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Additional Available Linear Devices continue

DS3632 CMOS Dual Peripheral Driver ............... Section 3
DS3633 CMOS Dual Peripheral Driver ............... Section 3
D83634 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 .............. Section 4
DS75494 Hex DigitDriver .............cooovvinenn. Section 4
Land Pattern Recommendations .................... Section 5
Land Pattern Recommendations .................... Section 5
Land Pattern Recommendations .................... Section 9
LF198 Monolithic Sample and Hold Circuit. ........... Section 6
LF298 Monolithic Sample and Hold Circuit. ........... Section 6
LF398 Monolithic Sample and Hold Circuit............ Section 6
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 Sw1tch ........... Section 8
LF13006 Digital GainSet........................... Section 6
LF13007 Digital GainSet................oovvvviit Section 6
LF13201 Quad SPST JFET Analog Switch ........... Section 8
LF13202 Quad SPST JFET Analog Switch ........... Section8 -
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
LHO0070 Series BCD Buffered Reference ............. -.Section 4
LHO0071 Series Precision Buffered Reference ......... Section 4 -
LH1605 5 Amp, High Efficiency Switching Regulator . . .Section 3
LM12 80W Operational Amplifier .............. e Section 4
LM12H454 12-Bit + Sign Data Acquisition System

with Self-Calibration ... .. P Section 1
LM12H458 12-Bit + Sign Data Acquisition System

with Self-Calibration ...................coooiint Section 1
LM12L438 12-Bit + Sign Data Acquisition System with

Serial 1/0 and Self-Calibration .................... Section 1
LM12L454 12-Bit + Sign Data Acquisition System with .

Self-Calibration ..............coiiiiiiiiiiiiit Section 1
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Additional Available Linear Devices coninues

LM12L458 12-Bit + Sign Data Acquisition System with

Self-Calibration ...............cooiiiiiiiiiiin, Section 1 Data Acquisition
LM34 Precision Fahrenheit Temperature Sensor . ..... Section 5 Data Acquisition
LM35 Precision Centigrade Temperature Sensor . ..... Section 5 Data Acquisition
LM45 SOT-23 Precision Centigrade Temperature

SeNSOr ..ttt e e Section 5 Data Acquisition
LM50 Single Supply Precision Centigrade Temperature

SONSOT ..ttt et Section 5 Data Acquisition
LM78LXX Series 3-Terminal Positive Regulators . ... .. Section 1 Power ICs
LM78MXX Series 3-Terminal Positive Regulator. . ... .. Section 1 Power ICs
LM78840 Universal Switching Regulator Subsystem . . . Section 3 Power ICs
LM78XX Series Voltage Regulators ................. Section 1 Power ICs
LM79LXXAC Series 3-Terminal Negative Regulator. . . . Section 1 Power ICs
LM79MXX Series 3-Terminal Negative Regulators. ... .. Section 1 Power ICs
LM79XX Series 3-Terminal Negative Regulators ...... Section 1 Power ICs
LM105 Voltage Regulator .......................... Section 1 Power ICs
LM109 5-VoltRegulator..................cooiuvnn, Section 1 Power ICs
LM113 ReferenceDiode ..................cooiiitt. Section 4 Data Acquisition
LM117 3-Terminal Adjustable Regulator ............. Section 1 Power ICs
LM117HV 3-Terminal Adjustable Regulator........... Section 1 Power ICs
LM120 Series 3-Terminal Negative Regulator ... ... .... Section 1 Power ICs
LM122 Precision Timer ............c.cooiiiieienn... Section4  Application Specific Analog Products
LM123 3-Amp, 5-Volt Positive Regulator ............. Section 1 Power ICs
LM125 Dual Voltage Regulator ..................... Section 1 Power ICs
LM129 Precision Reference ........................ Section 4 Data Acquisition
LM131 Precision Voltage-to-Frequency Converter . ... .. Section 2 Data Acquisition
LM133 3-Amp Adjustable Negative Regulator.......... Section 1 Power ICs
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 Reference Diode ...................... Section 4 Data Acquisition
LM136-5.0V Reference Diode ...................... Section 4 Data Acquisition
LM137 3-Terminal Adjustable Negative Regulator ... .. Section 1 Power ICs
LM137HV 3-Terminal Adjustable Negative Regulator

(HighVoltage) ..........c.cooiiiiiiiiiiiiinn., Section 1 Power ICs
LM138 5-Amp Adjustable Regulator ................. Section 1 Power ICs
LM140 Series 3-Terminal Positive Regulator.......... Section 1 Power ICs
LM140L Series 3-Terminal Positive Regulator. ... ..... Section 1 Power ICs
LM145 Negative 3-Amp Regulator................... Section 1 Power ICs
LM150 3-Amp Adjustable Regulator ................. Section 1 Power ICs
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
LM199 Precision Reference ...............coovvann. Section 4 Data Acquisition
LM205 Voltage Regulator ..................coovitn. Section 1 Power ICs
LM231 Precision Voltage-to-Frequency Converter . . . .. Section 2 Data Acquisition
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
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Additional Available Linear Devices contnueq -

LM236-5.0V Reference Diode ...................... Section 4
LM285 Adjustable Micropower Voltage Reference. .. .. Section 4
LM285-1.2 Micropower Voltage Reference Diode ..... Section 4
LM285-2.5 Micropower Voltage Reference Diode ..... Section 4
LM299 Precision Reference ........................ Section 4
LM305 Voltage Regulator ...................ooouut Section 1
LM309 5-VoltRegulator. .............c.ooovviiinnn, Section 1
LM313 ReferenceDiode ..............coovviinnnn, Section 4
LM317 3-Terminal Adjustable Regulator ............. Section 1 -
LM317HV 3-Terminal Adjustable Regulator........... Section 1
LM317L 3-Terminal Adjustable Regulator ............ Section 1
LM320 Series 3-Terminal Negative Regulator ... ....... Section 1
LM320L Series 3-Terminal Negative Regulator. . . ..... Section 1
LM322 Precision Timer ............coovviiniannn. Section 4
LM323 3-Amp, 5-Volt Positive Regulator ............. Section 1
LM325 Dual Voltage Regulator ..................... Section 1
LM329 Precision Reference ................ooeett. Section 4
LM330 3-Terminal Positive Regulator . ............... Section 2
LM331 Precision Voltage-to-Frequency Converter . .. .. Section 2
LM333 3-Amp Adjustable Negative Regulator-. . ....... Section 1
LM334 3-Terminal Adjustable Current Source......... Section 4
LM334 3-Terminal Adjustable Current Source.......... Section 5
LM335 Precision Temperature Sensor ...... e Section 5
LM336-2.5V ReferenceDiode ...................... Section 4
LM336-5.0V Reference Diode ...................... Section 4

LM337 3-Terminal Adjustable Negative Regulator . .. .. Section 1
LM337HV 3-Terminal Adjustable Negative Regulator

(HighVoltage) .............ccoiiiiinet. e Section 1
LM337L 3-Terminal Adjustable Regulator ............ Section 1
LM338 5-Amp Adjustable Regulator ................. Section 1
LMB340 Series 3-Terminal Positive Regulator .......... Section 1
L.M340L Series 3-Terminal Positive Regulator-. ... ..... Section 1
LM341 Series 3-Terminal Positive Regulator . ......... Section 1
LM345 Negative 3-Amp Regulator................... Section 1
LM350 3-Amp Adjustable Regulator ................. Section 1
LM368-2.5 Precision Voltage Reference ............. Section 4
LM368-5.0 Precision Voltage Reference ............. Section 4
LM368-10 Precision Voltage Reference .............. Section 4
LM369 Precision Voltage Reference ................. Section 4
LM376 Voltage Regulator ......................oot Section 1
LM380 Audio Power Amplifier................ eveees Section 1
LM383 7W Audio Power Amplifier ................... Section 1
LM384 5W Audio Power Amplifier ........... e Section 1
LM385 Adjustable Micropower Voltage Reference.. ... Section 4
LM385-1.2 Micropower Voltage Reference Diode ... ..Section 4
LM385-2.5 Micropower Voltage Reference Diode ..... Section 4
LM386 Low Voltage Audio Power Amplifier ........... Section 1
LM387/LM387A Low Noise Dual Preamplifier......... Section 1
LM388 1.5W Audio Power Amplifier ....... P Section 1
LM389 Low Voltage Audio Power Amplifier with NPN

‘Transistor Array ...........ccciiiiiiiiiiiiinenn, Section 1

Data Acquisition
Data Acquisition
Data Acquisition
Data Acquisition
Data Acquisition
Power ICs
Power ICs

.Data Acquisition
Power ICs
Power ICs
Power ICs
Power ICs
Power ICs
Appllcatlon Specific Analog Products
Power ICs
Power ICs

Data Acquisition
Power ICs

- Data Acquisition
Power ICs

Data Acquisition
Data Acquisition
Data Acquisition
Data Acquisition
Data Acquisition
Power ICs

Power ICs

Power ICs

Power ICs

Power ICs

Power ICs

Power ICs

Power ICs

Power ICs

Data Acquisition

Data Acquisition

Data Acquisition

Data Acquisition

, Power ICs

Application Specific Analog Products
Appllcatlon Specific Analog Products
Apphcatnon Specific Analog Products
Data Acquisition

Data Acquisition

Data Acquisition

Application Specific Analog Products
Application Specific Analog Products
Application Specific: Analog Products

Application Specific Analog Products




Additional Available Linear Devices coninueq

LM390 1W Battery Operated Audio Power Ampilifier . . .Section 1

LM391 Audio PowerDriver ...................oo.... Section 1
LM399 Precision Reference ........................ Section 4
LM431A Adjustable Precision Zener Shunt Regulator . . Section 3
LMBS5TIMer «..oooiiiiie i Section 4
LMS555C TIMer. ..ot Section 4
LM556 Dual Timer ..., Section 4
LM556C Dual Timer ...........oiieiiiiiiienannn. Section 4
LM565 Phase LockedLoop ................. .. ... Section 4
LM565C Phase Locked LoOp .. ...covvvinennnnnn. Section 4
LM566C Voltage Controlled Oscillator ............... Section 4
LM567 ToneDecoder ...........ccciiiiiiinennnnnn Section 4
LM567C ToneDecoder ..........coovvvvinevinne... Section 4
LM628 Precision Motion Controller .................. Section 4
LM629 Precision Motion Controller .................. Section 4
LM723 Voltage Regulator .......................... Section 1
LM831 Low Voltage Audio Power Amplifier ........... Section 1
LM833 Dual Audio Operational Amplifier ............. Section 1
LM837 Low Noise Quad Operational Amplifier ... ..... Section 1
LM903 Fluid Level Detector ........................ Section 3
LM1036 Dual DC Operated Tone/Volume/Balance

Circuit . ...... et e it et i e e e, Section 1
LM1042 Fluid Level Detector ....................... Section 3
LM1131 Dual Dolby B-Type Noise Reduction

Processor. ...ovvv it e 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 ..ot Section 2
LM1207 85 MHz RGB Video Amplifier System with

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

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

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

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

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

Monitors . .....coeiiii e Section 2
LM1295 DC Controlled Geometry Correction System

for Continuous Sync Monitors .................... Section 2
LM1391 Phase-Locked Loop ...........ccovvinnuee.. Section 2
LM1496 Balanced Modulator-Demodulator . .......... Section 4

LM1575 SIMPLE SWITCHER 1A Step-Down Voltage
Regulator ..., Section 3
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Additional Available Linear Dewces (Continued)

LM1575HV SIMPLE SWITCHER 1A Step-Down .
Voltage Regulator...........0ccvoiiiiiiinn.. Section 3
LM1577 SIMPLE SWITCHER Step-Up Voltage

Regulator ............... ... i Section 3.
LM1577 SIMPLE SWITCHER Step-Up Voltage

Regulator .. .....ccoviviviiiiiiiiiiiinnne, ...Section 3
LM1578A Switching Regulator ...................... Section 3
LM1596 Balanced Modulator-Demodulator ............ Section 4
LM1815 Adaptive Variable Reluctance Sensor

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

andStandbyModes ........... ... ittt Section 1
LM1877 Dual Audio Power Amplifier ................. Section 1
LM1881 Video Sync Separator...................... 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 Amplifier ................. Section 1
LM1921 1-Amp Industrial Switch ........ Ve e Section 3
LM1946 Over/Under Current Limit Dlagnostlc Circuit . .Section 3
LM1949 Injector Drive Controller .............. e Section 3
LM1950 750 mA High Side Switch................... Section 3
LM1951 Solid State 1 Amp-Switch................... Section 3
LM1971 pPot 62 dB Digitally Controlled Audio

AttenuatorwithMute .............. ... ... ... Section 1
LM1972 uPot 2-Channel 78 dB Audio Attenuator with

Mute ..o Section 1
LM1973 nPot 3-Channel 76 dB Audio Attenuator with

Mute ... Section 1
LM2416 Triple 50 MHz CRT Driver .................. Section 2
LM2416C Triple 50 MHZCRT Driver ................. Section 2
LM2418 Triple 30 MHzCRT Driver .................. Section 2
LM2419 Triple 65 MHz CRT Driver .................. Section 2
LM2427 Triple 80 MHz CRT Driver .................. Section 2
LM2524D Regulating Pulse Width Modulator ......... Section 3
LM2574 SIMPLE SWITCHER 0.5A Step-Down Voltage

Regulator ... Section 3
LM2574HV SIMPLE SWITCHER 0.5A Step-Down

VoltageRegulator...................... . i Section 3
LM2575 SIMPLE SWITCHER 1A Step-Down Voltage

Regulator ...........cooiiiiiiiiiiiiiii Section 3
LM2575HV SIMPLE SWITCHER 1A Step-Down

Voltage Regulator.......................oooae. . .Section 3
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Additional Available Linear Devices coninueq

LM2576 SIMPLE SWITCHER 3A Step-Down Voltage

Regulator ... Section 3
LM2576HV SIMPLE SWITCHER 3A Step-Down

VoltageRegulator....................oooviit. Section 3
LM2577 SIMPLE SWITCHER Step-Up Voltage

Regulator..............ooooiiiiiiii i Section 3
LM2577 SIMPLE SWITCHER Step-Up Voltage

Regulator ... Section 3
LM2578A Switching Regulator .. .................... Section 3

LM2587 SIMPLE SWITCHER 5A Flyback Regulator . ..Section 3
LM2876 High-Performance 40W Audio Power Amplifier

withMute ...........o i Section 1
LM2877 Dual 4W Audio Power Amplifier ............. Section 1
LM2878 Dual 5W Audio Power Amplifier ............. Section 1
LM2879 Dual 8W Audio Power Amplifier ............. Section 1
LM2889 TV Video Modulator ....................... Section 2
LM2893 Carrier-Current Transceiver................. Section 4
LM2896 Dual Audio Power Amplifier . ................ Section 1
LM2907 Frequency to Voltage Converter............. Section 3
LM2917 Frequency to Voltage Converter............. Section 3
LM2925 Low Dropout Regulator with Delayed Reset . . . Section 3
LM2925 Low Dropout Regulator with Delayed Reset . . . Section 2
LM2926 Low Dropout Regulator with Delayed Reset . . . Section 2
LM2926 Low Dropout Regulator with Delayed Reset . . . Section 3
LM2927 Low Dropout Regulator with Delayed Reset . . . Section 3
LM2927 Low Dropout Regulator with Delayed Reset . . . Section 2
LM2930 3-Terminal Positive Regulator . .............. Section 2
LM2931 Series Low Dropout Regulators ............. Section 2
LM2931 Series Low Dropout Regulators ............. Section 3
LM2935 Low Dropout Dual Regulator . ............... Section 3
LM2935 Low-Dropout Dual Regulator ................ Section 2
LM2936 Ultra-Low Quiescent Current 5V Regulator. . . . Section 2
LM2936 Ultra-Low Quiescent Current 5V Regulator. . . . Section 3
LM2937 500 mA Low Dropout Regulator ............. Section 3
LM2937 500 mA Low Dropout Regulator ............. Section 2
LM2940/LM2940C 1A Low Dropout Regulators . ... .. .. Section 2
LM2940/LM2940C 1A Low Dropout Regulators ... .... Section 3
LM2941/LM2941C 1A Low Dropout Adjustable

Regulators ... Section 2
LM2984 Microprocessor Power Supp|y System ....... Section 2
LM2984 Microprocessor Power Supply System ........ Section 3
LM2990 Negative Low Dropout Regulator ............ Section 2
LM2991 Negative Low Dropout Adjustable Regulator . . Section 2
LM3001 Primary-Side PWM Driver................... Section 3
LM3101 Secondary-Side PWM Controller ............ Section 3
LM3411 Precision Secondary Regulator/Driver ....... Section 3
LM3420-4.2, -8.4, -12.6 Lithium-lon Battery Charge .

Controller ... Section 2
LM3524D Regulating Pulse Width Modulator ......... Section 3
LM3578A Switching Regulator ...................... Section 3
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Additional Available Linear Devices continue

LM3875 High Performance 56W Audio Power

Amplifier . ... e e Section 1 -
LM3876 High Performance 56W Audio Power Amplifier
swithMute ... Section 1
LM3886 High-Performance 68W Audio Power Amplmer

withMute ......... ... i Section 1
LM3905 PrecisionTimer ............coovvviiiinn.. Section 4
LM3909 LED Flasher/Oscillator. .................... Section 4
LM3914 Dot/Bar Display Driver ..................... Section 4
LM3915 Dot/Bar Display Driver . .................... Section 4
LM3916 Dot/Bar Display Driver .................. .. .Section 4
LM3940 1A Low Dropout Regulator for 5V t0.3.3V

Conversion. ........oviiiiiiii e e Section 2
LM3999 Precision Reference ....................ut. Section 4
LM4040 Precision Micropower Shunt Voltage

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

Reference ..........ccoiiiiiiiiiiiiiiiia, Section 4
LM4431 Micropower Shunt Voltage Reference. . ...... Section 4
LM4700 Overture™ 30W Audio Power Amplifier with

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

Mode.......coviiiiiii N Section 1
LM4861 1,W Audio Power Amplifier with Shutdown

Mode...... ettt .Section 1
LM4862 350 mW Audio Power Amplifier with-Shutdown

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

ShutdownMode .............c..ooiiiiiiiiiia, Section 1
LM6104 Quad Gray Scale Current Feedback

Amplifier . ... Section 2
LM6121 High Speed Buffer...................... ... Section 2
LM6125 High SpeedBuffer......................... Section 2
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
LM6152 Dual High Speed/Low Power 45 MHz

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

Rail-to-Rail 1/0 Operational Amplifier .............. Section 2
LM6161 High Speed Operational Amplifier ........... Section 2
LM6162 High Speed Operational Amplifier ........... Section 2
LM6164 High Speed Operational Amplifier ........... Section 2
LM6165 High Speed Operational Amplifier ........... Section 2
LM6171 Voltage Feedback Low Distortion Low Power

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

Amplifier. ... e Section 2
LM6182 Dual 100 mA Output, 100 MHz Dual Current

Feedback Amplifier ................ ...l Section 2
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Additional Available Linear Devices contineq

LM6221 High Speed Buffer......................... Section 2
LM6225 High Speed Buffer......................... Section 2
LM6261 High Speed Operational Amplifier ........... Section 2
LM6262 High Speed Operational Amplifier ........... Section 2
LM6264 High Speed Operational Amplifier ........... Section 2
LM6265 High Speed Operational Amplifier ........... Section 2
LM6321 High SpeedBuffer......................... Section 2
LM6325 High Speed Buffer........................ Section 2
LM6361 High Speed Operational Amplifier ........... Section 2
LM6362 High Speed Operational Amplifier ........... Section 2
LM6364 High Speed Operational Amplifier ........... Section 2
LM6365 High Speed Operational Amplifier ........... Section 2
LM7131 Tiny High Speed Single Supply Operational

Amplifier ... Section 2
LM7171 Very High Speed High Output Current Voltage

Feedback Amplifier .......... ... ... .. Section 2
LM7800C Series 3-Terminal Positive Regulator .. ..... Section 1
LM8305 STN LCD Display Bias Voltage Source ... ..... Section 2
LM9044 Lambda Sensor Interface Amplifier .......... Section 3
LM9061 Power MOSFET Driver with Lossless

Protection.................oo i Section 3
LM9140 Precision Micropower Shunt Voltage

Reference ...............oiiiiiiiiii, 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 . ................ ..ol Section 1
LM12458 12-Bit + Sign Data Acquisition System with

Self-Calibration ................... ...t Section 1
LM18293 Four Channel Push-Pull Driver ............. Section 4
LMCB55 CMOS Timer ........ooooviiiiiineeninnnn. Section 4
LMC567 Low Power Tone Decoder.................. Section 4
LMC568 Low Power Phase-Locked Loop............. Section 4
LMC835 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
LMC6008 8 ChannelBuffer......................... Section 2
LMC7660 Switched Capacitor Voltage Converter . . .... Section 3
LMD18200 3A,55VH-Bridge ....................... Section 4
LMD18201 3A,55VH-Bridge ....................... Section 4
LMD18245 3A, 55V DMOS Full-Bridge Motor Driver . . .Section 4
LMD18400 Quad High Side Driver................... Section 3
LMF40 High Performance 4th-Order Switched

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

Capacitor Butterworth Low-Pass Filter ............. Section 7
LMF90 4th-Order Elliptic Notch Filter ................ Section 7
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Operational Amplifiers
Definition of Terms

Bandwidth: That frequency at which the voltage gain is re-
duced to 1//2 times the low frequency value.
Common-Mode Rejection Ratio: The ratio of the input
common-mode voltage range to the peak-to-peak change in
input offset voltage over this range.

Harmonic Distortion: That percentage of harmonic distor-
tion being defined as one-hundred times the ratio of the
root-mean-square (rms) sum of the harmonics to the funda-
mental. % harmonic distortion =

(V22 + V32 + V42 + .. )1/2(100)
Vi

where V1 is the rms amplitude of the fundamental and V2,
V3, V4, . .. are the rms amplitudes of the individual harmon-
ics.

Input Bias Current: The average of the two input currents.
Input Common-Mode Voltage Range (or Input Voltage
Range): The range of voltages on the input terminals for
which the amplifier is operational. Note that the specifica-
tions are not guaranteed over the full common-mode volt-
age range unless specifically stated.

Input Impedance: The ratio of input voltage to input current
under the stated conditions for source resistance (Rg) and
load resistance (Ry).

Input Offset Current: The difference in the currents into
the two input terminals when the output is at zero.

Input Offset Voltage: That voltage which must be applied
between the input terminals through two equal resistances
to obtain zero output voltage.

Input Resistance: The ratio of the change in input voltage
to the change in input current on either input with the other
grounded.

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

Output Impedance: The ratio of output voltage to output
current under the stated conditions for source resistance
(Rs) and load resistance (RL).

Output Resistance: The small signal resistance seen at the
output with the output voltage near zero.

Output Voltage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.

Offset Voltage Temperature Drift: The average drift rate
of offset voltage for a thermal variation from room tempera-
ture to the indicated temperature extreme.

Power Supply Rejection: The ratio of the change in input
offset voltage to the change in power supply voltages pro-
ducing it.

