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Data Sheet
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Product Status

Definition

~
F or In Design

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

Preliminary

Prepr

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

Product Specification

Full Production

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

Cross Reference Guide

Pin-for-Pin Functionally-Compatible*

Cross Reference by Competitor

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

DAC-08AQ DAC-08AF -55 to +125 Ceramic

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

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

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

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

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

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

DAC-08Q DAC-08F -55 to +125 Ceramic

LF198H LF198H -55 to +125 Metal Can

LF198H SE5537H -55 to +125 Metal Can

LF398H LF398H 0 to +70 Metal Can

LF398H NE5S537H 0 to +70 Metal Can

LF398L LF398D 0to +70 SO

LF398L NE5537D 0to +70 SO

LF398N LF398N 0to +70 Plastic

LF398N NE5537N 0to +70 Plastic
Datel AM-453-2 NE5534/AF 0 to +70 Ceramic

AM-453-2C  NE5534/AF 0 to +70 Ceramic

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

DAC-UP10BC NE5020N 0 to +70 Plastic

DAC-UPSBC  NE5018N 0 to +70 Plastic

DAC-UP8BM  SES5019F -55 to +125 Ceramic

DAC-UP8BQ SES5018F -55 to 125  Ceramic
Exar XR-5532/A N NE5532/AF 0 to +70 Ceramic

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

XR-L567CN NES567F 0 to +70 Ceramic

XR-L567CP  NES567N 0to +70 Plastic

XR-5534/A CNNES534/AF 0to +70 Ceramic

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

XR-5534/A M SE5534/AF -55 to +125 Ceramic

XR-558CN NES58F 0 to +70 Ceramic

XR-558CP NES558N 0 to +70 Plastic

XR-558M SES558F -55 to +125 Ceramic

XR-1524N SG3524F 0to +70 Ceramic

XR-1524P SG3524N 0 to +70 Plastic

XR-2524P SG3524N 0 to +70 Plastic

XR-3524N SG3524F 0to +70 Ceramic

XR-3524P SG3524N 0 to +70 Plastic
Fairchild  uA080/DA DAC-08F 0 to +70 Ceramic

#A0801CDC  MC1408F 0to+70 Ceramic

MAOB01CPC  MC1408N 0 to +70 Plastic

HAOB01EDC  DAC-08EF 0 to +70 Ceramic

HAOBO1EPC  DAC-08AF 0 to +70 Ceramic

MA1458TC MC1458N 0 to +70 Plastic

1#A1488DC MC1488F 0 to +70 Ceramic

uA1488PC MC1488N 0 to +70 Plastic

MA1489/A PC MC1489/AF 0 to +70 Ceramic

uA1489/A PC MC1489/AN 0 to +70 Plastic

HA198HM NE5537H 0to +70 Metal Can

HA198RM NE5537N 0 to +70 Plastic

Harris

Intersil

Motorola

Competitor Part Number

Competitor  Signetics Temperature

Part Number  Range (°C)  Package
uA2901DC LM2901F -40 to +85 Ceramic
pA2901PC LM2901N -40 to +85 Plastic
HA311RC LM311F 0to +70 Ceramic
WHA324DC LM324F 0to +70 Ceramic
WHA324PC LM324N 0to +70 Plastic
nA3302DC MC3302F -40 to +85 Ceramic
1A3302PC MC3302N -40 to +85 Plastic
nA339/ADC  LM339/AF 0to +70 Ceramic
pA339/APC  LM339/AN 0to +70 Plastic
1A3403DC MC3403F 0to +70 Ceramic
pA3403PC MC3403N 0to +70 Plastic
WHA398HC SE5537H -55 to +125 Metal Can
PA398RC SE5537N -55 to +125 Plastic
pAS55TC NE555N 0to +70 Plastic
HAS556PC NESS56-1N, 0to +70 Plastic

NE556N
pA723DC WAT723CF 0to +70 Ceramic
pA723DM MAT23F -55 to +125 Ceramic
pA723HC pA723CH 0to +70 Metal Can
pA723PC WA723CN 0to +70 Plastic
HA733DC HAT33F 0to +70 Ceramic
MA733DM PA733F -55 to +125 Ceramic
MAT33PC PA733N 0to +70 Plastic
pA741NM pAT41N ~55 to +125 Plastic
pA741RC pA741CF 0to +70 Ceramic
WPA741TC WAT41CN 0to +70 Plastic
WHA747DC pA747CF 0to +70 Ceramic
PAT747PC WAT47CN 0 to +70 Plastic
HA9667DC ULN2003F 0to +70 Ceramic
HA9667PC ULN2003N 0to +70 Plastic
HA9668DC ULN2004F 0to +70 Ceramic
pHA9668PC ULN2004N 0to +70 Plastic
HA-2539 NE5539 0to +70 Plastic
HA-2420-2/8B SES5060F -55 to +125 Ceramic
HA-2425N NES5060N 0to +70 Plastic
HA-2425B NES060F 0to +70 Ceramic
HA1-5102-2  SE5532/AF -55 to +125 Ceramic
HA1-5135-2  SE5534/AF -55 to +125 Ceramic
HA1-5135-5  NE5534/AF 0to +70 Ceramic
HA3-5102-5  NE5532/AN 0to +70 Plastic
HA1-5202-5  NE5532/AF 0to +70 Ceramic
HA-53208 NES060F 0 to +70 Ceramic
ADCO0803LCD ADCO0803-1 LCF -40 to +85 Ceramic
ADC0804 ADCO0804-1 CN 0 to +70 Plastic
ADC0805 ADC0805-1 LCN -40 to +85 Plastic
DAC-08CD DAC-08CN 0to +70 Plastic
DAC-08CQ DAC-08CF 0to +70 Ceramic
DAC-08ED DAC-08EN 0to +70 Plastic
DAC-08EF DAC-08EF 0to +70 Ceramic
DAC-08HQ DAC-08HF 0to +70 Ceramic
DAC-08Q DAC-08F -55 to +125 Ceramic




Linear Products

Cross Reference Guide

Competitor  Signetics Temperature Competitor  Signetics Temperature
Competitor Part Number Part Number Range (°C) Package Competitor Part Number Part Number Range (°C) Package
LM2901N LM2901N -40 to +85 Plastic DACO0808LCN MC1408N 0to +70 Plastic
LM311J-8 LM311F 0 to +70 Ceramic DAC0808LD MC1408F 0 to +70 Ceramic
LM311N LM311N 0to +70 Plastic LF198H SE5537H -55 to +125 Metal Can
LM324J LM324F 0to +70 Ceramic LF398H NE5537H 0to +70 Metal Can
LM324N LM324N 0 to +70 Plastic LF398N NES537N 0to +70 Plastic
LM339/A J  LM339/AF 0 to +70 Ceramic LM13600AN  NE5517N 0to +70 Plastic
LM339/A N LM339/AN 0 to +70 Plastic LM13600N NE5517N 0to +70 Plastic
LM358N LM358N 0 to +70 Plastic LM1458N MC1458N 0to +70 Plastic
LM393A/J LM393/AF 0 to +70 Ceramic LM161H SE529H -55 to +125 Metal Can
LM393A/N LM393/AN 0to +70 Plastic LM161J SE529F -55 to +125 Ceramic
MC1408L MC1408F 0 to +70 Ceramic LM2524J SG3524F 0to +70 Ceramic
MC1408P MC1408N 0 to +70 Plastic LM2524N SG3524N 0to +70 Plastic
MC1488L MC1488F 0 to +70 Ceramic LM2901N LM2901N -40 to +85  Plastic
MC1488P MC1488N 0 to +70 Plastic LM2903N LM2903N -40 to +85 Plastic
MC1489/A L MC1489/AF 0 to +70 Ceramic LM3089 CA3089N -55 to +125 Plastic
MC1489/A P MC1489/AN 0to +70 Plastic LM319J LM319F 0to +70 Ceramic
MC1496L MC1496F 0 to +70 Ceramic LM319N LM319N 0to +70 Plastic
MC1496P MC1496N 0to +70 Plastic LM324J LM324F 0to +70 Ceramic
MC3302L MC3302F -40 to +85 Ceramic LiM324N LM324N G to +70 Piastic
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 0to +70 Ceramic
MC3403L MC3403F 0 to +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 0to +70 Plastic
MC3410L MC3410F 0 to +70 Ceramic LM358H LM358H 0to +70 Metal Can
NE5410F 0 to +70 Ceramic LM358N LM358N 0 to +70 Plastic
MC3510L SE5410F 0 to +70 Ceramic LM361H NE529H 0 to +70 Metal Can
NES92F NE592F-8 0 to +70 Ceramic LM361J NE529D 0to +70 SO
NE592F NES92F-14 0 to +70 Ceramic LM361N NE529N 0to +70 Plastic
NE592N NES592N 0 to +70 Plastic LM393/AN LM393/AN 0to +70 Plastic
NE565N NE565N 0to +70 Plastic LM555J NESS55F 0to +70 Ceramic
SE592F SE592F-8 -55 to +125 Ceramic LM555N NES55N 0 to +70 Plastic
SE592F SE592F-14 -55 to +125 Ceramic LM556J SE556-1F -55 to +125 Ceramic
SE592H SE592H -55 to +125 Metal Can LM556N SE556-1N -55 to +125 Plastic
National ~ ADCOB03F  ADC0803-1 LCF 40 to +85  Ceramic LMSS6C) - NESS6-1F Oto+70  Ceramic
. LM556CN NE556-1N 0to +70 Plastic
ADC0803N ADC0803-1 LCN -40 to +85 Plastic "
. LM565CN NES565N 0to +70 Plastic
ADC0805 ADCO0805-1 LCN -40 to +85 Plastic .
. LM566N SE566N -55 to +125 Plastic
ADCO0820BCN ADCO0820BNEN 0 to +70 Plastic .
" LM566CN NES566N 0 to +70 Plastic
ADCO0820CCN ADCO0820CNEN 0 to +70 Plastic "
. LM567CN NES67N 0 to +70 Plastic
ADC0820BCD ADCO0820BSAN -40 to +85 Plastic LM733CN 733CN 010 +70 Plasti
ADC0820CCD ADCO820CSAN -40 to +85  Plastic LM74100 “A7 1OF o at0 Comm
ADC0820BD ADCOB20BSEF -55 to +125 Ceramic LM7410N “A7 410N 0 ‘° 170 Pf’atf“m
ADC0820CD  ADCOB20CSEF -55 to +125 Ceramic HA o aste
. LM741J PAT41F -55 to +125 Ceramic
DACO0800LCJ DAC-08EF 0to +70 Ceramic )
. LM741N MA741N -55 to +125 Plastic
DAC0800LJ  DAC-08F -55 to +125 Ceramic .
. LM747CJ MAT47CF 0to +70 Ceramic
DACO800LCN DAC-08EN 0to +70 Plastic LM747CN 747CN 0to +70 Plasti
DACOBOILC) DAC-08CF  Oto +70  Geramic KA o astic
N LM747J W747F -55 to +125 Ceramic
DACO0801LCN DAC-08CN 0to +70 Plastic .
. LM747N HAT47N -55 to +125 Plastic
DAC0802LJ  DAC-08AF -55 to +125 Ceramic .
. uc3s42D UC3842D 0 to +70 Plastic
DAC0802LCJ DAC-08HF 0to +70 Ceramic :
. uCc3842J UC3842FE 0to +70 Ceramic
DACO0802LCN DAC-08HN 0 to +70 Plastic .
. UC3842N UC3842N 0to +70 Plastic
DAC0806LCJ MC1408-6F 0to +70 Ceramic .
. uC2842D UC2842D 0to +70 Plastic
DACO0806LCN MC1408-6N 0 to +70 Plastic i
. uc2842J UC2842FE 0 to +70 Ceramic
DAC0807LCJ MC1408-7F 0 to +70 Ceramic !
) UC2842N UC2842N 0to +70 Plastic
DACO0B07LCN MC1408-7N 0 to +70 Plastic .
DACO80BLCJ MC1408F 010 +70 Geramic uc1s42) UC1842FE -55 to +125 Ceramic
UC1842N UC1842N -55 to +125 Plastic




Linear Products
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Competitor  Signetics Temperature Competitor  Signetics Temperature
Competitor Part Number Part Number  Range (°C) Package Competitor Part Number Part Number  Range (°C) Package
NEC uPC1571C NES71N 0to +70 Plastic LM311J LM311F 0to +70 Ceramic
1 + i

PMI CMP-05GP  NE5105N 0to+70  Plastic LM311JG  LM3T1FE Oto+70  Ceramic
; LM324D LM324N 0to +70 Plastic

CMP-05CZ SE5105F -55 to +125 Ceramic LM324J LM324F 0to +70 Ceramic
CMP-05BZ SE5105F -55 to +125 Ceramic .

" LM339/AJ LM339/AF 0 to +70 Ceramic

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

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

CMP-05FZ SA5105N -40 to +85 Plastic LM358P LM358N 0to +70 Plastic

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

f 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 0 to +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 .

. NES5534/A P NE5534/AN 0to +70 Plastic

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

. NE555JG NE555N 0 to +70 Plastic

DAC312FR AM6012F 0to +70 Ceramic ’

) NE555P NE5S55N 0to +70 Plastic

0oP27BZ SE5534AFE -55 to +125 Ceramic .

. NES56D NE556N 0to +70 Plastic

0P27CZ SE5534FE -55 to +125 Ceramic .

. NE556J NE556-1F 0to +70 Ceramic

PM747Y HAT4TN -55 to +125 Plastic "

. NES56N NES556-1N 0to +70 Plastic

SMP-10AY SE5060F -55 to +125 Ceramic o Lo - - e

. NE592 NE592N14 0to +70 Plastic
SMP-10EY NE5060N 0to +70 Plastic ’
. NE592A NE592F14 0 to +70 Ceramic

SMP-11AY SE5060F -55 to +125 Ceramic .
SMP-11EY NE5060N 0 to +70 Plasti NE592J NES92F 0 to +70 Ceramic

- ° aste NE592N NE592N-14  0to +70  Plastic

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

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

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

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

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

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

RC5534/A DE NES5534/AF 0 to +70 Ceramic SE592J SE592F-14 -55 to +125 Ceramic

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

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

RM5534/A DE SE5534/AF -55 to +125 Ceramic SN55108AJ  SE522F -55 to +125 Ceramic
Silcon ~ SG3524)  SG3524F 0to+70  Ceramic SN75107A) - NES21F Oto+70  Plastic
G | SG3526N SG3526N 010 +70 Plasti SN75107AN  NES521N 0to +70 Plastic

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

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

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

ULN8160A NES5560N 0to +70 Plastic SN75189AJ  MC1489AF 0to +70 Ceramic

ULN8160R NES5560F 0to +70 Ceramic SN75189AN  MC1489AN 0to +70 Plastic

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

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

ULNB8564A NE564N 0to +70 Plastic TL592A NE592F 14 0to +70 Ceramic

ULNB8564R NE564F 0to +70 Ceramic TL592P NE592NB 0to +70 Plastic

ULSB564R SE564F -55 to +125 Ceramic WAT723CJ MAT723CF 0to +70 Ceramic
T ADCOB03N  ADCOB03-1 LON -40 to +85 Plastic HAT2SCN  pAT23CN 0to+70  Plastic

5 HA723MJ uA723F -55 to +125 Ceramic

ADCO804CN  ADC0804-1 CN 0 to +70 Plastic AT23MU WA723D _55 10 +125 SO

ADCO805N  ADCO0805-1 LCN -40 to +85 Plastic

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

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

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







LINEAR PRODUCTS

APPLICATIONS BY PART NUMBER

DACO08 AN106 Using the DACO8 without Negative Supply
MC1488 AN113 Using the MC1488/1489 Line Drivers and Receivers
MC1489/A AN113 Using the MC1488/1489 Line Drivers and Receivers
MC1496/1596 AN189 Balanced Modulator/Demodulator Applications using the
MC1496/MC1596
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
NEbB045 AN132 Applications using the NE5045 Decoder
NE5050 AN1951 NE5050 Power Line Modem Application Board Cookbook
NE5080/5081 AN195 Applications using the NE5080/NE5081
AN1950 Application of NE5080/NE5081 with Frequency Deviation
Reduction
NE150/51/52 AN1081 NE5150/51/52 Family of Video D/A Converters
NEb521 AN116 Applications for the NE521/522/527/529
NE522 AN116 Applications for the NE521/522/527/529
NEB230 AN1511 Low-Voltage Gated Generator: NE5230
NEbB27 AN116 Applications for the NE521/522/6527/529
NE529 AN116 Applications for the NE521/522/527/529
NEbB31 AN1511 Low-Voltage Gated Generator: NE5230
NE542 AN190 Applications of Low-Noise Stereo Amplifiers: NE542
NE544 AN133 Applications using the NE544 Servo Amplifier
NE5512/56514 AN144 Applications for the NE5512
AN1441 Applications for the NE5514
NE5S517 AN145 NE5517/A Transconductance Amplifier Applications
NE5520 AN118 Using the LVDT Signal Conditioner
NEbG521 AN1181 NE/SEb5521 Simplifies Modulated Light Source Design
AN1182 Using the NE/SA/SE5S521 Signal Conditioner in Multi-Faceted
Applications
NEB532/33/34 AN142 Audio Circuits using the NE5532/33/34
NE/SE5539 AN 140 Compensation Techniques for use with the NE/SE5539
NEB55 AN170 NEb555 and NE556 Applications
NE556 AN170 NE555 and NES56 Applications
NE/SE5560 AN121 Forward Converter Application using the NE5560
AN122 NE5560 Push-Pull Regulator Application
NE/SE5561 AN123 NEb561 Applications
AN124 External Synchronization for the NE5561
NE558 AN171 NE558 Applications
NEbG64 AN179 Circuit Description of the NE564
AN180 Frequency Synthesis with the NE564
AN1801 10,8 MHz FSK Decoder with the NE564
AN181 A 6 MHz FSK Converter Design Example for the NE564
AN182 Clock Regenerator with Crystal-Controlled Phase-Locked VCO
NE565 AN183 Circuit Description of the NE565 PLL
AN184 Typical Applications with the NE565
NE566 AN185 Circuit Description of the NE566
AN186 Waveform Generators with the NE566
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LINEAR PRODUCTS
NE567

NE570/571/SA571
NE572
NE587/589
NE592/5592
NE/SA602

NE/SA604

SG3524
uA758

AN187
AN188
AN174
AN175
AN112
AN141
AN198
AN1981
AN1982

AN199
AN1991
AN126
AN191

Circuit Description of the NE567

Selected Circuits using the NE567

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

LED Decoder Drivers: using the NE587 and NE589
Using the NE/SE592 Video Amplifier

Designing with the NE/SA602

New Low Power Single Sideband Circuits

Applying the Oscillator of the NE602 in Low Power Mixer
Applications

Designing with the NE/SA604

Audio Decibel Level Detector with Meter Driver
Applications using the SG3524

Stereo Decoder Applications using the uA758



LINEAR PRODUCTS

APPLICATION BY PRODUCT GROUPS

AMPLIFIERS
Index
AN164 Explanation of Noise
Operational
AN142 Audio Circuits using the NE5532/33/34
AN144 Applications for the NE5512
AN160 Applications for the MC3403
AN165 Integrated Operational Amplifier Theory
AN 166 Basic Feedback Theory
AN1441 Applications for the NE5514
AN1511 Low Voltage Gated Generator: NE5230
High Frequency
AN140 Compensation Techniques for use with the SE/NE5539
AN141 Using the NE/SE592 Video Amplifier
Transconductance
AN145 NEB517/A Transconductance Amplifier Applications
Preamplifiers
AN190 Applications of Low-Noise Stereo Amplifiers: NE542
AUDIO

