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Linear Products

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

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

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

The three 1989 Linear Data and Applica-
tions Manuals provide extensive techni-
cal data and application information for a
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broad range of products serving the
needs of a wide variety of markets.

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

Volume 2 — Industrial:

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

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

iii

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

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

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

Your suggestions for improvement in
future editions are welcome.
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DEFINITIONS
Data Sheet
Product Status Definition

Identification
This data sheet contains the design target or goal
Obj or In Design spectfications for product development. Specifications may

change n any manner without notice.
This data sheet contains pi y data and y
data will be published at a later date. Signetics reserves the
y P Product

nght 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 nght to make changes at any time without
notice n order to improve design and supply the best
possible product.
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ADC0803/4/5
ADC0820
AM26LS30

AM26LS31
AM26L.S32/33
AM6012
AU2901
AU2902
AU2903
AU2904
CA3089
DAC-08 Series
HEF4750V
HEF4751V
ICM7555
LF198
LF298
LF398
LM111
LM119
LM124
LM139/A
LM158
LM193/A
LM211
LM219
LM224
LM239/A
LMm258
LM293/A
LM311
LM319
LM324
LM339/A
LM358
LM393/A
LM2901
LM2902
LM2903
LM2904
MC1408-7
MC1408-8
MC1458
MC1488
MC1489/A
MC1496
MC1508-8
MC1558
MC3302
MC3303
MC3361
MC3403
MC3410
MC3410C
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Alphanumeric
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Vol 1

8-Bit CMOS A/D Converter

8-Bit CMOS A/D Converter

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

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

Quad Voltage Comparator

Low Power Quad Operational Amplifier

Low Power Dual Voltage Comparator

Low Power Dual Operational Amplifier

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

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

Sample-and-Hold Amplifier

Sample-and-Hold Amplifier

Sample-and-Hold Amplifier

Voltage Comparator

Dual Voltage Comparator

Low Power Quad Operational Amplifier

Quad Voltage Comparator

Low Power Dual Operational Amplifier

Low Power Dual Voltage Comparator

Voltage Comparator

Dual Voltage Comparator

Low Power Quad Operational Amplifier

Quad Voltage Comparator

Low Power Dual Operational Amplifier

Low Power Dual Voltage Comparator

Voltage Comparator

Dual Voltage Comparator

Low Power Quad Operational Amplifier

Quad Voltage Comparator

Low Power Dual Operational Amplifier

Low Power Dual Voltage Comparator

Quad Voltage Comparator

Low Power Quad Operational Amplifier

Low Power Dual Voltage Comparator

Low Power Dual Operational Amplifiers

8-Bit Multiplying D/A Converter

8-Bit Muitiplying D/A Converter

General Purpose Operational Amplifier

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

General Purpose Operational Amplifier

Quad Voltage Comparator

Quad Low Power Operational Amplifier

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

10-Bit High-Speed Multiplying D/A Converter

10-Bit High-Speed Multiplying D/A Converter

1-6

Vol 2

5-11
5-24

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

5-90

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

4-40
5-248
4-141
5-255
5-239
5-242

4-40
5-248
4-141
5-2565
5-239
5-242

4-40
5-248
4-141
5-255
5-248

4-40
5-255
4-141
5-123
5-128

4-47

6-8

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

4-53
5-129
5-129

Vol 3



Signetics Linear Products

Alphanumeric Product List

Vol 1 Vol 2 Vol 3
MC3503 Quad Low Power Operational Amplifier 4-53
MC3510 10-Bit High-Speed Multiplying D/A Converter 5-129
NE/SE521 High-Speed Dual Differential Comparator/Sense Amp 5-274
NE/SE522 High-Speed Dual Differential Comparator/Sense Amp 5-279
NE/SE527 Voltage Comparator 5-285
NE/SE529 Voltage Comparator 5-290
NE/SE530 High Slew Rate Operational Amplifier 4-66
NE/SE531 High Slew Rate Operational Amplifier 4-73
NE/SA532 Low Power Dual Operational Amplifier 4-141
NE/SE538 High Slew Rate Operational Amplifier 4-81
NES542 Dual Low-Noise Preamplifier 7-131
NES544 Servo Amplifier 8-33
NE/SE555 Timer 7-48
NE/SA/SE556/1 Dual Timer 7-33
NE/SA/SE558 Quad Timer 7-39
NE/SE564 Phase-Locked Loop 4-243
NE/SE565 Phase-Locked Loop 4-277
NE/SE566 Function Generator 4-290
NE/SE567 Tone Decoder/Phase-Locked Loop 4-299
NE568 150MHz Phase-Locked Loop 4-319 11-3
NES70 Compandor 4-341
NE/SA571 Compandor 4-341
NE/SA572 Programmable Analog Compandor 4-348
NE575 Low Voltage Compandor 4-357
NE587 LED Decoder/Driver 6-53
NES589 LED Decoder/Driver 6-63
NES590 Addressable Peripheral Drivers 6-34
NE591 Addressable Peripheral Drivers 6-34
NE/SE592 Video Amplifier 4-44 4-244 11-93
NE/SA594 Vacuum Fluorescent Display Driver 6-78
NE602 Low Power VHF Mixer/Oscillator 4-66
NE/SA604A High-Performance Low-Power FM IF System 4-114
NE605 Low Power FM IF System 4-137
NE612 Low Power VHF Mixer/Oscillator 4-83
NE/SA614A Low Power FM IF System 4-141 4-214
NE/SA615 High-Performance Low Power Mixer FM IF System 4-151
NE645 Dolby Noise Reduction Circuit 7-182
NE646 Dolby Noise Reduction Circuit 7-182
NE648 Low Voltage Dolby Noise Reduction Circuit 7-187
NE649 Low Voltage Dolby Noise Reduction Circuit 7-187
NE650 Dolby B-Type Noise Reduction Circuit 7-192
NE/SE4558 Dual General Purpose Operational Amplifier 4-61
NE/SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-137
NE/SE5019 8-Bit Microprocessor-Compatible D/A Converter 5-143
NES5020 10-Bit Microprocessor-Compatible D/A Converter 5-149
NE5034 8-Bit High-Speed A/D Converter 5-37
NE5036 6-Bit A/D Converter (Serial Output) 5-44
NE5037 6-Bit A/D Converter (Parallel Outputs) 5-51
NE5044 Programmable Seven-Channel RC Encoder 8-4
NE5045 Seven-Channel RC Decoder 8-15
NE5050 Power Line Modem 5-44
NE5060 Sample-and-Hold Circuit 5-311
NES5080 High-Speed FSK Modem Transmitter 5-78
NE5081 High-Speed FSK Modem Receiver 5-82
NE5090 Addressable Relay Driver 6-28
NE/SA/SE5105/A 12-Bit High-Speed Comparator 5-261
NE/SE5118 8-Bit Microprocessor-Compatible D/A Converter 5-157
NE/SE5119 8-Bit Microprocessor-Compatible D/A Converter 5-157
NE5150 RGB Video D/A Converter 5-169 11-19
NE5151 RGB Video D/A Converter 5-169 11-19
NE5152 RGB Video D/A Converter 5-169 11-19
NE5170 Octal Line Driver 5-32 6-14
NE5180 Octal Line Receiver 5-39 6-21
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NE5181
NE5204
NE/SA/SE5205
NE5210
NE/SA5211
NE/SA5212
NE/SA5214
NE/SA5217
NE/SA5230
NE5240
NE/SE5410
NE/SE5512
NE/SE5514
NE5517/A
NE5520
NE/SE5521
NE/SE5532/A
NES5533/A
NES534A
NE/SE5535
NE/SE5537
NE/SE5539
NE/SE5560
NE/SE5561
NE/SA/SE5562
NE5568
NE/SA/SE5570
NE5592
NES5900
OomMs8210
PCD3310
PCD3311
PCD3312
PCD3315
PCD3341
PCD3343
PCD3360
PCD4415
PCF2100
PCF2111
PCF2112
PCF8200
PCF8566
PCF8570
PCF8571
PCF8573
PCF8574
PCF8576
PCF8577
PCF8582A
PCF8583
PCF8591
PNA7509
SA532
SA534
SA556/1
SA558
SA571
SA572
SA594
SA604A
SA614A
SA615
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Octal Line Receiver

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

Fiber Optic Postamplifier with Link Status Indicator
Low Voltage Operational Amplifier

Dolby Digital Audio Decoder

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

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

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

Call Progress Decoder

Speech Encoding and Editing System

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

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

LCD Duplex Driver

LCD Duplex Driver

LCD Driver

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

1K Sernial RAM

Clock/Calendar With Serial 1/0

8-Bit Remote I/O Expandor

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

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

7-Bit A/D Converter

Low Power Dual Operational Amplifier

Low Power Quad Operational Amplifier

Dual Timer

Quad Timer

Compandor

Programmable Analog Compandor

Vacuum Fluorescent Display Driver

4-114

4-141

High-Performance Low Power Mixer FM IF System

1-8

Vol 1
5-39

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

7-178

4-24

4-40
6-3
8-3

6-10

6-25

6-25

6-37

6-45

6-55

6-82

6-90

4-341
4-348

4-191
4214
4-151

Vol 2

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

6-83
6-90
6-95

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

6-120

6-141
9-65

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

6-78

Vol 3

11-52
11-62

11-73

11-87

43
411
419
4-30

4-38
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Vol 1 Vol 2 Vol 3
SA723C Precision Voltage Regulator 8-235
SA741C General Purpose Operational Amplifier 4-157
SA747C Dual Operational Amplifier 4-163
SA1458 General Purpose Operational Amplifier 4-47
SA5205 Wide-band High Frequency Amplifier 4-13 4-180 11-62
SA5211 Transimpedance Amplifier 5-111 4-293
SA5212 Transimpedance Amplifier 5-125 4-307
SA5214 Transimpedance Amplifier 5-139 4-321
SA5217 Transimpedance Amplifier 5-146 4-328
SA5230 Low Voltage Operational Amplifier 4-122
SA5534A Single and Dual Low-Noise Operational Amp 4-106
SA5562 SMPS Control Circuit, Single Output 8-113
SA5570 Three-Phase Brushless DC Motor Driver 8-44
SAA1057 PLL Radio Tuning Circuit 4-182
SAA1064 4-Digit LED Driver with 12C Bus Interface 6-153
SAA1099 Stereo Sound Generator for Sound Effects and Music 8-16
SAA3004 IR Transmitter (448 Commands) 5-3
SAA3006 IR Transmitter (2K Commands, Low Voltage) 5-19
SAA3027 IR Transmitter 5-28
SAA3028 IR Remote Control Transcoder With 12C 5-37
SAA7210 Compact Disk Decoder 7-284
SAA7220 Digrital Filter and Interpolator for Compact Disk 7-298
SAB3035 FLL Tuning and Control Circuit (Eight D/A Converters) 4-50
SAB3036 FLL Tuning and Control Circuit 4-65
SAB3037 FLL Tuning and Control Circuit (Four D/A Converters) 4-75
SE521 High-Speed Dual Differential Comparator/Sense Amp 5-274
SE522 High-Speed Dual Differential Comparator/Sense Amp 5-279
SE527 Voltage Comparator 5-285
SE529 Voltage Comparator 5-190
SE530 High Slew Rate Operational Amplifier 4-66
SE531 High Slew Rate Operational Amplifier 4-73
SE532 Low Power Dual Operational Amplifier 4-141
SE538 High Slew Rate Operational Amplifier 4-81
SE555 Timer 7-48
SE555C Timer 7-48
SE556-1C Dual Timer 7-33
SE556/-1 Dual Timer 7-33
SE558 Quad Timer 7-39
SE564 Phase-Locked Loop 4-243
SE565 Phase-Locked Loop 4-277
SE566 Function Generator 4-290
SE567 Tone Decoder/Phase-Locked Loop 4-299
SE592 Video Amplifier 4-44 4-244 11-93
SE4558 Dual General Purpose Operational Amplifier 4-61
SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-137
SE5019 8-Bit Microprocessor-Compatible D/A Converter 5-143
SE5118 8-Bit Microprocessor-Compatible D/A Converter 5-157
SE5119 8-Bit Microprocessor-Compatible D/A Converter 5-157
SE5205 Wide-band High Frequency Amplifier 4-13 4-180 11-62
SE5212 Transimpedance Amplifier 5-125 4-267
SE5410 10-Bit High-Speed Multiplying D/A Converter 5-208
SE5512 Dual High Performance Operational Amplifier 4-88
SE5514 Quad High Performance Operational Amplifier 4-94
SE5521 LVDT Signal Conditioner 5-354
SE5532/A Internally-Compensated Dual Low-Noise Operational Amp 4-100
SE5534A Single and Dual Low-Noise Operational Amp 4-106
SE5535 Dual High Slew Rate Op Amp 4-148
SE5537 Sample-and-Hold Amplifier 5-316
SE5539 Ultra High-Frequency Operational Amplifier 4-24 4-224 11-73
SE5560 Switched-Mode Power Supply Control Circurt 8-73
SE5561 Switched-Mode Power Supply Control Circuit 8-102
SE5562 SMPS Control Circuit, Single Output 8-113
SE5570 Three-Phase Brushless DC Motor Driver 8-44
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Alphanumeric Product List

SG1524C
S$G2524C
SG3524
SG3524C
SG3526
TDA1001B
TDA1010A
TDA1011A
TDA1013A
TDA1015
TDA1020
TDA1023
TDA1029
TDA1072A
TDA1074A
TDA1510
TDA1512
TDA1514A
TDA1515A
TDA1520B
TDA1521
TDA1524A
TDA1534
TDA1541
TDA1574
TDA1576
TDA1578A
TDA2545A
TDA2546A
TDA2577A
TDA2578A
TDA2579
TDA2582
TDA2593
TDA2594
TDA2595
TDA2611A
TDA2653A
TDA3047
TDA3048
TDA3505
TDA3566
TDA3567
TDA3654
TDA4501
TDA4502
TDA4503
TDA4505
TDA4555
TDA4565
TDA4570
TDA4580
TDAS030A
TDA5040
TDA7000
TDA7010
TDA7021
TDA7040
TDA7050
TDA7052
TDA8340/41
TDA8440
TDA8442

December 1988

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

SMPS Control Circut

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

6W Audio Amplifier With Preamplifier

2 to 6W Audio Power Amplifier With Preamplifier
4W Audio Amplifier With DC Volume Control
1 to 4W Audio Amplifier With Preamplifier
12W Audio Amplifier With Preamplifier
Time-Proportional Triac Trigger

Stereo Audio Switch

AM Recerver Circuit

DC-Controlled Dual Potentiometers

2 X 12W Audio Amplifier

12 to 20W Audio Amplifier

40W High-Performance Hi-Fi Amplifier

24W BTL Audio Amplifier

20W Hi-Fi Audio Amplifier

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

14-Bit A/D Converter, Serial Output

16-Bit Dual D/A Converter, Serial Output

FM Front End IC (VHF Mixer and Oscillator)
FM IF System

PLL Stereo Decoder

Quasi-Split Sound IF System

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

Control Circuit for Power Supplies

Honzontal Combination

Hornzontal Combination

Horizontal Combination

5W Audio Output Amplifier

Vertical Deflection Circuit With Oscillator

IR Preamplifier

IR Preamplifier

Chroma Control Circut

PAL/NTSC Decoder With RGB Inputs

NTSC Color Decoder

Vertical Deflection

Small Signal Subsystem IC for Color TV

Complete Video IF IC With Vertical and Horizontal Sync

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

Color Transient Improvement Circuit (CTI)
NTSC Color Difference Decoder

Video Control Combination Circuit With Automatic Cut-Off Control

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

Single-Chip FM Radio Circuit

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

PLL Stereo Decoder (Low Voltage)

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

Quad DAC With 12C Interface

Vol 1

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

7-138

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

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

7-274

4-95

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

7-210

Vol 2

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

8-268

5-82
5-217

8-63

Vol 3

8-3
8-6
9-3
9-14
9-31
13-3
9-41
9-46
9-51

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

7-3
11-46
10-101



Signetics Linear Products

Alphanumeric Product List

Vol 1 Vol 2 Vol 3
TDA8443/A RGB/YUV Switch Inputs 10-107
TDA8444 Octuple 6-Bit D/A Converter With 1°C Bus 5-222
TDD1742 CMOS Frequency Synthesizer 4-209
TEA1039 Control Circuit for Switched-Mode Power Supply 8-227 13-12
TEA1060 Telephone Transmission Circuit With Dialer Interface 6-102
TEA1061 Telephone Transmission Circuit With Dialer Interface 6-102
TEA1067 Low Voltage Transmission IC With Dialer Interface 6-113
TEA1068 Low Voltage Transmission IC With Dialer Interface 6-151
TEA5560 FM IF System 7-88
TEA5570 AM/FM Radio Receiver Circuit 7-26
TEA5581 PLL Stereo Decoder 7-111
TEA6300 Digitally-Controlled Tone, Volume, and Fader Control Circuit 7-168
uc1842 Current Mode PWM Controller 8-241
uc2s42 Current Mode PWM Controller 8-241
uCs3842 Current Mode PWM Controller 8-241
uA723 Precision Voltage Regulator 8-235
uA723C Precision Voltage Regulator 8-235
uA733 Differential Video Amplifier 4-257 11-106
uA733/C Differential Video Amplifier 4-257 11-106
HA741 General Purpose Operational Amplifier 4-157
uA741C General Purpose Operational Amplifier 4-157
HA747 Dual Operational Amplifier 4-163
HA747C Dual Operational Amplifier 4-163
uA758 FM Stereo Multiplex Decoder Phase-Locked Loop 7-118
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Signetics

Linear Products

Signal Processing

AN140
AN141
AN1981
AN1982
AN1991

Compensation Techniques for Use With the NE/SE5539

Using the NE592/5592 Video Amplifier

New Low Power Single Sideband Circuits (NE602)

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

Frequency Synthesis

AN196
AN197

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

Phase-Locked Loops

AN177
AN178
AN179
AN180
AN1801
AN181
AN182
AN183
AN184
AN185
AN186
AN187
AN188

Compandors

AN174
AN175
AN176

An Overview of Phase-Locked Loops (PLL)

Modeling the PLL

Circuit Description of the NE564

The NE564 Frequency Synthesis

10.8MHz FSK Decoder With the NE564

A 6MHz FSK Converter Design Example for the NE564
Clock Regenerator With Crystal Controlled Phase-Locked VCO
Circuit Description of the NE565

Typical Applications With NE565

Circuit Description of the NE566

Waveform Generators With the NE566

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

Applications for Compandors NE570/571/SA571
Automatic Level Control NE572
Compandor Cookbook

Line Drivers/Receivers

AN113
AN195
AN1950
AN1951

Telephony

AN1942
AN1943

Radio Circuits

AN1961
AN1981
AN1982
AN191
AN192
AN193
AN1991
AN1992
AN1993

December 1988

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

Apphcation of NE5080 and NE5081 with Frequency Dewviation Reduction
NE5050° Power Line Modem Application Board Cookbook

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

TDA1072A: Integrated AM Receiver

New Low Power Single Sideband Circuits (NE602)

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

A Complete FM Radio on a Chip

TDA7000 for Narrow-Band FM-Reception

Audio Decibel Level Detector With Meter Driver (NE604A)

Using the Signetics MC3361 Demonstration Board

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

1-12

Application Notes
by Product Group

Vol 1

4-32
4-53
4.72
4-80

4-124

4-190
4-197

4-222
4-227
4-252
4-259
4-263
4-266
4-268
4-283
4-287
4-295
4-296
4-311
4-316

4-325
4-356
4-334

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

6-125
6-145

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

Vol 2

4-232
4-253

4-201

6-11

4-201

4-203

Vol 3

11-81
11-102



Signetics Linear Products

Application Notes by Product Group

Audio Circuits

AN148
AN1481
AN149
AN1491
AN190

Audio Amplifier With TDA1013

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

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

Operational Amplifiers

AN142
AN144
AN1441
AN1511
AN1512
AN160
AN164
AN165
AN166

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

Low Voltage Gated Generator: NE5230
All in One' NE5230

Applications for the MC3403

Explanation of Noise

Integrated Operational Amplifier Theory
Basic Feedback Theory

High Frequency Amps

AN1991 Audio Decibel Level Detector With Meter Dniver

Video Amps

AN140 Compensation Techniques for Use With the NE/SE5539

AN141 Using the NE592/5592 Video Amplifier

Transconductance

AN145 NES5517: General Description and Applications for Use With the NE5517/A

Transconductance Amplifier

Data Conversion

AN100
AN101
AN105
AN106
AN108
AN1081
AN109

Comparators

AN116
AN1161

An Overview of Data Converters

Basic DACs

Digital Attenuator

Using the DAC08 Without a Negative Supply

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

Microprocessor-Compatible DACs

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

Position Measurement

AN118

AN1180
AN1181
AN1182

LVDT Signa!l Conditioner: Applications Using the NE5520

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

Line Drivers/Receivers

AN113

Applications Using the MC1488/1489 Line Drivers and Receivers

Display Drivers

AN112

Timers

AN170
AN171

December 1988

LED Decoder Drivers: Using the NE587 and NES589

NE555 and NE556 Applications
NES558 Applications

4-124

4-32
4-53

5-29

Vol 2

4114
4-91
4.97

4-134

4-136
4-58

48
4-18
4-25

4-210

4-232
4-253

4-276

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

5-81
5-176
5-162

5-295
5-269

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

6-11

7-54
7-43

Vol 3

11-81
11-102

1118
11-26




Signetics Linear Products

Application Notes by Product Group

Motor Control and Sensor Circuits

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

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

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

Switched-Mode Power Supply

AN120 An Overview of SMPS

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

AN1221 Switched-Mode Drives for DC Motors

AN123 NE5561 Applications

AN124 External Synchronization for the NE5561

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

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

AN1291 TDA1023 Design of Time-Proportional Temperature Controls

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

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 Drrectives for a Print Layout Design on Behalf of the

IC Combination TDA2578A and TDA3651
Color Decoding and Encoding

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

December 1988 1-14

Vol 1 Vol 2

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

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

Vol 3

4-55

5-50
5-52
5-10

9-57
9-25

9-30

10-3
10-44



Signetics Application Notes
by Part Numbers

Linear Products

DACO08 AN101: Applying the DACO08

AN106: Using the DACO8 Without a Negative Supply
MC1488 AN113: Using the MC1488/89 Line Drivers and Receivers
MC1489/A AN113: Using the MC1488/89 Line Drivers and Receivers
MC1496/1596 AN189: Balanced Modulator/Demodulator Applications Using

the MC1496/1596

MC3361 AN1992 Using the Signetics MC3361 Demonstration Board
MC3403 AN160: Applications for the MC3403
NES044 AN131: Applications Using the NE5044 Encoder

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

NE5045 AN132: Applications Using the NE5045 Decoder
NES5050 AN19561: NE5050: Power Line Modem Application Board
Cookbook
NES5080/5081 AN195: Applications Using the NE5080, NE5081
NE/SA/SE5105/A AN1161 12-Bit A/D Converter Using the NE5105 Comparator
AN1950: Exploring the Possibilities in Data Communications
NE5150/51/52 AN1081: NE5150/51/52 Family of Video D/A Converters
NE521 AN116: Applications for the NE521/522/527/529
NE522 AN116: Applications for the NE521/522/527/529
NE5230 AN1511: Low Voltage Gated Generator: NE5230
AN1512: All in One: NE5230
NES27 AN116: Applications for the NE521/522/527/529
NE529 AN116: Applications for the NE521/522/527/529
NE531 AN1511: Low Voltage Gated Generator: NE5230
NE542 AN190: Applications of Low Noise Stereo Amplifiers: NE542
NE544 AN133: Applications Using the NE544 Servo Amplifier
NE5512/5514 AN144: Applications for the NE5512
AN1441: Applications for the NE5514
NE5517 AN145; NE5517: General Description and Applications for
Use With the NE5517/A Transconductance Amplifier
NES520 AN118: LVDT Signal Conditioner: Applications Using the
NE5520
AN1180 A Microprocessor-Based Servo-Loop for Linear
Position Control
NES5521 AN1181: NE5521 in a Modulated Light Source Design
Application
AN1182: NES521 in Multi-faceted Applications
NE5532/33/34 AN142: Audio Circuits Using the NE5532/33/34
NE5539 AN140: Compensation Techniques for Use With the
SE/NE5539
NES555 AN170: NE555 and NE556 Applications
NE556 AN170: NE555 and NE556 Applications
NE/SE5560 AN1211 A Microprocessor Controlled Switched-Mode Power
Supply
AN122: NES560 Push-Pull Regulator Application
AN1221 Switched-Mode Drives for DC Motors
AN125: Progress in SMPS Magnetic Component
Optimization
NE/SE5561 AN123: NE5561 Applications
AN124: External Synchronization for the NE5561
AN125: Progress in SMPS Magnetic Component
Optimization
NE/SE5562 AN125: Progress in SMPS Magnetic Component
Optimization
NE/SE5568 AN125: Progress in SMPS Magnetic Component
Optimization
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Vol 1

5-29
5-29

4-61
4-108

5-50
5-86

7-135

4-32

Vol 2

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

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

5-269

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

8-39
4-91
4-97
4-276
5-329
5-344
5-359
5-363
4-114
4-232
7-54
7-54
8-88
8-94
8-97
8-250
8-107
8112
8-250
8-250

8-250

Vol 3

11-26

11-81
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Application Notes by Part Numbers

NE/SA/SE5570
NE558
NE564

NE564

NE565

NE566

NE567
NE570/571/SA571
NE572

NES587/589

NE592/5592
NE/SA602

NE/SA604A

NE/SA604A

PNA7509

SAA1057

SAA3004

SAB3035

SG1524C

SG3524C

TDA1013A
TDA1023
TDA1072A
TDA1510
TDA1515

TDA1520A
TDA2578
TDA2595

TDA2653

TDA3047

TDA3048

December 1988

AN1281
AN171.
AN179:
AN180:
AN1801:
AN181"

AN182

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

AN1991:
AN1993

AN108
AN196:
AN197
AN1731
AN157:
AN1261.
AN125

AN126:
AN1261:

AN1262:
AN148:

AN1291:
AN1961:
AN1491:
AN1481.

AN149:
AN1621

AN158:
AN162:

AN162

AN172:
AN173.

AN172:
AN173.

NE5570: A Theory of Operation and Applications
NE558 Applications

Circuit Description of the NE564

The NE564: Frequency Synthesis

10.8MHz FSK Decoder With the NE564

A 6MHz FSK Converter Design Example for the
NE564

Clock Regenerator With Crystal Controlled
Phase-Locked VCO

Circuit Description of the NE565

FSK Demodulator With NE565

Circuit Description of the NE566

Waveform Generators With the NE566

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

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

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

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

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

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

Single-Chip Synthesizer for Radio Tuning

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

High Frequency Ferrite Power Transformer and
Choke Design

Progress in SMPS Magnetic Component
Optimization

Applications Using the SG3524

High Frequency Ferrite Power Transformer and
Choke Design

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

Audio Amplifier With TDA1013A

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

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

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

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

A Versatile High-Resolution Monochrome Data and
Graphics Display Unit

Circuit Description of the Infrared Receiver

Low Power Preamplifiers for IR Remote Control
Systems

Circuit Description of the Infrared Receiver

Low Power Preamplifiers for IR Remote Control
Systems

Vol 1

4-252
4-259
4-263

4-266

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

4-53
4-72

4-80
4-124

4-126

4-190
4-197

7-232

7-252
7-264

Vol 2

8-49
7-43

6-72
4-253

4-201

4-203

5-81

8-154

8-250
8-214

8-154

8-200

8-276

Vol 3

11-102

11-18

9-30
9-57

9-25

9-25
5-50

5-52
5-50

5-52
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Application Notes by Part Numbers

Vol 1 Vol 2 Vol 3
TDA3505 AN155/A:  Multi-Standard Color Decoder With Picture
Improvement 10-3
TDA3651 AN1621: Directives for a Print Layout Design on Behalf of
the IC Combination TDA2578A and TDA3651 9-30
TDA4555 AN155/A:  Multi-Standard Color Decoder With Picture
Improvement 10-3
AN1551: Single-Chip Multi-Standard Color Decoder TDA4555/
4556 10-44
TDA7000 AN192: A Complete FM Radio on a Chip 7-46
AN193: TDA7000 for Narrowband FM Reception 7-61
TEA1067 AN1942: TEA1067: Application of the Low Voltage Versatile
Transmission Circuit 6-125
AN1943: TEA1067: Supply of Peripheral Circuits With the
TEA1067 Speech Circuit 6-145
HA758 AN191: Stereo Decoder Applications Using the pA758 7-123
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Signetics Volume 1
Communications

Linear Products

Preface

Product Status

Section 1: GENERAL INFORMATION

Section 2: QUALITY AND RELIABILITY

Section 3: I12C SMALL AREA NETWORKS
4

RF COMMUNICATIONS
Signal Processing
Frequency Synthesis
Phase-Locked Loops
Compandors

Section 5: DATA COMMUNICATIONS
Line Drivers/Receivers
Modems
Fiber Optics

Section 6: TELECOMMUNICATIONS
Compandors
Phase-Locked Loops
Telephony

Section 7: RADIO/AUDIO
Radio Circuits
Audio Circuits
Compact Disk

Section 8: SPEECH/AUDIO SYNTHESIS
Section 9: PACKAGE INFORMATION
Section 10: SALES OFFICES

Section
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Signetics Volume 2
Industrial

Linear Products

Preface
Product Status
Section 1: GENERAL INFORMATION
2: QUALITY AND RELIABILITY
Section 3: 12C SMALL AREA NETWORKS
4

AMPLIFIERS
Operational

High Frequency
Transconductance
Fiber Optics

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

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

Section 7: TIMERS AND CLOCKS

Section POWER CONVERSION/CONTROL
Section 9: SYSTEM CONTROL

Section 10: PACKAGE INFORMATION
Section 11: SALES OFFICES

Section

Section
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Signetics

Linear Products

Cross Reference Guide by

Manufacturer

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

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

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

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

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

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

DAC-0BAQ  DACOBAF 55 to +125 Ceramec Intersil  ADCOB03LCD ADCO0803-1 LOF-40 to +85 Ceramic

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

ADC0804 ADC0804-1 CN 0 to +70 Plastic

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

ADC0805 ADCO0805-1 LCN-40 to +85 Plastic
DAC-08EN DAC-08EN 0to +70 Plastic "

ICM7555CBA  ICM7555CD 0to +70 Plastic
DAC-08EQ DAC-08EF 0 to +70 Ceramic

ICM7555IPA  ICM7555IN -40 to +85 Plastic

DAC-8HN  DAC-0BHN  0'to +70  Plastic ACM7555CP IGM7555CN 0 to +70  Plastic

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

DAC-08Q DAC-08F -55 to +125 Ceramic Motorola AM26L.S31PCD AM26LS31CD 0 to +70 Plastic

LF198H LF198H -55 to +125 Metal Can AM26L.S31PC AM26LS31CN 0 to +70 Plastic

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

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

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

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

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

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

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

AM-453-2C NE5534/AF 0to +70 Ceramic LM2901N LM2901N _40 to +85 Plastic

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

LM311J-8 LM311F 0to +70 Ceramic

DAC-UP10BC NE5020N 0 to +70 Plastic .

LM311N LM311N 0 to +70 Plastic
DAC-UP8BC  NE5018N 0to +70 Plastic
LM324J LM324F 0to +70 Ceramic
DAC-UP8BM  SE5019F -55 to +125 Ceramic
DACUPSBQ SESO18F  -55 to 125 Ceram LMS24N - LM324N 0to +70  Plastic
- ° amic LM339/A J  LM339/AF  Oto +70  Ceramic
Exar XR-558CN NE558F 0 to +70 Ceramic LM339/A N LM339/AN 0 to +70 Plastic

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

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

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

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

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

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

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

XR-1524P S$G3524N 0 to +70 Plastic MC1489/A L MC1489/AF 0 to +70 Ceramic

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

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

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

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

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

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

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

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

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

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

XR-13600CP  NE5517N 0 to +70 Plastic MC3410L MC3410F 0 to +70 Ceramic
Maris  HA2530N  NESS3ON 010 +70  Plasti NES4IOF  Qlo+70  Cerame

MC3510L MC5410F -55 to +125 Ceramic

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

NE5S65N NES65N 0to +70 Plastic

HA-2425N NE5060N 0 to +70 Plastic .
NE592F NE592F-8 0to +70 Ceramic

HA-2425B NE5060F 0to +70 Ceramic .
HA-53208 NES060F 010 +70 Ceramic NE592F NE592F-14 0to +70 Ceramic

- 3 NE592N NES92N-14  Oto +70  Plastic
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Manufacturer Signetics Temperature Manufacturer Signetics Temperature
Manufacturer Part Number Part Number Range (°C) Packag Manufacturer Part Number Part Numb Range (°C) Package
SE592F SE592F-8 -55 to +125 Ceramic LM565CN NE565N 0to +70 Plastic
SE592F SE592F-14 -55 to +125 Ceramic LM566N SE566N -55 to +125 Plastic
SE592H SE592H -55 to +125 Metal Can LM566CN NE566N 0 to +70 Plastic
. LM567 NE567N +7 Plastic
National  ADCOBO3F  ADC0803-1 LCF-40 to +85 Ceramic CN S 0to+70  Plas
LM733CN MA733CN 0to +70 Plastic
ADCO0803N ADC0803-1 LCN-40 to +85 Plastic
LM741CJ uA741CF 0 to +70 Ceramic
ADCO0805 ADCO0805-1 LCN-40 to +85 Plastic LM741CN WATAICN 0to +70 Plastic
ADC0820CCN ADCO0820CNEN 0 to +70 Plastic LM741J A741F 55 to +125 Ceramic
ADC0820CCD ADCO0820CSAN -40 to +85 Plastic M
LM741N MA741IN -55 to +125 Plastic
ADC0820CD  ADCO820CSEF -55 to +125 Ceramic
LM747CJ nA747CF 0to +70 Ceramic
DACO0800LCJ DAC-08EF 0 to +70 Ceramic
LM747CN MA747CN 0to +70 Plastic
DACO0800LJ  DAC-08F -55 to +125 Ceramic
LM747J M747F -55 to +125 Ceramic
DACO800LCN DAC-08EN 0 to +70 Plastic
LM747N MAT47N -55 to +125 Plastic
DAC0801LCJ DAC-08CF 0 to +70 Ceramic
LMC555CN  ICM7555CN 0to +70 Plastic
DACO0801LCN DAC-08CN 0 to +70 Plastic
LMC555CM  ICM7555CD 0 to +70 Plastic
DAC0802LJ  DAC-08AF -55 to +125 Ceramic
HA080/DA DAC-08F 0to +70 Ceramic
DAC0802LCJ DAC-08HF 0 to +70 Ceramic
uA0O801CDC  MC1408F 0 to +70 Ceramic
DACO0802LCN DAC-08HN 0 to +70 Plastic
MAO801CPC  MC1408N 0to +70 Plastic
DAC0806LCJ MC1408-6F 0 to +70 Ceramic
MAOB01EDC  DAC-08EF 0to +70 Ceramic
DACO0806LCN MC1408-6N 0to +70 Plastic
MAOB01EPC  DAC-08AF 0 to +70 Ceramic
DAC0807LCJ MC1408-7F 0 to +70 Ceramic
pA124J LM124F -55 to +125 Ceramic
DAC0807LCN MC1408-7N 0to +70 Plastic
DAC080BLCJ MC1408F  O'to +70  Ceramic WAT4SBTC  MC14S8N 0 to +70  Plastc
uA1488DC MC1488F 0 to +70 Ceramic
DAC0808LCN MC1408N 0 to +70 Plastic uA1488PC MC1488N 0 to +70 Plastic
DACO0808LD  MC1408F 0 to +70 Ceramic uA1489/A PC MC1489/AF 0 to +70 Ceramic
DS3691N AM26LS30CN 0 to +70 Plastic uA1489/A PC MC1489/AN 0 to +70 Plastic
DS3691M AM26LS30CD 0 to +70 Plastic MA198HM NE5537H 0 to +70 Metal Can
LF198H SE5537H -55 to +125 Metal Can HA198RM NE5537N 0to +70 Plastic
+
LF398H NESS37H 0to+70  Metal Can uA2901DC  LM2901F 40 to +85 Ceramic
LF398N NE5537N 0to +70 Plastic
uA2901PC LM2901N -40 to +85 Plastic
LM13600AN  NE5517N 0 to +70 Plastic
uA311RC LM311F 0 to +70 Ceramic
LM13600N NE5517N 0 to +70 Plastic
uA324DC LM324F 0 to +70 Ceramic
LM1458N MC1458N 0to +70 Plastic
uA324PC LM324N 0 to +70 Plastic
LM161H SE529H -55 to +125 Metal Can
1A3302DC MC3302F —-40 to +85 Ceramic
LM161J SE529F -55 to +125 Ceramic
MA3302PC MC3302N -40 to +85 Plastic
LM2524J SG3524F 0 to +70 Ceramic
MA339/ADC  LM339/AF 0 to +70 Ceramic
LM2524N SG3524N 0to +70 Plastic
pA339/APC  LM339/AN 0to +70 Plastic
LM2901N LM2901N -40 to +85 Plastic
MA3403DC MC3403F 0to +70 Ceramic
LM2903N LM2903N -40 to +85 Plastic
HA3403PC MC3403N 0to +70 Plastic
LM3089 CA3089N -55 to +125 Plastic
MA398HC SE5537H -55 to +125 Metal Can
LM319J LM319F 0to +70 Ceramic
MA398RC SE5537N -55 to +125 Plastic
LM319N LM319N 0 to +70 Plastic
MAS55TC NE555N 0 to +70 Plastic
LM324) LMS24F 0to+70  Cerame ASS6PC  NE556-IN,  0to +70  Plastic
LM324N LM324N 0to +70 Plastic K NE556N !
LM324AD LM324AD 0 to +70 Plastic
a uA723DC uA723CF 0 to +70 Ceramic
LM324AN LM324AN 0 to +70 Plastic
MA723DM uA723F -55 to +125 Ceramic
LM339/AJ LM339/AF 0 to +70 Ceramic
pA723PC uA723CN 0 to +70 Plastic
LM339/AN LM339/AN 0to +70 Plastic
pA733DC MAT733F 0to +70 Ceramic
LM3524J SG3524F 0 to +70 Ceramic
uHA733DM MAT733F -55 to +125 Ceramic
LM3524N SG3524N 0to +70 Plastic
MAT733PC HAT733N 0 to +70 Plastic
LM358H LM358H 0 to +70 Metal Can
MA741NM uA741N -55 to +125 Plastic
LM358N LM358N 0to +70 Plastic
MA741RC uA741CF 0to +70 Ceramic
LM361H NE529H 0to +70 Metal Can
pA741TC HA741CN 0 to +70 Plastic
LM361J NE529D 0 to +70
nA747DC MA747CF 0 to +70 Ceramic
LM361N NE529N 0 to +70 Plastic
MAT4TPC uA747CN 0 to +70 Plastic
LM393/AN LM393/AN 0 to +70 Plastic
uc3s42D UC3842D 0to +70 Plastic
LM555J NE555F 0 to +70 Ceramic
uCc3842J UC3842FE 0to +70 Ceramic
LM555N NE555N 0 to +70 Plastic
UC3842N UC3842N 0 to +70 Plastic
LM556J SE556-1F -55 to +125 Ceramic
uC2842D uc2842D 0 to +70 Plastic
LM556N SE556-1N -55 to +125 Plastic
uc2842J UC2842FE 0 to +70 Ceramic
LMSS6C) - NESS6-1F 0to+70  Ceram UC2842N  UC2842N 0to +70  Plastc
LM556CN NES556-1N 0 to +70 Plastic
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Manufacturer Signetics Temperature Manufacturer Signetics Temperature
Manuf: er Part Numb Part Numb Range (°C) Packag Manufacturer Part Numb Part Number Range (°C) Package
uc1842J UC1842FE -55 to +125 Ceramic LM311D LM311D 0 to +70 Plastic
UC1842N UC1842N -55 to +125 Plastic LM311J LM311F 0to +70 Ceramic
NEC uPC1571C NE5S71N 0to +70 Plastic LM311JG LM311FE 0to +70 Ceramic
PMI CMP-0SGP  NES10SN 010 +70  Plastic tM324D - LM32en Qto 70 Plstc
. LM324J LM324F 0to +70 Ceramic
CMP-05CZ SE5105F -55 to +125 Ceramic .
. LM339/AJ LM339/AF 0to +70 Ceramic
CMP-05BZ SE5105F -55 to +125 Ceramic "
" LM339/AN LM339/AN 0to +70 Plastic
CMP-05GZ SA5105N -40 to +85 Plastic
h LM358P LM358N 0to +70 Plastic
CMP-05FZ SA5105N -40 to +85 Plastic N
. LM393/A P LM393/AN 0to +70 Plastic
DAC1408A-6P MC1408-6N 0to +70 Plastic .
MC1458P MC1458N 0to +70 Plastic
DAC1408A-6Q MC1408-6F 0 to +70 Ceramic .
NE5532/A JG NE5532/AF 0to +70 Ceramic
DAC1408A-7N MC1408-7N 0 to +70 Plastic
. NE5532/A P NE5532/AN 0to +70 Plastic
DAC1408A-7Q MC1408-7F 0to +70 Ceramic .
NE5534/A JG NE5534/AF 0to +70 Ceramic
DAC1408A-8N MC1408-8N 0 to +70 Plastic .
NE5534/A P NE5534/AN 0to +70 Plastic
DAC1408A-8Q MC1408-8F 0to +70 Ceramic N
NE555JG NES55N 0to +70 Plastic
DAC1508A-8Q MC1408-8F -55 to +125 Ceramic N
NE555P NES55N 0to +70 Plastic
DAC312FR AM6012F 0 to +70 Ceramic N
NES556P NES56N 0to +70 Plastic
0P27BZ SE5534AFE -55 to +125 Ceramic .
. NE556J NE556-1F 0to +70 Ceramic
0P27CZ SE5534FE -55 to +125 Ceramic .
NE556N NE556-1N 0to +70 Plastic
PM747Y HA747N -55 to +125 Plastic "
NE592 NE592N14 0 to +70 Plastic
SMP-10AY SE5060F -55 to +125 Ceramic .
" NE592A NE592F14 0 to +70 Ceramic
SMP-10EY NES060N 0to +70 Plastic
NE592J NES592F 0to +70 Ceramic
SMP-11AY SE5060F -55 to +125 Ceramic .
SMP-1EY ~ NESOBON 010 +70 Plastic NESOZN  NES92MA4  Oto+70  Plasto
: SA556P SA556N -40 to +85 Plastic
Raytheon  RC4805DE NE5105N 0to +70 Plastic SE5534/A JG SE5534/AF -55 to +125 Ceramic
RC4805EDE  NE5105AN 0to +70 Plastic SE555JG SES555N -55 to +125 Plastic
RM4805DE SE5105F -55 to +125 Ceramic SE556J SE556-1F -55 to +125 Ceramic
RM4805ADE  SE5105AF -55 to +125 Ceramic SE556N SE556-1N -55 to +125 Plastic
RC5532/A DE NE5532/AF 0to +70 Ceramic SE592 SE592N14 -55 to +125 Plastic
RC5532/A NB NE5532/AN 0to +70 Plastic SE592J SE592F-14 -55 to +125 Ceramic
RC5534/A DE NE5534/AF 0to +70 Ceramic SE592N SE592N-14 -55 to +125 Plastic
RC5534/A NB NE5534/AN 0 to +70 Plastic SN55107AJ  NE521F 0 to +70 Plastic
RM5532/A DE SE5532/AF -55 to +125 Ceramic SN55108AJ  SE522F -55 to +125 Ceramic
RM5534/A DE SE5534/AF -55 to +125 Ceramic SN75107AJ  NE521F 0to +70 Plastic
silicon SG3524)  SG3524F  Oto +70  Ceramic SN75107AN  NES2IN 0to+70  Plastc
General  SG3526N  SG3526N  0to +70  Plastic SN75108A) - NES22F 0to+70  Ceramic
SN75108AN  NE522N 0to +70 Plastic
Sprague UDN6118A  SA594N -40 to +85 Plastic SN75188J MC1488F 0to +70  Ceramic
UDN6118R SA594F -40 to +85 Ceramic SN75188N MC1488N 0to +70 Plastic
ULN3524A SG3524 0 to +70 Plastic SN75189AJ  MC1489AF 0 to +70 Ceramic
ULN8142M UC3842N 0 to +70 Plastic SN75189AN  MC1489AN 0 to +70 Plastic
ULN8160A NES560N 0to +70 Plastic SN75189J MC1489F 0to +70 Ceramic
ULN8160R NE5560F 0to +70 Ceramic SN75189N MC1489A 0 to +70 Plastic
ULN8161M NE5561N 0 to +70 Plastic TL592A NES592F14 0 to +70 Ceramic
ULN8168M NE5568N 0 to +70 Plastic TL592P NE592NB 0 to +70 Plastic
ULN8564A NES564N 0 to +70 Plastic MA723CJ uA723CF 0to +70 Ceramic
ULNB8564R NE564F 0to +70 Ceramic MA723CN MA723CN 0to +70 Plastic
ULS8564R SE564F -55 to +125 Ceramic MA723MJ MAT23F -55 to +125 Ceramic
Tl ADCO803N ADC0803-1 LCN-40 to +85 Plastic Unitrode UC3524J SG3524F 0to +70 Ceramic
ADC0804CN  ADCO0804-1 CN 0 to +70 Plastic UC3524N SG3524N 0 to +70 Plastic
ADCOBOSN  ADC0805-1 LCN-40 to +85 Plastic +*THERE MAY BE PARAMETRIC DIFFERENCES BETWEEN SIGNETICS'
LM LMITIF ~55 to +125 Ceramic PARTS AND THOSE OF THE COMPETITION.
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Cross Reference Guide by Numeric Listing