Settling Time: The time between the initiation of the input
step function and the time when the output voltage has set-
tled to within a specified error band of the final output volt-
age.

Slew Rate: The internally-limited rate of change in output
voltage with a large-amplitude step function applied to the
input.

Supply Current: The current required from the power sup-
ply to operate the amplifier with no load and the output mid-
way between the supplies.

Transient Response: The closed-loop step-function re-
sponse of the amplifier under small-signal conditions.
Unity Gain Bandwidth: The frequency range from dc to the
frequency where the amplifier open loop gain rolls off to
one.

Voltage Gain: The ratio of output voltage to input voltage
under the stated conditions for source resistance (Rg) and
load resistance (Ry).
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General Purpose Operational
Amplifier Selection Guide

. Operational Amplifier Selection Guides

Automotive Temperature Range (—40°C to +85°C) Specs at Tp = 25°C (Note 1)

Supply Specified
' Slew | ‘| " Supply R

Part # Vos Ig - . GBW Rate Current ' Voltage Special

mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) - Features
e #S(IYP) | mA (Max) | Min | Max
‘ ‘ . o v v |

LM6142A 1 ' 250 17 25 0.8 2.7 24 R-R In-Out Dual
LM6144A 1 250 17 25 0.8 2.7 24 R-R In-Out Quad
LM6142B 25 . 300 17 25 0.8 2.7, 24 R-R In-Out Dual
LM6144B 25 300 17 25 0.8 2.7 24 R-R In-Out Quad
LM833 5 1000 15 7 ‘ 4 10 30 Dual Low Noise
LP2902 4 20 - 0.1 0.05 0.031 3 26 | Quad
LM2902 7 250 1 0.5 0.75 5 26 Quad
LM2904 7 250 1 0.5 1.0 5 26 Dual
LM2924 7 250 , 1 0.5 1.0 5 .26 Comparator + Op Amp

Industrial Temperature Range (—25°C to +85°C) Specs at Ty = 25°C (Note 1)

Supply | Specified
Slew * Supply -
part# | Vos | B GBW Rate Current Voltage Special
mV(Max) | nA(Max) | MHz(TYP). | v, &qon) | (Note3) Features
2 YP) - mA (Max) Min Max .
~ v v
LM208A 0.5 2 1 03 0.6 10 | 40 L
LM10B(L) c 2 20 | 0.09 0.1 0.4 (Note 4) Op Amp '+ Reference
LM201A 2 75 1 05 25 10 40 | :
LM207 2 75 . 1 0.5 25 10 40 | Compensated LM201A
LM208- 2 2 1 0.3 0.6 10 40
LM224A 3 80 1 0.5 0.75 5 30 | Quad
LM258A 3 80 1 0.5 1.0 3 32 Dual
LF255 5 0.1 25 5 4 30 40
LF256 5 0.1 5 12 7 30 40
LF257 5 0.1 20 50 7 30 40 Minimum Gain of 5
LM224 5 150 1 0.5 0.75 5 30 | Quad
LM258 5 150 1 0.5 1.0 5 30 Dual
LM246 6 250 1.2 0.4 0.625 3 30 (Note 5)
LM248 6 200 1 05 1.13 10 30 | Quad
LH0042C 20 0.05 1 3 4 10 40
LM6132 0.25 110 7 22 0.4 27 24 | R-RIn-OutDual
LM6134 0.25 110 7 22 0.4 27 24 R-R In-Out Quad
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General Purpose Operational Amplifier Selection Guide (continued) 3
Commercial Temperature Range (0°C to +70°C) Specs at Tp = 25°C (Notes 1 and 2) %
Specified g
Part # Vos s GBW f"::: g:ﬁ';'nyt 3 :l'::;‘; Special %
mV (Max) nA (Max) MHz (Typ) (Note 3) Features
V/ps (Typ) mA (Max) Min Max %
v v 4
LF411A 0.5 0.2 4 15 2.8 10 40 ;(;)
LF441A 0.5 0.05 1 1 0.25 10 40 ('g
LM308A 0.5 7 1 03 0.8 10 40 g
LM11C 0.6 0.1 0.8 0.3 0.8 5 40 ;
LF412A 1 0.2 4 15 2.8 12 40 Dual g-
LF442A 1 0.05 1 1 0.2 10 | 82 | Dual 3
LM604AC 1 50 7 3 9 10 32 Multiplexed Op Amp
LF355A 2 0.05 25 5 4 30 36
LF356A 2 0.05 5 12 10 30 36
LF357A 2 0.05 20 50 10 30 36 Minimum Gain of 5
LF411 2 0.2 4 15 3.4 10 30
LF412 3 0.2 4 15 3.3 12 30 Dual
LM324A 3 100 1 0.5 0.75 5 30 Quad
LM358A 3 100 1 0.5 1.0 5 30 Dual
LM604C 3 80 7 7 4.5 10 32 Multiplexed Op Amp
LM741E 3 80 15 0.7 28 10 40
LM10C(L) 4 30 0.09 0.1 0.5 (Note 4) Op Amp + Reference
LP324 4 10 0.1 0.05 0.0375 5 30
LF347B 5 0.2 4 13 2.8 10 30 Quad
LF355B 5 0.1 25 5 4 30 40
LF356B 5 0.1 5 12 4 30 40
LF357B 5 0.1 20 50 7 30 40
LF441 5 0.1 1 1 0.25 10 30
LF442 5 0.1 1 1 0.25 10 30 Dual
LM11CL 5 0.2 0.8 0.3 0.8 5 40
LF451 5 0.2 4 13 3.4 10 32 SO Pkg
LF453 5 0.2 4 13 3.25 10 32 SO Pkg Dual
LM611 5 35 0.8 0.7 0.35 2.8 32 Op Amp + Ref
LM613 5 35 0.8 0.7 0.25 2.8 32 2 Op Amps +
2 Comparators + Ref
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General Purpose Operational Ampilifier Selection Guide (continued)

Commercial Temperature Range (0°C to +70°C) (Notes 1 and 2) (Continued)

. Supply SQecif:ed
bart # Vos I8 GBW :f:: Current V:II::g‘L Special
mV (Max) nA (Max) MHz (TYP) V/us (Typ) (Note 3) i Mo Features
mA (Max)
v v
LM614 5 35 0.8 0.7 0.25 2.8 32 Quad Op Amp + Ref
LM392 5 250 1 0.5 1 30
LM346 6 250 1.2 0.4 0.63 30 (Note 5)
LM348 6 200 1 0.5 1.13 10 30
LM349 6 200 4 2 1.13 10 30
LM741C 6 500 1.5 0.5 28 10 40
LM1458 6 500 * * 2.8 30 30
LM4250C 6 75 0.2 0.2 0.1 3 30 (Note 5)
LM324 7 250 1 0.5 0.75 5 30 Quad, Low Cost
LM358 7 250 1 0.5 1.0 5 30 Dual
LM301A 7.5 250 1 0.5 10 30 VemtoV+
LM307 7.5 250 1 0.5 10 30 Compensated LM301A
LM308 7.5 7 1 0.3 0.8 10 36
LM343 8 40 1 25 5 56 68
LF347 10 0.2 4 13 2.75 10 30 Quad
LF351 10 0.2 4 13 3.4 10 30
LF353 10 0.2 4 13 5.4 10 30 Dual
LF355 10 0.2 25 5 4 30 30
LF356 10 0.2 5 12 10 30 30
LF357 10 0.2 20 50 10 30 30 Minimum Gain of 5
LF444 10 0.1 1 1 0.25 10 30 Quad
TLOB1C 15 0.2 13 2.8 10 30
TLO82C 15 0.2 13 2.8 12 30 Dual
*Not Specified.

Note 1: Datasheet should be referred to for test conditions and more detailed information.
Note 2: Those looking for a commercial part should aiso look at the Industrial Temp Range guide as many Hybrids are listed there.

Note 3: Supply current is per amplifier. )
Note 4: The LM10 has 2 versions: one a high voltage part, good to 45V and a low voltage part, good to 7V. Refer to the datasheet for more information.

Note 5: The LM146 and LM4250 are programmable amplifiers. The data shown is for Vg = * 15V and IggT = 10 pA. Refer to the d:

for more il ion.
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General Purpose Operational Amplifier Selection Guide (continued)
Military Temperature Range (—55°C to + 125°C) Specs at Tp = 25°C (Note 1)

Supply Sspecif:ed
Part # Vos Is GBW fu"e’ Current V:I't,:g‘; Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) in Max Features
mA (Max)
v v

LF411AM 0.5 0.2 4 15 2.8 10 40
LF441AM 0.5 0.05 1 1 0.2 10 40
LM108A 0.5 2 1 0.3 0.6 10 40
LF412A 1 0.2 4 15 2.8 12 40 Dual
LF442A 1 0.05 1 1 0.2 12 40 Dual
LHO004 1 100 10 * 0.15 10 80 High Voltage
LM604A 1 50 7 45 10 32 | Multiplexed Op Amp
LF155A 2 0.05 2.5 30 40
LF156A 2 0.05 5 12 30 40
LF157A 2 0.05 20 50 30 40 Minimum Gain of 5
LF411M 2 0.2 4 15 3.4 10 30
LM10 2 20 0.09 0.1 0.4 1.2 40 Op Amp + Reference
LM101A 2 75 1 0.5 10 40 VomtoV+t
LM107 2 100 1 0.5 10 40 Compensated LM101A
LM108 2 2 1 0.3 0.6 10 40
LM124A 2 50 1 0.5 0.75 30 Quad
LM158A 2 50 1 0.5 0.5 30 Dual
LP124 2 4 0.1 0.05 0.035 5 30 Quad
LF412 3 0.2 4 15 3.25 12 30 Dual
LM741A 3 80 1.5 0.7 2.8 10 40
LF155 5 0.1 2.5 5 4 30 40
LF156 5 0.1 5 12 7 30 40
LF157 5 0.1 20 50 7 30 40 Minimum Gain of 5
LF147 5 0.2 4 13 2.75 10 40 Quad
LF442 5 0.1 1 1 0.25 10 40 Dual
LF444A 5 50 1 1 0.20 10 40 Quad
LM124 5 150 1 0.5 0.75 5 30 Quad
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Operational Amplifier Selection Guides

General Purpose Operational Amplifier Selection Guide (continued)
Military Temperature Range (—55°C to + 125°C) Specs at Tp = 25°C (continued)

Supply Sgecif:ed

part # Vos B | GBW f"::; Current Vo g‘L Special
mV (Max) | nA(Max) | MHz(Typ) V/us (Typ) (Note 3) i Max Features
mA (Max)
v v

LM143 5 20 1 2.5 4 56 80 High Voitage
LM146 5 100 1.2 0.4 0.55 3 30 (Note 5)
LM148 5 100 1 0.5 0.9 10 30 Quad
LM149 5 100 4 2 0.9 10 30 Minimum Gain of 5, Quad
LM158 5 150 1 0.5 1 5 30 Dual
LM741 5 500 1 0.5 2.8 10 40
LM1558 5 500 * * 2.5 30 30 Dual
LM4250 5 50 0.2 0.2 0.1 3 30 (Note 5)
LHO0042 20 0.025 1 3 35 . 10 40
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Low Input Current Selection Guide

<25tA | <1w00fA | <5pA* | <20pA | <50pA <100 pA <200 pA <500 pA

Ta = 25°C

LMCB001A** | LMC6001B** | LMC660* | LH0042 | LHO032A LH0032 TLOB1 LH0032C
LMC662* | LHO042C | LF155A/156A | LF155/156 | LHO032AC LH4004
LMCB041* LF157A LF157 LF351
LMC6042* LF355A/356A | LF255/256 | LF411A/411
LMC6044* LF357A LF257 LF355/356
LMC6062* LF441A LF356B/356B LF357
LMC6082* LF442A LF357B | LF147/347B/347
LPC660* LF444A LF441 LF353
LPC661* LM11 LF442 LF412A/412
LPC662* LF444 LM11CL
LMC6061* LM11C LMC6022*
LMC6081* LHO101 LMC6024*
LMC6064* LMC6032*
LMC6084* LMC6034*
LMC6482* LH4104
LMCB484* LH4104C
LMC6001C
LMC6462
LMC6464
LMC6492
- LMC6494
LMC6572
LMC6574
LMC6584
LMC6681
LMC6682
LMC6684
LMC7101
LMC7111

Note: Datasheet should be referred to for conditions and more detailed information.
*G d over industrial temp range (—40°C to +85°C). Typical value is < 40 fA.

**100 percent tested and guaranteed.
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Operational Amplifier Selection Guides

&National Semiconductor

High Speed Operational
Amplifier Selection Guide

Is

Part # Vis(ye | wzye) | mvimo Mot ) Notes
GBW > 4 MHz, T4 = 25°C
LM7171A 4100 200 1 8.5 High Output Current, Voltage Feedback
LM6171A © 3600 100 3 4 Low Power, Voltage Feedback
LM7171 4100 200 3 8.5 High Output Current, Voltage Feedback
LM6171 3600 100 6 4 Low Power, Voltage Feedback ‘
LM6172 3600 100 1 4 Dual Low Power, Voltage Feedback
LM6181 2000 100 7.0 10 Current Feedback, VIP
LM7121A 1000 200 3 5 Low Power, Voltage Feedback
LM7121 1000 200 6 5 Low Power, Voltage Feedback
LH0024 500 70 4 15 )
LH0032 500 70 5 20 FET Input
LM6161 300 50 7 6.8 Unity Gain Stable, VIPT™
LM6162 300 100 5 6.8 Min Gain of 2, VIP
LM6164 300 175 4 6.8 Min Gain of 5, VIP
LM6165 300 725 3 6.8 Min Gain of 25, VIP
LM6313 250 35 20 11.5 Hi Speed Hi Power, Dual
LM6218A 140 17 1 3.5 Fast Settling Dual, VIP
LM6218 140 17 3 3.5 Fast Settling Dual, VIP
LH0003 2-70 10-30 3 3 External Compensation ‘
LM118 70 15 4 7
LF157A 50 20 2 7 Min Gain of 5, JFET
LM359 30 30 * 11 -Dual Current Mode (Norton) Amp
LM6152 30 45 2.5 15 R-R In-Out, Dual
LM6154 30 45 2.5 1.5 R-R In-Out, Quad
LM6142A 25 17 1.0 0.8 Low Power, R-R In-Out, Dual
LM6144A 25 17 1.0 0.8 Low Power, R-R In-Out, Quad
LF411A 15 4 0.5 1.4 JFET
LF412A 15 4 1.0 2.8 Dual JFET
LF147 13 4 5 2.75 Quad JFET
LF451 13 4 5 34 SO Pkg
LF453 13 4 5 3.25 SO Pkg Dual
LF351 13 4 10 34 JFET
LF353 13 4 10 3.3 Dual JFET
LF156A 12 5 2 7 JFET
LM833 7 15 5 4 Dual Low Noise
*Not specified.

Note 1: Supply current is per amplifier in a package.




NNational Semiconductor

Precision Operational Amplifier Selection Guide

Slew Supply
Part # va(oMsax) nA ('hanax) Ml:;zB(‘t”yp) Rate (c:ll:::: l‘:; Notes
V/ps (Typ) mA (Max)
Singles
LMC6081A 0.35 0.00001* 1.3 1.5 0.750 Low power
LMC6061A 0.35 0.00001* 0.1 0.035 0.024 Micropower
LM308A 0.5 7 1 0.3 0.8
LM208A 0.5 2 1 0.3 0.6
LM108A 0.5 2 1 0.3 0.6
LF441A 0.5 0.05 1 1 0.2
LF411A 0.5 0.2 4 15 2.8
LM11C 0.6 0.1 0.8 0.3 0.8
LMC6081 0.8 0.00001* 1.3 1.5 0.750 Low power
LMC6061 0.8 0.00001* 0.1 0.035 0.032 Micropower
Duals
LMC6082A 0.35 0.00001* 1.3 0.75 0.75 Dual LMC6081A
LMC6062A 0.35 0.00001* 0.1 0.019 0.019 Dual LMC6061A
LMC6482A 0.5 0.00002* 1.3 1 0.50 Rail to Rail Input/Output
LMC6082 0.8 0.00001* 1.3 1.5 0.75 Dual LMC6081
LMC6062 0.8 0.00001* 0.1 0.035 0.023 Dual LMC6061
Quads
LMC6084A 0.35 0.00001* 1.3 1.5 0.75 Quad LMC6081A
LMC6064A 0.35 0.00001* 0.1 0.035 0.019 Quad LMC6061A
LMC6484A 0.5 0.00002* 1.3 1 0.50 Rail to Rail Input/Output
LMC6084 0.8 0.00001* 1.3 1.5 0.76 Quad LMC6081
LMC6064 0.8 0.00001* 0.1 0.35 0.029 Quad LMC6061
*Typical Value

Note 1: Supply current is per amplifier.
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Operational Amplifier Selection Guides

&National Semiconductor .

MicroPower/Low Power Operational
Amplifier Selection Guide

I Specified
A Vos Is Vem Output Swing GBW Supply
Part # Typ mv fA \ v ~ MHz Voltage
(per Amp) Max Typ Typ Typ with RL= 100 kQ Typ Min Max
v v
SpecsatTa = 25°Cand Vs = +5V '
Singles
LMC6041A 14 3 —0.41t03.1 0.004 to 4.987 0.075 5 15
LMC6041 14 6 —0.4 t0 3.1 0.004 to 4.987 0.075 5 15
LMC6061A 20 0.35 10 —0.4t03.1 0.005 to 4.995 0.1 5 15
LMC6061 20 0.8 10 —0.41t03.1 0.005 to 4.995 0.1 5 15
LPC661A 55 3 —0.4t0 3.1 0.004 to 4.987 0.35 5 15
LPC661 55 6 —0.4t03.1 0.004 to 4.987 0.35 5 15
LMC6081A 450 0.35 10 —0.4t0 3.1 0.02t0 4.98 13 5 15
LMC6081 450 0.8 10 —0.4t0 3.1 0.02t04.98 1.3 5 15
LMC6681A 700 1 80 —0.3t05.3 0.05t0 4.9 1.2 1.8 10
LMC6681 700 3 80 —0.31t05.3 0.05t0 4.9 1.2 18 10
Duals
LMC6042A 10 3 —0.4t0 3.1 0.004 to 4.987 0.1 5 15
LMC6042 10 6 2 —0.4t03.1 0.004 to 4.987 0.1 5 15
LMC6062A 16 0.35 10 —0.4t03.1 0.005 to0 4.995 0.1 5 15
LMC6062 16 0.8 10 —0.4t0 3.1 0.005 to 4.995 0.1 5 15
LMC6462A 20 0.5 150 —0.2t05.3 0.005 to 4.995 0.05 - 73 15
LMC6462 20 3 150 —0.2105.3 0.005 to0 4.995 0.05 3 15
LPC662A 43 3 2 —0.4t03.1 0.004 to 4.987 0.35 5 15
LPC662 43 6 2 —0.4t0 3.1 0.004 to 4.987 0.35 5 15
LMC6022 43 9 40 —0.4103.1 0.004 to 4.987 0.35 5 15
LMC662A 375 3 —0.4t03.1 0.02 to 4.98 14 5 15
LMC662 375 6 —0.4t0 3.1 0.02t0 4.98 14 5 15
LMC6032 375 9 40 —0.4t03.1 0.02 to 4.98 1.4 5 15
LMC6082A 450 0.35 10 —0.4t0 3.1 0.02 t0 4.98 13 5 15
LMC6082 450 0.8 10 —0.4t0 3.1 0.02 t0 4.98 13 5 15
LMC6482A 500 0.5 20 0to5 0.03t0 4.97 1.3 3 15
LMC6482 500 3 20 Oto5 0.03 to 4.97 1.3 3 15
LMC6492A 500 3 150 —0.31t05.3 0.021t0 4.98 1.5 25 15.5
~ LMC6492 500 6 150 —0.3t05.3 0.02 to 4.98 1.5 2.5 15.5




(o]

MicroPower/Low Power Operational Amplifier Selection Guide (continued) E
Is Specified %

bA Vos Is Veum Output Swing GBW Supply i

Part # Typ mv A \ v MHz Voltage >
(per Amp) Max Typ Typ Typ with RL= 100 kQ Typ Min Max 3

v v 2

=

SpecsatTp = 25°Cand Vs = +5V []

Duals Continued @
LMC6582A 700 1 80 -0.3105.3 0.05 t0 4.9 1.2 1.8 10 5
LMCB582 700 3 80 —0.3105.3 0.05 t0 4.9 1.2 1.8 10 (o
LMC6682A 700 1 80 -0.3105.3 0.0510 4.9 1.2 1.8 10 :,
LMC6682 700 3 80 -0.3105.3 0.0510 4.9 1.2 1.8 10 %
LMCB142A 650 1 170* 0.005 to 4.995 17 2.7 4 |3

Quads
LMC6044A 10 3 2 —0.4103.1 0.004 to 4.987 0.1 5 15
LMC6044 10 6 2 —0.4103.1 0.004 to 4.987 0.1 5 15
LMC6064A 16 0.35 10 —0.4103.1 0.005 t0 4.995 0.1 5 15
LMCB064 16 0.8 10 —0.4103.1 0.005 to 4.995 0.1 5 15
LMC6464 20 3 150 -0.2105.3 0.05 to 4.995 0.05 3 15
LMCB464A 20 0.5 150 ~0.2105.3 0.05 t0 4.995 0.05 3 15 i
LPC660A 40 3 2 —0.4103.1 0.004 to 4.987 0.35 5 15 i
LPC660 40 6 2 041031 0.004 to 4.987 0.35 5 15
LMC6024 40 9 40 —0.41t03.1 0.004 to 4.987 0.35 5 .15 (
LMCB60A 375 3 —0.4t03.1 0.0210 4.98 1.4 5 15 |
LMC860 375 6 —0.41t03.1 0.0210 4.98 1.4 5 15 i
LMC6034 375 9 40 —0.41t03.1 0.02 to 4.98 1.4 5 15
LMC6084A 450 0.35 10 —0.4103.1 0.0210 4.98 1.3 5 15
LMCB8084 450 0.8 10 —0.4103.1 0.02 10 4.98 1.3 5 15
LMC6484A 500 0.5 20 0to5 0.03 t0 4.97 1.3 3 15 |
LMCB484 500 3 20 Oto5 0.03 t0 4.97 1.3 3 15
LMC6494A 500 3 150 -0.3105.3 0.02 0 4.98 1.5 5 15
LMC6494 500 3 150 —0.3105.3 0.02 10 4.98 15 5 15
LMCB144A 650 1 170* | —0.25105.3 0.005 t0 4.995 1.7 2.7 24
LMC6584A 700 1 80 -0.3105.3 0.05104.9 1.2 1.8 10
LMC6584 700 3 80 -0.3105.3 0.0510 4.9 1.2 1.8 10
LMC6684A 700 1 80 —0.3105.3 0.0510 4.9 1.2 1.8 10 J
LMC6684 700 3 80 -0.3105.3 0.0510 4.9 1.2 1.8 10 ‘
*nA




NNational SeMiconductor

Medium and High Power Operational Amplifier
Selection Guide (> 0.1A Output)
(Ta = 25°C, Note 1)

Operational Amplifier Selection Guides

Part # Al(qu;L) va(?dsax) mA '(fllax) \?l':‘sv (F"l‘ay‘:) ’PBW (Typ)
LM6181 0.1 7.0 10 2000 60 MHz
LM6182 0.1 (Dual) 7.0 20 2000 60 MHz
LH0041 0.2 3.5 3 20 kHz
LHO101A 2.2 3 35 10 300 kHz
LHO101 2.2 10 35 10 300 kHz
LM675 3 10 50 8 *
LM12(L) (Note 2) 7 80 9 60 kHz
LM12C(L) (Note 2) 15 120 9 60 kHz
LM7171A 0.1 1 8.5 4100 33 MHz

- LM7171 0.1 3 8.5 4100 33 MHz
LM6171A 0.1 3 4 3600 28 MHz
LM6171 0.1 6 3600 28 MHz

*Not Specified

Note 1: Refer to Datasheet for conditions and more detailed information.
Note 2: IoyT for the LM12 is dependent on the amount of power dissip

current available.

d in the output

. The datash

should be referred to, to determine amount of
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Low Voltage Selection Guide

Minimum Typical Supply
Part # Supply Voltage Current (per Device) Description

LMC6482 3V 500 nA Dual 1 MHz Rail-to-Rail Amp

LMC6484 3V 500 pA Quad 1 MHz Rail-to-Rail Amp

LMC7101 2.7V 500 pA Tiny Pak™ SOT23 1 MHz
Rail-to-Rail Amp

LMC7111 2.2V 25 nA Tiny Pak SOT23 35 kHz
Rail-to-Rail Amp

LMC6582 1.8V 700 Dual Low-Voltage, 1.2 MHz
Rail-to-Rail Input and Output
CMOS Amplifier

LMC6584 1.8V 700 Quad Low-Voltage, 1.2 MHz

‘ Rail-to-Rail Input and Output

CMOS Amplifiers

LMC6681 1.8V 700 pA Single Low-Voltage, 1.2 MHz
Rail-to-Rail Input and Output
CMOS Amplifier with Powerdown

LMC6682 1.8V 700 nA Dual Low-Voltage, 1.2 MHz
Rail-to-Rail Input and Output
CMOS Op Amp with Powerdown

LMC6684 1.8V 700 pA Quad Low-Voltage, 1.2 MHz
Rail-to-Rail Input and Output
CMOS Ampilifiers with Powerdown

LM6142 1.8V 650 pA Dual 17 MHz Gain-Bandwidth
Rail-to-Rail Amp

LM6144 1.8V 650 pA Quad 17 MHz Gain-Bandwidth
Rail-to-Rail Amp

LM7131 3v 7mA Video Amp in SOT23 Tiny Pak,
70 MHz Gain-Bandwidth

LM6132 1.8V 360 pA Dual 7 MHz Gain-Bandwidth
Rail-to-Rail Amplifier

LM6134 1.8V 360 nA Quad 7 MHz Gain-Bandwidth
Rail-to-Rail Amplifier

LM6152 1.8V 1500 nA Dual 45 MHz Gain-Bandwidth
Rail-to-Rail Amplifier

LM6154 1.8V 1500 pA Dual 45 MHz Gain-Bandwidth

Rail-to-Rail Amplifier
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Operational Amplifier-Selection Guides

&National Semiconductor.

