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

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

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

The three 1987 Linear Data and Applica-
tions Manuals provide extensive techni-
cal data and application information for a
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broad range of products serving the
needs of a wide variety of markets.

Volume 1— Communications:
Contains data and application informa-
tion concerning our radio and audio
circuits, compandors, phase-locked
loops, compact disc circuits, and ICs for
RF communication, telephony and mo-
dem applications.

Volume 2 — Industrial:

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

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

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

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

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

Your suggestions for improvement in
future editions are welcome.
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DEFINITIONS

Data Sheet
Identification

Product Status

Definition

F or In Design

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

Preliminary Specification

Preproduction Product

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

Product Specification

Full Production

This data sheet contains Final Specifications. Signetics
reserves the right to make changes at any time without
notice in order to improve design and supply the best
possible product.
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NE/SE5561 Switched-Mode Power Supply Control Circuit 8-86
NE/SA/SE5562 SMPS Controi Circuit, Single Output 8-97
NE5568 Switched-Mode Power Supply Controller 8-129
NE/SA/SE5570 Three-Phase Brushless DC Motor Driver 8-45
NE5592 Video Amplifier 4-40 4-225 11-103
NE5900 Call Progress Decoder 6-3
OMs8210 Speech Encoding and Editing System 8-3
PCD3310 Pulse and DTMF Dialer With Redial 6-10
PCD3311 DTMF/Modem/Musical Tone Generator 6-24
PCD3312 DTMF/Modem/Musical Tone Generator 6-24
PCD3315 CMOS Redial and Repertory Dialer 6-37
PCD3360 Programmable Multi-Tone Telephone Ringer 6-45
PCF1303 18-Element LCD Bar Graph LCD Driver 6-79
PCF2100 LCD Duplex Driver 6-83
PCF2111 LCD Duplex Driver 6-90
PCF2112 LCD Driver 6-95
PCF8200 Single-Chip CMOS Male/Female Speech Synthesizer 8-6
PCF8566 Universal LCD Driver for Low Multiplex Rates 6-100
PCF8570 256 X 8 Static RAM 4-3
PCF8571 1K Serial RAM 4-12
PCF8573 Clock/Calendar With Serial 1/0 7-12 4-21
PCF8574 8-Bit Remote 1/0 Expander 7-24 4-33
PCF8576 Universal LCD Driver for Low Multiplex Rates 6-120
PCF8577 32/64 Segment LCD Driver for Automotive 6-141
PCF8582 12C CMOS EPROM (256 X 8) 4-41
PCF8591 8-Bit A/D and D/A Converter 5-59
PNA7509 7-Bit A/D Converter 5-71 11-14
PNA7518 8-Bit Multiplying DAC 5-217 11-52
SA532 Low Power Dual Operational Amplifier 4-123
SA534 Low Power Quad Operational Amplifier 4-29
SA556/1 Dual Timer 7-32
SA558 Quad Timer 7-38
SA571 Compandor 4-357
SA572 Programmable Analog Compandor 4-364
SA594 Vacuum Fluorescent Display Driver 6-74
SA723C Precision Voltage Regulator 8-211
SA741C General Purpose Operational Amplifier 4-142
SA747C Dual Operational Amplifier 4-148
SA1458 General Purpose Operational Amplifier 4-34
SA5205 Wide-band High Frequency Amplifier 4-14 4-166 11-77
SA5212 Transimpedance Amplifier 5-63 4-267
SA5230 Low Voltage Operational Amplifier 4-109
SA5534A Single and Dual Low-Noise Operational Amp 4-93
SA5562 SMPS Control Circuit, Single Output 8-97
SA5570 Three-Phase Brushless DC Motor Driver 8-45
SAA1027 Stepper Motor Driver 8-49
SAA1057 PLL Radio Tuning Circuit 4-193
SAA1060 LED Display Interface 6-152
SAA1061 Output Port Expander 6-155
SAA1099 Stereo Sound Generator for Sound Effects and Music 8-16
SAA3004,T IR Transmitter (448 Commands) 5-13
SAA3006 IR Transmitter (2K Commands, Low Voltage) 5-29
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Alphanumeric Product List

SAA3027
SAA3028
SAA5025D
SAA5030
SAA5040
SAA5045
SAA5050
SAA5055
SAA5230
SAA5350
SAA7210
SAA7220
SAA9001
SAB1164
SAB1165
SAB1256
SAB3013
SAB3035
SAB3036
SAB3037
SAF1032P
SAF1039P
SE521
SE522
SE527
SE529
SE530
SE531
SE532
SE538
SE555
SE555C
SE556-1C
SE556/-1
SE558
SES564
SE565
SE566
SE567
SE592
SE4558
SE5018
SE5019
SE5030
SE5118
SE5119
SE5205
SE5212
SE5410
SE5512
SE5514
SE5521
SE5532/A
SE5534A
SE5535
SE5537
SE5539
SE5560
SE5561
SE5562
SE5570
8G1524C
$G2524C

February 1987

IR Transmitter

IR Remote Control Transcoder With 12C

Teletext Timing Chain for 525-Line System
Teletext Video Input Processor

Teletext Acquisition and Control Circuit

Gearing and Address Logic Array (GALA)

Teletext Character Generator

Teletext Character Generator

Teletext Video Processor

Single-Chip Color CRT Controller (625-Line System)
Compact Disk Decoder

Digital Filter and Interpolator for Compact Disk
317k-Bit CCD Memory

1GHz Divide-by-64 Prescaler

1GHz Divide-by-64 Prescaler

1GHz Divide-by-256 Prescaler

Hex 6-Bit D/A Converter

FLL Tuning and Control Circuit (Eight D/A Converters)
FLL Tuning and Control Circuit

FLL Tuning and Control Circuit (Four D/A Converters)
Remote Control Receiver

Remote Control Transmitter

High-Speed Dual Differential Comparator/Sense Amp
High-Speed Dual Differential Comparator/Sense Amp
Voltage Comparator

Voltage Comparator

High Slew Rate Operational Amplifier

High Slew Rate Operational Amplifier

Low Power Dual Operational Amplifier

High Slew Rate Operational Amplifier

Timer

Timer

Dual Timer

Dual Timer

Quad Timer

Phase-Locked Loop

Phase-Locked Loop

Function Generator

Tone Decoder/Phase-Locked Loop

Video Amplifier

Dual General Purpose Operational Amplifier

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

10-Bit High-Speed Microprocessor-Compatible A/D Converter

8-Bit Microprocessor-Compatible D/A Converter
8-Bit Microprocessor-Compatible D/A Converter
Wide-band High Frequency Amplifier
Transimpedance Amplifier

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

Internally-Compensated 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 Contro! Circuit
SMPS Control Circuit, Single Output
Three-Phase Brushless DC Motor Driver
Improved SMPS Push-Pull Controller
Improved SMPS Push-Pull Controller

1-10

Vol 1

7-329
7-343

4-163
4-163
4-168

4-257
4-291
4-304
4-313

4-48

4-14
5-63

4-26

Vol 2

5-285
5-290
5-296
5-301
4-53
4-60
4-123
4-68
7-47
7-47
7-32

7-38

4-211

8-97
8-45
8-131
8-131

Vol 3
5-38

13-14
13-25
13-32
13-44
13-48
13-48
13-61
13-67

11-129
4-92
4-92
4-97
4-45
4-50
4-65
4-75

5-3
5-3

11-109

11-77

11-89
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Alphanumeric Product List

Vol 1 Vol 2 Vol 3

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

16 Bits 5-335
TDA1540 14-Bit DAC — Serial Output 7-355 5-221
TDA1541 16-Bit Dual D/A Converter, Serial Output 7-360 5-233
TDA1574 FM Front End IC (VHF Mixer and Oscillator) 4-96
TDA1576 FM IF System 4-156
TDA1578A PLL Stereo Decoder 7-129
TDA1721 8-Bit Multiplying D/A Converter 5-239
TDA2540 Video IF Amplifier and Demodulator, AFT, NPN Tuners 7-3
TDA2541 Video IF Amplifier and Demodulator, AFT, PNP Tuners 7-8
TDA2545A Quasi-Split Sound IF System 8-8
TDA2546A Quasi-Split Sound IF and Sound Demodulator 8-11
TDA2549 Multistandard Video IF Amplifier and Demodulator 7-14
TDA2555 Dual TV Sound Demodulator 8-15
TDA2577A Sync Circuit With Vertical Oscillator and Driver 9-3
TDA2578A Sync Circuit With Vertical Oscillator and Driver 9-14
TDA2579 Synchronization Circuit 9-31
TDA2582 Control Circuit for Power Supplies 14-3
TDA2593 Horizontal Combination 9-41
TDA2594 Horizontal Combination 9-46
TDA2595 Horizontal Combination 9-51
TDA2611A 5W Audio Output Amplifier 7-332
TDA2653A Vertical Deflection Circuit With Oscillator 12-3
TDA3047,T IR Preamplifier 5-52
TDA3048,T IR Preamplifier 5-56
TDA3505 Chroma Control Circuit 10-11
TDA3563 NTSC Decoder With RGB Inputs 10-18
TDA3564 NTSC Decoder 10-38
TDA3566 PAL/NTSC Decoder With RGB Inputs 10-47
TDA3567 NTSC Color Decoder 10-60
TDA3651A Vertical Deflection 12-9
TDA3652 Vertical Deflection 12-16
TDA3653 Vertical Deflection 12-9
TDA3654 Vertical Deflection 12-20
TDA3810 Spatial, Stereo, Pseudo-Stereo Processor 7-204
TDA4501 Small Signal Subsystem IC for Color TV 6-3
TDA4502 Complete Video IF IC With Vertical and Horizontal Sync 6-13
TDA4503 Small Signal Subsystem for Monochrome TV 6-15
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Alphanumeric Product List

TDA4505
TDA4555
TDA4565
TDA4570
TDA4580
TDA5030A
TDA5040
TDA5230
TDA5702
TDA5703
TDA5708
TDA5709
TDA6800
TDA7000
TDA7010T
TDA7021T
TDA7040T
TDA7050
TDA8400
TDAB432
TDA8440
TDAB442
TDA8443/A
TDA8444
TDD1742
TEA1017
TEA1039
TEA1046A
TEA1060
TEA1061
TEA1067
TEA1068
TEA1075
TEA1080
TEA2000
TEA5550
TEA5560
TEA5570
TEA5580
TEA5581
TEA6000
TEA6300
uc1842
UGC2842
UC3842C
ULN2003
ULN2004
uA723
uA723C
uA733
uA733/C
uA741
uA741C
HATAT
uA747C
uA758

February 1987

Small Signal Subsystem IC for Color TV
Multistandard Color Decoder

Color Transient Improvement Circuit (CTI)
NTSC Color Difference Decoder

Video Control Combination Circuit With Automatic Cut-Off Control

VHF Mixer-Oscillator (VHF Tuner IC)

Brushless DC Motor Driver

VHF/UHF Mixer-Oscillator

8-Bit Digital-to-Analog Converter

8-Bit Analog-to-Digital Converter

Photo Diode Signal Processor

Radial Error Signal Processor

Video Modulator Circuit

Single-Chip FM Radio Circuit

Single-Chip FM Radio Circuit (SO Package)

Single Chip FM Radio Circuit

PLL Stereo Decoder (Low Voltage)

Low Voltage Mono/Stereo Power Amplifier

FLL Tuning Circuit With Prescaler

Deflection Processor With 12C Bus

Video/Audio Switch

Quad DAC With I2C Interface

RGB/YUV Switch Inputs

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

CMOS Frequency Synthesizer

13-Bit Serial-to-Parallel Converter

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

Telephone Transmission Circuit With Dialer Interface
Telephone Transmission Circuit With Dialer Interface
Low Voltage Transmission IC With Dialer Interface
Low Voltage Transmission IC With Dialer Interface
DTMF Generator for Telephone Dialing

Supply IC for Telephone Peripherals

Digital RGB to NTSC/PAL Encoder

AM Radio Circuit

FM IF System

AM/FM Radio Receiver Circuit

PLL Stereo Decoder

PLL Stereo Decoder

FM IF System and Computer Interface (MUSTI) Circuit

12C Active Tone Controller With Source Inputs
Current Mode PWM Controller

Current Mode PWM Controller

Current Mode PWM Controller

High Voltage/Current Darlington Transistor Array
High Voltage/Current Darlington Transistor Array
Precision Voltage Regulator

Precision Voltage Regulator

Differential Video Amplifier

Differential Video Amplifier

General Purpose Operational Amplifier

General Purpose Operational Amplifier

Dual Operational Amplifier

Dual Operational Amplifier

FM Stereo Multiplex Decoder Phase-Locked Loop

Vol 1

4-102

4-106

7-366
7-368

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

7-210

4-226

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

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

7-154

Vol 2 Vol 3

6-24

10-67

10-82

10-86

10-91

4-102
8-57

4-106

5-243 11-56

5-84 11-21

11-3

4-86

9-62

11-60

10-101

10-107
5-247
6-158

8-203 1412

10-116
8-216
8-216
8-216
6-42
6-42
8-211
8-211

4-245 11-123

4-245 11-123
4-142
4-142
4-148
4-148



Signetics Application Notes
by Product Group

Linear Products

Vol 1 Vol 2 Vol 3
Signal Processing
AN140 Compensation Techniques for Use With the SE/NE5539 4-34 4-219 11-97
AN141 Using the NE592/5592 Video Amplifier 4-55 4-240 11-118
AN198 Designing With SA/NE602 4-75
AN1981 New Low Power Single Sideband Circuits (NE602) 4-79
AN1982 Applying the Oscillator of the NE602 in Low Power Mixer Applications 4-87
AN199 Designing With the NE/SA604 4-130 4-189
AN1991 Audio Decibel Level Detector With Meter Driver 4-140 4-199
Frequency Synthesis
AN196 Single-Chip Synthesizer For Radio Tuning 4-201
AN197 Analysis and Basic Application of the SAA1057 (VBA8101) 4-208
Phase-Locked Loops
AN177 An Overview of Phase-Locked Loops (PLL) 4-236
AN178 Modeling the PLL 4-241
AN179 Circuit Description of the NE564 4-266
AN180 The NE564: Frequency Synthesis 4-273
AN1081 10.8MHz FSK Decoder With the NE564 4-277
AN181 A 6MHz FSK Converter Design Example for the NE564 4-280
AN182 Clock Regenerator With Crystal Controlled Phase-Locked VCO 4-282
AN183 Circuit Description of the NE565 4-297
AN184 Typical Applications With NE565 4-301
AN185 Circuit Description of the NE566 4-309
AN186 Waveform Generators With the NE566 4-310
AN187 Circuit Description of the NE567 Tone Decoder 4-325
AN188 Selected Circuits Using the NE567 4-330
Compandors
AN174 Applications for Compandors: NE570/571/SA571 4-341
AN175 Automatic Level Control: NE572 4-372
AN176 Compandor Cookbook 4-350
Line Drivers/Receivers
AN113 Applications Using the MC1488/1489 Line Drivers and Receivers 5-11 6-11
AN195 Applications Using the NE5080/5081 5-52
AN1950 Exploring the Possibilities in Data Communications 5-60
AN1951 NES5050: Power Line Modem Application Board Cookbook 5-30
Telephony
AN1942 TEA1067: Application of the Low Voltage Versatile Transmission Circuit 6-88
AN1943 TEA1067: Supply of Peripheral Circuits With the TEA1067 Speech Circuit 6-108
Radio Circuits
AN1961 TDA1072A: Integrated AM Receiver 7-15
AN198 Designing With the SA/NE602 4-75
AN1981 New Low Power Single Sideband Circuits (NE602) 4-79
AN1982 Applying the Oscillator of the NE602 in Low Power Mixer Applications 4-87
AN191 Stereo Decoder Applications Using the nuA758 7-159
AN192 A Complete FM Radio on a Chip 7-54
AN193 TDA7000 for Narrow-Band FM-Reception 7-69
AN199 Designing With the SA/NE604 7-130
AN1991 Audio Decibel Level Detector With Meter Driver (NE604) 7-140
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Application Notes by Product Group

Audio Circuits

AN148
AN1481
AN149
AN1491
AN190

Audio Amplifier With TDA1013

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

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

Operational Amplifiers

AN142
AN144
AN1441
AN1511
AN160
AN164
AN165
AN166

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

Low Voltage Gated Generator: NE5230
Applications for the MC3403

Explanation of Noise

Integrated Operational Amplifier Theory
Basic Feedback Theory

High Frequency Amps

AN199 Designing With the NE/SA604

AN1991 Audio Decibel Level Detector With Meter Driver

Video Amps

AN140 Compensation Techniques for Use With the SE/NE5539

AN141 Using the NE592/5592 Video Amplifier

Transconductance

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

Transconductance Amplifier

Data Conversion

AN100
AN101
AN105
AN106
AN108
AN1081
AN109
AN110

Comparators
AN116

An Overview of Data Converters

Basic DACs

Digital Attenuator

Using the DAC08 Without a Negative Supply

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

Microprocessor-Compatible DACs

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

Applications for the NE521/522/527/529

Position Measurement

AN118
AN1181
AN1182

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

Line Drivers/Receivers

AN113

Applications Using the MC1488/1489 Line Drivers and Receivers

Display Drivers

AN112

LED Decoder Drivers: Using the NE587 and NE589

Serial-to-Parallel Converters

AN103

Timers

AN170
AN171

February 1987

13-Bit Serial-to-Parallel Converter

NE555 and NE556 Applications
NE558 Applications

Vol 1

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

4-130
4-140

4-34
4-55

5-11

Vol 2

4-189
4-199

4219
4-240

4-264

5-3
5-91
5-98
5-123

5-77
5-188
5-174
5-226

5-306

5-343
5-363
5-367

6-11

6-68

6-163

7-53
7-42

Vol 3

11-97
11-118

11-20
11-32



Signetics Linear Products

Application Notes by Product Group

Motor Control and Sensor Circuits

AN127 Using the SAA1027 With Airpax Four-Phase Stepper Motors
AN131 Applications Using the NE5044 Encoder

AN1311 Low Cost A/D Conversion Using the NE5044

AN132 Applications Using the NE5045 Decoder

AN133 Applications Using the NE544 Servo Amplifier

AN1341 Control System for Home Computer Robotics

Switched-Mode Power Supply

AN120 An Overview of SMPS

AN121 Forward Converter Application Using the NE5560

AN122 NE5560 Push-Pull Regulator Application

AN123 NE5561 Applications

AN124 External Synchronization for the NE5561

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

AN1261 High Frequency Ferrite Power Transformer and Choke
AN128 Introduction to the Series-Resonant Power Supply

AN1291 TDA1023: Design of Time-Proportional Temperature Controls

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

Remote Control System

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

Preamplifiers

Synch Processing and Generator

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

IC Combination TDA2578A and TDA3651
Color Decoding and Encoding

AN155/A Multi-Standard Color Decoder With Picture Improvement

AN1551 Single-Chip Multi-Standard Color Decoder TDA4555/4556

AN156 Application of the NTSC Decoder: TDA3563

AN1561 Application of the TEA2000 Color Encoder

Videotex/Teletext

AN152 A Single-Chip CRT Controller

AN153 The 5 Chip Set Teletext Decoder

AN154 Teletext Decoders: Keeping up With the Latest Technology Advances
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Vol 1 Vol 2

8-52
8-12
8-14
8-22
8-40
8-23

8-138
8-235
8-251

Vol 3

4-61

9-57
9-25

9-30

10-121

13-89
13-3
13-8




Signetics

Linear Products

DACO08
MC1488
MC1489/A
MC1496/1596

MC3403
NE5044

NE5045
NES050

NES080/5081

NE5150/51/52
NE521

NE522
NE5230

NE527

NE529

NE531

NE542

NE544
NES5512/5514

NES517
NE5520
NE5521
NES5532/33/34
NES539
NE555

NES556
NE/SE5560

NE/SE5561
NE/SE5562

NE/SE5568

NE558
NE564
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AN106:
AN113:
AN113:
AN189:

AN160:
AN131:
AN1311:
AN1341:
AN132:
AN1951:

AN195:
AN1950:
AN1081:
AN116:
AN116:
AN1511:
AN116:
AN116:
AN1511:
AN190:
AN133:
AN144:
AN1441:
AN145:

AN118:

AN1181:

AN1182:
AN142:
AN140:

AN170:
AN170:
AN121:
AN122:
AN125:

AN123:
AN124:
AN125:

AN125;

AN125:

AN171:
AN179:
AN180:
AN1801:
AN181:

Application Notes
by Part Numbers

Using the DAC08 Without a Negative Supply
Using the MC1488/89 Line Drivers and Receivers
Using the MC1488/89 Line Drivers and Receivers
Balanced Modulator/Demodulator Applications Using
the MC1496/1596

Applications for the MC3403

Applications Using the NE5044 Encoder

Low Cost A/D Conversion Using the NE5044
Control System for Home Computer and Robotics
Applications Using the NE5045 Decoder

NES5050: Power Line Modem Application Board
Cookbook

Applications Using the NE5080, NE5081

Exploring the Possibilities in Data Communications
NE5150/51/52 Family of Video D/A Converters
Applications for the NE521/522/527/529
Applications for the NE521/522/527/529

Low Voltage Gated Generator: NE5230
Applications for the NE521/522/527/529
Applications for the NE521/522/527/529

Low Voltage Gated Generator: NE5230
Applications of Low Noise Stereo Amplifiers: NE542
Applications Using the NE544 Servo Amplifier
Applications for the NE5512

Applications for the NE5S514

NE5517: General Description and Applications for
Use With the NE5517/A Transconductance Amplifier
LVDT Signal Conditioner: Applications Using the
NE5520

NE5521 in a Modulated Light Source Design
Application

NES5521 in Multi-faceted Applications

Audio Circuits Using the NE5532/33/34
Compensation Techniques for Use With the
SE/NE5539

NES555 and NE556 Applications

NE555 and NE556 Applications

Forward Converter Application Using the NE5560
NE5560 Push-Pull Regulator Application

Progress in SMPS Magnetic Component
Optimization

NE5561 Applications

External Synchronization for the NE5561

Progress in SMPS Magnetic Component
Optimization

Progress in SMPS Magnetic Component
Optimization

Progress in SMPS Magnetic Component
Optimization

NE558 Applications

Circuit Description of the NE564

The NES564: Frequency Synthesis

10.8MHz FSK Decoder With the NE564

A 6MHz FSK Converter Design Example for the
NE564

1-16

Vol 1

5-11
5-11

4-64

5-30
5-52
5-60

7-171

4-34

4-266
4-273
4-277

4-280

Vol 2

5-123
6-11
6-11

5-188
5-306
5-306
4-121
5-306
5-306
4-121

8-40
4-78
4-84

4-264

5-343

5-363
5-367
4-101

4-219
7-53
7-53
8-82
8-83

8-225
8-91
8-96

8-225

8-225

8-225
7-42

Vol 3

11-32

11-97
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Application Notes by Part Numbers

NE564

NE565

NES566

NES67
NE570/571/SA571
NE572

NE587/589

NE592/5592
NE/SA602

NE/SA604

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

SAA5350
SAB3035

SG1524C

$G3524C

TDA1013A
TDA1023
TDA1072A
TDA1510

TDA1515
TDA1520A
TDA1540
TDA2578

TDA2595
TDA2595
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AN182:

AN183:
AN184:
AN185:
AN186:
AN187:
AN188:
AN174:
AN175:
AN112:
AN141:
AN198:
AN1981:
AN1982:

AN199:
AN1991:

AN167:
AN108:
AN127:

AN196:
AN197:
AN1731:

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

AN154:

AN152:
AN157:

AN1261:
AN1261:
AN125:
AN126:
AN148:
AN1291:
AN1961:
AN1491:
AN1481:
AN149:
AN110:
AN1621:

AN158:
AN162:

Clock Regenerator With Crystal Controlled
Phase-Locked VCO

Circuit Description of the NE565

FSK Demodulator With NE565

Circuit Description of the NE566

Waveform Generators With the NE566

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

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

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

Designing With the NE/SA602

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

Designing With the NE/SA604

Audio Decibel Level Detector With Meter Driver
(NE602)

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

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

Using the SAA1027 With Airpax Four-Phase Stepper
Motors

Single-Chip Synthesizer for Radio Tuning

Analysis and Basic Application of the SAA1057
SAA3004: Low Power Remote Control IR
Transmitter and Receiver Preamplifiers

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

Teletext Decoders: Keeping Up With the Latest
Technology Advances

Teletext Decoders: Keeping Up With the Latest
Technology Advances

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

High Frequency Ferrite Power Transformer and
Choke

High Frequency Ferrite Power Transformer and
Choke

Progress in SMPS Magnetic Component
Optimization

Applications Using the SG3524

Audio Amplifier With TDA1013A

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

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

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

20W Hi-Fi Power Amplifier With the TDA1520A
Monolithic 14-Bit DAC With 85dB S/N Ratio
Directives for a Print Layout Design on Behalf of
the IC Combination TDA2578A and TDA3651
Features of the TDA2595 Synchronization Processor
A Versatile High-Resolution Monochrome Data and
Graphics Display Unit

Vol 1

4-282
4-297
4-301
4-309
4-310
4-325
4-330
4-341
4-372

4-55
4-75
4.79

4-87
4-130
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4-201
4-208

7-258

7-15
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7-300
7-312

Vol 2

6-68
4-240

4-189

4-199

5-77

8-52

8-138

8-138

8-225
8-190

8-251

5-226

Vol 3

11-118

11-20

5-20
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13-3
13-3
13-3
13-3

13-8

13-8
13-89

4-61

9-30
9-57

9-25
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Application Notes by Part Numbers

TDA2653

TDA3047

TDA3048

TDA3505

TDA3563
TDA3651

TDA4555

TDA7000

TEA1017
TEA1067

TEA2000
uA758

February 1987

AN162

AN172:
AN173:

AN172:
AN173:

AN155/A:

AN156:
AN1621:

AN155/A:

AN1551:

AN192:
AN193:
AN103:
AN1942:

AN1943:

AN1561:
AN191:

A Versatile High-Resolution Monochrome Data and
Graphics Display Unit

Circuit Description of the Infrared Receiver

Low Power Preamplifiers for IR Remote Control
Systems

Circuit Description of the Infrared Receiver

Low Power Preamplifiers for IR Remote Control
Systems

Multi-Standard Color Decoder With Picture
Improvement

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

Single-Chip Multi-Standard Color Decoder TDA4555/
4556

A Complete FM Radio on a Chip

TDA7000 for Narrowband FM Reception

13-Bit Serial-to-Parallel Converter

TEA1067: Application of the Low Voltage Versatile
Transmission Circuit

TEA1067: Supply of Peripheral Circuits With the
TEA1067 Speech Circuit

Application of the TEA2000 Color Encoder

Stereo Decoder Applications Using the uA758

1-18

Vol 1 Vol 2

7-54

7-69

6-88

6-108

7-159

Vol 3

9-25
5-60

5-62
5-60

5-62

10-30
10-25

9-30

10-3

10-73

10-121
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Signetics Cross Reference Guide

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

Linear Products

Competitor  Signetics Temperature Competitor  Signeti Temp:
Competitor Part Number Part Number  Range (°C) Package Competitor Part Number Part Number  Range (°C) Package
AMD AM6012DC  AM6012F 0to +70 Ceramic uA2901DC LM2901F -40 to +85 Ceramic
DAC-08AQ DAC-08AF -55 to +125 Ceramic uA2901PC LM2901N -40 to +85 Plastic
DAC-08CN DAC-08CN 0to +70 Plastic uA311RC LM311F 0to +70 Ceramic
DAC-08CQ DAC-08CF 0 to +70 Ceramic nA324DC LM324F 0 to +70 Ceramic
DAC-08EN DAC-08EN 0to +70 Plastic uA324PC LM324N 0to +70 Plastic
DAC-08EQ DAC-08EF 0 to +70 Ceramic 1A3302DC MC3302F ~-40 to +85 Ceramic
DAC-08HN DAC-08HN 0to +70 Plastic wA3302PC MC3302N -40 to +85 Plastic
DAC-08HQ DAC-08HF 0to +70 Ceramic pA339/ADC  LM339/AF 0to +70 Ceramic
DAC-08Q DAC-08F -55 to +125 Ceramic uA339/APC  LM339/AN 0 to +70 Plastic
LF198H LF198H -55 to +125 Metal Can 1A3403DC MC3403F 0 to +70 Ceramic
LF198H SE5537H -55 to +125 Metal Can 1A3403PC MC3403N 0to +70 Plastic
LF398H LF398H 0to +70 Metal Can 1HA398HC SE5537H -55 to +125 Metal Can
LF398H NE5537H 0 to +70 Metal Can MA398RC SE5537N -55 to +125 Plastic
LF398L LF398D 0to +70 SO MA555TC NE555N 0to +70 Plastic
LF398L NE5537D 0to +70 SO MA556PC NE556-1N, 0to +70 Plastic
LF398N LF398N 0 to +70 Plastic NE556N
LF398N NE5537N 0to +70 Plastic uA723DC WAT723CF 0to +70 Ceramic
Datel AM-453-2 NE5534/AF 0 to +70 Ceramic nA723DM MAT23F -55 to +125 Ceramic
AM-453-2C NE5534/AF 0 to +70 Ceramic pA723HC MA723CH 0to +70 Metal Can
AM-453-2M SE5534/AF -55 to +125 Ceramic HA723PC MAT23CN 0 to +70 Plastic
DAC-UP10BC NE5020N 0to +70 Plastic MA733DC MAT33F 0 to +70 Ceramic
DAC-UPBBC  NE5018N 0to +70 Plastic HAT733DM WAT733F -55 to +125 Ceramic
DAC-UP8BM  SES5019F -55 to +125 Ceramic WA733PC PA733N 0to +70 Plastic
DAC-UP8BQ  SE5018F -55to 125  Ceramic HAT4INM PA741N -55 to +125 Plastic
Exar XR-5532/A N NES532/AF O to +70  Ceramic KATAIRC  pA741CE 0to+70  Ceramic
. HA741TC MA741CN 0to +70 Plastic
XR-5532/A P NE5532/AN 0to +70 Plastic .
. MA747DC MAT47CF 0 to +70 Ceramic
XR-L567CN  NES67F 0 to +70 Ceramic 3
N UA747PC MA747CN 0 to +70 Plastic
XR-L567CP  NE567N 0to +70 Plastic .
. 1A9667DC ULN2003F 0 to +70 Ceramic
XR-5534/A CN NE5534/AF 0 to +70 Ceramic .
. HA9667PC ULN2003N 0to +70 Plastic
XR-5534/A CP NE5534/AN 0 to +70 Plastic .
f #A9668DC ULN2004F 0to +70 Ceramic
XR-5534/A M SE5534/AF -55 to +125 Ceramic HA9668PC ULN2004N 01to +70 Plastic
XR-558CN NE558F 0to +70 Ceramic
XR-558CP NES58N 0 to +70 Plastic Harris HA-2539 NE5539 0to +70 Plastic
XR-558M SE558F -55 to +125 Ceramic HA-2420-2/8B SE5060F -55 to +125 Ceramic
XR-1524N SG3524F 0to +70 Ceramic HA-2425N NE5060N 0to+70 Plastic
XR-1524P SG3524N 0 to +70 Plastic HA-2425B NES5060F 0 to +70 Ceramic
XR-2524P SG3524N 0 to +70 Plastic HA1-5102-2  SE5532/AF -55 to +125 Ceramic
XR-3524N SG3524F 0to +70 Ceramic HA1-5135-2  SE5534/AF -55 to +125 Ceramic
XR-3524P SG3524N 0 to +70 Plastic HA1-5135-5  NE5534/AF 0to +70 Ceramic
Fairchild  jAOBO/DA  DAC-08F 0to+70  Ceramic HA3 51025  NESS32/AN  0to+70  Plastic
] HA1-5202-5  NE5532/AF 0 to +70 Ceramic
MA0B01CDC  MC1408F 0 to +70 Ceramic HA-53208 NE5060F 010 +70 Ceramic
MAO0801CPC  MC1408N 0 to +70 Plastic
MAOBO1EDC  DAC-08EF 0 to +70 Ceramic Intersil ADC0803LCD ADC0803-1 LCF -40 to +85 Ceramic
MAOBO1EPC  DAC-08AF 0to +70 Ceramic ADCO0804 ADC0804-1 CN 0 to +70 Plastic
MA1458TC MC1458N 0 to +70 Plastic ADC0805 ADCO0805-1 LCN -40 to +85 Plastic
HAI488DC - MC1488F Oto+70  Ceramic Motorola DAC08CD  DACOBCN  0to +70  Plastic
1A1488PC MC1488N 0 to +70 Plastic .
] DAC-08CQ DAC-08CF 0 to +70 Ceramic
HA1489/A PC MC1489/AF 0 to +70 Ceramic .
) DAC-08ED DAC-08EN 0to +70 Plastic
wA1489/A PC MC1489/AN 0to +70 Plastic ’
DAC-08EF DAC-08EF 0to +70 Ceramic
HA198HM NE5537H 0 to +70 Metal Can c .
UA19BRM  NES537N Oto+70  Plastic DAC-0BHQ  DAC-OBHF 0 to +70 ~ Ceramic
DAC-08Q DAC-08F -55 to +125 Ceramic
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Cross Reference Guide

Competitor  Signetics Temperature Competitor  Signetics Temperature
Competitor Part Number Part Number  Range (°C) Package Competitor Part Number Part Number  Range (°C)  Package
LM2901N LM2901N -40 to +85 Plastic DACO0808LCN MC1408N 0to +70 Plastic
LM311J-8 LM311F 0 to +70 Ceramic DACO0808LD  MC1408F 0 to +70 Ceramic
LM311N LM311N 0to +70 Plastic LF198H SE5537H -55 to +125 Metal Can
LM324J LM324F 0to +70 Ceramic LF398H NE5537H 0 to +70 Metal Can
LM324N LM324N 0to +70 Plastic LF398N NE5537N 0 to +70 Plastic
LM339/A J LM339/AF 0 to +70 Ceramic LM13600AN  NE5517N 0to +70 Plastic
LM339/A N LM339/AN 0 to +70 Plastic LM13600N NE5517N 0 to +70 Plastic
LM358N LM358N 0 to +70 Plastic LM1458N MC1458N 0 to +70 Plastic
LM393A/J LM393/AF 0 to.+70 Ceramic LM161H SE529H -55 to +125 Metal Can
LM393A/N LM393/AN 0 to +70 Plastic LM161J SE529F -55 to +125 Ceramic
MC1408L MC1408F 0 to +70 Ceramic LM2524J SG3524F 0 to +70 Ceramic
MC1408P MC1408N 0to +70 Plastic LM2524N SG3524N 0 to +70 Plastic
MC1488L MC1488F 0to +70 Ceramic LM2901N LM2901N -40 to +85  Plastic
MC1488P MC1488N 0 to +70 Plastic LM2903N LM2903N -40 to +85 Plastic
MC1489/A L MC1489/AF 0 to +70 Ceramic LM3089 CA3089N -55 to +125 Plastic
MC1489/A P MC1489/AN 0 to +70 Plastic LM319J LM319F 0 to +70 Ceramic
MC1496L MC1496F 0 to +70 Ceramic LM319N LM319N 0 to +70 Plastic
MC1496P MC1496N 0to +70 Plastic LM324J LM324F 0to +70 Ceramic
MC3302L MC3302F -40 to +85 Ceramic LM324N LM324N 0 to +70 Plastic
MC3302P MC3302N -40 to +85 Plastic LM324AD LM324AD 0 to +70 Plastic
MC3361D MC3361D 0to +70 SO LM324AN LM324AN 0 to +70 Plastic
MC3361P MC3361N 0 to +70 Plastic LM339/AJ LM339/AF 0 to +70 Ceramic
MC3403L MC3403F 0to +70 Ceramic LM339/AN LM339/AN 0to +70 Plastic
MC3403P MC3403N 0to +70 Plastic LM3524J SG3524F 0 to +70 Ceramic
MC3410CL MC3410CF 0 to +70 Ceramic LM3524N SG3524N 0 to +70 Plastic
MC3410L MC3410F 0 to +70 Ceramic LM358H LM358H 0to +70 Metal Can
NE5410F 0 to +70 Ceramic LM358N LM358N 0 to +70 Plastic
MC3510L SE5410F 0 to +70 Ceramic LM361H NE529H 0 to +70 Metal Can
NE592F NE592F-8 0 to +70 Ceramic LM361J NE529D 0 to +70 SO
NE592F NE592F-14 0to +70 Ceramic LM361N NE529N 0 to +70 Plastic
NE592N NE592N 0 to +70 Plastic LM393/AN LM393/AN 0 to +70 Plastic
NE565N NES565N 0to +70 Plastic LM555J NE555F 0to +70 Ceramic
SE592F SE592F-8 -55 to +125 Ceramic LM555N NE555N 0 to +70 Plastic
SE592F SE592F-14 -55 to +125 Ceramic LM556J SE556-1F -55 to +125 Ceramic
SE592H SE592H -55 to +125 Metal Can LM556N SE556-1N -55 to +125 Plastic
National ADCOBO3F  ADCOB03-1 LCF -40 o +85 Ceramic LMSS6C)  NESSGAF Oto 470 Ceramic
) LM556CN NE556-1N 0to +70 Plastic
ADCO0803N ADCO0803-1 LCN -40 to +85 Plastic )
" LM565CN NE565N 0 to +70 Plastic
ADC0805 ADCO0805-1 LCN -40 to +85 Plastic "
" LM566N SE566N -55 to +125 Plastic
ADC0820BCN ADCO0820BNEN 0 to +70 Plastic .
. LM566CN NE566N 0 to +70 Plastic
ADC0820CCN ADC0820CNEN 0 to +70 Plastic )
" LM567CN NE567N 0to +70 Plastic
ADC0820BCD ADC0820BSAN -40 to +85 Plastic LM733CN WAT33CN 0to +70 Plastic
ADC0820CCD ADCO0820CSAN -40 to +85 Plastic !
. LM741CJ uA741CF 0 to +70 Ceramic
ADC0820BD ADCO820BSEF -55 to +125 Ceramic y
. LM741CN uA741CN 0 to +70 Plastic
ADC0820CD  ADCO0820CSEF -55 to +125 Ceramic f
. LM741J MAT41F -55 to +125 Ceramic
DAC0800LCJ DAC-08EF 0 to +70 Ceramic .
. LM741N HA741N -55 to +125 Plastic
DAC0800LJ  DAC-08F -55 to +125 Ceramic .
" LM747CJ MAT47CF 0to +70 Ceramic
DACO0800LCN DAC-08EN 0 to +70 Plastic N
} LM747CN HA747CN 0 to +70 Plastic
DAC0801LCJ DAC-08CF 0 to +70 Ceramic .
" LM747J u747F -55 to +125 Ceramic
DACO0801LCN DAC-08CN 0 to +70 Plastic N
. LM747N HAT47N -55 to +125 Plastic
DACO0802LJ  DAC-08AF -55 to +125 Ceramic 8
) UC3842D UC3842D 0 to +70 Plastic
DAC0802LCJ DAC-08HF 0 to +70 Ceramic .
’ uCc3s42J UC3842FE 0 to +70 Ceramic
DAC0802LCN DAC-08HN 0to +70 Plastic .
; UC3842N UC3842N 0 to +70 Plastic
DACO0806LCJ MC1408-6F 0to +70 Ceramic "
" uc2842D uUC2842D 0to +70 Plastic
DACO806LCN MC1408-6N 0 to +70 Plastic .
. ucas42J UC2842FE 0 to +70 Ceramic
DAC0807L.CJ MC1408-7F 0to +70 Ceramic .
. UC2842N UC2842N 0to +70 Plastic
DACO0807LCN MC1408-7N 0 to +70 Plastic .
DACO808LCJ MC1408F 0to +70 Ceramic uc1842J UC1842FE -55 to +125 Ceramic
UC1842N UC1842N -55 to +125 Plastic
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Competitor  Signetics Temperature Competitor  Signetics Temperature
Competitor Part Number Part Number  Range (°C) Package Competitor Part Number Part Number  Range (°C)  Package
NEC uPC1571C NE571N 0 to +70 Plastic LM311J LM311F 0to +70 Ceramic
PMI CMPOSGP  NES10SN  Oto +70  Plastic LMSING  LMBTIFE ~ Olo +70  Ceramic

’ LM324D LM324N 0to +70 Plastic

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

. LM324J LM324F 0to +70 Ceramic
CMP-05BZ SE5105F -55 to +125 Ceramic .
. LM339/AJ LM339/AF 0 to +70 Ceramic
CMP-05GZ  SA5105N -40 to +85 Plastic N
. LM339/AN LM339/AN 0 to +70 Plastic

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

. LM358P LM358N 0to +70 Plastic

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

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

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

. MC1458P MC1458N 0 to +70 Plastic

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

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

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

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

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

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

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

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

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

. NE555JG NES555N 0to +70 Plastic

DAC312FR  AM6012F 0 to +70 Ceramic "

) NES555P NES555N 0to +70 Plastic

0oP278Z SE5534AFE -55 to +125 Ceramic .

. NE556D NES556N 0to +70 Plastic

0OP27CZ SE5534FE -55 to +125 Ceramic .

. NE556J NE556-1F 0 to +70 Ceramic

PM747Y MAT4TN -55 to +125 Plastic .

. NE556N NE556-1N 0to +70 Plastic

SMP-10AY SES5060F -55 to +125 Ceramic "

. NE592 NE592N14 0 to +70 Plastic

SMP-10EY NES060N 0 to +70 Plastic .

. NE592A NES592F14 0 to +70 Ceramic

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

SMP-EY  NE5060N 0to+70  Plastic NESS2J NES92F Oto+70  Ceramic

NES92N NE592N-14 0 to +70 Plastic
Raytheon RC4805DE NE5105N 0 to +70 Plastic SA556D SA556N -40 to +85 Plastic

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

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

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

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

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

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

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

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

RM5534/A DE SE5534/AF -55 to +125 Ceramic SN55108AJ  SE522F -55 to +125 Ceramic
silicon  SG3524)  SG3524F 0to +70  Ceramic SN75107A) - NES21F Oto+70  Plastic
General  SG3526N  SG3526N 0to+70  Plastic SN75107AN  NES21N 0to+70  Plastic

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

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

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

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

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

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

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

ULN8564A NE564N 0to +70 Plastic TL592A NE592F14 0 to +70 Ceramic

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

ULS8564R SE564F -55 to +125 Ceramic pA723CJ uA723CF 0to +70 Ceramic
T ADCO803N  ADCOB03-1 LCN 40 to +85  Plastic MAT23CN - pA723CN 0to+70 ~ Plastic

" HA723MJ UAT23F -55 to +125 Ceramic

ADCO0804CN  ADC0804-1 CN 0 to +70 Plastic A723MU uA723D _55 to +125 SO

ADCO080SN  ADC0805-1 LCN -40 to +85 Plastic

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

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

*THERE MAY BE PARAMETRIC DIFFERENCES BETWEEN SIGNETICS'
PARTS AND THOSE OF THE COMPETITION.
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SO Availability List

PART SMD PART SMD
NUMBER PACKAGE DESCRIPTION NUMBER PACKAGE DESCRIPTION

ADC0820D SOL-20 8-Bit CMOS A/D NE532D SO-8 Dual Op Amp

*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 Voit Comparator NE5537D SO-14 Sample-and-Hold Amp

LM358AD SO-8 Dual Op Amp NES539D SO-14 Hi-Freq Amp

LM358D SO-8 Dual Op Amp Wideband

LM393D SO-8 Dual Comparator NES55D SO-8 Single Timer

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

MC1458D SO-8 Dual Op Amp NE5560D SO-16 SMPS Control Ckt

MC1488D SO-14 Quad Line Driver NE5561D SO-8 SMPS Control Ckt

MC1489D SO-14 Quad Line Receiver NE5562D SOL-20 SMPS Control Ckt

MC1489AD SO-14 Quad Line Receiver NE5568D SO-8 SMPS Control Ckt

MC3302D SO-14 Quad Volt Comparator 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 *NES65D SO-14 Phase Locked Loop

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

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

*NE5019D SOL-24 8-Bit D/A Converter NE568D SOL-20 PLL

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

NES037D SO-16 6-Bit A/D Converter NE572D SOL-16 Prog Compandor

NE5044D SO-16 Prog 7-Channel *NE587D SOL-20 7 Seq LED Driver
Encoder (Anode)

NE5045D SO-16 7-Channel Decoder *NE589D SOL-20 7 Seq LED Driver

NE5090D SOL-16 Address Relay Driver (Cath)

NE5105/AD SO-8 High-Speed NE5900D SOL-16 Call Progress Decoder
Comparator NE592D14 SO-14 Video Amp

NE5170A PLCC-28 Octal Line Driver NE592D8 SO-8 Video Amp

NE5180A PLCC-28 Octal Line Receiver NE592HD14 SO-14 Hi-Gain Video Amp

NE5204D SO-8 High-Frequency Amp NE592HD8 S0O-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
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SO Availability List

NOTE:

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 S0O-16 IR Preamp
PCF2111TD VS0-40 LCD Duplex Driver TDA5040TD SO-8 Brushless DC Motor
(64) Driver
PCF2112TD VS0-40 LCD Duplex Driver TDA7010TD SO-16 FM Radio Circuit
(32) TDA7050TD SO-8 Mono/Stereo Amp
PCF8570TD SO-8 Static RAM (256 X 8) TDD1742TD SOL-28 Frequency Synthesizer
PCF8571TD SO-8 1K Serial RAM ULN2003D SO-16 Transistor Array
PCF8573TD SO-16 Clock/Timer ULN2004D SO-16 Transistor Array
PCF8574TD SO-16 Remote 1/0 Expander uA723CD SO-14 Voltage Regulator
PCF8576TD VS0O-56 MUX/Static Driver pA741CD SO-8 Single Op Amp
PCF8577TD VS0-40 32-/64-Segment LCD MA747CD SO-14 Dual Op Amp
Driver NOTE:
SA5105/AD SO-8 High-Speed *Non-standard pinout.
Comparator
SA5230D SO-8 Low Voltage Op Amp
SA5212D8 SO-8 Transimpedance Amp UNDER DEVELOPMENT
SA532D SO-8 Dual Op Amp
SA534D SO-14 Dual Op Amp PART SMD
SAS555D SO-8 Single Timer NUMBER PACKAGE DESCRIPTION
g::;;g ggt‘:g g°mpa"d°' 26L.531D S0-16 RS-422 Line Driver
- ompandor 3 X
*SA594D SOL-20 Vac Fluor Disp Driver 2615320 $0-16 RS-422 Line Receiver
SA602D S0-8 Double Bal Mixer/ 26LS33D SO-16 RS-422 L!ne Rgcelver
Oscillator 26LS29D SO-16 RS-423 L!ne Dnvef
SA604D S0-16 Lower Power FM IF 26LS30D SO-16 RS-423 Line Receiver
System

For information regarding additional SO products released since the publication of this document, contact your local Signetics Sales Office.
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Signetics Ordering Information
9 for Prefixes ADC, AM, CA, DAC,
ICM, LF, LM, MC, NE, OP, SA,
SE, SG, wA, UC, ULN

Linear Products

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

ucts may be ordered by contacting either

s - N CROSS REF PRODUCT PRODUCT
the local Slgnetlcs sales o'fflce,‘ Signetics |PART NUMBER PART NO. FAMILY DESCRIPTION
representatives and/or Signetics autho-

rized distributors. A complete listing is NE5537N LF398 LIN
located in the back of this manual. T 1T T

Minimum Factory Order:
Commercial Product:

$1000 per order
$250 per line item per order

Military Product:
$250 per line item per order

Sample-and-Hold Amp

—— Description of
Product Function

—= Linear Product Family
Table 1 provides part number informa-

tion concerning Signetics originated

products.

Table 2 is a cross reference of both the

old and new package suffixes for all L= Package Descriptions — See Table 2

presently existing types, while Tables 3

and 4 provide appropriate explanations —————— Device Number

on the various prefixes employed in the

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

As noted in Table 3, Signetics defines

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

Table 2. Package Descriptions

PACKAGE
OLD | NEW | pESCRIPTION

A, AA N 14-lead plastic DIP

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

B, BA N 16-lead plastic DIP

D Microminiature
package (SO)

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

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

K H 10-lead TO-100

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

NA, NX | N 24-lead plastic DIP

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

T, TA H 8-lead TO-99

U U SIP plastic power

\ N 8-lead plastic DIP

XA N 18-lead plastic DIP

XC N 20-lead plastic DIP

XC N 22-lead plastic DIP

XL, XF |N 28-lead plastic DIP

A PLCC
EC TO-46 header
FE 8-lead ceramic DIP
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Table 3. Signetics Prefix and
Device Temperature
DEVICE TEMPERATURE

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

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

1-27




Signetics

Linear Products

Signetics' integrated circuit products
may be ordered by contacting either the
local Signetics sales office, Signetics
representatives and/or Signetics autho-
rized distributors.

Minimum Factory Order:
Commercial Product:

$ 1000 per order
$ 250 per line item per order

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

Table 2 provides package suffixes and
descriptions for all presently existing
types. Letters following the device num-
ber not used in Table 2 are considered
to be part of the device number.

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

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

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

mTm o o W
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Ordering Information
for Prefixes HE, OM, MA, ME,
PC, PN, SA, TB, TC, TD, TE

Table 1. Part Number Description

PART PRODUCT PRODUCT
NUMBER FAMILY DESCRIPTION

TDA2541N LIN Video IF Amplifier
Description of
Product Function
Product Family Linear

Package Description — See Table 2A

Device Number

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

Table 2. Package Description

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

Table 3. Device Prefix

PREFIX DEVICE FAMILY

HEXx CMOS circuit

OM Linear circuit

MAXx Microcomputer

MEx Microcomputer peripheral
PCx CMOS circuit

PNx NMOS circuit

SAx Digital circuit

TBx Linear circuit

TCx Linear circuit

TDx Linear circuit

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

Norman Neumann
President
Signetics Corporation
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SIGNETICS' ZERO DEFECTS
PROGRAM

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

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

REDUCING THE COST OF
OWNERSHIP THROUGH TOTAL
QUALITY PERFORMANCE

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

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

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

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

As a result of their participation in the Ship-to-
Stock Program, many of our customers have
eliminated costly incoming testing on select-
ed ICs. We will work together with any cus-
tomer interested to establish a Ship-to-Stock
Program, and identify the products to be
included in the program and finalize all neces-
sary terms and conditions. From that point,
the specified products can go directly from
the receiving dock to the assembly line or into
inventory. Signetics then provides, free of
charge, monthly reports on those products.

In our efforts to continually reduce cost of
ownership, we are now using the experience
we have gained with Ship-to-Stock to begin
developing a Just-in-Time Program. With Just-
in-Time, products will be delivered to the
receiving dock just as they are needed, permit-
ting continuous-flow manufacturing and elimi-
nating the need for expensive inventories.

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

PRODUCT RELIABILITY:
QUALITY OVER TIME IS THE
GOAL

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

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

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

WE WANT TO WORK WITH
YOU

At Signetics, we know that our success de-
pends on our ability to support all our custom-
ers with the defect-free, higher density, higher
performance products- needed to compete
effectively in today's demanding business
environment. To achieve this goal, quality in
another arena — that of communications —
is vital. Here are some specific ways we can
maintain an ongoing dialogue and information
exchange between your company and ours
on the quality issue:
® Periodical face-to-face exchanges of
data and quality improvement ideas
between the customer and Signetics
can help prevent problems before they
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.
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SURE lll DATA
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Figure 1

QUALITY AND RELIABILITY

ASSURANCE

Signetics' Linear Division Quality and Reliabil-

ity Assurance Department is involved in all

stages of the production of our Linear ICs:

® Product Design and Process
Development

® Wafer Fabrication

® Assembly

® Inspection and Test

® Product Reliability Monitoring

® Customer liaison

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

Signetics has put together a winning process
for the manufacturing of Linear Integrated
Circuits. The circuits produced by our Linear
Division must meet rigid criteria as defined in
our design rules and as evaluated through
product characterization over the device op-
erating temperature range. Product confor-
mance to specification is measured through-
out the manufacturing cycle. Our standard is
Zero Defects and our customers' statistics
and awards for outstanding product quality
demonstrate our advance toward this goal.

Nowhere is this more evident than at our
Electrical Outgoing Product Assurance in-
spection gate. Over the past six years, the
measured defect level at the first submission
to Product Assurance for Linear products has
dropped from over 4000PPM (0.4%) to under
150PPM (0.015%) (see Figure 2). Signetics

calls the first submittal to a Product or Quality
Assurance gate our Estimated Process Quali-
ty or EPQ. It is an internal measure used to
drive our Quality Improvement Programs to-
ward our goal of Zero Defects. All product
acceptance sampling plans have zero as their
acceptance criteria. Only shipments that
demonstrate zero defects during these ac-
ceptance tests may be shipped to our cus-
tomers. This is in accordance with our com-
mitment to our Zero Defect policy.

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

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

SIGNETICS' SHIP-TO-STOCK
PROGRAM

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

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

gram are:

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

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

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

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

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

RELIABILITY BEGINS WITH THE
DESIGN

Quality and reliability must begin with design.
No amount of extra testing or inspection will
produce reliable ICs from a design that is
inherently unreliable. Signetics follows very
strict design and layout practices with its
circuits. To eliminate the possibility of metal
migration, current density in any path cannot
oxceed 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.
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PRODUCT CHARACTERIZATION
Before a new design is released, the charac-
terization phase is completed to insure that
the distribution of parameters resulting from
lot-to-lot variations is well within specified
limits. Such extensive characterization data
also provides a basis for identifying unique
application-related problems which are not
part of normal data sheet guarantees.

PRODUCT QUALIFICATION
Linear products are subjected to rigorous
qualification procedures for all new products
or redesigns to current products. Qualification
testing consists of:
® High Temperature Operating Life:
Ty =150°C, 1000 hours, static bias
@ High Temperature Storage Life:
Ty =150°C, 1000 hours, unbiased
® Temperature Humidity Biased Life:
85°C, 85% relative humidity, 1000
hours, static bias
® Pressure Cooker:
15 psig, 121°C, 192 hours, unbiased
® Thermal Shock:
-65°C to +150°C, 300 cycles, 5 minute
dwell, liquid to liquid, unbiased

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

The SURE Program

The SURE (Systematic and Uniform Reliabili-
ty Evaluation) program audits products from
each of Signetics Linear Division's process
families: Low Voltage, Medium Voltage, High
Voltage, and Dual-Layer Metal, under a vari-
ety of accelerated stress conditions. This
program, first introduced in 1964, has evolved
to suit changing product complexities and
performance requirements.

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

The Product Monitor Program

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

Product Reliability Reports

The data from these test matrices provides a
basic understanding of product capability, an
indication of major failure mechanisms, and
an estimated failure rate resulting from each
stress. This data is compiled periodically and
is available to customers upon request.
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Many customers use this information in lieu of
running their own qualification tests, thereby
eliminating time-consuming and costly addi-
tional testing.

Reliability Engineering

In addition to the product performance moni-
tors encompassed in the Linear SURE pro-
gram, Signetics' Corporate and Division Reli-
ability Engineering departments sustain a
broad range of evaluation and qualification
activities.

Included in the engineering process are:

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

® Device or generic group failure rate
studies.

® Advanced environmental stress
development.

® Failure mechanism characterization and
corrective action/prevention reporting.

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

Failure Analysis

The SURE Program and the Reliability Engi-
neering Program both include failure analysis
activities and are complemented by corpo-
rate, divisional, and plant failure analysis
departments. These engineering units pro-
vide a service to our customers who desire
detailed failure analysis support, who in turn
provide Signetics with the technical under-
standing of the failure modes and mecha-
nisms actually experienced in service. This
information is essential in our ongoing effort
to accelerate and improve our understanding
of product failure mechanisms and their pre-
vention.
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LINEAR DIVISION LINEAR PROCESS FLOW

WAFER

FABRICATION

O ——— e ——_—— — SCANNING ELECTRON MICROSCOPE CONTROL
Wafers are sampled daily by the Quality Control Laboratory from each fabrication area and subjected
10 SEM analysis. This process control reveals manufacturing defects such as contact and oxide step
coverage in the metalization process which may result in early failures.

DIE SORT VISUAL ACCEPTANCE

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

DIE ATTACH DIE ATTACH AND WIRE BONDING

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

[ PRE-SEAL VISUAL ACCEPTANCE

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

HERMETIC

SEAL
PLASTIC
ENCAPSULATION
__________ SEAL TESTS

Hermetic package seal integrity is ensured by 100% and fine gross leak testing.

SYMBOL

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

SYMBOL

________ 100% PRODUCTION ELECTRICAL TESTING

ELECTRICAL TEST Every device is tested to all data sheet

BURN-IN (SUPR 1l LEVEL B OPTION)
Devices are burned in for 21 hours at 155°C maximum Junction Temperature.

BURN-IN
OPTION

100% 100% PRODUCTION ELECTRICAL TESTING
ELECTRICAL TEST Every device is tested to all data sheet t t
mspecTIon pripow
All products are visually inspected per the requirements specified in Signetics’ or customer
documents.
OUTGOING FINAL QUALITY ASSURANCE GATE
QUALITY CONTROL The final QA i st the specified and electrical AQL's. Every ship-

lep
ment is sealed and identified by QA personnel.

I SHIPMENT I

PFO0850S
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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 12C
bus is known as '‘clips."

The 12C bus consists of two bidirectional
lines: the Serial Data (SDA) line and the Serial
Clock (SCL) line. The output stages of de-
vices connected to the bus (these devices
could be NMOS, CMOS, I12C, TTL, ...) must
have an open-drain or open-collector in order
to perform the wired-AND function. Data on
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the 12C bus can be transferred at a rate up to
100kbits/sec. The physical bus length is
limited to 13 feet and the number of devices
connected to the bus is solely dependent on
the limiting bus capacitance of 400pF.

The inherent synchronization process, built
into the 12C bus structure using the wired-
AND technique, not only allows fast devices
to communicate with slower ones, but also
eliminates the ''Carrier Sense Multiple Ac-
cess/Collision Detect'” (CSMA/CD) effect
found in some local area networks, such as
Ethernet.

Master-slave relationships exist on the 12C
bus; however, there is no central master.
Therefore, a device addressed as a slave
during one data transfer could possibly be the
master for the next data transfer. Devices are

also free to transmit or receive data during a
transfer.

To summarize, the 12C bus eliminates inter-
facing problems. Since any peripheral device
can be added or taken away without affecting
any other devices connected to the bus, the
12C bus enables the system designer to build
various configurations using the same basic
architecture.

Application areas for the 12C bus include:
Video Equipment

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

For 8-bit applications, such as those requiring

single-chip microcomputers, certain design

criteria can be established:

® A complete system usually consists
of at least one microcomputer and
other peripheral devices, such as
memories and 1/0 expanders.

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

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

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

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

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

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

THE 1°C BUS CONCEPT

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

The 12C 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 I2C 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 I2C bus.

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

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

MICROCOMPUTER
A
SDA
SCL
GATE LcD
ARRAY DRIVER
BUS
STATIC RAM
Apc OR EEPROM
MICROCOMPUTER
B
AF03480S
Figure 1. Typical IC Bus Configuration
34
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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 initiates a transfer, generates clock
signals and terminates a transfer
Slave The device addressed by a master
Multi-master More than one master can attempt to control the
bus at the same time without corrupting the message
Arbitration Procedure to ensure that if more than one master
simultaneously tries to control the bus, only one is
allowed to do so and the message is not corrupted
Synchronization Procedure to synchronize the clock signals of two or
more devices
+Vpp
LL-UP P4
REsisToRs " ™3
(SERIAL DATA LINE)
(SERIAL CLOCK LINE)
scL
SCLK | SCLK
|
§SLK1_]E_ WM_JI;L | Soka ) mz_II;L
our out out L out 1
SCLK DATA SCLK DATA
IN IN IN IN
DEVICE 1 DEVICE 2

LDO5610S

Figure 2. Connection of Devices to the I1°C Bus

X\

]
/]

DATA VALID

__‘i/—\__/-ea-\_
scL
DATA LINE CHANGE

| orpama |
| ALLOWED |

STABLE:

WF14350S

Figure 3. Bit Transfer on the I1°C Bus

START CONDITION

[ e
N Lo

LIS\ ST

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 is solely dependent on the limiting
bus capacitance of 400pF.

BIT TRANSFER

Due to the variety of different technology
devices (CMOS, NMOS, 12L) which can be
connected to the I2C bus, the levels of the
logical 0 (Low) and 1 (High) are not fixed and
depend on the appropriate level of Vpp (see
Electrical Specifications). One clock pulse is
generated for each data bit transferred.

Data Validity

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

Start and Stop Conditions

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

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

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

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

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

TRANSFERRING DATA

Byte Format

Every byte put on the SDA line must be 8 bits
long. The number of bytes that can be
transmitted per transfer is unrestricted. Each
byte must be followed by an acknowledge bit.
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Figure 5. Data Transfer on the I2C Bus
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Figure 6. Acknowledge on the I2C 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-
knowledge on the last byte that was clocked
out of the slave. The slave transmitter must
release the data line to allow the master to
generate the STOP condition.

ARBITRATION AND CLOCK
GENERATION

Synchronization

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

Clock synchronization is performed using the
wired-AND connection of devices to the SCL
LINE. This means that a High-to-Low transi-
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Figure 7. Clock Synchronization During the Arbitration Procedure
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Figure 8. Arbitration Procedure of Two Masters
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tion on the SCL line will affect the devices
concerned, causing them to start counting off
their Low period. Once a device clock has
gone Low it will hold the SCL line in that state
until the clock High state is reached (Figure
7). However, the Low-to-High change in this
device clock may not change the state of the
SCL line if another device

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

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

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

Arbitration

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

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

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

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

Figure 8 shows the arbitration procedure for
two masters. Of course more may be in-
volved, depending on how many masters are
connected to the bus. The moment there is a
difference between the internal data level of
the master generating DATA 1 and the actual
level on the SDA line, its data output is
switched off, which means that a High output
level is then connected to the bus. This will
not affect the data transfer initiated by the
winning master. As control of the 2C 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 I12C 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.

s»“\L/‘”‘L_/tiDCx_/tiDC)D\f
*‘\f*\/\/\_/*v\/\_/*\/\/\/‘*

rA

c) Combined formats.

NOTES:

data can then be transferred.

srm Annness mw ACK
CONDITIO! counmou
WF14410S8
Figure 9. A Compl Data Transf
Possible Data Transfer Formats are:
a) Master transmitter transmits to slave [T T siaveEappress | RW | A pATA | A | oaa | A | P |
receiver. Direction is not changed. | N |
A = ACKNOWLEDGE ¢
S=START ‘0’ (WRITE) DATA TRANSFERRED
P =STOP (n BYTES + ACKNOWLEDGE)
AF03491S
b) Master reads slave immediately after
first byte. I s | siaveaooress | Riw | A | oaa | A | paa | A | P |
I L 159 I
“¢ (READ) DATA TRANSFERRED
(n BYTES + ACKNOWLEDGE)
AF035008

[sT staveaoress TRIW [ A] oata | A] s | sLAVEADDRESS | RW [ A DATA | A] P

(n BYTES (n BYT|
+ ACKNOWLEDGE) + ACKNOWLEDGQ
READOR READ OR DIRECTION OF
WRITE TRANSFER MAY
CHANGE AT
THIS POINT

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

2. Al isi on auto-i or of p

memory

etc., are taken by the designer of the device.

-

AF035108

3. Each byte is followed by an acknowledge as Indk:ated by the A blocks in the sequence.
4. 12C devices have 1o reset their bus logic on receipt of a start condition so that they all anticipate the sending of a slave address.

February 1987 3-8
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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 acknow!-
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
T T T T TTrmw]

SLAVE ADDRESS

AF03550S

Figure 10. The First Byte After the
Start Procedure

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

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

The I2C bus committee is available to coordi-
nate allocation of I12C addresses.

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

The address 1111111 is reserved as the
extension address. This means that the ad-
dressing procedure will be continued in the
next byte(s). Devices that do not use the
extended addressing do not react at the
reception of this byte. The seven other possi-
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Figure 11. General Call Address Format

SECOND BYTE

AF035208
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Figure 12. Sequence of a Programming Master

AF035308

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. I12C 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 1°C
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 it by not acknowledging.

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

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

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

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

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

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

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

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

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

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

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

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

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

Start Byte

Microcomputers can be connected to the I12C
bus in two ways. If an on-chip hardware 12C
bus interface is present, the microcomputer
can be programmed to be interrupted only by
requests from the bus. When the device
possesses no such interface, it must con-
stantly monitor the bus via software. Obvious-
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T's [ 00000000 | A | masteRADDRESS | 1 | A [ Data | A J DaA | A | P |
| » 1
GENERAL SECOND (n BYTES + ACKNOWLEDGE)
CALL ADDRESS BYTE
AF03540S

Figure 13. Data Transfer From Hardware Master Transmitter

“DUMP ADDR FORHIWMASTER | X | A | P |

[S T SLAVE ADDR HIWMASTER | RIW | A |
|

WRITE

a. Configuring master sends dump address to hardware master

AF03560S

[s T oumpADDRFROMH/WMASTER | RIW | A ] DaTA | A ] Daa | A | P |

WRITE

b. Hardware master dumps data to selected slave device

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

R
(n BYTES + ACKNOWLEDGE)

AF03570S

Figure 15. Start
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WF14420S

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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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, I2C transmissions
are multiples of 8-bit bytes; however, CBUS
devices have different formats.

In a mixed bus structure, 12C devices are not
allowed to respond on the CBUS message.
For this reason, a special CBUS address
(0000001X) has been reserved. No 1C de-
vice will respond to this address. After the
transmission of the CBUS address, the DLEN
line can be made active and transmission,
according to the CBUS format, can be per-
formed (Figure 16).

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

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

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

ELECTRICAL SPECIFICATIONS
OF INPUTS AND OUTPUTS OF
I12C 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:

Vitmax = 1.5V (maximum input Low
voltage)
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Figure 17. Fixed Input Level Devices Connected to the 1°C Bus

LDO05620S

Figure 18. Devices With a Wide Ra

Vop=04.3V
1 1
B3 Ry [ cmos | [ cmos | | cwos | cuos_l
soA l
scL
LD05630S

to the Irzl

ge of Supply Voltages Connected
C Bus

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
V|H, respectively.

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

Vitmax = 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 I2C device is —-10pA, including the
leakage current of a possible output stage.

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

The maximum capacitance of both the SDA
pin and the SCL pin of an 12C device is 10pF.

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

However, the devices with input levels related
to Vpp must have one common supply line to
which the pull-up resistor is also connected
(see Figure 18).
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When devices with fixed input levels are
mixed with devices with Vpp-related levels,
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
VDD-

2. The noise margin on the High level is 0.2
VDD-

3. Series resistors (Rg) up to 3002 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 is
400pF. This includes the capacitance of the
wire itself and the capacitance of the pins
connected to it.

TIMING

The clock on the 12C 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
is reduced.

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

Vppy=5V£10% Vppz=5V£10% Vpps=5V10%

1 |
1 I
RS Rp3 [cluosJ l cluos ] Nuoﬂ L!&_]

LD0S640S

Figure 19. Devices With Vpp Related Leve] Js Mixed With Fixed Input Level
Devices on the I°C Bus

Voo Voo
(23 (3
DEVICE DEVICE
< < <
RsS Rs3 Rsg Rsg Reg R
SDA
SCL

LD05650S

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

LOW-SPEED MODE Data Format and Timing
As explained previously, there is a difference  The bus clock in this mode has a Low period
in speed on the I2C bus between fast hard- of 130us +25us and a High period of
ware devices and the relatively slow micro-  390us * 25us, resulting in a clock frequency
computer which relies on software polling.  of approx. 2kHz. The duty cycle of the clock
For this reason a low speed mode is available  has this Low-to-High ratio to allow for more
on the 12C bus to allow these microcomputers  efficient use of microcomputers without an
to poll the bus less often. on-chip hardware 12C bus interface. In this
Start and Stop Conditions mo_de also, data tran§fer with acknowledge is
. obligatory. The maximum number of bytes
In the low-speed mode, data transfer is pre- transferred is not limited (Figure 22)
ceded by the start procedure. )

5_ P 3 B ! % :——! / & \ r |

o | : | E [ : | | ‘
I |t [1 tq tv—~| L fe—tho; s o
|t | \ ) — Ll Ll
[ Il N l’ ! 1 F 1! , ! \ 1|

st | | [ Il \ I
[ | J| [N [N
LPJ'ﬂn. SuLj tiow = tp; oar thian — tsy; oar  — L)‘j"su STA L’;j

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

LIMITS
SYMBOL PARAMETER UNIT
Min Max
fscL -SCL clock frequency 0 100 kHz
tsuF 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
tLlow The Low period of the clock 4.7 us
tHIGH The High period of the clock 4 us
tsy; sTA Setup time for start condition (Only relevant for a repeated start condition) 4.7 us
tHD; DAT Hold time DATA
for CBUS compatible masters 5 us
for I2C devices o* 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 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.

1

m\____ﬂ_/_F\ me
m*"\/\/*. *\/‘\/\/‘“\/**\/W*\/\f\/—“

- o ——

r
L

START REPEATED ADDRESS )
CONDITION M:KNWLEDG IIBYTES wumu
(HIGH) oounmon
WF14450S
Figure 22. Data Transfer Low-Speed Mode
l ] r-_] N L)Y '_~I [_-_l
| | e | |
soa | fil INI N LS
I 2 r———— |
T
| ! taur—| | —“‘ |o—1tg tp— N \ | tho; sTA | |
H ' . HE iR
s | [l
R [ i
| tho; s 1Y tow | twian -I H te; o | ttsu;sm sy so—| | [=—
LR LS ke—tuo; oar L] LP ]

WF14461S

Figure 23. Timing Low-Speed Mode
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LOW SPEED MODE

In this mode, a transfer cannot be terminated

during the transmission of a byte.
CLOCK : tiow = 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
tBUF Time the bus must be free before a new transmission can start 105 us
tHD; STA Hold time start condition. After this period the first clock pulse is generated 365 us
tHD; STA Hold time (repeated start condition only) 210 us
tLow The Low period of the clock 105 155 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
tHD: AT Hold time DATA )
for CBUS compatible masters 5 us
for 12C devices 0* us
tsu; pAT Setup time DATA 250 ns
tr Rise time of both SDA and SCL lines 1 us
tr Fall time of both SDA and SCL lines 300 ns
tsu; sTo Setup time for stop condition 105 155 us
NOTES:

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

February 1987
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APPENDIX A

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

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

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

MINIMUM VALUE Rp (kQ)
« >
N

2 /
1 s
y
0
] 4 8 2 ]
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 is shown.

2) The bus capacitance is the total ca-

pacitance of wire, connections, and

pins. This capacitance limits the maxi-

mum value of Rp because of the
specified rise time of 1us.

Vpp=25V 5V

Lt
1

2 1
[}
[} 400 80 1200 1800
MAXIMUM VALUE Rg (@)
(OP03070S
Graph 2
2
A
g \\
&
W ©
g Re=0
£ s |
H
3| e
4|@Vpp=5V T
L
] %0 200 300 400
BUS CAPACITANCE (pF)
‘OP03080S
Graph 3
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In Graph 3, the bus capacitance — Rpmax
relationship is shown.
3) The maximum high-level input current
of each input/output connection has a
specified value of 10uA max. Due to
the desired noise margin of 0.2 Vpp
for the high level, this input current
limits the maximum value of Rp. This
limit is dependent on Vpp.

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

HIAIAN
\

\\\j\~

4 AN

MAXIMUM VALUE Rp, (k)
] ﬁ
L

0 40 80 120 160 200
TOTAL HIGH LEVEL INPUT CURRENT (uA)

0P03080S

Graph 4

I2C LICENSE

Purchase of Signetics or Philips 12C compo-
nents conveys a license under the Philips 12c
patent rights to use these components in an
12C system, provided that the system con-
forms to the I12C 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, serial data (SDA)
and serial clock (SCL). The I2C structure is
optimized for hardware simplicity. Parallel
address and data buses inherent in conven-
tional systems are replaced by a serial proto-
col that transmits both address and bidirec-
tional data over a 2-line bus. This means that
interconnecting wires are reduced to a mini-
mum; only Vg, ground and the two-wire bus
are required to link the controller(s) with the
peripherals or other controllers. This results in
reduced chip size, pin count, and intercon-
nections. An I2C system is therefore smaller,
simpler, and cheaper to implement than its
parallel .counterpart.

The data rate of the 12C bus makes it suited
for systems that do not require high speed.
An I°C controller is well suited for use in
systems such as television controllers, tele-
phone sets, appliances, displays or applica-
tions involving human interface. Typically an
’c 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 12C
system might include several controllers on
the same bus each with the ability to asyn-
chronously communicate with peripherals or
each other. This provision also provides ex-
pandability for future add-on controllers. (The
12C system is also ideal for use in environ-
ments where the bus is subject to noise.
Distorted transmissions are immediately de-
tected by the hardware and the information
presented to the software.) A slave acknowl-

February 1987

AN168

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

Application Note

edgement on every byte also facilitates data
integrity.

An 12C system can be as simple or sophisti-
cated as the operating environment de-
mands. Whether in a single master or multi-
master system, noisy or 'safe', correct sys-
tem operation can be insured under software
control.

CONTROLLERS

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

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

SERIAL 1/0 INTERFACE

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

2 with parallel I/0 signal P23 of port 2.
Consequently, only three 170 lines are avail-
able for port 2 when the I’C interface is
enabled.

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

® data shift register SO

® address register S0’

® status register S1

® clock control register S2.

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

All serial 12C 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 is controlled
and monitored via the bus control register S1.
A definition of the registers is as follows:

Data Shift Register S0 — S0 is the data shift
register used to perform the conversion be-
tween serial and parallel data format. All
transmissions or receptions take place
through register SO MSB first. All 12C bus
receptions or transmissions involve moving
data to/from the accumulator from/to SO.

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

CONDITIONAL
SERIAL 170 REGISTER CONTROL BRANCH
MOV A,Sn DEC @Rr SEL MB2 JNTF addr
MOV SnA 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 PA JT0, JNTO
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BD02561S
Figure 1. Block Diagram of the MAB8400 SIO Interface

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

Status Register S1 — S1 is the bus status
register. To control the SIO interface, infor-
mation is written to the register. The lower 4
bits in S1 serve dual purposes; when written
to, the control bits ES0, 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 07H.

SERIAL CLOCK/ACKNOWLEDGE
CONTROL REGISTER S2

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

HEX APPROX.
$20-S24 DIVISOR fcLock
CODE (kHz)
0 Not Allowed
1 39 114
2 45 98
3 51 87
4 63 70
5 75 59
6 87 51
7 99 45
8 123 36
9 147 30
A 171 26
B 195 23
C 243 18
D 291 15
E 339 13
F 387 11
10 483 9.2
11 579 7.7
12 675 6.6
13 77 5.8
14 963 46
15 1155 38
16 1347 3.3
17 1539 29
18* 1923 23
19* 2307 1.9
1A* 2691 1.7
1B* 3075 1.4
1C 3843 1.2
iD 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 I°C
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 pull-up resistors. All
bus transfers are bounded by a 'Start' and a
'Stop' condition. A 'Start' condition is defined
as the SDA line making a high-to-low transi-
tion while the SCL line is high. At this point,
the internal hardware on all slaves are acti-
vated and are prepared to clock-in the next 8
bits and interpret it as a 7-bit address and a
R/W control bit (MSB first). All slaves have an
internal address (most have 2-3 program-
mable address bits) which is then compared
with the received address. The slave that
recognized its address will respond by pulling
the data line low during a ninth clock generat-
ed by the master (all I°C byte transfers
require the master to generate 8 clock pulses
plus a ninth acknowledge-related clock
pulse). The slave-acknowledge will be regis-
tered by the master as a '0' appearing in the
LRB (Last Received Bit) position of the S1
serial 1/0 status register. If this bit is high

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

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

There are two types of I2C peripherals that
now must be defined: there are those with
only a chip address such as the 1/0 expan-
der, PCF8574, and those with a chip address
plus an internal address such as the static
RAM, PCF8570. Thus after sending a start
condition, address, and R/W bit, we must
take into account what type of slave is being
addressed. In the case of a slave with only a
chip address, we have already indicated its
address and data direction (R/W) and are
therefore ready to send or receive data. This
is performed by the master generating bursts
of 9 clock pulses for each byte that is sent or
received. The transaction for writing one byte
to a slave with a chip address only is shown in
Figure 3.

In this transfer, all bus activity is invoked by
writing the appropriate control byte to the
serial 1/0 control register S1, and by moving
data to/from the serial bus buffer register S0.
Coming from a known state (MOV S1,#18H-
Slave, Receiver, Bus not Busy) we first load
the serial 1/0 buffer SO with the desired

Vee
sCL
SDA
MAB ™
8400 Ao
PCF PCB
A
8574 gs70 M
Ay A2
RAM (128-BYTE)
1/0 EXPANDOR ADDR = ‘A0'H
ADDR = ‘40H
TC059208

Figure 2. Schematic for Assembly Examples
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RD,

R

W
|
|
]
|
|
|

UL

\____ ACKNOWLEDGE————/ |

I
|
[ ADDRESS 40H'
|

| START
CONDITION

I
|
!
I

DATA "2AH’

MOV S1,#18H
MOV S0,#40H

MOV S1,#0F8H

MOV S1,#0D8H

.

:R/W bit.

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

Figure 3

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

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

;Check for transmission complete, ack.

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

WF14311S

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

MAS- BUS
TER TRANS BUSY PIN ES0O BC2 BC1 BCO

[eTolo 1 o]o]0]
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 O7H) is enabled via the EN Si
(enable serial interrupt) instruction.

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

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

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

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

February 1987

ACKWT: MOV A,St1

JB4 ACKWT

JBO BUSERR

RET

Figure 4

;Get bus status word
;from Si.

;Poll the PIN bit

;until it goes low
;indicating transfer
;completed

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

;transfer complete,
;acknowledge received - return.

MASTER READS ONE BYTE
FROM SLAVE

A read operation is a similar process; the
address, however, will be 41H, the LSB
indicating to the 1/O device that a read is to
be performed. During the data portion of a
read, the 1/O port 8574 will transmit the
contents of its latches in response to the
clock generated by the master. The Master/
Receiver in this case generates a low-level
acknowledge on reception of each byte (a
'positive’ acknowledge). Upon completion of
a read, the master must generate a 'negative’
acknowledge during the ninth clock to indi-
cate to the slaves that the read operation is
finished. This is necessary because an arbi-
trary number of bytes may be read within the
same transfer. A negative acknowledge con-
sists of a high signal on the data line during
the ninth clock of the last byte to be read. To
accomplish this, the master 8400 must leave
the acknowledge mode just before the final
byte, read the final byte (producing only 8
clock pulses), program the bit-counter with
001 (preparing for a one-bit negative ac-
knowledge pulse), and simply move the con-
tents of SO to the accumulator. This final
instruction accomplishes two things simulta-
neously: it transfers the final byte to the
accumulator and produces one clock pulse
on the SCL line. The structure of the serial
170 register SO is such that a read from it
causes a double-buffered transfer from the
I2C bus to SO, while the original contents of
SO are transferred to the accumulator. Be-
cause the number of clocks produced on the
bus is determined by the control number in
the Bit Counter, by presetting it to 001, only
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one clock is generated. At this point in time
the slave is still waiting for an acknowledge;
the bus is high due to the pull-up, as single
clock pulse in this condition is interpreted as
a 'negative' acknowledge. The slave has now
been informed that reading is completed; a
Stop condition is now generated as before.
The read process (one byte from a slave with
only a chip address) is shown in Figure 5.
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‘NEGATIVE ACKNOWLEDGE'

SCL pr—

RD ~

SDA r
I I l I_I_/ ACKNOWLEDGE

|
: ADDRESS - ‘41H' DATA
|

sTOP

|
START |
| CONDITION
|
|

| conpimion

B

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

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

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

,start condition.

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

MOV S2,#01H ;Leave acknowledge mode.

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

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

testing S1 PIN bit.

JB4 Wait :Wait until PIN received.

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

MOV A,S0 \Move data to accumulator and
iclock out a negative

MOV §1,#008H ————— ;acknowledge.
:Generate Stop Condition.

WF143208

Figure 5
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l

INITIALIZE
BUS

COMMUNICATION WITH PERIPHERAL REQUIRED

STATUS

4

LOAD S0 WITH SLAVE
ADDRESS AND RO/WH BIT

START CONDITION
AND TRANSMIT ADDRESS

PIN
&
ACK
RECEIVED
?

SEND/RECEIVE
DATA BYTE

PIN
&
ACK
RECEIVED
?

GENERATE
STOP CONDITION

RETURN

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

GENERATE MOV S1,#0F8H ;preceded by repeated Start.
STOP
CONDITION CALL ACKWT Wait.
MOV A,SO ;First data byte to SO.
CALL ACKWT ;Wait.
MOV A,S0 ;Second data byte to SO.
;And First data byte to Acc.
CALL ACKWT Wait.
MOV RO,A ;Save first byte in RO.
MOV A,S0 ;Third data byte to SO
;and second data byte to Acc.
CALL ACKWT ‘Wait.
MOV R1,A ;Save second data byte
;in R1.
MOV S2,#01H ;Leave ack. mode.
;Bit Counter=001 for neg ack.
MOV A,S0 ;Third data byte to acc
;negative ack. generated.
MOV R2,A ;Save third data byte in R2.
WAIT1: MOV A,S1 ;Get bus status.
JB4 WAIT1 ;Wait until transfer complete.
MOV S1,#0D8H ;:Stop condition.
MOV S2,#41H ;Restore acknowledge mode.
DF057008
PF00770S
Figure 7

MOV 81, #18H

MOV S0, #0A0H

;address.

MOV S1, #0F8H ;Start cond. and transmit
;address.

CALL ACKWT ;Wait until address received.

MOV A, #00H ;Set up for transmitting RAM
;location address.

MOV S0,A ;Transmit first RAM address.

CALL ACKWT ;Wait.

MOV 81, #18H ;Set up for a repeated Start
;condition.

MOV A #0A1H ;Get RAM.chip address & RD bit.