ANALOG LINEAR RAY- SGS/ SILICON
NUMERIC DESCRIPTION SIGNETICS DEVICES EXAR FAIRCHILD HITACHI TECH MOTOROLA | NATIONAL NEC PMI THEON RCA T GENERAL SPRAGUE T OTHERS
DAC-08 8-Bit D/A DAC-08F ADDAC-08 HA0BO/DA HA17008 DAC-08 DAC-0800 | uPC624 | DAC-08 DATEL DAC08
Converter DAC-08AF HAOBO1E DAC-0801 AMD DAC-08
DAC-08CF, CN DAC-0802 Harns-HI5618
NES007F, N
DAC-08ED, EN
NES5008D, F, N
SE5008F
DAC-08HF, HN
NES009F, N
SE5009F
08031 8-Bit A/D ADCO803LCF, LCN ADC0803 ADC0803 Intersil
0804/ Converter ADCO804CN, LCD, ADC0804 ADC0804 ADC0803
0805 LCF, LCN, ADCO805 ADC0805 | 0840
ADC0805 LCN 0805
0820 8-Bit CMOS ADC0820 CNED AD7820 ADC0820 Maxim
A/D Converter ADC0B20CNEN Max150
11 Voltage LM111FE AD111 pAIT LM111 M111 LM111 PM111 | LM111 SG111 LM111
Comparator
119 Dual LM119F LT119 LM119 PM119
Comparator LM119
124 Quad OP Amp LM124F, N LM124 LT1014 | LM124 LM124 CA124 SG124 LM124
13600 High NES517AN XR13600 LM13800/A
Performance
Dual Transcon NES517D, N
Amp
139 Quad LM139AF pA139 LM139 LM139 PM139 | LM139 CA133 LM139
Comparator LM139F, N CMP-04
1408/ 8-8it D/A MC1408-6F, N AD1408 HA0BO1C HA17408 MC1408/ DAC0806 DAC-1408| DAC-1408 Hams
1508 Converter MC1408-7F, N 1508 0807 HI5618
MC1408-4D, F, N 0808
MC1508-8F
Harns
CM1458
MC1458D, N
1458/ . MC1458 LM1458 Samsung
1558 Dual Op Amp MC1558N pA1458 MC1558 LM1558 uPC251 | OP-14 CA1458 | MC1458 MC1458 MC1458
SA1458N
Micro Power
MP OP-14
Quad Line SN75188
1488 Dnver MC1488D, F, N XR1488 | uA1488 MC1488 DS1488 MC1488 MC1488
Quad Line MC1489A, D, F, N XR1489/ SN75189/A
1489 Receer MC1489D, F. N A HA1489/A MC1489/A | DS1489/A MC1489 | SG1489/A MC1489/A
Balanced
1496/ MC1496F, N MGC1496 LM1496 Plessey
1596 Modulator/ MC1596F, N HATSE MC1596 | LM1596 SG14% SL1496
Demodulator
Cherry
1524 Improved SMPS | 56 1caacr, N XR1524 LT1524 CAls24 | sGtse4 |sG1524 | ULNstes | sai524 gsis24
Control Circut Unitrode
UC1524
LM158FE, N Intersil
158 Dual Op Amp NES32FE. N LM158 LM158 Lm158 LM158 CA158
LM193AFE P
193 Dual Comparator LM193FE HA193 LM193/A LM193/A LM193/A
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG LINEAR olt ses/ | siLicon
NUMERIC |  DESCRIPTION sanenics | oo 0% | exan | Famcuio | wmacw | 'FEAT | MoTOROLA | NaTIONAL| NEC | Pwi RAYTHEON ACA oL | SPRAGUE | T OTHERS
AMD
Sample-and- LF196FE, H LF198
1% Hold Amp SESSI7FE, H HAIS8 LF198 LF1%8 Hams
HA2430
Voltage
a1 M211D, FE N | AD211 LM211 M2t PM211 G211 M211
Comparator M2
219 Dual Comparalor LM219D, F, N Lm219 TDEO119
224D, F, N
224 Quag Op Amp | oo B uA224 HA17224 LM224 M224 M224 M224
Quad Voltage LM239AN PM239
239 o CsgF 239 M239 LM239 s | z3s | cazan LM239
Cherry
Improved SMPS Cs2524
2504 A $G25240N sG2524 o
UC2524
LM258N
258 Dual Op Amp e A258 HA17258 LM258 M258 | uPC258 cA2s8 | Lmzss LM258
Sync with Vert Osc
a1 and Drwer TDASTTA TOAZS77
Horizontal Plessey
2593 o TDA2593 TDA2593 ey
Quad HiSpeed | AM26LS31 i
aoisa | e oo, N AM26LS31 AM26LS31 | DS26LSa1 auzsisan | M0
Quad Voltage
2001 foashin LM2901D, F. N A2901 M2901 | LM2s0t LM2901
LM29020, N
2002 uag Op amp | ot N 2902 IM2902 | LM2goz LM2902
Dual Voltage
2003 o onag LM2903D, FE. N 12903 M2903 | Lm2903 LM2903
2004 Dual Op Amp LM2904D, N 2904 M2204 | LM2904 2904
LM293AFE, AN
23 Oual Gomparator | (V2SS M293/A | LM293/A LM293/A
089 FM IF System CA30BIN LM3089 CAB089
an Voltage Comparator | LM311D, FE, N A3 M3t M3t M3t
High-Speed
319 o o alor | LM1SD. Fo N 319 | uPCate Lmat9
LM324AD, AN Samsung
a4 Quad Op Amp | oD AT A2 HA17324 M32a/A | LMa24/A LMa24 Lm324 ey
Quad Voltage
3302 uad Yo MC3302D, F, N 1A3303 MC3s02
3303 Quad Op Amp | MC3303F, N WA3303 MC3303 MC3303 M3303
261 Low Power FM [F | MC3361D, N MC3361 maung
Quad Voltage LM339AF, AN
329 ot ossh, E N 4A339 M339/A | LMs3/A | pPCaze | PMase | LMade |cCAe | Lmase Ma39
3403/ MC3403D, F. N MC3403 MC3403 MC3403
3503 Quad Op Amp MC3505, F, N HA3403 MC3503 RMata7 MC3503 MC3503
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Cross Reference Guide by Numeric Listing (Continued)

AN-sole source)

ANALOG LINEAR SGS/ SILICON
NUMERIC DESCRIPTION SIGNETICS DEVICES EXAR FAIRCHILD HITACHI TECH MOTOROLA | NATIONAL NEC PMI  [RAYTHEON RCA THOMSON| GENERAL SPRAGUE il OTHERS
3410/ 1081 D/A e MC3410/C Harms
3510 Converter MC3510F MC3510 HI-5610
Cherry
as24 SMPS Control 8635240, F, N XRas24 LT3524 LM3524 CAds24 | sGase4 |sasses | ULNase4 | sGases csasze
Circutt Unitrode
UC3524
Improved SMPS Unitrode
3524C Control Crrcut $G3524C, O, N $G35248 UC3524A
Unitrode
3526 SMPS SG3526F, N $G3526 SG3526 ULN8126 UCa526
LM358AD, AN Sanyo
358 Dual Op Amp LM358D, N HA17358 LM358/A LM358/A uPC358 | OP-221 CA358/A | LM358 LM358/A i
LA6358
NE532D, N
361 See 529
Unitrode
SMPS UC3842N/D!
3842 c UC3842N, D UC3842AN SG3842M Cherry
CS3842AN
387 See 542
LM393AFE, AN
LM393D, N Sanyo
393 Dual Comparator LM393FE-Sole HA17393 LM393/A LM393/A LM393 LM393/A LA6393
Source
AMD
Sample-and-Hold LF398D, FE, H, N LF398
398 Amp NE5537D, FE, H, N A398 LF398 LF398 SMP-10 Harns
HA2425
Dual General NE4SS8D, FE, N
4558 Purpose Op Ami SA4558FE, N XR4588 MC4558 RC4558
Pose OP AP | sEasserE, N
5007 See DAC-08C
5008 See DAC-08E
5009 See DAC-08H
AMD
5018 8-Bit Converter NE5018D, F, N AMB081
Voltage Out SE5018F Datel
DAC uP8B
8-Bit D/A Datel
5019 Converter g::g:gg N DAC
Voltage Out uP8BM
10-Bit D/A Datel
5020 Converter NE5020F, N DAC 4P10
Voltage Out
High-Speed Harris
Precision SMP-10 HA2420
5060 Sample- NES060F ADSES SMP-11 HA2425
and-Hold Amp HA5320
o | 52
5105 Precision (NES105AD, CMP-05 | RCAB05
Comparator
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG . LINEAR SGS/ | SILICON
NUMERIC | DESCRIPTION SIGNETICS oivices | EXAR | FARCHILD | HITACHI | “rool® | MOTOROLA | NATIONAL | NEC | PMI RAYTHEON RCA | obc | cEicoll | SPRAGUE n OTHERS
8-8it D/A
NE5118F, N Datel
5118 Converter .
Corent Out SE5116F DAC-UP
5170 Octal Line Drver NES170A, N “"l';'gs"fm
Octal Line Unitrode
5180 P NE5180A, N o
520 High-Speed NES29D, F, H, N M6t
Comparator SE529F, H LM361
High Slew Rate Op Hams
531 e NES31FE, H, N RC4531 pH—-
532 See 358
Low Noise Dual
542 Protanp NES42N LM387
5517 See 13600
NE5532AFE, AN
5532 2"“:" Low Norse Op | \eesaon, Fe, N Axnssaa/ RC5532/A NES532/A H‘;’fas 1025
P SES532AFE, FE
Dual Low Noise Op | NES533AN
5533 pons NES533D, N XR5533 NES533/A
NE5534AD, AN Anal
(NESS34AFE-sole S w:s‘s
source) MA332
NES534D, FE, N
5534 Low Noise Op Amp | grcin "o XR5534 OP-27 | RCSS/A NES534/A | Datel
SAS534N H;;{n:;ssec
SES534AFE, AN
SESS34FE, N HAs101/11
5537 See 398
NE5539D, F, N Harnis
5539 Fast Op Amp SES539, F, H AD5539 HA2530
NESSSD, FE, N NE555 Intersil
555 Timer SAS55D, N XRS5 | uAS55 HA17555 Motess | LMsss | upOSSS RC555 | CASS5 | NESSS NES55 NESSS
SES55CN, FE, N
NESS56D, F, N
556 Dual Timer SABSEN AS56 ey | ese NESS6 NESS6 Saeung
SESS6CN, F, N
Cherry
5560 SMPS Control NES560D, F, N ULNB160 85560C
Circuit SE5560F, N *disc 1PS *disc
1P5560C
Cherry
5561 SMPS Control NES561D, FE, N ULN8161 Cs5561
Circut SE5561FE, N *disc IPS *disc
1P5561C
Cherry
SMPS Control ULNB168 85568
5568 Circutt NESS68D, N *disc IPS *disc
1P5568C
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG LINEAR SGS/ | SILICON
NUMERIC | DESCRIPTION sanerics | AMOS | exan | amcuio | wimacw | AR | MOTOROLA [NaTIONAL | Nec | pmi RAvTHEON Rea | S8 SUCON | spRAGUE m OTHERS
NES58D, F, N
558 Quad Timer SASSEN XRS56
SESS6F, N
NES6N
High Frequency g
564 e Loskot 1oop | (NESBAD, F-sole ULNB564
source)
NES6SD, F, N
565 Prase-Locked Loop | §eecet | NES65 LMs65
NES66D, F, N
566 Function Generator SE566F, N LM566
NES67D, F, FE, N MCE
. Tone Decoder SES6TFE, F, N XRS67 . MCE-567
Phase-Locked Loop | (SE567D-sole XR2567 Samsung
source) LM567
NES7ID, F, N
571 Compandor (SASTID, F, N-sole WPCISTIC
source)
583 See 5060
NES92 D14, DS,
F14, F8, H, HD14,
HD8, HN14, HNB,
502 Video Amplfier | N14, N8 HAS92C NES92 LM592 e 2
SA59208, N8
SES92 Fid, F8, H,
N14, N8
Sanyo
NESO4D, F, N
504 Vacuum Fluorescent, | g qo4p . XR6118 ULN6188 L1250
Display Dnver SE594F, N Toshiba
J To62781
AMD
AMB012F
1281 D/A AM6012
5012 P (AMZ{;;ZDso!e XR3464 NS8464 DAC312 e
sour HIS62A
5081 See 5018
Siemens
8456 1GHz Prescaler | SABB456PN, TD i
Precision HAT23CD, CF, CN
723 Voltage LAT23F, N AT23 HA17723 MC1723 | w723 E&;gg m;gg 728 | sa723 uAT23 Imi;::za
Regulator SA723CN
Differential
JATB3CF, ON Intersi
733 X.:;o BArar N ATE) HA17733 MC1733 | w738 LATE e
Micropower
MPOP-02
JAT41CD, CFE, CN
781 General Purose | p744FE N uATAS HA17741 MC1741 | Lm7at op.02 M7a1 | SG7at AT41 Plessey
Op Amp sLs62
SATA1CFE, CN
Samsung
LM741
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Cross Reference Guide by Numeric Listing (Continued)

ANALOG LINEAR SGS/ | SILICON
NUMERIC | DESCRIPTION SIGNETICS pEvices | EXAR | FARCHID | HTAcH | “ZolT | MOTOROLA | NATIONAL| NEC | PMI RAYTHEON RCA [ bl | ool | SPRAGUE n OTHERS
WAT4TCD, CF, CN oP.04 M
747 Dual Op Amp WATATF, N uATAT HA17747 MC1747 LM747 | uPC1418 RC747 | CA747 uATAT Icropower
PM747 MPOP.04
SAT47CN
75188 See 1488
75189 See 1489
ICM7555CN, CD
7555 TCIM' OESR ICM7555IN, 1D LMCss5 Twosss | e
ICM7555MN
7820 See 0820
8126 See 3526
8160 See 5560
8161 See 5561 j
8168 See 5568
8464 See 6012
8564 See 564
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Linear Products

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
LM338D SO-14 Quad Volt Comparator NE5537D SO-14 Sample-and-Hold Amp
LM358AD SO-8 Dual Op Amp NES5539D SO-14 Hi-Freq Amp
LM358D SO-8 Dual Op Amp Wideband
LM393D SO-8 Dual Comparator NES555D SO-8 Single Timer
*MC1408-8D SO-16 8-Bit D/A Converter NE556D SO-14 Dual Timer
MC1458D SO-8 Dual Op Amp 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 Recewver NE5568D SO-8 SMPS Control Ckt
MC3302D SO-14 Quad Volt Comparator NE558D SOL-16 Quad Timer
MC3361D SOL-16 Low Power FM IF NE5592D SO-14 Dual Video Amp
MC3403D SO-14 Quad Low Power Op NE564D SO-16 Hi-Frequency PLL
Amp *NE565D SO-14 Phase Locked Loop
NE4558D SO-8 Dual Op Amp NE566D SO-8 Function Generator
*NE5018D SOL-24 8-Bit D/A Converter NES67D SO-8 Tone Decoder PLL
*NE5019D SOL-24 8-Bit D/A Converter NES568D SOL-20 PLL
*NE5036D SO-14 6-Bit A/D Converter NE571D SOL-16 Compandor
NE5037D SO-16 6-Bit A/D Converter NE572D SOL-16 Prog Compandor
NE5044D SO-16 Prog 7-Channel *NE587D SOL-20 7 Seq LED Driver
Encoder (Anode)
NE5045D SO-16 7-Channel Decoder *NE589D SOL-20 7 Seq LED Driver
NES5090D 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 SO-8 Hi-Gain Video Amp
NES5205D 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
NES527D SO-14 High-Speed NE614D SO-16 Low Power FM IF
Comparator System
NE529D SO-14 High-Speed *PCD3311TD SO-16 DTMF/Melody
Comparator Generator

February 1987
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SO Availability List

System

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 SO-16 IR Preamp
PCF2111TD VS0-40 LCD Duplex Driver TDA5040TD SO-8 Brushless DC Motor
(64) Driver
PCF2112TD VS0-40 LCD Duplex Driver TDA7010TD SO-16 FM Radio Circuit
(32) TDA7050TD SO-8 Mono/Stereo Amp
PCF8570TD SO-8 Static RAM (256 X 8) TDD1742TD SOL-28 Frequency Synthesizer
PCF8571TD SO-8 1K Serial RAM ULN2003D SO-16 Transistor Array
PCF8573TD SO-16 Clock/Timer ULN2004D SO-16 Transistor Array
PCF8574TD SO-16 Remote I/0 Expander MA723CD SO-14 Voltage Regulator
PCF8576TD VS0-56 MUX/Static Driver MA741CD SO-8 Single Op Amp
PCF8577TD VS0-40 32-/64-Segment LCD uA747CD SO-14 Dual Op Amp
Driver NOTE:
SA5105/AD SO-8 High-Speed *Non-standard pinout
Comparator
SA5230D SO-8 Low Voltage Op Amp
SA5212D8 SO-8 Transimpedance Amp
SA532D SO-8 Dual Op Amp
SA534D SO-14 Dual Op Amp
SA555D SO-8 Single Timer
SA571D SOL-16 Compandor
SA572D SOL-16 Compandor
*SA594D SOL-20 Vac Fluor Disp Driver
SA602D SO-8 Double Bal Mixer/
Oscillator
SA604D SO-16 Lower Power FM IF

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

February 1987
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Linear Products

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

Minimum Factory Order:
Commercial Product:

$1000 per order
$250 per line item per order

Military Product:
$250 per line item per order

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

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

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

December 1988

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

DAC, ICM, LF, LM, MC, NE, SA, ‘

SE, SG, uA, UC

Table 1. Part Number Description
CROSS REF PRODUCT PRODUCT
PART NUMBER  pART NO. FAMILY DESCRIPTION
NE5S5537N LF398 LIN Sample-and-Hold Amp

'—————= Device Number

Tables 3 & 4

L—— |inear Product Family

——= Package Descriptions — See Table 2

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

———» Description of
Product Function
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Ordering Information

Table 2. Package Descriptions

PACKAGE
OLD | NEW | hESCRIPTION

A, AA N 14-lead plastic DIP

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

B, BA N 16-lead plastic DIP

D Microminiature
package (SO)

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

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

K H 10-lead TO-100

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

NA, NX |N 24-lead plastic DIP

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

T, TA H 8-lead TO-99

U V] SIP plastic power

\" N 8-lead plastic DIP

XA N 18-lead plastic DIP

XC N 20-lead plastic DIP

XC N 22-lead plastic DIP

XL, XF |N 28-lead plastic DIP

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

December 1988

Table 3. Signetics Prefix and

Device Temperature

PREFIX

DEVICE TEMPERATURE

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
AM
CA
DAC
ICM
LF

Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
Linear Industry Standard
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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

nTm g oW

December 1988

Ordering Information
for Prefixes HE, OM, PC, PN,
SA, TD, TE

Table 1. Part Number Description

PART
NUMBER

PRODUCT
FAMILY

PRODUCT
DESCRIPTION

TDA2541N

L

Device Number

Video IF Amplifier
Description of

LIN
—LProduct Family Linear

Product Function

Package Description — See Table 2A

—————a» Device Family and Temperature Range Prefix — See Table 3A

Table 2. Package Description

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

Table 3. Device Prefix

PREFIX DEVICE FAMILY
HEx CMOS circuit
OM Linear circuit
PCx CMOS circuit
PNx NMOS circuit
SAx Digital circuit
TDx Linear circuit
TEx Linear circuit
1-33
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Linear Products

SIGNETICS' ZERO DEFECTS
PROGRAM

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

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

REDUCING THE COST OF
OWNERSHIP THROUGH TOTAL
QUALITY PERFORMANCE

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

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

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

December 1988

Quality and Reliability

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

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

QUALITY DATABASE
REPORTING SYSTEM — QA05
The capabilities of our manufacturing process
are measured and the results are recorded
through our corporate-wide QA05 database
system. The QA05 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.

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

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

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

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

gram are:

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

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

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

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

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

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

19885 1986 1987 1988 1989

Year

’ ‘OP20980S
Figure 1a. Product Electrical Quality
PPM (Parts per Million)
7

1985 1986 1987 1988 1989

Year

Figure 1b. Visual-Mechanical Quality

0P20970S.

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

December 1988

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

2-4

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

Signetics Self-Qual Program

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

WE WANT TO WORK WITH

YOu

At Signetics, we know that our success de-

pends on our ability to support all our custom-

ers with the defect-free, higher density, higher

performance products needed to compete

effectively in today's demanding business

environment. To achieve this goal, quality in

another arena — that of communications —

1s vital. Here are some specific ways we can

maintain an ongoing dialogue and information

exchange between your company and ours

on the quality issue:

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

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

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

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

QUALITY AND RELIABILITY
ASSURANCE

Signetics' Linear Division Quality and Reliabil-
ity Assurance Department 1s involved in all
stages of the production of our Linear ICs:
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® Product Design and Process
Development

® Wafer Fabrication

® Assembly

® Inspection and Test

@ Product Reliability Monitoring

® Customer liaison

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

RELIABILITY BEGINS WITH THE
DESIGN

Quality and reliability must begin with design.
No amount of extra testing or inspection will
produce reliable ICs from a design that is
inherently unreliable. Signetics follows very
strict design and layout practices with its
circuits. To eliminate the possibility of metal
migration, current density in any path cannot
exceed 5 X 10° amps/cm2. Layout rules are
followed to minimize the possibility of shorts,
circuit anomalies, and SCR type latch-up
effects. All circuit designs are computer-
checked using the latest CAD software for
adherence to design rules. Simulations are
performed for functionality and parametric
performance over the full operating ranges of
voltage and temperature before going to
production. These steps allow us to meet

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

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

RELIABILITY MEASUREMENT
PROGRAMS

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

DESCRIPTION OF STRESSES

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

Table |. RELIABILITY ASSURANCE PROGRAMS

changes, intermittently generating and heal-
ing the problem.

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

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

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

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

RELIABILITY FUNCTION

TYPICAL STRESS

FREQUENCY

New Process Qualification

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

Temperature Cycle

Each new wafer fab process

New Product Qualification

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

Temperature Cycle

Electrostatic Discharge Characterization

Each new product

SURE I

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

Temperature Cycle

Thermal Shock

Each fab process family,
every four weeks

Product Monitor

Pressure Pot
Thermal Shock

Each package type and
technology family at each

assembly plant, every week

December 1988
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duced leakage problems, and general glassi-
vation stability and integrity

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

PRODUCT QUALIFICATION
Linear products are subjected to rgorous
qualification procedures for all new products
or redesigns to current products Qualification
testing consists of
® High Temperature Operating Life
Ty=150°C, 1000 hours, static bias
® High Temperature Storage Life.
Ty=175°C, 1000 hours, unbiased
® Temperature Humidity Biased Life
85°C, 85% relative humidity, 1000
hours, static bias
® Pressure Cooker
20 psig, 127°C, 168 hours, unbiased
® Temperature Cycle
-65°C to +150°C, 500 cycles, 10
minute dwell, arr to ar, 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 ngorous failure
rate requirements. New or changed process-
es are similarly qualified.

December 1988

ONGOING RELIABILITY
ASSESSMENT PROGRAMS

The SURE Program

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

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

® Device or generic group failure rate
studies

® Advanced environmental stress
development.

® Fallure mechanism characternization 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 Rehability Engt-
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 falure modes and mecha-
nisms actually expenienced In service This
information 1s 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

SCANNING ELECTRON MICROSCOPE CONTROL

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

DIE SORT VISUAL ACCEPTANCE

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

DIE ATTACH DIE ATTACH AND WIRE BONDING

WIRE BOND The latest automated equipment 1s used under statistical process control program

PRE-SEAL VISUAL ACCEPTANCE

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

_____ — — — — _ SEALTESTS
Hermeuc package seai integrity 1s ensured by 100% and fine gross leak testing
SYMBOL

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

SYMBOL

00%

1
ELECTRICAL TEST
BURN-IN
OPTION
100%
ELECTRICAL TEST

________ 100% PRODUCTION ELECTRICAL TESTING
Every device is tested to all data sheet <]

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

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

VISUAL VISUAL
INSPECTION All products are wisually inspected per the requirements specfied in Signetics’ or customer
documents

OUTGOING — — — — — — — — FINAL QUALITY ASSURANCE GATE
QUALITY CONTROL The final QA "

step the specified and electnical AQL's Every ship-
ment ts sealed and identified by QA personnel

PF00850S.
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SIGNETICS' MANUFACTURING
FACILITIES

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

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

Table Il. Signetics' Linear Product Manufacturing Facilities

WAFER FABRICATION FACILITIES
Designation Location Process Families
Fab 01 Sunnyvale, California Bipolar Junction Isolated
Fab 09 Orem, Utah Bipolar Gold Doped
Fab 16 Sunnyvale, California Oxide Isolated
Fab 21 Orem, Utah Bipolar Schottky
Fab 22 Albuquerque, New Mexico ACMOS
ASSEMBLY FACILITIES
Designation Location Package
SigKor Seoul, Korea DIP, SO, and PLCC
SigThai Bangkok, Thailand DIP and CERDIP
Orem Orem, Utah Miltary "Jan' Hermetic
Pebel Kaohsiung, Tawan SO
Anam Seoul, Korea SO and Metal Can
TEST FACILITIES
Designation Location Package
TA03 Sunnyvale, California Wafer Sort, Final Test
and Quality Assurance
SigKor Seoul, Korea Final Test and Quality
Assurance
SigThai Bangkok, Thailand Final Test and Qualty
Assurance
Sacto Sacramento, California Military Final Test and
Quality Assurance

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

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

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

@ Signetics' Logo

® Product |dentification and Package Designator

® Traceability Code*

® Assembly Date and Plant Codes*

® Product Revision Level*

® SUPR Il B Processing Code (if applicable)

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

Example.

S NE5534N  line 1
FBW5491  line 2
8901VCB  Iine 3

Line 1.

S = Signetics' Logo

NE5534 = Product type designation

N = Package type

N = Dual-in-Line Plastic

F = Dual-in-Line CerDip

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

Line 2:

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

traceability back to the Wafer Fabrication.

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

Line 3.

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

product was packaged during the first four weeks

of 1989. The first digit of the year may be

omitted on some packages' 901.

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

December 1988 2-9
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THE 12C CONCEPT

The Inter-IC bus (1°C) 1s a 2-wire serial bus
designed to provide the facilites 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 1°C
bus I1s known as '‘clips."

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

December 1988

Intfroduction to 12C

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

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

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

To summarize, the 1°C bus eliminates inter-
facing problems Since any peripheral device
can be added or taken away without affecting
any other devices connected to the bus, the
12C bus enables the system designer to build
various configurations using the same basic
architecture.

Application areas for the 12C bus include
Video Equipment

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

For 8-bit applications, such as those requiring

single-chip microcomputers, certain design

critena can be established:

® Ac p y usually
of at least one microcomputer and
other peripheral devices, such as
memories and 1/0 expanders.

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

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

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

In order to produce a system to satisfy these
crtena, a serial bus structure i1s needed.
Although serial buses don't have the through-
put capability of parallel buses, they do re-
quire less winng 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 1t, 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 12C bus.

THE 12C BUS CONCEPT

Any manufacturing process (NMOS, CMOS,
12L) can be supported by the 12C bus. Two
wires (SDA - serial data, SCL - serial clock)
carry information between the devices con-
nected to the bus. Each device is recognized
by a unique address - whether it 1s a micro-
computer, LCD dniver, memory or keyboard
interface - and can operate as either a trans-
mitter or receiver, depending on the function
of the device. Obviously an LCD driver is only
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Specification

a receiver, while a memory can both receive
and transmit data. In addition to transmitters
and receivers, devices can also be consid-
ered as masters or slaves when performing
data transfers (see Table 1). A master is the
device which intiates 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-
Iing the bus can be connected to it. As
masters are usually microcomputers, let's
consider the case of a data transfer between
two microcomputers connected to the 12C
bus (Figure 1). This highlights the master-
slave and receiver-transmitter relationships to
be found on the 12C bus. It should be noted
that these relationships are not permanent,
but only depend on the direction of data
transfer at that time. The transfer of data
would follow in this way:

1) Suppose microcomputer A wants to send

information to microcomputer B

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

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

- microcomputer A terminates the
transfer.

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

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

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

- microcomputer A terminates the
transfer.

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

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

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

Generation of clock signals on the 1°C 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 Lco
ARRAY DRIVER
BUS
STATIC RAM
Abc OR EEPROM
MICROCOMPUTER
B

Figure 1. Typical I°C Bus Configuration

AF03480S
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Table 1. Definition of 1°C Bus Terminology

TERM

DESCRIPTION

Transmitter

The device which sends data to the bus

Recewver 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 1s
allowed to do so and the message i1s not corrupted

Synchronization

Procedure to synchronize the clock signals of two or
more devices

SDA

(SERIAL DATA LINE)

+Vpp

PULL-UP
RESISTORS

. (SERIAL CLOCK LINE)

[~ SCLK [ soik | -3
| | |
| J— P

| SCIK1 _JEL DATAI__’E_ P DATAz__IE_ H
j our 1 out Lo ouT L1
| = =1 =11
| [ |
: SCLK DATA : : DATA l
b N . N !
L g L i

DEVICE1 DEVICE2

LD05610S.

Figure 2. Connection of Devices to the 1°C Bus
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| “smsLe: OF DATA
| DATAVALID | ALLOWED |

Figure 3. Bit Transfer on the 1°C Bus

—-F_i—l
SDA : J

[
“ LIS\

START CONDITION

VAR

STOP CO_N DITION

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
1s 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 varety of different technology
devices (CMOS, NMOS, I2L) which can be
connected to the 12C bus, the levels of the
logical 0 (Low) and 1 (High) are not fixed and
depend on the appropriate level of Vpp (see
Electrical Specifications) One clock pulse is
generated for each data bit transferred.

Data Validity

The data on the SDA line must be stable
during the High period of the clock. The High
or Low state of the data line can only change
when the clock signal on the SCL line 1s Low
(Figure 3)

Start and Stop Conditions

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

A High-to-Low transition of the SDA line while
SCL 1s High 1s 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 i1s considered to be
busy after the start conditon. The bus 1s
considered to be free again a certan time
after the stop condition This bus free situa-
tien 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 i1s unrestricted Each
byte must be followed by an acknowledge bit.
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Figure 5. Data Transfer on the I°C Bus
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Figure 6. Acknowledge on the I1°C Bus
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Data 1s 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, 1t 1s permitted to use a
different format from the I1°C 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 i1s generated

Acknowledge

Data transfer with acknowledge 1s obligatory.
The acknowledge-related clock pulse I1s 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 1s 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
1s 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
1s 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 recewver 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
i1s indicated by the slave not generating the
acknowledge on the first byte following. The
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slave leaves the data lne 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 I2C bus.
Data 1s only valid during the clock High period
on the SCL line; therefore, a defined clock is
needed If the bit-by-bit arbitration procedure
I1s to take place.

Clock synchronization i1s performed using the
wired-AND connection of devices to the SCL
LINE. This means that a High-to-Low transi-
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START COUNTING

WAIT |___HIGH PERIOD
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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
therr Low period. Once a device clock has
gone Low it will hold the SCL line in that state
until the clock High state I1s 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 1s 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 durnng this
time.

When all devices concerned have counted off
therr 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 1s 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 perod

Arbitration

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

Arbitration can carry on through many bits.
The first stage of arbitration i1s the comparison
of the address bits. If the masters are each
trying to address the same device, arbitration
continues Into a comparison of the data
Because address and data information is
used on the I2C bus for the arbitration, no
information 1s lost during this process.

A master which loses the arbitration can
generate clock pulses until the end of the
byte in which 1t loses the arbitration

If a master does lose arbitration during the
addressing stage, it 1s possible that the win-
ning master 1s 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 1s a
difference between the internal data level of
the master generating DATA 1 and the actual
level on the SDA line, its data output I1s
switched off, which means that a High output
level 1s then connected to the bus. This will
not affect the data transfer initiated by the
winning master. As control of the 12C bus Is
decided solely on the address and data sent
by competing masters, there i1s 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 1s
ready for the next byte transfer in a type of
handshake procedure

On the bit level, a device such as a micro-
computer without a hardware 12C interface
on-chip can slow down the bus clock by
extending each clock Low period. In this way,
the speed of any master I1s adapted to the
internal operating rate of this device.




Signetics Linear Products

I2C Bus Specification

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 1s 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.

[

SI’ART ADDRESS
CONDITION

le ACK

“\L/‘”‘\__/YEDQ_/CDDD\I
*‘\/*\/W\/\/\_/*\/\/\ﬁ

Figure 9. A Complete Data Transfer

DATA

CONDITION

WF144108

Possible Data Transfer Formats are:

a) Master transmitter transmits to slave
receiver. Direction 1s not changed.

A = ACKNOWLEDGE
S = START
P =STOP

b) Master reads slave immediately after
first byte.

c) Combined formats.

NOTES:

data can then be transferred

[s"T staveaooress | rRw | A

DATA | A

| oara | AjPI

[
@ (WRITE)

R
DATA TRANSFERRED
(n BYTES + ACKNOWLEDGE)
AF03491S

| s | siaveapbress | riw | A | obata | A | oara T A [ P |}

|
0 (READ)

>
183
DATA TRANSFERRED
(n BYTES + ACKNOWLEDGE)

AF035008

[ST SLAVEADDRESS ] RIW ] A ] DATA] A] S | SLAVEADDRESS | RIW ] A] DATA [ A] P ]

(n BYTES
+ ACKNOWLEDGE)

READOR
WRITE

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

Al on auto- or

FNYFAENY

of previously

memory locations, etc, are taken by the designer of the device
Each byte i1s followed by an acknowledge as indicated by the A blocks in the sequence
12C devices have to reset their bus logic on receipt of a start condition so that they all anticipate the sending of a slave address

-

(n BYTI
+ ACKNUWI.EDGQ

DIRECTION OF
TRANSFER MAY
CHANGE AT
THIS POINT

AF035108

READ OR
WRITE

December 1988
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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 1s the general
call address which can address all devices
When this address 1s used, all devices
should, in theory, respond with an acknowl-
edge, although devices can be made to
ignore this address The second byte of the
general call address then defines the action
to be taken.

Definition of Bits in the First
Byte

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

MSB LSB

I T T T T T T JRIﬂ

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 I1s expected
that identical ICs will be used more than once
In a system, the programmable part of the
slave address enables the maximum possible
number of such devices to be connected to
the I2C 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 1s available to coordi-
nate allocation of 1°C addresses

The bit combination 1111XXX of the slave
address 1s reserved for future extension pur-
poses

The address 1111111 1s reserved as the
extension address This means that the ad-
dressing procedure will be continued in the
next byte(s) Dewvices that do not use the
extended addressing do not react at the
reception of this byte The seven other possi-
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L |

J

FIRST BYTE
(GENERAL CALL ADDRESS)

Figure 11. General Call Address Format

SECOND BYTE

AF035208

H'06

IsfrHoo | a] noz] Af aBcoooo | x| Af ascooot | x | A ] ascooo [ x| a]rl

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 o
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 1s allowed to acknowledge at the
reception of the start byte

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

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

General Call Address

The general call address should be used to
address every device connected to the 12C
bus However, if a device does not need any
of the data supplied within the general call
structure, 1t can ignore this address by not
acknowledging If a device does require data
from a general call address, 't will acknowl-

edge this address and behave as a slave
receiver The second and following bytes will
be acknowledged by every slave receiver
capable of handling this data. A slave which
cannot process one of these bytes must
ignore 1t by not acknowledging

The meaning of the general call address 1s
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 1s a one

When B I1s a zero, the second byte has the
following definition

00000110 (H'06') Reset and wrte 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 1s 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
inteligent 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 I1s identical to
the master address.

In some systems an alternative could be that
the hardware master transmitter 1s 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 1s now In slave recewver mode) to
which address data must be sent (Figure 14).
After this programming procedure, the hard-
ware master remains in the master transmit-
ter mode

Start Byte

Microcomputers can be connected to the 12c
bus in two ways. If an on-chip hardware 12C
bus interface 1s present, the microcomputer
can be programmed to be interrupted only by
requests from the bus. When the device
possesses no such interface, it must con-
stantly monitor the bus via software. Obvious-
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GENERAL

SECOND
CALL ADDRESS BYTE

Figure 13. Data Transfer From Hardware Master Transmitter

(n BYTES + ACKNOWLEDGE)

AF035408

S | SLAVEADDR H/WMASTER | R/IW | A

DUMP ADDR FORH/WMASTER | X | A | P

WRITE

a. Configuring master sends dump address to hardware master

AF035605

| s | DuMPADDRFROMH/WMASTER | RIW | A ] DATA ] A] DATA | 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

(n BYTES + ACKNOWLEDGE)

AF035708

r“: I‘TI
AN ,, / sodomeee |\l
| T € (HIGH) |

[ [
scL | | 1 2 7 8 9 | |
[ AcK [
L3 L*]

} START BYTE |

Figure 15. Start Byte Procedure

WF14420S

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

3-10

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 i1s 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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scL | |
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DLEN | | F
Tel
L2l JL_JL 1
START CBUS RIW | n DATA BITS
CONDITION ADDRESS e
ACK
RELATED
CLOCK PULSE

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

CBUS STOP
LOADPULSE CONDITION

WF14430S

CBUS Compatibility

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

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

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

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

If the CBUS configuration 1s known and no
expansion with CBUS devices Is foreseen,
the user is allowed to adapt the hold time to
the specific requirements of device(s) used.

ELECTRICAL SPECIFICATIONS
OF INPUTS AND OUTPUTS OF
12C DEVICES

The I12C bus allows communication between
devices made in different technologies which
might also use different supply voltages.

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

ViLmax = 1.5V (maximum input Low
voltage)
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Figure 17. Fixed Input Level Devices Connected to the I2C Bus

LD05620S

Vpp=e.g.3V

Rpg

|
[ ! I |
Re3 | omos | | cmos | [cmos] | cmos
l ! | !

to the |

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

LD05630S

C Bus

ViHmin = 3V (mmimum nput High
voltage)

Devices operating on a fixed supply voltage
different from +5V (e.g. 12L), must also have
these input levels of 1.5V and 3V for V|_ and
Viy, respectively.

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

ViLmax = 0.3Vpp (maximum input Low
voltage)

ViHmin = 0.7Vpp (minimum nput High
voltage)

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

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

3-11

The maximum low-level input current at
VoLmax Of both the SDA pin and the SCL pin
of an I2C device 1s —10uA, including the
leakage current of a possible output stage.

The maximum high-level input current at
0.9Vpp of both the SDA pin and SCL pin of an
12C device Is 10pA, 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
therr 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 1s 0 1
Voo

2. The noise margin on the High level is 02
Vop

3 Series resistors (Rg) up to 300S2 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 I2C bus has a minimum Low
penod 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, erther by being able to transmit or
receive at that speed or by applying the clock
synchronization procedure which will force
the master into a wait state and stretch the
Low periods In the latter case the frequency
1s reduced.

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

Vopr=5V10%

Vppz=5V=10% Vppa=5V=10%

S Re3 | omos lcmosl NMOS

2L

SDA l

{ l

Figure 19. Devices With Vpp Related Leve
Devices on the |

LD05640S

Z!s Mixed With Fixed Input Level
C Bus

Voo Vin
i2c 2c
DEVICE DEVICE

Rg :; Rg2

SDA

3
Rpe Rp2
PS fpg

SCL

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

LDO56508

LOW-SPEED MODE

As explained previously, there is a difference
In speed on the I2C bus between fast hard-
ware devices and the relatively slow micro-
computer which relies on software polling
For this reason a low speed mode Is available
on the 12C bus to allow these microcomputers
to poll the bus less often

Start and Stop Conditions
In the low-speed mode, data transfer 1s pre-
ceded by the start procedure

Data Format and Timing

The bus clock in this mode has a Low period
of 130us +25us and a High period of
390us *25us, resulting in a clock frequency
of approx 2kHz The duty cycle of the clock
has this Low-to-High ratio to allow for more
efficient use of microcomputers without an
on-chip hardware 12C bus interface. In this
mode also, data transfer with acknowledge is
obligatory The maximum number of bytes
transferred 1s not limited (Figure 22).

'_‘n |
r———f—r—---

\ ' i | r I
R
tq [— l_‘ | jo—tho; st I
—
\ } \ | ‘ "\ f b
| I
= tiow | tuo; oar—] b= [t — tsy;or —=] | ‘4"su sTA tsy; st L;j

Figure 21. Timing Requirements for the 1C Bus

WF144418
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Table 2. Timing Requirement for the 12C Bus

LIMITS
SYMBOL PARAMETER UNIT
Min Max
fscL SCL clock frequency 0 100 kHz
tsur Time the bus must be free before a new transmission can start 4.7 us
tHD, STA Hold time start condition. After this period the first clock pulse i1s generated 4 us
tLow The Low period of the clock 47 us
tHIGH The High period of the clock 4 us
tsu, sTA Setup time for start condition (Only relevant for a repeated start condition) 4.7 us
tHD, DAT Hold time DATA
for CBUS compatible masters 5 us
for I12C devices 0* us
tsu, DAT Setup time DATA 250 ns
tr Rise time of both SDA and SCL lines 1 us
tF 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 V|4 and V|_ levels
* Note that a transmitter must internally provide a hold time to bridge the undefined region (300ns max.) of the faling edge of SCL

|_s_, L L J _| JL L IL 3 |_P_|
START START BYTE DUMMY _ REPEATED ADDRESS ACK | DATA ACK | STOP
CONDITION ACKNOWLEDGE  START ~EVTES CONDITION
(HIGH)  CONDITION
WF14450S
Figure 22. Data Transfer Low-Speed Mode
ra [ Il oy [ [
| | e X | |
soa | [ NI N I f 1
Vil 1\ S AR} - g1
| LI T I T X¢ T |
| ‘sur | | ~—'» tr— | S ik tho; sTA 1o
| | I I N I : T
sct | | I |1 I
[ (I : : I :
[ [y |
| ‘two; st —T1 tow thigh | -L—L—‘w. oar == | [ttu;sta tsu; sto—| | =
L Ly two; oaT L Lo

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 tLow = 130us *+25us
DUTY CYCLE . thigH = 390us +25us The bus 1s considered busy after the first start
13 Low-to-High (Duty cycle of condition. It i1s 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
taur Time the bus must be free before a new transmission can start 105 us
tHp, sTA Hold time start condition. After this period the first clock pulse I1s generated 365 us
tHD, STA Hold time (repeated start condition only) 210 us
tLow The Low period of the clock 105 155 us
tHIGH The High period of the clock 365 415 uS
tsu, sTA Setup time for start condition (Only relevant for a repeated start condition) 105 155 us
tHp; tDAT Hold time DATA
for CBUS compatible masters 5 MS
for 12C 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
tsy, 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 faling edge of SCL

December 1988
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APPENDIX A

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

In a 12C bus system these values depend on
the following parameters:
- Supply voltage
- Bus capacitance
— Number of devices (input current + leak-
age current)

1) The supply voltage hmits 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 Rpmyn Is
shown.

4 /ﬁs// /
i

MINIMUM VALUE Rp (k)
@

//
0
0 4 8 12 16
Vop )
‘OP03060S
Graph 1

The desired noise margin of 0 1 Vpp for the
low level limits the maximum value of Rg.
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In Graph 2, Rgmax against Rp 1s shown

2) The bus capacitance is the total ca-

pacitance of wire, connections, and

pins This capacitance limits the maxi-

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

0
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OP03080S
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In Graph 3, the bus capacitance - Rpmax
relationship I1s 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
imit 1s dependent on Vpp.

In Graph 4 the total high-level input cur-
rent - Rpmax relationship i1s shown.

T
\\

MAXIMUM VALUE Rp (kQ)
o [
]

L] 40 80 120 160 200
TOTAL HIGH LEVEL INPUT CURRENT (1A)

0P03090S

Graph 4

12C LICENSE

Purchase of Signetics or Philips 12c compo-
nents conveys a license under the Philips 12c
patent nights to use these components in an
12c system, provided that the system con-
forms to the I1°C standard specification as
defined by Philips
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INTRODUCTION

The I2C (Inter-IC) bus i1s becoming a popular
concept which implements an innovative seri-
al bus protocol that needs to be understood
On the hardware level 1°C 1s 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 senal clock (SCL) The I2C structure 1s
optimized for hardware simplicity. Parallel
address and data buses inherent in conven-
tional systems are replaced by a senal 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
penpherals or other controllers This results in
reduced chip size, pin count, and intercon-
nections. An I2C system s therefore smaller,
simpler, and cheaper to implement than its
parallel counterpart.

The data rate of the 1°C bus makes it suited
for systems that do not require high speed
An I2C controller 1s well suted for use In
systems such as television controllers, tele-
phone sets, appliances, displays or applica-
tions involving human interface Typically an
12C system might be used in a control func-
tion where digitally-controllable elements are
adjusted and monitored via a central proces-
sor.

The IC bus is an innovative hardware inter-
face which provides the software designer
the flexibilty to create a truly mult-master
environment Built into the senal 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 [°C
system might include several controllers on
the same bus each with the ability to asyn-
chronously communicate with peripherals or
each other. This provision also provides ex-
pandability for future add-on controllers (The
12C system Is also ideal for use In environ-
ments where the bus Is subject to noise
Distorted transmissions are immediately de-
tected by the hardware and the information
presented to the software ) A slave acknowl-
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The Inter-Integrated Circuit (1°C)
Serial Bus: Theory and
Practical Consideration

Application Note

edgement on every byte also facilitates data
Iintegnty

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

CONTROLLERS

Currently the family of 12C controliers include
the MAB8400, and the PCD 3343 (the
PCD3343 1s basically a CMQS version of the
MAB8400) The MAB8400 is based on the
8048 architecture with the 1°C interface built-
in The mnstruction set for the MAB8400 1s
similar to the 8048, with a few instructions
added and a few deleted Tables 1 and 2
summarnize the differences

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

SERIAL 1/0 INTERFACE

A block diagram of the Serial Input/Output
(SIO) 1s shown Iin Figure 1 The clock line of
the senal bus (SCL) has exclusive use of Pin
3, while the Senal Data (SDA) line shares Pin

2 with parallel 1/0 signal P23 of port 2.
Consequently, only three 1/0 lines are avail-
able for port 2 when the [?C interface I1s
enabled

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

® data shift register SO

® address register SO’

® status register S1

® clock control register S2

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

All senal I°C transfers occur between the
accumulator and register SO 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 defimtion of the registers 1s as follows:

Data Shift Register SO — SO s 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 fist All 12C bus
receptions or transmissions involve moving
data to/from the accumulator from/to SO

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

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

Table 2. MAB8048 Instructions not in

the MAB8400 Family Instruction Set

DATA MOVES FLAGS BRANCH CONTROL
MOVX A,@R CLR FO *INI addr ENTOCLK
MOVX @R,A CPL FO JFO addr
MOVP3 A,@A CLR F1 JF1 addr
MOVD AP CPL F1
MPVD P,A
ANLD P,A *replaced by
ORLD P,A JT0, JNTO
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Figure 1. Block Diagram of the MAB8400 SIO Interface

Address Register SO’ — In multi-master
systems, this register i1s 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 I1s 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 Senal Output and a 3-
bit counter which indicates the current num-
ber of bits left in a senal 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 senal clock; a slave does
not), and as a transmitter or receiver. Bus
Busy keeps track of whether the bus is free or
not, and is set and reset by the 'Start' and
'Stop’ conditions which will be defined. Pend-
ing Interrupt Not Is reset after the completion
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of a byte transfer + acknowledge, and can be
polled to indicate when a senal transfer has
been completed. An alternative to polling the
PIN bit 1s to enable the serial interrupt; upon
completion of a byte transfer, an interrupt will
vector program control to location 07H.

SERIAL CLOCK/ACKNOWLEDGE
CONTROL REGISTER S2

Register S2 contains the clock-control regis-
ter and acknowledge mode bit. Bits
S20 - S24 program the bus clock speed. Bit
S26 programs the acknowledge or not-ac-
knowledge mode (1/0). The various 1C 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.
S20 -S24 DIVISOR fcLock
CODE (kHz2)
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 1
10 483 9.2
11 579 7.7
12 675 6.6
13 771 58
14 963 46
15 1155 3.8
16 1347 3.3
17 1539 2.9
18* 1923 2.3
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
senal clock bursts and do not reflect the
speed of the processor's main clock (.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 1°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 dnive the data line simultaneously, the data
1s 'ANDed', the master generating a low while
the other s driving a high wiil 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.

12’C 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 12C byte transfers
require the master to generate 8 clock pulses
plus a ninth acknowledge-related clock
pulse). The slave-acknowledge will be regis-
tered by the master as a '0' appearing In the
LRB (Last Received Bit) position of the S1
serial /0 status register. If this bit 1s high

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

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

There are two types of I°C 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 i1s invoked by
writing the appropniate control byte to the
serial 1/0 control register S1, and by moving
data to/from the senal bus buffer register SO.
Coming from a known state (MOV S1,#18H-
Slave, Receiver, Bus not Busy) we first load
the serial I/0 buffer SO with the desired

Vee
scL
SDA ~
MAB " ™
8400 o
PCF PCB
g AT ss70 A1
Az A
RAM (128-BYTE)
1/0 EXPANDOR ADDR = 'A0H
ADDR='40H -
TC059208
Figure 2. Sch tic for A bly E pl
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L— ACKNOWLEDGE————/ |

|
|
| ADDRESS ‘40H'
|

| START
CONDITION

|
|
|
|

MOV S1,#18H
MOV SO0,#40H

MOV S1,#0F8H

MOV S1,#0D8H

DATA "2AH'

I svop
| CONDITION

.

T

:R/W bit

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

Figure 3

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

JInvoke start condition & slave address
,(Master, Transmitter, Bus Busy, Enable
,Senal 1/0, Bit Counter =
,Check for transmission complete, ack

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

000).

WF14311S.

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

MAS- BUS
TER TRANS BUSY PIN ES0 BC2 BC1 BCO

[o]JofJo[1]1]o]o]o

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

BIT COUNTER S12, S11, S10

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

Thus the bit counter keeps track of the
number of clock pulses remaining in a serial
transfer. Additionally, there i1s 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 senal 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 1s defined by the pre-
loaded Bit-counter value), or by the hardware
in Senal Interrupt mode. The serial interrupt
(vectored to 07H) 1s enabled via the EN Si
(enable senal Interrupt) instruction

At the point when PIN goes low (or the senal
interrupt 1s 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 1s lost, there Is the possibility that
the controller I1s being addressed as a Slave.
If this condition i1s to be recognized, we must
test on the 'AAS' bit (bit 2). A 'General Call’
address (O0H) has also been defined as an
‘all-call' address for all slaves; bit 1, ADO,
must be tested If this feature I1s 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 1s now complete — PCF8574
1/0 Expandor will transfer the senal data
stream to its 8 output pins and latch them
until further update.
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ACKWT: MOV A,S1

JB4 ACKWT

JBO BUSERR

RET

Figure 4

;Get bus status word
;from S1.

