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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED S15 
SGS-THOMSON' PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 
Microelectronics. As used herein: 

1 . Life support devices to systems are devices or systems 
which, are intended for surgical implant into the body 
to support or sustain life, and whose failure to perform, 
when properly used in accordance with instructions for 
use provided in the labeling, can be reasonably expec­
ted to result in a significant injury to the user. 

2. A critical component is any component of a life sup­
port device or system whose failure to perform can be 
reasonably expected to cause the failure of the life sup­
port device or system, or to affect its safety or effecti­
veness. 
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Type 
Number 

AM6012 
AM6012A 
DAC0806 
DAC0807 
DACOBOS 
J Series 
K09 Series 
L165 
L200 
L272/M 
L296/P 
L387A 
L601/2/3/4 
L702 
L2720/22/24 
L4901A 
L4902A 
L4903 
L4904A 
L4905 
L4940 Series 
L4941/X 
L4960 
L4962 
L5832 
L6221A/N 
L6222 
L7150/2 
L7180/82 
L7800 Series 
L7800AB Series 
L7800AC Series 
L78MOO Series 
L78MOOAB Series 
L7BSOO Series 
L7900 Series 
L7900AC Series 
LF147/A/B 
LF151/A/B 
LF153/A/B 
LF155/A 
LF156/A 
LF157/A 
LF247/A/B 
LF251/A/B 
LF253/A/B 

ALPHANUMERICAL INDEX 

Function 

12 Bit High Speed Multiplying D/A Converter ........... . 
12 Bit High Speed Multiplying D/A Converter ........... . 
6 Bit D/A Converter ................................ . 
7 Bit D/A Converter ................................ . 
8 Bit D/A Converter ................................ . 
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3A Power Operational Amplifier ...................... . 
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Dual Power Operational Amplifier .................... . 
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Very Low Drop 5V Regulator ........................ . 
Darlington Array .................................. . 
2A Quad Darlington Switch ......................... . 
Low Drop Dual Power Op. Amp ...................... . 
Dual 5V Regulator with Reset ....................... . 
Dual 5V Regulator with Reset and Disable ............. . 
Dual 5V Regulator with Reset and Disable ............. . 
Dual 5V Regulator with Reset ....................... . 
Dual 5V Regulator with Reset ....................... . 
Very Low Drop 1.5 Regulator ........................ . 
Very Low Drop 1A Regulator ........................ . 
2.5A Power Switching Regulator ..................... . 
1.5A Power Switching Regulator ..................... . 
Solenoid Controller ................................ . 
Quad Darlington Switch ............................ . 
Quad Transistor Switch ............................ . 
50V Quad Darlington Switches ...................... . 
BOV Quad Darlington Switch ........................ . 
Positive Voltage Regulators ......................... . 
Precision 1A Regulators ............................ . 
Precision 1A Regulators ............................ . 
Positive Voltage Regulators ......................... . 
Precision 500mA Regulators ........ · ................ . 
2A Positive Voltage Regulators ...................... . 
Negative Voltage Regulators ........................ . 
±2% Negative Voltage Regulators ................... . 
Wide Bandwidth Quad JFET Op-Amp ................. . 
Wide Bandwidth Single JFET Op-Amp ................. . 
Wide Bandwidth Dual JFET Op-Amp .................. . 
Low Power Single JFET Op-Amp ..................... . 
High Speed Single JFET Op-Amp .................... . 
Very High Speed Single JFET Op-Amp ................ . 
Wide Bandwidth Quad JFET Op-Amp ................. . 
Wide Bandwidth Single JFET Op-Amp ................. . 
Wide Bandwidth Dual JFET Op-Amp .................. . 
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ALPHANUMERICAL INDEX 

Type Function Page 
Number Number 

LF255 Low Power Single JFET Op-Amp ...................... 391 
LF256 High Speed Single JFET Op-Amp ..................... 391 
LF257 Very High Speed Single JFET Op-Amp ................. 391 
LF347/A/B Wide Bandwidth Quad JFET Op-Amp .................. 355 
LF351/A/B Wide Bandwidth Single JFET Op-Amp .................. 367 
LF353/A/B Wide Bandwidth Dual JFET Op-Amp ................... 379 
LF355/A Low Power Single JFET Op-Amp ...................... 391 
LF356/A High Speed Single JFET Op-Amp ..................... 391 
LF357/A Very High Speed Single JFET Op-Amp ................. 391 
LM101A Low Offset Single Bipolar Op-Amp ..................... 405 
LM108/A Precision High Gain Single Bipolar Op-Amp ............. 417 
LM111 Standard Single Bipolar Comparator ................... 429 
LM117 1.2 To 37V Adjustable Voltage Regulator ............... 439 
LM118 High Speed Bipolar Op-Amp .......................... 445 
LM119 High Speed Dual Bipolar Comparator .................. 457 
LM124/A Standard Quad Bipolar Op-Amp ....................... 467 
LM134 Adjustable Current Source ........................... 481 
LM135 Precision Temperature Sensor ........................ 491 
LM139/A Low Power Low Offset Quad Bipolar Op-Amp ............ 503 
LM146 Programmable Quad Bipolar Op-Amp .................. 515 
LM148 Quad UA741 Bipolar Op-Amp ......................... 527 
LM158/A Low Power Dual Bipolar Op-Amp ...................... 537 
LM193/A Low Power Low Offset Dual Bipolar Comparator ......... 553 
LM201A Low Offset Single Bipolar Op-Amp ..................... 405 
LM208/A Precision High Gain Single Bipolar Op-Amp ............. 417 
LM209 Three Terminal 5V Regulators ........................ 565 
LM211 Standard Single Bipolar Comparator ................... 429 
LM217 1.2 To 37V Adjustable Voltage Regulator ............... 439 
LM218 High Speed Bipolar Op-Amp .......................... 445 
LM219 High Speed Dual Bipolar Comparator .................. 457 
LM223 3A-5V Positive Voltage Regulators .................... 571 
LM224/A Standard Quad Bipolar Op-Amp ....................... 467 
LM234 Adjustable Current Source ........................... 481 
LM235 Precision Temperature Sensor ........................ 491 
LM236/A 2.5V Voltage Reference ............................. 577 
LM237 1.2 To 37V Adjustable Negative Voltage Regulators ...... 587 
LM238 1.2 To 32V-5A Adjustable Positive Voltage Regulators .... 597 
LM239/A Low Power Low Offset Quad Bipolar Op-Amp ............ 503 
LM246 Programmable Quad Bipolar Op-Amp .................. 515 
LM248 Quad UA741 Bipolar Op-Amp ......................... 527 
LM258/A Low Power Dual Bipolar Op-Amp ...................... 537 
LM2901 Low Power Low Offset Quad Bipolar Op-Amp ............ 503 
LM2902 Standard Quad Bipolar Op-Amp ....................... 467 
LM2903 Low Power Low Offset Dual Bipolar Comparator ......... 553 
LM2904 Low Power Dual Bipolar Op-Amp ...................... 537 
LM293/A Low Power Low Offset Dual Bipolar Comparator ......... 553 
LM301A Low Offset Single Bipolar Op-Amp .................... 405 
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Type 
Number 

LM308/A 
LM309 
LM311 
LM317 
LM318 
LM319 
LM323 
LM324/A 
LM334 
LM335/A 
LM336/B 
LM337 
LM338 
LM339/A 
LM346 
LM348 
LM358/A 
LM393/A 
LM723 
LS204/NC 
LS404/C 
LS4558N 
M8438A 
M8439 
MC1458 
MC14581 
MC1488 
MC1489 
MC1489A 
MC1558 
MC33001/A/B 
MC33002/NB 
MC33004/NB 
MC3302 
MC3303 
MC34001/NB 
MC34002/NB 
MC34004/NB 
MC3403 
MC35001/NB 
MC35002/NB 
MC35004/NB 
MC3503 
MC4558 
MC45581 
NE532 
NE555 

ALPHANUMERICAL INDEX 

Function 

Precision High Gain Single Bipolar Op-Amp ............ . 
Three Terminal 5V Regulators ....................... . 
Standard Single Bipolar Comparator .................. . 
1.2 To 37V Adjustable Voltage Regulator .............. . 
High Speed Bipolar Op-Amp ......................... . 
High Speed Dual Bipolar Comparator ................. . 
3A-5V Positive Voltage Regulators ................... . 
Standard Quad Bipolar Op-Amp ...................... . 
Adjustable Current Source .......................... . 
Precision Temperature Sensor ....................... . 
2.5V Voltage Reference ............................ . 
1.2 To 37V Adjustable Negative Voltage Regulators ..... . 
1.2 To 32V-5A Adjustable Positive Voltage Regulators ... . 
Low Power Low Offset Quad Bipolar Op-Amp ........... . 
Programmable Quad Bipolar Op-Amp ................. . 
Quad UA741 Bipolar Op-Amp ........................ . 
Low Power Dual Bipolar Op-Amp ..................... . 
Low Power Low Offset Dual Bipolar Comparator ........ . 
High Precision Voltage Regulator .................... . 
High Performance Dual Op-Amp ..................... . 
High Performance Quad Op-Amp ..................... . 
Dual High Performance Op-Amp ..................... . 
Serial Input LCD Driver ............................ . 
Serial Input LCD Driver ............................ . 
Standard Dual Bipolar Op-Amp ...................... . 
Standard Dual Bipolar Op-Amp ...................... . 
RS232C Quad Line Driver .......................... . 
Quad Line Receiver ............................... . 
Quad Line Receiver ............................... . 
Standard Dual Bipolar Op-Amp ...................... . 
Standard Single JFET Op-Amp ....................... . 
Standard Dual JFET Op-Amp ........................ . 
Standard Quad JFET Op-Amp ....................... . 
Low Power Low Offset Quad Bipolar Op-Amp ........... . 
Low Power Quad Bipolar Op-Amp. . .................. . 
Standard Single JFET Op-Amp ....................... . 
Standard Dual JFET Op-Amp ........................ . 
Standard Quad JFET Op-Amp ....................... . 
Low Power Quad Bipolar Op-Amp .................... . 
Standard Single JFET Op-Amp ....................... . 
Standard Dual JFET Op-Amp ........................ . 
Standard Quad JFET Op-Amp ....................... . 
Low Power Quad Bipolar Op-Amp .................... . 
Wide Bandwidth Dual Bipolar Op-Amp ................ . 
Wide Bandwidth Dual Bipolar Op-Amp ................ . 

. Low Power Dual Bipolar Op-Amp ..................... . 
Single Bipolar Timer ............................... . 
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ALPHANUMERICAL INDEX 

Type Function Page 
Number Number 

NE556 Dual Bipolar Timer ................................. 747 
SA555 Single Bipolar Timer ................................ 737 
SA556 Dual Bipolar Timer ................................. 747 
SE555 Single Bipolar Timer ................................ 737 
SE556 Dual Bipolar Timer ................................. 747 
SG1524 Regulating Pulse Width Modulator .................... 755 
SG1525A Regulating Pulse Width Modulator .................... 763 
SG1527A Regulating Pulse Width Modulator .................... 763 
SG2524 Regulating Pulse Width Modulator .................... 755 
SG2525A Regulating Pulse Width Modulator .................... 763 
SG2527A Regulating Pulse Width Modulator .................... 763 
SG3524 Regulating Pulse Width Modulator .................... 755 
SG3525A Regulating Pulse Width Modulator .................... 763 
SG3527A Regulating Pulse Width Modulator .................... 763 
TDA8133 Low Dropout Dual Voltage Regulator - with Reset & Disable 773 
TDA8134 Low Dropout Dual Voltage Regulator - with Disable ...... 779 
TDA8135 Low Dropout Dual Voltage Regulator - with Disable ...... 785 
TDA8136 Low Dropout Dual Voltage Regulator - with Disable ...... 791 
TDA8137 Low Dropout Dual Voltage Regulator - with Reset & Disable 797 
TDA8138 Low Dropout Dual Voltage Regulator - with Reset & Disable 803 
TDA8139 Low Dropout Dual Voltage Regulator - with Reset & Disable 809 
TDB7910 Power Single Bipolar Op-Amp ........................ 815 
TEA5110 Low Dropout Dual Voltage Regulator .................. 821 
TEA7105 Microprocessor Dedicated Voltage Regulator - Watch Dog . 827 
TEA7605 Low Dropout Voltage Regulator ....................... 841 
TEA7610 Low Dropout Voltage Regulator ....................... 845 
TEA7685 Low Dropout Voltage Regulator ....................... 849 
TEB1033 Low Distorsion & Noise Dual Bipolar Op-Amp. (LS204 Equ.) 853 
TEB4033 Low Distorsion & Noise Quad Bipolar Op-Amp. (LS404 Equ.) 863 
TEC1033 Low Distorsion & Noise Dual Bipolar Op-Amp. (LS204 Equ.) 853 
TEC4033 Low Distorsion & Noise Quad Bipolar Op-Amp. (LS404 Equ.) 863 
TEF1033 Low Distorsion & Noise Dual Bipolar Op-Amp. (LS204 Equ.) 853 
TEF4033 Low Distorsion & Noise Quad Bipolar Op-Amp. (LS404 Equ.) 863 
TL061/A/B Low Power Single JFET Op-Amp ...................... 873 
TL0611 Low Power Single JFET Op-Amp ...................... 873 
TL061M Low Power Single JFET Op-Amp ...................... 873 
TL062/A/B Low Power Dual JFET Op-Amp ....................... 883 
TL06211 Low Power Dual JFET Op-Amp ....................... 883 
TL062M Low Power Dual JFET Op-Amp ....................... 883 
TL064/A/B Low Power Quad JFET Op-Amp ....................... 893 
TL0641 Low Power Quad JFET Op-Amp ....................... 893 
TL064M Low Power Quad JFET Op-Amp ....................... 893 
TL071/A/B Low Noise Single JFET Op-Amp ...................... 903 
TL0711/B Low Noise Single JFET Op-Amp ...................... 903 
TL071M Low Noise Single JFET Op-Amp ...................... 903 
TL072/A/B Low Noise Dual JFET Op-Amp ........................ 913 
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ALPHANUMERICAL INDEX 

Type Function Page 
Number Number 

TL0721/B Low Noise Dual JFET Op-Amp ........................ 913 
TL072M Low Noise Dual JFET Op-Amp ........................ 913 
TL074/A/B· Low Noise Quad JFET Op-Amp ....................... 923 
TL0741/B Low Noise Quad JFET Op-Amp ....................... 923 
TL074M Low Noise Quad JFET Op-Amp ....................... 923 
TL081/A/B Standard Single JFET Op-A'mp ........................ 933 
TL0811/B Standard Single JFET Op-Amp ........................ 933 
TL081M Standard Single JFET Op-Amp ........................ 933 
TL082/A/B Standard Dual JFET Op-Amp ......................... 943 
TL0821/B Standard Dual JFET Op-Amp ......................... 943 
TL082M Standard Dual JFET Op-Amp ......................... 943 
TL084/A/B Standard Quad Single JFET Op-Amp .................. 953 
TL0841/B Standard Quad JFET Op-Amp ........................ 953 
TL084M Standard Quad JFET Op-Amp ........................ 953 
TL7700/A Supply Voltage Supervisors .......................... 965 
TS271/A/B Programmable CMOS Single Op-Amp .................. 969 
TS2711/A/B Programmable CMOS Single Op-Amp .................. 969 
TS271M/A/B Programmable CMOS Single Op-Amp .................. 969 
TS272/A/B High Speed Dual CMOS Op-Amp ...................... 979 
TS2721/A/B High Speed Dual CMOS Op-Amp ...................... 979 
TS272M/A/B High Speed Dual CMOS Op-Amp ...................... 979 
TS274/A/B High Speed Quad CMOS Op-Amp ..................... 989 
TS2741/A/B High Speed Quad CMOS Op-Amp ..................... 989 
TS274M/A/B High Speed Quad CMOS Op-Amp ..................... 989 
TS27L2/A/B Low power Dual CMOS Op-Amp ...................... 979 
TS27L211/A/B Low Power Dual CMOS Op-Amp. . .................... 979 
TS27L2M/A/B Low Power Dual CMOS Op-Amp. . .................... 979 
TS27L4/A/B Low Power Quad CMOS Op-Amp ..................... 989 
TS27L41/A/B Low Power Quad CMOS Op-Amp ..................... 989 
TS27L4M/A/B Low Power Quad CMOS Op-Amp ..................... 989 
TS27M2/A/B Medium Supply Current Dual CMOS Op-Amp ............ 979 
TS27M21/A/B Medium Supply Current Dual CMOS Op-Amp ............ 979 
TS27M2M/A/B Medium Supply Current Dual CMOS Op-Amp ............ 979 
TS27M4/A/B Medium Supply Current Quad CMOS Op-Amp ........... 989 
TS27M41/A/B Medium Supply Current Quad CMOS Op-Amp ........... 989 
TS27M4M/A/B Medium Supply Current Quad CMOS Op-Amp ........... 989 
TS372 Low Power Dual C-MOS Comparator .................. 999 
TS3721 Low Power Dual CMOS Comparator ................... 999 
TS372M Low Power Dual CMOS Comparator ................... 999 
TS374 Low Power Quad CMOS Comparator .................. 1003 
TS3741 Low Power Quad CMOS Comparator .................. 1003 
TS374M Low Power Quad CMOS Comparator .................. 1003 
TSGF series Mask Programmable Filters .......................... 1007 
TSGSM series Mixed Analog Digital Standard Cells ................... 1045 
UA741C/E Standard Single Bipolar Op-Amp ...................... 1059 
UA7411 Standard Single Bipolar Op-Amp ...................... 1059 
UA741M/A Standard Single Bipolar Op-Amp ...................... 1059 
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Type 
Number 

UA748 
UA7481 
UA748M 
UA776 
UA7761 
UA776M 
UC1840 
UC1842 
UC1843 
UC1844 
UC1845 
UC2840 
UC2842 
UC2843 
UC2844 
UC2845 
UC3840 
UC3842 
UC3843 
UC3844 
UC3845 
UCN4801A 
ULN2001A 
ULN2002A 
ULN2003A 
ULN2004A 
ULN2064B 
ULN2065B 
ULN2066B 
ULN2067B 
ULN2068B 
ULN2069B 
ULN2070B 
ULN2071B 
ULN2074B 
ULN2075B 
ULN2076B 
ULN2077B 
ULN2801A 
ULN2802A 
ULN2803A 
ULN2804A 
ULN2805A 
ULQ2001R 
ULQ2002R 
ULQ2003R 
ULQ2004R 
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Function 

Precision Single Bipolar Op-Amp ..................... . 
Precision Single Bipolar Op-Amp ..................... . 
Precision Single Bipolar Op-Amp ..................... . 
Programmable Single Bipolar Op-Amp ................. . 
Programmable Single Bipolar Op-Amp ................. . 
Programmable Single Bipolar Op-Amp ................. . 
Programmable, Off-Line, PWM Controller .............. . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Programmable, Off-Line, PWM Controller .............. . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Programmable, Off-Line, PWM Controller .............. . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Current Mode PWM Controller ....................... . 
Seven Darlington Array ............................. . 
Seven Darlington Array ............................. . 
Seven Darlington Array ............................. . 
Seven Darlington Array ............................. . 
50V-1.5A Quad Darlington Switch .................... . 
80V-1.5A Quad Darlington Switch .................... . 
50V-1.5A Quad Darlington Switch .................... . 
80V-1.5A Quad Darlington Switch .................... . 
50V-1.5A Quad Darlington Switch .................... . 
80V-1.5A Quad Darlington Switch .................... . 
50V-1.5A Quad Darlington Switch .................... . 
80V-1.5A Quad Darlington Switch .................... . 
50V-1.5A Quad Darlington Switch .................... . 
80V-1.5A Quad Darlington Switch .................... . 
50V-1.5A Quad Darlington Switch .................... . 
80V-1.5A Quad Darlington Switch .................... . 
Eight Darlington Array ............................. . 
Eight Darlington Array ............................. . 
Eight Darlington Array ............................. . 
Eight Darlington Array ............................. . 
Eight Darlington Array ............................. . 
Seven Darlington Array ............................. . 
Seven Darlington Array ............................. . 
Seven Darlington Array ............................. . 
Seven Darlington Array ............................. . 
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SELECTION GUIDE 

CMOS OP-AMPs 

Package 
D: Plast1c m1cropackage 

Type Description Pins H: Metal can 
J: Cerd1p 
N: PlastiC dual 1n line 

CMOS SINGLE 

TS 271,A,B Programmable I 8 I N,D,J I 

CMOS-DUAL 

TS 27L2,A,B Low Power 8 N,D,J 
TS 27M2,A,B Medium Supply Current 8 N,D,J 
TS 272,A,B H1gh Speed 8 N,D,J 

CMOS-QUAD 

TS 27L4,A,B Low Power 14 N,D,J 
TS 27M4,A,B Medium Supply Current 14 N,D,J 
TS 274,A,B H1gh Speed 14 N,D,J 

JFET OP-AMPs 

JFET SINGLE 

LF 351 ,A,B Wide Bandwidth 8 N,D,H 
LF 355,A Low Power 8 N,D,H 
LF 356,A High Speed 8 N,D,H 
LF 357,A Very High Speed 8 N,D,H 
MC 34001 ,A,B Standard 8 N,D,H 
TL 061,A,B Low Power 8 N,D,H 
TL 071,A,B Low Noise 8 N,D,H 
TL 081,A,B Standard 8 N,D,H 

JFET DUAL 

LF 353,A,B Wide Bandwidth 8 N,D,H 
MC 34002,A,B Standard 8 N,D,H 
TL 062,A,B Low Power 8 N,D,H 
TL 072,A,B Low N01se 8 N,D,H 
TL 082,A,B Standard 8 N,D,H 

JFET-QUAD 

LF 347,A,B Wide Bandwidth 14 N,D,J 
MC 34004,A,B Standard 14 N,D,J 
TL 064,A,B Low Power 14 N,D,J 

TL 074,A,B Low Noise 14 N,D,J, 
TL 084,A,B Standard 14 N,D,J, 

Note: All OP-AMPs are ava1lable 1n 3 Temperature ranges (O'C to 70'C. - 40'C to + 105'C, - 55'C to + 125'C) unless otherw1se spec1fred. 
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SELECTION GUIDE 

BIPOLAR OP-AMPs 

Package 

Type Description Pins 
D: Plastic micropackage 
H: Metal can 
J: Cerd1p 
N: Plastic dual m line 

BIPOLAR OP-AMPs 

LM301A Low Offset-External Frequency Compensation 8 N,D,J,H 

LM 308,A Precision, High Gain 8 N,D,J,H 

LM 318 High Speed 8 N,D,J,H 

TDB 7910 Power (Temp. Range: 0°C to + 70°C) 16 N 

UA 741 Standard 14 N,D,J,H 

UA 748 Precision 8 N,D,H 

UA 776 Programmable 8 N,D,H 

BIPOLAR DUAL 

LM 358,A Low Power 8 N,D,J,H 

LM 2904 Low Power (Temp. range: - 40°C to + 1 05°C) 8 N,D,J 

LS 204 High Performance 8 D,H,N 

LS 4558N High Performance (Temp. range: ooc to + 70°C) 8 D,N 

MC 1458 Standard 8 N,D,J,H 

MC 4558 Wide Bandwidth (Temp. range: 0°C to + 70°C 
- 40°C to + 1 05°C) 8 N,D,J,H 

NE 532 Low Power (Temp. range: ooc to + 70°C) 8 N,D,J 
TEB 1033 Active Filter (LS 204 Equivalent) 8 N,D 

BIPOLAR QUAD 

LM 324,A Standard 14 N,D,J, 
LM 346 Programmable 16 N,D,J 
LM 348 Quad UA 741 14 N,D,J 
LM 2902 Standard (Temp. range: -40°C to + 105°C) 14 N,D,J 
LS 404 High Performance 14 D,N 
MC 3403 Low Power 14 N,D,J 
TEB 4033 Active Filter • (LS404 Equivalent) 14 N,D,J 

Note: All OP-AMPs are available 1n 3 Temperature ranges (o•c to 70°C, - 40°C to + 105°C, - ss•c to + 125°C) unless otherwise spec1f1ed. 
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SELECTION GUIDE 

THE OP AMP COMPROMISE 

Hereunder you will find a very helpful tool: the ranking of some typical devices regarding 5 important 
parameters: 

• BANDWIDTH 
• SLEW RATE 
• SUPPLY CURRENT 
• INPUT BIAS 
• NOISE 

BANDWIDTH 
GWR (MHz) 0.1 2.5 4 5.5 50 

TS27LX TS27MX UA741 TEBX033 TL07X MC455B LM318 
MC3403 LM324 MC145B TLOBX 

SLEWRATE 
Svo (V/p.S) 0.04 0.4 - 0.8 2.2 5.5 16 70 

TS27LX LM324/UA741 TEBX033 MC4558 TS27X TL07X LM31B 
MC3403/MC1458 TLOBX 

SUPPLY 
CURRENT 

Icc (mA/ampll) 5 2.3 1.7 1.4 0.7 0.5 0.15 0.01 

LM318 MC1458 UA741 TL07X MC4558 LM324 TS27MX TS27LX 
TLOBX MC3403 TEBX033 

INPUT BIAS 
CURRENT 

l1b (nA) 160 80 50 20 0.3 1pA 

LM318 UA741 TEBX033 LM324 TLOXX TS27X 
TS27LIMX 

NOISE 
Vn (nV/VHz) 70 38 30 18 10 8 

TS27LX TS27MX TS27X TL07X MC3403 TEBX033 
TLOBX MC455B 
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SELECTION GUIDE 

COMPARATORS 

Package 

Type Description Pins 
D: Plastic micropackage 
H: Metal can 
J: Cerd1p 
N: PlastiC dual m line 

CMOS DUAL 

TS 372 Low Power 8 N,D,J 

CMOS QUAD 

TS 374 Low Power 14 N,D,J 

BIPOLAR SINGLE 

LM 311 Standard 8 N,D,J,H 

BIPOLAR DUAL 

LM 393,A Low Power, Low Offset 8 N,D,J,H 
LM 319 High Speed 14 N,D,J,H 
LM 2903 Low Power, Low Offset (Temp. range: -40 to + 105°C) 8 N,D,J 

BIPOLAR QUAD 

LM 339,A Low Power, Low Offset 14 N,D,J 
LM 2901 Low Power, Low Offset (Temp. range: -40°C to +105°C) 14 N,D,J 
MC 3302 Low Power, Low Offset (Temp. range: - 40°C to + 1 05°C) 14 N,D,J 

Note· All comparators are ava1lable 1n 3 Temperature ranges· (0°C to 70°C, -40°C to + 1os•c, -ss•c to + 125°C) 
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SELECTION GUIDE 

VOLTAGE REGULATORS 

STANDARD POSITIVE 

10 max 
Type 

Regulated Output Voltage (V) Precision 
Package 

(A) 5 6 7.5 8 8.5 9 10 12 15 18 20 24 % 

5 
LM238K (*) 1.2V ~ adjustable ~ 32V 

4 T0·3 
LM338K 4 T0·3 

3 
LM223K • 6 T0·3 
LM323K • 4 T0·3 

L78SOOCV • • • • • • • • 4 T0-220 
2 L78SOOCT • • • • • • • • 4 T0·3 

L78SOOT (* *) • • • • • • • • 4 T0-3 

LM117K (* *) 4 T0-3 

1.5 
LM217K (* *) 

1.2V ~ adjUStable ~ 37V 4 T0-3 
LM317K 4 T0·3 
LM317T 4 T0·220 

L7800CV • • • • • • • • • 4 T0-220 
L7800ABV (*) • • • • • • • • 2 T0-220 

1 L7800ACV • • • • • • • • 2 T0·220 
L7800CT • • • • • • • • • 4 T0·3 
L7800T (* *) • • • • • • • • • 4 T0-3 

L78MOOABV (*) • • • • • • • • 2 T0·220 

0·5 
L78MOOCV • • • • • • • • 4 T0-220 
L78MOOCX • • • • • • • • 4 SOT·82 
L78MOOCS • • • • • • • • 4 SOT·194 

LM723CD1 3 S0-14 
LM723CH 3 T0-100 

0.15 
LM723CJ 

2.0V <-- adjUStable ~ 37V 
3 DIL·14C 

LM723CN 3 DIL·14P 
LM723J (* *) 3 DIL·14C 
LM723H (* *) 3 T0-100 

(') -40°C to 125°C (**) -55°C to 150°C 

STANDARD NEGATIVE 

lomax 
Type 

Regulated Output Voltage (V) Precision 
Package 

(A) 5 5.2 6 8 12 15 18 20 22 24 % 

LM237K (*) 2 T0·3 
1.5 LM337K 1.2V ~ adjustable ~ 32V 3 T0·3 

LM337SP 3 T0-220 

L7900ACV • • • • • • • • • • 2 T0-220 
1 L7900CV • • • • • • • • • • 4 T0-220 

L7900CT • • • • • • • • • • 4 T0-3 

(*) -4o•c to 12s•c ("*) -ss•c to 1sooc 
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SELECTION GUIDE 

VOLTAGE REGULATORS (Continued) 

LOW DROP 

Low 
Very Transient Protection Short Reverse Output Voltage 

Type 
Drop 

Low Reset Circuit Voltage 
Drop ±100 ±80 ±60 ±40 Protection Protection 5V 8.5V 10V 12V 

L387A • • • • • 
L4940/41 • • • • • 

PROPRIETARY 

lomax Regulated Output Voltage (V) 
Package Type 

(A) 5 8.5 10 12 

L296/P (* *) 4 5.1V <- adjustable - 40V MULTIWATT 15 

L4960 (* *) 2.5 1V <- adjustable - 40V HEPTAWATT 

L200CH/CV 
2 2.9V ,_ adjustable - 36V 

PENTAWATT 
L200CT/T T0·3 (4 LEAD) 

L4962 (* *) 5V <- adjustable - 40V POWERDIP 
12+2+2 

1.5 
L4940 • T0-220 

L4941 1.0 • T0-220 

L387A • PENTAWATT 

L4901A-2A (*) • HEPTAWATT 

L4903·4A (*) 
0.5 • MINIDIP 

L4905 (*) • HEPTAWATT 

n Dual regulator (' ') Switch-mode 
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SELECTION GUIDE 

VOLTAGE REGULATORS (Continued) 

HIGH CURRENT SWITCHING 

Type 
Parameters 

L296/P L4960 L4962 

Voltage Reference (%) ±2 ±4 ±4 

Output Voltage Range VREF VREF VREF 
to 40V to 40V to 40V 

Output Current (A) 4.0 2.5 1.5 

Internal Current Limiting • • • 
Soft Start • • • 
Inhibit Input • 
Reset Output • 
Crowbar Control • 
Max. Oscillator Frequency (KHz) 200 120 120 

Separate Oscillator Synch. • 
Thermal Protection • • • 
Package Multiwatt 

Heptawatt 12+2+2 15 

SPECIAL FUNCTIONS 

Type Description Package 

TL7700A Supply voltage supervisors designed for use as reset controllers MINIDIP 
in l'p systems. 
During power-up the device test the supply voltage and keeps the 
reset outputs active as long as the supply voltage has non reached 
its nominal voltage value. 
- Vs=3V to 18V 
- Temperature compensated voltage reference 
- Externally adjustable pulse width 
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SELECTION GUIDE 

PWM CONTROLLERS 

Operating Temperature: -55 to 125°C 
Parameters 

SG1524 SG1525A SG1527A UC1840 
UC1842118431 

184411845 

Voltage Reference (%) ±4 ±1 ±1 ±1 ±1 

Soft Start • 0 e 
PWM Latch 0 • e G 

Under Voltage Lockout • • e e 
Pulse by Pulse Current Limiting e 0 

Shutdown Terminal 8 Q) • e 
Output Current (A) 0.1 0.1 0.1 0.2 0.2 

(0.4) (0.4) (1) 

Feedforward e 0 

Max. Oscillator Frequency (KHz) 300 500 500 500 500 

Dual Uncommitted Outputs 0 

Single Ended Output • • 
Totem Pole Outputs • • 
Separate Oscillator Synch. Terminal • • 
Adjustable Deadtime Control • • • • 
Latch Off or Continuous Retry Mode Q 

Low Current Start-Up • • 
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SELECTION GUIDE 

PWM CONTROLLERS 

Operating Temperature: -25 to 85°C 
Parameters 

SG2524 SG2525A SG2527A UC2840 
UC2842/2843/ 

2844/2845 

Voltage Reference (%) ±4 ±1 ±1 ±1 ±1 

Soft Start • • • 
PWM Latch • • • • 
Under Voltage Lockout • • • • 
Pulse by Pulse Current Limiting • ® 

Shutdown Terminal • • • • 
Output Current (A) 0.1 0.1 0.1 0.2 0.2 

(0.4) (0.4) (1) 

Feedforward • e 
Max. Oscillator Frequency (KHz) 300 500 500 500 500 

Dual Uncommitted Outputs • 
Single Ended Output • • 
Totem Pole Outputs • • 
Separate Oscillator Synch. Terminal • • 
Adjustable Deadtime Control • • • • 
Latch Off or Continuous Retry Mode • 
Low Current Start-Up • • 
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SELECTION GUIDE 

PWM CONTROLLERS 

Operating Temperature: 0 to 1o•c 
Parameters 

SG3524 SG3525A SG3527A UC3840 
UC3842/3843/ 

3844/3845 

Voltage Reference (%) ±8 ±2 ±2 ±2 ±2 

Soft Start e e • 
PWM Latch 0 0 • • 
Under Voltage Lockout e • • 0 

Pulse by Pulse Current Limiting • • 
Shutdown Terminal e ~ 0 • • 
Output Current (A) 0.1 0.1 0.1 0.2 0.2 

(0.4) (0.4) (1) 

Feedforward • • 
Max. Oscillator Frequency (KHz) 300 500 500 500 500 

Dual Uncommitted Outputs • 
Single Ended Output • • 
Totem Pole Outputs • • 
Separate OsciJJator Synch. Terminal • • 
Adjustable Deadtime Control • • • 0 

Latch Off or Continuous Retry Mode • 
Low Current Start-Up • • 
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DARLINGTON ARRAYS 

Type N. VcEX lo 

L601 8 90V 0.5A 

L602 8 90V 0.4A 

L603 8 90V 0.4A 

L604 8 90V 0.4A 

L702B 4 90V 2A 

L702N 4 90V 2A 

L7150 4 sov 1.5A 

L7152 4 sov 1.5A 

L7180 4 80V 1.5A 

L7182 4 8DV 1.5A 

ULN2001A/D 7 sov 0.5A 

ULN2002A/D 7 50V 0.5A 

ULN2003A/D 7 50V 0.5A 

ULN2004A/D 7 50V 0.5A 

ULQ2001R 7 50V 0.5A 

ULQ2002R 7 50V 0.5A 

ULQ2003R 7 50V 0.5A 

ULQ2004R 7 50V 0.5A 

e = Common emitters. 
+ = Integral suppression diodes. 

Input 

General 
Purpose 

14-25V 
PMOS 

5V 
TTUCMOS 

6-15V 
CMOS/PMOS 

5V 
TTL 

5V 
TTL 

sv 
TTUCMOS 

6-15V 
CMOS/PMOS 

5V 
TTUCMOS 

6-15V 
CMOS/PMOS 

General 
Purpose 

14-25V 
PMOS 

5V 
TTUCMOS 

6-15V 
CMOS/PMOS 

General 
Purpose 

14-25V 
PMOS 

5V 
TTUCMOS 

6-15V 
CMOS/PMOS 

• = Isolated darlingtons. 
I> = Predriver stage. 

SELECTION GUIDE 

Configuration Package 

• * 
• * 
• * 

PLASTIC 
DIP-16 

• * 
• 
• MULTIWATT 11 

• * 
• * MULTIWATT 15 

• * 
• * 
• * 
• * 

PLASTIC 
DIP-16 
AND 

• * S0~16 

• * 
• * 
• * CERAMIC 

DIP-16 

• * 
• * 
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SELECTION GUIDE 

DARLINGTON ARRAYS 

Type N. VcEX lo 

ULN2064B 4 50V 1.5A 

ULN2065B 4 80V 1.5A 

ULN2066B 4 50V 1.5A 

ULN2067B 4 80V 1.5A 

ULN2068B 4 50V 1.5A 

ULN2069B 4 80V 1.5A 

ULN2070B 4 50V 1.5A 

ULN2071B 4 80V 1.5A 

ULN2074B 4 50V 1.5A 

ULN2075B 4 80V 1.5A 

ULN2076B 4 50V 1.5A 

ULN2077B 4 80V 1.5A 

ULN2801A 8 50V 0.5A 

ULN2802A 8 50V 0.5A 

ULN2803A 8 50V 0.5A 

ULN2804A 8 50V 0.5A 

ULN2805A 8 50V 0.5A 

• = Common em1tters. * = Integral suppression diodes. 
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Input 

5V 
TTUCMOS 

5V 
TTUCMOS 

6-15V 
CMOS/PMOS 

6-15V 
CMOS/PMOS 

5V 
CMOSffil 

5V 
CMOSffiL 

6·15V 
CMOS/PMOS 

6-15V 
CMOS/PMOS 

General 
Purpose 

General 
Purpose 

6-15V 
CMOS/PMOS 

6-15V 
CMOS/PMOS 

General 
Purpose 

14·25V 
PMOS 

5V 
TTUCMOS 

6-15V 
CMOS/PMOS 

High Output 
TTL 

• = Isolated darlingtons. 
[> = Predriver stage. 

Configuration Package 

• * 
• * 
• * 
• * 

[> • * 
[> • * 

PLASTIC 
DIP-16 

I> • * 
I> • * 
• 
• 
• 
• 
• * 
• * 
• * 

PLASTIC 
DIP-18 

• * 
• * 



SELECTION GUIDE 

BIPOLAR TIMERS 

Package 

Type Description Pins 
D: PlastiC micropackage 
H: Metal can 
J: Cerdip 
N: Plastic dual m line 

NE 555 Single 8 N,D,J,H 

NE 556 Dual 14 N,D,J 

Note: T1mes are ava1lable in 3 temperature ranges (0°C to + 70°C, -40°C to + 105°C, -55°C to + 125°C} unless otherwise specified. 

CMOS TIMERS 

Type Description 

TS555 Single } In development 
TS556 Dual 

LINEAR DRIVERS 

Type Description Package 

L165 Power Op. Amplifier PENT AWAIT 

L272 Dual Power Op. Amplifier DIP-16 

L272M Dual Power Op. Amplifier MINIDIP 

L2720 Dual Power Op. Amplifier DIP-16 

L2722 Dula Power Op. Amplifier MINIDIP 

QUAD LINE DRIVERS/RECEIVERS 

Temperature Rise Delay Supply Max 
Type Function Range Time Time Current Supply Package 

(oC) (ns) (ns) (mA) (V) 

MC1488 D Driver 0 to 75 55 110/275 18 30 
S0-14 

MC1489 D 
Receivers 0 to 75 

120 25 16 
10 

MC1489 AD 120 25 16 

MC1488 P Driver 0 to 75 55 110/275 18 30 

MC1489 AP 
Receivers 0 to 75 

120 25 16 
10 

DIP-14 
MC1489 P 120 25 16 

MC1488 L Driver o to 75 55 110/275 18 30 
CERAMIC 

MC1489 AL 
Receivers 0 to 75 

120 25 16 
10 DIP-14 

MC1489 L 120 25 10 
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SELECTION GUIDE 

OAT A CONVERSION 

Type Accuracy 
Temperature Package 

range (°C) D: Plastic micropackage 
H: Metal can 
J: Cerdip 
N: PlastiC dual in line 

DACOBOB LCN DIP-16 
DACOBOB LCJ 0 to 75 CERAMIC DIP-16 
DACOBOB D1 8 bit S0-16 

DACOBOB LJ -55 to 125 CERAMIC DIP-16 

DAC0807 LCN DIP-16 
DAC0807 LCJ 7 bit 0 to 75 CERAMIC DIP-16 
DAC0807 D1 S0-16 

DACOBOG LCN DIP-16 
DACOBOG LCJ 6 bit 0 to 75 CERAMIC DIP-16 
DACOBOG 01 S0-16 

AM6012 DC 12 bit 0 to 70 DIP-20 
AM6012 ADC 

AM6012 D 
12 bit 

AM6012 AD 
o to 70 S0-20L 

MISCELLANEOUS 

Type Description Pins Package 

LM 334 Adjustable Current Source (Temp. ranges: o•c to 
+ 7o•c, - 25•c to + 1 oo•c, - 55•c to + 125°C} 3 z 

LM 335/A Precision Temperature Sensor (Temp. ranges: -40°C to 
+ 1oo•c, -4o•c to + 125•c, - 55°C to + 15o•c) 8,3 D,Z 

LM 336/A/B 2.5V Voltage Reference (Temp. ranges: o•c to + 1o•c 
- 2s•c to + 85°C) 8,3 D,Z 

L5832 Solenoid Controller Temp. Range: o to 70°C 16 DIP 

L6221A/N Quad Darlington Switch Temp. Range: o to 1o•c 15/16 MULTIWATT, DIP 

M8438A LCD Driver Temp. Range: -40 to 85°C 40/44 DIP PLCC 

M8439 LCD Driver Temp. Range: -40 to 85°C 40 DIP 

UCN4801A BIMOS/LATCH driver Temp. Ranges: -20 to 85°C 22 DIP 
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CROSS REFERENCE 

INDUSTRY 
NEAREST 

STANDARD 
SOURCE SGS·THOMSON 

TYPE 

INDUSTRY NEAREST 

STANDARD SOURCE SGS·THOMSON 
TYPE 

AM6012APC AMD AM6012APC DS1489AJ NATIONAL MC1489AL 
AM6012PC AMD AM6012PC DS1489AN NATIONAL MC1489AP 
CA081AE RCA TL081ACN DS1489J NATIONAL MC1489L 
CAOB1BE RCA TL081BCN DS1489N NATIONAL MC1489P 
CA081E RCA TL081CN ITT552 ITT ULN2001A 
CA082AE RCA TL082ACN ITT554 ITT ULN2002A 
CA082BE RCA TL082BCN ITT556 ITT ULN2003A 
CAOB2E RCA TL082CN LF255M NATIONAL LF255D 
CA084AE RCA TL084ACN LF255N NATIONAL LF255N 
CA084BE RCA TL084BCN LF256M NATIONAL LF256D 
CA084E RCA TL084CN LF256N NATIONAL LF256N 
CA124E RCA LM124N LF257M NATIONAL LF257D 
CA139AF RCA LM139AJ LF257N NATIONAL LF257N 
CA139E RCA LM139N LF347J NATIONAL LF347J 
CA139F RCA LM139J LF347M NATIONAL LF347D 
CA1458E RCA MC1458N LF347N MOTOROLA LF347N 
CA1558E RCA MC1558N LF347N NATIONAL LF347N 
CA15BE RCA LM15BN LF351M NATIONAL LF351D 
CA224E RCA LM224N LF351 N MOTOROLA LF351N 
CA239AE RCA LM239AN LF351 N NATIONAL LF351N 
CA239AF RCA LM239AJ LF353M NATIONAL LF353D 
CA239E RCA LM239N LF353N MOTOROLA LF353N 
CA239F RCA LM239J LF353N NATIONAL LF353N 
CA258E: RCA LM25BN LF355AM NATIONAL LF355AD 
CA2901E RCA LM2901N LF355AN NATIONAL LF355AN 
CA2901F RCA LM2901J LF355M NATIONAL LF355D 
CA2902E RCA LM2902N LF355N MOTOROLA LF355N 
CA2904E RCA LM2904N LF355N NATIONAL LF355N 
CA301AE RCA LM301AN LF356AM NATIONAL LF356AD 
CA311E RCA LM311N LF356AN NATIONAL LF356AN 
CA324E RCA LM324N LF356M NATIONAL LF356D 
CA3290E RCA LM393N LF356N MOTOROLA LF356N 
CA339AE RCA LM339AN LF356N NATIONAL LF356N 
CA339AF RCA LM339AJ LF357AM NATIONAL LF357AD 
CA339E RCA LM339N LF357M NATIONAL LF357D 
CA339F RCA LM339J LF357N MOTOROLA LF357N 
CA358AE RCA LM358AN LF357N NATIONAL LF357N 
CA358E RCA LM358N LM101AM NATIONAL LM101AD 
CA555E RCA NE555N LM111D SIGNETICS LM111D 
CA741CE RCA UA741CN LM117K NATIONAL LM117K 
CA741CT RCA UA741CH LM119D SIGNETICS LM119D 
CA741E RCA UA741EN LM119F SIGNETICS LM119J 
CA741T RCA UA741H LM119J NATIONAL LM119J 
CA748CE RCA UA748CN LM124AJ NATIONAL LM124AJ 
CA748CT RCA UA74BCH LM124AJ TEXAS LM124AJ 
CA748T RCA UA748J LM124D SIGNETICS LM124D 
DAC0806LCJ NATIONAL DACOB06LCJ LM124F SIGNETICS LM124J 
DAC0806LCN NATIONAL DAC0806LCN LM124J MOTOROLA LM124J 
DAC0807LCJ NATIONAL DAC0807LCJ LM124J NATIONAL LM124J 
DAC0807LCN NATIONAL DAC0807LCN LM124J TEXAS LM124J 
DAC0808LCJ NATIONAL DACOBOBLCJ LM124N SIGNETICS LM124N 
DACOBOBLCN NATIONAL DACOBOBLCN LM1398AD SIGNETICS LM139AD 
DACOBOBLJ NATIONAL DACOBOBLJ LM139AF SIGNETICS LM139AJ 
DS1488J NATIONAL MC1488L LM139AJ MOTOROLA LM139AJ 
DS1488N NATIONAL MC1488P LM139AJ NATIONAL LM139AJ 
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CROSS REFERENCE 

INDUSTRY 
NEAREST 

STANDARD 
SOURCE SGS·THOMSON 

TYPE 

INDUSTRY 
NEAREST 

STANDARD 
SOURCE SGS-THOMSON 

TYPE 

LM139AJ TEXAS LM139AJ 
LM139D SIGNETICS LM139D 
LM139F SIGNETICS LM139J 
LM139J MOTOROLA LM139J 

LM237K MOTOROLA LM237K 
LM237K STEEL NATIONAL LM237K 
LM238K STEEL NATIONAL LM238K 
LM239AD SIGNETICS LM239AD 

LM139J NATIONAL LM139J 
LM139J TEXAS LM139J 
LM139N SIGNETICS LM139N 

LM239AD TEXAS LM239AD 
LM239AF SIGNETICS LM239AJ 
LM239AJ MOTOROLA LM239AJ 

LM1458M NATIONAL MC1458D 
LM1458N NATIONAL MC1458N 
LM146J NATIONAL LM146J 
LM148J MOTOROLA LM148J 
LM148J NATIONAL LM148J 
LM148J TEXAS LM148J 
LM158AJ NATIONAL LM158AJ 
LM158AJG TEXAS LM158AJ 
LM158F SIGNETICS LM158J 
LM158J MOTOROLA LM158J 
LM158J NATIONAL LM158J 
LM158JG TEXAS LM158J 
LM158N SIGNETICS LM158N 

LM239AJ NATIONAL LM239AJ 
LM239AJ TEXAS LM239AJ 
LM239AN SIGNETICS LM239AN 
LM239AN TEXAS LM239AN 
LM239D MOTOROLA LM239D 
LM239D SIGNETICS LM239D 
LM239D TEXAS LM239D 
LM239F SIGNETICS LM239J 
LM239J MOTOROLA LM239J 
LM239J NATIONAL LM239J 
LM239J TEXAS LM239J 
LM239N SIGNETICS LM239N 
LM239N TEXAS LM239N 

LM193AF SIGNETICS LM193AJ 
LM193AJ NATIONAL LM193AJ 
LM193AJG TEXAS LM193AJ 
LM193D SIGNETICS LM193D 
LM193J NATIONAL LM193J 

LM246J NATIONAL LM246J 
LM248D TEXAS LM248D 
LM248N TEXAS LM248N 
LM258AJG TEXAS LM258AJ 
LM258D MOTOROLA LM258D 

LM193N SIGNETICS LM193N LM258D TEXAS LM258D 

LM201AD MOTOROLA LM201AD LM258F SIGNETICS LM258J 

LM201AD TEXAS LM201AD 
LM201AM NATIONAL LM201AD 

LM258JG TEXAS LM258J 
LM258N SIGNETICS LM258N 

LM201AN MOTOROLA LM201AN LM258P TEXAS LM258N 

LM201AN NATIONAL LM201AN LM2901D MOTOROLA LM2901D 

LM201AP TEXAS LM201AN LM2901D SIGNETICS LM2901D 
LM211D MOTOROLA LM211D LM2901D TEXAS LM2901D 

LM211D SIGNETICS LM211D LM2901F SIGNETICS LM2901J 
LM211D TEXAS LM211D LM2901J MOTOROLA LM291J 
LM211N SIGNETICS LM211N LM2901J NATIONAL LM2901J 
LM211P TEXAS LM211N LM2901J TEXAS LM2901J 
LM219D SIGNETICS LM219D LM2901M NATIONAL LM2901D 
LM219F SIGNETICS LM219J LM2901N MOTOROLA LM2901N 
LM219J NATIONAL LM219J LM2901N NATIONAL LM2901N 

LM223K MOTOROLA LM223K LM2901N SIGNETICS LM2901N 

LM223K STEEL NATIONAL LM223K LM2901N TEXAS LM2901N 
LM224AD TEXAS LM224AD LM2902D MOTOROLA LM2902D 
LM224AJ NATIONAL LM224AJ LM2902D TEXAS LM2902D 
LM224AJ TEXAS LM224AJ LM2902J MOTOROLA LM2902J 
LM224AN TEXAS LM224AN LM2902J NATIONAL LM2902J 
LM224D MOTOROLA LM224D LM2902J TEXAS LM2902J 
LM224D SIGNETICS LM224D LM2902M NATIONAL LM2902D 
LM224D TEXAS LM224D LM2902N MOTOROLA LM2902N 
LM224F SIGNETICS LM224J LM2902N NATIONAL LM2902N 
LM224J MOTOROLA LM224J LM2902N TEXAS LM2902N 
LM224J NATIONAL LM224J LM2903D MOTOROLA LM2903D 
LM224J TEXAS LM224J LM2903D TEXAS LM2903D 
LM224N SIGNETICS LM224N LM2903F SIGNETICS LM2903J 
LM224N TEXAS LM224N LM2903JG TEXAS LM2903J 
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CROSS REFERENCE 

INDUSTRY NEAREST 

STANDARD 
SOURCE SGS· THOMSON 

TYPE 

INDUSTRY NEAREST 

STANDARD 
SOURCE SGS·THOMSON 

TYPE 

LM2903M NATIONAL LM2903D LM318M NATIONAL LM318D 
LM2903N MOTOROLA LM2903N LM318N NATIONAL LM318N 
LM2903N NATIONAL LM2903N LM318P TEXAS LM318N 
LM2903N SIGNETICS LM2903N LM319D SIGNETICS LM319D 
LM2903P TEXAS LM2903N LM319F SIGNETICS LM319J 
LM2904D MOTOROLA LM2904D LM319J NATIONAL LM319J 
LM2904D TEXAS LM2904D LM319M NATIONAL LM319D 
LM2904J NATIONAL LM2904J LM319N NATIONAL LM319N 
LM2904JG TEXAS LM2904J LM323K MOTOROLA LM323K 
LM2904M NATIONAL LM2904D LM323K STEEL NATIONAL LM323K 
LM2904N MOTOROLA LM2904N LM324AD TEXAS LM324AD 
LM2904N NATIONAL LM2904N LM324AJ MOTOROLA LM324AJ 
LM2904P TEXAS LM2904N LM324AJ NATIONAL LM324AJ 
LM293AF SIGNETICS LM293AJ LM324AJ TEXAS LM324AJ 
LM293AJ NATIONAL LM293AJ LM324AM NATIONAL LM324AD 
LM293AJG TEXAS LM293AJ LM324AN NATIONAL LM324AN 
LM293D TEXAS LM293D LM324AN TEXAS LM324AN 
LM293F SIGNETICS LM293J LM324D MOTOROLA LM324D 
LM293J NATIONAL LM293J LM324D SIGNETICS LM324D 
LM293JG TEXAS LM293J LM324D TEXAS LM324D 
LM293N NATIONAL LM293N LM324F SIGNETICS LM324J 
LM293N SIGNETICS LM293N LM324J MOTOROLA LM324J 
LM301AD MOTOROLA LM301AD LM324J NATIONAL LM324J 
LM301AD TEXAS LM301AD LM324J TEXAS LM324J 
LM301AJ MOTOROLA LM301AJ LM324M NATIONAL LM324D 
LM301AJ NATIONAL LM301AJ LM324N MOTOROLA LM324N 
LM301AJG TEXAS LM301AJ LM324N NATIONAL LM324N 
LM301AM NATIONAL LM301AD LM324N SIGNETICS LM324N 
LM301AN MOTOROLA LM301AN LM324N TEXAS LM324N 
LM301AN NATIONAL LM301AN LM3302D TEXAS MC3302D 
LM301AP TEXAS LM301AN LM3302J NATIONAL MC3302J 
LM308AD MOTOROLA LM308AD LM3302J TEXAS MC3302J 
LM308AM NATIONAL LM308AD LM3302N NATIONAL MC3302N 
LM308AN MOTOROLA LM308AN LM3302N TEXAS MC3302N 
LM308AN NATIONAL LM308AN LM3303N NATIONAL MC3303N 
LM308D MOTOROLA LM308D LM334Z NATIONAL LM334Z 
LM308M NATIONAL LM308D LM335Z NATIONAL LM335Z 
LM308N MOTOROLA LM308N LM336BM NATIONAL LM336BD 
LM308N NATIONAL LM308N LM336BZ NATIONAL LM336BZ 
LM311D MOTOROLA LM311D LM336M NATIONAL LM336D 
LM311D SIGNETICS LM311D LM336Z NATIONAL LM336Z 
LM311D TEXAS LM311D LM337K MOTOROLA LM337K 
LM311F SIGNETICS LM311J LM337K STEEL NATIONAL LM337K 
LM311J MOTOROLA LM311J LM337KC TEXAS LM337SP 
LM311J·8 NATIONAL LM311J LM337T MOTOROLA LM337SP 
LM311JG TEXAS LM311J LM337T NATIONAL LM337SP 
LM311M NATIONAL LM311D LM339AD SIGNETICS LM339AD 
LM311N MOTOROLA LM311N LM339AD TEXAS LM339AD 
LM311N NATIONAL LM311N LM339AF SIGNETICS LM339AJ 
LM311N SIGNETICS LM311N LM339AJ MOTOROLA LM339AJ 
LM311P TEXAS LM311N LM339AJ NATIONAL LM339AJ 
LM317K NATIONAL LM317K LM339AJ TEXAS LM339AJ 
LM317SP THOMSON LM317T LM339AM NATIONAL LM339AD 
LM317T NATIONAL LM317T LM339AN MOTOROLA LM339AN 
LM318D TEXAS LM318D LM339AN NATIONAL LM339AN 
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LM339AN SIGNETICS LM339AN LM393J NATIONAL LM393J 
LM339AN TEXAS LM339AN LM393JG TEXAS LM393J 
LM339D MOTOROLA LM339D LM393M NATIONAL LM393D 
LM339D SIGNETICS LM339D LM393N MOTOROLA LM393N 
LM339D TEXAS LM339D LM393N NATIONAL LM393N 
LM339F SIGNETICS LM339J LM393N SIGNETICS LM393N 
LM339J NATIONAL LM339J LM393P TEXAS LM293N 
LM339J TEXAS LM339J LM393P TEXAS LM393N 
LM339M NATIONAL LM339D LM555CJ NATIONAL NE555J 
LM339N MOTOROLA LM339N LM555CM NATIONAL NE555D 
LM339N NATIONAL LM339N LM555CN NATIONAL NE555N 
LM339N SIGNETICS LM339N LM556CJ NATIONAL NE556J 
LM339N TEXAS LM339N LM556CM NATIONAL NE556D 
LM3403J NATIONAL MC3403J LM556CN NATIONAL NE556N 
LM3403M NATIONAL MC3403D LM556J NATIONAL SE556J 
LM3403N NATIONAL MC3403N LM723CH NATIONAL LM723CH 
LM346J NATIONAL LM346J LM723CJ NATIONAL LM723CD 
LM346M NATIONAL LM346D LM723CM NATIONAL LM723CD 
LM346N NATIONAL LM346N LM723CN NATIONAL LM723CN 
LM34BD MOTOROLA LM348D LM723H NATIONAL LM723H 
LM348D TEXAS LM348D LM723J NATIONAL LM723J 
LM34BM NATIONAL LM34BD LM741AH NATIONAL UA741AH 
LM348N MOTOROLA LM348N LM741AJ NATIONAL UA741AJ 
LM348N NATIONAL LM34BN LM741CH NATIONAL UA741CH 
LM348N TEXAS LM348N LM741CJ NATIONAL UA741CJ 
LM3503J NATIONAL MC3503J LM741CM NATIONAL UA741CD 
LM358AD TEXAS LM358AD LM741CN NATIONAL UA741CN 
LM358AJG TEXAS LM358AJ LM741EH NATIONAL UA741EH 
LM358AM NATIONAL LM358AD LM741EN NATIONAL UA741EN 
LM358AN NATIONAL LM358AN LM741H NATIONAL UA741H 
LM358AP TEXAS LM358AN LM741J NATIONAL UA741J 
LM35BD MOTOROLA LM35BD LM748CH NATIONAL UA748CH 
LM358D SIGNETICS LM358D LM748CJ NATIONAL UA748CJ 
LM358D TEXAS LM358D LM748CN NATIONAL UA748MH 
LM358F SIGNETICS LM358J LM748J NATIONAL UA748J 
LM358J MOTOROLA LM358J LMC660AIN NATIONAL TS27M4BIN 
LM358J NATIONAL LM358J LMC660CN NATIONAL TS27M4ACN 
LM35BJG TEXAS LM358J LM7805CK NATIONAL L7805CT 
LM358M NATIONAL LM35BD LM7805CT NATIONAL L7805CV 
LM35BN MOTOROLA LM358N LM7812CK NATIONAL L7812CT 
LM358N NATIONAL LM358N LM7812CT NATIONAL L7812CV 
LM35BN SIGNETICS LM358N LM7815CK NATIONAL L7815CT 
LM358P TEXAS LM358N LM7815CT NATIONAL L7815CV 
LM393AD TEXAS LM393AD LM7905CK NATIONAL L7905CT 
LM393AF SIGNETICS LM393AJ LM7905CT NATIONAL L7905CV 
LM393AJ NATIONAL LM393AJ LM7912CK NATIONAL L7912CT 
LM393AJG TEXAS LM393AJ LM7912CT NATIONAL L7912CV 
LM393AN MOTOROLA LM393AN LM7915CK NATIONAL L7915CT 
LM393AN NATIONAL LM393AN LM7915CT NATIONAL L7915CV 
LM393AN SIGNETICS LM393AN MC1408L6 MOTOROLA DAC0806LCJ 
LM393AP TEXAS LM393AN MC1408L7 MOTOROLA DAC0807LCJ 
LM393D MOTOROLA LM393D MC1408L8 MOTOROLA DACOBOBLCJ 
LM393D SIGNETICS LM393D MC1408P6 MOTOROLA DACOB06LCN 
LM393D TEXAS LM393D MC1408P7 MOTOROLA DAC0807LCN 
LM393F SIGNETICS LM393J MC1408PB MOTOROLA DACOBOBLCN 
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MC1455D MOTOROLA NE555D MC3303J TEXAS MC3303J 
MC1455P1 MOTOROLA NE555N MC3303L MOTOROLA MC3303J 
MC1455U MOTOROLA NE555J MC3303N SIGNETICS MC3303N 
MC1458D MOTOROLA MC1458D MC3303N TEXAS MC3303N 
MC1458D SIGNETICS MC1458D MC3303P MOTOROLA MC3303N 
MC1458D TEXAS MC1458D MC34001AP MOTOROLA MC34001AN 
MC1458FE SIGNETICS MC1458J MC34001BP MOTOROLA MC34001BN 
MC1458JG TEXAS MC1458J MC34001P MOTOROLA MC34001N 
MC1458N SIGNETICS MC1458N MC34002AP MOTOROLA MC34002AN 
MC1458P TEXAS MC1458N MC34002BP MOTOROLA MC34002BN 
MC1458P MOTOROLA MC1458N MC34002P MOTOROLA MC34002N 
MC1458U MOTOROLA MC1458J MC34004AP MOTOROLA MC34004AN 
MC1488F PHIL.SIGN. MC1488L MC34004BP MOTOROLA MC34004BN 
MC1488L MOTOROLA MC1488L MC34004P MOTOROLA MC34004N 
MC1488N PHIL.SIGN. MC1488P MC3403CF SIGNETICS MC3403J 
MC1488P MOTOROLA MC1488P MC3403CN SIGNETICS MC3403N 
MC1489AF PHIL.SIGN. MC1489AL MC3403D MOTOROLA MC3403D 
MC1489AL MOTOROLA MC1489AL MC3403D SIGNETICS MC3403D 
MC1489AN PHIL.SIGN. MC1489AP MC3403D TEXAS MC3403D 
MC1489AP MOTOROLA MC1489AP MC3403J TEXAS MC3403J 
MC1489F PHIL.SIGN. MC1489L MC3403L MOTOROLA MC3403J 
MC1489L MOTOROLA MC1489L MC3403N TEXAS MC3403N 
MC1489N PHIL.SIGN. MC1489P MC3403P MOTOROLA MC3403N 
MC1489P MOTOROLA MC1489P MC3456L MOTOROLA NE556J 
MC1508L8 MOTOROLA DAC0808LJ MC3456P MOTOROLA NE556N 
MC1558D SIGNETICS MC1558D MC3503F SIGNETICS MC3503J 
MC1558FE SIGNETICS MC1558J MC3503J TEXAS MC3503J 
MC1558JG TEXAS MC1558J MC3503L MOTOROLA MC3503J 
MC1558N SIGNETICS MC1558N MC3556L MOTOROLA SE556J 
MC1558U MOTOROLA MC1558J MC4558CP1 MOTOROLA MC4558CN 
MC1741CD MOTOROLA UA741CD MC4558BCU MOTOROLA MC4558CJ 
MC1741CG MOTOROLA UA741CH MC7805ACT MOTOROLA L7805ACV 
MC1741CP1 MOTOROLA UA741CN MC7805CK MOTOROLA L7805CT 
MC1741CU MOTOROLA UA741CJ MC7805CT MOTOROLA L7805CV 
MC1741G MOTOROLA UA741H MC7805K MOTOROLA L7805T 
MC1741U MOTOROLA UA741J MC7806ACT MOTOROLA L7806ACV 
MC1748CD MOTOROLA UA748CD MC7806CK MOTOROLA L7806CT 
MC1748BCG MOTOROLA UA748CH MC7806CT MOTOROLA L7806CV 
MC1748CP1 MOTOROLA UAY4BCN MC7806K MOTOROLA L7806T 
MC1748CU MOTOROLA UA748CJ MC7808ACT MOTOROLA L7808ACV 
MC1748G MOTOROLA UA748MH MC7808CK MOTOROLA L7808CT 
MC1748U MOTOROLA UA748J MC7808CT MOTOROLA L780BCV 
MC1776CD MOTOROLA UA778CD MC7808K MOTOROLA L780BT 
MC1776CG MOTOROLA UA778CH MC7812ACT MOTOROLA L7812ACV 
MC1776CP1 MOTOROLA UA776CN MC7812CK MOTOROLA L7812CT 
MC1776G MOTOROLA UA77BMH MC7812CT MOTOROLA L7812CV 
MC3302D MOTOROLA MC3302D MC7812K MOTOROLA L7812T 
MC3302D SIGNETICS MC3302D MC7815ACT MOTOROLA L7815ACV 
MC3302F SIGNETICS MC3302J MC7815CK MOTOROLA L7815CT 
MC3302L MOTOROLA MC3302J MC7815CT MOTOROLA L7815CV 
MC3302N SIGNETICS MC3302N MC7815K MOTOROLA L7815T 
MC3302P MOTOROLA MC3302N MC7818ACT MOTOROLA L7818ACV 
MC3303D SIGNETICS MC3303D MC7818CK MOTOROLA L7818CT 
MC3303D TEXAS MC3303D MC7818CT MOTOROLA L7818CV 
MC3303F SIGNETICS MC3303J MC7818K MOTOROLA L7818T 
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MC7824ACT MOTOROLA L7824ACV RV4558P TEXAS MC45581N 