Stereo Decoders
AN191 Stereo Decoder Applications using the uA758

DATA COMMUNICATIONS

Line Drivers/Receivers

AN113 Using the MC1488/1489 Line Drivers and Receivers

Modems
AN195 Applications using the NE5080/NE5081
AN 1950 Application of NE5S080/NE5081 with Frequency Deviation reduction
AN1951 NES5050 Power Line Modem Application Board Cookbook

DATA CONVERSION

Index

AN100 An Overview of Data Converters

Digital-to-Analogue Converters

AN101 Applying the DACO8

AN105 Digital Attenuator

AN 106 Using the DACO08 without Negative Supply
AN109 Microprocessor-Compatible DACs

AN1081 NE5150/51/52: Family of Video D/A Converters
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Comparators
AN116 Applications for the NE5621/522/527/529
Position Measurement
AN118 Using the LVDT Signal Conditioner
AN1181 NE/SE5521 Simplifies Modulated Light Source Design
AN1182 Using the NE/SA/SE5521 Signal Conditioner in Multi-Faceted Applications
INTERFACE

Display Drivers
AN112 LED Decoder Drivers; using the NE587 and NE589

POWER CONVERSION AND CONTROL

Motor Control and Sensor Circuits

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 and Robotics

Switched-Mode Power Supply Circuits

AN120 An Overview of Switched-Mode Supplies

AN121 Forward Converter Application using the NE5560
AN122 NES5560 Push-Pull Regulator Application

AN123 NEB561 Applications

AN124 External Synchronization for the NE5561

AN126 Applications using the SG3524

RF COMMUNICATIONS

Mixers/Modulators/Demodulators

AN189 Balanced Modulator/Demodulator applications using the MC1496/MC 1596
AN 198 Designing with the NE/SA602
AN1981 New Low Power Single Sideband Circuits (NE602)
AN 1982 Applying the Oscillator of the NE602 in Low Power Mixer Applications
IF Systems
AN199 Designing with the NE/SA604
AN1991 Audio Decibel Level Detector with Meter Driver



LINEAR PRODUCTS

Phase-Locked Loops

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

Ccmpandors

AN174
AN175
AN176

TIMERS

AN170
AN171

An Overview of the Phase-Locked Loop (PLL)
Modelling the PLL

Circuit Description of the NE564

Frequency Synthesis with the NE564

10,8 MHz FSK Decoder with the NE564

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

Typicai Applications with NE565

Circuit Description of the NE566

Waveform Generators with the NEG66

Circuit Description of the NE567

Selected Circuits using the NE567

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

NE555 and NE556 Applications
NEB58 Applications






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
*DACO8SED SO-16 8-Bit D/A Converter *NE544D SOL-16 Servo Amp
*LF398D SO-14 Sample-and-Hold Amp *NE5512D SO-8 Dual Hi-Perf Op Amp
LM1870D SOL-20 Stereo Demodulator *NE5514D SOL-16 Quad Hi-Perf Op Amp
LM2901D SO-14 Quad Volt Comparator NE5517D SO-16 Dual Hi-Perf Amp
LM2903D SO-8 Dual Volt Comparator NE5520D SOL-16 LVDT Signal Cond Ckt
LM311D SO-8 Voltage Comparator *NE5532D SOL-16 Dual Low-Noise Op
LM319D SO-14 High-Speed Dual Amp
Comparator *NE5533D SOL-16 Low-Noise Op Amp
LM324AD SO-14 Quad Op Amp NE5534AD SO-8 Low-Noise Op Amp
LM324D SO-14 Quad Op Amp NE5534D SO-8 Low-Noise Op Amp
LM339D SO-14 Quad Volt Comparator NES537D 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 NES55D SO-8 Single Timer
*MC1408-8D SO-16 8-Bit D/A Converter NE556D SO-14 Dual Timer
MC1458D SO-8 Dual Op Amp NE5560D SO-16 SMPS Control Ckt
MC1488D SO-14 Quad Line Driver NE5561D SO-8 SMPS Control Ckt
MC1489D SO-14 Quad Line Receiver NE5562D SOL-20 SMPS Control Ckt
MC1489AD SO-14 Quad Line Receiver NE5568D SO-8 SMPS Control Ckt
MC3302D SO-14 Quad Volt Comparator 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 NE564D SO-16 Hi-Frequency PLL
Amp *NE565D SO-14 Phase Locked Loop
NE4558D SO-8 Dual Op Amp NE566D SO-8 Function Generator
*NE5018D SOL-24 8-Bit D/A Converter NE567D SO-8 Tone Decoder PLL
*NE5019D SOL-24 8-Bit D/A Converter NES68D SOL-20 PLL
*NE5036D SO-14 6-Bit A/D Converter NE571D SOL-16 Compandor
NE5S037D SO-16 6-Bit A/D Converter NES72D SOL-16 Prog Compandor
NE5044D SO-16 Prog 7-Channel *NES87D SOL-20 7 Seq LED Driver
Encoder (Anode)
NES5045D SO-16 7-Channel Decoder *NE589D SOL-20 7 Seq LED Driver
NE5090D SOL-16 Address Relay Driver (Cath)
NE5105/AD SO-8 High-Speed NE5900D SOL-16 Call Progress Decoder
Comparator NE592D14 SO-14 Video Amp
NE5170A PLCC-28 Octal Line Driver NE592D8 SO-8 Video Amp
NE5180A PLCC-28 Octal Line Receiver NE592HD14 SO-14 Hi-Gain Video Amp
NE5204D SO-8 High-Frequency Amp NE592HD8 SO-8 Hi-Gain Video Amp
NE5205D SO-8 High-Frequency Amp *NE594D SOL-20 Vac Fluor Disp Driver
NE521D SO-14 High-Speed Dual NE602D SO-8 Double Bal Mixer/
Comparator Oscillator
NE5212D8 SO-8 Transimedance NE604D SO-16 Low Power FM IF
Amplifier System
NE522D SO-14 High-Speed Dual NE605 SOL-20 FM IF System
Comparator NE612D SO-8 Double Balanced
NES5230D SO-8 Low Voltage Op Amp Mixer/QOscillator
NE527D SO-14 High-Speed NE614D SO-16 Low Power FM IF
Comparator System
NES529D SO-14 High-Speed
Comparator
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SO Availability List

PART

SMD

PART

SMD

NUMBER PACKAGE DESCRIPTION NUMBER PACKAGE DESCRIPTION
SA5105/AD SO-8 High-Speed ULN2003D SO-16 Transistor Array
Comparator ULN2004D SO-16 Transistor Array
SA5230D SO-8 Low Voltage Op Amp uA723CD SO-14 Voltage Regulator
SA5212D8 SO-8 Transimpedance Amp uA741CD SO-8 Single Op Amp
SA532D SO-8 Dual Op Amp MA747CD SO-14 Dual Op Amp
SA534D SO-14 Dual Op Amp NOTE:
SA555D SO-8 Single Timer *Non-standard pinout.
SA571D SOL-16 Compandor
SA572D SOL-16 Compandor
*SA594D SOL-20 Vac Fluor Disp Driver UNDER DEVELOPMENT
SA602D SO-8 Double Bal Mixer/
Oscillator PART SMD
SA604D s0-16 Lower Power FM IF NUMBER PACKAGE DESCRIPTION
System 26LS31D SO-16 RS-422 Line Driver
26LS32D SO-16 RS-422 Line Receiver
26LS33D SO-16 RS-422 Line Receiver
26LS29D SO-16 RS-423 Line Driver
26L.S30D SO-16 RS-423 Line Receiver

NOTE:

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

SE, SG, uA, UC, ULN

Table 1. Part Number Description

Table 2. Package Descriptions

PRODUCT PACKAGE
PART NUMBER DESCRIPTION OLD | NEW |  HescRIPTION

A, AA N 14-lead plastic DIP
NESS37N Sample-and-Hold Amp A N-14 | 14-ead plastic DIP
(selected analog

products only)
—— Description of B, BA N 16-lead plastic DIP

Product Function D Microminiature

package (SO)

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

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

K H 10-lead TO-100

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

— Package Desctiptions — See Table 2 NA, NX | N 24-lead plastic DIP

Q R Q 10-, 14-, 16-, and

-——————— Device Number 24-lead ceramic
flat
‘———————— = Device Family and Temperature Range Prefix — See T, TA H 8-lead TO-99
Tables 3 & 4 V] U SIP plastic power

\" N 8-lead plastic DIP

XA N 18-lead plastic DIP

XC N 20-lead plastic DIP

Table 3. Signetics Prefix and XC N 22-lead plastic DIP
Device Temperature Table 4. Industry Standard Prefix XL, XF : gi‘c';%ad plastic DIP
DEVICE TEMPERATURE PREFIX DEVICE FAMILY EC TO-46 header
PREFIX RANGE FE 8-lead ceramic DIP
ADC Linear Industry Standard
NE 0 to +70°C AM Linear Industry Standard
SE -55°C to +125°C CA Linear Industry Standard
SA -40°C to +85°C DAC Linear Industry Standard
ICM Linear Industry Standard
LF Linear Industry Standard
LM Linear Industry Standard
MC Linear Industry Standard
NE Linear Industry Standard
OoP Linear Industry Standard
SA Linear Industry Standard
SE Linear Industry Standard
SG Linear Industry Standard
MA Linear Industry Standard
uc Linear Industry Standard
ULN Linear Industry Standard
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SIGNETICS' ZERO DEFECTS
PROGRAM

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

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

REDUCING THE COST OF
OWNERSHIP THROUGH TOTAL
QUALITY PERFORMANCE

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

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

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

Working to a zero defects standard requires
that emphasis be consistently placed, not on

Quality and Reliability

""catching’" defects, but on preventing them
from ever occurring. This strong preventive
focus, which demands that quality be ""built-in"'
rather than "inspected in," includes a much
greater attention to ongoing communication on
quality-related issues. At Signetics, a focus on
this cooperative approach has resulted in bet-
ter service to all customers and the develop-
ment of two innovative customer/vendor pro-
grams: Ship-to-Stock and Self-Qual.

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

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

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

PRODUCT RELIABILITY:
QUALITY OVER TIME IS THE
GOAL

Our concern with product reliability has devel-
oped from communication with many custom-
ers. In discussions, these customers have

emphasized the high cost of field failures,
both in terms of dollars and reputations in the
marketplace.

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

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

WE WANT TO WORK WITH

YOU

At Signetics, we know that our success de-

pends on our ability to support all our custom-

ers with the defect-free, higher density, higher

performance products needed to compete

effectively in today's demanding business

environment. To achieve this goal, quality in

another arena — that of communications —

is vital. Here are some specific ways we can

maintain an ongoing dialogue and information

exchange between your company and ours

on the quality issue:

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

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

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

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

® |nspection and Test

® Product Reliability Monitoring

® Customer liaison

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

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

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

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

The results from our Quality Improvement
Program have allowed Signetics to take the
industry leadership position with its Zero De-
fects Limited Warranty policy. No longer is it
necessary to negotiate a mutually acceptable
AQL between buyer and Signetics. Signetics
will replace any lot in which a customer finds
one verified defective part.
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QUALITY DATABASE
REPORTING SYSTEM — QA05
The capabilities of our manufacturing process
are measured and the results are recorded
through our corporate-wide QAO05 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

customer's receiving dock without incoming
inspection. This program was developed at
the request of several major customers after
they had worked with us and had a chance to
experience the data exchange and joint cor-
rective action that occurs as part of our
quality improvement program.

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

gram are:

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

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

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

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

Any customer interested in the benefits of the
Ship-to-Stock program should contact his

local Signetics sales office for a brochure and
further details.

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/cmz. Layout rules are
followed to minimize the possibility of shorts,
circuit anomalies, and SCR type latch-up
effects. All circuit designs are computer-
checked using the latest CAD software for
adherence to design rules. Simulations are
performed for functionality and parametric
performance over the full operating ranges of
voltage and temperature before going to
production. These steps allow us to meet
device specifications not only the first time,
but also every time thereafter.
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PRODUCT CHARACTERIZATION
Before a new design is released, the charac-
terization phase is completed to insure that
the distribution of parameters resulting from
lot-to-lot variations is well within specified
limits. Such extensive characterization data
also provides a basis for identifying unique
application-related problems which are not
part of normal data sheet guarantees.

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

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

The SURE Program

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

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

The Product Monitor Program

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

Product Reliability Reports

The data from these test matrices provides a
basic understanding of product capability, an
indication of major failure mechanisms, and
an estimated failure rate resulting from each
stress. This data is compiled periodically and
is available to customers upon request.

Many customers use this information in lieu of
running their own qualification tests, thereby
eliminating time-consuming and costly addi-
tional testing.

Reliability Engineering

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

Included in the engineering process are:

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

® Device or generic group failure rate
studies.

® Advanced environmental stress
development.

® Failure mechanism characterization and
corrective action/prevention reporting.

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

Failure Analysis

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

WAFER

FABRICATION

[ R

DIE ATTACH
WIRE BOND

O mmm e e e

HERMETIC
SEAL
PLASTIC
ENCAPSULATION

SYMBOL

100%
ELECTRICAL TEST

100%
ELECTRICAL TEST
VISUAL

INSPECTION

I SHIPMENT I

SCANNING ELECTRON MICROSCOPE CONTROL

Wafers are sampled daily by the Quality Control L y from each ication area and

to SEM analysis. This process control reveals manufacturing defects such as contact and oxide step
coverage in the metalization process which may result in early failures.

DIE SORT VISUAL ACCEPTANCE

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

DIE ATTACH AND WIRE BONDING
The latest automated equipment is used under statistical process control program.
PRE-SEAL VISUAL ACCEPTANCE

Product is inspected to detect any damage incurred at the die attach and wire bonding stations.
Defects such as scratches, contamination and smeared bail 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 individuai specification requirements.

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

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

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

VISUAL

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

FINAL QUALITY ASSURANCE GATE

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

PF00850S
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Amplifier Selector Guide

Symbols and Definitions for Amplifiers

AN164

Operational

AN 165

AN166
LM124/224/LM324/A
/SA534/LM2902
MC/SA1458/MC1558
MC3303/3403/3503

AN 160
NE/SA/SE4558
NE/SA5230

AN1511
NE/SE530
NE/SE531
NE/SA/SE532/

LM158/258/358/2904

NE/SE538
NE/SE5512

AN144
NE/SE5514

AN1441
NE/SE5532/A

NE5533/A
NE/SA/SE5534/A
AN142
NE/SE5535
uA741/741C/SA741C
uA747/747C/SA747C
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NE/SA5204
NE/SA/SE5205
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NE5592
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AN141
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NE/SA/SE5212
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NE542
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Amplifier Selector Guide

NOTES:
1. Military: ~55°C to +125°C

n

34

Industrial: -25°C to +85°C
Commercial: 0°C to +70°C
Automotive: —40°C to +85°C

. Specifications guaranteed at 25°C unless otherwise indicated by the following marks:

° Typical over full temperature range
4 Guaranteed over full temperature range
= Typical at 25°C

. Unless otherwise stated, maximum negative input voltage cannot exceed negative power supply voltage.

Av=7
R = 10kQ
R. = 6000
Ay=5
Ay=3

. R = 1509

A>T

. Fixed gain, stated in dB.
. Bandwidth to -0.5dB pt.
. 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 (TClog)
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.

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

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:

IP, = Poyt + IMR2
IP3 = Pout + IMR3/2

where Poyr is the power level in dBm of
each of a pair of equal level fundamental
output signals, IP2 and IP3 are the sec-
ond and third order output intercepts in
dBm, and IMR, and IMR3 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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Symbols and Definitions for Amplifiers

S22

S12

Figure 1. Two-Port Network Defined

AF03680S.

Sy — INPUT RETURN LOSS

POWER REFLECTED
FROM INPUT PORT

POWER AVAILABLE FROM
GENERATOR AT INPUT PORT

Sy =

S,, — REVERSE TRANSMISSION LOSS

S, — FORWARD TRANSMISSION LOSS

Sy EVTRANSDUCEH POWER GAIN

S, — OUTPUT RETURN LOSS

OR INSERTION GAIN

POWER REFLECTED
FROM OUTPUT PORT

R I \TION S.
OR ISOLATIO 22 POWER AVAILABLE FROM
s.= REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT
2 POWER GAIN
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 o
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.
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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 = S¢1dB
S41dB =20 Log |S11|

OUTPUT RETURN LOSS = S5,dB
S22dB = 20 Log ISy,

1 +844l
INPUT VSWR = <1.
=844l
1+ 322’
OUTPUT VSWR = <15
1 - Sl

Additional Reading on Scattering
Parameters

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

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

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

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
----- thand dhan Aaiian Anm o abavad i A -
ldl|yc ulial Ui UcviLe vall UT dWwicu il a 1ivii-

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.
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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).

5. Noise figure.

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:

1
~ 27RC

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

RADAR PULSE REPETITION FREQUENCY

DOMINANT REGION 1/F (FLICKER) NOISE

WHITE NOISE, JOHNSON & SCHOTTKY

SCR SWITCHING
POPCORN NOISE REGION
00z

POWER  XF-MR Al o

o a0
] MPPLE  (3AT) FREQUENCY
FREQ.

1 1 1 cxie | 1 1 1
001 0 1 1 0 0 100 120 100 1K 10K 100K AL} 100
FREQUENCY IN Hz

Figure 1. Frequency Spectrum of Noise Sources Affecting Operational Amplifiers and Low Noise Preamplifiers

AF03590S
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TO SCOPE
4.7 4F to 470 pFd

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
input capacitor must be made large enough to
limit input ripple to 0.5V.

Externally-compensated low 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 116dB. 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, therefore, 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/\/FTi) at specified frequency,
or in microvolts (uV) for a given frequency
band. It is determined, or measured, by short-

120 l
o | SE GRADE
100 —
i 90 f—— C GRADE \
g N\
«c
2 % N
70 \
60
N
“ A
0.1 1.0 10 100 1000 10,000
FREQUENCY (Hz)
0P03230S
Figure 3. PSRR vs Frequency
Raen
*sic | T |

TCo64108|

Figure 4. Noise Characterization of
Amplifier

120
110 ;\
100
g . )
H =
a K
3
0 x ‘Y
70
) A
0 ¢ a1 10 10 100
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0P03220S

Figure 5. PSRR vs Frequency
(Externally-Compensated Device)

TC06420S

Figure 6. RC Decoupling

1000 100
100 \ I "0
: G
t | 3
10 - 0.1
10 100 1.0k 10k
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0P03240S

Figure 7. Noise Voltage 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 cf 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 e, is
not constant over the frequency band; typical-
ly it increases at lower frequencies as shown
in Figure 7. This increase is 1/fnoisg (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 Xcin). 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, Xgn. 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 transistors, but it increases at
higher frequencies for field-effect transistors
and Bi-FET/Bi-MOS op amps.

Noise Figure, NF, is the logarithm of the ratio
of input signal-to-noise and output signal-to-
noise.

NF =10 log S/MN)in.
(S/N) out

®

where: S and N are power or (voltage)®
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 Rggn itself
produces input noise. The signal source con-
tains some noise. However, egig is generally
considered to be noise-free and input noise is
present as the thermal noise of the resistive
component of the signal generator imped-
ance Rggn. 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 @)

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 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
enZ = p (En)? (4a)
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in? =~ (1)? (4b)
En=4/ f
f en2 dF (5a)
fL
IN = A\ / f
f in2 dF (5b)
fi
where e, in = Spectral noise density
En In = Total RMS noise

fu = Upper frequency limit
fL = 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 (lp): 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) =en Vin-fL
In(w) =in Vg -

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

(6)

En(w) = en Vin
@
In(w) = in \/m

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 \/; ®)

When substituted in Equation 3, the expres-
sions may be rewritten to:
\Y f
En(f) =K h(ﬂ)
fL
)

vV fi
In() =K M(ﬂ)
fL
When corner frequencies are known, simpli-
fied expressions for total voitage and current
noise, (En and ly), may be written:

En(fi—-fo =en ¥ fce ln( )+(fH f)
(10)
f
\ ln(—”) * (fy=10)
fL

IN(fH =) = in
(11)
where:

en = 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

fu = Upper frequency limit

fL = 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,,
Iny and Inp. The noise current generators
produce noise voltage drops across their
respective source resistors, Rgy and Rsy. The
source resistors themselves generate thermal
noise voltages, Eyy and Ey,. 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-f0) =
VENZ + (IN1'Rs1)2 + (INz'Rs2)? + En 2 + Erp?

