforded by the SAA1057 is amply illus-
trated by Figure 1 which shows that tuning
synthesizer functions which previously re-
quired the use of three integrated circuits and
a large number of peripheral components can
now be performed by the SAA1057 and only
16 peripheral components.

The SAA1057 is not only economical with
regard to the required number of compo-
nents. It also consumes very little current
(< 20mA) and is able to meet the varied
performance requirements of all classes of
radio from battery-powered portables to
mains-powered hi-fi tuners. For example, a
novel twin-phase detector system in the PLL
achieves the fast tuning often required for car
radios and also ensures that, when the PLL is
locked, the VCO signal has high spectral
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purity to ensure low distortion in hi-fi tuners.
The wide frequency range (AM 512kHz to
32MHz, FM 70MHz to 120MHz) and high
maximum tuning voltage (30V) make the
SAA1057 suitable for multi-waveband mains
sets. The low current consumption combined
with the wide supply voltage range (3.6V to
12V) due to internal stabilization allow it to be
used in battery-powered portables.

In addition to the basic function of tuning by

direct entry of frequency, the SAA1057 can

also provide the following software-controlled

facilities:

® Search tuning with muted interstation
noise

® Continuous up/down step tuning
(manual tuning)

® Accurate storage and automatic tuning
to preset frequencies

® Loading of frequency data in
synchronism with the sampling
frequency to prevent disturbance of the
tuning lock

® Feed out of a number of internal
signals for alignment purposes

® Adjustment of PLL current gain over
40dB range (0.023 to 2.3) to eliminate
switching of external loop filter
components during waveband selection.
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b. Synthesizer Module SAA1057 and 16 Peripheral Components

Figure 1. Basic Radio Tuning Synthesizers
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Figure 2. Integrated Circuits for Tuning Systems Using SAA1057

BD03251S

BIPOLAR CIRCUITS

Remote control

TDB2033 l Gain-controlled remote IR receiver amplifier
Frequency synthesizer

SAA1057 l Radio tuning PLL frequency synthesizer
Display drivers

SAA1060 32-segment LED

SAA1062/T 20 static outputs for LCD

SAA1063 32-segment FTD
Tuner switching

SAA1300 | sline switching circuit

As the word 'module' in the name of the
SAA1057 indicates, this new IC is part of a
modular, data bus-compatible, digitally-con-
trolled tuning system in accordance with the
system's design philosophy followed for other
circuits in our range of ICs for digital systems
in radios. The modular approach minimizes
radiation and reduces wiring and screening
costs because:

® all the sensitive signal processing
circuits for the tuning systems are now
in the SAA1057 which can be mounted
in the ideal position close to the tuner
internal HF dividers eliminate the need
for an external prescaler

two sensitive, internally-switched VCO
inputs to the SAA1057 allow direct
connection of the FM and AM local
oscillator signals without additional
impedance matching, amplification or
switching
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® the crystal-controlled reference oscillator
for the PLL operates at the same
frequency for the AM and FM
waveband and causes little radiation
because it generates a low level
sinewave

® the separate microcomputer and
memory can be mounted close to the
keyboard and their capacity can be
tailored to meet the demands of
specific radios :

® the frequency display driver can be
mounted close to its display.

As shown in Figure 2, the data bus compati-
bility of tuning systems using the SAA1057
also allows the simple addition of circuits as
required for waveband switching and for driv-
ing LED, LCD or fluorescent displays of
preset station number, waveband and chan-
nel number. Other facilities which can be
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simply and economically accommodated are
analog signal control, extra display functions,
and remote control via an infrared data link.

OPERATING PRINCIPLES OF

FREQUENCY SYNTHESIS

A basic digitally-controlled PLL for radio tun-
ing is shown in Figure 3. The output from the
voltage-controlled local oscillator in the radio
is converted into a pulse train, and frequency
divided by a programmable divider, before
being applied to one of the inputs of the
phase detector. The output from the crystal-
controlled reference oscillator is converted
into a pulse train, and frequency divided by
one of two ratios, before being applied to the
other input of the phase detector. The phase
detector output, which is proportional to the
relative phase (and therefore the frequency)
of the two input signals, is passed through the
low-pass loop filter to remove the high-fre-
quency components and fed back to the VCO
as the tuning control voltage. The loop is
locked, and the radio correctly tuned, when
fosc = Nfger where N is the programmable
division ratio determined by selecting the
frequency of the required broadcast.

BRIEF DESCRIPTION OF THE
FUNCTIONS OF THE SAA1057
(Figure 4)

Local Oscillator Iinputs

The local oscillator signals from the radio are
applied to inputs FFM for FM and FAM for
AM. Since these inputs have a sensitivity of
30mV to 500mV (AM) and 10mV to 500mV
(FM), the local oscillator signals can be di-
rectly applied without preamplification or buf-
fering. A separate pin (DCA) allows the bias
circuitry of the internal input amplifiers to be
decoupled by an external capacitor. The input
frequency range is 512kHz to 32MHz for AM
and 70MHz to 120MHz for FM, the FM
signals being passed through an internal
divide-by-ten HF prescaler which is switched
off by software to minimize current consump-
tion while tuning the AM band. Since the AM
and FM local oscillator signals are automati-
cally selected by software, they need not be
externally switched during waveband selec-
tion.

Programmable Divider

This 15-bit frequency divider, which is de-
signed in a special manner to minimize cur-
rent consumption, is programmed with a bi-
nary-coded divisor (N) to synthesize the re-
quired frequency for the voltage-controlled
local oscillator in the radio. The local oscilla-
tor frequency (fosc) is usually the IF above
the tuned frequency. The dividing number is
(32fosc)/frer for AM and (3.2fosc)/frer for
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MOS CIRCUITS

Display drivers

PCE2100 40-segment LCD
PCE2110 60-segment LCD +2 LEDs{ in duplex mode
PCE2111 64-segment LCD
PCE2112 32-segment LCD static
SAA1061 16 static outputs for LED drive and switching functions
SAB3044 2-digit LED
Single-chip 8-bit microcomputers
MAB8021 With 1k byte ROM and 28-pin package
MAB8048 With 1k byte ROM and 40-pin package
MAB84XX NMOS family with 1 to 4k byte ROM and 12C bus
MAB85XX CMOS family with 0.5 to 4k byte ROM and I2C bus
Memories
PCD8571 128 X 8-bit CMOS memory with serial 1/0
PCB1400 100 X 16-bit EEPROM with serial 1/0
Infrared remote-control receivers
SAB3023 Receiver and analog memory
SAB3033 Receiver and analog memory
SAB3042 Receiver and decoder with C-bus
SAB3028 Receiver and decoder with 1°C bus
Infrared remote-control transmitters
SAB3004 7 X 64 commands
SAB3021 2 X 64 commands
SAB3027 32 X 64 commands

SYNTHESIZER

f T
: |
I VOLTAGE .
CONTRGLLED |
' LOCAL '
| OSCILLATORS i
fosc AM
PROGRAM .- .
i ™ AM v WABLE | fose/™
fosc FM owinErR [T
L oo
! L}
R S | PHASE
. DETECTOR
I REFERENCE REFERENCE | REF
i OSCILLATOR DIVIDER ]
.
| tune up
tune down
. Viune LOW-PASS 1ocked
I LOOP FILTER
' FREQUENCY

Figure 3. A Basic Digitally-Controlled PLL for Radio Tuning

FM, where frer is the output frequency from
the reference frequency divider (40kHz or

February 1987

32kHz). The minimum divisor is 512 and the
maximum divisor is 32,767. The frequency-
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divided local oscillator signal is applied as
one of the inputs to a dual-phase detector
system.

Reference Frequency Oscillator
This stable, temperature-compensated oscil-
lator is controlled by an inexpensive 4MHz
crystal (series resistance < 150£2) connect-
ed in series with a capacitor between Pin 17
of the SAA1057 and the common return line.
The reference frequency may alternatively be
derived from a stable external source. In this
case, a 4MHz squarewave of 5Vp.p may be
connected to Pin 17 via a series-connected
10nF capacitor and 22kS2 resistors.

Reference Frequency Divider
This circuit divides the frequency of the signal
from the reference oscillator by 125 or 100 to
obtain a reference frequency of 32kHz or
40kHz for the dual-phase detector system
under the control of software. If the selected
reference frequency is 32kHz, the minimum
tuning step is 1kHz on AM and, due to the
divide-by-ten HF divider, 10kHz on FM. If the
selected reference frequency is 40kHz, the
minimum tuning steps for AM and FM are
1.25kHz and 12.5kHz, respectively. If larger
tuning steps are required, integer multiples of
these tuning steps can be selected by soft-
ware.

Phase Detector System

To simplify the design of the PLL loop filter,
the SAA1057 incorporates a novel dual-
phase detector system that uses the same
reference frequency for AM and FM. One of
the phase detectors is a high-speed digital
memory (flip-flop) type, the other is a high
gain and analog memory (sample and hold)
type. The digital phase detector operates at
the reference frequency, generates about
100 times as much tuning current as the
analog phase detector and provides high-
speed tuning over a wide frequency range.
The analog phase detector operates at ¥32 of
the reference frequency, has no region of
uncertainty in its transfer characteristic and
provides increased spectral purity of the local
oscillator signal when the PLL is locked. The
'hold' voltage from the analog phase detector
is converted into a DC current and summed
with the output puises from the digital phase
detector to provide a current proportional to
tuning error. This current drives a gain-pro-
grammable amplifier to generate the tuning
voltage output.

The analog phase detector is always operat-
ing, but the digital phase detector can be
switched on/off by setting/resetting the in-
lock detector with features/test bits in the
software (e.g., to minimize noise during step
tuning). If the software does not include any
features/test bits, the digital phase detector
is automatically switched on if the tuning error
exceeds the phase range of the analog phase
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Figure 4. Block Diagram of the SAA1057

detector. This could occur, for example, as
the result of executing a large frequency
change. When the in-lock detector deter-
mines that the tuning error has been reduced
to within the operating range of the analog
phase detector for three consecutive sam-
pling periods, the digital phase detector is
automatically switched off again.

Gain-Programmable Current
Amplifier

The sum of the output currents from the two
phase detectors drives a gain-programmable
bidirectional current source which replaces
the normally-used resistor between the
charge pump and loop amplifier of a PLL. This
allows the loop gain of the PLL to be software
programmed over a 40dB range within the
limits 0.023 to 2.3, thereby eliminating the
need to switch loop filter components during
waveband selection.

Loop Amplifier

The loop amplifier is capable of providing a
tuning voltage output of up to 30V and only
requires a series-connected RC network be-
tween its input and output to form an active
low-pass loop filter. The supply voltage for
the loop amplifier (Vccg) need not be stabi-
lized but it should be adequately filtered.
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Reception of Frequency and
Control Data

Data for the SAA1057 consists of serially-
transmitted 17-bit frequency setting and con-
trol words from a microcomputer. Both types
of word incorporate a zero start bit which is
tested to identify a correct transmission. Each
word also contains a latch selection bit which
is 0 for a frequency setting word and 1 for a
control word. The incoming data is transmit-
ted via an asychronous data highway with
separate data (DATA), clock (CLB) and en-
able (DLEN) lines. The logic levels on the
lines are TTL-compatible and are indepen-
dent of supply voltage.

Sixteen bits of each incoming data word are
loaded into a shift register. The bus, load and
control logic then checks that the transmis-
sion is valid by checking that the first bit is
zero and that the word length is correct
during the HIGH period of the DLEN line. If
valid, the data word is then transferred to the
appropriate latch by the next pulse on the
clock line.

A frequency-setting word includes fifteen bits
which define the required frequency ex-
pressed as a 15-bit binary-coded divisor (512
to 32767) for the programmable divider.
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A control word includes fifteen bits for the
following purposes:
® one bit (FM) to control the switch to
select the required input from the AM
or FM local oscillator. If the AM input is
selected, the divide-by-ten prescaler is
switched off to conserve power
one bit (REFH) to program the divisor
for the reference frequency divider
four bits (CPO to CP3) to set the gain
of the gain-programmable current
amplifier
one bit (SB2) to determine whether the
remaining eight features/test bits should
be used or not
one feature bit (SLA) which determines
whether frequency setting data is
loaded into the programmable divider
immediately after reception
(asynchronous loading) or synchronized
with the sampling frequency
(synchronous loading). Synchronous
loading is for minimizing noise during
manual tuning without muting
® two features bits (PDMO and PDM1)
which set the operating mode of the
digital phase detector as previously
described
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Figure 5. An AM/FM Frequency Synthesizer Using the SAA1057

® one feature bit (BRM) which sets the
bus receiver into an automatic mode so
that it is switched off to conserve
power after a data transmission

o four test bits (TO to T3) which can
route the reference signal, the output
from the programmable divider or the
output level from the in-lock detector to
the TEST pin for alignment purposes.

TECHNIQUES USED TO OBTAIN
THE HIGH PERFORMANCE OF
THE SAA1057

Many new circuit techniques have been used
in the SAA1057 to achieve the high perfor-
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mance, application flexibility and low power

consumption. A description of the techniques

listed here is beyond the scope of this article
but further information can be found in the
references:

@ travelling-wave dividers in the divide-by-
ten prescaler ensure low current
consumption and high sensitivity for the
RF inputs

@ a tail-end divider is used to increase
the speed of the digital phase detector

® a rate-select technique in the
programmable divider minimizes phase
jump in the digital phase detector

® current consumption is minimized by
using stacked logic for the three
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different types of digital circuits (1L,
ECL and miniwatt). In this way, many of
the logic circuits act as current sources
for other logic circuits

use of a bandgap current reference
ensures that the current consumption
remains constant over a wide range of
supply voltage and operating
temperature

® the op amps at the RF inputs have an
input bias current of less than 10nA
and also have a very high slew rate
the tuning voltage is derived from a
30V op amp with a low bias current
and a high slew rate.
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BASIC APPLICATION OF THE ACKNOWLEDGEMENT
SAA1057 The authors wish to thank H. Pruim of the IC
Figure 5 is the circuit diagram of a complete development department, Nijmegen, J. L.
frequency synthesizer using the SAA1057. Baurdoux of the car radio development de-
The functions and values for each compo- partment, Eindhoven, and U. Schillhof of the
nent in the diagram are as follows: application laboratory, Hamburg, for their
contributions to this project.
REF FUNCTION VALUE
R Defines the current in the analog phase detector 180K2 REFERENCES
Ry | Loop filter resistor (value depends on Vco) 18k2 1. UNDERH"—fL, M. J. 'Phase lock frequency
g N . . synthesis for communications’, sympo-
Rs Low-pass filter resistor (value depends on V¢o) 1002 min sium on phase-locked loops and their
10k typ applications, January 18th 1980, Depart-
R4 Matching resistor for 75§ FM input 18092 ment of Electrical Engineering, University
[o Sample capacitor (low leakage type) 2.2nF typ of Technology, Delft.
C, | Hold capacitor (low leakage type) 10nF typ 2. ggOD'IEI":‘HALL, JOIRDAN' CLLS‘T?rK and
. . , 'A general purpose equen-
Cs Decoupling of internal reference voltage 47uF cy synthesizer system' 32nd annual sym-
Cy Loop filter capacitor (value depends on Vco) 330nF typ posium on frequency control, 1978, De-
Cs Low-pass filter capacitor, normally located in the tuner partment of Electrical Engineering, Uni-
(value depends on loop frequency) 100nF typ versity of Technology, Delft.
Cs Power supply filtering 100nF 3. UNDERHILL, M. J. 'Universal frequency
c, DC blocking 1nF synthesizer IC system' /EE communica-
I Power supply filterin 100uF tions '78, 4th to 7th April 1978.
8 upply fitering K 4. KASPERKOVITZ, W. D. 'Ultra high fre-
Co Decoupling of RF input stages 10nF quency divider', Philips Technical Re-
Cio | DC blocking 11nF view, Vol. 38, No. 2, 1978/79, pp. 50 to
Cqq Series capacitor for crystal 65.
(value depends on crystal) 33pF 5. KASPERKOVITZ, W. D. and VERBEEK,
R. 'Low power circuit block for digital
PERFORMANCE OF THE CIRCUIT FOR FM telephone exchanges', Microelectronics
and Reliability, Vol. 15, 1976, pp. 163 to
Tuning range 87.5 (88) to 108 MHz 170.
Tuning steps 10 kHz or 12,5 kHz
Intermediate frequency 10.7 MHz (variable in steps of 10 kHz
or 12.5 kHz)
Tuning voltage of the VCO 4to28V
VCO gain 0.3 to 3 MHz/V
Ref. frequency 32 kHz
Prog. divider ratios 9820 (9870) to 11870
Time to tune across band < 400 ms
Gain of current amplifier 0.3
Loop filter time constant 1ms
RMS ripple on tuning voltage noise 5 uv
(20 Hz to 20 kHz2)
1 kHz <1 uVv (0.3 uv)
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INTRODUCTION

Early digital tuning systems for AM/FM radio
receivers were constructed -from ICs out of
standard logic families (ECL, TTL etc.).

Later, first dedicated ICs for PLL frequency
synthesizers have appeared on the market,
but there were still several packages required
for the complete tuning system. The partition-
ing of functions depends on the semiconduc-
tor technologies used. The tuning part of a
digital tuning system typically requires three
packages: a prescaler in ECL or Schottky TTL
(speed), a programmable divider and other
digital functions in either LOCMOS, NMOS or
12L (packing density, current consumption)
and a loop amplifier with FET inputs (low bias
current) and a bipolar output stage (current,
slew rate).

Now, more sophisticated ICs for digital tuning
of radio receivers are showing. The SAA1057,
being described in this report, belongs to this
new generation of radio PLL frequency syn-
thesizers. It comprises all of the functions of a
digital PLL frequency synthesizer and all ac-
tive components from the inputs for the local
oscillators to the output for the varactor
tuning voltage on one monolithic chip, requir-
ing only a minimum of external passive com-
ponents.

SYSTEM DESCRIPTION

A functional block diagram of the SAA1057 is
shown in Figure 1. This system is designed to
handle both AM and FM local oscillator fre-
quencies in a microcomputer-controlled radio
receiver. Attention has been paid to the
power consumption of the IC in order to
permit its use in portable as well as in mains
operated radios.

An important property of the SAA1057 is its
very low radiation. This is due to the compact
one-chip design which does not require an
external prescaler and its control line and due
to the crystal controlied reference oscillator
which operates with a low sine-wave voltage
swing.

RF Inputs

Separate inputs are provided for the AM and
FM local oscillators. Amplifiers at the inputs
offer high sensitivity for easy interfacing to the
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radio's VCOs. No external buffers are re-
quired. A built-in divide-by-10 prescaler for
FM permits a maximum input frequency of
120MHz while the AM input can directly
handle up to 32MHz.

An input multiplexer permits both oscillators
to be operating at the same time, thus saving
cost for switching the oscillators in the radio.
On AM, the prescaler is switched off in order
to reduce the current drain of the chip.

There is one pin, DCA, for the decoupling
of the input amplifiers' bias circuitry.

Programmable Divider

This 15 bit divider is programmed with a
binary coded dividing number, N, in order to
synthesize a desired frequency fyco. In view
of the current consumption, this divider was
designed according to the rate select tech-
nique. This implies a minimum permissible
dividing number, Npn, which is equal to 512
in the SAA 1057. The maximum dividing
number, Nmax, is given by the 15 bit length as
32767.

Two outputs of the programmable divider are
fed to the phase detectors. They differ in
frequency by a factor of 32.

Reference Oscillator

This oscillator is designed to operate with a
low-cost 4MHz crystal. Only one pin is re-
quired for this stable, temperature-compen-
sated oscillator.

In case of an externally available 4MHz signal
of sufficient stability, the pin XTAL can be
supplied with a resistor from that source.

Reference Divider

This divider generates the reference frequen-
cy for the digital phase detector from the
4MHz crystal frequency. This reference fre-
quency is either 32kHz or 40kHz. It can be
changed under software control and output-
ted at the pin TEST in case that is desired,
e.g. for aligning the frequency of the refer-
ence oscillator.

With these two reference frequencies, the
minimum step size for changing the VCO's

frequency is 1kHz and 1.25kHz on AM. On .

FM, the step size is 10kHz and 12.5kHz due
to the divide-by-10 prescaler. Larger steps in
VCO frequency (integer multiples of the val-
ues given above) can be achieved under
software control.
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Phase Detectors

A novel phase detector concept is used in the
SAA1057, permitting the use of the same
reference frequency on AM and FM, thereby
facilitating the design of the loop filter.

Two phase and frequency sensitive detectors
are used in this concept, a high-speed digital
flip-flop type detector and a high-gain analog
sample and hold type detector. The digital
phase detector (PD) operates at the refer-
ence frequency and provides for high tuning
speed. The analog PD operates at 1/32 of
the reference frequency and provides for
improved spectral purity of the radio's VCO
after lock has been achieved. There is no
region of uncertainty in the analog PD's
transfer characteristic.

The analog PD is always operating. The
digital PD can be switched on/off either under
software control (see also 2.9) or automati-
cally. If no features/test bits are selected, the
digital PD is automatically switched on if the
operating range of the analog PD is ex-
ceeded, e.g. when a jump in frequency is
executed. It is automatically switched off
again if the operating range of the analog PD
has not been exceeded during three conse-
cutive sampling periods. That is accom-
plished by the in-lock detector. This detector
can be set and reset under software control
to establish the different modes of PD opera-
tion.

The '"hold" voltage of the analog PD is
converted to a DC current and summed with
the output pulses of the digital PD.

Gain-Programmable Current
Amplifier

The output current of the phase detector
configuration is passed through a gain-pro-
grammable amplifier. This is an equivalent for
the normally used series resistor from the
charge pump to the loop amplifier. The ad-
vantage of this solution is that the loop gain
can be programmed under software control
without any changes in hardware.

