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LIFE SUPPORT POLICY

Introduction

This new 1982 edition of the National Semiconductor

- Linear Databook is the most comprehensive available. It

presents approximately 2000 pages of specifications for
our high technology linear products. Applications, de-
scriptions, features and diagrams in this databook in-
clude detailed sections for Voltage Regulators, Op
Amps, Voltage Comparators, A to D, D to A Converters,
Industrial Blocks and Audio, Radio and TV Circuits.

The databook also features advanced telecommunica-

* tion devices and speech synthesis (DIGITALKER™), plus

other non-state-of-the-art linear products offering per-
formance, economy, quality and reliability.

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

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. Acritical component is any component of a life support

which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and whose failure to
perform, when properly used in accordance with in-
structions for use provided in the labeling, can be rea-

device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

sonably expected to result in a significant injury to the .

user.

The National Anthem®, Datachecker®, Maxi-ROM® and
TRI-STATE® are registered trademarks of National
Semiconductor Corp.

Abuseable™, BI-FET™, BI-FET 1I™, COPS™,
DIGITALKER™, DNR™, E-Z-LINK™, HEX3000™, ISE™,

MICROBUS™, MICROWIRE™, MICRO-DAC™, MST™,
NURAM™, P2CMOS™, Positalker™, QUIKLOOK™,
Rat™, Starlink™, Starplex™, Starplex II"™, TRI-CODE™,
TRI-POLY™, XMOS™ ZzSTAR™, 883B/RETS™,
883S/RETS™, and XPU™ are trademarks of National
Semiconductor Corp.




Ordering Information

PACKAGE

D — Glass/Metal Dual-In-Line Package

F — Glass/Metal Flat Pack

H —TO-5 (TO-99, TO-100, TO-46)

J — Low Temperature Glass Dual-In-Line Package

K~ TO-3 (Steel)

KC — TO-3 (Aluminum)

N — Plastic Dual-In-Line Package

P — TO-202 (D-40, Durawatt); also Single-In Line Package
S — ""SGS" Type Power Dual-In-Line Package

T — TO-220
LM 101A F W — Low Temperature Glass Flat-Pack
T Z-T092

DEVICE NUMBER

3, 4, or 5 Digit Number Suffix Indicators:
PACKAGE : A — Improved Electrical Specification

C — Commercial Temperature Range

DEVICE NUMBER DEVICE FAMILY
AD — Analog to Digital

: ADB — Analog to Digital Building Block
DEVICE FAMILY AH — Analog Hybrid

AM — Analog Monolithic

BLX — Board Level System

DAC — Digital to Analog Converter

DM — Digital Monolithic

DT — DIGITALKER ™™

HY — Hybrids

LF — Linear FET

LH — Linear Hybrid

LM — Linear Monolithic

MF — Monolithic Filter

MM — MOS Monolithic

TP — Telecommunications Product

.

Devices are listed in the table of contents alpha-numerically by device family (LH, LM, LX, etc.) and then by device number.
With most of National’s proprietary linear circuits, a 1-2-3 numbering system is employed. The 1 denotes a Military temperature
range device (-55°C to +125°C), the 2 denotes an Industrial temperature range device (—25°C to +85°C), and the 3 denotes a
Commercial temperature range device (0°C to +70°C), i.e. LM101/LM201/LM301.

Exceptions to this are the LM1800 series of consumer circuits which are specified for the commercial temperature range;
some hybrid circuits which employ a “C"” suffix to denote the commercial temperature range; and second-source products
which follow the original manufacturers numbering system, i.e. LM741/LM741C or LM1414/LM1514.

Parts are generally listed in the table of contents by military part number first, i.e. LM139/LM239/LM339. Where a separate
data sheet exists for a different temperature range, the device will be listed separately, i.e. LM119/LM219 and listed separately
LM319. Where only one temperature range exists, the part will be listed in its proper order, i.e. LM340.

3




Table of Contents

Edge Index by Product Family . ... ... it i i e e
) (oo 11T o3 4T o 1N
Ordering Information ...................... e e

Alpha-Numericallndex ............. . ..o iinn, e e

Section 1—Voltage Regulators'

Voltage RegulatorGuide ...................... e N
Precision Regulator Guide . . . . ... . i i e e e,
Definitionof Terms . ................... e e e
Fixed or Adjustable VoltageRegulators .. .......... ... . .. o i,
LM104/LM204/LM304 Negative Regulator. . ... ... it
LM105/LM205/LM305/LM305A, LM376 Voltage Regulators ........................
LM109/LM209/LM3095-Volt Regulator. . . ... ..ot i it ee i e
LM117/LM217/LM317 3-Terminal Adjustable Regulator . . ......... ... ... ... ... ....

LM117HVILM217HVILM317HV 3-Terminal Adjustable Regulator. . ................... '

LM120 Series 3-Terminal Negative Regulators ............ ... ... ..o iviiion...
LM123/LM223/LM323 3 Amp, 5 Volt Positive Regulator. . ..........................
LM125/LM325/LM325A, LM126/LM326 Voltage Regulators ........................
LM137/LM237/LM337 3-Terminal Adjustable Negative Regulators...................
LM137HVILM237HVILM337HV 3Terminal Adjustable

Negative Regulators (HighVoltage) ................. ... ... ... .. ... e
LM138/LM238/LM338 5 Amp Adjustable Power Regulators . .. .....................
LM140A/LM140/LM340A/LM340 Series 3-Terminal Positive Regulators . ..............
LM140L/LM340L Series 3-Terminal Positive Regulators . .. ......... ... ... ... ...,
LM145/LM345 Negative Three AmpRegulator ............. ..o,

LM150/LM250/LM350 3 Amp Adjustable Power Regulators . . ....... e e

LM317L 3-Terminal Adjustable Regulator .......... ... ... . i,
LM320L/LM320ML Series 3-Terminal Negative Regulators . .......................
LM330 3-Terminal Positive Regulator ........... ... .. .. .. . i iiiiiiiinnnnn.
LM337L 3-Terminal Adjustable Regulator ........... ... ... ... i iiiiininan..
LM341 Series 3-Terminal Positive Regulators . ......... ...,

LM1524/LM2524/LM3524 Regulating Pulse Width Modulator ......................
LH1605/LH1605C 5 Amp, High Efficiency Switching Regulator . ....................
LM2930 3-Terminal Positive Regulator .......... ... 0.ttt
LM2931 Series Low Dropout Regulators . .. ... ..ot
LM78XX Series Voltage Regulators. .. ... ... i i e it
LM78LXX Series 3-Terminal Positive Regulators ............. ... .. i,
LM78MXX Series 3-Terminal Positive Regulators .............. ... .. ..o,
LM79XX Series 3-Terminal Negative Regulators. .. .......... .. ... o i,
LM79LXXAC Series 3-Terminal Negative Regulators .. .................. ... ... ...

LM79MXX Series 3-Terminal Negative Regulators ...... et

tFor additional information, see National Semiconductor’s Voltage Regulator Handbook.

Section 2—Voltage References

Voltage Reference SelectionGuide ................ccovivininn.. e
LHOO070 Series Precision BCD Buffered Reference ..............................
LHO071 Series Precision Binary Buffered Reference .............................
LHOO075 Positive Precision Programmable Regulator. . .......... ... ... ... .....
LHO076 Negative Precision Programmable Regulator............ e
LM103 ReferenceDiode /...........ccoiiiiiii i, e




Table of Contents (continueq)

LM136-5.0/LM236-5.0/LM336-5.0 5.0V Reference Diode ............ . .cociiinn.. 2-36
LM185-1.2/LM285-1.2/LM385-1.2 Micropower Voltage Reference Dlode ....... e 242
LM185-2.5/LM285-2.5/LM385-2.5 Micropower Voltage Reference Diode .............. 2-48
LM199/LM299/LM399 PrecisionReference .......... ... ittt 2-54
LM199A/LM299A/LM399A Precision Reference .......... ... .. oo, 2-60
LM3999 Precision Reference .. ...ttt i e e 263
Section 3—Operational Amplifiers/Bufferst
BI-FET™/BI-FET II™Op Amp Selection Guide . .. ...ttt iiieinennn 3-5
Military Op Amp SelectionGuide ........ ... i i e e i 37
Industrial Op Amp SelectionGuide . .. .. ... ... i e 39
Commercial Op Amp SelectionGuide .........c. ittt it 3-10
Hybrid Operational Amplifier and Hybrid Buffer AmplifierGuides .................. 312
Definition of Terms . . ... .o e 3-13
LF147/LF347 Wide Bandwidth Quad JFET Input Operational Amplifier .............. 3-14
LF155/LF156/LF157 Series Monolithic JFET Input Operational Amplifiers ............ 3-22
LF351 Wide Bandwidth JFET Input Operational Amplifiers. ....................... 3-35
LF353 Wide Bandwidth Dual JFET Input Operational Amplifiers ................... 342
LF400C Fast Settling JFET Input Operational Amplifier .......................... 3-51
LF411A/LF411 Low Offset, Low Drift JFET Input Operational Amplifier .............. 3-563
LF412A/LF412 Low Offset, Low Drift Dual JFET Input Operational Amplifier.......... 3-60
LF441A/LF441 Low Power JFET Input Operational Amplifier ...................... 3-66
LF442A/LF442 Dual Low Power JFET Input Operational Amplifier.................. 373
LF444A/LF444 Quad Low Power JFET Input Operational Amplifier . ................ 3-81
LF13741 Monolithic JFET Input Operational Amplifier. . ......... ... ... ... .. .. ... . 388
LM10/LM10B(L)/LM10C(L) Op Amp and Volitage Reference ......... e 3-99
LM11/LM11C/LM11CL Operational Amplifiers. . ....... .o 3-115
LM101A/LM201A/LM301A Operational Amplifiers. ... .......... ... o i, 3-128
LM102/LM202/LM302 Voltage FOIOWETS . . . ...t eett e et eeii e eiee e 3-135
LM107/LM207/LM307 Operational Amplifiers .. ....... ..o i 3-140
LM108/LM208/LM308 Operational Amplifiers . ............ it .. 3-144
LM108A/LM208A/LM308A, LM308A-1, LM308A-2 Operational Amplifiers ............. 3-149
LM110/LM210/LM310 Voltage Follower. . .. . ... .o it i e 3-154
LM112/LM212/LM312 Operational Amplifiers .......... ... i, 3-161
LM118/LM218/LM318 Operational Amplifiers .............. ... .. oo, 3-165
LM124/LM224/LM324, LM124A/LM224A/LM324A, LM2902
Low Power Quad Operational Amplifiers ............. ... . ... 3172
LM143/LM343 High Voltage Operational Amplifier. ............ ... ... ...cu... 3-181
LM144/LM344 High Voltage, High Slew Rate Operational Amplifier ................. 3-188
LM146/LM246/LM346 Programmable Quad Operational Amplifiers ................. 3-194
LM148, LM149 Series QUad 741 Op AMIPS . ..ottt ittt i e et et ettt 3-206
LM158/LM258/LM358, LM158A/LM258A/LM358A, LM2904
Low Power Dual Operational Amplifiers .. ........ .. i, 3-216
LM159/LM359 Dual, High Speed, Programmable, :
Current Mode (Norton) Amplifiers . ........ .. i i 3-226
LM192/LM292/LM392, LM2924 Low Power Operational
Amplifier/Voltage Comparator..................... e 3-242
LM216/LM316, LM216A/LM316A Operational Amplifiers................. ... ... ... 3-246
LM709/LM709A/LM709C Operational Amplifier ..........c.coiiiiiiiiinniiinnn. 3249
LM725/LM725A/LM725C (Instrumentation) Operational Amplifier .................. 3-253
LM741/LM741A/LM741C/LM741E Operational Ampilifier........................... 3-257
LM747/LM747A/LM747C/LM747E Dual Operational Amplifiers. .................... 3-260
LM748/LM748C Operational Amplifier ..., 3-265
LM1558/LM1458 Dual Operational Amplifier .. ......... ... .ottt 3-268
LM2900/LM3900, LM3301, LM3401 Quad Amplifiers .. ...... ...t 3-270
LM4250/LM4250C Programmable Operational Ampllfler .................. P 3-279
LM13080 Programmable POWer Op Amp . .o e e 3-284




Table of Contents continueq)

LHO0002/LH0002C Current Amplifier ........... it 3-291
-LH0003/LH0003C Wide Bandwidth Operatlonal Amplifier ....... ... oL 3-294
LHO0004/LH0004C High Voltage Operational Amplifier ........................... 3-296
LHO005/LHO005A Operational Amplifier. . ....... ..ot i 3-299
LHO005C Operational Amplifier. . ... ..ot i i i et i i e e eaeenns 3-302
LH0021/LH0021C 1.0 Amp Power Operational Amplifier .......................... 3-304
LH0041/LH0041C 0.2 Amp Power Operational Amplifier .......................... 3-304
LH0022/LH0022C High Performance FETOpAmp............ e 3-311
LHO0042/LH0042C Low Cost FETOpP AMpP .. ... cvvviennnan P 3-311
LHO0052/LH0052C Precision FET Op AMP . ..o oot ittt e i e et et i i e aeaennns 3-311
LH0024/LH0024C High Slew Rate Operational Amplifier.......................... 3-318
LH0032/LH0032C Ultra Fast FET Operational Amplifier ..............ccovinnn... 3-321
LHO0033/LH0033C, LH0063/LH0063C Fast and Damn Fast Buffer Amplifiers .......... 3-327
LHO0044 Series Precision Low Noise Operational Amplifiers .. ..................... 3-338
LHO0045/LH0045C TwoWire Transmitter .. ... .. ..ot 3-344
LH0061/LH0061C 0.5 Amp Wide Band Operational Amplifier ...................... 3-355
LH0062/LH0062C High Speed FET Operational Amplifier . ........................ 3-358
LH0086/LH0086C Digitally-Programmable-Gain Amplifier ........................ 3-364
LHO0101/LHO0101C, LHO101A/LHO101AC Power Operational Amplifier ................ 3-371
LH740A/LH740AC FET Input Operational Amplifier .............. ... ... cvon... 3-382
LH2011/LH2011B/LH2011C Dual Operational Amplifiers ............. ... ... ...... 3-384
LH2101A/LH2201A/LH2301A Dual High Performance OpAmp ..........cccvvvnn... 3-397
LH2108/LH2208/LH2308, LH2108A/LH2208A/LH2308A
Dual SuperBeta Op AMp . ... ..ot e 3-399
LH2110/LH2210/LH2310 Dual Voltage Follower . . ....... .. ... ... o i, 3-401
LH24250/LH24250C Dual Programmable MicropowerOpAmp .................... 3-403

1 For additional information, see National Semiconductor's Hybrid Products Databook.

Section 4—Instrumentation Amplifiers?

Hybrid Products Instrumentation AmplifierGuide................ccvieeeiinn.. 4-3
Definition of Terms . .. . ... e 4-4
LM121/LM221/LM321, LM121A/LM221A/LM321A Precision Preamplifiers.............. 45
LM163/LM363 Precision Instrumentation Amplifier . .. ......... ... ... .. .. ... 413
LHO0036/LH0036C Instrumentation Amplifier .......... ... .. ... oo, 4-18
LHOO038/LH0038C True Instrumentation Amplifier ............................ .. 426
LHO0084/LH0084C Digitally-Programmable-Gain Instrumentation Amplifier........... 4-37

1 For additional information, see National Semiconductor's Hybrid Products Databook.

Section 5—Voltage Cbmparators ,

Voltage ComparatorGuide . ...........uiiiiiinint ittt e ena i aans 5-3
Definitionof Terms . . ... . e 5-4
LF111/LF211/LF311 Voltage Comparators ...........cciiiiiiiiiineinnaenenn 55
LH2111/LH2211/LH2311 Dual Voltage Comparator ............c.ccoiiiinennennnnn. 5-11
LM106/LM206/LM306 Voltage Comparator . .. ... ...ouuiieiriin i, 5-13
LM111/LM211 Voitage Comparator. .. ........c..cooviiininnnann. P 5-16
LM119/LM219/LM319 High Speed Dual Comparator . .............cooiiiinennnnann. 5-22
LM139/LM239/LM339, LM139A/LM239A/LM339A, LM2901, LM3302

Low Power Low Offset Voltage Quad Comparators................. e 5-27
LM160/LM260/LM360 High Speed Differential Comparator .................... ... 535
LM161/LM261/LM361 High Speed Differential Comparators ....................... 5-38
LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2903 )

Low Power Low Offset Voltage Dual Comparators ................ccovvevennn 5-41
LM311 Voltage Comparator . . ......cuuiit ittt et ian e eiainnenaneans 5-48
LM710/LM710C Voltage Comparator . . .. ....ouiiiiit e e i i et caeeaeennn 5-56
LM711/LM711C Dual Comparator. . . ..o v ittt e ittt i et ettt i ie st e enenanns 5-59

LM1514/LM1414 Dual Differential Voltage Comparator. . .............coeivennen... 5-62

6




Table of Contents (continues
Section 6—Analog Switches!

Analog Switches/Multiplexers SelectionGuide .. .......... .. ... oo .. 6-3
Definitionof Terms . .................. e e 6-4
AH5009, AH5010, AH5011, AH5012 Monolithic Analog Current Switches ............. 6-5
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 SwitchesWithDisable . ........... .. i i i i i e 6-17
LF11201/LF13201 4 Normally Closed Switches . ........ .. ... oo, 6-17
LF11202/LF13202 4 Normally OpenSwitches . ...... ... ..., 6-17
LF11508/LF13508 8-Channel Analog Multiplexer. ......... ..., 6-27
LF11509/LF13509 4-Channel Differential Analog Multiplexer....................... 6-27

TFor additional information, see National Semiconductor's Hybrid Products Databook and FET
Databook.

Section 7—Sample and Hold!

Sample and Hold Selection Guide ......... ... .. it 7-3
Definition Of TermsS . . . ...t e 7-4
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
For additional information, see National Semiconductor’s Hybrid Products Databook.

Section 8—A to D, D to Af , .
A/D Converter/DVM SelectionGuide . . . .. ... ..ot i 8-3
D/A Converter SelectionGuide . ... ... ...ttt e e 8-5
Definition Of TermMS . .. oo i e i e e e e e 87
AD7520/AD7530 10-Bit Binary MultiplyingD/AConverters . ........ ... ..o v, 8-8
AD7521/AD7531 12-Bit Binary Multiplying D/A Converters .......... ... ..o, 8-8
ADB1200 12-Bit Binary A/D BuildingBlock . .......... ... i i 8-10
ADCOBO00 8-Bit AID CONVeIter . . .ottt ittt e 817
ADCO0801, ADC0802, ADC0803, ADC0804, ADC0805 8-Bit uP

Compatible AID CONVEIEIS . . . . ..ottt e e e e e eaee s 8-28
ADCO0808, ADC0809 8-Bit uP Compatible A/D Converters with

8-Channel Multiplexer ... .. .. i i i e 860
ADCO0816, ADC0817 8-Bit uP Compatible A/D Converters with

16-Channel Multiplexer . . ... .. e e 8-71
ADCO0833 8-Bit Serial 1/O A/D Converter with 4-Channel Multiplexer .. ............... 8-82
ADC1001, ADC1021 10-Bit uP Compatible A/D Converters ............. e 8-89
ADC1080, ADC1280 12-Bit Successive Approximation A/DConverters ... ............ 8-97
ADC1210, ADC121112-Bit CMOS A/D Converters .................. e 8-107
DAC0800, DAC0801, DAC0802 8-Bit Digital-to-Analog Converters . . . . .. e 8-118
DACO0808, DAC0807, DAC0806 8-Bit DIAConverters . ........coiiiiiiiiinnnnn.n 8-126
DAC0830/DAC0831/DAC0832 MICRO-DAC™ 8-Bit uP Compatible, .

Double-Buffered Dto AConverters .. ... ...ttt e 8-133
DAC1000/1/2 and DAC1006/7/8 MICRO-DAC™ 4P Compatible,

Double-BufferedDto AConverters . ...t 8-151 .
DAC1020, DAC1021, DAC1022 10-Bit Binary Multiplying D/A Converter ............... 8-173
DAC1220, DAC1221, DAC1222 12-Bit Binary Multiplying D/A Converter............... 8-173
DAC1200, DAC1201 12-Bit Digital-to-AnalogConverters . . . .........cviiiiiie e 8-183
DAG1208, DAC1209, DAC1210, DAC1230, DAC1231, DAC1232 MICRO-DAC™

12-Bit, uP Compatible, Double-Buffered Dto AConverters ...................... 8-189
DAC1218, DAC1219 12-Bit Binary Multiplying D/A Converter .................... ... 8204
DAC1280A, DAC1280 12-Bit Digital-to-Analog Converters ...............ccouvueen.. 8-208
DAC1280A-1, DAC1280-1 12-Bit Digital-to-Analog Converters ....................... 8-216
DAC1285A, DAC1285 (DAC85, DAC87) 12-Bit Digital-to-Analog Converters.. . . . .. P 8-220
DM2502, DM2503, DM2504 Successive Approximation Registers................... 8-228
LF13300 Integrating A/D Analog BuildingBlock . .. ......... .. ..o, 8-233

7




Table Of Contents (Continued)

LM131A/LM131, LM231A/LM231, LM331A/LM331
Precision Voltage-to-Frequency Converters . ............coiviiiiiininnnnnn... 8-251
MM54C905/MM74C905 12-Bit Successive Approximation Register ................. 8-262
TFor additional information, see National Semiconductor’'s Data Conversion/Acquisition Databook
Section 9—Industrial Blocks: Functional/Automotive/
Telecommunications/Monolithic Filters

Definition Of TerMS . .. .. o i i i i i e e e e e 9-4
LM122/LM222/LLM322, LM2905/LM3905 PrecisionTimers. .. ...........c.ouenienan.. 95
LM134/LM234/LM334 3-Terminal Adjustable CurrentSources .. .................... 9-17
LM135/LM235/LM335, LM135A/LM235A/LM335A

Precision Temperature Sensors . ..........uiiit i in et in i 9-25
LM555/LMSE55C Timer. ..ot i ettt it et it e e et ie e e e et iaeeanneaanaa.s 933
LM556/LMS56C DUual Timer ... vt i ittt it et it ettt e e 9-39
LM565/LM565C Phase Locked LOOp ... ..o it e e e it 9-42
LM566/LM566C Voltage ControlledOscillator .............. .. ... ... ... 9-47
LMBB7/LM567C TONE DECOET . . . .o ittt e ettt ettt et e e i 9-50
LM733/LM733C Differential VIdeo AmMp . ... ..ot 9-54
LMO03 Fluid Level Detector . .. ... vv it e e e e e e et et e 9-58
LM9O09 Remote Control Receiver. .. ..ottt i e et ettt 9-64
LM1014/LM1014A Motor Speed Regulator. .. ... ... ... i e 9-69
LM1801Smoke Detector. .. ... . it 9-73
LM1812 Ultrasonic Transceiver. . . .. e e e e e e e e, 9-77
LM1815 Adaptive Sense Amplifier . ... e e 9-85
LM1830FluidDetector . . .. ... ..o i e i e e reraenen 9-88
LM1851 Ground FaultInterrupter. .. ... .o i e e e 9-94
LM1871 RC Encoder/Transmitter ... .. ... . o i i i it i i 9-101
LM1872 Radio Control Receiver/Decoder . ..............c.cciuin.... Ceeee e 9-116
LM2907, LM2917 Frequency to Voltage Converter. . .. ....... ..o, 9-135
LM3080/LM3080A Operational Transconductance Amplifier. . .. . R 9-148
LM3909 LED Flasher/Oscillator. . ... ...t i e it 9-152
LM3911 Temperature Controller. . . . . A e 9-156
LM3914 Dot/Bar Display Driver. . . .. .ottt e e e e i 9-163
LM3915 Dot/Bar Display Driver. . . .......coovineinnnnn.. e 19177
LM3916 Dot/Bar Display Driver .. ...ttt ittt et 9-193
MF10 Universal Monolithic Dual Switched Capacitor Filter. ....................... 9-212
TP5116A, TP5117A, TP5156A Monolithic CODECS . . ... ... vi e e e i 9-223
TP3020/TP3021 MonolithicCODECS . . . ..o v vt e e ie et e e eieieanee PR 9-229
TP3040/TP3040A PCM Monolithic Filter . .. ... .. ... it e 9-238
TP3051, TP3056 Monolithic Parallel Interface CODEC/Filter Family ................ 9-245
TP3052, TP3053, TP3054, TP3057 Monolithic Serial Interface

CODEC/Filter Family . ... i i i et et ettt e i et et reea s 9-247
TP3110, TP3120 Digital Line Interface Controllers(DLIC) ... .......... ...t 9-249
TP5087/TP5087A, TP5092/TP5092A, TP5094/TP5094A

