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TRADEMARKS
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BLC/BLX™™ ptalker™ STARPLEX™
CIM™ Microtalker™ STARPLEX lIT™
CIMBUS™ MICROWIRE™ SuperChip™
ClockrChek™ MICROWIRE PLUS™ SYS-16™
COPSTM microcontrollers MSTT™ TAPE-PAK™
DATACHECKER® Nitride Plus™ TDS™
DENSPAK™™ Nitride Plus Oxide™ The National Anthem™
DIB™ NML™ TimewrChek™
DIGITALKER® NSC800TM Trapezoidal™
DISCERNT™ NS16000™ TRI-CODE™
DNRT™ NSX-16™ TRI-POLY™
DPVMT™ NSCX-16™ TRI-SAFE™
E-Z-LINK™ NURAMT™™ TRI-STATE®
GENIX™ OXISS™ XMOS™

HEX 3000™™ Perfect Watch™ XPUT™
INFOCHEX™ PharmassChek™ Z STAR™
Integral ISE™ PLANTM 883B/RETS™
Intelisplay™ Polycraft™ 883S/RETS™™

Teflon® is a registered trademark of Dupont Corp.

Dolby® is a registered trademark of Dolby Labs.

Intellec® and MULTIBUS® are registered trademarks of Intel Corp.
MULTIMODULE™ is a trademark of Intel Corp.

Z809 is a registered trademark of Zilog Corp.

CX™™ is a trademark of CBS Labs.

LIFE SUPPCORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR-
PORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be reason-
or (b) support or sustain life, and whose failure to per- ably expected to cause the failure of the life support de-
form, when properly used in accordance with instructions ‘vice or system, or to affect its safety or effectiveness.

for use provided in the labeling, can be reasonably ex-
pected to result in a significant injury to the user.

National Semiconductor Corporation 2900 Semiconductor Drive, Santa Clara, California 95051 (408) 721-5000 TWX (910) 339-9240

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time
without notice, to change said circuitry or specifications. ' .
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Introduction

The 1984 Linear Supplement provides the most recent in-
formation available on National’s new linear products. This
supplement also provides a comprehensive index of prod-
uct listings published in the master databook. New products
described herein are indicated by an asterisk and bold type.
Revised datasheets are listed in bold type. National’s mas-
ter/supplement databook system allows you to make prod-
uct selections based on your knowledge of our latest prod-
uct offerings.

This supplement edition presents approximately 500 pages
of specifications. It includes applications, descriptions, fea-
tures, and diagrams of voltage regulators; op amps; voltage
comparators; A/D and D/A converters; industrial building
blocks; audio, radio, and TV circuits; advanced telecommu-
nications devices; and DIGITALKER® speech synthesis cir-
cuits, as well as other analog products. National’s linear
products offer economy, quality, and reliability. For further
information on any of our new products, contact your Na-
tional Semiconductor sales representative.

Einleitung

Der Ergédnzungsband Lineare Produkte 1984 enthilt die ak-
tuellsten Informationen Uber Nationals neue lineare Pro-
dukte. Dieser Zusatzband bietet ebenfalls ein umfassendes
Verzeichnis aller Produktaufstellungen, die im Hauptdaten-
buch enthalten sind. Hier beschriebene neue Produkte sind
in Fettdruck, mit ein *. Uberarbeitete Datenblétter sind in
Fettdruck aufgefiihrt. National-Datenbiicher - Hauptbande
und Zusatzbande - geben lhnen die Maglichkeit, Ihre
Produktwahl gem&aB unserer jlingsten Produktangebote
zu treffen.

Die vorliegende Ergénzungsausgabe umfagt etwa 500 Seit-
en Sperzifikationen. Sie enthélt Angaben zu Anwendungen,
Beschreibungen, Zus&tzen und Diagramme von Span-
nungsreglern, op amps, Spannungsvergleicher, A/D- und
D/A-Wandler, industrielle Bausteine, Audio-, Rundfunk- und
Fernsehschaltungen, neueste Telecombauteile, DIGITALK-
ER®- Sprachsynthese-Schaltungen sowie andere analoge
Produkte. Nationals lineare Produkte sind kostenglinstig,
von hoher Qualitdt und zuverldssig. Sollten Sie weitere In-
formationen Uber unsere neuen Produkte wiinschen, setzen
Sie Sich bitte mit Inrem National Semiconductor-Vertreter in
Verbindung.

Introduction

Afin de permettre & sa clientéle une mise a jour plus facile,
National Semiconductor propose en plus de sa documenta-
tion classique un Additif Linéaire 1984. Ce dernier comporte
les informations les plus récentes sur les produits nouvelle-
ment sortis ainsi qu'un index récapitulatif de ceux déja expo-
sés dans le livre principal.

Les produits nouveaux qu’il comporte sont signales par une
astérisque et des caractéres gras. Les fiches techniques
mises a jour sont imprimées en caractére gras. Ce nouveau
systéme a pour but d’orienter la clientéle sur les produits les
plus récents.

L’edition supplémentaire contient & peu prés 500 pages de
specifications. Elle comprend possibilités d’application, de-
scriptions, unités supplémentaires, courbes caracteristiques
de regulateurs de tension, op amps, comparateurs de ten-
sion, convertisseurs A/D et D/A, modules industriels, cir-
cuits audio, radio et TV, dispositifs avancés de télecommu-
nication, circuits de synthése de parole Digitalker, ainsi que
d’autres produits analogiques. Les produits linéaires de Na-
tional sont économiques, de haute qualite et fiables. Si vous
désirez des renseignements supplémentaires sur nos pro-
duits nouveaux, veuillez vous adresser a votre représentant
local de National Semiconductor.

Introduzione

Il supplemento 1984 al catalogo “LINEAR” della National
fornisce le piu aggiornate informazioni sui nuovi prodotti li-
neari. Questo supplemento presehta, inoltre, un indice com-
pleto di tutti i prodotti che sono pubblicati sul catalogo prin- _
cipale. | nuovi prodotti descritti nel supplemento sono carat-
terizzati in neretto, con una *.

| fogli tecnici (datasheets) corretti sono pubblicati in neretto.
Il sistema catalogo principale/supplemento permette una
perfetta scelta dei prodotti, grazie alle pit recenti ed aggior-
nate informazioni disponibili sugli stessi.

Questo supplemento presenta circa 500 pagine di speci-
fiche. Esso comprende applicazioni, descrizioni, caratteris-
tiche e diagrammi su: regolatori di tensione, amplificatori op-
erazionali, convertitori A/D e D/A, circuiti dedicati per sis-
temi industriali, circuiti audio e radio/TV, dispositivi avanzati
per telecomunicazioni, circuiti per la sintesi del parlato DIGI-
TALKER oltre a numerosi altri.

| prodotti lineari della National Semiconductor offrono quali-
ta, affidabilita e soluzioni economiche.

Per ulteriori informazioni sui prodotti elencati Vi preghiamo
di contattare il nostro ufficio vendite pil vicino. '

S-5







Table of Contents

SECTION | - AMPLIFIERS
Buffer Amplifiers
LH0033/LH0033A, LH0033C/LH0033AC, LH0063/LH0063C Fast and Damn Fas
Buffer Amplifiers. . ............ i i e eeen
Combined Functions
LM10/LM10B(L)/LM10C(L) Op Amp and Voltage Reference ........................
Instrumentation Amplifiers '
LH0036/LH0036C Instrumentation Amplifier. ........................ e
LH0038/LH0038C True Instrumentation Amplifier .............. ... ...l
LHO0084/LH0084C Digitally Programmable Gain Instrumentation Amplifier .............
LH0086/LH0086C Digitally Programmable Gain Amplifier ..................... ...
LM121/LM221/LM321, LM121A/LM221A/LM321A Precision Preamplifiers ...........
LM163/LM363 Precision Instrumentation Amplifier ..............................
LM725/LM725A/LM725C (Instrumentation) Operational Amplifier....................
Operational Amplifiers .
LF147/LF347 Wide Bandwidth JFET Input Operational Amplifier .....................
LF155/LF156/LF157 Series Monolithic JFET Input Operational Amplifiers.............
LF351 Wide Bandwidth JFET Input Operational Amplifier .................. ... . ...
LF353 Wide Bandwidth Dual JFET Input Operational Amplifier .......................
LF400C Fast Settling JFET Input Operational Amplifier..............................
LF411A/LF411 Low Offset, Low Drift JFET Input Operational Amplifier................
LF412A/LF412 Low Offset, Low Drift Dual JFET Input Operational Amplifier ...........
LF441A/LF441 Low Power JFET Input Operational Amplifier ........................
LF442A/LF442 Dual Low Power JFET Input Operational Amplifier ....................
LF444A/LF444 Quad Low Power JFET Input Operational Amplifier ...................
LF13741 Monolithic JFET Input Operational Amplifier . ............... ... ... ... ...
LH0003/LH0003C Wide Bandwidth Operational Amplifier ...........................
LHO05/LHO05A Operational Amplifier ........ ... ... i, e
LHOO5C Operational Amplifier ...........oiiiiiii e
LH0021/LH0021C 1.0 Amp Power Operational Amplifier ................... e
LH0022/LH0022C High Performance FETOPAMP .. ... vvviiiiiiiiiee e e
LH0024/LH0024C High Slew Rate Operational Amplifier ..................... ... ...
LH0032, LH0032A, LH0032C, LH0032AC Ultra Fast FET-Input Operational Amplifier
LHO0041/LH0041C 0.2 Amp Power Operational Amplifier ................ ...
- LHO0042/LH0042C Low Cost FET Op AMIP . ...t ot iteite e et it i e e

with an asterisk (*) are new parts.

LHO0044 Series Precision Low Noise Operational Amplifiers .......................... :

LHO0045/LH0045C Two Wire Transmitter . . ...ttt
LHO0052/LH0052C Precision FET Op AMP ...t vittteie it ieiieeenaienaneanns
LH0061/LH0061C 0.5 Amp Wide Band Operational Amplifier ........................
LH0062/1.H0062C High Speed FET Operational Amplifier ..................... .. ...,
LH0101/LH0101C, LHO101A/LH0101AC Power Operational Amplifier ................
*LH0132, LH0132C Ultra-Fast FET-Input Operational Amplifier Featuring Low Input
Bias Current over = 10V inputRange .............. P
LH740A/LH740AC FET Input Operational Amplifier............. eeeeaae P
LH2011/LH2011B/LH2011C Dual Operational Amplifiers .................cooiiea.t.
LH2101A/LH2201A/LH2301A Dual High Performance OpAmp ..........c.covvnne.n.
LH2108/LH2208/LH2308, LH2108A/LH2208A/L.H2308A Dual Super Beta Op Amp . ...
LH24250/1.H24250C Dual Programmable Micropower OpAmp ............cooviiune..
LM11/LM11C/LM11CL Operational Amplifiers...................... e
LM101A/LM201A/LM301A Operational Amplifiers .................. e
LM107/LM207/LM307 Operational Amplifiers ............. ..o iiiiiiiiiiiiin,
LM108/LM208/LM308 Operational Amplifiers . ...........c.ooiiiiiiiiiiiieennnn.n

Devices listed in Boldface are included in this sup-
plement with changes. Devices listed in Boldface




Table of Contents coninueq

LM108A/LM208A/LM308A, LM308A-1, LM308A-2 Operational Amplrfrers e 3-149
LM112/LM212/LM312 Operational Amplifiers ........... ..., 3-161.
LM118/LM218/LM318 Operational Amplifiers ..., 3-165
LM124/LM224/LM324, LM124A/LM224A/LM324A, LM2902 Low Power Quad

© Operational AMPIIfIErS . .. ......eunet ettt et et e e 3-172
LM143/LM343 High Voltage Operational Amplifiers ................ ...l 3-181
LM144/LM344 High Voltage, High Slew Rate Operational Amplifier......... e .. 3-188
LM146/LM246/LM346 Programmable Quad Operatronal Amplrfrers ................... 3-194

- LM148, LM149 Series Quad 741 OpP AMPS .. ...ovvvviiiinnnnninns e 3-206

LM158/LM258/LM358, LM158A/ LM258A/ LM358A LM2904 Low Power Dual
Operational Amplifiers ..... F o
Dual Operational Amplifiers..................:... F PP < =23 | -1

LM216/LM316, LM216A/LM316A Opetational Amplmers ...... PPN 3-246
LM709/LM709A/LM709C Operational Amplifier ....... e e 3-249
LM741/LM741A/LM741C/LM741E Operational Amplifier . ..... P e 3-257
* LM747/LM747A/LM747C/LM747E Dual Operatlonal Ampllfrers ................ e - 3-260
LM748/LM748C Operational Amplifier ........ ... i 3-265
*LM833 Dual Audio Operational Amplifier . . ... i S - §1-45
LM1558/LM1458 Dual Operational Amplifier. .. ... e R 3-268
'LM2900/LM3900, LM3301, LM3401 Quad Amplifiers ............... e e 3-270
LM3011 Wide Band Amplifier ................... oo e 10-216
LM4250/LM4250C Precrsron Reference ................... P 3-279
Power Amplifiers K o o ‘
LM377 Dual 2 Watt Audio Amplrfrer ..................... R 10-9
LM378 Dual 4 Watt Audio Amplifier ............. S i, "~ 10-14
LM3379 Dual 6 Watt Audio Amplifier ............... e e e 10-18
"LM380 Audio Power Amplifier. ........coviii i e 10-22
LM383/LM383A 8 Watt Audio Power Amplifier ............. P [, 10-32
'LM384 5 Watt Audio Power Amplifier ..........cc.ouieirini i aeianen.. . 10-36
LM386 Low Voltage Audio Power Amplifier ...................... R R [0 1))
LM388 1.5 Watt Audio Power Amplifier......................... e 10-47
LM389 Low Voltage Audio Power Amplifier with NPN Transistor Array ................. - 10-52
"'LM390 1 Watt Battery Operated Audio Power Amplifier. .. .... R 10-59
LM1877 Dual Power Audio Amplifier ... .. e e, P DU 10-167
LM1895/LM2895 Audio Power Amplifier ...........cooiiiiiiiiiiiiiiiiiiiiii. 10-179
LM1896/LM2896 Dual Power Audio Amplifier..................cooiviiiina.t el 10-184
LM2002/LM2002A 8 Watt Audio Power Amplifier......... e PR e 10-200
LM2877 Dual 4 Watt Power Audio Amplifier........... e e e 10-204
©+ LM2878 Dual 5 Watt Power Audio Amplifier.............. e .. 10-210
LM13080 Programmable POWer Op AMP .. ....ivireee e ee e ieieeeennns 3-284
TDA2003 Audio Power Amplifier ............... e S 10-281
Special Amplifiers : ' ' '
LH0002/LHO002C Current AMplifier .. ..ottt eei it e eenenns - 3-291
* LHO04/LH004C High-Voltage Operational Amplifier:....................oivn.t. ... 3-296
LH2110/LH2210/LH2310 Dual Voltage FOllower. ..........c.vuiriuneninenenenen.. 3-401
'LM102/LM202/LM302 Voltage Followers .......... A 3-135
LM110/LM210/LM310 Voltage Follower ........... .ol 3-154
" LM3080/LM3080A Operational Transconductance Amplifier . . . .. B .. 9-148
-LM13600/LM13600A/LM11600A Dual Operational Transconductance Amplrfrer with
Linearizing Diodes and Buffers .. ... ...t e 10-242
LM13700/LM13700A/LM11700A Dual Operatronal Transconductance Amphfrer with
Linearizing Diodes and Buffers .. .......... .ot -10-248




Table of Contents continueq

Video Amplifiers
LM159/LM359 Dual, High Speed, Programmable Current Mode (Norton) Amplifiers. . . .. 3-226
LM733/LM733C Differential Video Amp . . ... ..ot 9-54
SECTION 2 - COMPARATORS
Combined Function Comparators
LM1801 Smoke Detector. . . ....cv ittt e 9-73
Voltage Comparators
LF111/LF211/LF311 Voltage Comparators ............oevviiniiiiiinieiiiinnennnens 5-5
LH2111/LH2211/LH2311 Dual Voltage Comparator . ............cooiiiiiiiieinnnn. 5-11
LM106/LM206/LM306 Voltage Comparator ............ccoivviiiiiiiiiiiinennn.. 5-13
LM111/LM211 Voltage Comparator . .........uutetteriiiiiii it eeeeenineerenns 5-16
LM119/LM219/LM319 High Speed Dual Comparator ................covviiivinienn.. 5-22
LM139/239/339, LM139A/239A/339A, LM2901, LM3302 Low Power Low Offset .
Voltage Quad Comparators. . .. ....vviu ettt ittt ittt 5-27
LM160/LM260/LM360 High Speed Differential Comparator ...............cooveenn.. 5-35
LM161/LM261/LM361 High Speed Differential Comparators ........................ 5-38

LM192/L.M292/1.LM392, LM2924 Low Power Operational Ampilifier/Voltage Comparator.  3-242
LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2903 Low Power Low Offset

Voltage Dual Comparators . ..........o.ouiiiutiiinii it iiirnanans 5-41
LM311 Voltage Comparator ............. .. ittt 5-48
LM710/LM710C Voltage Comparator. ..ottt iiiiienns 5-56
LM711/LM711C Dual Comparator. . .....ooute ettt eeaanneens 5-59
LM1514/LM1414 Dual Differential Voltage Comparator ..............cooviiiiinno.n. 5-62
*LP165/LP365 Micropower Programmable Quad Comparator .................... . S 2-1
*LP311 Voltage COmParator ... ............oovnerneuneuneinennannnn. AU, S2-9
*LP339 Ultra Low Power Quad Comparator .......................oooooeen. e . S2-1
SECTION 3 - VOLTAGE REGULATORS
Dual Tracking
: LM125/LM325/LM325A, LM126/LM326 Voltage Regulators ........................ 1-51
*LLM2935 Low Dropout DualRegulator ............... .. .. i i $3-13
Multi-Tracking . ‘
LM104/L.M204/LM304 Negative Regulator.............cooiiiiiiiiiiiiniiennnn 1-10
LMO05/LM205/L.M305/LM305A, LM376 Voltage Regulators ........ e 1-13
LM723/LM723C Voltage Regulator. ...t i - -1-143
Programmable Regulators . ‘
LHO075 Positive Precision Programmable Regulator ............ ettt e, . 2-9
LHO0076 Negative Precision Programmable Regulator .....................oooutt .. 2-14
Switch Mode
LH1605/LH1605C 5 Amp High Efficiency Switching Regulator ....................... " 1-163
LM1524/1. M2524/LM3524 Hegulating Pulse Width Modulator ....................... 1-148
3-Terminal ’
LM78XX Series Voltage Regulators ............................................... 1-181
LM78LXX Series 3-Terminal Positive Regulators ................... ... ...t 1-184
LM78MXX Series 3-Terminal Positive Regulators ...t 1-190
LM79LXX Series 3-Terminal Negative Regulators ......... e 1-193
LM79LXXAC Series 3-Terminal Negative Regulators......................ooiiit. 1-198
LM79MXX Series 3-Terminal Negative Regulators .. ...............oooiuit e 1-202
LM109/LM209/LM309 5 VoltRegulator. . ..........cooviiiiiiiiiiii i 1-18
LM117/LM217/LM317 3-Términal Adjustable Regulator ................ ... ... .. ..., 1-23
LM117HV/LM217HV/LM317HV 3-Terminal Adjustable Regulator .................... 1-31
LM120 Series 3-Terminal Negative Regulators ................. ..., 1-39




Table of Contents coninuea)
LM123/LM223/LM323 5 Volt Positive Regulator ............. ..o,

LM137/LM327/LM337 3-Terminal Adjustable Negative Regulators . .................. .

"LM137HV/LM237HV/LM337HV 3- Terminal Adjustable Negative Regulators (High
R o] 172 T 1= P
LM138/LM238/1LM338 5 Amp Adjustable Power Regulators .........................
LM140A/LM140/LM340A/LM340 Series 3-Terminal Positive Regulators ..............
LM140L/LM340L Series 3-Terminal Positive Regulators .............. e P,
LM145/LM345 Negative Three Amp Regulator......... ...ttt
LM150/LM250/LM350 3 Amp Adjustable Power Regulator ..........................
LM196/LM396 10 Amp Adjustable Voltage Regulator . ...................... e
" LM317L 3-Terminal Adjustable Regulator ...............ccoiiiiiiiiiiiiininannnnn.
LM320L/LM320ML Series 3-Terminal Negative Regulators ..........................
LM330 3-Terminal Positive Regulator ...ttt
LM337L 3-Terminal Adjustable Regulator ............. et e

LM341 Series 3-Terminal Positive Regulators ....................cooiiiin

LM342 Series 3-Terminal Positive Regulators . ..................... PN e
LM2930 3-Terminal Positive Regulator..................cooiiiiiiiiniiennnn...