;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 1s a similar process; the
address, however, will be 41H, the LSB
indicating to the 1/0 device that a read Is to
be performed During the data portion of a
read, the 1/0 port 8574 will transmit the
contents of its latches in response to the
clock generated by the master. The Master/
Receiver In this case generates a low-level
acknowledge on reception of each byte (a
‘positive’ acknowledge) Upon completion of
a read, the master must generate a 'negative’
acknowledge during the ninth clock to indi-
cate to the slaves that the read operation is
finished. This I1s 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: 1t transfers the final byte to the
accumulator and produces one clock pulse
on the SCL line The structure of the senal
170 register SO 1s such that a read from it
causes a double-buffered transfer from the
12C bus to SO, while the original contents of
SO are transferred to the accumulator Be-
cause the number of clocks produced on the
bus 1s determined by the control number Iin
the Bit Counter, by presetting it to 001, only
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one clock is generated. At this point in time
the slave 1s still waiting for an acknowledge;
the bus 1s 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 1s completed; a
Stop condition 1s 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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SDA RD 7 / 'NEGATIVEr ACKNOWLEDGE'
j I—‘ I | / ACKNOWLEDGE I_U_U-I—I TI U
g |
! |
I |
SCL
[ —
: ADDRESS - "41H’ | | DATA |
I START | [ | srop
| conpimion | | |
| | I

|
|
| CONDITION
|
|

.

MOV S1,#18H

MOV S0,#41H

— MOV S1,#0F8H
CALL ACKWT
MOV 82,#01H

MOV S0.A
MOV A,s1

WAIT:

JB4 Wait
MOV S1,#0A9H

MOV A.S0

MOV S1,#0D8H

Imtialize serial |/0 control
.register.

,Preload serial register SO
.with slave address and RD
,control bit.

;Send address to bus along with
.start condition.

:Wait for acknowledge (as
:before).

;Leave acknowledge mode.
;Read data from slave to SO.
:Test for byte received by
testing S1 PIN bit.

‘Wait until PIN received.

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

:Move data to accumulator and
;clock out a negative
;acknowledge.

:Generate Stop Condition.

WF143208

Figure 5
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INITIALIZE
BUS

COMMUNICATION WITH PERIPHERAL REQUIRED

STATUS

y

LOAD S0 WITH SLAVE
ADDRESS AND RO/WR BIT

START CONDITION
AND TRANSMIT ADDRESS

l

PIN
&
ACK
RECEIVED
2

YES

SEND/RECEIVE
DATA BYTE

l

PIN
&
ACK
RECEIVED
2

YES

GENERATE
STOP CONDITION

RETURN

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

PF00770S

MOV S1, #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 S1, #18H ;Set up for a repeated Start
;condition.
MOV A #0A1H ,Get RAM chip address & RD bit
MOV S0,A ;Send out to bus
GENERATE MOV S1,#0F8H ;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,SO ,Third data byte to SO
,and second data byte to Acc
CALL ACKWT Wait
MOV R1,A ,Save second data byte
4n R1
MOV S2,#01H ,Leave ack mode
,Bit Counter=001 for neg ack
MOV A,SO ,Third data byte to acc
,negative ack generated
MOV R2,A ,Save third data byte in R2
WAIT1 MOV A,S1 ,Get bus status
JB4 WAIT1 ,Wait until transfer complete
MOV S1,#0D8H ,Stop condttion
MOV S2 #41H .Restore acknowledge mode

.Initialize bus-status register
;Master, Transmitter,
;Bus-not-Busy, Enable SI10.
,Load SO with RAM’s chip

DF05700S.

Figure 7

These examples apply to a slave with a chip
address — more than one byte can be wnit-
ten/read within the same transfer, however,
this option I1s more applicable to 12C devices
with sub-addresses such as the static RAMs
or Clock/Calendar In the case of these types
of devices, a shghtly different protocol is
used The RAM, for example, requires a chip
address and an internal memory location
before 1t can deliver or accept a byte of
information. During a write operation, this s
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done by simply writing the secondary address
nght after the chip address — the peripheral
1s 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 1s 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 untl a
Stop condition Is detected. 1°C 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
vald condition

December 1988

BUS ERROR CONDITIONS:

ACKNOWLEDGE NOT RECEIVED
In the above routines, should a slave fail to
acknowledge, the condition is detected dur-
ing the 'ACKWT' routine The occurrence
may indicate one of two conditions' the slave
has failed to operate, or a bus disturbance
has occurred The software response to el
ther event 1s 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 I1s 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 nstructions which are not
in the MAB8400 should not be in the
MABB8400 source program

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

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

LINE

SOURCE STATEMENT

1 $MACROFILE

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

4 MOVS0A MACRO ;MOV S0,A

5 DB 3CH

6 ENDM

7 MOVASO MACRO ,MOV A,S0

8 DB OCH

9 ENDM

10 MOVS1A MACRO ;MOV S1,A

11 DB 3DH

12 ENDM

13 MOVAS1 MACRO ;MOV A, S1

14 DB ODH

15 ENDM

16 MOVS2A MACRO ;MOV S2 A

17 DB 3EH

18 ENDM

19 MOVS0 MACRO L ;MOV SO0,#DATA
20 DB 9CH,L
21 ENDM
22 MOVS1 MACRO L ,MOV S1,#DATA
23 DB 9DH,L
24 ENDM

25 MOVS2 MACRO L iMOV S2,#DATA
26 DB 9EH,L
27 ENDM
28 ENSI MACRO ;EN SI
29 DB 85H
30 ENDM
31 DIssI MACRO ;DIS SI (Disable serial
interrupt)
32 DB 95H
33 ENDM
34,
35; PORT 0 INSTRUCTIONS.
36, INAPO MACRO ;IN A,PO
37 DB 08H
38 ENDM
39,
40 OUTPOA MACRO ;OUTL PO,A
41 DB 38H
42 ENDM
43;
44 ORLPO MACRO L LORL PO,#DATA
45 DB 88H,L
46 ENDM
47,
48 ANLPO MACRO L LANL PO,#DATA
49 DB 98H,L
ENDM
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MACRO DEFINITIONS (Continued)

LINE SOURCE STATEMENT
52, DATA MEMORY INSTRUCTIONS
53 DECARO MACRO ;DEC @RO
54 DB OCOH
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 0A5H
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 ,DIJNZ @R1,ADDR
76 DB OE1H,L AND OFFH
77 ENDM
78,
79 JNTF MACRO L JUMP IF TIMERFLAG IS
NON ZERO
80 DB 06H,L AND OFFH
81 ENDM
82
83; END OF MACRO DEFINITIONS
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Signetics Linear Products Application Note

The Inter-Integrated Circuit (I2C] Serial Bus: AN168
Theory and Practical Consideration

THE 8400 INSTRUCTIONS BUILT FROM THE MACRO LIST

LOC/0BJ LINE SOURCE STATEMENT
0000 1 ORG 0
2 MOVASO ;MACRO for MOV A,S0
0000 0C 3+ DB OCH
4 MOVAS1 iMACRO for MOV A,S1
0001 OD 5+ DB ODH
6 MOVS0A ;MACRO for MOV S0,A
0002 3C 7+ DB 3CH
8 MOVS1A ;MACRO For MOV S1,A
0003 3D 9+ DB 3DH
10 MOVS2A ;MACRO For MOV S2,A
0004 3E 1+ DB 3EH
12 MOVSo 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,
#0E8H
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 iMACRO for IN A,PO
000D 08 23 + DB 08H
24 OUTPOA ;MACRO for OUTL PO,A
000E 38 25 + DB 38H
26 ORLPO 5AH ;MACRO for ORL PO,A
000F 88 27 + DB 88H,5AH
0010 5A
28 ANLPO 2FH ;MACRO for ANL PO,A
0011 98 29 + DB 98H,2FH
0012 2F
30 DECARO ;MACRO for DEC @RO
0013 CO 31+ DB 0COH
32 DECAR1 iMACRO for DEC @Rt
0014 C1 33+ DB 0C1H
34 SELMB2 iMACRO for SEL MB2
0015 A5 35+ DB 0ASH
36 SELMB3 ;MACRO for SEL MB3
0016 BS 37+ DB 0B5H
38 DJNZAO 567H ;MACRO for DJNZ @RO,
567H
0017 EO 39 + DB OEOH,567H AND
OFFH
0019 67
40 DJNZA1 OEFEH iMACRO for DJNZ @Rf1,
OEFEH
0019 E1 41+ DB OE1H,0EFEH AND
OFFH
001A FE
42 JNTF 789H iMACRO for JNTF 789H
001B 06 43 + DB 06H, 789H AND
OFFH
001C 89
44 END
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Signetics

Linear Products

DESCRIPTION

The PCF8570 is a low power 2048-bit
static CMOS RAM organized as 256
words by 8-bits. Addresses and data are
transferred serially via a two-line bidirec-
tional bus (12C). The built-in word ad-
dress register is incremented automati-
cally after each written or read data byte.
Three address pins — A0, A1, and A2 —
are used for programming the hardware
address, allowing the use of up to eight
devices connected to the bus without
additional hardware.

ORDERING INFORMATION

PCF8570
256 X 8 Static

Product Specification

FEATURES

e Operating supply voltage: 2.5V to
6V

e Low data retention voltage: min.
1.0V

e Low standby current: max. 5uA

® Power saving mode: typ. 50nA

o Serial input/output bus (12C)

e Address by 3 hardware address
pins

e Automatic word address
incrementing

e 8-lead DIP package

APPLICATIONS

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

e Radio and television channel
presets

® Video cassette recorder

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

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
Vopo Supply voltage range (Pin 8) -0.8 to +8.0 \
Vi Voltage range on any input -0.8 to Vpp +0.8 \%
| DC input current (any input) 10 mA
*lo DC output current (any output) 10 mA
*Ipp; Iss Supply current (Pin 4 or Pin 8) 50 mA
Prot Power dissipation per package 300 mW
Po Power dissipation per output 50 mW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -40 to +85 °C

August 1, 1988 4-3

RAM

PIN CONFIGURATION

N, D Packages
A0 [T] [8] Voo
A1 [2] TEST
Az [3] [6] scL
Ves [2] 5] spa
TOP VIEW
CD11900S
PIN
NO. SYMBOL DESCRIPTION
1 A0
2 A1 Address inputs
3 A2
4 Vss Negative supply
5 SDA Serial data line }Igc bus
6 SCL Sernial clock line
7 TEST Test input for test speed-up, must
be connected to Vgg when not in
use (Power saving mode, see
Figures 12 and 13)
8 Voo Positive supply

853-1051 94024




Signetics Linear Products Product Specification

256 X 8 Static RAM PCF8570

BLOCK DIAGRAM

PCFa570
woro  f————— | gow MEMORY
ADDRESS SELECT T CELL
REGISTER |-/~ ARRAY
1
A0 0—
Au\ﬁs 1 A4
A20 ‘
6
SCLO- npuT A 12c COLUMN
SDA G Furer |, ] BusconTroL SELECT |7 MULTIPLEXER
RIW
Vo Ot ”A’{,‘“ SHI‘S*;TER . £ CONTROL
vDD 4 RESET REG
ss © 7 l f
TEST O—f = 4

80078605

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

Voo Supply voltage 25 6 \

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

lop operating 200 MA
Ipbo standby 15 MA
Ippo standby at Tp =-25 to +70°C 5 HA
VPoR Power-on reset voltage level' 1.5 1.9 23 v
input SCL; input/output SDA

Vi Input voltage LOW? -08 0.3 X Vpp v
ViH Input voltage HIGH? 0.7 X Vpp Vpp +0.8

loL Output current LOW at Vo = 0.4V 3 mA
lon Output leakage current HIGH at Vou = Vpp 250 nA
* Input leakage current (A0, A1, A2) at V,=Vpp or Vsg 250 nA
fscL Clock frequency (Figure 5) 0 100 kHz
C Input capacitance (SCL, SDA) at V;=Vgg 7 pF
tsw Tolerable spike width on bus 100 ns
LOW Vpp data retention

VopRr Supply voltage for data retention 1 6 "
Ibbr Supply current at Vppg = 1V 5 MA
Ipbr Supply current at Vppr = 1V; To=-25 to +70°C 2 MA
Power saving mode

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

NOTES:

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

2.1If the input voltages are a diode voltage above or below the supply voltage Vpp or Vgs an input current will flow, this current must not exceed *0.5mA.
August 1, 1988
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Product Specification

256 X 8 Static RAM

PCF8570

CHARACTERISTICS OF THE 12C
BUS

The 12C bus Is for 2-way, 2-ine communica-
tion between different ICs or modules. The
two lines are a senial data ine (SDA) and a

senal 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 I1s not busy.

Bit Transfer

One data bit 1s 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.

AN

SCL

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

Figure 1. Bit Transfer

T\

WF18500S

Start and Stop Conditions
Both data and clock lines remain HIGH when
the bus i1s not busy. A HIGH-to-LOW transi-

tion of the data line while the clock 1s HIGH is
defined as the start condition (S). A LOW-to-
HIGH transition of the data line while the

clock 1s HIGH 1s defined as the stop condition
(P).

— u ! {__ S
SDA { / \ ; SDA
| [ ) | |
— VR R —
- N/ .-
LS Lr
START CONDITION STOP CONDITION

WF185108

Figure 2. Definition of Start and Stop Conditions

System Configuration
A device generating a message 1s a "'trans-
mitter''; a device receiving a message is the

"recewver''. 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

AF04590
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Product Specification

256 X 8 Static RAM

PCF8570

Acknowledge

The number of data bytes transferred be-
tween the start and stop conditions from
transmitter to receiver is not hmited. 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 1s
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.

DATA OUTPUT
BY TRANSMITTER

START
CONDITION

SCL FROM
MASTER | P 2 s
|
|

CLOCK PULSE FOR
ACKNOWLEDGEMENT

L X

S

DATA OUTPUT
BY RECEIVER

Figure 4. Acknowledge on the 12C Bus

WF18520S

SDA \ x:
-
-t
BUF tLow <=ty toar F ..‘ tsurtoar
———
|
-] |t .
HortsTA "l’i— tewtsta HIGH tsutsto
SDA
WF16930S
Where:
taur t2tLowmin The minmum time the bus must be free before a new transmission can start
tho, = tHiGHmn Start condition hold time
tsta
tlowsmn  47us Clock LOW period
tHIGHmIn 4us Clock HIGH period
tsu. tsTa t=towmn Start condition set-up time, only valid for repeated start code
tHp, t=0us Data hold time
toat
tsu, t=>250ns Data setup time
toat
tr t<ius Rise time of both the SDA and SCL line
te t<300ns Fall time of both the SDA and SCL line
tsu. t = tLowmin 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

August 1, 1988
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256 X 8 Static RAM PCF8570

START ADDRESS R/W  ACK DATA ACK  START ADDRESS R/W ACK  STOP
CONDITION CONDITION
WF 185408

Where:
Clock towmn 47pus

tHIGHmIN 4ps
The dashed line 1s the acknowiedgement of the recewer
Mark-to-space ratio 11 (LOW-to-HIGH)
Maximum number of bytes Unrestnicted
Premature termination of transfer Allowed by generation of STOP condition
Acknowledge clock bit Must be provided by the master

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

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 7.
the device which should respond is ad- Procedure. The I2C bus configuration for dif-

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE
Ls | . swavesooress ofa] | woroavomess  Ja]  oam, | Jafe |
RIW
|—-mmss
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
sl | staveapomess ofa| =~ woroaooress  fa] s | ~ staveaboress  1]a] o oam  Jal-—>
RIW AT THIS MOMENT MASTER RIW
rnAAr;Tsuma BECOMES NBvIES
MASTER AND AUTO
PCF8583 SLAVE RECEIVER wo,,;“f,',‘;';‘g‘g
BECOMES SLAVE TRANSMITTER
NO ACKNOWLEDGE
FROM MASTER
<L o T Te]
L—usrms
AUTO INCREMENT
WORD ADDRESS
AF04602S
b. Master Reads After Setting Word Address (WRITE Word Address; READ Data)
ACKNOWLEDGE ACKNOWLEDGE NO ACKNOWLEDGE
FROM SLAVE FROM MASTER FROM MASTER
Ls] . saveaooress  vJa] om Jaf . 0 Ji]e]
RIW | L
N BYTES i LAST BYTE i
AUTO INCREMENT AUTO INCREMENT
WORD ADDRESS WORD ADDRESS
AF04612S
c. Master Reads Slave Immediately After First Byte (READ Mode)
Figure 7
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256 X 8 Static RAM PCF8570

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

1 Io l 1Lo lulmluﬂmwl
o——enoun—-—l—eaowz—‘
AF04620S
NOTE:
PCF8570A version the slave address AO state is X (don't care), however, the hardware address AO input must still be connected to Vsg or Vpp
Figure 8. PCF8570 Address
Voo
v, SDA
o MASTER
T oL TRANSMITTER
0
A0 Voo oo _L
Ola1  PCF8sT0 =
0 1000 spa
A2 TEST Ves
Voo
1 UP TO 8 PCF8570
Voo <7140 Voo ol WITHOUT ADDITIONAL
a1 PCF8sTO HARDWARE
0 00" spa
A2 TEST Vss
L 1 '
- - l
Voo TOVpp
i
Vpp <+—] A0 Voo R SR
1 pcresto  SCt
Voo <—{a1 W0 goa R: PULL-UP RESISTOR
Vpp <=—] A2 TEST Ves o taise
L 1 Caus
- - SDA SCL
(1%C BUS)
TC155108
NOTE:
A0, A1, and A2 inputs must be connected to Vpp or Vss but not left open
Figure 9. PCF8570 Application Diagram
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Product Specification

256 X 8 Static RAM

PCF8570.

POWER SAVING MODE

With the condition TEST = Vppg, the
PCF8570 goes into the power saving mode.
|e~————————— POWER SAVING MODE ——————————={ OPERATING MODE
\/
TEST o™
_) <—.\ / Voo
sct oo ZIX DV DR
‘w ‘nu
Voo
SDA M __/ v,
( 7 o
— Voo
Voo v,
o
lop
lop \ / i
bos
WHERE:
tsy>4us
tp>4us
WF18560S
Figure 10. Timing for Power Saving Mode
+5V O— s Q’,L
- 3
= 3 3 s
MICROCOMPUTER 8
L s spa Voo s
—— A2 +Vp
I $sct :rfscu;
~1— pcossTt a1 2 -L
1
7 A0
[ .
| TEST Ves
4
TC155408
NOTE:
1 In the operating mode, TEST =0
2 In the power saving mode, TEST = Vppr
Figure 11. Application Example for Power Saving Mode

August 1, 1988
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DESCRIPTION

The PCF8571 is a low power 1024-bit
statc CMOS RAM organized as 128
words by 8 bits. Addresses and data are
transferred serially via a two-line bidirec-
tional bus (12C). 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

e Low data retention voltage:
min. 1.0V :

e Low standby current:
max. 5uA

e Power saving mode:
typ. 50nA

o Serial input/output bus (1°C)

e Address by 3 hardware address
pins

e Automatic word address
incrementing

e 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

Ao [1]
A1 [Z]
A2 |3
Vss [7]

8] Vpp
| 7] TEST
6] scL
[5] SDA

TOP VIEW
CD119008
PIN

NO. SYMBOL

A0
Al
A2

Vss Negative supply
SDA Senal data line 2,

SCL Senal clock line }' C bus

TEST Test input for test speed-up, must
be connected to Vgs when not in
use (Power saving mode, see
Figures 12 and 13)

Positive supply

DESCRIPTION

Address inputs

NOO s ON =

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

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT

Voo Supply voltage range (Pin 8) -0.8 to +8.0 v
v, Voltage range on any input -0.8 to Vpp +0.8 v
| DC input current (any input) 10 mA
*lo DC output current (any output) 10 mA
tlpp; 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 -25 to +70 °C

August 1, 1988 4-11 853-1036 94025
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1K Serial RAM PCF8571

BLOCK DIAGRAM

PCD8STY
worp  [————) | pow MEMORY
ADDRESS o ] o
REGISTER [/ ARRAY
x00-! r
e 1 1
sCLO ¢ Lo 2
INPUT c COLUMN
SDA O FLTER | 4,.] BUs coNTROL SELECT [7%] MULTIPLEXER
POWER RIW
Vop O— ON e H > CONTROL
Ve ot RESET
s X R
nEsto— T .
7
soors7os

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

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ l Max

Supply

Vop Supply voltage 25 6 \

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

Ibp operating 200 MA
lbbo standby 5 MA
Vpor Power-on reset voltage level at VggL = Vgpa = Vop'! 15 1.9 23 \"
Input SCL; input/output SDA

Vi Input voltage LOW? -0.8 0.3 X Vpp v
Viu Input voltage HIGH? 0.7 X Vpp Vpp + 0.8

loL Output current LOW at Vg = 0.4V 3 mA
loH Output leakage current HIGH at Vo = Vpp 100 nA
% Input leakage current (A0, A1, A2) at V;=Vpp or Vgs 100 nA
fscL Clock frequency (Figure 5) 0 100 kHz
Cy Input capacitance (SCL, SDA) at V;=Vgg 7 pF
tsw Tolerable spike width on bus 100 ns
LOW Vpp data retention

Vopr Supply voltage for data retention 1 Vv
Ibor Supply current at Vppg =1V 2 MA
Power saving mode (Figure 12)

IoDs | Supply current at Ta = 25°C; TEST = A0 = A1 = A2 = Vppr | | s0 [ 20 | na

NOTES:

1 The power-on reset circuit resets the 12C bus logic when Vpp < Vpor
2 If the input voltages are a diode voltage above or below the supply voltage Vpp or Vgg an input current will flow: this current must not exceed *0.5mA.
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1K Serial RAM PCF8571

CHARACTERISTICS OF seral clock line (SCL). Both lines must be Bit Transfer

THE 12C BUS connected to a positive supply via a pull-up  One data bit is transferred during each clock

The I2C bus is for 2-way, 2-line communica-  "SSIStor when connected to the output stages  pyise. The data on the SDA line must remain

tion between different ICs or modules. The ©Of @ device. Data transfer may be initiated  stable during the HIGH period of the clock

two lines are a serial data line (SDA) and a only when the bus is not busy. pulse, as changes in the data line at this time
will be interpreted as control signals.

I DATA LINE CHANGE |
STABLE: OF DATA
DATA VALID ALLOWED |
'WF 185008
Figure 1. Bit Transfer
Start and Stop Conditions tion of the data line while the clock 1s HIGH 1s  clock is HIGH is defined as the stop condition

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

|
|
START CONDITION STOP CONDITION

LE L2
‘WF18510S
Figure 2. Definition of Start and Stop Conditions
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/ v TransmiTTery | | MBSEER L | rRansmiTTER)
RECEIVER RECEIVER RECEIVER
AF04590S
Figure 3. System Configuration
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Product Specification

1K Serial RAM

PCF8571

Acknowledge

The number of data bytes transferred be-
tween the start and stop conditions from
transmitter to receiver is not limited. Each
byte of eight bits 1s followed by one acknowl-
edge bit. The acknowledge bit 1s 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 i1s
addressed must generate an acknowledge
after the reception of each byte. Also, a
master must generate an acknowledge after
the reception of each byte that has been
clocked out of the slave transmitter The
device that acknowledges has to pull down
the SDA line during the acknowledge clock
pulse, so that the SDA line is stable LOW.

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

START CLOCK PULSE FOR
CONDITION ACKNOWLEDGEMENT
SCL FROM
MASTER | 1 2 8 9
|
|
DATA OUTPUT
BY TRANSMITTER
s
2
¢
DATA OUTPUT
BY RECEIVER
'WF18520S
Figure 4. Acknowledgement on the I2C Bus
SDA \ x.
=it
~—tg <=typ tpar F _», teytoar
\ —— —
SCL \ 2
tuptsta ] L't“ t et
HD 'STA 4_>‘,__ tsurtsta HIGH sutsto
SDA
WF169308
Where:
tsuF 2 tLowmin The minimum time the bus must be free before a new transmission can start
tHp, tsTA = triGHmin Start condition hold time
tLowmn 47us Clock LOW period
tHigHmIn 4ps Clock HIGH period
tsus tsta 2t owmin Start condition setup time, only valid for repeated start code
D, toaT t>0us Data hold time
tsu, tpAT t=250ns Data setup time
tr t<1tps Rise time of both the SDA and SCL line
te t<300ns Fall time of both the SDA and SCL line
tsus tsTO t 2t owmin Stop condition setup time
NOTE:
All the timing values refer to Vi and V) levels with a voltage swing of Vgg to Vpp
Figure 5. Timing

August 1, 1988
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1K Serial RAM PCF8571

>\ LT\ LT A
o VEAVAVAW VAV VIRVEAVAVAV R

“———.—“v“-——v—v

START ADDRBS RIW ACK ACK START  ADDRESS RIW ACK sTOP
CONDITION CONDITION
WF185408

Where:
Clock t owmn 47us

tHiGH 4us
The dasned Ime 1s the acknowledgement of the recewer
Mark-to-space ratio 11 (LOW-to-HIGH)
Maximum number of bytes Unrestricted
Premature termination of transfer Allowed by generation of STOP condition
Acknowledge clock bit Must be provided by the master

Figure 6. Complete Data Transfer
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1K Serial RAM PCF8571

Bus Protocol dressed first. The addressing Is always done  ferent PCF8571 READ and WRITE cycles is
Before any data is transmitted on the 12C bus, ~ With the first byte transmitted after the start  shown in Figure 7.
the device which should respond I1s ad- Procedure. The 12C bus configuration for dif-

ACKNOWLEDGE ACKNOWLI ACKNOWLEDG
FROM SLAVE Fuousl.i.\;!GE FROMSLAVEE
|
Ls L . suavedooress I?IAIXLIWTQD"ZWI M Y NN TSN D I
RIW
L—Nmss

AUTO INCREMENT
MEMORY WORD ADDRESS

AF04640S

a. Master Transmits to Slave Receiver (WRITE mode)

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
Fnoulsu\ve FROM SLAVE FROM SLAVE FROMMASTER
T Y R 1 - l ‘
[s] | [stAvEADoREss " o[a]x . wonbADORESS L Ja] s T | saveavoRess i [a] | | L oAm | | Jab->
RIW RIW
AT THIS MOMENT MASTER
TRANSMITTER BECOMES NEBYTES
MASTER RECEIVER AND AUTO
PCF 8571 SLAVE RECEIVER WORD ADGRESE
BECOMES SLAVE TRANSMITTER
NO ACKNOWLEDGE
FROMMASTER
T
nia BN 298NN K1 DN
L sroe— |

AF046425

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

ACKNOWLEDGE ACKNOWLEDGE NO ACKNOWLEDGE
FROM SLAVE FROM MASTER FROM MASTER
Lsl | saedooress Tifa] 7 7 ol T T IAT T T T T T ]

i I—-Nmss—jT ’———-LASI' BYTE———-—J

AUTO INCREMENT
'WORD ADDRESS

'AF04650S
c. Master Reads Slave Immediately After First Byte (READ Mode)

NOTE:
X =don't care bit

Figure 7
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APPLICATION INFORMATION
The PCF8571 slave address has a fixed
combination 1010 as group 1, while group 2 1s
fully programmable (see Figure 8).

1 |o r1 [o lulmlm]n/w]
-—-—eaoum——!-—eaoupz—o;

AF046208

Figure 8. PCF8571 Address

Voo
Voo
MASTER
T 1 scL TRANSMITTER
0
A0 Voo
o}, Poresm SOt 'L“
° 00 spa
A2 TEST Ves
Voo
1
Voo < v UPTO 8 PCF8571
TR ey, st WITHOUT ADDITIONAL
A1 3 s | HARDWARE
0 “1010° SDA A
A2 TEST Ves
Voo TOVpp
PCF T remn
1
Vpp <— A0 Voo scL R 2R
Voo <—fa  PCFESTI
. W pa R: PULLUP RESISTOR
oo A2 TEST v, :
$8 | e tnise
4+ L Caus
- SDA SCL
(%C BUS)

TC15531S

NOTES:
A0, A1, and A2 inputs must be connected to Vpp or Vsg but not left open

Figure 9. PCF8571 Application Diagram
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POWER SAVING MODE

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

POWER SAVING MODE —————————»| OPERATING MODE
TEST v
o
[ Voo
scL > \ / \
- Vppr
oV
tsy tup
v
1]
SDA ‘ \ — v
D === 74 —
\ Voo
Voo / v
oeDR
‘ [ D)
DD \
lops
'WF18580S
Where:
tsy = 4us
typ = 4us
Figure 10. Timing for Power Saving Mode
e @
T < l
MICROCOMPUTER 8
5
. spa Voo 3
y - A2 + 33
6 12
F L 2 l (Nicd)
—1— PCFESTI A1 L
1
1 7 A0
TEST
T Ves
4
TC155418
NOTES:

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

Figure 11. Application Example for Power Saving Mode

August 1, 1988 4-18



Signetics PCF8573
Clock/Calendar with Serial 1/0

Product Specification

Linear Products

DESCRIPTION FEATURES PIN CONFIGURATION
The PCF8573 is a low threshold, mono- e Serial input/output bus (12C)
lithic CMOS circuit that functions as a interface for minutes, hours,
real-time clock/calendar in the Inter IC days and months

(12C) bus-oriented microcomputer sys- e Additional pulse outputs for
tems. The device includes an address- seconds and minutes

able time counter and alarm register, ¢ ajarm register for presetting a
both hfor Tminutes, holurs, da}//s and time for alarm or remote
months. Three special control/status

flags, COMP, POWF and NODA, are . ;‘:::::“nga?': :tiofr: clock

also available. Information is transferred f ﬂy duri P "

serially via a two-lin bidirectional bus function curing supply

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

ply interruptions is provided by a 1.2v @ Crystal oscillator control 0P VIEW
nickel cadmium battery. The time base is (32.768kHz) corozsrs

generated from a 32.768kHz crystal- ApPPLICATIONS P": Ne- sx;‘ Bok Aaar[;::ﬂmm"

N, D Packages

controlled oscillator. ., 2 A1 Address 1nput
o Automotive 3 COMP  Comparator output
4 SDA Senial data line
o Telephony 5 scL Ser:al clock I:’n‘ne }|Zc bus
6 EXTPF  Enable power fail flag
it
ORDERING INFORMATION 7 PEN  power fai flag mput
8 Vss2 Negative supply 2 (I°C
DESCRIPTION TEMPERATURE RANGE ORDER CODE 0 MIN 6:?’;:?;) por minute
16-Pin Plastic DIP (SOT-38) -40°C to +85°C PCF8573PN 10 SEC  Ove'mise per second
16-Pin Plastic SOL (SOT-162A) -40°C to +85°C PCF8573T " FSET  Ovatiator tuning output
12 TEST  Test input, must be
connected to V.
ABSOLUTE MAXIMUM RATINGS o Cthen not 0 e
13 0SsCl scillator input
SYMBOL PARAMETER RATING UNIT 1 0SCO  Oscillator nput/output
15 Vsst Negative supply 1 (clock)
Vpp - Vss1 | Supply voltage range (clock) -03 to +8 \ ® Voo Common positive supply
Vpp - Vssz| Supply voltage range (I°C interface) -03 to +8 \
Iin Input current 10 mA
lout Output current 10 mA
Pp Maximum power dissipation per package 200 mw
Ta Operating ambient temperature range —-40 to +85 °C
Tsta Storage temperature range -65 to +150 °C

August 1, 1988 4-19 853-1170 94032
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BLOCK DIAGRAM

FSET MIN  SEC Voo
o ) <
1 9 10 16
Ls
15V
0SCO 14
. SECONDS
PRESCALER POWER-ON 15
STy e OSCILLATOR |~ SO co:»gsn =t - PReser Vss,
0SCI Ls
cr
8
Voo L %’ﬁ j“’ssz
4 - ]
SDA O—t—et—p- s EXTPF
TIME COUNTER
scL o2 'VC DAYS —  ONTHS
MINUTES —» HOURS —— DATE <«—— 7
0 PFIN
s ! i ! !
COMPARATOR Ls 3o comp
S t f f f
INPUT ; ch
FILTER
12
CONTROL ALARM REGISTER Ls TEST
Ls . LEVEL SHIFTER
1 2
) d
A0 A1

80034815
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DC ELECTRICAL CHARACTERISTICS Vg = 0V; Ta =-40 to + 85°C, unless otherwise specified Typical values at

Ta= +25°C.
LIMITS
SYMBOL PARAMETER UNIT
Min l Typ l Max
Supply
Vpp - Vssz Supply voltage (I°C interface) 25 5 6.0 v
Vop - Vss1 Supply voltage (clock) 1.1 1.5 (Vpp - Vss2)
Supply current Vggy
—lssi at Vpp-Vss1 = 1.5V 3 10 MA
-lss1 at Vpp-Vggy =5V 12 50 KA
Supply current Vsga
at Vpp - Vgg2 =5V
-lgs2 (lo=0mA on all outputs) 50 MA
Inputs SCL, SDA, A0, A1, TEST
Vi Input voltage HIGH 0.7 X Vpp
Vi Input voltage LOW 0.2 X Vpp Vv
Input leakage current
t| at V) =Vgs2 to Vpp 1 uA
Inputs EXTPF, PFIN
Vi4 - Vssi Input voltage HIGH 07 X (Vpp- Vsst) \"
ViL - Vsst Input voltage LOW 0 0.2 X (Vpp - Vss1)
Input leakage current
E4 1 at V| =Vgsgy to Vpp 1 HA
at Tp =25°C;
E4 1 V| =Vsggy to Vpp 0.1 MA
Outputs SEC, MIN, COMP, FSET (normal buffer outputs)
Output voltage HIGH
at Vpp - Vss2 = 2.5V;
VoH -lp=0.1mA Vpp-0.4 \
at Vpp—-Vss2=4 to 6V;
Vou -lo=0.5mA Vpp - 0.4 "
Output voltage LOW
at Vpp - Vss2 = 2.5V;
VoL lo =0.3mA 04 \"
at Vpp-Vgso =4 to 6V;
VoL lo=1.6mA 04 \'%
Output SDA (N-Channel open drain)
Output 'ON': Ig = 3mA
VoL at Vpp-Vss2 =25 to 6V 04 \
Output 'OFF' (leakage current)
lo at Vpp-Vgge =6V; Vo =6V 1 uA
Internal Threshold Voitage
VTH1 Power failure detection 1 1.2 1.4 \"
Power 'ON' reset
VTH2 at VscL = Vspa = Vop 1.5 2.0 25 \

August 1, 1988
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AC ELECTRICAL CHARACTERISTICS Vggo = 0V; To=-40 to + 85°C, unless otherwise specified. Typical values at

Ta= +25°C.
LimiTs
SYMBOL PARAMETER UNIT
Min | Typ L Max
Rise and Fall Times of Input Signals
tr, tr Input EXTPF 1 us
tr tF Input PFIN oo uS
Input signals except EXTPF and PFIN
between V)_ and Viy levels
tr nse time 1 uS
te fall time 0.3 us
Frequency at SCL
at Vpp-Vss2=4 to 6V
tLow Pulse width LOW (see Figure 8) 4.7 us
tHIGH Pulse width HIGH (see Figure 8) 4 us
i 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-Vssi = 1.55V;
f/fosc Ta=25°C 2% 10%
Quartz crystal parameters
Frequency = 32.768 kHz
Rs Series resistance 40 k2
C. Parallel capacitance 9 pF
Cr Trimmer capacitance 5 25 pF
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\

|
SDA /i
i
|
|

z 1 _1_

|
Al
T
|
|
|

scL \
| DATA LINE CHANGE |
STABLE: | OF DaATA
| DATA VALID | ALLowep |

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
Y or 29 — 01 2 (see note)
01 to 30 30 — 01 4,6, 9, 11
01 to 31 31 — 01 1,8, 5,7, 8,10, 12
Months 5 01 to 12 12 =01

NOTE: Day counter may be set to 29 by a wnte 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 tnmmer is
connected between OSCl 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
1s 1:1. The time counter is advanced one
count by the falling edge of output signal MIN.
A transition from HIGH to LOW of output
signal SEC triggers MIN to change state. The
time counter counts minutes, hours, days and
months, and provides a full calendar function
which needs to be corrected once every four
years. Cycle lengths are shown in Table 1.

Alarm Register

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

Comparator
The comparator compares the contents of
the alarm register and the time counter, each

August 1, 1988

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)

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 1s 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 1s also
available at the output COMP. The compari-
son may be based upon hours and minutes
only if the internal flag NODA (no date) s set.
Flag NODA can be set and cleared by sepa-
rate instructions via the 12C bus, but it is
undefined until the first set or clear instruction
has been received. Both COMP and NODA
flags are readable via the 12C bus.

Power On/Power Fail Detection
If the voltage Vpp - Vgs falls below a certain
value, the operation of the clock becomes
undefined. Thus, a warning signal I1s required
to indicate that faultless operation of the
clock 1s not guaranteed. This information is
latched In a flag called POWF (Power Fail)
and remains latched after restoration of the
correct supply voltage until a write procedure
with EXECUTIVE ADDRESS has been re-

4-23

ceived. The flag POWF can be set by an
internally-generated power fail level-discrimi-
nator signal for application with (Vpp — Vgg1)
greater than V14, or by an externally-gener-
ated power fall signal for application with
(Vpp-Vssi) less than Vryy. The external
signal must be applied to the input PFIN. The
input stage operates with signals of any slow
nse 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 s readable via the I12C bus A power-
on reset for the 12C bus control is generated
on-chip when the supply voltage Vpp - Vss2
1s less than Vypo.

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 - Vssp supply
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voltage. If the voltage Vpp - Vssy is absent
(Vss2 = Vpp) the output signal of the level
shifter is HIGH because Vpp is the common
node of the Vpp - Vggz and the Vpp - Vggy
supplies. Because the level shifters invert the
input signal, the internal circuit behaves as if
a LOW signal is present on the inputs. FSET,
SEC, MIN and COMP are CMOS push-pull
output stages. The driving capability of these
outputs is lost when the supply voltage
Vop - Vss2 = 0.

CHARACTERISTICS OF THE I2C
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 (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 1s 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
duning the HIGH period of the acknowledge
related clock pulse, setup and hold times
must be taken into account. A master receiv-
er must signal an end of data to the transmit-
ter by not generating an acknowledge on the
last byte that has been clocked out of the
slave. In this event, the transmitter must leave
the data line HIGH to enable the master to
generate a stop condition.

Timing Specifications

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

r—=—" r——-"
—— | - ' ——

SDA | | / \ | | SDA
| -+ t+ |
| | | |
—— —-—— 4 +
T L]

scL s | \ / | e | scL
| | | |
b d [ IR

START STOP
CONDITION CONDITION
WF16970S
Figure 2. Definition of Start and Stop Conditions
SDA
*1 1 1 ] 1
MASTER SLAVE MASTER
SLAVE MASTER
TR:SS;SI;I‘:R/ RECEIVER TR:;ISMITTEFI/ TRANSMITTER TRANSMITTER/
CEIVER RECEIVER
BD03450S
Figure 3. System Configuration
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START CLOCK PULSE FOR
CONDITION ACKNOWLEDGEMENT

SCL FROM

| -
DATA OUTPUT
BY TRANSMITTER !
s
DATA OUTPUT -
BY RECEIVER

WF16340S

Figure 4. Acknowledgement on the 1°C Bus

SDA
tour —=
tow t —
SCL
—+ tp tsta — tuian
ta —
o toar s toar
SDA [
— tsiptsa —
tsetsto
WF20540S
Where:
teur 2 tLowmin The minimum time the bus must be free before a new transmission can start
tH, tsTA 2 tbiGHmn Start condition hold time
tLowmin 47us Clock LOW period
tHIGHmIn 4us Clock HIGH perod
tsu, tsTA 2 tlowmin Start condition setup time, only valid for repeated start code
thp. tDAT t=300ns Data hold time
tsu, toar t=250ns Data setup time
tr t<ius Rise time of both the SDA and SCL line
tF t<300ns Fall ime of both the SDA and SCL lne
tsu. tsto t2 tLowmn Stop condition setup time
NOTE:

1 All the values refer to Vi and Vi levels with a voltage swing of Vpp to Vssz

Figure 5. Timing
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STAﬂT ADDRESS RIW DATA ACK START
CONDITION CONDITION
Where:
Clock tLowmin 47us
tHiGHmN 4us
The dashed line 1s the acknowledgement of the receiver
Mark-to-space ratio 1.1 (LOW-to-HIGH)
Max number of bytes unrestncted
Premature termination of transfer allowed by generation of STOP condition
Acknowledge clock bit must be provided by the master
Figure 6. Compi Data Transf:

ADDRESS RIW

STOP

WF169208

S U |

VTV

\

XS

VT VTV

START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP
CONDITION ACKNOWLEDGE  START CONDITION
CONDITION
WF185708
Where:
Clock towmn 130us  25us
tHIGHmN 390us +25us

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

Start byte 0000 0001

Maximurh number of bytes 6

Premature termination of transfer not allowed

Acknowledge clock bit must be provided by master

NOTE:

1. The general and detailed of the I2C bus are described In a separate data sheet

(senal data buses) in handbook' /Cs for digital systems in radio, audio and video equipment
Figure 7. Compl Data Transfer in the Low-Speed Mode
ADDRESSING
Before any data is transmitted on the I2C bus, MSB LSB
the device which should respond is ad- _
" . . 1 1 [} 1 0 Al A0 | RIW

dressed first. The addressing is always done

with the first byte transmitted after the start
procedure.

Slave Address

The clock/calendar acts as a slave receiver
or slave transmitter. Therefore, the clock
signal SCL is only an input signal, but the data
signal SDA is a bidirectional ine. The clock
calendar slave address is shown in Figure 8.

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

August 1, 1988

Figure 8. Slave Address

DF06250S

Clock/Calendar READ/WRITE
Cycles

The 12C bus configuration for different clock/
calendar READ and WRITE cycles is shown
in Figures 9 and 10.

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

4-26

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.
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ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE
R/W * +MSB LSB +
éLO‘CK/‘CM'.ENIDAIEi T T T LR
s ADDRESS ofA MODE POINTER A DATA Al P
B I R | | VY O T N 1 1 j Ll
l n BYTES
(n=0,1,2,. )
AUTO INCREMENT
OF B1, B0
o [c2|c1{co| 0 [B2|B1[BO
DF06260S
Figure 9. Master Transmitter Transmits to Clock/Calendar Slave Receiver

Table 3. CONTROL-nibble At the end of each data word the address bits
B1, BO will be incremented automatically
€2|C1]CO | FUNCTION provided the preceding CONTROL-nibble I1s
0]0/| 0|0 | Execute address set to EXECUTE ADDRESS. There is no
00|0]1 | Read control/status flags carry to B2
0|0 1]0 |Reset prescaler, including seconds counter; without carry for minute Table 5 shows the placement of the BCD
counter ; upper and lower digits in the DATA byte for
0|0|1]|1 | Time adust, with carry for minute counter writing Into the addressed part of the time
0111010 | Reset NODA flag counter and alarm register, respectively.
01|01 |Set NODA flag
0{1|1|0 |Reset COMP flag Acknowledgement response of the clock cal-
NOTE: endar as slave receiver 1s 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 1s 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 LSB
0 |0} 0|0 |Time counter hours UPPER DIGIT LOWER DIGIT
0 10} 01 ]Time counter minutes u |uc [uB [ uA | b | Lc | LB | LA | ADDRESSED TO:
0| 0| 1]0 [Time counter days
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 mnutes 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" 1s the don't care bit and "D" 1s the data bit
ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE FROM MASTER NO ACKNOWLEDGE'"
R,‘W¢ R/W‘Msa LSB ¥ MSB LSB
CLOCK/CALENDAR R CLOCKICALENDAR AL L N T T
s ADDRESS oA MODE POINTER AlSs 'ADDRESS 1]a DATA A DATA ile
1 Ll il B I N 1 ] 1 1 I 1 1 1 1 . | - | 1 | }
1 1
1 |
AT THIS MOMENT MASTER (n — 1) BYTES f " BYTE i
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 10. Master Transmitter Reads Clock/Calendar After Setting Mode Pointer
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NOTE:

ACKNOWLEDGE ACKNOWLEDG,
FROM SLAVE FROM MASTER("
RW *MSB LSB *
CLOCK/CALENDAR LS
s ADDRESS 1A DATA alp
Ll 1) [ |
[ ]
) 1
I~ n BYTES——1
AUTO INCREMENT
OF B1, B0

DF06270S

The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the fast byte that has been ciocked out of the slave

Figure 11. Master Reads Clock/Calendar Immediately After First Byte

To read the addressed part of the time
counter and alarm register, plus information
from specified control/status flags, the BCD

shown in Table 7

digits in the DATA byte are organized as

The status of the MODE-POINTER-WORD

concerning the CONTROL-nibble rematns un-

Table 6. Slave Receiver Acknowledgement

ACKNOWLEDGE ON BYTE
MODE POINTER Address Mode pointer Data
c2|cCt1|cCo B2 | B1 | BO

0 0jo0jO0}jO0]|X|[X]|X yes yes yes
0 0jo |0 |1 |[X|[X]|X yes no no
0 OJOo |1t | X|X|X]|X yes yes no
0 0|10 | X]|X|[X]|X yes yes no
0 O] 1|1t X|X|X|X yes yes no
0 11010 X | X|X|X yes yes no
0 1101 | X]|X]X]|X yes yes no
0 1 1 0O X | X ]| X]|X yes yes no
0 1 1 1 XIX{X]|X yes no no
1 X[ X | X[ X|X]|X]|X yes no no

NOTE:

1. Where "X" 1s 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" I1s the data bit, * = minutes, ** = seconds

August 1, 1988
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changed until a wnte to MODE POINTER
conditon occurs
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APPLICATION INFORMATION

ildl
\'_‘/ O +5V
R: PULL-UP RESISTOR R2R
r____.. 1
v SDA
oo MASTER DEVICE
PCD8571 MICROCONTROLLER
128 x 8-BIT STATIC CMOS RAM scL
e 1
32.768 kHz
! J DLEN1
m I |
Cr PCE2111
64 LCD
EXTPF Vpp OSCO OSCI SEGMENT DRIVER
SDA
PFIN PCF8573
scL l
A0 A1 Vgg, TEST Vgg

R2 R3 1ov 1+ 8-DIGIT LCD

= (NiCa) T

Rgp: RESISTOR FOR

L—
DETECTION CIRCUIT

WITH VERY HIGH PERMANENT CHARGING
IMPEDANCE
I —
1’c BUS

80034615

Figure 12. Application Example of the PCF8573 Clock/Calendar

5V O- n
’ N

i

¥
IR §R I+1 5V

SDA
I scL
SCL SDA Vpp SCL SDA Vpp . SCL SDA Vpp
A0 PCF8573
MASTER A1 oscl
MICRO- Test PCDBS71
CONTROLLER PFIN |1
EXTPF  OSCO | T
Vss = | Vss2 Vss1 Vss

||'—‘
||H
||}—
:]lr—'

TC11461S

Figure 13. Application Example of the PCF8573 With Common Vggy and Vgga Supply

August 1, 1988 4-29



Signetics

Linear Products

DESCRIPTION

The PCF8574 is a single-chip silicon
gate CMOS circuit. It provides remote
I/0 expansion for the MAB8400 and
PCF84CXX microcomputer families via
the two-line serial bidirectional bus (12C).
It can also interface microcomputers
without a serial interface to the 1C bus
(as a slave function only). The device
consists of an 8-bit quasi-bidirectional
port and an I2C 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/A

8-Bit Remote 1/O Expander

Product Specification

The PCF8574 and the PCF8574A ver-

sions differ only in their slave address,

as shown in Figure 9.

FEATURES

e Operating supply voltage: 2.5V to
6v

o Low-standby current
consumption: max. 10uA

o Bidirectional expander

e Open-drain interrupt output

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

o Peripheral for the MAB8400 and
PCF8500 microcomputer families

o Latched outputs with high-current
drive capability for directly
driving LEDs

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

PIN CONFIGURATION

PIN NO.