Loop Amplifier

The on-chip loop amplifier requires only a CR
series connection between its input and out-
put pins to build a basic loop filter. Tuning
voltages of up to 30 volts can be generated.
The supply voltage for this amplifier, V¢cs,
need not be stabilized; however, it should be
sufficiently filtered.
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Figure 1. Functional Block Diagram

Data Reception

The SAA1057 requires both frequency and
control information from an external micro-
computer. This information is received via an
asynchronous serial data link with separate
data (DATA), shift clock (CLCK) and enable
(DLEN) lines. This structure with the associat-
ed timing requirements used to be called
CBUS. The logic levels on these CBUS lines
are TTL compatible, independent of the sup-
ply voltage.
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Incoming data is received in a shift register. A
bus, load and control fogic performs a format
check on received data and a decision on
whether the transmission was valid or not.
Only correctly received data are transferred
to one of the two latches. Frequency informa-
tion is stored in latch A and control informa-
tion in latch B.

Features/Test
In addition to the basic PLL operation of the
SAA1057 there are a few features and test
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functions which can be enabled by certain
bits in the control information.

Examples are synchronous loading of fre-
quency data to prevent an out-of-lock condi-
tion due to that transmission, disabling of the
digital phase detector to avoid tuning noise in
case of step tuning, and outputting of the
reference frequency, e.g., for the alignment of
the crystal oscillator frequency. Details are
described in the application section of this
report.
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Table 1. Description of Components

R1 Defines current in S/H detector e.g. R1=2390 Q
R2 Loop filter resistor, depends on VCO eg. R2=18 k2
R3 Low-pass filter resistor min. R3 =100 Q
R4 Matching resistor for FM input e.g. R4 =180 Q
C1 Sample capacitor, low leakage type typ. C1=2.2 nF
Cc2 Hold capacitor, low leakage type typ. C2=10 nF
C3 Decoupling of internal reference voltage typ. C3=10 nF
C4 Loop filter capacitor, depends on VCO e.g. C4 =330 nF
C5 LOW-pass filter capacitor, mostly located in tuner, depends on loop frequency e.g. C5=100 nF
Ccé Power supply filter capacitor e.g. C6 =100 nF
c7 DC blocking capacitor typ. C7=1 nF
c8 Power supply filter capacitor e.g. C8 =100 nF
Cc9 Decoupling of RF input stages typ. C9=10 nF
c10 DC blocking capacitor typ. C10=22 nF
Ci1 Series capacitor for crystal e.g. C11=33 pF
Y1 Crystal for reference oscillator, f =4.000MHz

Y1 Ccn

m'_‘: SAA 1057
— 3—1——4 GND
R2 C4 =
0 D oex
VIUN 5 V. 3———4—< DLEN
Vees b = “p—.': 3——————4 DATA
—.E" . cto
FMOS = il O < Amos
! — P

Figure 2. Basic Application

AF01690S

SAA 1057 RADIO PLL SYNTHESIZER

LD011308

Figure 3. Bottom View of PC Board
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Power Supply

Besides the already mentioned supply volt-
age for the loop amplifier there are two pins
for the supply of the whole circuit: Vg1 and
Vceca. The supply voltage may be chosen in
the range from 3.6 to 12 volts without signifi-
cant influence on the supply current due to
the internal stabilizer, which is decoupled at
pin DCS. The supply voltage should be well
filtered.

APPLICATION

The circuit diagram for the basic application
of the SAA1057 in an AM/FM radio receiver
is shown in Figure 2; a short description of the
components is given in Table 1.
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As there are many ways in which radio
receivers can be different from each other,
e.g. number of wave bands, supply voltages,
tuning voltage range, V/F characteristic of
the VCO, the synthesizer circuitry has to be
designed for a specific application.

In this chapter information is given on all of
the components in the circuit diagram and on
the software requirements of the SAA1057
for a number of receiver tuning procedures.

A typical lay-out of a printed circuit board for
the application of the SAA1057 is given in
Figure 3. There are two connectors; one for
the supply voltages and the connection of the
radio receiver and one for the CBUS from the
microcomputer or a synthesizer controller,
like the SYCO Il

Interfacing of the Tuner's
Oscillators
The oscillator frequency lines are either real-
ized on a PC board or as a screened cable,
depending on their length, among others. The
output at the AM VCO is not critical; it can be
an inductive or capacitive tap at the resonant
circuit, provided the output voltage is at least
30 millivolts rms into a load of 2 k2. The
minimum required FM oscillator voltage is 10
millivolts rms, the input resistance of the SAA
1057 is 1358. In order to minimize the
voltage standing wave ratio, VSWR, a resis-
tor, R4, is used to match the input resistance,
Ripm, to that of the connecting cable, Z,.
Ignoring the capacitances, R4 can be calcu-
lated according to

R4 = .B.'M (1)

Rirm = Zo
Let Z, = 7552, then

18575
135-75

=169Q2

The closest standard resistor is R4 =180
ohms.

The DC blocking capacitors, C7 and C10,
should be chosen so that their series reac-
tance at the lowest VCO frequency is small
compared to the input impedance. Thus,

1

c7> >——-—o (2
27 * frmmin * RiFm
and
1
c10> > 3)

2+ * fam,min * Riam

February 1987

——A

I
L~

Figure 4. Loop Filter Principle
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Figure 5. PLL Block Diagram

BD01410S

Interfacing of the Tuning
Voltage

The output of the loop amplifier is connected
to the varicap tuning diodes via a CR low-
pass filter, R3 and C5.

Although there is no lower limit of R3, a
minimum of about 10082 should be used to
avoid capacitive loading of the loop amplifier
output. For C5, there is normally a lower limit
given by the design of the varactor tuned
resonant circuits in the radio.

The cut-off frequency of the low-pass filter,
f1p, should be less than the sampling frequen-
cy, fs, of the phase detector in order to
attenuate potential ripple at this frequency.
On the other hand, the cut-off frequency
should be high compared to the loop's natu-
ral frequency, fy,, to keep the decrease of the
phase margin as small as possible. f, de-
pends on the F/V characteristic of the VCO,
the dividing number, N, and the loop filter
design.

Thus, the choice of the low-pass filter's cut-
off frequency is a compromise between ripple
rejection at the sampling frequency and loss

of phase margin.
fa<fip<fs (4)

or

1
—>R3°C5> (5)
wn

2m -« fg
withwp =2 7m"f,
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fs = 1kHz or 1.25kHz
Designing the Loop Filter

Due to the on-chip loop amplifier and gain-
programmable current amplifier, the loop filter
consists of only two external components, R2
and C4. The loop filter principle is shown in
Figure 4.

As outlined earlier, the commonly used series
resistor between charge pump and loop am-
plifier input is replaced by a gain-programma-
ble current amplifier in the SAA1057. There-
fore, the loop filter transfer function evaluates
to

Vout (8) 1+sT

6
iN (s) sC4 @
with T=R2:C4.

The basic block diagram of a PLL in terms of
gain is shown in Figure 5.

The output to input ratio reflects a second
order system:

@)
0o(s) Ky * Kg* Ky
6i(s) o+ Ko'Ke Ky
N
with Kp = gain of digital phase detec-

tor including current amplifier

Ke  =gain of loop filter as given
in Equation (6)

Ky  =gain of VCO

N = integer divisor
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Table 2. Loop Filter Input Current vs. Gain Programming

CP3 CP2 CP1 CPO ldig
0 0 0 0 0.01mA
0 0 0 1 0.03mA
0 0 1 0 0.1mA
0 1 1 0 0.3mA
1 1 1 0 1.0mA

8o (1)

Figure 6. Type 2. Second Order Step Response

OPO1160S

Substituting Kg yields
8
K.p . Kv
0o(s) T c  c(+sT)
6(s) s2+s- KoKy R2 +K‘p'K\/

N C4-N

clearly showing the Characteristic Equation of
a second order polynomial:

CE.=s2+s* 2¢*wp+ wd ©)
By comparison of coefficients one obtains
_a /Ko Ky
“n= Ve
R2-C4
’ 2

(10)

§=wn (11)
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with w,  =loop bandwidth or natural
frequency
¢ = damping factor

The gain of the phase detector, Ky, is the
output current of the P.D. times the gain of
the programmable current amplifier. In order
to simplify the calculation, we re-write Equa-
tion (10) as follows:

R / dig * Sveo
" C4-N

(12)
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with lgig = current programmed according to
Table 2

and

dfvco
Svco = (1 3)
dViune

being the slope of the VCO's F/V characteris-
tic.

Since neither Syco nor N remain constant
over a larger frequency band, w, and ¢
should be calculated for several points in the
wave band considered, in order to find the
appropriate constants for best loop perfor-
mance. See the Appendix for a design exam-
ple.

The lock-up time not only depends on the
loop filter components but also on the current
gain setting. The longest time which can
occur is that for a jump from one end of a
wave band to the other. it consists of two
parts:

toand = tslow * tsettle (14)

The output pulses of the digital phase detec-
tor can be assumed to have an average duty
cycle of 50 o/0 during most of the slew time.
Therefore, tgew can be approximated as

. C4 * AVyyne

tolow = 2 0
dig

(15)

The settling time, tgetye, depends on wy, and
can be estimated from

wpt
tsettle ~——
wWn

(16)

with wyt taken from Figure 6 for a certain
overshoot and wp, as given by Equation (12).

The output phase response of a type 2
second order system (Figure 5) to a phase
step input is shown in Figure 6. The curves
can also be used for frequency inputs and
outputs. The required damping factor, ¢, for a
given overshoot can be taken from the plot.
Also, the natural frequency, wy, can be calcu-
lated if { and the lock-up time, tgetye, are
known.

The Analog Phase Detector

In the analog PD a comparison of the relative
phase of two digital signals is performed. In
principle, a voltage ramp is started by the
crystal controlled reference frequency and
stopped by the high-speed output of the
programmable divider. As only every 32nd
output pulse is sampled, the phase jitter of
that rate-multiplier type divider is eliminated.
The ramp voltage is transferred to the hold
capacitor, C2. Any deviation from the ramp's
center voltage is converted to a current,
amplified in the gain-programmable current
amplifier, and fed into the loop amplifier.
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The voltage ramp is generated by first charg-
ing the capacitor, C1, with internal circuitry

T and then discharging it with a constant cur-

- rent, which is defined by an external resistor,

\ R1. Thus, the slope of the ramp, i.e. the gain

1500 C1=1F W of the analog PD, can be changed by chang-
v\ ing the component values of C1 and R1.

1200 1= \\ \ Vrr=0.45 VOLTS There are two limitations. For R1, there exists
1000 |- a minimum value of 100 ohms in order to limit
the discharge current to a safe value and for

8201~ C2, there is a maximum value given for both

680 |- C1=22nF reference frequencies to permit complete

pre-charging of that capacitor.

The maximum ramp amplitude depends on
the supply voltage, Vcce, and is typically

Vramp = Vcc2 -2V 17)

The time required for a discharge of C1 from
V1cA,max t0 Vrca,min depends on the value of
C1 and the discharge current, which is de-
fined by R1. The maximum time is

—
R1(OHMS)
»

3
T

_C1*Viamp

(18)
ldis

amp

With

V1R
ldis = vy (19)

RIMIN 100 L L L

B
Veez (VOLTS)

and the maximum permitted time, tgis, we can
calculate the maximum value of resistor R1 to
Figure 7. Maximum R1 as a Function of V¢ca be

OP011508.

tais * V-
Rimax = dis * VTR (20)
C1+(Voce-2)

V1R is the voltage at pin 1 of the SAA1057

during the discharging of capacitor, G1. The

dependency of the upper limit of R1 on Vgca
{I AA- A is shown in Figure 7 for two different values of

10nF 2K Ci.

SAA 1057

The center voltage is typically
Veez

40MHz T PEAK Vio = - +0.3V (21)

giving an operating range of the analog PD of

VeH = Vot —=F (22

As the maximum output current of the analog
PD depends on Vgcp, only a ''gain'' constant

Toor470s of 1.5pA/V is specified, i.e. a deviation of 1
Figure 8. Connection of an External 4MHz Source volt from the center voltage, Vi ,, produces an
output current of 1.5uA. This current is ampli-
fied in the gain-programmable amplifier and
then fed into the loop amplifier. In Table 3
there are given some loop filter input current

Table 3. Loop Filter Input Current Per Volt Change of the
Hold Capacitor Voltage

CcP3 cP2 CP1 CPO lanalog PER VOLT values for different gain settings of the gain-
0 0 0 0 0.03=myA programmable amplifier.
0 0 0 1 0.1=mpA To obtain the maximum currents obtainable
0 0 1 0 0.3=mpA from the analog PD, the values in Table 3
0 1 1 0 1.0=mpA have to be multiplied by 1/2*Vramp.
1 1 1 0 3.5=muA
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Figure 11. Data Word for Control Information

TB00540S

Generating the Reference
Frequency

The simplest way of completing the reference
frequency oscillator is to connect a 4MHz
quartz crystal from pin 17 (XTAL) to ground.

Any crystal with a series resistance of not
more than 15082 will do. As crystal frequen-
cies are normally specified for a certain
external capacitance, a series capacitor, C11,
should be connected in series with the crys-
tal, Y1. If the crystal spec is properly chosen,
a fixed capacitor will normally do. If we
assume a mis-alignment of 50ppm the result-
ing VCO frequency of e.g. 100MHz would be
offset by 5kHz, i.e., half the step size. That is
normally unimportant. In special applications,
however, it might be necessary to tune the
crystal. There is room for a series trimmer
capacitor on the PC board.
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Table 4. Frequency Programming Range

1 f
INPUT "—ZF = 1kHz “—:F = 1.25kHz
AM froin = 512kHz 640kHz
frmax = 32767kHz 40958.75kHz
. frin = 5.12MHz 6.40MHz
frnax = 327.67TMHz 400.5875MHz

Another way of generating the reference
frequency is the use of an external 4MHz
source of satisfactory stability. In Figure 8 it is
shown how to connect such an external
source.

Please note that the stray capacitance at pin
17 should not exceed 8pF.
Transmitting Data to the
SAA1057

All information is entered serially into the SAA
1057. The timing of the CBUS data transmis-
sion is shown in Figure 9.
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There are two checks performed on data
received in the SAA1057:

- a test for the start bit
- a test for correct word length.
The start bit is tested during the high time of

the first clock pulse. It has to be '0' to indicate
the beginning of a proper transmission.
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Table 5. Phase Detector Mode

PDM1 PDMO DIGITAL PD
0 0 Automatic on/off
0 1 Automatic on/off
1 (] On
1 1 Off
Table 6. TEST Signals
T3 T2 T1 T0 OUTPUT AT TEST (PIN 18)
0 0 0 0
0 1 0 0 Reference frequency
0 0 0 1 Output of prog. divider
0 1 0 1 Output of in-lock detector
low = out-of-lock
high = in-lock
Table 7. Control Information
TRANSMISSION SB2 SLA PDM1 PDMO
Control 1 1 0 0 X
Control 2 1 1 0 X
Control 3 1 1 1 1
X=don't care
The word length is defined as the number of  with fogc being the VCO frequency (nor-
clock pulses during the time interval mally the sum of tuning fre-
DLEN ="'1', i.e., the number of data bits plus quency and IF) and
1 (start bit). The word length for the SAA1057 frer being the reference frequency

is 17.

Correctly received data are transferred to
their latch by another pulse on the CLCK line,
the so-called load pulse. Clock pulses need
not be symmetric; however, minimum high
and low times should be observed.

Due to internal data shifting there is a time
after the reception of the load pulse during
which the SAA1057 does not react to infor-
mation on the CBUS lines. This time is called
busy time. Under worst case conditions this
busy time is as long as 1.3 milliseconds, i.e. a
following data transmission to the SAA1057
must not start before 1.3 milliseconds have
passed since the trailing edge of the load
pulse. If the following transmission is, howev-
er, intended for a different device, e.g. a
display driver, it may start as early as 5us
after the load pulse for the SAA1057.

Frequency Information
The organization of the data word for the
setting of frequency is shown in Figure 10.

Frequency is expressed as a dividing number,
N, for the programmable divider according to
the following formulae:

32+ fosc,Am
Nap=———— (23)
fReF
32 - fosc,Fm
Nem = ——"— (24)
10 frer
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at the digital PD of either
32kHz or 40kHz.

The dividing number has then to be convert-
ed to binary notation in a 15-bit format as
shown in Figure 10 and a '0' added for the
register select bit, thereby defining latch A as
the destination of the data word.

Due to the applied divider principle, the mini-
mum dividing number is Npin = 512. In case a
smaller value is transmitted, N = 512 will be
programmed. The maximum dividing number
of Nmax =32767 results from the 15-bit
length. The total programming range of the
SAA1057 is given in Table 4.

Concerning the usability of the given pro-
gramming range the frequency limits of the
SAA1057 (AM: 0.512 to 32MHz, FM: 60 to
120MHz) as well as any relevant licensing
regulations (e.g., FCC, GPO etc.) have to be
observed.

Control Information

The organization of the data word for the
transmission of control information is shown
in Figure 11.

By setting the control bits either low or high
the mode of operation of the SAA1057 is
programmed. The register select bit is always
'1" to define latch B as the destination of
control information.

Control bit FM — With the control bit FM
either the frequency at the AM input
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(FM ="0") or one tenth of the frequency at
the FM input (FM ="1") is switched to the
input of the programmable divider. In AM
mode (FM = '0') a part of the FM signal path
is switched off in order to reduce the current
drain of the chip.

Control bit REFH — With the control bit
REFH the reference divider can be pro-
grammed for two different dividing numbers,
Nro = 125 and Ny = 100. In connection with
the 4MHz reference oscillator this results in
the reference frequencies fo=32kHz and
fry = 40kHz and the sampling frequencies
fso = 1kHz (REFH ='0") and fgy = 1.25kHz
(REFH = '1"), respectively.

Control bits CP3 to CP0 — With the control
bits CP3 through CPO the gain of the gain-
programmable current amplifier is influenced.
In addition to a minimum gain there are 4
steps available which may be combined at
will. In Table 2 there are given some program-
ming examples and the resulting loop filter
input currents under control of the digital PD.
With a given loop filter the PLL gain can be
changed under software control in a range of
1 to 100 with intermediate values resulting
from programming of bit combinations. The
current from the analog PD depends on the
amount of phase error and the supply volt-
age, Vo, as outlined in section 3.4. See also
Table 3 for some current values.

Control bit SB2 — With the control bit SB2 it
can be chosen whether the features/test bits
(lower half of control word) shall be used
(SB2="1") or not (SB2="'0"). In case of
SB2 ='0' the lower 8 bits of the control word
are interpreted as all "'zeros'’ independent of
the actual transmitted bit pattern. Please
note, that the length of the control word must
not be shortened in view of the format re-
quirements of the SAA1057. In case of
SB2 ="'1' the actual value of the lower 8 bits
is used.

Control bit SLA — With this control bit it can
be chosen whether transmitted frequency
information is loaded into the programmable
divider immediately after reception
(SLA ='0") or synchronized to the sampling
frequency (SLA ='1").

Asynchronous loading is mandatory for fre-
quency changes of more than 31 tuning
steps, e.g., when recalling a pre-programmed
station from memory. Synchronous loading
(SLA ="1") is recommended for manual tun-
ing without muting in order to minimize tuning
noise.

Control bits PDM1, PDM0 — With these
control bits the operating mode of the phase
detectors is selected according to Table 5.

The meaning of automatic on/off is that in
case of a phase error exceeding the operat-
ing range of the analog PD the digital PD is
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POWER-UP RECALL A STATION AUTOMATIC
INITIALIZATION EXEC. NUM. INP. MANUAL
/ / CHANGE BAND SEARCH TUNING TUNING

SEND CONTROL 1 OUTPUT SILT OUTPUT SILT
DELAY 1 DELAY 1

SEND CONTROL 1 SEND CONTROL 2
SEND FREQUENCY SEND FREQUENCY
DELAY 2 SEND FREQUENCY

STOP
REQUESTED?

DELAY 3
SEND CONTROL 3
OUTPUT SILT

READY
- SILT = Silent Tuning (Switching Signal

Figure 12. Data Sequences for the Synthesizer

PF00860S.
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Figure 13. Power Supply Filtering
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automatically switched on. It is switched off
again as described in section 2.5, i.e. if the
analog PD's operating range has not been
exceeded during three consecutive sampling
periods. For the in-lock condition it is recom-
mended to switch the digital PD permanently
off in order to improve the digital PD perma-
nently off in order to improve the VCO's
spectral purity. Otherwise, induced distur-
bances could cause a temporary out-of-lock
condition and, thus, an audible noise.

Control bit BRM — With this control bit the
bus receiver mode is selected, i.e. whether
the bus receiver is permanently switched on
(BRM ="0") or automatically switched off af-
ter each data transmission (BRM ="'1") in
order to reduce the current drain.

Control bits T3 to TO — These bits are test
bits. T3 and T1 must always be programmed
low. With T2 and TO a few internal signals can
be put out at Pin 18 (TEST) as shown in
Table 6.

Software Considerations

After power has been applied to the SAA
1057, an initialization must be performed
before any meaningful data transmission
takes place. This initialization can either con-
sist of a train of at least 10 clock pulses on
the CLCK line and afterwards a transmission
of control information (word B) or by transmit-
ting that control information twice, as it con-
tains a sufficient number of clock pulses.

A number of radio tuning operations is exe-
cuted with the audio part being mute in order
to suppress any tuning noise. This applies to
recalling of stored stations, executing numeri-
cal frequency inputs, changing of wave bands
and to automatic search tuning. During manu-
al tuning undistorted listening should be pos-
sible. From the above there result a few
different sequences of data transmissions
from a uC to the SAA1057, as shown in
Figure 12.
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It is assumed that at power-up the receiver is
silent. Therefore, no SILT signal need be
output to operate switching or squelch
circuitry.