DTMF (TOUCH-TONE® ) Generators . .. ..uvuieetieeiie e ieeeiaaeaiiaaannns 9-250
TP5088 DTMF Generator for Binary InputData ............ ..., 9-254
TP9151, TP9152, TP9156, TP9158 Push Button Pulse Dialer

CircuitswithRedial ........ ... i i i i e it e e 9-255
TP50981/TP50981A, TP50982/TP50982A, TP50985/TP50985A

Push Button Pulse Dialer Gircuits . . . . ... oii it i i ie e 9-260
TP5395, TP53125 DTMF (TOUCH-TONE® ) Generators. . .....vvueereeennnennnnnns 9-266
TP5393, TP5394, TP53143, TP53144 Pushbutton Pulse Dialer Circuits. .. ............. 9-271
TP53130 DTMF (TOUCH-TONE® ) Generator .........c.c.vviiiivnnneninnennnnnns 9-276
TP5600, TP5605, TP5610, TP5615 Ten-Number Repertory Pulse Dlalers .............. 9-281
TP5650, TP5660 Ten-Number Repertory DTMF Generators ............ e 9-287
LHO091 True RMS to DC CONVerter ... .iii ittt ittt et e e e et ie e iee e 9-291
LH0094 Multifunction Converter ............... P 9-296




Table of Contents (continueq)
Section 10—Audio/Radio Circuits

Audio/Radio Selection Guide ..........cciiiiiiii i e e 10-4
Definition Of TermMS . ... i i i e e e e e 10-8
LM377 Dual 2 Watt Audio Amplifier. .. ... ... e e 109
LM378 Dual 4 Watt Audio Amplifier. ... e 10-14
LM379 Dual 6 Watt Audio Amplifier. .. ... i e 10-18
LM380 Audio Power Amplifier .. ... ... e e 10-22
LM381/LM381A Low Noise Dual Preamplifier ........... ... o i, 10-26
LM382 Low Noise Dual Preamplifier .. ... .. ... . i 10-29
LM383/LM383A 7 Watt Audio Power Amplifier ............. .0 i, 10-32
LM384 5 Watt Audio Power Amplifier .. ....... i i it 10-36
LM386 Low Voltage Audio Power Amplifier ......... ... ... .. 10-40
LM387/LM387A Low Noise Dual Preamplifier ... ....... .. oo, 10-44
LM388 1.5 Watt Audio Power Amplifier ....... ... . i 10-47
LM389 Low Voltage Audio Power Amplifier With NPN TransistorArray .............. 10-52
LM390 1 Watt Battery Operated Audio Power Amplifier .. ......................... 10-59
LM391 Audio POWEr DriVer . . . ..ottt et e 10-64
LM1035 Dual DC Operated Tone/Volume/Balance Circuit . ........................ 10-75
LM1037 Dual Four-Channel AnalogSwitch. . ... ... ... ... i i, 10-80
LM1038 Dual Four-Channel AnalogSwitch. ........ ... .. i i i, 10-85
LM1112A/LM1112B/LM1112C Dolby B-Type Noise Reduction Processor .............. 10-88
LM1121A/LM1121B/LM1121C Dolby B-Type Noise Reduction

Processor withDC Switching ... i i i i i i e i e 10-94
LM1131A/LM1131B/LM1131C Dual Dolby B-Type Noise Reduction '

PrOCES SO . . ot e 1097
LM1310 Phase-Locked Loop FM Stereo Demodulator ............ ... ... ... ...t 10-102
LM1391 Phase-Locked LOOP BIOCK . .. ...ttt 10-104
LM1596/LM1496 Balanced Modulator-Demodulator. ............. ... oot 10107
LM1800 Phase-Locked Loop FM Stereo Demodulator .. .......................... 10-111
LM1818 Electronically Switched Audio Tape System . .. ....... ..., 10-113
LM1837 Low Noise Preamplifier for Autoreversing Tape Playback Systems .......... 10-122
LM1865/LM1965 Advanced FMIF System . . ... ... .. i 10-132
LM1866 Low Voltage AM/FM RECEIVEr ... ..ttt ittt iiaeeinnnn 10-146
LM1868 AM/FM Radio System. . .. ..ottt e e 10-153
LM1870 Stereo DemodulatorwithBlend . .. ........ .. .. i 10-161
LM1877 Dual Power Audio Amplifier . ... ... . e 10-167
LM1894 Dynamic Noise Reduction System DNR™ ... ... ... ................... 10-172
LM1895/LM2895 Audio Power Amplifier .. ... .. ...t iiiii i 10-179
LM1896/LM2896 Dual Power Audio Amplifier ......... ... oot 10-184
LM1897 Low Noise Preamplifier for Tape Playback Systems .............. P 10-191
LM2002/LM2002A 8 Watt Audio Power Amplifier .............. i, 10-200
LM2877 Dual 4-Watt Power Audio Amplifier ......... ... it 10-204
LM2878 Dual 5 Watt Power Audio Amplifier .. ... e e e 10-210
LM3011 Wide Band Amplifier . . ... i e i e e e e e, 10-216
LM3075 FM Detector/Limiter and Audio Preamplifier............. ... ... i, 10-218
LM3089 FM Receiver IF System ... .. .ot i et et et e e 10-220
LMB18O FM IF Syt tem oottt i et e e et ettt et e 10-224
LM3820 AM Radio System . .. ...t e 10-231
LM4500A High Fidelity FM Stereo DemodulatorwithBlend ....................... 10-235
LM13600/LM13600A/LM11600A Dual Operational Transconductance

Amplifiers With Linearizing Diodes and Buffers............................... 10-242
LM13700/LM13700A/LM11700A Dual Operational Transconductance Amplifiers

with Linearizing Diodesand Buffers . ............ ittt 10-258
TBA120S IF Amplifier and Detector . . ...ttt i e 10-274
TBA120U, TBA120T IF Amplifierand Detector. . . ......... ..o it 10-277

TDA2003 Audio Power Amplifier ... ..ottt i i e et et e et 10-281




Table of Contents (continueq)
Section 11—TV Circuits

LM1017 4-Bit Binary 7-Segment Decoder/Driver ............ooiiiii i .. 113
LM1019N Digital Tuning StationDetector . . .............. ... i ... .. T 11-7
LM1821S Video IF PLL Synchronous Detector ........................ e 11-10
LM1828, LM1848 Color Television Chroma Demodulator . ......................... 11-13
LM1880 No-Holds Vertical/Horizontal . . ............ ... ..., P 11-16
LM1886 TV Video Matrix Dto A .................... e 11-23
LM1889 TV VideoModulator .. ........ ..o it i et as 11-28
LM2808 Monolithic TV Sound System. .. .... I e e e, 11-37
LM3064 Television Automatic FineTuning . ........ ... . i, 11-41
TBA440C Monolithic Video IF Amplifier . ...... ... it 11-43
TBA510 Chrominance Combination ......... ... . . i 1145
TBAS530 RGB Matrix Preamplifier. .. ........ ... .. ... oL, e 11-49
TBA540 Reference Combination . ... ... .. i i e 11-52
TBA560C Luminance and Chrominance Control Combination ..................... 11-56
TBA920/TBA920S Line Oscillator Combination .................. e 11-60
TBA950-2 Television Slgnal ProcessingCircuit. . ....... .o i 11-63
TBA970 Television Video Amplifier . ... ..o i e e e e 1167
TBA990 ColorDemodulator . .. ... .o i e i e 11-70
TDA440 Video IF Amplifier. . ... oo i e e et e e 11-72
TDA2522/TDA2523 Color Demodulation Combinations. .......................... 11-76
TDA2530 R-G-B Matrix PreamplifierwithClamps . .. ...... ... ... oot 11-78
TDA2540 Video IF Amplifierand Demodulator . ... .......... ... i, . 11-81
TDA2541 Video IF Amplifierand Demodulator . .......... ... ... .. .. i, 11-84
TDA2560 Luminance and Chrominance Control Combination ............ T 11-87
TDA2591/TDA2593 Line Oscillator Combination .......... ... ... . i iiiiiii, 11-90
TDA3500 Chroma Processor + RGB Drive Combination .......................... 11-96
TDA3501 Chroma Processor + RGB Drive Combination .......................... 11-102
Section 12—Transistor/Diode Arrays

Transistor/Diode Arrays SelectionGuide ......... ... ... ... 12-3
LM194/LM394 SupermatchPair ............ ... ... it e 12-4
LM195/LM295/LM395 Ultra Reliable Power Transistors .............. e L. 12410
LM3045, LM3046, LM3086 TransiStor Arrays . . ..o vvuti i ieiiieiee e i 12-18
LM3146 High Voltage Transistor Array . ..........coiiiiiiiniit ittt 12-23
Section 13—DIGITALKER™ Speech Synthesis

BLX-281 Speech Synthesis Expansion Mddule. . ..................... e 13-3
DT1000 DIGITALKER™ Speech Synthesis EvaluationBoard .............. e 13-7
DT1050/DT1053 DIGITALKER™ Standard Vocabulary Kit .. .......covuneeieninn... 13-14
DT1051/DT1054 DIGITALKER™ Speech EvaluationKit .............. e - 13-22
DT1052/DT1055 DIGITALKER™ Basic Numbers Kit ... ......0...ooiiiineninnn.... 13-24
DT1056/DT1057 DIGITALKER™ Standard Vocabulary Kit ................ooviu... 13-26
MM54104 DIGITALKER™ Speech Synthesis System. . .......c.vviivirenannnnn.. 13-34
LB-54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set ........... 13-41
AN-252 Speech Synthesis . . ... i i e 13-43

Section 14— Appendices/Physical Dimensions
National A+ and B+ Extended Quality and Reliability-

Programs for Linear Circuits . ................ ..ot e 14-3
MIL-STD-883/MIL-M-38510 . .. ..ottt et e e e e 14-8
Linear Cross Reference Guide. . ........... O e 149
Industry Package Cross Reference Guide ........... ... . oo, 1413
Physical Dimensions ............. i 1415

For additional information on Linear Products, see National Semiconductors Linear Applications
Handbook

10




Alphanumerical Index

AD7520 10-Bit Binary Multiplying DIAConverter. . ... ivieii it in e 8-8
AD752112-Bit Binary Multiplying DIAConverter. . . ... ittt 88
AD7530 10-Bit Binary Multiplying DIAConverter ...........o it 88
AD7531 12-Bit Binary Multiplying DIAConverter ...........coiiiiiiiiiin i, 8-8
ADB1200 12-Bit Binary A/D BuildingBlock................... e 8-10
ADCOB00 8-Bit A/ID CONVEIMEY. . . oot e et ettt ettt et et et 817
ADCO0801 8-Bit uP Compatible AIDConverter ... .........c.coiiiinenn.... e 8-28
ADCO0802 8-Bit P Compatible AIDConverter. ... ...t 8-28
~ ADC0803 8-Bit uP Compatible AID CONVErter .. ..........oovviiuiinnnennnnnnn.. 8-28
ADCO0804 8-Bit uP Compatible AIDConverter. .. .........co.iiiein i 8-28
ADC0805 8-Bit uP Compatible AIDConverter. . ...ttt 8-28
ADCO0808 8-Bit uP Compatible A/D Converter with 8-Channel Multiplexer ............. 8-60
ADCO0809 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 ............ 8-71
ADCO0817 8-Bit uP Compatible A/D Converter with 16-Channel Multiplexer ............ 8-71
ADCO0833 8-Bit Serial /O A/D Converter with 4-Channel Multiplexer ................. 8-82
ADC1001 10-Bit uP Compatible AID Converters . ............ccoiiieinieinvnenenn. 8-89
ADC1021 10 Bit uP Compatible A/IDConverters . . ........c.iviiiiiiin i 8-89
ADC1080 12-Bit Successive Approximation A/DConverter . ........... ... ... ... .. 897
ADC1210 12-Bit CMOS A/ID CONVEIEr . . .o\ttt i ittt e et ee e iae s 8107
ADC121112-Bit CMOS A/ID Converter . ... ...ttt e e e 8-107
ADC1280 12-Bit Successive Approximation A/DConverter . ......... ..., 8-97
AH5009 Monolithic Analog Current Switch . ... ... ... . . i it 6-5
AH5010 Monolithic Analog CurrentSwitch . .......... ... .. i i, 6-5
AH5011 Monolithic Analog CurrentSwitch . ...... ... ... .. ... .. ... ... 6-5
AH5012 Monolithic Analog Current SWitch .. ............oiiiitiii .. 6-5
AN-252 Speech Synthesis . ................... e e 13-43
BLX-281 Speech Synthesis ExpansionModule ............. .. ... .. ... .. .. 13-3
DACO0800 8-Bit Digital-to-AnalogConverter. . .. ... it it e ians 8-118
DACO0801 8-Bit Digital-to-AnalogConverter. ... ........ciiiiiiiiinnn. e 8-118
DACO0802 8-Bit Digital-to-AnalogConverter .. ........ ...ttt tiiannnnnnn 8-118
DACOB06 8-Bit DIA CONVEIEr . .. ittt ittt ettt et e eas 8-126
DACOB07 8-Bit DJA CONVEIMer ... ...ttt e et e 8-126
DACO0808 8-Bit DIA Converter ... ...ttt e e e 8-126
DACO0830 MICRO-DAC™ g8-Bit uP Compatlble Double-Buffered D to A Converter . ... ... 8133
DAC0831 MICRO-DAC™ 8-Bit xP Compatible Double-Buffered D to A Converter . . ... .. 8-133
DAC0832 MICRO-DAC™ g.Bit »P Compatible Double-Buffered D to A Converter . . .. ... 8-133
DAC1000 10-Bit, uP Compatible, Double-Buffered Dto AConverters . .. .............. 8-151
DAC1001 10-Bit, uP Compatible, Double-Buffered Dto AConverters . .. .............. 8-151
DAC1002 10-Bit, uP Compatible, Double-Buffered Dto AConverters . .. .............. -8-151
DAC1006 10-Bit, uP Compatible, Double-Buffered Dto AConverters . ................ 8-151
DAC1007 10-Bit, uP Compatible, Double-Buffered Dto AConverters .. ............... 8-151
DAC1008 10-Bit, uP Compatible, Double-Buffered Dto AConverters ... .............. 8-151
DAC1020 10-Bit Binary Multiplying DIAConverter. . . . ... ... it i 8-173
DAC1021 10-Bit Binary Multiplying DIAConverter ........... ..o iiiiiinnnnnann 8-173
DAC1022 10-Bit Binary Multiplying D/A Converter .............. e 8173
DAC1200 12-Bit (Binary) Digital-to-AnalogConverter .. ......... .. ... ... i, 8-183
DAC1201 12-Bit (Binary) Dlgltal -to-AnalogConverter ......... ..ot 8-183
DAC1208 MICRO-DAC™ 12.Bit, xP Compatible, Double-Buffered D to A Converter ... .. 8-189
DAG1209 MICRO-DAC™ 12-Bit, uP Compatible, Double-Buffered D to A Converter .. ... 8-189
DAC1210 MICRO-DAC™™ 12-Bit, P Compatible, Double-Buffered D to' A Converter . .. .. 8-189
DAC1218 12-Bit Binary Multiplying D/A Converter . ........ ... .ot 8-204
DAC1219 12-Bit Binary Multiplying D/AConverter . ...........citiiiiiiiinnennnen. 8-204
‘DAC1220 12-Bit Binary Multiplying DIAConverter. . . ...t ii it 8-173

11




Alphanumerical Index (continueq)

DAC122112 Bit Binary MultiplyingD/AConverter .............coviiiiniiinennnann. 8-173
DAC1222 12-Bit Binary Multlplylng D/IAConverter ...t 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
DAC1280 12-Bit Digital-to-AnalogConverter. . ............coo i in i, 8-208
DAC1280A 12-Bit Digital-to-Analog Converter .............. e ...... 8208
DAC1280A-1 12-Bit Digital-to-Analog Converter ........... e 8-216
DAC1280-1 12-Bit Digital-to-Analog Converter . . ................... e 8-216
DAC1285 (DACB87) 12-Bit Digital-to-AnalogConverter. ... ...... ... .. .o on.. 8-220
DAC1285A (DAC85) 12-Bit Digital-to-Analog Converter ............ ... ... un.. 8-220
DM2502 Successive Approximation Register ............ .. ... ... 8-228
DM2503 Successive Approximation Register ........ ... ... .. .. . il 8-228
DM2504 Successive Approximation Register ......................... e 8-228
DT1000 DIGITALKERT™ Speech Synthesis Evaluation Board . .................... .. 137
DT1050 DIGITALKER™ Standard Vocabulary Kit ........... e 1314
DT1051 DIGITALKER™ Speech EvaluationKit .................. e 13-22
DT1052 DIGITALKER™ Basic NumbersKit . ... . .. e 13-24
DT1053 DIGITALKERT™ Standard Vocabulary Kit . ...........ccovuinininenannen... 13-14
DT1054 DIGITALKER™ Speech Evaluation Kit ...........c..ooveiiineennnnenn.. 13-22
DT1055 DIGITALKER™ Basic NUMbers Kit . . .....ovvvreiene i eiaenannns . 13-24
DT1056 DIGITALKER™ Standard Vocabulary Kit ............cc.ooiiuiiininnnnn.. 13-26
DT1057 DIGITALKER™ Standard Vocabulary Kit .......... T 13-26
LB-54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set . ........... 13-41
LF111 Voltage Comparators . .........co ittt it e et e 55
LF147 Wide Bandwidth Quad JFET Input Operational Amplifier .................... 314
LF155 Series Monolithic JFET Input Operational Amplifiers ....................... 3-22
LF156 Series Monolithic JFET Input Operational Amplifiers ....................... 3-22
LF157 Series Monolithic JEET Input Operational Amplifiers ........... e e 3-22
LF198 Monolithic Sampleand Hold Circuit . ....... ... .. ... .. . .. 75
LF198A Monolithic Sampleand Hold Circuit ... .......... ... . oo, _— 75
LF211 Voltage Comparator .. ...ttt e et 55
LF298 Monolithic Sample and Hold Circuit . ......... ... o i, 75
LF311 VoltageComparator ......... ..ottt iennnns JE 55
LF347 Wide Bandwidth Quad JFET Input Operational Amplifier .................. . 314
LF351 Wide Bandwidth JFET Input Operational Amplifier ......................... 3-35
LF353 Wide Bandwidth Dual JFET Input Operational Amplifier . .................... 3-42
LF398 Monolithic Sample and Hold Circuit .................. e 75
LF398A Monolithic Sample and Hold Circuit . ... .....ooet it 75
LF400C Fast Settling JFET Input Operational Amplifier ... ..................... ... 3-51
LF411 Low Offset, Low Drift JFET Input Operational Amplifier. . .................... 3-53
LF411A Low Offset, Low Drift JFET Input Operational Amplifier .................... 3-53
LF412 Low Offset, Low Drift Dual JFET Input Operational Amplifier ................. 3-60
LF412A Low Offset, Low Drift Dual JFET Input Operational Amplifier . .. ............. 3-60
LF441 Low Power JFET Input Operational Amplifier . ........... ... ccooviiiiian.. 3-66
LF441A Low Power JFET Input Operational Amplifier. .............. ..., 3-66
LF442 Dual Low Power JFET Input Operational Amplifier ......................... 373
LF442A Dual Low Power JFET Input Operational Amplifier .......... e 3-73
LF444 Quad Low Power JFET Input Operational Amplifier......................... 3-81
LF444A Quad Low Power JFET Input Operational Amplifier ....................... 381
LF112014NormaIIyC|osedSwutches e i 6-17
LF11202 4 Normally Open SWItChES .. ... ovivttteiee et et ieieaeenas 6-17
LF11331 4 Normally Open Switches WithDisable . ............... ..o, 6-17
LF11332 4 Normally Closed Switches With Disable. . ..... e e 6-17
LF11333 2 Normally Closed Switches and 2 Normally Open Switches With Disable . . . .. 6-17

12




Alphanumerical Index (continueq)

LF11508 8-Channel Analog Multiplexer. ... ... .o i i
LF11509 4-Channel Differential AnalogMultiplexer........... ...,
LF132014 Normally Closed Switches . . ....... ... i i i i
LF132024 Normally Open SwitChes . . ... ..o it i e e et e e
LF13300 Integrating A/D Analog BuildingBlock. . ......... ... .. oo,
LF133314 Normally Open SwitchesWithDisable . ........... ... .. ... ... ......
LF13332 4 Normally Closed Switches WithDisable ..............................
LF13333 2 Normally Closed Switches and 2 Normally Open Switches With Disable . ...
LF13508 8-Channel Analog Multiplexer .. ........... . . . . . . i
LF13509 4-Channel Differential Analog Multlplexer ...............................
LF13741 Monolithic JFET Input Operational Amplifier. .. ............... e
LHO002 Current Amplifier ... ... i i i e e et
LHO002C Current Amplifier . . ..ot i i e e e
LHO0003 Wide Bandwidth Operational Amplifier ........... ... ... ... i,
LHO003C Wide Bandwidth Operational Amplifier ............. ... .. ... ... ......
LHO0004 High Voltage Operational Amplifier ............ ... .. .. ... i i,
LHO004C High Voltage Operational Amplifier . ....... ... ... . ...
LHO005 Operational Amplifier............. et e
LHOOO5A Operational Amplifier . ... ... . i e e et e e
LHO005C Operational Amplifier . ... i e i
LH0021 1.0 Amp Power Operational Amplifier . . ........cooviiin i,
LH0021C 1.0 Amp Power Operational Amplifier. ........ ... ... . o i,
LHO0022 High Performance FETOP AMP .. ..ottt i
LH0022C High Performance FETOP AMP ... ...ttt e e
LH0023 Sample and Hold Circuit . ... . i e
LH0023C Sampleand Hold Circuit . ... ...ttt e et e e e
LH0024 High Slew Rate Operational Amplifier ............ ... ... o i i,
LHO0024C High Slew Rate Operational Amplifier ............. ... ... ... ..........
LHO0032 Ultra Fast FET Operational Amplifier ......... ... ... ... .. ... ... ... ....
LH0032C Ultra Fast FET Operational Amplifier ... ........ ... ... .. oo iiiiin..
LHO0033 Fast and Damn Fast Buffer Amplifier ........................ P
LHO033C Fast and Damn Fast Buffer Amplifier.................. .. ... .. ... ...t
LHO0036 Instrumentation Amplifier . ......... ... i e
LHO036C Instrumentation Amplifier. ....... ... i i e
LHO038 True Instrumentation Amplifier ........... ... ... .. ... .. . i,
LHO038C True Instrumentation Amplifier. ......... ... ... ... .. i,
LHO0041 0.2 Amp Power Operational Amplifier . ........ ... ... o i,
LH0041C 0.2 Amp Power Operational Amplifier..................... [P .
LHO042 Low Cost FET Op AMID . oo ittt e et et et e et e
LHO042C Low Cost FET Op AMD . ..ottt e e it et et ettt iee e
LH0043 Sampleand Hold Circuit . ... ...t i
LHO0043C Sampleand Hold Circuit ... ..o i
LHO0044 Series Precision Low Noise Operational Amplmers .......................
LHO0045 Two ere Transmltter ................................................

