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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 1989 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 disk circuits, and ICs for
RF communication, fiber optic communi-
cation, telephony and modem applica-
tions.

Volume 2 — Industrial:

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

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

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

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

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

Your suggestions for improvement in
future editions are welcome.




Signetics Product Status

Linear Products

DEFINITIONS

Data Sheet
Identification

Product Status

Definition

F or In Design

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

Preliminary Specification

Preproduction Product

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

Full Production

This data sheet contains Final Specifications. Signetics
reserves the right to make changes at any time without
notice in order to improve design and supply the best
possible product.
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Dolby Noise Reduction Circuit

Dolby Noise Reduction Circuit

Low Voltage Dolby Noise Reduction Circuit
Low Voltage Dolby Noise Reduction Circuit
Dolby B-Type Noise Reduction Circuit

Dual General Purpose Operational Amplifier
8-Bit Microprocessor-Compatible D/A Converter
8-Bit Microprocessor-Compatible D/A Converter
10-Bit Microprocessor-Compatible D/A Converter
8-Bit High-Speed A/D Converter

6-Bit A/D Converter (Senal Output)

6-Bit A/D Converter (Parallel Outputs)
Programmable Seven-Channel RC Encoder
Seven-Channel RC Decoder

Power Line Modem

Sample-and-Hold Circuit

High-Speed FSK Modem Transmitter
High-Speed FSK Modem Receiver

Addressable Relay Driver

12-Bit High-Speed Comparator

8-Bit Microprocessor-Compatible D/A Converter
8-Bit Microprocessor-Compatible D/A Converter
RGB Video D/A Converter

RGB Video D/A Converter

RGB Video D/A Converter

Octal Line Driver

Octal Line Receiver

Vol 1

7-131

4-243
4-277
4-290
4-299
4-319
4-341
4-341
4-348
4-357

4-44

4-66
4-114
4137

4-83
4-141
4-151
7-182
7-182
7-187
7-187
7-192

5-44

5-78
5-82

5-32
5-39

Vol 2

4-53
5-129
5-274
5-279
5-285
5-290

4-66

4-73
4141

4-81

8-33
7-48
7-33
7-39

6-53
6-63
6-34
6-34
4-244
6-78

4-214

4-61
5.137
5-143
5-149
5-37
5-44
5.51
8-4
8-15

5-311

6-28
5-261
5-157
5-157
5-169
5-169
5-169

6-14

6-21

Vol 3

11-3

11-93

11-19
11-19
11-19




Signetics Linear Products

Alphanumeric Product List

NE5181
NE5204
NE/SA/SE5205
NE5210
NE/SA5211
NE/SA5212
NE/SA5214
NE/SA5217
NE/SA5230
NE5240
NE/SE5410
NE/SE5512
NE/SE5514
NE5S517/A
NE5520
NE/SE5521
NE/SE5532/A
NE5533/A
NES534A
NE/SE5535
NE/SE5537
NE/SE5539
NE/SE5560
NE/SE5561
NE/SA/SE5562
NE5568
NE/SA/SE5570
NE5592
NE5900
OM8210
PCD3310
PCD3311
PCD3312
PCD3315
PCD3341
PCD3343
PCD3360
PCD4415
PCF2100
PCF2111
PCF2112
PCF8200
PCF8566
PCF8570
PCF8571
PCF8573
PCF8574
PCF8576
PCF8577
PCF8582A
PCF8583
PCF8591
PNA7509
SA532
SA534
SA556/1
SA558
SA571
SA572
SA594
SAB04A
SA614A
SA615
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Octal Line Receiver

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

Fiber Optic Postamplifier with Link Status Indicator
Low Voltage Operational Amplifier

Dolby Digital Audio Decoder

10-Bit High-Speed Multiplying D/A Converter
Dual High Performance Operational Amplifier
Quad High Performance Operational Amplifier
Dual Operational Transconductance 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
Switched-Mode Power Supply Control Circuit
Switched-Mode Power Supply Control Circuit
SMPS Control Circuit, Single Output
Switched-Mode Power Supply Controller
Three-Phase Brushless DC Motor Driver
Video Amplifier

Call Progress Decoder

Speech Encoding and Editing System

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

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

LCD Duplex Driver

LCD Duplex Driver

LCD Driver

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

1K Senal RAM

Clock/Calendar With Sernial 1/0

8-Bit Remote 1/0 Expandor

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

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

7-Bit A/D Converter

Low Power Dual Operational Amplifier

Low Power Quad Operational Amplifier

Dual Timer

Quad Timer

Compandor

Programmable Analog Compandor

Vacuum Fluorescent Display Driver

4-114

4-141

High-Performance Low Power Mixer FM IF System

1-10

Vol 1
5-39

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

7-178

4-24

4-40
6-3
8-3

6-10

6-25

6-25

6-37

6-45

6-55

6-82

6-90

7-23

4-341
4-348

4-191
4-214
4-151

9-3

6-83
6-90
6-95

6-100

6-120
6-141
9-65

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

6-78

Vol 3

11-52
11-62

11-73

11-87

4.3
411
4-19
4-30

4-38
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Signetics Linear Products

Alphanumeric Product List

Vol 1 Vol 2 Vol 3
SA723C Precision Voltage Regulator 8-235
SA741C General Purpose Operational Amplifier 4-157
SA747C Dual Operational Amplifier 4-163
SA1458 General Purpose Operational Amplifier 4-47
SA5205 Wide-band High Frequency Amplifier 4-13 4-180 11-62
SA5211 Transimpedance Amplifier 5-111 4-293
SA5212 Transimpedance Amplifier 5-126 4-307
SA5214 Transimpedance Amplifier 5-139 4-321
SA5217 Transimpedance Amplifier 5-146 4-328
SA5230 Low Voltage Operational Amplifier 4-122
SA5534A Single and Dual Low-Noise Operational Amp 4-106
SA5562 SMPS Control Circuit, Single Output 8-113
SA5570 Three-Phase Brushless DC Motor Driver 8-44
SAA1057 PLL Radio Tuning Circuit 4-182
SAA1064 4-Digit LED Driver with 12C Bus Interface 6-153
SAA1099 Stereo Sound Generator for Sound Effects and Music 8-16
SAA3004 IR Transmitter (448 Commands) 5-3
SAA3006 IR Transmitter (2K Commands, Low Voltage) 5-19
SAA3027 IR Transmitter 5-28
SAA3028 IR Remote Control Transcoder With 12C 5-37
SAA7210 Compact Disk Decoder 7-284
SAA7220 Digital Filter and Interpolator for Compact Disk 7-298
SAB3035 FLL Tuning and Control Circurt (Eight D/A Converters) 4-50
SAB3036 FLL Tuning and Control Circuit 4-65
SAB3037 FLL Tuning and Control Circuit (Four D/A Converters) 4-75
SE521 High-Speed Dual Differential Comparator/Sense Amp 5-274
SE522 High-Speed Dual Differential Comparator/Sense Amp 5-279
SE527 Voltage Comparator 5-285
SE529 Voltage Comparator 5-190
SE530 High Slew Rate Operational Amplifier 4-66
SE531 High Slew Rate Operational Amplifier 4-73
SE532 Low Power Dual Operational Amplifier 4-141
SE538 High Slew Rate Operational Amplifier 4-81
SE555 Timer 7-48
SE555C Timer 7-48
SE556-1C Dual Timer 7-33
SE556/-1 Dual Timer 7-33
SE558 Quad Timer 7-39
SE564 Phase-Locked Loop 4-243
SE565 Phase-Locked Loop 4-277
SE566 Function Generator 4-290
SE567 Tone Decoder/Phase-Locked Loop 4-299
SE592 Video Amplifier 4-44 4-244 11-93
SE4558 Dual General Purpose Operational Amplifier 4-61
SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-137
SE5019 8-Bit Microprocessor-Compatible D/A Converter 5-143
SE5118 8-Bit Microprocessor-Compatible D/A Converter 5-157
SE5119 8-Bit Microprocessor-Compatible D/A Converter 5-157
SE5205 Wide-band High Frequency Amplifier 4-13 4-180 11-62
SE5212 Transimpedance Amplifier 5-125 4-267
SE5410 10-Bit High-Speed Multiplying D/A Converter 5-208
SE5512 Dual High Performance Operational Amplifier 4-88
SE5514 Quad High Performance Operational Amplifier 4-94
SE5521 LVDT Signal Conditioner 5-354
SE5532/A Internally-Compensated Dual Low-Noise Operational Amp 4-100
SE5534A Single and Dual Low-Noise Operational Amp 4-106
SE5535 Dual High Slew Rate Op Amp 4-148
SE5537 Sample-and-Hold Amplifier 5-316
SE5539 Ultra High-Frequency Operational Amplifier 4-24 4-224 11-73
SE5560 Switched-Mode Power Supply Control Circurt 8-73
SE5561 Switched-Mode Power Supply Control Circuit 8-102
SE5562 SMPS Control Circuit, Single Output 8-113
SE5570 Three-Phase Brushless DC Motor Driver 8-44
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Alphanumeric Product List

SG1524C
$G2524C
SG3524
SG3524C
SG3526
TDA1001B
TDA1010A
TDA1011A
TDA1013A
TDA1015
TDA1020
TDA1023
TDA1029
TDA1072A
TDA1074A
TDA1510
TDA1512
TDA1514A
TDA1515A
TDA1520B
TDA1521
TDA1524A
TDA1534
TDA1541
TDA1574
TDA1576
TDA1578A
TDA2545A
TDA2546A
TDA2577A
TDA2578A
TDA2579
TDA2582
TDA2593
TDA2594
TDA2595
TDA2611A
TDA2653A
TDA3047
TDA3048
TDA3505
TDA3566
TDA3567
TDA3654
TDA4501
TDA4502
TDA4503
TDA4505
TDA4555
TDA4565
TDA4570
TDA4580
TDAS5030A
TDA5040
TDA7000
TDA7010
TDA7021
TDA7040
TDA7050
TDA7052
TDA8340/41
TDA8440
TDA8442

December 1988

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

SMPS Control Circuit

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

6W Audio Amplhfier With Preamplifier

2 to 6W Audio Power Amplifier With Preamplifier

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

Stereo Audio Switch

AM Recewver Circuit

DC-Controlled Dual Potentiometers

2 X 12W Audio Amplifier

12 to 20W Audio Amplifier

40W High-Performance Hi-Fi Amplifier

24W BTL Audio Amplifier

20W Hi-Fi Audio Amplifier

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

14-Bit A/D Converter, Seral Output

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

PLL Stereo Decoder

QuasI-Spht Sound IF System

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

Control Circuit for Power Supplies

Horizontal Combination

Horizontal Combination

Horizontal Combination

5W Audio Output Amplifier

Vertical Deflection Circuit With Oscillator

IR Preamplifier

IR Preamplifier

Chroma Control Circuit

PAL/NTSC Decoder With RGB Inputs

NTSC Color Decoder

Vertical Deflection

Small Signal Subsystem IC for Color TV

Complete Video IF IC With Vertical and Horzontal Sync

Small Signal Subsystem for Monochrome TV
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

Single-Chip FM Radio Circuit

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

PLL Stereo Decoder (Low Voltage)

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

Quad DAC With 12C Interface

Vol 1

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

7-138

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

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

7-274

4-95

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

7-210

Vol 2

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

8-268

5-82
5-217

8-63

Vol 3

8-3
8-6

9-14
9-31
13-3
9-41
9-46
9-51

12-3
5-42
5-46
10-11
10-18
10-60
12-9
6-3
6-13
6-15
6-24
10-38
10-53
10-57
10-62
4-80

11-46
10-101



Signetics Linear Products

Alphanumeric Product List

Vol 1 Vol 2 Vol 3
TDA8443/A RGB/YUV Switch Inputs 10-107
TDAB8444 Octuple 6-Bit D/A Converter With 12C Bus 5-222
TDD1742 CMOS Frequency Synthesizer 4-209
TEA1039 Control Circuit for Switched-Mode Power Supply 8-227 13-12
TEA1060 Telephone Transmission Circuit With Dialer Interface 6-102
TEA1061 Telephone Transmission Circuit With Dialer Interface 6-102
TEA1067 Low Voltage Transmission IC With Dialer Interface 6-113
TEA1068 Low Voltage Transmission IC With Dialer Interface 6-151
TEA5560 FM IF System 7-88
TEA5570 AM/FM Radio Receiver Circuit 7-26
TEA5581 PLL Stereo Decoder 7-111
TEA6300 Dugitally-Controlled Tone, Volume, and Fader Control Circuit 7-168
uc1842 Current Mode PWM Controller 8-241
ucas42 Current Mode PWM Controlier 8-241
uc3s42 Current Mode PWM Controller 8-241
uA723 Precision Voltage Regulator 8-235
nA723C Precision Voltage Regulator 8-235
uA733 Differential Video Amplifier 4-257 11-106
nA733/C Differential Video Amplifier 4-257 11-106
HA741 General Purpose Operational Amplifier 4-157
MA741C General Purpose Operational Amplifier 4-157
uA747 Dual Operational Amplifier 4-163
HA747C Dual Operational Amplifier 4-163
nA758 FM Stereo Multiplex Decoder Phase-Locked Loop 7-118

December 1988 1-13
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Linear Products

Signal Processing

AN140
AN141
AN1981
AN1982
AN1991

Compensation Techniques for Use With the NE/SE5539

Using the NE592/5592 Video Amplifier

New Low Power Single Sideband Circuits (NE602)

Applying the Oscillator of the NE602 in Low Power Mixer Applications
Audio Decibel Level Detector With Meter Driver

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
AN1801
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
AN1981
AN1982
AN191
AN192
AN193
AN1991
AN1992
AN1993

December 1988

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

Application of NE5080 and NE5081 with Frequency Deviation Reduction
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 Recelver

New Low Power Single Sideband Circuits (NE602)

Applying the Oscillator of the NE602 in Low Power Mixer Applications
Stereo Decoder Applications Using the pA758

A Complete FM Radio on a Chip

TDA7000 for Narrow-Band FM-Reception

Audio Decibel Level Detector With Meter Driver (NE604A)

Using the Signetics MC3361 Demonstration Board

High Sensitivity Appiications of Low-Power RF/IF Integrated Circuits

Application Notes
by Product Group

Vol 1

4-32
4-53
4-72
4-80
4-124

4-190
4-197

4-325
4-356
4-334

5-29
5-86
5-94
5-50

6-125
6-145

7-15
4-72
4-80
7-123
7-46
7-61
4-124
4-108
4-126

Vol 2

4-232
4-253

4-201

4-201

4-203

Vol 3

11-81
11-102
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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
AN1512
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
All In One. NE5230

Applications for the MC3403

Explanation of Noise

Integrated Operational Amplifier Theory
Basic Feedback Theory

High Frequency Amps

AN1991 Audio Decibel Level Detector With Meter Driver

Video Amps

AN140 Compensation Techniques for Use With the NE/SE5539

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

Comparators

AN116
AN1161

An Overview of Data Converters

Basic DACs

Digital Attenuator

Using the DACO08 Without a Negative Supply

An Amplifiying, Level Shifting Interface for the PNA7509 Video D/A Converter
NE5150/51/52: Family of Video D/A Converters

Microprocessor-Compatible DACs

Applications for the NE521/522/527/529
12-Bit A/D Converter Using the NE5105 Comparator

Position Measurement

AN118

AN1180
AN1181
AN1182

LVDT Signal Conditioner: Applications Using the NE5520

A Microprocessor-Based Servo-Loop for Linear Position Control
NE5521 in a Modulated Light Source Design Application
NE5521 in Mulh-faceted Applications

Line Drivers/Receivers

AN113

Applications Using the MC1488/1489 Line Drivers and Receivers

Display Drivers

AN112

Timers

AN170
AN171

December 1988

LED Decoder Drivers: Using the NE587 and NE589

NES555 and NE556 Applications
NES558 Applications

Vol 1

7-210
7-252
7-264
7-232
7171

4124

4-32
4-53

5-29

Vol 2

4-114
4-91
4-97

4-134

4-136
4-58

4-8
4-18
4-25

4-210

4-232
4-253

4-276

5-3
5-90
5-97
5-122

5-81
5-176
5-162

5-295
5-269

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

6-11

7-54
7-43

Vol 3

11-81
11-102

11-18
11-26
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Application Notes by Product Group

Motor Control and Sensor Circuits

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

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

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

Switched-Mode Power Supply

AN120 An Overview of SMPS

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

AN1221 Switched-Mode Drives for DC Motors

AN123 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
AN1262 Theory of Operation and Applications for SG1524C/2524C/3524C
AN128 Introduction to the Series-Resonant Power Supply

AN1291 TDA1023: Design of Time-Proportional Temperature Controls

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

Ri te Control Sy

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 Combnation 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
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Vol 1 Vol 2

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

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

Vol 3

4-55

9-57
9-25

9-30

10-3
10-44



Application Notes

ignetics
Slg by Part Numbers

Linear Products

DACO08 AN101: Applying the DACO08

AN106: Using the DAC08 Without a Negative Supply
MC1488 AN113: Using the MC1488/89 Line Drivers and Receivers
MC1489/A AN113: Using the MC1488/89 Line Drivers and Receivers
MC1496/1596 AN189: Balanced Modulator/Demodulator Applications Using

the MC1496/1596

MC3361 AN1992 Using the Signetics MC3361 Demonstration Board
MC3403 AN160: Applications for the MC3403
NE5044 AN131: Applications Using the NE5044 Encoder

AN1311: Low Cost A/D Conversion Using the NE5044
AN1341: Control System for Home Computer and Robotics

NE5045 AN132: Applications Using the NE5045 Decoder
NES050 AN1951: NES5050: Power Line Modem Application Board
Cookbook
NE5080/5081 AN195: Applications Using the NE5080, NE5081
NE/SA/SE5105/A AN1161 12-Bit A/D Converter Using the NE5105 Comparator
AN1950: Exploring the Possibilities in Data Communications
NE5150/51/52 AN1081: NE5150/51/52 Family of Video D/A Converters
NES521 AN116: Applications for the NE521/522/527/529
NE522 AN116: Applications for the NE521/522/527/529
NE5230 AN1511; Low Voltage Gated Generator: NE5230
AN1512: All in One: NE5230
NE527 AN116: Applications for the NE521/522/527/529
NE529 AN116: Applications for the NE521/522/527/529
NE531 AN1511: Low Voltage Gated Generator: NE5230
NE542 AN190: Applications of Low Noise Stereo Amplifiers: NE542
NE544 AN133: Applications Using the NE544 Servo Amplifier
NE5512/5514 AN144: Applications for the NE5512
AN1441: Applications for the NE5514
NE5517 AN145: NE5517: General Description and Applications for
Use With the NE5517/A Transconductance Amplifier
NE5520 AN118: LVDT Signal Conditioner: Applications Using the
NE5520
AN1180 A Microprocessor-Based Servo-Loop for Linear
Position Control
NE5521 AN1181: NE5521 in a Modulated Light Source Design
Application
AN1182: NE5521 in Multi-faceted Applications
NES5532/33/34 AN142: Audio Circuits Using the NE5532/33/34
NES539 AN140: Compensation Techniques for Use With the
SE/NE5539
NES55 AN170: NES55 and NE556 Applications
NES56 AN170: NE555 and NE556 Applications
NE/SE5560 AN1211 A Microprocessor Controlled Switched-Mode Power
Supply
AN122: NES5560 Push-Pull Regulator Application
AN1221 Switched-Mode Drives for DC Motors
AN125: Progress in SMPS Magnetic Component
Optimization
NE/SE5561 AN123: NES561 Applications
AN124: External Synchronization for the NE5561
AN125: Progress in SMPS Magnetic Component
Optimization
NE/SE5562 AN125: Progress in SMPS Magnetic Component
Optimization
NE/SE5568 AN125: Progress in SMPS Magnetic Component
Optimization
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Vol 1

5-29
5-29

4-61
4-108

5-50
5-86

5-94

7-135

4-32

Vol 2

5-90
5-122
6-11
6-11

4-58
8-11
8-13
8-22
8-21

5-269

5-176
5-295
5-295
4-134
4-136
5-295
5-295
4-134

8-39
491
497

4-276

5.329

5-344

5-359

5-363

4114

4-232
7-54
7-54
8-88
8-94
8-97

8-250

8-107

8-112

8-250

8-250

8-250

Vol 3

11-26

11-81

‘[‘
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Application Notes by Part Numbers

NE/SA/SE5570
NES558
NE564

NE564

NE565

NE566

NES567
NE570/571/SA571
NES572
NE587/589

NE592/5592
NE/SA602

NE/SA604A

NE/SA604A

PNA7509

SAA1057

SAA3004

SAB3035

8G1524C

SG3524C

TDA1013A
TDA1023
TDA1072A
TDA1510
TDA1515

TDA1520A
TDA2578
TDA2595

TDA2653

TDA3047

TDA3048

December 1988
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Signetics

Linear Products

Cross Reference Guide by
Manufacturer

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

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

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

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

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

AM6012DC AM6012F 0 to +70 Ceramic HA3-5102-5  NE5532/AN 0 to +70 Plastic

DACOBAQ  DAC-OBAR -85 o +125 Ceramic Intersil  ADCOBOSLCD ADCO803-1 LCF-40 to +85 Ceramic

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

ADC0804 ADCO0804-1 CN 0 to +70 Plastic

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

v ADCO0805 ADCO0805-1 LCN-40 to +85 Plastic

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

) ICM7555CBA  ICM7555CD 0to +70 Plastic

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

ICM7555IPA  ICM7555IN -40 to +85 Plastic

DAC-OBHN  DACO8HN 0o +70  Plastc ACM7555CP ICM7555CN 0 to +70  Plastic

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

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

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

LF198H SE5537H -55 to +125 Metal Can AM26LS32PC AM26LS32CN 0 to +70 Plastic

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

LF398H NES5537H 0 to +70 Metal Can DAC-08CD DAC-08CN 0to +70 Plastic

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

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

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

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

AM-453-2C  NESSS4/AF 0 to +70 = Ceramic LM290IN  LM200IN 40 to +85 Plastic

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

. LM311J-8 LM311F 0to +70 Ceramic

DAC-UP10BC NE5020N 0 to +70 Plastic

LM311N LM311N 0to +70 Plastic
DAC-UPSBC  NE5018N 0to +70 Plastic .
. LM324J LM324F 0to +70 Ceramic
DAC-UP8BM  SE5019F -55 to +125 Ceramic
DACUPSBQ SE5018F 55 to 125 Ceramic vy 0to+70  Plasto
LM339/A J  LM339/AF 0to +70 Ceramic
Exar XR-558CN NES558F 0 to +70 Ceramic LM339/A N LM339/AN 0to +70 Plastic

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

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

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

XR-L567CP NES67N 0 to +70 Plastic MC1408L MC1408F 0to +70 Ceramic

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

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

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

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

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

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

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

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

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

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

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

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

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

XR-6118CP  NE594N 0 to +70 Plastic MC3410CL  MC3410CF 0to +70 Ceramic

XR-13600CP  NE5517N 0 to +70 Plastic MC3410L MC3410F 0to +70 Ceramic
Harris HA-2539N  NE5530N 010 +70  Plastc NES410F 0 1o #70  Ceramc

MC3510L MC5410F -55 to +125 Ceramic

HA-2420-2/8B SE5060F -55 to +125 Ceramic "

) NE565N NES565N 0to +70 Plastic

HA-2425N NE5060N 0 to +70 Plastic .

NE592F NE592F-8 0to +70 Ceramic

HA-2425B NES5060F 0 to +70 Ceramic .

HA53208  NESOBOF O to +70  Ceramic NES92F HESeRF-14 = 0o +70 - Germic

NES592N NE592N-14 0to +70 Plastic
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Cross Reference Guide

Manufacturer Signeti Temp e Manufacturer Signetics Temperature
Manufacturer Part Number Part Number Range (°C) Pack Manufacturer Part Number Part b Range (°C) Package
SE592F SE592F-8 -55 to +125 Ceramic LM565CN NE565N 0 to +70 Plastic
SE592F SE592F-14 -55 to +125 Ceramic LM566N SE566N -55 to +125 Plastic
SE592H SE592H -55 to +125 Metal Can LM566CN NES66N 0 to +70 Plastic
National ~ ADCOB03F  ADC0803-1 LCF—40 to +85 Ceramic LMS67CN ~ NESG7N 0to+70  Plastic
LM733CN HA733CN 0 to +70 Plastic
ADCO0803N ADC0803-1 LCN-40 to +85 Plastic
LM741CJ uA741CF 0 to +70 Ceramic
ADC0805 ADC0805-1 LCN-40 to +85 Plastic
LM741CN HA741CN 0 to +70 Plastic
ADC0820CCN ADCO0820CNEN 0 to +70 Plastic LM741J UATAIE 55 to +125 Ceramic
ADC0820CCD ADCO0820CSAN -40 to +85 Plastic LM741N UATAIN _55 to +125 Plastic
ADC0820CD ADC0820CSEF -55 to +125 Ceramic
LM747CJ uA747CF 0 to +70 Ceramic
DAC0800LCJ DAC-08EF 0 to +70 Ceramic
. LM747CN MAT47CN 0 to +70 Plastic
DACO0800LJ  DAC-08F -55 to +125 Ceramic
DACOS0OLCN DACO8EN 0 to +70  Plastic LM747J ur47F S50 10128 Corime
LM747N MAT4TN -55 to +125 Plastic

DAC0801LCJ DAC-08CF 0 to +70 Ceramic
DAC0801LCN DAC-08CN 0to +70 Plastic
DAC0802LJ  DAC-08AF -55 to +125 Ceramic
DAC0802LCJ DAC-08HF 0 to +70 Ceramic
DACO0802LCN DAC-08HN 0 to +70 Plastic
DAC0806LCJ MC1408-6F 0 to +70 Ceramic
DAC0806LCN MC1408-6N 0 to +70 Plastic
DACO0807LCJ MC1408-7F 0to +70 Ceramic
DACO0807LCN MC1408-7N 0to +70 Plastic
DAC0808LCJ MC1408F 0to +70 Ceramic

LMC555CN ICM7555CN 0 to +70 Plastic
LMC555CM ICM7555CD 0 to +70 Plastic
HA080/DA DAC-08F 0 to +70 Ceramic
HA0B01CDC  MC1408F 0 to +70 Ceramic
HAO801CPC  MC1408N 0 to +70 Plastic
nAOBO1EDC  DAC-08EF 0 to +70 Ceramic
HAOBO1EPC  DAC-08AF 0 to +70 Ceramic
uA124J 2M124F -55 to +125 Ceramic
nA1458TC MC1458N 0to +70 Plastic
1A1488DC MC1488F 0 to +70 Ceramic

DACO0808LCN MC1408N 0 to +70 Plastic uA1488PC MC1488N 0 to +70 Plastic
DAC0808LD  MC1408F 0to +70 Ceramic pA1489/A PC MC1489/AF 0 to +70 Ceramic
DS3691N AM26LS30CN 0 to +70 Plastic pA1489/A PC MC1489/AN 0to +70 Plastic
DS3691M AM26LS30CD 0 to +70 Plastic pA198HM NE5537H 0 to +70 Metal Can
LF198H SE5537H -55 to +125 Metal Can MA198RM NE5537N 0 to +70 Plastic
.LF398H NE5537H 0 to +70 Metal Can WA2901DC LM2901F _40 to +85 Ceramic
LF398N NE5537N 0to +70 Plastic

nA2901PC LM2901N -40 to +85 Plastic
LM13600AN  NE5517N 0 to +70 Plastic

pA311RC LM311F 0to +70 Ceramic
LM13600N NE5517N 0 to +70 Plastic

" pA324DC LM324F 0 to +70 Ceramic

LM1458N MC1458N 0 to +70 Plastic

nA324PC LM324N 0 to +70 Plastic
LM161H SE529H -55 to +125 Metal Can

nA3302DC MC3302F -40 to +85 Ceramic
LM161J SE529F -55 to +125 Ceramic .

1A3302PC MC3302N -40 to +85 Plastic
LM2524)  SG3524F Oto +70  Ceramic uA339/ADC  LM339/AF O to 470  Ceramic
LM2524N SG3524N 0to +70 Plastic

pMA339/APC  LM339/AN 0to +70 Plastic

- + i
LM2SOIN  LM2901N 4010 +85  Plastic 4A3403DC  MC3403F  Oto +70  Ceramic
LM2903N LM2903N -40 to +85 Plastic .
uA3403PC MC3403N 0to +70 Plastic
LM3089 CA3089N -55 to +125 Plastic
HA398HC SE5537H -55 to +125 Metal Can
LM318J LM319F 0 to +70 Ceramic .
MA398RC SE5537N -55 to +125 Plastic
LM319N LM319N 0 to +70 Plastic N
WAS555TC NE555N 0to +70 Plastic
Lm324J LM324F Oto +70  Ceramic uAS56PC  NE556-1N 0to +70  Plastic
LM324N LM324N 0 to +70 Plastic NES56N !
+ )
LM324AD LM324AD 0to +70 Plastic wA723DC WAT23CF 010 +70 GCeramic
LM324AN LM324AN 0 to +70 Plastic N
. uA723DM pA723F -55 to +125 Ceramic
LM339/AJ LM339/AF 0to +70 Ceramic
HA723PC HA723CN 0 to +70 Plastic
LM339/AN LM339/AN 0 to +70 Plastic
. uA733DC MAT33F 0 to +70 Ceramic
LM3524J SG3524F 0to +70 Ceramic .
" MA733DM pA733F -55 to +125 Ceramic
LM3524N SG3524N 0 to +70 Plastic )
uHA733PC MA733N 0 to +70 Plastic
LM358H LM358H 0 to +70 Metal Can
N HA741NM WAT41IN -55 to +125 Plastic
LM358N LM358N 0to +70 Plastic
wA741RC nA741CF 0 to +70 Ceramic
LM361H NE529H 0 to +70 Metal Can
HA741TC pA741CN 0 to +70 Plastic
LM361J NE529D 0 to +70 ’
" MA747DC uA747CF 0 to +70 Ceramic
LM361N NE529N 0 to +70 Plastic )
y HA747PC HA747CN 0 to +70 Plastic
LM393/AN LM393/AN 0 to +70 Plastic .
. UC3842D uC3s42D 0to +70 Plastic
LM555J4 NE555F 0to +70 Ceramic .
N ucas42J) UC3842FE 0 to +70 Ceramic
LM555N NES55N 0to +70 Plastic .
UC3842N UC3842N 0to +70 Plastic
LM556J SE556-1F -55 to +125 Ceramic
. uc2842D uC2842D 0to +70 Plastic
LM556N SE556-1N -55 to +125 Plastic .
LM556CJ NE556-1F 0to +70 Ceramic ucas42J UC2842FE 0 to +70 Ceramic
UC2842N UC2842N 0 to +70 Plastic

LM556CN NE556-1N 0to +70 Plastic
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Manufacturer Signetics Temperature Manufacturer Signetics Temperature
Manufacturer Part Number Part Number Range (°C) Packag Manuf: Part Number Part Number Range (°C) Package
uc1842J UC1842FE  -55 to +125 Ceramic LM311D LM311D Oto +70 Plastic
UC1842N  UC1842N -55 to +125 Plastic LM311J LM311F Oto +70  Ceramic
NEC uPC1571C  NES7IN Oto +70  Plastic LM311JG LM311FE 0to+70  Ceramic
PMI CMP0SGP  NES105N  Oto +70  Plastic tmggﬁ txggzg S . I;g g'::‘;ic
CMP-05CZ SE5105F -55 to +125 Ceramic LM339/A) LM330/AF 010 +70 Ceramic
CMP-05BZ SE5105F -55 to +125 Ceramic LM339/AN LM339/AN 010 +70 Plastic
CMP-05GZ  SA5105N -40 to +85 Plastic LMa58P LM356N 00 +70  Plastic
CMP-05FZ  SA5105N -40 to +85 Plastic M393/A P LM393/AN O 1o 470  Plastic
DAC1408A-6P MC1408-6N O to +70  Plastic MO1458P  MO1458N 010470  Plsto
DAC1408A-6Q MC1408-6F 0 to +70  Ceramic NES532/A JG NESS532/AF O to +70  Ceramic
DAC1408A-7N MC1408-7N 0 to +70 Plastic NE5532/A P NE5532/AN 0 to +70 Plastic
DAC1408A-7Q MC1408-7F 0 to +70  Ceramic NE5534/A JG NES534/AF O to +70  Ceramic
DAC1408A-8N MC1408-8N 0 to +70  Plastic NESES4/A P NESS34/AN 010 +70  Plastic
DAC1408A-8Q MC1408-8F 0 to +70  Ceramic NES55JG NESEEN 010 +70  Plastic
DAC1508A-8Q MC1408-8F  -55 to +125 Ceramic NES55P NESSEN 0t0+70  Plasto
DAC312FR  AMBO12F 0to +70  Ceramic NEs2eP NESS6N 0t 470  Plstic
OP27BZ SE5534AFE  -55 to +125 Ceramic NES56) NES56.1F 0t 470 Coramic
0P27CZ SE5534FE -55 to +125 Ceramic NE556N NE556-1N 0to +70 Plastic
PM747Y HA747N -55 to +125 Plastic NE592 NE592N14 0to +70 Plastic
SMP-10AY  SE5060F -55 to +125 Ceramic NES92A NESO?F14 010 470  Ceramic
SMP-10EY  NE5060N 0to +70  Plastic NES92 NES92F 010 +70  Ceramic
SMP-11AY  SE5060F -55 to +125 Ceramic NESO2N NESOIN-14 O 1o 470  Plastic
SMP-11EY NE5060N 0 to +70 Plastic SAB56P SAB56N _40 to +85 Plastic
Raytheon RC4805DE NE5105N 0to +70 Plastic SE5534/A JG SE5534/AF -55 to +125 Ceramic
RC4805EDE  NE5105AN 0 to +70  Plastic SE555JG SE555N -55 to +125 Plastic
RM4805DE  SE5105F -55 to +125 Ceramic SE5564 SE556-1F -55 to +125 Ceramic
RM4805ADE ~ SE5105AF  -55 to +125 Ceramic SE556N SE556-1N -55 to +125 Plastic
RC5532/A DE NE5532/AF 0 to +70  Ceramic SE592 SE592N14 =55 to +125 Plastic
RC5532/A NB NE5532/AN 0 to +70  Plastic SE592J SE502F-14 55 to +125 Ceramic
RC5534/A DE NE5534/AF 0 to +70  Ceramic SE592N SE592N-14  -55 to +125 Plastic
RC5534/A NB NE5534/AN 0 to +70  Plastic SN55107AJ  NE521F 0to +70 Plastic
RM5532/A DE SE5532/AF  -55 to +125 Ceramic SN55108AJ  SE522F -55 to +125 Ceramic
RMS5534/A DE SE5534/AF  -55 to +125 Ceramic SN75107A)  NE521F Oto +70  Plastic
silicon SG3524)  SG3524F  Oto +70  Ceramic 2::;:}8;:3' :‘Egg;‘ S o I;g 2':§'m°ic
General SG3526N SG3526N 0to +70 Plastic SN75108AN  NE522N 0 1o +70 Plastic
Sprague  UDN6118A  SA594N -40 to +85 Plastic SN75188)  MC1488F Oto +70  Ceramic
UDN6118R  SA594F -40 to +85 Ceramic SN75188N  MC1488N 0to+70  Plastic
ULN3524A  SG3524 0to +70  Plastic SN75189A) MC1489AF  Oto +70  Ceramic
ULN8142M  UC3842N 0to+70  Plastic SN75189AN MC1489AN  Oto +70  Plastic
ULNB160A  NE5560N 0to+70  Plastic SN75189)  MC1489F Oto+70  Ceramic
ULN8160R  NE5560F 0to+70  Ceramic SN75189N  MC1489A 0to+70  Plastic
ULN8161M  NE5561N 0to +70  Plastic TL592A NE592F14 0to+70  Ceramic
ULNB168M  NE5568N Oto +70  Plastic TL592P NE592NB Oto +70  Plastic
ULN8564A  NE564N 0to +70  Plastic uA723CJ WAT23CF 0to+70  Ceramic
ULN8564R  NE564F 0to+70  Ceramic pA723CN  upA723CN 0to+70  Plastic
ULSB564R  SE564F -55 1o +125 Ceramic uA723MJ uAT23F -55 to +125 Ceramic
T ADC0803N  ADC0803-1 LCN-40 to +85 Plastic Unitrode  UC3524J SG3524F Oto+70  Ceramic
ADCOB04CN  ADC0804-1 CN 0 to +70  Plastic UC3524N  SG3524N Oto+70  Plastic
ADCOBOSN  ADC0805-1 LON-40 to +85  Plastic *THERE MAY BE PARAMETRIC DIFFERENCES BETWEEN SIGNETICS'
M1t LMITF 55 to +125 Ceramic PARTS AND THOSE OF THE COMPETITION.




ge-t

Cross Reference Guide by Numeric Listing

ANALOG LINEAR RAY- SGS/ SILICON
NUMERIC DESCRIPTION SIGNETICS DEVICES EXAR | FAIRCHILD HITACHI TECH MOTOROLA | NATIONAL NEC PMI THEON RCA THOMSON| GENERAL SPRAGUE T OTHERS
DAC-08 8-Bit D/A DAC-08F ADDAC-08 HA0BO/DA HA17008 DAC-08 DAC-0800 | uPC624 | DAC-08 DATEL DAC08
Converter DAC-08BAF HAOBO1E DAC-0801 AMD DAC-08
DAC-08CF, CN DAC-0802 Hams-HI5618
NES007F, N
DAC-08ED, EN
NES008D, F, N
SE5008F
DAC-08HF, HN
NES5009F, N
SE5009F
08031 8-Bit A/D AADCO0803LCF, LCN ADC0803 ADC0803 Intersil
0804/ Converter ADCOB04CN, LCD, AADC0804 AADC0804 ADC0803
0805 LCF, LCN, ADC0805 ADC0805 0840
ADC0805 LCN 0805
0820 8-Bit CMOS ADC0820 CNED AD7820 ADC0820 Maxim
A/D Converter ADCO0820CNEN Max150
m Voltage LM111FE AD111 AT LMI11 M111 M1t PM111 LM111 SG111 LM111
Comparator
119 Duat LM119F LT119 LM119 PM119
Comparator LM119
124 Quad OP Amp LM124F, N LM124 LT1014 M124 M124 CA124 SG124 LM124
High
13600 Performance NES517AN XR13600 LM13600/A
Dual Transcon NESS17D, N
Amp
139 Quad LM139AF HA139 LM139 LM139 PM139 | LM139 CA139 LM139
Comparator LM139F, N CMP-04
1408/ 8-Bit D/A MC1408-6F, N AD1408 HA0BO1C HA17408 MC1408/ DAC0806 DAG-1408} DAC-1408 Hams
1508 Converter MC1408-7F, N 1508 0807 HI5618
MC14088D, F, N 0808
MC1508-8F
Hams
CM1458
MC1458D, N
1458/ ’ MC1458 LM1458 Samsung
1558 Dual Op Amp MC1558N pA1458 MC1558 LM1558 uPC251 | OP-14 CA1458 | MC1458 MC1458 MC1458
SA1458N
Micro Power
MP OP-14
Quad Line SN75188
1488 Drver MC1488D, F, N XR1488 | uA1488 MC1488 DS1488 MC1488 MC1488
Quad Line MC1489A, D, F, N XR1489/ SN75189/A
1489 Recener MC1489D, F. N A UA1489/A MC1489/A | DS1489/A MC1489 | SG1489/A MC1489/A
Balanced
1496/ MC1496F, N MC1496 LM1496 Plessey
1596 Moduator/ MC1596F, N HATEE MC1s96 | LM15%6 Sa14% SL1496
Demodulator
Cherry
Improved SMPS CS1524
1524 Control Grreutt SG1524CF, CN XR1524 LT1524 CA1524 | SG1524 | SG1524 ULNB124 | SG1524 Unitrode
uc1524
LM158FE, N Intersil
158 Dual Op Amp NES32FE. N LM158 LM158 LM158 LM158 CA158
LM193AFE
193 Dual Comparator LM193FE 1A193 LM193/A LM193/A LM193/A
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG LINEAR ses/ | SILICON
NUMERIC |  DESCRIPTION sinemics | oh0 0% | exan | Famcuio | wmacst | SRR | MOTOROLA | NATIONAL| MEC | Pwi Ravrweoh Rca | ol | SLCOR | spracue mn OTHERS
AMD
Sample-and- LF196FE, H LF198
198 Hold Amp SESSO7FE, H HATS8 LF1%8 LF1s8 Hams
HA2430
Voltage
a1 onage or LM211D, FE, N | AD211 M211 LM211 PM211 saa11 211
219 Dual Comparaor LM2190, F, N LM219 TDEO119
LM224D, F, N
204 Quad Op Amp | oD F 224 HA17224 LM224 LM224 M224 LM224
Quad Voltage LM239AN PM239
29 o v 1A239 LM239 LM239 e, | tiz3s | cazas LM239
Cherry
Improved SMPS 82524
2524 Control IC SG25240N Sa2524 oo
uc2524
LM256N
258 Dual Op Amp N 1A258 HA17258 M256 25 | uPcass CAZ58 | LM2s8 LM258
Sync with Vert Osc
sl and Drver TOA2STTA TOAZST?
Horizontal Plessey
293 Combination TDA2593 TDA2593 Towe
Quad HiSpeed | AM26LS31 AMD
sy | Qe oo, N AM26LS31 AM26LS31 | DS26LS31 Amzesa MM
Quad Voltage
2001 et LM2901D, F, N 1A2901 M2901 | LM2901 LM2901
LM2902D, N
2002 Quat Op Amp | geaobe N 12902 M2902 | LM2go2 LM2902
Dual Voltage
2003 Foodiiond LM2903D, FE, N uA2903 M2203 | L2903 LM2903
2904 Dual Op Amp LM2904D, N 12904 M2904 | LM2904 LM2904
LM293AFE, AN
20 Oual Comparator | {2 tFE LM293/A | LM293/A LM293/A
3089 FM IF System CAJ0BIN LM3089 CA3089
311 Voltage Comparator | LM311D, FE, N A3 Lmat M3t M3t
High- Speed
) o Coalor | LMB1SD. F. N Ma19 | uPC3te Lm319
LM324AD, AN Samsung
324 Quad Op Amp ot E N 324 HA17324 M324/A | LM324/A LMa24 LM324 o]
Quad Voltage
3302 Commaron MC3302D, F, N 1A3303 MC3302
3303 Quad Op Amp | MC3303F, N A3303 MC3303 MC3303 M3303
Samsung
3061 Low Power FM IF | MC3361D, N Mc3361 mang
Quad Voltage LM39AF, AN
3% Comparaer Cosab, N 1A339 (M339/A | LMaso/A | uPcade | PM3ae | Lmade | cA3se | Lvazs LM339
3403/ MC3403D, F, N MC3403 MC3403 MC3403
3508 Quad Op Amp MC3505, F, N HA3403 MC3503 Ruata7 MC3503 MC3503
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Cross Reference Guide by Numeric Listing (Continued)