In Table 7 a proposal is made for a few
control bits which are not dictated by tuner
characteristics or test signals.

FM and REFH depend on the current wave-
band and the desired VCO step size. CP3 to
CPO depend on the tuner characteristics and
tuning time specification, their programming
need not be the same for each control word.
The word '"'control 3" sets the synthesizer to
synchronous loading of frequency data, i.e.
no extra control information is required in
case of manual tuning, and switches the
digital phase detector off for best spectral
purity of the tuner's VCO.

The different delays shown in Figure 12 serve
for the following purposes. 'Delay 1' is intend-
ed to permit the audio squelch circuitry to
reach a certain muting depth before tuning
changes. The time is typically in the range
between 0 and 50 milliseconds. 'Delay 2' is to
adjust search tuning sweep speed to a speci-
fied value. The time depends largely on the
frequency step size and on receiver time
constants. In case of the minimum step size
there might be no delay allowed at all. Time is
typically between 0 and 50 milliseconds. Dur-
ing 'delay 3' the actual tuning process takes
place. In order to permit any frequency to be
tuned to, this time is normally between 200
and 500 milliseconds.

The path for manual tuning in Figure 12
depends on the type of actuator, e.g. tuning
knob or plus/minus buttons. In case of a
tuning knob the tuning speed depends on the
user's action. In case of plus/minus buttons
and one step per operation it is nearly the
same. But in case of an auto-repeat function
some time delay is required to adjust the
speed, as shown for the path of automatic
search tuning.
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Please note, that between consecutive trans-
missions to the SAA1057 there has to be a
minimum time delay of 1.3 milliseconds
(SLA ="1"). This need not necessarily be a
restriction, as processing of data in the micro-
computer, e.g. BCD to binary conversion or
operating a display driver, also takes time.

Power Supply Requirements

As shown in Figure 2, two different supply
voltages are required for the SAA1057.
Vce1/2 is between 3.6 and 12 volts and Vgcs
between V¢cp and 31 volts, depending on the
varactor diodes used in the tuner. If the full
programming range of the gain-programma-
ble current amplifier is to be used, Vgci/2
should, however, not be less than 5 volts.

Power supply ripple cannot be neglected
because of the limited ripple rejection of the
SAA1057. For the calculation of permissible
power supply ripple let us assume the follow-
ing:
- we use an FM tuner
- the maximum slope is Syco = 3MHz/V
- the desired signal-to-noise ratio is
SNR = 75dB
- SNR is based on a deviation of
Af = + 40kHz
- SNR depends on supply ripple only

From the data sheet it can be seen that the
rejection of Vgca and Vg ripple is dominat-
ing. If we assume both voltages to be of equal
influence each of them has to give an SNR
which is 3dB better than specified. The per-
missible supply ripple voltage (peak-to-peak)
can be calculated from

2-Af  (rvoci— SNR - 3dB)
Vr, vooi = —— 10 ————

Svco 20 (25)

with i=2 or 3, indicating Vcco, Vecs
rycci = ripple rejection of Vg in dB

For the data assumed above we will get
Vrvccz = 0.6mV peak-to-peak
Vyvcea = 6mV peak-to-peak

In other words, if the power supply ripple in
the basic application of Figure 2 is not greater
than indicated above, an overall signal-to-
noise ratio of 75dB can be achieved with a
VCO slope of 3MHz/V and no other noise
sources being present.

If, however, the actual power supply ripple is
larger than the limit calculated for a desired
SNR, additional filtering has to be used. The
design of a filter circuit depends on the
permitted voltage drop. If a drop of several
volts is acceptable, a circuit as given in Figure
13a can be used. If the drop should be less
than 1V, Figure 13b could be used.
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Let us assume that a stabilized supply voltage
of 8V with a maximum ripple of 5mV peak-to-
peak is available. We choose the filter circuit
of Figure 13a to generate the supply voltage
Vcei/2. The attenuation is given by

a=20"logV1 + (WRC)? (26)

The required attenuation is 20-log (5/
0.6) = 18.5dB. In order not to operate the
SAA1057 below 5V, the drop across R should
be less than 3V. Thus,

3v
Rmax = —— = 1678
X 18mA

We select
R = 15002
C = 100uF

and obtain an attenuation of
a=21dB @ f, = 120Hz

Now let us calculate component values for
Figure 13b as a filter for Vgca. Let us assume
a supply voltage of 30V with a ripple of 1 Vp.p
and a maximum tuning voltage of 27V. The
allowed voltage drop should be less than 1V.
The required filter attenuation is 20 log
(1/0.006) = 44.4dB. Again the attenuation is
given by Equation (26). The voltage drop is

lg*R

AV = Vgg + T (27)

with
|g = load current = Igca
B =DC gain of transistor

We select
R = 10kQ2
C = 22uF

and obtain
a=444dB @ fr=120Hz
AV=07V @Vge =06V
B =100
le=1mA

In case of higher attenuation, i.e. a larger time
constant R *C, a speed-up path for a quick
charging of C at power-on should be provid-
ed. Otherwise, Vcca could reach its nominal
value too late and tuning to the desired
frequency can be delayed.

SUMMARY

This report has described a new microcompu-
ter-controlled AM/FM radio PLL frequency
synthesizer IC, the SAA1057, and its basic
application.

There are several unique design ideas real-
ized in the IC. The most important is the
combination of a digital and an analog phase
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detector, giving improvements in tuning
speed as well as in spectral purity of the VCO.
The use of the same reference frequency for
both AM and FM tuning simplifies the design
of the loop filter. The PLL gain can be
programmed in a range of 1 to 100 under
software control, thereby eliminating the need
for switching of external loop filter compo-
nents.

For the basic application to AM/FM radios
there is information given on hardware, soft-
ware, power supply and a design example for
the calculation of the loop filter.
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APPENDIX

Design Example

Based on the Circuit Diagram of Figure 2 a
PLL frequency synthesizer for an FM radio
shall be designed. The following tuner data
are given:

tuning range
tuning steps

frr = 88 to 108MHz
Afm: = 10kHz

intermediate frequency fir = 10.70MHz
tuning voltage Viune = 4 to 28V
VCO gain Svco = 3.0 to 0.3MHz/V

Svco is assumed to decrease linearly from
the low end of the tuning range to the high
end.

From the tuning step size it is obvious to use
REFH =0, i.e., 32kHz reference frequency.
Using Equation (24) we can calculate the min
and max values of the dividing number, N, for
the programmable divider:

Ninin = 9870
Nmax = 11870
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The tuning time from one end of the band to
the other is assumed to be not longer than
0.4 seconds. If we split this time into equal
parts for the slew and settle times, we can
calculate capacitor C4 by rewriting equation
(15) as

tsiew * laig
2 * AViyne

C4 ~ (15a)

For the first trial a medium value is taken for
the loop filter current, e.g.

lgig = 0.1mA (CP = 0010)
We then get from Equation (15a)
C4 ~0.4uF
We choose the closest standard capacitor
value of
C4 = 0.33uF
and calculate an approximate slew time of
tsiow = 0.16 seconds

Now we have to determine the lower limit of
the loop's natural frequency and see if the
actual frequency is larger. From Figure 6 we
read wnpt =7 for a maximum overshoot of 1
o/0 at an optimum damping factor of 0.7. We
re-write Equation (16) as

wpt
tsettle

wp = (16a)

and calculate
Wn,min = 35871

with tsettie = 0.2 seconds being our initial
assumption. Using Equation (12) we calculate
the loop's natural frequency for the low and
high ends of the tuning range.

Wn,jow = 304 s~
Wn,high = 88 s~

As both values are well above the minimum,
the settling time will not be larger than as-
sumed and we will not have to change the
assumptions made so far.

Now, we have to solve for resistor, R2.
Looking at Equation (11) we quickly realize
that the damping factor, &, will change with
w, thereby influencing the overshoot. Let us
try to solve this dilemma by calculating R2 for
the mid of the tuning range. We take
N = 10870
Syco = 1.7MHz/V
lgig = 0.1mA
¢=07
C4 = 0.33uF
and get
wn=218 s7!
R2 = 1950092
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We choose a standard resistor value of
R2 = 18k2

and check the damping factor with the aid of
Equation (11) at the ends of the tuning range
end get

$low = 0.87

g‘high =0.25

The low end value is still good. At the high
end the response is highly under-damped,
resulting in wpt=18 for a maximum over-
shoot of 1 0/0. That would mean a settling
time of

tsottie = 0.2 seconds

which is equal to our assumption. In reality,
the digital phase detector will be switched off
earlier due to the action of the analog PD.
Thus, tuning from one end of the band to the
other is achieved in less than 0.4 seconds. If
the calculated damping factor {high is regard-
ed too small, a new calculation can be started
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with a higher current gain, e.g. lgig = 0.3mA
(CP = 0110). This would result in {nigh = 0.45
and {jow = 1.56 which is now too large.

For normal applications it seems to be satis-
factory to use only one value for the gain-
programmable amplifier. Using more than one
value within one wave-band requires addition-
al software in the uC because the tuning
frequency has to be checked against some
cross-over frequency.

For the low-pass filter, R3 and C5, we get
from Equation (5) by using wp = wn jow
4.6ms > R3+C5 > 0.32ms

We choose the filter time constant to be 1
millisecond, resulting in component values of
e.g.

R3 = 10k2

C5 =0.1uF
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As the filter capacitor might be designed in
view of RF reasons, a modification may be
necessary which, however, should include R3
to maintain the time-constant of the low-pass
filter.

ADDENDUM

The currently available samples of the
SAA1057 are stamped as N 1653. These
samples require an extra current of approxi-
mately 10uA at room temperature into Pin 4.
This extra current can most easily be realized
by connecting a resistor between Pins 4 and
16. In this case, the supply voltage Vcci/2
shall not be changed, once a resistor value
has been fixed. For a nominal supply voltage
of Vgoi/2 =5V, a resistor value of 270kS2 is
an adequate solution at room temperature. At
ambient temperatures above approximately
40 to 45°C it may be necessary to increase
the resistor value.
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DESCRIPTION

The TDAB400 provides closed-loop digi-
tal tuning of TV receivers, with or without
AFC, as required. It comprises a 1.1GHz
prescaler, with the divide-by-64 ratio,
which drives a tuning interface providing
a tuning voltage of 33V (maximum) via
an external output transistor. The
TDAB8400 can also drive external PNP
transistors to provide 4 high-current out-
puts for tuner band selection.

The IC can be used in conjunction with a
microcomputer from the MAB8400 fami-
ly and is controlled via a two-wire, bi-
directional 12C bus.

TDA8400

FLL Tuning Circuit With

Prescaler

Product Specification

FEATURES

e Combined analog and digital
circuitry minimizes the number of
additional interfacing components
required

o Frequency measurement with
resolution of 50kHz

e On-chip prescaler

® Tuning voltage amplifier

® 4 high-current outputs for direct
band selection

e Tuning with control of speed

® Tuning with or without AFC

o Single-pin, 4MHz, on-chip
oscillator

© I2C bus slave transceiver

APPLICATIONS

o TV receivers

o Satellite receivers
o CATV converters

PIN CONFIGURATION

N Package

s [1] ~ 18] GND

r3 [Z] [17] veo-

p2 [3] [16] veo+

P [4] 18] Vecp

po [5] [14] oup

sct [] [13] AFC+

soa [7] [12] AFc-

Tun [3] [11] osc

7 [} 10] Vecs

TOP VIEW
CD11980S
o sYMBOL  DESCRIPTION
1 INS Input synthesizer (test)!

High-current band-selection
output ports

Serial clock line
SDA Serial data line
TUN Tuning voltage amplifier output

12C bus

T Tuning voltage amplifier inverting
input
10 Vecs +5V supply voltage (synthesizer)
ORDERING INFORMATION 12 ARG | el oscllawr eu
13 AFGC+ } AFC amplifier inputs
DESCRIPTION TEMPERATURE RANGE ORDER CODE 14 OouP Output from prescaler (test)
15 Vgep +5V supply voltage (prescaler)?
18-Pin DIP (SOT -102 HE, KE) 0 to 70°C TDA8400N :‘75 xggj l Inputs to prescaler
18 GND Ground
ABSOLUTE MAXIMUM RATINGS NOTES:
1. Ce to ground for application.
SYMBOL PARAMETER RATING UNIT 2. Left open-circuit for application.
Supply voltage:
Vces (Pin 10) 6 Vv
Vcep (Pin 15) 6 v
VN Input/output voltage (each pin) 6 Vv
Prot Total power dissipation 350 mwW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -10 to +80 °C
February 12, 1987 4-220 853-1174 87583
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BLOCK DIAGRAM

Vees VCO-  VCO+ Veee
S b °
? = ——
10 18 11 0sc_ {16 17 Tus
P Vccs ‘
POWER-DOWN
DETECTOR REFERENCE PRESCALER TDAB400
=9 OSCILLATOR 64
s
-O OUP
WRITE A
7
SDA O- e -~{555] INTERFACE 15-BIT
BUS READ FREQUENCY BUFFER
6 -
scLo 59
BANDSWITCHES O INS
+12v £ 15
[ 0] l
MW,
TIME MW
2-8IT REFERENCE L] care GATE
Abc COUNTER
@ 5
7] 15-8IT
" FREQUENCY COUNTER
{1
L
3 E *12 3
2 e - —
{&=] GATE []) [Eocd CEZ]
PORT TUNING CONTROL CIRCUIT
CONTROL CIRCUIT
v YuN
3-8IT
DAC
47pF
L ’ 2 F
i | 4 CINT ==
12-BIT 1| cHARGE / TUN
TUNING COUNTER PUMP TUNING =
VOLTAGE
AMPLIFIER
Vees j\
13
AFC+ O— are |7 N s "
12 AMPLIFIER |
AFC- O—
BD08050S
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DC ELECTRICAL CHARACTERISTICS T, =25°C; Vces, Voop at typical voltages, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Supply voltage
Vces Synthesizer (Pin 10) 4.5 5 5.5 \
Vcep Prescaler (Pin 15) 4.5 5 5.5 \
Supply current
lecs Synthesizer (Pin 10) 12 mA
lccp Prescaler (Pin 15) 43 mA
Pror Total power dissipation 275 mw
Ta Operating ambient temperature range 0 +70 °C
Tsta Operating storage temperature range -10 +85 °C
12C bus inputs/outputs Inputs: SDA (Pin 7); SCL (Pin 6)
Vi Input voltage HIGH 3.1 5.5 \"
ViL Input voltage LOW -0.3 1.6 \"
v Input current HIGH 10 MA
[ Input current LOW 10 HA
SDA output (Pin 7, open-collector)
VoL Output voltage LOW at lg = 3mA 0.4 \
loL Output sink current 5 mA
Tuning voltage amplifier Input Tl, output TUN (Pins 9, 8)
In Input bias current -5 +5 nA
—ltune Output current LOW at Vryn = 0.4V 20 HA
Minimum charge IT to tuning amplifier
CHp TUHN =0 5 MA*us
CH;4 TUHN =1 125 MAus
Maximum current | into tuning amplifier
Ito TUHN =0 18 A
Ity TUHN =1 440 A
AFC amplifier (Inputs AFC+, AFC- Pins 13, 12)
VoiF Differential input voltage 1 \
g1 Transconductance at AFCS = 1 5 10 15 MA/N
do Transconductance at AFCS =0 30 50 70 MA/V
Vom Common mode input voltage 25 Veoi -1 "
CMRR Common mode rejection ratio 50 dB
PSRR Power supply (Vcc1) rejection ratio 50 dB
Iy Input current 1 MA
Main band-selection output ports PO, P1, P2, P3 (Pins 5 to 2, open-collector)
Output sink current
IBsL1 LOW impedance 0.8 1 1.2 mA
IBsH1 HIGH impedance 10 MA
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DC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Vccs, Vocp at typical voltages, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min t Typ | Max
Prescaler inputs (VCO+ Pin 16; VCO- Pin 17)
Input differential voltage (RMS value)
ViRMS) at f="70MHz 17.5 200 mV
ViRMS) at f=150MHz 10 200 mvV
ViRmS) at f=300MHz 10 200 mV
ViRMS) at f = 500MHz 10 200 mV
ViRMS) at f=900MHz 10 200 mvV
ViRMS) at f=1.1GHz 25 200 mV
fi Input frequency 0.07 1.1 GHz
OSC input (Pin 11)
RxTAL Crystal resistance at resonance (4MHz) 150 Q
Power-down reset
VoD Maxnrpum supply voltage Voot at which power-down reset is 3 4 v
active
Voltage level for valid module address
Voltage level PO (Pin 5) for valid module address as a function
of MA1, MAO
MA1 MAO
0 0 pin used as an output
Vvao1 0 1 -0.3 0.8 \
Vva1o 1 0 2.4 Vces - 1.6 Vv
Vvai1 1 1 Vocs - 0.3 Veos v

FUNCTIONAL DESCRIPTION

Prescaler

The integrated prescaler has a divide-by-64
ratio with a maximum input frequency of
1.1GHz. It will oscillate in the absence of an
input signal within the frequency range of
800MHz to 1.1GHz.

Tuning

This is performed using frequency-locked loop
digital control. Data corresponding to the re-
quired tuner frequency is stored in the 15-bit
frequency buffer. The actual tuner frequency
(1.1GHz maximum) is applied to the circuit on
the two complementary inputs VCO+ and
VCO- which drive the integrated prescaler.
The resulting frequency (FDIV) is measured
over a period controlled by a time reference
counter and fed via a gate to a 15-bit frequen-
cy counter where it is compared to the con-
tents of the frequency buffer. The result of the
comparison is used to control the tuning
voltage so that the tuner frequency equals the
contents of the frequency buffer multiplied by
50kHz within a programmable tuning window
(Tuw).

The system cycles over a period of 2.56ms,
controlled by the time reference counter which
is clocked by an on-chip 4MHz reference
oscillator. Regulation of the tuning voltage is
performed by a charge pump frequency-
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locked loop system. The charge IT flowing into
the tuning voltage amplifier (external capaci-
tance CynT = 0.5uF) is controlled by the tuning
counter, 3-bit DAC, and the charge pump
circuit. The charge IT is linear with the fre-
quency deviation Af in steps of 50kHz. For
loop gain control, the relationship AIT/Af is
programmable. In the normal mode (control bit
TUHN = logic 1; see Table 2) the minimum
charge IT at Af=50kHz equals 125uA+us
(typ.).

By programming the tuning sensitivity bits
(TUS; see Table 3) the charge IT can be
doubled up to 6 times. From this, the maxi-
mum charge IT at Af=50kHz equals
26 X 125uA-us (typ.). The maximum tuning
current | is 440uA, while T is limited to the
duration of the tuning cycle (2.56ms).

In the tuning-hold mode (TUHN = logic 0) the
tuning current | is reduced, and, as a conse-
quence, the charge into the tuning amplifier is
also reduced. An in-lock situation can be
detected by reading FLOCK. The TDA8400
can be programmed to tune in the digital mode
or the AFC mode by setting AFCF. In the
digital mode (AFCF = logic 0), the tuning win-
dow is programmable through the TUW flag.
When the tuner oscillator frequency is within
the programmable tuning window (TUW),
FLOCK is set to logic 1.
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In the AFC mode, FLOCK will remain at logic 1
provided the tuner frequency is within a
+800kHz hold range. Switching from digital
mode to AFC mode is determined by the
microcontroller (AFCF flag). Switching from
AFC mode to digital mode can be determined
by the microcontroller, but if the frequency of
the tuning oscillator does not remain within the
hold range, the system automatically reverts
to digital tuning. Switching back to the AFC
mode will then have to be effected externally
again. The tuning mode can be checked by
reading the AFCT flag.

The occurence of positive and negative transi-
tions in the FLOCK signal can be read by FL/
1N and FL/ON. The AFC amplifier has pro-
grammable transconductance to 2 predefined
values.

Control

For tuner band selection there are four output
ports, PO to P3, which are capable of driving
external PNP transistors (open collector) as
current sources. Output port PO can also be
used as valid address input with an active
level determined by module address bits MAO
and MA1.

Reset

The TDA8400 goes into the power-down reset
mode when Vccy is below 3V (typ.). In this
mode all registers are set to a defined state.




Signetics Linear Products

Product Specification

FLL Tuning Circuit With Prescaler

TDA8400

MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE
) T 1 T 1 Toaal T T T 1 T T ) ] T ] L T ] T
MAT MA
S 1 1 [] B]AII | [} 1 \ ] i IlAlDD Dy D, D. D, D, DolAlPJ
L_I I W T S W N O I T T T T T e s sy
MSB L MsB MsB
RW
{ AF04661S
Figure 1. I12C Bus Write Format
INSTRUCTION BYTE DATA/CONTROL BYTE
8 1 Is I Iy I Iy Iy D, Dg Dg D, Dy D, D, Dy

T L} 1 ¥ T T T ) T T T 1 ) T
FREQ 1 F14 F13 F12 F1 F10 F9 F8 F7 F6 F5 F4q F3 F2 F1 FO
TCDO [ L] 1 [] 1 [ o 1 TUW  AFCS AFCF 1 TUHN TUS2 TUS1 TuUso
TCD1 (1] [] 1 [ 1 [] 1 0 1 1 1 1 P3 P2 P1 PO
TEST [] 1 ] 0 (1] [ 0 0

1 1 s 1 1 L 1 1 1 1 L L —t 1

AF04720S
Figure 2. Tuning Control Format
OPERATION Table 2. Tuning Current Control Tuning Mode

Write

The TDAB8400 is controlled via a bidirectional
two-wire 12C bus; additional information on the
12C bus is available on request.

For programming, a module address, R/W bit
(logic 0), an instruction byte, and a data/
control byte are written into the device in the
format shown in Figure 1.