LM2931 Series Low DropoutRegulators ............... ... ..o, '

SECTION 4 - VOLTAGE REFERENCES
Adjustable References
*L M185/LM285/LM385 Adjustable Micropower Voltage Reference ................
Fixed References :
LM103 ReferenceDiode .................... e At
LM113/LM313 Reference Diode . ......c.oviiniine ittt iiiieiieaieeneereaanns
LM134/LM234/LM334 3-Terminal Adjustable CurrentSources.......................
LM136/LM236/LM336 2.5V ReferenceDiode ............ccviiiriiiiiiiiinnnennnnns
LM136-5.0/LM236-5.0/LLM336-5.0 5.0V ReferenceDiode .............ccovvvvvenn...
*LM168/LM268/LM368 Precision Voltage Reference .............................
LM185-1.2/LM285-1.2/LM385-1.2 Micropower Voltage Reference Diode ..........
LM185-2.5/LM285-2.5/LM385-2.5 Micropower Voltage Reference Diode ..........
*LM199AH-20, LM299AH-20, LM399AH-50 Ultra-Stable References ................
Precision References
LHO070 Series Precision BCD Buffered Reference ............cccoviiiiieiiivinnnn..
LH0071 Series Precision Binary Buffered Reference .....................oivoen....
LM129/LM329 PrecisionReference ...............ccovvunnn. e .
LM199/LM299/LM399 Precision Reference . ........coeiiiieniiiiiieeeerrennnnns
LM199A/LM299A/LM399A Precision Reference .........ccovviiiiiiiinneeeenennnn.
LM3999 PrecisionReference ................ccovnntn ettt e,

SECTION 5 - CONVERTERS

Analog to Digital
AD7520/AD7530 10-Bit, AD7521/AD7531 12-Bit Binary Multiplying D/A Converters . ...
ADB1200 12-Bit Binary A/D BuildingBlock .......................... e
ADCOB00 8-Bit A/D CONVEIET . . ...ttt ettt ee e e St e e e aeeeiaeiaannnas

“ ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 8-Bit p.P Compatible A/D

[0 =T 4 (= £
ADC0808, ADC0809 8-Bit uP Compatible A/D Converters with 8-Channel Multiplexer . . .
ADC0816, ADC0817 8-Bit .P Compatible A/D Converters with 16-Channel

MU D EXOr ..o oot i i e ettt et e ‘

*ADCO0820 8-Bit High Speed 1P Compatible A/D Converter with Track/Hold
Function ... ... .. e S
*ADC0829 P Compatible 8-Bit A/D with 11 Channel MUX/DigitalInput ........ e

8-8
8-10
8-17

8-28
8-60

S-10




Table of Contents coninueq)
*ADC0831, ADC0832, ADC0834, ADC0838 8-Bit Serial /0 A/D Converters with

Multiplexer Options ............. it et S 5-36
ADCO0833 8-Bit Serial 1/0 A/D Converter with 4-Channel Multiplexer .............. S 5-60
*ADCO0844 8 Bit nP Compatible A/D Converter with 4-Channel Multiplexer ......... S 5-78
ADC1001, ADC1021 10-Bit pP Compatible A/DConverters...............covvvnnn.. 8-89
ADC1080, ADC1280 12-Bit Successive Approximation A/D Converters ............... 8-97
ADC1210, ADC1211 12-Bit CMOS A/DConverters .................covvivniinnn, S 5-93
Digital to Analog
DAC0800, DAC0801, DAC0802 8-Bit Digital to Analog Converters .................... 8-118
DAC0808, DAC0807, DAC0806 8-BitD/AConverters..........coooueiiiiineennnnnn. 8-126
DAC0830, DAC0831, DAC0832 MICRO-DAC 8-Bit uP Compatible, Double-Buffered
Do A CONVeI OIS . ... et e S 5-104
DAC1000/1/2 and DAC1006/7/8 MICRO-DAC nP Compatible, Double Buffered D to A
(00T =T (= e 8-151
DAC1020, DAC1021, DAC1022 10-Bit Binary Multiplying D/A Converters.............. 8-173
DAC1220, DAC1221, DAC1222 12-Bit Binary Multiplying D/A Converters.............. 8-173
DAC1200, DAC1201 12-Bit Digital-to-Analog Converters ................ccovvvenne.. 8-183
DAC1208, DAC1209, DAC1210, DAC1230, DAC1231, DAC1232 MICRO-DAC 12-Bit, uP
Compatible, Double-Buffered Dto AConverters . ..........cooiiiiiiiiiiiiiiinnn... 8-189
DAC1218, DAC1219 12-Bit Binary Multiplying D/AConverter ................ovvuue.. 8-204
*DAC1265A, DAC1265 High Speed 12-Bit D/A Converter with Reference ........... $5-120
*DAC1266A, DAC1266 High Speed 12-BitD/AConverter.......................... S 5-129
DAC1280A, DAC1280 12-Bit Digital-to-Analog Converters . .............coooiiuvinn... 8-208
DAC1280A-1, DAC1280-1 12-Bit Digital-to-Analog Converters ....................... 8-216
DAC1285A, DAC1285 (DAC85, DAC87) 12-Bit Digital-to-Analog Converters ........... 8-220
LHO0091 True RMSto DC CONVEMEr ..ottt i, 9-291
Special (Converters) k
LHO0094 Multifunction Converter. ... ...ttt 9-296
LM131A/LM131, LM231A/LM231, LM331A/LM331 Precision Voltage-to-Frequency
L0 1T o - S 5-137
LM2907, LM2917 Frequency to Voltage Converter .............ccoovviiiiiiininnnn.. 9-135
SECTION 6 - ANALOG SWITCHES
Multiplexers
LF11508/LF13508 8-Channel Analog Multiplexer .................. ... ..ol 6-27
LF11509/LF13509 4-Channel Differential Analog Multiplexer ........................ 6-27
*LM1037 Dual Four-Channel AnalogSwitch ............. ... ... .. ... .ot S 6-9
LM1038 Dual Four-Channel AnalogSwitch ..................... .. .. ... S6-15
Standard Analog Switches
AH5009, AH5010, AH5011, AH5012 Monolithic Analog Current Switches . ............. 6-5
*AH5020C Monolithic Analog Current Switches ............... ... ... . ...... S 6-1
LF11201/LF13201 4 Normally Closed Switches . .............coiiiiiiiiiiennnn.. 6-17
LF11202/LF13202 4 Normally Open Switches ............c.ooiiviiiiiiiiinniennnes 6-17
LF11331/LF13331 4 Normally Open Switches withDisable .......................... 6-17
LF11332/LF13332 4 Normally Closed Switches with Disable ........................ 6-17
LF11333/LF13333 2 Normally Closed Switches and 2 Normally Open Switches with
DiSable . ... e e 6-17
LF13300 Integrating A/D Analog BuildingBlocks ..............ccooiiiiiiiiiiin., 8-233

SECTION 7 - SAMPLE AND HOLD
Standard Sample and Hold

LF198/LF298/LF398, LF198A/LF398A Monolithic Sample and Hold Circuits .......... 7-5
LH0023/LH0023C, LH0043/LH0043C Sample and Hold Circuits ..................... 7-14
LH0053/LH0053C High Speed Sample and Hold Amplifier .......................... 7-22

S-11




Table of Contents conines

SECTION 8 - SENSORS
Fluid ' .
LMO03 Fluid Level Detector . .......vviitriiiiiiiiii ittt neeaananans 9-58
CLM1830 Fluid Detector. . ..o oo et e e e e, 9-88

Temperature )

'LM34/LM34A, LM34C/LM34CA, LM34D Precision Fahrenheit Temperature Sensors S 8-1
*LM35, LM35A, LM35C, LM35CA, LM35D Precision Centigrade Temperature

GBS OIS . ..o e e S 8-2
LM135/LM235/LM335, LM135A/LM235A/L.M335A Precision Temperature Sensors ... 9-25
LM3911 Temperature Controller ........... .. it 9-156
SECTION 9 - FILTERS
Monolithic
*MF4 4th Order Switched Capacitor Butterworth LowpassFilter................... S$9-1
*MF5 Universal Monolithic Switched Capacitor Filter ....... e, S9-8
MF6 6th Order Switched Capacitor Butterworth LowpassFilter................... $9-9
MF10 Universal Monolithic Dual Switched CapacitorFilter........................ $9-17
TP3052/TP3053/TP3054/TP3057 Monolithic Serial Interface CMOS CODEC/
FILTERFamily ...t i e $9-28
*TP3064/TP3067 Monolithic Serial Interface CMOS CODEC/FILTER Combos......... S 9-41
SECTION 10 - BUILDING BLOCKS
Other Building Blocks ‘
*LF13006, LF13007 Digital GainSet. ...ttt S 10-1
*LM1851 Ground Fault Interrupter...................... ...l S 10-8
Phase Locked Loops ,
LM565/LM565C Phase Locked LOOP . ...ovvviviiiiiii i 9-42
LM1391 Phase Locked Loop Block ....... e e e et s 10-104
Timers , )
LM122/LM222/LM322, LM2905/LM3905 Precision Timers. ..........covevivnieinnn. 9-5
LMB55/LMSEE5C TiMEr. . o v ettt ettt ettt e e et e aie e e eaeeaneenaneens 9-33
LM556/LMB556C DUaI TIMIEE « .. e\ttt et e tee e eie e e e e e e eeeeeieeeeeaenens 9-39
Tone Decoders
LM567/LM567C Tone Decoder .............. e e e 9-50
Voltage Controlled Oscillators .
LM566/LM566C Voltage Controlled Oscillator . ...........coviviiiiiiiiniinn... 9-47
SECTION 11 - MOTOR CONTROLLERS
Tachometers
LM1014 Motor SpeedRegulator . ..............c.ooiiiiiiiiiiiiienn, e S 11-1
SECTION 12 - CONSUMER CIRCUITS
Audio
LM381/LM381A Low Noise Dual Preamplifier..................oooiiiiiiii i, . 10-26
LM382 Low Noise Dual Preamplifier ...............cooviieiiiiinn, P 10-29
LM387/LM387A Low Noise Dual Preamplifier................coooiiiiiiiiiiian. .. 10-44
LM391 Audio POWET CIrCUILS . . . .« oot e vttt e e e e i i i eanas 10-64
*LM832 Dynamic Noise ReductionSystemDNR ............................... .. S12-1
LM1035 Dual DC Operated Tone/Volume/Balance Circuit..............coovvuivinnn, 10-75
*LM1036 Dual DC Operated Tone/Volume/Balance Circuit ........................ S 12-9
LM1037 Dual Four-Channel Analog Switch ............ooieiiiiieneineann. PR 10-80
*LM1040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo .
Enhancement Facility ............. ... iiiiiiiiiiiiiiiiiiiiii i S 12-18




Table of Contents coninues

LM1112A/LM1112B/LM1112C Dolby B-Type Noise Reduction Processor............. 10-88
*LM1121A/LM1121B/LM1121C Dolby B-Type Noise Reduction Processor with DC
SWItCNING . ... i e e S 12-28
LM1131A/LM1131B/LM1131C Dual Dolby B-Type Noise Reduction Processor ........ 10-97
LM1818 Electronically Switched Audio Tape System................cooiviiiian, 10-113
LM1837 Low Noise Preamplifier for Auto Reversing Tape Playback Systems ........... 10-122
*LM1875 20 Watt Power Audio Amplifier ............... . . i S 12-58
LM1894 Dynamic Noise Reduction SystemDNR ............... .o, 10-172
LM1897 Low Noise Preamplifier for Tape Playback System .......................... 10-191
*LM2879 Dual 9-Watt Audio Amplifier............. ... .ol S 12-105
*LMCB835 Digital Controlled GraphicEqualizer......................... ... ...ooL S 12-126
Automotive ’
LM1812 URrasonic TranSCEIVET . .. c.vur ittt eeeteeenennnnnnanns 9-77
LM1815 Adaptive Sense Amplifier ... ......c.coiiii i e 9-85
*LM1819 Air-Core MeterDriver. . ......... ... ittt S 12-31
*LM1949 Injector DriveController .. ............. ..ot S 12-87
*LM1964 Sensor Interface Amplifier .................. it S 12-95
*LM2005 20-Watt Automotive Power Amplifier ................ ... .. il S 12-99
Displays
LM1017 4-Bit Binary 7-Segment Decoder/Driver ........ e 11-3
LM3909 LED Flasher/Oscillator. . ... ..ottt e 9-152
LM3914 Dot/Bar Display Driver .. .....ccouuttttii ittt iie e enieaeennens 9-163
LM3915 Dot/Bar Display Driver .........coouuiiiiiiiiiiii ittt i 9-177
LM3916 Dot/Bar Display DIVEr . . ...t i ittt et ieieeine et eanns 9-193.
Other
LM1851 Ground Fault Interrupter. . ... i e 9-94
Radio .
LM1310 Phase-Locked Loop FM Stereo Demodulator .......... ..o, 10-102
LM1596/LLM1496 Balanced Modulator Demodulator . .......................... SERE 10-107
LM1800 Phase-Locked Loop FM Stereo Demodulator ....................coooeie. 10-111
*LM1863 AM Radio System for Electrically TunedRadios ......................... S 12-46
LM1865/LM1965 Advanced FMIF System ... 10-132
LM1866 Low Voltage AM/FM Receiver ...................... e e 10-146
LM1868 AM/FM Radio System ...ttt 10-153
LM1870 Stereo DemodulatorwithBlend ....................cciiiiiinieaeie. 10-161
LM1871 RC Encoder/Transmitter . .........o.utiitiiitiii it ieenees 9-101
LM1872 Radio Control Receiver/Decoder . .. ........ovuuiieireiianeanennnnnnss 9-116
LM3075 FM Detector/Limiter and Audio Preamplifier ............... ... ..ot 10-218
LM3089 FM Receiver IF System ...ttt 10-220
LM3189 FM Receiver IF System .. ........couiiiiiiiiiii et eneaaaaaaans 10-224
*LM3361A Low Voltage/Power Narrow Band FMIFSystem ....................... S 12-121
LM3820 AM Radio System .......coiuuiiii it e 10-231
LM4500A High Fidelity FM Stereo Blend Demodulator ................cooiiiiiiinn, 10-235
TBA120S IF Amplifierand Detector. .........coviii it et 10-274
TBA120U/TBA120T IF amplifierand Detector ............c.cciiiiiiiiiiiiinn.., 10-277
Remote Controllers
. *LM1893 Carrier-Current TranSCeiver. ...............cooitiiintenineennnneennnenns S 12-67
Video
LMS09 Remote Control RECEIVEr . . . .. .ottt e e eaees 9-64
LM1019N Digital Tuning Station Detector..............c.oviiiiiiiiiiiiiiiinnn., 11-7
Lm1821S ..... e e e e obsolete
*LM1823 Video IF Amplifier/PLL Detector System................................ S 12-39

S$-13




Table of Contents continuca

LM1828, LM1848 Color Television Chroma Demodulator ...............cccovivunn... 11-13
LM1880 No-Holds Vertical/HOMZONtAl . .......ouvrieie ettt eneaennn. 11-16
*LM1884 TV StereoDecoder.........coi ittt ittt e i S 12-64
LM1886 TV Video Matrix Dt A . ...ttt ettt ettt ieeeannanns 11-23
LM1889 TV Video ModUIAtOr .. .vvieeieiee e e e e eeiiannnnnns 11-28
LM2808 Monolithic TV Sound System............. et 11-37
*LM2889 TV VideoModulator .............oiniiiiiniii it iieneenes S 12-112
LM3064 Television Automatic Fine Tuning............coooiiiiiiiiiiiii i, 11-41
TBA440C ... N obsolete
B 1= 7% 2 0 obsolete
B2 7Y 1< 0 obsolete
= 7287 L AN obsolete
=7 2= L2 obsolete
TBAG20/ TBAG20S ... ittt ettt ittt e teeeeneeaaneeaeeereeeneinneesnnnnnns obsolete
TBA950-2 Television Signal Processing Circuit . . . . . e 11-63
L7 P PP obsolete
=722 obsolete
TDA440 Video IF AmpIIfier ...t i e e e 11-72
DA G522/ T DA 23 ..ottt t ettt ettt ettt eaeeaeasaeeeeesensnnsnnnnnnnnenns obsolete
TDA2530 .....coviieveennnnnnn. e e e e obsolete
TDAZSA0 ittt et e e e e e obsolete
TDA2S4T i e e e e teneetenaneetanaeeananaas obsolete
2251 P obsolete
TDA2EGT/ T DA 2SO ..ottt et e et et e obsolete
71 0 obsolete
7% 17 0 obsolete

SECTION 13 - TELECOMMUNICATIONS CIRCUITS

Switching and Transmission

TP3020/TP3020-1/TP3021/TP3021-1 Monolithic CODECs ........................ S 13-1
TP3040/TP3040A PCM MonolithicFilter ..........covitiiiiiiii it 9-238
TP3051, TP3056 Monolithic Parallel Interface CODEC/Filter Family .................. 9-245
TP3110, TP3120 Digital Line Interface Controllers (DLIC) . ...........c.cooeviiinnt. 9-249
TP5116A, TP5117A, TP5156A Monolithic CODECs .« ......oovvviiiiiiiiiiiii i - 9-223

Telephone Components
TP5087/TP5087A, TP5092/TP5092A, TP5094/TP5094A DTMF (Touch-Tone®)

Lo Tl = (o) - U - 9-250
. TP5088 DTMF Generator for Binary InputData..................ccvvveievneane.. 9-254
TP5393, TP5394, TP53143, TP53144 Pushbutton Pulse Dialer Circuits . . .............. 9-271
TP5395, TP53125 DTMF (Touch-Tone®) Generators - ..........ooevviiereiinneennn 9-266
TP5600, TP5605, TP5610, TP5615 Ten-Number Repertory Pulse Dialers . ............. 9-281
TP5650, TP5660 Ten-Number Repertory DTMF Generators ............c.covvvuueen.. 9-287
*TP5700/TP5700-1/TP5710 Telephone Speech Circuits . .......................... S$13-10
TP9151, TP9152, TP9156, TP9158 Push Button Pulse Dialer Circuits with Redial ... .... 9-255
TP50981/TP50981A, TP50982/TP50982A, TP50985/TP50985A Push Button Pulse
[T o @ o1 PP 9-260
TP53130 DTMF (Touch-Tone®) Generator ........vvvitteererrennnnnnnnenerenoenos 9-276
*TP53190 Push-Button PulseDialer. ................... it iiiiiiiiiiiiiinnnnn.. S 13-17

SECTION 14 - SPEECH

Digitalker Speech Synthesis
DT1000 Digitalker Speech Synthesis EvaluationBoard . ................... ..ol 13-7
DT1050/DT1053 Digitalker Standard Vocabulary Kit . .............. ...t 13-14

S-14




Table of Contents (Continued) -
DT1051/DT1054 Digitalker Speech Evaluation Kit................... .. .. ...... 13-22

DT1052/DT1055 Digitalker Basic NumbersKit ..., 13-24
DT1056/DT1057 Digitalker Standard Vocabulary Kit .............. e 13-26
DTSW500 Digitalker Vocabulary Selection SystemDVSS......................... S 14-1
MM54104 Digitalker Speech SynthesisSystem .................................. S 14-5
*TP18 Implementation of a Speech Synthesizer ............................ SN S 14-11
AN D . . e e 13-43
SECTION 15 - SPECIAL ANALOG FUNCTIONS
LM194/LM394 Supermatch Pair ....... ..ottt i 12-4
LM195/LM295/LM395 . ..ottt e e e 12-10
LM3045, LM3046, LM3086 TransiStor Arrays . ..........coeieeiininnenennnennonnnns - 12-18
LM3146 High Voltage Transistor Array . ........ ..ottt iiiiiiiiiiierenanann, 12-23
LP395 Ultra Reliable Power Transistor . ................ ... . ... oot S 15-1
LB-54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set ............. 13-41
SECTION 16 - PHYSICAL DIMENSIONS
Physical DIMENSIONS ........ ...ttt ittt 16-1

S-15




Alphanumerical Index

AD7520 10-Bit Binary Multiplying D/AConverter ...........oiiiiiiiiiiiiiiiiiiiane., 8-8
AD7521 12-Bit Binary MultiplyingD/AConverter ..., 8-8
AD7530 10-Bit Binary Multiplying D/AConverter ............civiiiiiiiiinennnnn., 8-8
AD7531 12-Bit Binary Multiplying D/AConverter ............. i, 8-8
ADB1200 12-Bit Binary A/D Building BIOCK . . . ...t vveeeee e 8-10
ADCOBO0 B-Bit A/D CONVEIET . .+« « v vvetee e e e e eeeaae e e e et eeeaanaeeeaeanns 8-17
ADCO0801 8-Bit uP Compatible A/DConverter ..........c.c.ooiiiiiiiiiiiiiiiiinnnen. 8-28
ADCO0802 8-Bit wP Compatible A/D CONVENEr . ... .c..ueeeeieeteiiaeeeeanenennn. 8-28
ADC0803 8-Bit uP Compatible A/DConverter ...............coviiiiiiiiiiniinn. . 8-28
:ADC0804 8-Bit pP Compatible A/DConverter .............ooiiiiiiiiiiiiiinennnn. 8-28
ADCO0805 8-Bit uP Compatible A/DConverter .............ccovviiiiiniinn... v 8-28
ADCO0808 8-Bit nP Compatible A/D Converter with 8-Channel Multiplexer . .... [ 8-60
ADC0809 8-Bit uP Compatible A/D Converter with 8-Channel Multiplexer .............. 8-60
ADCO0816 8-Bit uP Compatible A/D Converter with 16-Channel Multiplexer ............. S5-1
" ADC0817 8-Bit uP Compatible A/D Converter with 16-Channel Multiplexer ............. S 5-1
ADCO0820 8-Bit High Speed uP Compatible A/D Converter with Track/Hold Function .... S5-12
ADC0829 pP Compatible 8-Bit A/D with 11-Channel MUX/Digital Input ................ S5-28
ADCO0831 (COP 431) 8-Bit Serial /0O A/D Converters with Multiplexer Options .......... S5-36
ADC0832 (COP 432) 8-Bit Serial /0 A/D Converters with Multiplexer Options .......... S 5-36
ADCO0833 8-Bit Serial i/0 A/D Converter with 4-Channel Multiplexer................... S 5-60
ADC0834 (COP 434) 8-Bit Serial I/0 A/D Converters with Multiplexer Options .......... S 5-36
ADC0838 (COP 438) 8-Bit Serial I/0 A/D Converters with Multiplexer Options .......... S5-36
ADCO0844 8-Bit P Compatible A/D Converters with 4-channel Multiplexer ............. S5-78
ADC1001 10-Bit pP Compatible A/DConverters ...........cooviiiiiiiiiiiiinnnn, 8-89
ADC1021 10-Bit pP Compatible A/DConverters ..........c..ooiiviiiiiiiiiiiieinnn 8-89
ADC1080 12-Bit Successive Approximation A/D Converter ........................... 8-97
ADC1210 12-Bit CMOS A/D Converer .. ...ttt e ettt eeeaieiees S5-93
ADC1211 12-Bit CMOS A/D CONVEHET . ...\ttt S 5-93
ADC1280 12-Bit Successive Approximation A/D Converter......... e, 8-97
AH5009 Monolithic Analog Current Switch ........ ...t 6-5
AH5010 Monolithic Analog Current Switch ........ ... ..ot 6-5
_ AH5011 Monolithic Analog Current Switch ............. ... oo, 6-5
AH5012 Monolithic Analog Current Switch ......... ... ..o ittt 6-5
AHS5020C Monolithic Analog CurrentSwitch .............. ... ..ot e S 6-1
AN-252 Speech Synthesis .................. e e 13-43
BLX-281 Speech Synthesis ExpansionModule ..., 13-3
DAC0800 8-Bit Digital-to-Analog CONVEer . . .. ....vveeineieeiieeieeaneannnns 8-118
DACO0801 8-Bit Digital-to-Analog Converter . ......... D 8-118
DAC0802 8-Bit Digital-to-AnalogConverter. . .......c.oviiiiiii i ennneenn 8-118
DACO0806 8-Bit D/A CONVEMEN . . ...ttt et ettt et eaieeenneeenns 8-126
DACO0807 8-Bit D/A CONVEIET . . .. ettt ittt ettt i e e e neaeeaneenns 8-126
DACO808 8-Bit D/A CONVEMET . . . ..t tte ettt e eaiteeieaanreannnenns 8-126
DAC0830 MICRO-DAC™ 8-Bit uP Compatible Double-Buffered D to A Converter . ...... S 5-104
DACO0831 MICRO-DAC™ 8-Bit uP Compatible Double-Buffered D to A Converter ....... $5-104 .
DAC0832 MICRO-DAC™ 8-Bit uP Compatible Double-Buffered D to A Converter . ... ... S 5-104
DAC1000 10-Bit, uP Compatible, Double-Buffered Dto A Converters .................. 8-151
DAC1001 10-Bit, uP Compatible, Double-Buffered D to A Converters ........... P 8-151
DAC1002 10-Bit, nP Compatible, Double-Buffered Dto AConverters .................. 8-151
. DAC1006 10-Bit, uP Compatible, Double-Buffered Dto AConverters .................. 8-151
DAC1007 10-Bit, nP Compatible, Double-Buffered D to A Converters .................. 8-151
DAC1008 10-Bit, uP Compatible, Double-Buffered D to A Converters ........ e 8-151
DAC1020 10-Bit Binary MultiplyingD/AConverter............cooviiiiiiiiiiiinn... 8-173

DAC1021 10-Bit Binary Multiplying D/AConverter. ...........c.oiiiiiiiiiiiieiinn... 8-173

S-16




Alphanumerical Index (continued)