LHO052 Precision FET Op AMD . .. oottt et e et et ettt et e i
LHO052C Precision FET Op AMD ...ttt it ettt et et
LHO0053 High Speed Sample and Hold Amplifier ............ ... i,
LH0053C High Speed Sample and Hold Amplifier.................. e
LHO0061 0.5 Amp Wide Band.Operational Amplifier .............. ...l
LHO061C 0.5 Amp Wide Band Operational Amplifier............... ... ... ioin..
LHO0062 High Speed FET Operational Amplifier................ ... ... oo,
LH0062C High Speed FET Operational Amplifier............. ... .. ...,
LHO063 Fast and Damn Fast Buffer Amplifier . .................... [P
LHO063C Fast and Damn Fast Buffer Amplifier......................... ... e




Alphanumerical Index (continueq)

LLHO070 Series Precision BCD BufferedReference .............................. . 2-5
.LHO071 Series Precision Binary Buffered Reference . .............. ..ot 25
LHO0O075 Positive Precision Programmable Regulator . ............ ... ... ... ..... 29
LHO0076 Negative Precision Programmable Regulator ............................ 214
LH0084 Digitally Programmable Gain Instrumentation Amplifier. ............... ... 437
LH0084C Digitally Programmable Gain Instrumentation Ampllfler .................. 4.37
LHO0086 Digitally-Programmable-Gain Amplifier .......... ... ..o i i, 3-364
LHO0086C Digitally-Programmable-Gain Amplifier ... .............. PP e 3-364
LHO091 True RMStoDC Converter . .....iv v it e et eeeea e 9-291
LHO0094 Multifunction Converter. . .. ..ottt ittt it it et e 9-296
LHO101 Power Operational Amplifier .. ...... ... i i i e 3-371
LHO101A Power Operational Amplifier . ........ ... . o i 3371
LHO101AC Power Operational Amplifier. .......... ... it 3-371
LHO101C Power Operational Amplifier . .......... .. . i 3-371
LH1605 5 Amp, High Efficiency SwitchingRegulator ....... .. ... .. .. ... ... ... 1-163
LH1605C 5 Amp, High Efficiency SwitchingRegulator ............................ 1-163
LH740A FET Input Operational Amplifier. ........... ... i 3-382
LH740AC FET Input Operational Amplifier ......... .. ... .. i it 3-382
LH2011 Dual Operational Amplifiers . .. ... i i i i it e e 3-384
LH2011B Dual Operational Amplifiers ........... ..o 3-384
LH2011C Dual Operational Amplifiers ........... .. i, I 3-384
LH2101A Dual High Performance Op Amp. .. . .ttt e e eeie s 3-397
LH2108 Dual SuperBeta Op AMP . ..ottt it i ettt cie i 3-399
LH2108A Dual SuperBeta Op AP . . .. oot e e e 3-399
LH2110 Dual Voltage FOllOWer . ... .. .ot et et et e ee s 3-401
LH2111 Dual Voltage Comparator .. ....... ... it 511
LH2201A Dual High Performance Op Amp. . .. . ...t iii i i e et .. 3397
LH2208 Dual SuperBeta Op AMp . .. ..ot e 3-399
LH2208A Dual Super Beta Op AMP . .. oottt e et 3-399
LH2210 Dual Voltage Follower . ... ... . i i e e et 3-401
LH2211 Dual Voltage Comparator ......... ..ot ittt ei i enanns 511
LH2301A Dual High Performance Op AmIP. . . ..ot ittt et ettt e e e 3-397
LH2308 Dual SuperBetaOpAmp ............civiinnn.. e 3-399
LH2308A Dual Super Beta Op AmMp . . ..o vttt et e ... 3399 .
LH2310 Dual Voltage FOllOWer . . . ... .. ot i e e ee e 3-401
LH2311 Dual Voltage Comparator ........... e e e e e 5-11
LH24250 Dual Programmable Micropower Op Amp ... .. e et e e 3-403
LH24250C Dual Programmable MicropowerOp Amp . ......cociinir i nnnennann. 3-403
LM10 Op Amp and Voltage Reference ............coiiiiiiiiiiiinininnennnnnn 3-99
LM10B(L) Op Amp and Voltage Reference ...t innnen.. 3-99
LM10C(L) Op Amp and Voltage Reference . ........ ... ..ottt inannenn. 3-99
LM11 Operational Amplifer ... ... .. . e 3-115
LM11C Operational Amplifier . ... ..ottt i i e et c it iiteienenn 3-115
LM11CL Operational Amplifier . ... i et en 3-115
LM101A Operational Amplifier ...................... e 3-128
LM102 Voltage Follower. .. ..........covvivinnnnnnn. e 3-135
LM103 Reference Diode. .. ... ...ttt e [P 219
LM104 Negative Regulator. . . .. ... oot i i et e 1-10
LM105 Voltage Regulator. . . ....... .. .. ... .. .. ... ... e 1-13
LM106 Voltage Comparator. .. ... it ittt it ittt et ettt e e 5-13
LM107 Operational Amplifier. ... ...t i i i i ettt 3-140
LM108 Operational Amplifier. . .. ..o i i it e e e 3-144
LM108A Operational Amplifier . ........ .o i aen 3-149
LM1095-Volt Regulator . .. ...ttt e e 1-18
LM110 Voltage Follower . . ... it enns e e 3-154




Alphanumerical Index continueq)

LM111 Voltage Comparator ............ccooiiiiinnnnnnnn. e 5-16
LM112 Operational Amplifier. ... ... it e ... 3161
LMT13 Reference Diode . ... ..ot e e e e 2.22
LM117 3-Terminal Adjustable Regulator . ....... ... ... . . i 1-23
LM117HV High Voltage 3-Terminal Adjustable Regulator. . ......................... 1-31
LM118 Operational Amplifier. . ... i e ... 3-165
LM119 High Speed Dual Comparator ............ci ittt 5-22
‘LM120 Series 3-Terminal Negative Regulators . . ....... ... ... .. . i, 1-39
LM121 Precision Preamplifier . ........... ittt i i 4-5
LM121A Precision Preamplifier . ... . i i e 4-5
LM122 Precision Timer ... ..ottt et et i et 9-5
LM123 3 Amp, 5 Volt Positive Regulator ......... ... .. .. . i i 1-47
LM124 Low Power Quad Operational Amplifier .......... ... ... .. .. iiiiiin.. 3172
LM124A Low Power Quad Operational Amplifier ... ........................ e 3172
LM125 Voltage Regulator. . ........... e e e 1-51
LM126 Voltage Regulator. .. ... ... it e 1-51
LM129 Precision Reference. . ... ..ottt i i e et e - 225
LM131 Precision Voltage-to-Frequency Converter .. ..............c.cciiinin... t... 8251
LM131A Precision Voltage-to-Frequency Converter. ........... ... ..o iiinann... 8-251
LM134 3-Terminal Adjustable CurrentSource. ..., 917
LM135 Precision Temperature SeNSOr . ... ...ttt it et ei i 9-25
LM135A Precision Temperature SENSOr . ... ...t iiit ittt ie i ... 925
LM136 2.5V Reference Diode. . ... ..ottt e 2-30
LM136-5.0 5.0V Reference Diode . .. ............. e e, 2-36
LM137 3-Terminal Adjustable Negative Regulators . =........... ... ... ... ........ 1-58
LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage) ................. 1-63
LM138 5 Amp Adjustable Power Regulators ................ .. .ccciiiiriinenn... 1-68
LM139 Low Power Low Offset Voltage Quad Comparator.......................... 527
LM139A Low Power Low Offset Voltage Quad Comparator. . ........................ 5-27
LM140 Series 3-Terminal Positive Regulators. . ..., 1-76
LM140A Series 3-Terminal Positive Regulators .............. ... ... ... ... ... .... 1-76
LM140L Series 3-Terminal Positive Regulators . .. ........ ... ... ... i, S 1-84
LM143 High Voltage Operational Amplifier. .. ...... ... ... .. .. . .. ... 3181
LM144 High Voltage, High Slew Rate Operational Amplifier .......... T 3-188
LM145 Negative Three Amp Regulator . . ... ... it e 1-87
LM146 Programmable Quad Operational Amplifier .. ........ ... ... ... it 3-194
LM148 Series Quad 741 Op AMIPS .« .o i vttt e e et ettt e 3-206
LM149 Series Quad 741 Op AMIDS . ..ttt ittt ettt et ettt e 3-206
LM150 3 Amp Adjustable PowerRegulator. . ......... ... ... .. ... . i ... 1-91
LM158 Low Power Dual Operational Amplifier........ e e, 3-216
LM158A Low Power Dual Operational Amplifier. ........... ... ... ... ... ... .. .... 3-216
LM159 Dual, High Speed, Programmable Current Mode (Norton) Amplifier .. .......... 3-226
LM160 High Speed Differential Comparator. . .......... .. ... 5-35
LM161 High Speed Differential Comparator......... ... ..., 5-38
LM163 Precision Instrumentation Amplifier.......... ... ... 413
LM185-1.2 Micropower Voltage Reference Diode. . ........c.oviviiiineiiii .. 2-42
LM185-2.5 Micropower Voltage ReferenceDiode. . .........coiviiiiniiiinnnnnn.n 2-48
LM192 Low Power Operational Amplifier/Voltage Comparator . ..................... 3-242
LM193 Low Power Low Offset Voltage Dual Comparator .......................... 5-41
LM193A Low Power Low Offset Voltage Dual Comparator . ..............c..couuun.. 5-41
LM194 Supermatch Pair. . .. ... i i e e e e, 12-4
LM195 Ultra Reliable Power Transistor . .. .. ... ... . o i it 12-10
LM196 10 Amp Adjustable Voltage Regulator. . .......... .. ..o i, 1-99
LM199 Precision Reference. . ... ...t e 2-54
LM199A Precision Reference . ...... ... ... it ii e 2-60




Alphanumerical Index (continues

LM201A Operational Amplifier ... ... ... i i i e i e e e 3-128

LM202 Voltage Follower . .. ... e it e 3-135
LM204 Negative Regulator ............ e e et e, 1-10
LM205 Voltage Regulator .. ...... ...ttt it 1-13
LM206 Voltage Comparator. . .. ..ot e e e 5-13
LM207 Operational Amplifier ........ ... ... .. ... i, e 3-140
LM208 Operational Amplifier . ... .. it i i e i i et 3-144
LM208A Operational Amplifier . ... .. e s 3-149
LM2095-Volt Regulator . ... . it i i i e i e e et s 1-18
LM210 Voltage FOlOWET . . . . .ot vttt e et et e et e e e e e e 3-154
LM211 Voltage Comparator . . ... vt i it et et e e 5-16
LM212 Operational Amplifier................ e e e 3-161
LM216 Operatianal Amplifier. .. ... . i e 3-246
LM216A Operational Amplifier . ... i i e 3-246
LM217 3-Terminal Adjustable Regulator .. ........ ... . it i 1-23
LM217HV High Voltage 3-Terminal Adjustable Regulator .. .......... ... ... .. .... 1-31
.LM218 Operational Amplifier. . . ... oottt i i i it e it ettt e e 3-165
LM219 High Speed Dual Comparator............. e et 5-22
LM221 Precision Preamplifier . ................. e 4.5
LM221A Precision Preamplifier .. ....... e e e e e e 4.5
LM222 PrecisionTimer ...................... e P 95
LM223 3 Amp, 5 Volt Positive Regulator .............cciiiiiniiiiiiiinneeinnnnn 1-47
LM224 Low Power Quad Operational Amplifier . .......... ... . ... 3172
LM224A Low Power Quad Operational Amplifier. ......................... e 3172
LM231 Precision Voltage-to-Frequency Converter . .........ovuveininininnnnnenn.. 8-251
LM231A Precision Voltage-to-Frequency Converter . .. ........oueuiinnnnnnnennnn.. 8-251
LM234 3-Terminal Adjustable Current Source .......... e e 9-17
LM235 Precision Temperature Sensor . ........... ..ot iiiiiiiiineenenann, 9-25
LM235A Precision Temperature Sensor . . ... ..ottt i e 9-25
LM236 25V Reference Diode .. ...... ... oottt 2-30
LM236-5.05.0V Reference Diode. . ... ..ottt e e .. 236
LM237 3-Terminal Adjustable Negative Regulator . ..., ...........coiiiiinnnnan.. 1-58
LM237HV 3-Terminal Adjustable Negative Regulator (High Voltage) ....... P 1-63
LM238 5 Amp Adjustable Power Regulator . ... .. e e e e 1-68
LM239 Low Power Low Offset Voltage Quad Comparator. ..................coivnn. 527
LM239A Low Power Low Offset Voltage Quad Comparator ........................ 5-27
LM246 Programmable Quad Operational Amplifier............. e 3-194
LM250 3 Amp Adjustable Power Regulator .............. T 1-91
LM258 Low Power Dual Operational Amplifier. .. ........ ... i, 3-216
LM258A Low Power Dual Operational Amplifier ............ ... ... coovu... we.. 3216
LM260 High Speed Differential Comparator. ......... ... ..o, 5-35
LM261 High Speed Differential Comparator. . .. .........coiiiiiiiiiiiinneenn. 5-38
LM285-1.2 Micropower Voltage ReferenceDiode ............. ... ccciiiiiiven.n. 242
LM285-2.5 Micropower Voltage ReferenceDiode ............. ... .. ... ... oL, 2-48
LM292 Low Power Operational Amplifier/Voltage Comparator. ...... [ 3-242
LM293 Low Power Low Offset Voltage Dual Comparator ................covueen... 5-41
LM293A Low Power Low Offset Voltage Dual Comparator . ...................... .. 541
LM295 Ultra Reliable Power Transistor. . ... ...ttt 12-10
LM299 Precision Reference ................ e 2-54
LM299A Precision Reference . ... ... i e s 2-60
LM301A Operational Amplifier ....................... e 3-128
LM302 Voltage Follower . .. ... .. e e 3135
LM304 Negative Regulator ............. e et e 1-10
LM305 Voltage Regulator .. ... ... it e et 1-13
LM305A Voltage Regulator . ... ... ... i i i e 1-13




Alphanumerical Index (continueq)

LM306 Voltage Comparator. . ..... ...ttt ittt it et ittt e et 5-13
LM307 Operational Amplifier . ... ... 0 i i i ittt e 3-140
LM308 Operational Amplifier . ... ... i i i e et e 3-144
LM308A Operational Amplifier ... ... ... e e e e 3-149
LM308A-1 Operational Amplifier .. ......... ..., e 3-149
LM308A-2 Operational Amplifier. . ... i e e e 3-149
LM3095-Volt Regulator . ... ... i i i e e 1-18
LM310 Voltage FollOWEr . . .. ..ot e e e et e e e e e 3154
LM311 Voltage Comparator . . ...t e e e 5-48
LM312 Operational Amplifier. . . ... i e e 3-161
LM313 Reference Diode. . ... ..ottt e e 2-22
LM316 Operational Amplifier. . ...t i i e 3-246
LMB316A Operational Amplifier . ... ... i i i i et 3-246
LM317 3-Terminal Adjustable Regulator .. ........... ... ... .. ... i, 1-23
LM317HV High Voltage 3-Terminal Adjustable Regulator .......................... 1-31
LM317L 3-Terminal Adjustable Regulator. . ........ .. ... ittt 1111
LM318 Operational Amplifier...................... e e 3-165
LM319 High Speed Dual Comparator .........coiiiiin it e e i 5-22
LM320L Series 3-Terminal Negative Regulators. . .............. ... ... ... ..o ... 1-122
LM320ML Series 3-Terminal Negative Regulators ..........................cou... 1122
LM321 Precision Preamplifier . ... ...t it i e et e 4-5
LMB321A Precision Preamplifier . . .. .. ..ot i i e e e e 4-5
LM322 PreCision TIMEE ...\ttt e et e et et et e et e ettt aeees 95
LM323 3 Amp, 5 Volt Positive Regulator ........................................ 1-47
LM324 Low Power Quad Operational Amplifier . ....... ... ... .. i, 3172
LM324A Low Power Quad Operational Amplifier. . .......... ..o, 3172
LM325 Voltage Regulator. . . .. ... . s 1-51
LM325A Voltage Regulator . . .. ... e e e e 1-51
LM326 Voltage Regulator . ... ...t it i ittt i e e 1-51
LM329 Precision Reference ............c.iiiiiiiiinn i, 225
LM330 3-Terminal Positive Regulator ....... ... .. .. .. . it 1-128
LM331 Precision Voltage-to-Frequency Converter . ......... ...t iinnnann. 8-251
LM331A Precision Voltage-to-Frequency Converter ... ...........cco v, 8-251
LM334 3-Terminal Adjustable CurrentSource ............ccoouiiiiniineinennnennn 9-17
LM335 Precision Temperature SeNSOr . ... .ottt it it i e 9-25
LMB335A Precision Temperature SEnsOr . . ...ttt it et ittt e e 9-25
LM3362.5V Reference Diode .. ........cuiiiiiiii i i s 2-30
LM336-5.05.0V ReferenceDiode. . ..........ccoiiiiiinnnnnn.. e 2-36
LM337 3-Terminal Adjustable Negative Regulator . ............ .. ... ... .. ..... 1-58
LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage) ................. 1-63
- LM337L 3-Terminal Adjustable Regulator. . ......... .. .. it 1-134
LM338 5 Amp Adjustable Power Regulator .............. e 1:68
LM339 Low Power Low Offset Voltage Quad Comparator. . .............c.coonon.. 5-27
LM339A Low Power Low Offset Voltage Quad Comparator ........................ 5-27
LM340 Series 3-Terminal Positive Regulators ................c.coiiieiiniinennnns 1-76
LM340A Series 3-Terminal Positive Regulators .......... ... .. ... . iiiiiian.. 1-76
LM340L Series 3-Terminal Positive Regulators. . ....... ... ..., 1-84
LM341 Series 3-Terminal Positive Regulators . ... ...................... I 1-136
LM342 Series 3-Terminal Positive Regulators. .. ......... ... .. ... . ...l .o ... 1-139
LM343 High Voltage Operational Amplifier ......... ... ..., 3-181
LM344 High Voltage, High Slew Rate Operational Amplifier........................ 3-188
LM345 Negative Three Amp Regulator. . ....... .. . i 1-87
LM346 Programmable Quad Operational Amplifier............ ... ... .o it 1-194
LM350 3 Amp Adjustable Power Regulator .......... ... ... .. i 191
LM358 Low Power Dual Operational Amplifier. .......... ..o, 3-216




Alphanumerical Index continved) -

LM358A Low Power Dual Operational Amplifier .............c.ccovireiiiieinn.nn. 3-216
LM359 Dual, High Speed, Programmable Current Mode )

(Norton) Amplifiers ....... ..ot i e i 3226
LM360 High Speed Differential Comparator............ Meserieas e e 5-35
LM361 High Speed Differential Comparator. . ... e e e 5-38
LM363 Precision Instrumentation Amplifier .......... ... ... .. . i i, 4-13
LM376 Voltage Regulator. . ... ...t i i et it 1-13
LM377 Dual 2 Watt Audio Amplifier. . .. ... i e 10-9
LM378 Dual 4 Watt Audio Amplifier. . ..., e 10-14
LM379 Dual 6 Watt Audio Amplifier. ....................... e .. 10-18
LM380 Audio Power Amplifier. . ... .o i e .. 1022
LM381 Low Noise Dual Preamplifier . . . .. e A 10-26
LM381A Low Noise Dual Preamplifier. . ....... ..ot 10-26
LM382 Low Noise Dual Preamplifier. .. .... ..ottt e iiiinnannn 10-29
LM383 8 Watt Audio Power Amplifier ...... e e 10-32
LM383A 8 Watt Audio Power Amplifier ... .. .. S S 10-32
LM384 5 Watt Audio Power Amplifier ..........ccoiiiinieiiinnn... e 10-36
LM385-1.2 Micropower Voltage ReferenceDiode ............. .. ..., .. 242
LM385-2.5 Micropower Voltage ReferenceDiode ..............c.ccvviiivinnnn.nn. 2-48
LM386 Low Voltage Audio Power Amplifier .......... ...t 10-40 -
LM387 Low Noise Dual Preamplifier. . ...... ..ot e i 10-44
LM387A Low Noise Dual Preamplifier. . ...ttt i i i 10-44
LM388 1.5 Watt Audio Power Amplifier ......... .. i i i i s 10-47
LM389 Low Voltage Audio Power Amplifier With NPN TransistorArray . .............. 10-52
LM390 1 Watt Battery Operated Audio Power Amplifier. ........................... 10-59
LM391 AUdiO POWET DIIVET . . . .\ttt e et ettt e et it e e e e e iieee s 10-64
LM392 Low Power Operational Amplifier/Voltage Comparator.............. e 3-242
LM393 Low Power Low Offset Voltage Dual Comparator .................. PP 5-41
LM393A Low Power Low Offset Voltage Dual Comparator .................... PR 5-41
LM394 SupermatchPair. ................c.ciiiinn. e e 124
LM395 Ultra Reliable Power Transistor. ... ... ..o et 12-10
LM396 10 Amp Adjustable Voltage Regulator .................... e .. 199
LM399 Precision REfErenCe ... ........iueiiieeeiiie it 2-54
LM399A Precision Reference ... ....... ..ottt PPN 2-60
LM555Timer. . .......o.ouun... et e e e 9-33
LM555CTimer .................... PP 9-33
LMB56 Dual Timer . .o i it et ettt e e e 9-39
LMB56C Dual Timer . ..ottt ittt ittt e et e e e i 9-39
LM565 Phase Locked Loop . . ... vt i e e 9-42
LMBB5C Phase LOCKed LOOP . : .. v v ottt it e et ettt 9-42
LM566 Voltage Controlled Oscillator .. ... .... e e 9-47
LM566C Voltage Controlled Oscillator .. ..............ccvvv.nn. e, 9-47
LM567 ToneDecoder.................... e e 9-50
LM567C ToneDecoder. .. ....c.vviiinnnneeennnnnn. [ P 9-50
LM709 Operational Amplifier ........ . o i i i e eiaeees 3-249
LM709A Operational Amplifier .................. s [PV [P 3-249
LM709C Operational Amplifier ................. e e 3-249
LM710 Voltage Comparator. . ... .oit ittt it ittt 5-56
LM710C Voltage Comparator. . ... . cii ittt it ittt e et e et 5-56
LM711 Dual Comparator. ....... R PPN i, 559
LM711C Dual Comparator ... ..ttt i ie et it e iie it e iinaa s 5-59
LM723 Voltage Regulator...................... e e e 1-143
LM723C Voltage Regulator . ... ..ottt e ii e eeens 1-143
LM725 (Instrumentation) Operational Amplifier ....... e 3-253

LM725A (Instrumentation) Operational Amplifier................... ... ... .... 3-253

18




Alphanumerical Index (ontinueq)

LM725C (Instrumentation) Operational Amplifier............................... 3-253
LM733 Differential Video AMp ... ... i e 9-54
LM733C Differential Video AMp . ... .. ot i e e 9-54
LM741 Operational Amplifier. . ... i i i e et it 3-257
LM741A Operational Amplifier ........ .o e 3-257
LM741C Operational Amplifier ............. .. ..., A 3-257
LM741E Operational Amplifier ... ... i i i i et ce i 3-257
LM747 Dual Operational Amplifier . ........ ... i i it 3-260
LM747A Dual Operational Amplifier. ....... ... i et 3-260
LM747C Dual Operational Amplifier. ...... ... ... . . i, 3-260
LM747E Dual Operational Amplifier. ....... ... .. i, ... 3-260
- LM748 Operational Amplifier ............ i i e e 3-265
LM748C Operational Amplifier . ... ... i i et e e 3-265
LM78XX Series Voltage Regulators .. ......... ..o, e 1-181
LM78LXX Series 3-Terminal Positive Regulators........................ ... ... 1-184-
LM78MXX Series 3-Terminal Positive Regulators ............... i, 1-190
LM79XX Series 3-Terminal Negative Regulators .. ................ ... ... ... .... 1-193
LM79LXXAC Series 3-Terminal Negative Regulators ............................ 1-198
LM79MXX Series 3-Terminal Negative Regulators .............................. 1-202
LMO03 Fluid Level Detector. . . ... ..o i e e i e e 9-58
LM909 Remote Control Receiver . ... ... i it it it 9-64
LM1014 Motor Speed Regulator .......... ... ittt 9-69
LM1014A MotorSpeed Regulator ... ... ... i i i 9-69
LM1017 4-Bit Binary 7-Segment Decoder/Driver. . . .......c.. ittt iin it 11-3
LM1019N Digital Tuning StationDetector ....... ... ... ... .. ... 11-7
LM1035 Dual DC Operated Tone/Volume/Balance Circuit . ....................... 10-75
LM1037 Dual Four-Channel AnalogSwitch ......... ... .. ... . i i, 10-80
LM1038 Dual Four-Channel AnalogSwitch ............ ... ... .. ... i, 10-85
LM1112A Dolby B-Type Noise Reduction Processor . ............cciivivinnnnn. 10-88
LM1112B Dolby B-Type Noise Reduction Processor . ...............ciiineinn. 10-88
LM1112C Dolby B-Type Noise Reduction Processor . ..............coiiiiinnnnn. 10-88 -
LM1121A Dolby B-Type Noise Reduction Processor with DC Switching............. 10-94
LM1121B Dolby B-Type Noise Reduction Processor with DC Switching............. 10-94
LM1121C Dolby B-Type Noise Reduction Processor with DC Switching............. 10-94
LM1131A Dual Dolby B-Type Noise ReductionProcessor. .................cccuun.. 10-97
LM1131B Dual Dolby B-Type Noise Reduction Processor. ... .............cuuuun.. 10-97
LM1131C Dual Dolby B-Type Noise Reduction Processor. ........................ 10-97
LM1310 Phase Locked Loop FM Stereo Demodulator. . ..................... e 10-102
LM1391 Pha'se Locked LOOP BIOCK . ..o v vttt ettt i e 10-104
LM1414 Dual Differential Voltage Comparator ..............cciiiiinininenan.. 5-62
LM1458 Dual Operational Amplifier ...... ...t 3-268
LM1496 Balanced Modulator-Demodulator . ......... ... ..o it iiivnnnn. 10-107
LM1514 Dual Differential Voltage Comparator .......... ... ... 5-62
LM1524 Regulating Pulse WidthModulator. . . ...... .. ... . i it 1-148
LM1558 Dual Operational Amplifier ....... ... i i 3-268
LM1596 Balanced Modulator-Demodulator.......... ... ... i 10-107
LM1800 Phase Locked Loop FM Stereo Demodulator ........................... 10-111
LM1801Smoke Detector. . ... ..o e 9-73
LM1812 UItrasonic TranSCeIVer .. ..ottt ittt ettt it e e e et e n e eanaennn 9-77
LM1815 Adaptive Sense Amplifier. . ... ... . i i e 9-85
LM1818 Electronically Switched Audio Tape System .......... i ... 10-113
LM1821S Video IF PLL Synchronous Detector ........ e 11-10
LM1828 Color Television Chroma Demodulator. . ........... .. ... oot 11-13
LM1830 Fluid Detector. . ...ttt i e e e e e ettt e e e 9-88
LM1837 Low Noise Preamplifier for Autoreversing Tape Playback Systems ........ 10-122