The module address bits MA1, MAO are used
to give a 2-bit module address as a function of
the voltage at port input PO as shown in Table
1.

Table 1. Valid Module Addresses

PO MA1 MAO
Don't care 0 0
GND 0 1
Y2 Vecs 1 0
Vces 1 1

Acknowledge (A) is generated by the TDA8400
only when a valid address is received and the
device is not in the power-down reset mode.

Tuning
Tuning is controlled by the instruction and
data/control bytes as shown in Figure 2.

Frequency

Frequency is set when Bit |7 of the instruction
byte is set to logic 1; the remaining bits of this
byte are processed as being data. Instruction
bytes are fully decoded. All frequency bits are
set to logic 1 and control bits to logic O at reset.
The test instruction byte cannot be used for
any other purpose.
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TYP. imax | TYP. ITmin
TUHN
(uA) (uA/us)
181 51
1 440 125
NOTE:

1. Values after reset.

Tuning Hold

The TUHN bit is used to decrease the maxi-
mum tuning current (l) and, as a consequence,
the minimum charge IT (at Af = 50kHz) into the
tuning amplifier.

Tuning Sensitivity

To be able to program an optimum loop gain,
the charge IT can be programmed by changing
T using tuning sensitivity (TUS). Table 3 shows
the minimum charge IT obtained by program-
ming the TUS bits at Af =50kHz;
TUHN = logic 1.

Table 3. Minimum Charge IT as
a Function of TUS

TYP.
TUS2 | TUS1 | TUSO ITvin
(mA-us)
0 0 0 0.125
0 0 1 0.25
0 1 0 0.5
0 1 1 1
1 0 0 2
1 0 1 4
1 1 0 8
NOTE:

The minimum tuning pulse is 2us.
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AFCF determines whether the TDA8400 has to
tune in the digital mode or the AFC mode as
shown in Table 4.

Table 4. Selection of Tuning
Mode as a Function of

AFCF
AFCF TUNING MODE
0 Digital
1 AFC

If the tuner oscillator frequency comes out of
the hold range when in the AFC mode, the
device will automatically switch to digital tuning
and AFCF is reset to logic 0.

Tuning Window

In the digital tuning mode TUW determines the
tuning window (see Table 5) and the device is
said to be in the "in-lock situation.

Table 5. Tuning Window

Programming
TUW TUNING WINDOW (kHz)
0 0
1 +200
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Transconductance Read FOV Indicates frequency overflow. When
The transconductance (g) of the AFC amplifi-  Information is read from the TDA8400 when the tuner oscillator frequency is too
er is programmed via the AFC sensitivity bit the R/W bit is set to logic 1. Only one high with respect to the programmed
AFCS as shown in Table 6. information byte is sent from the device. No frequency, FOV is at logic 1, and,
acknowledge is required from the master when too low, FOV is at logic 0.
qfter trans.mitting. lee fqrmat of the informa-  REgSN Set to logic O (active Low) by a
Table 6. Transconductance tion byte is shown in Figure 3. power-down reset. It is reset to logic
Programming Tuning/Reset Information Bits 1 automatically after tuning/reset in-
AFcs | TYP- TRANSCONDUCTANCE FLOCK Set to logic 1 when the tuning oscilla- formation has been read.
(LA/V) tor frequency is within the pro- MWN MWN (frequency measuring window,
1 10 grammed tuning window (TUW) in the Active-LOW) is at logic 1 for a period
0 50 digital tuning mode, or within the of 1.28ms, during which time the
+800kHz AFC hold range in the AFC results of frequency measurement
Band Selection Control Ports mode. are processed. During the remaining
) . time, MWN is at logic 0 and the
(PX) FL/AIN Set to logic O (Active-LOW) when received frequency is measured.
For band selection control, there are four FLOCK changes from 0 to 1 and is
output ports, PO to P3, which are capable of reset to logic 1 automatically after AFCT AFCT (tuning mode flag) is set to
driving external PNP transistors (open collec- tuning information has been read. logic 1 when the TDA8400 is in AFC
tor) as current sources. If a logic 1 is Pro- ¢ /0N same ag for FL/IN but it is set to ?oﬁand;eset tologic 0 when in the
grammed on any of the PX bits PO to P3, the N igital moae.
PNP transistor will conduct and the relevant logic 0 when FLOCK changes from 1
to 0.
output goes LOW. All outputs are HIGH after
reset.
MODULE ADDRESS TUNING/RESET INFORMATION
B, Bg By B, By B, By By
T T T on T T T T T T 1
s{1 1 0o o 1] a 1] a
1 1 1 R L 1 I 1 1 1 | |
| L
RAW AFCT
MWN
RESN
Fov
FL/ON
FLAN
FLOCK
FROM TDA8400

Figure 3. Information Byte Format

AF047308
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DESCRIPTION

The TDD1742 is a CMOS low-current
frequency synthesizer IC designed for
VHF/UHF portable or mobile transceiv-
ers. This IC combines in a single chip
many features of the HEF4751 (divider
circuit), and HEF4750 (synthesizer), in-
cluding a high-gain phase comparator,
using a sample-and-hold technique. A
multiplexed or bus-structured program-
ming sequence has been adopted to
allow interfacing to an external ROM or
a microcontroller. Opcration down to a
7V supply rail is possible with a maxi-
mum input frequency of 8.5MHz.

Figure 1 shows the functional block
diagram of the TDD1742 with the princi-
pal features of a reference oscillator,
programmable reference and main divid-
ers, the two phase comparators, phase
modulator, and the programming input
interfaces.

ORDERING INFORMATION

TDD1742

CMOS Frequency Synthesizer

Preliminary Specification

FEATURES

® Single-chip with on-board
sample-and-hold capacitor

o Low power requirements

o High-performance phase
comparator with low phase noise
and spurious response

o Auxiliary digital phase
comparator for fast locking

e On-board phase modulator

e Simple interface to memory
® Microprocessor controllable
o Power-on reset circuitry

APPLICATIONS

o Cellular radio

o Digital frequency synthesizers

e Communications equipment
(HF-UHF)

o Portable transceivers

PIN CONFIGURATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
28-Pin Plastic DIP (SOT-136A) -40°C to +85°C TDD1742TD
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vop1,
Vbp2, Supply voltage -0.5to +15 "
Vbps
Voltage on any input -0.5 to Vppy +0.5 \
Vppz2-Vpp1 | Relative supply voltage 0.5 \"
Vops-Vpp1 | Relative supply voltage 0.5 \"
Direct current into any input +10 mA
Direct current into any output +10 mA
Pp Power dissipation
Tao=0 to +85°C 500 mw
Tsta Storage temperature -65 to +150 °C
Ta Operating ambient temperature -40 to +85 °C
February 1987 4-226

D Package
Voos [T] ~ 28] TRA
PC1 7] [27] TRC
pc2 3] [26] TRB
TEST2[4] [25] MEMEN
TeST 1 5] [24] MOD
Vss [5] 7 pe
RFIN[T] [22] PE2
Vo2 [8] 21] AB2
s 3] 2] 481
oL 1] ABO
RES [18] oBO
xtaL [12] [17] oB1
osc [i3] [16] pB2
Voo1 [13] DB3
TOP VIEW
CD01360S.
PIN NO. SYMBOL DESCRIPTION
1 Vb3 Main power supply; +7 to +10V
2 PC1 High-gain phase comparator
(analog)
3 PC2 Low-gain phase comparator
(digital)
4 Test 2  Test pin
5 Test 1 Test pin
6 Vss Positive power supply
7 RF IN RF input
8 Vop2 Power supply for TTL-compatible
stages; +5V £10%
9 FB Feedback to prescaler
10 oL Out-of-lock indication
" RES Power-on reset
12 XTAL Reference oscillator/buffer output
13 osc Reference oscillator/buffer input
14 Vpp1 Main power supply; +7 to +10V
15 DB3 Data bus inputs
16 DB2 Data bus inputs
17 DB1 Data bus inputs
18 DBO Data bus inputs
19 ABO Address bus
20 AB1 Address bus
21 AB2 Address bus
22 PE2 Program enable 2
23 PE1 Program enable 1
24 MOD Phase modulation input
25 MEMEN Memory enable
26 TRB Bias resistor Rg
27 TRC Bias resistor Rg
28 TRA Bias resistor Rp
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BLOCK DIAGRAM

TRB  MOD L Voo1 Vopz Voos
? 9 9 ? 9
Ny
W 7
< OUT-OF-LOCK TRA
DETECTOR Y
v COMPARATOR
N o PHASE frig O PCY
MODULATOR VMUX EDR R
[)
e o TRC
Muxf4Jymux DISASLE
FB =t PC2 O PC2
PC2 PHASE
COMPARATOR
DBO O——
0Bt
DB2 o—
DB3
PROGRAM DATA ™
ABO DECODER AND a8 LaTeH P> TEST LT
AB1 PROM CONTROL [>|Loaic
AB2 CIRCUITRY > v
1
PE1
PE2
WEMEN © | rest
- E"[ 12 PN
RES
R
REF 0SC .
er osc. +1/2/4/8
5 ) 8
osc XTAL Ves

BD09600S
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PIN DESCRIPTIONS AND FUNCTIONS

SYMBOL DESCRIPTION

Inputs

DBO to DB3 TTL-compatible data bus inputs }

PE1, PE2 TTL-compatible program enable inputs which initiate the programming cycle or strobe the internal data
latches

IN Input to the main programmable divider, usually from a prescaler

osc Input to reference oscillator which, together with the XTAL output and an external crystal, is used to
generate the reference frequency. Alternatively, the OSC input may be used as a buffer amplifier for an
external reference oscillator

RES Power-on reset; following power-up, an initial pulse is applied to this pin to set the internal counters

MOD High-impedance linear phase modulator input, which applies a voltage-controlled delay to the output of
the programmable divider before being applied to the phase comparator input

Outputs

PC1 High gain phase comparator output is used when the system is in lock to give low levels of noise and
spurious outputs. This comparator uses a sample-and-hold technique similar to that used in the
HEF4750, but in the TDD1742 the sample-and-hold capacitor is on-chip

PC2 Low gain digital phase comparator which enables fast lock times to be achieved when the system
initially is out-of-lock. This comparator is inhibited when the phase is within the locking range of PC1,
i.e., tristate output

oL QOut-of-lock flag which is HIGH when the digital phase comparator PC2 is in operation, i.e., when the
system is out-of-lock :

FB Feedback output to control the modulus of the external prescaler

XTAL Output to form crystal oscillator circuit in combination with the OSC input

Bidirectional pins

ABO - AB2 TTL-compatible bidirectional address bus. Provides address output to an external memory or receives
output from a microcomputer. The outputs are all tristate with internal pulldowns

MEMEN Mode control and memory enable pin. At general reset, the mode of operation can be set to
microcomputer mode, MEMEN LOW, or memory mode, MEMEN HIGH. For further information, see
PROGRAMMING section

TRA Current mirror pin for control of the gain of PC1

TRB Current mirror pin for control of the phase modulator gain

TRC Current mirror pin for analog biasing

Ty & T Test pins should be left unconnected

February 1987
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DC ELECTRICAL CHARACTERISTICS at Vpp, = 7.4V, Vpp, = 5.0V, Vpp, = 7.4V; voltages are referenced to Vsg, unless

otherwise noted.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
IpD1 Quiescent device current 2 3 15 mA
lpp2 100 MA
Ipps 1.5 mA
+N Input current logic inputs, MOD 2 3 300 nA
Output leakage current at ¥2 Vpp2 2
tiz PC2, high-impedance OFF-state 50 nA
tlz MEMENB, high-impedance state 1.6 MA
Iz I/0 current, high-impedance state ABO to AB2 5 30 MA
Logic input voltage
wW
CMOS inputs
Vi aMOS 110 0-3Vop1
TTL inputs
ViL mos 08 v
HIGH
CMOS Input
Vi omos 1o 0-7Voot v
TTL inputs
Vi movos 2 v
Logic output voltage?
| lo I< 1A ’
VoL LOW 50 mv
VoH HIGH? Vpbpi-50 mv
Logic output voltage
LOW?
Output MEMENB
Vor loL = 4mA 1 \"
Output PC2
VoL loL = 1.5mA 05 v
Qutputs CLK, OL
VoL loL=1mA 0.5 \
Output XTAL at:
VoL loL = 3mA 0.5 \
Output FB
VoL loL = 1mA 0.5 v
Outputs ABO, AB1, AB2
VoL loL = 0.2mA 0.4 \
Logic output voltage
HIGH? 3
Output PC2
Vo loH =-1.5mA Vpp1-0.5 \
Outputs CLK, OL
Vou loH =-1mA Vpp1-0.5 v
Output XTAL at:
VoH lon =-3mA Vop1 -1 v
Output FB
VoH lon=-1mA Vopz-1 v
Outputs ABO, AB1 at:
VoH lon = 0.2mA 24 \
Output AB2 at:
Vo lon = 0.8mA 2.4 \
lo Output PC1 sink current 2 3 4 1 mA
-lo Output PC1 source current 2 3 5 1 mA
Internal resistance of PC1, locked state
RN | output swing| < 200mV, specified output range: 2 @ TBD
0.5Vpp - 0.5V to 0.5Vpp + 0.5V
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AC ELECTRICAL CHARACTERISTICS The dynamic specification is given for the circuit, built up with the external

components as given in Figure 4, unless otherwise specified.

SYMBOL DESCRIPTION TEST CONDITIONS LIWITS UNIT
Min | Typ | Max
fin Programmable divider input frequency, all division ratios Square wave input 8.5 MHz
foiv Reference divider input frequency, all division ratios Square wave input 9 MHz
fosc Crystal oscillator frequency 12 MHz
CiN Input capacity IN, OSC 3 pF
Cin Input capacity DBO to DB3, PE1, PE2, ABO to AB2 5 pF
:sgt"; FB feedback output to external® prescaler delays IN — Fg CL=10pF gg ;g ::
() Average power supply current 3 7 Locked state TBD mA
NOTES:
1. Definitions:

Ra = External biasing resistor between pins TRA and Vgg
Rg = External biasing resistor between pins TRB and Vsg
Rc = External biasing resistor between pins TRC and Vgg
Ca = Decoupling capacitor between pins TRA and Vpp
Cg = Decoupling capacitor between pins TRB and Vpp
Cc = Decoupling capacitor between pins TRC and Vpp

W N

. All logic inputs at Vgg or Vpp
. Ra connected, its value chosen such that lyga = 20pA

Rg connected, its value chosen such that ltgg = 20pA
Rc connected, its value chosen such that Itgc = 20pA

4. EQUIVALENT CIRCUIT:

INPUT FORCED LOW
BY 2 PRECEDING R PULSES

5. EQUIVALENT CIRCUIT:
INPUT FORCED HIGH
BY 2 PRECEDING V PULSES
6.

—\ —\

—_—] 1%

CMOS logic inputs
CMOS logic outputs
CMOS logic 1/0
TTL logic inputs
TTL logic output
TTL logic 1/0
Analog inputs
Analog output
Analog biasing pins

Internal Voltage-Follower VFy

Internal Voitage VF,

Voo
lo
-~
pC1
TC209208
lo
PC1
=L Vgg
TC209308

: OSC, RES
: OL, PC2, XTAL, CLK
: MEMENB

: DBO to DB3, PE1, PE2

: FB

: ABO to AB2

: MOD, IN

: PC1

: TRA, TRB, TRC

7. fosc = 5MHz, external clock, division ratio 400

fin = 2MHz, division ratio 160

February 1987

f 50%
teoLH teoHL
Waveforms IN — g
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REFERENCE OSCILLATOR AND
DIVIDER CHAIN
The reference oscillator chain comprises a
crystal oscillator and dividers to give the
required reference frequency drive to the
phase comparators.

A single inverter is used as an oscillator stage
and oscillates satisfactorily with crystals up to
9MHz. Alternatively, an external reference
source may be applied to the input of this
inverter (OSC pin) at logic level drive or at a
lower level (300mV min) if a biasing resistor is
connected from OSC to XTAL. The reference
divider chain comprises a fixed +4 stage
followed by three cascaded programmable
dividers with ratios of +12/13/14/15, +5/6/
7/9 and +1/2/4/8. The output of this last
stage is applied as one input to the two phase
comparators. Hence, a number of division
ratios are possible between 240 and 4320,
enabling all the usual VHF and UHF channel
spacings to be accommodated with reference
crystals in the range 1-9MHz.

February 1987

MAIN PROGRAMMABLE
DIVIDER

The main programmable divider is a rate
feedback binary divider. Referring to the
Block Diagram, the programmable divider
uses a fixed 7-bit binary divider (+128) and
two rate selectors (ny and ng). One rate
selector controls a 7-bit fully programmable
dual modulus divider (+na/nz +4) and the
other rate selector controls an external dual
modulus prescaler (~A/A + 1).

The overall division ratio (N) is given by:
N=(128 ng+ny)A+ng

where 0 < np < 127
0<ny <127
1<n,<127

To remain fully programmable, the maximum
allowable division ratio for the external pres-
caler is +128/129. Providing that this ratio is
not exceeded, the divider may be pro-
grammed to divide by any number between
128 X A and approx. 16383 X A. The maxi-
mum allowable input frequency to the main

4-231

LOPSY divider is 8.5MHz using a 7V rail and
this is one of the parameters which determine
the selection of a suitable prescaler. The
output from the programmable divider is fed
to the phase comparators via the phase
modulator. The phase modulator is bypassed
if not selected.

PHASE COMPARATORS

Two phase comparators are used in the
TDD1742 that are similar to the HEF4750. A
high gain phase comparator (PC1) is used
when the system is in lock to give low levels
of noise and spurious outputs. The gain of
PC1 is programmable via an external resistor
TRA. This phase comparator, using sample-
and-hold techniques with an on-chip hold
capacitor, is ineffective in achieving initial
lock. For initial lock, an auxiliary, low gain,
digital phase comparator (PC2) is used which
is inhibited when the phase error is within the
locking range of PC1. An out-of-lock indicator
is incorporated which detects when the auxil-
iary phase detector PC2 is in operation. OL is
High when the system is out-of-lock.
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Data Memory Map
The following tables show how each bit of the
8 4-bit words is programmed.

np, n4, and ny comprise the main programma-
ble divider. In each case, the data comprises 7-
bit binary numbers where ng0 is the least
significant bit of ng, ng6 the most significant bit
of ng, and so on.

If M = 1, the modulator is enabled; otherwise,
M should be 0.

A number of test states may be selected at
address 000. These will not be described in
detail here. For normal operation, data=4
(0100) should be programmed into address
000. If data = 0, the program clock is available
on pin T1.

Ro, R4, and R; control the division ratio of the
reference divider according to the tables which
follow.

Ro0 and Rgl, control the +12/13/14/15
portion of the reference divider as given
below.

Rol | Ro0 Division Ratio
o | o 12
0 1 13
1 0 14
1 1 15

R40 and R41 control the +5/6/7/9 portion of
the reference divider as given in the next
table.

Ri1 | R40 Division Ratio
0 0 9
0 1 5
1 0 6
1 1 7

February 1987

ADDRESS DATA

AB2 AB1 ABO DB3 DB2 DB1 DBO
0 0 0 TEST FUNCTIONS
0 0 1 nod no2 npt no0
0 1 0 Ro0 ne6 no5 no4d
0 1 1 n43 nq2 1 n{0
1 0 0 Rot ni6 N5 ny4
1 0 1 no3 ng2 nat n20
1 1 0 M no6 ng5 no4
1 1 1 Ra1 R20 Rq1 R0

R20 and R21 control the +1/2/4/8 portion of
the reference divider as given below.

R21 | R0

Division Ratio
1

alajlolo
=lOo|=|0O

2
4
8

PROGRAMMING

Memory (ROM) Mode

If MEMEN is HIGH at general reset, the
device is set to the MEMORY mode and a
programming cycle is initiated. Subsequent
reprogramming occurs by reapplying pulse on
RES.

4-232

At the start of a programming sequence,
MEMEN goes LOW and thus may be used to
apply power to the memory using a suitable
external driver. After a settling time, the
address bus outputs address 000 followed by
the remaining seven addresses. During the
second half of each address period, DATA
from the memory is latched into TDD1742 so
that the access time of the PROM is not
critical. (The program clock is derived from
the reference divider chain and its frequency
equals fosc/4Rp.) After the full 32 bits have
been read, the address bus returns to ad-
dress 000 before going 3-state. This step
transfers data from the internal data latches
to the appropriate divider latches. Following
this, MEMEN returns to a high impedance
state and power is removed from the memo-
ry.

The relevant timing diagram is in Figure 1.
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ever the program pins are set to opposite
states (Exclusive — OR condition); see Figure
3. Naturally, following power-on, one frame of
8 words is necessary to program completely
the TDD1742. Incoming data is not clocked
into the internal counter latches until after the

Microcomputer Mode

If MEMEN is LOW at general reset, then the
device is set to the microcomputer mode. In
this mode a 7-bit word (3 address bits and 4
data bits) may be strobed into LOPSY when-

receipt of data corresponding to address 111.
Upon subsequent reprogramming, it is not
necessary to change all eight words, but a
reprogramming sequence must always finish
with the data corresponding to address 111.

DELAY FOR
PROM SETTLING

-1

] ]

A8 = 1 | | | Lr - ==
AB2 —— -l I | r —— —-——
DATA VALID § § § § § § § § § VALID DURING SHADED PERIOD
PC IS PROGRAM CLOCK, DERIVED FROM REFERENCE DIVIDER
PE IS PROGRAMMING EDGE DERIVED FROM PE1 AND PE2 INPUTS

Figure 1. Timing Diagram for 'LOPSY' PROM Control

WF204508

|

D) s '
/ |
PE1 PE2 LOAD

0 0 NO

1 [ YES

° 1 YES

1 1 NO

TB033008

77

Figure 2. Program Enable Function (Microcomputer Mode) Waveforms and Truth Table

WF203308
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Typical Application (Figure 3)
The figure shows a typical TDD1742 application circuit with the following design

parameters.