MOV S0,A ;Send out to bus

;Initialize bus-status register
:Master, Transmitter,
;Bus-not-Busy, Enable SIO.
;Load SO with RAM’s chip

These examples apply to a slave with a chip
address — more than one byte can be writ-
ten/read within the same transfer; however,
this option is more applicable to I12C devices
with sub-addresses such as the static RAMs
or Clock/Calendar. In the case of these types
of devices, a slightly different protocol is
used. The RAM, for example, requires a chip
address and an internal memory location
before it can deliver or accept a byte of
information. During a write operation, this is
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done by simply writing the secondary address
right after the chip address — the peripheral
is designed to interpret the second byte as an
internal address. In the case of a Read
operation, the slave peripheral must send
data back to the Master after it has been
addressed and sub-addressed. To accom-
plish this, first the Start, Address, and Sub-
address is transmitted. Then we have a
repeated start condition to reverse the direc-
tion of the data transfer, followed by the chip
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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.
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BUS ERROR CONDITIONS:

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

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

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

MACRO DEFINITIONS

The new instructions can be simply defined
by MACROs. The instructions which are not
in the 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 St
14 DB ODH
15 ENDM
16 MOVS2A MACRO ;MOV S2,A
17 DB 3EH
18 ENDM
19 MOVSO0 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 APO
37 DB 08H
38 ENDM
39;
40 OUTPOA MACRO ;OUTL PO,A
41 DB 38H
42 ENDM
43;
44 ORLPO MACRO L ;ORL PO,#DATA
45 DB 88H,L
46 ENDM
47;
48 ANLPO MACRO L ;ANL PO, #DATA
49 DB 98H,L
50 ENDM
51;
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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 OASH
64 ENDM
65;
66 SELMB3 MACRO ;SEL MB3
67 DB 0B5H
68 ENDM
69;
70; CONDITIONAL JUMP INSTRUCTIONS:
71 DJNZAO MACRO L ;DIJNZ @RO,ADDR
72 DB OEOH,L AND OFFH
73 ENDM
74;
75 DJNZA1 MACRO L ;DINZ @R1,ADDR
76 DB OE1H,L AND OFFH
77 ENDM
78;
79 JINTF MACRO L WJUMP IF TIMERFLAG IS
NON ZERO
80 DB 06H,L AND OFFH
81 ENDM
82
83; END OF MACRO DEFINITIONS
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THE 8400 INSTRUCTIONS BUILT FROM THE MACRO LIST

LOC/OBJ 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,St1
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 ;sMACRO For MOV S2,A
0004 3E 11+ DB 3EH
12 MOVS0 56H ;MACRO For MOV S0,
#56H
0005 9C 13+ DB 9CH,56H
0006 56
14 MOVS1 9FH ;MACRO for MOV S1,
#9FH
0007 9D 15 + DB 9DH,9FH
0008 9F
16 MOvs2 OE8H ;MACRO for MOV S2,
F#O0E8H
0009 9E 17+ DB 9EH,0E8H
000A E8
18 ENS1 ;MACRO for EN St
000B 85 19+ DB 85H
20 DISSI ;MACRO for DIS SI
000C 95 21+ DB 95H
22 INAPO ;MACRO for IN A,PO
000D 08 23 + DB 08H
24 OUTPOA ;MACRO for OUTL PO,A
000E 38 25+ DB 38H
26 ORLPO 5AH ;sMACRO for ORL P0O,A
00OF 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 OCOH
32 DECAR1 ;MACRO for DEC @R1
0014 C1 33+ DB 0C1H
34 SELMB2 ;sMACRO for SEL MB2
0015 A5 35+ DB OA5H
36 SELMB3 ;sMACRO for SEL MB3
0016 B5 37+ DB 0B5H
38 DJNZAO 567H ;MACRO for DJNZ @RO,
567H
0017 EO 39+ DB OEOH,567H AND
OFFH
0019 67
40 DJNZA1 OEFEH ;MACRO for DUNZ @Rf1,
OEFEH
0019 E1 41 + DB OE1H,0EFEH AND
OFFH
001A FE
42 JNTF 789H ;MACRO for JNTF 789H
001B 06 43 + DB 06H, 789H AND
OFFH
001C 89
44 END
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256 X 8 Static RAM
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Linear Products

DESCRIPTION FEATURES PIN CONFIGURATION
The PCF8570 is a low power 2048-bit e Operating supply voltage: 2.5V to N, D Packages
static CMOS RAM organized as 256 6V ’
words by 8-bits. Addresses and data are o Low data retention voltage: min. 20 [7] 5] v,
transferred serially via a two-line bidirec- 1.0V ] - r::r
. 2 ) .
tional bus (I°C). The built-in word ad- o | 5 standby current: max. 5uA .
dress register is incremented automati- o mode: typ. 50nA Az 3] 6] scu
cally after each written or read data byte. °"_’ .s 9 : YP. 2 Vss [1] [€] soA
Three address pins — A0, A1, and A2— © Serial input/output bus (I*C)
are used for programming the hardware @ Address by 3 hardware address ToPVIEW cornosos
address, allowing the use of up to eight pins :'g SYMBOL DESCRIPTION
devices connected to the bus without e Automatic word address 1' 0
additional hardware. incrementing 2 Al } Address inputs
® 8-lead DIP pac'(age 3 C:s Negative supply
PoS gmemie Jecw
clock line
APPLICATIONS 7 TEST Test input for test speed-up; must
e Telephony RAM expansion for b; cf:gnectsd to Vss vg'en not in
stored numbers in repertory Figures 12 and 19) |
dialing (e.g., PCD3343 8 Voo  Posiive supply

applications)

e Radio and television channel
presets

e Video cassette recorder

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

ORDERING INFORMATION

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

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Voo Supply voltage range (Pin 8) -0.8 to +8.0 \"

' Voltage range on any input -0.8 to Vpp +0.8 v

x| DC input current (any input) 10 mA
*tlo DC output current (any output) 10 mA
*lpp; Iss Supply current (Pin 4 or Pin 8) 50 mA
Prot Power dissipation per package 300 mwW
Po Power dissipation per output 50 mwW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range —40 to +85 °C

December 2, 1986 4-3 853-1051 86702
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BLOCK DIAGRAM

PCF8570
woro  [————) | pow MEMORY
ADDRESS o CELL
REGISTER |~ ARRAY
1
A0
2 4
mo— y 1
A20- |
]
sCLo INPUT | 12c COLUMN
SDA O FITER | ] BUSCONTROL SELECT MULTIPLEXER
POWER RIW
Vo 0—2 ON SHIFT ‘ . »]| CONTROL
() ReeET REGISTER |7 7
Vgs O
S L }
TESTO— T .
7
BD07860S8

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

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ | Max

Supply

Vop Supply voltage 25 6 "

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

Ipp operating 200 MA
Ibbo standby 15 A
Ibbo standby at To=-25 to +70°C 5 A
VpoR Power-on reset voltage level’ 1.5 1.9 23 \
Input SCL; input/output SDA

Vi Input voltage LOW? -0.8 0.3 X Vpp v
ViH Input voltage HIGH? 0.7 X Vpp Vpp + 0.8 v
loL Output current LOW at VgL = 0.4V 3 mA
loH Output leakage current HIGH at Voq = Vpp 250 nA
E1 Input leakage current (A0, A1, A2) at V;=Vpp or Vgg 250 nA
fscL Clock frequency (Figure 5) 0 100 kHz
C Input capacitance (SCL, SDA) at V| = Vgg 7 pF
tsw Tolerable spike width on bus ) 100 ns
LOW Vpp data retention

VbDR Supply voltage for data retention 1 6 \
loor Supply current at Vppg =1V 5 MA
loor Supply current at Vppg =1V; Tao=-25 to +70°C 2 MA
Power saving mode

Ippr Supply current at Tp =25°C; TEST = Vppr 50 I 400 nA

NOTES:
1. The power-on reset circuit resets the 12C bus logic when Vpp < Vpog.
2. 1f the input voltages are a diode voltage above or below the supply voltage Vpp or Vgg an input current will flow; this current must not exceed *0.5mA.
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CHARACTERISTICS OF THE 12C
BUS

The I2C bus is for 2-way, 2-line communica-
tion between different 1Cs or modules. The
two lines are a serial data line (SDA) and a

serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up
resistor when connected to the output stages
of a device. Data transfer may be initiated
only when the bus is not busy.

Bit Transfer

One data bit is transferred during each clock
pulse. The data on the SDA line must remain
stable during the HIGH period of the clock
pulse, as changes in the data line at this time
will be interpreted as control signals.

SDA

)
¢
) ( EoN

AN

sCL

l e

/

DATA LINE l CHANGE |
STABLE: OF DATA
DATA VALID | aLowep |

Figure 1. Bit Transfer

WF185008

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

tion of the data line while the clock is HIGH is
defined as the start condition (S). A LOW-to-
HIGH transition of the data line while the

clock is HIGH is defined as the stop condition
(P).

/ :

A\

SDA

r]:__@__

scL { I scL
P
LS| Lr
START CONDITION STOP CONDITION

Figure 2. Definition of Start and Stop Conditions

WF185108

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

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

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

SDA
SCL
MASTER
TRANSMITTER/
RECEIVER

SLAVE
SLAVE MASTER
TRANSMITTER/
RECEIVER RECEIVER TRANSMITTER

MASTER
TRANSMITTER/
RECEIVER

Figure 3. System Configuration

AF04500
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Acknowledge

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

lated clock pulse. A slave receiver which is
addressed must generate an acknowledge
after the reception of each byte. Also a
master must generate an acknowledge after
the reception of each byte that has been
clocked out of the slave transmitter. The
device that acknowledges has to pull down
the SDA line during the acknowledge clock
pulse, so that the SDA line is stable LOW.

During the HIGH period of the acknowledge
related clock pulse, setup and hold times
must be taken into account. A master receiv-
er must signal an end of data to the transmit-
ter by not generating an acknowledge on the
last byte that has been clocked out of the
slave. In this event the transmitter must leave
the data line HIGH to enable the master to
generate a stop condition.

SCL FROM
MASTER |

|

START
CONDITION

1 2 8

CLOCK PULSE FOR
ACKNOWLEDGEMENT

.v::m‘"'\k [ XXX

DATA OUTPUT
BY RECEIVER

¢

Figure 4. Acknowledge on the I2C Bus

/"

WF18520S

Timing Specifications

Within the I2C bus specifications a high-
speed mode and a low-speed mode are
defined. The device operates in both modes
and the timing requirements are as follows:

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

A
oon ] \
tayr tow |<"'nnx'mr e +I tsurtpar
1 1
wotsTa :—_“_.,‘_ towtsta HIGH tsutsto
SDA
WF16930S
Where:
tBUF 2 tL.owmin The minimum time the bus must be free before a new transmission can start
tho: t 2 tyiGHmin Start condition hold time
tstA
tLowsmin 4.7us Clock LOW period
tHIGHmIn 4us Clock HIGH period
tsui tstA  t=tLowmin Start condition set-up time; only valid for repeated start code
tHo: t=0us Data hold time
tpat
tsu; t>250ns Data setup time
toat
R t<1us Rise time of both the SDA and SCL line
te t<300ns Fall time of both the SDA and SCL line
tsui 12t owmin Stop condition setup time
tsTo
NOTE:
All the timing values refer to Viy and V|_ levels with a voltage swing of Vss to Vpp.
Figure 5. Timing of the High-Speed Mode

December 2, 1986 4-6



Signetics Linear Products

Product Specification

256 X 8 Static RAM

PCF8570

The dashed line is the acknowledgement of the receiver
Mark-to-space ratio

Maximum number of bytes
Premature termination of transfer
Acknowledge clock bit

START ADDRESS RIW ACK DATA ACK START ADDRESS R/W ACK STOP
CONDITION CONI
WF18540S
Where:
Clock t .owmin 4.7us
tHIGHMin 4us

1:1 (LOW-to-HIGH)

Unrestricted

Allowed by generation of STOP condition
Must be provided by the master

Figure 6. C |

Data Tr

in the High-Speed Mode

Low-Speed Mode

Masters generate a bus clock with a maxi-
mum frequency of 2kHz; a minimum LOW
period of 105us and a minimum HIGH period
of 365us. The mark-to-space ratio is 1:3
LOW-to-HIGH. Detailed timing is shown in
Figure 7.

-

| |
|
tio: tsta tiow tr—1 -
L
- . A\ A
1
tp—] ! — s toar
tHp» toar —> !--
SDA &_
tew tsa ——l }—- ts0 tsr0
WF185508

Where:
tgur t=> 105us (towmin)
tp, tsTA 1> 365us (tHiGHmin)
tLow 130 pst 25ps
tHIGH 390 us+ 25us
tsy. tsta  130us* 25ps*
tvp, tpaT  t> Ous
tsu, T t>250ns
trR t< 1ps
te t< 300ns
tsu, tsto  130pst 25ps
NOTES:

Ali the timing values refer to Vi and V_ levels with a voltage swing of Vgs to Vpp.
For definitions see high-speed mode.

*Only valid for repeated start code.

Figure 7. Timing of the Low-Speed Mode
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Product Specification

256 X 8 Static RAM

PCF8570

-7\

) [ =X \/

VVVVV VvV V-

OONDH'ION

Where:
Clock t.owmin
tHiGHmin
Mark-to-space ratio
Start byte
Maximum number of by
Premature termination of transfer
Acknowiedge clock bit

START BYTE DUMMY REPEATED ADDRESS
ACKNOWLEDGE  START
CONDITION
130us + 25us
390us * 25us
1:3 (LOW-to-HIGH)
0000 0001
6
Not allowed

Must be provided by master
Figure 8. Complete Data Transfer in Low-Speed Mode

ACKNOWLEDGE  STOP
CONDITION

WF18570S
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256 X 8 Static RAM PCF8570

Bus Protocol dressed first. The addressing is always done ferent PCF8570 READ and WRITE cycles is
Before any data is transmitted on the 12C bus, ~ With the first byte transmitted after the start shown in Figure 9.
the device which should respond is ad- Procedure. The 12C bus configuration for dif-

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE
[ s | | staveaooress ‘ofa] | woroaooress | fa] " Coam faje|
o SUATERDORESS , WONDADDRESS . L LI
RIW
L wevees
AUTO INCREMENT
MEMORY WORD ADDRESS
AF04600S

a. Master Transmits to Slave Receiver (WRITE Mode)

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE FROM MASTER
— T — ™ — e T
[s ] , osaveaooress ofa|  womomoomess  |a] s | | saveapomess  1fa] 0 om0 Jap—>
RIW AT THIS MOMENT MASTER "W
"WASTER RECEIVERAND ne
A
PCF8583 SLAVE RECEIVER AoRb AoomEay
BECOMES SLAVE TRANSMITTER
NO ACKNOWLEDGE
FROM MASTER
T
s N MM K1 K2

R

AUTO INCREMENT
'WORD ADDRESS

AF048028

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

ACKNOWLEDGE ACKNOWLEDGE NO ACKNOWLEDGE
FROM SLAVE FROM MASTER FROM MASTER
T T T T
Ls | . staveaooress .}JAI NN N 1Y NN £ R
RIW | |
NBYTES i LAST BYTE
AUTO INCREMENT AUTO INCREMENT
WORD ADDRESS WORD ADDRESS

AF04812S
c. Master Reads Slave Immediately After First Byte (READ Mode)
Figure 9
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Product Specification

256 X 8 Static RAM

PCF8570

APPLICATION INFORMATION
The PCF8570 slave address has a fixed
combination 1010 as group 1, while group 2 is
fully programmable (see Figure 10.)

1|o|1lo|n|71JAo W
~—enouv1-—-—|——enoupz—1

El

AF046208

Figure 10. PCF8570 Address

NOTE:
PCFB8570A version: the slave address AO state is X (don't care); however, the hardware address AO input must still be connected to Vgg or Vpp.

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

Figure 11. PCF8570 Application Diagram

Voo
v,
(1] MASTER
T —| scL TRANSMITTER
[
A0 Voo scL J_
Ola  PCFeST0 =
0 1010 spa
A2 TEST Vss
Voo
1 T UPTO 8 PCF8570
Vop <—] A0 Voo oo WITHOUT ADDITIONAL
a1 PCF8S0 HARDWARE
[] 1010 spa
A2 TEST Vgs
= T v TO Vpp
I
1
Vpp <—] A0 Voo oo RSP
v 1 PCF8570
o0 <— A1 on R: PULL-UP RESISTOR
Vpp <—] A2 TEST v,
b0 ss | p=_tmse
I I Faus
= - SDA SCL
(12C BUS)

TC155108
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256 X 8 Static RAM PCF8570

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

| ¢—————————POWER SAVING MODE ————————»| OPERATING MODE
TEST ypon

l<thp >

—
= XA EeE S

V,
o™
. __\ -—/__lm,
oD - Ipos
WHERE:
>4u8
typ>4us
WF18560S
Figure 12. Timing for Power Saving Mode
+5V O T @
= S 3
= $ 3 3
MICROCOMPUTER 8
5
1 spa Voo 3 v
T ] x 1"
ScL 2 (NICd)
1+ PCDSSTI At <
1
7 Ao
L
_'__‘ TEST Ve
4

TC155408
NOTE:

1. In the operating mode, TEST = 0.

2. In the power saving mode, TEST = Vppp.

Flgure 13. Application Example for Power Saving Mode
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DESCRIPTION

The PCF8571 is a low power 1024-bit
static CMOS RAM organized as 128
words by 8 bits. Addresses and data are
transferred serially via a two-line bidirec-
tional bus (1°C). The built-in word ad-
dress register is incremented automati-
cally after each written or read data byte.
Three address pins — A0, A1, and A2 —
are used for programming the hardware
address, allowing the use of up to eight
devices connected to the bus without
additional hardware.

ORDERING INFORMATION

PCF8571

1K Serial RAM

Product Specification

FEATURES
e Operating supply voltage:
2.5V to 6V

o Low data retention voltage:
min. 1.0V

o Low standby current:
max. 5uA

o Power saving mode:
typ. 50nA

e Serial input/output bus (I°C)

o Address by 3 hardware address
pins

e Automatic word address
incrementing

o 8-lead DIP package

APPLICATIONS

o Telephony
RAM expansion for stored
numbers in repertory dialing
(e.g., PCD3340 applications)

o Radio and television
channel presets

o Video cassette recorder

o General purpose
RAM expansion for the

micro-computer families MAB8400

and PCF84C00

PIN CONFIGURATION

N, D Packages

TOP VIEW
CD11800S

PIN  symMBOL  DESCRIPTION
NO.

1 A0

2 A1 } Address inputs

3 A2

4 Vss Negative supply

5 SDA Serial data line 2

DS S imaire, Jroms

7 TEST Test input for test speed-up; must

be connected to Vsg when not in
use. (Power saving mode, see
Figures 12 and 13)

Positive supply

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

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT

Vop Supply voltage range (Pin 8) -0.8 to +8.0 \
\ Voltage range on any input -0.8 to Vpp +0.8 \"
x| DC input current (any input) 10 mA
tlp DC output current (any output) 10 mA
*Ipp; Iss Supply current (Pin 4 or Pin 8) 50 mA
Pror Power dissipation per package 300 mwW
Po Power dissipation per output 50 mw
Tsta Storage temperature range —-65 to +150 °C
Ta Operating ambient temperature range -25 to +70 °C

December 2, 1986 4-12
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Product Specification

1K Serial RAM

PCF8571

BLOCK DIAGRAM

PCD8574
WORD | now | | MEMORY
ADDRESS L] CELL
REGISTER SELECT ARRAY
Ao ;
MO 3 d 4
A0 1
]
scLo neuT A e COLUMN
SDA FILTER BUS CONTROL SELECT 7] MULTIPLEXER
o 1 ~
POWER RIW
8 SHIFT
Vpp © ON 2 CONTROL
Vwc 4 RESET REGISTER |7 7
8737 4 f
TEST O—] = ,
7

BD07870S

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

LIMITS
SYMBOL PARAMETER UNIT
Min ! Typ ] Max

Supply

Vop Supply voltage 2.5 6 \"

Supply current at fgg = 100kHz; V;=Vss or Vpp

Ibp operating 200 KA
tobo standby 5 uA
VpoR Power-on reset voltage level at VgcL = Vspa = VDD1 1.5 1.9 23 "
Input SCL; input/output SDA

Vi Input voltage LOW2 -0.8 0.3 X Vpp \%
ViH Input voltage HIGH? 0.7 X Vpp Vpp + 0.8

loL Output current LOW at Vo = 0.4V 3 mA
lon Qutput leakage current HIGH at Von = Vpp 100 nA
E4 N Input leakage current (A0, A1, A2) at V| =Vpp or Vsg 100 nA
fscL Clock frequency (Figure 5) 0 100 kHz
C Input capacitance (SCL, SDA) at V| =Vgg 7 pF
tsw Tolerable spike width on bus 100 ns
LOW Vpp data retention

Vbor Supply voltage for data retention 1 \'
Ibpr Supply current at Vppg =1V 2 HA
Power saving mode (Figure 12)

Ipps | Supply current at Tp = 25°C; TEST = A0 = A1 = A2 =VppRr 50 ] 200 nA

NOTES:

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

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

December 2, 1986 4-13
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Product Specification

1K Serial RAM

PCF8571

CHARACTERISTICS OF

THE I°C BUS

The I2C bus is for 2-way, 2-line communica-
tion between different ICs or modules. The
two lines are a serial data line (SDA) and a

serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up
resistor when connected to the output stages
of a device. Data transfer may be initiated
only when the bus is not busy.

Bit Transfer

One data bit is transferred during each clock
pulse. The data on the SDA line must remain
stable during the HIGH period of the clock
pulse, as changes in the data line at this time
will be interpreted as control signals.

Y .

AN

I I —X¢

DATALINE l CHANGE {
STABLE: OF DATA
DATA VALID | ALowep |

Figure 1. Bit Transfer

N T\

WF185008

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

tion of the data line while the clock is HIGH is
defined as the start condition (S). A LOW-to-
HIGH transition of the data line while the

clock is HIGH is defined as the stop condition
(P).

———

o —'ea—-\

—

\

[ P
I SDA

LS}
START CONDITION

|

’ m—\_f

Figure 2. Definition of Start and Stop Conditions

1

8

o=
£l”
al—-—-————
o

Z

g

WF185108

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

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

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

SDA
SCL
MASTER
TRANSMITTER/
RECEIVER

SLAVE
SLAVE MASTER
RECEIVER TRANSMITTER/

RECEIVER

TRANSMITTER

MASTER
TRANSMITTER/
RECEIVER

Figure 3. System Configuration

AF04590S8

December 2, 1986
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1K Serial RAM

PCF8571

Acknowledge

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

lated clock pulse. A slave receiver which is
addressed must generate an acknowledge
after the reception of each byte. Also, a
master must generate an acknowledge after
the reception of each byte that has been
clocked out of the slave transmitter. The
device that acknowledges has to pull down
the SDA line during the acknowledge clock
pulse, so that the SDA line is stable LOW.

During the HIGH period of the acknowledge
related clock pulse, set-up and hold times
must be taken into account. A master receiv-
er must signal an end-of-data to the transmit-
ter by not generating an acknowledge on the
last byte that has been clocked out of the
slave. In this event the transmitter must leave
the data line HIGH to enable the master to
generate a stop condition.

SCL FROM
MASTER

|
|
|

DATA OUTPUT
BY TRANSMITTER

START
CONDITION

CLOCK PULSE FOR
ACKNOWLEDGEMENT

XXX

s

ok

DATA OUTPUT
BY RECEIVER

¢

Figure 4. Acknowledgement on the 12C Bus

/"

WF185208

Timing Specifications
Within the 12C bus specifications a high-
speed mode and a low-speed mode are

defined. The PCF8571 operates in both
modes and the timing requirements are as
follows:

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

o \ [
t
t tupt >te _.I
tgyr—>{ ow > [<=tuptpar tsutpar
-—
A
sCL \ Z
\
-] -t t
thoststa <._i>*_ tsutsta HiGH tsutsto
SDA
WF18930S
Where:
tBuF 2t owmin The minimum time the bus must be free before a new transmission can start
thps tsTA t 2 tyigHmin Start condition hold time
tLoWmin 4.7us Clock LOW period
tHIGHmIn 4us Clock HIGH period
tsu, tsTA 2t owmin Start condition setup time; only valid for repeated start code
tp, toat t>0us Data hold time
tpAT t>250ns Data setup time
tr t<1us Rise time of both the SDA and SCL line
tF t<300ns Fall time of both the SDA and SCL line
tsus tsto t =t owmin Stop condition setup time
NOTE:
All the timing values refer to V| and V;_ levels with a voltage swing of Vgg to Vpp.
Figure 5. Timing of the High-Speed Mode
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1K Serial RAM PCF8571

A W AR VAW B G AL WA AR R W A

LYo

————————— —— e —— ————————— ——
START ADDRESS RIW ACK DATA ACK START ADDRESS R/W ACK STOP
CONDITION CONDITION
'WF18540S

Where:
Clock ti . owmin 4.7us

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

Figure 6. Complete Data Transfer in the High-Speed Mode

Low-Speed Mode

Masters generate a bus clock with a maxi-
mum frequency of 2kHz; a minimum LOW taur
period of 105us and a minimum HIGH period

of 365us. The mark-to-space ratio is 1:3 SDA Z f K—

LOW-to-HIGH. Detailed timing is shown in
Figure 7. Yo tsta tow tr—

R Jl

R e tHIGH———————] tsu toar

tHp: toat
SDA X

14
ﬁ——f_

tsu tsta —-I '-'su"sro
'WF18550S8
Where:
tBUF t=>105u8 (t.owmin)
D, tsTA t > 36548 (tHigHmin)
tow 130us + 25us
tHigH 390us + 25us
tsu tsTA 130ps + 25ps*
D, tpAT t > Ous
tsu, tpaT t > 250ns
R t < 1ps
t t < 300ns
tsus tsTO 130us £ 25ps
NOTES:

All the timing values refer to Vi and V). levels with a voltage swing of Vss to Vpp.
For definitions see high-speed mode.
*Only valid for repeated start code.

Figure 7. Timing of the Low-Speed Mode
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1K Serial RAM PCF8571

-] \ TXECAT
VTV VUV VTV

START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE  STOP
CONDITION ACKNOWLEDGE  START CONDITION
CONDITION
WF18570S

Where:
Clock towmin 130us + 25us

tHIGHmin 390us * 25ps
Mark-to-space ratio 1:3 (LOW-to-HIGH)
Start byte 0000 0001
Maximum number of bytes 6
Premature termination of transfer Not allowed
Acknowledge clock bit Must be provided by master

Figure 8. Compi Data Transfer in the Low-Speed Mode
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Product Specification

1K Serial RAM

PCF8571

Bus Protocol
Before any data is transmitted on the I12C bus,
the device which should respond is ad-

dressed first. The addressing is always done
with the first byte transmitted after the start
procedure. The 12C bus configuration for dif-

ferent PCF8571 READ and WRITE cycles is
shown in Figure 9.

ACKNOWLEDGE E ACKNOWLEDGI
Flloulnuva FROM SLAVE anm.mzE
(& | | suledboress Z;IAIXTJWMNT M Y NN N D |
RIW
l—nmss
AUTO INCREMENT
MEMORY WORD ADDRESS
AF04640S
a. Master Transmits to Slave Receiver (WRITE mode)
ACKNOWLEDGE ACKNOWLEDGE OWLE! NOWL
FROM SLAVE FROM SLAVE A RO SLAVE FROMMASTER.
Ls | . svedooress’ [ofaTx7 ‘worosooress | [a] s | | scaesomess [a] . o omal T T Ja}--
RIW RIW
AT THIS MOMENT MASTER
et -
AND AUTO INCREMENT
PCF 8571
BECOMES SLAVE TRANSMITTER WORD ADDRESS
NO ACKNOWLEDGE
FROM MASTER
S I NN K1 2
L—ustms-——'

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

AF04642S

NOTE:
X=don't care bit

ACKNOWLEDG
el i e
Ls | .  suveaooness f'fIATZ o, el T TTeTe]
w
" ’_NIVTES I—LASI'!YTE-—}
AUTO INCREMENT
'WORD ADDRESS

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

Figure 9

AF048508

December 2, 1986
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1K Serial RAM

PCF8571

APPLICATION INFORMATION
The PCF8571 slave address has a fixed
combination 1010 as group 1, while group 2 is
fully programmable (see Figure 10).

1lo|1loLA2|A1[Ao HIWI

“—GROUPI——**-—GROUF 24

AF046208

Figure 10. PCF8571 Address

NOTES:

Voo
Vpp SDA
MASTER
T scL TRANSMITTER
0
A0 Vop
oy poresm SOt -L-
4010’
2 a2 Test VSSS DA
Voo
1
v m UP TO 8 PCF 8571
oo *—] A0 oDy SCL WITHOUT ADDITIONAL
Al 5 < | HARDWARE
[} 010" spa
A2 TEST Vss
Voo TOVpp
PCF T
Voo <—] A0 Voo scL N
v Y  POFESM
o ~— o o R: PULL-UP RESISTOR
Vop A2 TEST Vss taise
| p=_RISE
T I e
- - SDA SCL
(C BUS)

TC15531S

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

Figure 11. PCF8571 Application Diagram
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PCF8571

POWER SAVING MODE

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

A1
o the

TEST

je————————POWER SAVING MODE————»

OPERATING MODE

o

N

T\

e thp+]

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

Figure 13. Application Example for Power Saving Mode

Iops
WF185808
Where:
tsy =>4pus
thp = 4us
Figure 12. Timing for Power Saving Mode
+5V O ‘E
AL N’/ | L
:—!: $ 3 S
= s b3 i»
MICROCOMPUTER 8
5
I soa Voo 3 v
—— x + Vo
} ¢ scL _T_ (1'-“2'041
—1— porast a1 | L
1
7 A0
L
F TEST Ves
4
TC155418
NOTES:

December 2, 1986
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DESCRIPTION

The PCF8573 is a low threshold, mono-
lithic CMOS circuit that functions as a
real-time clock/calendar in the Inter IC
(12C) bus-oriented microcomputer sys-
tems. The device includes an address-
able time counter and alarm register,
both for minutes, hours, days and
months. Three special control/status
flags, COMP, POWF and NODA, are
also available. Information is transferred
serially via a two-lin bidirectional bus
(12C). Back-up for the clock during sup-
ply interruptions is provided by a 1.2V
nickel cadmium battery. The time base is
generated from a 32.768kHz crystal-
controlled oscillator.

ORDERING INFORMATION

PCF8573

Clock/Calendar With Serial 1/0

Product Specification

FEATURES

e Serial input/output bus (12C)
interface for minutes, hours,
days and months

e Additional pulse outputs for
seconds and minutes

e Alarm register for presetting a
time for alarm or remote
switching functions

o Battery back-up for clock
function during supply
interruption

e Crystal oscillator control
(32.768kHz)

APPLICATIONS
e Automotive
o Telephony

PIN CONFIGURATION

N, D Packages

TOP VIEW
co10281S
DESCRIPTION

PIN NO. SYMBOL
A0 Address input

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-38) -40°C to +85°C PCF8573PN
16-Pin Plastic SOL (SOT-162A) -40°C to +85°C PCF8573T

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vop Supply voltage range (clock) -03to 8 v
Vss2 Supply voltage range (12C interface) -03to 8 \
Iin Input current 10 mA
lout Output current 10 mA
Pp Maximum power dissipation per package 200 mw
Ta Operating ambient temperature range -40 to +85 °C
Tsta Storage temperature range -65 to +150 °C

February 10, 1987 4-21

1

2 Al Address input

3 COMP  Comparator output

4 SDA Serial data line }IZC

5 SCL  Serial clock line §!"C DUS

6 EXTPF  Enable power fail flag
input

7 PFIN Power fail flag input

8 Vssz  Negative supply 2 (1°C
interface)

9 MIN One pulse per minute
output

10 SEC One pulse per second
output

1 FSET Oscillator tuning output

12 TEST  Test input; must be
connected to Vssz
when not in use

13 0OSCl Oscillator input

14 OSCO  Oscillator input/output

15 Vsst Negative supply 1 (clock)

16 Voo Common positive supply

853-1170 87544
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Clock/Calendar With Serial 1/O

PCF8573

BLOCK DIAGRAM

FSET MIN  SEC Voo
Q
11 9 10 16
I Ls I
=15V
0SCO 14
L SECONDS
PRESCALER POWER-ON 15
32768 kHz [ 13 OSCILLATOR |~ 1215 co]u:rggn i RESET Vss
0SCI Ls
cr
[ | % 8
Voo __] Vss2
4 . 5
SDA O——<—>- | 0 EXTPF
> TIME COUNTER
scL 0= «»C: DAYS =\ 1oNTHS
MINUTES — HOURS —— DATE <—
PFIN
s ! : ] J
COMPARATOR —-I Ls 3 o comp
> 2c 1 T 1 1
INPUT
FILTER BUS 12
CONTROL ALARM REGISTER Ls -0 TEST
Ls LEVEL SHIFTER
1 2
[ [
A0 A1

BD03481S.
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Clock/Calendar With Serial 1/0O

PCF8573

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

Ta= +25°C.
LIMITS
SYMBOL PARAMETER UNIT
Min ] Typ | Max
Supply
Vpp - Vss2 Supply voltage (12C interface) 25 5 6.0 \
Vop - Vsst Supply voltage (clock) 1.1 1.5 (Vpp - Vss2) \"
Supply current Vggy
-lsst at Vpp-Vss1 = 1.5V 3 10 MA
—lss1 at Vpp - Vss1 =5V 12 50 Py
Supply current Vggp
at Vpp-Vss2 =5V
~lgs2 (lo=0mA on all outputs) 50 MA
Inputs SCL, SDA, A0, A1, TEST
ViH Input voltage HIGH 0.7 X Vpp Vv
Vi Input voltage LOW 0.3 X Vpp \
Input leakage current
| at V)= Vgsz to Vpp 1 MA
Inputs EXTPF, PFIN
ViH-Vssi Input voltage HIGH 0.7 X (Vpp - Vss1) \
Vi~ Vss1 Input voltage LOW 0 0.3 X (Vpp - Vss1) '
Input leakage current
£ at V|=Vggy to Vpp 1 MA
at Tp = 25°C;
|, V)= Vsgs1 to Vpp 0.1 MA
Outputs SEC, MIN, COMP, FSET (normal buffer outputs)
Output voltage HIGH
at Vpp—-Vss2 =2.5V;
VoH -lop=0.1mA Vpp-0.4 \
at Vpp-Vss2 =4 to 6V;
VoH -lp=0.5mA Vpp-0.4 \
Output voltage LOW
at Vpp-Vss2 =25V,
VoL lo =0.3mA 0.4 \
at Vpp-Vssz2 =4 to 6V;
Vor lo=1.6mA 0.4 \"
Output SDA (N-Channel open drain)
Output 'ON': lp =3mA
VoL at Vpp-Vss2=2.5 to 6V 0.4 \"
Output 'OFF' (leakage current)
lo at Vpp-Vss2 =6V; Vo =6V 1 MA
Internal Threshold Voltage
VTH1 Power failure detection 1 1.2 14 \"
Power 'ON' reset
VTH2 at VscL = Vspa = Vop 15 2.0 2.5 \'Z

February 10, 1987
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Clock/Calendar With Serial 1/0 PCF8573

AC ELECTRICAL CHARACTERISTICS Vggp = 0V; Tp=-40 to + 85°C, unless otherwise specified. Typical values at

Ta= +25°C.
LIMITS
SYMBOL PARAMETER UNIT
Min | Typ J Max
Rise and Fall Times of Input Signals
tr, t¢ Input EXTPF 1 us
tr tF Input PFIN had us
Input signals except EXTPF and PFIN
between V_ and V|4 levels
tr rise time 1 MS
tr fall time 0.3 us
Frequency at SCL
at Vpp-Vsgs2 =4 to 6V
tow Pulse width LOW (see Figures 7 and 9 4.7 us
tHigH Pulse width HIGH (see Figures 7 and 9 4 us
t Noise suppression time constant at SCL and SDA input 0.25 1 25 us
CIN Input capacitance (SCL, SDA) 7 pF
Oscillator
Cout Integrated oscillator capacitance 40 pF
Re Oscillator feedback resistance 3 MQ
Oscillator stability for:
A(Vpp - Vss1) = 100mV
at Vpp—-Vssy = 1.55V;
t/fosc Ta=25°C 2% 10%°
Quartz crystal parameters
Frequency = 32.768 kHz
Rs Series resistance 40 k2
CL Parallel capacitance 9 pF
Cr Trimmer capacitance 5 25 pF
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Clock/Calendar With Serial 1/0

PCF8573

A

[}
L
T
|
b
T
|
|
|

| DATA LINE CHANGE
STABLE: | oF pata |
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Figure 1. Bit Transfer

WF16980S

Table 1. Cycle Length of the Time Counter

UNIT NUMBER OF BITS | COUNTING CYCLE | CARRY FOR FOLLOWING | CONTENT OF MONTH COUNTER
UNIT
Minutes 7 00 to 59 59 — 00
Hours 6 00 to 23 23 - 00
Days 6 01 to 28 28 — 01
or 29 - o 2 (see note)

01 to 30 30 - 01 4,6, 9 1

01 to 31 31 - 01 1,3, 5,7, 8, 10, 12
Months 5 01 to 12 12 5 01

NOTE: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS.

FUNCTIONAL DESCRIPTION

Oscillator

The PCF8573 has an integrated crystal-con-
trolled oscillator which provides the time base
for the prescaler. The frequency is deter-
mined by a single 32.768kHz crystal connect-
ed between OSCI and OSCO. A trimmer is
connected between OSCI and Vpp.

Prescaler and Time Counter

The prescaler provides a 128Hz signal at the
FSET output for fine adjustment of the crystal
oscillator without loading it. The prescaler
also generates a pulse once a second to
advance the seconds counter. The carry of
the prescaler and the seconds counter are
available at the outputs SEC and MIN, re-
spectively, and are also readable via the 12C
bus. The mark-to-space ratio of both signals
is 1:1. The time counter is advanced one
count by the falling edge of output signal MIN.
A transition from HIGH to LOW of output
signal SEC triggers MIN to change state. The
time counter counts minutes, hours, days and
months, and provides a full calendar function
which needs to be corrected once every four
years. Cycle lengths are shown in Table 1.

Alarm Register

The alarm register is a 24-bit memory. It
stores the time-point for the next setting of
the status flag COMP. Details of writing and
reading of the alarm register are included in
the description of the characteristics of the
12C bus.

February 10, 1987

Table 2. Power Fail Selection

EXTPF PFIN FUNCTION
0 0 Power fail is sensed internally
0 1 Test mode
1 0 Power fail is sensed externally
1 1 No power fail sensed
NOTE:

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

Comparator

The comparator compares the contents of
the alarm register and the time counter, each
with a length of 24 bits. When these contents
are equal, the flag COMP will be set 4ms after
the falling edge of MIN. This set condition
occurs once at the beginning of each minute.
This information is latched, but can be
cleared by an instruction via the 12C bus. A
clear instruction may be transmitted immedi-
ately after the flag is set, and then it will be
executed. Flag COMP information is also
available at the output COMP. The compari-
son may be based upon hours and minutes
only if the internal flag NODA (no date) is set.
Flag NODA can be set and cleared by sepa-
rate instructions via the I2C bus, but it is
undefined until the first set or clear instruction
has been received. Both COMP and NODA
flags are readable via the 12C bus.

Power On/Power Fail Detection
If the voltage Vpp - Vg1 falls below a certain
value, the operation of the clock becomes
undefined. Thus, a warning signal is required
to indicate that faultless operation of the
clock is not guaranteed. This information is

4-25

latched in a flag called POWF (Power Fail)
and remains latched after restoration of the
correct supply voltage until a write procedure
with EXECUTIVE ADDRESS has been re-
ceived. The flag POWF can be set by an
internally-generated power fail level-discrimi-
nator signal for application with (Vpp - Vss1)
greater than Vry4, or by an externally-gener-
ated power fail signal for application with
(Vpbp-Vss1) less than Vyyi. The external
signal must be applied to the input PFIN. The
input stage operates with signals of any slow
rise and fall times. Internally-or externally-
controlled POWF can be selected by input
EXTPF as shown in Table 2.

The external power fail control operates by
absence of the Vpp - Vgs2 supply. Therefore,
the input levels applied to PFIN and EXTPF
must be within the range of Vpp-Vssi. A
LOW level at PFIN indicates a power fail.
POWF is readable via the I1°C bus. A power-
on reset for the 12C bus control is generated
on-chip when the supply voltage Vpp - Vss2
is less than Vyo.
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Interface Level Shifters

The level shifters adjust the 5V operating
voltage (Vpp - Vss2) of the microcontroller to
the internal supply voltage (Vpp - Vss1) of the
clock/calendar. The oscillator and counter
are not influenced by the Vpp - Vsga supply
voltage. If the voltage Vpp~Vss2 is absent
(Vss2 = Vpp) the output signal of the level
shifter is HIGH because Vpp is the common
node of the Vpp-Vss2 and the Vpp - Vssy
supplies. Because the level shifters invert the
input signal, the internal circuit behaves as if
a LOW signal is present on the inputs. FSET,
SEC, MIN and COMP are CMOS push-pull
output stages. The driving capability of these
outputs is lost when the supply voltage
Vpp-Vss2=0.

CHARACTERISTICS OF THE I2C
BUS

The 12C bus is for 2-way, 2-line communica-
tion between different ICs or modules. The
two lines are a serial data line (SDA) and a
serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up
resistor when connected to the output stages
of a device. Data transfer may be initiated
only when the bus is not busy.

Bit Transfer (see Figure 1)

One data bit is transferred during each clock
pulse. The data on the SDA line must remain
stable during the HIGH period of the clock
pulse as changes in the data line at this time
will be interpreted as control signals.

Start and Stop Conditions

(see Figure 2)

Both data and clock lines remain HIGH when
the bus is not busy. A HIGH-to-LOW transi-
tion of the data line while the clock is HIGH is
defined as the start condition (S). A LOW-to-
HIGH transition of the data line while the
clock is HIGH is defined as the stop condition
(P).

System Configuration

(see Figure 3)

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

Acknowledge (see Figure 4)

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

put on the bus by the transmitter whereas the
master generates an extra acknowledge-re-
lated clock pulse. A slave receiver which is
addressed must generate an acknowledge
after the reception of each byte. Also a
master must generate an acknowledge after
the reception of each byte that has been
clocked out of the slave transmitter. The
device that acknowledges has to pull down
the SDA line during the acknowledge clock
pulse. So that the SDA line is stable LOW
during the HIGH period of the acknowledge
related clock pulse, setup and hold times
must be taken into account. A master receiv-
er must signal an end of data to the transmit-
ter by not generating an acknowledge on the
last byte that has been clocked out of the
slave. In this event, the transmitter must leave
the data line HIGH to enable the master to
generate a stop condition (see Figures 11
and 12).

Timing Specifications

Within the I2C bus specifications a high-
speed mode and a low-speed mode are
defined. The PCF8573 operates in both
modes and the timing requirements are as
follows:

High-Speed Mode — Masters generate a
bus clock with a maximum frequency of
100kHz. Detailed timing is shown in Figure 5.

r—=" r—
—— ] — ' ——

SDA | I | | SDA
| t +/ |
| | | |
- — —— + '
T 1

scL | s | \ / | e | scL
| | | |
e —— | R —

START STOP

CONDITION CONDITION

'WF16970S

Figure 2. Definition of Start and Stop Conditions
SDA
1 I I I
MASTER SLAVE MASTER
SLAVE MASTER
TRANSMITTER/ RECEIVER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
BD03450S
Figure 3. System Configuration
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START

CONDITION

SCL FROM
MASTER

|

CLOCK PULSE FOR
ACKNOWLEDGEMENT

| —_—
DATA OUTPUT
BY TRANSMITTER l
s
DATA OUTPUT
BY RECEIVER
WF168408
Figure 4. Acknowledgement on the I1°C Bus
SDA
taur ~ tow t
- —
SCL
1 thp tsma — thiaH
tr fe— —
thp: toar toar
SDA [
— tsptsa — e
sutsro
WF20540S
Where:
tsur 12t owmin The minimum time the bus must be free before a new transmission can start
o, tsTA 2 tigHmin Start condition hold time
tLowmin 4.7us Clock LOW period
tHiGHmin 4ps Clock HIGH period
tsu, tsTA t =t owmin Start condition setup time, only valid for repeated start code
tHo, toat t=>0us Data hold time
tsus toat t=250ns Data setup time
ta t<ius Rise time of both the SDA and SCL line
te t<300ns Fall time of both the SDA and SCL line
tsu, tsto t2 tLowmin Stop condition setup time

NOTE:
1. All the values refer to Vi and Vj_ levels with a voitage swing of Vpp to Vgsa.

Figure 5. Timing of the High-Speed Mode

February 10, 1987
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ST\ LT

START ADDHESS RW ACK DATA ACK START ADDRESS RW ACK STOP
CONDITION CONDITION
'WF168208
Where:
Clock tLowmin 4.7us
tHIGHmMin aps
The dashed line is the acknowledgement of the receiver
Mark-to-space ratio 1:1 (LOW-to-HIGH)
Max. number of bytes unrestricted
Premature termination of transfer allowed by generation of STOP condition
Acknowledge clock bit must be provided by the master

Figure 6. Complete Data Transfer in the High-Speed Mode

Low-Speed Mode — Masters generate a a minimum LOW period of 105us and a space ratio is 1:3 LOW-to-HIGH. Detailed
bus clock with a maximum frequency of 2kHz;  minimum HIGH period of 365us. The mark-to-  timing is shown in Figure 7.

SDA ’
[+ taur—] tow tr—]
scL 1
— tup tera ; thiH el o tsw toar
]
Yo 'oAr
SDA [
—l tsptsma JE B P
tswtsto
'WF20550S
Where:
tauF t=105us (t owmin)
tp, tsTA £2>365u8 (tHiGHmin)
tLow 130pus + 25us
tHIGH 390us + 25us
tsu, tsTa 130us + 25us*
tup, toaT t=>0ps
tsu, toat t>250ns
tR t<ius
tr t<300ns
tsus tsTo 130ps + 25us
*Only valid for repeated start code.
NOTE:
1. All the values refer to V|4 and V|_ levels with a voltage swing of Vpp to Vgsp; for definitions see high-speed mode.
Figure 7. Timing of the Low-Speed Mode
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oa \ , \ ’ x RIW ’ \ f
~——
START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE  STOP
OONNTION ACKNOWLEDGE  START CONDITION
CONDITION .
WF18570S
Where:
Clock t.owmin 130us + 25us
tHIGHmin 390us * 25us
Mark-to-space ratio 1:3 (LOW-to-HIGH)
Start byte 0000 0001
Maximum number of bytes 6
Premature termination of transfer not allowed
Acknowledge clock bit must be provided by master
NOTE:
1. The general i and detailed sp of the 1°C bus are described in a separate data sheet
(serial data buses) in handbook: /Cs for digital systems in radio, audio and video equipment.
Figure 8. Complete Data Transfer in the Low-Speed Mode
ADDRESSING
Before any data is transmitted on the 12C bus, MSB LSB
the device which should respond is ad-
dressed first. The addressing is always done Tpr ot |0 M| ko RW
with the first byte transmitted after the start roeasos
procedure.
Figure 9. Slave Address
Slave Address

The clock/calendar acts as a slave receiver
or slave transmitter. Therefore, the clock
signal SCL is only an input signal, but the data
signal SDA is a bidirectional line. The clock
calendar slave address is shown in Figure 9.

The subaddress bits A0 and A1 correspond
to the two hardware address pins A0 and A1
which allows the device to have 1 of 4
different addresses.

Clock/Calendar READ/WRITE
Cycles

The 12C bus configuration for different clock/
calendar READ and WRITE cycles is shown
in Figures 10 and 11.

The write cycle is used to set the time
counter, the alarm register and the flags. The
transmission of the clock/calendar address is

followed by the MODE-POINTER-WORD
which contains a CONTROL-nibble (Table 3)
and an ADDRESS-nibble (Table 4). The AD-
DRESS-nibble is valid only if the preceding
CONTROL-nibble is set to EXECUTE AD-
DRESS. The third transmitted word contains
the data to be written into the time counter or
alarm register.

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE
R/W LSB
‘I:LOICKIEA{EN‘DM; vt N
S ADDRESS 0lA MODE POINTER DATA Al P
| I | ) I T Y S N | 1 Ll
n BYTES
(n=0,1,2..)
AUTO INCREMENT
OF B1, B0
0 |c2|c1|co| 0 |B2|B1|BO

Figure 10. Master Transmitter Transmits to Clock/Calendar Slave Receiver

DF06260S
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Table 3. CONTROL-nibble

At the end of each data word the address bits

B1, BO will be incremented automatically
provided the preceding CONTROL-nibble is

set to EXECUTE ADDRESS. There is no
carry to B2.

Table 5 shows the placement of the BCD
upper and lower digits in the DATA byte for
writing into the addressed part of the time
counter and alarm register, respectively.

Acknowledgement response of the clock cal-

C2{C1|CO | FUNCTION
00| O[O | Execute address
0|00} 1 | Read control/status flags
0| 0| 1|0 | Reset prescaler, including seconds counter; without carry for minute
counter
0{0[1]|1 | Time adjust, with carry for minute counter
0|1)0]0 | Reset NODA flag
0|1(|0]|1 | Set NODA flag
0|1]1]0 | Reset COMP flag
NOTE:

endar as slave receiver is shown in Table 6.

1. If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30 sec. From

the count 30 there is a carry which adjusts the time by max. +30 sec.

Table 4. ADDRESS-nibble Table 5. Placement of BCD Digits in the DATA Byte
B2 | B1|{B0| ADDRESSED TO: MSB DATA LsSB
0 [0 0|0 |Time counter hours UPPER DIGIT LOWER DIGIT
0 (0] 0 |[1 [Time counter minutes
o|o/|1]|0]Tme counter days ub uc uB UA LD LC LB LA ADDRESSED TO:
0 | 0| 1|1 [Time counter months X X D D D D D D Hours
0 | 1] 0|0 | Alarm register hours X D D D D D D D Minutes
0 | 1] 0|1 [Alarm register minutes X X D D D D D D Days
0 | 1] 1|0 |Alarm register days X X X D D D D D Months
0 | 1] 1|1 [Alarm register months NOTE:
1. Where "X" is the don't care bit and "D" is the data bit.
ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE FROM MASTER NO ACKNOWLEDGE'"
RW RW ¥ MSB LSE‘MSB LSB
AL A L L L L T 7T 1T 7 LR L L L L
s | CLOCKICALENDAR 1o )a MODE POINTER Al s | CLOCKCAENDAR 111a DATA A DATA 1|e
bl | N T T . | T N | A S U W T T | § I T U O T |
] ]
| |
AT THIS MOMENT MASTER (n - 1) BYTES t " BYTE |
TRANSMITTER BECOMES
MASTER RECEIVER AND
CLOCK/CALENDAR
BECOMES SLAVE TRANSMITTER AUTO INCREMENT AUTO INCREMENT
OF B1, B0 OF B1, BO
DF06240S
NOTE:
The master receiver must signal an end-of-data to the slave transmitter by not generating an acknowledge on
the last byte that has been clocked out of the slave.
Figure 11. Master Transmitter Reads Clock/Calendar After Setting Mode Pointer
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ACKNOWLEDGE ACKNOWLEDG
FROM SLAVE FROM MASTER("
RW ‘ MSB LSB *
s C‘LOEKIICAllENbAFIl A v DA‘TA' v alp
ADDRESS
L1 1 1 L1 1t 1
| |
- n BYTES——»-{
AUTO INCREMENT
OF B1, BO

DF06270S

NOTE:
The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been clocked out of the slave.

Figure 12. Master Reads Clock/Calendar Immediately After First Byte

To read the addressed part of the time digits in the DATA byte are organized as changed until a write to MODE POINTER
counter and alarm register, plus information shown in Table 7. conditon occurs.
from specified control/status flags, the BCD The status of the MODE-POINTER-WORD

concerning the CONTROL-nibble remains un-

Table 6. Slave Receiver Acknowledgement

ACKNOWLEDGE ON BYTE
MODE POINTER Address Mode pointer Data
c2|c1|cCo B2 | B1 | BO

0 ojo0o|[O0|O0|X|[X]|X yes yes yes
0 ojoj|o0]1 Xt X|X yes no no
0 ofO0} 1| X |X]|X]X yes yes no
0 o1 ]Oo | X|X|X]|[X yes yes no
0 0|1 1| X[ X|X]|X yes yes no
0 1100 | X|X]|X|X yes yes no
0 1101 | X|[X]|X|X yes yes no
0 1110 X]|X]|X]|X yes yes no
0 1 1 1 X[ X|X|X yes no no
1 X{X|{X| X[ X]|X]|X yes no no

NOTE:
1. Where "'X" is the don't care bit.

Table 7. Organization of the BCD Digits in the DATA Byte

MSB DATA LsB
UPPER DIGIT LOWER DIGIT ADDRESSED TO:

UD |UC |UB|UA|LD| LC LB LA

0 0 D D D D D D Hours

0 D|D|D]|D D D D Minutes

0 0 D|D| D D D D Days

0 0 0 D| D D D D Months

0 0 0 * ** | NODA | COMP | POWF | Control/status flags

NOTES:
1. Where: "D" is the data bit, * = minutes, ** = seconds.
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APPLICATION INFORMATION

(i) °
@ +5V
<n<
R: PULL-UP RESISTOR | SRZR
3
v
oo MASTER DEVICE
PCD8571 MICROCONTROLLER
128 x 8-BIT STATIC CMOS RAM scL
L L
32.768 kHz
DLEN1
3 |
3R u 1
Cr PCE2111
64 LCD
EXTPF Vop 0SCO oscl SEGMENT DRIVER
SDA
PFIN PCF8573
scL
A0 A1 Vg, TEST Vgg,
‘)
= (NiCa) T
, .
oy e R,,,: RESISTOR FOR
PERMANENT CHARGING
IMPEDANCE
=6 &
= 2. °
1’c BUS

BD03461S

Figure 13. Application Example of the PCF8573 Clock/Calendar

savo o
N

"

+1.5V

I

SDA
I I SCL
SCL SDA Vpp SCL SDA Vpp ¢ SCL SDA Vpp
A0 PCF8573
MASTER Al oscCl
MICRO- TEST = PCDB571
CONTROLLER PFIN
EXTPF  0SCO
%s[s Vss2 Vss1 Vss
TC11481S

Figure 14. Application Example of the PCF8573 With Common Vggy and Vss2 Supply
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DESCRIPTION

The PCF8574 is a single-chip silicon
gate CMOS circuit. It provides remote
1/0 expansion for the MAB8400 and
PCF8500 microcomputer families via the
two-line serial bidirectional bus (I2C). It
can also interface microcomputers with-
out a serial interface to the 12C bus (as a
slave function only). The device consists
of an 8-bit quasi-bidirectional port and an
12C interface.

The PCF8574 has low current consump-
tion and includes latched outputs with
high current drive capability for directly
driving LEDs. It also possesses an inter-
rupt line (INT) which is connected to the
interrupt logic of the microcomputer on
the 12C bus. By sending an interrupt
signal on this line, the remote 1/0 can
inform the microcomputer if there is
incoming data on its ports without having
to communicate via the 12C bus. This
means that the PCF8574 can remain a
simple slave device.

ORDERING INFORMATION

PCF8574

8-Bit Remote 1/O Expander

Product Specification

FEATURES

e Operating supply voltage: 2.5V to
6V

e Low standby current
consumption: max. 10uA

o Bidirectional expander

e Open-drain interrupt output

e 8-bit remote 1/0 port for the I°C
bus

o Peripheral for the MAB8400 and
PCF8500 microcomputer families

e Latched outputs with high
current drive capability for
directly driving LEDs

o Address by 3 hardware address
pins for use of up to 8 devices
(up to 16 possible with mask
option)

PIN CONFIGURATION

PIN NO.

CONOOHWN -

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-38) -40°C to +85°C PCF8574PN
16-Pin Plastic SO package —40° o

(SO16L; SOT-162A) 40°C to +85°C PCF8574TD
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vop Supply voltage range -0.5to +7 \"
. Vgs-0.5 to
Vi Input voltage range (any pin) Voo + 0.5 \"
x| DC current into any input 20 mA
tlo DC current into any output 25 mA
+1pp; Iss Vpp or Vgs current 100 mA
Prot Total power dissipation 400 mwW
Po Power dissipation per output 100 mw
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -40 to +85 °C
December 2, 1986 4-33

N, D Packages

TOP VIEW
CDO07880S

SYMBOL DESCRIPTION
A0
Al Address inputs
A2
PO
P1 8-bit quasi-bidirectional
P2 170 ports
P3
Vss
P4
P5 8-bit quasi-bidirectional
P6 170 ports
P7
INT Interrupt output
SCL Serial clock line
SDA Serial data line
Voo Positive supply

853-1037 86701
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BLOCK DIAGRAM

S| e
1
T o INTERRUPT |«—] LPFuLTER
1
A0 0 4
2 o PO
A1 O 5
2ol o Pl
6
3 o
soLo™ LA
L >
INPUT 12C BUS SHIFT “ 1o
15 —>1 BBIT s
oA O~ . FILTER CONTROL REGISTER ~ PORTS om
l 10
o P5
"
I o P8
F 12
o P7
= WRITE PULSE 13
16 READ PULSE
Voo O ; poweroN [
Ve O RESET
BD04630S

WRITEPULSE Voo
J:}j;_j n
smnmnaafg% b a I—l 4
FF
Ggp@ 3 {poToP7
oo LI:{ f

Vss

READ PULSE o——:-D S q
DATATO ___‘D— TO INTERRUPT
SHIFT REGISTER © ‘ 7. Logic

LD075208

Figure 1. Simplified Schematic Diagram of Each Port
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DC ELECTRICAL CHARACTERISTICS vpp =25 to 6V; Vgg =0V; To=-40°C to +85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ J Max
Supply (Pin 16)
Vop Supply voltage 25 6 Vv
Supply current at Vpp = 6V; no load, inputs at Vpp, Vss
Ibp operating 100 A
lobo standby 10 MA
VRer Power-on reset voltage level' 1.3 24 Vv
Input SCL; input/output SDA (Pins 14; 15)
ViL Input voltage LOW -0.5V 0.3Vpp \
Vin Input voitage HIGH 0.7Vpp Vpp + 0.5 "
loL Output current LOW at Vg = 0.4V 3 mA
m Input/output leakage current 100 nA
fscL Clock frequency (See Figure 6) 100 kHz
ts Tolerable spike width at SCL and SDA input 100 ns
G Input capacitance (SCL, SDA) at V| = Vgg 7 pF
| 170 ports (Pins 4 to 7; 9 to 12)
Vi Input voltage LOW -0.5V 0.3Vpp \"
Vi Input voltage HIGH 0.7Vpp Vpp + 0.5V \
£l M?/Ti;txDaILc:wzl\/igzut current through protection diode at 400 vA
loL Output current LOW at Vo = 1V; Vpp=2.5V 5 mA
-lon Output current HIGH at Vou = Vgg (current source only) 30 100 300 MA
—lont Tr?:ier’w:tigzt:lel-tﬂ )c::r?lr:;”lﬂ(\ill-slsduring acknowledge 05 mA
Ci/o Input/output capacitance 10 pF
Port timing; C, < 100pF (see Figures 10 and 11)
tpv Output data valid 4 us
tes Input data setup 0 us
tPH Input data hold 4 us
Interrupt INT (Pin 13)
loL Output current LOW at Vg = 0.4V 1.6 mA
lionl Output current HIGH at Vo = Vpp 100 nA
INT timing; C_ < 100pF (see Figure 11)
tiv Input data valid 4 us
tR Reset delay 4 us
Select inputs A0, A1, A2 (Pins 1 to 3)
ViH Input voltage LOW -0.5v 0.3Vpp
Vi Input voltage HIGH 0.7Vpp Vpp + 0.5V \"
Il Input leakage current at V| =Vpp or Vgs 100 nA
NOTE:

1. The power-on reset circuit resets the 12C bus logic with Vpp < VRer and sets all ports to logic 1 (input mode with current source to Vpp).
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CHARACTERISTICS OF THE I12C
BUS

The I2C bus is for 2-way, 2-line communica-
tion between different ICs or modules. The
two lines are a serial data line (SDA) and a

serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up
resistor when connected to the output stages
of a device. Data transfer may be initiated
only when the bus is not busy.

Bit Transfer

One data bit is transferred during each clock
pulse. The data on the SDA line must remain
stable during the HIGH period of the clock
pulse, as changes in the data line at this time
will be interpreted as control signals.

SsCL

N\

WF185008

ll DATA LINE : CHANGE {
STABLE: OF DATA
| DATA VALID | ALLOWED |

Figure 2. Bit Transfer

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

clock is HIGH is defined as the stop condition
(P).

tion of the data line while the clock is HIGH is
defined as the start condition (S). A LOW-to-
HIGH transition of the data line while the

adom

ANV mat

R
|

_.gg_.LJ_\_—/__q —
scL I m scL
s | p |
L2 L—_J

START CONDITION STOP CONDITION

Figure 3. Definition of Start and Stop Conditions

WF185108

System Configuration

"'receiver''. The device that controls the mes- are controlled by the master are the

A device generating a message is a "trans- Sage is the "master" and the devices which  "slaves''.
mitter''; a device receiving a message is the
SDA
scL
MASTER SLAVE MASTER
TRANSMITTER/ I TransmiTTer) | | MASIER 1 | rRansmiTTeR:
RECEIVER RECEIVER RECEIVER

AF045808

Figure 4. System Configuration
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Acknowledge

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

lated clock pulse. A slave receiver which is
addressed must generate an acknowledge
after the reception of each byte. Also, a
master must generate an acknowledge after
the reception of each byte that has been
clocked out of the slave transmitter. The
device that acknowledges has to pull down
the SDA line during the acknowledge clock
pulse, so that the SDA line is stable LOW

during the HIGH period of the acknowledge.
Related clock puise, setup and hold times
must be taken into account. A master receiv-
er must signal an end of data to the transmit-
ter by not generating an acknowledge on the
last byte that has been clocked out of the
slave. In this event the transmitter must leave
the data line HIGH to enable the master to
generate a stop condition.

START

CONDITION

SCL FROM
MASTER 1 2

CLOCK PULSE FOR
ACKNOWLEDGEMENT

DATA OUTPUT
BY TRANSMITTER

s

DATA OUTPUT
BY RECEIVER

Figure 5. Acknowledgement on the 12C Bus

/"

WF185208

Timing Specifications

Within the 1°C bus specifications a high-
speed mode and a low-speed mode are
defined. The PCF8574 operates in both
modes and the timing requirements are as
follows:

High-Speed Mode
Masters generate a bus clock with a maxi-
mum frequency of 100kHz. Detailed timing is
shown in Figure 6.

December 2, 1986

Y
SDA .’- \
N | te
taur Low [ tho toar tsutpar
\ _z\
-] -ty
. tgut
uortsTA e —tsytsra HIGH swisto
SDA
WF169308

The minimum time the bus must be free before a new transmission can start

Where:

taur =Y owmin

tip; tsTA t=thigHmin  Start condition hold time

tLowmin 4.7us Clock LOW period

tHIGHmIn 4us Clock HIGH period

tsui tsta t=>tiowmin Start condition set-up time; only valid for repeated start code
thp; tbaT  t=>Ops Data hold time

tsu; tpaT t>250ns Data setup time

tr t<ius Rise time of both the SDA and SCL line
te t<<300ns Fall time of both the SDA and SCL line
tsus tsto t=t owmn Stop condition setup time

NOTE:

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

Figure 6. Timing of the High-Speed Mode
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Figure 7. Complete Data Transfer in the High-Speed Mode

N m—r— *—v:’ N—— N ———— —r— N e e e S——
START ADDRESS RIW ACK DATA ACK START ADDRESS R/W ACK SsToP
CONDITION CONDITION
WF185408
Where:
Clock tLowmin 4.7us
tHiIGHMIn 4ps
The dashed line is the acknowledgement of the receiver
Mark-to-space ratio 1:1 (LOW-to-HIGH)
Maximum number of bytes Unrestricted
Premature termination of transfer Allowed by generation of STOP condition
Acknowledge clock bit Must be provided by the master

Low-Speed Mode
Masters generate a bus clock with a maxi-

mum frequency of 2kHz; a minimum LOW son %
period of 105us and a minimum HIGH period
of 365us. The mark-to-space ratio is 1:3 . et
LOW-to-HIGH. Detailed timing is shown in teow™] g = .
Figure 8. Z 3
scL
thoststa -] |ty HiGH — 1 t

t,
| me

tsutsa

Where:

taur t>105ps (tLowmin)
thpi tsTA 1>365p8 (tHiGHmin)
tow 130ps + 25us

tHiGH 390us + 25ps

tsu; tstA 130ps + 25ps*

tHD; toaT t=>0ps

tsus toat t=>250ns

tr t<1ps

13 t<300ns

tsui tsto 130us + 25us
NOTES:

* Only valid for repeated start code.

Figure 8. Timing of the Low-Speed Mode

All the values refer to Viy and V_ levels with a voltage swing of Vss to Vpp. For definitions see high-speed
mode.

WF16910S
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spA \ , \ ’ * RIW I \ f
-\ V VIV UV UV U\
N —_— ——
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP
CONDITION ACKNOWLEDGE  START CONDITION
CONDITION
WF18570S
Where:
Clock tLowmin 130ps + 25us
tHIGHmin 390ust 25us
Mark-to-space ratio 1 : 3 (LOW-to-HIGH)
Start byte 0000 0001
Maximum number of bytes 6
Premature termination of transfer  not allowed
Acknowledge clock bit must be provided by master
Figure 9. Complete Data Transfer in the Low-Speed Mode
FUNCTIONAL DESCRIPTION Input data is transferred from the port to the
- microcomputer by the READ mode. Output
Addressing (See Figures 10 data is transmitted to the port by the WRITE
and 11) mode.

Each bit of the PCF8574 1/0 port can be
independently used as an input or an output.

SLAVE ADDRESS DATA TO PORT DATA YO PORT
spA{sfo 1 o0 o A2 at a0 ofa] T Toatar. [TA[ T " " palAz | AT
It t JB]
wrire START CONDITION RIW | ACKNOWLEDGE FROM SLAVE
U ACKNOWLEDGE FROM SLAVE
PORT
DATA OUT DATA 2
FROM PORT DATA 1VALID VALID
l toy tpy.
WF18590S
Figure 10. WRITE Mode (Output Port)
SLAVE ADDRESS DATA FROM PORT DATA FROM PORT
soa [Flo v o o m mim TJA] | omAr, T T JA] T omAe T [3[7]
t t_| L_ACKNOWLEDGE t__ ACKNOWLEDGE T
START RIW FROM SLAVE FROM MASTER STOP
READFROM  CONDITION CONDITION
PORT
DATAINT® DATA1 f oara 2 ) DATA3 DATA4
tpH rtps
v [t Lt
WF18600S
NOTE:

A LOW-to-HIGH transition of SDA while SCL is HIGH is defined as the stop condition (P). Transfer of data can be stopped at any moment by a stop condition. When this occurs, data
present at the last acknowledge phase is valid (output mode). Input data is lost.

Figure 11. READ Mode (Input Port)
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Interrupt (See Figures 12 and
13)

The PCF8574 provides an open-drain output
(INT) which can be fed to a corresponding
input of the microcomputer. This gives these
chips a type of master function which can
initiate an action elsewhere in the system.

An interrupt is generated by any rising or
falling edge of the port inputs in the input
mode. After time tyy the signal INT is valid.

Resetting and reactivating the interrupt circuit

is achieved when data on the port is changed

to the original setting or data is read from or

written to the port which has generated the

interrupt. Resetting occurs as follows:

® |In the READ mode at the acknowledge
bit after the rising edge of the SCL
signal.

® In the WRITE mode at the acknowledge
bit after the HIGH-to-LOW transition of
the SCL signal.

Each change of the ports after the resettings
will be detected and after the next rising clock
edge, will be transmitted as INT.

Reading from or writing to another device
does not affect the interrupt circuit.

Quasi-Bidirectional 1/0 Ports

(See Figure 14)
A quasi-bidirectional port can be used as an
input or output without the use of a control

Voo
PCF8574 PCF8574 PCF8574
o @ ®
iNT INT NT
MICROCOMPUTER
INT %Y
LD07530S

Figure 12. Application of Multiple PCF8574s With Interrupt

SLAVE ADDRESS DATA FROM PORT
SDA [sfo,1 0 0 a2 a a0, 1 ja] 7 T+ = & 7 " JT1lr]
- L 1_ps stop !
START CONDITION RIW| L ACKNOWLEDGE FROMSLAVE _ CONDITION
scL 1\ /2\ /3\ /4\ [5\ [e\ /7\ /&
DATA
INTO P§
tiv —FtRr
W | |
'WF18610S

Figure 13. Interrupt Generated by a Change of Input to Port P5

signal for data direction. The bit designated
as an input must first be loaded with a logic 1.
In this mode only a current source to Vpp is
active. An additional strong pull-up to Vpp
allows fast rising edges into heavily loaded

outputs. These devices turn on when an
output changes from LOW-to-HIGH, and are
switched off by the negative edge of SCL.
SCL should not remain HIGH when a short-
circuit to Vgg is allowed (input mode).

SLAVE ADDRESS DATATO PORT DATA TO PORT
soa[S o v o o oAl i T~ o —  [A]7]
[ t t
START CONDITION AW ACKNOWLEDSE  m [
W AVAVAVAVAVAVEVA AVAVAVAVAVAVAVAVAVAV
p3
ouTPUT
VOLTAGE
P3 lont |
PULLUP il
OUTPUT i
CURRENT
'WF18620S

Figure 14. Transient Pull-Up Current loy; While P3 Changes From LOW-to-HIGH and Back to LOW

December 2, 1986

4-40



Signetics

Linear Products

DESCRIPTION

The PCF8582 is 2K-bit 5V electrically
erasable programmable read only mem-
ory (EEPROM) organized as 256 by 8
bits. It is designed in a floating-gate
CMOS technology.

As data bytes are received and transmit-
ted via the serial 12C bus, an 8-pin DIP
package is sufficient. Up to eight
PCF8582 devices may be connected to
the 12C bus.

Chip select is accomplished by three
address inputs.

ORDERING INFORMATION

PCF8582

Static CMOS EEPROM

(256 X 8-bif)

Preliminary Specification

FEATURES

o Non-volatile storage of 2K-bit
organized as 256 X 8

e Only one power supply required
(5V)

e On-chip voltage multiplier for
erase/write

e Serial input/output bus (1C)

e Automatic word address
incrementing

e Low power consumption

e One point erase/write timer

o Power-on reset

® 10,000 erase/write cycles per
byte

e 10 years non-volatile data
retention

o Infinite number of read cycles

® Pin-and address-compatible to
PCD8571 and PCD8572

APPLICATIONS
e Telephone

o Radio and television
e General purpose

PIN CONFIGURATION

N Package

Ao [1]
a1 2]
A2[3]
Vgs (4]

ﬂ Vgo
RC

[6]scL
[5] sba

TOP VIEW
CD12090S

PIN NO. SYMBOL DESCRIPTION
A0
A1 Address inputs/test
A2 Mode select
Vss Ground
gg’: } 12C bus lines
RC Input for timer constant
Voo Positive supply

ONON D ON =

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP (SOT-97A) 0 to +70°C PCF8582N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vop Supply voltage -03to 7 \"
Vin Inp.ut volltage, at Pin 4, Vgs-0.8 to v
(input impedance 500£2) Vpp +0.8
TA Operating temperature range 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
I Current into any input pin 100 MA
lo Output current 10 mA
February 1987 4-41
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BLOCK DIAGRAM

PCF85682 8
[ 1 vDD
o ¥ L RE/W
scL INPUT STATUS CONTROL . STATUS  [*€7“>] OSCILLATOR 7 dac
spA o3 FILTER REGISTER 1| FUNCTION 7> REGISTER 2 10 kiz 1
| CE/W
4
" faf2 [~ FOWER I°"SS
7 ON
RESET
| RESET__J
SHIFT BYTE 1 +128
REGISTER LATCH N
! ! ﬁ E 43 !
L INTERNAL BUS
no i R Y |
2 ADDRESS ADDRESS BYTE 2
2 o3 SWITCH POINTER E?PROM >~ Larch

BD0B151S

DC AND AC ELECTRICAL CHARACTERISTICS Vpp=5V; Vsg=0V; Tpo=-40°C to +85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Vop Operating supply voltage 4.5 5 55 \"
Operating supply current, READ
IbbR (fsLc = 100kH2) 1 TBD mA
loow Operating supply current, WRITE/ERASE 1 TBD mA
lobo Standby supply current (Vpp = 5V) 5 TBD MA
Input SCL
Input/output SDA:
ViL Input voltage LOW -0.3 1.5 \
Vi Input voltage HIGH 3 Vpp +0.8 \"
v Output voltage LOW
VoL (loL = 3mA, Vpp = 4.5V) 0.4 Y
loH Output leakage current HIGH (Von = Vpp) Input leakage current 1 HA
thN (A0, A1, A2, SCL)! 1 uA
fscL Clock frequency 0 100 kHz
C Input capacity (SCL, SDA) 7 pF
1] Noise suppression time constant at SCL and SDA input 0.25 0.5 1 us
tsur Time the bus must be free before a new transmission can start 47 us
o ts Hold time start condition. After this period the first clock pulse 4 s
HD: STA is generated K
tlow The LOW period of the clock 4.7 us
tHIGH The HIGH period of the clock 4 us
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vpp =5V; Vgg=0V; Ta=-40°C to + 85°C, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

Setup time for start condition (only relevent for a repeated start
tsu, tstA condition) 47 ps

Hold time DATA for:
tHD, tDAT CBUS compatible masters 5 us
tHs tDAT 12C devices? 0 us
tsu, tDAT Setup time DATA 250 ns
tr Rise time for both SDA and SCL lines 1 us
tF Fall time for both SDA and SCL lines 300 ns
tsus tsto Setup time for stop condition 47 us
Erase/write timer constant
Ce/w Erase/write timing capacitor for erase/write cycle of 20ms 3.3 nF
Re/w Erase/write cycle timing resistor 39 kS

NOTES:

1. Selection of the chip address is done by connecting the A0, A1, and A2 inputs either to Vsg or Vpp.

2. A transmitter must internally provide at least a hold time to bridge the undefined region (maximum 30ns) of the falling edge of SCL.

FUNCTIONAL DESCRIPTION

Characteristics of the 1°C bus
The I2C bus is intended for communication
between different ICs. The serial bus consists
of two bidirectional lines, one for data signals
(SDA), and one for clock signals (SCL). Both
the SDA and the SCL lines must be connect-
ed to a positive supply voltage via a pull-up
resistor.

The following protocol has been defined:

Data transfer may be initiated only when the
bus is not busy.

During data transfer, the data line must re-
main stable whenever the clock line is HIGH.
Changes in the data line while the clock line is
HIGH will be interpreted as control signals.

Accordingly, the following bus conditions
have been defined:

Bus Not Busy — both data and clock lines
remain HIGH.

Start Data Transfer — a change in the state
of the data line, from HIGH to LOW, while the
clock is HIGH defines the start condition.

Stop Data Transfer — a change in the state
of the data line, from LOW to HIGH, defines
the stop condition.

February 1987

Data Valid — the state of the data line
represents valid data when, after a start
condition, the data line is stable for the
duration of the HIGH period of the clock
signal. The data on the line may be changed
during the LOW period of the clock signal.
There is one clock pulse per bit of data.

Each data transfer is initiated with a start
condition and terminated with a stop condi-
tion; the number of the data bytes transferred
between the start and stop conditions is
limited to two bytes in the ERASE/WRITE
mode and unlimited in the READ mode. The
information is transmitted in bytes and each
receiver acknowledges with a ninth bit.

Within the 12C bus specifications a low-speed
mode (2kHz clock rate) and a high-speed
mode (100kHz clock rate) are defined. The
PCF8582 works in both modes. By definition
a device that gives out a signal is called a
"transmitter,” and the device which receives
the signal is called a "'receiver’. The device
which controls the signal is called the ""mas-
ter''. The devices that are controlled by the
master are called ''slaves''.

Each word of eight bits is followed by one
acknowledge bit. This acknowledge bit is a
HIGH level put on the bus by the transmitter

4-43

whereas the master generates an extra ack-
nowledge-related clock pulse. A slave receiv-
er which it addresses is obliged to generate
an acknowledge after the reception of each
byte.

Also, a master receiver must generate an
acknowledge after the reception of each byte
that has been clocked out of the slave
transmitter.

The device that acknowledges has to pull
down the SDA line during the acknowledge
clock pulse in such a way that the SDA line is
stable LOW during the high period of the
acknowledge related clock pulse.

Setup and hold times must be taken into
account. A master receiver must signal an
end-of-data to the slave transmitter by not
generating an acknowledge on the last byte
that has been clocked out of the slave. In this
case the transmitter must leave the data line
HIGH to enable the master generation of the
stop condition.

12C Bus Protocol
The I2C bus configuration for different READ
and WRITE cycles of the PCF8582 are shown
in Figures 1a and 1b.
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ACKNOWLEDGE ACKNOWLEDGE NO ACKNOWLEDGE
FROM SLAVE FROM MASTER FROM MASTER
T T T T T L e e AL
Lsl . stvemooress  +fa] | | (oam [ T TJa] [ 7 7 7 Ji]e]
RIW | L
NBYTES 1 LAST BYTE 1
AUTO INCREMENT AUTO INCREMENT
'WORD ADDRESS WORD ADDRESS

AF04612S,

NOTES:

1. After this stop condition the erase/write cycle starts and the bus is free for another transmission; the duration of the erase/write cycle is approximately 20ms if only one
byte is written, and 40ms if two bytes are written. During the erase/written cycle the slave receiver does not send an acknowledge bit if addressed via 12C bus.

2. The second data byte is voluntary. Trying to erase/write more than two bytes is not allowed.

a. Master Transmitter Transmits to PCF8582 Slave Receiver (ERASE/WRITE Mode)

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE FROM MASTER
— —r— T — Tt —T—r—TT
| s ] , saveaooress  ofa|x,  woroaooress | fa]| s | | staveaboress  1]a] | | oam |~
4
RIW AT THIS MOMENT MASTER RIW
TRANSMITTER BECOMES [ NBWIES
MASTER RECEIVER AND
PCF582 SLAVE RECEIVER N CREMENT
BECOMES SLAVE TRANSMITTER
NO ACKNOWLEDGE
FROM MASTER
aa IR SN K1 K2
L LAST BYTE i
AUTO INCREMENT
WORD ADDRESS
AF046038

b. Master Reads PCF8582 Slave After Setting Word Address (WRITE Word Address; READ Data)

Figure 1

12C Bus Timing
Figure 2 shows the I2C bus timing.

a2

SDA \

t
taur tow tyotosr  T|'F _»‘ tsutoar
sCL \ Z
X
ta

|

tora ! thigH tsutsto
HD tsTA *—’}—'sw‘sn Gl

SDA

WF16930S

Figure 2. Timing Requirements for the 1°C Bus
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DESCRIPTION

The SAB3013 is a MOS N-channel inte-
grated circuit which provides 6 analog
memories controlled by a microcompu-
ter.

ORDERING INFORMATION

SAB3013

Hex 6-Bit DAC

Product Specification

FEATURES

e Replacement for 6 uP-controlied
potentiometers

e 6-function analog memory; D/A
converter with 6-bit resolution

e The output of the analog values
is pulse-width modulated with
adjustable repetition rate (max.
21.8kHz)

o Microcomputer-adapted
asynchronous serial interface for
data input (CBUS)

o Parallel operation of up to four
SAB3013 circuits is possible

e Serial CBUS-controlled

APPLICATIONS

o Television receivers

o Radio receivers

e Computer-controlled TV/radio
® Industrial

o Instrumentation

PIN CONFIGURATION

N Package

SYMBOL

DATA
DLEN
SAA
SAB
Voo
CLO

ANAL6
ANALS
ANAL4
ANAL3
ANAL2
ANAL1

[16] ANAL1
[15] ANAL2
[13] ANAL3
73] ANALS
[12] ANALS
[17] ANALS
[19] cLo

[9] Voo

CD119308

DESCRIPTION
Ground (0V)
Oscillator output
Oscillator input
(Schmitt-trigger)
Asynchronous clock
pulse
Data input
Data line enable input

Address inputs

CBUS

Positive supply
Buffered oscillator
output

Analog outputs

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-38) 0 to 70°C SAB3013N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vpp Supply voitage range -0.3 to +7.5 \
\ Input voltage range -03 to +15 v
Ed1 Input current 100 HA
Vo Output voltage (open drain outputs) Vgs to 15 \"
E15) Output current (open drain/push-pull outputs) 10 mA
Po Power dissipation per output 25 mw
Protr Total power dissipation per package 250 mwW
Ta Operating ambient temperature range 0 to +70 °C
Tsta Storage temperature range —-65 to +150 °C
November 14, 1986 4-45
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BLOCK DIAGRAM

SAB3013
— J\/l
] 16
DATALATCH |_| COMPARATOR [ outpuT 0 ANAL1
6 — 1 1 — 1
DLEN
B /
. > COUNTER —
o ™| DATALaTcH || comearaton [~ oureur 15 ANAL2
- -
cB
s z 7z i»
DATA | oarasurren 5
S || oatatatch | | comeamrator | outeur 193 anaL3
< 3 3 3
o — 4
] Reser S
z
§ Z 4>
< £
INPUT g |1»| oataLaTtch coMPARATOR || outpur 13
saa ol CONTROL ‘ il . 4 a - 4 -O ANAL4
8 &
SAB O— LOAD
CONTROL N 4>
RESET —»
. >
DATALATCH COMPARATOR outPuT 12 nas
3 - -
Ko
2
osco OSCILLATOR  |—CL/CLN W 4>
crootl > DATALATCH COMPARATOR | output 1 anaLs
6 r 6 - 6
RESET {?
POWER-ON REFERENCE
RESET >RESET] " CounTer
f I REFERENCE FOR
[} [= RESET COMPARATORS
T
Voo Vss
BDO7890S
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SAB3013

DC AND AC ELECTRICAL CHARACTERISTICS Vgs=0; To=0°C to +70°C; Vpp =4.5 to 5.5V, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max

Voo Supply voltage 4.5 5 55 \"

Ibp Supply current Vpp = 5.5V 35 mA
Inputs DATA, CLB, DLEN, SAA, SAB

ViL Input voltage LOW -0.3 0.8 Vv

Vi Input voltage HIGH 2.0 12 \%

ir Input leakage current V;=-03 to +12V 1 A
Outputs ANAL1 to ANAL6 (open-drain)

VoL Output voltage LOW lo=6mA 0.7 Vv

lor Output leakage current Vou = 15V 20

CL Load capacitance 1000 pF
Input CLK

ViL Input voltage LOW -0.3 0.8 \

Vi Input voltage HIGH 3.5 12 \"

iR Input leakage current Vi=-0.3 to 12V 1 MA

twH Pulse duration HIGH 355 ns

twL Pulse duration LOW 355 ns
Output CLO

VoL Output voltage LOW lo 500pA 0.8 \

Vou Output voltage HIGH —lo = 100pA 3.5 \
Inputs DATA, CLB

twH Pulse duration HIGH see Figure 1 450 ns

twi Pulse duration LOW see Figure 1 450 ns

fous Input frequency CLB 0 1 MHz
Internal oscillator CLK/OSC

R External resistor 27 1000 kQ

(&3 External capacitor 27 1000 pF

fok Clock frequency R =27kS2; C=27pF 0.7 1.0 1.4 MHz
Timing (see Figure 1)

towoa | Cpara® tCI;ng 800 ns

tDDA Da,;i;‘:'it"ng 300 ns

tSUEN En;llj:Nsiu;é f:e Measurei i:a::; : \\//c::a_g\stwmg of 400 ns

tsuo! DlzaLbEI;e _s;etEl;I[_JEt':lme 400 ns

tsuo Seél:-%;mi CLB (load pulse) 1000 ns

November 14, 1986
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SAB3013

Vin o
DLEN 1 90% XSO‘/.
Vo 10%
Vi -
o 90% 90%
Vo 10% 10% —_ 10% 10%
—> [ty —> [
Vin = R
DATA 10%
Vi [
tsuen —>| [
tsuoa_| tup tsuo
I %opaA
‘WH_J e tw. ——>
ENABLE DATA DATA DISABLE LOAD
'WF18690S
Figure 1. CBUS Timing
DLEN " l l
L
LOAD PULSE
cL8 H
L
—DI I<— t>0 —_— L_ t>0
H START
o A T
L
A B Lss mMSB LsB ms8
SYSTEM MEMORY ANALOG VALUE
ADDRESS ADDRESS

Figure 2. Waveforms Showing a CBUS Transmission

WF18700S
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SAB3013

FUNCTIONAL DESCRIPTION

The SAB3013 is designed to deliver analog
values in microcomputer-controlled television
receivers and radio receivers. The circuit com-
prises an analog memory and D/A converter
for six analog functions with a 6-bit resolution
for each. The information for the analog mem-
ory is transferred by the microcomputer via an
asynchronous serial data bus.