Audio Op Amp Selection Guide

Part Description Input Referred| _ .. - SIew' Supply SIng|e7', Fackage
# Precision Op Amp Noise Voltage ‘THD Rate GBW | PSRR ; Range |Dual/Quad|(Pin Count)
LM833 |Dual Audio Amplifier 450V Az | 0.002% | 7V/ps [15MHz|100dB] 18V Dual S0(8),
' e ] - ' . DIP(8)
LM837 |Quad Audio Amplifier 45nV/HZ 0.0015% [ 10V/ps|25 MHz[100dB| %18V Quad SO(14),
L . DIP(14)
LF347 |Wide Bandwidth JEET 20nV/HZ | 0.02% [13V/ps| 4 MHz |100dB| 18V Quad | DIP(14),
' ’ ' S0(14)
LF351 |Wide Bandwidth JFET 25nV/iAZ 0.02% |13V/ps| 4MHz [100dB| 18V Single S0(@8),
. ‘ DIP(8)
LF353 |Dual LF351 16nV/yAz | 0.02% [13V/ps| 4MHz |100dB| 18V " Dual SO(14),
L ‘ ; o ' o o DIP(14)
LF411 |Low Offset, Low Drift JFET 25nV/{Hz | 0.02% [15V/us| 3MHz [100dB|  +18V Single DIP(8)
LF412 |Dual LF411 " - 25nviFAz | 0.02% |15V/ps| 3MHz [100dB|.  +18V _Dual DIP(8)
LF444 |Low Power JFET Quad 35nV/yHz | 0.02% |1V/ps|1MHz|100dB|  +18V Quad DIP(14),
‘ SO(14)
LM6142| High-Speed/Low Power Dual | 16 nV/JAz | 0.03% | 5V/ps [17MHz| 87.dB [ +1.8Vto24V| Dual DIP(8),
- o o C SO(8)
LM6144|High-Speed/Low Power Quad| 16nV/JHz | 0.03% | 5V/ps [17 MHz| 87 dB | £1.8Vt024V|  Quad DIP(14),
: ‘ Col C . SO(14)




&National Semiconductor

Audio Power Amp Selection Guide

sapiny uonoss|as Jaiiidwy jeuonesado

Power [THD < 1% (Typ)] Power [THD < 10% (Typ)]
Ust‘s’ros“..“;uzply P:" Power Specified as Continuous RMS Power Specified as Continuous RMS
9 40 80 16Q 40 80 160
5V LM1896 0.7W 0.45W NA 1.1W 1.3W NA
(Vs=6V) ,
12v LM1877 1.5W 1.0W 0.55W 1.75W 1.3W 0.75W
LM2877 1.5W 1.0W 0.55W 1.75W 1.3W 0.75W :
LM2878 1.5W 1.0W 0.55W 2.0W 1.3W 0.75W
14V LM1877 2.0W 1.3W 0.85W 2.5W 1.75W 1.0W
LM2877 2.0W 1.3W ~ 0.85W 2.75W 1.75W 1.0W
LM2878 2.0W 1.3W 0.85W 2.75W 1.75W 1.0W
: LM2879 NA 1.25W NA NA 2W NA
20V
and Above '
(Vs = 20V) LM1877 2.0W 2.0W NA 2.5W 1 30w NA |
(Vs = 20V) |LM2877 2.5W 3.0Ww 1.75W 3.7 4.25W 2.3W '
(Vs = 20V) LM2878 NA 4.0W NA NA 4.75W NA |
(Vs = 28V) LM2879 NA 7.0W NA NA 8w NA i
(Vs = £25V) | LM1875 20W 20W NA 25W 30W NA ‘
(Vs = £35V) | LM3875 | 45W (Vg = +25V 56W 30W 56W (Vg = +25V) 70W 39w /
(Vg = £35V) | LM3876 | 45W (Vg = 25V 56W 30w 56W (Vg = *£25V) 70W 39w ‘L
(Vs = £35V) | LM3886 | 68W (Vg = 28V 63W 33W 87W (Vg = *+28V) 78W 41W ‘
|




Operational Amplifier Selection Guides

&National Semiconductor

- Typical THD Ratings

Typical THD THD Measurements ‘Supply Single/ ~ Package
Ratings Conditions » Range (V) Dual (Pin Count)
0.72% Po=1We Vg = 5V 2.7V 10 5.5V Single SO(16)
0.45% Po = 0.5W @ Vg = 5V 2.7Vt0 5.5V Single SO(8)
0.72% Po=1We@ Vg = 5V 2.7Vt0 5.5V Single - SO(16)
0.45% Po = 0.5W @ Vg = 5V 2,7Vto0 5.5V Single SO(8)
0.11% Po = 0.5W @ Vg = 6V 3Vito 10V Dual DIP(14)
0.055% Po = 1W @ Vg = 14V 6V to 24V Dual DIP(14), SO(14)
0.07% Po = 1W @ Vg = 14V 6V to 24V Dual SIP(11)
0.14% Po = 2W @ Vg = 22V 6V to 32V Dual SIP(11)
0.14% Po=1We@ Vg = 12V 3Vto 15V Dual SIP(11)
0.055% Po = 1W@ Vg = 14V 6V to 24V Dual DIP(14), SO(14)
0.07% Po=1We@ Vg = 1W 6V to 24V Dual SIP(11)
0.15% Po = 2W @ Vg = 22V 6V to 32V Dual SIP(11)
0.05% Po = {W @ Vg = 12V 6V to 32V Dual TO-220(11)
0.02% Po = 20W @ Vg = +25V 16V to 60V Single .. TO-220(5)
0.06% Po = 25W @ Vg = +30V 20V to 60V Single TO-220(11)**
0.06% Po = 40W @ Vg = £35V 20Vto 84V . Single TO-220(11)**
0.06% Po = 40W @ Vg = +35V 20V to 84V Single TO-220(11)**
0.03% Po = 60W @ Vg = +28V 20V to 84V Single TO-220(11)**

**Isolated packages available.
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&National Semiconductor
Special Amplifier Selection Guide

Amplifiers with Added Functions

Featuring the new Super-Block™ family, these amplifiers have additional special functions within their packages which help
minimize the number of components required in an application. These devices are often used in control circuits, power supplies,
and automatic test systems.

LM10 Op Amp and Adjustable Voltage Reference

LM392 Op Amp and Comparator

LM611 Super-Block Op Amp and Adjustable Voltage Reference

LM613 Super-Block Dual Op Amp, Dual Comparator, and Adjustable Voltage Reference
LMé14 Super-Block Quad Op Amp and Adjustable Voltage Reference

Transconductance Amplifiers (Voltage In, Current Out)

These amplifiers provide a transconductance (gm,) proportional to their bias current, which is controlled externally. This program-
mable gain makes the amplifiers useful in applications such as voltage-controlied amplifiers, current-controlled amplifiers, AGC
circuits, and voltage multipliers.

LM3080 ' Operational Transconductance Amplifier

LM13600 Dual Operational Transconductance Amplifier
with Linearizing Diodes and Buffers

LM13700 Improved Dual Operational Transconductance
Amplifier with Linearizing Diodes and Buffers

Transimpedance Amplifiers (Current In, Voltage Out)

Transimpedance amplifiers are widely used to amplify photo-diode signals, and to ground-reference differential voltage signals
which have high common-mode voltages. The LH0082 was designed to receive and amplify analog and digital signals transmit-
ted by fiber optics. Like the LM359, the LH0082 can also be used as a video amplifier. The LM2900 series has found popularity
in filter applications, as well as general-purpose amplifiers.

LM359 Dual Current Mode (Norton) Amplifier
LM2900 Quad Current Mode (Norton) Amplifier
LM3900

LM3301

LM3401

1-21
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. LF147/LF347

NNational Semiconductor

LF147/LF347 Wide Bandwidth
Quad JFET Input Operational Amplifiers

General Description

The LF147 is a low cost, high speed quad JFET input opera-
tional amplifier with an internally trimmed input offset volt-
age (BI-FET IITM technology). The, device requires a low
supply current and yet maintains a large gain bandwidth

_product and a fast slew rate. In addition, well matched high

voltage JFET input devices provide very low input bias and
offset currents. The LF147 is pin compatible with the stan-
dard LM148. This feature allows designers to immediately
upgrade the overall performance of existing LF148 and
LM124 designs.

Features

m Internally trimmed offset voltage 5 mV max
B Low input bias current . 50 pA
® Low input noise current 0.01 pA/yHz
® Wide gain bandwidth 4 MHz
B High slew rate - 13 V/us
| Low supply current’ 7.2 mA
m High input impedance 10120
B Low total harmonic distortion Ay=10, <0.02%

R =10k, Vo=20 Vp-p, BW=20 Hz—20 kHz

The LF147 may be used in applications such as high speed ™ Low 1/f noise corner . 50 Hz
integrators, fast D/A converters, sample-and-hold circuits ™ Fast settiing time to 0.01% 2pus
and many other circuits requiring low input offset voltage, c
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift.
Simplified Schematic Connectlon Dlagram
Y2 Quad Dual-In-Line Package
Vee O ouTa INa™ ING* V- IN3* IN3T O ouT3
18 I\: 12 |u 10 9 8
Vo
- +
I+
12
. < INTERNALLY ! I2 3 4 § 6 7
. INTERNALLY < TRIMMED
TRIMMED i ouT1 N1- Nt v Nzt N2~ ouT2
-Vee O g & TL/H/5647-1
TL/H/5647-13 Top View

*Available per SMD # 8102306, JM38510/11906.

Order Number LF147J, LF347M, LF347BN,
LF347N, LF147D/883 or LF147J/883*
See NS Package Number D14E, J14A, M14A or N14A

1-22




Absolute Maximum Ratings

Lved/Lv1 40

If Military/Aerospace specified devices are required, LF147 LF347B/LF347
please contact the National Semiconductor Sales Operating Temperature (Note 4) (Note 4)
Office/Distributors for availability and specifications. Range
LF147 LF347B/LF347 Storage Temperature
Supply Voltage +22V +18V Range —65°C<TaA<150°C
Differential Input Voltage +38V +30V Lead Temperature
Input Voltage Range 19V +15V (Soldering, 10 sec.) 260°C 260°C
(Note 1) Soldering Information
Output Short Circuit Continuous Continuous Dual-In-Line Package
Duration (Note 2) S Sﬁ:fgritr;.g @ ,2 sicondS) 260°C
issipati mall Outline Package
PO(VKIZSSI?E:;'%? 900 mW 1000 mW Vapor Phase (60 seconds) 215°C
Tj max 150°C 150°C Infrared (15 seconds) 220°C
0 See AN-450 “Surface Mounting Methods and Their Effect
! Cavity DIP (D) Package 80°C/W on Product Reliability” for other methods of soldering sur-
Ceramic DIP (J) Package 70°C/W face mount devices.
Plastic DIP (N) Package 75°C/W ESD Tolerance (Note 10) 900V
Surface Mount Narrow (M) 100°C/W
Surface Mount Wide (WM) 85°C/W

DC Electrical Characteristics (Note5)

Symbol Parameter Conditions LF147 LF3478 LF347 Units
Min| Typ |Max| Min| Typ [Max|Min| Typ |Max
Vos Input Offset Voltage Rs=10kQ, TA=25°C 1 5 3 5 5 10| mv
Over Temperature 8 7 13 mv
AVog/AT|Average TC of Input Offset Rgs=10kQ 10 10 10 pV/°C
Voltage
los Input Offset Current T;j=25°C, (Notes 5, 6) 25 (100 25 1100 25 |100( pA
Over Temperature 25 4 4 nA
Ig Input Bias Current Tj=25°C, (Notes 5, 6) 50 |200 50 |200 50 {200| pA
Over Temperature 50 8 8 nA
RiN Input Resistance Tj=25°C 1012 1012 1012 [0}
AvoL Large Signal Voltage Gain Vg=£15V,Tp=25°C | 50 | 100 50 | 100 25 | 100 V/mVv
Vo= +10V,R =2k
Over Temperature 25 25 15 V/mV
Vo Output Voltage Swing Vg==15V,R =10k | £12| £13.5 +12| £13.5 +12|£13.5 \"
Vem Input Common-Mode Voltage 4 + +15 . +15 . +15 v
Range Vs=#15V My M _qp = 12 v
CMRR  [Common-Mode Rejection Ratio| Rg<10 k2 80 | 100 80 | 100 70 | 100 dB
PSRR Supply Voltage Rejection Ratio | (Note 7) 80 | 100 80 | 100 70 | 100 dB
Is Supply Current 72 | 11 72 | 11 72 |11 ] mA
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LF147/LF347

AC Electrical Characteristics (note 5)

Symbol Parameter Conditions LF147 LF3478 LF347 Units
Min| Typ |Max|Min| Typ |Max|Min| Typ | Max| -
| Amplifier to Amplifier Coupling TpA=25°C, ' -120 —-120 -120 dB
) f=1Hz—20 kHz )

. . (Input Referred)
SR Slew Rate Vg= %16V, Tpo=25°C| 8 13 8 13 8 13 | V/us
GBW | Gain-Bandwidth Product Vg=%15V,Tp=25°C| 22| 4 22 4 22| 4 MHz
en Equivalent Input Noise Voltage | To=25°C, Rg=100Q, 20 |- 20 20 nV/yHz

- 'f=1000 Hz

in. Equivalent Input Noise Current Tj=25°C, =1000 Hz 0.01" 0.01 0.01 pA/{Hz

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction

temp will be d. . .

Note 3: For operating at el d p , these devices must be d based on a thermal resistance of 6ja.

Note 4: The LF147 is available In the military temperature range —55°C < T <125°C, while the LF347B and the LF347 are available in the commercial temperature

range 0°C<TA<70°C. Junction temperature can rise to Tj max = 150°C.

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vg= 120V for the LF147 and for Vg= 15V for the LF347B/

LF347. Vps, I, and lpg are measured at Vo =0. .

Note 6: The input bias its are junction leak [« which approxi double for every 10°C increase in the junction temperature, T; Due to limited

production test time, the input bias d are correlated to junction temperature. In normal operation the junction temp rises above the ambient
- temperature as a result of internal power dissipation, Pp. Tj=Ta+6ja Pp where 6j4 is the thermal resistance from junction to ambient. Use of a heat sink is

recommended if input bias current is to be kept to a minimum.

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or d

Vg = +'5V to £15V for the LF347 and LF347B and from Vg = 20V to +5V for the LF147.

Note 8: Refer to RETS147X for LF147D and LF147J military specifications.

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate

outside guaranteed limits. '

Note 10: Human body model, 1.5 k1 in series with 100 pF.

1 Iy "

in ac

with common practice from
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Typical Performance Characteristics N
~
: ~
Input Bias Current Input Bias Current Supply Current q
100 100k 10 w
Vg =115V Veu =0 e
- Ta=25°C —_ Vg= 15V ~
g w T = 9
& 5 g
g -] — £ 4 '§ 8
o 1%k = —55°C, 25°C
2o 2 7 s =
E -
g » ’g 100 — L 125°C
0 . 10 H
-0 -5 0 5 10 -50-25 0 25 50 75 100 125 0 5 10 15 2 %
COMMON-MODE VOLTAGE (V) TEMPERATURE (°C) SUPPLY VOLTAGE (+V)
Positive Common-Mode Negative Common-Mode
Input Voltage Limit Input Voltage Limit Positive Current Limit
—55°CsTA<125°C B [CFt=T= it s ® Vs=£15V
=)
8= Bs-2 =
25 A i . :
§: 15 £3-1 .4 =
= S L1
Sg 10 §§-w / 5 8 [3]s
e H / 5 a_fede ]
5E 4 H 7 s
g s g2 5 g
/- E
o ] E
o 5 10 15 2 0 -5 -1 -15 -20 -25 0 10 2 3 40
POSITIVE SUPPLY NEGATIVE SUPPLY QUTPUT SOURCE CURRENT (mA)
VOLTAGE (V) VOLYAGE (V) .
Negative Current Limit Output Voltage Swing Output Voltage Swing
s -1 50 30
= Vg= 115V RL=2k
g % o TA=25°C 2
N
8w f §§ " d . » //
g 125°C\ 25°C —w\ g2s v 3s s |/
- £ vV ]
20 V.
g -5 \ \ Ei /’ §§ 10
£ \ 10 % 5
H
g [] 0 0
0 1 2 '] '] 0 5 W 15 2 2B 0.1 1 10
OUTPUT SINK CURRENT (mA) SUPPLY VOLTAGE (V) AL—OUTPUT LOAD (k2)
, Gain Bandwidth 5 Bode Plot - s Slew Rate
= N v;;:tts 10 2 V= +15V
£ =2k AL =2k
E 55 Cu=100 oF 100 o
E s 10 50 § 2,
) =
§ 45 2 [ PHASEN ) S £ ow FALLING
§ ' 3 10 A % g ® — =
- g 3 HISING
g 35 -2 -100 2
3 ~30 -150 10
-50 -25 0 25 50 75 100 125 0.1 1 10 100 -50 -25 0 25 50 75 100 125
TEMPERATURE (°C) FREQUENCY (MHz) TEMPERATURE (°C)
TL/H/5647-2
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LF147/LF347

Typical Performance Characteristics (continued) ; .
Undistorted Output Voltage Open Loop Frequency

Distortion vs Frequency Swing Response
02 =z | | I » Vs Tv] 160
TW=25°C T 3 | Rp=2k 140
S Ay=100 s IT?.G y w
£ - ‘ g = N <1% DIST 5 _ 100 —]
Vo=20Vp-p H g8 N
611 § g 80 N
L 10k =] \ § 60 \\
a8 LT = 2w g \
0.05 ey 5 “ N
irdad\ E 2 N
0 L] 0
10 100 1k 10k 100k 10k 100k ™ 1 10 100 1k 10k 100k 1M 10M
FREQUENCY (H2) FREQUENCY (Hz) FREQUENCY (Hz)
Common-Mode Rejection Power Supply Rejection " Equivalent Input Noise
Ratio Ratio » Voltage . .
160, Vs= Z15V] e r Vs= 15V
140 RL=2k 120 |_Tp=25°C 60
g R B . i fe w
= = Yem 100
B g0 [Ty oMmR=20106 M %- ~NTNC §§
L =% 80 0
ég 80 TN OPEN LOOP E- \\ | £ ao {
gg ol 'a\"'“w\“ EEw NN\ §§ N
S E o SUPPL) s 2
a ‘n - n \ A
= Vom g N g o,
2 1 L N
[ |
0 0 0
10 100 1k 10k 100k 1M 10M 10 10 tk 10k 100k 1M 10 10 1k 10k 100k
" FREQUENCY (Hz) FREQUENCY (H2) FREQUENCY (Hz)
Open Loop Voltage Gain Output Impedance 0 Inverter Settling Time
Ll ) 1 =z iz
-55°CsTrA<125°C i T.:-'umc |' - . sy
3 = g A g
S5 — o 10 _l]_=_l|ll s
23 — % B = £
& 2100k ] M=10 07T gz °
H 2 T =&
E ! ahd E s
. S . 10mv N \1mv
. L1
- g LI ~ LTI
5 10 15 2 100 . 1k 10k 100k 1M 0.1 1 10
SUPPLY VOLTAGE (V) FREQUENCY (Hz) SETTLING TIME (us)

TL/H/5647-3
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Pulse Response R =2kq, c =10pF
Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)
TL/H/5647-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 us/DIV)

-
2
(=3
-~
>
-
=
(=]
£
w
(=]
<
-
-
(=3
>
[
=
a
=
1
o

TL/H/5647-6

Current Limit (R = 1000)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 ps/DIV)

TL/H/5647-5

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 1s/01V)
TL/H/5647-7

TIME (5 us/DIV)

Application Hints

The LF147 is an op amp with an internally trimmed input
offset voltage and JFET input devices (BI-FET IITM). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voitages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages

TL/H/5647-8

should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier

1-27
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LF147/LF347

Application Hints (continued)

output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the a‘ ifierin a normal
operating mode : .
Exceeding the posrtrve common mode limit ona srngle input
will not change the phase’ of the output; however, if both
inputs exceed the limit, ‘the output of the ampllfrer ‘will be
forced to a high state.