MC7824CT MOTOROLA L7824CV SA1458D SIGNETICS MC14581D 

MC7824K MOTOROLA L7824T SA1458N SIGNETICS MC14581N 

MC78M05CT MOTOROLA L78M05CV SA4558N SIGNETICS MC455BIN 
MC78M06CT MOTOROLA L78M06CV SA532D SIGNETICS LM2904D 
MC78MOBCT MOTOROLA L78MOBCV SA532FE SIGNETICS LM2904J 

MC78M12CT MOTOROLA L78M12CV SA532N SIGNETICS LM2904N 

MC78M15CT MOTOROLA L78M15CV SA534D SIGNETICS LM2902D 

MC78M18CT MOTOROLA L78M18CV SA534F SIGNETICS LM2902J 

MC78M24CT MOTOROLA L78M24CV SA534N SIGNETICS LM2902N 
MC7905CK MOTOROLA L7905CT SA555D TEXAS SA555D 

MC7905CT MOTOROLA L7905CV SA555JG TEXAS SA555J 
MC7908CK MOTOROLA L7908CT SA555P TEXAS SA555N 
MC7908CT MOTOROLA L7908CV SA556D TEXAS SA556D 

MC7912CK MOTOROLA L7912CT SA556J TEXAS SA556J 
MC7912CT MOTOROLA L7912CV SA556N TEXAS SA556N 
MC7915CK MOTOROLA L7915CT SA741CN SIGNETICS UA7411N 

MC7915CT MOTOROLA L7915CV SE555F SIGNETICS SE558J 
MC7918CK MOTOROLA L7918CT SE556J TEXAS SE556J 

MC7918CT MOTOROLA L7918CV SG1524J SIL.GEN. SG1524J 
MC7924CK MOTOROLA L7924CT SG1525AJ SIL.GEN. SG1525AJ 
MC7924CT MOTOROLA L7924CV SG1527AJ SIL.GEN. SG1527AJ 
MC7952CK MOTOROLA L7952CT SG2001J SIL.GEN. ULQ2001R 
MC7952CT MOTOROLA L7952CV SG2001N SIL.GEN. ULN2001A 
NE4558D SIGNETICS MC4558CD SG2002J SIL.GEN. ULQ2002R 

NE4558F SIGNETICS MC4558CJ SG2002N SIL.GEN. ULN2002A 
NE4558N SIGNETICS MC4558CN SG2003J SIL.GEN. ULQ2003R 
NE532D SIGNETICS NE532D SG2003N SIL.GEN. ULN2003A 
NE532F SIGNETICS NE532J SG2004J SIL.GEN. ULQ2004R 
NE532N SIGNETICS NE532N SG2004N SIL.GEN. ULN2004A 
NE555D SIGNETICS NE555D SG2524J SIL.GEN. SG2524J 
NE555D TEXAS NE555D SG2524N SIL.GEN. SG2524J 
NE555F SIGNETICS NE555J SG2525AJ SIL.GEN. SG2525AJ 
NE555JG TEXAS NE555J SG2525AN SIL.GEN. SG2525AN 
NE555N SIGNETICS NE555N SG2527AJ SIL.GEN. SG2527AJ 
NE555P TEXAS NE555N SG2527AN SIL.GEN. SG2527AN 
NE556D SIGNETICS NE556D SG3524D PHIL.SIGN. SG3524D 
NE556D TEXAS NE556D SG3524J SIL.GEN. SG3524J 
NE556F SIGNETICS NE556J SG3524N SIL.GEN. SG3524N 
NE556J TEXAS NE556J SG3525AJ SIL.GEN. SG3525AJ 
NE556N SIGNETICS NE556N SG3525AN SIL.GEN. SG3525AN 
NE556N TEXAS NE556N SG3527AJ SIL.GEN. SG3527AJ 
NE5601N PHIL.SIGN. ULN2001A SG3527AN SIL.GEN. SG3527AN 
NE5602N PHIL.SIGN. ULN2002A SN75064NE TEXAS ULN2064B 
NE5603N PHIL.SIGN. ULN2003A SN75065NE TEXAS ULN2065B 
NE5604N PHIL.SIGN. ULN2004A SN75066NE TEXAS ULN2066B 
PWM125AK SILICON IX SG1525AJ SN75067NE TEXAS ULN2067B 
PWM125BK SILICON IX SG2525AJ SN75068NE TEXAS ULN2068B 
PWM125CK SILICON IX SG3525AJ SN75069NE TEXAS ULN2069B 
RC1488DC RAYTHEON MC1488L SN75074NE TEXAS ULN2074B 
RC1489ADC RAYTHEON MC1489AL SN75075NE TEXAS ULN2075B 
RC1489DC RAYTHEON MC1489L SN75188J TEXAS MC1488L 
RC4558D TEXAS MC4558CD SN75188N TEXAS MC1488P 
RC4558JG TEXAS MC4558CJ SN75189AN TEXAS MC1489AP 
RC4558P TEXAS MC4558CN SN75189AT TEXAS MC1489AL 
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SN75189J TEXAS 
SN75189N TEXAS 
TA7504P TOSHIBA 
TA75061P TOSHIBA 
TA75062F TOSHIBA 
TA75062P TOSHIBA 
TA75064F TOSHIBA 
TA75064P TOSHIBA 
TA75064P TOSHIBA 
TA7506P TOSHIBA 
TA75071F TOSHIBA 
TA75071P TOSHIBA 
TA75072F TOSHIBA 
TA75072P TOSHIBA 
TA75074F TOSHIBA 
TA75074P TOSHIBA 
TA75339F TOSHIBA 
TA75339P TOSHIBA 
TA75358CF TOSHIBA 
TA75358CP TOSHIBA 
TA75358F TOSHIBA 
TA75358P TOSHIBA 
TA75393F TOSHIBA 
TA75393P TOSHIBA 
TA7540P TOSHIBA 
TA75458F TOSHIBA 
TA75558F TOSHIBA 
TA75558P TOSHIBA 
TA7555F TOSHIBA 
TA7555P TOSHIBA 
TA75902F TOSHIBA 
TA75902P TOSHIBA 
TBA222 SIEMENS 
TBA222B SIEMENS 
TBB741G SIEMENS 
TDA0200SP THOMSON 
TL061ACD TEXAS 
TL061ACP TEXAS 
TL061BCD TEXAS 
TL061BCP TEXAS 
TL061CD TEXAS 
TL061CP TEXAS 
TL0611D TEXAS 
TL0611P TEXAS 
TL062ACP TEXAS 
TL062ACPD TEXAS 
TL062BCD TEXAS 
TL062BCP TEXAS 
TL062CD TEXAS 
TL062CP TEXAS 
TL0621D TEXAS 
TL0621P TEXAS 
TL064ACD TEXAS 
TL064ACN TEXAS 
TL064BCD TEXAS 

NEAREST 
SGS·THOMSON 

TYPE 

INDUSTRY 
STANDARD 

MC1489L TL064BCN 
MC1489P TL064CD 
UA741CN TL064CN 
TL061CN TL0641D 
TL062CD TL0641N 
TL062CN TL070ACP 
TL064CD TL071ACD 
TL0641N TL071ACP 
TL064CN TL071ACP 
LM301AN TL071BCD 
TL071CD TL071BCP 
TL071CN TL071BCP 
TL072CD TL071CD 
TL072CN TL071CP 
TL074CD TL071CP 
TL074CN TL0711D 
LM2901D TL0711P 
LM2901N TL072ACD 
LM358D TL072ACP 
LM358N TL072BCD 
LM2904D TL072BCP 
LM2904N TL072BCP 
LM2903D TL072CD 
LM2903N TL072CP 
UA7761N TL072CP 
MC1458D TL0721D 
MC4558CD TL0721P 
MC4558CN TL074ACD 
NE555D TL074ACN 
NE555N TL074ACN 
LM2902D TL074BCD 
LM2902N TL074BCN 
UA741H TL074BCN 
UA741N TL074CD 
UA741CD TL074CN 
L200CV TL074CN 
TL061ACD TL0741D 
TL061ACN TL0741N 
TL061BCD TL081ACD 
TL061BCN TL081ACP 
TL061CD TL081ACP 
TL061CN TL081BCD 
TL0611D TL081BCP 
TL0611N TL081BCP 
TL062ACN TL081CD 
TL062ACD TL081CP 
TL062BCD TL081CP 
TL062BCN TL0811D 
TL062CD TL0811P 
TL062CN TL082ACD 
TL0621D TL082ACP 
TL0621N TL082BCD 
TL064ACD TL082BCP 
TL064ACN TL082BCP 
TL064BCD TL082CD 

Gi SliS·ntOMSON 
~I ['>]nl!:ll1©~~mcvll1©00na:l!l 

CROSS REFERENCE 

NEAREST 
SOURCE SGS·THOMSON 

TYPE 

TEXAS TL064BCN 
TEXAS TL064CD 
TEXAS TL064CN 
TEXAS TL0641D 
TEXAS TL0641N 
MOTOROLA TL072ACN 
TEXAS TL071ACD 
MOTOROLA TL071ACN 
TEXAS TL071ACN 
TEXAS TL071BCD 
MOTOROLA TL071BCN 
TEXAS TL071BCN 
TEXAS TL071CD 
MOTOROLA TL071CN 
TEXAS TL071CN 
TEXAS TL0711D 
TEXAS TL0711N 
TEXAS TL072ACD 
TEXAS TL072ACN 
TEXAS TL072BCD 
MOTOROLA TL072BCN 
TEXAS TL072BCN 
TEXAS TL072CD 
MOTOROLA TL072CN 
TEXAS TL072CN 
TEXAS TL0721D 
TEXAS TL0721N 
TEXAS TL074ACD 
MOTOROLA TL074ACN 
TEXAS TL074ACN 
TEXAS TL074BCD 
MOTOROLA TL074BCN 
TEXAS TL074BCN 
TEXAS TL074CD 
MOTOROLA TL074CN 
TEXAS TL074CN 
TEXAS TL0741D 
TEXAS TL0741N 
TEXAS TL081ACD 
MOTOROLA TL081ACN 
TEXAS TL081ACN 
TEXAS TL081BCD 
MOTOROLA TL081BCN 
TEXAS TL081BCN 
TEXAS TL081CD 
MOTOROLA TL081CN 
TEXAS TL081CN 
TEXAS TL0811D 
TEXAS TL0811N 
TEXAS TL082ACD 
MOTOROLA TL082ACN 
TEXAS TL082BCD 
MOTOROLA TL082BCN 
TEXAS TL082BCN 
TEXAS TL082CD 
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TL082CP MOTOROLA TL082CN TLC2741D TEXAS TS2741D 
TL082CP MOTOROLA TL082CN TLC2741N TEXAS TS2741N 
TL0821D TEXAS TL0821D TLC27L2ACD TEXAS TS27L2ACD 
TL082IP TEXAS TL0821N TLC27L2ACP TEXAS TS27L2ACN 
TL084ACD TEXAS TL084ACD TLC27L2AID TEXAS TS27L2AID 
TL084ACN MOTOROLA TL084ACN TLC27L2AIP TEXAS TS27L2AIN 
TL084ACN TEXAS TL084ACN TLC27L2BCD TEXAS TS27L2BCD 
TL084BCD TEXAS TL084BCD TLC27L2BCP TEXAS TS27L2BCN 
TL084BCN MOTOROLA TL084BCN TLC27L2BID TEXAS TS27L2BID 
TL084BCN TEXAS TL084BCN TLC27L2BIP TEXAS TS27L2BIN 
TL084CD TEXAS TL084CD TLC27L2CD TEXAS TS27L2CD 
TL084CN MOTOROLA TL084CN TLC27L2CP TEXAS TS27L2CN 
TL084CN TEXAS TL084CN TLC27L21D TEXAS TS27L21D 
TL0841D TEXAS TL0841D TLC27L21P TEXAS TS27L21N 
TL0841J TEXAS TL0841J TLC27L4ACD TEXAS TS27L4ACD 
TL0841N TEXAS TL0841N TLC27L4ACN TEXAS TS27L4ACN 
TL7702ACP TEXAS TL7702ACP TLC27L4AID TEXAS TS27L4AID 
TL7705ACP TEXAS TL7705ACP TLC27L4AIN TEXAS TS27L4AIN 
TL7709ACP TEXAS TL7709ACP TLC27L4BCD TEXAS TS27L4BCD 
TL7712ACP TEXAS TL7712ACP TLC27L4BCN TEXAS TS27L4BCN 
TL7715ACP TEXAS TL7715ACP TLC27L4BID TEXAS TS27L4BID 
TLC271ACD TEXAS TS271ACD TLC27L4BIN TEXAS TS27L4BIN 
TLC271ACP TEXAS TS271ACN TLC27L4CD TEXAS TS27L4CD 
TLC271AID TEXAS TS271AID TLC27L4CN TEXAS TS27L4CN 
TLC271AIP TEXAS TS271AIN TLC27L41D TEXAS TS27L41D 
TLC271BCD TEXAS TS271BCD TLC27L41N TEXAS TS27L41N 
TLC271BCP TEXAS TS271BCN TLC27M2ACD TEXAS TS27M2ACD 
TLC271BID TEXAS TS271BID TLC27M2ACP TEXAS TS27M2ACN 
TLC271BIP TEXAS TS271BIN TLC27M2AID TEXAS TS27M2AID 
TLC271CD TEXAS TS271CD TLC27M2AIP TEXAS TS27M2AIN 
TLC271CP TEXAS TS271CN TLC27M2BCD TEXAS TS27M2BCD 
TLC2711D TEXAS TS2711D TLC27M2BCP TEXAS TS27M2BCN 
TLC2711P TEXAS TS2711N TLC27M2BID TEXAS TS27M2BID 
TLC272ACD TEXAS TS272ACD TLC27M2BIP TEXAS TS27M2BIN 
TLC272ACP TEXAS TS272ACN TLC27M2CD TEXAS TS27M2CD 
TLC272AID TEXAS TS272AID TLC27M2CP TEXAS TS27M2CN 
TLC272AIP TEXAS TS272AIN TLC27M21D TEXAS TS27M21D 
TLC272BCD TEXAS TS272BCD TLC27M21P TEXAS TS27M21N 
TLC272BCP TEXAS TS272BCN TLC27M4ACD TEXAS TS27M4ACD 
TLC272BID TEXAS TS272BID TLC27M4ACN TEXAS TS27M4ACN 
TLC272BIP TEXAS TS272BIN TLC27M4AID TEXAS TS27M4AID 
TLC272CD TEXAS TS272CD TLC27M4AIN TEXAS TS27M4AIN 
TLC272CP TEXAS TS272CN TLC27M4BCD TEXAS TS27M4BCD 
TLC2721D TEXAS TS2721D TLC27M4BCN TEXAS TS27M4BCN 
TLC2721P TEXAS TS2721N TLC27M4BID TEXAS TS27M4BID 
TLC274ACD TEXAS TS274ACD TLC27M4BIN TEXAS TS27M4BIN 
TLC274ACN TEXAS TS274ACN TLC27M4CD TEXAS TS27M4CD 
TLC274AID TEXAS TS274AID TLC27M4CN TEXAS TS27M4CN 
TLC274AIP TEXAS TS274AIN TLC27M41D TEXAS TS27M41D 
TLC274BCD TEXAS TS274BCD TLC27M41N TEXAS TS27M41N 
TLC274BCN TEXAS TS274BCN TLC372CD TEXAS TS372CD 
TLC274BID TEXAS TS274BID TLC372CP TEXAS TS372CN 
TLC274BIP TEXAS TS274BIN TLC3721D TEXAS TS3721D 
TLC274CD TEXAS TS274CD TLC3721P TEXAS TS3721N 
TLC274CN TEXAS TS274CN TLC374CD TEXAS TS374CD 
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TLC374CN TEXAS TS374CN UA741CP TEXAS UA741CN 
TLC3741D TEXAS TS3741D UA741EHC FAIRCHILD UA741EH 
TLC3741N TEXAS TS3741N UA741ETC FAIRCHILD UA741EN 
UA124DM FAIRCHILD LM124J UA741FE SIGNETICS UA741J 
UA139ADM FAIRCHILD LM139AJ UA741HC FAIRCHILD UA741CH 
UA139DM FAIRCHILD LM139J UA741HM FAIRCHILD UA741H 
UA1458RC FAIRCHILD MC1458J UA741MJG TEXAS UA741J 
UA1458SC FAIRCHILD MC1458D UA741N SIGNETICS UA741N 
UA1458TC FAIRCHILD MC1458N UA741RC FAIRCHILD UA741CJ 
UA148DM FAIRCHILD LM148J UA741RM FAIRCHILD UA741CD 
UA1558RM FAIRCHILD MC1558J UA741TC FAIRCHILD UA741CN 
UA201TC FAIRCHILD LM201AN UA748CD TEXAS UA748CD 
UA224DV FAIRCHILD LM224J UA748CJG TEXAS UA748CJ 
UA224PV FAIRCHILD LM224N UA748CP TEXAS UA748CN 
UA239DV FAIRCHILD LM239J UA748HC FAIRCHILD UA74BCH 
UA239PV FAIRCHILD LM239N UA748HM FAIRCHILD UA748MH 
UA239SV FAIRCHILD LM239D UA748MJG TEXAS UA748J 
UA2901DV FAIRCHILD LM2901J UA748RC FAIRCHILD UA748CJ 
UA2901PV FAIRCHILD LM2901N UA748RM FAIRCHILD UA748J 
UA2902PV FAIRCHILD LM2902N UA748SC FAIRCHILD UA748CD 
UA301ASC FAIRCHILD LM301AD UA748TC FAIRCHILD UA748CN 
UA301ATC FAIRCHILD LM301AN UA771ASC FAIRCHILD TL071BCD 
UA308ASC FAIRCHILD LM308AD UA771ATC FAIRCHILD TL07BCN 
UA308ATC FAIRCHILD LM308AN UA771BSC FAIRCHILD TL071ACD 
UA308SC FAIRCHILD LM308D UA771BTC FAIRCHILD TL071ACN 
UA308TC FAIRCHILD LM308N UA771SC FAIRCHILD TL071CD 
UA311SC FAIRCHILD LM311D UA771TC FAIRCHILD TL071CN 
UA311TC FAIRCHILD LM331N UA772ASC FAIRCHILD TL072BCD 
UA324DC FAIRCHILD LM324J UA772ATC FAIRCHILD TL072BCN 
UA324PC FAIRCHILD LM324N UA772BSC FAIRCHILD TL072ACD 
UA324SC FAIRCHILD LM324D UA772BTC FAIRCHILD TL072ACN 
UA3302DV FAIRCHILD MC3302J UA772SC FAIRCHILD TL072CD 
UA3302PV FAIRCHILD MC3302N UA772TC FAIRCHILD TL072CN 
UA3302SV FAIRCHILD MC3303D UA774BPC FAIRCHILD TL072ACN 
UA3303DV FAIRCHILD MC3303J UA774DC FAIRCHILD TL074CJ 
UA3303PV FAIRCHILD MC3303N UA774PC FAIRCHILD TL074CN 
UA339DC FAIRCHILD LM339J UA774SC FAIRCHILD TL074CD 
UA339PC FAIRCHILD LM339N UA776HC FAIRCHILD UA776CH 
UA339SC FAIRCHILD LM339D UA776HM FAIRCHILD UA776MH 
UA3403DC FAIRCHILD MC3403J UA776SC FAIRCHILD UA776CD 
UA3403PC FAIRCHILD MC3403N UA776TC FAIRCHILD UA776CN 
UA3403SC FAIRCHILD MC3403D UC1840J UNITRODE UC1840J 
UA348PC FAIRCHILD LM348N UC1840N UNITRODE UC1840N 
UA3503DM FAIRCHILD MC3503J UC1842J UNITRODE UC1842J 
UASSSSC FAIRCHILD NESSSD UC1842N UNITRODE UC1842N 
UASSSTC FAIRCHILD NESSSN UC2840J UNITRODE UC2840J 
UA556PC FAIRCHILD NE556N UC2840N UNITRODE UC2840N 
UA723CFP THOMSON LM723CD UC2842J UNITRODE UC2842J 
UA741AHM FAIRCHILD UA741AH UC2842N UNITRODE UC2842N 
UA741ARM FAIRCHILD UA741AJ UC3840J UNITRODE UC3840J 
UA741CD SIGNETICS UA741CD UC3840N UNITRODE UC3840N 
UA741CD TEXAS UA741CD UC3842J UNITRODE UC3842J 
UA741CFE SIGNETICS UA741CJ UC3842N UNITRODE UC3842N 
UA741CJG TEXAS UA741CJ ULN2001A SPRAGUE ULN2001A 
UA741CN SIGNETICS UA741CN ULN2001AJ TEXAS ULQ2001R 
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ULN2001AN TEXAS ULN2001A uA723CH THOMSON LM723CH 
ULN2001F PHIL.SIGN. ULQ2001R uA723CJ TEXAS LM723CJ 
ULN2001N PHIL.SING. ULN2001A uA723CN PHIL.SIGN. LM723CN 
ULN2002A SPRAGUE ULN2002A uA723DC FAIRCHILD LM723CJ 
ULN2002AJ TEXAS ULQ2002R uA723DM FAIRCHILD LM723J 
ULN2002AN TEXAS ULN2002A uA723F PHIL. SIGN. LM723J 
ULN2002F PHIL.SIGN. ULQ2002R uA723MDG THOMSON LM723J 
ULN2002N PHIL.SIGN. ULN2002A uA723MH THOMSON LM723H 
ULN2003A SPRAGUE ULN2003A uA723MJN TEXAS LM723J 
ULN2003AJ TEXAS ULQ2003R uA723PC FAIRCHILD LM723CN 
ULN2003AN TEXAS ULN2003A uA7805CK THOMSON L7805CT 
ULN2003F PHIL.SIGN. ULQ2003R uA7805CKC TEXAS L7805CV 
ULN2003N PHIL.SIGN. ULN2003A uA7805CSP THOMSON L7805CV 
ULN2004A SPRAGUE ULN2004A uA7805KC FAIRCHILD L7805CT 
ULN2004AJ TEXAS ULQ2004R uA7805KM FAIRCHILD L7805T 
ULN2004AN TEXAS ULN2004A uA7805UC FAIRCHILD L7805CV 
ULN2004F PHIL.SIGN. ULQ2004R uA7806CK THOMSON L7806CT 
ULN2004N PHIL.SIGN. ULN2004A uA7806CKC TEXAS L7806CV 
ULN2064B SPRAGUE ULN2064B uA7806CSP THOMSON L7806CV 
ULN2064NE TEXAS ULN2064B uA7806KC FAIRCHILD L7806CT 
ULN2065B SPRAGUE ULN2065B uA7806KM FAIRCHILD L7806T 
ULN2065NE TEXAS ULN2065B uA7806UC FAIRCHILD L7806CV 
ULN2066B SPRAGUE ULN2066B uA7808CKC TEXAS L7808CV 
ULN2066NE TEXAS ULN2066B uA7808KC FAIRCHILD L7808CT 
ULN2067B SPRAGUE ULN2067B uA7808KM FAIRCHILD L7808T 
ULN2067NE TEXAS ULN2067B uA7808UC FAIRCHILD L7808CV 
ULN2068B SPRAGUE ULN2068B uA7812CK THOMSON L7812CT 
ULN2068NE TEXAS ULN2068B uA7812CKC TEXAS L7812CV 
ULN2069B SPRAGUE ULN2069B uA7812CSP THOMSON L7812CV 
ULN2069NE TEXAS ULN2069B uA7812KC FAIRCHILD L7812CT 
ULN2070B SPRAGUE ULN2070B uA7812KM FAIRCHILD L7812T 
ULN2071B SPRAGUE ULN2071B uA7812UC FAIRCHILD L7812CV 
ULN2074B SPRAGUE ULN2074B uA7815CK THOMSON L7815CT 
ULN2074NE TEXAS ULN2074B uA7815CKC TEXAS L7815CV 
ULN2075B SPRAGUE ULN2075B uA7815CSP THOMSON L7815CV 
ULN2075NE TEXAS ULN2075B uA7815KC FAIRCHILD L7815CT 
ULN2076B SPRAGUE ULN2076B uA7815KM FAIRCHILD L7815T 
ULN2077B SPRAGUE ULN2077B uA7815UC FAIRCHILD L7815CV 
ULN2801A SPRAGUE ULN2801A uA7818CK THOMSON L7818CT 
ULN2802A SPRAGUE ULN2802A uA7818CKC TEXAS L7818CV 
ULN2803A SPRAGUE ULN2803A uA7818CSP THOMSON L7818CV 
ULN2803N TEXAS ULN2803A uA7818KC FAIRCHILD L7818CT 
ULN2804A SPRAGUE ULN2804A uA7818KM FAIRCHILD L7818T 
ULN2804N TEXAS ULN2804A uA7818UC FAIRCHILD L7818CV 
ULN2805A SPRAGUE ULN2805A uA7824CK THOMSON L7824CT 
uA117KM FAIRCHILD LM117K uA7824CKC TEXAS L7824CV 
uA1488DC FAIRCHILD MC1488L uA7824CSP THOMSON L7824CV 
uA1488PC FAIRCHILD MC1488P uA7824KM FAIRCHILD L7824T 
uA1489ADC FAIRCHILD MC1489AL uA7824UC FAIRCHILD L7824CV 
uA1489APC FAIRCHILD MC1489AP uA78M05CKC TEXAS L78M05CV 
uA1489DC FAIRCHILD MC1489L uA78M05UC FAIRCHILD L78M05CV 
uA1489PC FAIRCHILD MC1489P uA78M06CKC TEXAS L78M06CV 
uA723CDP THOMSON LM723CN uA78M06UC FAIRCHILD L78M06CV 
uA723CF PHIL.SIGN. LM723CJ uA78M08CKC TEXAS L78M08CV 
uA723CFP THOMSON LM723CD uA78M08UC FAIRCHILD L78M08CV 
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uA78M12CKC TEXAS L78M12CV UPC272D NEC LM219J 
uA78M12UC FAIRCHILD L78M12CV UPC272G NEC LM219D 
uA78M15CKC TEXAS L78M15CV UPC301AC NEC LM301AN 
uA78M15UC FAIRCHILD L78M15CV UPC311C NEC LM311N 
uA78M24CKC TEXAS L78M24CV UPC319G NEC LM319D 
uA78M24UC FAIRCHILD L78MM24CV UPC324C NEC LM324N 
uA78S05CK THOMSON L78S05CT UPC324G NEC LM324D 
uA78S05CSP THOMSON L78S05CV UPC339C NEC LM339N 
uA78S09CK THOMSON L78S09CT UPC339G NEC LM339D 
uA78S09CSP THOMSON L78S09CV UPC3403C NEC MC3403N 
uA78S12CK THOMSON L78S12CT UPC3403G NEC MC3403D 
uA78S12CSP THOMSON L78S12CV UPC356C NEC LF356N 
uA78S15CK THOMSON L78S15CT UPC357C NEC LF357N 
uA78S15CSP THOMSON L78S15CV UPC358C NEC LM358N 
uA7905CK THOMSON L7905CT UPC358G NEC LM358D 
uA7905CKC TEXAS L7905CV UPC393C NEC LM393N 
uA7905CSP THOMSON L7905CV UPC451C NEC LM224N 
uA7905KC FAIRCHILD L7905CT UPC451D NEC LM224J 
uA7905UC FAIRCHILD L7905CV UPC452C NEC MC3303N 
uA7908CKC TEXAS L7908CV UPC452G NEC MC3303D 
uA7908KC FAIRCHILD L7908CT UPC4558G NEC MC4558CD 
uA7908UC FAIRCHILD L7908CV UPC4558N NEC MC4558CN 
uA7912CK THOMSON L7912CT UPC4741C NEC LM348N 
uA7912CKC TEXAS L7912CV 
uA7912CSP THOMSON L7912CV 
uA7912KC FAIRCHILD L7912CT 
uA7912UCF FAIRCHILD L7912CV 
uA7915CK THOMSON L7915CT 
uA7915CKC TEXAS L7915CV 
uA7915CSP THOMSON L7915CV 
uA7915KC FAIRCHILD L7915CT 
uA7915UC FAIRCHILD L7915CV 
uA7918CKC TEXAS L7918CV 
uA7924CKC TEXAS L7924CV 
uA7952CKC TEXAS L7952CV 
uA9665DC FAIRCHILD ULQ2001R 
uA9665PC FAIRCHILD ULN2001A 
uA9666DC FAIRCHILD ULQ2002R 
uA9666PC FAIRCHILD ULN2002A 
uA9667DC FAIRCHILD ULQ2003R 
uA9667PC FAIRCHILD ULN2003A 
uA9668DC FAIRCHILD ULQ2004R 
uA9668PC FAIRCHILD ULN2004A 
UPC1458C NEC MC1458N 
UPC1458G NEC MC1458D 
UPC1555C NEC NE555N 
UPC1558C NEC MC1558N 
UPC156D NEC LM208N 
UPC157C NEC LM201AN 
UPC159D NEC LM318N 
UPC251C NEC MC14581N 
UPC251G NEC MC14581D 
UPC271C NEC LM211N 
UPC271G NEC LM211D 
UPC272C NEC LM219N 
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FAIRCHILD UA741HC FAIRCHILD UA741CH 
UA741HM FAIRCHILD UA741H 

uA117KM FAIRCHILD LM117K UA741RC FAIRCHILD UA741CJ 
UA124DM FAIRCHILD LM124J UA741RM FAIRCHILD UA741J 
UA139ADM FAIRCHILD LM139AJ UA741SC FAIRCHILD UA741CD 
UA139DM FAIRCHILD LM139J UA741TC FAIRCHILD UA741CN 
UA1458RC FAIRCHILD MC1458J UA748HC FAIRCHILD UA748CH 
UA1458SC FAIRCHILD MC1458D UA748HM FAIRCHILD UA748MH 
UA1458TC FAIRCHILD MC1458N UA78RC FAIRCHILD UA748CJ 
UA148DM FAIRCHILD LM148J UA748RM FAIRCHILD UA748J 
UA1558RM FAIRCHILD MC1558J UA748SC FAIRCHILD UA748CD 
UA201TC FAIRCHILD LM201AN UA748TC FAIRCHILD UA748CN 
UA224DV FAIRCHILD LM224J UA771ASC FAIRCHILD TL071BCD 
UA224PV FAIRCHILD LM224N UA771ATC FAIRCHILD TL071BCN 
UA239DV FAIRCHILD LM239J UA771BSC FAIRCHILD TL071ACD 
UA239PV FAIRCHILD LM239N UA771BTC FAIRCHILD TL071ACN 
UA239SV FAIRCHILD LM239D UA771SC FAIRCHILD TL071CD 
UA2901DV FAIRCHILD LM2901J UA771TC FAIRCHILD TL071CN 
UA2901PV FAIRCHILD LM2901N UA772ASC FAIRCHILD TL072BCD 
UA2902PV FAIRCHILD LM2902N UA772ATC FAIRCHILD TL072BCN 
UA301ASC FAIRCHILD LM301AD UA772BSC FAIRCHILD TL072ACD 
UA301ATC FAIRCHILD LM301AN UA772BTC FAIRCHILD TL072ACN 
UA308ASC FAIRCHILD LM308AD UA772SC FAIRCHILD TL072CD 
UA308ATC FAIRCHILD LM308AN UA772TC FAIRCHILD TL072CN 
UA308SC FAIRCHILD LM308D UA774BPC FAIRCHILD TL074ACN 
UA308TC FAIRCHILD LM308N UA774DC FAIRCHILD TL074CJ 
UA311SC FAIRCHILD LM311D UA774PC FAIRCHILD TL074CN 
UA311TC FAIRCHILD LM311N UA774SC FAIRCHILD TL074CD 
UA324DC FAIRCHILD LM324J UA776HC FAIRCHILD UA776CH 
UA324PC FAIRCHILD LM324N UA776HM FAIRCHILD UA776MH 
UA324SC FAIRCHILD LM324D UA776SC FAIRCHILD UA776CD 
UA3302DV FAIRCHILD MC3302J UA776TC FAIRCHILD UA776CN 
UA3302PV FAIRCHILD MC3302N uA7805KC FAIRCHILD L7805CT 
UA3302SV FAIRCHILD MC3302D uA7805KM FAIRCHILD L7805T 
UA3303DV FAIRCHILD MC3303J uA7805UC FAIRCHILD L7805CV 
UA3303PV FAIRCHILD MC3303N uA7806KC FAIRCHILD L7806CT 
UA339DC FAIRCHILD LM339J uA7806KM FAIRCHILD L7806T 
UA330PC FAIRCHILD LM339N uA7806UC FAIRCHILD L7806CV 
UA339SC FAIRCHILD LM339D uA7808KC FAIRCHILD L7808CT 
UA3403DC FAIRCHILD MC3403J uA7808KM FAIRCHILD L7808T 
UA3403PC FAIRCHILD MC3403N uA7808UC FAIRCHILD L7808CV 
UA3403SC FAIRCHILD MC3403D uA7812KC FAIRCHILD L7812CT 
UA348DC FAIRCHILD LM848J uA7812KM FAIRCHILD L7812T 
UA348PC FAIRCHILD LM348N uA7812UC FAIRCHILD L7812CV 
UA3503DM FAIRCHILD MC3503J uA7815KC FAIRCHILD L7815CT 
UA555SC FAIRCHILD NE555D uA7815KM FAIRCHILD L7815T 
UA555TC FAIRCHILD NE555N uA7815UC FAIRCHILD L7815CV 
UA556PC FAIRCHILD NE556N uA7818KC FAIRCHILD L7818CT 
uA723DC FAIRCHILD LM723CJ uA7818KM FAIRCHILD L7818T 
uA723DM FAIRCHILD LM723J uA7818UC FAIRCHILD L7818CV 
uA723PC FAIRCHILD LM723CN uA7824KM FAIRCHILD L7824T 
UA741AHM FAIRCHILD UA741AH uA7824UC FAIRCHILD L7824CV 
UA741ARM FAIRCHILD UA741AJ uA78M05UC FAIRCHILD L78M05CV 
UA741EHC FAIRCHILD UA741EH uA78M06UC FAIRCHILD L78M06CV 
UA741ETC FAIRCHILD UA741EN uA78M08UC FAIRCHILD L78MOBCV 
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uA78M12UC FAIRCHILD L78M12CV LM308N MOTOROLA LM308N 
uA78M15UC FAIRCHILD L78M15CV LM311 D MOTOROLA LM311D 
uA78M24UC FAIRCHILD L78M24CV LM311J MOTOROLA LM311J 
uA7905KC FAIRCHILD L7905CT LM311 N MOTOROLA LM311N 
uA7905UC FAIRCHILD L7905CV LM324AJ MOTOROLA LM324AJ 
uA7908KC FAIRCHILD L7908CT LM324D MOTOROLA LM324D 
uA7908UC FAIRCHILD L7908CV LM324J MOTOROLA LM324J 
uA7912KC FAIRCHILD L7912CT LM324N MOTOROLA LM324N 
uA7912UC FAIRCHILD L7912CV LM339AJ MOTOROLA LM339AJ 
uA7915KC FAIRCHILD L7915CT LM339AN MOTOROLA LM339AN 
uA7915UC FAIRCHILD L7915CV LM339D MOTOROLA LM339D 

MOTOROLA LM339N MOTOROLA LM339N 
LM348D MOTOROLA LM348D 

LM223K MOTOROLA LM223K LM348N MOTOROLA LM348N 
LM237K MOTOROLA LM237K LM358D MOTOROLA LM358D 
LM323K MOTOROLA LM323K LM358J MOTOROLA LM358J 
LM337K MOTOROLA LM337K LM358N MOTOROLA LM358N 
LM337T MOTOROLA LM337SP LM393AN MOTOROLA LM393AN 
LF347N MOTOROLA LF347N LM393D MOTOROLA LM393D 
LF351N MOTOROLA LF351N LM393N MOTOROLA LM393N 
LF353N MOTOROLA LF353N MC1455D MOTOROLA N3555D 
LF355N MOTOROLA LF355N MC1455P1 MOTOROLA NE555N 
LF356N MOTOROLA LF356N MC1455U MOTOROLA NE555J 
LF357N MOTOROLA LF357N MC1458D MOTOROLA MC1458D 
LM124J MOTOROLA LM124J MC1458P1 MOTOROLA MC1458N 
LM139AJ MOTOROLA LM139AJ MC1458U MOTOROLA MC1458J 
LM139J MOTOROLA LM139J MC1558U MOTOROLA MC1558J 
LM148J MOTOROLA LM148J MC1741CD MOTOROLA UA741CD 
LM158J MOTOROLA LM158J MC1741CG MOTOROLA UA741CH 
LM201AD MOTOROLA LM201AD MC1741CP1 MOTOROLA UA741CN 
LM201AN MOTOROLA LM201AN MC1741CU MOTOROLA UA741CJ 
LM211D MOTOROLA LM211D MC1741G MOTOROLA UA741H 
LM224D MOTOROLA LM224D MC1741U MOTOROLA UA741J 
LM224J MOTOROLA LM224J MC1748CD MOTOROLA UA748CD 
LM239AJ MOTOROLA LM239J MC1748CG MOTOROLA UA748CH 
LM239D MOTOROLA LM239D MC1748CP1 MOTOROLA UA748CN 
LM239J MOTOROLA LM239J MC1748CU MOTOROLA UA748CJ 
LM258D MOTOROLA LM258D MC1748G MOTOROLA UA748MH 
LM2901D MOTOROLA LM2901D MC1748U MOTOROLA UA748J 
LM2901J MOTOROLA LM2901J MC1776CD MOTOROLA UA776CD 
LM2901N MOTOROLA LM2901N MC1776CG MOTOROLA UA776CH 
LM2902D MOTOROLA LM2902D MC1776CP1 MOTOROLA UA776CN 
LM2902J MOTOROLA LM2902J MC1776G MOTOROLA UA776MH 
LM2902N MOTOROLA LM2902J MC3302D MOTOROLA MC3302D 
LM2903D MOTOROLA LM2903D MC3302L MOTOROLA MC3302J 
LM2903N MOTOROLA LM2903N MC3302P MOTOROLA MC3302N 
LM2904D MOTOROLA LM2904D MC3303L MOTOROLA MC3303J 
LM2904N MOTOROLA LM2904N MC3303P MOTOROLA MC3303N 
LM301AD MOTOROLA LM301AD MC34001AP MOTOROLA MC34001AN 
LM301AJ MOTOROLA LM301AJ MC34001BP MOTOROLA MC34001BN 
LM301AN MOTOROLA LM301AN MC34001P MOTOROLA MC34001N 
LM301AD MOTOROLA Uv1308AD MC34002AP MOTOROLA MC34002AN 
LM308AN MOTOROLA LM308AN MC34002BP MOTOROLA MC34002BN 
LM308D MOTOROLA LM308D MC34002P MOTOROLA MC34002N 
LM308J MOTOROLA LM308J MC34004AP MOTOROLA MC34004AN 
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MC34004BP MOTOROLA MC34004BN MC7924CK MOTOROLA L7924CT 
MC34004P MOTOROLA MC34004N MC7924CT MOTOROLA L7924CV 
MC3403D MOTOROLA MC3403D MC7952CK MOTOROLA L7952CT 
MC3403L MOTOROLA MC3403J MC7952CT MOTOROLA L7952CV 
MC3403P MOTOROLA MC3403N TL070ACP MOTOROLA TL072ACN 
MC3456L MOTOROLA NE556J TL071ACP MOTOROLA TL071ACN 
MC3456P MOTOROLA NE556N TL071BCP MOTOROLA TL071BCN 
MC3503L MOTOROLA MC3503J TL071CP MOTOROLA TL071CN 
MC3556L MOTOROLA SE556J TL072BCP MOTOROLA TL072BCN 
MC4558CP1 MOTOROLA MC4558CN TL072CP MOTOROLA TL072CN 
MC4558CU MOTOROLA MC4558CJ TL074ACN MOTOROLA TL074ACN 

MC7805ACT MOTOROLA L7805ACV TL074BCN MOTOROLA TL074BCN 
MC7805CK MOTOROLA L7805CT TL074CJ MOTOROLA TL074CJ 
MC7805CT MOTOROLA L7805CV TL074CN MOTOROLA TL074CN 
MC7805K MOTOROLA L7805T TL081ACP MOTOROLA TL081ACN 
MC7606ACT MOTOROLA L7606ACV TL081BCP MOTOROLA TL081BCN 
MC7806CK MOTOROLA L78C6CT TL081CP MOTOROLA TLOB1CN 
MC7806CT MOTOROLA L7806CV TLOB2ACP MOTOROLA TL082ACN 
MC7806K MOTOROLA L7806T TL082BCP MOTOROLA TL082BCN 
MC7808ACT MOTOROLA L7808ACV TLOB2CP MOTOROLA TL082CN 
MC7808CK MOTROLA L7808CT TL084ACJ MOTOROLA TLOB4ACJ 
MC7808CT MOTOROLA L7BOBCV TL084ACN MOTOROLA TL084ACN 
MC7BOBK MOTOROLA L780BT TL084BCJ MOTOROLA TL084BCJ 
MC7812ACT MOTOROLA L7812ACV TL084BCN MOTOROLA TL084BCN 
MC7812CK MOTOROLA L7812CT TL084CJ MOTOROLA TL084CJ 
MC7812CT MOTOROLA L7812CV TL084CN MOTOROLA TL84CN 
MC7812K MOTOROLA L7812T NATIONAL 
MC7815ACT MOTOROLA L7815ACV 
MC7815CK MOTOROLA L7815CT LM223K NATIONAL LM223K 
MC7815CT MOTOROLA L7815CV LM237K NATIONAL LM237K 
MC7815K MOTOROLA L7815T LM238K NATIONAL LM238K 
MC7818ACT MOTOROLA L7818ACV LF255M NATIONAL LF255D 
MC7818CK MOTOROLA L7818CT LF255N NATIONAL LF255N 
MC7818CT MOTOROLA L7818CV LF256M NATIONAL LF256D 
MC7818K MOTOROLA L7818T LF256N NATIONAL LF256N 
MC7824ACT MOTOROLA L7824ACV LF257M NATIONAL LF257D 
MC7824ACT MOTOROLA L7824CV LF257N NATIONAL LF257N 
MC7824K MOTOROLA L7824T LM317K NATIONAL LM317K 
MC78M05CT MOTOROLA L78M05CV LM317T NATIONAL LM317T 
MC78MOBCT MOTOROLA L78M06CV LM323K NATIONAL LM323K 
MC78MOBCT MOTOROLA L78MOBCV LM337K NATIONAL LM337K 
MC78M12CT MOTOROLA L78M12CV LM337T NATIONAL LM337SP 
MC78M15CT MOTOROLA L78M15CV LF347J NATIONAL LF347J 
MC7BM18CT MOTOROLA L78M1BCV LF347M NATIONAL LF347D 
MC78M24CT MOTOROLA L78M24CV LF347N NATIONAL LF347N 
MC7905CK MOTOROLA L7905CT LF351M NATIONAL LF351D 
MC7905CT MOTOROLA L7905CV LF351N NATIONAL LF351N 
MC7908CK MOTOROLA L7908CT LF353M NATIONAL LF353D 
MC7908CT MOTOROLA L7908CV LF353N NATIONAL LF353N 
MC7912CK MOTOROLA L7912CT LF355AM NATIONAL LF355AD 
MC7912CT MOTOROLA L7912CV LF355AN NATIONAL LF355AN 
MC7915CK MOTOROLA L7915CT LF355M NATIONAL LF355D 
MC7915CT MOTOROLA L7915CV LF355N NATIONAL LF355N 
MC7918CK MOTOROLA L7918CT LF356AM NATIONAL LF356AD 
MC791BCT MOTOROLA L7918CV LF356AN NATIONAL LF356AN 
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LF356M NATIONAL LF356D LM319J NATIONAL LM319J 
LF356N NATIONAL LF356N LM319M NATIONAL LM319D 
LF357AM NATIONAL LF357AD LM319N NATIONAL LM319N 
LF357M NATIONAL LF357D LM324AJ NATIONAL LM324AJ 
LF357N NATIONAL LF357N LM324AM NATIONAL LM324AD 
LM101AM NATIONAL LM101AD LM324AN NATIONAL LM324AN 
LM119J NATIONAL LM119J LM324J NATIONAL LM324J 

LM124AJ NATIONAL LM124AJ LM324M NATIONAL LM324D 

LM124J NATIONAL LM124J LM324N NATIONAL LM324N 

LM139AJ NATIONAL LM139AJ 
LM139J NATIONAL LM139J 

LM3302J NATIONAL MC3302J 
LM3302N NATIONAL MC3302N 

LM145BM NATIONAL MC1458D 
LM1458N NATIONAL MC145BN 
LM146J NATIONAL LM146J 
LM148J NATIONAL LM148J 
LM158AJ NATIONAL LM158AJ 
LM15BJ NATIONAL LM15BJ 
LM193AJ NATIONAL LM193AJ 
LM193J NATIONAL LM193J 
LM201AM NATIONAL LM201AD 
LM201AN NATIONAL LM201AN 
LM219J NATIONAL LM219J 
LM224AJ NATIONAL LM224AJ 

LM3303N NATIONAL MC3303N 
LM334Z NATIONAL LM334Z 
LM335Z NATIONAL LM335Z 
LM336BM NATIONAL LM336BD 
LM336BZ NATIONAL LM336BZ 
LM336M NATIONAL LM336D 
LM336Z NATIONAL LM336Z 
LM333AJ NATIONAL LM339AJ 
LM339AM NATIONAL LM339AD 
LM339AN NATIONAL LM339AN 
LM339J NATIONAL LM339J 
LM339M NATIONAL LM339D 
LM339N NATIONAL LM339N 

LM224J NATIONAL LM224J LM3403J NATIONAL MC3403J 
LM239AJ NATIONAL LM239AJ LM3403M NATIONAL MC3403D 
LM239J NATIONAL LM239J LM3403N NATIONAL MC3403N 
LM246J NATIONAL LM246J LM346J NATIONAL LM346J 
LM2901J NATIONAL LM2901J LM346M NATIONAL LM346D 
LM2901M NATIONAL LM2901D LM346N NATIONAL LM346N 
LM2901N NATIONAL LM2901N LM34BM NATIONAL LM348D 
LM2902J NATIONAL LM2902J LM34BN NATIONAL LM348N 
LM2902M NATIONAL LM2902D LM3503J NATIONAL MC3503J 
LM2902N NATIONAL LM2902N LM358AM NATIONAL LM358AD 
LM2903M NATIONAL LM2903D LM358AN NATIONAL LM358AN 
LM2903N NATIONAL LM2903N LM358J NATIONAL LM358J 
LM2904J NATIONAL LM2904J LM358M NATIONAL LM35BD 
LM2904M NATIONAL LM2904D LM35BN NATIONAL LM35BN 
LM2904N NATIONAL LM2904N LM393AJ NATIONAL LM393AJ 
LM293AJ NATIONAL LM293AJ LM393AN NATIONAL LM393AN 
LM293J NATIONAL LM293J LM393J NATIONAL LM393J 
LM293N NATIONAL LM293N LM393M NATIONAL LM393D 
LM301AJ NATIONAL LM301AJ LM393N NATIONAL LM393N 
LM301AM NATIONAL LM301AN LM555CJ NATIONAL NE555J 
LM301AN NATIONAL LM301AN LM555CM NATIONAL NE555D 
LM308AJ-B NATIONAL LM308AJ LM555CN NATIONAL NE555N 
LM308AM NATIONAL LM308AD LM556CJ NATIONAL NE556J 
LM308AN NATIONAL LM308AN LM556CM NATIONAL NE556D 
LM308M NATIONAL LM308D LM556CN NATIONAL NE556N 
LM308N NATIONAL LM308N LM556J NATIONAL SE556J 
LM311J-8 NATIONAL LM311J LM723CH NATIONAL LM723CH 
LM311M NATIONAL LM311 D LM723CJ NATIONAL LM723CD 
LM311N NATIONAL LM311 N LM723CM NATIONAL LM723CD 
LM318M NATIONAL LM318D LM723CN NATIONAL LM723CN 
LM318N NATIONAL LM318N LM723H NATIONAL LM723H 
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STANDARD 
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LM723J NATIONAL LM723J UPC3403G NEC MC3403D 
LM741AH NATIONAL UA741AH UPC356C NEC LF356N 
UM741AJ NATIONAL UA741AJ UPC357C NEC LF357N 
LM741CH NATIONAL · UA741CH UPC358C NEC LM358N 
LM741CJ NATIONAL UA741CJ UPC35BG NEC LM358D 
LM741CM NATIONAL UA741CD UPC393C NEC LM393N 
LM741CN NATIONAL UA741CN UPC451C NEC LM224N 
LM741EH NATIONAL UA741EH UPC451D NEC LM224J 
LM741EN NATIONAL UA741EN UPC452C NEC MC3303N 
LM741H NATIONAL UA741H UPC452G NEC MC3303D 
LM741J NATIONAL UA741J UPC4558G NEC MC4558CD 
LM748CH NATIONAL UA748CH UPC4558N NEC MC4558CN 
LM748CJ NATIONAL UA74BCJ UPC4741C NEC LM348N 
LM748CN NATIONAL UA748CN UPC4741G NEC LM348D 
LM748H NATIONAL UA748MH UPC741C NEC UA741CN 
LM748J NATIONAL UA748J RCA 
LM7805CK NATIONAL L7805CT 
LM7805CT NATIONAL L7805CV CA081AE RCA TL081ACN 

LM7812CK NATIONAL L7812CT CA081BE RCA TL081BCN 
LM7812CT NATIONAL L7812CV CA081E RCA TL081CN 
LM7815CK NATIONAL L7815CT CA082AE RCA TL082ACN 
LM7815CT NATIONAL L7815CV CA082BE RCA TL082BCN 
LM7905CK NATIONAL L79D5CT CA082E RCA TL082CN 
LM7905CT NATIONAL L7905CV CA08AE RCA TL084ACN 
LM7912CK NATIONAL L7912CT CA084BE RCA TL084BCN 
LM7912CT NATIONAL L7912CV CA084E RCA TL084CN 
LM7915CK NATIONAL L7915CT CA124E RCA LM124N 
LM7915CT NATIONAL L7915CV CA139AF RCA LM139AJ 
LMC660AIN NATIONAL TS27M4BIN CA139E RCA LM139N 
LMC660CN NATIONAL TS27M4ACN CA139F RCA LM139J 

NEC CA1458E RCA MC1458N 
CA1558E RCA MC1558N 

UPC1458C NEC MC145BN CA158E RCA LM158N 
UPC1458G NEC MC1458D CA224E RCA LM224N 
UPC1555C NEC NE555N CA239AE RCA LM239AN 
UPC1558C NEC NC1558N CA239AF RCA LM239AJ 
UPC156D NEC LM208N CA239E RCA LM239N 
UPC157C NEC LM201AN CA239F RCA LM239J 
UPC159D NEC LM318N CA258E RCA LM258N 
UPC251C NEC MC318N CA2901E RCA LM2901N 
UPC251G NEC MC145BIN CA2901F RCA LM2901J 
UPC251G NEC MC14581D CA2902E RCA LM2902N 
UPC271C NEC LM211N CA2904E RCA LM2904N 
UPC271G NEC LM211D CA301AE RCA LM301AN 
UPC272C NEC LM219N CA311E RCA LM311N 
UPC272D NEC LM219J CA324E RCA LM324N 
UPC272G NEC LM219D CA3290E RCA LM393N 
UPC301AC NEG LM301AN CA339AE RCA LM339AN 
UPC311C NEC LM311 N CA339AF RCA LM339AJ 
UPC319G NEC LM319D CA339E RCA LM339N 
UPC324C NEC LM324N CA339F RCA LM339J 
UPC324G NEC LM324D CA358AE RCA LM35BAN 
UPC339C NEC LM339N CA358E RCA LM358N 
UPC339G NEC LM339D CA555E RCA NE555N 
UPC3403C NEC MC3403N CA741CE RCA UA741CN 
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CA741CT RCA UA741CH LM319D SIGNETICS LM319D 
CA741E RCA UA741EN LM319F SIGNETICS LM319J 
CA741T RCA UA741H LM324D SIGNETICS LM324D 
CA748CE RCA UA748CN LM324F SIGNETICS LM324J 
CA748CT RCA UA748CH LM324N SIGNETICS LM324N 
CA748T RCA UA748J LM339AD SIGNETICS LM339AD 

SIEMENS LM339AF SIGNETICS LM339AJ 
LM339AN SIGNETICS LM339AN 

TBA222 SIEMENS UA741H LM339D SIGNETICS LM339D 
TBA2228 SIEMENS UA741N LM339F SIGNETICS LM339J 
TBB741G SIEMENS UA741CD LM339N SIGNETICS LM339N 

SIGNETICS LM358D SIGNETICS LM358D 
LM358F SIGNETICS LM358J 

LM111 D SIGNETICS LM111D LM358N SIGNETICS LM358N 
LM119D SIGNETICS LM119D LM393AF SIGNETICS LM393AJ 
LM119F SIGNETICS LM119J LM393AN SIGNETICS LM393AN 
LM124D SIGNETICS LM124D LM393D SIGNETICS LM393D 
LM124F SIGNETICS LM124J LM393F SIGNETICS LM393J 
LM124N SIGNETICS LM124N LM393N SIGNETICS LM393N 
LM139AD SIGNETICS LM139AD MC1458D SIGNETICS MC1458D 
LM139AF SIGNETICS LM139AJ MC1458FE SIGNETICS MC1458J 
LM139D SIGNETICS LM139D MC1458N SIGNETICS MC1458N 
LM139F SIGNETICS LM139J MC1558D SIGNETICS MC1558D 
LM139N SIGNETICS LM139N MC1558FE SIGNETICS MC1558J 
LM158F SIGNETICS LM158J MC1558N SIGNETICS MC1558N 
LM158N SIGNETICS LM158N MC3302D SIGNETICS MC3302D 
LM193AF SIGNETICS LM193AJ MC3302F SIGNETICS MC3302J 
LM193D SIGNETICS LM193D MC3302N SIGNETICS MC3302N 
LM193N SIGNETICS LM193N MC3303D SIGNETICS MC3303D 
LM211D SIGNETICS LM211D MC3303F SIGNETICS MC3303J 
LM211N SIGNETICS LM211N MC3303N SIGNETICS MC3303N 
LM219D SIGNETICS LM219D MC3403CF SIGNETICS MC3403J 
LM219F SIGNETICS LM219J MC3403CN SIGNETICS MC3403N 
LM224D SIGNETICS LM224D MC3403D SIGNETICS MC3403D 
LM224F SIGNETICS LM224J MC3503F SIGNETICS MC3503J 
LM224N SIGNETICS LM224N NE4558D SIGNETICS MC455BCD 
LM239D SIGNETICS LM239AD NE4558F SIGNETICS MC4558CJ 
LM239AF SIGNETICS LM239AJ NE4558N SIGNETICS MC4558CN 
LM239AN SIGNETICS LM239AN NE532D SIGNETICS NE532D 
LM239D SIGNETICS LM239D NE532F SIGNETICS NE532J 
LM239F SIGNETICS LM239J NE532N SIGNETICS NE532N 
LM239N SIGNETICS LM239N NE555D SIGNETICS NE555D 
LM258F SIGNETICS LM258J NE555F SIGNETICS NE555J 
LM258N SIGNETICS LM258N NE555N SIGNETICS NE555N 
LM2901D SIGNETICS LM2901D NE556D SIGNETICS NE556D 
LM2901F SIGNETICS LM2901J NE556F SIGNETICS NE556J 
LM2901N SIGNETICS LM2901N NE556N SIGNETICS NE556N 
LM2903F SIGNETICS LM2903J SA1458D SIGNETICS MC145BID 
LM2903N SIGNETICS LM2903N SA1458N SIGNETICS MC14581N 
LM293AF SIGNETICS LM293AJ SA4558D SIGNETICS MC455BID 
LM293F SIGNETICS LM293J SA4558N SIGNETICS MC45581N 
LM293N SIGNETICS LM293N SA532D SIGNETICS LM2904D 
LM311 D SIGNETICS LM311D SA532FE SIGNETICS LM2904J 
LM311F SIGNETICS LM311J SA532N SIGNETICS LM2904N 
LM311N SIGNETICS LM311 N SA534D SIGNETICS LM2902D 
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SA534F SIGNETICS LM2902J LM2904P TEXAS LM2904N 

SA534N SIGNETICS LM2902N LM293AJG TEXAS LM293AJ 

SA741CN SIGNETICS UA7411N LM293D TEXAS LM293D 

SE556F SIGNETICS SE556J LM293JG TEXAS LM293J 

uA723CFP SIGNETICS LM723CJ LM301AD TEXAS LM301AD 

uA723CN SIGNETICS LM723CN LM301AJG TEXAS LM301AJ 

uA723F SIGNETICS LM723J LM301AP TEXAS LM301AN 

UA741CD SIGNETICS UA741CD LM311D TEXAS LM311D 

UA741CFE SIGNETICS UA741CJ LM311JG TEXAS LM311J 

UA741CN SIGNETICS UA741CN LM311P TEXAS LM311N 

UA741FE SIGNETICS UA741J LM318D TEXAS LM318D 

UA741N SIGNETICS UA741N LM318P TEXAS LM318N 

TEXAS LM324AD TEXAS LM324AD 
LM324AJ TEXAS LM324AJ 

LM124AJ TEXAS LM124AJ LM324AN TEXAS LM324AN 

LM124J TEXAS LM124J LM324D TEXAS LM324D 

LM139AJ TEXAS LM139AJ LM324J TEXAS LM324J 

LM139J TEXAS LM139J LM324N TEXAS LM324N 

LM14BJ TEXAS LM148J LM3302D TEXAS MC3302D 

LM158AJG TEXAS LM158AJ LM3302J TEXAS MC3302J 

LM158JG TEXAS LM158J LM3302N TEXAS MC3302N 

LM193AJG TEXAS LM193AJ LM337KC TEXAS LM337SP 

LM201AD TEXAS LM201AD LM339AD TEXAS LM339AD 

LM201AP TEXAS LM201AN LM339AJ TEXAS LM339AJ 

LM211D TEXAS LM211D LM339AN TEXAS LM339AN 

LM211P TEXAS LM211N LM339D TEXAS LM339D 

LM224AD TEXAS LM224AD LM339J TEXAS LM339J 

LM224AJ TEXAS LM224AJ LM339N TEXAS LM399N 

LM224AN TEXAS LM224AN LM348D TEXAS LM348D 
LM224D TEXAS LM224D LM348N TEXAS LM348N 
LM224J TEXAS LM224J LM358AD TEXAS LM358AD 
LM224N TEXAS LM224N LM358AJG TEXAS LM358AJ 
LM239AD TEXAS LM239AD LM358AP TEXAS LM358AN 
LM239AJ TEXAS LM239AJ LM358D TEXAS LM358D 
LM239AN TEXAS LM239AN LM358JG TEXAS LM358J 
LM239D TEXAS LM239D LM368P TEXAS LM368N 
LM239J TEXAS LM239J LM393AD TEXAS LM393AD 
LM239N TEXAS LM239N LM393AJG TEXAS LM393AJ 
LM248D TEXAS LM248D LM393AP TEXAS LM393AN 
LM248N TEXAS LM248N LM3930 TEXAS LM393D 
LM258AJG TEXAS LM258AJ LM393JG TEXAS LM393J 
LM258D TEXAS LM258D LM393P TEXAS LM293N 
LM258JG TEXAS LM258J LM393P TEXAS LM393N 
LM258P TEXAS LM258N MC1458D TEXAS MC1458D 
LM2901D TEXAS LM2901D MC1458JG TEXAS MC1458J 
LM2901J TEXAS LM2901J MC1458P TEXAS MC1458N 
LM2901N TEXAS LM2901N MC1558JG TEXAS MC1558J 
LM2902D TEXAS LM2902D MC3303D TEXAS MC3303D 
LM2902J TEXAS LM2902J MC3303J TEXAS MC3303J 
LM2902N TEXAS LM2902N MC3303N TEXAS MC3303N 
LM2903D TEXAS LM2903D MC3403D TEXAS MC3403D 
LM2903JG TEXAS LM2903J MC3403J TEXAS MC3403J 
LM2903P TEXAS LM2903N MC3403N TEXAS MC3403N 
LM2904D TEXAS LM2904D MC3503J TEXAS MC3503J 
LM2904JG TEXAS LM2904J NE555D TEXAS NE555D 
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NE555JG TEXAS NE555J TL072CP TEXAS TL072CN 
NE556P TEXAS NE555N TL0721D TEXAS TL0721D 
NE556D TEXAS NE556D TL0721P TEXAS TL0721N 
NE556J TEXAS NE556J TL074ACD TEXAS TL074ACD 
NE556N TEXAS NE556N TL074ACN TEXAS TL074ACN 
RCASSBD TEXAS MC455BCD TL074BCD TEXAS TL074BCD 
RCASSBJG TEXAS MC455BCJ TL074BCN TEXAS TL074BCN 
RC455BP TEXAS MC455BCN TL074CD TEXAS TL074CD 
RV455BD TEXAS MC455BID TL074CN TEXAS TL074CN 
RV455BP TEXAS MC455BIN TL0741D TEXAS TL0741D 
SA655D TEXAS SA655D TL0741N TEXAS TL0741N 
SA555JG TEXAS SA555J TL081ACD TEXAS TL081ACD 
SA556P TEXAS SA556N TLOB1ACP TEXAS TLOB1ACN 
SA556D TEXAS SA556D TLOB1BCD TEXAS TLOB1BCD 
SA556J TEXAS SA556J TL081BCP TEXAS TLOB1BCN 
SA556N TEXAS SA556N TL081CD TEXAS TL081CD 
SE655JG TEXAS SE665J TL081CP TEXAS TL081CN 
SE556J TEXAS SE556J TL0811D TEXAS TL0811D 
TL061ACD TEXAS TL061ACD TL0811D TEXAS TL0811N 
TL061ACP TEXAS TL061ACN TL082ACD TEXAS TL082ACD 
TL061BCD TEXAS TL061BCD TL082BCD TEXAS TLOB2BCD 
TL061BCP TEXAS TL061BCN TL082BCP TEXAS TL082BCN 
TL061CD TEXAS TL061CD TLOB2CD TEXAS TL082CD 
TL061CP TEXAS TL061CN TL082CP TEXAS TLOB2CN 
TL0611D TEXAS TL0611D TL0821D TEXAS TLOB21D 
TL0611P TEXAS TL0611N TL0821P TEXAS TLOB21N 
TL062ACP TEXAS TL062ACN TL084ACD TEXAS TL084ACD 
TL062ACPD TEXAS TL062ACD TL084ACN TEXAS TL084ACN 
TL062BCD TEXAS TL062BCD TL084BCD TEXAS TL084BCD 
TL062BCP TEXAS TL062BCN TL084BCN TEXAS TL084BCN 
TL062CD TEXAS TL062CD TLOB4CD TEXAS TL084CD 
TL062CP TEXAS TL062CN TLOBCN TEXAS TLOB4CN 
TL0621D TEXAS TL0621D TL0841D TEXAS TL0841D 
TL0621P TEXAS TL0621N TL0841N TEXAS TL0841N 
TL064ACD TEXAS TL064ACD TLC271ACD TEXAS TS271ACD 
TL064ACN TEXAS TL064ACN TLC271ACP TEXAS TS271ACN 
TL064BCD TEXAS TL064BCD TLC271AID TEXAS TS271AID 
TL064BCN TEXAS TL0648CN TLC271AIP TEXAS TS271AIN 
TL064CD TEXAS TL064CD TLC271BCD TEXAS TS271BCD 
TL064CN TEXAS TL064CN TLC271BCP TEXAS TS271BCN 
TL0641D TEXAS TL0641D TLC271BID TEXAS TS271BID 
TL0641N TEXAS TL0641N TLC271BIP TEXAS TS271BIN 
TL071ACD TEXAS TL071ACD TLC271CD TEXAS TS271CD 
TL071ACP TEXAS TL071ACN TLC271CP TEXAS TS271CN 
TL071BCD TEXAS TL071BCD TLC2711D TEXAS TS2711D 
TL071BCP TEXAS TL071BCN TLC2711P TEXAS TS2711N 
TL071CD TEXAS TL071CD TLC272ACD TEXAS TS272ACD 
TL071CP TEXAS TL071CN TLC272ACP TEXAS TS272ACN 
TL0711D TEXAS TL0711D TLC272AID TEXAS TS272AID 
TL0711P TEXAS TL0711N TLC272AIP TEXAS TS272AIN 
TL072ACD TEXAS TL072ACD TLC272BCD TEXAS TS272BCD 
TL072ACP TEXAS TL072ACN TLC272BCP TEXAS TS272BCN 
TL072BCD TEXAS TL072BCD TLC272BID TEXAS TS272BID 
TL072BCP TEXAS TL072BCN TLC272BIP TEXAS TS272BIN 
TL072CD TEXAS TL072CD TLC272CD TEXAS TS272CD 