Frequency range

VCO sensitivity

Reference frequency
Prescaler

Reference crystal frequency
Reference divider chain
Total division ratio

Loop bandwidth

150 - 166MHz
1MHz/V
12.5kHz
+80/81
5.25MHz

+15, +7, +1
12000 - 12400
300Hz

TX MUTE

Figure 3. Application Circuit

5 °
-r'll 220F
S
210k
)
nF ——
FROM Veor Ve 7| PEY PE2 Vo, Voos Vooz OSC  XTAL WEMEN| .o
veo &1 < w ‘ABO
+80/81 9
c2 B 20
Ver ABY
b1l
Im J_ aB2
= 18
— TOD1742
= RESET " D8O
T4V oo —] nes oet |
16
470¢ 082
100K
15
2
MoD O—||—4 1 moD L
100mF PC1 PC2 OL TRA TRB TRC Vs
100K TR Ju = |=» @ ]e
L .
[ 24 83K ::un::no':m
= 10K Tcx{xi«
ol 1
& > r =
\.F‘w« I
100
4 pF
o P T L
A
veo © v -
180F

+74V  +5V
10K
BCSS9
Vee
A0
Al A3 ’—0
a2 M b—o
o1 AS |—O CHANNEL
SELECT
02 A8 —O
03 A7 p—0
04
Vee
PROM
828128
286x4

BD01101S
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TOD1742T

TRA TRB TRC

4’ 4'

PN $Rs Re
V¢

I 1=
I " -I- i -I- )
Voo
TC209108

NOTES:

Vpp = 7.4V £ 0.4V

Tp=25°C

Input transition times < 40ns

Cp, Cg, and C¢ are equal to 10KpF each

Ra must be chosen such that Iy =20 pA % 1pA
Rg must be chosen such that 3uA < Igp < 25uA
Rc must be chosen such that 5uA < Igc < 30uA

Figure 4. AC Test Circuit
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Portions of this Phase-Locked Loop section
were edited by Dr. J.A. Connelly

INTRODUCTION

The basic phase-locked loop (PLL) concept
has been known and widely utilized since first
being proposed in 1922. Since that time,
PLLs have been used in instrumentation,
space telemetry, and many other applications
requiring a high degree of noise immunity and
narrow bandwidth. Techniques and systems
involved in these applications frequently are
quite complex, requiring a high degree of
sophistication. Many of the PLL applications
have been at microwave frequencies and
employ complex phase shifters, signal split-
ters, modulation, and demodulation schemes
such as biphase and quadraphase. Because
of the high frequencies involved in microwave
applications, most all components of these
PLL systems are made from discrete as
opposed to integrated circuits. However, in
other communication system applications
such as FSK and FM and AM demodulation
where frequencies are below approximately
100MHz, monolithic PLLs have found wide
application because of their low cost versus
high performance.

A block diagram representation of a PLL is
shown in Figure 1. Phase-locked loops oper-
ate by producing an oscillator frequency to
match the frequency of an input signal, f;. In
this locked condition, any slight change in f
first appears as a change in phase between f
and the oscillator frequency. This phase shift
then acts as an error signal to change the
frequency of the local PLL oscillator to match
fi. The locking onto a phase relationship
between f; and the local oscillator accounts
for the name phase-locked loop.

ANA177

An Overview of the Phase-
Locked Loop (PLL)

Application Note

A MECHANICAL ANALOG TO
THE PLL

To better visualize the frequency and phase
relationships in a PLL, consider the mechani-
cal system shown in Figure 2 which is a dual
to the electronic PLL. This mechanical sys-
tem has two identical, heavy disks with two
separate center shafts attached to each disk.
Each shaft is presumed to be mounted on a
bearing that allows each massive disk to be
rotated in either direction when some external
force is applied. The shafts are coupled
together by a spring whose end points are
fixed to each shaft. This spring can be twisted
in either direction, depending upon the rela-
tive positions of the shafts. The spring cannot
"'kink up"' due to the shafts passing through
the center of the spring.

Now suppose the sequence of events shown
in Figure 3 occurs to the mechanical system.
The disks are simply represented like clock
faces with positional reference markers. Ini-
tially, both disks are stationary in a neutral
position. Then the left disk, or input, is ad-
vanced slowly clockwise through an angle 6,
position. The right disk, or output, initially
doesn't move as the spring begins to tighten.
As the input continues to move and when it
reaches 6,, begins to turn and tracks the
input with a positional phase shift error of

09 = 02 (1)

At any point in time, with both disks slowly
turning at the same speed, there will be some

.inherent phase error between the disks, or

0o = 03 ~64 @

This positional phase error in the mechanical
system is analogous to the phase error in the
electronic PLL. When the input disk coasts to
a stop, the output also gradually comes to a

stop with a fixed phase error equal to that in
Equation 2 or

b = 05 -0 = 03 ~ 04 @

The spring has a residual stored twist in one
direction due to fe.

Now consider that the disks are first returned
to their neutral positions. Then the input disk
is instantaneously rotated through an angle of
0, as shown in Figure 4. The output disk can't
respond instantaneously because of its large
mass. It doesn't move instantaneously and
the spring develops considerable torque.
Then, as shown in the sequence of events in
Figure 4, the output disk begins accelerating
after some delay due to the large phase error.
It swings past the stopped position of the
input disk due to its momentum, reaches a
peak overshoot, and gradually ascillates
about 9y with a damped response, finally
coming to rest with some small residual
phase error. The input twist of 64 represents
the application of a step of position or phase
to the system, and the response of the output
disk is typical for a second-order, under-
damped system. This same type of second-
order behavior occurs in the PLL system for
an instantaneous change of input phase.

As a final example, consider the events in
Figure 5 where both disks are rotating at a
constant rate. Applying a strobing light (stro-
botac) simultaneously to both disks and ad-
justing its flashing rate to one flash per disk
rotation will cause the positional markers to
appear stationary. There will be a constant
phase error in this case just as there was in
Figure 3. Now suppose the revolution rate of
the input disk gradually increases by a small
amount to a new rate. The positional marker
will appear to walk around the disk. The
output first senses the increased rate of the
input through an increase in the phase error.

F, ; PARAMETERS l
]

VOLTAGE
PHASE LOW-PASS
CONTROLLED
o COMPARATOR FILTER OSCILLATOR
ouTeRUT
Vi ‘ Volt)

Figure 1. Block Diagram of a Phase-Locked Loop

800230803
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W"UTD:S,,

Figure 2. Mechanic Analog to PLL

Ourp,
UT D,
K

Coup,
L
Spgy, NGWG

DF05730S

INPUT ACTION INPUT

NEUTRAL

MOVED SLOWLY
CLOCKWISE TO 0, /

STILL MOVING
SLOWLY CW

STILL MOVING SLOWLY (
o

STOPPED

Figure 3. Disk Sequence Showing Output Tracking Input With Phase Error

ouTPUT OUTPUT RESPONSE

NEUTRAL

SPRING TIGHTENING
BUT OUTPUT HASN'T
MOVED.

JUST STARTING TO
MOVE CW

TRACKING INPUT WITH

SAME SPEED BUT WITH
/ LAGGING POSITION.

STOPPED WITH STORED
TWIST IN SPRING.

DF057408

Then, after some delay, the rate of the output
gradually increases to track the input. Both
positional markers appear to be walking
around each disk at the same rate until the
strobotac is adjusted for the higher input and
output rate. Then the strobe light again free-
zes the markers, producing a phase error at
this higher rate that is larger than before the
input rate was increased. This gradual in-
crease in the input rate to the mechanical
system simulates a ramp change in the input
frequency to the PLL system. The response
to the output disk simulates the behavior of
the oscillator in the PLL.

If the rate of the input disk is alternately
increased and decreased by some small
amount compared to the nominal revolution
rate, the positional markers will appear to
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walk both clockwise and counter clockwise,
momentarily appearing stationary when the
strobing light rate equals the disk revolution
rate. This "'walking'' represents a changing
phase error which is occurring at the modula-
tion rate. Thus the phase error can be thought
of as a useable demodulated output signal.

The disk-spring mechanical system is a help-
ful analog for visualizing frequency, phase,
transient, and steady-state responses in the
electronic phase-locked loop system. In this
example, the positions of the disk marker and
rotation rates are analogous to phase and
frequency in the electronic PLL system. The
spring acts as a phase comparator to con-
stantly sense the relative positions or phases
of the disks. The torque developed in this
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spring acts as the driving force or input signal
to turn the second disk.

Thus the spring torque simulates a voltage
which controls the rate or frequency of the
output disk or oscillator. Hence the second
disk is analogous to a voltage-controlled
oscillator (VCO). The large mass of the disks
together with their angular momentum slows
down the systems response time and simu-
lates a low-pass filter in the electronic PLL
system. This describes the lagging of the
VCO free-running frequency to the input sig-
nal in an analog phase-locked loop.

EXAMPLES OF PLL
APPLICATIONS

Now consider the action of the voltage-
controlled oscillator, phase comparator and
low pass filter in the PLL. The VCO generates
a signal that is periodic. Normally, the rate or
frequency of the VCO is primarily determined
by the value of a capacitance connected to
this oscillator. This action of starting the VCO
running by itself is analogous to disconnect-
ing the spring from one of the shafts in the
mechanical system and starting the output
disk rotating at a constant rate through some
external means such as a motor. In the PLL
system this frequency is called the oscillator's
free running frequency, (fo'), because it oc-
curs when the system is unlocked and there
is no coupling between input and output
frequencies. With the PLL, the VCO frequen-
cy can be shifted above and below fo' by
applying a voltage to the optional fine tune
input.* This signal generator property is just
one of the many uses of the PLL. Specifically
with integrated circuit PLLs, frequency ranges
from less than 1.0Hz to more than 50MHz
can be produced just by selecting the right
value of capacitance from a chart on the data
sheet.

Selecting fo' and then changing it by a control
voltage makes the VCO well suited for con-
verting digital data that is represented by two
different voltage levels into two different fre-
quencies. A ''1"" voltage level can be related
to a frequency called a mark, and an 0"
level to a frequency called a space. This
technique, called frequency shift keying, or
(FSK), is typical of data being transmitted
over telephone and radio links where it is
impractical to use DC voltage level shifts.
Essentially this is what a modem (modulator-
demodulator) does as it converts data to
tones to go out of the system into a transmis-
sion link. Then it reverses the process and
converts received tones to ''1''s and "'0''s at
the receiver for the system to use. Some-
times confusion arises because different

*Some oscillators have frequencies controlled by an input
current rather than a voltage and are referred to as
current-controlled oscillators (CCO).
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names are used for the same thing. For
example,

A shift up in frequency ="1" = Mark
A shift down in frequency = "'0" = Space

If voice or music is applied to the VCO
instead of digital data, the oscillator's fre-
quency will move or modulate with the voice
or music. This is frequency modulation (FM)
and is simply moving the frequency in relation
to some input voltage which represents intelli-
gence. Of course, as in the modem case, the
process has to be reversed and the PLL can
do this also. The PLL is a complete working
system that can be used to send and receive
signals. In fact the PLL can create the signal,
or select a signal, decode it and reproduce it.
Now let's look at how this works.

The VCO is connected to a section where its
frequency is put together with an incoming
signal or signals. In a radio this is known as a
""mixer'' where signals are mixed together. In
a PLL it is usually called a Phase Comparator.
Other names for this function are phase
detector or multiplier — either analog or digi-
tal. (Differences between analog and digital
phase comparators will be explained later in
this chapter.) The purpose of this phase
comparator is to produce an output which
represents how far the VCO frequency is from
that of the incoming signal. Comparing these
frequencies and producing an error signal
proportional to their difference allows the
VCO frequency to shift from fo' and become
the same frequency as the input signal. This
is exactly what happens with the VCO fre-
quency — first ""capturing'’ the input frequen-
cy, and then locking onto it. A similar type of
action can be visualized in the mechanical
system by having the coupling spring discon-
nected at one end with the two disks rotating
at different rates. When their rotation rates
are approximately equal, the spring is sud-
denly connected, and the output disk's speed
will gradually become equal to and track the
inputs rate as in Figure 5.

When the VCO shifts frequency and locks to
the input, the signal frequency is duplicated. If
the input signal contains static or noise, the
VCO output will be an exact reproduction of
the signal frequency without the static or
noise. Thus the PLL has accomplished signal
reconditioning or reconstitution.

The error signal used to keep the VCO
exactly synchronized with an incoming signal
can be amplified, filtered, and used to
""clock' the signal or give synchronizing infor-
mation necessary to look at the signal. For
example, in some digital memories and trans-
mission systems, data are stored in a code
and looked at or strobed at a rate which must
be synchronized to the data. This strobing
may be at twice or one-half the data rate. By
setting fo' equal to twice or one-half the data
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rate, the PLL will lock to the data and give an
exact synchronized clock. This shows anoth-
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er application of the PLL for multiplying or
dividing frequencies.
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PLLs can separate a signal of one frequency
from among many others as, for example, is
done in television and radio reception. This
selectivity or capture range is controlled in
the PLL by the low-pass filter (LPF) which
allows the PLL to only see signals close to
the frequency of interest. The time constant
of the LPF is set easily by the selection of a
resistor and capacitor network. This network
determines how far away in frequency an
input signal can be from fo' and still permit
the PLL to respond and capture. Once lock-
ing is activated, the PLL system will continue
to track the input frequency unless the instan-
taneous phase error exceeds the system's
capability.

The error signal which drives the VCO and
keeps the system locked is a usable output.
In the FSK example the oscillator's frequency
is shifted with each ""1" or "'0" digital input.
Converting these frequency shifts back to the
1" and "'0"" signals automatically occurs in a
PLL because a mark input generates an error
signal to move the VCO up to that frequency.
When the mark changes to a space, the error
signal jumps suddenly down, forcing the VCO
to follow. The error signal then is exactly the
data that generated the FSK signals. A PLL
for FSK can convert data to tones for trans-
mission to a remote point. Then another PLL
can reconvert the data tones back to voltage
levels, all without tuned circuits.

The PLL system decodes FM signals in a
similar way. The frequency variations caused
by voltages from a microphone into one VCO
serve as the input signal to another PLL,
which reverses the action since the error
signal driving the second PLL's VCO is exact-
ly the same as the original microphone volt-
age.

Decoding of an amplitude-modulated (AM)
input signal is another application of the PLL.
This application is more involved than FM
demodulation because a phase shift network,
a second-phase comparator, and another
low-pass filter are required. This application is
discussed in detail later. However, it should
be pointed out that AM demodulation with
PLLs offers improved system linearity than
the more commonly employed technique of
nonlinear diode detection. Tone decoding is a
special case of AM demodulation. When
performed with PLLs, the second-phase com-
parator is called a quadrature-phase detector
(QPD). The QPD produces a maximum output
error voltage whenever the input and oscilla-
tor frequencies are locked to the free-running
frequency, fo', unlike the regular phase com-
parator which has a nominal zero error volt-
age under this same condition.
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These application examples show that with
the PLL, a system can:

1. Generate a signal

Modulate a signal (encode)
Select a signal from among many
Demodulate (decode)

Recreate (reconstitute) a signal
frequency with reduced noise

6. Multiply and divide frequency

oM N

TYPES OF PLLS

Generally speaking, the monolithic PLLs can
be classified into two groups — digital and
analog. While both perform as PLLs, the
digital circuits are more suitable for synchroni-
zation of digital signals, clock recovery from
encoded digital data streams, and other digi-
tal applications. Analog monolithic PLLs are
used quite extensively in communication sys-
tems since they maintain linear relationships
between input and output quantities.

The phase comparator is perhaps the most
important part of the PLL system since it is
here that the input and VCO frequencies are
simultaneously compared. Some digital PLLs
employ a two-input Exclusive-OR gate as the
phase comparator. When the digital loop is
locked to fo', there is an inherent phase error
of 90° that is represented by asymmetry in
the output waveform. Also, the phase com-
parator's output has a frequency component
of twice the reference frequency. Because of
the large logic voltage swings in digital sys-
tems, extensive filtering must be performed to
remove the harmonic frequencies. For this
reason, other types of digital phase compara-
tors achieve locking by synchronizing the
"edges" of the input and VCO frequency
waveshapes. The phase comparator pro-
duces an error voltage that is proportional to
the time difference between the edges; i.e.,
the phase error. This edge-triggering tech-
nique for the phase comparator produces
lower output noise than with the Exclusive-
OR approach. However, time jitter on the
input and VCO frequencies is translated into
phase error jitter that may require additional
filtering within the loop.

Triggering on the edges of digital signals
means that only frequency (or period) is
important and not duty cycle. This is a key
consideration in PLL applications utilizing
counters where waveshapes usually aren't
symmetrical; i.e., 50% duty cycle. For the TTL
family, it is easier to provide the edge match-
ing function on the falling edges ("'1"' to "'0"')
transition of the waveform. CMOS, I2L, and
ECL are better suited for leading edge trigger-
ing ("'0" to "1").

Analog PLLs utilize a phase comparator
which functions as a four-quadrant analog
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multiplier to mix the input and VCO signals.
Since this mixing is true analog multiplication,
the phase comparator's output is a function
of input and VCO signal amplitudes, frequen-
cies, phase relationships, and duty cycles.
The inherent linearity afforded by this analog
multiplication makes the monolithic analog
PLL well suited for many general purpose and
communication system applications.

Another way of distinguishing between digital
and analog phase comparators is by thinking
of the similarities and differences between
voltage comparators and operational amplifi-
ers. Voltage comparators are specially de-
signed for digital applications where response
time between output levels has been mini-
mized at the expense of system linearity.
Feedback is seldom used to maintain linear
system relationships, with the comparator
normally running open-loop. Op amps, on the
other hand, are designed for a linear input-
output relationship, with negative feedback
being employed to further improve the system
linearity.

PLL TERMINOLOGY
The following is a brief glossary of frequently
encountered terms in PLL literature.

Free-running Frequency (fo', wp') — Also
called the center frequency, this is the fre-
quency at which the loop VCO operates when
not locked to an input signal. The "'prime"’
superscripts are used to distinguish the free-
running frequency from fo and wg which are
used for the general oscillator frequency.
(Many references use fo and wg for both the
free-running and general oscillator frequency
and leave the proper choice for the reader to
infer from the context.) The appropriate units
for fo' and wp' are Hz and radians per
second, respectively.

Lock Range (2f,, 2w)* — The range of
frequencies over which the loop will remain in
lock. Normally the lock range is centered at
the free-running frequency, unless there is
some nonlinearity in the system which limits
the frequency deviation on one side of fg'.
The deviations from fo' are referred to as the
Tracking Range or Hold-in Range.(See Figure
6). The tracking range is therefore one-half of
the lock range.

Capture Range (2fc, 2wg)** — Although the
loop will remain in lock throughout its lock
range, it may not be able to acquire lock at
the tracking range extremes because of the
selectivity afforded by the low-pass filter. The
capture range also is centered at fo' with the
equal deviations called the Lock-in or
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Pull-in Ranges. The capture range can never
exceed the lock range.

Lock-up Time (t )*** — The transient time
required for a free-running loop to lock. This
time depends principally upon the bandwidth
selectivity designed into the loop with the low-
pass filter. The lock-up time 'is ‘inversely
proportional to the selectivity - bandwidth.
Also, lock-up time exhibits a statistical
spreading due to random initial phase rela-
tionships between the input and oscillator
phases.

Phase Comparator Conversion Gain (Kg)
— The conversion constant relating the
phase comparator's output voltage to the
phase difference between input and VCO
signals when the loop is locked. At low input
signal levels, K is also a functior: of signal
amplitude. Kq4 has units of volts per radian (V/
rad).

VCO Conversion Gain (Ko) — The conver-
sion constant relating th e oscillator's fre-
quency shift from fo' to the applied input
voltage. Ko has units of radians per second
per volt (rad/sec/V). Ko is a linear function of

20
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Figure 6. Lock and Capture Range Relationships
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wg’ and must be obtained using a formula or
graph provided or experimentally measured
at the desired wg'.

Loop Gain (Ky) — The product of Ky, Ko,
and the low-pass filters gain at DC. Kg is
evaluated at the appropriate input signal level
and Ko at the appropriate wg'. Ky has units
of (sec)™ .

Closed-Loop Gain (CLG) — The output
signal frequency and phase can be deter-
mined from a product of the CLG and the
input signal where the CLG is given by

%

1+Ky “@

CLG =

Natural Frequency (wp) — The characteris-
tic frequency of the loop, determined mathe-
matically by the final pole positions in the
complex plane or determined experimentally
as the modulation frequency for which an
underdamped loop gives the maximum fre-
quency deviation from fo' and at which the
phase error swing is the greatest.

Damping Factor ({) — The standard damp-
ing constant of a second order feedback
system. For the PLL, { refers to the ability of
the loop to respond quickly to an input
frequency step without excessive overshoot.

Loop Noise Bandwidth (B ) — A loop
property relating wp and § which describes
the effective bandwidth of the received sig-
nal. Noise and signal components outside
this bandwidth are greatly attenuated.
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NOTES:

* Also called Synchronization Range.
** Also called Acquisition Range.
***Also called Acquisition Time.
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INTRODUCTION

The phase-locked loop is a feedback system
comprised of a phase comparator, a low-pass
filter and an error amplifier in the forward
signal path and a voltage-controlled oscillator
(VCO) in the feedback path. The block dia-
gram of a basic PLL system is shown in
Figure 1. Perhaps the single most important
point to realize when designing with the PLL
is that it is a feedback system and, hence, is
characterized mathematically by the same
equations that apply to other, more conven-
tional feedback systems. However, the pa-
rameters in the equations are somewhat
different since the feedback error signal in the
phase locked system is a phase rather than a
current or voltage signal, as is usually the
case in conventional feedback systems.