19




Alphanumerical Index (continues)

LM1848 Color Television Chroma Demodulator. . ......... ... ... .. ... it 11-13
LM1851 Ground Fault Interrupter ... .. i i e it 9-94
LM1865 Advanced FM IF System . ....... ... ittt i 10-132
LM1866 Low Voltage AM/FM Receiver ......... e 10-146
LM1868 AM/FM Radio System ... ... i i it e e 10-153
LM1870 Stereo DemodulatorwithBlend ........... .. ... .. i, 10-161
LM1871 RC Encoder/Transmitter. . . ... ...ttt e e et 9-101
LM1872 Radio Control Receiver/Decoder. . .. ..vovvn it i iiiaenanns 9-116
LM1877 Dual Power Audio Amplifier............... e e 10-167
LM1880 No-Holds Vertical/Horizontal .......... .. ... i, 11-16
LM1886 TV VideoMatrix DO A ... ... it i e it 11-23
LM18B9 TV VideoModulator ... ...t i i i et i ieae e 11-28
LM1894 Dynamic Noise Reduction System DNR™ ... .. ... ... ............. 10-172
LM1895 Audio Power Amplifier . ... ... i i e e 10-179
LM1896 Dual Power Audio Amplifier ........ ... i i 10-184
LM1897 Low Noise Preamplifier for Tape Playback Systems ..................... 10-191
LM1965 Advanced FMIF System ....... ... . ot e 10-132
LM2002 8-Watt Audio Power Amplifier. . ......coviiiiinieneeiiiinnnn... e 10-200
- LM2002A 8-Watt Audio Power Amplifier ........ .. i 10-200
LM2524 Regulating Pulse Width Modulator ..................... e 1-148
LM2808 MonolithicTVSoundSystem ..........c.iiiiiiiiiiin . e 11-37
LM2877 Dual 4-Watt Power Audio Amplifier ......... ... .. i, 10-204
LM2878 Dual 5 Watt Power Audio Amplifier ................. ... .ot 10-210
LM2895 Audio Power Amplifier. .. ... ..ot e 10-179
LM2896 Dual Power Audio Amplifier .................... e e 10-184
LM2900 Quad Amplifier . ..o i e 3-270
LM2901 Low Power Low Offset Voitage Quad Comparator ....................... 5-27
LM2902 Low Power Quad Operational Amplifier ..... e P 3172
LM2903 Low Power Low Offset Voltage Dual Comparator........... e 5-41
LM2904 Low Power Dual Operational Amplifier ..., 3-216
LM2905 Precision Timer ...... ..ottt ieiaenenenn P 9-5
LM2907 Frequency to VoltageConverter ... ..........coiviitvnnnnen e 9-135
LM2917 Frequency to Voltage Converter ..........cov ittt ittt ineinnnnn 3-135
LM2924 Low Power Operational Amplifier/Voltage Comparator................... 3-242
LM2930 3-Terminal Positive Regulator . ............ ittt it 1-170
LM2931 Series Low Dropout Regulators ............. ..o, 1-176
LM3011 Wide Band Amplifier.......... e e e et e 10-216
LM3045 TransistorArray ............... e e 12-18
LM3046 Transistor Array ... ...ttt ittt et et 1218 .
LM3064 Television Automatic FineTuning ........ ... ..ot ininnnann... 11-41
LM3075 FM Detector/Limiter and Audio Preamplifier.............. ... ... .. ooo.. 10-218
LM3080 Operational Transconductance Amplifier............... ... ...t 9-148
LM3080A Operational Transconductance Amplifier .............. e 9-148
LM3086 TransiStOr ArTay .. ...vvi ittt ittt it ittt ettt aenenanan 12-18
LM3089 FM Receiver IFSystem ...................... P 10-220
LM3146 High Voltage TransistorArray................. e e e 12-23
LM3189 FM Receiver IF System ... ... i it i i i et e et it eenens 10-224
LM3301 Quad Amplifier ....... ..ot e e e . 3-270
LM3302 Low Power Low Offset Voltage Quad Comparator . ...................... 5-27
LM3401 Quad Amplifier ... .ot i e e e 3-270
LM3524 Regulating Pulse WidthModulator ........... ... ..o i, 1-148
LM3820 AM Radio Sy S oM . ..o v ittt ettt ettt et e 10-231
LM3900 Quad Amplifier .. ................. e e P 3-270
LM3905 Precision Timer .............. e e 9-5

LM3909 LED Flasher/Oscillator ... ....vviiiiiiiiiii i 9-152




Alphanumerical Index (continues

LM3911 Temperature Controller .................. P 9-156
LM3914 Dot/Bar Display Driver ... ...ttt i it e et e e et e e 9-163
LM3915 Dot/Bar Display Driver . ... ...ttt e e 9-177
LM3916 Dot/Bar Display Driver ... ...t e e e e e 9-193
LM3999 Precision Reference. .. ... ... i i e 2-63
LM4250 Programmable Operational Amplifier ........... ... .. ... .. uiina.. 3-279
LM4250C Programmable Operational Amplifier . .......... ... ... .. ... ... ...... 3-279
LM4500A High Fidelity FM Stereo Blend Demodulator .......................... 10-235
LM11600A Dual Operational Transconductance Amplifier

With Linearizing Diodesand Buffers ........ .. .. ... .. ... . i, 10-242
LM11700A Dual Operational Transconductance Amplifier

with Linearizing Diodes and Buffers ........... .. ... .. .. i in. 10-258
LM13080 Programmable POWer Op AMp ... ..ottt i et e i e e 3-284
LM13600 Dual Operational Transconductance Amplifier :

With Linearizing Diodesand Buffers .......... ... oo, 10-242
LM13600A Dual Operational Transconductance Amplifier

With Linearizing Diodes and Buffers .......... ... . i, 10-242
LM13700 Dual Operational Transconductance Amplifier

with Linearizing Diodes and Buffers ........ ... ... .. .. . i, 10-258
LM13700A Dual Operational Transconductance Amplifier .

with Linearizing Diodesand Buffers ............ ... ... ..., 10-258
MF10 Universal Monolithic Dual Switched CapacitorFilter ...................... 9-212
MM54104 DIGITALKER™ Speech Synthesis System. ................coovevninn.. 13-34
MM5E4C905 12-Bit Successive ApproximationRegister .......................... 8-262
MM74C905 12-Bit Successive Approximation Register........................... 8-262
TBA120S IF Amplifierand Detector ... i 10-274
TBA120T IF Amplifierand Detector. .. ... .. i i i i 10-277
TBA120U IF Amplifier and Detector ............ e e e 10-277
TBA440C Monolithic Video IF Amplifier. .. ... ..ot i e 11-43
TBA510 Chrominance Combination ................... ... ... ..., e 11-45
TBA530 RGB Matrix Preamplifier ....... ... ... . i . 11249
TBA540 Reference Combination ........... ... . it iiiiiiiinnnnn 11-52
TBA560C Luminance and Chrominance Control Combination.................... 11-56
TBA920 Line Oscillator Combination. ....... ... it 11-60
TBA920S Line Oscillator Combination ............. ..., 11-60
TBA950-2 Television Signal Processing Circuit. ..o, 11-63
TBA970 Television Video Amplifier.............. ... oo i 11-67
TBA990 ColorDemodulator. ........... it e 11-70
TDA440 Video IF Amplifier. . ..o i e i e e i et 11-72
TDA2003 Audio Power Amplifier................. e e 10-281
TDA2522 Color Demodulation Combination ............ ... ... i, 11-76
TDA2523 Color Demodulation Combination ...............c ittt eenn. 11-76
TDA2530 R-G-B Matrix PreamplifierWithClamps ........... ... ... .. . i, 11-78
TDA2540 Video IF Amplifierand Demodulator ........... ... ..o enann.. 11-81
TDA2541 Video IF Amplifierand Demodulator .............. ... .. i, 11-84
TDA2560 Luminance and Chrominance Control Combination .................... 11-87

. TDA2591 Line Oscillator Combination.......... e 11-90

TDA2593 Line Oscillator Combination............ ... .. ..o, - 11-90
TDA3500 Chroma Processor + RGB Drive Combination ........................... 11-96
TD3501 Chroma Processor + RGB Drive Combination ............................ 11-102
TP3020 Monolithic CODEC . . . ..ottt it et e e it e i 9-229
TP3021 Monolithic CODEC . ... .. ittt ittt i et et i e 9-229
TP3040 PCM Monolithic Filter. . . ... ..o i e e i e 9-238
TP3040A PCM Monolithic Filter . ....... ... i it ee e 9-238
TP3040A PCM Monolithic Filter ........... ... ... i 9-238




Alphanumerical Index (continueq)

TP3051 Monolithic Parallel Interface CODEG/Filter Family ...................... 9-245

TP3052 Monolithic Serial Interface CODEC/FilterFamily . ....................... 9-247
TP3053 Monolithic Serial Interface CODEC/Filter Family . ....................... 9-247
TP3054 Monolithic Serial Interface CODEC/FilterFamily ........................ 9-247
TP3056 Monolithic Parallel Interface CODEC/Filter Family ...................... 9-245
TP3057 Monolithic Serial Interface CODEC/Filter Family ................ e 9-247
TP3110 Digital Line Interface Controllers(DLIC) . ... ... ...t iii i e 9-249
TP3120 Digital Line Interface Controllers (DLIC) . ... ... ittt 9-249
- TP5087 DTMF (TOUCH-TONE®) Generator ..........c.c.oueieiuineninennnennnnns 9-250
TP5087A DTMF (TOUCH-TONE®)Generator ....................... e, 9-250
TP5088 DTMF Generator for Binary InputData..................... feeeiareaan 9-254
TP5092 DTMF (TOUCH-TONE®) Generator ............c..cvviienenn.. e 9-250
TP5092A DTMF (TOUCH-TONE®) Generator .......cvuiiitiiineiiiiiiinanennns 9-250
TP5094 DTMF (TOUCH-TONE®) Generator ..........uuiiiiiiineninnnnnnnnnnn. 9-250
TP5094A DTMF (TOUCH-TONE®) Generator .. ..........oiiiiiiiiiiinne e 9-250
TP5116A Monolithic CODEC ... ... . i i i i e i sttt et 9-223
TP5117A MonolithicCODEC ... ... . i i i e i et i sttt e e 9-223
TP5156A Monolithic CODEC . .. ... .t i i et et ittt i e 9-223
TP5393 Pushbutton Pulse Dialer Circuit .................... e 9-271
TP5394 Pushbutton Pulse DialerCircuit ......... ... ... ittt 9-271
TP5395 DTMF (TOUCH-TONE®) Generator ...................... e eeeeaeena 9-266
TP5600 Ten-Number Repertory PulseDialer . ........... .. .ot non.. 9-281
TP5605 Ten-Number Repertory PulseDialer ............ ... iiiiiiiininnnnn. 9-281
TP5610 Ten-Number Repertory PulseDialer .......... ... . i, 9-281
TP5615 Ten-Number Repertory Pulse Dialer .................. e 9-281
TP5650 Ten-Number Repertory DTMF Generator ............. ... .. i, 9-287
TP5660 Ten-Number Repertory DTMF Generator .......... ..o, 9-287
TP9151 Push Button Pulse Dialer Circuit withRedial ............................ 9-255
TP9152 Push Button Pulse Dialer Circuit withRedial ............................ 9-255
TP9156 Push Button Pulse Dialer Circuit withRedial ............................ 9-255
TP9158 Push Button Pulse Dialer Circuit withRedial ................ P 9-255
TP50981 Push Button Pulse DialerCircuit. .. ... it 9-260
TP50981A Push Button Pulse DialerCircuit. ............. ... .. oo, 9-260
TP50982 Push Button Pulse DialerCircuit. . ........ .. ... ... 9-260
TP50982A Push Button Pulse DialerCircuit .......... .. .o, 9-260
TP50985 Push Button Pulse Dialer Gircuit........ e e, 9-260
TP50985A Push Button Pulse Dialer Circuit .......... ... i iinnnn.. 9-260
TP53125 DTMF (TOUCH-TONE®) Generator .............ciiiiiiiniinnnnnnn. 9-266
TP53130 DTMF (TOUCH TONE®) Generator. .. .........ccovvvvnnon.. [ 9-276
TP53143 Pushbutton Pulse Dialer Circuit .......... .. ... i, 9-271
TP53144 Pushbutton Pulse DialerCircuit .......... ... . i, 19-271
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Definition Of TerMS . ..o e 1-8
Fixed or Adjustable Voltage Regulators ...........ciiiiiiiiiiiriiiiiiiene e ennnnnnns 19
Positive 3-Terminal Fixed '
LM109/LM209/LM3095-Volt Regulator. . . ....coite ittt e i e e e e enenns 1-18
LM123/LM223/LM323 3 Amp, 5 Volt Positive Regulator ................... ... ..o, 1-47
LM140A/LM140/LM340A/LM340 Series 3-Terminal Positive Regulators .................. 1-76
LM140L/LM340L Series 3-Terminal Positive Regulators .................c.oovvuvenn.n. 1-84
LM330 3-Terminal Positive Regulator. . . ......... oot e 1-128
LM341 Series 3-Terminal Positive Regulators .. .......... .. i, 1-136
LM342 Series 3-Terminal Positive Regulators .. .......... ..o ittt 1-139
LM2930 3-Terminal Positive Regulator ............................................. 1-170
" LM2931 Series Low Dropout REGUIALOTS .. .. .vv vt ertieieee et i i et e eneanans 1-176
LM78XX Series Voltage Regulators . ......... ..ot i 1-181
LM78LXX Series 3-Terminal Positive Regulators ............ ... .. .. i, 1-184
LM78MXX Series 3-Terminal Positive Regulators . ........... ... i, 1-190
Positive 3-Terminal Adjustable
LM117/LM217/LM317 3-Terminal Adjustable Regulator ............. ... .o iiiiiin.. 1-23
LM117HV/LM217HV/LM317HV High Voltage 3-Terminal Adjustable Regulator ............ 1-31
LM138/LM238/LM338 5 Amp Adjustable PowerRegulators............................ 1-68
LM150/LM250/LM350 3 Amp Adjustable Power Regulators............................ 1-91
LM196/LM396 10 Amp Adjustable Voltage Regulators.............. ... ot 1-99
LM317L 3-Terminal Adjustable Regulator .............. ..., 14111
Positive Multi-Terminal Adjustable '
LM105/LM205/LM305/LM305A, LM376 Voltage Regulators . ............. ... .cooovinn, 1-13
LM723/LM723C Voltage Regulator. . ........coiiiiiii i it i e .. 14143
Negative 3-Terminal Fixed
LM120 Series 3-Terminal Negative Regulators ..............ccovviiiininann. e 1-39
LM145/LM245/LM345 Negative Three AmpRegulator ........ ... .. ... oo, 1-87
LM320L/LM320ML Series 3-Terminal Negative Regulators ............................ 1-122
LM79XX Series 3-Terminal Negative Regulators . ............ P 1-193
LM79LXXAC Series 3-Terminal Negative Regulators .. ............ .o, 1-198
LM79MXX Series 3-Terminal Negative Regulators ...................coiiiiine, 1-202
Negative 3-Terminal Adjustable
LM137/LM237/LM337 3-Terminal Adjustable Negative Regulators ...................... 1-58
LM137HV/LM237HV/LM337HV 3-Terminal Adjustable
Negative Regulators (HighVoltage). . ...t e 1-63
LM337L 3-Terminal Adjustable Regulator ........ ... ... it ittt iinnnnn 1-134
~ Negative Multi-Terminal Adjustable
LM104/LM204/LM304 Negative Regulator. . ........ ... ittt iiaennn 1-10
LM723/LM723C Voltage Regulator. . .. ... .. i e 1-143
Dual Tracking
LM125/LM325/LM325A, LM126/LM326 Voltage Regulators . ..............ccvvuienn.nn. 1-51
- Switching
LH1605/LH1605C 5 Amp, High Efficiency SwitchingRegulator......................... 1-163
LM104/LM204/LM304 Negative Regulator.............. ... ..., 1-10
LM723/LM723C Voltage Regulator. . ... ... uttet ittt i i e e aieens 1143
LM1524/LM2524/LM3524 Regulating Pulse WidthModulator .......................... 1-148 -

t For more information see National Semiconductor’s Voltage Regulator Handbook.
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3-TERMINAL POSITIVE VOLTAGE REGULATORS

Output Available VouT Regulation VIN Ripple
Current Device Vout Tol. Line (Note 1) Load (Note 2) v) Rejection
(A) (v) (£%) % VouT/VIN % VouT/VIN Max (dB)

10 LM196, LM396 1.25 to 15 (Adjustable) N/A 0.005 0.1 20 74
5 LM138, LM238 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86
LM338 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86
3 LM150, LM250 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86
LM350 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86
LM123K, LM223K 5 6 0.01 0.5 20 75
LM323K 5 4 0.01 05 20 75
15 LM117, LM217 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM117HV, LM217HV 1.2 to 57 (Adjustable) N/A 0.01 0.1. 60 80
LM317HV 1.2 to 567 (Adjustable) N/A 0.01 0.1 60 80
LM109K, LM20SK 5 6 0.004 1.0 35 80
LM309K 5 4 0.004 1.0 35 80
LM140K 5, 12,15 4 0.02 _ 05 35 66—-80
LM140AK 5,12, 15 2 0.002 0.1 35 66—80
LM340 5,12, 15 4 0.02 05 35 66—-80
LM340A 5,12,15 2 0.002 0.1 35 66—-80
LM78XXC 5,12,15 4 0.03 05 35 66—80
0.5 LM117H, LM217H 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317H 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM117HVH, LM217HVH 1.2 to 37 (Adjustable) " N/A 0.01 0.1 40 80
LM317HVH 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317M 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM341 5,12,15 4 0.02 0.5 35
LM78MXX 5,12, 15 4 0.03 0.5 35
0.25 LM342 5,12,15 4 0.03 05 35 53-64
0.20 LM109H, LM209H 5 6 0.004 0.4 35 80
LM30SH 5 4 0.004 0.4 35 80
LM2930T 5,8 +10 26V 56
LM330T 5 6 26V 56
0.15 LM2931 5 and Adjustable +5 0.008 0.02 26 80
0.10 LM140L, LM240L 5,12,15 2 0.02 0.25 35 48-62
| LM317L 1.2 to 37 (Adjustable) N/A 0.01 0.1 40v 65
LM340L 5,12,15 2 0.02 0.25 35 48-62
LM78LXXA 5,12,15 4 0.03 0.25 35 45-60

Note 1: Line regulation is the change in output voltage for a change in input voltage.
Note 2: Load regulation is the change in output voltage due to a change in load current from no load to full load.
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Voltage

Regulator Guide

ig — GUARANTEED OUTPUT CURRENT (AMPS)

100

5.0

—_—— ——

3.0

£

Il
o

o

0.2

0.15

0.1

PACKAGE | PACKAGE
DESIGNATOR TYPE
< K T03*
KSTeeL | HERMETIC
. T0-220
46, PLASTIC
ol T0-202
A PLASTIC
705, 7039
&| HERMETIC
5| z T0-92
PLASTIC

Vo — NOMINAL REGULATED OUTPUT VOLTAGE (V)

|
LM196/LM396K-STEEL 12v & ADIUSTABLE——=— 15V
' [
LMI3B/LM238/LM33BK-STEEL 12v [ ADIUSTABLE ——mm 33V
LM123/LM223/LM323K STEEL &~
LM150/LM25D/LMISOK STEEL 12v g—AD’JUSTﬂ‘ BLE —
“LMI7/LM217/LM31 7K STEEL 12v g ADJUSTABLE 3BV
LMUITHVAAMZITHV/LMBITHVK STEEL 1.2V ABJUSTITBLE sV
Lm3t7T 12v An|1usnim v
LMIOOK/LM209K/LMS0SK STEEL, LM30SK ALY~ /] ‘
° 1
LM140AK/LM340AK, LM140K/LM340K ,
LW7BXXCK (AL) & & &
. | |
LM330T
LM7BXXCT ,,,69 ,};9 s
1 il
| |
LM317MP 12v "9/%7”3"5”?“5 v
LMUTHVRLM2ITHVRAMBITHYE © 12V ﬁ—nn{msn?m s
LMI17H/LM217H/LM3NTH 12v ﬁ—AD}.IUSTITBLE av
LM78MXXEP g§> , 4@ &9
{ i |
T =T
LM342p "’CIQ 0/<§> /}/69
LMI0SH/LM209H/LM3IDIH .
LM29307 |
L3307 *59 559
1| .
LM2831T5 ol
1
LM283125 P
M2931T 30v ,;@-Amumau 22y
H
LM3A0LAH 5
LMIBLXXCH 4 L L
LM7BLXXACH ‘ \ i
LMIBLXXCZ '
LM7BLXXACZ £ , ¥ ,&’
LM3T7LZ 12v ﬁ ADJUS‘I’?BLE—»MV
5 8 12 15

*All devices with TO-3 package desig-
nators (K or K STEEL ) are supplied
in steel TO-3 packages unless otherwise
designated as (AL) aluminum TO-3
package. All KC designated devices
are supplied in aluminum TO-3.
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3-TERMINAL NEGATIVE VOLTAGE REGULATORS
Output Available Vour Regulation Vin " Ripple
Current Device VouTt Tol. Line (Note 1) Load (Note 2) ) Rejection
(A) v) (%) % VouTt/Vin % Vout/Vin Max (dB)
3 LM145K, LM245K -5.0,-5.2 2 0.008 0.6 20 68
LM345K -5.0,-5.2 4 0.008 0.6 20 68
15 LM137, LM237 —1.2 to —37 (Adjustable) N/A 0.006 0.3 40 77
LM337 —1.2 to —37 (Adjustable)} N/A 0.007 0.3 40 77
LM137HV, LM237HV —1.2 to —47 (Adjustable) N/A 0.006 03 50 77
LM337HV —1.2 to —47 (Adjustable) N/A 0.007 03 50 77
LM120K -5 2 0.02 03 25 64
—-12,-156 35 (12V) 80
40 (15V) 75
70
LM320K -5 4 0.02 0.3 25 64
—-12,-15 35 (12V) 80
40 (15V) 75
70
LM320T -5 4 0.02 0.3 25 64
—-12,-15 35 (12v, 15V) 75-80
70
LM79XXC -5 4 0.03 04 35 66—70
—12,—15
0.5 LM137H, LM237H —1.2 to —37 (Adjustable) N/A 0.006 0.3 40 77
LM337H —1.2 to —37 (Adjustable) N/A 0.007 03 40 77
LM137HVH, LM237HVH —1.2 to —47 (Adjustable) N/A 0.006 0.3 50 77
LM337HVH —1.2 to —47 (Adjustable) N/A 0.007 03 50 77
LM337M —1.2 to —37 (Adjustable) N/A 0.007 0.3 40 77
LM120H -5.0 2 0.02 0.6 25 64
LM320H -5.0 4 0.02 0.6 25 64
LM320M -5 4 0.02 0.6 25 6064
—12,-156 4 35 (12V, 15V) 70-80
LM79MXX -5, —12, -15 4 0.03 0.7 35 58—60
0.25 LM320ML —5 4 0.01 0.5 35 50—-60
—12,-15
0.20 LM120H -12 2 0.02 0.1 . 35 (12V) 70-80
LM320H —15 4 0.02 0.1 40 (15V) ~
" 010 LM320L -5 4 0.01 05 35 6065
—-12,-15
LM337LZ —1.2to =37 N/A 0.01 0.1 40 65
LM79LXXA —5,-12, -15 4 0.02 0.6 35 50-55
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o

1.5

1.0

0.5

|g — GUARANTEED OUTPUT CURRENT (AMPS)

0.2

(=]

N

[2,]
PN

0.1

LM145K/LM245K/LM345K

LM137/LM237/LM337K STEEL
LM137HV/LM237HV/LM33THVK STEEL
LM3377

i
-4V —- — ADJUSTABLE
_ , (] pos
231 - £ ADIUSTABLE

-1.2v

Y

-1.2v

Y

- 1.2V

LM120K/LM320K, LM320KC, LM79XXCK (AL) g Q

Lm320T
LM79XXCT

X

LM137HVH/LM237HV H/LM337HVH
LM137H/LM237H/LM337H
LM337MP

LM120H
LM320H

LM320MP
LM79MXXCP

47V — A2 — ADJUSTABLE -

Lo
3V - p - ADUSTABLE

| I |
—37V —- é?- ADJUSTABLE —

£e
fodod

= —1.2V

-1.2v

1

= 1.2V

LM320MLP

(24

BTR®

PACKAGE PACKAGE
DESIGNATOR TYPE
2]
K STEEL HERMETIC
T T0-220
4<’, ; PLASTIC
gj“y P T0-202
PLASTIC
/@ H T0-5, T0-39
. : HERMETIC
4) 7 T0-92
PLASTIC

LM120H
LM320H

N
sl

LmM320LEZ
LM79LXXCZ
LM78LXXACZ
LM337L2

||
£ B

3 - : A ADIUSTABLE
[

-— 12V

-24 -18 -15 -12 -10 -9 -8 -6
Vp — NOMINAL REGULATED OUTPUT VOLTAGE (V)

-5.2

-5

*All devices with TO-3 package desig-
nators (K or K STEEL ) are supplied
in steel TO-3 packages unless otherwise
designated as (AL) aluminum TO-3
F All KC desi d devices
are supplied in aluminum TO-3, ‘




Vour
Toler. Part Number *
Line Load lour | @25°C | Drift | -55°C to|-25°C to| Page
Function " Features Reg Reg (mA) (Max) (Max) | 125°C 85°C |Number
Positive Programmable Voltage ' 0.5%
Regulatorg 9 Internal programming resistors, 1%o LH0075 [LH0075C|  7-8
" o v adjustable current limit, 0.008% | 0.055% | 0:1-200
egative Programmable Voltage | vgoyr=5, 6, 8, 10, 12, 15, 18V 0.5% .
Regulator o 1% LHO0076 |LH0076C| 7-13

*Refers to Hybrid Products Databook, 1982 edition
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Def

f Terms‘

National
Semiconductor

Definition of Terms

Current-Limit Sense Voltage: The voltage across the
current limit terminals required to cause the regulator
to current-limit with a short circuited output. This
voltage is used to determine the value of the external
current-limit resistor when external booster transistors
are used.

