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Signetics

Linear Products

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

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

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

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

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

Volume 2 — Industrial:

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

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

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

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

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

Your suggestions for improvement in
future editions are welcome.
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DEFINITIONS
Data Sheet
) roduct Stat Definition
Identification Product us fo
This data sheet contains the design target or goal
obj or In Design | specifications for product ifications may
change in any manner without notice.
This data sheet contains p y data and Yy
Product data will be published at a later date. Signetics reserves the
4 v right to make changes at any time without notice in order to
improve design and supply the best possible product.
This data sheet contains Final Specifications. Signetics
p teation Full Produ reserves the right to make changes at any time without

notice in order to improve design and supply the best
possible product.
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Linear Products

ADCO0801/2/3/4/5 8-Bit CMOS A/D Converter

ADC0820 8-Bit CMOS A/D Converter

AM6012 12-Bit Multiplying D/A Converter

CA3089 FM IF System

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

HEF4750V Frequency Synthesizer

HEF4751V Universal Divider

ICM7555 CMOS Timer

LF198 Sample-and-Hold Amoplifier

LF298 Sample-and-Hold Amplifier

LF398 Sample-and-Hold Amplifier

LM111 Voltage Comparator

LM119 Dual Voltage Comparator

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

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

LM219 Dual Voltage Comparator

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

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

LM319 Dual Voltage Comparator

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

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

LM2901 Quad Voltage Comparator

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

MC1408-8 8-Bit Multiplying D/A Converter

MC1458 General Purpose Operational Amplifier
MC1488 Quad Line Driver

MC1489/A Quad Line Receivers

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

MC1558 General Purpose Operational Amplifier
MC3302 Quad Voltage Comparator

MC3303 Quad Low Power Operational Amplifier
MC3361 Low Power FM IF

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

NE/SE529 Voltage Comparator

NE/SE530 High Slew Rate Operational Amplifier
NE/SES531 High Slew Rate Operational Amplifier
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Vol 1

4-110

4-174
4-184

7-114

5-4
5-8
4-60

4-116

Vol 2

5-11
5-18
5-100

5111
5-124

4-40

5-136
4-40
5-136
5-285
5-290
5-296
5-301
4-53
4-60

Vol 3



Signetics Linear Products

Alphanumeric Product List

Vol 1 Vol 2 Vol 3
NE/SA532 Low Power Dual Operational Amplifier 4-123
NE/SE538 High Slew Rate Operational Amplifier 4-68
NE542 Dual Low-Noise Preamplifier 7-167
NE544 Servo Amplifier 8-34
NE/SE555 Timer 7-47
NE/SA/SE556/1 Dual Timer 7-32
NE/SA/SE558 Quad Timer 7-38
NE/SE564 Phase-Locked Loop 4-257
NE/SE565 Phase-Locked Loop 4-291
NE/SE566 Function Generator 4-304
NE/SE567 Tone Decoder/Phase-Locked Loop 4-313
NE568 150MHz Phase-Locked Loop 4-333 11-6
NE570 Compandor 4-357
NE/SA571 Compandor 4-357
NE/SA572 Programmable Analog Compandor 4-364
NE575 Low Voltage Compandor 4-373
NE587 LED Decoder/Driver 6-49
NE589 LED Decoder/Driver 6-59
NE590 Addressable Peripheral Drivers 6-34
NE591 Addressable Peripheral Drivers 6-34
NE/SE592 Video Amplifier 4-46 4-231 11-109
NE/SA594 Vacuum Fluorescent Display Driver 6-74
NE602 Low Power VHF Mixer/Oscillator 4-69
NE604 Low Power FM IF System (Independent IF Amp) 4119 4-178
NE605 Low Power FM IF System 4-142
NE612 Low Power VHF Mixer/Oscillator 4-90
NE614 Low Power FM IF System (Independent IF Amp) 4-146 4-201
NE645 Dolby Noise Reduction Circuit 7-230
NE646 Dolby Noise Reduction Circuit 7-230
NE648 Low Voltage Dolby Noise Reduction Circuit 7-235
NE649 Low Voltage Dolby Noise Reduction Circuit 7-235
NE650 Dolby B-Type Noise Reduction Circuit 7-240
NE/SE4558 Dual General Purpose Operational Amplifier 4-48
NE/SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-144
NE/SE5019 8-Bit Microprocessor-Compatible D/A Converter 5-150
NE5020 10-Bit Microprocessor-Compatible D/A Converter 5-156
NE/SE5030 10-Bit High-Speed Microprocessor-Compatible A/D 5-31
NE5034 8-Bit High-Speed A/D Converter 5-36
NE5036 6-Bit A/D Converter (Serial Output) 5-43
NE5037 6-Bit A/D Converter (Parallel Outputs) 5-50
NE5044 Programmable Seven-Channel RC Encoder 8-4
NES5045 Seven-Channel RC Decoder 8-16
NE5050 Power Line Modem 5-26
NE5060 Sample-and-Hold Circuit 5-322
NE5080 High-Speed FSK Modem Transmitter 5-44
NE5081 High-Speed FSK Modem Receiver 5-48
NES5090 Addressable Relay Driver 6-28
NE/SA/SE5105/A 12-Bit High-Speed Comparator 5-277
NE/SE5118 8-Bit Microprocessor-Compatible D/A Converter 5-164
NE/SE5119 8-Bit Microprocessor-Compatible D/A Converter . 5-169
NE5150 RGB Video D/A Converter 5-181 11-25
NE5151 RGB Video D/A Converter 5-181 11-25
NE5152 RGB Video D/A Converter 5-181 11-25
NE5170 Octal Line Driver 5-14 6-14
NE5180 Octal Line Receiver 5-21 6-21
NE5181 Octal Line Receiver 5-21 6-21
NE5204 Wideband High Frequency Amplifier 4-3 4-155 11-66
NE/SA/SE5205 Wideband High Frequency Amplifier 4-14 4-166 11-77
NE/SA5212 Transimpedance Amplifier 5-63 4-267
NE/SA5230 Low Voltage Operational Amplifier 4-109
NE5240 Dolby Digital Audio Decoder 7-226
NE/SE5410 10-Bit High-Speed Multiplying D/A Converter 5-208
NE/SE5512 Dual High Performance Operational Amplifier 4-75
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Alphanumeric Product List

NE/SE5514
NES517/A
NES520
NE/SE5521
NE/SE5532/A
NE5533/A
NE5534A
NE/SE5535
NE/SE5537
NE/SE5539
NE/SE5560
NE/SE5561
NE/SA/SES562
NE5568
NE/SA/SE5570
NE5592
NE5900
OM8210
PCD3310
PCD3311
PCD3312
PCD3315
PCD3360
PCF1303
PCF2100
PCF2111
PCF2112
PCF8200
PCF8566
PCF8570
PCF8571
PCF8573
PCF8574
PCF8576
PCF8577
PCF8582
PCF8591
PNA7509
PNA7518
SA532
SA534
SA556/1
SA558
SA5T1
SA572
SA594
SA723C
SA741C
SA747C
SA1458
SA5205
SA5212
SA5230
SA5534A
SA5562
SA5570
SAA1027
SAA1057
SAA1060
SAA1061
SAA1099
SAA3004,T
SAA3006

February i987

Quad High Performance Operational Amplifier
Dual Operational Transconductance Amplifier
LVDT Signal Conditioner
LVDT Signal Conditioner

Internally-Compensated Dual Low-Noise Operational Amp

Single and Dual Low-Noise Operational Amp
Single and Dual Low-Noise Operational Amp
Dual High Slew Rate Op Amp
Sample-and-Hold Amplifier

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

Call Progress Decoder

Speech Encoding and Editing System

Pulse and DTMF Dialer With Redial
DTMF/Modem/Musical Tone Generator
DTMF/Modem/Musical Tone Generator
CMOS Redial and Repertory Dialer
Programmable Multi-Tone Telephone Ringer
18-Element LCD Bar Graph LCD Driver
LCD Duplex Driver

LCD Duplex Driver

LCD Driver

Single-Chip CMOS Male/Female Speech Synthesizer

Universal LCD Driver for Low Multiplex Rates
256 X 8 Static RAM
1K Serial RAM

_Clock/Calendar With Serial 1/0

8-Bit Remote 1/0O Expander

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

8-Bit A/D and D/A Converter

7-Bit A/D Converter

8-Bit Multiplying DAC

Low Power Dual Operational Amplifier

Low Power Quad Operational Amplifier

Dual Timer

. Quad Timer

Compandor

Programmable Analog Compandor
Vacuum Fluorescent Display Driver
Precision Voltage Regulator

General Purpose Operational Amplifier
Dual Operational Amplifier

General Purpose Operational Amplifier
Wide-band High Frequency Amplifier
Transimpedance Amplifier

Low Voltage Operational Amplifier
Single and Dual Low-Noise Operational Amp
SMPS Control Circuit, Single Output
Three-Phase Brushless DC Motor Driver
Stepper Motor Driver

PLL Radio Tuning Circuit

LED Display Interface

Output Port Expander

Stereo Sound Generator for Sound Effects and Music

IR Transmitter (448 Commands)
IR Transmitter (2K Commands, Low Voltage)

1-10

Vol 1

4-26

4-40

83
6-10
6-24

6-37
6-45

4-357
4-364

4-14
5.63

4-193

8-16

Vol 2

4-81
4-251
5-338
5-358

4-87

4-93

4-93
4-129
5-327
4-211

8-67

8-86

8-97
8-129

8-45
4-225

6-79
6-83
6-90
6-95

6-100

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

5-59

5-217

6-152
6-155

Vol 3

11-89

11-103

4-3
412
4-21
4-33

4-11

11-14
11-52

11-77

5-13
5-29



Signetics Linear Products

Alphanumeric Product List

Vol 1 Vol 2 Vol 3
SAA3027 IR Transmitter 5-38
SAA3028 IR Remote Control Transcoder With 12C 5-47
SAA5025D Teletext Timing Chain for 525-Line System 13-14
SAA5030 Teletext Video Input Processor 13-256
SAA5040 Teletext Acquisition and Control Circuit 13-32
SAA5045 Gearing and Address Logic Array (GALA) 13-44
SAA5050 Teletext Character Generator 13-48
SAA5055 Teletext Character Generator 13-48
SAA5230 Teletext Video Processor 13-61
SAA5350 Single-Chip Color CRT Controller (625-Line System) 13-67
SAA7210 Compact Disk Decoder 7-329
SAA7220 Digital Filter and Interpolator for Compact Disk 7-343
SAA9001 317k-Bit CCD Memory 11-129 .
SAB1164 1GHz Divide-by-64 Prescaler 4-163 4-92
SAB1165 1GHz Divide-by-64 Prescaler 4-163 4-92
SAB1256 1GHz Divide-by-256 Prescaler 4-168 4-97
SAB3013 Hex 6-Bit D/A Converter 4-45
SAB3035 FLL Tuning and Control Circuit (Eight D/A Converters) 4-50
SAB3036 FLL Tuning and Control Circuit 4-65
SAB3037 FLL Tuning and Control Circuit (Four D/A Converters) 4-75
SAF1032P Remote Control Receiver 5-3
SAF1039P Remote Control Transmitter 5-3
SES521 High-Speed Dual Differential Comparator/Sense Amp 5-285
SE522 High-Speed Dual Differential Comparator/Sense Amp 5-290
SE527 Voltage Comparator 5-296
SE529 Voltage Comparator 5-301
SE530 High Slew Rate Operational Amplifier 4-53
SE531 High Slew Rate Operational Amplifier 4-60
SE532 Low Power Dual Operational Amplifier 4-123
SE538 High Slew Rate Operational Amplifier 4-68
SE555 Timer 7-47
SE555C Timer 7-47
SE556-1C Dual Timer 7-32
SE556/-1 Dual Timer 7-32
SE558 Quad Timer 7-38
SE564 Phase-Locked Loop 4-257
SE565 Phase-Locked Loop 4-291
SE566 Function Generator 4-304
SE567 Tone Decoder/Phase-Locked Loop 4-313
SE592 Video Amplifier 4-46 4-231 11-109
SE4558 Dual General Purpose Operational Amplifier 4-48
SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-144
SE5019 8-Bit Microprocessor-Compatible D/A Converter 5-150
SE5030 10-Bit High-Speed Microprocessor-Compatible A/D Converter 5-31
SE5118 8-Bit Microprocessor-Compatible D/A Converter 5-164
SE5119 8-Bit Microprocessor-Compatible D/A Converter 5-169
SE5205 Wide-band High Frequency Amplifier 4-14 4-166 11-77
SE5212 Transimpedance Amplifier 5-63 4-267
SE5410 10-Bit High-Speed Multiplying D/A Converter 5-208
SE5512 Dual High Performance Operational Amplifier 4-75
SE5514 Quad High Performance Operational Amplifier 4-81
SE5521 LVDT Signal Conditioner 5-358
SE5532/A Internally-Compensated Dual Low-Noise Operational Amp 4-87
SE5534A Single and Dual Low-Noise Operational Amp 4-93
SE5535 Dual High Slew Rate Op Amp 4-129
SE5537 Sample-and-Hold Amplifier 5-327
SE5539 Ultra High-Frequency Operational Amplifier 4-26 4-211 11-89
SE5560 Switched-Mode Power Supply Control Circuit 8-67
SE5561 Switched-Mode Power Supply Control Circuit 8-86
SE5562 SMPS Control Circuit, Single Output 8-97
SES570 Three-Phase Brushless DC Motor Driver 8-45
SG1524C Improved SMPS Push-Pull Controller 8-131
$G2524C Improved SMPS Push-Pull Controller 8-131
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Alphanumeric Product List

SG3524
8G3524C
SG3526A
TBA120
TCA520
TDA1001B
TDA1005A
TDA1010A
TDA1011A
TDA1013A
TDA1015
TDA1020
TDA1023
TDA1029
TDA1072A
TDA1074A
TDA1510
TDA1512
TDA1514
TDA1515A
TDA1520A
TDA1521
TDA1522
TDA1524A
TDA1534
TDA1535

TDA1540
TDA1541
TDA1574
TDA1576
TDA1578A
TDA1721
TDA2540
TDA2541
TDA2545A
TDA2546A
TDA2549
TDA2555
TDA2577A
TDA2578A
TDA2579
TDA2582
TDA2593
TDA2594
TDA2595
TDA2611A
TDA2653A
TDA3047,T
TDA3048,T
TDA3505
TDA3563
TDA3564
TDA3566
TDA3567
TDA3651A
TDA3652
TDA3653
TDA3654
TDA3810
TDA4501
TDA4502
TDA4503

February 1987

SMPS Control Circuit

Improved SMPS Push-Pull Controller
Switched-Mode Power Supply Control Circuits
IF Amplifier and Demodulator

Operational Amplifier (Low Voltage)
Interference Suppressor

Frequency Multiplex PLL Stereo Decoder
6W Audio Amplifier With Preamplifier

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

Stereo Audio Switch

AM Receiver Circuit

DC-Controlled Dual Potentiometers

2 X 12W Audio Amplifier

12 to 20W Audio Amplifier

40W High-Performance Hi-Fi Amplifier

24W BTL Audio Amplifier

20W Hi-Fi Audio Amplifier

2 X 12W Hi-Fi Audio Power Amplifier

Stereo Cassette Preamplifier
Stereo-Tone/Volume Control Circuit

14-Bit A/D Converter, Serial Output

High Performance Sample and Hold Amplifier With Resolution to

16 Bits

14-Bit DAC — Serial Output

16-Bit Dual D/A Converter, Serial Output

FM Front End IC (VHF Mixer and Oscillator)

FM IF System

PLL Stereo Decoder

8-Bit Multiplying D/A Converter

Video IF Amplifier and Demodulator, AFT, NPN Tuners
Video IF Amplifier and Demodulator, AFT, PNP Tuners
Quasi-Split Sound IF System

Quasi-Split Sound IF and Sound Demodulator
Multistandard Video IF Amplifier and Demodulator
Dual TV Sound Demodulator

Sync Circuit With Vertical Oscillator and Driver
Sync Circuit With Vertical Oscillator and Driver
Synchronization Circuit

Control Circuit for Power Supplies

Horizontal Combination

Horizontal Combination

Horizontal Combination

S5W Audio Output Amplifier

Vertical Deflection Circuit With Oscillator

IR Preamplifier

IR Preamplifier

Chroma Control Circuit

NTSC Decoder With RGB Inputs

NTSC Decoder

PAL/NTSC Decoder With RGB Inputs

NTSC Color Decoder

Vertical Deflection

Vertical Deflection

Vertical Deflection

Vertical Deflection

Spatial, Stereo, Pseudo-Stereo Processor

Small Signal Subsystem IC for Color TV
Complete Video IF IC With Vertical and Horizontal Sync
Small Signal Subsystem for Monochrome TV

1-12

Vol 1

7-43
7-119
7-246
7-251
7-255
7-267
7-272

7-180

7-3
7-189
7-276
7-288
7-293
7-296
7-307
7-317
7-174
7-196

7-355
7-360

4-96
4-156
7-129

7-332

7-204

8-243

5-78
5-335

5-221
5-233

5-239

Vol .3

8-3

7-3
7-8

8-11
7-14
8-15

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

12-3
5-52
5-56
10-11
10-18
10-38
10-47
10-60
12-9
12-16
129
12-20

6-3
6-13
6-15
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Alphanumeric Product List

TDA4505
TDA4555
TDA4565
TDA4570
TDA4580
TDA5030A
TDA5040
TDA5230
TDA5702
TDA5703
TDA5708
TDA5709
TDA6800
TDA7000
TDA7010T
TDA7021T
TDA7040T
TDA7050
TDA8400
TDA8432
TDA8440
TDAB8442
TDA8443/A
TDA8444
TDD1742
TEA1017
TEA1039
TEA1046A
TEA1060
TEA1061
TEA1067
TEA1068
TEA1075
TEA1080
TEA2000
TEA5550
TEA5560
TEA5570
TEA5580
TEA5581
TEA6000
TEA6300
uc1842
uC2842
UC3842C
ULN2003
ULN2004
uA723
uA723C
uA733
uA733/C
pA741
uA741C
uA747
pAT47C
LA758
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Small Signal Subsystem IC for Color TV
Multistandard Color Decoder

Color Transient Improvement Circuit (CTI)
NTSC Color Difference Decoder

Video Control Combination Circuit With Automatic Cut-Off Control

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

VHF/UHF Mixer-Oscillator

8-Bit Digital-to-Analog Converter

8-Bit Analog-to-Digital Converter

Photo Diode Signal Processor

Radial Error Signal Processor

Video Modulator Circuit

Single-Chip FM Radio Circuit

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

PLL Stereo Decoder (Low Voltage)

Low Voltage Mono/Stereo Power Amplifier
FLL Tuning Circuit With Prescaler
Deflection Processor With [2C Bus
Video/Audio Switch

Quad DAC With 12C Interface

RGB/YUV Switch Inputs

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

13-Bit Serial-to-Parallel Converter

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

Telephone Transmission Circuit With Dialer Interface
Telephone Transmission Circuit With Dialer Interface

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

Supply IC for Telephone Peripherals

Digital RGB to NTSC/PAL Encoder

AM Radio Circuit

FM IF System

AM/FM Radio Receiver Circuit

PLL Stereo Decoder

PLL Stereo Decoder

FM IF System and Computer Interface (MUSTI) Circuit

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

Current Mode PWM Controller

Current Mode PWM Controller

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

Precision Voltage Regulator

Differential Video Amplifier

Differential Video Amplifier

General Purpose Operational Amplifier

General Purpose Operational Amplifier

Dual Operational Amplifier

Dual Operational Amplifier

FM Stereo Multiplex Decoder Phase-Locked Loop

Vol 1

4-102

4-106

7-366
7-368

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

7-210

7-154

Vol 2 Vol 3

6-24

10-67

10-82

10-86

10-91

4-102
8-57

4-106

5-243 11-56

5-84 11-21

113

4-86

9-62

11-60

10-101

10-107
5-247
6-158

8-203 14-12

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

4-245 11-123

4-245 11-123
4-142
4-142
4-148
4-148
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Linear Products

Signal Processing

AN140
AN141
AN198
AN1981
AN1982
AN199
AN1991

Compensation Techniques for Use With the SE/NE5539

Using the NE592/5592 Video Amplifier

Designing With SA/NE602

New Low Power Single Sideband Circuits (NE602)

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

Audio Decibel Level Detector With Meter Driver

Frequency Synthesis

AN196
AN197

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

Phase-Locked Loops

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

Compandors

AN174
AN175
AN176

An Overview of Phase-Locked Loops (PLL)

Modeling the PLL

Circuit Description of the NE564

The NES564: 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

Cireuit 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/SA671
Automatic Level Control: NE572
Compandor Cookbook

Line Drivers/Receivers

AN113
AN195
AN1950
AN1951

Telephony

AN1942
AN1943

Radio Circuits

AN1961
AN198
AN1981
AN1982
AN191
AN192
AN193
AN199
AN1991

February 1987

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

Exploring the Possibilities in Data Communications

NE5050: Power Line Modem Application Board Cookbook

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

TDA1072A: Integrated AM Receiver

Designing With the SA/NE602

New Low Power Single Sideband Circuits (NE602)

Applying the Oscillator of the NE602 in Low Power Mixer Applications
Stereo Decoder Applications Using the uA758

A Complete FM Radio on a Chip

TDA7000 for Narrow-Band FM-Reception

Designing With the SA/NE604

Audio Decibel Level Detector With Meter Driver (NE604)

1-14

Application Notes
by Product Group

Vol 1

4.34
4-55
4.75
4-79

4-130
4-140

4-201
4-208

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

4-341
4-372
4-350

5-11
5-52
5-60
5-30

6-88
6-108

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

Vol 2

4-219
4-240

4-189
4-199

6-11

Vol 3

1197
11-118
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Application Notes by Product Group

Audio Circuits

AN148
AN1481
AN149
AN1491
AN190

Audio Amplifier With TDA1013

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

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

Operational Amplifiers

AN142
AN144

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

Low Voltage Gated Generator: NE5230
Applications for the MC3403

Explanation of Noise

Integrated Operational Amplifier Theory
Basic Feedback Theory

High Frequency Amps

AN199 Designing With the NE/SA604

AN1991 Audio Decibel Level Detector With Meter Driver

Video Amps

AN140 Compensation Techniques for Use With the SE/NE5539

AN141 Using the NE592/5592 Video Amplifier

Transconductance

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

Transconductance Amplifier

Data Conversion

AN100
AN101
AN105
AN106
AN108
AN1081
AN109
AN110

Comparators
AN116

An Overview of Data Converters

Basic DACs

Digital Attenuator

Using the DACO08 Without a Negative Supply

An Amplifiying, Level Shifting Interface for the PNA7507 Video D/A Converter
NES5150/51/52: Family of Video D/A Converters

Microprocessor-Compatible DACs

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

Applications for the NE521/522/527/529

Position Measurement

AN118
AN1181
AN1182

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

Line Drivers/Receivers

AN113

Applications Using the MC1488/1489 Line Drivers and Receivers

Display Drivers

AN112

LED Decoder Drivers: Using the NE587 and NE589

Serlal-to-Parallel Converters

AN103

Timers

AN170
AN171

February 1987

13-Bit Serial-to-Parallel Converter

NES555 and NE556 Applications
NE558 Applications

Vol 1

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

4-130
4-140

4-34
4-55

Vol 2

4-219
4-240

4-264

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

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

5-306

5-343
5-363
5-367

6-11

6-68

6-163

7-53
7-42

Vol 3

11-97
11-118

11-20
11-32
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Application Notes by Product Group

Motor Control and Sensor Circuits

AN127 Using the SAA1027 With Airpax Four-Phase Stepper Motors

AN131 Applications Using the NE5044 Encoder

AN1311 Low Cost A/D Conversion Using the NE5044

AN132 Applications Using the NE5045 Decoder

AN133 Applications Using the NE544 Servo Amplifier

AN1341 Control System for Home Computer Robotics

Switched-Mode Power Supply

AN120 An Overview of SMPS

AN121 Forward Converter Application Using the NE5560

AN122 NE5560 Push-Pull Regulator Application

AN123 NE5561 Applications

AN124 External Synchronization for the NE5561

AN125 Progress in SMPS Magnetic Component Optimization

AN126 Applications Using the SG3524

AN1261 High Frequency Ferrite Power Transformer and Choke

AN128 Introduction to the Series-Resonant Power Supply

AN1291 TDA1023: Design of Time-Proportional Temperature Controls

Tuning Circuits

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

Remote Control System

AN172 Circuit Description of the Infrared Receiver TDA3047/TDA3048

AN173 Low Power Preamplifiers for IR Remote Control Systems

AN1731 SAA3004: Low Power Remote Control IR Transmitter and Receiver
Preampilifiers