The SAB3013 accomplishes a word format
recognition, so it is able to operate one
common data bus together with circuits hav-
ing different word formats.

The data word of the microcomputer used for
the SAB3013 consists of information for ad-
dressing the appropriate SAB3013 circuit (2
bits), for addressing the analog memories
concerned (3 bits) and processing of the
wanted analog value (6 bits). The address of
the circuit is externally programmable via two
inputs. It is possible to address up to four
SAB3013 circuits via one common bus.

The built-in oscillator can be used for a fre-
quency between 30kHz and 1.4MHz. The ana-
log values are generated as a pulse pattern
with a repetition rate of fc /64 (maximum
21.8kHz at fo k = 1.4MHz), and the analog

November 14, 1986

values are determined by the ratio of the
HIGH-time and the cycle time. A DC voltage
proportional to the analog value is obtained by
means of an external integration network (low-
pass filter).

HANDLING
Inputs and outputs are protected against
electrostatic charge in normal handling. How-
ever, to be totally safe, it is desirable to take
normal precautions appropriate to handling
MOS devices.

OPERATION DESCRIPTION
The data input is achieved serially via the
inputs DATA, DLEN and CLB. Clock pulses
have to be applied at input CLB for data
processing at input DATA. Data processing is
only possible when DLEN = HIGH. The data
from the data buffer is loaded directly into the
output latch on receipt of a load pulse at input
CLB (DLEN = LOW), provided the following
conditions are met:
® 12 clock pulses must be received at
input CLB (word format control) during
transmission (DLEN = HIGH)

4-49

® The start-bit must be LOW

® The system address bits must be
A =SAA and B=SAB

® The analog address must be valid

The data word for the SAB3013 consists of

the following bits (see Figure 2):

1 start-bit

2 system address bits (A and B)

3 address bits for selection of the required
analog memory

6 data bits for processing the analog value

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

Reset

The circuit internally generates a reset cycle
with a duration of one clock cycle after switch-
ing on the supply. If a spike on the supply is
likely to destroy data, a reset signal will be
generated. All analog memories are set to
50% (analog value 32/64) after the reset
cycle. The supply voltage rise dVpp/dt must be
maximum 0.5V/us and minimum 0.2V/us.
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DESCRIPTION

The SAB3035 provides closed-loop digi-
tal tuning of TV receivers, with or without
AFC, as required. It also controls up to 8
analog functions, 4 general purpose 1/0
ports, and 4 high-current outputs for
tuner band selection.

The IC is used in conjunction with a
microcomputer from the MAB8400 fami-
ly and is controlled via a two-wire, bi-
directional 12C bus.

FEATURES

e Combined analog and digital
circuitry minimizes the number of
additional interfacing components
required

o Frequency measurement with
resolution of 50kHz

o Selectable prescaler divisor of 64
or 256

e 32V tuning voltage amplifier
ORDERING INFORMATION

SAB3035

FLL Tuning and Control Circuit

Product Specification

® 4 high-current outputs for direct
band selection

o 8 static digital-to-analog
converters (DACs) for control of
analog functions

e Four general purpose input/
output (I/0) ports

e Tuning with control of speed and
direction

e Tuning with or without AFC

o Single-pin, 4MHz on-chip
oscillator

© 12C bus slave transceiver

APPLICATIONS

o Satellite receivers
e Television receivers
o CATV converters

PIN CONFIGURATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE

28-Pin Plastic DIP (SOT-117) —-20°C to +70°C SAB3035N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply voltage ranges:
Veei (Pin 16) -0.3 to +18 v
Ve (Pin 22) -0.3 to +18 v
Vees (Pin 17) -0.3 to +36 v
Input/output voltage ranges:
Vspa (Pin 5) -0.3 to +18 v
VscL (Pin 6) -0.3 to +18 \"
Veeax (Pins 7 to 10) -0.3 to +18 \"
VAFC+, AFC- (Pins 11 and 12) -0.3 to Vcei 1 \"
Vni (Pin 13) -0.3 to Vg1 2 v
VTuN (Pin 15) -0.3 to Vgga ! '
Vecix (Pins 18 to 21) -0.3 to Vg2 v
Vrpiv (Pin 23) -0.3 to Vggy ! v
Vosc (Pin 24) -03 to +5 \
Vbacx (Pins 1 to 4 and 25 to 28) -0.3 to Vgg ! v
Prot Total power dissipation 1000 mw
TstG Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -20 to +70 °C
NOTES:

1. Pin voltage may exceed supply voltage if current is limited to 10mA.
2. Pin voltage must not exceed 18V but may exceed Vgcy if current is limited to 200mA.
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N Package
28] bAc3
j27] bAC2
26] DAC1
DACO
24] osc
23] FOIV
Veez
21] P13
20] P12
18] P11
18} P10
Vees
18] Vecs
[15] Tun
TOP VIEW
CD11950S
PIN NO. SYMBOL DESCRIPTION
1 DAC4
2 DACS .
3 DACE Outputs of static DACs
4 DAC7
5 SDA Serial data line
6 SCL Serial clock line } F#C bus
7 P20
8 P21 General purpose
9 P22 input/output ports
10 P23
11" AFC+ .
12 AFos } AFC inputs
13 Tl Tuning voltage amplifier inverting
input
14 GND Ground
15 TUN Tuning voltage amplifier output
16 Veet + 12V supply voltage
17 Vees +32V supply for tuning voltage
amplifier
18 P10
19 P11 High-current band-selection
20 P12 output ports
21 P13
22 Veecz Positive supply for high-current
band-selection output circuits
23 FDIV Input from prescaler
24 0osc Crystal oscillator input
25 DACO
gg [D):g; Outputs of static DACs
28 DAC3

853-1031 86698
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DC AND AC ELECTRICAL CHARACTERISTICS Ta=25°C; Voo1, Veoa, Voos at typical voltages, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

Veet Supply voltages 10.5 12 13.5 \"
Ve 4.7 13 16 v
Vccs 30 32 35 v
lcct Supply currents (no outputs loaded) 20 32 50 mA
lccz 0 0.1 mA
lcca 0.2 0.6 2 mA
lcc2a Additional supply currents (A) -2 loHP1X mA
lccaa See Note 1 0.2 2 mA
Prot Total power dissipation 400 mw
Ta Operating ambient temperature -20 +70 °C
12C bus inputs/outputs SDA input (Pin 5) SCL input (Pin 6)
ViH Input voltage HIGH? 3 Vect -1 v
Vi Input voltage LOW -0.3 1.5 \"
™ Input current HIGH? 10 uA
I Input current LOW? © 10 uA

SDA output (Pin 5, open-collector)
VoL Output voltage LOW at lg_ =3mA 0.4 \"
loL Maximum output sink current 5 mA
Open-collector 1/0 ports P20, P21, P22, P23 (Pins 7 to 10, open-collector)
Vi Input voltage HIGH 2 16 v
ViL Input voltage LOW -0.3 0.8 v
liH Input current HIGH 25 A
=l Input current LOW 25 MA
VoL Output voltage LOW at Ig_ = 2mA 0.4 \"
loL Maximum output sink current 4 mA
AFC amplifier Inputs AFC+, AFC- (Pins 11, 12)

Transconductance for input voltages up to 1V differential:

AFCS1 AFCS2

g0o 0 0 100 250 800 nA/vV
go1 0 1 15 25 35 HA/V
g10 1 0 30 50 70 HA/V
g1 1 1 60 100 140 pAIV

Tolerance of transconductance multiplying factor (2, 4, or 8) o
AMg when correction-in-band is used -20 +20 *
VioFrF Input offset voltage -75 +75 mvV
Vcom Common-mode input voltage 3 Vecec1-25 \"
CMRR Common-mode rejection ratio 50 dB
PSRR Power supply (Vcc1) rejection ratio 50 dB
Iy Input current 500 nA
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta =25°C; Vgey, Voca Vocs at typical voltage, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min L Typ Max
Tuning voltage amplifier Input Tl, output TUN (Pins 13, 15)
VIun Maximum output voltage at | pap = £ 2.5mA Vees—-1.6 Vces - 0.4 \
Minimum output voltage at I poap = £ 2.5mA:
VTMI1 VTMIO
VMmoo 0 0 300 500 mVv
VTMmio 1 0 450 650 mV
VImie 1 1 650 900 mV
—ITUNH Maximum output source current 25 8 mA
ITUNL Maximum output sink current 40 mA
Im Input bias current -5 +5 nA
PSRR Power supply Vg3 rejection ratio 60 dB
Minimum charge IT to tuning voltage amplifier
TUHN1 TUHNO
CHoo 0 0 0.4 1 1.7 WA/ us
CHo1 0 1 4 8 14 MA/us
CHyo 1 0 15 30 48 MA/ us
CHy4 1 1 130 250 370 WA/ us
Tolerance of charge (or AVtyn) multiplying factor when COIB
ACH and/or TUS are used -20 +20 %
Maximum current | into tuning ampiifier
TUHN1 TUHNO
oo 0 0 1.7 3.5 5.1 A
1701 0 1 15 29 41 A
IT10 1 0 65 110 160 HA
111 1 1 530 875 1220 A
Correction-in-band
AVgig Tolerance of correction-in-band levels 12V, 18V, and 24V ] -15 L L +15 ] %
Band-select output ports P10, P11, P12, P13 (Pins 18 to 21)
Vou Output voltage HIGH at —loy = 50mA3 Vecz - 0.6 \%
VoL Output voltage LOW at lg. =2mA 0.4 \
-lon Maximum output source current 130 200 mA
loL Maximum output sink current 5 mA
FDIV input (Pin 23)
Vrpiv (p-P) | Input voltage (peak-to-peak value) trise and trauL < 40ns 0.1 2 \"
Duty cycle 40 60 %
fmax Maximum input frequency 14.5 MHz
Z) Input impedance 8 k2
C Input capacitance 5 pF
OSC input (Pin 24)
Rx Crystal resistance at resonance (4MHz) 150 Q
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Voc1, Voo, Voo at typical voltage, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ ‘ Max

DAC outputs 0 to 7 (Pins 25 to 28 and 1 to 4)
VpH Maximum output voltage (no load) at Vggy = 12v4 10 11.5 \
VoL Minimum output voltage (no load) at Vgt = 12v4 0.1 1 Vv
AVp Positive value of smallest step (1 least significant bit) 0 350 mvV

Deviation from linearity 0.5 Vv
2o Output impedance at I pap = +2mA 70 Q
~lpH Maximum output source current 6 mA
IpL Maximum output sink current 8 mA
Power-down reset
Vo Maxirpum supply voltage Vcgy at which power-down reset is 75 95 v

active

tr Vcct rise time during power-up (up to Vpp) 5 us
Voltage level for valid module address

Voltage level at P20 (Pin 7) for valid module address as a

function of MA1, MAO
MA1 MAO
Vvaoo 0 0 -0.3 16 \"
Vvao1 0 1 -0.3 0.8 \"
Vva10 1 0 25 Veo1 -2 v
Vvat1 1 1 Vce1-0.3 Vees "
NOTES:

1. For each band-select output which is programmed at logic 1, sourcing a current ioyp1x, the additional supply currents (A) shown must be added to

lcc2 and Igca, respectively.
2. If Vgoy < 1V, the input current is limited to 10pA at input voltages up to 16V.
3.

. At continuous operation the output current should not exceed 50mA. When the output is short-circuited to ground for several seconds, the device may
be damaged.
Values are proportional to Vco1.

>
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FUNCTIONAL DESCRIPTION

The SAB3035 is a monolithic computer inter-
face which provides tuning and control func-
tions and operates in conjunction with a
microcomputer via an 12C bus.

Tuning

This is performed using frequency-locked
loop digital control. Data corresponding to the
required tuner frequency is stored in a 15-bit
frequency buffer. The actual tuner frequency,
divided by a factor of 256 (or by 64) by a
prescaler, is applied via a gate to a 15-bit
frequency counter. This input (FDIV) is mea-
sured over a period controlled by a time
reference counter and is compared with the
contents of the frequency buffer. The result of
the comparison is used to control the tuning
voltage so that the tuner frequency equals
the contents of the frequency buffer multi-
plied by 50kHz within a programmable tuning
window (TUW).

The system cycles over a period of 6.4ms (or
2.56ms), controlled by the time reference
counter which is clocked by an on-chip 4MHz
reference oscillator. Regulation of the tuning
voltage is performed by a charge pump fre-
quency-locked loop system. The charge IT
flowing into the tuning voltage amplifier is
controlled by the tuning counter, 3-bit DAC,
and the charge pump circuit. The charge IT is
linear with the frequency deviation Af in steps
of 50kHz. For loop gain control, the relation-
ship AIT/Af is programmable. In the normal
mode (when control bits TUHNO and TUHN1
are both at logic 1, see OPERATION), the
minimum charge IT at Af=50kHz equals
250uA/ us (typical).

By programming the tuning sensitivity bits
(TUS), the charge IT can be doubled up to 6
times. |f correction-in-band (COIB) is pro-
grammed, the charge can be further doubled
up to three times in relation to the tuning
voltage level. From this, the maximum charge

IT at Af=50kHz equals 28 X 2% X 250uA/us
(typical).

The maximum tuning current | is 875uA
(typical). In the tuning-hold (TUHN) mode
(TUHN is Active-LOW), the tuning current | is
reduced and, as a consequence, the charge
into the tuning amplifier is also reduced.

An in-lock situation can be detected by read-
ing FLOCK. When the tuner oscillator fre-
quency is within the programmable tuning
window (TUW), FLOCK is set to logic 1. If the
frequency is also within the programmable
AFC hold range (AFCR), which always occurs
it AFCR is wider than TUW, control bit AFCT
can be set to logic 1. When set, digital tuning
will be switched off, AFC will be switched on
and FLOCK will stay at logic 1 as long as the
oscillator frequency is within AFCR. If the
frequency of the tuning oscillator does not
remain within AFCR, AFCT is cleared auto-
matically and the system reverts to digital
tuning. To be able to detect this situation, the
occurrence of positive and negative transi-
tions in the FLOCK signal can be read (FL/
1N and FL/ON). AFCT can also be cleared by
programming the AFCT bit to logic O.

The AFC has programmable polarity and
transconductance; the latter can be doubled
up to 3 times, depending on the tuning
voltage level if correction-in-band is used.

The direction of tuning is programmable by
using control bits TDIRD (tuning direction
down) and TDIRU (tuning direction up). If a
tuner enters a region in which oscillation
stops, then, providing the prescaler remains
stable, no FDIV signal is supplied to CITAC. in
this situation the system will tune up, moving
away from frequency lock-in. This situation is
avoided by setting TDIRD which causes the
system to tune down. In normal operation
TDIRD must be cleared.

If a tuner stops oscillating and the prescaler
becomes unstable by going into self-oscilla-
tion at a very high frequency, the system will

react by tuning down, moving away from
frequency lock-in. To overcome this, the sys-
tem can be forced to tune up at the lowest
sensitivity (TUS) value, by setting TDIRU.

Setting both TDIRD and TDIRU causes the
digital tuning to be interrupted and AFC to be
switched on.

The minimum tuning voltage which can be
generated during digital tuning is programma-
ble by VTMI to prevent the tuner from being
driven into an unspecified low tuning voltage
region.

Control

For tuner band selection there are four out-
puts — P10 to P13 — which are capable of
sourcing up to 50mA at a voltage drop of less
than 600mV with respect to the separate
power supply input Vcca

For additional digital control, four open-col-
lector 1/0 ports — P20 to P23 — are provid-
ed. Ports P22 and P23 are capable of detect-
ing positive and negative transitions in their
input signals. With the aid of port P20, up to
three independent module addresses can be
programmed.

Eight 6-bit digital-to-analog converters —
DACO to DAC7 —are provided for analog
control.

Reset

CITAC goes into the power-down reset mode
when Vggq is below 8.5V (typical). In this
mode all registers are set to a defined state.
Reset can also be programmed.

OPERATION

Write

CITAC is controlled via a bidirectional two-
wire 12C bus. For programming, a module
address, R/W bit (logic 0), an instruction byte,
and a data/control byte, are written into
CITAC in the format shown in Figure 1.

MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE
] T Ll T ! L] 1 T 1 T L L I 1 T T 1 T T L] |
Ma T MA
1t 1 0 0 o DIATIIIIIlIllA‘DDDDDDDDJAl:I
ls| L R 1 I‘lol 7Is|slllslzl‘lo 7I'le‘| alzl ‘Io
msb msb msb
RAW
'AF04860S

Figure 1. I°C Bus Write Format
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The module address bits MA1, MAO are used
to give a 2-bit module address as a function
of the voltage at port P20 as. shown in
Table 1.

Acknowledge (A) is generated by CITAC only
when a valid address is received and the
device is not in the power-down reset mode
(Voot > 8.5V (typical)).

Tuning
Tuning is controlled by the instruction and
data/control bytes as shown in Figure 2.

Frequency

Frequency is set when Bit |7 of the instruction
byte is set to logic 1; the remainder of this
byte together with the data/control byte are
loaded into the frequency buffer. The fre-
quency to which the tuner oscillator is regulat-
ed equals the decimal representation of the
15-bit word multiplied by 50kHz. All frequency
bits are set to logic 1 at reset. '

Tuning Hold

The TUHN bits are used to decrease the
maximum tuning current and, as a conse-
quence, the minimum charge IT (at
Af = 50kHz) into the tuning amplifier.

Table 1. Valid Module Addresses

MA1 MAO P20
0 0 Don't care
0 1 GND
1 0 Yo Vcei
1 1 Veet
Table 2. Tuning Current Control
TYP. Imax TYP. ITmin TYP. AVryNmin at Cint = 1uF
TUHN1 | TUHNO
(uA) (uA/us) (V)
0 0 3.5 1! 1!
0 1 29 8 8
1 0 110 30 30
1 1 875 250 250
NOTE:

1. Values after reset.

During tuning but before lock-in, the highest
current value should be selected. After lock-in
the current may be reduced to decrease the
tuning voltage ripple.

The lowest current value should not be used
for tuning due to the input bias current of the

tuning voltage amplifier (maximum 5nA).
However, it is good practice to program the
lowest current value during tuner band
switching.

INSTRUCTION BYTE DATA/CONTROL BYTE
1 I 15 1 I 1 I 1 D, Dg D D, Dy o, o, Do
] v L) 1 ¥ 1 LB L T ¥ 1 1 T )
FREQ 1 Fl4  F13  Fi2  F1 FlI0 F9 F8 F7 F6 F5 Fa 3 F2 F1 Fo
TCDO [} [ 1 [} 1 0 [} 1 AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO
Tco1 [ [} 1 [} 1 [} 1 [} VIMI1 COIB1 COIBO AFCS1 AFCSO Tus2 Tust Tuso
TCD2 [ [} 1 [} 1 [} 1 1 [} o 0 0  AFCP FDIVM TDIRD TDIRU
1 1 ue L 1 1 1 1 1 1 1 1 | . .

Figure 2. Tuning Control Format

AF04670S
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Table 3. Minimum Charge IT as a Function of TUS Af = 50kHz;
TUHNO = Logic 1; TUHN1 = Logic 1

TYP. ITuin TYP. AVryNmin at Cint = 1uF
TUS2 TUS1 TUSO (mA/p8) tmv)
] 0 0 0.25' 0.25'
0 0 1 0.5 0.5
0 1 0 1 1
0 1 1 2 2
1 0 0 4 4
1 0 1 8 8
1 1 0 16 16
NOTE:

1. Values after reset.

Table 4. Programming Correction-in-Band

CHARGE MULTIPLYING FACTORS AT
coiB1 | coigo TYPICAL VALUES OF Vryy AT:
<12v 12 to 18V 18 to 24V > 24V
0 0 1 11 1! 1!
0 1 1 1 1 2
1 0 1 1 2 4
1 1 1 2 4 8
NOTE:

1. Values after reset.

Table 5. Tuning Window Programming

TUW1 TUWO | At (kHz) TUNING WINDOW (kHz)
0 0 o' o'
0 1 50 100
1 0 150 300
NOTE:

1. Values after reset.

Table 6. AFC Hold Range Programming

AFCR1 AFCRO | Atl (kHz2) AFC HOLD RANGE (kHz)
0 0 o' o'
0 1 350 700
1 0 750 1500
NOTE:

1. Values after reset.

Table 7. Transconductance Programming

AFCS1 AFCS0 TYP. TRANSCONDUCTANCE (uA/V)
0 0 0.25'
0 1 25
1 0 50
1 1 100
NOTE:
1. Value after reset.
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Tuning Sensitivity

To be able to program an optimum loop gain,
the charge IT can be programmed by chang-
ing T using tuning sensitivity (TUS). Table 3
shows the minimum charge IT obtained by
programming the TUS bits at Af=50kHz;
TUHNO and TUHN1 = logic 1.

Correction-in-Band

This control is used to correct the loop gain of
the tuning system to reduce in-band varia-
tions due to a non-linear voltage/frequency
characteristic of the tuner. Correction-in-band
(COIB) controls the time T of the charge
equation IT and takes into account the tuning
voltage Vtyn to give charge multiplying fac-
tors as shown in Table 4.

The transconductance muiltiplying factor of
the AFC amplifier is similar when COIB is
used, except for the lowest transconductance
which is not affected.

Tuning Window

Digital tuning is interrupted and FLOCK is set
to logic 1 (in-lock) when the absolute devia-
tion IAfl between the tuner oscillator frequen-
cy and the programmed frequency is smaller
than the programmed TUW value (see Table
5). If lAfl is up to 50kHz above the values
listed in Table 5, it is possible for the system
to be locked depending on the phase rela-
tionship between FDIV and the reference
counter.

AFC

When AFCT is set to logic 1 it will not be
cleared and the AFC will remain on as long as
|Aflis less than the value programmed for the
AFC hold range AFCR (see Table 6). It is
possible for the AFC to remain on for values
of up to 50kHz more than the programmed
value depending on the phase relationship
between FDIV and the reference counter.

Transconductance

The transconductance (g) of the AFC amplifier
is programmed via the AFC sensitivity bits
AFCS as shown in Table 7.
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INSTRUCTION BYTE DATA/CONTROL BYTE
7 ls Is Iy Iy 1y I lo D; Dg Ds D, Dy D, D, Do
) L] T L o T ¥ T L T T L}
POD [ [} 1 [ 1 ] 0 0 P23 P22 P21 P20 P13 P12 P11 P10
DACX 0I0‘1l0 OIXZlXIlXO DIO.Axs AX‘IAXSIAXZ‘AX‘IAXD
'AF04680S
Figure 3. Control Programming
MODULE ADDRESS TUNING/RESET INFORMATION PORT INFORMATION
B, Bg By B, By B, B, B,
T T L rm ) MA' T 1 T 1 1 1 T L] T T T T T Ll
ISI1|‘|0|°|°|‘|°1‘IAI1 ORI | LololArl PR SR R S S | [AIPI
RW ' tuw" Lsnom MASTER
RESN ——— PI20
FOV ———— P21
FL/ON P122
FL/N P123
FLOCK P22/0N
FROM CITAC P22/IN
P23/0N
P23/IN
FROM MASTER
AF04710S
Figure 4. Information Byte Format
AFC Polarity Table 8. Frequency Measuring Window Programming
If a positive differential input voltage is ap-
plied to the (switched on) AFC amplifier, the FDIVM PRESCALER DIVISION CYCLE PERIOD MEASURING WINDOW
tuning voltage Vryn falls when the AFC FACTOR (ms) (ms)
polarity bit AFCP is at logic 0 (value after 0 256 6.4 5.12
reset). At AFCP = logic 1, Vyn rises. 1 64 2.56 1.28
Minimum Tuning Voltage NOTE:

Both minimum tuning voltage control bits,
VTMI1 and VTMIO, are at logic O after reset.
Further details are given in the DC Electrical
Characteristics table.

Frequency Measuring Window

The frequency measuring window which is
programmed must correspond with the divi-
sion factor of the prescaler in use (see
Table 8).

Tuning Direction
Both tuning direction bits, TDIRU (up) and
TDIRD (down), are at logic O after reset.

Control
The instruction bytes POD (port output data)
and DACX (digital-to-analog converter con-

December 2, 1986

1. Values after reset.

trol) are shown in Figure 3, together with the
corresponding data/control bytes. Control is
implemented as follows:

P13, P12, P11, P10 — Band select outputs. If
a logic 1 is programmed on any of the POD
bits D3 to Dy, the relevant output goes HIGH.
All outputs are LOW after reset.

P23, P22, P21, P20 — Open-collector 1/0
ports. If a logic 0 is programmed on any of the
POD bits D7 to Dg4, the relevant output is
forced LOW. All outputs are at logic 1 after
reset (high impedance state).

DACX — Digital-to-analog converters. The
digital-to-analog converter selected corre-

4-58

sponds to the decimal equivalent of the
DACX bits X2, X1, X0. The output voltage of
the selected DAC is set by programming the
bits AX5 to AXO0; the lowest output voltage is
programmed with all data AX5 to AX0 at logic
0, or after reset has been activated.

Read

Information is read from CITAC when the R/
W bit is set to logic 1. An acknowledge must
be generated by the master after each data
byte to allow transmission to continue. If no
acknowledge is generated by the master, the
slave (CITAC) stops transmitting. The format
of the information bytes is shown in Figure 4.
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Tuning/Reset Information Bits

FLOCK — Set to logic 1 when the tuning
oscillator frequency is within the programmed
tuning window.

FL/1N — Set to logic 0 (Active-LOW) when
FLOCK changes from 0 to 1 and is reset to
logic 1 automatically after tuning information
has been read.

FL/ON — As for FL/1N, but is set to logic 0
when FLOCK changes from 1 to 0.

FOV — Indicates frequency overflow. When
the tuner oscillator frequency is too high with
respect to the programmed frequency, FOV is
at logic 1, and when too low, FOV is at logic
0. FOV is not valid when TDIRU and/or
TDIRD are set to logic 1.

RESN — Set to logic 0 (Active-LOW) by a
programmed reset or a power-down reset. It
is reset to logic 1 automatically after tuning/
reset information has been read.

MWN — MWN (frequency measuring window,
Active-LOW) is at logic 1 for a period of
1.28ms, during which time the results of
frequency measurement are processed. This
time is independent of the cycle period.
During the remaining time, MWN is at logic 0
and the received frequency is measured.

When slightly different frequencies are pro-
grammed repeatedly and AFC is switched on,
the received frequency can be measured
using FOV and FLOCK. To prevent the fre-
quency counter and frequency buffer being
loaded at the same time, frequency should be
programmed only during the period of
MWN = logic 0.

Port Information Bits

P23/1N, P22/1N — Set to logic 0 (Active-
LOW) at a LOW-to-HIGH transition in the
input voltage on P23 and P22, respectively.
Both are reset to logic 1 after the port
information has been read.

P23/0N, P22/0N — As for P23/1N and P22/
1N, but are set to logic 0 at a HIGH-to-LOW
transition.

PI23, PI21, PI20, Pl — Indicate input voltage
levels at P23, P22, P21, and P20, respective-
ly. A logic 1 indicates a HIGH input level.

Reset

The programming to reset all registers is
shown in Figure 5. Reset is activated only at
data byte HEX06. Acknowledge is generated
at every byte, provided that CITAC is not in
the power-down reset mode. After the gener-
al call address byte, transmission of more
than one data byte is not allowed.

December 2, 1986

GENERAL CALL ADDRESS HEX08

Figure 5. Reset Programming

12C BUS TIMING (Figure 6)

I2C bus load conditions are as follows:

4kS2 pull-up resistor to +5V; 200pF capacitor to GND.

All values are

referred to Vi =3V and V)= 1.5V.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max
tBUF Bus free before start 4 us
tsu, tsTA Start condition setup time 4 us
tHp, tsTA Start condition hold time 4 us
tLow SCL, SDA LOW period 4 us
tHiGH SCL HIGH period 4 us
tr SCL, SDA rise time 1 us
tr SCL, SDA fall time 0.3 us
tsu, tbaT Data setup time (write) 1 us
thp, tDAT Data hold time (write) 1 us
tsu, tcac Acknowledge (from CITAC) setup time 2 us
tip, tcac Acknowledge (from CITAC) hold time us
tsu, tsTo Stop condition setup time us
tsu, tRDA Data setup time (read) 2 us
thp, tRDA Data hold time (read) 0 us
tsus tmMac Acknowledge (from master) setup time 1 us
tHD, tMmAC Acknowledge (from master) hold time 2 us
NOTE:

Timings tsy, tpat and tup, tpat deviate from the 12C bus specification.
After reset has been activated, transmission may only be started after a 50us delay.
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Figure 6. I°C Bus Timing SAB3035
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The necessity for television set manufactur-
ers to reduce costs, provide more features,
simplify tuning and incorporate remote control
has led to a need for all-electronic digital
tuning and control circuits. Naturally enough,
component manufacturers would prefer to
meet the need with a dedicated integrated
system which they can make in large quanti-
ties. This, however, is impractical because it
would not allow the set manufacturers to
satisfy the widely varying requirements of the
TV market. The most suitable system is
therefore one controlled by a standard micro-
computer (e.g., one from the MAB/SCN8400
family), so that the variants can be accommo-
dated by software. The only additional com-
ponents that then need to be separately
integrated are those required for interfacing
and for performing functions that cannot be
handled by the microcomputer because of
speed, voltage or power consumption consid-
erations. To minimize costs and maximize
performance, however, the partitioning of the
remaining functions and their allocation to
various integrated circuits peripheral to the
microcomputer must be carefully considered.

Figure 1 illustrates the control and tuning
functions in a basic TV set, and shows how
the circuitry is positioned within the cabinet.
Some of the functions are concentrated
around the microcomputer and mounted
close to the front panel to reduce the cost of
the wiring to the local keyboard and displays.
The tuning and analog controls are on the
main chassis. The only link between the
microcomputer and the main chassis is a 2-
wire bidirectional 12C bus which allows the
microcomputer to read tuning status and
other information from the main chassis, and to
write data regarding required frequency and
analog control settings to the main chassis.

The foregoing considerations have led to the
design of the SAB3035 integrated Computer
Interface for Tuning and Analog Control (CI-
TAC). The SAB3035 is an 12C bus-compatible
microcomputer peripheral IC for digital fre-
quency-locked loop (FLL) tuning and control
of analog functions associated with the TV
picture and sound. This is shown in block
form in Figure 2. The IC incorporates a
frequency synthesizer using the charge pump
FLL principle and contains the following cir-
cuits:

® 15-bit frequency counter with a

resolution of 50kHz

February 1987
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Microcomputer Peripheral IC
Tunes and Controls a TV Set

Application Note

® Charge pump and 30V tuning-voltage

amplifier
AFC amplifier

Logic circuitry for programming the
currents for the charge pump and AFC

amplifier

Four high-current band switches
Four general-purpose 1/0 ports for
additional control functions

A single-pin crystal-controlled 4MHz

reference oscillator

Receiving/transmitting logic for the 2-

wire 12C bus

Eight static DACs for control of analog
functions associated with the picture

and sound.

FUNCTIONAL DESCRIPTION
12C Bus

The SAB3035 is microcomputer-controlled
via an asynchronous, Inter-IC (IZC) bus. The
bus is a two-wire, bidirectional serial intercon-
nect which allows integrated circuits to com-
municate with each other and pass control
and data from one IC to another. The commu-
nication commences after a start code incor-
porating an IC address and ceases on receipt
of a stop code. Every byte of transmitted data
must be acknowledged by the IC that re-
ceives it. Data to be read must be clocked out
of the IC by the microcomputer. The address
byte includes a control bit which defines the
read/write mode.

UHF /VHF

TUNER

L]

Tom
4
1
PRESCALER s 1 Viuning Contrel
* FOIV
TUNING
&
10 oo
CONTROL
- ——————
U___—__'_\) C;‘>: TELETEXT :
| oecooen
S |
12C bus
CHASSIS
——————
| memory !
local
e |
| s system status
0 Sen st
I NiCd
R
1,2v
MICRO- T T
=
comuten [ ! cock/ {
channel/ CALENDER
o — i i
U [ S 3
infrared tink CONTROL PANEL
REMOTE remote
CONTROL keyboard
&

Figure 1. Basic TV

80032108

Control System
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Figure 2. Block Diagram of the SAB3035
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Frequency Synthesis Tuning
System

Figure 3 is the block diagram of the frequency
synthesizing system comprising a frequency-
locked loop (FLL) and an external prescaler
which divides the frequency of the voltage-
controlled local oscillator in the TV tuner by
64 or 256. The tuning section comprises a 15-
bit programmable frequency counter, a 15-bit
tuning counter, tuning control and zero detec-
tion logic, a reference counter and a charge
pump followed by a low-pass filter amplifier.

FDIV Input accepts frequency-divided local
oscillator signals with a level of more than
100mV and a frequency of up to 16MHz. The
frequency measurement period is defined by
passing the internally-amplified signal from
FDIV through a gate which is controlled by
the reference counter. The reference counter
is driven by a crystal-controlled oscillator, the
low level output of which is almost free from
high-order harmonics. This oscillator also
generates the internal clock for the IC. Before
starting the frequency measurement cycle,
the 15 bits of data in the latch register, which
represent the required local oscillator fre-
quency, are loaded into the frequency count-
er. Pulses from the prescaler then decrement
the frequency counter for the duration of the
measurement period.
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The contents of the frequency counter at the
end of the measurement period indicate
whether or not the frequency of the local
oscillator in the tuner is the same as the
desired frequency, which was preloaded into
the frequency counter. If the frequency count-
er contents is zero after the measurement
period, a flag (FLOCK), which can be read by
the microcomputer serial bus, is set to indi-
cate that the local-oscillator is correctly
tuned.

A frequency counter contents of other than
zero at the end of the measurement period
indicates that the tuner local oscillator fre-
quency is either too high (contents below
zero) or too low (contents above zero). If it is
too high, an overflow flag which initiates the
""tuning down'' function is set. To generate
the tuning voltage correction, the tuning
counter is loaded with the remaining contents
of the frequency counter at the end of the
measurement period, and then decremented
to zero by an internal clock. The duration of
the pulse applied to the charge pump is
proportional to the time taken to decrement
the tuning counter to zero, and therefore also
proportional to the tuning error. The frequen-
cy correction has a resolution of 50kHz.

The frequency measurement method of tun-
ing used in the SAB3035 can also be easily
combined with analog AFC to allow tracking
of a drifting transmitter frequency within a
limited range. The required tuning mode (with
or without AFC) is selected and controlled by
software. By not testing some of the LSBs of
the contents of the frequency counter, tune-in
"windows'' of + 100kHz or +200kHz can be
defined. The corresponding AFC "windows"'
are + 400kHz or + 800kHz. The SAB3035 also
contains the AFC control logic and amplifier.
To allow matching to a wide variety of tuners,
the tuning loop gain and tuning speed can be
adjusted over a wide range. To minimize
sound on picture, a "tuning hold" mode is
selectable in which the charge pump and
AFC currents can be reduced when correct
tuning has been achieved.

Bandswitching

The IC also incorporates four 50 mA current
sources with outputs at ports P10 to P13 for
executing band switching instructions from
the microcomputer. Bandswitching data is
stored in the data output register. The supply
voltage for the current sources is derived
from a separate input (Vcco) and is therefore
independent of the logic supply voltage
(Veer)-

February 1987

NOTES:
Decreasing frequency (top)
Increasing frequency (bottom)

Figure 4. Using Some of the Selectable Charge Pump Currents
for Making 50kHz Tuning Steps in the UHF Band

WF162208

1/0 Ports

There are four bidirectional ports P20 to P23
for additional control signals to or from the TV
receiver. Typical examples of these additional
controls are stereo/dual sound, search tuning
and switching for external video sources. The
output data for ports P20 to P23 is stored in
the port data register.

Input data must be present during the read
cycle. Two of the inputs are edge-triggered.
Each input signal transition is stored and can
be read by the microcomputer via the serial
data bus. The stored data is cleared after
each read cycle.

Analog Controls

The SAB3035 includes eight static DACs for
controlling analog functions associated with
the TV picture and sound (volume, tone,
brightness, contrast, color saturation, etc.).
External RC networks are not necessary to
complete the D/A conversion. The control
data for the DACs is derived from the serial
data bus and stored in eight 6-bit latch
registers. The output voltage range at DACO
to DAC7 is 0.5V to 10.5V and can be adjusted
in 64 increments.
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DESCRIPTION e 4 high-current outputs for direct PIN CONFIGURATION
The SAB3036 provides closed-loop digi- band selection N Package
tal tuning of TV.recelvers, with or without ¢ Four general purpose input/
AFC, as required. It also controls 4 output (1/0) ports p20 7] 78] scL
general purpose I/0 ports and 4 high- e Tunin ith control of speed and e 2] 7] spa
current outputs for tuner band selection. uni g wi r P
direction p22/aFc+ [3] 16] osc
The IC is used in conjunction with @ o Tyning with or without AFC pzanrc- [4] 18] FoIv
mlcrocqmputer from th_e MABB409 fam!- o Single-pin, 4MHz on-chip Veer [5 ] Vec
ly and is controlled via a two-wire, bi- oscillator ] -
directional 12C bus. > . n[e] 13
FEATURES ® |“C bus slave transceiver GND [7] [12] P12
. N TuN[8 ] P11
e Combined analog and digital APPLICATIONS v E 2] P10
circuitry minimizes the number of @ TV receivers ccs
additional interfacing components e Satellite receivers TOP VIEW
required e CATV converters it
o Frequency measurement with PIN NO. SYMBOL DESCRIPTION
resolution of 50kHz ;> Input/output ports
e Selectable prescaler divisor of 64 3 paarcr g:::g;g“lg‘éﬁng‘gf’°“¢“‘
or 256 5 Veet +12V supply voltage
6 T Tunil f lifi
e 32V tuning voltage amplifier u?ﬁr&ir;ﬁ;gn:ua«mpm
7 GND Groynd -
ORDERING INFORMATION . o e o P
voltage amplifier
DESCRIPTION TEMPERATURE RANGE ORDER CODE 10 P10
1 P11 High-current band-selection
18-Pin Plastic DIP (SOT-102HE) -20°C to +70°C SAB3036N :;2; ;}g output ports
14 Veez Positive supply for high-current
ABSOLUTE MAXIMUM RATINGS 252,‘;‘;"‘"’""“ output
15 FDIV Input from prescaler
SYMBOL PARAMETER RATING UNIT 16 0SC Crystal oscillator input
17 SDA Serial data Iir}e 12C bus
Supply voltage ranges: 18 SCL Serial clock line }
Veet (Pin 5) -0.3 to +18 v
Vecz (Pin 14) -0.3 to +18 v
Vees (Pin 9) -0.3 to +36 v
Input/output voltage ranges:
Vspa (Pin 17) -0.3 to +18 v
VscL (Pin 18) -0.3 to +18 \
Vp2o, P21 (Pins 1 and 2) -0.3 to +18 \
Vp22, P23, AFC (Pins 3 and 4) -0.3 to Vogy ! \
Vi (Pin 6) -0.3 to Vo ! v
VTun (Pin 8) -0.3 to Vces \
Vpix (Pins 10 to 13) -0.3 to Vgea 2 v
Veoy (Pin 15) -0.3 to Vggy ! v
Vosc (Pin 16) -03 to +5 \
ProT Total power dissipation 1000 mwW
Tsta Storage temperature range —-65 to +150 °C
Ta Operating ambient temperature range -20 to +70 °C
NOTES:

1. Pin voltage may exceed supply voltage if current is limited to 10mA.
2. Pin voltage must not exceed 18V but may exceed V¢ if current is limited to 200mA.
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DC AND AC ELECTRICAL CHARACTERISTICS Ta=25°C; Vg1, Voca Voo at typical voltages, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

Vcet Supply voltages 10.5 12 13.5 \
Vecez 4.7 13 16 \
Vecs 30 32 35 v
] Supply currents (no outputs loaded) 14 23 40 mA
lccz 0 0.1 mA
lcea 0.2 0.6 2 mA
Iccza Additional supply currents (A)' -2 IOHP1X mA
lccaa 0.2 2 mA
Pror Total power dissipation 300 mw
Ta Operating ambient temperature -20 +70 °C
12C bus inputs/outputs SDA input (Pin 17); SCL input (Pin 18)
ViH Input voltage HIGH? 3 Vo1 -1 \Y
Vi Input voltage LOW -0.3 1.5 \"
i Input current HIGH? 10 uA
I Input current LOW? 10 uA

SDA output (Pin 17, open-collector)
VoL Output voltage LOW at lg_ = 3mA 0.4 \"
loL Maximum output sink current 5 mA
Open-collector 1/0 ports P20, P21, P22, P23 (Pins 1 to 4, open-collector)
ViH Input voltage HIGH (P20, P21) 2 16 \"
Vin Input voltage HIGH (P22, P23) AFC switched off 2 Vect1 -2 "
ViL Input voltage LOW -0.3 0.8 "
lin Input current HIGH 25 HA
—jle Input current LOW 25 HA
Vd_ Output voltage LOW at Ig. =2mA 0.4 \"
loL Maximum output sink current 4 mA
AFC amplifier Inputs AFC+, AFC- (Pins 3, 4)

Transconductance for input voltage up to 1V differential:

AFCS1 AFCS2

doo 0 0 100 250 800 nA/V
do1 0 1 15 25 35 uA/NV
gd10 1 0 30 50 70 HAIV
a11 1 1 60 100 140 HA/V

Tolerance of transconductance multiplying factor (2, 4 or 8)
AMg when correction-in-band is used -20 +20 %
ViorrF Input offset voltage -75 +75 mV
Vcom Common-mode input voltage 3 Vec1-2.5 \
CMRR Common-mode rejection ratio 50 dB
PSRR Power supply (Vcgi) rejection ratio 50 dB
] Input current (P22 and P23 programmed HIGH) 500 nA
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Voc1, Veoa, Vocs at typical voltages, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min T Typ | Max
Tuning voltage amplifier Input TI, output TUN (Pins 6, 8)
VTiun Maximum output voltage at I pap = +2.5mA Vces-1.6 Vcez-0.4 \"
Minimum output voltage at I pap = *2.5mA:
VTMI VTMIO
VTmoo 0 0 300 500 mv
Vmio 1 0 450 650 mv
VImi1 1 1 650 900 mv
=lrunKH Maximum output source current 25 8 mA
ITUNL Maximum output sink current 40 mA
Im Input bias current -5 +5 nA
PSRR Power supply (Vcca) rejection ratio 60 dB
Minimum charge IT to tuning voltage amplifier
TUHN1 TUHNO
CHoo 0 0 0.4 1 1.7 A/ us
CHoq 0 1 4 8 14 MA/us
CHyp 1 0 15 30 48 pA/ us
CHy4 1 1 130 250 370 MA/us
Tolerance of charge (or AVryn) multiplying factor when COIB _
ACH and/or TUS are used 20 +20 %
Maximum current | into tuning amplifier
TUHN1 TUHNO
ltoo 0 0 1.7 35 5.1 MA
1701 0 1 15 29 41 HA
IT10 1 0 65 110 160 MA
IT11 1 1 530 875 1220 HA
Correction-in-band
AVgig Tolerance of correction-in-band levels 12V, 18V and 24V -15 l [ +15 %
Band-select output ports P10, P11, P12, P13 (Pins 10 to 13)
Vou Output voltage HIGH at -lgy = 50mA3 Vcc2-0.6 \
VoL Output voltage LOW at lg =2mA 0.4 v
-lon Maximum output source current® 130 200 mA
loL Maximum output sink current 5 mA
FDIV Input (Pin 15)
Input voltage (peak-to-peak value)
VrDw (P-P) (trise and traLL < 40ns) 0.1 2 \
Duty cycle 40 60 %
fmAx Maximum input frequency 16 MHz
Z) Input impedance 8 kS
C _Input capacitance 5 pF
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Vcc1, Veoa, Vecs at typical voltages, unless
otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ I Max
OSC Input (Pin 24)
Rx Crystal resistance at resonance (4MHz) J ' [ 150 ] Q
Power-down reset
Vep Maxirpum supply voltage Vggy at which power-down reset is 75 95 v
active
tr Ve rise time during power-up (up to Vpp) 5 us
Voltage level for valid module address
Voltage level at P20 (Pin 1) for valid module address as a
function of MA1, MAO
MA1 MAO
Vyvaoo 0 0 -03 16 \
Vvaot 0 1 -0.3 0.8 Y
Vvato 1 0 25 Vec1 -2 \
Vva11 1 1 Vcet1-0.3 Vet \
NOTES:
1. For each band-select output which is programmed at logic 1, sourcing a current Ionp1x, the additional supply currents (A) shown must be added to

lcc2 and lccs, respectively.

2. If Vggr <1V, the input current is limited to 10uA at input voltages up to 16V.

3. At continuous operation the output current should not exceed 50mA. When the output is short-circuited to ground for several seconds the device may
be damaged.

4. Values are proportional to Vcgi.
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FUNCTIONAL DESCRIPTION

The SAB3036 is a monolithic computer inter-
face which provides tuning and control func-
tions and operates in conjunction with a
microcomputer via an 12C bus.

Tuning

This is performed using frequency-locked
loop digital control. Data corresponding to the
required tuner frequency is stored in a 15-bit
frequency buffer. The actual tuner frequency,
divided by a factor of 256 (or by 64) by a
prescaler, is applied via a gate to a 15-bit
frequency counter. This input (FDIV) is mea-
sured over a period controlled by a time
reference counter and is compared with the
contents of the frequency buffer. The result of
the comparison is used to control the tuning
voltage so that the tuner frequency equals
the contents of the frequency buffer multi-
plied by 50kHz within a programmable tuning
window (TUW).

The system cycles over a period of 6.4ms (or
2.56ms), controlled by the time reference
counter which is clocked by an on-chip 4MHz
reference oscillator. Regulation of the tuning
voltage is performed by a charge pump fre-
quency-locked loop system. The charge IT
flowing into the tuning voltage amplifier is
controlled by the tuning counter, 3-bit DAC
and the charge pump circuit. The charge IT is
linear with the frequency deviation Af in steps
of 50kHz. For loop gain control, the relation-
ship AIT/Af is programmable. In the normal
mode (when control bits TUHNO and TUHN1
are both at logic 1, see OPERATION), the
minimum charge IT at Af=50kHz equals
250uA us (typical).

By programming the tuning sensitivity bits
(TUS), the charge IT can be doubled up to 6
times. If correction-in-band (COIB) is pro-
grammed, the charge can be further doubled
up to three times in relation to the tuning
voltage level. From this, the maximum charge

IT at Af = 50kHz equals 25 X 2% X 250pAps
(typical).

The maximum tuning current | is 875uA
(typical). In the tuning-hold (TUHN) mode
(TUHN is Active-LOW), the tuning current | is
reduced and as a consequence the charge
into the tuning amplifier is also reduced.

An in-lock situation can be detected by read-
ing FLOCK. When the tuner oscillator fre-
quency is within the programmable tuning
window (TUW), FLOCK is set to logic 1. If the
frequency is also within the programmable
AFC hold range (AFCR), which always occurs
if AFCR is wider than TUW, control bit AFCT
can be set to logic 1. When set, digital tuning
will be switched off, AFC will be switched on
and FLOCK will stay at logic 1 as long as the
oscillator frequency is within AFCR. If the
frequency of the tuning oscillator does not
remain within AFCR, AFCT is cleared auto-
matically and the system reverts to digital
tuning. To be able to detect this situation, the
occurrence of positive and negative transi-
tions in the FLOCK signal can be read (FL/
1N and FL/0ON). AFCT can also be cleared by
programming the AFCT bit to logic 0.

The AFC has programmable polarity and
transconductance; the latter can be doubled
up to 3 times, depending on the tuning
voltage level if correction-in-band is used.

The direction of tuning is programmable by
using control bits TDIRD (tuning direction
down) and TDIRU (tuning direction up). If a
tuner enters a region in which oscillation
stops, then, providing the prescaler remains
stable, no FDIV signal is supplied to CITAC. in
this situation the system will tune up, moving
away from frequency lock-in. This situation is
avoided by setting TDIRD which causes the
system to tune down. In normal operation
TDIRD must be cleared.

If a tuner stops oscillating and the prescaler
becomes unstable by going into self-oscilla-
tion at a very high frequency, the system will

react by tuning down, moving away from
frequency lock-in. To overcome this, the sys-
tem can be forced to tune up at the lowest
sensitivity (TUS) value, by setting TDIRU.

Setting both TDIRD and TDIRU causes the
digital tuning to be interrupted and AFC to be
switched on.

The minimum tuning voltage which can be
generated during digital tuning is programma-
ble by VTMI to prevent the tuner being driven
into an unspecified low tuning voltage region.

Control

For tuner band selection there are four out-
puts — P10 to P13 — which are capable of
sourcing up to 50mA at a voltage drop of less
than 600mV with respect to the separate
power supply input Vcco.

For additional digital control, four open-col-
lector 1/0 ports — P20 to P23 — are provid-
ed. Ports P22 and P23 are capable of detect-
ing positive and negative transitions in their
input signals and are connected with the
AFC+ and AFC- inputs, respectively. The
AFC amplifier must be switched off when P22
and/or P23 are used. When AFC is used, P22
and P23 must be programmed HIGH (high
impedance state). With the aid of port P20, up
to three independent module addresses can
be programmed.

Reset

CITAC goes into the power-down reset mode
when Vccy is below 8.5V (typical). In this
mode all registers are set to a defined state.
Reset can also be programmed.

OPERATION

Write

CITAC is controlled via a bidirectional two-
wire I12C bus. For programming, a module
address, R/W bit (logic 0), an instruction byte
and a data/control byte are written into Cl-
TAC in the format shown in Figure 1.

MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE
T T T T TuaTwA' T T T T T 1 T T T T 1 T
MA ' MA
s 1 1 [} o o 0 l A I I I [} i, 1. [} [} [} l A lD D, Ds D, D; D, D; D l A|P
rl PR SR VT SRR S N W LTI U S WO W TR T L S T T A T I |

msb msb

RW

Figure 1. 1°C Bus Write Format

AF04860S
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The module address bits MA1, MAO are used  Table 1.

Valid Module Addresses

to give a 2-bit module address as a function
of the voltage at port P20 as shown in

MA1 MAO

P20

Table 1.

Acknowledge (A) is generated by CITAC only
when a valid address is received and the
device is not in the power-down reset mode

aa00

0
1
0
1

Don't care
GND
Yo Vet
Veer

(Voct > 8.5V (typical)).

Tuning

Tuning is controlled by the instruction and Table 2.

Tuning Current Control

data/control bytes as shown in Figure 2.
TUHN1
Frequency

TYP. lyax | TYP. ITmin

TUHNO |~ a) (A/ps)

TYP. AVtyNmin at Cint = 1uF
(uV)

Frequency is set when Bit |7 of the instruction
byte is set to logic 1; the remainder of this
byte together with the data/control byte are

0
0
1
loaded into the frequency buffer. The fre- 1

3.5 11
29 8
110 30
875 250

- 0= 0

1 1
8
30
250

quency to which the tuner oscillator is regulat-
ed equals the decimal representation of the
15-bit word multiplied by 50kHz. All frequency
bits are set to logic 1 at reset.

NOTE:

Tuning Hold
The TUHN bits are used to decrease the

1. Values after reset.

TUHNO = Logic 1; TUHN1 = Logic 1

Table 3. Minimum Charge IT as a Function of TUS Af = 50kHz;

maximum tuning current and, as a conse-
quence, the minimum charge IT (at
Af = 50kHz) into the tuning amplifier.

TUS2

TYP. ITmin

TUS1 (MA/ps)

TuUso

TYP. AVrynmin at Cint = 1uF
(mV)

During tuning but before lock-in, the highest
current value should be selected.
After lock-in the current may be reduced to
decrease the tuning voltage ripple.

The lowest current value should not be used
for tuning due to the input bias current of the

- a2 0000

0.25'
0.5

- OO0 = -+00
O+ 0-=-0—=-0
®HN =

—_
(2]

0.25'
0.5

SO HN =

tuning voltage amplifier (maximum 5nA).
However, it is good practice to program the
lowest current value during tuner band
switching.

NOTE:

Tuning Sensitivity

To be able to program an optimum loop gain,
the charge IT can be programmed by chang-
ing T using tuning sensitivity (TUS). Table 3
shows the minimum charge IT obtained by
programming the TUS bits at Af = 50kHz;
TUHNO and TUHN1 = logic 1.

1. Values after reset.

INSTRUCTION BYTE

DATA/CONTROL BYTE

D,  Dg D, D,

D,y D, o, Do

FREQ

TCDO

TCD1

TCD2

T T T T

F7 F6 F5 F4

AFCT VTMIO AFCR1

VTMIt  COIB1

0 0 0 o

AFCRO TUHN1

COIB0O  AFCS1

F3 F2 F1 Fo

TUHNO TUW!1 Tuwo

AFCSO0 Tus2 Tust Tuso

AFCP FDIVM TDIRD TDIRU
| 1 i I |

Figure 2. Tuning Control Format

AF04670S
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Correction-in-Band

This control is used to correct the loop gain of
the tuning system to reduce in-band varia-
tions due to a non-linear voltage/frequency
characteristic of the tuner. Correction-in-band
(COIB) controls the time T of the charge
equation IT and takes into account the tuning
voltage Vyyn to give charge multiplying fac-
tors as shown in Table 4.

The transconductance multiplying factor of
the AFC amplifier is similar when COIB is
used, except for the lowest transconductance
which is not affected.

Tuning Window

Digital tuning is interrupted and FLOCK is set
to logic 1 (in-lock) when the absolute devia-
tion |Afl between the tuner oscillator frequen-
cy and the programmed frequency is smaller
than the programmed TUW value (see Table
5). If IAfl is up to 50kHz above the values
listed in Table 5, it is possible for the system
to be locked depending on the phase rela-
tionship between FDIV and the reference
counter.

AFC

When AFCT is set to logic 1 it will not be
cleared and the AFC will remain on as long as
|Aflis less than the value programmed for the
AFGC hold range AFCR (see Table 6). It is
possible for the AFC to remain on for values
of up to 50kHz more than the programmed
value depending on the phase relationship
between FDIV and the reference counter.

Transconductance

The transconductance (g) of the AFC amplifi-
er is programmed via the AFC sensitivity bits
AFCS as shown in Table 7.

AFC Polarity

If a positive differential input voltage is ap-
plied to the (switched on) AFC amplifier, the
tuning voltage Vtyn falls when the AFC
polarity bit AFCP is at logic 0 (value after
reset). At AFCP = logic 1, Vryn rises.

Minimum Tuning Voltage

Both minimum tuning voltage control bits,
VTMI1 and VTMIO, are at logic O after reset.
Further details are given in CHARACTERIS-
TICS.

Frequency Measuring Window

The frequency measuring window which is
programmed must correspond with the divi-
sion factor of the prescaler in use
(see Table 8).

Tuning Direction
Both tuning direction bits, TDIRU (up) and
TDIRD (down), are at logic O after reset.

December 2, 1986

Table 4. Programming Correction-In-Band

CHARGE MULTIPLYING FACTORS AT TYPICAL
COIB1 CoIBo VALUES OF Vryy AT:

<12v 12 to 18V | 18 to 24V > 24V

0 0 1! 11 11 1!

0 1 1 1 1 2

1 0 1 1 2 4

1 1 1 2 4 8

NOTE:

1. Values after reset.

Table 5. Tuning Window Programming

TUW1 TUWO Afl (kHz) TUNING WINDOW (kHz)
0 0 o' o'
0 1 50 100
1 0 150 300

NOTE:
1. Values after reset.

Table 6. AFC Hold Range Programming

AFCR1 AFCRO lAfl (kHz) AFC HOLD RANGE (kHz)
0 0 o' o'
0 1 350 700
1 0 750 1500
NOTE:

1. Values after reset.

Table 7. Transconductance Programming

AFCS1 AFCS0 TYP. TRANSCONDUCTANCE (rA/V)
0 0 0.25'
0 1 25
1 0 50
1 1 100

NOTE:
1. Value after reset.

Table 8. Frequency Measuring Window Programming

FDIVM | PRESCALER DIVISION FAcTOR| CYCLE PERIOD | MEASURING WINDOW
(ms) (ms)
0 256 6.4 5.12
1 64 256 1.28
NOTE:

1. Values after reset.
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Control
The instruction byte POD (port output data) is

shown in Figure 3, together with the corre-
sponding data/control byte. Control is imple-

mented as follows:
P13, P12, P11, P10 — Band select outputs. If

INSTRUCTION BYTE DATA/CONTROL BYTE
T T LN Ea T T T T T T T T T
POD l [ o 1 [} 1 L] 0 L] ] P23 P22 P21 P20 P13 P12 P11 P10 I
i 1 L 1 i I i i i B R R 1 I
AF047008

Figure 3. Control Programming

a logic 1 is programmed on any of the POD
bits D3 to Dy, the relevant output goes HIGH.
All outputs are LOW after reset.

P23, P22, P21, P20 — Open-collector 1/0
ports. If a logic 0 is programmed on any of the
POD bits D7 to Dy, the relevant output is
forced LOW. All outputs are at logic 1 after
reset (high impedance state).

Read

Information is read from CITAC when the R/W
bit is set to logic 1. An acknowledge must be
generated by the master after each data byte
to allow transmission to continue. If no ac-
knowledge is generated by the master the
slave (CITAC) stops transmitting. The format of
the information bytes is shown in Figure 4.

FL/ON — As for FL/1N but is set to logic 0
when FLOCK changes from 1 to 0.

FOV — Indicates frequency overflow. When
the tuner oscillator frequency is too high with
respect to the programmed frequency, FOV is
at logic 1, and when too low, FOV is at logic
0. FOV is not valid when TDIRU and/or
TDIRD are set to logic 1.

RESN — Set to logic 0 (Active-LOW) by a
programmed reset or a power-down reset. It
is reset to logic 1 automatically after tuning/
reset information has been read.

MWN — MWN (frequency measuring window,
Active-LOW) is at logic 1 for a period of
1.28ms, during which time the results of
frequency measurement are processed. This
time is independent of the cycle period.
During the remaining time, MWN is at logic 0
and the received frequency is measured.

Tuning/Reset Information Bits

FLOCK — Set to logic 1 when the tuning
oscillator frequency is within the programmed
tuning window.

FL/1N — Set to logic 0 (Active-LOW) when
FLOCK changes from 0 to 1 and is reset to
logic 1 automatically after tuning information
has been read.

When slightly different frequencies are pro-
grammed repeatedly and AFC is switched on,
the received frequency can be measured
using FOV and FLOCK. To prevent the fre-
quency counter and frequency buffer being

loaded at the same time, frequency should be
programmed only during the period of
MWN = logic 0.

Port Information Bits

P23/1N, P22/1N — Set to logic 0 (Active-
LOW) at a LOW-to-HIGH transition in the
input voltage on P23 and P22, respectively.
Both are reset to logic 1 after the port
information has been read.

P23/0N, P22/0N — As for P23/1N and P22/
1N but are set to logic 0 at a HIGH-to-LOW
transition.

P123, P122, P121, P120 — Indicate input
voltage levels at P23, P22, P21 and P20,
respectively. A logic 1 indicates a HIGH input
level.

Reset

The programming to reset all registers is
shown in Figure 5. Reset is activated only at
data byte HEX06. Acknowledge is generated
at every byte, provided that CITAC is not in
the power-down-reset mode. After the gener-
al call address byte, transmission of more
than one data byte is not allowed.

MODULE ADDRESS TUNING/RESET INFORMATION PORT INFORMATION
B, B B; B, B; B, By B
T L 1 | ] ) A' T T T ] 1 I 1 T L T 1 T T
e ] ] -]
L1 1 1 31,0, IR SR S T | R N S N | A
RW _1 t MWN 1 FROM MASTER
RESN Pi20
L— rov PI21
FL/ON Pi22
FUIN PI23
FLOCK P22/0N
FROM CITAC P22/IN
P23/ON
P23/IN
FROM MASTER
AF04710S
Figure 4. Information Byte Format
GENERAL CALL ADDRESS HEX06
1 T 1 T L T LI T 1 1 Ll 1 1 1
lslo o 0o 0o 0 o oolAlo 101 olAIP]
L '} 1 1 L 1 1 1 ke I S 1 1
AF04690S
Figure 5. Reset Programming
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12C Bus Timing
12C bus load conditions are as follows:
4k pull-up resistor to +5V; 200pF capacitor to GND.

All values are referred to V) =3V and V) = 1.5V.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max
tsuF Bus free before start 4 us
tsu, tsta Start condition setup time 4 us
tHp, tsTA Start condition hold time 4 us
tLow SCL, SDA LOW period 4 us
tHiGH SCL HIGH period 4 us
tr SCL, SDA rise time 1 us
tr SCL, SDA fall time 0.3 us
tsy, toat Data setup time (write) 1 us
tHp, tDAT Data hold time (write) 1 us
tsus tcac Acknowledge (from CITAC) setup time 2 S
tHp, tcac Acknowledge (from CITAC) hold time 0 us
tsus tsTo Stop condition setup time 4 us
tsus tRoA Data setup time (read) 2 HuS
tHD, tRDA Data hold time (read) 0 us
tsus tmac Acknowledge (from master) setup time 1 us
tvp: tmac Acknowledge (from master) hold time 2 us
NOTE:

1. Timings tsy, toat and tup, tpar deviate from the 12C bus specification.
After reset has been activated, transmission may only be started after a 50us delay.

SDA \ f x S‘ X FROM CITAC (
(WRITE)
: tHo» toar Fe— .
'BUF ‘SU' 'C‘C '"D’ .CAC LowW
tF ta
— = —
3w tsTa ot tsTA tow tricH su tsto
tsu toar

- i X MECIVaE

t50: thoa o tRoa tsur tmac to: ac

WF18771S

Figure 6. 12C Bus Timing SAB3036
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DESCRIPTION

The SAB3037 provides closed-loop digi-
tal tuning of TV receivers, with or without
AFC, as required. It also controls up to 4
analog functions, 4 general purpose I/0
ports and 4 high-current outputs for
tuner band selection.

The IC is used in conjunction with a
microcomputer from the MAB8400 fami-
ly and is controlled via a two-wire, bi-
directional 12C bus.

FEATURES

o Combined analog and digital
circuitry minimizes the number of
additional interfacing components
required

© Frequency measurement with
resolution of 50kHz

o Selectable prescaler divisor of 64
or 256

ORDERING INFORMATION

SAB3037

FLL Tuning and Control Circuit

Product Specification

e 32V tuning voltage amplifier

e 4 high-current outputs for direct
band selection

® 4 static digital to analog
convertors (DACs) for control of
analog functions

e Four general purpose input/
output (I/0) ports

e Tuning with control of speed and
direction

e Tuning with or without AFC

e Single-pin, 4MHz on-chip
oscillator

® I2C bus slave transceiver

APPLICATIONS

o TV receivers

e Satellite receivers
e CATV converters

PIN CONFIGURATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE

24-Pin Plastic DIP (SOT-101A) -20°C to +70°C SAB3037N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply voltage ranges:
Veet (Pin 13) -0.3 to +18 \
Veez (Pin 19) -0.3 to +18 v
Vees (Pin 14) -0.3 to +36 \
Input/output voltage ranges:
Vspa (Pin 2) -0.3 to +18 v
VscL (Pin 3) -0.3 to +18 v
Vpax (Pins 4 to 7) -0.3 to +18 v
Varc+, AFc—-| (Pins 8 and 9) -0.3 to Vg ! \
Vn (Pin 10) -0.3 to Voo ! v
VTuN (Pin 12) -0.3 to Vges? %
Vpix (Pins 15 to 18) -0.3 to Vggo? \
Vepiv (Pin 20) -0.3 to Voo ! \
Vosc (Pin 21) -0.3 to +5 v
Vpacx (Pins 1 and 22 to 24) -0.3 to Vgg ! \"
Pror Total power dissipation 1000 mw
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -20 to +70 °C
NOTES:

1. Pin voltage may exceed supply voltage if current is limited to 10mA.
2. Pin voltage must not exceed 18V but may exceed Vgcp if current is limited to 200mA.
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oaca 1]
soa 2]
sct 3]

P20 [4]
P21 [5]
P22 [6]
p23[7]

arce [8]

arc-[o]

 [io}
ano [11]

N Package

SYMBOL

DAC3
SDA
SCL

P20
P21
P22
P23
AFC+ }

AFC—
Tl

GND
TUN
Veet
Vees

P10
P11
P12 ports.
P13

Veez

FDIV
0sC

DACO
DAC1
DAC2

TOP VIEW
DESCRIPTION
Output of static DAC

CD11970S.

Serial data line 2
Serial clock line } 1 bus
General purpose

input/output ports

AFC inputs

Tuning voltage amplifier inverting
input

Ground

Tuning voltage amplifier output
+12V supply voltage

+32V supply for tuning voltage
amplifier

High-current band-selection output
Positive supply for high-current
band-selection output circuits
Input from prescaler

Crystal oscillator input

Outputs of static DACs

853-1057 86703
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BLOCK DIAGRAM

PRESCALER
Veer GND oIV Veez Ve
? o °
13 = |n 20 19 19
p—- Vecy ;__. Voo
18
POWER-DOWN REFERENCE
DETECTOR OSCILLATOR w
PORT 1
L sasaca7 CONTROL TUNER
CIRCUIT
WRITE
2 16
SDA O
12 -
scL o> BuUs READ
oy |
pam 5
‘t Fawn L] =
REFER I___-.. aaTE 15817
2-BIT zoun'g‘:s o FREQUENCY BUFFER
ADC
7 B
15817
4 e ]
© E HH FREQUENCY COUNTER ;:
5 [,
o- 20 HesH
s e e L
o— P2z | Friz2} Frzz/ e r— e — =
, i w )} CeOrsxCEd
R N A
o~ R HEHHIH TUNING CONTROL CIRCUIT
PORT 2
CONTROL CIRCUIT
DIVISOR 81T
SELECTOR DAC
Vees
M 12
@ T TON
12-8IT T CHARGE
TUNING COUNTER PUMP TUNING
VOUTAGE 1
Veer AMPLIFIER Cinr
For O q T
.
. AFC \, 10
S AMPLIFIER .
AFC-
[ AFcP]
[AFCS |
CORRECTION-
IN-BAND
CIRCUIT

= || =
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DC AND AC ELECTRICAL CHARACTERISTICS T =25°C; Vooy, Voca, Veoa at typical voltages, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

Vet Supply voltages 10.5 12 13.5 \"
Ve 47 13 16 Y
Vces 30 32 35 \"
lcct Supply currents (no outputs loaded) 18 30 45 mA
lccz 0 0.1 mA
lcca 0.2 0.6 2 mA
lccaa Additional supply currents (A)' -2 loHP1X mA
Iccaa 0.2 2 mA
Prot Total power dissipation 380 mwW
Ta Operating ambient temperature -20 +70 °C

12C bus inputs/outputs SDA input (Pin 2); SCL input (Pin 3)

ViH Input voltage HIGH? 3 Vee-1 Y
ViL Input voltage LOW -0.3 1.5 \
™ Input current HIGH? 10 HA
I Input current LOW2 10 HA

SDA output (Pin 2, open-collector)

VoL Output voltage LOW at Ig_ = 3mA 0.4 \
loL Maximum output sink current 5 mA
Open-collector I/0 ports P20, P21, P22, P23 (Pins 4 to 7, open-collector)

ViH Input voltage HIGH 2 16 \
Vi Input voltage LOW -0.3 0.8 \"
liH Input current HIGH 25 HA
- Input current LOW 25 HA
VoL Output voltage LOW at g = 2mA 0.4 \"
loL Maximum output sink current 4 mA
AFC ampilifier Inputs AFC+, AFC- (Pins 8, 9)

Transconductance for input voltages up to 1V differential:
AFCS1 AFCS2
goo 0 0 100 250 800 nA/vV
go1 0 1 15 25 35 MA/V
g10 1 0 30 50 70 HA/V
gt 1 1 60 100 140 HA/V
AMg Tolerance of tr.ans?onducta.nce multiplying factor (2, 4 or 8) _20 +20 %
when correction-in-band is used

Viorr Input offset voltage -75 +75 mV
Vcom Common-mode input voltage 3 Vcc1-25 \")
CMRR Common-mode rejection ratio 50 dB
PSRR Power supply (Vccy) rejection ratio 50 dB
Iy Input current 500 nA
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Vce, Vioca: Viecs at typical voltages, unless
otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min [ Typ | Max
Tuning voltage amplifier Input Tl, output TUN (Pins 10, 12)
V1uN Maximum output voltage at | pap = +2.5mA Vcez-1.6 Vcos—-0.4 \"
Minimum output voltage at | oap = +2.5mA:
VTMI1 VTMIO
VMmoo 0 0 300 500 mV
Vmio 1 0 450 650 mv
Vimi1 1 1 650 900 mV
~lrunH Maximum output source current 25 8 mA
ITUNL Maximum output sink current 40 mA
I Input bias current -5 +5 nA
PSRR Power supply Vgcs rejection ratio 60 dB
Minimum charge IT to tuning voltage amplifier
TUHN?1 TUHNO
CHoo 0 0 0.4 1 1.7 pA/us
CHoy 0 1 4 8 14 uA/ps
CHyo 1 0 15 30 48 MA/ us
CHyq 1 1 130 250 370 MA/ us
Tolerance of charge (or AVryn) multiplying factor when COIB _ o
ACH and/or TUS are used 20 +20 *
Maximum current | into tuning amplifier
TUHN1 TUHNO
I100 0 0 1.7 3.5 5.1 A
ITo1 0 1 15 29 41 HA
IT10 1 0 65 110 160 vA
IT11 1 1 530 875 1220 A
Correction-in-band
AV Tolerance of correction-in-band levels 12V, 18V, and 24V -15 +15 %
Band-select output ports P10, P11, P12, P13 (Pins 15 to 18)
VoH Output voltage HIGH at —lop = 50mA® Vcoz-0.6 %
Vor Output voltage LOW at Ig. =2mA 0.4 v
—loH Maximum output source current® 130 200 mA
loL Maximum output sink current 5 mA
FDIV input (Pin 20)
Vrow (p-p) | Input voltage (peak-to-peak value) (trise and traLL < 40ns) 0.1 2 v
Duty cycle 40 60 %
fmax Maximum input frequency 145 MHz
Z) Input impedance 8 k2
G Input capacitance 5 pF
OSC input (Pin 21)
Ry Crystal resistance at resonance (4MHz) 150 Q
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta =25°C; Vge1, Vooa Vocs at typical voltages, unless
otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max

DAC outputs 0 to 3 (Pins 22 to 24 and Pin 1)
VpH Maximum output voltage (no load) at Vg = 12Vv* 10 115 \
VpL Minimum output voltage (no load) at Vggq = 12v4 0.1 1 \%
AVp Positive value of smallest step (1 least significant bit) 0 350 mV

Deviation from linearity 0.5 \
Zo Output impedance at | oap =+ 2mA 70 Q
-lpH Maximum output source current 6 mA
IpoL Maximum output sink current 8 mA
Power-down reset
VoD Max:rpum supply voltage Vgci at which power-down reset is 75 95 v

active

tr Vcey rise time during power-up (up to Vpp) 5 us
Voltage level for valid module address

Voltage level at P20 (Pin 4) for valid module address as a

function of MA1, MAO
MA1 MAO
Vvaoo 0 0 -0.3 16 \
Vvao1 0 1 -0.3 0.8 \"
Vvaio 1 0 25 Veer1 -2 \
Vvat1 1 1 Vce1-0.3 Veeot \'
NOTES:

-

Iccz and Icca, respectively.
2. If Vgey <1V, the input current is limited to 10pA at input voltages up to 16V.

w

I
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. For each band-select output which is programmed at logic 1, sourcing a current lonpix, the additional supply currents (A) shown must be added to

. At continuous operation the output current should not exceed 50mA. When the output is short-circuited to ground for several seconds the device may
be damaged.
. Values are proportional to Vcei.
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FUNCTIONAL DESCRIPTION

The SAB3037 is a monolithic computer inter-
face which provides tuning and control func-
tions and operates in conjunction with a
microcomputer via an 12C bus.

Tuning

This is performed using frequency-locked
loop digital control. Data corresponding to the
required tuner frequency is stored in a 15-bit
frequency buffer. The actual tuner frequency,
divided by a factor of 256 (or by 64) by a
prescaler, is applied via a gate to a 15-bit
frequency counter. This input (FDIV) is mea-
sured over a period controlled by a time
reference counter and is compared with the
contents of the frequency buffer. The result of
the comparison is used to control the tuning
voltage so that the tuner frequency equals
the contents of the frequency buffer multi-
plied by 50kHz within a programmable tuning
window (TUW).

The system cycles over a period of 6.4ms (or
2.56ms), controlled by the time reference
counter which is clocked by an on-chip 4MHz
reference oscillator. Regulation of the tuning
voltage is performed by a charge pump fre-
quency-locked loop system. The charge IT
flowing into the tuning voltage amplifier is
controlled by the tuning counter, 3-bit DAC
and the charge pump circuit. The charge IT is
linear with the frequency deviation Af in steps
of 50kHz. For loop gain control, the relation-
ship AIT/Af is programmable. In the normal
mode (when control bits TUHNO and TUHN1
are both at logic 1 (see OPERATION) the
minimum charge IT at Af=50kHz equals
250uA/us (typical).

By programming the tuning sensitivity bits
(TUS), the charge IT can be doubled up to 6
times. If correction-in-band (COIB) is pro-
grammed, the charge can be further doubled
up to three times in relation to the tuning
voltage level. From this, the maximum charge

IT at Af =50kHz equals 2 X 23 X 250uA/
us (typical).

The maximum tuning current | is 875uA
(typical). In the tuning-hold (TUHN) mode
(TUHN is Active-LOW), the tuning current | is
reduced and as a consequence the charge
into the tuning amplifier is also reduced.

An in-lock situation can be detected by read-
ing FLOCK. When the tuner oscillator fre-
quency is within the programmable tuning
window (TUW), FLOCK is set to logic 1. If the
frequency is also within the programmable
AFC hold range (AFCR), which always occurs
if AFCR is wider than TUW, control bit AFCT
can be set to logic 1. When set, digital tuning
will be switched off, AFC will be switched on
and FLOCK will stay at logic 1 as long as the
oscillator frequency is within AFCR. If the
frequency of the tuning oscillator does not
remain within AFCR, AFCT is cleared auto-
matically and the system reverts to digital
tuning. To be able to detect this situation, the
occurrence of positive and negative transi-
tions in the FLOCK signal can be read (FL/
1N and FL/ON). AFCT can also be cleared by
programming the AFCT bit to logic 0.

The AFC has programmable polarity and
transconductance; the latter can be doubled
up to 3 times, depending on the tuning
voltage level if correction-in-band is used.

The direction of tuning is programmable by
using control bits TDIRD (tuning direction
down) and TDIRU (tuning direction up). If a
tuner enters a region in which oscillation
stops, then, providing the prescaler remains
stable, no FDIV signal is supplied to CITAC. In
this situation the system will tune up, moving
away from frequency lock-in. This situation is
avoided by setting TDIRD which causes the
system to tune down. In normal operation
TDIRD must be cleared.

If a tuner stops oscillating and the prescaler
becomes unstable by going into self-oscilla-
tion at a very high frequency, the system will

react by tuning down, moving away from
frequency lock-in. To overcome this, the sys-
tem can be forced to tune up at the lowest
sensitivity (TUS) value, by setting TDIRU.

Setting both TDIRD and TDIRU causes the
digital tuning to be interrupted and AFC to be
switched on.

The minimum tuning voltage which can be
generated during digital tuning is programma-
ble by VTMI to prevent the tuner from being
driven into an unspecified low tuning voltage
region.

Control

For tuner band selection there are four out-
puts — P10 to P13 — which are capable of
sourcing up to 50mA at a voltage drop of less
than 600mV with respect to the separate
power supply input Vcco.

For additional digital control, four open-col-
lector 1/0 ports — P20 to P23 — are provid-
ed. Ports P22 and P23 are capable of detect-
ing positive and negative transitions in their
input signals. With the aid of port P20, up to
three independent module addresses can be
programmed.

Four 6-bit digital-to-analog converters —
DACO to DAC3 —are provided for analog
control.

Reset

CITAC goes into the power-down reset mode
when Vcgy is below 8.5V (typical). In this
mode all registers are set to a defined state.
Reset can also be programmed.

OPERATION

Write

CITAC is controlled via a bidirectional two-
wire 12C bus. For programming, a module
address, R/W bit (logic 0), an instruction byte
and a data/control byte are written into Cl-
TAC in the format shown in Figure 1.

MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE
L] 1 ) T 1 Ty 1 T 1 ) T T T 1 T T 1 T 1 L T
MA ' MA o,
[ 0 OIAII g ls 14 13 1 | I|ALDD D, b, by D, D n,,lA'PJ
[;l‘11| g 130, LU W S T Wl T L T T T T

msb

Figure 1. 12C Bus Write Format

AF04660S
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The module address bits MA1, MAO are used

Table 1. Valid Module Addresses

to give a 2-bit module address as a function
of the voltage at port P20 as shown in

MA1

MAO P20

Table 1.

Acknowledge (A) is generated by CITAC only
when a valid address is received and the
device is not in the power-down reset mode

4200

Don't care
GND
Y2 Veet
Veet

- O = O

(Vce1 > 8.5V (typical)).

Tuning
Tuning is controlled by the instruction and

Table 2. Tuning Current Control

data/control bytes as shown in Figure 2.
’ TUHN1
Frequency

TUHNO

TYP. Imax
(HA)

TYP. ITmin TYP. AVtyNmin at CinT = 1uF
(uA/ us) (uV)

Frequency is set when Bit |7 of the instruction 0
byte is set to logic 1; the remainder of this 0
byte together with the data/control byte are 1
loaded into the frequency buffer. The fre- 1

- O = O

3.5’
29
110
875

1! 1!
8 8
30 30

250

quency to which the tuner oscillator is regulat-
ed equals the decimal representation of the
15-bit word multiplied by 50kHz. All frequency
bits are set to logic 1 at reset.

Tuning Hold

The TUHN bits are used to decrease the
maximum tuning current and, as a conse-
quence, the minimum charge IT (at
Af = 50kHz) into the tuning amplifier.

NOTE:
1. Values after reset.

During tuning but before lock-in, the highest
current value should be selected. After lock-in
the current may be reduced to decrease the
tuning voltage ripple.

The lowest current value should not be used
for tuning due to the input bias current of the

tuning voltage amplifier (maximum 5nA).
However, it is good practice to program the
lowest current value during tuner band
switching.

INSTRUCTION BYTE DATA/CONTROL BYTE
7 ls Is la ) I h lo b; Dg Ds D, Dy D, D, Do
T T T T T T T T T T T T T T
FREQ 1 F14 F13 F12 F11 F10 F9 F8 F7 F6 F5 Fa F3 F2 F1 FO
TCDO o 1] 1 [} 1 ] [] 1 AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUuwo
—
TCD1 o 0 1 o 1 [ 1 ] VTMI1 COIB1 COIBO AFCS1T AFCS0 Tus2 Tust TUSO
TCD2 [ 0 1 o 1 [} 1 1 0 0 [} (1] AFCP FDIVM TDIRD TDIRU
I L L L 1 ] ! 1 1 1 1 1 1 !

Figure 2. Tuning Control Format

AF04670S
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Table 3. Minimum Charge IT as a Function of TUS Af = 50kHz;
TUHNO = Logic 1; TUHN1 = Logic 1

TUS2 TUs1 Tuso TYP. ITwin TYP. AVtyNmin at Ciyt = 1uF

(mA/us) (mV)

0 0 0 0.25 0.25'

0 0 1 0.5 0.5

0 1 0 1 1

0 1 1 2 2

1 0 0 4 4

1 0 1 8 8

1 1 0 16 16

NOTE:

1. Values after reset.

Table 4. Programming Correction-In-Band

CHARGE MULTIPLYING FACTORS AT
coiBi | coiso TYPICAL VALUES OF Vyyy AT:
<12v 12 to 18V 18 to 24V > 24V
0 0 11 1! 1! 11
0 1 1 1 1 2
1 0 1 1 2 4
1 1 1 2 4 8
NOTE:

1. Values after reset.

Table 5. Tuning Window Programming

TUW1 TUWO | Afl (kHz) TUNING WINDOW (kHz)
0 0 o' o'
0 1 50 100
1 0 150 300
NOTE:

1. Values after reset.

Table 6. AFC Hold Range Programming

AFCR1 AFCRO | At] (kHz) AFC HOLD RANGE (kHz)
0 0 o' o'
0 1 350 700
1 0 750 1500
NOTE:

1. Values after reset.

Table 7. Transconductance Programming

AFCS1 AFCS0 TYP. TRANSCONDUCTANCE (nA/V)
0 0 0.25"
0 1 25
1 0 50
1 1 100

NOTE:
1. Values after reset.

December 2, 1986
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Tuning Sensitivity

To be able to program an optimum loop gain,
the charge IT can be programmed by chang-
ing T using tuning sensitivity (TUS). Table 3
shows the minimum charge IT obtained by
programming the TUS bits at Af = 50kHz;
TUHNO and TUHN1 = logic 1.

Correction-In-Band

This control is used to correct the loop gain of
the tuning system to reduce in-band varia-
tions due to a non-linear voltage/frequency
characteristic of the tuner. Correction-in-band
(COIB) controls the time T of the charge
equation IT and takes into account the tuning
voltage Vtyn to give charge multiplying fac-
tors as shown in Table 4.

The transconductance multiplying factor of
the AFC amplifier is similar when COIB is
used, except for the lowest transconductance
which is not affected.

Tuning Window

Digital tuning is interrupted and FLOCK is set
to logic 1 (in-lock) when the absolute devia-
tion |Afl between the tuner oscillator frequen-
cy and the programmed frequency is smaller
than the programmed TUW value (see Table
5). If |Afl is up to 50kHz above the values
listed in Table 5, it is possible for the system
to be locked depending on the phase rela-
tionship between FDIV and the reference
counter.

AFC

When AFCT is set to logic 1 it will not be
cleared and the AFC will remain on as long as
|Aflis less than the value programmed for the
AFC hold range AFCR (see Table 6). It is
possible for the AFC to remain on for values
of up to 50kHz more than the programmed
value depending on the phase relationship
between FDIV and the reference counter.

Transconductance

The transconductance (g) of the AFC ampilifi-
er is programmed via the AFC sensitivity bits
AFCS as shown in Table 7.
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Fov

FL/ON

FL/IN
FLOCK
FROM CITAC

INSTRUCTION BYTE DATA/CONTROL BYTE
7 ls I Iy I3 Iy 14 lo D, Dg Dg D, Dy D, 0, Dy
T ] T 1 T T T T T T L T T v
POD (] [} 1 o 1 0 [} [] P23 P22 P21 P20 P13 P12 P11 P10
DACX [} [ 1 [} ° 0 x1 X0 0 0 AXS AX4 AX3 AX2 AX1  AXxo
1 L 1 1 1 1 1 J 1 1 1 i e 1
AFO4881S
Figure 3. Control Programming
MODULE ADDRESS TUNING/RESET INFORMATION PORT INFORMATION
B, Bg B; B, By B, B, B,
v T LB T T T T T Ll T T T T T T T T 1 T ]
DnooDoARaD 0 L]
L1 1 g 140, [ W W SRS S NN | [N T N N SN S |
RW ! tuwn I L FROM MASTER
RESN PI20

b P23

PI21
P22

P22/0N
P22

P23/0N

P23/IN

Figure 4. Information Byte Format

FROM MASTER
AF04710S

AFC Polarity

If a positive differential input voltage is ap-
plied to the (switched-on) AFC amplifier, the
tuning voltage Vryn falls when the AFC
polarity bit AFCP is at logic 0 (value after
reset). At AFCP = logic 1, VyyN rises.