DAC1022 10-Bit Binary Multiplying D/AConverter. .. ............iiiiiiiiiine... 8-173
DAC1200 12-Bit (Binary) Digital-to-Analog Converter ..................... PP 8-183
DAC1201 12-Bit (Binary) Digital-to-Analog Converter ........... e e 8-183
DAC1208 MICRO-DAC™ 12-Bit, uP Compatible, Double-Buffered D to A Converter .. . .. 8-189
DAC1209 MICRO-DAC™ 12-Bit, P Compatible, Double-Buffered D to A Converter-. . . .. 8-189
DAC1210 MICRO-DAC™ 12-Bit, uP Compatible, Double-Buffered D to A Converter ... ... 8-189
DAC1218 12-Bit Binary Multiplying D/AConverter. ...........coiiiiiiiiiiiiiennn. 8-204
DAC1219 12-Bit Binary Multiplying D/A Converter. . .........c..ooiiiiiiiiiiiieiinne., 8-204
DAC1220 12-Bit Binary Multiplying D/A Converter. . .. .......cooiiiiiiiiiiiiieennn. 8-173
DAC1221 12-Bit Binary Multiplying D/A Converter. . ...........coviiiiiiiiiiieenn... 8-173
DAC1222 12-Bit Binary Multiplying D/A Converter. .. .. S P 8-173
DAC1230 MICRO-DAC™ 12-Bit, uP Compatible, Double-Buffered D to A Converter ... .. 8-189
DAC1231 MICRO-DAC™™ 12-Bit, uP Compatible, Double-Buffered D to A Converter ... . .. 8-189
DAC1232 MICRO-DAC™ 12-Bit, uP Compatible, Double-Buffered D to A Converter-.... .. 8-189
DAC1265A Hi-Speed 12-Bit D/A Converter with Reference....................... .. .. S5-120
DAC1265 Hi-Speed 12-Bit D/A Converter with Reference ... ... PPN S$5-120
DAC1266A Hi-Speed 12-Bit D/ACONVEREr. .. ...ttt it ieeieeeens .. §5-129
DAC1266 Hi-Speed 12-Bit D/ACONVErtEr . . ..ot S5-129
DAC1280 12-Bit Digital-to-AnalogConverter. . ............ooiiiiiiiiiii i, 8-208
DAC1280A 12-Bit Digital-to-AnalogConverter .............ooiiiiiiiiiiiiineienenens 8-208
DAC1280A-I 12-Bit Digital-to-Analog Converter .............coviiiiiiiiiiiiienn., 8-216
DAC1280-1 12-Bit Digital-to-AnalogConverter ............coiviiiiiiiiiiiinennnn. 8-216
DAC1285 (DAC87) 12-Bit Digital-to-Analog Converter ...............ciiiiiiinnio... 8-220
DAC1285A (DAC8S5) 12-Bit Digital-to-Analog Converter .................. e 8-220
DM2502 Successive Approximation Register . ..........cooitiiiiiiiiiienniliennns 8-228
DM2503 Successive Approximation Register . ...... e e i ittt e i e, 8-228
DM2504 Successive Approximation Register ................ ... o il . 8-228
DT1000 DIGITALKER™ Speech Synthesis Evaluation Board . . ... ... .. vt 13-7
DT1050 DIGITALKER™ Standard Vocabulary Kit . . ..., 13-14
DT1051 DIGITALKERT™ Speech Evaluation Kit . ......... ...t iiiiiiiia., 13-22
DT1052 DIGITALKERT Basic NumbersKit . ........ ... oottt - 13-28
DT1053 DIGITALKER™ Standard Vocabulary Kit . ..., - 1314
DT1054 DIGITALKER™ Speech EvaluationKit . .................... e 13-22
DT1055 DIGITALKER™ Basic Numbers Kit ...................... e 13-24
DT1056 DIGITALKERT™ Standard Vocabulary Kit . ...........coooiiiiiiiiiiiiiiiia, 13-26
DT1057 DIGITALKER™ Standard Vocabulary Kit .. ..., 13-26
DTSW500 DIGITALKER™ Vocabulary Selection System (DVSS) ........... e ... 81441
LB-54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set .............. 13-41
LF111 Voltage Comparators . . ...ttt ittt e et e s 5-5
LF147 Wide Bandwidth Quad JFET Input Operatlonal Amplifier ......... ...l 3-14
LF155 Series Monolithic JFET Input Operational Amplifiers..................ooooiiat 3-22
LF156 Series Monolithic JFET Input Operational Amplifiers.................oooiiiiit 3-22
LF157 Series Monolithic JFET Input Operational Amplifiers.............. e 3-22
LF198 Monolithic Sample and Hold Circuit ........... ... it 7-5
LF198A Monolithic Sample and Hold Circuit . ... iiiiiiiiiiia., " 75
LF211 Voltage Comparator ........... ..o iliiiiiiiieen, e - 55
LF298 Monolithic Sample and Hold Circuit ......... ..ottt 7-5
LF311 Voltage Comparator .. ........couuiiilintet ettt 5-5
LF347 Wide Bandwidth Quad JFET Input Operational Amplifier ....................... 3-14
LF351 Wide Bandwidth JFET Input Operational Amplifier.................. .. ... ... 3-35
LF353 Wide Bandwidth JFET Input Operational Amplifier................ ...t 3-42
LF398 Monolithic Sample and-Hold Gircuit .................ociiiiiiiiiiiiiiiiiinn., 7-5
LF398A Monolithic Sample and Hold Circuit .. ............... e e 7-5




Alphanumerical Index (continued)

LF400C Fast Settling JFET Input Operational Amplifier ................cooiieina... 3-51
LF411 Low Offset, Low Drift JFET Input Operational Amplifier ........................ 3-53
LF411A Low Offset, Low Drift JFET Input Operational Amplifier . ..... e 3-53
LF412 Low Offset, Low Drift Dual JFET Iniput Operational Amplifier .............. P 3-60
LF412A Low Offset, Low Drift Dual JFET Input Operational Amplifier .................. 3-60
LF441 Low Power JFET Input Operational Amplifier ...........c...covveuivennvenn.... 3-66
LF441A Low Power JFET Input Operational Amplifier................coiiiiin... 3-66
LF442 Dual Low Power JFET Input Operational Amplifier...................cooevnaen.. 3-73
LF442A Dual Low Power JFET Inpuit Operational Amplifier ........................... 3-73
LF444 Quad Low Power JFET Input Operational Amplifier ....................... . ... 3-81
LF444A Quad Low Power JFET Input Operational Amplifier ..................c... ... 3-81
LF11201 4 Normally Closed SWItChes .. .........ccviriiirniiner i iieannnnenn.s 6-17
LF11202 4 Normally OpenSwitches...................ooiiiiiiii i, 6-17
LF11331 4 Normally Open Switches with Disable .........................oooiiaat, 6-17
LF11332 4 Normally Closed Switches with Disable ................. e 6-17
LF11333 2 Normally Closed Switches and 2 Normally Open Switches With Disable . . .. .. 6-17
LF11508 8-Channel AnalogMultiplexer .......... ...ttt iiiiiiiiiianen, 6-27
LF11509 4-Channel Differential Analog Multiplexer .. ..............covivrennennnn... 6-27
LF13006 Digital GainSet .............ccoviiiiiiiiiina.., e e S 10-1
LF13007 Digital Gain Set ..........coiiiiiiiiiiiiiiiiiiieenn, e e S 10-1
LF13201 4 Normally Closed SWitches ............cciiiiiiiiiiiiiiiiiiiiienaneenn. 6-17
LF13202 4 Normally Open Switches.. .. ...... e 6-17
LF13300 Integrating A/D Analog BuildingBlock. ...............cooviiiiiiiiiii, 8-233
LF13331 4 Normally Open Switches with Disable ........................ e 6-17
LF13332 4 Normally Closed Switches with Disable ................coovvuniiiinn.n. 6-17
LF13333 2 Normally Closed Switches and 2 Normally Open Switches With Disable . ... .. 6-17
LF13508 8-Channel Analog Multiplexer . .. .. e e e e e e 6-27
LF13509 4-Channel Differential Analog Multiplexer ............ e e 6-27
LF13741 Monolithic JFET Input Operational Amplifier..................ccoeiveneen.... 3-88
LHOO002 Current Amplifier .. ......c.oviiininiiiiiiii ittt reeennnannnaas 3-291
LH0002C Current Amplifier............ e e 3-201
LH0003 Wide Bandwidth Operational Amplifier .............c.cccoiiiiiiiiieiiinnnnn, 3-294
LHO0003C Wide Bandwidth Operational Amplifier ..................... S 3-294
LH0004 High Voltage Operational Amplifier .............c.coiivriiriirinennnnnnnnnss 3-296
LH0004C High Voltage Operational Amplifier ................ccooviiiiiiiiiinnn., 3-296
LHOO005 Operational Amplifier ....... ..ottt reeneeeninanens 3-299
LHOOO5A Operational Amplifier ............... e e 3-299
LHO005C Operational Amplifier .. .........coiiiiii it 3-302
LHO0021 1.0 Amp Power Operational Amplifier ....................... N 3-304
LH0021C 1.0 Amp Power Operational AMplifier .. ......c.oovvnierneeinnerinennennn.. 3-304
LH0022 High Performance FET Op AMD . ....oitnttiini it iiiiieennens 3-311
LH0022C High Performance FET Op AMP. ... .cvvintiit it ie i i eaneenns 3-311
LH0023 Sample and Hold Circuit . . . ... ... ove it ene e 7-14
LH0023C Sample and Hold Circuit ............ ... ittt 7114
LH0024 High Slew Rate Operational Amplifier ............. P 3-318
LH0024C High Slew Rate Operational Amplifier ...................... PP ... 3318
LHO0032 Ultra Fast FET-Input Operational Amplifier .................cooviiii ... S1-1
LHO032A Ultra Fast FET-Input Operational Amplifier .................. ...t S141
LHO032AC Uitra Fast FET-Input Operational Amplifier ...............covviienennnen. S1-1
LH0032C Ultra Fast FET-Input Operational Amplifier .........................oooa0 S1-1
LHO0033 Fast and Damn Fast Buffer Amplifiers ...................coiiiiiiiiiiin... . S1-7
LHO033A Fast and Damn Fast Buffer Amplifiers ..............cccoviiiiiineennnnn.n.. S1-7
LHOO033AC Fast and Damn Fast Buffer Amplifiers - . ... e e e s S1-7

S-18




Alphanumerical Index (continued)

LHO033C Fast and Damn Fast Buffer Amplifiers ............. ..o i, S1-7
LHO036 Instrumentation Amplifier . ........ ... o e 4-18
LHO036C Instrumentation Amplifier ..o e e 4-18
LHO038 True Instrumentation Amplifier ........... ... o i il 4-26
LHO0038C True Instrumentation Amplifier . ... i 4-26
LHO0041 0.2 Amp Power Operational Amplifier ........ ..., 3-304
LHO0041C 0.2 Amp Power Operational Amplifier ................. oo ... 3-304
LHOO042 Low COSt FET Op AMP . . .ottt ittt et et raaaaes 3-311
LHO042C Low Cost FET Op AMIP .. oo vttt ettt et ettt eaiiees 3-311
LHO0043 Sample and Hold Circuit. . . ... ..ot e e e e 7-14
LH0043C Sampleand Hold Circuit ............coiiiiiiii i 7-14
LHOQ044 Series Precision Low Noise Operational Amplifiers........................... 3-338
LHO045 Two Wire Transmitter .. ...ttt et 3-344
LHO045C Two Wire Transmitter. .. ...ttt e e 3-344
LHO0052 Precision FETOpAmp ............. PPt 3-311
LHO0052C Precision FET OP AMP .. .vtinetti ittt iiieaieeanas 3-311
LHO0053 High Speed Sample and Hold Amplifier..............ccooiiiiiiiiiinias, . 722
LHO0053C High Speed Sample and Hold Amplifier ............... ... ... it 7-22
LHO0061 0.5 Amp Wide Band Operational Amplifier ............ ..ottt 3-355
LH0061C 0.5 Amp Wide Band Operational Amplifier . ........... ..., 3-355
LHO0062 High Speed FET Operational Amplifier ...............oo it 3-358
LH0062C High Speed FET Operational Amplifier . ..., 3-358
LHO0063 Fast and Damn Fast Buffers Amplifiers ......... ... ittt S1-7
LH0063C Fast and Damn Fast Buffers Amplifiers .............. ... i i, S1-7
LHO0070 Series Precision BCD Buffered Reference ...t 2-5
LHO071 Series Precision Binary Buffered Reference............. ..o, : 2-5
LHO075 Positive Precision Programmable Regulator.............. .. ... ..o oiiaas. 2-9
LHO0076 Negative Precision Programmable Regulator.................. ... ... ... ... 2-14
LH0084 Digitally Programmable Gain Instrumentation Amplifier ....................... 4-37
LH0084C Digitally Programmable Gain Instrumentation Amplifier ...................... 4-37
LH0086 Digitally-Programmable-Gain Amplifier ............... ..ottt 3-364
LHO0086C Digitally-Programmable-Gain Amplifier . . ..................... e 3-364
LHO091 True RMSto DC Converter . ...ttt e 9-291
LHO0094 Multifunction CONVErer ..........c.vinuiiiii ettt eaneens 9-296
LHO101 Power Operational Amplifier ........ ..o iiiiiiiiiii e 3-371
LHO101A Power Operational Amplifier . ... 3-371
LHO101AC Power Operational Amplifier ......... .ot 3-371
LHO101C Power Operational Amplifier . .. ... 3-371
LH0132 Ultra-Fast FET-Input Operational Amplifier . ........... ...t S1-18
LHO0132C Ultra-Fast FET-Input Operational Amplifier ............. .. ... ...ooiiiiat. S1-18
LH1605 5 Amp, High Efficiency Switching Regulator................... ...t 1-163
LH1605C 5 Amp, High Efficiency Switching Regulator ................ N 1-163 .
LH740A FET Input Operational Amplifier . ........... ..ottt ieniieean... 3-382
LH740AC FET Input Operational Amplifier. ..................... e 3-382
LH2011 Dual Operational Amplifiers . ........ccoiiiii e 3-384
LH2011B Dual Operational Amplifiers ...........c.ccoiiiiiiiiiiiii it 3-384
LH2011C Dual Operational Amplifiers ...........ccooiiiiiiiiiiii it 3-384
LH2101A Dual High Performance Op Amp . .......oiiiniiniii it 3-397
LH2108 Dual Super Beta Op AmMP . ...ttt e ettt e e aaiaeeeenns 3-399
LH2108A Dual Super Beta Op Amp . ... coini et e iieeee e 3-399
LH2110 Dual Voltage Follower . ... ot e 3-401
LH2111 Dual Voltage Comparator. . ........covutiiiiiii i ii s 5-11
LH2201A Dual High Performance Op AMP .. ...ovoininieiie e i eiaieeaaanns 3-397




Alphanumerical Index (continued)

LH2208 Dual SuperBeta Op AMp . .. ...c.iinit ittt e
LH2208A Dual Super Beta Op AmMP . ...ovinniii it eeeeieeeiierennnanenaannns
LH2210 Dual Voltage Follower ............ccouiiiiiiiiiiii ittt
LH2211 Dual Voltage Comparator. ...........coviiiiiiiiiiiiiiiiiinennen. R
LH2301A Dual High Performance OpAmp .................... PR RETREPUPPI
LH2308 Dual Super Beta Op AMP ... ..ottt ittt iii i

LH2310 Dual Voltage Follower . ...........c.coeiiiiiiiiiiiii ittt iiiiieeenrannns
LH2311 Dual Voltage Comparator....... e e e
LH24250 Dual Programmable Micropower Op Amp. ......ovttiiiiiinienneenaneenn.
LH24250C Dual Programmable Micropower OpAmp .............cciiiiiiiieninn..
LM10 Op Amp and Voltage Reference . ..........ccoveiiiiniiiniiiniiiiniininnenns
LM10B(L) Op Amp and Voltage Reference ........................... e
LM10C(L) Op Amp and Voltage Reference ......... e et
LM11 Operational AmPlIfier .. ........covueintiinir ittt ie i e eneereaneans
LM11A Precision Operational AMpPhfiers ...........c.uuenenininininieenenenenennnns
LM11AC Precision Operational Amplifiers . ........ccooiiiiii ittt iiiiiiiiiinnnn,
LM11C Operational Amplifier . ..............ccooiiie... ettt e
LM11CL Operational Amplifier .. ........o it et iee e aanns
LM34/LM34A, LM34C/LM34CA, LM34D Precision Fahrenheit Temperature Sensors . ...
LMB35 Precision Centigrade Temperature Sensors . ...........coiviiiiiiiinnninnenn
LMB35A Precision Centigrade Temperature Sensors ................ et
LM35C Precision Centigrade Temperature Sensors ............cooovieiniiievnennnen.
LM35CA Precision Centigrade Temperature Sensors ...........c.ovvviineereeinnee..
LM35D Precision Centigrade Temperature SEenSOrs ...........c.o.evevinevnevnennnnn.
LM101A Operational Amplifier .......... ...
LM102 Voltage FOllOWer . ... ..o et e
LM103 Reference Diode . ......c.vieiiiiii it e
LM104 Negative Regulator. .........ccoouiiniiiii i e
LM105 Voltage Regulator . .................... CETEETRRPI e e
LM106 Voltage Comparator ................... e e e e e,
LM107 Operational Amplifier ................ PP
LM108 Operational Amplifier ....... ..ot
LM108A Operational Amplifier . ............ccoiiiiiiiii i, e
LM109 5-VoitRegulator .............ccooiiiiiiiiiiiiian, e e,
LM110 Voltage FOlloWer . .. ... e e et
LM111 Voltage Comparator . ..........co.uiieiiiiin it iiiienineneneennnns
LM112 Operational Amplifier ............o i e
LM113 Reference Diode . .. .. e e e e e
LM117 3-Terminal Adjustable Regulator ..............covviiiieniierieninannennnss
LM117HV High Voltage 3-Terminal Adjustable Regulator.............................
LM118 Operational AMplifier ..........coviriiiiiiiiii ittt iiiiieeiennnennnnss
LM119 High Speed Dual Comparator . . ........c.ouviutiirinitineerininerieeneennens
LM120 Series 3-Terminal Negative Regulators. . ........... ..o
LM121 Precision Preamplifier. . ........cooiiniii et
LM121A Precision Preamplifier ...t
LM122 Precision Timer ..........cviiiiniiinneennnnnn. e
LM123 3 Amp, 5 Volt Positive Regulator ..............ccoiiiiiiiiiiiiiieinennnnn..
LM124 Low Power Quad Operational Amplifier....................... SR e
LM124A Low Power Quad Operational Amplifier ...............coiiiiiiiiiiiiiiae,
LM125 Voltage Regulator . . .. .. e e ettt e,
LM126 Voltage Regulator . . ... .....vuitiiitetateninn e eae e enenenenenenaeannnn
LM129 Precision Reference ..............coovvvivnnn, e e e




Alphanumerical Index (Continued)

LM131 Precision Voltage-to-Frequency Converter..................oiiiiiiiaaan, S5-137
LM131A Precision Voltage-to-Frequency Converter ..............c.coiiiiiiiiieinnn. S$5-137
LM134 3-Terminal Adjustable CurrentSource. ..........ccooiiiiiiiiiiiiiiiiinneann. 9-17
LM135 Precision Temperature SENSOr ... ...ttt ittt ettt ieennnnes 9-25
LM135A Precision Temperature SeNSOr. . . ..ottt eeiieieeeeeneaanns 9-25
LM136 2.5V Reference Diode ..ot e e 2-30
LM136-5.0 5.0V Reference Diode .............. e 2-36
LM137 3-Terminal Adjustable Negative Regulators . ................ ... ..ot 1-58
LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage) ................... 1-63
LM138 5 Amp Adjustable Power Regulators .............. ... oo i, 1-68
LM139 Low Power Low Offset Voltage Quad Comparator .................covevinn... 5-27
LM139A Low Power Low Offset Voltage Quad Comparator .................c.ooeeuvn... 5-27
LM140 Series 3-Terminal Positive Regulators............. ..o, 1-76
LM140A Series 3-Terminal Positive Regulators ......... e 1-76
LM140L Series 3-Terminal Positive Regulators ............ ... oo, 1-84
LM143 High Voltage Operational Amplifier .............. ... i ittt iiviiinnnn. 3-181
LM144 High Voltage, High Slew Rate Operational Amplifier........................... 3-188
LM145 Negative Three Amp Regulator ......... ... ... i, 1-87
LM146 Programmable Quad Operational Amplifier ...............cooiiiiiiiiiia.n. 3-194
LM148 Series Quad 741 Op AMPS - .o e v ittt e 3-206
LM149 Series Quad 741 Op AMPS ..t ttiitti ittt een e eeaeaaneennns 3-206
LM150 3 Amp Adjustable Power Regulator . .......... ... ittt 1-91
LM158 Low Power Dual Operational Amplifier ..o, 3-216
LM158A Low Power Dual Operational Amplifier ............. ... oo it 3-216
LM159 Dual, High Speed, Programmable Current Mode (Norton) Amplmer .............. 3-226
LM160 High Speed Differential Comparator ..............c.ooiii i, 5-35
LM161 High Speed Differential Comparator ..............oiiiiiiiiiiiiiiinao... 5-38
LM163 Precision Instrumentation Amplifier ............ ..., e S1-24
LM168 Precision Voltage Reference. ....... ..ot S 4-1
LM185 Adjustable Micropower Voltage Reference .................ccoviiiiiiiat, S4-8
LM185-1.2 Micropower Voltage ReferenceDiode ....................oiiiiiiia, S 4-15
LM185-2.5 Micropower Voltage Reference Diode ............covvviiiiiiiiiiinnnn., S4-21
LM192 Low Power Operational Amplifier/Voltage Comparator ........................ 3-242
LM193 Low Power Low Offset Voltage Dual Comparator ..................cooienen.. 5-41
LM193A Low Power Low Offset Voltage Dual Comparator................covvvvnnn., 5-41
LM194 Supermatch Pair . .........o.uiitii ettt 12-4
LM195 Uitra Reliable Power Transistor ..............oiiiiiiiiiiiiiiiiiiiiiinnnn. 12-10
LM196 10 Amp Adjustable Voltage Regulator...............c.covviiiiiiiiiiiii. 1-99
LM199 Precision Reference . ..o e 2-54
LM199A Precision Reference. .. .. .. e e F e 2-60
LM199AH-20, LM299AH-20, LM399AH-50 Ultra-Stable References ................... S 4-26
LM201A Operational Amplifier . ........cooiiiii i i i 3-128
LM202 Voltage FOIOWET . ... ..o e e 3-135
LM204 Negative Regulator. . ........cooiuiiiiiiii it 1-10
LM205 Voltage Regulator ...ttt i 1-13
LM206 Voltage Comparator . . .......uuuunetiinettiie it iiiiinerinneennens 5-13
LM207 Operational Amplifier ..........ccoiiiiiiiiiii i i 3-140
LM208 Operational Amplifier .. .......coviiirriii i et 3-144
LM208A Operational Amplifier ... ....cooeiiein it e iieii e 3-149
LM209 5-Volt Regulator ...........oiiiniii i 1-18
LM210 Voltage FOIOWET . .. ...\ttt ettt e 3-154
LM211 Voltage Comparator ..........coiiniiiiiiii it 5-16
LM212 Operational Amplifier ..................... e e 3-161




Alphanumerical Index (continued)