Synch Processing and Generator .
AN158 Features of the TDA2595 Synchronization Processor

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

IC Combination TDA2578A and TDA3651
Color Decoding and Encoding

AN155/A Multi-Standard Color Decoder With Picture Improvement

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

AN156 Application of the NTSC Decoder: TDA3563

AN1561 Application of the TEA2000 Color Encoder

Videotex/Teletext

AN152 A Single-Chip CRT Controller

AN153 The 5 Chip Set Teletext Decoder

AN154 Teletext Decoders: Keeping up With the Latest Technology Advances
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Signetics Application Notes
by Part Numbers

Linear Products

DAC08 AN106: Using the DAC08 Without a Negative Supply

MC1488 AN113: Using the MC1488/89 Line Drivers and Receivers

MC1489/A AN113: Using the MC1488/89 Line Drivers and Receivers

MC1496/1596 AN189: Balanced Modulator/Demodulator Applications Using
the MC1496/1596

MC3403 AN160: Applications for the MC3403

NE5044 AN131: Applications Using the NE5044 Encoder

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

NE5045 AN132: Applications Using the NE5045 Decoder
NE5050 AN1951: NE5050: Power Line Modem Application Board
Cookbook
NES5080/5081 AN195: Applications Using the NE5080, NE5081
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
NES27 AN116: Applications for the NE521/522/527/529
NE529 AN116: Applications for the NE521/522/527/529
NES31 AN1511: Low Voltage Gated Generator: NE5230
NE542 AN190: Applications of Low Noise Stereo Amplifiers: NE542
NE544 AN133: Applications Using the NE544 Servo Amplifier
NES5512/5514 AN144: Applications for the NE5512
AN1441: Applications for the NE5514
NES517 AN145: NE5517: General Description and Applications for
Use With the NES517/A Transconductance Amplifier
NES520 AN118: LVDT Signal Conditioner: Applications Using the
NE5520
NE5521 AN1181: NE5521 in a Modulated Light Source Design
Application
AN1182: NE5521 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 NES556 Applications
NE556 AN170: NE555 and NE556 Applications
NE/SE5560 AN121: Forward Converter Application Using the NE5560
AN122: NE5560 Push-Pull Regulator Application
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
NES58 AN171: NES558 Applications
NE564 AN179: Circuit Description of the NE564

AN180: The NE564: Frequency Synthesis

AN1801: 10.8MHz FSK Decoder With the NE564

AN181: A 6MHz FSK Converter Design Example for the
NE564
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8-225
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Application Notes by Part Numbers

NE564

NE565

NES566

NE567
NE570/571/SA571
NE572

NE587/589

NE592/5592
NE/SA602

NE/SA604

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

SAA5350
SAB3035

SG1524C

SG3524C

TDA1013A
TDA1023
TDA1072A
TDA1510

TDA1515
TDA1520A
TDA1540
TDA2578

TDA2595
TDA2595

February 1987

AN182:

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

AN199:
AN1991:

AN167:

AN108:

AN127:

AN196:
AN197:
AN1731:

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

AN154:

AN152:
AN157:

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

AN158:
AN162:

Clock Regenerator With Crystal Controlled
Phase-Locked VCO

Circuit Description of the NE565

FSK Demodulator With NE565

Circuit Description of the NE566

Waveform Generators With the NE566

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

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

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

Designing With the NE/SA602

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

Designing With the NE/SA604

Audio Decibei Level Detector With Meter Driver
(NE602)

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

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

Using the SAA1027 With Airpax Four-Phase Stepper
Motors

Single-Chip Synthesizer for Radio Tuning

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

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder

The 5 Chip Set Teletext Decoder -

The 5 Chip Set Teletext Decoder

Teletext Decoders: Keeping Up With the Latest
Technology Advances

Teletext Decoders: Keeping Up With the Latest
Technology Advances

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

High Frequency Ferrite Power Transformer and
Choke

High Frequency Ferrite Power Transformer and
Choke .
Progress in SMPS Magnetic Component
Optimization

Applications Using the SG3524

Audio Amplifier With TDA1013A

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

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

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

20W Hi-Fi Power Amplifier With the TDA1520A
Monolithic 14-Bit DAC With 85dB S/N Ratio
Directives for a Print Layout Design on Behalf- of
the IC Combination TDA2578A and TDA3651
Features of the TDA2595 Synchronization Processor
A Versatile High-Resolution Monochrome Data and
Graphics Display Unit
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9-30
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Application Notes by Part Numbers

TDA2653

TDA3047

TDA3048

TDA3505

TDA3563
TDA3651

TDA4555

TDA7000

TEA1017
TEA1067

TEA2000
uA758

February 1987

AN162

AN172:
AN173:

AN172:
AN173:

AN155/A:

AN156:
AN1621:

AN155/A:

AN1551:

AN192:
AN193:
AN103:
AN1942:

AN1943:

AN1561:
AN191:

A Versatile High-Resolution Monochrome Data and
Graphics Display Unit

Circuit Description of the Infrared Receiver

Low Power Preamplifiers for IR Remute Control
Systems

Circuit Description of the Infrared Receiver

Low Power Preamplifiers for IR Remote Control
Systems

Multi-Standard Color Decoder With Picture
Improvement

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

Single-Chip Multi-Standard Color Decoder TDA4555/
4556

A Complete FM Radio on a Chip

TDA7000 for Narrowband FM Reception

13-Bit Serial-to-Parallel Converter

TEA1067: Application of the Low Voltage Versatile
Transmission Circuit

TEA1067: Supply of Peripheral Circuits With the
TEA1067 Speech Circuit

Application of the TEA2000 Color Encoder

Stereo Decoder Applications Using the uA758

1-19
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7-159
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Section 1: GENERAL INFORMATION
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Signal Processing
Frequency Synthesis
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Compandors )
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GENERAL INFORMATION
QUALITY AND RELIABILITY
I2C SMALL AREA NETWORKS

TUNING SYSTEMS
Tuner Control Peripherals
Tuning Circuits
Prescalers

Tuner IC

REMOTE CONTROL SYSTEMS

TELEVISION SUBSYSTEM

VIDEO IF

SOUND IF AND SPECIAL AUDIO PROCESSING
SYNCH PROCESSSING AND GENERATION
COLOR DECODING AND ENCODING

SPECIAL PURPOSE VIDEO PROCESSING
Video Modulator/Demodulator

A/D Converters
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Signetics Cross Reference Guide

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

Linear Products

Competitor  Signetics Temperature Competitor  Signetics Temperature
Competitor Part Number Part Number  Range (°C)  Package Competitor Part Number Part Number  Range (°C) Package
AMD AM6012DC ~ AM6012F 0to +70 Ceramic uA2901DC LM2901F -40 to +85 Ceramic

DAC-08AQ DAC-08AF -55 to +125 Ceramic MA2901PC LM2901N -40 to +85 Plastic

DAC-08CN DAC-08CN- 0to +70 Plastic MA311RC LM311F 0 to +70 Ceramic

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

DAC-08EN DAC-08EN 0to +70 Plastic MA324PC LM324N 0 to +70 Plastic

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

DAC-08HN DAC-08HN 0to +70 Plastic MA3302PC MC3302N -40 to +85  Plastic

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

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

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

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

LF398H LF398H 0 to +70 Metal Can MA398HC SE5537H -55 to +125 Metal Can

LF398H NE5537H 0 to +70 Metal Can pHA398RC SE5537N -55 to +125 Plastic

LF398L LF398D 0 to +70 SO pHAS55TC NE555N 0to +70 Plastic

LF398L NES537D 0 to +70 SO HA556PC NE556-1N, 0 to +70 Plastic

LF398N LF398N 0 to +70 Plastic NES56N

LF398N NE5537N 0 to +70 Plastic MA723DC MAT723CF 0to +70 Ceramic
Datel AM-453-2 NE5534/AF 0to+70 Ceramic MA723DM MA723F -55 to +125 Ceramic

AM-453-2C NE5534/AF 0 to +70 Ceramic pA723HC MA723CH 0 to +70 Metal Can

AM-453-2M  SE5534/AF -55 to +125 Ceramic HA723PC MAT23CN 0 to +70 Plastic

DAC-UP10BC NE5020N 0to +70 Plastic MA733DC MAT733F 0 to +70 Ceramic

DAC-UPS8BC  NE5018N 0 to +70 Plastic nA733DM MAT733F -55 to +125 Ceramic

DAC-UP8BM  SE5019F -55 to +125 Ceramic MA733PC MAT733N 0 to +70 Plastic

DAC-UP8BQ  SE5018F -55to 125  Ceramic MA741NM MAT41N -55 to +125 Plastic
Exar XR-5532/A N NES532/AF 0 1to +70  Ceramic HATAIRC  uA741CF 0to+70  Ceramic

] WATHITC WAT41CN 0to +70 Plastic

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

5 HA747DC MA747CF 0to +70 Ceramic

XR-L567CN  NE567F 0to +70 Ceramic "

] UATATPC WAT4TCN 0to +70 Plastic

XR-L567CP  NES67N 0to +70 Plastic .

5 MA9667DC ULN2003F 0 to +70 Ceramic

XR-5534/A CN NE5534/AF 0to +70 Ceramic- y

" MA9667PC ULN2003N 0 to +70 Plastic
XR-5534/A CP NE5534/AN 0 to +70 Plastic )
. 1A9668DC ULN2004F 0 to +70 Ceramic

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

XR-558CN NES558F 0 to +70 Ceramic

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

XR-558M SE558F -55 to +125 Ceramic HA-2420-2/88 SE5060F -55 to +125 Ceramic

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

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

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

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

XR-3524P SG3524N 0 to +70 Plastic HA1-5135-5  NE5534/AF 0 to +70 Ceramic
Fairchild uAOBO/DA  DAG-OBF 010470  Ceramic s NN ST Raske

#AOBDICDC  MCMOEF  Oto +70  Coramic HA53208  NESOGOF 010470  Ceramic

MAO801CPC  MC1408N 0 to +70 Plastic

UAOB01EDC  DAC-08EF 0 to +70 Ceramic Intersil ADCO0803LCD ADCO0803-1 LCF -40 to +85 Ceramic

UAOBO1EPC  DAC-08AF 0to +70 Ceramic ADC0804 ADC0804-1 CN 0 to +70 Plastic

HA1458TC MC1458N 0to +70 Plastic ADCO0805 ADCO0805-1 LCN -40 to +85 Plastic

HA1488DC  MC1488F 0to+70  Ceramic Motorola DAC08CD  DAC-0SCN  0to +70  Plastic

HAT4BBPC  MC1488N 0to+70  Plastic DACO8CQ DAGOSCF  Oto +70  Ceramic

uA1489/A PC MC1489/AF 0to +70 Ceramic DAC-08ED DAC-08EN 0to +70 Plastic

HAT489/A PC MC14B9/AN  0to +70  Plastic DACOBEF  DACOBEF 010 +70  Ceramic

HAT9BHM - NESSS7H Oto+70  Metal Can DAC08HQ DACOSHF  Oto +70  Ceramic

KA198RM _ NESS37N Oto+70  Plastic DAC08Q  DAC-08F 55 to +125 Ceramic
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Signetics Linear Products

Cross Reference Guide

Competitor  Signetics Temperature Competitor  Signetics Temperature
Competitor Part Number Part Number  Range (°C)  Package Competitor Part Number Part Number  Range (°C) Package
LM2901N LM2901N -40 to +85 Plastic DACO808LCN MC1408N 0to +70 Plastic
LM311J-8 LM311F 0to +70 Ceramic DAC0808LD  MC1408F 0 to +70 Ceramic
LM311N LM311N 0 to +70 Plastic LF198H SE5537H -55 to +125 Metal Can
LM324J LM324F 0to +70 Ceramic LF398H NE5537H 0 to +70 Metal Can
LM324N LM324N 0 to +70 Plastic LF398N NES537N 0 to +70 Plastic
LM339/A J  LM339/AF 0 to +70 Ceramic LM13600AN  NE5517N 0 to +70 Plastic
LM339/A N LM339/AN 0to +70 Plastic LM13600N NE5517N 0 to +70 Plastic
LM358N LM358N 0to +70 Plastic LM1458N MC1458N 0to +70 Plastic
LM393A/J LM393/AF 0to +70 Ceramic LM161H SE529H -55 to +125 Metal Can
LM393A/N LM393/AN 0to +70 Plastic LM161J SE529F -55 to +125 Ceramic
MC1408L MC1408F 0 to +70 Ceramic LM2524J SG3524F 0 to +70 Ceramic
MC1408P MC1408N 0 to +70 Plastic LM2524N SG3524N 0 to +70 Plastic
MC1488L MC1488F 0 to +70 Ceramic LM2901N LM2901N -40 to +85 Plastic
MC1488P MC1488N 0 to +70 Plastic LM2903N LM2903N -40 to +85 Plastic
MC1489/A L MC1489/AF 0to +70 Ceramic LM3089 CA3089N -55 to +125 Plastic
MC1489/A P MC1489/AN 0to +70 Plastic LM319J LM319F 0to +70 Ceramic
MC1496L MC1496F 0to +70 Ceramic LM319N LM319N 0to +70 Plastic
MC1496P MC1496N 0 to +70 Plastic LM324J LM324F 0 to +70 Ceramic
MC3302L MC3302F -40 to +85 Ceramic LM324N LM324N 0 to +70 Plastic
MC3302P MC3302N -40 to +85 Plastic LM324AD LM324AD 0to+70 Plastic
MC3361D MC3361D 0 to +70 SO LM324AN LM324AN 0to +70 Plastic
MC3361P MC3361N 0 to +70 Plastic LM339/AJ LM339/AF 0 to +70 Ceramic
MC3403L MC3403F 0to+70 Ceramic LM339/AN LM339/AN 0to +70 Plastic
MC3403P MC3403N 0 to +70 Plastic LM3524J SG3524F 0to +70 Ceramic
MC3410CL MC3410CF 0 to +70 Ceramic LM3524N SG3524N 0 to +70 Plastic
MC3410L MC3410F 0 to +70 Ceramic LM358H LM358H 0 to +70 Metal Can
NE5410F 0 to +70 Ceramic LM358N LM358N 0 to +70 Plastic
MC3510L SE5410F 0 to +70 Ceramic LM361H NE529H 0to +70 Metal Can
NES92F NE592F-8 0to +70 Ceramic LM361J NE529D 0to +70 SO
NES92F NE592F-14 0to +70 Ceramic LM361N NE529N 0to +70 Plastic
NE592N NE592N 0 to +70 Plastic LM393/AN LM393/AN 0to +70 Plastic
NES65N NES565N 0 to +70 Plastic LM555J NE555F 0 to +70 Ceramic
SES592F SE592F-8 -55 to +1256 Ceramic LM555N NE555N 0 to +70 Plastic
SE592F SE592F-14 -55 to +125 Ceramic LM5564 SE556-1F ~55 to +125 Ceramic
SE592H SE592H -55 to +125 Metal Can LM556N SE556-1N -55 to +125 Plastic
National ADCOBO3F  ADCO803-1 LCF —40 to +85  Ceramic LMSS6C)  NESSE-1F 0to+70  Ceramic
N LM556CN NE556-1N 0to +70 Plastic
ADCO803N  ADCO0803-1 LCN -40 to +85  Plastic !
" LM565CN NE565N 0to +70 Plastic
ADC0805 ADC0805-1 LCN -40 to +85 Plastic !
" LM566N SE566N -55 to +125 Plastic
ADC0820BCN ADCO0820BNEN 0 to +70 Plastic !
" LM566CN NE566N 0 to +70 Plastic
ADC0820CCN ADCO0820CNEN 0 to +70 Plastic )
" LM567CN NE567N 0to +70 Plastic
ADC0820BCD ADC0820BSAN -40 to +85  Plastic LM733CN WATIION 0 to +70 Plastic
ADC0820CCD ADCO0820CSAN -40 to +85  Plastic |
. LM741CJ uA741CF 0to +70 Ceramic
ADC0820BD ADCO820BSEF -55 to +125 Ceramic .
" LM741CN PA741CN 0 to +70 Plastic
ADC0820CD  ADCO0820CSEF -55 to +125 Ceramic .
. LM741J MA741F -55 to +125 Ceramic
DAC0800LCJ DAC-08EF 0 to +70 Ceramic "
) LM741N MAT4IN -55 to +125 Plastic
DACO0800LJ  DAC-08F -55 to +125 Ceramic .
" LM747CJ MA747CF 0to +70 Ceramic
DAC0800LCN DAC-08EN 0to +70 Plastic "
. LM747CN MA747CN 0to +70 Plastic
DAC0801LCJ DAC-08CF 0to +70 Ceramic .
. LM747J UTATF -55 to +125 Ceramic
DACO0801LCN DAC-08CN 0to +70 Plastic .
. LM747N HAT47N -55 to +125 Plastic
DAC0802LJ  DAC-08AF -55 to +125 Ceramic "
. UC3842D UC3842D 0 to +70 Plastic
DAC0802LCJ DAC-08HF 0 to +70 Ceramic !
" ucas42J) UC3842FE 0 to +70 Ceramic
DAC0802LCN DAC-08HN 0 to +70 Plastic .
. UC3842N UC3842N 0 to +70 Plastic
DAC0806LCJ MC1408-6F 0to +70 Ceramic .
" ucas42D uc2s42D 0to +70 Plastic
DACO0806LCN MC1408-6N 0to +70 Plastic '
. ucas42J UC2842FE 0 to +70 Ceramic
DAC0807LCJ MC1408-7F 0to +70 Ceramic N
" UC2842N UC2842N 0to +70 Plastic
DAC0807LCN MC1408-7N 0 to +70 Plastic .
DACO80BLC) MC1408F 0to +70 Ceramic uc1842J UC1842FE -55 to +125 Ceramic
‘UC1842N UC1842N ~-55 to +125 Plastic
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Cross Reference Guide

Competitor  Signetics Temperature Competitor - Signetics - Temperature
Competitor Part Number Part Number  Range (°C) Package Competitor Part Number Part Number . Range (°C) Package
NEC uPC1571C NE571N 0to +70 Plastic LM311J LM311F 0 to +70 Ceramic
PMI CMP0SGP  NES1OSN  Oto +70  Plastic LMS11UG  LMSIFE  Oto +70  Ceramic

. LM324D LM324N 0 to +70 Plastic

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

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

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

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

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

" LM358P LM358N 0to +70 Plastic

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

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

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

. MC1458P MC1458N 0to +70 Plastic

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

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

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

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

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

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

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

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

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

; NE555JG NE555N 0to +70 Plastic
DAC312FR  AM6012F 0 to +70 Ceramic .
N NE555P NE555N 0 to +70 Plastic
0oP278Z SE5534AFE -55 to +125 Ceramic !
" NE556D NE556N 0to +70 Plastic
0P27CZ SES5534FE -55 to +125 Ceramic .
. NE556J NE556-1F 0 to +70 Ceramic

PM747Y HAT4TN -55 to +125 Plastic ’

. NES56N NES556-1N 0 to +70 Plastic

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

! NE592 NE592N14 0 to +70 Plastic

SMP-10EY NES060N 0to +70 Plastic .

. NE592A NE592F14 0 to +70 Ceramic

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

SMP-1EY  NE5060N 0to+70  Plastic NES92J NES92P 0to+70  Ceramic

NE592N NE592N-14 0to +70 Plastic
Raytheon RC4805DE  NES5105N 0to +70 Plastic SA556D SA556N -40 to +85 Plastic

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

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

RM480SADE  SE5105AF -55 to +125 Ceramic SE556J SES556-1F -55 to +125 Ceramic

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

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

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

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

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

RM5534/A DE SE5534/AF -55 to +125 Ceramic SN55108AJ  SE522F -55 to +125 Ceramic
Silicon  SG3524)  SGB524F 0to+70  Ceramic SN75107A) - NES21F 0fo+70  Plastic
General  SG3526N  SG3526N 0to+70  Plastic SN75107AN  NES21N 0to+70  Plastic

SN756108AJ  NE522F 0 to +70 Ceramic
Sprague  UDN6118A  SA594N -40 to +85  Plastic SN75108AN  NE522N 0 to +70 Plastic

UDN6118R  SAS594F -40 to +85 Ceramic SN75188J MC1488F 0 to +70 Ceramic

ULN8142M  UCB3842N 0to +70 Plastic SN75188N MC1488N 0to +70 Plastic

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

ULNB160R  NE5560F 0to +70 Ceramic SN75189AN  MC1489AN 0to +70 Plastic

ULN8161M  NES561N 0to +70 Plastic SN75189J MC1489F 0 to +70 Ceramic

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

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

ULN8564R NES64F 0 to +70 Ceramic TL592P NE592NB 0to +70 Plastic

ULS8564R SE564F -55 to +125 Ceramic MAT723CJ pAT723CF 0to +70 Ceramic
m ADCOBOSN  ADCOB03-1 LON ~40 to +85  Plastic MATZSON - pATZSCN - Oto +70 . Plastc

. uA723MJ MA723F ~55 to +125 Ceramic

ADC0804CN  ADC0804-1 CN 0 to +70 Plastic HAT23MU WA723D _55t0 +125 SO

ADCO805N  ADC0805-1 LCN -40 to +85 Plastic

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

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

PARTS AND THOSE OF THE COMPETITION.
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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 S0-16 8-Bit D/A Converter *NE544D SOL-16 Servo Amp
*LF398D SO-14 Sample-and-Hold Amp *NE5512D SO-8 Dual Hi-Perf Op Amp
LM1870D SOL-20 Stereo Demodulator *NE5514D SOL-16 Quad Hi-Perf Op Amp
LM2901D SO-14 Quad Volt Comparator NE5517D SO-16 Dual Hi-Perf Amp
LM2903D SO-8 Dual Volt Comparator NE5520D SOL-16 LVDT Signal Cond Ckt
LM311D SO-8 Voltage Comparator *NE5532D SOL-16 Dual Low-Noise Op
LM319D SO-14 High-Speed Dual Amp
Comparator *NE5533D SOL-16 Low-Noise Op Amp
LM324AD SO-14 Quad Op Amp NE5534AD SO-8 Low-Noise Op Amp
LM324D SO-14 Quad Op Amp NE5534D SO-8 Low-Noise Op Amp
LM339D SO-14 Quad Volt Comparator NE5537D SO-14 Sample-and-Hold Amp
LM358AD SO-8 Dual Op Amp NE5539D SO-14 Hi-Freq Amp
LM358D SO-8 Dual Op Amp Wideband
LM393D SO-8 Dual Comparator NE555D SO-8 Single Timer
*MC1408-8D SO-16 8-Bit D/A Converter NE556D SO-14 Dual Timer
MC1458D SO-8 Dual Op Amp NE5560D SO-16 SMPS Control Ckt
MC1488D SO-14 Quad Line Driver NE5561D SO-8 SMPS Control Ckt
MC1489D SO-14 Quad Line Receiver NE5562D SOL-20 SMPS Control Ckt
MC1489AD SO-14 Quad Line Receiver NE5568D SO-8 SMPS Control Ckt
MC3302D SO-14 Quad Volt Comparator NES558D SOL-16 Quad Timer
MC3361D SOL-16 Low Power FM IF NE5592D SO-14 Dual Video Amp
MC3403D SO-14 Quad Low Power Op NES564D 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 NES567D SO-8 Tone Decoder PLL
*NE5019D SOL-24 8-Bit D/A Converter NES568D SOL-20 PLL
*NES5036D SO-14 6-Bit A/D Converter NE571D SOL-16 Compandor
NE5037D SO-16 6-Bit A/D Converter NE572D SOL-16 Prog Compandor
NES044D SO-16 Prog 7-Channel *NE587D SOL-20 7 Seq LED Driver
Encoder (Anode)
NE5045D SO-16 7-Channel Decoder *NE589D SOL-20 7 Seq LED Driver
NE5090D SOL-16 Address Relay Driver (Cath)
NE5105/AD SO-8 High-Speed NE5900D SOL-16 Call Progress Decoder
Comparator NE592D14 SO-14 Video Amp
NE5170A PLCC-28 Octal Line Driver NE592D8 SO-8 Video Amp
NE5180A PLCC-28 Octal Line Receiver NE592HD14 SO-14 Hi-Gain Video Amp
NE5204D S0-8 High-Frequency Amp NE592HD8 SO-8 Hi-Gain Video Amp
NE5205D SO-8 High-Frequency Amp *NE594D SOL-20 Vac Fluor Disp Driver
NES21D 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 S0O-8 Double Balanced
NE5230D SO-8 Low Voltage Op Amp Mixer/Oscillator
NE527D SO-14 High-Speed NE614D SO-16 Low Power FM IF
Comparator System
NE529D SO-14 High-Speed *PCD3311TD SO-16 DTMF/Melody
Comparator Generator
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SO Availability List

System

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 TDAS040TD SO-8 Brushless DC Motor
(64) Driver
PCF2112TD VS0-40 LCD Duplex Driver TDA7010TD SO-16 FM Radio Circuit
(32) TDA7050TD SO-8 Mono/Stereo Amp
PCF8570TD SO-8 Static RAM (256 X 8) TDD1742TD SOL-28 Frequency Synthesizer
PCF8571TD S0-8 1K Serial RAM ULN2003D SO-16 Transistor Array
PCF8573TD SO-16 Clock/Timer ULN2004D SO-16 Transistor Array
PCF8574TD 80-16 Remote 1/0 Expander wA723CD 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 UNDER DEVELOPMENT
SA532D SO-8 Dual Op Amp
SA534D SO-14 Dual Op Amp PART SMD
SAS55D S0-8 Single Timer NUMBER PACKAGE DESCRIPTION
gﬁggg ggt’:g g°"‘pa"d°' 26L.S31D S0-16 RS-422 Line Driver
- ompandor N .
*SA594D SOL-20 Vac Fluor Disp Driver 26L8320 $0-16 RS-422 Line.Recelver
SA602D sO-8 Double Bal Mixer/ 26LS33D S0O-16 RS-422 L!ne Receiver
Oscillator 26L.S29D SO-16 RS-423 Lfne Drivei"
SA604D SO-16 Lower Power FM IF 26LS30D SO-16 RS-423 Line Receiver

NOTE:

For information regarding additional SO products
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Signetics Ordering Information
for Prefixes ADC, AM, CA, DAC,
ICM, LF, LM, MC, NE, OP, SA,
SE, SG, uA, UC, ULN

Linear Products

Signetics' Linear integrated circuit prod- Table 1. Part Number Description
ucts may be ordered by contacting either

the local Signetics sales office, Signetics |[PART NUMBER g:g.? SNSEF ::ntzﬁ-l\l’CT DE':SR&E::’J%LN
representatives and/or Signetics autho-
rized distributors. A complete listing is NE5537N LF398 LIN Sample-and-Hold Amp

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

$1000 per order
$250 per line item per order

———s= Description of
Product Function

Military Product:

250 per line item per order
$ P P -———= Linear Product Family

Table 1 provides part number informa-
tion concerning Signetics originated

products.