Dropout Voltage: The input-output voltage differential
at which the circuit ceases to regulate against further
reductions in input voltage.

Feedback Sense Voltage: The voltage, referred to
ground, on the feedback terminal of the regulator while
it is operating in regulation.

Input Voltage Range: The range of dc input voltages
over which the regulator will operate within specifica-
tions.

Line Regulation: The change in output voltage for a
change in the input voltage. The measurement is made
under conditions of low dissipation or, by using pulse
techniques such that the average chip temperature is
not significantly affected.

Load Regulation: The change in output voltage for a
change in load current at constant chip temperature.

Long Term Stability: Output voltage stability under
accelerated life-test conditions at 125°C with maximum

rated voltages and power dissipation for 1000 hours. ~

Maximum Power Dissipation: The maximum total
device dissipation for which the regulator will operate
within specifications.

Voltage Regulators

Output-Input Voltage Differential: The voltage differ-
ence between the unregulated input voltage and the
regulated output voltage for which the regulator will
operate within specifications.

Output Noise Voltage: The RMS ac voitage at the
output with constant load and no input ripple, measured
over a specified frequency range.

Output Voltage Range: The range of regulated output
voltages over which the specifications apply.

Output Voltage Scale Factor: The output voltage
obtained for a unit. value of resistance between the
adjustment terminal and ground.

Quiescent Current: That part of input current to the
regulator that is not delivered to the load.

Ripple Rejection: The line regulation for ac input
signals at or above a given frequency with a specified
value of bypass capacitor on the reference bypass
terminal.

Standby Current Drain: That part of the operating
current of the regulator which does not contribute to
the load current.

Temperature Stability: The percentage change in output
voltage for a thermal variation from room temperature
to either temperature extreme.

Thermal Regulation: Percentage change in output
voltage for a given change in power dissipation over a
specified time period.

18




National
Semiconductor

Fixed or Adjustable Voltage Regulators

At National we see the trend moving toward the use of
more adjustable regulators and we are broadening the
adjustable line to satisfy this demand.

As you browse through this Voitage Regulator section
you will notice many changes. We've expanded the ad-
justable regulator line and many voltage options on fixed
regulators have been deleted.

The fixed voltage regulators, like the 7800 and 7900
series, resulted in customers having to stock and hold in
inventory quantities of each voltage in order to always
have on hand a specific device for a particular system.
This proved to be very costly especially when production
was stopped due to shortage of a particular voltage.

Adjustables combine versatility, perforrhance and relia-
bility, leading to increased popularity.

Versatility

B Satisfy output voltage requirements from 1.2V up to
47V

B Simplify inventory and purchasing since a single
device satisfies many voltage requirements

B Allows precision application

Performance

B Improves system performance by having line and load
regulation a factor of 10 better

B Has improved overload protection thus allowing
greater output current over operating temperature
range

Reliability

B Improves system reliability with each device being
subjected to 100% thermal limit burn-in

As more and more applications use adjustable
regulators, we believe that they will become the most
popular regulators in the industry.

19
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LM104/LM204/LM304

National
Semiconductor

Voltage Regulators

LM104/LM204/LM304 Negative Regulator

General Description

The LM104 series are precision voltage regulators
which can be programmed by a single external
resistor to supply any voltage from 40V down to
zero while operating from a single unregulated
supply. They can also provide 0.01-percent regula-
tion in circuits using a separate, floating bias
supply, where the output voltage is limited only
by the breakdown of external pass transistors.
Although designed primarily as linear, series
regulators, the circuits can be used as switching
regulators, current regulators or in a number of
other control applications. Typical performance
characteristics are:

® Subsurface zener reference

1 mV regulation no load to full ioad

0.01%/V line regulation .

0.2 mV/V ripple rejection

® 0.3% temperature stability over military tem-
perature range

The LM104 series are complements of the LM100
and LM105 positive regulators, intended for
systems requiring regulated negative voltages
which have a common ground with the unregu-
lated supply. By themselves, they can deliver
output currents to 25 mA, but external transistors
can be added to get any desired current. The
output voltage is set by external resistors, and
either constant or foldback current limiting is
made available.

The LM104 is specified for operation over the
-55°C to +125°C military temperature range. The
LM204 is specified for operation over the —25°C to
+86°C temperature range. The LM304 is specified
for operation from 0°C to +70°C.

Schematic and Connection Diagrams

ADJUSTMENT
1

R17

A ogy

N

— -
[
a P_J A1
R
14K

oIg
63V

00}

_ 37X

8 REGULATED
ouTPUT

7 BOOSTER
ouTPUT

023

6 CURRENT

1;: AN
2L ]
IEpFT

[Tthe

3 L)
REFERENCE COMPENSATION
SUPPLY .

Typical Applications

Operating with Separate Bias Supply

2
REFERENCE

_Lu ~Lc1t
J-omur e

R2
Vour * 1385

a
nare0

Vin T Solid Tantatum

Vour = -10V
lour <2A

Vin <12V

1 Sold Tantelum

9
GROUND
R16

Metal Can Package

Note: Pin 5 connected to case.
TOP VIEW

Order Number LM104H, LM204H or LM304H
See NS Package H10C

5_UNREGULATED
INPUT

Basic Regulator Circuit

1 Solid Tantalum
“ Tom A1 for exsct

2 3
25K 100 pF T~

A

7
2
%

Vouy * -5V

#5 .
™ 540 4

.0

o
a1
1 Sohd Tantalum
*60 Tures #20
an Arnold f, e
Engneenng
AS201572
e
Permatioy Core

Vin <85V
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Absolute Maximum Ratings

LM104/LM204 LM304
Input Voltage 50V 40V
Input-Output Voltage Differential 50V 40V
Power Dissipation (Note 1) 500 mW 500 mW
Operating Temperature Range
LM104 -55°C to 125°C
LM204 -25°C to 85°C
LM304 0°Cto +70°C
Storage Temperature Range -65°C to 150°C —65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C 300°C
Electrical Characteristics
LM104/LM204 LM304
PARAMETER CONDITIONS MiN ) MAX MIN VP MAX UNITS
Input Voltage Range -50 -8 -40 -8 \
Output Voltage Range —40 —0.015 | -30 -0.035 Vv
Output-Input Voltage lo =20 mA 2.0 50 2.0 40 \
Differential (Note 3) lo =5mA 0.5 50 0.5 40 \%
Load Regulation (Note 4) 0<15 <20 mA
Rgc = 15 1 5 1 5 mV
Line Regulation (Note 5) Vour £ -5V
AV =0.1Vy 0.056| 0.1 0.056 | 0.1 %
Ripple Rejection Cq9 =10 uF, =120 Hz
Viy <=15V 0.2 0.5 0.2 0.5 mV/V
=7V >V, >-15V 0.5 1.0 0.5 1.0 mV/V
Output Voltage Scale Factor Rz = 2.4k 1.8 2.0 2.2 1.8 2.0 2.2 V/kQ
Temperature Stability Vo <=1V 03 1.0 03 1.0 %
Output Noise Voltage 10 Hz<f< 10 kHz
Vo <-5V,Cyg=0 0.007 0.007 %
Ci9 =10 uF 15 15 LV
Standby Current Drain IL=5mA, Vg5 =0 1.7 25 1.7 2.5 mA
Vo = =30V 3.6 5.0 mA
) Vo = —40V 3.6 5.0 mA
Long Term Stability Vo < -1V 001 | 10 001 | 1.0 %

Note 1: The maximum junction temperature of the LM104 is 150°C, while that of the LM204 is 125°C and LM304 is 100°C.
For operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W,
junction to ambient, or 45°C/W, junction to case.
Note 2: These specifications apply for junction temperatures between —55°C and 150°C (between —25°C and 100°C for the
LM204 and 0°C to +85°C for the LM304) and for input and output voltages within the ranges given, unless otherwise specified.
The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into

account separately when the unit is operating under conditions of high dissipation.

Note 3: When external booster transistors are used, the minimum output-input voltage differential is increased, in the worst case,

by approximately 1V.

Note 4: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The
improvement factor will be roughly equal to the composite current gain of the added transistors.
Note 5: With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between OV
and -5V, a dc output variation, determined from the ripple rejection, must be added to find the worst-case line regulation.
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LM104/LM204/LM304

SUPPLY VOLTAGE REJECTION (%/V)

Typical Performance Characteristics

OUTPUT VOLTAGE DEVIATION (mV)

CURRENT-LIMIT SENSE VOLTAGE (V)

OUTPUT VOLTAGE DEVIATION (mV)

Load Regulation
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National
Semiconductor

Voltage Regulators

LM105/LM205/LM305/LM305A, LM376 Voltage Regulators

General Description :

The LM105 series are positive voltage regulators
similar to the LM100, except that an extra gain
stage has been added for improved regulation.
A redesign of the biasing circuitry removes any
minimum load current requirement and at the
same time reduces standby current drain, permit-
ting higher voltage operation. They are direct,
plug-in replacements for the LM100 in both
linear and switching regulator circuits with output
voltages greater than 4.5V. Important characteris-
tics of the circuits are:

® QOutput voltage adjustable from 4.5V to 40V

8 QOutput currents in excess of 10A possible by
adding external transistors

® |oad regulation better than 0.1%, full load with
current limiting

® DC line regulation guaranteed at 0.03%/V

® Ripple rejection of 0.01%/V

® 45 mA output current without external pass
transistor (LM305A)

Like the LM100, they also feature fast response to
both load and line transients, freedom from
oscillations with varying resistive and reactive
loads and the ability to start reliably on any load
within rating. The circuits are built on a single
silicon chip and are supplied in either an 8-lead,
TO-5 header or a 1/4”" x 1/4"" metal flat package.

The LM105 is specified for operation for —55°C <
Ta <+125°C, the LM205 is specified for ~25°C <
Ta < +85°C, and the LM305/LM305A, LM376 is
specified for 0°C < T, < +70°C.

Schematic and Connection Diagrams

3
UNREGULATED INPUT

a1z BOOSTER OUTPUT

CURRENT LIMIT

REGULATED OUTPUT

1
P LUMPENSATION
SHUTDOWN

n'd
1
£ FEEDBACK
5
an BYPASS
h Q 5 .
GROUND
Pin connections shown are for metal can.
. . .
Typical Applications
10A Regul with Foldback Current Limiting
a L ! ’ ln' our -3V

3 S
w S
= L.

@ 3

wim -

cr
AT

180 -
b *Electrolytic.

1) b=
T

Solid tantatum.

Dual-in-Line Package

Metal Can Package

CURRENT
LMy

BOOSTER
ouTPUT

[T
NPT

GROUND 4

7 REGULATED OUTPUT
REGULATED
outPuT CURRENT

umir (1)

8O0STER
outPuT

COMPENSATION
() shutoows
COMPENSATION 0 FEEDBACK

(5) REFERENCE

UNREGULATED. ()
NpuT BYPASS

FEEDBACK
GROUND

REFERENCE Note: Pin 4 connected to case.

svpass TOP VIEW

Order Number LM376N
See NS Package NO8B

TOP VIEW

Order Number LM105H,
LM205H, LM305H or LM305AH
See NS Package HO8C

1.0A Regulator with Protective Diodes

o2t
UTRI0S
id

Vour * 20V

ot
uTRINS

throtects against shorted input
or inductive loads on unregu-
lated supply.

“*Protects against input voltage
reversal.

1Protects against output
voltage reversal.

ISOCINT/SOLINTT

9/€IN1 “‘YSOEINT/SOEINT
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| LM105/LM205/
| LM305/LM305A, LM376

Absolute Maximum Ratings (wios

LM205 - LM305 LM305A LM376
Input Voltage 50V 50V 40V 50V 40V '
Input-Output Differential 40v 40V 40V 40V 40V
Power Dissipation (Note 1) 800 mwW 800 mW 800 mW 800 mW 400 mwW
Operating Temperature Range -55°C to +125°C -25°C to +85°C 0°C to +70°C 0°C to +70°C 0°C to +70°C
Storage Temperature Range -65°C to +150°C -65°C to +150°C —65°C to +150°C -65°C to +150°C —-65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C - 300°C ~ 300°C
. . a2 .
Electrical Characteristics (note 2)
LM105 LM205 LM305 LM305A LM376
PARAMETER CONDITIQNS MIN TYP  MAX MIN TYP  MAX MIN TYP  MAX MIN TYP  MAX MIN TYP  MAX UNITS
Input Voltage Range . 85 50 8.5 50 8.5 40 85 50 9.0 40 \
Output Voltage Range 4.5 40 45 40 4.5 30 45 40 5.0 37 \
Input-Output Voltage 3.0 30 3.0 30 3.0 30 3.0 30 3.0 30 \
Differential
Load Regulation Rsc =109, TA =25°C ’ 0.02 0.05 0.02 0.05 0.02 0.05 - %
(Note 3) Rsc =108, Ta = TA(MAX) 0.03 0.1 | 0.03 0.1 0.03 0.1 %
Rgc = 1022, TA = TA(MIN) 0.03 0.1 0.03 0.1 0.03 0.1 %
0<1p<12mA 0<Ip<12mA 0<ip<12mA . .
Rsc =082, Ta = 25°C ’ 0.02 0.2 0.2 %
Rsc =08, Ta = 70°C 0.03 0.4 0.5 %
Rsc =08, Tao=0°C 0.03 0.4 0.5 %
0<Ip<45mA 0<10<25mA
Line Regulation Ta=25°C 0.03 %IV
0°C < TA <+70°C 0.1 %/V
VIN = VouT < BV, Ta=25°C 0.025 0.06 - 0.025 0.06 0.025 0.06 0.025  0.06 %IV
Vin — VouT 25V, Tp = 25°C 0015  0.03 0015  0.03 0.015  0.03 0015  0.03 %IV
Temperature Stability TAMIN) S TA <TA(MAX) 0.3 1.0 03 1.0 0.3 1.0 03 1.0 . ‘%
Feedback Sense Voltage 163 1.7 1.81 163 1.7 1.81 1.63 1.7 1.81 155 1.7 1.85 1.60 1.72 1.80 v
Output Noise Voltage 10 Hz < f <10 kHz .
’ CRep=0 0.005 0.005 0.005 0.005 B %
CREF =0.1uF 0.002 0.002 0.002 0.002 %
Standby Current Drain Vin =30V, Tp =25°C 2.5 mA
VN =40V 0.8 2.0 mA
VN =50V 0.8 2.0 0.8 2.0 0.8 2.0 mA
Current Limit Ta =25°C, Rgc = 109, 225 300 375 225 300 375 225 300 375 225 300 375 300 mV
Sense Voltage VouT =0V, (Note 4) d
Long Term Stability 0.1 1.0 0.1 1.0 0.1 1.0 0.1 1.0 ) %
Ripple Rejection CREF = 10uF, f = 120 Hz 0.003 ~ 001 0.003  0.01 0003 001 0.003 0.1 %/V

Note 1: The maximum junction temperature of the LM105 and LM305A is 150°C, the LM205 and LM376 is 100°C, and the LM305 is 85°C. For operation at elevated temperatures, devices in the TO-5 package
must be derated based on a thermal resistance of 150°C/W junction to ambient, or 45°C/W junction to case. For the epoxy dual-in-line package, derating is based on a thermal resistance of 187°C/W junction to
ambient. Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power averaged over a five second interval for the LM105 and LM205, and averaged over a two second
interval for the LM305. . .

Note 2: Unless otherwise specified, these specifications apply for temperatures within the operating temperature range, for input and output voltages within the range given, and for a divider impedance seen by
the feedback terminal of 2 k2. Load and line regulation specifications are for a constant junction temperature. - Temperature drift effects must be taken into account separately when the unit is operating under
conditions of high dissipation.

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will be rough}y equal to the composite current gain of the
added transistors. - .

Note 4: With no external pass transistor.




Typical Performance Characteristics .m105/.m205/LM305/LM305A

Load Regulation
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LM105/LM205/

LM305/LM305A, LM376

Typical Performance Characteristics Lm376
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Typical Applications (continued)

Linear Reg with Foldback Current Limiti Current Regulator
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200 mA

a1
17 N2
> R4
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Shunt Regulator Switching Regulator

D1
uTx210
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4032

Vi 85V = = = Solid tantalum.
125 turns =22 on Amotd
Engineering A262123-2
molybdenum permally
core.

Basic Positive Regulator with Current Limiting 1.0A Regulator with Protective Diodes
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LM109/LM209/LM309

National
Semiconductor

Voltage Regulators

LM109/LM209/LM309 5-Volt Regulator :

General Description

The LM109 series are complete 5V regulators fabricated
on a single silicon chip. They are designed for local
regulation on digital logic cards, eliminating the distribu-
tion problems associated with single-point regulation.
The devices are available in two standard transistor
packages. In the solid-kovar TO-5 header, it can deliver

output currents in excess of 200mA, if adequate heat

sinking is provided. With the TO-3 power package, the
available output current is greater than 1A.

The regulators are essentially blowout proof. Current
limiting is included to limit the peak output current to
a safe value. In addition, thermal shutdown is provided
to keep the IC from overheating. If internal dissipation
becomes too great, the regulator will shut down to
prevent excessive heating. B

Considerable effort was expended to make these devices
easy to use and to minimize the number of external
components. It is not necessary to bypass the output,
although this does improve transient response somewhat.
Input bypassing is needed, however, if the regulator is

located very far from the filter capacitor of the power
supply. Stability is also achieved by methods that
provide very good rejection of load or line transients
as are usually seen with TTL logic.

Although designed primarily as a fixed-voltage regulator,
the output of the LM109 series can be set to voltages
above 5V, as shown below. It is also possible to use the
circuits as the control element in precision regulators,
taking advantage of the good current-handling capability
and the thermal overload protection.

Features

.= Specified to be compatible, worst case, with TTL and

DTL
= Qutput current in excess of 1A
= |nternal thermal overload protection

= No external components required

Schematic Diagram

INPUT
19
o Q17
02
sv 4
R14
03
a outPUT
o
40
04
() oan Fow
Ra
12K
GROUND

Connection Diagrams
. Metal Can Packages

GND

outeuT ouTPUT — /—\ 7 (ease)
1/< o N2
INPUT — 3 L7 ease [e) o)

BOTTOM VIEW

Crder Number LM109H, LH209H
or LM309H
See Package HO3A

SOTTOM VIEW

See Package KO2A

Typical Application

Fixed 5V Regulator

INPUT 4o B oreut

3
.
a €22 10,8

1.0 uF
SOLID soL1p
TANTALUM TANTALUM

*Required if regulator is located more than 4"
from power supply filter capacitor.

TAlthough no outﬁill capacitor is needed for stability,
it does improve transient response.
€2 should be used whenever long wires are used to
connect to the load, or when transient response
is critical. ’

NOTE: Pin 3 electrically connected to case.

Adjustable Output Regulator

ouTPuT
B3]
:Jn §V=VQUT<25V
< 1%

t

3
b

Order Number LM109K STEEL,
LM209K STEEL, LM309K STEEL

Order Number LM309K (ALUMINUM)
See Package KC02A
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Absolute Maximum Ratings
Input Voltage

Power Dissipation

Operating Junction Temperature Range

35V
Internally Limited

LM109 -55°C to +150°C
LM209 -25°C to +150°C
LM309 0°C to +125°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics
LM109/LM209 LM309
PARAMETER CONDITIONS MIN v MAX MIN P MAX t‘JNITS
Output Voltage T‘ =25°C 4.7 5.05 5.3 4.8 5.05 5.2 \)
Line Regulation T;=25°C, 4.0 50 4.0 50 mV
7V < V)< 25V
Load Regulation Tj=25°C
TO-5 Package 5mA < lgyr < 0.5A 15 50 15 50 mvV
TO-3 Package 5mA < gyt < 1.5A 15 100 15 100 mV
Output Voltage IV V<28V, 46 5.4 475 5.25 v
5mA < 'OUT < 'MAX'
P < Ppax )
Quiescent Current 7V < Vi €25V 5.2 10 5.2 10 mA
Quiescent Current Change V< V<25V 0.5 0.5 mA
5mA < gyt < Inax 0.8 0.8 mA
Output Noise Voltage. Ta=25°C 40 40 uv
10Hz < f < 100kHz
Long Term Stability 1 10 20 mv
Ripple Rejection Tj=25°C 50 50 . dB
Thermal Resistance, (Note 2)
Junction to Case
TO-5 Package ) 15 15 °C/W
TO-3 Package 25 25 °C/W

Note 1: Unless otherwise specified, these specifications apply —55°C < Tj < +150°C for the LM109, —25°C < Tj < +150°C for the LM203, and
0°C < Tj < +125°C for the LM309; Vi = 10V; and lgyT =0.1A for the TO-39 package or Iyt =0.5A for the TO-3 package. For the TO-39 package,
Imax = 0.2A and Ppax =2.0W. For the TO-3 package, Imax=1.0A and Ppax =20W.

Note 2: Without a heat sink, the thermal resistnace of the TO-39 package is about 150°C/W, while that of the TO-3 package is approximately
35°C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink.

Typical Applications (cont‘d.)

&% High Stability Regulator*

Current Regulator

INPUT

ouTPUT

AA
\4
8
a
B

a1 ;iﬂ’
N8I 10uF
*Determines output current. If wirewound resistor

is used, bypass with 0.1 uF.

R3I &
10K €

™

"Re'gulatinn better than 0.01%, load, line and temperature, can be obtained. i_
tDetermines zener current. May be adjusted to minimize thermal drift.
1Solid tantalum.

i 60SINT1/602IN1/60LINT
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LM109/LM209/LM309

Application Hints

a. Bypass the input of the LM109 to ground with * thermal shutdown point (= 175°C). Long term
> 0.2 uF ceramic or solid tantalum capacitor if main reliability cannot be guaranteed under these con-
filter capacitor is more than 4 inches away. ditions.

f. Preventing latchoff for loads connected to negative

b. Use steel package instead of aluminum if more than voltage:

5,000 thermal cycles are expected. (AT = 50°C)

If the output of the LM109 is pulled negative by a high -
current supply so that the output pin is more than 0.5V
negative with respect to the ground pin, the LM109 can
latch off. This can be prevented by clamping the ground
pin to the output pin with a germanium or Schottky
. - . diode as shown. A silicon diode (1N4001) at the output
output capacitor is charged up, then discharged is also needed to keep the positive output from being
through the internal clamp zenér when the ground pulled too far negative. The 10§ resistor will raise

pin makes contact. +VouyT by ® 0.05V.