LM216 Operational Amplifier . .. ......iiiiiiii it i ie e 3-246
LM216A Operational Amplifier . ...t e 3-246
LM217 3-Terminal Adjustable Regulator .............ccooiiiiiiiiiiiiiiiiiiiinnn.. 1-23
LM217HV High Voltage 3-Terminal Adjustable Regulator............................. 1-31
LM218 Operational Amplifier ...........ccooiiiiiiiiiiiiiiiay e eeciensanaeas 3-165
LM219 High Speed Dual Comparator . .........ccvviiiiiiiiiiiiiieii it iianann 5-22
LM221 Precision Preamplifier. . ........coooiiiiiiiiii i 4-5
LM221A Precision Preamplifier ... 4-5
LM222 PreCision TIMEE .. ..ottt ettt ittt ettt eeiieeanaenas 9-5
LM223 3 Amp, 5 Volt Positive Regulator ................. e e 1-47
LM224 Low Power Quad Operational Amplifier. ............cooviiiiiiiiiiiiiiiia., 3-172
LM224A Low Power Quad Operational Amplifier ..............cooiiiiiiiiiiiin... 3-172
LM231 Precision Voltage-to-Frequency Converter.............c.oiiiiiiiiiinennnn. S$5-137
LM231A Precision Voltage-to-Frequency Converter .............covoiiiiiiininnn... S$5-137
LM234 3-Terminal Adjustable CurrentSource..............cooiiiiiiiiiiiiiiiinn., 9-17 -
LM235 Precision Temperature SBNSOT ... ....oiut ittt tiiteiiteiiareenieennnenns 9-25
LM235A Precision Temperature SeNRSOr. ... ccvvuererrennireeeerenennnnnenneeeesaans 9-25
LM236 2.5V Reference Diode ..........oiiiiiiiiiiiiiii e 2-30
LM236-5.0 5.0V Reference Diode . . ......ovniiii ittt 2-36
LM237 3-Terminal Adjustable Negative Regulator . ..................oooiiiiiiiatt. 1-58
LM237HV 3-Terminal Adjustable Negative Regulator (High Voltage) ................... 1-63
LM238 5 Amp Adjustable Power Regulator ............ccooiiiiiiiiiiiiiiiiinenannn, 1-68
LM239 Low Power Low Offset Voltage Quad Comparator ..............coovvvniine.n. 5-27
LM239A Low Power Low Offset Voltage Quad Comparator ................covvinne... 5-27
LM246 Programmable Quad Operational Amplifier ...............coooiiiiiiiiiia.. 3-194
LM250 3 Amp Adjustable Power Regulator ... ... 1-91
LM258 Low Power Dual Operational Amplifier ............. ... i, 3-216
LM258A Low Power Dual Operational Amplifier .......... e e i 3-216
LM260 High Speed Differential Comparator ...............c.ooieiiieiin.... P 5-35
LM261 High Speed Differential Comparator ............c.cociiiiiiiiiiiiiiinennne.. 5-38
LM268 Precision Voltage Reference. ...ttt iiiiiiiieneeeenns S 4-1
LM285 Adjustable Micropower Voltage Reference ...............ccovviiiiiiiiinn., S4-8
LM285-1.2 Micropower Voltage ReferenceDiode ..............covievennn. e S4-15
LM285-2.5 Micropower Voltage Reference Diode ...........covviiiiiiininnnenne.. S 4-21
LM292 Low Power Operational Amplifier/Voltage Comparator ..................c.oo.n. 3-242
LM293 Low Power Low Offset Voltage Dual Comparator . ...............cooviiiuinen. 5-41
LM293A Low Power Low Offset Voltage Dual Comparator. ..............covvvneennen. 5-41
LM295 Ultra Reliable Power Transistor ...........cvvittiiiiiiiitiiiieiiieennnns 12-10
LM299 Precision Reference ........ccoutitiit it 2-54
LM299A Precision REference. .. ......ouvnuiiii it ie i et 2-60
LM301A Operational Amplifier . .........couiiniiitiiriime it iiienaeneaness 3-128
LM302 Voltage FOlIOWET . . .. ..ot it ettt eee e 3-135
LM304 Negative Regulator . . ........oooiuiiit it 1-10
LM305 Voltage Regulator . ..........oiiniiiiiiiiii it 1-13
LM305A Voltage Regulator. . .. ..ot e 1-13
LM306 Voltage Comparator .. ......o.utetite it eieeannneteranneeanns 5-13
LM307 Operational Amplifier ......... ..ot 3-140
LM308 Operational Amplifier . .........c.oouiiiiiiiiii e 3-144
LM308A Operational Amplifier . ... i i 3-149
LM308A-1 Operational Amplifier ..ot 3-149
LM308A-2 Operational Amplifier ......... e e e e 3-149
LM309 5-Volt Regulator .. ..........vuiiinen e iiannenenenes U P 1-18
LM310 Voltage FollOWeT . . .. .ot e ettt e 3-154




Alphanumerical Index (continued)

LM311 Voltage Comparator . ...... ...t 5-48
LM312 Operational Amplifier .. ........on it i et eens 3-161
LM313 Reference Diode .. ....ccovin i e e s 2-22
LM316 Operational Amplifier . ....... ...t i et et en e 3-246
LM316A Operational Amplifier . ...............c.oo .. e 3-246
LM317 3-Terminal Adjustable Regulator ................ ..o, 1-23
LM317HV High Voltage 3-Terminal Adjustable Regulator...................... ... ... 1-31
LM317L 3-Terminal Adjustable Regulator ............... ..o i nan, 1-111
LM318 Operational Amplifier ........ ... i e 3-165
LM319 High Speed Dual Comparator . .........c.oviiiiniiiieetiiiiniieeeenenannns 5-22
LM320L Series 3-Terminal Negative Regulators................coooiiiiiiiiiiian, 1-122
LM320ML Series 3-Terminal Negative Regulators . ..................oiiiiiiinn, 1-122
LM321 Precision Preamplifier. ... ... P 4-5
LM321A Precision Preamplifier ........ ..ot e 4-5
LMB22 PreCision TIMET . . ...ttt e ettt eeeee e 9-5
LM323 3 Amp, 5 Volt Positive Regulator ..., 1-47
LM324 Low Power Quad Operational Amplifier. ..o, 3-172
LM324A Low Power Quad Operational Amplifier ............... oot 3-172
LM325 Voltage Regulator .........c.coiuuiiii i 1-51
LM325A Voltage Regulator. . ..o e 1-51
LM326 Voltage Regulator . ... ..ot i i ittt 1-51
LM329 Precision Reference . ...t e 2-25
LM330 3-Terminal Positive Regulator .. ... 1-128
LM331 Precision Voltage-to-Frequency Converter............coooiviiiiiiiiiinnen, S$5-137
LM331A Precision Voltage-to-Frequency Converter .............ccoiieiiiieeninnnn. S$5-137
LM334 3-Terminal Adjustable CurrentSource. ..o, 9-17
LM335 Precision Temperature SENSOr . ...ttt ittt iiiiieieeeeann 9-25
LMB335A Precision Temperature SensOr. . . ....covtttrn ittt reeniiiieeeeennns 9-25
LM336 2.5V Reference Diode ....... ..ottt e 2-30
LM336-5.0 5.0V Reference Diode . ...ttt e 2-36
LM337 3-Terminal Adjustable Negative Regulator . ............... ..., 1-58
LM337HC 3-Terminal Adjustable Negative Regulator (High Voltage) ................... 1-63
LM337L 3-Terminal Adjustable Regulator ................ccoiiiiiiiiiiiiiiiiint, 1-134
LM338 5 Amp Adjustable Power Regulator .............cooiiiiiiiiiiiiiiiiiinnn., 1-68
LM339 Low Power Low Offset Voltage Quad Comparator ..................coeinnn. 5-27
LM339A Low Power Low Offset Voltage Quad Comparator . .................... e 5-27
LM340 Series 3-Terminal Positive Regulators................c.ooooviiiiiiiiinn, 1-76
LM340A Series 3-Terminal Positive Regulators .................coooiiiiiiiiiii. 1-76
LM340L Series 3-Terminal Positive Regulators ............ ..o, 1-84
LM341 Series 3-Terminal Positive Regulators. ...............cooiiiiiiiiiiiiinn, 1-136
LM342 Series 3-Terminal Positive Regulators. ..............ccoviiiiiiiiiiiiiinn., 1-139
LM343 High Voltage Operational Amplifier ...ttt 3-181
LM344 High Voltage, High Slew Rate Operational Amplifier........................... 3-188
LM345 Negative Three Amp Regulator .......... ... . ittt 1-87
LM346 Programmable Quad Operational Amplifier ............... ..., 1-194
LM350 3 Amp Adjustable Power Regulator ..., 1-91
LM358 Low Power Dual Operational Amplifier .......... ..., 3-216
LM358A Low Power Dual Operational Amplifier ..............cooiiiiiiiiiiiiinn... 3-216
LM359 Dual, High Speed, Programmable Current Mode (Norton) Amplifiers............. 3-226
LM360 High Speed Differential Comparator .............c.cooiiiiiiiiiiiiiinennn.. 5-35
LM361 High Speed Differential Comparator .............cc.oviiiiiiiiiiiiiiiiinen, 5-38
LM363 Precision Instrumentation Amplifier . ........ ...l S1-24
LM368 Precision Voltage Reference..................... e S 4-1




Alphanumerical Index (continued) : L ,
LM376 Voltage Regulator ..o, [P 1-13

LM377 Dual 2 Watt Audio Amplifier.............................. e e 10-9
LM378 Dual 4 Watt Audio Amplifier. ...ttt iiiiiiiiieieeeee i, 10-14
LM379 Dual 6 Watt Audio Amplifier. ......... ..o 10-18
LM380 Audio Power Amplifier ............cciiiiiiiiiiii e P 10-22
LM381 Low Noise Dual Preamplifier . ...........c..cocvoiiiiiiniienn.n e 10-26
LM381A Low Noise Dual Preamplifier. ..........c..ovoiiiiiniiiviniinennn.. e 10-26
LM382 Low Noise Dual Preamplifier ... .. .. L IR e 10-29
LM383 8 Watt Audio Power Amplifier .............. N 10-32
LM383A 8 Watt Audio Power Amplifier . . ........oineiiii ittt 10-32
LM384 5 Watt Audio Power Ampilifier ............. A weverea.s 10-36
LM385 Adjustable Micropower Voltage Reference ....... e e S4-8
LM385-1.2 Micropower Voltage ReferenceDiode ............ ..oy, S 4-15
LM385-2.5 Micropower Voltage ReferenceDiode ............ ..ol S 4-21
LM386 Low Voltage Audio Power Amplifier ...ttt 10-40
LM387 Low Noise Dual Preamplifier .. ...................... e raaanns e 10-44
LM387A Low Noise Dual Preamplifier.................... e e 10-44
LM388 1.5 Watt Audio Power Amplifier ................. ...l e 10-47
LM389 Low Voltage Audio Power Amplifier With NPN Transistor Array ........ e 10-52
LM390 1 Watt Battery Operated Audio Power Amplifier ............................ .. 10-59
LM391 Audio PowerDriver . ...t e I 10-64
LM392 Low Power Operational Amplifier/Voltage Comparator .................. R 3-242
LM393 Low Power Low Offset Voltage Dual Comparator ...............evvueeennn... 5-41
LM393A Low Power Low Offset Voltage Dual Comparator............ N 5-41
LM394 Supermatch Pair . ...t e i 12-4
LM395 Uitra Reliable Power Transistor ........ I 12-10
LM396 10 Amp Adjustable Voltage Regulator........................ e e 1-99
LM399 Precision Reference .............coovviin e e - 2-54
LM399A Precision Reference. ........ e e e e 2-60
LMBEE TiMer . . ottt e e e 9-33
LMB55CTIMEr ...vvvviiiiit it PP e .. 9-33
LMBS6 Dual Timer . ...ttt et et e Lie.. o 9-39
LMBE56C DUl TIMET . .. vttt ettt ettt et e e eee e einenneeaieanns e 9-39
LM565 Phase Locked LOOp ......cvvvviiiiieiii i el e 9-42
LM565C Phase Locked LoOp .. ... vvi it 9-42
LM566 Voltage Controlled Oscillator .............. P 9-47
LM566C Voltage Controlled Oscillator ...................... e e 9-47
LM567 Tone Decoder . ...ttt e “e.. 980
LMBBC TONE DECOET . . ..o ittt et e e e e - 9-50
LM709 Operational Amplifier .................ccoovee.... PP 3-249
LM709A Operational Amplifier . ............c.cccoiiiiiiiia.. e e e 3-249
LM709C Operational Amplifier .. ....................... e feeeneae © 3-249
LM710 Voltage Comparator .......... e, e e e 5-56
LM710C Voltage Comparator. . .. ...covuietteinn ittt eiaeeanenenanns e 5-56
LM711 Dual Comparator.............coovivvnennnnn. e e 5-59
LM711C Dual Comparator ...........ccooveevnnnnnnn. PN e, 5-59
LM723 Voltage Regulator ..........ccoiviiiiiiiiiiiiiiiiiiinennn. S 1-143
LM723C Voltage Regulator .............ccooiiiiiiiiiiiinn, N 1-143
LM725 (Instrumentation) Operational Amplifier. ..................c o i, 3-253
LM725A (Instrumentation) Operational Amplifier .............. ..o, 3-253
LM725C (Instrumentation) Operational Amplifier ............ .0l 3-253
LM733 Differential Video Amp . .......ooetiiiiiiii i e 9-54
LM733C Differential Video Amp . .......ooiiiiiiii i e 9-54




Alphanumerical Index (continued)

LM741 Operational AmpIifier . ...t e e 3-257
LM741A Operational Amplifier . ... e e 3-257
LM741C Operational Amplifier .. ... ... i i e it e et ie s 3-257
LM741E Operational Amplifier . ... i 3-257
LM747 Dual Operational Amplifier. . ...t i ittt i iieiiennns 3-260
LM747A Dual Operational Amplifier ............o i 3-260
LM747C Dual Operational Amplifier .............. ... ... ... e 3-260
LM747E Dual Operational Amplifier .......... ... i, 3-260
LM748 Operational Amplifier .............. FE 3-265
LM748C Operational Amplifier ... ... e 3-265
LM78XX Series Voltage Regulators . ....... ...ttt 1-181
LM78LXX Series 3-Terminal Positive Regulators ........... ... ..o, 1-184
LM78MXX Series 3-Terminal Positive Regulators .......... PPt 1-190
LM79XX Series 3-Terminal Negative Regulators ........... e 1-193
LM79LXXAC Series 3-Terminal Negative Regulators .................cciiiiiiaa.. 1-198
LM79MXX Series 3-Terminal Negative Regulators. ............ ... ..., 1-202
LM832 Dynamic Noise Reduction System DNR™ . .. ........ e S 1241
LM833 Dual Audio Operational Amplifier ........... ... o it S 1-45
LMSO03 Fluid Level Detector . ... ..o i e e et 9-58
LM909 Remote Control Recaiver ....... ..ot e it . 9-64
LM1014 Motor Speed Regulator . ..o et S11-1
LM1014A Motor SpeedRegulator................... ... .. ... e e i 9-69
LM1017 4-Bit Binary 7-Segment Decoder/Driver . .........c.c.oveiiiiiiiieennnninnnnn 11-3
LM1019N Digital Tuning Station Detector .............. ... ..., 11-7
LM1035 Dual DC Operated Tone/Volume/Balance Circuit ..............c.covvien... 10-75
LM1036 Dual DC Operated Tone/Volume/Balance Circuit ...............c.ccovennn... S12-9
LM1037 Dual Four-Channel Analog Switch . ..., S6-9
LM1038 Dual Four-Channel Analog Switch ............ ...t PR S 6-15
LM1040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo Enhancemen

Facility . ...t e e e A S12-18
LM1112A Dolby B-Type Noise Reduction Processor. ............oiiiiiiiieennnnnan, 10-88
LM1112B Dolby B-Type Noise Reduction Processor. ...............ooiiiiianninnnn. 10-88
LM1112C Dolby B-Type Noise Reduction Processor. .............ccoviiiiineeannn. ... 10-88
LM1121A Dolby B-Type Noise Reduction Processor with DC Switching ................ S12-28
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LM1414 Dual Differential Voltage Comparator ............ccoviiiiiiiiiiiiiinineenn 5-62
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LM1496 Balanced Modulator-Demodulator .. .........c.ooiiiiiiiiiiiiiiiiii i 10-107
LM1514 Dual Differential Voltage Comparator .............ccoviiiiiiiiiiiiinnnnenn 5-62
LM1524 Regulating Pulse WidthModulator. .......... ... it 1-148
LM1558 Dual Operational Amplifier. ... 3-268
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LM1800 Phase Locked Loop FM Stereo Demodulator ....................coiiiiaan. 10-111
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LM1851 Ground FaultInterrupt . ... ... i e e S$10-8
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LM1868 AM/FM Radio System . .....ovtiit ittt ae et 10-1563
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LM1896 Dual Power Audio Amplifier. ............oooiiiiiii i 10-184
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LM1949 Injector Drive Controller. .. .......oviiiiiii et i e eeinees N S 12-87
LM1964 Sensor Interface Amplifier . ...t S 12-95
LM1965 Advanced FM IF System . ... ..o © 10-132
LM2002 8-Watt Audio Power Amplifier . ...t 10-200
LM2002A 8-Watt Audio Power Amplifier ......... ..., 10-200
LM2005 20-Watt Automatic Power Amplifier........................... e S 12-99
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LM3909 LED Flasher/Oscillator ...ttt iiiiininnnnnns 9-152
LM3911 Temperature Controller . .. ...... ...ttt ennnns 9-156
LM3914 Dot/Bar Display Driver . . .. ...t et 9-163
LM3915 Dot/Bar Display Driver . . .. ..ot et 9-177
LM3916 Dot/Bar Display DRiver . .. ...t e ettt e e ieieninaaanns 9-193
LM3999 Precision Reference . ... e 2-63
LM4250 Programmable Operational Amplifier................... ...l 3-279
LM4250C Programmable Operational Amplifier ............ ...t iiiiiin., 3-279
LM4500A High Fidelity FM Stereo Blend Demodulator ...............ccooiivieiinan.. 10-235
LM11600A Dual Operational Transconductance Amplifier '

with Linearizing Diodes and Buffers ............cociiiiiiiiiiiiii e, 10-242
LM11700A Dual Operational Transconductance Amplifier

with Linearizing Diodes and Buffers .......... ...t 10-258
LM13080 Programmable Power Op Amp . ... ...t i 3-284
LM13600 Dual Operational Transconductance Amplifier

with Linearizing Diodes and Buffers ......... ... 10-242
LM13600A Dual Operational Transconductance Amplifier

with Linearizing Diodes and Buffers .......... ... .ottt 10-242
LM13700 Dual Operational Transconductance Amplifier

with Linearizing Diodes and Buffers .................. .. ..ot e 10-258
LM13700A Dual Operational Transconductance Amplifier

with Linearizing Diodes and Buffers .......................ooiiiit e 10-258
LMCB835 Digital Controlled Graphic Equalizer ....... e e S12-126
LP165 Micropower Programmable Quad Comparator . ..........ccooviviuniiinninnn, S 241
LP311 Voltage Comparator . ..........coiiiiiiiii ittt iaaiaeenn S29
LP339 Ultra-Low Power Quad Comparator ...........ouuieiiiiineeiinuneinnneennns. S2-11
LP365 Micropower Programmable Quad Comparator ...........ccocoviiniiiinniannn. S 21
LP395 Ultra Reliable Power Transistor . ...t ieieeee S 15-1
MF4 4th Order Switched Capacitor Butterworth Lowpass Filter........................ S9-1
MF5 Universal Monolithic Switched Capacitor Filter ........ i e S$9-8
MF6 6th Order Switched Capacitor Butterworth Lowpass Filter........................ S$9-9
MF10 Universal Monolithic Dual Switched Capacitor Filter. . ................ ... oot §9-17
MM54104 DIGITALKER™ Speech Synthesis System ..., S14-5
MM54C905 12-Bit Successive Approximation Register..................coviiiiat. 8-262
MM74C905 12-Bit Successive Approximation Register............. ... ... . ... 10-262
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TBA120T IF Amplifierand Detector ..............c.coiiiiiiiiiiiiian, e 10-277
TBA120U IF Amplifierand Detector ... et e 10-277
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TDA2523 Color Demodulation Combination ...........cc.ooviiriiiirenriinneninnan.s 11-76
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TDA2560 Luminance and Chrominance Control Combination ......................... 11-87
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National
Semiconductor

LH0032, LH0032A, LH0032C,

PRELIMINARY

LHO0032AC

Ultra Fast FET-Input Operational Amplifier

General Description

The LH0032/LHO032A is a high slew rate, high input imped-
ance differential operational amplifier suitable for diverse
application in fast signal handling. The high allowable differ-
ential input voltage, ease of output clamping, and high out-
put drive capability particularly suit it for comparator applica-
tions. It may be used in applications normally reserved for
video amplifiers allowing the use of operational gain setting
and frequency response shaping into the megahertz region.

Features

B 500 V/pus slew rate

B 70 MHz bandwidth

| 10720 input impedance

H As low as 2 mV max input offset voltage

| FET input

& Offset null with single pot

m No compensation for gains above 50

W Peak output current to 100 mA

The LH0032’s wide bandwidth, high input impedance and
high output capacity make it an ideal choice for applications
such as summing amplifiers in high speed D to A convert-
ers, buffers in data acquisition systems and sample and
hold circuits. Additional applications include high speed inte-
grators and video amplifiers. The LH0032 and LHO032A are
guaranteed for operation over the temperature range
—55°C to +125°C, the LH0032C and LHO032AC are guar-
anteed for —25°C to +85°C. :

Block and Connection Diagrams
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LH0032, LH0032A, LH0032C, LH0032AC

Absolute Maximum Ratings

Supply Voltage, Vg +18V Operating Temperature Range, Ta

Input Voltage, ViN ' ] +Vs LHO0032G/AG —55°Cto +125C°C

Differential Input Voltage +30Vor £2Vg LHO032CG/ACG —25°Cto +85°C

Power Dissipation, Pp \ : Operating Junction Temperature, T, 175°C
Ta = 25°C 1.5W, derate 100°C/W to 125°C (Note 1) Storage Temperature Range —65°C to +150°C
Tc = 25°C 2.2W, derate 70°C/W to 125°C (Note 1) - Lead Temp. (Sdldering, 10 seconds) ) 300°C

DC Electrical Characteristics vg = +15v, Ty < Ta < Tmax unless otherwise noted (Note 2)

Symbol| Parameter Test Conditions LHO032A - LH°°32AC __LH0032 LH0032C Units
' Min| Typ |Max|Min|Typ{Max|Min| Typ [Max|Min|Typ|Max
Vos Input Offset Ta=Ty=25°C 2 2 215 2 5 2 [16]| mv
Voltage o (Note 3) : 5 7 10 20
AVopg/ |Average Offset o
AT Voltage Drift (Note 4) 15 | 30 15| 30 15 | 50 15 | 50 (pV/°C
los Input Offset .| . T,=25°C (Note 3) 10 30 25 80| pA
~ Current VIN=0 |Ta=25°C (Note 5) 250 500 250 500| pA
‘ 10 3 25 5 nA
Is Input Bias Ty=25°C (Note 3) 50 150 100 500] pA
Current ) Ta=25°C (Note 5) 1 5 1 5| nA
- 25 10| ° 50 15| nA
| *Vinem |Input Voltage +10| £12 +10{ 12 +10| +12 +10{£12 "
Range
CMRR [Common Mode _ .
Rejection |AVIN= 10V 50 | 60 50 | 60 50 | 60 50 | 60 dB
Ratio . )
AvoL |Open-Loop Vo= £10V, [Ty=25°C 60 | 70 60 | 70 60 | 70 60 | 70 dB
Voltage f=1kHz
(Note 6) 57 . 57
Vo Output Voltage [RL = 1kQ +10(+£13.5 +10{+13 +10[{+13.5 +10{ 13| \"
Swing . :
Is Power Supply (Ta=25°C, ' 18 | 20 20 | 22 18 | 20 20 (22 | mA
Current lo=0 (Note 6)
PSRR |Power Supply |AVg=10V )
Rejection  |(+5 to £15V) 50 | 60 50 | 60 50 | 60 » 50 | 60 dB
Ratio
AC Electrical Characteristics vs = +15v, R = 1ka, T; = 25°C (Note 7)
Symbol Parameter Conditions Min Typ Max Units
SRr Slew Rate Ay = +1 350 500 V/us
ts Settling Time to 1% of Final Value Ay=—1, | Avp =20V 100
ts Settling Time to 0.1% of Final Value 300 ns
tr Small Signa! Rise Time Ay = +1, AV = 1V 8 20
tp Small Signal Delay Time 10 25

Note 1. In order to limit maximum junction temperature to +175°C, it may be necessary to operate with VS < +15V when Tp or Tg exceeds specific values
depending on the Pp within the device package. Total Pp is the sum of quiescent and load-related dissipation. See applications notes AN-277, “Applications of
Wide-Band Buffer Amplifiers” and AN-253, “High-Speed Operational-Amplifier Applications” for a discussion of load-related power dissipation.

Note 2. LHO032AG/G are 100% production tested as specified at 25°C, 125°C, and —55°C. LHO032ACG/CG are 100% production tested at 25°C only.
Specifications at temperature extremes are verified by sample testing, but these limits are not used to calculate outgoing quality level.

Note 3. Specification is at 25°C junction temp due to requi its of high-speed automatic testing. Actual values at operating temperature will exceed the
value at T) =25 C. When supply voltages are + 15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions.
Accordingly, Vog may change one to several mV, and Ig and log will change significantly during warm-up. Refer to Ig and Ipg vs. temperature graph for expected
values. .

Note 4. LHO032AG/G are 100% production tested for this parameter. LHO032ACG/CG are sample tested only. Limits are not used to calculate outgoing quality
levels. AVpg/AT is the ge value calculated from at 256°C and Tyax-

Note 5. Measured in still air 7 minutes after application of power. Guaranteed thru correlated automatic pulse testing.

Note 6. Guaranteed thru correlated automatic pulse testing at Ty = 25°C.