POPWNLOCOENONDLWON

N, D Packages

TOP VIEW
CD07880S

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 1/0 ports
P7
INT Interrupt output
SCL Serial clock line
SDA Serial data line
Vpp Posttive supply

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-38) -40°C to +85°C PCF8574PN
16-Pin Plastic DIP (SOT-38) -40°C to +85°C PCF8574APN
16-Pin Plastic SO package o o

(SO16L; SOT-162A) -40°C to +85°C PCF8574TD
16-Pin Plastic SO package o o
(SO16L; SOT-162A) -40°C to +85°C PCF8574ATD
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vop Supply voltage range -0.5 to +7 \
. Vss—-0.5 to
Vi Input voltage range (any pin) Vop + 0.5 \'
* DC current into any input 20 mA
tlo DC current into any output 25 mA
*lpp; Iss Vpp or Vgs current 100 mA
Pp Total power dissipation 400 mwW
Po Power dissipation per output 100 mwW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -40 to +85 °C
July 21, 1988 4-30
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8-Bit Remote 1/O Expander PCF8574/A

BLOCK DIAGRAM

PCF8574
LY i INTERRUPT
INT O ogic [ 'PFRILTER
1
A0 O— .
2 )
A1 0 5
3 o P
A2 O- o
1 o P2
14 7
scL © 5 INPUT 2ceus [ suier 1o . o P3
oA O ) FTER || CcONTROL REGISTER PORTS o re
10
o P5
N
I <«}—o P8
12
_F o P7
- WRITE PULSE 4
16 READ PULSE
Voo O o POWERON [~
Vg O RESET

80046315

v
WRITE PULSE O | oo

DATA FROM

SHIFT REGISTER b @ r‘l
FF
S a Il {JroToP7
POWERON (,
RESET

Vss

READ PULSE o—_:D S
DATATO —-——1D______, TO INTERRUPT
SHIFT REGISTER O~ y 7 Loaic

LDo7521S

Figure 1. Simplified Schematic Diagram of Each Port
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8-Bit Remote 1/O Expander PCF8574/A

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

LIMITS
SYMBOL PARAMETER UNIT
Min T Typ J Max
Supply (Pin 16)
Vbp Supply voltage 25 6 v
Supply current at Vpp = 6V; no load, inputs at Vpp, Vss
lop operating 40 100 MA
lobo standby 1.5 10 MA
VRer Power-on reset voltage level' 13 2.4 v
Input SCL; input/output SDA (Pins 14; 15)
ViL Input voltage Low -0.5v 0.3Vpp \"
Vi Input voltage 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
C Input capacitance (SCL, SDA) at V| =Vgg 7 pF
1/0 ports (Pins 4 to 7; 9 to 12)
ViL Input voltage Low -0.5vV 0.3Vpp \
Vi Input voltage High 0.7Vpp Vpp + 0.5V \
+ L M%):ig\.{/n; Dalg:w:lvirs'l:ut current through protection diode at 400 vA
loL Output current Low at Vo = 1V; Vpp = 2.5V 10 30 mA
—lon Output current High at Vou = Vgg (current source only) 30 100 300 MA
—lont Tr?::;er’:gzl:g-t;a )c::r?/r:;Hl-igcsguring acknowledge 0.5 mA
Cio Input/output capacitance 10 pF
Port timing; C_ < 100pF (see Figures 10 and 11)
tpy Output data valid 4 us
tps 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
llou! Output current High at Von = Vpp 100 nA
INT timing; C,_ < 100pF (see Figure 11)
tiv Input data valid 4 us
tiR Reset delay 4 us
Select inputs A0, A1, A2 (Pins 1 to 3)
Vi Input voltage Low -0.5V 0.3Vpp v
Vi Input voltage High 0.7Vpp Vpp + 0.5V Vv
I Input leakage current at V;=Vpp or Vsg 100 nA

NOTE:
1. The power-on reset circutt resets the I12C bus logic with Vpp < VRer and sets all ports to logic 1 (input mode with current source to Vpp).
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8-Bit Remote |/O Expander

PCF8574/A

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

One data bit I1s transferred during each clock
pulse. The data on the SDA line must remain
stable during the High period of the clock
pulse, as changes in the data line at this time
will be interpreted as control signals.

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

Figure 2. Bit Transfer

WF18500S

Start and Stop Conditions
Both data and clock lines remain High when
the bus is not busy. A High-to-Low transition

of the data line while the clock is High is
defined as the start condition (S). A Low-to-

High transition of the data line while the clock
is High i1s defined as the stop condition (P)

]
SDA |

\

START CONDITION

™ . \f—\_/

Figure 3. Definition of Start and Stop Conditions

SCL

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
RECENE TRANSMITTER/
RECEIVER

MASTER
TRANSMITTER

MASTER
TRANSMITTER/
RECEIVER

Figure 4. System Configuration

AF04590S
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8-Bit Remote 1/O Expander

PCF8574/A

Acknowledge

The number of data bytes transferred be-
tween the start and stop conditions from
transmitter to receiver 1s not limited Each
byte of eight bits 1s followed by one acknowl-
edge bit. The acknowledge bit 1s 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 1s
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 Iine High to enable the master to
generate a stop condition.

START

DATA OUTPUT
BY TRANSMITTER

CONDITION

SCL FROM
MASTER 1 2

CLOCK PULSE FOR
ACKNOWLEDGEMENT

XXX

s

DATA OUTPUT
BY RECEIVER

Figure 5. Acknowledgement on the I°C Bus

/"

WF185208

Timing Specifications

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

July 21, 1988

@
H
L

1,
taur tow = l"‘nn-'cw F tsytpar
—| |ty "
ot - tept
Ho tsTA tswtsa HIGH suisto
SDA !
WF16931S
Where:
tgur t=t owmn The minmum time the bus must be free before a new transmission can start
thos tsta t2tygHmin  Start condition hold time
tLowmin 4 7us Clock Low period
tHiIGHmMIn 4pus Clock High period
tsu, tsta t=t.owmn Start condition set-up time, only valid for repeated start code
thp, tpaT t=0us Data hold time
tsu: toat t=250ns Data setup time
tr t<ius Rise time of both the SDA and SCL line
tF t<<300ns Fall time of both the SDA and SCL line
tsu, tsto  t=tiowmn Stop condition setup time
NOTE:

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

Figure 6. Timing of the 1°C Bus
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8-Bit Remote |/O Expander PCF8574/A

>\ I\ LT VA

START ADDRESS RIW ACK DATA ACK START ADDRESS R/W ACK STOP
‘CONDITION CONDITION
'WF18540S
Where:
Clock t.owmn 47us
tHIGHMIN 4us
The dashed line 1s the acknowledgement of the receiver
Mark-to-space ratio 11 (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 7. Complete Data Transfer

o\ / A ET0 SR WA
=V VVVV V V

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

Where:
Clock t_.owmn 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

Figure 8. Complete Data Transfer

July 21, 1988 4-35




Signetics Linear Products Product Specification

8-Bit Remote 1/O Expander PCF8574/A

Input data 1s transferred from the port to the
microcomputer by the READ mode Output
data I1s transmitted to the port by the WRITE

FUNCTIONAL DESCRIPTION
Addressing (See Figures 9, 10

and 11) mode.
Each bit of the PCF8574 /O port can be
independently used as an input or an output.
SLAVE ADDRESS SLAVE ADDRESS
[slo;1 0,0 m m a0 ofal [s]ole7e74 (A2 a1 a0 ofal
AF05400S
a. PCF8574 b. PCF8574A

Figure 9. PCF8574 and PCF8574A Slave Address

SLAVE ADDRESS DATA TO PORT DATA TO PORT

NOTE:

Figure 11. READ Mode (Input Port)

spAfs]o 1 "0 o A A A o0Ja] 7 "oatal . - T TA] T T Toaiaz T TA7
1 it t i)
waire START CONDITION R/W | ACKNOWLEDGE FROM SLAVE
b ACKNOWLEDGE FROM SLAVE
PORT
DATA OUT DATA 2
FROM PORT DATA1VALID VALID
| tpy tev
WF18590S
Figure 10. WRITE Mode (Output Port)
SLAVE ADDRESS DATA FROM PORT DATA FROM PORT
SDA Lslo 1 0 0o A A A0 1JA] — — TOAA1. . [A] . . DAA& . 11]e°]
t | L_ACKNOWLEDGE t _ACKNOWLEDGE 1
START RIW FROM SLAVE FROM MASTER STOP
READFROM  CONDITION CONDITION
PORT
DATAINTS DATA1 K Data 2 X DATA3 DATA 4
teH tps
ty "’H" *_’F""

WF18600S

A Low-to-High transition of SDA while SCL s High 1s 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 s valid (output mode) Input data I1s lost

July 21, 1988
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8-Bit Remote 1/O Expander

PCF8574/A

Interrupt (See Figures 12 and
13)

The PCF8574/A provides an open-drain out-
put (INT) which can be fed to a corresponding
input of the microcomputer. This gives these
chips a type of master function which can
initate an action elsewhere In the system.

An interrupt 1s generated by any nsing or
faling edge of the port inputs in the input
mode. After time ty the signal INT Is valid.

Resetting and reactivating the interrupt circuit

1s achieved when data on the port is changed

to the onginal setting or data 1s 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 nsing edge of the SCL
signal.

® |n 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 nising clock
edge, will be transmitted as INT.

Reading from or wnting 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 |PCF8574A
o @ (18)
iNT INT INT
MICROCOMPUTER
NT »

Figure 12. Application of Muiltiple PCF8574s With Interrupt

LD07531S

SLAVE ADDRESS DATA FROM PORT

SDA ITIOZ1 HCHEBTMERTHEN Y B R R KN

| t_ps stop
START CONDITION RIW LACKNOWLEDGE FROMSLAVE _ CONDITION

scL 1\ [2\ [3\ [4\ [5\ [6\ /7

DATA
INTOP5 .

[t YR
w | |
WF18610S

Figure 13. Interrupt Generated by a Change of Iinput 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 nising 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 DATA TO PORT DATA TO PORT

spAfsTo 71 "0 "0 "Aa2 At a0 0o JA] T " T T4 D R T

t [ '
START CONDITION RW A P3

N AVAVAVAVAVAVAVE AAVAAVAVAVAVAVAYAY)

P3
OuTPUT
VOLTAGE

loHt f

PULLUP - lon.
OUTPUT : H
CURRENT

Figure 14. Transient Pull-Up Current loy: While P3 Changes From Low-to-High and Back to Low

WF18620S
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DESCRIPTION

The PCF8582A 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
PCF8582A devices may be connected
to the I2C bus.

Chip select is accomplished by three
address inputs.

ORDERING INFORMATION

PCF8582A

Static CMOS EEPROM

(256 X 8-bit)

Preliminary Specification

FEATURES

e 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

® Serial input/output bus (12C)

e Automatic word address
incrementing

o Low power consumption

e One point erase/write timer

e Power-on reset

e 10,000 erase/write cycles per
byte

e 10 years non-volatile data
retention

o Infinite number of read cycles

e Pin-and address-compatible to
PCF8570 and PCF8571

APPLICATIONS

e Telephony

e Radiv and television
e General purpose

PIN CONFIGURATION

PIN NO.

ONON A WO =

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP (SOT-97A) -40°C to +85°C PCF8582APN
16-Pin Plastic SO (SO16L; o o
SOT-162A) -40°C to +85°C PCF8582ATD

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Voo Supply voltage -03to7 Vv
v Input voltage, at Pin 4, Vgs-0.8 to v
N (input impedance 5005) Vpp + 0.8
Ta Operating temperature range —40 to +85 °C
Tsta Storage temperature range -65 to +150 °C
N Current into any input pin 1 mA
lo Output current 10 mA
August 1988 4-38

N Package
Ao [1] (8] Vpp
A1 [2] RC
A2[3] [6] scL
Vss (4] [5] sba
TOP VIEW
CD12090S
SYMBOL  DESCRIPTION
A1 Address inputs/test
A2 Mode select
Vss Ground
SDA } 2
SCL I°C bus lines
PTC Programming time control
Voo Positive supply
D Package
—_
ne [T [16] NC
Ne [Z] 5] Ne
Ao [3] [14) Voo
A, [ 3] prC
%, [F] ) sc
Vss [6 ME
Ne [7 0] NC
NG [F] 5] ne
€D070018
. SYMBOL  DESCRIPTION
NC Not connected
NC Not Connected
Ao
Ay } Address inputs/test mode select
A2
Vss Logic ground
NC Not connected
NC Not connected
NC Not connected
NC Not connected
SDA 12C bus data input/output
SCL 12C bus clock input/output
PTC Programming time control
Vop Positive supply voltage
NC Not connected
NC Not connected
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Static CMOS EEPROM PCF8582A

BLOCK DIAGRAM

PCF8582 I 8 Voo
6
scL °+——’ INPUT STATUS CONTROL STATUS 7 — 7 TC
spA O3 } FALTER REGISTER 1 | FUNCTION REGISTER 2 P
;h/ 2 POWER
F‘d ) ON
RESET
TEST MODE M1 swer BYTE 1
——] DECODER/TEST +128
—] Loaic REGISTER LATCH
J7 ¢ J
L INTERNAL BUS
N c; ADDRESS ADDRESS 2 BYTE 2
:12 gﬂ SWITCH POINTER E’PROM LATCH
— \[ss
BD08152S
14 ., ——————
Voo 8
< vm
< RE/W
RE/W
PCF8562ATD &Jt_—nc 7
e CE/W PCF8582APN PTC
ce/w
6
v,
B LT,
TC229908
TC22980S
a. b.
Figure 1. RC Circuit Connections to PCF8582APN and PCF8582ATD When Using the Internal Oscillator
DC AND AC ELECTRICAL CHARACTERISTICS Vpp =5V; Vgs =0V; To=-40°C to +85°C, unless otherwise specified.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Voo Operating supply voltage 45 5 5.5 v
lopr Operating supply current, READ (Vpp max. fsic = 100kHz) 0.4 mA
lopw Operating supply current, WRITE/ERASE 20 mA
lobo Standby supply current (Vpp max) 10 A
Input PTC
Viup Input voltage High Vop-0.3 \
Vie Input voltage Low Vgg +0.3 \"
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Static CMOS EEPROM PCF8582A

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vpp=5V; Vgg=0V; To=-40°C to + 85°C, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max
Input SCL
Input/output SDA:
ViL Input voltage LOW -0.3 1.5 \"
ViH Input voltage HIGH 3 Vpp + 0.8 \
\" Output voltage LOW
VoL (loL = 3mA, Vpp =4.5V) 0.4 v
loH Output leakage current HIGH (Von = Vpp) 1 MA
ETY] Input leakage current (A0, A1, A2, SCL)' 1 MA
fscL Clock frequency 0 100 kHz
C Input capacitance (SCL, SDA) 7 pF
4 Noise suppression time constant at SCL and SDA input 0.256 0.5 1 us
tsuF Time the bus must be free before a new transmission can start 4.7 us
i, tsTA Hold time start condition. After this period the first clock pulse 4 us
1s generated
tLow The LOW period of the clock 4.7 us
tHIGH The HIGH period of the clock 4 us
tsu, tsTA Setup time for start condition (only relevent for a repeated start 47 us
condition)
Hold time DATA for:
tHp, tDAT CBUS compatible masters 5 us
tHps tDAT 12C devices® 0 us
tsu, tDAT Setup time DATA 250 ns
tr Rise time for both SDA and SCL lines 1 us
tr Fall tme for both SDA and SCL lines 300 ns
tsu, tsTo Setup time for stop condition 4.7 us
Erase/write timer constant
Ce/w Erase/write timing capacitor for erase/write cycle of 30ns® 33 nF
Re/w Erase/write cycle timing resistor* 56.0 kS
Programming frequency using external clock
fp Frequency 2.57 12.85 kHz
tLow Period Low 10.0 us
thigh Period High 10.0 us
tr Rise time 300 ns
te Fall time 300 ns
o Delay time 0 ns
ts Data retention time (Ta = 55°C) 10 years

NOTES:

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

2 A transmitter must internally provide a hold time to bridge the undefined region (maximum 300ns) of the falling edge of SCL.
3. Maximum tolerance +10% using internal oscillator.

4 Maximum tolerance *5% using internal oscillator.
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Static CMOS EEPROM

PCF8582A

FUNCTIONAL DESCRIPTION

Characteristics of the 12C Bus
The I12C 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.

August 1988

Data Valid — the state of the data line
represents valid data when, after a start
condition, the data line I1s 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 intiated 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
PCF8582A 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

4-41

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 I12C bus configuration for different READ
and WRITE cycles of the PCF8582A are
shown in Figures 1a and 1b.
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Static CMOS EEPROM

PCF8582A

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE FROM SLAVE

[ staviaooness | [o]a] | Wo Aooess — a] ©  omma. o * Ja] . . baa L Jalr]o
R/W

AUTO INCREMENT
WORD ADDRESS (2)

NOTES:
1 After this stop condition the erase/write cycle starts and the bus 1s free for another transmission, the duration of the erase/wnte cycle 1s approximately 30ms if only one
byte i1s wntten, and 60ms If two bytes are wntten During the erase/wntten cycle the slave receiver does not send an acknowledge bit if addressed via 12C bus

2 The second data byte i1s voluntary Trying to erase/wnte more than two bytes is not allowed
a. Master Transmitter Transmits to PCF8582A Slave Receiver (ERASE/WRITE Mode)

AUTO INCREMENT
WORD ADDRESS (2)

AF04613S

ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM SLAVE FROM SLAVE FROM MASTER
T T e ——r—r—T——
RIW AT THIS MOMENT MASTER RIW N BYTES T
TRANSMITTER BECOMES NBYT 1
MASTER RECEIVER AND
PCF8582A SLAVE RECEIVER oA T
BECOMES SLAVE TRANSMITTER
NO ACKNOWLEDGE
FROM MASTER
< omt 0]

b. Master Reads PCF8582A Slave After Setting Word Address (Write Word Address; READ Data)

I———- LAST BYTE

AUTO INCREMENT
WORD ADDRESS

AF04604S

NO ACKNOWLEDGE

ACKNOWLEDGE ACKNOWLEDGE
FROM SLAVE FROM MASTER FROM MASTER
| |
Ls 1 . saveaooress  aaf | | (oaw? 7 T Ja] 77 77 T 7 T Je]r]
RIW L |
NBYTES ] LAST BYTE |

The slave address is defined in accordance with the 12C bus specification as

NOTE:
1 The device can be used as read only without the programming clock

AUTO INCREMENT
WORD ADDRESS

AUTO INCREMENT
WORD ADDRESS

AF046125

[*TolJoa]a]a[rw]

c. Master Reads PCF8582A Slave Immediately After First Byte (READ Mode)'

Figure 2

AF054308.

August 1988
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Static CMOS EEPROM

PCF8582A

12C BUS TIMING

y
SDA ?
t
ttow > |<" totosr ]
SCL \ Z

> =t
Ho tsTA <_”__'su"sn

tsu toar

tsutsto

SDA

WF16930S

Figure 3. Timing Requirements for the 1°C Bus
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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 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 1°C 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

e 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 (1/0) 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:
Veet (Pin 16) -0.3 to +18 %
Vcez (Pin 22) -0.3 to +18 \"
Vees (Pin 17) -0.3 to +36 \"
Input/output voltage ranges:
VspA (Pin 5) -0.3 to +18 v
VscL (Pin 6) -0.3 to +18 \"
Vcoax (Pins 7 to 10) -0.3 to +18 \"
VAFG+, AFG- (Pins 11 and 12) -0.3 to Veer ! v
\20 (Pin 13) -03 to Vggr 2 v
VTUN (Pin 15) -0.3 to Vges ! v
Veeix (Pins 18 to 21) -0.3 to Vggo 2 v
Vroiv (Pin 23) -0.3 to Vggr ! v
Vosc (Pin 24) -0.3 to +5 v
Vpacx (Pins 1 to 4 and 25 to 28) -0.3 to Vgoy ! v
Pror 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 1s limited to 10mA
2. Pin voltage must not exceed 18V but may exceed Vcco if current 1s imited to 200mA

December 2, 1986
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DAC4 |1
DACS | 2

DACS [3]
DAC? E
SDA [E
scL E
P20 [7]
P21 [3]
2[5
P23 [io}
arcs [11]

N Package

AFC- 117) Vees
T 18] Veet
GND [i3] [15] Tun
TOP VIEW
CD119508
. SYMBOL DESCRIPTION
DAC4
DAC5
DACS Outputs of static DACs
DAC7
SDA Senal data line 2
SCL Senal clock line } 1%C bus
P20
P21 General purpose
P22 Input/output ports
P23
AFC+ }
AFG— AFC nputs
T Tuning voltage amplifier inverting
input
GND Ground
TUN Tuning voltage amplifier output
Veet + 12V supply voltage
Vees +32V supply for tuning voltage
amplifier
P10
P11 High-current band-selection
P12 output ports
P13
Veez Positive supply for high-current
band-selection output circurts
FDIV Input from prescaler
0sC Crystal oscillator input
DACO
DAC1
DAC2 Outputs of static DACs
DAC3

853-1031 86698
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BLOCK DIAGRAM

PRESCALER
v
?;" FDIV Veea Vees
? o
16 2 22 17
— P> Vecs
-
POWER-DOWN REFERENCE
DETECTOR OSCILLATOR G2 20
PORT 1
l $AB303S CONTROL TUNER
CIRCUIT
WRITE 10
5
SDA O—
re 18
6 BUS READ
SCL O -
-l
t e (]
Pl i GATE 15-BIT
rererence  [Fowm)
2-BIT COUNTER FREQUENCY BUFFER
ADC
15‘
15-BIT
z 20 FREQUENCY COUNTER b:
o . P20 P20} QUENC ,[ 3
8 e
o K0 HEH
] rnn R : =
o A HEHE] e =
“ L= ” s RN T
o~ 7 HEPHHZOH 1 TUNING CONTROL CIRCUIT
PORT 2
CONTROL CIRCUIT [Fow] 7] ]
DIVISOR 38T
SELECTOR [
Vees
* 15
1 [Tunn]
o] i —
12-BIT T CHARGE p
TUNING COUNTER PUMP vgmug
VOLTAGE
Cinr =
Veer AMPLIFIER INT
For O
.
. AEC \_ 13
12 AMPLIFIER n
AFC- O—
[AFcP]
CORRECTION-
IN-BAND
CIRCUIT
DACO DAC1 DAC2 DACS pac?
25 26 27 28 1 2 3 4
o o =] o [+ o o o
BD08020S
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DC AND AC ELECTRICAL CHARACTERISTICS T, =25°C; Vo1, Voca, Vocs at typical voltages, unless otherwise

specified
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Veer Supply voltages 10.5 12 135 "
Veee 4.7 13 16 v
Vees 30 32 35 "
lcct Supply currents (no outputs loaded) 20 32 50 mA
lcce 0 0.1 mA
lcea 0.2 0.6 2 mA
lccea Additional supply currents (A) -2 loHp1x mA
lccaa See Note 1 0.2 2 mA
Prot Total power dissipation 400 mwW
Ta Operating ambient temperature -20 +70 °C
12C bus inputs/outputs SDA input (Pin 5) SCL input (Pin 6)
ViH Input voltage HIGH? 3 Veer -1 v
ViL Input voltage LOW -0.3 1.5 \
IiH Input current HIGH? 10 uA
I Input current LOW? 10 KA
SDA output (Pin 5, open-collector)
VoL Output voltage LOW at I = 3mA 04 '
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 \"
ViL Input voltage LOW -0.3 0.8 \"
™ Input current HIGH 25 MA
= Input current LOW 25 MA
VoL Output voltage LOW at lg. = 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
goo 0 0 100 250 800 nA/v
go1 0 1 15 25 35 MA/V
g10 1 0 30 50 70 MA/V
g 1 1 60 100 140 MA/V
AMg Tolerance of transconductgnce multiplying factor (2, 4, or 8) _20 +20 %
when correction-in-band is used
ViorF Input offset voltage -75 +75 mvV
Vcom Common-mode input voltage 3 Vec1-25 v
CMRR Common-mode rejection ratio 50 dB
PSRR Power supply (Vcc1) rejection ratio 50 dB
I Input current 500 nA
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Vs, Veca Vecs at typical voltage, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ [ Max
Tuning voltage amplifier Input Tl, output TUN (Pins 13, 15)
VTuN Maximum output voltage at I oap = +2.5mA Voes-16 Vces-0.4 '
Minimum output voltage at | pap = £ 2.5mA:
VTMI1 VTMIO
VTmo0 0 0 300 500 mV
Vimio 1 0 450 650 mv
VTmi1 1 1 650 900 mV
—lTuNH Maximum output source current 25 8 mA
lTuNL Maximum output sink current 40 mA
I Input bias current -5 +5 nA
PSRR Power supply Vcos rejection ratio 60 dB
Minimum charge IT to tuning voltage amplifier
TUHN1 TUHNO
CHoo 0 0 04 1 1.7 MA/ us
CHo1 0 1 4 8 14 WA/ us
CHqo 1 0 15 30 48 MA/ us
CHy1q 1 1 130 250 370 MA/ us
Tolerance of charge (or AVtyn) multiplying factor when COIB o
ACH and/or TUS are used -20 +20 %
Maximum current | into tuning amplifier
TUHN1 TUHNO
IT00 0 0 1.7 3.5 5.1 A
1101 0 1 15 29 41 uA
IT10 1 0 65 110 160 MA
IT11 1 1 530 875 1220 HA
Correction-in-band
AVgis l Tolerance of correction-in-band levels 12V, 18V, and 24V -15 +15 %
Band-select output ports P10, P11, P12, P13 (Pins 18 to 21)
VoH Output voltage HIGH at —lgy = 50mA3 Veeo- 0.6 v
Vou Output voltage LOW at Ig_ = 2mA 0.4 \
~lon Maximum output source current? 130 200 mA
loL Maximum output sink current 5 mA
FDIV input (Pin 23)
Vroiv (pp) | Input voltage (peak-to-peak value) tgise and tpa L <40ns 0.1 2 v
Duty cycle 40 60 %
fmax Maximum nput frequency 145 MHz
Z) Input impedance kQ
C Input capacitance pF
OSC input (Pin 24)
Ry Crystal resistance at resonance (4MHz) 150 Q
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Vcer, Veca Vecs at typical voltage, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min L Typ I Max

DAC outputs 0 to 7 (Pins 25 to 28 and 1 to 4)
VoH Maximum output voltage (no load) at Vggq = 12v4 10 11.5 "
VoL Minimum output voltage (no load) at Vggy = 12V4 0.1 1 Vv
AVp Positive value of smallest step (1 least significant bit) 0 350 mV

Deviation from linearity 0.5 v
4o Output impedance at I pap = * 2mA 70 Q
~lpH Maximum output source current 6 mA
oL Maximum output sink current 8 mA
Power-down reset
Voo Maxwpum supply voltage Voc1 at which power-down reset is 75 95 v

active

tr Ve rise time during power-up (up to Vpp) 5 us
Voitage 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 v
Vvaor 0 1 -0.3 0.8 v
Vyato 1 0 25 Vo1 -2 \"
Vvat1 1 1 Vce1-0.3 Veer \
NOTES:

-

lccz and lgcs, respectively.

w N

>

December 2, 1986

. If Vgoy < 1V, the input current is hmited to 10uA at input voltages up to 16V.
. 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 Vgc1.
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. For each band-select output which 1s programmed at logic 1, sourcing a current lonp1x, the additional supply currents (A) shown must be added to
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FUNCTIONAL DESCRIPTION

The SAB3035 1s 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) 1s 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 muiti-
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 I1s
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 TUHNA1
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) 1s 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 | 1s 875uA
(typical). In the tuning-hold (TUHN) mode
(TUHN 1s Active-LOW), the tuning current | is
reduced and, as a consequence, the charge
into the tuning amplifier 1s 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 s set to logic 1. If the
frequency is also within the programmable
AFG hold range (AFCR), which always occurs
if AFCR 1s 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 1s within AFCR. If the
frequency of the tuning oscillator does not
remain within AFCR, AFCT 1s 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 mimimum tuning voltage which can be
generated during digital tuning Is programma-
ble by VTMI to prevent the tuner from being
dniven 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.

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 1s 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.

LRIW

MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE
T 1 1] 1 T MA T MA T L] L LI 1 T T ¥ 1 T Ll T ]
F r1 1 0 o0 o ofa I I, lg 15 14 13 1 I 1| A|D; Dy Dy D Dy D, Dy Dy| A| P
PO O SN TN U B WL P S S S S B | R W TR T W S |
msb

msb msb

Figure 1. 12C Bus Write Format

AF04660S
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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
(Vcct > 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 Y2 Veoy
1 1 Veet
Table 2. Tuning Current Control
TYP. imax TYP. ITmin TYP. AVryNmin at CinT = 1uF
TUHN1 | TUHNO
(nA) (uA/us) (V)
0 0 35 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
Iy I 1s 1, 1y i h 1o o, Dg LR o, D, o, o, Do
T L L\ B Al T ) T T A ] L\ T A T
FREQ 1 Fl4  F13  F12  FH1 FI0  F9 F8 F7 F6 Fs Fa F3 F2 F1 Fo
Tcoo [ ) 1 [ 1 [ [} 1 AFCT VTMI0O AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO
—
TCD1 [ [] 1 [) 1 0 1 ) VIMIt COIB1 COIBO AFCS1 AFCSO TUS2 TUS1  TuSO
TcD2 [ [} 1 [ 1 [} 1 1 [ o o 0  AFCP FDIVM TDIRD TODIRU
1 e L I A 1 1 il I 1 1 J il 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. ITyin TYP. AViynmin at Ciyt = 1uF
TUS2 TUS1 TUSO (mA/s) (mv)
0 0 0 0.25! 025!
0 0 1 0.5 0.5
[¢] 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
coi1 | coiso TYPICAL VALUES OF Vyyy AT:
<12v 12 to 18V 18 to 24V > 24V
0 0 1! 1! 1! 1!
0 1 1 1 1 2
1 0 1 1 2 4
1 1 1 2 4 8
NOTE:

1 Values after

reset

Table 5. Tuning Window Programming

TUW1 TUWO | At1 (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 | Afl (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 AFCSO0 TYP. TRANSCONDUCTANCE (uA/V)
0 0 0.25"
0 1 25
1 0 50
1 1 100

NOTE:

1 Value 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 1s used to correct the loop gain of
the tuning system to reduce in-band vara-
tions due to a non-linear voltage/frequency
charactenstic of the tuner. Correction-in-band
(COIB) controls the time T of the charge
equation IT and takes into account the tuning
voltage Vryn to give charge multiplying fac-
tors as shown n Table 4.

The transconductance multiplying factor of
the AFC amplifier 1s similar when COIB is
used, except for the lowest transconductance
which 1s not affected.

Tuning Window

Digital tuning is interrupted and FLOCK s set
to logic 1 (in-lock) when the absolute devia-
tion |Afl between the tuner oscillator frequen-
cy and the programmed frequency i1s smaller
than the programmed TUW value (see Table
5). If |Afl1s up to 50kHz above the values
isted 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 1s set to logic 1 it will not be
cleared and the AFC will remain on as long as
|Afl1s 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
1Is programmed via the AFC sensitivity bits
AFCS as shown in Table 7
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INSTRUCTION BYTE DATA/CONTROL BYTE
1 Ig Is Iy Iy [ 1 I D, Dg Dy D, D, D, D, D,
e ] ) T T T L T T L T T L}
POD ] [} 1 o 1 o [ [ P23 P22 P21 P20 P13 P12 P11 P10
pacx| o 0 1 [ [} x2 x1 X0 0 0 AXS  AX4  AX3  AX2  AX1  AX0
1 1 1 1 A 1 1 . 1 1 1 1
AF04680S
Figure 3. Control Programming
MODULE ADDRESS TUNING/RESET INFORMATION PORT INFORMATION

B, By By B, By B, B, By
T T T T TuaTwal T T T T T 1T LN N BN SN BN B
ls]1 1 o MA T MA 1[1\! o ofa alvp
IS R TN W LA LY [T RN U W W W 1 U TN U S RO WO |
RAW

FL/ON
—FL/IN
FLOCK
FROM CITAC

| [

PI21
P122
Pi23
P22/0N
P22/1N

P23/0N

P23/1N

Figure 4. Information Byte Format

FROM MASTER
AF047108

AFC Polarity

If a positive differential input voltage I1s ap-
plied to the (switched on) AFC amplifier, the
tuning voltage Vyyn 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 1s
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 0 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! 5.121
1 64 256 1.28
NOTE:

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 1s programmed on any of the POD
bits D3 to Do, the relevant output goes HIGH.
All outputs are LOW after reset.

P23, P22, P21, P20 — Open-collector 1/0
ports. If a logic 0 1s 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-

4-52

sponds to the decimal equivalent of the
DACX bits X2, X1, X0. The output voltage of
the selected DAC 1s set by programming the
bits AX5 to AXO; the lowest output voltage Is
programmed with all data AX5 to AXO at logic
0, or after reset has been activated.

Read

Information 1s 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 1s 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 valld when TDIRU and/or
TDIRD are set to logic 1.

RESN — Set to logic C (Active-LOW) by a
programmed reset or a power-down reset. |t
1s reset to logic 1 automatically after tuning/
reset information has been read.

MWN — MWN (frequency measuring window,
Active-LOW) 1s at logic 1 for a period of
1.28ms, during which time the results of
frequency measurement are processed. This
time 1s 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 I1s switched on,
the recewved 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 (Actve-
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.

PI123, PI21, PI120, 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.
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Figure 5. Reset Programming

I2C BUS TIMING (Figure 6)

12C bus load conditions are as follows:

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

All values are referred to V|4 =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
tHps tsTA Start condition hold time 4 us
tLow SCL, SDA LOW period 4 us
tigH SCL HIGH period 4 us
tr SCL, SDA nise time 1 us
te SCL, SDA fall ttme 0.3 uS
tsu, toaT Data setup time (write) 1 us
tHp, tDAT Data hold time (write) 1 us
tsu, tcac Acknowledge (from CITAC) setup time 2 us
tuo, tcac Acknowledge (from CITAC) hold time 0 us
tsu, tsto Stop condition setup time 4 us
tsu, trRDA Data setup time (read) 2 us
tHD: tRDA Data hold time (read) 0 us
tsu, tmac Acknowledge (from master) setup time 1 us
tHD, tmAac Acknowledge (from master) hold time 2 us
NOTE:

Timings tsy, tpaT and typ, tpat dewviate 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. I1°C Bus Timing SAB3035
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The necessity for television set manufactur-
ers to reduce costs, provide more features,
simphfy tuning and incorporate remote contro!
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 vaniants 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 penpheral to the
microcomputer must be carefully considered.

Figure 1 1llustrates the control and tuning
functions in a basic TV set, and shows how
the circuitry 1s 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 1s 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
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® 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/O 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

1?C Bus

The SAB3035 I1s microcomputer-controlled
via an asynchronous, Inter-IC (12C) bus. The
bus I1s 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.
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Figure 2. Block Diagram of the SAB3035
Frequency Synthesis Tuning
y System
l} ronen e it Figure 3 is the block diagram of the frequency
synthesizing system comprising a frequency-
AFC locked loop (FLL) and an external prescaler
Vose control arc which divides the frequency of the voltage-
+ . N
controlled local oscillator in the TV tuner by
AFC— 64 or 256. The tuning section comprises a 15-
e R ars bit Programmable frequency counter, a 15-bit
tuning counter, tuning control and zero detec-
3—”—1 flock tion Io?u':', a reference counter ﬁnd a chgx"ge
'[ P p———y pump followed by a low-pass filter amplifier.
TUNING gomaou. FDIV Input accepts frequency-divided local
T Teer oscillator signals with a level of more than
-8 FOIV TUNING COUNTER 100mV and a frequency of up to 16MHz. The
- 256 T T frequency measurement period is defined by
PRESCALER 15 BiT passing the internally-amplified signal from
‘2585?22' FDIV through a gate which is controlled by
________ the reference counter. The reference counter
FREQUENCY is driven by a crystal-controlled oscillator, the
seral REGISTER low level output of which is almost free from
high-order harmonics. This oscillator also
RETERENCE -— generates the internal clock for the IC. Before
& OSCILLATOR = 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-
80032305 er. Pulses from the prescaler then decrement
the frequency counter for the duration of the
Y
Figure 3. Block Diagram of the SAB3035 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 1Is
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 ampilifier.
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 (Vccp) and is therefore
independent of the logic supply voltage
(Vee)-

December 1988

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

WF16220S

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 s 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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Figure 5. This Typical Example of the SAB3035 in a TV Tuning and Control System Shows how the Peripheral
Components Have Been Reduced to Three Capacitors, a Resistor and a 4MHz Crystal
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DESCRIPTION

The SAB3036 provides closed-loop digi-
tal tuning of TV receivers, with or without
AFC, as required. It also controls 4
general purpose 1/0O 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

SAB3036

FLL Tuning and Control Circuit

Product Specification

e 4 high-current outputs for direct
band selection

e Four general purpose input/
output (1/0) ports

e Tuning with control of speed and
direction

o Tuning with or without AFC

e Single-pin, 4MHz on-chip
oscillator

© 12C bus slave transceiver

APPLICATIONS

o TV receivers

e Satellite receivers
o CATV converters

DESCRIPTION TEMPERATURE RANGE ORDER CODE
18-Pin Plastic DIP (SOT-102HE) -20°C to +70°C SAB3036N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply voltage ranges:
Veet (Pin 5) -03 to +18 v
Ve (Pin 14) -03 to +18 v
Vces (Pin 9) -0.3 to +36 \"
Input/output voltage ranges:
Vspa (Pin 17) -0.3 to +18 v
VscL (Pin 18) -03 to +18 v
Vp20, P21 (Pins 1 and 2) -03 to +18 \
Vp22, p23, AFC (Pins 3 and 4) -0.3 to Voo ! )
Al (Pin 6) -0.3 to Voo ! v
VTUN (Pin 8) -0.3 to Ve \
Vpix (Pins 10 to 13) -0.3 to Veoa 2 v
Veoiv (Pin 15) -0.3 to Vo ! 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 Vcco if current i1s himited to 200mA.
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PIN CONFIGURATION

PIN NO. SYMBOL

1 P20
2 P21
3 P22/AFC+
4 P23/AFC-
5 Veet
6 T
7 GND
8 TUN
9  Vecs
10 P10
1 P11
12 P12
13 P13
14 Veez
15 FDIV
16 0osC
17 SDA
18 SCL

N Package

TOP VIEW

CD11960S
DESCRIPTION

} General purpose
Input/output ports
General purpose input/output
ports and AFC inputs
+12V supply voltage
Tuning voitage amplifier
inverting input
Ground
Tuning voltage amplifier output
+32V supply for tuning
voltage amplifier

High-current band-selection
output ports

Positive supply for high-current
band-selection output
circuits

Input from prescaler

Crystal oscillator input

Serial data line

Senal clock hne }Izc bus

853-1032 86698
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DC AND AC ELECTRICAL CHARACTERISTICS T, =25°C, Vo1, Veca, Vecs at typical voltages, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

Vees Supply voltages 10.5 12 13.5 Vv
Veez 47 13 16 \
Vces 30 32 35 \
%3] Supply currents (no outputs loaded) 14 23 40 mA
Icca 0 0.1 mA
lccs 0.2 0.6 2 mA
lccaa Additional supply currents (A)' -2 loHP1X mA
lccaa 02 2 mA
Pror Total power dissipation 300 mwW
Ta Operating ambient temperature -20 +70 °C
12C bus inputs/outputs SDA input (Pin 17); SCL input (Pin 18)
ViH Input voltage HIGH? 3 Veer -1 v
ViL Input voltage LOW -0.3 15 \'
IiH Input current HIGH? 10 A
I Input current LOW? 10 HA

SDA output (Pin 17, open-collector)
Vou Output voltage LOW at g = 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)
Vin Input voltage HIGH (P20, P21) 2 16 Vv
Vin Input voltage HIGH (P22, P23) AFC switched off 2 Voc1-2 \
ViL Input voltage LOW -0.3 0.8 \
i Input current HIGH 25 MA
-l Input current LOW 25 HA
VoL Output voltage LOW at g = 2mA 0.4 Y
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/V
g10 1 0 30 50 70 WAV
g1 1 1 60 100 140 MA/V

Tolerance of transconductance multiplying factor (2, 4 or 8)
AMq when correction-in-band 1s used -20 +20 %
VioFF Input offset voltage -75 +75 mV
Vcom Common-mode Input voltage 3 Vec1-256 v
CMRR Common-mode rejection ratio 50 dB
PSRR Power supply (Vcc1) rejection ratio 50 dB
Iy Input current (P22 and P23 programmed HIGH) 500 nA
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta =25°C; Voc1, Voca, Vocs at typical voltages, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ L Max
Tuning voltage amplifier Input Ti, output TUN (Pins 6, 8)
VTun Maximum output voltage at I pap =t2.5mA Veez—-16 Veez-04 \
Minimum output voltage at lipap = +2.5mA.
VTMIt VTMIO
VMoo 0 0 300 500 mv
Vimio 1 0 450 650 mV
Vm11 1 1 650 900 mv
=lrunH Maximum output source current 25 8 mA
ITunL Maximum output sink current 40 mA
Im Input bias current -5 +5 nA
PSRR Power supply (Vcga) rejection ratio 60 dB
Minimum charge IT to tuning voltage amplifier
TUHN1 TUHNO
CHoo 0 0 04 1 1.7 MA/ us
CHo1 0 1 4 8 14 MA/ us
CHyo 1 0 15 30 48 uA/us
CHyq 1 1 130 250 370 uA/us
ACH Tolerance of charge (or AVyyy) multiplying factor when COIB ~20 +20 %
and/or TUS are used
Maximum current | into tuning amplifier
TUHN1 TUHNO
ITo0 0 0 17 35 5.1 HA
lro1 0 1 15 29 41 A
IT10 1 0 65 110 160 MA
Ir41 1 1 530 875 1220 uA
Correction-in-band
AV [ Tolerance of correction-in-band levels 12V, 18V and 24V -15 +15 j %
Band-select output ports P10, P11, P12, P13 (Pins 10 to 13)
Vo Output voltage HIGH at -Igy = 50mA3 Veea - 0.6 v
VoL Output voltage LOW at Ig. =2mA 04 \
—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)
VEDIV (P-P) (trise and traiL < 40ns) 01 2 \
Duty cycle 40 60 %
fmax Maximum input frequency 16 MHz
2 Input impedance 8 k2
C Input capacitance 5 pF

December 2, 1986 4-62



Signetics Linear Products

Product Specification

FLL Tuning and Control Circuit

SAB3036

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Vcct, Voca, Veos at typical voltages, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ T Max

OSC input (Pin 24)
Rx LCrystaI resistance at resonance (4MHz) I —I 150 J Q
Power-down reset
Vep Maxlrpum supply voltage Vgot1 at which power-down reset is 75 95 v

active
tr Vccy 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
Vvaoo 0 0 -0.3 16 \
Vvaot 0 1 -0.3 0.8 \"
Vva10 1 0 2.5 Veec1 -2 \
Vvant 1 1 Vce1-0.3 Vcer \
NOTES:

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

Iccz2 and Igca, respectively.
2. If Vgoi < 1V, the input current 1s limited to 10uA at input voltages up to 16V.

3. At continuous operation the output current should not exceed 50mA. When the output 1s short-circuited to ground for several seconds the device may

be damaged.
4. Values are proportional to Vggs.
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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 1s 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) 1s mea-
sured over a period controlled by a time
reference counter and 1s 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 1s
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 250uAus
(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 1s 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 capabie of
sourcing up to 50mA at a voltage drop of less
than 600mV with respect to the separate
power supply input Vgca

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 Vccq 1s 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 CI-
TAC in the format shown in Figure 1.

MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE
T T T T TuaTwal | BN SR SR B S SR T T T T T T 1
[sT1 10 MATMAT o1 a i [ " |°TA y::, Dg Dy D, Dy D, D, Dol A 1 PJ
et g g g 130, PR W SN S SRS W1 MR S T T W B |
msb

Figure 1. 12C Bus Write Format

AF04660S
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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
(Vcc1 > 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-

Table 1. Valid Module Addresses

MA1 MAO P20
0 0 Don't care
0 1 GND
1 0 Y2 Ve
1 1 Veet
Table 2. Tuning Current Control
TYP. Imax TYP. ITwin TYP. AVrynmin at Cint = 1uF
TUHN1 | TUHNO
(uA) (uA/ us) (uV)
0 0 35! 1! 1!
0 1 29 8 8
1 0 110 30 30
1 1 875 250 250
NOTE:

1. Values after reset.

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

quence, the minimum charge IT (at TUS2 TUst | Tuso TYP'A”MIN TYP. AVTUlenv‘“ Cint = 14F
Af = 50kHz) into the tuning amplifier. (mA/us) (mV)
1 1
During tuning but before lock-in, the highest g g ? 0622 0622
current value should be selected. 0 1 0 1 1
After lock-in the current may be reduced to ° 1 1 2 2
decrease the tuning voltage ripple. 1 0 0 4 4
The lowest current value should not be used 1 0 1 8 8
for tuning due to the input bias current of the 1 1 0 16 16
tuning voltage amplifier (maximum 5nA). NOTE:
However, it is good practice to program the 1. vajues after reset.
lowest current value during tuner band
switching.
Tuning Sensitivity
To be able to program an optimum loop gain,
the charge IT can be programmed by 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 TUHNT1 = logic 1.
INSTRUCTION BYTE DATA/CONTROL BYTE
i 1 15 Iy Iy I [3 1y D, D, 0, D, D D, o, Do
T T T T 1 T L T 1 T T ] ]

FREQ 1 Fia F13 F12 F11 F10 F9 F8 F7 F6 5 Fa F3 F2 F1 Fo

TCDO 0 [ 1 [ 1 ° [ 1 AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 Tuwo

TCD1 [} ° 1 0 1 [ 1 0 VIMI1 COIB1 COIBO AFCS1 AFCSO TUS2 TUS1  Tuso

TCD2 0 ° 1 [ 1 ° 1 1 [ [ 0 [} AFCP FDIVM TDIRD TDIRU

A 1 I 1 | 1 1 L 1 A A e e
AF04670S
Figure 2. Tuning Control Format
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Correction-In-Band

This control is used to correct the loop gain of
the tuning system to reduce in-band vana-
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 Vryn to give charge multiplying fac-
tors as shown in Table 4.

The transconductance multiplying factor of
the AFC amplifier 1s similar when COIB s
used, except for the lowest transconductance
which 1s 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 I1s smaller
than the programmed TUW value (see Table
5). If IAfl 1s 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 s set to logic 1 it will not be
cleared and the AFC will remain on as long as
|Afl 1s 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 amplifi-
er 1s programmed via the AFC sensitivity bits
AFCS as shown in Table 7.

AFC Polarity

If a positive differential input voltage I1s ap-
plied to the (switched on) AFC amplifier, the
tuning voltage Vyyn falls when the AFC
polarity bit AFCP 1s at logic 0 (value after
reset). At AFCP = logic 1, Vryn nises.

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 1s
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 Vyyy AT:
<12v 12 to 18V | 18 to 24V > 24V
0 0 1! 1! 1! 1!
0 1 1 1 1 2
1 0 1 1 2 4
1 1 1 2 4 8
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 (uA/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 5.121
1 64 2.56 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 1s imple-
mented as follows:

P13, P12, P11, P10 — Band select outputs. If
a logic 1 I1s 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 D4, 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 i1s shown in Figure 4.

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.

INSTRUCTION BYTE

DATA/CONTROL BYTE

T T T T T T T

POD | O [] 1 0 1 0 o

L L 1 1 1 i L

T T T T T T T
0 I IP23 P22 P21 P20 P13 P12 P11 P10]

i i i i n i

Figure 3. Control Programming

AF04700S

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

FOV — Indicates frequency overflow. When
the tuner oscillator frequency 1s too high with
respect to the programmed frequency, FOV is
at logic 1, and when too low, FOV 1s at logic
0. FOV s 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 tme the results of
frequency measurement are processed. This
time 1s independent of the cycle period.
During the remaining time, MWN s 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.

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 i1s not allowed.

MODULE ADDRESS TUNING/RESET INFORMATION PORT INFORMATION
B, B By B, B; B, B, B,
T T T 1 'MA L] MAI I T T 1 ¥ 1 T 1 T T 1 1 T T
l s I 1 1 0 o0 o A 0 oA Al P
[ S T T S UL WL I S W W SN N SR 1 IS WA NN SR SN S S
RW l T_MWN FROM MASTER
RESN P20
FOV Pi21
FL/ON P22
FL/IN PI23
FLOCK P22/0N
FROM CITAC P22/1N
P23/0N
P23/IN
FROM MASTER
AF04710S
Figure 4. Information Byte Format
GENERAL CALL ADDRESS HEX06
T ¥ T T T 1 T BB 1 1 1 T T T
sjo o o oooorArooooo11 DlAIPI
1 Il 1 . . . ' A L L 1 Il 1
AFD4690S
Figure 5. Reset Programming
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12C Bus Timing

I2C bus load conditions are as follows:

4k$2 pull-up resistor to +5V; 200pF capacitor to GND.