AN-sole source)

ANALOG LINEAR SGS/ SILICON
NUMERIC DESCRIPTION SIGNETICS DEVICES EXAR FAIRCHILD HITACHI TECH MOTOROLA | NATIONAL NEC PMI AYTHEON RCA T GENERAL SPRAGUE m OTHERS
a0/ 10-8t D/A M MC3410/C Harns
3510 Converter MC3510F MC3510 HI-5610
Cherry
3524 SWPS Conlrol 563524, F, N XRas24 LT3524 LM3s24 CAI24 | SG3524 |Sa24 | ULNGS24 | SG3524 Cs3sa4
Circutt Unitrode
UC3524
Improved SMPS Unitrode
3524C Control Crcut $G3524C, D, N SG35248 UCa524A
Unitrode
3526 SMPS SG3526F, N $G3526 $G3526 ULN8126 UC3526
LM358AD, AN Sanyo
358 Dual Up Amp LM358D, N HA17358 LM358/A LM358/A | uPC358 | OP-221 CA358/A | LM358 LM358/A ¥
LA6358
NE5320, N
361 See 529
Unitrode
SMPS UC3842N/D|
3842 i UC3842N, D UC3842AN SG38a2M Cherry
CS3842AN
387 See 542
LM393AFE, AN
LM393D, N Sanyo
393 Dual Comparator L M393FE-Sole HA17393 LM393/A LM393/A LM393 LM393/A LA6393
Source
AMD
Sample-and-Hold LF398D, FE, H, N LF398
398 Amp NESS37D, FE, H, N 1A398 LF398 LF398 SMP-10 Harris
HA2425
Dual General NE4558D, FE, N
4558 Pusose Op A SA4SSBFE, N XR4568 MC4558 RC4558
upose Op AP SeasserE, N
5007 See DAC-08C
5008 See DAC-08E
5009 See DAC-08H
AMD
5018 8-Bit Converter NE5018D, F, N AM6081
Voltage Out SE5018F Datel
DAC 4P8B
8-Bit D/A Datel
5019 Converter Seren N DAC
Voltage Out uP8BM
10-Bit D/A
5020 Converter NES020F, N pate
DAC P10
Voltage Out
High-Speed Harris
Precision SMP-10 HA2420
5060 Sample- NES060F AD583 SMP-11 HA2425
and-Hold Amp HA5320
s | S0
5105 Precision (NES105AD, CMP-05 | RCA805
Comparator
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG LINEAR sGS/ | SILICON
NUMERIC | DESCRIPTION SIGNETICS | ppucre | EXAR | FARCHILD | HITACHI | “rza | MOTOROLA | NATIONAL [ NEC | PMi RAYTHEON ReA |l | Uil | SPRAGUE n OTHERS
8Bt D/A
stie Converter ol o
Current Out
Unitrode
5170 Octal Line Drver NE5170A, N o
Octal Line Unitrode
5180 Pacoer NE5180A, N wode
529 High-Speed NES29D, F, H, N Lm161
Comparator SE529F, H LM361
High Slew Rate Op Hams
531 s NES31FE, H, N RC4531 Tos1s
532 See 358
Low Noise Dual
562 v NES42N LM3g7
5517 See 13600
NESS32AFE, AN
5502 2:?' Low Noise Op | neesaon, e, N R RSE/A Nessara | o
P SES532AFE, FE s
Dual Low Noise Op | NE5533AN
5533 po NESS30D, N XRS533 NESS533/A
NESS34AD, AN
(NES534AFE-sole ‘S‘"a"ggm
source) e
NES534D, FE, N e
5534 Low Noise Op Amp P XR5534 OP-27 | RCSBM4/A NESS34/A | Datel
SAS534AD, AN ot453.20
SAS534N o
SES534AFE, AN
SESS34FE, N HAS101/11
5537 See 398
NES539D, F, N Hams
5539 Fast Op Amp SE5539, F, H AD5539 HA2539
NESSSD, FE, N NEsss erst
555 Timer SASSSD, N XRS55 | pAsss HA17555 ougs | LMess | uposss RCS55 | CAsss | NESSS NES55 o
SESS5CN, FE, N
NES56D, F, N
556 Dual Timer SAS56N HAS56 :‘Ei‘;s LM556 NES56 NES56 s’xg;‘g
SESSECN, F., N
Cherry
sc60 SMPS Control NES560D, F, N ULNB160 855600
Grroutt SES560F, N “disc IPS *disc
1P5560C
ss61 SMPS Control NES561D, FE, N ULNB161 85561
Grrout SESSBIFE, N *disc IPS *disc
1P5561C
Cherry
SMPS Control ULNB168 CS5568
5568 Grout NEsS68D, N “disc PS *disc
1P5568C
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG LINEAR SGS/ | SILICON
NUMERIC | DESCRIPTION SIGNETICS otvices | EXAR | FARCHILD | wmacki | LT | MOTOROLA | NATIONAL| Nec | pwi RaviEON Aca | SRR SUCOR | sRAGUE T OTHERS
NES58D, F, N
558 Quad Timer SAS5EN XRS58
SES58F, N
High Frequency NES6AN
564 (NE564D, F-sole ULNB564
Phase-Locked Loop source)
NESGSD, F, N
565 Phase-Locked Loop | greecc” NES65 LM565
NES66D, F, N
566 Function Generator SE566F, N LM566
NES67D, F, FE, N MCE
557 Tone Decoder SES6TFE, F, N XRS67 \se7 MCE-567
Phase-Locked Loop | (SE567D-sole XR2567 Samsung
source) LMs67
NES71D, F, N
571 Compandor (SA571D, F, N-sole uPC1571C|
source)
583 See 5060
NES92 D14, D8,
F14, F8, H, HD14,
HDB, HN14, HNG,
502 Video Ampliier N14, N8 AS92C NES92 LMsg2 ?LE::; '"‘E’é‘;sz
SA59208, N8
SE592 F14, FB, H,
N14, N8
Sanyo
NES94D, F, N
594 Vacuum Fluorescent,| gpsaqn ¢ XR6118 ULN6188 181290
Display Driver SE594F, N Toshiba
' 062781
AMD
AMBO12F
6012 12:81 D/A (AMB012D-s0le XRA464 NS8464 DAC312 AMGOT2
Converter source) Hams
HI562A
6081 See 5018
Siemens
6456 1GHz Prescaler | SAB6456PN, TD vl
Precision WAT723CD, CF, CN
723 Voltage WAT23F, N uAT23 HA17723 MC1723 | w723 RC728 A28 |\ 7o | sG723 uAT23 Intersi
M723 [LM723 M723
Regulator SA723CN
Differential
WAT33CF, CN Intersil
733 Video bATSaF N uAT33 HA17733 MC1733 | LM733 UAT33 e
Amp
Micropower
MPOP-02
WAT41CD, CFE, CN|
741 General Pupose | n744g A4t HA17741 MC1741 LM741 0P-02 LM741 | G741 uATA Plessey
Op Amp SATA1CFE, CN SLE62
N Samsung
LM741

Bunsi] ouewnN AQ eping aousleey SSoID

S|ONPoId 1o8ur] soleubis




oe-t

Cross Reference Guide by Numeric Listing (Continued)

NUMERIC | DESCRIPTION SGNETIcs | ALY | exan | FARCHILD | HITACHI | ‘Nert | MOTOROLA | NATIONAL| NEC | M RavrHEON RcA | SGS | SLIOM | qopague m OTHERS

147 Dual Op Amp y":;:;?umm ATAT HAT7747 Ci7er | M7 | wPCtate | P04 | Aoa7 | CATer ATAT Meohover
SATATON

75188 See 1488

75189 | See 1489

7555 uos lﬁ'éiﬁii&".ﬁ" LMoss5 Tosss | "
{CM7555MN

7620 See 0820

8126 Seo 3526

8160 Seo 5560

8161 See 5561

8168 See 5568

8464 See 6012

8564 Seo 564
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Signetics

Linear Products

SO Avaqilability 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

*DACO8ED SO-16 8-Bit D/A Converter *NE544D SOL-16 Servo Amp

*LF398D SO-14 Sample-and-Hold Amp *NE5512D SO-8 Dual Hi-Perf Op Amp

LM1870D SOL-20 Stereo Demodulator *NE5514D SOL-16 Quad Hi-Perf Op Amp

LM2901D SO-14 Quad Volt Comparator NE5517D SO-16 Dual Hi-Perf Amp

LM2903D 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 NE5537D SO-14 Sample-and-Hold Amp

LM358AD SO-8 Dual Op Amp NE5539D SO-14 Hi-Freq Amp

LM358D SO-8 Dual Op Amp Wideband

LM393D SO-8 Dual Comparator NES555D SO-8 Single Timer

*MC1408-8D SO-16 8-Bit D/A Converter NE556D SO-14 Dual Timer

MC1458D SO-8 Dual Op Amp NES5560D 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 NE558D SOL-16 Quad Timer

MC3361D SOL-16 Low Power FM IF NE5592D SO-14 Dual Video Amp

MC3403D SO-14 Quad Low Power Op NE564D SO-16 Hi-Frequency PLL
Amp *NE565D SO-14 Phase Locked Loop

NE4558D SO-8 Dual Op Amp NE566D SO-8 Function Generator

*NE5018D SOL-24 8-Bit D/A Converter NE567D SO-8 Tone Decoder PLL

*NE5019D SOL-24 8-Bit D/A Converter NES568D SOL-20 PLL

*NE5036D SO-14 6-Bit A/D Converter NE571D SOL-16 Compandor

NE5037D SO-16 6-Bit A/D Converter NE572D SOL-16 Prog Compandor

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 NES5900D 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 NE592HD8 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 SO-8 Double Balanced

NE5230D SO-8 Low Voltage Op Amp Mixer/Oscillator

NE527D SO-14 High-Speed NE614D SO-16 Low Power FM IF
Comparator System

NE529D SO-14 High-Speed *PCD3311TD SO-16 DTMF/Melody
Comparator Generator

February 1987
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Signetics Linear Products

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 S0-8 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 uA723CD SO-14 Voltage Regulator
PCF8576TD VS0-56 MUX/Static Driver uA741CD SO-8 Single Op Amp
PCF8577TD VS0-40 32-/64-Segment LCD MAT747CD SO-14 Dual Op Amp
Driver NOTE:
SA5105/AD SO-8 High-Speed *Non-standard pinout.
Comparator
SA5230D SO-8 Low Voltage Op Amp
SA5212D8 SO-8 Transimpedance Amp
SA532D SO-8 Dual Op Amp
SA534D SO-14 Dual Op Amp
SA555D SO-8 Single Timer
SA571D SOL-16 Compandor
SA572D SOL-16 Compandor
*SA594D SOL-20 Vac Fluor Disp Driver
SA602D SO-8 Double Bal Mixer/
Oscillator
SA604D SO-16 Lower Power FM IF
System

NOTE:

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

February 1987
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Linear Products

Signetics' Linear integrated circuit prod-
ucts may be ordered by contacting either
the local Signetics sales office, Signetics
representatives and/or Signetics autho-
rized distributors. A complete listing is
located in the back of this manual.

Minimum Factory Order:
Commercial Product:

$1000 per order
$250 per line item per order

Military Product:
$250 per line item per order

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

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

As noted in Table 3, Signetics defines
device operating temperature range by
the appropriate prefix. It should be not-
ed, however, that an SE prefix (-55°C to
+125°C) indicates only the operating
temperature range of a device and not
its military qualification status. The mili-
tary qualification status of any Linear
product can be determined by either
looking in the Military Data Manual and/
or contacting your local sales office.

December 1988

Ordering Information
for Prefixes ADC, AM, AU, CA,

DAC, ICM, LF, LM,
SE, SG, uA, UC

MC, NE, SA,

Table 1. Part Number Description
CROSS REF PRODUCT PRODUCT
PART NUMBER  pART NO. FAMILY DESCRIPTION
E‘E 5537N LF398 LIN Sample-and-Hold Amp
—— Description of
Product Function
——»— Linear Product Family
L——m= Package Descriptions — See Table 2
'—————— Device Number
l—————————= Device Family and Temperature Range Prefix — See

Tables 3 & 4
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Ordering Information

Table 2. Package Descriptions

PACKAGE
OLD | NEW | hESCRIPTION

A, AA N 14-lead plastic DIP

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

B, BA N 16-lead plastic DIP

D Microminiature
package (SO)

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

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

K H 10-lead TO-100

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

NA, NX |N 24-lead plastic DIP

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

T, TA H 8-lead TO-99

U U SIP plastic power

Vv N 8-lead plastic DIP

XA N 18-lead plastic DIP

XC N 20-lead plastic DIP

XC N 22-lead plastic DIP

XL, XF [N 28-lead plastic DIP

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

December 1988

Table 3. 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

Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
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Sianeti Ordering Information
9 s for Prefixes HE, OM, PC, PN,
SA, TD, TE

Linear Products

Signetics' integrated circuit products Table 1. Part Number Description
may be ordered by contacting either the PART PRODUCT PRODUCT

local Signetics sales office, Signetics
representatives and/or Signetics autho- NUMBER FAMILY DESCRIPTION

rized distributors. TDA2541N LIN Video IF Amplifier
Minimum Factory Order: .
Commercial Product: Description of
Product Function
$ 1000 per order
$ 250 per line item per order

Product Family Linear

Table 1 provides part number informa- Package Description — See Table 2A

tion concerning Signetics/Philips inte-

grated circuits. Device Number

Table 2 provides package suffixes and t——————= Device Family and Temperature Range Prefix — See Table 3A

descriptions for all presently existing
types. Letters following the device num-
ber not used in Table 2 are considered

to be part of the device number. Table 2. Package Description

Table 3 provides explanations on the SUFFIX PACKAGE DESCRIPTION

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

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

ate prefix.

OPERATING TEMPERATURE: Table 3. Device Prefix

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

The letters A to F give information about
the operating temperature:
A: 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

PCx CMOS circuit
PNx NMOS circuit

SAx Digital circuit
TDx Linear circuit
TEx Linear circuit

nmTm o o w
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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 1s becoming clear that what
was once thought to be unattainable — zero
defects — is, in fact, achievable.

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

REDUCING THE COST OF
OWNERSHIP THROUGH TOTAL
QUALITY PERFORMANCE

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

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

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

December 1988

Quality and Reliability

Product conformance to specification is mea-
sured throughout the manufacturing cycle.
Signetics calls the first submittal to a Product
or Quality Assurance gate our Estimated
Process Quality or EPQ. It 1s an internal
measure used to drive our Quality Improve-
ment Programs toward our goal of Zero
Defects. All product acceptance sampling
plans have zero as their acceptance criteria.
Only shipments that demonstrate zero de-
fects during these acceptance tests may be
shipped to our customers. This Is in accor-
dance with our commitment to our Zero
Defect policy.

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

QUALITY DATABASE
REPORTING SYSTEM — QA05

The capabillities of our manufacturing process
are measured and the results are recorded
through our corporate-wide QAO5 database
system. The QA0S 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 i1s
distributed routinely to our customers who
have formally adopted our Ship-to-Stock pro-
gram.

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

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

Signetics' Ship-to-Stock
Program

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

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

gram are:

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

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

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

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

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

As a result of their participation in the Ship-to-
Stock Program, many of our customers have
eliminated costly incoming testing on select-
ed ICs. We will work together with any cus-
tomer interested to establish a Ship-to-Stock
Program, and identify the products to be
included in the program and finalize all neces-
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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.
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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-
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ting continuous-flow manufacturing and elimi-
nating the need for expensive inventories.

Signetics Self-Qual Program

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

WE WANT TO WORK WITH

YOU

At Signetics, we know, that our success de-

pends on our ability to support all our custom-

ers with the defect-free, higher density, higher

performance products needed to compete

effectively in today's demanding business

environment. To achieve this goal, quality in

another arena — that of communications —

is vital. Here are some specific ways we can

maintain an ongoing dialogue and information

exchange between your company and ours

on the quality issue:

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

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

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

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

QUALITY AND RELIABILITY
ASSURANCE

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

® Wafer Fabrication

® Assembly

® Inspection and Test

® Product Reliability Monitoring
® Customer liaison

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

RELIABILITY BEGINS WITH THE
DESIGN

Quality and reliability must begin with design.
No amount of extra testing or inspection will
produce reliable ICs from a design that is
inherently unreliable. Signetics follows very
strict design and layout practices with its
circuits. To eliminate the possibility of metal
migration, current density in any path cannot
exceed 5 X 10 amps/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.

PRODUCT CHARACTERIZATION

Before a new design is released, the charac-
terization phase is completed to insure that
the distribution of parameters resulting from
lot-to-lot variations is well within specified
limits. Such extensive characterization data
also provides a basis for identifying unique
application-related problems which are not
part of normal data sheet guarantees.

RELIABILITY MEASUREMENT
PROGRAMS

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

DESCRIPTION OF STRESSES

SHTL — Static High Temperature Life:
SHTL stressing applies static DC bias to the
device. This has specific merit in detecting
1onic contamination problems which require
continuous uninterrupted bias to drive con-
taminants to the silicon surface. DHTL stress-
Ing is not as effective in detecting such
problems because the bias continuously

Table I. RELIABILITY ASSURANCE PROGRAMS

changes, intermittently generating and heal-
ing the problem.

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

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

TMCL — Temperature Cycling, Air-to-Air:
The device is cycled between the specified
upper and lower temperature without power
in an ar or nitrogen environment. Normal
temperature extremes are -65°C and
+150°C with a minimum 10 minute dwell and
5 minute transition per Mil-STD-883C, Meth-
od 1010.5, Condition C. This 1s a good test to
measure the overall package to die mechani-
cal compatibility, because the thermal expan-
sion coefficients of the plastic are normally
very much higher than those of the die and
leadframe.

PPOT — Pressure Pot: This stress exposes
the devices to saturated steam at elevated
temperature and pressure. The standard con-
dition 1s 20 PSIG which occurs at a tempera-
ture of 127°C and 100% RH. The stress is
used to test the moisture resistance of plastic
encapsulated devices. Because the steam
environment has an uniimited supply of mois-
ture and ample temperature to catalyze ther-
mally activated events, it is effective at de-
tecting corrosion problems, contamination in-

RELIABILITY FUNCTION

TYPICAL STRESS

FREQUENCY

New Process Qualification

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

Temperature Cycle

Each new wafer fab process

New Product Qualification

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

Temperature Cycle

Electrostatic Discharge Charactenzation

Each new product

SURE Il

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

Temperature Cycle

Thermal Shock

Each fab process family,
every four weeks

Product Monitor

Pressure Pot
Thermal Shock

Each package type and
technology family at each

assembly plant, every week
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duced leakage problems, and general glassi-
vation stability and integnty

TMSK — Thermal Shock, Liquid-to-Liquid:
Similar to TMCL, however, heating and cool-
ing are done by immersing the units in hot
and cold inert liquid. Temperature extremes
are -65°C to +150°C with a minimum 5
minute dwell and less than 10 second transi-
tion per Mil-STD-883C, Method 1011.4, Con-
dition C. Since heat transfer by conduction i1s
generally much faster than by convection, the
liguid-based thermal shock causes more rap-
id temperature changes in the part.

PRODUCT QUALIFICATION
Linear products are subjected to ngorous
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 =175°C, 1000 hours, unbiased
® Temperature Humidity Biased Life.
85°C, 85% relative humidity, 1000
hours, static bias
® Pressure Cooker:
20 psig, 127°C, 168 hours, unbiased
® Temperature Cycle:
-65°C to +150°C, 500 cycles, 10
minute dwell, air to ar, unbiased

Formal qualification procedures are required
for all new or changed products, processes,
and facilittes. These procedures ensure the
high level of product rehability 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 ngorous failure
rate requirements. New or changed process-
es are similarly qualffied.

December 1988

ONGOING RELIABILITY
ASSESSMENT PROGRAMS

The SURE Program

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

The Audit Program
Samples are selected from each process
family every four weeks and are subjected to
each of the following stresses.
® High Temperature Operating Life:
Ty =150°C, 1000 hours, static bias
® Temperature Humidity Biased Life:
85°C, 85% relative humidity, 1000
hours, static bias
Pressure Cooker:
20 psig, 127°C, 72 hours, unbiased
Thermal Shock.
-65°C to +150°C, 300 cycles, 5 minute
dwell, hquid-to-hquid, 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 fallure mechanisms, and
an estimated failure rate resulting from each
stress. This data 1s compiled periodically and
1s 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 qualfication
activities.

Included In the engineering process are:

® Evaluation and qualification of new or
changed matenals, 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
engineerning 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-bliased temperature-humidity, are also
included in some evaluation programs.

Failure Analysis

The SURE Program and the Reliability Eng-
neering Program both include failure analysis
activites and are complemented by corpo-
rate, divisional, and plant falure analysis
departments. These engineering units pro-
vide a service to our customers who desire
detailed failure analysis support, who Iin 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 fallure mechanisms and their pre-
vention.
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LINEAR DIVISION LINEAR PROCESS FLOW

WAFER

FABRICATION

o Y

DIE ATTACH
WIRE BOND

[ Y

HERMETIC
SEAL
PLASTIC
ENCAPSULATION

SYMBOL

100%
ELECTRICAL TEST

BURN-IN
OPTION
100%
ELECTRICAL TEST
VISUAL

INSPECTION

OUTGOING
QUALITY CONTROL

| SHIPMENT I

SCANNING ELECTRON MICROSCOPE CONTROL

Wafers are sampled daily by the Quahity 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 result in early falures

DIE SORT VISUAL ACCEPTANCE

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

DIE ATTACH AND WIRE BONDING
The latest automated equipment 1s used under statistical process control program

PRE-SEAL VISUAL ACCEPTANCE

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

SEAL TESTS
Hermetic package seal integnty 1S 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 1s 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

VISUAL

All products are wisually inspected per the requirements specfied in Signetics' or customer
documents

FINAL QUALITY ASSURANCE GATE

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

PFO0BS0S.
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SIGNETICS' MANUFACTURING
FACILITIES

Signetics, as part of a multinational corpora-
tion, utiizes manufacturing faciliies for wafer
fabrication, package assembly, and test in
three states and three overseas countries as
shown 1n Table Il. All wafer fabrication i1s
performed in Signetics operated fabs which
report to the Vice President of Die Manufac-

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

Table Il. Signetics' Linear Product Manufacturing Facilities

WAFER FABRICATION FACILITIES
Designation Location Process Families
Fab 01 Sunnyvale, California Bipolar Junction Isolated
Fab 09 Orem, Utah Bipolar Gold Doped
Fab 16 Sunnyvale, Califormia Oxide Isolated
Fab 21 Orem, Utah Bipolar Schottky
Fab 22 Albuquerque, New Mexico ACMOS
ASSEMBLY FACILITIES
Designation Location Package
SigKor Seoul, Korea DIP, SO, and PLCC
SigThai Bangkok, Thailand DIP and CERDIP
Orem Orem, Utah Miltary "‘Jan'' Hermetic
Pebel Kaohsiung, Taiwan SO
Anam Seoul, Korea SO and Metal Can
TEST FACILITIES
Designation Location Package
TAO3 Sunnyvale, California Wafer Sort, Final Test
and Quality Assurance
SigKor Seoul, Korea Final Test and Quality
Assurance
SigThar Bangkok, Thailand Final Test and Quality
Assurance
Sacto Sacramento, California Military Final Test and
Quality Assurance

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

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

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

® Signetics' Logo

® Product Identification and Package Designator

® Traceability Code*

® Assembly Date and Plant Codes*

® Product Revision Level*

® SUPR |l B Processing Code (if applicable)

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

Example:

S NE5534N  line 1
FBW5491 line 2
8901VCB  line 3

Line 1:

S = Signetics' Logo

NE5534 = Product type designation

N = Package type:

N = Dual-in-Line Plastic

F = Dual-in-Line CerDip

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

Line 2:

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

traceability back to the Wafer Fabrication.

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

Line 3:

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

product was packaged during the first four weeks

of 1989. The first digit of the year may be

omitted on some packages: 901.

V = Assembly Plant Code which indicates the assembly
facility in which the finished product was packaged.
Assembly Plants Codes are:
V = Signetics Bangkok, Thailand
K = Signetics Seoul, Korea
B = Philips Kaohsiung, Tawan
L = Anam Seoul, Korea
C = Product Revision Level
B =SUPR Il B Burn-in Processing Code (if present)
indicates that the product was processed through 100% SUPR |l B Burn-in for 21 hours
under biased operation at a junction temperature (Tj) of 155°C

December 1988 2-9
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THE 12C CONCEPT

The Inter-IC bus (12C) is a 2-wire serial bus
designed to provide the facilities of a small
area network, not only between the circuits of
one system, but also between different sys-
tems; e.g., teletext and tuning.

Philips/Signetics manufactures many devices
with built-in 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 I2C
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, 12C, TTL, ...) must
have an open-drain or open-collector in order
to perform the wired-AND function. Data on
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Intfroduction to 12C

the 12C bus can be transferred at a rate up to
100kbits/sec. The physical bus length is
limited to 13 feet and the number of devices
connected to the bus is solely dependent on
the limiting bus capacitance of 400pF.

The inherent synchronization process, built
into the 1°C 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 I12C
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

3-3

also free to transmit or receive data during a
transfer.

To summarize, the 1°C 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

3
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INTRODUCTION

For 8-bit applications, such as those requiring

single-chip microcomputers, certain design

criteria can be established:

® A complete sy usually
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 I12C 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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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 I12C bus. It should be noted
that these relationships are not permanent,
but only depend on the direction of data
transfer at that time. The transfer of data
would follow in this way:

1) Suppose microcomputer A wants to send

information to microcomputer B

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

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

- microcomputer A terminates the
transfer.

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

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

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

- microcomputer A terminates the
transfer.

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

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

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

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

MICROCOMPUTER
A
SDA
scL
GATE LCD
ARRAY DRIVER
Bc
BUS
STATIC RAM
Abe OR EEPROM
MICROCOMPUTER
B
AF03480S
Figure 1. Typical 12C Bus Configuration
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Table 1. Definition of 12C Bus Terminology

TERM DESCRIPTION
Transmitter The device which sends data to the bus
Receiver The device which receives data from the bus
Master The device which inthates 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 1s
allowed to do so and the message is not corrupted
Synchronization Procedure to synchronize the clock signals of two or
more devices
+Vpp
P S
RPULLURS Rs E: Re3
ERIAL DATA LINI
sDA (S E)
(SERIAL CLOCK LINE)
[ SCLK 1 " [seix
| |
: SCIK1 _IEL WM_IEL : _-L_KZ_JE- ﬁﬁz_Jl;L
| our 1 out | out 1 our
| = = | = -
] ]
: SCLK DATA : SCLK DATA
| W \ IN IN
1 L
DEVICE 1 DEVICE2

LD05610S

Figure 2. Connection of Devices to the 12C Bus
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|
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| |
T T 149
| |
| |
| )

L\ /2
scL
DATALINE | CHANGE

OF pATA |
| ALLoweD |

STABLE:

WF143508

Figure 3. Bit Transfer on the 1°C Bus

START CONDITION

- =
R
[ N Lol
LIS

STOP CONDITION

WF14360S

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

GENERAL CHARACTERISTICS
Both SDA and SCL are bidirectional lines,
connected to a positive supply voltage via a
pull-up resistor (see Figure 2). When the bus
is free, both lines are High. The output stages
of devices connected to the bus must have
an open-drain or open-collector in order to
perform the wired-AND function. Data on the
12C bus can be transferred at a rate up to
100kbit/s. The number of devices connected
to the bus I1s solely dependent on the limiting
bus capacitance of 400pF.

BIT TRANSFER

Due to the vanety 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 appropnate level of Vpp (see
Electnical 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 I2C 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 1s 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 I1s 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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Figure 5. Data Transfer on the I°C Bus
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Figure 6. Acknowledge on the 1°C Bus
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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-
knowiedge 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 I1°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 7. Clock Synchronization During the Arbitration Procedure
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Figure 8. Arbitration Procedure of Two Masters

WF144008

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 1s
determined by the device with the shortest
clock High pernod.

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.

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 1s
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 I1s 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 1s 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 IC 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.

*‘V*v\/\_/**\/\/\_/*\/\/\ﬁ

STAR‘I’ ADDRESS RIW ACK

b) Master reads slave immediately after
first byte.

c) Combined formats.

NOTES:

data can then be transferred

CONDITION oonnmou
WF144108
Figure 9. A Complete Data Transfer
Possible Data Transfer Formats are:
a) Master transmitter transmits to slave [s T staveaporess | Rw | A ] oaa | A | oaa | A | P )
receiver. Direction is not changed. | | |
A= ACKNOWLEDGE %
S=START ‘0’ (WRITE) DATA TRANSFERRED
P = STOP (n BYTES + ACKNOWLEDGE)

AF03491S

s T Staveaooress | Riw | A | DAA | A

IDATA[AJPJ

| L »

“'(READ)

s

DATA TRANSFERRED
(n BYTES + ACKNOWLEDGE)

ISISLAVEADDRESSIRIWIAIWAIAISISLAVEADDRESSIRIV=IIAIDATA|A|PI

-

(nBYTES
+ ACKNOWLEDGE)

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 1s repeated,

2 Al on aut or

memory

3 Each byte 1s followed by an acknowledge as mdlcated by the A blocks in the sequence
4 12C devices have to reset therr bus logic on receipt of a start condition so that they all anticipate the sending of a slave address

etc, are taken by the designer of the device

-

(n BYTES
+ ACKNOWLEDGE)

DIRECTION OF
TRANSFER MAY
CHANGE AT
THIS POINT

AF03510S

READOR
WRITE
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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.

MSB LSB
C T T T T T

SLAVE ADDRESS

AF035508

Figure 10. The First Byte After the
Start Procedure

When an address s sent, each device in 3
system compares the first 7 bits after the start
condition with its own address. If there I1s 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 I1s 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 I12C 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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FIRST BYTE
(GENERAL CALL ADDRESS)

Figure 11. General Call Address Format

SECOND BYTE

AF035208

Ho6'

Is]Hoo | A] Ho2 | A aBcDooo | x | A | ABcooot | x | A ABcpoto [ x [ AP ]

Figure 12. Sequence of a Programming Master

AF03530S

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

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

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

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

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

The address reserved for a different bus
format is included to enable the mixing of 12C
and other protocols. Only 12C devices that are
able to work with such formats and protocols
are allowed to respond to this address.

General Call Address

The general call address should be used to
address every device connected to the 12c
bus. However, If a device does not need any
of the data supplied within the general call
structure, it can ignore this address by not
acknowledging. If a device does require data
from a general call address, it will acknowl-
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edge this address and behave as a slave
receiver. The second and following bytes will
be acknowledged by every slave receiver
capable of handling this data. A slave which
cannot process one of these bytes must
ignore 1t 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 1s a zero.
2. When the least significant bit B 1s 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 receuving 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.

IJ
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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 ts 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 1s 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 I1s 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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L |
QENERAL SECOND (nBYTES + ACKNOWLEDGE)
CALL ADDRESS BYTE
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Figure 13. Data Transfer From Hardware Master Transmitter

S | SLAVEADDR H/W MASTER | R/
|

WRITE

A | DUMPADDRFORH/WMASTER | X | A | P

AF03560S

a. Configuring master sends dump address to hardware master

| s | DumPADDRFROM H/W MASTER | RIW | A J DATA ] A ] DAA | A ] P |

| | N |
WRITE (n BYTES + ACKNOWLEDGE)

AF03570S

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

1 r ":
| [
\ DUMMY
soa [\ 3 acknoweepee |\
| ™ s (HIGH) |
[ [
sct | | 1 2 7 8 ngx [
[ |
se
L3 L
| START BYTE |
WF14420S

Figure 15. Start Byte Procedure

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
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WF144308

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 I12C 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 1s terminated
by a stop condition, recognized by all devices.
In the low speed mode, full 8-bit bytes must
always be transmitted and the timing of the
DLEN signal adapted.

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

ELECTRICAL SPECIFICATIONS
OF INPUTS AND OUTPUTS OF
12C DEVICES

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

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

ViLmax = 1.5V (maximum input Low
voltage)
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Figure 17. Fixed Input Level Devices Connected to the 12C Bus
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Vpp=eg.3V
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to the I

Figure 18. Devices With a Wide Ragge of Supply Voltages Connected

LDOS630S

ViHmin = 3V (minimum input High
voltage)

Devices operating on a fixed supply voltage
different from +5V (e.g. I2L), must also have
these input levels of 1.5V and 3V for V|_and
Viu, 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
VoLmax Of both the SDA pin and the SCL pin
of an IC 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 I2C 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).




Signetics Linear Products

I2C Bus Specification

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

Input levels are defined in such a way that:

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

2 The noise margin on the High level 1s 0.2
VDD~

3. Series resistors (Rg) up to 30082 can be
used for flash-over protection against high
voltage spikes on the SDA and SCL line
(due to flash-over of a TV picture tube, for
example) (Figure 20).

The maximum bus capacitance per wire I1s
400pF. This includes the capacitance of the
wire itself and the capacitance of the pins
connected to it.

TIMING

The clock on the I2C bus has a minimum Low
period of 4.7us and a minimum High period of
4us. Masters in this mode can generate a bus
clock with a frequency from 0 to 100kHz.

All devices connected to the bus must be
able to follow transfers with frequencies up to
100kHz, either by being able to transmit or
receive at that speed or by applying the clock
synchronization procedure which will force
the master into a wait state and stretch the
Low periods. In the latter case the frequency
1s reduced.

Figure 21 shows the timing requirements in
detail. A description of the abbreviations used
1s shown in Table 2. All timing references are
at Vitmax and Viimn.

Voo =5V10%

Vopa=5V£10%  Vpp3=6V£10%

> RS
< Rp<
Re g P(

P

| i
[ omos | [cmos | [ wmos |
Ji ) |

Figure 19. Devices With Vpp Related

Devices on the |

LD0S640S

Leve is Mixed With Fixed Input Level
C Bus

Voo Vpo
2c BC
DEVICE DEVICE
RS RsS RS RsS RpS RS
>SS $8S PSTPS
DA
scL

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

LD05650S

LOW-SPEED MODE

As explained previously, there is a difference
in speed on the 12C bus between fast hard-
ware devices and the relatively slow micro-
computer which relies on software polling.
For this reason a low speed mode is available
on the 12C bus to allow these microcomputers
to poll the bus less often.

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

Data Format and Timing

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

Gl — -2 r
wJ N ) 1 \ 1
|
| | 'L__ze__ | — e |
dtgyebt | | th L fe—tu; sta : Lt
BRI = fT T
| | [y
sct | | 1! [N [N
[ Il | u I
| t%hp; sTA —<4— Yow > tho; par tsy; oar  —] | tsy; sto | ;4
Ll el L7
Figure 21. Timing Requirements for the I2C Bus
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Table 2. Timing Requirement for the 1°C Bus

Figure 23. Timing Low-Speed Mode

LIMITS
SYMBOL PARAMETER UNIT
Min Max
fsoL SCL clock frequency 0 100 kHz
teuF Time the bus must be free before a new transmission can start 4.7 us
tHD; sTA Hold time start condition. After this period the first clock pulse is generated 4 us
tlow The Low period of the clock 47 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
te Fall time of both SDA and SCL lines 300 ns
tsu; sTO Setup time for stop condition 4.7 us
NOTES:
All values referenced to Viy and Vj_ levels.
* Note that a transmitter must internally provide a hold time to bridge the undefined region (300ns max) of the faling edge of SCL.
- —— ——
| | |
soa |\ 1 |
1 +
| |
ool ! WWW
Isl I s | e I
— |__——l
ooimn . REPEATED ADDRESS L
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Figure 22. Data Transfer Low-Speed Mode
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LOW SPEED MODE

In this mode, a transfer cannot be terminated

during the transmission of a byte.
CLOCK : tLow = 130us +25us
DUTY CYCLE : tyigH = 390us * 25us The bus is considered busy after the first start
: 1:3 Low-to-High (Duty cycle of condition It is considered free again one
clock generator) minimum clock Low period, 105us, after the
START BYTE : 0000 0001 detection of the stop condition. Figure 23
MAX. NO. OF BYTES . UNRESTRICTED shows the timing requirements in detail, Table
PREMATURE TERMINATION OF TRANSFER : NOT ALLOWED 3 explains the abbreviations.
ACKNOWLEDGE CLOCK BIT : ALWAYS PROVIDED
ACKNOWLEDGEMENT OF SLAVES : OBLIGATORY
Table 3. Timing Low Speed Mode
LIMITS
SYMBOL PARAMETER UNIT
Min Max
tsuF 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
tHp; sTA Hold time (repeated start condition only) 210 us
tLow The Low period of the clock 105 155 us
tHiGH The High period of the clock 365 415 us
tsu, sTA Setup time for start condition (Only relevant for a repeated start condition) 105 155 us
thp: tpat Hold time DATA
for CBUS compatible masters 5 us
for 12C devices 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
tsy; sto Setup time for stop condition 105 155 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.

December 1988
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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 12C 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 Rpyn IS
shown.

MINIMUM VALUE Rp &)
N\
AN

[ 4 8 2 1
Voo™
‘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 1s 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 nise time of 1us.

°
Vpp=25V 5V
8
5 v
e/
< / ov
17
0
0 400 800 1200 1600
MAXIMUM VALUE Rg (9)
‘OP03070S
Graph 2
2
6
2.0\
&
w o ©
g Rg=o
z2 3
3
MAX.
2 . @v.,.,:?“}
L
) 100 200 300 400
BUS CAPACITANCE (pF)
OP03080S
Graph 3
3-15

In Graph 3, the bus capacitance - Rpyax
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 1s dependent on Vpp.

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

TN
\\

MAXIMUM VALUE R;, (kQ)
o 5
L—

SR

\ \\\\JV\M
\ \Liv

o() 40 80 120 160 200

TOTAL HIGH LEVEL INPUT CURRENT (uA)
0P03090S

Graph 4

12C LICENSE

Purchase of Signetics or Philips I2C 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 I°C standard specification as
defined by Philips.
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INTRODUCTION

The I2C (Inter-IC) bus is becoming a popular
concept which implements an innovative seri-
al bus protocol that needs to be understood
On the hardware level I2C 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, seral data (SDA)
and sernal clock (SCL). The 12C structure is
optimized for hardware simplicity. Parallel
address and data buses inherent in conven-
tional systems are replaced by a seral 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 V¢c, 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 I2C controller is well suted 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 1°C
system might include several controllers on
the same bus each with the abillity 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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The Inter-Integrated Circuit (12C)
Serial Bus: Theory and
Practical Consideration

Application Note

edgement on every byte also facilitates data
integnity.

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 1s basically a CMOS version of the
MABB8400). The MAB8400 is based on the
8048 architecture with the I2C 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 SO, S1, and S2 senial /0 control
registers. The block diagram of the 1°C inter-
face 1s shown in Figure 1.

SERIAL 1/0 INTERFACE

A block diagram of the Senal Input/Output
(SIO) is shown in Figure 1. The clock line of
the senal 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 12C interface is
enabled.

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

@ data shift register SO

® address register SO’

® status register S1

® clock control register S2.

THE I12C BUS INTERFACE:
SERIAL CONTROL REGISTERS
S0, S1

All serial I2C transfers occur between the
accumulator and register S0. The 12C hard-
ware takes care of clocking out/in the data,
and receiving/generating an acknowledge. In
addition, the state of the 12C bus s controlled
and monitored via the bus control register S1
A definition of the registers 1s as follows:

Data Shift Register SO — SO I1s 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 I/0 REGISTER CONTROL BRANCH
MOV A,Sn DEC @Rr SEL MB2 JINTF addr
MOV Sn,A DJNZ @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

BD02561S

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

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

of a byte transfer + acknowledge, and can be
polled to indicate when a serial transfer has
been completed. An alternative to polling the
PIN bit is to enable the serial interrupt; upon
completion of a byte transfer, an interrupt will
vector program control to location 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 feLock
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
o] 243 18
D 291 15
E 339 13
F 387 11
10 483 9.2
11 579 7.7
12 675 6.6
13 771 5.8
14 963 4.6
15 1155 38
16 1347 3.3
17 1539 2.9
18* 1923 23
19* 2307 1.9
1A* 2691 1.7
1B* 3075 1.4
1C 3843 1.2
1D 4611 1.0
1E 5379 0.8
1F 6147 0.7

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

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

BUS ARBITRATION

Due to the wire-AND configuration of the 12C
bus, and the self-synchronizing clock circuitry
of 12C masters, controllers with varying clock
speeds can access the bus without clock
contention. During arbitration, the resultant
clock on the bus will have a low period 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).
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The losing Master is now configured as a
slave which could be addressed during this
very same cycle. These provisions allow for a
number of microcomputers to exist on the
same bus. With properly written subroutines,
software for any one of the controllers may
regard other masters as transparent.

