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Serial I/0 A/D Converter with MUXand ... - ,

Sample/Hold...........cooiiiiiiiiiiin, .....Section2
ADC12L032 3.3V Self-Calibrating 12-Bit Plus Sign

Serial 170 A/D Converter with MUX and .

Sample/Hold...........coiiiiiiiiiiiiiiae, ...Section 2
ADC12L034 3.3V Self-Calibrating 12-Bit Plus Sign

Serial 1/0 A/D Converter with MUX and ‘

Sample/Hold . ...t Section 2
ADC12L038 3.3V Self-Calibrating 12-Bit Plus Sign

Serial 1/0 A/D Converter with MUX and T

Sample/Hold . ........ccoiviiiiiiiiii i Section 2
ADC1001 10-Bit uP Compatible A/D Converter . ...... Section2
ADC1005 10-Bit uP Compatible A/D Converter .......Section2 .
ADC1031 10-Bit Serial I/0 A/D Converter with Analog . "

Multiplexer and Track/Hold Function ...... P Section 2
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ADC1034 10-Bit Serial I/0 A/D Converter with Analog

Multiplexer and Track/Hold Function .............. Section 2
ADC1038 10-Bit Serial 1/0 A/D Converter with Analog

Multiplexer and Track/Hold Function .............. Section 2
ADC1061 10-Bit High-Speed pP-Compatible A/D

Converter with Track/Hold Function............... Section 2
ADGC1205 12-Bit Plus Sign uP Compatible A/D

Converter . .....coviiii e Section 2
ADC1225 12-Bit Plus Sign uP Compatible A/D

Converter ...t e Section 2

ADC1241 Self-Calibrating 12-Bit Plus Sign

rP-Compatible A/D Converter with Sample/Hold . . . Section 2
ADC1242 12-Bit Plus Sign Sampling A/D Converter . ..Section 2
ADC1251 Self-Calibrating 12-Bit Plus Sign A/D

Converter with Sample/Hold ..................... Section 2
ADC10061 10-Bit 600 ns A/D Converter with Input

Multiplexer and Sample/Hold . .................... Section 2
ADC10062 10-Bit 600 ns A/D Converter with Input

Multiplexer and Sample/Hold . .................... Section 2
ADC10064 10-Bit 600 ns A/D Converter with Input

Multiplexer and Sample/Hold . . ................... Section 2
ADC10154 10-Bit Plus Sign 4 us ADC with 4- or

8-Channel MUX, Track/Hold and Reference. ....... Section 2
ADC10158 10-Bit Plus Sign 4 us ADC with 4- or

8-Channel MUX, Track/Hold and Reference........ Section 2
ADC10461 10-Bit 600 ns A/D Converter with Input

Multiplexer and Sample/Hold . .................... Section 2
ADC10462 10-Bit 600 ns A/D Converter with Input

Multiplexer and Sample/Hold . .................... Section 2
ADC10464 10-Bit 600 ns A/D Converter with Input

Multiplexer and Sample/Hold . . ................... Section 2
ADC10662 10-Bit 360 ns A/D Converter with Input ,

Multiplexer and Sample/Hold . .................... Section 2
ADC10664 10-Bit 360 ns A/D Converter with Input

Multiplexer and Sample/Hold ... .................. Section 2
ADC10731 10-Bit Plus Sign Serial /0 A/D Converter

with MUX, Sample/Hold and Reference............ Section 2
ADC10732 10-Bit Plus Sign Serial /0 A/D Converter ‘

with MUX, Sample/Hold and Reference............ Section 2
ADC10734 10-Bit Plus Sign Serial |/0 A/D Converter

with MUX, Sample/Hold and Reference............ Section 2
ADC10738 10-Bit Plus Sign Serial I/0 A/D Converter

with MUX, Sample/Hold and Reference............ Section 2
ADC10831 10-Bit Plus Sign Serial I/0 A/D Converter

with MUX, Sample/Hold and Reference. ........... Section 2
ADC10832 10-Bit Plus Sign Serial 1/0 A/D Converter .

with MUX, Sample/Hold and Reference............ Section 2
ADC10834 10-Bit Plus Sign Serial 170 A/D Converter .

with MUX, Sample/Hold and Reference............ Section 2

ADC10838 10-Bit Plus Sign Serial 1/0 A/D Converter .
with MUX, Sample/Hold and Reference. ........... Section 2
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Additional Available Linear Dewces (Continued)
ADC12030 Self-Calibrating 12-Bit Plus Sign Serial 1/0

AN-450 Small Outline (SO) Package Surface Mounting
Methods—Parameters and Their Effect on Product :
Reliability ..........cooovviiiia, e Section 6

Data Acquisition

-~ A/D Converter with MUX and Sample/Hold ........ Section 2 -
ADC1 2032 Self-Calibrating 12-Bit Plus Sign Serial I/0 ‘

A/D Converter with MUX and Sample/Hold .......... Section 2 Data Acquisition
ADC12034 Self-Calibrating 12-Bit Plus Sign Serial I/0 b

‘A/D Converter with MUX and Sample/Hold ........ Section 2 " Data Acquisition
ADC12038 Self-Calibrating 12-Bit Plus Sign Serial 1/0 '

A/D Converter with MUX and Sample/Hold ........ Sectlon 2 Data Acquisition
ADC12062 12-Bit, 1 MHz, 75 mW A/D Converter with :

- Input Multiplexer and Sample/Hold . ............... Section 2 Data Acquisition

ADC12130 Self-Calibrating 12-Bit Plus Sign Serial 1/0 ‘

A/D Converter with MUX and Sample/Hold ... ..... Section 2 . Data Acquisition
ADC12132 Self-Calibrating 12-Bit Plus Sign Serial I/0 : o

A/D Converter with MUX and Sample/Hold ........ Section 2 - Data Acquisition
ADC12138 Self-Calibrating 12-Bit Plus Sign Serial [/0

A/D Converter with MUX and Sample/Hold ........ Section 2 Data Acquisition
ADC12441 Dynamically-Tested Self-Calibrating 12-Bit o

Plus Sign A/D Converter with Sample/Hold ........ Section 2 Data Acquisition
ADC12451 Dynamically-Tested Self-Calibrating 12-Bit ' '

Plus Sign A/D Converter with Sample/Hold ......." .Section 2 Data Acquisition
ADC12662 12-Bit, 1.5 MHz, 200 mW A/D Converter '

with Input Multiplexer and Sample/Hold . ............ Section 2 Data Acquisition
ADC16071 16-Bit Delta-Sigma 192 ks/s oo

Analog-to-Digital Converter....................... Section 2 Data Acquisition
ADC16471 16-Bit Delta-Sigma 192 ks/s’ ‘ .

Analog-to-Digital Converter....................... Section 2 Data Acquisition
AHO0014 Dual DPDT-TTL/DTL Compatible MOS . ‘

AnalogSwitch ...l Section 8 - Data Acqms:tlon
AHO0015 Quad SPST-TTL/DTL Compatible MOS

AnalogSwitch ... ‘Section 8 Data Acquns:tlon
AHO0019 Dual DPST-TTL/DTL Compatible MOS

AnalogSwitch ...t Section 8 Data Acquisition
AH5010 Monolithic Analog Current Switch............. Section 8 Data Acquisition
AH5011 Monolithic Analog Current Switch............ Section 8 Data Acquisition
AH5012 Monolithic Analog Current Switch............ Section 8 . Data Acquisition
AH5020C Monolithic Analog Current Switch .......... Section8 Data Acquisition
‘AN-450 Small Outline (SO) Package Surface Mounting ‘ g

Methods-Parameters and Their Effect on Product g :

Reliability .........cooooiiiiiii Section 9 Data Acquisition
AN-450 Small Outline (SO) Package Surface Mounting ' -

Methods—Parameters and Their Effect on Product : . .

Reliabifity ..........cooo ..Section5  Application Specific Analog Products

Operational Amplifiers

Board Mount of Surface Mount Components.......... Section 6 Operational Amplifiers
Board Mount of Surface Mount Components........... Section 5 Appllcatlon Specmc Analog Products
Board Mount of Surface Mount Components.......... Section'9 Data Acquisition
DACO0800 8-BitD/AConverter ...............covvn. Section 3 Data Acquisition
DACO0801 8-BitD/AConverter ...................... Section 3 " Data Acquisition
DAC0802 8-BitD/AConverter ............ccovvvvnn. Section 3 Data Acquisition
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Additional Available Linear Devices continueq

DACO0806 8-Bit D/A Converter........... Cevereanenn Section 3
DACO0807 8-BitD/AConverter ............ccvvvvennn Section 3
DACO0808 8-BitD/AConverter ..............cccuvnen Section 3
DACO0830 8-Bit P Compatible Double-Buffered D/A

(077 1177=T 1 (=7 Section 3
DACO0831 8-Bit uP Compatible Double-Buffered D/A

Converter........ PP Section 3
DACO0832 8-Bit u.P Compatible Double-Buffered D/A

(@707 0177= ¢ (=1 PP Section 3
DACO0854 Quad 8-Bit Voltage-Output Serial D/A

Converter withReadback ................coven.. Section 3

DAC0890 Dual 8-Bit uP-Compatible D/A Converter .. .Section 3
DAC1006 pP Compatible, Double—Buffered D/A

(070721771 ¢ (-1 o Section 3
DAC1007 uP Compatible, Double-Buffered D/A

Converter.......... e Section 3
DAC1008 pP Compatible, Double-Buffered D/A

Converter........ A SO Section 3

DAC1020 10-Bit Binary Multiplying D/A Converter . . ... Section 3
DAC1021 10-Bit Binary Multiplying D/A Converter ... .. Section 3
DAC1022 10-Bit Binary Multiplying D/A Converter ... .. Section 3
DAC1054 Quad 10-Bit Voltage-Output Serial D/A

Converter withReadback ........................ Section 3
DAC1208 12-Bit uP Compatible Double-Buffered D/A

(70 417 = 5 (=T Section 3
DAC1209 12-Bit pP Compatible Double-Buffered D/A

CoNverer.....ooiii e e Section 3
DAC1210 12-Bit pP Compatible Double-Buffered D/A

Converter . ....... e e i e Section 3

DAC1218 12-Bit Binary Multiplying D/A Converter ... .. Section 3
DAC1219 12-Bit Binary Multiplying D/A Converter ..... Section 3
DAC1220 12-Bit Binary Multiplying D/A Converter . .... Section 3
DAC1222 12-Bit Binary Multiplying D/A Converter . .. .. Section 3
DAC1230 12-Bit uP Compatible Double-Buffered D/A

Converter ........ et s Section 3
DAC1231 12-Bit pP Compatible Double- Buffered D/A

(0707 4 177=T ¢ (=T AU PP Section 3
DAC1232 12-Bit uP Compatible Double-Buffered D/A

Converter. ...t s Section 3
DHO006 CurrentDriver ..........ccoovviiieennnnnn. Section 5
DH0034 High Speed Dual Level Translator ........... Section 5
DHO0035 Pin Diode Driver. ...........coovviiiunn.. Section 5
DP7310 Octal Latched Peripheral Driver .......... -...Section 3
DP7311 Octal Latched Peripheral Driver ............. Section 3
DP8310 Octal Latched Peripheral Driver ............. Section 3
DP8311 Octal Latched Peripheral Driver ............. Section 3
DS0026 5 MHz Two Phase MOS Clock Drivers. ........ Section 4
DS1631 CMOS Dual Peripheral Driver ............... Section 3
DS1632 CMOS Dual Peripheral Driver ............... Section 3
DS1633 CMOS Dual Peripheral Driver ............... Section 3

DS1634 CMOS Dual Peripheral Driver ............... Section 3
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Additional Available Linear Devices coninueq

DS2003 High Current/Voltage Darlington Driver. . ... .. Section 3
DS2004 High Current/Voltage Darlington Driver. ...... Section 3
DS3631 CMOS Dual Peripheral Driver ............... Section 3 .
DS3632 CMOS Dual Peripheral Driver ............... ".Section 3
DS3633 CMOS Dual Peripheral Driver ............... Section 3
DS3634 CMOS Dual Peripheral Driver ............. - .Section 3
DS3658 Quad High Current Peripheral Driver ... ...... Section 3
DS3668 Quad Fault Protected Peripheral Driver........ Section 3
DS3680 Quad Negative Voltage Relay Driver ......... Section 3
DS9667 High Current/Voltage Darlington Driver. . ..... Section 3
DS55451 Series Dual Peripheral Driver .............. Section 3
DS55452 Series Dual Peripheral Driver .............. Section 3
DS55453 Series Dual Peripheral Driver .............. Section 3
DS55454 Series Dual Peripheral Driver .............. Section 3
DS75451 Series Dual Peripheral Driver .............. Section 3
DS75452 Series Dual Peripheral Driver .............. Section 3
DS75453 Series Dual Peripheral Driver .............. Section 3
DS75454 Series Dual Peripheral Driver .............. Section 3
DS75491 MOS-to-LED Quad Segment Driver .......... Section 4
DS75492 MOS-to-LED Hex Digit Driver .. ... eressene Section 4
DS75494 Hex Digit Driver ................ P Section 4
Land Pattern Recommendations .................... Section 5
Land Pattern Recommendations .................... Section 9
Land Pattern Recommendations .................... Section 6
LF111 Voltage Comparator.............ccovvuiennnn. Section 3
LF147 Wide Bandwidth Quad JFET Input Operatlonal

Amplifier ... e Section 1
LF155 Series Monolithic JFET Input Operational :

AMPIIfiers ..o e e Section 1
LF156 Series Monolithic JFET Input Operational

Amplifiers ............. oo nnn i .....Section 1
LF157 Series Monolithic JFET Input Operational :

Amplifiers ... e Section1 .
LF198 Monolithic Sample and Hold Circuit. ......... .. .Section 6
LF211 Voltage Comparator............ccovvuevvnnn. Section 3
LF298 Monolithic Sample and Hold Circuit. ........... Section6 -
LF311 Voltage Comparator..............cccoovnnn. Section 3
LF347 Wide Bandwidth Quad JFET Input Operational

Amplifier ..o Section 1
LF351 Wide Bandwidth JFET Input Operatlonal

Amplifier ....... ..o Section 1
LF353 Wide Bandwidth Dual JFET Input Operational .

Amplifier . ....ooooo feeenes Section 1
LF398 Monolithic Sample and Hold Circuit............ Section 6

LF411 Low Offset, Low ant JFET Input Operatlonal

Amplifier . ........ e e e b Section 1.

LF412 Low Offset, Low Drift Dual JFET Operatlonal o
AmMplifier ... .oooi i e Section 1
‘LF441 Low Power JFET Input Operahonal Amplifier .. .Section 1
LF442 Dual' Low Power JFET |nput Operational
Amplifier ... .o e Section 1
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Application Specific Analog Products
Application Specific Analog Products
Application Specific Analog Products
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Additional Available Linear Devices continueq)

LF444 Quad Low Power JFET Input Operational

Amplifier . ... e Section 1
LF451 Wide-Bandwidth JFET Input Operational

Amplifier ... Section 1
LF453 Wide-Bandwidth Dual JFET Input Operational

Amplifier ... ... o Section 1
LF11201 Quad SPST JFET Analog Switch ........... Section 8
LF11202 Quad SPST JFET Analog Switch ........... Section 8
LF11331 Quad SPST JFET Analog Switch ........... Section 8
LF11332 Quad SPST JFET Analog Switch ........... Section 8
LF11333 Quad SPST JFET Analog Switch ........... Section 8
LF13006 Digital GainSet.................ooiinn.. Section 6
LF13007 Digital GainSet..............c.ccvvivinne Section 6
LF13201 Quad SPST JFET Analog Switch ........... Section 8
LF13202 Quad SPST JFET Analog Switch ........... Section 8
LF13331 Quad SPST JFET Analog Switch ........... Section 8
LF13332 Quad SPST JFET Analog Switch ........... Section 8
LF13333 Quad SPST JFET Analog Switch ........... Section 8
LF13508 8-Channel Analog Multiplexer .............. Section 8
LF13509 4-Channel Differential Analog Multiplexer .. ..Section 8
LHOOO2Buffer..........coovviiiiiiiiiiiiiiiinnn, Section 2
LH0003 Wide Bandwidth Operational Amplifier. . ...... Section 1
LHO0004 High Voltage Operational Amplifier........... Section 1 .
LH0021 1.0 Amp Power Operational Amplifier......... Section 1
LH0024 High Slew Rate Operational Amplifier ........ Section 1
LHO0032 Ultra Fast FET-Input Operational Amplifier . . . .Section 1
LHO0033 Fast and Ultra FastBuffers ................. Section 2
LHO0041 0.2 Amp Power Operational Amplifier. ... . .... Section 1
LH0042 Low Cost FET Operational Amplifier ......... Section 1
LHO0063 Fast and Ultra FastBuffers ................. Section 2
LHO0070 Series BCD Buffered Reference ............. Section 4
LHO0071 Series Precision Buffered Reference ......... Section 4
LH0094 Multifunction Converter..................... Section 5
LHO0101 Power Operational Amplifier ................ Section 1
LH2111 Dual Voitage Comparator................... Section 3
LH2311 Dual Voltage Comparator................... Section 3
LH4001 Wideband CurrentBuffer ................... Section 2
LH4002 Wideband Video Buffer..................... Section 2

LM10 Operational Amplifier and Voltage Reference. . . . Section 1
LM12H454 12-Bit + Sign Data Acquisition System

with Self-Calibration ....................... ... .. Section 1
LM12H458 12-Bit + Sign Data Acquisition System .
with Self-Calibration ................... ... ...Section 1
LM12L438 12-Bit + Sign Data Acquisition System with
Serial I/0 and Self-Calibration .................... Section 1
LM12L454 12-Bit + Sign Data Acquisition System with
Self-Calibration ..................oooiiiiiiia, Section 1
LM12L458 12-Bit + Sign Data Acquisition System with
-Self-Calibration ............. ...l Section 1
LM34 Precision Fahrenheit Temperature Sensor ...... Section 5
LM35 Precision Centigrade Temperature Sensor ...... Section 5
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Additional Available Linear Devices connueq

LM45 SOT-23 Precision Centigrade Temperature

Sensor......... e e e, Section 5 Data Acquisition
LM50 Single Supply Precision Centigrade Temperature ‘

ES7=T 41T Section 5 Data Acquisition
LM101A Operatlonal Amplifier ........ ...l Section 1 Operational Amplifiers
LM102 Voltage Follower .................. eeeeenen Section 2 Operational Amplifiers
LM106 Voltage Comparator ................ e Section 3 Operational Amplifiers
LM107 Operational Amplifier ....................... Section 1 Operational Amplifiers
LM108 Operational Amplifier ....................... Section 1 Operational Amplifiers
LM110 Voltage Follower ..................ooiunet. Section 2 Operational Amplifiers
LM111 Voltage Comparator ...................ouet. Section 3 Operational Amplifiers
LM113 ReferenceDiode .................c.iiet. Section 4 Data Acquisition
LM118 Operational Amplifier ....................... Section 1 Operational Amplifiers
LM119 High Speed Dual Comparator ................ Section 3 Operational Amplifiers
LM122-PrecisionTimer ...........ccviiiieennnnn, Section4  Application Specific Analog Products
LM124 Low. Power Quad Operational Ampilifier. ....... Section 1 -Operational Amplifiers
LM129 Precision Reference ..................oovit Section 4 Data Acquisition
LM131 Precision Voltage-to-Frequency Converter . ... .. Section 2 Data Acquisition
LM134 3-Terminal Adjustable Current Source ... ........ Section 4 Data Acquisition
LM134 3-Terminal Adjustable Current Source......... Section 5 Data Acquisition
LM135 Precision Temperature Sensor ............... Section 5 Data Acquisition
LM136-2.5V ReferenceDiode ...................... Section 4. Data Acquisition
LM136-5.0V Reference Diode ..........:........... Section 4 Data Acquisition
LM139.Low Power Low Offset Voltage Quad .

‘Comparator ... .. PP . .Section 3 Operational Amplifiers
LM143:High Voltage Operational Amplifier ........... Section 1 Operational Amplifiers
LM146 Programmable Quad Operational Amplifier. . . .. Section 1 Operational Amplifiers
LM148 Quad 741 Operational Amplifier .............. Section 1 Operational Amplifiers
LM149 Wide Band Decompensated (Ay(MIN) = 5) . ...Section 1 Operational Amplifiers
LM158.Low Power Dual Operational Amplifier. ........ Section 1 Operational Amplifiers
LLM160 High Speed Differential Comparator........... Section 3 Operational Amplifiers
LM161 High Speed Differential Comparator......... ...Section 3 Operational Amplifiers
LM169.Precision Voltage Reference . ................ .Section 4 Data Acquisition
LM185 Adjustable Micropower Voltage Reference..... Section 4 Data Acquisition
LM185-1.2 Micropower Voltage Reference Diode ..... Section 4 Data Acquisition
LM185-2.5 Micropower Voltage Reference Diode .. ... Section 4 Data Acquisition
.M193 Low Power Low Offset Voltage Dual )

Comparator ..........c.covveeeennnn. e -Section 3 Operational Amplifiers
LM194 SupermatchPair .............. ..o .Section 5 Operational Amplifiers
LM195 Ultra Reliable Power Transistor............... Section 5 Operational Amplifiers
LM199 Precision Reference ............. e ieeeeeas Section 4 - Data Acquisition
LM201A Operational Amplifier ...................... Section 1 Operational Amplifiers
LM207 Operational Amplifier ....................... Section 1 Operational Amplifiers
LM208 Operational Amplifier .................... ... Section 1 - Operational Amplifiers
LM210 Voltage Follower ...............coovviiinnn, Section 2 Operational Amplifiers
LM211 Voltage Comparator ..................... -...Section 3 Operational Amplifiers
LM218 Operational Amplifier ................ SR Section 1 Operational Amplifiers
LM219 High Speed Dual Comparator ................ Section3 Operational Amplifiers
LM221 Precision Preamplifier ................. ... ... Section 1 Operational Amplifiers
LM224 Low Power Quad Operational Ampllfler ........ Section 1- Operational Amplifiers
LM231 Precision Voltage-to-Frequency Converter . .. .. Section 2 Data Acquisition




Additional Available Linear Devices coninueq

LM234 3-Terminal Adjustable Current Source ... ...... Section 4 Data Acquisition
LM234 3-Terminal Adjustable Current Source......... Section 5 Data Acquisition
LM235 Precision Temperature Sensor ............... Section 5 Data Acquisition
LM236-2.5V ReferenceDiode ...................... Section 4 Data Acquisition
LM236-5.0V ReferenceDiode ...................... Section 4 Data Acquisition
LM239 Low Power Low Offset Voltage Quad

Comparator ...t e Section.3 Operational Amplifiers
LM246 Programmable Quad Operational Ampilifier. . . .. Section 1 Operational Amplifiers
LM248 Quad 741 Operational Amplifier .............. Section 1 Operational Amplifiers
LM258 Low Power Dual Operational Amplifier......... Section 1 Operational Amplifiers
LM261 High Speed Differential Comparator. .......... Section 3 Operational Amplifiers
LM285 Adjustable Micropower Voltage Reference. . ... Section 4 Data Acquisition
L.M285-1.2 Micropower Voltage Reference Diode ..... Section 4 Data Acquisition
LM285-2.5 Micropower Voltage Reference Diode ..... Section 4 Data Acquisition
LM293 Low Power Low Offset Voltage Dual

Comparator ..ot Section 3 Operational Amplifiers
LM299 Precision Reference ........................ Section 4 Data Acquisition
LM301A Operational Amplifier ...................... Section 1 Operational Amplifiers
LM302 Voltage Follower ...............cooivieneen Section 2 Operational Amplifiers
LM306 Voltage.Comparator ........................ Section 3 Operational Amplifiers
LM307 Operational Amplifier ....................... Section 1 Operational Amplifiers
LM308 Operational Amplifier ................. P Section 1 Operational Amplifiers
LM310 Voltage Follower .............. e Section 2 Operational Amplifiers
LM311 Voltage Comparator ........................ Section 3 Operational Amplifiers
LM313 Reference Diode ...........................Section4 Data Acquisition
LM318 Operational Amplifier ....................... Section 1 Operational Amplifiers
LM319 High Speed Dual Comparator ................ Section 3 Operational Ampilifiers
LM321 Precision Preamplifier....................... Section 1 Operational Amplifiers
LM322 Precision Timer ... ....coviiiineeennennn. ...Section4  Application Specific Analog Products
LM324 Low Power Quad Operational Amplifier . . ...... Section 1 Operational Amplifiers
LM329 Precision Reference ........................ Section 4 Data Acquisition
LM331 Precision Voltage-to-Frequency Converter . ... .. Section 2 Data Acquisition
LM334 3-Terminal Adjustable Current Source......... Section 4 Data Acquisition
LM334 3-Terminal Adjustable Current Source......... Section 5 Data Acquisition
LM335 Precision Temperature Sensor ....... eeeeeee Section 5 Data Acquisition
LM336-2.5V ReferenceDiode ...................... Section 4 - -Data Acquisition
LM336-5.0V Reference Diode ...................... Section 4 Data Acquisition
LM339 Low Power Low Offset Voltage Quad ,

Comparator ........oiiiiiii i e Section 3 Operational Amplifiers
LM343 High Voltage Operational Amplifier ........... Section1 . Operational Amplifiers
LM346 Programmable Quad Operational Amplifier. . . .. Section 1° Operational Amplifiers
LM348 Quad 741 Operational Amplifier ...... eeees Section 1 Operational Amplifiers
LM349 Wide Band Decompensated (Ay(MIN) = 5) ... .Section 1 - Operational Amplifiers
LM358 Low Power Dual Operational Amplifier......... Section 1 Operational Amplifiers
LM359 Dual, High Speed, Programmable Current

Mode (Norton) Amplifier .................ooovnt. Section 1 Operational Amplifiers
LM360 High Speed Differential Comparator. .......... Section 3 Operational Amplifiers
LM361 High Speed Differential Comparator. .......... Section 3 Operational Amplifiers
LM368-2.5 Precision Voltage Reference ..... e Section 4 . Data Acquisition
LM368-5.0 Precision Voltage Reference .......... ...Section 4 Data Acquisition
LM368-10 Precision Voltage Reference .............. Section 4. Data Acquisition
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LM369 Precision Voltage Reference.................
LM380 Audio Power Amplifier............... PR
LM383.7W Audio Power Amplifier
LM384 5W Audio Power Amplifier
.M385 Adjustable Micropower Voltage Reference. .. ...
LM385-1.2 Micropower Voltage Reference Diode
LM385-2.5 Micropower Voltage Reference Diode -
LM386 Low Voltage Audio Power Amplifier .
LM387/LM387A Low Noise Dual Preamplifier.........
LM388 1.5W Audio:Power Amplifier
LM389 Low Voltage Audio Power Amplifier with NPN
Transistor Array
LM390 1W Battery Operated Audio Power Amplifier .
LM391 Audio Power Driver
LM392 Low Power Operational Amplmer/VoItage
Comparator
1:M393 Low Power Low Offset Voltage Dual
Comparator
LM394 Supermatch Pair
LM395 Ultra Reliable Power Transistor.......:.......
LM399 Precision Reference ‘
LMBESTImer oo
LM555C Timer. . ..vvvveevneninennn. e
LM556 Dual Timer ‘
LM556C Dual Timer
LM565 Phase Locked Loop
LM565C Phase Locked Loop
LM566C Voltage Controlled Oscﬂlator
LM567 Tone Decoder
LM567C Tone Decoder
LLM611 Operational Amplifier and Adjustable
Reference ......... ..o Ui
LM612 Dual-Channel Comparator and Reference
LM613 Dual Operational Amplifier, Dual Comparator,
and Adjustable Reference........................
LM613 Dual Operational Amplifier, Dual Comparator
and Adjustable Reference............... ..., e
LM614 Quad Operational Amplifier and Adjustable
Reference
LM615 Quad Comparator and Adjustable Reference
LM675 Power Operational Amplifier
LM709 Operational Amplifier
LM710 Voltage Comparator
LM725 Operational Amplifier
LM741 Operational Amplifier
LM747 Dual Operational Amplifier ......... e
LM748 Operational Amplifier '
LLM759-Power Operational Amplifier
LM760 High Speed Differential Comparator...........
LM831 Low Voltage Audio Power Ampilifier -..
LM833 Dual Audio Operational Amplifier ..

...................

...................

...........

....................................

...........................

........................

.................................
D I I RIS
.........................
.......................
..............................

.......................