All values are

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

1 Timings tsy, tpat and tup, tpar deviate from the 12C bus specification
After reset has been activated, transmission may only be started after a 50us delay.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max
tsur Bus free before start 4 us
tsu, tsTa Start condition setup time 4 us
tHD, 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
te SCL, SDA fall time 0.3 us
tsu, tDAT Data setup time (write) 1 us
tHD, tDAT Data hold time (write) 1 us
tsu, tcac Acknowledge (from CITAC) setup time 2 us
thp, tcac Acknowledge (from CITAC) hold time 0 us
tsus tsTo Stop condition setup time 4 us
tsu, trDA Data setup time (read) 2 us
tHp, tRDA Data hold time (read) 0 us
tsu, tmac Acknowledge (from master) setup time 1 us
tHp, tmAC Acknowledge (from master) hold time 2 us
NOTE:

SDA
(WRITE)

scL

SDA
(READ)

X
2 x ‘A FROM CITAC
tHor toar - T
taur tsy teac twor teac Low
F ta
P _>{
_-Z i
tsurtsta tp: tsta tow tiigh tsur tsto
s toar
‘A FROM
MASTER
tsur thoa tuo tRoA tsur tuac thp: tmac

Figure 6. 12C Bus Timing SAB3036

WF18771S
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DESCRIPTION . e 32V tuning voltage amplifier PIN CONFIGURATION
The S{-\B3037 provnges cloged-loog digi- o 4 high-current outputs for direct N Package
tal tuning of TV receivers, with or without band selection
AFC, as required. It also controls up to 4 . -
analog functions, 4 general purpose |/O ° :o?\t:;:-‘:ot:;gI(tlg;ll\(t:‘)s)a?cf:ocgontrol of oacs [1 24] DAcz
ports and 4 high-current outputs for  ~ ol T - L soa [2] 23] DACH
tuner band selection. . 9 | inout/ SCLE [22] bAco
. . . . e Four general purpose inpu
The IC 1s used in conjunction with a output (1/0) ports m% osc
. i P21 |5 FDIV
microcomputer from th_e MABMOQ famf e Tuning with control of speed and
ly and is controlled via a two-wire, bi- direction PzzE Evccz
directional 12C bus. ) ) i pzs[7] 18] P13
FEATURES o Tuning with or without AFC arce [ ] o1z
) - o Single-pin, 4MHz on-chip
e Combined analog and digital oscillator arc-[5] [1e] P11
circuitry minimizes the number of 20 o o1ove transceiver 1 [io] 15] P10
addit'lonal interfacing components ano [ 18] Vecs
required APPLICATIONS on ] ) Vecr
o Frequency measurement with ® TV receivers '
resolution of 50kHz o Satellite receivers TOPVIEW s
® Selectable prescaler divisor of 64 ¢ CATV converters PIN NO. SYMBOL DESCRIPTION
or 256 1 DAC3 Output of static DAC
2 SDA Senal data line } 12C bus
3 SCL Senal clock line
4 P20
ORDERING INFORMATION 5 P21 } General purpose
6 P22 input/output ports
DESCRIPTION TEMPERATURE RANGE ORDER CODE o=, } 45 oo
_ inputs
24-Pin Plastic DIP (SOT-101A) -20°C to +70°C SAB3037N o O g volsge ampifer myering
it
1" GND gygund
ABSOLUTE MAXIMUM RATINGS 12 TUN Tuning voltage amplifier output
13 Veet +12V supply voltage
SYMBOL PARAMETER RATING UNIT 1 Noos - GRY supply for tunmg voltage
15 P10
SuPply voltage ranges: 16 P11 High-current band-selection output
Veer (Pin 13) -0.3 to +18 v 17 P12 ports
VCC2 (Pm 19) -03to +18 v 1: \F;liz Posttive supply for high-current
Vees (Pin 14) -0.3 to +36 \ band-selection output circuits
20 FDIV Input from prescaler
Input/output voltage ranges: g; g:go Crystal oscillator nput
Vspa (P!n 2 -03to +18 M 23 DAC1 } Outputs of static DACs
VscL (Pin 3) -0.3 to +18 Vv 24 DAC2
Vpox (Pins 4 to 7) -0.3 to +18 \"
Varc+, AFc-| (Pins 8 and 9) -0.3 to Vggy ! v
AN (Pin 10) -0.3 to Vggy ! Y
Vrun (Pin 12) -0.3 to Vgga® v
Vpix (Pins 15 to 18) -0.3 to Vggp? v
Vrowv (Pin 20) -0.3 to Vg ! v
Vosc (Pin 21) -0.3 to +5 "
VDACX (Pins 1 and 22 to 24) -0.3 to V¢! \
Prot Total power dissipation 1000 mwW
Tste 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 Vccp if current is imited to 200mA
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BLOCK DIAGRAM

PRESCALER
v
o1 GND = row Vees )
? L—l osc ) °
13 = " 2 20 19 "
- Ve
18
POWER-DOWN REFERENCE
DETECTOR OSCILLATOR W
PORT 1
l SAB3037 CONTROL TUNER
CIRCUIT
WRITE i
2
SDA O-
‘e s
sc &’ BUS READ
L -———
R L0
I ) =
GATE 15-81T
REFERENCE
2817 COUNTER FREQUENCY BUFFER
ADC
g B
15-81T
hd o201 TER <
o o<t{F20] PR3] FREQUENCY COUNTE! :
5 -
o] [
U sl NN - = =
° (A HEH u . Ce G Co]
L o
o P23 ] Fpedl el TUNING CONTROL CIRCUIT
et b ed
CONTROL CIRCUIT ==
DIVISOR 38IT
SELECTOR DAC
Vees
== ' =
" ¢ Ton
12-BIT T CHARGE
TUNING COUNTER PUMP ;ggl_;ag!
v, AMPLIFIER Cwr
—
8 .
AFC+ O AFC N 10 T
arc- o2 AMPLIFIER e
) [2rcr]
[AFCs |
JON-
IN-BAND
CIRCUIT
2 23 ) 1
< [} [}
BD08041S
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DC AND AC ELECTRICAL CHARACTERISTICS T =25°C; Vcei, Voca, Vecs at typical voltages, unless otherwise

specified
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

Veet Supply voltages 105 12 13.5 \
Ve 4.7 13 16 \
Vees 30 32 35 v
lcct Supply currents (no outputs loaded) 18 30 45 mA
lcc2 0 01 mA
lcca 02 0.6 2 mA
lccza Additional supply currents (A)° -2 loHP1X mA
lccaa 02 2 mA
Pror Total power dissipation 380 mwW
Ta Operating ambient temperature -20 +70 °C
12C bus inputs/outputs SDA input (Pin 2); SCL nput (Pin 3)
ViH Input voltage HIGH? 3 Voo-1 v
ViL Input voltage LOW -03 1.5 \"
I Input current HIGH? 10 uA
e Input current LOW? 10 uA

SDA output (Pin 2, open-collector)
VoL Output voltage LOW at Ig. =3mA 0.4 \
loL Maximum output sink current 5 mA
Open-collector 1/0 ports P20, P21, P22, P23 (Pins 4 to 7, open-collector)
ViH Input voltage HIGH 2 16 Vv
ViL Input voltage LOW -0.3 0.8 "
%) Input current HIGH 25 HA
-l Input current LOW 25 MA
VoL Output voltage LOW at lg = 2mA 04 \
loL Maximum output sink current 4 mA
AFC amplifier Inputs AFC+, AFC- (Pins 8, 9)

Transconductance for input voltages up to 1V differential.

AFCS1 AFCS2

goo 0 0 100 250 800 nA/vV
got 0 1 15 25 35 HA/V
g10 1 0 30 50 70 [T.YA%
g1 1 1 60 100 140 MA/V

Tolerance of transconductance multiplying factor (2, 4 or 8) o
AMg when correction-in-band 1s used -20 +20 &
VioFe Input offset voltage -75 +75 mV
Vcom Common-mode nput voltage 3 Veo1—-2.5 \"
CMRR Common-mode rejection ratio 50 dB
PSRR Power supply (Vcci) rejection ratio 50 dB
Iy Input current 500 nA
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Vces, Veca, Veca at typical voltages, unless
otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min | Typ l Max
Tuning voltage amplifier Input TI, output TUN (Pins 10, 12)
VTUN Maximum output voltage at I pap = £2.5mA Vcez—1.6 Vces-0.4 \"
Minimum output voltage at I pap = £ 2.5mA:
VTMI1 VTMIO
V1Moo 0 0 300 500 mVv
Vimio 1 0 450 650 mV
Vrm11 1 1 650 900 mV
~ITunH Maximum output source current 25 8 mA
ITUNL Maximum output sink current 40 mA
Iy Input bias current -5 +5 nA
PSRR Power supply Vccs rejection ratio 60 dB
Minimum charge IT to tuning voltage amplifier
TUHN1 TUHNO
CHoo 0 0 0.4 1 1.7 MA/ us
CHo1 0 1 4 8 14 MA/ us
CHyo 1 0 15 30 48 uA/us
CHyq 1 1 130 250 370 MA/us
ACH Tolerance of charge (or AVyyn) multiplying factor when COIB ~20 +20 %
and/or TUS are used
Maximum current | into tuning amplifier
TUHN1 TUHNO
ITo0 0 0 1.7 35 5.1 A
Ito1 0 1 15 29 41 WA
It10 1 0 65 110 160 MA
IT11 1 1 530 875 1220 A
Correction-in-band
AVgg | Tolerance of correction-in-band levels 12V, 18V, and 24V T -15 f l +15 | %
Band-select output ports P10, P11, P12, P13 (Pins 15 to 18)
VoH Output voltage HIGH at —Igy = 50mA3 Veca - 0.6 %
VoL Output voltage LOW at Ig_ = 2mA 0.4 \"
—loH Maximum output source current? 130 200 mA
loL Maximum output sink current 5 mA
FDIV input (Pin 20)
Vroiv (pp) | Input voltage (peak-to-peak value) (trisg and trarL < 40ns) 0.1 2 Vv
Duty cycle 40 60 %
fmAx Maximum input frequency 14.5 MHz
2, Input impedance 8 kS
C Input capacitance 5 pF
OSC input (Pin 21)
Rx Crystal resistance at resonance (4MHz) 150 Q
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; Vces, Veoa: Voo at typical voltages, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min } Typ L Max

DAC outputs 0 to 3 (Pins 22 to 24 and Pin 1)
VpH Maximum output voltage (no load) at Vggy = 12V4 10 11.5 \
Voo Minimum output voltage (no load) at Vggy = 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 l oap = t2mA 70 Q
-lpH Maximum output source current 6 mA
8 Maximum output sink current 8 mA
Power-down reset
Vep Maximum supply voltage Vccy at which power-down reset is 75 95 v

active

tr Vgcy 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 \Y
Vvao1 0 1 -0.3 0.8 Y
Vyato 1 0 25 Veec1 -2 \"
Vvat1 1 1 Veet -0.3 Veer \
NOTES:
1. 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

Icc2 and Icca, respectively.

2.
3

If Vgcr < 1V, the input current is hmited to 10uA at input voltages up to 16V.
. At continuous operation the output current should not exceed 50mA. When the output is short-circuted to ground for several seconds the device may
be damaged.

4. Values are proportional to Vccy.
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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, i1s 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 1s 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 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 1s 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 1s 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 1s 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 1s 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-
bie 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 1/0O 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 Vccq is below 8.5V (typical). In this
mode all registers are set to a defined state.
Reset can also be programmed.

OPERATION

Write

CITAC s 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 ClI-
TAC in the format shown in Figure 1.

MODULE ADDRESS

INSTRUCTION BYTE

DATA/CONTROL BYTE

T T T T TuaTmal
MA ' MA

Isll 1 o 0o o
ekl a1 3 0

T 1 T T T T T l' l T L T T 1 T .
0| A [} [ 1 [ [} I \ A | D; D, Ds D, D, D, Dy Dy A
J‘I’J;.JSI‘IQLQL|‘[° Tty Sy et L0

msb

L™

msb

Figure 1. I°C Bus Write Format

AF04660S
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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) 1s generated by CITAC only
when a vald address is received and the
device I1s not in the power-down reset mode
(Vcct > 8.5V (typical))

Tuning
Tuning 1s controlled by the instruction and
data/control bytes as shown in Figure 2.

Frequency

Frequency is set when Bit | of the instruction
byte I1s 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 i1s 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 Y2 Vegi
1 1 Vcer
Table 2. Tuning Current Control
TYP. Imax TYP. ITmin TYP. AVtynmin at Cint = 1uF
TUHN1 | TUHNO
(1A) (HA/us) (V)
0 0 35! 1 11
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 1s good practice to program the
lowest current value during tuner band
switching.

INSTRUCTION BYTE DATA/CONTROL BYTE
I le Is ls I3 2 h to D; Dg Ds D, D; D, D, Do
T T 1 | T | T T T T T T T T
FREQ 1 F14 F13 F12 F11 F10 F9 F8 F7 F6 Fs Fa4 F3 F2 F1 FO
TCDO 0 [ 1 [ 1 0 0 1 AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 Tuwo
TCD1 0 0 1 [ 1 ) 1 [ VIMI1  COIBY COIBO AFCS1 AFCSO TUS2 TUST  Tuso
TCD2 [ [ 1 0 1 ° 1 1 0 ° [ ) AFCP FDIVM TDIRD TDIRU
il 1 1 ol 1 1 1 1 L il o L 1
AF04670S
Figure 2. Tuning Control Format
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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. ITmin TYP. AVyynmin at CinT = 1uF

(mA/us) (mV)

0 0 0 025" 025’

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 | coiBo TYPICAL VALUES OF Vryy AT:
<12v 12 to 18V 18 to 24V > 24V
0 0 11 11 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 | 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 | 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 (uA/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 sensttivity (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 1s used to correct the loop gain of
the tuning system to reduce in-band vara-
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 i1s similar when COIB is
used, except for the lowest transconductance
which 1s not affected.

Tuning Window

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

AFC

When AFCT s 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 amplifi-
er 1s programmed via the AFC sensitivity bits
AFCS as shown in Table 7.
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INSTRUCTION BYTE DATA/CONTROL BYTE
iy 1g Is Iy [N I, 1y Iy D, D4 Dy o, D, D, D, D,
T 1 T T T T L 1 T T T T T L]
POD 0 0 1 0 1 [ 0 0 P23 P22 P21 P20 P13 P12 P11 P10
DACX 0 0 1 0 0 ° x1 X0 0 0 AXS AX4 AX3 AX2 AX1  AXO
L L L 1 1 . i 1 1 1 l 1 A L
AFosso1S
Figure 3. Control Programming
MODULE ADDRESS TUNING/RESET INFORMATION PORT INFORMATION
B, B Bs B, B; B, B, B,
v 1 T LT T L T T T T T T T T LI T 1 T T
Is|1 1 OOOMAMAIIA] oolAL —lArpl
11 g 110, TR S T S B S 5 RN TS SN TR N T |
RW l t—uwN LFROMMASTER
RESN PI20
L rov L——PIZI
L———FL/QN —— P22
FLAN P23
FLOCK P22/0N
FROM CITAC P22/1N
P23/0N
P23/1N
FROM MASTER
AF0ATIOS
Figure 4. Information Byte Format

AFC Polarity

If a positive differential input voltage 1s ap-
plied to the (switched-on) AFC amplifier, the
tuning voltage Vryn falls when the AFC
polanty bit AFCP is at logic O (value after
reset) At AFCP =logic 1, Vryn nses.

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 1s
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 0 after reset.

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

December 2, 1986

Table 8. Frequency Measuring Window Programming

Fpivm | PRESCALER DIVISION CYCLE PERIOD MEASURING WINDOW
FACTOR (ms) (ms)
0 256 6.4' 5.12'
1 64 256 1.28
NOTE:

1 Values after reset

trol) are shown in Figure 5, together with the
corresponding data/control bytes. Control 1s
implemented as follows:

P13, P12, P11, P10 — Band select outputs. If
a logic 1 1s 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 1s programmed on any of the
POD bits D7 to Dy, the relevant output Is
forced LOW. AM outputs are at logic 1 after
reset (high impedance state).

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

4-77

sponds to the decimal equivalent of the
DACX bits X1, X0. The output voltage of the
selected DAC 1s set by programming the bits
AX5 to AXO; the lowest output voltage Is
programmed with all data AX5 to AXO at logic
0, or after reset has been activated.

Read

Information 1s 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 1s too high with
respect to the programmed frequency, FOV is
at logic 1, and when too low, FOV is at logic
0. FOV 1s 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.

P123, 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 HEX06
lslolololOIOlOIOIOPTOTOIO‘Ojl"ll‘llOIAJPI
T SR S S TR SR PRV W SR S WA
AFosesos
Figure 5. Reset Programming

I2C BUS TIMING (Figure 6)

12C bus load conditions are as follows:

4k$2 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 S
tHo: tsTA Start condition hold time 4 us
tlow SCL, SDA LOW period 4 us
tHiIGH SCL HIGH period 4 us
tr SCL, SDA rise time 1 us
tr SCL, SDA fall time 0.3 us
tsu, tpaT Data setup time (write) 1 'S
tho, tDAT Data hold time (write) 1 us
tsu, tcac Acknowledge (from CITAC) setup time 2 us
tHp, 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
tsu, tMAC Acknowledge (from master) setup time 1 us
tHp, tmac Acknowledge (from master) hold time 2 us

NOTE:

1 Timings tsy, toat and typ, tpar deviate from the I2C bus specification.
After reset has been activated, transmission may only be started after a 50us delay.
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SDA ! x s‘ ‘A FROM CITAC ‘
(WRITE) —‘/
tHo: toar e .
taur tsu teac thor teac tow
te tg
] f— ]
N | ]
sCL j
tsu tsta tho: tsTa tiow Y tsur tsto
tsw toar

‘A FROM
SDA MASTER

(READ)

tsu: troa 1o troA tsur twac tp: tmac

WF18771S.

Figure 6. 12C Bus Timing SAB3037
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DESCRIPTION FEATURES PIN CONFIGURATIONS

The TDAS5030A performs the VHF mixer, e A balanced VHF mixer

VHF oscillator, SAW filter IF amplifier, o An amplitude-controlled VHF
and UHF IF amplifier functions in televi-

N Package

local oscillator

DECOUP [1] 18] OSC INPUT

sion tuners. e A surface acoustic wave filter IF VHFINPUT [Z] [i7) oecoup
amplifier GND [3] [18] oscinpuT
o A UHF IF preamplifier DECOUP {4 [18] Vee

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

I¥ 5] GND
MIXIIF PREAME [ [13] oscoutpur
?%ﬁ?u%"u‘? [7] [12] SWITCH INPUT

. IF AP = b 17 Ame
e A voltage stabilizer INPUT outPuT
. N IF AMP o] IFAMP
e A UHF/VHF switching circuit INPUT ourpuT
TOP VIEW
APPLICATIONS corons
o Mixer/oscillator D Package
o TV tuners
) CATV VHF DECOUP | 1] 20] OSC INPUT
° LAN VHF INPUT [2] [18) DECOUP
e Demodulator s 8] OscINPuT
pecoup LY [17] Vec
ORDERING INFORMATION IFPREANE (5] [18) anD
DESCRIPTION TEMPERATURE RANGE | ORDER CODE Ne (o] jiol ne
MIX/IF PREAMP 8] osc outPut
18-Pin Plastic DIP (SOT-102A) -25°C to +85°C TDAS5030AN O oAEar
M e ] [13] swiTcH INPUT
20-Pin Plastic SO DIP (SOT-163A) -25°C to +85°C TDA5030ATD IFANP 51 ) [FAME
IF AMP m 1) IF AMP
INPUT OUTPUT
TOP VIEW
BLOCK DIAGRAM corzmars
o
18 16 15
VHF BUFFERED 13
LOCAL OSCILLATOR O
OSCILLATOR OUuTPUT
TDAS5030A
o 2 1" °
VHF SAW FILTER
o—1». MIXER , IF AMPLIFIER s
5
O A UHFIF STA:::.II)ZER
o PREAMPLIFIER SWITCH
la % lﬂ 7 |6 8 |9 12
o o o o o
'8D09890S
NOTE:
Pinout 1s for 18-pin N package
January 14, 1987 4-80 853-1150 87202
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UHFIVHF

—
—

nF 1nF

-

l“_T—-I

VHF INPUT O——————
IFINPUT O~

—

nF

nF

270

i 27pF

Figure 1. Test Circuit

Vy Vee SWITCH
8o +—
8, BB9Y09B -.-Lr 15pF .:,I; 15pF -:E 1nF I 1nF
>
100 12k = =
> LOCAL OSCILLATOR OUTPUT
BA482
470 ;
82pF L < SAW FILTER
:[ nF 3.0k INMI J 2.2uH S22k 38MHz
'[?; nF nF nF
8 Tﬂ 16 15 14 -I-‘IS 2 -I—ﬁ -I-m
TDAS030
5 6 7

Tc221708

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Pin 15) 14 '
\' Input voltage (Pin 1, 2, 4, and 5) Oto5 Vv
Vi2 Switching voltage (Pin 12) 0 to Vgct+0.3 \"
-ho, 11, 13 Output currents 10 mA
Storage-circuit time on outputs
tss (Pin 10 and 11) 10 s
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +85 °C
Ty Junction temperature +125 °C
'R The(mal resistance from junction to +55 °CIW
ambient
January 14, 1987 4-81
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DC AND AC ELECTRICAL CHARACTERISTICS Measured in circut of Figure 1, Voo = 12V; Ta =25°C, unless otherwise

specified
LIMITS
SYMBOL PARAMETER UNIT
Min J Typ ‘ Max
Supply
Vee Supply voltage 10 13.2 \
lcc Supply current 42 55 mA
Via Switching voltage VHF 0 25 \"
Vi2 Switching voitage UHF 9.5 Veo+0.3
ly2 Switching current UHF 0.7 mA
VHF mixer (including IF amplfier)
fr Frequency range 50 470 MHz
NF Noise figure (Pin 2)
50MHz 75 9 dB
225MHz 9 10 dB
300MHz 10 12 dB
G Optimum source admittance (Pin 2)
50MHz 0.5 ms
225MHz 1.1 ms
300MHz 1.2 ms
G Input conductance (Pin 2)
50MHz 0.23 ms
225MHz 0.5 ms
300MHz 0.67 ms
C Input capacitance (Pin 2)
50MHz 25 pF
Vaa Input voltage for 1% cross-modulation 97 99 dBuVv
(in channel); Rp > 1k$; tuned circuit
with Cp = 22pF; fres = 36MHz
Va.14 Input voltage for 10kHz pulling (iIn channel) at < 300MHz 100 dBuV
Ay Voltage gain 22.5 245 26.5 dB
UHF preamplifier (including IF amplifier)
Gy Input conductance (Pin 5) 03 ms
C Input capacitance (Pin 5) 3.0 pF
NF Noise figure 5 6 dB
Vs.14 Input voltage for 1% cross-modulation (in channel) 88 90 dBuV
Ay Voltage gain 31.5 335 35.5 dB
Gs Optimum source admittance 3.3 ms
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Measured in circuit of Figure 1; Voo = 12V; Ta = 25°C,

unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min r Typ r Max
VHF mixer
Yca_e, 7 Conversion transadmittance 5.7 ms
Zo Output impedance 1.6 k2
VHF oscillator
fr Frequency range 70 520 MHz
Af Frequency shift 200 kHz
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
Z10, 11 = 2k, f=36MHz
Zg, 9-10, 11 Transimpedance 22 k2
Z10, 11 Output impedance 50+ j40 Q
Zg, 9 = 1.6kS2; f=36MHz
VHF local oscillator buffer stage
Output voltage
Vis Ry =75%; f < 100MHz 14 20 mV
Via R_=75%; f> 100MHz 10 20 mV
z Output impedance
13 f = 100MHz 90 Q
RF X
—_— RF signal on LO output; R =508; V,=1V; f <225MHz 10 dB
(RF+LO)

January 14, 1987
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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

® 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

o Key release detection by toggle
bits

e Very low standby current
(< 2uA)

e Operational current < 2mA at 6V
supply

o Wide supply voltage range
(4 to 11V)

o Ceramic resonator controlled
frequency (typ. 450kHz)

o Encapsulation: 20-lead plastic DIP
or 20-lead plastic mini-pack
(S0-20)

APPLICATIONS
e 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
Voo 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
-lrRemoym | Peak REMO output current
during 10us; duty factor = 1% 300 mA
Prot Power dissipation per package
for To=-20 to +70°C 200 mwW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -20 to +70 °C
December 2, 1986 5-3

PIN CONFIGURATION
N, D Packages
REMO [T] Voo
SEN6N [2] [19) DRVeN
SENSN 3] [18] DRVSN
SENSN [1] [17) DRVAN
SENSN [F] [16] DRV3N
SEN2N [€] [15] DRV2N
SENIN [T] [14] DRVIN
SENON (] [13] DRVON
ADRM [3] [13] osco
Vgs {10] [11] osCi
TOP VIEW
CD12000S8
PIN NO. SYMBOL DESCRIPTION

1 REMO Remote data output

2 SEN6N

3 SENSN

4 SEN4N

5 SEN3N Key matnix sense inputs

6 SEN2N

7 SEN1N

8 SENON

9 ADRM Address mode control input

10 Vss Ground

1 OSCl Oscillator input

12 0SCO Oscillator output

13 DRVON

14 DRV1IN

15 DRV2N

16 DRV3N Key matrix drive outputs

17 DRV4N

18 DRVSN

19 DRVEN

20 Voo Positive supply

853-1027 86699
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DC ELECTRICAL CHARACTERISTICS vgs =0V; To=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER Vpp (V) UNIT
Min Typ Max
Supply voltage
Voo Ta=0 to +70°C 4 " v
Supply current; active
lop fosc = 455kHz; 6 1 mA
Ibb REMO output unloaded 9 3 mA
Supply current; inactive
lop (stand-by mode) 6 2 MA
Iop Ta=25°C 9 2 HA
fosc Oscillator frequency (ceramic resonator) 4 to 11 400 500 kHz

Keyboard matrix
inputs SENON to SEN6N

Vi Input voltage LOW 4 to 11 0.2 X Vpp \"

ViH input voltage HIGH 4 to 11 0.8 X Vpp

-1 Input current 4 10 100 HA

-1 Vi=0Vv 1 30 300 uA
Input leakage current

Iy Vi=Vpp 1 1 HA

Outputs DRVON to DRVEN
Output voltage "ON"

VoL lo=0.1mA 4 0.3 \

VoL lo=1.0mA 11 0.5 v
Output current "OFF"

lo Vo =11V 1 10 MA

Control input ADRM

ViL Input voltage LOW 0.8 X Vpp Vv

ViH Input voltage HIGH 0.2 X Vpp \

Input current
(switched P-and N-channel pull-up/pull-down)

i Pull-up active 4 10 100 HA
i standby voltage: 0V 11 30 300 HA
hin Puli-down active 4 10 100 HA
iy standby voltage: Vpp 11 30 300 HA
Data output REMO
VoH Output voltage HIGH 6 3 \"
Vo —loy = 40mA 9 6 v
VoL Output voltage LOW 6 0.2 \
VoL loL = 0.3mA 9 0.1 \"
Oscillator
Input current
Iy OSClI at Vpp 6 0.8 2.7 MA
Cutput voltage HIGH
Von —loL =0.1mA 6 Vpp-0.6 \
Output voltage LOW
VoL lon =0.1mA 6 0.6 \"
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Signetics Linear Products

Product Specification

Infrared Transmitter

SAA3004

®

BN B
e ®h—

>, ©
«— ADDRESS
{ { SELECTION

gsséssé
13 {1 |15 e f17 |18 |1e
SENON_ 8 20 Voo .
//;,/,/,/,//////; SENIN 7 //((]:ca
//‘.5////,////—///4 SEN2N_ 6 ]:
ARAARAAAAZL soum 3 oaxsos = oL
L1777 71717717 ] scass - on
2"y V ¥V ¥ ¥V ¥V ¢» seman_ 4 ]
//;9/,////////:” SENSN_ 3 Re
//;’///////////‘“ SENN 2 10 Yee
//5'5//,//[/////“ °2GEI ) = = = =
/G///////lss Amusosanntzo:co
RESONATOR
o 455 kHz
c1 c2
®|®|@® 'l
*OPTIONAL DIODES - -

Figure 1. Transmitter With SAA3004

TC127318

INPUTS AND OUTPUTS

Key Matrix Inputs and Outputs
(DRVON to DRVEN 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 I1s
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

5-5

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 t,
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, i1s 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 OSCO)

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 1s 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.

Muitiple 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 i1s 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 SEN5N
and SEN6N are not covered completely
by the multiple key protection. If one
sense input 1s 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).

NOTES:

b mode 1 with

tw
t, t B S pu—
. [ to0 -2t tor—a-] 157 woRp [2%° worD
mewo ] [ | ] 1 1 1 [ 1 ==
L ——
BITS m To s2 s1 S0 F E o c 8 A
DATA 0 1 [) 1 [) 1 ) 0 1 o [)
TOGGLE BITS SUB-SYSTEM ADDRESS COMMAND
AF04380S
f tw
Ar——— | c—
" tor—fe—tyy too> [—"tew 157 woro | 2%° woro
g N NN N BN BN N B e . | R
BITS: REF To s2 st S0 F 3 0 c B A
DATA 1 [) 1 [) 1 0 0 1 0 °
REFERENCE TOGGLE BIT SUB-SYSTEM ADDRESS COMMAND

a Flashed mode transmission with 2 toggle bits and 3 address bits, followed by 6 command bits (pulses are flashed)
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

AF04381S
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o TLILILILILL -

WF177615
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NOTES:
1 Flashed pulse
2 Modulated pulse (tew = (5 X tw) + tyn

Figure 3. REMO Output Waveform

WF177608
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Figure 4. Single Key-Stroke Sequence

WF177708

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.

The toggle bits TO and T1 are incremented if
the key is released for a minimum time trg_
(see Figure 4). The toggle bits remain un-
changed within a multiple keystroke se-
quence.
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1 Scan rate multiple key-stroke tgy =6 to 10 X to
2 For tpg, tst and tw see Figure 4

Figure 5. Multiple Key-Stroke Sequence

KEY BOUNCING KEY A DECODED AS HIGH
CLOSED
KEY A m ll,m KEY A DECODED AS LOW
RELEASED = I
CLOSED
i m__
REL
SCAN SCAN SCAN
o | et e
DRVAN l I" _l “I.__—._J “I—
ON =
—>| tog = [e—teu—n] —» tos |

" [ — > tgr |
REMO

L -

—] tgr |<_ ‘WORD KEY A WORD KEY A WORD KEY 8

H
osco W OSCILLAYOR ACTIVE %

L

WE177908
NOTES:

Table 1. Pulse Train Timing

Table 2. Pulse Train Separation

t
MODE to tp tm tme tmH tw (ta)
(ms) (us) (us) (us) (us) (ms) CODE ts
Flashed 253 8.8 121 Logic "'0" 2 Xto
Logic "1" 3 Xty
Modulated 2.53 26.4 176 8.8 121 Referance time Ix 1o
NOTES: Toggle bit time 2X1g or
fosc ~ 455kHz tosc = 2 2us 3 X 1o
tp 4 X tosc Flashed pulse width
tm 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 DRVNnN
MODE ADDRESS FOR n=
# S2 S1 SO 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 [¢]
M
(o] 0 1 1 1 o
D 1 0 0 0 o o
U 2 0 0 1 X o [¢]
L 3 0 1 0 X X [ [¢]
A 4 0 1 1 X X X o o
T 5 1 0 0 X X X X [¢] o
E 6 1 0 1 X X X X X o o
D
NOTES:
o = Connected to ADRM
Blank = Not connected to ADRM

X = Don't care

December 2, 1986
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Table 4. Key Codes

The subsystem address and the transmission
MATRIX MATRIX cope MATRIX modes are defined by connecting the ADRM
DRIVE SENSE F E B A POSITION input to one or more driver outputs (DRVON
to DRVEN) of the key matrix. If more than one
DRVON SENON 0 0 0 0 0 0 0
DRVIN SENON 0 0 0 0 0 1 1 3:\(/:1 nslezogne:tzfio;o ADRM, they must be
DRV2N SENON 0o 0 0|0 1 0 2 pled by e
DRV3N SENON 0 0 0 0 1 1 3
DRV4N SENON 0 0 0 1 0 0 4
DRV5N SENON 0 0 0 1 0 1 5
DRV6N SENON o] 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 SENS5N 1 0 1 2 40 to 47
1 SEN6N 1 1 0 2 48 to 55
SENSN
1 and 1 1 1 2 56 to 63
SEN6N
NOTES:

1 The complete matrix drive as shown above for SENON 1Is also applicable for the matrix sense inputs
SEN1N to SEN6N and the combined SENSN/SEN6N
2 The C, B and A codes are identical to SENON as given above
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The SAA3004 1s 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 s therefore suitable for
single or multi-system use To allow remote
control systems with a variety of ranges,
noise iImmunities, 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 I1s 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 dnve 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 1s largely due to the farly 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 I1s generat-
ed for each legal detected keystroke The
logic state of a bit 1s defined by the interval
between consecutive output pulses or bursts,
measured from leading edge to leading edge.
The word s 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 1s 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

December 1988
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Low-Power Remote Control IR
Transmitter and Receiver

Preamplifiers

Application Note

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 Iin 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 1s
received To distinguish between multiple
keystrokes and new commands, It I1s then
necessary to detect the length of the trans-
mitted data words. The disadvantage of this
method 1s 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 recewver 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 1s 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 recewver will recognize
the same data twice, the fact that T1 has
changed state will indicate that a new com-
mand 1s 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 tosc. The pulse timing
data for fogc = 455kHz 1s as follows

5-10

Oscillator period tosc = 2.2us

Pulse width Ve = tuu = 4tosc = 8.8us
Lo:oﬁe;:)lcsiegf modula- L = Blosc = 17 6us
Mo;:rllz:jed pulse burst tw = 12t0s = 26 4us
Du;tllsoen boJr Snt':odulated tw = 64tosc = 141us

Interval between pulses to = 1152togc = 2 53ms

Data word repetition tw = 48To = 121ms

period
0 [
Logic '0' pulse or burst tgo = 2To = 5 06ms
spacing
Logic '1" pulse or burst tg = 3To =7 6ms
spacing

The data word format and timing shown in
Figure 1b for the modulated mode of transmis-
sion Is the same as that previously described
for the unmodulated mode. In this case, how-
ever, each bit consists of a 141us burst of 6
pulses, and toggle bit T1 i1s replaced by a
reference pulse with a permanent logic 1, the
timing of which i1s (tggr = tgy = 7.6ms). This
allows a lower stabulity oscillator to be used in
the transmitter because tggr can be used as a
reference for decoding in the equipment being
controlled

Functional Description of the
SAA3004

A detalled functional block diagram of the
SAA3004 1s given In Figure 3 and the key
sequencing diagram s 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 dnive outputs at intervals of
tosc/72 (158us for fogc = 455kHz). See Fig-
ure 5.

The activated key position I1s stored in the
data memory together with the subsystem
address (determined by which of the drive
outputs 1 -5 1s 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 senal 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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Figure 1. Transmission Format at Output REMO

AF04381S

a. Unmodulated Transmission Mode

WF17761S

LI

b. Modulated Transmission Mode

Figure 2. Timing of a Single Bit at Output REMO

WF177608

output REMO wia 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 1s reduced to tgy (about
20ms). This ensures that a key release I1s
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 T0 T
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 1s given in Figure 7

Forty-nine of the keys (7 X 7 matrix) are
connected directly between driver lines
DRVON to DRV6N and sense lines SENON to
SEN6N Expanding the keyboard for 64 com-
mands i1s 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 dnve lines to SEN5N
and SEN6N via diodes D1 and D, The final
key 1s added to switch sense lines SEN5N
and SENGN to ground via diodes D4 and D>

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 1s
detected as being legal (only one key
pressed), the appropriate command I1s de-
coded according to the scheme in Table 2,
and the correct data word 1s fed to output
REMO. Bits ABC in Table 2 indicate which of
the seven driver outputs I1s 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 i1s
connected to ADRM as shown in Table 3
The address is selected either by closing an
address switch to connect a drive output to
input ADRM before pressing a command key,
or by installing a permanent link between one
of the drive outputs and input ADRM With no
address selected, the basic address (address
bits S2, S1, and SO all equal 1) i1s automatical-
ly generated

Mode selection 1s made via a link between
dnive line DRV6BN and input ADRM The
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Figure 3. Block Diagram of Remote Control Transmitter SAA3004
IN
KEY BOUNCING S EW KEY
CLOSED r———--—--—
KEY “ ! I
RELEASED (
SCAN
o [N al
DRVAN
oN ._I u I
SCAN SCAN
—>1 tos l“,— ' \ NEW WORD
" f— w |
REMO
<—|s'—>l
H
osco W 0SGIILATOR ACTIVE
L
WF177708
NOTE:
To = 1152tpsc, debounce time tpg =4 to 9 X to, start time tgyr =5 to 10 X to, minimum release time trg. = to
Figure 4. Single Keystroke Sequence

transmission is modulated with the link fitted
or unmodulated without it.

Capacitors Cy and Cp associated with the
oscillator must be chosen with regard to low
current consumption and quick starting over
the whole supply voltage range.
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The output stage of the SAA3004 shown Iin
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 i1s driven by a HIGH level, the
NPN transistor conducts and pulls output pin

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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SCAN INTERVAL

DRVON
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Figure 5. Timing at Outputs DRVON to DRV6N

Table 2. Key Codes

CODE
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

MATRIX

POS.

10

12
13
14
15
16
17
18
19
20
21

22
23

24

25

26
27

28

29

30
31
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KEY BOUNCING KEV A DECODED AS HIGH
CLOSED
KEVA m /KEVADECODEOASLOW
RELEASED =
cLoseD
i) i
REL
SCAN SCAN SCAN
oFF &
o Jm T
ON =
—>| tog jw— e—tsu—n| :: tos |
" |ty —————»| ter |
REMO
L
=»] tor je— WORDKEYA WORD KEY A WORD KEY B
"
0sco M / / OSCILLATOR ACTIVE / %
L
'WF17790S
NOTE:

1o = 1152togc, debounce time tpg =4 to 9 X ty, 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 X
3 0 0 1 - X

unmodulated 4 0 1 0 - - X
5 0 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 - X X

modulated 4 0 1 0 - - X X
5 0 1 - - - X X
6 1 0 0 - - - - X X
7 1 0 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 Ig. The peak value of Ig
in the circuit of Figure 7 is determined by the
value of emitter resistor Rg and is given by:

IF = (Vrer - Vee)/Re.

However, since the output is pulsed, the
battery life is mainly determined by the aver-
age value of the forward current. This aver-

December 1988

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:

Irav = IF(12tp/tw) = 8.71¢ X 1074,
In the modulated mode, each pulse I1s a burst

of six 8.8us pulses. The total HIGH time of a
5-14

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:

lray = 52l 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 1s used with a modulated transmitter,
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Figure 7. A Complete Remote Control Infrared Transmitter Using SAA3004
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Figure 8. Output Stage of the SAA3004

TC127408

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 1s less

December 1988

than that required for an LED in an unmodu-
lated transmitter used with a broadband re-
cewver This is confirmed by the range mea-
surement results given at the end of this
publication

5-15

The total current drain from the battery when
the transmitter 1s In use 1s the sum of gy, 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 1s 2uA, regardless of the supply
voltage

INFRARED RECEIVER
PREAMPLIFIERS

TDA3047 AND TDA3048

The TDA3047 and TDA3048 are bipolar pre-
amplifier ICs for infrared remote control re-
ceivers The ICs differ only in the polanty of
the output signal, the TDA3047 Is active
HIGH and the TDA3048 I1s active LOW This
choice of polarity allows the preamplifier IC to
be selected to suit the microprocessor in the
system being controlled. For example, if an
8048 microprocessor 1s used on interrupt
level (active-LOW input INT), the TDA3048 I1s
the correct choice Power consumption of the
ICs 1s only 10mW from a 5V supply, which 1s
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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 i1s 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 L4
(1258) ensures that the photodiode never
saturates The tapping point for the coil (3.1)
1s chosen to match the input resistance of the
IC (16k£2) and 1s 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 recewver

Alternatively, Ly could be capacitively tapped
as shown in Figure 11. The total capacitance
of Cq5 and Cy, must be that required to tune
the circuit to 38kHz (470pF with a 40mH coll)
The ratio C15/Cyp must be 3.1. Values of
2 2nF for Cq, and 560pF for Cyp, 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 1s
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 1s sup-
pressed, bearing in mind that incandescent
lamps radiate IR at multiples of 100Hz. The
upper frequency imit of the amplifier 1s set by
internal capacitance and I1s above 1MHz

The amplified signal i1s fed to a synchronous
demodulator and a reference amplifier that
imits 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 (6k$2)

After multiplication of the input and reference
signals, the demodulated signal 1s fed to a
pulse shaper and an AGC circutt. A Q-killer in
the AGC loop damps the Q of the input tuned
circuit for high level inputs so that the circurt
can handle large vaniations of signal ampl-
tude An absolute maximum input level of
about 600mV 1s set by the imiter at Pin 1 The
AGC acquisition time and the time constant of
the pulse shaper are determined by C; at Pin

NOTE

Capacitor Cs should be kept well clear of the input pins
Figure 9. TDA3047/3048 in a Narrow-Band IR Receiver

ca Cs Ccé
_{ }_‘ "‘l I_‘ 6.8nF I 33uF
% 47 10 Vee =5V —
nF nF 27 -
x mH fo = 38kHz
4 |13 |5 e 7 10 8
BPWS50
AMPLITUDE
1 LIMITER TDA3047
* TDA3048
=
R =
DIFFERENTIAL SYNCHRONOUS PULSE OUTPUT 94
PREAMPLIFIER
15 DEMODULATOR SHAPER STAGE OUTPUT
L" REFERENCE
AMPLIFIER
3 —
%/ AGC
Q
14
KILLER
12 1
c7 L cs _;‘ 16

22nF I

TC12751S
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12 and Cg at Pin 11, respectively The time
constant at Pin 12 1s 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 recewver circut in Figure 12.
This circuit 1s similar to the previously de-
scribed narrow-band receiver except that the
Q-Killer and amplitude imiter are not neces-
sary (Pins 1, 3, 14 are not used.) Also, the IR
photodiode 1s simply connected between two

12k$2 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 I of 2A, the average current,
which 1s proportional to the infrared radiation,
Is’

Iray = 8.7l X 1074 = 1.7mA.

7 {10 8
> 3k
g 30k 10k S I 8k > 15k r%‘v*‘
3
2
8k
8k r‘ 9
| [ [ [ | [ [
oS [ [ | (] | il 11
3
|
|
14
TDA3047
540 TDA3048
1 e
30k
16
LD06291S
Figure 10. Internal Connectors to Pins of the TDA3047/3048
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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:

lray = 52l X 107% = 10.4mA.

Under these conditions, the range of the
remote-control was 25m with a narrow-band
receiver and 16m with a broadband recewver.

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 recewver and 8m with a broadband
recever

Onginally 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

o Low supply voltage requirements

e Very low current consumption

o 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
® input protection
o Test mode facility

PIN CONFIGURATION

N Package

x7 3] 28] Vop
ssm [Z] 127] X6
2 [Z [26] x5
2 [4] [25) x4
2 [F] [24] x3
z €] 23] x2
MDATA [T7] X1
DATA X0
DR? [9] [20] TP1
DR6 [10] [19) TP2
DRs [11] 18] OsC
DR4 [12} [17] DRO
DR3 [13] [16] DR1
Vgs [14] [15] DR2
TOP VIEW
CD12050S
SYMBOL DESCRIPTION
X7
X0
X1
X2 Keyboard command inputs with
X3 P-channel pull-up transistors
X4
X5
X6
SSM System mode selection input
20
Z1 Keyboard system inputs with
z2 P-channel pull-up transistors
Z3
MDATA} Remote signal outputs
DATA (3-state outputs)
DR7
DR6
DR5
DR4 Scan dnver outputs with open-
DR3 drain N-channel transistors
DR2
DR1
DRO
Vss Negative supply (ground)
osCc Oscillator input
P2 Test input/output
TP1 Test input
Vpp Positive supply

APPLICATIONS
® Audio
ORDERING INFORMATION v
DESCRIPTION TEMPERATURE RANGE ORDER CODE
28-Pin Plastic DIP (SOT-117) -25°C to +85°C SAA3006PN
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vop Supply voltage range with respect to Vgg -0.5 to +8.5 \
\ Input voltage range (V;g.i :;?5) V!
+1 input current 10 mA
Vo Output voltage range (V;%i :)?5) A
+lo Output current 10 mA
Po Power dissipation output OSC 50 mwW
o | e, Sespte o o E
Pror Total power dissipation per package 200 mwW
Ta Operating ambient temperature range -25 to +85 °C
Tste Storage temperature range -65 to +150 °C
NOTE:

1. Vpp+0 5V not to' exceed 9V

December 2, 1986
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BLOCK DIAGRAM

SAA3006
18
0SC O 0SC |— 3x 2
™0 MASTER
TE:
19 MofE RESET
TP2 O— | GENEraTOR
2 MODE 218
SSMO SELECTION DECODER DIVIDER
| CONTROL
s UNIT
30
20—
210—
3
20 |
\ ;
X7 O-
27
X6 0— KEYBOARD
x50 ENCODER
X4 O
2 W
X3 0 COMMAND O DRO
2 AND 16
X2 0— SYSTEM el
X1 0- ADDRESS O DR2
21 LATCH 13
X0 O KEYBOARD B oors
DRIVER 12
DECODER p” O DR4
| -O DRS
10
PARALLEL o O DR
OuTPUT TO SERIAL R
CONVERTER —O DR7
8 7 lu lza
o o
DATA MDATA Vss 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
Vop 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
Iop Ta=25°C 7 10 MA
Inputs
Keyboard inputs X and Z with P-channel pull-up transistors
Input current (each input) at
=l V| =0V; TP = 8SM = LOW 2t07 10 600 A
ViH Input voltage HIGH 2to 7 0.7 X Vpp Voo \
ViL Input voltage LOW 2to7 0 0.3 X Vpp \
Input leakage current at Tp = 25°C;
TP = HIGH;
IR V=7V 1 uA
-hr V=0V 1 MA
SSM, TP1 and TP2
ViH Input voltage HIGH 2to7 0.7 X Vpp Vop \
ViL Input voltage LOW 2t07 0 0.3 X Vpp \"
Input leakage current at Tp = 25°C;
R V=7V 1 MA
-lr V=0V 1 MA
0osC
Input leakage current at Ty = 25°C;
-l V| =0V; TP1 =HIGH; Z2 = Z3 = LOW 2t0 7 2 KA
Outputs DATA and MDATA
Vou Output voltage HIGH at —loy = 0.4mA 2t07 Vpp -03 \
VoL Output voltage LOW at lgL = 0.6mA 2t0 7 0.3 \
Output leakage current at:
lor Vo=7V 10 A
-lor Vo =0V 20 KA
Ta = 25°C;
lor Vo=7V 1 MA
-IQR Vo =0V 2 #A
DRO to DR7, TP2
VoL Output voltage LOW at Ip. = 0.3mA 2t0 7 0.3 \
Output leakage current
lor at Vo =7V 7 10 [T
at Vo =7V;
lor Ta=25°C 1 MA

December 2, 1986 5-21
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DC ELECTRICAL CHARACTERISTICS (Continued) Vgs=0V; T=-25 to 85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER Voo (V) UNIT
Min ‘ Typ [ Max
0osC
losc JOscnllator current at OSC = Vpp 7 J 4.5 ] | 30 pA
Oscillator
Maximum oscillator frequency at C_ = 40pF
fosc (Figures 4 and 5) 2 480 kHz
Free-running oscillator frequency
fosc at Ta=25°C 2 10 120 kHz
17 16 15 13 12 11 10 9
N7 Ne N5 Ne N3 N2 \1 Ne DRO DR1 DR2 DR3 DR4 DR5 DR6 DR7
SN ISNININOINU N N2
YR N SANEXENE X x
AN AN AN \\ NN 1IN N, 21
2 N2 A2t N2 A19 N18 A17 N\ 16
NN NN NNRKN &,
N3 N30 N2e N28 ANz N\2s N5 N\
RINNNNNN NN
39 N3 AN37 N3 N 35 N\ 3¢ N\3s N3
NENENENE N NN NP
a7 N 46 N 45 N4 A\ 2 K 4 r)
N RN NN NENT NG W f
55 N 54 N.53 N\ 52 N 51 N5 N4 48
NN N NN N NN N e
Nes Nez N\ et oo N so Nss Ns7 §\ s
SN N IN N IN TN LI IS
N7 N NS R4 N3 A2 N N
SN IS I IN NN 30l
15 N1 N1 Nz \1 10 N\ 9 8
JNNNNNNRNN
2 RN2N2 N2 N1 N1 N17 N\
R N N Nl N ANl N N
31 N30 \ 29 \28 \\27 \\26 \\ 25 \\ 2
DR N N N N Nl N Nl
SSM TP TP2 DATA  MDATA 0SC
t: Tzo 119 18 17 18
|
(] @ -]r-:
TC19710S8
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

December 2, 1986 5-22
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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
fimished 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 1s
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 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

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 ¥12 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.

TP1 TP2 Z2 Z3 FUNCTION

LOW LOW Matrix input Matrix input Normal

LOW HIGH Matrix input Matrix input Scan + output frequency 6 times faster than normal

HIGH Output fosc® LOW LOW Reset

HIGH Output fosc® HIGH HIGH Output frequency 3 X 27 faster than normal
December 2, 1986 5-23
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KEY ACTIVITIES

Every connection of one X input and one DR
output 1s recognized as a legal keyboard
operation and causes the device to generate
the corresponding code.