(12)



Linear Products

Application Note

Explanation of Noise

AN164

Figure 10. Op Amp Noise Mode’
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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:

E = VAR =T (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
fL = Lower frequency limit in Hz

At room temperature, Equation 13 simplifies
to:

Ey=1.28 X 10" '"VR{E-TD (14)

To minimize thermal noise (Eyy and Eip) from
Rsi1 and Rsp, 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, Inq
and In2 above the 1/f frequency are shot

noise currents which are related to the ampli-
fier's DC input bias currents:

Ish = V' 2qlgias (fu - fL) (15)

where:

Isy = RMS shot noise value in amps
q = charge of an electron
=1.602 X 10~'9 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=564 X107 Tgas(fh-f0  (16)

Shot noise currents also flow in the input
stage emitter dynamic resistances, (re), 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

= e input (17)

gm first stage

Another critica! 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.

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, general 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

1000
_ VS = x15V
ig YA =25°C
3 TYPICAL'
3 1/ NOISE
E 100 741!
2
z
z N
o
w A
2
g 10
= 11 CORNER WHITE
] FREQUENCY, f
2 —
g
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o1 .10 1.0 10 100 1000
FREQUENCY (Hz)
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Figure 11. Noise Voltage Comparison
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Figure 12. Input Noise Voltage
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 (Rg = 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
200X2 is plotted as a voltage noise. Lines
projected from the horizontal portion and
sioped 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 e, 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-f)). At this time, as-
sume fy to be the highest frequency compo-
nent that must be amplified without distortion.
Note that e, 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.

en =9.6nV/VHz
In =0.12pA/VHz

fce = 6Hz

fc1 = 60Hz

Using Equation 14: Ey= v/ 4KTR(fy - 1)
Ey = 1.28 X 10'%/{900$2)(100Hz)

= 0.4uVRms

Erp = 1.28 X 10'0\/[T0KS2)(100Hz)

= 0.128uVRMs
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b. Noise Analysis Equivalent Circuit

Figure 13
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Next, Calculate Iy Using Equation 11

AV fu
IN =in ¥ fal| =] +E-f)
fL
100Hz
= 0.12pA\/60 In(

+ (100 - 0.01)
0.01Hz

= 3~066pAHMS
and:
In1*Rg1 = 3.066pA (900£2) = 0.00271VRus
In2*Rgz = 3.066pA (10kS2) = 0.0306uVams

Finally, En from Equation 10

vV fu
En =en ¥ fceln r + (i -1
L

100H
= 9.6nV\/6 In(

z
+ (100 -0.01)
0.01Hz

= 0.120uVRMs

Substituting in Equation 12

Ent (fu-fU) =

VENZ + In1%Rs1 2 + (INaRs2)? + Ey 2 + Eqp?

= V(0.120uV)? + (0.0027uV)? +
(0.0306uV)2 + (0.04uV)? + (0.128uV)?

= 0-183“VRMS

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

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 frejuencies and noise
magnitudes, Ey and Iy are calculated to be
0.88uVpMms and 68pAgys, 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 (fH-f0 =
VEnZ+1n12Rs1? + Ing? Rsp? + Eny 2 + Erp?
(12)

Substituting in Equation 12

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

= 1.12MVRM5

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

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

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 +in2Rg? + 4kTRg)2BY2ARMsVoOlts
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.

Ein = (en2 + in2Rg? + 4kTRg)%2BY2RMS
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 400uVgms from a
source resistance of 68052 with a bandwidth
of 100Hz to 10kHz, the S/N ratio becomes, in
dB:

OuV

401
S/N =20 log
0.77uV

=54.3dB

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

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

and 1Vgms 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 + (8n2 + in2Rg?
- s+ (en n 8)35'34'

Assuming Rg small compared to amplifier 4KTRg
input.
Rs = 680Q (15)
* See Note 1.
If we now compare the total output noise 1o e noise figure is now defined as:
the output signal, A - Eg, we find the output
signal-to-noise ratio. NF =10 log F (dB)
E, or 2 2n. 2
S 4kTRg + en < +in R
S/N = (18 - dTRs*en +inRs
(©nZ + in2 Rg2 + 4kTRg)V2B1 T2 ) NF =10 log WKTRs (dB)
(16)
Table 2. Spectral Voltage and Current Noise Densities
HAT41 5534 LF357 NE542 LM387
en (n"V/VHz) 40 4 12 7 9
in (PA/VHz) 0.25 0.6 0.01 0.25 0.7
en fce (Hz) 200 90 50 800 850
in for (H2) 1.5k 200 1 700 2

noise generated in the base r ce shot
noise caused by the arrival of discrete charg-
es at diode junction and 1/f noise.

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 spectrum of
100Hz to 10kHz and is not specified below 100Hz.

3-13
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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 I/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 5k§2 is:

2,:2p.2
en” +in“R
1+_u‘) (17)

NF =10 log ( R
s

NF =10 log

. (7)2 X 10718 + (0.25)2 X 10724 X Rg?
+
75 X 10718

4 % 1.38 X 10728 X 300°K X Rg

=10 log

=727 @ Rg=68082
=207 @ Rg=5kQ
=125 @ Rg=10k2

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.

*Rg = equivalent input source (or genera-

tor) resistance.

NOTE:

. If Rg is a complex function, Zs, 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:

, R
NI weR

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
Ve tn( {:’ ) + (-1

(18)

En(fu-f) =eq

Total Spectral Noise Current

AV iy
ferll — f+ (u-f) (19)
fi

IN(fH=f) =in

Thermal
E =4 KTR (fy—f)
k=1.38 X 102 joules/°K

T = absolute temp in °K

R=Q
fi=1.28 X 1070 V/R{fy - 1) at room
temperature (20)
Shot at Room Temperature
Ish=564 X 100"°Vigasth-T0  (21)

Total Noise*

fy
ent| = VEa?+(nRsi? + Iz Rsp?
+En2+Ep?
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.)

Figure 15. Input Noise Current vs Frequency
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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.)

3. Determine the thermal noise of the input
port source resistances by using the basic

equal at room temperature of
Er=1.28 X 107 '° VR/VHz

4. 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.

5. 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.

\/ y
En(fu-fU) =en fce 'n( ’ ) + (-1
L

(18)

\/ fH
INfH =T =in fal ln( T ) +(fu-fU)
L

(19)

E=1.28 X 1000V R =10 (20)
fu
(En)? + (In1 Rs1)? + (E9?
ENT = @1
fL

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

E, =4 X 10"°+/90 1n (100) + (990)
=0.15uVRMs
INRg = 0.6 X 10712

V200 1n (100) + (990) X (10%)
= 0.26uVRms

Et=1.28 X 1078990 = 0.4uVpms

1000 /=5 ———————

10 = VEN? + (INRs)® + Ex?
= 0.50uVrMs

Using the factor of 6:

Eth

fnoise pp = 3.00uVp.p will never be ex-
ceeded in 99.73% of all cases.

For the second band (1kHz to 10kHz):

*En =4 X 1079/8000 = 0.38uVRums

*INRg = 0.6 X 10712V 9000 X (10%)
= 0.58uVaMms

Er=1.28 X 1079V 10%(9000)
=1.21uVpums
NOTE:

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

f1okHz
Ety = V(0.38)2+(0.57)2+ (1.21)2uVRms
f1kHz
f1okHz
RSS| Etx = V1.39uVRMms
f1kHz

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.
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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.

TC06490S

Figure 1. Ideal 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-

AN165

Integrated Operational
Amplifier Theory

Application Note

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 25mA. 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

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 - Ic1RL =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 = Vee1 - VBe2 @

where the Vgg of the transistor is found by
kT [ Ig

Vee =—n| — )
q Is

Reference is made to the input when talking
of offset voltage. Thus, the classic definition
of input offset voltage is 'that differential DC

3-17



Linear Products

Application Note

Integrated Operational Amplifier Theory

AN165

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
Vps drift with temperature. Present-day am-
plifiers usually possess Vog drift levels in the
range of 5uV/°C to 40uV/°C. The magnitude
of Vog 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.

—
&
i
5=tz

TC08500S

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 Igas is calculated as the
average of both currents flowing into the
inputs and is calculated from

Iy +1p
2

Ig = )

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

3-18

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 Iog can be
calculated by

Vour = 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 log 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.

TCo5108

Figure 4. Effects of CMRR on
Voltage-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———  (6a)
eo/ecm

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

ecM

CMRR(dB) = 20 log o (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.

e0 1t1/CMRR
— @
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



Linear Products

Application Note

Integrated Operational Amplifier Theory

AN165

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

Slew Rate

fpp=—7"7"7" 8
P o 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 shifting, 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-

T
AT

—~— Ta-mC

. \
: \

0P03330S

Figure 6. Open-Loop Volitage 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.

A b—O€our

TC065208

0P03320S

b.

Figure 5. Amplifier Slew Rate
Limitations

NOTE:
All resistor values are in ohms.

-Vee

Figure 7. Circuit Diagram Used for CMRR Measurement

Vo=0v

TC065308

NOTE:
All resistor values are in ohms.

Figure 8. Circuit Diagram Used for Average Bias Current Measurement

R AVG. = % (7 + In2)

SAMPLE & HOLD
1. SWATCH IS THROWN AT POBITION
2. SWITCH 1S THROWN AT PORITION 2

TCo65408
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Figure 9. A Typical Op Amp Test Circuit (Simplified)
R
S0K
o v,
MEASURED SAMPLE & HOLD
FUNCTION —O Vg
RS = 1000 SWITCH AT POSITION 1
S RS = 10KQ SWITCH AT POSITION 2
o Voo Vosov Von"‘—',‘];l'lﬂ
.“_Vm.mﬂlg.iﬂﬂ AVdo
2 10K ?| m
TCO6560S
NOTE:
All resistor values are in ohms.
Figure 10. Circuit Diagram Used for Offset Voltage and 10060705
Offset Current NOTE:
All resistor values are in ohms.
Figure 11. Circuit Diagram Used for Large-Signal Open-Loop
Gain Measurement
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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 Vcm¢ is algebraically sub-
tracted from all supply voltages and from Vq.
Then V4 is measured (V41). The most nega-
tive common-mode voltage within the range,
VcmMaz, is then subtracted from all the supply
voltages and Vo, and V, is again measured
(V12).

Then

CMRR = (R1 + R2)/R1(Vom

Vi1-Vi2

- Vemz)/
9

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

and again measure V1. Calculate Igjas (aver-
age), by

! 103
B TR+ Rz( ) (10a)
| Al ) (10b)
®2 " R1+R2| R3 |

IBi+lg2 _ R1  Vi1-Vi2

teiAs(@ve) = = o Re  2re

(100)

OFFSET VOLTAGE

Figure 10 is used for both offset voltage and
current. With Vo at OV and the switches
selecting the source impedance of 10052, the
offset voltage is measured at V4 and is equal
to

R1V4

Vog = ——— 11
OS TR1+R2 an

OFFSET CURRENT

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

Vi2-V,
R3

los = (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 R, a signal equal to the
maximum swing of the output voltage is
applied to Vg in both positive and negative
directions. V41 and V4, are measured values
of V4 and Vo = maximum positive and maxi-
mum negative signals, respectively. The gain
of the device under test then becomes

R1 +R2 Vo1 Vo2
Avo = (13)
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

FROM PULSE

-1ov

1o GENERATOR T0
: OSCILLOSCOPE
J—L_
50
TC06580S
a.
OV P — — — — —,
|
ov|av |

! SLEW RATE = &Y
] at
I
!

je—at—|
TIME

0P03340S

b.

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, V|n must be less

+15V
(o)

TC085908

a.
Eout (VOLTS)
16T
2+
84
RS
——t—t +——] En
- -3 -2 -1 2 MLLWOI.T!)
a4
T VOS=1mv
— 12 NV - 50K
-16.L
OP03350S
b.
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

AV,
SR = ouTt

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

3-22

+10V where it crosses the Ejy 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, 44Vpp 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

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.

-
T

TC06610S

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 g|ve a loop gain of

he unity gain
ulu\y at about 1.0MHz. For the unity gair

feedback configuration, this implies an open-
loop gain of unity at this frequency. The
capacitor Cg 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 r, is given by

alsy 1

(15)
4kT (A)CC

Avw) =

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

dv s

dT Cc (16)
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.

Reducmg (he input bias current becomes a

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 Bycgo 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 capable of supplying the increased
current to charge the capacitor.

Large-signal bandwidths with this input struc-
ture will be essentially the same as the smali-
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.

n,} "

Figure 18. Input Structure of 531
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Figure 19. Voltage/Current Curves of
First Stage
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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

€our = Es
TC10290S

Figure 1. Voltage-Follower

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, Eqyt = E|n. 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-

AN166
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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.

TC10300S

Figure 2. Non-Inverting Amplifier

The voltage appearing at the inverting input is
defined by

_Eour*Rin

E, =
2" Re+ R

(1a)

Since the differential voltage is zero, Ep = 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 Ry and Rg. This is
desirable because the voltage drops due to
bias currents to the inputs are equal 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

the inverting input is 0 and no current flows
into the input. Thus the following relationships
hold:

E E
=S ,20. (2a)
Rn Re
Solving for the output Eg
Rr
Eo= -Es— (2b)
Rin

)

Eout

)
"
]
Z
k4
L AA
I YW
>
& z
r"————o

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 becduse of the ease with which input
impedance and gain can be controlled to
advantage, as in the case of the summing
amplifier.

With the invérting amplifier of Figure 3, the
gain can be $ét to any desired value defined
by R divided by Rn. Input iMipedarice is
defined by the value of Ry 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 = Iin Ry @)
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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
RF/R|N.

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
A
WA

Vour =
Ijy Rt
("™ IN

TCOB621S

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
Vout = -—j:/ -dt 4
out RCO IN (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

WA
R1

HO—AMW-
R3

Figure 5. Differential Amplifier

R2
——OVour - (e2-21) (ﬁ)

R1=R3,
R2=R4

TC06640S

—AAA AAA
Wy VWA~

" > ]

Figure 6. Summing Amplifier

TC08651S
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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

TC06660S

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.

" VW——
c2
————4
R3 <
i
—0

TC06670S

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 ioss 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

csB8 8888388838

Figure 10. Frequency Compensation

Response
\ . ' .
1T 10 1 0 1 0 0 w At this ponn_t, ph:_asg shift could exgeed 189
FREQUENCY (H3) because unity gain is reached, causing stabili-
orsssos|  ty. For gain levels equal to A1 or 1/, the

phase shift is only 90° and the amplifier 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.

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.

IA| @8B)

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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Application Note

Basic Feedback Theory

AN166

bandwidths and slew rates of the ampiifier.
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.

Cc

I

TC066H0S

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

RESPONSE WITH

2 AY FEED FORWARD
g RESPONSE WITH \
: e
< COMPENSATION [\

! N

* \,

©

0 \\

\
)
N\
© ~
\

il 0 102 w03 104 08 08 w’

0P033605

Figure 16. Frequency Response With

Feed-Forward Compensation
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1. OPERATIONAL AMPLIFIERS-Design &
Applications, Jerald Graeme and Gene
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DESCRIPTION

The LM124/SA534/L.M2902 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

o Internally frequency-compensated
for unity gain

e Large DC volitage gain — 100dB

e Wide bandwidth (unity gain) —
1MHz (temperature-compensated)

e Wide power supply range

Single supply — 3Vpc to 30Vpc
or dual supplies —t 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)

o 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
outpuT 1 [1] [12] outpuT 4
~INPUT 1 LT_‘ ~INPUT 4
+INPUT 1 [3] [12] +INPUT 4
v+ [@] [77] anD
+INPUT 2 [ +INPUT 3
-INPUT 2 [ 6 ] -INPUT 3
OUTPUT 2 [8] output 3
TOP VIEW Cooopacs

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 Sales Office or

factory for information on the LM324A offered in 14-Pin Plastic DIP or SO.
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Product Specification

Low Power Quad Op Amps

LM124/224/324 /A /SA534/LM2902

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vece Supply voltage 32 or £16 Vpc
ViN Differential input voltage 32 Vbc
VIN Input voltage -0.3 to +32 Voc
P Maximum power dissipation,
D Ta = 25°C (still-air)’
N package 1190 mW
F package 1420 mw
D package 1040 mwW
Output short-circuit to GND 1
amplifier? Continuous
Vee < 15Vpe and Tp = 25°C
ViN Input current (Viy < -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
TsoLb 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 Vgc + can cause excessive heating and eventual destruction.
The maximum output current is approximately 40mA, independent of the magnitude of Vgc. At

values of supply voltage in excess of +15Vpc continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction.

w

input lines.

. The direction of the input current is out of the IC due to the PNP input stage. This current is
essentially constant, indepencent of the state of the output, so no loading change exists on the

DC ELECTRICAL CHARACTERISTICS Ve =5V, Ta=25°C, unless otherwise specified.

LM124/LM224 s whndad
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max Min | Typ | Max
) 1 Rg =022 5 +7 mV
Vos Ofiset voltage Rg =082, over temp. t2 +7 2 +9 mv
Vos Drift Rs = 092 7 7 uv/°c
2 Iin(+) or Iin(-) 45 150 45 250
Izias Input current IIn(+) or Iin(=), over temp. 40 300 40 500 nA
Ig Drift Over temp. 50 50 pA/°C
In(+) = In(-) +30 +50 nA
los Offset current Iin(+0 - Iiy(~), over temp. *3 | £100 5 | +150 | nA
los Drift Over temp. 10 10 pA/°C
v Common-mode voltage Vg = 30V 0 V15 0 V15 \
M range® Ve = 30V, over temp. 0 V2 0 V+2 Y
CMRR Common-mode rejection ratio Vce =30V 70 85 65 70 dB

3-30




Linear Products

Product Specification

Low Power Quad Op Amps

LM124/224/324/A /SA534/LM2902

DC ELECTRICAL CHARACTERISTICS v¢c =5V, Tao=25°C, unless otherwise specified.

LM124/LM224 L s
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
. RL= 2kQ2, Voo = +30V,
Vout Output voltage swing over temp. 26 26 \"
VoH Output voltage high R < 10k§2, over temp. 27 28 27 28 \
RL <10k§2, Vo =5V,
VoL Output voltage low over temp. 5 20 5 20 mV
R =%, Vgc =30V,
Ilcc Supply current over temp. 1.5 3 15 3 mA
R ==, on all op amps,
over temp. 0.7 1.2 0.7 1.2 mA
Ve = +15V
(for large Vo swing) 50 100 25 100 V/mV
. . RL =2k
AvoL Large-signal voltage gain Vo = +15V
(for large Vg swing), 25 15 V/mV
R = 2k§2, over temp.
. g " .5 f=1kHz to 20kHz, B _
Amplifier-to-amplifier coupling input referred 120 120 dB
PSRR Power supply rejection ratio Rs <00 65 100 65 100 dB
lout Output current ViNt =+1Vpe, ViN- =0Vpe,| 20 40 20 40 mA
source Vee = 15Vpe
Vin+ =+1Vpc, Vin- =0Vpg,
Ve = 15Vpg, over temp. 10 20 10 20 mA
sink Vin- = +1Vpc, ViNt =0Vpg,
V+ = 15Vpg 10 | 20 10 | 20 mA
Vin- = +1Vpg, Vint =0Vpg,
Vec = 15Vpc, over temp. 5 8 5 8 mA
Vint =0Vpc, Vin- =+1Vpg,
Vo = 200mV 12 50 12 50 HA
Isc Short-circuit current* 10 | 40 60 10 | 40 60 mA
VoIFF Differential input voltage® Vee Vee
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 =1.4Vpg, Rg =08 with Voo from 5V to 30V and over full input common-mode range (OVpc+ to Voe - 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.