PHASE-LOCKED LOOP
OPERATION

The basic principle of the PLL operation can
be briefly explained as follows:

With no signal input applied to the system,
the VCO control voltage V4(t) is equal to zero.
The VCO operates at a set frequency, fo' (or
the equivalent radian frequency wg’) which is
known as the free-running frequency. When
an input signal is applied to the system, the
phase comparator compares the phase and
the frequency of the input with the VCO
frequency and generates an error voltage
Ve(t) that is related to the phase and the
frequency difference between the two sig-
nals. This error voltage is then filtered, ampli-
fied, and applied to the control terminal of the
VCO. In this manner, the control voltage V4(t)
forces the VCO frequency to vary in a direc-
tion that reduces the frequency difference
between wg and the input signal. If the input
frequency wj is sufficiently close to wp, the
feedback nature of the PLL causes the VCO
to synchronize or lock with the incoming
signal. Once in lock, the VCO frequency is
identical to the input signal except for a finite
phase difference.

This net phase difference of 6, where
e = 6, 6; (1)

is necessary to generate the corrective error
voltage Vg to shift the VCO frequency from its
free-running value to the input signal frequen-
cy wy and thus keep the PLL in lock. This self-
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Figure 1. Block Diagram of Phase-Locked Loop

correcting ability of the system also allows
the PLL to track the frequency changes of the
input signal once it is locked. The range of
frequencies over which the PLL can maintain
lock with an input signal is defined as the
"lock range" of the system. The band of
frequencies over which the PLL can acquire
lock with an incoming signal is known as the
"'capture range' of the system and is never
greater than the lock range.

Another means of describing the operation of
the PLL is to observe that the phase compar-
ator is in actuality a multiplier circuit that
mixes the input signal with the VCO signal.
This mix produces the sum and difference
frequencies w £ wg shown in Figure 1. When
the loop is in lock, the VCO duplicates the
input frequency so that the difference fre-
quency component (w * wo) is zero; hence,
the output of the phase comparator contains
only a DC component. The low-pass filter
removes the sum frequency component
(w) + wp) but passes the DC component
which is then amplified and fed back to the
VCO. Notice that when the loop is in lock, the
difference frequency component is always
DC, so the lock range is independent of the
band edge of the low-pass filter.

LOCK AND CAPTURE

Consider ncw the case where the loop is not
yet in lock. The phase comparator again
mixes the input and VCO signals to produce
sum and difference frequency components.
However, the difference component may fall
outside the band edge of the low-pass filter
and be removed along with the sum frequen-
cy component. If this is the case, no informa-
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tion is transmitted around the loop and the
VCO remains at its initial free-running fre-
quency. As the input frequency approaches
that of the VCO, the frequency of the differ-
ence component decreases and approaches
the band edge of the low-pass filter. Now
some of the difference component is passed,
which tends to drive the VCO towards the
frequency of the input signal. This, in turn,
decreases the frequency of the difference
component and allows more information to
be transmitted through the low-pass filter to
the VCO. This is essentially a positive feed-
back mechanism which causes the VCO to
snap into lock with the input signal. With this
mechanism in mind, the term ''capture
range'' can again be defined as 'the frequen-
¢y range centered about the VCO initial free-
running frequency over which the loop can
acquire lock with the input signal'. The cap-
ture range is a measure of how close the
input signal must be in frequency to that of
the VCO to acquire lock. The ''capture
range'' can assume any value within the lock
range and depends primarily upon the band
edge of the low-pass filter together with the
closed-loop gain of the system. It is this signal
capturing phenomenon which gives the loop
its frequency-selective properties.

it is important to distinguish the 'capture
range" from the "lock range'" which can,
again, be defined as 'the frequency range
usually centered about the VCO initial free-
running frequency over which the loop can
track the input signal once lock has been
achieved'.

When the loop is in lock, the difference
frequency component at the output of the
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phase comparator (error voltage) is DC and
will always be passed by the low-pass filter.
Thus, the lock range is limited by the range of
error voltage that can be generated and the
corresponding VCO frequency deviation pro-
duced. The lock range is essentially a DC
parameter and is not affected by the band
edge of the low-pass filter.

THE CAPTURE TRANSIENT

The capture process is highly complex and
does not lend itself to simple mathematical
analysis. However, a qualitative description of
the capture mechanism may be given as
follows. Since frequency is the time derivative
of phase, the frequency and the phase errors
in the loop can be related as

Aw=—

2

where Aw is the instantaneous frequency
separation between the signal and VCO fre-
quencies and 6, is the phase difference
between the input signal and VCO signals.

If the feedback loop of the PLL were opened
between the low-pass filter and the VCO
control input, then for a given condition of wo
and «y the phase comparator output would
be a sinusoidal beat note at a fixed frequency
Aw. If wy and wo were sufficiently close in
frequency, this beat note would appear at the
filter output with negligible attenuation.

Now suppose that the feedback loop is
closed by connecting the low-pass filter out-
put to the VCO control terminal. The VCO
frequency will be modulated by the beat note.
When this happens, Aw itself will become a
function of time. If, during this modulation
process, the VCO frequency moves closer to

do
wy (i.e., decreasing Aw), then d—: decreases
and the output of the phase comparator
becomes a slowly varying function of time.
Similarly, if the VCO is modulated away from

dé,
w, d—: increases and the error voltage

becomes a rapidly varying function of time.

Under this condition the beat note waveform

no longer looks sinusoidal; it looks like a
series of aperiodic cusps, depicted schemati-
cally in Figure 2a. Because of its asymmetry,
the beat note waveform contains a finite DC
component that pushes the average value of
the VCO toward wy, and lock is established.
When the system is in lock, Aw is equal to
zero and only a steady-state DC error voltage
remains.

Figure 2b displays an oscillogram of the loop
error voltage Vy4(t) in an actual PLL system
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Figure 3. Exhibited by First-Order Fast Capture Transient

during the capture process. Note that as lock
is approached, Aw is reduced, the low-pass
filter attenuation becomes less, and the am-
plitude of the beat note increases.

The total time taken by the PLL to establish
lock is called the pull-in time. Pull-in time
depends on the initial frequency and phase
differences between the two signals as well
as on the overall loop gain and the low-pass
filter bandwidth. Under certain conditions, the
pull-in time may be shorter than the period of
the beat note and the loop can lock without
an oscillatory error transient.
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A specific case to illustrate this is shown in
Figure 3. The 565 PLL is shown acquiring
lock within the first cycle of the input signal.
The PLL was able to capture in this short time
because it was operated as a first-order loop
(no low-pass filter) and the input tone-burst
frequency was within its lock and capture
range.

EFFECT OF THE LOW-PASS
FILTER

In the operation of the loop, the low-pass filter
serves a dual function.
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First, by attenuating the high frequency error
components at the output of the phase com-
parator, it enhances the interference-rejection
characteristics; second, it provides a short-
term memory for the PLL and ensures a rapid
recapture of the signal if the system is thrown
out of lock due to a noise transient. Decreas-
ing the low-pass filter bandwidth has the
following effects on system performance
(Long Time Constant):

a. The capture process becomes slower, and
the pull-in time increases.

b. The capture range decreases.

c. Interference-rejection properties of the PLL
improve since the error voltage caused by
an interfering frequency is attenuated fur-
ther by the low-pass filter.

d. The transient response of the loop (the
response of the PLL to sudden changes of
the input frequency within the capture
range) becomes underdamped.

The last effect also produces a practical
limitation on the low-pass loop filter band-
width and roll-off characteristics from a stabil-
ity standpoint. These points will be explained
further in the following analysis.

MATHEMATICALLY DEFINING
PLL OPERATION

As mentioned previously, the phase compara-
tor is basically an analog multiplier that forms
the product of an RF input signal, vi(t), and
the output signal, v,(t), from the VCO. Refer
to Figure 1 and assume that the two signals
to be multiplied can be described by

vi(t) = V| sin wyt )
Volt) = Vo sin (csot + 6o) @

where wj, wo, and 6, are the frequency and
phase difference (or phase error) characteris-
tics of interest. The product of these two
signals is an output voltage given by

Ve(t) = K4V (Vo(sin wit) [sin(wot + 86)]  (5)

where Kj is an appropriate dimensional con-
stant. Note that the amplitude of ve(t) is
directly proportional to the amplitude of the
input signal V;. The two cases of an unlocked
loop (w # wp) and of a locked loop
(w) = wp) are now considered separately.

Unlocked State (w # wo)

When the two frequencies to the phase
comparator are not synchronized, the loop is
not locked. Furthermore, the phase angle
difference 0, in Equations 4 and 5 is mean-
ingless for this case since it can be eliminated
by appropriately choosing the time origin.
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Using trigonometric identities, Equation 5 can
be rewritten as

KiViVo
Volt) = 2 [ cos(w - wo)t

- cos(w; + wo)t] (6)

When vg(t) is passed through the low-pass
filter, F(s), the sum frequency component is
removed, leaving

vi(t) = KaV|Vocos (w - wo)t @

where K, is a constant. After amplification,
the control voltage for the VCO appears as

va(t) = AKaV|Vocos (w; - wo)t 8)

This equation shows that a beat frequency
effect is established between w) and wo,
causing the VCO's frequency to deviate by
+ Aw from wg' in proportion to the signal
amplitude (AK2V|\Vo) passing through the fil-
ter. If the amplitude of V| is sufficiently large
and if signal limiting or saturation does not
occur, the VCO output frequency will be
shifted from wgo’ by some Acw until lock is
established where

W = wo = wo't Aw 9)

If lock cannot be established, then either V, is
too small to drive the VCO to produce the
necessary + Aw deviation or wj is beyond the
dynamic range of the VCO, i.e., wRwg't Aw.
Remedies for these no lock conditions are:

1. Increase V| either internally or externally to
the loop by providing additional amplifica-
tion.

2. Increase the internal loop gain by adjusting
upward (larger -3dB frequency) the re-
sponse of the low-pass filter.

3. Shift wg' closer to the expected w). Estab-
lishing frequency lock leads to the second
case where w = wo.

Locked State (w; = wp)

When w, and wp are frequency synchro-
nized, the output signal from the phase com-
parator for w; = wp = w and a phase shift of
O is

Velt) = K1V{Vo(sin wh) sin (wt + 6e)

_ KiVVo

[cos O - cos (2wt + Bg)]
(10)

The low-pass filter removes the high frequen-
cy, AC component of ve(t), leaving only the
DC component. Thus,

vi(t) = KaV|Vocosle (11)
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After amplification the DC voltage driving the
VCO and maintaining lock within the loop is

vg(t) = Vp = AKaV|Vo cosfe (12)

Suppose w; and wo are perfectly synchro-
nized to the free-running frequency wg'. For
this case, Vp will be zero, indicating that 6,
must be £90°. Thus Vp is proportional to the
phase difference or phase error between 6,
and 0, centered about a reference phase
angle of +90°. If wy changes slightly from
wo', the first effect will be a change in 0, from
+90°. Vp will adjust and settle out to some
nonzero value to correct wp; under this
condition frequency lock is maintained with
wy = wo. The phase error will be shifted by
some amount A from the reference phase
angle of £90°. This concept can be simplified
by redefining 6 as

06 =0, £ A0 (13)

where 6, is the inherent, reference phase shift
of £90° and Af is the departure from this
reference value. Now the VCO control volt-
age becomes

Vp = AKaV|Vp cos (6, AB)
=+ AKov|VposinAd (14)

Since the sine function is odd, a momentary
change in Af contains information about
which way to adjust the VCO frequency to
correct and maintain the locked condition.
The maximum range over which Af changes
can be tracked is —90° to +90°. This corre-
sponds to a f, range from O to 180°.

In addition to being an error signal, Vp repre-
sents the demodulated output of an FM input
applied as viy(t) assuming a linear VCO char-
acteristic. Thus, FM demodulation can be
accomplished with the PLL without the induc-
tively-tuned circuits that are employed with
conventional detectors.

DETERMINING PLL MODEL
PARAMETERS

Since the PLL is basically an electronic servo
loop, many of the analytical techniques devel-
oped for control systems are applicable to
phase-locked systems. Whenever phase lock
is established between vi(t) and vq(t) the
linear model of Figure 4 can be used to
predict the performance of the PLL system.
Here 6; and 6, represent the phase angles
associated with the input/output wave-
shapes, respectively; F(s) represents a gener-
alized voltage transfer function for the low-
pass filter in the s complex frequency domain;
and Ky and K, are conversion gains of the
phase comparator and VCO, respectively,
each having units as shown. The 1/s term
associated with the VCO accounts for the
inherent 90° phase shift in the loop since the
VCO converts a voltage to a frequency and
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since phase is the integral of frequency. Thus
the VCO functions as an integrator in the
feedback loop.

Specific values of Kq and K, for all of
Signetics' general purpose PLLs can be
found in the sections describing the particular
loop of interest. However, sometimes it may
be desired to determine these conversion
gains exactly for a specific device. The mea-
surement scheme shown in Figure 5 can be
used to determine Kq and K, for a loop under
lock. The function of the Khron-Hite filters is
to extract the fundamental sinusoidal fre-
quency component of their square wave in-
puts for application to the Gain-Phase Meter.
If the input signal from the Function Genera-
tor is sinusoidal, then the first Khron-Hite filter
may be eliminated. It is recommended to use
high impedance oscilloscope probes so as to
not distort the input of VCO waveshapes,
thereby potentially altering their phase rela-
tionships. The frequency counter can be driv-
en from the scope as shown, or connected
directly to the input or VCO, provided its input
impedance is large.

The procedure to follow for obtaining K4 and
Ko is as follows:

1. Establish the desired external bias and
gain conditions for the PLL under test.

2. With the Function Generator turned off, set
the free-running frequency of the loop via
the timing capacitor and timing resistor if
appropriate. Monitor fo' with the Frequency
Counter.

3. Turn on the Function Generator and check
to make sure the amplitude of the input
signal is appropriate for the particular loop
under test.

4, Adjust the input frequency for lock. Lock is
discernable on a dual-trace scope when
the input and VCO waveforms are synchro-
nized and stationary with respect to each
other. One should be especially careful to
check that locking has not occurred be-
tween the VCO and some harmonic fre-
quency. Carefully inspect both wave-
shapes, making sure each has the same
period. (If a second Frequency Counter is
available, an alternate scheme can be
used to confirm frequency locking. One
frequency counter is used to monitor the
input signal frequency, and the second
counter is used for the VCO frequency.
When the two counters display the same
frequency, the PLL is locked.)

o

. Set the input frequency to the free-running
frequency and note the Gain-Phase Meter
display. It should be approximately
90°+ 10°nominally. Record the phase error,
6o, the VCO control voltage, Vp, and the
input frequency, fi.
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Figure 5. Measurement Scheme for K4 and K, Determinations
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6. Adjust f; for frequencies above and below
fo' and record 0, and Vp for each f;, as
appropriate.

~

. Making a plot of Vp versus 0 is useful for
checking the measurement data and the
system's linearity. The slope of this plot
(AVp/ Abg) is Kg in units of V/°. Multiplying
this slope by 180/ gives the desired Kq in
volts/radian.

©

. A plot of fj=fp versus Vp while the loop
remains locked will check the VCO lineari-
ty. The slope of this plot is K, at the
particular free-running frequency. The units
of slope taken directly from the graph are
Hz/V. Multiplying this slope figure by 27
gives the desired K, in units of radians/
volt-sec.

Kg is generally constant over wide frequency
ranges, but is linearily related to the input
signal amplitude. K, is constant with input
signal level but does vary linearily with fo'.
Often it is convenient to specify a normalized
Ko as

Ko rad

— 15
oV (15)

KO(norm) =

The K, value at any desired free-running
frequency then can be estimated as

Ko (@ any fo') = Koorm)fo' (16)
The loop gain for the PLL system is
Ky = KgKoA (17
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(Often when the gain A is due to an amplifier
internal to the IC, A will be included in either
Ky or Ko. This is further illustrated in the
article on the 565 PLL.)

MODELING THE PLL SYSTEM
WITH VARIOUS LOW-PASS
FILTERS

The open-loop transfer function for the PLL is

_ KvF(s)
s

T(s) (18)

Using linear feedback analysis techniques,
and assuming that the VCO is in the forward
path, the closed-loop transfer characteristics
H(s) can be related to the open-loop perfor-
mance as

(19)

and the roots of the characteristic system
polynomial can be readily determined by root-
locus techniques.

From these equations, it is apparent that the
transient performance and frequency re-
sponse of the loop is heavily dependent upon
the choice of filter and its corresponding
transfer characteristic, F(s).
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Zero-Order Filter — F(s) = 1
The simplest case is that of the first-order
loop where F{s) =1 (no filter). The closed-
loop transfer function then becomes

Ky

T(s) =
® S + Ky

(20)

This transfer function gives the root locus as
a function of the totai loop gain Ky and the
corresponding frequency response shown in
Figure 6a. The open-loop pole at the origin is
due to the integrating action of the VCO. Note
that the frequency response is actually the
amplitude of the difference frequency compo-
nent versus modulating frequency when the
PLL is used to track a frequency-modulated
input signal. Since there is no low-pass filter
in this case, sum frequency components are
also present at the phase comparator output
and must be filtered outside of the loop if the
difference frequency component (demodu-
lated FM) is to be measured.

First-Order Filter
With the addition of a single-poie low-pass
filter F(s) of the form

F(s) =

21
1+7s @

where 71 = R;C4, the PLL becomes a sec-
ond-order system with the root locus shown
in Filgure 6b. Again, an open-ioop pole is
located at the origin because of the integrat-
ing action of the VCO. Another open-loop
pole is positioned on the real axis at —-1/74
where 74 is the time constant of the low-pass
filter.

One can make the following observations
from the root iocus characteristics of Figure
6b:

a. As the loop gain Ky increases for a given
choice of 74, the imaginary part of the
closed-loop poles increases: thus, the nat-
ural frequency of the loop increases and
the loop becomes more and more under-
damped.

b. If the filter time constant is increased, the
real part of the closed-loop poles becomes
smaller and the loop damping is reduced.

As in any praciicai feedback system, excess
shifts or non-dominant poles associated with
the biocks within the PLL can cause the root
loci to bend toward the right half plane as
shown by the dashed line ir: Figure 6b. This is
likely to happen if either the loop gain or the
filter time constant is too iarge and may
cause the ioop tc break into sustained oscilla-
tions.

First-Order Lag-Lead Filter
The stability probiem car be eliminated by
using a lag-lead type of filter. as indicated in
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Figure 6c. This type of a filter has the transfer
function

1+ 78

S p——— @2
where 7;=R,C and 7{=R4C. By proper
choice of Ry, this type of filter confines the
root locus to the left half-plane and ensures
stability. The lag-lead filter gives a frequency
response dependent on the damping, which
can now be controlled by the proper adjust-
ment of 79 and 75. In practice, this type of
filter is important because it allows the ioop to
be used with a response between that of the
first- and second-order loops and it provides
an additional control over the loop transient
response. If Ry =0, the loop behaves as a
second-order loop and as Rz — oo, the loop
behaves as a first-order loop due to a pole-
zero canceilation. However, as first-order op-
eration is approached, the noise bandwidth
increases and interference rejection de-
creases since the high frequency error com-
ponents in the loop are now attenuated to a
lesser degree.

Second- and Higher-Order
Filters

Second- and higher-order filters, as well as
active filters, occasionally are designed and
incorporated within the PLL to achieve a
particular response not possible or easily
obtained with zero- or first-order filters. Add-
ing more poles and more gain to the closed-
loop transfer function reduces the inherent
stability of the loop. Thus the designer must
exercise extreme care and utilize complex
stability analysis if second-order (and higher)
filters or active filters are to be considered.

CALCULATING LOCK AND
CAPTURE RANGES

In terms of the basic gain expression in the
system, the lock range of the PLL w can be
shown to be numerically equal to the DC loop
gain (2-sided lock range).

2w = 4w f = KyF(0) (23)

where F(0) is the value of the low-pass filters
transfer function at DC.

Since the capture range wg denotes a tran-
sient condition, it is not as readily derived as
the lock range. However, an approximate
expression for the capture range can be
written as (2-sided capture range).

200G = 4mic ~ Kyl F(iwg) | (24)

where F(iwg) is the magnitude of the low-
pass filter transfer function evaluated at wg.
Solution of Equation 24 frequently involves a
"'trial and error’’ process since the capture
range is a function of itseli. Note that at all
times the capture range is smaller than the
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lock range. For the simple first-order lag filter
of Figure 6b, the capture range can be
approximated as

W) K
20em2V = = 2\/E (@5)
71 71
This approximation is valid for
1
TI> >— (26)
2w|_

Equations 23 and 24 show that the capture
range increases as the low-pass filter time
constant is decreased, whereas the lock
range is unaffected by the filter and is deter-
mined solely by the loop gain.