Note 7. Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level.
* Limits at high/low temp. are sample tested to LTPD= 10 on LH0032CG/ACG.
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LH0032, LH0032A, LH0032C, LH0032AC

Typical Performance
Characteristics (continued)

TOTAL INPUT NOISE VOLTAGE (avA/Hz)

Total Input Noise
Voltage vs. Frequency*

Auxiliary Circuits

Offset Null

P | +

Output Short Circuit Protection
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T "T[T T IHT]I!
e Rl

o vosred

.
v ovee
PRRRRReres |

ot
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o voeed

RS = 100k '
v v rrrre]
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y

S

RS

il

it 1

10

100

&
FREQUENCY (H2)
TL/K/5265-14

INPUTS

*Noise voltage includes contribution from source resistance.

Typical Applications

Unity Gain Amplifier
8 pF-10 pF

> OUTPUT

100X Buffer Amplifier

TL/K/5265-17

TL/K/5265-19

10X Buffer Amplifier

5pF

[—-OUTPUT

<
>
S 9k

TL/K/5265-16

TL/K/5265-18

Non-Compensateq Unity Gain Inverter

v+

10k

INPUT

g
12 I

1

p— QUTPUT

TL/K/5265-20
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Typical Applications continued)

High Speed Sample and Hold
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Applications Information

POWER SUPPLY DECOUPLING

The LH0032/LH0032A, like most high speed circuits, is sen-
sitive to layout and stray capacitance. Power supplies
should be by passed as near to pins 10 and 12 as practica-
ble with low inductance capacitors such as 0.01 uF disc
ceramics. Compensation components should also be locat-
ed close to the appropriate pins to minimize stray reactanc-
es. :

100Q

Cs =1000 pF

TL/K/5265-21
*Use polystyrene dielectric for minimum drift

AMS710

Gt

G3

G4

1 TL/K/5265-22

INPUT CURRENT

Because the input devices are FETSs, the input bias current
may be expected to double for each 11°C junction tempera-
ture rise. This characteristic is plotted in the typical perform-
ance characteristics graphs. The device will self-heat due to
internal power dissipation after application of power thus
raising the FET junction temperature 40-60°C above free-
air ambient temperature when supplies are +15V. The de-

OVZEO00HT “0ZE00HT ‘VZE00HT ‘ZE00HT
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LH0032, LH0032A, LH0032C, LH0032AC

Applications Information (continued)

vice temperature will stabilize within 5-10 minutes after ap-
plication of power, and the input bias currents measured at
that time will be indicative of normal operating currents. An
additional rise would occur as power is delivered to a load
due to additional internal power dissipation.

There is an additional effect on input bias current as the
input voltage is changed. The effect, common to all FETs, is
an avalanche-like increase in gate current as the FET gate-
to-drain voltage is increased above a critical value depend-
ing on FET geometry and doping levels. This effect will be
noted as the input voltage of the LH0032 is taken below
ground potential when the supplies are = 15V. All of the
effects described here may be minimized by operating the
device with Vg< £ 15V.

These effects are indicated in the typical performance
curves.

INPUT CAPACITANCE

The input capacitance to the LH0032/1.H0032C is typically
5pF and thus may form a significant time constant with high
value resistors. For optimum performance, the input capaci-
tance to the inverting input should be compensated by a
small capacitor across the feedback resistor. The value is

strongly dependent on layout and closed loop gain, but will
typically be in the neighborhood of several picofarads.

In the non-inverting configuration, it may be advantageous
to bootstrap the case and/or a guard conductor to the in-
verting input. This serves both to divert leakage currents
away from the non-inverting input and to reduce the effec-
tive input capacitance. A unity gain follower so treated will
have an input capacitance under a picofarad.

HEAT SINKING

While the LH0032/LHO032A is specified for operation with-
out any explicit heat sink, internal power dissipation does
cause a significant temperature rise. Improved bias current
performance can thus be obtained by limiting this tempera-
ture rise with a small heat sink such as the Thermalloy No.
2241 or equivalent. The case of the device has no internal
connection, so it may be electrically connected to the sink if
this is advantageous. Be aware, however, that this will affect
the stray capacitances to all pins and may thus require ad-
justment of circuit compensation values.

For additional applications information request Applica-
tion Note AN-253.

S$1-6




National
Semiconductor

LH0033/LH0033A/LH0033C/LH0033AC,LH0063/LH0063C
Fast and Damn Fast Buffer Amplifiers

General Description

The LH0033/LH0033A and LH0063 are high speed, FET
input, voltage follower/buffers designed to provide high cur-
rent drive at frequencies from DC to over 100 MHz. The
LH0033/LHO033A will provide £10 mA into 1 kQ loads
(£100 mA peak) at slew rates of 1500V/us. The LH0063
will provide +250 mA into 500 loads (+500 mA peak) at
slew rates up to 6000V/us. In addition, both exhibit excel-
lent phase linearity up to 20 MHz.

Both are intended to fulfill a wide range of buffer applica-
tions such as high speed line drivers, video impedance
transformation, nuclear instrumentation amplifiers, op amp
isolation buffers for driving reactive loads and high imped-
ance input buffers for high speed A to Ds and comparators.
In addition, the LHO063 can continuously drive 500 coaxial
cables or be used as a yoke driver for high resolution CRT
displays. For additional applications information, see AN-48.

Advantages

B Only 10V supply needed for 5 Vp-p video out

B Speed does not degrade system performance

B Wide data rate range for phase encoded systems

® Output drive adequate for most loads
m Single pre-calibrated package

Features

® Damn fast (LH0063): 6000 V/us

® Wide range single or dual supply operation

® Wide power bandwidth: DC to 100 MHz

| High output drive: +10V with 50Q load

® Low phase non-linéarity: 2 degrees

B Fast rise times: 2 ns

m High current gain: 120 dB

| High input resistance: 1010Q

These devices are constructed using specially selected
junction FETs and active laser trimming to achieve guaran-
teed performance specifications. The LH0033/LHO033A
and LHO063 are specified for operation from —55°C to
+125°C; whereas, the LH0033C/LH0033AC and LH0063C
are specified from —25°C to +85°C. The LH0033/
LHO033A is available in either a 1.5W metal TO-8 package
or an 8-pin ceramic dual-in-line package. The LH0063 is
available in a 5W 8-pin TO-3 package.

Connection Diagrams

Metal Can Package

Dual-In-Line Package

Metal Can Package

INPUT 1

OFFSET __2
PRESET
OFFSET __3

ADJUST .
OUTPUT  QUTPUT =

ADJUST NC

TOP VIEW
) TL/K/5507-1
Case is electrically isolated

Order Numbers LH0033/LH0033A/LH0033C/
LHO0033AC, LH0063/LH0063C
See NS Packages H12B, HY08A, KOSA

Teflon is a trademark of E. I. DuPont Corp.

TOP VIEW

LI
[T vt o
_5_ Ve~ v
K- OFFSET
\Njofo ADJUST
outeur”” \ A OFFSET
INPUT 9 PRESET
TL/K/5507-2
TOP VIEW

Case is electrically isolated

TL/K/5507-3
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Absolute Maximum Ratings

LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C

Supply Voltage(V+ ~V—) 40V Peak Output Current .
Maximum Power Dissipation (See Curves) ~ LH0063/LH0063C +500 mA
LH0063/LH0063C ‘ 5W LHO033A/LHO033AC/LH0033/LH0033C +250 mA
- LHO033A/LHO033AC/LH0033/LH0033C 1.5W Operating Temperature Range ’
Maximum Junction Temperature 175°C LHO033A/LH0033 and LH0063 —55°Cto + 125°C
Input Voltage +Vg LHOO33AC/LH0033C and LHO063C  —25°Cto + 85°C
Continuous Output Current ) Storage Temperature Range —65°to + 150°C
LH0063/LH0063C +250 mA Lead Temperature (Soldering, 10 seconds) 300°C
LHO033A/LH0033AC/LLH0033/LH0033C +100 mA : . "
DC Electrical Characteristics vs= + 15V, Tyn<Ta<Tmax unless otherwise specified (Note 1)
Parameter Conditions LHO0033A - LHOO33AC LH0033 LH0033C Units
- . ) o Min | Typ | Max | Min | Typ | Max [ Min | Typ | Max | Min | Typ | Max
Output Offset | Rg=1000,T = 25°C, 1|5 6 15 50 | 10 12 | 20 mv
Voltage Vin=0V (Note 2) .
Rg=100Q 10 20 15 25 mV
Average Rg=100Q, ViN=0V 50 | 100 50 | 100 50 | 100 50 | 100 | pV/°C
Temperature | (Note 3) . '
Coefficient of
Offset Voltage
Input Bias ViN=0V ‘
Current T =25°C (Note 2) 100 250 250 500 [ pA
Ta=25°C (Note 4) 1.5 25 25 5.0 nA
Ty=Tao=TmAX - 7.5 10 10 20 nA
Voltage Gain | Vo= £10V, 0.97 [ 0.98]1.00( 096 | 0.98 | 1.00| 0.97 | 0.98 | 1.00| 0.96 | 0.98 | 1.00 | V/V
' ~ | Rg=1004,
- Ry =1.0kQ
Input RL=1kQ 1010 | 1011 1010 [ 101 1010 |-10M1 1010 | 1011 Q
Impedance .
Output ViN= £ 1.0V, 6.0 | 10 6.0 | 10 6.0 | 10 6.0 | 10 Q
Impedance R =1.0k
Output Vi=+%14V,R =1.0k | £12 +12 +12 +12 v
Voltage Swing | V;= £10.5V, ‘
| RL=1009, TA=25°C | £9.0 +9.0 +9.0 +9.0 \'%
Supply ViN=0V (Note 5) 20 22 21 24 20 | 22 21 24 mA
Current ) X
Power VIN=0V 600 | 660 630 | 720 600 | 660 630 | 720 | mW
Consumption )
AC Electrical Characteristics 7c=25c, vs= + 15V, Rs=500, R = 1.0 K2 (Note 6)
Parameter Conditions LHO033A LHO033AC LH0033 LH0033C Units
Min | Typ |Max| Min | Typ | Max| Min | Typ | Max| Min | Typ | Max
Slew Rate ViN= £10V 1000 | 1500 1000 | 1400 1000 | 1500 1000 [ 1400 V/us
Bandwidth ViN=1.0Vrms 100 100 100 100 MHz
Phase Non-Linearity | BW=1.0Hz to 20 MHz 2.0 2.0 2.0 2.0 degrees
Rise Time AV|N=0.5V 2.9 3.2 2.9 3.2 ns
| Propagation Delay | AVjN=0.5V 1.2 1.5 1.2 1.5 ns
Harmonic Distortion | f>1 kHz <0.1 <0.1 <0.1 <0.1 %

Note 1: LHO033A is 100% production tested as specified at 25° C, 125°C, and-55°C. LHO033AC/C are 100% production tested at 25°C only. Specifications at
tempoerature extremes are verified by sample testing, but these limited are not used to calculate outgoing quality level.

Note 2: Specification is at 25°C junction

due to requi

of high speed automatic testing. Actual values at operating temperature will exceed the

value at Ty=25°C. When supply voltages are + 15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions.

Accordingly, Vos may change one to several mV, and Ig will change significantly during warm-up. Refér to Ig vs temperature graph for expected values.

Note 3: LHOO033A is 100% production tested for this parameter. LHOO33AC/C are sample tested only. Limits are not used to calculate outgoing quality levels.

AVpg/AT is the

ge,value calcul

d from

its at 25°C and Tyax.

Note 4: Measured in still air 7 minutes after application of power. Guaranteed thréugh correlated automatic pulse testing.
Note 5: Guaranteed through correlated automatic pulse testing at T,;=25°C.
Note 6: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level.
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DC Electrical Characteristics vs= + 15V, Ty <Ta<Tmax unless otherwise specified (Note 1)

Parameter Conditions LHO063 LHooesC Units
Min Typ Max Min Typ Max
Output Offset Voltage Rg <100k, Ty=25°C 10 25 10 50 mV
R_=100Q (Note2) * ) 100 100 mV
Average Temperature | Rg<100 k< (Note 3) 300 ' 300 pVv/°C
Coefficient of Output
Offset Voltage
Input Bias Current Ty=25°C (Note 2) 0.1 0.5 0.1 0.5 nA
Voltage Gain Vin= £10V, Rg<100 kQ, R =1 kQ 0.94 0.96 1.0 | 0.94 0.96 1.0 VIV
Voltage Gain Vin= 10V, Rg<100 k2, R =500 0.92 093 | 0.98 | 091 093 | 0.98 VIV
Ty=25°C
Input Capacitance Case Shorted to Output 8.0 8.0 pF
Output Impedance Vout= 10V, Rg<100 kQ2, R =50Q 1.0 4.0 1.0 4.0 1)
Output Current Swing ' VinN= 10V, Rg< 100 k2 0.2 0.25 ‘0.2 0.25 A
Output Voltage Swing RL=50Q +10 +13 +10 +13 \
Output Voltage Swing Vg= +5.0V, R =50Q, T;=25°C " 5.0 7.0 5.09 7.0 Vv
Supply Current Ty=25°C, R =, Vg=+15V 3 | 65 3 | 65 mA
(Note 4)
Supply Current Vg= £5.0V (Note 4) . 50 ’ 50 mA
Power Consumptioh Ty=25°C, R =, Vg= +15V 1.05 1.95 1.05 1.95 W
Power Consumption Vg= £5.0V 500 500 mwW
AC Electrical Characteristics 1,=25°c, vg= +15v, Rg =500, R_=500 (Noté 5)
Parameter Conditions LH0063 - LH0063C Units
Min Typ Max Min Typ Max
Slew Rate ‘ RL=1.0kQ, Vijy= £10V 6000 . 6000 V/ps
Slew Rate RL=509, V|y= £10V, T;=25°C 2000 2400 2000 2400 V/us
Bandwidth ViN=1.0 Vrms 200 200 MHz
Phase Non-Linearity BW=1.0Hzto20MHz 2.0 2.0 degrees
Rise Time AViN=0.5V 1.6 1.9 ns
Propagation Delay AV|IN=0.5V . 1.9 21 ns
Harmonic Distortion <0.1 <0.1 %

Note 1: LH0063 is 100% production tested as specified at 25°C, 125°C, and —55°C. LH0063C is 100% production tested at 25°C only. Specifications at
temperature extremes are verified by sample testing, but these limits are not used to calculate outgoing quality level.

Note 2: Specification is at 25°C junction p due to requi of high speed automatic testing. Actual values at operating temperature will exceed the
value at T;=25°C. When supply voltages are 15V, no-load operating junction temp. may rise 40-60°C above ambient, and more under load conditions.
Accordingly, Vos may change one to several mV, and Ig ans lpg will change significantly during warm-up. Refer to Ig and lgg vs temperature graph for expected
values. )

Note 3: LHOOSQ is 100% production tested for this parameter. LH0063C is sample tested only. Limits are not used to calculate outgoing quality levels.
AVpg/AT is the average value calculated from measurements at 25°C and Tyax.

Note 4: Guaranteed through correlated automatic pulse testing at T;=25°C.

Note 5: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level.
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LH0033/L.H0033A/LH0033C/LH0033AC/LH0063/LH0063C

Typical Performance Characteristics
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Typical Performance Characteristics (continued) S
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Application Hints oFFSET
RECOMMENDED LAYOUT PRECAUTIONS %ﬁg
RF/video printed circuit board layout rules should be fol- OFFSET
lowed when using the LH0033 and LH0063 since they will ADJUST
provide power gain to frequencies over 100 MHz. Ground 2000

planes are recommended and power supplies should be de-
coupled at each device with low inductance capacitors. In

addition, ground plane shielding may be extended to the TL/K/5507-6
metal case of the device since it is electrically isolated from FIGURE 1. Offset Zero Adjust for LH0033
internal circuitry. Alternatively the case should be connected (Pin numbers shown for TO-8)

to the output to minimize input capacitance.

OFFSET VOLTAGE ADJUSTMENT

Both the LH0033's and LH0063’s offset voltages have been
actively trimmed by laser to meet guaranteed specifications
when the offset preset pin is shorted to the offset adjust pin.
This pre-calibration allows the devices to be used in most
DC or AC applications without individually offset nulling
each device. If offset null is desirable, it is simply obtained
by leaving the offset preset pin open and connecting a trim
pot of 100Q for the LH0033 or 1 k) for the LHO063 be-
tween the offset adjust pin and V—, as illustrated in Figures
fand2

TL/K/5507-7
FIGURE 2. Offset Zero Adjust for LH0063
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LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C

Application Hints (continued)

OPERATION FROM SINGLE OR ASYMMETRICAL
POWER SUPPLIES

Both device types may be readily used in applications where
symmetrical supplies are unavailable or not desirable. A typ-
ical application might be an interface to a MOS shift register
where V*+ = +5Vand V— = —12V. In this case, an appar-
ent output offset occurs due to the device’s voltage gain of
less than unity. This additional output offset error may be
predicted by:
+ —\y—-
AVo=(1-Ay =YD

2 =0.005(V+—-V~-)

where:

Ay =No load voltage gain, typically 0.99

V+ =Positive supply voltage

V-~ =Negative supply voltage
For the above example, AVg would be —35mV. This may
be adjusted to zero as described in Figure 2. For AC cou-
pled applications, no additional offset occurs if the DC input

is properly biased as illustrated in the Typical Applications
section.

v+

TL/K/5507-8

FIGURE 3. LH0033 Using Resistor Current Limiting

SHORT CIRCUIT PROTECTION

In order to optimize transient response and output swing,
output current limit has been omitted from the LH0033 and
LH0063. Short circuit protection may be added by inserting
appropriate value resistors between V+ and Vg* pins and
V— and Vg~ pins as illustrated in Figures 3 and 4. Resistor
values may be predicted by:

v+ V-

Rum=r—="—

Isc Isc

. where:

Isc<100 mA for LH0033

Isc<250 mA for LHO063

vt

INPUT

TL/K/5507-9

FIGURE 4. LH0063 Using Resistor Current Limiting




The inclusion of limiting resistors in the collectors of the
output transistors reduces output voltage swing. Decoupling
Vgt and Vg~ pins with capacitors to ground will retain full
output swing for transient pulses. Alternate active current
limit techniques that retain full DC output swing are shown in
Figures 6 and 6. In Figures 5 and 6, the current sources are
saturated during normal operation, thus apply full supply
voltage to the V¢ pins. Under fault conditions, the voltage
decreases as required by the overload.

For Figure 5:
Vge 0.6V
Rim=—=— =
LM Isc 60 mA 109

In Figure 6, quad transistor arrays are used to minimize can
count and:

VBe 0.6V

Rum= =

=8.20

1/3(Isc)  1/3(200 mA)

+15V

Q1=02=2N2905 {
Q3=Q4=2N2219 p:

-15V
TL/K/5507-10
FIGURE 5. LH0033 Current Limiting
Using Current Sources

+15v

—15V
TL/K/5507-11
FIGURE 6. LHO063 Current Limiting
Using Current Sources

CAPACITIVE LOADING

Both the LH0033 and LH0063 are designed to drive capaci-
tive loads such as coaxial cables in excess of several thou-
sand picofarads without susceptibility to oscillation. Howev-
er, peak current resulting from (C X dy/dy) should be limited
below absolute maximum peak current ratings for the de-
vices.

Thus for the LH0033:

AV,
(—:\%) XCL<louT< +250 mA

and for the LH0063:

A
(%{N) XC<lpyT< £500 mA
In addition, power dissipation resulting from driving capaci-
tive loads plus standby power should be kept below total
package power rating:

Pppkg.=Ppc+Pac

‘Pppkg.=(V+ —V~)XlIg+Pac

Pac=(Vp-p)2 XX CL

where:
Vp-p = Peak-to-peak output voltage swing
f  =Frequency .
CL =Load Capacitance

OPERATION WITHIN AN OP AMP LOOP

Both devices may be used as a current booster or isolation
buffer within a closed loop with op amps such as LH0032,
LHO0062, or LM118. An isolation resistor of 47Q should be
used between the op amp output and the input of LH0033.
The wide bandwidths and high slew rates of the LH0033
and LHO063 assure that the loop has the characteristics of
the op amp and that additional rolloff is not required.

HARDWARE

In order to utilize the full drive capabilities of both devices,
each should be mounted with a heat sink particularly for
extended temperature operation. The cases of both are iso-
lated from the circuit and may be connected to the system
chassis.

DESIGN PRECAUTION

Power supply bypassing is necessary to prevent oscillation
with both the LH0033 and LH0063 in all circuits. Low induc-
tance ceramic disc capacitors with the shortest practical
lead lengths must be connected from each supply lead
(within <1/ to 14" of the device package) to a ground
plane. Capacitors should be one or two 0.1 pF in parallel for
the LHO033; adding a 4.7 pF solid tantalum capacitor will
help in troublesome instances. For the LH0063, two 0.1 pF
ceramic and one 4.7 pF solid tantalum capacitors in parallel
will be necessary on each supply lead.

$1-13
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LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C

Schematic Diagrams
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TL/K/5507-12

Pin numbers shown for TO-8 (“G") package.

Typical Applications
High Speed Automatic Test Equipment
Forcing Function Generator
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Typical Applications (continued)

Gamma Ray Pulse Integrator

+15V
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S +15V
L
I
SCINTILLATION S
CAYSTAL 1 4
! o T 2N515 TTL RESET
Smm
1 >
I =
Q1M
GAMMA
RAY MNP P } ]
<
M
e o . :
Sm
1
! <
4: ™
: H
PHOTOMULTIPLIER S
TUBE ' s
¥
Sm
— — 1KV
TL/K/5507-15
Nuclear Particle Detector High Input Impedance AC Coupled Amplifier
v+ 4.7 4F
: 12 CASE_
+15V 0.001 4F ol
1 -
INPUT——I (—4 LH0033 A
10
p— DUTPUT 7 0.1,F
e 6 _|
>
S I l
9 .
0.1 4F V- =
-5 S {32100 MHz
TL/K/5507-18 i o

TL/K/5507-17
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LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C

Typical Applications (continued).

Isolation Buffer ' Coaxial Cable Driver

OVERALL FEEDBACK +15V
4.7 4F
+15V

INPUT OUTPUT

500

-I? LOAD

TL/K/5507-18

TL/K/5507-19

:E"L g _menve
1

Coaxial Cable Driver

500

. L = TL/K/5507-20
*Select C1 for optimum puise response

High Input Impedance Comparator Instrumentation Shield/Line Driver
with Offset Adjust

INPUT ——J

No go=logic “1"
Go=logic “0”

TL/K/5507-22

‘OFFSET
ADJUST

V-

TL/K/5507-21
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Typical Applications (continued)

Single Supply AC Amplifier
Vee =12.0V

<
P4l
0.001 4F §

wour —|

ANALOG
INPUT

5.0V
10

-

LOGIC
INPUT

1/2 DHO034

BN

1W CW Final Amplifier
+30V

C1
150 pF

Vin

i

S A2

TL/K/5507-23

4.5 MHz Notch Filter

C1
150 pF

A1

TL/K/5507-24 2200

High Speed Sample and Hold

c1*

I 1000 pF

Sum —
1
fo=emici
R1=2R2
2%0 o1 =922'
TL/K/5507-25

QUTPUT

*Polycarbonate or Teflon

TL/K/5507-26
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LH0132/LH0132C

National
Semiconductor

LHO0132, LHO132C

Ultra-Fast FET-Input'Operatlonal Amplifier

‘| General Description

The LHO132 is a high slew rate, high input impedance differ-
ential amplifier. It was developed specifically for sample and
hold and other fast signal handling applications which re-
quire very low input currents over the full input voltage
range. Input offset and bias currents are guaranteed over a
full input common mode range of —10 volts to + 10 volts.