»

. Short-circuits from the output to Ve can cause excessive heating and eventual destruction. The maximum output current is approximately 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. Destructive dissipation can result from simultaneous shorts on all amplifiers.
. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected

o

as this type of capacitive increases at higher frequencies.
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Product Specification

Low Power Quad Op Amps

LM124/224/324/A /SA534/LM2902

EQUIVALENT SCHEMATIC

0P05480S

OPO54908

v+ O
Suk 100u4 uA
Qs
Qs
T Cc
a7
Q2 a3 Rsc
- (o]} Q4 OuUTPUT
INPUTS
- - an Q13
- O-
;/ SOuA
Q1 Q12
N
-
TCo8890S
TYPICAL PERFORMANCE CHARACTERISTICS
Output Characteristics
Supply Current Current Sourcing Current Limiting
4 8 T - T %0
v+
- 80
H T e
+vt/2 S 70
EE' 3 3 ef— va §
K g: E s
o v-*; 5 |— — s
Z g o o g %o
w2 >R & \-\
E §§ ap— = = 3 w0 =
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2 ¥ l © 2
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V4 10
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SUPPLY VOLTAGE (VDC) 10" - OUTPUT SOURCE CURRENT (mApc) TEMPERATURE (“C)
OP05450S OP05460S OP05470S
Output Characteristics
Voltage Gain Current Sinking Open-Loop Frequency Response
160 10 Y . 10 T T T
vt =45y v, 10m
~J
AL = 20K 3 Vi 1svee — " O.1et vol
= + =
g0 — *K £ vt = +30 vp¢ —1 w N YINO v;2 .
é / RL = 2KQ § 1 g \ i 1
s 5 " N R
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Product Specification

Low Power Quad Op Amps

LM124/224/324/A /SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS

Large-Signal
Frequency Response
20
15 Vpg o 100K
a 1K
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2 7 voc 2K
H L 1
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5 10
2
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o s \
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-~ 70
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0PUS5405

Voltage-Follower
Pulse Response

3 RL> 2K V+ = 15VpC

L/ \
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~
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TIME (us)

0P055208

Common-Mode Rejection Ratio
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o
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TYPICAL APPLICATIONS

RF
AV‘V‘V
V+
Rin 8
ViN O——AAA—
IN vo
4
4 RL
v+ -
2 —
AR L
2
TC08900S
Single Supply Inverting Amplifier

V+

TC08910S

Non-Inverting Amplifier

TC089208

Input Biasing Voltage-Follower
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DESCRIPTION

The MC1458 is a high-performance op-
erational amplifier with high open-ioop
gain, internal compensation, high com-
mon-mode range and exceptional tem-
perature stability. The MC1458 is short-
circuit protected.

The MC1458/SA1458/MC1558 consists
of a pair of 741 operational amplifiers on
a single chip.

ORDERING INFORMATION

MC/SA1458 /MC1558
General-Purpose Operational

Amplifier

Product Specification

FEATURES

e Internal frequency compensation
o Short-circuit protection

e Excellent temperature stability

¢ High input voltage range

e No latch-up

e 1558/1458 are 2 ''op amps'" in
space of one 741 package

PIN CONFIGURATION

D, N Packages

olf

[ oureurse

o) INVERTING
INPUT B

outputa [1]
INVERTING
e 4 “'A"A
NON-i INVERYING
s G

v-[e]

TOP VIEW

a) NON-INVERTING
INPUT B

CD11820S|

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 MC1558N

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vs Supply voltage
MC1458 +18 \"
SA1458 +18 \'
MC1558 +22 \"
Ty Junction temperature +150 °C
P Maximum power dissipation, Ta =25°C
MAX (still-air)!
_ N package 1160 mwW
D package 780 mwW
Voire Differential input voltage +30 Vv
ViN Input voltage? £15 v
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
Tsowp 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 voitage.
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Product Specification

General-Purpose Operational Amplifier

MC/SA1458/MC1558

EQUIVALENT SCHEMATIC

O V+
8
Qg Qg Q42 Q43 Q14
INVERT.
Q.
NON-INVERTING ay 02 mPu‘r2 Ry 15
INPUT 3 4.5k0 Rg
a T Qg 0
3 A LN Q4 Rs R, 1
8
39k0 7.5k o outeuT
Ry
Qy o 500
N 16 L |£°2°
ag = ) 1)
r—KGn
Q22
Rys Ry Ry Ry | r' Ry2 Ryq
1K ¢ 50k0 1kQ 5k0 ! i 50k0 ¢ 500 N
L O V-
1LD07490S
Amplifier ""A" of MC1458, SA1458, MC1558
DC ELECTRICAL CHARACTERISTICS T, =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
Alps Offset current Over temperature 0.10 nA/°C
Igias Input bias current 80 500 nA
Over temperature 1500 nA
Algias Bias current Over temperature 1.0 nA/°C
Vout Output voltage swing Ry = 10kS2, over temperature +12 14 "
R = 2k, over temperature +10 +13 \%
AvoL Large-signal voltage gain RL =2k, Vo =10V 50 100 V/mV
RL = 2k§2, Vo =+ temperature 20 V/mV
Offset voltage adjustment range +30 mV
SVRR Supply voltage rejection ratio Rg < 10kQ2 30 150 uv/v
CMRR | Common mode rejection ratio 70 90 dB
lcc Supply current 2.3 5.0 mA
VIN Input voltage range +12 +13 \"
Pp Power consumption 70 150 mwW
Channel separation 120 dB
Rout Output resistance 75 Q
Isc Output short-circuit current 10 26 60 mA
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Product Specification

General-Purpose Operational Amplifier

MC/SA1458 /MC1558

DC ELECTRICAL CHARACTERISTICS T, =25°C, Vcc=1*15V, unless otherwise specified.

MC1458 SA1458
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vos Offset voltage Rg = 10k$2 2.0 6.0 20 6.0 mvV
Rg = 10k§2, over temp. 7.5 7.5 mV
AVopg Offset voltage Over temperature 12 12 uv/°Cc
los Offset current 20 200 20 200 nA
Over temperature 300 500 nA
Alpsg Offset current Over temperature 0.10 0.10 nA/°C
IBiAs Input bias current 80 500 80 500 nA
Over temperature 800 1500 nA
Algjas Bias current Over temperature 1.0 1.0 nA/°C
Vout Output voltage swing R = 10k2 +12 | 14 12 | £14 Vv
R_ = 2kS2, over temp. +10 | 13 10 | 13 \"
Ry =2k, 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/v
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 mw
Channel separation 120 120 dB
Isc Output short-circuit current 25 25 mA
AC ELECTRICAL CHARACTERISTICS T4 =25°C, Vg=+*15V, unless otherwise specified.
MC1458, SA1458,
SYMBOL PARAMETER TEST CONDITIONS MC1558 UNIT
Min Typ Max
Rin Parallel input resistance Open-loop, f=20Hz 0.3 M
Common-mode input impedance f=20Hz 200 MQ
Equivalent input noise voltage Ay =100, Rg = 10kS2, By = 1.0kHz, f= 1.0kHz 30 nV/vVHz
BW Power bandwidth Ay =1, R_=2.0kS2, THD <5%, Voyr = 20Vp.p 14 kHz
Phase margin 65 degrees
Ay Gain margin 11 dB
Unity gain crossover frequency Open loop 1.0 MHz
Transient response unity gain Vin = 20mV, R_ = 2kS2, 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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Product Specification

General-Purpose Operational Ampilifier

MC/SA1458/MC1558

TYPICAL PERFORMANCE CHARACTERISTICS
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Product Specification

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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DESCRIPTION

The MC3403 is a quad operational am-
plifier with true differentiai 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

MC3303/3403/3503

Quad Low Power Operational

Amplifiers

Product Specification

FEATURES
e Short-circuit protected outputs

e Class AB output stage for
minimal crossover distortion

e True differential input stage

e Single supply operation: 3.0 to
32v

PIN CONFIGURATION

D, F, N, Packages

S me
INPUTS l[z El INPUTS

MC3403 can operate at supply voltages ~ ® SPIit supply operation: * 1.5 to vee [4] [77] Vee/GND
as low as 3.0V or as high as 32V. The 16V, m»urs[E = = E]mvurs
common-mode input range includes the ® Low input bias currents: 500nA 2 & ol
negative supply, thereby eliminating the max ouT [+ E]gw
necessity for external biasing compo- e Four ampiifiers per package z
nents in many applications. The output o Internally compensated TOP VIEW
voltage range also includes the negative coniseos
power supply voltage.
ORDERING INFORMATION
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 (1/4 Shown)
COMMON TO FOUR ovio v 1
ouTPuTo AMPLIFIERS vee ! vee
i g | | ! lozr ! {
k——m R Q7 Q16 o : o
IalR S o
i i
Q23 — 3> o
a1 T
e ne | :
i‘? 31K 1! Q29 i Vee
! H =
- o"‘ r i E TC 146208
Q22 Q24 013 Q15! [ Single Supply
R6 R3 : 1
INPUTS % "S 25K . !
Q9 ) laso
< R2 )__‘ !
+ o1—on Q28 ™ FFax 0“,'2‘& p X o
. e fTa7| —1 | h o [© = 1svroev
Q! {
a2 B R (o8] jon) an0 ! Nt b E N
a3 ) M | | ba ~_L7
60K | Ly & o5 1.5V TO 18V
be—mmm ~ (GND)
Loo73ses Vee
TC146308
Split Supplies
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Linear Products

Product Specification

Quad Low Power Operational Amplifiers

MC3303/3403/3503

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Power supply voltage®
Vce Single supply 36 Voc
Vee Split supplies +18 Voc
Vee -18 Voc
Vibr Input differential voltage range1 +36 Vbc
Vicr Input common-mode voltage range’ 2 +18 Voc
Maximum power dissipation, Tp = 25°C
Pmax (still-air)*
F package 1.20 mwW
D package 1.04 mwW
N package 1.45 mw
TstG 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:

-

. Split power supplies.

2. For supply voltages less than *+ 15V, the absolute maximum input voltage is equal to the supply

voltage.

w

. Device not functional for single supply > 32V or split supply > +16V.

IS

. 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 Vcc = +15V, Vg =-15V for MC3503, MC3403; Vg = + 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
2.0 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
o Input offset current Ta=THigH to TLow 200 200 250 nA
Vo =110V, 50 200 20 200 20 200
Large-signal open- Vo =*10V R_ = 2.0kQ2 50 200 20 20
AVOL  160p voltage gain Ta=TugH to Tiow | 25 | 300 15 | 200 15 | 200 Vimv
. -30 | -500 -500 -500
lsias  |Input bias current Ta=ThigH to TLow -40 |-1200 =30 | _g00 =30 |_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
R = 10kQ2 +12 [£13.5 +12 |£13.5 +12 |+125
Vor Output voltage range R = 2.0kQ2 +10 | +13 +10 | 13 +10 | +12 \
R = 2.0kQ2 +10 +10 +10
Ta=ThigH to TLow
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Linear Products

Product Specification

Quad Low Power Operational Amplifiers

MC3303/3403/3503

DC AND AC ELECTRICAL CHARACTERISTICS Vcc = +15V, Vgg =-15V for MC3503, MC3403;
Voo = + 14V, Vgg = GND for MC3303. T = 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 Rs < 10k 70 | 90 70 | o0 70 | 9 dB
rejectionratio
lec, Igg |7OWer supply current R = 25 | 40 25 | 70 25 | 70 | mA
(Vo=0)
Alg/ AT Ta=ThigH to Trow 3.5 5 3.5 7 3.5 7 mA
Individual output
los* short-circuit +10 | +30 | +45 | +10 | £20 | +45 | 10 | +30 | *45 mA
current?
Positive power
PSSR+ |supply rejection 30 150 30 150 30 150 | wv/vV
ratio
Negative power
PSSR- |supply rejection 30 150 30 150 uv/v
ratio
Alg/AT Ta=ThigH to Trow 50 50 50 pA/°C
A/ Average temperature
A.'r° coefficient of input Ta=ThigH 10 Tow 50 50 50 pA/°C
offset voltage
AVin/ Average temperature
AT‘O coefficient of input Ta=ThigH to TLow 10 10 10 uv/°c
offset voltage
Ay =1, R =20k,
BWp |Power bandwidth Vo = 20Vp.p 9.0 9.0 9.0 KkHz
THD = 5%
Small-signal Ay =1, Ry =10k,
BW bandwidth Vo = 50mV 1.0 1.0 1.0 MHz
Ay =1, Vi=-10V to
SR Slew rate +10V 0.6 0.6 0.6 V/us
o Ay =1, R_= 10k,
tTLH Rise time Vo = 50mV 0.35 0.35 0.35 us
. Av=1, RL=10kQ,
tTHL Fall time Vg = 50mV 0.35 0.35 0.35 us
Ay =1, R =10k, o
os Overshoot Vo = 50mV 20 20 20 %
. Ay =1, R_ = 2.0k, °
Om Phase margin G\ = 200pF 50 50 50
. . V)N = 30mVp.p, o
Crossover distortion Vour = 2.0Vp.p, f = 10kHz 1.0 1.0 1.0 %
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Linear Products Product Specification

Quad Low Power Operational Amplifiers MC3303/3403/3503

DC AND AC ELECTRICAL CHARACTERISTICS Ve =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
Vio Input offset 20 | 50 20 | 10 10 | mv
voltage
lio Input offset current 30 50 30 50 75 nA
IBiAS Input bias current -200 | -500 —-200 | -500 -500 nA
Large-signal open- _
AvoL foop voltage gain RL = 2.0kQ2 10 200 10 200 10 200 V/mV
Power supply
PSRR rejection ratio 150 150 150 | uVv/V
RL = 10kS2, Vcc=5.0v | 3.3 35 3.3 35 3.3 35
Output voltage
Vor rt;‘ugea 9 RL = 10kS2, Vee | Ve Vee | Vee Vee | Voo Vp.p
5.0V < Vo <30V -1.7 | -15 -1.7 | -15 -1.7 | -15
Power supply
lcc current 25 4.0 25 7.0 25 7.0 mA

f=1.0kHz to 20kHz

(input referenced) -120 -120 -120 dB

Channel separation

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.

3-44



Linear Products Product Specification

Quad Low Power Operational Amplifiers MC3303/3403/3503

TYPICAL PERFORMANCE CHARACTERISTICS

Open-Loop Frequency
Inverter Pulse Response Sine Wave Response Response
= 200
T ) T T T 1T
L Ay =100 T 180 frVee=15V 1l
9 42 180 [rVgg= ~15V il
b < 140 HTa=25°C
S g 120 ! I
/ 2 e !
Z s G 100 P Nl qu
3 £3 ® TN
2 / \Yj 22 o N 1Al
\ s - P
2 29 5
S INA AN &3 0
§ |1 — *Note Class AB output stage g -20 ”[ IHI
produces distortioniess sine wave. 1.0 10 100 1.0K 10K 100K 1.0M
20us/div. 50,8/div. 1, FREQUENCY (H2)
0P121308 0P121408 0P121508
Output Swing vs Input Blas Current vs
Power Bandwidth Supply Voltage Temperature
= 50 T 40— z 400 T
& 45 [Ta=25°C- +15V w I-Ta=25°C: g - Vge =15V
2 4 } 3 e |- Vee = —15v
w 35 . Vo EE 30 — 1] & 300 |-Ta=25°C
[} 30 o4& ©<
5 -isv 31 2 7 £
a9 25 = A o
o = = Sw 20 7 200
> 20 8o A 7] ~
= 5z Y =
2 15 o [ —
[T N 2% 10 -
3 S 2 10
o 50 > z
* s o g8
~5. 0 20406080 10 12 14 16 18 =
10K 10K 100K 1.0M Ve AND Ve -75 -35 50 45 85 125
f, FREQUENCY (Hz) POWER SUPPLY VOLTAGES (V) T, TEMPERATURE (°C)
OP12160S OP121708 0P12180S
Input Bias Current vs
Supply Voltage
3 180
g
4
&
€ 170
2
o h )
2
@ 160
-
2
a
£
2 150
0 204080 8 10 12 14 16
Vcc AND Vgg,
POWER SUPPLY VOLTAGES (V)
0P121908
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AN160
Applications for the MC3403

Application Note

Linear Products

MC3403 DESCRIPTION P
The MC3403 is a quad operational ampiifier —“"M—
with true differential inputs. The device has z 180 T 7 Voe
electrical characteristics similar to the popular g . ot—i o
uA741. However, the MC3403 has several z o o
distinct advantages over standard operational g 170 ba
amplifier types in single supply applications. o N o E
The MC3403 can operate at supply voltages g g:
as low as 3.0V or as high as 36V. The = 160 e
common-mode input range includes the neg- g =
ative supply, thereby eliminating the necessity ‘! 185708
for external biasing components in many - ‘5°° 204060 8 10 12 14 18 Single Supply
applications. The output voltage range also Vee AND V
includes the negative power supply voltage. POWER SUPPLY VOLTAGES (V)
0P032108 Vee
Input Bias Current vs Supply Voltage be o = 15v 10 18v
b =3
o
o =
: ="15vT0 18V
o
Vee
TCO7970S
Split Supplies
APPLICATIONS
S0K
Vee _AAA
[ 5ok E:]
o ot 4 IS
b—ovo vy 14 L ove
(_' +,
~ Rt Mool 1
ox Vormier2 o AL
RZ =c FOR fo=1kHz
< R=16kQ
= C=0.01,F
TC08300S TC063108
Volitage Reference Wein Bridge Oscillator
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Application Note

Applications for the MC3403

AN160

APPLICATIONS (Continued)

-.-euu:»(;z—m

TC06320S

R2
AAA
VWA
HYSTERESIS
Vou r——
Rt v |
Vier O—AM tia ° T
—o 1
Vin - Vo . :
oL
Vi) | Vi
R Vaer

1

VL= 74 7z (VoL =~ Vaer) + Vaer
R1

Vinen = =5 (Vou = Vaer) + Vaer

A1
H=greme (You=Vou

Function Generator

TC06350S

IF SOURCE IMPEDANCE VARIES, FILTER MAY BE PRECEDED WITH
VOLTAGE FOLLOWER BUFFER TO STABILIZE FILTER PARAMETERS.

TC06330S

High Impedance Differential Amplifier Comparator With Hysteresis
AAA
VWA
M
1
it i A o= xR
VWA
Vin ?; ﬂ‘z‘ _ c c Ri=QR
J—p—- JN n2e®  vrrelvee
IMC3403 AAA- Tep 2
14 100K R3=TyR2
? WA——0s poibios
MC3408
! FOR fom 1kNz
Vaev > Q=10
BANDPASS Tep=1
Vaer T RS Vrer Tn=1
m
b3
VWA m c1
IMC3403 b————J———oNOTCH OUTPUT  R=160k2
L—‘ + C=0.001.F
R1=1.8M0
v WHERE Tgp = CENTER FREQUENCY GAIN R2=1.6M0
REF To=PASSBAND NOTCH GAN R3=1.6M0
TCossa0s
Bi-Quad Filter
Vee
==c 3Rs
c
Vi O—AAA- it =
14 L ovo
::u 1+ Co
TRIANGLE WAVE R2 T Co=10C
Vaer “-‘h:c ouTPuT 300K =
2 > VWA 1
. = OVper Vrer =3 Vce
O +
Vrer 18 78K GIVEN  fo=CENTER FREQUENCY
AAA- + Alfo) = GAIN AT CENTER FREQUENCY
.~ . 14 o SQUARE WAVE
100k S ouTPUT CHOOSE VALUE fo, C
IL < -
THEN:
it vegrod—] | o
VWA R3= foC
Ry R3
Ri= —
R1+Rc R2 R1 2Alta)
wrm TR R2w N1RS
4Q%R1-R6

FOR LESS THAN 10% ERROR FROM OPERATIONAL AMPLIFIER
%Vllo < 0.1 WHERE f, AND BW ARE EXPRESSED IN Hz.