Table 2 is a cross reference of both the

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

presently existing types, while Tables 3

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

on the various prefixes employed in the

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

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

Table 2. Package

Descriptions

oLD NEW

PACKAGE
DESCRIPTION

A, AA N
A N-14

I, IK |

NA, NX
QR

0z

T, TA
U

XC
XC
XL, XF

mTm>»Z2ZZZZCXI

mo

14-lead plastic DIP

14-lead plastic DIP
(selected analog
products only)

16-lead plastic DIP

Microminiature
package (SO)

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

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

10-lead TO-100

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

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

8-lead TO-99

SIP plastic power

‘8-lead plastic DIP

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

TO-46 header
8-lead ceramic DIP

February 1987

Table 3. Signetics Prefix and

Device Temperature

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

Table 4. Industry Standard Prefix

PREFIX

DEVICE FAMILY

ADC
AM
CA
DAC

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
Linear Industry Standard
Linear Industry Standard
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Sianetics Ordering Information
9 for Prefixes HE, OM, MA, ME,
PC, PN, SA, 1B, TC, TD, TE

Linear Products

Signetics' integrated circuit products Table 1. Part Number Description

may be .orde.red by contaqtmg elt.her t.he PART PRODUCT PRODUCT
local Signetics sales office, Signetics NUMBER FAMILY DESCRIPTION
representatives and/or Signetics autho-
rized distributors. TDA2541N

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

Product Function
$ 1000 per order

$ 250 per line item per order Product Family Linear

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

Package Description — See Table 2A

Table. 2‘ provides package suffixesf gnd L == Device Family and Temperature Range Prefix — See Table 3A
descriptions for all presently existing

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

Table 2. Package Description

Table 3 provides explanations on the SUFFIX PACKAGE DESCRIPTION

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

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

ate prefix.

OPERATING TEMPERATURE: Table 3. Device Prefix

The third letter of the prefix, in a three- PREFIX DEVICE FAMILY
letter prefix, is the temperature designa- HEX CMOS circuit
tor. oM Linear circuit
The letters A to F give information about MAX Microcomputer
the operating temperature: MEx Microcomputer peripheral
A: Temperature range not specified. PCx CMOS circuit
See data sheet. PNx NMOS circuit
e.g. TDA2541N
0 to +70°C T
SAx Digital circuit
9-9- PCB&573fN TBx Linear circuit
-55°C to +125°C TCx Linear circuit
e.og. PCC211 °1 PN TDx Linear circuit
-25°C to +70°C TEx Linear circuit

e.g. PCD8571PN
-25°C to +85°C

e.g. PCE2111PN
-40°C to +85°C

e.g. PCF2111PN

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

Norman Neumann
President
Signetics Corporation
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Linear Products

SIGNETICS' ZERO DEFECTS
PROGRAM

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

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

REDUCING THE COST OF
OWNERSHIP THROUGH TOTAL
QUALITY PERFORMANCE

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

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

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

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

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

In our efforts to continually reduce cost of
ownership, we are now using the experience
we have gained with Ship-to-Stock to begin

developing a Just-in-Time Program. With Just-,

in-Time, products will be delivered to the
receiving dock just as they are needed, permit-
ting continuous-flow manufacturing and elimi-
nating the need for expensive inventories.

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

PRODUCT RELIABILITY:
QUALITY OVER TIME IS THE
GOAL

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

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

SURE was first instituted in 1964 as the core
reliability measurement for all Signetics prod-
ucts. In 1980, as a first major step toward
improving product reliability, SURE was en-
hanced by increasing sampling frequency and
size and by extending stress tests. As a result
of these improvements, most of our major

customers now utilize SURE data with no

requests for additional reliability testing.

WE WANT TO WORK WITH
YOU

At Signetics, we know that our success de-
pends on our ability to support all our custom-
ers with the defect-free, higher density, higher
performance products needed to compete
effectively in today's demanding business
environment. To achieve this goal, quality in
another arena — that of communications —
is vital. Here are some specific ways we can
maintain an ongoing dialogue and information
exchange between your company and ours
on the quality issue:
® Periodical face-to-face exchanges of
data and quality improvement ideas
between the customer and Signetics
can help prevent problems before they
oceur.
® Test correlation data is very useful. Line
pull information and field failure reports
also help us improve product
performance.
® When a problem occurs, provide us as
soon as possible with whatever specific
data you have. This will assist us in
taking prompt corrective action.

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

ASSURANCE

Signetics' Linear Division Quality and Reliabil-

ity Assurance Department is involved in all

stages of the production of our Linear ICs:

® Product Design and Process
Development

® Wafer Fabrication

©® Assembly

® Inspection and Test

® Product Reliability Monitoring

® Customer liaison

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

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

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

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

The results from our Quality Improvement
Program have allowed Signetics to take the
industry leadership position with its Zero De-
fects Limited Warranty policy. No longer is it
necessary to negotiate a mutually acceptable
AQL between buyer and Signetics. Signetics
will replace any lot in which a customer finds
one verified defective part.
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Figure 2. Electrical Estimated Process Quality (EPQ)

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.

SIGNETICS' SHIP-TO-STOCK
PROGRAM

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

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

gram are:

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

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

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

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

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

RELIABILITY BEGINS WITH THE

DESIGN

Quality and reliability must begin with design.
No amount of extra testing or inspection will
produce reliable ICs from a design that is
inherently unreliable. Signetics follows very
strict design and layout practices with its
circuits. To eliminate the possibility of metal
migration, current density in any path cannot
exceed 5 X 10° amps/cm?. Layout rules are
followed to minimize the possibility of shorts,
circuit anomalies, and SCR type latch-up
effects. All circuit designs are computer-
checked using the latest CAD software for
adherence to design rules. Simulations are
performed for functionality and parametric
performance over the full operating ranges of
voltage and temperature before going to
production. These steps allow us to meet
device specifications not only the first time,
but also every time thereafter.
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PRODUCT CHARACTERIZATION
Before a new design is released, the charac-
terization phase is completed to insure that
the distribution of parameters resulting from
lot-to-lot variations is well within specified
limits. Such extensive characterization data
also provides a basis for identifying unique
application-related problems which are not
part of normal data sheet guarantees.

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

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

The SURE Program

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

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

The Product Monitor Program

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

Product Reliability Reports

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

Reliability Engineering

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

Included in the engineering process are:

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

® Device or generic group failure rate
studies.

® Advanced environmental stress
development.

® Failure mechanism characterization and
corrective action/prevention reporting.

- The environmental stresses utilized in the

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

Failure Analysis

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

DIE ATTACH
WIRE BOND

PLASTIC
ENCAPSULATION

100%
ELECTRICAL TEST

Wafers are sampled daily by the Quality Controt Labx from each ion area and
to SEM analysis. This process control reveals manufacturing mmnwmmoxmmp
coverage in the metalization process which may result in early failures.

DIE SORT VISUAL ACCEPTANCE

Prodweuunmd!uwmmumdurmlm waler testing, or the

and break ion. Defects such as ndingmuomwod
in the lot acceptance criteria.

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

PRE-SEAL VISUAL ACCEPTANCE

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

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

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

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

BURN-IN (SUPR W 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
Al products are visually i per the i specified in Signetics' or customer
documents.

FINAL QUALITY ASSURANCE GATE
The final QA inspection step guarantees the specified mechanical and electrical AQL's. Every ship-
ment is sealed and identified by QA personnel,
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THE 12C CONCEPT

The Inter-IC bus (I2C) is 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 12C
bus is known as ''clips."

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

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

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

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

also free to transmit or receive data during a
transfer.

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

Application areas for the 12C bus include:
Video Equipment
Audio Equipment
Computer Terminals
Home Appliances
Telephony
Automotive
Instrumentation
Industrial Control
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INTRODUCTION

For 8-bit applications, such as those requiring

single-chip microcomputers, certain design

criteria can be established:

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

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

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

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

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

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

All these criteria are involved in the specifica-
tion of the 1°C bus.

THE 12C BUS CONCEPT

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

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

1) Suppose microcomputer A wants to send

information to microcomputer B

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

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

-~ microcomputer A terminates the
transfer.

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

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

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

- microcomputer A terminates the
transfer.

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

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

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

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

MICROCOMPUTER
A
sDA
scL
GATE LcD
ARRAY DRIVER
BUS
STATIC RAM
ADe OR EEPROM
MICROCOMPUTER
B
AF03480S
Figure 1. Typical 12C Bus Configuration
3-4
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Table 1. Definition of 12C Bus Terminology

TERM

DESCRIPTION

Transmitter

The device which sends data to the bus

Receiver

The device which receives data from the bus

Master

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

Slave

The device addressed by a master

Multi-master

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

Arbitration

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

Synchronization

Procedure to synchronize the clock signals of two or
more devices

(SERIAL DATA LINE)

+Vpp

VW

<
PULLUP Ry $ Ry

(SERIAL CLOCK LINE)
SCL

SCLK

SCLK
IN

@3—5;_15_ %;_JI_'J_

DATA

SCLK DATA
IN IN

DEVICE 1

DEVICE 2
LD0S6108

Figure 2. Connection of Devices to the 1°C Bus

-/

X \

—4—-q-

|

| |
) 1
| |
T ¢
| |
| |
| }

DATALINE CHANGE
sBLlE | OFDala
DATAVALID | ALLOWED |

WF143508

Figure 3. Bit Transfer on the 1°C Bus

= -
| | spa
h Y T 1
- CC

I, |
[
STOP CONDITION

WF14360S

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

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

BIT TRANSFER

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

Data Validity

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

Start and Stop Conditions

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

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

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

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

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

TRANSFERRING DATA

Byte Format

Every byte put on the SDA line must be 8 bits
long. The number of bytes that can be
transmitted per transfer is unrestricted. Each
byte must be followed by an acknowledge bit.
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Figure 5. Data Transfer on the I1°C Bus
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Figure 6. Acknowledge on the I°C Bus

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

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

Acknowledge

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

Usually, a receiver which has been addressed
is obliged to generate an acknowledge after

each byte has been received (except when -

the message starts with a CBUS address.

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

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

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

ARBITRATION AND CLOCK
GENERATION

Synchronization

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

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

WF144008

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

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

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

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

Arbitration

Arbitration takes place on the SDA line in
such a way that the master which transmits a
High level, while another master transmits a
Low level, will switch off its DATA output
stage since the level on the bus does not
correspond to its own level.
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Arbitration can carry on through many bits.
The first stage of arbitration is the comparison
of the address bits. If the masters are each
trying to address the same device, arbitration
continues into a comparison of the data.
Because address and data information is
used on the I2C bus for the arbitration, no
information is lost during this process.

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

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

Figure 8 shows the arbitration procedure for
two masters. Of course more may be in-
volved, depending on how many masters are
connected to the bus. The moment there is a
difference between the internal data level of
the master generating DATA 1 and the actual
level on the SDA line, its data output is
switched off, which means that a High output
level is then connected to the bus. This will
not affect the data transfer initiated by the
winning master. As control of the 12C bus is
decided solely on the address and data sent
by competing masters, there is no central
master, nor any order of priority on the bus.

Use of the Clock Synchronizing
Mechanism as a Handshake

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

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

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

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

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

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

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

The stop condition is generated by the mas-
ter.

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

|_

o "\__/CDQ_/QDC)DJ'
w*:\/**\/v\_/**v\/\_/*\/\/\/’*

OONDMON

ADDRESS RIW ACK

Figure 9. A Complete Data Transfer

OONUITION

WF144108

Possible Data Transfer Formats are:

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

A= ACKNOWLEDGE
§ = START
P= STOP

b) Master reads slave immediately after
first byte.

¢) Combined formats.

NOTES:
data can then be transferred.

DAA | A | OAA | A 1 P ]

s | StAVEADDRESS | RW | A |
| |

- I

0’ (WRITE)

3
DATA TRANSFERRED
(n BYTES + ACKNOWLEDGE)
AFO3491S

s ] staveaooress | RW | A | DAA | A J oaa | A | P}
| L . ]
2
' (READ) DATA TRANSFERRED
(n BYTES + ACKNOWLEDGE)
'AF035008

|s| SLAVE ADDRESS | nﬁ| Aloaa]al S | SLAVEADDRESS | RIW ulmnﬂ

(nBYTES
+ ACKNOWLEDGE)

READOR
WRITE

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

2. Al on auto-i

memory

etc., are taken by the designer of the device.
3. Each byte is followed by an aeknawledge as mo;cated by the A blocks in the sequence.
4. 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.

READ OR
WRITE
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ADDRESSING

The first byte after the start condition deter-
mines which slave will be selected by the
master. Usually, this first byte follows that
start procedure. The exception is the general
call address which can address all devices.
When this address is used, all devices
should, in theory, respond with an acknowi-
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 S - S N [ ]
<——————— SLAVE ADDRESS

AF035508

Figure 10. The First Byte After the
Start Procedure

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

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

The 12C bus committee is available to coordi-
nate allocation of 1°C addresses.

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

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

|
LoJoJojojJoJoJoJoJa[Xx]|x|x|x|x[x]|[x[B]aAl]

L I

FIRST BYTE
(GENERAL CALL ADDRESS)

Figure 11. General Call Address Format

SECOND BYTE

AF035208

|s|uw|A|anIA]mm|x|A|mnoo1|x|A|Aacm|x|A|P|

Figure 12. Sequence of a Programming Master

AF035308

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

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

FIRST BYTE

Slave

Address |R/W

0000 | 000 | O |General call address

0000 | 000 | 1 |Start byte

0000 | 001 | X |CBUS address

0000 | 010 | X |Address reserved for
different bus format

0000 | 011 | X

0000 | 100 | X

0000 | 101 | X To be defined

0000 | 110 | X

0000 111 | X

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

The CBUS address has been reserved to
enable the intermixing of CBUS and I12C
devices in one system. I2C bus devices are
not allowed to respond at the reception of this
address.

The address reserved for a different bus
format is included to enable the mixing of I12C
and other protocols. Only 12C devices that are
able to work with such formats and protocols
are allowed to respond to this address.

General Call Address

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Start Byte

Microcomputers can be connected to the 12C
bus in two ways. If an on-chip hardware 12C
bus interface is present, the microcomputer
can be programmed to be interrupted only by
requests from the bus. When the device
possesses no such interface, it must con-
stantly monitor the bus via software. Obvious-
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ly, the more times the microcomputer moni-
tors, or polls, the bus, the less time it can
spend carrying out its intended function.

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

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

a) A start condition, (S)

b) A start byte 00000001

¢) An acknowledge clock pulse

d) A repeated start condition, (Sr)

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

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

After the start byte, an acknowledge-related
clock pulse is generated. This is present only
to conform with the byte handling format used
on the bus. No device is allowed to acknowl-
edge the start byte.
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CBUS Compatibility

Existing CBUS receivers can be connected to
the I12C 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 I12C de-
vice will respond to this address. After the
transmission of the CBUS address, the DLEN
line can be made active and transmission,
according to the CBUS format, can be per-
formed (Figure 16).

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

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

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

ELECTRICAL SPECIFICATIONS
OF INPUTS AND OUTPUTS OF
12C DEVICES

The I2C 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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ViHmin = 3V (minimum input High
voltage)

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

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

ViLmax = 0.3Vpp (maximum input Low
voltage)

ViHmin = 0.7Vpp (minimum input High
voltage)

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

VorLmax = 0.4V (max. output voltage Low)
at 3mA sink current
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The maximum low-level input current at
VoLmax Of both the SDA pin and the SCL pin
of an 12C device is -10uA, including the
leakage current of a possible output stage.

The maximum high-level input current at
0.9Vpp of both the SDA pin and SCL pin of an
12C device is 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
their own power supply of +5V +10%. Pull-
up resistors can be connected to any supply
(see Figure 17).

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

Input levels are defined in such a way that:

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

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

3. Series resistors (Rg).up to 300£2 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
period of 4.7us and a minimum High period of
4us. Masters in this mode can generate a bus
clock with a frequency from 0 to 100kHz.

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

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

Vppy=5V£10%

L,
I |

Vop2=5V10%  Vppg=5V=10%

SDA

R RP%: Jemos | [cmos | [amos| | o |

SCL;

Figure 19. Devices With Vpp Related Leve!s Mixed With Fixed Input Level
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Figure 20. Serial Resistors (Rg) for Protection Against High Voltage

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 I2C bus to allow these microcomputers
to poll the bus less often.

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

Data Format and Timing

The bus clock in this mode has a Low period
of 130us +25us and a High period of
390us + 25us, resulting in a clock frequency
of approx. 2kHz. The duty cycle of the clock
has this Low-to-High ratio to allow for more
efficient use of microcomputers without an
on-chip hardware I°C bus interface. In this
mode also, data transfer with acknowledge is
obligatory. The maximum number of bytes
transferred is not limited (Figure 22).
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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
tBuF Time the bus must be free before a new transmission can start 4.7 us
tHD; sTA Hold time start condition. After this period the first clock pulse is generated 4 us
tLow The Low period of the clock 4.7 us
tHIGH The High period of the clock 4 us
tsu; sTA Setup time for start condition (Only relevant for a repeated start condition) 4.7 us
tHD; DAT Hold time DATA
for CBUS compatible masters 5 us
for 12C devices [l 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 4.7 us
NOTES:

All values referenced

to Viy and V) levels.

* Note that a transmitter must internally provide a hold time to bridge the undefined region (300ns max.) of the falling edge of SCL.
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Figure 22. Data Transfer Low-Speed Mode
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Figure 23. Timing Low-Speed Mode
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LOW SPEED MODE

In this mode, a transfer cannot be terminated

during the transmission of a byte.
CLOCK : tiow = 130us +25us
DUTY CYCLE : tyigH = 390us * 25us The bus is considered busy after the first start
: 1:3 Low-to-High (Duty cycle of condition. It is considered free again one
clock generator) minimum clock Low period, 105us, after the
START BYTE - 0000 0001 detection of the stop condition. Figure 23
MAX. NO. OF BYTES . UNRESTRICTED shows the timing requirements in detail, Table
PREMATURE TERMINATION OF TRANSFER : NOT ALLOWED 3 explains the abbreviations.
ACKNOWLEDGE CLOCK BIT : ALWAYS PROVIDED
ACKNOWLEDGEMENT OF SLAVES : OBLIGATORY
Table 3. Timing Low Speed Mode
LIMITS
SYMBOL PARAMETER UNIT
Min Max
tBUF Time the bus must be free before a new transmission can start 105 us
t4D; sTA Hold time start condition. After this period the first clock pulse is generated 365 us
tHD; STA Hold time (repeated start condition only) 210 us
tLow The Low period of the clock 105 1565 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
tHos tDAT Hold time DATA
for CBUS compatible masters 5 us
for I2C devices o* us
tsu; DAT Setup time DATA 250 ns
tr Rise time of both SDA and SCL lines 1 MS
tr Fall time of both SDA and SCL lines 300 ns
tsu; sTO Setup time for stop condition 105 155 us
NOTES:

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

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

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

1) The supply voltage limits the min-
imum value of the Rp resistor due
to the specified 3mA as minimum
sink current of the output stages,
at 0.4V as maximum low voltage.
In Graph 1, Vpp against Rpmin is
shown.
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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 is shown.
2) The bus capacitance is the total ca-
pacitance of wire, connections, and
pins. This capacitance limits the maxi-
mum value of Rp because of the
specified rise time of 1us.
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In Graph 3, the bus capacitance — Rpmax
relationship is shown.
3) The maximum high-level input current
of each input/output connection has a
specified value of 10uA max. Due to
the desired noise margin of 0.2 Vpp
for the high level, this input current
limits the maximum value of Rp. This
limit is dependent on Vpp.

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

12C LICENSE

Purchase of Signetics or Philips 12C compo-
nents conveys a license under the Philips 12C
patent rights to use these components in an
I2C system, provided that the system con-
forms to the 12C standard specification as
defined by Philips.
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INTRODUCTION

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

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

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

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

CONTROLLERS

Currently the family of 12C controllers include
the MAB8400, and the PCD 3343 (the
PCD3343 is basically a CMOS version of the
MABB8400). The MABB400 is based on the
8048 architecture with the I2C interface built-
in. The instruction set for the MAB8400 is
similar to the 8048, with a few instructions
added and a few deleted. Tables 1 and 2
summarize the differences.

Programs for the MAB8400 and PCD 3343
may be assembled on an 8048-assembler
using the macros listed in Appendix A. The
serial /0 instructions involve moving data to
and from the SO, S1, and S2 serial 1/0 control
registers. The block diagram of the I2C inter-
face is shown in Figure 1.

SERIAL 1/0 INTERFACE

A block diagram of the Serial Input/Output
(S10) is shown in Figure 1. The clock line of
the serial bus (SCL) has exclusive use of Pin
3, while the Serial Data (SDA) line shares Pin

2 with parallel 1/0 signal P23 of port 2.
Consequently, only three 170 lines are avail-
able for port 2 when the 12C interface is
enabled.

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

® data shift register SO

® address register SO’

® status register S1

® clock control register S2.

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

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

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

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

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

Table 2. MAB8048 Instructions not in

the MAB8400 Family Instruction Set

DATA MOVES FLAGS BRANCH CONTROL
MOVX A,@R CLR FO *JNI addr ENTOCLK
MOVX @R,A CPL FO JFO addr
MOVP3 A,GA CLR F1 JF1 addr
MOVD AP CPL F1
MPVD P,A
ANLD P,A *replaced by
ORLD P,A JTO, JNTO
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Figure 1. Block Diagram of the MAB8400 SIO Interface
Address Register S0’ — In multi-master  status information AL, AAS, ADO, LRB (Arbi- of a byte transfer + acknowledge, and can be

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

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

3-17

polled to indicate when a serial transfer has
been completed. An alternative to polling the
PIN bit is to enable the serial interrupt; upon
completion of a byte transfer, an interrupt will
vector program control to location 07H.