------------ ,,, ~~~;m&r::::: 
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TLC272CP TEXAS TS272CN TLC27M4BCD TEXAS TS27M4BCD 
TLC2721D TEXAS TS2721D TLC27M4BCN TEXAS TS27M4BCN 
TLC2721P TEXAS TS2721N TLC27M4BID TEXAS TS27M4BID 
TLC274ACD TEXAS TS274ACD TLC27M4BIN TEXAS TS27M4BIN 
TLC274ACN TEXAS TS274ACN TLC27M4CD TEXAS TS27M4CD 
TLC274AID TEXAS TS274AID TLC27M4CN TEXAS TS27M4CN 
TLC274AIP TEXAS TS274AIN TLC27M41D TEXAS TS27M41D 
TLC274BCD TEXAS TS274BCD TLC27M41N TEXAS TS27M41N 
TLC274BCN TEXAS TS274BCN TLC372CD TEXAS TS372CD 
TLC274BID TEXAS TS274BID TLC372CP TEXAS TS372CN 
TLC274BIP TEXAS TS274BIN TLC3721D TEXAS TS3721D 
TLC274CD TEXAS TS274CD TLC3721P TEXAS TS3721N 
TLC274CN TEXAS TS274CN TLC374CD TEXAS TS374CD 
TLC2741D TEXAS TS2741D TLC374CN TEXAS TS374CD 
TLC2741N TEXAS TS2741N TLC3741D TEXAS TS3741D 
TLC27L2ACD TEXAS TS27L2ACD TLC3741N TEXAS TS3741N 
TLC27L2ACP TEXAS TS27L2ACN uA723CJ TEXAS LM723CJ 
TLC27L2AID TEXAS TS27L2AID uA723MJN TEXAS LM723J 
TLC27L2AIP TEXAS TS27L2AIN UA741CD TEXAS UA741CD 
TLC27L2BCO TEXAS TS27L2BCD UA741CJG TEXAS UA741CJ 
TLC27L2BCP TEXAS TS27L2BCN UA741CP TEXAS UA741CN 
TLC27L2BID TEXAS TS27L2B1D UA741MJG TEXAS UA741J 
TLC27L2BIP TEXAS TS27L2BIN UA748CD TEXAS UA748CD 
TLC27L2CD TEXAS TS27L2CD UA748CJG TEXAS UA748CJ 
TLC27L2CP TEXAS TS27L2CN UA748CP TEXAS UA748CN 
TLC27L2D TEXAS TS27L21D UA748MJG TEXAS UA748J 
TLC27L21P TEXAS TS27L21N uA7805CKC TEXAS L7805CV 
TLC27L4ACD TEXAS TS27L4ACD uA7806CKC TEXAS L7806CV 
TLC27L4ACN TEXAS TS27L4ACN uA7806CKC TEXAS L7806CV 
TLC27L4AID TEXAS TS27L4AID uA7808CKC TEXAS L7808CV 
TLC27L4AIN TEXAS TS27L4AIN uA7812CKC TEXAS L7812CV 
TLC27L4BCD TEXAS TS27L4BCD uA7815CKC TEXAS L7815CV 
TLC27L4BCN TEXAS TS27L4BCN uA7818CKC TEXAS L7818CV 
TLC27L4BID TEXAS TS27L4BID uA7824CKC TEXAS L7824CV 
TLC27L4B!N TEXAS TS27L4BIN uA78M05CKC TEXAS L78M05CV 
TLC27L4CD TEXAS TS27L4CD uA78M06CKC TEXAS L78M06CV 
TLC27L4CN TEXAS TS27L4CN uA78M08CKC TEXAS L78MOBCV 
TLC27L41D TEXAS TS27L41D uA78M12CKC TEXAS L78M12CV 
TLC27L41N TEXAS TS27L41N uA78M15CKC TEXAS L78M15CV 
TLC27M2ACD TEXAS TS27M2ACD uA78M24CKC TEXAS L78M24CV 
TLC27M2ACP TEXAS TS27M2ACN uA7905CKC TEXAS L7905CV 
TLC27M2AID TEXAS TS27M2AID uA7908CKC TEXAS L7908CV 
TLC27M2AIP TEXAS TS27M2AIN uA7912CKC TEXAS L7912CV 
TLC27M2BCD TEXAS TS27M2BCN uA7915CKC TEXAS L7915CV 
TLC27M2BCP TEXAS TS27M2BCN uA7918CKC TEXAS L7918CV 
TLC27M2BID TEXAS TS27M2BID uA7924CKC TEXAS L7924CV 
TLC27M2BIP TEXAS TS27M2BIN uA7952CKC TEXAS L7952CV 
TLC27M2CD TEXAS TS27M2CD 
TLC27M2CP TEXAS TS27M2CN 

THOMSON 

TLC27M21D TEXAS TS27M21D LM317SP THOMSON LM317T 
TLC27M21P TEXAS TS27M21N uA723CFP THOMSON LM723CD 
TLC27M4ACD TEXAS TS27M4ACD uA78S05CK THOMSON L78S05CT 
TLC27M4ACN TEXAS TS27M4ACN uA78S05CSP THOMSON L78S05CV 
TLC27M4AID TEXAS TS27M4AID uA78S09CK THOMSON L78S09CT 
TLC27M4AIN TEXAS TS27M4AIN uA78S09CSP THOMSON L78S09CV 
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uA78S12CK THOMSON L78S12CT TA7555F TOSHIBA NE565D 
uA78S12CSP THOMSON L78S12CV TA7555P TOSHIBA NE555N 
uA78S15CK THOMSON L78S15CT TA75902F TOSHIBA LM2902D 
uA78S15CSP THOMSON L78S15CV TA75902P TOSHIBA LM2902N 
uA723CDP THOMSON LM723CN 
uA723CFP THOMSON LM723CD 
uA723CH THOMSON LM723CH 
uA723MDG THOMSON LM723J 
uA723MH THOMSON LM723H 
uA7805CK THOMSON L7805CT 
uA7805CSP THOMSON L7805CV 
uA7806CK THOMSON L7806CT 
uA7806CSP THOMSON L7806CV 
uA7812CK THOMSON L7812CT 
uA7812CSP THOMSON L7812CV 
uA7815CK THOMSON L7815CT 
uA7815CSP THOMSON L7815CV 
uA7818CK THOMSON L7818CT 
uA7818CSP THOMSON L7818CV 
uA7824CK THOMSON L7824CT 
uA7824CSP THOMSON L7824CV 
uA7905CK THOMSON L7905CT 
uA7905CSP THOMSON L7905CV 
uA7912CK THOMSON L7912CT 
uA7912CSP THOMSON L7912CV 
uA7915CK THOMSON L7915CT 
uA7915CSP THOMSON L7915CV 

TOSHIBA 

TA7504P TOSHIBA UA741CN 
TA75061P TOSHIBA TL061CN 
TA75062F TOSHIBA TL062CD 
TA75062P TOSHIBA TL064CN 
TA75064F TOSHIBA TL064CD 
TA75064P TOSHIBA TL0641N 
TA75064P TOSHIBA TL064CN 
TA7506P TOSHIBA LM301AN 
TA75071F TOSHIBA TL071CD 
TA75071P TOSHIBA TL071CN 
TA75072F TOSHIBA TL072CD 
TA75072P TOSHIBA TL072CN 
TA75074F TOSHIBA TL074CD 
TA75074P TOSHIBA TL074CN 
TA75339F TOSHIBA LM2901D 
TA75339P TOSHIBA LM2901N 
TA75358CF TOSHIBA LM358D 
TA75358CP TOSHIBA LM358N 
TA75358F TOSHIBA LM2904D 
TA75358P TOSHIBA LM2904N 
TA75393F TOSHIBA LM2903D 
TA7539P TOSHIBA LM2903N 
TA7540P TOSHIBA UA7761N 
TA75458F TOSHIBA MC1458D 
TA75558F TOSHIBA MC4558CD 
TA75558P TOSHIBA MC4558CN 
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AM6012 
AM6012A 

12-BIT HIGH SPEED D/A CONVERTERS 

• ALL GRADES 12-BIT MONOTONIC OVER 
TEMPERATURE 

• DIFFERENTAL NONLINEARITY TO ±0.012% 
(13 BITS) MAX OVER TEMPERATURE 
(A GRADES) 

• 250ns TYPICAL SETTLING TIME 

• FULL SCALE CURRENT 4mA 

• HIGH SPEED MULTIPLYING CAPABILITY 

• TTLICMOS/ECLIHTL COMPATIBLE 

• HIGHOUTPUTCOMPLIANCE: -5VTO +10V 

• COMPLEMENTARY CURRENT OUTPUTS 

• LOW POWER CONSUMPTION: 230mW 

DESCRIPTION 
The AM6012 is an industry standard monolithic 
12-bit digital-to analog converter. Complementary 
current output and high speed multiplying capabi­
lity make the AM6012 useful in a wide range of ap­
plications such as video displays, process control 
circuitry and fast AID converters. The 6012 is the 
first D/A to achieve 12-bit differential linearity wi­
thout the use of thin film resistors or active trim­
ming. The 6012's unique circuit design insures 
monotonicity without the precision trimming asso­
ciated with most other 12-bit DAC architectures. 
The AM6012 is packaged in a 20-pin plastic DIP 
and is S0-20L for surface mounting. Although te­
sted and specified at ± 15V, the AM6012 works well 
over a wide range of power supply voltages. Per­
formance is essentially independent of supply vol­
tage over the range of + 5 volts, - 12 volts to ± 18 
volts. The AM6012 series guarantees full12-bit mo­
notonicity for all grades and differential nonlinea­
rity as high as 0.012% (13 bits) for the A grades 
and 0.025% (12 bits) for the standard grades over 
the entire temperature range. 
Guaranteed monotonicity and low cost make the 
AM6012 an ideal choice for high volume applica­
tions requiring fine local resolution. Typical appli­
cations include printer graphics and video displays. 
These applications need a minimum of 12 bits of 
resolution, although conformance to an ideal 
straight line from zero to full scale is less important. 

June 1988 

DIP-20 Plastic 
(0.4) 

S0-20L 

PIN CONNECTION 

MS8-81 20 +Vs 

82 2 19 Io 

83 3 18 Io 

84 4 17 -VEE 

85 5 16 COMP. 

86 6 15 VREF (-) 

87 7 14 VREF (+) 

88 8 13 GND/VLC 

89 9 12 812-LS8 

810 10 11 811 

A60!2-2 

1/12 

51 



AM6012-AM6012A 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range 0 to 70 
Storage Temperature -65 to + 125 
Power Supply Voltage ±18 
Logic Inputs -5 to +18 
Voltage at Current Outputs Pins -8 to +12 
Reference Inputs +Vs to -VEE ±18V 

max Differential 
Reference Input Current 1.25 

CONNECTION DIAGRAM AND ORDERING INFORMATION 

Type 

AM6012PC 

AM6012APC 

AM6012 D 

AM6012 AD 

BLOCK DIAGRAM 

AM6012 

REFERENCE 

THERMAL DATA 

Rthj-amb 

2/12 

52 

Differential 
linearity (%) 

0.025 

0.012 

0.025 

0.012 

MS8· 
81 82 83 

2 3 

SEGMENT GENERATOR 17 

ASDJI!-1 

VEE 

Temperature 
Package 

Range ("C) 

0 to 70 DIP.20 

0 to 70 S0.20L 

LS8 
84 85 86 87 89 89 910 9H 912 

A A A A 
CODE SELECTED 
OH1 HH HH 

13 

GND 

Thermal resistance junction-ambient 

oc 
oc 
v 
v 
v 
v 

rnA 

+VS 



AM6012-AM6012A 

ELECTRICAL CHARACTERISTICS 
These specifications apply for Vs = + 15V, VEE= -15V, I REF= 1.0mA, over the operating temperature 
range unless otherwise specified 

AM6012A AM6012 

Param. Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 

Resolution 12 12 12 12 12 12 Bits 

Monotonicity 12 12 12 12 12 12 Bits 

Differential - - ±.012 - - ±.025 %FS 
D.N.L. Nonlinearity Deviation from ideal step size 

13 - - 12 - - Bits 

N.L. Nonlinearity Deviation from ideal straight line - - ±.05 - - ±0.05 %FS 

VREF= 10.000V 
IFS Full Scale Current Rt4 = Rts = 10.000k!l 3.967 3.999 4.031 3.935 3.999 4.063 mA 

TA=25°C 

- ±5 ±20 - ±10 ±40 ppm•c 
TCIFs Full Scale Temp.Co. 

- ±.0005 ±.002 ±.001 ±.004 VoFsoc 

Output Voltage D.N.L. Specification guaranteed 
Voc Compliance 

over compliance range -5 - +10 -5 - +10 v 
Rour>10 megohme typ. 

IFss 
Full Scale 

IFs·IFs ±0.2 ±1.0 ±0.4 ±2.0 ~A Symmetry - -

lzs Zero Scale Current - - 0.10 - - 0.10 pA 

Is Setting Time To ± 1/2 LSB, all bits ON or - 250 500 - 250 500 nSec OFF, TA=25°C 

lpLH Propagation 
50% to 50% - 25 50 - 25 50 nSec 

tPHL Delay - all bits 

Cour Output Capacitance - 20 - - 20 - pF 

v,L Logic Logic "0" - - 0.8 - - 0.8 
Input v 

v,H Levels Logic "1" 2.0 - - 2.0 - -
liN Logic Input Current v1N= -5 to +18V - - 40 - - 40 ~A 

v,s Logic Input Swing VEE=-15V -5 - +18 -5 - +18 v 

I REF 
Reference Current 0.2 1.0 1.1 0.2 1.0 1.1 mA Range 

Its Reference Bias 0 -0.5 -2.0 0 -0.5 -2.0 ~A 
Current 
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AM6012-A:M6012A 

ELECTRICAL CHARACTERISTICS (Continued) 

Param. Description Test Conditions 

dl/dt 
Reference Input R14(eq) = 8000 
Slew Rate CC=OpF 

PSSIFS+ 
Vs"(+13.5Vto +16.5V) 
VEE" -15V Power Supply 

PSSIFS-
Sensitivity VEE" -13.5V to -16.5V 

Vsa +15V 

Vs Power Supply 
Vour=OV 

VEE 
Range 

I+ 
Vs "+5V, VEE" -15V 

1- Power Supply 
Current 

I+ 

1-
Vs= +15V, VEE" -15V 

Po 
Power Vs" +5V, VEE"-15V 
Dissipation 

Vs" +15V,VEe=-15V 

Fig. 1 • Relative Accuracy Error 

OUTPUT 
CURRENT 
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FULL SCALE 

3LSB RELATIVE 
ACCURACY ERROR 

DIBITAL INPUT CODE 

A601Z-IO:: DIS 

AM6012A AM6012 

Min. Typ. Max. Min. Typ. Max. Units 

4.0 8.0 - 4.0 8.0 - mAJ~s 

- :1:.00005 :1:.001 - :!:0.0005 :1:.001 

VoFS/% 

- :1:.00025 :1:.001 - :1:.00025 :1:.001 

4.5 - 18 4.5 - 18 v 
-18 - -10.8 -18 - -10.8 

- 5.7 8.5 - 5.7 8.5 

- -13.7 -18.0 - -13.7 -18.0 rnA 

5.7 8.5 - 5.7 8.5 

- -13.7 -18.0 - -13.7 -18.0 

- 234 312 - 234 312 mW 

- 291 397 - 291 397 

Fig. 2 • Example of Nonmonotonlc Behavior 

OUTPUT 

CURRENT 

A6012-IO': LIB 



APPLICATION INFORMATION 

FUNCTIONAL DESCRIPTION 

The segmented design of the AM6012, shov.:n i~ 
the block diagram, insures that there are no signi­
ficant differential nonlinearities in the transfer cha­
racteristic. The eight major carries of the most 
significant bits are not subject to the gross diffe­
rential nonlinearities that can occasionally occur 
in an R-2R type DAC. This advantage is due to the 
fundamentally different way that the current is han­
dled in an AM6012. 
In a conventional R-2R type DAC, when the input 
code is increemented past a major carry, a current 
representing the new code is substituted for the 
sum of all the less significant bit currents that we­
re previously on. To avoid any nonlinearities, the 
two total currents must be extremely well matched. 
In the case of the MSB major carry in a 12-bit DAC, 
the match must be better than one part in 2048 to 
maintain monotonicity. However, in the AM6012, 
a new current is never substituted for the sum of 
several smaller ones, but redirected through alter­
nate channels and incremented one step at a time. 
For example, consider the MSB carry in an 
AM6012. In the initial state of 011111111111 as 
shown in the block diagram, the switches in the 
segment generator are set in such a way that cur­
rents lo, 11 and 12 are steered directly into. the no­
n inverting output lour. In addition, a port1on of Ia 
is directed through the 9-bit DAC that is controlled 
by the 9 least significant bits into lour. With the 
9LSBs set to "1", all of the Ia current is directed 
to lour .except for the 1/512 that goes to ground 
through 1the right-most transistor in the 9-bit DAC. 
After the input word is changed to 100000000000, 
the segment decoder switch for Ia will be all the 
way to the right, the switch for l4 will be in the mid­
dle, and all the switches in the 9-bit DAC will be 
to the left. louT will be composed of lo, 11, 12 and 
Ia. None of l4 will be directed into louT until a hi­
gher code is reached. I~ other word~, Ia i~ _now 
steered directly to lour mstead of bemg d1v1ded 
by a factor of 511/512 in the 9-bit DAC. Since no 
major current substitution occurs, there is less 
chance of a large nonlinearity at this transition than 
in a comparable R-2R DAC. 

RELATIVE ACCURACY VS. DIFFERENTIAL NON­
LINEARITY 

We defines relative accuracy as the maximum de­
viation of the actual, adjusted DAC output from the 
ideal analog output (a straight line drawn between 
the lowest code output voltage and the highest co­
de output voltage) for any bit combination. Relati­
ve accuracy is often referred to as nonlinearity. The 
DAC transfer function shown in Figure 1 has a bow 

AM6012-AM6012A 

that results in a maximum relative accuracy error 
of 3LSB. This must be distinguished from a diffe­
rential linearity error. Differential nonlinearity is the 
measure of the variation in analog value, normali­
zed to full scale, associated with a ILSB change 
in digital input code. 
For example, for a 4mA full scale output, a chan­
ge of ILSB in digital input code should result in a 
0.98~tA change in the analog output current 
(ILSB = 4mA x 1/4096 = 0.98~tA). If in actual use, 
however, a ILSB change in the input code results 
ina change of only 0.24~ (1/4LSB) in output cur­
rent, the differential linearity error would be 0.74~ 
or 3/4LSB. 
The AM6012 has very good differential linearity in 
spite of the parr relative accuracy. Conversely, the 
DAC of Figure 1 has very good relative accuracy 
but poor differential linearity. The anomaly in the 
middle of the transfer function is the result of a po­
sitive differential linearity error followed by a ne­
gative differential linearity error greater than 1 LSB. 
A negative output step for an increase in digital in­
put code is referred to as non monotonic behavior. 
In general, if a DAC has a differential linearity er­
ror specification greater than 1 LSB, it may be non­
monotonic at one or more of the major carries. In 
most case the worst differential linearity error will 
occur at the MSB transition point. 
As noted in the functional description, the 6012's 
unique design minimizes differential linearity errors 
at the transition points of the 3MSBs. This results 
in a tight specification on maximum differential non­
linearity over temperature. Differential linearity is 
verified on all AM6012s with 100% final testing. 
In many converter applications, uniform step size 
(or minimum differential linearity error) is more im­
portant than conformance to an ideal straight line. 
Twelve-bit onverters are usually needed for high 
resolution rather than high linearity as evidenced 
by the fact that few transducers are more linear 
than 0.1 %. This is also true in video graphics, whe­
re the human eye has difficulty discerning nonli­
nearity of less than 5%. The AM6012 is especially 
well suited for these applications since it has in­
herently low differential linearity error. 

~ SGS·THOMSON ._ 'Y/.. WJU©ffil@~~~©1i'ffil@li!JU©$ 
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AM6012-AM6012A 

APPLICATION INFORMATION (Continued) 

ANALOG OUTPUT CURRENTS 

Both true and complemented output sink currents 
are provided where Ia + Ia = I FR. Current appears 
at the "true" output when a "1" is applied to each 
logic input. As the binary count increases, the sink 
current at pin 18 increases proportionally, in the 
fashion of a "positive logic" D/A converter. When 
a "0" is applied to any input bit, that current is tur­
ned off at pin 18 and turned on at pin 19. A decrea­
sing logic count increase lo as in a negative or 
inverter logic D/A converter. Both outputs may be 
used simultaneously. If one of the outputs is not 
required it must still be connected to ground or to 
a point capable of sourcing IFR; do not leave an 
unused output pin one. 
Both outputs have an extremely wide voltage com­
pliance enabling fast direct current-to-voltage con­
version through a resistor tied to ground or other 
voltage source. Positive compliance is 25V above 
V- and is independent of the positive supply. Ne­
gative compliance is + 1 OV above V- . 
The dual outputs enable double the usual peak-to­
peak load swing when driving loads in quasi­
differential fashion. This feature is especially use­
ful in cable driving, CRT deflection and in other ba­
lanced applications such as driving center-tapped 
coils and transformers. 

POWER SUPPLIES 
The AM6012 operates over a wide range of power 
supply voltages from a total supply of 20V to 36V. 
When operating with V- supplies of - 1 OV or less, 
I REF :51 rnA is recommended. Low reference cur­
rent operation decreases power consumption and 
increases negative compliance, reference ampli­
fier negative common mode range, negative logic 
input range, and negative logic threshold range; 
consult the various figures fro guidance. For exam­
ple, operation at - 9V with I REF= 1 rnA is not re­
commended because negative output compliance 
would be reduced to near zero. Operation from lo­
wer supplies is possible, however at least 8V total 
must be applied to insure turn-on of the internal 
bias network. 
Symmetrical supplies are not required, as the 
AM6012 is quite insensitive to variations in supply 
voltage. Battery operation is feasible as no ground 
connection is required; however, an artificial ground 
may be used to insure logic swings, etc. remain 
between acceptable limits. 

TEMPERATURE PERFORMANCE 
The nonlinearity and mononicity specifications of 
the AM6012 are guaranteed to apply over the en­
tire rated operating temperature range. Full scale 
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output current drift is flight, typically ± 1 Oppm/°C 
with zero scale output current and drift essentially 
negligible compared to 1/2 LSB. 
The temperature coefficient of the reference resi­
stor R14 should match and track that of the out­
put resistor for minimum overall full scale drift. 

SETTLING TIME 

The AM6012 is capable of extremely fast settling 
times, typically 250ns at I REF= 1.0mA. Judicious 
circuit design and careful board layout must be em­
ployed to obtain full performance potential during 
testing and application. The logic switch design 
enables propagation delays of only 25ns for each 
of the 12 bits. Settling time to within 1/2 LSB of the 
LSB is therefore 25ns, with each progressively lar­
ger bit taking successively longer. The MSB set­
tles in 250ns, thus determining the overall settling 
time of 250ns. Settling to 1 O-bit accuracy requires 
about 90 to 130ms. The output capacitance of the 
AM6012 including the package is approximately 
20pF; therefore, the output RC time constant do­
minates settling time if RL > SOOn. 
Settling time and propagation delay are relatively 
insensitive to logic input amplitude and rise and fall 
times, due to the high gain of the logic switches. 
Settling time also remains essentially constant for 
IREF values down to 0.5mA, with gradual increa­
ses for lower IREF values lies in the ability to at­
tain a given output level with lower load resistors, 
thus reducing the output RC time constant. 
Measurement of settling time requires the ability 
to accurately resolve ±2pA, therefore a 2.5kn load 
is needed to provide adequate drive for most oscil­
loscopes. At IREF values of less than 0.5mA, ex­
cessive RC damping of the output is difficult to 
prevent while maintaining adequate sensitivity. Ho­
wever, the major carry from 011111111111 to 
100000000000 provides an accurate indicator of 
settling time. This code change does not require 
the normal 6.2 time constants to settle to within 
± 0.1% of the final value, and thus settling times 
may be observed at lower values of IREF· 
AM6012 switching transients or "glitches" are very 
low and may be further reduced by small capaciti­
ve loads at the output at a minor sacrifice in set­
tling time. 
Fastest operation can be octained by using short 
leads, minimizing output capacitance and load re­
sistor values, and by adequate bypassing at the 
supply, reference, and VLc terminals. Supplies do 
not require large electrolytic bypass capacitors as 
the supply current drain is independent of input lo­
gic states; 0.1 ~tF capacitors at the supply pins pro­
vide full transient protection. 



APPLICATION INFORMATION (Continued) 

REFERENCE AMPLIFIER SETUP 

The AM6012 is a multiplying D/A converter in which 
the output current is the product of a digital num­
ber and the input reference current. The referen­
ce current may be fixed or may vary from nearly 
zero to + 1.0mA. The full range output current is 
a linear function of the reference current and is gi­
ven by: 

4095 
IRF = --X 4 X (I REF)= 3.999 I REF, 

4096 

where I REF= l14 

In positive reference applications, an external po­
sitive reference voltage forces current through R14 
into the VREF( + l terminal (pin 14) of the reference 
amplifier. Alternatively, a negative reference may 
be applied to VREF(- l at pin 15. Reference current 
flows from ground through R14 into VREF( +)as in 
the positive reference case. This negative reference 
connection has the advantage of a very high im­
pedance presented at pin 15. The voltage at pin 
14 is equal to and tracks the voltage at pin 15 due 
to the high gain of the internal reference amplifier. 
R15 (nominally equal to R14) is used to cancel bias 
current errors. (Figure 3). 
Bipolar references may be accommodated by off­
setting VREF or pin 15. The negative common­
mode range of the reference amplifier is given by: 
VcM- =V- plus (IREFX3k0) plus 1.8V. The po­
sitive common-mode range is V + less 1.23V. 
When a DC reference is used, a reference bypass 
capacitor is recommended. A 5.0V TIL logic sup­
ply is not recommended as a reference. If a regu­
lated power supply is used as a reference, R14 
should be split into two resistors with the junction 
bypassed to ground with a 0.1/LF capacitor. 
For most applications the tight relationship between 
I REF and IFS will eliminate the need for trimming 

- IREF· If required, full scale trimming may be ac­
complished by adjusting the value of R14, or by 
using a potentiometer for R14. 

MULTIPLYING OPERATION 
The AM6012 provides excellent multiplying perfor­
mance with an extremely linear relationship bet­
ween IFS and I REF over a range of 1 rnA to 1/LA. 
Monotonic operation is maintained over a typical 
range of IREF from 100/LA to 1.0mA. 

AM6012·AM6012A 

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications will require the referen­
ce amplifier to be compensated using a capacitor 
from pin 16 to V- . The value of this capacitor de­
pends on the impedance presented to pin 14. For 
R14 values of 1.0, 2.5 and 5 OkO; minimum values 
of Cc are 5, 12 and 25 pF. Larger values of R14 
require proportionately increased values of Cc for 
proper phase margin (See Figure 4 and 5). 
For fastest response to a pulse, low values of R14 
enabling small Cc values should be used. If pin 14 
is driven be a high impedance such as a transistor 
current source, none of the above values will suf­
fice and the amplifier must be heavily compensa­
ted which will decrease overall compensated which 
will decrease overall bandwidth and slew rate. For 
R14 = 1 kO and Cc = 5pF, the reference amplifier 
slews at 4mA/ms enabling a transition from 
IREF=O to IREF= 1mA in 250ns. 
Operation with pulse inputs to the reference am­
plifier may be accommodated by an alternate com­
pensation scheme. This technique provides lowest 
full scale transition times. An internal clamp allows 
quick recovery of the reference amplifier from a cu­
toff (I REF= 0) condition. Full scale transition (0 to 
1 rnA) occurs in 62.5ns when the equiyalent impe­
dance at pin 14 is 8000 and Cc=O. This yields a 
reference slew rate of BmAIILs which is relatively 
independent of RIN and VJN values. 

LOGIC INPUTS 

The AM6012 design incorporates a unique logic in­
put circuit which enables direct interface to all po­
pular logic families and provides maximum noise 
immunity. This feature is made possible by the lar­
ge input swing capability, 40!LA logic input current, 
and completely adjustable logic inputs may swing 
between -5 and + 10V. 
This enables direct interface with + 15V CMOS lo­
gic, even when the AM6012 is powered from a + 5V 
supply. Minimum input logic swing and minimum 
logic threshold may be adjusted over a wide range 
by placing an appropriate voltage at the logic thre­
shold control pin (pin 13, VLc). For TIL interface, 
simply ground pin 13. When interfacing ECL, an 
IREF ~ 1mA is recommended. For interfacing 
other logic families, see block titled "Interfacing 
with Various Logic Families". For general setup of 
the logic control circuit, it should be noted that pin 
13 will sink 1.1 rnA typical, external circuitry should 
be designed to accommodate this current (Figure 6). 
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AM6012-AM6012A 

Fig. 3 - Reference amplifier biasing 

v + 

A14 AM6012 

VIN 6 

v- V+ 

Reference Configuration R14 R1s 

Positive Reference VR+ ov 
Negative Reference ov VR-

Lo Impedance Bipolar 
VR+ OV 

Reference 

Hi Impedance Bipolar 
VR+ VJN Reference 

Pulsed Reference (Note 4) VR+ OV 

Notes: 

IO +Io a IFS 
FOR ALL INPUT CODES 

T?·il 22 )JF TANT. 
20 ::c :I: (NOTE 5) 

v- A6012-B:: LIB 

R1N Cc I REF 

N/C .011'F VR+IR14 

N/C .011'F -VR-IR14 

VJN (Note 1) VR +IR14) + (ViN/RiN) 
(Note 2) 

N/C (Note 1) (VR+ -V1N)/R14 
(Note 3) 

VJN No Cap (VR+IR14) + (VJN/RJN) 

1. The compensation capacitor a function of the impedance seen at the + VREF input and must be at least 5pF x R14(eq) 
in kn. For R14 < soon no capacitor is necessary. 

2. For negative values of VIN· VA +/R14 must be greater than - V1N Max/R1N so that the amplifier is not turned off. 
3. For positive values of V1N. VA+ must be greater than V1N Max so the amplifier is not turned off. 
4. For pulsed operation, VA+ provides a DC offset and may be set to zero in some cases. The impedance at pin 14 

should be soon or less. 
5. For optimum settling time, decouple V - with 20n and bypass with 221'F tantulum capacitor. 
6. Reference current and reference resistor -there is a 1 to 4 schale factor between the reference current OAEFl and 

the full scale output current (IFs). If VAEF= +10V and IFs=4mA, the value of the R14 is: 
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Fig. 4 - Minimum size compensation capacitor 
!IFs = 4mA, I REF= 1.0mA) 

R14(EQ)(K!l) Cc(PF) 

'10 50 
5 25 
2 10 
1 5 
5 0 

Note· A 0.01 ~F capacitor is recommended for fixed reference operation. 

Fig. 6 - Interfacing Circuits 

CMOS 
+ 15V 

470 

"A" 

20K 
0 PIN 13 

3K 
510 

ECL 

13K 

"A" 

0 PIN 13 

6.2K 

- 5.2V 

AM6012-AM6012A 

Fig. 5 - Reference Amplifier Frequency response 

(dB) I I 

H= SMALL SIGNAL ~ LARGE SIGNAL 

3 

0 .-::.::-h 
' 
\ \ 

'\ H R14=2K I 
Cc= 10pF I \\ -r 

-3 

-6 

0.01 0.1 1 10 
(MHz) 

A6012-11:: DI 

Fig. 7 - Accomodating Bipolar Reference 

VIN 

VREF + 

RREF IREF 

I1n 
14 

R!N• d AM6012 1. 5i-'-----' 19 
Io 

!REF > PEAK NEGATIVE SWING OF I1n 

AREF Io 
"REF(+)~ 
~ 

~VIN 15 19 Io 
-'Cl HIGH INPUT 

IMPEDANCE 

VREF (+) MUST BE ABOVE PEAK POSITIVE SWING OF VIN 
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Fig. 8 • AM6012 Logic Inputs 

+IOV 
REF 

R14 VREF 
1.0mA 

ROFF = VREF 
2.0mA 

Code Format 

Straight bynary 
one polarity 
w1th true Input 
code, true zero 

Umpolar 
output. 

Complementary 
binary one 
polanty w1th 
complementary 
mput code, true 
zero output 

Straight offset 
bmary, offset 
half scale, sym· 
metrical about 
zero, no true 

Symmetncal 
zero output 

Offset t ·s complement 
offset half scare 
symmetrical 
about zero, no 
true zero output 
MS8 compte· 
mented (need 
mverter at 81) 

Offset binary, 
offset half 
scale, true zero 
output 

Offset With 
True Zero 

2's complement 
offset half scale 
true zero output 
MSB compte· 
mented (need 
mverter at 81) 

Connec. 

a-c 
b·g 

Rt=R2=2 5K 

a-g 
b·c 

Rt =R2=2.5K 

a-c 
b·d 
f·O 

Rt=R3=2 5K 
R2=1 25K 

a·c 
b·d 
f·g 

Rt=R3=2.5K 
R2=1 25K 

e-a-c 
b·g 

Rt =R2=5K 

e-a-c 
b·g 

R1 =R2=5K 

5 KOhm 

AOFF 

VAEF (+) 

AM6012 
(-) 

812 

LSB 

Output 

Scale 

Positive full scale 
PoSitive full scale·LS8 
Zero scale 

PoSitive full scale 
PoSitive lull scale·LSB 
Zero scale 

Posit1ve full scale 
PoSitive full scale·LSB 
( +) Zero scale 
(·)Zero scale 
Negat1ve full scale·LSB 
Negat1ve full scale 

PoSitive full scale 
PoSitive full scale·LSB 
( +) Zero scale 
(·)zero scale 
Negat1ve full scale-LSB 
Negative full scale 

Positive full scale 
Positive full scale-LSB 
+LSB 
Zero Scale 
·LSB 
Negative full scale+ LSB 
Negat1ve full scale 

Positive full scale 
Positive full scale·LSB 
+1 LSB 
Zero scale 
·1 LSB 
Negative full scale+ LSB 
Negat1ve full scale 

ADDITIONAL CODE MODIFICATIONS 

2 mA 
~ 

MS8 

81 82 83 

t 1 1 
t 1 t 
0 0 0 

0 0 0 
0 0 0 
t t 1 

1 1 t 
1 t t 
1 0 0 
0 t 1 
0 0 0 
0 0 0 

0 1 t 
0 t t 
0 0 0 
t t 1 
t 0 0 
t 0 0 

1 t t 
t 1 1 
t 0 0 
t 0 0 
0 t t 
0 0 0 
0 0 0 

0 1 1 
0 1 1 
0 0 0 
0 0 0 
1 1 1 
1 0 0 
1 0 0 

84 

1 
t 
0 

0 
0 
1 

1 
1 
0 
1 
0 
0 

t 
t 
0 
1 
0 
0 

t 
1 
0 
0 
t 
0 
0 

1 
1 
0 
0 
1 
0 
0 

A3 AI 

E 

D 

G 

l 
A6012·7:: LIB 

LS8 lo lo 
Vour 85 86 87 88 89 810 811 812 

1 1 1 1 1 1 t 1 3 999 000 9.9978 
1 1 1 1 t 1 1 0 3 998 001 9 9951 
0 0 0 0 0 0 0 0 000 3 999 0000 

0 0 0 0 0 0 0 0 000 3 999 9 9976 
0 0 0 0 0 0 0 1 001 3 998 9 9951 
1 1 t t t 1 t 1 3 999 000 0000 

1 1 1 1 t 1 1 1 3 999 000 9 9976 
t 1 1 1 t t t 0 3 998 DOt 9 9927 
0 0 0 0 0 0 0 0 2 000 1.999 0024 
t t t t t t 1 t t 999 2.000 • 0024 
0 0 0 0 0 0 0 t 001 3.998 ·9 9927 
0 0 0 0 0 0 0 0 .000 3 999 ·9.9976 

t 1 1 1 1 t 1 1 3 999 000 9 9976 
t t 1 1 1 t 1 0 3 998 001 9 9927 
0 0 0 0 0 0 0 0 2 000 t 999 0024 
1 t t t 1 1 t t 1 999 2 000 ·.0024 
0 0 0 0 0 0 0 t .001 3 998 ·9.9927 
0 0 0 0 0 0 0 0 000 3.999 ·9.9976 

1 t 1 1 1 1 1 t 3.999 000 9.9951 
1 t t t t 1 t 0 3.998 .001 9.9902 
0 0 0 0 0 0 0 1 2.001 1.998 .0049 
0 0 0 0 0 0 0 0 2 000 1 999 000 
t t t 1 t t 1 1 1 999 2 000 • 0049 
0 0 0 0 0 0 0 t 001 3 998 ·9 9951 
0 0 0 0 0 0 0 0 000 3 999 ·10 000 

1 1 1 1 1 1 1 1 3.999 .006 9.9951 
1 1 1 1 1 1 1 0 3.998 001 9.9902 
0 0 0 0 0 0 0 1 2 001 1 998 .0049 
0 0 0 0 0 0 0 0 2.000 1 999 000 
1 1 1 1 1 1 1 1 1 999 2 000 ·0 049 
0 0 0 0 0 0 0 t 001 3 998 ·9 9951 
0 0 0 0 0 0 0 0 .000 3 999 ·10 000 

1. Any of the offset binary codes may be complemented by reversing the output terminal pair. 
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Fig. 9 - Basic Negative Reference Operation 

RREF 

VREF (-) 

R15 

Fig. 11 - CRT Display Driver 

60V COMMON 
MODE LEVEL 

"X" INPUT 

Io 
18 

AM6012 
19 

Io 

+120V DC 

Fig. 12- 12-BIT High-Speed A/D Converter 

CLOCK 

+15V 

AM6012 
COMP 

AM6012-AM6012A 

Fig. 10- Recommended Full-scale Adjustment Circuit 

VREF 

+ 5V 

Io 

LSB 

MSB 

RREF 

"Y" INPUT 

A60iE-5:: LI 

ANALOG IN 
(Q-10V) 

2.5KOh• 

1nF 1nF 

V(-) V(+) 1.6012-9:: LIB 
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AM6012-AM6012A 

Fig. 13 - Interface with 8-bit Microprocessor Bus 
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I 
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Fig. 14 - Interface with digital signal processor TS68930/31 
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• RELATIVE ACCURACY: ±0.19% ERROR MA­
XIMUM (DAC0808) 

• FULL SCALE CURRENT MATCH: ± 1 LSB TYP 

• 7 AND 6-BIT ACCURACY AVAILABLE 
(DAC0807, DAC0806) 

• FAST SETTING TIME: 150 ns TYP 

• NONINVERTING DIGITAL INPUTS ARE TTL 
AND CMOS COMPATIBLE 

• HIGH SPEED MULTIPLYING INPUT SLEW RA­
TE: 8 mA/p.s 

• POWER SUPPLY VOLTAGE RANGE: ±4.5V 
to ±18V 

• LOW POWER CONSUMPTION: 33 mW@ ±5V 

DESCRIPTION 

The DAC0808 series is an 8-bit monolithic digital­
to-analog converter (DAC) featuring a full scale out­
put current settling time of 150 ns while dissipa­
ting only 33 mW with ± 5V supplies. No reference 
current (I REF) trimming is required for most appli­
cations since the full scale output current is typi­
cally ± 1 LSB of 255 IREF/256. Relative accuracies 
of better than 0.19% assure 8-bit monotonicity and 
linearity while zero level output current of less than 
4 p.A provides 8-bit zero accuracy for IREF2:2 rnA. 
The power supply currents of the DAC0808 series 
are independent of bit codes, and exhibits essen­
tially constant device characteristics over the en­
tire supply voltage range. 

The DAC0808 will interface directly with popular 
TTL, or CMOS logic levels, and is a direct repla­
cement for the MC1508/MC1408. 

June 1988 

DAC0808 
DAC0807 
DAC0806 

8-BIT D/A CONVERTERS 

DIP-16 Plastic (0.25) 
and Ceramic 

PIN CONNECTION 

N.C. 

GND 

IO 

A1 

A2 

A3 

A4 

S0-16J 

COMP 

(-) VREF 

(+) VREF 

+VS 

AS 

A7 

A6 

A5 

DACOBOB-13 
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DAC0808-0807-0806 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Vs 
VEE 

Digital Input Voltage V5- V12 
Reference Current, l14 
Reference Amplifier Inputs, V14, V15 

Operating Temperature Range 
DAC0808L 
DAC0808LC/D1 

Storage Temperature Range 

ORDERING INFORMATION 

Accuracy Temperature 
range 

8 bit o to 75°C 

7 bit 0 to 75°C 

6 bit 0 to 75°e 

8 bit -55 to 125°e 

BLOCK DIAGRAM 

Plastic 
DIP-16 

DACOBOSLCN 

DACOSO?LeN 

DAe0806LCN 

-

+ 18 v 
-18 v 

-10 V to + 18 V 
5 rnA 

Vee, VEE 

-55°C:sTA:s +125 oc 
O:sTA:S + 75 °C 

- 65°C to + 150 °C 

Ceramic 50-16 DIP-16 

DAe0808LeJ DAe0808D 

DAC0807LeJ DAe0807D 

DAC0806LCJ DAC0806D 

DAe0808LJ -

+VS A1 A2 A3 A4 A5 A6 A? AB 

OACOBOB-t 

THERMAL OAT A 

Ceramic 
S0-16 Plastic 

DIP-16 DIP-16 

Rthj-amb Thermal resistance junction-ambient max 150°C/W 120°C/W 100°C/W 
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DAC0808-0807-0806 

ELECTRICAL CHARACTERISTICS 
(Vs=5V, VEE= -15V, VREFIR14=2 rnA, TA=TMIN to TMAX and all digital inputs at high logic level 
unless otherwise noted.) 

Parameter Test Conditions Min. Typ. 

Er Relative Accuracy (Error Relative (Figure 10) 
to Full Scale lo) 

DAC0808L 
DAC0807LC/D1 (Note 1) 
DAC0806LC/D1 (Note 1) 

Settling Time to Within 1/2 LSB T A= 25°C (Note 2) 150 
(Includes tPLH) (Figure 11) 

tPLH Propagation Delay Time T A= 25°C (Figure 11) 30 
tPHL 

TCio Output Full Scale Current Drift ±20 

MSB Digital Input Logic Levels (Figure 9) 
VIH High Level, Logic "1" 2 
V1L Low Level, Logic "0" 

MSB Digital Input Current (Figure 9) 
High Level VIH=5V 0 
Low Level V1L=0.8V -0.003 

115 Reference Input Bias Current (Figure 3) -1 
Output Current Range (Figure 9) 

VEE= -5V 0 2.0 
VEE= -15V, TA=25°C 0 2.0 

lo Output Current VREF= 2.000V. 
R14= 10000 
(Figure 9) 1.9 1.99 

Output Current, All Bits Low (Figure 9) 0 
Output Voltage Compliance Er:s0.19%, TA=25°C 
VEE= -5V 
VEE Below -1 OV 

SRI REF Reference Current Siew Rate (Figure 14) 4 8 
Output Current Power Supply -5V:sVEE:s -16.5V 0.05 
Sensitivity 

Power Supply Current (All Bits Low) (Figure 9) 
Is 2.3 
lEE -4.3 

Power Supply Voltage Range TA = 25°C (Figure 9) 
Vs 4.5 5.0 
VEE -4.5 -15 

Power Dissipation 
All Bits Low Vs=5V.VEE= -5V 33 

Vs=5V.VEE= -15V 106 
All Bits High Vs=15V.VEE= -5V 90 

Vs=15V.VEE= -15V 160 

Note 1: All current switches are tested to guarantee at least 50% of rated current. 
Note 2: All bits switched. 
Note 3: Range control is not required. 

Max. Unit 

% 

±0.19 % 
±0.39 % 
±0.78 % 

ns 

100 ns 

ppm/°C 

Voc 
0.8 Voc 

0.040 mA 
-0.8 mA 

-3 p.A 

2.1 mA 
4.2 mA 

2.1 mA 
4 p.A 

-0.55, +0.4 v 
-5.0 ,+0.4 v 

mA!p.s 
2.7 p.AN 

22 mA -13 

5.5 v -16.5 

170 mW 
305 mW 

mW 
mW 
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DAC0808-0807-0806 

Fig. 1 - Supply Current vs 
Temperature 
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(mAl 

8 

~ALL BITS HIGH DR LOW ~ 

I14 2m A 

6 
I 

IEE 

4 

2 I Is 

0 
-50 0 50 10 0 T A (• C) 

Fig. 4 - Logic Input Current vs 
Input Voltage 

4 

I-- A1 THROUGH AS 

2 
II 

1--

0 -8 -4 0 4 8 '{_ (V) 

Fig. 7 - Output Voltage Compliance 
vs Temperature 

Vo 
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16 

8 

0 
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-16 
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~ r?3 ~ ~ ~~ 
SHADED AREA 

f.- INDICATES 1-+-
f.- PERMISSIBLE OUTPUT 1-+-
f.- VOLTAGE RANGE FOR 1-+-VEE•-15V, I 14 .. 2mA 

0 ~ ~ ~ 0:: 0r0 

-50 0 50 1 0 0 T A (• C) 

Fig. 2 - Supply Current vs Supply 
Voltage (VEE) 

Fig. 3 - Supply Current vs Supply 
Voltage (Vs) 

Icc 
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8 

6 

4 

2 

ALL BITS HIGH DR LOW ~ 

I I I I I 
- 1-- I EE (I14 =2mA) 1-- -

1--1 IT I 
- 1-- IEE (I14 =1mA) 1-- -

'----1-- IE (I14=o. 2m A) 
1- -

II 

7 
4 8 12 VEE (V) 

Icc 
(mAl 

8 

6 

4 

2 

HALL BITS HIGH OR LOW 

- 1-- IEE (I 14 =2mA) - -

1-- '---- I Sl (II 114 =12 miA) 1--1--

4 8 12 Vs (V) 

Fig. 5 - Bit Transfer Characteristics Fig. 6 - Output Voltage Compliance 

1 I Io Io ALL BITS "ON" (mAl (mAl 
I 14=2mA 

0.8 

0.6 

0.4 

0.2 

0 

v-1-s 
....:.1 

-4 0 4 

A1 2.4 

2 

1.6 

A2 1.2 

A3 0.8 

0.4 

0 

VEE--15V 

I II 

A4 
AS 

8 12 VL (V) 
-14 -10 -6 -2 2 

I 
VEE=-5V 

I14=2mA 

I 114= 11m A 

r1J=o.kmA 

6 10 Vo (V) 

Fig. 8 - Frequency response Unless otherwise specified: R14 = 
R15=1 k0,C=15pF,pin 16toVEE; 
RL = 500, pin 4 to ground. 

(dB) 

4 
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-B 
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Curve A: Large Signal Bandwidth 
Method of Figure 7, VREF = 2 Vp-p 
offset 1 V above ground 

Curve B: Small Signal Bandwidth 
Method of Figure 7, RL = 2500, 
VREF=50 mVp-p offset 200 mV 
above ground. 

Curve C: Large and Small Signal 
Bandwidth Method of Figure 9 (no 
op amp. RL = 500), Rs = 500, 
VREF = 2V, Vs = 1 oo mVp-p centered 
at OV. 



Test Circuits 

FIGURE 9. Notation Definitions 

A3 

A4 

A5 

A6 

A7 

FIGURE 10. Relative Accuracy 

VREF 

DAC0808-0807 -0806 

The resistor tied to pin 15 is to temperature com­
pensate the bias current and may not be necessa­
ry for all applications. 

lo=K ( A1 +A2+A3 +A4 +A5 +AS+ A7 +AS ) 
2 4 8 16 32 64 128 256 

VREF 
where K = R14 

and AN= "1" if AN is at high level 
AN= "0" if AN is at low level 
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DAC0808-0807 -0806 

FIGURE 11. Transient Response and Settling Time 
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FIGURE 14. Reference Current Slew Rate Measurement 

n -----· 2V 
..J L ---· 0 

APPLICATION INFORMATION 

CIRCUIT DESCRIPTION 

The DAC0808 consists of a reference current am­
plifier, an R-2R ladder, and eight high-speed cur­
rent switches. For many applications, only a 
reference resistor and reference voltage need be 
added. 
The switches are non inverting in operation, there­
fore a high state on the input turns on the speci­
fied output current component. The switch uses 
current steering for high speed, and a termination 
amplifier consisting of an active load gain stage 
with unity gain feedback. The termination ampli­
fier holds the parasitic capacitance of the ladder 
at a constant voltage during switching and provi­
des a low impedance termination of equal voltage 
for all legs of the ladder. 
The R-2R ladder divides the reference amplifier cur­
rent into binarily-related components, which are fed 
to the switches. Nota that there is always a remain­
der current which is equal to the last significant bit. 
This current is shunted to ground, and the maxi­
mum output current is 255/256 of the reference am­
plifier current, or 1.992 mA for a 2.0 mA reference 
amplifier current if the NPN current source pair is 
perfectly matched. 

DAC0808-0807 -0806 

REFERENCE AMPLIFIER DRIVE AND COMPEN­
SATION 

The reference amplifier provides a voltage at pin 
14 for converting the reference voltage to a cur­
rent, and a turn-around circuit or current mirror for 
feeding the ladder. The reference amplifier input 
current, l14, must always flow into pin 14, regar­
dless of the set-up method or reference voltage po­
larity. 

Connections for a positive voltage are shown in Fi­
gure 12. The reference voltage source supplies the 
full current 114· For bipolar reference signals, as 
in the multiplying mode, R15 can be tied to a ne­
gative voltage corresponding to the minimum in­
put level. It is possible to eliminate R15 with only 
a small sacrifice in accuracy and temperature drift. 

The compensation capacitor value must be increa­
sed with increases in R14 to maintain proper pha­
se margin; for R14 values of 1, 2.5 and 5 kfl, 
minimum capacitor values are 15,37 and 75 pF. 
The capacitor may be tied to either VEE or ground, 
but using VEE increases negative supply rejection. 

A negative reference voltage may be used if R14 
is grounded and the reference voltage is applied 
to R15 as shown in Figure 13. A high input impe­
dance is the main advantage of this method. Com­
pensation involves a capacitor to VEE on pin 16, 
using the values of the previous paragraph. The 
negative reference voltage must be at least 3V abo­
ve the VEE supply. Bipolar input signals may be 
handled by connecting R14 to a positive referen­
ce voltage equal to the peak positive input level at 
pin 15. 

When a DC reference voltage is used, capacitive 
by pass to ground is recommended. The 5V logic 
supply is not recommended as a reference volta­
ge. If a well regulated 5V supply which drives lo­
gic is to be used as the reference, R14 should be 
decoupled by connecting it to 5V through another 
resistor and bypassing the junction of the 2 resi­
stors with 0.1 I'F to ground. For reference voltages 
greater than 5V, a clamp diode is recommended 
between pin 14 and ground. 

If pin 14 is driven by a high impedance such as a 
transistor current source, none of the above com­
pensation methods apply and the amplifier must 
be heavily compensated, decreasing the overall 
bandwidth. 

ru SCS·THOMSON ':If 1, iliJD©Iiil©~~~©1Jiiil@II!JD©l> 
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DAC0808-0807 -0806 

OUTPUT VOLTAGE RANGE 

The voltage on pin 4 is restricted to a range of - 0.6 
to 0.5V when VEE= - 5V due to the current swit· 
ching methods employed in the DAC0808. 

The negative output voltage compliance of the 
DAC0808 is extended to - 5V where the negative 
supply voltage is more negative than -10V. Using 
a full-scale current of 1.992 mA and load resistor 
of 2.5 kO between pin 4 and ground will yield a vol· 
tage output of 2561evels between 0 and -4.980V. 
Floating pin 1 does not affect the converter speed 
or power dissipation. However, the value of the load 
resistor determines the switching time due to in· 
creased voltage swing. Values of RL up to 5000 
do not significantly affect performance, but a 2.5 
kO load increases worst-case setting time to 1.2 JI.S 
(when all bits are switched ON). Refer to the sub­
sequent text section on Settling Time for more de­
tails output loading. 

OUTPUT CURRENT RANGE 

The output current maximum rating of 4.2 mA may 
be used only for negative supply voltages more ne· 
gative than -7V, due to the increased voltage drop 
across the resistors in the reference current am­
plifier. 

ACCURACY 

Absolute accuracy is the measure of each output 
current level with respect to its intended value, and 
is dependent upon relative accuracy and full-scale 
current drift. Relative accuracy is the measure of 
each output current level as a fraction of the full­
scale current. The relative accuracy of the 
DAC0808 is essentially constant with temperatu­
re due to the excellent temperature tracking of the 
monolithic resistor ladder. The reference current 
may drift with temperature, causing a change in 
the absolute accuracy of output current. However, 
the DAC0808 has a very low full-scale current drift 
with temperature. 

The DAC0808 series is guaranteed accurate to wi­
thin ± 1/2 LSB at a full-scale output current of 1.992 
mA. This corresponds to a reference amplifier out­
put current drive to the ladder network of 2 mA, with 
the loss of 1 LSB (8 ~tA) which is the ladder remain­
der shunted to ground. The input current to pin 14 
has a guaranteed value of between 1.9 and 2.1 mA, 
allowing some mis-match in the NPN current sour­
ce pair. The accuracy test circuit is shown in Figu­
re 10. The 12-bit converter is calibrated for a 
full-scale output current of 1.992 mA. This is an op­
tional step since the DAC0808 accuracy is essen­
tially the same between 1.5 and 2.5 mA. 
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Then the DAC0808 circuits' full-scale current is 
trimmed to the same value with R14 so that a zero 
value appears at the error amplifier output. The 
counter is activated and the error band may be di· 
splayed on an oscilloscope, detected by compa­
rators, or stored in a peak detector. 

Two 8-bit D-to·A converters may not be used to con­
struct a 16-bit accuracy D-to-A converter. 16-bit ac­
curacy implies a total error of ± 1/2 of one part in 
65,536, or ±0.00076%, which is much more ac­
curate than the ±0.019% specification provided 
by the DAC0808. 

MULTIPLYING ACCURACY 

The DAC0808 may be used in the multiplying mo­
de with 8-bit accuracy when the reference current 
is varied bver a range of 256:1. If the reference cur­
rent in the multiplying mode ranges from 16 ~tA to 
4 mA, the additional error contributions are less 
than 1.6 ~tA. This is well within 8-bit accuracy when 
referred to full-scale. 

A monotonic converter is one which supplies an 
increase in current for each increment in the bina­
ry word. Typically, the DAC0808 is monotonic for 
all values of reference current above 0.5 mA. The 
recommended range for operation with a DC refe­
rence current is 0.5 to 4 mA. 

SETTLING TIME 

The "worst case" switching condition occurs when 
all bits are switched "on", which corresponds to 
a low-high transition for all bits. This time is typi­
cally 150 ns for settling to within ± 1/2 LSB for 8-bit 
accuracy and 100 ns to 1/2 LSB for 7 and 6-bit ac­
curacy. The turn off is typically under 100 ns. The­
se timers apply when RL !(500 ohms and Co !(25 
pF. 

The test circuit of Figure 11 requires a smaller vol­
tage swing for the current switches due to internal 
voltage clamping in the DAC0808 A 1.0-kilohm load 
resistor from pin 4 to ground gives a typical set­
tling time of 200 ns. 
Thus, it is voltage swing and not the output RC ti­
me constant that determines setting time for most 
applications. 
Extra care must be taken in board layout since this 
is usually the dominant factor in satisfactory test 
results when measuring settling time. 
Short leads, 100 ~tF supply bypassing for low fre­
quencies, and minimum scope lead length are all 
mandatory. 



PROGRAMMABLE GAIN AMPLIFIER OR DIGI­
TAL A TTEPUATOR 

When used in the multiplying mode can be applied 
as a digital attenuator. See Figure 15. One advan­
tage of this technique is that if Rs =50 ohms, no 
compensation capacitor is needed. The small and 
large signal band are now identical and are shown 
in Figure SC. 

The best frequency response is obtained by notal­
lowing l14 to reach zero. However, the high impe­
dance node, pin 16, is clamped to prevent 
saturation and insure fast recovery when the cur­
rent through R14 goes to zero. Rs can be set for 
a ± 1.0 rnA variation in relation to 114· l14 can ne­
ver be negative. 
The output current is always unipolar. The quie­
scent de output current level changes with the di­
gital word which makes accoupling necessary. 

CURRENT TO VOLT AGE CONVERSION 

Voltage output of a larger magnitude are obtaina­
ble with the circuit of fig. 16 which uses an exter­
nal operational amplifier as a current to voltage 
converter. This configuration automatically keeps 
the output of the DAC0808 ground potential and 
the operational amplifier can generate a positive 
voltage limited only by its positive supply voltage. 
Frequency response and setting time are primari­
ly determined by the characteristics of the opera­
tional amplifier. In addition, the operational amplifier 
must be compensated for unity gain, and in some 
cases over compensation may be desirable. 
Note that this configuration results in a positive out­
put voltage only, the magnitude of which is depen­
dent on the digital input. The LM301 can be used 
in a feedforwerd mode resulting in a full scale set­
ting time on the order of 2.0 p.S. 

COMBINED OUTPUT AMPLIFIER AND VOLTA· 
GE REFERENCE 

For many of its applications the DAC0808 requi­
res a reference voltage and an operational ampli­
fier. Normally the operational amplifier is used as 
a current to voltage converter and its output need 
only go positive. With the popular LM723 voltage 
regulator both of these functions are provided in 
a single package with the added bonus of up to 150 
rnA output current. See Figure 17. The reference 

DAC0808-0807-0806 

voltage is developed with respect to the negative 
voltage and appears as a common-mode signal to 
the reference amplifier in the D-to-A converter. This 
allows use of its amplifier as a classic current-to­
voltage converter with the non-inverting input 
grounded. 
Since ± 15V and + S.OV are normally available in 
a combination digital-to-analog system, only the 
-5.0 V need be developed. A resistor divider is 
sufficiently accurate since the allowable range on 
pin 5 is from -2.0 to -8.0 volts. The 5.0 kilohm 
pulldown resistor on the amplifier output is neces­
sary for fast negative transitions. 
Full scale output may be increasing Ro and raising 
the + 15V supply voltage to 35 V maximum. The 
resistor divider should be altered to comply with 
the maximum limit of 40 volts across the LM723 
Co may be decreased to maintain the same Ro­
Co product if maximum speed is desired. 

PROGRAMMABLE POWER SUPPL V 
The circuit of figure 17 can be used as a digitally 
programmed power supply by the addition of 
thumb-wheel switches and a BCD-to-binary con­
verter. The output voltage can be scaled in seve­
ral ways, including 0 to + 25.5 volts in 0.1 -volt 
increments, ±10 mV. 

PANEL METER READOUT 

The DAC0808 can be used to read out the status 
of BCD or binary registers or counters a digital con­
trol system. The current output can be used to dri­
ve directly an analog panel meter. External meter 
shunts may be necessary if a meter of less than 
20 rnA full scale is used. Full scale calibration can 
be done by adjusting R14 or Vref (see fig. 18). 