Activating more than one X input at a time 1s
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 1s made, the code 1s not
generated.

When one X or Z input is connected to more
than one DR output, the last scan signal i1s
considered legal.

The maximum allowable value of the contact
series resistance of the keyboard switches Is
7kS2.

December 2, 1986

1CODE
DEBOUNCE
TIME

|

MSB LSB MSB

SYSTEM | [
ADDRESS BITS ' BITS
— CONTROL BIT

STARTJ

28T -
TIMES DATA WORD TIME =14 BIT TIMES
2 CODES SUCCESSIVELY
ST 2ND
CODE CODE
START
REPETITION TIME =64 BIT TIMES
/AF04940S
Figure 2. DATA Output Format (RC-5)
DIGITAL 7 DIGITAL ‘0’ I
1BITTIME
'WF19130S
NOTE:

1 Bit ime =3 X 2 X tosc (typically 1778ms) where tosc Is the oscillator period time

Figure 3. Biphase Transmission Code
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Infrared Transmitier

Table 2. Command Matrix X-DR (Continued)

COMMAND BITS

DR-LINES
DR

X-LINES
X

CODE
NO

40
41
45

5-26
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Infrared Transmitter SAA3006
Table 3. System Matrix Z-DR
SYSTEM Z-LINES DR-LINES SYSTEM BITS
NO z DR S
[\] 1 2 3 1 2 3 4 5 6 7 4 3 2 1 0
0 ° 0 0 0 0 0
1 ° L] 0 0 0 0 1
2 ° ) 0 0 0 1 0
3 ] L] 0 0 0 1 1
4 ° [ 0 0 1 0 0
5 ° [ 0 0 1 0 1
6 ° ] 0 0 1 1 0
7 [ ° 0 0 1 1 1
8 L] 0 1 0 0 0
9 L] L] 0 1 0 0 1
10 [ ] ° 0 1 0 1 0
1 L] ° 0 1 0 1 1
12 o L] 0 1 1 0 0
13 ° L] 0 1 1 0 1
14 o o 0 1 1 1 0
15 ] ] 0 1 1 1 1
16 [ 1 0 0 0 0
17 L] L] 1 o 0 0 1
18 L] L] 1 0 0 1 0
19 L] o 1 0 0 1 1
20 [ ° 1 0 1 0 0
21 [ ] ] 1 0 1 0 1
22 ® [ 1 0 1 1 0
23 ® ° 1 0 1 1 1
24 ° 1 1 0 0 0
25 L] [ 1 1 0 0 1
26 ° L] 1 1 0 1 0
27 ] [ 1 1 0 1 1
28 ° ° 1 1 1 0 0
29 [ L] 1 1 1 0 1
30 ° L] 1 1 1 1 0
31 ° ° 1 1 1 1 1
2 Voo
X JUL =t
g N\ 0sc o—»f 2 o DaTA
2 \ 18
[}
E p—- X0 21
a 1 2 3 SAA3006
B
g DRO 17
4 C
TP1[20 TP2|1 Vg W
0 Vss
0 50 100 TC197408
c.eP Figure 5. Test Circuit for Measurement of Maximum Oscillator Frequency
OP15710S
Figure 4. Typical Normalized Input
requency 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.

December 2, 1986
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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 Control
Transmitter (RC-5)

Product Specification

FEATURES

o Transmitter for 32 X 64
commands

e One transmitter controls 32
systems

e Very low current consumption

o For infrared transmission link

e Transmission by biphase
technique

® Short transmission times; speed-
up of system reaction time

o LC oscillator; no crystal required

© Input protection

o Test mode facility

APPLICATION
e Remote control systems

PIN CONFIGURATION

N Package

TOP VIEW
CD120605
PIN
no. SYMBOL DESCRIPTION
1 X7
21 X0
2 X1
23 X2 Keyboard 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 mnputs 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 Vsgg Negative supply (ground)
18 OSCI Oscillator nput
19 TP Test pin
20 0OSCo Oscillator output
28 Vpp Positive supply

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
' Input voltage range -0.5 to (Vpp + 0.5) \"
|, Input current 10 mA
Vo Output voltage range '~0.5 to (Vpp + 0.5) i
o Output current 10 mA
Po Power dissipation output OSCO 50 mwW
Power dissipation per output (all other
Po outputs) 100 mwW
Pror Total power dissipation per package 200 mW
Ta Operating ambient temperature range -25 to +85 °C
Tsta Storage temperature range -65 to +150 °C
April 25, 1988 5-28
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Infrared Remote Control Transmitter (RC-5) SAA3027

BLOCK DIAGRAM

SAA3027
18
oscto—y OSCILLATOR
0SCo O~
19 TEST MASTER
™ O~ MODE RESET
GENERATOR
2 MODE 13
o é 2
ssM SELECTION DECODER DAADER
l CONTROL
6 UNIT
20
5
2
2ot
3
00 I
. ‘
X7 0
27
X6 0— KEYBOARD
x5 O ENCODER
25
X4 O
X3 O—n COMMAND 7 ooRo
%2 Ot AND 16
oz SYSTEM -O DRt
x10 ADDRESS 5 oDR2
2 LATCH 13
X0 O~ KEYBOARD —O DR3
DRIVER 12
DECODER ™ O DR4
[ - O DRS
PARALLEL o —O DRé
OUTPUT TO SERIAL
CONVERTER O DR
8 7 lu lzo
o o
DATA MDATA Ves Voo
80081318
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Infrared Remote Control Transmitter (RC-5) SAA3027

DC AND AC ELECTRICAL CHARACTERISTICS Vgs =0V, To=-25°C to 85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER Vop (V) UNIT
Min Typ Max
Voo Supply voltage 4.75 12.6 \
Supply current
at Io=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;
oo Ta=25°C 126 10 MA
Inputs
Keyboard inputs X and Z with P-channel pull-up transistors
Input current (each input) at V, =0V,
-1 TP = SSM = LOW 475 to 126 10 300 MA
ViH Input voltage HIGH 4.75 to 12.6 07 X Vpp Voo \"
Vi Input voltage LOW 475 to 12.6 0 0.3 X Vpp \"
Input leakage current
at Tp = 25°C; TP = HIGH;
IR V=126V 12,6 1 MA
-lr V=0V 12.6 1 A
SSM, TP and OSCI inputs
Vi Input voltage HIGH 4.75 to 12.6 0.7 X Vpp Vbo
Vi Input voltage LOW 4,75 to 12.6 0 0.3 X Vpp v
Input leakage current at Ta = 25°C;
11} V=126V 126 1 MA
-Ir V=0V 12.6 1 MA
Outputs
DATA, MDATA
VoH Output voltage HIGH at ~lpy = 0 8mA 4.75 to 126 Vpp -0.6 v
VoL Output voltage LOW at Ig. = 0.8mA 4,75 to 12.6 0.4 \
Output leakage current at:
lor Vo =126V 12.6 10 A
~-lor Vo =0V 12.6 20 MA
Ta = 25°C;
lor Vo =126V 126 1 MA
-lor Vo =0V 126 2 MA
DRO to DR7 outputs
VoL Output voltage LOW at g = 0 356mA 4.75 to 12.6 0.4 \
Output leakage current
loR at Vo =126V 12.6 10 WA
at Vo =126V,
lor Ta=25°C 12.6 1 uA
0SCO output
Output voltage HIGH
VoH at —lop = 0.2mA; OSCI = Vs 4.75 to 12.6 Vpp - 0.6 \"
Output voltage LOW
VoL at ~lo = 0.45mA; OSCl = Vo 4.75 to 12.6 0.5 v
Oscillator
£ Maximum oscillator frequency
0sCl at C_ = 40pF (Figures 4 and 5) 4.75 75 72 kHz
fosci 6 120 72 kHz
fosci 126 300 72 kHz
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Infrared Remote Control Transmitter (RC-5)

SAA3027

Handling

Inputs and outputs are protected against
electrostatic charge in normal handling. How-
ever, to be totally safe, it i1s desirable to take
normal precautions appropriate to handling
MOS devices.

17 16 15 13 12 1 10 9
N7 Ne N5 AN N N2 N Ne DRO DR1 DR2 DR3 DR4 DRS DR6 DR7
SOINCENINISNU NN 2
SNANRNES N ERNENEX X0
NN N N N N 208
23 A2 A2t R20 A19 A18 N17 N\ 16
RN NNNKNN &),

31 N30 N2 A28 \Z 26 N 25 N\ 24

ANNNNNN NN
39 N3 N7 38 N3 N3¢ N33 N\ 32
N NN N AN N N NP
a7 N 48 N 45 N\N# A\ 42 § 41 40
NN NN NN NS = |
55 N 54 N.53 A.52 N5t N0 N4 N\

NN N .
63 Ne2 N6t NeofN\ss Nse N\s7 |\ s6
NERERTRERE RN NS “«
N7 Ne N5 AN Ne N2 N N
SN IS IS ING NN 3012
5 2 N1 10 N9 8
NN .,
BA2AN2 N2o N9 N1 N7 N6
RN N N Nl N AN AN AN
31\ \\29 \28 \\ 27 26 \ 25 \| 24
NN NN NPNENY .,
TP SSM  MDATA  DATA 0SCI 0SCO
tw 12 17 13 A 18 20
1
1} @ I I

NOTES:

(4] inputs for op g 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

April 25, 1988

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

5-31

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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Infrared Remote Control Transmitter (RC-5)

SAA3027

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 I1s
made for two bit times without interruption,
the oscillator-enable signal i1s 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-ines are
switched off and the nputs 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, 1s 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 s HIGH, the transistors are
switched off and no current flows wvia 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 1s formed externally by one inductor and
two capacitors and operates at 72kHz (typi-
cal).

Key-Release Detection

An extra control bit 1s 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-

April 25, 1988

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 i1s modulated on a
carnier frequency of half the oscillator fre-
quency, so that each bit 1s 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 dniv-
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-
phshed if:

5-32

® 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 1s no wired connection in the Z-DR
matrix while SSM 1s 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 =Z3 = LOW, the counter will be
reset to zero.

Key Activities

Every connection of one X-input and one DR-
output 1S 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 1s LOW, every connection of one
Z-input and one DR-output 1s 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 I1s 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 1s made, the code is not
generated.

When one X or Z-input Is connected to more
than one DR-output, the last scan signal I1s
considered legal.

The maximum allowable value of the contact
series resistance of the keyboard switches is
10k2

Z2 or Z3 must be connected to Vpp to avoid
unwanted supply current.
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SAA3027

1CODE

.___,'_"’5‘52"""5 msB DL —
Y%%% %ﬁ%ﬁﬁ%ﬁ%%%ﬁ

co D
ADDRESS BITS ' BITS
— CONTROL BIT

DATA WORD TIME =14 BIT TIMES —————— |

2 CODES SUCCESSIVELY

%
m‘, S r—:ssz
| |

REPETITION TIME =64 BIT TIMES

AF049405)|

Figure 2. DATA Output Format (RC-5)

A 1

DIGITAL ¥ DIGITAL ‘0’

1BITTIME
WF191305

NOTE:
1 Bit Time =27 X Tosc =1778ms (Typical), where Tosc Is the oscillator period time

Figure 3. Biphase Transmission Code
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Table 1. Command Matrix X-DR

COMMAND BITS

[eNeNoNoNoNoNeNal

DR-LINES
DR

X-LINES
X

00000900

CODE
NO

O~ ANMT OO~
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Infrared Remote Control Transmitter (RC-5)

Table 1. Command Matrix X-DR (Continued)
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Infrared Remote Control Transmitter (RC-5) SAA3027

Table 2. System Matrix Z-DR

SYSTEM Z-LINES DR-LINES SYSTEM BITS
NO 4 DR S
0 1 2 3 1 2 3 4 5 6 7 4 3 2 1 0
0 o 0 0 0 0 0
1 ° ° 0 0 0 0 1
2 . ° 0 0 0 1 0
3 ° [} 0 0 0 1 1
4 o ° 0 0 1 0 0
5 [ o 0 0 1 0 1
6 [ [ 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 o ° 0 1 0 1 0
1 [ (] 0 1 0 1 1
12 ° ° 0 1 1 0 0
13 o ° 0 1 1 0 1
14 ° ° 0 1 1 1 0
15 [ ° 0 1 1 1 1
16 . 1 [o] 0 0 0
17 ] L[] 1 0 0 0 1
18 ° ° 1 0 0 1 0
19 [} o 1 0 0 1 1
20 o o 1 0 1 0 0
21 ° o 1 0 1 0 1
22 [} ° 1 0 1 1 0
23 o [} 1 0 1 1 1
24 3 1 1 0 V] 0
25 [ [ 1 1 0 0 1
26 [ ° 1 1 0 1 0
27 ° ) 1 1 0 1 1
28 ° . 1 1 1 0 0
29 . [} 1 1 1 0 1
30 ° . 1 1 1 1 0
31 [ [ 1 1 1 1 1
2 Voo
Vop|28 ssM |2
] 05C! O—1 —»- DATA
g e X0 21
ﬁ 1 2 3 SAA3027
-t
g DRO 17
§ P
=% W Vs | 14
] Vss
o w m TC197208
[
L6h oprsTios Figure 5. Test Circuit for Measurement of Maximum Oscillator Frequency
Figure 4. Typical Normalized Input
requency 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 12C bus operation.

ORDERING INFORMATION

SAA3028

Remote Control
Receiver/Transcoder

Product Specification

FEATURES

o 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))

o Rejects all codes not in RC-5/
RC-5(ext) format

e 12C output interface capability

e 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

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-382) -25°C to 85°C SAA3028N
BLOCK DIAGRAM
RCS DAV 0scl  0sco
<) o ) o
5 1 6 7
CLOCK
TIMER CONTROL GENERATOR
CIRCUIT
SAA3028
DATA 1 O- 2 L O SCL
INPUT C BUS
BUFFER 10
DATA2 O- 11 DETECTOR INTERFACE O SDA
POWER-ON POWER-OFF
RESET CIRCUIT
16 |8 2 4 15 |14 J13
o o <) o) o 0 ©
Vop  Vss MAD MA1 MA2 SSB ENB PO
80081115
May 5, 1988 5-37

N Package

TOP VIEW

PIN NO. SYMBOL

MAO
MA1
MA2
RC5 Data 2 nput select

OSCI  Oscillator input
0OSCO  Oscillator output

SDA Serial data Iine
DATA 2 Data 2 input

2

3

4

5

]

7

8

9 SCL Senal clock line
10

11

12 DATA 1 Data 1 input
13 PO

Master address inputs

14 ENB Enable input
15 SSsB Set standby nput
16 Voo Positive supply (+5V)

CD120408

DESCRIPTION

DAV Data vahd output with open drain
N-channel transistor

Vss Negative supply (ground)
} 12C bus

Power-off signal output with open
drain N-channel transistor

853-1028 93192
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Remote Control SAA3028

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Voo Supply voltage range with respect to Vgg -0.5 to +15 \
\2 Input voltage range -0.5 to (Vpp+0.5) | V!
B4 Input current 10 mA
Vo Output voltage range -0.5 to (Vpp +0.5) v
*+lp Output current 10 mA
Po Power dissipation output OSCO 50 mW
Po Power dissipation per output (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 -55 to +150 °C

NOTE:

1 Vpp+05 not to exceed 15V

DC ELECTRICAL CHARACTERISTICS vgs=0V; To=-25°C to 85°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER Voo (V) UNIT
Min Typ Max
Vbp Supply voltage 4.5 5.5 \
Ipp 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 4.5 to 5.5 07 X Vpp Vop \
ViL Input voltage LOW 45 to 65 0 0.3 X Vpp \2
Iy Input leakage current at V| =5.5V; Tp =25°C 55 1 MA
=1 Input leakage current at V=0V, Tp =25°C 5.5 1 MA
Outputs DAV, PO
VoL Output voltage LOW at Ig = 1.6mA 4.5 to 5.5 0.4 \
lor Output leakage current at Vo = 5.5V; Tp =25°C 55 1 MA
0sco
VoH Output voltage HIGH at -lpy = 0.2mA 45 to 55 Vpp-0.5 \
VoL Output voltage LOW at lp. = 0.3mA 45 to 55 0.4 \
Output leakage current at Tp = 25°C;
loR Vo =5.5V 55 1 WA
lor Vo =0V 5.5 1 MA
sDO
VoL Output voltage LOW at Ig =2mA 45 to 5.5 0.4 \
lor Output leakage current at Vo =5.5V; Ta = 25°C 55 1 MA
Oscillator
fosci Maximum oscillator frequency (Figure 6) 475 500 kHz
HANDLING ever, to be totally safe, it is desirable to take

Inputs and outputs are protected aganst normal precautions appropriate to handiing
electrostatic charge in normal handling. 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 1s 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-imes of the
biphase codes are defined in Figure 3.

L\
ADDI:ESS

| 1
COMMAND
1 -1

I -

4
START  CONTROL

NOTE:
Stop time = 1 5 bit-times (norminal)

DATA WORD TIME = 15 BIT TIMES

Figure 1. RC-5 Code Format: the First Start Bit is Used Only for Detection and Input Gain-Setting

AF047508

TOGGLE REPEAT

RESET STANDBY

DEFINED FUNCTION
plabai b Gty

I

LI rror 17T i
2.1,0 SLAVE ADDRESS
11 1 i L 1 i 1 1

17 1 1
DATA
i1 1 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

| |~—

AF047408

A 1

NOTE:

fe—————1BIT TIME ————|

DIGITAL ‘¥’ DIGITAL ‘O’

RC-5 bit-time = 27 X togc = 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 I2C interface. The
information now held in the buffer is as shown
in the table.

Output Function

The data i1s 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 1s output senally, 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 1C 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.

May 5, 1988

RC-5 BUFFER CONTENTS RC-5(EXT) BUFFER CONTENTS
® Data valid indicator 1 Bit ® Data vald indicator 1 Bit
® Format indicator 1 Bit ® Format indicator 1 Bit
® |nput indicator 1 Bit ® Input indicator 1 Bit
e 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 I1s 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 1s reset to LOW.

DAV = HIGH This occurs when the buffer contents are valid. If the buffer 1s not
empty, or an output transfer is taking place, then the new binary values
are discarded.

| DATA1 | DATA 2 | DATA3 | DATA4 |
l l l MSB LSB‘ MSB LSJ
T T T T T[T T T T I T VT[T T T T T i1 rrrrr
Ixoxooooolcooooooolooo ADDRESS |oo COMMAND J
'R DA O R R T T R T T T T T T T Y N R N
CONTROL BIT
L— INPUT INDICATOR: 0= DATA 1INPUT; 1= DATA 2 INPUT
L——— FORMAT INDICATOR: 0=RC -5
DATA VALID = 0; DATA NOT VALID =1
AF04760S
Figure 4. RC-5 Binary Equivalent Value Format
| DATA1 | DATA2 I DATA3 | DATA4 f
I MSB LSJ Imsa LSB!MSB LSB,
TT T 1 MA lTllll T I L LY LB
Ix 1.X 0 ol |x X x x x X I SLAVEADDnEss DATA
llll°|1|2|| L1 1 I T O O |
—~——
MASTER RESET
ADDRESS  STANDBY
L INPUT INDICATOR: 0 = DATA 1INPUT: 1= DATA 2 INPUT
L FORMAT INDICATOR: 1=RC - 5 (EXT)
DATA VALID = 0; DATA NOT VALID =1
AF04770S
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 I1s 455kHz.

15nF
_L_q — oscl
= e [u]
b3 [__) CERAMIC
1 RESONATOR
15nF
osco

TC195908
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

TT 1T T1T7TT LI L N L
S START BYTE A|S] SLAVEADDRESS 11A DATA1 A] DATA2 |JA] DATA3 }JA|] DATA4 JA]P
L 11 11 111 1 1 1

B

t

ACKNOWLEDGE RIW ACKNOWLEDGE FROM RECEIVER
FROM MASTER (= MASTER)
NOTES: _
When R/W bit=0, the slave a NACK Jot , leaves the data line HIGH and warits 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 I°C Low-Speed Mode

AF04780S

ACKNOWLEDGE
FROM SLAVE

LS l :SIA:VE:ADE)R%SS: I 1 I AI DATA1 FJ DATA 2 I Al DATA 3 I Al DATA 4 | AIiI
-t t t t
[

RIW ACKNOWLEDGE FROM RECEIVER
(= MASTE!

AF04790S

NOTES:
When R/W bit=0, the slave generates a NACK (negative acknowledge), leaves the data ine 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 12C High-Speed Mode
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DESCRIPTION

The TDA3047 is for infrared reception
with low power consumption.

ORDERING INFORMATION

TDA3047

IR Preamplifier

Product Specification

FEATURES

e HF amplifier with a control range
of 66dB

e Synchronous demodulator and
reference amplifier

® AGC detector

e Pulse shaper

e Q-factor killing of the input
selectivity, which is controlled by
the AGC circuit

® Input voltage limiter

APPLICATION
¢ IR remote control systems

PIN CONFIGURATION

INPUT SIGNAL [T]
INPUT SIGNAL [2]

QG FACTOR IN [3]
FEEDBACK CAP IN [4]
FEEDBACK CAP IN 5]
FEEDBACK CAP IN [6]
COIL INPUT

Vee

TOP VIEW

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. puse- | | ourhur 9
15 HF AMP DEMODULATOR SHAPER BUFFER [}
AGC.
DETECTOR
3 Q-FACTOR I
KILLER
14
TDA3047
INPUT
1 LIMITER
12 1 16
BD01383S
March 2, 1987 5-42

D, N Packages

[16] anD
[15] INPUT SIGNAL
[13] @ FACTOR IN

[13] FEEDBACK CAP IN

AGC DET TIME

‘CONSTANT

77 PULSE SHAPER
CAPACITOR

[10] cow iNPUT

[9] outpur

CD112408

853-1195 87842
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Pin 8) 132 \"
I11 Output current pulse shaper (Pin 11) 10 mA

Voltages between pins’
Vo_15 Pins 2 and 15 45 \"
V4_13 Pins 4 and 13 4.5 \
Vs_6 Pins 5 and 6 4.5 Vv
V7_10 Pins 7 and 10 4.5 \
Vg_11 Pins 9 and 11 45 \
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

DC ELECTRICAL CHARACTERISTICS Vi =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 50 5.35 Vv
lcc=1g Supply current 12 21 3.0 mA
Controlled HF amplifier (Pins 2 and 15)
Minimum 1nput signal (peak-to-peak value)
Va_15(p-p) at f = 36kHz' 15 25 uv
Va_ 15(-p) at f = 36kHz? 5 uv
AGC control range (without Q-killing) 60 66 dB
Va2 15(-P) Input signal for correct operation (peak-to-peak value)3 002 200 mV
Va_15(-p) Q-killing nactive (I3 = l14 < 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-kiling range Figure 1
Inputs
Vo Input voltage (Pin 2) 225 245 2.65
Vis Input voltage (Pin 15) 225 245 265 \
Ra-15 Input resistance (Pin 2) 10 15 20 kQ
Ca-15 Input capacitance (Pin 2) 3 pF
Vi_1e Input limiting (Pin 1) at 1; =3mA 0.8 0.9 \
Outputs
-Vg_3g Output voltage HIGH (Pin 9) at —lg = 75uA 0.1 0.5 \
Vg Output voltage LOW (Pin 9) at lg = 75uA 01 0.5
Output current; output voltage HIGH
~lg at Vg =45V 75 120 A
-lg at Vg = 3.0V 75 130 HA
-lg at Vg =1.0V 75 140 MA
lg Output current, output voltage LOW at Vg =05V 75 120 MA
R7-10 Output resistance between Pins 7 and 10 3.1 47 6.2 kQ
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DC ELECTRICAL CHARACTERISTICS (Continued) Vg = Vg =5V; Tp =25°C, measured in Figure 3, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min l Typ T Max
Pulse shaper (Pin 11)
Tngger level in positive direction
Vi1 (voltage Pin 9 changes from HIGH to LOW) 3.75 3.9 4.05 v
Trigger level in negative direction
Viq (voltage Pin 9 changes from LOW to HIGH) 3.4 3.55 37
AVyy Hysteresis of trigger levels 0.25 0.35 0.45 v
AGC detector (Pin 12)
-li2 AGC capacitor charge current 3.3 4.7 6.1 MA
li2 AGC capacitor discharge current 67 100 133 MA
Q-factor killer (Pins 3 and 14)
-3 Output current (Pin 3) at Via_16 =2V 2.5 7.5 15 MA
~l1a Output current (Pin 14) at Vip_16=2V 2.5 7.5 15 MA

NOTES:

1. Voltage Pin 9 1s HIGH; ~lg = 75uA.

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 hmiter. 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-

5-44

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 |y = 3mA.
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- AAA Vs=50VOLT

1 BPW | T 1004F 1o = 3ekHz
50\ ]: = 10nF

| 1] 2[ 3] 4| s| 6} 7[5

o TDA 3047/3048 6.8nF

l 1 2
| L 327 56nF | a7
470pF : — =
i 1
382mH 2.72mH
Bl 1its 1413 1111110[_9
al . 56

= = I |22] Taz
p - nF nF
10 100 == DATA OUT
Va_15(mV) TCO1381S.
0P10780S NoTEs
NOTE: 1.Q=16
I3, 14 1s measured to ground, Vz.15p.p) IS @ Symmet- 2 Q=86
r?ca'l‘squara wave. Measured sz‘lsg(ur:) 3, Ve =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
A~ Vg=50VOLT
-:E 1004F 1o = 38kHz
- 10nF
<b
2% 10.[ 1) 2| 3] 4/ s 6l 7
< nF
N SR
47nF
Bw\ZE :E TOA 3047/3048 =22nF
> 101
12K T 6]15] 14[13| 12-L11_L101 9
Jt—' - 6.8
- = n’gII,; L paTaOUT
- - TC015518
NOTE:
For better sensitvity, both 12k resistors may have a higher value
Figure 3. Wide-Band Receiver With TDA3047
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DESCRIPTION FEATURES PIN CONFIGURATION
The TDA3048 is for infrared reception e HF amplifier with a control range
. D, N Packages
with low power consumption. of 66dB
e Synchronous demodulator and INPUT SIGNAL [T] %] ano
reference amplifier INPUT SIGNAL [15] INPUT SIGNAL
e AGC detector Q FACTOR IN [3] [14] @ FACTOR IN

[13] FEEDBACK CAP IN
i3] AGC DET TIME
CONSTANT
PULSE SHAPER
FEEDBACK CAP IN €] I Bty
COIL INPUT [10] coiL INPUT

vee 2] [9] output

FEEDBACK CAP IN [4 ]
FEEDBACK CAP IN 5 |

o Pulse shaper

e Q-factor killing of the input
selectivity, which is controlled by
the AGC circuit

e Input voltage limiter

TOP VIEW

€D112¢08|

APPLICATION
e IR 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 6 7 10 8
SUPPLY
—>1
REFERENCE
AMPLIFIER
2 !
CONTROL SYNCH. PULSE— OUTPUT 0
1 AMPLIFIER DEMODULATOR sHAPER [ suFFEr [
AG.C.
DETECTOR
s [
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 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-

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 1s 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) 13.2 \"
l11 Output current pulse shaper (Pin 11) 10 mA

Voltages between pins’
Va_1s Pins 2 and 15 45 \'
Va-13 Pins 4 and 13 4.5 \
Vs_¢6 Pins 5 and 6 45 \
V7_10 Pins 7 and 10 4.5 \'2
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
1s 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 |4 =3mA.
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DC ELECTRICAL CHARACTERISTICS Ve =Vg=5V, Tp=25°C, measured in Figure 3, unless otherwise specified

LIMITS
SYMBOL PARAMETER UNIT
Min [ Typ i Max
Supply (Pin 8)
Vee Supply voltage 4.65 50 5.35 Vv
Icc Supply current 12 21 30 mA
Controlled HF amplifier (Pins 2 and 15)
Minimum input signal (peak-to-peak value)
Vo_1s at f = 36kHz' 15 25 uv
Va_1s at f = 36kHz? 5 ny
AGC control range (without Q-killing) 60 66 dB
Vo_1s Input signal for correct operation (peak-to-peak value)® 0.02 200 mV
Vo_15 Q-killing inactive (I3 =114 < 0 5uA) (peak-to-peak value) 140 uv
Vao_1s5 Q-kiling active (l14 = I3 = max.) (peak-to-peak) value 28 mV
Q-killing range See Figure 1
Inputs
Vo Input voltage (Pin 2) 225 2.45 2.65 v
Vis Input voltage (Pin 15) 225 245 2.65
Ro_15 Input resistance (Pin 2) 10 15 20 kQ
Ca_15 Input capacitance (Pin 2) 3 pF
Vi-16 Input imiting (Pin 1) at |; =3mA 08 0.9 \"
Outputs
-Vg_g Output voltage HIGH (Pin 9) at —lg = 75uA 01 05
Vg Output voltage LOW (Pin 9) at Ig = 75uA 01 0.5 \
Output current; output voltage LOW
Ig -Vg_g=45V 75 120 uA
lg -Vg_g=3.0V 75 130 A
lg ~Vg_g=1.0V 75 140 uA
~lg Output current; output voltage HIGH
-Vg_g =05V 75 120 A
R7-10 Output resistance between Pins 7 and 10 31 4.7 62 k2
Pulse shaper (Pin 11)
Trigger level in positive direction
Vi1 (voltage Pin 9 changes from HIGH to LOW) 3.75 39 4.05 Vv
Trigger level in negative 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 HA
l12 AGC capacitor discharge current 67 100 133 HA
Q-factor killer (Pins 3 and 14)
-3 Output current (Pin 3) at Vi =2V 25 75 15 MA
—li4 Output current (Pin 14) at Vyp =2V 25 75 15 MA
NOTES:

1 Voltage Pin 9 i1s LOW; Ig = 75uA
2 Voltage Pin 9 remains HIGH.
3. Undistorted output pulse with 100% AM input.
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8 - 2
- A Vs =5.0 VOLT
T ||| BPW | T 1004F
SONK = 10nF

i bt i
= [ L _E { 1] 2]'15l 4] 51 6] 7] 8
S G L L1 327 s6nF .
P L L 470pF == 3 — ==oF TDA 3047/3048 = 6anF

38.2mH ) 2.72mH
2 1 16 15[{_’ 13 12111_]_10[ 9
56
/1 Jm" = = = ;nF I I
o | 1 =

0.01 0.1 1
10 100 -——— DATA OUT
Va_1s (mV) Tcotasos]
OP10780S
NOTE:
NOTE: N1=321
13, 14 1s measured to ground, V2 _ 15(p.p) IS @ symmet- N2=1
ncal 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
—- “AAA Vs=50VOLT
2o VWA-
™
= 10nF
2K 10_[ 1] 2| 3] 4 5]1&]7 8

47nF
Bpw x "'E TDA 3047/3048 8.2mH L2
-> I
15] 14| 13|12_|-11L10[9

I ‘——————— = DATA OUT

..

x

WA
)]
,.'
B

||l

TC015508

NOTE:
For better sensitvity both 12kS2 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 NES55 for recewving
infrared remote-controlled signals, a new inte-
grated circuit has been developed

In comparison with the TCA440-NE555 com-
bination, this IC 1s aimed to have a higher
replacement value and improved perfor-
mance. The TDA3048 1s 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

® |ess periphery and no adjustment
points

® Totai spread on pulse widening < 10%
by a standard RC-5 signal

Besides, the IC 1s also surtable to be used in a
RC-5 extended receiver and in a wide band
receiver

A standard bipolar process w'th single layer
interconnect and without collector wall has
been used.

Due to the low currents, a collector wall 1s not
necessary.

FUNCTIONAL DESCRIPTION OF
THE BLOCK PARTS

Figure 1 shows the block diagram of the
TDA3047 and TDA3048

Amplifier

The input signal 1s amplified 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 ampiifier amplifies and limits
the nput signal. The output signal of this
amplifier is fed to the synchronous demodula-

Synchronous Demodulator

In the synchronous demodulator, the input
signal and reference signal are muitipled.
The output signal of the demodulator I1s fed to
the input of a pulse-shaper circuit and to the
input of the AGC circurt

AGC Circuit

The output signal of the synchronous demod-
ulator is fed to the AGC circuit. The top level
of the signal 1s detected by the AGC detector
Noise pulses are integrated by an internal
capacitor. The output signai from the AGC
detector 1s amplified and supplied to the first
and second stage of the amplifier and to the
Q-kiling circuit.

Pulse-shaper Circuit

The output of the synchronous demodulator
1s also fed to the pulse-shaper circut The
slicing levei 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.
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Figure 1. Block Diagram of the TDA3047/3048
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Circuit Description of the Infrared Receiver TDA3047 /TDA3048

ANA172

Q-Killing Circuit The output of the Q-killing circuit can be

In the narrow-band application it is necessary ~ directly coupled to the input.

to degenerate the Q of the input selectivity  |npyt Voltage Limiter

particularly when large signals occur at the | the narrow-band application high voltage

input. peaks can occur on the input selectivity. The
input hmiter imits these voltage peaks to

APPLICATION
The narrow-band application diagram has
been given in Figure 2 and a lower perfor-

mance wide-band application diagram In
Figure 3

about 0.7V.
22
> AAA——— Vs =50 VOLT
BPW | T 1004F
50N Z - 10nF
1] 2[ 73] 4f 5{ 6] 7[ 8
327 56nF o
470pF = — ToF TDA 3047/3048 == 68nF
38.2mH 2.72mH
16[15]14] 13 1TT0D
A 56
= = = I {23] Taz
- nF nF
== L—  +paTAOUT

Figure 2. Narrow-Band Application Diagram of the TDA3047/3048
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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 I1s 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

® Independent 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 Cg.
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-
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Figure 1. Functional Block Diagram

BD01420S
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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

December 1988

avoided. Due to the low ohmic resistance of
the coil, the IR recewing 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 472 and 0.33uF suppresses the
unwanted current vanations 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 Q; 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:

1

R\/c:‘1+1 [
UV LR Y G

1

where R 1 is the ohmic resistance of the coil
and the parallel resistor Rp = n? RiNt-

With the component values shown in Figure 4
and a given Ry =125%, Ryy= 16k, the
factor Q is calculated as Q = 13. The band-
width is now known from

fo
Af = — = 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+Cyp

The ratio is n=
Cip

With values of Cy4 = 2.2nF, Cyp, = 560pF and
Ly = 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, Rin2, between Pins 7 and
10 and is calculated from

1

V% A/

Lo Rz ~ Cg
with 129 for Ry and 5kS2 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

Qs =
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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 i1s
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

where At is the charge time and A VCg is the
voltage increment. ICg I1s generated by an
internal current source.

The voltage increment at Cg is proportional to
At, with ICg constant and expressed as

_ (ce)(At)

Cs
The pulse width, At, of the demodulated
signal must be large enough that VCg ex-

ceeds the threshold voltage of the pulse-
shaper.

AVga

Given the format of the received data, Cg will
have different values

|Puise wigth| g
SAA3004 | 88us | 22nF

A 2.2nF capacitor in the SAA3004 remote
control system is an opttmum 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 I1s defined by the time
intervals between the generated output pul-
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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) (i) (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) = 106uA/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 the loss of power In the transmitter is of
subordinate importance
SAA3004
Modulated Unmodulated POWER DISSIPATION
Power product 106uA/sec 18uA/sec In comparison with older types of preamplifi-
Narrow-band ers, the power consumption Is enormously
Ca = 4 7TnF 25mt 11mt reduced. For instance, the TDB2033 con-
8 sumed 204mW at 12V supply, while the
Broadband 16mt 12mt TDA3047/48 only takes 10mW at 5V supply,
Cg =2 2nF which 1s very useful for ''standby'' mode. A
second advantage 1s the 5V supply which can
Table 2. Distance Reach With Constant Power Product of also be used by the decoding microcomputer.
18uA/sec
SAA3004 POSSIBLE APPLICATION
COMBINATIONS
Modulated Unmodulated In Table 3, the different combinations are
Narrow-band given for remote control systems operating in
- 11mt 11mt the modulated or unmodulated mode
Cg =4.7nF
Broadband
8mt 12mt
Cg = 2.2nF OUTPUT SIGNAL
As indicated in the introduction, the TDA3047
Table 3. Application Possibilities has an active-high output signal, while an
active-low output is generated by the
SAA3004 TDA3048. This choice in polarty 1s made
available for maximum cooperation with the
Unmodulated Modulated decoding part. If, for example, an 8048 micro-
Narrow-band No sense; no selectivity Great distance reach, high se- computer 1s used _on interrupt level, with
lectivity, reliable active-low at input INT, the TDA3048 is then
b - o the correct amplifier. If the INT input 1s active-
Broadband anctlon only possible | Low reach, low selectivity; inter- High, the TDA3047 outputs the proper high
with small width output | ference. level
pulse; less reliable )

and the power product/bit constant at a Only the combinations "modulated and PC BOARD DESIGN

18uA/sec. Table 2 1s comprised of the results narrow-band amplfier'" are reasonable.  Special attention must be given to the place-
from these measurements. b. With the peak current Ir through one IR-  ment of Cs. The greatest distance must be
Results of the Measurements transmitting diode, the range with one IR realized between the position of this capacitor

diode is limited. and the inputs 2 and/or 15. Ground connec-

The results of the measurements can be . .
summarized as follows. c. A maximum range I1s obtained using the tions and screening must also be done with
modulated mode of data transmitting, but ~ great accuracy.
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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

o AGC output to tuner

e AFC circuit

e Video and audio preamplifiers

e Sound IF amplifier and
demodulator

e Choice of sound volume control
or horizontal oscillator starting
function

e Horizontal synchronization circuit
with two control loops

e Triggered divider system for
vertical synchronization and
sawtooth generation giving
automatic amplitude adjustment
for 50 or 60Hz vertical signal

o Transmitter identification circuit
with mute output

e Sandcastle pulse generator

APPLICATION
e Color TV

PIN CONFIGURATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE

28-Pin Plastic DIP (SOT-117) -25°C to +65°C TDA4501N
ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vecc=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
Tste Storage temperature range -65 to +150 °C

December 2, 1986
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BLOCK DIAGRAM
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Small-Signal Subsystem IC for Color TV TDA4501

DC AND AC ELECTRICAL CHARACTERISTICS Vcc=V7_g=10.5V; Ta=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ } Max
Supplies
Vee Supply voltage (Pin 7) 9.5 105 132 \
lcc Supply current (Pin 7) 120 mA
Vii-6 Supply voltage (Pin 11) 10.5 \
111 Supply current (Pin 11) for horizontal oscillator start 6 mA
Vision IF amplifier (Pins 8 and 9)
Vg_g Input sensitivity at 38.9MHz' 40 70 120 uv
Ve-g Input sensitivity at 45.75MHz' 90 u
Rg-g Differential input resistance (Pin 8 to 9) 1.3 k2
Cg-g Differential input capacitance (Pin 8 to 9) 5 pF
AGC range 60 dB
Vg_g Maximum input signal 50 70 mV
AVi7-6 Expansion of output signal for 50dB vanation of input signal with 1 dB
Vg_g at 150uV (0dB)
Video amplifier
Vi7-6 Output level for zero signal input 4.5 \
(zero point of switched demodulator)
Vi7-6 Output signal top sync level? 1.4 v
Vi7-6(P-P) Amplitude of video output signal (peak-to-peak value) 2.8 \"
l17gNT) Internal bias current of output transistor (NPN emitter-follower) 1.4 2.0 mA
BW Bandwidth of demodulated output signal 6 MHz
dGq7 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®
Zg =750
S/N Vi=10mV 50 54 dB
S/N End of gain control range 50 56 dB
Residual carrer signal 7 30 mV
Residual 2nd harmonic of carrier signal 3 30 mV
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = V7_6=10.5V; To = 25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min I Typ I Max
Tuner AGC*
Vi-s 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 _sRMS) Starting point takeover; V = 1.2V 50 70 mV
Vi-e Take-over voltage (Pin 1) for negative-going tuner AGC 8 "
(PNP tuner)
V1 -6(RMS) Starting point takeover; V = 9.5V 0.3 2 mV
Vi -8(RMS) Starting point takeover; V = 5.6V 50 70 mV
I5 MAX Maximum output swing 2 3 mA
Vs - 6(sAT) Output saturation voltage | = 2mA 300 mV
I 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
tlg Available output current 1 mA
Control steepness
100% picture carrier 20 40 80 mV/kHz
10% picture carrier 15 mV/kHz
Vig-s Output voltage at nominal tuning of the reference-tuned circuit 5.25 \"
Vig-g Output voltage without input signal 27 5.25 85 v
Sound circuit
VisLm Input limiting voltage
Vo =Vp maximum -3dB; Q, = 16 400 uv
far = 1kHz; fc = 5.5MHz
Ris-6 Input resistance Vigums) = 1mV 26 k2
Cis-6 Input capacitance Virms) = 1mV 6 pF
AM rejection (Figures 7 and 8)
AMR Vi=10mV 35 dB
AMR V| =50mV 43 dB
Vi2-6(RMS) AF output signal Af = 7.5kHz; minimum distortion 220 320 mV
Zi2-6 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
Viz-6 Output voltage Mute condition 2.6 v
S/N Signal-to-noise ratio weighted noise (CCIR 468) 47 dB
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vce = V7.6 =10.5V, Tp = 25°C, unless otherwise

specified
LIMITS
SYMBOL PARAMETER UNIT
Min Typ l Max
Volume control
Vii_g Voltage (Pin 11 disconnected) 48 \
144 Current (Pin 11 short-circuited) 1 mA
Ri1-6 External control resistor 10 k2
Suppression output signal duning Mute condition 66 dB
Horizontal synchronization
Slheing 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 dunng 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 contro! loop;
control sensitivity 25 MA/ us
maximum allowed phase shift +2 us
Horizontal oscillator (Pin 23)
frR Free-running frequency 15,625 Hz
R =35k2; C=27nF
Spread with fixed external components 4 %
Afeg Frequency vaniation due to change of supply voltage from 0 0.5 %
8 to 12V
AfeR Frequency vanation with temperature 1 X 104 K-1
Afeg Maximum frequency shift 10 %
Afrg Maximum frequency dewviation (V7_g =8V) 10 %
Horizontal output (Pin 26)
Vas-6 Output voltage HIGH 13.2
Vos-6 Output voltage at which protection commences 158 )
Vos_6 Output voltage LOW at lpg = 10mA 0.3 05
8o Duty cycle of horizontal output signal 45 %
tp, tF Rise and fall times of output pulse 150 ns

December 2, 1986
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Veg=V7_6=105V; Ty = 25°C, unless otherwise

specified
LIMITS
SYMBOL PARAMETER UNIT
Min ( Typ l Max
Flyback input and sandcastle output
lo7 Input current required during flyback pulse 01 2 mA
Vo7_6 Output voltage during burst key pulse 75 \"
Vo7_6 Output voltage during horizontal blanking 35 40 45 Vv
Vo7-6 Output voltage during vertical blanking 18 22 26 \"
Width of burst key pulse 31 3.5 3.9 us
Width of horizontal blanking pulse flyback 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 nsing 52 us
edge of burst key pulse
Coincidence detector mute output (Pin 22)
Voo_g Voltage for in-sync condition 9.5 "
Vao_g Voltage for no-sync condition no signal 1.0 1.5 \
Vao_g Switching level to switch phase detector from slow to fast 49 53 58 \
Fast-to-slow hysteresis 1 \
Vao_g Switching level to activate mute function (transmitter 2.25 25 2.75 v
identification)
l22(P-P) Output current for in-sync condition (peak-to-peak value) 07 1.0 mA
Vertical ramp generator (Pin 2)
I Input current during scan 12 mA
I Discharge current during retrace 0.5 mA
Va_g Minimum voltage 1.5 \
Vertical output (Pin 3)
I3 Output current 10 mA
Rs_¢ Output impedance 400 Q
Feedback input (Pin 4)
Input voltage
Vs_s DC component 3 \
V4 -6(P-P) AC component (peak-to-peak value) 1.2 \"
Iy Input current 12 MA
Internal precorrection to sawtooth 6 %
Deviation amplitude 50/60Hz 5 %

NOTES:

1 Typical value taken at starting level of AGC
Signal with negative-going sync, maximum white level 10% of the maximum sync amplitude (see Figure 2)
Vo(black-to-white)

VnRMs) at B = 5MHz

2
3 Signal-to-noise ratio equals 20log
4 Starting point tuner takeover NPN current 1 8mA,

5 Virms) = 10mV, see Figure 1, Q-factor = 36
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Product Specification

Small-Signal Subsystem

IC for Color TV

TDA4501

FUNCTIONAL DESCRIPTION

IF Amplifier, Demodulator, and
AFC

The IF amplifier has a symmetrical input (Pins
8 and 9), the input impedance of which 1s
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 1s performed to
reduce sensitivity of the IF amplifier to exter-
nal electrical noise. The AGC time constant I1s
provided by an RC circuit connected to Pin
19. Tuner AGC voltage is supplied from Pin 5
and I1s 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 s
performed during flyback periods

December 2, 1986

Sound Circuit and Horizontal
Oscillator Starting Function

The input to the sound IF amplifier 1s obtained
by a bandpass filter coupling from the video
output (Pin 17) The sound I1s demodulated
and passed via a dual-function volume con-
trol stage to the audio output amplifier The
volume control function i1s obtained by con-
necting a variable resistor (10k§2) between
Pin 11 and ground, or by supplying Pin 11 with
a varable voltage. Sound output I1s sup-
pressed by an internal mute signal when no
input signal 1s present

The horizontal oscillator starting function 1s
obtained by supplying Pin 11 with a current of
6mA during the switching-on period. The IC
then uses this current to generate drnive
pulses for the hornzontal deflection. For this
application, the main supply voltage for the IC
can be obtained from the horizontal deflec-
tion circuit.

Vertical Divider System

A tnggered 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 i1s chosen

A narrow window I1s 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

¢ Non-synchronized (weak and strong) sig-
nal.