SERIAL CLOCK/ACKNOWLEDGE
CONTROL REGISTER S2

Register S2 contains the clock-control regis-
ter and acknowledge mode bit. Bits
S$20 - S24 program the bus clock speed. Bit
S26 programs the acknowledge or not-ac-
knowledge mode (1/0). The various 12C bus
clock speed possibilities are shown in
Table 3.




Signetics Linear Products

Application Note

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

AN168

Table 3. Clock Pulse
Frequency Control
When Using a 4.43MHz Crystal

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

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

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

BUS ARBITRATION

Due to the wire-AND configuration of the 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 drive the data line simultaneously, the data
is 'ANDed', the master generating a low while
the other is driving a high will win arbitration.
The resultant bus level will be low, and the
loser will withdraw from the bus and set its
'Arbitration Lost' flag (S1 bit 3).
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The losing Master is now configured as a
slave which could be addressed during this
very same cycle. These provisions allow for a
number of microcomputers to exist on the
same bus. With properly written subroutines,
software for any one of the controllers may
regard other masters as transparent.

12C PROTOCOL AND
ASSEMBLY LANGUAGE
EXAMPLES

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

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

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

There are two types of 12C peripherals that
now must be defined: there are those with
only a chip address such as the 1/0 expan-
der, PCF8574, and those with a chip address
plus an internal address such as the static
RAM, PCF8570. Thus after sending a start
condition, address, and R/W bit, we must
take into account what type of slave is being
addressed. In the case of a slave with only a
chip address, we have already indicated its
address and data direction (R/W) and are
therefore ready to send or receive data. This
is performed by the master generating bursts
of 9 clock pulses for each byte that is sent or
received. The transaction for writing one byte
to a slave with a chip address only is shown in
Figure 3.

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

Vee
scL
SDA
MAB
8400 Ao Ag
PCF PCB
e M 870 M
A2 A2
IIII 1111 RAM (128-BYTE)
1/O EXPANDOR ADDR ="A0'H
ADDR = '40'H

Figure 2. Schematic for Assembly Examples

TC059208
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sCL

-7 T 73

|
|
I ADDRESS ‘40H'
|
|

STARY
CONDITION

ULy

\—— ACKNOWLED GE ————————— |

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

MOV S1,#0F8H

MOV S$1,#0D8H

DATA "2AH’

STOP
CONDITION

.

|

R/W bit.

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

Figure 3

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

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

:Check for transmission complete, ack.

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

WF14311S

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

MAS- BUS
TER TRANS BUSY PIN ES0 BC2 BCt BCO

lofofoft[1fofo]o]

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

BIT COUNTER S12, S11, S10

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

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

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

CHECKING FOR SLAVE
ACKNOWLEDGE

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

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

BITS/BYTE BITS/BYTE

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

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

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

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

The transfer is now complete — PCF8574
1/0 Expandor will transfer the serial data
stream to.its 8 output pins and latch them
until further update.
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ACKWT: MOV A,St1

JB4 ACKWT

JBO BUSERR

RET

Figure 4

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

T

RC

I—I_/ ACKNOWLEDGE

ADDRESS = '41H’

|
|
|
I 'stanr

| conpiTiON

MOV S1,#18H

MOV S0,#41H

— MOV S1,#0F8H
CALL ACKWT
MOV 8§2,#01H

MOV S0,A

WAIT: MOV AS1

JB4 Wait
MOV S1,#0A9H

MOV A,S0

MOV S1,#0D8H

DATA

/ ‘NEGATIVE ACKNOWLEDGE'

;Initialize serial 1/0 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 =
iMst,Rec,Bus Busy,Bit Coutner =
,001).

iMove data to accumulator and

iclock out a negative
;acknowledge.
:Generate Stop Condition.

Figure 5

B

sTOP
CONDITION

WF143208
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INITIALIZE
BUS

COMMUNICATION WITH PERIPHERAL REQUIRED

STATUS

4

LOAD SO WITH SLAVE
ADDRESS AND RO/WH BIT

Y

START CONDITION
AND TRANSMIT ADDRESS

PIN
&

ACK
RECEIVED
?

SEND/RECEIVE
DATA BYTE

PIN
&
ACK
RECEIVED
?

GENERATE
STOP CONDITION

y

RETURN

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

CALL ACKWT ;Wait.
MOV A,S0 ;First data byte to SO.
CALL ACKWT ;Wait.
MOV A,S0 ;Second data byte to SO.
;And First data byte to Acc.
CALL ACKWT ;Wait.
MOV RO,A ;Save first byte in RO.
MOV A,SO0 ;Third data byte to SO
;and second data byte to Acc.
CALL ACKWT Wait.
MOV R1,A ;Save second data byte
JinR1.
MOV S2,#01H ;Leave ack. mode.
;Bit Counter=001 for neg ack.
MOV A,S0 ;Third data byte to acc
;negative ack. generated.
MOV R2,A ;Save third data byte in R2.
WAIT1: MOV A,S1 ;Get bus status.
JB4 WAIT1 ;Wait until transfer complete.
MOV $1,#0D8H ;Stop condition.
MOV S2,#41H ;Restore acknowledge mode.
DF05700S
PF007708
Figure 7

MOV 81, #18H

MOV S0, #0A0H

;address.

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

CALL ACKWT ;Wait until address received.

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

MOV SO0,A ;Transmit first RAM address.

CALL ACKWT Wait.

MOV §1, #18H ;Set up for a repeated Start
;condition.

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

MOV S0,A ;Send out to bus

MOV S1,#0F8H

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

;preceded by repeated Start.

These examples apply to a slave with a chip
address — more than one byte can be writ-
ten/read within the same transfer; however,
this option is more applicable to I°C devices
with sub-addresses such as the static RAMs
or Clock/Calendar. In the case of these types
of devices, a slightly different protocol is
used. The RAM, for example, requires a chip
address and an internal memory location
before it can deliver or accept a byte of
information. During a write operation, this is
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done by simply writing the secondary address
right after the chip address — the peripheral
is designed to interpret the second byte as an
internal address. In the case of a Read
operation, the slave peripheral must send
data back to the Master after it has been
addressed and sub-addressed. To accom-
plish this, first the Start, Address, and Sub-
address is transmitted. Then we have a
repeated start condition to reverse the direc-
tion of the data transfer, followed by the chip
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address and RD, then a data string (w/
acknowledges). This repeated Start does not
affect other peripherals —they have been
deactivated and will not reactivate until a
Stop condition is detected. 12C peripherals
are equipped with auto-incrementing logic
which will automatically transmit or receive
data in consecutive (increasing) locations.
For example, to read 3 consecutive bytes to
PCB8571 RAM locations 00, 01 and 02, we
use the following format as shown in Figure 7.
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This routine reads the contents of location 00,
01 and 02 of the PCB8571 128-byte RAM and
puts them in registers RO, R1, and R2. The
auto-incrementing feature allows the pro-
grammer to indicate only a starting location,
then read an arbitrary block of consecutive
memory addresses. The WAIT 1 loop is
required to poll for the completion of the final
byte because the ACKWT routine will not
recognize the negative acknowledge as a
valid condition.
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BUS ERROR CONDITIONS:
ACKNOWLEDGE NOT RECEIVED

In the above routines, should a slave fail to
acknowledge, the condition is detected dur-
ing the 'ACKWT' routine. The occurrence
may indicate one of two conditions: the slave
has failed to operate, or a bus disturbance
has occurred. The software response to ei-
ther event is dependent on the system appli-
cation. In either case, the 'BusErr' routine
should reinitialize the bus by issuing a 'Stop'
condition. Provision may then be taken to
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repeat the transfer an arbitrary number of
times. Should the symptom persist, either an
error condition will be entered, or a backup
device can be activated.

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

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

MACRO DEFINITIONS

The new instructions can be simply defined
by MACROs. The instructions which are not
in the MAB8400 should not be in the
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 SO0,A
5 DB 3CH
6 ENDM
7 MOVASO0 MACRO ;MOV A;SO
8 DB OCH
9 ENDM
10 MOVS1A MACRO ;MOV S1,A
11 DB 3DH
12 ENDM
13 MOVAS1 MACRO ;MOV A,S1
14 DB ODH
15 ENDM
16 MOVS2A MACRO ;MOV S2,A
17 DB 3EH
18 ENDM
19 MOVS0 MACRO L ;MOV S0,#DATA
20 DB 9CH,L
21 ENDM
22 MOVS1 MACRO L ;MOV S1,#DATA
23 DB 9DH,L
24 ENDM
25 MOvVS2 MACRO L ;MOV S2,#DATA
26 DB 9EH,L
27 ENDM
28 ENSI MACRO EN SI
29 DB 85H
30 ENDM
31 DISSI MACRO ;DIS SI (Disable serial
interrupt)
32 DB 95H
33 ENDM
34;
35; PORT 0 INSTRUCTIONS:
36; INAPO MACRO ;IN APO
37 DB 08H
38 ENDM
39;
40 OUTPOA MACRO ;OUTL PO,A
41 DB 38H
42 ENDM
43;
44 ORLPO MACRO L ;ORL PO,#DATA
45 DB 88H,L
46 ENDM
47;
48 ANLPO MACRO L ;ANL PO, #DATA
49 DB 98H,L
50 ENDM
51;
February 1987 3-24
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MACRO DEFINITIONS (Continued)

LINE SOURCE STATEMENT
52; DATA MEMORY INSTRUCTIONS:
53 DECARO MACRO ;DEC @RO
54 DB 0COH
55 ENDM
56;
57 DECAR1 MACRO ;DEC @R1
58 DB OC1H
59 ENDM
60;
61; SELECT MEMORY BANK INSTRUCTIONS:
62 SELMB2 MACRO ;SEL MB2
63 DB O0ASH
64 ENDM
65;
66 SELMB3 MACRO ;SEL MB3
67 DB 0BSH
68 ENDM
69;
70; CONDITIONAL JUMP INSTRUCTIONS:
71 DJNZAO MACRO L ;DIJNZ @RO,ADDR
72 DB OEOH,L AND OFFH
73 ENDM
74,
75 DJNZA1 MACRO L ;DINZ @R1,ADDR
76 DB OE1H,L AND OFFH
77 ENDM
78;
79 JINTF MACRO L WJUMP IF TIMERFLAG IS
NON ZERO
80 DB 06H,L AND OFFH
81 ENDM
82
83; END OF MACRO DEFINITIONS
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THE 8400 INSTRUCTIONS BUILT FROM THE MACRO LIST

LOC/0BJ LINE SOURCE STATEMENT
0000 1 ORG 0
2 MOVASO ;MACRO for MOV A,S0
0000 OC 3+ DB OCH
4 MOVAS1 ;MACRO for MOV A,S1
0001 OD 5+ DB ODH
6 MOVS0A ;MACRO for MOV S0,A
0002 3C 7+ DB 3CH
8 MOVS1A ;MACRO For MOV S1,A
0003 3D 9+ DB 3DH
10 MOVS2A ;MACRO For MOV S2,A
0004 3E 11+ DB 3EH
12 MOVS0 56H ;MACRO For MOV S0,
#56H
0005 9C 13+ DB 9CH,56H
0006 56
14 MOVS1 9FH ;sMACRO for MOV 81,
#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 sMACRO for EN S1
000B 85 19 + DB 85H
20 DissI sMACRO for DIS SI
000C 95 21+ DB 95H
22 INAPO ;MACRO for IN A,PO
000D 08 23+ DB 08H
24 OUTPOA ;MACRO for OUTL PO,A
000E 38 25+ DB 38H
26 ORLPO S5AH ;MACRO for ORL PO,A
00OF 88 27 + DB 88H,5AH
0010 5A
28 ANLPO 2FH ;MACRO for ANL PO,A
0011 98 29 + DB 98H,2FH
0012 2F
30, DECARO ;MACRO for DEC @RO
0013 CO 31+ DB 0COH
32 DECAR1 ;MACRO for DEC @R1
0014 C1 33 + DB O0C1H
34 SELMB2 ;MACRO for SEL MB2
0015 A5 35+ DB O0ASH
36 SELMB3 ;MACRO for SEL MB3
0016 B5 37+ DB 0B5H
38 DJNZAO 567H sMACRO for DJNZ @RO,
567H
0017 EO 39 + DB OEOH,567H AND
OFFH
0019 67
40 DJNZA1 OEFEH ;MACRO for DJNZ @R1,
OEFEH
0019 E1 41 + DB OE1H,0EFEH AND
OFFH
001A FE
42 JNTF 789H ;MACRO for JNTF 789H
001B 06 43 + DB 06H, 789H AND
OFFH
001C 89
44 END
February 1987 3-26
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MIN.
MAX. INPUT MAX. INPUT MAX. QUTPUT INPUT
VOLTAGE? CURRENT RL=2kQ| TYP. TYP. DIFF. MIN. SUPPLY MAX. VOLTAGE NOISE
MIN. BW SLEW INP. | CMRR | MIN. | VOLTAGE | SUPPLY | SWING | INTERNAL| VOLTAGE
COM- | TEMP | OFFSET DRIFT OFFSET| BIAS | Ayo. | Ay=1| RATE |VOLT®|RATIO | PSRR| MAX. CURR. ) COMPEN- | (nVVHz)
DEVICE | PLEXITY [ RANGE![ (mV) | (u/°C TYP) | (mA) | (nA) | (v/mV) | (MH2) | (V/ps) | (V) | (dB) | (dB) ) (mA) | RL=2k | SATION | fo = 1kHz
NE530 Single | Comm. 6 6° 40 150 50 3 35 £30 | 70 76 +18 3 +10 Yes
SE530 Single Mil. 4 6 20 80 50 3 35 +30 | 70 76 +22 3 10 Yes
NE531 Single | Comm. 6 10° 200 1500 20° 1 35 +15 70 76 +21 10 +10° No
SE531 Single Mil. 5 10° 20 500 50° 1 35 £15 70 76 +22 7 +10° No
NE538 Single | Comm. 6 6° 40 150 50 6 60 +30 | 70 76 +18 3 +10 Yes”
SE538 Single Mil. 4 15 20 80 50 6 60 +30 | 70 76 +22 3 £10 Yes”
uA741 Single Mil. 5 10° 200 500 50 1 05 +30 70 76 +22 28 +10 Yes
u741C Single | Comm. 6 12° 200 500 20 1 05 +30 76 +18 28 +10 Yes
NE5534/A Single | Comm. 4 5° 300 1500° 258 10 13 05 | 70 80 +22 8 +128 Yes® 45
SE5534/A Single Mil. 2 5° 200 800 50° 10 13 +05 | 80 86 +22 6.5 +128 Yes? 4
NE5539 Single | Comm.: 5 2000 | 20.000 12004 600 70 60 12 33 23° Yes'® 4
NE5205 Single | Comm. 20" 50012 2000 5V 8 30 Yes 613
SE5539 Single Mil. 3 1.000 | 13.000 1200* 600 70 60 12 3 25 Yes'® 4
NE5230 Single | Comm. 4 30-100| 60-200| 150 | 0.2-0.6|009-025 | *9 80 75 +9 0.15-08 | *07 Yes 23
LM158 Dual Mil. 5 7 30 150 50 1 0.3 32 70 65 32 2 26 Yes 50
LM258 Dual Ind. 5 7 30 150 50 1 0.3 32 70 65 32 2 26 Yes 50m
LM358 Dual | Comm. 7 7 50 250 25 1 0.3 32 65 65 32 2 .26 Yes 50m
NES532 Dual | Comm. 7 7 50 250 25 1 0.3 32 65 65 32 2 26 Yes 50m
SA532 Dual Auto 7 75° 50 250 25 1 03 32 65 65 32 2 26 Yes 50m
‘| sEs32 Dual Mil. 5 7 30 150 50 1 0.3 32 70 65 32 2 26 Yes 508
uAT4T Dual Mit. 5 10° 200 500 50 1 05 +30 70 76 +22 28 £10 Yes
HATATC Dual | Comm. 6 12° 200 500 25 1 05 30 | 70 76 +18 28 +10 Yes
MC1458 Dual | Comm. 6 12° 200 500 25 1 08 £30 [ 70 76 +18 5.64 £10 Yes
SA1458 Dual Auto 6 12° 200 500 20 1 08 +30 70 76 +18 56 £10 Yes
MC1558 Dual Mil. 5 10° 200 500 50 1 08 30 | 70 76 +22 54 +10 Yes 30m
NE4558 Dual | Comm. 6 % 200 500 20 3 1 +30 | 70 76 +18 56 +10 Yes 30m
SA4558 Dual Auto 6 I 200 500 50 3 1 30 | 70 76 +18 56 £10 Yes 30m
SE4558 Dual |- Mil. 5 4° 200 500 50 3 1 +30 | 70 76 +22 56 +10 Yes 30m
NE5512 Dual | Comm. 5 5° 20 20 50 3 1 32 70 80 +16 5 £13 Yes 308,
SE5512 Dual Mil. 2 4 10 10 50 3 1 32 | 70 80 +16 5 £13 Yes 30m
NE5532/A Dual | Comm. 4 5° 150 800 25 10 9 05 | 70 80 +22 16 +128 Yes 6
SE5532/A Dual Mil. 2 5° 100 400 50 10 9 05 | 80 86 +22 13 +128 Yes 5m
NE5533 Dual | Comm. 4 300 1500 25 10 13 05 | 70 80 +22 16 +128 Yes® 454
NE5535 Dual | Comm. 6 6° 40 150 50 1 15 +30 | 70 76 +18 56 +10 Yes 50m
SE5535 Dual Mil. 4 15 20 80 50 1 15 +30 | 70 76 +22 56 +10 Yes
LM124 Quad Mil. 5 7 30 150 50 1 0.3 32 70 65 32 3 26 Yes 50m
LM224 Quad Ind. 5 7 30 150 50 1 03 32 70 65 32 3 26 Yes 50m
LM324 Quad | Comm. 7 7 50 250 25 1 0.3 32 65 65 32 3 26 Yes 50m
SA534 Quad Auto 7 7 50 250 25 1 03 32 65 65 32 3 26 Yes 50m
MC3303 Quad Auto 8 10 75 500 20 1 06 +36 | 70 76 +18 7 +10 Yes
MC3403 Quad | Comm. | 10 10 50 500 20 1 06 36 | 70 76 +18 7 +10 Yes
MC3503 Quad Mil. 5 10 50 500 50 1 0.6 +36 | 70 76 +18 4 +10 Yes
NE5514 Quad | Comm. 5 5° 20 20 50 3 1 32 70 80 +16 10 +13 Yes 30m
SE5514 Quad Mil, 2 4° 10 10 50 3 1 32 70 80 +16 10 £13 Yes 30m

See notes on next page
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NOTES:
1. Military: -55°C to +125°C
Industrial: —25°C to +85°C
Commercial: 0°C to +70°C
Automotive: ~40°C to +85°C
2. Specifications guaranteed at 25°C unless otherwise indicated by the following marks:
° Typical over full temperature range
A Guaranteed over full temperature range
® Typical at 25°C
3. Unless otherwise stated, maximum negative input voltage cannot exceed negative power supply voltage.
4. Ay=7
5. R = 10k$2
6. R = 60092
7. Ay=5
8. Ay=>3
9. R_ = 150Q
10. Ay =7
11. Fixed gain, stated in dB.
12. Bandwidth to -0.5dB pt.
13. Noise specification in dB, not volts.
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Absolute Maximum Rating

Operating safe zones exceeding these
limits could cause permanent damage to
the device and are not meant to imply
that devices can operate at these limits.

Average Input Offset Current
Temperature Coefficient (TClgs)
The change in input offset current divid-
ed by the change to ambient tempera-
ture producing it.

Average Input Offset Voltage
Temperature Coefficient
(TCVos)

The change in input offset voltage divid-
ed by the change in ambient tempera-
ture producing it.

Bandwidth

The frequency at which the gain is down
3dB from its DC value. It's measured in
sample (track) mode with a small-signal
sine wave that doesn't exceed the slew
rate limit.

Common-Mode Input Resistance
The resistance looking into both inputs,
with inputs tied together.

Common-Mode Rejection Ratio
(CMRR)

The ratio of the change of input offset
voltage to the input common-mode volt-
age change producing it.

Full Power Bandwidth
The maximum frequency at which the
full sine wave output might be obtained.

1dB Gain Compression and
Saturated Output Power

The 1dB gain compression is a mea-
surement of the output power level
where the small-signal insertion gain
magnitude decreases 1dB from its low
power value. The decrease is due to
nonlinearities in the amplifier, an indica-
tion of the point of transition between
small-signal operation and the large-
signal mode.

The saturated output power is a mea-
sure of the amplifier's ability to deliver
power into an external load. It is the
value of the amplifier's output power
when the input is heavily overdriven.

February 1987

Symbols and Definitions

for Amplifiers

This includes the sum of the power in all
harmonics.

Input Bias Current (ig)

The average of the two input currents at
zero output voltage. In some cases, the
input current is measured for either input
independently.

Input Capacitance
The capacitance looking into either input
terminal with the other grounded.

Input Current
The current into an input terminal.

Input Noise Voltage

The square root of the mean square
narrow-band noise voltage referred to
the input.

Input Offset Current
The difference in the currents into the
two input terminals with the output at OV.

Input Offset Voltage

That voltage which must be applied
between the input terminals to obtain
zero output voltage. The input offset
voltage may also be defined for the case
where two equal resistances are insert-
ed in series with the input leads.

Input Resistance
The resistance looking into either input
terminal with the other grounded.

Input Voltage Range

The range of voltages on the input
terminals for which the amplifier oper-
ates within specifications. In some cas-
es, the input offset specifications apply
over the input voltage range.

Intermodulation Intercept Tests
The intermodulation intercept is an ex-
pression of the low level linearity of the
amplifier. The intermodulation ratio is the
difference in dB between the fundamen-
tal output signal level and the generated
distortion product level.

The intercept point for either product is
the intersection of the extensions of the
product curve with the fundamental out-
put.

The intercept point is determined by

measuring the intermodulation ratio at a
single output level and projecting along

4-6

the appropriate product slope to the
point of intersection with the fundamen-
tal. When the intercept point is known,
the intermodulation ratio can be deter-
mined by the reverse process. The sec-
ond order IMR is equal to the difference
between the second order intercept and
the fundamental output level. The third
order IMR is equal to twice the differ-
ence between the third order intercept
and the fundamental output level. These
are expressed as:

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

where Py is the power level in dBm of
each of a pair of equal level fundamental
output signals, IP, and IP3 are the sec-
ond and third order output intercepts in
dBm, and IMR; and IMRj3 are the sec-
ond and third order intermodulation ra-
tios in dB. The intermodulation intercept
is an indicator of intermodulation perfor-
mance only in the small signal operating
range of the amplifier. Above some out-
put level which is below the 1dB com-
pression point, the active device moves
into large-signal operation. At this point
the intermodulation products no longer
follow the straight line output slopes,
and the intercept description is no longer
valid. It is therefore important to mea-
sure IP, and IP3 at output levels well
below 1dB compression. One must be
careful, however, not to select levels
that are too low because the test equip-
ment may not be able to recover the
signal from the noise.

Large-Signal Voltage Gain
The ratio of the maximum output voltage
swing to the change in input voltage required
to drive the output to this voltage.

Output Resistance

The resistance seen looking into the output
terminal with the output at null. This parame-
ter is defined only under small signal condi-
tions at frequencies above a few hundred
cycles to eliminate the influence of drift and
thermal feedback.

Output Short-Circuit Current

The maximum output current available from
the amplifier with the output shorted to
ground or to either supply.
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Sz

Sn

Stz

Figure 1. Two-Port Network Defined

h+ Syl
INPUT VSWR = <15
H -8yl
11 + S5l
OUTPUT VSWR = ——22 < 1,
H =854

Additional Reading on Scattering
Parameters

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

ap.
O-F

Techniques for Faster, More

Sy — INPUT RETURN LOSS

POWER REFLECTED
FROM INPUT PORT

POWER AVAILABLE FROM
GENERATOR AT INPUT PORT

Sy=

S, — FORWARD TRANSMISSION LOSS
OR INSERTION GAIN

Sy iv TRANSDUCER POWER GAIN

S,, — OUTPUT RETURN LOSS

POWER REFLECTED

S,, — REVERSE TRANSMISSION LOSS s FROM OUTPUT PORT

R ISOLATH =
OR ISOLATION 22 POWER AVAILABLE FROM
s.= REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT
12 POWER GAIN
/AF03600S
Figure 2

Output Voltage Swing Rise Time

The peak output swing, referred to zero, that
can be obtained.