CHARACTER GENERATOR 

In a character generation system fig. 19 one 
DAC0808 circuit uses a fixed reference voltage and 
its digital input defines the starting point for a stro­
ke. The second converter circuit has a ramp input 
for the reference and its digital input defines the 
slope of the stroke. Note that this approach does 
not result in a 16-bit D-to-A converter (see Accura­
cy Section). 

'="= SGS·THOMSON 
... "'f /,. llilO©Iiil©lil~litl!:'iiliil@li'!IO©ili 
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DAC0808-0807-0806 

TWO-DIGIT BCD CONVERSION 
Two 8-bit, D-to-A converters can be used to build 
a two digit BCD 0-to-A or A-to-O converter (fig. 21). 
If both outputs feed the virtual ground of an opera­
tional amplifier, 10:1 current scaling can be achie­
ved with a resistive current divider. If current out­
put is desired, the units may be operated at full 
scale current levels of 4.0 mA and 0.4 mA with the 
outputs connected to sum the currents. The error 
of the D-to-A converter handling the least signifi­
cant bits will be scaled down by a factor of ten and 
thus an DAC0806 may be used for the least signi­
ficant word. 

FIGURE 16. 

A2 

A3 

A4 

A5 
A6 

FIGURE 17. Combined output amplifier and voltage 
reference circuit 

RO • 5K 

+5V CO 25pF 

LSB 

-15V 
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FIGURE 15. Programmable Gain Amplifier or Digital 
Attenuator Circuit 

Vsense 

AS 

VREF-When Vs=O. 1)4=2.0mA 

Vo = (Vrel + Vs lAIR 
R14 Rs 0 

( A1 A2 AS) 
V0=10V -+-+"·-

2 4 256 

FIGURE 18. Panel meter readout circuit 

(H) DIGITAL WORD FROM COUNTER/REGISTER 



FIGURE 19. Digital summing and character generation 

+VI 

I 
A 

l 

FIGURE 20. Analog product of two digital words (High Speed Operation) 

+VI 

I Vo 

A 

l 

FIGURE 21. Two-digit BCD conversion 

DAC0808·0807·0806 

Vo = [Vreft IAI + Vref2 IBI] Ro 
R14, R1~ 

Vo= -lot Ro= Vref IAJ Ro 
R14t 

I =IBJ IVol =~ [ R ( Vref ) [AI] 
02 R142 R142 ° R14t 

Since Ro = R142 and K = Vref 

R14t 

lo2 = K [AJ [Bj / K can be an analog variable 

(*) MOST SIGNIFICANT BCD WOAD 
(**) LEAST SIGNIFICANT BCD WOAD 

11/11 
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TSFJ SERIES 

MIXED ANALOG- DIGITAL BIPOLAR ARRAYS 

• ADVANCED BIPOLAR TECHNOLOGY: 
_ NPN, Fr = 3GHz 
_ 2 METAL LAYER 
_ 1 OOMHz, ECL FUNCTIONS 

• FULL ESD PROTECTION 
• POWER SUPPLY : 

MAXIMUM RATINGS= UP TO 15V 
OPERATING CONDITIONS= 3 TO 12V 

• ANALOG- DIGITAL ARRAYS: 
_ ANALOG TILES 
_ ECL TILE FOR HIGH SPEED LOGIC 
_ 12L CORE FOR LOW FREQUENCY RAN­

DOM LOGIC 
_ POWER TILE WITH 200mA CAPABILITY 

• 5 ARRAYS AVAILABLE: 
J4, J6, J9, J13, J23 FROM 600 TO 3000 COM­

PONENTS 
• CAD SOFTWARE SUPPORT: 

_ ADS-PC (analog design system - PC) 
_ FULLY INTEGRATED IN PC ENVIRON­

MENT 
- P-CAD* SOFTWARE, FOR SCHEMATIC 

CAPTURE, SIMULATION, AND LAYOUT 

Figure 1 : Example of TSFJ13 architecture. 

February 1989 

• OPERATING TEMPERATURE RANGE: 
COMMERCIAL : 0 TO ?OC 
INDUSTRIAL : - 40 TO+ 85C 
MILITARY: -55 TO+ 125C 

• PACKAGE OPTIONS 
DIL : PLASTIC OR CERAMIC 
SMD: SO, PLCC, LCCC, QFP 

USIC PRODUCTS DESCRIPTION 
SGS-THOMSON Microelectronics introduces the 
mixed analog-digital arrays developped on a 3GHz 
process. Using the expertise in bipolar arrays, SGS­
THOMSON has developped this new series to offer 
a product taking the leading edge of any technolo­
gy: 
- High speed process (NPN, Fr = 3GHz) 
- Architecture with tile concept to improve the effi-
ciency of the placement and routing 
- 2 customized metal layers with 4 masks to perso­
nalize (contact, M1, via, M2) 
- Complete CAD system on a PC from schematic 
capture up to the layout. 

E89TSFJ-01 
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TSFJ SERIES 

TSFJ ARCHITECTURE 

TECHNOLOGY 

TSFJ series developped by SGS· THOMSON is 
using an advanced bipolar process with high fre­
quency performance (NPN, Ft = 3GHz). With a 
double metal layer the parasitic elements are mini· 
mized to improve the layout density and to increase 
the performances. 
The process is very well suited for accurate analog 
bipolar design. The other key feature is introduced 
with the digital capability using either ECL functions 
or 12L ones. 
Thanks to protection network placed on each input 
pad, the complete TSFJ series is protected against 
ESD parasitic effects. 

TILE ARCHITECTURE 
The TSFJ series has an architecture based on a tile 
concept in order to take advantage of efficient 
layout. 
For SGS-THOMSON a tile is an optimized place· 
ment of basic components such as transistors, re· 
sisters, and capacitors, with no routing done in 
advance. When customisation is prepared, the de· 
signer optimized the routing of each tile according 
to his needs. 
6 different types of tiles have been developped : 
• LINEAR TILE, optimized for analog functions (op 

amps, comparators, ... ) 

2/10 
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_ 6 standard NPN (hFE = 1 05, and lc = 1 OOA) 
_ 2 low noise NPN 
_ 7 lateral PNP (hFE = 52, and lc = 1 A) 
_ 44 resistances from 100 ohms to 50K!.1 

• POWER TILE, optimized for power interface ca­
pability; 
_ 4 standard substrate PNP 
_ 1 power substrate PNP (IKF = 10mA) 
- 1 power NPN (IKF = 314mA) 
_ 1 medium power NPN (IKF = 78mA) 
- 3 std NPN 

• 12L LOGIC TILE, optimized to implement random 
logic using standard 12L functions (NAND, AND, 
NOR, OR, Flip-flop, ... ) 
_ row of 12L operators 

• ECL LOGIC TILE, optimized for high speed logic 
up to 100MHz 
_ equivalent to 1 D flip-flop or 5 NOR gates 

• BUlL T-IN FUNCTION TILES, a certain number 
of predefined tile have been created to fulfill some 
specific analog requests such as ; 
_ 1 bandgap voltage reference 
_ 1 oscillator (RC or quartz) 
_ 1 voltage regulator 
_ 1 R-2R resistor ladder for 6 bits DAC 

• RESISTOR/CAPACITOR TILE, optimized for 
RC network or compensation capacitor purpose 
_ 2.5pF and 7pF capacitor available 



TSFJ SERIES 

igure 2 : Example of a symbolic Linear Tile. 

NE182C2 ----0------
--e-

PE2C2 PE2C2 

PSPS 

LINEAR TILE AFTER CMP139X LAYOUT E89TSFJ-02 
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TSFJ SERIES 

Figure 3 : TSFJ Series: The Available Tiles. 

I Tiles Nb Components J04 
-

ECL 86 
12L 9 6 
HF 46 
CAPRES 24 
REFECL 31 
DAC 33 
R2R 46 
LIN 59 6 
RES 21 1 
PWR 34 1 
PWR1 34 1 
BANDGAP 37 1 
OSCIL 23 1 
PROTECA 2 7 
PROTECB 2 7 
CAP1 1 4 
CAP2 2 2 
CAPAS 3 
DIODES 2 2 
PUISS 3 1 
ALIM 40 

TOTAL: 600 

Figure 4 : TSFJ Series :The Transistors. 

Components J04 

NPN 5mA 54 

NPN 16mA 14 

NPN 50mA 2 

NPN 100mA 2 

NPN 200mA 2 

LATERAL PNP 601-!A 50 

SUBSTRATE PNP 8 

SUBSTRATE PNP 10mA 2 
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J06 J09 

4 
15 18 

1 
2 
1 
1 

8 10 
1 
2 2 
2 2 
1 1 
1 1 
8 11 
7 11 
6 8 
4 2 
1 
4 4 

1 1 

919 1554 
-

J06 J09 

79 201 

18 24 

4 4 

2 2 

4 4 

68 83 _j 
16 16 

4 4 I 

J13 

4 
36 

1 
2 
1 
1 

14 

2 
2 
1 
1 

13 
13 

8 
4 

4 

1 

1964 

J13 

225 

32 

4 

2 

4 

111 
-

16 

4 

J23 

5 
54 

1 

1 
24 

4 
4 
4 
1 
1 

18 
18 
10 

9 

8 

2 

3067 

E88TSFJ-03 

J23 

331 

52 

8 

4 

8 

184 

32 

8 

EBBTSFJ-04 



Figure 5 : TSFJ Series :The Resistors. 
(high values) 

Components 

3KO Rl 

5KO Rl 

8KO Rl 

10KO Rl 

40KO Rl 

50KO Rl 

50KO SB 

100KO SB 

(medium and low values) 

Components 

300 PL 

1000 PL 

200Q PL 

3000 PL 

1 KO BEX 

J04 

0 

36 

0 

64 

0 

0 

24 

4 

J04 

9 

60 

0 

0 

130 

ADS-PC : ANALOG DESIGN SYSTEM - PC 
The TSFJ series is fully supported by a complete 
Computer Aided Design (CAD) system. The ADS­
PC tool offers capabilities of schematic entry, ana­
log and digital simulation and symbolic layout, using 
a standard software package from PCAD. 
The ADS-PC software requires a low cost IBM PC 
AT3 or fully compatible with the following configura­
tion: 
- 640 KO RAM, coprocessor 80287 
optional : 80386 and 80387 accelerator boards 
2MB EMS board 
- microsoft parallel mouse 
- EGA graphic monitor 
- 30 MO hard disk 
- laser jet printer 
Checkinitj and mask generation are implemented 
on DEC VAX TM computer systems. 

SCHEMATIC GRAPHIC CAPTURE 
PC-CAPS™ software, from P-CAD™, provides 
capture of schematic circuit diagram, allowing the 
circuit description in a hierarchical way* and using 
either macrocell from ST library or basic array com­
ponents. 
A database is generated (netlist extraction) for si­
mulation and symbolic layout. 

TSFJ SERIES 

JOG J09 J13 J23 

0 10 10 10 

56 64 80 136 

0 18 18 18 

80 96 128 202 

2 2 2 2 

4 4 4 4 

32 40 56 88 

4 12 12 20 

J06 J09 J13 J23 

17 17 17 33 

80 116 156 260 

0 16 16 20 

0 9 9 8 

182 398 470 720 

ESBTSFJ-05 

* (symbols can be created to represent schematic 
designs and can be used as components in higher­
level schematic designs) 

ANALOG SIMULATION 

The analog simulation is performed using PSPI­
CE TM. software and the models library for basic 
components and macrocells. The result analysis is 
performed using graphic representation on listing 
edition. 

*from MICROSIM 

PSPICE input files are the net list from schematic 
capture, command file, configuration file and simu­
lation environment (active device level description, 
technology worst cases ... ). 

DIGITAL SIMULATION 
PC-LOGS ™, from P-CAD ™, is a logic simulation 
program providing primitive symbols library and 
using commands interactively or in batch mode to 
set up and perform a simulation. 

Simulation results can be displaid to the screen in 
graphic or tabular forms. PC-LOGS inputs are of two 
types : a verified netlist and user commands. 
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TSFJ SERIES 

PLACEMENT AND ROUTING 

PC-CARDS ™, from P-CAD ™, is built around an in­
telligent database that continually keeps track of 
components and connectivities. 

Figure 6 : ADS - PC Design Flow. 

The on-screen menu includes commands to draw, 
edit, move, delete, zoom in and out, view selected 
window. 

CUSTOMER ( P.C. ) !"''I ( P.C.) !"''I (VAX) 

SCHEMATIC CAPl\JRE 

SIMULATION 

LAYOUT 

NLC 

EB9TSFJ·06 
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CUSTOMER DESIGN INTERFACE 

SGS-THOMSON has developped several inter­
faces for customers, giving them easy and flexible 
design approaches for TSFJ mixed analog/ digital 
bipolar arrays. 

User can access ADS-PC system ; 
-via the SGS-THOMSON Design centers 

Definition of Circuit Specifications 

Electrical Description (analog + digital) 

Test Procedure 

Graphic Capture + Input Signal Entry 

Design Verification 

Simulation (analog + digital) 

Approval 

Place and Route 

Final Design Release 

Test Program Generation +Test Tooling 

Mask Tooling 

Prototype Manufacturing 

Prototype Delivery 

TSFJ SERIES 

-via CAE workstations using a PC configuration and 
the P-CAD TM software package 

According to all of these design possibilities, SGS­
THOMSON defined 2 main customer interfaces. 
Next figure outlines these interfaces. Each interface 
delimits the responsabilities of customer and SGS­
THOMSON during circuit development flow. 

Interface 2 Interface 3 

Customer Customer 

Customer Customer 

Customer Customer 

ST Customer 

ST Customer 

ST Customer 

Customer Customer/ST 

ST Customer 

Customer Customer/ST 

ST ST 

ST ST 

ST ST 

ST ST 

With interface 3, design can be done either at SGS-THOMSON Microelectronics destgn center facilities or at customer loca­
tion. 

ABSOLUTE MAXIMUM RATINGS (note 1) Tamb = 25°C, Voltage Referenced to V-

Symbol Parameter 
Value 

Unit 
Min. Max. 

V+ Supply Voltage -0.5 + 15 v 
Tstg Storage Temperature (ceramic) -60 + 150 oc 

Storage Temperature (plastic) -40 + 125 oc 
Note : 1. Stresses above those ltsted order "maximum rattng·· may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these on any other conditions above those indicated in the operational sections of this spectft· 
cation is not Implied. Exposure to absolute maxtmum rating conditions for extended periods may affect dev1ce reltabtltty. 

RECOMMENDED DC OPERATING CONDITIONS, Voltage Referenced to V-

Value 
Symbol Parameter Unit 

Min. Typ. Max. 

V+ Operating Supply Voltage 3 12 v 
Tamb Operating Ambient Temperature Military -55 +125 oc 

Industrial -40 + 85 
Commercial 0 + 70 
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TSFJ SERIES 

DC GENERAL ELECTRICAL CHARACTERISTICS 

Symbol 

P. 

Bext 

R, 

BINT 

v. 
NsPct 
Vscso 
VscEo 
Vecso 
HFE 
IKF 

NPWR 
Vecso 
VecEo 
Vecso 
HFE 
IKF 

Notes= 1. 
2. 
3. 
4. 
5. 
6 
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Parameter Test Conditions 
Value 

Min. Typ. Max. 

Resistors 

P + Diffusion Resistor Value Range 30 420 
Absolute Accuracy ± 25 
Matching (note 1) ±2 
Matching (note 2) ±6 
Temperature Coefficient (1st order) 0.12 

Extrinsec Base Region Resitor Value Range 270 5000 
Absolute Accuracy ±15 
Matching (1) ±2 
Matching (2) ±6 
Temperature Coefficient (1st order) 0.09 

Implanted Resitor Resitor Value Range 5 50 
Absolute Accuracy ± 15 
Matching (1) ±2 
Matching (2) ±6 
Temperature Coefficient (1 5t order) 0.21 

lntrinsec Base Region Resitor Value Range 50 100 
Absolute Accuracy ± 25 
Matching (1) ±2 
Matching (2) ±6 

Capacitors Capacitor Value Range 2.5 7 
Absolute Accuracy ± 20 

Maximum Operating Voltage 20 

std NPN Transistor (note 3) 
Breakdown Voltage Collector-base 40 
Breakdown Voltage Collector-emitter 18 
Breakdown Voltage Collector-substrate 40 
Current Gain @ lc = 100f.IA 100 
Knee Current 5.6 

Power NPN Transistor (note 3) 
Breakdown Voltage Collector-base 40 
Breakdown Voltage Collector-emitter 18 
Breakdown Voltage Collector-substrate 40 
Current Gain @lc=10mA 140 
Knee Current 314 

matching between 2 resistors of the same value, closed to each other and with the same orientation on the die. 
matching between 2 resistors of different values, close one from the other and w1th the same orientation on the d1e. 
for more informations refer to the TSFJ user's manual. 
voltage references are provided by an "ECL reference" macrocell (REFECL) built on a specH1c tile 
input voltages could be supplied by a specific t1le called HFECL. 
output levels are not compatible with standard 1 OK, tOOK ECL senes. 

Unit 

n 
% 
% 
% 

%PC 
n 
% 
% 
% 

%PC 
Kn 
% 
% 
% 

%PC 
Kn 
% 
% 
% 

pF 
% 

v 

v 
v 
v 

rnA 

v 
v 
v 

rnA 



TSFJ SERIES 

DC GENERAL ELECTRICAL CHARACTERISTICS (continued) 

Value 
Symbol Parameter Test Conditions 

Min. Typ. Max. 

PNPS Substrate PNP Transistor (note 3) 
Veceo Breakdown Voltage Collector-base 40 
VecEo Breakdown Voltage Collector-emitter 18 
Vscso Breakdown Voltage Collector-substrate 40 

HFE Current Gain @ lc =11!A 160 
IKF Knee Current 40 

ECL Cells (V. = 5V ± 10%) 
VR Vreference Voltage Reference (note 4) .97 
Vrt Vreference Voltage Reference (note 4) 3.92 
VT2 Vreference Voltage Reference (note 4) 3.20 
v,L Input Voltage (note 5) 3.6 
v,H Input Voltage (note 5) 4.3 
VoL Output Voltage (note 6) 3.6 
VoH Output Voltage (note 6) 4.3 

Notes : 1. matching between 2 res1stors of the same value, closed to each other and w1th the same onentat1on on the d1e. 
2. matching between 2 resistors of different values, close one from the other and with the same onentation on the die. 
3. for more informations refer to the TSFJ user's manual. 
4. voltage references are provided by an "ECL reference" macrocell (REFECL) built on a specific t1le. 
5. 1nput voltages could be supplied by a spec1f1c ble called HFECL. 
6. output levels are not compatible w1th standard 1 OK, 1 OOK ECL series. 

DIGITAL LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT 
(unless otherwise specified, Tamb = 25°C, typical process) 

Symbol Parameter Test Conditions 
Min. 

ECLCELLS 

Vs Voltage Swing 

TG Toggle Frequency D Type Flip-flop 

tPLH Propagation Delay NAND2, (FO = 1) 

tPHL Propagation Delay NAND2, (FO = 1) 

12L CELLS (note 7) 

TG Toggle Frequency D Type Flip-flop 
@ Injection = 0.11!A 
@Injection= 11!A 
@Injection= 1011A 

Note : 7. 12L cells have been caractensed between 0.1 jJA and 1 OOjJA. 

Value 

Typ. 

600 

1.1 

3.2 

Max. 

100 

20 
160 
600 

Unit 

v 
v 
v 

~ 

v 
v 
v 
v 
v 
v 
v 

Unit 

mV 

MHz 

ns 

ns 

KHz 
KHz 
KHz 
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TSFJ SERIES 

ANALOG LIBRARY, AC ELECTRICAL CHARACTERISTICS ABSTRACT 
(unless otherwise specified, Tamb = 2s·c, typical process) 

JOPA1 (programmable operationnal amplifier) Vee± 6V, lset = 20j.LA 

Symbol Parameter Test Conditions 

B Unity Gain Bandwidth RL = 5KQ ; CL = 20pF 

q,M Phase Margin Av = 1 ; RL = 5KQ ; CL = 20pF 

Svo Slew Rate Av = 1 ; RL = 5KQ ; CL = 20pF 

Av Open-loop Voltage Gain RL = 5Kn ; CL = 20pF 

-JCOMP1 (programmable voltage comparator LM139 type) 

Symbol 

!ref 

tre 

AVD 

10/10 
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Parameter 

Large Signal Response Time 

Small Signal Response Time 

Large Signal Voltage Gain 

Test Conditions 

RL = 5Kn ; CL = 2pF with 
Overdrive : 1 OOmV 

RL = 5KQ ; CL = 2pF with 
Overdrive : 5mV 

~ SGS•THOMSON 6."' I lililUICiii@I!!!.!Ea:VII1@11!UC$ 

Typical Value Unit 

1 MHZ 

60 

0.35 V/IJ.S 

90 dB 

Typical Value Unit 

300 ms 

1 IJ.S 

87 dB 



K09 SERIES 

HIGH FREQUENCY ANALOG BIPOLAR ARRAYS 

The K09 array is manufactured using a very high 
frequency technology (Ft of NPN = 3GHz) which al­
lows a 15V maximum supply operating voltage. 
• TECHNOLOGY HF2C, 2 METAL LAYERS 
• 1 METAL LAYER TO CUSTOMIZED 
• 28 BONDING PADS (maximum) 
• 188 NPN TRANSISTORS 
• 28 PNP TRANSISTORS (placed in peripheral) 
• 686 RESISTORS 
• MAXIMUM SUPPLY VOLTAGE = 15V 

DESCRIPTION 
The K09 array is a prediffused bipolar array of com­
ponents allowing the user to design his specific ap­
plications in a short cycle time and with a minimum 
risk of errors. 
The K09 array from SGS-THOMSON Microelectro­
nics is specially intended for use in video, telecom-

Figure 1 : K09 array architecture. 

•• • • 

munication, instrumentation and other high frequen­
cy applications, but it could be used with benefit for 
low frequency applications. 
Using kit parts for breadboard, the designer has the 
capability to validate the schematics in the final ap­
plication environment. 

ANALOG ARRAY: 
The structure of the K09 based on a regular matrix 
of 3 x 7 tiles, improves the efficiency of the layout. 
Each tile contains : 
• 6 QN1 type NPN transistors 
• 2 QN2 type NPN transistors 
• 1 00, 200, 400 and 800 P+ type resistors, 1 K, 2K, 

4K, 8K and 16K Pextrinsec base resistors. 
2 independent resistor tubs allow to place 2 positive 
power supplies if required. 

• • • • • DDDDDDD • • • 
• DDDDDDD • • • 
• DDDDDDD • • • •• • • • • • • 

EB9K09-01 
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K09 SERIES 

MAXIMUM VOLTAGE 

Volts 

Collector-base 

Collector-emitter 

Collector-substrate 

Base-substrate 

Emitter-base 

Base-emitter 

Resistor voltage= 20V maximum. 
Capacitor voltage=± 20V maximum. 

ELECTRICAL CHARACTERISTICS 

Current Gain (hFE) 

NPN 110 (@.1mA <I< 1mA) 

PNP 60 (@I= 10J.!A) 

(Ft)NPN 3GHz (@I= 1mA) 

(Ft)PNP 10MHz (@I= 10J.!A) 

DEVICES MODELING 

NPN PNP 

25 25 

15 15 

25 

25 

5.8 

25 

Resistor Tolerances Resistors Matching 

± 25% Same Value Resistor 
=±2% 

Different Value Resistor 
=±5% 

All basic components are available with SPICE models, for the 4 different kinds of transistors, the 
parameters are : 

Symbol 

Is 

BF 

VAF 

IKF 

Rs 

RsM 

RE 

Rc 

2/2 
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Parameter QN1 

Transport Saturation Current (1 o-16) 2.1 

Ideal Maximum Forward Beta 

Forward Early Voltage 

Knee Current 

Zero Bias Resistance 

Minimum Base Resistance 

Emitter Resistance 

Collector Resistance 

136 
' 35 

14.7 

292 

56.5 

9.8 

79.5 

Gi SliS·1HOMSON 
~I li}ll~ICt'J©M~Ei!llll@lli~ICil! 

QN2 QN4 PNP 

4.19 10.5 0.5 

136 136 73 

35 35 41 

29.4 73.5 43.10-3 

146 58.4 190 

28.2 11.3 61.3 

4.9 1.96 8.90 

53.9 32.6 8 

Unit 

A 

v 
rnA 

Q 

Q 

Q 

Q 



L165 

3A POWER OPERATIONAL AMPLIFIER 

• OUTPUT CURRENT UP TO 3A 
• LARGE COMMON-MODE AND DIFFEREN-

TIAL MODE RANGES 
• SOA PROTECTION 
• THERMAL PROTECTION 
• ± 18V SUPPLY 

The L 165 is a monolithic integrated circuit in Pen­
tawatt® package, intended for use as power ope­
rational amplifier in a wide range of applications, 
including servo amplifiers and power supplies. The 
high gain and high output power capability provide 

ABSOLUTE MAXIMUM RATINGS 

v. Supply voltage 

Vs-V4 Upper power transistor VeE 

V4-V3 Lower power transistor VeE 

v, Input voltage 

v, Differential input voltage 

lo Peak output current (internally limited) 

Ptot Power dissipation at T case= 90'C 

Tstg, T, Storage and junction temperature 

APPLICATION CIRCUITS 

Figure 1 : Gain > 1 0. 

September1988 

S-4J42 

superior performance wherever an operational 
amplifier/power booster combination is required. 

Penta watt® 

ORDER CODE : L 165V 

±18 v 
36 v 
36 v 
v. 

±15 v 
3.5 A 

20 w 
-40to 150 ·c 

Figure 2 : Unity gain configuration. 

IOKfi 

IOKfi 

OZZpF 

S-431.l 
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L165 

CONNECTION DIAGRAM 
(top view) 

5 •Vs 

4 OUTPUT 
3 -V5 

2 INVERTING INPUT ffi--. 
-- 1 NON INVERTING INPUT L 5-262812 

Tab connected to pt'1 3 

SCHEMATIC DIAGRAM 

THERMAL DATA 

Rth]"·case Thermal resistance junction-case 

217 

88 

max 3 ·crw 



L165 

ELECTRICAL CHARACTERISTICS (Vs = ± 15 V, Ti = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Supply Voltage ±6 ±18 v 
ld Quiescent Drain Current 40 60 mA 

lb Input Bias Current 0.2 1 J.lA 

Vos Input Offset Voltage 
V5 =±18V 

±2 ±10 mV 

los Input Offset Current ± 20 ± 200 nA 

SR Slew-rate Gv = 10 8 
V/!J.S 

Gv = 1 (0 ) 6 

Vo Output Voltage Swing f = 1 kHz lp = 0.3 A 27 
Vpp lp = 3 A 24 

f =10kHz lp=0.3A 27 
Vpp lp = 3 A 23 

R Input Resistance (pin 1) 100 500 KQ 

Gv Voltage Gain (open loop) f = 1 KHz 80 dB 

eN Input Noise Voltage 2 !J.V 

iN Input Noise Current B = 1 0 to 1 0 000 Hz 100 pA 

CMR Common-mode Rejection R9 ~ 10 Kn Gv = 30 dB 70 dB 

SVR Supply Voltage Rejection Rg = 22 KQ I Gv = 1 0 60 dB dB 
Vr~pple = 0.5 Vrmsl 

40 dB fr~pple = 100 Hz dBGv = 100 

Efficiency 1= 1 kHzllp=1.6A;P0 =5W 70 % 

RL=40Ilp=3A;P 0 =18W 60 % 

Tsd Thermal Shut-down Case Ptot = 12 W 110 oc 
Temperature Ptot = 6 W 130 
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L165 

Figure 3 : Open loop frequency response. 
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Figure 5 : Large signal frequency response. 
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Figure 7 : Safe operating area and collector 
characteristics of the protected power transistor. 

S-076411 
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Figure 4 :Closed loop frequency response (cir­
cuit of figure 2). 
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Figure 6 : Maximum output current vs. voltage 
[VCE] across each output transistor. 
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Figure 9 : Bidirectional DC motor control with TTLICMOS/flP compatible inputs . 

.---------~--------.---------~-------u+Vsz 

4x1N4001 

E2 

Must be Vs2;, Vs, E1, E2 = logrc rnputs 
Vs, = logrc supply voltage 

Figure 10 : Motor current control circuit with external power transistors (I motor> 3.5A). 

36Kn IOK.ll. 

01 to 04: I VF~ 1.2@ I= 4A 
trr ~ 500 ns 

Note: The input voltage level is compatible wrth L291 (5-BIT 0/A converter). 

The transfer functron is: ...!'!.... = R4 
V, Rx R3 

L165 
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L165 

Figure 11 : High current tracking regulator. 

A for±18~V,~±32 

Note· Vz must be chosen m order to venfy 
2V,-V,~36V 

B forV,os±18V 

Figure 13: Split power supply. 

617 

92 

v, 
+Bto+36V 

Figure 12 : Bidirectional speed control of DC 
motor (Compensation networks not shown). 

01.02.
1 

S-5379/l 

-lSV 
RT 

VF ,; 1 2V@ I ~ 2A 
trros 500 ns 

2A 
DC MOTOR 



L165 

Figure 14: Power squarewave oscillator with independent adjustments for frequency and duty-cycle. 

Rl 

~'--+--<......_,Dvout _fl_Jl 
l!l 

15K!l 

5-5381 

Pt : duty-cycle adjUSt 
P2 : frequency adjust (f = 700 Hz With C1 = 1 0 nF. P2 = 1 00 

Kn. f =25Hz With Ct = 10 nF. P2 = 0) 
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L200 

ADJUSTABLE VOLTAGE AND CURRENT REGULATOR 

• ADJUSTABLE OUTPUT CURRENT UP TO 2 A 
(GUARANTEED UP TO T1 = 150 "C) 

• ADJUSTABLE OUTPUT VOLTAGE DOWN TO 
2.85 v 

• INPUT OVERVOL TAGE PROTECTION (UP TO 
60 V, 10 ms) 

• SHORT CIRCUIT PROTECTION 
• OUTPUT TRANSISTOR S.O.A. PROTECTION 
• THERMAL OVERLOAD PROTECTION 
• LOW BIAS CURRENT ON REGULATION PIN 
• LOW STANDBY CURRENT DRAIN 

DESCRIPTION 

The L200 is a monolithic integrated circuit for vol­
tage and current pro~ammable regulation. It is 
available in Pentawatt" package or 4-lead T0-3 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, DC Input Voltage 

v. Peak Input Voltage (10 ms) 

!J.V,-o Dropout Voltage 

lo Output Current 

Ptot Power Dissipation 

Tstg Storage Temperature 

Top Operating Junction Temperature for L200C 

for L200 

THERMAL DATA 

Rtht·case I Thermal Resistance Junction-case 

Rth J·amb Thermal Resistance Junction-ambient 

September 1988 

metal case. Current limiting, power limiting, ther­
mal shutdown and input overvoltage protection (up 
to 60 V) make the L200 virtually blow-out proof. 
The L200 can be used to replace fixed voltage re­
gulators when high output voltage precision is re­
quired and eliminates the need to stock a range of 
fixed voltage regulators. 

Pentawatt® T0-3 (4 lead) 

Value Unit 

40 v 
60 v 
32 v 

mternally limited 

internally hrnited 

-55 to 150 "C 

-25 to 150 "C 

-55 to 150 "C 

T0-3 Pentawatt® 

Max 4"C!W 3 "C/W 

Max 35"C/W 50 "C!W 
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L200 

CONNECTION DIAGRAMS AND ORDER CODES (top views) 

S-238'71 2 

Type Pentawatt® 

L200 

L200C L200 CH 
L200 CV 

BLOCK DIAGRAM 

0~--.-----~~---------~--~ 
INPUT 

APPLICATION CIRCUITS 

T0-3 

L200 T 

L200 CT 

--1----.---~lco S OUTPUT 

!:. )916 

\CURRENT 

/LIMITING 

2 

GROUND 

Figure 1 : Programmable Voltage Regulator 
with Current Limiting. 

Figure 2 :Programmable Current Regulator. 
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SCHEMATIC DIAGRAM 

R8 R9 R15 

R12 

22 
23 

L200 

-~-~----(il 

R28 R29 

~-- ----{~) 

--{:j) 

ELECTRICAL CHARACTERISTICS (Tamb = 25 ·c, unless otherwise specified) 

Parameter Test conditions 

VOLTAGE REGULATION LOOP 

ld Quiescent Drain Current (pm 3) V1=20V 4.2 9.2 rnA 

eN Output Noise Voltage Vo = Vref lo= 10 rnA 

B= 1 MHz 80 1N 

Vo Output Voltage Range lo=10rnA 2.85 36 v 
AVo Voltage Load Regulation Ala= 2A 0.15 1 % 
-~ 

Vo (note 1) C.lo= 1.5A 0.1 0.9 % 

c.v, Line Regulation Vo=5V 
-~ 

C.Vo V, = 8 to 18 V 48 60 dB 

SVR Supply Voltage Rejection Vo=5V lo= 500 rnA 

C.V,= 10Vpp 
I= 100Hz (note 2) 48 60 dB 

!J.VI-0 Droupout Voltage be!ween Pins 1 lo= 1.5A C.Vo:>2% 2 25 v 
and5 

Vref Reference Voltage (pin 4) V,=20V lo= 10 rnA 2.64 2.77 2.86 v 
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L200 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test conditions Min. Typ. Max. Unit 

t.Vref Average Temperature Coefficient V,= 20V lo=10mA 
of Reference Voltage for T1 =- 25 to 125 ·c -0.25 mvrc 

for T1 = 125 to 150 · C -1.5 mvrc 

14 B1as Current at Pin 4 3 10 

t.l4 Average Temperature -0.5 

t.T·I4 CoeffiCient (p1n 4) 

Zo Output Impedance V,= 10V Vo = Vref 
lo = 0.5 A f =100Hz 1.5 

CURRENT REGULATION LOOP 

Vsc Current LimirSense Voltage V,= 10V Vo = Vref 
between Pins 5 and 2 Is= 100 mA 0 38 0.45 0 52 

t.Vsc Average Temperature 0.03 
~-

t.T·Vsc Coefficient of V sc 

t.lo Current Load Regulation V, = 10V t.Vo=3V 
~-

lo lo = 0.5 A 1.4 
lo= 1 A 1 
lo= 1.5A 0.9 

lsc Peak Short CircUit Current V,-V0 = 14V 
(pins 2 and 5 short circuited) 3.6 

Note 1 A load step of 2 A can be applred provrded that rnput-output drfferentral voltage rs lower than 20 V (see Frgure 3) 

Note 2 The same performance can be marntarned at hrgher output levels rf a bypassrng capacrtor rs provrded between prns 2 and 4. 

Figure 3 :Typical Safe Operating Area 
Protection. 
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T1 ;z~·c 

T1:125'C 

10 

G 2651 

t.o:;2Q,u~,J~ tN0 = 2'/, 
duty- cycle =1'/, 

MAXIMUM OC POWER 

/~~~~~Ai:~(T~:~50'C) 

20 

Figure 4 :Quiescent Current vs. Supply 
Voltage. 
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Figure 5 :Quiescent Current vs. Junction 
Voltage. 
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Figure 7 :Output Noise Voltage vs. Output 
Voltage. 
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Figure 9 :Reference Voltage vs. Junction 
Temperature. 
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Figure 6 :Quiescent Current vs. Output 
Current. 
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Figure 8 : Output Noise Voltage vs. 
Frequency. 
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L200 

Figure 11 :Supply Voltage Rejection vs. 
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Figure 13 :Output Impedance vs. Frequency. 

Figure 15 :Voltage Transient Response. 
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Figure 12 :Dropout Voltage vs. Junction 
Temperature. 
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Current. 
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Figure 16 :Load Transient Response. 
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Figure 17 :Load Transient Response. 

'o= l.A VI = 10V 

10 =lOrnA to lA 

5-138811 

APPLICATION CIRCUITS 

Figure 19 :Programmable Voltage Regulator. 
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sl r;;· 
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L200 L 10 ~2 
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CJ K~ 

3 'I "'o1pF 

;;~;00: 
C2 

v, ~2l~F 

l pF 820 
Jl l'c 

l 
- -- 5-5382 0 

Figure 21 :High Current Voltage Regulator 
with Short Circuit Protection. 

5-253913 

L200 

Figure 18 :Current Limit Sense Voltage vs. 
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Figure 20 : P .C. Board and Components 
Layout of Figure 19. 

Figure 22 :Digitally Selected Regulator with 
Inhibit. 

lkil 
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L200 

Figure 23 :Programmable Voltage and Current Regulator. 

R1 
1Kfi 

*P1: CURRENT REGULATION 
P2 ·VOLTAGE REGULATION 

A 

s- 4125 12 

V0 .eVrefto26V 

10 :35mA,to15A 

Note : Connecting po1nt A to a negat1ve voltage (for example- 3 V/10 mA) 1t is possible to extend the output voltage range down to 0 V and 
to obtain the current limiting down to this level (output short-circuit condition). 

Figure 24 :High Current Regulator with NPN 
Pass Transistor. 

BOW 51 
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BC10B 

3 620 1'14 t..7K~ 

7 
:;=o22~F 0.47~F :;: 
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Figure 25 :High Current Tracking Regulator. 

A for± 18:5 V, :5± 32 

Note- V, must be chosen m order to venfy 2V,- V, $36 V 



Figure 26 :High Input and Output Voltage. 

5~ v1{max) "56V• Vz 

BOX 53 I 
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i 1 2Kfi ~~ J;":, 1 3 ' Dl 36V ~ 
VI ~2Z,...F _?= vo 
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: . Rl 

z-~ l 
,-;'oiJF 
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5·291111 

Figure 28 :30 W Motor Speed Control. 

R, 
VM =Veer • (1 + A;-) 

L200 

Figure 27 :Constant Current Battery Charger. 

I ' 01 l_ iD2 
I 
I 

V; I 
(12V) i 

l 
' 

RL Rl J 
The resrstors R1 and R2 determrne the final chargrng voltage and 
Rsc the imtral chargrng current Dr prevents discharge of the battery 
throught the regulator. 

The resrstor RL ltmrts the reverse currents through the regulator 
(wh1ch should be 100 mA max) when the battery 1s accidentally re­
verse connected If Rc is 1n series with a bulb of 12 V/50 mA rating 
this willrndicate incorrect connection 

Figure 29 :Low Turn on. 

t =~ 
on 0.45 

1 Kll. 

I 
Figure 30 :Light Controller. 
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L272 
L272M 

DUAL POWER OPERATIONAL AMPLIFIERS 

e OUTPUT CURRENT TO 1A 

e OPERATES AT LOW VOLTAGES 

• SINGLE OR SPLIT SUPPLY 

e LARGE COMMON-MODE AND DIFFER-
ENTIAL MODE RANGE 

e GROUND COMPATIBLE INPUTS 

e LOW SATURATION VOLTAGE 

• THERMAL SHUTDOWN 

The L272 and L272M are monolithic integrated 
circuits in powerdip and minidip packages in­
tended for use as power operational amplifiers in 
a wide range of applications including servo ampli­
fiers and power supplies, compact disc, VCR, etc. 

ABSOLUTE MAXIMUM RATINGS 

v. Supply voltage 
VI Input voltage 
VI Differential input voltage 
lo DC output current 

Peak output current (non repetitive) 

The high gain and high output power capability 
provide superior performance whatever an opera­
tior.al amplifier /power booster combination is 
required. 

Powerdip (8 + 8) Minidip Plastic 

ORDERING NUMBERS: 

L272 L272M 

28 v 
v. 

± v. 
1 A 

1.5 A lp 
ptot Power dissipation at Tamb = 80°C (L272), Tamb = 50°C (L272M) 1 w 

T case = 75°C (L272) 5 w 
Tstg• TJ Storage and junction temperature -40 to 150 oc 

BLOCK DIAGRAM 

L272 L272M 
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L272-L272M 

CONNECTION DIAGRAM 
(Top view) 

OUTPUT I 1 

OUTPUT 2 3 

GNO 

INPUT-2 

INPUT•2 

INPUT•I 

INPUT-I 

L272 

16 GNO 

15 GNO 

14 GND 

13 GNO 

12 GND 

11 GNO 

10 GND 

9 GNO 

SCHEMATIC DIAGRAM (one only) 

THERMAL DATA 

Rth J-case 
Rthj-amb 

Thermal resistance junction-pins 
Thermal resistance junction-ambient 

* Thermal resistance junction-pin 4 

OUTPUT 1 

SUPPLY VOLTAGE 2 

OUTPUT 2 

GND 

L272M 

max 
max 

8 INPUT-I 

7 INPUT+! 

6 INPUT.2 

5 INPUT-2 

Powerdip 

15°C/W 
70°C/W 

Minidip 

_::,2/c::6 ____________ ~ ~~~©m~::~~tt -------------
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L272-L2~2M 

ELECTRICAL CHARACTERISTICS (V5 = 24V, Tamb = 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

v. Supply voltage 4 28 v 

Is Quiescent drain current v = 0 
~ 

2 

V5 = 24V 8 12 rnA 

V5 = 12V 7.5 11 rnA 

lb Input bias current 0.3 2.5 J.LA 

Vos Input offset voltage 15 60 mV 

los Input offset current 50 250 nA 

SR Slew rate 1 V/J.LS 

B Gain-bandwidth product 350 KHz 

Rl Input resistance 500 Kn 

Gv O.L. voltage gain f = 100Hz 60 70 dB 

f = 1KHz 50 dB 

eN Input noise voltage B = 20KHz 10 J.LV 

IN Input noise current B = 20KHz 200 pA 

CRR Common Mode rejection f = 1KHz 60 75 dB 

SVR Supply voltage rejection 
f = 100Hz Vs = 24V 70 dB 
RG = 10KS1 V5 = ± 12V 54 62 dB 
VR = 0.5V v. = ± 6V 56 dB 

Vo Output voltage swing 
lp = 0.1A 23 v 
lp = 0.5A 21 22.5 v 

Cs Channel separation f= JKHz; RL = 10!1; Gv =30dB 
Vs = 24V 60 dB 
V5 = ± 6V 60 dB 

d Distortion f = 1KHz Gv = 30dB 0.5 % 
V5 = 24V RL = = 

Tsd Thermal shutdown 145 oc 
junction temperature 

--------------------------- ~~~~~~~¥~:~~©~ ------------------------~3/6 
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L272- L272M 

Fig. 1 - Quiescent current Fig. 2 ·· Quiescent drain 
current vs. temperature 

Fig. 3 - Open ioop voltage' 
vs. supply voltage 
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Fig. 4 - Output voltage 
swing vs. load current 

Fig. 5 ·· Output voltage 
swing vs. load current 

Fig. 6 - Supply voltage 
rejection vs. frequency 
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vs. frequency 
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APPLICATION SUGGESTION 

NOTE 

In order to avoid possible instability occurring 
into final stage the usual suggestion~ for the 
linear power stages are useful, as ·or instance: 

- layout accuracy; 

L272- L272M 

A 100nF capacitor corrected between supply 
pins and ground; 
boucherot cell (0.1 to 0.2J.LF + 1 n series) bet­
ween outputs and ground or across the load. 

Fig. 9 - Bidirectional DC motor control with J.LP compatible inputs 

Fig. 10- Servocontrol for compact-disc 

REFLECTED 
BEAM 
LASER 

S-9U51f 

Vs2 

Fig. 11 - Capstan motor control in video recorders 

V 51 = logic supply voltage 

Must be V52 > Vs1 

E1, E2 = logic inputs 

DIGITAL 
INPUT 

---------'------ @ ~~tm~~~~@~ ------------5-'-/6 
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L272- L272M 

Fig. 12 - Motor current control circuit 

JSKO 2.5KO lOKO 2'/, 

*<t•J. 

Note: The input voltage level is compatible with L291 (5-BIT D/A converter) 

Fig. 13 - Bidirectional speed control of DC motors. 

·24V 

S-5930/1 

RS 

3.3KQ 
2'1. 

For circuit stability ensure that Rx > 2 R~ o R1 where RM =internal resistance of motor. The voltage 

available at the terminals of the motor is VMM = 2 ( V1 - V2s ) + I R0 I. IM where I R0 1 2R3 o R 1 and 
Rx 

IM is the motor current. v5 

lOKO lOKn 
S-S909J 2 
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L296 
L296P 

HIGH CURRENT SWITCHING REGULATORS 

• 4 A OUTPUT CURRENT 
• 5.1 VTO 40 V OUTPUT VOLTAGE RANGE 
• 0 TO 100 % DUTY CYCLE RANGE 
• PRECISE (±2 %) ON-CHIP REFERENCE 
• SWITCHING FREQUENCY UP TO 200 KHz 
• VERY HIGH EFFICIENCY (UP TO 90 %) 
• VERY FEW EXTERNAL COMPONENTS 
• SOFT START 
• RESET OUTPUT 
• EXTERNAL PROGRAMMABLE LIMITING 

CURRENT (L296P) 
• CONTROL CIRCUIT FOR CROWBAR SCR 
• INPUT FOR REMOTE INHIBIT AND 

SYNCHRONUS PWM 
• THERMAL SHUTDOWN 

DESCRIPTION 

The L296 and L296P are stepdown power switching 
regufators delivering 4 A at a voltage variable from 
5.1 Vto 40 V. 

Features of the devices include soft start, remote in­
hibit, thermal protection, a reset output for micropro­
cessors and a PWM comparator input for synchro­
nization in multichip configurations. 

The L296P incudes external programmable limiting 
current. 

PIN CONNECTION (top view) 

I 

15 
14 
13 
1 
11 
10 
9 
8 
7 
6 
5 

-$-~ 
~~ 

S-S84911 

Tab connected to pin 8 

September 1988 

The L296 and L296P are mounted in a 15-lead Mul­
tiwatt® plastic power package and requires very few 
external components. 

Efficient operation at switching frequencies up to 
200 KHz allows a reduction in the size and cost of 
external filter components. A voltage sense input 
and SCR drive output are provided for optional 
crowbar overvoltage protection with an external 
SCR. 

Multiwatt" 
(15-lead) 

ORDER CODES : 
L296 L296HT 
L296P L296PHT 

CROWBAR DRIVE 
RESET OUTPUT 
RESET DELAY 
RESET INPUT 
OSCILLATOR 
FEEDBACK INPUT 
FREQUENCY COMPENSATION 
GROUND 
SYNC. INPUT 
INHIBIT INPUT 
SOFT-START 
CURRENT LIMIT 
SUPPLY VOLTAGE 
OUTPUT 
CROWBAR INPUT 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, Input Voltage (pin 3) 

v,- V2 Input to Output Voltage Difference 

v2 Output DC Voltage 
Output Peak Voltage at t = 0.1 ~sec f = 200KHz 

Vt, Vt2 Voltage at Pins 1, 12 

Vts Voltage at Pin 15 

V4, Vs, Voltage at Pins 4, 5, 7, 9 and 13 
V7, Vg, Vt3 

Vto. Vs Voltage at Pins 1 o and 6 

Vt4 Voltage at Pin 14 (lt4 ~ 1 mA) 

lg Pin 9 Sink Current 

Itt Pin 11 Source Current 

lt4 Pin 14 Sink Current (V t4 < 5 V) 

Ptot Power Dissipation at T case ~ 90 °C 

T1, Tstg 1 Junction and Storage Temperature 

THERMAL DATA 

Thermal Resistance Junction-case Max 

Test Conditions 

50 

50 

-1 
-7 

10 

15 

5.5 

7 

V; 

1 

20 

50 

20 
~--

-40 to 150 

3 
35 Thermal Resistance Junction-ambient Max ----- ----~----~--·----------_!_ __ 

BLOCK DIAGRAM 

...i... ..... 

.L 
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INPUT 
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l ..... 
...... 

Unit 

v 

v 

v I 
I 

v I 

v 
' 

v 
' v I 

j 

v 
I 

mA 

mA 

mA 

w_J 
oc l 

oc/W I 
°C/W_j 
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L296-L296P 

PIN FUNCTIONS 

No Name Function 

1 CROWBAR INPUT Voltage Sense Input for Crowbar Overvoltage Protection. Normally ' 
' I 

connected to the feedback input thus triggering the SCR when V out i 
exceeds nom mal by 20 %. May also monitor the input and a voltage 
divider can be added to increase the threshold. Connected to 
ground when SCR not used. 

2 OUTPUT Regulator Output. 

3 SUPPLY VOLTAGE Unrergulated Voltage Input. An internal Regulator Powers the L296s : 
Internal Logic. 

4 CURRENT LIMIT A resistor connected between this terminal and ground sets the 
current limiter threshold. 
If this terminal is left unconnected the threshold is internally set (see : 
electrical characteristics). 

. ----------
5 SOFT START Soft Start Time Constant. A capacitor is connected between this I 

I 
terminal and ground to define the soft start time constant. This i 

capacitor also determines the average short circuit oute_ut curre_rll._ __ 

6 INHIBIT INPUT TTL - Level Remote Inhibit. A logic high level on this input disables 
' the device. 
'· 

7 SYNC INPUT Multiple L296s are synchronized by connecting the pin 7 inputs 
together and omitting the oscillator RC network on all but one 

I 
device. 

8 GROUND Common Ground Terminal. i 
9 FREQUENCY A series RC network connected between this terminal and ground ~ 

COMPENSATION determines th~~_g_lJIB_!i_on loop gain characteristi~-- ___ -~----

10 FEEDBACK INPUT The Feedback Terminal on the Regulation Loop. The output is 
connected directly to this terminal for 5.1 V operation ; it is 
connected via a divider for higher voltages. 

11 OSCILLATOR A parallel RC networki connected to this terminal determines the 
switching frequency. This pin must be connected to pin 7 input 
when the internal oscillator is used. 

12 RESET INPUT Input of the Reset Circuit. The threshold is roughly 5 V. It may be 
connected to the feedback point or via a divider to the input. 

13 RESET DELAY A capacitor connected between this terminal and ground 
determines the reset signal delay time. 

14 RESET OUTPUT Open collector reset signal output. This output is high when the 
supply is safe. 

------
15 CROWBAR OUTPUT SCR gate drive output of the crowbar circuit. 

CIRCUIT OPERATION (refer to the block diagram) 

The L296 and L296P are monolithic stepdown swit­
ching regulators providing output voltages from 
5.1 V to 40 V and delivering 4 A. 

The regulation loop consists of a sawtooth oscilla­
tor, error amplifier, comparator and the output stage. 
An error signal is produced by comparing the output 
voltage with a precise 5.1 V on-chip reference (ze­
ner zap trimmed to± 2 %). This error signal is then 
compared with the sawtooth signal to generate the 
fixed frequency pulse width modulated pulses which 

drive the output stage. The gain and frequency sta­
bility of the loop can be adjusted by an external RC 
network connected to pin 9. Closing the loop direct­
ly gives an output voltage of 5.1 V. Higher voltages 
are obtained by inserting a voltage divide_r. 

Output overcurrents at switch on are prevented by 
the soft start function. Th~ error amplifier output is 
initially clamped by the external capacitor Css and 
allowed to rise, linearly, as this capacitor is charged 
by a constant current source. 
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L296-L296P 

Output overload protection is provided in the form 
of a current limiter. The load current is sensed by an 
internal metal resistor connected to a comparator. 
When the load current exceeds a preset threshold 
this comparator sets a flip flop which disables the 
output stage and discharges the soft start capacitor. 
A second comparator resets the flip flop when the 
voltage across the soft start capacitor has fallen to 
0.4 V. The output stage is thus re-enabled and the 
output voltage rises under control of the soft start 
network. If the overload condition is still present the 
limiter will trigger again when the threshold current 
is reached. The average short circuit current is limi­
ted to a safe value by the dead time introduced by 
the soft start network. 

The reset circuit generates an output signal when 
the supply voltage exceeds a threshold program­
med by an external divider. The reset signal is ge­
nerated with a delay time programmed by an exter­
nal capacitor. When the supply falls below the thres-

Figure 1 : Reset Output Waveforms. 

hold the reset output goes low immediately. The re­
set output is an open collector. 

The scrowbar circuit senses the output voltage and 
the crowbar output can provide a current of 1 00 rnA 
to switch on an external SCR. This SCR is triggered 
when the output voltage exceeds the nominal by 
20 %. There is no internal connection between the 
output and crowbar sense input therefore the crow­
bar can monitor either the input or the output. 

A TTL- level inhibit input is provided for applications 
such as remote on/off control. This input is activa­
ted by high logic level and disables circuit operation. 
After an inhibit the L296 restarts under control of the 
soft start network. 

The thermal overload circuit disables circuit opera­
tion when the junction temperature reaches about 
150 ·c and has hysteresis to prevent unstable 
conditions. 

OUTPUT NOW AN INTERRUPTION 
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CIRCUIT OPERATION (continued) 

Figure 2 : Soft Start Waveforms. 

NOMINAL 
ERROR AMP 
OUTPUT 

OUTPUT 
CURRENT 

OSCILLATOR 
OUTPUT 

Figure 3 : Current Limiter Waveforms. 

CLAMPEO ERROR 
AMP OUTPUT 

SOFT START RAMP 

L296-L296P 

s- 5 s J 5 

.. 
t 
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L296-L296P 

ELECTRICAL 
specified) 

CHARACTERISTICS (refer to the test circuits Ti = 25 oc, V1 = 35 V, unless otherwise 

I Symbol] Parameter Test Conditions I Min. I Typ. I Max. I Unit I Fig.! 

DYNAMIC CHARACTERISTICS (pin 6 to GND unless otherwise specified) 

Vo Output Voltage Range v, = 46 v lo = 1 A Vref 40 I v 4 

VI I Input Voltage Range Vo = Vref to 36 V lo :S 3 A 9 46 v 4 

VI 1 Input Voltage Range Note (1) Vo =VREF to 36 V 10 =4 A 46 v 4 

!J.Vo I Line Regulation V1 =10 V to 40 V, V0 = Vref, lo = 2 A 15 50 mV 4 

!J.Vo 

I 

Load Regulation llo = 2 A to 4 A 10 30 I mV 4 

Vo = Vref 1 10 = 0.5 A to 4 A 15 45 i mV 4 
' 

Vref Internal Reference Voltage V1 = 9 V to 46 V 5 5.1 5.2 i v 4 I 

(pin 10) 
-

10 = 2 A 

rv/~ c--
!J.Vref Average Temperature T 1 = 0 °C to 125 °C lo = 2 A 0.4 
-- Coefficient of Reference !J.T 

Voltage I 
vd Dropout Voltage Between 10 = 4 A 2 3.2 i v 4 I 

Pin 2 and Pin 3 10 = 2 A 1.3 ~1l__v_ -~l ------------ - --- ---
I2L Current Limiting Threshold L296 Pin 4 Open i 

(pin 2) V1 = 9 V to 40 V 4.5 7.5 i A 4 I 
Vo =Vref to 36 V 

L296P ] Pin 4 Open 5 7 A 4 

V; = 9 V to 40 V ! Rilm = 22 Kn 
Vo = Vref I 

2.5 4.5 
I 

A 4 

IsH Input Average Current V1 =46 V; Output Short-circuited 60 100 I mA 4 

1l 

I 
Efficiency 10 = 3 A I Vo = Vref 75 i % 4 

j V0 =12V 85 I % 4 I 

SVR I Supply Voltage Ripple !J.V; = 2 Vrms lnpple =100Hz 50 56 

I 
dB 4 

I Rejection Vo = Vref 10 = 2 A 

I Switching Frequency 85 100 115 KHz 4 

!J.f j Voltage Stability of V1 = 9 V to 46 V 0.5 I % 4 
- I Switching Frequency !J.V, 

!J.I Temperature Stability of T1 = o octo 125 oc 1 % 4 
- Switching Frequency !J.T, 

----- --~- ---1---
fmax Maximum Operating Vo = Vref; lo = 1 A 200 KHz -

Switching Frequency 

Tsd 
I 

Thermal Shutdown Note (2) 135 145 ~ Junction Temperature 
--~-- --'--

DC CHARACTERISTICS 

13Q I Quiescent Drain Current VI= 46 v V7 = o v I V6 = o V 66 85 I mA 6a I 
S1: B 

I Vs = 3V 30 40 I mA 6a I S2: B I 

- 12L I Output Leakage Current V1 =46 V, V6 =3 V, 2 I mA 6a j 

S1 : B, S2 :A, V7 = 0 V 
--------------- ~-

l_ ___ _ __j 

Note (1) · Using min. 7 A schottky diode 
(2) :Guaranteed by design, not 1 00 %tested 1n production 

6/23 

116 



L296-L296P 

ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter Test Conditi~-;;~-- =JMhJ Typ~~~[Ri! 

SOFT START 

INHIBIT 

VsL I Low Input Voltage 

VsH I High Input Voltage 

- lsL I Input Current with Low 
Input Voltage 

-IsH [Input Current with High 
Input Voltage 

----

ERROR AMPLIFIER 

VgH I High Level Output Voltage 

VgL I Low Level Output Voltage 

Jg St I Sink Output Current 

- lg so I Source Output Current 

11 o I Input Bias Current 

I 

Gv I DC Open Loop Gain 

V6 =0V, V5 =3V 

Vs=3V, Vs=3V 

V, = 9 V to 46 V 

Vy = 0 V 

V, = 9 V to 46 V 

Vy = 0 V 
S1: B 
S2: B 

S1: B 
S2: B 

! V6 = 0.8 V 

I 
! Vs = 2 V 

I 

V1 0 = 4.7 V, 19 = 100 ~A. S1 :A, S2 :A 

V 1 o = 5.3 V, lg = 1 00 ~A. S 1 : A, S2 : E 

V1o =5.3 V, S1 :A, S2: B 

V1o=4.7V, S1 :A, S2: D 

V1o = 5.2 V, S1: B 

V1o = 6.4 V, 81 : B, L296P 

V9 = 1 V to 3 V, 81 :A, 82: C 

-0.3 0.8 

2 5.5 

10 

3 

---- '-

3.5 

0.5 

100 150 

100 150 

2 10 

2 10 

46 55 

OSCILLATOR AND PWM COMPARATOR 

- ly I Input B1as Current of Vy = 0.5 V to 3.5 V 5 
! 

I PWM Comparator 

-111 I Oscillator Source Current V11 =2 v, S1 :A S2: B 5 I 

RESET 

Rising Threshold Voltage V, = 9 V to 46 V, S1 : B, S2 : B Vref Vref Vref i 

-150mV -1 OOmV -50mV 1, 

v 

v 

~A 

~A_j 

v 

v 

~A 

~A 

~A 

~tA 

dB 

~A 

v 

6a 

6a 

6a 

I 

6a 

--

6c 

6c 

6c 
' 

6c 

6c ' 

6c 1 

6c I 

6a 1 

i 

rnA\ 

6d I 

! 
-------+----------------~ 

v12 F Falling Threshold Voltage 4.75 Vref Vref ! v 6d I 
__ __ ---~0~ :100mVj __ -~ 

V13 o Delay Thershold Voltage V 12 = 5.3 V, 81 :A, 82 : B ~3- _.i:S __ 4.7~-~- ~ _ 

V13 H Delay Threshold Voltage 100 •
1

. mV 6d j 

_ Hysteresis 

V14 s OutputSaturationVoltage 114=16mA;V12=4.7V;S1,S2:B 0.4 j V 6d 

112 Input Bias Current V12 = 0 V to V,et. 81 : B, 82 : B 1 3 I ~A 6d 

-113 so Delay Source Current v13 = 3 v I v12 = 5.3 v 70 110 140 I J.!A 6d 

113 Sl I Delay Sink Current s1 :A v12 = 4.7 v 10 i' rnA 6d 

{ 
S2: B t---- - ·------------ ------ ------- --- - -- ---- -------- --- -- -------f---

114 Output Leakage Current V, = 46 V, V 12 = 5.3 V, S1 : B, S2 :A 100 · ~A 6d 
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ELECTRICAL CHARACTERISTICS (continued) 

I Symbol I Parameter Tes_t_C_o_n_d_it_io_n_s ___ _ji_M_i1l]iiP. I Max. i Unit I Fig. i 

CROWBAR 
i 

----· 

I v1 Input Threshold Voltage S1: B 5.5 6 6.4 v 6b 

V1s I Output Saturation Voltage V, = 9 V to 46 V, v, = 5.4 v 0.2 0.4 v 6b 

i 11s=5mA S1 :A 

I 

----- --· ---------------- - ··- --- --- -----
- 6b-·: 11 Input Bias Current v1 =6 v, S1: B 10 11A 

- 115 

I 

Output Source Current V, = 9 V to 46 V, v1 = 6.5 v 70 100 mA 6b 
i V1s = 2 v S1: B 

Figure 4 : Dynamic Test Circuit. 

R'\Sc.i 

V; 

15 L1 
Vo 

R4 

Cl 
(*) tO,JF 

tiJV 
01 

C2 
2.2,.F 

GND GND 

S-b~Jf>/1 

INHIBIT 

C?, C8 : EKR (ROE) 
L 1 · L = 300 ~H at 8 A Core type · MAGNETICS 58930 • A2 M PP 

N' turns: 43 W~re Gauge: 1 mm (18 AWG) COGEMA 946044 
(") M1n1mum suggested value (10 ~F) to avo1d OSCillations Ripple conSideratiOn leads to typical value of 1000 ~For higher. 
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Figure 5: PC. Board and Component Layout of the Circuit of Figure 4 (1 :1 scale). 

?INHIBIT 

GND 
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L296-L296P 

Figure 6: DC Test Circuits. 

Figure 6a. 

Figure 6c. 

1 ·Set V10 FOR v, = 1 V 
2 · Change V 10 to obtain v, = 3 V 

3 _ Gv = DV, 2V 
D.V10 !1V1o 

Figure 6d. 
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.v, 

.v, 

Figure 6b. 
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Figure 7 : Quienscent Drain Current vs. Supply 
Voltage (0% Duty Cycle- see fig. 6a). 
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Figure 9 : Quiescent Drain Current vs. Junction 
Temperature (0% Duty Cycle -

13Q 
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Figure 11 : Reference Voltage (pin 1 0) vs. V1 
(see fig. 4). 
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Figure 8 : Quienscent Drain Current vs. Supply 
Voltage (1 00 % Duty Cycle see fig. 6a). 
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Figure 10 :Quiescent Drain Current vs. Junction 
Temperature (100% Duty Cycle­
see fig. 6a). 
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Figure 12 : Reference Voltage (pin 1 0) vs. Junction 
Temperature (see fig. 4). 
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Figure 13 : Open Loop Frequency and Phase 
Response of Error Amplifier 
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Figure 15 : Switching Frequency vs. Junction 
Temperature (see fig. 4). 
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Figure 17: Line Transient Response (see fig. 4). 
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Figure 14 :Switching Frequency vs. Input 
Voltage (see fig. 4). 
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Figure 16 : Switching Frequency vs. R1 
(see fig. 4). 
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Figure 18: Load Transient Response (see fig. 4). 
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Figure 19 :Supply Voltage Ripple Rejection vs. 
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Figure 21 : Dropout Voltage Between Pin 3 and 
Pin 2 vs. Junction Temperature. 
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Figure 23 : Power Dissipation (device only) vs. 
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Figure 20 : Dropout Voltage Between Pin 3 and 
Pin 2 vs. Current at Pin 2. 
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Figure 22 : Power Dissipation Derating Curve. 
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Figure 24 : Power Dissipation (device only) vs. 
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Figure 25 : Power Dissipation (device only) vs. 