Minimum Tuning Voltage

Both minimum tuning voltage control bits,
VTMI1 and VTMIO, are at logic O after reset.
Further details are given in the DC Electrical
Characteristics table.

Frequency Measuring Window

The frequency measuring window which is
programmed must correspond with the divi-
sion factor of the prescaler in use
(see Table 8).

Tuning Direction
Both tuning direction bits, TDIRU (up) and
TDIRD (down), are at logic O after reset.

Control
The instruction bytes POD (port output data)
and DACX (digital-to-analog converter con-

December 2, 1986

Table 8. Frequency Measuring Window Programming

Foivm | PRESCALER DIVISION CYCLE PERIOD MEASURING WINDOW
FACTOR (ms) (ms)
0 256 6.4' 5.12!
1 64 2.56 1.28
NOTE:

1. Values after reset.

trol) are shown in Figure 5, together with the
corresponding data/control bytes. Control is
implemented as follows:

P13, P12, P11, P10 — Band select outputs. If
a logic 1 is programmed on any of the POD
bits D3 to Dy, the relevant output goes High.
All outputs are Low after reset.

P23, P22, P21, P20 — Open-collector 1/0
ports. If a logic 0 is programmed on any of the
POD bits D7 to Dy, the relevant output is
forced LOW. All outputs are at logic 1 after
reset (high impedance state).

DACX — Digital-to-analog converters. The
digital-to-analog converter selected corre-
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sponds to the decimal equivalent of the
DACX bits X1, X0. The output voltage of the
selected DAC is set by programming the bits
AX5 to AXO; the lowest output voltage is
programmed with all data AX5 to AXO0 at logic
0, or after reset has been activated.

Read

Information is read from CITAC when the
R/W bit is set to logic 1. An acknowledge
must be generated by the master after each
data byte to allow transmission to continue. If
no acknowledge is generated by the master,
the slave (CITAC) stops transmitting. The
format of the information bytes is shown in
Figure 4.
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Tuning/Reset Information Bits

FLOCK — Set to logic 1 when the tuning
oscillator frequency is within the programmed
tuning window.

FL/1N — Set to logic 0 (Active-LOW) when
FLOCK changes from O to 1 and is reset to
logic 1 automatically after tuning information
has been read.

FL/ON — As for FL/1N but is set to logic 0
when FLOCK changes from 1 to 0.

FOV — Indicates frequency overflow. When
the tuner oscillator frequency is too high with
respect to the programmed frequency, FOV is
at logic 1, and when too low, FOV is at logic
0. FOV is not valid when TDIRU and/or
TDIRD are set to logic 1.

RESN — Set to logic 0 (Active-LOW) by a
programmed reset or a power-down-reset. It
is reset to logic 1 automatically after tuning/
reset information has been read.

MWN — MWN (frequency measuring window,
Active-LOW) is at logic 1 for a period of
1.28ms, during which time the results of
frequency measurement are processed. This
time is independent of the cycle period.
During the remaining time, MWN is at logic 0
and the received frequency is measured.

When slightly different frequencies are pro-
grammed repeatedly and AFC is switched on,
the received frequency can be measured
using FOV and FLOCK. To prevent the fre-
quency counter and frequency buffer being
loaded at the same time, frequency should be
programmed only during the period of
MWN = logic 0.

Port Information Bits

P23/1N, P22/1N — Set to logic 0 (Active-
LOW) at a LOW-to-HIGH transition in the
input voltage on P23 and P22, respectively.
Both are reset to logic 1 after the port
information has been read.

P23/0N, P22/0N — As for P23/1N and P22/
1N but are set to logic 0 at a HIGH-to-LOW
transition.

Pl23, PI22, PI21, PI20 — Indicate input
voltage levels at P23, P22, P21 and P20,
respectively. A logic 1 indicates a HIGH input
level.

Reset

The programming to reset all registers is
shown in Figure 5. Reset is activated only at
data byte HEX 06. Acknowledge is generated
at every byte, provided that CITAC is not in
the power-down reset mode. After the gener-
al call address byte, transmission of more
than one data byte is not allowed.

December 2, 1986

GENERAL CALL ADDRESS

HEX08

AFosgs0S
Figure 5. Reset Programming

I2C BUS TIMING (Figure 6)

I’C bus load conditions are as follows:

4kS2 pull-up resistor to +5V; 200pF capacitor to GND.

All values are referred to V| =3V and V|_=1.5V.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max

tsur Bus free before start 4 us
tsus tsTa Start condition setup time 4 us
tHp, tsTA Start condition hold time 4 Mus
tLow SCL, SDA LOW period 4 us
tHIGH SCL HIGH period 4 us
tr SCL, SDA rise time 1 us
te SCL, SDA fall time 0.3 us
tsus tDAT Data setup time (write) 1 us
thp, tDAT Data hold time (write) 1 us
tsus tcac Acknowledge (from CITAC) setup time 2 Hus
tHp, tcac Acknowledge (from CITAC) hold time 0 us
tsus tsTo Stop condition setup time us
tsu, tRDA Data setup time (read) 2 us
tHD, tRDA Data hold time (read) 0 us
tsus tMac Acknowledge (from master) setup time us
tHD, tMAC Acknowledge (from master) hold time 2 us

NOTE:

1. Timings tsy, tpat and tup, tpat deviate from the IC bus specification.
After reset has been activated, transmission may only be started after a 50us delay.
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X
SDA [ Z x S. ‘A FROM CITAC /
(WRITE)
tuo: toar - :
taur tsy teac thos teac Low
te ta
—] = —
N i /N J
sCL
tsy: tsta tio: ts1a tow tiGH tsur tsto
tsu toar
‘A FROM
SDA MASTER
(READ)
[—>] fe— — L
tsur taoa tuor thoa tsus tuac Yo tuac
WF18771S
Figure 6. I12C Bus Timing SAB3037
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DESCRIPTION

The TDAB8400 provides closed-loop digi-
tal tuning of TV receivers, with or without
AFC, as required. It comprises a 1.1GHz
prescaler, with the divide-by-64 ratio,
which drives a tuning interface providing
a tuning voltage of 33V (maximum) via
an external output transistor. The
TDAB8400 can also drive external PNP
transistors to provide 4 high-current out-
puts for tuner band selection.

The IC can be used in conjunction with a
microcomputer from the MAB8400 fami-
ly and is controlled via a two-wire, bi-
directional 12C bus.

TDA8400

FLL Tuning Circuit With

Prescaler

Product Specification

FEATURES

e Combined analog and digital
circuitry minimizes the number of
additional interfacing components
required

o Frequency measurement with
resolution of 50kHz

e On-chip prescaler

e Tuning voltage amplifier

® 4 high-current outputs for direct
band selection

e Tuning with control of speed

e Tuning with or without AFC

o Single-pin, 4MHz, on-chip
oscillator

e 12C bus slave transceiver

APPLICATIONS
e TV receivers
e Satellite receivers

PIN CONFIGURATION

N Package
ws [ 18] aND
r3 [2] vco-
p2 [3] [18] vco+
p1[4] 15} Ve
po [5] 3] oup
sct [e] 3] AFC+
soa [7] [12] AFc-
TN [3] [11] osc
n 5] 10] Vees
TOP VIEW
CD119808
:|0N. SYMBOL  DESCRIPTION
1 INS Input synthesizer (test)'

High-current band-selection
output ports
Serial clock line | |12 pus
Serial data line
Tuning voltage amplifier output
Tuning voltage amplifier inverting
input
+5V supply voltage (synthesizer)
Crystal oscillator input
} AFC amplifier inputs
Output from prescaler (test)
+5V supply voltage (prescaler)?
} Inputs to prescaler
Ground

to ground for application.

2. Left open-circuit for application.

SDA
e CATV converters PJN
1
10 Voos
ORDERING INFORMATION howe
13 AFC+
DESCRIPTION TEMPERATURE RANGE ORDER CODE :g 8UF’
N CcCcP
18-Pin DIP (SOT-102 HE, KE) 0 to 70°C TDA8400N 13 xg
18 GND
ABSOLUTE MAXIMUM RATINGS NOTES:
1. G
SYMBOL PARAMETER RATING UNIT
Supply voltage:
Vees (Pin 10) 6 v
Veep (Pin 15) 6 v
VN Input/output voltage (each pin) 6 \"
Prot Total power dissipation 350 mw
Tste Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -10 to +80 °C
February 12, 1987 4-86
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BLOCK DIAGRAM

Vecs VCO-  VCO+ Veee
Gnp MRz
? — -—— 14 ?
10 18 11 0SC 16 17 15
> Vccs l
POWER-DOWN
DETECTOR REFERENCE PRESCALER TDA8400
cR-E-Sg OSCILLATOR 64
=
14
our
WRITE =
7
SDA 12c E INTERFACE 15-BIT
BUS READ FREQUENCY BUFFER
6
sCLO 1
BANDSWITCHES ~O INS
+12v 115
e
MW
_ TIME My
2817 REFERENCE e GaTE GATE
ADC COUNTER
@ 5
EPO:] 15-81T
M FREQUENCY COUNTER
£
3 % 12 &
=1
2 {33 GATE [Fvl Fooedd [R7)
PORT TUNING CONTROL CIRCUIT
CONTRGL CIRCUIT
30v VYrun
3-BIT
DAC
47pF
L ) . ['
- TUN
12-BIT T4 CHARGE /
TUNING COUNTER PUMP TUNING =
VOLTAGE
AMPLIFIER
Vees
13 l
AFC+ O— NTS NG s T
12 AMPLIFIER § _
AFC- O—
BD08050S
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DC ELECTRICAL CHARACTERISTICS T, =25°C; Vccs, Vcep at typical voltages, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Supply voltage
Vees Synthesizer (Pin 10) 45 5 5.5 )
Vcep Prescaler (Pin 15) 45 5 5.5 v
Supply current
lccs Synthesizer (Pin 10) 12 mA
lccp Prescaler (Pin 15) 43 mA
Pror Total power dissipation 275 mwW
Ta Operating ambient temperature range 0 +70 °C
Tsta Operating storage temperature range -10 +85 °C
12C bus inputs/outputs Inputs: SDA (Pin 7); SCL (Pin 6)
ViH Input voltage HIGH 3.1 55 v
Vi Input voltage LOW -0.3 1.6 \
1 Input current HIGH 10 MA
I Input current LOW 10 MA
SDA output (Pin 7, open-collector)
VoL Output voltage LOW at lp. = 3mA 0.4 \"
loL Qutput sink current 5 mA
Tuning voltage amplifier Input TI, output TUN (Pins 9, 8)
Im Input bias current -5 +5 nA
—lrunL Output current LOW at Vryy = 0.4V 20 HA
Minimum charge IT to tuning amplifier
CHy TUHN =0 5 MAus
CH,4 TUHN =1 125 pAus
Maximum current | into tuning amplifier
Ito TUHN =0 18 HA
It TUHN =1 440 MA
AFC amplifier (Inputs AFC+, AFC- Pins 13, 12)
' Differential input voltage 1 \
[+ ] Transconductance at AFCS =1 5 10 15 MA/V
Qo Transconductance at AFCS =0 30 50 70 .Y
Vem Common mode input voltage 25 Veoi -1 Vv
CMRR Common mode rejection ratio 50 dB
PSRR Power supply (Vcc1) rejection ratio 50 dB
Iy Input current 1 MA
Main band-selection output ports PO, P1, P2, P3 (Pins 5 to 2, open-collector)
Output sink current
IgsL1 LOW impedance 0.8 1 1.2 mA
IBsSH1 HIGH impedance 10 HA
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DC ELECTRICAL CHARACTERISTICS (Continued) Ta =25°C; Vcos, Voop at typical voltages, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min i Typ l Max
Prescaler inputs (VCO+ Pin 16; VCO- Pin 17)
Input differential voltage (RMS value)
Vi(RMS) at f=70MHz 175 200 mV
ViRMS) at f=150MHz 10 200 mV
Vi(RMS) at f =300MHz 10 200 mV
ViRrms) at f = 500MHz 10 200 mV
Virms) at f=900MHz 10 200 mV
ViRMS) at f=1.1GHz 25 200 mV
fi Input frequency 0.07 1.1 GHz
OSC input (Pin 11)
RxTaL Crystal resistance at resonance (4MHz) T 150 r Q
Power-down reset
Vep Maxlrpum supply voltage Vcct at which power-down reset is 3 4 v
active
Voltage level for valid module address
Voltage level PO (Pin 5) for valid module address as a function
of MA1, MAO
MA1 MAO
0 0 pin used as an output
Vyao1 0 1 -0.3 0.8 "
Vvato 1 0 2.4 Voos - 1.6 v
Vvati 1 1 Vces-0.3 Vces v

FUNCTIONAL DESCRIPTION

Prescaler

The integrated prescaler has a divide-by-64
ratio with a maximum input frequency of
1.1GHz. It will oscillate in the absence of an
input signal within the frequency range of
800MHz to 1.1GHz.

Tuning

This is performed using frequency-locked loop
digital control. Data corresponding to the re-
quired tuner frequency is stored in the 15-bit
frequency buffer. The actual tuner frequency
(1.1GHz maximum) is applied to the circuit on
the two complementary inputs VCO+ and
VCO- which drive the integrated prescaler.
The resulting frequency (FDIV) is measured
over a period controlled by a time reference
counter and fed via a gate to a 15-bit frequen-
cy counter where it is compared to the con-
tents of the frequency buffer. The result of the
comparison is used to control the tuning
voltage so that the tuner frequency equals the
contents of the frequency buffer multiplied by
50kHz within a programmable tuning window
(TUW).

The system cycles over a period of 2.56ms,
controlled by the time reference counter which
is clocked by an on-chip 4MHz reference
oscillator. Regulation of the tuning voltage is
performed by a charge pump frequency-

February 12, 1987

locked loop system. The charge IT flowing into
the tuning voltage amplifier (external capaci-
tance CnT = 0.5uF) is controlled by the tuning
counter, 3-bit DAC, and the charge pump
circuit. The charge IT is linear with the fre-
quency deviation Af in steps of 50kHz. For
loop gain control, the relationship AIT/Af is
programmable. In the normal mode (control bit
TUHN = logic 1; see Table 2) the minimum
charge IT at Af=50kHz equals 125uA-us
(typ.).

By programming the tuning sensitivity bits
(TUS; see Table 3) the charge IT can be
doubled up to 6 times. From this, the maxi-
mum charge IT at Af=50kHz equals
26 X 125uA+us (typ.). The maximum tuning
current | is 440uA, while T is limited to the
duration of the tuning cycle (2.56ms).

In the tuning-hold mode (TUHN = logic 0) the
tuning current | is reduced, and, as a conse-
quence, the charge into the tuning amplifier is
also reduced. An in-lock situation can be
detected by reading FLOCK. The TDA8400
can be programmed to tune in the digital mode
or the AFC mode by setting AFCF. In the
digital mode (AFCF = logic 0), the tuning win-
dow is programmable through the TUW flag.
When the tuner oscillator frequency is within
the programmable tuning window (TUW),
FLOCK is set to logic 1.

4-89

In the AFC mode, FLOCK will remain at logic 1
provided the tuner frequency is within a
+800kHz hold range. Switching from digital
mode to AFC mode is determined by the
microcontroller (AFCF flag). Switching from
AFC mode to digital mode can be determined
by the microcontroller, but if the frequency of
the tuning oscillator does not remain within the
hold range, the system automatically reverts
to digital tuning. Switching back to the AFC
mode will then have to be effected externally
again. The tuning mode can be checked by
reading the AFCT flag.

The occurence of positive and negative transi-
tions in the FLOCK signal can be read by FL/
1N and FL/ON. The AFC amplifier has pro-
grammable transconductance to 2 predefined
values.

Control

For tuner band selection there are four output
ports, PO to P3, which are capable of driving
external PNP transistors (open collector) as
current sources. Output port PO can also be
used as valid address input with an active
level determined by module address bits MAO
and MAT1.

Reset

The TDA8400 goes into the power-down reset
mode when Vccy is below 3V (typ.). In this
mode all registers are set to a defined state.
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MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE
1 T 1 ) T MA 1 MA' 1 1 1 | 1 ] 1 l [ Ll T 1 1 1 L T I L J
Dg Ds D, D, D, D, D| A | P
[31141101"!“!1JoLOJAIL’L'Gllsl"l'sllzil'l|° A D7lslsl‘l=L2I e
MSB L MSB MSB
R/W
AF04661S
Figure 1. 12C Bus Write Format
INSTRUCTION BYTE DATA/CONTROL BYTE
1, [ Ig Iy Iy 1 I 1y D, Dg Dy D, D, D, D, D,
I 1 1 T T 1 1 B 1 1 Ll 1 Ll T
FREQ 1 F14 F13 F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 F1 Fo
TCDO 0 0 1 0 1 0 [ 1 TUW AFCS  AFCF 1 TUHN  TUS2 TUSt TUSO
TCD1 ] o 1 0 1 0 1 0 1 1 1 1 P3 P2 4} PO
TEST 0 1 0 [} 0 ° 0 0
1 IS 1 1 1 1 L 1 1 1 1 1 L 1
AF04720S
Figure 2. Tuning Control Format
OPERATION Table 2. Tuning Current Control Tuning Mode
Wri AFCF determines whether the TDA8400 has to
rite _ o TuuN | TYP- max | TYP. Iy tune in the digital mode or the AFC mode as
The TDA82400 is cont.r.olled via a blqlrechonal (uA) (uA/ us) shown in Table 4.
two-wire 1°C bus; additional information on the 0 181 51
12C bus is available on request. . .
] 9 . ! 440 125 Table 4. Selection of Tuning
For programming, a module address, R/W bit NOTE: Mode as a Function of

(logic 0), an instruction byte, and a data/
control byte are written into the device in the
format shown in Figure 1.

The module address bits MA1, MAO are used to
give a 2-bit module address as a function of the
voltage at port input PO as shown in Table 1.

Table 1. Valid Module Addresses

PO MA1 MAO
Don't care 0 0
GND 0 1
Yo Vces 1 0
Vces 1 1

Acknowledge (A) is generated by the TDA8400
only when a valid address is received and the
device is not in the power-down reset mode.

Tuning
Tuning is controlled by the instruction and
data/control bytes as shown in Figure 2.

Frequency

Frequency is set when Bit |7 of the instruction
byte is set to logic 1; the remaining bits of this
byte are processed as being data. Instruction
bytes are fully decoded. All frequency bits are
set to logic 1 and control bits to logic 0 at reset.
The test instruction byte cannot be used for
any other purpose.

February 12, 1987

1. Values after reset.

Tuning Hold

The TUHN bit is used to decrease the maxi-
mum tuning current (I) and, as a consequence,
the minimum charge IT (at Af = 50kHz) into the
tuning amplifier.

Tuning Sensitivity

To be able to program an optimum loop gain,
the charge IT can be programmed by changing
T using tuning sensitivity (TUS). Table 3 shows
the minimum charge IT obtained by program-
ming the TUS bits at Af=50kHz; TUHN =
logic 1.

Table 3. Minimum Charge IT as
a Function of TUS

TYP.
TUS2 TUS1 TUSO ITvin
(mA-us)
[ 0 0 0.125
0 0 1 0.25
0 1 0 0.5
0 1 1 1
1 0 0 2
1 0 1 4
1 1 0 8
NOTE:
The minimum tuning pulse is 2us.
4-90

AFCF
AFCF TUNING MODE
0 Digital
1 AFC

If the tuner oscillator frequency comes out of
the hold range when in the AFC mode, the
device will automatically switch to digital tuning
and AFCF is reset to logic 0.

Tuning Window

In the digital tuning mode TUW determines the
tuning window (see Table 5) and the device is
said to be in the "in-lock” situation.

Table 5. Tuning Window

Programming
TUW TUNING WINDOW (kHz)
0 0
1 +200
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Product Specification

FLL Tuning Circuit With Prescaler

TDA8400

Transconductance

The transconductance (g) of the AFC amplifi-
er is programmed via the AFC sensitivity bit
AFCS as shown in Table 6.

Table 6. Transconductance

Programming
TYP. TRANSCONDUCTANCE
AFCS
(uA/V)
1 10
0 50

Band Selection Control Ports
(PX)

For band selection control, there are four
output ports, PO to P3, which are capable of
driving external PNP transistors (open collec-
tor) as current sources. If a logic 1 is pro-
grammed on any of the PX bits PO to P3, the

PNP transistor will conduct and the relevant
output goes LOW. All outputs are HIGH after
reset.

Read

Information is read from the TDA8400 when
the R/W bit is set to logic 1. Only one
information byte is sent from the device. No
acknowledge is required from the master
after transmitting. The format of the informa-
tion byte is shown in Figure 3.

Tuning/Reset Information Bits

FLOCK — Set to logic 1 when the tuning
oscillator frequency is within the programmed
tuning window (TUW) in the digital tuning
mode, or within the + 800kHz AFC hold range
in the AFC mode.

FL/1N — Set to logic 0 (Active-LOW) when
FLOCK changes from 0 to 1 and is reset to
logic 1 automatically after tuning information
has been read.

FL/ON — Same as for FL/1N but it is set to
logic 0 when FLOCK changes from 1 to 0.

FOV — Indicates frequency overflow. When
the tuner oscillator frequency is too high with
respect to the programmed frequency, FOV is
at logic 1, and, when too low, FOV is at logic
0. .

RESN — Set to logic 0 (active Low) by a
power-down reset. It is reset to logic 1
automatically after tuning/reset information
has been read.

MWN — MWN (frequency measuring window,
Active-LOW) is at logic 1 for a period of
1.28ms, during which time the results of
frequency measurement are processed. Dur-
ing the remaining time, MWN is at logic 0 and
the received frequency is measured.

AFCT — AFCT (tuning mode flag) is set to
logic 1 when the TDA8400 is in AFC mode
and reset to logic 0 when in the digital mode.

MODULE ADDRESS

B, Bg Bs B, B,

TUNING/RESET INFORMATION

B, By B

L-———RESN

MWN

FOV

FL/ON
FL/IN

FLOCK

Figure 3. Information Byte Format

FROM TDAB8400
AF04730S

February 12, 1987
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Linear Products

DESCRIPTION

This silicon monolithic integrated circuit
is a prescaler in current-mode logic. It
contains an amplifier, a divide-by-64
scaler and an output stage. It has been
designed to be driven by a sinusoidal
signal from the local oscillator of a
television tuner, with frequencies from
70MHz up to 1GHz, for a supply voltage
of 5V £10% and an ambient tempera-
ture of 0 to 70°C. It features a high
sensitivity and low harmonic contents of
the output signal.

ORDERING INFORMATION

SAB1164/65

1GHz Divide-by-64 Prescaler

Product Specification

FEATURES

o 3mV (typ) sensitivity

o Differential inputs

e AC input coupling; internally
based

e Outputs edge-controlled for low
RFI

o Power consumption: 210mW (typ)
o Mini-DIP package
e Low output impedance (SAB1165)

APPLICATIONS

e PLL or FLL tuning systems, FM/
communications/TV

e Frequency counters

PIN CONFIGURATION

1c 7] 5] Vee
ci [Z] 71 a,
c2 [3] oy
Vee [4] [5] Vee

TOP VIEW
CD118808

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP (SOT-97A) 0 to +70°C SAB1164N
8-Pin Plastic DIP (SOT-97A) 0 to +70°C SAB1165N
BLOCK DIAGRAM
Vee
o
8
1
2 6
c10— c Q O Oy
3 +64
c2 0 T a T oq
|
4 5
o
Vee Vee
BDO7951S
NOTE:
Divide-by-64 = 6 binary dividers

December 2, 1986
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Product Specification

1GHz Divide-by-64 Prescaler

SAB1164/65

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (DC) 7 \"
" Input voltage 0 to Vge \"
TsTa Storage temperature range -65 to +125 °C
Ty Junction temperature 125 °C
Oca T::nrtr)?ea:“reswtance from crystal to 120 °CIW

DC ELECTRICAL CHARACTERISTICS Vg =0V (ground); Voc = 5V; Ta = 25°C, unless otherwise specified.

The circuit has been designed to meet the DC specifications as shown below, after thermal equilibrium has been established. The circuit is in a
test socket or mounted on a printed-circuit board.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Output voltage
Vou HIGH level Vee \
VoL LOW level Vec-0.8 \
lcc Supply current 42 50 mA
AC ELECTRICAL CHARACTERISTICS Ve =0V (ground); Vo = 5V+10%; Ta=0 to +70°C
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
ViRMS) Input voltage RMS value (see Figure 2)
input frequency 70MHz 9 17.5 mV
150MHz 4 10 mVv
300MHz 3 10 mV
500MHz 3 10 mV
900MHz 2 10 mV
1GHz 3 17.5 mv
ViRrmS) Input overload voltage RMS value
input frequency range 70MHz up to 1GHz 200 mV
Vop-p) Output voltage swing 0.8 1 "
Output resistance
Ro SAB1164 1 Kk
Ro SAB1165 0.5 kQ
AVp Output unbalance 0.1 \"
Output rise time'
tTLH fi=1GHz 25 ns
Output fall time'
tTHL fi=1GHz 25 ns
NOTE:

1. Between 10% and 90% of observed waveform.

FUNCTIONAL DESCRIPTION

The circuit contains an amplifier, a divide-by-
64 scaler and an output stage. It has been
designed to be driven by a sinusoidal signal
from the local oscillator of a TV tuner, with
frequencies from 70MHz up to 1GHz, for a
supply voltage of 5V +10% and an ambient
temperature of 0 to +70°C.

December 2, 1986

The inputs are differential and are internally
biased to permit capacitive coupling. For
asymmetrical drive the unused input should
be connected to ground via a capacitor.

The first divider stage will oscillate in the
absence of an input signal; an input signal
within the specified range will suppress this
oscillation.

4-93

The output differential stage has two comple-
mentary outputs. The output voltage edges
are slowed down internally to reduce the
harmonic contents of the signal.

Wide, low-impedance ground connections
and a short capacitive bypass from the Voo
pin to ground are recommended.
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Product Specification

1GHz Divide-by-64 Prescaler

SAB1164/65

HYBRID JUNCTION

(-3dB)

NOTES:

+

(-3dB)

L__° %

[

Cables must be 50 coaxial.
The capacitors are leadless ceramic (multilayer capacitors) of 10nF.
All connections to the device and to the meter must be kept short and of approximately equal lengths.
Hybrid junction is ANZAC H-183-4 or similar.

—0 Vgg=0V

TC153908

Figure 1. Test Circuit for Defining Input Voltage

1000
! !
1 T
s 10 St =
E = GUARANTEED —] =
2 I~ OPERATING AREA —] —
H [ ]
>
10 —]
E =,
A\
AN
/
. 1/
[} 600 1200

1,(MH2)

OP15130S

Figure 2. Typical Sensitivity Curve
Under Nominal Conditions

December 2, 1986
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1GHz Divide-by-64 Prescaler SAB1164/65

o w

@
B

IMPONENT {r/Z4)

0P18760S

NOTE:
Virms) = 25mV; Voc = 5V; reference value = 50Q2.

Figure 3. Smith Chart of Typical Input Impedance
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1GHz Divide-by-64 Prescaler SAB1164/65

Vee
8
1 6
VWV 0 Q4
1k 7
Vaer VWA ’ -0 O

AAA
VWV

1 | s

3
S

g
AAA
\4

>

LDO75108 I I

LDO75008

NOTES:
1. SAB1164: R1 =R2 = 1k§; |=1mA
2. SAB1165: R1 = R2 = 0.5kQ2; |=2mA

3. Voo =5V
Figure 4. Input Stage Figure 5. Output Stage
>10nH
T M T -0 Ve =5V
Imr Iunr
8
10nF 2 6
VHF |'— M
UHF TO TUNING
= SYSTEM
1olvlnr 3 7 (TWISTED LEADS)
e >
4 5
I —O Vge=0V
TC155008

NOTE:
TV tuning system. The output peak-to-peak voltage is about 1V.
Figure 6. Circuit Diagram
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DESCRIPTION

This silicon monolithic integrated circuit
is a prescaler in current-mode logic. It
contains an amplifier, a divide-by-256
scaler and an output stage. It has been
designed to be driven by a sinusoidal
signal from the local oscillator of a
television tuner, with frequencies from
70MHz up to 1GHz, for a supply voltage
of 5V 10% and an ambient temperature
of 0 to 70°C. It features a high sensitivity
and low harmonic contents of the output
signal.

ORDERING INFORMATION

SAB1256

1GHz Divide-by-256 Prescaler

Product Specification

FEATURES

e 3mV (typ.) sensitivity

e AC input coupling, internally
biased

o Outputs edge-controlled for low
RFI

e 235mV typical power dissipation
o Low output impedance~ 1k

APPLICATIONS

e PLL or FLL tuning systems,
FM/communications/TV

o Frequency counters

PIN CONFIGURATION

N Package
ic [T [8] vee
¢ [Z] [7] o,
c2 [3] [6] oy
Vee [4] [5] Vee
TOP VIEW

CD11880S

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP (SOT-97) 0 to 70°C SAB1256N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (DC) 7 '
A\ Input voltage 0 to Veco v
Tsta Storage temperature range -65 to +150 °C
Ty Junction temperature 125 °C
fca Them)al resistance from crystal to 120 °C/W
ambient
BLOCK DIAGRAM
Vee
)
8
|
2 []
€1 O— c Q —o0 Qy
s +256
c2 O T ] ! Q
|
L 5
Vee Vee
BD078508
NOTE:
Divide-by-256 = 8 binary dividers.

December 2, 1986
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Product Specification

1GHz Divide-by-256 Prescaler

SAB1256

DC ELECTRICAL CHARACTERISTICS Vg =0V (ground); Vog =5V; Ta =25°C, unless otherwise specified. The circuit has
been designed to meet the DC specifications as shown below, after thermal
equilibrium has been established. The circuit is in a test socket or mounted on a

printed-circuit board.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Output voltage
Vo HIGH level Vee v
VoL LOW level Vec-0.8 \"
lcc Supply current 47 55 mA
AC ELECTRICAL CHARACTERISTICS Vge =0V (ground); Vcc = 5V+10%; Ta =0°C to +70°C.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Input voltage RMS value (see Figure 2)
Input frequency 70MHz 9 175 mvV
150MHz 4 10 mV
v 300MHz 3 10 mV
I(RMS) 500MHz 3 10 mv
900MHz 2 10 mV
1GHz 3 175 mV
Input overload voltage RMS value
Vims) input frequency range 70MHz to 1GHz 200 mv
Vo(p-p) Output voltage swing 0.8 1 "
Ro Output resistance 1 kQ
AVo Output unbalance 0.1 \
' Output rise time'
TLH fy=1GHz 40 ns
t Output fall time
THL fi=1GHz 40 ns
NOTE:

1. Between 10% and 90% of observed waveform.

FUNCTIONAL DESCRIPTION

The circuit contains an amplifier, a divide-by-
256 scaler and an output stage. It has been
designed to be driven by a sinusoidal signal
from the local oscillator of a TV tuner, with
frequencies from 70MHz up to 1GHz, for a
supply voltage of 5V +10% and an ambient
temperature of 0 to 70°C.

December 2, 1986

The inputs are differential and are internally
biased to permit capacitive coupling. For
asymmetrical drive the unused input should
be connected to ground via a capacitor.

The first divider stage will oscillate in the
absence of an input signal; an input signal
within the specified range will suppress this
oscillation.

4-98

The output differential stage has two comple-
mentary outputs. The output voltage edges
are slowed down internally to reduce the
harmonic contents of the signal.

Wide, low-impedance ground connections
and a short capacitive bypass from the Vg
pin to ground are recommended.
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1GHz Divide-by-256 Prescaler SAB1256

HYBRID JUNCTION

R =500

= I NG Bl [
- ? L 2] [}
{ - = ' J__a _ L. ]LOSOILI.DSOOPE
50
<+

VHF/UHF
SINE WAVE
‘QENERATOR

T 14.5

O Vgg=0V

TC153808
NOTES:
Cables must be 5082 coaxial.
The capacitors are leadless ceramic (multi-layer capacitors) of 10nF.

All connections to the device and to the meter must be kept short and of approximately equal lengths.
Hybrid junction is ANZAC H-183-4 or similar.

Figure 1. Test Circuit for Defining Input Voltage

1000
i
s ¥ === =
E I GUARANTEED —I —
a I~ OPERATING AREA —] —
g Ll ]
>
10 b— |}
AN
1 A
0 800 1200
1, (MHz)
‘0P151308
Figure 2. T&pical Sensitivity Curve
Under Nominal Conditions
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Product Specification

1GHz Divide-by-256 Prescaler

SAB1256

NOTE:
Virms) = 25mV; Vcc = 5V; reference value = 50Q

Figure 3. Smith Chart of Typical Input Impedance

|

OP18760S

December 2, 1986
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1GHz Divide-by-256 Prescaler SAB1256

Vee
8
& 6
VWA —0 Oy
v 1k 7
Rer VWA- ’ —o0 Q.
i o !
DIVIDERS 3
1
<
32k Y2k
2
DIFFERENTIAL j\l_ L
INPUTS S
3 1
LD075108)|
@ 5
—O Vg
LD075008
NOTE:
Vec=5V; I=1mA.
Figure 4. Input Stage Figure 5. Output Stage
>10nH
_L AL _L —O0 Ve =5V
Iwnr Io.mr
8
VHF 1onF 2 6
UHF — >
TO TUNING
=  onF SYSTEM
o 3 7 (TWISTED LEADS)
LL}
4 5
I —O Vge =0V
TC155008
NOTE:
Application in a television tuning system. The output peak-to-peak voltage is about 1V.
Figure 6. Circuit Diagram
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VHF Mixer/Oscillator Circuit

Product Specification

Linear Products

DESCRIPTION FEATURES PIN CONFIGURATIONS
The TDA5030A performs the VHF mixer, e A balanced VHF mixer N Package
VHF oscillator, SAW filter IF amplifier, e An amplitude-controlled VHF
and UHF IF amplifier functions in televi- local oscillator pECOUP [T} [18] osc INPUT
sion tuners. e A surface acoustic wave filter IF VHFINPUT (2] [77] pEcoup
amplifier GND [3] [16] oscINPUT
e A UHF IF preamplifier DEcoup [4] 5] Vee
© A buffer stage for driving an P[] el eno
external prescaler with the local :(:li!%:)zﬁnxus 3] oscoutput
oscillator signal (uHF) output LLJ SWITCH INPUT
. IF AMP 7] IFAMP
e A voltage stabilizer INPUT outpuT
) . . . IF AMP (9] [79) IF AMP
o A UHF/VHF switching circuit INPUT o
TOP VIEW
APPLICATIONS conorts
e Mixer/oscillator D Package
o TV tuners
o CATV VHF DECOUP [T] 0] osc INPUT
° LAN VHFINPUT | 2] [19] DECOUP
e Demodulator GND [3] i8] oscINPUT
IF
pecoup L4 [17) Vee
ORDERING INFORMATION trPREAVP =} I
DESCRIPTION TEMPERATURE RANGE | ORDER CODE Ne [ef io! ne
MIX/IF PREAMP 3] osc outpur
18-Pin Plastic DIP (SOT-102A) -25°C to +85°C TDAS5030AN o e
Mo e =] [T3] SWITCH INPUT
20-Pin Plastic SO DIP (SOT-163A) -25°C to +85°C TDA5030ATD 'fNAPll‘; [5] [13) 'Su‘#ﬁr
IF AMP [70] 7] IF AMP
INPUT OUTPUT
TOP VIEW
BLOCK DIAGRAM corzoats
18 Tw Tss
VHF BUFFERED 13
LOCAL OSCILLATOR 0
OSCILLATOR OuTPUT
TDAS030A
2 1"
: VHF SAW FILTER " °
B MIXER . IF AMPLIFIER °
5 STABILIZER
UHF IF
AND
° 4 PREAMPLIFIER SWITCH
ls,u ln 7 |8 8 |9 12
o o o
BDO09890S
NOTE:
Pinout is for 18-pin N package.
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VHF Mixer/Oscillator Circuit TDAS030A

UHFIVHF
vy Vee SWITCH
BB9098 :I: 1.5pF ;I: 15pF imF Il nF

= = LOCAL OSCILLATOR OUTPUT
470

82pF L 34 SAW FILTER [

Imso :[ J 224H 3 22k potirnk
E; nF nF nF
8 Tw 16 15 " Tw 2 -l-ﬂ Tw

TDAS030

LLT Ll i
T T 270 Trm
L

—
 —

VHF INPUT O—————
IFINPUT O-

27pF = ~ 27pF
I I

Tc221708

Figure 1. Test Circuit

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Pin 15) 14 \
' Input voltage (Pin 1, 2, 4, and 5) Oto5 \
Vi2 Switching voltage (Pin 12) 0 to Vgc+0.3 v
-ly0, 11, 13 Output currents 10 mA
tss f‘g;rag:-gi{:zui%t)ime on outputs 10 s
Tste Storage temperature range ~-65 to +150 °C
Ta Operating ambient temperature range -25 to +85 °C
Ty Junction temperature +125 °C
05 ::-;r::tl resistance from junction to +55 oC/W
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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 L Max

Supply
Vce Supply voltage 10 13.2 v
lcc Supply current 42 55 mA
Via Switching voltage VHF 0 25 \"
Viz2 Switching voltage UHF 9.5 Vce+0.3 \
l42 Switching current UHF 0.7 mA
VHF mixer (including IF amplifier)
fr Frequency range 50 470 MHz
NF Noise figure (Pin 2)

50MHz 7.5 9 dB

225MHz 9 10 dB

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

50MHz 0.5 ms

225MHz 1.1 ms

300MHz 1.2 ms
Gy Input conductance (Pin 2)

50MHz 0.23 ms

225MHz 0.5 ms

300MHz 0.67 ms
G Input capacitance (Pin 2)

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

(in channel); Rp > 1k2; tuned circuit

with Cp = 22pF; fres = 36MHz
Va.14 Input voltage for 10kHz pulling (in channel) at < 300MHz 100 dBuVv
Ay Voltage gain 225 24.5 26.5 dB
UHF preamplifier (including IF amplifier)
Gy Input conductance (Pin 5) 0.3 ms
C Input capacitance (Pin 5) 3.0 pF
NF Noise figure 5 6 dB
Vs.14 Input voltage for 1% cross-modulation (in channel) 88 90 dBuVv
Ay Voltage gain 31.5 33.5 35.5 dB
Gs Optimum source admittance 3.3 ms

January 14, 1987
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Product Specification

VHF Mixer/Oscillator Circuit

TDAS030A

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

unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min T Typ r Max
VHF mixer
Yca-s, 7 Conversion transadmittance 5.7 ms
Zo Output impedance 1.6 k2
VHF oscillator
fr Frequency range 70 520 MHz
Af Frequency shift 200 kHz
AVcc = 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, 1= 2kS2, f=36MHz
Zg, 9-10, 11 Transimpedance 22 k2
Z40, 11 Output impedance 50+j40 Q
Zg, 9 = 1.6kS; f=36MHz
VHF local oscillator buffer stage
Output voltage
Vi3 R = 75%; f < 100MHz 14 20 mV
Vig RL = 75%; f> 100MHz 10 20 mv
z Output impedance
13 f = 100MHz 90 Q
RF RF signal LO output; Ry =5082; V,=1V; f <225MH. 10 dB
— signal on output; R = s Vi=1V; z
(RF+LO) 9 P FL ! =

January 14, 1987
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Linear Products

DESCRIPTION

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

ORDERING INFORMATION

TDA5230

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

Preliminary Specification

FEATURES

e Balanced mixer for VHF having a
common emitter input

o Amplitude-controlled oscillator for
VHF

e Balanced mixer for hyperband &
UHF with common base input

e Balanced hyperband & UHF
oscillator

e Balanced mixer for UHF with
common base input

o SAW filter preamplifier with a
7582 output impedance

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

e Voltage stabilizer for oscillator
stability

e Band switch circuit

APPLICATIONS

e CATV

e Communication receiver
e TV tuners

o Data communication

PIN CONFIGURATION

D Package

VHF 0SC
(BASEIN) E
VHF LO.

out E

VHF OSC E
(COLLECTIN)
HYPERBAND

OSCIN E
HYPERBAND

OSCIN &

UHF 0SC

®ASEIN) LE]

UHF 0SC
coLLecTiNy L}

IF AMP OUT {12}

TOP VIEW

DESCRIPTION TEMPERATURE RANGE ORDER CODE
24-Pin Plastic DIP (SOT-137) -25°C to +80°C TDA5230D
February 1987 4-106

|24] VHFIN

123] VHFIN
lthF‘ERBANI)

HYPERBAND
21] N

[13] IF AMP IN

CD13170S
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VHF, Hyperband, and UHF Mixer/Oscillator With IF Amp TDA5230

BLOCK DIAGRAM

? ? o [o] o [ Q ? °] 1 9 9
1 2 3 4 5 ] 7 8 9 10 ~ 11 12
o TDA5230
Lo HYPERB. UHF
os¢ 17k + o L [T 1 0s¢ Wl b3
i T T > +12V
= %0 Q’ T
<
& Fe & ! 20k :;
MIXER MIXER MIXER SWITCH™
VHF
STAGE - e
l | DCSTAB +
INTERNAL
BIASINGS
5k 5k T —
HYPERB. UHF
STAGE STAGE
24 23 2 21 _Lzo 19 18 17 16 [15 14 13
o [} [} [} = o [ [ o0 [
8D08681S]|
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801

] co
' iL 5V
ol N _r ad
= = R
.1. T WA ——o v
3w T / st Too b 3mo si2
= D1Qos = VHF & UHF
I ) ! i Hes" 1
o u 3w 7 pa 3 e TOTUNER
c7 PRI
— L -[
Im 2 gm Aoz IR =en =Ecr =1'°" b3 Sru _c—-ul:u—o
= = = R 7 b
=cs cm
R2 1r
® o 11,.« Shs Tcﬁ 3w Ri3 % =cw Toxn
prescaLer <+ 1 2 = = nv
1 2 3 = 4 5 6 7 8 9 - 11" 12 Q
R c | s_lC Cg ]
VHF.0sC 1 ) HYPERBAND UHF ELECTRONIC
VeurrsTAB AMPLIFIER OSCILLATOR OSCILLATOR SWITCH
{5
4 )
| T T
I ] T 1 T
ToAS230T DCSTABILIZER + F
MIXER MIXER MIXER INTERNAL AMPLIFIER
= R = A =
eI 1L | L1
[ - - = L -
% 7 18 7 0 15
B J K
o= T T o ez
v v S|
: o
3
A

BD0B691S
NOTES:
1. L6-L7 is a matching transformer (n=L7/L6 = 6). Terminated with 50%2, it simulates the impedance of a saw-filter on Pins 11 -12.
2. Cm is the si i input i of the filter, which is 18pF if the capacitance between the leads to Pins 11-12 is < 4pF.
3. In the application Cm, L6 and L7 must be repl d by a filter and an i across its input which tunes out the total capacitance between the pins if no IC has been connected.

4. This circuit is mounted on the V-H-U p.b.c. number: 3373.
Figure 1. Test Circuit for All Band VHF-UHF Mixer Oscillation IC TDA5230
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VHF, Hyperband, and UHF Mixer/Oscillator With IF Amp TDA5230

Component Values of Circuit in Figure 1

Resistors
R1 =47kQ R6 = 1002 R11 = 1kQ2
R2 =180 R7 = 22k2 R12 = 2.2kQ2
R3 = 4.7kQ R8 = 22k R13 = 22kQ
R4 = 1.2kQ R9 = 2.2kQR14 = 2.2k
R5 = 47kQ2 R10 = 22kQ2R15 = 2.2k
R16 = 102 (SMD)
Capacitors
C1 =1uF-40V C11 =12pF (N750) C21=1nF C31=1nF
C2 =1nF Ci12=1nF C22=1nF C32=1nF
C3 =82pF (N750) C13 = 1.5pF (SMD) C23 = 15pF (N750) Cym = 18pF (N750)
C4 =1nF C14 = 1.5pF (SMD) C24 = 15pF (N750)
C5 =1.8pF (N750) C15=1nF C25 = 1nF
C6 = 1.8pF (N750) C16 = 5.6pF (SMD) C26 = 1nF
C7 =1nF C17 = 100pF (SMD) C27 = 1nF
C8 =1nF C18 = 1.5pF (SMD) C28 = 1nF
C9 =1nF C19 = 1.5pF (SMD) C29 = 1nF
C10 = 1nF C20 = 1nF C30=1nF
Diodes and IC
D1 =BB909B D2 = BA482 D3 = BB909B D4 = BB405B IC = TDA5230
Coils
L1 =25t ¢3 L6 =2t TOKO 7kN
L2 = 6.5t ¢4 L7 =10t Mat : 113kN
L3 = 2.5t ¢2.5 L8 = 5uH
L4 = 1.5t ¢2.5 L9 =2 X 6 t TOKO 7kN
L5 = 1.5t ¢3 Mat : 113kN
wire used: 0.4 for Ly -Ls and 0.1 for Lg, L7, and Lg

February 1987 4-109
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Signetics

SAF1032P/1039P

R/C Receiver; R/C Transmitter

Product Specification

Linear Products

DESCRIPTION PIN CONFIGURATIONS

The SAF1032P (receiver/decoder) and
the SAF1039P (transmitter) form the SAF1032P N Package SAF1039P N Package
basic parts of a sophisticated remote —
control system (PCM: pulse code modu-
lation) for infrared operation. X1
. TRX2 [3 ]
Inputs and outputs are protected against TR []
electrostatic effects in a wide variety of
device-handling situations. However, to TRoT L&
be totally safe, it is desirable to take TiNH [6 ]
handling precautions into account. TROS
FEATURES Ves [8]
SAF1032P Receiver/Decoder: TOP VIEW
e 16 program selection codes TOP VIEW oo112608
e Automatic preset to standby at coneres
power 'ON’, including automatic PIN PIN
analog base settings to 50% and NO. SYMBOL  DESCRIPTION NO. SYMBOL  DESCRIPTION
3 1 L30T Li it 1 TRX0 Keyboard input
automatic preset of program 2 1207 Linear ouput 2 TR Keyboard input
selection '1' code 3 L1OT  Linear output 3 TRX2  Keyboard input
. 4 BIND Binary 8 output 4 TRX3 Keyboard input
e 3 analog function controls, each 5 BINC  Binary 4 output 5 TRDT  Data input
with 63 steps 6 BINB Binary 2 output 6 TINH Inhil_:il output/mode select input
7 BINA  Binary 1 output 7 TROS  Oscillator output
° s|ng|e supp[y Vonage 8 TvOT OI:/a:f’f in:&?:utpu( 8 Vss soletor odpy
9 Vss 9 TRO1 Oscillator control input
e Protection against corrupt codes 10 HOLD  Control input 10 TRO2  Oscillator control input
1" DATA Data input 11 TRSL Keyboard select it
SAF1039P Transmitter: 12 MAIN R:saet'rm:ut 12 TRY3 K:ybg:rd ;epﬁ? e
. 13 OSCl Clock input 13 TRY2 Keyboard input
e 32 different control commands 14  SELD Binary 8 output 14 TRY1 Keyboard input
* Static keyboard matrix OB mive R
e Current drains from battery only o YA Brnay T odput
during key closure time
o Two transmission modes ORDERING INFORMATION
selectable
DESCRIPTION TEMPERATURE RANGE ORDER CODE
A:\P’LICATIONS 18-Pin Plastic DIP (SOT-102A) —-40°C to +85°C SAF1032PN
L)
o Audio 16-Pin Plastic DIP (SOT-382) —-40°C to +85°C SAF1039PN

o Industrial equipment

November 14, 1986 5-3
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R/C Receiver; R/C Transmitter SAF1032P/1039P

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vpp - Vss Supply voltage range -0.5 to 11 v
Vi Input voltage 1 \"
E4 Current into any terminal 10 mA
Po Power dissipation (per output) 50 mwW
Pror Power dissipation (per package) 200 mwW
Ta gzz-:ting ambient temperature _40 to +85 e
Tste Storage temperature range -65 to +150 °C

DC ELECTRICAL CHARACTERISTICS TAo=0 to +85°C, unless otherwise specified.

v T SAF1039
SYMBOL PARAMETER 3‘3 é UNIT
(L)) °C) Min Typ Max
Vbp Recommended supply voltage 7 10 A
Supply current
) 10 25 10 HA
Ipp Quiescent 7 65 1 50 WA
Operating; TRO1 at Vgs:
outputs unloaded;
) 10 All mA
iop One keyboard switch closed 10 25 0.8 1.7 mA
Inputs’
TRO2; TINH?
Vi Input voltage HIGH 7 to 10 Al 0.8Vpp Vbp \"
Vi Input voltage LOW 7 to 10 All 0 0.2Vpp A
1 Input current 10 25 1078 1 uA
Outputs
TRDT; TROS; TRO1
Output current HIGH
~lon at Voy =Vpp -0.5V 7 All 0.4 mA
Output current LOW
loL at VoL = 0.4V 7 All 0.4 mA
TRDT output leakage
current when disabled
loL Vo =Vsg to Vpp 10 25 1 MA
TINH
Output current LOW
loL VoL = 0.4V 7 All 0.4 mA
Oscillator
fosc Maximum oscillator frequency 120 kHz
Af Frequency variation with supply voltage, 7 to 10 All 0.15fNom kHz
Temperature and spread of IC properties
at fyom = 36kHZ®
losc Oscillator current drain 10 25 1.3 25 mA
at fyom = 36kHz
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R/C Receiver; R/C Transmitter SAF1032P/1039P

DC ELECTRICAL CHARACTERISTICS To=0 to +85°C, unless otherwise specified.

SAF1032
SYMBOL PARAMETER Voo b uNIT
(L)) co Min Typ Max
Vop Recommended supply voltage 8 10 \'
Supply current
. 10 25 50 HA
lop Quiescent 10 85 1 300 YA
oo Operating; lp = 0;
at OSCI frequency of 100kHz 10 Al 1 mA
Inputs
DATA; OSCl, HOLD; TVOT*
ViH Input voltage HIGH 8 to 10 All 0.7Vpp Vpp \'
ViL Input voltage LOW 8 to 10 Al 0 0.2Vpp \
MAIN; tripping levels
Vi Input voltage increasing 5to 10 All 0.4Vpp 0.9Vpp
Vo Input voltage decreasing 5to 10 All 0.1Vpp 0.6Vpp \'2
Iy Input current; all inputs except TVOT 10 25 1075 1
tR, tF Input signal rise and fall times
(10% and 90% Vpp) 8 to 10 All 5 us
all inputs except MAIN
Outputs
Program selection: BINA/B/C/D
Auxiliary: SELA/B/C/D
Analog: L30T; L20T; L10T TVOT*
All open-drain n-channel
loL output current LOW at Vo = 0.4V 8 All 1.6 mA
loL output leakage current at Vo = Vgs to Vpp 10 All 10 MA
NOTES:

1. The keyboard inputs (TRX, TRY, TRSL) are not voltage driven (see Application Information Diagram, Figure 5).
If one key is depressed, the circuit generates the corresponding code. The number of keys depressed at a time, and this being recognized by the circuit as an illegal
operation, depends on the supply voltage Vpp and the leakage current (between device and printed circuit board) externally applied to the keyboard inputs.
If no leakage is assumed, the circuit recognizes an operation as illegal for any number of keys > 1 depressed at the same time with Vpp = 7V. At a leakage due to a
1M resistor connected to each keyboard input and returned to either Vpp or Vsg, the circuit recognizes at least 2 keys depressed at a time with Vpp = 7V.
The highest permissible values of the contact series resistance of the keyboard switches is 50082.

2. Inhibit output transistor disabled.

3. Af is the width of the distribution curve at 20 points (0 = standard deviation).

4. Terminal TVOT is input for manual ON. When applying a LOW level TVOT becomes an output carrying a LOW level.
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Product Specification

R/C Receiver; R/C Transmitter

SAF1032P/1039P

BLOCK DIAGRAM OF SAF1039P TRANSMITTER

SAF1039P
TRX0 0—1 5 o TROT
TRX1 0—2 ENCODING ouTPUT
3 GATING
TRY2 ©
6
Ax3 0—2 4\[_ TINH
15 INPUT
TRY0 CONTROL
TRY1 014 <}
TRY2 012
12 SCALER
TRY3 O—— OSCILLATOR 27
TRLS o1
rs 9 |0 |7
Voo TRO1 TRO2 TROS Vss
BD076208

OPERATING PRINCIPLES

The data to be transmitted are arranged as
serial information with a fixed pattern (see
Figure 1), in which the data bit locations By to
B4 represent the generated key command
code. To cope with IR (infrared) interferences
of other sources, a selective data transmis-
sion is present. Each transmitted bit has a
burst of 26 oscillator periods.

Before any operation will be executed in the
receiver/decoder chip, the transmitted data
must be accepted twice in sequence. This
means the start code must be recognized
each time a data word is applied and compar-
ison must be true between the data bits of
two successively received data words. If both
requirements are met, one group of binary
output buffers will be loaded with a code
defined by the stored data bits, and an
internal operation can also take place (See
operating code table).

The contents of the 3 analog function regis-
ters are available on the three outputs in a
pulse code versus time modulation format
after D-to-A (digital-to-analog) conversion.
The proper analog levels can be obtained by
using simple integrated networks. For local
control a second transmitter chip (SAF1039P)
is used (see Figure 4).

TIMING CONSIDERATIONS

The transmitter and receiver operate at differ-
ent oscillator frequencies. Due to the design
neither frequency is very critical, but correla-
tion between them must exist. Calculation of
these timing requirements shows the follow-
ing.

November 14, 1986
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1. To=1 clock period = 128 oscillator periods.
2. fr in kHz

- |<—tq(‘)

DATA

MODE 1
/- OSClLLATOR PERIODS
THHHE
MODE 2 I I H
-~ KEY DOWN
TINH
START CODE DATA BITS ————————
ONE DATA WORD
32 xty=32x 3_1"‘8(2)
h
'WF18070S
NOTES:

Figure 1. Pattern for Data to be Transmitted

With a tolerance of £ 10% on the oscillator
frequency (f1) of the transmitter, the receiver
oscillator frequency (fr=3 X f;) must be
kept constant with a tolerance of +20%.

On the other hand, the data pulse generated
by the pulse stretcher circuit (at the receiver
side) may vary +25% in duration.
GENERAL DESCRIPTION OF
THE SAF1039P TRANSMITTER
Any keyboard activity on the inputs TRXO to
TRX3, TRYO to TRY3 and TRSL will be

detected. For a legal key depression, one key
down at a time (one TRX and TRY input
activated), the oscillator starts running and a
data word, as shown above, is generated and
supplied to the output TRDT. If none, or more
than 2 inputs are activated at the same time,
the input detection logic of the chip will
generate an overall reset and the oscillator
stops running (no legal key operation).

This means that for each key-bounce the
logic will be reset, and by releasing a key the
transmitted data are stopped at once.
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Product Specification

R/C Receiver,

R/C Transmitter

SAF1032P/1039P

The minimum key contact time required is the
duration of two data words. The on-chip
oscillator is frequency-controlled with the ex-
ternal components R1 and C1 (see circuit
Figure 3); the addition of resistor R2 means
that the oscillator frequency is virtually inde-
pendent of supply voltage variations. A com-
plete data word is arranged as shown in
Figure 1, and has a length of 32 X Tgms,
where To = 27/fr.

OPERATION MODE

MODE DATA

FUNCTION OF TINH

1 Unmodulated: LOCAL operation
2 Modulated: REMOTE control

Output, external pull-up resistor to Vpp
Input, connected to Vgg

GENERAL DESCRIPTION OF
THE SAF1032P RECEIVER/
DECODER

The logic circuitry of the receiver/decoder
chip is divided into four main parts as shown
in the Block Diagram.

Part |
This part decodes the applied DATA informa-
tion into logic '1' and '0'". It also recognizes

BLOCK DIAGRAM OF SAF1032P RECEIVER/DECODER

the start code and compares the stored data
bits with the new data bits accepted.

Part 1l

This part stores the program selection code
in the output group (BINF) and memorizes it
for condition HOLD = LOW.

It puts the functional code to output group
(SELF) during data accept time, and decodes
the internally-used analog commands (AN-
DEC).

< @ O 0 5 @ O o
2 2 z Zz o - o
& & & B b o & 8
? 9 ¢ Y < ]
7 e |5 la 17 |16 |15 1a
10 BINARY OUTPUT BINARY SELECT LINEAR 1 DIGITAL TO
HOLD O NAL 3
FLAGS (BINF) FLAGS (SELF) REGISTER |  comenacon o L1oT
(LINY) (©7A)
LINEAR 2 R ore )
" REGISTER |1 . NVERsion 0 L20T
(LIN2) oa)
DIGITAL TO
LINEAR 3
BUFFER ANALOG ANALOG 1
REGISTER DECODER "E(f,':;)m =1 conversion L3or
(BFR) (ANDEC) (D/4)
4 ]
DATA SHIFT COMPARATOR MAIN
REGISTER ~ °°"::‘c‘::“;7°" COUNTER FLAG 12 5 MAIN
(SRDT) (COMP) (MAINF)
TV ON/OFF
! ‘0’/'1’ DETECTOR BIT COUNTER FLAG 2 o1vor
(BITC) (TVONR)
START CODE PRESET
oama o1t DETECTION R alid v FLAG 13
(CSTO) (PREST) —0 0SCi
SAF1032P
ra ls
Voo Vss
BD07630S
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Product Specification

R/C Receiver; R/C Transmitter

SAF1032P/1039P

Part lli

This part controls the analog function regis-
ters (each 6 bits long), and connects the
contents of the three registers to the analog
outputs by means of D/A conversion. During
sound mute, output L10T will be forced to
HIGH level.

Part IV

This part keeps track of correct power 'ON'
operation, and puts chip in 'standby’ condi-
tion at supply voltage interruptions.

The logic design is dynamic and synchronous
with the clock frequency (OSCI), while the
required control timing signals are derived
from the bit counter (BITC).

Operation

Serial information applied to the DATA input
will be translated into logic '1' and '0' by
means of a time ratio detector.

After recognizing the start code (CSTO) of
the data word, the data bits will be loaded into
the data shift register (SRDT). At the first
trailing edge of the following data word, a
comparison (KOM) takes place between the
contents of SRDT and the buffer register
(BFR). If SRDT equals BFR, the required
operation will be executed under control of
the comparator counter (COMP).

As shown in the operating code table on the
next page, the 4-bit wide binary output buffer
(BINF) will be loaded for BFRO = '0', while for
BFRO ='1' the binary output buffer (SELF),
also 4-bits wide, will be activated during the
data accept time.

At the same time operations involving the
internal commands are executed. The con-
tents of the analog function registers (each 6
bits long) are controlled over 63 steps, with
minimum and maximum detection, while the
D/A conversion results in a pulsed output

signal with a conversion period of 384 clock
periods (see Figure 2).

First power ON will always put the chip in the
standby position. This results in an internal
clearing of all logic circuitry and a 50%
presetting of the contents of the analog
registers (analog base value). The program
selection '1' code will also be prepared and
all the outputs will be nonactive (see operat-
ing output code table).

From standby, the chip can be made opera-
tional via a program selection command,
generated LOCAL or via REMOTE, or directly
by forcing the TV ON/OFF output (TVOT) to
zero for at least 2 clock periods of the
oscillator frequency.

For POWER-ON RESET, a negative-going
pulse should be applied to input MAIN, when
Vpp is stabilized and pulse width
LOW = 100us.

—-I l— 6 CLOCK PERIODS

OUTPUT
(50% CONTENTS)
|

384 CLOCK PERIODS

Figure 2. Analog Output Pulses

WF211508
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SAF1032P/1039P

; R/C Transmitter

R/C Receiver

OPERATING CODE TABLE

FUNCTION

Program
r Select + ON

Program
r Select + ON

Analog base

Reg. (LIN3) + 1
Reg. (LIN2) + 1
Reg. (LIN1) +1

OFF

Reg. (LIN3)-1

Reg. (LIN2) -1

Reg. (LIN1)-1

Mute (set/reset)

] Spare functions

SELF

(SEL.)

1

1

[=leleleleNeNae]

BINF
(BIN.)

BUFFER

BFR

0

KEY-MATRIX

POSITION

TRY. TRSL

TRX.

NOTE:

Reset mute also on program select codes, (LIN1) £1, and analog base.

OPERATING OUTPUT CODE

TVOT

(L.OT)

1

(SEL.)

A B C D

0

(BIN.)

A B C D
0O 0 0 O

1
X X X X

Standby OFF via remote

ON — 'not hold' condition

non-operating

ON — 'hold" condition
non-operating

5-9
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R/C Receiver; R/C Transmitter SAF1032P/1039P

w I
Voo © A
€QYs9 (2x)
BC368
+ + +
—=ov :FWg = 2:“ BC5488
~ ~ B2X75
| -cave
3; 10k 0.56
Vss O
1
r—
2=|%l8|5|z(8
£ EIEIEIE ElEE
c1
SAF1032P/39P =~ 150pF
(2%)
g olr |o|eo|a = R1
S E 2 38wt
—_—— R2 100k
Ps QP10 @P11@ P
I l 1}\\9 1\\101 \11\ 12
@Ps @Ps @P7 @ P,
KRKK
@OP1 QP2 @P3 QP
NNNN
pMU
®® "
pOFF@ S— 1& - @ V-
ML AL N (@‘ S: SATURATION
B: BRIGHTNESS
pAB @S+ @B+ @ V+ g
N 1 g {;X{\ E V: VOLUME
LD06600S
Figure 3. Interconnection Diagram of Transmitter Circuit SAF1039P in a
Remote Control System for a Television Receiver With 12 Programs
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R/C Receiver; R/C Transmitter

SAF1032P/1039P

v ™
Voo (+
, s e 100k 3k
S 10k ".'r_ 1/4 HEF4001B 1/4 HEF40018
PuLSE
CHN LI [N (2. O ' — STRETCHER
(2 x 1/4 HEF4011B)
Y wl [P Sw 30K
@D ToB1033 nf p AN
BPW4 22x il
VWA |
13 112 i, 110 L8 ! s6pF | 174 HEF400B 310
ln Tomsimen |4 Sk | 1/4 HEFaO01R
ok S o e . ) D,_ OSCILLATOR
kL 60k (2 x 1/4 HEF40118)
Vas
v
POWER ON
RESET
3o
< 100k 3100k
8279
—C7VS ZD 10nF 10k 210k :twu 10k
BCS48 1
BAWE2 BAWE2 10k
® ®
o412V 10x
HOLD Ves
| Vas 10 9
[ 1
oama | ofor,
] MAN {., 7B
HEEEELEE e LI Lo I
K SAF SELECTION
SED 1y 100zp g BNC SWITCH ICs
BDEEE| wfmll o
18 3 1
& g A rongl
18 120t 5
FOR INTERFACE
e
LD06611S

Figure 4. Interconnection Diagram Showing the SAF1032P and SAF1039P Used in a TV Control System
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R/C Receiver; R/C Transmitter SAF1032P/1039P

Voo +12v

VOLUME
(PIN 5: TBA750

BCsS58

BRIGHTNESS
(PIN 11: TDA2560)

SATURATION
(PIN 16: TDA2560)

Voo 33k
TO PIN 9 OF TDA2581
30k TO PIN 4 OF TDA2581
4K BC548
4 100nF

I

TC140208

Figure 5. Additional Circuits from Outputs L10T(1), L20T(2), L30OT(3) and TVOT(4) of the SAF1032P in Circuit of Figure 4
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DESCRIPTION

The SAA3004 transmitter IC is designed
for infrared remote control systems. It
has a total of 448 commands which are
divided into 7 subsystem groups with 64
commands each. The subsystem code
may be selected by a press button, a
slider switch or hard wired.

The SAA3004 generates the pattern for
driving the output stage. These patterns
are pulse distance coded. The pulses
are infrared flashes or modulated. The
transmission mode is defined in conjunc-
tion with the subsystem address. Modu-
lated pulses allow receivers with narrow-
band preamplifiers for improved noise
rejection to be used. Flashed pulses
require a wide-band preamplifier within
the receiver.

SAA3004

Infrared Transmitter

Product Specification

FEATURES

o Flashed or modulated
transmission

e 7 subsystem addresses

e Up to 64 commands per
subsystem address

e High-current remote output at
Vpp =6V (~loy = 40mA)

e Low number of additional
components

e Key release detection by toggle
bits

e Very low standby current
(< 2uA)

e Operational current <2mA at 6V
supply

e Wide supply voltage range
(4 to 11V)

e Ceramic resonator controlled
frequency (typ. 450kHz)

e Encapsulation: 20-lead plastic DIP
or 20-lead plastic mini-pack
(SO-20)

PIN CONFIGURATION

N, D Packages

SYMBOL

REMO

SEN6N
SENSN
SEN4N
SEN3N
SEN2N
SEN1N
SENON
ADRM

Vss
OSClt
0sco
DRVON
DRVIN
DRV2N
DRV3N
DRV4N
DRV5N
DRVBN
Voo

TOP VIEW

CD12000S8
DESCRIPTION
Remote data output

Key matrix sense inputs

Address mode control input
Ground

Oscillator input

Oscillator output

Key matrix drive outputs

Positive supply

APPLICATIONS
o TV
e Audio
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic DIP (SOT-146C1) -20°C to +70°C SAA3004PN
20-Pin Plastic SOL (SOT-163AC3) -20°C to +70°C SAA3004TD
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vpp Supply voltage range -0.5 to +15 \"
\ Input voltage range -0.5 to Vpp + 0.5 \"
Vo Output voltage range -0.5 to Vpp+0.5 \
+| DC current into any input or output 10 mA
-lremom | Peak REMO output current
during 10us; duty factor = 1% 300 mA
Prot Power dissipation per package
for Ta=-20 to +70°C 200 mW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -20 to +70 °C
December 2, 1986 5-13
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Product Specification

Infrared Transmitter SAA3004
DC ELECTRICAL CHARACTERISTICS vgs=0V; Ta=25°C, unless otherwise specified.
LIMITS
SYMBOL PARAMETER Vpp (V) UNIT
Min Typ Max
Supply voltage
Voo To=0 to +70°C 4 1 v
Supply current; active
5] fosc = 455kHz; 6 1 mA
Iop REMO output unloaded 9 3 mA
Supply current; inactive
loo (stand-by mode) 6 2 HA
oo Ta=25°C 9 2 MA
fosc Oscillator frequency (ceramic resonator) 4 to 11 400 500 kHz
Keyboard matrix
Inputs SENON to SEN6N
ViL Input voltage LOW 4 to 11 0.2 X Vpp \"
ViH Input voltage HIGH 4 to 11 0.8 X Vpp \
-h Input current 4 10 100 MA
=l Vi=0Vv 1 30 300 MA
Input leakage current
Iy V= Vpp 1 1 HA
Outputs DRVON to DRV6EN
Output voltage "ON"
VoL lo=0.1mA 4 0.3 \
VoL lo=1.0mA 11 0.5 \"
Output current ""OFF"
lo Vo =11V 1 10 A
Control input ADRM
Vi Input voltage LOW 0.8 X Vpp \"
Vi Input voltage HIGH 0.2 X Vpp \"
Input current
(switched P-and N-channel pull-up/pull-down)
e Pull-up active 4 10 100 HA
e standby voltage: OV 11 30 300 HA
lin Pull-down active 4 10 100 uA
liH standby voltage: Vpp 11 30 300 MA
Data output REMO
VoH Qutput voltage HIGH [ 3 \
Vo ~loH = 40mA 9 6 \
VoL Output voltage LOW 6 0.2 \"
VoL loL =0.3mA 9 0.1 \
Osclllator
Input current
] OSCI at Vpp 6 0.8 2.7 MA
Output voltage HIGH
VoH ~loL =0.1mA 6 Vpp-0.6 \"
Output voltage LOW
VoL loy=0.1mA © 0.6 \

December 2, 1986
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SENON 8
VARARARS —y
/‘5///// ////////“ SEN2N_ 6
//;3//////////16 SENIN 5
//3"///// ///////;‘ SENaN 4
/39/7///////////;2 SENsN_3
A A A AAAZL —
Vsl V V¥V Ve o |
ot/ V VYV VYV V= | p
() RESONATOR
o @ 455 Kz
@ |- @ .@O r‘ r
X @‘D @D & *OPTIONAL DIODES
L r gy

Figure 1. Transmitter With SAA3004

TC127318

INPUTS AND OUTPUTS

Key Matrix Inputs and Outputs
(DRVON to DRV6N and SENON
to SENG6N)

The transmitter keyboard is arranged as a
scanned matrix. The matrix consists of 7
driver outputs and 7 sense inputs as shown in
Figure 1. The driver outputs DRVON to
DRV6N are open-drain N-channel transistors
and they are conductive in the stand-by
mode. The 7 sense inputs (SENON to
SEN6N) enable the generation of 56 com-
mand codes. With 2 external diodes all 64
commands are addressable. The sense in-
puts have P-channel pull-up transistors, so
that they are HIGH until they are pulled LOW
by connecting them to an output via a key
depression to initiate a code transmission.

Address Mode Input (ADRM)

The subsystem address and the transmission
mode are defined by connecting the ADRM
input to one or more driver outputs (DRVON
to DRV6N) of the key matrix. If more than one
driver is connected to ADRM, they must be
decoupled by a diode. This allows the defini-
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tion of seven subsystem addresses as shown
in Table 3. If driver DRV6N is connected to
ADRM the data output format of REMO is
modulated or if not connected, flashed.

The ADRM input has switched pull-up and
pull-down loads. In the stand-by mode only
the pull-down device is active. Whether
ADRM is open (subsystem address 0, flashed
mode) or connected to the driver outputs, this
input is LOW and will not cause unwanted
dissipation. When the transmitter becomes
active by pressing a key, the pull-down device
is switched off and the pull-up device is
switched on, so that the applied driver signals
are sensed for the decoding of the subsystem
address and the mode of transmission.

The arrangement of the subsystem address
coding is such that only the driver DRVnN
with the highest number (n) defines the sub-
system address, e.g., if driver DRV2N and
DRV4N are connected to ADRM, only
DRVN4N will define the subsystem address.
This option can be used in transmitters for
more than one subsystem address. The
transmitter may be hard-wired for subsystem

5-15

address 2 by connecting DRV1N to ADRM. If
now DRV3N is added to ADRM by a key or a
switch, the transmitted subsystem address
changes to 4.

A change of the subsystem address will not
start a transmission.

Remote Control Signal Output
(REMO)

The REMO signal output stage is a push-pull
type. In the HIGH state a bipolar emitter-
follower allows a high output current. The
timing of the data output format is listed in
Tables 1 and 2.

The information is defined by the distance ty,
between the leading edges of the flashed
pulses or the first edge of the modulated
pulses (see Figure 3).

The format of the output data is given in
Figures 2 and 3. In the flashed transmission
mode, the data word starts with two toggle
bits, T1 and TO, followed by three bits for
defining the subsystem address S2, S1 and
S0, and six bits F, E, D, C, B and A, which are
defined by the selected key.
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In the modulated transmission mode the first
toggle bit, T1, is replaced by a constant
reference time bit (REF). This can be used as
a reference time for the decoding sequence.

The toggle bits function as an indication for
the decoder that the next instruction has to
be considered as a new command.

The codes for the subsystem address and the
selected key are given in Tables 3 and 4.

Oscillator Input/Output (OSCI
and 0SCO)

The external components must be connected
to these pins when using an oscillator with a
ceramic resonator. The oscillator frequency
may vary between 400kHz and 500kHz as
defined by the resonator.

FUNCTIONAL DESCRIPTION

Keyboard Operation
In the standby mode all drivers (DRVON to
DRV6N) are on. Whenever a key is pressed,

one or more of the sense inputs (SENnN) are
tied to ground. This will start the power-up
sequence. First the oscillator is activated and
after the debounce time tpg (see Figure 4) the
output drivers (DRVON to DRV6N) become
active successively.

Within the first scan cycle the transmission
mode, the applied subsystem address and
the selected command code are sensed and
loaded into an internal data latch. In contra-
diction to the command code the subsystem
address is sensed only within the first scan
cycle. If the applied subsystem address is
changed while the command key is pressed,
the transmitted subsystem address is not
altered.

In a multiple keystroke sequence (see Figure
5), the command code is always altered in
accordance with the sensed key.

Multiple Keystroke Protection
The keyboard is protected against multiple
keystrokes. If more than one key is pressed

at the same time, the circuit will not generate
a new output at REMO (see Figure 5). In case
of a multiple keystroke the scan repetition
rate is increased to detect the release of a
key as soon as possible.

There are two restrictions caused by the

special structure of the keyboard matrix:

® The keys switching to ground (code
numbers 7, 15, 23, 31, 39, 47, 55 and
63) and the keys connected to SEN5SN
and SEN6N are not covered completely
by the multiple key protection. If one
sense input is switched to ground,
further keys on the same sense line are
ignored.

® SEN5SN and SEN6N are not protected
against multiple keystroke on the same
driver line, because this condition has
been used for the definition of
additional codes (code numbers 56 to
63).

tw
et I -— |
" fadaf I 157 worp |2° worp
REMO l I I | I I ' L I —>’<—-'s
L -
BTS: 11 To s2 s1 S0 F € D c ] A
DATA:  © 1 [) 1 [) 1 ) 0 1 0 o
TOGGLE BITS SUB-SYSTEM ADDRESS COMMAND
AF04380S
\ tw
“ tos tor toom] > e—tew 157 woaol 2"° woRrD
o L W WML WO W W W WL R
BITS: REF s2 st S0 F E D c B A
DATA: 1 1 [) 1 [) 1 o ) 1 o )

REFERENCE TOGGLE BIT SUB-SYSTEM ADDRESS COMMAND

AF04381S
NOTES:

a. Flashed mode: transmission with 2 toggle bits and 3 address bits, followed by 6 command bits (pulses are flashed).
b. A mode: ission with refs time, toggle bit and 3 address bits, followed by 6 command bits (pulses are modulated).

Figure 2. Data Format of REMO Output; REF = Reference Time; TO and T1=Toggle Bits;
S0, S1 and S2 = System Address; A, B, C, D, E, and F =Command Bits
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REMO

REMO

WF17781S

]

NOTES:
1. Flashed pulse.
2. Modulated pulse (tew = (5 X ty) + tmu-

Figure 3. REMO Output Waveform

WF17760S

KEY BOUNCING
fe—tre—> NEW KEY
cLOSED ————————
o m_ T [
RELEASED
P
OFF
DRVnN
oN -—-I I-I I
SCAN SCAN
—>| ‘os t‘_i‘ tw 1 NEW WORD
H
REMO " " " "" " " " " "" " " " """" "" " " " " """""" II "
L
-4——15'-->|
osco 0341A50R ACTIVE

M2

Figure 4. Single Key-Stroke Sequence

WF17770S

Output Sequence (Data Format)
The output operation will start when the
selected code is found. A burst of pulses,
including the latched address and command
codes, is generated at the output REMO as
long as a key is pressed. The format of the

December 2, 1986

output pulse train is given in Figures 2 and 3.
The operation is terminated by releasing the
key or if more than one key is pressed at the
same time. Once a sequence is started, the
transmitted words will always be completed
after the key is released.

5-17

The toggle bits TO and T1 are incremented if
the key is released for a minimum time tgrg,
(see Figure 4). The toggle bits remain un-
changed within a multiple keystroke se-
quence.
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| KEY BOUNCING / KEY A DECODED AS HIGH
KEVA m‘m m KEY A DECODED AS LOW
'RELEASED l
CLOSED
e il m___
SCAN SCAN SCAN
S 1y I
m
oN =
Py gy e e i
REMO
:: tgr |<_ WORD KEY A WORD KEY A WORD KEY 8
H
0sco L-W OSCILLATOR ACTIVE A
'WF17790S
NOTES:
1. Scan rate multiple key-stroke: tsy =6 to 10 X to.
2. For tpg, tst and tw see Figure 4.
Figure 5. Multiple Key-Stroke Sequence
Table 1. Pulse Train Timing Table 2. Pulse Train Separation
(ts)
MODE to tp tm tm tmu tw
(ms) (us) (us) (us) (us) (ms) CODE ts
Flashed 2.53 8.8 121 Logic "0" 2Xtp
Logic "1" 3 Xt
Modulated 2.53 26.4 17.6 8.8 121 Reference time 3Xto
NOTES: Toggle bit time 2 X1 or
fosc  455kHz tosc = 2.2us 3Xto
tp 4 X tosc Flashed pulse width
M 12 X tosc Modulation period
tML 8 X tosc Modulation period LOW
tMH 4 X tosc Modulation period HIGH
to 1152 X tosc Basic unit of pulse distance
tw 55 296 X tosc Word distance
Table 3. Transmission Mode and Subsystem Address Election
SUBSYSTEM DRIVER DRVnN
MODE ADDRESS FOR n=
# S2 S1 S0 0 1 2 3 4 5 6
F 0 1 1 1
L 1 0 0 0 o
A 2 0 0 1 X o
S 3 0 1 0 X X o
H 4 0 1 1 X X X o
E 5 1 0 0 X X X X o
D 6 1 0 1 X X X X X o
M
(e] 0 1 1 1 [}
D 1 0 0 0 o o
U 2 0 0 1 X o o
L 3 0 1 0 X X o o
A 4 0 1 1 X X X o [¢]
T 5 1 0 0 X X X X [ [¢)
E 6 1 0 1 X X X X X [} o
D
NOTES:

o = Connected to ADRM
Blank = Not connected to ADRM
X = Don't care
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Table 4. Key Codes

CODE The subsystem address and the transmission
MATRIX MATRIX MATRIX modes are defined by connecting the ADRM
DRIVE SENSE F E D Cc B A POSITION input to one or more driver outputs (DRVON
to DRV6N) of the key matrix. If more than one
ggzs: gg:gs g g g g g ‘1) ? driver is connecteq to ADRM, they must be
DRV2N SENON o o oo 1 o 2 decoupled by a diode.
DRV3N SENON 0 0 0 0 1 1 3
DRV4N SENON 0 0 0 1 0 0 4
DRVS5N SENON 0 0 0 1 0 1 5
DRV6N SENON 0 0 0 1 1 0 6
Vss SENON 0 0 0 1 1 1 7
1 SEN1N 0 0 1 2 8 to 15
1 SEN2N 0 1 0 2 16 to 23
1 SEN3N 0 1 1 2 24 to 31
1 SEN4N 1 0 0 2 32 to 39
1 SEN5N 1 0 1 2 40 to 47
1 SEN6N 1 1 0 2 48 to 55
SEN5N
1 and 1 1 1 2 56 to 63
SEN6N
NOTES:

1. The complete matrix drive as shown above for SENON is also applicable for the matrix sense inputs
SEN1N to SEN6N and the combined SEN5SN/SEN6N.
2.The C, B and A codes are identical to SENON as given above.
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The SAA3004 is a new MOS transmitter IC for
infrared remote control systems in which the
received commands are decoded by a micro-
computer. It can transmit up to 448 com-
mands, divided into 7 subsystem groups of 64
commands each and is therefore suitable for
single or multi-system use. To allow remote
control systems with a variety of ranges,
noise immunities, and costs to be built, two
operating modes are available: unmodulated
(single pulse per bit) or modulated (burst of 6
pulses per bit). The subsystem address and
mode of operation may be selected by key-
board contacts for multi-system use, or may
be hard-wired for single system use. The
output from the SAA3004 is Pulse Distance
Modulated (PDM) for maximum power econo-
my and the high level of output current
available (40mA with a 6V supply) allows the
IC to drive an IR LED via a very simple
amplifier using a single external transistor.

Compared with earlier IR transmitter ICs, the
SAA3004 operates over a much wider supply
voltage range (4V to 11V), consumes less
current during operation (1mA typical with a
6V supply), has a lower standby current
( < 2uA), and requires a minimum number of
external components. The low current con-
sumption is largely due to the fairly low
oscillator frequency (455kHz).

Transmission Formats
The formats of the two transmission modes
are shown in Figure 1.

At least one complete 11-bit word is generat-
ed for each legal detected keystroke. The
logic state of a bit is defined by the interval
between consecutive output pulses or bursts,
measured from leading edge to leading edge.
The word is repeated as long as a key
remains pressed. When a key is released, the
transmission ceases as soon as the current
word has been transmitted.

In the unmodulated mode, only one pulse per
bit is generated and passed to output pin
REMO. For this mode, the IR preamplifier in
the receiver can be a broadband type and
therefore inexpensive. However, the interfer-
ence immunity and range of the remote
control will not be as high as that for a
transmitter in the modulated mode in con-
junction with a narrow-band IR receiver.

In the modulated mode, each bit is transmit-
ted as a burst of 6 pulses at a repetition rate
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of about 38kHz. Since this frequency lies
between the first and second harmonics of
the TV line frequency, a narrow-band IR
receiver tuned to 38kHz should be used in the
equipment being controlled. Although such a
receiver is more expensive than a broadband
one, the remote control will be less sensitive
to interference and will have a longer range.
However, if these requirements are not strin-
gent, a broadband receiver could also be
used to receive transmissions in the modulat-
ed mode.

Remote control systems normally detect a
command continuously from the moment it is
received. To distinguish between multiple
keystrokes and new commands, it is then
necessary to detect the length of the trans-
mitted data words. The disadvantage of this
method is that a repeated command can be
seen as a new one if the data stream is
interrupted by an external influence. In the
SAA3004, this problem is eliminated by incor-
porating toggle bits in the data stream. The
toggle bits change state after each key re-
lease according to the truth table given in
Table 1. The toggle bits therefore inform the
remote control receiver that new data is
arriving so that the microcomputer can easily
distinguish between new data words and
repeated ones. It can also count the number
of identical commands if they are issued more
than once in sequence. This is an important
facility for selection of Teletext pages with
repeated digits, resetting clock/calendars
and programming VCRs.

Figure 1a is a pulse diagram of the output
signal from the SAA3004 in the unmodulated
mode. The data word consists of 2 toggle bits
(T1 and TO), 3 address bits (S2, S1, and S0)
and 6 command bits (F, E, D, C, B, and A).
Toggle Bit T1 provides additional protection
against interference. If the second keystroke
in a sequence of three is disturbed, the
decoding part of the receiver will recognize
the same data twice; the fact that T1 has
changed state will indicate that a new com-
mand is being transmitted.

Figure 2 shows the timing of a single bit for
each transmission mode.

A complete message always consists of 12
pulses, the timing of which is directly related
to the oscillator period togc. The pulse timing
data for fogc = 455kHz is as follows.
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Oscillator period tosc =2.2us

Pulse width Ve = tui = 4tosc = 8.8us
Lo:ifo I;:e::I:echf modula- tyL = Blosc = 17.6us
Mopdeurliztded pulse burst ty = 12t0sc = 26.4us
Du;it‘:: t;)'jrsr:\odulated tow = B4togc = 14148

Interval between pulses to = 1152tpgc = 2.53ms

Da;aer;nolzrd repetition tw = 48T = 121ms

Logic '0" pulse or burst
spacing

Logic '1' pulse or burst
spacing

tgo = 2Tp = 5.06ms

tgy = 3Tp = 7.6ms

The data word format and timing shown in
Figure 1b for the modulated mode of transmis-
sion is the same as that previcusly described
for the unmodulated mode. In this case, how-
ever, each bit consists of a 141us burst of 6
pulses, and toggle bit T1 is replaced by a
reference pulse with a permanent logic 1, the
timing of which is (tggr = tg1 = 7.6ms). This
allows a lower stability oscillator to be used in
the transmitter because trer can be used as a
reference for decoding in the equipment being
controlled.