Package Type Designation
See full package designations in Appendix.

Phase Margin

180° minus the absolute value of the phase
shift measured at the frequency at which the
gain is unity.

Power Consumption

The DC power required to operate the amplifi-

er with the input at zero and with the output at
zero and with no load current.

Power Dissipation

The power that the device can safely handle
at 25°C. The dissipation must be derated as
indicated for the individual package type.

Power Supply Rejection Ratio
The ratio of the change in input offset voltage
to the change in supply voltages producing it.

t ebruary 1987

The time required for an output voltage step
to change from 10% to 90% of its final value.

Scattering Parameters
S-parameters are measurements of incident
and reflected currents and voltages between
the source, amplifier, and load as well as
transmission losses. The parameters for a
two-port network are defined in Figures 1 and
2.

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

INPUT RETURN LOSS = S41dB
S11dB =20 Log ISy4l

OUTPUT RETURN LOSS = S5,dB
S520B = 20 Log IS52l

4-7

Accurate Network Design, HP App Note 95-1,
Richard W. Anderson, 1967, HP Journal.

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

Slew Rate
The maximum rate of change of output volt-
age under large-signal conditions.

Supply Current

The current required from the power supply to
operate the amplifier with no load and the
output at zero.

Ta

Ambient temperature range. Range of the
surrounding environment of the operating
device.

T

Junction temperature. The maximum temper-
ature of the device. 150°C is standard for
silicon devices.

Tsta
Storage temperature range. Temperature

range that the device can be stored in a non-
operating condition.

TsoLp
Soldering temperature. The temperature

which can be applied to the lead frame of the
device for short periods of time (normally
specified for a duration of 10s).

Temperature Stability of

Voltage Gain

The maximum variation of the voltage gain
over the specified temperature range.
Vee (=Vee)

Supply voltage. The range of power supply
voltage over which the device will operate
safely.




Signetics

Linear Products

INTRODUCTION TO NOISE

Since fabrication techniques in the integrated
circuit industry have ‘improved so tremen-
dously in the past few years, input offset
voltages and bias currents are being mini-
mized and noise parameters (whether mea-
sured at the output or referred to the input)
have become a major source of concern.
Reducing noise by improved process tech-
niques and by use of peripheral component
control will be the thrust of this application as
a secondary effort, in understanding the noise
components themselves.

An inspection of industry specifications show
several methods of rating amplifier noise
performance.

1. Output signal-to-noise ratio.

2. Output noise level (with specified loads and
bandwidth). :

3. Output noise level referenced to normal
operating level.

4. Equivalent input noise (at a specified gain,
source impedance and bandwidth).

~AN164
Explanation of

Application Note

BASIC NOISE PROPERTIES
Noise, for purposes of this discussion, is
defined as any signal appearing in an op
amp's output that could not have been pre-
dicted by DC and AC input error analysis.
Noise can be random or repetitive, internally
or externally generated, current or voltage
type, narrow-band or wide-band, high fre-
quency or low frequency; whatever its nature,
it can be minimized.

The first step in minimizing noise is source
identification in terms of bandwidth and loca-
tion in the frequency spectrum; some of the
more common sources are shown in Figure 1.
Some observations to be made from Figure 1
are that noise is present from DC to VHF from
sources which may be identified in terms of
bandwidth and frequency; noise source band-
widths overlap, making noise a composite
quantity at any given frequency. Most exter-
nally-caused noise is repetitive rather than
random and can be found at a definite
frequency. Noise effects from external
sources must be reduced to insignificant
levels to realize the full performance available
from a low noise op amp.

Noise

EXTERNAL NOISE SOURCES
Since noise is a composite signal, the individ-
ual sources must be identified to minimize
their effects. For example, 60Hz power line
pickup is a common interference noise ap-
pearing at an op amp's output as a 16ms sine
wave. In this and most other situations, the
basic tool for external noise source frequency
characterization is the oscilloscope sweep
rate setting. Recognizing the oscilloscope's
potential in this area, there are several pre-
amplifiers available with variable bandwidth
and frequency which allow quick noise source
frequency identification. Another basic identi-
fication tool is the simple low-pass filter, as
shown in Figure 2, where the bandpass is
calculated by:

B 1
2nRC

fo (1)

With such a filter, measurement bandpass
can be changed from 10Hz to 100Hz
(C = 4.7uF to 470pF), attenuating higher fre-
quency components while passing frequen-
cies of interest. Once identified, noise from an

5. Noise figure. external source may be minimized by the
methods outlined in Table 1, the external
noise chart.

1HZ 300kHz
RADAR PULSE REPETITION FREQUENCY
DOMINANT REGION 1/F (FLICKER) NOISE WHITE NOISE, JOHNSON & SCHOTTKY
‘SCR SWITCHING
POPCORN NOISE REGION
PowER ol 0C Y0 0C
ooy o frci
% MPPLE  (8AT) FREQUENCY
1 ! ] Pcxte | 1 | | ]
£01 o0 1 1 ° ] 100 120 100 1K 10K 100K ™ 0M
FREQUENCY IN Hz
AF03590S
Figure 1. Frequency Spectrum of Noise Sources Affecting Operational Amplifiers and Low Noise Preamplifiers
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TO SCOPE
I 4.7 4F 10 470 pFd
V- =
TC06400S

Figure 2. Noise Frequency Analysis RC
Low-Pass Filter

POWER SUPPLY RIPPLE

Power supply ripple at 120Hz is not usually
thought of as noise, but it should be. In an
actual op amp application, it is quite possible
to have a 120Hz noise component that is
equal in magnitude to all other noise sources
combined, and, for this reason, it deserves a
special discussion.

To be negligible, 120Hz ripple noise should
be between 10nV and 100nV referred to the
input of an op amp. Achieving these low
levels requires consideration of three factors:
the op amp's 120Hz power supply rejection
ratio (PSRR), the regulator's ripple rejection
ratio, and, finally, the regulator's input capaci-
tor size.

PSRR at 120Hz for a given op amp may be
found in the manufacturer's data sheet
curves of PSRR versus frequency as shown
in Figure 3. For the amplifier shown, 120Hz
PSRR is about 74dB, and to attain a goal of
100nV referred to the input, ripple at the
power terminals must be less than 5mV.
Today's IC regulators provide about 60dB of
ripple rejection; in this case the regulator
input capacitor must be made large enough to
limit input ripple to 0.5V.

Externally-compensated iow noise op amps
can provide improved 120Hz PSRR in high
close-loop gain configurations. The PSRR
versus frequency curves of such an op amp
are shown in Figure 5. When compensated
for a closed-loop gain of 1000, 120Hz PSRR
is 115dB. PSRR is still excellent at much
higher frequencies, allowing low ripple noise
operation in exceptionally severe environ-
ments.

POWER SUPPLY DECOUPLING

Usually, 120Hz ripple is not the only power
supply associated noise. Series regulator out-
puts typically contain at least 150uV of noise
in the 100Hz to 10kHz range, switching types
contain even more. Unpredictable amounts of
induced noise can also be present on power
leads from many sources. Since high frequen-
cy PSRR decreases at 20dB/decade, these
higher frequency supply noise components
must not be allowed to reach the op amp's
power terminals. RC decoupling, as shown in
Figure 6, will adequately filter most wide-band
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noise. Some caution must be exercised with
this type of decoupling, as load current
changes will modulate the voltage as the op
amp's supply pins.

POWER SUPPLY REGULATION
Any change in power supply voltage will have
a resultant effect referred to an op amp's
inputs. For the op amp of Figure 3, PSRR at
DC is 110dB (3uV/V) which may be consid-
ered as a potential low frequency noise
source. Power supplies for low noise op amp
applications should, therefors, be both low in
ripple and well-regulated. Inadequate supply
regulation is often mistaken to be low fre-
quency op amp noise.

When noise from external sources has been
effectively minimized, further improvements in
low noise performance are obtained by speci-
fying the right op amp, and through careful
selection and application of the peripheral
components.

Noise voltage, e,, or more properly, equiva-
lent short-circuit input RMS noise voltage, is
simply that noise voltage which would appear
to originate at the input of a noiseless amplifi-
er (referring to Figure 4) if the input terminals
were shorted. It is expressed in nanovolts per
root Hertz (nV/V/Hz) at specified frequency,
or in microvolts (uV) for a given frequency
band. It is determined, or measured, by short-

120 T
o | SE GRADE
100 >

90 | C GRAOE \

PSRR (dB)

- N
. N
. N\

o N

01 1.0 10 100 1000
FREQUENCY (Hz)

10,000

0P03230S

Figure 3. PSRR vs Frequency

r——=—===-- 1
Rgen | __n |
316 ( ; | T ES |
-——=
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TC08410S|

Figure 4. Noise Characterization of
Amplifier
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Figure 5. PSRR vs Frequency
(Externally-Compensated Device)

TC064208

Figure 6. RC Decoupling

1000 100

N s —h

10 100 1.0k 10k
FREQUENCY (Hz)

OP032408|

Figure 7. Noise Voitage and Current
for an Op Amp

ing the input terminals, measuring the output
rms noise, dividing by amplifier gain, and
referencing to the input. Hence the term,
equivalent noise voltage. An output bandpass
filter of known characteristics is used in
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Table 1. External Noise Chart

SOURCE NATURE CAUSES MINIMIZATION METHODS
60Hz Power Repetitive Interference Power lines physically close to Reorientation of power wiring. Shielded
op amp inputs. Poor CMRR at transformers.
60Hz.
120Hz Ripple Repetitive Inadequate ripple consideration. Thorough design to minimize ripple. RC
Poor RSRR at 120Hz. decoupling at the op amp.
180Hz Repetitive EMI 180Hz radiated from saturated Physical reorientation of components.

60Hz transformers.

Shielding. Battery power.

Radio stations
through FM

Standard AM broadcast

Antenna action anyplace in
system.

Shielding. Output filtering. Limited circuit
bandwidth.

Relay & switch

arcing switching rate.

High frequency burst at

Proximity to amplifier inputs,
power lines, compensation
terminals, or nulling terminals.

Filtering of HF components. Shielding.
Avoidance of ground loops. Arc
suppressors at switching source.

Printed circuit board
contamination

Random low frequency

Dirty boards or sockets.

Thorough cleaning and humidity
sealant.

Radar transmitters

rate.

High frequency gated at
radar pulse repetition

Radar transmitters from long
range surface search to short
range navigational especially
near airports.

Shielding. Output filtering of frequencies
>>PRR.

Mechanical vibration

Random < 100Hz

Loose connections, intermittent
metallic contact in mobile
equipment.

Attention to connectors and cable
conditions. Shock mounting in severe
environments.

Chopper frequency
noise

frequency

Common-mode input
current at chopping

Abnormally high noise chopper
amplifier in system

Balanced source resistors. Use bipolar
input op amps instead.

measurements, and the measured value is
divided by the square root of the bandwidth
VB, if data is to be expressed per unit
bandwidth or per root Hertz. The level of &, is
not constant over the frequency band; typical-
ly it increases at lower frequencies as shown
in Figure 7. This increase is 1/fnoise (flicker).

Noise current, in, or more properly, equivalent
open-circuit RMS noise current, is that noise
which occurs apparently at the input of a
noiseless amplifier due only to noise currents.
It is expressed in picoamps per root Hertz
(PA/VHz) at a specified frequency or in
nanoamps (nA) in a given frequency band. it
is measured by shunting a capacitor or resis-
tor across the input terminals such that the
noise current will give rise to an additional
noise voltage which is i, X Ry (or Xgin)- The
output is measured, divided by amplifier gain,
referenced to input, and that contribution
known to be due to e, and resistor noise is
appropriately subtracted from the total mea-
sured noise. If a capacitor is used at the input,
there is only e, and i, Xgin. The iy is
measured with a bandpass filter and convert-
ed to pA/VHz, if appropriate; typically, it
increases at lower frequencies for bipolar op
amps and istors, but it inci at
higher frequencies for field-effect transistors
and Bi-FET/Bi-MOS op amps.
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Noise Figure, NF, is the logarithm of the ratio
of input signal-to-noise and output signal-to-
noise.

(S/N)in

NF =10 log
(S/N) out

2

where: S and N are power or (voltage)2
levels

This is measured by determining the S/N at
the input with no amplifier present, and then
dividing by the measured S/N at the output
with signal source present.

The values of Rgen and any Xgen as well as
frequency must be known to properly express
NF in meaningful terms. This is because the
amplifier i X Zgen as well as Rgen itself
produces input noise. The signal source con-
tains some noise. However, egg is generally
considered to be noise-free and input noise is
present as the thermai noise of the resistive
component of the signal generator imped-
ance Rgen. This thermal noise is white in
nature as it contains constant noise power
density per unit bandwidth. It is easily seen
that the e, 2 has the units V2/Hz and that (e)
has the units V/vHz

er? = 4kTRB ()}

4-10

where: T is temperature in °K
R is resistor value in
B is bandwidth in Hz
k is Boltzman's constant

OPERATIONAL AMPLIFIER
INTERNAL NOISE

OP AMP NOISE
SPECIFICATIONS

Most completely specified low noise op amp
data sheets specify current and voltage
noises in a 1Hz bandwidth and low frequency
noise over a range of 0.1Hz to 10Hz. To
minimize total noise, a knowledge of the
derivation of these specifications is useful. In
this section, the reader is provided with an
explanation of basic op amp associated ran-
dom noise mechanisms and introduced to a
simplified method for calculating total input-
referred noise in typical applications.

RANDOM NOISE
CHARACTERISTICS

Op amp associated noise currents and volt-
ages are random. They are aperiodic, not
correlated to each other, and have Gaussian
amplitude distributions; the highest noise am-
plitudes having the lowest probability. Gauss-
ian amplitude distribution allows random
noises to be expressed as RMS quantities;
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Figure 8. Noise Voltage
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Figure 9. Noise Current

multiplying a Gaussian RMS quantity by six
results in a peak-to-peak value that will not be
exceeded 99.73% of the time.

The two basic types of op amp associated
noises are white noise and flicker noise (I/f).
White noise contains equal amounts of power
in each Hertz of bandwidth. Flicker noise is
different in that it contains equal amounts of
power in each decade of bandwidth. This is
best illustrated by spectral noise density plots
such as in Figures 8 and 9. Above a certain
corner frequency, white noise dominates; be-
low that frequency, flicker (I/f) noise is domi-
nant. Low noise corner frequencies distin-
guish low noise op amps from general pur-
pose devices.

SPECTRAL NOISE DENSITY

To utilize Figures 8 and 9, let us consider the
definition of spectral noise density: the square
root of the rate of change of mean-square
noise voltage (or current) with frequency
(Equation 4a).

d
en? =5 (En)? (4a)
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d
in? == (1n)? (4b)
En = fH
en? dF (5a)
fiL
=/ f
In
in2 dF (5b)
fi

where ep, in = Spectral noise density
En, In = Total RMS noise

fq = Upper frequency limit

fu = Lower frequency limit

Conversely, the RMS noise value within a
given frequency band is the square root of the
definite integral of the spectral noise density
over the frequency band (Equation 5b). This
means that three things must be known to
evaluate total voltage noise (E) or current
noise (Ip): fy, f, and a knowledge of noise
behavior over frequency.

WHITE NOISE

White noise sources are defined to have a
noise content that is equal in each Hertz of
bandwidth, and Equation 5b may be rewritten
for white noise sources as:

En(w) = eq Vin~fL
(6)
In(@) =in V- fL

It is therefore convenient to express spectral
noise density in V/VHz or A/VHz where
fy — fL = 1Hz. When fy = 10f, the white noise
expressions may be further reduced to:

Ep(w) =ep \/m
@)
In(w) = in vy

FLICKER NOISE & WHITE

NOISE

Since flicker noise content is equal in each
decade of bandwidth, total flicker noise may
be calculated if noise in one decade is known.
The 0.1Hz to 1Hz decade noise content (K) is
widely used for this purpose because the
white noise contribution below 10Hz is usually
negligible.

1 1
En(f)=K \/; In(f) =K \/; ®
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When substituted in Equation 3, the expres-
sions may be rewritten to:
\V f
En(f) = K |n(—”)
fL
9)

V T
In(f) =K In ( — )
f
When corner frequencies are known, simpli-
fied expressions for total voltage and current
noise, (En and Iy), may be written:

Enfu-f) =en ¥ foe ln( )+(fH fu)

(10

BV H
IN(fu=f) =in ¥ for ln T + (fy-f0)
(11
where:

= White noise voltage in a 1Hz band-
width
n = White noise current in a 1Hz band-
width
fce = Voltage noise corner frequency
fci = Current noise corner frequency
fy = Upper frequency limit
fi = Lower frequency limit

The two most important internally-generated
noise minimization rules are: limit the circuit
bandwidth, and use operational amplifiers
with low corner frequencies.

NOISE SUMMATION

In the spectral density discussions, the con-
cepts of white noise and flicker noise were
introduced. In Figure 10, the complete input-
referred op amp noise model, internal white
and flicker noise sources are combined into
three equivalent input noise generators, E,
Int and Inz. The noise current generators
produce noise voltage drops across their
respective source resistors, Rg1 and Rga. The
source resistors themselves generate thermal
noise voltages, E; and Eio. Total RMS input-
referred voltage noise, over a given band-
width, is the square root of the sum of the
squares of the five noise voltage sources
over that bandwidth.

Ent(fu-f) =
VEN? + (In"Rs1)? + (In2Rs2)? + Ent 2 + E2?

(12)
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Figure 10. Op Amp Noise Mode'

TC06430S

THERMAL NOISE

Thermal (Johnson) noise is a white noise
voltage generated by random movement of
thermally-charged carriers in a resistance; in
op amp circuits this is the type of noise
produced by the source resistances in series
with each input. Its RMS value over a given
bandwidth is calculated by:

Et=+V 4kTR (fy - fL) (13)
Where:
k = Boltzman's constant = 1.38 X 10-23
joules/°K

T = Absolute temperature, °K
R = Resistance in

fu = Upper frequency limit in Hz
fu = Lower frequency limit in Hz

At room temperature, Equation 13 simplifies
to:

Ey=1.28 X 107 /R{fy - 1)) (14)

To minimize thermal noise (Eyy and Egp) from
Rsi and Rgp, large source resistors and
excessive system bandwidth should be avoid-
ed.

Thermal noise is also generated inside the op
amp, principally from ryp,, the base-spreading
resistances in the input stage transistors.
These noises are included in Ep, the total
equivalent input voltage noise generator.

SHOT NOISE

Shot noise (Shottky noise) is a white noise
current associated with the fact that current
flow is actually a movement of discrete
charged particles (electrons). In Figure 10, In¢
and Iyp above the 1/f frequency are shot
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noise currents which are related to the ampli-
fier's DC input bias currents:

Isn = V'2qlgias (fy - fi) (15)

where:

Isy = RMS shot noise value in amps
q = charge of an electron
=1.602 X 10~'° Coulombs
Igias = Bias current in amps
fy = Upper frequency limit in Hz
fL = Lower frequency limit in Hz

At room temperature, Equation 15 simplifies
to:

IsH=5.64 X 107/ Tgas(h-T0  (16)

Shot noise currents also flow in the input
stage emitter dynamic resistances, (rg), pro-
ducing input noise voltages. These voltages,
along with the ryp, thermal noise, make up the
white noise portion of Ey, the total equivalent
input noise voltage generator.

FLICKER NOISE

In limited bandwidth applications, flicker (1/f)
noise is the most critical noise source. An op
amp designer minimizes flicker noise by
keeping current noise components in the
input and second stages from contributing to
input voltages noise. Equation 17 illustrates
this relationship:

in second stage

=@ input
gwm first stage n 1P

a7

Another critical factor is corner frequency. For
minimum noise, the current and voltage noise
corner frequencies must be low; this is cru-
cial. As shown in Figure 11, low noise corner
frequencies distinguish low noise op amps
from ordinary industry-standard 741 types.
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POPCORN NOISE

Popcorn noise (burst noise) is a momentary
change in input bias current usually occurring
below 100Hz, and is caused by imperfect
semiconductor surface conditions incurred
during wafer processing. Minimization of this
problem can be accomplished through careful
surface treatment, generai cleanliness, and a
special three-step process known as ''Triple
Passivation''.

Op amp manufacturers face a difficult deci-
sion in dealing with popcorn noise. Through
careful low noise processing, it can be signifi-
cantly reduced in almost all devices; alterna-
tively, the processing may be relaxed, and
finished devices must be individually tested
for this parameter. Special noise testing takes
valuable labor time, adds significant amounts
to manufacturing cost, and ultimately in-
creases the price a customer has to pay.

TOTAL NOISE CALCULATION

With data sheet curves and specifications,
and a knowledge of source resistance values,
total input-referred noise may be calculated

VOLTAGE NOISE DENSITY (nV/\/Hz)

T
o LI TR TR |

o1 10 1.0 10 100 1000
FREQUENCY (Hz)

opogz71g

Figure 11. Noise Voltage Comparison

1000
- a: ASI - RS2 - 200k T
2 THERMAL NOISE OF SOL
2 —t R 'ORS INCLUDED.
N ExcLubepy }
€ 100 b
¢
§ LN AJ“ T —
NG
§ R340
g w
; V8= 15V
TA=280C
.,, L]
10 ) 100 1000
FREQUENCY (Hz)

Figure 12. Input Noise Volitage
vs Frequency
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for a given application. To illustrate the meth-
od, noise information from a data sheet is
reproduced in Figure 12. The first step is to
determine the current and voltage noise cor-
ner frequencies so that the Ey and Iy terms of
Equation 12 may be calculated using Equa-
tions 10 and 11.

CORNER FREQUENCY
DETERMINATION

In the input shot noise versus frequency
curves of Figure 12, it may be seen that
voltage noise (Rs = 0) begins to rise at about
10Hz. Lines projected from the horizontal
(white noise) portion and sloped (flicker
noise) portion intersect at 6Hz, the voltage
noise corner frequency (fcg). In the center
curve, excluding thermal noise multiplied by
20082 is plotted as a voltage noise. Lines
projected from the horizontal portion and
sloped portions intersect at 60Hz, the current
noise corner frequency (fc). Equations 10
and 11 also require e, and i, for calculation of
En and Iy. To find e, and i, use the data
sheet specification a decade or more above
the respective corner frequencies; in this
case ep is 9.6 nV/VHz (1000Hz), and i, is
0.12 pA/vHz (1000Hz).

BANDWIDTH OF INTEREST

To be summed correctly, each of the five
noise quantities must be expressed over the
same bandwidth, (fy-fL). At this time, as-
sume fy to be the highest frequency compo-
nent that must be amplified without distortion.
Note that ep, i, corner frequencies and
bandwidth are independent of actual circuit
component values. When doing noise calcu-
lations for a large number of circuits using the
same op amp, these numbers only have to be
calculated once.

TYPICAL APPLICATION
EXAMPLE

Figure 13a shows a typical X 10 gain stage
with a 10k§2 source resistance. In Figure 13b,
the circuit is redrawn to show five noise
voltage sources. To evaluate total input-re-
ferred noise, the values of each of the five
sources must be determined.

e, =9.6nV/V Hz
In =0.12pA/V Hz
fcg = 6Hz
fc) = 60Hz
Using Equation 14: Ey= v 4kTR(fy - fL)

Ey = 1.28 X 1010/ (9002)(100Hz)

= 0.4uVRms
Ep = 1.28 X 10'%\/(10k$2)(100Hz)
= 0.128[1.VRM3
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Err 'niRs1 Ey

= En

b. Noise Analysis

a. Noise Analysis Circuit

In2Rs2

Figure 13

VW

L 4]

——OEo

A1
Rgz = RS =10k0
TC08441S

fy = 100Hz
1= 0001 Hz

Equivalent Circuit

Next, Calculate Iy Using Equation 11

BV Ty
IN =in ¥ falh| =] +E-f)
fL
100Hz
= 0.12pA\/60 In +(100-0.01)
0.01Hz
= 3.066pARmMS
and:

In1°Rsy = 3.066pA (9002) = 0.0027 uVgms
In2*Rs2 = 3.066pA (10kS2) = 0.0306uVrMs

Finally, EN from Equation 10

vV fu
En =en Y fce iy T +(fu-10)
= 9.6nV\/6 |n(

= 0.120uVRMs

100Hz
0.01Hz

) +(100-0.01)
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Substituting in Equation 12

Ent (fh-f) =

VENZ + In12Rg1 % + (IN2Rg2)? + Ey 2 + Epp?