.......................
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Additional Available Linear Devices contines

LM837 Low Noise Quad Operational Amplifier ........ Section 1
LM903 Fluid Level Detector .............coovvvnnet. Section 3
LM1036 Dual DC Operated Tone/Volume/Balance

Circuit ........ P PP Section 1
LM1042 Fiuid Level Detector ..............oovuuvet. Section 3
LM1131 Dual Dolby B-Type Noise Reduction

Processor......coovviiiiii it Section 1
LM1201 Video Amplifier System .................... Section 2
LM1202 230 MHz Video Amplifier System ............ Section 2
LM1203 RGB Video Amplifier System................ Section 2
LM1203A 150 MHz RGB Video Amplifier System . ... ... Section 2
LM1203B 100 MHz RGB Video Amplifier System . ... .. Section 2
LM1204 150 MHz RGB Video Amplifier System ....... Section 2
LM1205 130 MHz RGB Video Amplifier System with

Blanking ........ooiiiiiiiiiiiii e Section 2
LM1207 85 MHz RGB Video Amplifier System with .

Blanking ............... e e Section 2
LM1208 130 MHz RGB Video Amplifier System with

Blanking . ....ccooviiiiiii e Section 2
LM1209 100 MHz RGB Video Amplifier System with

Blanking .................. e e Section 2
LM1212 230 MHz Video Amplifier System with OSD

Blanking .......oooviiiiiii i Section 2
LM1281 85 MHz RGB Video Amplifier System with On

ScreenDisplay (OSD) . ...coiiiiiiiiiieenann Section 2
LM1291 Video PLL System for Continuous Sync

Monitors . .....oooiii i Section 2
LM1295 DC Controlled Geometry Correction System

for Continuous Sync Monitors .................... Section 2
LM1391 Phase-LockedLoop ............covvnnnnn. Section 2
LM1458 Dual Operational Amplifier.................. Section 1
LM1496 Balanced Modulator-Demodulator ........... Section 4
LM1558 Dual Operational Amplifier.................. Section 1
LM1577 SIMPLE SWITCHER Step-Up Voltage

Regulator ... Section 3
LM1596 Balanced Modulator-Demodulator ........... Section 4
LM1801 Battery Operated Power Comparator......... Section 3
LM1815 Adaptive Variable Reluctance Sensor

Amplifier ... Section 3
LM1819 Air-Core MeterDriver ...................... Section 3
LM1823 Video IF Amplifier/PLL Detector System ..... Section 2
LM1830 Fluid Detector ............ccovvvvinnninn. Section 3
LM1851 Ground Fault Interrupter.................... Section 4
LM1865 Advanced FMIF System ................... Section 4
LM1868 AM/FM RadioSystem ..................... Section 4
LM1875 20 Watt Power Audio Amplifier .............. Section 1
LM1875 20W Audio Power Ampilifier . ................ Section 1
LM1876 Dual 20W Audio Power Amplifier with Mute

and StandbyModes ..ot Section 1
LM1877 Dual Audio Power Amplifier . ................ Section 1
LM1877 Dual Power Audio Amplifier . ................ Section 1
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LM1881 Video Sync Separator. ............0 . veuenn.. Section 2
LM1882 Programmable Video Sync Generator ......... Section 2.
LM1893 Carrier-Current Transceiver . ................ ‘Section 4
LM1894 Dynamic Noise Reduction System DNR® . .. .. Section 1
LM1896 Dual Audio Power Ampilifier ................. Section 1
LM1896 Dual Power Audio Amplifier ................. Section 1
LM1921 1 Amp Industrial Switch ............0....... Section 3
LM1946 Over/Under Current Limit. Dlagnostlc Clrcwt .Section 3
LM1949 Injector Drive Controller . ................. -..Section 3
LM1950 750 mA High Side Switch........... e Section 3
LM1951 Solid State 1 Amp Switch................ ~...Section 3
LM1971 xPot 62 dB Digitally Controlled AUdIO . Co

" Attenuator withMute - ........... .. .00, . .....Section 1
LM1972 pPot 2-Channel 78 dB Audro Attenuator with

Mute ..ooolloiiiii il e Section 1
LM1973 pPot 3- Channel 76 dB Audro Attenuator with

Mute ... ... 0ol el it e Section 1
LM2416 Triple 50 MHz CRT Driver .........oovvit Section 2
LM2416C Triple 50 MHZ CRT Driver ................. Section 2 -
LM2418 Triple 30 MHz CRT Driver .................. Section 2
LM2419 Triple 65 MHz CRT Driver. . ......... .......Section2
LM2427 Triple 80 MHz CRT Driver .................. Section 2

LM2577 SIMPLE SWITCHER Step-Up Voltage *- ‘
Regulator......................................Section 3
LM2876 High-Performance 40W Audio Power Amplifier

withMute ... Section 1’
LM2877 Dual 4 Watt Power Audio Amplifier. :....... .. -.Section 1
LM2877 Dual 4W Audio Power Amplifier ............. Section1 ™
LM2878 Dual 5 Watt Power Audio Amplifier........... Section 1
LM2878 Dual 5W Audio Power Amplifier ............. Section 1
'LM2879 Dual 8 Watt Audio Amplifier................. Section 1
LM2879 Dual 8W Audio Power Amplifier ............. Section1
LM2889 TV Video Modulator ............0.......... Section 2
LM2893 Carrier-Current Transceiver................. Section 4
LM2896 Dual Audio Power Amplifier .......0......... Section 1
'LM2896 Dual Power Audio Amplifier . . . . . e ....Section 1
LM2900 Quad Amplifier .................. e Section1 . - -
LM2901 Low Power Low Offset Voltage Quad S

- Comparator ..... e e e Section 3
LM2902 Low Power Quad Operatronal Amplifier. ...... Section 1.
LM2903 Low Power Low Offset Voltage Dual- h :

" Comparator ....... R Section 3
LM2904 Low Power Dual Operatronal Amplifier ....... Section 1
LM2907 Frequency to Voltage Converter............. Section 3

LM2917 Frequency to Voltage Converter............. Section 3

LM2924 Low Power Operatnonal Ampllfler/Voltage .
“Comparator ... ... e i Section 1

LM2925 Low Dropout Regulator with Delayed Reset . . . Section 3
'LM2926 Low Dropout Regulator with Delayed Reset . . . Section 3
LLM2927 Low Dropout Regulator with Delayed Reset . . . Section 3
LM2931 Series Low Dropout Regulators .:........... Section 3
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Additional Available Linear Devices coninues

" LM2935 Low Dropout Dual Regulator ................ Section 3
LM2936 Ultra-Low Quiescent Current 5V Regulator. . . . Section 3
LM2937 500 mA Low Dropout Regulator ............. Section 3
LM2940/LM2940C 1A Low Dropout Regulators . . ... .. Section 3
LM2984 Microprocessor Power Supply System .. .....Section 3
LM3045 Transistor Array . .. ..covevviiieeeenennenenn Section 1
LM3045 Transistor Array . .......ccoovviiieenn. Section 5
LM3046 Transistor Array . .....oovvviineeeeeeenennns Section 5
LM3046 Transistor Array . ....ooovvvvvieeeieeennnn. Section 1
LM3080 Operational Transconductance Ampllfler ..... Section 1
LM3086 Transistor Array . .......ccovvivinuenenn.. Section 1
LM3086 Transistor Array . ........coviviiinneeennn. Section 5
LM3146 High Voltage Transistor Array ............... Section 5
LM3301 Quad Amplifier .......... ... i, Section 1
LM3302 Low Power Low Offset Voltage Quad

Comparator ...ttt e Section 3
LM3303 Quad Operational Amplifier ................. Section 1
LM3403 Quad Operational Amplifier ................. Section 1
LM3875 High Performance 40 Watt Audio Power

Amplifier . ... e e Section 1
LM3875 High Performance 56W Audio Power ‘

Amplifier. ... e e Section 1
LM3876 High Performance 56W Audio Power Amplifier

withMute ... Section 1.
LM3886 High-Performance 68W Audio Power Ampilifier.

withMute ... o Section 1
LM3900 Quad Amplifier . . ..., Section 1
LM3905 Precision Timer ........c.ooeviineeeinneanns Section 4
LM3909 LED Flasher/Oscillator. ................oun Section4 -
LM3914 Dot/Bar Display Driver ..................... Section 4
LM3915 Dot/Bar Display Driver ..................... Section 4
LM3916 Dot/Bar Display Driver-..................... Section 4
LM3999 Precision Reference .............. e Section 4
LLM4040 Precision Micropower Shunt Voltage

Reference ........ooeviiiiiiiiiiiiiiiie i, Section 4
LM4041 Precision Micropower Shunt Voltage

Reference ...... ettt Section 4
LM4250 Programmable Operational Amplifier......... Section 1
LM4431 Micropower.Shunt Voltage Reference. .. ..... Section 4
LM4700 Overture™ 30W Audio Power Amplifier with

Mute and StandbyModes ................. e Section 1
LM4860 1W Audio Power Amplifier with Shutdown .

1o Lo 1= P Section 1
LM4861 1/,W Audio Power Amplifier with Shutdown

Mode. ..ot e Section 1
LM4862 350 mW Audio Power Amplifier with Shutdown

Mode...... P Section 1
LM4880 Dual 200 mW Audio Power Amplifier with

ShutdownMode ...t Section 1
LM6104 Quad Gray Scale Current Feedback:

Amplifier ... Section 4
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Additional Available Linear Devices conineq

LM6104 Quad Gray Scale Current Feedback

CAmMPIfier ... e e Section 2
LM6104 Quad Gray Scale Current Feedback

Amplifier . ... e Section 1
LM6118 Fast Settling Dual Operatlonal Amplifier .. .... Section 1
LM6121 High Speed Buffer...................ovit Section 2
LM6121 High Speed Buffer........... PR Section 2
LM6125 High Speed Buffer...............cooevvnnn, Section 2
LM6125 High Speed Buffer............... e Section 2
LM6132 Dual High Speed/Low Power 7 MHz

Rail-to-Rail I/0 Operational Amplifier .............. Section 1

LM6134 Quad High Speed/Low Power 7 MHz

Rail-to-Rail I/0 Operational Amplifier ............. Section 1
LM6142 Dual High Speed/Low Power 17 MHz . .

Rail-to-Rail Input-Output Operational Amplifier . ... .. Section 1
LM6142 Dual High Speed/Low Power 17 MHz

Rail-to-Rail Input-Output Operational Amplifier . ... .. Section 1
LM6144 Quad High Speed/Low Power 17 MHz

Rail-to-Rail Input-Output Operational Amplifier ... .... Section 1
LM6144 Quad High Speed/Low Power 17 MHz

Rail-to-Rail Input-Output Operational Amplifier . ...... Section 1
LM6152 Dual High Speed/Low Power 45 MHz .

Rail-to-Rail Input-Output Operational Amplifier . . ... .Section 1:
LM6152 Dual High Speed/Low Power 45 MHz .

Rail-to-Rail 1/0 Operational Amplifier .............. Section 2
LM6154 Quad High Speed/Low Power 45 MHz . ‘

Rail-to-Rail 170 Operational Amplifier . ... . e Section 2
LM6154 Quad High Speed/Low Power 45 MHz :

Rail-to-Rail Input-Output Operational Amplifier . ... .. Section 1
LM6161 High Speed Operational Amplifier ........... Section 1
LM6161 High Speed Operational Amplifier ........... Section 2
LM6162 High Speed Operational Amplifier ........... Section 2
LM6162 High Speed Operational Amplifier ............Section 1
LM6164 High Speed Operational Amplifier ........... Section 1 -
LM6164 High Speed Operational Amplifier ........... Section 2
LM6165 High Speed Operational Amplifier ........... ..Section 2
LM6165 High Speed Operational Amplifier ........... Section 1
LM6171 Voltage Feedback Low Distortion Low Power

Operational Amplifier .....................coo... Section 1
LM6171 Voltage Feedback Low Distortion Low Power :

Operational Amplifier .........ocovvvieiiiinn.. Section 2
LM6181 100 mA, 100 MHz Current Feedback .

Amplifier ......... T Section 2
LM6181 100 mA, 1 00 MHz Current Feedback = '

Ampilifier . .. .. PR PP Section 1
LM6182 Dual 100 mA Output 100 MHz Dual Current

Feedback Amplifier ............ ... il Section 1
LM6182 Dual 100 mA Output, 100 MHz Dual Current

Feedback Amplifier ...............cviiiiiii... Section 2
LM6218 Fast Settling Dual Operatlonal Ampilifier ...... Section 1
LM6221 High Speed Buffer.......................t. Section 2
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Additional Available Linear Devices coninueq

LM6221 High Speed Buffer...................coovet. Section 2
LM6225 High Speed Buffer.................ooovee Section 2
LM6225 High Speed Buffer..............ccovvvvnnt. Section 2
LM6261 High Speed Operational Amplifier ........... Section 1
LM6261 High Speed Operational Amplifier ........... Section 2
LM6262 High Speed Operational Amplifier ........... Section 2
LM6262 High Speed Operational Amplifier ........... Section 1
LM6264 High Speed Operational Amplifier ........... Section 1
LM6264 High Speed Operational Amplifier ........... Section 2
LM6265 High Speed Operational Amplifier ........... Section 2
LM6265 High Speed Operational Amplifier ........... Section 1
LM6313 High Speed, High Power Operational

Amplifier ... ..o e e Section 1
LM6321 High Speed Buffer...................... ... Section 2
LM6321 High Speed Buffer..................c.o.ot. Section 2
LM6325 High Speed Buffer...............oooinnet, Section 2
LM6325 High Speed Buffer..............cooovvuntt. Section 2
LM6361 High Speed Operational Amplifier ........... Section 1
LM6361 High Speed Operational Amplifier ........... Section 2
LM6362 High Speed Operational Amplifier ........... Section 2
LM6362 High Speed Operational Amplifier ........... Section 1
LM6364 High Speed Operational Amplifier ........... Section 1
LM6364 High Speed Operational Amplifier ........... Section 2
LM6365 High Speed Operational Amplifier ........... Section 2
LM6365 High Speed Operational Amplifier ........... Section 1
LM6511 180 ns3VComparator .........coevvennn... Section 3

LM7121 Tiny Very High Speed Low Power Voltage

Feedback Amplifier ............. ...l Section 1
LM7131 Tiny High Speed Single Supply Operational
CAmMPlIfier . ... e Section 1
LM7131 Tiny High Speed Single Supply Operational
Amplifier ... Section 2
LM7171 Very High Speed High Output Current Voltage
Feedback Amplifier ............. ... . ... Section 2

LM7171 Very High Speed High Output Current Voltage

Feedback Amplifier ............ ... . il Section 1
LM8305 STN LCD Display Bias Voltage Source ....... Section 2
LM8305 STN LCD Display Bias Voltage Source . ...... Section 4
LM9044 Lambda Sensor Interface Amplifier .......... Section 3
LM9061 Power MOSFET Driver with Lossless

Protection......... .o Section 3
LM9140 Precision Micropower Shunt Voltage

Reference ..., Section 4
LM12434 12-Bit + Sign Data Acquisition System with

Serial I/0 and Self-Calibration .................... Section 1
LM12454 12-Bit + Sign Data Acquisition System with

Self-Calibration ..., Section 1
LM12458 12-Bit + Sign Data Acquisition System with

Self-Calibration ...t Section 1
LM13600 Dual Operational Transconductance

Amplifier with Linearizing Diodes and Buffers ....... Section 1
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Additional Available Linear Devices contnueq)

LM13700 Dual Operational Transconductance'

Amplifier with Linearizing Diodes and Buffers ... .... Section 1
LM77000 Power Operational Amplifier ............... Section 1
LMC555 CMOS Timer .......ooveiviiiiiiiiininnn, Section 4
LMC567 Low Power Tone Decoder.................. Section 4
LMC568 Low Power Phase-Locked Loop............. Section 4
LMC660 CMOS Quad Operational Amplifier .......... Section 1
LMC662 CMOS Dual Operational Amplifier ........... Section 1
LMCB835 Digital Controlled Graphic Equalizer ......... Section 1
LMC1982 Digitally-Controlled Stereo Tone and Volume

Circuit with Two Selectable Stereo Inputs .......... Section 1
LMC1983 Digitally-Controlled Stereo Tone and Volume

Circuit with Three Selectable Stereo Inputs . ........ Section 1
LMC1992 Digitally-Controlled Stereo Tone and Volume

Circuit with Four-Channel Input-Selector ........... Section 1
LMC6001 Ultra Ultra-Low Input Current Ampilifier . ... .. Section 1
LMC6008 8 Channel Buffer................... e Section 4
LMC6008 8 Channel Buffer......................... Section 2
LMC6022 Low Power CMOS Dual Operatlonal

Amplifier . ..ot e Section 1
LMC86024 Low Power CMOS Quad Operational :

CAmplifier ..o Section 1
LMC6032 CMOS Dual Operational Amplifier .......... Section 1
LMC6034 CMOS Quad Operational Amplifier ......... Section 1
LMC6041 CMOS Single Micropower Operational

Amplifier ... Section 1
LMC6042 CMOS Dual Micropower Operational .

AMPlIfier . ..o e Section 1
LMC6044 CMOS Quad Micropower Operational

Amplifier..... P Section 1
LMC6061 Precision CMOS Single Micropower

Operational Amplifier ........ e e Section 1
LMC6062 Precision CMOS Dual Micropower

Operational Amplifier ..........c...ioooieiiiit, Section 1
LMC6064 Precision CMOS Quad Mlcropower

Operational Amplifier ... Section 1
LMC6081 Precision CMOS Single Operational

Amplifier ... Section 1
LMC6082 Precision CMOS Dual Operational

Amplifier ..o Section 1
LMC6084 Precision CMOS Quad Operational

Amplifier ... .o e Section 1
LMC6462 Dual Micropower, Rail-to-Rail Input and

Output CMOS Operational Ampilifier . .............. Section 1
LMC6464 Quad Micropower, Rail-to-Rail Input and

Output CMOS Operational Amplifier ............... Section 1
LMC6482 CMOS Dual Rail-to-Rail Input and Output

Operational Amplifier ............ ...t Section 1
LMC6484 CMOS Quad Rail-to-Rail Input and Output

Operational Amplifier ........... .. ..ot Section 1
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Additional Available Linear Devices contineq
LMC6492 Dual CMOS Rail-to-Rail Input and Output

Operational Amplifier .............ccoiiiiiean. Section 1 Operational Amplifiers
LMC6494 Quad CMOS Rail-to-Rail Input and Output

Operational Amplifier .............. ..t Section 1 Operational Amplifiers
LMC6572 Dual Low Voltage (3V) Operational

Amplifier . ... Section 1 Operational Amplifiers
LMC6574 Quad Low Voltage (2.7V) Operational

Amplifier ... Section 1 Operational Amplifiers
LMC6582 Dual Low Voltage, Rail-to-Rail Input and

Output CMOS Operational Amplifier ............... Section 1 Operational Amplifiers
LMC6584 Quad Low Voltage, Rail-to-Rail Input and

Output CMOS Operational Amplifier ............... Section 1 Operational Amplifiers
LMC6681 Single Low Voltage, Rail-to-Rail Input and

Output CMOS Amplifier with Powerdown ........... Section 1 Operational Amplifiers
LMC6682 Dual Low Voltage, Rail-to-Rail Input and

Output CMOS Amplifier with Powerdown ........... Section 1 Operational Amplifiers
LMC6684 Quad Low Voltage, Rail-to-Rail Input and

Output CMOS Amplifier with Powerdown ........... Section 1 Operational Amplifiers
LMC6762 Dual Micropower, Rail-to-Rail Input and

Output CMOS Comparator .............cooveee... Section 3 Operational Amplifiers
LMC6764 Quad Micropower, Rail-to-Rail Input and

Output CMOS Comparator ...........c..oceveen... Section 3 Operational Amplifiers
LMC6772 Dual Micropower Rail-to-Rail Input and Open .

Drain Qutput CMOS Comparator .................. Section 3 Operational Amplifiers
LMC6774 Quad Micropower Rail-to-Rail Input and

Open Drain Output CMOS Comparator............. Section 3 Operational Amplifiers
LMC7101 Tiny Low Power Operational Amplifier with

Rail-to-Rail InputandOutput ..................... Section 1 Operational Amplifiers
LMC7111 Tiny CMOS Operational Amplifier with

Rail-to-Rail Input and Output ........... R Section 1 Operational Amplifiers
LMC7211 Tiny CMOS Comparator with Rail-to-Rail

INput ..o .Section 3 Operational Amplifiers
LMC7221 Tiny CMOS Comparator with Rail-to-Rail

Input and Open DrainOutput ..................... Section 3 Operational Amplifiers
LMD18400 Quad High Side Driver............. R Section3  Application Specific Analog Products
LMF40 High Performance 4th-Order Switched

Capacitor Butterworth Low-Pass Filter ............. Section 7 Data Acquisition
LMF60 High Performance 6th-Order Switched ‘

Capacitor Butterworth Low-Pass Filter ............. Section 7 Data Acquisition
LMF90 4th-Order Elliptic Notch Filter ................ Section 7 Data Acquisition
LMF100 High Performance Dual Switched Capacitor

Filter ..o Section7 Data Acquisition
LMF380 Triple One-Third Octave Switched Capacitor

ActiveFilter ............oo i il Section 7 Data Acquisition
LP311 Voltage Comparator..............cooeuun.... Section 3 Operational Amplifiers
LP339 Ultra-Low Power Quad Comparator ........... Section 3 Operational Amplifiers
LP395 Ultra Reliable Power Transistor ............... Section 5 Operational Amplifiers

LP2950/A-XX Series of Adjustable Micropower

VoltageRegulators....................oooiiat, Section3  Application Specific Analog Products

LP2951/A-XX Series of Adjustable Micropower

VoltageRegulators................cooiiiiiit, Section3  Application Specific Analog Products
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LPC660 Low Power CMOS Quad Operational

Amplifier ... ..o Section 1
LPC661 Low Power CMOS Operational Amplifier . . . . . .Section 1
LPC662 Low Power CMOS Dual Operational

Amplifier ... Section 1
MF4 4th Order Switched Capacitor Butterworth

LowpassFilter.............cooiiiiiiiiiii, Section 7

MF5 Universal Monolithic Switched Capacitor Filter. . . . Section 7
MF6 6th Order Switched Capacitor Butterworth

LowpassFilter.............oooiiiiiiiiiiiiit, Section 7
MF8 4th Order Switched Capacitor Bandpass Filter . . . . Section 7
MF10 Universal Monolithic Dual Switched Capacitor

Filter ..o e Section 7
MM5368 CMOS Oscillator Divider Circuit . ............ Section 4
MM5369 17 Stage Oscillator/Divider ................ Section 4
MM5450 LED.Display Driver ...........ccoovvvnenn, Section 4
MM5451 LED Display Driver ...............cooennn. Section 4
MM5452 Liquid Crystal Display Driver................ Section 4
MM5453 Liquid Crystal Display Driver................ Section 4
MM5480 LED Display Driver . .........ccovvvvvnnenn. Section 4
MM5481 LED Display Driver ............oovvvvvenet Section 4
MM5483 Liquid Crystal Display Driver................ Section 4
MM5484 16-Segment LED Display Driver ............ Section 4
MM5486 LED Display Driver ................. s Section 4
MM58241 High Voltage Display Driver ............... Section 4
MM58341 High Voltage Display Driver .. ....... e Section 4
MM&58342 High Voltage Display Driver ............... Section 4

OPO07 Low Offset, Low Drift Operational Amplifier .. ... Section 1
- Packing Considerations (Methods, Materials and

Recycling) .....covviniiiiiiiiiiiiiiiie Section 6
Packing Considerations (Methods, Materials and

Recycling) ...ooovvvnniiiniiiiiiiiiiiiiiie .Section 5
Packing Considerations (Methods, Materials and :

Recycling) .....ocvvviiiiiiii i Section 9

Recommended Soldering Profiles—Surface Mount . . . . Section 9
Recommended Soldering Profiles—Surface Mount . . . .Section 5
Recommended Soldering Profiles—Surface Mount . . . . Section 6
TLO81 Wide Bandwidth JFET Input Operational

Amplifier ... . Section 1
TLO82 Wide Bandwidth Dual JFET Input Operational
Amplifier ... Section 1
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Xxviii




NSC

NSC wA Signetics | Motorola Tl AMD | Sprague
PCC \ Q A FN FN L EP
LcC FK/
Leadless Ceramic E L1 G U FG/FH L EK
Chip Carrier

XXiX

apInK) adudId}aY-sS011) abeyord Alsnpuj






Section 1
Linear Voltage
Regulators




Section 1 Contents

Linear Voltage Regulators Definitionof Terms . ......... ..o i, 1-3
Linear Voltage Regulators SelectionGuide ............. ..ottt 1-4
LM105/LM205/LM305/LM305A/LM376 Voltage Regulators ...................coovvnnnn 1-8
LM109/LM309 5-Volt Regulators . .. ... ..cveii i et 1-14
LM117/LM317/LM317A 3-Terminal Adjustable Regulators ....................... oot 1-20
LM117HV/LM317HV 3-Terminal Adjustable Regulators .....................oooiiii, 1-32
LM120/LM320 Series 3-Terminal Negative Regulators ..................oooviiiiiinae, 1-42
LM123/LM323A/LM323 3-Amp, 5-Volt Positive Regulators ..................oviiiiint. 1-51
LM125/LM325 Dual Voltage Regulators . .........ooovviiiiiiiiiiiiieiiiii i, 1-57
LM133/LM333 3-Amp Adjustable Negative Regulators . ................. ...t 1-64
LM137/LM337 3-Terminal Adjustable Negative Regulators ........................ ... ... 1-71
LM137HV/LM337HV 3-Terminal Adjustable Negative Regulators (High Voltage)............ 1-77
LM138/LM338 5-Amp Adjustable Regulators .............. .ot 1-83
LM140A/LM140/LM340A/LM340/LM7800C Series 3-Terminal Positive Regulators ........ 1-95
LM140L/LM340L Series 3-Terminal Positive Regulators . .................cooiiiiia, 1-106
LM145/LM345 Negative 3-AmMp Regulators . . .......vuentvenreinerienrreenenenennss L. 1-110
LM150/LM350/LM350A 3-Amp Adjustable Regulators ..., 1-114
LM317L 3-Terminal Adjustable Regulator.................co i, 1-126
LM320L, LM79LXXAC Series 3-Terminal Negative Regulators...................... ..o 1-137
LM337L 3-Terminal Adjustable Regulator............ ..., 1-141
LM341/LM78MXX Series 3-Terminal Positive Regulators ................. .ot 1-143
LM723/LM723C Voltage Regulators . ..........cooiuuiiiii i 1-149
LM78LXX Series 3-Terminal Positive Regulators. ..., 1-158
LM78XX Series Voltage Regulators . .. ..ot 1-168
LM79MXX Series 3-Terminal Negative Regulators ............. ..., 1-171
LM79XX Series 3-Terminal Negative Regulators .. ............ ..., 1-178




&National Semiconductor ‘ \

Voltage Regulators
Definition of Terms

Current-Limit Sense Voltage: The volitage across the cur-
rent limit terminals required to cause the regulator to cur-
rent-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 reduc-
tions in input voltage.

Feedback Sense Voltage: The voltage, referred to ground,
on the feedback terminal of the regulator while it is operat-
ing in regulation. ‘ ,
Input Voltage Range: The range of dc input voltages over
which the regulator will operate within specifications.

Line Regulation: The change in output voltage for a
change in the input voltage. The measurement is made un-
der conditions of low dissipation or by using pulse tech-
niques such that the average chip temperature is not signifi-
cantly affected.

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

Long Term Stability: Output voltage stability under accel-
erated life-test conditions at 125°C with maximum rated volt-
ages and power dissipation for 1000 hours.

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

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

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

Output Voltage Range: The range of regulated output volt-
ages over which the specifications apply.

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

Quiescent Current: That part of input current to the regula-
tor 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 cur-
rent. (See Qulescent Current)’

Temperature Stabillly 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.