Functional Description of the
SAA3004

A detailed functional block diagram of the
SAA3004 is given in Figure 3 and the key
sequencing diagram is given in Figure 4,
which shows that, during standby, all the drive
outputs are LOW. When a keystroke is de-
tected (one or more sense inputs LOW) by
the sense detector, the sequence control
block enables the oscillator which starts to
generate clock pulses. The oscillator incre-
ments the scan counter which, after debounc-
ing time (tpg > 4To) has elapsed, sequentially
activates the drive outputs at intervals of
tosc/72 (158us for fogc = 455kHz). See Fig-
ure 5.

The activated key position is stored in the
data memory together with the subsystem
address (determined by which of the drive
outputs 1 -5 is connected to ADRM) and the
output mode (whether or not drive output 6 is
connected to ADRM). However, unlike the
command code, the subsystem address is
only sensed during the first scan cycle and
does not cause any output when it is
changed. The stored data, together with the
toggle bits, are applied to the data multiplex-
er, the serial output from which is converted
into the correct pulse distances by the modu-
lation counter. The pulses are then fed to
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tw
" o0 for— 15T worD [2%° woRrD
reo | 1 | | | 1 | | 1 ==
BTS: T To s2 st ) F € D c B
DATA: 0 1 o 1 0 1 ) 0 1 o
TOGGLE BITS SUB-SYSTEM ADDRESS COMMAND
AF04380S
a. Unmodulated Transmission Mode
\ tw
W "_""—""_""—’Y"'”"' T fetew 15'woun|:"°woao
L3y I I I N B N e e e —" i
BITS: RE! T0 s2 St S0 F E o [ B A
DATA: 1 1 0 1 ] 1 o o 1 '] 0
REFERENCE TOGGLE BIT SUB-SYSTEM ADDRESS COMMAND

b. Modulated Transmission Mode

Figure 1. Transmission Format at Output REMO

AF043815

la—tp

H
REMO

WF17761S

LI

b. Modulated Transmission Mode

Figure 2. Timing of a Single Bit at Output REMO

WF17760S

output REMO via the output modulator. After
a key is released, the oscillator stops and the
circuits return to the standby state to con-
serve battery power as soon as the output
sequence is completed.

The SAA3004 has built-in protection against
multiple keystrokes (two or more keys
pressed at a time). In this event, the IC reacts
as shown in Figure 6. At the end of any
current output sequence, output REMO be-
comes inactive, and the keyboard scanning
interval tw = 121ms is reduced to tgy (about
20ms). This ensures that a key release is
detected as soon as possible. Also, the
toggle bits remain unchanged during multiple
keystrokes.
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Table 1. Sequence of Toggle Bits

KEY SEQUENCE TO T1
n 0 1
n+1 1 1
n+2 0 0
n+3 1 0
n+4 0 1
n+5 1 1

A Practical IR Transmitter
An example of a complete IR remote control
transmitter is given in Figure 7.
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Forty-nine of the keys (7 X 7 matrix) are
connected directly between driver lines
DRVON to DRV6N and sense lines SENON to
SENB6N. Expanding the keyboard for 64 com-
mands is done in three steps. First, seven
keys are added to switch each of the sense
lines to ground. Next, seven keys are added
to switch each of the drive lines to SEN5SN
and SEN6N via diodes D and D,. The final
key is added to switch sense lines SEN5N
and SEN6N to ground via diodes Dy and Da.

In standby, the drive lines are LOW and the
sense lines are HIGH. A scan cycle starts as
soon as one of the sense inputs is forced
LOW by a keystroke. If the keystroke is
detected as being legal (only one key
pressed), the appropriate command is de-
coded according to the scheme in Table 2,
and the correct data word is fed to output
REMO. Bits ABC in Table 2 indicate which of
the seven driver outputs is activated and bits
DEF indicate which of the seven sense inputs
has detected a LOW level.

Address mode input ADRM selects the sub-
system address and determines the transmis-
sion mode (modulated or unmodulated). The
subsystem address and mode of operation
depend on which of the seven drive lines is
connected to ADRM as shown in Tab"
The address is selected either by ¢

address switch to connect a d~

input ADRM before pressin~

or by installing a perm~

of the drive outpu* o
address sele””
bits S2, S1, a1
ly generated.

Mode selection i

Py
%.
3,

drive line DRV6N %2
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Voo
{20
L 125 bRVON
MODULATION 14,
+2/+3 L 115 pavan
DECODER
1 1 & 18 5 DRVAN
DRIVER 17
11
. OSCILLATOR DAt en | BIT countER “onnvm
12 MULTIPLEXI —3—0 DRVSN
SAA3004 19
} 2 1 ° —f—ODRVeN
TOGGLE DATA OUTPUT 1 o REMO
BIT COUNTER MEMORY MODULATOR
SEQUENCE ADDRESS
CONTROL SENSE DETECTOR
J’w 8 |7 6 |5 |4 |3 |2 9
. > o C )
Vgs SENON | SEN2N | SEN4N | SENeN ADRM
SENIN  SEN3N  SENSN
BDO7360S
Figure 3. Block Diagram of Remote Control Transmitter SAA3004
EY BOUNCING
“ fe—tre—>] NEW KEY
CLOSED [ —
KEY “" I-
RELEASED
SCAN
o £
DRVnN I " |
ON = SCAN SCAN
—»| tos l<—= \ ' NEW WORD
H
S S N1 N 0 O ) K
L=
<—|“—>|
H
osco _““V 840 508 ACTIE
L
WF17770S8
NOTE:
To = 1152togc, debounce time tpg =4 to 9 X to, start time tst=5 to 10 X to, minimum release time tpg = to.
Figure 4. Single Keystroke Sequence

transmission is modulated with the link fitted
or unmodulated without it.

Capacitors Cy and C, associated with the

scillator must be chosen with regard to low

rent consumption and quick starting over
whole supply voltage range.

37

The output stage of the SAA3004 shown in
Figure 8 provides a current output of up to
40mA with a 6V supply, sufficient to drive a
very simple single transistor amplifier to pro-
vide current for an infrared LED. When the
output stage is driven by a HIGH level, the
NPN transistor conducts and pulls output pin
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REMO HIGH (3V min. with a 6V supply).
When the output stage is driven by a LOW
level, the NPN transistor is turned off and the
n-channel output FET conducts and pulls
output pin REMO LOW (200mV maximum
with a 6V supply). In this state, the output
stage can sink a typical current of 300uA.
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L
— *smL—

—] m,..k—

SCAN INTERVAL

DRVIN

WF177608

Figure 5. Timing at Outputs DRVON to DRV6N

Table 2. Key Codes

CODE
F E D C B A

MATRIX
POS.

32
33

34
35
36
37
38
39
40

41

42

43
44

45

46
47

48

49

50
51

52
53

54
55

56
57
58
59
60
61

62

63

CODE
F E D C B A

0O 0 0 O
0

0
0o 0

0

MATRIX
POS.

10
1"

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

28
29
30
31

5-23
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| KEY BOUNCING KEY A DECODED AS HIGH
CLOSED
KEY A m m/ /KEVADECODEDASLOW
RELEASED |
CLOSED
o ] m__
RELEASED
SCAN SCAN SCAN
OFF s
s |- tou—>| tos |
— tog e—tsn —»| tos
" e tv————»} tor |-
REMO
e tst |e— WORDKEYA WORD KEY A WORD KEY B
H
osco W OSCILLATOR ACTIVE A
L
'WF17790S
NOTE:
to = 1152togc, debounce time tpg =4 to 9 X to, scan rate tgy =6 to 10 X to.
Figure 6. Multiple Keystroke Sequence

Table 3. Transmission Mode and Subsystem Address Selection

OUTPUT FORMAT SUBSYSTEM ADDRESS DRIVE OUTPUT DRVnN n=

No. S2 S1 SO 0 1 2 3 4 5 6
1 1 1 1
2 0 0 0 X
3 0 0 1 - X

unmodulated 4 0 1 0 - - X
5 0o 1 1 - - - X
6 1 0 0 - - - - X
7 1 0 1 - - - - - X
1 1 1 1 X
2 0 0 0 X X
3 0 0 1 - X X

modulated 4 0 1 0 - - X X
5 0 1 1 - - = X X
6 1 0 - - - - X X
7 1 1 - - - - = X X

NOTES:
X Connected to ADRM.

- Allowed connection to ADRM without any influence on the subsystem address.

Power Consumption

Considerations

The intensity of IR radiation Ig, and therefore
the transmitter range, is proportional to the
LED forward current |g. The peak value of Ig
in the circuit of Figure 7 is determined by the
value of emitter resistor Rg and is given by:

Ir = (Vrer - Vee)/Re.

‘owever, since the output is pulsed, the
“ery life is mainly determined by the aver-
value of the forward current. This aver-

ry 1987

age LED current is the peak current multiplied
by the duty factor of the output signal. The
duty factor is the ratio of the total HIGH time
of a data word (12 pulses each of width
Tp = 8.8us) to the data word repetition period
(tw = 121ms).

In the unmodulated mode, the average LED
current is:

IFav = IF(12tp/ty) = 8.71F X 1074
In the modulated mode, each pulse is a burst

of six 8.8us pulses. The total HIGH time of a
5-24

data word is therefore six times that for the
unmodulated mode so that the duty factor is
multiplied by six.

in the modulated mode, the average LED
current is therefore:

Iray = 521 X 1074,

At first glance, the higher required average
current for the modulated mode makes it
appear unattractive because of increased
battery drain. However, if a narrow-band re-
ceiver is used with a modulated transmitter,
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Figure 7. A Complete Remote Control Infrared Transmitter Using SAA3004

TC127318

SAA3004

20

N N
- - 10
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Figure 8. Output Stage of the SAA3004
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this will not be the case because the reso-
nance peak of the tuned circuit at the input
makes a narrow-band receiver more sensitive
to infrared radiation and less sensitive to
interference than a broadband receiver. For a
given remote control range, then, the required
forward current for the transmitter LED is less

February 1987

than that required for an LED in an unmodu-
lated transmitter used with a broadband re-
ceiver. This is confirmed by the range mea-
surement results given at the end of this
publication.
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The total current drain from the battery when
the transmitter is in use is the sum of Ig,,, the
very small leakage current of the battery
buffer electrolytic capacitor C3, and the cur-
rent drain of the SAA3004 (typically 1mA with
a 6V supply or 3mA with a 9V supply). During
standby, the maximum current drain of the
SAA3004 is 2uA, regardless of the supply
voltage.

INFRARED RECEIVER
PREAMPLIFIERS

TDA3047 AND TDA3048
The TDA3047 and TDA3048 are bipolar pre-
ampilifier ICs for infrared remote control re-
ceivers. The ICs differ only in the polarity of
the output signal; the TDA3047 is activ~
HIGH and the TDA3048 is active LOW ~
choice of polarity allows the preamp!”

be selected to suit the micropro~

system being controlled. Fr

8048 microprocessor ic /
level (active-LOW iny

the correct choice. Po. /
ICs is only 10mW from .
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considerably less than that of earlier pream-
plifier ICs. Operation from a 5V supply means
that the preamplifiers can use the same
supply as the microprocessor in the equip-
ment being controlled.

Both ICs are excellent for use in narrow-band
IR receivers which are necessary to achieve
high noise immunity and long range for the
reception of a modulated data stream. The
ICs can also be used in inexpensive broad-
band IR receivers for the reception of unmod-
ulated data or modulated data if noise immu-
nity and long range are not of major impor-
tance.

The 66dB AGC range of the ICs ensures
stable amplification of a wide range of signal
levels, thus allowing remote-control systems
to operate over a wide range of transmitter-
to-receiver distances.

The ICs in a Narrow-Band IR
Receiver

The functional block diagram of the
TDA3047/48 in a narrow-band IR receiver is
shown in Figure 9. Figure 10 shows some of
the internal circuitry connected to the IC pins.

The input signal from the photodiode is cou-
pled to input Pins 2 and 15 via a 38kHz

parallel tuned circuit with a Q of about 10
giving a bandwidth of about 3kHz. This con-
siderably improves selectivity and attenuates
continuous IR interference caused, for exam-
ple, by sunlight. The low resistance of L,
(1252) ensures that the photodiode never
saturates. The tapping point for the coil (3:1)
is chosen to match the input resistance of the
IC (16kS?) and is optimum for low-level sig-
nals (Q-killer inactive) so that the operating
range of the remote-control system remains
almost independent of component value
spreads or frequency tolerance in either the
transmitter or the receiver.

Alternatively, L could be capacitively tapped
as shown in Figure 11. The total capacitance
of Cy4 and Cyp must be that required to tune
the circuit to 38kHz (470pF with a 40mH coil).
The ratio C14/Cqp must be 3:1. Values of
2.2nF for C14 and 560pF for C1p, meet these
requirements and give about the same Q as
the input tuned circuit given in Figure 9.

The signal from the tuned circuit is capacitive-
ly-coupled to Pins 2 and 15 of the IC and is
then amplified by an internal two-stage gain-
controlled differential amplifier. The first stage
of the differential amplifier has a maximum
gain of 56dB, and the second stage has a

maximum gain of 26dB, giving overall gain of
more than 80dB. Feedback capacitors C4 and
Cs stabilize the first and second stage, re-
spectively. Together, they set the lower fre-
quency limit of the circuit, C4 having the most
effect because the first stage has the higher
gain. The values of both capacitors should be
chosen such that IR interference is sup-
pressed, bearing in mind that incandescent
lamps radiate IR at multiples of 100Hz. The
upper frequency limit of the amplifier is set by
internal capacitance and is above 1MHz.

The amplified signal is fed to a synchronous
demodulator and a reference amplifier that
limits high amplitude input signals. The 2.7mH
coil in the 38kHz demodulator tuned circuit
has a Q of about 7 in conjunction with the
resistance between Pins 7 and 10 (6k2).

After multiplication of the input and reference
signals, the demodulated signal is fed to a
pulse shaper and an AGC circuit. A Q-killer in
the AGC loop damps the Q of the input tuned
circuit for high level inputs so that the circuit
can handle large variations of signal ampli-
tude. An absolute maximum input level of
about 600mV is set by the limiter at Pin 1. The
AGC acquisition time and the time constant of
the pulse shaper are determined by C7 at Pin

Capacitor Cs should be kept well clear of the input pins.
Figure 9. TDA3047/3048 in a Narrow-Band IR Receiver
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VA °
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AMPLITUDE
' LIMITER TDA3047
TDA3048
. i
c2 T
c | SeoF -
470 T T r DIFFERENTIAL SYNCHRONOUS PULSE OUTPUT 9
pF 3:1 |mH 15 PREAMPLIFIER DEMODULATOR SHAPER STAGE
r OUTPUT
c3
56nF L, A 4
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12 and Cg at Pin 11, respectively. The time
constant at Pin 12 is equal to the duration of
one data bit. The time constant at Pin 11 sets
the delay between the pulse shaper and the
output stage. The value of Cg must be low
enough to ensure that, with a charging time of
one pulse width (8.8us from the SAA3004
transmitter), the threshold of the pulse shaper
(about 4V) can be exceeded. If the value of
Cg is too low, however, short duration interfer-
ence pulses can easily trigger the pulse
shaper. The value of Cg is therefore a com-
promise between the receiver sensitivity and
immunity to interference.

The ICs in a Broadband IR
Receiver

The TDA3047 and TDA3048 are shown in a
broadband IR receiver circuit in Figure 12.
This circuit is similar to the previously de-
scribed narrow-band receiver except that the
Q-Killer and amplitude limiter are not neces-
sary. (Pins 1, 3, 14 are not used.) Also, the IR
photodiode is simply connected between two

12kS2 load resistors and connected to the IC
inputs via 10nF capacitors instead of via a
tuned circuit.

CONTROL SYSTEM RANGE
MEASUREMENTS

Measurements have been made with both IR
receivers in conjunction with an IR transmitter
based on the SAA3004 to determine the
operating range.

As previously explained, when the SAA3004
transmitter in the unmodulated mode drives a
single infrared LED with a constant peak
forward current IF of 2A, the average current,
which is proportional to the infrared radiation,
is:

IFay = 8.7IF X 1074 = 1.7mA.

7 J10 8
3 3K
> 30k WA
3
AMA
3K
2
8k
[ I [
[ [
15 | (N 11
3
1
|
14
TDA3047
%0 TDA3048
1 AAA,
30k
16

Figure 10. Internal Connectors to Pins of the TDA3047/3048

LD06291S
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Under these conditions, the range of the
remote-control was 11m with a narrow-band
receiver and 12m with a broadband receiver.

Under the same conditions in the modulated
mode, the average current is:

IFay = 52l X 10~% = 10.4mA.

Under these conditions, the range of the
remote-control was 25m with a narrow-band
receiver and 16m with a broadband receiver.

To allow direct comparison between the two
transmission modes, the average LED current
for the modulated mode was reduced to
1.7mA. Under these conditions, the range of
the remote-control was 11m with a narrow-
band receiver and 8m with a broadband
receiver.

Originally published as Technical Publication 167,
March 22, 1985, The Netherlands.
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Figure 11. Alternative Input Coupling for a Narrow-Band IR Receiver
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Figure 12. TDA3047/3048 in a Broadband IR Receiver
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DESCRIPTION

The SAA3006 is intended as a general
purpose (RC-5) infrared remote control
system for use where only low supply
voltages are available. The device can
generate 2048 different commands and
utilizes a keyboard with a single-pole
switch per key. The commands are ar-
ranged so that 32 systems can be ad-
dressed, each system containing 64 dif-
ferent commands.

The circuit response to legal (one key
pressed at a time) and illegal (more than
one key pressed at a time) keyboard
operation is specified later in this publi-
cation (see KEY ACTIVITIES).

SAA3006

Infrared Transmitter

Product Specification

FEATURES

e Low supply voltage requirements
e Very low current consumption

e For infrared transmission link

e Transmitter for 32 X 64
commands

e One transmitter controls 32
systems

e Transmission biphase technique

e Short transmission times; speed-
up of system reaction time

o Single-pin oscillator input

e Input protection

e Test mode facility

PIN CONFIGURATION

N Package

xt (1]
ssm [2]
20 [3] [26] X5
21 [4] [25) x4
22 [5] [24] X3
23 [6] 23] x2

MDATA [T X1
DATA [2] [21] X0
oR? 9]} [20] TP1

TOP VIEW

©D120508

SYMBOL DESCRIPTION

23 X2 Keyboard command inputs with
24 X3 P-channel pull-up transistors

SSM Systern mode selection input

pal Keyboard system inputs with
22 P-channel pull-up transistors

MDATA} Remote signal outputs
(3-state outputs)

DR4 Scan driver outputs with open-
drain N-channel transistors

Vss Negative supply (ground)
0sC Oscillator input

TP2 Test input/output

TP1 Test input

Voo Positive supply

APPLICATIONS
e Audio
o TV
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
28-Pin Plastic DIP (SOT-117) -25°C to +85°C SAA3006PN
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Voo Supply voltage range with respect to Vsg -0.5 to +8.5 \
-0.5 to 4
V) Input voltage range (Vop + 0.5) \
+1 Input current 10 mA
-0.5 to 1
Vo Output voltage range (Vop + 0.5) \"
+lo Output current 10 mA
Po Power dissipation output OSC 50 mw
Power dissipation per output
Po (all other outputs) 100 mw
Prot Total power dissipation per package 200 mw
Ta Operating ambient temperature range -25 to +85 °C
Tsta Storage temperature range -65 to +150 °C
NOTE:
1. Vpp+0.5V not to exceed 9V.
December 2, 1986 5-29
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BLOCK DIAGRAM

SAA3006
18
0sc O osc p— 3x2!
IO il MASTER
T
19 e RESET
P20 |  GENERATOR
2 MODE 28
SsMO SELECTION DECODER DIVIDER
I CONTROL
6 UNIT
BO—
zo—,
7o
3
200 l
1
X7 O
27
X6 0— KEYBOARD
x50 ENCODER
2
X4 O
2 17
X3 O COMMAND O DRO
X2 0 = AND 16
2 SYSTEM e
X1 0- ADDRESS O DR2
21 LATCH 13
X0 O KEYBOARD O DR3
DRIVER 12
DECODER = O DR4
| O DRS
10
PARALLEL o O DRé
OUTPUT TO SERIAL DR
CONVERTER © DR
8 7 lu lzs
) (<)
DATA MDATA Ves Voo
BD08120S
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DC ELECTRICAL CHARACTERISTICS vgs=0V; T=-25 to 85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER Vpp (V) UNIT
Min Typ Max
Voo Supply voltage 2 7 \
Supply current
at o =0mA for all outputs;
X0 to X7 and Z3 at Vpp;
all other inputs at Vpp or Vgs;
excluding leakage current from open-
drain N-channel outputs
Ipp Ta=25°C 7 10 MA
Inputs
Keyboard inputs X and Z with P-channel pull-up transistors
Input current (each input) at
-k V) =0V; TP = SSM = LOW 2t07 10 600 A
Vin Input voltage HIGH 2to7 0.7 X Vpp Vop Vv
Vi Input voltage LOW 2t07 0 0.3 X Vpp
Input leakage current at Tp = 25°C;
TP = HIGH;
iR V=7V 1 HA
-lR Vi=0V 1 pA
SSM, TP1 and TP2
VIH Input voltage HIGH 2to 7 0.7 X Vpp Vop "
Vi Input voltage LOW 2t07 0 0.3 X Vpp
Input leakage current at Ta = 25°C;
I)R V] =7V 1 IJA
-iR V=0V 1 LA
osc
Input leakage current at Tp = 25°C;
-l Vi =0V; TP1 =HIGH; Z2 = Z3 = LOW 2to7 2 MA
Outputs DATA and MDATA
VoH Output voltage HIGH at -lgy = 0.4mA 2to7 Vpp -0.3
VoL Output voltage LOW at Ig = 0.6mA 2t07 0.3 v
Output leakage current at:
lor Vo=7V 10 MA
-lor Vo =0V 20 MA
Ta=25°C;
lor Vo=7V 1 A
~lor Vo =0V 2 A
DRO to DR7, TP2
VoL Output voltage LOW at g = 0.3mA 2to 7 0.3 \"
Output leakage current
lor at Vo=7V 7 10 MA
at Vo=7V;
lor Ta=25°C 1 HA
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DC ELECTRICAL CHARACTERISTICS (Continued) Vss=0V; T=-25 to 85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER Vpp (V) UNIT
Min ( Typ L Max
osc
losc | Oscillator current at OSC = Vpp 7 a5 | IHE R
Oscillator
Maximum oscillator frequency at C = 40pF
fosc (Figures 4 and 5) 2 450 kHz
fosc ::e;r:n;;rl% oscillator frequency 2 10 120 KHz
17 16 15 13 12 11 10 9
N7 N6& N\§ \4 N3 N2 \1 \o DRO [ [ DR3 DR4 DRS DR6 DR7
AN AN N AN RN AN A N A
SN ENINERENE X x
SCNININ N TN NN X1
23 A2 N2t A2 19 N18 N17 N\ 16
NN NN NNN o
31 N30 N9 A\28 N2 \2s N2 A\
NN NN
39 N 38 \¥7 3B N 35 N3¢ N33 N\ 3
I N N Nl Nl Nl N NP
a7 N % N 45 N4 N\ 42 | 41 \ %
CNENENENE NN NS ]
55 W54 Nss N5z N5t Nso N N\
N i\ NN :\ NEER N sanzos
Nes N6z et NeoNso Nss N7 |\ s6
CRENTRERENERT NG
N7 N Ns ANe N2 N2 NN
SOOI INCINEIN 3t
15 N1 A1 N2 \1 10 1\ 9 8
RN RN RN R,
2 AN20N21 N2 N19 N8 N17 N6
AN N N N N N NN N
31N\ \ 29 \28 \ 27 \\26 \25 \\ ¢
N L L A
SSM TP P2 DATA  MDATA 0SC
Tz tzo 119 13 17 18
[}
— 5 I
TC197108
NOTES:
1. Control inputs for operating modes, test modes and reset.
2. Remote signal outputs.
3. Keyboard command code matrix 8 X 8.
4. Keyboard system code matrix 4 X 8.
Figure 1. Keyboard Interconnection
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FUNCTIONAL DESCRIPTION

Combined System Mode

(SSM = LOW)

The X and Z lines are active-HIGH in the
quiescent state. Legal key operation either in
the X-DR or Z-DR matrix starts the debounce
cycle. When the contact is made for two bit
times without interruption, the oscillator en-
able signal is latched and the key may be
released. Interruption within the two bit times
resets the internal action. At the end of the
debounce time, the DR outputs are switched
off and two scan cycles are started, switching
on the DR-outputs one by one. When a Z or X
input senses a LOW level, a latch enable
signal is fed to the system address or com-
mand latches, depending on whether sensing
was found in the Z or X input matrix. After
latching a system address number, the device
will generate the last command (i.e., all com-
mand bits '1') in the chosen system as long
as the key is pressed. Latching of a command
number causes the device to generate this
command together with the system address
number stored in the system address latch.
Releasing the key will reset the internal action
if no data is transmitted at that time. Once the
transmission is started, the signal will be
finished completely.

Single System Mode

(SSM = HIGH)

The X lines are active-HIGH in the quiescent
state; the pull-up transistors of the Z lines are
switched off and the inputs are disabled. Only
legal key operation in the X-DR matrix starts
the debounce cycle. When the contact is
made for two bit times without interruption,
the oscillator enable signal is latched and the
key may be released. Interruption within the
two bit times resets the internal action. At the
end of the debounce time, the pull-up transis-
tors in the X lines are switched off. Those in
the Z lines are switched on during the first
scan cycle. The wired connection in the Z
matrix is then translated into a system ad-
dress number and stored in the system ad-

Table 1. Test Functions

dress latch. At the end of the first scan cycle
the puli-up transistors in the Z lines are
switched off and the inputs are disabled
again, while the transistors in the X lines are
switched on. The second scan cycle pro-
duces the command number which, after
latching, is transmitted together with the sys-
tem address number.

Inputs

The command inputs X0 to X7 carry a logical
1" in the quiescent state by means of an
internal pull-up transistor. When SSM is LOW,
the system inputs Z0 to Z3 also carry a logical
'1" in the quiescent state by means of an
internal pull-up transistor.

When SSM is HIGH, the transistors are
switched off and no current flows via the
wired connection in the Z-DR matrix.

Oscillator

The oscillator is formed by a ceramic resona-
tor (catalog number 2422 540 98021 or
equivalent) feeding the single-pin input OSC.
Direct connection is made for supply voltages
in the range 2 to 5.25V but it is necessary to
fit a 10kS2 resistor in series with the resonator
when using supply voltages in the range 2.6
to 7V.

Key Release Detection

An extra control bit is added which will be
complemented after key release. In this way
the decoder gets an indication that shows if
the next code is to be considered as a new
command. This is very important for multi-
digit entry (e.g., by channel numbers or Tele-
text/Viewdata pages). The control bit will only
be complemented after finishing at least one
code transmission. The scan cycles are re-
peated before every code transmission, so
that, even by 'takeover' of key operation
during the code transmission, the correct
system and command numbers are generat-
ed.

Outputs

The output DATA carries the generated infor-
mation according to the format given in Fig-
ure 2 and Tables 2 and 3. The code is

transmitted in biphase; definitions of logical
1" and '0' are given in Figure 3.

The code consists of four parts:

® Start part formed by 2 bits (two times a
logical '1")

® Control part formed by 1 bit

® System part formed by 5 bits

® Command part formed by 6 bits.

The output MDATA carries the same informa-
tion as output DATA but is modulated on a
carrier frequency of Y12 the oscillator frequen-
cy, so that each bit is presented as a burst of
32 pulses. To reduce power consumption, the
carrier frequency has a 25% duty cycle.

In the quiescent state, both outputs are non-
conducting (3-state outputs). The scan driv-
ers DRO to DR7 are of the open-drain N-
channel type and are conducting in the quies-
cent state of the circuit. After a legal key
operation all the driver outputs go into the
high ohmic state; a scanning procedure is
then started so that the outputs are switched
into the conducting state one after the other.

Reset Action

The circuit will be reset immediately when a
key release occurs during:

® Debounce time
® Between two codes.

When a key release occurs during scanning
of the matrix, a reset action will be accom-
plished if:

® The key is released while one of the driver
outputs is in the low-ohmic '0' state

® The key is released before detection of that
key

® There is no wired connection in the Z-DR
matrix while SSM is HIGH.

Test Pin

The test pins TP1 and TP2 are used for
testing in conjunction with inputs Z2 and Z3
as shown in Table 1.

5

TP1 TP2 z2 Z3 FUNCTION

LOW LOwW Matrix input Matrix input Normal

LOW HIGH Matrix input Matrix input Scan + output frequency 6 times faster than normal
HIGH Output fogc? LOW LOW Reset

HIGH Output fogc® HIGH HIGH Output frequency 3 X 27 faster than normal
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KEY ACTIVITIES

Every connection of one X input and one DR 1CODE
output is recognized as a legal keyboard DEBOUNCE
TIME MS LSB MSB Ls8

operation and causes the device to generate B

the corresponding code. T 4 4 % 4 4, 4% 4 % %% 4% % 44 4
Activating more than one X input at a time is SvsTEM {

an illegal keyboard operation and no circuit ADDRESS BITS T BITS

action is taken (oscillator does not start). CONTROLBIT

When SSM is LOW, every connection of one START START
Z input and one DR output is recognized as a Ll
legal keyboard operation and causes the SCAN TIME
device to generate the corresponding code.

1LY DATA WORD TIME = 14 BIT TIMES —————————————
Activating two or more Z inputs, or Z inputs
and X inputs, at one time is an illegal key-

board operation and no circuit action is taken. 2CODES SUCCESSIVELY

When SSM is HIGH, a wired connection must %
be made between a Z input and a DR output. 2D
If no connection is made, the code is not c':;r,g—'| CODE
generated. START

When one X or Z input is connected to more l REPETITION TIME =64 BIT TIMES
than one DR output, the last scan signal is Arossaos
considered legal. Figure 2. DATA Output Format (RC-5)

The maximum allowable value of the contact
series resistance of the keyboard switches is

7kS2 |
DIGITAL ¥ DIGITAL 0’ |
1BITTIME

WF19130S

NOTE:
1. Bit time =3 X 28 X togc (typically 1.778ms) where togg is the oscillator period time.

Figure 3. Biphase Transmission Code
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Table 2. Command Matrix X-DR

COMMAND BITS

ocooooooo

DR-LINES
DR

X-LINES
X

CODE
NO

Or-rANM<TLONMN
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Table 2. Command Matrix X-DR (Continued)

COMMAND BITS

DR-LINES

DR

X-LINES

CODE

NO
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Table 3. System Matrix Z-DR

SYSTEM Z-LINES DR-LINES SYSTEM BITS
NO 4 DR S
0 1 2 3 0 1 2 3 4 5 6 7 4 3 2 1 0
0 [ 0 0 0 0 0
1 o ° 0 0 0 0 1
2 [} ° 0 0 0 1 0
8 e . o 0o o 1 A
4 [ ° 0 0 1 0 0
5 L] L] 0 0 1 0 1
6 o . 0 0 1 1 0
7 ° o 0 0 1 1 1
8 o ° 0 1 0 0 0
9 ° [} 0 1 0 0 1
10 ] [ 0 1 0 1 0
11 ° ° 0 1 0 1 1
12 ° . 0 1 1 0 0
13 ° [ 0 1 1 0 1
14 ° L] 0 1 1 1 0
15 L] [ 0 1 1 1 1
16 [ L] 1 0 0 0 0
17 [ ) 1 0 0 0 1
18 [ [ 1 0 0 1 0
19 (] L] 1 0 0 1 1
20 ° ° 1 0 1 0 0
21 ° ° 1 0 1 0 1
22 ° ° 1 0 1 1 0
23 [ o 1 0 1 1 1
24 [ ° 1 1 0 0 V]
25 ° ° 1 1 0 0 1
26 [} ° 1 1 0 1 0
27 ] L] 1 1 0 1 1
28 [} ° 1 1 1 0 0
29 [ ° 1 1 1 0 1
30 [ ] ° 1 1 1 1 0
31 LJ [ 1 1 1 1 1
2 Voo
z A s
3 \ osc o-—-; > DATA
o X0 21
[ TYP
ﬁ 1 20 3 SAA3006
F| ~J DRO 17
z
2 =N Lc
120 TP2|19 Vgg|W
0 Vss
[} 50 100 TC197408
c.eh Figure 5. Test Circuit for Measurement of Maximum Oscillator Frequency
OP157108
Figure 4. Typical Normalized Input
Frequency as a Function of the
Load (Keyboard) Capacitance

HANDLING

Inputs and outputs are protected against elec-
trostatic charge in normal handling. However,
to be totally safe, it is desirable to take normal
precautions appropriate to handling MOS de-
vices.
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DESCRIPTION

The SAA3027 is intended for a general
purpose (RC-5) infrared remote control
system. The device can generate 2048
different commands and utilizes a key-
board with a single-pole switch per key.
The commands are arranged so that 32
systems can be addressed, each system
containing 64 different commands.

The circuit response to legal (one key
pressed at a time) and illegal (more than
one key pressed at a time) keyboard
operation is specified later in this publi-
cation (see KEY ACTIVITIES).

ORDERING INFORMATION

SAA3027

Infrared Remote Conitrol
Transmitter (RC-5)

Product Specification

FEATURES

o Transmitter for 32 X 64
commands

e One transmitter controls 32
systems

e Very low current consumption

® For infrared transmission link

e Transmission by biphase
technique

e Short transmission times; speed-
up of system reaction time

o LC oscillator; no crystal required
o Input protection
e Test mode facility

APPLICATION
o Remote control systems

PIN CONFIGURATION

N Package

DESCRIPTION TEMPERATURE RANGE ORDER CODE
28-Pin Plastic DIP (SOT-117) ~-25°C to +85°C SAA3027PN
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Voo Supply voltage range with respect to _05 to +15 v
Vss
Vi Input voltage range -0.5 to (Vpp +0.5) \
+h Input current 10 mA
Vo Output voltage range -0.5 to (Vpp +0.5) v
+lo QOutput current 10 mA
Po Power dissipation output OSCO 50 mwW
Po Power dissipation per output (all other 100 mw
outputs)
Pror Total power dissipation per package 200 mwW
Ta Operating ambient temperature range -25 to +85 °C
Tsta Storage temperature range -65 to +150 °C
December 2, 1986 5-38

TOP VIEW
CD12060S
PN symeoL DESCRIPTION
NO.
1 X7
21 X0
22 Xt
23 X2 K d command inputs with
24 X3 P-channel pull-up transistors
25 X4
26 X5
27 X6
2 SSM System mode selection input
3 20
4 Z1 Keyboard system inputs with
5 22 P-channel pull-up transistors
6 Z3
7 MDATA} Remote signal outputs
8 DATA (3-state outputs)
9 DR7
10 DR6
11 DRS
12 DR4 Scan driver outputs with open-
13 DR3 drain N-channel transistors
15 DR2
16 DR1
17 DRO
14 Vsg Negative supply (ground)
18 OSCI Oscillator input
19 TP Test pin
20 OScCo Oscillator output
28 Vpp Positive supply

853-1030 86699
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BLOCK DIAGRAM

SAA3027
18
0sCl O OSCILLATOR
050 O—n MASTER
19 R RESET
TP O- ]  GENERATOR
2 MODE 13
2
SSM O- SELECTION DECODER DIVIDER
[ CONTROL
s UNIT
B30
20—
4
z10-
3
20 O- l
, .
X7 O-
27
60— KEYBOARD
X5 0 ENCODER
25
X4 O
X3 Oz COMMAND L1
DRO
X2 0—2 AND 16
2 SYSTEM 5 OPR!
X10 ADDRESS
21 LATCH o O DR2
X0 O~ KEYBOARD ——O DR3
DRIVER 1
DECODER o O DR4
[ O DRS
10
PARALLEL " O DR6
OUTPUT TO SERIAL
CONVERTER O DR7
8 7 lu lza
[} )
DATA MDATA Ves Voo
BD08130S
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DC AND AC ELECTRICAL CHARACTERISTICS Vvgs=0V; Tpo=-25°C to 85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER Vpp (V) UNIT
Min Typ Max
Vop Supply voltage 4.75 12,6 \
Supply current
at lo =0mA for all outputs;
X0 to X7 and Z3 at Vpp;
all other inputs at Vpp or Vss;
excluding leakage current from open
drain N-channel outputs;
Ibp Ta=25°C 12.6 10 MA
Inputs
Keyboard inputs X and Z with P-channel pull-up transistors
_ Input current (each input) at V;=0V;

Iy TP = SSM = LOW 4.75 to 12.6 10 300 MA
ViH Input voltage HIGH 4,75 to 12.6 0.7 X Vpp Vop \
Vi Input voltage LOW 4.75 to 12.6 0 0.3 X Vpp v

Input leakage current
at Ta=25°C; TP =HIGH;
ir V=126V 12.6 1 MA
-hR V=0V 12.6 1 uA
SSM, TP and OSCI inputs
Vi Input voltage HIGH 4.75 to 12.6 0.7 X Vpp Vop \
Vi Input voltage LOW 4.75 to 12.6 0 0.3 X Vpp \"
Input leakage current at Tp = 25°C;
iR Vi =12.6V 12.6 1 A
-lr V=0V 12.6 1 HA
Outputs
DATA, MDATA
Vou Output voltage HIGH at -lgy = 0.8mA 4.75 to 126 Vpp -0.6 \
VoL Output voltage LOW at lg = 0.8mA 4.75 to 12.6 0.4 \
Output leakage current at:
lor Vo =126V 12.6 10 MA
~lor Vo =0V 12.6 20 MA
Ta =25°C;
lor Vo =126V 12.6 1 uA
~-lor Vo =0V 12.6 2 MA
DRO to DR7 outputs
Voo Output voltage LOW at Ig_ = 0.35mA 4,75 to 12.6 0.4 \"
Output leakage current
lor at Vo=12.6V 12.6 10 MA
at Vo =12.6V;
lor Ta=25°C 12.6 1 MA
0SCO output
Output voltage HIGH _
Vou at ~lop = 0.2mA; OSCl = Vss 475 to 126 Vpp-0.6 v
Output voltage LOW
Vou at ~loL = 0.45mA; OSCI = Vpp 475 10 126 05 v
Oscillator
£ Maximum oscillator frequency

OSCl at C_ = 40pF (Figures 4 and 5) 475 75 72 KkHz
fosci 6 120 72 kHz
fosci 12.6 300 72 kHz
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Handling

Inputs and outputs are protected against
electrostatic charge in normal handling. How-
ever, to be totally safe, it is desirable to take
normal precautions appropriate to handling

MOS devices.
I17 16 15 13 12 1 10 9
N7 N6 N5 N N2 A2 NN\ DRO DR1 DR2 DR3 DR4 DR5 DR6 DR7
SN NN NN N 2
SN ENINENENNEX X
SOOI I I I 2
23 22 A 21 AN20 N\ 19 18 17 16
RN NN KNRKN &),
31 N0 N2 N2 N7 N5 N5 \#
RINNNNN NN N
39 .38 N7 36 N 35 34 N\ 33 32
NN NI INSINTINE s
47 8 N 45 NH A8 42 [ 41 40
NN NN N NN |
55 N54 N53 N5z N5t N0 N N4
NN N NN NS N W saxom
Noes ez N o1 Neo Nse Nss Nsr N s6
OIS I NN N,
N7 RNe RS Ne N N2 N N0
SOOI NN NN 3T
15 17 N1 N2 N\ 10 N\ 9 8
JNRNRRRN R L,
23 N2 N2t \N2o N1o 18 N\ 17 16
N N Nl N NN AN N
31\ 30 \\ 20 \28 \\ % 26 \ 25 \ 24
DN N N N N N
> SSM  MDATA  DATA 0SCl 0SCO
119 2 17 13 18 20
o @ I -j:
NOTES:
(1) P inputs for modes, test mode and reset.
(2) Remote signal outputs.
(3) Keyboard command code matrix 8 X 8.
(4) Keyboard system code matrix 4 X 8.
Figure 1. Keyboard Interconnection

FUNCTIONAL DESCRIPTION

Combined System Mode

(SSM = LOW)

The X and Z-lines are active HIGH in the
quiescent state. Legal key operation either in
the X-DR or Z-DR matrix starts the debounce
cycle. When the contact is made for two bit
times without interruption, the oscillator-en-
able signal is latched and the key may be
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released. Interruption within the two bit times
resets the internal action. At the end of the
debounce time, the DR-outputs are switched
off and two scan cycles are started, switching
on the DR-outputs one by one. When a Z or
X-input senses a LOW level, a latch-enable
signal is fed to the system address or com-
mand latches; depending on whether sensing
was found in the Z or X-input matrix. After
latching a system address number, the device
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will generate the last command (i.e., all com-
mand bits '1") in the chosen system as long
as the key is pressed. Latching of a command
number causes the device to generate this
command together with the system address
number stored in the system address latch.
Releasing the key will reset the internal action
if no data is transmitted at that time. Once the
transmission is started, the signal will be
finished completely.
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Single System Mode

(SSM = HIGH)

The X-lines are active HIGH in the quiescent
state; the pull-up transistors of the Z-lines are
switched off and the inputs are disabled. Only
legal key operation in the X-DR matrix starts
the debounce cycle. When the contact is
made for two bit times without interruption,
the oscillator-enable signal is latched and the
key may be released. Interruption within the
two bit times resets the internal action. At the
end of the debounce time, the pull-up transis-
tors in the X-lines are switched off; those in
the Z-lines are switched on during the first
scan cycle. The wired connection in the Z-
matrix is then translated into a system ad-
dress number and stored in the system ad-
dress latch. At the end of the first scan cycle
the pull-up transistors in the Z-lines are
switched off and the inputs are disabled
again, while the transistors in the X-lines are
switched on. The second scan cycle pro-
duces the command number which, after
latching, is transmitted together with the sys-
tem address number.

Inputs

The command inputs X0 to X7 carry a logical
'1" in the quiescent state by means of an
internal pull-up transistor. When SSM is LOW,
the system inputs Z0 to Z3 also carry a logical
1" in the quiescent state by means of an
internal pull-up transistor.

When SSM is HIGH, the transistors are
switched off and no current flows via the
wired connection in the Z-DR matrix.

Oscillator

OSCl and OSCO are the input/output, re-
spectively, of a two-pin oscillator. The oscilla-
tor is formed externally by one inductor and
two capacitors and operates at 72kHz (typi-
cal).

Key-Release Detection

An extra control bit is added which will be
complemented after key-release. In this way
the decoder gets an indication that shows if
the next code is to be considered as a new
command. This is very important for multi-
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digit entry (e.g. by channel numbers or Tele-
text/Viewdata pages). The control bit will only
be complemented after finishing at least one
code transmission. The scan cycles are re-
peated before every code transmission, so
that, even by 'take-over' of key operation
during code transmission, the correct system
and command numbers are generated.

Outputs

The output DATA carries the generated infor-
mation according to the format given in Fig-
ure 2 and Tables 1 and 2. The code is
transmitted in biphase; definitions of logical
'1" and '0' are given in Figure 3.

The code consists of four parts:

@ Start part formed by 2 bits (two times a
logical '1')

® Control part formed by 1 bit

® System part formed by 5 bits

® Command part formed by 6 bits

The output MDATA carries the same informa-
tion as output DATA but is modulated on a
carrier frequency of half the oscillator fre-
quency, so that each bit is presented as a
burst of 32 oscillator periods. To reduce
power consumption, the carrier frequency has
a 25% duty cycle.

In the quiescent state, both outputs are non-
conducting (3-state outputs). The scan driv-
ers DRO to DR7 are of the open drain N-
channel type and are conducting in the quies-
cent state of the circuit. After a legal key
operation, a scanning procedure is started so
that they are switched into the conducting
state one after the other.

Reset Action
The circuit will be reset immediately when a
key release occurs during:

® Debounce time
® Between two codes

When a key release occurs during scanning
of the matrix, a reset action will be accom-
plished if:
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® The key is released while one of the driver
outputs is in the low-ohmic '0' state;

@ The key is released before detection of that
key;

® There is no wired connection in the Z-DR
matrix while SSM is HIGH.

Test Pin
The test pin TP is an input which can be used
for testing purposes.

When LOW, the circuit operates normally.

When HIGH, all pull-up transistors are
switched off, the control bit is set to zero and
the output data is 2 times faster than normal.

When Z2 =73 =LOW, the counter will be
reset to zero.

Key Activities

Every connection of one X-input and one DR-
output is recognized as a legal keyboard
operation and causes the device to generate
the corresponding code.

Activating more than one X-input at a time is
an illegal keyboard operation and no circuit
action is taken (oscillator does not start).

When SSM is LOW, every connection of one
Z-input and one DR-output is recognized as a
legal keyboard operation and causes the
device to generate the corresponding code.

Activating two or more Z-inputs, or Z-inputs
and X-inputs, at one time is an illegal key-
board operation and no circuit action is taken.

When SSM is HIGH, a wired connection must
be made between a Z-input and a DR-output.
If no connection is made, the code is not
generated.

When one X or Z-input is connected to more
than one DR-output, the last scan signal is
considered legal.

The maximum allowable value of the contact
series resistance of the keyboard switches is
10k

Z2 or Z3 must be connected to Vpp to avoid
unwanted supply current.
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1CODE
DEBOUNCE
TIME
LSB MSB
%) %ﬁ%ﬁ%gﬁﬁﬁﬁﬁﬁ
%% 2
COMMAND
ADDRESS BITS '
CONTROL BIT
START
SCAN TIME
2BIT = S—
TIMES DATA WORD TIME = 14 BIT TIMES
2 CODES SUCCESSIVELY
2ND
o‘osge —] CODE
START
l REPETITION TIME =64 BIT TIMES 1
AF04840S{
Figure 2. DATA Output Format (RC-5)
DIGITAL /' DIGITAL ‘0’ I
1BITTIME
WF191308
NOTE:
1. Bit Time = 27 X Togc = 1.778ms (Typical), where Tosc is the oscillator period time.
Figure 3. Biphase Transmission Code
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Table 1. Command Matrix X-DR
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Table 1. Command Matrix X-DR (Continued)

COMMAND BITS

OrOr-rOvrOr

OO0OrrO0OO0O T+

SE-R-N-R

[=N-N-NeNo N Nele]

OoOo0ooooooo

—Fr -

DR-LINES

X-LINES
X

CODE
NO
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Table 2. System Matrix Z-DR

SYSTEM Z-LINES DR-LINES SYSTEM BITS
NO r4 DR S
0 1 2 3 1 2 3 4 5 6 7 4 3 2 1 0
0 [ 0 0 0 0 0
1 [ ° 0 0 0 0 1
2 [} ° 0 0 0 1 0
3 [ [ 0 0 0 1 1
4 ° ° 0 0 1 0 0
5 o [ 0 0 1 0 1
6 [} o 0 0 1 1 0
7 ° ° 0 0 1 1 1
8 o 0 1 0 0 0
9 . . o 1 o o0 1
10 o o 0 1 0 1 0
1 . . 0o 1 o 1 1
12 . . 0o 1 10 0
13 [ ° 0 1 1 0 1
14 J J o 1 1 10
15 ° . L N
16 . 1 0 0 0 0
17 o o 1 0 0 0 1
18 L] ° 1 0 0 1 0
19 Ld o 1 0 0 1 1
20 ° ° 1 0 1 0 0
21 o [ 1 0 1 0 1
22 L] L 1 0 1 1 0
23 o ° 1 0 1 1 1
24 ° 1 1 0 0 0
25 ° ° 1 1 0 0 1
26 ° . 1 1 0 1 0
27 ° ° 1 1 0 1 1
28 ° ° 1 1 1 0 0
29 . U 1 1 10 1
30 . . 1 1 1 1 0
31 . ° 1 1 1 1 1
2 Voo
Vpp|28 SSM |2
5 \ L \
§ 0SCl O—> > DATA
<] \ L]
E — X0 21
g 1 2 3 SAA3027
§' N DRO 17
8 N
= =C
T[19 Vgs |14
0 Vss
o c ?;F) m TC197208
L o
op1sTI08 Figure 5. Test Circuit for Measurement of Maximum Oscillator Frequency
Figure 4. Typical Normalized Input
Frequency as a Function of the
Load (Keyboard) Capacitance
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DESCRIPTION

The SAA3028 is intended for use in
general purpose (RC-5) remote control
systems. The main function of this inte-
grated circuit is to convert RC-5 biphase
coded signals into equivalent binary val-
ues. Two input circuits are available: one
for RC-5 coded signals only; the other
selectable to accept RC-5 coded signals
only, or RC-5 (extended) coded signals
only. The input used is that at which an
active code is first detected. Coded
signals not in RC-5/RC-5(ext) format are
rejected. Data input and output is by
serial transfer, the output interface being
compatible for I°C bus operation.

ORDERING INFORMATION

| SAA3028

Infrared Receiver

Product Specification

FEATURES

e Converts RC-5 or RC-5(ext)
biphase coded signals into binary
equivalents

e Two data inputs:
one fixed (RC-5); one selectable
(RC-5/RC-5(ext))

e Rejects ali codes not in RC-5/
RC-5(ext) format

e 12C output interface capability

o Power-off facility

o Master/slave addressable for
multi-transmitter/receiver
applications in RC-5(ext) mode

e Power-on reset for defined start-
up

APPLICATION
o Remote control systems

PIN CONFIGURATION

N Package

TOP VIEW

CD120408
DESCRIPTION

Data valid output with open drain

N-channel transistor

PIN NO. SYMBOL
1 DAV

2 MAO

3 MA1 Master address inputs

4 MA2

5 RC5 Data 2 input select

6 OSClI Oscillator input

7 OSCO  Oscillator output

8 Vss Negative supply (ground)

9 SCL Serial clock line } 12G bus
10 SDA Serial data line

1" DATA 2 Data 2 input
12 DATA 1 Data 1 input

13 PO Power-off signal output with open
drain N-channel transistor

14 ENB Enable input

15 SsB Set standby input

16 Voo Positive supply (+5V)

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-382) -25°C to 85°C SAA3028N
BLOCK DIAGRAM
RC5 DAV 0osCl  0SCO
0 o 9
5 1 6 7
CLOCK
TIMER GONTROL GENERATOR
CIRCUIT
SAA3028
DATA1 O—2 i O sCL
INPUT 12C BUS
BUFFER 10
DATA2 O 11 DETECTOR INTERFACE O SDA
3
POWER-ON POWER-OFF
RESET CIRCUIT
16 |8 2 4 15 |14 |13
6 [ o 0 o o O ©
Vop Ves MAO MA1 MA2 SSB ENB PO
BD08110S
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vop Supply voltage range with respect to Vsg -0.5 to +15 \"
\ Input voltage range -0.5 to (Vpp +0.5) | V!
E4N Input current 10 mA
Vo Qutput voltage range -0.5 to (Vpp +0.5) | V!
E47) Output current 10 mA
Po Power dissipation output OSCO 50 mw
Po Power dissipation per output (all other outputs) 100 mwW
Prot Total power dissipation per package 200 mwW
Ta Operating ambient temperature range -25 to +85 °C
Tstg Storage temperature range -55 to +150 °C

NOTE:

1. Vpp+0.5 not to exceed 15V.

DC ELECTRICAL CHARACTERISTICS Vgs=0V; Tp=-25°C to 85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER Vpp (V) UNIT
Min Typ Max
Voo Supply voltage 4.5 5.5 \
oo Supply current; quiescent at Tp = 25°C 5.5 200 MA
Inputs MAO, MA1, MA2, DATA 1, DATA 2, RC5, SCL, ENB, SSB, OSCI
ViH Input voltage HIGH 45 to 5.5 0.7 X Vpp Vop v
ViL Input voltage LOW 4.5 to 5.5 0 0.3 X Vpp \"
Iy Input leakage current at V;=5.5V; Ta =25°C 55 1 MA
-1 Input leakage current at V| =0V; Tp =25°C 55 1 MA
Outputs DAV, PO
VoL Output voltage LOW at lg_ = 1.6mA 45 to 55 0.4 v
lor Output leakage current at Vo = 5.5V; Tp =25°C 5.5 1 MA
0sco
VoH Output voltage HIGH at -loy = 0.2mA 45 to 55 Vpp-0.5
VoL Output voltage LOW at lg. = 0.3mA 45 to 65 0.4
Output leakage current at Ta = 25°C;
loR Vo =55V 55 1 uA
lor Vo =0V 55 1 7y
sDO
VoL Output voltage LOW at lg = 2mA 45 to 55 0.4 Y
lor Output leakage current at Vg = 5.5V; Tp =25°C 5.5 1 MA
Oscillator
fosci Maximum oscillator frequency (Figure 6) 4.75 500 [ kHz
HANDLING ever, to be totally safe, it is desirable to take

Inputs and outputs are protected against Normal precautions appropriate to handling
electrostatic charge in normal handiing. How- MOS devices.
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FUNCTIONAL DESCRIPTION

Input Function
The two data inputs are accepted into the
buffer as follows:

DATA 1: Only biphase coded signals
which conform to the RC-5 format
are accepted at this input.

DATA 2: This input performs according to
the logic state of the select input
RC5. When RC5 = HIGH, DATA 2
input will accept only RC-5 coded
signals. When RC5 = LOW, DATA
2 input will accept only RC-5(ext)
coded signals.

The input detector selects the input, DATA 1
or DATA 2, in which a HIGH-to-LOW transi-

tion is first detected. The selected input is
then accepted by the buffer for code conver-
sion. All signals received that are not in the
RC-5 or RC-5(ext) format are rejected.

Formats of RC-5 and RC-5(ext) biphase cod-
ed signals are shown in Figures 1 and 2,
respectively; the codes commence from the
left of the formats shown. The bit-times of the
biphase codes are defined in Figure 3.

T T T T T
I | ADDRESS COMMAND
1 1 1 i 1
—_— 1 STOP
START  CONTROL TIME
DATA WORD TIME = 15 BIT TIMES

NOTE:
Stop time = 1.5 bit-times (nominal).

Figure 1. RC-5 Code Format: the First Start Bit is Used Only for Detection and Input Gain-Setting

AF04750

TOGGLE REPEAT

RESET STANDBY

NOT
DEFINED FUNCTION
e e

IlIMAlllll
03'32) 1 3 1 1

LI | T T T T 1
2. 1,0 SLAVE ADDRESS
1211 N D

T l LI L L L] I I
DATA
L 11 1 i 1

START MASTER

ADDRESS

CONTROL

NOTE:
Stop time = 1.5 bit-times (nominal).

DATA WORD TIME = 30 BIT TIMES

Figure 2. RC-5 (extended) Code Format: the First Start Bit is Used Only for Detection and Input Gain-Setting

sroe )~

AF047408

A 1

DIGITAL DIGITAL ‘0’

1BITTIME

NOTE:

RC-5 bit-time = 27 X tosc = 1.778ms (typical), RC-5(ext) bit-time = 26 x tosc = 0.89ms (typical), where togc = the oscillator period time.

Figure 3. Biphase Code Definition

WF191308
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More information is added to the input data
held in the buffer in order to make it suitable
for transmission via the I°C interface. The
information now held in the buffer is as shown
in the table.

Output Function

The data is assembled in the buffer in the
format shown in Figure 4 for RC-5 binary
equivalent values, or in the format shown in
Figure 5 for RC-5(ext) binary equivalent val-
ues. The data is output serially, starting from
the left of the formats shown in Figures 4 and
5.

The output signal DAV, derived in the buffer
from the data valid bit, is provided to facilitate
use of the transcoder on an interrupt basis.
This output is reset to LOW during power-on.

The I2C interface allows transmission on a
bidirectional, two-wire 12C bus. The interface
is a slave transmitter with a built-in slave
address, having a fixed 7-bit binary value of
0100110. Serial output of the slave address
onto the 12C bus starts from the left-hand bit.

December 2, 1986

RC-5 BUFFER CONTENTS RC-5(EXT) BUFFER CONTENTS
® Data valid indicator 1 Bit ® Data valid indicator 1 Bit
® Format indicator 1 Bit ® Format indicator 1 Bit
® |nput indicator 1 Bit @ |nput indicator 1 Bit
@ Control 1 Bit ® Master address 3 Bits
® Address data 5 Bits © Control 8 Bits
® Command data 6 Bits ® Slave address 8 Bits

® Data 8 Bits

The information assembled in the buffer is subjected to the following controls before
being made available at the I, C interface:

ENB=HIGH Enables the set standby input SSB.

SSB = LOW Causes power-off output PO to go HIGH.

PO = HIGH This occurs when the set standby input SSB =LOW and allows the
existing values in the buffer to be overwritten by the new binary equiva-
lent values. After ENB = LOW, SSB is don't care.

PO =LOW This occurs according to the type of code being processed, as follows:
RC-5: When the binary equivalent value is transferred to the buffer.
RC-5(ext): When the reset standby bit is active and the master address
bits are equal in value to the MAO, MA1, MA2 inputs.

At power-on, PO is reset to LOW.
DAV =HIGH This occurs when the buffer contents are valid. If the buffer is not

empty, or an output transfer is taking place, then the new binary values
are discarded. :

}‘—DATIU | DATA2 | DATA3 | DATA4 |
l l MsB LSJ MSB I.SJ
T T I

1

LLIVL LU LU
X0X0000 0|C 0 00O0O0OO})0
L i1 11 L1 1 1 1 1.1

CONTROL BIT
INPUT INDICATOR: 0= DATA 1INPUT; 1= DATA 2 INPUT
FORMAT INDICATOR: 0=RC -5
DATA VALID = 0; DATA NOT VALID =1

AF04760S

Figure 4. RC-5 Binary Equivalent Value Format

| DATA1 | DATA2 | DATA3 I nmu——-‘
l MSB LSJ Imsa LSBIMSB LSB!
T T 1 MA L VL R L L L VL O L DI, IO L I DL L L O L L |
F‘1 X 0 ol X X R X X X X X| _ SLAVEADDRESS DATA
S O I I3 T I | Li 11111 L1 1111311

—_——
MASTER RESET
ADDRESS ~ STANDBY

INPUT INDICATOR: 0 = DATA 1INPUT; 1= DATA 2 INPUT
FORMAT INDICATOR: 1=RC - 5 (EXT)
DATA VALID =0; DATA NOT VALID=1

AF047708

Figure 5. RC-5(ext) Binary Equivalent Value Format
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Oscillator

The oscillator can comprise a ceramic reso-
nator circuit as shown in Figure 6. The typical
frequency of oscillation is 455kHz.

15nF
osci
= s o
3 [ CERAMIC
W RESONATOR
15nF
— 0sco

TC195008

NOTE:
(1) Catalog number of ceramic resonator: 2422 540 98008.

Figure 6. Oscillator Circuit

FUNCTIONAL DESCRIPTION

12C Bus Transmission

Formats for I2C transmission in low-and high-
speed modes are shown respectively in
Figures 7 and 8.

ACKNOWLEDGE
FROM SLAVE
rrTi1i1T71d T1T1 111
s START BYTE A]S| SLAVEADDRESS 1]A DATA1 A| DATA2 |A| DATA3 |A] DATA4 JA|]P
L 1 1 111 L1 1 1 1.1
ACKNOWLEDGE RIW ACKNOWLEDGE FROM RECEIVER
FROM MASTER (= MASTER)

AF047808

NOTES:

When R/W bit =0, the slave generates a NACK (negative acknowledge), leaves the data line HIGH and waits for a stop (P) condition.

When the receiver generates a NACK, the slave leaves the data line HIGH and waits for P (the slave acting as if all data has been transmitted).
When all data has been transmitted, the data line remains HIGH and the slave waits for P.

Figure 7. Format for Transmission in 12c Low-Speed Mode

ACKNOWLEDGE
FROM SLAVE
L L
ISI SLAVE ADDRESS 1A DATA1 A DATA 2 A DATA3 |A DATA4 |A}P
L1 i L1
RIW ACKNOWLEDGE FROM RECEIVER
(= MASTER)
AF04790S

NOTES:
When R/W bit =0, the slave a NACK gati leaves the data line HIGH and waits for a stop (P) condition.

When the receiver generates a NACK, the slave leaves the data line HIGH and waits for P (the slave acting as if all data has been transmitted).
When all data has been transmitted, the data line remains HIGH and the slave waits for P.

Figure 8. Format for Transmission in I°C High-Speed Mode
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DESCRIPTION

The TDA3047 is for infrared reception
with low power consumption.

TDA3047
IR Preamplifier

Product Specification

FEATURES

of 66dB

e HF amplifier with a control range

e Synchronous demoduiator and
reference amplifier

o AGC detector
e Pulse shaper

o Q-factor killing of the input
selectivity, which is controlled by

the AGC circuit

® Input voltage limiter

APPLICATION

o IR remote control systems

ORDERING INFORMATION

PIN CONFIGURATION

D, N Packages

INPUT SIGNAL [16] GND
INPUT SIGNAL [2] [15] INPUT SIGNAL
QFACTORIN [3 ] [14] @ FACTOR IN

[13] FEEDBACK CAP IN

) Acc peT Tme
CONSTANT
PULSE SHAPER
FEEDBACK CAP IN 6]} APAGTOR

COIL INPUT [10] coi inpUT

Vee [8] [o] outeur

FEEDBACK CAP IN [4]
FEEDBACK CAP IN [F]

TOP VIEW

CD112408

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-38) -25°C to +125°C TDA3047N
16-Pin Plastic SO (SOT-109A) 0 to +70°C TDA3047TD

BLOCK DIAGRAM
4 135 6 7 10 8
SUPPLY
[ REFERENCE
AMPLIFIER
2 CONTROLLED SYNCH. PULSE- ouTPUT
s HF AMP DEMODULATOR SHAPER surrer 19
AGC.
DETECTOR
3 Q-FACTOR l
KILLER
14
TDA3047
INPUT
1 LIMITER
12 1 16
BD01383S
March 2, 1987 5-52

853-1195 87842



Signetics Linear Products Product Specification

IR Preamplifier TDA3047

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Pin 8) 13.2 \"
l44 Output current pulse shaper (Pin 11) 10 mA

Voltages between pins'
Va_15 Pins 2 and 15 4.5 \
V4-13 Pins 4 and 13 4.5 \
Vs_g Pins 5 and 6 4.5 \
V7-10 Pins 7 and 10 4.5 \
Vo-14 Pins 9 and 11 4.5 \"
Tstg Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +125 °C
NOTE:

1. All pins except Pin 11 are short-circuit protected.

DC ELECTRICAL CHARACTERISTICS Vg =Vg=5V; Ta=25°C, measured in Figure 3, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ I Max
Supply (Pin 8)
Vee Supply voltage 4.65 5.0 5.35 \
lcc=1lg Supply current 1.2 21 3.0 mA
Controlled HF amplifier (Pins 2 and 15)
Minimum input signal (peak-to-peak value)
Va2 _15p-p) at = 36kHz' 15 25 uv
Va_ 15p-p) at f = 36kHz? 5 uv
AGC control range (without Q-killing) 60 66 dB
Va_15(p-p) Input signal for correct operation (peak-to-peak value)® 0.02 200 mV
Va_15(p-p) Q-killing inactive (I3 = 114 < 0.5uA) peak-to-peak value) 140 uv
Va.15(p-p) Q-killing active (l14 = I3 = max.) (peak-to-peak value) 28 mV
Q-killing range Figure 1
Inputs
Vo Input voltage (Pin 2) 2.25 2.45 2.65 \%
Vis Input voltage (Pin 15) 2.25 2.45 2.65 \Y
Ro_1s5 Input resistance (Pin 2) 10 15 20 k2
Ca-15 Input capacitance (Pin 2) 3 pF
Vi_1e Input limiting (Pin 1) at Iy =3mA 0.8 0.9 Vv
Outputs
-Vg_g Output voltage HIGH (Pin 9) at —lg = 75pA 0.1 0.5 \")
Vg Output voltage LOW (Pin 9) at lg = 75uA 0.1 0.5 \"
Output current; output voltage HIGH
~lg at Vg =4.5V 75 120 uA
~lg at Vg = 3.0V 75 130 77
~lg at Vg =1.0V 75 140 A
lg Output current; output voltage LOW at Vg = 0.5V 75 120 MA
R7-10 Output resistance between Pins 7 and 10 3.1 4.7 6.2 k2
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DC ELECTRICAL CHARACTERISTICS (Continued) Vgg=Vg=5V; Ta=25°C, measured in Figure 3, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min ’ Typ | Max
Pulse shaper (Pin 11)
Trigger level in positive direction
Vit (voltage Pin 9 changes from HIGH to LOW) 3.75 3.9 4.05 \'
Trigger level in negative direction
Vi1 (voltage Pin 9 changes from LOW to HIGH) 3.4 3.55 3.7 Vv
AVqq Hysteresis of trigger levels 0.25 0.35 0.45 \"
AGC detector (Pin 12)
=ly2 AGC capacitor charge current 3.3 4.7 6.1 MA
l12 AGC capacitor discharge current 67 100 133 HA
Q-factor killer (Pins 3 and 14)
-3 Output current (Pin 3) at Vio_16=2V 25 7.5 15 uA
-l14 Output current (Pin 14) at Vip_16=2V 25 7.5 15 HA

NOTES:

1. Voltage Pin 9 is HIGH; -lg = 75pA.

2. Voltage Pin 9 remains LOW.

3. Undistorted output pulse with 100% AM input.

FUNCTIONAL DESCRIPTION

General

The circuit operates from a 5V supply and has
a current consumption of 2mA. The output is
a current source which can drive or suppress
current of > 75uA with a voltage swing of
4.5V. The Q-killer circuit eliminates distortion
of the output pulses due to the decay of the
tuned input circuit at high input voltages. The
input circuit is protected against signals of
> 600mV by an input limiter. The typical input
is an AM signal at a frequency of 36kHz.
Figures 2 and 3 show the circuit diagrams for
the application of narrow-band and wide-band
receivers, respectively. Circuit description of
the eight sections shown in the Block Dia-
gram are given below.

Controlled HF Amplifier

The input signal is amplified by the gain-
controlled amplifier. This circuit comprises
three DC amplifier stages connected in cas-
cade. The overall gain of the circuit is approxi-
mately 83dB and the gain control range is in
the order of 66dB. Gain control is initially
active in the second amplifier stage and is
transferred to the first stage as limiting in the
second stage occurs, thus maintaining opti-
mum signal-to-noise ratio. Offset voltages in
the DC coupled amplifier are minimized by
two negative feedback loops. These also
allow the circuit to have some series resis-

March 2, 1987

tance of the decoupling capacitor. The output
signal of the amplifier is applied to the refer-
ence amplifier and to the synchronous de-
modulator inputs.

Reference Amplifier

The reference amplifier amplifies and limits
the input signal. The voltage gain is approxi-
mately 0dB. The output signal of this amplifier
is applied to the synchronous demodulator.

Synchronous Demodulator

In the synchronous demodulator, the input
signal and reference signal are multiplied.
The demodulator output current is 25uA
peak-to-peak. The output signal of the de-
modulator is fed to the input of the AGC
detector and to the input of the pulse-shaper
circuit.

AGC Detector

The AGC detector comprises two NPN tran-
sistors operating as a differential pair. The top
level of the output signal from the synchro-
nous demodulator is detected by the AGC
circuit. Noise pulses are integrated by an
internal capacitor. The output signal is ampli-
fied and applied to the first and second
stages of the amplifier and to the Q-factor
killer circuit.

Pulse-Shaper
The pulse-shaper comprises two NPN tran-
sistors operating as a differential pair con-

5.54

nected in parallel with the AGC differential
pair. The slicing level of the pulse shaper is
lower than the slicing level of the AGC
detector. The output of the pulse-shaper is
determined by the voltage of the capacitor
connected to Pin 11 which is applied directly
to the output buffer.

Output Buffer

The voltage of the pulse-shaper capacitor is
fed to the base of the first transistor of a
differential pair. To obtain a correct RC-5
code, a hysteresis circuit protects the output
against spikes. The output at Pin 9 is active
HIGH.

Q-factor Killer

Figure 2 shows the Q-factor killer in the
narrow-band application. In this application it
is necessary to decrease the Q-factor of the
input selectivity particularly when large input
signals occur at Pins 2 and 15. In the narrow-
band application the output of the Q-factor
killer can be directly coupled to the input; Pin
3 to Pin 2, and Pin 14 to Pin 15.

Input Limiter

In the narrow-band application, high voltage
peaks can occur on the input of the selectivity
circuit. The input limiter limits these voltage
peaks to approximately 0.7V. Limiting is 0.9V
maximum at l{ =3mA.
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22
”“ - AAA——— Vs = 5.0 VOLT
BPW | T 100uF fo = 36kHz
Il N T Tone
_ }._‘_. [ 1] 2|'15| 4 5F:l 7[ 8]
31 1 2
< 327 Ss6nF | a7
5 hl 470pF o= — =of TDA 3047/3048 6.8nF
I 38.2mH 2.72mH
16[15]14] 13 12_!_11_-‘-10[_9
56
= = = I |2 Taz
- nF nF
10 100 == L— = pATAOUT
V2_15 (mV) TCo1381S
‘OP10780S NOTES:
NOTE: 1oz
I3, 14 is measured to ground, Va.15pp.p) is a symmet- - . . -
rical square wave. Measured in Figure 3; Voo = 5V, Figure 2. Narrow-Band Receiver Using TDA3047
Figure 1. Typical Q-Factor Killer
Current (Pins 3 and 14) as a
Function of the Peak-to-Peak
Input Voltage (V2-15)
22
AAM— Vs=50VOLT
= 100uF 1o = 38kHz
= 10nF
12K1, l?:'[ 1! 2{ 3] 4 s[{g 7[8
N 47nF
BEW 1: = TDA 3047/3048 8.2mH —220F
> 10
12K<i nF T 6]15] 14[13[12_{_11!_101 9

= zﬂ:l-?,,? L~ paTaoUT

TCO1551S
NOTE:

For better sensitivity, both 12k resistors may have a higher value.

Figure 3. Wide-Band Receiver With TDA3047
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DESCRIPTION

The TDA3048 is for infrared reception
with low power consumption.

TDA3048

IR Preamplifier

Product Specification

FEATURES

e HF amplifier with a control range
of 66dB

e Synchronous demodulator and
reference amplifier

o AGC detector

® Pulse shaper

e Q-factor killing of the input
selectivity, which is controlled by

PIN CONFIGURATION

D, N Packages

INPUT SIGNAL [T] [16] anD
INPUT SIGNAL [Z] [15] INPUT SIGNAL
QFACTOR IN [3] [13] o FACTOR IN
FEEDBACK CAP IN [4] [13] FeepBACK CAP IN
FEEDBACK CAP IN [5] 7] AGC DET TME

CONSTANT
FEEDBACK CAP IN [€] [17] PULSE sHapeR

. . COIL INPUT E [10] coiL INPUT
the AGC circuit Veo [&] 57 oureur
e Input voltage limiter
TOP VIEW
CD112408)
APPLICATION
e |R Remote control systems
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-38) —-25°C to +125°C TDA3048N
16-Pin Plastic SO (SOT-109A) 0 to +70°C TDA3048TD
BLOCK DIAGRAM
4 135 7 10 8
SUPPLY
REFERENCE
AMPLIFIER
2 CONTROL SYNCH. PULSE— outeut | I,
15 AMPLIFIER DEMODULATOR SHAPER BUFFER
AG.C.
DETECTOR
3
Q-KILLING
14
1 INPUT
LIMITER
12 1 16
BD01380S
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FUNCTIONAL DESCRIPTION

General

The circuit operates from a 5V supply and has
a current consumption of 2mA. The output is
a current source which can drive or suppress
a current of > 75uA with a voltage swing of
4.5V. The Q-killer circuit eliminates distortion
of the output pulses due to the decay of the
tuned input circuit at high input voltages. The
input circuit is protected against signals of
> 600mV by an input limiter. The typical input
is an AM signal at a frequency of 36kHz.
Figures 2 and 3 show the circuit diagrams for
the application of narrow-band and wide-band
receivers, respectively. Circuit description of
the eight sections shown in the Block Dia-
gram are given below.

Controlled HF Ampilifier

The input signal is amplified by the gain-
controlled amplifier. This circuit comprises
three DC amplifier stages connected in cas-
cade. The overall gain of the circuit is approxi-
mately 83dB and the gain control range is in
the order of 66dB. Gain control is initially
active in the second amplifier stage and is
transferred to the first stage as limiting in the
second stage occurs, thus maintaining opti-
mum signal-to-noise ratio. Offset voltages in
the DC coupled amplifier are minimized by
two negative feedback loops. These also
allow the circuit to have some series resis-

ABSOLUTE MAXIMUM RATINGS

tance of the decoupling capacitor. The output
signal of the amplifier is applied to the refer-
ence amplifier and to the synchronous de-
modulator inputs.

Reference Amplifier

The reference amplifier amplifies and limits
the input signal. The voltage gain is approxi-
mately 0dB. The output signal of this amplifier
is applied to the synchronous demodulator.

Synchronous Demodulator

In the synchronous demodulator, the input
signal and reference signal are multiplied.
The demodulator output current is 25uA
peak-to-peak. The output signal of the de-
modulator is fed to the input of the AGC
detector and to the input of the pulse-shaper
circuit.

AGC Detector

The AGC detector comprises two NPN tran-
sistors operating as a differential pair. The top
level of the output signal from the synchro-
nous demodulator is detected by the AGC
circuit. Noise pulses are integrated by an
internal capacitor. The output signal is ampli-
fied and applied to the first and second
stages of the amplifier and to the Q-factor
killer circuit.

Pulse-Shaper
The pulse-shaper comprises two NPN tran-
sistors operating as a differential pair con-

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Pin 8) 18.2 \"
11 Output current pulse shaper (Pin 11) 10 mA

Voltages between pins’
Va_1s5 Pins 2 and 15 4.5 \
V4-13 Pins 4 and 13 4.5 \"
Vs_-6 Pins 5 and 6 4.5 "
V7_10 Pins 7 and 10 4.5 \
Vg-11 Pins 9 and 11 4.5 \
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +125 °C
NOTE:

1. All pins except Pin 11 are short-circuit protected.

November 14, 1986
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nected in parallel with the AGC differential
pair. The slicing level of the pulse shaper is
lower than the slicing level of the AGC
detector. The output of the pulse-shaper is
determined by the voltage of the capacitor
connected to Pin 11, which is applied directly
to the output buffer.

Output Buffer

The voltage of the pulse-shaper capacitor is
fed to the base of the first transistor of a
differential pair. To obtain a correct RC-5
code, a hysteresis circuit protects the output
against spikes. The output at Pin 9 is active
LOW.

Q-Factor Killer

Figure 2 shows the Q-factor killer in the
narrow-band application. In this application it
is necessary to decrease the Q-factor of the
input selectivity particularly when large input
signals occur at Pins 2 and 15. In the narrow-
band application the output of the Q-factor
killer can be directly coupled to the input; Pin
3 to Pin 2 and Pin 14 to Pin 15.

Input Limiter
In the narrow-band application, high voltage
peaks can occur on the input of the selectivity
circuit. The input limiter limits these voltage
peaks to approximately 0.7V. Limiting is 0.9V
max. at |y =3mA.




Signetics Linear Products Product Specification

IR Preamplifier TDA3048

DC ELECTRICAL CHARACTERISTICS Vi = Vg =5V; Ta = 25°C; measured in Figure 3, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min L Typ l Max
Supply (Pin 8)
Vee Supply voltage 4.65 5.0 5.35 "
lcc Supply current 1.2 21 3.0 mA
Controlled HF amplifier (Pins 2 and 15)
Minimum input signal (peak-to-peak value)
Va_15 at f = 36kHz’ 15 25 uv
Va_1s at f = 36kHz? 5 uv
AGC control range (without Q-killing) 60 66 dB
Vo_15 Input signal for correct operation (peak-to-peak value)® 0.02 200 mV
Va_15 Q-killing inactive (I3 = |14 < 0.5uA) (peak-to-peak value) 140 uv
Va_1s5 Q-killing active (114 = I3 = max.) (peak-to-peak) value 28 mV
Q-killing range See Figure 1
Inputs
Va Input voltage (Pin 2) 2.25 2.45 2.65 v
Vis Input voltage (Pin 15) 2.25 245 2.65 \
Ra_-15 Input resistance (Pin 2) 10 15 20 k2
Co-15 Input capacitance (Pin 2) 3 pF
Vi-16 Input limiting (Pin 1) at |y =3mA 0.8 0.9 \"
Outputs
-Vg_g Output voltage HIGH (Pin 9) at -lg = 75uA 0.1 0.5 \
Vg Output voltage LOW (Pin 9) at lg = 75uA 0.1 0.5 Vv
Output current; output voltage LOW
I ~Vg_g=4.5V 75 120 Py
I —~Vg_g=3.0V 75 130 uA
Ig ~Vg_g=1.0V 75 140 .y
~lg Output current; output voltage HIGH
-Vg_g =05V 75 120 uA
R7-10 Output resistance between Pins 7 and 10 3.1 4.7 6.2 kQ
Pulse shaper (Pin 11)
Trigger level in positive direction
V14 (voltage Pin 9 changes from HIGH to LOW) 3.75 3.9 4.05 Vv
Trigger level in negétive direction
Vi1 (voltage Pin 9 changes from LOW to HIGH) 34 3.55 3.7 \
AVyq Hysteresis of trigger levels 0.25 0.35 0.45 \
AGC detector (Pin 12)
=li2 AGC capacitor charge current 3.3 4.7 6.1 MA
l42 AGC capacitor discharge current 67 100 133 MA
Q-factor killer (Pins 3 and 14)
~l3 Output current (Pin 3) at Vo =2V 25 7.5 15 HA
~l1a Output current (Pin 14) at Vo =2V 25 7.5 15 A

NOTES:

1. Voltage Pin 9 is LOW; lg = 75uA.

2. Voltage Pin 9 remains HIGH.

8. Undistorted output pulse with 100% AM input.
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s 22
—
o —VWA\ Vs=5.0 VOLT
BBl T BPW I 1004F
SONZA = 10nF
6 1
- - | 1] 2| 3] 4} 5] 6] 7] 8
% aH L 327 seénF o
s I AT0pF == — =4 TDA 3047/3048 i
38.2mH 2.72mH
2 Bl 16 15|:1E|13 1’11110[ 9
11Tl 4' Iier
= = = 2] Taz
by 0.1 1 10 — 100 = n I‘F
. . -= ‘—————— > DATA OUT
Va_15 (mV) Tcot3sos]
OP10780S
NOTE:
NOTE: N1=321
I3, 14 is measured to ground, Vz _ 15(p.p) is @ symmet- N2 =
rical square wave measured in Figure 3; Vcc = 5V. Q=16
Figure 1. Typical Q-Factor Killer Figure 2. Narrow-Band Receiver Using TDA3048
Current (Pins 3 and 14) as a
Function of the Peak-to-Peak
Input Voltage

22
AM Vs=5.0VOLT
£33uF VvV S
= 10nF
xS I l I-”-l
1 10 1 3 5 78
s X 2] 3] 4 5|6l 7]
AN ] 47nFL
aaw = = TDA 3047/3048 8.2mH ==22nF
12kS 1oL
i nF T 16 1ﬂ14|13J 12f11ﬂ9
= = 2 8 L .pataour
TC015508
NOTE:
For better sensitivity both 12k$2 resistors may have a higher value.
Figure 3. Wide-Band Receiver With TDA3048
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INTRODUCTION

As a successor of the current integrated
circuits TCA440 and NE555 for receiving
infrared remote-controlled signals, a new inte-
grated circuit has been developed.

In comparison with the TCA440-NE555 com-
bination, this IC is aimed to have a higher
replacement value and improved perfor-
mance. The TDA3048 is equal to the
TDA3047 except for the polarity of the output
signal.

GENERAL DESIGN
CONSIDERATIONS

The target of this development is to make a
receiver integrated circuit for infrared remote-
controlled signals which functions optimally in
a narrow-band application.

This integrated circuit shall have the following

advantages in comparison with the present

TCA440-NE555 combination:

® A higher replacement value

® A considerable saving of the current
consumption

® An improvement of the specification
(less spread)

AN172

Circuit Description of the
Infrared Receiver TDA3047/

TDA3048

Application Note

® Less periphery and no adjustment
points

® Total spread on pulse widening < 10%
by a standard RC-5 signal.

Besides, the IC is also suitable to be used ina
RC-5 extended receiver and in a wide band
receiver.

A standard bipolar process with single layer
interconnect and without collector wall has
been used.

Due to the low currents, a collector wall is not
necessary.

FUNCTIONAL DESCRIPTION OF
THE BLOCK PARTS

Figure 1 shows the block diagram of the
TDA3047 and TDA3048.

Amplifier

The input signal is amplifiec by the gain-
controlled amplifier. The output signal of the
amplifier is fed to the synchronous demodula-
tor inputs and to the reference amplifier.

Reference Amplifier

The reference amplifier amplifies and limits
the input signal. The output signal of this
amplifier is fed to the synchronous demodula-
tor.

Synchronous Demodulator

In the synchronous demodulator, the input
signal and reference signal are multiplied.
The output signal of the demodulator is fed to
the input of a pulse-shaper circuit and to the
input of the AGC circuit.

AGC Circuit

The output signal of the synchronous demod-
ulator is fed to the AGC circuit. The top level
of the signal is detected by the AGC detector.
Noise pulses are integrated by an internal
capacitor. The output signal from the AGC
detector is amplified and supplied to the first
and second stage of the amplifier and to the
Q-killing circuit.

Pulse-shaper Circuit

The output of the synchronous demodulator
is also fed to the pulse-shaper circuit. The
slicing level of the pulse-shaper is lower than
the slicing level of the AGC detector.

The output of the pulse-shaper is fed to the
output buffer.

Output Buffer

The output buffer gives for the TDA3047 an
active-high level and for the TDA3048 an
active-low level on the output pin. To obtain a
correct RC-5 code a hysteresis circuit pro-
tects the output against spikes.

4 135 6 710 8
SUPPLY
REFERENCE
AMPLIFIER
2 CONTROL SYNCH. PULSE— OuTPUT 9
. . AMPLIFIER DEMODULATOR SHAPER BUFFER [ |
\
DETECTOR
3
Q-KILLING
14
4 INPUT
LIMITER
12 " 16
BDO1381S
Figure 1. Block Diagram of the TDA3047/3048

February 1987
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Application Note

Circuit Description of the Infrared Receiver TDA3047/TDA3048 AN172

Q-Killing Circuit

The output of the Q-killing circuit can be  APPLICATION
In the narrow-band application it is necessary ~ directly coupled to the input. The narrow-band application diagram has
to degenerate the Q of the input selectivity Input Voltage Limiter
particularly when large signals occur at the

been given in Figure 2 and a lower perfor-
In the narrow-band application high voltage Mance wide-band application diagram in
peaks can occur on the input selectivity. The ~ Figure 3.

input limiter limits these voltage peaks to

input.

about 0.7V.
22
‘—- SAAAS Vs=5.0VOLT
BPW | T 1004F
50\]: = 10nF
1] 2] l3| 4 5E£L7]'T
327 S56nF a7
470pF 2= — e TDA 3047/3048 6.80F
38.2mH 2.72mH
16 151:161 13 11111_[_10[_9
1 56
= = = L (23] Taz
- nF nF

\————————DATA OUT
Tcotasos
Figure 2. Narrow-Band Application Diagram of the TDA3047/3048

22
- AM Vs=50VOLT
== 33,F VWA—
o i
= 10nF
12K 2 10_[ 1] 2| 3] 4] 5| 6| 7[73]
>
< nFj'
\\‘ ] 47nF
BPW " T TDA 3047/3048 8.2mH 2.2nF
12kS ol
i nF T 16]15 14|13J 12i11_|_10|_9
= = 2 I‘;’,',? L ~pataour

TC015508

Figure 3. Wide-Band Application Diagram of the TDA 3047/3048
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INTRODUCTION

The monolithic integrated bipolar circuits

TDA3047 and TDA3048 are amplifiers intend-

ed for use in infrared remote control systems.