Muiltiple Feedback Bandpass Filter

TC06360S
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Applications for the MC3403 AN160

TYPICAL APPLICATIONS

V+
RF
V‘v‘v
V4
\7 oo $
N O——A\-
b——T—ova Vi
a7 Ve p—OVo
L 4 RL 2 10K
Ve =
2 —
TC06370S -
TC06380S
Single Supply Inverting Amplifier Input Biasing Voltage-Follower

——O Vo

TC063908

Non-Inverting Amplifier
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Linear Products

DESCRIPTION

The 4558 is a dual operational amplifier
that is internally compensated. Excelient
channel separation allows the use of a

NE/SA/SE4558

Dual General-Purpose
Operational Amplifier

Product Specification

FEATURES

e 2MHz unity gain bandwidth
guaranteed

o Supply voltage +22V for SE4558

PIN CONFIGURATIONS

D, FE, N Packages

dual device in a single amp application, and 18V for NE4558 Aour 3] (8] v+
providing the highest packaging density. 4 Short-circult protection Am-[Z] [T]8our
The NE/SA/SE4558 is a pin-for-pin re- o No frequenc pcom tion an 5] 5]
placement for the RC/RM/RV4558. quency compensa
required v-[3] (518
® No latch-up 0P VIEW
e Large common-mode and cotroos
differential voltage ranges
® 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 v+O- 2 '
%\A ¥ AJ
N
o p——K AV OOUTPUT 1)

INPUTS

VWAV

AS)

: [
o $TI i

AAA

<
<
<

)l

LDO74018
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Product Specification

Dual General-Purpose Operational Amplifier

NE/SA/SE4558

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage
SE4558 +22 "
NE4558, SA4558 +18 \
Pp Maximum power dissipation
Ta=25°C (Still air)’
F package 780 mw
N package 1160 mwW
D package 780 mw
Differential input voltage +30 Vv
Vin Input voltage? +15
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
TsoLp 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

2. For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply

voltage.

3. 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.
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Product Specification

Dual General-Purpose Operational Amplifier

NE/SA/SE4558

DC AND AC ELECTRICAL CHARACTERISTICS Ve =+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 Rg < 10k2 1.0 5.0 20 6.0 mV
AVops/ AT Over temp. 4 4 uv/°Cc
los Input offset current 50 200 30 200 nA
Alpg/ 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 = 2k2 50,000 (300,000 20,000 |300,000 v/V
Vout =10V
Output voltage swing RL = 10kQ +12 +14 +12 +14 \
RL =2k +10 | +13 +10 | +13
Vin Input voltage range +12 +13 +12 +13 \
CMRR Common-mode rejection ratio Rg < 10k§2 70 100 70 100 dB
SVRR Supply voltage rejection ratio Rs < 10kS2 10 150 10 150 n\7a%
Power consumption (all amplifiers) RL= e« 100 170 100 170 mw
Transient response (unity gain) ViN = 20mV
RL = 2kQ
Cp <100pF
tr Rise time 100 100 ns
Overshoot 15.0 15.0 %
SR Slew rate (unity gain) RL = 2k 1.0 1.0 V/us
Channel separation (gain = 100) f = 10kHz 90 90 dB
Rg = 1kQ2
BW Unity gain bandwidth (gain = 1) 2.0 3.0 2.0 3.0 MHz
O Phase margin Ta=25°C 45 45 Degree
VNoise | Input noise voltage f=1kQ 25 25 nV/
VHz
Isc Short-circuit current Ta=25°C 5 25 60 5 25 60 mA
NOTE: The following specifications apply over operating temperature range.
Vos Input offset voltage Rs < 10kQ2 6.0 7.5 1%
los Input offset current 500 300/500' nA
Iias Input bias current 1500 800/1500" nA
Ay Large-signal voltage gain RL = 2kQ2 25,000 15,000 V/V
VOUT =*10
Output voltage swing R =2k +10 +10 \
Pc Power consumption Vg=%15V 90 150 90 150 mwW
Ta = HIGH 120 200 120 200
Ta=LOW
NOTE:

1. SA4558 only.
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Linear Products Product Specification

Dual General-Purpose Operational Amplifier NE/SA/SE4558

TYPICAL PERFORMANCE CURVES

Input Bias Current as a Input Offset Current as Common-Mode Range as
Function of Ambient a Function of Ambient a Function of Supply
Temperature Temperature Voltage
100 T i 25 T -15
g Vs = +15V. 2 Vs = £ 15V. ©
g ® g e
w [ -
] g eg N
5 15 2z
: - N
w
B w EA \\\\\\\\\\
= o N o3
2 5 5 T > w0 \
z a
0 z 0 15
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 4 6 8 10 12 14 16 18
TEMPERATURE (°C) TEMPERATURE (°C) SUPPLY VOLTAGE (V)
0P12430S OP12440S OP12450S
Open-Loop Voltage Gain Open-Loop Gain as a Power Consumption as
as a Function of Function of a Function of Ambient
Frequency Temperature Temperature
800K
120 o TT
| Vs = £ 15V ] -
10 N\\ Ry = 2k0 E 240 |-Vs= 215V
g N z oK H
z N 3 £
< g0 w =
] N G 400K > —
w N < » 200
g © N 3 z
g AN 2 200k I e S 180
° N «
> N w
0 N 2
o 160
-20 0K a
110 100 1K 10K 100K 1M 10M 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
FREQUENCY (Hz) TEMPERATURE (°C) TEMPERATURE (°C)
OP12460S OP124705 0P124805
Typical Output Voltage Output Voltage Swing Output Voltage Swing
as a Function of as a Function of as a Function of
Supply Voltage Load Resistance Frequency
28 17T — 40
Vs= 215V - T
2 | V= 215V
2 [AZBC 7 3 [Ta=25°C
g S s 32 [ =26k0
e se 2 x5 8
£ 8z 2 . 82 2
H3 Cn 18 2% 20
5 x5 16 1S
> 2 x 18
& E.‘E 14 ﬁg 12
=3 2 s
3 o 12 ° 8
1: : - 4
4 6 8 10 12 14 168 18 0102 05 10 20 50 10 100 1K 10K 100K 1M
SUPPLY VOLTAGE (V) LOAD RESISTANCE (KQ) FREQUENCY (Hz)
0P12490S OP12500S 0P12510S8
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Linear Products Product Specification

Dual General-Purpose Operational Amplifier NE/SA/SE4558

TYPICAL PERFORMANCE CURVES

Channel Separation

3

Vg = x15V

" Ta=25°C TTT1

CHANNEL SEPARATION (dB)

o8 88 8

-
o

100 1K

FREQUENCY (H2)

10K

100K

0P125708

o1 I
120 Vg= 215V
N s} R =2k
100 Ay =40dB l
4} =1kHz
Rs = 1KQ
. [

Quiescent Current as a Voltage-Follower
Function of Large-Signal Pulse
Supply Voltage Transient Response Response
0T ] > s [T
| vg=
E Ta=25°C 24 [1o=25°C
e 8 20 o w 6
& 3 80% 2 e
£ s - — E 1 —] 5 .
- ha Ji Vg =115V °
3 2 12 Ta=25°C > 0
L o4 E Ll Al=2ke | 5
& F) Cy = 100pF 3
o s Ly 5 -4
g 2 0 10% RISE TIME © -8
3, 11T I
0 3 6 9 12 15 18 0 25 50 75 10 1.25 0510 20 30 4
SUPPLY VOLTAGE (V) TIME (u8) TIME (u8)
OP125208 OP125308 OP12540S
Input Noise Voltage as a Function Input Noise Current as a Function
of Frequency of Frequency
1000 100
= = Vs= x15V z
T 1T rr 1 - Ta=25°C > = it
L it ! Rs =502 < [N Ve Y M
s =
Z 10 Ay = 60dB gl Rs = 100K
8 =SSt S = i S A -6008
< — « 1
= T T z T
3 . g
4 10 : = o 1
& f i 3} @ T
=} I 2 T
\ [ o LI TTINT
10 100 1K -10K 100K 1 10 100 1K 10K 100K
FREQUENCY (Hz2) FREQUENCY (Hz)
OP12550S 0P12560S

Total Harmonic Distortion vs
Output Voltage

»N

-

TOTAL HARMONIC DISTORTION
ON (2) 1kHz (%)

1 2 3 4 5 6 7 8 9
Vo OUTPUT VOLTAGE (VRMS)

0P125808

10

Distortion vs Fll-equency

Vo = 1Veus

27

[~ ]

= |

-4

o5 +V10S = £30V M

5 RIAA COMPENSATION

34

(3]

¢ [ 1\

2.

o

g, [

o ] e =t

2o

oo 100 1K 10K 100K
FREQUENCY (Hz)

0P125908
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Linear Products

DESCRIPTION

The NE5230 is a very low voltage opera-
tional amplifier that can perform with a
voltage supply as low as 1.8V or as high
as 15V. In addition, split or single
supplies can be used, and the output will
swing to ground when applying the lat-
ter. There is a bias adjusting pin which
controls the supply current required by
the device and thereby controls its pow-
er consumption. If the part is operated at
+0.9V supply voltages, the current re-
quired is only 110uA when the current
control pin is left open. Even with this
low power consumption, the device ob-
tains a typical unity gain bandwidth of
180kHz. When the bias adjusting pin is
connected to the negative supply, the
unity gain bandwidth is typically 600kHz
while the supply current is increased to
600uA. In this mode, the part will supply
full power output beyond the audio
range.

The NE5230 also has a unique input
stage that allows the common-mode
input range to go above the positive and
below the negative supply voltages by
250mV. This provides for the largest
possible input voltages for low voltage
applications. The part is also internally-
compensated to reduce external compo-
nent count.

The NE5230 has a low input bias current
of typically +40nA, and a large open-
loop gain of 115dB. These two specifica-
tions are beneficial when using the de-
vice in transducer applications. The
large open-loop gain gives very accurate
signal processing because of the large
"excess'' loop gain in a closed-loop
system.

The output stage is a class AB type that
can swing to within 100mV of the supply
voltages for the largest dynamic range
that is needed in many applications. The
NE5230 is ideal for portable audio equip-
ment and remote transducers because
of its low power consumption, unity gain
bandwidth, and 23nV/+/Hz noise speci-
fication.

NE/SA5230

Low Voltage

Operational Amplifier

Product Specification

FEATURES

® Works down to 1.8V supply
voitages

e Adjustable supply current
® Low noise

e Common-mode includes both
rails

® Voyr within 100mV of both rails

APPLICATIONS
e Portable precision instruments

© Remote transducer amplifier

o Portable audio equipment

® Rall-to-rail comparators

o Half-wave rectification without
diodes

® Remote temperature transducer
with 4 to 20mA output
transmission

ORDERING INFORMATION

PIN CONFIGURATION

N, FE & D Packages

ne [T 8] nic

- [2] 7] vec

+IN [3] 6] output

vee [4] 5] Bias ADJUST

TOP VIEW

co110708

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

8-Pin Plastic SO package

0 to +70°C

NE5230D

8-Pin Ceramic DIP

0 to +70°C

NE5230FE

8-Pin Plastic DIP

0 to +70°C

NE5230N

8-Pin Plastic SO package

-40°C to +85°C

SA5230D

8-Pin Plastic DIP

-40°C to +85°C

SA5230N
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vce Single supply voltage 18
Vee Dual supply voltage +9 v
Differential input voltage' +9 (18) \
ViN Input voltage' +9 (18) \
Differential input voltage' +Vg v
Vem Common-mode voltage (positive) Vcc + 0.5 \
Vem Common-mode voltage (negative) Veg-0.5 \"
Pp Power dissipation? 500 mw
Ty Operating junction temperature? 150 °C
Zju;z:;t :it;g’nécircuit duration to either power Indefinite sec
Tsta Storage temperature -65 to 150 °C
Tsop | Lead soldering temperature (10sec max) 300 °C
RECOMMENDED OPERATING CONDITIONS
PARAMETER RATING UNIT
Single supply voltage 18 to 15 v
Dual supply voltage +09 to £7.5 \
Common-mode voltage (positive) Vee +0.25 Vv
Common-mode voltage (negative) Vege-0.25 \
Temperature
NE grade 0 to 70 °C
SA grade -40 to 85 °C
NOTES:

1.Can exceed the supply voltages when Vg < +7.5V (15V).

Lt voitages when Vg <7/

2. The maximum operating junction temperature is 150°C. At elevated temperatures, devices must be
derated according to the package thermal resistance and device mounting conditions.
3. Momentary shorts to either supply are permitted in accordance to transient thermal impedance limitations
determined by the package and device mounting conditions.
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DC ELECTRICAL CHARACTERISTICS unless otherwise specified, 0.9V < Vg <*7.5V or equivalent single supply, full

input common-mode range, over full operating temperature range.

NE/SA5230
SYMBOL | PARAMETER TEST CONDITIONS BIAS UNIT
Min Typ Max
Vos Offset voltage Ta=25°C Any 0.4 3 mV
3 4 mW
Vos Drift Any 2 5 uv/°C
los Offset current Ta =25°C High 3 50 nA
Ta=25°C Low 3 30 nA
High 100 nA
Low 60 nA
los Drift High 0.5 1.4 nA/°C
Low 0.3 14 nA/°C
Ig Bias current Ta=25°C High 40 150 nA
Ta=25°C Low 20 60 nA
High 200 nA
Low 150 nA
I Drift High 2 4 nA/°C
Low 2 4 nA/°C
Is Supply current Vg =10.9V, Tp=25°C Low 110 160 MA
Ta=25°C High 600 750 MA
Low 250 MA
High 800 MA
Vg =175V, Tp=25°C Low 320 550 uA
Ta=25°C High 1.1 1.6 mA
Low 600 MA
High 1.7 mA
Vem Common-mode input range Vos <6mV, Ty =25°C Any | V™-0.25 vVt +0.25 \"
Any V- vt \
CMRR Common-mode rejection ratio Rs = 10'}?’:\/205"55 7.5V, Any 85 95 dB
Vg =175V Any 80 dB
PSRR Power supply rejection ratio Ta=25°C High 90 105 dB
Ta=25°C Low 85 95 dB
High 75 dB
Low 80 dB
Ip Load current source Vg=+75V Any 4 8 mA
sink Vg =175V Any 5 9 mA
source Vg =10.9V Any 1 4 mA
sink Vs =10.9V Any 3 5 mA
Ta = 25°C, source Vs =+0.9V High 4 5 mA
Ta = 25°C, sink Vg =+0.9V High 5 11 mA
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DC ELECTRICAL CHARACTERISTICS (Continued) Uniess otherwise specified, + 0.9V <V5<17.5V or equivalent single

supply, full input common-mode range, over fuil operating temperature

range.
NE/SA5230
SYMBOL | PARAMETER TEST CONDITIONS BIAS UNIT
Min Typ Max
AvoL Large-signal open-loop gain R = 10k§2, Tp =25°C High 120 200 V/mV
R = 10k§2, Ta =25°C Low 60 150 V/mV
High | 100 V/mv
Low 50 V/mV
Vout Output voltage swing Vs =Ti Zgz\é,,g Lj;\;’lk §2 Any 750 800 mV
Ta=25°C, -SW Any 750 800 mV
+SW Any 700 mv
-SwW Any 700 mV
Vs ::Z';’;/;C?L:"Swm Any | 7.30 7.35 v
Ta = 25°C, -SW Any 7.32 7.35 \"
+SW Any 7.25 7.30 \"
-SW Any 7.30 7.35 \"
SR Slew rate High 0.25 V/us
Low 0.09 V/us
BW Inverting unity gain bandwidth A= 1°$i2'= %z‘ 00pF | pigh 0.6 MHz
Ta=25°C Low 0.25 MHz
Om Phase margin Ta=25°C Any 70 Deg.
ts Settling time 0.1% High 2 us
o Low 5 Hs
Vinn Input noise o R = 0%, f = 1kHz High 22 nv/v/Fz
I — S
o S S S — BN
1. Rg = 10k§2, Vom = £ 7.5V, Ta = 25°C.
2. Vg =+7.5V.

3. Veun = Vg/2 for SE grade only.
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THEORY OF OPERATION

Input Stage

Operational amplifiers which are able to func-
tion at minimum supply voltages should have
input and output stage swings capable of
reaching both supply voltages within a few
millivolts in order to achieve ease of quies-
cent biasing and to have maximum input/
output signal handling capability. The input
stage of the NE5230 has a common-mode
voltage range that not only includes the entire
supply voltage range, but also allows either
supply to be exceeded by 250mV without
increasing the input offset voltage by more
than 6mV. This is unequalled by any other
operational amplifier today.

In order to accomplish the feat of rail-to-rail
input common-mode range, two emitter-cou-
pled differential pairs are placed in parallel so
that the common-mode voltage of one can
reach the positive supply rail and the other
can reach the negative supply rail. The simpli-
fied schematic of Figure 1 shows how the
complementary emitter-coupler transistors
are configured to form the basic input stage
cell. Common-mode input signal voltages in
the range from 0.8V above Vgg to Vg are
handled completely by the NPN pair, Q3 and
Q4, while common-mode input signal volt-
ages in the range of Vgg to 0.8V above Vge
are processed only by the PNP pair, Q1 and
Q2. The intermediate range of input voltages
requires that both the NPN and PNP pairs are

operating. The collector currents of the input
transistors are summed by the current com-
biner circuit composed of transistors Q8
through Q11 into one output current. Transis-
tor Q8 is connected as a diode to ensure that
the outputs of Q2 and Q4 are properly sub-
tracted from those of Q1 and Q3.

The input stage was designed to overcome
two important problems for rail-to-rail capabili-
ty. As the common-mode voltage moves from
the range where only the NPN pair was
uperating to where both of the input pairs
were operating, the effective transconduc-
tance would change by a factor of two.
Frequency compensation for the ranges
where one input pair was operating would, of
course, not be optimal for the range where
both pairs were operating. Secondly, fast
changes in the common-mode voltage would
abruptly saturate and restore the emitter
cuirent sources, causing transient distortion.
These problems were overcome by assuring
that only the input transistor pair which is able
to function properly is active. The NPN pair is
normally activated by the current source Igq
through Q5 and the current mirror Q6 and Q7,
assuming the PNP pair is non-conducting.
When the common-mode input voltage pas-
ses below the reference voltage, Vg = 0.8V
at the base of Q5, the emitter current is
gradually steered toward the PNP pair, away
from the NPN pair. The transfer of the emitter
currents between the complementary input
pairs occurs in a voltage range of about

120mV around the reference voltage Vg1. In
this way the sum of the emitter currents for
each of the NPN and PNP transistor pairs is
kept constant; this ensures that the transcon-
ductance of the parallel combination will be
constant, since the transconductance of bipo-
lar transistors is proportional to their emitter
currents.

An essential requirement of this kind of input
stage is to minimize the changes in input
offset voltage between that of the NPN and
PNP transistor pair which occurs when the
input common-mode voltage crosses the in-
ternal reference voltage, Vgy. Careful circuit
layout with a cross-coupled quad for each
input pair has yielded a typical input offset
voltage of less than 0.3mV and a change in
the input offset voltage of less than 0.1mV.