‘Suua] jo uonjuyag—siolejnbay abejjoA




&National Semiconductor

Linear Voltage Regulators Selection Guide

Adjustable Positive Voltage Regulators

Linear Voltage Regulators Selection Guide

dutpui : Output Input ~ Operating Package Pége
Current . Device Voltage . Voltage Temperature Availability** No.
(A) (V) (v)* (Tj°C) .
5.0 1 LM138 1.2t032 . Diff. < 40 —55to0 +150 K2 - 1-83
| imass 121032 Diff. < 40 Oto +125 K2, T3 1-83
.30 - LM150 1.2t032 Diff. < 35 —55t0 +150 K2 “1-114
LM350 ' 1.2t032 Diff. < 35 Oto +125 K2, T3 1-114
LM350A | 1.2t032 Diff. < 35 —40to +125 T3 1-114
1.5 LM117 121037 - Diff. < 40 —55t0 +150 K2 1-20
" LM117A " 1210837 Diff. < 40 —551t0 +150 K2t 1-20
LM117HV . 1.2to57 Diff. < 60 —55t0 +150 K2*** 1-32 -
LM317 ' 121037 Diff. < 40 Oto +125 K2',‘ S3,T3 | 1-20
‘LM317A 1.2t0 37 . Diff. < 40 —40to +125 T3 1-20
LM317HV 1.2t057 - Diff. < 60 Oto +125 K2, T3 1-32
0.5 LM117 1.2t037 Diff. < 40 ‘—55 to +150 H3, E20*** 1-20
LM117A 1.2t0 37 Diff. < 40 -—55t0 +150 H3*** - 1-20
LM117HV 1.2t0 57 Diff. < 60 —55t0 +150 H3 1-32
LM317 | 1.2t0 37 " Diff. < 40 Oto +125. H3 1-20
LM317A 1.2t037 Diff. < 40 —40to +125 H3 1-20
LM317HV 1.2to 57 Diff. < 60 Oto +125 H3 1-32
0.1 LM317L 1.2t037 Diff. < 40 —~40to +125 M8, Z3 1-20

*In cases where the regulator is “floating” the maximum input-to-output voltage differential is listed.
**Under Package Availability the letter identifies the type of package available and the number indicates the number of leads of the package.

For example: T5 = 5-Lead TO-220, and M8 = 8-Lead Surface Mount.
E: Leadless Ceramic Chip Carrier

H: Metal Can (TO-39, TO-99)

K: Metal Can (TO-3)

M: Small Outline Molded Package (Surface Mount)

S: TO-263 (Power Surface Mount)

T: TO-220

Z: T0-92

***Available in indi d pack only as a military specified device.
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Adjustable Negative Voltage Regulators §
)
tput

Cutent | Devcs | Votage | Voage | Tompertws | ,Ficlese | Fee |5
(A W (N (Ti°c) 2
3.0 LM133 —-1.2to —32 Diff. < 35 ~55t0 +150 K2 1-64 ;
LM333 —1.2t0 —32 Diff. < 35 —40to +125 K2, T3 1-64 8
15 LM137 ~-1.2to0 —37 Diff. < 40 —55to +150 K2*** 1-71 %
LM137A —-1.2t0 —37 Diff. < 40 —55t0 +150 K2*** 1-77 §
LM137HV —1.2to0 —47 Diff. < 50 —55t0 +150 K2*** 1-71 3
LM337 —1.2t0 —37 Diff. < 40 Oto +125 K2, T3 1-71 %
LM337HV —1.2t0 —47 Diff. < 50 Oto +125 K2 1-77 g"
0.5 LM137 -1.2to0 -37 Diff. < 40 —55t0 +150 H3 . 1-71 =
LM137A . =1.2t0 —37; Diff. < 40 —55t0 +150 H3*** 1-71 2
LM137HV ~1.210 —47 Diff. < 50 —55t0 +150 H3*** 1-77 %

LM337 —-1.2t0 —37 Diff. < 40 Oto +125 H3 1-71

LM337HV —1.2t0 —47 Diff. < 50 Oto +125 . H3 1-77

0.1 LM337L —1.2to —37- Diff. < 40 —25to +125 M8, Z3 1-71

*In cases where the regulator is “floating" the maximum input-to-output voltage differential is listed. *

**Under Package Availability the letter identifies the type of package available and the number indicates the number of leads of the package.

For.example: T5 = 5-Lead TO-220, and M8 = 8-Lead Surface Mount.
H: Metal Can (TO-39, TO-99) .
K: Metal Can (TO-3)
M: Smail Outline Molded Package (Surface Mount)
T: TO-220
Z: TO-92 .

***Available in indicated package only as a military specified device.

Building Block Adjustable Positive and Negative Voltage Regulators

gt:tr':::t Device ' \?c::::: V:)nlf:gte Tgr:::talzxgre Packagq . Page
(mA) v v , {Ti°C) Avajlability No.
150 LM723 2t0 37’ " 9.5t040 . —b55to +150 H10, J14**, E20** 1-149
LM723C 2t037 9.5t0 40 Oto +150 - © - H10,N14 1-149

45 LM105 4.5t040 8.5t0 50 —55t0 +150 H8 18
LM305 4.510 40 8.51t0 50 Oto +85 H8 - 18

LM305A 4.510 40 8.510 50 Oto +150 H8 1-8

*Under Package Availability the letter identifies the type of package available and the number indicates the number of leads of the package.
For example: T5 = 5-Lead TO-220, and M8 = 8-Lead Surface Mount.

E: Leadless Ceramic Chip Carrier

H: Metal Can (TO-99, TO-100)

J: Ceramic Dual-In-Line Package

N: Molded Dual-In-Line Package

**Available in indicated package only as a military specified device.
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Linear Voltage Regulators Selection Guide

Fixed Positive Voltage Regulators

current | evice voage Worage | Temperatuye | Peckese | Page
) v ) {T°C) Availability No.
3.0 LM123 . 5 20 —5510 +150 K2. 1-51
LM323 5 20 Oto +125 K2 1-51

LM323A 5 20 —401to +125 K2 1-51

1.0 LM140 5,12,15 - —551t0 +150 K2, 1-95
LM140A 5,12,15 .35 —55t0 +150 K2** 1-95

LM340 © 5,12 35 Oto +150 ° K2, $3,T3 1-95

15 : 35 Oto +150 K2, T3 1-95

LM340A 5 35 0to +150 K2, T3 1-95

12,15 35 Oto +150 T3 1-95

LM78XX 5,12,15 35 —55t0 +150 K2 1-168

LM78XXC 5,6,8,12,15,18,24 35 Oto +150 T3 1-168

LM109 5 35 —55t0 +150 | . K2 1-14

LM309 5 ' 35 Oto +125 K2 1-14

0.5 LM140 5,6,8,12,15,24 35 —55t0 +150 H3** . 1-95
LM140A - 15 © 35 . —55t0 +150 |  H3** 1-95

LM341 5,12,15 35 —40to +125 T3 1-143
LM78MXXC 5,12,15 35 —4010 +125 H3 1-143

0.2 LM109 5 35 —55t0 +150 H3 1-14
LM309 5 3 Oto +125 H3 1-14

0.1 LM140LA © 512,15 . 35 —~55t0 +150 - H3 1-106
LM340LA 512,15 ‘ 35 Oto +150 H3,Z3’ "1-106
LM78LXXAC 5,12,15 B Oto +125 H3, M8 1-158
LM78LXXAC .| 5,6.2,8.2,9,12,15 35 Oto +125 . z3 1-158

*Under Package Availability the letter identifies the type of package available and the number indicates the number of leads of the package.
For example: T5 = 5-Lead TO-220, and M8 = 8-Lead Surface Mount.
H: Metal Can (TO-39) .
K: Metal Can (TO-3) '
M: Small Outline Molded Package (Surface Mount) . .
$: TO-263 (Power Surface Mount) :
T: TO-220
Z: TO-92

**Available in indicated package only as a military specified device.

1-6




-
Fixed Negative Voltage Regulators §
o
(?:rtrpetr':t Device \?:I:’angt M\;Z.Itl::: t Tgn’::z::‘ze Package . Page E
@A) W v T°C) Availability No. g
3.0 LM145 —5,-52 —-20 —55to +150 K2** 1-110 ;
LM345 -5 —-20 Oto +125 K2 : 1-110 ‘g
1.5 LM120 -5 —-25 —55to0 +150 K2** 1-42 g—
—-12, -15 —35 —55to0 +150 K2** 1-42 §
LM320 -5 —-25 Oto +125 K2, T3 1-42 3
—-12, —-15 —35 Oto +125 K2, T3 1-42 %
LM79XXC -5 —35 Oto +125 T3 1-178 %
—-12, —15 —40 Oto +125 T3 1-178 ;
0.5 LM120 -5 —-25 —55to +150 H3 1-42 =3
LM320 -5 —25 Oto +125 H3 1-42 %
LM79MXXC -5 —25 Oto +125 T3 ' 1-171
-12, —-15 —35 Oto +125 ™ - 1-171
0.2 LM120 -12, —15 —35 —55t0 +150 H3 1-42
LM320 —-12, —15 —35 Oto +125 H3 1-42
0.1 LM320L -5,—12, —15 —35 Oto +125 Z3 1-137
LM79LXXAC -5,—12, —15 —-35 Oto +125 Ms, Z3 1-158
Shunt Voltage Regulators
Gt | Devie | Vomage | Vohage | Temperatye | Fockase | Paue
@A) v v j°c) Availability* No.
0.15 LM431Al 2.5t0 36 37 —40to +150 Z3 3-188
LM431AC 2.5t036 37 Oto +150 M8, Z3 3-188

*Under Package Availability the letter identifies the type of package available and the number indicates the number of leads of the package.
For example: T5 = 5-Lead TO-220, and M8 = 8-Lead Surface Mount.
H: Metal Can (TO-39)
K: Metal Can (TO-3)
M: Small Outline Molded Package (Surface Mount)
T: TO-220 . '
Z: TO-92 '
**Available in indicated package only as a military specified device.
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LM105/LM205/LM305/LM305A/LM376

&Nationa'l Semiconduc

tor

LM105/LM205/LM305/LM305A,

LM376 Voltage Regulators

General Descrlpt|on

The LM105 series are positive voltage regulators snmllar 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, permitting 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 character-

istics of the circuits are:

| Output voltage adjustable from 4.5V to 40V .

m Output currents in excess of 10A possrble by adding
external transistors

B Load regulation better than 0. 1%, full load with current
I|m|t|ng

m DC line regulation guaranteed at 0.03%/V

m Ripple rejection on 0.01%V

m 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 sili-
con chip and are supplied in a TO-99 metal can.

The LM105 is specified for operation for —55°C < Tp <
+125°C, and the LM305/LM305A is specmed for 0°C < Ta
< +70°C

Schematic and Connection Diagrams

3
UNREGULATED INPUT

Metal Can Packége

L REGULATED OUTPUT
i CURRENT  COMPENSATION
‘ 212 BOOSTER OUTPUT umr (V) (1) SHUTDOWN
: BOOSTER
013 outeut (2) (6) FeEDBACK
an ;
UNREGULATED REFERENCE
et © BYPASS
CURRENT LIMIT GROUND
‘ »—ﬁm ‘ ’:.sazx : TL/H/7755-3
1 Yas 16 . ‘Top View
™ " FEGUATROUTT Order Number LM105H, LM105H/883,
s SMD #5962-8958801, LM305H or LM305AH
o COMPENSATION See NS Package Number H08C
a8 SHUTDOWN
D1 * <
x3
X 4
68K
Yo o - FEEDBACK
TP 4 = 1 ,.r
w$ "1 g‘vF 6
REFERENCE BYPASS
018 < 44
F‘—l o $2x .
< GROUND

TL/H/7755-1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications. .

(Note 5)

Input Voltage

Input-Output Differential
Power Dissipation (Note 1)

Operating Temperature Range
Storage Temperature Range

LM105
50V
40V

800 mW

—55°Cto +125°C
—65°Cto +150°C

—65°C to +150°C

LM305
40V -

40V

800 mW
—0°Cto +70°C

LM305A

800 mW

50V
40V

0°Cto +70°C
—65°Cto +150°C

Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C
Electrical Characteristics (ote 2)
Parameter Conditions LM105 LM305 LM305A ‘Units
Min | Typ | Max | Min [ Typ | Max [ Min | Typ | Max
Input Voltage Range 8.5 50 | 8.5 40 | 85 50 -V
Output Voltage Range 4.5 40 | 45 30 | 45 40 \"
'[';i‘f’f‘:r';‘:::l“t Voltage 3.0 30 | 3.0 30 | 3.0 30 | v
Load Regulation Rsc.= 109, Tp = 25°C 0.02 | 0.05 0.02 | 0.05 %
(Note 3) Rsc = 1002, Ta = TAMAX) 0.03 | 0.1 003 | 0.1 %
Rsc = 10Q, Tao = TaMmIN) 0.03 | 0.1 0.03 | 0.1 %
0<lp<12mA 0<lo<12mA '
Rsc = 00, Ta = 25°C 002 | 02| %
Rsc = 0, Ta = 70°C 003 | 04| %
Rsc = 0Q, Ta = 0°C 003 | 04 | %
‘ . 0<lp<45mA
Line Regulation Ta = 25°C %/V
0°C < Tp < +70°C %/V
VIN — Vour < 5V, Ta = 25°C 0.025 | 0.06 0.025 | 0.06 0.025 | 0.06 | %/V
VIN — VouT = 5V, Ta = 25°C 0.015 | 0.03 0.015 | 0.03 0.015 | 0.03 | %/V
Temperature Stability | Taminy < TA < TAMAX) 0.3 1.0 0.3 1.0 0.3 1.0 %

9ZEWT/VSOEWNT/SOENT/S0CINT/SOLINT




Electrlcal Characteristics (Note 2) (Continued)

LM105/LM205/LM305/LM305A/LM376

Parameter » Conditions ’ LM105 LM30§ LM30SA Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max )
' Feedback Sense Voltage ‘ 163 | 1.7 |181|163] 1.7.|181|155| 17 | 1.85 v
 Output Noise Voltage | 10 Hz < f < 10 kHz
CRer =0 0.005 0.005 10.005 %
, Cer = 0.1 uF 10.002 0.002 oooz| | %
Standby Current Drain | Vi = 30V, Tp = 25°C ] mA
Vin = 40V ’ 08 | 20 v mA
ViN = 50V . 08 | 20 " 08 | 20| mA
g:::::/lj::;e '\r/g o f’g;jﬁgt: 41)09' 225 | 300 | 375 | 225 | 300 | 375 | 225 | 300 | 375 | mv
Long Term Stability ‘ 0.1 0.1 1 04 B A
Ripple Rejection | CRer = 10 uF, f = 120Hz 0.003 0.003 0.003| . | %/V
27 :TO-?Q B.oard Mount 230 230 : 230 ‘ °C/W
in Still Air .
M Lootemarron || | | 2 | |om
0,c - | TO-99 | 25 ] o5 | 25 °C/W
Note 1: The max j of the LM105 and LM305A is 150°C, and the LM305 is 85°C. For operation at el i temp , devices in the
HO8C package must be derated based ona themlal resistance of 168°C/W junction to ambient, or 25°C/W junction to case. Peak ions to 1W are

providing the dissipation rating is not exceeded with the power average over a five second interval for the LM105 and averaged uver a two second interval for the
., LM305

Note 2 Unless otherwise specmed these spadﬁcauons apply for pe within the operating t ture range, for input and output voltages within the
range given, and for a divider impedance seen by the feedback terminal of 2 kQ2. Load and line regulation specifications are for a junction temp
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 roughly
equal to the composite current gain of the added transistors.

Note 4: With no external pass transistor.
Note 5: Refer to RETS105X Drawing for military specifications for the LM105.
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LM105/LM205/LM305/LM305A/LM376

Typical Applications

10A Regulator with Foldback Current Limiting

TSolid tantalum.
*Electrolytic

Vv . .
TL/H/7755-4

TProtects against shorted input or inductive leads on
R2 unregulated supply. . . "

1% *Protects against input voltage reversal.

}Protects against output voltage reversal.

38V ) B

TL/H/7755-5
Linear Regulator with Foldback Current Limiting Current Regulator
' " R4 : — q Vin
o Vour =15V
z&b" mA J (1]
]_ 2N2219
+ o R
52”‘ ‘: 680 7
I Yy @
al = N, 2N3055
2N3740 3 :-3
K
b R1
Viy > 18V 18
b = s
2 i) i =1a

TL/H/7755-8 '
. TL/H/7755-9




Typical Applications (continued)

Shunt Regulator
o1
IN3821
3V
; i I
1K
1%
Viy < —15V
R4 > RZ
25 < 244K
w %
Vour = 10V .
200 .
TL/H/7756-10
Switching Regulator Basic Positive Regulator with Current Limiting.
R4 . '
™ Rsg
T Vour =&V . [l [] Vour ~172 RLERZ
01 [ our =1 T
uTX210 4= ::; u v T Sh
] I BV tmaos | St 125
a 01 1 3 6 Isc~ =— mA
N4032 HF= Rsc
Rz tSolid tantaium. 4 § a2
32K 4125 tums =22 on Arnold '
= Engineering A262123-2 P
Vin > 8.5V = 3 molybdenum permally = . .
COT®.  TL/H/7755-11 TL/H/T755-12

1.0A Regulator with Protective Diodes

02t
UTR3305

Vour =28V

mi
UTR330

‘TProtects against shorted
input or inductive loads on
unregulated supply.

*Protects against input
voltage reversal.

FProtects against output
voltage reversal.

TL/H/7755-13
Linear Regulator with Foldback Current Limiting

N
N Vour = 15V
200mA
RS
a '
167K 1]
1 ] & b 1 uF
apF
o l
M348 2 !
LM305 =
3 5

R $m o
< .27K
S 510 22

TL/H/7755-14
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LM109/LM309

NNational Semiconductor

LM109/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 distribution problems
association 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 200 mA, 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.

Considerable effort was expended to make these devices
easy to use and to minimize the number of external compo-
nents. It is not necessary to bypass the output, although this
does improve transient response somewhat. Input bypass-
ing 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. It is also possible to use the circuits as the con-
trol element in precision regulators, taking advantage of the
good current-handling capability and the thermal overload
protection.

Features

B Specified to be compatible, worst case, with TTL and
DTL

m Output current in excess of 1A

m Internal thermal overload protection

m No external components required

Schematic Diagram

INPUT

r 41

Q19

R14
03

OUTPUT

a1 |

R4
12K

a0

04
'Wssv

GROUND
TL/H/7138-1




Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

Operating Junction Temperature Range

please contact the National Semiconductor Sales LM109 —55°Cto +150°C
Office/Distributors for availability and specifications. LM309 0°Cto +125°C
(Note 3) Storage Temperature Range —65°C to +150°C
Input Vo!tage ?5\/ Lead Temperature (Soldering, 10 sec.) 300°C
Power Dissipation Internally Limited
Electrical Characteristics (Note 1)
Parameter Conditions LM109 LM309 Units
Min Typ Max Min Typ Max
Output Voltage Tj=25°C 4.7 5.05 53 4.8 5.05 5.2 \"
Line Regulation Tj=25°C 4.0 50 4.0 50 mV
) 7.10V < V|y < 25V
Load Regulation Tj= 25°C
TO-39 Package 5mA < oyt < 0.5A 15 50 15 50 mV
TO-3 Package 5mA < gyt < 1.5A 15 100 15 - 100 mV
Output Voltage 7.40V < V|y < 25V, 4.6 5.4 4.75 5.25 v
5mA < loyt < Imax:
P < Pmax
Quiescent Current 7.40V < V|y < 25V 5.2 10 5.2 10 mA
Quiescent Current Change 7.40V < V|y < 25V 0.5 0.5 mA
5mA < loyt < IMAX 0.8 0.8 mA
Output Noise Voltage Ta = 25°C 40 40 nv
10 Hz < f < 100 kHz
Long Term Stability - 10 20 mV
Ripple Rejection Tj=25°C 50 50 dB
Thermal Resistance, (Note 2)
Junction to Case
TO-39 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 and 0°C < Tj < +125°C for the LM309; V|y = 10V; and
louT = 0.1A for the TO-39 package or loyt = 0.5A for the TO-3 package. For the TO-39 package, Imax = 0.2A and Pyax = 2.0W. For the TO-3 packags, Imax

= 1.0A and Pyax = 20W.

Note 2: Without a heat sink, the thermal resistance 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. .

Note 3: Refer to RETS109H drawing for LM109H or RETS109K drawing for LM109K military specifications.

Connection Diagrams

60ENT/60LNT

Metal Can Packages

DWWW (CASE)
INPUT —/
TL/H/7138-3

Order Number LM109K STEEL or LM309K STEEL
See NS Package Number K02A
Order Number LM109K/883
See NS Package Number K02C

ouTPUT

2
o/<- GND
INPUT . 3 (CASE)

Order Number LM109H, LM109H/883 or LM309H
See NS Package Number HO3A




LM109/LM309

Application Hints

b.

Bypass the input of the LM109 to ground with > 0.2 uF
ceramic or solid tantalum capacitor if main filter capacitor

.is more than 4 inches away.

Avoid insertion of regulator into “live” sockel Jf 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 output capacitor is

charged up, then discharged through the internal clamp

zener when the ground pin makes contact.

. 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 = 4Q. Continuous RMS
current into the zener should not exceed 0.5A.

. Paralleling of LM109s for higher output current is not
recommended. Current sharing will be almost nonexis-.

. tent, leading to a current limit mode operation for devices

with the. highest initial output voltage. The current limit

devices may also heat up to the thermal shutdown point

= 175°C). Long term reliability cannot be guaranteed
under these conditions.

Crowbar Overvoltage Protection

Input Crowbar -

*Zener s internal to LM109. "
**Q1 must be able to withstand 7A continuous current if fusnng is not used atregulator input. LM109 bond wires will luse at currenls above 7A.

1Q2is selected for surge capability. Consideration must be given to filter

TL/H/7138-8 °

itor size,

e. Preventing Iatchoﬁ for loads connected to nega‘nve
" voltage:

If the output of the LM109 is pulled negative by a high cur-
rent 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 is also needed to keep the
positive output from being pulled too far negative. The 100
resistor will raise +Voyt by = 0.05V.

VN +out

-Vout

TL/H/7138-7

Output Crowbar

TL/H/7138-9

1ce, and fuse blowing time.

11Trip pointis = 7.5V.




Typical Performance Characteristics

Maximum Average Maximum Average
Power Dissipation (LM109K) Power Dissipation (LM309K)
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Note 1: Current limiting foldback characteristics
are determined by input output differen-
tial, not by output voltage.

RIPPLE REJECTION (dB) OUTPUT IMPEDANCE (52)

RIPPLE REJECTION (dB)

| Output Impedance

E T— T T I 1

I 1 1 i1 I 1
w3— = 1 —
1 100 1k 10k 100k 1M
FREQUENCY (Hz)
TL/H/7138-10
Ripple Rejection
120
Vin=10v
100 AVIN = 3Vp-p—
. Tj=25°C
80 .71 N L= 5mA -

60
I ”—‘\

40 \

10 100 k& 10k
FREQUENCY (Hz)

100k 1M
TL/H/7138-11

" Ripple Rejection

\
/

-
S

ViN=10V
Tj=26°C
f= 170’1!

&0
0 05 1.0 15
OUTPUT CURRENT (A)

TL/H/7138-12
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LM109/LM309

Typical Performance Characteristics (continued)
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Typical Applications

Fixed 5V Regulator
INPUT 1 o B2 i 23nu1
3
*
10 ﬁ; c2> 1.0uF!
soLID SOLID
TANTALUM TANTALUM

TL/H/7138-2
*Required if regulator is located more than 4" from power supply filter ca-
pacitor.
TAlthough no output capacitor is needed for stability, it does improve tran-
sient response. )
C2 should be used whenever Iong wires are used to connect to the load, or
when transient response is critical.
Note: Pin 3 electrically connected to case.

INPUT

1
0.22 pF

High Stability Regulator*

Adjustable Output Regulator

1 2

LM109

o
22 uF
INPUT
1 -
LM109 T_
R2
6K
.005% '
B & Rat
’ .
< 510,
< 02%
ar [ — —c30
2N4343 T
3
R3 ¢
10k €
005% w
*Regulation better than 0.01%, load, line and p , can be obtained.
‘tDetermines zener current. May be adjusted to minimize thermal drift.
$Solid tantalum.
Current Regulator
2
INPUT | wmos |
3l
R1*

022u6 I

*Determines output current. If wirewound resistoris used, bypass with 0.1 pF.

ouTPUT

OUTPUT
Rl ’

TL/H/7138-4

ouTPUT
1oV -
<A

TL/H/7138-5

' TL/H/7138-6

30 5V=Vgyr <25V
X 8V=vour '
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LM117/LM317A/LM317

&National Semiconductor

LM117/LM317A/LM317

3-Terminal Adjustable Regulator

General Descrlptlon

The LM117 series of adjustable 3-terminal positive voltage
regulators is 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 regulators. 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 protection. All overload protection
circuitry remains fully functional even if the adjustment ter-
minal is disconnected.

Normally, no capacitors are needed unless the device is
situated more than 6 inches 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 rejection ratios which are difficult to achleve with stan-
dard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful in a

| wide variety of other applications. Since the regulator is

“floating” and sees only the input-to-output differential volt-
age, supplies of several hundred volts can be regulated as
long as the maximum input to output differential is not ex-
ceeded, i.e., avoid short-circuiting the output. -

Also, it makes an especially simple adjustable switching reg-
ulator, a programmable output regulator, or by connecting a
fixed resistor between the adjustment pin and output, the
LM117 can be used as a precision current regulator. Sup-
plies with electronic shutdown can be achieved by clamping

the adjustme'nt‘ terminal to ground which programs the out-
put to 1.2V where most loads draw little current.

For applications requiring greater output current, see LM150
series (3A) and LM138 series (5A) data sheets. For the neg-
ative complement, see LM137 series data sheet.

LM117 Series Packages and Power Capability

Rated Design
Par;rul:?;ber Package Power Load
Dissipation | Current
K TO-3 20W 1.5A
H TO-39 2W 0.5A
T TO-220 20W 1.5A
E LCC 2W 0.5A
S TO-263 . 4W 1.5A
Features
m Guaranteed 1% output voltage tolerance
(LM317A)
m Guaranteed max. 0.01%/V Ime regulation
(LM317A)
® Guaranteed max. 0.3% load regulation
(LM117)

® Guaranteed 1.5A output current

] Adjustéble output down to 1.2V

W Current limit constant with temperature
m P+ Product Enhancement tested

m 80 dB ripple rejection

® ' Output is short-circuit protected

Typical Applications ‘

1.2V-25V Adjustable Regulator

LM117
VN 228V IVin ~ Vout vour'™
IN 2 ADS out
R1
240
c1* : c2t
0.1uF 1uF
R2
5k
= TL/H/9063-1

Full output current not available at high input-output voltages .
*Needed if device is more than 6 inches from filter capacitors.
‘TOptional—improves p Output capacitors in the range of
1 pF to 1000 uF of alumil or | I lytic are ly used
to provide improved output impedance and rejection of transients.