Both circuits are excellent and applicable as

narrow-band amplifiers, especially for those

types of remote control concepts which use

the modulated transmission technique. Under

certain conditions both ICs are also applica-

ble as broadband amplifiers. The only differ-

ence between the ICs is polarity of the output

signal. This type of IR amplifier offers the

following advantages:

@ Low power consumption, typically
10.5mV

® Gain-controlled amplification, control
range 66dB

® High amplification factor, > 80dB,
ensures a long range

® Great stability in signal handling

® Demodulation via a synchronous
demodulator

® Automatic limitation of large input
signals, 600mV

® |ndependent of large input amplitude
variations with a Q-killer

® Applicable as narrow-or broadband
amplifier

AN173

Low Power Preamplifiers for IR
Remote Control Systems

Application Note

This circuit proves to be a reliable device with
regard to interference from other IR sources
such as light bulbs, etc.

The automatic gain control (AGC) ensures
very good stability in amplification of large or
low input signals, which correspond to short
or long distances from transmitter to receiver.

FUNCTIONAL DESCRIPTION

The functional block diagram is shown in
Figure 1. The input signal is applied to the
gain-controlled multi-stage differential pream-
plifier, capacitively-coupled via C, and Cs.
The capacitors C4 and Cs stabilize the differ-
ential preamplifier. Hereafter the signal is fed
to a synchronous demodulator and the refer-
ence amplifier, which limits the input signal.
After multiplication of the input and reference
signal by the demodulator, the signal is ap-
plied to a pulse-shaper, whose time constant
is controlled by Cg. The same signal is also
used for the feedback loop, resulting in an
automatic gain control defined by the ampli-
tude of the input signal. The AGC acquisition
time is set by C;. The Q-killer limits the
amplification of the tuned input circuit in
conjunction with input amplitude. In this way
the behavior of this device on large amplitude

variations ensures a great stability in the
signal handling. A maximum input limitation is
achieved via the amplitude limiter, typically
activated by a 600mV input signal.

The differential preamplifier has, in principle,
two stages, as shown in Figure 2. Each stage
is stabilized via an external feedback capaci-
tor. Both define the lower boundary of the
frequency, with the greatest influence from C4
because stage 1 has the highest gain. Both
capacitors should be specified so that inter-
ference from low frequencies is suppressed.
For instance, bulbs radiate infrared frequen-
cies at (n)(100Hz).

The highest boundary in frequency of this
amplifier is greater than 1MHz and is given by
the internal capacitance of this device.

IR AMPLIFIER

For remote control systems two different
types of amplifiers are available. Both are
described in the following sections.

Narrow-Band Amplifier

The diagram of Figure 3 shows the
TDA3047/48 in such an application. Pin 15,
one of the differential inputs, is grounded for
AC, while the second input, Pin 2, is connect-

]

: o

Ca Cs Ce
}-‘ Lz
+5V
4 1305 e 7 10 {8
REFERENCE
AMPLIFIER
CONTROLLED SYNCHRONOUS PULSE ouTPUT 9_ ouTPUT
H.F. AMPLIFIER DEMODULATOR SHAPER BUFFER
AGC.
DETECTOR
| o-FacTOR
KILLER TDA3047
(TDA3048)
INPUT
LIMITER
12 T 6
- BD01420S

Figure 1. Functional Block Diagram
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TC015308

ed to the tuned input circuit via a capacitor of
0.056uF. The input voltage is taken with a
transformer ratio N = 1:3. Direct coupling to
the top will only lower the quality Q factor of
the tuned input circuit, due to the relatively
low input resistor, Ry, of the IC.

The selectivity is obtained with the tuned
input circuit and strongly reduces IR interfer-
ences. The effect of direct IR radiation is also

February 1987

avoided. Due to the low ohmic resistance of
the coil, the IR receiving diode will never
become saturated. The center frequency of
the input tank must be equal to the modula-
tion frequency of the transmitter used.

For this frequency (fo) the input tank has a
high impedance. Small variations of the cur-
rent of the IR receiving diode at fo result
directly in large input signals.
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This frequency (fo) is equal to 37.5kHz for the
SAA3004 transmitting chip. The RC combina-
tion of 47§ and 0.33uF suppresses the
unwanted current variations caused by the
supply line.

The Q of the tuned input circuit is practically
defined by the transformer ratio and the input
resistor Ry of the IC. The effect of Ry to the
quality Qq of the coil is negligible, because
RiN is relatively low (typically 16kS2).

The transformer ratio must be adjusted for
small signals, so that the range is hardly
influenced by component spread and/or tol-
erances in frequency at both sides in the
system. The Q can be calculated from:

VEVE

where Ry 1 is the ohmic resistance of the coil
and the parallel resistor Rp = n? Ryny.

With the component values shown in Figure 4
and a given R =125%Q, Rjy= 16k, the
factor Q is calculated as Q = 13. The band-
width is now known from

f
Af =2 = 2.9kHz
Q

The transformer ratio can also be realized
with two capacitors in series, as shown in
Figure 4, where the total capacity is equal to
the required one.

Cia+Cip
Cip

The ratio is n=

With values of G154 = 2.2nF, Cq, = 560pF and
L1 = 40mH, about the same input quality will
be obtained.

The AGC acquisition time and the time con-
stant of the pulse-shaper are defined by the
capacitors C7 and Cg, respectively. The time
constant at Pin 12 equals the length of a
received data bit and Cg delays the pulse-
shaper output to the output stage.

The Qg of the tuned circuit of the synchro-
nous demodulator is practically given by the
internal resistance, Rn2, between Pins 7 and
10 and is calculated from

1
Ce 1 Lo

el
Lo Rinz ° GCs

with 1282 for Ri» and 5k2 for Ry, Qg ~ 7.
The quality Qg is continuously limited. With a
relatively high value for Qg, the acquisition
time will be increased and this will delay the
pulse edges. By amplification of "biphase'
modulated signals, disturbances could occur
in the decoding. For correct decoding of

Ri2

5
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"biphase' coded data, a nearly exact posi-
tion of the pulse edges is required.

Broadband Amplifier

The application as broadband amplifier is
shown in Figure 5. The IR receiving diode is
now positioned between both differential in-
puts, while the series resistors of 12kS2 are
the work resistors. The Q killer and Amplitude
Limiter do not have any function here and are
not used. Also the resonance frequency, fo,
of the tuned demodulator circuit equals the
modulation frequency of the remote transmit-
ter.

The charge current to capacitor Cg is equal to

AVcg
At

Ics = (Ce)

where At is the charge time and A VCg is the
voltage increment. ICg is generated by an
internal current source.

The voltage increment at Cg is proportional to
At, with ICg constant and expressed as

_(ca)(ay

Cs
The pulse width, At, of the demodulated
signal must be large enough that VCg ex-

ceeds the threshold voltage of the pulse-
shaper.

Given the format of the received data, Cg will
have different values

|Puise width|  cy
SAA3004 | 88us | 22nF

A 2.2nF capacitor in the SAA3004 remote
control system is an optimum one.
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The SAA3004, used in unmodulated mode,
has a pulse width of 8.8us. Cg must have a
low value so that the threshold voltage of the
pulse-shaper is exceeded. On the other hand,
if Cg becomes too small, interference pulses
will easily trigger the pulse-shaper. The selec-
tion of Cg is a compromise between the
sensitivity of the amplifier and the immunity
against interference. Such a compromise is a
2.2nF capacitor for the unmodulated mode of
the SAA3004, including the tolerances of the
internal current sources. Given the technolo-
gy, small tolerances are not possible.

Correct operation can not be guaranteed for
the combination of a small pulse width (8.8us)
and a low source current. However, practical
tests did show that correct operation of the
SAA3004, in the unmodulated mode in com-
bination with this type of preamplifier, can be
realized.

CONSIDERATIONS FOR

AMPLIFIER SELECTION

The narrow- or broadband application is de-

fined by the following points:

® Modulation mode of the transmitter

® Requirements for the reach in distance

® Reliability (insensitivity to interference)

® Price-attractive total remote control
system

Either modulated or unmodulated data trans-
mission is possible with the SAA3004.

In the unmodulated mode, the logic represen-
tation of the data word is defined by the time
intervals between the generated output pul-

5-64

ses, each of 8.8us width. In the modulated
output mode, each active output stage has a
burst of 6 clock periods.

The ground wave of this output, with a
frequency of 38kHz, contains the IR power
generated.

The greatest sensitivity is realized with a
narrow-band amplifier, whose tuned input cir-
cuit is selected for this ground wave frequen-
cy.

In the unmodulated transmission mode, the
single output pulse represents a continuous
frequency spectrum, in which the generated
IR power is divided. A broadband amplifier is
then required.

The greatest range, with constant-current
through the IR transmission diode(s), will be
obtained with a narrow-band amplifier, be-
cause the signal-to-noise ratio is the largest
value.

When IR interference is absent, the combina-
tion of modulated transmission mode and the
narrow-band amplifier is the most preferable.
With lower requirements for the reliability,
less range, etc., the broadband amplifier is
the most effective solution for both types of
modulation modes.

RANGE

To give some idea what range can be ex-
pected, a number of measurements are made
with the remote transmitters SAA3004.

With Various IR Output Powers
Transmitter SAA3004 drives 1 IR-transmitting
diode with a peak current IC=2A. In the
modulated mode, the power product per bit
equals

(m) () (n) (tp)
where m = number of diodes, n = number of
pulses per bit, and tp = pulse width.

The power product for each bit is:

® Modulated mode (m) (Ig) (n) (tp) = (1)
(2) (6) (8.8) = 106pA/sec

® Unmodulated mode (m) (If) (n) (tp) = (1)
(2) (1) (8.8) = 18uA/sec

This power product is proportional to the
generated IR power. Table 1 indicates the
results of the measurements. Optic lenses
will increase the distances about 10%.

With Equal Output Power
These measurements are done with one
transmitting diode for each transmitter type
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Table 1. Distance Reach With Various Power Products

SAA3004
Modulated Unmodulated
Power product 106uA/sec 18uA/sec
Narrow-band
Cg = 4.70F 25mt 11mt
Broadband
Cg=2.2nF 16mt 12mt

Table 2. Distance Reach With Constant Power Product of

with small width output
pulse; less reliable

18uA/sec
SAA3004
Modulated Unmodulated
Narrow-band
Cg = 4.70F 11mt 11mt
Broadband
Cg=2.2nF smt 12mt
Table 3. Application Possibilities
SAA3004
Unmodulated Modulated
Narrow-band No sense; no selectivity | Great distance reach, high se-
lectivity, reliable

Broadband Function only possible | Low reach, low selectivity; inter-

ference.

the loss of power in the transmitter is of
subordinate importance.

POWER DISSIPATION

In comparison with older types of preamplifi-
ers, the power consumption is enormously
reduced. For instance, the TDB2033 con-
sumed 204mW at 12V supply, while the
TDA3047/48 only takes 10mW at 5V supply,
which is very useful for "standby" mode. A
second advantage is the 5V supply which can
also be used by the decoding microcomputer.

POSSIBLE APPLICATION
COMBINATIONS

In Table 3, the different combinations are
given for remote control systems operating in
the modulated or unmodulated mode.

OUTPUT SIGNAL

As indicated in the introduction, the TDA3047
has an active-high output signal, while an
active-low output is generated by the
TDA3048. This choice in polarity is made
available for maximum cooperation with the
decoding part. If, for example, an 8048 micro-
computer is used on interrupt level, with
active-low at input INT, the TDA3048 is then
the correct amplifier. If the INT input is active-
High, the TDA3047 outputs the proper high
level.

PC BOARD DESIGN

Special attention must be given to the place-
ment of Cs. The greatest distance must be
realized between the position of this capacitor
and the inputs 2 and/or 15. Ground connec-
tions and screening must also be done with
great accuracy.

and the power product/bit constant at a.
18uA/sec. Table 2 is comprised of the results
from these measurements. b.

Results of the Measurements
The results of the measurements can be
summarized as follows: c.

Only the combinations ''modulated and
narrow-band amplifier'' are reasonable.
With the peak current Ig through one IR-
transmitting diode, the range with one IR
diode is limited.

A maximum range is obtained using the
modulated mode of data transmitting, but
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DESCRIPTION

The integration into a single package of
all small-signal functions (except the
tuner) required for color TV reception is
achieved in the TDA4501. The only addi-
tional circuits needed to complete the
receiver are a tuner, the deflection out-
put stages, and a color decoder. The
TDA3563 or 67, NTSC color decoder,
and TDA3653, vertical output, are ideal
complements for the TDA4501.

The IC includes a vision IF amplifier with
synchronous demodulator and AFC cir-
cuit, an AGC detector with tuner output,
an integral three-level sandcastle pulse
generator, and fully synchronized verti-
cal and horizontal drive outputs. A trig-
gered vertical divider automatically
adapts to a 50 or 60Hz vertical signal
and eliminates the need for an external
vertical frequency control.

Signal strength-dependent, time con-
stant switches in the horizontal phase
detector make external VCR switching
unnecessary.

Sound signals are demodulated and am-
plified within the IC in a circuit which
includes volume control and muting.

ORDERING INFORMATION

TDA4501

Small-Signal Subsystem IC

for Color TV

Product Specification

FEATURES

e Vision IF amplifier with
synchronous demodulator

o AGC detector for negative

modulation

AGC output to tuner

AFC circuit

Video and audio preamplifiers

Sound IF amplifier and

demodulator

Choice of sound volume control

or horizontal oscillator starting

function

Horizontal synchronization circuit

with two control loops

Triggered divider system for

vertical synchronization and

sawtooth generation giving

automatic amplitude adjustment

for 50 or 60Hz vertical signal

Transmitter identification circuit

with mute output

e Sandcastle pulse generator

APPLICATION
e Color TV

[ ] e o o o

PIN CONFIGURATION

VERT DRIVE [3]
reepBACK (4]
e
GND [E]}

Vee [

IFIN [3]

IFIN [3]

N Package

DECOUP CAP [10]

VOLUME
coNTroLi L11]

DESCRIPTION TEMPERATURE RANGE ORDER CODE

28-Pin Plastic DIP (SOT-117) -25°C to +65°C TDA4501N
ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT

Voc=V7_-6 | Supply voltage (Pin 7) 13.2 Vv

Pror Total power dissipation 1.7 W

Ta Operating ambient temperature range -25 to +65 °C

Tsta Storage temperature range -65 to +150 °C
December 2, 1986 6-3

TOP VIEW
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BLOCK DIAGRAM
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DC AND AC ELECTRICAL CHARACTERISTICS V=V, _g=10.5V; Ta=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min ’ Typ Max
Supplies
Vce Supply voltage (Pin 7) 9.5 10.5 13.2 \"
Icc Supply current (Pin 7) 120 mA
Vii-s Supply voltage (Pin 11) 10.5 \
l44 Supply current (Pin 11) for horizontal oscillator start 6 mA
Vision IF amplifier (Pins 8 and 9)
Vg_o Input sensitivity at 38.9MHz’ 40 70 120 uv
Vg_o Input sensitivity at 45.75MHz’ 90 uw
Rs-g Differential input resistance (Pin 8 to 9) 1.3 k2
Cg-9 Differential input capacitance (Pin 8 to 9) 5 pF
AGC range 60 dB
Vg-9 Maximum input signal 50 70 mV
AVy7_6 Expansion of output signal for 50dB variation of input signal with 1 dB
Vg_g at 150uV (0dB)
Video amplifier
Viz-e Output level for zero signal input 4.5 \
(zero point of switched demodulator)
Vi7-6 Output signal top sync level? 1.4 "
V17-6(p-P) Amplitude of video output signal (peak-to-peak value) 2.8
li7gNT) Internal bias current of output transistor (NPN emitter-follower) 14 2.0 mA
BW Bandwidth of demodulated output signal ] MHz
dGy7 Differential gain (Figure 3) 6 %
dp Differential phase (Figure 3) 4 %
Video non-linearity complete video signal amplitude 10 %
Intermodulation (Figure 4) at gain control = 45dB
f =1.1MHz; blue; 55 60 dB
f=1.1MHz; yellow; 50 54 dB
f = 3.3MHz; blue; 60 66 dB
f = 3.3MHz; yellow 55 59 dB
Signal-to-noise ratio®
Zs =752
S/N V| =10mV 50 54 dB
S/N End of gain control range 50 56 dB
Residual carrier signal 7 30 mVv
Residual 2nd harmonic of carrier signal 3 30 mV
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voo =V;_g=10.5V; Ta=25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min T Typ ‘ Max
Tuner AGC*
Vi-e Take-over voltage (Pin 1) for positive-going tuner AGC 3.5 \
(NPN tuner)
V1 -6(RMS) Starting point takeover; V = 5V 0.4 2 mV
V1 -6(RMS) Starting point takeover; V = 1.2V 50 70 mV
Vi-¢ Take-over voltage (Pin 1) for negative-going tuner AGC 8 \"
(PNP tuner)
V1 -6RMS) Starting point takeover; V = 9.5V 0.3 2 mV
V1 -6[RMS) Starting point takeover; V = 5.6V 50 70 mV
Is MAX Maximum output swing 2 3 mA
Vs _6(SAT) Output saturation voltage |=2mA 300 mV
Is Leakage current 1 MA
AV, Input signal variation complete tuner control 0.5 2 4 dB
AFC circuit (Pin 18)°
Vig-6(P-P) AFC output voltage swing 9 10 Vv
g Available output current 1 mA
Control steepness
100% picture carrier 20 40 80 mV/kHz
10% picture carrier 15 mV/kHz
Vig-6 QOutput voltage at nominal tuning of the reference-tuned circuit 5.25 \
Vig-6 Qutput voltage without input signal 2.7 5.25 8.5 \
Sound circuit
Visum Input limiting voltage
Vo = Vo maximum -3dB; Q = 16 400 Y
far = 1kHz; fc = 5.5MHz
Ris-6 Input resistance V|rms) = 1mV 26 k2
Ci5-6 Input capacitance V\Rus) = 1mV 6 pF
AM rejection (Figures 7 and 8)
AMR Vi=10mV 35 dB
AMR Vi =50mV 43 dB
Vi2-6RMS) AF output signal Af = 7.5kHz; minimum distortion 220 320 mV
Zi2-p AF output impedance 150 Q
THD Total harmonic distortion Af =27.5kHz 1 %
Ripple rejection
RR fx = 100Hz, volume control 20dB 22 dB
RR when muted 26 dB
Vi2-6 Output voltage Mute condition 26 \
S/N Signal-to-noise ratio weighted noise (CCIR 468) 47 dB
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vco=V;_g=10.5V; Tao =25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min | Typ r Max
Volume control
Vi1-6 Voltage (Pin 11 disconnected) 4.8 \"
114 Current (Pin 11 short-circuited) 1 mA
Ry1-6 External control resistor 10 k2
Suppression output signal during Mute condition 66 dB
Horizontal synchronization
Slicing level sync separator 30 %
Holding range PLL 800 1100 1500 Hz
Catching range PLL 600 1000 Hz
Control sensitivity
video-to-oscillator; at weak signal 2 kHz/us
at strong signal during scan 3 kHz/us
during vertical retrace and during catching 6 kHz/us
Second control loop (positive edge)
Atp/ Atg Control sensitivity 300 us
to Control range 25 us
Phase adjustment via second control loop;
control sensitivity 25 MA/us
maximum aliowed phase shift +2 us
Horizontal oscillator (Pin 23)
fer Free-running frequency 15,625 Hz
R =35kQ; C=2.7nF
Spread with fixed external components 4 %
Afeg Frequency variation due to change of supply voltage from 0 0.5 %
8 to 12V
Afer Frequency variation with temperature 1X10°4 K-1
Afer Maximum frequency shift 10 %
Afeg Maximum frequency deviation (V7_g =8V) 10 %
Horizontal output (Pin 26)
Vos-6 Output voltage HIGH 13.2 \"
Vog_6 Output voltage at which protection commences 15.8 \
Vos_6 Output voltage LOW at I = 10mA 0.3 0.5 \s
8o Duty cycle of horizontal output signal 45 %
tR, tr Rise and fall times of output pulse 150 ns
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vo =V;_g=10.5V; Tp=25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min J Typ4L Max
Flyback input and sandcastle output
lo7 Input current required during flyback pulse 0.1 2 mA
Vo7_6 Output voltage during burst key pulse 7.5 \
Vao7_6 Output voltage during horizontal blanking 3.5 4.0 4.5 \"
Va7_6 Output voltage during vertical blanking 1.8 2.2 26 Vv
Width of burst key pulse 3.1 35 3.9 us
Width of horizontal blanking pulse flypback pulse width
Width of vertical blanking pulse
50Hz working 21 lines
60Hz working 17 lines
Delay between start of sync pulse at video output and rising 5.2 uS
edge of burst key pulse
Coincidence detector mute output (Pin 22)
Vao_g Voltage for in-sync condition 9.5 \
Vao_6 Voltage for no-sync condition no signal 1.0 1.5 \"
Vao_g Switching level to switch phase detector from slow to fast 49 5.3 5.8 \
Fast-to-slow hysteresis 1 Y
Vao_6 Switching level to activate mute function (transmitter 2.25 2.5 2.75 Vv
identification)
l22(p.p) Output current for in-sync condition (peak-to-peak value) 0.7 1.0 mA
Vertical ramp generator (Pin 2)
I Input current during scan 12 mA
la Discharge current during retrace 0.5 mA
Vao_g Minimum voltage 1.5 Vv
Vertical output (Pin 3)
I3 Output current 10 mA
Ra-6 Output impedance 400 Q
Feedback input (Pin 4)
Input voltage
Va-6 DC component 3 \
Va-6(p-p) AC component (peak-to-peak value) 1.2 \
lg Input current 12 MA
Internal precorrection to sawtooth 6 %
Deviation amplitude 50/60Hz 5 %

NOTES:

1. Typical value taken at starting level of AGC.

2. Signal with negative-going sync, maximum white level 10% of the maximum sync amplitude (see Figure 2).
Vo(black-to-white)

VnRrMs) at B =5MHz

4. Starting point tuner takeover NPN current 1.8mA;

5

3. Signal-to-noise ratio equals 20log

. Virms) = 10mV; see Figure 1; Q-factor = 36.
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FUNCTIONAL DESCRIPTION

IF Amplifier, Demodulator, and
AFC

The IF amplifier has a symmetrical input (Pins
8 and 9), the input impedance of which is
suitable for SAW filtering to be used. The
synchronous demodulator and the AFC circuit
share an external reference tuned circuit
(Pins 20 and 21). An internal RC network
provides the necessary phase-shifting for
AFC operation. The AFC circuit provides a
control voltage output with a swing greater
than 9V from Pin 18.

AGC Circuit

Gating of the AGC detector is performed to
reduce sensitivity of the IF amplifier to exter-
nal electrical noise. The AGC time constant is
provided by an RC circuit connected to Pin
19. Tuner AGC voltage is supplied from Pin 5
and is suitable for tuners with PNP or NPN RF
stages. The sense of the AGC (to increase in
a positive or negative direction) and the point
of tuner take-over are preset by the voltage
level at Pin 1.

Video Amplifier

The signal through the video amplifier com-
prises video and sound information; there-
fore, no gating of the video amplifier is
performed during flyback periods.

December 2, 1986

Sound Circuit and Horizontal
Oscillator Starting Function

The input to the sound IF amplifier is obtained
by a bandpass filter coupling from the video
output (Pin 17). The sound is demodulated
and passed via a dual-function volume con-
trol stage to the audio output amplifier. The
volume control function is obtained by con-
necting a variable resistor (10k§2) between
Pin 11 and ground, or by supplying Pin 11 with
a variable voltage. Sound output is sup-
pressed by an internal mute signal when no
input signal is present.

The horizontal oscillator starting function is
obtained by supplying Pin 11 with a current of
6mA during the switching-on period. The IC
then uses this current to generate drive
pulses for the horizontal deflection. For this
application, the main supply voltage for the IC
can be obtained from the horizontal deflec-
tion circuit.

Vertical Divider System

A triggered divider system is used to synchro-
nize the vertical drive waveforms, adjusting
automatically to 50 or 60Hz working. A large
window (search window) is opened between
counts of 488 and 722; when a separated
vertical sync pulse occurs before count 576,

6-9

the system works in the 60Hz mode; other-
wise, 50Hz working is chosen.

A narrow window is opened when 15 ap-
proved sync pulses have been detected.
Divider ratio between 522 and 528 switches
to 60Hz mode; between 622 and 628
switches to 50Hz mode.

The vertical blanking pulse is also generated
via the divider system by adding the anti-
topflutter pulse and the blanking pulse.

Line Phase Detector
The circuit has three operating conditions:

a. Strong input signal and synchronized.
b. Weak signal and synchronized.

c. Non-synchronized (weak and strong) sig-
nal.

The input signal condition is obtained from
the AGC circuit.

DC Volume Control/Horizontal
Oscillator Start

The operation depends on the application.
When during switch-on no current is supplied,
Pin 11 will act as volume control. When a
current of 6mA is applied, the volume control
is set to maximum and the circuit will gener-
ate drive pulses for the horizontal deflection.
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DESCRIPTION

The TDA4502 is a TV subsystem circuit
intended to be used in color TV receiv-
ers. It is similar to the TDA4505, with the
exception that it has no sound IF circuit
or audio preamplifiers. Instead, it has a
video switching input circuit for switching
an external video signal.

FEATURES

o Vision IF amplifier with
synchronous demodulator

o AGC detector suited for negative
modulation

February 1987

TDA4502

Small-Signal Subsystem IC for
Color TV With Video Switch

Objective Specification

e Tuner AGC
® AFC circuit with on/off switch
e Video preamplifier

e Video switch for an external
video signal

o Horizontal synchronization circuit
with two control loops

e Vertical synchronization (divider
system) and sawtooth generation

e Sandcastle pulse generation

6-13

PIN CONFIGURATION
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Small-Signal Subsystem IC for Color TV With Video Switch TDA4502
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DESCRIPTION

The TDA4503 combines all small-signal
functions (except the tuner) which are
required for monochrome TV receivers.
For a complete monochrome TV receiv-
er only power output stages are required
to be added for horizontal and vertical
deflection, video and sound. This part is
designed to work with the TDA3561,
Vertical Output IC.

The TDA4503 can also be used in low
cost color television receivers.

ORDERING INFORMATION

TDA4503

Small-Signal Subsystem for
Monochrome TV

Product Specification

FEATURES

e Vertical sync separator and
oscillator

e Video preamplifier

o AGC detector

e® Sync separator

o Horizontal synchronization

e Vision IF amplifier and
synchronous demodulator

e Tuner AGC

e AFC circuit

e Sound IF amplifier and
demodulator

e Audio preamplifier with DC
volume control

e Gate pulse generator

APPLICATIONS
e Television receiver
e CATV converter

PIN CONFIGURATION

VERT OSCIN Som o
VERT DRIVE HORIZ DRIVE
ouT uT
VERT DRIVE
FEEDBACK 26] SYNC SEP
TUNER 5] HORIZPHASE
TAKEOVERIN DET FILTER
FLYBACK 7] AGCTIME
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AGC OUT
faGeour [73] HoRIZOSC
HORIZOSC
Vee SUPPLY VOLT

[21] SYNC DEMOD

IFIN [3] 5] SYNC DEMOD
GND 7] aND
VOL CONTROL [] 18] s

AUDIO OUT [12] [17] VIDEO OUT
[16] AFC OUT

[15] SOUNDIFIN

SOUND 73]
DEMOD REF IN

SOUNDIF

DECOUP

TOP VIEW

cD138108

DESCRIPTION TEMPERATURE RANGE ORDER CODE
28-Pin Plastic DIP (SOT-117) -25°C to +65°C TDA4503N
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Small-Signal Subsystem for Monochrome TV

TDA4503

BLOCK DIAGRAM
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Small-Signal Subsystem for Monochrome TV TDA4503

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vec=Vz-10 Supply voltage (Pin 7) 13.2 \"
Pror Total power dissipation 1.7 w
Ta Operating ambient temperature range -25 to +65 °C
Tsta Storage temperature range -65 to +150 °C
DC AND AC ELECTRICAL CHARACTERISTICS V;_1o=10.5V; Vay_10=10.5V; T =25°C, unless otherwise specified.
LIMITS
SYMBOL PARAMETER UNIT
Min I Typ ' Max
Supplies
V7_10 Supply voltage (Pin 7) 9.5 10.5 13.2 \"
Iz Supply current (Pin 7) 82 100 mA
Vaz_10 Supply voltage (Pin 22) 9.5 10.5 13.2 \'
Ioo Supply current (Pin 22)! 5 6.5 mA
Prot Total power dissipation 920 1150 mW
Vision IF amplifier (Pins 8 and 9)
Vg_g Input sensitivity at 38.9 MHz2 40 80 120 uv
Ve_9 Input sensitivity at 45.75 MHz2 90 uv
Rs-g9 Differential input resistance (Pin 8 to 9) 13 kQ
Cg-9 Differential input capacitance (Pin 8 to 9) 5 pF
AGC range 59 dB
Vg-9 Maximum input signal 50 70 mV
AVy7_10 (EI;(iz:ngioar:‘ ;fg)oautput signal (Pin 17) for 50dB variation of input signal 05 1.0 dB
Video amplifier*
Vi7-10 Output level for zero signal input (zero point of switched demodulator) 4.2 45 4.8 \
Vi7-10 Output signal top sync level® 1.25 1.45 1.65 \
Vi7-10(-p)| Amplitude of video output signal (peak-to-peak value) 24 2.7 3.0 v
li7aNT) Internal bias current of output transistor (NPN emitter-follower) 14 20 mA
BW Bandwidth of demodulated output signal 5 MHz
Gy7 Differential gain® (Figure 5) 6 %
Differential phase® (Figure 5) 4 %
Video non-linearity over total video amplitude (peak white to black) 10 %
Intermodulation (Figures 6 and 7) at gain control = 45dB
f=1.1MHz; blue 55 60 dB
f=1.1MHz; yellow 50 54 dB
f = 3.3MHz; blue 60 66 dB
f = 3.3MHz; yellow 55 59 dB
Signal-to-noise ratio”
S/N at V;=10mV 50 54 dB
S/N at end of AGC range 50 56 dB
S/N as a function of input signal see Figure 8
Residual AM of intercarrier output signal® 5 10 %
Residual carrier signal 7 30 mV
Residual 2nd harmonic of carrier signal 3 30 mv
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Small-Signal Subsystem for Monochrome TV TDA4503

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) V7_10=10.5V; Vas_10=10.5V; Ta =25°C, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ | Max
Tuner AGC®
Vi_10 Takeover voltage (Pin 4) for positive-going tuner AGC (NPN tuner) 3.5 \
Vg-grMs) | Starting point takeover at V4_10 =5V (RMS value) 0.4 2.0 mV
Vg-g(rMs) | Starting point takeover at V4_19=1.2V (RMS value) 50 70 mV
Va-10 Takeover voltage (Pin 1) for negative-going tuner AGC (PNP tuner) 8 Vv
Vg-9(rMs) | Starting point takeover at V4._10=9.5V (RMS value) 0.3 20 mV
Vg_g(rMs) | Starting point takeover at V4_10=5.6V (RMS value) 50 70 mV
lemax Maximum tuner AGC output swing 2 3 mA
Ve-10saT) | Output saturation voltage at lg =2mA 300 mV
le Leakage current at Pin 6 1 uA
AVg_g Input signal variation required for complete tuner control 0.5 2 4 dB
AFC circuit (Pin 16)'°
Vis-10(p-p)| AFC output voltage swing (peak-to-peak value) 9 10 \'
tl4e Available output current 1 mA
Control steepness at
100% picture carrier 20 40 80 mV/kHz
10% picture carrier 15 mV/kHz
Vie-10 Output voltage at nominal tuning of the reference-tuned circuit 5.25 \
Vie-10 Output voltage without input signal 2.7 6.0 8.5 "
Sound circuit
VisLm Input limiting voltage'' (RMS value) at Vo = Vo max-3dB 2 mv
R15-10 Input resistance at VirmMs) = 1mV 26 k2
Ci5-10 Input capacitance at Vjrms) = 1mV 6 pF
AM rejection (Figures 7 and 8) at
AMR V| =10mV 35 dB
AMR V| =50mV 43 dB
Vi2_srMs)| AF output signal'? (RMS value) 220 320 mv
Zi2-10 AF output impedance 150 Q
THD Total harmonic distortion'2 1 %
Ripple rejection at
RR fk = 100Hz, volume control 20dB 22 dB
RR when muted 26 dB
Viz-10 Output voltage in mute condition 26 \"
S/N Signal-to-noise-ratio; weighted noise (CCIR 468) 47 dB
Volume control
Vi1-10 Voltage (Pin 11 disconnected) 6.9 \"
l11 Current (Pin 11 connected to ground) 1 mA
Ri1-10 External control resistor'® 5 kQ
Suppression of output signal during mute condition 66 dB
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Small-Signal Subsystem for Monochrome TV TDA4503

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) V;_q0=10.5V; Vas_10=10.5V; Ta=25°C, unless
otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ 1 Max
Horizontal synchronization
Slicing level sync separator'4 30 %
Phase-focked loop holding range +800 +1100 +1500 Hz
Phase-locked loop catching range +600 1000 Hz
Control sensitivity video to fbeack15 23 kHz/us
Delay betweer? leading edge of sync pulse and zero cross-over of 3 us
sawtooth (Pin 5)
Horizontal oscillator (Pin 23)
frR Free-running frequency; R = 35kS2; C = 2.7nF 15,626 Hz
Spread with fixed external components 4 %
Afeg Frequency variation due to change of supply voltage from 8 to 12V 0 0.5 %
TC Temperature coefficient 1x10°f °c-1
Afer Maximum frequency shift 10 %
Afer Maximum frequency deviation (V7.1 =8V) 10 %
Horizontal output (Pin 27)
l27 Output current 5 mA
Ra7 Output impedance 200 Q
Va7_-10 Output voltage at lp7 = 5mA 14 \
Vo722 25 \
a Duty factor of horizontal output signal'® 0.35 0.40 0.45 %
tr tF Rise and fall times of output pulse 400 ns
Flyback input (Pin 5)
Vs Amplitude of input pulse 2 4 6 \'
Vs Voltage at which gate pulse generator changes state'’ 0 v
Coincid, detector mute output (Pin 28)'®
Vag-10 Voltage for in-sync condition 9.5 \"
Vag_10 Voltage for no-sync condition (no input signal) 1.0 1.5 \
Vag_10 Voltage level for phase detector to switch from slow to fast 3.7 41 45 \
Fast-to-slow hysteresis 1 \'
Vag_-10 Voltage level to activate mute function (transmitter identification) 2.25 25 2.75 \'
l22(p-p) Output current for in-sync condition (peak-to-peak value) 0.7 1.0 mA
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Small-Signal Subsystem for Monochrome TV TDA4503

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) V7_10=10.5V; Voz_10=10.5V; Tp=25°C, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ | Max
Vertical oscillator (Pin 1)
frR Free-running frequency at C = 220nF; R = 560k2 47.5 Hz
Spread with fixed external components 4 %
Holding range at nominal frequency 525 Hz
TC Temperature coefficient 2x10-f °c-!
Afer g.rseqtl.;er.'\% variation due to change of supply voitage from 3 5 %
Iy Leakage current at Pin 1 16 pA
Vertical output (Pin 2)
lo Output current 1 1.3 mA
Ro Output resistance 2 k2
Feedback input (Pin 3)
Input voltage
Va_10 DC component 4.0 5.0 5.5 \
V3_10(p-P) AC component (peak-to-peak value) 1.2 Vv
I3 Input current 12 HA
Alg Non-linearity of deflector current at V.40 = 10.5V 25 %
Delgy between leading edge of vertical sync and start of vertical 6 10 s
oscillator flyback

NOTES:

1. The horizontal oscillator can be started by supplying a current of 6mA to Pin 22. Taking this current from the mains rectifier allows the positive
supply voltage to Pin 7 to be derived from the horizontal output stage (the load current of Pin 27 is additional to the 6mA quoted).

. At start of AGC.

. Measured with 0dB = 200uV.

. Measured at 10mV (RMS) top sync output signal.

. Signal with negative-going sync; top white = 10% of the top sync amplitude.

. Measured with test line as shown in Figure 3. The differential gain is expressed as a percentage of the difference in peak amplitudes between the
largest and smallest values relative to the subcarrier amplitude at blanking level. The differential phase is defined as the difference in degrees
between the largest and smallest phase angles.

7. Measured with a source impedance of 75§

Vo black-to-white
Virms) at B = 5MHz
8. Measured with a sawtooth-modulated input signal: m =90%; V|rms) = 10mV;
Vo SC at top sync-Vgo SC at white

Amplitude modulation = — X 100%.
Vo SC at top sync + Vo SC at white

OO h N

Signal-to-noise ratio = 20log

(SC = sound carrier)

9. Starting point of tuner take-over for an NPN tuner is when lg = 1.8mA, and for a PNP tuner is when lg = 0.2mA.

10. Measured at Vg.grms) = 10mV and Pin 16 loaded with 2 X 100k between V7 and ground. Reference tuned circuit Q-factor = 36.

11. Reference tuned circuit Q-factor = 16; audio frequency = 1kHz; carrier frequency = 5.5 MHz.

12. The demodulator tuned circuit must be tuned for minimum distortion; output signal is measured at Af = 7.5kHz; other measurements are at
Af = 27.5kHz.

13. Volume control can be realized by a variable resistor (5k2) connected between Pin 11 and ground, or by a variable voltage direct to Pin 11 (the
low value of input impedance to Pin 11 must be taken into account).

14. The sync separator is noise-gated; the slicing level is referred to the top sync level and is independent of the video signal. The value stated is a
percentage of the sync pulse amplituds, the level being dependent on external resistors connected to Pin 26.

15. The phase detector current is increased by a factor of seven during catching and when the phase detector is switched to 'fast' via Pin 28, thus
ensuring a wide catching range and a high dynamic loop gain.

16. The negative going edge initiates switching-off of the line output transistor (simultaneous driver).

17. The circuit requires an integrated flyback pulse. Gate pulses for AGC and coincidence detectors are obtained from the sawtooth waveform.

18. The functions of in-sync, out-of-sync, and transmitter identification are combined on Pin 28. For the reception of VCR signals, Vg must be fixed
between 3V and 4.5V so that the time constant is fast and sound information is preserved.
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Small-Signal Subsystem for Monochrome TV

TDA4503

FUNCTIONAL DESCRIPTION

IF Amplifier, Demodulator, and
AFC

The IF amplifier operates with symmetrical
inputs at Pins 8 and 9 and has an input
impedance suitable for SAW filter application.
The amplifier sensitivity gives a peak-to-peak
output voltage of 3V for an RMS input of
70uV. The demodulator and the AFC circuit
share an external reference tuned circuit
(Pins 20 and 21) and an internal RC network
provides the phase-shifting necessary for
AFC operation. The AFC circuit provides a
control voltage output with a (typical) swing of
9V from Pin 16 (Vgc = 10.5V).

AGC Circuit

Gating of the AGC detector is performed to
reduce sensitivity of the IF amplifier to exter-
nal electrical noise. The AGC time constant is
provided by an RC network connected to Pin
24. The typical gain control range of the IF
amplifier is 60dB. Tuner AGC voltage is
supplied from Pin 6 and is suitable for tuners
with PNP or NPN RF stages. The sense of
the AGC (to increase in a positive or negative
direction) and the point of tuner takeover are
preset by the voltage level at Pin 4 (V4 = 3.5V
(typ.) for positive AGC; V4=8V (typ.) for
negative AGC).

March 2, 1987

Video Amplifier

The video signal output from Pin 17 has a
peak-to-peak value of 3V (top sync lev-
el = 1.5V) and carries negative-going sync. In
order to retain sound information at Pin 17,
the video signal is not blanked during flyback
periods.

Sound Circuit

The sound IF signal present at the video
output (Pin 17) is coupled to the sound circuit
by a bandpass filter to Pin 15. The sound
circuit has an amplifier-limiter stage, a syn-
chronous demodulator with reference tuned
circuit at Pin 13, a volume control stage, and
an output amplifier. The volume control has a
range of approximately 80dB and the audio
output signal at maximum volume and with
Af =7.5kHz is 320mV (RMS value). The
sound output signal is suppressed when no
input signal is detected.

Synchronization Circuits

The sync separator slicing level is determined
by an external resistor network at Pin 26. The
slicing level is referred to the top sync level
and the recommended value for slicing is
30%. Internal protection from electrical noise
is included.

A gated phase detector compares the phase
of the separated sync pulses with a sawtooth
waveform obtained from the flyback pulse at

6-21

Pin 5. In sync and out-of-sync conditions are
detected by the coincidence detector at Pin
28 (this circuit also gives transmitter identifi-
cation). During the out-of-sync condition, gat-
ing of the phase detector is switched off and
the output current from the phase detector
increases to give the detector a short time-
constant and thus a fast response. This
condition can be imposed by clamping the
voltage at Pin 28 to 3.5V for the reception of
VCR signals.

The horizontal oscillator frequency is con-
trolled by the output voltage of the phase
detector circuit. The horizontal drive output
from Pin 27 has a duty factor of 40%.

Vertical sync pulses are separated by an
internal integrating network and are used to
trigger the vertical oscillator. A comparator
circuit compares the vertical sawtooth wave-
form, generated by the vertical oscillator, with
feedback from the deflection coils, and
supplies the drive voltage for the output stage
at Pin 2.

Power Supplies

The main supply is to Pin 7 (positive supply)
and Pin 10 (ground). The horizontal oscillator
is supplied from Pin 22 to facilitate starting of
the oscillator from a high-voltage rail. A spe-
cial ground connection at Pin 19 is used by
critical voltage dividers in the feedback loops
of the vision and sound IF circuits.
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TDA4503

—-3.2dB
-10dB
~-13.2d8 -132dB
—-30dB —-30dB
SC cC PC SC cC PC
BLUE YELLOW

SC: SOUND CARRIER LEVEL
CC: CHROMINANCE CARRIER LEVEL
PC: PICTURE CARRIER LEVEL

ALL WITH RESPECT TO TOP SYNC LEVEL

60
1
/I,
“© /
a A
2 4
4
z v
2
0
-60 -4 -20 )
v,(@B)

OP158908

Figure 6. Signal-to-Noise Ratio as a
Function of Input Voltage

REJECTION (dB)
8
N,

N4

[} 20 40 60 80 100
Vis(mV)

OP159008

Figure 8. Typical Amplitude Modulation
Rejection Curve

‘OP16030S
Figure 4. Input Signal Conditions for Intermodulation Test
PC
GENERATOR
38.9MHz
s¢ TEST SPECTRUM
GENERATOR |—— 3 |—] ATTENUATOR |— oy -  Anawvzer
33.4MHz
A —O0 +
cc J_ GAIN SETTING ADJUSTED
GENERATOR = FOR BLUE; Vyg =25V
34.5MHz
BD08280S
NOTE: Vo at 4.4MHz
Value at 1.1MHz = 20log ——————— + 3.6dB;
Vo at 1.1MHz
Vo at 4.4MHz
Value at 3.3MHz = 20log ——————*
Vo at 3.3MHz
Figure 5. Circuit for Intermodulation Test
AF AF
GENERATOR GENERATOR
f=70Hz f=1000Hz
FM AM
§=55MHz |—»| MODULATOR |—»-| ATTENUATOR TDA4503 — HI oS v
Af=27.5kH7 m=30% v
RMS

HF
VOLTMETER

BD08230S

-40

Vo (dB)
~

-60 4

-100

] 04 08 12 16 20 24
viv

OP15910S

Figure 9. Volume Control Characteristic
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DESCRIPTION

The TDA4505 is a TV subsystem circuit
intended to be used for base-band de-
modulation applications. This circuit con-
sists of all small-signal functions (except
the tuner) required for a quality color
television receiver. The only additional
circuits needed to complete a receiver
are a tuner, the deflection output stages,
and a color decoder. The TDA3563 or
67, NTSC color decoder, and the
TDAB3654 vertical output, are ideal com-
plements for the TDA4505.

ORDERING INFORMATION

TDA4505

Small-Signal Subsystem IC for

Color TV

Preliminary Specification

FEATURES

e Vision IF amplifier with
synchronous demodulator

o Tuner AGC (negative-going
control voltage with increasing
signal)

o AGC detector for negative
modulation

e AFC circuit

e Video preamplifier

e Sound IF amplifier, demodulator
and preamplifier

e DC volume control

e Horizontal synchronization circuit
with two control loops

e Extra time constant switches in
the horizontal phase detector

o Vertical synchronization (divider
system) and sawtooth generation
with automatic amplitude
adjustment for 50 or 60Hz

o Three-level sandcastie pulse
generation

APPLICATIONS

o Color television receiver
o CATV converters

e Base-band processing

DESCRIPTION TEMPERATURE RANGE ORDER CODE
28-Pin Plastic DIP (SOT-117) -25°C to +65°C TDA4505N
28-Pin Plastic DIP (SOT-117) -25°C to +65°C TDA4505AN
28-Pin Plastic DIP (SOT-117) -25°C to +65°C TDA4505BN

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
\ Vec Supply voltage (Pin 7) 13.2 Vv
‘ Pror Total power dissipation 2.3 w
Ta Operating ambient temperature range -25 to +65 °C
Tsta Storage temperature range -65 to +150 °C
February 1987 6-24

PIN CONFIGURATION

N Package
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[20] SYNC DEMOD
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[18] AFC OUT

]17] VIDEO OUT

[18] anD
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Small-Signal Subsystem IC for Color TV TDA4505
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DC AND AC ELECTRICAL CHARACTERISTICS Ve =V;_g=12V; Tao=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ I Max
Supplies
V7_6 Supply voltage (Pin 7) 9.5 12 13.2 v
l7 Supply current (Pin 7) 135 mA
Vi1-6 Supply voltage (Pin 11)! 8.6 v
l41 Supply current (Pin 11) for horizontal oscillator start 6 8 mA
Vision IF amplifier (Pins 8 and 9)
Vg_g Input sensitivity 38.9MHz on set AGC 60 100 140 uv
Vg-9o 45.75MHz on set AGC 120 uv
Rs-9 Differential input resistance (Pin 8 to 9) 800 1300 1800 Q
Cg-9 Differential input capacitance (Pin 8 to 9) 5 pF
Gg_9g Gain control range 56 60 dB
Vg_g Maximum input signal 50 100 mV
Expansion of output signal for 50dB variation of input signal
AVi7-6 | \ith Vg_g at 150uV (0dB) 1 d8
Video amplifier measured at top sync input signal voltage (RMS value) of 10mV
Viz-e Output level for zero signal input 5.8 Vv
(zero point of switched demodulator)
Vi7_6 Output signal top sync level? 27 29 3.1 v
Vi7-e(p-p) | Amplitude of video output signal (peak-to-peak value) 26 \"
li7gnT) Internal bias current of output transistor (NPN emitter-follower) 14 20 mA
BW Bandwidth of demodulated output signal 5 MHz
Gy7 Differential gain (Figure 3)3 4 10 %
0’ | Differential phase (Figure 3)° 3 10 deg.
Video non-linearity* complete video signal amplitude 10 %
Intermodulation (Figure 4) at gain control = 45dB
f=1.1MHz;, blue 55 60 dB
f=1.1MHz; yellow 50 54 dB
f = 3.3MHz; blue 60 66 dB
f =3.3MHz; yellow 55 59 dB
Signal-to-noise ratio®
S/N Zg=758; Vi=10mV 50 54 dB
S/N end of gain control range 50 56 dB
Residual carrier signal 7 30 mV
Residual 2nd harmonic of carrier signal 24 30 mV
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voo =V7_g=12V; To=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ | Max
Tuner AGC™
Vi_6@RMs) | Minimum starting point take-over 0.5 mV
Vi_e@rMs) | Maximum starting point take-over 50 100 mV
Ismax Maximum output swing 6 8 mA
Output saturation voltage
V5 - 6(SAT) 1=2mA 300 mv
Is Leakage current 1 pA
AV, Input signal variation complete tuner control (Als = 2mA) 0.5 2 5 dB
AFC circuit (Pin 18)°
Vig_s(p-p) | AFC output voltage swing 9.5 10.35 1 \"
g Available output current 2.6 mA
Control steepness 70 mV/kHz
Vig-6 Output voltage at nom. tuning of the reference-tuned circuit 6 \"
lis Offset current AFC output (Pins 20 and 21 short-circuited) TBD MA
Sound circuit
Input limiting voltage
Visum Vo = Vo max-3dB; Q_ = 16; far = 1kHz; fc =5.5MHz 400 800 uv
Input resistance
Ri5-6 Vigms) = 1mV 2.6 k2
Input capacitance
Cis-s Vigms) = 1TmV 6 pF
AM rejection (Figures 7 and 8)
AMR V| =10mV 46 dB
AMR V| =50mV 50 dB
AF output signal
V12_6(RMS) Af = 7.5kHz; minimum distortion 400 600 800 mV
Viz2-srMs)| AF output signal; Af=50kHz Pin 11 used as starting pin 300 700 1200 mvV
Zi2-6 AF output impedance 25 100 Q
Total harmonic distortion volume control 20dB,
THD Af = 27.5kHz; weighted acc. CCIR 468 1 3 %
Ripple rejection
RR fx = 100Hz, volume control 20dB 35 dB
RR when muted 30 dB
Viz-6 Output voltage in Mute condition 3.0 \"
S/N Signal-to-noise ratio; Af =27.5kHz weighted noise (CCIR 468) 45 dB
Volume control (Figure 8)
Vii-6 Voltage (Pin 11 disconnected) 5.0 \"
1 Circuit (Pin 11 short circuited) 0.9 mA
Ry1-6 External control resistor 5 k2
0ss Suppression output signal during mute condition 66 dB
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voo =V;_g=12V; Ta=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min ' Typ | Max
Sync separator and first control loop
Vos_g(p-p) | Required sync pulse amplitude; Ry7_25 = 2kQ7 200 800 mV
Input current
P Vag_g> 5V 10 MA
los Va5 =0V TBD mA
+ Af Holding range PLL 1100 1500 Hz
+ Af Catching range PLL 600 1000 Hz
Control sensitivity®
video to oscillator; at weak signal 2.5 kHz/us
at strong signal during scan 3.75 kHz/us
during vertical retrace and catching 7.5 kHz/us
Second control loop (positive edge)
Atp/ Ato Control sensitivity Rpg g = see Figure 1 50
to Control range 25 us
Phase adjustment (via second control loop)
Control sensitivity 25 uA/ us
a Maximum allowed phase shift +2 us
Horizontal oscillator (Pin 23)
frR Free-running frequency R = 34kS2; C=2.7nF 15,625 Hz
Af Spread with fixed external components 0.4 4 %
Afeg Frequency variation due to change of supply voltage 0 0.5 %
from 9.5 to 13.2V
TC Frequency variation with temperature 1Xx 1074 °c!
Afer Maximum frequency shift 10 %
Afeg Maximum frequency deviation at start H-out 8 10 %
Horizontal output (Pin 26)
Vog-6 Output voltage high level 13.2 \"
Vog-6 Output voltage at which protection commences 15.8 Vv
Vog-6 Output voltage low at lpg = 10mA 0.15 0.5 Vv
d Duty cycle of horizontal output signal at tp = 10us 0.45
tr Rise time of output pulse 260 ns
tr Fall time of output pulse 100 ns
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vg =V7_g=12V; To=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min ‘ Typ I Max
Flyback input and sandcastle output®
la7 Input current required during flyback pulse 0.1 2 mA
Vo7_6 Output voltage during burst key pulse 9.0 A
Vo7-6 Output voltage during horizontal blanking 4.35 5
Vo7_6 Output voltage during vertical blanking 21 25 29 \
tw Width of burst key pulse (60Hz) 3.1 3.5 3.9 us
tw Width of burst key pulse (50Hz) 3.6 4.0 4.4 us
Width of horizontal blanking pulse flyback pulse width
Width of vertical blanking pulse
50Hz divider in search window 21 lines
60Hz divider in search window 17 lines
50Hz divider in narrow window 25 lines
60Hz divider in narrow window 21 lines
Delay between start of sync pulse at video output and rising 52 us
edge of burst key pulse
Coincidence detector mute output'
Voo_g Voltage for in-sync condition 10.3 Vv
Voo_6 Voltage for no-sync condition no signal 1.5 \
Voo_g Switching level to switch off the AFC 6.4 Vv
Voz_¢ Hysteresis AFC switch 0.4 \"
Voo_6 Switching level to activate mute function 24 \"
(transmitter identification)
Voo_6 Hysteresis Mute function 0.5 \
l22(p.p) Charge current in sync condition 4.7us 0.7 1.0 mA
l22(p-P) Discharge current in sync condition 1.3us 0.5 mA
Vertical ramp generator'!
I Input current during scan 0.5 2 MA
lo Discharge current during retrace 0.4 mA
Va_g(p-p) Sawtooth amplitude 0.8 1.1 Vv
Vertical output (Pin 3)
I3 Output current 7 mA
Vi_g Maximum output voltage 57 \
Feedback input (Pin 4)
Input voltage
V-6 DC component 3.3 \'
Va_s(p-p) AC component (peak-to-peak value) 1.2 \"
s Input current 12 WA '
Atp Internal precorrection to sawtooth 5 %
Deviation amplitude 50/60Hz 0 2 %
Vertical guard'?
Active at a deviation with respect to the DC feedback level;
V27 _s=2.5V;
AV4_g at switching level low 13 Vv
AV4_g at switching level high 1.9 \"
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NOTES:

1.
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12.

13.

Pin 11 has a double function. When during switch-on a current of 6mA is supplied to this pin, this current is used to start the horizontal oscillator.
The main supply can then be obtained from the horizontal deflection stage. When no current is supplied to this pin it can be used as volume
control. The indicated maximum value is the current at which all ICs will start. Higher currents are allowed: the excess current is bypassed to
ground.
Signal with negative-going sync top white 10% of the top sync amplitude (Figure 2).
Measured according to the test line given in Figure 3.
— The differential gain is expressed as a percentage of the difference in peak amplitudes between the largest and smallest value relative to the

subcarrier amplitude at blanking level.
— The differential phase is defined as the difference in degrees between the largest and smallest phase angle.
This figure is valid for the complete video signal amplitude (peak white to black).
The /N =20 log VOUT BLACK-TO-WHITE

VN(RMs) at B =5MHz

The AFC control voltage Is obtained by multiplying the IF-output signal (which is also used to drive the synchronous demodulator) with a reference
carrier. This reference carrier is obtained from the demodulator tuned circuit via a 90° phase shift network. The IF-output signal has an asymmetrical
frequency spectrum with respect to the carrier frequency. To avoid problems due to this asymmetrical signal, the AFC circuit is gated by means of
an internally generated gating pulse. As a result the detector is operative only during black level at a constant carrier amplitude which contains no
additional side bands. As a result the AFC output voltage contains no video information.
At very weak input signals, the driver signal for the AFC circuit will contain a lot of noise. This noise signal has again an asymmetrical frequency
spectrum and this will cause an offset of the AFC output voltage. To avoid problems due to this effect, the AFC is switched off when the AGC is
controlled to maximum gain.
The measured figures are obtained at an input sign RMS voltage of 10mV and the AFC output loaded with 2 times 220kS2 between +Vg and
ground. The unloaded Q-factor of the reference tuned circuit is 70. The AFC is switched off when no signal is detected by the coincidence detector
or when the voltage at Pin 22 is between 1.2V and 6.4V. This can be realized by a resistor of 68kS2 connected between Pin 22 and ground.

. The slicing level can be varied by changing the value of Ry7_2s. A higher resistor value results in a larger value of the minimum sync pulse

amplitude. The slicing level is independent of the video information.

. Frequency control is obtained by supplying a correction current to the oscillator RC-network via a resistor, connected between the phase 1 detector

output and the oscillator network. The oscillator can be adjusted to the right frequency in one of the two following ways:

a) Interrupt Rag_24.

b) Short circuit the sync separator bias network (Pin 25) to +Vcc.

To avoid the need of a VCR switch, the time constant of phase detector at strong input signal is sufficient short to get a stable picture during VCR
playback. During the vertical retrace period, the time constant is even shorter so that the head errors of the VCR are comp at the beginning
of the scan. Only at weak signal conditions (information derived from the AGC circuit) is the time constant increased to obtain a good noise
immunity.

. The flyback input and sandcastle output have been combined on one pin.

The flyback pulse is clamped to a level of 4.5V. The minimum current to drive the second control loop is 0.1mA.
The functions in-sync/out-of-sync and transmitter identification have been combined on this pin. The capacitor is charged during the sync pulse and
discharged during the time difference between gating and sync pulse.

. The vertical scan is synchronized by means of a divider system. Therefore no adjustment is required for the ramp generator. The divider detects

whether the incoming signal has a vertical frequency of 50 or 60Hz and corrects the vertical amplitude.

To avoid screenburn due to a collapse of the vertical deflection, a continuous blanking level is inserted into the sandcastle pulse when the feedback
voltage of the vertical deflection is not within the specified limits.

Starting point tuner takeover at 1 = 0.2mA. Takeover to be adjusted with a potentiometer of 47kS2.
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FUNCTIONAL DESCRIPTION

IF Amplifier, Demodulator, and
AFC

The IF amplifier has a symmetrical input (Pins
8 and 9). The synchronous demodulator and
the AFC circuit share an external reference
tuned circuit (Pins 20 and 21). An internal RC-
network provides the necessary phase-shift-
ing for AFC operation. The AFC circuit is
gated by means of an internally generated
gating pulse. As a result, the AFC output
voltage contains no video information. The
AFC circuit provides a control voltage output
with a swing greater than 10V from Pin 18.

AGC Circuit

Gating of the AGC detector is performed to
reduce sensitivity of the IF amplifier to exter-
nal electrical noise. The AGC time constant is
provided by an RC circuit connected to Pin
19. The point of tuner take-over is preset by
the voltage level at Pin 1.

Video Amplifier
The signal through the video amplifier com-
prises video and sound information.

Sound Circuit and Horizontal
Oscillator Starting Function

The input to the sound IF amplifier is obtained
by a band-pass filter coupling from the video
output (Pin 17). The sound is demodulated
and passed via a dual-function volume con-
trol stage to the audio output amplifier. The
volume control function is obtained by con-
necting a variable resistor (5k$2) between Pin
11 and ground, or by supplying Pin 11 with a
variable voltage. Sound output is suppressed
by an internal mute signal when no TV signal
is identified.

DC Volume Control/Horizontal
Oscillator Start

The circuit can be used with a DC volume
control or with a starting possibility of the
horizontal oscillator. The operation depends
on the application. When during switch-on no
current is supplied to Pin 11, this pin will act
as volume control. When a current of 6mA is
supplied to Pin 11, the volume control is set
to a fixed output signal and the IC will
generate drive pulses for the horizontal de-
flection. The main supply of the IC can then
be derived from the horizontal deflection.

Horizontal Synchronization
The video input signal (positive video) is
connected to Pin 25.

The horizontal synchronization has two con-
trol loops. This has been introduced because
a sandcastle pulse had to be generated. An
accurate timing of the burstkey pulse can be
made in an easy way when the oscillator
sawtooth is used. Therefore, the phase of this
sawtooth must have a fixed relation with
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respect to the sync pulse. That can only be
realized when a second loop is used.

Horizontal Phase Detector
The circuit has the following operating condi-
tions:

a. Strong input signal, synchronized or not
synchronized. (The input signal condition
is obtained from the AGC-circuit, the in-
sync/out-of-sync from the coincidence
detector). In this condition the time con-
stant is optimal for VCR playback; i.e.,
fast time constant during the vertical
retrace (to be able to correct head-errors
of the VCR) and such a time constant
during scan that fluctuations of the sync
are corrected. In this condition the phase
detector is not gated.

b. Weak signal. In this condition the time
constant is doubled compared with the
previous condition. Furthermore, the
phase detector is gated when the oscilla-
tor is synchronized. This ensures a stable
display which is not disturbed by the
noise in the video signal.

c. Not synchronized (weak signal). In this
condition the time constant during scan
and vertical retrace are the same as
during scan in condition a.

Vertical Sync Pulse

The vertical sync pulse integrator will not be
disturbed when the vertical sync pulses have
a width of only 10us with a separation of
22us. This type of vertical sync pulses are
generated by certain video tapes with anti-
copy guard.

Vertical Ramp Generator

To avoid problems during VCR-playback in
the so-called feature modes (fast or slow),
the vertical ramp generator is not coupled to
the horizontal oscillator when such signals
are received. For normal signals the coupling
between vertical ramp generator and horizon-
tal oscillator is maintained. This ensures a
reliable interface.

Vertical Divider System

The IC embodies a synchronized divider sys-
tem for generating the vertical sawtooth at
Pin 2. The divider system has an internal
frequency doubling circuit, so the horizontal
oscillator is working at its normal line frequen-
cy; one line period equals 2 clock pulses.

Due to the divider system no vertical frequen-
cy adjustment is needed. The divider has a
discriminator window for automatically switch-
ing over from the 60Hz to 50Hz system.
When the trigger pulse comes before line 576
the system works in the 60Hz mode, other-
wise 50Hz mode is chosen. The divider sys-
tem operates with 2 different divider reset
windows for maximum interference/distur-
bance protection.
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The windows are activated via an up/down
counter.

The counter increases its counter value with
1 for each time the separated vertical sync.
pulse is within the search window. When it is
not, the counter value is lowered with 1.

The different working modes of the divider
system are specified below.

a. Large (search) window: divider ratio be-
tween 488 and 722.

This mode is valid for the following condi-
tions:

1. Divider is locking for a new transmitter.

2. Divider ratio found, not within the narrow
window limits.

w

Non-standard TV signal condition detected
while a double or enlarged vertical sync
pulse is still found after the internally-
generated anti-topflutter pulse has ended.
This means a vertical sync pulse width
larger than 10 clock pulses (50Hz) viz. 12
clock pulses (60Hz).

In general this mode is activated for video
tape recorders operating in the feature trick
mode. When the wide vertical sync. pulses
are detected, the vertical ramp generator is
decoupled from the horizontal oscillator. As
a consequence, the retrace time of this
ramp generator is now determined by the
external capacitor and the discharge cur-
rent. This decoupling prevents instability of
the picture due to irregular incoming sig-
nals (variable number of lines per field).

>

Up/down counter value of the divider sys-
tem operating in the narrow window mode
drops below count 6.

o

. Narrow window: divider ratio between
522 - 528 (60Hz) or 622 - 628 (50Hz).

The divider system switches over to this
mode when the up/down counter has
reached its maximum value of 15 approved
vertical sync pulses. When the divider op-
erates in this mode and a vertical sync
pulse is missing within the window, the
divider is reset at the end of the window
and the counter value is lowered with 1. At
a counter value below 6, the divider system
switches over the large window mode. The
divider system also generates the so-called
anti-topflutter pulse which inhibits the
phase 1 detector during the vertical sync
pulse. The width of this pulse depends on
the divider mode. For the divider mode a
the start is generated at the reset of the
divider. In mode b the anti-topflutter pulse
starts at the beginning of the first equaliz-
ing pulse.

The anti-topflutter pulse ends at count 10 for
50Hz and count 12 for 60Hz. The vertical
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blanking pulse is also generated via. the
divider system. The start is at the reset of the
divider while the blanking pulse width is 34
(17 lines) for 60Hz and at count 42 (21 lines)
for 50Hz systems.

The vertical blanking pulse generated at the
sandcastle output Pin 27 is made by adding
the anti-topflutter pulse and the blanking
pulse. In this way the vertical blanking pulse
starts at the beginning of the first equalizing
pulse when the divider operates in the b
mode. The total length of the vertical blanking
in this condition is 21 lines in the 60Hz mode
and 25 lines in the 50Hz mode.

Application When External
Video Signals Have to Be

Synchronized

The input of the sync separator is externally
available. For the normal application, the
video output signal (Pin 17) is AC-coupled to
this input (see Figure 2). It is possible to
interrupt this connection and to drive the sync
separator from another source; e.g., a teletext
decoder in serial mode or a signal coming
from the PT-plug. When a teletext decoder is
applied, the IF-amplifier and synchronization
circuit are running in the same phase so that
the various connections between the two

parts (like AGC gating) can remain active.
When external signals are applied to the sync
separator, the connections between the two
parts must be interrupted. This can be ob-
tained by connecting Pin 22 to ground.

This results in the following condition:

- AGC detector is not gated.

= AFC circuit is active.

-~ Mute circuit not active so that the
sound channel remains switched-on.

- The first phase detector has an
optimal time constant for external
video sources.
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DESCRIPTION

The TDA2540 is an IF amplifier and
demodulator circuit for color and black-
and-white television receivers using
NPN tuners.

ORDERING INFORMATION

TDA2540
Video IF/AFT

Product Specification

FEATURES

e Gain-controlled, wide-band
amplifier, providing complete IF
gain

e Synchronous demodulator

e White spot inverter

e Video preamplifier with noise
protection

e AFC circuit which can be
switched on/off by a DC level,
e.g., during tuning

e AGC circuit with noise gating

e Tuner AGC output (NPN tuners)

o VCR switch, which switches off
the video output; e.g., for
insertion of a VCR playback
signal

APPLICATIONS
o Black/white and color TV
receivers/monitors

o Video cassette recorders (VCRs)
e CATV converters

PIN CONFIGURATION

N Package

IFiN [T]
pecour [Z]
AGCAD [3]

TUNER AGC [E]
arcour [E]
AFCSWIN [E]
pemop coit L]

REF AMP
TUNED CIR

TOP VIEW

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-38) -25°C to +60°C TDA2540N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vi1-13 Supply voltage 13.2 \"
Va-13 Tuner AGC voltage 12 \
Prot Total power dissipation 900 mw
Tsta Storage temperature range -65 to +125 °C
Ta Operating ambient temperature range -25 to +60 °C
January 14, 1987 7-3

[16] 1F 1N

[5] DECOUP
73] VCRSW
73] aND
2] vioeo out
[11] Voo
AFC
[19] pEMOD coiL
51 REF AMP
TUNEDCIR

CD12100S

853-1140 87201
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BLOCK DIAGRAM
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Video IF/AFT TDA2540

ELECTRICAL CHARACTERISTICS (Measured in Figure 4) The following characteristics are measured at Tp = 25°C;
Vi1.13 = 12V; f = 38.9MHz, uniess otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Vi1-13 Supply voltage range 10.2 12 13.2 \
Vi-1erms)| IF input voltage for onset of AGC (RMS value) 100 150 uv
124 _ 16l Differential input impedance C| = 2pF 2 kQ
Viz-13 Zero-signal output level 6+0.3 V!
Vi2-13 Top sync output level 2.9 3.07 3.2 \
Gy IF voltage gain control range 64 dB
BW Bandwidth of video amplifier (3dB) 6 MHz
S/N Signal-to-noise ratio at V,=10mV 58 dB?
dG Differential gain 4 10 %
dy Differential phase’ 2 10 degrees
Intermodulation at 1.1MHz: blue® 46 60 dB
yellow® 46 50 dB
at 3.3MHz* 46 54 dB
Carrier signal at video output 4 30 mV
2nd harmonic of carrier at video output 20 30 mV
White spot inverter threshold level (Figure 3) 6.6 \
White spot insertion level (Figure 3) 4.7 \
Noise inverter threshold level (Figure 3) 1.8 Vv
Noise insertion level (Figure 3) 3.8 \
Vis-13 External video switch (VCR) switches off the output 1.1 \
Ig Tuner AGC output current range 10 0 mA
V4-13 Tuner AGC output voltage at I4 = 10mA 0.3 v
Ig Tuner AGC output leakage current Vqi4_13=5V; V4_13=12V 15 LA
AVs_13 Maximum AFC output voltage swing 10 1
Af Detuning for AFC output voltage swing of 10V 100 kHz
100 200 kHz
Vs_13 AFC zero-signal output voltage (minimum gain) 4 6 8
Ve-13 AFC switches on at: 3.2 3
Ve-13 AFC switches off at: 1.5 \

NOTES:
1. So-called 'projected zero point’, e.g., with switched demodulator.
Vo black-to-white

Vn(RMs)at B = 5MHz
Vo at 4.4MHz

3. 20log ——————— +3.6dB.
Vo at 1.1MHz

Vo at 4.4MHz
Vo at 3.3MHz'

2. S/N=

4. 20log
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Product Specification

Video IF/AFT

TDA2540

-32dB
-1048
~13.2d8 -132dB
SPECTRUM FOR SPECTRUM FOR
-30dB YELLOW -30dB BLUE
sc cc PC sc cc PC
0P16040S
NOTES:
SC: Sound carrier level
CC: Chrominance carrier With respect to top sync level
PC: Picture carrier level
Figure 1. Input Conditions for Intermodulation Measurements;
Standard Color Bar With 75% Contrast
PC
GENERATOR
38.9MHz
aengrmoR  |— > | Arenvator |— TEST || SPECTRUM
CIRCUIT ANALYZER
33.4MHz
—A- O +12V
cc J_ MANUAL GAIN CONTROL:
GENERATOR L. ADJUSTED FOR BLUE: Vyp 43 =4V
34.5MHz =
BD08260S
Figure 2. Test Setup for Intermodulation
Viz-13V)
WHITESPOTINVERTER __ . "I™ Il
THRESHOLD LEVEL |
ZERO-SIGNALLEVEL, .. 61— |
WHITE LEVEL (CCIR) ll
WHITESPOTINSERTION __ . *I™
LEVEL
4
NOISE INSERTION LEVEL — 3.8 - ,
TOP SYNC LEVEL —3.07 - 34+—— |
|
NOISEINVERTER __ o 2/~ |
THRESHOLD LEVEL W
1 |
0
TIME
OP15800S

Figure 3. Video Output Waveform Showing White Spot and Noise Inverter Threshold Levels
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Product Specification

Video IF/AFT

TDA2540

+22V +28V
L 9 J-—_L J-__L _[-_1 ? L
- S 47k == 47uF S=100nF S 150F 100k
+ T
3 ‘L ) < e
3 39k <33k <1k $ 270k S 88k 47k
22M
TUNER AGC —AAA— TUNING VOLTAGE
_l_ —O AFC SWITCH
+
I'“F ::330
<
-"100{F l‘pF
i
1 2 3 4 5 [ 7 |a
L L2
L1 Lo 1
IFINPUT 150F == TDA2540 ﬁ:SGpF | | ﬁEMpF |/%'/ |
| | | |
1 | 4
10nF 16 15 14 13 12 1 10 9 = =
o | L L
1pF
3
-0 +12V
‘b
315k
1 :
izns IsaonF iwnF i‘imr
- - viDEo -
OUTPUT
TC19841S
NOTES:
Q of L1 and L2 ~80; f=38.9MHz
Figure 4. Typical Application Circuit Diagram
2 12 7
haid _.—-J
/ \ s
s ® f
s /
g e / 7 g 6 g
> / o ﬁ y
) /
\ A
/ (0dB =100,4V)
° 0 0 Ll
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OP15700S
Figure 6. Signal-to-Noise Ratio as a
Figure 5. AFC Output Voltage (Vs-13) as a Function of the Frequency Function of the Input Volitage (V4. 1)
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Linear Products

DESCRIPTION

The TDA2541 is an IF amplifier and
demodulator circuit for color and black-
and-white television receivers using PNP
tuners.

ORDERING INFORMATION

TDA2541
Video IF/AFT

Product Specification

FEATURES

e Gain-controlled wide-band
ampiifier, providing complete IF
gain

e Synchronous demodulator

o White spot inverter

o Video preamplifier with noise
protection

® AFC circuit which can be
switched on/off by a DC level,
e.g., during tuning

o AGC circuit with noise gating

o Tuner AGC output (PNP tuners)

o VCR switch, which switches off
the video output; e.g., for
insertion of a VCR playback
signal

APPLICATIONS

o Black/white and color TV
receivers

e Video cassette recorders (VCRs)
e CATV converters

PIN CONFIGURATION

N Package

IFIN [T]
pEcour [Z]
AacADy [3]

TUNER AGC [%]
Arcour [E]
AFcswiN [E]
DEmoD 6ot 1]
ToNED G 5]

TOP VIEW

TUNED CIR

cD121008

DESCRIPTION TEMPERATURE RANGE | ORDER CODE
16-Pin Plastic DIP (SOT-38) -25°C to +60°C TDA2541N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 13.2 \
Va-13 Tuner AGC voltage 12 \
Pror Total power dissipation 900 mw
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +60 °C
December 2, 1986 7-8
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Product Specification

Video IF/AFT

TDA2541

BLOCK DIAGRAM

—

i
i

VCR

.||_.\

2 15 8 [ 7 10
1 mArcn 5
AFC
Voc O—F—> > =] AMPLIFIER OUTPUT
" AFC
REFERENCE SYNCHRONOUS
E— > AMPLIFIER 1 DEMODULATOR B
f 6 _ AFC
—O swiTcH
1 |)
O~ o1
SYNCHRONOUS VIDEO 2 vibeo
DEMODULATOR PREAMPLIFIER é OuTPUT
SmA
1F INPUT l
GAIN r»
CONTROLLED =
‘) IF AMPLIFIER
16
o
TDA3540
TDA3541
TUNER AGC DETECTOR/ WHITE SPOT
e 4 NOISE INVERTER INVERTER
OUTPUT
3 "
] * TUNERAGC
< TAKEOVER
‘P
>
o

BDOBI71S
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Video IF/AFT TDA2541

DC ELECTRICAL CHARACTERISTICS (Measured in Figure 4) Ta = 25°C; Vi1_13=12V; f=38.9MHz, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Vee Supply voltage range 10.2 12.0 18.2 \
Vi-16rMms) | IF input voltage for onset of AGC (RMS value) 100 150 uv
1Z1-16] Differential input impedance Ci 2pr 2 kQ
Via-13 Zero-signal output level 6+0.3 V!
Vio-13 Top sync output level 2.9 3.07 3.2 \
Av IF voltage gain control range 64 dB
BW Bandwidth of video amplifier (3dB) 6 MHz
S/N Signal-to-noise ratio at V= 10mV 58 dB?
dG Differential gain 4 %
10 %
dy Differential phase 2
10
Intermodulation at 1.1MHz: blue' 46 60 dB
yellow’ 46 50 dB
at 3.3MHz? 46 54 dB
Carrier signal at video output 4 30 mVv
2nd harmonic of carrier at video output 20 30 mV
White spot inverter threshold level (Figure 3) 6.6 \"
White spot insertion level (Figure 3) 4.7 Vv
Noise inverter threshold level (Figure 3) 1.8 \"
Noise insertion level (Figure 3) 3.8 \")
Vi4-13 External video switch (VCR) switches off the output at: 1.1 \"
Ig Tuner AGC output current range 0 10 mA
Va_13 Tuner AGC output voltage at I4 = 10mA 0.3 \"
Ig Tuner AGC output leakage current Vi4_13=11V; V4_13=12V 15
AVs._13 Maximum AFC output voltage swing 10 11 \"
Af Detuning for AFC output voltage swing of 10V 100 200 kHz
Vs_13 AFC zero-signal output voltage (minimum gain) 4 6 8 \
Ve-13 AFC switches on at: 3.2
Ve-13 AFC switches off at: 1.5 \

NOTES:
1. So-called 'projected zero point', e.g., with switched demodulator.
Vo black-to-white

2. S/N= .
VnrMs) at B =5MHz
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Video IF/AFT TDA2541

—-3.2d8
-10dB

-13.2dB -13.2dB

SPECTRUM FOR SPECTRUM FOR
~3d8 YELLOW —30d8 BLUE

sC cc PC sc cc PC

OP16040S.

Figure 1. Input Conditions for Intermodulation Measurements; Standard Color Bar With 75% Contrast

pC
GENERATOR
38.9MHz
aengraToR  |— > — arrenvator |— yest || SPECTRUM
CIRCUIT ANALYZER
33.4MHz
—AAA- 0 +12V
cc _l_ MANUAL GAIN CONTROL:
GENERATOR L ADJUSTED FOR BLUE: Vyy_1g=4V
34.5MHz =

BD08260S

NOTES:
Vo at 4.4MHz
1. 20 log —————— +3.6dB
Vo at 1.1MHz
Vo at 4.4MHz
2. 20 log ————
Vo at 3.3MHz

Figure 2. Test Setup for Intermodulation
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Video IF/AFT TDA2541

Vig-13(V)
|
WHITESPOTINVERTER __ 7|~ I
THRESHOLD LEVEL 8 |
ZERO-SIGNALLEVEL, .. 6[— |
WHITE LEVEL (CCIR) |
- |
WHITE SPOT INSERTION __, 5
LEVEL 4
41—
NOISE INSERTION LEVEL — 3.8 - |
TOP SYNC LEVEL —3.07- 34— |
|
NOISEINVERTER __, o 21— |
THRESHOLD LEVEL 1
1 |
0
TIME

OP158008

Figure 3. Video Output Waveform Showing White Spot and Noise Inverter Threshold Levels

+12V +28V
LRy [R[E[E] [R[3
S 47k == 47uF Z=100nF 2= 15nF 100k
+

S > > > >

S0k 333k 3k Sk Jesk a7k

] 1 ‘[ 1 22M

TUNER AGC —AM—S TUNING VOLTAGE
_L O AFCSWITCH
+
1" e
nF l1pF

== 100pF

N ]
it

-
B |
IF INPUT 15nF == TDA2541 ==56pF |
|

L

°_1|0l||F_ |16 15 14 -‘l::l 12 1 10 | 9

O +12V

-LanF JL 330nF == 10nF ':“uF
1 I

VIDEO
OUTPUT

Figure 4. Typical Application Circuit Diagram; Q of L1 and L2 ~ 80; fg = 38.9MHz
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Video IF/AFT TDA2541

© ? 70
w__|—
/ \ A
4 s y
s |/ s g /
§ e 7 g s H 7
> / > & /
/ \ A
\_ / (0dB =100,V)
0 [ ° —
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OP158708 Opisesos e OP15780S

Figure 5. AFC Output Voltage (Vs-13) as a Function of the Frequency Ff,',‘,’;’,ﬁ,,‘;,,s l,ghn:lf,t,;aoﬁt:;f?v:s_ ;)
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DESCRIPTION

The TDA2549 is a complete IF circuit

with AFC, AGC, demodulation, and vid-

eo preamplification facilities for multis-

tandard television receivers. It is capable

of handling positively and negatively

modulated video signals in both color

and black/white receivers.

FEATURES

o Gain-controlled wide-band
amplifier providing complete IF
gain

e Synchronous demodulator for
positive and negative modulation

o Video preamplifier with noise
protection for negative
modulation

ORDERING INFORMATION

TDA2549

Multistandard Video
IF/Demodulator

Product Specification

o Auxiliary video input and output
(7592)

e Video switch to select between
auxiliary video input signal and
demodulated video signal

e AFC circuit with on/off switch
and inverter switch

® AGC circuit for positive
modulation (mean level) and
negative modulation (noise gate)

o AGC output for controlling
MOSFET tuners

APPLICATIONS

© NTSC/PAL/SECAM TV receiver/
monitors

o Multistandard VCR
e CATV converters

PIN CONFIGURATION

N Package

TOP VIEW

cp121108

DESCRIPTION TEMPERATURE RANGE ORDER CODE
24-Pin Plastic DIP (SOT-101A) -25°C to +70°C TDA2549N
ABSOLUTE MAXIMUM RATINGS
SYMBOL DESCRIPTION RATING UNIT
Vee Supply voltage (Pins 13 and 21) 13.8 \
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +70 °C

December 2, 1986
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Multistandard Video TDA2549

BLOCK DIAGRAM
Vee Vee
AFC
INVERTER AFC SWITCH
e ~MN
i | Y % =
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L Voo
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INPUT : AMPLIFIER AMPLIFIER DEMODULATOR A J_ ouTPUT
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DEMODULATOR TOAZS49
AUXILIARY
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Vee
2 VIDEO
ouTPUT
MODULATION 2 NoISE VIDEO oy VIDEO OUTRUT Voo
SWITCH . PREAMPLIFIER AMPLIFIER J,
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Multistandard Video TDA2549

DC ELECTRICAL CHARACTERISTICS (Measured in Figure 4) Voo = 12V; Ta = 25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Vee Supply voltage range 10.8 12 13.2 \
lcc Supply current (Pins 13 and 21) 82 mA
Vi=Vg-7 IF input signal for Vo =2V (between Pins 6 and 7) 50 150 uv
1Zg_71 Input impedance (differential) 2 kQ
Cs-7 Input capacitance (differential) 2 pF
Zero signal output level
Vaa_3 Positive modulation 1.6 2 23 \"
Vaz_3 Negative modulation 3.7 4 4.3 \%
Vaa_3 Top sync output level 1.7 2 23 \"
Ay Gain control range 50 74 dB
S/N Signal-to-noise ratio at V; = 10mV’ 50 57 dB
Va3 -3(p-p) Maximum video output amplitude for positive modulation 4.5 \
(peak-to-peak value)
BW Bandwidth of video amplifier (3dB) 5.5 MHz
dG Differential gain at Vo =2V 4 10 %
d¢ Differential phase at Vg =2V 2 10 %
V24 _3(RMS) Residual carrier signal (RMS value) 10 20 mvV
V24_3(RMS) Residual second harmonic of carrier signal (RMS value) 20 60 mV
Vis-3 AFGC output voltage swing 10 Vv
Af Change of frequency required for AFC output voltage swing of 10V 70 200 kHz
Vi7-3 AFC switch off for a voltage lower than: 15 \
AFC inverter switch
Vig-3 positive AFC (Figure 1) 0 15 \
Vig-3 negative AFC (Figure 2) 4 12 \"
Tuner AGC
l10 Leakage current 15 HA
Saturation voltage
Vio-3 l1o=0.3mA 0.1 0.3 v
'/ take-over point Low 3 mV
" take-over point High 10 mV
AV, _3 Signal expansion at Ay = 50dB 0.5 dB
Negative modulation (Figure 3)
Voo_3 white spot inverter threshold level 4.6 \
Vaa_3 white spot insertion level 3.2 v
Voo_3 noise inverter threshold level 0.9 \")
Vao_3 noise insertion level 25 \"
Vi1-3 Positive modulation AGC detector reference level 3.0 3.2 3.4 \"
Viz-3 Auxiliary video input signal for Vop.p) =2V 0.7 1 1.4 \
Auxiliary video output
Vis-a output signal® 1 v
Vig-3 top sync level 1 2 3 \
1214 -3| output impedance 7 Q
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Multistandard Video TDA2549

DC ELECTRICAL CHARACTERISTICS (Continued) (Measured in Figure 4) Vog = 12V; Ta = 25°C, unless otherwise
specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

Levels for video switches
Va_a positive video 1
Va_3 negative video 3
Vo33 internally demodulated signal 1
Vaz_3 auxiliary video signal 3
NOTES:

1. Signal-to-noise ratio S/N =

<<<<

Vo black-to-white
VnRMs) at B= S5MHz'
2. Measured in application of Figure 4.