Avoid insertion of regulator into ‘“live” socket if
input voltage is greater than 10V. The output will
rise to within 2V of the unregulated input if the
ground pin does not make contact, possibly damaging
the load. The LM109 may also be damaged if a large

4

d. The output clamp zener is designed to absorb tran-
sients only. It will not clamp the output effectively
if a failure occurs in the internal power transistor
structure. Zener dynamic impedance is = 4 2. Con-
tinuous RMS current into the zener should not
exceed 0.5 A.

+VIN

e. Paralleling of LM109s for higher output current is
not recommended. Current sharing will be almost
nonexistent, leading to a current limit mode operation

for devices with the highest initial output voltage. —vm—l LM120 I' @ -VouT
P . ~N .

The current limit devices may also heat up to the

com

Crowbar Overvoltage Protection

INPUT CROWBAR OUTPUT CROWBAR

*Zener is internal to LM109.

**Q1 must be able to withstand 7 A continuous current if fusing is not used at regulator input. LM108 bond
wires will fuse at currents above 7A.

102 i selected for surge capability. Consideration must be given to filter capacitor size, transformer impedance,
and fuse blowing time.

TtTrip pointis ~7.5V.
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Typical Performance Characteristics
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LM109/LM209/LM309

INPUT-OUTPUT DIFFERENTIAL (V)

Typical Performance Characteristics (cont’d)
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National
Semiconductor

Voltage Regulators

LM117/LM217/LM317 3-Terminal Adjustable Regulator

General Description

The LM117/LM217/LM317 are adjustable 3-terminal
positive voltage regulators capable of supplying in excess
of 1.5A over a 1.2V to 37V output range. They are
exceptionally easy to use and require only two external
resistors to set the output voltage. Further, both line
and load regulation are better than standard fixed regula-
tors. Also, the LM117 is packaged in standard transistor
packages which are easily mounted and handled.

In addition to higher performance than fixed regulators,
the LM117 series offers full overload protection
available only in IC’s. Included on the chip are current
limit, thermal overload protection and safe area protec-
tion. All overload protection circuitry remains fully
functional even if the adjustment terminal s
disconnected.

Features

Adjustable output down to 1.2V
Guaranteed 1.5A output current

Line regulation typically 0.01%/V

Load regulation typically 0.1%

Current limit constant with temperature
100% electrical burn-in

Eliminates the need to stock many voltages
Standard 3-lead transistor package

80 dB ripple rejection

Normally, no capacitors are needed unless the device is
situated far from the input filter capacitors in which
case an input bypass is needed. An optional output
capacitor can be added to improve transient response.
The adjustment terminal can be bypassed to achieve
very high ripple rejections ratios which are difficult
to achieve with-standard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful
in a wide variety of other applications. Since the regu-
lator is ‘‘floating” and sees only the input-to-output
differential voltage, supplies of several hundred volts
can be regulated as long as the maximum input to
output differential. is not exceeded.

Also, it makes an especially simple adjustable switching
regulator, a programmable output regulator, or by
connecting a fixed resistor between the adjustment and
output, the LM117 can be used as a precision current
regulator. Supplies with electronic shutdown can be
achieved by clamping the adjustment terminal to ground
which programs the output to 1.2V where most loads
draw little current.

The LM117K, LM217K and LM317K are packaged in
standard TO-3 transistor packages while the LM117H,
LM217H and LM317H are packaged in a solid Kovar
base TO-39 transistor package. The LM117 is rated for
operation from —-55°C to +150°C, the LM217 from
~25°C to +150°C and the LM317 from 0°C to +125°C.
The LM317T and LM317MP, rated for operation over a
0°C to +125°C range, are available in a TO-220 plastic
package and a TO-202 package, respectively.

For applications requiring greater output current in
excess of 3A and 5A, see LM150 series and LM138
series data sheets, respectively. For the negative comple-
ment, see LM137 series data sheet.

LM117 Series Packages and Power Capability

RATED DESIGN,
DEVICE | PACKAGE POWER LOAD
DISSIPATION | CURRENT
LM117 T0-3 20W 15A
LM217
M1y TO-39 2w 05A
LM317T T0-220 15W 15A
LM317M T0-202 7.5W 0.5A
LM317LZ| TO-92 0.6W 01A

Typical Applications

1.2V—-25V Adjustable Regulator

Digitally Selected Outputs

5V Logic Regulator with
Electronic Shutdown*

LM117 LMI17
LM17 v
Viy 28V vour™® il
S R1 (:m
5 240 > 240
+
. c2! 2
0.1uF F —— OIuF
u 9 N 1 [ 0.1
R SR
3 S 720 2218 fd—AAA— TTL
9 1k
<
= L

tOptional—improves transient response.
Output capacitors in the range of 1 uF
to 1000 uF of aluminum or tantalum
electrolytic are commonly used to

provide improved output impedance
and rejection of transients.

INPUTS

*Needed if device is far from filter
capacitors. R2
ttvouT = 1.25V (1 +;> *Sets maximum Vo1

*Min output ~ 1.2V
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LM117/LM217/LM317

Absolute Maximum Ratings

Power Dissipation

Input—Output Voltage Differential

Internally limited
40V

Operating Junction Temperature Range

LM117
LM217
LM317
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Preconditioning

Burn-In in Thermal Limit

-55°C to +150°C
~25°C to +150°C
0°C to +125°C
—65°C to +150°C
~300°C

100% All Devices

Electrical Characteristics (Note 1)

LM117/217 Lm317
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
Line Regulation TA=25°C, 3V < VN — VouT < 40V 0.01 0.02 0.01 0.04 %IV
(Note 2)
Load Regulation TA=25°C, 10 mA < louT < IMAX
VouT <5V, (Note 2). 5 15 5 25 mV
VouT > 5V, (Note 2) 0.1 03 0.1 0.5 %
Thermal Regulation Ta = 25°C, 20 ms Pulse 0.03 0.07 0.04 0.07 %/W
Adjustment Pin Current 50 100 50 100 uA
Adjustment Pin Current Change 10mA < 1 < IMAX 0.2 5 0.2 5 uA
3V < (ViN—VouT) <40V
Reference Voltage 3v <(VIN-VouT) <40V, (Note 3) 1.20 | 1.25 1.30 1.20 | 1.25 1.30 \
10mA < louT < Imax. P <Pmax
Line Regulation 3V <V|N - VouT <40V, (Note 2) 0.02 0.05 0.02 0.07 %IV
Load Regulation 10 mA < loyT £ Imax. (Note 2)
’ VouTt <5V 20 50 20 70 mV
VouTt 25V 03 1 03 1.5 %
Temperature Stability Tmin < Tj < Tmax 1 1
Minimum Load Current VIN-VOoUT =40V 3.5 5 3.5 10 mA
7
Current Limit VIN-VouT <15V
K and T Package 1.5 2.2 15 2.2 A
H and P Package 0.5 0.8 0.5 0.8 A
VIN-VouT =40V, Tj=+25°C
K and T Package 030 | 04 0.15 | 04 A
H and P Package 0.15 | 0.07 0.075( 0.07 A
RMS Output Noise, % of VoyuT TA =25°C, 10 Hz < f < 10 kHz 0.003 0.003 %
Ripple Rejection Ratio VouTt =10V, f=120Hz 65 65 dB
CADJ = 10uF 66 | 80 66 | 80 dB
Long-Term Stability Ta=125°C 0.3 1 0.3 1 %
Thermal Resistance, Junction to Case | H Package 12 15 12 15 °c/w
K Package 2.3 3 2.3 3 °cwW
T Package 4 °cw
P Package 12 °cw

Note 1: Unless otherwise specified, these specifications apply —55°C < Tj < +150°C for the LM117, —25°C < Tj < +150°C for the LM217, and
0°C < Tj < +125°C for the LM317; V)\ ~ Vout =5V; and gyt =0.1A for the TO-39 and TO-202 packages and IgyT =0.5A for the TO-3 and TO-220

packages. Although power dissipation is internally limited, these specifications are

ble for power dissi

and 20W for the TO-3 and TO-220. Ipax is 1.5A for the TO-3 and TO-220 packages and 0.5A for the TO-39 and TO-202 packages.

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating
effects are covered under the specification for thermal regulation.

Note 3: Selected devices with tightened tolerance reference voltage available.

ions of 2W for the TO-39 and TO-202,
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Typical Performance Characteristics (K and T Packages)

Output Capacitor = 0 unless otherwise noted

Load Regulation

Current Limit
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LM117/LM217/LM317

Application Hints

In operation, the LM117 develops a nominal 1.25V
reference voltage, VREF, between the output and
adjustment terminal. The reference voltage is impressed
across program resistor R1 and, since the voltage is con-
stant, a constant current |1 then flows through the
output set resistor R2, giving an output voltage of

R2
VouT = VREF (1 + E)“ADJW

LM117

Lk
"

FIGURE 1.

Since the 100uA current from the adjustment terminal
represents an error term, the LM117 was designed to
minimize |ppJ and make it very constant with line
and load changes. To do this, all quiescent operating
current is returned to the output establishing a mini-
mum load current requirement. If there is insufficient
load on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1uF
disc or 1uF solid tantalum on the input is suitable input
bypassing for almost all applications. The device is more
sensitive to the absence of input bypassing when adjust-
ment or output capacitors are used but the above values
will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on
the LM117 to improve ripple rejection. This bypass

capacitor prevents ripple from being amplified as the

output voltage is increased. With a 10uF bypass capa-
citor 80 dB ripple rejection is obtainable at any output
level. Increases over 10uF do not appreciably improve
the ripple rejection at frequencies above 120 Hz. If the
bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through internal low current paths
and damaging the device.

In general, the best type of capacitors to use are solid
tantalum. Solid tantalum capacitors have low impedance
even at high frequencies. Depending upon capacitor
construction, it takes about 25uF in aluminum electro-
lytic to equal 1uF solid tantalum at high frequencies.
Ceramic capacitors are also good at high frequencies;

.but some types have a large decrease in capacitance at

frequencies around 0.5 MHz. For this reason, 0.01uF
disc may seem to work better than a 0.1uF disc as
a bypass.

Although the LM117 is stable with no output capa-
citors, like any feedback circuit, certain values of
external capacitance can cause excessive ringing. This
occurs with values between 500 pF and 5000 pF.
A 1uF solid tantalum (or 25uF aluminum electrolytic)
on the output swamps this effect and insures stability.

Load Regulation

The LM117 is capable of providing extremely good load
regulation but a few precautions are needed to obtain
maximum performance. The current set resistor con-
nected between the adjustment terminal and the output
terminal (usually 24082) should be tied directly to the
output of the regulator rather than near the load. This

" eliminates line drops from appearing effectvely in series

with the reference and degrading regulation. For exam-
ple, a 15V regulator with 0.0552 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.0582 x 1. If the set resistor is con-
nected near the load the effective line resistance will be
0.0552 {1 + R2/R1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 2402 set resistor.

LM117

FIGURE 2. Regulator with Line Resistance
in Output Lead

With the TO-3 package, it is easy to minimize the resis-
tance from the case to the set resistor, by using two
separate leads to the case. However, with the TO-5
package, care should be taken to minimize the wire
length of the output lead. The ground of R2 can be
returned near the ground of the load to provide remote
ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator
it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator. Most 10uF capacitors
have low enough internal series resistance toc deliver
20A spikes when shorted. Although the surge is short,
there is enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator
and the input is shorted, the output capacitor will
discharge ‘into the output of the regulator. The discharge




Application Hints (cont‘d.)

current depends on the value of the capacitor, the
output voltage of the regulator, and the rate of decrease
of VIN. In the LM117, this discharge path is through
a large junction that is able to sustain 15A surge with no
problem. This is not true of other types of positive
regulators. For output capacitors of 25uF or less, there
is no need to use diodes.

The bypass capacitor on the adjustment terminal can
discharge through a low current junction. Discharge

occurs when either the input or output is shorted.
Internal to the LM117 is a 5052 resistor which limits the
peak discharge current. No protection is needed for
output voltages of 25V or less and 10uF capacitance.
Figure 3 shows an LM117 with protection diodes
included for use with outputs greater than 25V and
high values of output capacitance.

T 104F R2
— VouTt =1.25V (1 +—-) +R21apy
- R1

D1 protects against C1
D2 protects against C2

FIGURE 3. Regulator with Protection Diodes

Schematic Diag_ram

A1 R2 R3 R4 SRS
30 310 190 82 :. 5.6k

Q10

a3

YIN

o |
an o2 |_4 pa—
a1
30 pF
> I:Z_'
Sh13
>
S5k 0F .;;;
A6 3
S (259
Vour
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LM1H7/LM217/LM317

Typical Applications (cont‘d.)

Slow Turn-On 15V Regulator Adjustable Regulator with Improved
. . Ripple Rejection

M7

Vin

1N4002

orue
™

> S
S R2

> 2N2905
<
< 27k + c1

25uF
y — g
4 .=

tSolid tantalum
*Discharges C1 if output is shorted to ground

0 to 30V Regulator

High Current Adjustable Regulator

3-LM185'S IN PARALLEL

R3
2N2905 500
Rl 5k LM117
2 —
ViN A v v ° v
W L uull [ out
1’ R4
:, 120 1N4002
hl s ey .
10uF" b4 anft
<
-__l:- TSolid tantalum
*Minimum load current = 30 mA
fOptional—improves ripple rejection
B5A C Voltage/C: Current Regul;
MJa502 _
R3
c2 CURRENT S <
R2 <02
100 pf Amusr/;. 250k 1» 5w ‘
LM317K |
° o OUTPUT
35V -J 12v-30V
2 +l
1N857 3

AN uE 10.F1 7
R4
680 =

L
01 03 4
NGS7  LED* +
+
) |
1 4 :& A6
t RS b e
5pF  33kS Ry
~ 220
AAA
: VWV
o . R 2 L]_
) 6VT0-15v VOLTAGE ;f( f:uF
ADJUST I

tSolid tantalum
*Lights in constant current mode

Vin
15V

High Stability 10V Regulator

LM117

Vin Vour
ADJ

] . 2

P . 3
= J S 15k
- <

LM129A

P
>

Q7

1%

=

Power Follower

10V-40v

1
(3]

LmM185

QUTPUT

*—.06a

Vin
Lm117 "™ vour
ADJ

R2
24

1A Current Regulator

LM117

1.2V-20V Regulator with
Minimum Program Current

LM117

/
*Minimum load current ~ 4 mA
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Typical Applications (cont‘d.)

High Gain Amplifier

.

Low Cost 3A Switching Regulator

v at
2N3792 A~
G004H*
Vin L1 600
[L3E) Vour| R2
AN L 0.25
oM BV-35v —4 WA 1.8V T0 32V
> 24
R3
@— OUTPUT - | TS N
t 0.014F /S output s ]
(A S i R6
::‘u souFt AT l ADIUST  y5x AT 00t
‘V"‘v
INPUT —AAA~— tmgs
SRS
' >
Swo 0
9 c3l 1N3880
—-t 300 pF

4A Switching Regulator with Overload Protection

3-LM195 IN PARALLEL

\ £

TSl:)lid Tantalum
*Core—Arnold A-254168-2 60 turns

Precision Current Limiter

12
p—lour= &+

*0.802 < R1 < 1200

Tracking Preregulator

c2 4 Vout
100pF U1 600H* 1.8V T0 32v
1&.—.' 3 RE
240
~AAA~ —Vour
S A3
0.224F + > 120
[ S s 1 ]
@ 13880 T 100t 0.1F w T
>
Sm b Soreur
> 100 S aniust
= TSolid Tantalum -
*Core Arnold A-254168-2 60 turns
R2 -
Vour =125V (' + a) Adjusting Muitiple On-Card Regulators
MH with Single Control*
>
ADIUST b3
r—=——- jl M1
| + SRy
v, vy VY t in Vv t
| TRaNsFoRMERS, | o Vi =—qVin 200 %7 r—Vow Vi N ™ OUTp—=Voyr* Vin LI oUT —=Vour
RECTIFIERS,
1 4 I_ 28
FILTER 3 = Q120
| caeaciron | SRg=2R3= 1002 g !
1 [N | U |
| . | L 4]
| S0 4{”
’ /y * -
JL All outputs within £100 mV
= TMinimum load—10 mA
600mV

— Short circuit current is approximately —%—' or 120mA

(compared to LM117H's 1 ampere current limit)

— (At 50mA output only % volt of drop occurs in Rz and Ry).

i LIEWTV/ZICINT/ZHENT



LM117/LM217/LM317

Connection Diagrams'

Typical Applications (cont‘d.)

AC Voltage Regulator Adjustable 4A Regulator

LM31? .
v v 02
Vin ouT| IN
ADJ
- <
>
Q120
b3
6Vpp . - 02
12Vpp 1A
>
4%— m:: ::m'DCf_— )
i 9 : M317
) | 1 02
Vin  Vour AN 45VT0 25V
2 ADY
120
>
ST | b3 <
Vin - Vour } S ::su
™17 ’
1
12V Battery Charger “12
LM317 Rg*
02
Vin Vin ~ Vout ‘t
a0y ? i S
o = 200 pF N Mt
> 240 [ <
I T S
S L ”
SR2
> )
< =
> 2.4k
-JL. Current Limited 6V Charger

LM317

R2
*Rg—sets output impedance of charger ZoyT = Rs (1 + ——)
Use of Rg allows low charging rates with fully R1

charged battery.

L
I

i

d
1

SO'mA Constant Current Battery Charger

LM317H

*Sets peak current (0.6A for 1Q)

**The 1000 uF is recommended to filter out
input transients

(TO-3 STEEL) (TO-39) © (TO-220) (T0-202)
Metal Can Package . Metal Can Package Plastic Package - Plastic Package
ADJUSTMENT Vin [‘ .]
10 INPUT O O
=—Vour
2 Oe— ADJUSTMENT i i |=—Vour
i H
| : |
£ s0=/— o dN
H |
caselsouteutT oo -
BOTTOM VIEW BOTTOM VIEW
1113]{
Order Number: Or&er Number: ‘ ADJ —= ——ViN
LM117K STEEL LM117H
LM217K STEEL LM217H
LM317K STEEL LM317H ApJ Vin
See Package KO2A See Package HO3A : : [
. Vour
Vour FRONT VIEW
Order Number: Order Number:
LM317T LM317MP
See Package TO3B See Package PO3A
Tab Formed Devices
LM317MP TB
See Package PO3E
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National
Semiconductor

Voltage Regulators

LM117HV/LM217HV/LM317HV 3-Terminal

Adjustable Regulator

General Description

The LM117HV/LM217HV/LM317HV are adjustable
3-terminal positive voltage regulators capable of supplying
in excess of 1.5A over a 1.2V to 57V output range. They
are exceptionally easy to use and require only two
external resistors to set the outputvoltage. Further, both
line and load regulation are better than standard fixed
regulators. Also, the LM117HV is packaged in standard
transistor packages which are easily mounted and
handled.

In addition to higher performance than fixed regulators,
the LM117HV series offers full overload protection
available only in IC’s. Included on the chip are current
limit, thermal overload protection and safe area protec-
tion. All overload protection circuitry remains fully
functional even if the adjustment terminal is
disconnected.

Featurés

®  Adjustable output down to 1.2V

® Guaranteed 1.5A output current

® Line regulation typically 0.01%/V

®m | oad regulation typically 0.1%

B Current limit constant with temperature

® 100% electrical burn-in

= Eliminates the need to stock many voltages
® Standard 3-lead transistor package

= 80 dB ripple rejection

Normally, no capacitors are needed unless the device is
situated far from the input filter capacitors in which
case an input bypass is needed. An optional output
capacitor can be added to improve transient response.
The adjustment terminal can be bypassed to achieve
very high ripple rejections ratios which are difficult
to achieve with standard 3-terminal regulators.

Besides replacing fixed regulators, the LM117HV is
useful in a wide variety of other applications. Sipce the
regulator is “floating” and sees only the input-to-output
differential voltage, supplies of several hundred volts
can be regulated as long as the maximum input to
output differential is not exceeded.

Also, it makes an especially simple adjustable switching
regulator, a programmable output regulator, or by
connecting a fixed resistor between the adjustment and
output, the LM117HV can be used as a precision current
regulator. Supplies with electronic shutdown can be
achieved by clamping the adjustment terminal to ground
which programs the output to 1.2V where most loads
draw little current.

The LM117HVK STEEL, LM217HVK STEEL, and
LM317HVK STEEL are packaged in standard TO-3 tran-
sistor packages while the LM117HVH, LM217HVH and
LM317HVH are packaged in a solid Kovar base TO-39
transistor package. The LM117HYV is rated for operation
from —65°C to +150°C, the LM217HV from —25°C to
+160°C and the LM317HV from 0°C to +125°C.

Typical Applications

1.2V-45V Adjustable Regulator

Digitally Selected Outputs

5V Logic Regulator with
Electronic Shutdown*

LMI17HV i LMUTHV!
LMI1THV
Vi 48V vourtt
Vin Vin__ Vour p— Vou
S I ADJ L
> 240 < R1
+ S 220
c2t
WF TS 9
>
< <
> >
R2* S S

TOptionaI—improves transient response,
Output capac‘nérs in the range of 1 uF
to 1000 uF of aluminum or tantalum

electrolytic are commonly used to
provide improved output impedance
and rejection of transients.

*Needed if device is far from filter
capacitors.

INPUTS

) R2
ttvout =1.25v (1 + -

*Sets maximum Vout

* Min output =~ 1.2V
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LM217HV/LM317HV

LM117HV/

Absolute Maximum Ratings

Power Dissipation Internally limited
Input—Output Voltage Differential 60V
Operating Junction Temperature Range
LM117HV : -565°C to +150°C
LM217HV ~25°C to +150°C
LM317HV 0°C to +125°C
Storage Temperature —65°C to +150°C ‘
Lead Temperature (Soldering, 10 seconds) /300°C .

Electrical Characteristics (Note 1)

LM117HV/LM217HV LM317HV
PARAMETER CONDITIONS UNITS
: MIN TYP | MAX MIN TYP | MAX
Line Regulation TA=25°C, 3V < VN — VouT <60V 0.01 0.02 0.01 0.04 %/V
(Note 2)
Load Regulation - TA=25°C, 10mA < louT < IMAX
VouTt <5V, (Note 2) 5 15 5 25 mV
VouTt > 5V, (Note 2) 01 | 03 0.1 - 0.5 %
Thermal Regulation . TA =25°C, 20ms Pulse 0.03 0.07 0.04 | 0.07 %/W
Adjustment Pin Current 50 100 50 100 - uA
Adjustment Pin Current Change 10mA< I <IMAX 0.2 5 0.2 5 nA
3.0v< (VIN-VouT) < 60V
Reference Voltage 3<(VIN-VouT) < 60V, (Note 3) 1.20 | 1.25 1.30 1.20 | 1.25 1.30 \Y
10mA < louT < IMAX. P <PmAX
Line Regulation 3V <VIN - VouT < 60V, (Note 2) 0.02 0.05 0.02 | 0.07 %/V
Load Regulation 10 mA < lgyT < ImAaX. (Note 2)
VouT <5V 20 50 20 70 mv
VouT > 5V 0.3 1 0.3 15 %
Temperature Stability TmiIn S Tj< TMAax 1 1 %
Minimum Load Current ’ VIN—-VouT = 60V 35 7 35 12 mA
Current Limit VIN-VouT <15V
: K Package 15 2.2 1.5 22 A
H Package 05 | 08 0.5 0.8 A
ViN-VouT =60V
K Package 0.1 0.1 A
H Package 0.03 0.03 A
RMS Output Noise, % of VouT TA=25°C, 10 Hz< f< 10 kHz 0.003 ©0.003 %
Ripple Rejection Ratio VouTt =10V, f=120 Hz 65 65 dB
CaDJ = 10uF ' 66 80 . 66 80 dB
Long-Term Stability Ta=125°C 0.3 1 0.3 1 %
Thermal Resistance, Junction to Case | H Package 12 15 12 15 °cw
K Package 23 3 23 3 °cw

Note 1: Unless otherwise specified, these specifications apply —55°C < Tj < +150°C for the LM117HV, —25°C < T;j < +150°C for the
LM217HV and 0°C < Tj < +125°C for the LM317HV; Viny— Voyt =5V and loyt =0.1A for the TO-39 package and Igyt = 0.5A for the TO-3
package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-39
and 20W for the TO-3. Imax is 1.5A for the TO-3 and 0.5A for the TO-39 package.