T1tVour = 1.25V (1 + ?) + 1apJ(R2)

Digitally Selected Outputs

LMI117
v Vin  Voutl Vour
IN INA J ouT ov
R1
240
<
> R2*
;’ R2
—

[« _—) —
-

INPUTS

TL/H/9063-2
*Sets maximum Voyrt
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

(Note 2)
Power Dissipation

Input-Output Voltage Differential

Storage Temperature
Lead Temperature

Metal Package (Soldering, 10 seconds)
Plastic Package (Soldering, 4 seconds)

ESD Tolerance (Note 5)

Internally Limited
+40V, —0.3V
—65°C.to +150°C

300°C
260°C
3kV

Electrical Characteristics
Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tempera-
ture Range. Unless otherwise specified, Viy — Voutr = 5V, and loyt = 10 mA. (Note 3)

Operating Temperature Range

LM117 —55°C < Ty < +150°C
LM317A —40°C < Ty < +125°C
LM317 0°C < Ty < +125°C
Preconditioning

Thermal Limit Burn-In All Devices 100%

' Parameter Conditions LM117 (Note 2) Units
Min Typ Max
Reference Voltage Vv
3V < (Vin — Vour) < 40V,
10MA < louT < Imaxe P < Prax 1.20 1.25 1.30 \"
Line Regulation 3V < (VIN — Vour) < 40V (Note 4) 0.01 0.02 %/V
0.02 0.05 % /N
Load Regulation 10 mA < gyt < Imax (Note 4) - 0.1 0.3 %
) 0.3 1 %
Thermal Regulation 20 ms Pulse 0.03 0.07 % /W
Adjustment Pin Current 50 .100 pA
Adjustment Pin Current Change 10 mA < oyt < IMax 0.2 5 A
3V < (Vin — Vour) < 40V - w
Temperature Stability TmiN < Ty < TMAX 1 %
Minimum Load Current (Vin — Vour) = 40V 3.5 5 mA
Current Limit (Vin — VouT) < 18V )
K Package 1.5 2.2 3.4 A
H, K Packages 0.5 0.8 1.8 A
(Vin — Vour) = 40V
K Package 0.3 0.4 A
H, K Packages 0.15 0.2 . A
RMS Output Noise, % of Voyt 10Hz < f < 10 kHz 0.003 %
Ripple Rejection Ratio Vourt = 10V, f = 120 Hz, 65 dB
: Capy = 0 pF
Vout = 10V, f = 120 Hz,
Capy = 10 pF 66 80 v dB
Long-Term Stability Ty = 125°C, 1000 hrs 0.3 1 %
Thermal Resistance, K Package 2.3 3 °C/W
Junction-to-Case H Package 12 15 °C/W
E Package °C/W
Thermal Resistance, Junction- K Package 35 °C/W
to-Ambient (No Heat Sink) ~ HPackage 140 °C/W
E Package °C/W

1-21
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LM117/LM317A/LM317

Electrical Characteristics (continued) : - ‘
Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operatmg Tempera-
ture Range. Unless otherwise specified, Viy — Voutr = 5V, and loyt = 10 mA. (Note 3)

Parameter Conditions LM317A LM317 Units
Min Typ Max Min | Typ | Max
Reference Voltage 1.238 1.250 1.262 \
3V < (VIN = Vour) < 40V, ‘ o
10mA < lout < Imaxs P < Puax 1.225 | 1.250 | 1.270 | 1.20 | 1.25 | 1.30 ’ \
Line Regulation 3V < (Vin — Vour) < 40V (Note 4) 0.005 | 0.01 .0.01 | 0.04 | %/V
0.01 | 0.02 0.02 | 0.07 | %/V
Load Regulation 10 mA < lout < Imax (Note 4) 0.1 0.5 0.1 0.5 %
) 0.3 1 . 0.3 | 1.5 %
Thermal Regulation 20 ms Pulse 0.04 0.07 . 0'.04 0.07 | %/W
Adjustment Pin Current 50 100 50 | 100 | pA
Adjustment Pin Current Change | 10 mA < loyT < IMAX ‘
3V < (Vin — Vout) < 40V i 02| 8 | A
Temperature Stability TMIN < Ty < Tmax | 1 %
Minimum Load Current (ViN — Vour) = 40V 3.5 10 3.5 10 mA
Current Limit (Vin.— Vour) < 15V
K, T Packages 1.5 2.2 3.4 15 | 2.2 3.4 A
H, P Packages 0.5 0.8 1.8 0.5 | 0.8 1.8 A
(Vin — Vour) = 40V
K, T Packages 0.15 0.4 0.15 04 A
H, P Packages 0.075 |- 0.2 0.075( 0.2 A
RMS Output Noise, % of Voyt | 10Hz < f < 10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vout = 10V, f = 120 Hz, 65 65 dB
Capy = 0 pF
Vout = 10V, f = 120 Hz, : y ‘ ‘
Capy = 10 uF 6§ 80 66 80 fiB
Long-Term Stability Ty = 125°C, 1000 hrs 0.3 1 0.3 %
Thermal Resistance, Junction- ‘ K Package 2.3 3 °C/W .
to-Case H Package 12 15 12 156 | °C/W
T Package 4 5 4 °C/W |
P Package ' °C/W
Thermal Resistance, Junction- | K Package 35 35 °C/W
to-Ambient (No Heat Sink) H Package 140 140 °C/W
T Package ‘50 50 °C/W
P Package (Note 6) B 50 °C/W

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is

intended to be functional, but do not g

specific perfc

The guaranteed specnflcatlons apply only for the test conditions listed.

limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: Refer to RETS117H drawing for the LM117H, or the RETS117K for the LM117K military speciﬁcatibns. )
Note 3: Although power dissipation is internally limited, these specifications are applicable for i power dissipations of 2W for the TO-39 and 20W for the
TO-3 and TO-220. Imax is 1.5A for the TO-3 and TO-220 packages and 0.5A for the TO-39 package. All limits (i.e., the numbers in the Min. and Max. columns) are
guaranteed to National’'s AOQL (Average Outgoing Quality Level).

Note 4: Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are
covered under the specifications for thermal regulation.

Note 5: Human body model, 100 pF discharged through a 1.5 kR resistor.

Note 6: If the TO-263 package is used, the thermal resistance can be reduced by increasing the PG board copper area thermally connected to the package: Using
0.5 square inches of copper area. 6,4 is 50°C/W; with 1 square inch of copper area, 6,5 is 37’C/W and with 1.6 or more square inches of copper area, 6,4 is
32°C/W.
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Typical Performance Characteristics
Output Capacitor = 0 uF unless otherwise noted
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LM117/LM317A/LM317

Application Hints

In operation, the LM117 develops a nominal 1.25V refer-
ence voltage, VRer, between the output and adjustment ter-

minal. The reference voltage is impressed across program .

resistor R1 and, since the voltage is constant, a constant

current |4 then flows through the output set resistor R2, glv-

ing an output voltage of
Fl2
Vout = Vrer {1 + 27 ) + lansR2

LM117

Vour
ADJ

— VN

ut

TL/H/9063-5

FIGURE 1

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

External Capacitors

An input bypass capacitor is recommended. A 0.1 uF disc
or 1 pF solid tantalum on the input is suitable input bypass-
ing for almost all ‘applications. The device is more sensitive

to the absence of input bypassing when adjustment or out- *

put 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 10 uF bypass capacitor 80 dB ripple re-
jection .is obtainable at any output level. Increases over
10 nF 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 pre-
vent the capacitor from discharging through internal low cur-
rent paths and damagmg ‘the device.

In general, the best type of capacitors to use is sohd tanta-
lum. Solid tantalum capacitors have low impedance even at

tween 500 pF and 5000 pF. A 1 pF solid tantalum (or 25 uF

aluminum electrolytic) on the output swamps this effect and

. insures stability. Any increase of the load capacitance larger

than 10 pF will merely improve the loop stability and output

\impedance.

) Load Regulation

The;LM1 17 is capable of providing extremely good load reg-
ulation but a few precautions are needed to obtain maxi-

-mum performance. The current set resistor connected be-
‘tween the adjustment terminal and the output terminal (usu-
‘ally 2400) should be tied directly to the output (case) of the

regulator rather than near the load. This eliminates line

drops from appearing effectively in series with the reference

and degrading regulation. For example, a 15V regulator with
0.059 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 connected near the load the effective line
resistance will be 0.05Q (1 + R2/R1) or in this case, 11.5

. times worse.

high frequencies. Depending upon capagcitor construction, it ~
takes about 25 uF in aluminum electrolytic to equal 1 pF. -

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, 0.01 uF disc may seem to work better than

a 0.1 pF disc as a bypass.

Aithough the LM117 is stable with no output capacvtors like
any feedback circuit, certain values of external capacitance
can cause excessive ringing. This occurs with values be-

Figure 2 shows the effect of resistance between the regula-
tor and 2409 set resistor.

LM117 o

Vin=VIN VouT=AAA,
ADJ

Vour

S R1
>
S 20

R2

-
TL/H/9063-6

FIGURE 2. Regulator with Line Resistance
in Output Lead

With the TO-3 package, it is easy to minimize the resistance

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 10 uF capacitors have low enough
internal series resistance to deliver 20A spikes when short-
ed. 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 current depends
on the value of the capacitor, the output voltage of the regu-
lator, and the rate of decrease of V|n. 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 25 pF
or less, there is no need to use diodes.
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Application Hints (continued)

The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge accurs
when either the input or output is shorted. Internal to the
LM117 is a 500 resistor which limits the peak discharge

(1]
1N4002

current. No protection is needed for output voltages of 25V
or less and 10 uF capacitance. Figure 3 shows an LM117
with protection diodes included for use with outputs greater
than 25V and high values of output capacitance.

LM117

R2
Vour = 1.25V (1 +FKT) + lapJR2

D1 protects against C1

D2 protects against C2

TL/H/8063-7
FIGURE 3. Regulator with Protection Diodes
Schematic Diagram
g YIN
A1 R2 A3 M SRS -
o n 190 ” S 5.6k 22
a1
./ n
> R18
o, 2h Lo s ogw LR
L]
200k
MK Ij an L b3
Lo R 3
a
R20
1%
a
D
v
a
RUS
"
Y S A1
10 sk AAA
R2§
R28 €
ug ?
PV vour
~ WA
TL/H/9063-8
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' LM117/LM317A/LM317

Typical Applications (continued)

5V Logic Regulator with Electronic Shutdown* -
- :

Vin  Vout
ADJ

Vin 7V-35v

*Min. output = 1.2V TL/H/9063-3
Adjustable Regulator with Improved

Ripple Rejection

LM117

1Solid tantalum - o -
*Discharges C1 if output is shorted to ground TL/H/9063-10

Slow Turn-On 15V Regulator

i w
1N4002
TL/H/9063-9
‘High Stability 10V Regulator
; iM117
Vin Vour
15V I v
ct1.
-Io.j!uF
i 1.5k
LM120A
=
TL/H/9063-11

o High Current Ad]ustabje Regulator

3-LM195'S IN PARALLEL

. 2N2905

R2

R1 5k LM117

Vin Vin _ Vour

ADJ

Vour

1N4002

+

3
* anuFt

TSolid tantalum

TL/H/9063-12

*Minimum load current = 30 mA
$Optional—improves ripple rejection

1-26 -




Typical Applications (continued)

0 to 30V Regulator . Power Follower
M7 10V-40V
Vin 7 v v

LLEWV/VZLENT/ZLLNT

INPUT—WV——K LM195
Rl |

10k
OUTPUT
*-06n
[7
LM117 ™ vour
ADJ
Full output current not avail- R2
able at high input-output volt- 24
ages
[
-0V =
TL/H/9083-13 TL/H/9063-14
5A Constant VoltaQe/Constant Curréng Regulator :
i MJA502 _ )
: .Y ‘A3
cz—L CURRENT €7 3
100 pF ADJUST S R2 02,
! < 250k W
R1 LM317k
A v ' b ‘ ouTPUT
5V IN
3 " A 12v-30v

c

1
T

D1 D3
1N457 LED*

R6
240

VOLTAGE
ADJUST

TSolid tantalum TL/H/9063-15
*Lights in constant current mode )
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Typical Applications (continued)

1A Current Regulator

1.2V=-20V Regulator with
Minimum Program Current

LM117/LM317A/LM317

LM117

A/ | Vin
IN I ADS
c1

0.1uF I=-

Vour

LM117

Vin ~={ VIN
A

TL/H/9063-16

Vour
04

Vour*

> Rt
> 1.2k

AAA.

)
<
3

\d
~
83

TL/H/9063-17

*Minimum load current = 4 mA

Low Cost 3A Switching Regulator

o
2N3792

R1 LM317k

8v-35v

L1 600uH*

R2
0.25

|
INPUT —AAA~—

Vin  Vour
ADJ

AA
VVV

AAA.

0.01uF > OUTPUT g
: < ADJUST 15

A A4
R3
240

AAA sl

>
< RS

A

DA AL
P AL [1 '—J 01
c3 1N3880

300 pF »

1Solid tantalum

*Core—Arnold A-

o~

-254168-2 60 turns

4A Switching Regulator with Overload Protection

3-LM185 IN PARALLEL
R3
2N2905 500
A A4
A2 :
R1 500 LM117 R4 '
\ » Vv, . AIA‘SA
N AAA
- VA4S "‘Vout ADJ e VA~
. SR LA
. g (4] RS :> —— v
T oot e o2 . 16V 70 32v
— 100 pF L1 600uM 2
{ p RG
%0
—AAA
A A4
7 .L
Y c3
> 0.224F L+
I ) ——
q . 1N3880 100F*
:) RS
S
= 1Solid tantalum
*Core—Amold A-254168-2 60 tumns TL/H/8063-20 |

High Gain Amplifier
v&

tv

LM117 ™ vour
ADJ

@ 0UTPUT

AA
Vv
an

LM195

TL/H/9063-18

1.8V 70 32v

— C4
I~ 100,67

TL/H/9063-19

Precision Current Limiter
LM17

VRer,
lour = T

*0.82 < R1 < 1200
TL/H/9063-21
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Typical Applications (Continued)

Tracking Preregulator

R2
720

R1
280  LM117

ADJ

Vin Vin - Vour
TTEN)
¢l

LEEWT/VLZLEWT/ZEENT

Vin  Vour Vour
ADJ v

»
- S R3
120
c2 1

WuF
>
:‘: Vcﬁmur
I ADJUST

0.1uF

<
2

.H'.:_‘

TL/ H/9063-22

Current Limited Voltage Regulator

Vour = 1.25V (1 + -;%) + lapy Rz

N out
Lt
. . R1
ADIUST A
r———-1 ) o
| ) I, | R2
TRANSFORMERS, | T X
RECTIFIERS, )
AND 1
FILTER ! s =
| capaciTor 1 - Sru=2R3= 100
I N )_ .
4: R3
S410

600 mv /8063
—Short circuit current is approximately —==—, or 120 mA TL/H/9063-23

(Compared to LM117’s higher current limit)
—At 50 mA output only %, volt of drop occurs in Rz and Ry

Adjusting Multiple On-Card Regulators with Single Control*

LM117
ViN Vin  Vaur Vour  VIN=—{VIN VouTp=vgyrt ViN—ViN VouTf==vgyrt
D) ADJ ‘ ouT IN A0 out
R1 l
120 |
R2
1k

*All outputs within 100 mV
TMinimum load—10 mA TL/H/9063-24
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LM117/LM317A/LM317

Typical Applications (continued)

AC Voltage Regulator 50 mA Constant Current Battery Charger
LM317 E )

LM317

VN e VN Vout
ADJ

Ul

24Vp-p
TL/H/9063-27
‘Adjustable 4A Regulator

02
VIN LM317
02
M3y
LM317 )
TL/H/9063-25 LM317
. 02
12V Battery Charger : ‘ Vin Amvuw AN 45V T0 25V
LM317_ Rg*
ViN——dVIN  VouT| \
ADJ Sk
2N2905
5k
TL/H/9063-26

R2
*Rg—sets output impedance of charger: Zoyt = Rg (1 + m)

Use of Rg allows low charging rates with fully charged battery.

TL/H/9063-28
Current Limited 6V Charger
- LM317

ovio o) Vin . Vour
)

+
—— 1000F**

*Sets peak current (0.6A for 19)

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

2N2222

TL/H/9063-29
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. . =
Connection Diagrams =
N
~
-
(TO-3) (TO-39) =
Metal Can Package Metal Can Package 2
: ~
‘ >
V, INPUT

ADJUSTMENT IN ;
QO-—==—— ADJUSTMENT w
—
~

OUTPUT

CASE IS OUTPUT TL/H/9063-31

CASE IS OUTPUT Bottom View
Bottom View TL/H/9083-30 Order Number LM117H, LM117H/883,
: LM317AH or LM317H
Steel Package See NS Package Number HO3A
Order Number LM117K STEEL
or LM317K STEEL

See NS Package Number K02A
Order Number LM117K/883
See NS Package Number K02C

(TO-220) (TO-263) Surface-Mount Package - '

Plastic Package OUTPUT
INPUT
TAB IS
O GND [ TmoutpuT
<« Vour L, . '
=pur
. TUH/9053~35
Top View h
TL/H/9063~-36 INPUT
TL/H/9063-3:
Side View Top View 9063-34
Order Number LM3175 Order Number LM117E/883
See NS Package Number TS38 See NS Package Number E20A
ADJ Vin ’
Vour

TL/H/9063-32
Front View

Order Number LM317AT or LM317T
See NS Package Number T03B
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LM117HV/LM317HV

&National Semiconductor

LM117HV/LM317HV 3-Terh1inal Adjustable Regulator

General Description

The LM117HV/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
output voltage. 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 protection. All overload
protection circuitry remains fully functional even if the ad-
justment terminal is disconnected.

Normally, no capacitors are needed unless the device is
situated more than 6 inches 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 varisty of other applications. Since the regulator is
“floating” and sees only the input-to-output differential volt-
age, supplies of several hundred volts can be regulated as
long as the maximum input to output differential is not ex-
ceeded, i.e. do not short the output to ground.

Also, it makes an especially simple adjustable switching reg-
ulator, 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 and LM317HVK STEEL are pack-
aged in standard TO-3 transistor packages, while the
LM117HVH and LM317HVH are packaged in a solid Kovar
base TO-39 transistor package. The LM317HVT uses a TO-
220 plastic package. The LM117HV is rated for operation
from —55°C to +150°C, and the LM317HV from 0°C to
+125°C.

Features

® Adjustable output down to 1.2V

® Guaranteed 1.5A output current

B Line regulation typically 0.01%/V

® Load regulation typically 0.1%

m Current limit constant with temperature
® 100% electrical burn-in

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

m 80 dB ripple rejection

® Output is short-circuit protected

® P+ Product Enhancement tested

Typical Applications
1.2V-45V Adjustable Regulator
LM117HV

Vi -48V vour't vin

Digitally Selected Outputs

LMI1THV

5V Logic Regulator with
Electronic Shutdown*
LM 7HV

Vour
W

TL/H/9062-1

Full output current not available

at high input-output voltages

1Optional—imp ient resp Output
capacitors in the range of 1 uF to 1000 pF of
aluminum or tantalum electrolytic are commonly
used to provide improved output impedance and
rejection of transients.

*Needed if device is more than 6 inches from
filter capacitors.

T1Vour = 1.2V (1 + %) + lapy Rz

0.1uF 2] . ]
u 9% WF :’ - OLF —— 01uF
A R2 < b4
< Sk ;. 120 2218 p e AAA—TTL
@ ) 1

INPWS

*Sets maximum Voyt

e
1

TL/H/9062-3
*Min. output = 1.2V
TL/H/9062-2
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-
Absolute Maximum Ratings §
If Military/Aerospace specified devices are required, Operating Junction Temperature Range ?I‘.'l
please contact the National Semiconductor Sales LM117HV —55°Cto +150°C <
Office/Distributors for availability and specifications. LM317HV - 0°Cto +125°C F
(Note 3) Storage Temperature —65°C to +150°C =
Power Dissipation Internally limited Lead Temperature (Soldering, 10 sec.) 300°C «
Input—Output Voltage Differential +60V, —0.3V ESD Tolerance (Note 4) 2000V :1:'

Electrical Characteristics (note 1)

Parameter Conditions LMT17HV LM317HV Units
Min | Typ |Max| Min| Typ | Max
Line Regulation Ty = 25°C, 3V < V)N — Vourt < 60V o
(Note 2) I, = 10 mA 0.01 . 0.02 0.01 |0.04| %/V
~ Load Regulation Ty = 25°C, 10 mA < lgyT < IMaX 0.1 | 0.3 01 [05]| %
Thermal Regulation Ty = 25°C, 20 ms Pulse 0.03 | 0.07 0.04 | 0.07 | %/W
Adjustment Pin Current ‘ 50 | 100 50 |100| pA
Adjustment Pin Current Change | 10 mA < || < Iyax ;
3.0V < (Vin — Vour) < 60V 0218 02151 pA
Reference Voltage 3.0V < (VN — Vour) < 60V, (Note 3)
10mA < lout < Inaxs P < Puax 1.20| 1.25 |1.30(1.20| 1.25 | 1.30| V
Line Regulation 3.0V < (VN — Vour) < 60V, I = 10 mA, (Note 2) 0.02 | 0.05 0.02 {0.07| %/V
Load Regulation 10 mA < lout < Imax (Note 2) 0.3 1 03 (15| %
Temperature Stability TmIN < Ty < Tmax 1 1 %
Minimum Load Current (VIN — Vour) = 60V 35 | 7 35 [ 12 | mA
Current Limit (VIN — Vour) < 15V
K, T Packages : 16| 22 [ 35|15 22 | 37| A
H Package E 05| 08 (18|05 08 (19| A
(ViN — Vour) < 60V :
K, T Packages 1 03 0.3 A
H Package 0.03 0.03 A
RMS Output Noise, % of Voyt Ty=25C,10Hz < f < 10kHz : 0.003 - 10.003 %
Ripple Fléjection Ratio Vout = 10V, f = 120 Hz . 65 65 dB
Capy = 10 pF . ‘ 66 | 80 66 [ 80 dB
Long-Term Stability Ty = 125°C 03 | 1 03 | 1 %
Thermal Resistance, H Package 12 | 15 12 | 15 |°C/W
Junction to Case T Package 4 5 |°C/W
‘ K Package 23 | 3 23 | 8 [*C/w
Thermal Resistance, H Package 140 140 °C/W
Junction to Ambient (no heat sink) | T Package : . o 50 °C/W
K Package o ' 35 35 °C/W

Note 1: Unless otherwise specified, these specifications apply: —55°C < T; < +150°C for the LM117HV, and 0°C < T, < +125°C for the LM317HV; V|y — VouT
= 5V and Igyt = 0.1A for the TO-39 package and lgyt = 0.5A for the TO-3 and TO-220 packages. 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 and TO-220. Ipmax is 1.5A for the TO-3 and TO-220 and 0.5A for the
TO-39 package. o ) .

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: Refer to RETS117HVH for LM117HVH or RETS117HVK for LM117HVK military specificatioins.

Note 4: Human body model, 1.5 k2 in series with 100 pF.
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LM117HV/LM317HV

Typical Performance Characteristics
Output capacitor = O‘FF unless}qtherwise noted. g

OGUTPUT VOLTAGE DEVIATION (%)

RIPPLE REJECTION (dB)

INPUT-QUTPUT DIFFERENTIAL (V)

OUTPUT IMPEDANCE (s2)

- Load Regulation

02
I 1 =05a ]
-02 ¥
|,_=|.srn\
-04
-06
oL vy
=08 [~ ygur=10v
[

2 - -
- =75 -50 -25 0 25 50 75 100 125150
TEMPERATURE ( C)

Dropout Voltage

W0 T
AVgyr = 100mV
25
x R -
I~ 1= 15A
~\ .\" _1/
NN Sl I =1A
20 = =
T~ -
q\\\\ I =500 mA
SNOT
s S
I =200 mA %\
||| -mm
10 .

" _75-50 <25 0 25 50 75 100 125 150
' TEMPERATURE ( C)

Ripple Rejection

100 T
: Caps=10:F |
80 = | —
"IN 1
IN_Cans=0
60
a0
. ViN-VouT =5V
1L =500 mA :
20 Si120H T
Ti=25C
o 1 1
"0 5 10 15 20 25 30 3B
OUTPUT VOLTAGE (V)
Output Impedance f

10 100 1k 10k
FREQUENCY (Hz2)

INPUT

Current Limit
3
= ==\ | Tano K
—_ 2 - PACKAGE DEVICES
g N LI
2 —t
S T,= 150° Ry Tj=-55°C
5 HeE all
3 Zo\s !
° *’:,c QY
i T
0 PACKAGE DEVICES
0 10 20 30 40 50 60
INPUT-OUTPUT DIFFERENTIAL (V)
Temperature Stability
1.260
s .
w 1.250
g ; N
5 1200 : N
=
z
N
]
51230
o«
1220
© 7550 -25 0 25 50 75 100 125'150
TEMPERATURE ( C)
Ripple Rejection
100
[ 1.=500mA
Capy= 10uF VIN=15V
= 80 Vout =10V
2 / Tje5c |
2 o G TRIAN ]
&
£ AN
u \
H N
& 2
0
10 100 1k 10k 100k m™m
FREQUENCY (Hz)
Line Transient Response
15
TT T 1T ]
‘u;; 1.0 €L =1uF;Capy= 104F
22 0s L\
EH L=0:Caps=0 N
>E 0 T T
s=
g2 -0s [Vour=10v
5a ' | I =50mA
s -8 'Ti.zrn
-154 . .
ws 10— t
-
22 o
o<
5% o

0 10 20 30 L]
TIME (us)

ADJUSTMENT CURRENT (uA)

RIPPLE REJECTION (dB)

OUTPUT VOLTAGE
DEVIATION (V)

LOAD CURRENT (A)

QUIESCENT CURRENT (mA) -

60
55
50
a5
40

35

Adjustment Current. -

"

P%

V4

/

~75 -50 -25 0 25 50 75 100 125 150

© - N ow

-1
-2
-3

15.

1.0
05

TEMPERATURE (C)

Minimum Operating Current .

T Ti=25¢C T

45 T
40 17
35 7= -5 c47
. Ce
30 |- gz
25 Tj=150°C
20
wrd
15 ==
. 1.0 N\ ti =25'C
N EEN
u .
0 1 2 % 0
INPUT-OUTPUT DIFFERENTIAL (V)
Ripple Rejection
100,
. /'
A
80
' Vs Cap, = 104F
60 i
Caps=0
]
ViN =15V
Vour = 10V
20 ~ys120H2
Ti=25¢
i 0 1 1 L1l
on 0.1 [INEER [
OUTPUT CURRENT (A)

Load Transient Response

65!

Cp=WF:Copy=10aF| |
\ Vin =15V

Vgur=10V]
v Ing = 50 mA

P~

\
\

0 10 20 30 40
TIME (us)

TL/H/9062-4
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Application Hints

In operation, the LM117HV develops a nominal 1.25V refer-
ence voltage, VRer, between the output and adjustment ter-
minal. The reference voltage is impressed across program
resistor R1 and, since the voltage is constant, a constant
current 4 then flows through the output set resistor R2, giv-
ing an output voltage of

R2
Vour = VRer (1 + ﬁ;) + lapyR2

LM117HV

Vour
- ADJ
_ADJ

e V| N

K

VREF

uT
IADJ

TL/H/9062-5
FIGURE 1

Since the 100 pA current from the adjustment terminal rep-
resents an error term, the LM117HV was designed to mini-
mize lapy and make it very constant with line and load
changes. To do this, all quiescent operating current is re-
turned to the output establishing a minimum load current
requirement. If there'is insufficient load on the output, the
output will rise. .

External Capacitors

An input bypass capacitor is recommended. A 0.1 uF disc
or 1 pF solid tantalum on the input is suitable input bypass-
ing for almost all applications. The device is more sensitive
to the absence of input bypassing when adjustment or out-
put capacitors are used but the above values will eliminate
the possiblity 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 10 uF bypass capacitor 80 dB ripple re-
jection is obtainable at any output level. Increases over 10
wF do not appreciably improve the ripple rejection at fre-
quencies above 120 Hz. If the bypass capacitor is used, it is
sometimes necessary to include protection diodes to pre-
vent the capacitor from discharging through internal low cur-
rent paths and damaging the device.

In general, the best type of capacitors to use are solid tanta-
lum. Solid tantalum capacitors have low impedance even at
high frequencies. Depending upon capacitor construction, it
takes about 25 uF in aluminum electrolytic to equal 1 pF
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, 0.01 uF disc may seem to work better than
a 0.1 pF disc as a bypass.

Although the LM117HV is stable with no output capacitors,
like any feedback circuit, certain values of external capaci-

tance can cause excessive ringing. This occurs with values
between 500 pF and 5000 pF. A 1 uF solid tantalum (or 25
wF aluminum electrolytic) on the output swamps this effect
and insures stability. Any increase of load capacitance larg-
er than 10 uF will merely improve the loop stability and
output impedance.

Load Regulation

The LM117HV is capable of providing extremely good load
regulation but a few precautions are needed to obtain maxi-
mum performance. The current set resistor connected be-
tween the adjustment terminal and the output terminal (usu-
ally 2400) should be tied directly to the output of the regula-
tor rather than near the load. This eliminates line drops from
appearing effectively in series with the reference and de-
grading regulation. For example, a 15V regulator with 0.050Q
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 connected near the load the effective line resist-
ance will be 0.05Q (1 + R2/R1) or in this case, 11.5 times
worse.

Figure 2 shows the effect of resistance between the regula-
tor and 2400 set resistor.

LM117HY
Rs
Vin=—VIN  VouT}—A\~ Vour

ADJ
< R1
S 240

>
<
/:42
TL/H/9062-6

FIGURE 2. Regulator with Line
Resistance in Output Lead

With the TO-3 package, it is easy to minimize the resistance
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 10 uF capacitors have low enough
internal series resistance to deliver 20A spikes when short-
ed. 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 current depends
on the value of the capacitor, the output voltage of the regu-
lator, and the rate of decrease of V. In the LM117HV, 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 25 uF
or less, there is no need to use diodes.

1-35

AHZLEWT/AHLEENT




LM117HV/LM317HV

The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge occurs
when either the input or output is shorted. Internal to the
LM117HV is a 500 resistor which limits the peak discharge
current. No protection is needed for output voltages of 25V
or less and 10 pF capacitance. Figure 3 shows an
LM117HV with protection diodes included for use with out-
puts greater than 25V and high values of output capaci-
tance.