Output Stage

Processing output voltage swings that nomi-
nally reach to less than 100mV of either
supply voltage can only be achieved by a pair
of complementary common-emitter connect-
ed transistors. Normally, such a configuration
causes complex feed-forward signal paths
that develop by combining biasing and driving
which can be found in previous low supply
voltage designs. The unique output stage of
the NE5230 separates the functions of driving
and biasing, as shown in the simplified sche-
matic of Figure 2, and has the advantage of a
shorter signal path which leads to increasing
the effective bandwidth.

>
2R10
S
<

y
<
:: R1

Q1o

J@ Ib1

Vin- Q1

Q4
Q2 Vine

an

 ———— AL 11 5
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0.8V

os;-— a7

AAA
W

Figure 1. Input Stage
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This output stage consists of two parts: the
Darlington output transistors and the class
AB control regulator. The output transistor Q3
connected with the Darlington transistors Q4
and Q5 can source up to 10mA to an output
load. The output of NPN Darlington connect-
ed transistors Q1 and Q2 together are able to
sink an output current of 10mA. Accurate and
efficient class AB control is necessary to
insure that none of the output transistors are
ever completely cut off. This is accomplished
by the differential amplifier (formed by Q8 and
Q9) which controls the biasing of the output
transistors. The differential amplifier com-
pares the summed voltages across two di-
odes, D1 and D2, at the base of Q8 with the
summed voltages across the base-emitter
diodes of the output transistors Q1 and Q3.
The base-emitter voltage of Q3 is converted
into a current by Q6 and R6 and reconverted
into a voltage across the base-emitter diode
of Q7 and R7. The summed voltage across
the base-emitter diodes of the output transis-
tors Q3 and Q1 is proportional to the loga-
rithm of the product of the push and pull
currents Iop and loy, respectively. The com-
bined voltages across diodes D1 and D2 are
proportional to the logarithm of the square of
the reference current Ig;. When the diode
characteristics and temperatures of the pairs
Q1, D1 and Q3, Q2 are equal, the relation
lop X lon = Ig1 X Igq is satisfied.

Separating the functions of biasing and driv-
ing prevents the driving signals from becom-
ing delayed by the biasing circuit. The output
Darlington transistors are directly accessible
for in-phase driving signals on the bases of
Q5 and Q2. This is very important for simple
high-frequency compensation. The output
transistors can be high-frequency compen-
sated by Miller capacitors CM1A and CM1B
connected from the collectors to the bases of
the output Darlington transistors.

A general-purpose op amp of this type must
have enough open-loop gain for applications
when the output is driving a low resistance
load. The NE5230 accomplishes this by in-
serting an intermediate common-emitter
stage between the input and output stages.
The three stages provide a very large gain,
but the op amp now has three natural domi-
nant poles — one at the output of each com-
mon-emitter stage. Frequency compensation
is implemented with a simple scheme of
nested, pole-splitting Miller integrators. The
Miller capacitors CM1A and CM1B are the
first part of the nested structure, and provide
compensation for the output and intermediate
stages. A second pair of Miller integrators
provide pole-splitting compensation for the
pole from the input stage and the pole
resulting from the compensated combination
of poles from the intermediate and output
stages. The result is a stable, internally-

compensated op amp with a phase margin of
70 degrees.

THERMAL CONSIDERATIONS
When using the NE5230, the internal power
dissipation capabilities of each package
should be considered. Signetics does not
recommend operation at die temperatures
above 110°C in the SO package because of
its inherently smaller package mass. Die
temperatures of 150°C can be tolerated in all
the other packages. With this in mind, the
following equation can be used to estimate
the die temperature:

Ty=Ta+ (Pp X 0a) (1)

Where Tp = Ambient Temperature
T, = Die Temperature
Pp =Power Dissipation
= (lcc X Vee)
6,4 =Package thermal resistance
= 270°C/W for SO-8 in PC
board mounting

See the packaging section for information
regarding other methods of mounting.

0,4 = 100°C/W for the plastic DIP;
0;a = 110°C/W for the ceramic DIP.

The maximum supply voltage for the part is
15V and the typical supply current is 1.1mA
(1.6mA max). For operation at supply volt-
ages other than the maximum, see the data

o O Vee
%\n:
1 by 1 @ b2 1 13
é %9 Qa6 —")oa
A N
Vbs O— J_ Kos
T cmis Q4 lop
l -O Vour
T CM1A
Vb2 O- Kaz
fon
Ik R7
D1 L
3
l@ Iod o7’} Nm
1 Ibs
D2
O Vee
Figure 2. Output Stage
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sheet for Icc versus Vg curves. The supply
current is somewhat proportional to tempera-
ture and varies no more than 100uA between
25°C and either temperature extreme.

Operation at higher junction temperatures
than that recommended is possible but will
result in lower MTBF (Mean Time Between
Failures). This should be considered before
operating beyond recommended die temiper-
ature because of the overall reliability degra-
dation.

DESIGN TECHNIQUES AND

APPLICATIONS

The NE5230 is a very user-friendly amplifier
for an enginger to design into any type of
system. The supply current adjust pin (Pin 5)
can be left open or tied through a pot or fixed
resistor to the most negative supply (i.e.,
ground for single supply or to the negative
supply for split supplies). The minimum supply
current is achieved by leaving this pin open.
In this state it will also decrease the band-
width and slew rate. When tied directly to the
most negative supply, the device has full
bandwidth, slew rate and Icc. The program-
ming of the current-control pin depends on
the trade-offs which can be made in the
designer's application. The graph in Figure 3
will help by showing bandwidth versus Icc. As
can be seen, the supply current can be varied
anywhere over the range of 100uA to 600uA
for a supply voltage of 1.8V. An external
resistor can be inserted between the current
control pin and the most negative supply. The
resistor can be selected between 1 to
100kS2 to provide any required supply current
over the indicated range. In addition, a small
varying voltage on the bias current control pin
could be used for such exotic things as
changing the gain-bandwidth for voltage con-
trolled low pass filters or amplitude modula-
tion. Furthermore, control over the slew rate
and the rise time of the amplifier can be
obtained in the same manner. This control
over the slew rate also changes the settling
time and overshoot in pulse response appli-
cations. The settling time to 0.1% changes
from 5us at low bias to 2us at high bias. The
supply current control can also be utilized for
wave-shaping applications such as for pulse
or triangular waveforms. The gain-bandwidth
can be varied from between 250kHz at low
bias to 600kHz at high bias current. The slew
rate range is 0.08V/us at low bias and 0.25V/
us at high bias.

The full output power bandwidth range for
Vce equals 2V, is above 40kHz for the
maximum bias current setting and greater
than 10kHz at the minimum bias current
setting.

If extremely low signal distortion ( < 0.05%) is
required at low supply voltages, exclude the
common-mode crossover point (Vgq) from
the common-mode signal range. This can be
accomplished by proper bias selection or by
using an inverting amplifier configuration.

Most single supply designs necessitate that
the inputs to the op amp be biased between
Vee and ground. This is o assure that the
input signal swing is within the working com-
mon-mode range of the amplifier. This leads
to another helpful and unique property of the
NE5230 that other CMOS and bipolar low
voltage parts cannot achieve. It is the simple
fact that the input common-mode voltage can
go beyond either the positive or negative
supply voltages. This benefit is made very
clear in a non-inverting voltage-follower con-
figuration. This is shown in Figure 4 where the
input sine wave allows an undistorted output
sine wave which will swing less than 100mV
of either supply voltage. Many competitive
parts will show severe clipping caused by
input common-mode limitations. The NE5230
in this configuration offers more freedom for
quiescent biasing of the inputs close to the

positive supply rail where similar op amps
would not allow signal processing.

There are not as many considerations when
designing with the NE5230 as with other
devices. Since the NE5230 is internally-com-
pensated and has a unity gain-bandwidth of
600kHz, board layout is not so stringent as for
very high frequency devices such as the
allows it to drive relatively high capacitive
loads and small resistive loads. The power
supply pins should be decoupled with a low-
pass RC network as close to the supply pins
as possible to eliminate 60Hz and other
external power line noise, although the power
supply rejection ratio (PSRR) for the part is
very high. The pinout for the NE5230 is the
same as the standard single op amp pinout
with the exception of the bias current adjust-
ing pin.

REMOTE TRANSDUCER WITH
CURRENT TRANSMISSION

There are many ways to transmit information
along two wires, but current transmission is
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Figure 4. In a Non-Inverting Voltage-Follower Configuration, the NE5230 will Give Full Rail-to-Rail Swing. Other Low Voltage
Amplifiers will not Because they are Limited by their Input Common-Mode Range and Output Swing Capability
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PARTS

Vi

v-L

WF 178605

the most beneficial when the sensing of
remote signals is the aim. It is further en-
hanced in the form of 4 to 20mA information
which is used in many control-type systems.
This method of transmission provides immu-
nity from line voltage drops, large load resis-
tance variations, and voltage noise pickup.
The zero reference of 4mA not only can show
if there is a break in the line when no current
is flowing, but also can power the transducer
at the remote location. Usually the transducer
itself is not equipped to provide for the
current transmission. The unique features of
the NE5230 can provide high output current
capability coupled with low power consump-
tion. It can be remotely connected to the
transducer to create a current loop with
minimal external components. The circuit for
this is shown in Figure 5. Here, the part is
configured as a voltage-to-current, or trans-
conductance amplifier. This is a novel circuit
that takes advantage of the NE5230's large
open-loop gain. In AC applications, the load
current will decrease as the open-loop gain
rolls off in magnitude. The low offset voltage
and current sinking capabilities of the
NE5230 must also be considered in this
application.

The NE5230 circuit shown in Figure 5 is a
pseudo transistor configuration. The inverting
input is equivalent to the "base,"" the point
where Vge and the non-inverting input meet is
the "emitter,” and the connection after the
output diode meets the V¢ pin is the collec-
tor. The output diode is essential to keep the
output from saturating in this configuration.
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From here it can be seen that the base and
emitter form a voltage-follower and the volt-
age present at Rc must equal the input
voltage present at the inverting input. Also,
the emitter and collector form a current-
follower and the current flowing through R is
equivalent to the current through R and the
amplifier. This sets up the current loop.
Therefore, the following equation can be
formulated for the working current transmis-
sion line. The load current is:

IL = V|N/RC (2)

and proportional to the input voltage for a set
Rc. Also, the current is constant no matter
what load resistance is used while within the
operating bandwidth range of the op amp.
When the NE5230's supply voltage falls past
a certain point, the current cannot remain
constant. This is the ''voltage compliance"
and is very good for this application because
of the near rail output voltage. The equation
that determines the voltage compliance as
well as the largest possible load resistor for
the NE5230 is as follows:

RL max = [Vremote supply) - Vce min
= VIN max]/IL ()

Where Voc min is the worst-case power sup-
ply voltage (approximately 1.8V) that will still
keep the part operational. As an example,
when using a 15V remote power supply, a
current sensing resistor of 182, and an input
voltage (Vin) of 20mV, the output current (I,)
is 20mA. Furthermore, a load resistance of
zero to approximately 65082 can be inserted

in the loop without any change in current
when the bias current-control pin is tied to the
negative supply pin. The voltage drop across
the load and line resistance will not affect the
NES5230 because it will operate down to 1.8V.
With a 15V remote supply, the voltage avail-
able at the amplifier is still enough to power it
with the maximum 20mA output into the
65052 load.

What this means is that several instruments,
such as a chart recorder, a meter, or a
controller, as well as a long cable, can be
connected in series on the loop and still
obtain accurate readings if the total resis-
tance does not exceed 650S2. Furthermore,
any variation of resistance in this range will
not change the output current.

Any voltage output type transducer can be
used, but one that does not need external DC
voltage or current excitation to limit the maxi-
mum possible load resistance is preferable.
Even this problem can be surmounted if the
supply power needed by the transducer is
compatible with the NE5230. The power goes
up the line to the transducer and amplifier
while the transducer signal is sent back via
the current output of the NE5230 transcon-
ductance configuration. The voltage range on
the input can be changed for transducers that
produce a large output by simply increasing
the current sense resistor to get the corre-
sponding 4 to 20mA output current. If a very
long line is used which causes high line
resistance, a current repeater could be insert-
ed into the line. The same configuration of
Figure 5 can be used
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a. The NE5230 as a Remote Transducer Transconductance
Amp With 4-20mA Current Transmission Output Capability

Figure 5
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b. The Same Type of Circuit as Figure 5a, but for Sourcing
Current to the Load

with exception of a resistor across the input
and line ground to convert the current back to
voltage. Again, the current sensing resistor
will set up the transconductance and the part
will receive power from the line.

TEMPERATURE TRANSDUCER

A variation on the previous circuit makes use
of the supply current control pin. The voltage
present at this pin is proportional to absclute
temperature (PTAT) because it is produced
by the amplifier bias current through an inter-
nal resistor divider in a PTAT cell. If the
control pin is connected to the input pin, the
NE5230 itself can be used as a temperature
transducer. If the center tap of a resistive pot
is connected to the control pin with one side
to ground and the other to the inverting input,
the voltage can be changed to give different

o NOTES:
temperature versus output current conditions

1. lout = Vin/re

+ REMOTE
vV POWER
? - SUPPLY

A
A4

-

e

e e e

TC13521S

(see Figure 6). For additional control, the
output current is still proportional to the input
voltage differential divided by the current
sense resistor. ’

When using the NE5230 as a temperature
transducer, the thermal considerations in the
previous section must be kept in mind.

Vremote — 1.8V — ViyMax

2. RyMax ~
lout
For RC=1Q
lour Vin
4mA 4mv
20mA 20mv

Figure 6. NE5230 Remote Temperature Transducer Utilizing 4 - 20mA Current
ransmission. This Application Shows the use of the Accessibility of the PTAT
Cell in the Device to Make the Part, Itself, a Transducer
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HALF-WAVE RECTIFIER WITH
RAIL-TO-GROUND OUTPUT
SWING

Since the NE5230 input common-mode range
includes both positive and negative supply
rails and the output can also swing to either
supply, achieving half-wave rectifier functions
in either direction becomes a simple task. All
that is needed are two external resistors;
there is no need for diodes or matched
resistors. Moreover, it can have either posi-
tive- or negative-going outputs, depending on
the way the bias is arranged. This can be
seen in Figure 7. Circuit (a) is biased to
ground, while circuit (b) is biased to the
positive supply. This rather unusual biasing
does not cause any problems with the
NE5230 because of the unique internal satu-
ration detectors incorporated into the part to
keep the PNP and NPN output transistors out
of ""hard'' saturation. It is therefore relatively
quick to recover from a saturated output
condition. Furthermore, the device does not
have parasitic current draw when the output
is biased to either rail. This makes it possible
to bias the NE5230 into ''saturation' and
obtain half-wave rectification with good re-
covery. The simplicity of biasing and the rail-
to-ground half-sine wave swing are unique to

this device. The circuit gain can be changed
by the standard op amp gain equations for an
inverting configuration.

It can be seen in these configurations that the
op amp cannot respond to one-half of the
incoming waveform. It cannot respond be-
cause the waveform forces the amplifier to
swing the output beyond either ground or the
positive supply rail, depending on the biasing,
and, also, the output cannot disengage during
this half cycle. During the other half cycle,
however, the amplifier achieves a half-wave
that can have a peak equal to the total supply
voltage. The photographs in Figure 8 show
the effect of the different biasing schemes, as
well as the wide bandwidth (it works over the
full audio range), that the NE5230 can
achieve in this configuration.

By adding another NE5230 in an inverting
summer configuration at the output of the
half-wave rectifier, a full-wave can be real-
ized. The values for the input and feedback
resistors must be chosen so that each peak
will have equal amplitudes. A table for calcu-
lating values is included in Figure 9. The
summing network combines the input signal
at the half-wave and adds it to double the
half-wave's output, resulting in the full-wave.
The output waveform can be referenced to

the supply or ground, depending on the half-
wave configuration. Again, no diodes are
needed to achieve the rectification.

This circuit could be used in conjunction with
the remote transducer to convert a received
AC output signal into a DC level at the full-
wave output for meters or chart recorders
that need DC levels.

CONCLUSION

The NE5230 is a versatile op amp in its own
right. The part was designed to give low
voltage and low power operation without the
limitations of previously available amplifiers
that had a multitude of problems. The previ-
ous application examples are unique to this
amplifier and save the user money by exclud-
ing various passive components that would
have been needed if not for the NE5230's
special input and output stages.

The NE5230 has a combination of novel
specifications which allows the designer to
implement it easily into existing low-supply
voltage designs and to enhance their perfor-
mance. It also offers the engineer the free-
dom to achieve greater amplifier system de-
sign goals. The low input referenced noise
voltage eases the restrictions on designs

Vee

b. Negative-Going Output Referenced to V¢c

Figure 7. Half-Wave Rectifier With Positive-Going Output Swings

TC13531S

TC135408
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NE/SA5230

where S/N ratios are important. The wide full-
power bandwidth and output load handling
capability allow it to fit into portable audio
applications. The truly ample open-loop gain

and low power consumption easily lend them-
selves to the requirements of remote trans-
ducer applications. The low, untrimmed typi-
cal offset voltage and low offset currents help

to reduce errors in signal processing designs.
The amplifier is well isolated from changes on
the supply lines by its typical power supply
rejection ratio of 105dB.

WF17870S

500mV/DIV 200uS/DIV
Biased to Ground

500mV/DIV 20uS/DIV
Biased to Positive Rail

Figure 8. Performance Waveforms for the Circuits in Figure 7. Good Response is Shown at 1
and 10kHz for Both Circuits Under Full Swing With a 2V Supply

500mV/DIV 20uS/DIV
Biased to Ground

WF17880S

WF17880S
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INPUT

HALF-WAVE
OUTPUT

FULL-WAVE
OUTPUT

O AAA

MUV

NOTES:

R2=2 R1

R4 =R5=R3

+ Vg will vary output reference.

For single supply operation Vge can be grounded on A2.

Figure 9. Adding an Inverting Summer to the Input and Output of the Half-Wave Rectifier will Result in Full-Wave

N\

HALF-WAVE

FULL-WAVE

TC13551S
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INTRODUCTION

Described herein is a iow-voitage, gated func-
tion generator using the NE5230 and two AA
batteries. The outputs are a square, triangular
and sine wave. The sine wave-generating
circuit and the square and triangular circuits
are independent. Some ideas for refinement
of the circuits are also presented.

APPLICATIONS

The use of signal sources is universal. Over
the years, a great many practical circuits have
been developed which have numerous desir-
able features. These circuits are typified by
high power outputs, or speed, or precision, or
combinations of these. They are housed in
rugged, handsome cases and are available
for a few hundred dollars. Most require AC
line cords and are somewhat cumbersome to
use. With the advent of low-voltage op amps
such as the NE5230, it is now possible to
design good, stable, battery-operated signal
sources.