12C PROTOCOL AND
ASSEMBLY LANGUAGE
EXAMPLES

12C data transfers follow a well-defined proto-
col. A transfer always takes place between a
master and a slave. Currently a microcompu-
ter can be master or slave, while the 'CLIPS’
peripherals are always slaves. In a 'bus-free’
condition, both SCL and SDA lines are kept
logical high by external puli-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 12C 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 I/0 register S1 on all masters on
the bus. This gives a software indication to
other masters that the bus is in use and to
wait until the bus is free before attempting an
access.

There are two types of 12C peripherals that
now must be defined: there are those with
only a chip address such as the /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 170 control register S1, and by moving
data to/from the serial bus buffer register SO.
Coming from a known state (MOV S1,#18H-
Slave, Receiver, Bus not Busy) we first load
the serial 1/0 buffer SO with the desired

Vee
scL
SDA 1
MAB
8400 Ao ho
PCF PCB
s M o0 M
A2 A2
[ IlIIII RAM (128-BYTE)
1/O EXPANDOR ADDR = ‘A0H
ADDR = '40'H
TC058208

Figure 2. Schematic for Assembly Examples
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MOV $1,#0F8H

MOV S1,#0D8H

:R/W bit.

Figure 3

| ACKNOWLEDGE |
| 1
scL
|
' 1
| ADDRESS '40H' | : DATA "2AH' | |
I STARY | | | I stop
| conprion | | | conpITION
| | | | |
MOV S1,#18H ;Initialize S1-Slave, Receiver, Bus not
;Busy, Enable Serial 1/0.
MOV SO0,#40H ;Preload SO with Slave's address &

;Invoke start condition & slave address
;(Master, Transmitter, Bus Busy, Enable
;Serial 1/0, Bit Counter
;:Check for transmission complete, ack.

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

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

= 000).

WF143118

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

[oolo[1]1To o o]

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

BIT COUNTER S12, S11, S10

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

Thus the bit counter keeps track of the
number of clock pulses remaining in a serial
transfer. Additionally, there is a not-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 senal
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/acknow!-
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 caling the ACKWT
routine once more, we are ready to terminate
the transfer. The Stop condition I1s created by
the instruction 'MOV S1, #0D8H'. This re-
sets the bus-busy bit, which tells the hard-
ware to generate a Stop —the data line
makes a low-to-high transition while the clock
remains high. All bus-busy flags on other
masters on the bus are reset by this signal.

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

JB4 ACKWT

JBO BUSERR

RET

Figure 4

;Get bus status word
sfrom S1.

;Poll the PIN bit

;until it goes low
sindicating transfer
;completed

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

;transfer complete,
;acknowledge received - return.

MASTER READS ONE BYTE
FROM SLAVE

A read operation 1s 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 1/0 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 1s 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
Iinstruction accomplishes two things simuita-
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 S0, while the original contents of
SO0 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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K K| EDGE’
o J/ NEGATIVfw NOWL
soA I
I I_I ﬂ!mxuow‘soae I l | l I I I | U
I ; |
| |
1 |
scL r——
| T
: ADDRESS - ‘41H' : 1! DATA | : |
[
mer ! | L s
| |
1 | I f | f i
MOV S1.#18H \Initialize serial 1/0 control
.register.
MOV S0,#41H :Preload serial register SO
.with slave address and RD
scontrol 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 S0A ——— ;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,#0ASH :Set Bit Counter to 1 and
;become a receiver (A9 =
:Mst,Rec,Bus Busy,Bit Coutner =
,001).
MOV A,S0 :Move data to accumulator and
;clock out a negative
MOV $1,#0D8H :acknowiedge.
iGenerate Stop Condition.
‘WF143208
Figure 5
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|

COMMUNICATION WITH PERIPHERAL REQUIRED

INITIALIZE
BUS

STATUS

4

LOAD SO WITH SLAVE
ADDRESS AND RD/WR BIT

y

START CONDITION
AND TRANSMIT ADDRESS

PIN
&
ACK
RECEIVED
?

SEND/RECEIVE
DATA BYTE

GENERATE
STOP CONDITION

RETURN

Figure 6. Flowchart for Reading/Writing One Byte to an I°C
Peripheral; Single-Master, Single-Address Slave
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MOV 81, #18H ;Initialize bus-status register
;Master, Transmitter,
;Bus-not-Busy, Enable SIO.
MOV S0, #0A0H ;Load SO with RAM’s chip
;address.
MOV 81, #0F8H ;Start cond. and transmit
,address.
CALL ACKWT ;Wait until address received.
MOV A,#00H ;Set up for transmitting RAM
;location address.
MOV S0,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 ;preceded by repeated Start.
CALL ACKWT ;Wait.
MOV A,S0 ;First data byte to SO.
CALL ACKWT Wait
MOV A,SO ;Second data byte to SO.
;And First data byte to Acc.
CALL ACKWT ;Wait.
MOV RO,A ;Save first byte in RO.
MOV A,SO :Third data byte to SO
;and second data byte to Acc.
CALL ACKWT ;Wait.
MOV R1,A ;Save second data byte
;inR1.
MOV S§2,#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.
DF05700S
PFOO770S
Figure 7

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 12C 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
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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.

December 1988

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
MAB8400 source program.

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

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

LINE

SOURCE STATEMENT

1 $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;SO

8 DB OCH

9 ENDM

10 MOVS1A MACRO MOV S1,A

11 DB 3DH

12 ENDM

13 MOVAS1 MACRO ;MOV A,S1

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 S2,#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 A,PO

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;
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Signetics Linear Products ’ Application Note

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

MACRO DEFINITIONS (Continued)

LINE SOURCE STATEMENT
52; DATA MEMORY INSTRUCTIONS:
53 DECARO MACRO ;DEC @RO
54 DB 0COH
55 ENDM
56;
57 DECAR1 MACRO ;DEC @R1
58 DB OC1H
59 ENDM
60;
61; SELECT MEMORY BANK INSTRUCTIONS
62 SELMB2 MACRO ;SEL MB2
63 DB O0A5H
64 ENDM
65;
66 SELMB3 MACRO ;SEL MB3
67 DB 0B5H
68 ENDM
69;
70; CONDITIONAL JUMP INSTRUCTIONS:
71 DJNZAO MACRO L ;DINZ @RO,ADDR
72 DB OEOH,L AND OFFH
73 ENDM
74;
75 DJINZA1 MACRO L ;DINZ @R1,ADDR
76 DB OE1H,L AND OFFH
77 ENDM
78;
79 JINTF MACRO L 3WJUMP IF TIMERFLAG IS
NON ZERO
80 DB 06H,L AND OFFH
81 ENDM
82
83; END OF MACRO DEFINITIONS

December 1988 3-25



Signetics Linear Products Application Note

The Inter-Integrated Circuit (12C) Serial Bus:

- . . AN168
Theory and Practical Consideration
THE 8400 INSTRUCTIONS BUILT FROM THE MACRO LIST
LOC/0BJ LINE SOURCE STATEMENT
0000 1 ORG 0
2 MOVASO ;MACRO for MOV A,SO
0000 OC 3+ DB OCH
4 MOVAS1 ;MACRO for MOV A,S1
0001 OD 5+ DB ODH
6 MOVS0A ;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 MOVSH1 9FH ;MACRO for MOV $S1,
#9FH
0007 9D 15+ DB 9DH,9FH
0008 9F
16 MOVS2 OE8H ;MACRO for MOV S2,
#0E8H
0009 9E 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 iMACRO for IN A,PO
000D 08 23 + DB 08H
24 OUTPOA ;MACRO for OUTL PO,A
000E 38 25+ DB 38H
26 ORLPO 5AH ;MACRO for ORL PO,A
000F 88 27 + DB 88H,5AH
0010 5A
28 ANLPO 2FH ;MACRO for ANL PO,A
0011 98 29 + DB 98H,2FH
0012 2F
30 DECARO ;MACRO for DEC @RO
0013 CO 31+ DB 0COH
32 DECAR1 ;MACRO for DEC @R1
0014 C1 33+ DB 0C1H
34 SELMB2 ;MACRO for SEL MB2
0015 A5 35+ DB 0AS5H
36 SELMB3 ;MACRO for SEL MB3
0016 BS 37+ DB 0BSH
38 DJNZAO 567H ;MACRO for DUNZ @RO,
567H
0017 EO 39 + DB 0EOH,567H AND
OFFH
0019 67
40 DJNZA1 OEFEH ;MACRO for DJNZ @R1,
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 75%2
system and 6dB in a 5082 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 7552
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 75%2.
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 502 test
equipment such as signal generators,
oscilloscopes, frequency counters, and
all kinds of signal analyzers. Other appli-
cations at 5052 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

e Bandwidth (min.)
200 MHz, +0.5dB
350 MHz, -3dB

e 20dB insertion gain
e 4.8dB (6dB) noise figure
Zo =758 (Zg = 5082)
o No external components required

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

e Surface-mount package available
e Cascadable

DESCRIPTION TEMPERATURE RANGE ORDER CODE
0 to +70°C NE5204N
8-Pin Plastic DIP 40 to +85°C SA5204N
0 to +70°C NE5204D
8-Pin Plastic SO package ~40 to +85°C SA5204D
November 3, 1987 4-3

PIN CONFIGURATION

N, D Packages

TOP VIEW

©D12760S

APPLICATIONS

e Antenna amplifiers
o Amplified splitters
e Signal generators

o Frequency counters
o Oscilloscopes

e Signal analyzers

e Broadband LANs

o Networks

e Modems

® Mobile radio

e Security systems

e Telecommunications

853-1191 91260
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Wide-band High-Frequency Amplifier

NE/SA5204

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 \
Vin AC input voltage 5 Vp.p
Ta Operating ambient temperature range
NE grade 0 to +70 °C
SA grade -40 to +85 °C
P Maximum power dissipation’: 2
DMAX | T, =25°C (still-air)
N package 1160 mwW
D package 780 mwW
Ty Junction temperature 150 °C
Tsta Storage temperature range -55 to +150 °C
Lead temperature o
Tsowp (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
>
2 Ry 3: Rz fo
Q3 ; ‘) VW —O Vour
N,
_K Q2
<h
Vin O Q, Qs %: Rs
Rr1
:& Rez
1
Re
Qs
Rr2

1k

TC084908

November 3, 1987
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DC ELECTRICAL CHARACTERISTICS at Voo =6V, Zg=2Z_ =20 =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 = 100MHz, over temperature 16 19 22 dB
f = 100MHz 25 dB
Si1 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 (7552) f = 100MHz 4.8 dB
Noise figure (50£2) f = 100MHz 6.0 dB
Saturated output power = 100MHz +7.0 dBm
1dB gain compression f = 100MHz +4.0 dBm
Thlrd-order intermodulation f = 100MHz +17 dBm
intercept (output)
Sgcond-order intermodulation — 100MHz +24 dBm
intercept (output)
tr Rise time 5 ps
Propagation delay 5 ps
9
35
34 - l
T
< R 20 =500
E 30 - g8 Ta=25°C
g 1 Ta=25°C !
s 28 w Vcc=8V
w 4 'CC ™
g 2 37 YooV NN W/ AR
3 2 ; Veoe sv DN \ —
> =
§ =2 i 2, =
3 2 ==
8
16 s
5 5.5 s 6.5 7 75 s 10! 2 4 6 8492 2 4 6 8403
SUPPLY VOLTAGE—V FREQUENCY—MHz
OP04640S OP04650S
Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency
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z 20
H -
o —
z | Vo= 6V. |
E ! Vce=5V=
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Figure 3. 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)/Rgs (1)
Vin

which is series-shunt feedback. There is also
shunt-series feedback due to Rr 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 Qg
are kept as low as possible, while Rg is
maximized.

The noise figure is given by the following
equation:

AL
e T
b E1 2qlc1 dB

Ro )

NF =10Log | 1 +

where Igy =5.5mA, Rgy =120, 1, = 13082,
KT/q = 26mV at 25°C and Rq = 50 for a 5082
system and 75 for a 7552 system.

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

ViN = VBe1 + (Ic1 + Ica) Res 3

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

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

Level shifting is achieved by emitter-follower
Qg and diode Q4, which provide shunt feed-
back to the emitter of Q; via Rg4. 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 Vout
can be determined by:

Vourt = Ve - (Ic2+ Ice)R2, (4)

where Voo = 6V, Ry = 22582, Icp = 7mA and
Icg = 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 Q4.
The dual feedback loops stabilize the DC
operating point of the amplifier.

The output stage is a Darlington pair (Qg and
Q) which increases the DC bias voltage on
the input stage (Qq) to a more desirable
value, and also increases the feedback loop
gain. Resistor R 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 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

3
> 12
1

Rr2

AAA

Vv

200

Figure 15. Schematic Diagram

L
> SR2
£ s

Ro L2
Q3 A0 vour
10 3nH
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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
double-sided with copper and all pins must be
soldered to their respective areas (i.e., all
GND and Ve pins on the package). The
power supply should be decoupled with a
capacitor as close to the V¢ 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.

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-

Vece
O

RF CHOKE

DECOUPLING
I CAPACITOR
Vin 0——’ F—ovour
AC AC
COUPLING COUPLING
CAPACITOR CAPACITOR

TC085118|

Figure 16. Circuit Schematic for
Coupling and Power Supply Decoupling

plifier, and load as well as transmission
losses. The parameters for a two-port net-
work are defined in Figure 17.

Sy, — INPUT RETURN LOSS Sz, — FORWARD TRANSMISSION LOSS
. SOWER REFLECTED OR INSERTION GAIN
- FROM INPUT PORT Sa =4 [TRANSDUCER POWER GAIN
" ‘/ POWER AVAILABLE FROM
GENERATOR AT INPUT PORT S22 — OUTPUT RETURN LOSS
sn sz POWER REFLECTED
Sy, — REVERSE TRANSMISSION LOSS FROM OUTPUT PORT
R I T S =
OR ISOLATION 22 POWER AVAILABLE FROM
o= REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT
P 2 POWER GAIN
AF03680S AF03690S
a. Two-Port Network Defined
Figure 17
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5082 System 7552 System
25 T 25 T
% Vee=8V =
117 Vo= 7V:
. vegrov3 8 ee AR
T 2 Vee=7V ¥
z z 20
3 ] 3 n
2 { Vee= evi N z Vee=6v =L n
E + Vees=5V: = ! -
E s [ zo-500 E . Vee=5V
8 " [Ca=asc 9
= \ = 20=750
Ta=25°C
bl A |
10 © [ I
10! 2 4 6 8 402 2 4 6 8493 10" 2 4« 6 8492 2 4 6 8403
FREQUENCY—MHz FREQUENCY—MHz
OP04780S. 0P04790S
a. Insertion Gain vs Frequency (Sz1) b. Insertion Gain vs Frequency (Sz4)
-10 -10
-15 -15
@ aQ
o °
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: / 5
@ 1 3 Vec=6Y
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OP04800S 0P04810S
c. Isolation vs Frequency (S13) d. Sq2 Isolation vs Frequency
40 40
%? 3 2% s
44 Iy
8s - 28
zZ N, OUTPUT 237
3 £ \ gc 2 ouTPUT
"] Vec= 6V N y 22 [~ /
Ee 20=500 #T 20 >
; § Ta=25°C Pyt \\J 5 'é INPUT
15 ar Vec=6v N,
) £3 6 zgirsn N
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e. Input (Sq4) and Output (Sy2) Return Loss vs f. Input (S¢1) and Output (Sy2) Return Loss vs
Frequency Frequency
Figure 18
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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 18.

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 Sy1. It is defined as the square root
of the power gain, and, in decibels, is equal to
voltage gain as shown below:

Zp=ZiN = Zoyr for the NE5204

Vin2 O] NE5204 | Vour?
Pn= N Poyr="2T
Zp O— Zp —O Zp
Vourt
Pour_ Zp _Vour? P
uT__ b T _p,
Pn V2 vin? .
Zp
Pi=V)?

P, = Insertion Power Gain
V| = Insertion Voltage Gain

Measured value for the
NE5204 = 1S54 12 = 100

P
=2 o8y, 12 = 100
Pin

V,
and Vj=—Z = VP =5 =10
VIN
In decibels:

Py(gg) = 10Log |321 12 = 20dB
Vigs) = 20Log Sz = 20dB
- PygB) = Vi(gm) = S21(aB) = 20dB

Also measured on the same system are the
respective voltage standing-wave ratios.
These are shown in Figure 19. 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 = S41dB
Snda = 20LOg lS11 |

OUTPUT RETURN LOSS = Sy,dB
S;0dB = 20Log |Sps |

11 +S11|
INPUT VSWR = ——— < 1.
11-8441
11 +322|
OUTPUT VSWR = ———<1.
11-8pl

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 non-linearities 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 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

20, 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 1s 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 sec-
ond-order IMR is equal to the difference
between the second-order intercept and the
fundamental output level. The third-order IMR
is equal to twice the difference between the
third-order intercept and the fundamental out-
put level. These are expressed as:

1P, = Pout + IMR,
IP3 = Pout + IMRg/2

where Pgyr 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-

2.0 20 T T

9 19 T t

1.8 T T

Ta=25°C 18 T 1

« 17 Vec=6V x 17 + z, =—2§:/c |
5 1.6 ?, 16 cc
> s z
- = 15
2 14 2 |
z [ ra 5 14 7

1.3 p— 20=750 3 s z :

T ~/ — 2o =750 i

12 T ~ ‘ 12 ' - —

1.1 — Zo =500 T 11— zo=500 —

1.0 . 10 T i

10 2 4 6 8492 2 4 6 8403 10! 2 4 6 8492 2 4 6 8493
FREQUENCY—MHz FREQUENCY—MHz
‘OP04840S. OP04850S
a. Input VSWR vs Frequency b. Output VSWR vs Frequency
Figure 19. Input/Output VSWR vs Frequency
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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. +30 THIRG ORDER T T 2ND ORDER
For the NE5204, an output level of ~10.5dBm +20 | INTERCEPT POINT ~ 1 INTERCEPT
was chosen with fundamental frequencies of 148 Lo T POINT
100.000 and 100.01MHz, respecti | comeression 4/ | |
. . s pectively. o 10 BOINT Ny ARRE: 4
w
3 o |FUNDAMENTAL iy B
z E RESPONSE | T l
ADDITIONAL READING ON A ! . :r P
SCATTERING PARAMETERS 3 ! 2ND ORDER |
. . - 20 | . RESPONSE -—
For more information regarding S-parame- . ! ! T ! T
ters, please refer to High-Frequency Amplifi- 30 . ; :‘;‘s’&“:s‘:,L R
ers; by Ralph S. Carson of the University of w© o o : -
Missouri, Rolla, Copyright 1985, published by 60 50 40 -30 -20 10 O ~10 <20 <30 40
John Wiley & Sons, Inc. NPT LEVE
L L
S-Parameter Techmques for Faster, More dam
Accurate Network Design, HP App Note 95-1, OPo48E0S
Richard W. Anderson, 1967, HP Journal. Figure 20

S-Parameter Design, HP App Note 154, 1972.

November 3, 1987 4-12



Signetics

Linear Products

DESCRIPTION

The NE/SA/SE5205 is a high-frequency
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 outline packages. The
NE/SA/SE5205 operates with a single
supply of 6V, and only draws 24mA 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 5082 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 7582
input and output impedances. The
Standing Wave Ratios in 50 and 7502
systems do not exceed 1.5 on either the
input or output from DC to the -3dB
bandwidth fimit.

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 600MHz.
The Cerdip package is 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

November 3, 1987

NE/SA/SE5205

Wide-band High-Frequency
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Product Specification

7582. 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 7552
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

® 600MHz bandwidth

e 20dB insertion gain

e 4.8dB (6dB) noise figure
Zo = 7582 (Zo = 50%2)

o No external components required

o Input and output impedances
matched to 50/7552 systems

e Surface mount package available
® MIL-STD processing available

APPLICATIONS

e 752 cable TV decoder boxes
o Antenna amplifiers
o Amplified splitters
e Signal generators

o Frequency counters
o Oscilloscopes

© Signal analyzers

e Broad-band LANs

o Fiber-optics

o Modems

e Mobile radio

e Security systems

e Telecommunications

4-13
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ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO 0 to +70°C NE5205D
4-Pin Metal can 0 to +70°C NE5205EC
8-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
8-Pin Plastic DIP -55°C to +125°C SE5205N

EQUIVALENT SCHEMATIC

vce

3h
2R bk a
0
O;} ') W —O Vout
‘\j Qs
‘P
ViN O Q Qq :: Rs
RF1
>
3 Rez
A
Req )
E Qs
Re2
AAA

VWAV

TC08490S
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vce Supply voltage 9 \
Vac AC input voltage 5 Vp.p
Ta Operating ambient temperature range
NE grade 0to +70 °C
SA grade -40 to +85 °C
SE grade -55 to +125 °C
P Maximum power dissipation,
DMAX Ta =25°C (still-air)"" 2
FE package 780 mwW
N package 1160 mwW
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 Vgc =6V, Zg =2, =Z5 =509 and Ta =25°C, in all packages, unless otherwise

specified.
SE5205 NE/SA5205
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 \
Ilcc 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 | 16.5 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 - fuax 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 - Fmax 10 dB
S12 Isolation f = 100MHz -25 -25 dB
DC - fumax -18 -18 dB
tr Rise time 5 5 ps
Propagation delay 5 5 ps
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DC ELECTRICAL CHARACTERISTICS at Voo =6V, Zs =2, = 2o =508 and Ta = 25°C, in all packages, unless otherwise

specified.
SE5205 NE/SA5205
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max | Min | Typ | Max
BW Bandwidth +0.5dB D, N 450 MHz
fmax Bandwidth +0.5dB EC 500 MHz
fmax Bandwidth +0.5dB FE 300 300 MHz
fmax Bandwidth -3dB D, N 550 MHz
fmax Bandwidth -3dB EC 600 MHz
fmax Bandwidth ~-3dB FE 400 400 MHz
Noise figure (75%2) f=100MHz 4.8 48 dB
Noise figure (5082) 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
e , N
32 2o=500
<$ 2 [ — ? 8 Ta=25°C
Lt 1 Ta=25°C w Vee=8V
4 - 37 Vee=7v
< 28 b4 Voeo=6v N \ B
o 24 w Vee=5V
% A <1 -
g 2 L zZg =
2 20
: : [T
56 6 65 7 75 8 10! 2 4 6 8 402 2 4 6 8 403
SUPPLY VOLTAGE—V FREQUENCY—MHz
OP04640S ‘OP04650S
Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency
25
25 T
!
™ vee=8vy 1] 'y Ta= -55°C
Ta Veg=7V ; 20 T=25°CY 7
3 i ; » g
Vee= 6V - 3 Ta=85°C:
é 1 Veg= 5V E Ta=125°C=/ | ]
W 15 —Zo=500 W 15 —Voe=8v
2 | Ta=25°C z — Zo =500
10 10
10! 2 4 6 8 492 2 4 6 8403 10! 2 4 6 8402 2 4 6 8403
FREQUENCY—MHz FREQUENCY—MHz
OP04660S OP04670S
Figure 3. Insertion Gain vs Frequency (Sz1) Figure 4. Insertion Gain vs Frequency (S;1)
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2 0 g T
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- 1 it I ]
10! 2 4 6 8492 2 4 6 8403 10 2 4 6 8402 2 4 8 8 403
FREQUENCY—MHz FREQUENCY—MHz
‘OP04680S 0P04690S
Figure 5. Saturated Output Power vs Frequency Figure 6. 1dB Gain Compression vs Frequency
e ® 30
& &
T 35 °
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Figure 9. Input VSWR vs Frequency Figure 10. Output VSWR vs Frequency
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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:

Voutr
—— = (Rr1 + Rg1)/Rey
ViN

1)
which is series-shunt feedback. There is also
shunt-series feedback due to Rgz and Rgp
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 Qq
are kept as low as possible while Rg; is
maximized.

The noise figure is given by the following
equation:

NF =

KT
b+ Rgy + —

10Log ) 1+ 2dic1™ ( dB (2)

Ro

where Igy =5.5mA, Rgq =12%, r, = 13082,
KT/q = 26mV at 25°C and Rg = 50 for a 50Q2
system and 75 for a 752 system.

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

ViN = Vg1 + (Ic1 + Ica) Rer

where Rgy =128, Vgeg=0.8V, Igi =5mA
and Icz = 7mA (currents rated at Vgc = 6V).

Under the above conditions, Viy 1s approxi-
mately equal to 1V.

Level shifting is achieved by emitter-follower
Qg and diode Q4 which provide shunt feed-
back to the emitter of Q¢ via Rg1. The use of
an emitter-follower buffer in this feedback
loop essentially eliminates problems of shunt
feedback loading on the output. The value of
Req = 14082 is chosen to give the desired
nominal gain. The DC output voltage Vout
can be determined by:

Vout = Vec - (Ic2+ Ice)R2, (4)
where Voo = 6V, Ry = 2258, Ico = 7mA and
Ice = 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 (Qs and
Qo) which increases the DC bias voltage on
the input stage (Q4) to a more desirable
value, and also increases the feedback loop
gain. Resistor Ry optimizes the output VSWR
(Voltage Standing Wave Ratio). Inductors L
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 1s 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.

Vee

SR
3h S22
1 650 N Ro L2
@ ral ‘) AMN—TYT0 Vour
10 3nH
Q¢
K
Shs
S0
:t Re2
o112
Qs
Rr2
AAA—
200

Figure 15. Schematic Diagram

TCOB500S
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PC BOARD MOUNTING

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

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 17.

vee
O

RF CHOKE

DECOUPLING
I CAPACITOR
Vin0—| F—o vour
AC AC
COUPLING COUPLING
CAPACITOR CAPACITOR

TCo85108|

Figure 16. Circuit Schematic
for Coupling and Power Supply
Decoupling

Sx

Si2

AF03680S

Figure 17a. Two-Port Network Defined

S,, — INPUT RETURN LOSS

POWER REFLECTED
FROM INPUT PORT

POWER AVAILABLE FROM
GENERATOR AT INPUT PORT

Sy=

S, — REVERSE TRANSMISSION LOSS

S, — FORWARD TRANSMISSION LOSS

OR INSERTION GAIN

Sy s\ﬁ‘RANSDUCER POWER GAIN

S, — OUTPUT RETURN LOSS

POWER REFLECTED
FROM OUTPUT PORT

[ Sz =
OR ISOLATION 22 POWER AVAILABLE FROM
o=\ PEVERSE TRANSDUCER GENERATOR AT OUTPUT PORT
s POWER GAIN
AF03690S
Figure 17b
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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 18.

Values for the figures below are measured
and specified in the data sheet to ease
adaptation and comparison of the NE/SA/
SE5205 to other high-frequency amplifiers.
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The most important parameter is Sy¢. It is
defined as the square root of the power gain,
and, in decibels, is equal to voltage gain as
shown below:

Zp = Ziy = Zoyr for the NE/SA/SE5205

2 o NE/SA/L o 2
ViN SE5205 Vour
Pin= Poyr =
Z2p o— Zp F© Zp
Vour?
Pour _ Zp _Vour® _ N
D R Y ’
Pn vin®  Vin?
Zp
P =V

P) = Insertion Power Gain
V| = Insertion Voltage Gain

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

P
2 P=—2 sy 12= 100
PN
v, _
and Vi =2 - By =850 =10
ViN

In decibels:

P|(d3) =10 Log '321 |2 =20dB

vl(dB) =20 Log 821 =20dB

> Pyag) = Vi) = S21(ds) = 20dB

Also measured on the same system are the
respective voltage standing wave ratios.
These are shown in Figure 19. 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,dB
Sq14dB =20 Log ISy4!

OUTPUT RETURN LOSS = S,,dB
S22dB =20 Log |ng|

I1 +S11|
INPUT VSWR = ———— < 1.
|1—S1~||
11+ Syl
OUTPUT VSWR = —— < 1.
[1-8p,!

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
20, 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 = Poyr + IMR2
IPg = POUT + 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.

FREQUENCY—MHz
0P048405

a. Input VSWR vs Frequency

—T 20 T
T T
19 —+ 19 T
18 T
Ta=25°C 8
v Vee=6V e 17 Ta=25°C I &
z 16 y 4 H Vee=6V 1
2 . 16
> s o
< y 4 5 1S
3 14 y 4 a
£ = 2= F 5
£ =
13 — © 13 T
12 | 7 — 20=750 T
= TSN M <
11— Zo=500 < 11— 20 =500 T o
10 : 1 1 10 '
‘o‘ 2 4 6 8 |°2 2 4 6 8 |o3 10! 2 4 6 8 |°? 2 4 6 8 ‘03

b. Output VSWR vs Frequency

Figure 19. Input/Output VSWR vs Frequency

FREQUENCY—MHz
OPO4BS0S

November 3, 1987 4-22



Signetics Linear Products

Product Specification

Wide-band High-Frequency Amplifier

NE/SA/SE5205

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.

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

"'S-Parameter Design'', HP App Note 154,
1972

November 3, 1987
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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/SES539

High Frequency Operational

Amplifier

Product Specification

FEATURES
e Bandwidth
- Unity gain ~ 350MHz
- Full power - 48MHz
- GBW -~ 1.2 GHz at 17dB
o Slew rate: 600/Vus
® AyoL: 52dB typical
® Low noise - 4nV/\/Hz typical
o MIL-STD processing available

APPLICATIONS

e High speed datacomm

e Video monitors & TV

o Satellite communications

e Image processing

o RF instrumentation & oscillators
o Magnetic storage

o Military communications

PIN CONFIGURATION

D, F, N Packages

+ INPUT [I:

e [7]

-vsuepty [3]

ne [4]
VosAd)/AvAd) E

ne 6]

ano [7]

14] —iNeUT

[13] nc

[77) ne
=i
E)]nc

5] oureur

TOP VIEW

E FREQUENCY
COMPENSATION

CD09921S

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 NE5539F
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 v
Ppmax Maximum power dissipation,

Ta = 25°C (still-air)?

F package 117 w

N package 1.45 w

D package 0.99 w
TstG 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

NOTES:

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.
. Derate above 25°C, at the following rates:
F package at 9.3 mW/°C
N package at 11.6 mW/°C
D package at 7.9 mW/°C

n

November 3, 1987
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EQUIVALENT CIRCUIT

Q (12) FREQUENCY COMP

-Q (10) +Vce

AAA
VWV

AAA
VWV

(=)4 O
INVERTING INPUT
>
< ‘E }
K ¥V
) O
NON-INVERTING "\
NPUT LN
—K A —
$ $ K
b3 e e b3 s b——0 (8 ouTPUT
3 3 3 B
o 22K
qP
O (7)GND
3 J
1b )/
S
‘b 1: 1
s 3
- é . O (3 -Vee
so——u-—
TC08730S
DC ELECTRICAL CHARACTERISTICS Vcc=*8V, Ta=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 =100 mv
Ta=25°C 2 3 25 5
AVps/ AT 5 5 uv/°C
Over temp 0.1 3
los Input offset current MA
Ta =25°C 01| 1 2
Alpg/ AT 0.5 0.5 nA/°C
Over temp 6 25
Ig Input bias current HA
Ta=25°C 5 13 5 20
Alg/ AT 10 10 nA/°C
CMRR | Common-mode rejection ratio F = 1kHz, Rg = 1008, Vom 1.7V 70 | 80 70 | 80 dB
j Over temp | 70 | 80 dB
Rin Input impedance 100 100 kQ
Rour Output impedance 10 10 Q
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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
i RL=150Q to GND and | +Swing +23|+27
Vout Output voltage swin: Vv
o ¢ ¢ 4709 to -Veo —Swing 17 |-22
+Swing | +2.3|+3.0
Over temp oo Y \
. RL=2kQ2 to —Swing =19 -
V, Output voltage swin
our P ¢ 9 GND +Swing | +2.5(+3.1
Ta=25°C v
-Swing -20(-27
| Positi " t Vo=0. A Over temp 14 | 18 A
+ ositive su| curren =0, Ry=0° m
ce PPy ° ! Ta=25°C 14 | 17 14 | 18
. | Nedati | Ve=0. R Over temp 1 15 A
- egative suj current =0, Ry=o° m
ce ¢ PPy ° ! Tp=25°C 1 | 14 1| 15
. Over temp 300 | 1000
PSRR Power supply rejection ratio AV =*1V IN7a%
Ta=25°C 200 | 1000
. . Vo=+23V, -1.7V
AvoL Large signal voltage gain R, = 1502 to GND, 4702 to ~Vcc 47 | 52 | 57 ds
. ) Vo =+23V, -1.7V
A Large signal voitage gain dB
voL ge s 9 g RL=2Q to GND Ta=25°C 47 | 52 | 57
. . Vo= +25V, -2.0V Over temp | 46 60
A Large signal voltage gain ! dB
vot 9e =9 ge o RL=2kQ210 GND | 7,-250c | 48 | 53 | 58
DC ELECTRICAL CHARACTERISTICS Vcc=+6V, Ta=25°C, unless otherwise specified.
SES5539
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
nput offset current
s P Tp=25°C 04 1
| Inout b t Over temp 5 20 A
n ias curren
& P 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 11 13
| Negatl | Over temp 8 11 A
- legative suj current m
ce 9 PPy Ta=25°C 8 10
Over temp 300 1000
PSRR Power supply rejection ratio AV =1V uv/v
Ta=25°C
+Swing +14 | +20
Over temp P T 7
. RL = 15082 to GND —Swing - -t
v, Output voltage swin: L v
our pul vollage swing and 39092 to ~Veo +Swing | +15 | +20
Ta=25°C
-Swing -14 | -18
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AC ELECTRICAL CHARACTERISTICS v¢c=+8V, RL= 1508 to GND & 470 to V¢, 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_ = 150Q! 110 110 MHz
ts Settling time AcL =2, R_=150Q! 15 15 ns
SR Slew rate AcL=2, R_=1508" 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_=1508' 20 20 MHz
Input noise voitage Rs =509, 1MHz 4 4 nV/vHz
Input noise current 1MHz 6 6 pA/VHz

NOTE:
1 External compensation

AC ELECTRICAL CHARACTERISTICS vcc =6V, R = 15082 to GND and 3902 to -V¢c, 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
tpp Propagation delay AgL=2' 45 ns
Full power response AcL=2' 20 MHz
NOTE:
1 External compensation
TYPICAL PERFORMANCE CURVES
NES5539 Open-Loop Phase NE5539 Open-Loop Gain
60
o U
N 50
~ 90 40
2 madl g N
=3 "~ 3
§ \ ze
2 180 N s N
20
270
10
360 0
1MHz 10MHz 100MHz 1GHz 1MHz 10MHz 100 MHz 1GHz
FREQUENCY (H2) FREQUENCY (Hz)
0P205208 0P205308
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TYPICAL PERFORMANCE CURVES (Continued)

Power Bandwidth (SE)

Power Bandwidth (NE)

VUL cvowion 28 <14 < 25+

0P05241S

4
3
. N\
E 2 BwW A
H
a
& vee = =6év
e R = 1500
GAN (-2)
IMHZ 10MHz 100MHZ 300MHz
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300MHz 0P052128
‘0P052028
SE5539 Open-Loop Gain vs Frequency Power Bandwidth
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304v
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P
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e . AN
§ " - \
H g \
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B A
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ol — Kottt AN
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L o |
: N, il i
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CIRCUIT LAYOUT
CONSIDERATIONS

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

cal circuit layout 1s extremely critical. Bread-
boarding 1s 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

AA
VWA

NOTES:

Ry =75 5% CARBON
Rz =758 5% CARBON
Rg =758 5% CARBON
R4 =36k 5% CARBON

o
ViN

R2
75

Rs = 20k TRIMPOT (CERMET)
R =15k (28dB GAIN)
Re = 4700 5% CARBON

2]

TC087408

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

1nF CERAMIC
(MEPCO OR EQUIV)

Top Plane Copper!
(Component Side)

NE 5539 Yo
w/comp

DF06010S

Component Side
(Component Layout)

NOTES:
(X) indicates ground connection to top plane
*Rg 1s on bottom side

Bottom Plane
Copper’

DF05930S

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

Figure 1. 28dB Non-Inverting Amp Sample PC Layout
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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 amplifier 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°.

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

- s

TC087508

Figure 2. NE5539 Video Amplifier

Vcc was +8V.

DF05940S

Figure 3. Input Signal

DF059508

Figure 4. Differential Gain < 0.5%

NOTE:

Instruments used for these measurements were Tektronix 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform monitor.
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PEALIBRATED |

3
3

PHASE

DF05960S

Figure 5. Differential Phase +0.1°

APPLICATIONS

18
2o =500

A e AAA
Vv

W A

= 1.5pF

TC08760S

Figure 6. Non-inverting Follower

1
1.
]
1K - 2-20pF
FT g Sl o
14

3.3pF

TC087708

Figure 7. Inverting Follower
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NE5539 DESCRIPTION

The Signetics NE/SE5539 ultra-high frequen-
cy operational amplifier 1s one of the fastest
monolithic amplifiers made today With a unity
gain bandwidth of 350MHz and a slew rate of
600V/ us, it I1s second to none. Therefore, it Is
understandable that to attan this speed,
standard internal compensation would have
to be left out of its design. As a consequence,
the op amp 1s 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 availlable with the NE/SE5539

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 1s primarily con-
cerned with compensating for loss of phase
margin caused by distributed board capaci-
tance and input capacitance, while lag-lead 1s
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 = Coist —— @]
Rr

When bandwidth is of pnmary 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.

Rr
— >7 ()
R1/Riac
Therefore,
Riag <—F ®)
LAG =2 Re/R1

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

(R1)(Cpist) = (RF)(CLEAD) (1)
C Cr
LEAD o
1r
Coist R LEAD Coist Rf
k- 4——4 - qF - 4—A
=+ =+
= R = R 14
VINO—AAA—4 f‘v‘v‘v
CL — CL== 8
O Vour NE5539 —O Vour

LAG LEAD R

= INVERTING
TC09940S
NOTES:
CL=Cua
RL=Rua

Figure 1. Standard Lag-Lead Compensation

o__i
ViN 1 |+

NON-INVERTING

TC099508

December 1988

4-32

frequency. C ag may now be approximated
using:

_ 27(GBW)

Wiag = Rad/Sec ®)

m(GBW)
5

LAG = Rad/Sec 7)

where
1

” (Raa)Ciaa)

therefore,

Wiaa 8)

m(GBW) 1

—_— = 9)
5 (RLAG)(CraG)

and

Ciac (10)

 TRAG(GBW)

LAG-LEAD
COMPENSATION
WILL CONTROL
GAIN PEAKING

(GAIN

PEAKING)
GAIN
0°

~90°
-180° \

\

a. Closed-Loop Inverting Gain of
Seven Gain-Phase Response
(Uncompensated)

PHASE \

70MHz

0P06210S

0°

-80 N

COl ATED
-120

N\
NCOMPENSATED!

~-160

-200

—-240

76
It

100MHz

-2

80
1MHz 10MHz 1GHz

0P06220S

b. Open-Loop Phase
Figure 2
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SMALL SIGNAL RESPONSE

pr————

—

OuTPUT

200mvV 100mV/DIV

10ns/DIV

DF06010S

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 gann
peaking for transient responses. Therefore,
nse time, overshoot, and settling time can be
changed for various closed-loop gains The
result of using this technique 1s shown for a
pulse amplifier in Figure 3.

TC09960S

Figure 4. Pin 12 Compensation

Rf RF
M —AWV
Cc Cc
R1 R1
14 12 1
VIN O—AAA - J__AVAVAv TIN?
S 8 = S 8
Rc & NES5539 —O Vour Rc g NES5539 —O Vour

1 1
__L s Vin O— +
= INVERTING NON-INVERTING

TC099708

118

18
500

INVERTING
TC09980S

Figure 5. Pulse Response Test Circuits

NON-INVERTING

TC09980S
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CRITICALLY DAMPED

INPUT

ouTpuT

RISE TIME -24ns
Rg = 11802 — C¢ = 4 6pF
PROPAGATION DELAY =2 3ns

@)

10ns/DIV

Figure 6. Small Signal Response — Non-inverting

UNDER DAMPED

100mV/DIV

DF05020S
RISE TIME-2 1ns

Rg=200 — Cg=54pF
PROPAGATION DELAY = 23ns

(b)

CRITICALLY DAMPED

RISE TIME -53ns
Rg = 2269 — C = 2 3pF
PROPAGATION DELAY =5 1ns

(@)

INPUT
OUTPUT 100mV/DIV

10ns/DIV

Figure 7. Small Signal Response — Inverting

UNDER DAMPED

DF08030S
RISE TIME-33ns

Rc =460 — Cc=20pF
PROPAGATION DELAY = 4 5ns

(b)

USING PIN 12 COMPENSATION
An alternate method of external compensa-
tion 1s obtained by use of the NE/SE5539
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; 1.e, a good wide-band am-
plifier below 17dB, with control over ringing
and overshoot. For example, inverting and
non-inverting amplifier circuts using Pin 12
are shown 1n Figure 5. The corresponding
pulse response for each circuit 1s 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 adjustng Rc and Cc. In
damping the overshoot, rise time is slightly

December 1988

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

Rf
A'A'A'
Cc
14 12
Co=
R NES5539 —O
c
1
+

TC10000S

Figure 8. Co Will Reduce Output
Offset and Noise

If it 1s important to reduce output offset
voltage and noise, an additional capacitor,

4-34

Co, can be added in series with the resistor
(Rg) 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 n Figure 10.