Current Limit

Internal current limit will be activated whenever the output
current exceeds the limit indicated in the Typical Perform-
ance Characteristics. However, if during a short circuit con-
dition the regulator’s differential voltage exceeds the Abso-
lute Maximum Rating of 60V (e.g. Viy = 60V, Voyt = 0V),
internal junctions in the regulator may break down and the
device may be damaged or fail. Failure modes range from
an apparent open or short from input to output of the regula-
tor, to a destroyed package (most common with the TO-220
package). To protect the regulator, the user is advised to be
aware of voltages that may be applied to the regulator dur-
ing fault conditions, and to avoid violating the Absolute Max-
imum Ratings. . .

Schematic Diagram

TL/H/8082-7
FIGURE 3. Regulator with Protection Diodes
Vout = 1.25V (1 + %) + lapgR2

D1 protects against C1
D2 protects against C2

Rl R2 Rl R4 SRS
o an 190 82 S 56k

S R16 43U
b Six

R26 :
[ A) <

Vour

TL/H/9062-8
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Typical Applications (continued)

Slow Turn-On 15V Regulator
LMI17HY

7 Vi v Vour
m-I N ans out N
€2
0.14F
| 1N4002

. 'I;LIH/9062-9

High Stability 10V Regulator

LMI1THV )
vin 7 7 Vout
15v N ADJ our 10V
—1 QHRl
[} S %
Iu.luF % R
— | < 1.5
- R 17
LM329A s
SR3
%1
1%
TL/H/9062-11
0 to 30V Regulator
LMI1THY
Vin 7 7
M} N a Jmn —1 Vout

TL/H/9062-13
Full output current not available
at high input-output voltages

Adjustable Regulator with Improved
Ripple Rejection

LM117HV

TL/H/9062-10

TSolid tantalum
*Discharges C1 if outpdt is shorted to ground

High Current Adjustable Regulator
3-LM195°S IN PARALLEL

Vour

c3
aTuFt

TL/H/9062-12

Fr R3
2N2905 o0
VW\-
)"
R1 5k LMI17HV
v A
M v v °
vy IN ADd out
o _F_—' L4
S 1N4002
oo Sk
106" <
7 Lo )
RS +
35 T 104F
tSolid tantalum . .
*Minimum load current = 30 mA
$Optional—improves ripple rejection
", Power Follower
10v-40v
_E c
T"r
INPUT —AAA— rﬁ LM195
R1
10k
ouTPUT
T :06a
VIN
LMI17HV Vour
ADJ
R2
24

TL/H/9062-14

1-37

AHZLEWT/AHLLLINT




LM117HV/LM317HV

Typical Applications (Continued)

5A Constant Voltage/Constant Current Regulator

M4502
czr CURRENT SR
o 100 pF ADJUST '2‘:“ :. ‘5"3
R LM31THV
3
35V ViN Vour o OUTPUT
ADJ
1

D1
1NA57

TSolid tantalum
*Lights in constant current mode

D3
LED*

l 1.2v-30v
c3 4

LM301A

3
+ .
<L RG
€
] A5 1» 200
15pF 330k

1A Current Regulator
LM317HV

Vour
ADJ

VIN VIN

1 R1

0.1uF -I-

w

LOAD

TL/H/9062-16

VOLTAGE /D> 104F
ADJUST JL
TL/H/9062-15
1.2V=-20V Regulator with
Minimum Program Current
LMUTHV
Vin ﬁ Vi Vour Vour*
ADJ
R1
1.2k
R2
.20k
' TL/H/9062-17

*Minimum load current = 4 mA
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Typical Applications (continued)

High Gain Amplifier

Low Cost 3A Switching Regulator

AHZLEWT/AHLZLLNT

vt [l
2N3792
Vin L1 600uH*
LMI17HV A "Vuur A1 LM317HV R2
22 0.25
R2 8V-35V MA—O—{Vin  VouTp—AAA~ 1.8V TO 32V
24 ADJ
4 AAA
| R4 A3
@— OUTPUT o 5% .
21 oowr /S OUTRUT ca
Rl cy = o 6 +
10k 504FT 1\ ADJUST  y5x 100uF
O AAA—O-
INPUT—N\N—hq LMI95 VVv
>
SRS
>
S 01
c3 1N3880
300 pF
——

TL/H/9062-18 .
tSolid tantalum

*Core—Arnold A-254168-2 60 turns

TL/H/9062-19

Precision Current Limiter
LM317HV

4A Switching Regulator with Overload Protection
3-LM195 IN PARALLEL

Vaer,
our = gy

TL/H/9062-21
*0.80 < R1 < 1200

Tracking Preregulator
Vour
1.8V T0 32v
Vin
I : ca
01 =y
¢ 1N3880 100,F1 at <
ouTPUT
b3 S/ npjust

. TL/H/9062-22
+Solid tantalum TL/H/9062-20
*Core—Arnold A-254168-2 60 turns
Adjustable Multiple On-Card Regulators
with Single Control*
LM117HV LMI7HV LMIT7HV
7 Vin  Vautr r—v v Vin  Voutp—vgyrt v Vin ~ Voutp—vgyr'
IN ADd our IN ADJ out N ADd out
4: R1
‘P 120 |
—_——— e
g
< R2 .
jL“ *All outputs within +100 mV
— ‘tMinimum load—10 mA
TL/H/9062-23
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LM117HV/LM317HV

Typical Applications (continued)

AC Voltage Regulator -
LM317HV

voutf
ADJ

e V |

24Vp-p

ADJ
—in  Vour
LM317HV
TL/H/9062-24
12V Battery Charger
LM317HV Rg*
0.2
Vin Vin - Vour
-ADS
1000 uF **

. | L ' 2
*Rg—sets output impedanice of charger Zoyt = Rg (1 + —)

Use of Rg allows low charging rates with fully charged battery.
**The 1000 uF is recommended to filter out input transients

50 mA Constant Current Bétlery Charger
LM317HV

24

ADJVour — W\
L |

LT — TTY}

-lHlll-]

TL/H/9062-26

Adjustable 4A Regulator '

LM317HV
ViN viv | Vour APA
ADJ v
LM317HV
. v A
apny OU7 M
| —
LM317HV
0.2
Vin _ Vour AN 4.5V T0 25V
ADJ
< >
>
< 100 :: 5k
2N2905
2
>
3 150 5k
AAA
A\ A A S
200 pF 1.5k <
r"»

TL/H/9062-27

Current Limited 6V Charger
LM317HV

ViN
av ToGov —g—1VIN A JVUU’

+
= 1000uF**
T

Il

2N2222

TL/H/9062-28

*Sets peak current (0.6A for 1)
**The 1000 pF is recommended to filter out input transients

'
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Connection Diagrams (See Physical Dimension section for further information)

(TO-3 Steel)
Metal Can Package

ADJUSTMENT Vin

TL/H/9062-29
Case is Output
Bottom View

Order Number LM117HVKSTL /883,
or SMD #7703402
See NS Package Number K02C

Order Number LM317HVK STEEL
See NS Package Number K02A

(TO-39)
Metal Can Package

o INPUT
O-=— ADJUSTMENT

ouTPUT

TL/H/9062-30

Case Is Output
Bottom View

Order Number LM117HVH,
LM117HVH/883, SMD #7703402
or LM317HVH
See NS Package Number HO3A

(TO-220)
Plastic Package
O |-
ADJ VIN
Vour
TL/H/9062-31
Front View
Order Number LM317HVT
See NS Package Number T03B
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LM120/LM320

NNational Semiconductor

LM120/LM320

Series 3-Terminal Negatuve Regulators

General Description

The LM120 series are three-terminal negative. regulators
with a fixed output voltage of —5V, —12V, and —15V, and
up to 1.5A load current capability. Where other voltages are
required, the LM137 and LM137HYV series provide an output
voltage range of —1.2V to —47V.

The LM120 need only one external component—a compen-
sation capacitor at the output, making them easy to apply.
Worst case guarantees on output voltage deviation due to
any combination of line, load or temperature variation as-
sure satisfactory system operation.

Exceptional effort has been made to make the LM120 Se-
ries immune to overload conditions. The regulators have
current limiting which is independent of temperature, com-
bined with thermal overload protection. Internal current limit-
ing protects against momentary faults while thermal shut-
down prevents junction temperatures from exceeding safe
limits during prolonged overloads.

Although primarily intended for fixed output voltage applica-
tions, the LM120 Series may be programmed for higher out-
put voltages with a simple resistive divider. The low quies-
cent drain current of the devices allows this technique to be
used with good regulation.

Features

B Preset output voltage error less than +3%

B Preset current limit

B Internal thermal shutdown

8 Operates with input-output voltage differential down to
v

Excellent ripple rejection

Low temperature drift .

Easnly adjustable to higher output voltage

LM120 Series Packages and Power Capablllty

Typical Applications

Dual Trimmed Supply
+INPUT me-ls/z G—O +5.0V
3 240 P4
AA e & 1k D1
0.22uF MAA SR 1N4001
<>
I 1
qb
“I -0
l 3
+ 2
D2
2F A > ' 1N4001
71
- INPUT I ©—0-52v

TL/H/7767-3

Rated Design
Device Package Power Load
Dissipation | Current
LM120/LM320 | TO-3 (K) 20W 1.5A
TO-39 (H) 2w 0.5A
LM320 TO-220 (T) 15W 1.5A
LM320M TO-202 (P) 7.5W 0.5A
Fixed Regulator

—11 c2t

LI
2F |, i
0—1; Io
INPUT im0 | oUTPUT
TL/H/7767-2

*Required if regulator is separated from filter capacitor by more than 3" . For
value given, capacitor must be solid tantalum. 25 wF aluminum electrolytic
may be substituted.

TRequired for stability. For value given, capacitor must be solid tantalum. 25
wF aluminum electrolytic may substituted. Values given may be increased
without fimit.

For output capacitance in excess of 100 pF, a high current diode from
input to output (1N4001, etc.) will protect the regulator from momentary
input shorts.
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—5 Volt Regulators (ote3)
Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Input-Output Voltage Differential 25V
please contact the National Semiconductor Sales Junction Temperatures See Note 1
‘ g‘fcf;;egl))l.stnbut_ors for ayanlabvlu_ty and specifications. Storage Temperature Range ~65°Cto +150°C
Power Dissipation Internally Limited Legg;?énperature (Soldering, 10 sec.) ggg,g
Input Voltage —25V
- Electrical Characteristics
’ Metal Can Package Power Plastic Package
Order Numbers LM120K-5.0 LM320K-5.0 LM120H-5.0 LM320H-5.0 LM320T-5.0
(TO-3) - (TO-3) (TO-39) (TO-39) (TO-220) Units
Design Output Current (Ip) - 1.5A 1.5A 0.5A 0.5A 1.5A
Device Dissipation (Pp) 20W 20W 2W 2w 15W
Parameter Conditions (Note 1) Min |Typ| Max | Min |Typ{ Max | Min [ Typ| Max Min |Typ| Max | Min | Typ Max
Output Voltage Ty = 25°C, Viy =10V, —51|-5| 49| -52|-5| —48| ~51|-5| —49| 52| ~5| —48| -52| -5 | —48 | V
lLoap = 5 mA ;
Line Regulation Ty =25C,lLoap = 5mA, 10| 25 10| 40 10| 25 10| 40 10| 40 | mv
C VMmN < Vi < VMax . .
Input Voltage —25 -7 —-25 -7 —25 | -7 |——25 -7 —25 -75 \Y
Ripple Rejection f=120Hz 54 | 64 54 | 64 54 | 64 54 64 54 64 dB
Load Regulation, Ty =25°C,V|y = 10V, . .
(Note 2) 5mA < lLoap < Ip 50| 75 60 | 100 30 50 30 50 50 100 mV
Output Voltage, —7.5V < Viy < Viax CEon B _ _ _ B B _ _ _
(Note 1) 5mA < lLoap < Ip, P < Pp 5.20 4.80| —5.25 4.75| —5.20 4.80| —5.25 4.75| —5.256 4.75 v
Quiescent Current VMIN < VIN < VMaX 1 2 1 2 1 2 1 2 1 mA
Quiescent Current - | Ty = 25°C . B
Change VMIN < VIN € VMAX a1] 04 01] 04 0.05] 0.4 10051 0.4 0.1 0.4 mA
. 5mA <l oap < Ip 01] 04 01] 04 0.04] 04 0.04] 0.4 0.1 0.4 mA
Output Noise Voltage | Ta = 25°C,CL = 1 pF, I = 5 mA, ' X '
Vin = 10V, 10 Hz < f < 100 khz 1%0 180 150 150 150 v
Long Term Stability 5 50 5 50 5 50 5 50 10 mV
Thermal Resistance
Junction to Case 3 3 Note 4 Note 4 4 °C/W
Junction to Ambient 35 35 Note 4 Note 4 50 °C/W

Note 1: This specification applies over —55°C < Tj < +150°C for the LM120 and 0°C < Ty < +125°C for the LM320.
Note 2: Regulation is measured at constant junctidn temperature. Changes in output voltage due to heating effects must be taken into account separa-!ely. 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 specifications apply only up to Pp.
Note 3: For —5V 3 amp regulators, see LM145 data sheet.
Note 4: Thermal resistance of typically 85°C/W (in 400 linear feet air flow), 224°C/W (in static air) junction to ambient, of typically 21°C/W junction to case.
Note 5: Refer to RETS120-5H drawing for LM120H-5.0 or RETS120-5K drawing for LM120-5K military specifications.

.
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LM120/LM320

14l

—12 Volt Regulators
Absolute Maximum Ratings
If Military/Aerospace specified devices are required, Input-Output Voltage Differential 30v
please contact the National Semiconductor Sales Junction Temperatures See Note 1
&f;l:::l))istributors for availability and specifications. Storage Temperature Range —65°Cto +150°C
Power Dissipation Internally Limited Lead Temperature (Soldering, 10 sec.) 300°C
Input Voltage . —-35V
Electrical Characteristics
Metal Can Package Power Plastic Package
Order Numbers LM120K-12 LM320K-12 LM120H-12 LM320H-12 LM320T-12
(TO-3) (TO-3) (TO-39) (TO-39) (TO-220) Units
Design Output Current (Ip) . 1A 1A 0.2A 0.2A 1A
Device Dissipation (Pp) 20W 20W . 2w 2w 15W
Parameter Conditions (Note 1) Min Max | Min | Min [ Typ| Max | Min {Typ| Max Max
Oulput Voitage Ty = 25C, Vin = 17V, —123 —11.7| —12.4 —123=12] —11.7| 124 =42| - 116 ~116 | v
lloap = 5mA ) X L
Line Regulation Ty = 25°C, ILoap = 5 mA, 10 10 20
Vmin < ViN < Vivax mv
Input Voltage —32 —14 | —32 —32 —14 —14.5 Vv
Ripple Rejection f=120Hz 56 56 56 dB
Load Regulation, Ty =25°C,V|y = 17V,
(Note 2) 5mA < lioap < Ip : 25 80 mv
Output Voltage, 14.5V < ViN < VMAX _ _ _ ¢ _ _ _
(Note 1) 5mA < LoD < Ip, P < Pp 125 11.5| —126 12,5 11.5 11.4 v
Quiescent Current VMIN < VIN < VMAX 4 4 4 mA
Quiescent Current . | Ty = 25°C
Change VMIN € VIN £ Vmax 0.4 0.4 0.4 mA
5mA < lioap < Ip 0.4 0.4 0.4 mA
Output Noise Voltage | Ta = 25°C,C| = 1 uF, I = 5 mA, v
. ViN = 17V, 10 Hz < f < 100 kHz B
Long Term Stability 120 120 mV
Thermal Resistance
Junction to Case 3 Note 3 °C/W
Junction to Ambient 35 Note 3 °C/W
Note 1: This specification applies over —55°C < TJ < +150°C for the LM120 and 0°C < Ty < +125°C for the LM320.
Note 2: Regulation is d at i Changes in output voltage due to heating effects must be taken into acoount separately To ensure constant 1unc1|on temperature, low duty cycle, pulse testing is
used. The LM120/LM320 series does have |ow thermal feedback. improving line and load regulation. On all other tests, even though power dissipation is i limited, electrical specifications apply only up to Pp.
Note 3: Thermal resistance of typically 85°C/W (in 400 linear feet/min air flow), 224°C/W (in static air) junction to ambient, of typically 21°C/W junction to case.

Note 4: Refer to RETS120H-12 drawing for LM120H-12 or RETS120-12K drawing for LM120K-12 military specifications.
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—15 Volt Regulators

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and speclflcahons
(Note 4)

Input-Output Voltage Differential

Junction Temperatures
Storage Temperature Range

30V

See Note 1
—65°Cto +150°C

Power Dissipation Internally Limited Lead Temperature (Soldering, 10 sec.) 300°C
Input Voltage
LM120/LM320 —40V
LM320T —-35V
Electrical Characteristics
Metal Can Package Power Plastic Package
Order Numbers LM120K-15 LM320K-15 LM120H-15 LM320H-15 LM320T-15
(TO-3) (TO-3) (TO-39) (TO-39) (TO-220) Units
Design Output Current (Ip) 1A 1A 0.2A 0.2A 1A
Device Dissipation (Pp) 20W 20W 2W 2w 15W
Parameter Conditions (Note 1) Min | Typ| Max | Min | Typ| Max | Min | Typ| Max | Min | Typ| Max | Min | Typ Max
Output Voltage Ty = 25°C, ViN = 20V, ~153|=15| —14.7| —15.4| 15| —14.6| —153| 15| —14.7| —15.4| —15| —14.6| —155| —15 | —145 | V
lLoaD = 5mA
Line Regulation Ty = 25°C, lL.oaD = 5 MA, 5 10 5 20 5 10 5 20 5 20 mv
VMIN < VIN < VMAX
Input Voltage —35 |, —17 | —35 —-17 | —35 —-17 | —35 -17 | —35 —-175 \
Ripple Rejection f=120Hz 56 80 56 80 56 80 56 80 ' 56 80 dB
Load Regulation, Ty = 25°C, V)N = 20V, . ) )
(Note 2) 5'mA < lLoap < Ip 30 80 30 80 10 25 10 40 30 80 mV
Output Voltage, 17.5V < VN < Vmaxs _ _ _ _ _ _ _ _ _ _
(Note 1) 5mA < ILoap < Ip, P < Pp 15.5 14.5(—15.6 14.4| —155 145 —15.6 14.4| —15.7 14.3 \"
Quiescent Current VMmN < VIN < VMAX 2 4 2 4 2 4 2 4 2 4 mA
Quiescent Current Ty = 25°C ‘
Change VMIN < VIN < VMAX 01| 04 01| 04 0.05] 04 0.05| 04 0.1 0.4 mA
5mA < lLoap < Ip 01| 04 01| 04 0.03| 0.4 0.03| 04 0.1 04 | mA
Output Noise Voltage | Ta = 25°C,C| = 1 puF, I = 5 mA,
Vi = 20V, 10Hz < f < 100 kHz 400 400 400 400 400 w
Long Term Stability ] 165 | 150 15 | 150 16 | 150 15 | 150 30 mV
Thermal Resistance ’
Junction to Case 3 3 Note 3 Note 3 4 °C/W
Junction to Ambient 35 35 Note 3 Note 3 50 °C/W

Note 1: This specification applies over —

—55°C < Ty < +150°C for the LM120 and 0°C < Ty < +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 specifications apply only up to Pp.

Note 3: Thermal resistance of typically 85°C/W (in 400 linear feet/min air flow), 224°C/W (in static air) junction to ambient, of typically 21°C/W junction to case.
Note 4: Refer to RETS120-15H drawing for LM120H-15 or RETS120-15K drawing for LM120K-15 military specifications.

0ZENT/0CINT



LM120/LM320

Typical Performance Characteristics

Output Voltage vs
Temperature
Cm I
2 1.005
N
I 1.00
§ 0.995 Vour =12V AND -15
= 0.990
-
[z}
<
s wn
=]
L] — ;,F==
g 1w — g T
o) i
0.990

OUTPUT IMPEDANCE (R)

QUIESCENT CURRENT (mA)

g

3

102
001k 01k 1k 10k 100k 1M

13
1.25
12
11§
11
1.05
1.0
095
09

50 -25 0 25 S0 75 100 125 150
JUNCTION TEMPERATURE (°C)

Output Impedance TO-5

and TO-202 Packages
lour = 100mA = Cour =
Vin-Vour =5V —— ALUMINUM
Ti=25°C

—— Cour=1Of
[——— SOLID TANTALUM F7/—
1 I 1 A "

= Cour = 104F SOLID ]
TANTALUM ]
|

FREQUENCY (Hz)

Quiescent Current vs
Input Voltage
w205 |
1 i

1 1
T, -55°C
1

\[

1,7 150°C
R

e
[ ]
5 10 15 20 25 30 35 40
INPUT VOLTAGE (V)

ViN-Vaut (V) RIPPLE REJECTION (dB)

QUIESCENT CURRENT (mA)

100

20

Ripple Rejection
(All Types)

IIIIII
a0 i

001k 0.k *®
FREQUENCY (H2)

Minimum Input-Output
Differential TO-3 and
TO-220 Packages

Tj=~5§ 7
rrm*:c
[ 1

0 025 05 075 10 125 15
QUTPUT CURRENT (A)

Quiescent Current vs
Load Current

LM1205

[
= -55°C 4

-

1,=25°C

1,= 150%C

05 075 10
OUTPUT CURRENT (A)

0 025 125 15

Output Impedance TO-3
and TO-220 Packages
10!
! =100 mA
VOI:T‘ vm,:- sVT nur n{‘f
S " TANTALUM
10

Cour = 254F
ALUMINUM

OUTPUT IMPEDANCE (1)

100 1k W0k 100k 1M
FREQUENCY (Hz)

Minimum Input-Output
Differential TO-5 and
TO-202 Packages

22
20
15 VA
14

- 59
12 bTiesse_ly =]

T = 150°C ———

INPUT-QUTPUT VOLTAGE (V)

08
06
04

0 01 02 03 04 05
OUTPUT CURRENT (A}

Maximum Average Power
Dissipation (TO-3)
2 103,270
13 HEAT SINK* —
- n lexmzw o41_
g AN 703, °cm
3z " HEAT SINK*
= 13 (WAKEFIELD
R £801.258)
g 9 \\ \\ \
E |roamwrcmng AN
H HEATSINK NG LN
3 |ro.3, nosINR w—
o NN

0 25 50 75 100 125 150
AMBIENT TEMPERATURE (°C)

TL/H/7767-4

*These curves for LM120.
Derate 25°C further for LM320.
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Typical Performance Characteristics (continued)

Maximum Average Power Maximum Average Power Maximum Average Power
Dissipation (TO-5) Dissipation (TO-202) Dissipation (TO-220)
100 To5 0 2
9 INFINITE 19
E L HEAT SINK — g "
= INFINITE HEAT SINK z N ] z 15
2 s Nt ]
H N E 6 ploem HEATSIN 8 g n
g 10 Y e, Y ] N - | 70220, 5°C/W,
2 X— a N a HEAT SINK
t s 4 g 4 N
] WAKEFIELD ~ & ™~ s
= ~ g 3 ] ] N
8 |- HEAT SINK N H = z
20 ! ANAN L & 5 Pas 70220 10°CW —
1 [~ 20°C/W HEAT SINK ) HEAT SINK
o1 ND HEAT SINK D \ 0 L1 . e T0-220, NO SINK
% 50 75 100 125 150 0 10 20 30 4 50 6 70 0 25 S0 75 100 125 150
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
Short Circuit Current
3
2 T ls's"c
§ ) -—</ Tj*25°C
3 =1\
) e T« 150° 7038 70220
i é H
e T = -55°C
I
z Tj= 25°C
H Tj= 150°C
N 7058 T0-202

0 5 10 15 20 25 30 35 40
Vin - Vour (V)

TL/H/7767~-5

Typical Applications (Continued)
' High Stability 1 Amp Regulator

? 9— 4? Vour (+)
01
LmM129
>
§ R2**
9 -4t catt
ey 10uF
Rat RI**
Vour (~)

LM120-6.0

TL/H/7767-6
Lead and line regulation — 0.01%
‘tDetermines Zener current.
T1Solid tantalum.
An LM120-12 or LM120-15 may be used to permit higher input voltages, but the regulated output voltage must be at least — 15V when using the LM120-12 and
—18V for the LM120-15.

**Select resistors to set output voltage. 2 ppm/°C tracking suggested.

stability — 0.2%
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LM120/LM320

Typical Applications (continued)
WIde Range Tracking Regulator

Vour

COMMON'

—— oo e e ’?r:oom
T o o . Q15K .
| . G
3] imizoxx |2 )
-V _‘—I(svuzv,‘swl —8 . —OVour -

TLMITTET-T

*Resistor tolerance of R1 and R2 determine matching of (+) and (—)
inputs.

**Necessary only if raw supply capacitors are more than 3" from regulators

An LM3086N array may substitute for Q1, D1 and D2 for better stability and

tracking. In the array diode transistors Q5 and Q4 (in parallel) make up D2;
similarly, Q1 and Q2 become D1 and Q3 replaces the 2N2222. .

Variable Output

22F

INPUT ouTPUT

TL/H/7767-9
*Optional. Improves transient response and ripple rejection.

R1+R2
Vout = VseT——,— R2
SELECT R2 AS FOLLOWS:
LM120-5 —3000
LM120-12  —750Q
LM120-15  —1k

Current Source
T . T s
' T I A
lout - 0.1uF
+ . . 1| 1
22uF ' |_ o |
>
> A1*
> . .
INPUT J j _ 5.0v
’ outeer ~ lout = 1 mA + o=
TL/H/7767-8
+15V, 1 Amp Tracking Regulators
Vour (#) 15V
> As* K?IIMI
e
|
- ‘ H
st
# g O COMMON
L us . ant
L5** R3
uf == *-"l.‘ v":lbmnvmm -L y Y
] COMME &1
|
~Vin L LM320-18 ouT O Vour (-) 16V
TL/H/7767-12
Performance (Typical) oo
Load Regulation at Al, = 1A 10mv 1mv -

Output Ripple, Cy = 3000 pF, I, = 1A 100 uVrms 100 pVrms
Temperature Stability +50 mV +50 mV
* Output Noise 10 Hz < f < 10 kHz 150'uVrms 150 uVrms
‘Resistor tolerance of R4 and RS determine matching of (+) and
(—) outputs.
**Necessary only if raw supply filter capacltors are more than 2"
from regulators.

Light COntroll_ers Using Silicon Photo Cells

CURRENT

" Fumrrrer-10

*Lamp brightness increases until i = 5V/R1 (| can be set as low as 1 pA).

TNecessary only of raw supply filter capacitor is more than 2" from
LM320MP.

BULB
O ) 158
MAX TURN-ON -

H 1 1
| fon” \ =
| e T > BV-15V
- ) BB
ot =Lt > (D 1.750
== ia MAX TURN-ON
. . + : CURRENT
| S —lr2
| o —1—25,.5
v =Y 2050 B

TL/H/7767-11

. *Lamp bnghtness increases until iy =iq (1 mA) + 5V/R1.

tNecessary only if raw supply filter capacitor is more than 2" from LM320.




Connection Diagrams

OUTPUT
INPUT
.(
" /-\ \ -

TL/H/TT67-13
Bottom View

Metal Can Package TO-39 (H)

Order Number LM120H-5.0, LM120H-12, LM120H-15,
LM120H-5.0/883, LM120H-12/883, LM120H-15/883,
LM320H-5.0, LM320H-12 or LM320H-15
See NS Package Number HO3A

INPUT

INPUT

ouwut\\/—\ / (CASE)
®
®
GND—/
TL/H/7767-14
Bottom View

Steel Metal Can Package TO-3 (K)
Order Number LM120K-5.0/883, LM120K-12/883,
LM120K-15/883, LM320K-5.0, LM320K-12 or LM320K-15
See NS Package Number K02A

Q|

I r——ur

———Y

| — GND

TL/H/7767-17

Front View

Power Package TO-220 (T)
Order Number LM320T-5.0, LM320T-12 or LM320T-15
See NS Package Number T03B

Schematic Diagrams
-5V
<
S R18 < R19
i» 4k 3 5k
m?r
09
i e SE R17
=t N
017
— v
16 (] o
v 5
20 pF
014

RY
20k

VinO-

TL/H/7767-18
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LM120/LM320

Schematic Diagrams (continued)

—12V and —15V }
SR8 SR19
<
Sak 25k
L1
6.2V an
18 .
l:_ 19
@ 0 Vout
16 020
S L a1, pg
S SRN 6.2V
1'““‘ R15! &
2%
mj«J
20 pF
22 ]
R8 RY R13 R21 b
S0k 20k 5k 50 1S
- ]
Vin©

TL/H/7767-19
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'LM123/LM323A/LM323

tor

3-Amp, 5-Volt Positive Regulator

General Description

The LM123 is a three-terminal positive regulator with a pre-
set 5V output and a load driving capability of 3 amps. New
circuit design and processing techniques are used to pro-

' vide the high output current without sacrificing the regulation
characteristics of lower current devices.