= V(0.120uV)? + (0.0027uV)? +
(0.0306uV)? + (0.04uV)? + (0.128uV)?

= 0.1 83#VRMS

Using the factor of 6, total input-referred
noise = 1.1uVp_p (0.01Hz to 100Hz2).

741 CALCULATION EXAMPLE
The preceding calculation determined total
noise in a given bandwidth using a low noise
op amp. To place this level of performance
into perspective, a calculation using the in-
dustry-standard 741 op amp in the circuit of
Figure 13 is useful. Once again the starting
point is corner frequency determination, using
the data sheet curves:

fce = 200Hz; fc) = 2kHz;

en =20nV/vHz; in=0.5pA/VHz.

Using these corner frequencies and noise
magnitudes, Ey and Iy are calculated to be
0.88uVRms and 68pAgrms, respectively. Multi-
plying this noise current by the source resis-
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tance gives terms 2 and 3 of Equation 12 as
shown below.

Ent (h-t) =
\/ENZ +1n12 Rsy 24 lNgz Rszz + Enz + Etzz
(12)

Substituting in Equation 12

= V(0.88uV)? + (0.061 V)2 + (0.68uV)2
+(0.4uV)2 + (0.128uV)2

= 1.12uVRMs

Total input-referred noise = 6.7uVp.p (0.01Hz
to 100H2).

This Is 5.9 times that of the low noise op
amp example.

The calculation examples illustrate three
rules for minimizing noise in operational am-
plifier applications:

RULE 1. Use an op amp with low corner
frequencies.

RULE 2. Keep source resistances as low as
possible.

RULE 3. Limit circuit bandwidth to signal
bandwidth.

NOISE PERFORMANCE

This segment shall be concerned with deter-
mining the signal-to-noise characteristics and
the noise figure of amplifiers.

The amplifier noise is composed of thermal
noise generated in the base resistance shot
noise caused by the arrival of discrete charg-
es at diode junction and 1/f noise.
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For simplification, these noise sources can be
combined and the amplifier modeled by a
noise source and a noiseless amplifier as in
Figure 14.

en = Amplifier's equivalent mean square
noise voltage/VHz

in = Amplifier's equivalent mean square noise
current/V'Hz

The total output noise can now be computed
by Equation 8:

6t =(en2 +in?Rg? + 4kTRg)V2BY2ApugVolts
8

The denominator of the S/N ratio is the total
output noise divided by the midband gain or
the equivalent input noise as shown on the
NE542 specification sheet.

EN = (en? + in2Rg? + 4kTRg)V2B¥%2RMS
Volts

(14)

The S/N ratio may now be computed inde-
pendently of the amplifier gain. However, the
gain should be chosen to maintain linear
operation of the amplifier. For example, if the
input signal to the NE542 is 400uVgums from a
source resistance of 680S2 with a bandwidth
of 100Hz to 10kHz, the S/N ratio becomes, in
dB:

400V
S/N =20 log =54.3dB
0.77uV

An amplifier gain of 68dB yields an output
signal voltage of 1Vgums.

For an input signal of 10mVgys, 40dB of gain,

and 1Vpus output, the NE542 gives a S/N

ratio:

10,000
0.77

S/N =20 log =82.3dB

Another popular figure of merit for measuring
the noise performance of an amplifier is noise
figure. We first define noise factor (F) as
_ Noise power input (Total)
Thermal noise power
In terms of voltage this can be expressed as:

_ 4KTRg + (en? +in?Rs?)

=5.34,
Assuming Rg small compared to amplifier 4kTRg
input.
Rg= 680Q (15)
* See Note 1.
If we now compare the total output noise 0 The noise figure is now defined as:
the output signal, A -Eg, we find the output
signal-to-noise ratio. NF =10 log F (dB)
or
Es 4KTRs + €2 + in?Rg?
S/N= - (13) - ST TR
(en2+in2 Rg2 + 4KTRg) V2B1 %2 NF =10 log WTRs (dB)
(16)
Table 2. Spectral Voltage and Current Noise Densities
HAT741 5534 LF357 NES542 LM387
e, (n"V/VHz2) 40 4 12 7 9
in (PA/VHZ) 0.25 0.6 0.01 0.25 0.7
en fce (H2) 200 90 50 800 850
in for (H2) 1.5k 200 1 700 2

NOTES:

1. The current spectral noise is omitted for the LF series since current noise levels in JFET devices

are insignificant.

2. The spectral current noise for the LM387 is relatively linear over the frequency spscirum o
100Hz to 10kHz and is not specified below 100Hz.
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A noiseless amplifier will, therefore, have a
noise figure of "'0" dB. Although the band-
width has been eliminated from this calcula-
tion, it is still an influencing factor on the
noise figure since the value of e, and i, will
be dependent on the bandwidth of interest.
This is especially true if 1/f or high frequency
noise is in this bandwidth.

From Figures 15 and 16 we can calculate the
noise figure. For the NE542, the noise figure
for 100Hz to 10Hz, 3dB bandwidth (15.7kHz
equivalent noise bandwidth) and a source
resistance of 5kS2 is:

on2 +iy2Rg2 ) a7

NF =10 log| 1+
°9( 4KTRg

NF = 10 log

(7)2 X 10718 + (0.25)2 X 10724 X Rg?
1+
75 X 10718
4 X 1.38 X 10723 X 300°K X Rg
=10 log

=727 @ Rg=680Q
=207 @ Rg=5kQ
=125 @ Rg=10kQ

To this point, the discussion has been limited
to flat band response and no mention of the
effect of equalization networks has been
made. In instances where the gain of the
amplifier is changing significantly across the
frequency band of interest, as is the case for
NAB and RIAA equalization, the noise perfor-
mance is significantly improved.

The following table lists the spectral voltage
and current noise densities and the respec-
tive corner frequencies for several different
operational amplifiers and low noise pream-
plifiers.

where

In = total current noise over a specified
bandwidth.

En = total voltage noise over a specified
bandwidth.

E;i = thermal (Johnson) noise of the source
resistance.

*Rs = equivalent input source (or genera-
tor) resistance.
NOTE:

1. If Rg is a complex function, Zg, then this function
must be calculated for the Rgg mean of each
bandwidth considered. For example, the input is a
capacitor in parallel with a resistor; the input
impedance is therefore:

z R
N ¥ WwCR

Therefore as the frequency varies, the abso-
lute value of Zjy will vary and will affect the
INRs®, input noise value.

GENERAL EQUATIONS
Total Spectral Voltage Noise

f,
En(u-fo=en VY fcsln(f)ﬂm-m

(18)

Total Spectral Noise Current
AV fu
IN(H=-T) =in ¥ foiln T + (- (19)
L

Thermal
E;=4 KTR(fy~fp)
k=1.38 X 102 joules/°K
T = absolute temp in °K

R=Q
fr=1.28 X 1070 VR{y-1) at room
temperature (20)
Shot at Room Temperature
IsH=5.64 X 10710V Igns tr-T0)  (21)
Total Noise*
fu
ent| = VEn?+ (nRsi? + e Rs?
+Ey 24 Et22
fL
Example:

In order to determine the total noise of any
device the following basic procedures can be
used:

1. Determine the spectral voltage noise value
e and the 3dB corner frequency. (If the
value is not listed, but a curve given, the
spectral noise value will be that value
above the 3dB corner frequency on the flat
portion of the curve.)

10
Vee - 1av
T
7 Vee =12v
.g 102
AN g
- AN 3
£ 3
3 J 5 N
N § 10

: ) 1

-3
§ a e z
£ ~ 1

'10 100 1« 10K 100K
FREQUENCY -Hz
0 OP03300S
" 100 1w 10K . 100K
FREGUENCY (H2)
OP032908]
Figure 15. Input Noise Current vs Frequency Figure 16. Input Noise Voltage vs Frequency
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2. Determine the spectral current noise value
in and the 3dB corner frequency. (The
same note holds true as for the spectral
voltage noise, except that the corner fre-
quencies are generally not the same.)

[~]

. Determine the thermal noise of the input
port source resistances by using the basic
equal at room temperature of
Er=1.28 X 100'° VR/VHz

. Using Equations 1, 2, and 4 and using
Figure 1 as a basic block, we then can
determine the total current and voltage
noise at the input ports.

F

o

. Employing Equation 5 we can then deter-
mine the total Rgg voltage noise referred to
the input of the amplifier.

6. If the closed-loop gain of the system is
known, then the total output noise is then
Enout = Enin X AcL

Given: From Table 2, the NE5534 operating
over the range of 10Hz to 1kHz and 1kHz to
10kHz, with Rg = 10k§2: determine total input
noise over each bandwidth.

f,
Enti-f0=en V foe In( f ) + (- 10)

(18)

fi
-1 =in ¥ fo |n(£)+(fn—fL)

(19)
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Ey=1.28 X 1000 VR ({Fr-1) (20)
fu

V(En? + (In1 Rs1)? + (Ep?

_ n N1 Rs1)“ + (EY

ENT = @)
fiL

For the first band (10Hz to 1kHz):

E, =4 X 10"2+/80 1n (100) + (990)

= 0.15uVRMs
INRg = 0.6 X 10712

+/200 1n (100) + (990) X (10%)
= 0.26uVRrMs

Er=1.28 X 1078/ 990 = 0.4uVRums
1000 \/‘————‘——‘—
EtH,o = Y (EN) + (INRs)? + Er?
= 0.50uVRMS
Using the factor of 6:

fnoise p-p = 3.00uVpp will never be ex-
ceeded in 99.73% of all cases.
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For the second band (1kHz to 10kHz):

*En =4 X 1079+/3000 = 0.384VRms

*IyRg = 0.6 X 10-12V'9000 X (10%)
= 0.58uVRrms

Er=1.28 X 10"V 104(9000)
=1.21uVRrms
NOTE:

* For frequencies above 1kHz only WHITE noise is a
consideration.

f10kHz
= V(0.38)2+(0.57)2 + (1.21)2uVRus
fikHz

Ery

frokHz
= V1.39uVRmMs

F1kHz

Rss| Em

Ethmax = 8.34uVp.p

CONCLUSION

The designer should look at the previous
application note as a reasonable approach to
determine system noise levels. The variations
of parameters, such as resistance values,
temperature and bandwidth, are controllable
by design procedure; however, the parametric
variations of the monolithic op amps are
controlled by the IC manufacturer. Signetics
manufactures a wide variety of operational
amplifiers designed to meet all contingencies.



Signetics Linear Products Application Note

Explanation of Noise AN164

102 NESS34 102
In Rg1 vn (rms) I (rms)
(nVA/Hz) (pA/V/FiT)
EnT 10 10
Typ
En
11— 1 \
NP
&ty
10-1 101
>
TCo847 102 102
o8| 10 102 103 iz 104 108 108 10 102 103 1(Hz) 104 105 106
Figure 17. Total Noise Configuration WPUT NOISE VOLTAGE DENSITY INPUT NOISE CURRENT DENSITY
T se/nEssoe g
n (rms) NESS34
(V) 105 TYPICAL v::':).) TYPICAL /
VALUES VALUES /
104 10 /
10Hz
- / o Y
102 1 ,/
" T -~
THERMAL NOISE OF
1 et 10!
101
102 10-2
10 102 103 104 105 108 107 108 100 102 103 104 105 1086 107 108
TOTAL INPUT NOISE DENSITY  RS(1) BROADBAND INPUT NOISE VOLTAGERS())
OP03310S
Figure 18. NE5534 Noise Characteristics
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INTRODUCTION

The operational amplifier was first introduced
in the early 1940s. Primary usage of these
vacuum tube forerunners of the ideal gain
block was in computational circuits. - They
were fed back in such a way as to accomplish
addition, subtraction, and other mathematical
functions. '

Expensive and extremely bulky, the opera-
tional amplifier found limited use until new
technology brought about the integrated ver-
sion, solving both size and cost drawbacks.

Volumes upon volumes have been and could
be written on the subject of op amps. In the
interest of brevity, this application note will
cover the basic op amp as it is defined, along
with test methods and suggestive applica-
tions. Also, included is a basic coverage of
the feedback theory from which all configura-
tions can be analyzed.

THE PERFECT AMPLIFIER

The ideal operational amplifier possesses
several unique characteristics. Since the de-
vice will be used as a gain block, the ideal
amplifier should have infinite gain. By defini-
tion also, the gain block should have an
infinite input impedance in order not to draw
any power from the driving source. Additional-
ly, the output impedance would be zero in
order to supply infinite current to the load
being driven. These ideal definitions are illus-
trated by the ideal amplifier model of Figure 1.

TC064908

Figure 1. ldeal Operational Amplifier

Further desirable attributes would include infi-
nite bandwidth, zero offset voltage, and com-
plete insensitivity to temperature, power sup-
ply variations, and common-mode input sig-
nals.

Keeping these parameters in mind, further
contemplation produces two very powerful
analysis tools. Since the input impedance is
infinite, there will be no current flowing at the
amplifier input nodes. In addition, when feed-
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back is employed, the differential input volt-
age reduces to zero. These two statements
are used universally as beginning points for
any network analysis and will be explored in
detail later on.

THE PRACTICAL AMPLIFIER

Tremendous strides have been made by
modern technology with respect to the ideal
amplifier. Integrated circuits are coming clos-
er and closer to the ideal gain block. In
bipolar devices, for instance, input bias cur-
rents are in the pA range for FET input
amplifiers while offset voltages have been
reduced to less than 1mV in many cases.

Any device has limitations however, and the
integrated circuit is no exception. Modern op
amps have both voltage and current limita-
tions. Peak-to-peak output voltage, for in-
stance, is generally limited to one or two
base-emitter voltage drops below the supply
voltage, while output current is internally limit-
ed to approximately 256mA. Other limitations
such as bandwidth and slew rates are also
present, although each generation of devices
improves over the previous one.

DEFINITION OF TERMS

Earlier, the ideal operational amplifier was
defined. No circuit is ideal, of course, so
practical realizations contain some sources of
error. Most sources of error are very small
and therefore can usually be ignored. It
should be noted that some applications re-
quire special attention to specific sources of
error.

Before the internal circuitry of the op amp is
further explored, it would be beneficial to
define those parameters commonly refer-
enced.

INPUT OFFSET VOLTAGE

Ideal amplifiers produce OV out for OV input.
But, since the practical case is not perfect, a
small DC voltage will appear at the output,
even though no differential voltage is applied.
This DC voltage is called the input offset
voltage, with the majority of its magnitude
being generated by the differential input stage
pictured in Figure 2.

An operational amplifier's performance is, in
large part, dependent upon the first stage. It
is the very high gain of the first stage that
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TC06480S

Figure 2. Differential Input Stage

amplifies small signal levels to drive remain-
ing circuitry. Coincidentally, the input current,
a function of beta, must be as small as
possible. Collector current levels are thus
made very low in the input stage in order to
gain low bias currents. It is this input stage
which also determines DC parameters such
as offset voltage, since the amplified output
of this stage is of sufficient voltage levels to
eclipse most subsequent error terms added
by the remaining circuitry. Under balanced
conditions, the collector currents of Q1 and
Q2 are perfectly matched, hence we may say:

Eos = lc2RL - IciRL =0 (1)

In practice, small differences in geometries of
the base-emitter regions of Q1 and Q2 will
cause Epg not to equal 0. Thus, for balance
to be restored, a small DC voltage must be
added to one Vgg or

Vos = Vge1 - Vge2 e)
where the Vgg of the transistor is found by
KT [ Ig
Vee =—h| — 3
q I

Reference is made to the input when talking
of offset voltage. Thus, the classic definition
of input offset voltage is "that differential DC
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voltage required between inputs of an amplifi-
er to force its output to zero volts.'

Offset voltage becomes a very useful quantity
for the designer because many other sources
of error can be expressed in terms of Vps.
For instance, the error contribution of input
bias current can be expressed as offset
voltages appearing across the input resistors.

INPUT OFFSET VOLTAGE DRIFT
Another related parameter to offset voltage is
Vos drift with temperature. Present-day am-
plifiers usually possess Vg drift levels in the
range of 5uV/°C to 40uV/°C. The magnitude
of Vpg drift is directly related to the initial
offset voltage at room temperature. Amplifi-
ers exhibiting larger initial offset voltages will
also possess higher drift rates with tempera-
ture. A rule of thumb often applied is that the
drift per °C will be 3.3uV for each millivolt of
initial offset. Thus, for tighter control of ther-
mal drift, a low offset amplifier would be
selected.

Eo
W+
8= |T'z
TC06500S

Figure 3. Input Bias Current

INPUT BIAS CURRENT

Referring to Figure 3, it is apparent that the
input pins of this op amp are base inputs.
They must, therefore, possess a DC current
path to ground in order for the input to
function. Input bias current, then, is 'the DC
current required by the inputs of the amplifier
to properly drive the first stage.'

The magnitude of Igjas is calculated as the
average of both currents flowing into the
inputs and is calculated from

Iy + 12

P “

B

Bias current requirements are made as small
as possible by using high beta input transis-
tors and very low collector currents in the first
stage. The trade-off for bias current is lower
stage gain due to low collector current levels
and lower slew rates. The effect upon slew
rate is covered in detail under the compensa-
tion section.

INPUT OFFSET CURRENT

The ideal case of the differential amplifier and
its associated bias current does not possess
an input offset current. Circuit realizations
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always have a small difference in bias cur-
rents from one input to the other, however.
This difference is called the input offset
current. Actual magnitudes of offset current
are usually at least an order of magnitude
below the bias current. For many applications
this offset may be ignored but very high gain,
high input impedance amplifiers should pos-
sess as little log as possible because the
difference in currents flowing across large
impedances develops substantial offset volt-
ages. Output voltage offset due to log can be
calculated by

Vourt = Aci(losRs) (5)

Hence, high gain and high input impedances
magnify directly to the output, the error creat-
ed by offset current. Circuits capable of
nulling the input voltage and current errors
are available and will be covered later in this
chapter.

INPUT OFFSET CURRENT
DRIFT

Of considerable importance is the tempera-
ture coefficient of input offset current. Even
though the effects of offset are nulled at room
temperature, the output will drift due to
changes in offset current over temperature.
Many popular models now include a typical
specification for lpg drift with values ranging
in the 0.5nA/°C area. Obviously, those appli-
cations requiring low input offset currents
also require low drift with temperature.

INPUT IMPEDANCE

Differential and common-mode impedances
looking into the input are often specified for
integrated op amps. The differential imped-
ance is the total resistance looking from one
input to the other, while common-mode is the
common impedance as measured to ground.
Differential impedances are calculated by
measuring the change of bias current caused
by a change in the input voltage.

COMMON-MODE RANGE

All input structures have limitations as to the
range of voltages over which they will operate
properly. This range of voltages impressed
upon both inputs which will not cause the
output to misbehave is called the common-
mode range. Most amplifiers possess com-
mon-mode ranges of +12V with supplies of
+15V.
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Figure 4. Effects of CMRR on
Voitage-Follower

COMMON-MODE REJECTION

RATIO

The ideal operational amplifier should have
no gain for an input signal common to both
inputs. Practical amplifiers do have some gain
to common-mode signals. The classic defini-
tion for common-mode rejection ratio of an
amplifier is the ratio of the differential signal
gain to the common-mode signal gain ex-
pressed in dB as shown in equation 6a.

ep/e
CMRR(dB) =20 log———
ep/ecm

(6a)

The measurement CMRR as in 6a requires 2
sets of measurements. However, note that if
e, in equation 6a is held constant, CMRR
becomes:

ecm

CMRR(dB) =20 log — (6b)
€

A new alternate definition of CMRR based on
6b is the ratio of the change of input offset
voltage to the input common-mode voltage
change producing it.

Figure 4 illustrates the application of the
equivalent common-mode error generator to
the voltage-follower circuit. The gain of the
voltage-follower with error contributions
caused by both finite gain and finite common-
mode rejection ratio is shown in equation 7.

eo  1+1/CMRR

7

eN 1+1/A @
where A equals open-loop gain and is fre-
quency-dependent.

AC PARAMETERS

Parameter definition has, up to this point,
been dealing primarily with DC quantities of
voltages currents, etc. Several important AC,
or frequency-dependent parameters will now
be discussed.

An ideal gain block was defined earlier as one
which would provide infinite gain and band-
width. Real circuits approximate infinite open-
loop gain with low frequency gains in excess
of 100dB. The very high gains achieved with
present designs are possible only by cascad-
ing stages. Although providing very high
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open-loop gain, the cascading of stages re-
sults in the need for frequency compensation
in closed-loop configurations and reduces the
open-loop.

LARGE-SIGNAL BANDWIDTH

The large-signal or power bandwidth of an
amplifier refers to its ability to provide its
maximum output voltage swing with increas-
ing frequency. At some frequency the output
will become slew rate limited and the output
will begin to degrade. This point is defined by

fo = Slew Rate ®
Pt 2n-Eour

where fp_ is the upper power bandwidth
frequency and Egyr is the peak output swing
of the amplifier.

SLEW RATE

The maximum rate of change of the output in
response to a step input signal is termed slew
rate. Deviation from the ideal is caused by the
limitation in frequency response of the ampli-
fier stages and the phase compensation tech-
nique used. Summing node and amplifier
output capacitances must be kept to a mini-

mum to guarantee getting the maximum slew
rate of the operational amplifier. Circuit board
layout must also be of high frequency quality.
Power supplies should be adequately by-
passed at the pins, with both low and high
frequency components, to avoid possible
ringing. A selection of a proper capacitor in
parallel with the feedback resistor may be
necessary. Too small a value could result in
excessive ringing and too large a value will
decrease frequency response. In general, the
worst case slew rate is in the unity gain non-
inverting mode (see Figure 5a). Specifications
of slew rate should always reflect this worst
case condition with the maximum required
compensation network.

FREQUENCY RESPONSE

Distributed capacitances and transit times in
semiconductors cause an upper frequency
limit or pole for each gain stage. Monolithic
PNP transistors, used for level shifﬁng, pos-
sess poor upper frequency characteristics.
Cascaded gain stages, used to approach the
highest gain, subtract from the maximum
frequency response. As shown in Figure 6,
the open-loop frequency response of the op
amps shown crosses unity gain at approxi-
mately 10MHz. Closed-loop response is un-

[
TammC

Figure 6. Open-Loop Voltage Gain as a
Function of Frequency

stable without compensation, however, so
typical unity gain frequencies are readjusted
by the effects of phase compensation, in this
case 1MHz.

From Figure 6, it is also apparent that an
amplifier has a trade-off between gain and
bandwidth. Higher gains are achieved at the
expense of bandwidth. This trade-off is a
constant figure called the gain bandwidth
product.

—O Eout
En

TC085208

OP033208
b.
Figure 5. Amplifier Slew Rate
Limitations
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NOTE:
All resistor values are in ohms.

Figure 7. Circuit Diagram Used for CMRR Measurement

NOTE:
All resistor values are in ohms.

Figure 8. Circuit Diagram Used for Average Bias Current Measurement
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Figure 9. A Typical Op Amp Test Circuit (Simplified)

Vos = kg

I“.VQO‘O:;VmCM
TC08560S

NOTE:

All resistor values are in ohms.

Figure 10. Circult Diagram Used for Offset Voltage and
Offset Current

February 1987

NOTE:
All resistor values are in ohms.

Figure 11. Circuit Diagram Used for Large-Signal Open-Loop

Gain Measurement

TC08570S
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TEST METHODS

Product testing of integrated circuits uses
automatic test equipment. Large computer-
controlled test decks test all data sheet limits
in a matter of milliseconds. Each parameter is
tested in a specific circuit configuration de-
fined by the test hardware.

A typical simplified op amp test configuration
is depicted by Figure 9. Units may be classed
in several categories according to selected
parameters. Even failures may be classified
categorically, depending upon their mode of
failure.

Figures 7, 8, 10 and 11 illustrate the general
test setups commonly used to measure
CMRR, average bias current, offset voltage
and current, and open-loop gain, respectively.

In general, the following parameters are test-
ed under the following conditions.

COMMON-MODE REJECTION

The test setup for CMRR is given in Figure 7.
Resistor values are chosen to provide suffi-
cient sensitivity and accuracy for the device
type being tested and the voltage measuring
equipment being used.