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into
account separately. Pulse testing with low duty cycle is used.

Note 3: Selected devices with tightened tolerance reference voltage available.
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. . . . .
Typical Performance Characteristics (K and T Packages) =<
b
L e
Load Regulation Current Limit Adjustment Current I E
02 20 ) <
= 1
= = pt
z 0 L= 058 — I 5 e -
2 ~ S = 1 g
< g2 = 20 K STEEL o /
s -0 T = |- PACKAGE =
] 1L =188 Z g 50 w
@ g4 = Tj= 150° e / —h
< 8 o Tj= 55T 2 =~J
E £ : T
> ’g- ) 3
[ =
2 Vjy = 15V 3 a
E oo v Ul s <
o —ﬁ
-1.0 L1 0 35
-75 50 -25 0 25 50 75 100 125 150 ° 0 60 -75 -50 —25 0 25 50 75 100 125 150
TEMPERATURE ( €) INPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C)
Dropout Voltage Temperature Stability Minimum Operating Current
30 L 1.260 45
- A = m
s ou 20
S = -
< = <
2 = 35
E 25 w 1.250 £
= NN ] N =
1= 154 ,
g .\\’\\ L=15A g g N z 30
Iy S~ IL=1A __J e N = 25
3 20 ~ — o 1200 N 3, .
- I _ [
g Ry gy Z \ 5 _£
3 15 B> & 1200 FEN —
5 1= 200 mA /\Rt’\ = 3" Ji-we
g 05
= =20mA
NEREEREEAN ST
-75 -50 -25 0 25 50 75 100 125 150 -75 -50 —25 0 25 50 75 100 125 150 0 10 20 30 a0
TEMPERATURE (°C) TEMPERATURE (°C) INPUT-OUTPUT DIFFERENTIAL (V)
.
Ripple Rejection Ripple Rejection Ripple Rejection
100 —T 100 100
Capy = 104F | [ 1=s00ma |
w0 — " Capy - 104F zlm=1_5“lw ® P
2 NS clm‘lu g / L g f A\ \caos = oaF
- = i R =
= =
S w ~ R V/anNIITELIAN S w k
2 5 v - \ ] Capy=0
2 & a
E g 4 AN E g
5 VIN-Vgur =5V o \ = VN =15V
E g | lL7S0mA g A £ Voyr = 10V
=120 Hz 20 = §=120 He
Tj=25°C Tj=25°C
0 1 ! 0 ' 0 L
0 5 10 15 20 25 30 35 0 100 1k 10k 100k 1M 0.01 0.1 1 10
OUTPUT VOLTAGE (V) FREQUENCY (Hz) OUTPUT CURRENT (A)
Output Impedance Line Transient Response Load Transient Response
10! 15 3
Vin =15V ] 1 w 2
- w10 €y = 1uF; Cppy = 10uF ] 9z T T TR
a= [ 5z CL=0:Capy=0
g =3 05 5=z 1 L
: 22 L=0An D N 5E -
g - f T 5% 0= 1 Cagy= 104F|_|
Z 25 -05 | Vour=1v Ea Vi = 15V
w En o _|L=500mA ] -2 Y} Vout =10V
§ O Frj=25°¢ Py INL=50mA S
3 " — T A - I ] ~-15 5 ph = 15 Tj=25C _{
E 0 Capy = 104F wS 2
=) 5 2 o < 10 \
F[:@:’:' g52 05 3 s
o<
10 ] 2 0
10 100 1k 10k 100k 1M 0 10 20 30 a0 S 0 10 20 30 a0
FREQUENCY (Hz) TIME (us) TIME (us)
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LM117HV/
LM217HV/LM317HV

Application Hints

In operation, the LM117HV develops a nominal 1.25V
reference voltage, VREF, between the output and
adjustment terminal. The reference voltage is impressed
across program resistor R1 and, since the voltage is con-

stant, a constant current |1 then flows through the
output set resistor R2, giving an output voltage of

R2
VouT = VREF (1 + E) +1apJR2

LM117HV

FIGURE 1.

Since the 100uA current from the adjustment terminal
represents an error term, the LM117HV was designed to
minimize |ApJ and make it very constant with tine
and load changes. To do this, all quiescent operating
current is returned to the output establishing a mini-
mum load current requirement. |f there is insufficient
load on the output, the output will rise.

External Capacitors

An ihput bypass capacitor is recommended. A 0.1uF
disc or 1uF solid tantalum on the input is suitable input
bypassing for almost all applications. The device is more
sensitive to the absence of input bypassing when adjust-
ment or output capacitors are used but the above values
will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on
the LM117HV to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10uF bypass capa-
citor 80 dB ripple rejection is obtainable at any output
level. Increases over 10uF do not appreciably improve
the ripple rejection at frequencies above 120 Hz. If the
bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through internal low current paths
and damaging the device.

In general, the best type of capacitors to use are solid
tantalum. Solid tantalum capacitors have low impedance
even at high frequencies. Depending upon capacitor
construction, it takes about 25uF in aluminum electro-
lytic to equal 1uF solid tantalum at high frequencies.

Ceramic capacitors are also good at high frequencies; .

but some types have a large decrease in capacitance at
frequencies around 0.5 MHz. For this reason, 0.01uF
disc may seem to work better than a 0.1uF disc as
a bypass.

Although the LM117HV is stable with no output capa-
citors, like any feedback circuit, certain values of
external capacitance can cause excessive ringing. This
occurs with values between 500 pF and 5000 pF.
A 1uF solid tantalum (or 25uF aluminum electrolytic)
on the output swamps this effect and insures stability.

Load Regulation

The LM117HV is capable of providing extremely good
load regulation but a few precautions are needed to
obtain maximum performance. The current set resistor
connected between the adjustment terminal and the out-
put terminal (usually 24082) should be tied directly to the
output of the regulator rather than near the load. This
eliminates line drops from appearing effectvely in series
with the reference and degrading regulation. For exam-
ple, a 15V regulator with 0.05 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.05Q x I . If the set resistor is con-
nected near the load the effective line resistance will be
0.0582 (1 + R2/R1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 2402 set resistor.

!
LM117HV
Rs

vin—Vin _ Vour Vour
ADJ

AA
= I
3

A
=

FIGURE 2. Regulator with Line Resistance
in Output Lead

With the TO-3 package, it is easy to minimize the resis-
tance from the case to the set resistor, by using two
separate leads to the case. However, with the TO-6
package, care should be taken to minimize the wire
length of the output lead. The ground of R2 can be
returned near the ground of the load to provide remote
ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator
it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator. Most 10uF capacitors
have low enough internal series resistance tc deliver
20A spikes when shorted. Although the surge is short,
there is enough energy to damage parts of the IC.
When an output capacitor is connected to a regulator
and the input is shorted, the output capacitor will
discharge into the output of the regulator. The discharge
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Application Hints (cont‘d.)

current depends on the value of the capacitor, the
output voltage of the regulator, and the rate of decrease
of VIN. In the LM117HYV, this discharge path is through
a large junction that is able to sustain 15A surge with no
problem. This is not true of other types of positive
regulators. For output capacitors of 25uF or less, there
is no need to use diodes.

The bypass capacitor on the adjustment terminal can
discharge through a low current junction. Discharge

D1
1N4002

LM117HV

Vin

occurs when either the input or output is shorted.
Internal to the LM117HV is a 502 resistor which limits the
peak discharge current. No protection is needed for
output voltages of 25V or less and 10uF capacitance.
Figure 3 shows an LM117HV with protection diodes
included for use with outputs greater than 25V and
high values of output capacitance.

Vour
>
:, mu c1
Su l
-
+

T m
— VouT =1.25V (I +——) +R2iapy
= R1

D1 protects against C1
D2 protects against C2

FIGURE 3. Regulator with Protection Diodes

Schematic Diagram
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LM217HV/LM317HV

LM117HV/

Typical Applications (cont‘d.)

Slow Turn-On 15V Regulator

LM117HV

Voutr

1N4002

= A3
> 50k
SR
> 52, 2N2905
San 2 G
1 B 25uF
=

High Current Adjustable Regulator

3-LM185'S IN PARALLEL

M.

15V Vin

Adi R, 1

Reg with Imp
Ripple Rejection

LMI17HY

Vin~ Vour
Ay |
RS
€2 <
& w0

D1*
1N4002

c3

°
__L
1uFt
AR
¢t R
-&-

tSolid tantalum
*Discharges C1 if output is shorted to ground

0 to 30V Regulator

LM117HV

2N2905 500
R2
A1 sk LMUTHV
22 [
vin VVA—o— V) A ,"’““'[ - Vout
S na .
S 1N4002 .
jall EEYY ' * e R
104F7 < aTuF
<

tSolid tantalum
*Minimum load current = 30 mA
iOptional—improves ripple rejection

i-—)

- BAC Voltage/C:

Current Reg

MJas502

LM317HV

© —L CURRENT S g ns
100 pF T\‘ ADIUST S o0 s
3

o OUTPUT

[ 1.2v-30V
e
10uFt T

1 03
Na57 LED®
1 :t RE
5 R5Q o m
75pF  330kS Ry
220
AAA
VW\-
R8 |
—6VT0 -15V WY
VOLTAGE D 104F
ADJUST JL

tSolid tantalum

*Lights in constant current mode

High Stability 10V Regulator

LMI1THV
Vin Vi v Vour
18V ™ s 10V
R
] S
T i* gm
o ] S 1.5k
= 1™
LM129A
R3
<
>
267
® 1%
Power Follower
10v-40v
[}
T 0F
INPUT—W—{ LM195
[
10k
ouTPUT
*—.06n
R Vin
wizhv | N vour
ADS
R2
24

1A Current Reéulator

LM317THY

1.2V—20V Regulator with
Minimum Program Current

LM117HV

Hppe
Minimum load current ~ 4 mA
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fypical Applications (cont‘d.)

High Gain Amplifier Low Cost 3A Switching Regulator

)

+ a
2N37192 oy
Vin L1 600uH
LMITHV N JVom R2
< 0.25
<

8v-35V —4 AA—O- 18V T0 32V
A |

R4 A3
qovTruT c2 .E:/sk 240

atl. oowr T/“» OUTPUT g

R ADJUST 155

10k S0FT O—AAA
INPUT ~AAA— LM195 vy
SRS
>
S o1
c3l 1N3880
_i 300 pF

| AHZLLNTT

VVV—

—)
=~ 100.F*

AY i

AHZIENT/AHLICINT

1'Solid Tantalum
- *Core—Arnold A-254168-2 60 turns

4A Switching Regulator with Overload Protection Precision Current Limiter

3-LM195 IN PARALLEL

LM317HV
! m - ! 3
' N ouT= 77 ¢
. o - Rl
R3
2N2905 500

S — A
f *0.802 < R1 < 1200
R2
R1 500 LM117HV R4
Y vy + Tracking Preregulator
VIN g Vin AAA
8-35V N V-
- < — A2
‘—I_‘ e we 720
10047 15%& €2 Y Y\ Vourt . A
= * f00pF L1 600H* 1.8V 70 32v
) R1
) P 220 LMUTHV
240 T
‘I —AW\ Vin vin  Vour Vi An‘lour > VouT
>
5 4 i M7 Sm
v 0.224F L_: . 3
A 3 2

AA
\ 4
=
&

c4 .
0
hd K 1N3880 1004F7 0.1uF TE
i '/o(urrur
> 100 S ansust

: = . s

11k
=

tSolid Tantalum
*Core Arnold A-254168-2 60 turns

High Voltage Regulator Adjusti iple On-Card Reg
with Single Control*

LM117HV LM117HV LM117HV

LM117HV Vi vin ~ Vour 7 v, Vin  Voutp—vgurt Vv Vin  Voutp=—vgur’
N A0y r—— out IN A0y out N A0

Vin
v v Vout
W our o m
> Q120 |
SR1
<3 1
> 600 ————————
1 « )
——0.1 F '7‘
Saz )‘r :ikz * s
S50k J\_ All outputs within 100 mV
= TMinimum load—10 mA
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LM217HV/LM317HV

LM117HV/

Typical Applications (cont‘d.)

AC Voltage Regulator Adjustable 4A Regulator
IM31THY ) LM317HV
' Vin ~ Vour
ADJ
<
2120
b3 LM317HV
. 8Vpp ’ v 02
12Vpp woo N aps V7]
$ s
wg 1»430-%—
1 9 . LM317HV
02
Vin ~ Vout AN 45V Y025V
P4 ADJ
>
lZﬂq’
ADJ I S <
Vin  Vour s sk
tM317
12V Battery Charger 7{ 2
LM31THV RS;
0.
Vin: vin -~ Vout <4
. ADJ 8 3 1‘52 4’5l
1000 uF ** SR = W
< 1.5k
j___ S I 200 pr_]_ 4:
{7 =
> 2.4k =

HHE—AAA
e

Current Limited 6V Charger
LM317HV

R2
*Rg—sets output impedance of charger ZoyT = Rg’ (1 + —)
Use of Rg allows low charging rates with fully R1

charged battery.
**The 1000 uF is recommended to filter out
input transients

50 mA Constant Current Battery Charger

LM317HV

- T

*Sets peak current (0.6A for, 182)
**The 1000 uF is recommended to filter out

Connection Diagrams , {nput transients -
(TO-3 Steel) (TO-39)
Metal Can Package Metal Can Package
ADJUSTMENT Vin
o INPUT
O—=— ADJUSTMENT
CASE IS
0uTPUT outpuT
CASE IS OUTPUT
BOTTOM VIEW ’ BOTTOM VIEW
Order Number LM117HVK STEEL, Order Number LM117HVH,
LM217HVK STEEL, or LM217HVH, or LM317HVH
LM317HVK STEEL R See Package HO3A
See Package K0O2A -
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National ~ Voltage Regulators
Semiconductor

S 0ZHNN

‘ (1]
L] - L]
LM120 Series 3-Terminal Negative Regulators =
(7
General Description Features
The LM120 series are three-terminal negative regulators ®m Preset output voltage error less than £3%
with a fixed output voltage of -5V, -12V, and -15V, m Preset current limit
and up to 1.5A !oad current capabxht'y. Wherg other ® Internal thermal shutdown
voltages are required, the LM137 series provides an =0 ith i | ditferential d
output voltage range of -1.2V to -47V. top]lervates with input-output voltage differential down
The LM120 need only one external component-a com- m Excellent ripple rejectién
pensation capacitor at the output, making them easy to m | ow temperature drift
apply. Worst case g'uare'mtees on. output voltage deviation Easily adjustable to higher output voltage
due to any combination of line, load or temperature
variation assure satisfactory system operation. LM120 Series Packages and Power Capability
Exceptional effort has been made to make the LM120 RATED DESIGN
Series immune to overload conditions. The regulators DEVICE | PACKAGE POWER LOAD
have current limiting which is independent of tempera- DISSIPATION [ CURRENT
r i i i -
ture, combined with thermal overload protection. Inter LM120 103 20w 15A

nal cutrent limiting protects against momentary faults
while thermal shutdown prevents junction temperatures LM320 TO-39 2W 0.5A
from exceeding safe limits during prolonged overloads.

LM320T TO-220 15W 1.5A
Although primarily intended for fixed output voltage LM320M TO-202 7.5W 0.5A
applications, the LM120 Series may be programmed for LM320ML*| T0-202 7.5W 0.25A
higher outpL.Jt voltages.with a simple resistive divider. LM320L" T0-92+ 12w 01A
The low quiescent drain current of the devices allows
this technique to be used with good regulation. *Electrical specifications shown on separate data sheet

Typical Applications

Fixed Regulator

mjczf

= =22 | —E
Preventing Positive Regulator Latch-Up INPUT O ]J| 2o '1 ] O ouTPUT

*Required «f regulator 1s tRequired for stability Forvalue For output capacitance in excess
separated from filter capa  gwen, capacitor mustbe salid  of 100:F, a hugh current diode from
+Vour citor by more than 3" For  tantalum. 25F aluminum elec:  nput to utput (IN4001, etc.) will
iy LM340 ® Oq——1 value given, capacitor must  trolytic may substituted Values  protect the regulator from momentary
| be solid tantalum. 25,F given may be increased without  input shorts.
aluminum electrolytic may ~ limit.
| be substituted.
GND + 02 |
—t NG00 ] .
—1— 25.F 1 Dual Trimmed Supply
, COMMON
sm LOAD
" CURRENT
com
+INPUT O +5.0V
e
> 1k D1
<
-Vin LM320 022uF < 1N4001
R1 & D1 allow the positive regulator to “start-up” when *V,y 15 delayed -0
relative to "V, and a heavy load is drawn between the outputs. Without
R1& D1, most three-terminal regulators wil not start with heavy (0.1A-1A) < +
Toad current flowing to the negative regulator, even though the positive bE] 1wF
output 1s clamped by D2. + > - 02
*R21s optional. Ground prn current from the positive regulator flowing 22:F 470 LS K .
through R1 will increase +Vour ~ 60 mV if B2 1s omitted. A »S
3 2
- INPUT 1M3205.0 _ O -5.0V
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LM120 Series

—5 VOLT REGULATORS (Note 3) ' Absolute Maximum Ratings
Power Dissipation Internally Limited
Input Voltage -25V
Input-Output Voltage Differential 25V
Junction Temperatures See Note 1
Storage Temperature Range . —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics

METAL CAN PACKAGE POWER PLASTIC PACKAGE .
LM120K-5.0 LM320K-5.0 LM120H-5.0 LM320H-5.0 LM320T-5.0 LM320MP-5.0
ORDER NUMBERS -
(TO-3) (10-3) (10-39) (T0-39) (T0-220) (TO-202) UNITS
DESIGN OUTPUT CURRENT (ip) 1.5A 15A 0.5A 0.5A 15A 0.5A
DEVICE DISSIPATION (Pp) 20W 20W w . w 15W 7.5W
PARAMETER CONDITIONS (NOTE1) | MIN _ TYP___MAX | MIN _TYP_MAX | MIN . TYP ~ MAX | MIN TYP MAX | MIN __TYF._ MAX | MIN - TYP . MAX
Qutput Voltage Ty=25°C, ViN =10V, 61 5.7 -49 |62 -5 -48 |-51 50 -49 |62 60 -48 [-52 -60° -48 | 52 50 , 48 v
ILOAD =5mA . N : : :
Line Regulation Ty=25°C, ILOAD =5 mA, 10 25 | 0 - 40 0 25 10 40 0 mv
VMIN S VIN < VMAX N NN ,

" Input Voltage —-25 s -7 =25 - =7 -2 L7 =25 R ) -25 \'
Ripple Rejection f=120 Hz 54 64 54 64 54 - 84 B 54 84 54 64 dB
Load Regulation, (Note 2) | Ty=25°C, v)y =10V, 50 : 75 50 100 30. 50 30° 50 B0 mv

5mA<I0oaD<ID . . B . S
Output Voltage, (Note 1) | =7.5V < VN < VMAX. -5.20 , . —4.80 | -5.25 © o 475 |-5.20 - i -480|-625 @ .- -4.75 | -5.25 & \
5mA <1 0AD <D, P<PD e o L .
Quiescent Current VMIN < VIN € VMAX 12 12 1o 2 1 2 o mA
Quiescent Current Change | Ty = 25°C L . . . Sl o
VMIN < VIN < VMAX 0.1 04 01 0.4 0.05 T 04 0.05 0.4 R 8 A mA
smA<ILoap <D 0.1 0.4 01 0.4. 0.04 0.4 004 04 » 01 mA
Qutput Noise Voltage TA=25°C,CL = 1uF, IL=5mA, 150 . 150 150 150 150 uv
VN = 10V, 10 Hz < < 100 kHz e g ’ ’
Long Term Stability 5 50 5 . 50 5 50 5 50 0 1000 mv
Thermal Resistance - Lo C o :
Junction to Case 3 . 3 15 18 4 120 cw
Junction to Ambient 35 ) © 35 ) 150 L < 150 . W °CW

Note 1: This specification applies over -55°C < Ty < +150°C for the LM120 and 0°C < T < +125°C for the LM320.

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure -constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to Pp. .

Note 3: For -5V 3 amp regulators, see LM145 data sheet.
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—12 VOLT REGULATORS

Absolute Maximum Ratings

Power Dissipation Internally Limited
Input Voltage —-35V
Input-Output Voltage Differential 30V
Junction Temperatures See Note 1
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
. . gn
Electrical Characteristics
METAL CAN PACKAGE POWER PLASTIC PACKAGE
LM120K-12 LM320K-12 LM120H-12 LM320H-12 LM320T-12 LM320MP-12
ORDER NUMBERS
(T0-3) (T0-3) (TO-39) (T0-39) (T0-220) (T0-202) UNITS
DESIGN OUTPUT CURRENT (ip) 1A 1A 0.2A 0.2A 1A 0.5A
DEVICE DISSIPATION (Pp) 20W 20W 2w w 15W 7.5W
PARAMETER CONDITIONS (NOTE 1)| MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX
Output Voltage Ty=25°C, ViN =17V, -123 =12 -11.7 [|-124 12 -116 {-123 -12 -11.7 |-124 -12  -11.6 [-124 -12  -116 | -125 -12  -115 v
ILOAD =5 mA '
Line Regulation Ty=25°C, ILOAD =5 mA, 4 10 4 20 4 10 4 20 4 20 4 24 mV
) VmIN S VIN < VMAX
Input Voltage =32 -14 -32 -14 -32 -14 -32 -14 -32 =145 | =32 -14.5 \
Ripple Rejection f=120 Hz 56 80 56 80 56 BO 56 80 56 80 56 80 dB
Load Regulation, {Note 2) | T3=25°C, V| = 17V, 30 80 30 80 10 25 10 40 30 80 40 100 mV
5mA<ILoaD<ID
Output Voltage, (Note 1) | 14.5V < VN < VMAX. -12.5 -11.5 |-12.6 -11.4 |-125 -115 |-126 -11.4 |-126 -11.4 | -126 -11.4 v
5mA <1 0AD<ID.P<Pp
Quiescent Current VMmN < VIN < VMAX 2 4 2 4 2 4 2 4 2 4 2 4 mA
Quiescent Current Change | Ty = 25°C )
VmIN < VIN < VMAX 0.1 0.4 0.1 0.4 005 04 005 04 0.1 0.4 005 03 mA
5mA<Ioap<Ip a1 0.4 0.1 04 0.03 0.4 0.03 0.4 0.1 0.4 0.04 0.25 mA
Output Noise Voltage TA=25°C,CpL = 1uF, IL=5mA, 400 400 400 400 400 400 uv
ViN=17V, 10 Hz < f< 100 kHz
Long Term Stability 12 120 12 120 12 120 12 ) 120 24 24 mV
Thermal Resistance .
Junction to Case 3 3 15 15 4 12 °‘cw
Junction to Ambient 35 35 150 150 50 70 ‘cw
Note 1: This specification applies over ~55°C < Tj < +150°C for the LM120 and 0°C < T < +125°C for the LM320.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to Pp.
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LM120 Series

. .
—15 VOLT REGULATORS Absolute Maximum Ratings
Power Dissipation Internally Limited
Input Voltage
LM120/LM320 —40V
LM320T/LM320MP -35V
Input-Output Voltage Differential 30v
Junction Temperatures See Note 1
~ Storage Temperature Range —-65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
. . ar
Electrical Characteristics .
'METAL CAN PACKAGE POWER PLASTIC PACKAGE
LM120K-15 LM320K-15 LM120H-15 LM320H-15 LM320T-15 LM320MP-15
ORDER NUMBERS
(TO-3) (TO-3) (TO-39) (10-39) (T0-220) (T0-202) UNITS
DESIGN OUTPUT CURRENT (Ip)} 1A 1A 0.2A 0.2A 1A 0.5A
DEVICE DISSIPATION (Pp) 20w 20w w w 15W 7.5W
PARAMETER CONDITIONS (NOTE 1) | MIN _"TYP MNMAX | MIN TYP  MAX | MIN * TYP MAX | MIN TYP  MAX | MIN TYP © MAX | MIN TYP MAX
Output Voltage Ty=25"C, VN = 20V, -153 -16 °~ -14.7 |-154 . -156 -146 |-153 -~15" -14.7 | -154 " ~15 -14.6 | -165 . -1§ X -145 | -156 ~15 -14.4 A
ILOAD = 5 mA - e :
Line Regulation Ty=25"C, IL0AD = 5 mA, 5 10 5 20 5 10 5 20 5 20 5 30 mv
VMIN < VIN < VMAX : s
Input Voltage -35 =17 -35 =17 -35 . -17 -35 =17 -35 -17.5 | -35 T, -17158 \"
Ripple Rejection f=120 Hz 56 80 56 80 56 80 56 " 80 56 80 56 80 -, dB
Load Regulation, (Note 2) [ Ty =25"C, V| = 20V, 30 80 30 80 10. 25 10 40 30 80 40 100 - mV
S5mA<IoapD< D , '
Output Voltage, (Note 1) | 17.5V < V |y < Vmax. -165 -145 |-156 " ~144 |-155 L. 145 | -158 -14.4 | -15.7 . -143 | -15.7 -14.3 v
- smA< I 0aD<Ip.P<Pp .
Quiescent Current VMmIN < VIN £ VMAX . :Zk E 4 2 4 .2 4 2 4 2 ; 4 4 mA
Quiescent Current Change | Tj=25"C ) ,.i . ek . : e ) R A
VMIN < VIN < VMAX L0 04 01 . 04 0.05. 04 005 04 0.1 ¢ 04 005 03 mA
5mA<ILoaD< Ip 017 04 0.1 0.4 0,03 0.4 0,03 0.4 L0 0.4 004 025 mA
Output Noise Voltage TA=25°C,CL = 1uF, I_=5mA, 400 400 400 . 400 . 400 400 nv
VN = 20V, 10 Hz < f < 100 kHz o i AR ' .
Long Term Stability Y15 150 15 150 15 150 15 150 30 30 mv
Therma‘l Resistance \ & : ‘
Junction to Case 3 3 .15 15 4 12 ‘cw
Junction to Ambient 35 35 ’ 150 150 .- 50 70 °CW
Note 1: This specification applies over -55°C < Tj < +150°C for the LM120 and 0°C < T < +125°C for the LM320.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is

tions apply only up to Pp.

internally limited, electrical specifica-
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spical Performance Characteristics =
—
Output Voltage vs Ripple Rejection Output Impedance TO-3 c
Temperature (All Types) and T0O-220 Packages
s [T 10 T VinVour=5v 0! 7
& 1005 M, -25c : . :,"“7 =v'°° "‘As 0uT = TuF —] ‘_2
2 100 . 12V ANDCqr = 1uF = N> POUT =3V — " soLi0 ]
K il ~ 2 15V 2 T=asc T TANTALUM ]| S
S o095 Vour 12V AND 15V S w SOLID TANTALUM B a0 ANTAL o)
= =3 =
S0 2 E (/2]
w 2 I I Cour = 254F
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E
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0990 w LT [ w02 i
-50 25 0 25 50 75 100 125 150 0ok 0k 1k W 100k 100tk 10k 100k 1M
JUNCTION TEMPERATURE ( C) FREQUENCY (H2) . FREQUENCY (H2)
Note: Shaded portion refers
to LM320 series regulators.
Minimum Input-Output Minimum Input-Output
Output Impedance TO-5 Differential TO-3 and Differential TO-5 and
and T0O-202 Packages TO-220 Packages - TO-202 Packages
' 25
1 Foor= 100 mA. = Cour = 6uF / Lo
Vin-Vour = 5V — ALUMINUM 23 / s
3 T,=25¢C 21 S
4 e = s 18 7 ST
H = Cour 10aF z 4 2 s /
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0otk 01kt 10k 100k M 0 025 05 075 10 125 15 o 01 0z 03 04 05
FREQUENCY (H2) OUTPUT CURRENT (A) . OUTPUT CURRENT (A)
Quiescent Current vs Quiescent Current vs Maximum Average Power
Input Voltage Load Current Dissipation (TO-3)
13 T 2
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Note: Shaded area shows operating These curves for LM120 and LM220.
range of TO-5 and TO-202 packages. Derate 25°C further for LM320.
Maximum Average Power Maximum Average Power Maximum Average Power
Dissipation (TO-5) Dissipation (T0-202) Dissipation (TO-220) Short Circuit Current
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LM120 Series

Typical Applications (cont‘d.)