The LM323A offers improved precision over the standard
LM323. Parameters with tightened specifications include
output voltage tolerance, line regulation, and load regula-
tion.

The 3 amp regulator is virtually blowout proof. Gurrent limit-
ing, 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 operatlon of the
LM123. If the device is more than 4 inches from the filter
capacitor, however, a 1 uF solid tantalum capacitor should
be used on the input. A 0.1 uF 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 satis-
factorily as a system element.

For applications requiring other voltages, see LM150 series
adjustable regulator data sheet.

Operation is guaranteed over the junction temperature
range —55°C to +150°C for LM123, —40°C to +125°C for
LM323A, ‘and 0°C to +125°C for LM323. A hermetic TO-3
package is used for high reliability and low thermal resist-
ance.

Features:

Guaranteed 1% initial accuracy (A versnon)
3 amp output current

Internal current and thermal limiting

0.01Q typical output impedance

7.5V minimum input voltage

30W power dissipation ‘

P+ Product Enhancement tested

Connection Diagram

Metal Can Package

GND

auTPUT \(—\ / (cAse)

O

K

©)

TL/H/7T71-2

Order Number LM123K STEEL, LM323AK STEEL or LM323K STEEL
See NS Package Number K02A

Order Number LM123K/883
See NS Package Number K02C

Typical Applications

Basic 3 Amp Regulator

tm23

Vou1 +5V

+Vin
.
Cn 4
1,

ma

SOLID
TANTALUM l

YCL
0.1uF

TL/H/T77T1-3

€2ENT/VEZENT/ECLINT

*Required if LM123 is more than 4” from filter capacitor.
TRegulator is stable with no load capacitor into resistive loads.
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LM123/LM323A/LM323

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
(Note 4)

Operating Junction Temperature Range

LM123
LM323A
LM323°

—56°C to +150°C
—40°C o +125°C
0°Cto +125°C

Input Voltage 20v Storage Temperature Range ‘ —65°Cto +150°C
Power Dissipation Internally Limited Lead Temperature (Soldering, 10 sec.) 300°C
ESD Tolerance (Note 5) 2000V
LM123 Electrical Characteristics (vote 1)
. : LM123
Parameter Conditions Units
' ' Min Typ Max
Output Voltage Tj=25°C )
‘ Vin = 7.5V, loyT = OA 47 5 53 v
7.5V < V)y <15V
0A < loyr < 3A, P < 30W 4.6 54 v
Line Regulation (Note 3) Tj= 25°C
7.5V < Viy < 15V 5 25 mv
Load Regulation (Note 3) Tj=25°C,V|y = 7.5V,
L OASIouT S 3A 25 100 mVv
Quiescent Current S 7.5V < VN < 15V, ' ) '
OA < lour < 3A 12 .20 mA
Output Noise Voltage Tj=25C "
: 10Hz < f < 100 kHz - 40 pVrms
Short Circuit Current Limit Tj=25°C
VN = 15V 3 45 A
ViN = 7.5V 4 5 A
Long Term Stability 35 mV
Thermal Resistance Junction o
to Case (Note 2) 2 c/w
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LM323A/LM323 Electrical Characteristics (Note 1)

-
=
—
N
w
LM323A LM323 ~
Parameter Conditions Units |
Min | Typ | Max | Min | Typ | Max 5
Output Voltage Tj= 25°C N
Vin = 7.5V, lout = 0A 495 | 5 | 505 | 48 5 5.2 v >
7.5V < Vi < 15V c
0A < loyT < 3A, P < 30W 4.85 5.15 4.75 5.25 \ ‘3
Line Regulation (Note 3) Tj=25°C @
| 7svsvys sV 5 10 5 25 mv
Load Regulation (Note 3) Tj=25°C,V|n = 7.5V,
0A < lout < 3A 25 50 25 100 mV
Quiescent Current 7.5V < VN < 15V,
0A < lout < 3A 12 20 12 20 mA
Output Noise Voltage Tj=25C
10Hz < f < 100 kHz 40 40 pVrms
Short Circuit Current Limit Tj=25°C
ViN = 15V 3 45 3 45 A
VN = 7.5V 4 6 4 5 A
Long Term Stability : ' 35 35 mV
Thermal Resistance Junction o
to Case (Note 2) 2 2 c/w

Note 1: Unless otherwise noted, specifications apply for —55°C < Tj < +150°C for the LM123, —40°C < Tj < +125°C for the LM323A, and 0°C < Tj < +125°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%.
Note 4: Refer to RETS123K drawing for LM123K miilitary specifications.
Note 5: Human body model, 1.5 kQ in series with 100 pF.

Typical Applications (continued)
Adjustable Output 5V-10V 0.1 % Regulation

+Vin O

Ru

A"
. UNREGULATED
*Select to Set Output Voltage TL/H/7771-4

**Select to Draw 25 mA from V—
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LM123/LM323A/LM323

Typical Performance Characteristics

PDWEh DISSIPATION (WATTS)

INPUT-OUTPUT DIFFERENTIAL (V)

QUIESCENT CURRENT (mA)

OUTPUT CURRENT (R)

Maximum Average Power
Dissipation for LM123
L]

413 INFINITE
HEAT

SINK

AN

/?/

23

TE

Erara S

P ——
‘]\\
2% 50 75 100 125
Ta— AMBIENT TEMPERATURE (°C)

o Lowaxerieeo wear sinks

POWER DISSIPATION (WATTS)

Peak Available Output Current

5
5 b—171,--55°C
= T, 25°C

4
T, = 150°C

) .

2

1

[

‘5 10 15 20
INPUT VOLTAGE (V)

25 Dropout Voltage

20 e~ I, =38 ——
'\\\ T
15 I~ gL " 1A
1= 200 mA NN
N
10
05

0
-75-50-25 0 25 50 75 100 125 160

JUNCTION TEMPERATURE {°C)
“ Quiescent Current
T;=-55°C
12
t
" newel A

;=28

1/
o/

[} 4 ] 12 16
INPUT VOLTAGE (V)

20

QUTPUT CURRENT AT ZERO VOLTS (A}

INPUT VOLTAGE CHANGE (V)
{OUTPUT VOLTAGE DEVIATION (mV)

OUTPUT VOLTAGE
DEVIATION (V)

OUTPUT LOAD (A)

Maximum Average Power

Dissipation for LM323A, LM323

“WAKEFIELD MEAT SINK

MAXMUN ANSIENT —]
ot TempeRATURE

WemTE
NEAT

AN

N N

100 126
" Ta - AMBIENT TEMPERATURE (°C)

A

Short Circuit Current
ki
_— L 7,=25°C
—T;=125°C
5 10 15 0
INPUT VOLTAGE (V)

Line Transient Response
15

. I - 150mA
50 C, =0.14F
25 \ T=25Cc _|
° - -
/
-50
T 5
10
5
o B
o 1 2 3 4 5
TIME (us)
Load Transient Response
L[ V=10V
02 -y 2c
“ J
N CL=WF_ | | ]
SOLID TANTALUM
-0.2 .
> Cp =0.14F <
2
1
0

o1t 2 3 4 5
TIME (u5)

OUTPUTVOLTAGE (V)

OUTPUT IMPEDANCE (Q)

_ RIPPLE REJECTION (dB)

NOISE VOLTAGE (uV/v H2)

10°

107

1072

L]

20

Outbut Impedance
e ———

1, = 25°C =
1 T = ]

Vin = 15V=—F

{THERMAL EFFECT)

ZT

f—7
Z €, = 10uF
SoLID
TANTALUM]

T T
[—Vin =75V
1T 10 100 1K 10K 100K 1M
. FREQUENCY (Hz)

Ripple Re]ectidn

v =l 10v /
"o / ) o
L

. soLID
nimu.w

[Vin =10V, I =3A
(THERMAL EFFECT) ' y

C, = .IuF
1

l

100 1K 10K 100K 1M
FREQUENCY (H2)’

1 10

. Output Voltage
1

510
5.05
§.00
495

490

75 -50-25 0 25 50 75 100 125 150
TEMPERATURE (°C)

Vin =10V
I, =20 mA

e i

" Output Noise Voltage

0.1

N,

I
T

FREQUENCY (Hz)
TL/H/T77T1-5
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Typical Applications (continued)

10 Amp Regulator with Complete Overload Protection

€CENT/VEZENT/ECIINT

1 2
LM123
3
i
20mA
1 2

M123 - T
3

Vour
+5V
1
Vin O—@=A N~ LM123
Cin : 3
1pF
SoLID TANTALUM
TANTALUM I '
*Select for 20 mA Current from Unregulated Negative Supply ' = TL/H/T771-6
Adjustable Regulator 0V-10V @ 3A
1 2
12Vs vy < ZﬂV()—?—-‘ LM123
Ciy
1uF hd
SOLID =y
TANTALUM _l
—te O
R4 —T— 20.1uF
1K
R5
33K
- ! 1
ey 0N
A—LM101A ATED TLH/TTT =7

C4—2 pF Optional—Improves Ripple Rejection, Noiss, and Transient Response
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LM123/LM323A/LM323

Typical Applications (continued)

Schematic Diagram

Trimming Output to 5V

INPUT
o o
o }/‘_4;
a0
S 13 S R17 P'ﬁ"'
[ . S« > 10K
' o S nn
g | b S13
] <
10pF
] AN
18 A18 q
LXK 500 < R20
S no
ﬁ
o o -~—a
ouTPUT
R21 ‘:
5K ;»
an -
a6 3 o
RS 30pF
R2 S
2 l # I'$3
W
L4
S r
03
mj.—qP ’_E” 6.2
wl—e 3w
:, 100
b p
s 0 [ [ 1] :
> o0 on
< }) [ s
*]‘" |
SR R4 < R3S >
> > >
> S 100 < xS <
-& L g L O GND

TL/H/TTT1-1
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LM125/LM325 Dual Voltage Regulators

General Description

These dual polarity tracking regulators are designed to pro-
vide balanced positive and negative output voltages at cur-
rent up to 100 mA, and are set for +15V outputs. Input
voltages up to +30V can be used and there is provision for
adjustable current limiting. These devices are available in
two package types to accommodate various power require-
ments and temperature ranges.

Features

m 115V tracking outputs

m Output current to 100 mA
m Output voltage balanced to within 2%
m Line and load regulation of 0.06%

u Internal thermal overload protection

m Standby current drain of 3 mA

m Externally adjustable current limit
m Internal current limit

Schematic and Connection Diagrams

®o
a2 ) J
[
(3
L| LSO ey
o
na; r S R4 :235
"ﬁ“ L @
"
() 7 o 200
nPJ [OL]
T~ 20F
o ao}—4 @ m
"
AR R °bj 8k
(1) — - ® m
a1 A1l
90 15k
] moogm
e 1
oy
a1
( l N 5
@w
—~¢ 11
Y Sof
-~
(Q DK
k‘_‘ E‘m —‘ &)
w
AN L >«
* i g
1
a L
[
n r‘ $m
R
a
o e RIS s
my by 4
20
s h n
¢ o
[ Qe
o) o 1) 1AEAD DIP
[ 2
an
» azs
an an 06
b )
2 m b—o® w
a2 10 s
i A LI i) e 0
.) 10 1.0
Y s (T e T n ®a
» Rl ‘] (2] r
s 10
®w
[OX]
TL/H/7776-1

Dual-In-Line Package

+BO0ST meld U He +sense
2 13+ CURRENT
L = umm
vy = 112 e
v = 1L ono
-z 2 v
. . .
—SENSE vy b NC
~Vour =

Top View

L I—‘ -800ST

TL/H/7776-2

Order Number LM325N
See NS Package Number N14A

Metal Can Package

~Viv

Case connected to —V)y

Top View

TL/H/7776-3

Order Number
LM125H/883 or LM325H
See NS Package Number H10C
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LM125/LM325

Absolute Maximum Ratings
It Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales .

Office/Distributors for availability and specifications.
(Note 5)

Operating Conditions

B Operating Free Temperature Range :

LM125
LM325

StorageTemperature Range o

—55°C to.+125°C
0°Cto +70°C

.—65°Cto + 150°C

Input Voltage % 30V . “Lead Temperature (Soldering, 10 sec.) . .'300°C
Forced Vo + (Min) (Note 1) —0 5V
Forced Vo~ (Max) (Note 1) - +0.5V
Power Dissipation (Note 2) ) PMmAX
Output Short-Circuit Duration (Note 3) Continuous
Electrical Characterlstlcs LM125/LM325 (Note ) .
Parameter ; “ Conditions ' Min. Typ | Max |. . units
Output Voltage ' B Tj = 25°C f
LM125. 14.8 15 16.2 . \"
LM325 14.5 15 15.5 \
Input-Output Differential 20 4 ‘ Y
Line Regulation- VIN = 1°8V to 30V, I = 20 mA, 20 10 mv
Tj = 25°C
Line Regulation Over Temperature Range ViN = 18V 1030V, I = 20 mA, 20 20 mv
Load Regulation IL=0t050mA, Vijy = £30V, ,
Vo+ Tj = 25°C. . 3.0 10 mv
Vo~ o 5.0 10 mv
Load Fiegulation Over Temperature Range IL=0t050mA,V|y = £30V ) . ‘
Vot N T ' . 40 20 mv
Vo~ : " 70, .| 20 mv
Output Voltage Balance T)=25°C . ‘
LM125 +150 mv
LM325 ) . P +300 mV
Output Voltage Over Temperature Range P <'Pmax 0 < lo <50 mA; . S R ;
LM125 18V <|vinl <80 14.65 15.35 v
LM325- o ; 14.27 . 15.73 \"
Temperature Stability of Vo o i ‘ +0.3: ) %
Short Circuit Current Limit T, = 25°C. . 260 | mA
Output Noise Voltage Tj = 25°C, BW = 100.= 10 kHz 150 - ‘ pVrms
Positive Standby Current T, = 25°C { 175 30 mA
Negative Standby Current Tj = 25°C 31 5.0 mA
Long Term Stability 0.2 : % /KHr
Thermal Resistance Junction to
Case (Note 4) -
LM125H, LM325H : 20 °C/W
Junction to Ambient (Still Air) 215 °C/W
Junction to Ambient . . (400 Lf/min Air Flow) 82 °C/W
Junction to Ambient (Still Air) . o
LM325N 9 G/IW

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 Tj = 55°C to +150°C on LM125, T, = 0°C to +125°C on LM325A, Tj = 0°C to +125°C on
LM325, Vjy = +20V, I = 0 mA, Iyax = 100 mA, Pyax = 2.0W for the H10 Package. Iyax = 100 mA. lyax = 100 mA, Pyax = 4.0W 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

junction to

can only approach the junction to case values specified, depending on the efficiency of the sink.
Note 5: Refer to RETS125X drawing for military specification of LM125.

:

[

bient of the H10 Package is about 155°C/W. With a heat sink, the effective thermal resistance
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Typical Performance Characteristics

QUTPUT VOLTAGE DEVIATION (mV)

MINIMUM INPUT-OUTPUT DIFFERENTIAL (V)

Pp (W)

01

Load Regulation

[ POS REG

0 20 40 60 80 100
LDAD CURRENT (mA) :

Regulator
Dropout Voltage for
Negative Regulator

-
/|

/. 11, -sls'c
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CURRENT LIMIT SENSE VOLTAGE (V)

Regulator Dropout Voltage

~ for Positive Regulator
e T, 0150
20 = -55°C

’ e 25°C

f :

15 |-

1.0 /

05

0 20 40 60 80 o
LOAD CURRENT (mA)
LM125 Maximum Average

Power Dissipation vs
Ambient Temperature

L1 1 1
INFINITE HEAT SINK

H10
™

NO HEAT SINK
T H10

01

~55 <25 0 425 <50 <75 +100 +125

Ta - AMBIENT TEMPERATURE (°C)
LM 125 Current Limit Sense
Voltage vs Temperature
for Positive Regulator

090
Q80

0n N

N

080 |-
050 AN

040 — N

030,
+-50-25 0 25 SO 75 100 125 150
JUNCTION TEMPERATURE (°C)
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LM125/LM325

Typical Performance Characteristics (continued)

Load Transient Response Load Transient Response
for Positive Regulator for Negative Regulator
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Typical Applications

Basic Regulatoritt
I_ —— am— T— —— wm— ;
| -t o=l et
Fany 7 ' N 1uF
1! —L [ o4

Vo Om—dg

RN
|

_ O -Vo

p—0O -Vin

2.0 Amp Boosted Regulator With Current Limit

O o P

X L
g2 +Wo GND e
% Fren |
+~ et ' '
1uF

2N3055
| OREQUIV. 4 I
[ *cat
3055 b
OR EQUIV.
- |
9 .
<
: Reu |

+Vin ~Vin

Note: Metal can (H) packages shown.
_ Current Limit Sense Voltage (See Curve)

!
CL ReL
+Solid tantalum
t1Short pins 6 and 7 on dip
T1TRcL can be added to the basic regulator between pins 6 and 5, 1 and 2 to reduce

current limit.
*Required if regulator is located an appreciable distance from power supply filter.
**Although no capacitor is needed for stability, it does help transient response. (If
needed use 1 uF electrolytic).
***Although no capacitor is needed for stability, it does help transient response. (If
needed use 10 pF electrolytic).

TL/H/7776-6

TL/H/T776-7
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LM125/LM325

Typical Applications (continued)

Positive Current Dependent Simultaneous Current Limiting

= 2N3055
< 10
SR 1 9 ) | 2N2222
+Vour L
2 8 om
o3 = S
10uF 3 tt(7 N Vour
I_ 238 ) 1918 iu'
= ) 6
5 4 “—" -I- 1-10uF
A2 S S ——
:: R1 2008 S Reu
1 - v
—VIN
‘L X + 1 i g2t
' *c1 - o 1uF
RS - ¥
md I 1w ‘ . =
Wy
“a
2N2906
TL/H/7776-8
VSENSE NEG )
— * VBeQ1
o+ =
oL R1 ‘ R+ = YeEnse”
+ _ VsensE NEG * VDIODE ' gLt
lout = ==
Rew

IcL* Controls Both Sides of the Regulator.

Boosted Regulator With Foldback Current Limit

a3
o = Resistor Values
~Vour 125 126
+ u'
-Ih«r- 100F R1 18 20
L3 = R2 310 180
A~ Positive Reg, R3 2.4k | 1.35k
S R5 'MAi = 2.0A 26 goo 390
203058 S r—+-1 IgcT . - ;:?cmA cL 7 .9
} | +vin = +25v
S 2 4 | Negative Reg.
me 3 l e .! Ivax = 20A
- Isg = 750 mA
- @Tp = 25°C
—V|y = —25V

TL/H/T776-9
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Typical Applications (continued)

SZEWT/SCINT

Electric Shutdown
[
1N914 200 200 200
1N914 2N2905 2N2905
Vi
Vin 2 2.0V
Vo <08V

carr

¢ O-Vour

-z]:.qu

. TL/H/7776-10
+Solid tantalum
T1Short pins 6 and 7 on dip
*Required if regulator is located an appreciable distance from power supply filter.

**Although no capacitor is needed for stability, it does help transient response. (If
needed use 1 pF electrolytic).
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LM133/LM333

NNational Semiconductor

LM133/LM333 3-Ampere Adjustable Negative Regulators

General Description

The LM133/LM333 are adjustable 3-terminal negative volt-
age regulators capable of supplying in excess of —3.0A
over an output voltage range of —1.2V to —32V. These
regulators are exceptionally easy to apply, requiring only 2
external resistors to set the output voltage and 1 output
capacitor for frequency compensation. The circuit design
has been optimized for excellent regulation and low thermal
transients. Further, the LM133 series features internal cur-
rent limiting, thermal shutdown and safe-area compensa-

tion, making them substantially immune to failure from over- .

loads. }

The LM133/LM333 serve a wide variety of applications in-
cluding local on-card regulation, programmable-output volt-
age regulation or precision current regulation. The LM133/

. LM333 are ideal complements to the LM150/LM350 adjust-

able positive regulators. :

Features

m Output voltage adjustable from —1.2V to —32V
m 3.0A output current guaranteed, —55°C to +150°C
m Line regulation typically 0.01%/V

W Load regulation typically 0.2%

m Excellent rejection of thermal transients

m 50 ppm/°C temperature coefficient

W Temperature-independent current limit

®m Internal thermal overload protection

m P+ Product Enhancement tested

m Standard 3-lead transistor package

=® Output is short circuit protected

Connection Diagrams

TO-3
Metal Can Package

Typical Applications

Adjustable Negative Voltage Regulator

. =
© Vour CASEIS j{"z )
O must O -Vin .J.*. * L o1t
° T~ 14F
>
TL/H/9065-1 g 120
Bottom View A
—Vin Vin - Vour _ —Vour
Steel TO-3 Metal Can Package LM133/333
(K STEEL)
Order Number LM133K STEEL or TL/H/8065-3
LM333K STEEL Ve = — ( i) (_ )
outr = —1.25V {1+ + lapy X R2
See NS Package Number K02A 1200 Ao
TC1 = 1 pF solid or 10 pF alumi lectrolytic required for stability.
TO-220 *C2 = 1 pF solid is required only if is more than 4" from power supply filter capaci-
Plastic Package or. ]
Output capacitors in the range of 1 uF to 1000 uF of or I lytic are commonly

TABIS
—Vin

O

ADJUST Vour
Vin
TL/H/9065-2

Front View

3-Lead TO-220 Plastic Package (T)
Order Number LM333T
See NS Package Number T03B

used to provide lower output impedance and improved transient response.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Power Dissipation

Internally Limited

Input-Output Voltage Differential 35V

Operating Junction Temperature Range

LM133
LM333

TmiN to Tmax
—55°C to +150°C

—40°Cto +125°C

Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 10 sec.)
TO-3 Package 300°C
TO-220 Package 260°C
ESD Susceptibility TBD

Electrical Characteristics LM133 specifications with standard typeface are for Ty = 25°C, and those with
boldface type apply over the full operating temperature range. (Note 3)

Min Max
Parameter Conditions Typical (Note 2) (Note 2) Units
Reference Voltage IL=10mA —1.250 —1.238 —1.262 \"
3V < [Vin — Vourl < 35V -1.250 -1.225 -1.275 %
10mA < I < 3A,P < Ppax
Line Regulation 3V < |Viy — Vourl < 35V 0.01 0.02 % IV
louT = 50 mA (Note 4) 0.02 0.05
Load Regulation 10 mA < loyt < 3A, P < Pmax 0.2 0.5 %
(Notes 4, 5) 0.4 1.0
Thermal Regulation 10 ms Pulse 0.002 0.01 % IW
Temperature Stability TmIN < Ty < TMAX 0.4 %
Long Term Stability Ty = 125°C, 1000 Hours 0.15 %
Adjust Pin Current 65 90 A
70 100
Adjust Pin Current 10mA < <3A 2 6 pA
Change 3.0V < |Viny — Vour] < 35V
Minimum Load [Vin — Vourtl < 35V 2.5 5.0 mA
Current Vin — Vout| < 10V 1.2 2.5
Current Limit 3V < |Viy — Vour] < 10V 3.9 .80
IVin — Vout| = 30V 0.4 0.3
Output Noise 10 Hz to 10 kHz 0.003 % (rms)
(% of Vour)
Ripple Rejection Vout = 10V, f = 120 Hz
Capy = OuF 60 dB
Capy = 10 uF 77
Thermal Resistance TO-3 Package (K STEEL) 1.2 1.8 °C/W
Junction-to-Case .
Thermal Shutdown 163 150 190 °C
Temperature )
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LM133/LM333

Electrical Characteristics LM333 specifications with standard typeface are for TJ = 25°C, and those with
boldface type apply over the full operating temperature range. (Note 3)

S S Min _ Max, -
Parameter Conditions Typical - ~ (Note 2) (Note 2) Units
Reference Voltage IL=10mA —~1.250 —1.225 —1.275 )
3V < [Viy — Vourl £ 35v -1.250 -1.213 —-1.287 v
10 mA < I < 3A,P < Pyax
Line Regulation 3V < |Viny — Voutl < 35V 0.01 0.04 % IV
) » lout = 50 mA (Note 4) 0.02- 0.07 B
Load Regulation 10mA < I < 3A,P < Pmax 0.2 © 1.0 %

' (Notes 4 and 5) 0.4 1.5 o
Thermal Regulation 10 ms Pulse 0.002 0.02 % /W
Temperature Stability TMIN < Ty < Tmax 0.5 % .
Long Term Stability Ty = 125°C, 1000 Hours 0.2 %
Adjust Pin Current 65 95 RA

70 100
" Adjust Pin Current 10mA < I <3A 25 8 pA
Change 3.0V < |Viy — Voutl € 35V o
Minimum Load [Vin — Vourl <'35v 2.5 10 mA-
Current Vin — Voutl < 10V 1.5 50 W
Current Limit 3V < |Vin — Vour] < 10V 3.9 3.0 S
(Note 5) [Vin = Vourl = 20v 24 10 A
.IVin = Vout| = sov 0.4 0.20 ‘
Output Noise 10 Hzto 10 kHz 0.003 % (rms)
(% of Vout) s
Ripple Rejection Vour = 10V, f = 120 Hz.
Caps = 'OpF 60 'dBv‘
Capy = 10 uF 77
Thermal Resistance TO-3 Package (K STEEL) 1.2 1.8 ‘°C/W .
Junction to Case TO-220 Package (T) 3 4 Rt
Thermal Shutdown 163 °C
Temperature
Thermal Resistance K Package 35 L
Junction to Ambient T Package 50 °C/W
(No Heatsink)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device
outside of its stated operating conditions.