Features

B 600 pA lpjgs at Viy = 10V

W 500 V/ps slew rate

m 70 MHz bandwidth

® 5 mV offset voltage

m FET input

m No compensation for gains above 50
B Peak output current to 100 mA

Block and Connection Diagrams

v ol
< <
gm gm m
3 A A
©
BALANCE/
COMPENSATION
‘
o,
24 OUTRUT
COMPENSATION

wvear 5 U 02
INPUT

NON-INVERT 8
INPUT

>
<

>
b4

OUTPUT

COMPENSATION

BALANCE/
COMPENSATION

NC

TOP VIEW

TL/K/5499-5

Order Number LH0132G or LH0132CG
See NS Package H12B

TL/K/5499-4
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Absolute Maximum Ratings §
Supply Voltage, Vg +18V Operating Temperature Range, Ta 3
Input Voltage, V|N +Vg LHO132G/AG —55°Cto +125C°C F
Differential Input Voltage +30Vor £2Vg LHO0132CG/ACG —25°Cto +85°C g
Power Dissipation, Pp Operating Junction Temperature, T, 175°C o
Ta = 25°C 1.5W, derate 100°C/W to 125°C (Note 1) Storage Temperature Range —65°Cto +150°C 3
Tc = 25°C 2.2W, derate 70°C/W to 125°C (Note 1) Lead Temperature (Soldering, 10 seconds) 300°C

DC Electrical Characteristics vg = +15v, Ty < Ta < Tyax unless otherwise noted (Note 2)

Parameter Test COnditiéns LHO132G LHO132CG Units
Min. | Typ. | Max. | Min. | Typ. | Max.
Vos Input Offset Voltage Ta=Ty=25°C (Note 3) 2 5 2 10 mv
Vin=0 10 20
AVosAT | Average Offset
Voltage Drift (Note 4) . 25 50 25 50 | nV/°C

los Input Offset Current Ty=25°C (Note 3) 15 30 pA
_ Ta=25°C (Note 5) 150 300 pA

oV n=10v Ty=Ta=Tmax 15, 5 nA

s Input Bias Current Ty=25°C (Note 3) : 75 ‘ 150 pA
Ta=25°C (Note 5) 1 5 nA

Ty=Ta=Tmax 25 15 nA

*Vincm | Input Voltage Range +10| *12 +10 | £12 "
CMRR C°é“e'j';%?i£”,',°é’§ﬁ° AViN=£10V 50 | 60 45 | €0 dB
AvoL Open-Loop Voltage Vo=%10V  f=70kHZ Ty=25°C| 60 70 50 70 dB

Gain RL=1kQ (Note6) | 57 47
Vo Output Voltage Swing | R =1k . +10 | £13.5 +10 | 13 \
Is Power Supply Current | Ty=25°C, Io=0 (Note 6) 18 20 20 22 mA
PSRR | Power Supply AVg=10V . (510 +15) 50 | 60 45 | 60 dB
Rejection Ratio

AC Electrical Characteristics vg = +15v, R, = 1kq, T, = 25°C (Note 7)

Parameter Conditions Min. Typ. Max. Units

SR Slew Rate Ay=+1 350 500 V/pS
" " o -

ts Settling Time to 1% of Final Value Ay=—1, AVjN=20V 100 ns
ts Settling Time to 0.1% of Final Value 300 ns
tr Small Signal Rise Time Ay=+1, AVN=1V 8 20 ns
tp Small Signal Delay Time .10 25 ns
Note 1. In order to limit i junction temp e to +175°C, it may be necessary to operate with VS < £ 15V when Ty or Tg exceeds specific values

depending on the Pp within the device package. Total Pp is the sum of quiescent and load-related dissipation. See Applications Notes AN-277, “Applications of
Wide-Band Buffer Amplifiers” and AN-253, “High-Speed Operational-Amplifier Applications” for a discussion of load-related power dissipation.

Note 2. LH0132G is 100% production tested as specified at 25°C, 150°C, and —55°C. LH0132CG is 100% production tested at 25°C only. Specifications at
temperature extremes are verified by sample testing, but these limits are not used to calculate outgoing quality level.

Note 3. Specification is at 25°C junction temp due to requil its of high-speed automatic testing. Actual values at operating temperature will exceed the
value at Ty =25° C. When supply voltages are % 15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions.
Accordingly, Vos may change one to several mV, and Ig and Ipg will change significantly during warm-up. Refer to Ig and lpg vs. p graph for exp d
values.

Note 4. LH0132G is 100% production tested for this parameter. LH0132CG is sample tested only. Limits are not used to calculate outgoing quality levels. AVog/
AT is the average value calculated from measurements at 25°C and Tyax.

Note 5. Measured in still air 7 minutes after application of power. Gi d thru correlated ic pulse testing.
Note 6. Guaranteed thru correlated automatic puise testing at Ty = 25°C.

Note 7. Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level.
* Limits at high/low temp. are sample tested to LTPD=10 on LH0132CG/ACG.
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LH0132/LH0132C

Typical Performance Characteristics

Maximum waer Supply Current vs. Input Voltage Range and Output
Dissipation “ Supply Voltage Voltage vs. Supply Voitage
2.5 ) T T ' ]
, ’ 22 | Th=-55°C e _%l:- ;;:°c //
g2 N ease H = 15
z N 6c = 70°C/ W] é”, e = 3 Your A/
g " g " L— R //
2 N 3 15 s | A/
g | e E - RV
§ 05 b— 014 =100°C/W a2 2 Ta=+125°C . 5 v
' - 4
0
'00 25 50 75 100 125 150 ‘ms 10 15 20 0 5 10 15 20
TEMPERATURE (°C) SUPPLY VOLTAGE (1V) SUPPLY VOLTAGE (V)
Bode Plot Bode Plot (Unity Gain Large Signal ‘Pulse .
(Uncomponuled) Compensation) Response
? " T e « [T
l . | I
g IIIIHI.."M‘IIIIIHIIIIIIIIII g s IIIMn!!lIIHHIIIIIlHIIII]IIII SRR A O W W
H R G o N1 11 1 AU
3w TN R o OIS 8 3 oe DT T
g A \j!llllﬂ w s g . W i = 8 ¢ LI L
2 o [LCTIIA VoI 2 8 8, [T e NI, 2 E
» IR VT TR o7 IIIHHIIIIIIlHIIIIImIIlIlllll
o LI VT T (TN .
10k 100k ™ 10M 100M 10k 100k IOM ‘IIJOM 10 100 1” 10M 100M
FREQUENCY (Hz) : FREI!UENCY (H2) FREQUENCY (Hz)
Common Mode Rejection Lan;ge Signal Frequency , Large Signal Pulse
Ratlo vs. Frequency Response ) Response
= 9
: « I oo AR o TTT
£ S A=+t 7] s =+10 |
= o [P T s s Aotk - > s o
0 A ] 8
B I T I.'!Il T 2 =
] 50 | g o g o
40 f - -
é % \ Al E s § _5
I T IIN 2 3
§ o [CIIm T T v i
§ o LI TTTOH YO0 TTIR 3 , |
10k 100k ™ 10M  100M 0 100 200 300 400 S00 0 100 200 300 400 500
FREQUENCY (Hz) } TIME (ns) ' TIME (ns)
Normalized Input Bias and Offset Normalized input Bias Total Input Noise
Current vs. Junction Temperature Current During Warm-Up Voltage vs. Frequency*
100 E 120
: 2
e ?' ;:Vsi ::sv' z 100 k——r—
Sgﬁz g‘é [ Ta=25°C M\
gc &= e 5 o [\
iz if " g DN e
g EE =2 Z2 oA »
£3 €8 A g 1
de se /A £ 20 [—Rs=100kT i
< Py
10° 1 g o
25 45 65 85 105 125 145 165 [] 2 4 6 8 10 10 00 K 10k
JUNCTION TEMPERATURE (°C) TIME FROM POWER TURN-ON (MINUTES) FREQUENCY (Hz)

TL/K/5499-6
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Typical Performance Auxiliary Circuits e
Characteristics (continued) §

Input Bias Current vs. Offset Nuil  Output Short Circuit Protection E

Input Voltage o

104 ST a;

=== 8
= t o
=
&
g
3
2
= INPUTS OUTPUT
P
2
E

1 v
3 25 20 15 10 5 0 TL/K/5439-8
Vs * —ViN—POSITIVE SUPPLY
VOLYAGE MINUS INPUT
VOLTAGE (V)
TL/K/5499-7 TL/K/5499-8
*Noise voltage includes contribution from source resistance.
Typical Applications
Unity Gain Amplifier 10X Buffer Amplifier
8-10 pF
p— OUTPUT {_ourpm’
<
Q 9k
TYP. BW3dapa =45 MHz TYP. BW3qg= 10 MHz
TL/K/5499-1 - TL/K/5499-10
100X Buffer Amplifier Non-Compensated Unity Gain Inverter
v+
v 10k

ol

r 10k
INPUT

2700 — QUTPUT

-
TYP. BWaqg =5 MHz T
T Eadn T 1w BW3ap=70 MHz

TL/K/5489-11
TL/K/5488-2
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LH0132/LH0132C

Typical Applications (continued)

High Speed Sample and Hold

LOGIC
CONTROL

L‘M’z

AAA
vV

4 ! R4 !11 13 10

RA07 5.1k
s |

Applications Information

POWER SUPPLY DECOUPLING

The LH0132, like most high speed circuits, is sensitive to
layout and stray capacitance. Power supplies should be by-
passed as near to pins 10 and 12 as practicable with low
inductance capacitors such as 0.01 pF disc ceramics. Com-
pensation components should also be located close to the
appropriate pins to minimize stray reactances.

AM9710

1000

b— Vour

Pl

*Acquisition time for a AV|y of 10 volts = 800 nsec. to .1% accuracy
with droop rate of 300 p. V/mS over — 10V<V)y < + 10V @25°C.

TL/K/5499-12

TL/K/5499-3

INPUT CURRENT

Because the input devices are FETs, the input bias current
may be expected to double for each 11°C junction tempera-
ture rise. This characteristic is plotted in the typical perform-
ance characteristics graphs. The device will self-heat due to
internal power dissipation after application of power thus
raising the FET junction temperature 40-60°C above free-
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air ambient temperature when supplies are +15V. The de-
vice temperature will stabilize within 5-10 minutes after ap-
plication of power, and the input bias currents measured at
that time will be indicative of normal operating currents. An
additional rise would occur as power is delivered to a load
due to additional internal power dissipation.

There is an additional effect on input bias current as the
input voltage is changed. The effect, common to all FETs, is
an avalanche-like increase in gate current as the FET gate-
to-drain voltage is increased above a critical value depend-
ing on FET geometry and doping levels.

Due to the cascoded FET input stage design of the LHO132,
the gate-to-drain voltage is kept below this threshold, and
the bias current remains relatively constant over the entire
common-mode input voltage range.

INPUT CAPACITANCE

The input capacitance to the LH0132/LH0132G is typically
5 pF and thus may form a significant time constant with high
value resistors. For optimum performance, the input capaci-
tance to the inverting input should be compensated by a
small capacitor across the feedback resistor. The value is

strongly dependent on layout and closed loop gain, but will
typically be in the neighborhood of several picofarads.

In the non-inverting configuration, it may be advantageous

-to bootstrap the case and/or a guard conductor to the in-

verting input. This serves both to divert leakage currents
away from the non-inverting input and to reduce the effec-
tive input capacitance. A unity gain follower so treated will
have an input capacitance under a picofarad.

HEAT SINKING

While the LH0132 is specified for operation without any ex-
plicit heat sink, internal power dissipation does cause a sig-
nificant temperature rise. Improved bias current perform-
ance can thus be obtained by limiting this temperature rise
with a small heat sink such as the Thermalloy No. 2241 or
equivalent. The case of the device has no internal connec-
tion, so it may be electrically connected to the sink if this is
advantageous. Be aware, however, that this will affect the
stray capacitances to all pins and may thus require adjust-
ment of circuit compensation values.

For additional applications information request Applica-
tion Note AN-253.
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LM163/LM363

National
Semiconductor

LM163/LM363 Precision Instrumentation Amplifier

General Description

The LM163 is a monolithic true instrumentation amplifier. It
requires no external parts for fixed gains of 10, 100 and
1000. High precision is attained by on-chip trimming of off-
set voltage and gain. A super-beta biopolar input stage
gives very low input bias current and voltage noise, ex-
tremely low offset voltage drift, and high common-mode re-
jection ratio. A new two-stage amplifier design yields an
open loop gain of 10,000,000 and a gain bandwidth product
of 30 MHz, yet remains stable for all closed loop gains. The
LM163 operates with supply voltages from +5V to +18V
with only 1.5 mA current drain.

The LM163’s low voltage naise, low offset voltage and off-
set voltage drift make it ideal for amplifying low-level, low-
impedance transducers. At the same time, its low bias cur-
rent and high input impedance (both common-mode and
differential) provide excellent performance at high imped-
ance levels. These features, along with its ultra-high com-
mon-mode rejection, allow the LM163 to be used in the
most demanding instrumentation amplifier applications, re-
placing expensive hybrid, module or multi-chip designs. Be-
cause the LM163 is internally trimmed, precision external
resistors and their associated errors are eliminated.

The 16-pin dual-in-line package provides pin-strappable
gains of 10, 100 or 1000. Its twin differential shield drivers

eliminate bandwidth loss due to cable capacitancel Com-
pensation pins allow overcompensation to reduce band-

"width and output noise, or to provide greater stability with

capacitive loads. Separate output force, sense and refer-
ence pins permit gains between 10 and 10,000 to be pro-
grammed using external resistors. ’

On the 8-pin TO-5 and miniDIP packages, gain is internally
set at 10, 100 or 500 but may be increased with external
resistors. The shield driver and offset adjust pins are omit-
ted on the 8-pin versions. ‘ .

The LM163/LM163A is rated for —55°C to +125°C. The
LM363/LM363A is rated for 0°C to 70°C.

Features

m Offset and gain pretrimmed

= 12 nV/JHz input noise (G=500/1000)

® 130 dB CMRR tyical (G=500/1000)

B 2 nA bias current typical

m No external parts required

B Dual shield drivers :

B Available at 0.5 pV/°C maximum drift

B Can be used as a high performance op amp
| Low supply current (1.5 mA typ)

Typical Connections
8-Pin Package

Connection Diagrams
Metal Can Package*

ouTPUT

(5)
NPT “REF Order Number
>’ LM163, LM363
TOP VIEW See NS Package
D16C, HO8C, NOSA,
*Pinout same for 8-pin DIP N16A

16-Pin Package

o ——— 10
+_.‘~_-——ﬂ-J

T
8 Vout
__;,. 7 G=10 2,3,4,o0pen
L_ __.\.’ G=100 3-4 shorted

G=1000 2-4 shorted

TL/H/5609-1

16-Pin Dual-In-Line Package

COMP1 COMP2 SENSE OUTPUT  REF V- +INPUT +SHIELD

16 15 14 13 12 Ill 10 9

1 2 3 4 Is 6 1 8

V+  G=1000 G=100 Gy Vps Vgs -—INPUT =-SHIELD

TOP VIEW TL/H/5609-2
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Absolute Maximum Ratings (Notes3and9) . =
Supply Voltage +18V Input Voltage Equal to Supply Voltage e
Differential Input Voltage +10V Reference and Sense Voltage +25V r
Input Current +20 mA ' E
N
@
LM163A/LM163 Electrical Characteristics (Notes 1and 2)
LM163A LM163
Parameter Conditions T Tested T Tested Units
P Limit P Limit
FIXED GAIN (8-PIN) )
Input Offset Voltage G=500 10 50 20 50 Y,
100 150 Y
G=100 ‘ 25 100 35 100 Y
300 400 pv
G=10 0.2 1.0 0.3 10 mV
25 4 mV
Input Offset Voltage Drift G=500 0.2 0.5 1 2 pv/°C
G=100 1 2 2 5 pv/eC
G=10 10 15 20 50 rv/°C
Gain Error G=500 0.5 0.2 0.05 0.3 %
(£ 10V Swing, 2 k2 Load) 0.4 0.6 %
G=100 0.05 0.2 0.05 0.3 %
0.35 0.5 %
G=10 0.05 0.2 0.05 0.3 %
0.3 0.4 %
PROGRAMMABLE GAIN (16-PIN)
Input Offset Voltage G=1000 10 50 25 100 nv
100 200 Y
G=100 25 150 50 300 n%
300 500 nv
G=10 0.3 1 0.5 2 mV
3 6 mV
Input Offset Voltage Drift G=1000 0.2 0.5 0.5 3 nv/°C
G =100 (Note 4) 0.5 2 2 6 pv/°C
G=10 (Note 4) 5 25 10 50 pVv/°C
Gain Error G=1000 1.0 1.5 1.0 1.5 %
(£ 10V Swing, 2 k2 Load) 2.0 20 %
G=100 0.05 0.2 0.05 0.3 %
0.35 0.5 %
G=10 0.4 1.0 0.4 1.0 %
1.1 1.1 %
FIXED GAIN AND PROGRAMMABLE
Gain Temperature Coefficient G=1000 40 40 ppm/°C
G=500 20 20 . ppm/°C
G=100, 10 10 10 ppm/°C
Gain Non-Linearity G=10, 100 0.005 0.001 0.005 0.02 %
(+10V Swing, 2 kQ Load) 0.02 0.03 %
G=1500, 1000 0.007 0.02 0.007 0.03 %
0.04 0.05 %
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LM163/LM363

LM163A/LM163 Electrical Characteristics (Continued) (Notes 1 and 2)

" LM163A LM163
Parameter Conditions T Tested T Tested Units
» Limit P Limit
Common-Mode Rejection G=1000, 500 140 126 130 120 dB
Ratio (—11V<Vgm<13V) 115 106 dB
- G=100 103 112 125 106 dB
. 100 94 dB
G=10 115 100 110 94 dB
88 82 dB
Positive Supply Rejection G=1000, 500 130 120 130 120 dB
Ratio (5V to 15V) 110 110 dB
G=100 120 105 120 105 dB
- 95 95 dB
G=10 100 90 100 90 dB -
78 78 dB
Negative Supply Rejection G=1000, 500 120 110 120 105 dB
Ratio (—5V to —15V) : 100 95 dB
G=100 106 96 106 90 dB
86 80 dB
G=10 86 80 86 75 dB
68 62 dB
Input Bias Current 2 5 2 5 nA
15 15 nA
Input Offset Current 1 2 1 2 nA
3 3 nA
Common-Mode Input 100 20 - 100 15 G
Resistance :
Differential Mode Input G=1000, 500 0.2 0.2 GQ
Resistance G=100 2 2 GQ
G=10 20 20 BQ
Input Offset Current Change —-11V<Vpgm<13V | 10 . 50 20 100 pA/V
150 300 pA/V
Reference and Sense 50 50 kO
Resistance Min 35, 30 35, 30 kQ
Max 70,75 70,75 kQ
Open Loop Gain GgL= 1000, 500 10 2 10 2 V/pv
Supply Current Positive 1.2, 18 1.2 1.8 mA
2.8 28 mA
Negative 1.6 2.2 16 22 mA
) 3.3 3.3 mA

Note 1: These conditions apply unless otherwise noted: V+=V—=15V, Vgy=0V, R =2 k0, reference pin grounded, sense pin connected to output and

Tj=25°C.
Note 2:

limits are g

100°C/W for the ceramic DIP (D).

over full t

p range. Op
Note 3: Maximum rated junction temperature is 150°C for the LM163/LM163A. Thermal

ing ambient p

range is —55°C to +125°C for the LM163/LM163A.

to is 150°C/W for the TO-99 (H) package and

Note 4: These limits are guaranteed by correlation but not 100% production tested. They are not used in determining outgoing quality levels.
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LM363A/LM363 Electrical Characteristics (Notes 5and6) =
8
LM363A LM363
Tested Design Tested Design
Parameter Conditions Typ Limit Limit Typ Limit Limit Units
(Note 7) | (Note 8) (Note 7) | (Note 8)
FIXED GAIN (8-PIN)
Input Offset Voltage G=500 10 50 30 100 300 v
75 InY%
G=100 25 100 50 200 600 Y
200 nv
G=10 0.2 1.0 0.5 2.0 5 mV
1.75 mV
Input Offset Voltage Drift G=500 0.2 0.5 1 4 pv/°C
G=100 1 2 2 8 pv/°C
G=10 10 15 20 75 rVv/°C
Gain Error G=500 0.5 0.2 . 04 0.1 0.5 0.8 %
(+ 10V Swing, 2 k2 Load) G=100 0.05 0.2 0.35 0.05 0.5 0.7 %
G=10 0.05 0.2 0.3 0.05 0.5 0.6 %
PROGRAMMABLE GAIN (16-PIN) '
Input Offset Voltage G=1000 10 50 50 200 400 rv
100 nv
G=100 25 150 100 400 800 nv
300 . nY
G=10 0.3 1 1 3 7 mVv
3 mV
Input Offset Voltage Drift .| G=1000 0.2 0.5 1 5 rVv/°C
G=100 . 05 2 2 10 pV/°C
. G=10 5 25 10 100 pV/°C
Gain Error G=1000 1.0 1.5 2.0 2.0 25 3.0 %
(£ 10V Swing, 2 kQ Load) G=100 0.05 0.2 0.35 0.1 0.5 0.7 %
G=10 0.4 1.0 1.1 0.6 1.5 1.7 %
FIXED GAIN AND PROGRAMMABLE
Gain Temperature Coefficient | G=1000 40 40 ppm/°C
G=500 20 20 ppm/°C
G=100, 10 10 10 ppm/°C
Gain Non-Linearity G=10, 100 0.005 0.01 0.02 0.01 0.03 0.04 %
(+10V Swing, 2 kQ Load) G=500, 1000 | 0.007 0.02 0.03 0.01 0.05 0.06 %
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LM163/LM363

LM363A/LM363 Electrical Characteristics (Continued) (Notes 5 and 6)

LM363A LM363
. Tested Design Tested Design
Parameter Conditions Tvp Limit Lmit | Typ Limit Limit Units
(Note 7) | (Note 8) (Note 7) | (Note 8)
Common-Mode Rejection G=1000, 500 140 126 115 130 114 104 dB
Ratio (—11V<Vcy<13V) G=100 130 112 100 120 94 84 dB
G=10 115 100 88 105 90 80 . dB
Positive Supply Rejection G=1000, 500 130 120 110 130 110 100 dB
Ratio (5V to 15V) G=100 120 105 95 120 100 95 dB
G=10 100 90 78 100 85 78 dB
Negative Supply Rejection G= 1000, 500 120 110 . 100 120 100 90 dB
Ratio (—5V to —15V) G=100 106 96 - 86 106 85 75 dB
G=10 86 80 68 86 70 60 dB
Input Bias Current 2 5 10 2 10 20 nA
Input Offset Current 1 2 3 1 5 nA
Common-Mode Input 100 20 100 - GQ
Resistance .
Differential Mode Input -G=1000, 500 0.2 0.2 GQ
Resistance G=100 2 2 GQ
G=10 20 20 GQ
Input Offset Current Change —11V<Vpouy<13V 10 50 150 20 100 300 pa/V
Reference and Sense 50 50 kQ
Resistance Min 35 30 .30 27 kQ
Max 70 75 80 83 kQ
Open Loop Gain G =1000, 500 10 2 10 1 V/pVv
Supply Current Positive 1.2 1.8 2.8 1.2 2.4 3.0 mA
. 28 mA
Negative 1.6 2.2 3.3 1.6 2.8 34 mA
Note 5: These conditions apply unless otherwise noted; V+=V—=15V, Vgu=0V, R =2 kQ, reference_pin grounded, sense pin connected to output and
Tj=25°C. '
Note 6: Boldf: limits are g d over full temperature range. Operating ient temp range is 0°C to 70°C for the LM363/LM363A.

Note 7: Guaranteed and 100% production tested.