High Stability 1 Amp Regulator

_Wide Range Tracking Regulator

9 9 Vour (4
*Vin
Vour

+ o1 |
::EJF 200 pF LM129 |

= — . o

s .
2 R2** | o
>
S LA a At oot |
— 2N4083 pu—
i i ¢ common
|
4
2 o o
< Q Rat QDRI -
1 < > > I u
LM
/\ “Viy _‘"‘I(sv,nv,'sv)r : O Vour
3 2 Vour (=) :

Load and ine regulation  0.01% temperature stabulity  0.2%
1 Determines Zener current
TTSolid tantalum.

*Reststor tolerance of R1 and R2 determine matching
of (+) and (-) wputs
**Necessary only if raw supply capacitors are more than
3" from regulators
An LM0BEN array may substitute for @1, D1 and 02 for
better stability and tracking In the array drode, transistars
Q5 and 04 (sn parallel) make up D2, simlarly, Q1 and Q2

An LM120 12 or LM120-15 may be used to permit higher input voltages, but the hecome D1 and Q3 replaces the 2N2222
regulated output voltage must be at least ~15V when using the LM120-12 and -18V

for the LM120-15
#+Select resistors to set output valtage. 2 ppm/ C wackng suggested.

Current Source

Variable Output

L . _ —
= transient response and
:— —: R + - < j__ nipple rejection
1. | > - R1+R2
. oo | o — 25F L‘» A Vour ~Vser —
P —— + +
227 —— vl o e ) SELECT R2 AS FOLLOWS
22.F == g -1=t LMi205  -3000
) :: R2 LM12012 -17500
LM120-15 -1K
1
| S ae INPUT O——8 20 O 0UTPUT
1 1F 1’ L—_l
INPUT ——d . sov
lour T1mA+ —
ouTPUT our TTMA
Light Controllers Using Silicon Photo Cells
= t 1
| | =
B BV - 15V | "‘ 2 Be
BULB
é QD 1758 ar Lt é (D 1758
MAX TURN ON B o MAX TURN ON
ol | CURRENT + CURRENT
N457 | 3 7 I
| SR T 25uF
R1* Vi EY EWIRTR C

*Lamp brightness sncreases until y = SV/R1 {1, can be set as low as 1. A)
tNecessary only 1f raw supply hiter capacitor 1s more than 2 from LM320MP

“Lamp brghtness increases unti - 1g (1A}« 5V R1
. Thecessary only if raw supply flter capacitor 1s more than 2° from LM320




Typical Applications (cont‘d.)

+15V, 1 Amp Tracking Regulators

Vi O 4 LM340-15 O Vour () 15V
{
| GND
|
|
|
et k- 01
g:uF —'— l 1NA001
|
! ol
| 25.F
# ‘I —O CoMMON
| RIS L
csremlt 0S " A3 254F s
25uF —p— S5 L. T
! VS S
|
IN ouT
“Viy LM320-15 —O Vour (- 15V
Performance (Typical)
Load Regulation st Al = 1A 0oV 1y
Output Ripple, Cyy = 30004F, 1, =1A  100uVems  100xVrms
Temperature Stability +50 mV +50 mV
Qutput Nose 10 Hz < f < 10 kHz 150uVems  150uVems
*Resistor tolerance of R4 and RS determine matching of (+) and (-) outputs.
**Necessary only if raw supply filter capacitors are more than 2° from regulators.
Connection Diagrams
INPUT INPUT
ouTPUT outPUT /\ / (CASE) ouTPUT /‘\ (CASE)
/.\ o A s
GNo . o (o) O O (o)
. ° )
GND/ uno/
BOTTOM VIEW BOTTOM VIEW BOTTOM VIEW
Aluminum Metal Can
Metal Can Package (TO-39) (H) Steel Metal Can Package TO-3 (K) Package TO-3 (KC)
Order Numbers: Order Numbers: Order Numbers:
LM120H-5.0 LM120H-12 LM120H-15 LM120K-5.0 LM120K-12 LM120K-15 LM320KC-5.0 LM320KC-12
LM320H-5.0 LM320H-12 LM320H-15 LM320K-5.0 LM320K-12 LM320K-15 LM320KC-15
See Package HO3A - See Package KO2A See Package KC02A
INPUT
INPUT
[———————j0utPuT | E——
O —— O e
GND ————wo
M
FRONT VIEW FRONT VIEW

Power Package T

0-202 (P)

Order Numbers:

LM320MP-5.0
LM320mMP-12
LM320MP-15

See Package PO3A

For Tab Formed TO-202

Order Numbers:

LM320MP-5.0TB
LM320MP-12TB

LM320MP-15TB
See Package PO3E

Power Package TO-220 (T)

Order Numbers:

LM320T-5.0
LM320T-12
LM320T-15

See Package TO3B
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LM120 Series

Schematic Diagrams

-5V
<R? .4-
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Qi JJ" Sa
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A N v
] e
016 Fas
SR10 19
S <SRN 03
i>1ok R15 6.2V
ot (G ]
10 pF <
L 20'pF
S R4
Sk @4 a15 020
A3 | R8 ) R13
b 20k 20k 5K
Vin© -
-12V and -15V
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Aoy an
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:1111 San
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Q17 <
>—{ Q2 'L_t—'é“'
; a16 020
MoSan | w1 |, oy
Sk  gRu 6.2v
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o1 G
| 20 pF
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Natibnal
Semiconductor

Voltage Regulators

LM123/LM223/LM323 3 Amp, 5 Volt Positive Regulator-

General Description

The LM123 is a three-terminal positive regulator
with a preset 5V output and a load driving capa-
bility of 3 amps. New circuit design and processing
techniques are used to provide the high output
current without sacrificing the regulation charac-
teristics of lower current devices.

The 3 amp regulator is virtually blowout proof.
Current limiting, power limiting, and thermal
shutdown provide the same high level of reliability
obtained with these techniques in the LM109
1 amp regulator.

No external components are required for operation
of the LM123. If the device is more than 4 inches
from the filter capacitor, however, a TuF solid
tantalum capacitor should be used on the input.
A 0.1uF or larger capacitor may be used on the
output to reduce load transient spikes created by
fast switching digital logic, or to swamp out stray
load capacitance.

An overall worst case specification for the combined
effects of input voltage, load currents, ambient

temperature, and power dissipation ensure that
the LM123 will perform satisfactorily as a system
element.

For applications requiring other voltages, see

LM 150 series data sheet.

Operation is guaranteed over the junction tempera-
ture range =55°C to +150°C. An electrically
identical LM223 operates from —25°C to +150°C
and the LM323 is specified from 0°C to +125°C
junction temperature. A hermetic TO-3 package is
used for high reliability and low thermal resistance.

Features

® 3 amp output current

® Internal current and thermal limiting
® 0.01Q typical output impedance
® 7.5 minimum input voltage

w 30W power dissipation

® 100% electrical burn-in

Schematic Diagram

NPyt
[og

a

>
<0
S 0

ouTPut
>
A7

5K

a0 @

M2 g
i

R24
%S

|

Connection Diagram

Metal Can Package
GND
ouTPUT /-\/‘wmr
\;
O O

>

s0TTOM viEw |

Order Number LM123K STEEL,
LM223K STEEL or LM323K STEEL
See Package K0O2A

< ~QOGND

Typical Applications

Basic 3 Amp Regulator

1
‘V'No_r—@z_—?——o four 18
C

g 3 d
SoLID 0LF
Tantatin ¥ R

“Required if LM123 1s more than 4" from filter capacitor
TRegulator 15 stable with no load capacitor into resistive

toads. .
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LM123/LM223/LM323

Absolute Maximum Ratings

Input Voltage ( 20V
Power Dissipation Internally Limited
Operating Junction Temperature Range
LM123 -55°C to +150°C
LM223 —25°C to +150°C
LM323 | : 0°Cto +125°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 sec) . 300°C
Preconditioning
Burn-In in Thermal Limit 100% All Devices

Electrical Characteristics (Note 1)

LM123/LM223 LM323
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
’ T; =25°C
Output Voltage ' 4.7 5 5.3 4.8 5 5.2 \
P 9 Vin =75V, loyr =0
75V<v ) <15V
QOutput Voltage 0< 1007 S 3A, P < 30W 46 5.4 4.75 5.25 \
, ] T, =25°C
Line Regulation (Note 3) 75V SV, € 15V 5 25 5 25 mV
Load Regulation (Note 3) T, = 25°C Vin =75V, 25 100 25 100 mv
0< Iour S3A
, 75VS vV S15v,
Quiescent Current 0<1our S3A 12 20 12 20 mA
’ T, =25°C
Output Noise Voltage 10 Hz < £ < 100 kHz 40 40 HuVrms
T, =28°C .
Short Circuit Current Limit Vin =15V 3 4.5 3 45 A
Vin =7.5V 4 5 4 5 A
Long Term Stability R 35 35 mv
Thermal Resistance Junction 2 2 °‘c/w
to Case (Note 2)

Note 1: Unless otherwise noted, specifications apply for -56°C < T; < +150°C for the LM123, -25°C < T; < +150°C for the
LM223, and 0°C < Tj < +126°C for the LM323. Although power dissipation is internally limited, specifications apply only

for P < 30W.

Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 35°C/W. With a heat sink, the effective
thermal resistance can only approach the specified values of 2°C/W, depending on the efficiency of the heat sink.
Note 3: Load and line regulation are specified at constant junction temperature. Pulse testing is required with a pulse

width < 1 ms and a duty cycle < 5%.

Typical Applications (cont‘d.)

Adjustable Output 5V — 10V 0.1% Regulation

"4V O- Vour (5V)

e

2 omt| S G
36K 25mA :» >6uf —E
*SELECY T0 SET OUTPUT VOLTAGE

v
**SELECT TO DRAW 25 mA FROM V™~ UNREGULATED
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Typical Performance Characteristics

40

20

POWER DISSIPATION (WATTS)

OUTPUT CURRENT (A)
w

25

20

0.5

INPUT-QUTPUT DIFFERENTIAL (V)

Maximum Average Power
Dissipation For LM123;
LM223
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25 50 75 100 1
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Il -
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-
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INPUT VOLTAGE (V)
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INPUT VOLTAGE CHANGE (V)
(OUTPUT VOLTAGE DEVIATION (mV)

OUTPUT VOLTAGE
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OUTPUT LDAD (A}

Maximum Average Power
Dissipation For LM323

Output Impedance

40 —— T 10°
*WAKEFIELD HEAT SINK Elour = 1A —F
— Awnienr — T, =25°C t
| TemreRATURE = i Cy = .1uF—|
% " ' w -1
N e g 10
. o \\ b a :/T.N =15V AN
62> a HERMAL EFFECT)
rON] N = 74 G = 10.F
" S RGN g e TANTALUM
g T 2
3 — Nt
WQ\N Vi =75V
|
0 L 1073 l J
25 50 5 100 125 1 10 100 1K 10K 100K 1M
Ta - AMBIENT TEMPERATURE (°C) FREQUENCY (Hz)
Short Circuit Current Ripple Rejection
6 80
5 BURER Y S uo
3 ',':n Co = 104F //
s NIRRT Z w0 SOLID
N T-25C 3 /—?/ TANTALUM
N, it = ' \
o, o :
3 [T =28 { J 4 Vin =10V, 1 =34 -
& (THERMAL EFFECT)
2 I e R
= | Co=uf’i
f = ! ,
||
0 2 l
5 10 15 20 110 100 1K 10K 100K 1M
INPUT VOLTAGE (V) FREQUENCY (Hz)
Line Transient Response Output Voltage
15 5.15
Viy = 10V
5.0 I, =20 mA
__ 510
25 \ 2
w
5.05 ~
0 = 2 ™~
Y / 2 '\\
-25 2 500
-5.0 5
< < § 495
1.0 H
5 490
[}
0 1 2 3 4 s ~75 -50-25 0 25 50 75 100125 150
TIME (us) TEMPERATURE (°C)
Load Transient Response Output Noise Voltage
- - 1.0
02 | Ym =10V —
T,=25°C 3
9 2
0 3
h A =10 - \
SOLID TANTALUM g N
- L
02 & T, =0.14F < g M
2 >
8
o
=
1
0 0 L
6 1 2 3 4 5 10 100 113 10K

TIME (us)
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LM123/LM223/LM323

Typical Applications (cont‘d.)

10 Amp Regul With C lete Overload Pr

R1
B
w

Vin

Cin
1uF ke

soLIp
TANTALUM I

*SELECT FOR 20 mA CURRENT FROM UNREGULATED NEGATIVE SUPPLY

Adjustable Regulator 0—10V @ 3A

12VE Viy < 20V

O +
1uf
SOLID —
TANTALUM
v
T
™ V" (-10V T0 20V)
NEED NOT BE REGULATED
Ay - LMIDIA

Cy ~ 2uF OPTIONAL — IMPROVES RIPPLE REJECTION, NOISE, AND TRANSIENT RESPONSE

Trimming Output to 5V

1 2
Vin m123 —?—0 5V
) I
1201 >
a: gm o
WV 1K
q < —_LF
1’ Rl l
S 12 ]
4
L L
. Ve =
~5V T0 ~15V
REGULATED
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National Voltage Regulators | S5
Semiconductor 5 3
>z
LM125/LM325/LM325A, LM126/LM326 E E
Voltage Regulators = 5
D
General Description - Features E
These are dual polarity tracking regulators design- ®  +15V and %12V tracking outputs §

ed to provide balanced positive and negative out- Output current to 100 mA

put voltages at current up to 100 mA, the devices QOutput voltages balanced to within 1% (LM125,
are set for 15 V and £12 V outputs respectively. LM126, LM325A)

Input voltages up to =30 V can be used and there Line and load regulation of 0.06%

is provision for adjustable current limiting. These Internal thermal overload protection

devices are available in three package types to Standby current drain of 3 mA

accomodate various power requirements and Externally adjustable current limit

temperature ranges. Internal current limit

Schematic and Connection Diagrams "“"'"‘L‘L"j”“"“e

® —
& 'y wy . = e
m:j N A Vi = 2 e
* az
L “—V—ES Vi —" L GND
" . a8 - . R = 2 aeeenence
Ly , SR 225 sense —] I~ nc
—{%0 = ®@mw Vour = '~ soost
S RE
[« mc‘ T 10 w
| an A NOL:! ToPVIEE,
D FI= 209F f’r o @ a Order Number LM325AN, LM325N,
0
N o Sos Package N14A
r~10pF 3 RB az $ ee Package
2 75k
L:n . " ’ —o (i) (1
L w3
A1z S Al
a1 Jlnf“ o w 20k Pl
I Y[
;::mpr o@ ®)
5pF
m
2 e [19—@
an . 2 Metal Can Package
23K p: 3 . GND
O §om dw
: i =
A8
%
atg [gts R15< R16
. R19 EETS: 38k
69 A0
] 7.5k ':‘g az0 )
w2 O T05 TOP VIEW
15k () 1aLeap DI Case connected to —V
a2 Order Number
) tou LM125H, LM325H, LM126H,
azs or LM326H
02 026 See Package H10C
R22 -
- 20k —o (B @
;"n' " R21 21 o 3 :::
13 13
Bt o2 2 y A— 0@ (s)
A3 k] r )
30k
®w
@ o
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Absolute Maximum Ratings

Operating Conditions

Operating Temperature Range

LM325A, LM126/LM326

LM125/LM325/

Input Voltage +30V
Forced Vo' (min) (Note 1) -0.5v LM125 -55°C to +125°C
Forced Vg~ (max) (Note 1) +0.5V LM325, LM325A 0°C to +70°C
Power Dissipation (Note 2) PMAX Storage Temperature Range -65°C to +150°C
Output Short-Circuit Duration (Note 3) Indefinite Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics LM125/LM325/LM325A (Note 2)
PARAMETER CONDITIONS MIN TYP- MAX UNITS
Output Voltage T = 25°C
LM125/LM325A 14.8 15 15.2 A\
LM325 14.5 15 15.5 \
Input-Output Differential 2.0 \
Line Regulation Vin = 18V to 30V, I = 20 mA, 2.0 10 mV
T,=25°C
Line Regulation Over Temperature Vin = 18V to 30V, I = 20 mA 2.0 20 mV
Range'
Load Regulation IL =0to 50 mA, V,y = %30V,
Vo+ T,=25C 3.0 10 mV
Vo~ 5.0 10 mv
Load Regulation Over Temperature I, =0to 50 mA, V| = 30V
Range
Vot 4.0 20 mv
Vo- 7.0 20 mv
Output Voltage Balance T,=25"C
LM125, LM325A +150 mV
LM325 . £300 mv
Output Voltage Over Temperature P<Pmax,0< 15 < 50mA,
Range 18V < IVl <30
LM125/LM325A 14.65 16,35 Vv
LM325
14.27 16.73 \2
Temperature Stability of Vg +0.3 : %
Short Circuit Current Limit T = 25°C 260 mA
Output Noise Voltage T, = 25°C, BW = 100 - 10 kHz 150 HVrms
Positive Standby Current T, = 25°C 175 3.0 mA
Negative Standby Current T;=25°C 3.1 5.0 mA
Long Term Stability 0.2 %/kHr
Thermal Resistance Junction to
Case (Note 4)
LM125H, LM325H 45 °ciw
Junction to Ambient .
LM325AN, LM325N 150 °c/w

Note 1: That voltgge to which the output may be forced without damage to the device.
Note 2: Unless otherwise specified these specifications apply for T;=55°C to +150°C on LM125, T:=0°C to +125°C on
LM326A, T;=0°C to +125°C on LM325, V=20V, || =0mA, Ipyax=100 mA, Ppyax=2.0W for the TO-5 H Package.
IMAx=100 MA. )1 ax=100 mA, Ppqa=1.0W for the DIP N Package.

Note 3: If the junction temperature exceeds 150°C, the output short circuit duration is 60 seconds.

Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150°C/W. With a heat
sink, the effective thermal resistance can only approach the junction to case values specified, depending of the efficiency of

the sink.
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Absolute Maximum Ratings

Input Voltage +30V
Forced Vo™* (Min) (Note 1) -0.5V
Forced Vg~ (Max) (Note 1) +0.5V
Power Dissipation (Note 2) Tnternally Limited
QOutput Short-Circuit Duration (Note 3) Indefinite
Operating Temperature Range

LM126 -55°C to +125°C

LM326 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) ’ 300°C

Electrical Characteristics LM126/LM326 (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage T,=25°C
LM126, LM326 1.8 12 122 \
1.5 12.5 \
Input-Output Differential 2.0 \
Line Regulation Vin =15V to 30V 2.0 10 mV
IL=20mA, T, =25C
Line Regulation Over Temperature Range Vi = 16V 10 30V, || = 20 mA 2.0 20 mV
Load Regulation I, =0to 50 mA, V |y = +30V,
Vo' T,=25°C 3.0 10 mv
Vo~ 5.0 10 mv
Load Regulation Over Temperature Range I. =010 50 mA, Vy = +30V
Vo' 4.0 20 mv
Vo~ 7.0 20 mvV
Output Voltage Balance T,=25°C
LM126, LM326 125 mV
+250 m\,
Qutput Voltage Over Temperature Range P<Pyax,0<lp <50 mA
LM126 15V < IVl < 30V 11.68 12.32 v
LM326 11.32 12.68 \
Temperature Stability of Vg +0.3 %
Short Circuit Current Limit T = 25°C 260 mA
QOutput Noise Voltage T = 25°C, BW = 100 ~ 10 kHz 100 MVrms
Positive Standby Current T, =25°C, I, =0 1.75 3.0 mA
Negative Standby Current T,=25°C, 1 =0 3.1 5.0 mA
Long Term Stability 02 %/kHr
Thermal Resistance Junction to Case (Note 4)
LM126/LM326H 45 °c/w
Junction to Ambient LM326N 150 °c/w

Note 1: That voltage to which the output may be forced without damage to the device.

Note 2: Unless otherwise specified, these specifications apply for T;=565°C to +150°C on LM126, T:=0°C to +125°C on
LM326, V=220V, I, =0 mA, Iyyax=100 MA, Ppyax=2.0W for the TO5 H Package Iyax=100 MA. Iyyax=100 mA,

Ppax=1.0W for the DIP N Package.

Note 3: If the junction temperature exceeds 150°C the output short circuit duration is 60 seconds.

Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150° C/W. With a heat
sink, the effective thermal resistance can only approach the junction to case values specified, depending on the efficiency of

the sink.

1-63

ISCEINT/SCHNT

92SINT/9ZEINT ‘YSZEINT




'LM325A, LM126/LM326

LM125/LM325/

Typical Performance Characteristics (v, - :20v,1, =0ma, T, = 25°C, unless otherwise noted.)
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Typical Performance Characteristics (cont‘d.)
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LM125/LM325/

LM325A, LM126/LM326

Typical Performance Characteristics (cont‘d.)

!

INPUT RIPPLE ATTENUATION (dB)

INPUT RIPPLE ATTENUATION (dB)
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Typical Applications

Note. Metal can (H) packages shown.

Basic Regulator

2.0 Amp Boosted Regulator With Current Limit
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