Note 2: Al limits are guaranteed at either room temperature (standard type face) or at temperature extremes (bold typeface) by production lestlng or
correlation techniques using standard Statistical Quality Control (SQC) methods. X

Note 3: Unless otherwise specmed [Vin = Vourtl = 8V, lout = 0.5A, Ppiss < 30W. ' c . '

Note 4: Load and line on are d at constant p using Iow duty cycle pulse testing (output voltage changes due to heaﬂng effects
are covered by the Thermal Regulation specification). For the TO-3 package, load lation is d on the output pin, %" below the base of the package

Note 5: The output current of the LM333 is guaranteed to be > 3A in the range 3V < |Viy — Voutl < 10V. For the range 10V < |Viy — Voutl < 15V, the
guaranteed minimum output current is equal to: 30/ (Viy — Vour). Refer to graphs for guaranteed output currents at other voltages.
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. =
Guaranteed Performance Characteristics =
w
LM133 Guaranteed Output Current LM333 Guaranteed Output Current F
4.0 !
=), TYPICAL 25°C 40 =) TYPICAL 25°C %
A (2]
= 30 < 3.0 \ had
E TYPICAL = TYPICAL
= TMIN, TMAX = TMIN, Trax
= 20 N\t 35 20
LX) =]
[ -
£ AAX £ \
2 10 N < 210
GUARANTEED 1N\ GUARANTEED
0 MINIMUM — 0 MINIMUM
5V 10V 15V 20V 25V 30V 35V 5V 10V 15V 2V 26V 30V 35V
(3.0) (3.04) (2.08) (1.25A) (0.7A) (0.34) (0.15R) (3.08) (3.04) (2.08) (1. 0‘) (0.48) (0.24) (0.088)
TESTED TESTED TESTED TESTED TESTED TESTED TESTED TESTED TESTED TESTED
(Vin —Vour) (Vin—Vour)
TL/H/9065-~4 TL/H/9065-5
Typical Applications (continued)
—5.2V Regulator with Electronic Shutdown
TIL
CONTROL
ON
= 1N914
1914 3 Z‘;’
[ 2N2907 i 03
N
=T
< 29
> P4
P 3T > 1%
Vour
W LM333 Vour 5.2V
Vin
—8V 10 —20vV
TL/H/9065-6
Negative Regulator with Protection Diodes
c2 I+ & R2 '; 03" *When C_ is larger than 20 uF, D1 protects the
10 4F 4 ~ :: 5k ) MR752 OR LM133 in case the input supply is shorted.
+ SIMILAR **When C2 is larger than 10 uF and —Voyr is
[} 5A, 50v larger than —25V, D2 protects the LM133 in
{ 14F case the output is shorted.
:. R1 p2** ***In case Voyr is shorted to a positive supply,
D) > 249 1N4002 D3 protects the LM133 from overvoltage, and
LM333 Vour _::“‘II protects the load from reversed voltage.
Vin n*
1N4002
-Vin
TL/H/9065-7
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LM133/LM333

Typical Applications (continued)
High-Performance 9-Ampere Adjustable Regulator

= '+sa|ss_ﬁ|
> 3 .
b30E |
9 1% |
R2 I . ’ I
VOLTAGE S ¢ 2 f—
ADJUST @ T’_wﬁ -1 104
[ - L .
S e
L /1 e R4
489 S 100 .
< 1% 1% '
v l
* ~SENSE |
Vin AD 0.1 —Vour
—35V Vin Voot —AN— -4V T0 - 28V
(MAX) LM333K : @A
*
*Wire R1 and R4 to the regulator that
ADJ 0.1 provides the highest Voyt with a 3A
VN Vour =AM load.
LM333K
**Full  output current requires
5V<|ViN=VouT| < 10V. At higher in-
put-output voltages, load current will
be less (see guaranteed curves)
0.1
AN~
TL/H/9065-8
Current Regulator High Stability 10V Regulator
. I3 I
M*d O - < 287
S wF $ 1%
ADS : LM329A 9
LM133 Vour »J. L F
ViN 4+ . 4
—ttn
14F S 2%k < 1.5k
-T- S5%  S%
lour _ VRer ADJ
lour=—FH— Vour
R1 LM333 Vour _ —10v
. CURRENT *0.4Q < R1 < 1200 Vin 15 ppm/°C
OUTPUT
TL/H/9065-9
-15v
TL/H/9065-10
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Typical Applications (continued) =
(34
High-Current Adjustable Regulator F
=
L 8
- _ +SENSE W
1 '
. § VOLTAGE ADJUST 10 4F I
> 2% T
L L
10
[ — 909 ki 00 uF LOAD
1% g 100 4 T
VRer
W ADJ
N 0.03 ) Vour
35 Vin goraSt Vour —AN J -1 T0 -2y
(MAX) REGULATOR* @ 9.
14F
. ’LJL *Control regulator must have the larg-
est VRer
ADJ
0.03 **Full  output current  requires
ViN Vour —AAA 5V<|ViN-VouT| <10V. At higher in-
LM333K put-output voltages, load current will
1uF be less (see guaranteed curves)
|+ i
ADJ
0.03
Vin Vour — N\
LM333K
1uF
+
TL/H/9065-11
Adjustable Lab Voltage Regulator Adjustable Current Regulator
+25V .
:' 1k
Vi W +
LM350 Vour 12VT0 200 { 1
ADJ 2%
k4 <
0.1 4F ADJ Ri*
T LM133 Vour —— M\
Vin -
-t * [
T 10 4F 1N4002 our
i i TL/H/9065-13
= |+ = 1.5V
= = (1Y) 4159% adi
,Pm uF* 1N4002 lout ( m ) 15% adjustable
*0.50 < R1 < 240
.
71 0.14F
P ADJ
LM333 Vour —1.2VT0 —20V
ViN
—25v TL/H/9065-12
*The 10 uF capacitors are optional to improve ripple rejection.
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LM133/LM333

Typical Applications (continued)

THERMAL REGULATION

When power is dissipated in an IC, a temperature gradient
occurs across the IC chip affecting the individual IC circuit
components. With an IC regulator, this gradient can be es-
pecially severe since the power dissipation is large. Thermal
regulation is the effect of these temperature gradients on
output voltage (in percentage output change) per watt of
power change in a specified time. Thermal regulation error
is independent of electrical regulation or temperature coeffi-
cient, and occurs within 5 ms to 50 ms after a change in
power dissipation. Thermal regulation depends on IC layout
as well as electrical design. The thermal regulation of a volt-
age regulator is defined as the percentage change of Vouyr,

FIGURE 1

TL/H/9065-14

per watt, within the first 10 ms after a step of power is ap-
plied. The LM133's specification is 0.01%/W, max.

In Figure 1, a typical LM133’s output drifts only 2 mV (or
0.02% of Voyt = —10V) when a 20W pulse is applied for
10 ms. This performance is thus well inside the specification
limit of 0.01% /W X20W = 0.2% max. When the 20W pulse
is ended, the thermal regulation again shows a 2 mV step as
the LM133 chip cools off. Note that the load regulation error
of about 1 mV (0.01%) is additional to the thermal regulation
error. In Figure 2, when the 20W pulse is applied for 100 ms,
the output drifts only slightly beyond the drift in the first 10
ms, and the thermal error stays well within 0.1% (10 mV).

TL/H/9065-15

FIGURE 2




NNational Semiconductor

LM137/LM337 | .
3-Terminal Adjustable Negative Regulators

General Description

The LM137/LM337 are adjustable 3-terminal negative volt- B 77 dB ripple rejection

age regulators capable of supplying in excess of —1.5A  m Excellent rejection of thermal transients
over an output voltage range of —1.2V to —37V. These m 50 ppm/°C temperature coefficient
regulators are exceptionally easy to apply, requiring only 2w Temperature-independent current limit
external resistors to set the output voltage and 1 output g | +ernal thermal overload protection
capacitor for frequency compensation. The circuit design m P+ Product Enhancement tested

has been optimized for excellent regulation and low thermal .

transients. Further, the LM137 series features internal cur- . Standar.d 3-lead ?ran.SIstor package
rent limiting, thermal shutdown and safe-area compensa- W Output is short circuit protected

tion, making them virtually blowout-proof against overloads. !
9 v P 9 LM137 Series Packages and Power Capability

The LM137/LM337 serve a wide variety of applications in-

cluding local on-card regulation, programmable-output volt- Rated Design
age regulation or precision current regulation. The LM137/ Device Package Power Load
LM337 are ideal complements to the LM117/LM317 adjust- Dissipation Current
able positive regulators.

LM137/337 TO-3 (K) 20W 1.5A
Features TO-39 (H) 2W 0.5A
@ Output voltage adjustable from —1.2V to —37V LM337 TO-220 (T) 15W 1.5A

@ 1.5A output current guaranteed, —55°C to +150°C
® Line regulation typically 0.01%/V

@ Load regulation typically 0.3%

B Excellent thermal regulation, 0.002% /W

Typical Applications

Adjustable Negative Voltage Regulator

gl
+ +
At ‘
* e U
AN AP‘ uF
ViN] 3w
“Vin LM337 ~Vour

TL/H/9067-1
Full output current not available at high input-output voltages

R2
- =-125V(1+——=) + | —laps X R2
Vour = ~1.25 (1 1209) ( apy X R )
TC1 = 1 pF solid tantalum or 10 wF aluminum electrolytic required for stability

*C2 = 1 pF solid tantalum is required only if regulator is more than 4" from power-supply filter capacitor

Output capacitors in the range of 1 uF to 1000 pF of aluminum or tantalum electrolytic are commonly used to provide improved
output impedance and rejection of transients
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LM137/LM337

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

Operating Junction Temperature Range

please contact the National Semiconductor Sales LM137 —55°C to +150°C
Office/Distributors for availability and specifications. LM337 0°Cto +125°C
(Note 4) Storage Temperature —65°C to +150°C
Power Dissipation Internally Limited Lead Temperature (Soldering, 10 sec.) 300°C
Input-Output Voltage Differential 40V, Plastic Package (Soldering, 4 sec.) 260°C
ESD Rating 2k Volts
Electrical Characteristics (note 1)
Parameter Conditions LM137 LM337 Units
) “Min Typ Max | Min ‘| Typ Max
Line Regulation Tj=25C,8V< [Vin = Voutl < 40V . 0.01 0.02 0.01 0.04 | %/V
(Note 2) I = 10 mA
Load Regulation Tj = 25°C, 10 mA < loyT < IMAX 0.3 0.5 -.03 1.0 %
Thermal Regulation Tj = 25°C, 10 ms Pulse '0.002 | 0.02 0.003 [ 0.04 |%/W
Adjustment Pin Current 65 100 65 100 pA
Adjustment Pin Current Charge| 10 mA < || < Iyax 2 5 2 5 pA
' ) 3.0V < |[Viy — Vourl < 40v,
Tp = 25°C
Reference Voltage Tj = 25°C (Note 3) —1.225| —1.250| —1.275| —1.213| —1.250| —1.287] V
3V < |Vin — Voutl < 40V, (Note 3) | —1.200{ —1.250| —1.300| —1.200| —1.250| —1.300| V
10 mA < loyt < Imax: P < Pmax
Line Regulation 3V < [Vjy — Vourl < 40V, (Note 2) 0.02 | 0.05 0.02° | 0.07 | %/V
Load Regulation 10 mA < loyt < Imax, (Note 2) 0.3 1 0.3 15 %
Temperature Stability TMIN < Tj < Tmax 0.6 0.6 %
Minimum Load Current [ViN — Voutl < 40v 25 5 25 10 | mA
- [Vin — Voutl < 10v 1.2 3 1.5 6 mA
Current Limit [ViN — Voutl < 15V ‘
K and T Package 15 2.2 35 1.5 22 3.7 A
H Package 0.5 0.8 1.8 0.5 0.8 1.9 A
[Vin = VQUTI =40V, Tj = 25°C
Kand T Package 0.24 0.4 0.15 0.4 A
H Package 0.15 0.17 0.10 0.17 A
RMS Output Noise, % of Voyr | Tj = 25°C,10Hz < f < 10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vout = —10V,f = 120 Hz 60 60 dB
CapJ = 10 puF 66 77 66 77 dB
Long-Term Stability Tj = 125°C, 1000 Hours 0.3 1 0.3 1 %
Thermal Resistance, H Package 12 15 12 15 |°C/W
Junction to Case K Package 2.3 3 2.3 3 °C/W
T Package 4 °C/W
Thermal Resistance, H Package 140 140 °C/W
Junction to Ambient K Package 35 35 °C/W
(No Heat Sink) T Package 50 °C/W

Note 1: Unless otherwise specified, these specifications apply —55°C < Tj < +150°C for the LM137, 0°C < T; < +125°C for the LM337; Viy — Vouyt = 5V; and
lout = 0.1A for the TO-39 package and loyt = 0.5A for the TO-3 and TO-220 packages. 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 and TO-220. Iyax is 1 5A for the TO-3 and TO-220 packages, and 0.2A for the TO-39

package.

Note 2: Regulation is atec

junction

covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 15"

packages.
Note 3: Selected devit

with tigh

voltage availabl

Note 4: Refer to RETS137H drawing for LM137H or RETS137K drawing for LM137K military specifications.

, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are

below the base of the TO-3 and TO-39
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Thermal Regulation

When power is dissipated in an IC, a temperature gradient
occurs across the IC chip affecting the individual IC circuit .
components. With an IC regulator, this gradient can be es-
pecially severe since power dissipation is large. Thermal
regulation is the effect of these temperature gradients on
output voltage (in percentage output change) per Watt of
power change in a specified time. Thermal regulation error
is independent of electrical regulation or temperature coeffi-

cient, and occurs within 5 ms to 50 ms after a change in .-

power dissipation. Thermal regulation depends on IC layout
as well as electrical design. The thermal regulation of a volt-
age regulator is defined as the percentage change of Vour,
per Watt, within the first 10 ms after a step of power is
applied. The LM137’s specification is 0.02%/W, max.

i
0.1%

T

-IIOmsl-

LM137, Vour = —10V TL/H/9067-3

VIN — Vout = —40V
L= 0A — 0.25A — DA
Vertical sensitivity, 5 mV/div
FIGURE 1

TL/H/9067-2

In Figure 1, a typical LM137’s output drifts only 3 mV (or
0.03% of Voyt = —10V) when a 10W pulse is applied for
10 ms. This performance is thus well inside the specification
limit of 0.02%/W X 10W = 0.2% max. When the 10W
pulse is ended, the thermal regulation again shows a 3 mV
step at the LM137 chip cools off. Note that the load regula-
tion error of about 8 mV (0.08%) is additional to the thermal
regulation error. In Figure 2, when the 10W pulse is applied
for 100 ms, the output drifts only slightly beyond the drift in
the first 10 ms, and the thermal error stays well within 0.1%
(10 mV).

0.1%

Je——100ms ——|

LM137, Voyt = —10V

ViNn — Vour = —40V

I = 0A — 0.25A — 0A
Horizontal sensitivity, 20 ms/div

FIGURE 2

TL/H/9067~4
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LM137/LM337

Connection Diagrams

TO-3 TO-39
Metal Can Package Metal Can Package

ADJUSTMENT

ADJUSTMENT Vour

~— OUTPUT
INPUT
. o N Case Is Input TL/H/9067-6
?as:: is Bottom View
np
, TL/H/9067-5 ' Order Number LM137H, LM137H/883 or LM337H
Bottom View ' . See NS Package Number HO3A

~ Order Number LM137K/883
See NS Package Number K02C

Order Number LM337K STEEL
See NS Package Number K02A

TO-220
Plastic Package»

Vin

ADJ L Vout
CViN ‘
. TL/H/9067-7
Front View
" Order Number LM337T

See NS Package Number T03B
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Typical Applications (continued)
Adjustable Lab Voltage Regulator

+25V.
1.2V 70 20V
+
0.1 psa
0.1 pF 5
-1.2V 10 -20V
Full output current not available
at high input-output voltages

*The 10 nF capacitors are optional to improve ripple relectnon.l.L /H/9067-9

Current Regulator

0=

1 uF

Vour

QUTPUT Ri

1.250V
CURRENT oyt =
*0.802 < R1 < 1200

lout
TL/H/9067-11

Negativé Regulator with Protection Diodes

X
l:z1 om =

LM137/
LM337

VIN

~Vin
TL/H/9067-13
*When C_ is larger than 20 nF, D1 protects the LM137 in case the input
supply is shorted
**When C2 is larger than 10 pF and —Vgyr is larger than —25V, D2 pro-
tects the LM137 in case the output is shorted

—5.2V Regulator with Electronic Shutdown*

st
CONTROL
= 1N914
4
< 787
1N914 b3
[ 282907
e 14
ATN HR
> <249
<
58k Ay Sx
Vour
""'3:7 Vour -52v
-8V T0 -20V w

TL/H/9067-10
*Minimum output = — 1.3V when control input is low

Adjustable Current Regulator

1.5V
lout = (FI_51) +15% adjustable

TL/H/9067-12
High Stability — 10V Regulator

15 ppm/°C

TL/H/9067-14
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LM137/LM337

Typical Performance Characteristics ( steel and T Packages)

02 Load Regulation Current Limit Adjustment Current
. - 3 80
N m—— T = 25° C
g Iy = 05A— —————Ta-55C =
H - L . _ -—— 1" =150°C T n "
£ -02 = s TANDK £
Y ™ E =3| PACKAGED R
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ﬂNational Semiconductor

LM137HV/LM337HV 3-Terminal Adjustable Negative
Regulators (High Voitage)

AHLEEWT/AHLELINT

General Description Features

The LM137HV/LM337HV are adjustable 3-terminal nega- @ Output voltage adjustable from —1.2V to —47V
tive voltage regulators capable of supplying in excess of  ® 1.5A output current guaranteed, —55°C to +150°C
—1.5A over an output voltage range of —1.2V to —47V.  m Line regulation typically 0.01%/V

These regulators are exceptionally easy to apply, requiring g | oad regulation typically 0.3%

only 2 external resistors to set the output voltage and 1 g Eycellent thermal regulation, 0.002% /W

output capacitor for frequency compensation. The circuit ® 77 dB ripple rejection

design has been optimized for excellent regulation and low PP L ], .

thermal transients. Further, the LM137HV series features 8 Excellent rejection of thermal.tr.angents
internal current limiting, thermal shutdown and safe-area ™ 50 ppm/°C temperature coefficient
compensation, making them virtually blowout-proof against ~® Temperature-independent current limit
overloads. . & Internal thermal overload protection
The LM137HV/LM337HV serve a wide variety of applica- B P+ Product Enhancement tested
tions including local on-card regulation, programmable-out- 8 Standard 3-lead transistor package
put voltage regulation or precision current regulation. The @ Output short circuit protected
LM137HV/LM337HV are ideal complements to the

LM117HV/LM317HV adjustable positive regulators.

Typical Applications

Adjustable Negative Voltage Regulator

||H .

e

_é_"ﬂl_ LM137HY/
Vi LM337HY

‘TL/H/9066-1

R2
—Vout = —1.25V (1 +1—2m) + [—IAdl(Hg)]‘

TC1 = 1 uF solid tantalum or 10 uF aluminum electrolytic
required for stability. Output capacitors in the
range of 1 pF to 1000 pF of aluminum or tantalum
electrolytic are commonly used to provide im-
proved output impedance and rejection of tran-
sients.

*C2 = 1 pF solid tantalum is required only if regulator is
more than 4” from power-supply filter capacitor.
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LM137HV/LM337HV

Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

' Operating Junction Temperature Range

—55°Cto +150°C

please contact the National Semiconductor Sales LM137HV
Office/Distributors for availability and specifications. LM337HV 0°Cto +125°C
(Note 3) Storage Temperature —65°C to +150°C
Power Dissipation Internally limited * Lead Temperature (Soldering, 10 sec.) - 300°
Input—Output Voltage Differential 50V ESD rating is to be determined.
Electrical Characteristics (Note 1)
Parameter Conditions LM137HV LM337HV Units
Min Typ Max |  Min Typ Max
Line Regulation Ty = 25°C, 3V < [Vin—Vourl < 50V, .
(Note 2) I, = 10 mA 0.01 0.02 0.01 0.04 | %/V
Load Regulation Ty = 25°C,10 mA < loyt < IMax - 0.3 0.5 0.3 1.0 %
Thermal Regulation Ty = 25°C, 10 ms Pulse 0.002 | 0.02 0.003 | 0.04 [%/W
Adjustment Pin Current 65 | 100 65 100 | pA
Adjustment Pin Current Change |10 mA < I < lyax ' 2 5 2 5 | pA
3.0V < |ViN—Voutl < 50V, -
T, = 25° 4 6 3 6 pA
Reference Voltage Ty = 25°C, (Note 3) —1.225( —1.250| —1.275| —1.213| —1.250| —1.287| V
3V < [Vin—Vourtl < 50V, (Note 3) —1.200| —1.250| —1.300| —1.200| —1.250| —1.300| V
10 mA < loyT < Imax: P< Ppmax
Line Regulation 3V < [Vin—Vourl < 50V, (Note 2) 002 | 005 002 | 007 |e%nv
IL=10mA
Load Regulation 10 mA < loyrt < Imax, (Note 2) 0.3 1 0.3 1.5 %
Temperature Stability TMin < Tj < Tmax 106 0.6 %
Minimum Load Current Vin—Voutl < 50v 25 5 25 10 mA
IViN—Voutl < 10V 1.2 3 1.5 6 mA
Current Limit IVin—Voutl < 13V
K Package 1.5 22 3.2 1.5 22 3.5 A
H Package 0.5 0.8 16 0.5 0.8 18 A
IVin—Vourtl = 50v
K Package - 0.2 0.4 0.8 0.1 0.4 0.8 A
H Package 0.1 0.17 0.5 0.050 | 0.17 0.5 A
RMS Output Noise, % of Voyt | Ty = 25°C, 10 Hz < f < 10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vout = —10V,f = 120 Hz 60 60 dB
Capy = 10 uF 66 77 66 77 dB
Long-Term Stability Ta = 125°C, 1000 Hours 0.3 1 0.3 1 %
Thermal Resistance, Junction |H Package 12 15 12 15 |°C/W
to Case K Package 2.3 3 23 3 °C/W
Thermal Resistance, Junction |H Package 140 140 °C/W
to Ambient K Package 35 35 °C/W

Note 1: Unless otherwise specified, these specifications apply: —55°C < Tj < +150°C for the LM137HV, 0°C < Tj < +125°C for the LM337HV; ViN—VouT =
5V; and loyt = 0.1A for the TO-39 package and loyt = 0.5A for the TO-3 package. Although power dissipation is internally limited, these specifications are

applicable for power dissi|

ions of 2W for the TO-39 and 20W for the TO-3. Iyax is 1.5A for the TO-3 package and 0.2A for the TO-39 package.

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

| rec

Load

packages.

Note 3: Refer to RETS137HVH drawing for LM137HVH or RETS137HVK for LM137HVK military specifications.

lation is measured on the output pin at a point 14" below the base of the TO-3 and TO-39
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LM137HV/LM337HV

Thermal Regulation

When power is dissipated in an IC, a temperature gradient
occurs across the IC chip affecting the individual IC circuit
components. With an IC regulator, this gradient can be es-
pecially severe since power dissipation is large. Thermal
regulation is the effect of these temperature gradients on
output voltage (in percentage output change) per Watt of
power change in a specified time. Thermal regulation error
is independent of electrical regulation or temperature coeffi-
cient, and occurs within 5 ms to 50 ms after a change in
power dissipation. Thermal regulation depends on IC layout
as well as electrical design. The thermal regulation of a volt-
age regulator is defined as the percentage change of Voyr,
per Watt, within the first 10 ms after a step of power is
applied. The LM137HV’s specification is 0.02%/W, max.

—>| 10ms I<—

LM137HV, Vout = —10V
ViN—Vout = —40V

I = 0A— 0.25A — 0A
Vertical sensitivity, 5 mV/div

FIGURE 1

TL/H/9066-3

In Figure 1, a typical LM137HV'’s output drifts only 3 mV (or
0.03% of Voyt = —10V) when a 10W pulse is applied for
10 ms. This performance is thus well inside the specification
limit of 0.02%/W x 10W = 0.2% max. When the 10W pulse
is ended, the thermal regulation again shows a 3 mV step as
the LM137HV chip cools off. Note that the load regulation
error of about 8 mV (0.08%) is additional to the thermal
regulation error. In Figure 2, when the 10W pulse is applied
for 100 ms, the output drifts only slightly beyond the drift in
the first 10 ms, and the thermal error stays well within 0.1%
(10 mV). :

le—100ms—

. TL/H/9066-4
LM137HV, Vour = —10V

VIN—Vout = —40V

IL = 0A— 0.25A — 0A

Horizontal sensitivity, 20 ms/div

FIGURE 2

Connection Diagram (See Physical Dimensions section for further information)

TO-3
Metal Can Package

ADJUSTMENT Vour

CASE IS
INPUT

. TL/H/9066-5
Bottom View

Order Number LM137HVK/883 or SMD #7703404
See NS Package Number K02C

Order Number LM337HVK STEEL
See NS Package Number K02A

TO-39
Metal Can Package

ADJUSTMENT

(O)i=—ouTPUT

INPUT

CASE IS INPUT

TL/H/9066-6
Bottom View

Order Number LM137HVH/883, SMD # 7703404 or
LML337HVH
See NS Package Number HO3A




Typical Applications (Continued)

Adjustable High Voltage Regulator
+50V

1.2V 70 +47V

AHZEEWT/AHLELNT

0.1 uF =

0.1 uF/

LM337HV -1.2V 10 -47v

=50V
TL/H/9066-7

Full output current not available
at high input-output voltages
*The 10 pF capacitors are optional to improve ripple rejection

Current Regulator : Adjustable Current Regulator

lout = VRer
CURRENT out = &7
ouTPuT *0.8Q < R1 < 1200

lour ‘ lout - lout = (Jﬁ"’%') +15% adjustable
TL/H/9066-8
TL/H/9066-9
Negative Regulator with Protection Diodes ' High Stability —40V Regulator
= 523K
LM3298 S 1%

35 ppm/°C

-46V
TL/H/9066-11
* Use resistors with good tracking TC < 25 ppm/°C

TL/H/9066-10
*When C_ is larger than 20 pF, D1 protects the
LM137HV in case the input supply is shorted
**When C2 is larger than 10 pF and —Voyr is larger than
—25V, D2 protects the LM137HV is case the output is
shorted
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LM137HV/LM337HV

Typical Performance Characteristics (H and k-STEEL Package)
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NNational Semiconductor

LM138, LM338

5-Amp Adjustable Regulators

General Description

The LM138 series of adjustable 3-terminal positive voltage
regulators is capable of supplying in excess of 5A over a
1.2V to 32V output range. They are exceptionally easy to
use and require only 2 resistors to set the output voltage.
Careful circuit design has resulted in outstanding load and
line regulation—comparable to many commercial power
supplies. The LM138 family is supplied in a standard 3-lead
transistor package.

A unique feature of the LM138 family is time-dependent cur-
rent limiting. The current limit circuitry allows peak currents
of up to 12A to be drawn from the regulator for short periods
of time. This allows the LM138 to be used with heavy tran-
sient loads and speeds start-up under full-load conditions.
Under sustained loading conditions, the current limit de-
creases to a safe value protecting the regulator. Also includ-
ed on the chip are thermal overload protection and safe
area protection for the power transistor. Overload protection
remains functional even if the adjustment pin is accidentally
disconnected.

Normally, no capacitors are needed unless the device is
situated more than 6 inches from the input filter capacitors
in which case an input bypass is needed. An output capaci-
tor can be added to improve transient response, while by-
passing the adjustment pin will increase the regulator’s rip-
ple rejection.

Besides replacing fixed regulators or discrete designs, the
LM138 is useful in a wide variety of other applications. Since

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 differen-
tial is not exceeded, i.e., do not short-circuit output to
ground. The part numbers in the LM138 series which have a
K suffix are packaged in a standard Steel TO-3 package,
while those with a T suffix are packaged in a TO-220 plastic
package. The LM138 is rated for —55°C < Ty < +150°C,
and the LM338 is rated for 0°C < Ty < +125°C.

Features

m Guaranteed 7A peak output current

m Guaranteed 5A output current

m Adjustable output down to 1.2V

W Guaranteed thermal regulation

m Current limit constant with temperature
m P+ Product Enhancement tested

m Output is short-circuit protected

Applications

m Adjustable power supplies
m Constant current regulators
W Battery chargers

Connection Diagrams (See Physical Dimension section for further information)

(TO-3 STEEL)
Metal Can Package

ADJUSTMENT Vin

CASE IS
OUTPUT

TL/H/9060-30
Bottom View

Order Number LM138K STEEL or LM338K STEEL
See NS Package Number K02A

(TO-220)
Plastic Package

Vour

1

O

— ————> VN
— ————>Vour
[ ————> AN

TL/H/9060-31
Front View

Order Number LM338T
See NS Package Number T03B
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LM138/LM338

. Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Lead Temperature
Metal Package (Soldering, 10 seconds)
Plastic Package (Soldering, 4 seconds)

(Note 4)

Power Dissipation

Input/Output Voltage Differential

Storage Temperature

‘ Electrlcal Characterlstlcs

ESD Tolerance

Internally limited
+40V, —0.3V"
—65°Cto +150°C

LM138
LM338

Operating Temperature Range
—55°C < Ty < +150°C
. 0°C<Ty< +125°C

300°C
260°C
TBD

Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tempera-
ture Range. Unless otherwise specified, Viy — VouT = 5V; and |0uT = 10 mA. (Note 2)

Symbol Parameter. Conditions : LM138 Units
Min Typ Max
VREF Reference Voltage (13:)/ ;A(VS"\:OU.'\.IZU;L,SP:B:\QOW 1.19 | 1.2 4"’ 1.20 v
VRLINE Line Regulation V< (ViN— VdUT) < 35V (Note 3) 0.005 0.01 %IV
B 0.02 | 0.04 | %/v
VRLOAD Load Regulation 10mA < louT < 5A (Note 3) ' 0.1 0.3 %
' : : 0.3 0.6 %
Thermal Regulation ‘20 ms Pulse 0.002 | 0.01 % /W
1ADJ Adjustment Pin Current a5 | 100 | pA
Alapy Adjustment Pin Current Change | 10mA < lout < 5A, , 0.2 s WA
3V < (Vin — Vour) < 35V
AVR/T Temperature Stability TMIN < Ty € TMAX ' 1 %
ILoap(Min) | Minimum Load Current Vin — Vout = 35V 3.5 5 mA
loL Current Limit ViN — VouT < 10V
DC : 5 8 A
0.5 ms Peak 7 12 A
VIN — Vout = 30V . ' 1 e A
VN RMS Qutput Noise, % of VoyTt 10Hz < f < 10kHz 0.003 %
AVa Ripple Rejection Ratio Vout = 10V, f = 120 Hz, Cpopy = O'pF ' 60 dB
BViN ' Vout = 10V, = 120 Hz,Capy = 10 uF | 60 75 dB
Long-Term Stability Ty = 125°C, 1000 Hrs . 0.3 1 %
oo
e e s | row
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Electrical Characteristics (continued)
Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tempera-
ture Range. Unless otherwise specified, Viy — VouTt = 5V; and oyt = 10 mA. (Note 2)

Symbol Parameter. ‘ Conditions LM338 Units
Min Typ Max
VREF Reference Voltage 3V < (VIN — Vour) < 35V,
10mA < louT < BA, P < 50W 1.19 | 1.24 | 1.29 | V
VRLINE Line Regulation 3V < (Vin — VouT) < 35V (Note 3) 0.005 0.03 %/V
0.02 | 0.06 %IN
VRLoAD Load Regulation 10 mA < loyT < 5A (Note 3) 0.1 0.5 %
0.3 1 %
Thermal Regulation 20 ms Pulse 0.002 0.02 % /W
lapJ Adjustment Pin Current 45 100 RA
Alapy Adjustment Pin Current Change 10 mA < loyt < 5A, 0.2 5 A
3V < (Viy — Vour) < 35V . s
AVRp/T Temperature Stability TMIN < Ty < TmAX 1 %
ILoap(Min) | Minimum Load Current ViN — Vout = 35V 3.5 10 mA
loL Current Limit ViN — Vout < 10V ’
DC 5 8 A
0.5 ms Peak 7 12 A
ViN — Vout = 30V 1 A
VN RMS Output Noise, % of Voyt 10Hz < f < 10kHz 0.003 %
AV
2R Ripple Rejection Ratio Vout = 10V, f = 120 Hz, Capy = O uF 60 dB
AViN VOuT = 10V, f = 120 Hz,Capy = 10puF | 60 | 75 dB
Long-Term Stability Ty = 125°C, 1000 hrs 0.3 1 %
04c Thermal Resistance K Package 1 °C/W
Junction to Case T Package 4 °C/W
27N Thermal Resistance, Junctionto | K Package 35 °C/W
Ambient (No Heat Sink) T Package 50 . °C/W
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not specific perf limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: These specifications are applicable for power dissipations up to 50W for the TO-3 (K) package and 25W for the TO-220 (T) package, Power dissipation is
guaranteed at these values up to 15V input-output differential. Above 15V differential, power dissipation will be limited by internal protsction circuitry. All fimits (i.e.,
the numbers in the Min. and Max. columns) are guaranteed to National’'s AOQL (Average Outgoing Quality Level).