"tot 
(WI 

Output Voltage (see fig. 4). 
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Figure 27: Voltage and Current Waveforms at Pin 2 
(see fig. 4). 
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Figure 29 : Efficiency vs. Output Voltage. 
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Figure 26 : Power Dissipation (device only) vs. 
Output Voltage (see fig. 4). 
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Figure 28 : Efficiency vs. Output Current. 
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Figure 31 : Current Limiting Threshold vs. Rpan 4 

(L296P only). 
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Figure 33 : Current Limiting Threshold vs. 

lzL 
(A) 

Supply Voltage. 
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Figure 32: Current Limiting Threshold vs. Junction 
Temperature. 
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L296-L296P 

APPLICATION INFORMATION 

Figure 34 :Typical Application Circuit. 

INHIBIT S-628011 

n Minimum value (1 0 ~F) to avoid osctllations :ripple consideration leads to typical value of 1000 ~For higher L 1 : 58930- MPP COGEMA 
946044; GUP 20 COGEMA 946045 

SUGGESTED INDUCTOR (L1) 
-·--·-------C~-;:;-Typ;---- ----T- No Tu--;-,:;;-- ~--Wire G~~g~--~-

Magnettcs 58930- A2MPP I 43 I 1.0 mm j 

Thomson GUP 20 x 16 x 7 

Siemens EC 35/17/10 
(86633&- G0500- X127) 

VOGT 250 11H Toroidal Cotl, Part Number 5730501800 

65 

40 

i 0.8 mm 

2 x 0.8 mm 

----- ---------------------~---·-------

16/23 
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Vo 

12 v 
15 v 
18 v 
24 v 

Resistor Values for Standard Output Voltages 

R8 

4.7 Kn 
4.7 Kn 
4.7 Kn 
4.7 Kn 

R7 

6.2 Kn 
9.1 Kn 
12 Kn 
18 Kn 

Air Gap 

mm 
I 
i 

! 



L296-L296P 

Figure 35 : P.C. Board and Component Layout of the Circuit of fig. 34 (1 :1 scale). 

17/23 

127 



L296-L296P 

SELECTION OF COMPONENT VALUES (see fig. 34) 

Component Recommended Purpose Allowed Rage Notes 
I 
I 

Value Min. Max. 

R1 Set Input Voltage R1/R2=~ -1 - - 5 
R2 100 kQ Threshold for If output voltage is 

Reset. 220 kQ sensed R1 and R2 may 
be limited and pin 12 
connected to pin 10. 

--
R3 4.3 kQ Sets Switching 1 kQ 100 kQ 

Frequency 

R4 10 kQ Pull-down Resistor 22 kQ May be omitted and pin 6 
grounded if inhibit not 
used. 

f-------· --
R5 15 kQ Frequency 10 kQ 

Compensation 

R6 Collector Load For Vo Omitted if reset function 
Reset Output --- not used. 0.05 A 

R7 - Divider to Set - - R7/RS = Vo - Vref _ 
RS 4.7 kn Output Voltage - 10 kn Vref 

Rrrm - Sets Current Limit 7.5 kQ If R11 m is omitted and 
Level pin 4 left open the 

current limit is internally 
fixed. 

C1 10 J.IF Stability 2.2 J.IF 

C2 2.2J.IF Sets Reset Delay - - Omitted if reset function 
not used. 

C3 2.2 nF Sets Switching 1 nF 3.3 nF 
Frequency 

C4 2.2J.IF Soft Start 1 llf - Also determines average 
short circuit current. 

C5 33 nF Frequency 

--- _c:;_~_pensation 

C6 390 pF High Frequency - - Not required for 5 V 
Compensation operation. 

C7, CB 100 J.IF Output Filter - -
L1 300 J.IH 100 J.IH 

--- ----- -·-----
01 Crowbar Protection The SCR must be able to 

withstand the peak 
discharge current of the 
output capacitor and the I 

short circuit current of the 
I 

device. 

D1 Recirculation Diode 7 A Schottky or 35 ns trr 
Diode. 

18/23 
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Figure 36: A Minimal5.1 V Fixed Regulator. Very Few Components are Required. 

+IOV to+46V 
INPUT 

300pH 

Figure 37 : 12 V/1 0 A Power Supply. 

L296-L296P 

_j 

2100,.,r 

+5 1V 
---0 

62 
Kn 

t.7KQ 
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L296-L296P 

Figure 38 : Programmable Power Supply. 

5-583215 

Vo=5.1 to 15V 
I o = 4 A max. (mm load current = 1 00 mA) 
npple :520 mV 
load regulat1on (1 A to 4 A)= 10 mV (V o = 5.1 V) 
l1ne regulatiOn (220 V ± 15 %and to I o = 3 A) = 15 mV (V o = 5.1 V) 

Figure 39 : Preregulator for Distributed Supplies. 

(') l2 and C2 are necessary to reduce the sw1tch1ng frequency sp1kes 

20/23 
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Figure 40 : In Multiple Supplies Several L296s 
can be Synchronized As Shown. 

11 7 11 7 11 7 
osc SYNC osc SYNC osc SYNC 

l I I 
osc ±c·~ ~-!191611 

L296-L296P 

Figure 41 :Voltage Sensing for Remote Load. 

+ + 101l 
B 

r ........... 

RL 10 

c / 

101l 
0 

GND 

Figure 42: A 5.1 V/15 V/24 V Multiple Supply. Note the Synchronization of the Three L296s. 

· •lSV 

300pH 

15 
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L296-L296P 

Figure 43 :'5. 1 V/2 A Power Supply using External Limiting Current Resistor and Crowbar Protection on 
the Supply Voltage (L296P only). 

SOFT-START AND REPETITIVE POWER-ON 

When the device is repetitively powered-on, the soft­
start capacitor, Css, must be discharged rapidly to 
ensure that each start is "soft". This can be achie­
ved economically using the reset circuit, as shown 
in Fig. 44. 

In this circuit the divider R1, R2 connected to pin 12 
determines the minimum supply voltage, below 
which the open collector transistor at the pin 14 out­
put discharges Css-

Figure 44. 

~-9478 

ICss 

5.1Vl2A 

I 
s- 9347 

The approximate discharge times obtained with this 
circuit are : 

Css lo1s 
2.2!JF 200 !JS 
4.7~JF 300 !JS 
10!JF 600 !JS 

If these t1mes are st1ll too long, an external PNP 
transistor may be added, as shown in Fig. 45 ; with 
this circuit discharge times of a few microseconds 
may be obtained. 

Figure 45. 

5 14 

~-9479 

Css 

22/23 J:iii SGS·THOMSON 
~I ililU©I'il@~~~©'iJI'ii@I/IJU©® 
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L296-L296P 

HOW TO OBTAIN BOTH RESET AND POWER FAIL 
Figure 46 illustrates how it is possible to obtain at 
the same time both the power fail and reset func­
tions simply by adding one diode (D) and one resis­
tor (R). 

In this case the reset delay time (pin 13) can only 
start when the output voltage is Vo 2 VREF- 100 mV 
and the voltage across R2 is higher than 4.5 V. 

With the hysteresis resistor it is possible to fix the in-

Figure 46. 

D 

RESET OUT 

put pin 12 hysteresis in order to increase immunity 
to the 100 Hz ripple present on the supply voltage. 

Moreover, the power fail and reset delay time are 
automatically locked to the soft start. Soft start and 
delayed reset are thus two sequential functions. 

The hysteresis resistor should be in the range of 
about 100 KQ and the pull-up resistor of 1 to 2.2 KQ. 

V0 =5.1V 

s- 9573 
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L387A 

VERY LOW DROP 5V REGULATOR 

• PRECISE OUTPUT VOLTAGE (5 V ± 4 %) 
• VERY LOW DROPOUT VOLTAGE 
• OUTPUT CURRENT IN EXCESS OF 500mA 
• POWER-ON, POWER-OFF INFORMATION 

(RESET FUNCTION) 
• HIGH NOISE IMMUNITY ON RESET DELAY 

CAPACITOR 

DESCRIPTION 

The L387A is a very low drop voltage regulator in 
a Pentawatt® package specially designed to pro­
vide stabilized 5V supplies in consumer and indus­
trial applications. Thanks to its very low input/out­
put voltage drop this device is very useful in batte­
ry powered equipment, reducing consumption and 
prolonging battery life. A reset output makes the 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, Forward Input Voltage 

Top Operating Temperature Range 

Tstg. TJ Storage and Junction Temperature 

APPLICATION CIRCUIT 

IlOOnF L. L387A 

L387A particularly suitable for microprocessor sys­
tems. This output provides a reset signal when po­
wer is applied (after an external programmable de­
lay) and goes low when power is removed, inhibi­
ting the microprocessor. An hysteresis on reset 
delay capacitor raises the immunity to the ground 
noise. 

Pentawatt® 

ORDER CODE : L387A 

,., 

Value 

35 

-40 to+ 125 

- 40 to+ 150 

OUTPUT 
VOLTAGE 

'' T, 
~.Jl K!l .J.!OOrtF • 

RE ET 
OUTPUT 

Unit 

v 
oc 

oc 

5 · 5B98/1 

• M1n 33 ~F and max. ESR,; 3 Q over temperature range. 

September 1 988 1/4 
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L387A 

CONNECTION DIAGRAM (top views) 

BLOCK DIAGRAM 

INPUT 
1Cr--~--------------------------------------~ 

THERMAL DATA 

2/4 
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RESET 
OUTPUT 
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Max I 4 ·crw 



L387A 

ELECTRICAL CHARACTERISTICS (refer to the test circuit, V, = 14.4 V, T1 = 25 oc, C0 = 100 11F; 
unless otherwise specified) 

Symbol Parameter Test Conditions Min. ~ Typ. Max. I 
Output Voltage 10 = 5 rnA to 500 rnA T1 = 25 'C 4.80 5.00 5.20 I 

-40,; T1 ,; 125 'C 4.75 ! 5.00 5.25 ! 
Operating Input (•), Over Full T Range(- 40 to 125 'C)[! 26 
Voltage (see note .. ) 

f----+------''------+-- ----------1--------- ---
Line Regulation V, = 6 V to 26 V 10 = 5 rnA 5 50 

Load RegulatJon 10 = 5 rnA to 500 rnA ! 15 60 

Dropout Voltage lo= 350mA Vo=VoNoM-100mV 
r------+--------t--1-'-o _=_5_o_o __ m_A ___________________ f---

Quiescent Current lo= 0 rnA 
10 = 150 rnA 
lo = 350 rnA 
10 = 500 rnA 

I 
1 0.40 
I o.6o 

-~- 250 -

' 60 
I 1oo 

I 16o 

0.65 
0.8 

15 
35 
100 
160 

180 

Unit 

v 

v I 

mV 

mV 

v 

rnA 

f----+--------t-V~, __ =6_.2_V _____ ~Io_=_~50_0_m_A ___ __ - --·--- -- ------ ---- -

Temperature 
Output Voltage Drift 

I -0.5 mV/'C 

SVR 

lsc 

Supply Voltage 
Rejection 

Output Short Circuit 
Current 

Reset Output 
Voltage 

lo = 350 rnA 
Co = 100 11F 

I= 120Hz 
V1 =12V±5Vpp 

IR=3mA 1<V0 <4.75V 
IR=16mA 1.5<V0 <4.75V 
Over Full T (- 40 'C,; T1 ,; 125 'C) 

·----

60 dB 

1.2 1.6 A 

0.5 v 
0.8 

50 ftA Reset Output Vo in Regulation l 
Leakage Current Over Full T Range c------t------''----- ------------------- -------- .... ·------ ----

VRT (off) 

Delay Time for Cd = 100 nF 
Reset Output Over Full T Range 

V0 @ Reset out H to L Transition, Over 
Full T Range 

4.75 

25 

Vo 
- 0.15 

l!'----lc_4_-t--'-C-h_a_rg-in_g=-C-u-rr-en_t-'-t-v-4_=_3_v _____________ -+--10--'•: .. ___ 2_o ______ 3 __ o ___ _ 
1 

(current generator) 

! VAT (on) Power on Va @ Reset out L to H Transi!Jon , Over ! VAT (oil) Vo 
V0 Threshold Full T Range 1 + 0.05 V - 0.04 V 

Comparator V4 @ Reset out H to L Transition 3.2 3.9 
Threshold 
(pin 4) V 4 @ Reset out L to H Transition 3.7 4.3 

Hysteresis Voltage Over Full T Range 450 

n For a DC voltage 26 < Vr < 35 v the devrce IS not operatrng. 

rns 

v 

11A 

v 

v 

v 
mV 

(••) Design lrmJts are guaranteed (but not 100% production tested) over the mdicated temperature and supply voltage ranges. 
These lrmrts are not used to calculate outgorng qualrty levels. 

3/4 
----------------------

137 



L387A 

Figure 1 : Dropout Voltage vs. Output Current. 
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Figure 3 :Output Voltage vs. Temperature. 
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Figure 2 :Quiescent Current vs. Output 
Current. 
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• EIGHT DARLINGTONS PER PACKAGE 
• OUTPUT CURRENT 400 mA PER DRIVER 

(500 mA PEAK) 
• OUTPUT VOLT AGE 90 V (V CE (sus) = 70 V) 
• INTEGRAL SUPPRESSION DIODES FOR IN­

DUCTIVE LOADS 
• OUTPUTS CAN BE PARALLELED FOR HI­

GHER CURRENT 
• TTL I CMOS I PMOS I DTL COMPATIBLE IN­

PUTS 
• INPUTS PINNED OPPOSITE OUTPUTS TO 

SIMPLIFY LAYOUT 

DESCRIPTION 

The L601, L602, L603 and L604 are high voltage, 
high current darlington arrays each containing eight 
open collector darlington pairs with common emit­
ters. Each channel is rated at 400 mA and can with 
stand peak currents of 500 mA. Suppression diodes 
are included for inductive load driving and the inputs 
are pinned opposite the outputs to simplify board 
layout. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEx Collector Emitter Voltage {Input open) 

lc Collector Current 

lc Collector Peak Current 

v, Input Voltage {for L602, L603 and L604) 

I, Input Current {for L601 only) 

Ptot Total Power Dissipation a Tamb = 25'C 

Top Operatmg Junct1on Temperature 

L601-L603 
L602-L604 

DARLINGTON ARRAYS 

The four versions interface to all common logic fa­
milies: 

L601 General purpose 

L602 14-25V PMOS 

L603 5VTTL,CMOS 

L604 6- 15 V CMOS, PMOS 

These versatile devices are useful for driving a wide 
range of loads, including solenoids, relays DC mo­
tors, LED displays, filament lamps, thermal prin­
theads and high power buffers. 

The L601, L602, L603 and L604 are supplied in 18 
pin plastic DIP packages with a copper leadframe 
to reduce thermal resistance. 

DIP-18 
{Plastic) 

ORDER CODES : L601 C, L6038 
L602B, L604B 

Value 

90 

0.4 

0.5 

30 

25 

1.8 

-25to150 

Unit 

v 

A 

A 

v 

rnA 

w 
·c 

September 1988 1/3 
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L601-L602-L603-L604 

PIN CONNECTIONS (top view) 

SCHEMATIC DIAGRAMS 
L601 

I 
I 
I 
I 
I 
L-j4----------

EACH DRIVER 

L603 

2.7kn 
IN 0 r----C=:J 

I 

i 

~~-< I , , 

~ 

IN 1 

IN 2 

IN 3 

IN S 

IN 6 

IN 7 

IN B 

GNO 

COM 

s- 3l.B9 

~CeM 

- -r----<:J 0 U T 

L -~­

EACH DRIVER 
t--- S-1989 

2/3 
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L601-L602-L603-L604 

THERMAL DATA 

Thermal Res1stance Junction-amb1ent Max 70 

ELECTRICAL CHARACTERISTICS (Tamb = 25 ·c, unless otherwise specified) 

Symbol Parameter Test conditions Min. Typ. Max. i Unit 
I 

IcE X Output Leakage Current VeE= 90V 10 >LA 

VcE(saL) Collector Em1tter Saturation le =300 mA Is= 500 J.!A 2 v 
Voltage lc = 200 mA Is= 350 J.!A 1.7 v 

lc= 100 mA Is= 250 J.!A 1.2 v 

h FE DC Forward Current Gain VeE= 3 V le = 300 mA 1000 -
(L601 only) 

v, Minimum Input Voltage VeE= 3 V lc = 300 mA 
(ON cond1t1on) for L602 11.5 v 

for L603 2.5 v 
for L604 5 v 

v, Maximum Input Voltage VeE= 90 V le = 25 J.!A 
(OFF cond1t1on) for L601 0.55 v 

for L602 7 v 
for L603 0.75 v 
for L604 1 v 

lA Clamp D1ode Reverse VA= 90 V 50 >LA 
Current 

VF Clamp Diode Forward IF= 300 mA 2 2.4 v 
Voltage 

ton Turn-on Delay 0.5 V, to 0.5 Vo 0.4 J.lS 

t off Turn-off Delay 0.5 V, to 0.5 Vo 0.4 I J.!S 

3/3 
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L702 

2A QUAD DARLINGTON SWITCH 

• SUSTAINING VOLTAGE: 70 V 
• 2 A OUTPUT 
• HIGH CURRENT GAIN 
• IDEAL FOR DRIVING SOLENOIDS, DC MO­

TORS, STEPPER MOTORS, RELAYS, DIS­
PLAYS, ETC. 

DESCRIPTION 

The L702 is a monolithic integrated circuit for high 
current and high voltage switching applications. It 
comprises four darlington transistors with common 
emitter and open collector suitable for current sin­
king applications mounted on the new POWERDIP 
and Multiwatt® packages. 

This circuit reduces components, sizes and costs ; 
it can provide direct interface between low level lo­
gic and a variety of high current applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEx Collector-emitter Voltage (input open) 

v, Input Voltage 

lc Collector Current 

P tot Total Power DtsstpaliOn at Tp,n 9 to 16 s; 90 "C 

Total Power Dtssipation at Tamb s; 70 "C 

Total Power Dissipation at T case s; 90 "C 

Tstg Storage Temperature 

Tl Operatmg Junction Temperature 

September 1988 

Multiwatt-11 

Powerdip 8 + 8 

ORDER CODES : L702B- Powerdip 
L702N - Multiwatt 

Value 

90 

30 

3 

} Powerdip 
4 

1.1 

Mult1watt 20 

-55 to 150 

-25 to 150 

Unit 

v 
v 
A 

w 
w 
w 
"C 

"C 

1/4 
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L702 

STEPPING MOTOR BUFFER 

CONNECTION DIAGRAMS (top view) 

Powerdip 

B1 1 16 

82 2 15 

C1 3 14 

C2 4 11------_J 13 

GND 

CJ 5 11--------, 12 

C4 6 11--------, 11 

BJ 7 10 

B4 e 

SCHEMATIC DIAGRAM (each Darlington) 

2/4 
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Multiwatt 

1 

~111~81 -$- ~eo ~: C1 
7 c 2 

6 GND 

5 c 3 

4 C4 

3 

2 
nc 
83 

84 

THE TAB 15 CONNECTED TO PIN 6 5-J 749 

c 

S-348611 



L702 

THERMAL DATA 

Rthj·amb Thermal Resistance Junction Ambient } Powerdip Max 70 "C/W 

Rth 1·p1ns 9/t6 Thermal Resistance JunctiOn Pins 9 to 16 Max 14 "C!W 

RthJ-case Thermal Resistance Junction-case Mult1watt Max 3 "C!W 

ELECTRICAL CHARACTERISTICS (Tease= 25 'C unless otherwise specified) 

Symbol Parameter Test conditions Min. Typ. Max. Unit 

I CEX Output Leakage Current VeE= 90 V 10 50 JlA 

VcE(sust) Collector Emitter C) Sustaining lc = 100 mA 70 v 
Voltage 

VcE(sat) Collector Emitter Saturation lc = 1.25 A 1.3 1.9 v 
Voltage 1,=2mA 

hFE DC Forward Current Gain lc= 1 A 1 000 4000 
VeE= 3 V 

I, Input Current V,=3.75V 7 11 mA 
v, = 2.4 v 3 6 mA 
Open Collector 

v, Input Voltage Off Condition VeE= 70 V lc :s 0.1 mA 0.4 v 
On Condition VeE= 3 V lc ~ 1 A 2.4 v 

Ton Turn On Time v, = 12 v 0.3 JlS 

Tott Turn Off Time RL = 10 Q 1 JlS 

Figure 1 : Switching Time. Figure 2 : ton and lotr Test Circuit. 

I on I off 

3/4 
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L702 

Figure 3 : Peak Collector Current vs. Duty 
Cycle and Number of Outputs 
(L702B only). 

G·40!19 
) 

Tamb:70aC 

T:tOOms 

1.5 

1 

2 

o.s 3 

,j, f' 

30"1. so•t. 0("/.) 

Figure 5 : Collector Current vs. Input 
Voltage. 

G-3602 

(A 
c 

1-e- 1- -1 ?'I-J 
-"' ......r t-

1-1--
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1--
1--1--1-- 1--. 

H· 1- -

II-
V1 (V) 

Figure 7 :Safe Operating Areas (L702B). 
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Figure 4 : Collector Emitter Saturation 
Voltage vs. Collector Current. 
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Figure 6 : Input Current vs. Input Voltage. 

I 
(m ~ 

60 

50 

40 

30 

20 

10 

1--

t-Jt 1--

j/1- t-
10 

G·l&OI 

1-1- . t-t-
I-f-f--l-1-

..... 
v~ !- -. 

1- -v 
Vt-1--

t- -

--.,. 
-~ I- - -

20 v, (V) 

Figure 8 :Safe Operating Areas (L702N). 
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L2720/2/4 

LOW DROP DUAL POWER OPERATIONAL AMPLIFIERS 

e OUTPUT CURRENT TO 1A 
e OPERATES AT LOW VOLTAGES 

e SINGLE OR SPLIT SUPPLY 
e LARGE COMMON-MODE AND DIFFER-

ENTIAL MODE RANGE 
e LOW INPUT OFFSET VOLTAGE 

e GROUND COMPATIBLE INPUTS 

e LOW SATURATION VOLTAGE 

e THERMAL SHUTDOWN 

e CLAMP DIODE 

The L2720, L2722 and L2724 are monolithic in­
tegrated circuits in powerdip, minidip and SIP-9 
packages, intended for use as power operational 
amplifiers in ·a wide range of applications in­
cluding servo amplifiers and power supplies. 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage 
Peak supply voltage (50ms) 
Input voltage 
Differential input voltage 
DC output current 
Peak output current (non repetitive) 

PRELIMINARY DATA 

They are particularly indicated for driving, in­
ductive loads, as motor and finds applications 
in compact-disc VCR automotive, etc. 

The high gain and high output power capability 
provide superior performance whatever an opera­
tional amplifier/power booster combination is 
required. 

~~.~~ 
-~JJ~ ffJT~ ~'\ 

Powerdip Minidip 
(8 + 8) Plastic SIP-9 

ORDERING NUMBERS: 
L2720 L2722 L2724 

28 
50 
v. 

v 
v 

Power dissipation at Tamb = 80°C (L2720), Tamb = 50°C (L2722) 
T case = 75°C (L2720) . 

± v. 
1 

1.5 
1 
5 

10 
-40 to 150 

A 
A 
w 
w 
w 

oc 
Tease= 50°C (L2724) 

Storage and junction temperature 

BLOCK DIAGRAMS 
..... 

s -~929 

L2720 L2722 L2724 
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L2720/214 

CONNECTION DIAGRAMS 
(Top view) 

OUTPUT I I 16 GND OUTPUT I 

15 GND SUPPLY VOLTAGE 2 

OUTPUT Z 3 14 GNO 
OUTPUT2 

GNO 13 GND 
GNO 

INPUT -2 5 12 GNO 

JNPUT.2 11 GND 

JNPUT•I 10 GNO 

INPUT-1 9 GNO 

S-$905 

L2720 

SCHEMATIC DIAGRAM (one section) 

THERMAL DATA 

Rth J-case 
Rth J-amb 

Thermal resistance junction-pins 
Thermal resistance junction-albient 

• Thermal resistance junction-pin 4 . 

L2722 

8 INPUT-I 

7 INPUT+1 

6 1NPUT.2 

S INPUT-2 

max 
max 

0 

SIP-9 

9 

8 

7 

6 

5 

•F== 
3 

n~ 
5-971.8 

L2724 

INPUT-I 

INPUT+! 

INPUT+Z 

JNPUT-2 

GND 

NC 

OUTPUT 2 

Vs 

OUTPUT I 

Powerdip Minidip 

.::!21..:...7 ___________ ~ ~~~~m~~~©~ ___________ _ 
148 



L2720/2/4 

ELECTRICAL CHARACTERISTICS (V5 = 24V, Tamb = 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

v. Single supply voltage 4 28 
v 

v. Split supply voltage ±2 ± 14 

Is Quiescent drain current Vs V 5 = 24V 10 15 
Vo = mA 

2 V 5 = 8V 9 15 

lb Input bias current 0.2 1 llA 

Vos Input offset voltage 10 mV 

los Input offset current 100 nA 

SR Slew rate 2 V/11s 

B Gain-bandwidth product 1.2 MHz 

AI Input resistance 500 Kn 

Gv O.L. voltage gain f = 100Hz 70 80 
dB 

f = 1KHz 60 

eN Input noise voltage 10 !lV 
B = 22Hz to 22KHz 

IN Input noise current 200 pA 

CMR Common Mode rejection f = 1KHz 66 84 dB 

SVR Supply voltage rejection f = 100Hz V 5 = 24V 70 dB 
RG = 10Kn Vs = ± 12V 60 75 dB 
VR = 0.5V v = + s - 6V 80 dB 

VoROP (HIGH) lp = 100m A 0.7 
v 

lp = 500mA 1.0 1.5 
Vs = ±2.5V to± 12V 

100m A 0.3 VoROP(LOW) lp = 
v 

lp = 500mA 0.5 1.0 

Cs Channel separation f = 1KHz Vs = 24V 60 dB RL = 10.11 
V 5 = 6V 60 

Gv = 30dB 

Tsd Thermal shutdown 145 oc 
junction temperature 

--------------------------- ~~~~;~&~~~~©~ ------------------------~3/~7 
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L2720/2/4 

Fig. 1 - Quiescent current 
vs. supply voltage 

Fig. 2 - Open loop gain vs. 
frequency 

Fig. 3 - Common mode 
rejection vs. frequencY, . .,., 

t, rr--.,.-rr--r-r-1-r--r-rr-FT't--, 
(mAIH-+-+-H-+-H-+-+-H-++--1-l 

(dB 

BO 

70 

I 

1""-
1"'-

'" " 
50 

40 

JO 

20 

\0 

12 IS 20 21. tO' to' 

(Y l 

Fig. 4 - Output swing vs. 
load current (V5 ± 5V) 

0116 ' 

Y1 • ~ SV 

-r-1--
........ ~CiATIVE 

~TIVE 

200 400 ""' 

Fig. 6 - Supply voltage , 
rejection vs. frequency 

G-6161 
(d B) I 

Y5 ~:r12Y 

....... 

" " 1\ 
60 

50 

104 I(Hz) 

!"'-

tO' 

Vs"24V 

" I'\ 

G•IUl 

" to 6 t(Hz) 10 

(V l 

, 

12 

10 

" 
60 

50 

Fig. 5 - Output swing vs. 
load current (V5 = ± 12V) 

v,.:t2v 

r--1--

1"- ~GATIVE -
I 

PO Sir~-- r=::: 
1-

200 400 600 

Fig. 7 - Channel separation 
vs. frequency 

V5 :!;6V 

f---)--j--j~:: ;~d Bi-J-,---+--t--1 

~ 

40-· 

JO 7T 
20 

10 

"' "' 10 4 t(Hz) 
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APPLICATION SUGGESTION 
In order to avoid possible instability occurring 
into final stage the usual suggestions for the 
linear power stages are useful, as for instance: 

layout accuracy; 

A 100nF capacitor connected between supply 
pins and ground; 

L2720/2/4 

boucherot cell (0.1 to 0.2 /lF + 1n series) bet· 
ween outputs and ground or across the load. 
With single supply operation, a resistor ( 1 KU) 
between the output and supply pin can be 
necessary for stability. 

Fig. 8- Bidirectional DC motor control with /lP compatible inputs 

Fig. 9 - Servocontrol for compact-disc 

REFLECTED 
BEAM 
LASER 

Fig. 10 - Capstan motor control in video recorders 

E2 V 51 = logic supply voltage 

Must be V52 > V51 

E1, E2 = logic inputs 

------------- ~:iii. ~~~©m=:~~tt ____________ .::.!...:..5/7 
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L2720/2/4 

Fig. 11 - Motor current control circuit 

R2* R7 RS 

Note: The input voltage level is compatible. with L291 (5-BIT D/A converter) 

Fig. 12 - Bidirectional speed control of DC motors. 

For circuit stability ensure that Rx > 2R3 • R1 where RM =internal resistance of motor. The voltage 
RM v 2R 0 R1 

available at the terminals of the motor is VM = 2 ( V1- - 5-) + IR0 1. IM where IR0 1 = and 
2 Rx I M is the motor current. 

10KO lOKn 

~6/~7------------------------- ~~~~@~~v~:ij~~~ ---------------------------
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L2720/2/4 

Fig. 13 - VHS-VCR Motor control circuit 

LOADING MOTOR 

CASSETTE MOTOR 

uP 

ZB 

CAPSTAN TACHO 
DRUM POSITION 
CTL -REC.PB. VHS2::DIS 

REEL TACHO 0 RIGHT 
LEFT 0 

RESET 
REEL TACHO S-9482 
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L4901A 

DUAL 5V REGULATOR WITH RESET 

• OUTPUT CURRENTS: 101 = 400mA 
102 = 400mA 

• FIXED PRECISION OUTPUT VOLTAGE 5V 
±2% 

• RESET FUNCTION CONTROLLED BY IN­
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

• RESET FUNCTION EXTERNALLY PRO­
GRAMMABLE TIMING 

e RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

• OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 

e LOW LEAKAGE CURRENT, LESS THAN 
1t.tA AT OUTPUT 1 

• LOW QUIESCENT CURRENT (INPUT 1) 

e INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 

BSOLUTE MAXIMUM RATINGS 

IN DC input voltage 
Transient input overvoltage (t = 40 ms) 
Output current 
Storage and junction temperature 

LOCK DIAGRAM 

4 

une 1988 

PRELIMINARY DATA 

e RESET OUTPUT HIGH 

• OUTPUT TRANSISTORS SOA PROTEC­
TION 

e SHORT CIRCUIT AND THERMAL OVER­
LOAD PROTECTION 

The L4901 A is a monolithic low drop dual 5V 
regulator designed mainly tor supplying micro­
processor systems. 

Reset and data save functions during switch on/ 
off can be realized. 

Q: Heptawatt 

ORDERING NUMBER: L4901A 

24 
60 

internally limited 
-40 to 150 

r:~="I---IJ~o RESET 

L:.:..:~J-1'--0TIMING 

v 
v 

l/9 
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~ I" (I) r 01 ..... 0 ~ 
(J) "' ::I: CD 

m 0 
s: .... 
l> l> 
-1 

5-9349/1 0 
1 

IN.i c 
IN.2 l> 

"2 G) 
::ll 

THERMAL & l> 
OVERVOLTAGE s: 
PROTECTION 

7 
--o OUT1 

I Ill I I )0 ). u I 

~ 
~UI 

©~ 
~. 
~;! 
"'o Ill I .. ~ •. ~~·~~ Jll I .L.L """" I II I I 6 

~- I 0 OUT2 
©lUI 
~0 
~i!l 

II _1~~~~1 I ~r'"i -6 I 5 
-o RESET 

OUTPUT -
GND o 4 1 .LI 111 3 o TIMING I L4!101::LIB 

CAPACITOR 
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ONNECTION DIAGRAM 
op view) 

- ,..---...., 

$-
~ 

IN FUNCTIONS 

0 
NAME 

INPUT 1 

INPUT 2 

TIMING CAPACITOR 

GND 

RESET OUTPUT 

OUTPUT 2 

OUTPUT 1 

HERMAL DATA 

~7 
6 

5 

4 

3 

z 

~ 

OUTPUT 1 
OUTPUT 2 
RESET 
GROUND 
TIMING CAPACITOR 
INPUT 2 

INPUT 1 

FUNCTION 

Low quiescent current 400mA regulator input. 

400mA regulator input. 

L4901A 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 1 OjJ.A constant current. When Reg. 2 is switch­
ed-OFF the delay capacitor is discharged. 

Common ground. 

When pin 3 reaches SV the reset output is switched high. 
sv 

Therefore tRo = C1 ( 1 OJJ.A ); tRo (ms) = C1 (nF) 

SV - 400mA regulator output. Enabled if V0 1 > V RT 
and V IN 2 > V1T- If Reg. 2 is switched-OFF the C02 

capacitor is discharged. 

SV - 400mA regulator output with low leakage (in 
switch-OFF condition). 

th )-case Thermal resistance junction-case max 4 

~ ~~~~m?::~tt -------------3--'--/9 
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L4901A 

TEST CIRCUIT 

2 

o.1fFI 

-----..,7 

5-93~8/1. 

~-------------.~0~ 

6 

5 RESET 

3 
4.7 fF 

I I''fF 

ELECTRICAL CHARACTERISTICS (V 1N1 = V1N2 = 14,4V, Tamo = 25°C unless otherwise 
specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

v, DC operating input voltage 20 v 
I 

Vol Output voltage 1 R load 1 K.l1 4.95 
i 

5.05 5.15 v 

Vo2H Output voltage 2 HIGH R load 1 K.l1 v01 -0.1 J 
Vo2L Output voltage 2 LOW 102 = -5mA 40~ lo1 Output current 1 D. Vol = -100mV 

5 Vol v 
0.1 v 

mA 

ILol Leakage output 1 current VIN = 0 
V01 .;; 3V I 

!-LA 

102 Output current 2 D.Vo2 = -100mV 400 mA 

V;o1 Output 1 dropout voltage (*) lo1 = 10mA 
lo1 = 100mA 
lo1 = 300m A 

0.7 0.8 v 
0.8 1 v 
1 .1 1.4 v 

V1T Input threshold voltage V01+1.2 6.4 v01+ 1.7 v 

VITH Input threshold voltage hyst. 250 mV 

D. Vol Line regulation 1 7V < VIN < 18V 

l01 = 5mA 5 50 mV 

D.V02 Lme regulation 2 lo2 = 5mA 5 50 rilV 

D. Vol Load regulation 1 
5mA < 101 < 400mA 50 100 mv 

D.Vo2 Load regulation 2 5mA < lo2 < 400mA 50 100 mV 

IQ Quiescent current 0 < V1N < 13V 
7V < VIN < 13V 

4.5 6.5 mA 
1.6 3.5 mA 

lo2 = 101 < 5mA 

IQl Quiescent current 1 6.3V < VJN 1 < 13V 
V1N~ = 0 

lo2 = o 101 5mA 

0.6 0.9 mA 

4/9 ru SGS·lHOMSON i'f/.. lllW©IRl©~~f<©1i'IRl©illU©® 
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L4901A 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VRT Reset threshold voltage Vo2·0.15 4.9 V02-0.05 v 
VRTH Reset threshold hysteresis 30 50 80 mV 

VRH Reset output voltage HIGH IR = 5001'A V02-1 4.12 Vo2 v 
VRL Reset output voltage LOW IR = -5mA 0.25 0.4 v 
tRo Reset pulse delay Ct = 10nF 3 5 11 ms 

td Timing capacitor discharge 
time 

Ct = 10nF 20 I'S 

t.Vo1 Thermal drift -20°C < Tamb < 125oC 0.3 mV/°C 
t.T -0.8 

t.Vo2 Thermal drift -20°C < Tamb < 125oC 0.3 mV/°C 
t>T -0.8 

SVR1 Supply voltage rejection f = 100Hz VR = 0.5V 
10 = 100mA 

50 84 dB 

SVR2 Supply voltage rejection 50 80 dB 

TJso Thermal shut down 150 oc 

*The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under. constant output current condition, 

APPLICATION INFORMATION 

In power supplies for J.lP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4901A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precisiont with separ­
ate inputs plus a reset output for the data save 
function. 

CIRCUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates until V01 
rises to the nominal value. 

When the input 2 reaches V1T and the output 1 
is higher than VRT the output 2 (V02 ) switches 
on and the reset output (V R) also goes high after 
a programmable time T RD (timing capacitor). 

V02 and VR are switched together at low level 
when one of the following conditions occurs: 

- an input overvoltage 

- an overload on the output 1 (V01 < VRT); 
- a switch off (V1N < VIT- VITH); 

and they start again as before when the con­
dition is removed. 

An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The V01 output features: 

- 5V internal reference without voltage divider 
between the output and the error comparator; 

- very low drop series regulator element util-
izing current mirrors; 

permit high output impedance and then very 
low leakage current error even in power down 
condition. 

This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al­
lowing the use of a back-up battery. The V0 1 

--------------------------- ~~~~~~~v~l~~~~ __________________________ s;_g 
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L4901A 

CIRCUIT OPERATION (continued) 

regulator also features low consumption (0.6mA 
typ.) to minimize battery drain in applications 
where the V1 regulator is permanently connected 
to a battery supply. 

The V02 output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be. powered 

Fig. 1 

down to prevent uncorrect operation for supply 
voltages below the minimum value. 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 
only in correct power conditions, or as a "BACK­
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in­
terrupted. 

SWITCH 
ON 

VOl 
OVERLOAD 

V02 VIN 
THERMAL 
SHUT SWITCH 

OVERLOAD OVERLOAD DOWN OFF 

APPLICATION SUGGESTIONS 

Fig. 2 shows an application circuit for a [J.P 
system typically used in trip computers or in 
car radios with programmable tuning. 

Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 
Reg. 2 may be switched OFF when the system 
is inactive. 

Fig. 4 shows the L4901A with a back up battery 
on the V01 output to maintain a CMOS time-of­
day clock and a stand by type N-MOS [J.P. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 
In this case the main on-off switch disconnects 
both regulators from the supply battery. 

The L4901 A is also ideal for microcomputer sys­
tems using battery backup CMOS static RAMs. 
As shown in fig. 5 the reset output is used both to 
disable the [J.P and, through the address decoder 
M74HC138, to ensure that the RAMS are disabled 
as soon as the main supply starts to fall. 

Another interesting application of the L4901A is 
in [J.P system with shadow memories. (see fig. 6) 

When the input voltage goes below V1T, the 
reset output enables the execution of a routine 
that saves the machine's state in the shadow 
RAM (xicor x 2201 for example). 

Thanks to the low consumption of the Reg. 1 
a 680[J.F capacitor on its input is sufficient to 
provide enough energy to complete the operation. 
The diode on the input guarantees the supply 
of the equipment even if a short circuit on V 1 
occurs. 

__;61"""9------------~ ~~~;n&?ll~~tt -------------
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APPLICATION SUGGESTION (continued) 

Fig. 2 

IN1 1 

~ATTERY C1~ 
REG. I 

.I .o.n"'FI 

__ IN2 
2 

REG. 2 

C2± 
1JJF 

3 

_j 

c~ 
10nF I L4901A 

.l 

7 OUT 1 

~C4 I lJJF I 
6 OUT 2 

J:e 1 to10JJF I res ' 
5 RESET OUT 

Fig. 3- P.C. board component layout of fig. 2 (1 : 1 scale) 

C2 

0 
C4 C5 

00 

CS-0242 

GND IN1 OUT2 GND 

L4901A 

Voo CMOS 
CLOCK 

Voo 

CMOS 
JJP WITH 

RESET 
VOLATILE 

RAM 

Voo 

OTHER 
LOGIC 

@sv 
RESET 

5_7770 13 
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L4901A 

APPLICATION SUGGESTION (continued) 

Fig. 4 

Fig. 5 

~y 
I 

. Ill IHI 
".:iiii: 
pF :r 2 IN2 

IN! 

0.22pF I 

IN 2 

4.7pF I 

cT 

1onFI 

OUTl 
7 F'~ 

'"' OUT2 ~.----, . :r 
~47F 

L4901A ::C " 
RESET~-

·~CT 
lOnF' ~ .___.::;GHrD'----' 

...!.: 

REG. I 

REG. 2 

L4901A 

4 

6 OUT2 

1 tolOpF 

I 

RESET OUT 

RESET 

Voo 

RESET 

pP(3875-2875) 

WITH BATTERY 

CMOS 
STATIC 
RAMS 
LIKE 

TCS516 

BACKUP 

RAM 

S-777112 

.... 
1 2 8to3V 

'i~~~~~y 

OR TCS5&5 
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APPLICATION SUGGESTION (continued) 

Fig. 6 

6BO :c JJF 

L4'901A 
,__ ___ __:2-llN2 OUT 21-'6'--~-->-!Vs ADDRESS 

CT 

IOnfi 

Fig. 7 - Quiescent current 
(Reg. 1) vs. output current 
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50 0 
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300 

20 0 
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Fig. 10 - Regulator 1 out­
put current and short circuit 
current vs. input voltage 
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Fig. 8 - Quiescent current 
(Reg. 1) vs. input voltage 
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Fig. 11 - Regulator 2 out­
put current and short circuit 
current vs. input voltage 
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Fig. 9 -Total quiescent cur­
rent vs. input voltage 
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Fig. 12 - Supply voltage 
rejection regulators 1 and 2 
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L4902A 

DUAL 5V REGULATOR WITH RESET AND DISABLE 

DOUBLE BATTERY OPERATING 

• OUTPUT CURRENTS: 101 = 300mA 
102 = 300mA 

FIXED PRECISION OUTPUT VOLTAGE 5V 
±2% 

RESET FUNCTION CONTROLLED BY IN­
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

RESET FUNCTION EXTERNALLY PRO­
GRAMMABLE TIMING 

RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 

OUTPUT 2 DISABLE LOGICAL INPUT 

LOW LEAKAGE CURRENT, LESS THAN 
1JJ.A AT OUTPUT 1 

RESET OUTPUT NORMALLY HIGH 

BSOLUTE MAXIMUM RATINGS 

IN DC input voltage 
Transient input overvoltage (t = 40 ms) 
Output current 
Storage and junction temperature 

LOCK DIAGRAM 

une 1988 

4 

PRELIMINARY DATA 

• INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 

• OUTPUT TRANSISTORS SOA PROTEC­
TION 

• SHORT CIRCUIT AND THERMAL OVER­
LOAD PROTECTION 

The L4902A is a monolithic low drop dual 5V 
regulator designed mainly for supplying micro­
processor systems. 
Reset and data save functions and remote switch 
on/off control can be realized. 

Heptawatt 

ORDERING NUMBER: L4902A 

S-7840/3 

28 
60 

internally limited 
-40 to 150 

v 
v 

l/9 
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CONNECTION DIAGRAM 
(Top view) 

L4902A 

----r ,__ 
~, OUTPUT 1 

6 OUTPUT 2 

$-
s 

• 
l 

z 

RESET 
GROUND 

~I 

DISABLE INPUT 
TIMING CAPACITOR 

INPUT 

PIN FUNCTIONS 

NAME 

INPUT 1 

2 TIMING CAPACITOR 

3 V02 DISABLE INPUT 

4 GND 

5 RESET OUTPUT 

6 OUTPUT 2 

7 OUTPUT 1 

THERMAL DATA 

Thermal resistance junction-case 

S-7B41 

FUNCTION 

Regulators common input. 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 5/lA constant current. When Reg. 2 is switch­
ed-OFF the delay capacitor is discharged. 

A high level(> V0 T) disable output Reg. 2. 

Common ground. 

When pin 2 reaches 5V the reset output is switched high. 
5V 

Therefore tRo = C1 ( 1011A ); tRo (ms) = C1 (nF). 

5V - 300mA regulator output. Enabled if V0 1 > V RT· 
DISABLE INPUT < VoT and V1N > VIT· If Reg. 2 is 
switched-OFF the C02 capacitor is discharged. 

5V - 300mA. Low leakage (in switch-OFF condition) 
output. 

max 4 

---------------------------~~~~~~?~:~~~ ------------------------~3!_9 
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L4902A 

TEST CIRCUIT 

V; 
6 

5 RESET V02 

4.7/' F 

2.2fJFI I I2.2fJF 

5-9360/2 

ELECTRICAL CHARACTERISTICS (V 1N = 14.4V, Tamb= 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ, Max. Unit 

VI DC operating input voltage 24 v 

Vol Output voltage 1 R load 1 K.n 4.95 5.05 5.15 v 
Vo2H Output voltage 2 HIGH R load 1 K.n v01 -0.1 5 Vol v 
Vo2L Output voltage 2 LOW 102 = -5mA 0.1 v 
lo1 Output current 1 max, .t>V01 =-100mV. 300 mA 

ILol Leakage output 1 current VIN = 0 1 p.A 
V01 < 3V 

lo2 Output current 2 max. .t>V02 =-100mV 300 mA 

V101 Output 1 dropout voltage (*) lo1 = 10mA 0.7 0.8 v 
lo1 = 100mA 0.8 1 v 
101 = 300mA 1.1 1.4 v 

VIT Input threshold voltage v01 +1.2 6.4 v01 +1.7 v 
VITH Input threshold voltage 

hysteresis 
250 mV 

t>Vo1 Line regulation 1 7V < V1N < 24V lo1 = 5mA 5 50 mV 

t>Vo2 Line re~julation 2 lo2 = 5mA 5 50 mV 

t>Vo1 Load regulation 1 
80 mV 5mA < lo1 < 300mA 40 

t>Vo2 Load r~gulation 2 5mA < lo2 < 300mA ·so 80 mV 

IQ Quiescent current 0 < V1N < 13V 4.5 6.5 mA 
7V < V 1N < 13V V02 LOW 2.7 4.5 mA 
7V < V1N < 13V Vo2 HIGH 1.6 3.5 mA 
lo1 = lo2 < 5mA 

VRT Reset threshold voltage v02 -0.15 4.9 v02 -0.05 v 
VRTH Reset threshold hysteresis 30 50 80 mV 

:::!4/..::.9 _____________ ~ ~~~~m?jj~:~~~~ _____________ _ 
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L4902A 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VRH Reset output voltage HIGH IR = 500MA Vo2-1 4.12 Vo2 v 
VRL Reset output voltage LOW IR = -1mA 0.25 0.4 v 
tRD Reset pulse delay Ct = 10nF 3 5 11 ms 

td Timing capacitor discharge 
time 

Ct= 10nF 20 llS 

VoT Vo2 disable threshold voltage 1.25 2.4 v 
io Vo2 disable input current V0 <: 0.4V -150 !LA 

V0 > 2.4V -30 !LA 

ll Vol Thermal drift -20° C <: Tamb <: 125°C 0.3 mV/"C 
llT -0.8 

ll Vo2 
Thermal drift -20°C <: Tamb <: 125°C 0.3 mV/"C 

llT -0.8 

SVR1 Supply voltage rejection f= 100Hz VR=0.5V 10 = 100mA 50 84 dB 

SVR2 Supply voltage rejection 50 80 dB 

TJsD Thermal shut down 150 oc 
*The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 

lowered of 25mV under constant output current condition. 

APPLICATION INFORMATION 

In power supplies for 11P systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4902A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both SV high precision) with common 
inputs plus a reset output for the data save func­
tion and a Reg. 2 disable input. 

CIRCUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates until V01 
rises to the nominal value. 

When the input reaches V1T and the output 1 
is higher than VRT the output 2 (V02 ) switches 
on and the reset output (V R) also goes high after 
a programmable time T RD (timing capacitor). 

V02 and VR are switched together at low level 
when one of the following conditions occurs: 
- a high level (> V0 Tl is applied on pin 3; 

an input overvoltage; 
an overload on the output 1 (V01 < VRTl; 
a switch off (V1N < Vn- VITH); 

and they start again as before when the con­
dition is removed. 

An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The V01 output features: 

5V internal reference without voltage divider 
between the output and the error comparator 

very low drop series regulator element util­
izing current mirrors 

permit high output impedance and then very 
low leakage current even in power down con­
dition. 

This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al­
lowing the use of ·a back-up battery. 
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L4902A 

CIRCUIT OPERATION (continued) 

The V02 output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 

Fig. 1 

only in correct power conditions, or as a "BACK­
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in­
terrupted. 
The disable function can be used for remote 
on/off control of circuits connected to the V02 
output. 

SWITCH 
ON 

VOl 
OVERLOAD 

V02 VIN ~~~~MAL Voz SWITCH 
OVERLOAD OVERLOAD DOWN DISABLE OFF S-764212 

APPLICATION SUGGESTION 

Fig. 2 illustrate how the L4902A's disable input 
may be used in a CMOS J.LComputer application. 

The V01 regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS J.lComputer chip with volatile memory. 
V02 output, supplying non-essential circuits, is 
turned OFF under control of a J.LP unit. 

Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 

Another application for the L4902A is supplying a 
shadow-ram microcomputer chip (SGS M38SH72 
for exemple) where a fast NV memory is backed 
up on chip by a EEPROM when a low level on 

the reset output occurs. 

By adding two CMOS-SCHMIDT-TRIGGER 
and few external components, also a watch dog 
function may be realized (see fig. 5). During 
normal operation the microsystem supplies a 
periodical pulse waveform; if an anomalous 
condition occours (in the program or in the 
system), the pulses will be absent and the disable 
input will be activated after a settling time de­
termined by· R 1 C1. In this condition all the 
circuitry connected to V02 ·will be disabled, 
the system will be restarted with a new reset 
front. 

The disable of V02 prevent spurious operation 
during microprocessor malfunctioning. 

_6!~9-------------------------~~~~~~~v~:~~©~ ---------------------------
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APPLICATION SUGGESTION (continued) 

Fig. 2 

Fig. 3- P.C. board and component layout of the circuit of Fig. 2 ( 1 : 1 scale) 

CS-0243 

GND DIS. OUT2 GND 

L4902A 

---------------------------~~~~~~?~~l~~~ --------~--------------~7/~9 
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L4902A 

APPLICATION SUGGESTION (continued) 

Fig. 4 
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APPLICATION SUGGESTION (continued) 

'a 
(mA 1 

Fig. 6 - Quiescent current 
vs. output current 
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Fig. 7 - Quiescent current 
vs. input voltage 
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Fig. 8 - Supply voltage 
rejection regulators 1 and 2 
vs. input ripple frequence 
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L4903 

DUAL5V REGULATORWITH RESET AND DISABLE FUNCTIONS 

e OUTPUT CURRENTS: 101 = 50mA 
102 = lOOmA 

e FIXED PRECISION OUTPUT VOLTAGE 
5V ±2% 

e RESET FUNCTION CONTROLLED BY IN­
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

e RESET FUNCTION EXTERNALLY PRO­
GRAMMABLE TIMING 

• RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

• OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 

e OUTPUT 2 DISABLE LOGICAL INPUT 

e LOW LEAKAGE CURRENT, LESS THAN 
lilA AT OUTPUT 1 

e INPUT OVERVOL TAGE PROTECTION UP 
TO 60V 

ABSOLUTE MAXIMUM RATINGS 

VIN 
Vt 
Ptot 
T 519 , Ti 

DC input voltage 
Transient input overvoltage (t = 40 ms) 
Power dissipation at Tamb= 50°C 
Storage and junction temperature 

BLOCK DIAGRAM 

PRELIMINARY DATA 

• RESET OUTPUT NORMALLY LOW 

• OUTPUT TRANSISTORS SOA PROTEC­
TION 

• SHORT CIRCUIT AND THERMAL OVER­
LOAD PROTECTION 

The L4903 is a monolithic low drop dual 5V 
regulator designed mainly for supplying micro­
processor systems. 

Reset, data save functions and remote switch 
on/off control can be realized. 

Minidip Plastic 

ORDERING NUMBER: L4903 

24 
60 

1 
-40 to 150 

v 
v 
w 
oc 
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PROTECTION 
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L4903 

SCHEMATIC DIAGRAM 
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CONNECTION DIAGRAM 
(Top view) 

INPUT 1 

INPUT 2 2 

TIMING 
CAPACITOR 3 

GNO 4 

PIN FUNCTIONS 

NAME 

INPUT 1 

2 INPUT 2 

3 TIMING CAPACITOR 

4 GND 

5 V02 DISABLE INPUT 

6 RESET OUTPUT 

7 OUTPUT 2 

8 OUTPUT 1 

THERMAL DATA 

5-9 417 

OUTPUT 1 

RESET 
OUTPUT 

Vo2 
DISABLE 

INPUT 

FUNCTION 

Low quiescent current 50mA regulator input. 

100mA regulator input. 

L4903 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 1 0/lA constant current. When Reg. 2 is switched­
OFF the delay capacitor is discharged. 

Common ground. 

A high level (> V0 T) disables output Reg. 2. 

When pin 3 reaches 5V the reset output is switched low. 
5V 

Therefore tRo = Ct t10/lA); tRo (ms) = Ct (nF). 

5V- 100mA regulator output. Enabled if V0 1 > VRT· 
DISABLE INPUT< VoT and V1N 2 > V1T· If Reg. 2 is 
switched OFF the C02 capacitor is discharged. 

5V - 50mA regulator output with low leakage in switch­
OFF condition. 

Rth J-pln 

Rth J-amb 

Thermal resistance junction-pin 4 
Thermal resistance junction-ambient 

max 
max 

70 
100 

______________ ~ ~~~~m?1l~:~~~t ______________ 3;_17 
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L4903 

TEST CIRCUIT P.C. board and components layout 
of the test circuit (1 : 1 scale) 

GND DIS. RS V02 V01 

ELECTRICAL CHARACTERISTICS (V 1N = 14,4V, Tamb= 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ, Max. Unit 

v, DC operating input voltage 20 v 

Vol Output voltage 1 R load 1 Kn 4,95 5.05 5.15 v 

Vo2H Output voltage 2 HIGH R load 1Kn v 01 -0.1 5 Vol v 

Vo2L Output voltage 2 LOW 102 = -5mA 0.1 v 

lo1 Output current 1 max. (*) ll Vol= -100mV 50 mA 

ILol Leakage output 1 current v 1N = o 1 iJA 
v 01 .:;; 3V 

lo2 Output current 2 max. (*) ll Vo 2 = -100mV 100 mA 

V1o1 Output 1 dropout voltage(*) 101 = 10mA 0.7 0.8 v 
101 = 50mA 0.75 0.9 v 

viT Input threshold voltage v 01 +1.2 6.4 v 01 + 1.7 v 

VITH Input threshold voltage 250 mV 
hysteresis -

ll Vol Line regulation 1 7V < VIN < 18V lo1 = 5mA 5 50 mV 

llVo2 Line regulation 2 102 = 5mA 5 50 mV 

ll Vol Load regulation 1 VINl = 8V 5mA < l01 < 50mA 5 20 mV 

llVo2 Load regulation 2 5mA < lo2 < 100mA 10 50 mV 

IQ Quiescent current 0 < VIN < 13V 4.5 6.5 mA 
7V<V 1N<13V v 02 LOW 2.7 4.5 mA 
7V < V1N < 13V V02 HIGH 1.6 3.5 mA 
lo1 = 102 .:;; 5mA 

IQl Quiescent current 1 6.3V < VrNl < 13V 
VIN2 = 0 0.6 0.9 mA 
lo1 < 5mA lo2 = o 

~41_7 _________________________ ~~~~~~?~~:~~©~ ---------------------------
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L4903 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VRT Reset threshold voltage V02 -0.4 4.7 v02 -0.2 v 
VRTH Reset threshold hysteresis 30 50 80 mV 

VRH Reset output voltage HIGH IR = 500pA Voz-1 4.12 Vo2 v 
VRL Reset output voltage LOW IR = -5mA 0.25 0.4 v 
tRo Reset pulse delay Ct = lOnF 3 5 11 ms 

td Timing capacitor discharge Ct = 10nF 20 )lS 
time 

VoT Vl)2 disable threshold voltage 1.25 2.4 v 
lo v02 disable input current V0 <;; 0.4V -150 I-lA 

V0 ;:;. 2.4V 30 I-lA 

ll Vol Th erma! drift -20°C <;; Tamb < 
LIT 

125°C 0.3 
-0.8 

mV/°C 

L1Vo2 Thermal drift -20°C < Tamb < 125°C 0.3 mV/°C 
L>T -0.8 

SVR1 Supply voltage rejection f=100Hz VR = 0.5V 10 =SOmA 50 84 dB 

SVR2 Supply voltage rejection 10 = 100mA 50 80 dB 

TJsD Thermal shut down 150 oc 
* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 

lowered of 25mV under constant output current conditions. 

APPLICATION INFORMATION 
In power supplies for p.P systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4903 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separate 
inputs plus a reset output for the data save func­
tion and Reg. 2 disable input. 

CIRCUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates until V01 rises 
to the nominal value. 
When the input 2 reaches V1T and the output 1 
is higher than VRT the output 2 (V02 and VR) 
switches on and the reset output (VR) goes low 
after a programmable timeT RD (timing capacitor). 

V02 is switched at low level and VR at high level 
when one of the following conditions occurs: 

a high level (> V0 T) is applied on pin 5; 
an input overvoltage; 
an overload on the output 1 (V01 < VRT); 
a switch off (V,N < v,T - VtTH); 

and they start again as before when the condi· 
tion is removed. 

An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The V01 output features: 
5V internal reference without voltage divider 
between the output and the error comparator 

very low drop series regulator element util­
izing current mirrors 

permit high output impedance and then very 
low leakage current even in power down con­
ditions. 
This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al­
lowing the use of a back-up battery. 

--------------I.W. ~~~~m~ll~:~~~ --------------'-'5,'-7 
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L4903 

CIRCUIT OPERATION (continued) 

The V02 output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 

Fig. 1 

only in correct power conditions, or as a "BACK­
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in· 
terrupted. · 
The disable function can be used for remote 
on/off control of circuits connected to the V02 

output. 

Vw~------~----~~~ ----~~----4-------4-------f-i---+-~------~~ 
I 
I 

I I 
1 I 

SWITCH 
ON 

VOl 
OVERLOAO 

V02 VIN 1~mMAL Vo2 SWITCH 
OVERLOAD OVERLOAD DOWN DISABLE OFF S-9L1911 

APPLICATION SUGGESTION 

Fig. 2 illustrates how the L4903's disable input 
may be used in a CMOS )lComputer application. 

The V01 regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS )lcomputer chip with volatile memory. 
V02 output, supplying non-essential circuits, is 

Fig. 2 
INI 

BATTERY 

~ 

turned OFF under control of a )lP unit. 

Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 

6 RESET OUT RESET 

5-9420 

OTHER 
LOGIC 

@sv 
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APPLICATION SUGGESTIONS (continued) 

l 

Fig. 3 - Quiescent current 
(Reg. 1) vs. output current 

25 

Fig. 5 - Total quiescent 
current vs. input voltage 
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Fig. 4 - Quiescent current 
(Reg. 1) vs. input voltage 
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Fig. 6 - Supply voltage re­
jection regulators 1 and 2 
vs. input ripple frequence 
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L4904A 

DUAL SV REGULATOR WITH RESET 

• OUTPUT CURRENTS: 101 = SOmA 
102 = 100mA 

• FIXED PRECISION OUTPUT VOLTAGE 
sv ± 2% 

• RESET FUNCTION CONTROLLED BY IN­
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

• RESET FUNCTION EXTERNALLY PRO­
GRAMMABLE TIMING 

• RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

• OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 

• LOW LEAKAGE CURRENT, LESS THAN 
1/.LA AT OUTPUT 1 

• LOW QUIESCENT CURRENT (INPUT 1) 

• INPUT OVERVOL TAGE PROTECTION UP 
TO 60V 

ABSOLUTE MAXIMUM RATINGS 

DC input voltage 
Transient input overvoltage (t = 40 ms) 
Output current 
Power dissipation at Tamb = 50°C 
Storage and junction temperature 

BLOCK DIAGRAM 

June 1988 

4 

PRELIMINARY DATA 

e RESET OUTPUT NORMALLY HIGH 

• OUTPUT TRANSISTORS SOA PROTEC­
TION 

• SHORT CIRCUIT AND THERMAL OVER­
LOAD PROTECTION 

The L4904A is a monolithic low drop dual SV 
regulator designed mainly for supplying micro­
processor systems. 

Reset and data save functions during switch on/ 
off can be realized. 

Minidip Plastic 

ORDERING NUMBER: L4904A 

24 
60 

internally limited 
1 

-40 to 150 
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CONNECTION DIAGRAM 
(Top view) 

INPUT 1 

INPUT 2 

GND 

PIN FUNCTIONS 

NAME 

INPUT 1 

2 INPUT 2 

3 TIMING CAPACITOR 

4 GND 

6 RESET OUTPUT 

7 OUTPUT 2 

8 OUTPUT 1 

THERMAL DATA 

5•9"12 

RESET 
OUTPUT 

N.C. 

FUNCTION 

Low quiescent current SOmA regulator input. 

1 OOmA regulator input. 

L4904A 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 1 0JlA constant current. When Reg. 2 is switched­
OFF the delay capacitor is discharged. 

Common ground. 

When pin 3 reaches 5V the reset output is switched high. 
5V 

Therefore tRo = Ct ( 10JlA ); tRo (ms) = Ct (nF). 

5V - 100mA regulator output. Enabled if V0 1 > VRT 
and V1N 2 > V1T. If Reg. 2 is switched-OFF the C02 

capacitor is discharged. 

5V - 50mA regulator output with low leakage in switch­
OFF condition. 