The amplifiers will operate with’a common-mode input volt-
age equal to the posltrve supply; however the gain band-
width and slew rate may be decreased'in this condition.
When the negatrve co‘ mon-| mode voltage swings to within
3V of the negatrve supply; an rncrease in |nput offset voltage
may occur. K

Each amplifier is mdrvrdually biased by a zener reference
which allows normal circuit operation on +4.5V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The LF147 will drive a 2 kQ load resrstance to =10V over
the full temperature range. If the amplifier is forced to drive
heavier load currents, however; an rncreaseln input offset
voltage may occur on the. negatnfe voltage swing and finally
reach an active current' lrmrt ‘on both posrtrve and negative
swings:
Precautions should be taken to ensure that the power sup-
ply for the mtegrated circuit never becomes reversed-in po-

D
K

Detailed Schematic

larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited gurrent surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result'in-a destroyed unit.

As with” most amplifiers, :care “should be ‘taken with lead
dress, component placement and supply decouplrng in or-
der to ensure stabllrty For example, resistors from the out-
put to an input should be placed wrth the body close to the
input to minimize “pick- up” ‘and maxrmrze the frequency of
the feedbatk pole by mrmmrzmg the capacrtance from the
input to ground ,' W
A feedback: pole is created when the feedback around any
amplifier - is' résistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op ‘amp. The
value of -the added .capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater.than or equal to the onglnal feedback pole time
constant o .

(7 S — *

TL/H/5647~-9
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Typica' Apphcatlons Digitally Selectable Precision Attenuator

Lved1/Lp147

9
h 1 “:k
ey - ‘-’;‘
Bl
A <]
Sson S 150k
|
[GHE]
S w
/ (/ { Al resistors 1% tolerance i
-Vg |
5 )
~ Jono i
A1 A2 A3 Vo e |
Attenuation o j— nv—rL oN
A3 A2 A1 |
0O 0 O° 0 ATTENUATION SELECT INPUTS TL/M/5647-10 ’
0 0 1 —-1dB B 1
o 1 0 —2dB ® Accuracy of better than 0.4% with standard 1% value resistors \
o 1 1 —3dB  No offset adjustment necessary ‘
1 0 O —4dB * Expandable to any number of stages |
1 0 1 —5dB o Very high input impedance i
1 1 0| -6dB {
101 A -7dB |
|

Long Time Integrator with Reset, Hold and Starting Threshold Adjustment

r== -:
1 10 I
'
I ! 10
ENABLE | ¢ ¢ | %
] - | 10
] ] 1% .
o) V4 LF1a7 AN ————] —
sTop |
+ | 1% W D Vour
I ! A !l
T VW +
! 10k
| 1%
]
| =
|
|
|
]
]

15V
10k 10k 10k
THRESHOLD
ADJUST
TL/H/5647-11
oV starts from zero and is equal to the integral of the input voltage with respect to the threshold voltage:
ouT

1
Vour=gg D(VIN —=VrH)dt

© Qutput starts when ViN2 VT
© Switch S1 permits stopping and holding any output value
* Switch S2 resets system to zero
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LF147/LF347

Typical Applications (continued)

Universal State Variable Filter

100k
AAA -
VW
{ I
10k 11 -
0.001 4F 0.001 4F
w |,
AAA o
AA A4
7 9
1/a LF187 MN—S
4 14 LF147 —0 ;ﬂﬂﬁ?
>
<
10k 100k = 10 ® 10k
—AAA AAA < >
r' vy A A A
- Pe) —
BANDPASS
10k ouTPUT <
AN 13 g 100K
NOTCH
HIGH PASS 1/4 LF147
oUTPUT " oUTPUT

For circuit shown:
fo=38 kHz, fnoTcH=9.5 kHz
Q=34
Passband gain:
Highpass—0.1
Bandpass—1
Lowpass—1
Notch—10

® X Q<200 kHz
* 10V peak sinusoidal output swing without slew limiting to 200 kHz
© See LM148 data sheet for design equations

TL/H/5647-12
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NNational Semiconductor

LF155/LF156/LF157 Series Monolithic
JFET Input Operational Amplifiers

General Description

These are the first monolithic JFET input operational ampli-
fiers to incorporate well matched, high voltage JFETs on the
same chip with standard bipolar transistors (BI-FET™ Tech-
nology). These amplifiers feature low input bias and offset
currents/low offset voltage and offset voltage drift, coupled
with offset adjust which does not degrade drift or common-

m Photocell amplifiers
m Sample and Hold circuits

Common Features
(LF155A, LF156A, LF157A) .
30 pA

mode rejection. The devices are also designed for high slew ™ Low input bias current
rate, wide bandwidth, extremely fast settling time, low volt- ™ Low Input Offset Current 3 pA
age and current noise and a low 1/f noise corner. m High input impedance 10120
' m Low input offset voltage 1mVv
Advantages m Low input offset voltage temp. drift 3 uv/°C
m Replace expensive hybrid and module FET op amps m Low input noise current 0.01 pA/yHz
m Rugged JFETs allow blow-out free handling compared M High common-mode rejection ratio 100 dB
~ with MOSFET input devices m Large dc voltage gain 106 dB
u Excellent for low noise applications using either high or
low source impedance—very low 1/f corner Uncommon Features
m Offset adjust does not degrade drift or common-mode LF157A .
rejection as in most monolithic amplifiers LF155A LF156A (5, —5) Units
® New output stage allows use of large capacitive loads  m Extremely 4 15 1.5 us
(5,000 pF) without stabiiity problems fast settling
u Internal compensation and large differential input volt- time to
age capability 0.01%
- . m Fast slew :
Agpllcatlonsecl rate 5 12 50 Vius
m Precision high speed integrators i f
m Fast D/A and A/D converters " :ﬁlgg‘gz‘t: 25 5 20 MHz
m High impedance buffers m Low input
m Wideband, low noise, low drift amplifiers noise voltage 20 12 12 nV/JHz
m Logarithmic amplifiers
Simplified Schematic
Y]
0 +Vee
GQ BALANCE I
e,
8) QM)
@‘ty_- “)
3) @ ,: . 2 \[{_— ®
o™ 25 |our
. e
® ® ® OO =
(0]
*3 pF in LF157 series. —0 -Vgg TL/H/5646-1
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LF155/LF156/LF157

Absolute Maximum Ratings

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

(Note 8) . . .
‘ . ‘LF355B/6B/7B 'LF355/6/7
LF1SSA/6A/7A LF155/6/7 LF255/6/7 LF355A/6A/7A
Supply Voltage +22V +22V +22V - +18V
Differential Input Voltage +40V +40V 40V +30V
Input Voltage Range (Note 2) +20V +20V +20V +16V
Output Short Circuit Duration Continuous Continuous Continuous Continuous
Timax
H-Package 150°C 150°C 115°C 115°C
N-Package ) 100°C 100°C
M-Package 100°C 100°C
- Power Dissipation at Ty = 25°C (Notes 1 and 9) )
H-Package (Still Air) 560 mW 560 mW 400 mW 400 mW
H-Package (400 LF/Min Air Flow) 1200 mW 1200 mW 1000 mW 1000 mW
N-Package 670 mW 670 mW
M-Package ) 380 mwW 380 mwW
Thermal Resistance (Typical) 6,A . :
H-Package (Still Air) ) 160°C/W 160°C/W 160°C/W - 160°C/W
H-Package (400 LF/Min Air Flow) 65°C/W 65°C/W 65°C/W 65°C/W
N-Package 130°C/W 130°C/W
M-Package 195°C/W 195°C/W
(Typical) 6,c
H-Package 23°C/W 23°C/W 23°C/W 23°C/W

Storage Temperature Range

Soldering Information (Lead Temp.)
Metal Can Package

—65°Cto +150°C  —65°Cto +150°C —65°Cto +150°C  —65°Cto +150°C

Soldering (10 sec.) 300°C 300°C 300°C 300°C
Dual-In-Line Package

Soldering (10 sec.) 260°C 260°C 260°C
Small Outline Package ,

Vapor Phase (60 sec.) 215°C 215°C

Infrared (15 sec.) 220°C 220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface
mount devices.
ESD tolerance

(100 pF discharged through 1.5 kQ2) 1000V 1000V 1000V 1000V
DC Electrical Characteristics (Note3) Tp = T = 25°C
) LF155A/6A/7A LF355A/6A/7A
Symbol Parameter Conditions - Units
Min Typ Max Min Typ Max
Vos Input Offset Voltage Rs=500, ToA=25°C 1 2 1 2 mV
: Over Temperature 25 23 mV
AVos/AT Average TC of Input Rg=500 ‘ ) o
Offset Voltage : 3 5 8 5 pvI°C
ATC/AVpg | Changein Average TC | Rg=509, (Note 4) 05 05 pV/°C
with Vog Adjust . ; per mV
los Input Offset Current Tj=25°C, (Notes 3, 5) 3 10 3 10 pA
. Ti<THiGH 10 1 nA
Ig Input Bias Current Tj=25°C, (Notes 3, 5) 30 50 30 50 pA
Ti<THiGH 25 5 nA
RN Input Resistance Tj=25C 1012 1012 Q
AvoL Large Signal Voltage Vg= %15V, Tp=25°C | 50 200 50 200 v/imv
Gain Vo= +10V,R =2k
Over Temperature 25 25 Vimv
Vo Output Voltage Swing Vg= 15V, R =10k +12 | %13 +12 | +13 \
Vg= =15V, R =2k £10 | 12 +10 | 12 v
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DC Electrical Characteristics (ote 3) T4 = T; = 25°C (Continued)

LF155A/6A/7A LF355A/6A/7A
Symbol Parameter Conditions Units
Min Typ Max Min Typ Max
Vem Input Common-Mode _ +15.1 +15.1 \
Voltage Range Vs= 15V 1 -12 1 -12 \
CMRR Corpmon-Mode Rejection 85 100 85 100 dB
Ratio
PSRR Supply Voltage Rejection (Note 6) 85 100 85 100 dB
Ratio
AC Electrical Characteristics 1, = 7, = 25°C, vg= £ 15v
) LF155A/355A LF156A/356A LF157A/357A
Symbol Parameter Conditions Units
Min | Typ | Max | Min | Typ | Max | Min | Typ [ Max
SR Slew Rate LF165A/6A; Ay=1, | 3 5 10 | 12 V/ps
LF157A; Ay=5 40 | 50 V/ps
GBW Gain Bandwidth
Product 25 4 4.5 15 | 20 MHz
ts Settling Time t0 0.01% | (Note 7) 4 1.5 1.5 us
en Equivalent Input Noise | Rg= 10002
Voltage f=100 Hz 25 15 15 nV/yHz
#=1000 Hz 20 12 12 nV/yHz
in Equivalent Input f=100 Hz 0.01 0.01 0.01 pA/YHz
Noise Current f=1000 Hz 0.01 0.01 0.01 pA/VHz
Cin Input Capacitance 3 3 3 pF
DC Electrical Characteristics (Note 3)
LF255/6/7
LF155/6/7 LF355/6/7
Symbol Parameter Conditions LF355B/6B/7B Units
Min | Typ (Max| Min | Typ |Max| Min | Typ |Max
Vos Input Offset Voltage | Rg=500, Tp=25°C 3 5 3 5 3 10 mV
Over Temperature 7 6.5 13 mV
AVos/AT | Average TCof Input | Rg=500 o
Offset Voltage 5 5 5 uV/°C
ATC/AVpsg | Change in Average TC | Rg=509, (Note 4) 05 0.5 05 pv/°C
with Vog Adjust . ) : ’ per mV
los Input Offset Current Tj= 25°C, (Notes 3, 5) 3 20 3 20 3 50 pPA
Ti<THiGH 20 1 2 nA
Is Input Bias Current Tj=25°C, (Notes 3, 5) 30 | 100 30 | 100 30 | 200 pA
Ti<THIGH 50 5 8 | nA
RIN Input Resistance Tj=25°C 1012 1012 1012 Q
AvoL Large Signal Voltage |Vg= 15V, To=25°C| 50 | 200 50 | 200 25 | 200 V/mV
Gain Vo= =10V, R =2k
Over Temperature 25 25 15 V/mV
Vo Output Voltage Swing | Vg=+15V,R =10k | +12{ +13 +12| +13 +12| =13 v
Vg=*15V,R =2k | £10} +12 +10] +12 +10| 12 \"
Vem Input Common-Mode _ +15.1 " +15.1 +15.1 \
Voltage Range Vs=+15V Ll PP Sl P 100 4o v
CMRR Common-Mode Rejec-
tion Ratio 85 | 100 85 | 100 80 | 100 dB
PSRR Supply Voltage Rejec- | (Note 6)
tion Ratio 85 | 100 85 | 100 80 | 100 dB
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DC Electrical Characterlstlcs Ta'=Tj= 25'C, Vg = £15V

N~

0

-

(19

d 'LF155AI155 :

© v B : LF156A/156 : LF157A/157. o
w - LF255, - LF355 ’ LF356A/356 | LF357A/357 :
5 Parameter LF355A/3558 ) LF256/356B | ‘ LF257/357B S uvlts_
‘3‘ Typ Max »Typ Max Typv Mex Typ | Max ‘Typ Max,‘, —fyp Max o
I'.: Supply Current 2 . 4 2 4 5 7 5 10 . 5 7 5: .} 10 | mA
| ’ «

AC Electrical Characteristics 1, = 7 = 25°c,vg = +15v

LF155/255/ | LF156/256, | LF156/256/ | LF157/257,| LF157/257/
Symbol Parameter Conditions 355/355B LF356B 356/356B. /| LF357B 357/357B | Units
T TR " Typ | . Min Typ Min Typ
SR ‘Slew Rate . |LF155/6: Ay=1, 5 75 C 12 V/ps
: LF157: Ay=5 : 30 50 V/ps,
GBW | Gain Bandwidth : 25 ' 5 0 20 MHz
Product ‘ | ‘ : -
t Settling Time t0 0.01% | (Note 7) 4 15 1.5 us
en Equivalent Input Noise | Rg= 1000 ' o ' L
Voltage f=100 Hz 25 15 ) 15 | nV/Hz
' , f=1000 Hz 20 12 12 nV/{Hz
in ~ |Equivalent Input f=100 Hz 0.01 . 0.01 0.01 pA/JHz
‘Current Noise- £=1000 Hz 0.01 ) ) 001 | - 001 |pA/Hz
CiN Input Capacitance ’ 3 3 . .3 | pF

" Notes for Electrical Characteristics

Note 1: The i power dissipation for these devil must be derated at el and is d d by T]MAX, 9ia, and the ambient temperature,
Ta. The i ilable power dissipation at any p is Pg= (T,MAX—TA)/OM or the 25°C PdMAXv whichever is less.

Note 2: Unless othenmse specified the absolute maximum negative input voltage is equal to the neganve power supply voltage.
" Note 3: Unless othermse stated, these test conditions apply:

LF155A/6A/7A . ‘
LF155//6/7 LF255//6/7  LF355A/6A/7A | LFI55B/6B/7B |  LF356//6/7
Supply Voltage, Vg | *15V<Vg<+20V +15VSV<#20V | +15V<Vg<+18V | +15V<Vg+20V | Vg=£15V
Ta —55°C<TA<+125°C | —25°C<TA<+85°C | 0°C<TA<+70°C | 0°C<TA< +70°C | 0°C<TA< +70°C
THIGH +125°C +85°C +70°C | +70cc | +700C

‘and Vs, Ig and lgg are measured at Vom=0. .
" Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5uV/°C typlcally) for each mV of ad;ustmem from its

onglnal unadjusted value. Common-mode rejection and open loop voltage gain are also v J by offset adju
Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junctlon temperature, TJ Due to Ilmned
production test time, the input bias d are co to junction p In normal operation the ]unction temperature rises above the ambient

temperature as a result of internal power dusstpauon, Pd. Tj=Ta+6ja Pd where 6ja is the thermal resistance from junction to ambient. Use of a heat sink is .
recommended if input bias current is to be kept to a minimum. s :
Note 6: Supply. Voltage Rejection js measured for both supply magni ing or d ing simul ly, in accordance with common practice.

Note 7: Settling time is defined here, for a unity gain inverter connection-using 2 k2 resistors for the LF155/6. It is the time required for the error voltage (the
voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input is applied to the lnverter For the LF157,
Ay= —5, the feedback resistor from output to input is 2 k2 and the output step is 10V (See Settling Time Test Circuit).

Note 8: Refer to RETS155AX for LF155A, RETS1 55X for LF155 RETS156AX for LF156A, RETS156X for LF156, RETS157A for LF157A and RETS157X for
LF157 military specrflcanons .

Note 9: Max. Power Dtsslpatlon is defined by the _‘ g isti (‘r g the part near the Max. Power Dlssupatlon may cause the pait to operate
outside guaranteed limits.: - . . . . :

1-34



Typical DC Performance Characteristics
Curves are for LF155, LF156 and LF157 unless otherwise specified.

INPUT BIAS CURRENT (pA)

PEAK TO PEAK (llﬂ"ll'l SWING (V)

NEGATIVE OUTPUT VOLTAGE SWING (V)

NEGATIVE COMMON-MODE
* INPUT VOLTAGE LIMIT (V)

-6 -26 §

LooL )
o N o o

Input Bias Current
100k

120Vg
#15Vg

F—sovg ="

[#5vs

r LF155

L
3% 65 85 126
CASE TEMPERATURE (°C)

Voltage Swing

L
Ry =2k
[~ TA=25%C

4

§ 10 15 20
SUPPLY VOLTAGE (V)

Negative Current Limit
T Vg= sV

Vi

5§ 10 15 20 25 30 3I
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LF155/LF156/LF157

Typical AC Performance Characteristics

Gain Bandwidth

5
= LF155
g ¢ f
z .
£ g = 10V — T
g 3 ‘/:vs-mv___
= Vg =20V
: + +
z '
g 2

, [ [ 1]

56 -35-15 5 25 45 65 85 105 125
TEMPERATURE (°C)

1000

QUTPUT IMPEDANCE (Q)
H

FREQUENCY (Hz)

LF155 Small Signal Pulse
Response, Ay= +1

OUTPUT VOLTAGE SWING (50 mv/DIV)

TIME (05 4s/01V)

TL/H/5646-5

LF155 Large Signal Pulse
Response, Ay= +1

OUTPUT VOLAGE SWING (5V/DIV)

TIME (1 15/D1V)
TL/H/5646-8

OQUTPUT IMPEDANCE ()

OUTPUT VOLTAGE SWING (50 mV/DIV)

UNITY GAIN BANDWIDTH (MH2)
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Gain Bandwidth
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. N | | Lrise
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LF156 Small Signal Pulse
Response, Ay=+1

TIME (0.5 us/0IV)
TL/H/5646-6

LF156 Large Signal Pulse
Response, Ay= +1

TIME (1 1s/DIV)

TL/H/5646-9
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Normalized Slew Rate
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TL/H/5646-4

Output Impedance

_ OUTPUT IMPEDANCE (2)

1 10k 100k ™ 10M
FREQUENCY (Hz)

TL/H/5646-12

Small Signal Pulse
Response, Ay= +5

OUTPUT VOLTAGE SWING (60 mV/DIV)

TIME (0.1 u5/DIV)
TL/H/5646-7

LF157 Large Signal Pulse
~ Response, Ay= +5

TIME (0.5 us/DIV)

TL/H/5646-10

1-36




r-
H . g -
Typical AC Performance Characteristics (continued) r
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LF155/LF156/LF157

Detailed Schematic

e
m
BALANCE
i [l
- *
‘ s
oL
25
R1
A -Q 0uT
%
[ =)
n &
(] @
g
. A2 an
30
- 1. N .
n m:j—o-l - 100F 4‘ i s ) e ass ‘: w E;‘;
"o :':,f' r b3+ !!m A LJ A L)
. ‘ ——O -VEE
[
*C = 3 PF in LF157 series. TL/H/5646-13
Connection Diagrams (top views)
Metal Can Package (H) Dual-In-Line Package (M and N)
BALANGE — ~ L Ne
eyt = ;7— vt
ol
. TL/H/5646-14 VT — . BALANCE
Order Number LF156AH, LF155H, LF156H, LF255H,
TL/H/5646-29

LF256H, LF257H, LF355AH, LF356AH,
LF357AH, LF356BH, LF355H, LF356H,
LF357H, LM155AH/883, LM155H/883, LM156AH/883,
LM156H/883, LM157AH/883 or LM157H/883*
See NS Package Number H08C

*Available per JM38510/11401 or JM38510/11402

Order Number LF355M, LF356M, LF357M, LF355BM,
LF356BM, LF355BN, LF356BN, LF357BN, LF355N,
LF356N or LF357N
See NS Package Number MO8A or NOSE
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Application Hints

The LF155/6/7 series are op amps with JFET input de-
vices. These JFETSs have large reverse breakdown voltages
from gate to source and drain eliminating the need for
clamps across the inputs. Therefore large differential input
voltages can easily be accomodated without a large in-
crease in input current. The maximum differential input volt-
age is independent of the supply voltages. However, neither
of the input voltages should be allowed to exceed the nega-
tive supply as this will cause large currents to flow which
can result in a destroyed unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

These amplifiers will operate with the common-mode input
voltage equal to the positive supply. In fact, the common-
mode voltage can exceed the positive supply by approxi-
mately 100 mV independent of supply voltage and over the
full operating temperature range. The positive supply can
therefore be used as a reference on an input as, for exam-
ple, in a supply current monitor and/or limiter.

Typical Circuit Connections

Vos Adjustment

Driving Capacitive Loads

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in
polarity or that the unit is not inadvertently installed back-
wards in a socket as.an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and result in a destroyed unit.

All of the bias currents in these amplifiers are set by FET
current sources. The drain currents for the amplifiers are
therefore essentially independent of supply voltage.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pickup” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to ac ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately six
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant. .

LF157. A Large Power BW Amplifier

1k
Vin O— WA

1w
WX

261471/95141/9SH47

o1
| nbtuil
SENy

LZ_1

W

® Vog is adjusted with a 25k potenti-
ometer *LF155/6 R="5k

e The potentiometer wiper is con- LF157 R=1.25k
nected to V+

® For potentiometers with tempera-

TL/H/5646-15
For distortion < 1% and a 20 Vp-p Voyt swing,
power bandwidth is: 500 kHz.

Due to a unique output stage design, these am-
ture coefficient of 100 ppm/°C or plifiers have the ability to drive large capacitive
less the additional drift with adjust loads and still maintain stability. C (max) = 0.01
is = 0.5 pV/°C/mV of adjustment WF.

© Typical overall drift: 5 pV/°C +(0.5
pV/°C/mV of adj.)