Note 3: Regulation is data j using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are
covered under the specifications for thermal IGQUIahon

Note 4: Refer to RETS138K drawing for military specifications of LM138K.

Typical Performance Characteristics

Current Limit Current Limit Current Limit
- 4
PRELOAD CURRENT =0 1 == =" PEAK CURRENT LIMIT T AD 0
12 = Tcase = 25°C || e DC CURRENT LIMIT 12 I
~ N _ =y TCASEZ25C ~ - PRELOAD = 1,
2 N = 1 <Y PRELOAD =0 = g }
H N = =% H PRELOAD = 5A
g 8 H W ) S}y PRELOAD ~ 3K [ tH—
3 I N ER -~ PRELOAD = 5A—] E PRELOAD = 3A
g ° I 5 / \gv-mn AD = 1A ] g
g ¢ E .l N g o
i s
2 1 - l SN 2 LV(IU\"“, +H g
[ Tease = 25°C
[] [] ° L 1]
(2] 10 ] 10 w0 1 4 01 ' 10 100
TIME (ms) : INPUT-OUTPUT DIFFERENTIAL (V) TIME (ms)

TL/H/9060-4
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LM138/LM338

Typical Performance Characteristics (continued)
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Application Hints

In operation, the LM138 develops a nominal 1.25V refer-
ence voltage, VRer, between the output and adjustment ter-
minal. The reference voltage is impressed across program
resistor R1 and, since the voltage is constant, a constant
current l4 then flows through the output set resistor R2, giv-
ing an output voltage of

R2
Vout = VRer ( 1+ ﬁ) + lapuR2.

Qe

TL/H/9060-6

FIGURE 1

Since the 50 pA current from the adjustment terminal repre-
sents an error term, the LM138 was designed to minimize
IapJ and make it very constant with line and load changes.
To do this, all quiescent operating current is returned to the
output establishing a minimum load current requirement. If
there is insufficient load on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1 pF disc
or 1 pF solid tantalum on the input is suitable input bypass-
ing for almost all applications. The device is more sensitive
to the absence of input bypassiing when adjustment or out-
put capacitors are used but the above values will eliminate
the possiblity of problems.

The adjustment terminal can be bypassed to ground on the
LM138 to improve ripple rejection. This bypass capacitor
prevents ripple from being amplified as the output voltage is
increased. With a 10 uF bypass capacitor .75 dB ripple re-
jection is obtainable at any output level. Increases over
20 pF 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 pre-
vent the capacitor from discharging through internal low cur-
rent paths and damaging the device. ’

In general, the best type of capacitors to use are solid tanta-
lum. Solid tantalum capacitors have low impedance even at
high frequencies. Depending upon capacitor construction, it
takes about 25 pF in aluminum electrolytic to equal 1 uF
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, 0.01 uF disc may seem to work better than
a 0.1 pF disc as a bypass.

Although the LM138 is stable with no output capacitors, like
any feedback circuit, certain values of external capacitance
can cause excessive ringing. This occurs with values be-
tween 500 pF and 5000 pF. A 1 uF solid tantalum (or 25 uF
aluminum electrolytic) on the output swamps this effect and
insures stability.

Load Regulation

The LM138 is capable of providing extremely good load reg-
ulation but a few precautions are needed to obtain maxi-
mum performance. The current set resistor connected be-
tween the adjustment terminal and the output terminal (usu-
ally 24002) should be tied directly to the output of the regula-
tor (case) rather than near the load. This eliminates line
drops from appearing effectively in series with the reference
and degrading regulation. For example, a 15V regulator with
0.059 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 connected near the load the effective line
resistance will be 0.050 (1 + R2/R1) or in this case, 11.5
times worse.

Figure 2 shows the effect of resistance between the regula-
tor and 240Q set resistor.

LM338

ViN =

TL/H/9060-7
FIGURE 2. Regulator with Line
Resistance in Output Lead

With the TO-3 package, it is easy to minimize the resistance
from the case to the set resistor, by using 2 separate leads
to the case. 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 20 pF capacitors have low enough
internal series resistance to deliver 20A spikes when short-
ed. 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 current depends
on the value of the capacitor, the output voltage of the regu-
lator, and the rate of decrease of V|y. In the LM138 this
discharge path is through a large junction that is able to
sustain 25A surge with no problem. This is not true of other
types of positive regulators. For output capacitors of 100 uF
or less at output of 15V or less, there is no need to use
diodes.

The bypass capacitor on’the adjustment terminal can dis-
charge through a low current junction. Discharge occurs
when either the input or output is shorted. Internal to the
LM138 is a 500 resistor which limits the peak discharge
current. No protection is needed for output voltages of 25V
or less and 10 uF capacitance. Figure 3 shows an LM138
with protection diodes included for use with outputs greater
than 25V and high values of output capacitance.
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LM138/LM338

Application Hints (continued)

Typical Applications

Regulator and Voltage Reference

LM338

VN o

VIN

Vour

ADJ

1.2V-25V Adjustable Regulator

ViN > 28V

LM338

Vin

- Vour
ADJ

D1’
1N4002
LM338
Vi VN Vour f—g- *—Vour
g ADJ L |+
< n ]
02 b3
1N4002 b I
A .
< L
(2 =
P Y- T

TL/H/9060-8

D1 protects against C1
D2 protects against C2

Vour = 1.25V (1 + ?) + lapyR2

FIGURE 3. Regulator with Protection Diodes

Temperature Controller

LM338

Voyr =15V
: ViN =—qIN Vout
R1 ‘
120
R2
1.8k .
HEATER
VREE = 6.95V
- ~ 100k
D1 : : GAIN

TL/H/9060-3
TL/H/9060-10

Full output current not available
at high mput-output voltages

TOp’uona!—improves transient’ response Output capacitors in the range of
tt . 1 pF to 1000 pF of aluminum or tantalum eleclrolyhc are commonly used

to provide improved output i and re ion of
*Needed if device is more than 6 inches from filter capacitors.:

T1Vour.= 1.25V (,1 + %) + lapy (R2)
**R1 = 2400 for LM138. R1, R2 as an assembly can be ordered from
Bourns: .
MIL part no. 7105A-AT2-502
COMM part no. 7105A-AT7-502

+ TL/H/9060-1
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68-1

VIN

° - ° o
R1 R2 R3 R4 < Rs
310 310 130 82 S 5.6k a2
a10
04 a8

weabeiq snewayos

> c2 >

RY S R13 < Ri1s
180 Sk 30 pF < 12 VAA

< R25

R26 § 3
<
| 003 S
& Vour
%‘ —AAA- ADJ
[:1] 500

TL/H/9060-9
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LM138/LM338

Typical Applications (continued)

Precision Power Regulator with Low Temperature Coefficient

Slow Turn-On 15V Regulator

LMm338

T [

DS ouT —*— Vour 24V

ouTPUT
ADJUST =

'Adihst for 3.75 across R1

LM338

TL/H/8060-12

Adjustable Regulator with Improved Ripple Rejection

VINI VIN : }I
C2
"

LM338
Vout Viy— IVin~ Vour
out W) IN -r ADJ
. £ . D1 *
. Ri*s S
i , e i S 1NG002
AAA 1N4Q02 -.I- €3
vV : - 1 pFt
R3
> c1
<R2
;; 1.37k 2N2905 10 4F
[
= =
- TL/H/9060-14
TL/H/8060-13 1Solid tantalum
*Discharges C1 if output is shorted to ground
**R1 = 2400 for LM138
High Stability 10V Regulator Digitally Selected Outputs
LM338 LM338
Vour v v v - v
W} IN N, ogour out
. <€ RI**
>
< 120

Vin v v,
[}

-
=
A A &

R2*

TL/H/9060-15 INPUTS

*Sets maximum Voyt
**R1 = 2400 for LM138

TL/H/9060-16
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Typical Applications (continued) =
©
15A Regulator F
LM338 RS =
0.1 3
Vin AIJ_:/uur NN -
R4
A s g RG
0.05 0.1
\" --.*JVA/V"d-"""-iy--‘V Vv, ﬁ/VNF—-—-1
IN N pyout )
R3
2k
6
R2 LM338
0.1
#—W- - VIN o Vout . Vour*
R7*
120
c1 —Lt + c2
10 uF 22 uF
R8
2
*Minimum load—100 mA -
TL/H/9060-17
5V Logic Regulator with Electronic Shutdown** 0 to 22V Regulator
LM338 LM338
Vin Vin©o Vv
» v Vour] Vout N out v
VjN 7V-35V IN D) out My 25V AD} ouT
R1*
100
[
— 321 o 0.1 uF
R2
—ANV—TTL < 2%
1k
**Minimum output = 1.2V TL/H/9060-18
Light Controller
LM338 -10v
Vin=—] i ouT ) TL/H/9060-19
ADJ *R1 = 2400, R2 = 5k for LM138
2k Full output current not available
at high input-output voltages
| < 9
— -
TL/H/9060-11
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LM138/LM338

Typical Applications (continued)

12V Battery Charger
500
Viy 218V LM338 -9
LED
L T0 12V
1 BATTERY
2N2905
>
35
L 1=
0.1 uF g
= 018F. T
-
‘ TL/H/9060-20
Adjustable Current Regulator Precision Current Limiter
LM338 R1 LM338
v " lout | } Vrer
vV, Vv, AA .
IN—+ IN ADJ ouT VVv 0A-5A -—A lout = =
I ; ‘; R2
> 150
TL/H/9060-22
v
ADJ I LM117
out Tracking Preregulator
R2
<R3 720
S 120 ‘
] R1
240 LM338
| ADJ
= V- Vin Vv Vour Vin  Vour Vour:
-5V T0 -10V ADJ
TL/H/9060-21 Lm33g . R3
120
c1 b c2 .
5A Current Regulator 0.1 pf Tpe S
LM338 "“/::/o(uwur
1k >
VIN |Vin~ Vout ADJUST
], _ADJ _IL m
<
€ S 0240
0.1 uF I > W
—_— TL/H/9060-24
LOAD
TL/H/9060-23
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Typical Applications (continued)
Adjusting Multiple On-Card Regulators with Single Control*

8EENT/8ELNT

LM338
vinv—Vin Vour Vour Vin—Vin  Vour vour! vin—{Vin  Vout vout'
ADJ N ADS out’ VIN AD out
1N4002 Hzlo 1N4002
1
[ [
R2
1k
TMinimum load—10 mA
- *All outputs within 100 mV
TL/H/9060-25
Power Amplifier

9 14502

1000uF
Ry 24
LM395 ( I

INPUT

r ADJ LM338
— ouT

I >
FS
Tu 4, 04
Ay = 1, Rf = 10k, Cg = 100 pF
Av = 10, Rg = 100k, Cg = 10 pF p
Bandwidth > 100 kHz
Distortion < 0.1% TL/H/8060-27
Simple 12V Battery Charger
LM338 Rg*
0.1
Vin Vin  Vour
ADJ
R1 12v
. 240
1000pF** I
R2
2.4k

TL/H/9060-28

R2
*Rg—sets output impedance of charger Zoyt = Rs (1 + 'Fﬁ)
Use of Rg allows low charging rates with fully charged battery.

**The 1000 uF is recommended to filter out input transients
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LM138/LM338

Typical Applications (Continued)

Adjustable 15A Regulator

Current Limited 6V Charger

. 0.1 .
ViN LM338 AAA Vil
. 9V 70 30V
01
LM338 1000uF**
[
LM338 .
0.1 '
Vin ~ Vour AN @ 4.5V TO 25V
ADJ

2N2905

ViN

c1 —\1
1 puF T

LM338
Vin ~ Voutl-
ADJ :
S
< +
>—— —_—
S B
Sk
100 S
zmzzz\i—AAA

AN
A A4
o
N
*

TL/H/9060-29

*Set max charge current to 3A
**The 1000 pF is recommended to filter out input transients.

' TL/H/9060-26

10A Regulator
LM338

VIN _ Vout
ADJ

R3 <
2 S

vy¥Y

LM338

Vin _ Vout
ADJ

-+

M

QuTPUT*
1.2V 70 20V

> R1
» 120

AAA

s,

> 2k

*Minimum load—100 mA

TL/H/9060-2
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&National Semiconductor

LM140A/LM140/ LM340A/ LM340/LM7800C
Series 3-Terminal Positive Regulators

General Description

The LM140A/LM140/LM340A/LM340/LM7800C monolith-
ic 3-terminal positive voltage regulators employ internal cur-
rent-limiting, thermal shutdown and safe-area compensa-
tion, making them essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1.0A output
current. They are intended as fixed voltage regulators in a
wide range of applications including local (on-card) regula-
tion for elimination of noise and distribution problems asso-
ciated with single-point regulation. In addition to use as fixed
voltage regulators, these devices can be used with external
components to obtain adjustable output voltages and cur-
rents.

Considerable effort was expended to make the entire series
of regulators easy to use and minimize the number of exter-
nal components. It is not.necessary to bypass the output,
although this does improve transient response. Input by-
passing is needed only if the regulator is located far from
the filter capacitor of the power supply

The 5V, 12V, and 15V regulator optlons are avallable in the
steel TO-3 power package. The LM340A/LM340/L.M7800C
series is available in the TO-220 plastic power package, and
the LM7805 and LM7812 are also available in the surface-
mount TO-263 package.

Features

& Complete specifications at 1A load

m Output voltage tolerances of £2% at T; = 25°C and
+4% over the temperature range (LM140A/LM340A)

| -Line regulation of 0.01% of Vgoyt/V of AV)y at 1A load
(LM140A/LM340A)

m Load regulation of 0.3% of Voyt/A (LM140A/LM340A)

m Internal thermal overload protection

m Internal short-circuit current limit

= Output transistor safe area protection

m P+ Product Enhancement tested

Device Output Voltages

LM140A/LM140]5, 12, 15

Packages
TO-3 (K)

LM340A/LM340|5, 12,15 TO-3 (K), TO-220 (T)

LM7800C 5,6, ‘8, 12,15, |TO-220 (T), TO-263 (S)

18,24

(5V and 12V only)

Typical Applications

Fixed Output Regulator Adjustable Output Regulator Current Regulator
INPUT LM340:XX QUTPUT INPUT © maeso | OUTPUT INPUT LMIOXK |
ar | GND | - A1
0.22 uF n 22 uf
| . c1
L J 0.22 uF s QUTPUT
A1 R2 = —
= lout
) TL/H/7781-1 TL/H/7781-3
*Required if the regulator is located far from the . . v2-3
power supply filter. = . lout = a1 +1g

**Although no output capacitor is needed for sta-
bility, it does help transient response. (If need-
ed, use 0.1 pF, ceramic disc).

LM340-5).

Vour = 5V + (5V/R1 + Ig) R2 5V/R1 > 3 Ig,
load regulation (L) = [(R1 + R2)/R1] (L of

TL/H/T781-2  A)q = 1.3 mA over line and load changes.
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LM140A/LM140/LM340A/LM340/LM7800C

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

(Note

5)

DC Input Voltage

All Devices except LM7824/LM7824C 35V
LM7824/LM7824C g 40V
Internal Power Dissipation (Note 2) Internally Limited
Maximum Junction Temperature 150°C

Storage Temperature Range

—65°Gto +150°C

Lead Temperature (Soldering, 10 sec.)

TO-3 Package (K) 300°C
TO-220 Package (T), TO-263 Package (S) 230°C
ESD Susceptibility (Note 3) 2kV

LM140A/LM340A

Electrical Characteristics
lout = 1A, —55°C < Ty < +150°C (LM140A), or 0°C < T; < + 125°C (LM340A) unless otherwise specified (Note 4) -

Operating Conditions (ote 1)

Temperature Range (Ta) (Note 2)
LM140A, LM140
LM340A, LM340, LM7805C,
LM7812C, LM7815C

LM7806C, LM7808C, LM7818C,

LM7824C

—55°Cto +125°C

0°Cto +70°C

0°Cto +125°C

| Output Voltage 5V 12v 15V
Symbol Input Voltage (unless otherwise noted) 10V 19V 23V ‘Units
Parameter Conditions Min | Typ | Max Mm Ty?[ Max | Min I Typ l Max
Vo - |Output Voltage Ty = 25°C 49 5 51 (1175 12 1225/ 147 15 - 1563 V
' ' Pp<15W,5mA<igp< 1A 48 52115 125|144 156 V
. VMIN < ViN € VMmax (756<ViN<20)|(148<VIN<27)| (179 VN<30) | V
AVp  |Line Regulation lo = 500 mA 10 : - 18 22 | mV
AViN (75<VN<L20)[(148 <VIN<27)| (17T9<V|IN<S30) | V
Ty = 25°C 3. 10 4 18 . 4 22 mv
AViN (7.5 < Vin < 20){(14.56 < VN < 27)| (17.5 < V)y < 30) Vv
Ty = 25°C o4 ' 9 10 [ mv
Over Temperature 12 30 30 | mV
AV|N B<VN<12) | (16 <V|N<22) | (20 <V|y < 26) Vv
AVp Load Regulation Ty = 25°C|5mA < lg <'1.5A : 10 25 12 32 12 35 | mv
250 mA < Ip < 750 mA 15 19 21 mV
Over Temperature,
SmA < Io < 1A 25 60 75 | mv
la Quiescent Current [Ty = 25°C 6 6 6 mA
Over Temperature 6.5 6.5 6.5 | mA
Alg QuiescentCurrent  [5mA < lp < 1A 0.5 0.5 05 | mA
Change Ty =25C,lo = 1A . o8 08 08 | ma
VMIN £ VIN < VMmaX (7.5 < VN < 20)|(14.8 < V|y < 27)| (17.9 < V)N < 30) "
lo = 500 mA 0.8 0.8 08 | mA
VMIN < VIN £ Vmax B<VN<25) ] (15<V|N<30)| (17.9 < V)N < 30) Vv
VN Output Noise Voltage|[Ta = 25°C, 10 Hz < f < 100 kHz . 40 © 75 90 pv
AViN_ |Ripple Rejection Ty=25°C,f=120Hz,Ilo=1A | 68 80 61 72 60 70 dB
AVourt orf = 120 Hz, I = 500 mA, 68 61 60 . dB
Over Temperature,
VMIN < VIN < VMmaX B<VN<18) | (15<V|y<25) [(1B5<V)y<285)| V
Ro Dropout Voltage Ty =25°C,lp = 1A 2.0 2.0 2.0 v
Output Resistance |f = 1 kHz 8 18 19 mQ
Short-Circuit Current (T, = 25°C 21 15 1.2 A
Peak Output Current [T; = 25°C 2.4 2.4 2.4 A
Average TCof Vo  [Min, Ty = 0°C,lp = 5 mA —0.6 —1.5 —1.8 mV/°C
VIN Input Voltage Ty = 25°C
Required to Maintain 7.5 14.5 175 v
Line Regulation
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LM140
Electrical Characteristics (Note 4) —55°C < T, < +150°C unless otherwise specified
Output Voltage 5V 12v 15V
Symbol Input Voltage (unless otherwise noted) 10V 19V 23V Units
Parameter Conditions Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Vo Output Voltage Ty=25C,5mA<lp<1A 4.8 5 521115 12 125]| 144 15 15.6 "
Pp < 15W,5mA <lg < 1A 4.75 525 11.4 12,6 [ 14.25 15.75 Vv
VMIN < VIN < VMAax B<ViN<20) |(165<VN<27)| (185<V|y<30) \
AVo Line Regulation lo =500mA [T = 25°C 3 50 .4 120 4 150 | mv
AV|N (7<VNS25) |(145<V|N<30)| (17.5<V|y < 30) \"
—55°C < Ty < +150°C 50 120 150 mV
AViN B<sVINS20) | (15<ViN<27) | (185 < Vi < 30) v
Io < 1A T, = 25°C 50 120 150 | mv
AV|N (756<VN<20) | (146 <V|N<27)| (17.7 <V|N<30) \"
—55°C<Ty< +150°C |. 25 60 75 mv
AV|N B<VIN<12) (16 < VN < 22) (20 < V|y < 26) Vv
AVp  [Load Regulation Ty = 25°C S5mA<Ip<15A 10 50 12 120 12 150 | mV
250 mA < Ip < 750 mA 25 60 75 mV
—55°C < Ty < +150°C, )
5mA <l < 1A 5_0 120 150 mv
la Quiescent Current  |lp < 1A Ty = 25°C 6 6 6 mA
—55°C < Ty < +150°C 7 7 7 mA
Alg Quiescent Current  [5mA < lg < 1A 0.5 0.5 05 | mA
Change T, = 25°C,Ig < 1A 0.8 0.8 08 | mA
VMIN € VIN < VMax (8 < V|N<20) (15 < VN < 27) (18.5 < Vj\ < 30) \"
lo = 500 mA, —55°C < Ty < +150°C 0.8 0.8 0.8 | mA
VMIN < VIN < VMaxX ) (8 < V|N<25) (15 < VN < 30) (18.5 < V| < 30) v
VN Output Noise Voltage|Ta = 25°C, 10 Hz < f < 100 kHz .40 75 90 rv
AVin  |Ripple Rejection ' lo<1A,Ty=25°Cor| 68 80 61 72 60 70 dB
AVout f=120Hz lo < 500 mA, 68 61 60 dB
—55°C < Ty <+150°C .
VMIN € VIN < VMAX B<Vny<18) | (15<Vy<265) | (185<sVy<285) | V
Ro Dropout Voltage Ty =25°C,lp = 1A 20 2.0 2.0 v
Output Resistance  |f = 1 kHz 8 18 19 mQ
Short-Circuit Current [Ty = 25°C 2.1 1.5 1.2 A
Peak Output Current T, = 25°C 2.4 24 24 A
Average TC of Voyt [0°C < Ty < +150°C, Io = 5 mA -0.6 -15 -1.8 mv/°C
Vin Input Voltage Ty=25C,lp < 1A
Required to Maintain 7.5 146 17.7 Vv
Line Regulation )
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LM140A/LM140/LM340A/LM340/LM7800C

LM340/LM7800C
Electrical Characteristics (Note 4) 0°C < T, < +125°C unless otherwise specified
Output Voltage 5V 12v 15V
Symbol Input Voltage (unless otherwise noted) 10V ) 19V 23v Units
Parameter Conditions Min | Typ I Max | Min | Typ | Max [ Min | Typ I Max
Vo Output Voltage Ty=25C,6mA<ip<i1A 48 5 652|115 12 125| 144 15 15.6 Vv
Pp <15W,5mA <lp < 1A 4.75 525 11.4 12.6 | 14.25 1675 V
VMIN < VIN < VMmax (75<VN<20) | (145<VN<27) (17.5 < ViN < 30) Vv
AVo Line Regulation lo = 500 mA|T; = 25°C 3 50 4 120 4 150 | mV
e AViN (7<VN<25) | (145<V|N<30) | (176<Vy<30) | V
0°C<Ty< +125°C 50 120 150 | mv
AV|N B8 <VN<20) (15<ViN<27) (18.5 < VN < 30) v
lo < 1A Ty = 25°C 50 ; 120 150 | mv
AViN- (75 <VN<20) | (146 <V|N<27) (17.7 < Vjy < 30) v
0°C < Ty < +125°C 25 60 75 mV
AViN B<VN<12) | (16<VNs22) (20 < Vi\ < 26) v
A\/o Load Regulation =25C [5mA<lp<15A 10 50 12 120 12 150 [ mv
250 mA < g < 750 mA 25 60 75 mvV
5mA <lp < 1A,0°C < Ty < +125°C] 50 120 150 | mV
la Quiescent Current  |lp < 1A Ty = 25°C 8 8 8 | mA
0°C < Ty < +125°C 8.5 8.5 85 | mA
Alg Quiescent Current  [5mA < lg < 1A -0.5 0.5 0.5 mA
|Ghange Ty = 25°C, I < 1A 10 10 10 | maA
VMIN £ VIN < VMax (7.5 SVIN<20) | (148<V)N<27) (17.9 < V|y < 30) \'
lo < 500 mA, 0°C < Ty < +125°C - 1.0 1.0 1.0 | mA
VMIN < VIN < VMaX L (7sViN<25) | 145sViN<B80) | (175<Viys30) | V
VN Output Noise Voltage|Ta = 25°C, 10 Hz < f < 100 kHz 40 75 ‘ -~ 90 nYy
AVin  |Ripple Rejection lo < 1A, Ty = 25°C 62 80 55 72 54 . 70 dB
AVout f=120Hz 1§ orlp <500 mA, 62 55 54 dB
0°C<Ty< +125°C
) VMIN £ VIN < Vmax 8 <V|N<18) (156 < VN < 25) (18.5 < V|y < 28.5) \
Ro Dropout Voltage Ty =25C,lp = 1A 20 20 2.0 v
Output Resistance  |f = 1 kHz 8 18 19 mQ
Short-Circuit Current [Ty = 25°C 21 1.5 1.2 A
Peak Output Current |T; = 25°C 2.4 24 24 A
Average TC of Voyt |0°C < Ty < +125°C, lp = 5mA -0.6 -15 -1.8 mV/°C
ViN Input Voltage Ty =25°C,lp < 1A .
Required to Maintain 7.5 14.6 17.7 \"
Line Regulation

Note 1: Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Conditions are conditions under which the device
functions but the specifications might not be guaranteed. For guaranteed specifications and test conditions see the Electrical Characteristics.

Note 2: The maximum allowable power dissipation at any ambient temperature is a function of the junction temp for operation (Tymax = 125°C or
150°C), the junction-to-ambient thermal resistance (6,4), and the ambient temperature (Ta). Ppmax = (Tymax — Ta)/0a. If this dissipation is exceeded, the die
temperature will rise above T max and the electrical specifications do not apply. If the die temperature rises above 150°C, the device will go into thermal shutdown.
For the TO-3 package (K, KC), the junction-to-ambient thermal resistance (8,4) is 39°C/W. When using a heatsink, 6,4 is the sum of the 4°C/W junction-to-case
thermal resistance (6,c) of the TO-3 package and the case-to- thermal of the h k. For the TO-220 package (T), 6,4 is 54°C/W and 6,c is
4°C/W.

If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area th lly cc ted to the package: Using 0.5
square inches of copper area, 6,4 is 50°C/W; with 1 square inch of copper area, 6, is 37°G/W; and with 1.6 or more inches of copper area, 6,4 is 32°C/W.
Note 3: ESD rating is based on the human body model, 100 pF discharged through 1.5 k2.

Note 4: All characteristics are measured with a 0.22 uF capacitor from input to ground and a 0.1 pF capacitor from output to ground. All characteristics except
noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>