SINE WAVE GENERATOR

The circuit used is a Wien bridge sine wave
oscillator. This circuit has been used since
the days of vacuum tubes (see Figure 1). Itis
simple, stable and requires few components.
The circuit utilizes both positive and negative
feedback to achieve balanced operation. The
oscillator will stop working if too much nega-
tive feedback is used and will saturate in both
states if too much positive feedback is used.
In the practical implementation, some non-
linear element must be employed to realize
this stable condition. The gain of the amplifier
must be large enough at the frequency of
oscillation to make the input excursions small
enough to be compensable by this non-linear
element. Among others, diodes and FETs
have been used to accomplish this. One of
the most popular is the lamp; small, inexpen-
sive and readily available, its voltage variable
resistance makes it an ideal candidate for this
application. It works like this: as the negative
feedback voltage increases across the lamp,
its resistance increases, and thereby reduces
the output voltage. When the output voltage
decreases, the amount of negative feedback
voltage across the lamp decreases and
thereby increases the resistance of the lamp.
This balancing act continues until a stable
condition is achieved. It is important to note
that the lamp resistance is changing due to

AN1511

Low-Voltage Gated Function
Generator: NE5230

Application Note

LAMP

()

#385

Rﬂ
c, \» ,
.
1uF 1[\/ 10k
b3S
b3

510

Figure 1. Sine Wave Generator

D uF

_1_
fosc = 2zRC

*CALRAD 25-410

TC15551S

the thermal effects caused by the changing
voltage across it. The frequency of oscillation
is determined by:

f =
OSC = 57RC

vCO

Another classic oscillator circuit uses a com-
parator and an integrator. The output of the
comparator is fed back to the input of the
integrator. The output of the integrator is
connected to the input of the comparator.
Upon application of power, the comparator
output goes into one state or the other. This
comparator output voltage is fed back into
the input of the integrator which begins ramp-
ing up or down, depending on the polarity of
the first pulse from the comparator. When the
voltage threshold of the comparator is
reached, the output changes state. The cycle
then repeats.

If an inversion in the feedback loop can be
achieved, and external energy can be intro-
duced at the right time, some interesting
modifications of the previously described cir-
cuit will result — namely, a voltage-controlled
oscillator. It works as follows: the transistor
inverts the output of the comparator. This
voltage is presented to the inverting input of

the integrator to begin the cycle. When the
comparator threshold is reached, the compar-
ator changes state as before. This time,
however, because the external applied volt-
age to the same inverting input is present, the
amount of current available to the input is
controlled by the external voltage and not by
the feedback voltage. Once the component
values are selected, the applied voltage, V¢,
sets the frequency of oscillation because the
current available to the integrating capacitor
determines the charging time constant and,
therefore, the frequency. The more positive
the V¢, the more current that is available and
the higher the frequency of oscillation. The
converse is also true with minor differences. It
is interesting to note here that other low-
voltage amplifiers are not able to perform as
well as the NE5230 in this circuit. One reason
is that the NE5230 input voltage swing is able
to exceed the rails by 250mV and still operate
within its linear region. For a given set of
conditions, then, the frequency range of the
NE5230 is wider than conventional low-volt-
age op amps. The frequency of this circuit
can also be changed by changing the value of
the integrating capacitor. The smaller the
capacitor, the higher the frequency for a
given set of conditions.
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Low-Voltage Gated Function Generator: NE5230

AN1511

100k
Ve 50k
o
50k 50k
< 50k
lQ 10k
Av‘v‘v
2N2222
To-Vee
TC15561S
NOTE:
*See text.
Figure 2. Function Generator
PERFORMANCE frequencies could be changed from 20Hz to

The circuit in Figure 2 is the complete low-
voltage function generator. The measure-
ments were taken at room temperature with
only two AA batteries supplying the power.
The outputs were loaded with 20052 for the
sine and triangular wave outputs and 5052 for
the square wave output. The output voltage
for the sine wave was * 1V. The square wave
output swung from rail to rail while the output
voltage of the triangular wave varied with the
input voltage, Vc. This was due, of course, to
the collector-emitter voltage requirements of

the transistor.

The distortion of the Wien bridge was 0.015%
at the lowest frequency and 0.09% at the
highest. Using the different capacitor values,
the frequency was varied from minimum to
maximum using the ganged 10k2 pot. The

3-70

2.5kHz. It was necessary to include a 5002
resistor in each leg of the bridge to prevent
the complete saturation of the amplifier when
the potentiometer was in one extreme of its
travel. In addition, a small adjustment resistor
was used in the negative feedback loop to
adjust the gain and to compensate for the
slow thermal time constant of the lamp.

The maximum frequency obtained by the
VCO was 9.7kHz with V¢ = 1.65V with + 1.4V
batteries. The frequency varied from 8.4kHz
to 1.6kHz with + 1 (V) applied with a 0.001uF
integrating capacitor.

CONCLUSIONS
Some things could have been done different-
ly to improve the operation of these circuits.

The thermal time constant of the non-linear
elements was an inhibiting factor in the low-
frequency operation of the Wien bridge. A
diode or FET will work better here. Extreme
ambient temperature will change the operat-
ing point of the lamp and, therefore, the
output amplitude. Some non-symmetrical out-
put was seen when operating the VCO at the
lower frequencies. This is due to the influence
of the transistor, as described previously.

Finally, the NE5230 has yet another feature:
the bias adjust pin. This pin is intended to be
used to control the power supply current. The
power supply current is controlled by de-
creasing the internal bias current of the op
amp. When the bias current is decreased, the
transconductance, gy, of the input stage is
reduced; this, in turn, lowers the —3dB band-
width. In addition, this pin can be used to turn
the op amp on or off. If the voltage at the bias
adjust pin is moved to 50mV above the
voltage at the Vge pin, the output becomes
severely attenuated. The op amp, for all
intents and purpose, is off. If, on the other
hand, the bias adjust pin is moved to 50mV
below the voltage at the Vge pin, the band
width and the slew rate are increased. The
user should exercise care when doing this.

The NE5230 is a versatile, low-voltage op
amp. It has been demonstrated that the
device can be used in a variety of different
ways. Its ability to swing within 100mV of the
output, its input voltage which can exceed the
power supply voltage, and its programmable
power supply current, make it a leader of low-
voltage op amps.

REFERENCES:

Modern Electronic Circuit Reference Manual,
John Markus

Raytheon 1984 Data Manual
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DESCRIPTION

The 530 is a new generation operational
amplifier featuring a high slew rate com-
bined with improved input characteris-
tics. Internally compensated, the SE530
guarantees slew rates of 25V/us with
2mV typical offset voltage. Industry stan-
dard pinout and internal compensation
allow the user to upgrade system perfor-
mance by directly replacing general pur-
pose amplifiers such as the 741 and
LF356 types.

ORDERING INFORMATION

NE/SE530

High Slew Rate Operational

Amplifier

Product Specification

FEATURES

e Gain bandwidth product — 3MHz

e 35V/us slew rate (gain =-1)

e Internal frequency compensation

e Low input offset voltage 2mV
max.

e Low input bias current — 60nA
max.

e Short-circuit protection

e Offset null capability

e Large common-mode and
differential voltage ranges

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to +70°C NE530N
8-Pin Ceramic DIP 0 to +70°C NES30FE
8-Pin Plastic DIP -55°C to +125°C SE530N
8-Pin Ceramic DIP -55°C to +125°C SE530FE

EQUIVALENT SCHEMATIC EACH AMPLIFIER
vee
—O7
-IN
+IN
) "l @
b
‘P
Vee]
) )
cG
— -~
N <
Pt T
[V | Y
3
b Vee
-0 4
LDO7411S

PIN CONFIGURATION

OFFSET
ADJUST

1

INVERTING
INPUT E

NON- INVERTING
INPUT E

v [

FE, N Packages

> |

5

TOP VIEW

(8] ne
(7] ve

3 ourPuT

OFFSET
ADJUST

CD11790S
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High Slew Rate Operational Amplifier NE/SE530
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage
SE530 +22 \
NE530 +18 \
P Maximum power dissipation
b Ta =25°C (still air)’
F package 780 mwW
N package 1160 mwW
Voirr Differential input voltage +30 \
VN Input voltage 15 \
Ta Operating temperature range
SE530 -55 to +125 °C
NE530 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
TsoLp Lead soldering temperature (10sec max) 300 °C
Isc Output short circuit Indefinite
NOTE:
1. Derate above 25°C, at the following rates:
F package at 6.2mW/°C
N package at 9.3mW/°C
DC ELECTRICAL CHARACTERISTICS Ta=25°C, Voo =t 15V, unless otherwise specified.
SES530 NES30
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vos Input offset voltage Rg < 10k2 0.7 4.0 2.0 6.0 mV
Over temperature 5.0 7.0 mV
AVos Temperature coefficient of input Over temperature 3 15 6 uv/°c
offset voltage
los Input offset current 5 20 15 40 nA
Over temperature 40 80 nA
Alps Input offset current Over temperature 25 40 pA/°C
Igias Input bias current 45 80 65 150 nA
Over temperature 200 200 nA
Algias Input current Over temperature 50 80 pA/°C
Rin Input resistance 3 10 1 6 MQ
Vem Input common mode voltage range +12 | +13 +12 | £13 v
AvoL Large signal voltage gain RL =2k, Vo =+10V 50 200 50 200 V/mV
Over temperature 25 25 V/mV
Vour Output voltage swing R = 10k2 12 | £14 +12 14 \
R =2k +10 | +13 +10 | £13 \
Isc Output short-circuit current 10 25 50 10 25 50 mA
Rout Output resistance 100 100 Q
lcc Supply current Each amplifier 2.0 3.0 20 3.0 mA
Over temperature 2.2 3.6 2.2 mA
CMRR | Common-mode rejection ratio Rs < 10k2 70 90 70 90 dB
Over temperature
PSRR Power supply rejection ratio Rs < 10k2 30 150 30 150 \74%
Over temperature
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High Slew Rate Operational Amplifier NE/SE530

AC ELECTRICAL CHARACTERISTICS T, =25°C, V¢ =+ 15V, unless otherwise specified.

SES530 NE530

SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max

Transient Response

1] Small-signal rise time 0.06 0.06 us
Small-signal overshoot 13 13 %
ts Settling time To 0.1% (10V step) 0.9 0.9 us
SR Slew rate £15V supply, Vo = +10V, R =>2kQ2
Unity gain inverting 25 35 20 35 V/us
Unity gain non-inverting 18 25 12 25 V/us
X 5% THD, Vg = 10V, y
BW Power bandwidtr: RL > 2k 360 | 500 280 | 500 kHz

Small-signal bandwidth Open-loop 3 3 MHz

Vnoise | Input noise voltage f=1kHz 30 30 nV/VHz
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High Slew Rate Operational Amplifier NE/SES30

TYPICAL PERFORMANCE CHARACTERISTICS

Output Voltage Swing Input Common-Mode Output Short-Circuit Current
as a Function of Voltage Range as a as a Function of
Supply Voltage Function of Supply Voltage Ambient Temperature
40 [Css°ce TaS+125°C 18 »
36 |RL> 2kn S /
s 18— . 7 ~
P x ¥ 55°CSTp<+125°C N 2., N
<] z 14 / E
Z 2 H S
H /' w 12 Va g
- 24 ¢ / g 25 =
2 A 5 0 3 D
= 20 o [
> / > 3
(<] A w 8 o N
w 16 a g 2
-4 v $ G N
a s y
12 z /] =
o o «
" s 4 o
£ - d 3
W, o 2
° o 10
5 10 15 20 5 10 15 20 -680 -20 20 60 100 140
SUPPLY VOLTAGE (:V) SUPPLY VOLTAGE (:V) TEMPERATURE (°C)
0P13210S 0P13220S 0P13230S
Input Noise Voltage Input Noise Current Power Consumption
as a Function of as a Function of as a Function of Supply Voltage
Frequency Frequency (Each Amplifier)
100 1 100
- - Ta = 25°C
S \ i
2 3 z /
3 a [<]
w |4 I /
[T} z 3 60 g
= y N 3
510 € 2
g 3 3 A
w w O 4
@ @ [ /
o o y /
z z <
- (3 a
g Vg =15V g 20 Ve
z Tp = 25°C z -
Vg = :15V
Tp = 25°C
1 01 A 0
10 100 1000 10 100 1K 10K 100K 5 10 15 20
FREQUENCY (Hz) FREQUENCY (Hz) SUPPLY VOLTAGE ( :v)
op1aze0s op1a2s08 op132608
Power Consumption
Input Bias Current as a Function of Output Voltage Swing
as a Function of Ambient Temperature as a Function of
Ambient Temperature (Each Amplifier) Load Resistance
100 BVg=zisv A
70 26 }T, =25°C
90 T = A
Vg = 15V ?
E 80 %‘ = g 24
£ 70 z % z 2
z z »
w (=]
g 60 3 ot 5 2
3 1 g
® % S 2 50 5 1 A
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z 2 5
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10 30 g 10 1
[ o /
-60  -20 20 60 100 140 -60 -20 20 60 100 140 180 01 02 05 10 20 60 10
TEMPERATURE (-C) TEMPERATURE (°C) LOAD RESISTANCE (k)
0P13270S 0P13280S 0P13290S
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High Slew Rate Operational Amplifier NE/SE530

TYPICAL PERFORMANCE CHARACTERISTICS

Gain Bandwidth Product

NES30 Open-Loop Gain and Phase Margin vs
and Phase vs Frequency Load Capacity Power Bandwidth
T
Vg :15V
Ta-25°C ~
s0 I~ 3 n: 2kn
\ GBW s
GAIN ~ s
100 -
g ' B .
2 80 0 K] 5
5 60 \ ~N 3 \ 2 E g 25
© N N Frase so g \ H ; 2 \
%0 B <4 100 20 o b ‘
\ / w15
20 150 oM H \
\\ 10 1 &
o 200 \
s \J
o
10 100 ALY 10K 100K 1M oM 10 100 1000 °
100 ALY 10K 100K ™
FREQUENCY (Ha) CLeh) FREQUENCY (Hz)
OP13300S 0P13310S OP13320S
Input Voltage Step vs
Settling Time to 10mV Slew Rate — Voltage-Follower Slew Rate (-1 Amplifier)
Vin= 110V ViN= 210V
SQUARE WAVE 220kHz SQUARE WAVE 220kHz
g
a
g
20 S S
15 a S (ST UUUUUURTUUUN SUUTE SUNNE SURUTRRRIN SR
10 I
5.0 14
o
01 1.0 10.0
SETTLING TIME (us) 1.8/0IV 14S/DIV
0P133308 0P13340S OP13350S

TYPICAL CIRCUIT CONNECTION

LD07440S

Offset Adjust Circuit
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High Slew Rate Operational Amplifier NE/SE530

TEST LOAD CIRCUITS

0.1uF
10K 10K
Vin MA—— AAA~
ouTtpuT NES30
/ﬂ. Vour

R\t

>
xQ
b3

Sy TR

O = = =
Vee = =

808
NOTES:
Pins not shown are not connected.
All resistor values are typical and in ohms.
Slew Rate and Settling Time High Slew Rate — Inverting Amplifier
10v
15
0.1F 10v {‘——L
= INPUT X
10K v
A
ouTeuT
- >
<
NE530 > 100eF
Vour i
P e
Vin . . = ’ - -4:|ox‘
xS 100pF i
>
71- < . 4
0.1uF K T = =
I AA-
- = = - FALSE
= SUMMING IN916 IN916
15 NODE OR EQUIV| OR EQUIV.
TC150908 =
T
NOTES:

Pins not shown are not connected.

All resistor values are typical and in ohms.
*Match to within 0.01%.

**Open for slew rate.

High Slew Rate — Voltage-Follower Testing Slew Rate and Settling Time
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NE/SE530

VOLTAGE WAVEFORMS

50mv

INPUT
50%

10 pr—

OVERSHOOT

TYP  25Vius
BETWEEN -5V
AND -5V

QUTPUT -50%

TYP 60V/us

OVERSHOOT Vos

RISE TIME WF18480S

WF184708

Small-Signal Transient Response
Definitions

Slew Rate — Voitage-Follower

10

-5
TYP 35V/ius SLEW RATE

MEASURED
.5 BETWEEN
-5V AND -

WF18430S

Slew Rate — Inverting Amplifier

377






Linear Products

DESCRIPTION

The 531 is a fast slewing high perfor-
mance operational amplifier which re-
tains DC performance equal to the best
general purpose types while providing
far superior large-signal AC perfor-
mance. A unique input stage design
allows the amplifier to have a large-
signal response nearly identical to its
small-signal response. The amplifier is
compensated for truly negligible over-
shoot with a single capacitor. In applica-
tions where fast settling and superior
large-signal bandwidths are required, the
amplifier out-performs conventional de-
signs which have much better small-
signal response. Also, because the
small-signal response is not extended,
no special precautions need be taken
with circuit board layout to achieve sta-
bility. The high gain, simple compensa-
tion, and excellent stability of this ampli-
fier allow its use in a wide variety of
instrumentation applications.

ABSOLUTE MAXIMUM RATINGS

NE/SE531

High Slew Rate Operational

Amplifier

Product Specification

FEATURES

e 35V/us slew rate at unity gain

o Pin-for-pin replacement for
HA709, A748, or LM101

o Compensated with a single
capacitor

e Same low drift offset null
circuitry as uA741

o Small-signal bandwidth 1MHz

e Large-signal bandwidth 500kHz

e True op amp DC characteristics
make the 531 the ideal answer
to all slew rate limited
operational amplifier applications

PIN CONFIGURATIONS

N, FE Packages

OFFSET NULL [T]
INVERTING px1
INPUT

NON-INVERTING [}
INPUT
v~ {4

H Package'!

FREQ. COMP.

OFFSET NULL
INVERTING INPUT \

NON-INVERTING INPUT

NOTE:
1. Metal cans (H) not recommended for new

designs.

[8] FREQ. COMP.

(5] OFFSET NULL

cD117708

CD11780S

SYMBOL PARAMETER RATING UNIT
Vs Supply voitage +22 \
PmAx Maximum power dissipation

Ta =25°C (still-air)?
FE package 780 mwW
N package 1160 mwW
H package 830 mwW
Differential input voltage 15 \'
Vom Common-mode input voltage? £15 v
Voltage between offset null and V- +0.5 Vv
Ta Operating ambient temperature range
NE531 0 to +70 °C
SE531 -55 to +125 °C
Tsta Storage temperature range -65 to +150 °C
TsoLp Lead soldering temperature (10sec max) 300 °C
Output short-circuit duration® indefinite
NOTES:

1. The following derating factors should be applied above 25°C:

FE package at 6.2mW/°C
N package at 9.3mW/°C
H package at 6.7mW/°C.

n

voltage.

w

+75°C ambient temperature.