Each segment in Figure 10 is defined as
follows: starting from the non-inverting input,
Section A1 1s the amplification from the input
to the base of transistor Q4. A is from the
base of Q4 to the summation point at the
collector of Q3. Furthermore, A3 represents
the gain from the non-inverting input to the
summation point via the common emitter side
of Qo and Q. Finally, Bg is the feedback
factor of the positive feedback loop from the
collector of Q3 to the base of Q4.

From Figure 10, it can be seen that the total
gain (A7) 1s:

Ay Ay

=12 A1 +BrAy
1-(BrA)

At

Each term in this equation plays a role at
different frequencies to determine the total
transfer function of the device. Of particular
importance 1Is 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 1s
now a component of B 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 readlly be seen, as is the
effect on bandwidth.
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COMPENSATION

~O V4

> >
< < <
S0k 3 Zan

AAA
W
-
=
A

1.5K
$ 33k Sk
T 3

-INO-

r— — 4
+IN o———Km KQI Os>'——J K Q7 I ;Oa
$—O ouT

3 P 2 B4 > < >
> > >
10K S 5.6K< < 100 s 10K S 10K :: 10K g 2.2K

$ 1
S5 =
2.4K
wWA—4—f @10 .;Km
Q11
1, 1)
< 32K 1.3K< 1.8K 310K %msx
: . | OoV.
TC10011S
Figure 9. Complete Schematic of NE/SE5539
+
3
S 2
b2 $
BF
+ Az
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>
i

OUTPUT

LD05980S

TC100208

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 [rm—

= —

H S~

“N\0dB
0°

s \\

w 180°

<

T

a
1 L
270 350

f (MH2)

0P06230S

a. Open-Loop Gain — No
C

pensation (Comp
Simulation)
A [
H A
: VUV
2]
INPUT
1
Sns/DIV

0P06240S

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 1s compared to the
computer plots in Figures 14 and 15. The real
payoff for this system I1s 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.

December 1988

VWA~

AAA

AAA.
VWA

AAA
VWA

BF

OUTPUT

Rc

AAA

= ——w— $re
Co C

R
ALTERNATE
LOWERS OFFSET o

TC100308

a. Pin 12 Compensation Showing Internal Connections — Inverting

—AAA

AAA
W
\A4

BF

VWV

VWA~

VWA
+

AAA

o —IAA

Qs ¢—F——¢t Q7

'8
L Qs ouTPUT

cc Re

AL T
—F—w— %m
Co Re

ALTERNATE
LOWERS OFFSET
TC100408

b. Pin 12 Compensation Showing Internal Connections — Non-Inverting
Figure 12
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46 prp,
Ry
§ - 0d8}|
< ®
140° '\
L
250350
1 (MHz)

0P062508

a. Open-Loop Pin 12 Compensation —
Rc = 20052, Cc = 1pF,

(Computer Simulation)

INPUT

50mV/DIV

Sns/DIV

0P06290S

T
OUTPUT.

50mVIDIV

—-—-—'
a7

Sns/DIV

OP06280S

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

a3
-
g ~¢
Z - N
=R
N
1 L
75 350

t (MHz)

0P06270S.

a4
o~
~J
2 0d8
>
< ES
92°V
L
150 350
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c. Open-Loop Pin 12 Compensation —
Rc = 200S2, Cc = 2pF (Computer

Simulation)
‘ LT
[T
OUTPUT —
217 INPUT
=0 ! \
§ T TSR
g \
T
[
[
5ns/DIV
OP06300S
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d. Closed-Loop Non-Inverting Pulse e. Open-Loop Pin 12 Compensation — f. Closed-Loop Non-Inverting Pulse
Response — R¢ = 20052, C¢ = 2pF, Av=3 Rc = 20052, C¢ = 3pF, Response — R¢ = 20052, Cc = 3pF, Ay =3
(Computer Simulation — Critically-Damped) (Computer Simulation) (Computer Simulation — Overdamped)
Figure 13
120 1. J. Miliman and C. C. Halkias: Integrated
Electronics: Analog and Digital Circuits and
100 Systems, McGraw-Hill Book Company, New
80 _ 58 York, 1972.
I
60 2 2. A. Vladimirescu, Kathe Zhang, A. R. New-
[} —\‘\ < ton, D. O. Peterson, A. Sanquiovanni-Vincen-
%0 N tell: "Spice Version 2G," University of Cali-
N fornia, Berkeley, California, August 10, 1981.
20 N
o Ny 0 3. Signetics: Analog Data Manual 1983,
350 Signetics Corporation, Sunnyvale, California
-2 L t(MHz) 1983
1MHz 10MHz 100MHz 350 1GHz 0P0s320S "
0P06310S
Figure 14. Actual Open-Loop Gain Figure 15. Computer-Generated
Measured in Lab Open-Loop Gain




Signetics NE5592
Video Amplifier

Product Specification

Linear Products

DESCRIPTION FEATURES PIN CONFIGURATION

The NE5592 is a dual monolithic, two- e 110MHz unity gain bandwidth D, N Packages
stage, djf_ferential outpu@, widepand vid- e Adjustable gain from 0 to 400 ’

X . INAy} 1 14| OUT A
adjustable gain from 400 to 0 with one ® NO fr etLuency compensation : o ?
external resistor. The input stage has ~ 'eadre¢ w4 (2] [13] our ay
been designed so that with the addition ® Wave shaping with minimal e [5] 7] vee
of a few external reactive elements be-  €xternal components ]

. . Gal 4 11| G
B e 2o peials e APPLICATIONS a3 [
i unction a igh-pass, low- " . vee [5 10] Gs
pass, or band-pass filter. This feature ° F!oppy d's'(_ .head amplifier oure, e q )
makes the circuit ideal for use as a video ~ ® Video amplifier e 2 N8,
or pulse amplifier in communications, ® Pulse amplifier in ourB,[7 BEL
magnetic memories, display, video re- communications
corder systems, and floppy disk head e Magnetic memory Top VIEW
amplifiers. ® Video recorder systems O0ro0s08
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0 to 70°C NE5592N
14-Pin SO package 0 to 70°C NES592D
EQUIVALENT CIRCUIT
O +V
< Ry 2 R2 :: Rs :: R1o % Re
< < < V
"\QG
V' Q4 Q3
o
INPUT 2 ¢ ;vr O OUTPUT 1
12
INPUT 1 [e]] Q2 A~
—0O OUTPUT 2
G G
R Rg
Q74 Q78 Qg Ny l Qg Qup” }° On
R7a R7s Ris Rig Ri3 Ria

-0 -V
LD0B030S
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ABSOLUTE MAXIMUM RATINGS T, =25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage +8 \
Vin Differential input voltage +5 "
Vem Common mode Input voltage +6 \
lout Output current 10 mA
Operating temperature range o
Ta NE5592 0 to +70 C
Tsta Storage temperature range -65 to +150 °C
Pp max Maximum power dissipation,
Ta=25°C (still air)’
D package 1.03 w
N package 1.48 w
NOTE:

1. Derate above 25°C at the following rates:
D package 8 3mW/°C
N package 11.9mW/°C

DC ELECTRICAL CHARACTERISTICS T, =+25°C, Vgg=+6V, Vom =0, 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
AvoL Differential voltage gain RL = 2k§2, Vour = 3Vpp 400 480 600 VIV
Rin Input resistance 3 14 k2
Cin Input capacitance 25 pF
los Input offset current 0.3 3 MA
lsias Input bias current 5 20 A
Input noise voltage BW 1kHz to 10MHz 4 nv/vHz
Vin Input voltage range +1.0 \
CMRR | Common-mode rejection ratio chth;‘\l\,/,ff:gal::z 60 gg gg
PSRR Supply voltage rejection ratio AVg = * 0.5V 50 85 dB
Channel separation (othﬂI :ef‘;:}?é; d;' ;&?_0:’-:7(9 65 70 dB
Vos Outp}lt offset v9ltage Ry =9 0.5 15 \
gain select pins open Ry =90 0.25 0.75 \
Vem Output common-mode voltage Ry =00 2.4 3.1 3.4 \
Vout Output differential voitage swing RL =2k 3.0 4.0 \
Rout Output resistance 20 Q

October 20, 1987
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DC ELECTRICAL CHARACTERISTICS vgs =6V, Voy =0, 0°C <Tp <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
AvoL Differential voltage gain RL = 2k, Vout =3Vp.p 350 430 600 v/V
Rin Input resistance 1 11 k2
los Input offset current 5 HA
IBIAS Input bias current 30 HA
Vin Input voltage range +1.0 v
CMRR | Common-mode rejection ratio Vom £ ';’; L;wok”z 55 dB
PSRR Supply voltage rejection ratio AVg = * 0.5V 50 dB
. Vout = 1Vp.p; f=100kHz
Channel separation (output referenced) R, = 1kQ 70 dB
Vos Output offset voltage
gain select pins connected R =9 1.5 Vv
together
gain select pins open Ry =0 1.0
Vout Output differential voltage swing R = 2k2 28 v
lcc Power supply current
(total for both sides) Ry =00 47 mA
AC ELECTRICAL CHARACTERISTICS T, =+25°C, Vgg =6V, Voq =0, unless otherwise specified. Recommended
operating supply voltage Vg = +6.0V. Gain select pins connected together.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNITS
Min Typ Max
BW Bandwidth Vout = 1Vpp 25 MHz
tr Rise time 15 20 ns
tpp Propagation delay Vour = 1Vpp 7.5 12 ns
October 20, 1987 4-40
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TYPICAL PERFORMANCE CHARACTERISTICS
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as a Function of Frequency
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Gain vs Frequency as a
Function of Supply Voltage
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TEST CIRCUITS T, =25°C, unless otherwise specified.

0.2,F
il
1t -0
0.2.F
[ e, [ 0.2uF
Vmc 559> 3 RL Vour "'CZ -
0.2uF
—0
b3
51251 J e eout jeout
> > >
J= 1 351 3 *® i’L‘K $k I
Tea13708 = T = T ¥ = 4
TC21380S = =

Vs = £6V Ta = 25°C

TC213%08
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DESCRIPTION FEATURES PIN CONFIGURATIONS
The NE/SA/SE592 is a monolithic, two- e 120MHz unity gain bandwidth D, F, N Packages
stage, differential output, wideband vid- o Adjustable gains from 0 to 400 T
eo amplifier. It offers fixed gains of 100 ¢ agiustable pass band
and 400 without external components i fre en: compensation npuT 2 [1 [14] npUT 1
and adjustable gains from 400 to 0 with reo ; ‘:’" Y P ne 7] 73] NC
one external resistor. The input stage quire . . . Gap GAIN 1 17] 524 GAIN
has been designed so that with the © Wave shaping with minimal Gf:'fﬁ; :“:‘gm
addition of a few external reactive ele-  ©xternal components Steer [ 11 secect
ments between the gain select termi- © MIL-STD processing available v- 5] 0] v+
nals, the circuit can function as a high- ne [ 3] ne
pass, low-pass, or band-pass filter. This APPLICATIONS o 2]
feature makes the circuit ideal for use as  ® Floppy disk head amplifier oureurz [7] 2] ourput s
a video or pulse amplifier in communica- @ Video amplifier TOP VIEW JR—
tions, magnetic memories, display, video e Pulse amplifier in .
recorder systems, and floppy disk head ~ communications H Package
amplifiers. Now available in an 8-pin o Magnetic memory G2a GAIN SELECT
version with fixed gain of 400.wnhout e Video recorder systems WPUT 1
external components and adjustable
gain from 400 to O with one external
resistor. NPT 2
‘Rl
EQUIVALENT CIRCUIT Gya GAIN
SELECT v
+V -
P4 < < < < ° NOTES: oo
4: Ry S R2 2 Rs 2 Rio 2 Rg Pin 5 connected to case
< < < > < 1% *Metal cans (H) not recommended for new designs
Qs
) K°’ ™ D, F, N, Packages
V.
'\‘a.__o,?-] INPUT 2 [T] (3] INPUT 1
R Gig GAIN
INPUT 2 L -OOUTPUT 1 Skiect (2 7 S
R -
INPUT 1 a A -0 e ve
}—o0 outpuT 2 ouTPuT 2] 5] output 1
Gia G|
TOP VIEW
R3 Rs CD09810S
G2a G|
Q74 an % ./ ] V Gn Vou
R7a gn Ris ’}Ru '} R-:} Rig
¢ é ¢ ¢ o -O -V
TC08391S
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ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0 to +70°C NE592N14
14-Pin Cerdip 0 to +70°C NES592F 14
14-Pin Cerdip -55°C to +125°C SE592F14
14-Pin SO 0 to +70°C NE592D14
8-Pin Plastic DIP 0 to +70°C NE592N8
8-Pin Cerdip -55°C to +125°C SE592F8
8-Pin Plastic DIP -40°C to +85°C SA592N8
8-Pin SO 0 to +70°C NE592D8
8-Pin SO -40°C to +85°C SA592D8
10-Lead Metal Can 0 to +70°C NE592H
10-Lead Metal Can -55°C to +125°C SE592H

NOTE:

N8, N14, D8 and D14 package parts also available in *'High"" gain version by adding ""H'* before package

designation, 1e, NE592HD8

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

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 8 \
ViN Differential input voltage 5 \
Vom Common-mode input voltage +6 \
lout Output current 10 mA
Ta Operating ambient temperature range
SE592 -40 to +85 °C
NE592 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
Pp Max Maximum power dissipation,
Ta = 25°C (still air)’
F-14 package 117 w
F-8 package 0.79 w
D-14 package 0.98 W
D-8 package 0.79 W
H package 0.83 w
N-14 package 1.44 w
N-8 package 117 w
NOTE:
1. Derate above 25°C at the following rates
F-14 package at 9.3mW/°C
F-8 package at 6.3mW/°C
D-14 package at 7 8mW/°C
D-8 package at 6.3mW/°C
H package at 6.7mW/°C
N-14 package at 11.5mW/°C
N-8 package at 9.3mW/°C
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DC ELECTRICAL CHARACTERISTICS T, = +25°C, Vgg =6V, Vom =0, unless otherwise specified. Recommended
operating supply voltages Vg = t6.0V. All specifications apply to both standard and
high gain parts unless noted differently.

NE/SA592 SE592
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
AvoL Differential voltage gain,
standard part
Gain 1! RL=2k§2, Voyr=3Vpp | 250 | 400 | 600 | 300 | 400 | 500 VIV
Gain 22 4 80 | 100 | 120 | 90 | 100 | 110 VIV
High gain part 400 | 500 | 600 v/vV
Rin Input resistance
Gain 1! 4.0 4.0 [39]
Gamn 2% 4 10 30 20 30 k2
Cin Input capacitance? Gain 2% 2.0 2.0 pF
los Input offset current 0.4 5.0 0.4 3.0 MA
Igias Input bias current 9.0 30 9.0 20 MA
VNOISE Input noise voltage BW 1kHz to 10MHz 12 12 MVRMS
Vin Input voltage range +1.0 +1.0 \"
CMRR Common-mode rejection ratio
Gan 2% Vomt 1V, f< 100kHz 60 86 60 86 dB
Gain 2% Vomt 1V, f=5MHz 60 60 dB
PSRR Supply voltage rejection ratio
Gan 24 AVg =+0.5V 50 | 70 50 | 70 dB
Vos Output offset voltage
Gain 1 RL=o 1.5 1.5 v
Gan 2* R =0 1.5 1.0 v
Gann 3° R =2 0.35 | 0.75 0.35 | 0.75 "
Vem Output common-mode voltage Ry =92 24 2.9 34 24 29 3.4 \"
Vour Output voltage swing R = 2k 3.0 4.0 3.0 4.0 Vv
differential
RouTt Output resistance 20 20 Q
Icc Power supply current Ry =oc° 18 24 18 24 mA
NOTES:

1. Gain select Pins Gia and Gyg connected together.
2. Gain select Pins Ga and Ggg connected together.
3. All gain select pins open

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

DC ELECTRICAL CHARACTERISTICS Vgg=+6V, VoM =0, 0°C <Tp <70°C for NE592; —-40°C < T <85°C for SA592,
-55°C < Tp < 125°C for SE592, unless otherwise specified. Recommended operating
supply voltages Vg =+60V. All specifications apply to both standard and high gain
parts unless noted differently.

NE/SA592 SE592
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
AvoL Differential voltage gain,
standard part
Gain 11 RL =2k, Vour =3Vpp | 250 600 | 200 600 VIV
Gain 22 4 80 120 | 80 120 VIV
High gain part 400 500 600 VIV
Rin Input resistance
Gain 22 4 8.0 8.0 39]
los Input offset current 6.0 5.0 HA
Iglas Input bias current 40 40 MA
VIN Input voltage range 1.0 +1.0 \
CMRR Common-mode rejection ratio
Gain 24 Vomt 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 =o° 1.5 15 \
Gain 24 R = 1.5 1.2 %
Gain 3% RL=o° 1.0 1.0 Y
Output voltage swing _
Vour differential RL=2kQ 28 25 v
lec Power supply current R =o° 27 27 mA
NOTES:

1. Gain select Pins Gya and G4g connected together.
2. Gain select Pins Gpa and Gpg connected together
3. All gain select pins open.

4. Applies to 10- and 14-pin versions only.

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

NE/SA592 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% 4 45 12 45 | 10 ns
trD Propagation delay
Gain 1! Vout = 1Vp.p 75 75 ns
Gain 22 4 60 | 10 60 | 10 ns
NOTES:

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

4. Applies to 10- and 14-pin versions only.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) TEST CIRCUITS T, =25°C, unless
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TYPICAL APPLICATIONS

TCosa208
NOTE:
Vols) _ 14X 10%
Vile)  Z(s)+2re
14 % 10*
=
2(s) + 32

Basic Configuration

AMPLITUDE: 110 mV p-p
FREQUENCY: 1-4 MH2

;

READ HEAD DIFFERENTIATOR/AMPLIFIER ZERO CROSSING DETECTOR
TC084708

Disc/Tape Phase-Modulated Readback Systems

|

TCo84408

NOTE:
For frequency Fy<<Y2m(32)C

avi
Vo =14 X 10°C—
dT

Differentiation with High
Common-Mode Noise Rejection
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FILTER NETWORKS

FILTER Vo (s) TRANSFER
2 NETWORK
TYPE V; (s) FUNCTION
R L 14 x10* 1
O—AM—TY o LOW PASS —
L s+R/L
A c 1.4 x 10* s
O—AM———}——0 HIGH PASS _— |
R s+ 1/RC
R L c 14 x10* s
O—WA——YYN— Lo | BAND PASS
L s2+ R/ s+ 1/LC
L
R 14 x10* 2+ 1/LC
BAND REJECT

R

82+ 1/LC + s/RC

NOTES:

S=jw
w=2nt

TC084228

In the networks above, the R value used Is assumed to include 2re, or approximately 320
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NE/SA/SE592 Video Amplifier
The 592 1s 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-Gyg and
Goa - Gog, respectively. As shown by Figure
1, the emitter circuits of the differential pair
return through independent current sources.
This topology allows no gamn 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 detall 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 1s 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 1s
set by the maximum allowable output offset
and may be determined as follows:

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

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).

December 1988
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Using the NE/SA/SE592

Video Amplifier

Application Note

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 Max Input Offset Current o

0.005V
SuA
= 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 1s typically 2.9V. Most applications,
therefore, require capacitive coupling to the
load.

Filters
As mentioned earlier, the emitter circuit of the
NE592 includes two current sources.

Since the stage gain 1s 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 2, 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 gan 1s 0dB, or unity.

Referring to Figure 3, the impedance seen
looking across the emitter structure includes
small re of each transistor.

Any calculations of impedance networks
across the emitters then must include this
quantity. The collector current level 1s approx-
imately 2mA, causing the quantity of 2 r, to
be approximately 32€2. Overall device gain is
thus given by

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

where Zg) can be resistance or a reactive
impedance. Table 2 summarizes the possible
configurations to produce low, high, and
bandpass filters. The emitter impedance s
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.

v+

<
>
s
Rexr
—AAA— 4
G1AO- -0G18
S
< S
3 3
G2A0——¢ ——Oc2s
14K
O
v-
LDoss10S
NOTE:

All resistor values are in ohms

Figure 1. 592 Input Structure

Table 1. Video Amplifier Comparison File

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

4-53




Signetics Linear Products

Application Note

Using the NE/SA/SE592 Video Amplifier

AN141

Table 2. Filter Networks

LD05920S
NOTE:
Vo(s) 14 x10*
Vils) Z(s) +2re
14 x10*
"z 32

Figure 3. Basic Gain Configuration
for NE592, N14

Differentiation

With the addition of a capacitor across the
gain select terminals, the NE592 becomes a
differentiator. The primary advantage of using
the emitter circuit to accomplish differentiation
is the retention of the high common mode
noise rejection. Disc file playback systems rely
heavily upon this common-mode rejection for
proper operation. Figure 4 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
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 i1s 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-

December 1988

tion point. This readback signal is usually
500uVp.p to 3mVp_p 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 Gaussian readback signal
must be determined.

The classical approach to peak time determi-
nation is to differentiate the input signal.
Differentiation results in a voltage proportional
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 5. Read-
back data is applied directly to the input of the
first NES92. 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 readback head to
amplifier, no matched terminating resistors are
required and the excellent common-mode re-
jection ratio of the amplifier is preserved. DC
components are also rejected because the
NE592 has no gain at DC due to the capaci-
tance across the gain select terminals.

The output of the first stage amplifier is routed
to a linear phase shift low-pass filter. The filter
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ve- oy | FILTER Vo(s) TRANSFER
“ ame Z NETWORK TYPE V1(s) FUNCTION
E
20
s Low 14x10* [ 1
i R L PASS e
., oO— M WA—— YY" L s +R/L
g AF03770S
: / \\
B R c ;‘\Gs'; 1.4 X 10* s
N o—MA———{——o R |s+imo
AF03780S
-50
o \ Y 0 00 1000
FReQUENCY ) BAND |44 10¢ s
OPos330S) R L c PASS L 2 et L
Figure 2. Voltage Gain as a Function o—wW\— — +R/Ls+1/1C
of Frequency (All Gain Select Arosreos
Pins Open)
L BAND |4 4 x 10% s2+1/LC
REJECT 5
R R s©+ 1/LC + s/RC
+6 O—AM—¢
c
AF03750S
14N
o— 10 NOTES:
V. 592 v In the networks above, the R value used is assumed to include 2 re, or approximately 32
1 ' (] s=1Q
o— T 7 Q= 2nf

is a single-stage constant K filter, with a
charactenstic impedance of 200£2. Calcula-
tions for the filter are as follows:

L=2F}'wc

where
R = characteristic impedance (£2)

C =Y

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

vi

i

TC100708

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

dy
Vo=14 X 10°C—
a7
All resistor values are in ohms

Figure 4. Differential with High
Common-Mode Noise Rejection
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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 5 was tested with an
input signal approximating that of a readback
signal. The results are shown in Figure 7.

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 carner 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.

01.F

an

READ
HEAD

X100 AC
PRE AMPLIFIER

NOTE:
All resistor values are in ohms

Isz oF 200

= = NE592
56.H 014F

Itz oF 200 jw of

LINEAR PHASE
LOW PASS FILTER

4 mH
A O *5V

4 mH
O-5V

01.F

I

1.F
o 01.F

DIFFERENTIATOR

200

Figure 5. 5MHz Phase-Encoded Data Read Circuitry

DIGITAL
OUTPUTS
————o

8720

BIDIRECTIONAL
‘ONE-SHOT
TC10080S

1K i -Q+6V
> 0.14F
l 327k J27k I g
< 4,
10.F 2 0.14F =
o—i|- 4 6 H}
LIS 11
2 0 1..,F 4
:,51 MC1496 0—" * o
51 >
r— WN——1 12 33K &3.3K
4 5 10
= = K
- - A
< - .4
1 47K 256K 10uF ZZ0.1uF
+*
0.1
—{ — *~—o-
l‘ _i: )
TﬁuF 1K =
o AAA —O0-6v

NOTE:
All resistor values are in ohms

TC10090S
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\ / PRE-AMPLIFIER OUTPUT
100mV/DIV.

S
S
4

b ‘\\
S
vd

p

A
T VAV O omVIDNC
U V [
TIME BASE 200ns/DIV.

I PRE-AMP AND DIFFERENTIATOR
SUPER IMPOSED

\’

¥ BOTH

TIME BASE 200ns/DIV.
0P06350S.

DIFFERENTIATOR
H 200mV/DIV.
8T20 Q OUTPUT
2VIDIV.
TIME BASE 200ns/DIV.
OP06360S

Figure 7. Test Results of Disc File Decoder Circuit
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DESCRIPTION FEATURES PIN CONFIGURATION
The MC1496 is a monolithic double- e Excellent carrier suppression F, N Packages
balanced modulator/demodulator de- 65dB typ @ 0.5MHz !
signed for use where the output voltage 50dB typ @ 10MHz POSITIVE
: . f SIGNAL INPUT 13 vee
is a product of an input voltage (signal) e Adjustable gain and signal aam Apuust [Z] 1 we
and a switched function (carrier). The handling AN ADWST[E ) Neaanve
MC1596 will operate over the full military ¢ pajanced inputs and outputs NEGATIVE E::mr
temperature range of —-55°C to +125°C. o High common-mode rejection — SIGNAL INPUT NEGATIVE
The MC1496 is intended for applications 859 "B I rosoks 101 CARRIER INPUT
within the range of 0°C to +70°C. typ outeur L& oLy
APPLICATIONS nolT 51 CRRRiER inpur
e Suppressed carrier and amplitude TOP VIEW
modulation conis

ORDERING INFORMATION

e Synchronous detection
o FM detection

o Phase detection

o Sampling

o Single sideband

e Frequency doubling

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
Vo(+) Vo(-)
69 ?12
S P @
CARRIER (-) o2
INPUT (+) 0% —
SIGNAL (-) o‘————ﬁ\:s Q%
INPUT (+) O 25 GAIN
- 3 ADJUST
BiAS O z (]
Dy
Ry R3 Ry
500k S 500kQ 500k
- 14
V- o
LD08470S
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Balanced Modula’ror/DemodqutOr MC1496/MC1596

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Applied voltage 30 v
Vg-Vqo | Differential input signal +5.0 \"
V4=V Differential input signal (515 Re) v
Vo - V1 ) .
Va-Vs 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 =-8.0Vpc; Is = 1.0mApg; R = 3.9k Rg = 1.0k, Tp = 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 k2

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 MA

l4+ 14
Iss lgs = 12 25 12 30
lg+1

Isc lac=——"2 12 | 25 12 | 30 A
Input offset current MA

lios llos=1l1-14 0.7 5.0 0.7 7.0

||oc ||oc = |5 - |10 ' 0.7 5.0 0.7 7.0 l.lA
Average temperature coefficient

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

loo lg-1l12 14 50 15 80 A

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

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

Ip+ lg + 112 2.0 3.0 2.0 4.0

Ip- l14 3.0 4.0 3.0 5.0

Pp DC power dissipation 33 33 mw

March 18, 1987 4-58



Signetics Lineal

r Products

Product Specification

Balanced Modulator/Demodulator

MC1496/MC1596

AC ELECTRICAL CHARACTERISTICS Vo =+12pg; Vo =-9.0Vpg; Is = 1.0mApg; R =3.9kQ; Rg = 1.0kSY; Ta = +25°C,

unless otherwise specified.

MC1596 MC1496
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
. V¢ = 60mVpys sinewave and
Verr Carrier feedthrough offset adjusted to zero
fc = 1.0kHz 40 40 MVRMS
fc = 10MHz 140 140
Ve =300mVp.p squarewave:
Offset adjusted to zero
fo = 1.0kHz 004 | 0.2 004 | 04 | mVpus
Offset not adjusted fc = 1.0kHz 20 100 20 200
Vcs Carrier suppressions fs = 10kHz, 300mVgpms sinewave
fc = 500kHz, 60mVRrms sinewave| 50 65 40 65 dB
fc = 10MHz, 60mVRys sinewave 50 50
. . Carrier input port,
BW3gs Transadmittance bandwidth VG = 60mMVaws 300 300 MHz
(Magnitude) (R, = 5052) sinewave fg = 1.0kHz,
300mVRgms sinewave
Signal input port,
Vs = 300mVeys 80 80 MHz
sinewave |Vg|=0.5Vpc
Avs Signal gain Vg =100mVgys; f= 1.0kHz 25 35 25 35 VIV
Ve l=0.5Vpg
CcMvV 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
Ivgl=0.5Vpc
Differential output voltage
DVour swing capability 8.0 8.0 Vep

March 18, 1987
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MC1496/MC1596

TEST CIRCUITS

||[

2

1 hY
" i
)
N
N

3
-
vy

7

[

=

Carrier Rejection and Suppression

C2
CARRIER  0.14F

INPUT fc ._”__
fs

MODULATING |
SIGNAL 10K <
INPUT 1

CARRIER NULL
-8vDC

Carrier Rejection and Suppression

+12vDC

TC137708

10K 104F 45 INPUT
— AAA i€ Yo}
VWA i€
>
31002 6000
! 50K &
1000 <
o 10K L
4 AV =
01 Srsony 8 1
o 75003 aex 10 T S00eF
< —
OuTPUT ) K 560 = tc INPUT
AN -AAA—4- i¢ —0
4, 8200 o
o T R
+8V

TC137508

+12VDC

TC137608

Signal Gain and Output Swing
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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
Vc and Vg

To accomplish this the differential pairs
Q1-Q2 and Q3-Q4, with therr cross-cou-
pled collectors, are driven into saturation by
the zero crossings of the carmer signal Vg.
With a low level signal, Vs dnving 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 multiphcation of V¢ and
Vg. Thus for sine wave signals, Voyr be-
comes:

Vout = ExEy | cos(wx + wy)t + cos(wx — wy)t
1)

As seen by equation (1) the output voltage
will contain the sum and difference frequen-
cies of the two onginal signals. In addition,
with the carrier input ports being driven into
saturation, the output will contain the odd
harmonics of the carrier signals. (See Figure
4)

BIASING

Since the MC1496 was intended for a multi-
tude of different functions as well as a mynad
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.

8
caraigr O

WUt (A

NOTE:
All resistor values are in ohms

4
=) Qs Q6
SIGNAL
INPUT 9 2
"no— ————OGAIN
3
~-OADJUST
5
81AS O o <
04
R1 R3 R2
500 500 500
10
V-0~

Figure 1. Balanced Modulator Schematic

Tco77908

December 1988
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Internally provided with the device are two
current sources dniven by a temperature-
compensated bias network. Since the transis-
tor geometries are the same and since Vgg
matching in monolithic devices i1s 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 spht 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 1s achieved with simple resistor divid-
er networks as shown in Figure 3. This
configuration assumes the presence of sym-
metnical supplies. Explaining the DC biasing
technique I1s probably best accomplished by

Vec

i

<

TCO7800¢

NOTE:
All resistor values are in ohms

Figure 2. Single-Supply Biasing
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AN189

an example. Thus, the imitial assumptions and
critena are set forth:

1. Output swing greater than 4Vp.p

2 Positive and negative supplies of 6V are
available.

3. Collector current 1s 2mA It should be
noted here that the collector output cur-
rent 1s 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 sight changes in the bias ar-
rangement. With the carner 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 1s selected which drops
3V at 2mA or 1 5kS2. 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 1s expressed by
Vgias = Vee = 500 X [g

where Ig s the current set in the current
sources

For the example Vgg 1s 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 voitage of
the negative supply (-6V + 17V =-43V) 1s
split between these transistors by biasing the
signal transistor bases at -2 15V.

5
31k
b3

sk
1

NOTE.
All resistor values are in ohms

Figure 3. Dual Supply Biasing

TCO78108

Countless other bias arrangements can be
used with other power supply voltages. The
important thing to remember Is that sufficient
DC voltage I1s 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 carner modulation 1s 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-
1zed by Figure 4.

NOTES:

fe Carrier Fundemental

fs Modulating Signal

fct fg Fundemental Carrier Sidebands

fci nfg Fundemental Carner Sideband Harmonics
nf¢, Carnier Harmonics

nfct nfg Carner Harmonic Sidebands

December 1988
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Figure 4. Modulator Frequency Spectrum
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Gain of the 1496 is set by including emitter
degeneration resistance located as Rg in
Figure 5. Degeneration also allows the maxi-
mum signal level of the modulation to be
increased. In general, linear response defines
the maximum input signal as

Vs < 15 * Rg(Peak)

and the gain is given by

R

—_— 2
Rg + 2rg @

Avs =

This approximation is good for high levels of
carrier signals. Table 1 summarizes the gain
for different carrier signals.

As seen from Table 1, the output spectrum
suffers an amplitude increase of undesired
sideband signals when either the modulation
or carrier signals are high. Indeed, the modu-
lation level can be increased if Rg is in-
creased without significant consequence.
However, large carrier signals cause odd
harmonic sidebands (Figure 4) to increase. At
the same time, due to imperfections of the
carrier waveforms and small imbalances of
the device, the second harmonic rejection will
be seriously degraded. Output filtering is of-
ten used with high carrier levels to remove all
but the desired sideband. The filter removes
unwanted signals while the high carrier level
guards against amplitude variations and maxi-
mizes gain. Broadband modulators, without
benefit of filters, are implemented using low
carrier and modulation signals to maximize
linearity and mirimize spurious sidebands.

AM MODULATOR

The basic current of Figure 5 allows no carrier
to be present in the output. By adding offset
to the carrier differential pairs, controlled
amounts of carrier appear at the output
whose amplitude becomes a function of the
modulation signal or AM modulation. As
shown, the carrier null circuit is changed from
Figure 5 to have a wider range so that wider
control is achieved. Alli connections are
shown in Figure 6.

AM DEMODULATION

As pointed out in Equation 1, the output of the
balanced mixer is a cosine function of the
angle between signal and carrier inputs. Fur-
ther, if the carrier input is driven hard enough
to provide a switching action, the output
becomes a function of the input amplitude.
Thus the output amplitude is maximum when
there is 0° phase difference as shown in
Figure 7.

Amplifying and limiting of the AM carrier is
accomplished by IF gain block providing 55dB

December 1988

NOTE:
All resistor values are in ohms

A _L AA -0 +12 Vdc
Re
Ious w
= L v ] AL SR
= 39K 239K
51 2 3
VAA 7 6 -V,
Vc% 01uF o
CARRIER " 8
e | mcrase
Vs . —0 -V,
MODULATING 10 5 ° -
SIGNAL P, P4 3
INPUT S 10k 0K $51 S5
s )
S—
153 68K
CARRIER NULL
= o =
Ve
-8 vdc
TC103608

Figure 5. Double Sideband Suppressed Carrier Modulator

Table 1. Voltage Gain and Output Spectrum vs Input Signal

NOTE: R
All resistor values are in ohms

CARRIER INPUT APPROXIMATE OUTPUT SIGNAL
SIGNAL (V¢) VOLTAGE GAIN FREQUENCY(S)
R.Ve
Low-level DC M
KT .
2(Rg +2rg) { —
q
High-level DC AL f
igh-level
g R+ 2rg M
RVc(rms)
Low-level AC KTy fct fu
2\/2 (? )(RE + 2re)
0.637R_ fc* fu, 3fc* f
igh-1 I A [of M SliC M-
High-level AC R+ or, Sfc t fyg.
+12VDC
o
1K _ IAK
L onr Re
4 I - Ry %_4 R
= = 3.9K 3.9
5 2 3
Ve “"Fl 7 s O +Vp
CARRIER INPUT oy, s mcissex
MODULATING 1 MC1496K
SIGNAL INPUT v
‘0 0 0 =Vo
50 750351 35 N
50K 68K
= 's
CARRIER ADJUST )
o
Ve
8 VvDC

TC103708

Figure 6. AM Modulator
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12V
o

AM CARRIERIS
AMPUFIED AND 5
UMITED HERE ::n(

39k a9k
] 3

AAA @ ol—e

MA—AAA—AN/ O
10 S -[
I ! :E"" 51 68K SmpEEMPHASIS &
1 Y
= - - - - -90° ] 90°
3 Vour
PHASE ANGLE
]
-8V
TCO7821S
NOTE:
All resistor values are in ohms
Figure 7. AM Demodulator
of gain or higher with limiting of 400uV. The
Imited carrier 1s then applied to the detector g
at the carrnier ports to provide the desired " 1w
switching function. The signal i1s then demod- J' 01F e
ulated by the synchronous AM demodulator L r.‘,{,\,_] e
(1496) where the carrier frequency is attenu- - 7 3 i she
ated due to the balanced nature of the s 1 OLF ! crems Vo
device. Care must be taken not to overdrive PrASE 20- MC 188
the signal input so that distortion does not g 0 -vo
p
appear In the recovered audio. Maximum - r 7
conversion 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 multipled
together producing the sum and difference
frequencies. Equal frequencies cause the
difference component to become DC while
the undesired sum component is filtered out.

December 1988

NOTE:
All resistor values are in ohms

Figure 8. Phase Comparator

V-
-8voc
TCO7830S

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

4-64

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 10. Low Frequency Doubler
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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 56dB. 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

e Low current consumption: 2.4mA
typical

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

e High operating frequency

e Excellent gain, intercept and
sensitivity

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

o SA602 meets cellular radio
specifications

APPLICATIONS

o Cellular radio mixer/oscillator
e Portable radio

o VHF transceivers

o RF data links

e HF/VHF frequency conversion

e Instrumentation frequency
conversion

o Broadband LANs

[8] 7] 6] [57]
|Vcc
VOLTAGE
REQULMGR J[ OSCILLATOR J
A
GROUND
Ll Ltz L[] Le]
80018018
November 9, 1987 4-66

PIN CONFIGURATION

D, FE, N Packages

eyt a7 ] 8] vee

INPUT BE [ 7] osciLLaTor

rouno [ 3 | 6] osciator
OUTPUT A} 4 __5___] OuUTPUT B

TOP VIEW

CD100408 |
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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 A
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, Vg =6V, Figure 1
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vee Power supply voltage range 45 8.0 \
DC current drain 24 2.8 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 RFN =-45dBm: f; = 45.0 -15 -17 dBm
fo = 45.06
Conversion gain at 45MHz 14 18 dB
Rin RF input resistance 1.5 k2
CiN RF input capacitance 3 35 pF
Mixer output resistance (Pin 4 or 5) 1.5 kQ
DESCRIPTION OF OPERATION
The NE/SA602 is a Gilbert cell, an oscillator/
0.5t0 1.3,H | 22pF | 1= buffer, and a temperature compensated bias
5.8H r.rv‘n'\__i —— 44.545MHz THIRD OVERTONE CRYSTAL network as shown in the equivalent circuit.
Vee ) = nf S-6pF The Gilbert cell is a differential amplifier (Pins
T YYL —- . 1 and 2) which drives a balanced switching
oo | 100nF T r‘L| cell. The differential input stage provides gain
T I 10nF = 8 7 6 5 ) and determines the noise figure and signal
= = 150pF handling performance of the system.
OUTPUT
The NE/SA602 is designed for optimum low
NEGO2 W ] 330pF power performance. When used with the
SA604 as a 45MHz cellular radio 2nd IF and
-P——J—‘”"‘ = demodulator, the SA602 is capable of receiv-
1 2 3 4 ing —119dBm signals with a 12dB S/N ratio.
Third-order intercept is typically —15dBm
(that's approximately + 5dBm output intercept
INPUT because of the RF gain). The system design-
er must be cognizant of this large signal
limitation. 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
Figure 1. Test Configuration 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 1.5kS2 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

'J

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 s 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
1solation, simplicity, and low current, while the
bipolar transistors provide the simple solution
for non-cnitical 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
22k$2 resistor from Pin 7 to ground will
increase the DC bias current of the oscillator

b
MiiFas

TC020408

a. Single-Ended Tuned Input

]

D

JHP—J

1020508

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

Figure 3. Input Configuration

D
G——

—0
[y
transistor. This improves the AC operating
BiAS characteristic of the transistor and should
{ | | help the oscillator to start. 22k$2 will not upset
3:1“ 3; :; 1.5K the other DC biasing internal to the device,
1 1 B A4 but smaller resistance values should be
GND ] avoided.
TC020308
Figure 2. Equivalent Circuit
NESO2

T
I

TC020608

c. Single-Ended Untuned Input

November 9, 1987
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12pF cr
Ir4
- L\Y l l l ——I
L3 ' ;[- fi [‘L—l 2-10pF ;é %mn—T—m:: — ““"5 / 2100
CFUA4ss
OR EQUIVALENT
) ez ) esee TG MATCHES 5.5k TO NEXT STAGE
TC020108 TC020708
a. Single-Ended Ceramic Filter b. Single-Ended Crystal Filter
ot
s J‘!‘]
NES02 T 3 L ) NE602 :f 3
3 ) ]
“TC02080S TC020808
c. Single-Ended IFT d. Balanced Output
Figure 4. Output Configuration
iT4
R LAY
L, e L% I = L T
I_nmr\__)'__".' == XTAL n
= Y 3 ) = -r =
" - -~
c
Mo . 31 .J—Lrﬁm
> NE602 > NE602 > NE602
| R O n L) ) [ [ | N N N I R R |
TC02100S TC021108 TC021208
a. Colpitts Crystal Oscillator b. Colpitts L/C Tank Oscillator ¢. Hartley L/C Tank Oscillator
(Overtone Mode)
Figure 5. Oscillator Circuits
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T0
_‘I—’ BUFFER

= 7pF prF

=1
jil
ATl

[
1000pF ==
+—i DC CONTROL VOLTAGE
N S 1000pF FROM SYNTHESIZER
0.06,H t MV2105
T OR EQUIVALENT

TC021308

f’m" I
100K 3 X2 = =
1 < 35K126
0.01pF 2N918
1 IL
1 1t o
2pF TO SYNTHESIZER
IL ]
LA} 1 (
100K 302 ==001pF TO SYNTHESIZER E
>
100K I 0.001pF
- TC021508 - TC02160S

TCo21408

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

0.510 1.3:M I 22pF | l_

o~ -
-Enm_.‘ 44.545 MHz
S.5.H nF 5.6pF THIRD OVERTONE CRYSTAL
Vee =
6.&F 100nF T 7

Tl 100F

3 4 SF
pran L] ‘I’ OR EQUIVALENT
-

o200 100208 = T

INPUT

TC020208

Figure 7. Typical Application for Cellular Radio
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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-carner 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 inteligence. 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. Ali 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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Figure 1. Frequency Domain Display of
a 10MHz Carrier AM Modulated by a
1kHz Tone (Spectrum Analyzer Display)

f—1ms ——{

10MHz CARRIER
LDO1590S

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 6 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 1s 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-
carrer in quadrature rather than the broad-
band 90 degree audio phase shift. The de-
sired sideband s 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 easter 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 cntical 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
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 integnty 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
1s mainly a function of the audio phase shifter.
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Better performance is possible by empioying
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 5082 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 502 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
NE5534 is well known for its low noise, high
dynamic range, and excellent audio charac-
tenstics (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 I1s used with the two sideband
select sections to reduce THD, maintain am-
phtude 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-
tnmmed 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 inear and very high
dynamic range circuits. Yet these characteris-
tics are much easler 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. 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 imiting factors for SSB rejection when
using the phase method; thus the higher cost
may be justified In some applications.
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Audio Processing

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 requinng
more op amps. Switched capacitor filters
have the disadvantage of requinng 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 1s
being done with SCF's and performance is
improving.