1 /]

Vg3V
]

Viss

-]

/ 4
/

) L

0
-4 -3 -2 -1327 +1 +2 +3 +4 —4 -3 -2 -1389 +1 +2 +3 +4
MHz 1(MH2)

0P16010S 0P158708

Figure 1. AFC Output Voltage V5.3 for Positive AFC Figure 2. AFC Output Voltage Vq5_3 for Negative AFC

Va2.3V)

5
WHITESPOTINVERTER __, ¢
THRESHOLD LEVEL

ZERO-SIGNAL LEVEL, 4
WHITE LEVEL (CCIR)

WHITE SPOT INSERTION ___ 22
LEVEL

NOISE INSERTION LEVEL — 2.5 '=l_|
TOP SYNC LEVEL ——— 2 f———

NOISEINVERTER __ oo 1}
THRESHOLD LEVEL — 99

TIME

OP16020S

Figure 3. Video Output Waveform Showing White Spot and Noise Inverter
Threshold Levels
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Product Specification

Multistandard Video TDA2549
APPLICATION INFORMATION
N e T
SWITCH Q
rd\ -[:— +12V
= 4 = J.j-.-' 100k 7%
i:tJnF MnFTInF =1nF < L
™ =T Sk Sk =20 jopN1
FROMPINT! a1 1
? ' r ' 2
4TnF =
1
1 2 3= s 5 [ 7 8 9 10 " 12 ]I: 2,F
TDA2549
304
22k % 2 2 21 20 " 18 1 18 15 " 13
150pF AUXILIARY
»—1 —AAA VIDEO
OUTPUT
100nF
I Ry =75
120pF = 100
%s,.u b3
VIDEO L ° AFC AFC g' ook
SWITCH _T. SWITCH INVERTER T
- é 12V
+
% 68,F %uﬁ
VIDEO OUTPUT = = AFCOUTPUT
Figure 4. Application Diagram
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Section 8
Sound IF and Special Audio
Decoding

INDEX
TBA120 IF Amplifier and Demodulator............cooiininiiiiiiiiiiiiiiiiiinenns
TDA2545A Quasi-Split Sound IF System ...........cccoviviiiiiiiiiiiiiiiiinne,
TDA2546A Quasi-Split Sound IF and Sound Demodulator ..............ccccuvunee.

TDA2555 Dual TV Sound Demodulator ............cccueermveniennriininiiiniencnaes







Signetics TBA120U
Sound IF Amplifier/

Demodulator for TV

Product Specification
Linear Products

DESCRIPTION FEATURES PIN CONFIGURATION

The TB/}120U is an IF amplifier with a e Outstanding limiting N Package
symmetrical FM demodulator and an AF o AF Input

amplifier with adjustable output voltage. 4 Few external components GND(sUB) [T] 3] 1F INPUT

The AF amplifier is also provided with an

. [ ) IFINPUT [2] [13] FEEDBACK
output for volume control and an input DC volume controi

for VCR operation. APPLICATIONS v;:‘_":j: 2 2 :::Wm
The input and output of the TBA120U @ Black/white and color TV DCVOLUME ] IF ouTPUT
are especially designed for LC circuits, receivers {FOUTRUT 3] 1 quanineur
but thg iqput can also be used with a e Video cassette recorders (VCRs) QUADINPUT 5] AF OUTPUT (ADY)
ceramic filter. e CATV converters
TOP VIEW
ORDERING INFORMATION coraes
DESCRIPTION TEMPERATURE RANGE ORDER CODE

14-Pin Plastic DIP (SOT-27K) 0 to +70°C TBA120UN
ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT

Vce = V1.1 Power voltage (Pin 11) 18 V!

Vs_1 Adjustment voltage (Pin 5) 6 Vv

Pror Total power dissipation 400 mw

Ri3-14 Bypass resistance 1 k2

Tsta Storage temperature range —-65 to +150 °C

Ta Operating ambient temperature range -15 to +70 °C
NOTE:

1. Supply voltage operating range is 10 to 18V.
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Sound IF Amplifier/Demodulator for TV TBA120U
BLOCK DIAGRAM
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Sound IF Amplifier/Demodulator for TV TBA120U

DC ELECTRICAL CHARACTERISTICS Vg =12V; T =25°C; f = 5.5MHz, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Av IF 6-14 IF voltage gain 68 dB
Vi Input voltage starting limiting at Af = + 50kHz; fy = 1kHz 30 60 "
Vo IF (P-P) IF output voltage at limiting (peak-to-peak value) 250 mV
AM suppression at Af = + 50kHz; V| = 500uV;
(o9
fm = 1kHz; m=30% 50 60 a8
IF residual voltage without de-emphasis
ViF12 at Pin 12 30 mV
Virs at Pin 8 20 mV
Av AF8-3 AF voltage gain 7.5
AV AF AF adjustment at R4.5 = 5k$2; Rs.q1 = 13k 20 28 36 dB
AVo aF AF output voltage control range 70 85 dB
Rs-s5 Adjustment resistor’ 1 to 10 kQ
DC voltage portion at the AF outputs
Vi2-1 Pin 12 5.6 \
V5_1 Pin 8 4.0 v
Output resistance of the AF outputs
Ro 12-1 Pin 12 1.1 k2
Ro 8-1 Pin 8 1.1 k2
Ria-1 Input resistance of the AF input 2 k2
V4-1=VRer Stabilized reference voltage 4.2 4.8 5.3 \
Rg-1 Source resistance of reference voltage source 12 Q
Ripple rejection
V42/V44 at Pin 12 30 dB
Vg/Vyq at Pin 8 35 dB
lec =11 Supply current (Pin 11) 9.5 135 175 mA
1zl IF input impedance
C_ 4.5pF 40 k2
C_ 6.0pF 15 k2
AF output voltage at Af = + 50kHz; fy = 1kHz;
V)= 10mV; Qo = 45; RMS value
Vo AF (RMS) at Pin 12 1.0 \
Vo AF (RMS) at Pin 8 1.2 \"
Distortion at Af= + 50kHz; fyy = 1kHz; o
dror V, = 10mV; Qg = 20 1 %
NOTE: N

1. Pin 5 must be connected to Pin 4, when volume control adjustment is not applicable.
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Product Specification

Sound IF Amplifier/Demodulator for TV

TBA120U

OP15950S

Figure 2. The AF Output Voltage
at Pin 8 as a Function of the
Resistance Values
as Shown in Figure 3

Vee AF AF  AF(ADJUSTABLE)
3100 22,F T 22,F = 22,F
+ + 1 + 47nF
ATuF 47nF =
| + 1L
I I Ll —L
1l 3 2 8
SFC55mA 56pF " ”
o—]} o—{} l o—— —0»0
9
U] 820 (1) L 380pF ——o°
T o hd TBAT200 , 1s0F 20,
I | =76
% -rzan 22nF ————o
| 2 [ Q=40
- - b——o0
1 4 5
4Tk 10k 10k
AA— A AR
= =4 LNY _J__
TC196018
NOTE:
1. Either one of these circuits may be used.
Figure 1. Application Example Using TBA120U
+20 4 5 +20 T T
V, T |
[ 0
5k pd
/| AM SUPPRESSION
-20 7 8 -20 ¥
g 10k g
g0 g M=80%
=
=3 3 [NOISE o~
-0 R -60
.sz OVERIF M=
—80 | .-v:%lavma 1 -80 ]
o 11 “orons i} I |
0 2 4 6 8 -0 -80 -60 -4 -20 0
Ry (k2) V,(dB)2)
2 24 28 32 38 OP15961S
Rs4/Rys NOTES:

Figure 3. Resistor Conditions for
Curves in Figure 2

1.Vp ar with de-emphasis at Af = +50kHz;
m = 1kHz; dror = 1.5%; 0dB =~ 770mV.
2. Vi: 0dB = 200mV at 602

Figure 4. The AF Output Voltage
at Pin 8 as a Function of the
Input Voltage With SFC 5.5mA

at the Input (see Figure 1)
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Sound IF Amplifier/Demodulator for TV TBA120U

+20 T Or—T—TT T T T T T T 7 s
_gVourtd_| | 0dB A900mV OVERIF (PIN§) |
o 2t | | [ 0dB A1.15V (PIN 8)
1 .
20 |4 /| AM SUPPRESSION i Va1
8" [ NI 15 —r
g r/ \* g E /‘/" /'ec—‘ 45 s-
g'“ =V M=80%] B 5 8., % S
P o[ Noise N [N M=30% ‘.,_\
\\<-° “\ 5 A
-80 \\ 30,V _“‘\‘ !' ; 2
-100 0 = 5 10 % 20
-0 -8 -60 -40 -20 O ~100 -50 [} Vec ™
v, @B)2) Vo an) €B) oereaats
OP15971S ‘OP15980S
NOTES:
1.Vo aF with de-emphasis at fm = 1kHz; 0dB =~
770mv;
curve a: Af = +50kHz; dror =3%;
curve b: Af = +25kHz; dror =1%. NOTES:
2. Vi 0dB =~ 200mV at Pin 14. 0dB =~ 900mV over IF (Pin 8)
Figure 5. The AF Output Voltage TToo e RS ERS
at Pin 8 as a Function of the Figure 7. Total Distortion as a ';9;":* 8& s"",p'ftly c“"'"e",‘lt a:d the
Input Voltage With Function of the AF Output eFe egﬁen °f asge “I anta a: a
Broadband Input (6052) Voltage Change unction of Supply Voltag
+5
1]
T
Voan PIN8T
[}
‘ gt
) T | VoupPINT]
£
-5
[ ° 5 20
Vec V)

OP159808

Figure 6. The AF Output Voltage
at Pins 8 and 12 as a Function of
the Supply Volitage; 0dB ~ 770mV
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DESCRIPTION

The TDA2545A is a monolithic integrat-
ed circuit for quasi-split-sound process-

ing in television receivers.

ORDERING INFORMATION

TDA2545A

Quassi-Split-Sound Circuit

Product Specification

FEATURES

e 3-stage gain-controlled IF
amplifier

® AGC circuit

o Reference amplifier and limiter
amplifier for vision carrier
processing

o Linear multiplier for quadrature
demodulation

APPLICATIONS

e Stereo MTS television receiver

e Video cassette recorder with
MTS

o CATV converters

PIN CONFIGURATION

IFINPUT [1] [16] IFINPUT
FBDECOUPLING [2] [15] FB DECOUPLING
AGC CAPACITOR [3] [14] NC

Nc [4] [13] GND(SUBSTRATE)
NC (5] [12] IF OUTPUT

EMODULATOR

DEMODULATOR
Fones Giacor ] [2] TuNED circuIT

TOP VIEW

©D125308)

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

16-Pin Plastic DIP (SOT-38)

0 to +70°C

TDA2545AN

BLOCK DIAGRAM

—

38.9MHz Vee
[ 8 #
1ST SOUND IF & DEMODULATOR
LIMITER-
Voo AMPLIFIER
4K 4k
Sy i
TDA2545A
3.3k 333k
REF.
AMP.
5
L 5.5MHz
= S J3k

o ® N
T, s / / / o
S —J EESR

SIGNAL

FORAGC

5.742MHz

NOTE:

1. IF signal: vision carrier (VC) and sound carrier (SC).

||H' =

|||—-;

80088105

January 14, 1987

853-1148 87196



Signetics Linear

Products

Product Specification

Quasi-Split-Sound Circuit

TDA2545A

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vece Supply voltage (Pin 11) 13.2 \%
Tsta Storage temperature range —-65 to +150 °C
Ta Operating ambient temperature range 0 to +70 °C

DC ELECTRICAL CHARACTERISTICS V¢ =12V; Tp=25°C; measured at fyc = 38.9MHz, fscq = 33.4MHz,
fsco = 33.158MHz:
Vision carrier (VC) modulated with 2T/20T pulses, line-for-line alternating with white
bars; modulation depth 100% (proportional to 10% residual carrier).

Sound carriers (SC1, SC2) modulated with f= 1kHz and Af= *30kHz.
Vision-to-sound carrier ratios are VCSC1 = 13dB and VCSC2 = 20dB.

Vision carrier amplitude (RMS value) is Vyc = 10mV.

For measuring circuit see Figure 1, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ | Max

Supply (Pin 11)
Vee Supply voltage 10.8 12 13.2 v
lcc =11 Supply current 42 mA
IF amplifier
Vyci - 16(RMs) | Minimum input voltage (RMS value) 50 uv

(intercarrier signals —3dB)
Vvei -16(RMs) | Maximum input voltage (RMS value) 100 mV

(intercarrier signals +1dB
AGy IF control range 66 dB
V3_13 Control voltage range 4 9 \'
Ri_1s Input resistance k2
Ci-16 Input capacitance 2 pF
Intercarrier generation
V12-13RMS) Output voltage; 5.5MHz (RMS value) 100 mV
Vi2-13@RMS) Output voltage; 5.742MHz (RMS value) 45 mV
Viz-13 DC output voltage 5.9 \'
Ri2-13 Allowable load resistance at the output 7 k2
~ly2 Allowable output current 1 mA
Intercarrier signal-to-noise (measured behind the FM demodulators)

Signal-to-weighted-noise ratio

according to CCIR 468-2, quasi-peak
S+ W/W at 5.5MHz 53 dB
S+ W/W at 5.742MHz 51 dB

with black level (vision carrier

modulated with sync pulses only)
S+ W/W at 5.5MHz 60 dB
S+ W/W at 5.742MHz 58 dB

January 14, 1987
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Product Specification

Quasi-Split-Sound Circuit

TDA2545A

NOTES:

IFINPUTE

TO FM DEMODULATORS
5.742MHz 55MHz
OUTPUT UL
l LN, .I. ~O +Vg
+
IlonF I 22,F
|“F" = =
4.1:|F
' 11 1
e e ol
16 15 114 13 12 1 10 9
470F == TDA2545A ﬁ,‘: 88pF /H)G
1 2 B Ta Ts Te 17 3
| 1 | ]
47nF
L [ N
f sa0nF | ! I ] 3BIMAz
I'L 1 1 1 =1
LS10900S

Pins 4, 5, 6, 7, 10 and 14 not connected.
1. IF signal: vision carrier (VC) and sound carrier (SC)

Figure 1. Measuring Circuit for TDA2545A

January 14, 1987
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Linear Products

DESCRIPTION

The TDA2546A is a monolithic integrat-
ed circuit for quasi-split-sound process-
ing, including 5.5MHz demodulation, in
television receivers.

ORDERING INFORMATION

TDA2546A

Quasi-Split-Sound [F With
Sound Demodulator

Product Specification

FEATURES

First IF (VC: vision carrier plus SC:

sound carrier)

o 3-stage, gain-controlled IF
amplifier

o AGC circuit

o Reference amplifier and limiter
amplifier for vision carrier (VC)
processing

o Linear multiplier for quadrature
demodulation

Second IF (5.5MHz signal)

o 8-stage limiter amplifier

® Quadrature demodulator

o AF amplifier with de-emphasis

® AV switch

APPLICATIONS
o Television stereo MTS receiver

e Video cassette recorder with
MTS stereo

DESCRIPTION TEMPERATURE RANGE ORDER CODE

18-Pin Plastic DIP (SOT-102CS) 0 to +70°C TDA2546AN
ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Pin 15) 13.2 "
[ Input current (Pin 4) 5 mA
Tsta Storage temperature range -25 to +150 °C
Ta Operating ambient temperature range 0 to +70 °C

February 12, 1987

PIN CONFIGURATION

FIN [T]

8 DECOUP [Z]
AGc cap [3]
MUTING IN [7]
oeempHasis (5]
Aupio ouT [F]
Quap colL [T]
QuAD colL [B]

DEMOD
TUNEDCIR ]

N Package

[18) IF IN
j17) FB DECOUP
[16] aND
[15] Voo

m INTERCARRIER
SOUND OUT

SOUND IF
[13] £8 pECOUP
7] SOUNDIFIN
SOUND IF
[11] £3 pecoup
o) DEMOD
TUNED CIR

TOP VIEW

CD125408

853-1182 87585



/861 ‘21 Aenigeg

clL-8

8 AF

389MHz S5MHz
Ji
"
'
0 Tﬁ 8 |7
! Lon 2NDSOUND IF
1ST SOUND IF & DEMODULATOR { —~F & FM DEMODULATOR
AMPUIFIER i 20°
V+ V+ : 0° X
4 4k
Vo Y | -
| 1«
TDAZ546A | Wt gy | v+
= = 3w 3w
< 1’
a3k $ 33k !
REF. |
AMP. |
= - = | V+ V+
i |
1 < <
> 90k > 90k 382k
:I: 3k 33k 90° v+ $ b3 3
ool ] |
o
FiNPUT® | 4 / / 7> 9 >< | LIMITER-AMPLIFIER 15k | 8003 12K
A j’ | (8.STAGE)
5; & 33k | =
2 |
|
|
SIGNAL |
" X u
FORAGC i
3k | =
Wt
= = |
|
3 % " ] B [l f 4
f — ¢,
= - = O
MUTING
—AAM CIRCUIT
TO EXTERNAL -
FM DEMODULATOR

NOTE:
1. IF signal: Vision Carrier (VC) and Sound Carrier (SC).

OUTPUT

BD08820S

AvHOVIA %0078

Jo|pjNPOWSd PUNOS UM 41 PUNOS-Hids-IsonD
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sjonpold Ipsur soyeubis

uoooYIoads jonpold



Signetics Linear Products Product Specification

Quasi-Split-Sound IF With Sound Demodulator TDA2546A

DC ELECTRICAL CHARACTERISTICS Vg =Vi5_16=12V; Tp = 25°C; measured at fyc = 38.9MHz, fscq = 33.4MHz,

fsca = 33.158MHz:

Vision carrier (VC) modulated with 2T/20T pulses, line-for-line alternating with white
bars; modulation depth 100% (proportional to 10% residual carrier).

Sound carriers (SC1, SC2) modulated with f=1kHz and Af=+30kHz.
Vision-to-sound carrier ratios are VC/SC1 =13dB and VC/SC2 = 20dB.

Vision carrier amplitude (RMS value) is Vyc = 10mV.

For measuring circuit see Figure 1, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min J Typ J Max
Supply (Pin 15)
Vec =Vis-16 Supply voltage 10.8 12 13.2 \"
lecc=l1s Supply current 54 mA
IF amplifier
Vvt - 18(RMS) Minimum input voltage (RMS value) (intercarrier signals -3dB) 50 uv
Vvei1 - 18(RMS) Maximum input voltage (RMS value) (intercarrier signals +1dB) 100 mV
AGy IF control range 66 dB
V3_18 Control voltage range 4 9 \
Ri-18 Input resistance ’ 2 k2
Ci-18 Input capacitance 2 pF
Intercarrier generation
V14-16(RMS) Output voltage; 5.5MHz (RMS value) 100 mV
V14-16(RMS) Output voltage; 5.742MHz (RMS value) 45 mV
Vis-16 DC output voltage 5.9 \
Ri4-16 Allowable load resistance at the output 7 k2
-lia Allowable output current 1 mA
Frequency demodulator (measured at f=5.5MHz)
Vi2-16RMS) Input voltage for start of limiting (RMS value) 100 v
Vi2-16(RMS) Maximum input voltage (RMS value) 200 mV
Vi1, 12, 13-16 DC output voltage 2.2 \
V6 - 16(RMS) AF output voltage (RMS value) 600 mV
Ve-16 DC output voltage 4 \
Rs-18 Allowable load resistance at the output 27 k2
THD Total harmonic distortion 1 %
Ri5-16 Internal de-emphasis resistance 1 k2
Switching voltage (Pin 4)
Va-18 for mute 9 \
Vs_16 for AF on 25 \'
Intercarrier signal-to-noise (measured behind the FM demodulators)
Signal-to-weighted-noise ratio

according to CCIR 468-2, quasi-peak
S+ W/W at 5.5MHz 53 dB
S+ W/W at 5.742MHz 51 dB

with black level (vision carrier modulated with sync pulses

only)
S+W/W at 5.5MHz 60 dB
S+ W/W at 5.742MHz 58 dB

February 12, 1987 8-13



Signetics Linear Products Product Specification

Quasi-Split-Sound IF With Sound Demodulator TDA2546A

FILTER 5.742MHz
_“N"—I '__, TO EXTERNAL
g 820 FM DEMODULATOR
22,F FlLTERs.iMHz . .
_L———-l " -—»vw—' A jl—_L
IF INPUT( = 820 =
4H 68,H =
4TnF 10nF 22nF
—i —1 I
v+
18 17 16 15 14 13 12 1 10
£ -1.68
58 azoF TDA2548A ToF /ﬁ{,
1 2 5 6 7 8 9
ATnF 2.2k
L + M 38.9MHz
330nF 10nF 4TnF 22u4F 55MHz Q@=40)
I 1 T
AV i AF 1
SWITCHING DEEMPHASIS S
VOLTAG
AGE OUTPUT _Qé_
LS10910S8
NOTE:
1. IF signal: Vision Carrier (VC) and Sound Carrier (SC).
Figure 1. Measuring Circuit for TDA2546A

February 12, 1987 8-14
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Linear Products

DESCRIPTION

The TDA2555 incorporates two FM de-
modulator systems to perform the de-
modulator functions required in a dual
sound carrier TV system for demodulat-
ing the sound carriers.

TDA2555

Dual TV Sound Demodulator

Circuit

Product Specification

FEATURES

o Eight-stage limiting amplifier

® Quadrature demodulator for FM
detection

o De-emphasis stage

® Output amplifier

APPLICATIONS

o Black-and-white/color receivers
e Video cassette recorders (VCR)
o Satellite receivers

e CATV converters

PIN CONFIGURATION

DEEMPHASIS [T] [18] FEEDBACK
AUDIO OUT AF, [T7] IF, INPUT
QUADIN [3] [76] IF, INPUT
QUADIN [] 78] Ve,
aND, [E] [13] GND,
QuADIN [E] 73] Voor
QUADIN [T] [12] IF, INPUT

AUDIO OUT AF,
DEEMPHASIS [9]

[11] IF, INPUT
[10] FEEDBACK

TOP VIEW
CD12120S
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
18-Pin Plastic DIP (SOT-102HE) 0 to +70°C TDA2555N
BLOCK DIAGRAM
alz +12v -r_L
3 I S J. 7 =
3 < - =
1 " ]
inr
7 6 |s 13 9
10
JI= AAA- ,__”7 l
1 l SUPPLY
- < AAMA- ] 8
P i, e = b
12 NG
&
1 >
IF; O—
8.STAGE QUADRATURE
LIMITING AMPLIFIER DEMODULATOR TDAZ555 .
7
IF, O- ™ 1k
18
1 - 2 LI
L s 5
3 1 =2 g
I 1 . SUPPLY
I i} AN —{— l
= 3 T | T3 1
dl
L1
s .I. L -L
1 I S I
Jl= - +12V =
'BDO8300S

February 24, 1987

853-0215 87735




Signetics. Linear Products Product Specification

Dual TV Sound Demodulator Circuit TDA2555

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Pins 13 and 15) 13.2 Vv
Pror Total power dissipation 400 mwW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature 0 to +70 °C

DC ELECTRICAL CHARACTERISTICS Vg = Vi3, 15-14 = 12V; Ta=25°C; f = 5.5MHz; fmy = 1kHz; Af = +30kHz;
Vi (Rms) = 5mV, see Test Circuit Figure 1, voltages with respect to ground (Pin 14),
unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Vece Supply voltage (Pins 13 and 15) 10.8 12.0 13.2 v
l13, 15 Supply current 245 mA
V12, 17(RMS) Input voltage (RMS value) for start of limiting 100 uv
Vig, 17-14 Maximum input voitage 200 mVv
A DC voltage at inputs-Pins 10, 11, 12, 16, 17, and 18 to 14 2.0 v
AM suppression
fmFM) = 70HzZ; Af = + 30kHz
AMS fM(AM) = 1kHz; m = 30% 50 dB
Vo, 8-14 AF output voltage RMS value 350 mV
Vo, 8-14 DC voltage at outputs Pins 2 and 8 3.7 v
RL Output lead resistance Pins 2 and 8 10 kS
THD Total harmonic distortion 0.1 %
R Internal de-emphasis resistance Pins 1 and 9 1.0 kQ
o« Channel separation 60 dB

February 24, 1987 8-16
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Dual TV Sound Demodulator Circuit TDA2555

2,F i
o -F_ = =N

TDA2555
J: 2 3 4 5 6 7 8 :I-s
47nF __ﬁ_‘ b—#——‘ 47nF
I I
— A, _| ‘_ = _.__i |___J aF, =
1* &
AA A
VWA— VWA L
== 22pF = 22pF ﬁ‘: 22pF == 22pF
1nF inF
.__l l_. 1L
1
18k 18k
A AA

W
TC19891S

Figure 1. Test Circuit

February 24, 1987 8-17
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Signetics

Linear Products

DESCRIPTION

The TDA2577A separates the vertical
and horizontal sync pulses from the
composite TV video signal and uses
them to synchronize horizontal and verti-
cal oscillators.

FEATURES

o Horizontal sync separator and
noise inverter

o Horizontal oscillator

o Horizontal output stage

o Horizontal phase detector (sync
to oscillator)

o Time constant switch for phase
detector (fast time constant
during catching)

o Slow time constant for noise-only
conditions

o Time constant externally
switchable (e.g., fast for VCR)

o Inhibit of horizontal phase
detector and video transmitter
Identification circuit during
vertical oscillator flyback

e Second phase detector (y2) for
storage compensation of
horizontal deflection stage

o Sandcastle pulse generator (3
levels)

o Video transmitter identification
circuit

o Stabilizer and supply circuit for
starting the horizontal osciliator
and output stage directly from
the supply voltage

ORDERING INFORMATION

TDA2577A

Sync Circuit With Vertical
Oscillator and Driver

Product Specification

® Duty factor of horizontal output
pulse is 50% when flyback pulse
is absent

e Vertical sync separator

e Bandgap 6.5V reference voltage
for vertical oscillator and
comparator

e Synchronized vertical oscillator/
sawtooth generator (synchroni-
zation inhibited when no video
transmitter is detected)

o Internal circuit for 3% parabolic
precorrection of the oscillator/
sawtooth generator. Comparator
supplied with precorrected
sawtooth and external feedback
input

e Vertical comparator with internal
3% precorrection circuit for
vertical oscillator/sawtooth
generator

e Vertical driver stage

o Vertical blanking pulse generator
with external adjustment of pulse
duration (50Hz: 21 lines; 60Hz: 17
lines)

o Vertical guard circuit

APPLICATIONS

e Video monitors

e TV receivers
e Video processing

PIN CONFIGURATION

TOP VIEW

N Package

COIN DET
SANDCASTLE
PULSE OUT
HORIZ OSC
STARTVIN
HORIZ OSC
PHASE DET
20uUT

XMIT ID OUT/
VCR SWITCH
FLYBK PULSE IN
HORIZ OUT

Vee

CD127508

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

18-Pin Plastic DIP (SOT-102HE)

-25°C to +65°C

TDA2577AN

January 14, 1987

9-3

853-1151 87202




Signetics Linear Products

Product Specification

Sync Circuit With Vertical Oscillator and Driver TDA2577A

BLOCK DIAGRAM

104F HORIZONTAL FREQUENCY
+ ADJUSTMENT hg>4mA 12V
1F g2 24F  1S00F g0 g 220F Q100 9
* o A o *ZT0PIN6 vy —| Ll
WA H H = H
= == 4T uF = 1wk = = =
[ 7 = = 8 15 16 10
VIDEO INPUT ]
4 ! |
S HORIZ! SLOW :: T
—AAA ONTAL 18T FAST PHASE| PHASE
e rcon | 1 [ofieSion 2 | onzovms | osrecron| foowmowuozonuiie] cmctr 1
Tosoer | SEPARATOR ECTOR |« REFERENCE [->] e STABILIZER
L1sop NOISE T T T
= INVERTER T 1 TOPIN 16
L 1 T
0, Y ' !———" Py ok
w1l COINCIDENCE |—>}
rh VERTICAL VERTICAL 2ND "
L | DETECTOR_ f—» BLANKING GUARD BURST! | | HomizonTaL HORIZONTAL !
= 3 VIDEO GATING GENERATOR CIRCUIT REFERENCE HORIZONTAL
TRANSMITTER [ T T DRIVE
IDENTIFICATION IDENTIFICATION| L
TLE FLYBACK
+12v R13 STABILIZER el ™ puLSE PULSE
oA~ 5 GENERATOR PROTECTION
VCR 12k
TDA 2577A [ . L
VERTICAL T _l_
VERTICAL OSCILLATOR/ PRE- | VERTICAL |VERTICAL —— DErEToR
SEPARATOR Praviigeis ToNico ORNVE MODULATOR ‘T—‘ p
VERTICAL
BLANKING
[ 3 2 1 [ 0 v
Topnt K 13 o0k ! :zo — 50/
(+12v) M1 a0 68 >ozm
680nF = 220k w1 —L TraTer |40
I I I VAW
= = [ = SANDCASTLE = =
+26V VERTICAL™ VERTICAL OUTPUT PULSE HORIZONTAL FLYBACK
VERTICAL FREQUENCY  FEEDBACK DRIVE PULSE
ADJUSTMENT
BD09230S
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Signetics Linear Products Product Specification

Sync Circuit With Vertical Oscillator and Driver TDA2577A

VERTICAL DRIVE COINCIDENCE DETECTOR
VERTICAL DRIVE 2V
TDA3651
PIN 1
( ) 250 4A
8
68k 4

4k -__Lwo

10nF

i

VERTICAL COMPARATOR L L =
ark SANDCASTLE PULSE GENERATOR
; '
| 12V
VERTICAL 1] 22k H sk 1: 8k
FEEDBACK 2 . osciLLatorl ® <
O—AMA 1k | "
27k |
i 150 FLYBACK _,.-rn'l.-\_
= 39nF ! SANDCASTLE
= = g OUTPUT PULSE
LT . 5.6k
i VERTICAL OSCILLATOR/SAWTOOTH GENERATOR j
100k 4 1k composiTe |
AAA . A VIDEO
vy WA i
680 l i 25V INVERTER
220k pes 470 |
I o |
*26V - Iig>2mA
VERTICAL START CIRCUIT STABILIZER o
FREQUENGY L osciLator —
ADJUSTMENT =  FLYBACK v > + | 100
4

AAA

____________________________ Y g

S
START 2
VOLTAGE ] sV
HORIZ. OSC.
*®
+12V — — —
(PIN 10) —— ]
HORIZONTAL OSCILLATOR
56k
4
10 4F I
= 15 38k
27
I,,F a7k
A A HORIZONTAL
FREQ. ADJ.

DF08870S.

Figure 1. TDA2577A Circuit Diagram
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Sync Circuit With Vertical Oscillator and Driver TDA2577A

!4 v DURING PHASE DETECTOR o,
| staRT-up “
VIDEO :
INPUT | iu oF
4\/‘\/ | oscrer__ -
1k : PULSE
lnorizonTaL
luo
FLYBACK ~~~
150pF T OSCILLATOR
! " 12y
HORIZONTAL SYNC SEPARATOR |
v ! ! l 312k VCR
COMPOSITE |
SUCED
| Syne COMPOSITE | Sz k 2k
350 SYNC ' > 220 13
i —AAA-
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TOSYNC | $12k
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< —_— —_—
i S S N ettt .
‘ HORIZONTAL FLYBACK 02TO4mA
H 12 N
+12v ! 0.8V WA
. ! ;:::goﬂ HORIZONTAL
FLYBA(
COMPOSITE | LYBACK
SYNC : 4k
82 ‘t I <
4 .
E |
2,F 3= L L swc |
L = = SEPARATOR 4
= | ———
P 50/60
nerenencg  SLOWPHASE DETECTOR @1 1 s SANDCASTLE
VOLTAGE 0V 2V ov 2v = SWITCH
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l SYNC - - g e ! 54k
ar [ HORIZONTAL
wFT 820 g | 00 S12 DRIVE
i M J_ Y REF .
12 150 VOLTAGE 15V
I "I 27y v
= = I 1
o LT T Tp— ———— ¢ — — —— e ¢ — — - — — — - —— — — — o — 10 izo‘;
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= = 1 =
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Figure 1. TDA2577A Circuit Diagram (Continued)
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Signetics Linear Products Product Specification

Sync Circuit With Vertical Oscillator and Driver TDA2577A

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
e Start current (Pin 16) 8 mA
Vcc =Vio-g | Supply voltage (Pin 10) 13.2 "
Pror Total power dissipation 11
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +65 °C
' Zrn(:)riren:t' :S;Lset:n;::: from junction to 50 °CIW
DC ELECTRICAL CHARACTERISTICS ¢ =5mA; Voc = 12V; T = 25°C, unless otherwise specified.
LIMITS
SYMBOL PARAMETER UNIT
Min I Typ r Max
Supply
l1e Supply current at Pin 16 4 8 mA
Vie-g Stabilized supply voltage (Pin 16) 8.0 8.7 9.5 \
l1o Supply current (Pin 10) 55 70 mA
Vec=Vio-9 Supply voltage (Pin 10) 10 12 13.2 \"
Video input (Pin 5)
Vs_g Top-sync level 15 3.1 3.75 \"
Vs _9(p-p) Sync pulse amplitude (peak-to-peak value)1 0.15 0.6 1 \
Slicing level 35 50 65 %
t Delay between video input and detector output 0.35 us
Noise gate (Pin 5)
Vs_g Switching level 0.7 1 Vv
First control loop (sync to oscillator; Pin 8)
Af Holding range +800 Hz
Af Catching range +600 800 1100 Hz
Control sensitivity video with respect to oscillator, burst key,
and flyback pulse
for slow time constant 1 kHz/us
for fast time constant 275 kHz/us
Second control loop (horizontal output to flyback; Pin 14)
Atp/ Aty Control sensitivity; static? 400 us/us
to Control range 1 50 us
Controlled edge negative
Phase adjustment (via 2nd control loop; Pin 14)
Control sensitivity 25 MA/ us
44 Maximum permissible control current 0 50 MA
Horizontal oscillator (Pin 15)
fosc Frequency (no sync) 15625 Hz
Afpsc Frequency spread (Cosc = 2.2nF; Rpsc = 40kS2) 4 %
Afosc Fr:?‘:ersifaybicl;:ze;/;atg:‘ (:tei;\::een starting point of output signal 6 8 %
Tc Temperature coefficient 1x 1074 °C
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Sync Circuit With Vertical Oscillator and Driver TDA2577A

DC ELECTRICAL CHARACTERISTICS (Continued) 116 =5mA; Vo =12V; Ta = 25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER . UNIT
Min l Typ | Max,
Horizontal output (Pin 11)
Vi1-9 Output voltage; high level 13.2 \
Vi1-g Voltage at which protection starts 13 158 \
Output voltage; low level
Vir-e start condition at I3 = 10mA 03 05 v
Vi1-9 normal condition at {1 =40mA 0.3 0.5 v
Duty factor of output signal during starting (no phase shift;
) : 65 %
voltage at Pin 11 Low)
8 Duty factor of output signal without flyback pulse 45 50 55 %
Controlled edge negative
Duration of output pulse (see Figure 2) tp +to+25 J us
Sandcastle output pulse (Pin 17)
Output voltage during:
Vi7-9 burst key 10 \'
Vi7-9 horizontal blanking 4.2 4.6 5 \"
Vi7-9 vertical blanking 2 25 3 \"
tp Pulse duration
burst key 3.6 4 4.4 us
horizontal blanking flyback pulsea
vertical blanking
for 50Hz application (-ly2 : 0 to 0.1mA) 21 lines
for 60Hz application (-ly2 : typ. 0.2mA) 17 lines
Delay between the start of the sync at the video input and
t2 the rising edge of the burst key pulse 48 5.2 56 us
Coincidence detector; video transmitter identification circuit; time constant switches (Pin 18); see also Figure 1
tl4g Detector output current 300 MA
Vig-9 Voltage during noise* 0.3 %
Vig-9 Voltage level for in-sync condition 75 v
Vig-9 Switching level slow-to-fast 3.2 3.5 3.8 v
Switching level
Vig-g mute function active; ¢ fast-to-slow 1.0 1.2 1.4 \'
vertical period counter
Vig-9 3 periods fast 0.08 0.12 0.16 \'
Vig—g Switching I.eveIA slovy-to-fast (locking) 15 17 19 v
mute function inactive
Vig-9 Switching level fast-to-slow (locking) 47 5.0 5.3 \"
Switching level for VCR (fast time constant)
Vis-9 without mute function 8.2 8.6 9 v
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DC ELECTRICAL CHARACTERISTICS (Continued) 146 =5mA; Vg =12V; Ta =25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min ] Typ ' Max

Video transmitter identification output (Pin 13)
Viz-g Output voltage active (no sync) at li3=1mA 10 11 \
Viz-g Output voltage active (no sync) at ly3 = 5mA 7 10 "
Viz-g Output voltage inactive 0.1 0.5 \
VCR switching (Pin 13)
lha Imnz:let ;::r:rci:)tnfzg tfijzt time constant phase detector ¢, with 0.4 0.6 0.8 mA
Flyback input pulse (Pin 12)
Viz-g Switching level 1 Vv
l12 Input current 0.2 4 mA
Vi2-9(P-p) Input pulse amplitude (peak-to-peak value) 12 \
Ri2-9 Input resistance 2.7 k2
to De!ay .time of .sync pulse émeasured in 'sp1) to flyback at 13 us

switching level; tg = 12us” (see also Figure 3)

Duration of vertical blanking pulse (Pin 12)

Required input current (negative) mA
=112 for 50Hz application; 21 lines blanking 0.15 0.2 0.3 mA
=li2 for 60Hz application; 17 lines blanking 0.1 mA
—ly2 Maximum allowed input current 0.4 mA
Vertical sawtooth generator (Pin 3)
fs Vertical frequency (no sync) 46 Hz
Afg Frequency spread (Cposc = 680nF; Rosc = 180kS2; at +26V) 4 %

Synchronization range 22 %
I3 Input current at Vz_g =6V 2 MA
Afg Frequency shift for Voo =10 to 13V 0.2 %
Tc Temperature coefficient 1x 1074 °c-1
Comparator (Pin 2)

Vo_g Input voltage 4.0 4.4 4.8 \
Va_gp-p) DC level AC level (peak-to-peak value) 1.6 "
Io Input current at Vo_g =6V 2 MA

Sawtooth internal precorrection (parabolic convex) 3 %
Vertical output stage; emitter-follower (Pin 1)

Vi_g Output voltage at |; = 10mA 3.2 3.6 5 \
[ Output current 20 mA
Vertical guard circuit

Activating voltage levels (vertical blanking level is 2.5V)

Va_g switching level Low 2.7 3 3.3 A
Va_g switching level High 5.4 5.8 6.3 v

NOTES:
1. Up to 1Vpp the slicing level is constant; at amplitudes exceeding 1Vp.p, the slicing level will increase.

2. tp =delay between negative transient of horizontal output pulse and the rising edge of the flyback pulse.

to = delay between the rising edge of the flyback pulse and the start of the current in ¢1 (Pin 8).
3. The duration of the flyback pulse is measured at the input switching level, which is about 1V(tg).
4. Depends on DC level at Pin 5; value given applicable for V5_g~5V.
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APPLICATION INFORMATION

The TDA2577A generates the signal for driv-
ing the horizontal deflection output circuit. It
also contains a synchronized vertical saw-
tooth generator for direct drive of the vertical
deflection output stage.

The horizontal oscillator and output stage can
start operating on a very low supply current
(l16 = 4mA), which can be taken directly from
the supply line. Therefore, it is possible to
derive the main supply (Pin 10) from the
horizontal deflection output stage. The duty
factor of the horizontal output signal is about
65% during the starting-up procedure. After
starting up, the second phase detector (¢2) is
activated to control the timing of the negative-
going edge of the horizontal output signal.

A bandgap reference voltage (6.5V) is provid-
ed for supply and reference of the vertical
oscillator and comparator stage.

The slicing level of the horizontal sync sepa-
rator is independent of the amplitude of the
sync pulse at the input. The resistor between
Pins 6 and 7 determines its value. A 4.7kQ2
resistor gives a slicing level at the middle of
the sync pulse. The nominal top sync level at
the input is 3.1V. The amplitude selective
noise inverter is activated at a level of 0.7V.

Good stability is obtained by means of the
two control loops. In the first loop, the phase
of the horizontal sync signal is compared to a

Table 1. Switching Levels at Pin

IN-SYNC CONDITION
sLow

¢y FAST —

MUTE IN —>

NOISE ONLY

Figure 2. Voltage Levels at Pin 18 (Vig-9)

12v

1 FAST MODE;
~<— WITHOUT MUTE FUNCTION

~&— NORMAL MODE

<— 4, SLOW

¢4 FAST VCR MODE;
WITH MUTE FUNCTION

TC207308

waveform with its rising edge refering to the
top of the horizontal oscillator signal. In the
second loop, the phase of the flyback pulse is
compared to another reference waveform,
the timing of which is such that the top of the
flyback pulse is situated symmetrically on the
horizontal blanking interval of the video sig-
nal. Therefore, the first loop can be designed
for a good noise immunity, whereas the
second loop can be as fast as desired for
compensation of switch-off delays in the
horizontal output stage.

The first phase detector is gated with a pulse
derived from the horizontal oscillator signal.
This gating (slow time constant) is switched

18

off during catching. Also, the output current of
the phase detector is increased fivefold dur-
ing the catching time and VCR conditions
(fast time constant). The first phase detector
is inhibited during the retrace time of the
vertical oscillator.

The in-sync, out-of-sync, or no-video condi-
tion is detected by the video transmitter
identification/coincidence detector circuit
(Pin 18). The voltage on Pin 18 defines the
time constant and gating of the first phase
detector. The relationship between this volt-
age and the various switching levels is shown
in Figure 2. The complete survey of the
switching actions is given in Table 1.

MUTE OUTPUT

VOLTAGE AT FIRST PHASE DETECTOR ¢4 AT PIN 13

PIN 18 Time Constant Gating RECEIVING CONDITIONS

On Off
Slow Fast On Off
7.5V X X X Video signal detected
7.5 to 3.5V X X X Video signal detected
3.5 to 1.2V X X X Video signal detected
1.2 to 0.1V X X X Noise only
0.1 to 1.7V X * X * X New video signal detected
1.7 to 5.0V X X X Horizontal oscillator locked
VCR playback with mute function

5.0 to 7.5V X X X Horizontal oscillator locked
8.7V X X X VCR playback without mute function

Where: * = 3 vertical periods.

The stability of displayed video information
(e.g., channel number) during noise-only con-
ditions is improved by the first phase detector
time constant being set to slow.

The average voltage level of the video input
on Pin 5 during noise-only conditions should
not exceed 5.5V. Otherwise, the time con-
stant switch may be set to fast due to the
average voltage level on Pin 18 dropping
below 0.1V. When the voltage on Pin 18
drops below 100mV, a counter is activated
which sets the time constant switch to fast,

January 14, 1987

and not gated for 3 vertical periods. This
condition occurs when a new video signal is
present at Pin 5. When the horizontal oscilla-
tor is locked, the voltage on Pin 18 increases.
Nominally, a level of 5V is reached within
15ms (1 vertical period). The mute switching
level of 1.2V is reached within 5ms
(C1s = 47nF). If the video transmitter identifi-
cation circuit is required to operate under
VCR playback conditions, the first phase
detector can be set to fast by connecting a
resistor of 180k between Pin 18 and

9-10

ground. Also, a current of 0.6mA into Pin 13
sets the first phase detector to fast without
affecting the mute output function (active
High with no video signal detected). For VCR
playback without mute function, the first
phase detector can be set to fast by connect-
ing a resistor of 1kS2 to the supply (Pin 10).

The supply for the horizontal oscillator (Pin
15) and horizontal output stage (Pin 11) is
derived from the voltage at Pin 16 during the
start condition. The horizontal output signal
starts at a nominal supply current into Pin 16
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of 3.5mA, which will result in a supply voltage
of about 5.5V (for guaranteed operation of all
devices lig > 4mA). It is possible that the
main supply voltage at Pin 10 is OV during
starting, so the main supply of the IC can be
taken from the horizontal deflection output
stage. The start of the other IC functions
depends on the value of the main supply
voltage at Pin 10. At 5.5V, all IC functions
start operating except the second phase
detector (oscillator to flyback pulse). The
output voltage of the second phase detector
at Pin 14 is clamped by means of an internal-
ly-loaded NPN emitter-follower. This ensures
that the duty factor of the horizontal output
signal (Pin 11) remains at about 65%. The
second phase detector will close if the supply
voltage at Pin 10 reaches 8.8V. At this value,
the supply current for the horizontal oscillator
and output stage is delivered by Pin 10, which
also causes the voltage at Pin 16 to change
to a stabilized 8.7V. This change switches off
the NPN emitter-follower at Pin 14 and acti-
vates the second phase detector. The supply
voltage for the horizontal oscillator will, how-
ever, still be referred to the stabilized voltage
at Pin 16, and the duty factor of the output
signal at Pin 12 is at the value required by the
delay at the horizontal deflection stage. Thus,
switch-off delays in the horizontal output

stage are compensated. When no horizontal
flyback signal is detected, the duty factor of
the horizontal output signal is 50%.

Horizontal picture shift is possible by external-
ly charging or discharging the 47nF capacitor
connected to Pin 14.

The IC also contains a synchronized vertical
oscillator/sawtooth generator. The oscillator
signal is connected to the internal comparator
(the other side of which is connected to Pin 2)
via an inverter and amplitude divider stage.
The output of the comparator drives an emit-
ter-follower output stage at Pin 1. For a linear
sawtooth in the oscillator, the load resistor at
Pin 3 should be connected to a voltage
source of 26V or higher. The sawtooth ampli-
tude is not influenced by the main supply at
Pin 10. The feedback signal is applied to Pin 2
and compared to the sawtooth signal at Pin 3.
For an economical feedback circuit with less
picture bounce, the sawtooth signal is inter-
nally precorrected by 3% (convex) referred to
Pin 2. The linearity of the vertical deflection
current depends upon the oscillator signal at
Pin 3 and the feedback signal at Pirr 2.

Synchronization of the vertical oscillator is
inhibited when the mute output is present at
Pin 13.

To minimize the influence of the horizontal
part on the vertical part, a 6.5V bandgap
reference source is provided for supply and
reference of the vertical oscillator and com-
parator.

The sandcastle pulse, generated at Pin 17,
has three different voltage levels. The highest
level (11V) can be used for burst gating and
black level clamping. The second level (4.6V)
is obtained from the horizontal flyback pulse
at Pin 12 and used for horizontal blanking.
The third level (2.5V) is used for vertical
blanking and is derived by counting the hori-
zontal frequency pulses. For 50Hz, the blank-
ing pulse duration is 21 lines and for 60Hz it is
17 lines. The blanking pulse duration is set by
the negative voltage value of the horizontal
flyback pulse at Pin 12.

The IC also incorporates a vertical guard
circuit which monitors the vertical feedback
signal at Pin 2. If this level is below 3V or
higher than 5.8V, the guard circuit will insert a
continuous level of 2.5V into the sandcastle
output signal. This will result in complete
blanking of the screen if the sandcastle pulse
is used for blanking in the TV set.

1 DETECTOR
OUTPUT CURRENT

HORIZONTAL
OSCILLATOR SIGNAL

HORIZONTAL
OUTPUT SIGNAL

SWITCH-OFF DELAY
HORIZONTAL OUTPUT STAGE

FLYBACK PULSE

«, DETECTOR
OUTPUT CURRENT

SANDCASTLE BL

VIDEO SIGNAL

(PIN'5)

(PIN 8)

Yy 0358

(PIN 15)

(PIN 11)

w

—
1

SWITCHING
LEVEL

(PIN 12)

to=p! |w=13us

1]

| |4~ 37us

(PIN 14)

~1v

HORIZONTAL

~45V

PULSE
(PIN17)

1—12‘;1—.'

112201 mA: 21 LINES
132 < 0.1 mA: 17 LINES

|

Figure 3. Timing Diagram of the TDA2577A

L~2.5V

Tc207218
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HORIZONTAL
FLYBACK SANDCASTLE PULSE
ey
9 _ 9lim 9
+12vV

‘;'h
i
[}
5o
]
o

)

TDA2577A
5 a 2 1
3 v
pA g | 150 +L_ 10 | 680,
I“F IpF IuF T
" B - 20
“ |
fo ADJ. ‘L
(HORIZONTAL) VERTICAL VERTICAL
fo ADJ. FEEDBACK  DRIVE
(VERTICAL) L
& =
VIDEO +FROM PIN 9
TDA3651
BD09281S
Figure 4. Typical Application Circuit Diagram; for Combination of the TDA2577A with the TDA3651 (see Figure 6)
33k
+12V
TO PIN 180 k
14 E—AN—>2 4Tk
TDA2577A

TC207108

Figure 5. Circuit Configuration at Pin 14 for Phase Adjustment
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TDA3851
1 2 3 ) 5 3 7 )
0o = = I Ne ‘o
_E—l k —
= < 390pF =
3 68k l 470
VERTICAL =
3 330| DEFLECTION BAX12A
VERTICAL DRIVE b: coiLs =47 nf
(FROM PIN 1 TDA2577A) AT1238/20 ]
82k izzo uf
4. = 0
kS Zunearmy L 28V
VERTICAL FEEDBACK $ sHiFT sz
(PIN 2 TDA2577A) "‘I_—‘ + 1 1000 45
a9 | 68 uF (18v)
I g 27k
1——» 100 12
AMPLITUDE
TC20701S
Figure 6. Typical Application Circuit Diagram of the TDA3651 (Vertical Output) When Used in Combination With the
TDA2577A (90°C Application)
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DESCRIPTION

The TDA2578A separates the vertical
and horizontal sync pulses from the
composite TV video signal and uses
them to synchronize horizontal and verti-
cal oscillators.

FEATURES

o Horizontal sync separator and
noise inverter

o Horizontal oscillator

o Horizontal output stage

o Horizontal phase detector (sync-
to-oscillator)

o Time constant switch for phase
detector (fast time constant
during catching)

o Slow time constant for noise-only
conditions

o Time constant externally
switchable (e.g., fast for VCR)

o Inhibit of horizontal phase
detector and video transmitter
identification circuit during
vertical oscillator flyback

e Second phase detector (y2) for
storage compensation of
horizontal deflection stage

¢ Sandcastle pulse generator (3
levels)

o Video transmitter identification
circuit

o Stabilizer and supply circuit for
starting the horizontal oscillator
and output stage directly from
the power line rectifier

ORDERING INFORMATION

TDA2578A

Sync Circuit With Vertical
Oscillator and Driver

Product Specification

o Duty factor of horizontal output
pulse is 50% when flyback puise
is absent

e Vertical sync separator

e Bandgap 6.5V reference voltage
for vertical oscillator and
comparator

e Synchronized vertical oscillator/
sawtooth generator
(synchronization inhibited when
no video transmitter is detected)

o Internal circuit for 6% parabolic
pre-correction of the oscillator/
sawtooth generator. Comparator
supplied with pre-corrected
sawtooth and external feedback
input

e Vertical driver stage

e Vertical blanking pulse generator

o 50/60Hz detector

e 50/60Hz identification output

o Automatic amplitude adjustment
for 60Hz

o Automatic adjustment of blanking
pulse duration (50Hz: 21 lines;
60Hz: 17 lines)

o Vertical guard circuit

APPLICATIONS
o Video terminals
e Television

PIN CONFIGURATION

VverT out [7]
VERT
FEEDBACK

VERT FREQ
apJ 3]

VERT SYNC
sep L4
VIDEO IN [ 5]

HORIZ
SYNC SEP

HORIZ 7
SYNC SEP
PHASE DET 1

out L&

GND |9]

SANDCASTLE
PULSE OUT

HORIZ OSC
STARTVIN
HORIZ OSC
PHASE DET
20UT

XMIT ID OUT/
VCR SWITCH

FLYBK PULSE IN
HORIZ OUT

Vee

TOP VIEW

CD127508

DESCRIPTION TEMPERATURE RANGE ORDER CODE
18-Pin Plastic DIP (SOT-102HE) -25°C to +65°C TDA2578A
January 14, 1987 9-14
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BLOCK DIAGRAM
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Figure 1a. TDA2578A Circuit Diagram
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Figure 1b. TDA2578A Circuit Diagram
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
l1g Start current (Pin 16) 8 mA
Vcc =Vio-9 | Supply voltage (Pin 10) 13.2 '
Prot Total power dissipation 1.1
Tsta Storage temperature range -55 to +150 °C
Ta Operating ambient temperature range -25 to +65 °C
01 ::;T::: il;mesfi»?et:naci? from junction to 50 oc

DC AND AC ELECTRICAL CHARACTERISTICS 116 =5mA; Voo = 12V; Ta = 25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ I Max

Supply
lie Supply current at Pin 16 4 8 mA
Vig-9 Stabilized supply voltage (Pin 16) 8 8.7 9.5 \
l10 Supply current (Pin 10) 55 70 mA
Voo =Vio-9| Supply voltage (Pin 10) 10 12 13.2 \
Video input (Pin 5)
Vs_-9 Top-sync level 1.5 341 3.75 \
Vs _g(P-P) Sync pulse amplitude (peak-to-peak value)' 0.15 0.6 1 Y

Slicing level 35 50 65 %
4 Delay between video input and detector output 0.35 us

Noise gate (Pin 5)

Vs_o | Switching level i [ oz | 1+ ] v
First control loop (sync to oscillator; Pin 8)

Af Holding range +800
Af Catching range 600 800 1100 Hz

Control sensitivity video with respect to oscillator, burst key, and
flyback pulse

for slow time constant 1 kHz/us
for fast time constant 2.75 kHz/us
Second control loop (horizontal output to flyback; Pin 14)
Atp/ At Control sensitivity; static2 400 us/us
to Control range 1 45 us

Controlled edge (positive)
Phase adjustment (via 2nd control loop; Pin 14)

Control sensitivity 25 MA
*l44 Maximum permissible control current 50 MA
Horizontal oscillator (Pin 15)
fosc Frequency (no sync) 15625 Hz
Afosc Frequency spread (Cosc = 2.7nF; Rosc = 33k$2; no sync) 4 %
Afosc :trae;:::;:ycg:;::gzn between starting point of output signal and 6 8 %
TC Temperature coefficient 1074 °C
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) l16=5mA; Vgc=12V; Tp=25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min —| Typ l Max

Horizontal output (Pin 11)
Vi1-9 Output voltage; high level 13.2 "
Vi1-9 Voltage at which protection starts 13 15.8 \

QOutput voltage; low level
Vi1-9 start condition at I{1 = 10mA 0.3 0.5 \"
Vi1-9 normal condition at ly; = 40mA 0.3 0.5 \
5 Duty factor of output signal during starting (no phase shift) 65 %

li6 =4mA (voltage at Pin 11 low) °

8 Duty factor of output signal without flyback pulse 45 50 55 %

Controlled edge (positive)

Duration of output pulse (see Figure 3) tp+ horizontal flyback pulse
Sandcastle output pulse (Pin 17)

Output voltage during:
Viz7-9 burst key 10 "
Vi7-9 horizontal blanking 4.2 4.6 5 \
Vi7-9 vertical blanking 2 25 3 \'

Pulse duration
tp burst key 3.6 4 4.4 us

horizontal blanking (flyback pulse)?

vertical blanking

at 50Hz 21 lines
at 60Hz 17 lines

Delay between the start of the sync at the video input and the

t2 L 45
rising edge of the burst key pulse

Coincid detector; video tr itter identification circuit; time constant switches (Pin 18) (see also Figure 2)
*l4g Detector output current 300 pA
Vig_g Voltage during noise* 0.3 v
Vig-9 Voltage level for in-sync condition 75 \'%
Vig-9 Switching level slow to fast 3.2 3.5 3.8 v

Switching level
Vig-9 mute function active; ;1 fast to slow 1 1.2 14 \
Vig-9 vertical period counter; 3 periods fast 0.08 0.12 0.16 v

Switching level slow-to-fast (locking)
Vig-9 mute function inactive 15 1.7 1.9 \
Vig-g Switching level fast-to-slow (locking) 4.7 5 53 \

Switching level for VCR (fast time constant)
Vig-9 without mute function 8.2 8.6 9 \"
Video transmitter identification output (Pin 13)
Viz-g Output voltage active (no sync) at li3=1mA 0.3 0.5 \'
lia Sink current active (no sync) 5 mA
li3 Output current inactive (sync: 50Hz) 1 MA
50/60Hz identification (Pin 13)

R13 =15k to +12V5
Vig-9 at f=50Hz (in sync condition) Vio-9 \"
Viz-9 at f=60Hz (in sync condition) 7.2 7.6 8 \
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Iy =5mA; Vog = 12V; Ta = 25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min J Typ | Max

Flyback input pulse (Pin 12)
Viz-9 Switching level 1 \"
l12 Input current 0.2 4 mA
Vi2_9p-p) Input pulse amplitude (peak-to-peak value) 12 \
Ry2-9 Input resistance 27 k2
o De!ay ‘time of .sync pulse gmeasured in .‘p1) to flyback at 13 us

switching level; tr = 12us® (see also Figure 3)
Vertical sawtooth generator (Pin 3)
fs Vertical frequency (no sync) 46 Hz
Afg Frequency spread (Cosc = 680nF; Rpsc = 180k$2; at +26V) 4 %

Synchronization range® 33 %
I3 Input current at V3_g =6V 3 HA
Afg Frequency shift for Voo =10 to 13V 0.2 %
TC Temperature coefficient 1074 °C
Comparator (Pin 2)
Va_g Input voltage; DC level 4 4.4 4.8 \
Va_9(p-p) AC level (peak-to-peak value) 0.8 "
lo Input current at Vo_g =6V 2 MA

Sawtooth internal precorrection (parabolic convex) 6 %
Vertical output stage; emitter-follower (Pin 1)
Vi-g Output voltage at |1 = 10mA 3.2 5 \
I4 Output current 20 mA
Vertical guard circuit

Activating voltage levels (vertical blanking level is 2.5V)
Va_g switching level LOW 3 3.35 3.7 \"
Va_g switching level HIGH 4.75 5.15 5.55 "

NOTES:

. Up to 1Vpp the slicing level is constant; at amplitudes exceeding 1Vp.p the slicing level will increase.
tp = delay between positive transient of horizontal output pulse and the rising edge of the flyback pulse.
_to =delay between the rising edge of the flyback pulse and the start of the current in ¢4 (Pin 8).

The duration of the flyback puise is measured at the input switching level, which is about 1V(tr().
Depends on DC level at Pin 5; value given applicable for Vs_g~5V.

For 60Hz, a PNP emitter clamp is activated.

When fo = 46Hz, the 50/60Hz detector switches over to 60Hz; video input signal at Pin 5~ 55Hz.

[
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Table 1. Switching Levels at Pin 18

MUTE OUTPUT
FIRST PHASE DETECTOR ¢4 AT PIN 13
VOLTAGE AT PIN 18 Time Constant Gating RECEIVING CONDITIONS
On Off
Slow Fast On Off
7.5V X X X Video signal detected
7.5 to 3.5V X X X Video signal detected
3.5 to 1.2V X X X Video signal detected
1.2 to 0.1V X X X Noise only
0.1 to 1.7V X * X * X New video signal detected
1.7 to 5.0V X X X Horizontal oscillator locked
VCR playback with mute function
5.0 to 7.5V X X X Horizontal oscillator locked
8.7V X X X VCR playback without mute function

Where: * = 3 vertical periods.

APPLICATION INFORMATION
The TDA2578A generates the signal for driv-
ing the horizontal deflection output circuit. It
also contains a synchronized vertical saw-
tooth generator for direct drive of the vertical
deflection output stage.

The horizontal oscillator and output stage can
start operating on a very low supply current
(146 = 4mA), which can be taken directly from
the power line rectifier. Therefore, it is possi-
bie to derive the main supply (Pin 10) from the
horizontal deflection output stage. The duty
factor of the horizontal output signal is about
65% during the starting-up procedure. After
starting up, the second phase detector (¢2) is
activated to control the timing of the positive-
going edge of the horizontal output signal.

A bandgap reference voltage (6.5V) is provid-
ed for supply and reference of the vertical
oscillator and comparator stage.

The slicing level of the horizontal sync sepa-
rator is independent of the amplitude of the
sync pulse at the input. The resistor between
Pins 6 and 7 determines its value. A 4.7k
resistor gives a slicing level at the middle of
the sync pulse. The nominal top sync level at
the input is 3.1V. The amplitude selective
noise inverter is activated at a level of 0.7V.

Good stability is obtained by means of the
two control loops. In the first loop, the phase
of the horizontal sync signal is compared to a
waveform with its rising edge refering to the
top of the horizontal oscillator signal. In the
second loop, the phase of the flyback pulse is
compared to another reference waveform,
the timing of which is such that the top of the
flyback pulse is situated symmetrically on the
horizontal blanking interval of the video sig-
nal. Therefore the first loop can be designed
for a good noise immunity, whereas the
second loop can be as fast as desired for
compensation of switch-off delays in the
horizontal output stage.

January 14, 1987
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Figure 2. Voltage Levels at Pin 18 (Vig_g)
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The first phase detector is gated with a pulse
derived from the horizontal oscillator signal.
This gating (slow time constant) is switched
off during catching. Also, the output current of
the phase detector is increased fivefold, dur-
ing the catching time and VCR conditions
(fast time constant). The first phase detector
is inhibited during the retrace time of the
vertical oscillator.

The in-sync, out-of-sync, or no-video condi-
tion is detected by the video transmitter
identification/coincidence detector circuit
(Pin 18). The voltage on Pin 18 defines the
time constant and gating of the first phase
detector. The relationship between this volt-
age and the various switching levels is shown
in Figure 2. The complete survey of the
switching actions is given in Table 1.

The stability of displayed video information
(e.g., channel number) during noise-only con-
ditions is improved by the first phase detector
time constant being set to slow.

The average voltage level of the video input
on Pin 5 during noise-only conditions should
not exceed 5.5V. Otherwise, the time con-
stant switch may be set to fast due to the
average voltage level on Pin 18 dropping
below 0.1V. When the voltage on Pin 18

9-21

drops below 100mV, a counter is activated
which sets the time constant switch to fast,
and not gated for 3 vertical periods. This
condition occurs when a new video signal is
present at Pin 5. When the horizontal oscilla-
tor is locked, the voltage on Pin 18 increases.
Nominally a level of 5V is reached within
15ms (1 vertical period). The mute switching
level of 1.2V is reached within 5ms
(Cqg = 47nF). If the video transmitter identifi-
cation circuit is required to operate under
VCR playback conditions, the first phase
detector can be set to fast by connecting a
resistor of 180kS2 between Pin 18 and ground
(see Figure 6).

The supply for the horizontal oscillator (Pin
15) and horizontal output stage (Pin 11) is
derived from the voltage at Pin 16 during the
start condition. The horizontal output signal
starts at a nominal supply current into Pin 16
of 3.6mA, which will result in a supply voltage
of about 5.5V (for guaranteed operation of all
devices lig > 4mA). It is possible that the
main supply voltage at Pin 10 is OV during
starting, so the main supply of the IC can be
taken from the horizontal deflection output
stage. The start of the other IC functions
depends on the value of the main supply
voltage at Pin 10. At 5.5V, all IC functions
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start operating except the second phase
detector (oscillator to flyback pulse). The
output voltage of the second phase detector
at Pin 14 is clamped by means of an internal-
ly-loaded NPN emitter-follower. This ensures
that the duty factor of the horizontal output
signal (Pin 11) remains at about 65%. The
second phase detector will close if the supply
voltage at Pin 10 reaches 8.8V. At this value,
the supply current for the horizontal oscillator
and output stage is delivered by Pin 10, which
also causes the voltage at Pin 16 to change
to a stabilized 8.7V. This change switches off
the NPN emitter-follower at Pin 14 and acti-
vates the second phase detector. The supply
voltage for the horizontal oscillator will, how-
ever, still be referred to the stabilized voltage
at Pin 16, and the duty factor of the output
signal at Pin 12 is at the value required by the
delay at the horizontal deflection stage. Thus,
switch-off delays in the horizontal output
stage are compensated. When no horizontal
flyback signal is detected, the duty factor of
the horizontal output signal is 50%.

Horizontal picture shift is possible by external-
ly charging or discharging the 47nF capacitor
connected to Pin 14.

The IC also contains a synchronized vertical
oscillator/sawtooth generator. The oscillator
signal is connected to the internal comparator
(the other side of which is connected to Pin
2), via -an inverter and amplitude divider
stage. The output of the comparator drives an
emitter-follower output stage at Pin 1. For a
linear sawtooth in the oscillator, the load
resistor at Pin 3 should be connected to a
voltage source of 26V or higher. The saw-
tooth amplitude is not influenced by the main
supply at Pin 10. The feedback signal is
applied to Pin 2 and compared to the saw-
tooth signal at Pin 3. For an economical
feedback circuit with less picture bounce, the
sawtooth signal is internally pre-corrected by
6% (convex) referred to Pin 2. The linearity of
the vertical deflection current depends upon
the oscillator signal at Pin 3 and the feedback
signal at Pin 2.

Synchronization of the vertical oscillator is
inhibited when the mute output is present at
Pin 13.

To minimize the influence of the horizontal
part on the vertical part, a 6.7V bandgap
reference source is provided for supply and
reference of the vertical oscillator and com-
parator.

The sandcastle pulse, generated at Pin 17,
has three different voltage levels. The highest
level (11V) can be used for burst gating and
black level clamping. The second level (4.6V)
is obtained from the horizontal flyback puise
at Pin 12 and used for horizontal blanking.
The third level (2.5V) is used for vertical
blanking and is derived by counting the hori-
zontal frequency pulses. For 50Hz the blank-
ing pulse duration is 21 lines, and for 60Hz it
is 17 lines. The blanking pulse duration and
sawtooth amplitude is automatically adjusted
via the 50/60Hz detector.

The IC also incorporates a vertical guard
circuit which monitors the vertical feedback
signal at Pin 2. If this level is below 3.35V or
higher than 5.15V, the guard circuit will insert
a continuous level of 2.5V into the sandcastle
output signal. This will result in complete
blanking of the screen if the sandcastle pulse
is used for blanking in the TV set.

1 DETECTOR
OUTPUT CURRENT

HORIZONTAL
OSCILLATOR SIGNAL

OUTPUT SIGNAL

SWITCH-OFF DELAY
HORIZONTAL OUTPUT STAGE

FLYBACK PULSE
(PIN 1

, DETECTOR
OUTPUT CURRENT

VIDEO SIGNAL
PIN 5]

(

(PIN 8)

14 0.35u3

(PIN 15)
HORIZONTAL

(PIN 11)

w )

]

2)

= 1.3u8

to —»‘

L[

(PIN 14)
- !4,— 4us

SWITCHING
LEVEL

=11V

HORIZONTAL

~45V

SANDCASTLE BL
PULSE

LS| -l— ~25V
(PIN 17)
tg— 1248
S0Hz 21 LINES > I
60Hz: 17 LINES

Figure 3. Timing Diagram of the TDA2578A
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APPLICATION INFORMATION (Continued)

HORIZONTAL
FLYBACK SANDCASTLE PULSE
MUTE AND
HORIZONTAL 50/60 HZ ,_‘ LI
12V DRIVE IDENTIFICATION -- -
o o> 0.2mA o I o 1
<40 mA .
VWA O V+
15 k = = =
A = = = >4mA
47k
= < 6.8 = = 2 =
J1kgs 30k 2220
220 k 47 27 100 ¢ 100
T uF nF nF TewF nF
10 i 12 3 14 15 16 17 18
TDA2578A
l_s l 8 ak 5 rz 1
= VWA~
< 100
4.7 uF 820 282 21k K
3
M +10 1501 2 1 150 *
I+ I~I»* I~ N el L
56k e - - - e
VAVAV
L
__./J fo ADJ. o
' ADY (HORIZONTAL) VERTICAL  VERTICAL
o ADJ.
VERTICAL FEEDBACK  DRIVE
& =
VIDEO +2v Y
TC20870S
NOTE:
1. 226V for linear scan.
Figure 4. Typical Application Circuit Diagram; for Application of the TDA2578A With the TDA3651 — See Figure 7

Figure 5. Circuit Configuration at
Pin 14 for Phase Adjustment

1k
2V TOPIN
TO PIN 180 k 18
B «——AN—>2 4Tk TDA2578A 180k
TDA2578A Iwonr L""‘/W—J_
TC20880S TC208908
NOTES:

1kS2 resistor between Pin 18 and + 12V: without
mute function.

180kS2 between Pin 18 and ground: with mute
function.

Figure 6. Circuit Configuration at

Pin 18 for VCR Mode
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APPLICATION INFORMATION (Continued)

TDA3651
1 2
oo J__ 3 4-_4 5 6 7 0. |° 9
= = NG
< <
3 88k 470
VERTICAL =
BAX12A =
< DEFLECTION
VERTICAL DRIVE 330 coiLs —=a70F
(FROM PIN 1 TDA2578A) AT1236/20 T
|+
2K Im“‘
< > = 0
Tk 1k S LINEARITY 3 eV
18k S
VERTICAL FEEDBACK | 3 SHIFT b
(PIN 2 TDA2578A) +
6.8 uF o 1000 4F
I L ™
>
>

AAA

27k
—-2 100 12
AMPLITUDE

BD09240S

Figure 7. Typical Application Circuit Diagram of the TDA3651 (Vertical Output) When Used in Combination With the
TDA2578A, (90° Application)
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INTRODUCTION

The Data and Graphics Display (DGD) unit,
(also referred to as a Video Display Unit), is
built for wide ranging applications. It consists
of a very high resolution CRT paired with
precision deflection coils and all the associat-
ed display circuitry, as shown in Figure 1.
Using the same printed circuit board and
components, it can easily be adapted to
operate over a wide range of line and field
frequencies with different flyback times in
either horizontal (landscape) or vertical (por-
trait) format.

The possible applications of this unit range
from video games to high-resolution displays.
However, it is as a computer terminal display
device that the DGD will be most useful.
Normally, it is the logic design that deter-
mines all the parameters to be specified in a
computer system, and it is only when the
logic circuitry has been finalized that a suit-
able display is sought. Consequently, the
display must be tailormade for the applica-
tion. There are no signs of any standardiza-
tion in the future. For this reason the DGD
has been designed to allow different dedicat-

AN162

A Versatile High-Resolution
Monochrome Data and
Graphics Display Unit

Application Note

ed display units to be built up very simply from
one basic design.

The DGD is a straightforward and efficient
design which will operate with line frequen-
cies of between 15 and 70kHz and field
frequencies of 50 to 100Hz, interlaced or non-
interlaced. All the design features combine to
provide the resolution required for very high
density displays (up to 1.5 million picture
elements per page). They also ensure a
sharp picture right to the screen corners, and
allow operation at high horizontal line fre-
quencies without undue temperature rise. A
diode-split transformer provides combined
line scan and EHT and it is this component
which allows changes in line frequency and
flyback time to be accomplished very easily.
NOTE:

EHT stands for extreme haute-tension, or extreme high
voltage.

GENERAL DESCRIPTION

Figure 2 shows a block diagram of the DGD
unit and its auxiliary circuits. (The unit is to the
right of the broken line, with the auxiliary
circuits to the left.) The circuit diagram is
shown in Figure 3.

Figure 1. DGD Unit

DF06290S
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The normal DGD requirements of good raster
geometry and minimal loss of display quality
between the screen center and corners are
even more important in high-definition sys-
tems. To ensure a display offering the best
possible resolution over the whole line fre-
quency range, the unit uses high-quality pur-
pose-designed deflection coils type AT1039.
These are paired with either the 12 in (M31-
326) or 15 in (M38-328) picture tubes. These
coils have been designed using recently de-
veloped techniques to give good deflection
performance and raster geometry suitable for
correction by built-in magnets. For the 12 in
tube, type AT1039/03 deflection coils are
used. Two types of coil are available for the
15 in tube, the AT1039/00 which has been
optimized for portrait (vertical) formats and
the AT1039/01 for landscape (horizontal)
displays. Terminations to each coil are
brought out separately to allow for both series
and parallel connections.

Both line scanning and EHT are provided by a
purpose-built diode-split transformer. It is the
flexibility of this device which produces the
extreme versatility of the DGD unit as a whole
and allows operation of the wide range of line
frequencies and flyback times. In addition, all
auxiliary power supply requirements are ob-
tained from the same transformer. The prima-
ry is provided with several taps, each of which
corresponds to a different peak voltage and
hence flyback time. By careful positioning of
these transformer primary taps, and by utiliz-
ing both parallel and series connection of the
line deflection coils, a wide variety of flyback
times can be accomodated in steps. Each
step allows sensible values of flyback ratio for
the different line frequencies. Apart from the
selection of the correct transformer tap, the
only other components that may need to be
changed in order to use a different line
frequency are the oscillator timing capacitor
C86, S-correction capacitor C22, base drive
resistor R52, linearity control L1, and heater
resistor R84 (see Figure 3).

Although deflection defocusing has been min-
imized by careful design of the line deflection
coils, there is still some focusing action in the
deflection process. Also, there is a difference
between the electron beam path lengths for
axial beams and those deflected to the tube
corners. These effects combine to produce a
change in focus requirements from the center
to the edges of the picture tube. To overcome
this, dynamic focus is employed. The active
dynamic focus circuit applies parabolic cor-
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Figure 2. DGD Unit Block Diagram
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rection in both the line and field directions to
give precise focus over the whole raster.
Because the electron gun is a unipotential
type, the tube has a fairly flat focus character-
istic. The amplitude of the dynamic focus can
therefore be preset and adjustment is unnec-
essary.

Width control is accomplished with a series-
parallel inductance arrangement which does
not affect the flyback time or EHT. Adjustable
picture shift is supplied in both the line and
field directions by passing DC through the
appropriate deflection coils.

The TDA2595 line oscillator combination IC
provides the correct waveforms to drive the
line output transistor via a transformer-cou-
pled driver stage. This IC includes both the
line oscillator and coincidence detector, a line
flyback pulse, obtained from the collector of
the line output transistor TR2, is required for
phase detection. A protection circuit which
turns off the output drive if the voltage at Pin
8 is either below 4 or above 8V is used to
provide overvoltage protection for the line
output stage.

February 1987

All the field timebase functions are converted
by the TDA2653A IC. It takes a positive-going
field sync input at TTL level and drives the
impedance-matched AT-1039 deflection coils
in series connection. A field blanking pulse,
which may be used for screen burn pro-
tection, is available from Pin 2. The IC is
contained in a 13-lead DIP plastic power
encapsulation type SOT-141, which offers
straightforward heatsinking.

An emitter-driven video output stage is used
with output transistor TR6 and driver TR7.
The collector load resistors R87 and R88 with
peaking coil L5 and some compensation in
the emitter circuit ensure a bandwidth of
60MHz at 35V, measured at the cathode. In
order to minimize stray capacitance, the video
amplifier is placed on the tube-base printed
circuit board close to the cathode pin of the
tube. The 55V HT (High Tension) line is
provided from the line output stage.

The unit will accept video input at TTL level
with positive-going field sync and negative-
going line sync. However, inputs at other
levels and polarities may be accepted
by using the auxiliary circuits, as shown in
Figure 2.
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The main HT line input will depend upon the
line frequency and varies from about 30 to
150V. If lower values of HT are preferred, a
floating tap will accommodate a series boost-
ed circuit arrangement.

A 12V supply is required at all frequencies.
The total power consumption of the unit is
about 40W.

Standard measures are taken to protect the
circuitry in the event of a picture tube flash-
over. Spark gaps for all picture tube pins are
provided and all are returned to a single point
which is, in turn, connected to the outside
aquadag layer of the tube and the common
earth point.

To achieve a satisfactory stable display with
good linearity and one that is free from
undesirable modulation, well recognized pro-
cedures should be adopted with regard to
printed circuit board layout. It is essential that
each individual circuit block has its own
grounding system connected to a central
point on the main printed circuit board which
is, in turn, connected to the chassis. Circuit
layout within the individual blocks may also be
critical.
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Table 1. DGD Unit Specifications

Picture tube

Deflection coils
Line output transformer
Character display

Line frequency
landscape format
portrait format

Field frequency
non-interlaced or interlaced

EHT
Line linearity
Field linearity

Raster breathing
(0 to 100uA)

Line flyback time
Field flyback time

Video bandwidth
(at 35V output measured
at the cathode)

Input signals

Power input

12 in M31-326 series
15 in M38-328 series

AT1039 series
AT2076/84
Up to 1.5 X 108 pixels

15 to 50kHz
15 to 70kHz

50 to 100Hz
17kV

Better than 3%
Better than 3%

Better than 2%
3 to 9us
0.6ms

60MHz

Positive field sync at TTL level, negative
line sync at TTL level, video input at TTL level

40W total
30 to 150V 36W
12V 4W

Originally published as ''Technical Publication 115, ELCOMA, The Netherlands, 1983.
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Figure 3. Data and Graphics Display Unit Circuit Diagram (Continued)
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The TDA2578A is a sync separator and
horizontal/vertical synchronization circuit
while the TDA3651 is a vertical deflection
output driver.

This application note covers general direc-
tives for the circuit and PCB layout to achieve
stable horizontal time stability and correct
vertical interface.

The TDA2578A combines both a horizontal
oscillator/PLL and a vertical oscillator/PLL.
When used in conjunction with a TDA3651
vertical driver, high system loop gains are
involved. This requires careful attention to
ground points and consideration to magnetic
fields within the receiver/monitor design.

GENERAL PCB LAYOUT

DIRECTIVES

® Each IC and discrete component should
be surrounded by a good ground plane
(See Figure 1).

® The ground plane should not be a
complete closed-loop. This is to avoid
ground plane-induced currents created
by magnetic fields.

® All circuit peripheral components should
be connected to the ground plane.

® All high current points should be
grounded on another ground plane
(double-sided PCB).

® Each IC circuit should have its own
common "'solid" ground point and
should be connected to the other
circuitry so that no ''strange’ ground
plane currents are injected.

® |nput leads should be short and direct
to avoid cross-coupling by both
electrostatic and electromagnetic fields.

® A small value resistor in series with
input leads can decrease flashover IC
failure problems

® Position components with respect to
leakage fields of the horizontal line
output transformer.

February 1987
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TDA2578A/TDA3651 PCB Layout

Directives

Application Note

TDA2578A PCB

CONSIDERATION

® Grounding point of vertical oscillator
timing capacitor (Pin 3 & ground) should
be connected to the Pin 9 ground pin,
not via a PCB trace which carries either
large horizontal line currents or video
information.

The vertical feedback voltage input (Pin
2) decoupling capacitor should be
connected to the same PCB trace as
the vertical oscillator timing capacitor.
The vertical feedback input (Pin 2) has
a very high input impedance; therefore,
the scaling resistors should be situated
close to Pin 2 to prevent parasitic
capacitive horizontal line cross-coupling.
The vertical integrator capacitor (Pin 4)
can carry high peak currents up to
30mA during vertical interval. Therefore
it should be firmly grounded to Pin 9,
not, however, by the same ground PCB
trace as used by the vertical oscillator
timing capacitor.

The TDA2578A horizontal output (Pin
11) to drive the base of the horizontal
output transistor should be restricted to
30mA peak. This prevents disturbing
voltage drops on the TDA2578A ground
lead which can result in an offset
voltage to the vertical comparator.
Special attention is required when
capacitive coupling is used to drive the
horizontal output transistor.

Vertical interlace is strongly influenced
by parasitic signals when coincidence
occurs between the vertical oscillator
flyback and the horizontal blanking
interval. Coincidence is determined by
slicing in the vertical integrator and the
pre-adjustment of the vertical oscillator.
Decoupling of the supply voltages (Pins
10 and 16) should be kept as short
and direct to the ground pin (Pin 9) as
possible. Ripple on the supplies should
be less than 1%.
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TDA3651 PCB LAYOUT
CONSIDERATIONS
® The vertical deflection current loop
should be short and be of low
impedance, i.e., ample PCB traces on
Pin 5 deflection coil, coupling capacitor,
and connection to the feedback resistor
on Pin 4.
Damping components and horizontal line
suppression across the yoke deflection
coil should be located as close as
possible to the deflection coil connector.
Horizontal line information modulated on
the vertical waveform at Pin 5 should
not exceed 1Vpp. This is usually
caused by:

1. Inductive & capacitive coupling across

the yoke coils.
2. Capacitive coupling within vertical con-
trol loop.

3. Inductive magnetic coupling.

4. Supply voltage variations.
Vertical input (Pin 1) requires a bypass
capacitor of 10pF to ground (Pin 2) to
suppress the IC current noise.
® Feedback capacitance of 220pF from
Pin 1 (input) and Pin 5 (output)
improves loop stability.
Supply voltage decoupling (Pin 9)
should be connected directly to ground
(Pin 4).
The supply to both the TDA2578A and
the TDA3651 should be decoupled at
the source to remove any extraneous
noise.

V//II/I///////I///I/////I/I/

WMM

77,

%
777

TR

Z
////II///II//////I///I/II/IIA
AF049508

Figure 1. General Ground Plane
Concept
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DESCRIPTION

The TDA2579 generates and synchro-
nizes horizontal and vertical signals. The
device has a 3-level sandcastle output, a
transmitter identification signal and also
50/60Hz identification.

FEATURES

o Horizontal phase detector, (sync
to osc), sync separator and
noise inverter

o Triple current source in the
phase detector with automatic
selection

o Inhibit of horizontal phase
detector and video transmitter
identification

e Second phase detector for
storage compensation of the
horizontal output stage

o Stabilized direct starting of the
horizontal oscillator and output
stage

o Horizontal output pulse with
constant duty cycle value of
29us

ORDERING INFORMATION

TDA2579

Synchronization Circuit

Product Specification

e Duty factor of the horizontal
output pulse is 50% when
horizontal flyback pulse is absent

o Internal vertical sync separator
and two integration selection
times

o Divider system with three
different reset enable windows

e Synchronization is set to 628
divider ratio when no vertical
sync pulses and no video
transmitter is identified

e Vertical comparator with a low
DC feedback signal

e 50/60Hz identification output
combined with mute function

e Automatic amplitude adjustment
for 50 and 60Hz and blanking
pulse duration

APPLICATIONS

e Video terminals

o Television

e Video tape recorder

PIN CONFIGURATION

VERT OUT E
comp [2]
Ramp Gen 2]
oumce
vioeo IN [5]
sYNC sep [6]
NOISE INV [7]
PHASE DET 8]

N Package

[18] COIN DET

scout
START/CIRCUIT
[16] sTaB

[15] HoRIZ OSC

[14] PHASE ADJUST
50/60Hz ID

FB INPUT

[11] HORIZ DRIVE

anp [}

[19] vce

CD10310S]

TOP VIEW

TEMPERATURE
DESCRIPTION RANGE ORDER CODE
16-Pin Plastic DIP (SOT-102HE) 0 to +70°C TDA2579N
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BLOCK DIAGRAM

47uF
1 —JF—oTorm 16+ 1 T_T__o‘ = 65mA
1200F T = 27 = 1224F = InF
VIDEO % 150nF | g2g 10uF 33k T T +uv
SIGNAL L—QA«—«/W—] L =
INPUT s = = hadd 15 16 " 10 Is
W 1
15F VERTICAL/ 333 SYNC PULSE START
L L] 1 1 NOiSE CcIRCUIT
[ SYNC I| "SHecron || oerecton STABILIZER
. 7]
g PHASE
2 2 7 NOISE 1 1
[—lﬂ INVERTER M
= HORIZONTAL SUPPLY
- 17 REFE‘;ENCE ANTITOP OSCILLATOR SWITCH
]
18
T Otrecron” f+ came
47nFI ; ‘
= =
VERTICAL BURST 2 HORIZONTAL
DVIDER BLANKING KEY REFERENCE :2.";2“'"“
VIDEO 6.8k
13 TRANSMITTER J— ‘  E— 1
IDENTIFICATION TO PIN16
15k VERTICAL VERTICAL FLYBACK 700 LOW
ZonER GUARD SANDCASTLE -] puse CURRENT
REFERENCE CIRCUIT PROTECTION PROTECTION
+12v T T
gl
VERTICAL
OSCILLATOR/ VERTICAL VERTICAL PULSE PHASE
WIDTH <9 oeTecTOR
SAwToOTH COMPARATOR ouTPUT Mom R « TDA2579
4 2 1 17 14 12
2220k T 150nF == 1000F
VERTICAL
1: FEEDBACK w"FI ..r‘rLL...L I
2 100k - = SANDCASTLE T vdhok
E_o'ro VERTICAL DEFLECTION VERTICAL oureut PULSE
CURRENT MEASURING RESISTOR RIVE INPUT
1LDO06130S)
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
le Start current 10 mA
Vio Supply voltage 13.2 \
Prot Power dissipation 1.2 w
Tsta Storage temperature -65 to +150 °C
Ta Operating ambient temperature -25 to +65 °C
Thermal resistance from junction to
Bia e ; ! 50 °C/W
ambient in free air
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DC AND AC ELECTRICAL CHARACTERISTICS T, =25°C; lig=6.5mA; V1o =12V, unless otherwise specified. Voltage
measurements are taken with respect to Pin 9 (ground).