Overshoot < 20%

Settling time (t5) = 5 us
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LF155/LF156/LF157

Typical Applications

 Settling Time Test cirg:ult

1.%400, 0.1% o )
' : our :
°‘J-a;,mu 2 o 100 F S - ~® Settling time is tested with the LF155/6 connected
*1.0k, n.m:, ' S ' _ as unity gain inverter and LF157 connected for

Ay = -5
e FET used to isolate the probe capacitance
e Output = 10V step .
e Ay = —5for LF157

TL/H/5646-16

Large Signal inverter’ Output, Voyr (from Settling Time Circuit)

LF355 ~ i LF356 © LF357

sv/oiv

sv/oiv

2i5/0IV } Ay ) 10V
TL/H/5646-17 TL/H/5646-18 TL/H/5646-19

Low Drift Adjustable Voltage Reference

® A Voyr/AT=£0.002%/°C’
* All resistors and potentiometers should be wire-wound
® P1: drift adjust
® P2: Voyr adjust
® Use LF155 for
=lowlig
O vguy =10V ' = Low drift
® | ow supply current

AAA
v

TL/H/5646-20
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Typical Applications (Continued)

Fast Logarithmic Converter

261471/96141/95H47

—AMWW——0 Vpgg SV
+H5V -L
€1
—‘—le
e o Dynamic range: 100 pA < | < 1 mA (5 dec-
= s ades), [Vo| = 1V/decade
1 o Transient response: 3 us for Ali= 1 decade
e (1, C2, R2, R3: added dynamic compensation
® Vg adjust the LF156 to minimize quiescent error
. o Ry: Tel Labs type Q81 + 0.3%/°C
TL/H/5646-21
R21] kT R 1
[Voutl = [1 +—=|=InV; [ L ] = log Vj=— R2 = 15.7k, Rt = 1k, 0.3%/°C (for temperature compensation)
Rrlq VREF Ri Rile

Precision Current Monitor

—
_I— ® Vpo=5R1/R2 (V/mAof |
) N E o ( : s)
v Wy Y I_ * R1, R2, R3: 0.1% resistors
:En s >0 svsTEm * Use LF155 for
] 3 1 = Common-mode range to supply range
_|_ ' = Lowlg
- = = Low Vos
_1: = Low Supply Current
Vo
R3
L

= TL/H/5646-31

8-Bit D/A Converter with Symmetrical Offset Binary Operation

M8 L8

15V 81 B2 B3 B4 B5 85 B7 BS
s gollelelilale olnle

Vaer = 10V O—AAAY 19

DACOB

-5V TL/H/5646~32

e R1, R2 should be matched within £0.05%
* Full-scale response time: 3us

Eo B1 B2 B3 B4 B5 B6 B7 B8 Comments
+9920f1 1 1 1 1 1 1 1 | Positive Full-Scale
+0040{1 O O O O O O O (+) Zero-Scale
-0040) 0 1 1 1 1 1 1 1 (—) Zero-Scale
—-99201 0 0 O O O O O O |NegativeFull-Scale
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LF155/LF156/LF157

Typical Applications (continued)

Wide BW Low Noise, Low Drift Amplifier
2

I
LA

X =181 kHz

ANANF

X __S
© Power BW: fmax p=va = 191 kHz
© Parasitic input capacitance C1 = (3 pF for LF155, LF156 and LF157 plus
any additional layout capacitance) interacts with feedback elements and
creates undesirable high frequency pole. To compensate add C2 such
that: R2 C2 = R1 C1.

Boosting the LF156 with a Current Amplifier

oh
v
L
e
® louT(Max) =150 mA (will drive R > 100Q)
® AVoyt _ 0.15 .
=OUT - = vy
AT T2 V/us (with C_ shown)

* No additional phase shift added by the current amplifier

3 Decades VCO

ve AAA

TL/H/5646-24
_ _Vc(R8+R7)

(8VpyR8R1)C'

R1, R4 matched. Linearity 0.1% over 2 decades.

0<Vc<30V, 10 Hz<f<10 kHz

Isolating Large Capacitive Loads

R2
6.1k

AAA.
VW

O vour

Rl
5.0k

I lk uF

TL/H/5646-22

+2Vv
o+
v

© Overshoot 6%

®ts10 us

® When driving large C, the Voyr slew rate determined by C_ and
louTmax)y:

AVour _ lour _ 0.02

= ——V/ps = 0.04V/ i
AT cL o5 V/us = 0.04 V/us (with C,_shown)

Low Drift Peak Detector

-

TL/H/5646

© By adding D1 and Ry, Vpq =0 during hold mode. Leakage of D2 provided
by feedback path through Ry.

© Leakage of circuit is essentially I, (LF155, LF156) plus capacitor leakage
of Cp.

© Diode D3 clamps Voyt (A1) to Viy—Vp3 to improve speed and to limit
reverse bias of D2.

* Maximum input frequency should be << 14,mR{Cpp where Cpy is the
. shunt capacitance of D2.

Non-Inverting Unity Gain Operation for LF157

1
RiC= (2m) (5 MHz)

_ R2 + Rg
4

Avipg) = 1

f_348 = 5 MHz

R1

R1C >

(27) (5 MH2)

AV(DC’) = —1
f_3d8 = 5 MHz
TL/H/5646-25
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Typical Applications (continued)

High Impedance, Low Drift Instrumentation Amplifier
+5V

+ O 4+ J
y Al 6
LF385

e d

-15V

—AAA
VWV

O
-15V
R3 [2R2
e Voyut = =5 + 1] AV,V~ + 2V < V) common-mode < V+

e System Vpg adjusted via A2 Vpg adjust

e Trim R3 to boost up CMRR to 120 dB. instrumentation amplifier
resistor array recc ded for best and lowest drift

TL/H/5646-26
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LF155/LF156/LF157

Typical Applications (continued)
Fagt Sample and Hold ’

JFET SWITCHES
LF11331
1

JI—cﬁ

18y

TL/H/5646-33
* Both amplifiers (A1, A2) have feedback loops individually closed with stable responses (overshoot negligible)
© Acquisition time T, estimated by:
[ZHQN, Vin, Ch] Y2 provided that:
Ta= | ———————
Sr
VinCh .
VIN < 27rS; Ron Ch and Tp > ————, Ron is of SW1
lout(mAx)
If inequality not satisfied: T =< M
20 mA
® LF156 develops full S, output capability for Viy= 1V
* Addition of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback loop
® Overall accuracy of system determined by the accuracy of both amplifieré, At-and A2

High Accuracy Sample and Hold

-15v

TL/H/5646-27
* By closing the loop through A2, the Voyt accuracy will be determined uniquely by A1.
No Vos adjust required for A2.
® Ta can be esti by same consic i as previously but, b of the added

propagation delay in the feedback loop (A2) the overshoot is not negligible.
© Overall system slower than fast sample and hold
* R1, Cc: additional compensation
® Use LF156 for

= Fast settling time

= Low Vps
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Typical Applications (Continued)

High Q Band Pass Filter

1pF

* By adding positive feedback (R2)
Q increases to 40
® fgp=100 kHz

v,
OuT _ 1005
ViN

Fl
~
A

v

© Clean layout recommended
® Response to a 1 Vp-p tone burst:
300 ps

TL/H/5646~28

High Q Notch Filter

®2R1 =R = 10 MQ
2C = C1 = 300 pF
® Capacitors should be matched to obtain high Q
® fnoTcH = 120 Hz, notch = —55 dB, Q >
100

® Use LF155 for
mlowlg
= | ow supply current

TL/H/5646-34
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LF351

NNational Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input operatlonal
amplifier with an internally trimmed input offset voltage
(BI-FET 1I™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-

ry. This feature allows designers to immediately upgrade the

overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. |f maximum supply

current is important, however, the LF351 is the better
choice.

Typical Connection

“Vee

TL/H/5648-11

Connection Diagrams

Features

u Internally trimmed offset voltage 10 mvV
W Low input bias current 50 pA
m Low input noise voltage 25 nV/yHz
® Low input noise current 0.01 pA/yHz
® Wide gain bandwidth 4 MHz
m High slew rate 13 V/us
u Low supply current 1.8 mA
m High input impedance 10120
m Low total harmonic distortion Ay=10, <0.02%

Ry =10k, Vo =20 Vp-p, BW=20 Hz-20 kHz
m Low 1/f noise corner 50 Hz
m Fast settling time to 0.01% 2 us
Slmphfled Schematic
Ve © g

INTERNALLY
TRIMMED

INTERNALLY
TRIMMED

Vg O : . ~—

TL/H/5648-12

Dual-In-Line Package

1 _/ 8
BALANCE = — NC
2
INPUT ~——] —v*
3 ]
INPUT = — OUTPUT
_ 4 5
VT — — BALANCE
i

TL/H/5648-13

Order Number LF351M or LF351N
See NS Package Number MO8SA or NOSE
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Absolute Maximum Ratings

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

Supply Voltage +18V
Power Dissipation (Notes 1 and 6) 670 mW
Operating Temperature Range 0°Cto +70°C
Timax) 115°C
Differential Input Voltage +30V
Input Voltage Range (Note 2) +15V
Output Short Circuit Duration Continuous

Storage Temperature Range —65°Cto +150°C

Lead Temp. (Soldering, 10 sec.)
Metal Can 300°C
DIP 260°C

0.
: N Package 120°C/W
M Package TBD
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

ESD rating to'be determined.

DC Electrical Characteristics (note 3)

Symbol Parameter Conditions LF351 Units
Min Typ Max
Vos Input Offset Voltage Rg = 10k, Tp = 25°C 5 10 mV
Over Temperature 13 mV
AVog/AT Average TC of Input Offset Rs=10kQ 10 uV/°C
Voltage
los Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
Tj < 70°C 4 nA
Ig Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA
T < £70°C 8 nA
RiN Input Resistance Tj=25°C 1012 Q
AvoL Large Signal Voltage Gain Vg= 15V, Tp=25°C 25 100 V/mV
Vo= +10V, R =2kQ
Over Temperature 15 V/mV
Vo Output Voltage Swing Vg= 15V, RL.=10 kQ +12 +13.5 \%
Vem Input Common-Mode Voltage +15 \"
Range Vg=+15V *11
-12 "
CMRR Common-Mode Rejection Ratio Rg<10 k2 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current 1.8 3.4 mA

1:47
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LF351

AC Electrical Characteristics (note 3)

Symbol Parameter : Conditions - LF351 — Units

: Min - Typ © | Max: ‘
SR Slew Rate o Vg= 15V, Ta=25°C 13 Vips
GBW Gain Bandwidth Product ‘ Vg= 15V, To=25°C 4 MHz
en Equivalent Input Noise Voltage ;I': 1=0205(;’C:|,2Rs= 100Q, 25 nV/JFz
in Equivalent Input Noise Current Tj=25°C, =1000 Hz 0.01 - pA/yHz

Note 1: For operating at elevated temperature, the device must be derated based on the thermal resistance, 0.
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: These specifications apply for Vg= £ 15V and 0°C<Ta < +70°C. Vs, I and Ipg are measured at Vg =0.

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C ii in the juncti p , Tj. Due to the limited
production test time, the input bias d are lated to juncti P . In normal operation the j f rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+6ja Pp where ja is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes ir ing or d ing sil 1eously in accordance with common practice. From
+15V to £5V.
Note 6: Max. Power Dissipation is defined by the pack h istics. Operating the part near the Max. Power Dissipation may cause the part to operate

outside guaranteed limits.
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Typical Performance Characteristics

INPUT BIAS CURRENT (pA)

POSITIVE COMMON-MODE INPUT
VOLTAGE LIMIT (V)

NEGATIVE QUTPUT VOLTAGE SWING (V)

UNITY GAIN BANDWIDTH (MH2)

Input Bias Current

T
100 |-vg= 185y
| Ta=25C

-10 -5 0 5 10
COMMON-MODE VOLTAGE (V)

Positive Common-Mode
Input Voltage Limit

T 1
0C<TASHIOC

L} 5 10 15 2
POSITIVE SUPPLY VOLTAGE (V)

Negative Current Limit

10°C 0°C
|

|

] 10 20 30 40
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Bode Plot
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TL/H/5648-2
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Typical Performance Characteristics (continued)

) . Undistorted Output Open Loop Frequency
Distortion vs Frequency Voltage Swing ©  Response
il » Vg =218V 0 !
Vg = 115V — Chd — et : RL=2
X1 Sty T L2 g w0 D\ Ve 15
ﬁ’ o 2 Ta=25°C = N Ta=25°C
ots | b \ Av-1 z N A
F L ] En I oisT - N
z 0125 - Vo=20Vpp § ] \
= o1} 10k } g s —
3 Ay =100 = 3 N
Gooms| = T t ] 2 N\
2 .§_ 10 g w
N -
= Av=105 £ E a2 N
.02 = H 3 N
° =1 N ]
10 100 *® 1k 100k 10k 100k ™ 110 100 tk 10k 100k 1M 10M
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
Common-Mode Power Supply Equivalent Input
Rejection Ratio Rejection Ratio Noise Voltage
= 120 - . _ 10 T @ n
2 f— | Vg =216V g Vo= 15V 3
2 10 RL=2k | o 120 P>~ T ame ] S w
= e A=25°C w
s ~N Tp=25C F I ]
= 100 g 50
g v N | g
5 ) E 80 ™ w @
% o OvVem 3 2 ~N +SUPPLY 8 {
] I N 2w 2 n
w > = =
g of 'y 1 H N £ b
2 CMAR = 20106 22 1 gpe LooP E » ZsuppLY N :
H 0+ Vo . : I | =
H VOLTAGE GAIN | | £ I | S 10
3 —— £ [} Z
2
1100tk 10k 100k 1M 1OM 10100 1K 10k 100k 1M 10M g w0 1 10k 100k
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™ —_——] s T T
. E Ry =2k T 1= T - s°*
B TA-ECTOVEC . ; 10m (125
= I & g 5
g w 4 TmV
- e g e
] L~ Ta=10°C = H
5 10K = § e °
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H E \
10K © 10
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TL/H/5648-3
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Pulse Response

Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 11s/DIV)

TL/H/5648-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 1s/DIV)
TL/H/5648~6

OUTPUT VOLTAGE SWING (1V/DIV)

Current Limit (R_=100Q)

Small Signal Non-inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 .s/DIV)

. . TL/H/5648-5
Large Sighal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 us/DIV)

TL/H/5648-7

TIME (5 us/DIV)

Application Hints

The LF351 is an op amp with an internally trimmed input
offset voltage and JFET input devices (BI-FET II™). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will

TL/H/5648-8

cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limii on either input

-will force the output to a high state, potentially causing a

reversal of phase to the output.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the

1-51
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Application Hints (continued)

common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on.a single input
will not change the: phase of the output; however, if both
inputs ‘exceed thé'limit, the ou(put o amplmer will be
forced to a high state. )

The ampllfier will operate wrth a oommon-mode mput volt-
age equal to the positive: supply; however the gain band-
width and slew rate may be decreased ;n this condition.
When the negative commor)-mode voltage 'swings to within
3V of the negative supply, an, mcrease ininput offset voltage
may occur.

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on +4V power supplies. Supply volt-
ages less than these may result inlower gain bandwidth and
slew rate.

The LF351 will drive a 2 kQ Ioad resistance to 10V over
the full temperature range of 0°C to + 70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both poemve and negative swings.

Precautrons should be taken to ensure that the power supply
for the mtegrated circuit never becomes reversed in polarity
or that the unit is. not ‘inadvertently installed. back-

Detailed Schematlc

- VGG O *

wards in a socket as an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and.result in a destroyed unit.

As with most amplifiers, care: should be taken with lead
dress, component. placerment and supply decoupllng in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by mlmmlzmg the capacltance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. ’The parallel resistarice and capaci-
tance from the input of the:device (usually the inverting in-
put) to AC ground set the frequenoy of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor. should be such that the RC
time constant of this capacitor .and the resistance it parallels
is greater than or equal to the original feedback pole time
constant. K

o }—4

3
> 22

anAl]

S R6
> 30

1 AAA r. AA
—.-I v

].a
8

AAA
A A4
83

~Veg O

! RS 03

TL/H/5648-9
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Typical Applications

Supply Current Indicator/Limiter Hi-Zyy Inverting Amplifier

c2
I TO SYSTEM SUPPLY 1
VsuppLY O—@—AAN—@ »> 11
VVV VOLTAGE CONNECTION
Is
+ 7
NS14 o Vout
TO0 CONTROL CIRCUITRY
‘ Rt
Vin O=—AAA, a4
< ]
S cmk=
W -—p-
]
=
v-
 Vour switches high when Rglg > Vp i
Parasitic input capacitance C1 = (3 pF for LF351
plus any additional layout capacitance) interacts
with feedback el and creates undesirab
high frequency pole. To compensate, add C2 such
that: R2C2 = R1C1.
Ultra-Low (or High) Duty Cycle Long Time Integrator
Pulse Generator
|
|
Ng14 Rl v : i
RESET

N914 a2
0—-”—%—0—0 ouTPUT
INTEGRATE |0 1o

v

d

>

S S M
% ™
e

- 4.8 — 2Vg
® touTeuT HiGH = R1C £ n—o— Vs
- 2Vg — 7.8 TL/H/5648-10
® toytPuT Low = R2C /n Ve—78 *Low leakage capacitor
where Vg = V+ + |V—| ® 50k pot used for less sensitive Vpg adjust
*low leakage capacitor
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LF353

&National Semicondu

LF353 Wide Bandwidth Dual

ctor

JFET Input Operational Amplifier

General Description

Features

These devices are low .cost, high speed, dual JFET input B Internally trimmed offset voltage 10 mvV
operational amplifiers with an internally trimmed input offset  ® Low input bias current ) 50pA
voltage (BI-FET II™ technology). They require low supply — m Low input noise voltage 25 nV/yHz
current yet maintain a large gain bandwidth product and fast @ | ow input noise current 0.01 pA/{Hz
slew rate. In addition, well matched high voltage JFET input g \ide gain bandwidth 4 MHz
devices provide very low input bias and offset currents. The & High slew rate 13 V/us
LF353 is pin compatible with the-standard LM1558 allowing L N ' 26 » A
designers to immediately upgrade the overall performance - gw s.uppy' current N 1’:
of existing LM1558 and LM358 designs. . 'I:"gh '"Pl:tl:mpeda"ze A0 (1)% Q
" : T~ . m Low total harmonic distortion Ay= 10, <0.02%
These amplifiers may be used in applications such as high " = -
speed integrators, fast D/A converters, sample and hold RL=10k, Vo=20Vp—p, BW=20 Hz-20 kHz
| circuits and many other circuits requiring low input offset ™ Low 1/ noise corner 50 Hz
voltage, low input bias current, high input impedance, high W Fast settling time to 0.01% 2 ps
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.
Typical Connection Connection Diagrams
Ry
Metal Can Package (Top View)
vt ’
oureuta (1) OUTPUT B
INVERTING INVERTING
INPUT A INPUT B
NON-INVERTING NON-INVERTING
INPUT A INPUT B .
v
. g e Order Number LF353H
Slmpllyfled Schematic See NS Package Number H08A
1/2 Dual
Vee O~
. Dual-In-Line Package (Top View)
vo oureura 4 U L
- +
INVERTING INPUT A -i —7— OUTPUTB
A [ .
NON 3| I
INPUT A INVERTING INPUT B
__4 5 NON.
v T INPUT B
INTERNALLY ALY Order Number LF353M or LF353N
TRIMMED See NS Package Number MO8A or NOSE
~Vgg O
TL/H/5649-1
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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.

Lead Temp. (Soldering, 10 sec.) 260°C

Soldering Information
Dual-In-Line Package

Supply Voltage +18V Soldering (10 sec.) 260°C
Power Dissipation (Note 1) 3"\"13" OU;':I"G P(aggage ) p15C
i o " apor Phase (60 sec. °
?p&l:;(mg Temperature Range 0°Cto 1; ;gng Infrared (15 sec.) 220°C
'_( ) . See AN-450 “Surface Mounting Methods and Their Effect
Differential Input Voltage +30v on Product Reliability” for other methods of soldering sur-
Input Voltage Range (Note 2) +15V face mount devices.
Output Short Circuit Duration Continuous ESD Tolerance (Note 7) 1700V
Storage Temperature Range —65°Cto +150°C 044 M Package TBD
DC Electrical Characteristics (ote 4)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Vos Input Offset Voltage Rg=10kQ, To=25°C 5 10 mV
. Over Temperature 13 mV
AVpg/AT Average TC of Input Offset Voltage Rg=10k 10 nVv/°C
los Input Offset Current =25°C, (Notes 4, 5) 25 100 pA
Tj<70°C 4 nA
Is Input Bias Current =25°C, (Notes 4, 5) 50 200 pA
Tj<70°C 8 nA
Rin Input Resistance Tj=25°C 1012 Q
AvoL Large Signal Voltage Gain Vg= +15V, Tp=25C 25 100 V/mV
Vo= 10V, R =2k
Over Temperature 15 V/mV
Vo Output Voltage Swing Vg= +15V, R =10kQ +12 +13.5 '
VoM Input Common-Mode Voltage _ +15 \
Range Vg=+15V 11 12 v
CMRR Common-Mode Rejection Ratio Rs< 10kQ 70 100 ) dB
PSRR Supply Voltage Rejection Ratio (Note 6) 70 100 dB
Is Supply Current 3.6 6.5 mA
AC Electrical Characteristics (Note 4)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Amplifier to Amplifier Coupling Ta=25°C, f=1Hz—20 kHz 120 dB
(Input Referred)
SR Slew Rate Vg= £15V, Tp=25°C 8.0 13 V/ps
GBW Gain Bandwidth Product Vg= £15V, Tp=25°C 27 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg=100Q,
, 2 1000 1z 16 nv/JHz
in Equivalent Input Noise Current j=25°C, f=1000 Hz 0.01 pA/Hz

Note 1: For operating at elevated temperatures, the device must be derated based on a thermal resistance of 115°C/W typ junction to ambient for the N package,
and 158°C/W typ junction to ambient for the H package.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: The power dissipation limit, however, cannot be exceeded.
Note 4: These specifications apply for Vg= £ 15V and 0°C<Ta < +70°C. Vgs, Ig and lps are measured at Vg =0.

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to the limited
production test time, the input bias d are co dtoj { . In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+ 0|A Pp where 91A is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 6: Supply voitage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice.
Vg = £6Vto +15V.