The nput signal condition 1s obtained from
the AGC circurt

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 1s applied, the volume control
1s set to maximum and the circuit will gener-
ate drive pulses for the horizontal deflection.
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Small-Signal Subsystem IC for Color TV

TDA4501
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Small-Signal Subsystem IC for Color TV TDA4501
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Small-Signal Subsystem IC for Color TV TDA4501
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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

December 1988

TDA4502

Small-Signal Subsystem IC for
Color TV With Video Switch

Objective Specification

e Tuner AGC

e AFC circuit with on/off switch

e Video preamplifier

o Video switch for an external
video signal

e 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

BLOCK DIAGRAM
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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

® Vertical sync separator and
oscillator

e Video preamplifier

o AGC detector

e Sync separator

e Horizontal synchronization

o Vision IF amplifier and
synchronous demodulator

© Tuner AGC
e AFC circuit

o Sound IF amplifier and
demodulator

e Audio preamplifier with DC
volume control

e Gate pulse generator

APPLICATIONS
e Television receiver
o CATV converter

DESCRIPTION TEMPERATURE RANGE ORDER CODE

28-Pin Plastic DIP (SOT-117)

-25°C to +65°C TDA4503N

March 2, 1987
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PIN CONFIGURATION
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Small-Signal Subsystem for Monochrome TV

TDA4503

BLOCK DIAGRAM

Vee
? 9 Q
20 21 7
TDA4503
16 AFC DETECTOR °0° VIDEO 7
Qurae PHASE SHIFT AMPLIFIER
18
ot
IF AMPLITIER OVERLOAD SYNCHRONOUS LOW-PASS
9 DETECTOR DEMODULATOR FILTER
° BACK STAGE
2 2
o l o
15
SOUND AMP o
o2 AGC SYNC COINCIDENCE LIMITER &
DETECTOR SEPARATOR DETECTOR FEEDBACK "
STAGE "o
¥ | 10
o= 19
5 PHASE DETECTOR VERTICAL UND '
o S Emaror [ SYNC SYNCHRONOUS 5o
AFC STAGE SEPARATOR DEMODULATOR
{ J MUTE i
4 TUNER HORIZONTAL VERTICAL VOLUME n
o o osciLLaToR [ OSCILLATOR CONTROL °
VERTICAL
TUNER AGC oA OUTPUT & o
OUTPUT STAGE OUTPUT STAGE FEEDBACK A
STAGE
6 27 2 [1 2 3 12
o O o
ao0s2105
March 2, 1987 6-16




Signetics Linear Products

Product Specification

Small-Signal Subsystem for Monochrome TV

TDA4503

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vec=V7-10 Supply voltage (Pin 7) 132 \
Prot Total power dissipation 17 w
Ta Operating ambient temperature range -25 to +65 °C
Tsta Storage temperature range -65 to +150 °C

DC AND AC ELECTRICAL CHARACTERISTICS V;_10=10.5V; Vo _10=105V; Tp =25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ l Max
Supplies
V7_-10 Supply voltage (Pin 7) 95 105 132 \
Iz Supply current (Pin 7) 82 100 mA
Va2_10 Supply voitage (Pin 22) 95 105 132 \"
l2o Supply current (Pin 22)' 5 65 mA
Prot Total power dissipation 920 1150 mwW
Vision IF amplifier (Pins 8 and 9)
Vg_g Input sensitvity at 38.9 MHz2 40 80 120 uv
Vg_g Input sensitwity at 45.75 MHz? 90 uv
Rg_g Differential input resistance (Pin 8 to 9) 13 k2
Cg-9 Differential input capacitance (Pin 8 to 9) 5 pF
AGC range 59 dB
Vg_g Maximum input signal 50 70 mV
AVi7_10 :E;g:nglc;r:‘ (;)fg)osutput signal (Pin 17) for 50dB vanation of input signal 05 10 4B
Video amplifier?
Viz-10 Output level for zero signal input (zero point of switched demodulator) 42 45 48
Vi7-10 Output signal top sync level® 125 145 1.65
Vi7-10p-p)| Amplitude of video output signal (peak-to-peak value) 24 27 30
li7gNT) Internal bias current of output transistor (NPN emitter-follower) 14 20 mA
BW Bandwidth of demodulated output signal 5 MHz
Gq7 Differential galns (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;=10mVv 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 Iintercarrier output signal® 5 10 %
Residual carrier signal 7 30 mV
Residual 2nd harmonic of carner 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, Vo5_10=10.5V, Tp=25°C, unless

otherwise specified

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ l Max
Tuner AGC®
Va_10 Takeover voltage (Pin 4) for positive-going tuner AGC (NPN tuner) 35 \
Vg_gRMs) | Starting point takeover at V4_10 =5V (RMS value) 0.4 2.0 mV
Vg-9RMs) | Starting point takeover at V4_10 =12V (RMS value) 50 70 mV
Va_10 Takeover voltage (Pin 1) for negative-going tuner AGC (PNP tuner) 8 \
Vg_gRMs) | Starting point takeover at V4_10 =95V (RMS value) 03 2.0 mV
Vg-grMs) | Starting point takeover at V4._10 =56V (RMS value) 50 70 mV
leMAx Maximum tuner AGC output swing 2 3 mA
Ve_10(saT)| Output saturation voltage at lg = 2mA 300 mV
ls Leakage current at Pin 6 1 MA
AVg_g Input signal vanation required for complete tuner control 05 2 4 dB
AFC circuit (Pin 16)'°
Vis-10(p-p)| AFC output voltage swing (peak-to-peak value) 9 10 \
g Available output current 1 mA
Control steepness at
100% picture carner 20 40 80 mV/kHz
10% picture carrier 15 mV/kHz
Vig-10 Output voltage at nominal tuning of the reference-tuned circut 525 \2
Vie-10 Output voitage without input signal 27 6.0 8.5 \
Sound circuit
VisLm Input limiting voltage'! (RMS value) at Vo = Vo max-3dB 2 mv
Ris-10 Input resistance at Vigms) = 1mV 26 k2
Ci5-10 Input capacitance at Vigms) = 1mV 6 pF
AM rejection (Figures 7 and 8) at
AMR Vi=10mV 35 dB
AMR V| =50mV 43 dB
Vi2_srms)| AF output signal’? (RMS value) 220 320 mv
Z12-10 AF output impedance 150 Q
THD Total harmonic distortion'? 1 %
Ripple rejection at
RR fx = 100Hz, volume control 20dB 22 dB
RR when muted 26 dB
Vi2-10 Output voltage in mute condition 2.6 \
S/N Signal-to-noise-ratio; weighted noise (CCIR 468) 47 dB
Volume control
Vii-10 Voltage (Pin 11 disconnected) 69 \
141 Current (Pin 11 connected to ground) 1 mA
Ry1-10 External control resistor'3 5 k2
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;_10=10.5V; Vap_19=10.5V; Tp =25°C, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ r Max
Horizontal synchronization
Slicing level sync separator'* 30 %
Phase-locked loop holding range +800 +1100 +1500 Hz
Phase-locked loop catching range +600 1000 Hz
Control sensitivity video to flyback'S 23 KkHz/us
Delay between leading edge of sync pulse and zero cross-over of 3 us
sawtooth (Pin 5)
Horizontal oscillator (Pin 23)
fer Free-running frequency; R = 35kS2; C = 2.7nF 15,626 Hz
Spread with fixed external components ) 4 %
Afer Frequency variation due to change of supply voltage from 8 to 12V 0 0.5 %
TC Temperature coefficient 1x10°f °c-!
Afeg Maximum frequency shift 10 %
Afep Maximum frequency deviation (V7.10 = 8V) 10 %
Horizontal output (Pin 27)
l27 Output current 5 mA
Rz7 Output impedance 200 Q
Va7-10 Output voltage at lz7 = 5mA 1.4 \
Va7-22 25 v
a Duty factor of horizontal output signal'® 0.35 040 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
Coincidence detector mute output (Pin 28)'8
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 4.1 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) V;_10=10.5V; Vay_ 1o =10.5V; Ta = 25°C, unless

otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ I Max
Vertical oscillator (Pin 1)
fER Free-running frequency at C = 220nF; R = 560kS2 47.5 Hz
Spread with fixed external components 4 %
Holding range at nominal frequency 52.5 Hz
TC Temperature coefficient 2x10-f ec-1
Frequency varnation due to change of supply voltage from o
Afrr 95 to 12V 8 5 %
Iy Leakage current at Pin 1 1.6 MA
Vertical output (Pin 2)
l2 Output current 1 13 mA
Rz Output resistance 2 k&2
Feedback input (Pin 3)
Input voltage
Vi_10 DC component 4.0 5.0 55 \"
V3_10(P-P) AC component (peak-to-peak value) 1.2 Vv
I3 Input current 12 MA
Alg Non-linearity of deflector current at V7.49 = 10.5V 25 %
Delay between leading edge of vertical sync and start of vertical
N 6 10 us
oscillator flyback

NOTES:

1.

2,
3
4
5,
6

@

16
17
18

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 i1s 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 1s 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.
Measured with a source impedance of 75%.

Vo black-to-white
Virms) at B =5MHz
Measured with a sawtooth-modulated input signal. m =90%; Virms) = 10mV;
Vo SC at top sync-Vp SC at white

Amplitude modulation = X 100%
Vo SC at top sync + Vo SC at white

Signal-to-noise ratio = 20log

(SC = sound carrer)

. Starting point of tuner take-over for an NPN tuner 1s when lg =18mA, and for a PNP tuner is when lg =0.2mA.
Measured at Vg.grms) = 10mV and Pin 16 loaded with 2 X 100k between V7 and ground Reference tuned circuit Q-factor = 36.
Reference tuned circuit Q-factor = 16; audio frequency = 1kHz, carrier frequency =55 MHz

. The demodulator tuned circut must be tuned for mimimum distortion, output signal 1s measured at Af =7 5kHz; other measurements are at
Af = 27 5kHz
Volume control can be realized by a vanable resistor (5kS2) connected between Pin 11 and ground, or by a vanable voltage direct to Pin 11 (the
low value of input impedance to Pin 11 must be taken into account).

. The sync separator I1s noise-gated, the slicing level is referred to the top sync level and i1s independent of the video signal. The value stated 1s a
percentage of the sync pulse amplitude, the level being dependent on external resistors connected to Pin 26
The phase detector current 1s increased by a factor of seven during catching and when the phase detector I1s switched to 'fast' via Pin 28, thus
ensuring a wide catching range and a high dynamic loop gain
The negative going edge initiates switching-off of the line output transistor (simultaneous dnver).
The circuit requires an integrated flyback pulse Gate pulses for AGC and coincidence detectors are obtained from the sawtooth waveform.
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 1s 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 (Vcc = 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).
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Video Amplifier

The wideo signal output from Pin 17 has a
peak-to-peak value of 3V (top sync lev-
el = 1.5V) and carnes 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-imiter 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 1s 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 honzontal oscillator frequency i1s con-
trolled by the output voltage of the phase
detector circuit. The horizontal drnive output
from Pin 27 has a duty factor of 40%.

Vertical sync pulses are separated by an
internal integrating network and are used to
tngger 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 wision and sound IF circuits.
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Figure 1. Application Circuit Diagram
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Figure 4. Input Signal Conditions for Intermodulation Test
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DESCRIPTION

The TDA4505 1s 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
TDAS3654 vertical output, are ideal com-

plements for the TDA4505.

ORDERING INFORMATION

TDA4505

Small-Signal Subsystem IC for

Color TV

Preliminary Specification

FEATURES

signal)

modulation
o AFC circuit
e Video preamplifier

and preamplifier
e DC volume control

e Vision IF amplifier with
synchronous demodulator

e Tuner AGC (negative-going
control voltage with increasing

o AGC detector for negative

e Sound IF amplifier, demodulator

e Horizontal synchronization circuit

with two control loops

e Extra time constant switches in
the horizontal phase detector

e Vertical synchronization (divider
system) and sawtooth generation

with automatic amplitude
adjustment for 50 or 60Hz

e Three-level sandcastle pulse

generation
APPLICATIONS

e Color television receiver

e CATV converters
e Base-band processing

PIN CONFIGURATION

N Package

Taxeoven L]
rampaEn 2]
VERT DRIVE [3]
VERT FB [7]
TUNER AGC [F]
GND [E]

Vec
VISION IF IN [T}
VISION IF IN ]

DECOUP CAP [0}

VOLUME CONTROL/
START HORIZ OSC

AuDIO OUT {12]

SOUND
1 pecoup 4]

TOP VIEW

28] PHASE 2 DET
[77) SANDCASTLE
OUT/FBIN
[26) HORIZ DRIVE
(25] SYNC SEPARATOR

[24] PHASE 1DET
[23] HORIZ OSC
COINC DET
DECOUP

[71] SYNC DEMOD
I70] SYNC DEMOD
(9] AGC DET

8] AFC ouT
VIDEO OUT

[76] GND
SOUNDIF
[15] 1§

CD12140S.

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
Vee Supply voltage (Pin 7) 132 v
Pror Total power dissipation 23 W
Ta Operating ambient temperature range -25 to +65 °C
Tsta Storage temperature range -65 to +150 °C

December 1988
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DC AND AC ELECTRICAL CHARACTERISTICS Vg =Vs_g=12V; Ta =25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ l Max
Supplies
V7_-6 Supply voltage (Pin 7) 9.5 12 13.2 \"
I7 Supply current (Pin 7) 135 mA
Vii-6 Supply voltage (Pin 11)’ 86 v
ly4 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_g 45 75MHz on set AGC 120 uv
Rsg_g Differential input resistance (Pin 8 to 9) 800 1300 1800 Q
Cg-9 Differential input capacitance (Pin 8 to 9) 5 pF
Gg-9 Gain control range 56 60 dB
Vg_g Maximum input signal 50 100 mV
Expansion of output signal for 50dB variation of input signal
AV17-6 | wih Vg_o at 1504V (0dB) ! d8
Video amplifier measured at top sync input signal voltage (RMS value) of 10mV
Vi7-6 Output level for zero signal nput 5.8 "
(zero point of switched demodulator)
Viz_6 Output signal top sync level? 2.7 2.9 3.1 '
Vi7-ep-p) | Amplitude of video output signal (peak-to-peak value) 26 \
l17gNT) 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)° 4 10 %
© 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, V| =10mV 50 54 dB
S/N end of gain control range 50 56 dB
Residual carner signal 7 30 mV
Residual 2nd harmonic of carnier signal 24 30 mV
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc=V;_g=12V; Ta =25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min ‘ Typ I Max
Tuner AGC™
Vi_eRMs) | Minmum starting point take-over 0.5 mV
Vi_erRMs) | Maximum starting point take-over 50 100 mV
IsMAX Maximum output swing 6 8 mA
Output saturation voltage
Vs - 6(SAT) | =2mA 300 mV
Is Leakage current 1 MA
AV} Input signal variation complete tuner control (Als = 2mA) 0.5 2 5 dB
AFC circuit (Pin 18)®
Vig-gp-p) | AFC output voltage swing 95 10.35 11 \
*l4g Available output current 26 mA
Control steepness 70 mV/kHz
Vig-g Output voltage at nom. tuning of the reference-tuned circuit 6 \
l1g Offset current AFC output (Pins 20 and 21 short-circuited) TBD MA
Sound circuit
Input hmiting voltage
VisLm Vo =Vo max - 3dB, Q_ = 16; far = 1kHz; fc = 5.5MHz 400 800 uv
Input resistance
Ris-6 ViRms) = TmV 2.6 k2
Input capacitance
Cis-6 Virms) = TmV 6 pF
AM rejection (Figures 7 and 8)
AMR V| =10mV 46 dB
AMR V)= 50mV 50 dB
AF output signal
Vi2-6(RMS) Af =7 5kHz; minimum distortion 400 600 800 mV
Viz2_gRMs)| AF output signal; Af=50kHz Pin 11 used as starting pin 300 700 1200 mV
Zi2-¢ 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_g 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)
Vi1-6 Voltage (Pin 11 disconnected) 5.0 \
l41 Circuit (Pin 11 short circuited) 09 mA
Ri1-6 External control resistor 5 k2
0ss Suppression output signal during mute condition 66 dB
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc=V;_g=12V; Ta = 25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ | Max
Sync separator and first control loop
Vas_gp-p) | Required sync pulse amplitude; Rq7 - 25 = 2k§27 200 800 mv
Input current
l25 Vas.6> 5V 10 7.y
los Vas5_g =0V T8D mA
+ Af Holding range PLL 1100 1500 Hz
+ Af Catching range PLL 600 1000 Hz
Control sensitivity®
video to oscillator; at weak signal 25 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/ Atg Control sensitivity Rpg_g = see Figure 1 50
to Control range 25 us
Phase adjust t (via d control loop)
Control sensitivity 25 MA/ us
a Maximum allowed phase shift +2 uSs
Horizontal oscillator (Pin 23)
frR Free-running frequency R = 34k$2; C = 2.7nF 15,625 Hz
Af Spread with fixed external components 0.4 4 %
Afeg Frequency vanation due to change of supply voltage 0 0.5 %
from 9.5 to 13.2V
TC Frequency vanation with temperature 1x1074 ec-?
Afeg Maximum frequency shift 10 %
Afer Maximum frequency dewiation at start H-out 8 10 %
Horizontal output (Pin 26)
Vae-6 Output voltage high level 13.2 v
Vos-6 Output voltage at which protection commences 15.8 v
Vos -6 Output voltage low at lpg = 10mA 0.15 0.5 v
d Duty cycle of hornizontal output signal at tp = 10us 0.45
tr Rise time of output pulse 260 ns
te Fall time of output pulse 100 ns
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vo =V7_¢=12V; Ta=25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min ‘ Typ | 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 8 9.0 \
Vo7_6 Output voltage during horizontal blanking 4 4.35 5 \
Va7-6 Output voltage during vertical blanking 2.1 25 29 Vv
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 44 us
Width of honzontal 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 nsing 5.2 us
edge of burst key pulse
Coincidence detector mute output'®
Voo Voltage for in-sync condition 10.3 v
Voo Voltage for no-sync condition no signal 1.5 \
Vao_6 Switching level to switch off the AFC 6.4 \
Voo Hysteresis AFC switch 0.4 \
Vaz_6 Switching level to activate mute function 2.4 \
(transmitter identification)
Voo_g Hysteresis Mute function 0.5 \
lao(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'?
lo Input current dunng scan 0.5 2 MA
) Discharge current during retrace 0.4 mA
Va2 _eP-p) Sawtooth amplitude 08 1.1 \
Vertical output (Pin 3)
I3 Output current 7 mA
Vi_g Maximum output voltage 5.7 Vv
Feedback input (Pin 4)
Input voltage
Va-6 DC component 3.3 \Y
V4-6(P-p) AC component (peak-to-peak value) 1.2 \%
Is Input current 12 MA
Atp Internal precorrection to sawtooth 5 %
Dewviatton amplitude 50/60Hz 0 2 %
Vertical guard'?
Active at a deviation with respect to the DC feedback level;
V27 _g=25V;
AV4_g at switching level low 1.3 \
AVy4_g at switching level high 1.9 \
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NOTES:
1 Pin 11 has a double function When during switch-on a current of 6mA 1s supplied to this pin, this current i1s used to start the honizontal oscillator.
The main supply can then be obtained from the honzontal deflection stage When no current i1s supplied to this pin it can be used as volume
control The indicated maximum value I1s the current at which all ICs will start Higher currents are allowed the excess current 1s bypassed to
ground
Signal with negative-going sync top white 10% of the top sync ampltude (Figure 2)
Measured according to the test line given in Figure 3.
— The differential gain I1s 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 i1s defined as the difference in degrees between the largest and smallest phase angle
This figure 1s valid for the complete video signal amplitude (peak white to black)
The S/N =20 log VouT BLACK-TO-WHITE
VnrMs) at B = 5MHz
The AFC control voltage is obtained by multiplying the IF-output signal (which is also used to dnive the synchronous demodulator) with a reference
carner This reference carrier i1s 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 carnier frequency To avoid problems due to this asymmetncal signal, the AFC circuit is gated by means of
an internally generated gating pulse As a result the detector 1s operative only during black level at a constant carner 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 I1s switched off when the AGC 1s
controlied to maximum gain
The measured figures are obtained at an input sign RMS voltage of 10mV and the AFC output loaded with 2 times 220k$2 between +Vg and
ground The unloaded Q-factor of the reference tuned circuit 1Is 70 The AFC i1s switched off when no signal 1s detected by the coincidence detector
or when the voltage at Pin 22 i1s between 12V and 64V This can be realized by a resistor of 68k§2 connected between Pin 22 and ground
The slicing level can be varied by changing the value of Ri7_25 A higher resistor value results in a larger value of the minimum sync pulse
amplitude The slicing level i1s independent of the video information
Frequency control 1s 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 Rog_ o4
b) Short circuit the sync separator bias network (Pin 25) to + Ve
To avod the need of a VCR switch, the time constant of phase detector at strong input signal I1s sufficient short to get a stable picture dunng VCR
playback During the vertical retrace period, the time constant 1s even shorter so that the head errors of the VCR are compensated at the beginning
of the scan Only at weak signal conditions (information derived from the AGC circuit) i1s the time constant increased to obtain a good noise
immunity
9 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 i1s 0 TmA
10 The functions In-sync/out-of-sync and transmitter identification have been combined on this pin The capacitor 1s charged during the sync pulse and
discharged during the time difference between gating and sync pulse
11 The vertical scan ts synchronized by means of a divider system Therefore no adjustment I1s required for the ramp generator The divider detects
whether the incoming signal has a vertical frequency of 50 or 60Hz and corrects the vertical amphtude
12 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 1s not within the specified limits
13 Starting point tuner takeover at 1=02mA Takeover to be adjusted with a potentiometer of 47kQ2

w N

o o N

~

®
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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 circurt 1s
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 1s
provided by an RC circuit connected to Pin
19 The point of tuner take-over 1s 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 I1s obtained
by a band-pass filter coupling from the video
output (Pin 17) The sound I1s demodulated
and passed via a dual-function volume con-
trol stage to the audio output amplifier The
volume control function I1s obtained by con-
necting a vanable 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
1s 1dentified

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 I1s
supplied to Pin 11, the volume control I1s 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 wvideo nput signal (positive wvideo) 1s
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 I1s used Therefore, the phase of this
sawtooth must have a fixed relation with

December 1988

respect to the sync pulse That can only be
realized when a second loop 1s used

Horizontal Phase Detector
The circurt 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/cut-of-sync from the coincidence
detector) In this condition the time con-
stant 1s optimal for VCR playback, 1e,
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 I1s doubled compared with the
previous condition Furthermore, the
phase detector 1s gated when the oscilla-
tor 1s synchronized This ensures a stable
display which i1s not disturbed by the
noise In the video signal

¢ 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 1s 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 1s working at its normal line frequen-
cy, one hne period equals 2 clock pulses

Due to the divider system no vertical frequen-
cy adjustment 1s 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 I1s 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 1s 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 1s vald for the following condi-
tions

1 Divider 1s 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 1s 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 1s 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 (vaniable number of lines per field).

4 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 1s missing within the window, the
divider 1s 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 1s generated at the reset of the
divider In mode b the anti-topfiutter pulse
starts at the beginning of the first equaliz-
Ing pulse

The anti-topfiutter pulse ends at count 10 for
50Hz and count 12 for 60Hz. The vertical
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blanking pulse i1s also generated via the
divider system. The start is at the reset of the
divider while the blanking pulse width 1s 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 1s 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 I1s 21 hines 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 I1s externally
available. For the normal application, the
video output signal (Pin 17) 1s AC-coupled to
this input (see Figure 2). It 1s 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 1s
applied, the IF-amplifier and synchronization
circurt are running in the same phase so that
the various connections between the two

parts (ke 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 i1s 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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Figure 1. Application Diagram
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Figure 2. Video Output Signal Figure 3. E.B.U. Test Signal Waveform (Line 330)
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Figure 5. S/N Ratio as a Function of i .
the Input Voltage Figure 6. Test Setup AM Suppression
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TDA4505
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DESCRIPTION

The TDA8340 and TDA8341 are inte-
grated IF amplifier and demodulator cir-
cuits for color or black and white televi-
sion receivers. The TDA8340 is for appli-
cation with NPN tuners and the
TDA8341 for PNP tuners.

FEATURES

o Full range gain-controlled
wideband IF amplifier

o Linear synchronous demodulator
with excellent intermodulation
performance

o White spot inverter

o Wideband video amplifier with
noise protection

o AFC circuit with AFC on/off
switching and sample and hold
function

ORDERING INFORMATION

TDA8340, TDA8341
Television IF Amplifier and

Demodulator

e Low impedance AFC output
o AGC circuit with noise gating

o Tuner AGC output for NPN
tuners (TDA8340) or PNP tuners
(TDA8341)

o External video switch for
switching off the video output

o Reduced sensitivity for high
sound carriers

o Integrated filter to limit second
harmonic IF signals

e Wide supply voltage range

o Requires few external
components

APPLICATIONS

o Black/white and color TV
receivers

e Video casette recorders (VCR's)

o CATV converters

PIN CONFIGURATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-38) -25 to +60°C TDAB340N
16-Pin Plastic DIP (SOT-38) -25 to +60°C TDA8341N

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 13.2 Vv
Va3 Tuner AGC voltage 12 Vv
Pror Total power dissipation 1.2 mwW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +70 °C

December 1988

N Package
IFIN [T] [76] IFIN
DECOUP [Z] [15] bEcouP
AGCAD! [3] [13] versw
TUNER AGC [13] aND

[13] vibeo out
[11] Ve

AFC
19 pemop coiL

AFCOUT [5]
AFCSWIN |6

AFC
DEMOD COIL

REF AMP = REF AMP
TUNEDCIR L& [2] TunED CIR
TOP VIEW conees
- DESCRIPTION

1 Balanced IF inputs

2 IF Amphfier Decoupling

3  Tuner AGC Starting Point Adjustment

4 Tuner AGC Output

5  AFC Output

6 AFC On/Off Switch and Sample and Hold
Capacttor

7  Reference Carner m/2 rad Phase Shift

8 IF Picture Carrier Passive Regeneration

9 IF Picture Carner Passive Regeneration

10  Reference Carrier m/2 rad Phase Shift

11 Positive Supply Voltage (Vcc)

12 Video Output

13 Ground (Vgg)

14 IF AGC Capacitor and VCR Switch

15 IF Amplifier Decoupling

16  Balanced IF Inputs
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Television IF Amplifier and Demodulator TDA8340, TDA8341

BLOCK DIAGRAM
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2 15 8 9 7 10
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Voo Ot -] AFC
ad CIRCUIT OUTPUT
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1 swiren
1 ]/l 1
+ IF — -
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DEMODULATOR PREAMPLIFIER outPUT
2mA
IF INPUT B ma |
IF AMPLIFIER =
o |
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t WHITE
acc NOISE
TUNER 4 AaC DETECTOR INVERTER spot
AGC CONTROL INVERTER
ouTPUY cIRCUIT
3 14
* TUNERAGC
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P
<
L.

—
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SWITCH

"
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i
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Television IF Amplifier and Demodulator

TDA8340, TDA8341

DC ELECTRICAL CHARACTERISTICS Measured in circutt of Figure 2; Vg = 12V; Ta = 25°C, unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Vee =Vi1-13 Supply voltage (Pin 11) 9.4 12 13.2 \
l44 Supply current No input signal 30 42 55 mA

IF Amplifier'
Vi.16 Input sensitivity At onset of AGC 20 40 80 uv
Ri.16 Differential input resistance 2 kQ2
Ci.16 Differential input capacitance 3 pF
Gy Gain control range 67 dB
Vi2.13 Input signal varation? 0.5 dB
Vi.16 Maximum 1nput signal 100 mV
Tuner AGC'
V116 Tuner AGC starting point? Ra.11 = 39k 3.0 mv
Vi.16 Tuner AGC starting point? Ra.13 = 39k 70 mv
Maximum current swing of Tuner
lg AGC output 10 mA
Vi.16 Input signal variation® I4=1 to 9mA 3.0 dB
Va3 Output saturation voltage lg =7mA 200 300 mV
lg Leakage current Vg=12V 1 uA
Video Output*
Vi2.43 Zero-signal output level® 57 6.0 6.3 v
V1213 Top sync output level 2.8 3.0 3.2
Video output voltage White signal;
V12.13(P-P) (Peak-to-peak value) 10% top sync 2.4 2.7 3.0 \'
Internal bias current of emitter
follower output transistor 1.4 2.2 3.0 mA
Z12 Output impedance 100 Q
Bandwidth of demodulated output
B signal 7.5 10.0 MHz
Gg Differential gain® 2.0 5.0 %
d Differential phase® 2.0 5.0 deg
Luminance non-linearity’ 2.0 5.0 %
Residual carrier signal®
V12.13(RMS) (RMS value) 2.0 10 mV
Residual 2nd harmonic of carrer
Vi2.13RMS) signal (RMS value)® 2.0 10 mv
AVioraon . -

A1\z;111::z P) X?/r::ach:n1 3f video voltage for 041 0.2 0.3 mv
x Intermodulation® ° 1.1MHz, blue -65 -60 dB
« 1.1MHz, yellow -60 -56 dB
« 3.3MHz -68 dB
S/(S+N) Signal-to-noise ratio'® M:):i:\:r?\mg\;m gg g? gg

Spot Inverter'’
Vi2.13 Threshold level 6.3 6.8 7.3 \"
Vi2.13 Insertion level 4.2 4.5 4.8 \

December 1988
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Television IF Amplifier and Demodulator TDA8340, TDA8341

DC ELECTRICAL CHARACTERISTICS (Continued) Measured in circut of Figure 2; Ve = 12V, T = 25°C, unless

otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Noise Inverter'!
Vi2-13 Threshold level 16 1.8 20 \
Vi2.13 Insertion level 3.5 38 41
VCR Switch
Level below which video output
Vi4-13 switches off 18 2.2 26 \
-la Switch current Vi2.13=07V 40 60 100 MA

AFC Circuit'?
Output voltage swing

V5_13(p,p) (Peak-to-peak value) 10 \
Change of frequency for an AFC

Af output voltage swing of 10V 60 120 kHz

Vs.13 AFC output voltage At f = 38.9MHz \

Vs.13 No nput signal 4 6 8 \

Vs.13 During AFC off 5 6 7 "

Rs.13 AFC output resistance 500 Q
AFC switch. Level below which

Ve.13 AFC output switches off 14 20 2.8 \

s AFC switch current During AFC on 200 500 MA

's Max. AFC switch current During AFC off; Vg.13 =0V 5 mA

NOTES:

-

O ;A wN

~

-
o © ®

11
12

All input signals are measured RMS at top sync and 38 9MHz

Measured with 0dB = 200uV

Tuner AGC starting point 1s defined as "level of input signal when tuner AGC current = 1mA"

Measured with Pin 3 connected via 39kS2 resistor to Vgg (Pin 11), with an RMS voltage of 10mV top sync input signal and with Pin 12 not loaded
At the "'projected zero point”, 1e, with switched demodulator

Measured in the circuit of Figure 6 The differential gain 1s 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 1s defined as "'the difference (in degrees) between the largest and smallest phase
angles”

Measured according to the test line shown in Figure 8 The non-lineanty Is expressed as a percentage of the maximum deviation of a luminance step from the
mean step, with respect to the mean step, The mean step 1s (white level-black level) divided by the number of steps

Measured up to 45dB gain control

Test setup and input conditions for intermodulation measurements as in Figures 5 and 6

Measured with a 7582 source

V,
S/(S+N)=20 log out black to white
VnrMs) at B =5 MHz
Video output waveform showing white spot and noise Inverter threshold levels
Measured with input signal Vq.1 = 10mV and with no load at AFC output

December 1988 7-6
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Television IF Amplifier

and Demodulator

TDA8340, TDA8341

Vs_13
()

2200 -100 38.9 +100 +200
kHz MHz kHz

0P20910S

Figure 1. AFC Output Voltage as a
Function of Frequency

IF Amplifier

This I1s a 3-stage, gain-controlled IF amplifier
with a wide dynamic range. On-chip capaci-
tors in the DC feedback loop of the amplifier
maintain stability at maximum gain. internal
stablization of the supply voltage ensures the
desired sensitivity and gain control range over
the whole supply voltage range and also
gives very good power supply ripple rejection
In this part of the circuit.

December 1988

Demodulator

The redesigned IF demodulator i1s a quasi-
synchronous circuit that employs passive car-
rier regeneration and loganthmic clamping to
give improved signal handling. The demodu-
lator input 1s AC-coupled to the IF amplifier to
reduce DC offsets and to thus minimize
residual IF carner in the output signal.

Video Amplifier

The lineanty and bandwidth of the video
amplifier are sufficient to meet all wideband
requirements, 1.e., for teletext transmissions.
Second harmonics of the IF carrier are effec-
tively reduced by a Sallen-Key low pass
interstage filter between the demodulator out-
put and the video amplifier input An integrat-
ed filter in the noise inverter reduces the
sensitivity of the wvideo amplifier for high
sound carriers.

White spot protection comprises a white spot
clamp system combined with a delayed-ac-
tion inverter which is also highly resistant to
high sound carrers.

To prevent radiated video output at the input
pins, connect at 6.8uH inductor in series with
Pin 12 and place as closely as possible to the
IC body Use short leads.

7-7

AGE Detector

A Bessel low-pass filter between the video
output and the AGC detector improves the
detector function In the presence of high
sound carriers. No hang-up occurs In the
detector after Pin 14 has been short-circuited
to ground (VCR switch operated). The detec-
tor also generates the sample and hold pulse
for the AFC system.

AGC Control Circuit

This converts the AGC detector voltage (Pin
14) into a current signal which controls the
gain of the IF amplfier It also provides a
tuner AGC control output from Pin 4; current
limiting 1s Incorporated to prevent internal
damage. The AGC starting point is adjusted
via Pin 3.

AFC Circuit

The AFC circuit provides a voltage output
which controls the IF frequency of the tuner.
Video information on the AFC output (Pin 5) is
eliminated by a sample and hold circuit (exter-
nal capacitor at Pin 6). Coupling between the
AFC and reference tuned circuits is via two
small capacitos (or parasitic capacitance)
between the respective tracks of the printed
circuit board. If the capacitance is less than
1pF, the steepness of the AFC charasteristic
1s reduced.




Signetics Linear Products

Television IF Amplifier and Demodulator

TDA8340, TDA8341
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+
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VCR SWITCH
3
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Figure 2. Typical application circuit diagram; Q of L1 and L2 =

10232208

80; fo = 38.9 MHz
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Figure 3. Video Output Waveform Showing White Spot and Noise Inverter
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Figure 4. Signal-To-Noise Ratio as a

Function of Input Voltage
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Television IF Amplifier and Demodulator

TDA8340, TDA8341

Intermodulation at 1,1 MHz: blue’ > 46 dB
. typ. 60 dB
yellow > 46 dB
. typ. 50 dB
at 3,3MHz > 46 dB
typ. 54 dB

-32dB

-10d8
-13.2d8 _13248
SPECTRUM FOR SPECTRUM FOR
“T“ YELLOW -30d8 BLUE
sc cC PC sc cc PC

S.C.: sound carrier level
C.C.: chrominance carrier level
P.C.: picture carrier level

OP16040S

} with respect to top sync level

Figure 5. Input Conditions for Intermodulation Measurements; Standard Colour Bar with 75% Contrast
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Vo at 4,4 MHz

*20 lo
S Vo at 11 MHz

+ 3,6d8

GENERATOR
389MHz
sC
TEST SPECTRUM
GENERATOR > }—{ Armtenvator }— —
334z CciRCUIT ANALYZER
——AAA——— O +12V
cc _I_ MANUAL GAIN CONTROL:
GENERATOR L ADJUSTED FOR BLUE: Vyy 1 =4V
34.5MHz -

80082608

Vo at 4,4 MHz

**20 log —
Vo at 3,3 MHz

Figure 6. Test Setup for Intermodulation

100%
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Figure 7. Video Output Signal
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Figure 8. E.B.U. Test Signal Waveform (Line 330)
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Television IF Amplifier and Demodulator TDA8340, TDA8341

TAKE-OVER TUNER AFC AFC
ADJUSTMENT ag.c. OUTPUT SWITCH
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—h
5
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JL
E1

ul 7w

L |

IF INPUT S=10nF TDA8341
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=
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6.8uH
680 | “§

+
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= —e

—

= VIDEO +12V
OUTPUT

}
VCR =
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Figure 9. Application Diagram

December 1988 7-10



Signetics Section 8
Sound IF and Special Audio

Decoding

Linear Products

INDEX

TDA2545A Quasi-Split Sound IF System ...........ccoeeiviiiiiiiiiiniiieinennes 8-3
TDA2546A Quasi-Split Sound IF and Sound Demodulator ..................ccuunne 8-6







Signetics

Linear Products

DESCRIPTION

The TDA2545A is a monolithic integrat-
ed circuit for quasi-split-sound process-
ing in television receivers.

ORDERING INFORMATION

TDA2545A

Quasi-Split-Sound Circuit

Product Specification

FEATURES

e 3-stage gain-controlled IF
amplifier

o AGC circuit

o Reference amplifier and limiter
amplifier for vision carrier
processing

o Linear multiplier for quadrature
demodulation

APPLICATIONS
e Stereo MTS television receiver

o Video cassette recorder with
MTS

o CATV converters

PIN CONFIGURATION

IFINPUT [T]
FB DECOUPLING [Z]
AGC CAPACITOR [3]

DEMODULATOR rg] (5] DEMODULATOR
TUNED CIRCUIT TUNED CIRCUIT

TOP VIEW

CD125308|

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP (SOT-38) 0 to +70°C TDA2545AN
BLOCK DIAGRAM
38.9MHz v,
At oo
9 8 u
1STSOUND IF & ATOR
LIMITER-
Voo Vee AMPLIFIER
4k l 4k
TDA2545A
3.3k < 3.3k
REF
= AmpP = = =
15
- b3 33k 90° Vee
bl N
O-
T 0°
s /EZ S>> X
3k 1 —-——jr S
2] 3
3k
SIGNAL <_J =
P"F&'.\IRAGC x
3 _[3
I L
80088105
NOTE:
1 IF signal wision carrier (VC) and sound carrier (SC)

January 14, 1987
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Signetics Linear Products Product Specification

Quasi-Split-Sound Circuit » TDA2545A

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Pin 11) 13.2 \
Tstg Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range 0to +70 °C

DC ELECTRICAL CHARACTERISTICS Vcc = 12V; Ta = 25°C; measured at fyc = 38.9MHz, fgcy = 33.4MHz,
fsce = 33.158MHz:
Vision carrier (VC) modulated with 2T/20T pulses, line-for-ine 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) 1s Vyc = 10mV.
For measuring circuit see Figure 1, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

Supply (Pin 11)
Vee Supply voltage © 108 12 13.2 \
lcc =11 Supply current 42 mA
IF amplifier
Vvei1-16@RMs) | Minimum input voltage (RMS value) 50 uv

(intercarrier signals -3dB)
Vveci -1e(RMS) | Maximum input voltage (RMS value) 100 mV

(intercarner signals +1dB
AGy IF control range 66 dB
V3_13 Control voltage range 4 9 \"
Ry_16 Input resistance 2 k2
Ci-18 Input capacitance 2 pF
Intercarrier generation
Vi2-13(RMS) Output voltage; 5.5MHz (RMS value) 100 mV
Vi2-13RMS) Qutput voltage; 5.742MHz (RMS value) 45 mvV
Vig-13 DC output voltage 5.9 \
Ri2-13 Allowable load resistance at the output 7 k2
=li2 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 8-4
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Quasi-Split-Sound Circuit TDA2545A

TO FM DEMODULATORS
5.742MHz 5.5MHz
t ouTPUT T et
LY +Vg
I 0nF " 20uF
10n ul
IF INPUTO) I I
6.8uH = =
A70F
|
' 1 1
- - Vee | -
16 15 {14 13 12 11 ;10 9
b
356 PR TDA2545A == 68pF u
= =
] 2 3 la Is le 17 8
| | | |
47nF | | | |
a |
I 330nF | | | YT
I'1 L L 1 a=w
LS10900S
NOTES:
Pins 4, 5, 6, 7, 10 and 14 not connected
1 IF signal wision carnier (VC) and sound carrier (SC)
Figure 1. Measuring Circuit for TDA2545A
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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 IF With
Sound Demodulator

Product Specification

FEATURES

First IF (VC: vision carrier plus SC:

sound carrier)

e 3-stage, gain-controlled IF
amplifier

o AGC circuit

o Reference amplifier and limiter
amplifier for vision carrier (VC)
processing

e Linear multiplier for quadrature
demodulation

Second IF (5.5MHz signal)

e 8-stage limiter amplifier

e Quadrature demodulator

o AF amplifier with de-emphasis

e AV switch

APPLICATIONS
e Television stereo MTS receiver

e Video cassette recorder with
MTS stereo

PIN CONFIGURATION

IFIN [T]

FB DECOUP [2]
AGC CaP [3]
MUTING IN [7]
oEEMPHASS [F]
AuDIO OUT [E]}
QuapcolL [7]
Quab colL [8]

DEMOD
TUNED CIR E

N Package

[18] IFIN
[17] FB DECOUP
[16] GND
[15] Vee
73] INTERCARRIER
SOUND OUT
73] SOUNDIF
FB DECOUP

2] SOUNDIF IN
SOUND IF
11 P8 pECOUP
F75) DEMOD
TUNED CIR
TOP VIEW
CD125408

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 \"
Iin 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

8-6

853-1182 87585



|
|
1
|
|
i

/861 ‘gl Aenige4

L8

3.9MHz 5.5MHz
V+
9 10 sz s |7
1H 2ND SOUND IF
1ST SOUND IF & DEMODULATOR . & FM DEMODULATOR
LIMITER:
AMPLIFIER 90°
V+ v+ 0° ><
& 4
A A >
VAN
1%
TDA2546A W L] v+
- - S (’
Ik I
33k $ 33k )
REF
AMP | 6
= = = = v+ v+
< ‘:
4 S
3 a0° V4| 3 $ 0k Sea

O
IFINPUTO)
O~

NOTE:

N
-
H

SIGNAL

PROCESSING
FORAGC

3k

LIMITER-AMPLIFIER

(8-STAGE)

15k | 800 12k
3

1 IF signal Vision Carrier (VC) and Sound Carrier (SC)

IH

16

e

1Hl

TO EXTERNAL
FM DEMODULATOR

5 4

I°

O
MUTING
CIRCUIT

AF
OuTPUT

80088205

WVYHDVIa Y0018

lojojnpowaQ PuUNoS UM d4i Punos-jiids-isond

vovseval

SJONPOId Iosur] soleubig

uolooyI0ads Jonpold



Signetics Linear Products Product Specification

Quasi-Split-Sound IF With Sound Demodulator TDA2546A

DC ELECTRICAL CHARACTERISTICS Vcc=Vi5.16=12V; Tp =25°C; measured at fyc = 38.9MHz, fscy = 33.4MHz,
fscz = 33.158MHz:
Vision carnier (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 | Typ J Max
Supply (Pin 15)
Vec=Vis5-18 Supply voltage 10.8 12 13.2 \"
loc = lis Supply current 54 mA
IF amplifier
Vvci - 18(RMS) Minimum input voltage (RMS value) (intercarrier signals -3dB) 50 uv
Vvci - 18(RMS) Maximum input voltage (RMS value) (intercarrier signals + 1dB) 100 mV
AGy IF control range 66 dB
V3_16 Control voltage range 4 9 v
Ri-1s 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
~lhg Allowable output current 1 mA
Freq y d dul (measured at f=5.5MHz)
Vi2-16(RMS) Input voltage for start of imitng (RMS value) 100 uv
Vi2-16(RMS) Maximum input voltage (RMS value) 200 mvV
Vi1, 12, 13-16 DC output voltage 2.2 \
Ve - 16(RMS) AF output voltage (RMS value) 600 mV
Ve_16 DC output voltage 4 \"
Re-16 Allowable load resistance at the output 27 k2
THD Total harmonic distortion 1 %
Ris5-16 Internal de-emphasis resistance 1 k2
Switching voltage (Pin 4)
Vi-16 for mute 9 \"
Va_16 for AF on 25 v
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 8-8
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Quasi-Split-Sound IF With Sound Demodulator TDA2546A

FILTER 5.742MHz
. TO EXTERNAL
s 820 FM DEMODULATOR
22,F FILTER 5.|5MH2 szo ATRE
1k ' e gl
820
IF INPUTO) = =
1uH 68uH T
47nF 10nF 22nF
- [
T )
V+
18 17 16 15 14 13 12 11 10
56 L Les
47nF T TDA2546A Ter A1
1 2 7 8 9
A7nF 2.2k
i AA
! hA 3B.9MHz
330nF 10nF 47nF 5.5MHz (@=40)
]_: 680pF | Q=25
AV F
SWITCHING DEEMPHASIS M
VOLTAGE ouTeuT _‘-’%_
LS109108
NOTE:
1 IF signal Vision Carner (VC) and Sound Carner (SC)
Figure 1. Measuring Circuit for TDA2546A
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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

e Horizontal sync separator and
noise inverter

e Horizontal oscillator

e Horizontal output stage

e 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

e 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

e Sandcastle pulse generator (3
levels)

o Video transmitter identification
circuit

e Stabilizer and supply circuit for
starting the horizontal oscillator
and output stage directly from
the supply voltage

ORDERING INFORMATION

TDA2577A

Sync Circuit With Vertical
Oscillator and Driver

Product Specification

e Duty factor of horizontal output
pulse is 50% when flyback pulse
is absent

Vertical sync separator

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)

Internal circuit for 3% parabolic
precorrection of the oscillator/
sawtooth generator. Comparator
supplied with precorrected
sawtooth and external feedback
input

Vertical comparator with internal
3% precorrection circuit for
vertical oscillator/sawtooth
generator

Vertical driver stage

Vertical blanking pulse generator
with external adjustment of pulse
duration (50Hz: 21 lines; 60Hz: 17
lines)

e Vertical guard circuit
APPLICATIONS

e Video monitors

e TV receivers

e Video processing

PIN CONFIGURATION

VERT ouT [1]
VERT
FEEDBACK E

VERT FREQ
oy ]

VERT SYNC
cen (4]
VIDEO IN [5]

HORIZ
SYNC SEP E

HORIZ [7
SYNC SEP

PHASE DET 1
oot ]

GND [9]

N Package

[18] conDET
SANDCASTLE
PULSE OUT
HORIZ 0SC
STARTVIN
HORIZ 0SC
PHASE DET
20UT

XMIT ID OUT/
VCR SWITCH
FLYBK PULSE IN

HORIZ OUT

Vec

TOP VIEW

©D127508.

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

18-Pin Plastic DIP (SOT-102HE)

-25°C to +65°C

TDA2577AN

January 14, 1987
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Sync Circuit With Vertical Oscillator and Driver

BLOCK DIAGRAM

TDA2577A

10 uF HORIZONTAL FREQUENCY
. ADJUSTMENT he>4mA  +12V
W a7k g2 224F  150nF gy ‘17 K 220F q i‘oour Q
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1 e
}q 1
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1 T n
% i w st 1o [ e | Uomer] | [mtounn | | [Femzcnee |
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3 TER T T DRIVE
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BANDGAP SANDCASTLE FLYBACK
+12v R13 STABILIZER L PULSE PULSH
00 @A 65V GENERATOR PROTECTION
VCR 12k
TDA 2577A L A
H r t —l—-‘ PHASE
)
e PRE- | VERTICAL |VERTICAL e DETECTOR
SEPARATOR ,oaaecnougcoumnoai DRIVE wootiaror et 0 v,
VERTICAL
BLANKING
SWITCH
10 PIN 10 56k 4 3 100 k 2 1 17 " ) 12 7~ 50/60Hz
a—AAA—4 [ >02mA
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Sync Circuit With Vertical Oscillator and Driver TDA2577A

VERTICAL DRIVE ] COINCIDENCE DETECTOR
.
VERTICAL DRIVE | 12V
TDA3651 ]
(PIN 1) | 250 uA
H -~
ok | Mg 8
- 1
'l 4k _L 100
T 10nF H 1k I
= H
VERTICAL COMPARATOR | L L =
| =
e I SANDCASTLE PULSE GENERATOR
.
l +12V
VERTICAL ) 22k ! s %ak
FEEDBACK 2 Tk OSCILLATOR!
27k | ”
} ] 150 Fveack | -
_E_ 3|9 oF ! INVERTER}  SANDCASTLE
] s OUTPUT PULSE
100 k COMPOSITE !
3 Voo | BURST
220k 680 | 1mA 25V INVERTER
nFI '
26V | START CIRCUIT STABILIZER he>2mA
VERTICAL H P
FREQUENCY —L- OSCILLATOR | -0
ADJUSTMENT = FLIBACK LEVEL .oy P +1 100
S
= ' b 4 I~
VERTICAL SYNC SEPARATOR 1i =
2V i :: ! A
— START >
composiTe; VOLTAGE ] Kesv
SYNC HORIZ OSC
SLICING ' l
LEVEL | S
2V | = = i
(PIN 10) e ]
] HORIZONTAL OSCILLATOR
56k & 4 | 12V
4 |
H
A
10 uF l 200
= | 6k LI
23k 7k | vy
! 27 47k
| I nF
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FREQ. ADJ

DF06870S

Figure 1. TDA2577A Circuit Diagram
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Sync Circuit With Vertical Oscillator and Driver TDA2577A
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Figure 1. TDA2577A Circuit Diagram (Continued)
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Sync Circuit With Vertical Oscillator and Driver TDA2577A

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
e Start current (Pin 16) 8 mA
Vcc =Vio-9 | Supply voltage (Pin 10) 13.2 \
ProT Total power dissipation 11
TsTG Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +65 °C
05 ;I:'ebri:r?tl irnesfirset:n;:: from junction to 50 CIW
DC ELECTRICAL CHARACTERISTICS 1,5 =5mA; Voo =12V; Ta =25°C, unless otherwise specified.
LIMITS
SYMBOL PARAMETER g UNIT
Min I Typ ] Max
Supply
lie Supply current at Pin 16 4 8 mA
Vig-g9 Stabilized supply voltage (Pin 16) 8.0 8.7 9.5 "
1o Supply current (Pin 10) 55 70 mA
Vec=V1io-9 Supply voltage (Pin 10) 10 12 13.2 \
Video input (Pin 5)
Vs_9 Top-sync level 1.5 31 3.75 \
Vs_opp) - Sync pulse amplitude (peak-to-peak value) 0.15 0.6 1 \"
Slicing level 35 50 65 %
t Delay between video input and detector output 0.35 s
Noise gate (Pin 5)
Vs_o Switching level R v
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
o Control range 1 50 us
Controlled edge negative
Phase adjustment (via 2nd control loop; Pin 14)
Control sensitivity 25 MA/ us
E4 Maximum permissible control current 0 50 HA
Horizontal oscillator (Pin 15)
fosc Frequency (no sync) 15625 Hz
Afosc Frequency spread (Cosc = 2.2nF; Rpsc = 40kS2) 4 %
Afosc Fr:ﬁ:e:tcaybiﬁ:;;atécz; c:)itekt)vr:een starting point of output signal 6 8 %
Tc Temperature coefficient 1% 1074 °C
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Sync Circuit With Vertical Oscillator and Driver TDA2577A

DC ELECTRICAL CHARACTERISTICS (Continued) 1i6=5mA, Voc =12V; Ta =25°C, uniess otherwise specified.