LIMITS
SYMBOL PARAMETER UNIT
Min L Typ ’ Max
Supply
he Su\|/a1|)(:y=%u\;rent. Pin 16 6.5 10 mA
e Sueﬁ:y;:gu.rsr\e/nt, Pin 16 25 10 mA
Vie Stabilized voltage, Pin 16 8.1 8.7 9.3 \
lo Current consumption, Pin 10 68 85 mA
Vee Supply voltage range, Pin 10 9.5 12 13.2 \"
Video input (Pin 5)
Vs Top sync. level 1.5 3.1 3.75 \"
Vs Sync. pulse amplitude’ 0.1 0.6 1 Vee
Slicing level? 35 50 65 %
Delay between video input and det. output (see also Figure 2) 0.2 0.3 0.5 us
Sync. pulse noise level detector circuit active 600 mVr
Sync. Pulse
I Noise level detector circuit hysteresis I T 3 L T dB
Noise gate (Pin 5)
Vs I Switching level [ | +0.7 [ +1 I v
First control loop (Pin 8) (Horizontal osc. to sync.)
Af Holding range +800 Hz
Af Catching range +600 +800 +1100 Hz
Control sensitivity video
with respect to burstkey and flyback pulse
Slow time constant 25 kHz/us
Normal time constant 10 kHz/us
Fast time constant 5 kHz/us
Phase modulation due to hum on the supply line Pin 10° 0.2 us/Vtrt
Phase modulation due to hum on input current Pin 16° 0.08 us/mArt
Second control loop (Pin 14) (Horizontal flyback to horizontal oscillator)
Aty Aty C"t';":'1 g:’s‘s"i‘”ty 200 300 600 us
to Control range 1 > 45 us
to Control range for constant duty cycle horizontal output 1 29 (-t flyback pulse)
Controlled edge of horizontal output signal Pin 11 positive
Phase adjustment (Pin 14) (via second control loop)
Cotr'::tl':cxl1 ;Iel:smvuty 25 uA/us
l14 Maximum allowed control current +60 MA
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DC AND AC ELECTRICAL CHARACTERISTICS (Contlnued) Ta = 25°C; |16 =6.5mA; V40 =12V, unless otherwise
specified. Voltage measurements are taken with respect
to Pin 9 (ground).

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ l Max
Horizontal oscillator (Pin 15) (C = 2.7nF; Rpgc = 33kS2
f Frequency (no sync.) 15625 Hz
Af Spread (fixed external component, no sync.) +4 %
Af Freq.u'ency deviﬁtion between starting point output signal and +5 +8 %
stabilized condition
TC Temperature coefficient 10 °C
Horizontal output (Pin 11) (Open-collector)
Vi1 Output voltage high 13.2
Vi1 Start voltage protection (internal zener diode) 13 15.8 \"
l1e Low input current Pin 16 protection output enabled 55 6.5 mA
Viq Output voltage low start condition (111 = 10mA) 0.1 0.5 Vv
Duty cycle output current during starting l1g = 6.5mA 55 65 75 %
Vi1 Output voltage low normal condition (I11 = 25mA) 0.3 0.5 \'
Duty cycle output current without flyback pulse Pin 12 45 50 55 %
Duration of the output pulse high tp = 8us 27 29 31 us
Controlled edge positive
Temperature coefficient horizontal output pulse -0.05 us/°C
Sandcastie output signal (Pin 17) (I oap = 1MA)
Output voltage during:
Vi7 burstkey 9.75 10.6 \
Viz7 horizontal blanking 4.1 4.5 4.9 v
Viz vertical blanking 2 25 3 \
Zero level output voltage
Viz Isink = 0.5mA 0.7 v
Pulse width:
tp burstkey 3.45 3.75 4.1 us
Vi2 horizontal blanking 1 \
Phase position burstkey
Time between middle synchronization pulse at Pin 5 and start 2.3 2.7 3.1 us
burst at Pin 17
Time between start sync. pulse and end of burst pulse, Pin 17 9.2 us
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; lig =6.5mA; Vip =12V, unless otherwise
specified. Voltage measurements are taken with respect
to Pin 9 (ground).

LIMITS
SYMBOL PARAMETER UNIT
Min —[ Typ | Max

Coincid detector, video tr itter identification circuit and time constant switching levels (see also Figure 1)

lig Detector output current 0.25 mA
Vis Voltage level for in sync. condition (¢1 normal) 6.5 \
Vig Voltage for noisy sync. pulse (p1 slow and gated) 9 10 \"
Vig Voltage level for noise only® 0.3 \
Vig Switching level normal-to-fast 3.2 3.5 3.8 \
Vi swh:ﬁremgultx? active and fast-to-slow 10 12 14 v
Vig Switching level frame period counter (3 periods fast) 0.08 0.12 0.16 \

Switching level
Vig Slow-to-fast (locking) 15 1.7 19 \
Mute output inactive

Vig Switching level fast-to-normal (locking) 4.7 50 5.3 A

Vig Switching level normal-to-slow (gated sync. pulse) 7.4 7.8 8.2 \

Video transmitter identification output (Pin 13)

Vis Output voltage active (no sync., l13 =2mA) 0.15 0.32 v
l13 Sink current active (no sync.), Vi3 <1V 5 mA
l13 Output current inactive (sync. 50Hz) 1 MA

50/60Hz identification (Pin 13) (Ry3 positive supply 15kS2)
Emitter-follower, PNP

Vi3 60Hz: 2 TVfH < 576 voltage 7.2 7.65 8.1 v
Vi3 50Hz: 2 :/fH > 576 voltage V1o \
Flyback input pulse (Pin 12)

Viz2 Switching level +1 \
l12 Input current +0.2 +4 mA
Viz2 Input pulse 12 Vee
Rin Input resistance 3 kQ

Phase position without shift

Time between the middle of the sync. pulse at Pin 5 and the

o middle of the horizontal blanking pulse of Pin 17 25 ps
Vertical ramp generator (Pin 3)
Pulse width charge current 26 clock
pulses
I3 Charge current 3 mA
Top level ramp signal voltage
V3 Divider in 50Hz mode® 5.1 5.5 5.9 v
A Divider in 60Hz mode® 435 47 5.05 \
Ramp amplitude C3 = 150nF,
R4 = 330kS2, 50Hz° 3.1 Vec
R4 = 330KS2, 60HZ® 25 Vee
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Synchronization Circuit TDA2579

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; l1=6.5mA; V1o =12V, unless otherwise
specified. Voltage measurements are taken with respect
to Pin 9 (ground).

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ T Max
Current source (Pin 4)
Vo Output voltage 14 = 20uA 6.6 7.1 76 v
N Allowed current range 10 55 uA
Temperature coefficient output voltage
TC 14 = 20pA +50 1076/°C
TC 14 = 40pA +20 1078/°C
TC l4 = 50pA -40 108/°C
Comparator (Pin 2) C3 = 150nF; R4 = 330k2
Input voltage
Va_g DC level® 0.9 1 1.1 '
Va_g AC level 0.8 Vce
Deviation amplitude 50/60Hz 25 %
Vertical output stage, Pin 1 (NPN) emitter follower
Vi_g Output voltage lp Pin 1 =+1.5mA 4.8 5.2 5.6 \
Rs Sync. separator resistor 160 Q
Continuous sink current 0.25 mA
Vertical guard circuit (Pin 2) Active (V17 =2.5V)
|
| Vo Switching level low® >1.7 1.9 2.1 v
’ Vg Switching level high6 <03 0.4 0.5 \

NOTES:
1. Up to 1Vpp the slicing level is constant, at amplitudes exceeding 1Vp.p the slicing level will increase.
2. The slicing level is fixed by the formula:
R

po_fs
5.3 +Rg

. Measured between Pin 5 and sandcastle output Pin 17.

4. Divider in search (large) mode:

start: reset divider = start vertical sync. plus 1 clock pulse
stop:

X 100% (Rg value in k)

w

H
n= > 576 clock pulse 42

H
< 576 clock pulse 34

n=

Divider in small window mode:
start: clock pulse 517 (60Hz) clock pulse 619 (50Hz)
stop: clock pulse 34 (60Hz) clock pulse 42 (50Hz)
5. Depends on DC level of Pin 5, given value is valid for Vs~ 5V.
6. Value related to internal zener diode reference voltage source spread includes the complete spread of reference voltage.
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FUNCTIONAL DESCRIPTION

Vertical Part (Pins 1, 2, 3, 4)
The IC embodies a synchronized divider sys-
tem for generating the vertical sawtooth at
Pin 3. The divider system has an internal
frequency doubling circuit, so the horizontal
oscillator is working at its normal line frequen-
cy and one line period equals 2 clock pulses.
Due to the divider system, no vertical fre-
quency adjustment is needed. The divider has
a discriminator window for automatically
switching over from the 60Hz to 50Hz system.
The divider system operates with 3 different
divider reset windows for maximum interfer-
ence/disturbance protection.

The windows are activated via an up/down
counter. The counter increases its counter
value by 1 for each time the separated
vertical sync. pulse is within the searched
window. The count is reduced by 1 when the
vertical sync. pulse is not present.

Large (Search) Window: Divider
Ratio Between 488 and 722

This mode is valid for the following condi-
tions:

1. Divider is looking for a new transmitter.

2. Divider ratio found, not within the narrow
window limits.

3. Non-standard TV-signal condition detected
while a double or enlarged vertical sync.
pulse is still found after the internally-
generated antitop flutter pulse has ended.
This means a vertical sync. pulse width
larger than 8 clock pulses (50Hz), that is,
10 clock pulses (60Hz). In general this
mode is activated for video tape recorders
operating in the feature/trick mode.

4. Up/down counter value of the divider sys-
tem operating in the narrow window mode
drops below count 1.

5. Externally setting. This can be reached by
loading Pin 18 with a resistor of 180kS2 to
earth or connecting a 3.6V diode stabistor
between Pin 18 and ground.

Narrow Window: Divider Ratio
Between 522 - 528 (60Hz) or
622 - 628 (50Hz).

The divider system switches over to this
mode when the up/down counter has
reached its maximum value of 12 approved
vertical sync. pulses. When the divider oper-
ates in this mode and a vertical sync. pulse is
missing within the window, the divider is reset
at the end of the window and the counter
value is lowered by 1. At a counter value
below count 1 the divider system switches
over to the large window mode.
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VIDEO SIGNAL
(PIN 5)

¥1 DETECTOR

MIDDLE OF THE
HORIZONTAL SYNC PULSE

OUTPUT CURRENT
(PIN 8)

HORIZONTAL
OSCILLATOR SIGNAL
(PIN 15)

HORIZONTAL
OUTPUT SIGNAL
(PIN 11)

FLYBACK PULSE

SWITCH-OFF DELAY
HORIZONTAL OUTPUT STAGE

SWITCHING LEVEL
e

(PIN 12)
ov

#2 DETECTOR
OUTPUT CURRENT
(PIN 15)

SANDCASTLE PULSE
(PIN 17)

A20.35.5 —>1

4\

3.75us

HORIZONTAL BLANKING

DIVIDER IN
SEARCH
WINDOW

MODE
OTHER DIVIDER
MODES

A1V
4.5V
I!::I_.--_ | ----—1: AJ2.5V
2.7us
|—12us —>]

Figure 1. Timing Diagram of the TDA2579

50Hz: 42 CLOCK PULSES
60Hz: 34 CLOCK PULSES’

50Hz: 49 CLOCK PULSES,
60Hz: 42 CLOCK PULSES

WF16960S

Standard TV Norm

When the up/down counter has reached its
maximum value of 12 in the narrow window
mode, the information applied to the up/down
counter is changed such that the standard
divider ratio value is tested. When the counter
has reached a value of 14, the divider system
is changed over to the standard divider ratio
mode. In this mode the divider is always reset
at the standard value even if the vertical sync.
pulse is missing. A missed vertical sync. pulse
lowers the counter value by 1. When the
counter reaches the value of 10, the divider
system is switched over to the large window
mode. The standard TV norm condition gives
maximum protection for video recorders play-
ing tapes with anti-copy guards.

No TV Transmitter Found: (Pin

18 < 1.2V)
In this condition, only noise is present, the
divider is reset to count 628. In this way a
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stable picture display at normal height is
achieved.

Video Tape Recorders in
Feature Mode

It should be noted that some VTRs operating
in the feature modes, such as picture search,
generate such distorted pictures that the no
TV transmitter detection circuit can be acti-
vated as Pin Vig drops below 1.2V. This
would imply a rollowing picture (condition d).
In general, VTR machines use a reinserted
vertical sync. pulse in the feature mode.
Therefore, the divider system has been made
such that the automatic reset of the divider at
count 628 when Vg is below 1.2V is inhibited
when a vertical sync. pulse is detected.

The divider system also generates the anti-
top flutter pulse which inhibits the phase 1
detector during the vertical sync. pulse. The
width of this pulse depends on the divider
mode. For the divider mode a, the start is
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generated at the reset of the divider. In
modes b and ¢, the anti-top flutter pulse starts
at the beginning of the first equalizing pulse.
The anti-top flutter pulse ends at count 8 for
50Hz and count 10 for 60Hz. The vertical
blanking pulse is also generated via the
divider system. The start is at the reset of the
divider while the blanking pulse ends at count
34 (17 lines for 60Hz, and at count 42 (21
lines) for 50Hz systems. The vertical blanking
pulse generated at the sandcastle output Pin
17 is made by adding the anti-top flutter pulse
and the blank pulse. In this way the vertical
blanking pulse starts at the beginning of the
first equalizing pulse when the divider oper-
ates in the b or ¢ mode. For generating a
vertical linear sawtooth voltage a capacitor
should be connected to Pin 3. The recom-
mended value is 150nF to 330nF (see Block
Diagram).

The capacitor is charged via an internal
current source starting at the reset of the
divider system. The voltage on the capacitor
is monitored by a comparator which is activat-
ed also at reset. When the capacitor has
reached a voltage value of 5.5V for the 50Hz
system or 4.7V for the 60Hz system the
voltage is kept constant until the charging
period ends. The charge period width is 26
clock pulses. At clock pulse 26 the compara-
tor is switched off and the capacitor is dis-
charged by an NPN transistor current source,
the value of which can be set by an external
resistor between Pin 4 and ground (Pin 9). Pin
4 is connected to a PNP transistor current
source which determines the current of the
NPN current source. The PNP current source
on Pin 4 is connected to an internal zener
diode reference voltage which has a typical
voltage of & 7.1V. The recommended operat-
ing current range is 10 to 50uA. The resis-
tance at pin R4 should be 140 to 700kS2. By
using a double current mirror concept the
vertical sawtooth pre-correction can be set on
the desired value by means of external com-
ponents between Pin 4 and Pin 3, or by
connecting the Pin 4 resistor to the vertical
current measuring resistor of the vertical
output stage. The vertical amplitude is set by
the current of Pin 4. The vertical feedback
voltage of the output stage has to be applied
to Pin 2. For the normal amplitude adjustment
the values are DC = 1V and AC = 0.8V. Due
to the automatic system adaption both values
are valid for 50Hz and 60Hz.

The low DC-voltage value improves the pic-
ture bounce behaviour as less parabola com-
pensation is necessary. Even a fully DC-
coupled feedback circuit is possible.

Vertical Guard

The IC also contains a vertical guard circuit. -

This circuit monitors the vertical feedback
signal on Pin 2. When the level on Pin 2 is
below 0.4V or higher than 1.9V, the guard
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circuit inserts a continuous level of 2.5V in the
sandcastle output signal of Pin 17. This
results in the blanking of the picture dis-
played, thus preventing a burnt-in horizontal
line. The guard levels specified refer to the
zener diode reference voltage source level.

Driver Output

The driver output is at Pin 1, it can deliver a
drive current of 1.5mA at 5V output. The
internal impedance is about 150K2. The out-
put pin is also connected to an internal
current source with a sinking current of
0.25mA.

Sync. Separator, Phase
Detector and TV Station
Identification, (Pins 5, 6, 7, 8,
and 18)

The video input signal is connected to Pin 5.
The sync. separator is designed such that the
slicing level is independent of the amplitude
of the sync. pulse. The black level is mea-
sured and stored in the capacitor at Pin 7.
The slicing level value is stored in the capaci-
tor at Pin 6. The slicing level value can be
chosen by the value of the external resistor
between Pins 6 and 7. The value is given by
the formula:

Rs X 100

=———— (Rg value in k&
53+Rs S )

Where Rg is the resistor between Pins 6 and

7 and top sync. level equals 100%. The

recommended resistor value is 5.6kS2.

Black Level Detector

A gating signal is used for the black level
detector. This signal is composed of an
internal horizontal reference pulse with a duty
cycle of 50% and the flyback pulse at Pin 12.
In this way the TV transmitter identification
operates also for all DC conditions at input
Pin 5 (no video modulation, plain carrier only).

During the frame interval the slicing level
detector is inhibited by a signal which starts
with the anti-top flutter pulse and ends with
the reset vertical divider circuit. In this way
shift of the slicing level due to the vertical
sync. signal is reduced and separation of the
vertical sync. pulse is improved.

Noise Inverter

An internal noise inverter is activated when
the video level at Pin 5 drops below 0.7V. The
IC embodies also a built-in sync. pulse noise
level detection circuit. This circuit is directly
connected to Pin 5 and measures the noise
level at the middle of the horizontal sync.
pulse. When a noise level of 600mVp.p is
detected, a counter circuit is activated. A
video input signal is processed as "accept-
able noise-free' when 12 out of 16 sync.
pulses have a noise level below 600mV for
two succeeding frame periods. The sync.
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pulses are processed during a 16 line width
gating period generated by the divider sys-
tem. The measuring circuit has a built-in noise
level hysteresis of about 150mV (=~ 3dB).

When the "'acceptable noise-free'" condition
is found, the phase detector of Pin 8 is
switched to not-gated and normal time con-
stant. When a higher sync. pulse noise level
is found, the phase detector is switched over
to slow time constant and gated sync. pulse
phase detection. At the same time the inte-
gration time of the vertical sync. pulse sepa-
rator is adapted.

Phase Detector

The phase detector circuit is connected to Pin
8. This circuit consists of 3 separate phase
detectors which are activated depending on
the voltage of Pin 18 and the state of the
sync. pulse noise detection circuit.

All three phase detectors are activated during
the vertical blanking period, this with the
exception of the anti-top flutter pulse period,
and the separated vertical sync. pulse time.

As a result, phase jumps in the video signal
related to video head takeover of video re-
corders are quickly restored within the vertical
blanking period. At the end of the blanking
period, the phase detector time constant is
lowered by 2.5 times. In this way no need for
external VTR time constant switching exists,
so all station numbers are suitable for signals
from VTR, video games or home computers.

For quick locking of a new TV station starting
from a noise-only signal condition (normal
time constant), a special circuit is incorporat-
ed. A new TV station which is not locked to
the horizontal oscillator will result in a voltage
drop below 0.1V at Pin 18. This will activate a
frame period counter which switches the
phase detector to fast for 3 frame periods.

Horizontal Oscillator

The horizontal oscillator will now lock to the
new TV station and as a result, the voltage on
Pin 18 will increase to about 6.5V. When Pin
18 reaches a level of 1.8V the mute output
transistor of Pin 13 is switched off and the
divider is set to the large window. In general
the mute signal is switched off within 5ms (pin
Cig = 47nF) after reception of a new TV
signal. When the voltage on Pin 18 reaches a
level of 5V, usually within 15ms, the frame
counter is switched off and the time constant
is switched from fast to normal.

If the new TV station is weak, the sync. noise
detector is activated. This will result in a
changeover of Pin 18 voltage from 7V to =
10V. When Pin 18 exceeds the level of 7.8V
the phase detector is switched to slow time
constant and gated sync. pulse condition.
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When desired, most conditions of the phase
detector can also be set by external means in
the following way:

a. Fast time constant TV transmitter identifi-
cation circuit not active, connect Pin 18 to
earth (Pin 9).

Fast time constant TV transmitter identifi-
cation circuit active, connect a resistor of
180kQ2 between Pin 18 and ground.
This condition can also be set by using a
3.6V stabistor diode instead of a resistor.

o

(2]

. Slow time constant, (with exception of
frame blanking period), connect Pin 18 via
a resistor of 10k{2 to + 12V, Pin 10. In this
condition the transmitter identification cir-
cuit is not active.

[

. No switching to slow time constant desired
(transmitter identification circuit active),
connect a 6.8V zener diode between Pin
18 and ground.

Figure 2 illustrates the operation of the 3
phase detector circuits.

Supply (Pins 9, 10 and 16)

The IC has been designed such that the
horizontal oscillator and output stage can
start operating by application of a very low
supply current into Pin 16.

The horizontal oscillator starts at a supply
current of about 4.5mA. The horizontal output
stage is forced into the non-conducting stage
until the supply current has a typical value of
5.5mA. The circuit has been designed so that
after starting the horizontal output function a
current drop of ® 1mA is allowed. The start-
ing circuit gives the possibility to derive the
main supply (Pin 10), from the horizontal
output stage. The horizontal output signal can
also be used as the oscillator signal for
synchronized switch-mode power supplies.
The maximum allowed starting current is
10mA. The main supply should be connected
to Pin 10, and Pin 9 should be used as
ground. When the voltage on Pin 10 in-
creases from zero to its final value (typically
12V) a part of the supply current of the
starting circuit is taken from Pin 10 via internal
diodes, and the voltage on Pin 16 will stabilize
to a typical value of 8.7V.

In stabilized condition (Pin Vi > 9.5V) the
minimum required supply current to Pin 16 is
=~ 2.5mA. All other IC functions are switched
on via the main supply voltage on Pin 10.
When the voltage on Pin 10 reaches a value
of = 7V the horizontal phase detector circuit
is activated and the vertical ramp on Pin 3 is
started. The second phase detector circuit
and burst pulse circuit are started when the
voltage on Pin 10 reaches the stabilized
voltage value of Pin 16 which is typically 8.7V.

For closing the second phase detector loop,
a flyback pulse must be applied to Pin 12.
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Figure 2. Timing Diagram, Phase Detectors.

When no flyback is detected, the duty cycle
of the horizontal output stage is 50%.

For remote switch-off Pin 16 can be connect-
ed to ground (via an NPN transistor with a
series resistor of ~ 50052) which switches off
the horizontal output.

Horizontal Oscillator, Horizontal
Output Transistor, and Second
Phase Detector (Pins 11, 12, 14
and 15)

The horizontal oscillator is connected to Pin
15. The frequency is set by an external RC
combination between Pin 15 and ground, Pin
9. The open collector horizontal output stage
is connected to Pin 11. An internal zener
diode configuration limits the open voltage of
Pin 11 to =~ 14.5V.

The horizontal output transistor at Pin 11 is
blocked until the current into Pin 16 reaches a
value of =~ 5.5mA.

A higher current results in a horizontal output
signal at Pin 11, which starts with a duty cycle
of =~ 35% HIGH.

The duty cycle is set by an internal current
source-loaded NPN emitter-follower stage
connected to Pin 14 during starting. When Pin
16 changes over to voltage stabilization, the
NPN emitter-follower and current source load
at Pin 14 are switched off and the second
phase detector circuit is activated, provided a
horizontal flyback pulse is present at Pin 12.
When no flyback pulse is detscted at Pin 12
the duty cycle of the horizontal output stage is
set to 50%.

The phase detector circuit at Pin 14 compen-
sates for storage time in the horizontal deflec-
tion output stage. The horizontal output pulse

9-39

duration in 29us HIGH for storage times
between 1us and 17us (29us flyback pulse of
12us). A higher storage time increases the
HIGH time. Horizontal picture shift is possible
by forcing an external charge or discharge
current into the capacitor of Pin 14.

Mute Output and 50/60Hz

Identification (Pin 13)
The collector of an NPN transistor is connect-
ed to Pin 13. When the voltage on Pin 18
drops below 1.2V (no TV transmitter) the NPN
transistor is switched ON.

When the voltage on Pin 18 increases to a
level of =~ 1.8V (new TV transmitter found) the
NPN transistor is switched OFF.

Pin 13 has also the possibility for 50/60Hz
identification. This function is available when
Pin 13 is connected to Pin 10 (+12V) via an
external pull-up resistor of 10 - 20kS2. When
no TV transmitter is identified, the voltage on
Pin 13 will be LOW (< 0.5V). When a TV
transmitter with a divider ratio > 576 (50Hz) is
detected the output voltage of Pin 13 is HIGH
(+12).

When a TV transmitter with a divider ra-
tio < 576 (60Hz) is found an internal PNP
transistor with its emitter connected to Pin 13
will force this pin output voltage down to =~
7.5V.

Sandcastle Output (Pin 17)

The sandcastle output pulse generated at Pin
17, has three different voltage levels. The
highest level, (11V), can be used for burst
gating and black level clamping. The second
level, (4.5V), is obtained from the horizontal
flyback pulse at Pin 12, and is used for
horizontal blanking. The third level, (2.5V), is
used for vertical blanking and is derived via




Signetics Linear Products

Product Specification

Synchronization Circuit

TDA2579

the vertical divider system. For 50Hz the
blanking pulse duration is 42 clock pulses and
for 60Hz it is 34 clock pulses started from the
vertical divider reset. For TV signals which
have a divider ratio between 622 and 628 or
522 and 528 the blanking pulse is started at

the first equalizing pulse.

November 14, 1986

TYPICAL APPLICATION

(FROM PIN 1 TDA2579)

VERTICAL FEEDBACK
(PIN 2 TDA2579)
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VERTICAL DRIVE j
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<
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DESCRIPTION

The TDA2593 is a monolithic integrated
circuit intended for use in color television
receivers in combination with TDA2510,
TDA2520, TDA2560 as well as with
TDA3505, TDA3510, and TDA3520.

ORDERING INFORMATION

TDA2593
Horizontal Combination

Product Specification

FEATURES PIN CONFIGURATION

e Horizontal oscillator based on
the threshold switching principle

e Phase comparison between sync Vee
pulse and oscillator voltage (y4)

o Internal key pulse for phase
detector (¢¢) (additional noise
limiting)

o Phase comparison between line
flyback pulse and oscillator
voltage (y2)

e Larger catching range obtained
by coincidence detector (y3;
between sync and key pulse)

e Switch for changing the filter
characteristic and the gate circuit
(VCR operation)

e Sync separator

o Noise separator

e Vertical sync separator and
output stage

o Color burst keying and line
flyback blanking pulse generator

o Phase shifter for the output
pulse

e Output puise duration switching

e Output stage with separate
supply voltage for direct drive of
thyristor deflection circuits

o. Low supply voltage protection

APPLICATIONS
e Video monitors
e TV receivers

N Package

6] GND
0SCFREQ
15] Apy

73] osccapIn
[73) PHASE DET1
TIMECON

[12] swivch
7] VCRSWITCH/
COIN DET

LINE

puLSE OUT L3]

PULSEDUR
switcH 4]

[10] NOISE SEP
[9 | VIDEOIN

TOP VIEW

CD124408

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

16-Pin Plastic DIP (SOT-38)

—20°C to +70°C

TDA2593N

January 14, 1987

9-41 853-0031 87195
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Horizontal Combination

TDA2593

BLOCK DIAGRAM
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3T em 3 T o ] T @ T g e
00pF o= 04T & suomrcimcurr O+ PINEPOINTA) +HPINLPOINT A) Too o
Z'FOMQANUST = = -.\: = = =
BD087508
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply voltage
Vi-1e at Pin 1 (voltage source) 13.2 \"
Va_16 at Pin 2 18 \"
Voltages
Va-16 Pin 4 13.2 Vv
*Vg_16 Pin 9 6 \
+*Vi0-16 Pin 10 6 v
Vi1-16 Pin 11 13.2 )
Currents
Pins 2 and 3 (thyristor driving)
fom, ~lam (peak value) 650 mA
Pins 2 and 3 (transistor driving)
Iam, —lam (peak value) 400 mA
la Pin 4 1 mA
*lg Pin 6 10 mA
-lz Pin 7 10 mA
41 Pin 11 2 mA
Pror Total power dissipation 800 mw
Tst6 Storage temperature range -25 to +125 °C
Ta Operating ambient temperature range -20 to +70 °C
January 14, 1987 9-42
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Horizontal Combination TDA2593

DC AND AC ELECTRICAL CHARACTERISTICS at Vg = 12V; Ta = 25°C; measured in Block Diagram.

LIMITS

SYMBOL PARAMETER UNIT

Min I Typ | Max
Sync separator
Vo_16 Input switching voltage 0.8 \
lg Input keying current 5 100 MA
lg Input leakage current at Vg_1g =-5V 1 MA
lg Input switching current 5 pA
lg Switch off current 100 150 MA
Vg_1ep-p) | Input signal (peak-to-peak value) 3 4 V!
Noise separator
Vio-16 Input switching voltage 1.4 "
l1o Input keying current 5 100 MA
l1o Input switching current 100 150 MA
l1o Input leakage current at Vig-16 =—-5V 1 MA
Vio-16-p) | Input signal (peak-to-peak value) 3 V!
Vio-16(pp-p) | Permissible superimposed noise signal (peak-to-peak value) \
Line flyback pulse
le Input current 0.02 1 2 mA
Ve-16 Input switching voltage 14 v
Ve-16 Input limiting voltage -0.7 +1.4 Vv
Switching on VCR
Vii-16 Input voltage 0to 25 \
Vii-16 91to Vi_1s \J
;'1'1" Input current 220 r’:&
Pulse duration switch for t=7us (thyristor driving)
Va-16 Input voltage 9.4 to Vi_4s "
I4 Input current 200 ] MA
Pulse duration switch for t = 14us + tp (transistor driving)
Va_16 Input voltage 0 35 \'
=l Input current 200
Pulse duration switch for t=0; V3_1g=0 or input Pin 4 open
Vi-16 Input voltage 5.4 6.6 \'
lg Input current 0 0
Vertical sync pulse (positive-going)
Vg - 16(P-P) Output voltage (peak-to-peak value) 10 1 v
Rs Output resistance 2 kQ
ton Delay between leading edge of input and output signal 15 us
torF Delay between trailing edge of input and output signal 5 ton us
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Horizontal Combination TDA2593

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at Vg = 12V; Ta = 25°C; measured in Block Diagram.

LIMITS
SYMBOL PARAMETER UNIT
Min J Typ T Max
Burst gating pulse (positive-going)
V7_16(p-P) Output voltage (peak-to-peak value) 10 11 \"
Rz Output resistance 70 Q
tp Pulse duration; V7_16=7V 37 4"‘3 ﬁz
: prase eltor bevoer ridde ctore g et e tpa s | 1 | e | s | e
I7 Output trailing edge current 2 mA
Line flyback-blanking pulse (positive-going)
V7_16(P-P) Output voltage (peak-to-peak value) 4 5 \"
Ry Output resistance 70 Q
I7 Output trailing edge current 2 mA
Line drive pulse (positive-going)
V3-16(P-P) Output voltage (peak-to-peak value) 10.5 \
Output resistance
Rs for leading edge of line pulse 25 Q
R3 for trailing edge of line pulse 20 Q
tp Pulse duration (thyristor driving) V4_16=9.4 to Vy_16 V 5.5 7 8.5 us
tp Pulse duration (transistor driving) V4_16 =0 to 4V; tpp = 12us 14 +1tp us?
Vi-16 Supply voltage for switching off the output pulse 4 \
Overall phase relation
t Phase relation between middle of sync pulse and the middie of 26 us®
the flyback pulse
| At| Tolerance of phase relation 0.7 us

The adjustment of the overall phase relation and consequently
the leading edge of the line drive occurs automatically by phase
Alg/ At control . 30 MA/us
If additional adjustment is applied it can be arranged by current
supply at Pin 5

Oscillator
Vis-16 Threshold voltage low level 4.4 \"
Vis-16 Threshold voltage high level 7.6 \"
44 Discharge current 0.47 mA
fo Frequency; free running (Cosc = 4.7nF; Rosc = 12kS2) 15.625 kHz
Afp/fo Spread of frequency . <t5 %4
Afp/Alys Frequency control sensitivity 31 Hz/pA
Afo/fo Adjustment range of network in circuit (see Block Diagram) 10 %
Ato/fo
——_AV/VNOM Influence of supply voltage on frequency <+0.05 %*
Afp Change of frequency when V;_4g drops to 5V <+10 %4
Temperature coefficient of oscillator frequency <+10% Hz/°C*
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Horizontal Combination TDA2593

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at Vo =12V; Ta = 25°C; measured in Block Diagram.

LIMITS
SYMBOL PARAMETER UNIT
Min ‘ Typ [ Max
Phase comparison ¢4
Vis-1s Control voltage range 3.8 8.2 \
*li3m Control current (peak value) 1.9 2.3 mA
Output leakage current
la at Viz-16=4 to 8V 1 KA
Output resistance
Ry3 at Vyg_16 =4 to 8V° high ohmic
Ry at Vi3_16< 3.8V or >8.2Vv8 low ohmic
Control sensitivity 2 kHz/us
Af Catching and holding range (82kS2 between Pins 13 and 15) +780 Hz
A(Af) Spread of catching and holding range +10 %4
Phase comparison ¢, and phase shifter
Vs5_16 Control voltage range 54 7.6 v
*l5m Control current (peak value) 1 mA
Qutput resistance
at Vs_1=5.4 to 7.6V’ high ohmic
Rs at Vs_16<5.4 or >7.6V 8 k2
Input leakage current
s Vs_15=5.4 to 7.6V 5 HA
4 Permissible delay between leading edge of output 15
D pulse and leading edge of flyback pulse (tgp = 12us) us
At/ Atp Static control error 0.2 %
Coincidence detector ¢3
Vii-16 Output voltage 0.5 6 Vv
Output current (peak value)
l11m without coincidence 0.1 mA
—l11m with coincidence 0.5 mA
Time constant switch
Viz-16 Output voltage 6 \
E4 PP Output current (limited) 1 mA
Output resistance
Ri2 at Vi1-16=2.5 to 7V 0.1 k2
Ri2 at Vi1-16 < 1.5V or > 9V 60 k2
Internal gating pulse
tp l Pulse duration 75 us
NOTES:

. Permissible range 1 to 7V.

. tp = switch-off delay of line output stage.
. Line flyback pulse duration trp = 12us.

. Excluding external component tolerances.
Current source.

. Emitter-follower.

. Current source.

NOOAON -
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DESCRIPTION

The TDA2594 is a monolithic integrated
circuit intended for use in color television
receivers.

FEATURES

o Horizontal oscillator based on
the threshold switching principle

o Phase comparison between sync
puilse and oscillator voltage (¢4)

e Internal key pulse for phase
detector (p1) (additional noise
limiting)

o Phase comparison between line
flyback pulse and oscillator
voltage (¢2)

e Larger catching range obtained
by coincidence detector (3
between sync and key pulse)

e Switch for changing the filter
characteristic and the gate circuit
(VCR operation)

e Sync separator

o Noise separator

e Vertical sync separator and
output stage

ORDERING INFORMATION

TDA2594

Horizontal Combination

Product Specification

o Color burst keying and line
flyback blanking pulse generator
and clamp circuit for vertical
blanking

e Phase shifter for the output
pulse

o Output pulse duration for
transistor reflection systems

e External switching off of the line
trigger pulse

e Output stage with separate
supply voltage

e Low supply voltage protection

e Transmitter identification and
muting circuit, and vertical sync
switch-off

APPLICATIONS

e Video processing

® Television receivers
e Video monitors

e Sync separator

PIN CONFIGURATION

N Package

Vee [1]

LINE TRIGGER 1
PULSE IN

LINE DRIVE 51
PULSE OUT

PULSE
swiTcH-GFF [4]

VERT SYNC
pULSE L]
MUTE OUTPUT [ 9|

TOP VIEW

[18] crOUND
[17] osciLLATOR

1 16] osciLLaTor
PHASE COMP 1
TIME CNST

(4] swirch
73] YCRSWITCHIN
& COINC DET

[12] NOISE SEP
[11] syNC sEP
[10] TvXMmITID

CD127408

DESCRIPTION TEMPERATURE RANGE ORDER CODE
18-Pin Plastic DIP (SOT-102DS) —20°C to +70°C TDA2594N
February 12, 1987 9-46
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Horizontal Combination TDA2594

BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply voltage
Vi-18=Vs at Pin 1 (voltage source) 13.2 \"
Va_18 at Pin 2 18 \
Voltages
V4 -18 Pin 4 13.2 \"
Vg_18 Pin 9 18 \"
-Vg_18 0.5 \"
+Vi1-18 Pin 11 6 "
+*Vio_18 Pin 12 6 \
Viz-18 Pin 13 13.2 \
Currents
Iom, ~lam Pins 2 and 3 (transistor driving) 400 mA
(peak value)
lg Pin 4 1 mA
tlg Pin 6 10 mA
-1y Pin 7 5 mA
lg Pin 9 10 mA
l3 Pin 13 2 mA
Prot Total power dissipation 800 mwW
Tste Storage temperature range -25 to +125 °C
Ta Operating ambient temperature range -20 to +70 °C
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Horizontal Combination TDA2594

DC AND AC ELECTRICAL CHARACTERISTICS at V;_;g=12V; Tp = 25°C; measured in Block Diagram.

LIMITS

SYMBOL PARAMETER UNIT

Min T Typ | Max
Sync separator (Pin 11)
Vii-18 Input switching voltage 0.8 \
f44 Input keying current 5 100 pA
141 Input leakage current at V{1_1g=-5V 1 MA
l44 Input switching current 5 MA
1 Switch off current 100 150 MA
Vi1-18pp) | Input signal (peak-to-peak value) 3 4 V!
Noise separator (Pin 12)
Viz-18 Input switching voltage 14 \"
li2 Input keying current 5 100 MA
l42 Input switching current 100 150 MA
l12 Input leakage current at Vyp_1g ==-5V 1 A
Viz_18p-p) | Input signal (peak-to-peak value) 3 4 V!
Vi2-1g(p-p) | Permissible superimposed noise signal (peak-to-peak value) 7 \"
Line flyback puise (Pin 6)
lg Input current 0.02 1 mA
Ve-18 Input switching voltage 14
Ve_18 Input limiting voltage -0.7 +1.4 \
Switching on VCR (Pin 13)
Viz-18 Input voltage 0 9 tzc;svs x
;:_:3113 Input current 220 :1‘2
Pulse switching off (Pin 4) For t=0; input Pin 4 open or V3_18=0
Vi-18 Input voltage 5.4 6.6 \"
lg Input current 0 HA
Vertical sync pulse (Pin 8) (positive-going)
Vg _18(P-P) Output voltage (peak-to-peak value) 10 1 \"
Rs Output resistance 2 k2
ton Delay between leading edge of input and output signal 15 us
torF Delay between trailing edge of input and output signal ton us
Vio-18 Switching off the vertical sync pulse 3 \
Burst key pulse (Pin 7) (positive-going)
V7_18 Output voltage 10 1 Vv
Ry Output resistance 70 Q
tp Pulse duration; V7_1g=7V 3.7 4 43 us
U | e e it o pi wbe i | s | e | o | e
I7 Output trailing edge current 2 2 mA
V7_18 Saturation voltage during line scan 1 Vv
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Horizontal Combination TDA2594

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at V4_4g=12V; Tp = 25°C; measured in Block Diagram.

LIMITS
SYMBOL PARAMETER UNIT
Min ‘ Typ | Max
Line flyback-blanking pulse (Pin 7) (positive-going)
V7_18 Output voltage 4.1 4.9 \
R; Output resistance 70 Q
I7 Output trailing edge current 2 mA
Field flyback/blanking pulse (Pin 7)
v Output voltage with externally forced in current P 3
7-18 l;=2.4 to 3.6mA
R; Output resistance at I; = 3mA 70 Q
TV transmitter identification output (Pin 9) (open-collector)
Vg_18 Output voltage at Ig =3mA; no TV transmitter 0.5 "
Rg Output resistance at lg = 3mA; no TV transmitter 100 Q
lg QOutput current at V915 =3V; TV transmitter identified 5 MA
TV transmitter identification (Pin 10)
When receiving a TV signal, the voltage Vi9-1g Will change
from <1V to =7V
Line drive pulse (positive-going)
Va_18(pP-p) Output voltage (peak-to-peak value) 10 \
R3 Output resistance
for leading edge of line pulse 2.5 Q
for trailing edge of line pulse 20 Q
Pulse duration (transistor driving) 2
tp Va_15="0 to 3.5V; Iy > 2000A; trp = 12us 14+t b
Vi-18 Supply voltage for switching off the output pulse 4 \
Overall phase relation
At Phase relation between middle of sync pulse 26 3
and the middie of the flyback pulse ) K
The adjustment of the overall phase relation and consequently
the leading edge of the line drive pulse occurs automatically by
phase control ps.
If additional adjustment is applied, it can be arranged by current
supply at Pin 5, such that:
Al/At supplying current 30 MA/ us
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Horizontal Combination TDA2594

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at V4_1g=12V; Ta = 25°C; measured in Block Diagram.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ i Max
Oscillator (Pins 16 and 17)
Vig-18 Threshold voltage low level 4.4 \"
Vig-18 Threshold voltage high level 7.6 v
the Charging current 0.47 mA
fo Frequency; free running (Cosc = 4.7nF; Rosc = 12k§2) 156.625 kHz
Afg Spread of frequency +5 %8
Ao/ Bq7 Frequency control sensitivity 31 Hz/uA
Afo Adjustment range of network in circuit (Block Diagram) 10 %
Afo/\;zw Influence of supply voltage on frequency; reference at Vg = 12V +0.05 %8
Alo Change of frequency when Vg drops to 5V; reference at +10 %6
Vg =12V
TC Temperature coefficient of oscillator frequency +1074 K-16
Phase comparison ¢4 (Pin 15)
Vis-18 Control voltage range 4.1 79 v
*l1sm Control current (peak value) 1.8 22 mA
Output leakage current
hs at Vis_15 =43 to 7.7V ! A
Output resistance
Ry3 at Vi5_1g=4.3 to 7.7V* high ohmic
R13 at Vi5_18 <4.1Vor=>7.9V5 low ohmic
Control sensitivity 2 kHz/us
Af Catching and holding range (82kS2 between Pins 15 and 17) +680 Hz
A(Af) Spread of catching and holding range +12 %9
Phase comparison ¢, and phase shifter (Pin 5)
Vs_18 Control voltage range 5.4 7.6 Vv
*lsm Control current (peak value) 1 mA
Rs Output resistance at Vs_1g=5.4 to 7.6V* high ohmic
Is Input leakage current at Vs_1g = 5.4 to 7.6V 5 HA
1o Permissible delay between leading edge of output pulse and 155 s
leading edge of flyback pulse (trp = 12us) - K
AV Aty Static control error 0.2 %
Coincidence detector 3 (Pin 13)
Viz-18 Output voltage 05 6 Y
Output current (peak value)
l1am without coincidence 0.1 mA
~li3m with coincidence 0.5 mA
NOTES:
1. Permissible range 1 to 7V.
2. tp = switch-off delay of line output stage.
3. Line flyback pulse duration tgp = 12us.
4. Current source.
6. Emitter-follower.
6. Excluding external component tolerances.

February 12, 1987 9-50



Signetics

Linear Products

DESCRIPTION

The TDA2595 is a monolithic integrated
circuit intended for use in color television
receivers.

FEATURES

o Positive video input; capacitively
coupled (source impedance
< 20082)

e Adaptive sync separator; slicing
level at 50% of sync amplitude

o Internal vertical puilse separator
with double slope integrator

e Output stage for vertical sync
pulse or composite sync
depending on the load; both are
switched off at muting

e ¢4 phase control between
horizontal sync and oscillator

e Coincidence detector o3 for
automatic time constant
switching; overruled by the VCR
switch

o Time constant switch between
two external time constants for
loop gain; both controlled by the
coincidence detector 3

® ¢y gating pulse controlled by
coincidence detector o3

e Mute circuit depending on TV
transmitter identification

ORDERING INFORMATION

TDA2595

Horizontal Combination

Product Specification

e o, phase control between line
flyback and oscillator; the slicing
levels for ¢, control and
horizontal blanking can be set
separately

o Burst keying and horizontal
blanking pulse generation, in
combination with clamping of the
vertical blanking pulse (three-
level sandcastle)

o Horizontal drive output with
constant duty cycle inhibited by
the protection circuit or the
supply voltage sensor

o Detector for too low supply
voltage

® Protection circuit for switching
off the horizontal drive output
continuously if the input voltage
is below 4V or higher than 8V

e Line flyback control causing the
horizontal blanking level at the
sandcastle output continuously in
case of a missing flyback pulse

e Spot suppressor controlled by
the line flyback control

APPLICATIONS
e Television receivers
o Video receivers

PIN CONFIGURATION

CONTROL OUT
LINE e Rveo (1] 78] voLr FoL ouT
FB PULSE IN [Z] [7) PHasE com

PHASE DET | 3]

HORIZ
our puLse L]

GND 5] HORIZ 0SC
BURST
GATING PULSE L8] [13] coin DET
TV TRANS
MUTE OUTPUT IDENT
EHT VOLT 7] COMP VIDE
PROTECTION IN/ SYNC SEP
VERT SYNC 5 [75) COMP SYNC

PULSE GEN

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

18-Pin Plastic DIP (SOT-102CS)

-20°C to +70°C

TDA2595N

November 14, 1986
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Signetics Linear Products Product Specification

Horizontal Combination TDA2595

ABSOLUTE MAXIMUM RATINGS

SYMBOL DESCRIPTION RATING UNIT
Vis-5=Vcc | Supply voltage (Pin 15) 13.2 "
Voltages at:
Vi47-5 Pins 1, 4 and 7 18 \
V3;13;15_5 Pins 8, 13 and 18 Vee Vv
Vii-5 Pin 11 (range) -0.5 to +6 \Y
Currents at:
I4 Pin 1 10 mA
*lom Pin 2 (peak value) 10 mA
Ig Pin 4 100 mA
*lom Pin 6 (peak value) 6 mA
Iz Pin 7 10 mA
Ig Pin 8 (range) -5 to +1 mA
lg Pin 9 (range) -10 to +3 mA
tlyg Pin 18 10 mA
Pror Total power dissipation 800 mw
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range ~20 to +70 °C

DC AND AC ELECTRICAL CHARACTERISTICS V¢ =12V; Ta=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ I Max
Composite video input and sync separator (Pin 11) (internal black level determination)
Input signal (positive video;
MIRLLL standard signal; peak-to-peak value) 02 1 3 v
Vi1-5p-R) Sync pulse amplitude (independent of video content) 50 mvV
Rg Generator resistance 200 Q
Input current during
144 Video 5 uA
-l11 Sync pulse 40 HA
=141 Black level 30 MA
Composite sync generation (Pin 10) horizontal slicing level at 50% of the sync puise amplitude
Capacitor current during
l10 Video 12 MA
-ho Sync pulse 170 MA
Vertical sync pulse generation (Pin 9) slicing level at 26% (50% between black level and horizontal slicing level)
Vg_s Output voltage 10 \
tp Pulse duration 190 us
4 Delay with respect to the vertical 45
D sync pulse (leading edge) us
Pulse-mode control
Output current for vertical sync pulse (dual integrated) No current applied at Pin 9
Output current for horizontal and vertical sync pulse Current applied via a resistor of
(non-integrated separated signal) 15k from Ve to Pin 9
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Product Specification

Horizontal Combination

TDA2595

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vg =12V; Ta = 25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ | Max
~Horizontal oscillator (Pins 14 and 16)
fosc Frequency; free-running 15.625 kHz
Via-5 Reference voltage for fosc 6 \
Afosc/Aly4 Frequency control sensitivity 31 Hz/uA
Afosc Adjustment range of circuit Figure 1 +10 %
Afosc Spread of frequency 5 %
Frequency dependency (excluding tolerance of external
Afosc/f components)
_—0SC/0SC with supply voltage (Vgc = 12V) +0.05 %
AVys_5/Vi5-5
Afpsc with supply voltage drop of 5V 10 %
TC with temperature +1074 °c1
Capacitor current during:
~le Charging 1024 MA
l16 Discharging 313 uA
Sawtooth voltage timing (Pin 14)
tr Rise time 49 us
te Fall time 15 us
Horizontal output pulse (Pin 4)
Va_s Output voltage Low at |4 =30mA 0.5 \
tp Pulse duration (High) 29 1.5 us
Vece Supply voltage for switching off the output pulse (Pin 15) 4 \"
Phase comparison ¢4 (Pin 17)
Vi7-5 Control voltage range 3.55 8.3 \"
47 Leakage current at V47_5=3.55 to 8.3V 1 uA
47 Control current for external time constant switch 1.8 2 2.2 mA
Control current at Vig_5=Vi5_5
+
thy and Vi3_5<2V or Vi3_5> 9.5V 8 mA
47 Control current at Vig_5=Vi5_-5 and Vy3_5=2 to 9.5V 1.8 2 2.2 mA
Horizontal oscillator control
Sy Control sensitivity 6 kHz/us
Afosc Catching and holding range +680 Hz
Afosc Spread of catching and holding range +10 %
tp Internal keying pulse at Vi3_5=29 to 9.5V 7.5 us
Time constant switch
Viz-5 Slow time constant 9.5 2 v
Viz-s5 Fast time constant 2 9.5 \
*Vy7_18 Impedance converter offset voltage (slow time constant) 3 mV
Output resistance
Rig-5 Slow time constant 10 Q
Rig-5 Fast time constant imp':g;nce
l4g Leakage current 1 MA
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Signetics Linear Products Product Specification

Horizontal Combination TDA2595

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = 12V; Ta=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ l Max
Coincidence detector ¢3 (Pin 13)
Output voltage
Viz-s without coincidence with composite video signal 1 \'
Viz-s without coincidence without composite video signal (noise) \
Viz-s With coincidence with composite video signal 6 v
Output current
li3 without coincidence with composite video signal 50 MA
~li3 with coincidence with composite video signal 300 MA
Switching current
l43 at Vy3_5=Vgc-0.5V 100 MA
l13(av) at Vi3-5=0.5V (average value) 100 MA
Phase comparison v, (Pins 2 and 3)'
Phase relation between middle of the horizontal sync
At pulse and the middle of the line flyback pulse 26+0.7 us

at tpp = 12[182

If additional adjustment is required, it can be arranged
Al/ At by applying a current at Pin 3, such that for 30 MA/us
applied current:

Input for line flyback pulse (Pin 2)

Vo_s Switching level for o comparison 3 \"
Va_s Switching level for horizontal blanking and flyback control 3 \%
Va_s Input voltage limiting ;3; x
Switching current

Iz at horizontal flyback 0.01 1 mA
I at horizontal scan 2 MA
Phase detector output (Pin 3)

tlg Control current for ¢o 1 mA
Aty Control range 19 us
At/ Aty Static control error 0.2 %
I3 Leakage current 5 MA
Burst gating pulse (Pin 6)°

Ve-5 Output voltage 10 1 \"
tp Pulse duration 3.7 4 4.3 us

Phase relation between middle of sync pulse at the input
o6 and the leading edge of the burst gating 2.15 2.65 3.15 us
pulse at Vg_5=7V

lg Output trailing edge current 2 mA
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Horizontal Combination TDA2595

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ve =12V; Ta=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min ] Typ J Max
Horizontal blanking pulse (Pin 6)
Ve-5 Output voltage 4.2 45 4.9 Vv
le Output trailing edge current 2 mA
Ve - 5sat Saturation voltage at horizontal scan 0.5 \
Clamping circuit for vertical blanking pulse (Pin 6)°
V-5 Output voltage at lg = 2.8mA 2.15 25 3 \
lemin Minimum output current at Vg_5 > 2.15V 23 mA
lemax Maximum output current at Vg_5 <3V 3.3 mA
TV transmitter identification (Pin 12)
Viz-s Ol:g u'tl'\;lotlrt:g:mitter 1 \
Vi2_s TV transmitter identified 7 Vv
Mute output (Pin 7)
V7-5 Output voltage at |7 = 3mA; no TV transmitter 0.5 \
R7-s5 Output resistance at I; =3mA; no TV transmitter 100 Q
Iy Output Iea.kage' currg_nt at Vio_5 >3V; 5 uA
TV transmitter identified
Protection circuit (heam current/EHT voltage protection) (Pin 8)
Vg_5 No-load voltage for Ig =0 (operative condition) 6 v
Vg_5 Threshold at positive-going voltage 8 0.8 \
Vg_5 Threshold at negative-going voltage 4 04 \
*lg Current limiting for Vg_s5=1 to 8.5V 60 HA
Rs-s Input resistance for Vg_5 > 8.5V 3 k2
ty Response delay of threshold switch 10 us
Control output of line flyback pulse control (Pin 1)
V1 _5sat Saturation voltage at standard operation; I; = 3mA 0.5 \"
[ Output leakage current in case of break in transmission 5 HA

NOTES:

1. Phase comparison between horizontal oscillator and the line flyback pulse. Generation of a phase-modulated (po) horizontal output pulse with constant
duration.

2. trp is the line flyback pulse duration.

3. Three-level sandcastle pulse.

November 14, 1986 9-56



Signetics

Linear Products

FEATURES

o Positive video input, capacitive
coupled (source impedance
< 20092)

e Adaptive sync slicer at 50% of
sync pulse amplitude

e Internal vertical puise separator
with double-slope integrator

e Outputstage for vertical sync
pulse or composite sync
depending on the load. Both are
switched off by mute

® ¢4 phase control between H-sync
and oscillator

e Coincidence detector ¢3 for
automatic time-constant
switching, overruled by the VCR-
switch

AN158

Features of the TDA2595
Synchronization Processor

Application Note
L~

o Time-constant switch between

two external time-constants or
loop-gain switch both controlled
by coincidence detector ¢3

e ¢4 gating puise controlled by

coincidence detector ¢3

e Mute circuit depending on TV

transmitter identification

® ¢ phase control between line
flyback and oscillator. The slicing

levels for ¢, control and line
blanking can be set separately

o Burst keying and line blanking

pulse generation, combined with
clamping of field blanking pulse
(triple-level sandcastie)

e H-drive output with constant duty
cycle inhibited by the protection
circuit or the supply voltage
detector

o Detector for too low supply
voltage

e Protection circuit switching off H-
drive output continuously if input
voltage is below 4V or higher
than 8V

o Line flyback control causing line-
blanking level at sandcastle
output continuously in case of
missing flyback pulse

e Spot-suppressor controlled by
the line flyback control

VIDEO
PHASE

PHASE

2] OSCILLATOR vs SYNC
loss of sync

2 FLYBACK vs OSCILLATOR
storage time variations: video shift

3 COINCIDENCE DETECTOR
fast/slow ¢¢ loop switch

H/COMP. SYNC TDA 2595
SYNC H b1 LooP HOR
SEP DET. FILTER osc
v FAST/SLOW
$3
DET.

Figure 1

HORIZONTAL
SHIFT | DRIVE

b2 _ﬂ

DET.

80013708
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Application Note

Features of the TDA2595 Synchronization Processor

AN158

A

INTERNAL SYNC

@1 TIMING REFERENCE

L
S

@1 DETECTOR CURRENT

VIDEO

4 J| IDENTIFICATION PULSE

|
e
1
!
BURST KEY PULSE le—2 —-m___

;
[-ass $2 TIMING REFERENCE
]
|
|

7" RETRACE

-
—

¢2 DETECTOR CURRENT

WF05130S

Figure 2. Timing Diagram
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Application Note

Features of the TDA2595 Synchronization Processor

AN158

SYNC SEPARATOR

Adaptive sync separator to slice H-sync at
50% and V-sync at 25% independent on
sync-amplitude. This is to insure immunity
against deteriorated sync impuises. The black
level is stored on a capacitor which is fed to
the positive video-signal (source impedance
200%2) into Pin 11. The slicing level is de-
tected internally and stored in a capacitor at
Pin 12.

The internal vertical integrator has a delay of
45us and is of the double-slope type to avoid
jitter and to improve noise immunity.

VERTICAL/COMPOSITE SYNC

The output stage at Pin 9 delivers a positive
vertical pulse or a positive composite sync
signal if the current drain is higher than 3mA.

If no TV transmitter is detected, the output is
switched to ground. The source impedance is
low-ohmic.

15kHz VCO

The VCO is a current controlled ramp oscilla-
tor with 49us rise time and 15us fall time. The
timing capacitor is connected to Pin 16; the
control current has to be fed into Pin 14,

While adjusting fo, Pin 12 should be connect-
ed to ground.

The oscillator generates the following signals
(see timing diagram Figure 2):

- timing reference for ¢,

- gating pulse for ¢

- reference pulse for video identification

circuit and coincidence detector ¢g
- burst keying pulse
- time reference for ¢,

¢1 PHASE CONTROL

The phase control ¢4 compares the ¢ timing
reference of the VCO with the center of the
H-sync signal and converts the time differ-
ence into a proportional current at Pin 17.

The external low-pass filter at Pin 17 deter-
mines the time constant and the catching and
tracking range of the VCO.

If Pin 18 is connected to the V+, the loop
gain is increased 4 times as long as the
oscillator is not locked in or Pin 13 is connect-
ed to ground or V+ (VCR switch).

If Pin 18 is connected as shown in the circuit
diagram, Pin 18 has the same voltage as Pin
17 as long as the oscillator is not locked in or
Pin 13 is connected to ground. Due to this the
"long" time constant connected from Pin 18

February 1987

to ground, ground is electrically disconnected
from Pin 17.

If the oscillator is locked in and Pin 13 not
connected to ground, Pin 18 switches to high
impedance and thus the loop filter to the
"long'" time-constant.

By switching loop gain or loop time-constant,
the lock in condition of the oscillator is not
disturbed. This enables a fast search tuning
using the TV transmitter identification (mute)
as a search stop.

To increase noise immunity the phase detec-
tor is inhibited during horizontal retrace and
vertical retrace if the oscillator is locked in
and Pin 13 not connected to ground or V+.

COINCIDENCE DETECTOR ¢3
The coincidence circuit detects whether there
is coincidence between the H-sync pulse and
a 8us impulse generated by the VCO. The
capacitor at Pin 13 is discharged continuously
by 8us current pulses of 50uA. If there is
coincidence, the capacitor is additionally
charged by H-sync pulses of 350uA.

If the voltage at Pin 13 exceeds 3V, the loop
gain is reduced and the loop time constant is
switched to the "long" value.

If the voltage exceeds 4.5V, the phase detec-
tor ¢ is gated to improve noise immunity.

MUTE CIRCUIT

The mute circuit detects whether there is
coincidence between the H-sync impulse and
a 8us impulse generated by the VCO. The
capacitor at Pin 12 is discharged during sync-
pulses of 50pA and by 8us current pulses of
50uA. If there is coincidence, the capacitor is
additionally charged by H-sync pulses of
450pA.

If the voltage at Pin 12 exceeds 4V, mute is
released and the mute output at Pin 7 is
switched to high impedance. Although the
coincidence detector ¢3 and the mute circuit
act similarly, separate circuits have been
chosen. This is to gain in design flexibility as
far as the time constants are related and to
keep the mute function alive independently
on the VCR switch.

¢2 PHASE CONTROL

The phase control ¢» compares the center of
the positive flyback pulse at Pin 2 at a
threshold of 3V with the ¢, timing reference.
The time difference is converted into a pro-
portional current at Pin 3. Loop gain and time-
constant are influenced by the external com-
ponents at Pin 3. The voltage at Pin 3 in turn
controls the phase shift.

9-59

To achieve a small phase adjustment a small
current may be injected into Pin 3.

The aim of having two different thresholds at
the flyback input is to determine the perfor-
mance of the ¢, loop, e.g., a straight vertical
center line, by the amplitude of the applied
flyback pulse without affecting the blanking
time.

SUPER SANDCASTLE
For burst keying and vertical and horizontal
blanking there is a 3 level pulse at Pin 6.

The burst keying part is driven from the VCO
and is 4us wide. Due to its small tolerances in
widths and phase it keys the burst very
exactly and is suitable as black level clamping
pulse.

The blanking part is derived from the line
flyback pulse at Pin 2 at a threshold of 0.2V. If
no flyback is applied to Pin 2, there will be
continuous blanking level superimposed by
the burst keying pulse.

The frame blanking part has to be fed in
externally as a 2mA current.

HORIZONTAL DRIVE

The H-drive output is an open-collector out-
put at Pin 4. The output pulse has a constant
aspect ratio of 45.3% off and 54.7% on
dependent upon the line frequency. An inter-
nal guard logic insures that there will be high
level during flyback. The output is inhibited by
the protection circuit also if the supply voltage
is below 4V. In both cases the line flyback
vanishes and by this the spot suppressor is
activated.

SPOT SUPPRESSOR

The spot suppressor is an open collector
output at Pin 1. If no flyback impulses are
detected at Pin 2, the output switches to high
impedance and remains there as long as the
flyback pulses are missing even if the supply
voltage vanishes during that time.

PROTECTION CIRCUIT

The protection circuit is activated if the volt-
age at Pin 8 exceeds 8V or decreases below
4V. One of both thresholds may be used (as
indicated in Figures 4a and b) to have X-ray
protection or overcurrent protection.

If activated, the H-drive is inhibited by this and
the line flyback vanishes and in turn the spot
suppressor is activated.

The protection circuit is reset if the supply
voltage decreases below 4V, e.g., the set is
switched off.
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Application Note

Features of the TDA2595 Synchronization Processor

AN158

8
TDA 2595 28V

INPUT X-RAY PROTECTION

TC013518

a. Input X-ray Protection

8
TDA 2595 ;N* . Us<s4v

TC01361S

b. Input Over Current Protection

Figure 4
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DESCRIPTION

The TDA8432 is an I12C bus-controlled
deflection processor (analog picture ge-
ometry processor) which contains the
control and drive functions of the deflec-
tion circuits in a computer-controlled TV
(CCTV) or monitor. This IC replaces all
picture geometry settings which are per-
formed manually during manufacturing.
The alignment of 10 picture geometry
parameters for the vertical and horizon-
tal deflection is accomplished by means
of a microcontroller via the I1°C bus.
Furthermore, it eliminates the external
components needed for adjusting the
horizontal frequency and phase position,
vertical linearity, picture height, east-
west parabola, and picture width. The
east-west shaping circuit is also eliminat-
ed. Provisions have been incorporated
to make several sync processor
(TDA2579 and TDA2595) functions 12C
bus-controllable.

February 1987

TDA8432

Computer-Controlled Deflection
Processor for Video Displays

Objective Specification

FEATURES

® 12C bus interface for all functions

o Input for vertical sync from sync
processor

o Vertical sawtooth generator with
frequency-independent amplitude

e Vertical output stage with
feedback input for driving a
vertical deflection amplifier

o East-west raster correction drive
output

o EHT modulation input, providing
optimum picture geometry
compensation for static and
dynamic EHT load variations

 I2C bus-controlled alignment of

10 deflection parameters

© Provisions for controlling a sync
processing IC which does not
have an I“C bus interface,
including:

- Two digital-to-analog converters
for alignment of the free-
running horizontal frequency
and horizontal phase position

- An 1/0 pin enabling computer
alignment of the free-running
horizontal frequency

- A special purpose 4-level
output for time constant
switching of the horizontal
phase-locked loop

- A special purpose 3-level input
for detection of the mute
function and the 50Hz/60Hz
state of the sync processor

o A switchable output (e.g., for
controlling a video source
selector)

APPLICATIONS

e Video monitors
e Color TV receivers

9-62

PIN CONFIGURATION
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Computer-Controlled Deflection Processor for Video Displays TDA8432

BLOCK DIAGRAM
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Computer-Controlled Deflection Processor for Video Displays TDA8432

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Pin 17) 14 \
Switching voltage (Pin 5) 8 \"
Output currents of each pin to ground (Pins 11 and 12) -10 mA
Maximum short-circuit time outputs . 10 sec
Tsta Storage temperature -55 to +150 °C
Ta Operating temperature -25 to 80 °C
Ty Junction temperature +150 °C
0)a Thermal resistance 75 °C/W
RECOMMENDED OPERATING CONDITIONS in application circuit Figure 1 at Tp =25°C and Vcg = 12V, unless otherwise
' specified.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Vee Supply voltage (Pins 17 -20, 10) 10 13.2 v
lec Supply current (Pin 17) 42 55 mA
Switching voltage VHF (Pin 5) 0 1.5 \
Switching voltage hyperband 2 3.5
Switching voltage UHF (Pin 5) 4 5 \"
Switching current UHF (Pin 15) 0.2 mA
DC ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL PARAMETER UNIT
Min l Typ ' Max
VHF mixer including IF, measurement in circuit of Figure 1
fr Frequency range: printed circuit board 50 300 MHz
Noise Figure 1 (Pin 23) 50MHz 7.5 9 dB
225MHz 9 10 dB
300MHz 10 12 dB
Optimum source admittance (Pin 23) 50MHz 0.5 mmho
225MHz 1.1 mmho
300MHz 1.2 mmho
Input conductance (Pin 23) 50MHz 0.23 mmho
225MHz 0.5 mmho
300MHz 0.67 mmho
Cin Input capacitance (Pin 23) 50MHz — 300MHz 2 pF
Vin Input voltage for 1% X mod in channel (Pin 23) 97 100 dBuVv
ViN Input voltage for 10kHz pulling (in channel) (Pin 23) 100 108 dBuVv
Ay Voltage gain = 20log (V11-12/V23) (Pins 11-12, 23) 22 24.5 27 dB
VHF mixer
Conversion transadmittance mixer = SC = |15/V23 = -[16/V23 38 mmho
(Pins 15, 16 -23) .
Output admittance mixer (Pins 15-16) 0.1 mmho
Output capacitance mixer (Pins 15-16) 2 pF
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Computer-Controlled Deflection Processor for Video Displays TDA8432

DC ELECTRICAL CHARACTERISTICS (Continued)

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ | Max
VHF oscillator
fr Frequency range 70 330 MHz
Shift Vg =10%; 70 to 330MHz 200 kHz
Drift T=15° 70 to 330MHz 250 kHz
Drift from 5 seconds to 15 minutes after switching on 200 kHz
Hyperband mixer including IF (measured in circuit of Figure 12) (measurements with hybrid)
fr Frequency range 300 470 MHz
Noise figure (Pins 21, 22) 300MHz 8 10 dB
470MHz 8 10 dB
Input reflection coefficient (Pins 21, 22) 300MHz Is11P -4.4 dB
phase +162 deg
470MHz IS11] -47 dB
phase +151 deg
Input available power Pav for 1% X-mod 300MHz -19 dBm
in-channel (Pins 21, 22) 470MHz -19 dBm
10kHz pulling (in-channel) (Pins 21, 22) 470MHz -1 dBm i
N +5-1MHz pulling® (Pins 21, 22) 470MHz -29 dBm
Gain =4 300MHz 34 37 40 dB
470MHz 34 37 40 dB
Hyperband oscillator
Frequency range (MHz) 330 520 MHz
Shift AVg =5% 400 kHz
Drift AT =15° 500 kHz |
Drift from 5 seconds to 15 minutes after switching on 600 kHz |
Input reflection coefficient (Pins 4 -5) IS11] TBD dB ‘
at f=2330MHz phase TB8D deg .
|
UHF mixer including IF (Pins 18 and 19) (measured in circuit of Figure 12) (measurements with hybrid) i
I
Frequency range 470 860 MHz i
Noise figure 470MHz 8 10 dB |
860MHz 9 11 dB ‘
Input reflection coefficient ~ 470MHz IS11l -4 |
phase +157 deg |
860MHz -42 |
phase +138 deg |
Input available power Pay for 470MHz -19 dBm !
1% X-mod in-channel 860MHz -19 dBm 1
10kHz pulling (in-channel) 860MHz -10 dBm \
N + 5 - 1MHz pulling® 820MHz -42 -35 dBm I
Gain = 4 470MHz 34 a7 40 dB ‘
860MHz 34 37 40 dB ‘
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Computer-Controlled Deflection Processor for Video Displays TDA8432

DC ELECTRICAL CHARACTERISTICS (Continued)

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max
UHF oscillator
fr Frequency range (MHz) 500 900 MHz
Shift AVg=5% 400 kHz
Drift AT =25°C to 40°C 500 kHz
Drift from 5 seconds to 15 minutes after switching on 300 kHz
IF amplifier
Mod Phase
S11 -0.5 -1 dB/deg
sa1 measured at 36MHz, differentially 12 160 dB/deg
S12 -41 -5.2 dB/deg
S22 -7.9 13.7 dB/deg
LO output (Pin 2)
Output voltage into 752  f <330MHz 14 37 100 mV
Output reflection coefficient (VHF position) S22 TBD dB/deg
(Hyperband and UHF) at 500MHz TBD dB/deg
Spurious signal on LO output wrt LO output signal, measured in
755 with RF signal level at Pin 24 1V <225MHz -10 dB
0.3V 225MHz - 300MHz
Harmonics of LO signal wrt LO signal, measured in 755 -10 dB
NOTES:

. The Pins 2, 5, 11, 12, 13, 14 withstand the ESD test.

. Measured with an input circuit for optimum noise figure.

. The values have been corrected for hybrid and cable losses. The symmetrical output impendance of the hybrid is 100£2.

. The input level of an N + 5 - 1MHz signal which is just visible (Amtsblatt 69).

The gain is defined as the transducer gain measured in Figure 1 + the voltage transformation ratio of L6-L7. The ratio is 6:1 (16dB).
. All S parameters are referred to a 5082 system.

(- NE W RN

's‘os u L2 cl c2 Ry
1

TC203608

NOTES:

Component values: F = 50MHz F = 225MHz F = 300MHz
Li=L2=

C1=

C2=

C3=

Rm=

Electrical parameters of the circuit are (for appropriate impedance and selectivity)
Insertion loss

VSWR without IC

VSWR with IC

Impedance of tuned circuit without

IC at VSWR =1

Image suppression

Output impedance (source for IC)

Figure 1
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The decoder concept presented here com-
prises a multi-standard color decoder and a
video combination. The concept can also be
extended by means of a picture improvement
circuit.

A brief overview will first be given to clarify
this arrangement. Figure 1 shows the block
diagram of a complete color decoder from the
CVBS interface up to the picture tube. There
are switchable filters for separation of the
luminance and chrominance signals from one
another. Only one IC is necessary for the
demodulation of four color standards.

The output signals are the standard-indepen-
dent color difference signals (B-Y) and (R-Y),
i.e., U and V. The baseband signals (i.e., color
difference signals and luminance signal Y)
can either be directly supplied to the video
combination or they can be supplied via a
signal processor IC as shown here.

The video combination comprises all func-
tions for advanced video signal processing.
The RGB output signals of the IC can be fed
to the video final stages directly.

The interface selected in this decoder con-
cept, with the baseband signals as input
signals of the video combination, also permits
new circuit concepts to be introduced; e.g.,
the delay line which is required for PAL and
SECAM can be realized with CCD lines.
Picture improvement circuits with picture
memories can also be added.

AN155A
Multi-Standard

Color Decoder

With Picture Improvement

Application Note

The Color Transient Improvement (CTIl) IC
which is incorporated in Figure 1 was also
developed for this interface. Two functions
are integrated in this circuit: a transient im-
provement for a better picture, and a Y delay
line in gyrator technique to replace the previ-
ously-required wound line.

In the past, multi-standard color decoders
(MSD) have been built up with a number of
integrated circuits. Parallel working concepts
are known, and also transcoder concepts
specially for PAL and SECAM. The decoders
of the various standards require circuit blocks
of the same type; this applies in particular to
the quadrature amplitude modulation stan-
dards (QAM standards) PAL and NTSC, but
also to a large extent to the FM standard
SECAM. Therefore, an obvious approach for
the integration of a multi-standard decoder on
one chip is to make use of as many circuit
blocks as possible in common for the differ-
ent standards in order to minimize the compo-
nents and, also, the crystal area required.
Under the condition of automatic standard
identification, as is already the state of the art
for present MSD concepts, multiple utilization
of the circuit blocks can only be realized if
automatic standard identification is effected
by sequential standard scanning. A system of
this kind gives the great advantage that the
entire decoder, including the filters, can be
designed in the optimum way for the individu-
al standards.

The single-chip multi-standard decoder
TDA4555/TDA4556 is examined fully in
AN1551. Please refer to AN1551 for applica-
tion information.

The Video Combination

IC — TDA3505

The video combination IC incorporates all
setting functions for color picture reproduc-
tion. A black current stabilizing circuit is
provided. This saves three tuning operations
and also automatically regulates operating-
point changes due to warming up after
switch-on and to aging.

RGB signal inputs are provided for signal
supply from RGB sources via the audio/video
plug, e.g., from cameras or from internal
teletext decoders.

Figure 2 shows the block diagram of the input
part of this IC. The two color difference
signals -(R-Y) and -(B-Y) are fed in via
capacitors and clamped in the input stages to
reference values. After the saturation control
stages, the -(G-Y) signal is generated with
the (G-Y) matrix. These color difference sig-
nals, together with the Y-signal which is also
clamped in the input stage, are converted to
the R, G, and B signals in the R, G, and B
matrix.

EXTERNAL RGB — SIGNALS

P .
SWITCHING R G B
SWITCHING VOLTAGES VOLTAGE l l
VIDEO
FINAL STAGES
MULY! =(R-Y) A=) T A R
1 cn — ]
SWITCHABLE | ¢ ~(B~y) | CO-TRANSIENT | _o v, VIDEO
cvas wno%;u.ms L} TOA 4555 o L COMBINATION | G
CHROMA TRAPS DELAY LINE DA 3508
Y
TDA 4565 8
PAL SECAM H me
NTSC NTSC 4.4MHz T
v J DARK CURRENT
SATURATION
SANDCASTLE PULSE
CONTRAST
BRIGHTNESS

Figure 1. Block Diagram of the Multi-Standard Color Decoder
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Figure 2. Front Part of the Video Combination TDA3505

Switching stages, together with a switching
matrix and a driver stage for the switching,
permit the choice between the picture signals
from the color difference and Y inputs, or
from the R, G, B inputs. When the R, G, B
signals from the R, G, B inputs are selected,
they are added to the black levels, which are
simultaneously inserted. The switching times
between blanking, insertion, and changeover
are about 50ns and are so small that there
are no visible errors in the picture. If the RGB
inputs are constantly connected, synchroni-
zation with the other signals is not necessary.
The signals also pass through the contrast-
and brightness-control stages. A peak beam
current limitation can be effected via an input
to a threshold level switching circuit. The
threshold level circuit then reduces the con-
trast-control voltage. Average beam current
limitation is effected directly via the contrast-
control voltage, whereby under certain cir-
cumstances the brightness control is also
reduced via an internal diode.

All the pulses required in the IC, and especial-
ly for the black current stabilization which will
be explained later, are derived from the
sandcastle pulse.

Signal processing is effected in parallel in
three R, G, B channels and, therefore, the
description and explanation will continue to
be limited to the R channel.

Figure 3 shows the functional block diagram
of the black current stabilizer. The R signal is
blanked out and a measuring pulse is inserted
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for the black current measurement. A subse-
quent limiter stage prevents overdriving of the
video final stages. A control stage is provided
for white-point adjustment, which can be
effected by means of a DC setting voltage.
There is an adding stage in which the voltage
from the black current stabilization circuit is
added to the R signal. The output stage of the
IC can feed the video final stage directly. Its
output voltage is supplied via a PNP measur-
ing transistor to the cathode of the CRT. The
collector circuit includes a measuring resistor
at which voltage drops occur at the respec-
tive sequential measuring times; these are
due on the one hand to any leakage currents
which occur and on the other hand to dark
current with leakage currents. These voltages
are given to the IC. Following a buffer stage,
the measurement voltage for the leakage
currents is stored on the capacitor CL. Switch
S_ is only closed at the time when the signal
is blanked and no signal current can flow.
During the black level measurement time, a
reference voltage of 0.5V is subtracted from
the voltage to be measured and then com-
pared in a comparator circuit with the stored
voltage for the leakage currents. Switch Sy is
only closed during the black measurement
time and closes the control loop. Capacitor
Cq stores the control voltage.

A dark current of 10uA is not too small for
reliable evaluation and not too big, so that if it
is in the right time position no disturbing
effects are visible on the screen.

10-4

Insertion of the measurement pulses and
their evaluation is sequential; this means that
from the measuring resistor through the mea-
surement input and leakage current storage
up to and including the comparator circuit,
these circuits only have to be realized once
and are used for all three channels.

Figure 4 shows the time positions of the
various measurement pulse insertions and
evaluations. The measurement pulses are
after the vertical flyback pulse and are thus
above the upper picture edge in the overscan.

The R, G, B signals are blanked up to the
inserted measurement pulses. The leakage
current of all channels is measured in the line
before the first measurement pulse. This is
followed by the measurement pulses and
their evaluation in the sequence red, green,
blue.

A comprehensive application diagram with
the video combination TDA3505 and the
video final stages is shown in Figure 5.

For two sets of external RGB inputs and
larger video input bandwidth, the TDA4580
can be used in place of the TDA3505 (see
Figure 6).

The Color Transient
Improvement IC — TDA4565

A complete multi-standard decoder can be
built with the two ICs described above. A third
IC, which can be interconnected in the color
difference interface, can be used for color
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Figure 3. Functional Block Diagram for the Dark Current Stabilization With the Video Combination TDA3505 (R-channel)
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Figure 4. Position of the Measuring Lines of the Video Combination TDA3505
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The Color Transient
Improvement IC — TDA4565

A complete multi-standard decoder can be
built with the two ICs described above. A third
IC, which can be interconnected in the color
difference interface, can be used for color
picture improvements by means of transient
improvement of the color difference signals.

In Figure 7, the signal characteristics a) and
b) show a transient in the Y and color
difference signal. The rise time of the color
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difference signal is longer, corresponding to
the smaller bandwidth. A delay line in the Y
channel coordinates the centers of the tran-
sients as shown in Figure 7c.

In deviation from the previous signal process-
ing, with the Color Transient Improvement IC,
the color difference transient does not occur
until the input signal transient is finished, but
then occurs with a steepness corresponding
to that of the Y signal. The characteristic of
this color difference signal is shown in Figure

10-5

7d. It is now clear that - as shown in Figure
7e — a correspondingly longer delay is neces-
sary for the Y signal in order to achieve
coincidence of the transients.

Color signal transmissions, especially of test
pictures coming via this CTI circuit, appear on
the screen with the same color definition as
RGB transmissions.

Figure 8 gives an explanation of the CTI
function: the simplified circuits are shown on
the left and the signals occurring at these are
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shown on the right. Part ""A"" shows a color
difference input signal with a fast positive
transient corresponding to the maximum
bandwidth of the color difference signal.

The subsequent negative signal characteris-
tics are slower. In this circuit, the input signal
is supplied after an impedance transformer
via a switch and a further impedance trans-
former to the output. A storage capacitor is
connected between the switch and the output
impedance transformer, and is charged by
the input impedance transformer in accor-
dance with the signal characteristic.

Processing of the switching signal is affected
by differentiation of the color difference sig-
nal, followed by full-wave rectification. Figure

February 1987

8b shows the signals obtained in this way,
which are supplied to a comparator via a
high-pass filter. A diode at the high-pass filter
reduces the charge reversal time and, thus,
the dead time for generation of a switching
signal for transients following in rapid succes-
sion. A comparator with threshold voltage
generates a switching voltage as shown in
Figure 8d from the signal of 8¢ when the
threshold voltage is exceeded, and this trig-
gers the switch. The switch is thus opened at
the beginning of a transient and the voltage is
maintained by the storage capacitor at the
time before the transient. After completion of
a fast transient, the switch is closed and the
capacitor's charge is changed in approxi-
mately 150ns to the voltage after the tran-

10-7

sient. The effect of a slower transient charac-
teristic is shown in the second part of the
signal in Figure 8c. Only a small part is
affected. For even slower characteristics, the
differential quotient is so small that the
threshold voltage is no longer exceeded and
there is no effect on the signal. Thus, for the
most part, only transients having a steepness
approaching the system limit are improved,
whereas slower signal characteristics remain
unchanged.

Figure 10 shows the entire block diagram with
external circuitry of the CTI IC.

The lower CTI section affects signal process-
ing for the two color difference signals in
parallel circuits, as already described. Only
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one switching signal forming stage is incorpo-
rated, and this is triggered by the differentiat-
ing stage of the two channels. Thus, the
signal switches will always work in parallel, so
that transient improvement is also parallel in
the two channels.

The transient-improved color difference sig-
nals require a longer Y signal delay line with a
delay time of up to 1000ns, which is addition-
ally realized in this IC in gyrator technique.

A selection capability has been incorporated
for the delay time, by means of a switching

voltage, since the total required delay time is
dependent on the overall television receiver
concept. The delay line comprises a total of
11 gyrator all-pass elements with a delay time
of 90ns each, making a total of 990ns. The
group delay and frequency behavior of the
gyrator delay line is very good up to 5MHz.

A switching stage permits optional by-pass of
one, two, or three of these elements, so that
a minimum of 8 X 90ns = 720ns is effective.
The transient improvement of the color differ-
ence signal makes coincidence errors with

respect to the Y signal especially visible. A
slight increase in delay time by 45ns has
therefore been provided for fine tuning, work-
ing via an IC pin to be connected to ground.

A signal tapping is available before the last
delay element for a further picture improve-
ment capability by means of deflection modu-
lation.

Figure 11 depicts the circuit diagram of the
TDA4565.
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Figure 8. Function of CTI
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NOTE:
* The TDA4565 is a high-performance TDA4560.

Figure 9. Block Diagram of Picture-Improvement IC TDA4565*
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Figure 10. Various Combinations Used to Implement the Multi-Standard Color Decoder
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Figure 11. Circuit Diagram of TDA4565
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DESCRIPTION

The TDA3505 performs the control func-
tions in a PAL/SECAM decoder, which
also comprises the TDA3510 (PAL de-
coder) and/or TDA3530 (SECAM de-
coder).

The required input signals are: lumi-
nance and color difference —(R-Y) and
-(B-Y), while linear RGB signals can be
inserted from external sources. RGB
output signals are delivered for driving
the video output stages. This circuit
provides automatic cut-off control of the
picture tube.

ORDERING INFORMATION

TDA3505

Chroma Control Circuit

Product Specification

FEATURES

e Capacitive coupling of the color
difference and luminance input
signals with black level clamping
in the input stages

® Linear saturation control in the
color difference stages

® (G-Y) and RGB matrix

o Linear transmission of inserted
signals

o Equal black levels for inserted
and matrixed signals

e 3 identical channels for the RGB
signals

e Linear contrast and brightness
control, operating on both the
inserted and matrixed RGB
signals

® Peak beam current limiting input

® Horizontal and vertical blanking
and clamping of the three input
signals obtained via a 3-level
sandcastle pulse

o DC gain controls for each of the
RGB output signals (white point
adjustment)

o Emitter-follower outputs for
driving the RGB output stages

© Input for automatic cut-off
control of the picture tube

o Compensation for leakage
current of the picture tube

APPLICATIONS
e Video processing
e TV receivers
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DESCRIPTION TEMPERATURE RANGE ORDER CODE
28-Pin Plastic DIP (SOT-117) -20