. For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply

. Short-circuit may be to ground or either supply. Rating applies to +125°C case temperature or to

379
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High Slew Rate Operational Amplifier NE/SE531

EQUIVALENT SCHEMATIC

3-80

INPUT
:i} +
I 1
Q, Q9 Ryg-33 l
Qg 920
[
Qg
SRg.2
Ry2.2 Rg 2.2 3
»—'3077 0 LA 4 :zsz Rpg .04
Ny Ryg 10 7X a 930
B A—A K { A et '—gs Oez
Q4 - Qy | 9 { 'WO”
SP1e-3 Rp10g
Q39 o
32
—
°1s>— . Q33
:E Ry 6.5 oz’r\/"i -
OFFSET | Fesg l/'\o,, rr
P A a——
PP 2 IRT 1308 | 3y 348 Snya
vo—
. .
OFFSET ADJUST FREQUENCY
COMPENSATION
Loo7a21s
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to +70°C NE5S31N
8-Pin Ceramic DIP 0 to +70°C NES31FE
8-Pin Metal Can 0 to +70°C NES531H
8-Pin Plastic DIP -55°C to +125°C SE531N
8-Pin Ceramic DIP -55°C to +125°C SE531FE
8-Pin Metal Can -55°C to +125°C SE531H
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Product Specification

High Slew Rate Operational Amplifier NE/SE531
DC ELECTRICAL CHARACTERISTICS Vs =15V, unless otherwise specified.
SE531 NE531
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Rs < 10kS2, Tp =25°C 2.0 5.0 2.0 6.0 mV
Vos Offset voltage Rg < 10kS2, over temp 6.0 75 mv
AVos Over temp 10 10 uv/°C
Ta=25°C 30 200 50 200 nA
los Offset current Ta = High 200 200 nA
Ta = Low 500 300 nA
Alps Over temp 0.4 0.4 nA/°C
T=25°C 300 | 500 400 | 1500 nA
Igias Input bias current Ta = High 500 1500 nA
Ta = Low 1500 2000 nA
Algias Over temp 2 2 nA/°C
Vom Common-mode voltage range Ta=25°C +10 +10 \'
CMRR Common-mode rejection ratio Ta =25°C, Rg < 10kQ2 70 100 dB
Over temp Rg < 10k2 70 90 dB
Rin Input resistance Ta=25°C 20 20 MQ
Vout Output voltage swing R = 10kS2, over temp +10 | £13 +10 | +13 Vv
lcc Supply current Ta=25°C 7.0 10 mA
Tmax 7.0 10 mA
Pp Power consumption Ta=25°C 210 300 mwW
- . Rs < 10kS2, Tp =25°C 10 150 uv/v
PSRR Power supply rejection ratio Rs < 10k, over temp 10 150 AV
Rout Output resistance Ta=25°C 75 75 Q
Ta=25°C,
RL= 10K, Vour = 10V 50 100 20 60 V/mV
. . RL = 10kS2, Voyt = £ 10V,
AvoL Large-signal voltage gain over temp 25 15 V/mV
VINN input noise voitage 25°C, f=1kHz 20 20 nV/VHz
Isc Short-circuit current 25°C 5 15 45 5 15 45 mA
AC ELECTRICAL CHARACTERISTICS T, =25°C, Vg =*15V, unless otherwise specified.’
NE531 SE531
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
BW Full power bandwidth 500 500 kHz
Settling time (1%) _ 4 1.5 1.5 us
ts ©0.1%) Av=+1, Vin =210V 25 25 us
Large-signal overshoot Ay=+1, Vjy=110V 2 2 %
Small-signal overshoot Ay = +1, V)N =400mV 5 5 %
tr Small-signal rise time Ay = +1, V)y = 400mV 300 300 ns
SR Slew rate Ay =100 35 35 V/us
Ay =10 35 35 V/us
Ay =1 (non-inverting) 30 20 30 V/us
Ay =1 (inverting) 35 25 35 V/us
NOTE:

1. All AC testing is performed in the transient response test circuit.
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High Slew Rate Operational Amplifier

NE/SE531

TEST LOAD CIRCUITS

Offset Null Circuit

TC149708

Transient Response Circuit

510

Eout

30pf
2K

TC14980S

TYPICAL PERFORMANCE CHARACTERISTICS Vvs=+15V, To= +25°C, unless otherwise specified.

Input Offset
Current as a Function
of Ambient Temperature

INPUT OFFSET CURRENT — nA

o
-60 -20 20 60 100 140

TEMPERATURE — C
OP130308

Closed-Loop Non-inverting
Voltage Gain as a
Function of Frequency

+60 NJav=1000, Ri=560, T T 1
+50 Ce=2F, E’ our
Rt=
+40 g 150KQ
Av =100, Ri = 5000, \L

+30 fCe=2pF 11

T [N
Av =10, Ri =5.5K0, Cc = 10pF [\
+20 N
Av=1,Ri=00,Cc =100p
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High Slew Rate Operational Amplifier NE/SE531

TYPICAL PERFORMANCE CHARACTERISTICS Vg=t15V, Tp= + 25°C, unless otherwise specified.
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Product Specification

High Slew Rate Operational Amplifier

NE/SE531

TYPICAL APPLICATIONS
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High Slew Rate Operational Amplifier

Product Specification
NE/SE531
TYPICAL APPLICATIONS
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Product Specification

High Slew Rate Operational Amplifier

NE/SE534

CYCLIC A-TO-D CONVERTER

One interesting, but much ignored, A/D con-
verter is the cyclic converter. This consists of
a chain of identical stages, each of which
senses the polarity of the input. The stage
then subtracts Vger from the input and dou-
bles the remainder if the polarity was correct.
In Figure 1, the signal is full-wave rectified
and the remainder of V|\ - VRer is doubled. A
chain of these stages gives the gray code
equivalent of the input voltage in digitized
form related to the magnitude of Vger. Pos-

sessing high potential accuracy, the circuit
using NE531 devices settles in Sus.

TRIANGLE AND SQUARE WAVE
GENERATOR

The circuit in Figure 2 will generate precision
triangle and square waves. The output ampli-
tude of the square wave is set by the output
swing of op amp A-1, and R1/R2 sets the
triangle amplitude. The frequency of oscilla-
tion in either case is:

f=— - — )

The square wave will maintain 50% duty
cycle even if the amplitude of the oscillation is
not symmetrical.

The use of the NE531 in this circuit will allow
good square waves to be generated to quite
high frequencies. Since the amplifier A1 runs
open-loop, there is no need for compensa-
tion. The triangle-generating amplifier must
be compensated. The NE5535 device can be
used as well, except for the lower frequency
response.

*Vee
10K

O LoGic ouT

20K

(o]
VREF

TC15051S

Figure 1. Cyclic A-to-D Converter
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Figure 2. Triangle and Square Wave Generator
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DESCRIPTION

The 532/358/LM2904 consists of two
independent, high gain, internally fre-
quency-compensated operational ampli-
fiers designed specifically to operate
from a single power supply over a wide
range of voltages. Operation from dual
power supplies is also possible, and the
low power supply current drain is inde-
pendent of the magnitude of the power
supply voltage.

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 is temperature-
compensated. The input bias current is
also temperature-compensated.

EQUIVALENT CIRCUIT

NE/SA/SE532/

LM158/258 /358 /2904

Low Power Dual Operational

Amplifiers

Product Specification

FEATURES

® internally frequency-compensated
for unity gain

® Large DC voitage gain — 100dB

® Wide bandwidth (unity gain) —
1MHz (temperature-compensated)

® Wide power supply range single
supply — 3Vpc to 30Vpc or dual
supplies — + 1.5Vpc to + 15Vpc

® Very low supply current drain
(400uA) — essentially independent
of supply voltage (imW/op amp
at +5Vp¢)

® Low input biasing current —
45nApc temperature-
compensated

® Low input offset voltage —
2mVpc and offset current —
5nApc

o Differential input voltage range
equal to the power supply
voltage

® Large output voltage — 0Vp¢ to
V+ 1.5Vpc swing

PIN CONFIGURATIONS

D, FE, N Packages

ourput A [T}
INVERTING
weut A [Z]
NON INVERTING
weut A (2]

=

NON INVERTING
[5] INPUT B

CD117508 |

vto—y !
é&m 100.A % éG»A J
Qs
J Q6
Tec
a7
Q2 Q@3 Rsc
ouTPUT
- Q1 Q4
INPUTS = —
= = an Q13
+ O——
[V 504A
b m U [+3F) \)
B h‘%ﬁs

TC149308
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Low Power Dual Operational Amplifiers LM158 /ggé?:égfgggﬁ
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO 0 to +70°C NE532D
8-Pin Plastic DIP 0 to +70°C NE532N
8-Pin Ceramic DIP 0 to +70°C NE532FE
8-Pin Plastic SO -40°C to +85°C SA532D
8-Pin Plastic DIP -40°C to +85°C SA532N
8-Pin Ceramic DIP -40°C to +85°C SAS32FE
8-Pin Plastic SO -40°C to +85°C LM2904D
8-Pin Plastic DIP -40°C to +85°C LM2904N
8-Pin Plastic DIP -25°C to +85°C LM158N
8-Pin Ceramic DIP -25°C to +85°C LM158FE
8-Pin Plastic DIP -25°C to +85°C LM258N
8-Pin Ceramic DIP -25°C to +85°C LM258FE
8-Pin Plastic SO -25°C to +85°C LM358D
8-Pin Plastic DIP -25°C to +85°C LM358N
8-Pin Ceramic DIP -25°C to +85°C LM358FE
8-Pin Plastic DIP -55°C to +125°C SE532N
8-Pin Ceramic DIP ~55°C to +125°C SE532FE
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vs Supply voltage, V+ 32 or £16 Vpc
Differential input voltage 32 Voc
Vin Input voltage -0.3 to +32 Voc
Maximum power disiipation
Ta = 25°C (Still air)
S e e | mw
D package 780 mw
Output short-circuit to GND?
V+ <15 Vpc and Ty =25°C Continuous
Operating ambient temperature range
NE532/LM358 0to +70 °C
Ta LM258 -25 to +85 °C
SA532/LM2904 -40 to +85 °C
SE532/LM158 -55 to +125 °C
TstG Storage temperature range -65 to +150 °C
TsoLp Lead soldering temperature (10sec max) 300 °C
NOTE:

1. Derate above 25°C, at the following rates:
FE package at 6.2mW/°C
N package at 9.3mW/°C
D package at 6.2mwW/°C
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Low Power Dual Operational Amplifiers LM158 /254 / 35/8 /2 902
DC ELECTRICAL CHARACTERISTICS T, =25°C, V+ = +5V, unless otherwise specified.
SE532, LM158/258 NE/SA532/LM358/2904
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Rs =082 +2 +5 +2 7 mV
1 s
Vos Offset voltage Rs = 052, over temp. +7 +9 mV
Vos Drift Rg = 052, over temp. 7 7 uV/7/°C
) Iin (+) = Iin (=) +3 +30 +5 +50 nA
los Offset current Over temp. +100 +150 nA
Drift Over temp. 10 10 pA/°C
I (+) or (=) 45 150 45 250 nA
2 IN IN
Input current Over temp., i (+) or I (=) 40 | 300 40 | 500 nA
Ig Drift Over temp. 50 50 pA/°C
Vem Common-mode voltage V+ =30V 0 V+-15 0 V+-1.5 \"
range® Over temp., V+ =30V ] V+-20| 0 V+ -2.0 \%
CMRR | Common-mode rejection V+ =30V 70 | 85 65 | 70 dB
) Ry > 20kS2, V+ =30V,
VoH Output voltage swing over temp 26 26 \
> =
RL =>10kS2, V+ =30V, 27 28 27 28 v
over temp.
Vou Output voltage swing R = 10kS2, over temp. 5 20 5 20 mV
R =, V+ =30V
lcc Supply current Ry =< on all amplifiers, g'g 12 82 12 ::
over temp., V+ =30V : i ) i
RL = 2k§2, Voyt 10V,
A Large-signal voltage gain V+ =15V 50 100 25 100 V/mV
VoL arge-sig ge g (for large Vo swing) 25 15 V/mv
over temp.
psrR | Supely voltage rejection Rs = 002 65 | 100 65 | 100 B
Ampllfler;to-ampllfler f==. 1kHz to 20kHz ~120 ~120 dB
coupling (input referred)
! Output current Vine = +1Vpg, Vin- = 0Vpg,
lour Source V+ = 15Vpg 2 40 20 40 mA
Vine = +1Vpe, Vin- = 0Vpe.
V+ = 15Vpc, over temp. 10 20 10 20 mA
- Vin- = +1Vpe, Vine = 0Vpe.
Sink V+ = 15Vpe 10 20 10 20 mA
Vin- = +1Vpg, Vine =0Vpc,
V+ = 15Vpc, over temp. 5 8 5 8 mA
Vin+ =0V, Vin- = +1Vpg,
Vo = 200mV 12 50 12 50 A
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NE/SA/SE532/
LM158,/258/358,/2904

Low Power Dual Operational Amplifiers

DC ELECTRICAL CHARACTERISTICS (Continued) Ta=25°C, V+ = +5V, unless otherwise specified.

SE532, LM158/258 NE/SA532/LM358/2904
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Isc Short circuit current® 40 60 40 60 mA
Differential input voltage® V+ V+ \Y
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 = 1.4V, Rg =002 with V+ from 5V to 30V; and over the full input common-mode range (OV to V+ -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 V+ -1.5V, but either or both inputs can go to +32V without damage.

4. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected
as this type of capacitance coupling increases at higher frequencies.

5. Short-circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA independent of
the magnitude of V+. At values of supply voltage in excess of + 15Vpc, continuous short-circuits can exceed the power dissipation ratings and cause eventual
destruction.

6. 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 V+ —1.5V, but either or both inputs can go to +32Vpc without damage.
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Product Specification

Low Power Dual Operational Amplifiers

NE/SA/SE532/
LM158,/258/358,/2904

TYPICAL PERFORMANCE CHARACTERISTICS
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Low Power Dual Operational Amplifiers

NE/SA/SE532/
LM158,/258/358,/2904

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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DESCRIPTION

The NE/SE538 is a new generation
operational amplifier featuring high slew
rates combined with improved input
characteristics. Internally-compensated
for gains of 5 or larger, the SE538 offers
guaranteed minimum slew rates of 40V/
us or larger. Industry standard pinout
and internal compensation allow the
user to upgrade system performance by
directly replacing general purpose ampli-
fiers, such as 748, 101A and 741.

NE/SE538

High Slew Rate Op Amp

Product Specification

FEATURES

e 2mV typical input offset voltage

® 80nA max input offset current

e Short-circuit protected

e Offset null capability

e Large common-mode and
differential voltage ranges

® 60V/us typical slew rate (gain of
+5, -4 min)

e 6MHz typical gain bandwidth
product (gain +5, -4 minimum)
o Internal frequency compensation

(gain of +5, -4 minimum)
e Pinout: standard single op amp
(748, 101A, 741, etc).

EQUIVALENT SCHEMATIC (EACH AMPLIFIER)

PIN CONFIGURATIONS
FE, N Packages

OFFSET
noLe L [5] ne

INVERTING
weur [Z] 7] v-
NONINVERT-
G weur L2 [6] ourpur
5] OFFseT

v- s NULL

TOP VIEW
CD117208

H Package'

OFFSET ADJUST

CD11730S
NOTE:
1. Metal cans not recommended for new designs.

vee

*IN

AA
VWA~

AYH
n 4

AA

-O7

"

VA4

Vee

=L

LDO7411S
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Product Specification

High Slew Rate Op Amp

NE/SE538

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic DIP 0 to +70°C NE538N
8-Pin Ceramic DIP 0 to +70°C NES538FE
8-Pin Metal Can 0 to +70°C NE538H
8-Pin Plastic DIP -55°C to +125°C SE538N
8-Pin Ceramic DIP -55°C to +125°C SE538FE
8-Pin Metal Can -55°C to +125°C SE538H

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vco Supply voltage
SE military grade +22 \"
NE commercial grade +18 \
Pp Maximum power dissipation,
Ta=25°C (still air)’
F package 780 mwW
N package 1160 mwW
Voier Differential input voltage +30 \"
Vin Input voltage? +15 v
Ta Operating ambient temperature range
SE military grade -55 to +125 °C
NE commercial grade 0to 70 °C
Output short-circuit® indefinite
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 6.2mW/°C
N package at 9.3mw/°C

2. For supply voltages less than * 15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short-circuit may be to ground or either supply. Rating applies to 125°C case temperature or 75°C ambient

-temperature.
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Product Specification

High Slew Rate Op Amp NE/SE538
DC ELECTRICAL CHARACTERISTICS T, =25°C, Vg =+15V, unless otherwise specified.
SE538 NE538
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
v Input offset voltage Rs < 10kQ2 0.7 4.0 2.0 6.0 mV
0s P g Rs < 10KSY, over temp. 5.0 7.0 mv
AVps Input offset voltage drift Rs = 082, over temp. 4.0 6.0 uv/°C
los Input offset current 5 20 15 40 nA
Over temp. 40 80 nA
Alps Input offset current Over temp. 25 40 pA/°C
Is Input current 45 80 65 150 nA
Over temp. 200 200 nA
Alg Input current Over temp. 50 80 pA/°C
Vem Input common-mode voltage range +12 | 13 +12 | 13 \"
CMRR | Common-mode rejection ratio Rg < 10kS2, over temp. 70 90 70 90 dB
PSRR Power supply rejection ratio Rs < 10kS2, over temp. 30 150 30 150 MV/V
RIN Input resistance 3 10 1 6 MQ
RL 2 2k, , Vour =+ 10V 50 | 200 50 | 200 V/mv
AvoL Large-signal voltage gain Over temp., 25 25 V/mV
RL 2 2kS2, Vout =+10V
Over temp., R = 2kQ2 10 | 13 +10 13 Vv
Vour | Output voltage Over temp., RL> 10kQ | +12 | +14 £12 | £14 v
| Supply current Per amplifier 2 3 2 3 mA
cc pply cu Over temp., per amplifier 22 | 36 22 | 36 mA
P Power dissipation Per amplifier 60 90 60 90 mwW
D ower P Over temp., per amplifier 66 | 108 66 | 108 mw
Isc Output short-circuit current 10 25 50 10 25 50 mA
Rout Output resistance 100 100 Q
AC ELECTRICAL CHARACTERISTICS T, =25°C, unless otherwise specified.
SE538 NE538
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Gain bandwidth product
GBW (Gain +5, -4 minimum) 6 6 MHz
Transient response
tr Small-signal rise time 0.25 0.25 us
Small-signal overshoot 6 6 %
ts Settling time To 0.1% 1.2 1.2 us
Minimum gain =5
SR Slew rate Noninverting R, > 2k 40 60 60 V/us
VNoise | Input noise voltage f=1kHz, Tp =25°C 30 30 nV/VHz
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High Slew Rate Op Amp NE/SE538

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

Power Consumption
as a Function of
Supply Voltage
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Ta = 25°C
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40 /

]
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20

5 10 15 20
SUPPLY VOLTAGE - :V
oP12770S

Common-Mode Rejection
Ratio as a Function of

Frequency
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o 40
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1 10 100 ALY 10k 100k 1M

FREQUENCY - Hz
0P12800S

Power Consumption
as a Function of
Ambient Temperature

Input Bias Current
as a Function of
Ambient Temperature
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Slew Rate Measurement
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Settling Time Measurement
Waveforms
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-2.5v

ALLOWABLE 90%

OouTPUT

FALSE
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NODE== ==

-15
OUTPUT
SLEW RATE SLEW RATE
V(-) TOV(+) V(+)TO V(-)
(MEASUREMENT (MEASUREMENT
PERIOD) PERIOD)
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Small-Signal Transient
Response Definitions
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TEST LOAD CIRCUITS

2N
) OUTPUT
~o/

-~
INPUT {
&7

TC153008

NOTES:
Pins not shown are not connected.
All resistor values are typical and in ohms.

Slew Rate and Small-Signal Transient Response Test Circuit

10k*
AAA
VWA —

Vee 15V

~25V "
TR2WF ZO0LF
-2.5V
“10v
25K 4
- -10v

INPUT (O AA- -
0) outPuT
>
. < .I.
Vee 4:51,_ 100pF
‘ -O- 15V T T L

25K S0k
L L r———-l b3
AR 00NF AR 22uF <
-

10k*
AA
\AAS

—o0

FALSE
SUMMING
NODE

IN916 IN916
OR EQUIV] OR EQUIV.

IO

TC14861S

NOTES:

*Match to within 0.01%.

Pins not shown are not connected.

All resistor values are typical and in ohms.

Settling Time Test Circuit
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APPLICATIONS

The internal frequency compensation is de-
signed for a minimum inverting gain of 4 and a
minimum non-inverting gain of 5. Below these
gains the NE538 will be unstable and will
need external compensation (see Figures 1
and 2).

The higher slew rate of the NE538 has made
this device quite appealing for high-speed
designs, and the fact that it has a standard
pinout will allow it to be used to upgrade
existing systems that now use the pA741 or
u748.

Equations:
. 1.6MHz) 1
LAG 10 2"R.C,
fLeap = 6MHz =

2"ReCr

VOLTAGE COMPARATOR
Inexpensive voltage comparators with only
modest parameters are often needed. The op
amp is often used in the configuration be-
cause the high gain provides good selectivity.
Figure 6 shows a circuit usable with most any
op amp. The zener is selected for the output
voltage required (5.1 volt for 