Note 7: Human body model, 1.5 k2 in series with 100 pF.
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Typical Performance Characteristics

INPUT BIAS CUhﬂENT (pA)

_ POSITIVE COMMON-MODE INPUT
VOLTAGE LIMIT (V)

NEGATIVE OUTPUT VOLTAGE SWING (V)

UNITY GAIN BANDWIDTH (MH2)

Input Bias Current
T T
100 |-Vg= 15V
|-Ta=25¢C
80 .
W
60 L
S
40
20
0
-10 -5 [ 5 10
COMMON-MODE VOLTAGE (V)

Positive Common-Mode Input

Voltage Limit

20 -
<0°C L

/

T
0c<T,

/|

10 /
/|

0 § 10 15 20
POSITIVE SUPPLY VOLTAGE (V)

Negative Current Limit

-15
-10 N\
|=—25°C
-5
wclf foc
- |
RERRI
] 10 20 X 40

OUTPUT SINK CURRENT (mA)

. Gain Bandwidth

T 1
V=15V ]
Ry =2
45 Cy = 100 pF
NG i
4 \\\
\\
NS
35
010 20 30-.40 50 60 70

" TEMPERATURE (°C)

NEGATIVE COMMON-MODE INPUT

INPUT BIAS CURRENT (pA)

OUTPUT VOLTAGE SWING (Vp-p)

VOLTAGE LIMIT (V)

GAIN (dB)

Input Bias Current
" ET I
=0
[“Vs= 15V Z
e 7
/
v
100" Vd
- ’/
10
0 10 20 30 40 50 60 70

20

40

30

20

Bode Plot
30

20 [
10 2
2
m
0 il 2
il
i
-10 5
-20
-30 -180 .
0.1 1. 10 , 100

TEMPERATURE ( €)

N"egative Common-Mode Input
Voltage Limit

PC<TA<HOC

/

/

/

.

/

d

0 § 10 15 2
NEGATIVE SUPPLY VOLTAGE (V)

Voltage Swing

T 1
| RL=2
Ta=25C

y

0 5 10 15 2
SUPPLY VOLTAGE (V)

FREQUENCY-(MHz)

SUPPLY CURRENT (mA)

OUTPUT VOLTAGE SWING (Vp-p) POSITIVE OUTPUT VOLTAGE SOURCE (V)

SLEW RATE (V/us)

36

32

28

24

20

. Supply Current
"‘

D) T
0°<TASHI0°C

I

] 5 10 15 20 2

SUPPLY VOLTAGE (:V)

Positive Current Limit

—

70°

0 10 20 30 40
OUTPUT SOURCE CURRENT (mA)

Output Voltage Swing
Vs‘s :;E‘Jl
L Ta=25C

0.1 1 10

Slew Rate
LN s

R =2k t
Ay =1 FALLING
RISING —

R — OUTPUT LOAD (ks2)

0 10’20 3# 4 50 60 70

TEMPERATURE (°C)
) TL/H/5649-2
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Typical Performance Characteristics (continued) ] ‘
w !
Undistorted Output Voltage Open Loop Frequency
Distortion vs Frequency Swing . Response : |
02 - 30 120 |
Vg 115V _ V= 15V = —t th - ‘
LETEN SRt ’ g N AL=2 2 AN Vg=+15V — ‘
asL V) E N Ta-25c z N Ta-25C
g 2 n Avst S 4 N
gn.'zg L= Vg =20 Vppt z <1% DIST w N
£ L ‘ | ] 2 AN ‘
E o 10k i ] = ]
s r 1 ay=10 2 g , \\
g s T = l E 1 £ w .
0.050 5 2
v g £ = N ‘
0025 v 3 3 N |
= ' WL \
[ 0 ] :
10 100 1« 10k 100k 10k 100k ™M 1 10 100 1k 10k 100k 1M 10M i
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) !
|
|
b
"
i
Common-Mode Rejection Power Supply Rejection Equivalent Input Noise !
Ratio Ratio Voltage
= 120 o g W T 70
2 — §=* = =+ \
2 e > R =2 2 120 PN vs gi‘sf\éd " 8 ‘
s N [ Ta=25c g N A a It
Z 100 | Sz S0 '
z =z |
S 80 Vo H ~ [ =S \ |
5 \ ] N ] *
o v 2k \ e N z2 ;
8 5 |- QVem AN g N +SUPPLY == |
< = H
R I £ N gz *
g wl v . z N\ £3 I
z CMAR=20L06 —3. + OPEN LOOP e SUPPLY Zg ;
S Vem 4 2 ki N g
H VOLTAGE GAIN ] ; 20 10
8 2 l l 0
1000 1k 90k 100k 1M 10M 10100 1K 10k 100k 1M 10M 10 100 1k 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
Open Loop Voltage Gain (V/V) Output Impedance ' Inverter Settling Time
™ s 10
: ¥ : s BANY
g Proac—t——— : LI vs- s
2 Ta=0°CT0+25°C] . = 10mv Ta=25°C
E ; E 2 s
g | § = '4 1mV
w T
] é LT Ta=10"C = g
5 100K o &
S £ ]
a 5 = 1mV
g & 3 s 10 myV
= 5 > -
z s 5 N\
H] & \
=2
10K ° -n
5 10 15 ] (3] 1 10
SUPPLY VOLTAGE (:V) FREQUENCY (Hz) SETTLING TIME (us) \
TL/H/5649-3

1-57



LF353

Pulse Response
Small Signaling Inverting

QUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 1s/DIV)
TL/H/5649-4

Large Signal inverting

OUTPUT VOLTAGE SWING (5V/DIV) .

TIME (2 us/DIV)

=
=]
=
>
=
(=]
5
w
[Z]
<
-
- =
o
> &
- B
2
[
L=
o
o

TL/H/5649-6

Current Limit (R, = 10002)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)
TL/H/5649-5

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 us/DIV)

TL/H/5649-7

TIME (5 us/DIV)

Application Hints

These devices are op amps with an internally trimmed input
offset voltage and JFET input devices (BI-FET ll). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

" TL/H/5649-8

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.
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Application Hints (continued)

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on £6V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The amplifiers will drive a 2 k) load resistance to =10V
over the full temperature range of 0°C to +70°C. If the am-
plifier is forced to drive heavier load currents, however, an
increase in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards

Detailed Schematic

in a socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.

Vee O— 4

Q13

I—\i p2
arr (1]

J-;__oa+
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30 20 )
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160
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Typical Applications

Three-Band Active Tone Control

BOOST « CUT
0.05 .
: BASS
1uF ' '
1 11k 100k 11k
AAA AAA AA
I A\ A A4 -
N 0005 , L
. ::1 1« ID-RANGE
6k 100k 3.6k
AAA AAA AAA
v - A A A SN A\ A A&
|n.uzz
f
1.8k 500k - 1.8k
VAVAV AV‘V‘V A'A'A'
t I I“-'"’5 | TResLE

[TioTea)
d H MITE“\

g BN |
= ”
g 1l
> | ]

R pore 3

T (NOTE 5)

© ok 10k 100k

FREQUENCY (Hz)
TL/H/5649-10

Note 1: All controls flat.

Note 2: Bass and treble boost, mid flat.
Note 3: Bass and treble cut, mid flat.
Note 4: Mid boost, bass and treble flat.
Note 5: Mid cut, bass and treble flat.

e All potentiometers are linear taper
® Use the LF347 Quad for stereo applications
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Typical Applications (continued)
Improved CMRR Instrumentation Amplifier

& mig
R2Q 10k$
71 R4

W

2R2
Ay = (=2 +1
v <R1 )
/77 and =% are separate isolated grounds

Matching of R2's, R4’s and R5's control CMRR
With AVT = 1400, resistor matching = 0.01%: CMRR = 136 dB

e Very high input impedance
® Super high CMRR

Fourth Order Low Pass Butterworth Filter

oo

R1"
43k
—AA

W

® Corner frequency (f) = /_;_ LI 1 2
R1R2CC1 2n R1’'R2'CC1 27

Passband gain (Hp) = (1 + R4/R3) (1 + R4'/R3’)
First stage Q = 1.31
Second stage Q = 0.541

® o o o o

Offset nulling necessary for accurate DC performance

—OVgur

Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100

TL/H/5649-11

€641
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Typical Applications (continued)
Fourth Order High Pass Butterworth Filter

] 1 1 1 1
* Comer frequency (fo) =/ FiRzc2 * 2r ~ VATRZCE " 2
© Passband gain (Ho= (1 +R4/R3) (1+R4'/R3")
* First stage Q = 1.31
* Second stage Q = 0.541

* Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10.

Ohms to Volts Converter

Vour =1V
Ok iil scate

VVv

2 ‘1 mA
LM334 l——
T w
AAA
V

‘P
(UL JE

LO -5V

1V
0=g—XRx
) LADDER .
Where' R ApDER is the resistance from switch S1 pole to pin 7 of the LF353.

TL/H/5649-13
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&National Semiconductor

LF411 Low Offset, Low Drift
JFET Input Operational Amplifier

General Description Features
These devices are low cost, high speed, JFET input opera- B Internally trimmed offset voltage 0.5 mV(max)
tional amplifiers with very low input offset voitage and guar-  ® Input offset voltage drift 10 pV/°C(max)
anteed input offset voltage drift. They require low supply = Low input bias current 50 pA
current yet maintain a large gain bandwidth product and fast @ | ow input noise current 0.01 pA/yHz
slew rate. In addition, well matched high voltage JFET input g Wide gain bandwidth 3 MHz(min)
devices provide very low input bias and offset currents. The m High slew rate 10V/ps(min)
LF411 is pin compatible with the standard LM741 allowing L 9 | t ) ’;’ 8 mA
designers to immediately upgrade the overall performance - ?w §uppy. ourren ) o m
of existing designs. m High input impedance 10120
m Low total harmonic distortion Ay, =10, <0.02%

These amplifiers may be used in applications such as high

speed integrators, fast D/A converters, sample and hold R=10k, Vo =20 Vp-p, BW=20 Hz~20 kHz

circuits and many other circuits requiring low input offset @ Low 1/f ".'°is°. corner 50 Hz
voltage and drift, low input bias current, high input imped- @ Fast settling time to 0.01% : 2 ps
ance, high slew rate and wide bandwidth.
Typical Connection Ordering Information Connection Diagrams
A v LF411XYZ Metal Can Package
oy X indicates electrical grade

Y indicates temperature range
“M” for military
“C” for commercial

Z indicates package type
“H” or “N”

V- TL/H/5655-5 |
Top View ‘
O Note: Pin 4 connected to case.
~Vee I Order Number LF411ACH
) . or LF411MH/883*

. .pe . See NS Pack: Number HO8A
Simplified Schematic oe NS Package Number H08
Vee O= . Dual-In-Line Package

-\

1
BALANCE ——

. ) X
vo INPUT == PV
- + ' R
INPUT —— L OUTPUT

5
V7 - = BALANCE

>

TL/H/5655-7
) Top View :
INTERNALLY Order Number LF411ACN,
Tty TRIMMED . LF411CN or LF411MJ/883*
See NS Package Number
-Vgg O & & NOSE or JOSA

TL/H/5655-6

*Available per JM38510/11904
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, H Package N Package
please contact the National Semiconductor Sales Power Dissipation .
Office/Distributors for availability and specifications. (Notes 2 and 9) 670 mW 670 mW
(Note 8) Timax ) 150°C 115°C
LF411A LF411 GA "162°G/W (Still Air) 120°C/W
Supply Voltage *22v 18V 65°C/W (400.LF/min
Differential Input Voltage +38V +30V g Air Flow)
Input Voltage Range 6,Cc 20°C/W
(Note 1) 19V +15V Operating Temp. ' .
Output Short Circuit Range: (Note 3) (Note 3)
Duration Continuous  *Continuous Storage Temp.
Range —65°C<TpA<150°C —65°C<TA<150°C
Lead Temp.
" (Soldering, 10 sec.) 260°C 260°C
. ESD Tolerance Rating to be determined.
DC Electrical Characteristics (ote 4)
Symbol Parameter Conditions LF411A LF4n Units
. | Min | Typ | Max| Min | Typ Max
Vos Input Offset Voltage | Rg=10kQ, To=25°C 0.3 0.5 0.8 20 mV
AVos/AT | Average TG of Input | Rg=10 kQ (Note 5) 20 o,
Offset Voltage 7 10 7 (Note 5) pvr°e
los Input Offset Current | Vg= £ 15V Tj=25°C 25 | 100 25 | 100 pA
(Notes 4, 6) Tj=70"C 2 2 nA
Tj=125°C 25 25 nA
s Input Bias Current Vg= 115V Tj=25C 50 | 200 - 50 200 pA
(Notes 4, 6) Tj=70°C 4 4 nA
Tj=125°C 50 50 | nA
Rin Input Resistance | Tj=25°C 1012 1012 Q
AvoL Large Signal Voltage | Vg= %15V, Vo= £10V, '
Gain RL=2k, Tp=25°C 50 200 25 200 V/mV
Over Temperature 25 200 15 200 V/mV
Vo Output Voltage Swing | Vg= + 15V, R_=10k +12| £135 +12| £135 v
Vem Input Common-Mode +16| +19.5 +11| +14.5 \
Voltage Range -16.5 -11.5 \
CMRR Common-Mode Rg<10k
; Rejection Ratio 80 100 70 100 dB
PSRR Suy'nply. Voltagg (Note 7) 80 100 70 100 B
Rejection Ratio .
Is Supply Current 1.8 2.8 1.8 3.4 mA
AC Electrical Characteristics (Note 4) '
Symbol Parameter Conditions LF411A LFa11 Units
L Min | Typ | Max | Min | Typ | Max
SR Slew Rate Vg=+15V,TA=25C | 10 | 15 8 15 V/us
GBW Gain-Bandwiqth»‘Pr‘oduct Vg= 15V, Tp=25°C 3 4 27 4 MHz
en . Equnvaler}f Input Noise Voltage | Tao=25°C, Rg= 1909., 25 25 nV/v iz
f=1kHz
in Equivalent Input Noise Current | To=25°C, f=1kHz 0.01 0.01 pA/Y/Hz
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Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 2: For operating at el d p , these devices must be derated based on a thermal resistance of A

Note 3: These devices are available in both the commercial temperature range 0°C<TaA<70°C and the military temperature range —55°C<Tp<125°C. The
p range is desil d by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M”

indicates the military temperature range. The military p range is available in “H” k only.

Note 4: Unless otherwise specified, the specifications apply over the full temperature range and for Vg= £ 20V for the LF411A and for Vg= + 15V for the LF411.

Vos, Ig. and lpg are measured at Voy=0.

Note 5: The LF411A is 100% tested to this specification. The LF411 is sample tested to insure at least 90% of the units meet this specification.

Note 6: The input bias currents are junction leak which approxi ly double for every 10°C increase in the junction temperature, Tj. Due to limited
production test time, the input bias c: d are lated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+6ja Pp where 6, is the thermal resi from junction to ambi Use of a heat sink is

recommended if input bias current is to be kept to a minimum.

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice, from
+15V to £5V for the LF411 and from +20V to +5V for the LF411A.

Note 8: RETS 411X for LF411MH and LF411MJ military specifications.

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.

Typical Performance Characteristics

Input Bias Current Input Bias Current Supply Current
" ez "™ Nowmov 4
- T=25°C = Vs = +15V
g wf 2 : g 22
£ g 7 = ~86°C, 25°C
£ 6 H g 20
H 3 1 V H] 1
2 w § = E 18 aeec
=
E n g0 2 16
0 1 14
-0 -5 0 5 10 -50-25 0 25 50 75 100 125 0 5 10 15 2 25
COMMON-MODE VOLTAGE (V) TEMPERATURE (°C) SUPPLY VOLTAGE (V)
Positive Common-Mode Negative Common-Mode
Input Voltage Limit Input Voltage Limit Positive Current Limit
S C=Ta= 150 B i t=TasiC s Vs= 15V
ws 2 gs-2 ]
Ea 15 va gg—is // 'é:: N
8§ © / 85 _, E} 25°C
gs 4 gs” / TR
e [~ = T
§’§ 5 V| §§ s // z 125°C -55°C
0 0 0
0 5 1 15 2 2 0 -5 —10 -15 -20 -25 0 10 20 30 40
POSITIVE SUPPLY NEGATIVE SUPPLY OUTPUT SOURCE
VOLTAGE (V) VOLTAGE (V) CURRENT (mA)
Negative Current Limit Output Voltage Swing Output Voltage Swing
-1 < Vg= +15V 5 RL=2k %
- i | Ta=25°C % H
&8 X N Ly 40 7 i
g -n N £= V g- o A
=5 w L w L/ 5% 4
Eg =] 4 g s A
3 125°C] | 25°C E; 20 A S
wo g A vV og— ; 10 Z
£
/]
g 10 7 5
0 0 0
0 10 20 30 40 0 5 10 15 2 25 0.1 1 10
OUTPUT SINK CURRENT (mA) SUPPLY VOLTAGE (+V) RL—OUTPUT LOAD (k2)

TL/H/5656-2
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)

Gain Bandwidth

G

85 Vo= 15V
RL=2k
s N CL=100 pF
§§ 4 N )
=§ 4 ‘
§§ 35 ™
3 \\
25

5025 0 25 50 75 100 125
TEMPERATURE (°C)

Gﬂl! (dB)

Distortion vs Frequency

02 ez

TW=25C
0.5 [

" DISTORTION (%)
o

30
20
‘10
0

Bode Plot

Typical Performance Characteristics (continued)

ﬁ

|GAIv

-10

-2

7

-30
0.1

SWING (Vp-p)

OUTPUT VOLTAGE
a

10k

g 8

1 10
FREQUENCY (MHz)

Undistorted Outpuf Y

Voltage Swing

P~

8

Ay=1
<1% DIST

100k
FREQUENCY (Hz)

Power Supply
Reiection‘Ratib

™

Ta

+

] I Vg= 15V

=25°C

(s334930) 35VHd
SLEW RATE (V/5)

0.05 + :
Av=10] B
0
0 100 1k 10k 100k
FREQUENCY (Hz)
Common-Mode Rejection
-~ Ratio
160 Vs= T15V
140 Ru=2k
=25°
& 120 — T‘T,:: ¢
WS~ (MRR=20106 ¥+
QE 100 " Vp
= ‘80 | OPEN LOOP
gz L o N VOLTAGE
Z- 00 —>\ GAIN:
@ 4w | g
E g Vew 2k
2 - =
° P11
10 100 1k 10k 100k 1M 10M
" FREQUENCY (H2)
‘Open Loop Voltage Gain
Ry =2k
~55°C<TA<125°C
w
g v —
=34 //
T =
23 :
& -
(=]
-
10k :
5 1 15 20
SUPPLY VOLTAGE (V)

POWER SUPPLY REJECTION -

RATIO (dB)

2 8
/

\

3

N

\ ]

8

N

By
=1

OUTPUT IMPEDANCE (2)

0.1

10 100

1k 10k 100k M

FREQUENCY (Hz)

Output

Vs= 115V

Impedancg

Ta=25°C

I
B

100/

2T

Av=10

S

100 1k

10k 100k ™

FREQUENCY (Hz)

GAIN (dB)

OPEN LOOP VOLTAGE

EQUIVALENT INPUT NOISE

OUTPUT VOLTAGE SWING

'VOLTAGE (nV/ /Hz)

FROM OV (V)

- Slew:Rate
5, Vs =t 15V
2 Ry =2k
2 Ay=1
20
18 FALLING |
1 RISING — T
194
12
10 ——
-50-25 0 25 50 75 100 125
TEMPERATURE (°C)
Open Loop Frequency
Response
160
140
120 [—
——_—
100 \\
L N
60 \\
“ N
20 N
0
1 10 100 1k 10k 100k 1M 10M
** FREQUENCY (Hz)
Equivalent Input Noise
Voltage
70 -
60
50
40
a0 HTN
20
10
o LL )
0 100 ik 10k 100k
FREQUENCY (Hz)

m’ Inverter Settling Time

il

[/ 1

UBEA

wmvlf /1w

]
]

\
A\

\

01

1

SETTLING TIME (s}
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Pulse Response R =2kq, C 10 pF

Small Signal Inverting

OUTPUT VOLTAGE SWING
(50 mv/DIV)

TIME (0.2 us/DIV)

Large Signal Inverting

OUTPUT VOLTAGE SWING
(5v/DIV)

TIME (2 us/DIV)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING
(50 mV/DIV)

TIME (0.2 4s/DIV)

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING
(5V/01V)

TIME (2 us/DIV)

Current Limit (R = 1002)

OUTPUT VOLTAGE SWING
(1V/0IV)

Application Hints

The LF411 series of internally trimmed JFET input op amps
(BI-FET 1I™) provide very low input offset voltage and guar-
anteed input offset voltage drift. These JFETs have large
reverse breakdown voltages from gate to source and drain
eliminating the need for clamps across the inputs. There-
fore, large differential input voltages can easily be accom-
modated without a large increase in input current. The maxi-
mum differential input voltage is independent of the supply
voltages. However, neither of the input voltages should be
allowed to exceed the negative supply as this will cause
large currents to flow which can result in a destroyed unit.

TIME (5 us/DIV)

TL/H/5655-4

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal

' operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier may be
forced to a high state.

1-67
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Application Hints (continued)

The amplifier will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negatzve supply, an rncrease m lnput offset voltage
may occur.

The LF411 is biased by azener reference which. allows nor-
mal circuit operation on *4.5V power supplies. Supply volt-
ages less than these may result in lower gain bandwidth and
slew rate.

The LF411 will drive a 2 k) load resistance to :t10V over
the full temperature range. If the amplifier is forced to drive
heavier load curents, however, an rncrease ininput offset
voltage may occur on the negative voltage swing and finally
reach an active current limit on both positive and negative
swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit.never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unrt

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize ‘pick-up’’ and maximize the frequency of
the feedback poIe by mrmmrzrng the capacrtance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from.the input of the device (usually the inverting in-
put) to AC ground set the_frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is' negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency, a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the ongrnal feedback pole time
constant.

Typical Applrcatrons
High Speed Current Booster
w 1k
A A A
VW =
15V
82
- 3m SOLID
> % L 15 pF TANTALUM
l_ Sam qb-ll
001 <
5V O-—MN—( —l | —
N .
VWA a3
S J§ *
15V ) S8k
INPUT
[] -
15 pF-L LFa11 pmsnd 11 4—-(2:2222
2
/( “ ouTPUT
>
-isv B :: 510 .
> L
S| 1 a 50
i
0.01
| 02
| 8250LID
{ 15pF TANTALUM
< +
> .
S 4
300
PNP=2N2905 -
NPN=2N2219 unless noted -5V -
TO-5 heat sinks for Q6-Q7 TL/H/5655-9
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Typical Applications (continued)
10-Bit Linear DAC with No Vgg Adjust

MSB LSB
A1 A2 A3 A4 A5 AG A7 A8 A8 A10

?4 ?5?0?7 ?u uio?u?n 1 o PFEEDBACK

18 I
15v o 22pF 15V
9
DAC1020
v o
10V Ot —O Vout Veur = v (£+A2+A3+“.m)
r...4 out REF\Z2 "7 78 1024
(SINGLE POINT GND) "= O —10V < Vpgr < 10V
~15V 1023
LOAD[] 0<Vour < ——1024VREF
where An=1 if the Ay digital input is high
An=0 if the Ay digital input is low
Single Supply Analog Switch with Buffered Output
3.3k 'J
JvA'A' .
Vin Ve 2%
1= SWITCH OFF -0 Vo
0= SWITCH ON
:: 20 10k
Detailed Schematic
Vee O— 4 < >
013
s a2
[
[
tm‘i L a8
an )
r‘ L8 015 ’
SRS
[ ;’ 2
s b
- °"'t”_‘ 2 + z ar —OVo
vt G as
10 pF e
A3 | b3
1.8k | Sm S
¢ She Sk an r
04 >
S 20k
ol I
a1 [it]
=Y k? ol % N
as
a2 a3 k‘
20k —
M ) $—wv—o, Lae
ADJUST ¢ (] $
om0 [ Sme
Qx ng Vos 2 30 Swe 03
%P ADJUST 160
~Vge O —4 ® < —® @ TL/H/5655-10
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NNational Semiconductor

LF412 Low Offset, Low Drift

Dual JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voltage and guar-
anteed input offset voltage drift. They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents.
LF412 dual is pin compatible with the LM1558, allowing de-
signers to immediately upgrade the overall performance of
existing designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold

circuits and many other circuits requiring low input offset.

voltage and drift, low input bias current, high input imped-
ance, high slew rate and wide bandwidth. .