The positive common-mode input voltage
within the range Vg is algebraically sub-
tracted from all supply voltages and from Vo.
Then V4 is measured (V41). The most nega-
tive common-mode voltage within the range,
Vcma, is then subtracted from all the supply
voltages and Vo, and V, is again measured
(V12).

Then

CMRR = (R1 + R2)/R1(Vcm1

Vi1=Vi2

- Vemz)/
)

This operation is equivalent to swinging both
inputs over the full common-mode range, and
holding the output voltage constant, but it
makes the V{ measurement much simpler.

BIAS CURRENT
Bias current is measured in the configuration
of Figure 8.

With switches at position 1 and Vo =0V,
measure Vq1. Move switches to position 2
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and again measure V1. Calculate Igjag (aver-
age), by

| Rt w1
B' "R1+R2| R3

(10a)

L (100
82 R1+R2| R3

lB1+lga  R1 V1=V

les(@ve) = = = o R 2Rs

(10c)

OFFSET VOLTAGE

Figure 10 is used for both offset voltage and
current. With Vo at OV and the switches
selecting the source impedance of 100S2, the
offset voltage is measured at V4 and is equal
to

Vos = L )
S TR1+R2

OFFSET CURRENT

Offset current is measured by calculation of
offset voltage change with a change in
source impedance. With switches in position
1, measure V1p. Calculate the contribution of
los by

(12)

SIGNAL GAIN

The signal gain of operational amplifiers is
most commonly specified for the full output
swing.

This is referred to as large signal voltage gain
and can be measured by the circuit of Figure
11. Usually specified under a specific load
determined by Ri, a signal equal to the
maximum swing of the output voltage is
applied to Vo in both positive and negative
directions. V41 and V, are measured values
of V4 and Vo = maximum positive and maxi-
mum negative signals, respectively. The gain
of the device under test then becomes

Ao ( R1+R2 )( Vo1 -Voz ) .

Vi1-Vi2

SLEW RATE

Many other parameters are checked auto-
matically by similar means. Only the most
important ones have been covered here. Of
great interest to the designer are other pa-
rameters which do not necessarily carry mini-
mum or maximum limits. One such parameter
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FROM PULSE
W0V GENERATOR TO
OSCILLOSCOPE

TC085808|
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-AV
SLEW RATE = £

0P033408

Figure 12. Measuring Slew

is slew rate. The configuration used to mea-
sure slew rate depends upon the intended
application. Worst case conditions arise in the
unity gain non-inverting mode.

Figure 12 shows a typical bench setup for
measuring the response of the output to a
step input. The input step frequency should
be of a frequency low enough for the output
of the op amp to have sufficient time to slew
from limit to limit. In addition, Vin must be less

+BV
O

TC06590S
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Figure 13. Transfer Curve of 531
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Figure 14. Curve Tracer Schematic

TC08600S.

than absolute maximum input voltage and the
waveform should have good rise and fall
times. The slew rate is then calculated from
the slope of the output voltage versus time or

_4AVour .

SR in V/us

(14)

OP AMP CURVE TRACER

Two of the most important parameters of
linear integrated circuits having differential
inputs are voltage gain and input offset volt-
age. These parameters may be read directly
from a plot of the transfer characteristic of the
device. This memo will describe a very simple
curve tracer which, when used with an oscillo-
scope, will display the transfer characteristic
of most Signetics linear devices.

Figure 13 shows the transfer characteristics
of a typical linear device, the Signetics
NES531. Note that the unit saturates at ap-
proximately +12V and -12V and exhibits a
linear transfer characteristic between -10V
and +10V.

From the slope of this linear portion of the
transfer characteristic, and from the point and
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+10V where it crosses the Ey axis, the
voltage gain and offset voltage may be deter-
mined. It can be seen that the voltage gain of
the device under test, (DUT), is 50,000 and its
input offset voltage is 1.0mV.

A simple circuit to display the curves of Figure
13 on an oscilloscope is shown in Figure 14.
A 60Hz, 44Vp.p sinewave is applied to the
horizontal input of oscilloscope and an atten-
uated version of the sinewave is applied to
the input of the DUT.

The output of the DUT drives the vertical
input of the scope. For providing V+ and V-
to the DUT, the tester uses two simple
adjustable regulators, both current-limited at
25mA. Input drive to the DUT may be select-
ed by means of S-2 as shown.

To use the curve tracer, first preset the V+
and V- supplies with an accurate meter. The
supply voltages are somewhat dependent on
AC line regulation and should be checked
periodically. The horizontal gain of the scope
may be set to give a convenient readout of
the peak-to-peak DUT input signal corre-
sponding to the setting of S-2. As some
devices have two outputs, a second output
line (vertical 2) has been provided for these
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devices. The transfer function of such de-
vices will be inverted to that of Figure 13.

Simplicity and low cost are the two major
attributes of this tester. It is not intended to
perform highly rigorous tests for all devices. It
is, however, a reasonably accurate means of
determining the gains and offset voltages of
most amplifiers. It will, in addition, indicate the
transfer curves of comparators and sense
amplifiers with equivalent accuracies.

AMPLIFIER DESIGN

Linear operational amplifier ICs were intro-
duced soon after the appearance of the first
digital integrated circuits. The performance of
these early devices, however, left much to be
desired until the introduction of the 709 de-
vice. Even with its lack of short-circuit protec-
tion and its complicated compensation re-
quirements, the 709 gained real acceptance
for the IC op amp. The 709 was designed
using a three-stage approach requiring both
input and output stage compensation. In addi-
tion, the output stage was not short-circuit
proof and the input stage latched-up under
certain conditions, requiring external protec-
tion.
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Much better designs soon were introduced.
Among the contenders were the 741, 748,
101, and 107 devices. All were general pur-
pose devices with single capacitor compen-
sation, (some were internally-compensated),
and all heralded input and output overstress
protection. The basic design has two gain
stages. By rolling off the frequency response
of one of these (the second stage), so that
the overall gain is unity at a frequency below
the point where excess phase becomes sig-
nificant, the device can be stabilized for all
feedback configurations. Further, by making
the first stage a voltage-to-current converter,
with a small gy and the second stage a
current-to-voltage converter with a high ry,
the second stage can be rolled off at 6dB
octave with a small value capacitor in the
order of 30pF, which can then be built into the
device itself. This concept is shown in Figure
15.

TC08610S

Figure 15. Basic Two-Stage Op Amp
Design

The frequency and phase response of the
PNP devices in the first stage dictate a roll-off
in the second stage to give a loop gain of
unity at about 1.0MHz. For the unity gain

feedback configuration, this implies an open-
loop gain of unity at this frequency. The
capacitor C¢ controls this parameter by look-
ing much smaller than ry at frequencies
above a few cycles, giving a clean 6dB/
octave roll-off over 5 decades.

The overall gain at frequencies where the
impedance of Cc dominates ry, is given by

qlgy 1
AV(w) =—

t— (15)
4KT wCc
Substituting the value given, we find that a
capacitance of Cc = 30pF gives a unity gain
frequency of about 1.0MHz.

First-stage large signal current also defines
the slew rate for a specific compensation
technique. It is this current which must charge
and discharge the Cc by the expression

R= ld = Ls (16)
dT Cc

where I g is the largest signal current of the

input stage. Obviously, the slew rate can be

improved by increasing the first-stage collec-

tor current. This would, however, reflect di-

rectly upon the bias current by increasing it.

Two serious limitations, then, of these de-
vices for diverse applications are input bias
current and slew rate. Both may be overcome
with small changes of the input structure to
yield higher performance devices.

Reducing the input bias current becomes a
matter of raising the transistor beta of the first

stage. Several current designs boasting very
low input currents use what is termed super
beta input devices. These transistors have
betas of 1,500 to 7,000. Bias currents under
2nA can be achieved in this way. Even
though the Byceo of such transistors can be
as low as 1V, the lower breakdowns are
accounted for in the input stage by rearrang-
ing the bias technique. Bandwidths and slew
rates suffer only slightly as a result of the
lower current levels.

The second limitation of 741 devices is slew
rate. As previously mentioned, the rate of
change is dictated by the compensation ca-
pacitance as charged by the large signal
current of the first stage. By altering the large
signal gy of the first stage as depicted by
Figure 18, the slew rate can be dramatically
increased.

The additional current supplied during large
signal swings by current source l4 causes the
first-stage transfer function to change as
shown in Figure 19. The compensation ca-
pacitor is returned to the output of the NE531
structure because the output driving source
must be capabie of supplying the increased
current to charge the capacitor.

Large-signal bandwidths with this input struc-
ture will be essentially the same as the small-
signal response. Full bandwidth possibilities
of this configuration are still limited by the
beta and f; of the lateral PNP devices used for
collector loads in the first stage. Even so, the
slew rate of the NE531 and NE538 is a factor
of 40 better than general purpose devices.

o
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Figure 18. Input Structure of 531
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BASIC FEEDBACK THEORY

In AN165, the ideal op amp was defined. The
ideal parameters are never fully realized but
they present a very convenient method for
the preliminary analysis of circuitry. So impor-
tant are these ideal definitions that they are
repeated here. The ideal amplifier possesses

1. Infinite gain

2. Infinite input impedance
3. Infinite bandwidth

4. Zero output impedance

From these definitions two important theo-
rems are developed.

1. No current flows into or out of the input
terminals.

2. When negative feedback is applied, the
differential input voltage is reduced to zero.

Keeping these rules in mind, the basic con-
cept of feedback can be explored.

VOLTAGE-FOLLOWER

Perhaps the most often used and simplest
circuit is that of a voltage-follower. The circuit
of Figure 1 illustrates the simplicity.

}

W—o

Eour = Es
TC102908

Figure 1. Voltage-Foliower

Applying the zero differential input theorem,
the voltages of Pins 2 and 3 are equal, and
since Pins 2 and 6 are tied together, their
voltage is equal; hence, Eoyr = Ejn. Trivial to
analyze, the circuit nevertheless does illus-
trate the power of the zero differential voltage
theorem. Because the input impedance is
multiplied and the output impedance divided
by the loop gain, the voltage-follower is ex-
tremely useful for buffering voltage sources
and for impedance transformation.

The basic configuration in Figure 1 has a gain
of 1 with extremely high input impedance.
Setting the feedback resistor equal to the
source impedance will cancel the effects of
bias current if desired.

However, for most applications, a direct con-
nection from output to input will suffice. Errors
arise from offset voltage, common-mode re-
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jection ratio, and gain. The circuit can be used
with any op amp with the required unity gain
compensation, if it is required.

NON-INVERTING AMPLIFIER
Only slightly more complicated is the non-
inverting amplifier of Figure 2.

RinlIRe Riy

o
ll.————oéﬂl

TC103008

Figure 2. Non-Inverting Amplifier

The voltage appearing at the inverting input is
defined by

_Eout*Rin

Es =
2 Re + RN

(1a)

Since the differential voltage is zero, E; = Eg,
and the output voltage becomes

Re
Eour=Eg| 1 +— (1b)

Rin
It should be noted that as long as the gain of
the closed-loop is small compared to open-
loop gain, the output will be accurate, but as
the closed-loop gain approaches the open-
loop value more error will be introduced.

The signal source is shown in Figure 2 in
series with a resistor equal in size to the
parallel combination of Ryy and Rg. This is
desirable because the voltage drops due to
bias currents to the inputs are esqual and
cancel out even over temperature. Thus over-
all performance is much improved.

The amplifier does not phase-invert and pos-
sesses high input impedance. Again the im-
pedances of the two inputs should be equal
to reduce offsets due to bias currents.

INVERTING AMPLIFIER

By slightly rearranging the circuit of Figure 2,
the non-inverting amplifier is changed to an
inverting amplifier. The circuit gain is found by
applying both theorems; hence, the voltage at
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the inverting input is 0 and no current flows
into the input. Thus the following relationships
hold:

=+ == (2a)

Solving for the output Eg

R
Eo= - Es—

2b
A (2b)

l

Eout

R= lelﬁ; Rin

0

TC103108

Figure 3. Inverting Amplifier

As opposed to the non-inverting circuits the
input impedance of the inverting amplifier is
not infinite but becomes essentially equal to
Rin. This circuit has found widespread accep-
tance because of the ease with which input
impedance and gain can be controlled to
advantage, as in the case of the summing
amplifier.

With the inverting amplifier of Figure 3, the
gain can be set to any desired value defined
by R divided by Rjn. Input impedance is
defined by the value of Ryy and R should
equal the parallel combination of Ry and R to
cancel the effect of bias current. Offset volt-
age, offset current, and gain contribute most
of the errors. The ground may be set any-
where within the common-mode range and
any op amp will provide satisfactory re-
sponse.

CURRENT-TO-VOLTAGE
CONVERTER

The transfer function of the current-to-voltage
converter is

Vout = inR1 ()]
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Evaluation of the circuit depends upon the
virtual ground theorem developed earlier. The
current flowing into the input must be the
same as that flowing across R1, hence, the
output voltage is the IR drop of R1.

Limitations, of course, are output saturation
voltage and output current capability. The
inputs may be biased anywhere within the
common-mode range. ‘

DIFFERENTIAL AMPLIFIER
This circuit of Figure 5 has a gain with respect
to differential signals of R2/R1.

The common-mode rejection is dominated by
the accuracy of the resistors. Other errors
arise from the offset voltage, input offset
current, gain and common-mode rejection.
The circuit can be used with any op amp
discussed in this chapter with the proper
compensation.

SUMMING AMPLIFIER

The summing amplifier is a variation of the
inverting amplifier. The output is the sum of
the input voltages, each being weighed by
Re/Rin.

The value of R4 may be chosen to cancel the
effects of bias current and is selected equal
to the parallel combination of Rg and all the
input resistors.

Ry
AMA
WA

+—O :’our=
R
™ IN

TCos621S

Figure 4. Current-to-Voltage Converter

INTEGRATOR

Integration can be performed with a variation
of the inverting amplifier by replacing the
feedback resistor with a capacitance. The
transfer function is defined by

t

1
Vi = —— JV|N°dt 4
out RoJ VN 4)

The gain of the circuit falls at 6dB per octave
over the range in which strays and leakages
are small.

Since the gain at DC is very high a method for
resetting initial conditions is necessary.
Switch S1 removes the charge on the capaci-
tor. A relay or FET may be used in the
practical circuit. Bias and offset currents and
offset voltage of the switch should be low in
such an application.

R2
AAA
W
R1
O—MWA
R3
€ +

Figure 5. Differential Amplifier

——OVour = (e2-ey) (g‘)
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R2=R4
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Figure 6. Summing Amplifier

TC08651S

February 1987

4-26

Rl
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Figure 7. Integrator

DIFFERENTIATOR

The differentiator of Figure 8 is another varia-
tion of the inverting amplifier. The gain in-
creases at 6dB per octave until it intersects
the amplifier open-loop gain, then decreases
because of the amplifier bandwidth. This
characteristic can lead to instability and high
frequency noise sensitivity.

c1

TC08660S

Figure 8. Differentiator

A more practical circuit is shown in Figure 9.
The gain has been reduced by R3 and the
high frequency gain reduced by C2, allowing
better phase control and less high frequency
noise. Compensation should be for unity gain.

R1

AA
W

R3 (4] ) I
O—AM—|

TC088708

Figure 9. Practical Differentiator

COMPENSATION

Present-day operational amplifiers are com-
prised of multiple stages, each of which has a
3dB point or pole associated with it. Referring
to Figure 10, the 3dB breakpoints of a two-
stage amplifier are approximated by the Bode
plot.
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As with any feedback loop, the op amp must
be protected from phase shifts in excess of
360°. A steady 180° phase shift is developed
by the amplifier from output to inverting input.
In addition, the sum of all additional shifts due
to amplifier poles or feedback component
poles will cause the necessary additional
180° to sustain oscillation if the gain of the
amplifier is greater than one for the frequency
at which the 180° phase shift is reached. By
adding poles and zeros to the amplifier re-
sponse externally, the phase shift can be
controlled to insure stability.

Many op amps now include internal compen-
sation. These are single capacitors of 30pF,
typically, and the amplifier will remain stable
for all gains. However, since they are uncon-
ditionally stable, the compensation is larger
than required for most applications. The re-
sultant loss of bandwidth and slew rate may
be acceptable in the general case, but selec-
tion of an externally-compensated device can
add a great deal to the amplifier response if
the compensation is handled properly.

In order to fully develop the point at which
instability occurs, a fuller understanding of
phase response is necessary.

The diagram of Figure 11 depicts the phase
shift of a single pole. Note that at the pole
position the phase shift is 45° and that phase
shift becomes 0° for a decade below the pole
and -90° for a decade above the pole loca-
tion. This is a Bode approximation which
possesses a 5.7° error at 0° and 90°, but this
error is usually considered small enough to be
ignored. The single pole produces a maxi-
mum of 90° phase shift and also produces a
frequency roll-off of 20dB per decade. The
addition of the second pole of Figure 12
produces an additional 90° phase shift and
increases the roll-off slope to -40dB per
decade.
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Figure 11. Single-Pole Amplitude and
Phase Response
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Figure 12. Two-Pole Closed-Loop
Response
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Figure 10. Frequency Compensation
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At this point, phase shift could exceed 180°
because unity gain is reached, causing stabili-
ty. For gain levels equal to A1 or 1/f, the
phase shift is only 90° and the ampiifier is
stable. However, the gain of A2 the phase
shift is 180° and the loop is unstable. Gains in
between A1 and A2 are marginally stable.
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However, as shown in Figure 13, the phase
shift as it approaches 180° causes increasing
frequency peaking and overshoot until sus-
tained oscillations occur.

It is generally accepted in the interest of
minimized frequency peaking to limit the
phase shift of the amplifier to 135° or a phase
margin of 45°. At this margin the second-
order response of the system is critically
damped and oscillation is prevented.

|A| (dB)

F

OP06400S

Figure 13. Frequency Peaking Due to
Insufficient Phase Margin

Referring to Figure 14, the required compen-
sation can be determined. Given the open-
loop response of the amplifier, the desired
gain is plotted until it intercepts the open-loop
curve as shown.
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Figure 14. Frequency Compensation

The phase shift for minimum peaking is 135°.
Remembering that phase shift is 45° at the
frequency pole, the example of Figure 14 will
be unstable at gains less than 20dB where
phase shift exceeds 180°, and will possess
excessive overshoot and ringing at gains Igg
than 60dB where phase shift exceeds 135°.
Thus, the desired compensation will move the
second pole of the amplifier out in frequency
until the closed-loop gain intersects the open-
loop response before the second break of the
amplifier occurs. Selecting only enough com-
pensation to do the job assures the maximum
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bandwidths and slew rates of the amplifier.
Additional in-depth information on compensa-
tion can be found in the reference material.

FEED-FORWARD
COMPENSATION

External compensation has been shown to
improve amplifier bandwidth over internal
compensation in the preceding section. Addi-
tional bandwidth can be realized if feed-
forward compensation is used. Bandwidth is
limited in monolithic design by the poor fre-
quency response of the PNP level shifters of
the first stage.

[
—

TC068680S.

Figure 15. Technique of Feed-Forward
Around 1st Stage

February 1987

The concept of feed-forward compensation
bypasses the input stage at high frequencies
driving the higher frequency second stage
directly as pictured by Figure 15. The Bode
plot of Figure 16 shows the additional re-
sponse added by the feed-forward technique.
The response of the original amplifier requires
less compensation at lower frequencies al-
lowing an order of magnitude improvement in
bandwidth. Standard compensation and feed-
forward are both plotted to illustrate the
bandwidth improvement. Unfortunately, the
use of feed-forward compensation is restrict-
ed to the inverting amplifier mode.
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DESCRIPTION

The LM124/SA534/LM2902 series con-
sists of four independent, high-gain, in-
ternally frequency-compensated opera-
tional amplifiers designed specifically to
operate from a single power supply over
a wide range of voltages.

UNIQUE FEATURES

In the linear mode, the input common-
mode voltage range includes ground
and the output voltage can also swing to
ground, even though operated from only
a single power supply voltage.

The unity gain cross frequency and the
input bias current ACC are temperature-
compensated.

ORDERING INFORMATION

LM124/224/324 /A"

/SA534/LM2902
Low Power Quad Op Amps

Product Specification

FEATURES

e Internally frequency-compensated
for unity gain

e Large DC voltage gain — 100dB

® Wide bandwidth (unity gain) —
1MHz (temperature-compensated)

e Wide power supply range

Single supply — 3Vpc to 30Vpc
or dual supplies —* 1.5Vpc to
+15Vpe

e Very low supply current drain —
essentially independent of supply
voltage (imW/op amp at +5Vpc)

e Low input biasing current —
45nApc (temperature-
compensated)

e Low input offset voltage —
2mVpc and offset current —
5nApc

o Differential input voltage range
equal to the power supply
voltage

e Large output voltage — 0Vpc to
Vi 1.5Vpc swing

PIN CONFIGURATION

D, F, N Packages

outeut 1 [T]

~INPUT 1 E

+INPUT 1

3
[4] [11] aND
+INPUT 2 | 5 |

1V

7

~INPUT 2

OUTPUT 2

TOP VIEW CDogs40S

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP -55°C to +125°C LM124N
14-Pin Ceramic DIP -55°C to +125°C LM124F
14-Pin Plastic DIP -25°C to +85°C LM224N
14-Pin Ceramic DIP -25°C to +85°C LM224F
14-Pin Plastic DIP 0 to +70°C LM324N
14-Pin Ceramic DIP 0 to +70°C LM324F
14-Pin Plastic SO 0 to +70°C LM324D
14-Pin Plastic DIP -40°C to +85°C SA534N
14-Pin Ceramic DIP -40°C to +85°C SA534F
14-Pin Plastic SO -40°C to +85°C SA534D
14-Pin Plastic SO -40°C to +85°C LM2902D
14-Pin Plastic DIP -40°C to +85°C LM2902N

*Please contact your local Signetics Sales Office or the Signetics factory for information on the LM324A offered in 14-Pin Plastic DIP or SO.

November 14, 1986
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Low Power Quad Op Amps LM124/224/324/A% /SA534/LM2902

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 32 or £16 Vbc
VIN Differential input voltage 32 Voc
VIN Input voltage -0.3 to +32 Vbc
P Maximum power dissipation,
D Ta=25°C (still-air)?!
N package 1190 mw
F package 1420 mw
D package 1040 mw
Output short-circuit to GND 1
amplifier? Continuous
Vog < 18Vpg and Ta = 25°C
ViN Input current (Vi < -0.3V)3 50 mA
Ta Operating ambient temperature range
LM324 0 to +70 °C
LM224 -25 to +85 °C
SA534/L.M2902 -40 to +85 °C
LM124 -55 to +125 °C
Tsta Storage temperature range -65 to +150 °C
TsoLp Lead soldering temperature (10sec max) 300 °C
NOTES:

1. Derate above 25°C, at the following rates:
F package at 9.5mW/°C
N package at 11.4mW/°C
D package at 8.3mW/°C
2. Short-circuits from the output to Vgg + can cause ive heating and | d i
The maximum output current is approxi ly 40mA, independent of the magnitude of Vcc. At
values of supply voltage in excess of +15Vpc continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction.
. The direction of the input current is out of the IC due to the PNP input stage. This current is
essentially constant, independent of the state of the output, so no loading change exists on the
input lines.

DC ELECTRICAL CHARACTERISTICS Vcc =5V, Ta=25°C, unless otherwise specified.

w

LM124/LM224 R
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vos Offset voltage' Rg = OFS‘?, oge? temp. 2 tg t2 1573 m
Vos Drift Rs =00 7 7 MV/°C
InC+) or Iin(-) 45 | 150 45 | 250
laias Input current? in(+) or (=), over temp. 40 | 300 40 | so0 | "™
I Drift Over temp. 50 50 pA/°C
In(+) = Iin(=) +30 +50 nA
los Offset current Iin(+0 —liy( =), over temp. *3 1 £100 8 |+150 | na
los Drift Over temp. 10 10 pA/°C
v, Common-mode voltage Vee =30V 0 V15 0 V1.5 v
oM range® Vcc = 30V, over temp. 0 vi2 | o0 V2 v
CMRR Common-mode rejection ratio Vce = 30V 70 85 65 70 dB

*Please contact your local Signetics Sales Office or the Signetics factory for information on the LM324A offered in 14-Pin Plastic DIP or SO.
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Low Power Quad Op Amps

LM124,/224/324/A* /SA534/LM2902

DC ELECTRICAL CHARACTERISTICS (Continued) Vo =5V, Ta =25°C, unless otherwise specified.