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 loganthmic 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 (Amplitude Compandored
Single-Side Band) 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 rehability. Coupled with
an nexpensive two-pole crystal or ceramic
filter, the 70dB requirement is obtained. Also,
the filtering ahead of the NEG602 greatly
improves the intermodulation performance of
the recewver Figure 17 shows a complete
SSB recewver 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 I1s now available from several
manufacturers including the TDD1742 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
form a direct conversion SSB receiver using




Signetics Linear Products

Application Note

New Low Power Single Sideband Circuits

AN1981

4S0pF
4
L)
10K
AMA-
02,F
i€ - TO FIGURE 14
CIRCUIT
.
s L nessas
O1F
It M
W 6
2 E 3
RESONANT 01uF '[ Neso2
TUNED 3 8
CIRCUIT I T
= = FIGURES
+SV 9&12
NE602
o1uF '
= = it
LAY 6
2 :329
——O0 +sv
8 450pF
O1F 3 K
I s 110K
= = M-
02uF
I A
" TO FIGURE 14
. CIRCUIT
= NEss:
TCO1951S
Figure 13. Phasing Method Detector for Direct Conversion Receiver

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 carner 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 recewver. 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 1s used as an IF
crcuit, the fixed LO signal could also be
denived from the same clock. This has the
added advantage that harmonics from the
various circuits will not interfere with the
received signal.

Results

The circurt 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
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a side benefit to direct conversion receivers.
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 1s 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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Linear Products

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
25mA 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 ngors 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 1s fabricated with a 6GHz process, but
the emitter resistor from Pin 7 to ground I1s
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-
tenistics, 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 1s 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¢ 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 i1s vanable.
Please note that the inductor must be cou-
pled to Pin 7 with a low iImpedance 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 circurt 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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0.5to 1.3uH

——

L
100nF T

THIRD OVERTONE CRYSTAL

B
;L 10nF =

)

22pF l 1___
Vee -
o Y
8 7 6

;—':1——-'- .L_@ ouTPUT
=

NE602

INPUT

44.9MHz

1 2
47pF
T 0.209 to 0.283uH =
220pF
100nF

Figure 3. Cellular Radio Application

TCo18208

consumption of the NE602 and 3SK126 1s
typically 3mA. The MOSFET input 1s 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 shghtly to the feedback ca-
pacitance ratio. Use of the 22k resistor at Pin
7 helps assure oscillation without upsetting
DC buas.

For applications where optimum buffering of
the tank, or minimum current are not manda-
tory, or where circut 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 1s lost.

The 2N5484 has an IDSS of 5mA max. and
the 2SK126 has IDSS of 6mA max. making
them surtable for low parts count, modest
current buffers. The 1solation 1s good

Injected LO

If the application calls for a separate local
oscillator, 1t I1s 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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Application Note

Applying the Oscillator of the NE602

in Low Power Mixer Applications

AN1982

o Vee

o.s_Laom
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= OREQUIV 100K & %(
0.08uH 18K 9 1 - =
< 2K T0
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Vee o N—{¢ > ') § 35K126 OR EQUIVALENT
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6.84F 100nF 9%F .I.M" 3300
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NOTES:
* Permits impedance match of NE602 output, 1e 1 5K//3pF to 3 5K filter impedance
** Choose for impedance match to next stage
Figure 4
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A
W
g

2N5484 3sK126
TCO1841S.
NOTE:
* 2K or as necessary for current imits 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 and

Oscillator

Product Specification

FEATURES

e Low current consumption
® Low cost

e Operation to 500MHz

e Low radiated energy

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

e Excellent sensitivity, gain, and
noise figure

APPLICATIONS

e Cordless telephone

e Portable radio

e VHF transceivers

o RF data links

e Sonabuoys

e Communications receivers
e Broadband LANs

e HF and VHF frequency

PIN CONFIGURATION

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 l [ 7 l 6 l [ 5
Vee
[ Rngnignw I OSCILLATOR J
GROUND
L] | BN B L]
BD01801S

November 3, 1987
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D, N Packages

INPUT A} 1

INPUT B E
Grouno 3 |

OUTPUT A | 4

I]AVcc
| 7] osciiator

[ ] osciLiator

[s Jouteut 8

TOP VIEW

GD10040S

853-0391 91251
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Product Specification

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
Vee Maximum operating voltage 9 \
Tsta Storage temperature -65 to +150 °C
Ta Operating ambient temperature range 0 to +70 °C

AC/DC ELECTRICAL CHARACTERISTICS Tx=25°C, Vcc = 6V, Figure 1

100nF

Figure 1. Test Configuration

TCo2711S

November 3, 1987
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LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min Typ Max
Vee Power supply voltage range 45 8.0 "
DC current drain 24 3.0 mA
fin Input signal frequency 500 MHz
fosc Oscillator frequency 200 MHz
Noise figured at 49MHz 5.0 dB
Third-order intercept point at 4OMHz RFn =-45dBm -15 dBm
Conversion gain at 49MHz 14 18 dB
RiN RF input resistance 15 k2
Cin RF input capacitance 3 pF
Mixer output resistance (Pin 4 or 5) 15 k2
DESCRIPTION OF OPERATION
The NE612 1s a Gilbert cell, an oscillator/
0.5 to 1.3:H 22pF = buffer, and a temperature compensated bias
L—r’rm_|~_’ —— THIRD OVERTONE CRYSTAL network as shown in the equivalent circuit.
5.5.H
Vee . = nF S6F The Gilbert cell is a differential amplifier (Pins
e l lvmi T 1 and 2) which drives a balanced switching
’ |Iv I L 5 cell. The differential input stage provides gain
L I 10nF = 8 7 6 5 4 and determines the noise figure and signal
= = _j1sapr
OUTPUT handling performance of the system.
NE612 1510 T T The NE612 1s designed for optimum low
4.2 power performance. When used with the
L NE614 as a 49MHz cordless telephone sys-
' 2 2 . —Ti20F = tem, the NE612 i1s capable of receiving
-119dBm signals with a 12dB S/N ratio.
47pF Third-order Intercept Is typically -15dBm
INPUT = (that's approximately + 5dBm output intercept
TM“ 10 028K because of the RF gain). The system design-
220pF er must be cognizant of this large signal

limitation. 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 NE612
should be appropriately scaled.
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Product Specification

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 certan 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 1s 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 1s connected to
the internal positive supply by a 1.5kS2 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 1s capable of sustaining oscilla-
tion beyond 200MHz in crystal or tuned tank
configurations. The upper imit of operation I1s
determined by tank "'Q" and required drive
levels. The higher the Q of the tank or the
smaller the required drive, the higher the

ol

%

T

permissible oscillation frequency. If the re-
quired L.O. is beyond oscillation imits, 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
circuts Figure 5a 1s 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.

Figure 6 shows a Colpitts varacter tuned tank
oscillator suitable for synthesizer-controlled
applications. It 1s 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
1solation, simplicity, and low current, while the
bipolar circuits provide the simple solution for
non-critical applications. The resistive divider
in the emitter-follower circuit should be
chosen to provide the minimum input signal
which will assume correct system operation.

1

llH

TC021908

a. Single-Ended Tuned Input

BiAS |__J
< 3 )
318k 3 3 15
qL < E ‘L
= = GND =
TC02180S
Figure 2. Equivalent Circuit
NE612 NE612

g

)

TC022008

b. Balanced Input (for Attenuation
of Second Order Products)

Figure 3. Input Configuration

@___.

NEG12

T
I

TC022108

c. Single-Ended Untuned Input

November 3, 1987
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Double-Balanced Mixer and Oscillator NE642

120F cr
IL
L] LY —|
4 T R = A
= = z-1opr7 WTMA T 7 2-10pF
CFU4ss
OR EQUIVALENT
> NES12 > NE612 FILTER K&L38780 OR EQUIVALENT
*Cr MATCHES 3 5K TO NEXT STAGE.
LIJ ‘
TC022208 TC02230S
a. Single-Ended Ceramic Filter b. Single-Ended Crystal Filter

> NE612 = 3 > NE612 = §

| | La]
TC022408 TC022508

c. Single-Ended IFT d. Balanced Output

Figure 4. Output Configuration

T —
L Cs .—cq = L e
rn—w’\__*__:r == XTAL T S -[__4
= )+ i = =
! I I
oo 1 6 s [ [ n s
> NE612 > NE612 ) NE612
L) 2] e LaT L) 2] ] [ L e 1 [a]
TC022608 TC022708 TC02280S
a. Colpitts Crystal Oscillator b. Colpitts L/C Tank Oscillator c. Hartley L/C Tank Oscillator

(Overtone Mode)

Figure 5. Oscillator Circuits
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Double-Balanced Mixer and Oscillator NE642

55uH
—r —o0 +6V
0.01pF :'% 104F % %—: 0.1 uF
E u o
E Al . )
J _L BUFFER
SR 7pF I‘°”
g 31
1000pF =
+—i DC CONTROL VOLTAGE
4 E] 1000pF FROM SYNTHESIZER
0084 t MV2105
? OR EQUIVALENT
- - TC02290S
-Lomw
100k $ x3 J_.: 1_-:
< < T 3sK126 [
0.01pF { 2no18
¢ JEnS
20F TO SYNTHESIZER e 2 I
A\ =
LLY ) 1 | '( o
100K § I 30 <001F ! TO SYNTHESIZER
1ooxj; I 0.001pF |
- - = TC023008 = TC02310S8 - TC02320S

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

TEST CONFIGURATION

osuov.w I”" l l_

S5.5H nF THIRD OVERTONE CRYSTAL
Ve
6.0uF 100nF T l i fs]

T W
D -

| =R Lf L'E OR I%ZUN‘A‘?.ENT ( )
Io.m 0 0.283.4 = T

aTpF

INPUT

TCo21708

Figure 7. Typical Application for 46/49MHz Cordless Telephone
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Product Specification

Double-Balanced Mixer and Oscillator

NE612
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DESCRIPTION

The TDA1574 is a monolithic integrated
FM tuner circuit designed for use in the
RF/IF section of car radios and home
receivers. The circuit comprises a mixer,
oscillator and a linear IF amplifier for
signal processing, plus the following ad-
ditional features.

ORDERING INFORMATION

TDA1574

FM Front-End IC

Product Specification

FEATURES

o Keyed automatic gain control
(AGC)

o Regulated reference voltage

o Buffered oscillator output

o Electronic standby switch

o Internal buffered mixer driving

APPLICATIONS

o FM radio

o Radio communication

e Auto radio

o High-performance stereo FM

DESCRIPTION TEMPERATURE RANGE ORDER CODE
18-Pin Plastic DIP (SOT102HE) 0 to +70°C TDA1574N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vecc=Vis-4 | Supply voltage (Pin 15) 18 \"
Vie, 17-4 Mixer output voltage (Pins 16 and 17) 35 Vv
Vii-4 Standby switch input voltage (Pin 11) 23 \Y
Vs_4 Reference voltage (Pin 5) 7 Vv
Prot Total power dissipation 800 mwW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -40 to +85 °C
O1a Th:r:‘nt;iaelnrtezlst?rr:;e a'irr?m junction to 80 °CIW
NOTE:

1. All Pins are short-circuit protected to ground.

November 14, 1986
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PIN CONFIGURATION

N Package
R [ 18] acc out
MIXER MIXER
NvoLT [2 7] ouTvoLr
AGC
wipesan [3 ie] $0FSour
GND (4 15] Vec
ek G [14] FamPIN
osc out INBIAS
vor [& 13] VoLT—IF AMP
AGC
%l [ [12] NARROW-
0SOIN BAND INFO
vour [£] [11] sTanpBY
oscouT 5] a T
BUF IF AMP OUT
TOP VIEW
CD10460S

FUNCTIONAL DESCRIPTION

Mixer
The mixer circuit is a double balanced
multiplier with a preamplifier (common
base input) to obtain a large signal
handling range and a low oscillator radi-
ation.

Oscillator

The oscillator circuit is an amplifier with
a differential input. Voltage regulation is
achieved by utilizing the symmetrical
tank-transfer function to obtain low-or-
der 2nd harmonics.

Linear IF amplifier

The IF amplifier is a one-stage, differen-
tial input, wideband amplifier with an
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.

853-0970 86554
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Product Specification

FM Front-End IC

TDA1574

BLOCK DIAGRAM AND TEST CIRCUIT

AGC OUTPUT 10
J_ ANA-
Rm 300 N2 N1 AGC STANDBY SWITCH
WY T IOnF NARROWBAND  THRESHOLD
1003 A2 3 Vuour 150pF = INFORMATION  SUPPLY VOLTAGE
FT 3o o 7
1 G 11 _L___I_ Ve
= 150pF 22nF== T ==22nF
18 17 16 15 14 13 12 "
1
300
A\ \ AAA
50uA  AGC IF
; o5V AMPLIFIER
STANDBY
200 2\ = SWITCH
TDA1574
QY DUV )|
- I 17V
OSCILLATOR
AOUTPUT BUFFER
—1 BALANCED *Z
MIXER \l__
REFERENCE
VOLTAGE
OSCILLATOR
7 2 3 a 5 6 7 |8
Rsy == 6.8pF ﬁ‘FG.SpF = 10F _l_ = 10nF == 3.9pF
50 S6pF Re2 .
EMF 1 4 I___'L 50 = 30pF L2
f=98MHz e EMF 2 .
t T = 1= 98MHz
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 =55+ 55 tuns, N2 =4 turns

LINEAR
IF AMPLIFIER
OUTPUT

BUFFERED
OSCILLATOR
OUTPUT

TC116208
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FM Front-End IC TDA1574

DC AND AC ELECTRICAL CHARACTERISTICS Vi =Vy5_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=V15-4 Supply voltage 7 16 \
lcc=ls 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
Vie, 17-4 Output voltage (Pins 16 and 17) 4 35 v
e+ 147 Output current (Pin 16 + Pin 17) 4.5 mA
AC characteristics (fj = 98MHz)
NF Noise figure 9 dB
NF Noise figure including transforming network 11 dB
EMF1p3 3rd order intercept point 115 dBuV
Conversion power gain
av 10.7 MHz)? R
Gp 10 log 2WMouy 107 MHz) 2) x =t 14 d8
(EMF1 98 MHz) RmL
Ry, 2-4 Input resistance (Pins 1 and 2) 12 Q
Cie, 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 \
Vio-4 Output voltage (Pin 10) 3.5 \"
AC characteristics (fj = 10.7MHz)
Input impedance
Ris-13 240 300 360 Q
Cia-13 13 pF
Output impedance
Rip-4 240 300 360 Q
Ci0-4 3 pF
Voltage gain
Vio-
GviF 20 log —2=% 27 30 dB
Via-13
AGyie Ta=-40 to +85°C 0 dB
1 dB compression point (RMS value)
V10-4RMS at Voo =8.5V 900 mV
V10 -4RMS at Vgg =7.5V 500 mV
Noise figure
NF at Rg = 30092 6.5 dB

November 14, 1986 4-91



Signetics Linear Products Product Specification

FM Front-End IC TDA1574

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc=Vys5_4=8.5V; T = 25°C; measured in test circuit

(Block Diagram), unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min } Typ l Max
Keyed AGC
DC characteristics
Vig-4 Output voltage range (Pin 18) 0.5 Vce-0.3 \'
AGC output current
atlz = ¢ or
-lig Vi2-4=450mV; Vig_4=Vcc/2 25 50 100 uA
at V3_4=2V and
s Vig-4=1V; Vig_4=Vi5_4 2 5 mA
Narrow-band threshold
Vig-4a at V3_4=2V; Vya_4=550mV 1 \
Vig-4 at V3_4=2V; Vio_4=450mV Vcc-0.3 v
AC characteristics (fj = 98MHz)
Input impedance
R3-4 4 k2
-4 3 - pF
Wide-band threshold (RMS value)
(see Figures 1, 2, 3 and 4)
EMF2gms at Vig_4 =0.7V; Vig_4=Vcc/2; l1g=0 19 mV
Oscillator output buffer (Pin 9)
Vo-4 DC output voltage 6.0 \
Oscillator output voltage (RMS value)
Vg _4RMS at R =00 110 mV
Vg _4RMS at R =75Q 25 mV
Ro-15 DC ouput impedance 25 k2
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 Tp =-40 to +85°C
Input switching voltage
Vii4 for threshold ON; Vqg_4=Vco -3V 0 2.3 v
Vi1-4 for threshold OFF; Vqg_4 < 0.5V 3.3 23 v
Input current
=ly4 at ON condition; Vi1-4 =0V 150 HA
ly9 at OFF condition; V{{.4 =23V 10 MA
Input voltage
Vit-a atlyy=¢ 4.4 v

November 14, 1986
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FM Front-End IC

TDA1574

Vig-4
)

20 30
V3_g4(mV)

0P19590S.

Figure 1. Keyed AGC Output Voltage Vi34 as a Function
of RMS Input Voltage V3_,4. Measured in Test Circuit
(Block Diagram) at Vi3_4=0.7V; l4g=¢

Vig-a
)

600 700
Viz—4 (mV)

OP19600S

Figure 2. Keyed AGC Output Voltage Vi3_4 as a Function
of Input Voltage Vi2_4. Measured in Test Circuit
(Block Diagram) at V3_4=2V; lig=¢

g
(mA)

r
|
. I
/
/
/

20 30
V3_g(mV)

OP19610S

Figure 3. Keyed AGC Output Current I as a Function
of RMS Input Voltage V3;_,4. Measured in Test Circuit
(Block Diagram) at Vy2_4=0.7V; Vig_4=8.5V

5
18
(mA)
4
3
2
1
]
400 500 600 700
Vi2—4(mV)
0OP19620S

Figure 4. Keyed AGC Output Current l;¢ as a Function
of Input Voltage V,_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
—AAA —0 Vee
l ] STANDBY SWITCH
' 3 [} 10nF AGC THRESHOLD
o N2 .Lo" NARROWBAND  SUPPLY VOLTAGE
Nt I INFORMATION ~ LOW FOR FM ON
N L bt N
150pF 150p
7= 16 14 3 12
SFE
300 LINEAR
10
WA \ AMA { H |0 IF AMPLIFIER
™ OuTPUT
SO0uA
8 * “ Acc osv AMPLIFIER
/l_ STANDBY
A\ - SWITCH =
200 \]
TDA1574
DWW
- - v 9 1nF BUFFERED
—AW\- {— O OSCILLATOR
= = = ' ouTPUT
OSCILLATOR § Ry (fosc)
__/| OUTPUT BUFFER
—] BALANCED . '
MIXER < =
‘ OSCILLATOR
1 2 3 « fs s 7 3
- 33pF - 3.3pF ‘3: 1.8pF Iwns T 3.9pF 1 >
= 7 : 1
B i
100k W
ANTENNA Ve AGC !
— }'_V - 8B204
N1
GAIN CONTROLLED o 56K
RF PRESTAGE
N2
VOLTAGE
I L O TUNING
TC11630S
NOTES:
1 Field strength indication of main IF amphfier
Coil Data:
L1 TOKO MC-108, N1 =55 turns, N2 =1 turn
L2 }see Block Diagram
L3
Figure 5. TDA1574 Application Diagram
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DESCRIPTION

The TDA5030A performs the VHF mixer,
VHF oscillator, SAW filter IF amplifier,
and UHF IF amplifier functions in televi-
sion tuners.

ORDERING INFORMATION

TDAS030A

VHF Mixer/Oscillator Circuit

Product Specification

FEATURES
e A balanced VHF mixer

e An amplitude-controlled VHF
local oscillator

e A surface acoustic wave filter IF
amplifier

o A UHF IF preamplifier

e A buffer stage for driving an
external prescaler with the local
oscillator signal

e A voltage stabilizer
e A UHF/VHF switching circuit

APPLICATIONS
e Mixer/oscillator
o TV tuners

e CATV

e LAN

o Demodulator

DESCRIPTION TEMPERATURE RANGE ORDER CODE
18-Pin Plastic DIP (SOT-102A) -25°C to +85°C TDA5030AN
20-Pin Plastic SO DIP (SOT-163A) —-25°C to +85°C TDA5030ATD

BLOCK DIAGRAM
[~ (]
18 16 T1s
VHF BUFFERED 13
LOCAL OSCILLATOR
OSCILLATOR OUTPUT
TDAS030A
2 "
o- VHF SAW FILTER ©
1 MIXER . IF AMPLIFIER 10
O : STABILIZER
UHF IF
4 PREAMPLIFIER S
ls.u F 7 |e 8 |9 12
o zL o o o
BD09830S
NOTE:
Pinout 1s for 18-pin N package
January 14, 1987 4-95

PIN CONFIGURATIONS

N Package

MIX/IF PREAMP g
(UHF) OUTPUT

MIX/IF PREAMP [7]
(UHF) OUTPUT

IF AMP
inpuT (2
IFAMP =
INPUT
TOP VIEW
D Package

VHF DECOUP
VHF INPUT [2]

MIX/IF PREAMP
(UHF) OUTPUT

MIX/IF PREAMP
(UHF) OUTPUT

TOP VIEW

cp120118

©D120218
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Signetics Linear Products

Product Specification

VHF Mixer/Oscillator Circuit

TDA5030A

LOCAL OSCILLATOR OUTPUT

I
]
A gngmk SAW FILTER [
< —

36MHz

1

UHFIVHF
vy Vee SWITCH
BB909B :I: 15pF ;I: 15pF j-: inF nF
>
12k =
<>
BA482
470
ImF 30k IZ‘;‘;I
'EF- nF 1nF inF
18 Tw % 5 % -I-n 12 -]-ﬂ Tw
TDAS030

VHF INPUT O———— ———
IFINPUT O

L
L)

27pF"‘I

Figure 1. Test Circuit

TC221708

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vece Supply voltage (Pin 15) 14 \
A\ Input voltage (Pin 1, 2, 4, and 5) 0to5 \
Vi2 Switching voltage (Pin 12) 0 to Vgc+0.3 v
-k, 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 °C/W
ambient
January 14, 1987 4-96
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Product Specification

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 l Typ | Max

Supply
Vce Supply voltage 10 13.2 \
lcc Supply current 42 55 mA
Vi2 Switching voltage VHF 0 25 v
Vi2 Switching voltage UHF 9.5 Vce+0.3 Vv
l12 Switching current UHF 0.7 mA
VHF mixer (including IF amplifier)
fr Frequency range 50 470 MHz
NF Noise figure (Pin 2)

50MHz 75 9 dB

225MHz 9 10 dB

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

50MHz 0.5 ms

225MHz 11 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§2; tuned circuit

with Cp = 22pF; frgs = 36MHz
V214 Input voltage for 10kHz pulling (in channel) at < 300MHz 100 dBuVv
Ay Voltage gain 225 245 26.5 dB
UHF preamplifier (including IF amplifier)
Gy Input conductance (Pin 5) 0.3 ms
G Input capacitance (Pin 5) 30 pF
NF Noise figure 5 6 dB
Vs.14 Input voltage for 1% cross-modulation (in channel) 88 90 dBuVv
Av Voltage gain 315 335 35.5 dB
Gs Optimum source admittance 33 ms

January 14, 1987
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VHF Mixer/Oscillator Circuit

TDAS030A

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

unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max
VHF mixer
Ycz-¢, 7 Conversion transadmittance 5.7 ms
Zo Output impedance 1.6 39
VHF osclillator
fr Frequency range 70 520 MHz
Af Frequency shift 200 kHz
AVce =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
210. "= ZRQ, f = 36MHz
Zs, 9-10, 11 Transimpedance 22 k2
Zy0, 11 Output impedance 50+ j40 Q
Zg‘ 9= 1.6k9; f = 36MHz
VHF local oscillator buffer stage
Output voltage
Via RL = 75%; f < 100MHz 14 20 mv
Vi3 R =75%; f> 100MHz 10 20 mV
z Output impedance
13 f = 100MHz 20 Q
RF )
—— RF signal on LO output; R = 5082; V| =1V; f <225MHz 10 dB
(RF+LO)

January 14, 1987
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DESCRIPTION

CA30889 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

o Low distortion: 0.1% typ. (with
double-tuned coil)

o Single-coil tuning capability

e High recovered audio: 400mV
typ.

© Provides specific signal for
control of interchannel muting
(squelch)

® Provides specific signal for direct
drive of a tuning meter

® Provides delayed AGC voltage
for RF amplifier

e Provides a specific circuit for
flexible AFC

¢ Internal supply/voltage regulators

PIN CONFIGURATION

N Package

i€ eyt [1]
IF INPUT
BYPASSING
IF INPUT
BYPASSING

erame (4]

mute controL [5]

3

avoro our 6]

AFC OUTPUT E
IF OUT E

[76] ne

[15] oeLaveo acc
[12] suesTraTe
[73] TuNE meTER
[12] muTE LOGIC

njve

m] REF BIAS

5] QUADRATURE
INPUT

TOP VIEW

€D10910S.

APPLICATIONS

o High-fidelity FM receivers
o Automotive FM receivers
o Communications FM receivers

QUADRATURE v ~F = —IH/ & 1000
. INPUT
v 7.H ' %€ ] |
4
TO INTERNAL REFERENCE
REGULATIONS AAA— 8IAS
1" our |8 9 10
————————————— AFC 7 AFC
¥ ampLiFiER _1' Ir-— —t———— 4- - AMPL O sureuT
ENeUT | ] asT e 2ND IF IR0 IF | -] QuaoRATURE
; AMPL AMPL AMPL S oetecror | |
T
a1 | { | AUDIO 6 AUDIO
‘ () O
AMPL ouTPUT
002.F 002.F ! (. DETECTOR |
I I 2| | [ | T
oeLaved = 1] vever LEVEL LEVEL | 11 ever | AUDIO
AGC FOR Oy 1] jJoerecton] foetector| Joetector| | || oeTecTon MUTE
RF AMPL L H | (SQUELCH)
= —___f'—_—l__ B PO — CONTROL S
10K 1 AMPLITUDE MUTING
cA3089
TUNING MUTE (SQUELCH) SENSITIVITY
METER DRIVE CIRCUIT w2 WO T
FRAME SUBSTRATE SiRcuIY vy 00K
T T 1 033.F
a ’u 13 -
1
1 weTen bAvAd l O TO STEREO
] 33K TUNING METER OUTPUT THRESHOLD
= = = LOGIC CIRCUITS L L
BDO7490S
NOTES:
1 All resistor values are typical and in ohms Qo =75 (G| EX27825 or equivalent)
2 L tunes with 100pF (C) at 10 7MHz
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FM IF System CA3089

EQUIVALENT SCHEMATIC

é:
H
«
o
EE
“3)
< 3
To—r
..
i3
2
358
- ——038 %
3 *
4 o
H 3l
3l
g
H
@5
§!
3
H
3|
£
S
Hi
M
. 8
H g
H |
! E
: g
«o—4
H
D <
L‘:— 56 !§L‘ 23l H
o ; 2; £
=
TC131418
NOTES:
1 All resistance values are typical and in ohms
2 All 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 T =60°C 600 mwW
above Tp =60°C derate linearly
6.7 mW/°C
Ta Operating ambient temperature range -40 to +85 °C
Tste Storage temperature range -65 to +150 °C
Lead soldering temperature o
Tsowp (10sec max) +300 ¢
November 14, 1986 4-101
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Signetics Linear Products

Product Specification

FM IF System CA3089
DC ELECTRICAL CHARACTERISTICS T4 =25°C, V' =12V, unless otherwise specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min [ Typ rMax
Static (DC) Characteristics
l44 ! Quiescent circuit current No signal input, non-muted 16 T 23 | 30 ] mA
DC Voltages*
Vi Terminal 1 (1F input) No signal input, non-muted 1.2 1.9 2.4 v
Vo Terminal 2 (AC return to input) No signal input, non-muted 1.2 19 24 \
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 Vv
V7 Terminal 7 (AFC) No signal input, non-muted 5.0 5.6 6.0 \'
Vio 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 u
- . 4 Vin= 0.1V, fo = 10.7MHz,
AMR AM rejection (Terminal 6) fop = 400Hz, AM Mod = 30% 45 55 dB
Vo Recovered audio voltage (Terminal 6)° 400 500 600 mV
Total harmonic distortion:!
THD Single tuned (Terminal 6)° 0.5 1.0 %
THD Double tuned (Terminal 6)* fmop = 400Hz, V)N =0.1 0.1 %
S+ N/N | Signal plus noise-to-noise ratio (Terminal 6)? | Deviation = * 75kHz, Vjy = 0.1V 60 70 dB
MUy Mute input (Terminal 5) Vg = 2.5V 50 70 dB
MUoyt | Mute output (Terminal 12) ViN = 50uV 0.5 \
ViN =0V 4.0 \
MTR Meter output (Terminal 13) ViN=0.1V 25 3.5 "
Vin = 500uV 1.0 1.5 \'
ViN =0V 0.7 A
AGC Delay AGC (Terminal 15) Vin=0.01V 0.5 v
Vin = 10pV 4.0 5.0 \
THD Double tuned (Terminal 6)* fmop = 400Hz 0.1 %
Vin=10.1

NOTES

1. THD charactenstics and audio level are essentially a function of the phase and Q characteristics of the network connected between Terminals 8, 9,

and 10.
2. Test circutt Figure 1.
3. Test circuit Figure 2.
4, Test circuit Figures 1 and 2.

November 14, 1986

4-102



Signetics Linear Products

Product Specification

FM IF System

CA3089

TEST CIRCUITS

W

12v =
l"'r]l
2.H || ¢ || s«
AA
100pF

005 F
I 1

= Q 39K
001 £ AFC OUTPUT

SIGNAL | B
INPUT | 9
VOLTAGE |
<
>
3 10
| e \ AUDIO

7 27 OUTPUT

l 15K
001 5 0001 F
F
| 13
002 F 3 s e
F 2 0001 ::‘70
39

al'———

d / |
ja sy
s = Pd 033 F

33K g 270K

TUNING (7 Sosm
METER 1504 &
FULL WL

_ SCALE —- -

TC13160S

NOTES:

1 L tunes with 100pF (C) at 10 7MHz.

2 All resistor values are typical and in ohms

3. Qo (unloaded) ~ 75 (G| automatic mfg div EX27825 or equivalent)

Figure 1. Test Circuit Using a Single-Tuned Detector Coil

November 14, 1986

00s.F T
SIGNAL 001.F ' AFC OUTPUT
INPUT 3
VOLTAGE
25
AuDIO
3 outeuT
O
l 00
F
002.F =X 2
TC131708
NOTES:

All resistor values are typical and in ohms

T. Pn— Qo (unioaded) =~ 75 (tunes with 100pF (C1) 20 t of 34e on 7/32' dia
form) Sec -Q (unloaded) ~ 75 (tunes with 100pF (C2) 20 t of 34e on 7/32'
dia form)

kQ (percent of cntical coupling) > 70%

(Adusted for coil voltage V¢ = 150mV)

Above values permit proper operation of mute (squelch) circuit 'E' type slugs,
spacing 4mm

Figure 2. Test Circuit Using a Double-Tuned Detector Coil
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Product Specification

FM IF System

‘CA3089

TEST CIRCUITS

3001

AL Eﬁ
INPUT U“

f

INOTE 1) '

CERAMIC
FILTER
(NOTE 2)

NOTES:

All resistor values are typical and in ohms.
1 Waller 4SN3FIC or equivalent

2 Murate SFG 10.7mA or equivalent

Range of Rg 1s 330 to 5082, Ry + Rg < 330!

+74kHz

~-3dB imiting sensitivity
20dB quieting sensitivity
30dB quieting sensitivity

3. Rg will affect stabiity depending on circuit layout To increase stability Rg 1s decreased
4 L tunes with 100pF (C) at 10 7MHz Qg unloaded ~ 75 (G| EX27825 or equivalent)
Performance data at fo = 98MHz, fyop = 400Hz, deviation = + 74kHz

2uV (antenna level)

1uV (antenna level)
15uV (antenna level)

Figure 3. Typical FM Tuner With a Single-Tuned Detector Coil

AUDI
27K QUTPUT

TC131508

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 10,000%2. 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 5082 and 1002 is recom-
mended.

Muting Action, Tuner AGC AFC Characteristics
(Tuning meter output as a (Current at Terminal 7 as a
function of input signal voltage.) function of change in frequency.)
w OC VOLTAGE SUPPLY V + =12V | 125 M5C POWER SUPPLY (Vo) = 12V T
H AMBIENT TEMPERATURE (T A) = +25°C 100 } AMBIENT TEMPERATURE (Tp) = 25°C
& o |TESTCIRCUIT — SEE FIGURE 3 6 SEE TEST CIRCUIT FIGURE 3
e e o e
2 RECOVERED AUDIO < 75f-10 5K0 7 /
ol FROM FULL OUTPUT / i o-—-MAAZ}—O /
®E -0 (LEFT CO-ORDINATE) s ~ sof ~ /
i g | . 2 2 /
] +
2% 5 TUNER AGC DC 2 £
2< VOLTAGE AT 2 z
o= TERMINAL NO 15 b4 =0
w330 (RIGHT CO-ORDINATE) 38 I
o Z -25
£ o /
oc 2 s
e £-e ¥ 2 ¥ 4
238 VOLTAGE \ £ /
3} AT TERMINAL o -78 4
Q-s0 NO 13 METER CIRCUIT — 1
£ (33K1) TO GND) -100
) (RIGHT CO-ORDINATE)
% -60 125
1 10 100 «® 10K 100K -100  -50 o so 108
INPUT SIGNAL - uV CHANGE IN FREQUENCY (Af)— kHz
708 ‘OP09380S
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Signetics MC3361
Low Power FM IF

Product Specification

Linear Products

DESCRIPTION FEATURES PIN CONFIGURATION
The MC3361 is a monolithic low-power e 2.0V to 8.0V operation
FM IF signal processing system consist- e Low current: 4.2mA typ at

D' and N Package

ing of an oscillator, mixer, limiting ampli- Vee = 4.0Vpe 3 RF
fier, quadrature detector, filter amplifier, o gy cellent sensitivity: 2.0uV for :;‘;;"
squelch, scan control and mute switch. It -3dB limiting typ Auoio

is intended for use in narrow band FM oL 4 | parts t
dual conversion communications equip- Ow external parts coun
ment. The MC3361 is available in a 16- ® Operation to 60MHz
lead, dual-in-line plastic package and
16-lead SOL (surface-mounted minia- APPLICATIONS
ture package). o Cordless telephone

o Narrow band receivers NOTE:

o Remote control 1 Availlable in 16-pin SOL package

oL
ELCH

FILTER
OUTPUT
FILTER INPUT
DEMOD.
OUTPUT

CD093708

BLOCK DIAGRAM

MIXER SOUELCH FII.TER FII.TER RECOVERED
INPUT GND MUTE OONTROL

ITHTIOI:J—H_IWI_II_H_I

SQUELCH TRIGGER WITH I
HYSTERESIS L
I DEMODULATOR I
1
wER LIMITER ?('F
g
3
S0k g 252k
1.8k 1
OSCILLATOR VWA
1.8k
AA
VWA

e enwennd MIXER v LIMITER QUAD
CRYSTAL OouTPUT e INPUT DECOUPLING coiL

8D02490S
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Signetics Linear Products Product Specification

Low Power FM IF MC3361

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE| ORDER CODE
16-Pin Plastic DIP -40 to +85°C MC3361N
16-Pin Plastic; SOL -40 to +85°C MC3361D
ABSOLUTE MAXIMUM RATINGS (T, =25°C, unless otherwise noted)
SYMBOL PARAMETER PIN RATING UNIT
Ve (Max) Power supply voltage 4 10 Voc
Vee Generating supply voltage range 4 2.0 to 8.0 Vpc
Detector input voltage 8 1.0 Vp.p
Vie Input voltage (Vcc=4.0V) 16 1.0 Vams
Via Mute function 14 -0.5 to 5.0 Vpk
Ty Junction temperature 150 °C
Ta Operating ambient temperature range -40 to +85 °C
Tste Storage temperature range -65 to +150 °C

AC AND DC ELECTRICAL CHARACTERISTICS (Vcc=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 VN = 10mVRrus 100 150 270 mVams
Filter gain (10kHz) Vin = 1.0mVgms 40 46 dB
Filter output voltage 11 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 Vbe
Scan function high (mute on) 13 V12 =GND 35 Voc
Mixer conversion gain 3 27 dB
Mixer input resistance 16 3.6 kQ
Mixer input capacitance 16 2.2 pF
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Low Power FM IF

MC3361

TEST CIRCUIT

0.01.F
el—diL o MIXER INPUT
10.7MHz

—1 LAY
35
—

is———o aupio mute

13 SCAN CONTROL
10k

[iz——=—0 sa swnpuT

1.04F

[—+|(—o FILTER AMP OUT
S

> 510 1.0uF

=

E -
AA

WW—{(—0 FILTER AMP IN

B

10.245MHz
{0
T 68pF
i ry
" 12
muRata
CFU455D2 3
—
14
L
0.1uF
0.1uF
20k
AMA— —-18
0.1uF =X i Y1
e 4!
A
= |
[

]
|
a4 QUAD COIL

8.2k

| e
0.01uF

I

TC058108
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Signetics AN1992
Using the Signetics MC3361
Demonstration Board

Application Note
Linear Products

Author: Michael M. Sera

INTRODUCTION communications equipment. The MC3361 in- @ Active filter
. . Y cludes the following: °

Circuit Description o Oscilator 9 Squelch

This demo is set up to show the functions of © Mixer ® Scan control

the Signetics MC3361. The MC3361 is a Low .
Power Narrow-Band FM IF. It is designed for @ Limiting amplifier
use as the second IF of FM dual conversion @ Quadrature discnminator

® Mute switch

’\[ 115 VAC

oauE 12V
ceramic T
SR 1L
2.2 "
Rs < S 2.4k (TW) ]
110k 3> =
d D1
220,F/16V
- < Sk <E
>
1afiofie 25RO S0k a 8 3Rr 30

k -
* [ + J T nl
13 Tpa1023 | NESSS ==
1
cc

:
Hb
.

0.1uF
I iz
= 13 1
LINE NEUT
= =
Vp Sin 377T

T = 8.33 msec
PHASE  _ Atx180°
2t ANGLE? T 7
TC22360S
NOTE:
This 1s the of the MC3361 board The input and output connections are AC-coupled to protect the device from

any DC that may be introduced at the inputs The supply 1s capacitively decoupled to ground to help eliminate any AC on the supply line

Figure 1. Schematic of the Signetics MC3361 Demonstration Board
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Application Note

Using the Signetics MC33641 Demonstration Board

AN1992

The application outlined here does not dem-
onstrate the absolute maximum performance
of the Signetics MC3361. It 1s merely an
example given to show the flexibility of the
part.

In general, the external components used for
each application tend to be the imiting fac-
tors in each application. In order to make the
demo board suitable for general usage, the
Local Oscillator (LO) i1s supplied externally.

This allows the input frequency to operate
anywhere within the hmitations of the part.
The inputs have not been matched for any
one particular frequency.