Features

® Internally trimmed offset voltage 1 mV (max)
® Input offset voltage drift 10 pV/°C (max)
B Low input bias current 50 pA
® Low input noise current 0.01 pA/yHz
® Wide gain bandwidth 3 MHz (min)

m High slew rate
W Low supply current

10V/pus (min)
1.8 mA/Amplifier

'® High input impedance 10120

m Low total harmonic distortion Ay=10, <0.02%
RL =10k, Vo=20 Vp-p, BW=20 Hz-20 kHz

m Low 1/f noise corner 50 Hz

m Fast settling time to 0.01% 2 ps

Typical Connection

Ordering Information

Connection Diagrams

A - LF412XYZ
vy * X indicates electrical grade

e or “NP
-VEE
Simplified Schematic
" “1/2 Dual
Vee O ‘
Vo
- +
INTERNALLY ',':{,,‘,,’,‘,,’{‘.‘,“V
TRIMMED
Veg O -& -4

| *Available per JM38510/11905

Y indicates temperature range
“M” for military
“C” for commercial

Z indicates package type

Metal Can Package

INVERTING

INVERTING
: INPUT 8

INPUT A

. v
Note. Pin 4 connected to case.
TOP VIEW

Order Number LF412AMH, LF412MH,
LF412CH or LF412MH/883*
See NS Package Number HO8A

Dual-in-Line Package

QUTPUT A

INVERTING INPUT A ==

NON-INVERTING _3
INPUT A

INVERTING INPUT B

5 __ NON-INVERTING
INPUT B

v

TOP VIEW
TL/H/5656-1

Order Number LF412ACN, LF412CN or LF412MJ/883*
See NS Package Number JOSA or NOSE
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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 9)

LF412A LF412 H Package N Package
Supply Voltage +22V +18V Power Dissipation (Note 10) (Note 3) 670 mW
Differential input Voltage +38V +30v  Tjmax 150°C 115°C
Input voltage Range 6ja (Typical) 152°C/W 115°C/W
(Note 1) +19V +15V Operating Temp. Range (Note 4) {Note 4)
Output Short Circuit Storage Temp. —65°C<Tp<150°C—65°C<Tp<150°C
Duration (Note 2) Continuous Continuous ~ Range
Lead Temp.
(Soldering, 10 sec.) 260°C 260°C
ESD Tolerance (Note 11) 1700V 1700V
DC Electrical Characteristics (Note 5)
LF412A LF412
Symbol Parameter Conditions - Units
Min | Typ | Max| Min | Typ | Max
Vos Input Offset Voltage | Rg=10 kQ, To=25°C 0.5 1.0 1.0 3.0 mv
AVps/AT | Average TC of Input | Rg=10 kQ (Note 6) o
Offset Voltage 7 10 7 20 | uVv/°C
los Input Offset Current | Vg= 15V Tj=25°C 25 100 25 100 pA
(Notes 5 and 7) T=70°C 2 2 nA
Tj=125°C 25 25 nA
Ig Input Bias Current Vg=+15V Tj=25C 50 200 50 200 pA
(Notes 5 and 7) T=70°C 2 4 nA
Tj=125°C 50 50 nA
RiN Input Resistance Tj=25°C 1012 1012 [t}
AvoL Large Signal Voltage | Vg= 15V, Vo= £10V,
Gain R =2k, Tp=25°C 50 200 25 200 V/mVv
Over Temperature 25 200 15 200 V/mV
Vo Output Voltage Swing | Vg= +15V, R =10k +12 | £135 +12 | £135 \'
Vom Input Common-Mode +16 [ +19.5 +11 | +145 \
Voltage Range 165 “115 v
CMRR Common-Mode Rs<10k
Rejection Ratio . 80 100 70 100 dB
PSRR Supply Voltage (Note 8)
Rejection Ratio 80 100 70 100 dB
Is Supply Current Vo =0V,R_ = o 3.6 5.6 3.6 6.5 mA
AC Electrical Characteristics (ote5)
* Symbol Parameter Conditions LF412A LF412 Units
Min Typ Max | Min Typ Max
Amplifier to Amplifier Ta=25°C, f=1Hz-20 kHz _ _
Coupling (Input Referred) 120 120 dB
SR Slew Rate Vg=£15V, Tp=25°C 10 15 8 15 V/us
GBW Gain-Bandwidth Product | Vg= +15V, Tp=25°C 3 4 2.7 4 MHz
en Equivalent Input Noise Ta=25°C, Rg=100Q,
Voltage f=1KHz 25 25 nv/JHz
in Equivalent Input Noise Ta=25°C, f=1kHz
Current 0.01 0.01 pA/{Hz
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Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 2: Any of the amplifier outputs can be shorted to ground indefintely, however, more than one should not be sxmultaneously shoned as the maxnmum 1unct|on

temperature will be exceeded. 3

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 9|A

Note 4: These devices are available in both the commercial temperature range 0°C<Ta<70°C and the military temperature range —55°CSTAS125°C The

temperature range is designated by the position just before the package type in the device numper. A ““C” indicates the commercial temperature range and an “M”
di the military temp range. The military temp Ire range is available in “H” package only. In all cases the i operating p is Ilmnted

by internal junction temperature Tj max. '

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vg= +20V for the LF412A and for Vg= + 15V for the LF412.

Vos. I, and Igg are measured at Vo =0.

Note 6: The LF412A is 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 85% of the amplifiers meet this

specification.

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited

production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient

temperature as a result of internal power dissipation, Pp. Tj=Ta+6js Pp where 6ja is the thermal resistance from junction to ambient. Use of a heat sink is

recommended if input bias current is to be kept to a minimum.

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice.

Vg = 6V to £15V.

Note 9: Refer to RETS412X for LF412MH and LF412MJ military specifications.

Note 10: Max. Power Dissipation is defined by the package charactensncs Operating the part near the Max. Power Dissipation may cause the part to operate

outside guaranteed limits.

Note 11: Human body model, 1.5 kQ in series with 100 pF.

Typical Performance Characteristics

-

Input Bias Current Input Bias Current Supply Current
1 10k . -
o Vs =15V Vom =0V 48
g " Ta=25°C g Vs = 15V = 44 |
= [ * 7 E
1 8 =
3 o 100 A s 55°C 4=
2 w g - § 36 4+
5 5 > T 2500 T
; 2 % 10 L= 23 3.2 1 | v //
0 . 28 125°C
-1, -5 0 5 10 | -50-25 0 25 50 75 100 125 - 0 5 10 15 220 25
COMMON-MODE VOLTAGE (V) TEMPERATURE (°C) SUPPLY VOLTAGE (£V)
Positive Common-Mode Negative Common-Mode
Input Voltage Limit Input Voltage Limit ” Positive Current Limit
—55°C<Tp<125°C ~B Cert=n=itet N Vs 15V
gs » gs-n & '
=5 4 s g
835 5 85 _15 LA oS
g Yy Zuw / Ea
£ 22 Eg
o5 o5 / .
w3 10 4 wg -1 sz .
o Es /] £% s —rusec 25°C}-55°C
‘BE 5 g2 s / g :
0 ] 0 o
0 5 10 15 2 25 0 -5 -10 —15 -20 -2 o 10 2 3B 4w
POSITIVE SUPPLY NEGATIVE SUPPLY OUTPUT SOURCE CURRENT (mA)
VOLTAGE (V) VOLTAGE (V)
Negative Current Limit 4 " Output Voltage Swing Output Voltage Swing
- 30
Vs=16V] . RL=2k
h‘b Ta=25°C] 2 L
=} N 1 40
= ~55°C w %
5 N &5 ] 0
g _-10 22 £z ° 4
=S ) as ¥ 5%
s i )4 £ 4 |/
5= £ p 52
3 125°c| | 25°C 2 A 22 /
wd g g Z pd EZ 1w
H ¥ 3 ;
§ . 10 e 5
0 0 o ]
0 10 20 30 40 0 5 10 15 2 25 0.1 1 . 10
OUTPUT SINK CURRENT (mA) ‘ SUPPLY VOLTAGE (+V) RL—OUTPUT LOAD (k0)°
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Typical Performance Characteristics (continued)

UNITY GAIN
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LF412

Pulse Response R, =2ka,c =10pF

Small Signal Inverting

OUTPUT VOLTAGE SWING
(50 mv/DIV)

TIME (0.2 s/DIV)

Large Signal Inverting

OUTPUT VOLTAGE SWING
(5V/0IV)

TIME (2 us/DIV)

Small Signali Non-Inverting

OUTPUT VOLTAGE SWING
(50 mv/DIV)

TIME (0.2 us/0IV)

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING
(5v/0IV)

TIME (2 /DIV)

Current Limit (R = 1009)

OUTPUT VOLTAGE SWING
(1v/0Iv)

Application Hints

The LF412 series of JFET input dual op amps are internally
trimmed (BI-FET 1I™) providing very low input offset volt-
ages and guaranteed input offset voltage drift. These JFETs
have large reverse breakdown voltages from gate to source
and drain eliminating the need for clamps across the inputs.
Therefore, large differential input voltages can easily be ac-
commodated without a large increase in input current. The
maximum differential input voltage is independent of the
supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output and force
the amplifier output to the corresponding high or low state.

TIME (5 xs/DIV)

TL/H/5656~-4

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the
common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output, however, if both
inputs: exceed the limit, the output of the amplifier may be
forced to a high state. )

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.
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Application Hints (continued)

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on +6.0V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The amplifiers will drive a 2 k) load resistance to +10V
over the full temperature range. If the amplifier is forced to
drive heavier load currents, however, an increase in input
offset voltage may occur on the negative voltage swing and
finally reach an active current limit on both positive and neg-
ative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “‘pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.
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LF412

Typical Application

Single Supply Sample and Hold

S
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- TTL
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Detailed Schematic
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&National Semiconductor

LF441 Low Power JFET
Input Operational Amplifier

General Description

The LF441 low power operational amplifier provides many
of the same AC characteristics as the industry standard
LM741 while greatly improving the DC characteristics of the
LM741. The amplifier has the same bandwidth, slew rate,

dissipation and good electrical characteristics are the major
considerations.

Features

tandthgfri\n (10 kla load) tasfttt:]e II-_,\I\I/'I77111 al"d gg'ﬁy drat‘::s O”i m 1/10 supply current of a LM741 200 pA (max)
en e supply current of the . In addition, the we : . 0
matched high voltage JFET input devices of the LF441 re- : tga ::pzz g'::efl:;'et;t o 055 ;C xz;
duce the input bias and offset currents by a factor of 10,000 . P 9 . e
over the LM741. A combination of careful layout design and ™ LOW input offset voltage drift 10 pV/°C (max)
internal trimming guarantees very low input offset voltage ~® High gain bandwidth 1 MHz
and voltage drift. The LF441 also has a very low equivalent B High slew rate 1 V/pus
input noise voitage for a low power amplifier. m Low noise voltage for low power 35 nV/VHz
The LF441 is pin compatible with the LM741, allowing an ® Low input noise current 0.01 pA/VHz
immediate 10 times reduction in power drain in many appli- ® High input impedance 1012
cations. The LF441 should be used where low power m High gain Vo = *+10V, R_ = 10k 50k (min)
Typical Connection Ordering Information
LF441XYZ
X indicates electrical grade
Y indicates temperature range
“M” for military,
“C” for commercial
Z indicates package type
“H" or “N"
~Vee TL/H/9297-1
Connection Diagrams Dual-In-Line Package
Metal Can Package 1 U/ 8
BALANCE — — NC
INPUT L
OUTPUT 3 []
INPUT ~—— |— ouTPUT
v-— L BaLaNcE
) TL/H/9207-2
Top View TL/H/9297-4
Note: Pin 4 connecteq to case. Top View
Order Number LF441MH/883 Order Number LF441ACN,
See NS Package Number HO8A LF441CM or LF441CN

See NS Package Number MOSA or NOSE
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LF441

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, : LF441A LF441
ple_ase contact the Natlonal. Semlcondu.ctor Sales Input Voltage Range
Office/Distributors for availability and specifications. (Note 1) +19V +15V
LF441A LF441 Output Short Circuit :
Supply Voltage +20v +18V Duration Continuous Continuous
Differential Input Voltage +38V +30V )
H Package N Package M Package
Power Dissipation
(Notes 2 and 9) 670 mW 670 mW
T max 150°C 115°C
0ia(Typical) ) 130°C/W 185°C/W
Board Mount in still air 165°C/W
Board Mount in 400 LF/ 65°C/W
min air flow
9ic 25°C/W
Operating Temp. Range (Note 3) (Note 3)
Storage Temp. Range —65°C < Tp < 150°C —65°C < Tpa < 150°C
Lead Temperature 300°C 260°C
(Soldering, 10 seconds)
LF441A LF441 See AN-450 “Surface Mounting Methods and Their Effect
Soldering Information on Product Reliability” for other methods of soldering sur-
Dual-In-Line Package face mount devices.
Soldering (10 sec.) 260°C 260°C ESD Tolerance (Note 10) Rating to be Determined
Small Outline Package
Vapor Phase (60 sec.) 215°C 215°C
Infrared (15 sec.) 220°C 220°C
DC Electrical Characteristics (vote 4)
Symbol Parameter Conditions - LF441A LFad1 Units
» Min Typ | Max | Min Typ | Max
Vos Input Offset Voltage Rs = 10k, T = 25°C 0.3 0.5 1 5 mv
Over Temperature 75 mV
AVos/AT | Average TG of Input Rs = 10 kQ (Note 5) o
Offset Voltage 7|1 10 wVr°C
Ios Input Offset Current | Vg = £ 15V Tj = 25°C 5 | 25 5 | 50 | pA
(Notes4and6) |3 _ 76 15 15 | nA
Tj = 125°C 10 nA
B Input Bias Current Vg = 15V Tj=25C 10 50 10 100 pA
(Notes 4 and 6) T, = 700 3 3 nA
Tj=125C 20 nA
Rin Input Resistance Tj=25°C 1012 1012 (1)
AvoL Large Signal Voltage Vg = £15V,Vg = £10V, '
Gain RL = 10ke, Ta = 25°C %0 | 1% 25 | 100 v/my
Over Temperature 25 15 V/mV
Vo Output Voltage Swing | Vg = +15V, R = 10kQ +12 | +183 +12 { £13 \
Vom Input Gommon-Mode 16 | +18,—17 | 11 | +14,—12 v
Voltage Range
CMRR Cop‘lmf;n-Moc.le . Rs < 10kQ 80 100 70 95 dB
Rejection Ratio
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DC Electrical Characteristics (Note 4) (Continued)

Symbol Parameter Conditions LF441A LF441 Units
Min | Typ | Max | Min | Typ | Max
PSRR Supply Voltage (Note 7)
Rejection Ratio 80 100 70 90 dB
Ig Supply Current 150 200 150 250 pA
AC Electrical Characteristics (Note 4)
Symbol Parameter Conditions LF441A LFa41 Units
Min | Typ | Max | Min | Typ | Max
SR Slew Rate Vg = +15V,Tp = 25°C 0.8 1 0.6 1 V/us
GBW Gain-Bandwidth Product Vg = £15V,Tp = 25°C 0.8 1 0.6 1 MHz
en Equivalent Input Noise Voltage | Ta = 25°C, Rg = 1009,
2 1 khz 35 35 nV/JyHz
in Equivalent input Noise Current | Tp = 25°C,f = 1 kHz 0.01 0.01 pA/yHz
Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. :
Note 2: For operating at el d p , these devices must be derated based on a thermal resistance of ;.
Note 3: The temp range is designated by the position just before the package type in the device number. A “C" indicates the commercial temperature range
and an “M” indi the military temp range. The military p range is available in “H" pack only.

Note 4: Unless otherwise specified the specifications apply over the full temperature range and for Vg = +20V for the LF441A and for Vg = *15V for the LF441.
Vos, Ig, and lpg are measured at Vg = 0.

Note 5: The LF441A is 100% tested to this specification.

Note 6: The input bias are junction leakag which approxil double for every 10°C i in the juncti P , T Due to limited
production test time, the input bias are col to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj = Ta + ja Pp where 6j, is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 7: Supply voltage rejection ratio is measured for both supply i i ing or d ing simul usly in accordance with common practice. From
+15V to £5V for the LF441 and from £20V to +5V for the LF441A.

Note 8: Refer to RETS441X for LF441MH military specifications.

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.

Note 10: Human body model, 1.5 k2 in series with 100 pF.

Typical Performance Characteristics

w Input Bias Current - Input Bias Current - Supply Current
[vs= +15v —— 190
= - Vem=0V
T nheme . [ Vom 15V = 180
§ E 7 2m —55°C
£ [ E 160 25°C_| |
@ 3 100 £ 150 -
2w 2 § 10
= - @ 25°C
£ 130 ——
£, g v 3 120
T 10
—10 1 100
-10 -5 1] 5 10 -60-25 0 25 50 75 100 125 [ 5 10 15 20 25
COMMON-MODE VOLTAGE (V) TEMPERATURE (°C) ‘SUPPLY VOLTAGE (V)
Positive Common-Mode Negative Common-Mode
. Input Voltage Limit 5 Input Voltage Limit i Positive Current Limit
[ “ss"c<Tast125°C —§5°C<Ta=125°C " Ve £ 15V
ws 2 s -
s 4 - 2w EEAL) |
ég 15 §§ -15 s 25°C ——“ \_55-1;
= [~}
g d 88 E 5
gg 10 v gg -v £ H . W\
8% g 5 -5 g
0 0 0
0 5 10 15 2 2 0 -5 -0 -15 -20 -2 01 23 456 78
POSITIVE SUPPLY VOLTAGE (V) NEGATIVE SUPPLY VOLTAGE (V) OUTPUT SOURCE CURRENT (mA)
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LF441

Typical Performance Characteristics (continued)

UNITY GAIN NEGATIVE OUTPUT VOLTAGE
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Typical Performance Characteristics (continued)

" Open Loop Voltage Gain Output Impedance
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Simplified Schematic
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Pulse Response R = 10ka,C_ = 10pF
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LF441

Pulse Response r_ = 10ka, C_ = 10 pF (Continued)

 OUTPUT VOLTAGE SWING -~

OUTPUT VOLTAGE SWING
(50 mV/DIV)

OUTPUT VOLTAGE SWING
(5V/DIV) .

(sV/DV)

Small Signal Non-Inverting

TIME (0.5 us/DIV)

Large Signal Inverting

TIME (10 s/0W)

Large Signal Non-Inverting

TIME (10 us/DIV)

TL/H/9297-9

TL/H/9297-10

TL/H/9297-11
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Application Hints

This device is a low power op amp with an internally
trimmed input offset voltage and JFET input devices
(BI-FET ). These JFETs have large reverse breakdown
voltages from gate to source and drain, eliminating the need
for clamps across the inputs. Therefore, large differential
input voltages can easily be accommodated without a large
increase in input current. The maximum differential input
voltage is independent of the supply voltages. However, nei-
ther of the input voltages should be allowed to exceed the
negative supply as this will cause large currents to flow
which can result in a destroyed unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifier will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

The ampilifier is biased to allow normal circuit operation with
power supplies of +3V. Supply voltages less than these
may degrade the common-mode rejection and restrict the
output voltage swing.

The amplifier will drive a 10 kQ load resistance to +10V
over the full temperature range.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket, as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting input
to AC ground) set the frequency of this pole. In many in-
stances the frequency of this pole is much greater than the
expected 3 dB frequency, of the closed loop gain and con-
sequently there is negligible effect on stability margin. How-
ever, if the feedback pole is less than approximately 6 times
the expected 3 dB frequency, a lead capacitor should be
placed from the output to the input of the op amp. The value
of the added capacitor should be such that the RC time
constant of this capacitor and the resistance it parallels is
greater than or equal to the original feedback pole time con-
stant. ' .

Detailed Schematic
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LF442

&National Semiconductor

LF442 Dual Low Power
JFET Input Operational Amplifier

General Description Features ‘ -
The LF442 dual low power operational amplifiers provide B Yo supply current of a LM1458 400 pA (max)
many of the same AC characteristics as the industry stan-  m Low input bias current 50 pA (max)
dard LM1458 while greatly improving the DC characteristics  m Low input offset voltage 1 mV (max)
of the LM1458. The amplifiers have the same bandwidth,  m | ow input offset voltage drift 10 pV/°C (max)
slew rate, and gain (10 kQ load) as the LM1458 and only g High gain bandwidth ! 1 MHz
draw one tenth the supply current of the LM1458. In addi- m High slew rate ‘ 1 V/us
tion the well matched high voltage JFET input devices of the X »
LF442 reduce the input bias and offset currents by a factor = Low .nmse voltage for low power 35 nV/JHz
of 10,000 over the LM1458. A combination of careful layout ™ Low input noise current 0.01 pA/JHz
design and internal trimming guarantees very low input off-  ® High input impedance 10120

set voltage and voltage drift. The LF442 also has a very low B High gain Vo = 10V, R = 10k 50k (min)
equivalent input noise voltage for a low power amplifier. .

The LF442 is pin compatible with the LM1458 allowing an

| immediate 10 times reduction in power drain in many appli-

cations. The LF442 should be used where low power dissi-
pation and good electrical characteristics are the major con-
siderations. : .