RthJ-amb Thermal resistance junction-ambient max 100 

-------------~iii. ~~~~m~~tt ------------3-'--/8 
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L4904A 

TEST CIRCUIT 
P.C. board and components layout 
of the test circuit ( 1 : 1 scale) 

8 

7 

L4904A 6 RESET 

ELECTRICAL CHARACTERISTICS (V 1N = 14,4V, Tamb= 25°C unless otherwise specified) 

Parameter Test Conditions Min. Typ, Max. Unit 

V; DC operating input voltage 20 v 

Vol Output voltage 1 R load 1K!1 4.95 5.05 5.15 v 

Vo2H Output voltage 2 HIGH R load 1K!1 Vol -0.1 5 Vol v 

Vo2L Output voltage 2 LOW lo2 = -5mA 0.1 v 

lo1 Output current 1 D. Vol = -10DmV 50 mA 

ILol Leakage output 1 current V1N = 0 
Vol ..;; 3V 

1 p.A 

lo2 Output current 2 D. Vo2 = -100mV 100 mA 

V101 Output 1 dropout voltage (*) 101 = 10mA 0.7 0.8 v 
101 = SOmA 0.75 0.9 v 

VIT Input threshold voltage v01 +1.2 6.4 v01 +1.7 v 

VITH Input threshold voltage hyst. 250 mV 

D. Vo1 Line regulation 7V < VIN < 18V lo1 = 5mA 5 50 
mV 

D. Vo2 Line regulation 2 lo2 = 5mA 5 50 

D. Vol Load regulation 1 v1N = av 5mA < lo1 <SOmA 5 20 
mV 

D.Vo2 Load regulation 2 5mA < lo2 < 100mA 10 50 

IQ Quiescent current 0 < V;N < 13V 4.5 6.5 mA 
7V < V;N < 13V 1.6 3.5 mA 
lo2 = 101 ..;; 5mA 

IQl Quiescent current 1 6.3V < VINl < 13V 0.6 0.9 mA 
VIN2 = 0 
lo1 ..;; 5mA 102 = 0 

~4/~B------------------------- ~~~~~~?v~:~~~~ ---------------------------
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L4904A 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VRT Reset threshold voltage v02-o.15 4.9 v02-o.os v 

VRTH Reset threshold hysteresis 30 50 so mV 

VRH Reset output voltage HIGH IR = 500!'A Vo2-1 4.12 Vo2 v 

VRL Reset output voltage LOW IR = -5mA 0.25 0.4 v 

tRo Reset pulse delay Ct = 10nF 3 11 ms 

td Timing capacitor discharge Ct = 10nF 20 !'S 
time 

/:;Vol 
Thermal drift -20° C o;; Tamb o;; 125°C 0.3 mvrc 

t,.T -O.S 

t,.Vo2 Thermal drift -20°C ..;; Tamb ..;; 125°C 0.3 mvrc 
t,.T -O.S 

SVR1 Supply voltage rejection· 10 = 50mA 50 S4 dB 
f = 100Hz 

SVR2 Supply voltage rejection 
VR = 0.5V 

10 = 100mA 50 so dB 

TJSD Thermal shut down 150 oc 

* The dropout voltage 1s defmed as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current condition. 

APPLICATION INFORMATION 

In power supplies for JlP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4904A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (booth SV high precision) with separ­
ate inputs plus a reset output for the data save 
function. 

CIRCUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates unti I V01 
rises to the nominal value. 

When the input 2 reaches V1T and the output 1 
is higher than VRT the output 2 (V02 ) switches 
O[l and the reset output (V R) also goes high after 
a programmable time T RD (timing capacitor). 

V02 and VR are switched together at low level 
when one of the following conditions occurs: 
- an input overvoltage 

- an overload on the output 1 (V01 < VRT); 
- a switch off (V1N < V1T- VITH); 

and they start again as before when the con­
dition is removed. 
An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The Va1 output features: 

SV internal reference without voltage divider 
between the output and the error comparator; 

very low drop series regulator element util­
izing current mirrors; 

permit high output impedance and then very 
low leakage current even in power down con­
ditions. 

· This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al­
lowing the use of a back-up battery. The Va 1 
regulator also features low consumption (0.6mA 

--------------------------- ~~~~~~~~:~~~ ------------------------~5/_B 
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L4904A 

CIRCUIT OPERATION (continued) 

typ.) to minimize battery drain in applications 
where the V 1 regulator is permanently connected 
to a battery supply. 

The V02 output can supply other non essential 
5V circuits which may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 

Fig. 1 

voltages below the minimum value. 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 
only in correct power conditions, or as a "BACK­
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in­
terrupted. 

S-7769/1 

SWITCH 
ON 

VOl 
OVERLOAD 

V02 VIN 
THERMAL 
SHUT SWITCH 

OVERLOAD OVERLOAD DOWN OFF 

APPLICATION SUGGESTIONS 

Fig. 2 shows an application circuit for a JlP 
system. 

Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 

Reg. 2 may be switched OFF when the system 
is inactive. 

Fig. 3 shows the L4904A with a back up battery 

on the V01 output to maintain a CMOS time-of­
day clock and a stand by type C-MOS JlP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 

In this case the main on-off switch disconnects 
both regulators from the supply battery. 

~6/~8-------------------------~~~~~~~~~~~~~ ---------------------------
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L4904A 

APPLICATION SUGGESTIONS (continued) 

Application Circuits of a Microprocessor system (Fig. 2) or with data save battery (Fig. 3). The reset 
output provide delayed rising front at the turn-off of the regulator 2. 

Fig. 2 

BATTERY 

Fig. 3 
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L4904A 

APPLICATION SUGGESTIONS (continued) 

Fig. 4 - Quiescent current 
(Reg. 1 I vs. output current 

o.,BBe&m 

I Ia to 
(mA , 

Fig. 6 - Total quiescent cur­
rent vs. input voltage 
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Fig. 5 - Quiescent current 
(Reg. 1) vs. input voltage 
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L4905 

DUAL 5V REGULATOR WITH RESET 

• DOUBLE BATTERY OPERATING 

• OUTPUT CUR RENTS: 101 =200m A 
102 =300mA 

e FIXED PRECISION OUTPUT VOLTAGE 5V 
± 1% 

• RESET FUNCTION CONTROLLED BY IN­
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 

• RESET FUNCTION EXTERNALLY PRO­
GRAMMABLE TIMING 

• RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 

• OUTPUT21NTERNALLYSWITCHEDWITH 
ACTIVE DISCHARGING 

• LOW LE:AKAGE CURRENT, LESS THAN 
1J.LA AT QUTPUT 1 

e LOW OUIESCIENT CURRENT (INPUT 1) 

• INPUT OVI;:RVOL TAGE PROTECTION UP 
T060V 

ABSOLUTE MAXIMUM RATINGS 

DC input voltage 
Transient input overvoltage (t = 40 ms) 
Output current 
Storage and junction temperature 

BLOCK DIAGRAM 

4 

June 1988 

ADVANCE DATA 

e RESET OUTPUT HIGH 

e OUTPUT TRANSISTORS SOA PROTEC­
TION 

• SHORT CIRCUIT AND THERMAL OVER­
LOAD PROTECTION 

The L4905 is a monolithic low drop dual 5V 
regulator designed mainly for supplying micro­
processor systems. 

Reset and data save functions during switch on/ 
off can be realized. 

Heptawatt 

ORDERING NUMBER: L4905 

28 
60 

internally limited 
-40 to 150 

r:~=-,_ _ _jJ;____.O RESET 

L~:::.:.._J--(-GTIMING 

v 
v 

1/8 

Thts is advanced mformation on a new product now m development or undergomg evaluatton. Oetmls are subject to change Wtthout not tee. 
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CONNECTION DIAGRAM 
(Top view) 

--

PIN FUNCTIONS 

NAME 

2 INPUT 2 

3 TIMING CAPACITOR 

4 GND 

5 RESET OUTPUT 

6 OUTPUT 2 

7 OUTPUT 1 

THERMAL DATA 

6 

..fA... I 

S-7768 

OUTPUT 1 
OUTPUT 2 

RESET 
GROUND 
TIMING CAPACITOR 
INPUT 2 
INPUT 1 

FUNCTION 

Low quiescent current 200mA regulator input. 

300mA regulator input. 

L4905 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 1 OJ.!.A constant current. When Reg. 2 is switch­
ed-OFF the delay capacitor is discharged. 

Common ground. 

When pin 3 reaches SV the reset output is switched high. 
sv 

Therefore tRo = Ct ( 1 OJJ.A ); tRo (ms) = C1 (nF) 

SV - 300mA regulator output. Enabled if V0 1 > V RT 

and V 1N 2 > V1T· If Reg. 2 is switched-OFF the C02 
capacitor is discharged. 

SV - 200mA regulator output with low leakage (in 
switch-0 F F condition). 

Thermal resistance junction-case max 4 

---------------------------~~~~;~~~~~~~©~ -------------------------3~/_8 
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L4905 

TEST CIRCUIT 

l 
o.1fFI 

------.7 

5 -9348/i 

~------------~r-~-
6 

5 RESET 

3 
L..7 fF 

I I''P' 

ELECTRICAL CHARACTERISTICS (V 1N 1 
specified) 

14,4V, Tamb 25° unless otherwise 

Parameter Test Conditions Min. Typ. Max. Unit 

VI DC operating input voltage 24 v 

Vol Output voltage 1 R load 1KU 5.0 5.05 5.1 v 

Vo2H Output voltage·2 HIGH R load 1KU V01 -0.1 5 Vol v 
Vo2L Output voltage 2 LOW 102 = ·5mA 0.1 v 
lo1 Output current 1 ll Vo 1 = -100mV 200 mA 

ILol Leakage output 1 current VIN = 0 
V01 .;; 3V 

1 iJA 

lo2 Output current 2 llVo2 = -100mV 300 mA 

V101 Output 1 dropout voltage (*) 101 = 10mA 0.7 0.8 v 
101 = 100mA 0.8 1 v 
lo1 = 200mA 1.05 1.3 

VIT Input threshold voltage v01+1.2 6.4 V01+1.7 v 
VITH Input threshold voltage hyst. 250 mV 

llVol Line regulation 1 7V < VIN < 24V 

lo1 = 5mA 5 50 mV 

llVo2 Line regulation 2 lo2 = 5mA 5 50 mV 

llVol Load regulation 1 
5mA < 101 < 200mA 40 80 mV 

llVo2 Load regulation 2 5mA < loz < 300m A 50 100 mV 

IQ Quiescent current 0 < VIN < 13V 4.5 6.5 mA 
7V < VIN < 13V 1.6 3.5 mA 
102 = 101 .;; 5mA 

IQl Quiescent current 1 6.3V < VINl < 13V 0.6 0.9 mA 
VIN~ = 0 
101 .., 5mA lo2 = o 

4 _I_B-------------------------~~~~~~~~:~~~ ---------------------------
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L4905 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VRT Reset threshold voltage v02-o.15 4.9 v02-o.o5 v 

VRTH Reset threshold hysteresis 30 50 80 mV 

VRH Reset output voltage HIGH IR = 500.uA Vo2·1 4.12 Vo2 v 

VRL Reset output voltage LOW IR = -5mA 0.25 0.4 v 

tRo Reset pulse delay Ct = 10nF 3 5 11 ms 

td Timing capacitor discharge 
time 

Ct= 10nF 20 .us 

LIVol Thermal drift -20°C < Tamb.;;; 125°C 0.3 mV/°C 
LIT -0.8 

LIVo2 Thermal drift -20°C < Tamb < 125°C 0.3 mV/°C 
LIT -0.8 

SVR1 Supply voltage rejection f = 100Hz VR = 0.5V 54 84 dB 
10 = 100mA 50 

SVR2 Supply voltage rejection 50 80 dB 

TJso Thermal shut down 150 oc 
*The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 

lowered of 25mV under constant output current condition. 

APPLICATION INFORMATION 

In power supplies for J.IP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4905 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separ­
ate inputs plus a reset output for the data save 
function. 

CIR.CUIT OPERATION (see Fig. 1) 

After switch on Reg. 1 saturates until V01 
rises to tlie nominal value. 

When the input 2 reaches V1T and the output 1 
is higher than V RT the output 2 (V02 ) switches 
on and the reset output (V R) also goes high after 
a programmable time T RD (timing capacitor). 

V02 and VR are switched together at low level 
when one of the following conditions occurs: 

an input overvoltage 

- an overload on the output 1 (V01 < VRTl; 
- a switch off (V1N < V1T- VITH); 

and they start again as before when the con­
dition is removed. 

An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 

The V01 output features: 

- 5V internal reference without voltage divider 
between the output and the error comparator; 

- very low drop series regulator element util­
izing current mirrors; 

permit high output impedance and then very 
low leakage current error even in power down 
condition. 

This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al· 
lowing the use of a back-up battery. The V01 

---------------------------~~~~~~~v~:~~©~ _________________________ s~t~a 
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L4905 

CIRCUIT OPERATION (continued) 

regulator also features low consumption (0.6mA 
typ .. ) to minimize battery drain in applications 
where the V1 ·regulator is permanently connected 
to a battery supply. 

The V02 output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 

Fig. 1 

down to prevent uncorrect operation for supply 
voltages below the minimum value. 

The reset output can be used as a "POWER 
DOWN INTERRUPT", permitting RAM access 
only .in correct power conditions, or as a "BACK­
UP ENABLE" to transfer data into in a NV 
SHADOW MEMORY when the supply is in-
terrupted. · 

SWITCH 
ON 

vo, 
OVE~LOAO 

vo2 
OVERLOAD 

APPLICATION SUGGESTIONS 

Fig. 2 shows an application circuit for a p.P 
system typically used in trip computers or in 
car radios with programmable tuning. 

Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 
Reg. 2 may be switched OFF when the system 
is inactive. 

Fig. 4 shows the L4905 with a back up battery 
on the V01 output to maintain a CMOS time-of­
day clock and a stand by type N-MOS p.P. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 
In this case the main on-off switch disconnects 
both regulators from the supply battery. 

~st~s _________________________ ~~~~~~~v~~~~~ ---------------------------
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APPLICATION SUGGESTION (continued) 

Fig. 2 

IN1 1 

kTTERY C1~ 
REG.1 

~ o.22pFI 

,..__IN2 2 

~ "± I REG. 2 

1pf 

3 

c~ 
10nF I L4905 

J: 

7 OUT 1 

~C4 I 1pF 

6 OUT 2 

:1 1 to10pf Ics 

5 RESET OUT 

s -10540 

Fig. 3- P.C. board component layout of fig. 2 (1 : 1 scale) 
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CLOCK 

Voo 

CMOS 
pP WITH 
VOLATILE 

RESET RAM 

Voo 

OTHER 
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~5V 
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L4905 

APPLICATION SUGGESTION (continued) 

Fig. 4 
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Fig. 5 - Quiescent current 
(Reg. 1) vs. output current 
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L4940 Series 

VERY LOW DROP 1.5A REGULATORS 

• PRECISE 5V, 8.5V, 10V, 12V OUTPUTS 

• LOW DROPOUT VOLTAGE (500mV TYP 
AT 1.5A) ' 

• VERY LOW QUIESCENT CURRENT 

• THERMALSHUTDOWN 

• SHORT CIRCUIT PROTECTION 

• REVERSE POLARITY PROTECTION 

INTRODUCTION 

The L4940 series of three terminal positive re­
gulators is available in T0-220 package and with 
several fixed output voltages, making it useful in 
a wide range of industrial and consumer appli­
cations. Thanks to its very low input/output volt-

BLOCK DIAGRAM 

IN 
0 

1 

PRELIMINARY DATA 

T0-220 

age drop, these devices are particularly suitable for 
battery powered equipments, reducing consump­
tion and prolonging battery life. Each type em­
ploys internal current limiting, antisaturation cir­
cuit, thermal shut-down and safe area protection. 

OUT 
-o 

I 2 

PREREGULATOR SOA PROTECT. 
~~ I 

AND & ANTISAT. 
PROTECTION CIRCUIT -

1 
REFERENCE ERROR r--

1---< 
VOLTAGE AMPLIFIER 

THERMAL [J 
f---

SHUTDOWN 
G NO 

'"' 3-
88L4940-0J 

June 1988 1/8 
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L4940 Series 

CONNECTION DIAGRAM AND ORDERING NUMBERS 
(Top view) 

---' 

GND -Et> 
------. 

ORDERING NUMBERS 

L4940V5 
L4940V85 
L4940V10 
L4940V12 

ABSOLUTE MAXIMUM RATINGS 

Forward input voltage 
Reverse input voltage (V0 == 5V 

(V0 == B.SV 
(V0 = 10V 
(V0 ==12V 

Output current 
Power dissipation 
Junction and storage temperature 

THERMAL DATA 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

2 :> OUTPUT 

3 ::> GROUND 

1 
~ 

:::> INPUT 

5- 2568/1 

OUTPUT VOLTAGE 

5V 
8.5V 
lOV 
12V 

R0 == 100Q) 
R0 == 180Q) 
R0 = 200Q) 
R0 == 240Q) 

30 
-15 

Internally limited 
Internally limited 

-40 to 150 

max 
max 

3 
50 

v 
v 

°C/W 
°C/W 

2 _,_s _____________ /:fl ~~~~m~v~~~~~ -------------
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L4940 Series 

TEST CIRCUITS 

Fig. 1 - DC Parameters Fig. 2 - Load Regulation Fig. 3 - Ripple Rejection 

S-10159/1 

ELECTRICAL CHARACTERISTICS (Refer to the test circuits Ti = 25°C, C1 = 0.1/lF, C0 = 2211F, 
unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Unit 

OUTPUT VOLTAGE 5 8.5 v 
INPUT VOLTAGE (unless otherwise specified) 7 10.5 v 

Vo Output voltage 10 = 0.5A 4.9 5 5.1 8.3 8.5 8.7 

10 =5mAto1.5A 4.8 I 5 I 5.2 8.15 I 8.5 18.85 v 
(V;= 6.5 to 16V) (V;= 10.2 to 16V) 

V; Operating input 10 = 5 mA 17 17 v 
voltage 

b.Vo Line regulation 10 = 5 mA 4 10 4 9 mV 
(V;= 6V to 17V) (V;= 9.5 to 17V) 

b.Vo Load regulation 10 =5mAto1.5A 8 25 12 30 
mV 

10 = 0.5A to 1A 5 15 8 16 

lo Quiescent current 10 = 5 mA 5 8 4 8 

10 = 1.5 A 30 50 30 50 mA 

(V;= 6.5V) (V; = 10.2V) 

to.lo Quiescent current 10 = 5 mA 3 2.5 
change l 1. 15 I I 15 

mA 10 = 1.5 A 
(V;= 6.5 to 16V) (V;= 10.2 to 16V) 

vct Dropout voltage 10 = 0.5A 200 400 200 400 
mV 

10 = 1.5A 500 900 500 900 

b. Vo Output voltage 0.5 0.8 mvrc 
t;T dnft 

SVR Supply voltage f= 120Hz 58 68 58 66 dB 
reJeCtion 10 = 1A 

I sc Short circuit V; = 14V 2 2.7 2 2.7 
current l1mit A 2.2 2.9 2.2 2.9 

(V; = 6.5V) (V; = 10.2VI 

Zo Output impedance f = 1 KHz 30 32 mn 
10 = 0.5A 

eN Output noise B = 1 00 Hz to 100 KHz 30 30 1J.VN0 

---------------- {;fi ~~~;~~'~:~"~ _______________ 3:..../8 
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L4940 Series 

ELECTRICAL CHARACTERISTICS (Refer to the test circuits T1 = 25°C, c, = 0.1J.IF, C0 = 22J.IF, 
unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Unit 

OUTPUT VOLTAGE 10 12 v 

INPUT VOLTAGE (unless otherwise specified) 12 14 v 

Vo Output voltage 10 = 0.5A 9.8 10 10.2 11.75 12 12.25 

9.6 j 10 110.4 11.51 12 112.5 
v 

10 = 5 mA to 1.5A 
IV;= 11.7 to 16VI IV;= 13.8 to 17VI 

V; Operating input 10 = 5 mA 17 17 v 
voltage 

6V 0 Line regulation 10 = 5 mA 3 8 
IV;=11to17V 

3 7 mV 
IV;= 13 to 14VI 

6V0 Load regulation 10 =5mAto1.5A 15 35 15 35 
mV 

10 = 0.5A to 1A 10 20 10 25 

IQ Quiescent current 10 = 5 mA 4 8 4 8 

10 = 1.5A 30 50 30 50 mA 

IV;= 11.7V) IV;= 13.8Vl 

6IQ Quiescent current 10 = 5 mA 2 1.5 
change 

I I 13 
IV!= 13_L~o 

mA 10 = 1.5A 
IV;= 11.7 to 16V) 

vd Dropout voltage 10 = 0.5A 200 400 200 400 
mV 

10 = 1.5A 500 900 500 900 

6V0 Output voltage 1 1.2 mV/"C 
[;T drift 

SVR Supply voltage f = 120Hz 56 62 55 61 dB 
rejection 10 = 1A 

lsc Short circuit V; = 14V 2 2.7 2 2.7 
current limit A 

V;=11.7V 2.2 2.9 - -

Zo Output impedance f = 1KHz 36 40 m!1 
10 = 0.5A 

eN Output noise B =100Hz to 100KHz 
voltage 

30 30 JJVIV0 

4/8 ~ 

---------------------------~~/ ~~~~~~=:~~---------------------------
202 



Fig. 4 - Dropout voltage vs. 
output current 
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Fig. 7 - Output voltage vs. 
temperature ( L4940V85) 
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Fig. 10 - Quiescent current 
vs. temperature (L4940V5) 
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Fig. 5 - Dropout voltage vs. 
temperature 
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Fig. 8 - Output voltage vs. 
temperature ( L4040V1 0) 
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Fig. 11 - Quiescent current 
vs. input voltage (L4940V5) 
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L4940 Series 

Fig. 6 - Output voltage vs. 
temperature ( L4940V5) 
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Fig. 9 - Output voltage vs. 
temperature ( L4940V 12) 
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Fig. 12 - Quiescent current 
vs. output current 
(L4940V5) 
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L4940 Series 

Fig. 13 - Short circuit cur­
rent vs. temperature 
(L4940V5) 
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Fig. 16 - Low voltage be­
havior (L4940V85) 
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Fig. 19 - Supply voltage re­
jection vs. frequency 
(L4940V5) 
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Fig. 14 - Peak output cur­
rent vs. input/output dif­
ferential voltage ( L4940V5) 
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Fig. 17 - Low voltage be­
havior (L4940V10) 

G-6H111 

10 =15A 

/ 

it" 
1/ 

v, (V) 
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jection vs. output current 
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Fig. 15 - Low voltage be­
havior (L4940V5) 
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Fig. 21- Load dump charac­
teristics ( L4940V5) 
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Fig. 22 - Line transient 
response ( L4940V5) 
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Fig. 23 - Load transient 
response 
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L4940 Series 

Fig. 24 - Total power 
dissipation 
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Fig. 25- Distributed supply with on-card L4940 and L4941 low-drop regulators 

Fig. 26- Distributed supply with on-card L4940 and L4941 low-drop regulators 
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5V-15A 

cl 
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ADVANTAGES OF THESE APPLICATIONS ARE: 

On card regulation with short circuit and thermal protection on each output. 
Very high total system efficiency due to the switching preregulation and very low-drop postregulations. 
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L4940 Series 

Fig. 27 

&~( 
~ ________ _fE;E_D~Cii_ ___ _ 

ADVANTAGES OF THIS CONFIGURATION ARE: 

----D 12V-1.5A 

I 
___ _j 

s ·1031.1.11 

Very high regulation (line and load) on both the output voltages. 
12V output short-circuit and thermally protected. 
Very high efficiency on the 12V output due to the very low drop regulator. 

_BI'-8---------------/ifi. ~~~.;]l!~~r;'~c?~, ---------------
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L4941 - 4941X 

VERY LOW DROP 1 A REGULATOR 

• LOW DROPOUT VOLTAGE (450mV TYP 
AT 1A) 

• VERY LOW QUIESCENT CURRENT 

• THERMALSHUTDOWN 

• SHORT CIRCUIT PROTECTION 

• REVERSE POLARITY PROTECTION 

INTRODUCTION 

The L4941/X is a three terminal 5V positive m­
gulator available in T0-220 and SOT -82 packa­
ges; making it useful in a wide range of the in­
dustrial and consumer applications. Thanks to 
its very low input/output voltage drop, this devi-

BLOCK DIAGRAM 

IN 
0 

1 

PRELIMINARY DATA 

SOT -82 T0-220 

ORDER CODE: L4941 (T0-220) 
L4941 X (SOT -82) 

ce is particularly suitable for battery powered 
equipment, reducing consumption and prolong­
ing battery life. It employes internal current 
limiting, antisaturation circuit, thermal shut­
down and safe area protection. 

0 UT ,... 

1 2~ 

PREREGULATOR SOA PROTECT. 
~~- 1 

AND & ANTISAT. 
PROTECTION CIRCUIT I--

I 
REFERENCE ERROR I--

1-
VOLTAGE AMPLIFIER 

THERMAL I 
f-

NO 
SHUTDOWN 

G 
I -3._, 

88L4940-0J 

September 1988 l/6 
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L4941 • 4941X 

PIN CONNECTIONS 

~· nu11 

T0-220 

ABSOLUTE MAXIMUM RATINGS 

VI 

VIR 

Ia 
Ptot 
TJ. T stg 

Forward input voltage 
Reverse input voltage ( R0 = 1 OOQ) 
Output current 
Power dissipation 
Junction and storage temperature 

THERMAL DATA 

1\h j-case 
1\h j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

SOT-82 

30 
-15 

Internally limited 
Internally limited 

-40 to 150 

v 
v 

SOT -82 T0-220 

max 
max 

8 °C/W 3 °C/W 
100 °C/W 50 °C/W 

_21_6 __________________________ ~~~~~~~~:9~----------------------------
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TEST CIRCUITS 

Fig. 1 -DC Parameters Fig. 2 - Load Regulation 

L4941 • 4941X 

Fig. 3 - Ripple Rejection 

ELECTRICAL CHARACTERISTICS (Refer to the test circuits TJ = 25°C, C1 = 0.1J1F, C0 = 22J1F, 

unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

OUTPUT VOLTAGE 5 

INPUT VOLTAGE (unless otherwise specified) 7 

Vo Output voltage 10 = 5mA to 1 A 4.8 5 5.2 v 
VI= 6V to 14V 

VI Operating input 10 = 5mA 16 v 
voltage 

t,V0 Line regulation V1=6Vto16V 5 20 mV 
10 = 5mA 

6V 0 Load regulation 10 =5mAto1A 8 20 mV 
10 = 0.5A to 1A 5 15 

IQ au iescent current 10 = 5mA 4 8 
V1 = 6V mA 

10 = 1A 20 40 

61Q Quiescent current 10 = 5mA 3 
change VI=6Vto14V mA 

10 = 1A -10 

vd Oro pout voltage 10 = 0.5A 250 450 
mV 

10 = 1A 450 700 

t,V 0 Output voltage drift 0.6 mV/°C 
-
t,T 

SVR Supply voltage f=120Hz 58 68 dB 
rejection 10 = 0.5A 

lsc Short circuit current VI= 14V 1.6 2.0 
limit A 

VI= 6V 1.8 2.2 

Zo Output impedance f =1KHz 30 m!1 
10 = 0.5A 

eN Output noise voltage B = 100Hz to 100KHz 30 JJ.V!Vo 

-------------- i:1i. ~~~~Ul~v~:~~©~ --------------3"""/""'6 
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L4941 • 4941X 

0 6 

0 5 

0' 

03 

0 2 

0 I 

IQ 
(mAl 
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25 

20 

15 

10 

0 

Fig. 4 - Dropout voltage vs. 
output current 

G·UO! 
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v 
k-' / 
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Fig. 7 - Quiescent current 
vs. temperature 

G•Ull/1 

Yi • 7V 

J0 .1A 

I 
0 SA f.--

SmA 

-50 -25 2s so 1s 1oo r 1 rc> 

Fig. 10 - Short circuit cur­
rent vs. temperature 

lsc 
(A ~r 
30 

25 

20 ~ 
I 5 

1.0 
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0 

~ 

G-6,07/1 

i 
:::-f-_ f-_ ~ V1 :SV 

I= ~ 
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06 

05 

o• 

0.3 

02 

0 I 

Fig. 5 - Dropout voltage vs. 
+<>rnperature 

-,011 

---

-

1.---e-- lA 
_/" 

/ 
v ~ 

v 1.--- I 
--:,:;:; SmA 

1--f-_:;. p 

-so -2s o 25 so 75 100 r 1<•c) 

Fig. 8 - Quiescent current 
vs. input voltage 

I Q H-l--l->-1--l--l-l-1--l--1-+-l--l->-l 
!mAl H-f-+-1-±--l-+-l--l--i-H-f-+-H 

24 

20 

16 

12 

lA 

0 SA 

10mA 

12 V1 (V) 

Fig. 11 - Peak output cur­
rent vs. input/ output dif­
ferential voltage 

:~f H-l---l--1--l--l-1-+-+-H++-+_j 

1 75 H-l--+-!.-1--+-=h-l-1--kri++-l~ 

1.25H-L-l---1--l-l-I-L-+-H++-+-

o zsU..L.LJ...L.LLl-l-.L.LL..LLl..J 

Vo 
(V) 
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500 

'9 5 

•s 0 

Fig. 6 - Output voltage vs. 
temperature 
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Fig. 9 - Quiescent current 
vs. output current 
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Fig. 12 - Low voltage be­
havior 
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70 

Fig. 13 -Supply voltage re­
jection vs. frequency 

30 L_LJ~~_J_u~m__L~WW 

0.1 0.3 10 t (KHz) 

SVR 
(dB ) 

68 

67 

66 

65 

64 

Fig. 14 - Supply voltage re­
jection vs. output current 

0·140811 

f ·120Hz 
Co-22 ~F 

0.15 0.5 

Fig. 16 - Line transient response Fig. 17 - Load transunt 

(mVI (mY ) 

+ 1.0 .,100 
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v, 
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60 

Vma6V 

10 a05A 
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INPUt 
VOLTAGE: 
CHANGE 
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-200 
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, 

200m A 

Vt 
(Y) 
30 

24 

19 

i2 

Ptot 
(W) 
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15 

10 

L4941 - 4941X 

Fig. 15- Load dump charac­
teristics 

..--I---; r- ......... 
v \ 
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1- - f-

"' I' J 
I 

v 0 
(V) 

01 0.4 1.1. t(sec) 

Fig. 18 - Totale power dis­
sipation (T0-220) 

G·UU, 
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Fig. 19- Distributed supply with on-card L4940 and L4941 low-drop regulators 

SV-1 SA 

v1o-~----, 

c, 

ADVANTAGES OF THESE APPLICATIONS ARE: 

On card regulation with short circuit and thermal protection on each output. 
Very high total system efficiency due to the switching preregulation and very low-drop postregulations. 
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L4941- 4941X 

Fig. 20- Distributed supply with on-card L4940 and L4941 low-drop requlators 

-61-6-------------18i. ~g~©nt?ml~~~©~ --------------
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L4960 

2.5A POWER SWITCHING REGULATOR 

e 2.5A OUTPUT CURRENT 

• 5.1V TO 40V OUTPUT VOLTAGE RANGE 

e PRECISE (± 2%) ON-CHIP REFERENCE 

• HIGH SWITCHING FREQUENCY 

e VERY HIGH EFFICIENCY (UP TO 90%) 

• VERY FEW EXTERNAL COMPONENTS 

• SOFT START 

• INTERNAL LIMITING CURRENT 

• THERMALSHUTDOWN 

The L4960 is a monolithic power switching 
regulator delivering 2.5A at a voltage variable 
from 5V to 40V in step down configuration. 

Features of the device include current limiting, 

ABSOLUTE MAXIMUM RATINGS 

Input voltage 
Input to output voltage difference 
Negative output DC voltage 

PRELIMINARY DATA 

soft start, thermal protection and 0 to 100% 
duty cycle for continuous operation mode. 

The L4960 is mounted in a Heptawatt plastic 
power package and requires very few external 
components. 

Efficient operation at switching frequencies 
up to 150KHz allows a reduction in the size 
and cost of external fi Iter components. 

Heptawatt 

ORDERING NUMBER: L4960 (Vertical) 
L4960H (Horizontal) 

50 
50 
-1 

Va, V6 
v2 

Negative output peak voltage at t = 0.1J,Ls; f =100KHz 
Voltage at pin 3 and 6 

-5 
5.5 

7 
1 

20 
15 

-40 to 150 

v 
v 
v 
v 
v 
v 

Ia 
15 
Ptot 
lj, Tstg 

Voltage at pin 2 
Pin 3 sink current 
Pin 5 source current 
Power dissipation at Tease< 90°C 
Junction and storage temperature 

BLOCK DIAGRAM 

September 1988 

mA 
mA 
w 
oc 

1/13 
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L4960 

CONNECTION DIAGRAM 

~DI 1: 
L !.~7795 

Tab connect£>d to pin 4 

OUTPUT 

SOFT &TART 

05CILLATOR 
GNO 

FREQ. COMP 
FEEDBACK INPUT 

INPUT 

THERMAL DATA 

Rth H:ase 

Rth J-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

4 
50 

PIN FUNCTIONS 

No NAME FUNCTION 

1 SUPPLY VOLTAGE Unregulated voltage input. An internal regulator powers 
the internal logic. 

2 FEEDBACK INPUT The feedback terminal of the regulation loop. The 
output is connected directly to this terminal for 5.1V 
operation; it is connected via a divider for higher volt-
ages. 

3 FREQUENCY A series RC network connected between this terminal 
COMPENSATION and ground determines the regulation loop gain charac· 

teristics. 

4 GROUND Common ground terminal. 

5 OSCILLATOR A parallel RC network connected to this terminal 
determines the switching frequency. 

6 SOFT START Soft start time constant. A capacitor is connected bet-
ween this terminal and ground to define the soft start 
time constant. This capacitor also determines the average 
short circuit output current. 

7 OUTPUT Regulator output. 

~2/~1_3 _________________________ ~~~~~~~~~:~~©~ ----------------------------
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T1 
otherwise specified) 

Parameter Test Conditions 

DYNAMIC CHARACTERISTICS 

Vo Output voltage range V 1 = 46V 10 = 1A 

VI Input voltage range V 0 = V ref to 36V 10 = 2.5A 

t.Va Line regulation V 1 = 10V to 40V Vo = Vref 10 = 1A 

t.Vo Load regulation Vo = Vref 10 = 0.5A to 2A 

Vref Internal reference voltage V 1 = 9V to 46V 10 = 1A 
(pin 2) 

t.Vref Average temperature T1 = 0°C to 125°C 

t.T coefficient of refer. voltage 10 = 1A 

vct Dropout voltage 10 = 2A 

I om Maximum operating load v 1 = 9V to 46V 
current V 0 = Vref to 36V 

I7L Current limiting threshold V 1 = 9V to 46V 
(pin 7) V 0 = V ref to 36V 

IsH Input average current V 1 = 46V; output short-circuit 

7] Efficiency f =100KHz Vo = Vref 

10 = 2A V 0 = 12V 

SVR Supply voltage ripple t.V,=2Vrms 
rejection f ripple = 1OOHz 

Vo = Vref 10 = 1A 

f Switching frequency 

M Voltage stability of V 1 = 9V to 46V -
t.v, switching frequency 

M Temperature stability of T; = 0°C to 125°C 

t.TJ switching frequency 

fmax Maximum operating Vo = Vref 10 = 2A 
switching frequency 

Tsd Thermal shutdown 
junction temperature 

L4960 

35V, unless 

Vref 40 v 

9 46 v 

15 50 mV 

10 30 mV 

5 5.1 5.2 v 

0.4 mvrc 

1.4 3 v 

2.5 A 

3 4.5 A 

30 60 mA 

75 % 

85 % 

50 56 dB 

85 100 115 KHz 

0.5 % 

1 % 

120 150 KHz 

150 oc 

---------------------------- ~~~~~~?v~:~~~~ __________________________ 3_11_3 
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L4960 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions 

DC CHARACTERISTICS 

llQ Quiescent drain current 100% duty cycle I 30 40 rnA 
pins 5 and 7 open 

0% duty cycle V1 ~ 46V 15 20 rnA 

-17L Output leakage current 0% duty cycle 1 mA 

SOFT START 

1650 Source current I 100 130 150 MA 

1651 Sink current I 50 70 120 MA 

ERROR AMPLIFIER 

v3H High level output voltage v2 ~ 4.7V 13 ~ 100MA 3.5 v 

v3L Low level output voltage v2 ~ 5.3V 13 ~ 100MA 0.5 v 

1351 Sink output current v2 ~ 5.3V 100 150 MA 

-1350 Source output current v2 ~ 4.7V 100 150 MA 

12 Input bias current v2 ~ 5.2V 2 10 MA 

Gv DC open loop gain v3 ~ 1V to 3V 46 55 dB 

OSCILLATOR 

Oscillator source current 5 mA 

_4/~1_3 _________________________ ~~~~@~~v~:~~©~ ----------------------------



L4960 

CIRCUIT OPERATION (refer to the block diagram) 

The L4960 is a monolithic stepdown switching 
regulator providing output voltages from 5.1 V 
to 40V and delivering 2.5A. 

The regulation loop consists of a sawtooth oscil­
lator, error amplifier, comparator and the output 
stage. An error signal is produced by comparing 
the output voltage with a precise 5.1 V on-chip 
reference (zener zap trimmed to ± 2%). 

This error signal is then compared with the saw­
tooth signal to generate the fixed frequency 
pulse width modulated pulses which drive the 
output stage. 

The gain and frequency stability of the loop can 
be adjusted by an external RC network con­
nected to pin 3. Closing the loop directly gives 
an output voltage of 5.1 V. Higher voltages are 
obtained by inserting a voltage divider. 

Output overcurrents at switch on are prevented 
by the soft start function. The error amplifier 
output is initially clamped by the external capa-

Fig. 1 -Soft start waveforms 

NOMINAL 

OSCI~LATOR 

OUTPUT 

ERROR AMP_., 
OUTPUT 

OUTPUT 
CURRENT 

Fig. 2- Current limiter waveforms 

citor C55 and allowed to rise, linearly, as this 
capacitor is charged by a constant current source. 
Output overload protection is provided in the 
form of a current limiter. The load current is 
sensed by an internal metal resistor connected to 
a comparator. When the load current exceeds a 
preset threshold this comparator sets a flip flop 
which disables the output stage and discharges 
the soft start capacitor. A second comparator 
resets the flip flop when the voltage across the 
soft start capacitor has fallen to 0.4V. 

The output stage is thus re-enabled and the out­
put voltage rises under control of the soft start 
network. If the overload condition is still present 
the limiter will trigger again when the threshold 
current is reached. The average short circuit cur­
rent is limited to a safe value by the dead time 
introduced by the soft start network. The 
thermal overload circuit disables circuit oper­
ation when the junction temperature reaches 
about 150°C and has hysteresis to prevent 
unstable conditions. 

s -5835 

--------------------------- ~~~~~~~~:~~©~ ------------------------~5/~13 
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l4960 

Fig. 3- Test and application circuit 

R1 

3 

L 4 9 60 

5 

R2 

4.3Kll 

C6, C7: EKR (ROE) 
L 1 = 150JLH at 5A (COGEMA 946042) 
CORE TYPE: MAGNETICS 58206-A2 MPP 

R4 

L 1 

01 

5-7798/Z 

N" TURNS 45, WIRE GAUGE: O.Bmm (20 AWG) 

''" lmA 

10 

" 
10 

) 

Fig. 4 - Quiescent drain 
current vs. supply voltage 
(0% duty cycle) 

G·5065 

I 
I 

I I 
I 
I 

I I 
I 
I 

I I 
I 

10 20 30 1.0 Vj(V) 

''a 

Fig. 5 - Quiescent drain 
current vs. supply voltage 
(100% duty cycle) 

(mAl ~+-+-++--J----+--1--+--J--J 

40 VI (V) 

110 

(mA ) 

, 

" 
1J 

Fig. 6 - Quiescent drain cur­
rent vs. junction tempera­
ture (0% duty cycle) 

G·6067 

v,.Jsv 

1--1--

I 

-zs o zs so 75 100 

.:.:6/~1..:..3 ____________ ~ ~~~~m~v~:~~©, _____________ _ 
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IIQ 

Fig. 7 -Quiescent drain cur­
rent vs. junction tempera­
ture (100% duty cycle) 

(mAl ~-J--J--J.-1--+---+-- L_-1---1----1 
V1 :3SV 

-25 0 25 so 75 100 TJ{"Cl 
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) 

) 

Fig. 10 - Open loop fre­
quency and phase responde 
of error amp I ifier 
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Fig. 13- Switching frequen­
cy vs. R2 (see test circuit) 
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Fig. 8 - Reference voltage 
(pin 2) vs. V1 
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Fig. 11 - Switching fre­
quency vs. input voltage 
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Fig. 9 - Reference voltage 
vs. junction temperature 
(pin 2) 
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Fig. 12 - Switching fre­
quency vs. junction tem­
perature 
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Fig. 15 - Load transient 
response 
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L4960 

S'R 
(dB) 

10 

50 

" 
JO 

lO 

Ptot 
(W) 

15 

Fig. 16 - Supply voltage 
ripple rejection vs. frequency 

' I 111111111 
I AV1 ~2VR!ooi5 

I V1 :3SV 

Vr;r:Vrel 
lo=lA 

I I 

II I' 
I 

' 
' 

I 

>0 >00 

Fig. 19 - Power dissipation 
derating curve 
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Fig. 17 - Dropout voltage 
between pin 1 and pin 7 
vs. current at pin 7 
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Fig. 20 Efficiency vs. 
output current 
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Fig. 18 - Dropout voltage 
between pin 1 and 7 vs. 
junction temperature 
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Fig. 21 Efficiency vs. 
output current 
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APPLICATION INFORMATION 

Fig. 24- Typical application circuit 

V; 

L4960 
6 

5 4 

C1 
100}'F 63V R 2 

4.3Kn 

GND 

C1, C5, C7: EKR (ROE) 
D1: BYWBO OR 5A SCHOTTKY DIODE 
SUGGESTED INDUCTOR: L1 ; 150J.LH at 5A 
CORE TYPE: MAGNETICS 58206- A2- MPP 

L 1 

s- 932211 GND 

No TURNS: 45, WIRE GAUGE: O.Bmm (20 AWG), COGEMA 946042 
U15/GUP15: No TURNS: 60, WIRE GAUGE: O.Bmm (20 AWG), AIR GAP: 1mm, COGEMA 969051. 

Fig. 25 - P.C. board and component layout of 
the Fig. 24 ( 1 : 1 scale) 

CS-021& 

Resistor values for 
standard output voltages 

Vo R3 R4 

12V 4.7Kn 6.2Kn 
15V 4.7Kn 9.1Kn 
18V 4.7Kn 12Kn 
24V 4.7Kn 1BKn 

L4960 

------------ ID'l SGS·THOMSON ___________ 9:....:...:/13 
'J, • 1ii~O©Iiil@~~~©'i!liil@i'!O©~ 
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L4960 

APPLICATION INFORMATION (continued) 

Fig. 26- A minimal 5.1 V fixed regulator; Very few component are required 
v 

1 ~lOOJJF sov 

2.;r 
n~ 

I 

5 Q 

INHIBIT 
FLIP 
FLOP 

COGEMA 946042 (TOROID CORE) 4 

969051 (U15 CORE) 
EKR (ROE) 

Fig. 27 - Programmable power supply 

1 

L4960 

s_,7991" 

V0 = 5.1V to 15V s-7BOOI2 1
0 

= 2.5A max L_ _________________________ ---' 

Load regulation ( 1 A to 2A) = 1 OmV (V 0 = 5.1 V) 
Line regulation (220V ± 15% and to 10 = 1 A)= 15mV (V 0 = 5.1V) 

~10~/~1~3 ________________________ ~~~~~~?~:~~~ ----------------------------
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APPLICATION INFORMATION (continued) 

Fig. 28- Microcomputer supply with+ 5.1V, -5V, +12V and -12Voutputs 

Yp:l5V 

~•JJoopFI 
50V 
EYF I 

L4960 

- 5 v 
'-----tol----<i~----<::J 0. 2 A 

L-----------------~----------------0 

220pF do, 

I 

INHIBIT 

* BYW80 

r0:5622 _,,v 
~100m A 

6 2Kll. T 100,uF 
..... EKR 

'-----+'-----~ .,n 

I 470pF 
25V 
EKR 

223 



L4960 

APPLICATION INFORMATION (continued) 

Fig. 29- DC-DC converter 5.1V/4A, ± 12V/2.5A; a suggestion how to synchronize a negative output 

L1, L3 = COGEMA 946042 (969051) 
L2 = COGEMA 946044 (946045) 
01, 02,03 = BYW80 

~H 

Fig. 30- In multiple supplies several L4960s can be synchronized as shown 

L4960 

L4960 

s- 9 3 21. ' c __ 

~1~2/~1~3------------------------- ~~~~~~?~~:~~~ -----------------------------
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APPLICATION INFORMATION (continued) 

Fig. 31 - Regulator for distributed supplies 

V;Q-,---'; L4960 

C; 

MOUNTING INSTRUCTION 

The power dissipated in the circuit must be 
removed by adding an external heatsink. 
Thanks to the Heptawatt package attaching the 
heatsink is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heats ink 

Fig. 32 - Mounting example 

L4960 

5V-1A 

and the package it is better to insert a layer of 
silicon grease, to optimize the thermal contact, 
no electrical isolation is needed between the 
two surfaces. 

I 

j'~ 
Cf::!! 

----------------------- ~~~~~~?v~:~~~, -------------------------1_3_11_3 
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L4962 

1.5A POWER SWITHING REGULATOR 
PRELIMINARY DATA 

e 1.5A OUTPUT CURRENT 
• 5.1V TO 40V OUTPUT VOLTAGE RANGE 

plastic package and Heptawatt package and 
requires very few external components. 

• PRECISE(± 2 %) ON-CHIP REFERENCE 
• HIGH SWITCHING FREQUENCY 
• VERY HIGH EFFICIENCY (UP TO 90%) 

Efficient operation at switching frequencies 
up to 150KHz allows a reduction in the size 
and cost of external filter components. 

• VERY FEW EXTERNAL COMPONENTS 
e SOFT-START 
• INTERNAL LIMITING CURRENT 
• THERMALSHUTDOWN 

The L4962 is a monolithic power switching 
regulator delivering 1.5A at a voltage veriable 
from 5V to 40V in step down configuration. 
Features of device include current limiting, 
soft start, thermal protection and 0 to 100% 
duty cycle for continuous operating mode. 
The L4962 is mounted in a 16-lead Powerdip 

ABSOLUTE MAXIMUM RATINGS 

Vn, V1s 
V1o 
In 
114 
Ptat 

Input voltage 
Input to output voltage difference 
Negative output DC voltage 
Output peak voltage at t = 0.1tLs, f = 1OOKHz 
Voltage at pin 11, 15 
Voltage at pin 10 
Pin 11 sink current 
Pin 14 source current 
Power dissipation at Tplns .;;; 90°C (Powerdip) 

Tease ,;;;; 90°C (Heptawatt) 
Junction and storage temperature 

BLOCK DIAGRAM 

~ I I I 

Powerdip 
(12 + 2 + 2) 

Heptawatt 

ORDERING NUMBER: 
L4962 (12 + 2 + 2 Powerdip) 
L4962E (Heptawatt) 
L4962EH (Horizontal Heptawatt) 

50 
50 
-1 
-5 

5.5 
7 
1 

20 
4.3 
15 

-40 to 150 

L4962 

Pin X Powerdip 
Pin (X) Heptawatt 

v 
v 
v 
v 
v 
v 

mA 
rnA 
w 
w oc 

September 1988 1112 
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L4962 

CONNECTION DIAGRAMS 
(Top view) 

N C NC 

OUTPUT 15 SOFT START 

NC 14 OSCILLATOR 

GND 13 GND 

GND 12 GND 

N C 11 FREO COMP 

INPUT 10 FEEDBACK 

N C NC 

THERMAL DATA 

Rth ]-case 
Rth J-plns 
Rthj-amb 

Thermal resistance junction-case 
Thermal resistance junction-pins 
Thermal resistance junction-ambient 

max 
max 
max 

Heptawatt 

4°CNJ 

50°CNJ 

OUTPUT 

SOFT START 

OSCILLATOR 
GNO 

FRE.Q COMP 

FEEDBACK INPUT 

INPUT 

Powerdip 

14°CNJ 
80°C/W* 

* Obtained with the GND pins soldered to printed circuit with minimized copper area. 

PIN FUNCTIONS 

HEPTAWATT POWERDIP NAME FUNCTION 

1 7 SUPPLY VOLTAGE Unregulated voltage input. An internal regu-
lator powers the internal logic. 

2 10 FEEDBACK INPUT The feedback terminal of the regulation loop. 
The output is connected directly to this ter-
minal for 5.1 V operation; it is connected via a 
divider for higher voltages. 

3 11 FREQUENCY A series RC network connected between this 
COMPENSATION terminal and ground determines the regulation 

loop gain characteristics. 

4 4, 5, 12, 13 GROUND Common ground terminal. 

5 14 OSCILLATOR A parallel RC network connected to this ter-
minal determines the switching frequency. This 
pin must be connected to pin 7 input when the 
internal oscillator is used. 

6 15 SOFT START Soft start time constant. A capacitor is con-
nected between this terminal and ground to 
define the soft start time constant. The capaci-
tor also determines the average short circuit 
output current. 

7 2 OUTPUT Regulator output. 

1, 3, 6, N.C. 
8, 9, 16 

~2/~1~2 ________________________ ~~~~~~?~~~9©~ ---------------------------
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L4962 

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T1 = 25°C, V1 = 35V, unless 
otherwise specified) 

Parameter Test Conditions 

DYNAMIC CHARACTERISTICS 

Vo Output voltage range VI~ 46V 10 ~ 1A Vref 40 v 

VI Input voltage range V0 ~ Vref to 36V 10 ~ 1.5A 9 46 v 

b.Vo Line regulation V1 ~ 10V to 40V Vo ~ Vref 10 ~ 1A 15 50 mV 

b. Vo Load regulation Vo ~ Vref 10 ~ 0.5A to 1.5A 8 20 mV 

Vref Internal reference voltage V1 ~ 9V to 46V 10 ~ 1A 5 5.1 5.2 v 
(pin 10) 

b. Vref Average temperature TJ ~ 0°C to 125°C 0.4 mv/"c 
~ coefficient of refer. voltage 10 = 1A 

vd Dropout voltage 10 ~ 1.5A 1.5 2 v 

lorn Maximum operating load VI~ 9V to 46V 1.5 A 
current Vo ~ Vref to 36V 

I2L Current limiting threshold V 1 =9V to 46V 2 3.3 A 
(pin 2) V 0 = V ref to 36V 

IsH Input average current V1 = 46V; output short-circuit 15 30 mA 

?) Efficiency f ~100KHz Vo ~ Vref 70 % 

10 = 1A V 0 ~ 12V 80 % 

SVR Supply voltage ripple b.V1 = 2Vrms 50 56 dB 
rejection frlpple =100Hz 

Vo = Vref 10 ~ 1A 

f Switching frequency 85 100 115 KHz 

M Voltage stability of V 1 =9V to 46V 0.5 % 
b. VI switching frequency 

M Temperature stability of T1 = 0°C to 125°C 1 % 

b. TJ switching frequency 

fmax Maximum operating Vo ~ Vref 10 = 1A 120 150 KHz 
switching frequency 

Tsd Thermal shutdown 150 oc 
junction temperature 

______________ ~ ~~~©IH?:f~~lt _____________ 3:.,:11:..;:2 
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L4962 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions 

DC CHARACTERISTICS 

17Q Quiescent drain current 100% duty cycle 30 40 mA 
pins 2 and 14 open 

0% duty cycle V1 = 46V 15 20 mA 

-12L Output leakage current 0% duty cycle 1 mA 

SOFT START 

11550 Source current 100 130 160 !lA 

11551 Sink current 50 70 120 llA 

ERROR AMPLIFIER 

V11H High level output voltage V10 = 4.7V 111 = 100JlA 3.5 v 

V11 L Low level output voltage V10 = 5.3V l11 = 100/JA 0.5 v 

11151 Sink output current v 10 = 5.3v 100 150 JlA 

-In 5o Source output current V10 = 4.7V 100 150 !lA 

110 Input bias current V10 = 5.2V 2 10 JlA 

Gv DC open loop gain v 11 = 1V to 3V 46 55 dB 

OSCILLATOR 

J-114 Oscillator source current 5 mA 

__:_4 1_1 2 ___________ IDl SCS-THOMSON ------------
.,, - lill~(f;li]@~~~(f;'i!li]@i':l~(f;~ 
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L4962 

CIRCUIT OPERATION (refer to the block diagram) 
The L4962 is a monolithic stepdown switching 
regulator providing output voltages from 5.1 V 
to 40V and delivering 1.5A. 

The regulation loop consists of a sawtooth oscil­
lator, error amplifier, comparator and the output 
stage. An error signal is produced by comparing 
the output voltage with a precise 5.1 V on-chip 
reference (zener zap trimmed to± 2% ). 

This error signal is then compared with the saw­
tooth signal to generate the fixed frequency 
pulse width modulated pulses which drive the 
output stage. 

The gain and frequency stability of the loop can 
be adjusted by an external RC network con­
nected to pin 11. Closing the loop directly gives 
an output voltage of 5.1 V. Higher voltages are 
obtained by inserting a voltage divider. 

Output overcurrents at switch on are prevented 
by the soft start function. The error amplifier 
output is initially clamped by the external capa-

Fig. 1 - Soft start waveforms 

NOMINAL 

05CILLATOR 
OUTPUT 

ERROR AMP_.,. 
OUTPUT 

OUTPUT 
CURRENT 

Fig. 2- Current limiter waveforms 

I 2 

citor C55 and allowed to rise, linearly, as this 
capacitor is charged by a constant current source. 
Output overload protection is provided in the 
form of a current limiter. The load current is 
sensed by a internal metal resistor connected to 
a comparator. When the load current exceeds a 
preset threshold this comparator sets a flip flop 
which disables the output stage and discharges 
the soft start capacitor. A second comparator 
resets the flip flop when the voltage across the 
soft start capacitor has fallen to 0.4V. 

The output stage is thus re-enabled and the out­
put voltage rises under control of the soft start 
network. If the overload condition is still present 
the limiter will trigger again when the threshold 
current is reached. The average short circuit cur­
rent is limited to a safe value by the dead time 
introduced by the soft start network. The 
thermal overload circuit disables circuit oper­
ation when the junction temperature reaches 
about 150°C and has hysteresis to prevent 
unstable conditions. 

CURRENT 
LIMITER 
TRIGGERS 

5-5635 

LIMIT r-
;;~~~:W" --~-L-.L_L_.L-L.LL--L.-L_L.<_L_L._L_L._LJ-_______ --l-;-~ -~: : -- :~ 

s -9)98 

----------- W'l SGS·TltOMSON __________ _:.5/...:..=.12 
'J, • liioiD©:R!@~~~©'D'IIJ:QJwD©$ 
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L4962 

Fig. 3 - Test and application circuit (Powerdip) 

l 

25 

20 
15 

10 

1000,uF 
63V 

C1 

S-78k6 11 

R1 

10 

7 
L4962 

1) D1 : BYW98 or 3A Schottky diode, 45V of VRRM; 
2) L1: CORE TYPE- MAGNETICS 58120- A2 MPP 

R4 

N° TURNS 45, WIRE GAUGE: O.Bmm (20 AWG) 
3) C6, C7 : ROE, EKR 2201LF 40V 

Fig. 4 - Quiescent drain 
current vs. supply voltage 
(0% duty cycle) 

I 
! 

I I 
I 
! 
i 
I 

I 
I I 

1 

10 20 lO 

,,Q 

Fig. 5 - Quiescent drain 
current vs. supply voltage 
(100% duty cycle) 

(mAll---f-t-+-+-+-+-+-+-+-1 

l51-t-t-+-+-+-+-+-+-+--1 

201---t-t-+-+-+-+-+-+-+--1 

10 20 lO 1,0 V 1 (V) 

l 

, 

15 

13 

Fig. 6 - Quiescent drain 
current vs. junction tem­
perature (0% duty cycle) 

G-6067 

V 1 .JSV 

-...-

-2s o 25 so 75 100 

_61_1_2 _________________________ ~~~~~~?¥~~~©~ ----------------------------
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" 
30 

20 

10 

10 

I 

"' I 

Fig. 7 - Quiescent drain 
current vs. junction tem· 
perature ( 100% duty cycle) 

O·HII 

v1 .. 35V 

I 

I---~ 

-25 0 25 50 75 100 T j ('C) 

Fig. 10 - Open loop fre· 
quency and phase response 
of error amplifier 

I 
I 
I 

" G, I I 
i'-.1\ 
'f~ 

I 1\---
\ \ 

1\ 
\ 

10 100 IK IOK lOOK 1M f (Hz} 

Fig. 13 - Switching fre· 
quency vs. R2 (see test 
circuit) 

G·Ull/1 

40 

-eo 

-120 

-180 

'I'-
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' 
~ o.1snF 
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I-IIII ~-

' ]]I f' 
10 

10 Rl (KQ) 

Yrtl 

(V) 

'" 
512 

0 

5 

510 0 

507 5 

5050 

Fig. 8 - Reference voltage 
(pin 10) vs. V1 rdip) vs. V1 

G·806! 

I 
10 •II A 

I 

I i 

I 

i 
10 30 

Fig. 11 -- Switching fre­
quency vs. input voltage 

1KHz) l-+-++-+-+-~v,""'.vl..,-+1 ___;H 

104 

100 

" 
96 

' 
., 

(mV 
50 

) 

-5 0 

10 15 20 25 30 35 l.Q 45 V1 (Vl 

Fig. 14 - Line transient 
response 

G·6070 

INPUT VOLTAGE 
,I I 
"o"'VREF 
I0 =1A 

I 
I 
! 

OUTPUT VOLTAGE CHANGE I 
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T T u I 
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I I I 

v, 
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1 
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(V I 
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L4962 

Fig. 9 - Reference voltage 
(pin 1 0) vs. junction tem· 
perature 

G 1111 

v1.l!lv 

to•'" 
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507 5 

!'---

502 

(KHz) 

no 

105 

100 

95 

90 

-50 

.,, 
(mV ) 

5 

-25 25 50 1S 100 T,("CI 

Fig. 12 - Switching fre· 
quency vs. junction tem-
perature 

v,.3sv 
Yo•Vrtf t--

I-

-25 0 25 50 75 100 I~ ISO TJ ("C) 

Fig. 15 - Load transient 
response 

G6080 

Lalo C~RREINT 
f.-1-- 1--f.-

I 
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OUTPUT VOLTAGE CHANGE 

I I 

! 

' 
' AI 
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L4962 

SVR 
(dSJ 

" 
60 

so 

30 

20 

" 

Fig. 16 - Supply voltage 
ripple rejection vs. frequency 

G- ~0!6 

111_111111 I 
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Vo:Vre! 

I 
10 :1.6. 
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I 
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I 
>00 IK !{Hz) 

Fig. 19 Efficiency vs. 
output current 
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Fig. 22 Efficiency vs. 
output voltage 
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Fig. 17 - Dropout voltage 
between pin 7 and pin 2 vs. 
current at pin 2 
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Fig. 20 Efficiency vs. 
output current 
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Fig. 23 Efficiency vs. 
output voltage 
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Fig. 18 - Dropout voltage 
between pin 7 and 2 vs. 
junction temperature , "" 
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Fig. 21 Efficiency vs. 
output current 
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Fig. 24-Maximum allowable 
power dissipation vs. ambi­
ent temperature (Powerdip) 
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APPLICATION INFORMATION 

Fig. 25- Typical application circuit 

v, 
o--.----17 

L4962 

14 4,5,12,13 11 10 

c 1 
100fJF 63V RZ 

43KQ 

GND 

C1, C6, C7 : EKR (ROE) 
D1: BYW98 OR VISK340 (SCHOTTKY) 

L 1 

01 
BYW98 

5- 9JGO 

L4962 

GND 

SUGGESTED INDUCTORS IL1): MAGNETICS 58120 - A2MPP - 45 TURNS- WIRE GAUGE O.Smm (20AWG)­
COGEMA 946043 
OR U15, GUP15, 60 TURNS 1 mm, AIR GAP O.Smm (20AWG) - COGEMA 969051 

Fig. 26- P.C. board and component layout of the circuit of Fig. 25 (1 : 1 scale) 

Resistor values for 
standard output 7 voltages 

Vo R3 R4 

12V 4.7Kn 6.2Kn 
15V 4.7Kn 9.1Kn 
18V 4.7Kn 12Kn 
24V 4.7Kn 18Kn 

C5-0241 

----------- W'l SCS·THOMSON __________ _;_9:....::..:=/12 
• J, , >:ce~OO@~~~~VIil@!i:l~~i!O 
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L4962 

APPLICATION INFORMATION (continued) 

Fig. 27 -A minimal 5.1 V fixed regulator; very few components are required 

* COGEMA946043 (TOROIDCORE) 
969051 (U15 CORE) 

** EKR (ROE) 

Fig. 28 - Programmable power supply 

5- 93G2/1 

V0 = 5.1V to 15V 
10 = 1.5A max 

4 5,12,13 

Load regulation (0.5A to 1.5A) = 10mV (V 0 = 5.1V) 
Line regulation (220V ± 15% and to lo = 1A) = 15mV (V 0 = 5.1V) 

_1_ot_1_2 ________________________ ~~~~~~?v~:~~©~ ----------------------------
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L4962 

APPLICATION INFORMATION (continued) 

Fig. 29 - DC-DC converter 5.1 V /4A, ± 12V /1 A. A suggestion how to synchronize a negative output 

L 1, L3 = COGEMA 946043 (969051) 
L2 = COGEMA 946044 (946045) 

Fig. 30- In multiple supplies several 
L4962s can be synchronized as shown 

I 

I 

I 
I 

,, 

5-9 ))9 f1 L--

L4962 

L 4962 

t0-40V 

VI 

150pH 

Fig. 31 - Preregulator for distributed supplies 

* L2 and C2 are necessary to reduce the switching frequency spikes 
when linear regulators are remote from L4962 

------------ ru SCS·THOMSON --------------=1~1/..:.:....:.12 
'I I. RlDii':l12©~~~1i':1i'OO©li!DiJ;~ 
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L4962 

MOUNTING INSTRUCTION 

The RthJ-amb of the L4962 can be reduced by 
soldering the GND pins to a suitable copper 
area of the printed circuit board (Fig. 32). 
The diagram of figure 33 shows the R1h /-amb as 
a function of the side "Q" of two equa square 
copper areas having the thickness of 35J.! ( 1.4 

Fig. 32 - Example of P.C. board copper area which is 
used as heatsink 

COPPER AREA )'>}' THICKNESS 

P C. BOARD 

mils). During soldering the pins temperature 
must not exceed 260°C and the soldering time 
must not be longer than 12 seconds. 
The external heatsink or printed circuit copper 
area must be connected to electrical ground. 