LIMITS W
SYMBOL PARAMETER UNIT
Min I Typ I Max
Horizontal output (Pin 11)
Vii-9 Output voltage; high level 13.2 \
Vii-g Voltage at which protection starts 13 158 \
Output voltage, low level
Vit-9 start condition at l17 = 10mA 03 05 v
Vii-g normal condition at Iy = 40mA 0.3 05 \
Duty factor of output signal during starting (no phase shift; o
5 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 uS
Sandcastle output pulse (Pin 17)
Output voltage during:
Vi7-9 burst key 10 \
Vi7_9 horizontal blanking 4.2 46 5 \
Vi7_9 vertical blanking 2 25 3 \%
tp Pulse duration
burst key 3.6 4 44 us
horizontal blanking flyback pulse®
vertical blanking
for 50Hz application (-2 : 0 to 0.1mA) 21 lines
for 60Hz application (-l12 . typ. 0 2mA) 17 lines
Delay between the start of the sync at the video input and
: the nsing edge of the burst key pulse 48 52 56 us
Coincidence detector; video transmitter identification circuit; time constant switches (Pin 18); see aiso Figure 1
*lg Detector output current 300 MA
Vig-9 Voltage during noise* 0.3 \"
Vig_g Voltage level for in-sync condition 75 \
Vig-g Switching level slow-to-fast 3.2 35 38 \
Switching level
Vig-9 mute function active, ¢ fast-to-slow 1.0 1.2 1.4 \
vertical period counter
Vig-g 3 periods fast 0.08 012 0.16
Vis_o Switching Ievell slovy-to-fast (locking) 15 17 19 v
mute function inactive
Vig_g Switching level fast-to-slow (locking) 4.7 5.0 53 \
Vig_o Swntchmg level for‘VCFl (fast time constant) 82 8.6 9 v
without mute function
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Sync Circuit With Vertical Oscillator and Driver

TDA2577A

DC ELECTRICAL CHARACTERISTICS (Continued) 116 =5mA; Vcc = 12V; Ta = 25°C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER UNIT
Min I Typ I Max
Video transmitter identification output (Pin 13)
Viz_g Output voltage active (no sync) at li3=1mA 10 1 Vv
Via_g Output voltage active (no sync) at l13 =5mA 7 10 Vv
Viz-g Output voltage inactive 0.1 0.5 \
VCR switching (Pin 13)
i ::E::et ;::;Leunotnf;rm f::t time constant phase detector ¢4, with 0.4 06 0.8 mA
Flyback input pulse (Pin 12)
Viz_g Switching level 1 \
l12 Input current 0.2 4 mA
Vi2_g(P-P) Input pulse amplitude (peak-to-peak value) 12 \
Ri2_-g Input resistance 27 k2
to De!ay 'time of .sync_pulse émeasured in qu) to flyback at 1.3 us
switching level; tg = 12us® (see also Figure 3)
Duration of vertical blanking pulse (Pin 12)
Required input current (negative) mA
-li2 for 50Hz application; 21 lines blanking 0.15 0.2 0.3 mA
-h2 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 (Cosc = 680nF; Rogsc = 180kS2; at +26V) 4 %
Synchronization range 22 %
I3 Input current at Vg_g =6V 2 MA
Afg Frequency shift for Voc =10 to 13V 0.2 %
Tc Temperature coefficient 1Xx 1074 °c-1
Comparator (Pin 2)
Vao_g Input voltage 4.0 4.4 4.8 \
Va_gp-p) DC level AC level (peak-to-peak value) 1.6 \"
I 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 |1 = 10mA 3.2 3.6 5 \"
Iy 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 \
Vo_g switching level High 54 5.8 6.3 \"
NOTES:

1. Up to 1Vpp the slicing level 1s constant; at amplitudes exceeding 1Vp.p, the slicing level will increase.
2. tp = delay between negative transient of hornzontal output pulse and the rising edge of the flyback pulse.

to = delay between the nsing edge of the flyback pulse and the start of the current in p1 (Pin 8).
3. The duration of the flyback pulse is measured at the input switching level, which is about 1V(tr)

4. Depends on DC

January 14, 1987
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Oscillator and Driver

TDA2577A

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 verticai
deflection output stage

The horizontal oscillator and output stage can
start operating on a very low supply current
(l46 == 4mA), which can be taken directly from
the supply line. Therefore, 1t 1s possible to
derive the main supply (Pin 10) from the
horizontal deflection output stage The duty
factor of the horizontal output signal i1s about
65% during the starting-up procedure. After
starting up, the second phase detector (¢2) i1s
activated to control the timing of the negative-
going edge of the horizontal output signal

A bandgap reference voltage (6.5V) 1s provid-
ed for supply and reference of the vertical
oscillator and comparator stage

The slicing level of the horizontal sync sepa-
rator i1s 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 nput 1s 3 1V. The amplitude selective
noise inverter is activated at a level of 0 7V

Good stability 1s obtained by means of the
two control loops. In the first loop, the phase
of the horizontal sync signal 1s compared to a

Table 1. Switching Levels at Pin

IN-SYNC CONDITION

sLow
Vig-9

¢ FAST =i

MUTE IN —>

NOISE ONLY

Figure 2. Voltage Levels at Pin 18 (Vig_g)

12v

¢, FAST MODE,
<— WITHOUT MUTE FUNCTION

~&— NORMAL MODE

~— ¢, SLOW

«1 FAST VCR MODE,
WITH MUTE FUNCTION

~&—— MUTE OUT

TC207308

waveform with its rnising edge refering to the
top of the horizontal oscillator signal In the
second loop, the phase of the flyback pulse 1s
compared to another reference waveform,
the timing of which 1s such that the top of the
flyback pulse i1s 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 destred for
compensation of switch-off delays in the
horizontal output stage

The first phase detector 1s gated with a pulse
derived from the horizontal oscillator signal
This gating (slow time constant) 1s switched

18

off during catching Also, the output current of
the phase detector 1s increased fivefold dur-
ing the catching time and VCR conditions
(fast ime constant) The first phase detector
1s inhibited during the retrace time of the
vertical oscillator.

The in-sync, out-of-sync, or no-video condi-
tion s detected by the wvideo 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 1s 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 [o])] Off
75V X X X Video signal detected
75 to 35V X X X Video signal detected
351to 12V X X X Video signal detected
12to 01V X X X Noise only
01 to 17V X * X * X New video signal detected
17 to 50V X X X Horizontal oscillator locked
VCR playback with mute function
5.0 to 75V X X X Horizontal oscillator locked
87V 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 1s 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 55V Otherwise, the time con-
stant switch may be set to fast due to the
average voltage level on Pin 18 dropping
below 01V 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 1s locked, the voltage on Pin 18 increases
Nominally, a level of 5V is reached within
15ms (1 vertical period). The mute switching
level of 12V s reached within 5ms
(C1g = 47nF). If the video transmitter identifi-
cation circuit 1s required to operate under
VCR playback conditions, the first phase
detector can be set to fast by connecting a
resistor of 180k{2 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 honizontal 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



Signetics Linear Products

Product Specification

Sync Circuit With Vertical Oscillator and Driver

TDA2577A

of 3 5mA, which will result in a supply voltage
of about 5.5V (for guaranteed operation of all
devices lig > 4mA). It 1s possible that the
main supply voltage at Pin 10 i1s 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 55V, 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 1s clamped by means of an internal-
ly-loaded NPN emutter-follower. This ensures
that the duty factor of the honizontal 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 1s at the value required by the
delay at the horizontal deflection stage. Thus,
switch-off delays in the honzontal output

stage are compensated When no horizontal
flyback signal i1s detected, the duty factor of
the horizontal output signal 1s 50%

Horizontal picture shift 1s 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 1s connected to the internal comparator
(the other side of which i1s 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 1s 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 lineanty 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 1s
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 i1s 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)
1s obtained from the horizontal flyback pulse
at Pin 12 and used for horizontal blanking.
The third level (2.5V) 1s used for vertical
blanking and I1s denved by counting the hori-
zontal frequency pulses For 50Hz, the blank-
Ing pulse duration 1s 21 lines and for 60Hz it1s
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
circut which monitors the vertical feedback
signal at Pin 2. If this level 1s 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
1s used for blanking in the TV set.

OUTPUT CURRENT

OSCILLATOR SIGNAL

OUTPUT SIGNAL

SWITCH-OFF DELAY

HORIZONTAL OUTPUT STAGE

FLYBACK PULSE

OUTPUT CURRENT

VIDEO SIGNAL
(PIN5)

¢y DETECTOR

(PIN 8)
Yy 0.35u8

HORIZONTAL
(PIN 15)
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w__J

—
[ L
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o] |e13ps
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=tV
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]
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Figure 3. Timing Diagram of the TDA2577A
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HORIZONTAL
FLYBACK SANDCASTLE PULSE
HORIZONTAL
+12v DRIVE

-/\ MUTE _r---’_n‘---
? R 2R C 9

W —O v+
+12V

‘El_» = = >4mA
VCR 47k
= < = = L =
- 1k 268 12 I = $36k 2220 |
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Figure 4. Typical Application Circuit Diagram; for Combination of the TDA2577A with the TDA3651 (see Figure 6)

+2v
TO PIN 180 k

14 —AN—>2 47 k
TDA2577A

TC207108

Figure 5. Circuit Configuration at Pin 14 for Phase Adjustment
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TDA3651

-L_"ipf 1 _L_z 3 J=_4 5 |s NJ_‘,‘T“F 8 [)

3 300 pF ==
3 68k | 470
VERTICAL =
. ])on . $ 330 DEFLECTION BAX124
VERTICAL Vi > COILS =47 nF
(FROM PIN 1 TDA2577A) 1 AT1236/20 T 1
.
2 3 N I 220 uF l
a3 LINEARITY 4\ 3 126V
VERTICAL FEEDBACK 3 sHiFT $27
(PIN 2 TDA2577A) ‘_I_ tes . L1000 4F
sanF ) (18v)
AMPLITUDE ‘%

|||-—4{‘\A'——|

TC207018

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

e Horizontal oscillator

o Horizontal output stage

o Horizontal phase detector (sync-
to-oscillator)

e Time constant switch for phase
detector (fast time constant
during catching)

o Slow time constant for noise-only
conditions

e Time constant externally
switchable (e.g., fast for VCR)

o Inhibit of horizontal phase
detector and video transmitter
identification circuit during
vertical oscillator flyback

o Second phase detector (y2) for
storage compensation of
horizontal deflection stage

e Sandcastle pulse generator (3
levels)

e 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

e 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
(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

e 50/60Hz detector

e 50/60Hz identification output

e Automatic amplitude adjustment
for 60Hz

e Automatic adjustment of blanking
pulse duration (50Hz: 21 lines;
60Hz: 17 lines)

e Vertical guard circuit

APPLICATIONS
e Video terminals
® Television

PIN CONFIGURATION

VERT OUT [1] (18] coinDET

SANDCASTLE
PULSE OUT
HORIZ OSC
STARTVIN
HORIZ OSC
PHASE DET
20Ut

XMIT ID OUT/
VCR SWITCH

FLYBK PULSE IN

VERT
FEEDBACK L2]
VERT FREQ

a0J L3
VERT SYNC
sep L4
VIDEO IN | 5]
HORIZ
SYNC SEP
HORIZ
SYNC SEP
PHASE DET 1
out L]

GND [9]

HORIZ OUT

Vec

TOP VIEW

CD127508

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

18-Pin Plastic DIP (SOT-102HE)

-25°C to +65°C

TDA2578A

January 14, 1987
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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
Vec=Vio0-9 | Supply voltage (Pin 10) 13.2 \"
Prot Total power dissipation 1.1
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -25 to +65 °C
O, Z::Z::::l Ir:s;lrset:n:i? from junction to 50 c
DC AND AC ELECTRICAL CHARACTERISTICS 5= 5mA; Vo = 12V; Ta = 25°C, unless otherwise specified.
LIMITS
SYMBOL PARAMETER UNIT
Min | Typ 1 Max
Supply
l1e Supply current at Pin 16 4 8 mA
Vig-9 Stabilized supply voltage (Pin 16) 8 8.7 9.5 Vv
1o Supply current (Pin 10) 55 70 mA
Vee =Vio-9 | Supply voltage (Pin 10) 10 12 13.2 Vv
Video input (Pin 5)
Vs_g Top-sync level 1.5 3.1 3.75 v
Vs _g(p-p) Sync pulse amplitude (peak-to-peak value)' 015 0.6 1 v
Slicing level 35 50 65 %
t Delay between video input and detector output 0.35 us
Noise gate (Pin 5)
Vs_g Switching level | | o7 | 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/ Atg Control sensttivity; static? 400 us/us
to Control range 1 45 us
Controlled edge (positive)
Phase adjustment (via 2nd control loop; Pin 14)
Control sensitivity 25 MA
*l4q 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;:ze:gycg:;::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) Iy =5mA, Vg =12V, Ta =25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min ’ Typ l Max
Horizontal output (Pin 11)
Vii-9 Output voltage; high level 13.2
Vii-9g Voltage at which protection starts 13 15.8
Output voltage; low level
Vit1-9 start condition at l11 = 10mA 03 0.5 Vv
Vii-9 normal condition at |{1 =40mA 03 0.5 \)
5 Duty factor of output signal during starting (no phase shift) 65 o
li6 = 4mA (voltage at Pin 11 low) °
) Duty factor of output signal without flyback pulse 45 50 55 %
Controlled edge (positive)
Duration of output pulse (see Figure 3) tpt+ horizontal flyback pulse
Sandcastle output pulse (Pin 17)
Output voltage during:
Vi7-9 burst key 10 \
Vi7-9 horizontal blanking 42 4.6 5 \
Viz-9 vertical blanking 2 25 3 \
Pulse duration
tp burst key 36 4 44 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

nsing edge of the burst key pulse 45

ta

Coincidence detector; video transmitter identification circuit; time constant switches (Pin 18) (see also Figure 2)

tlyg Detector output current 300 HA
Vig_g Voltage dunng noise* 0.3
Vig-g Voltage level for in-sync condition 75 \
Vig-g Switching level slow to fast 32 3.5 3.8
Switching level
Vig-g mute function active; ¢q fast to slow 1 1.2 14 \
Vig—-g vertical period counter; 3 periods fast 0.08 0.12 0.16 \
Switching level slow-to-fast (locking)
Vig-9 mute function inactive 15 1.7 1.9 \
Vig-9 Switching level fast-to-slow (locking) 47 5 5.3

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 ly3 =1mA 0.3 0.5 \
13 Sink current active (no sync) 5 mA
i3 Output current inactive (sync: 50Hz) 1 HA

50/60Hz identification (Pin 13)

R13=15kQ to +12V®
Viz-g at f=50Hz (in sync condition) Vio-9 "
Viz-g at f=60Hz (in sync condition) 72 76 8 \

January 14, 1987 9-19



Signetics Linear Products Product Specification

Sync Circuit With Vertical Oscillator and Driver TDA2578A

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Iy =5mA; Voo = 12V; Ta = 25°C, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER UNIT
Min ‘ Typ l Max
Flyback input pulse (Pin 12)
Via-g Switching level 1 \"
l12 Input current 0.2 4 mA
Vi2-9(P-p) Input pulse amplitude (peak-to-peak value) 12 \"
Ri2-9 Input resistance 27 k2
o De!ay time of sync pulse émeasured in.sp1) to flyback at 13 us
switching level; tg = 12us® (see also Figure 3)
Vertical sawtooth generator (Pin 3)
fs Vertical frequency (no sync) 46 Hz
Afg Frequency spread (Cosc = 680nF; Rogc = 180kS2; at +26V) 4 %
Synchronization range6 33 %
I3 Input current at V3_g =6V 3 MA
Afg Frequency shift for Vo =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_op-p) AC level (peak-to-peak value) 0.8 v
l2 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 |{ = 10mA 3.2 5 \
l4 Output current 20 mA
Vertical guard circuit
Activating voltage levels (vertical blanking level 1s 2.5V)
Vo_g switching level LOW 3 3.35 3.7 Vv
Va_g switching level HIGH 4.75 5.15 5.55 "
NOTES:
1. Up to 1Vp.p the slicing level is constant, at amplitudes exceeding 1Vp.p the shicing level will increase.
2. tp =delay between positive transient of horizontal output pulse and the nsing edge of the flyback pulse

to = delay between the rising edge of the flyback pulse and the start of the current in ¢; (Pin 8)
. The duration of the flyback pulse is measured at the input switching level, which i1s about 1V(tg)
. 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.

oA W
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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
(l1g = 4mA), which can be taken directly from
the power line rectifier. Therefore, it is possi-
ble to derive the main supply (Pin 10) from the
honzontal 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 4.7k2
resistor gives a slicing level at the middle of
the sync pulse. The nominal top sync level at
the input 1s 3.1V. The amplitude selective
noise inverter is activated at a level of 0.7V.

Good stability 1s 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
denved 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
1s inhibited during the retrace tme of the
vertical oscillator.

The n-sync, out-of-sync, or no-video condi-
tion 1s 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 1s 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 I1s activated
which sets the time constant switch to fast,
and not gated for 3 vertical periods. This
condition occurs when a new video signal 1s
present at Pin 5. When the horizontal oscilla-
tor i1s locked, the voltage on Pin 18 increases.
Nominally a level of 5V i1s reached within
15ms (1 vertical period) The mute switching
level of 1.2V 1s reached within 5ms
(Cyg = 47nF) |If the video transmitter identifi-
cation circuit I1s required to operate under
VCR playback conditions, the first phase
detector can be set to fast by connecting a
resistor of 180k$2 between Pin 18 and ground
(see Figure 6).

The supply for the horizontal oscillator (Pin
15) and horizontal output stage (Pin 11) is
denived from the voltage at Pin 16 during the
start conditon 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 1s 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 man supply
voltage at Pin 10. At 55V, 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 honzontal deflection stage. Thus,
switch-off delays in the hornizontal output
stage are compensated. When no horizontal
flyback signal is detected, the duty factor of
the horizontal output signal 1s 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
hnear 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 1s not influenced by the main
supply at Pin 10. The feedback signal I1s
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 pulse
at Pin 12 and used for horizontal blanking.
The third level (2.5V) 1s 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.

VIDEO SIGNAL

¢y DETECTOR
OUTPUT CURRENT

HORIZONTAL
OSCILLATOR SIGNAL

HORIZONTAL
OUTPUT SIGNAL

SWITCH-OFF DELAY
HORIZONTAL OUTPUT STAGE

FLYBACK PULSE

¢, DETECTOR
OUTPUT CURRENT

SANDCASTLE
PULSE

(PIN 5)

X

(PIN 8)

(PIN 15)

(PIN 11)

w

|
d

S ==== LEVEL

(PIN 12)

|- 1.3us8

(PIN 18)

SWITCHING

~1v

HORIZONTAL
BLAN
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~25V
=
12u8
50Hz 21 LINES > I
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Figure 3. Timing Diagram of the TDA2578A
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APPLICATION INFORMATION (Continued)
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Figure 4. Typical Application Circuit Diagram; for Application of the TDA2578A With the TDA3651 — See Figure 7
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NOTES:

1kS2 resistor between Pin 18 and + 12V without

mute function

180kS2 between Pin 18 and ground with mute

function

Figure 5. Circuit Configuration at Figure 6. Circuit Configuration at
Pin 14 for Phase Adjustment Pin 18 for VCR Mode
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APPLICATION INFORMATION (Continued)

TDA36S51
1 2 3 4 B s 7 )
W T T T
= = NC
- <
3 68k 470
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S
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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), 1s
built for wide ranging applications It cons ists
of a very high resolution CRT pared with
precision deflection coils and all the associat-
ed display circuitry, as shown in Figure 1.
Using the same printed circut board and
components, 1t can easily be adapted to
operate over a wide range of line and field
frequencies with different flyback times In
either honzontal (landscape) or vertical (por-
trait) format

The possible applications of this unit range
from video games to high-resolution displays
However, it 1s as a computer terminal display
device that the DGD will be most useful
Normally, 1t 1s the logic design that deter-
mines all the parameters to be specified in a
computer system, and 1t 1s only when the
logic circuitry has been finahzed that a suit-
able display 1s sought. Consequently, the
display must be tallormade 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 1s a straightforward and efficient
design which will operate with line frequen-
cles 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 15 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 1s 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 unitis to the
nght of the broken line, with the auxiliary
crrcuits to the left) The circuit diagram is
shown in Figure 3.

Figure 1. DGD Unit

DF06290S
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9-25

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 parred with either the 12 in (M31-
326) or 15 in (M38-328) picture tubes. These
colls 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 coll 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 1s 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
ttmes 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
C8, S-correction capacitor C22, base drnve
resistor R52, lineanty control L1, and heater
resistor R84 (see Figure 3).

Although deflection defocusing has been min-
imized by careful design of the line deflection
colls, there 1s 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 I1s employed. The active
dynamic focus circuit applies parabolic cor-
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Figure 2. DGD Unit Block Diagram

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.

December 1988

All the field tmebase 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 i1s free from
undesirable modulation, well recognized pro-
cedures should be adopted with regard to
printed circuit board layout. It i1s 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 lineanty

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 1n M31-326 series
15 1in M38-328 series

AT1039 series
AT2076/84
Up to 15 X 10° pixels

15 to 50kHz
15 to 70kHz

50 to 100Hz
17kV

Better than 3%
Better than 3%

Better than 2%
3 to Qus
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

Onginally published as "Technical Publication 115, ELCOMA, The Netherlands, 1983
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Figure 3. Data and Graphics Display Unit Circuit Diagram
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The TDA2578A is a sync separator and
horizontal/vertical synchronization circuit
while the TDA3651 I1s 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 honzontal
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 crrcuit 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.
Input 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.

°

December 1988
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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 Iine 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 1Vp.p. 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/////I///I/I////////////////’

g
?
%

%

N\

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

© Inhibit of horizontal phase
detector and video transmitter
identification

o 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

o 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

o Automatic amplitude adjustment
for 50 and 60Hz and blanking
puise duration

APPLICATIONS

e Video terminals

o Television

e Video tape recorder

PIN CONFIGURATION

N Package

[13] COIN DET

sc ouT
START/CIRCUIT

[16] svaB

[75] HORIZ OSC

PHASE ADJUST

SYNC SEP [13] 50/60Hz ID
NOISE INV [ 7] [12] FB INPUT
PHASE DET |8 ] [11] HORIZ DRIVE

10] vec

CD10310S|

TOP VIEW

TEMPERATURE
DESCRIPTION RANGE ORDER CODE
16-Pin Plastic DIP (SOT-102HE) 0 to +70°C TDA2579N

November 14, 1986
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BLOCK DIAGRAM
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INPUT = = = 47k 15 16 - 10 9
\/\/ 7‘
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P e R ] i ] e
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56k J
> PHASE
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|
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470F I J I ;
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VIDEO 68k
3 TRANSMITTER J_ L  EN— T
oN TOPIN 16
15k VERTICAL VERTICAL FLYBACK T00 LoW
ZENER GUARD A CTLE >4 PULSE CURRENT
REFERENCE CIRCUIT - uPy T PROTECTION PROTECTION
+12v
I
-
VERTICAL
OSCILLATOR! VERTICAL VERTICAL PULSE PHASE
WIDTH <9 oeTECTOR
Shwrooth COMPARATOR outeuT MoBULAOR 1 TDA2579
4 3 2 1 17 0 2
220k Iu’.onr == 100nF
VERTICAL 10nF I
L FEEDBACK I - J—ﬂ‘L + 1
100k — SANDCASTLE -
v OuTPUT FLYBACK
o TO VERTICAL DEFLECTION VERTICAL PULSE
CURRENT MEASURING RESISTOR DRIVE INPUT
Loos130s|
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
l1e Start current 10 mA
Vio Supply voltage 13.2 v
ProT Power dissipation 12
Tsta Storage temperature -65 to +150 °C
Ta Operating ambient temperature -25 to +65 °C
Thermal resistance from junction to
Osa : 50 C/W
ambient n free ar
November 14, 1986 9-32
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DC AND AC ELECTRICAL CHARACTERISTICS

Ta = 25°C; l1g = 6.5mA; V4o = 12V, unless otherwise specified. Voltage

measurements are taken with respect to Pin 9 (ground).

LIMITS
SYMBOL PARAMETER UNIT
Min Typ | Max
Supply
e Sucz:y=%1\;rent, Pin 16 6.5 10 mA
e Susﬂy:;gsnt, Pin 16 25 10 mA
Vie Stabilized voltage, Pin 16 8.1 8.7 9.3 \
l1o0 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 15 3.1 3.75 Vv
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 mVyr
Sync. Pulse
I Noise level detector circuit hysteresis 3 ] I dB
Noise gate (Pin 5)
Vs | Switching level +0.7 ] +1 ‘ Vv
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/Vit
Phase modulation due to hum on input current Pin 163 0.08 us/mATT
Second control loop (Pin 14) (Horizontal flyback to horizontal oscillator)
Aty/ Mg Cot::fl1 gz:s"i""y 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)
Cotgtnfl1 g:r;sitivnty 25 A/ s
l14 Maximum allowed control current +60 HA
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta =25°C; I1¢ =6 5mA, V4o =12V, unless otherwise
specified Voltage measurements are taken with respect
to Pin 9 (ground).

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ ‘ Max
Horizontal oscillator (Pin 15) (C = 2.7nF; Rpgc = 33kQ2
f Frequency (no sync.) 16625 Hz
Af Spread (fixed external component, no sync.) +4 %
Af Frequency dev!a_non between starting point output signal and +5 +8 %
stabilized condition
TC Temperature coefficient 10 °C
Horizontal output (Pin 11) (Open-collector)
Viq Output voltage high 13.2 \
Vi1 Start voltage protection (internal zener diode) 13 16.8 \
lie Low input current Pin 16 protection output enabled 5.5 65 mA
Vi1 Output voltage low start condition (14 = 10mA) 0.1 0.5 \
Duty cycle output current during starting l1g = 6.5mA 55 65 75 %
Viq Output voltage low normal condition (l11 = 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
Sandcastle output signal (Pin 17) (I.oap = 1MA)
Output voltage during:
Vi7 burstkey 9.75 10.6 \
Vi7 horizontal blanking ' 41 4.5 4.9 Vv
Viz vertical blanking 2 25 3 \"
Zero level output voltage
Va7 Isink = 0.5mA 07 v
Pulse width:
tp burstkey 3.45 3.75 41 us
Viz2 horizontal blanking 1 Vv
Phase position burstkey
Time between middle synchronization pulse at Pin 5 and start 23 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; I1=6.5mA; V0= 12V, unless otherwise

specified. Voltage measurements are taken with respect
to Pin 9 (ground).

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ L Max

Coincidence detector, video transmitter identification circuit and time constant switching levels (see also Figure 1)

l1g Detector output current 0.25 mA
Vig Voltage level for in sync. condition (1 normal) 65 Vv
Vig Voltage for noisy sync. pulse (1 slow and gated) 9 10 \
Vig Voltage level for noise only® 0.3 \
Vig Switching level normal-to-fast 32 35 3.8 Vv
Vie Swl\:szznguﬁ::l active and fast-to-slow 1o 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 1.9 \"
Mute output inactive

Vig Switching level fast-to-normal (locking) 4.7 5.0 5.3 \"
Vig Switching level normal-to-siow (gated sync. pulse) 7.4 78 8.2

Video transmitter identification output (Pin 13)

Vis Output voltage active (no sync., li3 =2mA) 0.15 0.32 \"
li3 Sink current active (no sync.), Vi3 < 1V 5 mA
l13 Output current inactive (sync. 50Hz) 1 MA

50/60Hz identification (Pin 13) (R43 positive supply 15k2)

Emitter-follower, PNP
2 X fH

Vis 60Hz: Y < 576 voltage 7.2 7.65 8.1 \
Vis 50Hz: 2 vaH > 576 voltage Vio \
Flyback input pulse (Pin 12)
Viz2 Switching level +1 \'
l2 Input current +0.2 +4 mA
Vi2 Input pulse 12 Vee
Rin Input resistance 3 k2
Phase position without shift
to Time between thg middle of the sync. pulse at Pin 5 and the 25 us
middle of the horizontal blanking pulse of Pin 17
Vertical ramp generator (Pin 3)
Pulse width charge current 26 :1:(I)sceks
I3 Charge current 3 mA
Top level ramp signal voltage
A Divider in 50Hz mode® 5.1 5.5 5.9 v
V3 Divider in 60Hz mode® 4.35 47 5.05 v
Ramp amplitude C3 = 150nF,
R, = 330kS2, 50HZ° 3.1 Vee
R, = 330kS2, 60HZ® 25 Vee
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C; I15=65mA; V4o =12V, unless otherwise
specified Voltage measurements are taken with respect
to Pin 9 (ground).

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ ‘ Max
Current source (Pin 4)
Vag Output voltage l4 = 20uA 66 71 7.6 \
I4 Allowed current range 10 55 uA
Temperature coefficient output voltage
TC Iy = 20uA +50 1076/°C
TC lg = 40pA +20 1078/°C
TC I4 = 50uA -40 108/°C
Comparator (Pin 2) C3 = 150nF; R4 = 330kQ2
Input voltage
Va_g DC level® 09 1 1.1 Y
Vao_g AC level 0.8 Vee
Deviation amplitude 50/60Hz 25 %
Vertical output stage, Pin 1 (NPN) emitter follower
Vi_g Output voltage Ip Pin 1 =+1.5mA 4.8 5.2 56 \
Rs Sync. separator resistor 160
Continuous sink current 0.25 mA
Vertical guard circuit (Pin 2) Active (V{7 =2.5V)
Vp Switching level low® >17 19 21 %
Vp Switching level high® <03 0.4 05 \Y

NOTES:
1 Up to 1Vp.p the slicing level I1s constant, at amplitudes exceeding 1Vp.p the slicing level will increase
2 The slicing level 1s fixed by the formula

= X 100% (Rg value in k)
53 +Rg
. Measured between Pin 5 and sandcastle output Pin 17
Divider in search (large) mode
start reset divider = start vertical sync plus 1 clock pulse
stop:

E A

H
n= > 576 clock pulse 42

n= H < 576 clock pulse 34
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 vald 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:

-

. Divider is looking for a new transmitter.

N

. 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 stll 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.

S

. Up/down counter value of the divider sys-
tem operating in the narrow window mode
drops below count 1.

o

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 s 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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Figure 1. Timing Dlagrarh of the TDA2579
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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 1s 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 1s 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 Vg 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 i1s 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 150§2. 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)
5a+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
Cyg = 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.



Signetics Linear Products

Product Specification

Synchronization Circuit

TDA2579

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).

b. Fast time constant TV transmitter identifi-
cation circuit active, connect a resistor of
180k§2 between Pin 18 and ground.
This condition can also be set by using a
3.6V stabistor diode instead of a resistor.

(2]

. Slow time constant, (with exception of
frame blanking period), connect Pin 18 via
a resistor of 10kS2 to +12V, Pin 10. In this
condition the transmitter identification cir-
cuit is not active.

e

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 honizontal 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 hornzontal
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 Vig > 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.
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When no flyback is detected, the duty cycle
of the horizontal output stage I1s 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 i1s 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 1s present at Pin 12.
When no flyback pulse is detected 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
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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 i1s 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) i1s
detected the output voltage of Pin 13 1s 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 derved via
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the vertical divider system. For 50Hz the TYPICAL APPLICATION

blanking pulse duration 1s 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 TDA3653
522 and 528 the blanking pulse Is started at
the first equalizing pulse. 1 12 3 _1a 5 3 Nlc7 8 9
- 680pF " 100uF
A I o
L 15°pF-L 12k BAX12A
2 T VERTICAL 470
= 130 JPEFLECTION
VERTICAL DRIVE S| cous =
(FROM PIN 1 TDA2579) AT1230 -
VERTICAL FEEDBACK o— :‘:23."‘ 220uF
(PIN 2 TDA2579) =L+ [ . T P
1uF 16k L5 1000.F = 28V
VERTICAL o T T (25)
AMPLIFIER
1.0
- TC114508
Figure 3
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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

e Horizontal oscillator based on
the threshold switching principle

e Phase comparison between sync
pulse and oscillator voltage (1)

o Internal key pulse for phase
detector (yp4) (additional noise
limiting)

o Phase comparison between line
flyback pulse and oscillator
voltage (y3)

e Larger catching range obtained
by coincidence detector (v3;
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

e Color burst keying and line
flyback blanking pulse generator

o Phase shifter for the output
pulse

e Output pulse duration switching

e Output stage with separate
supply voltage for direct drive of
thyristor deflection circuits

e Low supply voltage protection

APPLICATIONS
e Video monitors
e TV receivers

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

16-Pin Plastic DIP (SOT-38)

-20°C to +70°C

TDA2593N
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PIN CONFIGURATION
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BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply voltage
Vi-16 at Pin 1 (voltage source) 13.2 \"
Va_1e at Pin 2 18 \
Voltages
V4-16 Pin 4 13.2 \
tVg_16 Pin 9 6 v
*Vio-16 Pin 10 6 \"
V11_15 Pin 11 13.2 \
Currents
Pins 2 and 3 (thyristor driving)
l2m: ~Iam (peak value) 650 mA
Pins 2 and 3 (transistor driving)
Iam, =lam (peak value) 400 mA
14 Pin 4 1 mA
tlg Pin 6 10 mA
-z Pin 7 10 mA
114 Pin 11 2 mA
Prot Total power dissipation 800 mwW
Tsta Storage temperature range -25 to +125 °C
Ta Operating ambient temperature range -20 to +70 °C
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DC AND AC ELECTRICAL CHARACTERISTICS at Vo= 12V; Ta = 25°C; measured in Block Diagram.
LIMITS
SYMBOL PARAMETER UNIT
Min ] Typ l Max
Sync separator
Vg-16 Input switching voltage 0.8 Vv
lg Input keying current 5 100
lg Input leakage current at Vg_4g =-5V 1 MA
lg Input switching current 5 MA
lg Switch off current 100 150 HA
Vo_1ep-p) | Input signal (peak-to-peak value) 3 4 V!
Noise separator
Vio-16 Input switching voltage 1.4 \
o Input keying current 5 100 MA
l1o Input switching current 100 150 MA
ho Input leakage current at Vig_1¢ =-5V 1 MA
Vio-16(-p) | Input signal (peak-to-peak value) 3 4 V!
Vio-1e(p-p) | Permissible superimposed noise signal (peak-to-peak value) 7 \"
Line flyback pulse
lg Input current 0.02 1 2 mA
Ve-16 Input switching voltage 1.4
Ve-16 Input limiting voltage -0.7 +1.4 \
Switching on VCR
Vit1-16 Input voltage 0to 25 \
Vii-18 9to Vi_1e v
r‘:“ Input current 230 ; ':
Pulse duration switch for t = 7us (thyristor driving)
Vi_-16 Input voltage 9.4 to Vi_16 "
lg Input current 200 MA
Pulse duration switch for t = 14us + tp (transistor driving)
Va_1e Input voltage 0 35 \"
=l Input current 200 MA
Pulse duration switch for t=0; V3_46=0 or input Pin 4 open
Va_16 Input voltage 5.4 6.6 Vv
lg Input current 0 0 MA
Vertical sync pulse (positive-going)
Vg - 16(P-P) Output voltage (peak-to-peak value) 10 1 Vv
Rs Output resistance 2 kQ
ton Delay between leading edge of input and output signal 15 us
torr Delay between trailing edge of input and output signal ton us
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at Vcg = 12V; Ta = 25°C; measured in Block Diagram.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ | Max
Burst gating pulse (positive-going)
V7_16(P-P) Output voltage (peak-to-peak value) 10 1 v
R; Output resistance 70
tp Pulse duration, V7_1=7V 37 4"13 Zz
t prace oar bl o st oye pabe i e mpuiand [ 15 | aes | ars | e
I7 Output trailing edge current 2 mA
Line flyback-blanking puise (positive-going)
V7_16(P-P) Output voltage (peak-to-peak value) 4 5 \"
Rz Output resistance 70
l7 Output traling edge current 2 mA
Line drive pulse (positive-going)
Va_16(P-P) Output voltage (peak-to-peak value) 10.5 \
Output resistance
R3 for leading edge of line pulse 25 Q
R3 for traling edge of line pulse 20 Q
tp Pulse duration (thynstor driving) V4_16=94 to Vi_16 V 55 7 8.5 us
tp Pulse duration (transistor driving) V4_16 =0 to 4V; trp = 12us 14 +tp us?
Vi_1e 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 #sg
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
Als/ 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 \
Via-16 Threshold voltage high level 7.6 \
*l44 Discharge current 0.47 mA
fo Frequency; free running (Cosc = 4.7nF; Rosc = 12kS2) 15.625 kHz
Afp/fo Spread of frequency <t5 %%
Afg/ Alys Frequency control sensitivity 31 Hz/uA
Afo/fo Adjustment range of network In circuit (see Block Diagram) +10 %
Afo/fo
m Influence of supply voltage on frequency <+0.05 %%
Afg Change of frequency when V;_1g drops to 5V <*10 %4
Temperature coefficient of oscillator frequency <+10% Hz/°C*
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at Voo =12V; Ta = 25°C; measured in Block Diagram.

LIMITS
SYMBOL PARAMETER UNIT
Min t Typ ] Max
Phase comparison ¢,
Viz-16 Control voltage range 3.8 8.2 \"
*l13m Control current (peak value) 1.9 2.3 mA
Output leakage current
s at Vig_1g=4 to 8V ! KA
Output resistance
R13 at Vyg_1g =4 to 8V5 high ohmic
Ria at Viz_16 < 3.8V or >8.2V8 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 v, and phase shifter
Vs_-16 Control voltage range 5.4 7.6 "
tlsm Control current (peak value) 1 mA
Output resistance
at Vs_1g=5.4 to 7.6V7 high ohmic
Rs at Vs_16<5.4 or >7.6V 8 k2
Input leakage current
's Vs_16="54 10 7.6V 5 KA
t Permissible delay between leading edge of output 15 s
0 pulse and leading edge of flyback pulse (tgp = 12us) K
At/ Atp Static control error 0.2 %
Coincidence detector o3
Vi1-16 Output voltage 0.5 6 \%
Output current (peak value)
l11m without coincidence 0.1 mA
=l1im with coincidence 0.5 mA
Time constant switch
Via-16 Output voltage 6 Vv
12 Output current (limited) 1 mA
Output resistance
Ri2 at Vy1-16=25 to 7V 0.1 kQ
Ri2 at V41-16< 1.5V or > 9V 60 k2
Internal gating pulse
tp Pulse duration 7.5 L us
NOTES:
1. Permissible range 1 to 7V
2. tp = switch-off delay of line output stage
3. Line flyback pulse duration tgp = 12us.
4 Excluding external component tolerances.
5. Current source.
6. Emitter-follower.
7 Current source.
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DESCRIPTION

The TDA2594 is a monolithic integrated

circuit intended for use in color television

receivers.

FEATURES

e Horizontal oscillator based on
the threshold switching principle

o Phase comparison between sync
puilse and oscillator voltage (v1)

e Internal key pulse for phase
detector (p1) (additional noise
limiting)

o Phase comparison between line
flyback pulse and oscillator
voltage (y2)

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)

® 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
puise

® Output puise duration for
transistor reflection systems

e External switching off of the line
trigger pulse

o Output stage with separate
supply voltage

e Low supply voltage protection

o Transmitter identification and
muting circuit, and vertical sync
switch-off

APPLICATIONS

e Video processing

o Television receivers
e Video monitors

e Sync separator

DESCRIPTION TEMPERATURE RANGE ORDER CODE
18-Pin Plastic DIP (SOT-102DS) -20°C to +70°C TDA2594N
February 12, 1987 9-46

PIN CONFIGURATION

N Package
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PHASE TIME CNST
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VERT SYNC
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MUTE OUTPUT [ 9] [10] TV xmiT 1D

TOP VIEW
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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 \
Vo_1s at Pin 2 18 \
Voltages
Vi_18 Pin 4 13.2 v
Vg-18 Pin 9 18 \%
-Vg_18 0.5 \"
*Vi1-18 Pin 11 6 \"
tVio_1s Pin 12 6 \Y
Via-1s Pin 13 13.2 Y
Currents
Ioms =lam Pins 2 and 3 (transistor driving) 400 mA
(peak value)
Ig Pin 4 1 mA
tlg Pin 6 10 mA
-l Pin 7 5 mA
lg Pin 9 10 mA
li3 Pin 13 2 mA
Prot Total power dissipation 800 mwW
Tsta Storage temperature range -25 to +125 °C
Ta Operating ambient temperature range -20 to +70 °C

February 12, 1987 9-47



Signetics Linear Products Product Specification

Horizontal Combination TDA2594

DC AND AC ELECTRICAL CHARACTERISTICS at V,_45=12V; Tp = 25°C; measured in Block Diagram.

LIMITS

SYMBOL PARAMETER UNIT

Min l Typ l Max
Sync separator (Pin 11)
Vii-18 Input switching voltage 0.8 \
141 Input keying current 5 100 uA
41 Input leakage current at Viy_1g=-5V 1 MA
l14 Input switching current 5 MA
111 Switch off current 100 150 MA
Vii1-1gp-p) | Input signal (peak-to-peak value) 3 4 V!
Noise separator (Pin 12)
Viz_18 Input switching voltage 1.4 \
l12 Input keying current 5 100 HA
12 Input switching current 100 150 MA
ly2 Input leakage current at Vip_1g =-5V 1 MA
Vi2-18(-p) | Input signal (peak-to-peak value) 3 4 V!
Vi2_18p-p) | Permissible superimposed noise signal (peak-to-peak value) 7 \
Line flyback pulse (Pin 6)
lg Input current 0.02 1 mA
Ve-18 Input switching voltage 1.4 "
Ve-18 Input limiting voltage -0.7 +1.4
Switching on VCR (Pin 13)
Viz-18 Input voltage ] 9 tzt;svs z
;::‘alw Input current 220 r‘r‘::
Pulse switching off (Pin 4) For t=0; input Pin 4 open or V3_4=0
Vs-18 Input voltage 5.4 6.6 \
lg Input current 0 MA
Vertical sync pulse (Pin 8) (positive-going)
Vg _ 18(P-P) Output voltage (peak-to-peak value) 10 1 \
Rg Output resistance 2 k2
ton Delay between leading edge of input and output signal 15 us
torr Delay between trailing edge of input and output signal ton us
Vio-18 Switching off the vertical sync pulse 3 \"
Burst key puise (Pin 7) (positive-going)
V7_18 Output voltage 10 11 \
Rz Output resistance 70 Q
tp Pulse duration; V7_1g =7V 3.7 4 4.3 us
| i e et e st | s | e | s | e
Iz Output trailing edge current 2 2 mA
V7_.18 Saturation voltage during line scan 1 \"
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Horizontal Combination TDA2594

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at V;_4g =12V, Ta=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 41 49 \
Ry Output resistance 70 Q
I7 Output trailing edge current 2 mA
Field flyback/blanking pulse (Pin 7)

Output voltage with externally forced in current
V7-18 I = 2.4 to 36mA 2 3 v
Ry Output resistance at 17 =3mA 70 Q
TV transmitter identification output (Pin 9) (open-collector)
Vgo_18 Output voltage at Ig = 3mA, no TV transmitter 05 "
Ro Output resistance at Ig =3mA, no TV transmitter 100
lg Output current at Vig_-1g =3V, TV transmitter identified 5 uA
TV transmitter identification (Pin 10)

When receiving a TV signal, the voltage Vig-1g will change

from <1V to =7V
Line drive pulse (positive-going)
V3 _18(p-p) Output voltage (peak-to-peak value) 10 \
R3 Output resistance

for leading edge of line pulse 25 Q
for trailing edge of line pulse 20 Q

Pulse duration (transistor driving) 2
tp Va_18=0 to 3.5V; -l > 200pA; tep = 12us 14+ ks
Vy_1s Supply voltage for switching off the output pulse ' 4 \
Overall phase relation
At Phase relation between middle of sync pulse 26 3

and the middle of the flyback pulse : a

The adjustment of the overall phase relation and consequently

the leading edge of the line dnve pulse occurs automatically by

phase control ¢o

If additional adjustment I1s 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 V;_qg=12V; Ta = 25°C, measured in Block Diagram.

LIMITS
SYMBOL PARAMETER UNIT
Min l Typ l Max
Oscillator (Pins 16 and 17)
Vie-18 Threshold voltage low level 4.4 \
Vie-18 Threshold voltage high level 7.6 Vv
*l46 Charging current 047 mA
fo Frequency, free running (Cosc = 4 7nF, Rosc = 12kS2) 16.625 kHz
Afg Spread of frequency £5 %0
Afo/ A7 Frequency control sensitivity 31 Hz/uA
Afg Adjustment range of network in circuit (Block Diagram) +10 %
M— Influence of supply voltage on frequency; reference at Vg =12V +0.05 %8
AV/Vnom
Afo Change of frequency when Vg drops to 5V, reference at +10 96
Vg =12V
TC Temperature coefficient of oscillator frequency +10-4 K-16
Phase comparison ¢ (Pin 15)
Vi5_18 Control voltage range 41 7.9 \"
*+115M Control current (peak value) 1.8 22 mA
Output leakage current
hs at Vis_18=43 to 77V 1 A
Output resistance
Ri3 at Vis_1g=43 to 7.7V* high ohmic
Rys at Vis_1g <4.1Vor>79Vv® low ohmic
Control sensitivity 2 kHz/us
Af Catching and holding range (82k$2 between Pins 15 and 17) +680 Hz
A(Af) Spread of catching and holding range +12 %©
Phase comparison ¢, and phase shifter (Pin 5)
Vs_18 Control voltage range 5.4 76 \"
*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=54 to 7.6V 5 MA
4 Permissible delay between leading edge of output pulse and 155 s
D leading edge of flyback pulse (tpp = 12us) ’ K
At/ Atp Static control error 0.2 %
Coincidence detector ¢; (Pin 13)
Viz-18 Output voltage 05 6 \"
Output current (peak value)
l13m 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 tep = 12us
4. Current source
5 Emitter-follower
6. Excluding external component tolerances
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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 pulse 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

® o4 phase control between
horizontal sync and oscillator

e Coincidence detector ¢3; 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

® ¢, gating pulse controlled by
coincidence detector o3

e Mute circuit depending on TV
transmitter identification

ORDERING INFORMATION

TDA2595

Horizontal Combination

Product Specification

e p, phase control between line
flyback and oscillator; the slicing
levels for v, control and
horizontal blanking can be set
separately

e Burst keying and horizontal

blanking pulse generation, in

combination with clamping of the
vertical blanking pulse (three-
level sandcastie)

Horizontal drive output with

constant duty cycle inhibited by

the protection circuit or the
supply voltage sensor

Detector for too low supply

voltage

Protection circuit for switching

off the horizontal drive output

continuously if the input voltage
is below 4V or higher than 8V

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
e Video receivers

PIN CONFIGURATION

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

18-Pin Plastic DIP (SOT-102CS)

-20°C to +70°C

TDA2595N

August 13, 1987
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BLOCK DIAGRAM
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Horizontal Combination TDA2595
ABSOLUTE MAXIMUM RATINGS
SYMBOL DESCRIPTION RATING UNIT
Vi5-5=Vcc Supply voltage (Pin 15) 13.2 \"
Voltages at:
Vi47-5 Pins 1, 4 and 7 18 "
Ve‘13,13_5 Pins 8, 13 and 18 Vee \
Vi1-5 Pin 11 (range) -05to +6 \
Currents at:
Iy Pin 1 10 mA
E4 P Pin 2 (peak value) 10 mA
la Pin 4 100 mA
*lem Pin 6 (peak value) 6 mA
l7 Pin 7 10 mA
lg Pin 8 (range) -5 to +1 mA
lg Pin 9 (range) -10 to +3 mA
*l4g Pin 18 10 mA
Pror Total power dissipation 800 mwW
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range -0 to +70 °C
DC AND AC ELECTRICAL CHARACTERISTICS Vcc=12V; Ta=25°C, unless otherwise specified.
LIMITS
SYMBOL PARAMETER UNIT
Min | Typ | Max
Composite video input and sync separator (Pin 11) (internal black level determination)
Vi1-5(p-P) Input signal (positive video; standard signal; peak-to-peak value) 0.2 1 3 \"
Vi1-5p-p) Sync pulse amplitude (independent of video content) 50 mV
Ra Generator resistance 200 Q
Input current during
l11 Video 5 MA
—ly1 Sync pulse 40 MA
=lyq Black level 25 MA
Composite sync generation (Pin 10) horizontal slicing level at 50% of the sync pulse amplitude
Capacitor current during
l10 Video 16 MA
-lyo Sync pulse 170 HA
Vertical sync pulse generation (Pin 9) slicing level at 30% (60% between black level and horizontal slicing level)
Vg_s5 Output voitage 10 \
tp Pulse duration 190 us
to Delay with respect to the vertical sync pulse (leading edge) 45 us
Pulse-mode control
Output current for vertical sy