COMPONENT SIDE

DF07830S

(98 N01 AAJde N

3a12 fA3qJoe

Figure 2. Layout of the Signetics MC3361 Demonstration Board

DFO7840S

Signetics

BNC

2 (@)
% o« an
L | @'

Figure 3. Part Layout for Demonstration Board

Loy

MC3361 m_m—
RS
LED |¢ "D_ _D‘ AUDIO
BNC
Re - .912 u BNC
—4 R10
RF)y JUMPER1
MC3361
N
& (o C3 o)
' GND +Vco

AF05300S

Miscellaneous

MC3361 SIGNETICS MC3361

LED1 Red LED

D1 Diode (1N4148)

P1 50k Potentiometer (BOURNS 3299 144C 50K)

Qi Quad Tank (TOKO RMC 2A6597HK')

F1 455kHz Filter (MURUTA CFU455D22)

BNC BNC Connector (KINGS KC-79-232-MO6)
NOTES:

1 TOKO AMERICA INC

West Touhy Ave

2 MURUTA ERIE
1453 Lincoln Street

PARTS LIST
Capacitors
C1 0.1uF
c2 0.1uF
c3 0.1uF
Ca 10uF Elect
C5 0 1uF
Cé 0 1uF
C7 0.1uF
cs 0.1yF
c9 0 47uF
C10 0.01uF
Cc11 0001 uF
C12 0.001uF
C13 0.01uF
C14 0 1uF
C15 0 1uF
Resistors
R1 51 Ya W
R2 51 Ya W
R3 330 Ya W
R4 68k Ya W
R5 120k Ya W
R6 390k Ya W
R7 750 Ya W
R8 18k Ya W
R9 20k Ya W
R10 7.5k Ya W
R11 51k Ya W
NOTE:

1. All resistors are 5%

December 1988

Skokie, IL 60077
Tel (213) 677-3640
CA (408) 996-7575
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Application Note

Using the Signetics MC3361 Demonstration Board -

AN1992

Matching the input will increase the sensitivity
of the part. See Appendix Il for matching
network.

LAYOUT

The board layout uses basic RF techniques,
1.e, GND on both top and bottom layers, very
short input and output lead lengths and wide
traces, with decoupling capacitors on the
supply lines.

Operation of the MC3361

Demonstration Board

In this application the MC3361 1s set up as an
FM receiver. The input 1s mixed with the LO to
convert the input signal down to 455kHz. The
signal then goes through an external
(455kHz) ceramic bandpass filter. Next, the
455kHz signal goes through a hmiting amplifi-
er. The audio is finally recovered using an FM
demodulator and then amplified by an audio
amp.

The absence of an input signal is indicated by
the presence of noise above the desired
audio frequencies. This 'noise band' is moni-
tored by an active filter and a detector. A
squelch control circuit mutes the audio output
signal when the 'noise band' 1s above a
certain level set by P1 The squelch control
circuit also provides a scan control output
(Pin 13) which can be used to drnive an LED,
as we have done on the application board.

DEMONSTRATION BOARD
CONNECTIONS AND
ADJUSTMENTS

RFn (RF Input) — An RF signal source with
FM content should be connected here. The
Maximum frequency is shown on the graph
(Figure 2). Set the signal generator to FM and
adjust the peak deviation to 3kHz. Set the
modulation frequency to 1kHz. The RF ampli-
tude can be varied from as low as 2uV to as
high as 1V.

LOn (Local Oscillator Input) — Should be
455kHz above or below the RF input at
approximately 0dBm with no deviation. This
input 1s normally configured with a Colpitts
crystal oscillator (see Appendix 1), but for
ease of flexibility we chose to feed the LO
externally.

AUDIO (Audio Output) — The audic recov-
ered from the RF signal can be seen at this
point. Use an oscilloscope adjusted to trigger
at the audio frequency (1kHz). Remember
that the RF input must have some FM content
In order to see a signal here

Power Supply — The Signetics MC3361 will
operate with a supply voltage as low as 2.0V

December 1988

and up to 8 OV. The demo board will function
with a supply voltage as low as 3.5V. The
demo board consumes 4.7mA (Mute off) and
8.2mA (Mute on, LED current included) at
5.0V. A regulated supply with at least
+3.5Vpc should be connected to the + V¢
terminal of the board. The same supply's
ground should be connected to the GND
terminal.

QT1 (Quad Tank) — This Is the 'silver can'
located near the supply inputs. It has been
adjusted at the factory. If it needs to be
adjusted, see Testing.

P1 (Potentiometer) — This adjusts the sen-
sihvity of the mute function. This will cause
the AUDIO to be muted at varying levels of
RF input amplitudes.

The Red LED (Mute ON Indicator) — When
lit, the audio signal 1s muted. P1 (potentiome-
ter located near Audio Out connection) ad-
justs the mute sensitivity. The sensitivity can
be checked by varying the RF input ampl-
tude.

TESTING AND ADJUSTING THE
DEMONSTRATION BOARD

Equipment Required
Power Supply: HP 6216A or equivalent

Signal Generator: HP 8640B or equivalent
Signal Generator: HP 8640B or equivalent
Oscilloscope: Philips PM3243 or equivalent
To test the MC3361 demonstration board,
you should carefully follow the instructions
listed below.

1. Connect a + 5V regulated power supply to
+ V(;c.

2. Connect the supply ground to GND.

w

. Connect #1 Signal Generator to RFy;
note the frequency on the display. Set the
signal generator to FM with a peak devia-
tion of 3kHz and a modulation frequency
of 1kHz. The amplitude should be adjust-
ed to around -20dBm (22mVgpms).

4.Connect #2 Signal Generator to LO,
noting the frequency of the #1 Signal
Generator connected to RFjy; add or
subtract 455kHz from that number and
adjust the #2 Signal Generator to this
frequency. The amplitude should be set at
0dBm (220mVRps). Make sure no modu-
lation 1s applied at this input.

o

. Connect an oscilloscope to AUDIO. The
oscilloscope should trigger off of a signal
near 1kHz. The Red LED should not be lit.
If the Red LED is It, adjust P1 until the
Red LED turns off.

6.0nce all the connections have been
made, you should see a clean sine wave
on the oscilloscope.

~

. Peak the amplitude of the sine wave seen
at the AUDIO output by adjusting QT1.
This will tune the Quadrature Detector.

8. To test the sensitivity of the circuit, vary
the input ampltude of the RFy signal.
The sine wave will start to get noisy
around -100dBm. As you decrease the
amplitude even more, the 'noise band' will
increase, causing the Squelch Control
circuit to tnigger. When the Squelch Con-
trol circuit does trigger, the audio output
will go to OV and the Red LED will be on.

©o

. The Squeich Control circuit's sensitivity
can be controlled by P1. Adjust P1 to
tngger at the desired RF input level.

10. The RF)y frequency can also be varied,
just as long as the LOyy is 455kHz above
or below the RFyy frequency. Figure 4
shows the sensitivity vs. frequency of the
demonstration board.

75

SENSITIVITY (V)
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Figure 4. Sensitivity vs Frequency
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SENSITIVITY VS FREQUENCY

Figure 4 shows the sensitivity of the demon-
stration board over frequency (Vcc = 5.0V).
The inputs are 5082 terminated to suit most
inputs. Note that the inputs are not matched
for any one frequency; matching the input to

one desired frequency will increase the sensi-  cy. Figure 5 shows a Colpitts crystal oscillator
tivity. tuned to 10.245MHz, which would accommo-

APPENDIX 1| date an input of 10.7MHz.

The LO can be supplied using a Colpitts
crystal oscillator tuned to the desired frequen-

Figure 5. Schematic of a Colpitts Crystal Oscillator

MC3361

+Vee

XTAL1
10.245MHz
LD08B40S
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APPENDIX 1l

The input has a 5082 termination resistor for
matching the input to most (5082) signal
sources. This way the device is not limited to
any one particular frequency. Figure 6 shows

the frequency response of the input as it is on
the demonstration board.

Figure 7 uses a matching network tuned to
10MHz. The network is called a capacitor
divider. It basically transforms the input im-
pedance to match the device input imped-

ance of 3.3kQ2 and 2.2pF at 10MHz. The
matched input has an increase gain of 16dBV
over the 5092 termination network.

REF: Ferromagnetic Core Design Application &
Handbook, Doug DeMaw.
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b. Voltage Transfer Ratio With Broadband Termination

Figure 6. Voltage Transfer Ratio of the Demonstration Board
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DESCRIPTION

The NE/SA604A is an improved mono-
lithic low-power FM IF system incorpo-
rating two limiting intermediate frequen-
cy amplifiers, quadrature detector, mut-
ing, logarithmic received signal strength
indicator, and voltage regulator. The
NE/SA604A features higher IF band-
width (25MHz) and temperature com-
pensated RSS! and limiters permitting
higher performance application com-
pared with the NE/SA604. The NE/
SA604A is available in a 16-lead dual-in-
line plastic and 16-lead SO (surface-
mounted miniature package).
FEATURES
e Low-power consumption 3.3mA
typical
o Temperature compensated
logarithmic Received Signal
Strength Indicator (RSSI) with a
dynamic range in excess of 90dB

BLOCK DIAGRAM

NE/SA604A

High-Performance Low-Power

FM IF System

Preliminary Specification

o Two audio outputs - muted and
unmuted

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

o Excellent sensitivity: 1.5uV across
input pins (0.22uV into 502
matching network) for 12dB
SINAD (Signal to Noise and
Distortion ratio) at 455kHz

o SA604A meets cellular radio
specifications

APPLICATIONS
e Cellular Radio FM IF

o High performance
communications receivers

o Intermediate fregency
amplification and detection up to
21MHz

® RF level meter

e Spectrum analyzer

o [nstrumentation

e FSK and ASK data receivers

] [Gs]

VOLTAGE
REGULATOR

GND

SIGNAL
STRENGTH

LIMITER

| I B I B T R I

Lel

80019108

PIN CONFIGURATION

D and N Packages

IF AMP [
DECOUPLING

GND [ 2

MUTE INPUT E

Vec E

RSS! OUTPUT E
MUTE AUDIO

ouTPUT (]
UNMUTE AUDIO

ouTPUT ]

QUADRATURE
INPUT

/

[16] 1% amp npPuT

5] IF amp
DECOUPLING
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9] LIMITER

TOP VIEW

CD153408
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ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP 0 to +70°C NE6G04AN
16-Pin Plasglcf SO (Surface- 0 to +70°C NE604AD
mounted miniature package)
16-Pin Plastic DIP -40 to +85°C SA604AN
16-Pin Plas.tig SO (Surface- _40 to +85°C SA604AD
mounted miniature package)
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voltage 9 \
Tstg Storage temperature -65 to +150 °C
Operating temperature
Ta NE604A 0 to 70 °C
SA604A -40 to +85 °C
DC ELECTRICAL CHARACTERISTICS T =25°C; Voo = + 6V unless otherwise stated
TEST NE604A SA604A
SYMBOL PARAMETER CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Power supply voltage range 4.5 8.0 4.5 8.0 \"
DC current drain 25 3.3 4.0 25 3.3 4.0 mA
Mute switch input threshold (on) 17 1.7 \%
(off) 1.0 1.0 v
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AC ELECTRICAL CHARACTERISTICS

Typical reading at Ta = 25°C; Vgc = + 6V unless otherwise stated. IF frequency

= 455kHz; IF level =-47dBm; FM modulation = 1kHz with *8kHz peak deviation.
Audio output with C-message weighted filter and de-emphasis capacitor. Test circurt
Figure 1. The parameters listed below are tested using automatic test equipment to
assure consistent electrical characteristics. The limits do not represent the ultimate
performance limits of the device. Use of an optimized RF layout will improve many
of the listed parameters.

TEST NE604A SA604A
SYMBOL PARAMETER CONDITIONS - UNIT
Min Typ Max Min Typ | Max
Input limiting-3dB Test at Pin 16 -92 -92 dBm/5082
AM rejection 80% AM 1kHz 30 34 30 34 dB
Recovered audio level 15nF de-emphasis 110 175 250 80 175 260 MVims
Recovered audio level 150pF de-emphasis 530 530 MVims
SINAD sensitivity RF level -97dBm 16 16 dB
THD -35 -42 -34 -42 dB
Signal-to-noise ratio No modulation for noise 73 73 dB
RF level = -118dBm 0 160 550 0 160 650 mV
RSS! output! RF level = -68dBm 2.0 2.65 3.0 1.09 2.65 3.1 \
RF level =-18dBm 4.1 4.85 5.5 4.0 4.85 5.6 \"
RSSI range R4 =100k Pin 5 90 90 dB
RSS! accuracy R4 =100k Pin 5 +15 +15 dB
IF input impedance 1.4 16 1.4 1.6 k2
IF output impedance 0.85 1.0 0.85 1.0 kQ
Limiter input impedance 14 16 1.4 16 k2
Unmuted audio output resistance 58 58 kQ2
Muted audio output resistance 58 58 Q
NOTE:

1 NE604 data sheets refer to power at 502 input termination; about 21dB less power actually enters the internal 1.5k input.

NE604(50)

-97dBm
-47dBm

+3 dBm

NE604A (1 5k)/NE605 (1.5k)
-118dBm
-68dBm
-18dBm

2 The NE605 and NE604A are both derived from the same basic die. The NE605 performance plot NEG04A.
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NEBO04A TEST CIRCUIT 1
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i
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w ] ~C2 3R, Cs ==C¢
inpuT] g = l l
h £ F2
6] 3 ?I 4] 3] [F2] [31] [o 9
= 1 o
[N ;,[: ) NESO4A :_[ L
DATA
OUTPUT
TC02451S
NOTES:

C1 10nF +80-20% 63V K10000-Z5V Ceramic
C2 100nF +10% 50V

C3 100nF + 10% 50V

C4 100nF +10% 50V

C5 100nF £10% 50V

C6 10pF £2% 100V NPO Ceramic

C7 100nF £10% 50V

C8 100nF +10% 50V

C9 15nF +10% 50V

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 51Q+1% %W Metal Film

R2 15002+ 1% /aW Metal Film

R3 150092+5% YW Carbon Composition
R4 100kQ2+1% YaW Metal Film

SIGNETICS S
NEB@4 TEST CKT
)

0 O

19,
&
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Nesg4 TEST ckT @ O
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gr\o 00()
l'l-«::l \/o

O

b [21S)

CD154108

CD15380S

Figure 1. NE604A Test Circuit

CD15390S
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Figure 2. Equivalent Circuit
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CIRCUIT DESCRIPTION

The NE/SA604A is a very high gain, high
frequency device. Correct operation is not
possible if good RF layout and gain stage
practices are not used. The NE/SA604A can
not be evaluated independent of circuit, com-
ponents, and board layout. A physicial layout
which correlates to the electrical limits is
shown in Figure 1. The configuration can be
used as the basis for production layout.

The NE/SA604A is an IF signal processing
system suitable for IF frequencies as high as
21.4MHz. The device consists of two limiting
amplifiers, quadrature detector, direct audio
output, muted audio output, and signal
strength indicator (with log output characteris-
tic). The sub-systems are shown in Figure 2.
A typical application with 45MHz input and
455kHz IF is shown in Figure 3.
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IF AMPLIFIERS

The IF amplifier section consists of two log-
limiting stages. The first consists of two
differential amplifiers with 39dB of gain and a
small signal bandwidth of 41MHz (when driv-
en from a 5082 source). The output of the first
limiter is a low impedance emitter follower
with 1kS2 of equivalent series resistance. The
second limiting stage consists of three differ-
ential amplifiers with a gain of 62dB and a
small signal AC bandwidth of 28MHz. The
outputs of the final differential stage are
buffered to the internal quadrature detector.
One of the outputs is available at Pin 9 to
drive an external quadrature capacitor and L/
C quadrature tank.

Both of the limiting amplifier stages are DC
biased using feedback. The buffered output
of the final differential amplifier is fed back to
the input through 42kS2 resistors. As shown in
Figure 2 the input impedance is established
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for each stage by tapping one of the feed-
back resistors 1.6kS2 from the input. This
requires one additional decoupling capacitor
from the tap point to ground.

Because of the very high gain, bankwidth and
input impedance of the limiters, there is a very
real potential for instability at IF frequencies
above 455kHz. The basic phenomenon is
shown in Figure 6. Distributed feedback (ca-
pacitance, inductance and radiated fields)
forms a divider from the output of the limiters
back to the inputs (including the RF input). If
this feedback divider does not cause attenua-
tion greater than the gain of the forward path,
then oscillation or low level regeneration is
likely. If regeneration occurs, two symptoms
may be present: (1)The RSSI output will be
high with no signal input (should nominally be
250mV or lower), and (2) the demodulated
output will demonstrate a threshold. Above a
certain input level, the limited signal will begin
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Limiter Bias

to dominate the regeneration, and the de-
modulator will begin to operate in a "'normal’
manner.
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There are three primary ways to deal with
regeneration: (1) Minimize the feedback by
gain stage isolation, (2) lower the stage input
impedances, thus increasing the feedback
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attenuation factor, and (3) reduce the gain.
Gain reduction can effectively be accom-
phshed by adding attenuation between sta-
ges. This can also lower the input impedance
if well planned Examples of impedance/gain
adjustment are shown in Figure 7 Reduce
gain will result in reduced limiting sensitivity.

A feature of the NE604A IF amplifiers, which
1s not specified, 1s low phase shift. The
NE604A 1s fabricated with a 10GHz process
with very small collector capacitance. It is
advantageous in some applications that the
phase shift changes only a few degrees over
a wide range of signal input amplitudes.
Additional information will be provided in the
upcoming product specification (this is a pre-
liminary specification) when characterization
1s complete.




Signetics Linear Products

Preliminary Specification

High-Performance Low-Power FM IF System

NE/SA604A

42K
VAA 9
n T
N v+
‘2% > > oK
-L < d 4 8
< 1.6K
10 MW
40K
I 80K
Tcaste0s

Figure 5. Second Limiter and Quadrature Detector
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Figure 6. Feedback Paths

Stability Considerations

The high gain and bandwidth of the NE604A
in combination with its very low currents
permit circuit implementation with superior
performance. However, stability must be
maintained and, to do that, every possible
feedback mechanism must be addressed.
These mechanisms are: 1) Supply lines and
grounds, 2) stray layout inductances and
capacitances, 3) radiated fields, and 4) phase
shift. As the system IF increases, so must the
attention to fields and strays. However,
ground and supply loops cannot be over-
looked, especially at lower frequencies. Even
at 455kHz, using the test layout in Figure 1,
instability will occur if the supply line is not
decoupled with two high quality RF capaci-
tors, a 0.1uF monolithic right at the V¢ pin,
and a 6.8uF tantalum on the supply line. An
electrolytic is not an adequate substitute. At
10.7MHz, a 1uF tantalum has proven accepti-
ble with this layout. Every layout must be
evaluated on its own merit, don't underesti-
mate the importance of good supply bypass.

At 455kHz, if the layout of Figure 1 or one
substantially similar is used, it is possible to
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directly connect ceramic filters to the input
and between limiter stages with no special
consideration. At frequencies above 2MHz,
some input impedance reduction is usually
necessary. Figure 7 demonstrates a practical
means.

As illustrated in Figure 8, 4302 external
resistors are applied in parallel to the internal
1.6k<2 load resistors, thus presenting approxi-
mately 3302 to the filters. The input filter is a
crystal type for narrow-band selectivity. The
filter is terminated with a tank which trans-
forms to 330L. The interstage filter is a
ceramic type which doesn't contribute to
system selectivity, but does suppress wide-
band noise and stray signal pickup. In wide-
band 10.7MHz IFs the input filter can also be
ceramic, directly connected to Pin 16.

In some products it may be impractical to
utilize shielding, but this mechanism may be
appropriate to 10.7MHz and 21.4MHz IF. One
of the benefits of low current is lower radiated
field strength, but lower does not mean non-
existent. A spectrum analyzer with an active
probe will clearly show IF energy with the
probe held in the proximity of the second
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limiter output or quadrature coil. No specific
recommendations are provided, but mechani-
cal shielding should be considered if layout,
bypass, and input impedance reduction do
not solve a stubborn instability.

The final stability consideration is phase shift.
The phase shift of the limiters is very low, but
there is phase shift contribution from the
quadrature tank and the filters. Most filters
demonstrate a large phase shift across their
passband (especially at the edges). If the
quadrature detector is tuned to the edge of
the filter passband, the combined filter and
quadrature phase shift can aggravate stabili-
ty. This is not usually a problem, but should
be kept in mind.

Quadrature Detector

Figure 5 shows an equivalent circuit of the
NE604A quadrature detector. It is a multiplier
cell similar to a mixer stage. Instead of mixing
two different frequencies, it mixes two signals
of common frequency but different phase.
Internal to the device, a constant amplitude
(limited) signal is differentially applied to the
lower port of the multiplier. The same signal is
applied single ended to an external capacitor
at Pin 9. There is a 90° phase shift across the
phase shift across the plates of this capacitor,
with the phase shifted signal applied to the
upper port of the multipler at Pin 8. A quadra-
ture tank (parallel L/C network) permits fre-
quency selective phase shifting at the IF
frequency. This quadrature tank must be
returned to ground through a DC blocking
capacitor.
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Figure 8. Crystal Input Fiiter with Ceramic Interstage Filter
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Vour
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Figure 9.

The loaded Q of the quadrature tank impacts
three fundamental aspects of the detector:
Distortion, maximum modulated peak devia-
tion, and audio output amplitude. Typical
quadrature curves are illustrated in Figure 10.
The phase angle translates to a shift in the
multiplier output voltage.

Thus a small deviation gives a large output
with a high Q tank. However, as the deviation
from resonance increases, the nonlinearity of
the curve increases (distortion), and, with too
much deviation, the signal will be outside the
quadrature region (limiting the peak deviation
which can be demodulated). If the same peak
deviation 1s applied to a lower Q tank, the
deviation will remain in a region of the curve
which is more linear (less distortion), but
creates a smaller phase angle (smaller output
amplitude). Thus the Q of the quadrature tank
must be tailored to the design. Basic equa-
tions and an example for determining Q are
shown below. This explanation includes first
order effects only.

Frequency Discriminator Design
Equations for NE604A

- (12)
Cp+Cs‘ 8
P VN
1+_w_1_ w1
QS

where wy = ———— 1b)
TV P+Cs) o)
=R (Cp + Cg) w1 (1¢)
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From the above equation, the phase shift
between nodes 1 and 2, or the phase across
C3 will be:

w1

Q1w
2
2)
w

¢=LVo-LVN=

w
Figure 10. Is the plot of ¢ vs (——)
w1

It is notable that at w = w;,, the phase
m
shift is E and the response is close to

a straight line with a slope of
A¢ 2Q4
Aw wq :

The signal V, would have a phase shift
™ 2Q4 i

of |- —-| — |w | with respect to the V.
2 wq

If Vin = A Sin wt 3)
>Vo=A

s o 2-(22)

Multiplying the two signals in the mixer, and
low pass filtering yields:

ViN ¢ Vo = A2 Sin wt (4

w[et(2)]

after low pass filtering

1.2
=*Vour = 2 A (5)

2 1 2
cos [I-(—Qi)w]=—AZSin(~&)w
2 w1 2 w1

w wy + Aw
Vout™ 2Q4 o 204 o (6)

2Qw
<<=
(S]] 2

For

Which is the discriminated FM output.
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NOTE: Aw is the deviation frequency from
the carrier wy.

Ref. Krauss, Raab, Bastian; Solid State Radio
Eng.; Wiley, 1980, p.311. Example: At 455kHz
IF, with £5kHz FM deviation. The max/min
normalized frequency will be

455 *5kHz
455

=1.010 or 0.990

Go to the ¢ vs. normalized frequency curves
(Figure 10) and draw a vertical

w
straight line at (—) =1.01.
w1

The curves with Q =100, Q=40 are not
linear, but Q=20 and less shows better
linearity for this application. Too small Q
decreases the amplitude of the discrimination
FM signal. (Eq.6)

==Choose a Q = 20.

The internal R of the 604A is 40k. From Eq.
1c, and then 1b, it results that

Cp+Cg=174pF and L =0.7mH.

A more exact analysis including the source
resistance of the previous stage shows that
there is a series and a parallel resonance in
the phase detector tank. To make the parallel
and series resonances close, and to get
maximum attenuation of higher harmonics at
455kHz IF, we have found that a Cg = 10pF
and Cp = 164pF (commercial values of
150pF or 180pF may be practical), will give
the best results. A variable inductor which
can be adjusted around 0.7mH, should be
chosen and optimized for minimum distortion.
(For 10.7MHz, a value of Cg = 1pF is recom-
mended.)

Audio Outputs

Two audio outputs are provided. Both are
PNP current-to-voltage converters with 55k2
nominal internal loads. The unmuted output is
always active to permit the use of signaling
tones in systems such as cellular radio. The
other output can be muted with 70dB typical
attenuation. The two outputs have an internal
180° phase difference.

The nominal frequency response of the audio
outputs is 300kHz. This response can be
increased with the addition of external resis-
tors from the output pins to ground in parallel
with the internal 55k resistors, thus lowering
the output time constant. Since the output
structure is a current-to-voltage converter
(current is driven into the resistance, creating
a voltage drop), adding external parallel resis-
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tance also has the effect of lowering the
output audio amplitude and DC level.

This technique of audio bandwidth expansion
can be effective In many applications such as
SCA recewvers and data transceivers Be-
cause the two outputs have a 180° phase
relationship, FSK demodulation can be ac-
complished by applying the two outputs differ-
entially across the inputs of an op amp or
comparator. Once the threshold of the refer-
ence frequency (or ''no-signal'’ condition)
has been sstablished, the two outputs will
shift in opposite directions (higher or lower
output voltage) as the input frequency shifts
The output of the comparator will be the
logical output. The choice of op amp or
comparator will depend on the data rate. With
high IF frequency (10 MHz and above), and
wide IF bandwidth (L/C filters) data rates in
excess of 4Mbaud are possible.

RSSI

The 'received signal strength indicator", or
RSSI, of the NE604A demonstrates monoton-
ic loganthmic output over a range of 90dB.
The signal strength output is derived from the
summed stage currents in the imiting amplifi-
ers It 1s essentially independent of the IF
frequency Thus, unfiltered signals at the

imiter inputs, spurious products, or regener-
ated signals will manifest themselves as RSSI
outputs An RSSI output of greater than
250mV with no signal (or a very small signal)
applied, i1s an indication of possible regenera-
tion or oscillation.

In order to achieve optimum RSSI linearity,
there must be a 12dB nsertion loss between
the first and second limiting amplifiers With a
typical 455kHz ceramic filter, there 1s a nomi-
nal 4dB insertion loss in the filter An addition-
al 6dB s lost in the interface between the
filter and the input of the second hmiter. A
small amount of additional loss must be
introduced with a typical ceramic filter. In the
test circuit used for cellular radio applications
(Figure 3) the optimum lineanty was achieved
with a 5.152 resistor from the output of the
first imiter (Pin 14) to the input of the inter-
stage filter With this resistor from Pin 14 to
the filter, sensitivity of 0.25uV for 12dB SI-
NAD was achieved. With the 3.6kS2 resistor,
sensitivity was optimized at 0.22uV for 12dB
SINAD with minor change in the RSSI lineart-
ty.

Any application which requires optimized
RSSI linearity, such as spectrum analyzers,
cellular radio, and certain types of telemetry,
will require careful attention to hmiter inter-
stage component selection. This will be espe-

cially true with high IF frequencies which
require insertion loss or iImpedance reduction
for stability.

At low frequencies the RSSI makes an excel-
lent logarnthmic AC voltmeter.

For data applications the RSSI 1s effective as
an amplitude shift keyed (ASK) data slicer. If
a comparator is applied to the RSSI and the
threshold set slightly above the no signal
level, when an inband signal is received the
comparator will be sliced. Unlike FSK demod-
ulation, the maximum data rate is somewhat
imited. An internal capacitor imits the RSSI
frequency response to about 100kHz At high
data rates the nise and fall times will not be
symmetncal.

The RSSI output is a current-to-voltage con-
verter similar to the audio outputs. However,
an external resistor Is required With a 91k§2
resistor, the output charactenstic is 0.5V for a
10dB change in the input amplitude.

Additional Circuitry

Internal to the NE6G04A are voltage and cur-
rent regulators which have been temperature
compensated to maintain the performance of
the device over a wide temperature range.
These regulators are not accessible to the
user.
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DESCRIPTION

Although the NE604 was designed as an RF
device intended for the cellular radio market,
it has features which permit other design

AN1991

Audio Decibel Level Detector
With Meter Driver

Application Note

The RSSI function requires a DC output
voltage which is proportional to the logqg of
the input signal level. Thus a standard 0 -5
voltmeter can be linearly calibrated in deci-

0dB=300mVPIR | |
SOLID LINE INDICATES
| IDEALSLOPE | |

»

. A DOTTED LINE y
configurations. One of these features Is the ~bels over a single 80dB range. The entire INDICATES l /
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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 1s proportional
to the logip of the input audio signal. A
voltage 1s 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-

December 1988

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| lineanty. C2 can also be
changed. The trade-off here 1s 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 nipple 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

4-125

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.)

S
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ABSTRACT
This paper discusses four high sensitivity
receivers and IF (Intermediate Frequency)
strips which utilize intermediate frequencies
of 10.7MHz or greater. Each circuit utilizes a
low-power VHF mixer and high-performance
low-power IF strip. The circuit configurations
are

1. 45 or 49MHz to 10.7MHz narrow-

band,

2. 90MHz to 21.4MHz narrowband,

3. 100MHz to 10.7MHz wideband, and

4. 152.2MHz to 10.7MHz narrowband.

Each circuit is presented with an explanation
of component selection criteria, (to permit
adaptation to other frequencies and band-
widths). Optional configurations for local os-
cillators and data demodulators are summa-
rized.

INTRODUCTION

Traditionally, the use of 10.7MHz as an inter-
mediate frequency has been an attractive
means to accomplish reasonable image re-
jection in VHF/UHF receivers. However, ap-
plying significant gain at a high IF has re-

AN1993

High Sensitivity Applications of
Low-Power RF/IF Integrated

Circuits
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quired extensive gain stage i1solation to avoid
instability and very high current consumption
to get adequate amplifier gain bandwidth. By
enlightened application of two relatively new
low power ICs, Signetics NE602 and
NE604A, it is possible to build highly produc-
ible IF strips and receivers with input frequen-
cies to several hundred megahertz, IF fre-
quencies of 10.7 or 21.4MHz, and sensitivity
less than 2uV (in many cases less than 1uV).
The Signetics new NE605 combines the func-
tion of the NE602 and the NE604A. All of the
circuits described in this paper can also be
implemented with the NE605. The NE602 and

NEB604A were utilized for this paper to permit
optimum gain stage isolation and filter loca-
tion.

THE BASICS

First let's look at why it is relevant to use a
10.7 or 21.4MHz intermediate frequency.
455kHz ceramic filters offer good selectivity
and small size at a low price. Why use a
higher IF? The fundamental premise for the
answer to this question is that the receiver
architecture is a hetrodyne type as shown in
Figure 1.

5

MXR
~~ ~~
~ =~ |
PRE SELECT IF FILT
FILTER

Figure 1. Basic Hetrodyne Receiver
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A pre-selector (bandpass in this case) pre-
cedes a mixer and local oscillator. An IF filter

December 1988

follows the mixer. The IF filter is only sup-
posed to pass the difference (or sum) of the
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local oscillator (LO) frequency and the prese-
lector frequency.

The reality is that there are always two
frequencies which can combine with the LO:
The pre-selector frequency and the "image'
frequency. Figure 2 shows two hypothetical
pre-selection curves. Both have 3dB band-
widths of 2MHz. This type of pre-selection i1s
typical of consumer products such as cord-
less telephone and FM radio. Figure 2A
shows the attenuation of a low side image
with 10.7MHz. Figure 2B shows the very
limited attenuation of the low side 455kHz
image.

If the single conversion architecture of Figure
1 were implemented with a 455kHz IF, any
interfering image would be received almost as
well as the desired frequency. For this rea-
son, dual conversion, as shown in Figure 3,
has been popular.

In the application of Figure 3, the first IF must
be high enough to permit the pre-selector to
reject the images of the first mixer and must
have a narrow enough bandwidth that the
second mixer images and the intermod prod-
ucts due to the first mixer can be attenuated
There's more to 1t than that, but those are the
basics. The multiple conversion hetrodyne
works well, but, as Figure 3 suggests, com-
pared to Figure 2 it 1s more complicated. Why,
then, don't we use the approach of Figure 2?

THE PROBLEM

Historically there has been a problem: Stabili-
ty! Commercially available integrated IF am-
plifiers have been limited to about 60dB of
gain. Higher discrete gain was possible if
each stage was carefully shielded and by-
passed, but this can become a nightmare on
a production line. With so little IF gain avail-
able, in order to receive signals of less than
10uV 1t was necessary to add RF gain and
this, in turn, meant that the mixer must have
good large signal handling capability. The RF
gain added expense, the high level mixer
added expense, both added to the potential
for instabilites, so the multiple conversion
started looking good again.

But why is instability such a problem in a high
gain high IF strip? There are three basic
mechanisms. First, ground and the supply line
are potentially feedback mechanisms from
stage-to-stage in any amplifier. Second, out-
put pins and external components create
fields which radiate back to inputs. Third,
layout capacitances become feedback mech-
anisms. Figure 4 shows the fields and capaci-
tances symbolically.

If Zg represents the impedance associated
with the circuit feedback mechanisms (stray
capacitances, inductances and radiated
fields), and Zjy 1s the equivalent input imped-
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ance, a divider is created. This divider must
have an attenuation factor greater than the
gain of the amplifier if the amplifier is to
remain stable.

¢ If gain is increased, the input-to-output
isolation factor must be increased.

# As the frequency of the signal or amplifier
bandwidth increases, the impedance of the
layout capacitance decreases thereby re-
ducing the attenuation factor.

The layout capacitance is only part of the
issue. In order for traditional 10.7MHz IF
amplifiers to operate with reasonable gain
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bandwidth, the amount of current in the
amplifiers needed to be quite high. The
CA3089 operates with 25mA of typical quies-
cent current. Any currents which are not
perfectly differential must be carefully by-
passed to ground. The higher the current, the
more difficult the challenge. And limiter out-
puts and quadrature components make ex-
cellent field generators which add to the
feedback scenario. The higher the current,
the larger the field.

4-128

THE SOLUTION

The NE602 is a double balanced mixer suit-
able for input frequencies in excess of
500MHz. It draws 2.5mA of current. The
NEG604A is an IF strip with over 100dB of gain
and a 25MHz small signal bandwidth. It draws
3.5mA of current. The circuits in this paper
will demonstrate ways to take advantage of
this low current and 75dB or more of the
NE604A gain in receivers and IF strips that
would not be possible with traditional integrat-
ed circuits. No special tricks are used, only
good layout, impedance planning and gain
distribution.



Signetics Linear Products

Application Note

High Sensitivity Applications

of

Low-Power RF/IF Integrated Circuits

AN1993

A )
,..r
~ ~
- &ND
~ arg
M
o u
fo T
~ ~ E
~ ~ 0O
RF

= NP SIGNETICS
c < NE6@2/604 DEMO BOARD
(o]
~ é ©
~ 0( °< ) ~
00 0&: 8 o
)%~O

QSI AUDIO D@A

R

0(-)

/A

VA
\/
GND

N/
GND

O
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THE MIXER

The NE602 is a low power VHF mixer with
built-in oscillator. The equivalent circuit is
shown in Figure 5. The basic attributes of this
mixer include conversion gain to frequencies
greater than 500MHz, a noise figure of 4.6dB
@ 45MHz, and a built-in oscillator which can
be used up to 200MHz. LO can be injected.

For best performance with any mixer, the
interface must be correct. The input imped-
ance of the NE602 is high, typically 3kS2 in
parallel with 3pF. This is not an easy match
from 5082 In each of the examples which
follow, an equivalent 50:1.5k match was
used. This compromise of noise, loss, and
match yielded good results. It can be im-
proved upon. Match to crystal filters will
require special attention, but will not be given
focus in this paper.
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This oscillator is a single transistor with an
internal emitter follower dnving the mixer. For
best mixer performance, the LO level needs
to be approximately 220mVgpys at the base of
the oscillator transistor (Pin 6). A number of
oscillator configurations are presented at the
end of this paper. In each of the prototypes
for this paper, the LO source was a signal
generator. Thus, a 51%2 resistor was used to
terminate the signal generator. The LO is
then coupled to the mixer through a DC
blocking capacitor. The signal generator is
set for 0dBm. The impedance at the LO input
(Pin 6) is approximately 20kS2. Thus, required
power is very low, but 0dBm across 518
does provide the necessary 220mVgys.

The outputs of the NE602 are loaded with
1.5kS2 internal resistors. This makes interface
to 455kHz ceramic filters very easy. Other
filter types will be addressed in the examples.

THE IF STRIP

The basic functions of the NE604A are ordi-
nary at first glance: Limiting IF, quadrature
detector, signal strength meter, and mute
switch. However, the performance of each
of these blocks is superb. The IF has
100dB of gain and 25MHz bandwidth. This
feature will be exploited in the examples. The
signal strength indicator has a 90dB log
output characteristic with very good linearity.
There are two audio outputs with greater than
300kHz bandwidth (one can be muted greater
than 70dB). The total supply current is typical-
ly 3.5mA. This is the other factor which
permits high gain and high IF.

Figure 6 shows an equivalent circuit of the
NE604A. Each of the IF amplifiers has a
1.6k$2 input iImpedance. The input impedance
1s achieved by splitting a DC feedback bias
resistor. The input impedance will be manipu-
lated in each of the examples to aid stability.

BASIC CONSIDERATIONS

In each of the circuits presented, a common
layout and system methodology is used. The
basic circuit is shown symbolically in Figure 7.

At the input, a frequency selective transfor-
mation from 5082 to 1.5kS2 permits analysis of
the circuit with an RF signal generator. A
second generator provides LO. This genera-
tor second generator provides LO. This gen-
erator is terminated with a 5152 resistor. The
output of the mixer and the input of the first
limiter are both high impedance (1.5§2 nomi-
nal). As indicated previously, the input imped-
ance of the limiter must be low enough to
attenuate feedback signals. So, the input
impedance of the first limiter is modified with
an external resistor. In most of the examples,
a 43052 external resistor was used to create a
33082 input impedance (430, /1.5k§2). The
first IF filter is thus designed to present 1.5k2
to the mixer and 330%2 to the first limiter.

The same basic ti it was used bet )
the first and second limiters. However, in
each of the 10.7MHz examples, this inter-
stage filter is not an L/C tank; it is a ceramic
filter. This will be explained in the first exam-
ple.

After the second limiter, a conventional quad-
rature detector demodulates the FM or FSK
information from the carrier and a simple low
pass filter completes the demodulation pro-
cess at the audio outputs.
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Figure 12. NE602/604A Demonstration Circuit with RF Input of 90MHz and IF of 21.4MHz + 7.5kHz

As mentioned, a single layout was used for
each of the examples. The board artwork is
shown in Figure 8. Special attention was
given to: (1) Creating a maximum amount of
ground plane with connection of the compo-
nent side and solder side ground at locations
all over the board; (2) careful attention was
given to keeping a ground ring around each of
the gain stages. The objective was to provide
a shunt path to ground for any stray signal
which might feed back to an input; (3) leads
were kept short and relatively wide to mini-
mize the potential for them to radiate or pick
up stray signals; finally (and very important),
(4) RF bypass was done as close as possible
to supply pins and inputs, with a good (10uF)
tantalum capacitor completing the system
bypass.

EXAMPLE: 45MHz to 10.7MHz
NARROWBAND

As a first example, consider conversion from
45MHz to 10.7MHz. There are commercially
available filters for both frequencies so this is
a realistic combination for a second IF in a
UHF receiver. This circuit can also be applied
to cordless telephone or short range commu-
nications at 46 or 49MHz. The circuit is shown
in Figure 9.

The 10.7MHz filter chosen is a type common-
ly available for 25kHz channel spacing. It has
a 3dB bandwidth of 15kHz and a termination
requirement of 3k§2/2pF. To present 3kS2 to
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Figure 13. UHF Second Conversion (Narrow Band) or VHF
Single Conversion (Narrow Band)
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the input side of the filter, a 1.5kS2 resistor
was used between the NE602 output (which
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has a 1.5k$2 impedance) and the filter. Layout
capacitance was close enough to 2pF that no
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adjustment was necessary. This series-resis-
tance approach introduces an insertion loss
which degrades the sensitivity, but it has the
benefit of simplicity.

The secondary side of the crystal filter is
terminated with a 10.7MHz tuned tank. The
capacitor of the tank is tapped to create a
transformer with the ratio for 3k:330. With the
addition of the 4302 resistor in parallel with
the NE604A 1.6kS2 internal input resistor, the
correct component of resistive termination is
presented to the crystal filter. The inductor of
the tuned load is adjusted off resonance
enough to provide the 2pF capacitance need-
ed. (Actual means of adjustment was for best
audio during alignment).

If appropriate or necessary for sensitivity, the
same type of tuned termination used for the
secondary side of the crystal filter can also be
used between the NE602 and the filter. If this
is desired, the capacitors should be ratioed
for 1.5k:3k. Alignment is more complex with
tuned termination on both sides of the filter.
This approach is demonstrated in the fourth
example.

A ceramic filter is used between the first and
second limiters. It is directly connected be-
tween the output of the first limiter and the
input of the second limiter. Ceramic filters act
much like ceramic capacitors, so direct con-
nection between two circuit nodes with differ-
ent DC levels is acceptable. At the input to
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Figure 15. FM Broadcast Receiver (Wide Band)

the second limiter, the impedance is again resistor in parallel with the internal 1.6k§2
reduced by the addition of a 43052 external input load resistor. This presents the 33092
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10.7 MHz

CRYSTAL 4

FILTER 03
1 1om15a

MUTE +6V

Figure 16. NE602/604A Demonstration Circuit with RF Input of 152.2MHz and IF of 10.7MHz * 7.5kHz

AUDIO DATA

TC235908

termination to the ceramic filter which the
manufacturers recommend.