Prot 

IWI 

Fig. 33 - Maximum dissi­
pable power and junction to 
ambient thermal resistance 
vs. side "Q" 

o.au 

\ 
Rth J•Amb 

r--... ....._ 
f..... -f--

1--~ 

......... Prot IT 1mb • 70"Cl 

R 

{ 

' 

' 

,, 20 lO 40 1 (mm) 

_12_/_12 _________________________ ~~~~~~~~:~~~ ----------------------------
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• DRIVES ONE OR TWO EXTERNAL DARLING­
TONS 

• DUAL AND SINGLE LEVEL CURRENT 
CONTROL 

• SWITCHMODE CURRENT REGULATION 
• ADJUSTABLE PEAK DURATION 
• WIDE SUPPLY RANGE (4.75-46 V) 
• TTL-COMPATIBLE LOGIC INPUTS 
• THERMAL PROTECTION 

DESCRIPTION 

The L5832 Solenoid Controller is designed for use 
with one or two external darlington transistors in so­
lenoid and relay driving applications.The device is 
controlled by two logic inputs and features swit­
chmode regulation of the load current. A key feature 
of the L5832 is flexibility. 

THERMAL DATA 

R1h 1-case I Thermal Res1stance Junction-case 

Rlht·amb Thermal Resistance Junction-ambient 

L5832 

SOLENOID CONTROLLER 

It can be used with a variety of darlingtons to match 
the requirements of the load and it allows both sim­
ple and two level current control Moreover, the drive 
waveshape can be adjusted by external compo­
nents. Other features of the device include thermal 
shutdown, a supply voltage range of 4.75-46 V and 
TLL-compatible inputs. 

The L5832 is supplied in a 12 + 2 + 2 -lead Power­
dip package which use the four center pins to 
conduct heat to the PC board copper. 

~ 
Powerdip 
12 + 2 + 2 

ORDER CODE : L5832 

Max. 

Max. 

14 

80 

APPLICATION CIRCUIT USING ONE DARLINGTON 

September 1988 

vcc=SV-'-45 

r--~---------------. 
_l, 
\ ;sKn-;-sol\n 
lr' 
I VIN 
t----o------1 
I 
I 
I 
I 

i J.9V ~-~ RZ 
I 
I 

I 
I 
I GNO 
L--~--4-~----~~~~~~-~~----------~ 

5-5986 

1/11 
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L5832 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs DC Supply Voltage 

Va Positive Transient Voltage at Pin 8 

Ven Enable Input Voltage (pin 11) 

VI Input Voltage (pm 1 0) 

VA External Reference Voltage (pin 2) 

pd Power Dissipation (Tease= 80 'C) 

Tst9, T1 Storage and Junction Temperature 

CONNECTION DIAGRAM 

NC 16 

HOLDING 
CURRENT 15 
CONTROL 

SENSING 1< ~ 

GND 13 ~ 

GND 12h 

Cl 11 

TIME 10 
CONSTANT 

PNP 9 OUTPUT 

s 599417 

BLOCK DIAGRAM 

v 5 

14 

2/11 

240 

INTERNAL 
CLAMPING 

NPN 
OUTPUT 

SUPPLY 
VOLTAGE 

GND 

GND 

INHIBIT 

INPUT 

REFERENCE 
VOLTAGE 

S- SIJS 511 

Value 

46 

60 

7 

7 

2 

5 

-40 to 150 

LOAO 

----, 
1 

,I, 
IR~ 

,_J 
I 

I 
---~ 

I 

-~ 
; 1R6 
I,J 

I 
I 

..I.. 

Unit 

v 
v 
v 
v 
v 
w 
'C 



L5832 

PIN FUNCTIONS 

N' Name Function 

1 NC Not Connected. Must be left open circuit. 

2 HOLDING CURRENT CONTROL A voltage applted to this pin sets the holdmg current level. If 
left open circuit an Internal 75 mV reference IS used and ih = 
lp/6 

3 SENSING Connection for Load Current Sense Resistor. Value sets the 
maximum load current lp = 0 45/Rs. 

4 GROUND Ground Connection. Wtth p1ns 5, 12 and 13 conducts heat to 
pnnted circuit board copper. 

5 GROUND See Pm4 

6 C1 A capacitor connected between this p1n and ground sets the 
duratiOn of the current peak (t2 m ftg.3). 
If left open, the switchmode control of the peak IS suppres-
sed. If grounded, the current does not fall to the holding level. 

7 DISCHARGE TIME CONSTANT A capacitor connected between th1s p1n and ground sets the I 
duration of !off (ftg.3). If grounded, swttchmode control is sup-
pressed. 

8 PNP DRIVING OUTPUT Current Dnve Output for External PNP Darltngton (for rem-
cula!IOn). I = 35 Ice! 

9 REFERENCE VOLTAGE A reststor connected between th1s pm and ground sets the in-
ternal current reference, feet. The recommended value is 
1.2kQ, g1v1ng IRe!= 1 mA. 

10 INPUT TIL- Compatible Input. A htgh level on this pm acttvates the 
output, dnvmg the load. 

11 INHIBIT TIL- Compatible lnh1b1t Input. A htgh level on th1s Input dtsa-
bles the output stages and logtc mcuttry, trrespecttve of the 
state of pin 10. 

12 GROUND See P1n 4 

13 GROUND See Pin 4 

14 SUPPLY VOLTAGE Supply Voltage Input 

15 NPN DRIVING OUTPUT Current Drive for External NPN Darlington (in series w1th the 
load). I = 100 feel 

16 INTERNAL CLAMPING Internal Zener Clamp Avaible for Fast Turnoff. 

3/11 
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L5832 

ELECTRICAL CHARACTERISTICS (Vs (pin 14) = 14 V, T amb = 25 ac, Rret = 1 .2 KQ, unless other­
wise specified. Refer to Fig.2) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vs Operating Supply Voltage (pin 14) 4.75 46 v 

Is Quiescent Current (pin 14) Vpm 10 = Vp,n 11 =Low State 21 40 mA 

V,n Input Voltage (pin 1 0) Low State 0.8 v 

Ven Enable Input Voltage (pin 11) Htgh State 2.4 v 

l,n Input Current (ptn 1 D) Low State 100 f.! A 

len Enable Input Current (pin 11) High State 10 f.! A 

Vref Internal Reference Voltage (pin 9) 1.2 1 25 1.3 v 

I ref Reference Current (pin 9) Ire!= Vre t!Rref 1 300 >tA 
Rref = 1.2 KQ 

lpd Peak Duratton Control Current (pin 6) lpd = lret/8 110 130 180 f.! A 

tpd Peak Duratton Ttme (pin 6) tpd = C 1 VTh /lpd 500 f.!S 
Vth=1.4V C1 = 4.7 nF 

lod Off Duratton Control Current (ptn 7) lod = Ire! I 8 110 130 180 f.! A 

loll Off Duratton Ttme (pin 7) tod = C2 Vth /lad 50 f.!S 
Vth = 1.4V C2 = 4.7 nF 

id1 NPN Drivmg Current (pin 15) ld1 = 100 1,., (only present 80 100 130 mA 
during charging phase) 

ld2 PNP Driving Current (pin 8) ld2 = 35 Ire! 28 35 48 mA 

lp Peak Current (emitter of NPN lp = 450 mV/Rsens 4.2 4.5 4.8 A 
Darlington) Rsens = 0.1 Q 

vh Holding Current Control Voltage Vh = Rsens lh Ptn 2 70 75 85 mV 
lh = Emttter Floatmg 
Current of NPN 
Darlington Pin 2 Externally 2 v 

Biased 

R,, Holding Current Control Input 100 150 200 Q 
Impedance (Pin 2) 

r Peak to Hold Current Ratio Pin 2 Floattng 5.8 6 6.2 

Pin 6 Shorted 0.97 1 1.03 

Is Sense Input Bias Current (Pin 3) 100 jJA 

Vclamp Internal Clamptng (Ptn 16 to 15) I= 200 11A 14 16 18 v 

Vdt Dump Protectton Threshold Voltage 28 32 34 v 
(Ptn 1) 

Rdt Dump Protectton Threshold Input 22 32 42 Kn 
Impedance (Pin 1) 

Thermal Drift of Reference Voltage 0.5 jnV/"C 
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APPLICATION INFORMATION 

The L5832 solenoid controller is intended for use 
with one or two external darlington transistors to 
drive inductive loads such as solenoids, relays, elec­
tric valves and DC motors. 

Controlled by a logic input and an inhibit input (both 
TTL compatible), the device drives the external dar­
lington (s) to produce a load current waveform as 
shown in figure 3. This basic waveform shows that 
the device produces an initial current peak followed 
by a lower holding current. Both the peak and hoi-

L5832 

ding current levels are regulated by the L5832's 
switchmode circuitry . 

The duration of the peak, the peak current level and 
holding current level can all be adjusted by external 
components. 

Moreover, by omitting C1, C2 or both it is possible 
to realize single-level current control, a transitory 
peak followed by a regulated holding current or a 
simple peak (figure 1 ). 

Figure 1 : Components Connected to Pins 6 and 7 Determine the Load Current Waveshape. 

COMPONENTS ON 
PINS 6 AND 7 

16 71 

Cl~CZ 
I'""" I 

H cz 
S-6006/1 I 

LOAD CURRENT 
WAVEFORM 

5- 6005 
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L5832 

The peak current level lp, is set by the sensing re­
sistor, Rsens, and is found from : 

lp = 
0.45 

Rsens 

The holding current level, lh, is set by a voltage ap­
plied to pin 2. If this pin is left open circuit an inter­
nal reference of 75 mV supervenes and the holding 
current is given by : 

lp 

6 

Alternatively, this level may be varied by adding a 
divider to pin 2 (R1, R2) and suitable values are 
found from : 

lh ma< 1 ( R2 // Rm R2 // R'" ) 
-- = -- Vext + --- Vx 

lp 0 45 V R1 +R2// R'" Rx = R2 II R,c 

where Vx = 3V, Rx = 5850Q. R,n = 150Q (R,n of pin 2) 
and Vext is the external voltage applied to the divi­
der. 

Figure 2 :Application Circuit Showing all the Optional Components. In Particular it Illustrates 
how the Holding Current Level is Adjusted Independently of the Peak Current (with 
R1, R2, Vext) and how the Internal Zener Clamp is Connected. This Circuit Produces 
the Waveforms Shown in Fig.3. 

r-- -, 

I I LOAD 

10 (A) 01 02 

iRV~mj 
I + --

4 BDX54 BDX53 
I R 2 I 
I I 

I I 

R9 

,-J,..--b---!---W--. ..... ____...~,--c=J- ~ 
8 BDW94 BDW93 L ___ J 

INPUT 10 

12 BDV64 BDV65 L5B32 
INHIBIT 11 

5·5985/1 

The drive currents for the two darlingtons and the 
waveform time constants are all defined by a refe­
rence current, lret, which is defined in turn by a re­
sistor between pin 9 and ground. 

The recommended value for I ret is 1 mA which is ob­
tained with a 1.2 kQ resistor. From lret the darling­
ton drive currents are given by : 
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PNP : I = 35 lret 
NPN: I= 100 !ref 

' ..I.. 

The duration of the high current level (t2 in figure 3) 
is set by a capacitor connected between pin 6 and 
ground.This capacitor, C1, is related to the duration, 
T, by: 

C1 = 
lretT 

12 



Figure 3 : Waveforms of the Typical Application Circuit of Fig. 2. 