Note 8: Guaranteed but not 100% tested. These limits are not used in determining outgoing qualit‘y levels.
is 100°C for the LM363/LM363A. Thermal

Note 9: Maxi

rated junction temg

the miniDIP (N), and 100°C/W for thre ceramic DIP (D).

junction to

, is 150°C/W for the TO-99(H) package and
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Typical Performance Characteristics 1,=25:c 3
¢
Parameter Fixed Gain and Programmable Units E
1000/500 100 10 3
Input Voltage Noise, rms, 1 kHz 12 18 90 nV/VHz
Input Voltage Noise (Note 6) 0.4 : 1.5 10 rVp-p
Input Current Noise, rms, 1 kHz 0.2 0.2 0.2 pA/VHz
Input Current Noise (Note 6) 40 40 40 pPAp-p
Bandwidth . 30 100 200 kHz
Slew Rate 1 0.36 0.24 V/uS
Settling Time, 0.1% of 10V 70 25 20 nS
Offset Voltage Warm-Up Dirift (Note 7) 5 15 50 nY%
Offset Voltage Stability (Note 8) 5 10 100 [n%
Gain Stability (Note 8) 0.01 0.005 0.05 %
Note 6: Measured for 100 seconds in a 0.01 Hz to 10 Hz bandwidth.
Note 7: Measured for 5 minutes in still air, V¥ = V— = —15V. Warm-up drift is proportionally reduced at lower supply voitages.
Note 8: Change in 1000 hours of operation at 125°C ambient.
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued) =
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Typical Performance Characteristics (continued)
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Simplified Schematic (pin numbers in parentheses are for 8-pin package)
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Theory of Operation

Referring to the Simplified Schematic, it can be seen that
the input voltage is applied across the bases of Q1 and Q2
and appears between their emitters. If Rgq.2 is the resist-
ance across these emitters, a differential current equal to
VIN/RE1-2 flows from Q1’s emitter to Q2’s. The second
stage amplifier shown maintains Q1 and Q2 at equal collec-
tor currents by negative feedback to Q4. The emitter cur-
rents of Q3 and Q4 must therefore be unbalanced by an
amount equal to the current flow across Rgq.p. Defining
Res.4=R5+R6, the differential voltage across the emitters
of Q4 to Q3 is equal to

TL/H/5609-7

This voltage divided by the attenuation factor
R4 ~ R2
R3+R4 R1+R2
is equal to the output-to-reference voltage. Hence, the over-
all gain is given by
_Vour_R3+ R4>< Rgs4
R4 Rei.2”
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LM163/LM363

Application Hints

The LM163 was designed to be as simple to use as possi-
ble, but several general precautions must be taken. The dif-
ferential inputs are directly coupled and need a return path
to power supply common. Worst-case bias currents are only
10 nA for the LM363, so the return impedance can be as

. high as 100 MQ. Ground drops between signal return and IC

supply common should not be ignored. While the LM163
has excellent common-mode rejection, signals must remain
within the proper common-mode range for this specification
to apply. Operating common-mode range is guaranteed
from —11V to +13V with * 15V supplies.

The high-gain (500 or 1000) versions have large gain-band-
width products (15 MHz or 30 MHz) so board layout is fairly
critical. The differential input leads should be kept away
from output force and sense leads, especially at high imped-
ances. Only 1 pF from output to positive input at 100 kQ2
source impedance can cause oscillations. The gain adjust
leads on the 16-pin package should be treated as inputs
and kept away from the output wiring.

POWER SUPPLY

The LM163 may be powered from split supplies from 5V
to +18V (or single-ended supplies from 10V to 36V). Posi-
tive supply current is typically 1.2 mA independent of supply
voltage. The negative supply current is higher than the posi-
tive by the current drawn through the voltage dividers for the
reference and sense inputs (typ 600 nA total). The LM163’s
excellent PSRR often makes regulated supplies unneces-
sary. Actually, supply voltage can be as low as 7V total but
PSRR is severely degraded, so.that well-regulated supplies
are recommended below 10V total. Split supplies need not
be balanced; output swing and input common-mode range
will simply not be symmetrical with unbalanced supplies. For
example, at +12V and —5V supplies, input common-mode
range is typically +10.5V to —2V and output swing is +11V
to —4V.

When using ultra-low offset versions, best results are ob-
tained at +15V supplies. For example, the LM363A-500's
offset voltage is guaranteed within 30 pV at + 15V at 25°C.
Running at +5V results in a worst-case negative PSRR er-
ror of 10V (—15V to —5V) multiplied by 3.2X10~6 (110 dB)
or 32 nV, doubling the worst-case offset. Positive PSRR
results in another 10 pV worst-case change.

INPUTS

The LM163 input circuitry is depicted in the Simplified Sche-
matic. The input stage is run relatively rich (50 pA) for low
voltage noise and wide bandwidth; super-beta transistors
and bias-current cancellation (not shown) keep bias cur-
rents low. Due to the bias-current cancellation circuitry, bias
current may be either polarity at either input. While input
current noise is high relative to bias current, it is not signifi-
cant until source resistance approaches 100 kQ.

Input common-mode range is typically from 3V above V— to
1.5V below V+, so that a large potential drop between the
input signal and output reference can be accommodated.
However, a return path for the input bias current must be
provided; the differential input stage is not isolated from the
supplies. Differential input swing in the linear region is equal
to output swing divided by gain, and typically ranges from
1.3V at G=10 to 13 mV at G=1000.

Clamp diodes are provided to prevent zener breakdown and
resulting degradation of the input transistors. At large input
overdrives these diodes conduct, greatly increasing input
currents. This behavior is illustrated in the Iy VS V) plot in
the Typical Performance Characteristics. (The graph is not
symmetrical because at large input currents a portion of the
current into the device flows out the V— terminal.)

The input protection resistors allow a full 10V differential
input voltage without degradation even at G=1000. At input
voltages more than one diode drop below V— or two diode
drops above V1 input, current increases rapidly. Diode
clamps to the supplies, or external resistors to limit current
to 20 mA, will prevent damage to the device.

REFERENCE AND SENSE INPUTS .

The equivalent circuit is shown in the schematic diagram.
Limitations for correct operation are as follows. Maximum
differential swing between reference and sense pins is typi-
cally +15V (£ 10V guaranteed). If this limit is exceeded, the
sense pin no longer controls the output, which pegs high or
low. The negative common-mode limit is 1.5V below V—.
(This is permissible because R2 and R4 are returned to a
node biased higher than V—.) If large positive voltages are
applied to the reference and sense pins, the common-mode
range of the signal inputs begins to suffer as the drop
across R13 and R16 increases. For example, at =15V sup-
plies, VRer=VseNSE=0V, signal input range is- typically
—12V to + 13.5V. at Vgegr=Vgense=15V, signal input
range drops to —11V to+ 13.5V. The reference and sense
pin can be as much as 10V above V+ as long as a restrict-
ed signal common-mode range (— 10V min) can be tolerat-
ed.

For maximum bipolar output swing at + 15V supplies, the
reference pin should be returned to a voltage close to
ground. At lower supply voltages, the reference pin need
not be halfway between the supplies for maximum output
swing. For example, at V+ = + 12V and V— = -5V,
grounding the reference pin still allows a +11V to —4V
swing. For single-supply systems, the reference pin can be
tied to either supply if a single output polarity is all that is
required. For a bipolar input and output, create a low imped-
ance reference with an op amp and voltage divider or a
regulator (e.g., LM336, LM385, LM317L). This forms the ref-
erence for all succeeding signal-processing stages. (Don’t
connect the reference terminal directly to a voltage divider;
this degrades gain error.) See Figure 1.

15V
p .
REF

15V =
a. Usual configuration maximizes bipolar output swing.

v

ouT

REF

- -V TL/H/5609-8
b. Unequal supplies, output ground referred. Full output swing pre-
served referred to supplies.

FIGURE 1. Reference Connections
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Application Hints (continued)

c. Single Supply, Unipolar Output

v

n

REF 2 i 10k
v +
7.5k 10k
SV OR
I =
L3365,

LM329, ETC.

TL/H/5609-9
d. Single Supply, Bipolar Output

FIGURE 1. Reference Connections (Continued)

OUTPUTS

The LM163’s output can typically swing within 1V of the
supplies at light loads. While specified to drive a 2 kQ load
to £10V, current limit is typically 15 mA at room tempera-
ture. The output can stably drive capacitive loads up to 400
pF. For higher load capacitance, the amplifier may be over-
compensated. The output may be continuously shorted to
ground without damaging the device.

OFFSET VOLTAGE

The LM163'’s offset voltage is internally trimmed to a very
low value. Note that data sheet values are given at
Tj=25°C, Vem=0V and V+ =V—=15V. For other condi-
tions, warm-up drift, temperature drift, common-mode rejec-
tion and power supply rejection must be taken into account.
Warm-up drift, due to chip and package thermal gradients, is
an effect separate from temperature drift. Typical warm-up
drift is tabulated in the Electrical Characteristics; settling
time is approximately 5 minutes in still air. At load currents
up to 5 mA, thermal feedback effects are negligible
(AVpos<2uV at G=1000).

Care must be taken in measuring the extremely low offset
voltages of the high gain amplifiers. Input leads must be
held isothermal to eliminate thermocouple effects. Oscilla-
tions, due to either heavy capacitive loading or stray capaci-
tance from input to output, can cause erroneous readings.
In either case, overcompensation will help. High frequency
noise fed into the inputs may be rectified internally, and pro-

a. Input Offset Adj.
for 16-Pin Package

b. Output Offset Adj.
for 8-Pin Package

duce an offset shift. A simple low-pass RC filter will usually
cure this problem (Figure 2). Use film type resistors for their
low thermal EMF. In highly noisy environments, LC filters
can be substituted for increased RF attenuation.

L]

0.01t,
100%
LM363
100*
+
oot I' * Film type
= 1 Ceramic disc

TL/H/5609-10 '

FIGUR/E 2. Low Pass Filter Prevents RF Rectification

Instrumentation amplifiers have both an input offset voltage
(Vios) and an output offset voltage (Vops). The total input-
referred offset voltage (Vosrr)) is related to the instrumen-
tation amplifier gain (G) as follows: VosgrTi=Vios+Voos/
G. The offset voltage given in the LM163 specifications is
the total input-referred offset. As long as only one gain is
used, offset voltage can be nulled at either input or output
as shown in Figures 3a and 3b. When the 16-pin device is
used at multiple gain settings, both V|os and Vpps should
be nulled to get minimum offset at all gains, as shown in
Figure 3c. The correct procedure is to trim Voos for zero
output at G=10, then trim V|gg at G=1000.

15V

c. lnbut and Output Offset
Adjustment for 16-Pin Package

TL/H/5609-11

FIGURE 3. Offset Voltage Trimming
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LM163/LM363

Application Hints (continued)

Because the LM163’s offset voltage is so low to begin with,
offset nulling has a negligible effect on offset temperature
drift. For example, zeroing a 100 pV offset, assuming external
resistor TC of 200 ppm/°C and worst-case internal resistor
TC, results in an additional drift component of 0.08 uV/°C.
For this reason, drift specifications are guaranteed, with or
without external offset nulling.

GAIN ADJUSTMENT

Gain may be increased by adding an external voltage divid-
er between output force and sense and reference; the pre-
ferred connection is shown in Figure 4. Since both the
sense and reference pins look like 50 k2 (+£20 k) to V—,
impedances presented to both pins must be equal to avoid
offset error. For example, a 100 imbalance can create a

worst-case output offset of 50 mV, creating an input-re-
ferred error of 5 mV at G=10 or 50 pV at G=1000.

Increasing gain this way increases output offset error. An
LM363H-100 may have an output offset of 5 mV, resulting in
input referred offset component of 50 pV. Raising the gain
to 200 yields a 10 mV error at the output and changes input
referred error by an additional 50 nV.

External resistors connected to the reference and sense
pins can only increase the gain. If ultra-low output imped-
ance is not critical, the technique in Figure 5 can be used to
trim the gain to nominal value. Alternatively, the Vg adjust-
ment terminals on the 16-pin package may be used to trim
the gain (Figure 10b).

R1 and R2 should be as low as possible to avoid errors due to 50 k2
.input impedance of reference and sense pins. Total resistance
(R2+2R1) should be above 4 kQ2, however, to prevent excessive load

Gop=preset gain

on the LM163 output. The exact formula for calculating gain (G) is:

(. 2R R
= b
G 90(1+R2 st)

The last term may be ignored in applications where gain accuracy is not .
critical. The table below gives suggested values for R1 and R2 along
with the calculated error due to “closest value” standard 1% resistors. -

Total gain error tol:

ibutions from LM163 Gg error

and resistor tolerance (+1%) and works out to approximately 2.56% in

every case.
TL/H/5609-12
Gain Increase 15 2 25 3 4 5 6 7 8 9 10
R1 1.21k | 1.21k 2k 2k 1.78k 2k 249k | 294k | 3.48k | 392k | 4.42k
R2 . 5k 249k | 274k | 205k | 1.21k 1k 1k 1k 1k 1k 1k
Error(typ) | +06% | —02% | 0 | —0.3% | —06% | +0.8% | +05% | —0.9% | +0.4% | —0.9% | —0.7%

FIGURE 4. Increasing Gain

<

v+
FIGURE 5. Ad]usflng Gain (8-Pin Pa;kage)
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>

10k S 9.09k

I—wA

TL/H/5609-13
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Application Hints (continued)

COMPENSATION AND OUTPUT CLAMPING

The LM163 is internally compensated for unity feedback
from output to sense. Increasing gain with external dividers
will decrease the bandwidth and increase stability margin.
Without external compensation, the amplifier can stably
drive capacitive loads up to 400 pF. When used as an op
amp (sense and reference pins grounded, feedback to in-
verting input), the LM163 is stable for gains of 100 or more.
For greater stability, the device may be over-compensated
as in Figure 6. Tables | and |l depict suggested compensa-
tion components along with the resulting changes in large
and small signal bandwidth for the 8-pin and 16-pin pack-
ages, respectively.

Note that the RC network from pin 8 of the 8-pin device to
ground has a large effect on power bandwidth, especially at
low gains. The Miller capacitance utilized for the 16-pin de-
vice permits higher slew rate and larger load capacitance
for the same bandwidth, and is preferred when bandwidth
must be greatly reduced (e.g., to reduce output noise).

Heavy Miller overcompensation on the 16-pin package can
degrade AC PSRR. A large capacitor between pins 15 and
16 couples transients on the positive supply to the output
buffer. Since the amplifier bandwidth is severely rolled off it
cannot keep the output at the correct state at moderate
frequencies. Hence, for good PSRR, either keep the Miller
capacitance under 1000 pF or use the pin 15-to-ground
compensation.

b. 16-Pin Package
TL/H/5609-14

a. 8-Pin Package

FIGURE 6. Overcompensation

TABLE |. Overcompensation on 8-Pin Package

Small Signal Power Maximum
. Compensation Network 3dB Bandwidth Capacitive
Gain (Pin 8 to Ground)T Bandwidth (= 10V Swing) Load
(kHz) (Hz) (pF)
— 125 100k 400
100 pF, 15k 95 15k 600
500 1000 pF, 5k 45 1.8k 800
0.01 pF,5000Q 10 200 1000*
0.1 uF 1 20 1000*
— 240 100k 400
100 pF, 15k 170 15k 900
100 1000 pF, 5k 80 1.8k 1200
0.01 nF, 5000 20 200 1600*
0.1 uF 2 20 2000*
— 240 100k 400
100 pF, 15k 170 15k 900
10 1000 pF, 5k 90 1.8k 1200
0.01 uF, 5000 20 200 1600*
0.1 uF 2 20 2000
*Also stable for C_ > 0.05 pF tPin 15 to round on 16-pin package
TABLE Il. Overcompensation on 16-Pin Package
Small Signal Power Maximum
Gain Cocl;;;;ear;ﬁ::on 3dB Bandwidth Capacitive
(Pin 15 to 16) Bandwidth (% 10V Swing) Load
(Hz) (Hz) (pF)
0 45k 45k 1000*
10 pF 16k 16k 2000*
1000 100 pF 2.5k 2.5k 2500
1000 pF 250 250 3000*
0.01 uF 25 25 3000*
0 140k 100k 900
10 pF 50k 50k 1600
100 100 pF 7.5k 7.5k 2000*
1000 pF . 750 750 2000*
0.01 uF 76 75 2000
0 180k 90k 600
10 pF 60k 50k 1100
10 100 pF 9k 9k 1600
1000 pF 900 900 2000*
0.01 uF 90 90 2000*

*Also stable for C| > 0.05 pF

$1-37
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- LM163/LM363

Application Hints (continued)

Because the LM163’s output voltage is approximately one
diode drop below the voltage at pin 15 (pin 8 for the 8-pin
device), this point may be used to limit output swing as seen
in Figure 7a. Current available from this pin is only 50 uA, so
that zeners must have a sharp breakdown to clamp accu-
rately. Alternatively, a diode tied to a voltage source could
be used as in Figure 7b.

1N914

p——1V < Vour s 2.5V

TL/H/5609-15
FIGURE 7. Output Clamp

SHIELD DRIVERS

When differential signals are sent through long cables, three
problems occur. First, noise, both common-mode and differ-
ential, is picked up. Second, signal bandwidth is reduced by
the RC low-pass filter formed by the source impedance and
the cable capacitance. Finally, when these RC time con-
stants are not identical (unbalanced source impedance
and/or unbalanced capacitance), AC common-mode rejec-
tion is degraded, amplifying both induced noise and
“ground” noise. Either filtering at the amplifier inputs or
slowing down the amplifier by overcompensating will indeed
reduce the noise, but the price is slower response. The
LM163’s dual shield drivers can actually increase bandwidth
while reducing noise.

The way this is done is by bootstrapping out shield capaci-
tance. The shield drivers follow the input signal. Since both
sides of the shield capacitance swing the same amount, it is
effectively out of the circuit at frequencies of interest.
Hence, the input signal is not rolled off and AC CMRR is not
degraded (Figure 8). The LM163’s shield drivers can handle
capacitances (shield to center conductor) as high as 1000
pF with source resistances up to 100 k.

For best results, identical shielded cables should be used
for both signal inputs, although small mismatches in shield
driver to ground capacitance (<500 pF) do not cause prob-
lems. At certain low values of cable capacitance (50 pF-
200 pF), high frequency oscillations can occur at high
source resistance (= 10 k). This is alleviated by adding

50 pF to ground at both shield driver outputs. Do not use
only one shield driver for a single-ended signal as oscilla-
tions can result; shield driver to input capacitance must be
roughly balanced (+30%). To further reduce noise pickup,
the shielded signal lines may be enclosed together in a
grounded shield. If a large amount of RF noise is the prob-
lem, the only sure cure is a filter capacitor at both inputs;
otherwise the RFI may be internally rectified, producing an
offset. .

DC loading on the shield drivers should be minimized. Th
drivers can only source approximately 40 pA; above this
value the input stage bias voitages change, degrading Vos
and CMRR. While the shield drivers can sink several mA,
Vos may degrade severely at loads above 100 pA (see
Shield Driver Loading Error curve in Typical Performance
Characteristics). Because the shield drivers are one diode
drop above the input levels, unbalanced leakage paths from
shield to input can produce an input offset at high source
impedances. Buffering with emitter-followers (Figure 8b) re-
duces this leakage current by reducing the voltage differen-
tial and eliminateg any loading on the amplifier.

a. Standard Configuration

+15V

20k
=15V e AAA g

20k
— 15V e AAA —d

+15V )
b. NPN Followers to Reduce Offsets

. TL/H/5609-16
FIGURE 8. Driving Shielded Cables

MISCELLANEOUS TRIMMING

The Vps adjust and shield driver pins available on the 16-
pin package may be used to trim the other parameters be-
sides offset voltage, as illustrated in Figure 10. The bias-cur-
rent trim relies on the fact that the voltage on the shield
driver and gain setting pins is one diode drop respectively
above and below the input voltage. Input bias current can
be held to within 100 pA over the entire common-mode
range, and input offset current always stays under 30 pA.
The CMRR trims use the shield driver pins to drive the Vpg
adjust pins, thus maintaining the LM163’s ultra-high input
impedance.
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Application Hints (continueq)

If power supply rejection is critical, frequently only the nega-
tive PSRR need be adjusted, since the positive PSRR is
more tightly specified. Any or all of the trim schemes of
Figure 10 can be combined as desired. As long as the cen-
ter tap of the 100k trimpot is returned to a voltage 200 mV
below V+, the trim schemes shown will not greatly affect

LM363 QUTPUT 1V/DIV
100 us/DIV

TL/H/5608-17

a. Bias Current

d. AC CMRR

e. Negative PSRR.

Vos. Both the gain and DC CMRR trims can degrade posi-
tive PSRR; the positive PSRR can then be nulled out if de-
sired. The correct order of trimming from first to last is bias
current, gain, CMRR, negative PSRR, positive PSRR and
Vos.

Top Trace: Cable Shield Grounded

Cs="500 pF
100k

LM363D gud

100k ——

TL/H/5608~18

—15v ~

f. Positive PSRR
‘ TL/H/5608-19

FIGURE 10. Other Trims for 16-Pin Package '
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- LM163/LM363

Typical Applications

Select for optimum square wave response. Omit for closed loop
gains above 100. Not required for instrumentation amplifier con-
figuration.

ViN

4 mA-20 mA Two Wire Current Transmitter

b
R LM334y+ R
I v- | i

. RO
HIGH IMPEDANCE Sk 35.7 as?
BRIDGE TRANSDUCER a7
LX0GXXX PRESSURE
TRANSDUCER, ETC.
| ,
>
-500 6 0UT })
A > g 2N3904
7 6
40.2 o 1Ng14
MA— S TR M2
AR 1 At
100k : 2000
e "3 R2 Sh
Bt S o 1.9k S 1000
AART ._‘."‘. % _
- ) TL/H/5609-20
The LM329 reference provides 1t line regulation and gain stability. When bridge is balanced

(lour=4 mA), there's no drop across R3 and R4, so that gain and offset adjustments are non-in-
The LM334 confi d as a zero-TC current source supplies quiescent current to circuit.
R11 provides current limiting.