On the input side of the ceramic filter, no
attempt was made to create a match. The
output impedance of the first limiter is nomi-
nally 1kS2. Crystal filters are tremendously
sensitive to correct match. Ceramic filters are
relatively forgiving. A review of the manufac-
turers’ data shows that the attenuation factor
in the passband is affected with improper
match, but the degree of change is small and
the passband stays centered. Since the prin-
cipal selectivity for this application is from the
crystal filter at the input of the first limiter, the
interstage ceramic filter only has to suppress
wideband noise. The first filter's passband is
right in the center of the ceramic filter pass-
band. (The crystal filter passband is less than
10% of the ceramic filter passband). This
passband relationship is illustrated in Figure
10.

After the second limiter, demodulation is
accomplished in the quadrature detector.
Quadrature criteria is not the topic of this
paper, but it is noteworthy that the choice of
loaded Q will affect performance. The
NEG604A is specified at 455kHz using a quad-
rature capacitor of 10pF and a tuning capaci-
tor of 180pF. (180pF gives a loaded Q of 20
at 455kHz). A careful look at the quadrature
equations (Ref 3.) suggests that at 10.7MHz a
value of about 1pF should be substituted for
the 10pF at 455kHz.
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Figure 17. VHF Single Conversion (Narrow Band)

0P215908

¢ 10.7kHz IF
¢ 15kHz IF BW
¢ 7kHz deviation

The performance of this circuit is presented in
Figure 11. The —12dB SINAD (ratio of Signal
to Noise And Distortion) was achieved with a
0.6uV input.

EXAMPLE: 90MHz to 21.4MHz
NARROWBAND

This second example, like the first, used two
frequencies which could represent the inter-
mediate frequencies of a UHF receiver. This
circuit can also be applied to VHF single
conversion receivers if the sensitivity is ap-
propriate. The circuit is shown in Figure 12.




Signetics Linear Products

Application Note

High Sensitivity Applications of
Low-Power RF/IF Integrated Circuits

AN1993

Most of the fundamentals are the same as
explained In the first example. The 21 4MHz
crystal filter has a 1.5k§2/2pF termination
requirement so direct connection to the out-
put of the NE602 is possible. With strays
there is probably more than 2pF in this circuit,
but the performance i1s good nonetheless.
The output of the crystal filter i1s terminated
with a tuned impedance-step-down trans-
former as in the previous example. Interstage
filtering 1s accomplished with a 1k§2 330 step-
down ratio. (Remember, the output of the first
limiter is 1k$2 and a 430§2 resistor has been
added to make the second limiter input
33082). A DC blocking capacitor 1s needed
from the output of the first limiter The board
was not laid out for an interstage transformer,
so an "XACTO" knife was used to make
some minor mods. Figure 13 shows the
performance. The +12dB SINAD was with
1.6uV input.

EXAMPLE: 100MHz to 10.7MHz
WIDEBAND

This example represents three possible appli-
cations: (1) low cost, sensitive FM broadcast
receivers, (2) SCA (Subsidiary Communica-
tions Authorization) receivers and (3) data
receivers. The circuit schematic 1s shown in
Figure 14. While this example has the great-
est diversity of application, it is also the
simplest. Two 10.7MHz ceramic filters were
used. The first was directly connected to the
output of the NE602. The second was directly
connected to the output of the first IF imiter.
The secondary sides of both filters were
terminated with 33052 as in the two previous
examples. While the filter bandpass skew of
this simple single conversion receiver might
not be tolerable in some applications, to a
first order the results are excellent. (Please
note that sensitivity is measured at +20dB in
this wideband example.) Performance 1s illus-
trated in Figure 15. +20dB SINAD was mea-
sured with 1.8uV input.

EXAMPLE: 152.2MHz to 10.7MHz
NARROWBAND

In this example (see Figure 16) a simple,
effective, and relatively sensitive single con-
version VHF receiver has been implemented.
All of the circuit philosophy has been de-
scribed in previous examples. In this circuit,
tuned-transformed termination was used on
the input and output sides of the crystal filter.
Performance is shown in Figure 17. The
+12dB SINAD sensitivity was 0.9uV.

OSCILLATORS
The NE602 contains an oscillator transistor
which can be used to frequencies greater

December 1988

T 1 I

= TC23M=QS - -
a. Fundamental
Colpitts Crystal

=2

TC23670S
d. Hartley
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]
]
I

b. Overtone
Colpitts Crystal

Figure 18. Oscillator Configurations

[k

TC23660S
c. Overtone
Butler Crystal

B
ni

TC236508

TCZGSS—OS
e. Colpitts
L/C Tank

than 200MHz Some of the possible configu-
rations are shown in Figures 18 and 19.

L/C

When using a synthesizer, the LO must be
externally buffered Perhaps the simplest ap-
proach 1s an emitter follower with the base
connected to Pin 7 of the NE602. The use of
a dual-gate MOSFET will improve perfor-
mance because it presents a farly constant
capacitance at its gate and because 1t has
very high reverse isolation.

CRYSTAL

With both of the Colpitts crystal configura-
tions, the load capacitance must be specified.
In the overtone mode, this can become a
sensitive 1ssue since the capacitance from
the emitter to ground I1s actually the equiva-
lent capacitive reactance of the harmonic
selection network. The Butler oscillator uses
an overtone crystal specified for series mode
operation (no parallel capacitance). It may
require an extra inductor (L) to null out C, of
the crystal, but otherwise 1s fairly easy to
implement (see references).

The osclllator transistor is biased with only
220uA. In order to assure oscillation in some
configurations, it may be necessary to in-
crease transconductance with an external
resistor from the emitter to ground. 10kS2 to

4-134

20kS2 are acceptable values. Too small a
resistance can upset DC bias (see refer-
ences).

DATA DEMODULATION

It is possible to change any of the examples
from an audio receiver to an amplitude shift
keyed (ASK) or frequency shift keyed (FSK)
receiver or both with the addition of an
external op amp(s) or comparator(s). A sim-
ple example 1s shown in Figure 20. ASK
decoding 1s accomplished by applying a com-
parator across the received signal strength
indicator (RSSI) The RSSI will track IF level
down to below the limits of the demodulator
(-120dBm RF input in most of the examples).
When an in-band signal 1s above the compar-
ator threshold, the output logic level will
change.

FSK demodulation takes advantage of the
two audio outputs of the NEG04A. Each i1s a
PNP current source type output with 180°
phase relationship. With no signal present,
the quad tank tuned for the center of the IF
passband, and both outputs loaded with the
same value of capacitance, if a signal I1s
received which is frequency shifted from the
IF center, one output voltage will increase
and the other will decrease by a correspond-
ing absolute value. Thus, if a comparator I1s
differentially connected across the two out-
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puts, a frequency shift in one direction will
drive the comparator output to one supply
rail, and a frequency shift in the opposite

direction will cause the comparator output to
swing to the opposite rail. Using this tech-

nique, and L/C filtering for a wide IF band-

width, NRZ data at rates greater than 4Mb
have been processed with the new NEG05.

O Vee
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L & MV2105 3
= OREQUV WEE zxi; I I
$ = T = -7
_W*—I 0 TRescuien
1pF = 0001 == 000t 001 PRE
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* Permits impedance match of NE602 output of 1.8k/8pF to 3 Ok filter impedance
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Figure 19. Typical Varactor Tuned Application
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1 2] ] 1 1
RF INPUT
100nF
JP
TC236108
Figure 20. Basic NE602/604A Data Receiver
SUMMARY REFERENCES 4) Signetics: ''NE/SA604A High Performance

The NE602, NE604A and NE605 provide the
RF system designer with the opportunity for
excellent receiver or IF system sensitivity with
very simple circuitry. IFs at 455kHz, 10.7MHz
and 21.4MHz with 75 to 90dB gain are
possible without special shielding. The flexi-
ble configuration of the built-in oscillator of
the NE602/605 add to ease of implementa-
tion. Either data or audio can be recovered
from the NE604A/605 outputs.
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1) Anderson, D.: 'Low Power ICs for RF Data
Communications'', Machine Design , pp
126 - 128, July 23, 1987.

2) Krauss, Raab, Bastian: Solid State Radio
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DESCRIPTION

The NE/SA605 is a high performance
monolithic low power FM IF system
incorporating a mixer/oscillator, two lim-
iting intermediate frequency amplifiers,
quadrature detector, muting, logarithmic
received signal strength indicator
(RSSI), and voltage regulator. The NE/
SA605 combines the functions of
Signetics' NE602 and NEG04A, but fea-
tures higher mixer input intercept, higher
IF bandwidth (25MHz) and temperature
compensated RSSI, and limiters permit-
ting higher performance application. The
NE/SA605 is available in a 20-lead dual-
in-line plastic and 20-lead SOL (surface-
mounted miniature package).

FEATURES

e Low-power consumption 5.7mA
typical at 6V

o Mixer input to > 500MHz

ORDERING INFORMATION

NE/SA605

High-Performance Low Power
Mixer FM IF System

Preliminary Specification

e Mixer conversion power gain of
13dB at 45MHz

e Mixer noise figure of 4.6dB at
45MHz

o XTAL oscillator effective to
150MHz (L.C. oscillator to 1GHz
local oscillator can be injected)

e 102dB of limiter gain

® 25MHz limiter small signal
bandwidth

o Temperature compensated
logarithmic Received Signal
Strength Indicator (RSSI) with a
dynamic range in excess of 90dB

o Two audio outputs - muted and
unmuted

e Low external component count;
suitable for crystal/ceramic/LC
filters

PIN CONFIGURATION

D' and N Packages

RFIN [T} [20) MIXER OUT
IF AMP
RF BYPASS [2] [9] pecourLing
CRYSTAL osc [3] [18] IF AMPIN

CRYSTAL OscC [4] gs?:’c‘)fmmc

MUTEIN 5] 8] IF AMP OUT
vee [B] GND
RssiouT [7] LIMITER IN
MUTED LIMITER
AUDIO OUT DECOUPLING

LIMITER
DECOUPLING

QUADRATURE [15} LIMITER
N out

CD13082S

TOP VIEW

NOTE:

DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic DIP 0°C to +70°C NE605N
20-Pin Plastic SOL (Surface- 0°C to +70°C NE605D
mounted)
20-Pin Plastic DIP -40 to +85°C SA605N
20-Pin Plastic SOL (Surface- _40 to +85°C SA605D
mounted)

BLOCK DIAGRAM

PR (O PR A

&
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H
e
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rrant]
S

Iz
‘%Z

O O

80094828
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1 Large SO (SOL) package only

o Excellent sensitivity: 0.22uV into
5052 matching network for 12dB
SINAD (Signal to Noise and
Distortion ratio) for 1kHz tone
with RF at 45MHz and IF at
455kHz

o SA605 meets cellular radio
specifications

e ESD hardened

APPLICATIONS

e High performance
communications receivers

e Cellular Radio FM IF

o Single conversion VHF/UHF
receivers

© SCA receivers

o RF level meter

e Spectrum analyzer

o Instrumentation

e FSK and ASK data receivers

® Log amps

e Wideband low current
amplification
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High-Performance Low Power Mixer FM IF System NE/SA605
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voltage 9 "
Tste Storage temperature -65 to +150 °C
Ta Operating temperature
NE605 °C
0to +70 o
SAB0S ~40 to +85 c
DC ELECTRICAL CHARACTERISTICS T, =25°C; Voc = + 6V, unless otherwise stated
LIMITS
SYMBOL PARAMETER TEST NE605 SA605 UNIT
CONDITIONS
Min | Typ | Max | Min | Typ | Max
Vee Power supply voltage range 4.5 8.0 4.5 8.0 Vv
DC current drain 5.1 57 65 | 455 | 57 | 655 mA
Mute switch input threshold (on) 1.7 1.7 "
(off) 1.0 1.0 \

AC ELECTRICAL CHARACTERISTICS Typical reading at LI'A = 25°C; Vg = + 6V unless otherwise stated. RF frequency

= 45MHz + 14.5dBV RF input step-up; RF frequency =455kHz, R17 = 5.1k; RF
level = 45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with
C-message weighted filter and de-emphasis capacitor. Test circuit Figure 1. The

parameters listed below are tested using automatic test equipment to assure

consistent electnical characteristics. The limits do not represent the ultimate
performance limits of the device. Use of an optimized RF layout will improve many

of the listed parameters.

LIMITS
SYMBOL PARAMETER TEST NE605 SA605 UNIT
CONDITIONS
Min l Typ ] Max | Min l Typ | Max
Mixer/Osc section (ext LO = 300mV)
fin Input signal frequency 500 500 MHZ
fosc Crystal oscillator frequency 150 150 MHz
Noise figure at 45MHz 5.0 5.0 dB
Third-order intercept point f1 = 45.0; f2 = 45.06MHz -10 -10 dBm
Conversion power gain Matched 14.5dBV step-up 105 13 [ 145 10 13 15 dB
5082 source -1.7 -1.7 dB
RF input resistance Single-ended input 3.5 4.7 3.0 4.7 k2
RF input capacitance 3.5 4.0 3.5 4.0 pF
Mixer output resistance (Pin 20) 13 15 125 | 1.5 k2
IF section
IF amp gain 5082 source 39.7 39.7 dB
Limiter gain 5082 source 62.5 62.5 dB
Input imiting -3dB, Ry7 = 5.1k Test at Pin 18 -113 -113 dBm
AM rejection 80% AM 1kHz 30 34 42 29 34 43 dB
Audio level, Rqyg = 100k 15nF de-emphasis 110 | 1756 | 250 80 175 | 260 {mVRms
Unmuted audio level, Rqyq = 100k 150pF de-emphasis 530 530 mVpms
SINAD sensitivity RF level ~118dBm . 16 16 dB
THD Total harmonic distortion -35 | -42 -34 | -42 dB
S/N Signal-to-noise ratio No modulation for noise 73 73 dB
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High-Performance Low Power Mixer FM IF System

NE/SA605

AC ELECTRICAL CHARACTERISTICS (Continued) Typical reading at Ta = 25°C; Vgc = + 6V unless otherwise stated.
RF frequency = 45MHz + 14.5dBV RF input step-up; RF frequency

= 455kHz, R17 = 5.1k; RF level = 45dBm; FM modulation = 1kHz with
+8kHz peak deviation. Audio output with C-message weighted filter
and de-emphasis capacitor. Test circuit Figure 1. The parameters
listed below are tested using automatic test equipment to assure
consistent electrical characteristics. The limits do not represent the
ultmate performance limits of the device. Use of an optimized RF
layout will improve many of the listed parameters.

LIMITS
SYMBOL PARAMETER TEST NE605 SAG05 UNIT
CONDITIONS
Min | Typ | Max | Min | Typ | Max
IF RSS! output, Rg = 100k’ IF level = -118dBm 0 160 | 550 0 160 | 650 mV
1.5k input IF level = -68dBm 2.0 25 3.0 19 25 3.1 v
IF level = -18dBm 4.1 48 | 55 | 40 | 48 | 56 \"
RSSI range Rg = 100k§2 Pin 16 90 90 dB
RSSI accuracy Rg = 100k2 Pin 16 +15 +15 dB
IF input impedance 1.40 { 1.6 140 | 1.6 k2
IF output impedance 085 | 1.0 085 | 1.0 k2
Limiter input impedance 140 | 16 140 | 1.6 k2
Unmuted audio output impedance 58 58 k2
Muted audio output impedance Test at Pin 18 58 58 k2
RF/IF section (int LO)
Unmuted audio level 4.5V =Vgg, RF level = -27dBm 480 480 mViems
System RSSI output RF level = -27dBm, 4.5V = Vo 4.3 4.3 \

NOTE:

1. NE604 data sheets refer to power at 502 input termination; about 21dB less power actually enters the internal 1.5k input.

NE604 (50) NE604A (1 5k)/NE605 (1 5k)
-97dBm -118dBm
-47dBm -68dBm
+3dBm -18dBm

The NE605 and NE604A are both derived from the same basic die. The NE605 performance plots are directly applicable to the NE604A

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 1GHz. The bandwidth of the IF amplifier is
about 40MHz with 39.7dBV of gain from a
5082 source. The bandwidth of the limiter Is
about 28MHz with about 62.5dBV of gain
from a 502 source. However, the gain/
bandwidth distribution is optimized for
455kHz, 1.5k) source applications. The
overall system i1s well-suited to battery opera-
tion as well as high performance and high
quality products of all types.

The nput stage i1s a Gilbert cell mixer with
oscillator. Typical mixer charactenstics in-
clude a noise figure of 5dB, conversion gain
of 13dB, and input third order intercept of
-10dBm. The oscillator will operate in excess
of 1GHz in L/C tank configurations, either
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Hartley or Colpitts. For crystal oscillators, the
Colpitts configuration I1s used up to 150MHz.

The output of the mixer i1s internally loaded
with a 1.5kS2 resistor permitting direct con-
nection to a 455kHz ceramic filter. The input
resistance of the imiting IF amplifiers 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 12dBV insertion loss be-
tween the first and second IF stages. If the IF
filter or interstage network does not cause
12dBV 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

4-139

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 90dB. For
operation at intermediate frequencies greater
than 455kHz, special care must be given to
layout, termination, and interstage loss to
avoid instability.

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 1s 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
90dB and is temperature compensated. This
log signal strength indicator exceeds the
criteria for AMPs or TACs cellular telephone.
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High-Performance Low Power Mixer FM IF System NE/SA605

~2508, 1500/500) PAD ~10dB, 505001 PAD -3 6dB, 929/500) PAD ~10dB, 50/500 PAD ~368, 1 56Kk/5002 PAD

[ ] = s = am =
505 %5 517 %65 SR"g

Az R20 RIS A1z
Rz $aun A9 $71s A 3715 13k
3880 328 328

UNMUTED
AuDIO

L2 = 8 5uH TO 1 5ul
RS REQUIRED FOR AUTQ. TEST EQUIP ONLY

See NOTES in back of this book for additional drawings.

TC232108

Figure 1. NE/SA605 45MHz Test Circuit and Application Circuit (Relays as shown)

Annlicati c

Ld |

t List
C21  100nF +10% Monolithic Ceramic

C1 100pF NPO Ceramic
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C2 390pF NPO Ceramic C23 100nF *10% Monolithic Ceramic
C5 100nF +10% Monolithic Ceramic FIit1  Ceramic Filter Murata SFG455A3 or equiv
C6 22pF NPO Ceramic FIt2  Ceramic Filter Murata SFG455A3 or equiv
C7 1nF Ceramic IFT1  455kHz (Ce = 180pF) RMC-2A6597H
C8 5.6pF NPO Ceramic (minimum) L1 147-160nH Coilcraft UNI-10/142-04J08S
C9 100nF *10% Monolithic Ceramic L2 0.5-1.3uH, 800nH nominal
C10 15uF Tantalum (minimum) Coilcraft UNI-10/143-16J12S
C11 100nF +10% Monolithic Ceramic Coilcraft SLOTTEN-04-01
C12 15nF £10% Ceramic Toko 113KN-2K353HM
C13 150pF +2% N1500 Ceramic X1 44.545MHz Crystal ICM4712701
C14 100nF +10% Monolithic Ceramic R9 100k £1% 1/4W Metal Film
C15 10pF NPO Ceramic R17 5.1k £5% 1/4W Carbon Composition
C17 100nF +10% Monolithic Ceramic R5 Not used in application; required for auto
C18 100nF *10% Monolithic Ceramic test equipment only
R10 100k 1% 1/4W Metal Film (optional)
R11 100k +1% 1/4W Metal Film (optional)
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DESCRIPTION

The NE/SA614Ais an improved mono-
lithic low-power FM IF system incorpo-
rating two limiting intermediate fre-
quency amplifiers, quadrature detec-
tor, muting, logarithmic received signal
strength indicator, and voltage regula-
tor. The NE/SA614Afeatures higher IF
bandwidth (25MHz) and temperature
compensated RSSI and limiters per-
mitting higher performance application
compared with the NE/SA604. The
NE/SA614A is available in a 16-lead
dual-in-line plastic and 16-lead SO
(surface-mounted miniature package).

FEATURES

« Low-power consumption
3.3mA typical

» Temperature compensated
logarithmic Received Signal
Strength Indicator (RSSI) with a

ORDERING INFORMATION

NE/SA614A

Low Power FM IF System

Preliminary Specification

dynamic range in excess of
90dB

« Two audio outputs - muted
and unmuted

» Low external component
count; sultable for
crystal/ceramic filters

« Excellent sensitivity: 1.5uV
across Input pins (0.22uV into
50Q matching network) for 12dB
SINAD (Signal to Noise and
Distortion ratio) at 455kHz

« SA614A meets consumer cellular
radio specifications

APPLICATIONS

» Consumer cellular radio FM IF

« Consumer communications
receivers

« Intermediate frequency
amplification and detection up to
25MHz

* RF level meter

PIN CONFIGURATION
D,N PACKAGE
IF AMP A
Decoupling 1 16| IF Amp input
IF AMP
GND E E Decoupling
Mute input [3 | [14] IF Amp output
Veo[4] [13]GND
RSS! output E EI Limiter input
Muted audio Limiter
output L El Decoupling
Unmuted [7 Jo] Limiter
audio output Decoupling
Quadv.la:::: 8 E Limiter output

TOP VIEW

* Spectrum analyzer
« Instrumentation
« FSK and ASK data recelivers

DESCRIPTION TEMPERATURE RANGE | ORDER CODE
16-Pin Plastic DIP 0to +70°C NE614AN
16-Pin Plastic SO (Surface-mounted miniature package); 0to +70°C NE614AD
16-Pin Plastic DIP -40 to +85°C SA614AN
16-Pin Plastic SO (Surface-mounted miniature package); -40 to +85°C SA614AD
BLOCK DIAGRAM
o el [ [e]

VOLTAGE
REGULATOR
anp l———
L) L) o] [s]

September 13, 1988
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Low Power FM IF System NE/SA614A
ABSOLUTE MAXIMUM RATINGS
SYMBOL AND PARAMETER RATING UNIT
Maximum operating voltage 9 \'
Storage temperature -65 to +150 °C
Operating temperature
NE614A 0to 70 °C
SA614A -40 to +85 °C
DC ELECTRICAL CHARACTERISTICS T, =25°C; V. = +6V unless otherwise stated
PARAMETER TEST NE614A SA614A
CONDITIONS MIN | TYP | MAX MIN [TYP | MAX | UNIT
Power supply voltage range 4.5 8.0 4.5 8.0 Vv
DC current drain 25 | 33 | 40 25] 33| 4.0 mA
Mute switch input threshold_(on) 1.7 1.7 \'
(off) 1.0 10 | V

AC ELECTRICAL CHARACTERISTICS Typical reading at T, = 25°C; V., = +6V unless otherwise stated. IF
frequency = 455kHz; IF level = -47dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with C-message
weighted filter and de-emphasis capacitor. Test circuit Figure 1. The parameters listed below are tested using automatic
test equipment to assure consistent electrical characteristics. The limits do not represent the ultimate performance limits
of the device. Use of an optimized RF layout will improve many of the listed parameters.

PARAMETER TEST NE/SA614A

CONDITIONS MIN TYP MAX UNIT
Input limiting - 3dB Test at Pin 16 -92 dBm/50Q
AM rejection 80% AM 1kHz 25 33 dB
Recovered audio level 15nF de-emphasis 60 175 260 mV
Recovered audio fevel 150pF de-emphasis 530 mv .
SINAD sensitivity RF level -97dBm 12 dB
THD -30 -42 dB
Signal-to-noise ratio No modulation for noise 68 dB
RSSI output RF level = -118dBm 0 160 800 mV

RF level = -68dBm 1.7 2.50 3.3 Vv

RF level = -18dBm 3.6 4.80 5.8 Vv
RSSI range R, = 100k Pin § 80 dB
RSSI accuracy R, = 100k Pin 5 2.0 dB
IF input impedance 1.4 1.6 kQ
IF output impedance 0.85 1.0 kQ
Limiter input impedance 1.4 1.6 kQ
Unmuted audio output resistance 58 kQ
Muted audio output resistance 58 kQ

NOTE:

1. NE614A data sheets refer to power at 50Q input termination; about 21dB less power actually enters the internal 1.5k input.
NE614A (50)
-97dBm
-47dBm
+3dBm

The NE615 and NE614A are both derived from the same basic die. The NE615 performance plots are directly applicable to the NE614A.
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NE614A (1.5k)/NE615 (1.5k)
-118dBm

-68dBm

-18dBm



Signetics Linear Products Preliminary Specification

Low Power FM IF System NE/SA614A

NEGO4A TEST CIRCUIT | 1 Lo

Ce
—
') Rz .[. 1 Q = 20 LOADED
- T 3m € ==Co
INPUT «:“ = B s
> -
6] [s] el s rl'h 1] (o] [
= =G
[ -F D NE614A =E -
DATA
ouTPUT
MUTE  Vcc
INP ouTPUT
C1 10nF +80 - 20% 63V K10000-25V Ceramic SIBNETICS 5 O —
€2 100nF 2 10% S0V 8
€3 100nF * 10% SOV NEE614 TEST CKT ( -
C4 100nF £ 10% SOV G‘.) -
C5 100nF ¢ 10% 50V o
C6 10pF = 2% 100V NPO Ceramic m » 2
G oo By —mlgeed O 0%
C9 15nF = 10% SOV \ 7 MO
C10 150pF = 2% 100V N1500 Ceramic <
C11 1nF 2 10% 100V K2000-Y5P Ceramic HO P
C12 6 8uF £ 20% 25V Tantalum [}
F1 455kHz Ceramic Filter Murata SFGA55A3
F2 455kHz IF Filter -
R1 5100 ¢ 1% 1/4W Metal Film
R2 150092 2 1% 1/4W Metal Film ,,\ a .
R3 15000 2 5% 1/8W Carbon Composition 7/ - D K-
R4 100k 2 1% 1/4W Metal Fim =, C o _e
s o
S )P aa
3
~ B @ B
™ © By

SIBNETICS _
NEE14 1EsT k71 @O OF

(o]
LI Mg 30 00 0 0

M~CX \/ o 0 oo
r‘ao »
o Q R
4 Ll ~
g(\ :“'-O °=o Q) ©
fos o
'/ X D O Bo
é@ (.?b o w ©
203 o 2°
N/ o g
> [00) 5)
[0,9]
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Figure 2. Equivalent Circuit

Circuit Description

The NE/SA614A is a very high gain,
high frequency device. Correct
operation s not possible if good RF
layout and gain stage practices are
not used. The NE/SA614A can not
be evaluated independent of circuit,
components, and board layout. A
physical layout which correlates to
the electrical limits Is shown in Fig-
ure 1. This configuration can be
used as the basis for production
layout.

The NE/SA614A is an IF signal proc-
essing system suitable for IF frequen-
cies as high as 21.4MHz. The device
consists of two limiting amplifiers,
quadrature detector, direct audio out-
put, muted audio output, and signal
strength indicator (with log output char-

acteristic).  The sub-systems are
shownin Figure 2. Atypical application
with 45MHz input and 455kHz IF is
shown in Figure 3.

IF Amplifiers

The IF amplifier section consists of two
log-limiting stages. Thefirstconsists of
two differential amplifiers with 39dB of
gain and a small signal bandwid.n of
41MHz (when driven from a 50Q
source). The outputof the first limiteris
a low impedance emitter follower with
1kQ of equivalent series resistance.
The second limiting stage consists of
three differential amplifiers with a gain
of 62dB and a small signal AC band-
width of 28MHz. The outputs of the
final differential stage are buffered to
the internal quadrature detector. One
of the outputs is available at Pin 9 to
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drive an external quadrature capacitor
and L/C quadrature tank.

Both of the limiting amplifier stages are
DC biased using feedback. The buff-
ered output of the final differential
amplifier is fed back to the input
through 42kQ resistors. As shown in
Figure 2 the input impedance is estab-
lished for each stage by tapping one of
the feedback resistors 1.6kQ2 from the
input. This requires one additional
decoupling capacitor from the tap point
to ground.

Because of the very high gain, band-
width and input impedance of the limit-
ers, there is a very real potential for
instability at IF frequencies above
455kHz. The basic phenomenon is
shown in Figure 6. Distributed feed-
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back (capacitance, inductance and
radiated fields) forms a divider from the
output of the limiters back to the inputs
A42K (including the RF input). [f this feed-
wWv v+ back divider does not cause attenu-

ation greater than the gain of the for-
ward path, then oscillation or low level
regeneration is likely. If regeneration
occurs, two symptoms may be present:
/ 14 (1)The RSSl output will be high with no
signal input (should nominally be

S 1.6K 250mV or lower), and (2) the demodu-
LS lated output will demonstrate a thresh-
old. Above a certain input level, the
limited signal will beginto dominate the
regeneration, and the demodulator will
begin to operate in a "normal” manner.

15

—0

160

—o—1H
%»
"

There are three primary ways to deal
with regeneration: (1) Minimize the

Figure 4. First Limiter Bias
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feedback by gain stage isolation, (2)
lower the stage inputimpedances, thus
increasing the feedback attenuation
factor, and (3) reduce the gain. Gain
reduction can effectively be accom-
plished by adding attenuation between
stages. This can also lower the input
impedance if well planned. Examples
of impedance/gain adjustment are
shown in Figure 7. Reduced gain will
result in reduced limiting sensitivity.

A feature of the NE614A IF amplifiers,
which is not specified, is low phase
shift. The NE614A is fabricated with a
10GHz process with very small collec-

tor capacitance. It is advantageous in
some applications that the phase shift
changes only a few degrees over a
wide range of signal input amplitudes.
Additional information will be provided
in the upcoming product specification
(this is a preliminary specification)
when characterization is complete.

Stability Considerations

The high gain and bandwidth of the
NEG614A in combination with its very
low currents permit circuit implementa-
tion with superior performance. How-
ever, stability must be maintained and,
to do that, every possible feedback
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mechanism must be addressed.
These mechanisms are: 1) Supply
lines and ground, 2) stray layout induc-
tances and capacitances, 3) radiated
fields, and 4) phase shift. As the sys-
tem IF increases, so must the attention
to fields and strays. However, ground
and supply loops cannot be over-
looked, especially at lower frequen-
cies. Even at 455kHz, using the test
layout in Figure 1, instability will occur
if the supply line is not decoupled with
two high quality RF capacitors, a 0.u.lF
monolithic right at the V,, pin, and a

6.8uF tantalum on the supply line. An
electrolytic is not an adequate substi-

tute. At 10.7MHz, a 1uF tantalum has
proven acceptible with this layout.
Every layout must be evaluated on its
own merit, but don't underestimate the
importance of good supply bypass.

At 455kHz, if the layout of Figure 1 or
one substantially similar is used, it is
possible to directly connect ceramic
filters to the input and between limiter
stages with no special consideration.
At frequencies above 2MHz, some
input impedance reduction is usually
necessary. Figure 7 demonstrates a
practical means.

As illustrated in Figure 8, 430Q
external resistors are applied in paral-

lel to the internal 1.6kSQ load resistors,
thus presenting approximately 330Qto
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b

the filters. The input filter is a crystal
type for narrow-band selectivity. The
filter is terminated with a tank which
transforms to 330Q. The interstage
filter is a ceramic type which doesn't
contribute to system selectivity, but
does suppress wideband noise and
stray signal pickup. In wideband
10.7MHz IFs the input filter can also be
ceramic, directly connected to Pin 16.

In some products it may be impractical
to utilize shielding, but this mechanism
may be appropriate to 10.7MHz and

21.4MHz IF. One of the benefits of low
current is lower radiated field strength,
but lower does not mean non-existent.
A spectrum analyzer with an active
probe will clearly show IF energy with
the probe held in the proximity of the
second limiter output or quadrature
coil. No specific recommendations are
provided, but mechanical shielding
should be considered if layout, bypass,
and input impedance reduction do not
solve a stubborn instability.

The final stability consideration is

phase shift. The phase shift of the
limiters is very low, but there is phase
shift contribution from the quadrature
tank andthefilters. Most filters demon-
strate a large phase shift across their
passband (especially at the edges). If
the quadrature detector is tuned to the
edge of the filter passband, the com-
bined filter and quadrature phase shift
can aggravate stability. This is not
usually aproblem, but should be keptin
mind.

—
|

A

e
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LLDhT
[1Js"l\5 14] [13 ﬁ%] 111 [16] [9]

430

Figure 8. Crystal Input Filter with Ceramic Interstage Filter

4-147




Signetics Linear Products

Preliminary Specification

Low Power FM IF System

NE/SA614A

Quadrature Detector

Figure 5 shows an equivalent circuit of
the NE614A quadrature detector. Itis
amultiplier cell similarto a mixer stage.
Instead of mixing two different frequen-
cies, it mixes two signals of common
frequency but different phase. Internal
to the device, a constant amplitude
(limited) signal is differentially applied
to the lower port of the multiplier. The
same signal is applied single ended to
an external capacitor at Pin 9. There is
a 90° phase shift across the plates of
this capacitor, with the phase shifted
signal applied to the upper port of the
multiplier at Pin 8. A quadrature tank
(parallel L/C network) permits fre-
quency selective phase shifting at the
IF frequency. This quadrature tank
must be returned to ground through a
DC blocking capacitor.

The loaded Q of the quadrature tank
impacts three fundamental aspects of
the detector: Distortion, maximum
modulated peak deviation, and audio
output amplitude. Typical quadrature
curves are illustrated in Figure 10. The
phase angle translates to a shift in the
multiplier output voltage.

Thus a small deviation gives a large
output with a high Q tank. However, as
the deviation from resonance in-
creases, the nonlinearity of the curve
increases (distortion), and, with too
much deviation, the signal will be out-
side the quadrature region (limiting the
peak deviation which can be demodu-
lated). If the same peak deviation is
applied to a lower Q tank, the deviation
will remain in a region of the curve
which is more linear (less distortion),
but creates a smaller phase angle
(smaller output amplitude). Thusthe Q
of the quadrature tank must be tailored
to the design. Basic equations and an
example for determining Q are shown
below. This explanation includes first
order effects only.

Frequency discriminator design

equations for NE614A
1
Vo= _% (2
CP + Cs

T

*  *

Figure 9.

1 (1b)

VL‘CP-O- Csl

Q=R(C,+C)

where ©¢ =

(1¢)

From the above equation, the phase
shift between nodes 1 and 2, or the
phase across C, will be:

¢ = 4LVo- LVn= )

0
-1 Q1(|)

(0]
Figure 10. Is the plot of ¢ vs. (—)
(O]
It is notable that at w = @,, the phase

n
shift is 2 and the response is close

to a straight line with a slope of

2 _ 20
Aw [oN
The signal V, would have a phase

shift of [— - ‘201) ]wnh respect

tothe V,.
IV, = ASin at

3
=4 Vo= A

o
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Multiplying the two signals inthe mixer,
and low pass filtering yields:

VN. Vo- A Sin at

s|n[ax+_— = ]

after low pass filtering

= Vour=;—A2 ®)

2
Cos r_ —&m
2 " o
=1 a%sin 2% o
2 o

Voure 2Q, @
@4

+A®
20,(&
4

2Q0
Q10 X

= (6)

For
(O]

Which is the discriminated FM output.

(Note that Aw is the deviation fre-
quency from the carrier ®,.)

Ref. Krauss, Raab, Bastian; Solid
State Radio Eng.; Wiley,1980, p.311.
Example: At 455kHz IF, with +5kHz
FM deviation. The max/min normal-
ized frequency will be

455 #5kHz _ 4 100r0.990

Go to the ¢ vs. normalized frequency
curves (Figure 10) and draw a vertical

straight line at e =1.01. The
4
curves with Q = 100, Q = 40 are not
linear, butQ = 20 and less shows better
linearity for this application. Too small
Q decreases the amplitude of the dis-
criminated FM signal. (Eq.6)
=> Choose aQ = 20.
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Theinternal Rofthe 614Ais 40k. From
Eq. 1c, and then 1b, it results that

C,+C,=174pF and L = 0.7mH.

A more exact analysis including the
source resistance of the previous
stage shows that there is a series and
a parallel resonance in the phase de-
tector tank. To make the parallel and
series resonances close, and to get
maximum attenuation of higher har-
monics at 455kHz IF, we have found
thata C, = 10pF and C, =164pF (com-
mercial values of 150pF or 180pF may
be practical), will give the best results.
A variable inductor which can be ad-
justed around 0.7mH should be cho-
sen and optimized for minimum distor-
tion. (For 10.7MHz, avalue of C, = 1pF
is recommended.)

Audio Outputs

Two audio outputs are provided. Both
are PNP current-to-voltage converters
with 55kQ nominal internal loads. The
unmuted output is always active to
permit the use of signaling tones in
systems such as cellular radio. The
other output can be muted with 70dB
typical attenuation. The two outputs
have aninternal 180° phase difference.

The nominal frequency response of the
audio outputs is 300kHz. This re-
sponse can be increased with the
addition of external resistors from the
output pins to ground in parallel with
the internal 55k resistors, thus lowering
the output time constant. Since the
output structure is a current-to-voltage
converter (current is driven into the
resistance, creating a voltage drop),
adding external parallel resistance
also has the effect of lowering the out-
put audio amplitude and DC level.

This technique of audio bandwidth
expansion can be effective in many
applications such as SCA receivers
and data transceivers. Because the
two outputs have a 180° phase rela-
tionship, FSK demodulation can be
accomplished by applying the two out-
puts differentially across the inputs of
an op amp or comparator. Once the
threshold of the reference frequency
(or "no-signal” condition) has been
established, the two outputs will shift in

opposite directions (higher or lower
output voltage) as the input frequency
shifts. The output of the comparator
will be the logic output. The choice of
op amp or comparator will depend on
the data rate. With high IF frequency
(10MHz and above), and wide IF band-
width (L/C filters) data rates in excess
of 4Mbaud are possible.

RSSI

The "received signal strength indica-
tor", or RSSI, of the NE614A demon-
strates monotonic logarithmic output
over a range of 90dB . The signal
strength output is derived from the
summed stage currents in the limiting
amplifiers. It is essentially independ-
ent of the IF frequency. Thus, unfil-
tered signals at the limiter inputs, spu-
rious products, or regenerated signals
will manifest themselves as RSS| out-
puts. An RSSI output of greater than
250mV with no signal (or a very small
signal) applied, is an indication of pos-
sible regeneration or oscillation.

In order to achieve optimum RSSI lin-
earity, there must be a 12dB insertion
loss between the first and second lim-
iting amplifiers. With a typical 455kHz
ceramic filter, there is a nominal 4dB
insertion loss in the filter. An additional
6dBiis lost in the interface between the
filter and the input of the second limiter.
A small amount of additional loss must
be introduced with a typical ceramic
filter. In the test circuit used for cellular
radio applications (Figure 3) the opti-
mum linearity was achieved with a
5.1kQ resistor from the output of the
first limiter (Pin 14) to the input of the
interstage filter. With this resistor from
Pin 14 to the filter, sensitivity of 0.25uV
for 12dB SINAD was achieved. With
the 3.6kQ resistor, sensitivity was opti-

mized at 0.22uV for 12dB SINAD with
minor change in the RSSI linearity.

Any application which requires opti-
mized RSSI linearity, such as spec-
trum analyzers, cellular radio, and
certain types of telemetry, will require
cereful attention to limiter interstage
cumponent selection. This will be
especially true with high IF frequencies
which require insertion loss or imped-
ance reduction for stability.
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At low frequencies the RSS| makes an
excellent logarithmic AC voltmeter.

For data applications the RSSl s effec-
tive as an amplitude shift keyed (ASK)
dataslicer. If acomparatoris applied to
the RSSI and the threshold set slightly
above the no signal level, when an in-
band signal is received the comparator
will be sliced. Unlike FSK demodula-
tion, the maximum data rate is some-
what limited. An internal capacitor
limits the RSSI frequency response to
about 100kHz. At high data rates the
rise and fall times will not be symmetri-
cal.

The RSSloutputis a current-to-voltage
converter similar to the audio outputs.
However, an external resistor is re-
quired. With a 91kQ resistor, the out-
put characteristic is 0.5V for a 10dB
change in the input amplitude.

Additional Circuitry

Internal to the NE614A are voltage and
current regulators which have been
temperature compensated to maintain
the performance of the device over a
wide temperature range. These regu-
lators are not accessible to the user.
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DESCRIPTION

The NE/SA615 is a consumer monolith-

ic low power FM IF system incorporating

a mixer/osc, two limiting intermediate

frequency amplifiers, quadrature detec-

tor, muting, logarithmic received signal

strength indicator (RSSI), and voltage

regulator. The NE/SA615 is available in

a 20-lead dual-in-line plastic and 20-lead

SOL (surface-mounted miniature pack-

age).

FEATURES

e Low-power consumption 5.7mA
typical at 6V

o Mixer input to > 500MHz

o Mixer conversion power gain of
13dB at 45MHz

e Mixer noise figure of 4.6dB at
45MHz

ORDERING INFORMATION

NE/SA615

High-Performance Low Power
Mixer FM IF System

Preliminary Specification

o XTAL oscillator effective to
150MHz (L.C. oscillator to 1GHz
local oscillator can be injected)

e 102dB of limiter gain

o 25MHz limiter small signal
bandwidth

e Temperature compensated
logarithmic Received Signal
Strength Indicator (RSSI) with a
dynamic range in excess of 90dB

e Two audio outputs - muted and
unmuted

e Low external component count;
suitable for crystal/ceramic/LC
filters

PIN CONFIGURATION

D! and N Packages
RFIN [T}

RF BYPASS [Z]
CRYSTAL OsC [3]
CRYSTAL osc [4]

MUTEIN 5]
Vec [E]

RssiouT [7]

MUTED
aupio oot 2]

UNMUTED
AUDIO OUT

QUADRATUR“E‘ [10]

[20) MIXER OUT

TOP VIEW

NOTE:

DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic DIP 0°C to +70°C NE615N
20-Pin Plastic SOL (Surface- 0°C to +70°C NE615D
mounted)
20-Pin Plastic DIP -40°C to +85°C SA615N
20-Pin Plastic SOL (Surface- _40°C to +85°C SAG15D
mounted)

BLOCK DIAGRAM

o To o o fo

B

-0
=
-~

—o
3
s
2

N

BDO094B2S.