Figure 7 shows the typical frequency-to-volt-
age transfer characteristics of the PLL. The
input is assumed to be a sine wave whose
frequency is swept slowly over a broad fre-
quency range. The vertical scale is the corre-
sponding loop error voltage. In Figure 7a, the
input frequency is being gradually increased.
The loop does not respond to the signal until
it reaches a frequency wy, corresponding to
the lower edge of the capture range. Then,
the loop suddenly locks on the input and
causes a negative jump of the loop error
voltage. Next, Vg varies with frequency with a
slope equal to the reciprocal of VCO conver-
sion gain (1/Ko) and goes through zero as
w) = wg'. The loop tracks the input until the
input frequency reaches wy, corresponding to
the upper edge of the lock range. The PLL
then loses lock and the error voltage drops to
zero. If the input frequency is swept slowly
back, the cycle repeats itself, but is inverted,
as shown in Figure 7b. The loop recaptures
the signal at w3 and tracks it down to wy. The
total capture and lock ranges of the system
are:

2we = w3 - wy (27)
and
20 = Wp - Wy (28)

Note that, as indicated by the transfer charac-
teristics of Figure 7, the PLL system has an
inherent selectivity about the free-running
frequency, wgo'. It will respond only to the
input signal frequencies that are separated
from wo' by less than w¢ or wy, depending
on whether the loop starts with or without an
initial lock condition. The linearity of the
frequency-to-voltage conversion characteris-
tics for the PLL is determined solely by the
VCO conversion gain. Therefore, in most PLL
applications, the VCO is required to have a
highly linear voltage-to-frequency transfer
characteristic.
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DETERMINING LOOP
RESPONSE

The transient response of a PLL can be
calculated using the model of Figure 4 and
Equations 18 and 19 as starting points. Com-
bining these equations gives

Oo(s)
H(s) = ——
=%

KvF(s)

T s+ KyF(s) 9)

The phase error which keeps the system in
lock is

Bo(s) = 6i(s) - Oo(s) (30)
Define a phase error transfer function
0q(s) 0o(s)
E(s) = =1-
@50 ~'T9e
=1-H(s) (31)

As an example of the utilization of these
equations, consider the most common case
of a loop employing a simple first-order lag
filter where

F(s) =

32
1+ 874 ®2)

For this fiiter, Equations 29 and 31 become

Ky/T4
H(s) = 53— (33)
s°+s/7y + Ky/mq
s(s+1/7
E(s) = o /T (34)

s+ 8/71 + Ky/Tq

Both equations are second-order and have
the same denominator which can be ex-
pressed as

D(s) = % + s/71 + Ky/Ty
=%+ 2twps + wp? (35)
Where wp and ¢ are, respectively, the sys-

tem's undamped natural frequency and
damping factor defined as

wp = VKy/Tq (36)
. @7
2vVKyTy 2Ky

The system is considered overdamped for
¢>1.0, and critically damped ¢ = 1.0. Now
examine this PLL system's response to vari-
ous types of inputs.

Step-of-Phase Input

Consider a unit step-of-phase as the input
signal. This input is shown in Figure 8 and can
be thought of as simply shifting the time axis
by a unit step (one radian or one degree,
depending upon the working units) while
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maintaining the same input frequency. Mathe-
matically this input has the form

1
Oi(s) =- (38)
s

The phase of VCO output and the system's
phase error are represented by

He o en?

bots) = s s(s?+2twns + wn ) ©9)
B @ B s + 25wy

bots) = s s+ 28wns + Wy 2 “0)

(depending upon the working units) while
maintaining the same input frequency. Mathe-
matically this input has the form

Bo() =1+ e—_]\/i_“;—“; sin (wtV1—-§2 + ¥)
41)
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Vice
where ¥ = arc tan—T (42)
and §#1.
Oe(t) = %‘j;g) sin(wptV1-¢2 + )
(43)

When ¢ =1, these phase responses are

Bo() = 1-(1 - wat)e ™ “nt (44)
and
Be(t) = (1 + wptle~“nt (45)
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Figure 9 is a plot of the VCO phase response
and the phase error transient for various
damping factors. Note from this figure that an
underdamped system has overshoot which
can cause the loop to break lock if this
overshoot is too large. The critical condition
for maintaining lock is to keep the phase error
within the dynamic range for the phase com-
parator of —m/2 to 72 radians. For the under-
damped case, the peak phase-error over-
shoot is

O(max) =e-¢m/> V1 -§2 (46)

which must be less than 7/2 to maintain lock.
Lock can also be broken for the overdamped
and critically-damped loops if the input phase
shift is too large where the phase error
exceeds * /2 radians.

The analysis and equations given are based
upon the small-signal model of Figure 4. If the
signal amplitudes become too iarge, one or
more functional blocks in the system can
saturate, causing a slew rate type limiting
action that may break lock.

The transient change in the VCO frequency
due to the unit step-of-phase input can be
found by taking the time derivative of Equa-
tion 41 or alternatively by finding the inverse
Laplace transform of

0, = _w—nz__ 47
wo(8) = 80o(8) = g @)
which is
wpe- {w t
wol(t) = \/—g sin wpt V1 -¢2
(48)

Unit Step-of-Frequency Input
This type of input occurs when the input
frequency is instantaneously changed from
one frequency to another as is done in FSK
and modem applications. For this input, as
shown in Figure 10,

1
O(s)=— (49)
s
The VCO output phase is
2
Wy
Bo(s) = - (50)

s2(s? + 2t wns + wrd)

The transient time expression for the VCO
phase change is

B 3{ e - fwpnt
bl =t * VA
sin (wptV1 - 82 + 2) (51)
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for §#1.

The time expression for the VCO frequency
change for a unit step-of-frequency input is
the same as the time response VCO phase
change due to a step-of-phase input (Equa-
tion 41), or

wo(t) for frequency step input = 0,(t) for
phase step input Thus

wolt =1+ :ﬁ‘.‘;ﬂ; sin (wnt VI—E + )
(52)
for §#1.

Unit Ramp-of-Frequency Input
This form of input signal represents sweeping
the input frequency at a constant rate and
direction as shown in Figure 11. The ampli-
tude and phase of the input remain constant;
the input frequency changes linearly with
time. Since the input signal to the PLL model
is a phase, a unit ramp-of-frequency appears
as a phase acceleration type input that can
be mathematically described as

1
Bi(s) = 3 (53)
s
The VCO output phase change is
2
w;
Bo(s) = - (54)

§3(s2 + 2¢wns + wp 9

The time expression for the VCO phase
change is

2 2t

Go(t)——— -+ 2§ [25’(1-wn2)+

( 4;-2 1—2;_24§2w )‘/z

X e~$“nt sin(wpt VI-¢ 2+ ‘I")]
(55)

vitg

where ¥ = arc tan ame—
§(1-2wn )

and W is given in Equation 42.

PLL BUILDING BLOCKS
vco

Since three different forms of VCO have been
used in the Signetics PLL series, the VCO
details will not be discussed until the individu-
al loops are described. However, a few gener-
al comments about VCOs are in order.

When the PLL is locked to a signal, the VCO
voltage is a function of the frequency of the
input signal. Since the VCO control voltage is
the demodulated output during FM demodula-
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tion, it is important that the VCO voltage-to-
frequency characteristic be linear so that the
output is not distorted. Over the linear range
of the VCO, the conversion gain is given by
Ko (in radian/V-sec)

A
ko = A0
AVy

(56)
Since the loop output voltage is the VCO
voltage, we can get the loop output voltage
as

AVg=—r (67)

The gain Ko can be found from the data
sheet. When the VCO voltage is changed, the
frequency change-is virtually instantaneous.

Phase Comparator

All of Signetics' analog phase-locked loops
use the same form of phase comparator —
often called the doubly-balanced muiltiplier or
mixer. Such a circuit is shown in Figure 12.

The input stage formed by transistors Q1 and
Q2 may be viewed as a differential amplifier
which has an equivalent collector resistance
Rc and whose differential gain at balance is
the ratio of R¢ to the dynamic emitter resis-
tance, rg, of Q1 and Q2.

Rc
Rc 0.026 Rclg
Ag=—= = CE 58
T /2 0052 (58)

where Ig is the total DC bias current for the
differential amplifier pair.

The switching stage formed by Q3-Q6 is
switched on and off by the VCO square wave.
Since the collector current swing of Q2 is the
negative of the collector current swing of Q1,
the switching action has the effect of multiply-
ing the differential stage output first by +1
and then by ~1. That is, when the base of Q4
is positive, Rca receives |1 and when the base
of Q6 is positive, Rgp receives iz = i1. Since
the circuit is called a multiplier, performing the
multiplication will gain further insight into the
action of the phase comparator.

Consider an input signal which consists of
two added components: a component at
frequency wy which is close to the free-
running frequency and a component at fre-
quency wy which may be at any frequency.
The input signal is

vi(t) + vk(t) = Visin(wit + 6) +

Visin (wyt + 6y) (59)
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Figure 9. VCO Phase and Loop Phase Error Transient Responses for Various
Damping Factors
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2
where 6 and g are the phase in relation to  Ve(t) = |
m

the VCO signal. The unity square wave devel-

oped in the multiplier by the VCO signal is [ o v
z cos [(2n + 1) wot—-wt-6]
. 4 n=0 (@n+1)
Volt) = X ——— sin[(2n + 1)wpt]
n=o0 T@n+1) o v,

(60) -n EO @ne 1)cos [(2n + 1) wot + wit + 6]

where wg is the VCO frequency. Multiplying
the two terms, using the appropriate trigono- L

metric relationships, and inserting the differ-  + cos [(2n + 1) wot— wyt - 6]
ential stage gain Aq gives: n=0 @n+ D)
oo
-z Vi cos [(2n + 1) wot + wyt + 6]
hoo@nt) GO ex

(61)

Assuming that temporarily V is zero, if wy is
close to wp, the first term (n = 0) has a low
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frequency difference frequency component.
This is the beat frequency component that
feeds around the loop and causes lock-up by
modulating the VCO. As wg is driven closer
to wj, this difference component becomes
lower and lower in frequency until wgp = w)
and lock is achieved. The first term then
becomes

2Aq4V)
Ve(t) = VE =

cos 6; (62)

which is the usual phase comparator formula
showing the DC component of the phase
comparator during lock. This component
must equal the voltage necessary to keep the
VCO at wo. It is possible for wgp to equal wy
momentarily during the lock-up process and,
yet, for the phase to be incorrect so that wg
passes through w, without lock being
achieved. This explains why lock is usually
not achieved instantaneously, even when
w=wp at t=0.

If n#0 in the first term, the loop can lock
when w| = (2n + 1)wp, giving the DC phase
comparator component

2A4V)
Ve(t) = Vg = mcos& (63)

showing that the loop can lock to odd har-
monics of the free-running frequency. The
(2n + 1) term in the denominator shows that
the phase comparator's output is lower for
harmonic lock, which explains why the lock
range decreases as higher and higher odd
harmonics are used to achieve lock.

Note also that the phase comparator's output
during lock is (assuming A4 is constant) also
a function of the input amplitude V. Thus, for
a given DC phase comparator output Vg, an
input amplitude decrease must be accompa-
nied by a phase change. Since the loop can
remain locked only for 6; between 0 and 180°,
the lower V| becomes, the more the lock
range is reduced.

Note from the second term that during lock
the lowest possible frequency is
wo + w) = 2w,. A sum frequency component
is always present at the phase comparator
output. This component is usually greatly
attenuated by the low-pass filter capacitor
connected to the phase comparator output.
However, when rapid tracking is required (as
with high-speed FM detection or FSK), the
requirement for a relatively high frequency
cutoff in the low-pass filter may leave this
component unattenuated to the extent that it
interferes with detection. At the very least,
additional filtering may be required to remove
this component. Components caused by
n # 0 in the second term are both attenuated
and of much higher frequency, so they may
be neglected.
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Suppose that other frequencies represented
by Vi are present. What is their effect for
Vg #0?

The third term shows that Vi introduces
another difference frequency component. Ob-
viously, if w is close to wy, it can interfere
with the locking process since it may form a
beat frequency of the same magnitude as the
desired locking beat frequency. However,
suppose lock has been achieved so that
wo = wy. In order for lock to be maintained,
the average phase comparator output must
be constant. If wgo = wx is relatively low in
frequency, the phase 6; must change to
compensate for this beat frequency. Broadly
speaking, any signal in addition to the signal
to which the loop is locked causes a phase
variation. Usually this is negligible since wy is
often far removed from wj. However, it has
been stated that the phase 6, can move only
between 0 and 180°. Suppose the phase limit
has been reached and Vi appears. Since it
cannot be compensated for, it will drive the
loop out of lock. This explains why extrane-
ous signals can result in a decrease in the
lock range. If Vi is assumed to be an instanta-
neous noise component, the same effect
occurs. When the full swing of the loop is
being utilized, noise will decrease the lock or
tracking range. This effect can be reduced by
decreasing the cutoff frequency of the low-
pass filter so that the wo - w is attenuated
to a greater extent, which illustrates that
noise immunity and out-band frequency rejec-
tion is improved (at the expense of capture
range since wp - wj is likewise attenuated)
when the low-pass filter capacitor is large.
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The third term can have a DC component
when wy is an odd harmonic of the locked
frequency so that (2n + 1) (wp —wy) is zero
and 6 makes its appearance. This will have
an effect on 6; which will change the 6,
versus frequency wy. This is most noticeable
when the waveform of the incoming signal is,
for example, a square wave. The 6 term will
combine with the 6; term so that the phase is
a linear function of input frequency. Other
waveforms will give different phase versus
frequency functions. When the input ampli-
tude V) is large and the loop gain is large, the
phase will be close to 90° throughout the
range of VCO swing, so this effect is often
unnoticed.

The fourth term is of little consequence
except that if wy approaches zero, the phase
comparator output will have a component at
the locked frequency wq at the output. For
example, a DC offset at the input differential
stage will appear as a square wave of funda-
mental wp at the phase comparator output.
This is usually small and well attenuated by
the low-pass filter. Since many out-band sig-
nals or noise components may be present,
many Vy terms may be combining to influence
locking and phase during lock. Fortunately,
only those close to the locked frequency
need be considered.

Quadrature-Phase Detector
(QPD)

The quadrature-phase detector action is ex-
actly the same except that its output is
proportional to the sine of the phase angle.
When the phase 6§, is 90°, the quadrature-
phase detector output is then at its maximum,
which explains why it makes a useful lock or
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amplitude detector. The output of the quadra-
ture-phase detector is given by

2A4V,
Va=—

sin 6; (64)

where V) is the constant or modulated AM
signal and 6;=90° in most cases so that sine
6=1 and

2AV)
Vg=—1 (65)
m

This is the demodulation principle of the
autodyne receiver and the basis for the 567
tone decoder operation.

INITIAL PLL SETUP CHOICES

In a given application, maximum PLL effec-
tiveness can be achieved if the designer
understands the tradeoffs which can be
made. Generally speaking, the designer is
free to select the frequency, lock range,
capture range, and input amplitude.

FREE-RUNNING FREQUENCY
SELECTION

Setting the center or free-running frequency
is accomplished by selecting one or two
external components. The center frequency
is usually set in the center of the expected
input ftequency range. Since the loop's ability
to capture is a function of the difference
between the incoming and free-running fre-
quencies, the band edges of the capture
range are always an equal distance (in Hz)
from the center frequency. Typically, the lock
range is also centered about the free-running
frequency. Occasionally, the center frequen-
cy is chosen to be offset from the incoming
frequency so that the tracking range is limited
on one side. This permits rejection of an
adjacent higher or lower frequency signal
without paying the penalty for narrow-band
operation (reduced tracking speed).

All of Signetics' loops use a phase compara-
tor in which the input signal is multiplied by a
unity square wave at the VCO frequency. The
odd harmonics present in the square wave
permit the loop to lock to input signals at
these odd harmonics. Thus, the center fre-
quency may be set to, say, ¥a or ¥5 of the
input signal. The tracking range, however, will
be considerably reduced as the higher har-
monics are utilized.

The foregoing phase comparator discussion
would suggest that the PLL cannot lock to
subharmonics because the phase compara-
tor cannot produce a DC component if wy is
less than wo.
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The loop can lock to both odd harmonic and
subharmonic signals in practice because
such signals often contain harmonic compo-
nents at wp. For example, a square wave of
fundamental wp/3 will have a substantial
component at wo to which the loop can lock.
Even a pure sine wave input signal can be
used for harmonic locking if the PLL input
stage is overdriven. (The resultant internal
limiting generates harmonic frequencies.)
Locking to even harmonics or subharmonics
is the least satisfactory, since the input or
VCO signal must contain second harmonic
distortion. If locking to even harmonics is
desired, the duty cycle of the input and VCO
signals must be shifted away from the sym-
metrical to generate substantial, even har-
monic, content.

In evaluating the loop for a potential applica-
tion, it is best to actually compute the magni-
tude of the expected signal component near-
est wp. This magnitude can be used to
estimate the capture and lock ranges.

All of Signetics' loops are stabilized against
center frequency drift due to power supply
variations. Both the 565 and the 567 are
temperature-compensated over the entire
military temperature range (-55 to +125°C).
To benefit from this inherent stability, howev-
er, the designer must provide equally stable
(or better) external components. For maxi-
mum cost effectiveness in some noncritical
applications, the designer may wish to trade
some stability for lower cost external compo-
nents.

GUIDELINES FOR LOCK RANGE
CONTROL

Two things limit the lock range. First, any
VCO can swing only so far; it the input signal
frequency goes beyond this limit, lock will be
lost. Second, the voltage developed by the
phase comparator is proportional to the prod-
uct of both the phase and the amplitude of
the in-band component to which the loop is
locked. If the signal amplitude decreases, the
phase difference between the signal and the
VCO must increase in order to maintain the
same output voltage and, hence, the same
frequency deviation. The 564 contains an
internal limiter circuit between the signal input
and one input to the phase comparator. This
circuit limits the amplitude of large input
signals such as those from TTL outputs to
approximately 100mV before they are applied
to the phase comparator. The limiter signifi-
cantly improves the AM rejection of the PLL
for input signal amplitudes greater than
100mV.

This happens so often with low input ampli-
tudes that even the full £90° phase range of
the phase comparator cannot generate
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enough voltage to allow tracking wide devia-
tions. When this occurs, the effective lock
range is reduced. Weak input signals cause a
reduction of tracking capability and greater
phase errors. Conversely, a strong input sig-
nal will allow the use of the entire VCO swing
capability and keeps the VCO phase (referred
to the input signal) very close to 90° through-
out the range. Note that the lock range does
not depend on the low-pass filter. However, if
a low-pass filter is in the loop, it will have the
effect of limiting the maximum rate at which
tracking can occur. Obviously, the LPF ca-
pacitor voltage cannot change instantly, so
lock may be lost when large enough step
changes occur. Between the constant fre-
quency input and the step-change frequency
input is some limiting frequency slew rate at
which lock is just barely maintained. When
tracking at this rate, the phase difference is at
its limit of 0° or 180°. It can be seen that if the
LPF cutoff frequency is low, the loop will be
unable to track as fast as if the LPF cutoff
frequency is higher. Thus, when maximum
tracking rate is needed, the LPF should have
a high cutoff frequency. However, a high
cutoff frequency LPF will attenuate the sum
frequencies to a lesser extent so that the
output contains a significant and often both-
ersome signal at twice the input frequency.
The phase comparator's output contains both
sum and difference frequencies. During lock,
the difference frequency is zero, but the sum
frequency of twice the locked frequency is
still present. This sum frequency component
can then be filtered out with an external low-
pass filter.

INPUT LEVEL AMPLITUDE
SELECTION

Whenever amplitude limiting of the in-band
signal occurs, whether in the loop input sta-
ges or prior to the input, the lock and capture
ranges become independent of signal ampli-
tude.

Better noise and out-band signal immunity is
achieved when the input levels are below the
limiting threshold, since the input stage is in
its linear region and the creation of cross-
modulation components is reduced. Higher
input levels will allow somewhat faster opera-
tion due to greater phase comparator gain
and will result in a lock range which becomes
constant with amplitude as the phase com-
parator gain becomes constant. Also, high
input levels will result in a linear phase versus
frequency characteristic.

CAPTURE RANGE CONTROL

There are two main reasons for making the
low-pass filter time constant large. First, a
large time constant provides an increased
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memory effect in the loop so that it remains at
or near the operating frequency during mo-
mentary fading or loss of signal. Second, the
large time constant integrates the phase
comparator's output so that increased immu-
nity to noise and out-band signals is obtained.

Besides the lower tracking rates attendant to
large loop filters, other penalties must be paid
for the benefits gained. The capture range is
reduced and the capture transient becomes
longer. Reduction of capture range occurs
because the loop must utilize the magnitude
of the difference frequency component at the
phase comparator to drive the VCO towards
the input frequency.

If the LPF cutoff frequency is low, the differ-
ence component amplitude is reduced and
the loop cannot swing as far. Thus, the
capture range is reduced.

LOCK-UP TIME AND TRACKING
SPEED CONTROL

In tracking applications, lock-up time is nor-
mally of little consequence, but occasions do
arise when it is desirable to keep lock-up time
short to minimize data loss when noise or
extraneous signals drive the loop out of lock.
Lock-up time is of great importance in tone
decoder type applications. Tracking speed is
important if the loop is used to demodulate an
FM signal. Although the following discussion
dwells largely on lock-up time, the same
comments apply to tracking speeds.

No simple expression is available which ade-
quately describes the acquisition or lock-up
time. This may be appreciated when we
review the following factors which influence
lock-up time.

a. Input phase
b. Low-pass filter characteristic
c. Loop damping

d. Deviation of input frequency from center
frequency

e. In-band input amplitude
f. Out-band signals and noise
g. Center frequency

Fortunately, it is usually sufficient to know
how to improve the lock-up time and what
must be sacrificed to get faster lock-up.
Consider an operational loop or tone decoder
where occasionally the lock-up transient is
too long. What can be done to improve the
situation — keeping in mind the factors that
influence lock?

a. Initial phase relationship between incom-
ing signal and VCO — This is the greatest
single factor influencing the lock time. If
the initial phase is wrong, it first drives the
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VCO frequency away from the input fre-
quency so that the VCO frequency must
walk back on the beat notes. Figure 13
gives a typical distribution of lock-up times
with the input pulse initiated at random
phase. The only way to overcome this
variation is to send phase information all
the time so that a favorable phase relation-
ship is guaranteed at t = 0. For example, a
number of PLLs or tone decoders may be
weakly locked to low amplitude harmonics
of a pulse train and the transmitted tone
phase related to the same pulse train.
Usually, however, the incoming phase can-
not be controlled.

o

. Low-pass filter — The larger the low-pass
filter time constant, the longer will be the
lock-up time. The lock-up time can be
reduced by decreasing the filter time con-
stant, but in doing so, some of the noise
immunity and out-band signal rejection will
be sacrificed. This is unfortunate, since
this is what necessitated the use of a large
filter in the first place. Also present will be
a sum frequency (twice the VCO frequen-
cy) component at the low pass filter and
greater phase jitter resulting from out-band
signals and noise. In the case of the tone
decoder (where control of the capture
range is required since it specifies the
device bandwidth) a lower value of low-
pass capacitor automatically increases the
bandwidth. Speed is gained only at the
expense of added bandwidth.

c. Loop damping — A simple first-order low-
pass filter of the form

Fle) = 1+s7 (8)
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produces a loop damping of

1
2\ —
Kv

(67)
n

Damping can be increased not only by
reducing m, as discussed above, but also
by reducing the loop gain Ky. Using the
loop gain reduction to control bandwidth or
capture and lock ranges achieves better
damping for narrow bandwidth operation.
The penalty for this damping is that more
phase comparator output is required for a
given deviation so that phase errors are
greater and noise immunity is reduced.
Also, more input drive may be required for
a given deviation.