LM124/LM224 R
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
. RL =2k, Voo = +30V,
Vout Output voltage swing over temp. 26 26 "
VoH Output voltage high RL < 10kS2, over temp. 27 28 27 28 Vv
RL <10k, Vcc =5V,
VoL Output voltage low over temp. 5 20 5 20 mVv
RL =99, Vg =30V,
lcc Supply current over temp. 1.5 3 15 3 mA
RL =0, on all op amps,
over temp. 0.7 1.2 0.7 1.2 mA
Vec = +15V
(for large Vo swing) 50 100 25 100 V/mV
. . RL =2k
AvoL Large-signal voltage gain Vgo = +15V
(for large Vo swing), 25 15 V/mV
R = 2k§2, over temp.
P —— .5 f=1kHz to 20kHz, _ _
Amplifier-to-ampilifier coupling input referred 120 120 dB
PSRR Power supply rejection ratio Rg <08 65 100 65 100 dB
lout Output current ViN+t = +1Vpg, ViN- =0Vpg,| 20 40 20 40 mA
source Vce =15Vpe
Vit = +1Vpg, Vin- =0Vpc,
Vce = 15Vpc, over temp. 10 20 10 20 mA
sink ViN- = +1Vpg, Vint =0Vpg,
V+ =15Vpc 10 20 10 20 mA
Vin- = +1Vpg, Vin+ =0Vpg,
Vcc = 15Vpg, over temp. 5 8 5 8 mA
Vint =0Vpg, ViN-=+1Vpg,
Vo = 200mV 12 50 12 50 HA
Isc Short-circuit current* 10 | 40 60 10 | 40 60 mA
VDIFr Differential input voltage® Vce Vce
GBW Unity gain bandwidth Ta=25°C 1 1 MHz
SR Slew rate Ta=25°C 0.3 0.3 V/us
VNOISE Input noise voltage Ta=25°C, f=1kHz 40 40 nV/VHz
NOTES:

1. Vo =1.4Vpc, Rg =0 with V¢ from 5V to 30V and over full input common-mode range (0Vpc+ to Vgc - 1.5V).

2. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so no
loading change exists on the input lines.

3. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode
voltage range is Vcc -1.5, but either or both inputs can go to +32V without damage.

4. Short-circuits from the output to Vg can cause excessive heating and destruction. The output current is app! ly 40mA independent of
the magnitude of Vcc. At values of supply voltage in excess of +15Vpg, continuous short-circuits can exceed the power dissipation ratings and cause eventual

ion. Destructive dissi can result from simultaneous shorts on all amplifiers.
5. Due to proximity of external components, insure that coupling is not originating via stray cap b 1 these external parts. This typically can be detected

as this type of capacitive increases at higher frequencies.

*Please contact your local Signetics Sales Office or the Signetics factory far information on the LM324A offered in 14-Pin Plastic DIP or SO.
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Low Power Quad Op Amps

LM124/224/324/A" /SA534 /LM2902

EQUIVALENT SCHEMATIC

INPUTS
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TYPICAL PERFORMANCE CHARACTERISTICS
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Output Characteristics
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Current Limiting
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Output Characteristics
Current Sinking

Open-Loop Frequency Response
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*Please contact your local Signetics Sales Office or the Signetics factory for information on the LM324A offered in 14-Pin Plastic DIP or SO.
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Low Power Quad Op Amps

LM124/224/324/A* /SA534 /LM2902

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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TYPICAL APPLICATIONS
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4
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Single Supply Inverting Amplifier

Non-Inverting Amplifier

Input Biasing Voltage-Follower

*Please contact your local Signetics Sales Office or the Signetics factory for information on the LM324A offered in 14-Pin Plastic DIP or SO.
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Signetics MC/SA1458 /MC1558

General-Purpose Operational
Amplifier

Product Specification
Linear Products

DESCRIPTION FEATURES PIN CONFIGURATION
The MC1458 is a high-performance op- e Internal frequency compensation
erational amplifier with high open-loop e Short-circuit protection

gain, internal compensation, high com- ¢ Excellent temperature stability

D, N Packages

mon-mode range and exceptional tem- o High input voltage range ourput a [1] Ew
perature stability. The MC1458 is short- gh input voltage rang nveting "'A"A [ oureurs
circuit protected. ® No latch-up NO-INVERTING nﬁ 5 venTinG
The MC1458/SA1458/MC1558 consists  © 1200/ 1458 are 2 op amps™ in v el e

of a pair of 741 operational amplifiers on space of one 741 package TOP VIEW

a single chip. cortez0s|

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO 0 to +70°C MC1458D
8-Pin Plastic DIP 0 to +70°C MC1458N
8-Pin Plastic SO -40°C to +85°C SA1458D
8-Pin Plastic DIP —-40°C to +85°C SA1458N
8-Pin Plastic DIP -55°C to +125°C MGC1558N

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vs Supply voltage
MC1458 +18 v
SA1458 +18 \
MC1558 +22 '
Ty Junction temperature +150 °C

Maximum power dissipation, Tp = 25°C
Puax (still-air)!

N package 1160 mw
D package 780 mw
VDiFr Differential input voltage +30 \
ViN Input voltage? +15 '
Output short-circuit duration Continuous
Ta Operating ambient temperature range
MC1458 0 to +70 °C
SA1458 —-40 to +85 °C
MC1558 -55 to +125 °C
TsTa Storage temperature range -65 to +150 °C
TsoLp " Lead soldering temperature (10sec max) 300 °C

NOTES:
1. The following derating factors should be applied above 25°C:
N package at 9.3mW/°C
D package at 6.2mW/°C.
2. For supply voltages less than * 15V, the absolute maximum input voltage is equal to the supply voltage.

December 2, 1986 4-34 853-1062 86704
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General-Purpose Operational Amplifier MC/SA1458/MC1558

EQUIVALENT SCHEMATIC

oV+
8
Qg Qg Q42 Q43 O14
INVERT.

INPUT R Q45
¥ 7
NON-INVERTING a o 2

INPUT 3 4.5k0 Rg

1 KQ 18 250
Q3

R 1
™Nos s R +—o ouTPUT

8
39K0 7.5k0
Rio
500
Q7 Q
w8 t——4 0z
as —K %% °1o>—LK°n

022}
Ry Ry s Ry Ry Ry2 R
1KQ T 50k0 * 1kQ 5k0 5002 500 A
—O V-
LD074908
Amplifier "A"" of MC1458, SA1458, MC1558
DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vg =*15V, unless otherwise specified.
MC1558
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vos Offset voltage Rg = 10kQ2 1.0 5.0 mV
Rs = 10kS2, over temperature 6.0 mV
AVos Offset voltage Over temperature 10 uv/°C
los Offset current 20 200 nA
Over temperature 500 nA
Alos Offset current Over temperature 0.10 nA/°C
IBlas Input bias current 80 500 nA
Over temperature 1500 nA
Algjas Bias current Over temperature 1.0 nA/°C
Vout Output voltage swing RL = 10kS2, over temperature +12 +14 \
R = 2kS2, over temperature +10 +13 \"
AvoL Large-signal voltage gain RL = 2kQ,Vp = £ 10V 50 100 V/mV
RL = 2kS2, Vo =+ temperature 20 V/mVv
Offset voltage adjustment range +30 mV
SVRR Supply voltage rejection ratio Rs < 10kQ 30 150 uv/v
CMRR | Common mode rejection ratio 70 90 dB
Icc Supply current 2.3 5.0 mA
Vin Input voltage range +12 +13 Vv
Pp Power consumption 70 150 mw
Channel separation 120 dB
Rout Output resistance 75 Q
Isc Output short-circuit current 10 26 60 mA
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General-Purpose Operational Amplifier

MC/SA1458/MC1558

DC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C, Voo =+15V, unless otherwise specified.

MC1458 SA1458
SYMBOL PARAMETER TEST CONDITIONS UNIT
] Min | Typ | Max | Min | Typ | Max
Vos Offset voltage Rs = 10k$2 2.0 6.0 2.0 6.0 mV
Rg = 10kS2, over temp. 7.5 7.5 mv
AVog Offset voltage Over temperature 12 12 uv/°c
los Offset current 20 | 200 20 | 200 nA
Over temperature 300 500 nA
Alos Offset current Over temperature 0.10 0.10 nA/°C
IBlAS Input bias current 80 500 80 500 nA
Over temperature 800 1500 nA
Algias | Bias current Over temperature 1.0 1.0 nA/°C
Vout Output voltage swing R = 10kQ2 12 | £14 +12 | £14 \
Ry = 2k, over temp. +10 | £13 +10 | £13 "
RL=2kS2, Vo=+10V 25 200 20 200 V/mV
AvoL Large-signal voltage gain RL =2k, Vo =10V,
Over temperature 15 15 V/mV
Offset voltage adjustment range +30 +30 mV
SVRR Supply voltage rejection ratio Rg < 10kQ2 30 150 30 150 uv/vV
CMRR | Common-mode rejection ratio 70 90 70 90 dB
lcc Supply current 2.3 5.6 2.3 5.6 mA
ViN Input voltage range +12 | 13 +12 | £13 \"
Rin Input resistance 0.3 1 0.3 1 MQ
Pp Power consumption 70 170 70 170 mwW
Channel separation 120 120 dB
Isc Output short-circuit current 25 25 mA
AC ELECTRICAL CHARACTERISTICS T4 =25°C, Vs =15V, unless otherwise specified.
MC1458, SA1458,
SYMBOL PARAMETER TEST CONDITIONS McC1558 UNIT
Min Typ Max
Rin Parallel input resistance Open-loop, f=20Hz 0.3 MQ
Common-mode input impedance f=20Hz 200 MQ
Equivalent input noise voltage Ay =100, Rg = 10kS2, By = 1.0kHz, f=1.0kHz 30 nV/VHz
BW Power bandwidth Ay =1, R_=2.0k2, THD <5%, Voyr = 20Vp.p 14 kHz
Phase margin 65 degrees
Ay Gain margin 1 dB’
Unity gain crossover frequency Open loop 1.0 MHz
Transient response unity gain V|N = 20mV, Ry =2k, C| < 100pF
tr Rise time 0.3 us
Overshoot 5.0 %
SR Slew rate C <100pF, R =2k, V|y=*10V 0.8 V/us
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General-Purpose Operational Amplifier

MC/SA1458/MC1558

TYPICAL PERFORMANCE CHARACTERISTICS
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General-Purpose Operational Amplifier MC/SA1458/MC1558

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Signetics Linear Products Product Specification

General-Purpose Operational Amplifier MC/SA1458/MC1558

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Linear Products

DESCRIPTION

The MC3403 is a quad operational am-
plifier with true differential inputs. The
device has electrical characteristics sim-
ilar to the popular uA741. However, the
MC3403 has several distinct advantages
over standard operational amplifier
types in single supply applications. The
MC3403 can operate at supply voltages
as low as 3.0V or as high as 32V. The
common-mode input range includes the
negative supply, thereby eliminating the
necessity for external biasing compo-
nents in many applications. The output
voltage range also includes the negative
power supply voltage.

ORDERING INFORMATION

MC3303/3403/3503

Quad Low Power Operational

Amplifiers

Product Specification

FEATURES
o Short-circuit protected outputs

e Class AB output stage for
minimal crossover distortion

® True differential input stage

o Single supply operation: 3.0 to
32v

e Split supply operation: + 1.5 to
+16V

e Low input bias currents: 500nA
max

e Four amplifiers per package
® Internally compensated

PIN CONFIGURATION

OU':'E EgUT
INPUTS [E% &E]mvum
1 E = - - @ 4

Vec [4]

INPUTS 15 — 7@%] INPUTS
5 5
ou 7] § 3l

D, F, N, Packages

[17) Vee/GND

TOP VIEW
CD115808

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Ceramic DIP -40°C to +85°C MC3303F
14-Pin Plastic DIP -40°C to +85°C MC3303N
14-Pin Plastic SO 0 to +70°C MC3403D
14-Pin Ceramic DIP 0 to +70°C MC3403F
14-Pin Plastic DIP 0 to +70°C MC3403N
14-Pin Ceramic DIP -55°C to +125°C MC3503F

CIRCUIT SCHEMATIC (¥4 Shown)

BIAS CIRCUITRY
COMMON TO FOUR
AMPLIFIERS

outpute ZNTUTETS -
— Q17 ate : 1:" !
= |
1 !
5 n |
| |azg !
c ] |
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il K L7 e |
. i
- 1 |
022 Q24 o || E Single Supply
INPUTS 2?: H 1
) Q30 !
+ a2 > : Vee
o— Q21 Q28 v
Q6 K | : b [ =1svroav
a2 K TRy o
2.4K | |
a3 04 j R? | | T ==
60K | | ovee | c=-1svTotaY
L-——-——- (GND) |
LD07360S Vee
TC14830S
Split Supplies
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Signetics Linear Products Product Specification

Quad Low Power Operational Amplifiers MC3303/3403/3503

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Power supply voltage®
Vee Single supply 36 Vbc
Vee Split supplies +18 Voc
Vee -18 Voc
Vipr Input differential voltage range’ +36 Vpc
Vicr Input common-mode voltage range" 2 +18 Vbc
P Maximum power dissipation, Ta = 25°C
MAX (still-ain)*
F package 1.20 mwW
D package 1.04 mwW
N package 1.45 mw
Tsta Storage temperature range
Ceramic -65 to +150 °C
Plastic -55 to +125
Ta Operating ambient temperature range
MC3503 -55 to +125 °C
MC3403 0 to +70 °C
MC3303 -40 to +85 °C
Ty Junction temperature 150 °C
NOTES:
1. Split power supplies.

2. For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply
voltage.
3. Device not functional for single supply > 32V or split supply > +16V.
4. Derate above 25°C at the following rates:
F package at 9.5mW/°C
D package at 8.7mW/°C
N package at 11.6mW/°C

DC AND AC ELECTRICAL CHARACTERISTICS Vo = +15V, Vgg =-15V for MC3503, MC3403; Vg = + 14V, Vgg = GND
for MC3303. Tp = 25°C, unless otherwise noted.

MC3503 MC3403 MC3303
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
20 5.0 2.0 10 2.0 8.0
Vio Input offset voltage Ta=ThigH to TLow 6.0 12 10 mV
10 50 10 50 30 75
lio Input offset current Ta=ThigH to TLow 200 200 250 nA
Vo =%10V, 50 200 20 200 20 200
Large-signal open- Vo=+10V R =2.0kQ | 50 200 20 20
AvoL  100p voltage gain Ta=ThigH to Tiow 25 | 300 15 | 200 15 | 200 V/imv
. _ -30 | -500 -500 -500
Isias  |Input bias current Ta=Thigh to TLow ~20 |-1200 =30 | _g00 =80 | _j000| M
Zo Output impedance f=20Hz 75 75 75 Q
Z Input impedance f=20Hz 0.3 1.0 0.3 1.0 0.3 1.0 MQ
RL = 10kQ2 +12 |+135 +12 |+135 +12 [+125
Vor Output voltage range R = 2.0kQ2 +10 | 13 +10 | 13 +10 | +12 \
R = 2.0k2 +10 +10 +10
Ta=ThigH to TLow
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Signetics Linear Products

Product Specification

Quad Low Power Operational Amplifiers

MC3303/3403/3503

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vgc = +15V, Vgg =-15V for MC3503, MC3403;
Vcc = +14V, Vgg = GND for MC3303. Ta = 25°C, unless
otherwise noted.

MC3503 MC3403 MC3303
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
v Input common-mode +13 | +135 +13 | +135 +12 | +125 v
ICR voltage range -Vee | -Vee ~Vee | -Vee ~Vee | -Vee
CMRR |Common-mode Rg < 10kQ 70 | 90 70 | 90 70 | 90 dB
rejection ratio
loc, lge |7OWer Supply current R =oo 25 | 40 25 | 70 25 | 70 | mA
(Vo=0)
Alg/AT Ta=THigH to TLow 3.5 5 3.5 7 3.5 7 mA
Individual output
lost short-circuit +10 | +30 [ 45 | 10 | £+20 | £+45 | 10 | £30 | *45 mA
current?
Positive power
PSSR+ [supply rejection 30 150 30 150 30 150 | uV/V
ratio
Negative power
PSSR- (supply rejection 30 150 30 150 /v
ratio
Alg/AT Ta=Thign to TLow 50 50 50 pA/°C
Alis/ Average temperature
107 | coefficient of input Ta=ThigH to TLow 50 50 50 pA/°C
AT
offset voltage
AVin/ Average temperature
107 [ coefficient of input Ta=Thigh to TLow 10 10 10 uv/°C
AT
offset voltage
Ay=1, R .= 2.0kS2,
BWp Power bandwidth Vo =20Vp.p 9.0 9.0 9.0 kHz
THD = 5%
Small-signal Ay =1, R_ = 10k€,
BW | bandwidth Vo = 50mV 10 0 10 MHz
Ay =1, Vj=-10V to
SR Slew rate +10V 0.6 0.6 0.6 V/us
. " Ay =1, R =10kS2,
tTLH Fhsg time Vg = 50mV 0.35 0.35 0.35 us
. Ay =1, R =10k,
tre | Fall time Vo = 5omV 0.35 0.35 0.35 us
Av=1, R =10k,
os Overshoot Vo = 50mV 20 20 20 %
. Ay =1, R =2.0kS, °
Om Phase margin C\ = 200pF 50 50 50
. " Vin = 30mVp.p, o
Crossover distortion Vour = 2.0Ve.p, f = 10kHz 1.0 1.0 1.0 %
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Signetics Linear Products Product Specification

Quad Low Power Operational Amplifiers MC3303/3403/3503

DC AND AC ELECTRICAL CHARACTERISTICS Vi =5.0V, Vg =GND, Ta = 25°C, unless otherwise noted.

MC3503 MC3403 MC3303
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Input offset

Vio voltage 2.0 5.0 2.0 10 10 mV

ho Input offset current 30 50 30 50 75 nA

IBIAS Input bias current -200 | -500 -200 | -500 -500 nA
Large-signal open- _

AvoL loop voltage gain R = 2.0k2 10 200 10 200 10 200 V/imvV
Power supply

PSRR rejection ratio 150 150 150 | puv/v

Ry =10k, Vcc=5.0V | 33 35 3.3 3.5 3.3 35

Output voltage

Vor rapngea 9 Ri = 10kS2, Vee | Vee Vee | Veo Vec | Vee Ve.p

5.0V < Vg <30V -1.7 | -15 -1.7 | -15 -1.7 | =15

I Power supply 25 | 40 25 | 70 25 | 70 | maA
current
Channel separation f=, 1.0kHz to 20kHz -120 -120 -120 dB

(input referenced)
NOTES:

1. THigH = 125°C for MC3503, 70°C for MC3303. T ow =-55°C for MC3503, 0°C for MC3403, -40°C for MC3303.
2. Not to exceed maximum package power dissipation.
3. Output will swing to ground.
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Product Specification

Quad Low Power Operational Amplifiers

MC3303/3403/3503

TYPICAL PERFORMANCE CHARACTERISTICS
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Signetics AN160
Applications for the MC3403

Application Note

Linear Products

MC3403 DESCRIPTION .
The MC3403 is a quad operational amplifier T
with true differential inputs. The device has 3 180 Vee
electrical characteristics similar to the popular e o N Lo
uA741. However, the MC3403 has several z zl’ »
distinct advantages over standard operational § 170 e
amplifier types in single supply applications. 3 ~N o o
The MC3403 can operate at supply voltages < : o
as low as 3.0V or as high as 36V. The g 0 ”
common-mode input range includes the neg- g 1
ative supply, thereby eliminating the necessity B 150 To195708
for gxtgrnal biasing components in many = 0 204060 8 10 12 14 16 Single Supply
applications. The output voltage range also Vee AND V.
includes the negative power supply voltage. POWER SUPPLY VOLTAGES (V)
OP03210S Vee
Input Bias Current vs Supply Voltage fa o = 1sv 0 isv
9] o
o
B—1°_ L=
1 = 1svTo eV
4 o
= |
TC079708
Split Supplies
APPLICATIONS
50K
Vcc Av‘v‘r
5.0K
o nerog 4
vy 14
MC3403 -ovo
I+
RY = ¢
AAA Y4 1
0K t vt to= i
R =Rc FOR fo=1kHz
R= 16kQ
=3 C=0.01,F
TC063008 TC063108
Voltage Reference Wein Bridge Osciliator
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Application Note

Applications for the MC3403

AN160

APPLICATIONS (Continued)

High Impedance Differential Amplifier
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IF SOURCE IMPEDANCE VARIES, FILTER MAY BE PRECEDED WITH
VOLTAGE FOLLOWER BUFFER TO STABILIZE FILTER PARAMETERS.
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Multiple Feedback Bandpass Fiiter
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Applications for the MC3403 AN160

TYPICAL APPLICATIONS
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Non-Inverting Amplifier
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Linear Products

‘DESCRIPTION

The 4558 is a dual operational amplifier
that is internally compensated. Excellent
channel separation allows the use of a

NE/SA/SE4558

Dual General-Purpose
Operational Amplifier

Product Specification

FEATURES

® 2MHz unity gain bandwidth
guaranteed

© Supply voltage +22V for SE4558

PIN CONFIGURATIONS

D, FE, N Packages

dual device in a single amp application, and + 18V for NE4558 Aout [1] 8] v+
providing the highest packaging density. 4 Short-circuit protection an-[Z] 7]Bour
The NE/SA/SE4558 is a pin-for-pin re- o No # P ti A [3] /\ Elen
placement for the RC/RM/RV4558. 0 Irequency compensation _ -
required v-[4] BN
o No latch-up TOP VIEW
o Large common-mode and cott700s
differential voitage ranges
o Low power consumption
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO 0 to +70°C NE4558D
8-Pin Ceramic DIP 0 to +70°C NE4558FE
8-Pin Plastic DIP 0 to +70°C NE4558N
8-Pin Plastic DIP -40°C to +85°C SA4558N
8-Pin Ceramic DIP - —=40°C to +85°C SA4558FE
8-Pin Ceramic DIP -55°C to +125°C SE4558FE
EQUIVALENT SCHEMATIC
8 vro- ‘
i [ ol
N D
-—K WV -O OUTPUT 1(7)
3
b3

LD07401S
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Signetics Linear Products Product Specification

Dual General-Purpose Operational Amplifier NE/SA/SE4558

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vce Supply voltage
SE4558 +22 Vv
NE4558, SA4558 +18 "
Pp Maximum power dissipation
Ta =25°C (Still air)!
F package 780 mw
N package 1160 mwW
D package 780 mwW
Differential input voltage +30 \
Vin Input voltage? +15 v
Tsta Storage temperature range -65 to +150 °C
Ta Operating ambient temperature range
SE4558 -55 to +125 °C
SA4558 —-40 to +85 °C
NE4558 0 to +70 °C
Tsowp Lead soldering temperature (10sec max) 300 °C
Output short-circuit duration® Indefinite
NOTES:

1. Derate above 25°C, at the following rates:
F package at 6.2mW/°C
N package at 9.3mW/°C
D package at 6.2mW/°C
. For supply voltages less than * 15V, the absolute maximum input voltage is equal to the supply
voltage.
. Short-circuit may be to ground on one amp only. Rating applies to +125°C case temperature or
+75°C ambient temperature for NE4558 and to +85°C ambient temperature for SA4558.

n

w
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Product Specification

Dual General-Purpose Operational Amplifier

NE/SA/SE4558

DC AND AC ELECTRICAL CHARACTERISTICS vcc=+15V, To= 25°C, unless otherwise specified.

SE4558 SA/NE4558
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Vos Input offset voltage Rs < 10kQ2 1.0 5.0 2.0 6.0 mV
AVog/AT Over temp. 4 4 uv/°C
los Input offset current 50 200 30 200 nA
Alps/ AT Over temp. 20 20 pA/°C
IBiAS Input bias current 40 500 200 500 nA
Alg/ AT Over temp. 40 40 pA/°C
Rin Input resistance 0.3 1.0 0.3 1.0 MQ
Ay Large-signal voltage gain RL =2k 50,000 {300,000 20,000 (300,000 VIV
Vout =t 10V
Output voltage swing RL = 10k2 +12 14 12 +14 \
Ry = 2kQ2 +10 13 10 +13
Vin Input voltage range +12 +13 +12 +13 \"
CMRR | Comm