December 1988

1 Large SO (SOL) package only

e Excellent sensitivity: 0.22uV into
502 matching network for 12dB
SINAD (Signal to Noise and
Distortion ratio) for 1kHz tone
with RF at 45MHz and IF at
455kHz

e SA615 meets cellular radio
specifications

e ESD hardened

e Will handie IF frequencies up to
25MHz

APPLICATIONS
o Consumer cellular radio FM IF

o Single conversion VHF/UHF
receivers

o SCA receivers

o RF level meter

e Spectrum analyzer

® Instrumentation

e FSK and ASK data receivers

e Log amps

o Wideband low current
amplification



Signetics Linear Products

Preliminary Specification

High-Performance Low Power Mixer FM IF System NE/SA615
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Maximum operating voltage 9 )
Tsta Storage temperature -65 to +150 °C
Ta Operating temperature
NE605 0to +70 °C
SA605 -40 to +85 °C
DC ELECTRICAL CHARACTERISTICS T, =25°C; Vcc = + 6V, unless otherwise stated.
LiMITsS
SYMBOL PARAMETER TEST CONDITIONS NE/SA615 UNIT
Min Typ Max
Power supply voltage range 4.5 8.0 "
DC current drain 57 7.4 mA
Mute switch input threshold (on) 1.7 \
(off) 1.0 v

AC ELECTRICAL CHARACTERISTICS

Typical reading at Tp = 25°C; Voo = + 6V unless otherwise stated. RF frequency
= 45MHz, + 14.5dBV RF input step-up; IF frequency = 455kHz, Rz = 5.1k; RF
level = -45dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output
with C-message weighted filter and de-emphasis capacitor. Test circuit Figure 1.
The parameters listed below are tested using automatic test equipment to assure
consistent electrical characteristics. The limits do not represent the ultimate
performance limits of the device. Use of an optimized RF layout will improve many

of the listed parameters.

LIMITS
SYMBOL PARAMETER TEST NE/SA615 UNIT
CONDITIONS
Min 1 Typ I Max
Mixer/Osc section (ext LO = 300mV)
fin Input signal frequency 500 MHz
fosc Crystal oscillator frequency 150 MHz
Noise figure at 45MHz 5.0 dB
Third-order intercept point f1 = 45.0; f2 = 45.06MHz -12 dBm
Conversion power gain Matched 14.5dBV step-up 8.0 13 dB
5082 source -1.7 dB
Rin RF input resistance Single-ended input 3.0 4.7 [39]
Cin RF input capacitance 35 4.0 pF
Mixer output resistance (Pin 20) 1.25 1.50 k2
IF section
IF amp gain 5082 source 39.7 dB
Limiter gain 5082 source 62.5 dB
Input limiting —3dB, R¢7 = 5.1k Test at Pin 18 -109 dBm
AM rejection 80% AM 1kHz 25 33 43 dB
Audio level, Ry = 100k 15nF de-emphasis 60 175 260 mVaems
Unmuted audio level, R{; = 100k 150pF de-emphasis 530 mVRMs
SINAD sensitivity RF level —118dBm 12 dB
THD Total harmonic distortion -30 -42 dB
S/N Signal-to-noise ratio No modulation for noise 68 dB

December 1988
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AC ELECTRICAL CHARACTERISTICS (Continued) Typical reading at Ta = 25°C; Vcc = + 6V unless otherwise stated.
RF frequency = 45MHz, + 14.5dBV RF input step-up; IF

frequency = 455kHz, Ry7 = 5.1k; RF level = -45dBm; FM

modulation = 1kHz with +8kHz peak deviation. Audio output with C-
message weighted filter and de-emphasis capacitor. Test circuit
Figure 1. The parameters listed below are tested using automatic test
equipment to assure consistent electrical characteristics. The limits do
not represent the ultimate performance limits of the device. Use of
an optimized RF layout will improve many of the listed parameters.

LIMITS
SYMBOL PARAMETER TEST NE/SA615 UNIT
CONDITIONS
Min Typ Max
IF RSS! output, Rg = 100k’ IF level =-118dBm 0 160 800 mv
IF level = -68dBm 1.7 25 3.3 v
IF level = -18dBm 3.6 48 5.8 \
RSSI range Rg = 100kQ2 Pin 7 80 dB
RSSI accuracy Rg = 100k Pin 7 +2 dB
IF input impedance 1.40 1.6 kQ
IF output impedance 0.85 1.0 k2
Limiter input impedance 1.40 1.6 k2
Unmuted audio output impedance 58 k2
Muted audio output impedance Test at Pin 18 58 k2
RF/IF section (int LO)
Unmuted audio level 4.5V = V¢, RF level = -27dBm 480 mVams
System RSSI| output RF level = -27dBm, 4.5V = V¢ 4.3 \

NOTE:

1. NE614 data sheets refer to power at 5082 input termination; about 21dB less power actually enters the internal 1.5k input.

NE614 (50)

-97dBm
-47dBm
+3dBm

-118dBm
-68dBm
-18dBm

NE614A (1.5k)/NE615 (1.5k)

The NE615 and NE614 are both derived from the same basic die. The NE615 performance plots are directly applicable to the NE614A.

CIRCUIT DESCRIPTION

The NE/SA615 is an RF/IF signal processing
system suitable for second IF or single con-
version systems with input frequency as high
as 1GHz. The bandwidth of the IF amplifier is
about 40MHz with 39.7dBV of gain from a
5082 source. The bandwidth of the limiter is
about 28MHz with about 62.5dBV of gain
from a 5052 source. However, the gain/
bandwidth distribution is optimized for
455kHz, 1.5k source applications. The
overall system is well-suited to battery opera-
tion 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 13dB, and input third order intercept of
-10dBm. The oscillator will operate in excess
of 1GHz in L/C tank configurations, either
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Hartley or Colpitts. For crystal oscillators, the
Colpitts configuration is used up to 150MHz.

The output of the mixer is internally loaded
with a 1.5kS2 resistor permitting direct con-
nection to a 455kHz ceramic filter. The input
resistance of the limiting IF amplifiers is also
1.5k€2. 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 12dBV insertion loss be-
tween the first and second IF stages. If the IF
filter or interstage network does not cause
12dBV 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

4-153

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 90dB. For
operation at intermediate frequencies greater
than 455kHz, special care must be given to
layout, termination, and interstage loss to
avoid instability.

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 1s compatible with CMOS or
TTL levels.

A log signal strength indicator completes the
circuitry. The output range is greater than
90dB and is temperature compensated. This
log signal strength indicator exceeds the
criteria for AMPs or TACs cellular telephone.




Signetics Linear Products Preliminary Specification

High-Performance Low Power Mixer FM IF System NE/SA615
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Figure 1. NE/SA615 45MHz Test Circuit and Application Circuit (Relays as shown)

t List
C21  100nF +10% Monolithic Ceramic

PP P

C1 100pF NPO Ceramic

December 1988
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C2 390pF NPO Ceramic C23 100nF +10% Monolithic Ceramic

C5 100nF +10% Monolithic Ceramic Fit1 Ceramic Filter Murata SFG455A3 or equiv

C6 22pF NPO Ceramic Fit2  Ceramic Filter Murata SFG455A3 or equiv

C7 1nF Ceramic IFT1  455kHz (Ce = 180pF) RMC-2A6597H

C8 5.6pF NPO Ceramic (minimum) L1 147-160nH Coilcraft UNI-10/142-04J08S

C9 100nF *+10% Monolithic Ceramic L2 0.5-1.3uH, 800nH nominal

C10 15uF Tantalum (minimum) Coilcraft UNI-10/143-16J12S

C11 100nF +10% Monolithic Ceramic Coilcraft SLOTTEN-04-01

C12 15nF +10% Ceramic Toko 113KN-2K353HM

C13 150pF +2% N1500 Ceramic X1 44.545MHz Crystal ICM4712701

C14 100nF +10% Monolithic Ceramic R9 100k £1% 1/4W Metal Film

C15 10pF NPO Ceramic R17 5.1k *5% 1/4W Carbon Composition

C17 100nF +10% Monolithic Ceramic R5 Not Used in Application

C18 100nF *+10% Monolithic Ceramic R10 100k *1% 1/4W Metal Film (optional)
R11 100k +1% 1/4W Metal Film (optional)
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Figure 2. Layout for NE/SA615 Test and Application Board
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DESCRIPTION

TDA157¢ 1s 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-
tenistics (THD).

January 14, 1987

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

® Detune-detector

o Reference voltage output

e Electronic smoothing of the
supply voltage

e Standby on/off switching circuit

ORDERING INFORMATION

APPLICATIONS

o High-fidelity receiver

o Communication receiver
e Automotive receiver

e TVRO

DESCRIPTION TEMPERATURE RANGE ORDER CODE

18-Pin Plastic DIP (SOT-102C) —-30°C to +80°C TDA1576N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vec =Vi-1g| Supply voltage (Pin 1) 23 \
Voltages

Va_18 Vee \
“Va_18 at Pin 2 0 v
Vs_18 23 \
~Vs_18 at Pin 5 0 v
Viz-1g 7 \
Via-18 at Pin 12 0 v
Viz-18 at Pin 13 6 \Y
Vig-18 at Pin 14 23 \
~-Via-18 0 \
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

4-156
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Product Specification

FM-IF (Quadrature Detector)

TDA1576

BLOCK DIAGRAM AND TEST CIRCUIT

+
il L1=L.L [=
te 370 0.0F 310 Tuu
<
T L.Vcc
J_ a5V
L sspF
TeoT
3 7 6 1
17 ‘2:’»5 15k 15k AFC
YWy { VOLTAGE
‘: 0.1uF 25k 8.3k + -
$’s T VWA — A4
vy 15 l <L55
P
7 4STAGE N >k H
LIMITER/ MUTING 250
S=O0.4uF 16 AMPLIFIER DEMODULATOR | L
337k 3
3
R LoF I | = W (33K
s T 84 AAA—> ‘k:
ToA1S76 [ J_ (P
Jark Caofh
Vg LEVEL 9 I
DETECTOR AAA—>
[ T
= = :: %; {
|
|
INTERNAL |17V >
INDICATOR 320 SZ.
4v<— POWER 3% 10
DRIVER swireh | gy | Soppoy $ (240k) %«sok)
|
53V |
s (185Vy) !
b 4 3 20k D e |
S 10 |
13 14 5 12
3.6k
! ———
1
<)
1mA L 205w\ M o<l 0anF
" 1
(AW = ' = = = _é_ =
FIELDSTRENGTH V. Veo + Vaer DETUNE-
INDICATOR ZERO-ADJUSTMENT (<23V) VOLTAGE
OF FIELD-STRENGTH
INDICATOR
BDO08720S
NOTES:

1 For de-emphasis 7 =50us Cg_g=68nF For stereo operation Cg_g=56pF

2 L=038uH, Qp=70, Q_= 20, adjusted to

2nd

(d2), at Vi=1mV, coll 6 turns Cul (0 25mm) on coil former KAN (C)

January 14, 1987
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FM-IF (Quadrature Detector) TDA1576

DC AND AC ELECTRICAL CHARACTERISTICS vcc =85V fo =10 7MHz, Af =+22.5kHz, fy = 400Hz; Rg = 60%; de-em-
phasis 7 =50us (Cg_g=6.8nF), Tp =25°C; measured in the Block Dia-
gram, unless otherwise specified The demodulator circuit 1s adjusted at
minimum 2nd harmonic (dy) distortion. V4 = 1mV; Af = + 75kHz.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Vece Supply voltage range (Pin 1) 7.5 20 \
lcc Supply current, without load (l12 =113 =10) 10 16 23 mA
IF amplifier/detector
V) Sensitivity at -3dB before Iimiting 22 30 uv
IF sensitivity for
\2 S+ N/N = 26dB 8 uv
Vi S + N/N = 46dB 35 uv
V3 _7(p-p) IF output voltage (peak-to-peak value) 680 mV
| Vi=1mV, Z3_1g=27_18
R3_7 IF output resistance 250 Q
Rs_s Detector input impedance 30 k2
Cs-8 1 pF
Rs, 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 %
drot two tuned circurts 0.02 %
Signal pulse noise-to-noise ratio
S+N/N B = 250Hz to 15kHz, V| > 1mV 76 d8
AM rejection, V| =10mV
« FM. fy = 70Hz, Af=+22.5kHz 54 dB’
AM- fyy=1kHz, m=03
Vi IF mput voltage range, = > 40dB 0.5 500 mV
Hum suppression at f = 100Hz
Ve = Vi - 18 = 100mVems
%100 Co-18=47uF 43 48 dB
AVB -9
—_— AFC tuning slope at Q_ =20 8.5 mV/kHz
Afo
AFC offset voltages, Q= 20
+AVg_g at Vj=1mV 100 mV
+AVg_g at V| =30uV to 500mV (reference at 1mV and muting) 25 50 mV
Field-strength indication
Vi Indicator sensitivity, 114 =0 20 600 mvV
_ Field-strength indicator voltage
VE=Viz-18 Rig18=36K, 14 =0, V; =0 0 200 mv
VE=Vi3_18 V| =250mV 3.2 36 41 \"
-l3 Available output current 2 mA
Viz-18 Reverse voltage at the output for FM 'off', V5_1g >3 5V 5 \'
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Product Specification

FM-IF (Quadrature Detector)

TDA1576

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc=8.5V fo=10.7MHz; Af = * 22 5kHz; fy = 400Hz;

Rg = 6082; de-emphasis 7 =50us (Cg_g = 6.8nF);

Ta = 25°C; measured In the Block Diagram, unless other-
wise specified. The demodulator circuit 1s adjusted at
minmum 2nd harmonic (dp) distortion: Vi =1mV;

Af = £ 75kHz.
LIMITS
SYMBOL PARAMETER UNIT
Min I Typ ' Max
Detune-detector
lyo Quiescent input current; Vig_g=0 20 100 nA
Vi1-18 Output voltage range 18 5.0 \
l41 Available output current 0.35 0.5 0.65 mA
Ay Voltage gain; AV11/A(x Vi9-9) at l11 =0.25mA 3.3
Vio-g9 Input offset voltage (Pin 10) at Vi1_1g =25V 20 mV
Reference voltage
VRer = Vi2-1g| 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 oFf for FM 'off' 3.5 \"
~ls Input switching current for FM 'on’ 100 MA
NOTE:
1. Simultaneously measured.
30 150 T 15
i /
Q=30 4
—30/
Q=
20 e — 100 Vi d 1 L /
H s 7 3
§ = E %7 %
£ B ,/ 5
/] Ve
10 50 4 - 05 2/ P2
Pl
1
/ //
0 ° ° —
L] 10 20 0 10 20 0 +50 +100
Vec W) Vee™) Af(kH2)
OP16650S OP16660S OP16670S
\':OTE:1 mV(IF), Af=+15kHz, fy = 400H cal V= 1r.nV (IF), f = 400Hz, adjusted at mimimum 2nd
o (F). af= 2. fm=400Hz, typi harmonic distortion, typical values
Figure 1. Supply Current Consumption; Figure 3. Total Distortion for Single
Without Load Figure 2. AF Output Voltage Tuned Circuit

January 14, 1987
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Product Specification

FM-IF (Quadrature Detector)

- TDA1576

NOTE:

Hit Fat=
+20 s L +75kHz 1
r LI o
0 pibLLd m » IRERI
~ v N N: 40kHz
@ 1t I\ \EREICRREY
30—20 Hr T 15kHz
> 7 ff :rﬁ s
-40 Tt
’:B* T T
10 T
-60 N it
NE
-80 " 111 1 h
1 10 102 103 104 105 108
Vi)
0OP16680S

S = Signal Voltage, N = Noise Voltage, Vcc = 15V, fiy = 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

i

Viz-18 (V)
N

NOTE:
R13- 18 = 3 6k

VitV

I
10 102 103 104 105

OP16690S

Figure 5. Voltage at Field-Strength Indicator Output (Proportional to Vi2_ 1g)

0 0.2 04 06 08

Vit8(V)
OP16700S

Figure 6. Attenuation of Output Voltage|
(%Vo) as a Function of the Muting
Control Voltage Vq1-1g

[}
§ Fu‘on’/
S 2
2
C3
—a0
-60
FM ‘off
0 1 2 3 4
Vs1sV)

OP16710S.

Figure 7. FM 'on'/FM 'off'
Standby Switch; Attenuation of
Output Voltage (<Vp) as a Function of
Control Voltage Vs_ 15

5 ~ A Ra0=0
/1N n',_ =240k
4 717 T v [ Rao=180k |
> SN
] U
5 L /\
/ l’ i \
2 + Y-
a4 _ 1/ | WY F—
1
0
~200 -10 0  +100 +200
A (kHz)
OP16720S
NOTES:

1 Limited by external preset (< * Vqz_ 1g).

Figure 8. Detune-Detector Output
Voltage Vcc =7.5 to 20V; Q. =20

January 14, 1987

4-160




Signetics Linear Products

Product Specification

FM-IF (Quadrature Detector)

NOTES:
of the

3 33pF
| "
A | | 39pF | |
3 h Il—e 1 H
¥ 1 11 r T
| | | |
| I [ I
TDA1576 == 560pF | u | 31k 560pF | L2| 330
I [ | [
6 | | 39pF | |
1 h I 1 H
et
33pF
/7_.| ;__l L1 L
9 8 = =
Ca o
Vo
TC204108
circuit 1s with an IF signal which 1s 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 d; distortion Coil data L1 =12 =038uH, Qo =70, col former KAN (C)

Figure 9. Example of the TDA1576 When Using a Demodulator With Two Tuned Circuits

03
N /
E 0.2
0.1
) [——==g=—=— -
-7 ~50 —25 o +25 +50 +75
lo=10.TMH2) A (kH2)

OP16730S.

NOTES:
fm = 400Hz, Cg_g =6 8nF, Af =+75kHz, Vo =330mV for a frequency dewviation Af = *75kHz

Figure 10. Total Distortion as a Function of Detuning

January 14, 1987
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FM-IF (Quadrature Detector) TDA1576
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1 For mono C11=68nF, for stereo C11 =56pF

Figure 11. Application Example of Using TDA1576
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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
e High-performance phase
comparator — low phase —low
noise 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¥2 decades,
including up to 3 decades of
prescaler control

e Division range extension by
cascading

o Built-in phase modulator
o Fast lock feature
e Out-of-lock indication

o 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

e High-performance citizens band
equipment

o Signal generators

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 4-163

PIN CONFIGURATION

=

SYMBOL

\
STB
TCB
oL
TCA
TRA
TCC
PC,
PC,
Ao

Ay
Az

Az

XTAL
0sc

NS,

ouT
MOD

F Package

TOP VIEW

CD112108

DESCRIPTION

Phase comparator input

Strobe input

Timing capacitor Cg pin
Out-of-lock indication

Timing capacitor Ca pin

Biasing pin (resistor Ra)

Timing capacitor Cc pin

Analog phase comparator output
Digital phase comparator output
Py inputs/p

divider

Inputs/p

P
divider

Inputs/p!

divider

P nput:
divider

P nputs;
divider

Py inputs/p
divider

gl nputs/
divider

F inputs/
divider

Pregt nputs/
divider

inputs/

divider

Reference oscillator/buffer output
Reference oscillator/buffer input
Programming inputs, prescaler
Programming inputs, prescaler
Phase comparator input, reference
Reference divider output

Phase modulation input

853-0905 86381
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Frequency Synthesizer

HEF4750V

BLOCK DIAGRAM

Ju T

CRYSTAL STANDARD

NOTES:
1 PCy = analog output
2 PC,=3-state output

Vs V.
ss Yoo oLla
r 0
PMOS
REFERENCE PHASE |- switcH 9
osciLLator s THZH0 | o +1T0 1024 - COMPARATOR o
& BUFFER PC2 1 nmos pC,2
tHit - teeftttttt T =
PHASE COMPARATOR 8
PROGRAM PROGRAMMING (SAMPLE & HOLD TYPE) o
LOGIC LOGIC i PC1 P,
] PHASE
MODULATOR
osc XTAL NS, NS, A, Ay |out|r |v [tcB|moD|sTB TRA [TcA |vcc
[ [} o 0000000000 O O 0 0 O O o o) o
22 21 23 24 10111213151617181920 26 25 1 3 27 2 6 5 7
PROGRAMMING INPUTS u
REFERENCE DIVIDER
»—-lD Ics Tcn Rp ‘]icA Icc
= = EXTERNAL CIRCUITRY

Block Diagram Comprising Five Basic Functions: Phase Comparator 1 (PC4), Phase Comparator 2 (PC,),
Phase Modulator, Reference Oscillator and Reference Divider (These Functions are Described Separately)

80076015

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vop Supply voltage -0.5 to +15 \"
Vi Voitage on any input -0.5 to Vpp +0.5 \"
x| DC current into any input or output 10 mA

Power dissipation per package for
Po Ta=0 to +85°C s00 mw
Power dissipation per output for
Po TA=0 fo +85°C 100 mw
TstG Storage temperature range -65 to +150 °C
Ta Operating ambient temperature
HEF4750V -40 to +85 °C
HEC4750V -55 to +125 °C
November 6, 1986 4-164
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Product Specification

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
) Quiescent device current? 100 100 750 uA
Input current; logic
+
N inputs, MOD? 300 300 1000 nA
Output leakage current at
Y2 Vpp® 4
tlz TCA, hold-state 20 005 20 60 nA
TCC, analog
iz switch OFF 20 0.05 20 60 nA
PCp, high impedance
tiz OFF-state 50 50 500 nA
Logic input voltage
ViL Low 0.3Vpp 0.3Vpp 0.3Vpp \
Vi HIGH 0.7Vpp 0.7Vpp 0.7Vpp Vv
Logic output voltage®
VoL LOW; at liol < 1uA 50 50 50 mv
Vou HIGH Vpp-50mV Vpp - 50mV . Vpp - 50mV mV
Logic output current LOW;
at VoL = 0.5v3
loL outputs OL, PC,, OUT 5.5 4.6 3.6 mA
loL output XTAL 28 24 19 mA
Logic output current HIGH;
at Vop = Vpp - 0.5V3
—lon outputs OL, PC,, OUT 1.5 1.3 1.0 mA
—lon output XTAL 14 1.2 0.9 mA
Output TCC sink
lo curera' 48 21 mA
Output TCC source
~lo current® 4 6 19 mA
Internal resistance
of TCC
loutput swing|<200mVv
specified output range: 0.3
R Vpp to 0.7 Vpp 4 0.7 kQ
Output TCC voltage
AV with respect to 0 0 0 \
TCA input voltage® * 7
Output PCy sink
lo currzmz’- a's 11 mA
Output PC4 source
~lo current® 4 © 10 mA
Internal resistance
of PC4
loutput swingl < 200mv
specified output range:
Ry 0.3 Vpp to 0.7 Vpp* 4 1.4 kQ

November

6, 1986
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Product Specification

Frequency Synthesizer

HEF4750V

DC ELECTRICAL CHARACTERISTICS (Continued) HEF4750V, HEC4750V Vpp = 10V 5%; voltages are referenced to
Vgs = 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; voltage
AV with respect to 0 0 0 v
TCC input voltage® % 1°
EOR generation
Veor | Veor =Vop-Vrca® * & 1 0.9 0.7 0.6 v
Source current; HIGH
at Voutr = ¥2 Vpop:
output 1n 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; Rp = 68kS2 + 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 1!
Stca TCA Ra = minimum 52 V/us
Stca TCA Ra = maximum 28 V/us
Stce TCcB Ra = minimum 20 V/us
Stce TCB Ra = maximum 10 V/us
Ramp linearity’®
lrca TCA 2 %
lrcs TCB 2 %
tceca 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
tce Required TCB min. ramp duration'# 150 ns
Pulse width
trwvL V: LOW 20 ns
tPwvH V: HIGH 20 ns
tPwRL R: LOW 20 ns
tPwRH R: HIGH 20 ns
tpwsL STB: LOW 20 ns
tpwsH STB: HIGH 20 ns
Fall time
tica TCA 50 ns
tics TCB 50 ns

November 6, 1986
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Product Specification

Frequency Synthesizer

HEF4750V

AC ELECTRICAL CHARACTERISTICS (Contined)

SYMBOL PARAMETER

LIMITS

TEST CONDITIONS
Min Typ

Max

UNIT

frr 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
Icc with speed-up 1.10'°
lcc without speed-up'®

Locked state
3.6

mA
mA

NOTES:
. Definitions.

-

Ra = external biasing resistor between pins TRA and Vgg , 68 kSt 30%
Ca = external timing capacitor for time/voltage converter, between pins TCA and Vgg
Cp = external timing capacitor for phase modulator, between pins TCB and Vgg

Cc = external hold capacitor between pins TCC and Vgg
Cp = decoupling capacitor between pins TRA and Vpp
Logic inputs. V, R, STB, Ag to Ag, NSy, NS4, OSC

Logic outputs: OL, PCy, XTAL, OUT
Analog signals: TCA, TCB, TCC and MOD

TRA at Vpp, TCA, TCB, TCC and MOD at Vgg, logic inputs at Vgg or Vpp

2.
3. All logic inputs at Vgg or Vpp
4,

Ra connected; its value chosen such that ltga = 100uA

5 The analog switch i1s in the ON position
(see Figure 1)

6.The analog switch 1s in the ON position
(see Figure 2)

7. This guarantees the DC voltage gain,
combined with DC offset Input condition
03Vpp <Vica <07Vpp AV = Vrcec-Vrca

8. See Figure 4.

November 6, 1986

TCA
Vss

0065408

Figure 1. Equivalent Cicuit for Note 5

ANALOG
SWITCH

Vss
LD0B550S

Figure 2. Equivalent Circuit for Note 6

Figure 3. Circuit for Note 7

Voo

Tce
Vss
LDO0B570S

Figure 4. Equivalent Circuit for PC4 Sink Current
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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 = Vpcq - Vrce.

11. Switching level at TCA, generating an Ex-OR
signal, during increasing input voltage
12. See Figure 7.

13. Definition of the ramp lineanty at full swing See
Figure 8.

14. The external components and modulation input
voltage must be chosen such that this require-
ment will be fulfilled, to ensure that Cp Is
sufficiently discharged during that time.
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Figure 5. Equivalent Circuit for PC; Source Circuit
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Figure 6. Circuit for Note 10
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Figure 7. Waveform at the Output
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WF18040S

70% Vpp
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RAMP WAVEFORM
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NOTE:

X 100%

Lineanty =
Y2 Vop

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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15. Circut connections for power supply current
specification, with speed-up 1:10. V and R are in
the range of PC4, such that the output voltage at
PCy 1s equal to 5V +10V
fosc = 5MHz (external clock)
fste = 12.5kHz

i EEIEEE

R —
Voo DIVISION RATIO =40 our
+5V MoD b,
___
R
I v HEF4750V
PC, p—
I Vss oL p—
= TRA  TCA osc XTAL
S —[ l l
"[co 3R cA
$
Vs
Voo L

TC139508

Figure 9. Circuit for Note 15

16. Circuit connections for power supply current
specification, without speed-up. V and R are in
the range of PC4, such that the output voltage at
PCy is equal to 5V. +10V
fosc = 5MHz (external clock)
fsTg = 12.5kHz

i [T
R —
Voo DIVISION RATIO = 400 our
+5V — MOD o b—
L — : HEF4750V o |
J L —fsm
.__f_:— vs'smA TcB  TCC osc XTAC:L B

z:algLJ_ |
T T7

<
8
11

TC139608

Figure 10. Circuit for Note 16
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TO Vgs OR Vpp
NSy NS, Ag ——————————e — Ay

=1 Voo ouT ——

~——j MOD

—4r PCy —

HEF4750V

i M P —

—]st8

— Vss oLpF—
TRA TCA TCB TCC 0SC XTAL

L.

‘A

L.

O
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’n
>
,A

i

|

L.

Voo —

Figure 11. Test Circuit for Measuring AC Characteristics

Vss

TC139408

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 |
R 7 N
Il
DETERMINED BY THE
[+ PHASE MODULATOR |
v
Voo
==
-~
-~ l
m ——————
(ANALOG)
VOLTAGE
TRANSFERRED TO TCC Vg
~——HOLD RESET RAMP —+{«+————————HOLD t
EOR
ANALOG
SAMPLING ———ON OFF ON
SWITCH'S' __ _oN—sfe— —— —— ———--——QFF————————{-——ON—--———————-—-
Voo
—”,
-
TCC -
(ANALOG)
Vss
WF18011S
Figure 12. Waveforms Associated With PC,
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The result phase characteristic 1s shown in
Figure 13 PC; s 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 (PCp) 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 vanable width; they depend on
the phase relatonship of R and V'. The
average output voltage 1s a linear function of
the phase difference Output PC, remains in
the high-impedance OFF state in the region in
which PC; operates. The resultant phase
characteristic 1s shown in Figure 15.

Strobe Function

The strobe function 1s intended for applica-
tions requinng 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 1s 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 I1s missing.
4 When a V pulse 1s 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
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Figure 13. Phase Characteristic of PC4
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Figure 14. State Diagram of PC,
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Figure 15. Phase Characteristics of PC;
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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, Cg discharges and a start signal
to the Cp ramp at TCA 1s produced. A linear
phase modulation 1s 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 1s never smaller than the
mimimum 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 1s 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

4-171

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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In this way, suitable comparison frequencies
can be obtained from a range of crystal ’
frequencies. The divider can also be used as -[ Tv,,,,
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 PN
source or resistor, which has to be connected
between the TRA and Vgg pins. This circuitry lvss

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.

HEF4750v

Figure 16. Decoupling of Input TRA

<
g
Vo
A

l towvn towvi

PWRH townL

L
]

3
g

I H i twst
FORBIDDEN ()
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50ns |«100ns
Voo
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TeA RCA
(ANALOG) 90%
10% 0.5V
. Ves
. g
tvca
— tcaca
Voo
! | tes
TCB
(ANALOG) 0%
0.5V 0% Ves
Ycs
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
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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 1s
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:
e 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
® 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
e Out-of-lock indication

e Low power dissipation and high
noise immunity

APPLICATIONS
o VHF/UHF mobile radios
e HF SSB transceivers

e Airborne and marine
communications and navigations

e Broadcast transmitters

e High quality radio and television
receivers

e Signal generators

PIN CONFIGURATION

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

November 14, 1986
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SYMBOL

F,N Packages

TOP VIEW

CD112008

DESCRIPTION

Data inputs

Data address outputs

Program enable
Program clock

Borrow nput
Data inputs

Input
Sync output

Prescaler control outputs

Output signal (slow)
Rate input
Output signal (FAST)

853-0107 86553
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BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vpp Supply voltage -0.5 to +15 \
Vi Voltage on any input -05 to Vpp +0.5 \
B4 DC current into any input or output 10 mA
Total power dissipation per package
Pror for Ta=0 to +85°C 500 mw
Power dissipation per output for
Po Ta=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 vgg=o0v
LIMITS
Vop Vo VoL o o o
SYMBOL PARAMETER Ta=-40°C Ta=+25°C Ta=+85°C UNIT
v) ) V) A A A
Min Max Min Max Min Max
Output (sink) 4.75 0.4 16 1.4 11 mA
loL current LOW 5 0.4 1.7 1.5 1.2 mA
10 05 2.9 2.7 2.2 mA
Output (source) 5 4.6 1.0 085 055 mA
—=lon current HIGH 5 25 30 25 1.7 mA
10 9.5 30 25 1.7 mA
AC ELECTRICAL CHARACTERISTICS Vgs =0V; Ta = 25°C; input transition times < 20ns.
vV LIMITS
SYMBOL PARAMETER TEST CONDITIONS \':;D UNIT
V) Min Typ Max
tPHL Propagation delay
IN — OSY CL=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 05 ne
_ 5 45 90 ns
triH LOW-to-HIGH CL = 50pF 10 20 40 ns
f Maximum nput frequency; IN §=50% 5 4 8 MHz
MAX put frequency; COp ratio > 1 10 12 24 MHz
f Maximum input frequency, IN §=50% 5 2 4 MHz
MAX put frequency, GOy ratio = 1 10 6 12 MHz
. 5 0.15 0.3 MHz
fmax Maximum nput frequency; PC 10 05 1.0 MHz
Typical Formula for P (uW)
P Dynamic power dissipation per 5V 1 200 i + 2 (foCp) X VDD2
o package (P)' 10V 5 400 fi + 2 (foCL) X Vpp2
NOTE:
fi = input frequency (MHz)
fo = output frequency (MHz)
Cy =load capacitance (pF)
Z (foCp) = sum of outputs
Vpp = supply voltage (V)
November 14, 1986 4-175
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NOTES:

OFF
c2 [ co, INT co, c c2 c3 c4
INPUT —] ] 1 [ = b — OFS
) o] +om, OS] +1,2,5, | (| +ny
+10/1 +10/11 5/6,2/3 101 ng+1 -10 +M ~H
| +10/11 ™
| "
|_ | oF8, Rss
——C
n3
RS2
OFB,
.
<
H n2
I RS1 RSO RSH
, OFB,
O- il l«—ORI
EXTERNAL PRESCALER T UNIVERSAL DIVIDER L] No L
AF04391S
1<M<16; 1 <HS2, ng >0, fi/fors={(ns*10% + ng'10% + ng10? + nx*10 + ny) M +ng} H+ny
Figure 1. The HEF4751V UD Used in a System With 3 (Fast) Prescalers
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Figure 2. Timing Diagram Showing Program Data Inputs
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Allocation of Data Input

FETCH INPUTS
PERIOD A, A, A R, | By B, By B s1
0 NoA Nog bin
1 MA nig X
2 N2 nog X
3 Naa ngs X
4 n4p nyg X
5 Nsa Nsg X
1
6 M COp /2 channel X
control control
Allocation of Data Input B; to By During Fetch Period 6
B, B, CO}, DIVISION RATIO By B %2 CHANNEL CONFIGURATION
L L 1 L L H=1
L H 2 L H H=2 nn=0
H L 5 H H H=2; ny=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 1s immatenial

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 i1s 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 B3 When PC 1s LOW in a fetch
period, an internal load pulse 1s generated.
The data Is valid during this time and has to
be stable When PE 1s LOW, the programming
cycle 1s interrupted on the first positive edge
of PC. On the next negative edge at input PC,
fetch period 6 1s 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
no to ns.

P=(ns + 10°+n4 + 10%+ng - 102+n, *
10+n9) * M+ng

These digits are formed by a substractor from
two external numbers A and B and a borrow-
n (byn)

November 14, 1986

P=A-B-bjy or if this result 1s negative;
P=A-B-bp+M - 105

The numbers A and B, each consisting of six
four bit digits np to nsa and ngg to nsg, are
applied in fetch period 0 to 5 to the inputs Ag
to A3 (data A) and Bg to B3 (data B) in binary
coded negative logic.

A=(nga * 10* +nga + 10° + ngp *
102 + nop * 10+ nqa) * M+ noa

B =(nsg * 10* + ngg *+ 10% + ngg * 102 + npg
10+ n4g) * M+ ngg

Borrow-in (b,n) 1s applied via input Sl in fetch
penod 0 (SI=HIGH borrow; SL = LOW" no
borrow).

Counter C1 1s automatically programmed with
the most significant non-zero digit (ny,s) from
the internal digits ns to np of number P The
counter chain C~-2 to C1 (Figure 1) 1s 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 I1s programmed in fetch
period 6 via data A inputs in negative logic
(except all HIGH 1s understood as: M = 16).
The counter CO 1s a side steppable 10/11
counter composed of an internal part CO, and
an external part C0,. COy, Is configured via B3
and B to a division ratio of 1 or 2 or 10/11;
C0, must have the complementary ratio 10/

4-178

11 or 5/6 or 2/3 or 1, respectively. In the
latter case, CO, comprises the whole CO
counter with internal feedback. CO,4 1s then
not required.

The half channel counter C4 is enabled with
Bp = 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, Le., therr 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 I1s
always non-active. In this period RS1 trans-
fers the output of rate selector RSO, which is
timed by counter C3 and programmed with
no. Similarly, RSO transfers RSH output dur-
ing one period of C3. Rate selector RSH 1s
timed by C4 and programmed with ny,. In one
of the two states of C4, if enabled, or always,
if C4 1s disabled, RSH transfers the LOW
active signal at input RI to RSO. If Rl 1s 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 OFB4, OFB, and OFB3.

Output OFB4 1s 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 i1s timed on
one of its own duvision cycles in a basic iming
period. The timing signal at OSY 1s 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. npa = 11, ngg =10,
N3A = Nga = N3g = Ngg = Nsg = 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 1s converted to the borrow
output of the program data subtractor, which
is vald after fetch pernod 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 I1s 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.

(] a
1o +516 N co, P c €2
o—{IN"  our” F—» INY out’ =ny b
-2 ng+1 ~10
S§"  PE” s PE l I [—[
| RS
: o8 SWITCH RS4
o] o——
- H "
ﬁ:—_— —
" L[]
OFB, RS3
n3
oOFB, RS2
n2
oF8, RSt
ny
UNIVERSAL DIVIDER

Figure 3. Block Diagram Showing Feedback to Prescalers
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Figure 4. Timing Diagram Showing Signals Occurring In Figure 3
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Figure 5. Timing Diagram Showing Output Pulses
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A TOA, B, 08, AJTOA;  ByTOBy
PC PE PC’ PE’

[ 1T T
PROGRAM

COUNTER

PROGRAM
COUNTER
DECODER DECODER
e e
sorRow | | DATA Si | OFBy '
LATCH SUBTRACTOR
S

ROW
BSARTCH >_‘

FBy 1' RS1 I———l RSO H RSH g O RI
MASTER UNIVERSAL DIVIDER SLAVE UNIVERSAL DIVIDER
(na <8 npp<9) (o =Thnyg =10)

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:

e Separate input amplifiers for the
AM and FM VCO-signals.

o A divider-by-10 for the FM channel.

e A multiplexer which selects the AM
or FM input.

® A 15-bit-programmable divider for
selecting the required frequency.

e A sample-and-hold phase detector
for the in-lock condition, to achieve
the high spectral purity of the VCO
signal.

® A digital memory frequency/phase
detector, which operates at a 32
times higher frequency than the
sample-and-hold phase detector, so
fast tuning can be achieved.

® An in-lock counter detects when
the system is in-lock. The digital
phase detector is switched-off
automatically when an in-lock
condition is detected.

® A reference frequency oscillator
followed by a reference divider. The
frequency is generated by a 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.
® A tuning voltage amplifier, which
can deliver a tuning voltage of up
to 30V.
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Product Specification

® BUS: this circuitry consists of a PIN CONFIGURATION

format control part, a 16-bit shift N Package

register and two 15-bit latches.

Latch A contains the to be tuned T[T ~ 18] TesT

frequency information in a binary TC“E 7] xTAL

code. This binary-coded number, Tea 3] %] Voor

multipied by the tuning spacing, is

equal to the synthesized frequency. DCSE 5] vee

The programmable divider (without N 3] 1] ce

the fixed divide-by-10 prescaler for our [] 3] DLEN

FM) can be programmed In a Vees [7] 12] DATA

range between 512 and 32,767. Fem 3] T Fam

Latch B contains the control

information. Veer [2] ioca
FEATURES TOPVIEW e
® On-chip prescaler with up to

120MHz input frequency APPLICATIONS

® 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

e 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

e 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

o Tuning steps for FM are: 10kHz
or 12.5kHz for a VCO frequency
range 70MHz to 120MHz

e Serial 3-line bus interface to a
microcomputer

e Test/features

o Hi-Fi radios
e Auto radios
o Communication receivers
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PLL Radio Tuning Circuit SAA1057

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 Vees
R B > 9,
r
8 Y i1 ' T 1
FFM o -10
o= ' oG e e N-LOCH N
pca ol PROGRAM- IN-LOCK .
WX weee oo ] counter 0 our
DIVIDER s
Fam oY DETE!
o > PROGRAMMABLE
Yeor z —! CURRENT
P AMPLIFIER
16
Veez 0 —-—-T—————>
DIGITAL REFERENCE "
PHASE ] DIVIDER <] REFERENCE '_ﬁ o XTAL
CURRENT DETECTOR -1001125 OSCILLATOR
4
pes o sTABILIZER [ x!
Ve 0] 1l l [
LATCH A LATCHB resy o reer
isers 15 8ITS FEATURES

13 {E — — ii
DLEN O=“1—1 Bus/LOAD
Py SAA107

14
CLB O
CONTROL
oaTa 012 Loaic C_:,\ 16-BIT SHIFT REGISTER

80078505
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vcet; Vecz Supply voltage; logic and analog part -03 to 13.2 "
Vees Supply voltage; output amplifier Veez to +32 \"
Pror Total power dissipation 800 mwW
Ta Operating ambient temperature range -30 to +85 °C
Tste Storage temperature range -65 to +150 °C

DC AND AC CHARACTERISTICS Vg =0V; Vgor = Vooa = 5V; Voos = 30V; Ta = 25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Veet Supply voltages 3.6 5 12 v
Veez 3.6 5 12 v
Vees Ve 31 v
Supply currents’
ltot AM mode 16 mA
lvot = lcc1 + Iccz in-lock:
BRM ="'1";
lrot FM mode 20 mA
PDM ="0" loyr =0
lcca 0.3 0.8 1.2 mA
RF inputs (FAM, FFM)
frAM AM input frequency 512kHz 32 MHz
feEm FM input frequency 70 120 MHz
ViRMS) 