. Input frequency deviation from free-run-

ning frequency — Naturally, the further an
applied input signal is from the free-run-
ning frequency of the loop, the longer it will
take the loop to reach that frequency due
to the charging time of the low-pass filter
capacitor. Usually, however, the effect of
this frequency deviation is small compared
to the variation resulting from the initial
phase uncertainty. Where loop damping is
very low, however, it may be predominant.

. In-band input amplitude — Since input am-

plitude is one factor in the phase compara-
tor's gain Kg, and since Ky is a factor in the
loop gain Ky damping is also a function of
input amplitude. When the input amplitude
is low, the lock-up time may be limited by
the rate at which the low-pass capacitor
can charge with the reduced phase com-
parator output (see d above).
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f. Out-band signals and noise — Low leveis
of extraneous signals and noise have little
effect on the lock-up time, neither improv-
ing or degrading it. However, large levels
may overdrive the loop input stage so that
limiting occurs, at which point the in-band
signal starts to be suppressed. The lower
effective input level can cause the lock-up
time to increase, as discussed in e above.

Center frequency — Since lock-up time
can be described in terms of the number-of
cycles to lock, fastest lock-up is achieved
at higher frequencies. Thus, whenever a
system can be operated at a higher fre-
quency, lock will typically take place faster.
Also, in systems where different frequen-
cies are being detected, the higher fre-
quencies, on the average, will be detected
before the lower frequencies.

@

However, because of the wide variation due
to initial phase, the reverse may be true for
any single trial.

PLL MEASUREMENT
TECHNIQUES

This section deals with measurements of PLL
operation. The techniques suggested are
meant to help the designer in evaluating the
performance of the PLL during the initial
setup period as well as to point out some
pitfalls that may obscure loop evaluation.
Recognizing that the test equipment may be
limited, techniques are described which re-
quire a minimum of standard test items.

The majority of the PLL tests described can
be done with a signal generator, a scope and
a frequency counter. Most laboratories have
these. A low cost digital voltmeter will facili-
tate accurate measurement of the VCO con-
version gain. Where the need for a FM
generator arises, it may be met in most cases
by the VCO of a Signetics PLL. Any of the
loops may be set up to operate as a VCO by
simply applying the modulating voltage to the
low-pass filter terminal(s). The resulting gen-
erator may be checked for linearity by using
the counter to check frequency as a function
of modulating voltage. Since the VCOs may
be modulated right down to DC, the calibra-
tion may be done in steps. Moreover, loop
measurements may be made by applying a
constant frequency to the loop input and the
modulating signal to the low-pass filter termi-
nal to simulate the effect of a FM input so that
an FM generator may be omitted for many
measurements.

FREE-RUNNING FREQUENCY

Free-running frequency measurements are
easily made by connecting a frequency count-
er or oscilloscope to the VCO output of the
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loop. The loop should be connected in its
final configuration with the chosen values of
input, bypass, and low-pass filter capacitors.
No input signal should be present. As the
free-running frequency is read out, it can be
adjusted to the desired value by the adjust-
ment means selected for the particular loop.
It is important not to make the frequency
measurement directly at the timing capacitor,
unless the capacity added by the measure-
ment probe is much less than the timing
capacitor value, since the probe capacity will
then cause a frequency error.

When the frequency measurement is to be
converted to a DC voltage for production
readout or automated testing, a calibrated
phase-locked loop can be used as a frequen-
cy meter.

CAPTURE AND LOCK RANGES
Figure 14a shows a typical measurement
setup for capture and lock range measure-
ments. The signal input from a variable fre-
quency oscillator is swept linearly through the
frequency range of interest and the loop FM
output is displayed on a scope or (at low
frequencies) X-Y recorder. The sweep volt-
age is applied to the X axis.

Figure 14b shows the type of trace which
results. The lock range is given by the outer
lines on the trace, which are formed as the
incoming frequency sweeps away from the
center frequency. The inner trace, formed as
the frequency sweeps toward the center
frequency, designates the capture range. Lin-
earity of the VCO is revealed by the straight-
ness of the trace portion within the lock
range. The slope (Af/AV) is the conversion
gain K, for the VCO at the particular free-
running frequency.

By using the sweep technique, the effect on
free-running frequency, capture range, and
lock range of the input amplitude, supply
voltage, low-pass filter and temperature can
be examined.

Because of the lock-up time duration and
variation, the sweep frequency must be much
lower than the free-running frequency, espe-
cially when the capture range is below 10%
of the free-running frequency. Otherwise, the
apparent capture and lock range will be
functions of sweep frequency. It is best to
start sweeping as slowly as possible and, if
desired, increase the rate until the capture
range begins to show an apparent reduc-
tion — indicating that the sweep is too fast.
Typical sweep frequencies are in the range of
1/1000 to 1/100,000 of the free-running
frequency. In the case of the 567, the quadra-
ture detector output may be similarly dis-
played on the Y axis, as shown in Figure 15,
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showing the output level versus frequency for
one value of input amplitude.

Capture and lock range measurements may
also be made by sweeping the generator
manually through the band of interest.
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Sweeping must be done very slowly as the
edges of the capture range are approached
(sweeping toward center frequency) or the
lock-up transient delay will cause an error in
reading the band edge. Frequency should be
read from the generator rather than the loop
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VCO because the VCO frequency gyrates
wildly around the center frequency just before
and after lock. Lock and unlock can be readily
detected by simultaneously monitoring the
input and VCO signals, the DC voltage at the
low-pass filter, or the AC beat frequency
components at the low-pass filter. The latter
are greatly reduced during lock as opposed to
frequencies just outside of lock.

FM AND AM DEMODULATION
DISTORTION

These measurements are quite straight-for-
ward. The loop is simply set up for FM
detection and the test signal is applied to the
input. A spectrum analyzer or distortion ana-
lyzer (HP333A) can be used to measure
distortion at the FM output.

For FM demodulation, the input signal ampli-
tude must be large enough so that lock is not
lost at the frequency extremes. The data
sheets give the lock (or tracking) range as a
function of input signal and the optional range
control adjustments. Due to the inherent lin-
earity of the VCOs, it makes little difference
whether the FM carrier is at the free-running
frequency or offset slightly as long as the
tracking range limits are not exceeded.

The faster the FM modulation in relation to
the center frequency, the lower the value of
the capacitor in the low pass filter must be for
satisfactory tracking. As this value decreases,
however, it attenuates the sum frequency
component of the phase comparator output
less. The demodulated signal will appear to

have greater distortion unless this component
is filtered out before the distortion is mea-
sured.

NATURAL FREQUENCY AND
DAMPING

Circuits and mathematical expressions for the
natural frequencies and dampings are given
in Figure 16 for two first-order low-pass filters.
Because of the integrator action of the PLL in
converting frequency to phase, the order of
the loop always will be one greater than the
order of the LPF. Hence, both these first-
order LPFs produce a second-order PLL
system.

The natural frequency (wy) of a loop in its
final circuit configuration can be measured by
applying a frequency-modulated signal of the
desired amplitude to the loop. Figure 16
shows that the natural frequency is a function
of Kg, which is, in turn, a function of input
amplitude. As the modulation frequency (wm)
is increased, the phase relationship between
the modulation and recovered sine wave will
go through 90° at wm = wp and the output
amplitude will peak.

Damping is a function of Ky, Ko, and the low-
pass filter. Since K, and Kq are functions of
the free-running frequency and input ampli-
tude, respectively, damping is highly depen-
dent on the particular operating condition of
the loop. Damping estimates for the desired
operating condition can be made by applying
an input signal which is frequency-modulated
within the lock range by a square wave. The

low-pass filter voltage is then monitored on
an oscilloscope which is synchronized to the
modulating waveform, as shown in Figure 17.
Figure 18 shows typical waveforms displayed.
The loop damping can be estimated by com-
paring the number and magnitude of the
overshoots with the graph of Figure 19, which
gives the transient phase error due to a step
in input frequency.

An expression for calculating the damping for
any underdamped second-order system
(¢ < 1.0) when the normalized peak over-
shoot is known is

Mp =1+~ sm/Vi=E (68)

Examination of Figure 18 shows that the
normalized peak overshoot of the error volt-
age is approximately 1.4. Using this value for
M, in Equation 68 gives a damping of
§=0.28.

Another way of estimating damping is to
make use of the frequency response plot
measured for the natural frequency (wp) mea-
surement. For low damping constants, the
frequency response measurement peak will
be a strong function of damping. For high
damping constants, the 3dB down point will
give the damping. Figure 19 tabulates some
approximate relationships.

NOISE
The effect of input noise on loop operation is
very difficult to predict. Briefly, the input noise
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components near the center frequency are
converted to phase noise. When the phase
noise becomes so great that the +90° per-

missible phase variation is exceeded, the o Rt 1]

loop drops out of lock or fails to acquire lock. CONTROLLED L PHASE an |
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Figure 17. Measurement Setup for Display of PLL Transient Response
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Modulation for Various Damping Conditions
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Modeling the PLL AN178
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Figure 19. Estimating the Damping in a Second-Order PLL

February 1987 4-256



Signetics

Linear Products

DESCRIPTION

The NE564 is a versatile, high guaran-
teed frequency phase-locked loop de-
signed for operation up to 50MHz. As
shown in the Block Diagram, the NE564
consists of a VCO, limiter, phase com-
parator, and post detection processor.

NE/SE564
Phase-Locked Loop

Product Specification

FEATURES
e Operation with single 5V supply

o TTL-compatible inputs and
outputs

PIN CONFIGURATION
D, F, N Packages

v+ [1] [76) rruoutpur
o Guaranteed operation to 50MHz ‘mg [75) nvstenesis ser
e External loop gain control N usanaton (3] [72] ANALOG QUTPUT
o Reduced carrier feedthrough cooe Furen [T} 73] enea. sevcas

e No elaborate filtering needed in
FSK applications

LOOP FILTER | § E FREQ. SET CAP.

Fu/ne weut [6 [77] veo outeur =2

o Can be used as a modulator suns Fuen [7] 5] v+
e Variable loop gain (externally aroUNO B ;vcoouwurrn
controlled)
TOP VIEW
APPLICATIONS cortsts
e High-speed modems
o FSK receivers and transmitters
o Frequency synthesizers
o Signal generators
e Various satcom/TV systems
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic SO 0 to +70°C NE564D
16-Pin Plastic DIP 0 to +70°C NE564N
16-Pin Plastic DIP -55°C to +125°C SE564N
16-Pin Cerdip 0 to +70°C NE564F
BLOCK DIAGRAM
ve
-~ D - S €7 S I
. r1 |
| b’ !
A PHASE |
° [COMPARATOR |
: 2 |
| 7 ls RETRIEVER |
| o
| T" |
| 90— |
; g 5 :
| 10 0—— |
T S (T j”_' ______________ _
= BDO75508
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Product Specification

Phase-Locked Loop

NE/SE564

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
V+ Supply voltage \
Pin 1 14
Pin 10 6
lout (Sink) Max (Pin 9) 10 mA
Pp Power dissipation 600 mwW
Ta Operating ambient temperature
NE 0 to +70 °C
SE -55 to +125
Tsta Storage temperature -65 to +150 °C
NOTE:

Operation above 5V will require heatsinking of the case.

DC AND AC ELECTRICAL CHARACTERISTICS Ve =5V, Ta=25°C, fo="5MHz, I =400uA, unless otherwise specified.

SE564 NE564
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Maximum VCO frequency Cy =0 (stray) 50 | 65 45 | 60 MHz
Lock range Input = 200mVpus Ta = 25°C 40 | 70 40 | 70 % of fo
Ta=125°C 20 | 30
Ta=-55°C 50 | 80
Ta=0°C 70
Ta=70°C 40
Capture range Input = 200mVgms, Rz =27Q 20 | 30 20 | 30 % of fo
fo =5MHz, Tp=-55°C to +125°C 500 (1500 PPM/°C
Ta=0 to +70°C
VCO frequency drift with =0 to +70°C 600
temperature fo = 500kHz, Ta =-55°C to +125°C 300 | 800
Ta=0 to +70°C 500
VCO free-running frequency Cq=91pF
Rc = 10092 "Internal" 4 5 [ 3.5 5 6.5 MHz
VCO frequency change with
supply voltage Voo = 4.5V to 5.5V 3 8 3 8 | % of fo
Modulation frequency: 1kHz
fo = 5MHz, input deviation:
2%T = 25°C 16 | 28 16 | 28 mVpms
Demodulated output voltage 1%T = 25°C 8 14 8 14 mVaMms
1%T =0°C 13 mVRems
1%T = -55°C 6 | 10 mVams
1%T = 70°C 15 mVems
1%T =125°C 12 16 mVRMs
Distortion Deviation: 1% to 8% 1 1 %
S/N Signal-to-noise ratio Std. condition, 1% to 10% dev. 40 40 dB
AM rejection Std. condition, 30% AM 35 35 dB
Modulation frequency: 1kHz
Demodulated output at fo = 5MHz, input deviation: 1%
operating voltage Vec = 4.5V 7 12 7 12 mVems
Voo = 5.5V 8 | 14 8 | 14 MVams
lcc Supply current Vec =5V Iy, lio 45 | 60 45 | 60 mA
Output
"1" output leakage current Vout =5V, Pins 16, 9 1 20 1 20 MA
"'0" output voltage lout = 2mA, Pins 16, 9 03 | 0.6 03 | 0.6 \
lout = 6mA, Pins 16, 9 04 | 08 04 | 08 v

November 6, 1986
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Phase-Locked Loop

NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS

Lock Range vs Signal Input

VCO Capacitor vs Frequency

N

N
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>|E ) /lpmeuA\ w
@ g 100
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- o
T 100 < 10
o o 10
-
g . /
= 1
- / Rl 1
Vee = BV

1o'= SRS

07 o8 09 10

Typical Normalized VCO
Frequency as a Function of
Pin 2 Blas Current

11 1.2 13
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OP104208

Typical Normalized VCO
Frequency as a Function of
Pin 2 Bias Current
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0.98 \\
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Phase-Locked Loop NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

V,, - PHASE COMPARATOR'S
OUTPUT VOLTAGE IN mV
800 +
VCO FREQUENCY
1o=1.0MHz . 20008 IN MHz
600 lms=200uA mias = €004 16 ., o = 8004A
o dgias = 04A ‘ / lgas = OkA
400 + . .
o= 1.0MHz
200 1
: . . A
40 60 160 -400  -200 200 400 600 800
VgIN mV
0 - PHASE
ERROR IN
=200 + DEGREES r-8
6
-400 +
- 600 +
-800 4
OP104708 OP104808
Varlation of the Phase Comparator's Output Voltage VCO Output Frequency as a Function of
vs Phase Error and Bias Current (Kp) Input Voltage and Bias Current (Ko)
TEST CIRCUIT
+5V O + :
_%_ s
R3 1K
= b vco
A1 ouTPUT
c3 i 390
INPUT pF
o | 12 10 16 9 ]_:
i 8 ~ 3. oemoou
3 = -
0.1uF = LATED
’ o I an
= 1uF == OUTPUT
= e Wl B 564 3 ale s
“430 VYV ] 017
c2 R2
_' F""V‘N“" 5 12 S
™  430pF 8
TC138018
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Phase-Locked Loop

NE/SE564

FUNCTIONAL DESCRIPTION
(Figure 1)

The NE564 is a monolithic phase-locked loop
with a post detection processor. The use of
Schottky clamped transistors and optimized
device geometries extends the frequency of
operation to greater than 50MHz.

In addition to the classical PLL applications,
the NE564 can be used as a modulator with a
controllable frequency deviation.

The output voltage of the PLL can be written
as shown in the following equation:
(fin - fo)
Vo=—""— (1)
Kvco
Kyco = conversion gain of the VCO
fin = frequency of the input signal
fo = free-running frequency of the VCO

The process of recovering FSK signals in-
volves the conversion of the PLL output into
logic compatible signals. For high data rates,

EQUIVALENT SCHEMATIC

a considerable amount of carrier will be
present at the output of the PLL due to the
wideband nature of the loop filter. To avoid
the use of complicated filters, a comparator
with hysteresis or Schmitt trigger is required.
With the conversion gain of the VCO fixed,
the output voltage as given by Equation 1
varies according to the frequency deviation of
fin from fo. Since this differs from system to
system, it is necessary that the hysteresis of
the Schmitt trigger be capable of being
changed, so that it can be optimized for a
particular system. This is accomplished in the
564 by varying the voltage at Pin 15 which
results in a change of the hysteresis of the
Schmitt trigger.

For FSK signals, an important factor to be
considered is the drift in the free-running
frequency of the VCO itself. If this changes
due to temperature, according to Equation 1 it
will lead to a change in the DC levels of the
PLL output, and consequently to errors in the
digital output signal. This is especially true for
narrow-band signals where the deviation in fiy
itself may be less than the change in fo due

to temperature. This effect can be eliminated
if the DC or average value of the signal is
retrieved and used as the reference to the
comparator. In this manner, variations in the
DC levels of the PLL output do not affect the
FSK output.

VCO Section

Due to its inherent high-frequency perfor-
mance, an emitter-coupled oscillator is used
in the VCO. In the circuit, shown in the
equivalent schematic, transistors Q¢ and
Qg3 with current sources Qgos~ Qg form the
basic oscillator. The approximate free-running
frequency of the oscillator is shown in the
following equation:

1

A 2)
22 Rg (Cy +Cg)

fo

Rc = R1g = Rap = 1009 (INTERNAL)
C = external frequency setting capacitor

Cg = stray capacitance

Ry
AA
3K
Ry,
AAA
V-
1.3k

°
on Iu

[ Ep——

|
1
|

|
|
“J

¥
S
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Phase-Locked Loop NE/SE564

Variation of Vp (phase detector output voit- ‘., LOCK RANGE ADJUSTMENT
age) changes the frequency of the oscillator. 0.01F
As indicated by Equation 2, the frequency of
the oscillator has a negative temperature T T = LOOP FILTER
coefficient due to the positive temperature 0.014F
coefficient of the monolithic resistor. To com- |‘f‘s'.'::':'°_°“"" . oo g "j__
pensate for this, a current Ig with negative I = ThHz ® T ANALOG OUT
temperature coefficient is introduced to BIAS FILTER _E"o‘ ° 7 564 . :’F Tz
achieve a low frequency drift with tempera- g G Y 1 o_wfj_ POST DETECTION FILTER
ture. 1 13 =

10 12

80pF

Phase Comparator Section .g 1o - SMHz
The phase comparator consists of a double- FREQUENCY SET CAP
balanced modulator with a limiter amplifier to B 5:..(
improve AM rejection. Schottky-clamped ver- =
tical PNPs are used to obtain TTL level sv sv
inputs. The loop gain can be varied by chang- TC128208
ing the current in Q4 and Q45 which effective- Figure 2. FM Demodulator at 5V
ly changes the gain of the differential amplifi-

ers. This can be accomplished by introducing

a ourrent at Pin 2. whose output voltage is shown in the follow-  vided by Q47 - Q4g. The hysteresis is varied

ing equation: by changing the current in Qs with a resulting

variation in the loop gain of the comparator.

_9 This method of hysteresis control, which is a

Post Detection Processor Vo= Ca Vindt ®  pe control, provides symmetric variation

Section i ) around the nominal value.
The post detection processor consists of @ g, = transconductance of the amplifier
unity gain transconductance amplifier and

comparator. The amplifier can be used as a  C2 = capacitor at the output (Pin 14) Design Formula

DC retriever for demodulation of FSK signals, v,y = signal voltage at amplifier input The free-running frequency of the VCO is

and as a post detection filter for linear FM shown by the following equation:

demodulation. The comparator has adjust- ) ) )

able hysteresis so that phase jitter in the With proper selection of Cp, the integrator 1

output signal can be eliminated. time constant can be varied so that the output fo =~ 22 Fo (C. +C9) (4)
voltage is the DC or average value of the c (C1+Cg)

As shown in the equivalent schematic, the DC  input signal for use in FSK, or as a post

retriever is formed by the transductance am-  detection filter in linear demodulation. R = 100€

plifier Q42—-Q43 together with an external . . Cy = external cap in farads
capacitor which is connected at the amplifier 1 e comparator with hysteresis is made up of ]

output (Pin 14). This forms an integrator Qqg - Qsp with positive feedback being pro- Cg = stray capacitance

I, LOCK RANGE ADJUSTMENT B 5Vp FINE FREQUENCY
0.01uF ’ ADJUSTMENT

'1 LOOP FILTER 2K

= MODULATING
it INPUT T -=L'T o
! i KHz
INPUY 047uF %2 1o "':L varar et
fe = SMHz 6 s = .
fm = TkHz 