Design Equations

A .
los=(Rre+!R7) (1 +R—f) =4mA

Aloyt Ay, R2+R3+R4_10mA
AViv R1" R3+R4 mv.
when Ay = LM363 voltage gain

Gail
Gain

! 068V 68mV_ ,
Pick I334 = o + 10 =38mA

Vz—2.4V
IMAx =l334 + Z_Flﬁ—- =26 mA

IBRIDGE(MAX) = I334-l363-1z = 1.5mA
. Precision Current Source
Precision Op Amp (Low Output Current)

Precision Voltage to Current Converter
(Low Input Voltage)
R
10k R1=R2 R1=R2
VW= lour Req=R1]50 k2 Vi
‘ L _GVi_GVn TG

loUT="Feq ~Tka

TL/H/5609~22
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Typical Applications (continued) 3
w
Curvature Corrected Platinum RTD Thermometer P.
=
[
(<]
- w
$ 100 mV/°C
S 1kt
b3
S oktt S 88k
35 TR
p >
® 1% L € Qs
»S 20k § 1%
> 5yt NON- D 9
> LINEARITY @&
St S 15M -
Sy i: 1%
> R3 ) P4 195k
S = i S i ™ *70k and 2k should track to 5 ppm/°C
S W% YA < { ’ **Less than 5 ppm/°C drift
M , TLess than 100 ppm/°C drift
| ‘:kq,ml +1These resistors should track to 20 ppm/°C
Qe |
AAA
W \
SRS P4 : S This thermometer is cabable of 0.01°C over —50°C to
175k PLATINUM S I :: " +150°C. A unique trim arrar t eliminates cumb trim inter-
< 1% N gngn_ lodg < actions so that zero, gain, and nonlinearity correction can be trimmed in
2 one oven trip. Extra op amps provide full Kelvin sensing on the sensor
without adding drift and offset terms found in other designs. A2 is con-
L figured as a Howland current pump, biasing the sensor with a fixed
- current.
TL/H/5609~23 Resistors R2, R3, R4 and R5 from a bridge driven into balance by A1. In
balance, both inputs of A1 are at the same voltage. Since R6=R7, A1
draws equal currents from both legs of the bridge. Any loading of the
R4/R5 leg by the sensor would unbalance the bridge; therefore, both
bridge taps are given to the sensor open circuit voltage and no current
is drawn.
For details, request Application Note AN-304.
Precision Temperature Controller
- SERVO RESPONSE
TEST POINT
15V e |
> 6.8k
o 2ok |
< < > 4 8
DAMPING 1 5 |
s I 250k I ‘
210 0.5 10k 01
< GAIN I |
STEP GENERATOR | ¢ = LM331 |
1 LM3ss
IR ¢ | I
3o ,Qﬁnmsm 1k 6 3 |
1l
= N 14F Q100K ._E 2 L I
\ , 'L = 15k = |
\ - — l
e e e e — — —  [HERMALFEEDBACK | | | e e o o =
TL/H/5609-24
*Ultronix 105A wirewound
Thermistor = Yellow Springs #44032
Setpoint stability = 2.5X10~4°C/Hr
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Typical Applications (continued)
Low Frequency Rolloff (AC Coupling)

1 '
“znCiGokm |
f2=100H1 = 100Hz
Reduced DC voltage gain
attenuates offset error and
1/1 noise by a factor of 100.

f1

)
Hz Mz kHz
L ) b TL/H/5609-25
Precision Comparator with Balanced Inputs and Variable Offset Boosted Current Source with Limiting

tod ™15 pS at 1 mV overdrive
AVpyr=V2+0.6V

v Hysteresis= ﬁug—'é): 2mv
15V ——wa—k 185V Offset=Vggnse/
OFFSET ADJ 11.3V range
TL/H/5609-26
Thermocouple Amplifier with Cold Junction Compensation
v ho
10k
5K output RS ZERD —15V
=10mv/°C 1 ADJUST
. —AAA- AAA
= LM335 }
> At j > RS
> % $2.05k
1% 1%
v+ LM334 LR 4
V-
» Rz
$ 2.16k om o Sm
% 9 499
| R3 % g%
500
GAIN
TRIM Input protection circuitry allows
" thermocouple to short to 120 Vac without
S 2% damaging amplifier.
>
lm Calibration:
COLD JUNCTION - ' 1) Apply 50 mV signal in place of thermocouple.
LOCATE NEAR LM334 Trim R3 for Voyr=12.25V.
2) Reconnect thermocouple. Trim R9 for correct
output.
J-TYPE
THERMOCOUPLE

TL/H/5609-27

S1-42




Typical Applications (continued)
Synchronous Demodulator

€9ENT/E9LINT

SOUARE WAVE CLOCK
< <
< >
1 1 a
, LF13333
NORMALLY OPEN
LM363 \
$ :& [J AN
1 1 L TYPICAL 4
o INPUT SIGNAL ) INPUT——ereeep S D) oUTPUT
T [ sounces
——AAA
L W— /
OPTICAL
CHOPPER" - LF351 /7 - p
T DETECTOR ' I 2 SQUARE
WAVE
T -[- -4 NORMALLY CLOSED cLOCK

TL/H/5609-28
*Use square wave drive produced by optical chopper to run LF13333 switch inputs.

Pulsed Bridge Driver/Amplifier

15V
STANCOR j» }:frl'll\(l TRIM
“FILAMENT" TYPE o 3
TRANSFORMER S 10k* < 10k*
o ) 1 $ s.0sk
SECONDARY PRIMARY- s¥
—y — E——1 b
<L . diuk= S ’
® 10| 10k
2219 U Remem
12k %
£L0CK 15V —AA—
5VOLTS 1
100 us wipe ] 6 =
5 Hz -
- 001 1217353
2trsss ] f-o—5+
3gk 3 {
WA +
12k
0.01 ) *TRW MAR-6 precision resistor

=1N4148
tProvides =50V pulses for bridge
excitation for greater resolution
without overdissipation

HH

TL/H/5609-29
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LM163/LM363

Typi‘cal Applications (continued)

8.06k

Precision Barometer

**Parallel trim for 28.00” Hg=0V
TParallel trim for 32.00” Hg=4V out
*B.L.H. Electronics
#DHF-444114

Pressure Transducer
3500 input impedance
Output=1 mV/volt excitation/psi

r———- -|o15,.r

-E [<M

= | b

L@wwﬂ}'

b—> QUTPUT

TL/H/5609-30

5 R3
> 15M

r_____

[ L4 i
" TRANSOUCER . Sk 100k
WITH .]L
DC OFFSET L

*Optional bandlimiting to reduce noise.
Pick R1C1=R2C2=R3C3/10
1
e
fi=0.1 Hz for values shown. Integrator nulls out offset error to

LMB363 bias currents flowing into R1 and R2.
Removing Small DC Offsets

> Rt
> 15M

T TRRNSOUCER
WITH 0C
OFFSET

*Optional bandlimiting to reduce noise.
Low frequency break

. L

frequency fi= =0.01Hz

1
27R1C1 . .
Accommodates out referred offset of several volts. Limit is set by max
differential bety e and sense

<
<
<
=

<

TL/H/5609-31

%]
0.01

TL/H/5609-32
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National
Semiconductor

LM833 Dual Audio Operational Amplifier

General Description

The LM833 and LM833A are dual general purpose opera-
tional amplifiers designed with particular emphasis on per-
formance in audio systems.

These dual amplifier ICs utilize new circuit and processing
techniques to deliver low noise, high speed and wide band-
width without increasing external components or decreasing
stability. The LM833 and LM833A are internally compensat-
ed for all closed loop gains and are therefore optimized for
all preamp and high level stages in PCM and HiFi systems.
The LM833 and LM833A are pin for pin compatible with
industry standard dual operational amplifiers.

The LM833A guarantees low noise for noise critical applica-
tions by 100% noise testing.

Features

m Wide dynamic range

B Low input noise voltage
| High slew rate

® High gain bandwidth product

B Wide power bandwidth
B Low distortion

B Low offset voltage

W Large phase margin

PRELIMINARY

> 140 dB
4.5 nV/JAz
7 V/ps (typ)
5 V/ps (min)
15 MHz (typ)
10 MHz (min)
120 kHz
0.002%

0.3 mV

60°

Schematic Diagram (1/2 L.ms33)

Connection Diagram

+Vee
360
wf B
"4
I LN r:h —ina=2 /A LEpTYS
N FINA = AN L
15 pF
’f‘ Ve = S e
27
1(7) out TL/H/5218-2
Order Number LM833N
7 See NS Package NOSE
>
> 7.5k 150
> 150
~VEE < L L 8 _
TL/H/5218-1
Typical Application riaa preamp
— ey BHF
r REYER ~
] ] I I + e 10 uF
| ] 100 pF 1/2 LM833A
PHONO i -l- 47k
CARTRIDGE i _
: - ok =
1= | 16k 200k
L - o= o -' A A'A AAA -
S 4.7 0F 15 0F
j;Lseo o
I 100 4F TL/H/5218-3
= A, = 35dB f=1kHz
E, = 033 uV A Weighted
S/N = 90 dB A Weighted, Viy=10 mV
@f=1kHz
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LM833

Absolute Maximum Ratings

Supply Voltage Vee/VEe +18V Power Dissipation (Note 2) Pp 500'mW
Differential Input Voltage (Note 1) Vip +30V Operating Temperature Range ToPR —40 ~.85°C
Input Voltage Range (Note 1) Vic +15V Storage Temperature Range TsTGg —60 ~ 150°C

DC Electrical Characteristics (r, = 25, vs = +15v)

Symbol Parametel; ) Conditions Min Typ - Max Units
Vos Input Offset Voltage Rs = 100 0.3 5 mV
los Input Offset Current ' 10 200 nA
g Input Bias Current 500 1000 nA
Ay Voltage Gain - RL = 2kQ,Vp = *10V 90 110 © dB
Vom Output Voltage Swing RL = 10kQ +12 | +135 V.
R = 2kQ +10 +13.4 \"
Vem Input Common-Mode Range +12 +14.0 \
'CMRR Common-Mode Rejection Ratio | Viy = 12V 80. 100 dB
PSRR Power Supply Rejection Ratio Vg = 15~5V, =15~ -5V 80 100 dB
la Supply Current ' Vo = 0V, Both Amps - 5 8 mA

AC Electrical Characteristics (r, = 25:,vs = 15V, R, = 2k)

Symbol Parameter Conditions Min Typ Max Units

SR Slew Rate RL =2k 5 7 V/ps

GBWP Gain Bandwidth Product f = 100 kHz 10 15 MHz

en1 LM833A Equivalent Input RIAA, Rg = 470Q 0.5 0.8 nv
Noise Voltage (Note 3) '

Design Electrical Characteristics (r, = 25:c, vs = +15v)

The following parameters are not tested or guaranteed.

Symbol Parameter . Conditions Typ Units

AVps/AT Average Ten'iperature Coefficient 2 uv/°Cc
) of Input Offset Voltage )
THD Distortion Ry = 2kQ, f = 20~ 20 kHz 0.002 %
Vout = 3Vrms, Ay = 1
en2 Input Referred Noise Voltage 2 Rg = 1009, JISA 0.5 v
end Input Referred Noise Voltage 3 Rg = 1009, f = 1 kHz 45 nV/yHz
in Input Referred Noise Current = 1kHz 0.7 pA/VHz
PBW Power Bandwidth Vo = 27 Vpp, R = 2kQ, THD < 1% 120 kHz
fu Unity Gain Frequency . Open Loop . . 9 MHz
oM Phase Margin Open Loop 60 deg
Input Referred Cross Talk f=20~20 kHz —-120 dB

Note 1: If supply voltage is less than 15V, it is equal to supply voltage.
Note 2: This is the permissible value at T < 85°C.
Note 3: Only the LM833A is noise tested and guaranteed.

See “Noise Measurement Circuit” for test conditions.

\
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Typical Performance Characteristics

Maximum Power
Dissipation
o vs Ambient Temperature

imo
g 800
£
2 600
5
-
% 400
\
£
g wo v \
Z, \
-5 0 50 100 150
TEMPERATURE (°C)
TL/H/5218-4
Supply Current vs
Supply Voltage
10 —r—
g | T=25°C_]
RL=oo. -
g d
g <
£ 5 —————
S
> g
T 3
a 2
1
0
0 5 10 15 20
SUPPLY VOLTAGE (V)
TL/H/5218-7
Voltage Gain & Phase
vs Frequency
120 0
~ Vs =15V
100 \\ Ru=2ke | 40
= AN 3
Z’ 80 -60 =
g " L z
w . - =]
g \\ \~ §
2 -1208
= o
20 —150
—180

0
1 10 100 1tk 10k 100k 1M 10M
FREQUENCY (Hz)
TL/H/5218-10

Input Bias Current vs
400 Ambient Temperature

Vs=+15V
700 rL

600 IBIAS
500
400
300
200
100

INPUT CURRENT (nA)

0

-50-25 0 25 50 75

TEMPERATURE (°C)
TL/H/5218-5

100 125

DC Voltage Gain
vs Ambient Temperature

120 T
Vs=+15V
RL=2kQ

10—l

100

80

DC VOLTAGE GAIN (dB)

80
-50-25 0 25 50 75 100 125

TEMPERATURE (°C)
TL/H/5218-8

Gain Bandwidth Product
vs Ambient Temperature

Vs=+15V
| =100 kHz

@
=3

n
(=]

s

-
=)

GAIN BANDWIDTH PRODUCT (MHz)

0

-50-25 0 25 S50 75 100 125

TEMPERATURE (°C)
TL/H/5218-11

Input Bias Current vs

-
=
=]

. Supply Voitage

Ta=25°C

[T -}
S o
S &

[y
S
=3

INPUT CURRENT (nA)
F3
s

- N
2 o
e o

\\

o

5 10 15 20

120

-
=
o

3
=]

O VOLTAGE GAIN (d8)
g

80

~n
o

GAIN BANDWIDTH (MHz)
a

SUPPLY VOLTAGE (£V)
TL/H/5218-6

DC Voltage Gain
vs Supply Voltage

Ta=25°C
AL=2kQ

5 10 15 20
SUPPLY VOLTAGE (£V)
TL/H/5218-9

Gain Bandwidth

0 vs Supply Voltage

Ta=25°C
=100 kHz

5 10 15 20
SUPPLY VOLTAGE (V)
TL/H/5218-12
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LM833

Typical Perfofmance Characteristics (Continued)

SLEW RATE (V/us)

OUTPUT VOLTAGE (Vp)

. CMR (d8) .

Slew Rate vs

Ambient Temperature

Vs = +15V

1|

RL‘—_‘Z kQ Av=1
L

T
FALLING

 m——

T RisiNG |

o
O aw N W e G O N® OO

-50-25 0 25 S0 75 100 125
TEMPERATURE (°C)
© TL/H/5218-13

Maximum
Output Voltage vs
’ Supply Voltage

Ta=25°C
15 [RL=10 kO

T

A

\\

S

4 10 15 20
SUPPLY VOLTAGE (+V)
TL/H/5218-16

. CMR vs Frequency

Vs = 215V
100 !
1
80 — 2% —
60 j— | " vo—
Ll 3 3 3: —
§Vi=1Vms
20 [~ > —
0 -.I L L = 1
100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

TL/H/5218-19

Slew Rate vs
Supply Voltage

 SLEW RATE (V/ps)
c-‘N‘J‘UlG"\lﬂ'ﬂ;

OUTPUT VOLTAGE (Vp)

Ta=25°C
RL=2kQ
Av=1 T FALLING

RISING |

SUPPLY VOLTAGE (£V)
TL/H/5218-14

Maximum
Output Voltage vs

Ambient Temperature N
vs=+15v_ | |-

Ri=10ke T 1
+Vou — (o]

—Vom

-50-25 0 25 50 75 100 125

DISTORTION (%)
e

o
o
=2

0.001

TEMPERATURE (°C)
TL/H/5218-17

Distortion vs Frequency
Vs =+15V 1
RL=2kQ —

Vo
EE %
= =
11T
Vo =3 Vims !
. fo=1Vems |
10 100 1k 10k 100k
FREQUENCY (Hz)

TL/H/5218-20 -

OUTPUT VOLTAGE (Vp)

PSRR (dB)

&
25

20

Power Bandwidth
: Vs =+ 15V

RL=2kQ

THD<1%

N

00 1k 10k 100k 1M
FREQUENCY (Hz)
‘ TL/H/5218-15

10M

. PSRR vs Frequency

100
80
60
40
20

0

"psRR V5= 15V
—

N

\ —PSRR
N

100 1tk 10k 100k i1M  10M
FREQUENCY (Hz)

TL/H/5218-18

S1-48




Typical Performance Characteristics (continued)

Spot Noise Voltage Spot Noise Current Input Referred Noise Voltage
vs Frequency vs Frequency vs Source Resistance
10 TMg33A - LMB33A=F b "
Ta=25°C 5 fTa=25°C
w Vs = +15V 4 V5= 15V 2] ||
e =) 2~
s ] 5 g z 2 =% 10 P30 WEIGHT -
23 £2 £y 1
E 2 we 1 w g T T
e W 23 []DIN AUDIO_ZZF" A" WEIGHTED]
3 =5 05 5= 1
58 2 g8 Y — _l_
g% E = LMBSBA
0.2 T=25°C
; 0.1 01 Vs = +15V
1 100 1k 10k 100k 0 100 1k 10k 100k 00 1k 10k 100k 1M
FREQUENCY (Hz) FREQUENCY (Hz) ) * SOURCE RESISTANCE (0)
TL/H/5218-21 TL/H/5218~22 TL/H/5218-23
Noninverting Amp Noninverting Amp
s =
s =
z g
E 2
< S
£ 2
= 5
<<
=z (=]
TIME (0.2 us/DIV) TIME (2 us/DIV)
) TL/H/5218-24 TL/H/5218-25
Inverting Amp
=
Q
2
=
[
g
-
=2
£
=2
=}
TIME (2 us/0IV)
TL/H/5218-26
Application Hints

The LM833 is a high speed op amp with excellent phase
margin and stability. Capacitive loads up to 50 pF will cause
little change in the phase characteristics of the amplifiers
and are therefore allowable.

Capacitive loads greater than 50 pF must be isolated from
the output. The most straightforward way to do this is to put
a resistor in series with the output. This resistor will also
prevent excess power dissipation if the output is accidental-
ly shorted.
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LM833

Noise Measurement Circuit

C np hielding is required to pre induced pick up from external
sources. Always check with oscilloscope for power line noise.

+Veo —Vee

Vo
AVERAGE RESPONDING
AC VOLT METER
RIAA PREAMP FLAT AMP. 40 dB + 40 dB ‘
35d8, =1 kiz
TL/H/5218-27
Total Gain: 115 dB @f = 1kHz
Input Referred Noise Volitage: e, = V0/560,000 (V)
RIAA Preamp Volitage Gain, RIAA Flat Amp Voltage Gain vs
Deviation vs Frequency ' Frequency
50 Vin=10 mV . a0 {Vo=0dBy
g 0 35.0 dB, 1=1 kHz " 80.0 di, =1 kHz
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Typical Applications

NAB Preamp

o
Ay = 345

b F =1kHz
En = 038 pVv
A Weighted

TL/H/5218-30

NAB Preamp Voltage Gain
10 vs Frequency
Vn=10mv |
34.5 dB, =1 kHz
g
z
<
(L)
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oy
5 -
>
1k 10k 20k

FREQUENCY (Hz)
TL/H/5218-31

Balanced to Single Ended Adder/Subtracter Sine Wave Oscillator
Converter
c c R
R R
AN V1 e AAA ey
] V2 =—AN— — o R
V2 =—AAA- -
= p— V|
1/2 LM833 p— Vo o
R .
Vi + va 14 mA @ 10V
R va TL/H/5218-~33 0 M
Vo =V1+V2-V3-va <
Vo = Vi-v2 SR 4 750
= - TL/H/5218-34
TL/H/5218-32 1
fo= 27Re
Second Order High Pass Filter Second Order Low Pass Filter
(Butterworth) (Butterworth)
A1
11k
A'A"v
1 c2
0.014F | 0.01,F
-
R2 p—Vo
22k
‘ TL/H/5218-36
TL/H/5218-35 #R1 =R2 =R
ifCl=C2=cC
‘/5 Ci = Zy@
Rt = ZwgC o
c1
R2 = 2eR1 C2=+

lllustration is fg = 1 kHz

Illustration is fp = 1 kHz
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LM833

Typical Applications

(Continued)

State Variable Filter
R2
10k
AAA
A A A o
c1 c1
R2 R1. 0.01 4F R1 0.01 4F
10k 16k | 16k
AAA. AAA o S
A AA 'l.__ |.___‘

Rg 1/2 LM833 b— Vitp p— Vor b— Vip
10k
ViN =AMV
RO RR = =
556 10k
CAAA AAA
r' \A S VWV
= TL/H/5218-37
1 1 R2 Rz) R2
= Q==(14+=—=+ =], =QAp=QAH=—
o= smoAr =3 ( ra *Rg/ feP = QAP = QAL =7
lllustration is fg = 1 kHz, Q = 10, Agp = 1
AC/DC Converter
c1
2':,5‘( 10 4F
2% 1}
R2 R3 R4
20k 10k 20k
AAA B AAA AAA
VVV A4 A aun VVVv
20 o1
in AA _ 151588 :
1/2 LM833 b— Vo= V|
* 02
A6 151588 .
15K
. 6.2k
= = TL/H/5218-38
2 Channel Panning Circuit (Pan Pot) Line Driver
' 3.41R1 R2
51k MN-
MV Vo
R1 Rt
15k 15k
v‘v‘v Av‘v‘v -
1/2 LM833 b Vo1 at
p +
id
| 3
v 0.707R1 S g )
| — 0 .L < — Vo
= 85 A8
. ‘ < 0k 33
2 sias
Rl R 1/2 LM833 p— Vo2
15k 15k 02
VWV AN +
RES
3.41R 10kS
51k 1
AAN~ —Vee

TL/H/5218-39

TL/H/5218-40
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Typical Application continued)

Tone Control

BOOST—BASS—CUT
A2

11k 100k 11k
AAA A AAA
VW~ VYV AAA-
C1 r c1
0.05 ;AFL t_j—o.us uF
RIQ
%S
0.005 2:—- 1/21M833 — Vg
RS
3.6k 3.6k
AN ——A A —AAA
VWA~ VW W
A4 =

500k
BOOST —TREBLE—CUT
TL/H/5218-41

1 1
W= gmRecr 8= ZrRicH

1 1
-
27R5C2' "B 2m(R1+2R3)C2
IHlustration is:
fL=32 Hz, fig =320 Hz
fy= 11 kHz, fyg=1.1 kHz

20 OB —
17d8 ———

3dB

fy=

-20 dﬂ——/

|
fL fis e M

TL/H/5218-42

Balanced Input Mic Amp
If R2=R5, R3=R6, R4=R7
2R2) R4
Vo= (1 +E1—) A3 (v2—-Vvi1)
W v e ustration is: 10 Band Graphic Equalizer
10k 10k VO =101(V2—V1)
1/2 LM833 ~AAM A\~ — — — —
r 1
= B2 g CUT "2_"}' BOOST .
10k
-AAA- -1 " B
RIS b—vo -1 A 4w
200'S [ 3 | Vo
T Rt S 1
- 1qws ;,u
- RG R7 w ’ e
10k 10k -1 I
1/2LM833 VWA~ vvv—-l_- Ly = 1w
v2 + = gEp
- = los
" TL/H/5218-43 L-- - =
o ] fog
- - - - - foso
T - - - TL/H/5218-44
fo(Hz) Cy C, Ry R
32 0.12uF 4.7uF 75k 5000
64 0.056pF 3.3uF 68k 510Q
125 0.033uF 1.5pF 62k 5100
250 0.015pF 0.82uF 68k 470Q
500 8200pF 0.39uF 62k 4700
1k 3900pF 0.22pF 68k 4700
2k 2000pF 0.1pF 68k 470Q
4k 1100pF 0.056puF 62k 470Q
8k . 510pF 0.022pF 68k 5100
16k 330pF 0.012uF 51k 5100

At volume of change= +12dB
Q=17

Reference: “AUDIO/RADIO HANDBOOK?", National Semiconductor, 1980, Page 2-61
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National
Semiconductor

PRELIMINARY

LP165/LP365 Micropower Programmable Quad

Comparator

General Description

The LP165 series consists of four independent voltage
comparators. The comparators can be programmed, four at
the same time, for various supply currents, input currents,
response times and output current drives. This is accom-
plished by connecting a single resistor between the Vgc
and IggT pins.

These comparators can be operated from split power sup-
plies or from a single power supply over a wide range of
voltages. The input can sense signals at ground level even
with single supply operation. The unique output NPN tran-
sistor stages are uncommitted to either power supply. They
can be connected directly to various logic system supplies
so that they are highly flexible to interface with various logic
families.

Application areas include battery power circuits, threshold
detectors, zero crossing detectors, simple serial A/D con-
verters, VCO, multivibrators, voltage converters, power se-
quencers, and high performance V/F converters, and RTD
linearization.

Features

W Single programming resistor to tailor power consump-
tion,  input current, speed and output current drive
capability

m Wide single supply voltage range or dual supplies (4
Vpc to 36 Vpg or £2.0 Vpg to £18 Vpg)

B Low supply current drain (10 pA) and low power
consumption (10 uW/comparator)@lgeT=0.5 pA
Vec=5vbc

m Uncommitted output stage—selectable output levels

W Output directly compatible with DTL, TTL, CMOS, MOS
or other special logic families

® Input common-mode range includes ground

m Differential input voltage equal to the power supply
voltage :

Typical Connection

Vin

TL/H/5023-1

Programming Equation

(VH)—(V=)—1.3V

IsgT=
Rser

|
SUPPLY = 22X IgET

Connection Diagram

Dual-In-Line Package

Ve OUT3 OUTA V- +INS —ING +IN3 —IN3
6 fis o hs  Jie f o e

=

[ PR EX O I O i 8
Iser OUTZ OUTI vV —INt +INT —IN2 +IN2

TOP VIEW
TL/H/5023-2

Order Numbers LP165D,N or LP365D,N
See NS Packages D16A, N16A
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LP165/LP365

Absolute Maximum Ratings o DPackage N Package
) Power Dissipation 670 mW 500 mwW
(Note 3) )
g;g:ply V-OI:Tge vor 36 Vpg or z ;2 \\;DC Timax 150°C 15°C
erential Input V