Typical Connection Ordering Information Connection Diagrams

"ELA' LF442XYZ ‘Metal Can Package
X indicates electrical grade )
Y indicates temperature range

Vee
O

O—AM—4 Lo “M” for military (7) outeute
e : o/
'C” for commercial INVERTING
Z indicates package type INPUT B
“H” or “N” NON-ANVERTING
INPUT B
3 TL/H/9155-2
~Vee TL/H/9155-1 Top View
s_ I'f' d S h . Note: Pin 4 connected to case
implitie chematic Order Number LF442AMH
14, Dual or LF442MH/883
Vee O See NS Package Number HO8A
Dual-In-Line Package
Vo ouTPUT A —H L
- +
INVERTING INPUT A = - outrure
NORINVERTING 3 INVERTING INPUT 8
v - 5 __ NON-INVERTING
INPUT B
INTERNALLY
INTERRALLY TRIMMED TL/H/9155-4
Ver O— Top View
TL/H/9155-3 ‘Order Number LF442ACN or LF442CN
See NS Package Number NOSE
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, H Package N Package
please contact the National Semiconductor Sales Tj max 150°C 115°C
Office/Distributors for availability and specifications. 6,4 (Typical)
(Note 9) (Note 3) 65°C/W 114°C/W
LF442A LF442 (Note 4) 165°C/W 152°C/W
Supply Voltage +22V +18V 0, (Typical) 21°C/W
Ditferential Input Voltage +38V +30V Operating Temperature (Note 4) (Note 4)
Input Voltage Range +19V +15V Range
(Note 1) Storage —65°C<Tp<150°C—65°C<To<150°C
Output Short Circuit Continuous Continuous Temperature Range
Duration (Note 2) Lead Temperature 260°C 260°C
(Soldering, 10 sec.)
ESD Tolerance Rating to be determined
DC Electrical Characteristics (ot 6)
Symbol Parameter Conditions LF442A LF442 Units
Min Typ | Max | Min Typ | Max
Vos Input Offset Voltage Rg = 10kQ, Tp = 25°C 0.5 1.0 1.0 5.0 mV
Over Temperature 75 mV
AVps/AT | Average TC of Input Rs = 10kQ o
Offset Voltage 7 10 7 wvre
los Input Offset Current Vg = +15V Tj=25°C 5 25 5 50 pA
(Notes6and7) | 1. _ 7gG 15 15 | nA
Tj = 125°C 10 nA
Ig Input Bias Current Vg = 15V Tj = 25°C 10 50 10 100 pA
(Notes 6 and 7) Tj = 70°C 3 3 nA
Tj=125°C 20 nA
Rin Input Resistance Tj=25°C 1012 1012 Q
AvoL Large Signal Voltage Vg = 15V,Vpo = 10V,
Gain AL = 10 ke, Ta = 25°C 50 200 25 200 V/mV
Over Temperature 25 200 15 200 V/mV
Vo Output Voltage Swing | Vg = 15V, R = 10kQ +12 +13 +12 +13 \
Vom " Input Common-Mode +16 | +18 +11 | +14 '
Voltage Range -17 —-12 \"
CMRR CoTnm.on-Moc.le Rs < 10kQ 80 100 70 o5 dB
Rejection Ratio
PSRR Su;.'JpIy. Voltag'e (Note 8) 80 100 70 %0 dB
Rejection Ratio
Is Supply Current 300 400 400 500 rA
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AC Electrical Characteristics (Note 5)

Symbol Parameter Conditions LF‘“A —_— LF442 - Units
Min.| Typ | Max | Min Typ | Max

Amplifier to Amplifier Ta = 25°C, f = 1 Hz-20 kHz _ _

Coupling ‘ (Input Referred) 120 120 d8
SR Slew Rate Vg = 15V, Tp = 25°C 0.8 1 0.6 1 V/ps
GBW Gain-Bandwidth Product | Vg = 15V, Ta =25°C 0.8 1 0.6 1 MHz
en’ Equivalent Input Noise - | Ta = 25°C, Rg = 100Q,

Voltage f=1kHz 3 35 nv/Hz
in Equivalent Input Noise Ta = 25°C,f = 1 kHz

Current 0.01 0.01 pA/yAz

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 2: Any of the ampilifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction
p will be ded

Note 3: The value given is in 400 linear feet/min air flaw.

Note 4: The value given is in static air.

Note 5: These devbes are available in both the commercial temperature range 0°C < T < 70°C and the military temperature range —55°C < Tp < 125°C. The
P range is d d by the position just before the package type in the device number. A “C” indi the p range and an “M”

indi the military temperature range. The military range is available in *“H” pack only.

Note 6: Unless otherwise specified, the specifications apply over the full temperature range and for Vg = +20V for the LF442A and for Vg = t 15V for the LF442,

Vos. Ig, and log are measured at Vo = 0.

Note 7: The input bias currents are junction |

production test time, the input bias d are

temperature as a result of internal power dissipation, Pp. T; =

recommended if input bias current is to be kept to a minimum.

Note 8: Supply voltage rejection ratio is measured for both supply

+15V to £5V for the LF442 and 20V to 5V for the LF442A.

Note 9: Refer to RETS442X for LF442MH military specifications.

'

which approxi double for every 10‘0 incréase in the junction temperature, Tj. Due to limited
fated to junction In normal operation the junction temperature rises above the ambient
Ta + 0jaPp where 6ja is the thermal resistance from junction to ambient. Use of a heat sink is

g or d sing ously in accordance with common practice from

186




Typical Performance Characteristics

Input Bias Current : Input Bias Current
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Typical Performance Characteristics (continued)

COMMON-MODE REJECTION UNITY GAIN
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Pulse Response r, = 10k, C_ = 10pF

ehvd

Small Signal Inverting Small Signal Non-Inverting
i i
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% i \ 3 [ \
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Application Hints

This device is a dual low power op amp with internally
trimmed input offset voltages and JFET input devices
(BI-FET 1I). These JFETs have large reverse breakdown
voltages from gate to source and drain eliminating the need
for clamps across the inputs. Therefore, large differential
input voltages can easily be accommodated without a large
increase in input current. The maximum differential input
voltage is independent of the supply voltages. However, nei-
ther of the input voltages should be allowed to exceed the
negative supply as this will cause large currents to flow
which can result in a destroyed unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

Each amplifier is individually biased to allow normal circuit
operation with power supplies of +3.0V. Supply voltages
less than these may degrade the common-mode rejection
and restrict the output voltage swing.

Typical Applications

The ampilifiers will drive a 10 kQ load resistance to = 10V
over the full temperature range.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequenty there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.

Baﬁew Powered Strip Chart Preamplifier

TIME CONSTANT

1 5 10 50 100
SEC SEC SEC SEC SEC

P 1183

Runs from 9v batteries (+9V supplies)

Fully settable gain and time constant

Battery powered supply allows direct plug-in in-
terface to strip chart recorder without common-
mode problems

d
250k S 110K, 10k
<

Xt X5 X10 XS0 X100
GAIN

QUTPUT TO
—@ STRIP
CHART

TL/H/9156-11
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Typical Applications (continued)

“No FET” Low Power V — F Converter

03 ™
Trim 1M pot for 1 kHz full-scale out-
0.01 put
: lr 15 mW power drain
15V No integrator reset FET required
NPT oz 12 ] Mount D1 and D2 in cl imi
ov-10V P ads - ount an in close proximity
120Fu2 D> 1% linearity to 1 kHz
3 oUTPUT
4 Lmiss @1 Hz-1 khz
129
™ o -5V
~15v
15V
TL/H/9155-12
High Efficiency Crystal Oven Controlier
15V 15V
® Teontrol = 75°C
® At’s output represents the ampli- 100k 1.2M
fied difference between the LM335 b
temperature sensor and the crystal 20k
oven’s temperature TEMP TRIM A . 1
® A2, a free running duty cycle mod- LM185-1.2 _]
ulator, drives the LM395 to com- |
plete a servo loop |
e Switched mode operation yields |
high efficiency R
« 1% metal film resistor 100k woss |
15V :
— —— j w |
TL/H/9155-13
Conventional Log Amplifier
&
<
LM384 1
RN
15V En MW
100k
OFFSET iU Rin
VOLTAGE
ADJUST
1%
15V

Eoyt = — [Iog 10 (&‘-) + 5]
Rin
Rt = Tel Labs type Q81
Trim 5k for 10 A through the 5k-120k combination
*1% film resistor

TL/H/9155-14
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Typical Applications (continued)

Unconventional Log Amplifier

15V

12V

Q1, Q2, Q3 are included on LM389
amplifier chip which is temperature-
stabilized by the LM389 and Q2-Q3,
which act as a heater-sensor pair.
Qt, the logging transistor, is thus im-
mune to ambient temperature varia-
tion and requires no temperature
compensation at all.

100k
SCALE
FACTOR

*
o Y,4
VA—AARZ

50k
ZERO
ADJUST

-15V

Detailed Schematic

OUTPUT
0-10V FOR INPUTS
OF 10 nA-1 mA

TL/H/9155-15

2 Dual
—oV*
]
an 1.7k
p a3 (]
[ o
am o oVo
R6
400
o—e i )
[ (]
< :IIZ
S5k
MZIL v+
<R3
:: 1.5k
L at
013 }—e
014 @2
Limv
oV~
o9 TL/H/9155-16
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ﬂNational Semiconductor

LF444 Quad Low Power JFET

Input Operational Amplifier

General Description

The LF444 quad low power operational amplifier provides
many of the same AC characteristics as the industry stan-
dard LM148 while greatly improving the DC characteristics
of the LM148. The amplifier has the same bandwidth, slew
rate, and gain (10 kQ load) as the LM148 and only draws
one fourth the supply current of the LM148. In addition the
well matched high voltage JFET input devices of the LF444
reduce the input bias and offset currents by a factor of
10,000 over the LM148. The LF444 also has a very low
equivalent input noise voltage for a low power amplifier.
The LF444 is pin compatible with the LM148 allowing an
immediate 4 times reduction in power drain in many applica:
tions. The LF444 should be used wherever low power dissi-
pation and good electrical characteristics are the major con-
siderations.

Simplified Schematic

/2 Quad
Vee O

Vo

-Vee O= . ®

TL/H/9156-1

Ordering Information
LF444XYZ ‘
X indicates electrical grade
Y indicates temperature range
“M” for military, “C” for commercial
Z indicates package type “D”, “M” or “N”

Features
u Y/, supply current of a LM148 200 pA/Amplifier (max)
W Low input bias current 50 pA (max)
m High gain bandwidth 1 MHz
m High slew rate 1 V/us
® Low noise voltage for low power 35 nV/JHz
B Low input noise current 0.01 pA/yHz
m High input impedance 10120
m High gain Vo = +10V, R = 10k 50k (min)
Connection Diagram
Dual-In-Line Package
outa  INa- INg* v IN3* IN3~  ouT3
19 In 12 " 10 I 9 J 8
—3
+
l1 lz 3 4 5 Is | 7
ouT1 INT~ Int* vt IN2* IN2~  ouT2
TL/H/9156-2

Top View

Order Number LF444AMD, LF444CM,
LF444ACN, LF444CN or LF444MD/883
See NS Package Number D14E, M14A or N14A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, LF444A/LF444
please contact the National Semiconductor Sales Operating Temperature Range (Note 4)
Office/Distributors for avallab::l'::::r:i speclflcal-t'l;r:. Storage Temperature Range —65°C < Tp < 150°C
Supply Voltage +o0v 118V ESD Tolerance (Note 10) be Zzglgnti?ned
Differential Input Voltage +38V 30V Soldering Information
Input Voltage Range +19V +15V Dual-In-Line Packages
(Note 1) (Soldering, 10 sec.) 260°C
Output Short Gircuit Continuous Continuous Small Outline Package
Duration (Note 2) Vapor Phase (60 sec.) 215°C
. D Package N, M Packages Infrared (15 sec.) 220°C
Power Dissipation 900 mW 670 mW See AN-450 “Surface Mounting Methods and Their Effect
(Notes 3 and 9) on Product Reliability” for other methods of soldering sur-
Tj max 150°C 115°C face mount devices.
0ja (Typical) 100°C/W 85°C/W
DC Electrical Characteristics (Note5)
LF444A LF444
Symbol Parameter Conditions -1 Units
Min Typ | Max | Min Typ | Max
Vos Input Offset Voltage Rg = 10k, Tp = 25°C 2 5 3 10 mv
0°C < Tp < +70°C 65 12 mv
—585°C < Tp < +125°C 8 mV
AVops/AT | Average TC of Input Rs = 10 kQY’ . o
Offset Voltage 10 10 pv7°C
los Input Offset Current Vg = 15V | Tj= 25°C 5 25 5 50 pPA
(Notes5,6) | 1, = 70°c 15 15 | nA
Tj = 125°C 10 nA
Is Input Bias Current Vg = £15V | Tj=25°C 10 50 10 100 pPA
(Notes 5, 6) Tj = 70°C 3 3 nA
T; = 125°C 20 nA
RiN Input Resistance Tj=25C 1012 1012 Q
AvoL Large Signal Voltage | Vg = +15V,Vg = +10V ‘
Gain RL = 10k, Tp = 25°C %0 | 100 i v/mv
Over Temperature 25 15 V/mV
Vo Output Voltage Swing | Vg = 15V, R = 10 kQ +12 +13 +12 | %13 "
Vem Input Common-Mode +16 | +18 +11 +14 \"
Voltage Range —-17 -12 . \"
CMRR Cqmmpn-Moc?e Rg < 10kQ 80 100 70 05 dB
Rejection Ratio
PSRR SuPpIy' Voltag.e (Note 7) 80 100 70 % ‘ a8
Rejection Ratio :
Is Supply Current 0.6 0.8 0.6 1.0 mA
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AC Electrical Characteristics (Note 5)

440!

Symbol Parameter Conditions LF444A LF444 Units
Min Typ Max | Min | Typ Max

Ampllf:er-to-AmpI:iler 120 —120 dB
Coupling

SR Slew Rate Vg = +15V, Tp = 25°C 1 1 V/us

GBW Gain-Bandwidth Product Vg = 18V, Tp = 25°C 1 1 MHz

en Equivalent Input Noise Voltage | Tp = 25°C, Rg = 1009, 35 35 nV/JFiz

f=1kHz
in Equivalent input Noise Current | Tp = 25°C, f = 1 kHz 0.01 0.01 pA/Hz

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction

will be ded.
Note 3: For operating at el d p , these devices must be d based on a thermal resistance of gja.
Note 4: The LF444A is avail in both the cc ial temp range 0°C < T < 70°C and the military temperature range —55°C < Tp < 125°C. The
LF444 is ilable in the cc | p range only. The temp range is desig d by the position just before the package type in the device
number. A “C” indicates the commercial temperature range and an “M” indicates the military temperature range. The military p range is available in “D"”

package only. )

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vg = +20V for the LF444A and for Vg = +15V for the LF444.
Vos, Ig, and lpg are measured at Vg = 0.

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj = Ta + 6jaPp where 6ja is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from
+15V to +5V for the LF444 and from +20V to +5V for the LF444A.

Note 8: Refer to RETS444X for LF444MD miilitary specifications.

Note 9: Max. Power Dissipation is defined by the pack h istics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.

Note 10: Human body model, 1.5 kQ in series with 100 pF.

Typical Performance Characteristics

Input Bias Current  Input Bias Current Supply Current
40 —r— 10k — 1000
o [z _ i |
g np T, [zt yd = 800
2 1 I
E [ -7 = 125°C
H & / £ 600
2 = w Z E " [ e
£ g 5 w0 =St
5 L 2 g
E ol g w0 — 2
—10 1 0
-0 -5 0 5 10 -50-25 0 25 50 75 100 125 6 5 1 15 2 25
COMMON-MODE VOLTAGE (V) TEMPERATURE (°C) SUPPLY VOLTAGE (+V)
Positive Common-Mode Negative Common-Mode
Input Voltage Limit Input Voltage Limit Positive Current Limit
~2 T T T T T 15
-55°C<sTa<125°C —55°C<Tpa=<125°C Vs =15V
Hs gs -2 &
sc A £ g .
ES / 22 s g0 Nav
) S g NG N
85 =1 o= S
gg ™ gg - HE
Ee= = E .2_. 5 \ \
a5 =
2= 5 3 £ -5 8 \X
0 0 0
0 5 10 15 2 25 0 -5 -10 -15 -20 -25 0 1 2 3 456 7 8
POSITIVE SUPPLY VOLTAGE (V) NEGATIVE SUPPLY OUTPUT SOURCE CURRENT (mA)

VOLTAGE (V)
TL/H/9156-3
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Typical Performance Characteristics (continued)
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TL/H/9156-4
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. LF444

Application Hints

This device is a quad low power op amp with JFET input
devices (BI-FET™). These JFETs have large reverse break-
down voltages from gate to-source and drain eliminating the
need for clamps across the inputs. Therefore, large differen-
tial input voltages can easily be accommodated without a
large increase in input current. The maximum differential in-
put voltage is independent of the supply voltages. However,
neither of the input voltages should be allowed to exceed
the negative supply as this will cause large currents to flow
which can result in a destroyed unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

Each ampilifier is individually biased to allow normal circuit
operation with power supplies of +3.0V. Supply voltages
less than these may degrade the common-mode rejection
and restrict the output voltage swing.

Typical Application

v

The amplifiers will drive a 10 k€ load resistance to +10V
over the full temperature range. If the amplifier is forced to
drive heavier load currents, however, an increase in input
offset voltage may occur on the negative voltage swing and
finally reach an active current limit on both positive and neg-
ative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
Howeuver, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.

pH Probe Amplifier/ Temperature Compensator

***For R2 = 50k, R4 = 330k £1%
For R2 = 100k, R4 = 75k +1%
For R2 = 200k, R4 = 56k +1%

**Polystyrene O pH ouT
*Film resistor type RN60C Tov-10V=
To calibrate, insert probe in pH =7 so- g ' g PH-10 pH
lution. Set the “TEMPERATURE AD- TEMPERATURE "
JUST” pot, R2, to correspond to the ADJUST 10K
solution temperature: full clockwise for R3 1.00k* RE
0°C, and proportionately for intermedi- VA~ AN
ate temperatures, using a turns-count- 3.3m
ing dial. Then set “CALIBRATE” pot so Rg***
output reads 7V. Vv
Typical probe = Ingold Electrodes TL/H/9186-10

#465-35
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Detailed Schematic
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LF451

NNational Semiconductor

LF451 Wide-Bandwidth

JFET-Input Operational Amplifier

General Description

The LF451 is a low-cost high-speed JFET-input operational
amplifier with an internally trimmed input offset voltage (BI-
FET II™ technology). The device requires a low supply cur-
rent and yet maintains a large gain bandwidth product and a
fast slew rate. In addition, well matched high voltage JFET
input devices provide very low input bias and offset cur-
rents. The LF451 is pin compatible with the standard
LM741, allowing designers to upgrade the overall perform-
ance of existing designs.

The LF451 may be used in such applications as high-speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input bias current, high
input impedance, high slew rate and wide bandwidth.

Features

B Internally trimmed offset voltage 5.0 mV (max)
® Low input bias current 50 pA (typ)
B Low input noise current 0.01 pA/yHzZ (typ)
B Wide gain bandwidth 4 MHz (typ)
W High slew rate 13 V/us (typ)
u Low supply current 3.4 mA (max)
m High input impedance 1012Q (typ)

B Low total harmonic distortion Ay = 10, <0.02% (typ)
RL = 10k, Vo = 20 Vp_p,f = 20 Hz-20 kHz

m Low 1/f noise corner 50 Hz (typ)

m Fast settling time to 0.01% 2 ps (typ)

Connection Diagram
S.0. Package

BALANCE 4 o] L NC

7
= INPUT - 6_ v+
+ — OUTPUT
5

+ INPUT "
== BALANCE

Vo et

TL/H/9660-2
Top View

Order Number LF451CM
See NS Package Number MOSA

Simplified Schematic

V+ O

Typical Connection

TL/H/9660-1

BALANCE
e,

INTERNALLY < < INTERNALLY

TRMMED & S TRIMMED

V=0

BALANCE
0

Vo

TL/H/9660-3
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, ESD Tolerance TBD

please contact the National Semiconductor Sales Soldering Information (Note 5)

Office/Distributors for avallability and specifications. SO Package: Vapor Phase (60 sec) 215°C

Supply Voltage (V+ — V) 36V Infrared (15 sec) 220°C

Input Voltage Range V- <VySV+ . .

Differential Input Voltage (Note 2) +30V OPeratlng Rat"‘gs (Note 1)

Junction Temperature (Ty MAX) 150°C Temperature Range TMiN < Ta < Tmax

Output Short Circuit Duration Continuous LF451CM 0°C < Ta < +70°C

Power Dissipation (Note 3) 500 mwW Junction Temperature (T max) 125°C
Supply Voltage (V+ — V) 10V to 32V

DC Electrical Characteristics The following specifications apply for V+ = +15V and V— = —15V. Bold-
face limits apply for Tyn to Tyax; all other limits Ty = Ty = 25°C.

LF451CM
Symbol Parameter Conditions Typical Tested Design Units
(Note 6) Limit Limit
(Note 7) (Note 8)
Vos Maximum Input Offset Voltage Rs = 10 kQ, (Note 10) 0.3 5 mV
los Maximum Input Offset Current (Notes 9,10) T,y = 25°C 25 100 pA
Ty =70°C 2 nA
IB Maximum Input Bias Current (Notes 9,10) Ty = 25°C 50 200 pA
Ty =70C 4 nA

Rin Input Resistance Ty = 25°C 1012 Q
AVOL Minimum Large Signal Vo = £10V, Ry = 2kQ

Voltage Gain (Note 10) . 200 50 25 V/mv
Vo Minimum Output Voltage Swing RL = 10k +13.5 +12 +12 Vv
Vom Minimum Input Common Mode +14.5 +11 +11 \"

Voltage Range -11.5 -1 -11 \"
CMRR Mll"llmlfm Con'.|mon-Mode Rs < 10kQ 100 80 80 a8

Rejection Ratio
PSRR er'umllxm Sup!)ly Voltage (Note 11) 100 80 80 dB

Rejection Ratio
Is Maximum Supply Current 3.4 3.4 mA
AC Electrical Characteristics The following specifications apply for V+ = +15V and V- = —15V. Bold-
face limits apply for Tyn to Tmax; all other limits Ty = T, = 25°C.

LF451CM
Symbol Parameter Conditions Typical Tested Design Units
(Note 6) Limit Limit
(Note 7) (Note 8)

SR Slew Rate Ay = +1 13 8 V/us
GBW Minimum Gain-Bandwidth Product f = 100 kHz 4 2.7 MHz
en Equivalent Input Noise Voltage Rs = 1009, f = 1 kHz 25 nV/yHz
in Equivalent Input Noise Current Rg = 1009, f = 1 kHz 0.01 pA/yHz

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating ratings.
Note 2: When the input voltage exceeds the power supplies, the current should be limited to 1 mA.
Note 3: The i power dissipation must be d d at d temp and is di d by T; MAX, 6,4 and the ambient temp , TA. The

lowable power dissipation at any p re is Pp = (Ty MAX — Ta)/6a or the number given in the Absolute Maximum Ratings, whichever is lower. For
guaranteed operation Ty max = 125°C. The typical thermal resistance (6 a) of the LF451CM when board-mounted is 170°C/W.
Note 5: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (Appendix D) for other methods of soldering surface mount devices.

Note 6: Typicals are at T) = 25°C and represent most likely parametric norm.
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Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level).

Note 8: Design limits are guaranteed to National’s AOQL, but not 100% tested. .

Note 9: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperéture T,. Due to limited
production test time, the input bias currents are correlated to junction temperature. In normal operation the junction p rises above the ambient
temperature as a result of internal power dissipation, Pp. Ty = Ta + 04aPp where 8,4 is the thermal resistance from junction to ambient.

Note 10: Vs, Ig, AVOL, and lpg are mea.?sured atVom = OV. .

Note 11: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing si »usly in accord with p
Typical Performance Characteristics
Undistorted Output Open Loop Frequency
Distortion vs Frequency Voltage Swing . Response
02 1 r ] 120
Vg = £15V " . Vg = +15V _ I R |
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