INPUT 

VIN 

v, 
~~~~~~lgR f-, !-O'I'm-V---+-":"1 ..1.1-1'1 
(INTERNAL) : I I I I 

75 mY I 'I I 
I ' 

1 1 I 1 

DRIVINg~ I ~- ~ - -- - -~- -j-1-...;.· j..l.:l' il-i-!ll __ __, 

CONOIT~~: 1- : ~~ ' : . I 
I I Ql 

ORIVINC, 
CONOITION 

OFF 

I 
1Q.O mA 

I I 
I I I 

I I ,, I 
I I I 

l .. UH/~ 

L5832 

I 

The discharge time constant (!off in figure 3) is set by a capacitor between pin 7 and ground and is found 
from: 

12C2 
!off= 

I ref 

The loff and ton times are also related to the current ripple , tll : 

where 

Ltll Ltll 
!off = --~ and lon = 

Voff Von 

Voff = Vct,ode + VcE01 + RL IL 
Van= Vs- VcE02- VRs- RL IL 
L = load inductance 
RL = load resistance 
tll = load current ripple. 

Note that loft is the same for both the peak and holding currents. 
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L5832 

Figure 4 :When Pin 6 in Grounded, as Shown here, the Load Current is Regulated at a Single 
Level. 

lo(A) 01 02 

4 BDX54 BDX53 

8 BDW94 BDW93 

10 BDV64 BDV65 

INPUT 

~~"~'! Q INHIBIT 

v,n I : : 
INPUT 

.~--______,. 

Figure 5 : In this Application Circuit, Pin 6 is Left O,pen to Give a Single Peak Followed by a 
Regulated Holding Current. 

lo(A) 01 02 

4 BDX54 BDX53 

8 BDX54 BDX53 

16 BDW94 BDV65 

INPUT 

''I~ LOAD 

CURRENT ~ 

INHIBIT 

v,n I 
INPUT -+--'-----------'-----
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L5832 

Figure 6 : Switchmode Control of the Current can be Suppressed Entirely by Leaving Pin 6 
Open and Grounding Pin 7. The Peak Current is still Controlled. 

Ia( A) 01 02 

4 BDX54 BOX 53 

8 BDW94 BDW93 

10 BDV64 BDV65 

For fast turnoff an internal zener clamp is available 
on pin 16. 
This is used with an external divider, R8 R9, as 
shown in figure 2. Suitable values can be found 
from: 

Vp,n 16 = 15V + VsE02 + VRsense 

R9 +R8 
Vco2 = Vpm16 . 

R8 

(Vc02 is the voltage at the collector of 02). 

To ensure stability, a small capacitor (about200 pF) 
must be connected between the base and collector 
of 02 when pin 16 is used. 

INPUT 

INHIBIT 

For the application circuit of figure 7 toff = 12C2/Iref, 
as before, and the current ripple is given by : 

loff=-
L ln(ILP- I'll) · RL + VL 

R 

where VL is the voltage across the inductor during 
recirculation. 

Note that if the load is a motor VL = Eg + Vo. 

MOTOR 
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L5832 

Normally~ I is a design parameter therefore C2 can 
be calculated directly from : 

C2 = 
-lref · L ln(ILP -~I) RL + VL 

12 RL ILP . RL + VL 

This application is particularly important because it 
allows the use of inductive loads with the lowest pos­
sible series resistance (compatible with constructio­
nal requirements) and therefore reduces notably the 
power dissipation. 

For example, an electric valve driven from 24V 
which draws 2A has a series resistance of 12n and 
dissipates 48W . Using this circuit a valve with a 2n 
series resistance can be used and the power dissi­
pation is : 

Pd = RLIL 2 + VoiL(1- o) + Vsat. IL 0 + Rs1L20 
where 

therefore : 

RL = resistance of valve = 2n 
Vo = drop across diode, Vo = 1 V 
Vsat =saturation voltage of 02, = 1 V 
Rs = R11 = 220 mn 
o = duty cycle = 20 % 

Pd = 8 + 1.6 + 0.4 + 0.16 = 1 0.16W 

This given two advantages : the size (and cost) of 
the valve is reduced and the drive current is redu­
ced from 2A to about 0.4A. 

The same consideration is also true for DC motors. 

Figure 7 : Application Circuit Using Only one Darlington. The Resistor and Zener Shown Dot­
ted Activate the Load when Power is Applied. 
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I 
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L-5832 
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L5832 

Figure 8: P.C. Board and Component Layout of the Circuit of Fig, 7 (1 : 1 Scale} 

C S-Oln 

Figure 9: Application Circuit Showing how two Separate Supplies can be Used. 

Cl Rll 

GNDQ---~--~~--~--+-~~~--------~ 

The application circuit of figure 9 is very similar to 
figure 2 except that it shows the use of two sup­
plies-one for the control circuit, one for the power 
stage. 

Chose R6 so that the voltage on pin 8 does not 
exceed 46V DC. This can be done simply bearing 
in mind that the pin 8 current is 35 I ref' 

R6 must not be too high if a very low supply voltage 
is used because: 

Vsmin = R6 · 16 + 4.75 

V =750·35·10-3 +4.75=31V smtn 
The zener diode DZ can not exceed 62V because 
when 01 is off and DZ triggered- the fast recircu­
lation- the voltage on pin 8 may not exceed 60 V. 
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• FOUR NON INVERTING INPUTS WITH 
ENABLE 

• OUTPUT VOLTAGE UP TO 50 V 
• OUTPUT CURRENT UP TO 1.8 A 
• VERY LOW SATURATION VOLTAGE 
• TTL COMPATIBLE INPUTS 
• INTEGRAL FAST RECIRCULATION DIODES 

DESCRIPTION 

The L6221 monolithic quad darlington switch is des­
igned for high current, high voltage switching appli­
cations. Each of the four switches is controlled by a 
logic input and all four are controlled by a common 
enable input. All inputs are TTL-compatible for di­
rect connection to logic circuits. 

Each switch consists of an open-collector darlington 
transistor plus a fast diode for switching applications 
with inductive device loads. The emitters of the four 

BLOCK DIAGRAM 

l6221A 
l6221N 

QUAD DARLINGTON SWITCH 

switches are commoned. Any number of inputs and 
outputs of the same device may be paralleled. 

Two versions are available :the L6221A mounted 
in a Powerdip 12 + 2 + 2 package and the L6221 N 
mounted in a 15--lead Multiwatt package. 

Multiwatt 15 Powerdip 12 + 2 + 2 

ORDER CODES : L6221 A 
L6221N 

1 nfl~ ---QOUT1 
IN1 0- -

1 i- --{)ClAMP A 

..1. I 
IN 2 0-- -• ---ooVT 2 

IN 3 0---

CLAMP 8 

IN t. 0--
OUT L 

ENABLE 

September 1988 1/11 
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L6221 A-L6221 N 

ABSOLUTE MAXIMUM RATINGS 

Vo Output Voltage 50 

v, Logic Supply Voltage 7 

v,N, vEN Input Voltage, Enable Voltage v, 
lc Continuous Collector Current (for each channel) 1.8 

lc Collector Peak Current (repetitive, duty cycle = 10 %ton = 5 ms) 2.5 

lc Collector Peak Current (non repetitive, t = 10 llS) 

Top Operating Temperature Range (Junction) 

Tstg Storage Temperature Range 

I sub Output Substrate Current 

Ptot Total Power Dissipation at T pms = 90 oc (powerdtp) 
at T case = 90 oc (multiwatt) 
at T amb = 70 °C (powerdip) 
at T amb = 70 oc (multiwatt) 

PIN CONNECTIONS (top views) 

OUT 4 I 16 ~ IN i, 

CLAMP B I 2 15 ~ IN 3 

OUT 3 [ 1i, ~ ENABLE 

GND [ 4 13 ~ GND 

GND 5 1Z GND 

OUT 2 6 11 Vs 

3.2 

- 40 to+ 150 

-55 to+ 150 

~15 
th 11, 

\V 13 
' 12 

11 
10 
9 
8 
7 
6 
5 

$-i 

350 

4.3 
20 
1 

2.3 

~1 

LTab connected to pon 6 

CLAMP A 7 10 IN 2 

OUT 1 e 9 IN 1 

5-9957 

5- 9956 

L6221A (Powerdip) L6221N (Multiwatt-15) 

THERMAL DATA 

Powerdip 

Rth J·P'"~ I Thermal Resistance Junction-pins Max 14 oc;w 
Rth J·case Thermal Resistance Junction-case Max -
Rth 1-amb Thermal Resistance Junction-ambient Max 80 'C/W 
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v 
v 

A 

A 

A 
oc 

. oc 
rnA 

w 
w 
w 
w 

OUT 3 
CLAMP B 
OUT 4 
IN 4 
IN 3 
N.C. 
ENABLE 
GND 
Vs 
NC. 
IN 2 
IN 1 
OUT 1 
CLAMP A 
OUT 2 

Multiwatt-15 

-
3 °C/W 

35 °C/W 



TRUTH TABLE 

Enable 

H 
H 
L 

For each mput : H = Hrgh level 
L =Low level 
X = Don't care 

PIN FUNCTIONS (see block diagram) 

Name 

IN 1 

IN 2 

OUT 1 

OUT 2 

CLAMP A 

IN 3 

IN 4 

OUT 3 

OUT 4 

CLAMP B 

ENABLE 

Vs 

GND 

L6221 A-L6221 N 

Input Power Out 

H ON 
L OFF 
X OFF 

Function 

Input to Driver 1 

Input to Driver 2 

Output of Driver 1 

Output of Driver 2 

Diode Clamp to Driver 1 and Driver 2 

Input to Driver 3 

Input to Driver 4 

Output of Drrver 3 

Output of Driver 4 

Diode Clamp to Driver 3 and Driver 4 

Enable Input to All Drrvers 

Logic Supply Voltage 

Common Ground 
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L6221 A-L6221 N 

ELECTRICAL CHARACTERISTICS Refer to the test circuit to Fig. 1 to Fig. 9 
(VS = 5V, Tamb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

Vs Logic Supply Voltage 4.5 

Is Logic Supply Current All Outputs ON 
lc = 0.7 A 

All Outputs OFF 

VcE(sus} Output Sustaining Voltage V1N = V1NL VEN = VENH 46 
lc = 100 
rnA 

IcE X Output Leakage Current VeE = 50V VEN = VENH 
V1N = V1NL 

VcE(sat} Collector Emitter Saturation Vs = 4.5V lc = 0.6 A 
Voltage VtN = VINH lc = 1 A 

VEN = VENH 
lc = 1.8 A 

(one input on ; all others 
inputs off.) 

V1NL, VENL Input Low Voltage 

ltNL, IENL Input Low Current VtN = VINL VEN = VENL 

V1NL, VENH Input High Voltage 2.0 

IINH' IENH Input High Current V1N = V1NH VEN = VENH 

IR Clamp Diode Leakage Current VR =50 V VEN = VENH 
VIN = VINL 

VF Clamp Diode Forward Voltage IF= 1 A 

IF= 1.8 A 

td (on} Turn on Delay Time Vp = 5V RL = 1 on 
td (off} Turn off Delay Time Vp = 5V RL = 10Q 

Lils Logic Supply Current Variation VIN = 5V VEN = 5V 
lout =- 500 rnA for Each 
Channel 
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Typ. Max. Unit 

5.5 v 
20 rnA 

20 rnA 

v 

1 rnA 

1 v 
1.2 v 
1.6 v 

0.8 v 
-100 llA 

v 
± 10 llA 

100 llA 

1.6 v 
2.0 v 
2 llS 

5 llS 

150 rnA 



TEST CIRCUITS 
(X) = Referred to Multiwatt package 

X = Referred to Powerdip package 

Figure 1 : Logic supply current. 

V5 :+SV 

15(11) 

v1N o------!16(12) 

s, V IN~ 4.5V, V EN~ 0 SV, or V IN~ o SV, V EN~ 4 5V, for Is (all outputs ofD 
Set V IN~ 2V, V EN~ 2V, for Is (all outputs on) 

L6221 A-L6221 N 

Vp :+10V 

S-9958 

Figure 2 : Output Sustaining Voltage. Figure 3 : Output Leakage Current. 

Vs :+SV Vp :+50V 
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L6221 A-L6221 N 

Figure 4 : Collector-emitter Saturation 
Voltage. 

V5 =4 5V 

o----!9(4) 

o----l10(5) 
VIN:2V o-----j15(11) 

o----j16(12) 

S-9961 

Figure 6: Clamp Diode Leakage Current. 

9 (4) 

10(5) 

15(11) 

VIN "0 BV D-----116(12) 

S-9963/1 
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Figure 5 : Logic Input Characteristics. 

Set s,, s2 open, VtN, VEN = 0 8V for hN L, lEN L 
Set s,' s2 open, VtN, VEN = 2V for ltN H, lEN H 
Set s,, s2 close, VtN, VEN = 0 BV for VtN L, VEN L 
Set St, 82 close, VtN, VEN = 2V for VtN H. VEN H 

Figure 7 : Clamp Diode Forward Voltage. 

V5 "+5V 

11(7) 

VEN "45VD----l14(9) 

5-9964 



Figure 8 : Switching Times Test Circuit. 

Figure 10: Allowed Peak Collector Cur­
rent vs. Duty Cycle for 1, 2, 3 
or 4 Contemporary Working 
Outputs (L6221A). 

Ic 
(A) 
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0.75 
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0 
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,\ \ "' 4~ 2 fi'..r--.. 

1\.'\. "-.... 
......... r-.. 

--::: 1'--
......... -r-

....... ---
10 20 30 40 50 60 70 ('/,) 

L6221 A-L6221 N 

Figure 9 : Switching Times Waveforms. 

+-------7 

vc 

S-997511 

Figure 11 :Allowed Peak Collector Current 
vs. Duty Cycle for 1, 2, 3 or 4 
Contemporary Working Outputs 
(L6221 N). 
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L6221 A-L6221 N 

Figure 12 : Collector Saturation Voltage 
vs. Collector Current. 

'c 
(A) 

5 17 

150 

125 

075 

050 

025 

0 

_i;J = 25'C 
-OUT 1-4 
--OUT 2-3 

I 

v 
-7 , 

0.7 0.9 

G 63 58 

/ / 
/ 

// --

/ 
// 

/ 

11 13 1 5 VCE sat (V) 

Figure 14: Collector Saturation Voltage 
vs. Junction Temperature 

VcEsat 
(V) 

t 2 

1.1 

0 9 

0 8 

07 

at lc = 1 A. 

I -- -++ 
____LI~c -1A 

. j-
I 

_ -OUT1-4 r--'- -t-+---OUT 2-3 
I J 
~- __j_ j___ 

=-l . .l- ~-...... 

1 -= C= 
~--I 

I 
I 

I I : 
--ll -t- I 

!-f f-
-

' - f--

-+ r--
-f---

f--'-- -

,_ 
·f-

+-

-5o -2s o 25 5o 75 100 T1 <CJ 

Figure 16 : Saturation Voltage vs. Junc­
tion Temperature at IC = 1.8A. 
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VeE sat 
(V) 
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1 4 
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08 

L _llc=1BA 
-OUT1·4 
--OUT2-3 

f- ,---

G-63 2 

-j-

f-
I 

-L-1- -
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I 

I 
I 

-so -25 o 25 so 75 100 T1(•cJ 

Figure 13: Free-wheeling Diode Forward 
Voltage vs. Diode Current . 
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G- 635911 

i./ 
I v 
lj 

I;/ 
~~ 

V" 
~7" 

1 2 14 1 6 Vf (V) 

Figure 15 : Free-wheeling Diode Forward 
Voltage vs. Junction Tempera­
ture at IF= 1A. 
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Figure 17 : Free-wheeling Diode Forward 
Voltage vs. Junction Tempera­
ture at If= 1.8A. 
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Figure 18. 

VIN 1 0-------j 

VIN2()----j 

VIN 3 ()------j 

VIN4()----j 

ENABLE 

OUT 1 1-'~"---~ 

CLAMP At-----, 

OUT2~~"-~-~ 

OUT 3 1-'~"---t--~ 

CLAMP B t-----' 

OUT 4 ~,-v-,"-__ ___J 

5- 9965/1 

Figure 19 : Driver for Solenoids up to 3A. 

V5 = +SV 

IN A L6221A 

ENABLE 

Some care must be taken to ensure that the collec­
tors are placed close together to avoid different cur­
rent partitioning at turn-off. 

We suggest to put in parallel channel 1 and 4 and 
channel 2 and 3 as shown in figure 19 for the simi-

L6221 A-L6221 N 

APPLICATION INFORMATION 
When inductive loads are driven by L6221 AIN, a ze­
ner diode in series with the integral free-wheeling 
diodes increases the voltage across which energy 
stored in the load is discharged and therefore 
speeds the current decay (fig. 18). 

For reliability it is suggested that the zener is cho· 
sen so that Vp + Vz < 35 V. 

The reasons for this are two fold : 

1) The zener voltage changes in temperature and 
current. 

2) The instantaneous power must be limited to avoid 
the reverse second breakdown. 

VCLAMP 
( 35Vmax) Vp 

5-996611 

i77DfJF 
NOT .J.:. 

COLPLED COIL 
/ '-... B 

lar electrical characteristics of the logic section (turn­
on and turn-off delay time) and the power stages 
(collector saturation voltage, free-wheeling diode 
forward voltage). 
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L6221 A-L6221 N 

Figure 20 : Saturation Voltage vs. 
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Figure 22 : Peak Collector Current vs. 
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Duty Cycle for 1 or 2 Paralleled 
Outputs Driven (L6221 N). 
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Figure 21 : Peak Collector Current vs. 
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MOUNTING INSTRUCTION 
The Rth J-amb of the L6221 A can be reduced by sol­
dering the GND pins to a suitable copper area of the 
printed circuit board (Fig. 23) or to an external heat­
sink (Fig. 24). 

The diagram of figure 25 shows the max1rnurn dis­
sipable power Ptot and the Rth 1-amb as a function of 
the side " a" of two equal square copper areas ha-

Figure 23 : Example of P.C. Board Copper 
Area Which is Used as Heatsink. 

COPPER AREA 3'.>)-l THICKNESS 

P C BOARD 

Figure 25 : Maximum Dissipable Power 
and Junction to Ambient Ther­
mal Resistance vs. Side " a". 
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L6221 A-L6221 N 

ving a thickness of 35f.l (1.4 mils). During soldering 
the pins temperature must not exceed 260 oc and 
the soldering time must not be longer than 12 se­
conds. 

The external heatsink or printed circuit copper area 
must be connected to electrical ground. 

Figure 24 : External Heatsink Mounting 
Example. 

Figure 26 : Maximum Allowable Power 
Dissipation vs. Ambient 
Temperature. 
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• OUTPUT VOLTAGE TO 50 V 
• OUTPUT CURRENT TO 1.2 A 
• VERY LOW SATURATION VOLTAGE 
• TIL COMPATIBLE INPUTS 
• INTEGRAL SUPPRESSION DIODE 

DESCRIPTION 

The L6222 monolithic quad transistor switch is des­
igned for high current, high voltage switching appli­
cations. 

Each of the four switches is controlled by a logic in­
put and all four are controlled by a common enable 
input. All inputs are TTL-compatible for direct 
connection to logic circuits. Each switch consists of 
an open-collector transistor plus a clamp diode for 
applications with inductive loads. 

Figure 1 : Unipolar Stepper Motor Drive. 

L6222 

QUAD TRANSISTOR SWITCH 

The emitters of the four switches are commoned. 
Any number of inputs and outputs of the same de­
vice may be paralleled. 

This device is intended to drive coils such as relays, 
solenoids, unipolar stepper motors, LED, etc. 

Powerdip 12 + 2 + 2 

ORDER CODE : L6222 

+v55 :5V +V5 :12V 

11 L6222 
OUT! 

3 OUT 2 

6 OUT 3 

8 OUT 4 

V2:30V 

4.5.12.13 

S-9298 

September 1988 1/3 
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L6222 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, Output Voltage 

Vss Logic Supply Voltage 

v,N Input Voltage 

lc Collector Current (PEAK) 

Top Operating Temperature Range (junction) 

Tstg Storage Temperature Range 

CONNECTION DIAGRAM (top view) 

OUT 1 [ 1 

CLAMP A 

OUT 2 

GNO 

GNO 

OUTJ [ 

CLAMPS ( 

TRUTH TABLE 

Enable 

H 
H 
L 

For each mput H = H1gh level 
L =Low level 
X = Don't care 

THERMAL DATA 
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OUT 4 

7 

16 

15 

14 

13 

12 n 

11 ~ 

10 ~ 

9 ~ 

S-9199 

Input 

H 
L 
X 

IN 1 

IN 2 

ENABLE 

GNO 

GND 

Vss 

IN 3 

IN 4 

Max. 
Max. 

Value 

50 

7 

15 

1.2 

-40 to+ 150 

-55 to+ 150 

Power Out 

80 
14 

ON 
OFF 
OFF 

Unit 

v 
v 
v 
A 
oc 
oc 



L6222 

ELECTRICAL CHARACTERISTICS (T amb 25 oc, unless specified) 

Symbol Parameter Test Conditions Min. Unit Max. Typ. 

Vss Logic Supply Voltage 4.50 7 v 
VeE (sus) Output Sustaining Voltage V1N = 0.8 V 46 v 

le=100mA 

leE X Output Leakage Current VeE =50 V 1 mA 
V1N = 0.8 V 

VeE (sal) Collector Emitter Saturation Voltage V1N ~ 2.0V le =0.1 A 0.2 

lc = 0.4 A 0.5 v 
le = 0.7 A 0.9 

V1L Input low Voltage 0.8 v 
I1L Input Low Current VIN = 0.4 v - 100 ~A 

VIH Input High Voltage 2.0 v 
I1H Input High Current V1N ~ 2.0 V ± 10 ~A 

Is Logic Supply Current Vss = 5 V All Ouiputs ON 50 85 mA 
le =0.7 A 

All Outputs 8 mA 
OFF 

IR Clamp Diode Leakage Current VR =50 V 100 ~A 

VF Clamp Diode Forward Voltage IF =0.7 A 1.6 v 
IF =1.2 A 2.0 

313 
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L7150 
L7152 

50 V QUAD DARLINGTON SWITCHES 

• FOUR NPN DARLINGTONS WITH ISOLATED 
CONNECTIONS 

• OUTPUT CURRENT TO 1.5 A EACH DARLING­
TON 

• MINIMUM BREAKDOWN 50 V 
• MUL TIWATT PACKAGE ALLOWS OPERA­

TION AT 1.5 A, 50 V, 1 00 % DUTY CYCLE, ALL 
FOUR DEVICES ON 

• INTEGRAL SUPPRESSION DIODES 
• VERSIONS FOR 5 V AND 6-15 V LOGIC FAMI­

LIES 

DESCRIPTION 

The L7150 and L7152 are 1.5 A quad darlington ar­
rays mounted in the 15-lead Myltiwatt® plastic 
package. Each darlington is equipped with a sup­
pression diode for inductive loads and all three ter­
minals are isolated. 

CONNECTION DIAGRAM (top view) 

""""'=" 15 

September 1988 

-$- " " " " 10 

' 

-$; 
~1 

Llab connoclod to ptnS 

The L7150 has 350 input resistors and is compati­
ble with TTL, DTL, LSTTL and 5 V CMOS logic. The 
L 7152 has 3 Kn input resistors for use with 6-15 V 
CMOS and PMOS logic. 

These devices are suitable for driving a wide range 
of inductive and non-inductive loads including DC 
motors, stepper motors, solenoids, relays, lamps, 
multiplexed LEOs and heaters. 

S-5958/1 

Multlwatt-15 

ORDER CODES: L7150 
L7152 

64 
E4 
C< 
N C 
CJ 
EJ 
83 
6ND 
61 
E1 
C2 
Vs 

C1 
E1 
61 
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L7150-L7152 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEx Output Voltage 

Ia Output Current 

VI Input Voltage 

Is Input Current 

Ptot Power Dissipation (T case = 75 oc) 
Tamb Operating Ambient Temperature Range 

Tstg Storage Temperature 

SCHEMATIC DIAGRAM 

5- 5957 

L?tso RiN = 3 son 
L7t52 R1N = 3KQ 

Value 

50 

1.75 

30 

25 

25 

o to 70 

-55 to 150 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Condtions Min. Typ. Max. 

IcE X Output Leakage Current VeE =50 V T amb = 70°C 100 
VeE =50 V 500 

VeER (sus) Collector-emitter lc=100mA v, = 0.4 v 35 
Sustaining Voltage* 

VeE (sat) Collector-emitter lc = 500 mA Is = 625 gA 1 .15 
Saturation Voltage lc =750 mA ls=935gA 1.3 

lc = 1 A Is= 1.25 mA 1.4 
lc = 1.25 A Is= 2 mA 1.5 

l,(on) Input Current forL7150 v, = 2.4 v 1.4 4.3 
forl7150 v, = 3.75 v 3.3 9.6 
for L7152 v, = 5 v 0.6 1.8 
forl7152 v, = 12 v 0.7 5.2 

v,(on) Input Voltage for L7150 
VeE = 2 V lc = 1 A 2 
VeE = 2 V lc = 1.5 A 2.5 
for L7152 
VeE = 2 V lc = 1 A 6.5 
VeE = 2 V lc = 1.5 A 10 

IPLH Turn-on Delay Time 0.5 V, to 0.5 V0 1 

tPHL Turn-off Delay Time 0.5 V; to 0.5 Vo 1.5 

(*) t1,1 =to ~s. 
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Unit 

v 
A 

-v 

mA 

w 
oc 
oc 

Unit Fig. 

gA 1 
~tA 

v 2 

v 
v 3 
v 
v 

mA 
mA 

4 mA 
mA 

v 5 v 

v 
v 
gs 

J.IS 



THERMAL DATA 

TEST CIRCUIT 

Figure 1. 

Figure 3. 

Figure 5. 

Figure 2. 

Figure 4. 

5-1980 

OPEN 

s- 1967 

Max 
Max 

L7150-L7152 

3 
35 

OPEN 

OPEN 

OPEN 

S-1986 
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L7150-L7152 

MOUNTING INSTRUCTIONS 
The power dissipated in the circuit must be remo­
ved by adding an external heatsink. 
Thanks to the Multiwatt® package attaching the 
heatsink is very simple, a screw or compression 
spring (clip) being sufficient. Between the heatsink 

Figure 6 : Mounting Example. 

4/4 
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and the package it is better to insert a layer of sili­
con grease, to optimize the thermal contact ; no 
electrical isolation is needed between the two sur­
faces. 



L7180 
L7182 

80 V QUAD DARLINGTON SWITCHES 

• FOUR NPN DARLINGTONS WITH ISOLATED 
CONNECTIONS 

• OUTPUT CURRENT TO 1.5 A EACH DARLING­
TON 

• MINIMUM BREAKDOWN 80 V 
• MUL TIWATI PACKAGE ALLOWS OPERA­

TION AT 1.5 A, 80 V, 100% DUTY CYCLE, ALL 
FOUR DEVICES ON 

• INTEGRAL SUPPRESSION DIODES 
• VERSIONS FOR 5 V AND 6-15 V LOGIC FAMI­

LIES 

DESCRIPTION 
The L7180 and L7182 are 1.5 A quad darlington ar­
rays mounted in the 15-lead Multiwatt® plastic 
package. Each darlington is equipped with a sup­
pression diode for inductive loads, and all three ter­
minals are isolated. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VcEx Output Voltage 
------------ ---

Ia Output Current 
--- --- ---- ------------ - -

v, Input Voltage 

Is Input Current 

Prot Power Dissipation (T case = 75 °C) 

lamb Operatrng Ambient Temperature Range 
I 

Storage Temperature 

The L7180 has 350 Q input resistors and is compa­
tible with TIL, DTL, LSTIL and 5 V CMOS logic. 
The L 7182 has 3 KQ input resistors for use with 6-
15 V CMOS and PMOS logic. 

These devices are suitable for driving a wide range 
of inductive and non-inductive loads including DC 
motors, stepper motors, solenoids, relays, lamps, 
multiplexed LEOs and heaters. 

-

Multiwatt 15 

-

ORDER CODES : L7180 
L7182 

Test Conditions 

80 
--- -- - ---

1.75 
------ - - - --

60 

25 

25 

0 to 70 

' -55 to 150 ! 

I Unit 
' v 

--

A 
- --

v 
rnA 

w 
oc 
oc 

! 

I 

I Tstg_ -- ----- - -·---- --------- -------- --- ------

SCHEMATIC DIAGRAM 

5- SB57 

September 1988 

L7180 · R,N = 350 !l 
L71B2: R,N = 3 Kn 
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L7180-L7182 

CONNECTION AND SCHEMATIC DIAGRAMS (top view) 

--- " S4 ~V5 

-$- " E4 , (4 Ri 

ij' " N C S Q-~ --L...j-, CJ 

$ 
10 El 

* ' 83 7. 2 
0 GND Kl\ 

' 82 I 3K1\ 

' E2 sUs E 
5 C2 

~ ' Vs s- 5957 

J C\ 

' E\ L7180 : RIN- 350 ll 
.=.. , 81 L7182 : RIN = 3 Kll 

Llab conn.cted to pin 8 

s-s' s 1111 

THERMAL DATA 
I 

Rth ]·case 
Rth i·amb 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 1 

Max I 

3 
35 

'C/W 
'C/W 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 
-----,------- --------- ~-------------~---------·--

Symbol Parameter 1 - Test Conditions Min. i Typ. Max. Unit i Fig. ------------ ---------------- ----·-=--
IcE X Output Leakage Current 

I 

VcE=BOV · 100 !lA I 

V CE = 80 V T'amb = 70 °C I 500 llA 1 

VcEA(sus) Collector-emitter lc =50 mA VI = 0.4 v 50 

I 

v _I 2 

---
_Sustaining \ioltage(J 

··-·· - -- -- -- -
VcE(sat) Collector-emitter lc = 500 mA Is =625J.!A 1.15 v 

Saturation Voltage le = 750 mA Is = 935 J.!A 
I 

1.3 v I 3 
le = 1 A Is= 1.25 mA I 1.4 v 

1 le = 1.5 A Is= 2.25 mA ! 1.6 v 
l1(on) Input Current ForL7180 VI = 2.4 v I 1.4 I 4.3 mA 

For L7180 VI = 3.75 v 3.3 ! 9.6 mA 
For L7182 VI= 5 v 0.6 1.8 mA 

4 

For L7182 v, = 12 v 1. 7 5.2 mA 

vi(On) Input Voltage For L7180 I 

I I VeE = 2 V le = 1 A 2 v 
VeE = 2 V le = 1.5 A 2.5 v 

5 

ForL7182 

I ]JcE =2 V lc = 1 A 6.5 v 
VeE = 2 V lc = 1.5 A 10 v 

--------- ---------

t _tPLH Turn-on Delay T1me I 0.5 V1 to 0.5 V0 1 J.!S 

I 

--
tPHL Turn-off Delay Time 0.5 V1 to 0.5 V0 1.5 !-15 ' 

n ""'' = 10 ~s 
Guaranteed by des1gn : not tested 1 DO % 
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TEST CIRCUITS 

Figure 1. 

Figure 3. 

Figure 5. 

Figure 2. 

Figure 4. 

5-1980 

s -1987 

L7180-L7182 

OPEN 

'c 

OPEN 

3/4 
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L7180-L7182 

MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be remo­
ved by adding an external heatsink. 

Thanks to the Multiwatt® package attaching the 
heatsink is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heatsink 

Figure 6 : Mounting Example. 

4/4 
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and the package it is better to insert a layer of sili­
con grease, to optimize the thermal contact ; no 
electrical isolation is needed between the two sur­
faces. 



L7800 
SERIES 

POSITIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT UP TO 1.5A 
• OUTPUTVOLTAGESOF5;6;8;8.5;12;15; 

18; 20; 24V 
• THERMAL OVERLOAD PROTECTION 
• SHORT CIRCUIT PROTECTION 
• OUTPUT TRANSISTOR SOA PROTECTION 

DESCRIPTION 
The L7800 series of three-terminal positive regula­
tor is available in T0-220 and T0-3 packages and 
with several fixed output voltages making it useful 
in a wide range of applications. These regulators 
can provide local on-card regulation, eliminating the 
distribution problems associated with single point 
regulation. Each type employs internal current limi­
ting, thermal shut-down and safe area protection, 
making it essentially indestructible. If adequate heat 
sinking is provided, they can deliver over 1 A output 
current. Although designed primarily as fixed vol­
tage regulators, these devices can be used with ex­
ternal components to obtain adjustable voltages 
and currents. 

BLOCK DIAGRAM 

UT INP 
tC 

February 1989 

STARTING 
CIRCUIT 1--

1 
CURRENT 

GENERATOR 

T 
REFERENCE 1--.-VOLTAGE 

I 

1 
50 A 

PROTECTION 

1 
ERROR 

AMPLIFIER 

THERMAl. 
PROTECTION 

I 

T0-3 

T0-220 

SERIES 
PASS 

ELEMENT 
~----~ PUT 

2 

) 

-

G~ D 
3 
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L7800 SERIES 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vt DC Input Voltage (for V0 = 5 to 18V) 35 v 
(for V0 = 20, 24V) 40 v 

Ia Output Current Internally limited 

Ptot Power Dissipation Internally limited 

Top Operating Junction Temperature (for L 7800) -55 to+ 150 oc 
(for L7800C) 0 to+ 150 oc 

T stg Storage Temperature - 65 to+ 150 oc 

THERMAL DATA 

Symbol Parameter T0-220 T0·3 Unit 

Rth ]-case Thermal Resistance Junction-case Max 3 4 °C/W 
Rth j-amb Thermal Resistance Junction-ambient Max 50 35 °C/W 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 

2/19 
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Type 

L7805 
L7805C 
L7806 
L7806C 
L7808 
L7808C 
L7885C 
L7812 
L7812C 
L7815 
L7815C 
L7818 
L7818C 
L7820 
L7820C 
L7824 
L7824C 

T0-220 

L7805CV 

L7806CV 

L7808CV 
L7885CV 

L7812CV 

L7815CV 

L7818CV 

L7820CV 

L7824CV 

5- 1568/l 

T0·3 

L7805T 
L7805CT 
L7806T 
L7806CT 
L7808T 
L7808CT 
L7885CT 
L7812T 
L7812CT 
L7815T 
L7815CT 
L7818T 
L7818CT 
L7820T 
L7820CT 
L7824T 
L7824CT 

OUTPUT 

GNO 

NPUT 
s- 256 3 

Output Voltage 

5V 
5V 
6V 
6V 
BV 
BV 

8.5V 
12V 
12V 
15V 
15V 
18V 
18V 
20V 
20V 
24V 
24V 



L7800 SERIES 

APPLICATION CIRCUIT 

SCHEMATIC DIAGRAM 

3/19 
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L7800 SERIES 

TEST CIRCUITS 

Figure 1 : DC Parameters. 

v, 

Figure 3 : Ripple Rejection. 

4/19 
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Figure 2 :Load Regulation. 

n-Vo 
_j L-ov 
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L7800 SERIES 

ELECTRICAL CHARACTERISTICS FOR L 7805 (refer to the test circuits, T1 =-55 to 150°C 
V, = IOV, 10 = 500mA, C1 = 0.33~-tF, C0 = 0.1~-tF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C 4.8 5 5.2 

Vo Output Voltage 10 = 5rnA to 1A Po::; 15W 4.65 5 5.35 
V, = 8 lo 20V 

D.Vo • Line Regulation V, = 7 to 25V T1 = 25°C 3 50 
V, = 8 to 12V T1 = 25°C 1 25 

D.Vo • Load Regulation 10 = 5 to 1500rnA T1 = 25'C 100 
10 = 250 to 750rnA T1 = 25'C 25 

ld Quiescent Current T1 = 25°C 6 

D-Id Quiescent Current Change 10 = 5 to 1000rnA 0.5 

D-Id Quiescent Current Change V, = 8 to 25V 0.8 

D.Vo Output Voltage Drift lo = 5rnA 0.6 

D.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 40 

SVR Supply Voltage Rejection V, = 8 to 18V f =120Hz 68 

vd Dropout Voltage 10 = 1A T1 = 25°C 2 2.5 

Ro Output Res1stance f =1KHz 17 

lsc Short Circuit Current V, = 35V T1 = 25°C 0.75 1.2 

lscp Short Circuit Peak Current T1 = 25°C 1.3 2.2 3.3 

ELECTRICAL CHARACTERISTICS FOR L7806 (refer to the test circuits, T1 =-55 to 150°C 
V, =I IV, 10 = 500mA, C, = 0.33~-tF, C0 = 0.1~-tF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25'C 5.75 6 6.25 

Vo Output Voltage 10 = 5rnA to 1A P0 ::; 15W 5.65 6 6.35 
v, = 9 to 21V 

D.Vo • Line Regulation V, = 8 to 25V T1 = 25°C 60 
V, =9 to 13V T1 = 25°C 30 

D-Vo • Load Regulation 10 = 5 to 1500rnA T1 = 25°C 100 
10 = 250 to 750rnA T1 = 25°C 30 

ld Quiescent Current T1 = 25'C 6 

D-Id Quiescent Current Change 10 = 5 to 1000mA 0.5 

D-Id Quiescent Current Change V, = 9 to 25V 0.8 

D.Vo Output Voltage Drift lo = 5mA 0.7 

D.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25'C 40 

SVR Supply Voltage Rejection V, = 9 to 19V f =120Hz 65 

vd Dropout Voltage 10 = 1A T1 = 25'C 2 2.5 

Ro Output Resistance f =1KHz 19 

lsc Short Circuit Current V, = 35V T1 = 25'C 0.75 1.2 

lscp Short Circuit Peak Current T1 = 25°C 1.3 2.2 3.3 

Unit 

v 
v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/'C 

JlV/Vo 

dB 

v 

rnQ 

A 

A 

Unit 

v 

v 

rnV 
rnV 

rnV 
mV 

rnA 

mA 

mA 

rnV/'C 

JlV/Vo 

dB 

v 

mQ 

A 

A 

• Load and line regulat1on are spec1f1ed at constant JUnctiOn temperature Changes 1n Vo due to healing effects must be taken 1nto ac­
count separately. Pulce test~ng w1th low duty cycle IS used. 
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L7800 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7808 (refer to the test circuits, T1 =-55 to 150°C 
V, = 14V, 10 = 500mA, C, = 0.33!1F, C0 = 0.111F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Yo Output Voltage T1 = 25'C 7.7 8 8.3 

Yo Output Voltage 10 =5mAto1A Po ~ 15W 7.6 8 8.4 
V, = 11.5 to 23V 

/',.Yo* Line Regulation V, = 10.5 to 25V T1 = 25'C 80 
V,=11to17V T1 = 25'C 40 

/',.Yo* Load Regulation 10 = 5 to 1500mA T1 = 25'C 100 
10 = 250 to 750mA T1 = 25'C 40 

ld Quiescent Current T1 = 25°C 6 

/',.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

/',.ld Quiescent Current Change V, = 11.5 to 25V 0.8 

/',.Yo Output Voltage Drift lo = 5mA 1 
/',.T 

eN Output Noise Voltage 8 =10Hz to 100KHz T1 = 25'C 40 

SVR Supply Voltage Rejection V, = 11.5 to 21.5V I= 120Hz 62 

vd Dropout Voltage 10 = 1A T1 = 25'C 2 2.5 

Ro Output Resistance I= 1KHz 16 

lsc Short Circuit Current V, = 35V T1 = 25'C 0.75 1.2 

lscp Short Circuit Peak Current T1 = 25'C 1.3 2.2 3.3 

ELECTRICAL CHARACTERISTICS FOR L7812 (refer to the test circuits, T1 =-55 to 150°C 
V, = 19V, 10 = 500mA, C, = 0.33!1F, C0 = 0.111F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Yo Output Voltage T1 = 25'C 11.5 12 12.5 

Vo Output Voltage 10 = 5mA to 1A P0 ~ 15W 11.4 12 12.6 
V, = 15.5 to 27V 

/',.Yo* Line Regulation V, = 14.5 to 30V T1 = 25'C 120 
V, = 16 to 22V T1 = 25'C 60 

/',.Yo* Load Regulation 10 = 5 to 1500mA T1 = 25'C 120 
10 = 250 to 750mA T, = 25°C 60 

ld Quiescent Current T1 = 25'C 6 

/',.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

/',.ld Quiescent Current Change V, = 15 to 30V 0.8 

!',.Vo Output Voltage Drift 10 = 5mA 1.5 
/',.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25'C 40 

SVR Supply Voltage Rejection V, = 15 to 25V I= 120Hz 61 

vd Dropout Voltage lo = 1A T1 = 25'C 2 2.5 

Ro Output Resistance I= 1KHz 18 

lsc Short Circuit Current V, = 35V T1 = 25'C 0.75 1.2 

lscp Short Circuit Peak Current T1 = 25'C 1.3 2.2 3.3 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/'C 

~tV IVa 

dB 

v 

mn 

A 

A 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/'C 

fJ.VIVo 

dB 

v 

mn 

A 

A 
Load and line regulation are spec1f1ed at constant JUnctiOn temperature. Changes m Vo due to heating effects must be taken mto ac­
count separately. Pulce testing With low duty cycle is used. 
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L7800 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7815 (refer to the test circuits, T1 =-55 to 150°C 
V; = 23V, 10 = 500mA, C1 = 0.33).lF, C0 = 0.1).lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 2soc 14.4 15 15.6 

Vo Output Voltage 10 =5mA to 1A Po ~ 15W 14.25 15 15.75 
V, = 18.5 to 30V 

11Vo* Line Regulation V1 = 17.5 to 30V T1 = 25°C 150 
V1 = 20 to 26V T, = 25°C 75 

11Vo* Load Regulation 10 = 5 to 1500mA T, = 25°C 150 
10 = 250 to 750mA r, = 25°C 75 

ld Quiescent Current T1 = 25°C 6 

111d Quiescent Current Change 10 = 5 to 1000mA 0.5 

11ld Quiescent Current Change V, = 18.5 to 30V 0.8 

11Vo Output Voltage Drift Ia = 5mA 1.8 

!1T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 40 

SVR Supply Voltage Rejection V1 = 18.5 to 28.5V f =120Hz 60 

vd Dropout Voltage 10 = 1A T1 = 25°C 2 2.5 

Ro Output Resistance f =1KHz 19 

lsc Short Circuit Current V, = 35V T1 = 25°C 0.75 1.2 

lscp Short Circuit Peak Current T1 = 25°C 1.3 2.2 3.3 

ELECTRICAL CHARACTERISTICS FOR L7818 (refer to the test circuits, T1 =-55 to 150°C 
V1 = 26V, 10 = 500mA, C1 = 0.33).lF, C0 = 0.1).lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C 17.3 18 18.7 

Vo Output Voltage 10 = 5mA to 1A Po ~ 15W 17.1 18 18.9 
V1 = 22 to 33V 

11V 0 * Line Regulation V, = 21 to 33V T1 = 25°C 180 
V1 = 24 to 30V T1 = 25°C 90 

11Vo* Load Regulation lo = 5 to 1500mA T1 = 25°C 180 
10 = 250 to 750mA T1 = 25°C 90 

ld Quiescent Current T1 = 2sac 6 

11ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

/',.ld Quiescent Current Change V1 = 22 to 33V 0.8 

11V0 Output Voltage Drift 10 = 5mA 2.3 

11T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 40 

SVR Supply Voltage Rejection V, =22 to 32V f =120Hz 59 

vd Dropout Voltage Ia = 1A T1 = 25°C 2 2.5 

Ro Output Resistance I= 1KHz 22 

lsc Short Circuit Current V, =35V T1 = 25°C 0.75 1.2 

lscp Short Circuit Peak Current T1 = 25°C 1.3 2.2 3.3 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/°C 

jlV!Vo 

dB 

v 

mn 

A 

A 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/°C 

jlV!Vo 

dB 

v 

mQ 

A 

A 

• Load and line regulation are spec1f1ed at constant JUnction temperature. Changes 1n Vo due to heat1ng effects must be taken 1nto ac· 
count separately. Pulce testmg w1th low duty cycle 1s used. 
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L7800 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7820 (refer to the test circuits, T1 =-55 to 150°C 
V1 = 28V, 10 = 500mA, C1 = 0.33f!F, C0 = 0.1f!F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C 19.2 20 20.8 

Vo Output Voltage Ia = 5mA to 1A P0 :::; 15W 19 20 21 
V1 = 24 to 35V 

I'No' Line Regulation V, = 22.5 to 35V T1 = 25°C 200 
V1 = 26 to 32V T1 = 25°C 100 

11Vo' Load Regulation lo = 5 to 1500mA T1 = 25°C 200 
10 = 250 to 750mA T1 = 25°C 100 

ld Quiescent Current T1 = 25°C 6 

t.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

t.ld Quiescent Current Change V, = 24 to 35V 0.8 

t.Vo Output Voltage Drift 10 = 5mA 2.5 

t.T 

eN Output Noise Voltage 8 = 1OHz to 100KHz T1 = 25°C 40 

SVR Supply Voltage Rejection V, = 24 to 35V f =120Hz 58 

vd Dropout Voltage Ia = 1A T1 = 25°C 2 2.5 

Ro Output Resistance f =1KHz 24 

lsc Short Circuit Current V, = 35V T1 = 25°C 0.75 1.2 

lscp Short Circuit Peak Current T1 = 25°C 1.3 2.2 3.3 

ELECTRICAL CHARACTERISTICS FOR L7824 (refer to the test circuits, T1 =-55 to 150°C 
V1 = 33V, 10 = 500mA, C1 = 0.33f.lF, C0 = 0.1f.lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C 23 24 25 

Vo Output Voltage 10 =5mAto 1A Po:::; 15W 22.8 24 25.2 
V, = 28 to 38V 

t.Va' Line Regulation V, = 27 to 38V T1 = 25°C 240 
V, = 30 to 36V T1 = 25°C 120 

t.Vo • Load Regulation Ia = 5 to 1500mA T1 = 25°C 240 
10 = 250 to 750mA T1 = 25°C 120 

ld Quiescent Current T1 = 25°C 6 

t.ld Quiescent Current Change Ia = 5 to 1000mA 0.5 

t.ld Quiescent Current Change V1 = 28 to 38V 0.8 

11Va Output Voltage Drift Ia = 5mA 3 
t.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 40 

SVR Supply Voltage Rejection V1 = 28 to 38V f =120Hz 56 

vd Dropout Voltage 10 = 1A T1 = 25°C 2 2.5 

Ro Output Resistance f =1KHz 28 

lsc Short Circuit Current V, = 35V T1 = 25°C 0.75 1.2 

lscp Short Circuit Peak Current T1 = 25°C 1.3 2.2 3.3 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/°C 

JlVIV0 

dB 

v 

mn 

A 

A 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/°C 

JlVIV0 

dB 

v 

mn 

A 

A 
Load and hne regula!lon are spec1f1ed at constant JUnc!lon temperature. Changes 1n Vo due to healing effects must be taken 1nto ac­
count separately. Pulce testing with low duty cycle IS used. 
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L7800 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7805C (refer to the test circuits, T1 = 0 to 125°C 
V, = 10V, 10 = 500mA, C, = 0.33~-tF, Ca = 0.1~-tF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C 4.8 5 5.2 

Vo Output Voltage 10 = 5rnA to 1A Po ~ 15W 4.75 5 5.25 
V, = 7 to 20V 

t1Vo' Line Regulation V, = 7 to 25V T1 = 25'C 3 100 
V,=8to12V T1 = 25°C 1 50 

t"!.V 0. Load Regulat1on 10 = 5 to 1500rnA T1 = 25'C 100 
10 = 250 to 750rnA T1 = 25°C 50 

ld Quiescent Current T1 = 25'C 8 

t;.ld Quiescent Current Change 10 = 5 to 1000rnA 0.5 

t;.ld Quiescent Current Change V, = 7 to 25V 1.3 

t1Vo Output Voltage Drift lo = 5rnA - 1.1 
t;.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 40 

SVR Supply Voltage Rejection V, = 8 to 18V f =120Hz 62 

vd Dropout Voltage 10 = 1A T1 = 25°C 2 

Ra Output Res1stance f =1KHz 17 

I sc Short Circuit Current V, = 35V T1 = 25°C 750 

lscp Short Circwt Peak Current T1 = 25°C 2.2 

ELECTRICAL CHARACTERISTICS FOR L7806C (refer to the test circuits, T1 = 0 to 125°C 
V, = 11V, 10 = 500mA, C, = 0.33~-tF, C0 = 0.1~-tF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C 5.75 6 6.25 

Vo Output Voltage 10 = 5rnA to 1A Po~ 15W 5.7 6 6.3 
V, = 8 to 21V 

t1Vo' Line Regulation V, = 8 to 25V T1 = 25'C 120 
V, = 9 to 13V T1 = 25°C 60 

t1Vo' Load Regulation 10 = 5 to 1500rnA T1 = 25°C 120 
lo = 250 to 750rnA T1 = 25°C 60 

ld Quiescent Current T1 = 25°C 8 

t;.ld Quiescent Current Change 10 = 5 to 1000rnA 0.5 

t;.ld Quiescent Current Change V, = 8 to 25V 1.3 

tN 0 Output Voltage Drift lo = 5rnA -0.8 
t;.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 45 

SVR Supply Voltage Rejection V, = 9 to 19V f =120Hz 59 

vd Dropout Voltage lo = 1A T1 = 25°C 2 

Ro Output Resistance f =1KHz 19 

lsc Short CircUit Current V, = 35V T1 = 25oC 550 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnvrc 

iJ.VIVo 

dB 

v 

rnQ 

rnA 

A 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/°C 

iJ.VIVo 

dB 

v 

rnQ 

rnA 

A 

• Load and l1ne regulation are spec1f1ed at constant JUnction temperature. Changes 1n V, due to heatmg effects must be taken mto ac· 
count separately. Pulce test1ng With low duty cycle is used. 
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L7800 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7808C (refer to the test circuits, T1 = 0 to 125°C 
V1 = 14V, 10 = 500mA, C, = 0.33J.LF, C0 = 0.1J.lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25'C 7.7 8 8.3 

Vo Output Voltage lo=5mAto1A Po,;; 15W 7.6 8 8.4 
V, = 10.5 to 25V 

!J.Vo* Line Regulation V, = 10.5 to 25V T1 = 25'C 160 
V,=11to17V T1 = 25'C 80 

!J.Vo* Load Regulation I 0 = 5 to 1 500mA T1 = 25'C 160 
10 = 250 to 750mA T1 = 25'C 80 

ld Quiescent Current T1 = 25'C 8 

!J.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

!J.ld Quiescent Current Change V, = 10.5 to 25V 1 

!J.V0 Output Voltage Drift lo = 5mA -0.8 

!J.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 52 

SVR Supply Voltage Rejection V, = 11.5 to 21.5V f =120Hz 56 

vd Dropout Voltage 10 = 1A T1 = 25'C 2 

Ro Output Resistance t =1KHz 16 

lsc Short Circuit Current V, = 35V T1 = 25'C 450 

lscp Short Circuit Peak Current T1 = 25'C 2.2 

ELECTRICAL CHARACTERISTICS FOR L7885C (refer to the test circuits, T1 = 0 to 125°C 
V, = 14.5V, 10 = 500mA, C, = 0.33J.lF, C0 = 0.1J.lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25'C 8.2 8.5 8.8 

Vo Output Voltage 10 = 5mA to 1A Po,;; 15W 8.1 8.5 8.9 
V, = 11 to 26V 

!J.Vo* Line Regulation V, = 11 to 27V T1 = 25°C 160 
V, = 11.5 to 17.5V T1 = 25'C 80 

!J.Vo • Load Regulation 10 = 5 to 1500mA T1 = 25°C 160 
lo = 250 to 750mA T1 = 25°C 80 

ld Quiescent Current T1 = 25'C 8 

!J.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

!J.Id Quiescent Current Change V, = 11 to 27V 1 

!J.Vo Output Voltage Drift 10 = 5mA -0.8 

!J.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25'C 55 

SVR Supply Voltage Rejection V, = 12 to 22V I= 120Hz 56 

vd Dropout Voltage 10 = 1A T1 = 25'C 2 

Ro Output Resistance I= 1KHz 16 

lsc Short Circuit Current V, = 35V T1 = 25'C 450 

lscp Short Circuit Peak Current T1 = 25'C 2.2 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/'C 

[lVIVo 

dB 

v 

mQ 

mA 

A 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/'C 

[1V!Vo 

dB 

v 

mQ 

mA 

A 

Load and I me regulation are spec1f1ed at constant ;unct1on temperature. Changes 1n Vo due to heat1ng effects must be taken mto ac· 
count separately. Pulce test1ng w1th low duty cycle IS used. 
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L7800 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7812C (refer to the test circuits, T1 = 0 to 125°C 
V, = 19V, 10 = 500mA, C1 = 0.33)-lF, C0 = 0.1).lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage Ti = 25°C 11.5 12 12.5 

Vo Output Voltage 10 = 5rnA to 1A Po ~ 15W 11.4 12 12.6 
V; = 14.5 to 27V 

l'o.Vo• Line Regulation V; = 14.5 to 30V Tj = 25°C 240 
V; = 16 to 22V Ti = 25°C 120 

l'o.Vo• Load Regulation 10 = 5 to 1500rnA T1 = 25°C 240 
10 = 250 to 750rnA Tj = 25°C 120 

ld Quiescent Current T1 = 25°C 8 

/'o.ld Quiescent Current Change 10 = 5 to 1000rnA 0.5 

/'o.ld Quiescent Current Change V, = 14.5 to 30V 1 

l'o.Vo Output Voltage Drift lo = 5rnA - 1 

l'o.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 75 

SVR Supply Voltage Rejection V, = 15 to 25V f =120Hz 55 

vd Dropout Voltage 10 = 1A T, = 25°C 2 

Ro Output Resistance f =1KHz 18 

lsc Short Circuit Current V, = 35V T1 = 25°C 350 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

ELECTRICAL CHARACTERISTICS FOR L 7815C (refer to the test circuits, T1 = 0 to 125°C 
V, = 23V, 10 = 500mA, C, = 0.33).lF, C0 = 0.1).lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C 14.4 15 15.6 

Vo Output Voltage 10 = 5rnA to 1A P0 ~ 15W 14.25 15 15.75 
V, = 17.5 to 30V 

t..Vo • Line Regulation V, = 17.5 to 30V T1 = 25°C 300 
V, = 20 to 26V T1 = 25°C 150 

l'o.Vo• Load Regulation 10 = 5 to 1500rnA T1 = 25°C 300 
10 = 250 to 750rnA T1 = 25°C 150 

ld Quiescent Current T1 = 25°C 8 

t..ld Quiescent Current Change 10 = 5 to 1000rnA 0.5 

/'o.ld Quiescent Current Change V; = 17.5 to 30V 1 

t..Vo Output Voltage Drift lo =5rnA - 1 

/'o.T 

eN Output Noise Voltage B =10Hz to 100KHz T; = 25°C 90 

SVR Supply Voltage Rejection v, = 18.5 to 28.5V f =120Hz 54 

vd Dropout Voltage 10 = 1A T1 = 25°C 2 

Ro Output Resistance f =1KHz 19 

lsc Short Circuit Current V, = 35V T1 = 25°C 230 

lscp Short Circuit Peak Current T1 = 25°C 2.1 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/°C 

1J.V!Vo 

dB 

v 

rnQ 

rnA 

A 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/°C 

1J.V!Vo 

dB 

v 

rnQ 

rnA 

A 

·Load and 11ne regulation are spec1f1ed at constant JUnction temperature. Changes m Vo due to heat1ng effects must be taken mto ac· 
count separately. Pulce testmg With low duty cycle 1s used. 
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L7800 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7818C (refer to the test circuits, T1 = 0 to 125°C 
V1 = 26V, 10 = 500mA, C, = 0.33).lF, Co= 0.1J.lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Va Output Voltage T1 = 25°C 17.3 18 18.7 

Va Output Voltage 10 =5mA to 1A P0 ,; 15W 17.1 18 18.9 
V, = 21 to 33V 

!!.Va • Line Regulation V, = 21 to 33V T1 = 25°C 360 
V, = 24 to 30V T1 = 25°C 180 

!!.Va • Load Regulation 10 = 5 to 1500mA T1 = 25°C 360 
10 = 250 to 750mA T1 = 25°C 180 

ld Quiescent Current T1 = 25°C 8 

!!.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

!!.ld Qu1escent Current Change V, = 21 to 33V 1 

!!.Va Output Voltage Drift Ia = 5mA - 1 

!!.T 

eN Output Noise Voltage 8 =10Hz to 100KHz T1 = 25°C 110 

SVR Supply Voltage Rejection v, = 22 to 32V f =120Hz 53 

vd Dropout Voltage 10 = 1A T1 = 25°C 2 

Ra Output Resistance I= 1KHz 22 

lsc Short Circuit Current V, = 35V T1 = 25°C 200 

lscp Short Circuit Peak Current T1 = 25°C 2.1 

ELECTRICAL CHARACTERISTICS FOR L7820C (refer to the test circuits, T1 = 0 to 125°C 
V, = 28V, 10 = 500mA, C1 = 0.33).lF, C0 = 0.1J.lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C 19.2 20 20.8 

Vo Output Voltage Ia = 5mA to 1A Po S 15W 19 20 21 
V, = 23 to 35V 

l1Vo • Line Regulation V, = 22.5 to 35V T1 = 25°C 400 
V, = 26 to 32V T1 = 25°C 200 

!!.Vo • Load Regulation 10 = 5 to 1500mA T1 = 25°C 400 
10 = 250 to ?SOmA T1 = 25°C 200 

ld Quiescent Current T1 = 25°C 8 

l11d Quiescent Current Change 10 = 5 to 1000mA 0.5 

!!.ld Quiescent Current Change V, = 23 to 35V 1 

!!.Va Output Voltage Drift 10 = SmA - 1 

!!.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 150 

SVR Supply Voltage Rejection V, = 24 to 35V f =120Hz 52 

vd Dropout Voltage 10 = 1A T1 = 25°C 2 

Ro Output Resistance I= 1KHz 24 

lsc Short Circuit Current V, = 35V T1 = 25°C 180 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/°C 

llVIVa 

dB 

v 

mQ 

mA 

A 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mv;oc 

11V1Vo 

dB 

v 

mn 

mA 

A 
.. 

• Load and ltne regulation are spec1f1ed at constant JUnction temperature Changes tn Vo due to heating effects must be taken 1nto ac· 
count separately. Pulce testing w1th low duty cycle is used. 
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L7800 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7824C (refer to the test circuits, T1 = 0 to 125°C 
V, = 33V, 10 = 500mA, C, = 0.33J1F, C0 = 0.1J1F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Va Output Voltage T1 = 25°C 23 24 25 

Vo Output Voltage Ia = 5mA to 1A Po$ 15W 22.8 24 25.2 
V, = 27 to 38V 

llVa' Line Regulation V, = 27 to 38V T1 = 25°C 480 
V, = 30 to 36V T1 = 25°C 240 

llVa' Load Regulation 10 = 5 to 1500mA T1 = 25°C 480 
10 = 250 to 750mA T1 = 25°C 240 

ld Quiescent Current T1 = 25°C 8 

!lid Quiescent Current Change Ia = 5 to 1000mA 0.5 

t.ld Quiescent Current Change V, = 27 to 38V 1 

llVo Output Voltage Drift 10 = 5mA - 1.5 

!lT 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 170 

SVR Supply Voltage Rejection V, = 28 to 38V I= 120Hz 50 

vd Dropout Voltage Ia = 1A T1 = 25°C 2 

Ro Output Resistance I= 1KHz 28 

lsc Short Circuit Current V, = 35V T1 = 25°C 150 

lscp Short Circuit Peak Current T1 = 25°C 2.1 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/'C 

JlVfVa 

dB 

v 

mQ 

mA 

A 
.. 

*Load and hne regulation are spec1f1ed at constant JUnCtion temperature. Changes 1n Vo due to heat1ng effects must be taken 1nto ac· 
count separately. Pulce testing with low duty cycle is used. 
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L7800 SERIES 

Figure 4 : Dropout Voltage vs. Junction Tempera­
ture. 
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Figure 6 : Supply Voltage Rejection vs. Frequen­
cy. 
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Figure 8 : Output Impedance vs. Frequency. 
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Figure 5 : Peak Output Current vs. Input/output 
Differential Voltage. 
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Figure 7: Output Voltage vs. Junction Tempera­
ture. 
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Figure 9 : Quiescent Current vs. Junction Tempe­
rature. 
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Figure 10 :Load Transient Response. 
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Figure 12: Quiescent Current vs. Input Voltage. 
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Figure 13: Fixed Output Regulator. 

0.33!JF 0.1,oF 

S-271211 

Notes : 1. To specify an output voltage, substitute voltage va­
lue for ''XX". 

2. Although no output capacitor is needed for stabili­
ty, it does improve transient response. 

3. Required if regulator is located an appreciable dis­
tance from power supply filter. 

L7800 SERIES 

Figure 11 : Line Transient Response. 
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L7800 SERIES 

Figure 15: Circuit for Increasing Output Voltage. 

IR1 ~Sid 

R2 
Vo = Vxx (1 +- ) + ld R2 

R1 

Figure 17: 0.5 to 10V Regulator. 

Vo = Vxx 
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Vo 

Figure 16: Adjustable Output Regulator 
(7 to 30V). 

Figure 18: High Current Voltage Regulator. 

VsE01 
lo = I REG+ 0 1 [IREG- --­

R1 



Figure 19 : High Output Current with Short Circuit 
Protection. 

Q1 =60534 
Q2: 2N6124 

Rsc = VsEo2 
lsc 

Figure 21 : Split Power Supply(± 15V- 1 A). 

• Against potential latch-up problems. 

Figure 23 : Switching Regulator. 

1mH 

10pF 

I 
S-269212 

L7800 SERIES 

Figure 20 : Tracking Voltage Regulator. 

COMMON 

~ 
4.7k0 

-Vo 

Figure 22 : Negative Output Voltage Circuit. 

]II 

Figure 24 : High Input Voltage Circuit. 

V1N = V; - (Vz + VsE) 
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L7800 SERIES 

Figure 25 : High Input Voltage Circuit. Figure 26 : High Output Voltage Regulator. 

Figure 27 : High Input and Output Voltage. Figure 28 : Reducing Power Dissipation with 

Vo = Vxx + Vz1 

Figure 29 : Remote Shutdown. 

18/19 
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Dropping Resistor. 

R = Vi(min) - Vxx - VoROP(max) 

lo(max) + ld(max) 



Figure 30 : Power AM Modulator (unity voltage 

gain, lo ::; 1 A). 

Note :The circu1t performs well up to I OOKHz. 

Figure 32 : Light Controllers (Vo m1n = Vxx + VsE). 

Vo falls when the light goes up 

Figure 33 : Protection against Input Short-circuit 
with High Capacitance Loads. 

5-J 692 

L7800 SERIES 

Figure 31 :Adjustable Output Voltage with Tem­

perature Compensation. 

+ v, 

R2 
Vo=Vxx(1 +- )+VsE 

Rt 

Note : o, IS connected as a diode In order to compensate the 
variation of the Q, VsE with the temperature. C allows a slow 
nse-time of the Vo 

Vo rises when the light goes up 

Applications with high capacitance loads and an output voltage 
greater than 6 volts need an external diode (see fig 33) to pro­
tect the device aga1nst input short circuit. In this case the input 
voltage falls rapidly while the output voltage decreases showly. 
The capacitance discharges by means of the Base-Emitter junc­
tion of the senes pass transistor in the regulator. If the energy IS 
sufficiently h1gh, the tran-s1stor may be destroyed. The external 
diode by-passes the current from the IC to ground. 
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• OUTPUT CURRENT IN EXCESS OF 1A 
• OUTPUT VOLTAGES OF 5; 6; 8; 12; 15; 18; 24V 
• THERMAL OVERLOAD PROTECTION 
• SHORT CIRCUIT PROTECTION 
• OUTPUT TRANSISTOR SOA PROTECTION 
• 2% OUTPUT VOLTAGE TOLERANCE 
• GUARANTEED IN EXTENDED TEMPERA­

TURE RANGES 

DESCRIPTION 
The L7800A series of three-terminal positive regu­
lators is available in T0-220 and T0-3 packages 
and with several fixed output voltages, making it 
useful in a wide range of applications. These regu­
lators can provide local on-card regulation, elimina­
ting the distribution problems associated with single 
point regulation. Each type employs internal current 
limiting, thermal shut-down and safe area protec­
tion, making it essentially indestructible. If adequate 
heat sinking is provided, they can deliver over 1A 
output current. Although designed primarily as fixed 
voltage regulators, these devices can be used with 
external components to obtain adjustable voltages 
and currents. 

BLOCK DIAGRAM 
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L7800AB/AC SERIES 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, DC Input Voltage (for V0 = 5 to 18V) 35 v 
(for V0 = 24V) 40 v 

lo Output Current Internally limited 

Ptot Power Dissipation Internally limiled 

Tl Operating Junction Temperature for L7800AC o to 125 oc 
for L7800AB -40 to 125 oc 

Tstg Storage Temperature - 65 to+ 150 oc 

THERMAL DATA 

Symbol Parameter T0-220 T0-3 Unit 

Rth J-case Thermal Resistance Junction-case Max 3 4 oc;w 
Rth J-amb Thermal Resistance Junction-ambient Max 50 35 °C/W 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 

s- 2568/1 

Ordering Numbers 

T 1 ::- 40 to 125°C T J :: 0 to 125 oc Output Voltage 

T0-220 T0-220 T0-3 

L7805ABV L7805ACV L7805ACT 5V 
L7806ABV L7806ACV L7806ACT 6V 
L7808ABV L7808ACV L7808ACT BV 
L7812ABV L7812ACV L7812ACT 12V 
L7815ABV L7815ACV L7815ACT 15V 
L7818ABV L7818ACV L7818ACT 18V 
L7824ABV L7824ACV L7824ACT 24V 

TYPICAL APPLICATION 

] 

S-4965 
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SCHEMATIC DIAGRAM 

TEST CIRCUITS 

Figure 1 : DC Parameters. 

Figure 3 : Ripple Rejection. 

L7800AB/AC SERIES 

5-L 9 SB 

Figure 2 :Load Regulation. 

v, J[--V0 

-ov 
30ps 
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L7800AB/AC SERIES 

ELECTRICAL CHARACTERISTICS L7805A 0/; = 10V, 10 = 1A, T1 = 0 to 125°C (L7805AC), 
T1 =- 40 to 125°C (L7805AB) unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage TJ =25°C 4.9 5 5.1 

Vo Output Voltage 10 = 5mA to 1A, Po ::; 15W 4.8 5 5.2 
V, = 7.5 to 20V 

I!.Vo* Line Regulation V, = 7.5 to 25V, 10 = 500rnA 7 50 
V, =8 to 12V 10 50 

V, = 8 to 12V, T1 = 25°C 2 25 
V, = 7.3 to 20V, T1 = 25°C 7 50 

I!.Vo* Load Regulation 10 =5rnAto 1A 25 100 
10 = 5rnA to 1.5A, T1 = 25°C 25 100 
lo = 250 to 750rnA 8 50 

ld Quiescent Current T1 = 25°C 4.3 6 
6 

l!.ld Quiescent Current Change V, = 8 to 25V, 10 = 500rnA 0.8 
V, = 7.5 to 20V, T1 = 25°C 0.8 
10 = 5rnA to 1A 0.5 

SVR Supply Voltage Rejection V, = 8 to 18V, f =120Hz 68 
Ia =500rnA 

vd Dropout Voltage 10 = 1 A T1 = 25°C 2 

eN Output Noise Voltage f =10Hz to 100KHz, T1 = 25°C 10 

Ro Output Resistance f =1KHz 17 

lsc Short Circuit Current Tamb = 25°C V; = 35V 0.2 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

I!.Vo Output Voltage Drift -U 
I!.T 

Unit 

v 
v 

rnV 
rnV 

rnV 
rnV 

rnv 
rnV 
rnV 

rnA 
rnA 

rnA 
rnA 
rnA 

dB 

v 

I! VIVo 

rnn 

A 

A 

rnV/°C 

Load and line regulation are specified at constant junction temperature. Changes 1n Vo due to heating effects must be taken into account sepa· 
rately. Pulse testing with low duty cycle is used. 
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L7800AB/AC SERIES 

ELECTRICAL CHARACTERISTICS L7806A (V1 = 11V, 10 = 1A, T1 = 0 to 125°C (L7806AC), 
T1 =- 40 to 125°C (L7806AB) ; unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25'C 5.88 6 6.12 

Vo Output Voltage 10 = SmA to 1A, Po:> 15W 5.76 6 6.24 
V, = 8.6 to 21V 

!J.Vo• Line Regulation V, = 8.6 to 25V, 10 = SOOmA 9 60 
V, = 9 to 13V 11 60 

V, = 9 to 13V, T1 = 25'C 3 30 
V, = 8.3 to 21V, T1 = 25'C 9 60 

!J.Vo• Load Regulation lo = SmA to 1A 43 100 
t0 = SmA to 1.5A, T1 = 25'C 43 100 
10 = 250 to ?SOmA 16 50 

ld Quiescent Current T1 = 25'C 4.3 6 
6 

!J.Id Quiescent Current Change V, = 9 to 25V, 10 = 500mA 0.8 
V, = 8.6 to 21V, T1 = 25°C 0.8 
lo = SmA to 1A 0.5 

SVR Supply Voltage Rejection V, = 9 to 19V, f =120Hz 65 
lo = SOOmA 

vd Dropout Voltage lo = 1A T1 =25'C 2 

eN Output Noise Voltage T1 = 25°C, f = 1OHz to 1OOKHz 10 

Ro Output Resistance f =1KHz 17 

lsc Short Circuit Current T amb = 25'C V, = 35V 0.2 

lscp Short Circuit Peak Current T1 = 25'C 2.2 

!J.Vo Output Voltage Drift -0.8 

!J.T 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mV 
mV 
mV 

rnA 
rnA 

rnA 
rnA 
rnA 

dB 

v 

iJ.VIVo 

mQ 

A 

A 

mvrc 

Load and hne regulat1on are spec1fied at constantJunctJon temperature. Changes m Vo due to heating effects must be taken into account sepa­
rately. Pulse testing w1th low duty cycle IS used. 
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L7800AB/AC SERIES 

ELECTRICAL CHARACTERISTICS L7808A (V; = 14V, 10 = 1A, Ti = 0 to 125°C (L7808AC}, 
Ti =- 40 to 125°C (L7808AB), unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C 7.84 8 8.16 

Vo Output Voltage 10 = 5mA to 1A, Po ~ 15W 7.7 8 8.3 
V; = 10.6 to 23V 

t!.V 0. Line Regulation V, = 10.6 to 25V, 10 = 500mA 12 80 
V, = 11 to 17V 15 80 

V, = 11 to 17V, T1 =25°C 5 40 
V, = 10.4 to 23V, T; = 25°C 12 80 

/lV 0 • Load Regulation 10 =5rnAto 1A 45 100 
10 = 5rnA to 1.5A, T1 = 25°C 45 100 
10 = 250 to 750rnA 16 50 

ld Quiescent Current T1 = 25°C 4.3 6 
6 

!lid Quiescent Current Change V, = 11 to 25V, 10 = 500rnA 0.8 
V, = 10.6 to 23V, T1 = 25°C 0.8 
lo = 5rnA to 1A 0.5 

SVR Supply Voltage Rejection V, = 11.5 to 21.5V, f = 120Hz 62 
10 = 500rnA 

vd Dropout Voltage lo = 1 A T; = 25°C 2 

eN Output Noise Voltage T1 = 25°C, f =10Hz to 100KHz 10 

Ro Output Resistance f =1KHz 18 

lsc Short Circuit Current T amb = 25°C V, = 35V 0.2 

lscp Short Circuit Peak Current T; = 25'C 2.2 

llVo Output Voltage Drift -0.8 

t>T 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnV 
rnV 
rnV 

rnA 
rnA 

rnA 
rnA 
rnA 

dB 

v 

JJ.VIVo 

rnn 

A 

A 

rnvrc 

Load and hne regulat1on are spec1fied at constant junction temperature. Changes m Vo due to heating effects must be taken 1nto account sepa­
rately. Pulse test1ng with low duty cycle is used. 
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L7800AB/AC SERIES 

ELECTRICAL CHARACTERISTICS L7812A 0/1 = 19V, 10 = 1A, Ti = 0 to 125°C (L7812AC), 
Ti =- 40 to 125°C (L7812AB), unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage Ti = 25°C 11.75 12 12.25 

Vo Output Voltage 10 = 5mA to 1A, P0 ,; 15W 11.5 12 12.5 
V, = 14.8 to 27V 

!1Vo* Line Regulation V, = 14.8 to 30V, 10 = 500mA 13 120 
V, = 16 to 22V 16 120 

V, = 16 to 22V, Ti = 25°C 6 60 
V, = 14.5 to 27V, T1 = 25°C 13 120 

!1Vo • Load Regulation 10 =5mA to 1A 46 100 
10 = 5mA to 1.5A, T1 = 25°C 46 100 
10 = 250 to 750mA 17 50 

ld Quiescent Current T1 = 25°C 4.4 6 
6 

!;.ld Quiescent Current Change V, = 15 to 30V, 10 = 500mA 0.8 
V, = 14.8 to 27V, T1 = 25°C 0.8 
10 = 5mA to 1A 0.5 

SVR Supply Voltage Rejection V, = 15 to 25V, I= 120Hz 60 
10 = 500mA 

vd Dropout Voltage lo = 1A T1 =25°C 2 

eN Output Noise Voltage T1 = 25°C, I = 1OHz to 1OOKHz 10 

Ro Output Resistance I= 1KHz 18 

lsc Short Circuit Current T amb = 25oC V, =35V 0.2 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

!1Vo Output Voltage Drift - 1 
t;.T 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mV 
mV 
mV 

mA 
mA 

mA 
mA 
mA 

dB 

v 

!J.V!Vo 

mQ 

A 

A 

mV/°C 

Load and l1ne regulat;on are specified at constantjunct;on temperature. Changes in Vo due to heatmg effects must be taken into account sepa· 
rately. Pulse testing w1th low duty cycle is used. 
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L7800AB/AC SERIES 

ELECTRICAL CHARACTERISTICS L7815A (V1 = 23V, 10 = 1A, T1 = 0 to 125°C (L7815AC), 
T1 =- 40 to 125°C (L7815AB), unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Va Output Voltage T1 = 25°C 14.7 15 15.3 

Vo Output Voltage 10 = 5mA to 1A, P0 ,;; 15W 14.4 15 15.6 
V1 = 17.9 to 30V 

t,.Va• Line Regulation V1 = 17.9 to 30V, 10 = 500mA 13 150 
V, = 20 to 26V 16 150 

V1 = 20 to 26V, T1 = 25°C 6 75 
V1 = 17.5 to 30V, T1 = 25'C 13 150 

t,.Vo• Load Regulation 10 = 5mA to 1A 52 100 
Ia = 5mA to 1.5A, T1 = 25°C 52 100 
Ia = 250 to 750mA 20 50 

lct Quiescent Current T1 = 25'C 4.4 6 
6 

Lllct Quiescent Current Change V1 = 17.5 to 30V, 10 = 500mA 0.8 
V1 = 17.5 to 30V, T1 = 25°C 0.8 
10 = 5mA to 1A 0.5 

SVR Supply Voltage Rejection V, = 18.5 to 28.5V, f =120Hz 58 
10 = 500mA 

Vct Dropout Voltage lo = 1 A T1 = 25°C 2 

eN Output Noise Voltage T1 = 25°C, f = 1OHz to 1OOKHz 10 

Ro Output Resistance f =1KHz 19 

lsc Short Circuit Current T amb = 25oC V1 = 35V 0.2 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

!iVa Output Voltage Drift - 1 

LiT 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mV 
mV 
mV 

mA 
mA 

mA 
mA 
mA 

dB 

v 

iJ.V!Vo 

mQ 

A 

A 

mv;oc 

Load and line regulation are spec1f1ed at constant junction temperature. Changes 1n Vo due to heat1ng effects must be taken rnto account sepa­
rately. Pulse testrng wrth low duty cycle is used. 
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L7800AB/AC SERIES 

ELECTRICAL CHARACTERISTICS L7818A (V, = 27V, 10 = lA, T1 = 0 to 125°C (L7818AC). 
Ti =- 40 to 125°C (L7818AB), unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25'C 17.64 18 18.36 

Vo Output Voltage 10 = 5mA to 1A, Po:::; 15W 17.3 18 18.7 
V, = 21 to 33V 

!!..Vo • Line Regulation V, = 21 to 33V, 10 = 500mA 25 180 
v, = 24 to 30V 28 180 

V, = 24 to 30V, T1 = 25'C 10 90 
V, = 20.6 to 33V, T1 = 25'C 25 180 

!J.Vo* Load Regulation lo = SmA to 1A 55 100 
10 = 5mA to 1.5A, T1 = 25'C 55 100 
10 = 250 to 750mA 22 50 

ld Quiescent Current T1 = 25'C 4.5 6 
6 

!J.Id Quiescent Current Change V, = 21 to 33V, 10 = 500mA 0.8 
V, = 21 to 33V, T1 = 25'C 0.8 
lo = SmA to 1A 0.5 

SVR Supply Voltage Rejection V, = 22 to 32V, I= 120Hz 57 
10 = 500mA 

vd Dropout Voltage 10 = 1 A T1 = 25'C 2 

eN Output Noise Voltage T1 = 25'C, I = 1OHz to 1OOKHz 10 

Ro Output Resistance I= 1KHz 19 

lsc Short Circuit Current T amb = 25'C V, = 35V 0.2 

lscp Short Circuit Peak Current T1 = 25'C 2.2 

!J.Vo Output Voltage Drift -1 

to..T 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mV 
mV 
mV 

mA 
mA 

mA 
mA 
mA 

dB 

v 

JlVIVo 

mn 

A 

A 

mV/'C 

Load and l1ne regulation are specified at constant junction temperature. Changes in Vo due to heat1ng effects must be taken mto account sepa­
rately. Pulse testtng with low duty cycle is used. 
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L7800AB/AC SERIES 

ELECTRICAL CHARACTERISTICS L7824A (V, = 33V, Ia = 1A, Ti = 0 to 125°C (L7824AC), 
T1 =- 40 to 125°C (L7824AB), unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage TJ = 25°C 23.5 24 24.5 

Vo Output Voltage 10 = 5mA to 1A, Po 5: 15W 23 24 25 
V, = 27.3 to 38V 

t'No* Line Regulation V, = 27 to 38V, 10 = 500mA 31 240 
V, = 30 to 36V 35 240 

V, = 30 to 36V, T1 = 25°C 14 120 
V, = 26.7 to 38V, T1 = 25°C 31 240 

D.Vo• Load Regulation Ia = 5mA to 1A 60 100 
lo = 5mA to 1.5A, T1 = 25°C 60 100 
10 = 250 to 750rnA 25 50 

ld Quiescent Current Tj = 25°C 4.6 6 
6 

D.ld Quiescent Current Change V, = 27.3 to 38V, 10 = 500mA 0.8 
V, = 27.3 to 38V, T1 = 25°C 0.8 
lo = 5rnA to 1A 0.5 

SVR Supply Voltage Rejection V, = 28 to 38V, I= 120Hz 54 
10 = 500mA 

vd Dropout Voltage lo = 1 A T1 = 25°C 2 

eN Output Noise Voltage T1 = 25°C, I= 10Hz to 100KHz 10 

Ro Output Resistance I= 1KHz 20 

lsc Short Circuit Current T amb = 25°C V, = 35V 0.2 

lscp Short Circuit Peak Current TJ = 25°C 2.2 

D.Va Output Voltage Drift -1.5 

D.T 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mV 
rnV 
rnV 

mA 
rnA 

mA 
mA 
rnA 

dB 

v 

JJ.V/Vo 

mQ 

A 

A 

mvrc 

Load and hne regulatron are specifred at constantjunctron temperature. Changes in Vo due to heating effects must be taken into account sepa­
rately. Pulse testrng with low duty cycle is used. 
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APPLICATIONS INFORMATION 

DESIGN CONSIDERATIONS 

The L7800A Series of fixed voltage regulators are 
designed with Thermal Overload Protection that 
shuts down the circuit when subjected to an exces­
sive power overload condition, Internal Short-circuit 
Protection that limits the maximum current the cir­
cuit will pass, and Output Transistor Safe-Area 
Compensation that reduces the output short-circuit 
current as the voltage across the pass transistor is 
increased. 

In many low current applications, compensation ca­
pacitors are not required. However, it is recommen­
ded that the regulator input be bypassed with a 

Figure 4 : Current Regulator. 

lo= Vxx + ld 
R1 

Figure 6 : Current Boost Regulator. 

VsE01 
lo = I REG + ~01 (IREG - -­

R1 

L7800AB/AC SERIES 

capacitor if the regulator is connected to the power 
supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capaci­
tor should be selected to provide good high-frequen­
cy characteristics to insure stable operation under 
all load conditions. A 0.33J.!F or larger tantalum, my­
lar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass 
capacitor should be mounted with the shortest pos­
sible leads directly across the regulators input ter­
minals. Normally good construction techniques 
should be used to minimize ground loops and lead 
resistance drops since the regulator has no exter­
nal sense lead. 

Figure 5 : Adjustable Output Regulator. 

Vo, 7.0V to 20V 

V1- Vo~ 2.0V 

The addition of an operational amplifier allows ad­
justment to higher or intermediate values while re­
taining regulation characteristics. The minimum 
voltage obtainable with this arrangement is 2.0V 
greater than the regulator voltage. 

Figure 7 : Short-circuit Protection. 

The circuit of figure 6 can be modified to provide 
supply protection against short circuit by adding a 
short-circuit sense resistor, Rsc, and an additional 
PNP transistor. The current sensing PNP must be 
able to handle the short-circuit current of the three­
terminal regulator. Therefore, a four-ampere plastic 
power transistor is specified. 
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L78MOO 
SERIES 

POSITIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT TO 0.5A 
• OUTPUT VOLTAGES OF 5; 6; 8; 12; 15; 18; 

20; 24V 
• THERMAL OVERLOAD PROTECTION 
• SHORT CIRCUIT PROTECTION 
• OUTPUT TRANSISTOR SOA PROTECTION 

DESCRIPTION 

The L78MOO series of three-terminal positive regu­
lators is available in T0-220 and SOT-82 packages 
and with several fixed output voltages, making it 
useful in a wide range of applications. These regu­
lators can provide local on-card regulation, eliminat­
ing the distribution problems associated with single 
point regulation. Each type employs internal current 
limiting, thermal shut-down and safe area protec­
tion, making it essentially indestructible. If adequate 
heat sinking is provided, they can deliver over 0.5A 
output current. Although designed primarily as fixed 
voltage regulators, these devices can be used with 
external components to obtain adjustable voltages 
and currents. 
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IN 
I 

PUT 

March 1989 

STARTING 
CIRCUIT 

'--

1 

CURRENT 
GENERATOR 

J 
REFERENCE f----<r--VOLTAGE 

SOT-82 SOT-194 

1 
SOA 

PROTECTION 

l 
ERROR 

AMPLIFIER 

THERMAL 
PROTECTION 

1 

T0-220 

SERIES 
PASS 

ELEMENT 

,____ 

5-l56.r. 

0 

0~: PUT 
2 

G~ 
'V 

D 
3 

1/9 

307 



L78MOO SERIES 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, DC Input Voltage (for V0 = 5 to 18V) 35 v 
(for V0 = 20, 24V) 40 v 

lo Output Current Internally limited 

Ptot Power Dissipation Internally limited 

Tstg Storage Temperature - 65 to + 150 'C 

Top Operating Junction Temperature 0 to+ 150 oc 

THERMAL DATA 

Symbol Parameter 
SOT-82 T0-220 Unit 

SOT-194 

Rth J-case Thermal Resistance Junction-case Max 8 3 oc;w 
Rth J-amb Thermal Resistance Junction-ambient Max 100 50 oc;w 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 

: ~--------~ :~ F INPUT 
S-6188 

5- 2568/l 

T0-220 SOT82/194 

Order Codes 

T0-220 SOT-82 SOT-194 
Output Voltage 

L78M05CV L78M05CX L78M05CS 5V 
L78M06CV L7BM06CX L78M06CS 6V 
L78MOBCV L78MOBCX L78MOBCS 8V 
L78M12CV L78M12CX L78M12CS 12V 
L78M15CV L78M15CX L78M15CS 15V 
L78M18CV L78M18CX L78M18CS 18V 
L78M20CV L78M20CX L78M20CS 20V 
L78M24CV L78M24CX L78M24CS 24V 

APPLICATION CIRCUIT 
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SCHEMATIC DIAGRAM 

TEST CIRCUITS 

Figure 1 : DC Parameters. 

v, C; 
0.33pF 

Co 
0.1pF 

5-498 2 

S-4 9 58 

Figure 2 : Load Regulation. 

L78MOO SERIES 

J[-Vo 

-ov 
301'5 
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L78MOO SERIES 

Figure 3 : Ripple Rejection. 

ELECTRICAL CHARACTERISTICS L78MOOC (Refer to the test circuits, Ti = 25°C, 10 = 350mA 
unless otherwise specified, Ci = 0.33!lf, C0 = 0.111F) 

Output Voltage 5 6 8 12 

Input Voltage 
10 11 14 1 9 

{Unless otherwise specified) 

Sym. Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Vo Output 4.8 5 5.2 5.75 6 6.25 7.7 8 8.3 11.5 12 12.5 
Voltage 10 = 5 to 350rnA 4.75 5 5.25 5.7 6 6.3 7.6 8 8.4 11.4 12 12.6 

{V, = 7 to 20V) {V, = 8 to 21V) {V, = 10.5 to 23V) {V, = 14 5 to 27V) 

f>Vo Line 10 = 200rnA 100 100 100 100 
Regulallon (V, = 7 to 25V) (V, = 8 to 25V) {V, = 10.5 to 25V) {V, = 14.5 to 30V) 

50 50 50 50 
{V, = 8 to 25V) {V, = 9 to 25V) {V, = 11 to 25V) {V, = 16 to 30V) 

f>Vo Load 10 = 5rnA to 0.5A 100 120 160 240 
Regulation 10 = 5rnA to 200rnA 50 60 80 120 

ld Quiescent 6 6 6 6 
Current 

f;id Quiescent 10 = 5rnA to 350rnA 0.5 0.5 0.5 0.5 
Current 10 = 200rnA 0.8 0.8 0.8 0.8 
Change (V, = 8 to 25V) (V, = 9 to 25V) {V, = 10 5 to 25V) {V, = 14.5 to 30V) 

f>Vo Output 10 = 5rnA 
f>T Voltage T1 = 0 to 125'C -0.5 -0.5 - 0.5 - 1.0 

Dnft 

eN Output B =10Hz to 100KHz 40 45 52 75 
Noise 
Voltage 

SVR Supply f= 120Hz 62 59 56 55 
Voltage 10 = 300rnA (V, = 8 to 18V) {V, = 9 to 19V) {V, = 11 5 to 21 5V) {V, = 15 to 25V) 
Rejection 

vd Dropout 2 2 2 2 
Voltage 

lsc Short V, = 35V 300 270 250 240 
CircUit 
Current 

lscp Short C1rc. 700 700 700 700 
Peak 
Current 
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L78MOO SERIES 

ELECTRICAL CHARACTERISTICS L7BMOOC (continued) 

Output Voltage 1 5 18 20 24 

Input Voltage 
23 26 29 33 Unit 

(Unless otherwrse specrfled) 

Sym. Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Vo Output 14 4 15 15.6 17 3 18 18.7 19 2 20 20 8 23 24 25 v 
Voltage lo = 5 to 350mA 14 25 15 15.75 17.1 18 18.9 19 20 21 22.8 24 25.2 

(V, = 17.5 to 30V) (V, = 20.5 to 33V) (V, = 23 to 35V) (V, = 27 to 38V) 

!:.Vo Lme 10 = 200mA 100 100 100 100 mV 
Regulatron (V, = 17.5 to 30V) (V, = 21 to 33V) (V, = 23 to 35V) (V, = 27 to 38V) 

50 50 50 50 
(V, = 20 to 30V) (V, = 24 to 33V) (V, = 24 to 35V) (V, = 28 to 38V) 

!!.Vo Load I o = 5mA to 0 SA 300 360 400 480 mV 
Regulatron 10 = 5rnA to 200rnA 150 180 200 240 

ld Ourescent 6 6 6 6 rnA 
Current 

t:.ld Ou1escent 10 = 5rnA to 350rnA 0 5 0 5 0.5 0 5 rnA 
Current lo = 200mA 0 8 0 8 0 8 0.8 
Change (V, = 17 5 to 30V) (V, = 21 to 33V) (V, = 23 to 35V) (V, = 27 to 38V) 

~Vo Output 10 = 5rnA 

.o.T Voltage Tamb = 0 to 125oC - 1 - 11 - 11 - 1 2 rnVI'C 
Drrft 

eN Output B =10Hz to 100KHz 90 100 110 170 pV 
NO ISS 

Voltage 

SVR Supply f =120Hz 54 53 53 50 dB 
Voltage 10 = 300rnA (V, = 18 5 to 28 5V) (V, = 22 to 32V) (V, = 24 to 34V) (V, = 28 to 38V) 
ReJection 

vd Dropout 2 2 2 2 v 
Voltage 

lsc Short V, = 35V 240 240 240 240 rnA 
Circuit 

Current 

lscp Short Circ 700 700 700 700 mA 
Peak 
Current 
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L78MOO SERIES 

Figure 4 : Dropout Voltage vs. Junction Tempera­
ture. 
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Figure 6 : Peak Output Current vs. Input-Output 
Differential Voltage. 
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Figure 10 : Load Transient Response. 
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L78MOO SERIES 

Figure 11 :Line Transient Response. 
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Figure 13: Fixed Output Regulator. 

S-4965 

Notes : 1. To specify an output voltage, substitute voltage va­
lue for "XX". 

2. Although no output capacitor is needed for stabili­
ty, it does Improve transient response. 

3. Required if regulator IS located an appreciable dis­
tance from power supply filter. 

Figure 15: Circuit for Increasing Output Voltage. 
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L78MOO SERIES 

Figure 16 :Adjustable Output Regulator 
(7 to 30V). 

Figure 18: High Current Voltage Regulator. 

VsEo1 
lo = I REG + 0 1 [I REG- --­

R1 

Figure 20 : Tracking Voltage Regulator. 
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Figure 17 : 0.5 to 1 OV Regulator. 

Vo = Vxx 

Figure 19: High Output Current with Short Circuit 
Protection. 

01 =80534 
02 = 2N6124 

Rsc= 

S-1,966 

Figure 21 : High Input Voltage Circuit. 

V1N = Vz- VsE 



Figure 22 : Reducing Power Dissipation with 
Dropping Resistor. 

R = V,(min) - Vxx - VoROP(max) 

lo(max) + ld(max) 

Figure 24: Adjustable Output Voltage with Tem­
perature Compensation. 

Note :Q, is connected as a diode m order to compensate 
the variation of the Q, VsE with the temperature. C 
allows a slow rise·t1me of the Vo 

Rz 
Vo = Vxx (1 +- ) + VsE 

Rt 

L78MOO SERIES 

Figure 23 : Power AM Modulator (unity voltage 
gain, Ia ~ 0.5). 

Note : The c~rcuit performs well up to 1OOKHz 
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l78MOOAB SERIES 

PRECISION 500mA REGULATORS 

• OUTPUT CURRENT UP TO 0.5A 
• OUTPUT VOLT AGES OF 5 ; 6 ; 8 ; 12 ; 15 ; 18 ; 

20; 24V 
• THERMAL OVERLOAD PROTECTION 
• SHORT CIRCUIT PROTECTION 
• OUTPUT TRANSISTORS SOA PROTECTION 
• ± 2% OUTPUT VOLTAGE TOLERANCE 
• GUARANTEED IN EXTENDED TEMPERA­

TURE RANGES 

DESCRIPTION 

The L78MOOAB series of three-therminal positive 
regulators is available in T0-220 package and with 
several fixed output voltages, making it useful in a 
wide range of applications. These regulators can 
provide local on-card regulation eliminating the dis­
tribution problems associated with single point re­
gulation. Each type employs internal current limiting, 
thermal shut-down and safe area protection, making 
it essentially indestructible. If adequate heat sinking 
is provided, they can deliver over 0.5A output cur­
rent. Although designed primarily as fixed voltage 
regulators, these devices can be used with external 
components to obtain adjustable voltages and cur­
rents. 

BLOCK DIAGRAM 

March 1989 

T0-220 
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L78MOOAB SERIES 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, DC Input Voltage (for V0 : 5 to 18V) 
(for V0 : 20, 24V) 

lo Output Current 

Ptot Power Dissipation 

T stg Storage Temperature 

Tl Operating Junction Temperature 

THERMAL DATA 

Thermal Resistance Junction-case Max 
Max 

CONNECTION DIAGRAM AND ORDER CODES (top view) 

5- 2568/1 

T0-220 

Codes 

L78M05ABV 
L78M06ABV 
L78MOBABV 
L78M12ABV 
L78M15ABV 
L78M1BABV 
L78M20ABV 
L78M24ABV 

APPLICATION CIRCUIT 

5-4965 

2/8 
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Value 

35 
40 

Internally limited 

Internally limited 

- 65 to+ 150 

-40 to 125 

3 
50 

Output Voltage 

5V 
6V 
BV 

12V 
15V 
18V 
20V 
24V 

Unit 

v 
v 

oc 
oc 



SCHEMATIC DIAGRAM 

TEST CIRCUITS 

Figure 1 : DC Parameters. 

L78MOOAB SERIES 

5-4 9 58 

Figure 2 : Load Regulation. 

J[-Vo 

-ov 
30,us 
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L78MOOAB SERIES 

Figure 3 : Ripple Rejection. 

ELECTRICAL CHARACTERISTICS L78MOOAB (Refer to the test circuits, T1 =- 40 to 125°C, 
10 = 350mA unless otherwise specified, C1 = 0.33!lF, C0 = 0.1 11F) 

Output Voltage 5 6 8 1 2 

Input Voltage 
1 0 11 1 4 1 9 

(unless otherwise specified) 

Sym. Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Vo Output T1 = 25°C 4.9 5 5.1 5.88 6 6 12 7.84 8 8.16 11.75 12 12.25 
Voltage 

10 = 5 to 350rnA 48 5 5.2 5.75 6 6.3 7.7 8 8.3 11.5 12 12.5 
(V, = 7 to 20V) (V, = 8 to 21V) (V, = 10.5 to 23V) (V, = 14.5 to 27V) 

!>.Vo L1ne 10 = 200mA 100 100 100 100 
Regulation Tl = 25°C (V 1 = 7 to 25V) (V, = 8 to 25V) (V, = 10.5 to 25V) (V, = 14.5 to 30V) 

30 30 30 30 
(V, = 8 to 25V) (V, = 9 to 25V) (V, = 11 to 25V) (V, = 16 to 30V) 

!>.Vo Load 10 = 5rnA to 0.5A 100 120 160 240 
Regulat1on T1 = 25°C 50 60 80 120 

10 = 5rnA to 200rnA 

ld Quiescent T1 = 25°C 6 6 6 6 
Current 

!>.ld QUiescent 10 = 5rnA to 350rnA 0.5 0.5 0.5 0.5 
Current 

10 = 200rnA 0 8 0.8 0 8 0.8 
Change (V, = 8 to 25V) (V 1 = 9 to 25V) (V 1 = 10.5 to 25V) (V, = 14.5 to 30V) 

!>.Vo Output 10 = 5mA - 0.5 - 0 5 - 0.5 - 1.0 

!>.T Voltage 
Drift 

eN Output B =10Hz to 100KHz 40 45 52 75 
No1se T1 = 25°C 
Voltage 

SVR Supply f = 120Hz 62 59 56 55 
Voltage 10 = 300rnA (V, = 8 to 18V) (V, = 9 to 19V) (V 1 = 115 to 21.5V) (V, = 15 to 25V) 
Rejection T1 = 25°C 

vd Dropout T1 = 25°C 2 2 2 2 
Voltage 

lsc Short V, = 35V 300 270 250 240 
C1rcu1t T1 = 25oC 
Current 

lscp Short Circ. T1 = 25°C 700 700 700 700 
Peak 
Current 

4/8 
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v 

mV 

rnV 

rnA 

rnA 

mV/°C 

~v 

dB 
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rnA 

rnA 



L78MOOAB SERIES 

ELECTRICAL CHARACTERISTICS L78MOOAB (continued) 

Output Voltage 1 5 1 8 20 24 

Input Voltage 
23 26 29 33 Unit 

(unless otherwise specified) 

Sym. Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Vo Output T1 = 25'C 14.7 15 15.3 17.64 18 18.36 19.6 20 20.4 23.5 24 24.5 v 
Voltage 10 = 5 to 350mA 14.4 15 15.6 17.3 18 18.7 19.2 20 20.8 23 24 25 

(Vr = 17.5 to 30V) (Vr = 20.5 to 33V) (V1 = 23 to 35V) (V, = 27 to 38V) 

t!.V o Line 10 = 200mA 100 100 100 100 mV 
Regulation r, = 25'C (Vr = 17.5 to 30V) (V; = 21 to 33V) (V; = 23 to 35V) (V, = 27 to 38V) 

30 30 30 30 
(V, = 20 to 30V) (V, = 24 to 33V) (V1 = 24 to 35V) (Vr = 28 to 38V) 

!'.Vo Load 10 = SmA to O.SA 300 360 400 480 mV 
Regulatron r1 = 2S'C 150 180 200 240 

10 = 5mA to 200mA 

ld Quiescent 6 6 6 6 mA 
Current 

!'.ld Quiescent 10 = 5mA to 350mA 0.5 0.5 0.5 0.5 mA 
Current 10 = 200mA 0.8 0.8 0.8 0.8 
Change (V1 = 17.5 to 30V) (V; = 21 to 33V) (V, = 23 to 35V) (Vr = 27 to 38V) 

!'.Vo Output 10 = 5mA -1 -1.1 -1.1 - 1.2 mV/'C 
!'.T Voltage 

Drift 

eN Output B =10Hz to 100KHz 90 100 110 170 ~v 
Noise T1 = 25'C 
Voltage 

SVR Supply f = 120Hz 54 53 53 50 dB 
Voltage 10 = 300mA (V 1 = 18.5 to 28.5V) (V1 = 22 to 32V) (V 1 = 24 to 34V) (V 1 = 28 to 38V) 
Rejectron r, = 25'C 

vd Dropout T1 = 25'C 2 2 2 2 v 
Voltage 

lsc Short V, = 35V 240 240 240 240 mA 
Circuit r, = 25'C 
Current 

lscp Short Circ. r1 = 25'C 700 700 700 700 mA 
Peak 
Current 
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L78MOOAB SERIES 

Figure 4: Dropout Voltage vs. Junction Tempera­
ture. 
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Differential Voltage. 
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Figure 10: Load Transient Response. 
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APPLICATIONS INFORMATION 

DESIGN CONSIDERATIONS 

The L78MOOAB Series of fixed voltage regulators 
are designed with Thermal Overload Protection that 
shuts down the circuit when subjected to an exces­
sive power overload condition, Internal Short-Circuit 
Protection that limits the maximum current the cir­
cuit will pass, and Output Transistor Safe-Area 
Compensation that reduces the output short-circuit 
as the voltage across the pass transistor is increa­
sed. 

In many low current applications, compensation ca­
pacitors are not required. However, it is recommen­
ded that the regulator input be bypassed with a 

L78MOOAB SERIES 

Figure 11 :Line Transient Response. 
G·46 4 
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capacitor if the regulator is connected to the power 
supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capaci­
tor should be selected to provide good high-frequen­
cy characteristics to insure stable operation under 
all load conditions. A 0.33J.J.F or larger tantalum, my­
lar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass 
capacitor should be mounted with the shortest pos­
sible leads directly across the regulators input ter­
minals. Normally good construction techniques 
should be used to minimize ground loops and lead 
resistance drops since the regulator has no exter­
nal sense lead. 
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L 78MOOAB SERIES 

Figure 13 :Current Regulator. 

Vxx 
lo= -- + ld 

R1 

Figure 15: Current Boost Regulator. 

· VsE01 
Ia = I REG+ 0 1 [I REG- -­

R1 
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Figure 14: Adjustable Output Regulator. 

Vo, 7.0V to 20V 
V;- Vo;:: 2.0V 

The addition of an operational amplifier allows ad­
justment to higher or intermediate values while re­
taining regulation characteristics. The minimum 
voltage obtainable with this arrangement is 2.0V 
greater than the regulator voltage. 

Figure 16 : Short-circuit Protection. 

The circuit of figure 6 can be modified to provide 
supply protection against short circuits by adding a 
short-circuit sense resistor, Rsc, and an additional 
PNP transistor. The current sensing PNP must be 
able to handle the short-circuit current of the three­
terminal regulator. Therefore, a four-ampere plastic 
power transistor is specified. 



L78SOO 
SERIES 

2A POSITIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT TO 2A 
• OUTPUT VOLTAGES OF 5; 7.5; 9; 10; 12; 

15 ; 18; 24V 
• THERMAL OVERLOAD PROTECTION 
• SHORT CIRCUIT PROTECTION 
• OUTPUT TRANSISTOR SOA PROTECTION 

DESCRIPTION 
The L78SOO series of three-terminal positive regu­
lators is available in T0-220 and T0-3 packages 
and with several fixed output voltages, making it 
useful in a wide range of applications. These regu­
lators can provide local on-card regulation, elimina­
ting the distribution problems associated with single 
point regulation. Each type employs internal current 
limiting, thermal shut-down and safe area protec­
tion, making it essentially indestructible. If adequate 
heat sinking is provided, they can deliver over 2A 
output current. Although designed primarily as fixed 
voltage regulators, these devices can be used with 
external components to obtain adjustable voltages 
and currents. 

BLOCK DIAGRAM 

March 1989 
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L78SOO SERIES 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 
v, DC Input Voltage (for V0 = 5 to 18V) 35 v 

(for V0 = 24V) 40 v 
lo Output Current Internally limited 

Ptot Power Dissipation Internally limited 

Tstg Storage Temperature - 65 to+ 150 oc 
Top Operating Junction Temperature (for L 78500) -55 to+ 150 oc 

(for L78SOOC) 0 to+ 150 oc 

THERMAL DATA 

T0-220 T0-3 

Rth J-case Thermal Resistance Junction-case Max 3 4 oc;w 
Rth J-amb Thermal Resistance Junction-ambient Max 50 35 oc;w 

CONNECTION DIAGRAMS AND ORDERING NUMBERS (top views) 

2/14 
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Type 

L78S05 
L78S05C 
L78S75 
L78S75C 
L78S09 
L78S09C 
L78S10 
L78S10C 
L78S12 
L78S12C 
L78S15 
L78S15C 
L78S18 
L78S18C 
L78S24 
L78S24C 

s- 2568/1 

T0-220 

L78S05CV 

L78S75CV 

L78S09CV 

L78S10CV 

L78S12CV 

L78S15CV 

L78S18CV 

L78S24CV 

T0-3 

L78S05T 
L78S05CT 
L78S75T 
L78S75CT 
L78S09T 
L78S09CT 
L78S10T 
L78S10CT 
L78S12T 
L78S12CT 
L78S15T 
L78S15CT 
L78S18T 
L78S18CT 
L78S24T 
L78S24CT 

Output Voltage 

5V 
5V 
7.5V 
7.5V 
9V 
9V 

10V 
10V 
12V 
12V 
15V 
15V 
18V 
18V 
24V 
24V 



L78SOO SERIES 

APPLICATION CIRCUIT 

SCHEMATIC DIAGRAM 

IN 

OUT 

S-2722 
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L78SOO SERIES 

TEST CIRCUITS 

Figure 1 : DC Parameters. Figure 2 : Load Regulation. 

~ d L78SXX 12 ~ 

I I 
Vj 

: ~.J~pF r g·~l'~= Yo 

..1. s- ~ogs 

Figure 3 : Ripple Rejection. 
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L78SOO SERIES 

ELECTRICAL CHARACTERISTICS L78SOO 
(Refer to the test circuits, T1 = 25°C, 10 = SCOmA unless otherwise specified) 

Output Voltage 5 7.5 9 10 

Input Voltage 
10 12.5 14 15 Unit 

(unless otherwise specified) 

Sym. Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Vo Output 4.8 5 5.2 7.15 7.5 7.9 8.65 9 9.35 9.5 10 10.5 v 
Voltage lo = 1A 4.75 5 5.25 7.1 7.5 7.95 8.6 9 9.4 9.4 10 10.6 

(Vi= 7V) (Vi = 9.5V) (Vi= 11V) (Vi = 12.5V) 

!No Line 100 120 130 200 rnV 
Regulation (V1 = 7 to 25V) (V1 = 9.5 to 25V) (VI = 11 to 25V) (V1 = 12.5 to 30V) 

50 60 65 100 
(V1 = 8 to 12V) (Vi = 10.5 to 20V) (Vi = 11 to 20V) (V1 = 14 to 22V) 

!No Load 10 = 20mA to 2A 100 120 130 150 rnV 
Regulation 

ld Quiescent 8 8 8 8 rnA 
Current 

llld Quiescent 10 = 20rnA to 1A 0.5 0.5 0.5 0.5 mA 
Current 10 = 20rnA 1.3 1.3 1.3 1 
Change (Vi = 7 to 25V) (V1 = 9.5 to 25V) (V1 = 11 to 25V) (V1 = 12.5 to 30V) 

t.Vo Output lo = 5rnA 
t.T Voltage T1 =-55 to 150'C -1.1 - 0.8 -1 -1 rnV/'C 

Drift 

eN Output 8 =10Hz to 100KHz 40 52 60 65 '"v 
Noise 
Voltage 

SVR Supply f = 120Hz 60 54 53 53 dB 
Voltage 
Rejection 

v, Operating 10 :> 1.5A 8 10.5 12 13 v 
Input 
Voltage 

Ro Output f =1KHz 17 16 17 17 mn 
Resistance 

lsc Short V, = 27V 500 500 500 500 rnA 
Circuit 
Current 

lscp Short Circ. 4 4 4 4 A 
Peak 
Current 

5/14 

329 



L78SOO SERIES 

ELECTRICAL CHARACTERISTICS L78SOO (continued) 

Output Voltage 1 2 1 5 1 8 24 

Input Voltage 
1 9 23 26 33 Unit 

(unless otherwise specified) 

Sym. Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Vo Output 11.5 12 12.5 14.4 15 15.6 17.1 18 18.9 23 24 25 v 
Voltage 10 = 1A 11.4 12 12.6 14.25 15 15.75 17 18 19 22.8 24 25.2 

(V, = 14.5V) (V, = 17.5V) (V, = 20.5V) (V, = 27V) 

!No Lme 240 300 360 480 mV 
Regulation (V, = 14.5 to 30V) (V, = 17.5 to 30V) (V, = 20.5 to 30V) (V, = 27 to 38V) 

120 150 180 240 
(V, = 16 to 22V) (V, = 20 to 26V) (V, = 22 to 28V) (V, = 30 to 36V) 

!No Load lo = 20mA to 2A 160 180 200 250 mV 
Regulation 

ld Quiescent 8 8 8 8 mA 
Current 

Llld Quiescent 10 = 20mA to 1A 0.5 0.5 0.5 0.5 mA 
Current 

10 = 20mA 1 1 1 1 
Change (V, = 14.5 to 30V) (V; = 17.5 to 30V) (V, = 22 to 33V) (V, = 28 to 38V) 

LIV 0 Output 10 = 5mA 

LIT Voltage T amb = 0 to 70°C -1 -1 -1 - 1.5 mV/°C 
Drift 

eN Output B =10Hz to 100KHz 75 90 110 170 ~v 
Noise 
Voltage 

SVR Supply f =120Hz 53 52 49 48 dB 
Voltage 
Rejection 

v, Operating 10 ,; 1.5A 15 18 21 27 v 
Input 
Voltage 

Ro Output f =1KHz 18 19 22 23 mn 
Resistance 

lsc Short V1 = 27V 500 500 500 500 mA 
CirCUli 
Current 

lscp Short Circ 4 4 4 4 A 
Peak 
Current 
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L78SOO SERIES 

ELECTRICAL CHARACTERISTICS L78SOOC 
(Refer to the test circuits, T1 = 25°C, 10 = 500mA unless otherwise specified) 

Output Voltage 5 7.5 9 10 

Input Voltage 
10 12.5 14 15 Unit 

(unless otherwise specified) 

Sym. Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Vo Output 4.8 5 5.2 7.15 7.5 7.9 8.65 9 9.35 9.5 10 10.5 v 
Voltage 

10 = 1A 4.75 5 5.25 7.1 7.5 7.95 8.6 9 9.4 9.4 10 10.6 
(V1 = 7V) (V; = 9.5V) (V, = 11V) (V 1 = 12.5V) 

I>Vo Line 100 120 130 200 rnV 
Regulation (V; = 7 to 25V) (VI = 9.5 to 25V) (V 1 = 11 to 25V) (V; = 12.5 to 30V) 

50 60 65 100 
(VI = 8 to 12V) (V; = 10.5 to 20V) (V, = 11 to 20V) (VI= 14 to 22V) 

I>Vo Load 10 = 20rnA to 1.5A 100 140 170 240 rnV 
Regulation 10 = 2A 80 100 100 150 

ld Quiescent 8 8 8 8 rnA 
Current 

l>ld Quiescent 10 = 20rnA to 1A 0.5 0.5 0.5 0.5 rnA 
Current 10 = 20rnA 1.3 1.3 1.3 1.0 
Change (VI = 7 to 25V) (VI = 9.5 to 25V) (V 1 = 11 to 25V) (V, = 12.5 to 30V) 

I>Vo Output 10 = 5rnA 

!>T Voltage T amb = 0 to 70'C -1.1 -0.8 -1 -1 rnVI'C 
Drift 

eN Output 8 =10Hz to 100KHz 40 52 60 65 !!V 
Noise 
Voltage 

SVR Supply f =120Hz 54 48 47 47 dB 
Voltage 
Rejection 

v, Operating 10 ,; 1.5A 8 10.5 12 13 v 
Input 
Voltage 

Ro Output f =1KHz 17 16 17 17 rnn 
Resistance 

l,c Short V, = 27V 500 500 500 500 rnA 
Circuit 

Current 

lscp Short Circ. 4 4 4 4 A 
Peak 
Current 
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L78SOO SERIES 

ELECTRICAL CHARACTERISTICS L78SOOC (continued) 

Output Voltage 12 15 18 24 

Input Voltage 
19 23 26 33 Unit 

(unless otherwise specified) 

Sym. Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Yo Output 11.5 12 12.5 14.4 15 15.6 17.1 18 18.9 23 24 25 v 
Voltage lo = 1A 11 4 12 12.6 14.25 15 15.75 17 18 19 22 8 24 25.2 

(V, = 14.5V) (V, = 17.5V) (V, = 20 5V) (V, = 27V) 

!J.Vo Lme 240 300 360 480 mV 
Regulation (V, = 14.5 to 30V) (V, = 17.5 to 30V) (V, = 20.5 to 30V) (V, = 27 to 38V) 

120 150 180 240 
(V, = 16 to 22V) (V, = 20 to 26V) (V, = 22 to 28V) (V, = 30 to 36V) 

I>Vo Load 10 = 20mA to 1.5A 240 300 360 480 mV 
Regulation 10 = 2A 150 150 200 300 

lo Quiescent 8 8 8 8 mA 
Current 

l>ld Quiescent 10 = 20mA to 1A 0.5 0.5 0.5 0.5 mA 
Current 

10 = 20mA 1.0 1.0 1.0 1.0 
Change (V, = 14.5 to 30V) (V, = 17.5 to 30V) (V, = 20.5 to 30V) (V, = 27 to 38V) 

I>Vo Output 10 = 5mA 

t>T Voltage Tamb = 0 to 70°C -1 -1 -1 - 1.5 mV/"C 
Drift 

eN Output B =10Hz to 100KHz 75 90 110 170 ~v 
Noise 
Voltage 

SVR Supply f = 120Hz 47 46 43 42 dB 
Voltage 
Rejection 

v, Operating 10 ,; 1.5A 15 18 21 27 v 
Input 
Voltage 

Ro Output I= 1KHz 18 19 22 28 mn 
Resistance 

lsc Short V, = 27V 500 500 500 500 rnA 
CirCUit 
Current 

lscp Short Circ. 4 4 4 4 A 
Peak 
Current 
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Figure 4 : Dropout Voltage vs. Junction Tempera­
ture. 
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Figure 6 : Supply Voltage Rejection vs. Frequen­
cy. 
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Figure 8 :Output Impedance vs. Frequency. 
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L78SOO SERIES 

Figure 5 : Peak Output Current vs. Input/Output 
Differential Voltage. 
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Figure 7 : Output Voltage vs. Junction Tempera­
ture. 
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L78SOO SERIES 

Figure 10: Load Transient Response. 
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Figure 12: Quiescent Current vs. Input Voltage. 

ld 

(mA ) 

5.0 

4,0 

3.0 

f-

I 
I 

V0 =5V 
10 =20mA 
Tj =25'C 

f--v 

10 15 

G-t.UO 

-I--
f-

L 7SS05 

20 25 30 V1 (V) 

Figure 13: Fixed Output Regulator. 

Notes : 1. To specify an output voltage, substitute voltage va· 
lue for "XX". 
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2. Although no output capacitor is needed for stabili· 
ty, it does improve transient response. 

3. Required if regulator is located an appreciable dis­
tance from power supply filter. 

Figure 11 : Line Transient Response. 
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Figure 15: Circuit for Increasing Output Voltage. 

IR1 2! 5 lct 

R2 
Vo = Vxx (1 + - ) + lct R2 

R1 

Figure 17 : 0.5 to 1 OV Regulator. 

Vo= Vxx 

Figure 19: High Output Current with Short Circuit 
Protection. 

01 :80534 
Q2 = 2N6124 

Rsc = VsE02 
lsc 

L78SOO SERIES 

Figure 16 :Adjustable Output Regulator 
(?to 30V). 

Figure 18: High Current Voltage Regulator. 

Figure 20 : Tracking Voltage Regulator. 
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L78SOO SERIES 

Figure 21 : Positive and Negative Regulator. 

(•) D, and o, are necessary if the load is connected between + 
Vo and- Vo. 

Figure 23 : Switching Regulator. 

1mH •V, 
0-~~~~~~------~-"~n-~r-D 

10pF 

I 
Figure 25 : High Input Voltage Circuit. 

V1N = Vz- VeE 
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Figure 22 : Negative Output Voltage Circuit. 

-Vo 

]II 

Figure 24 : High Input Voltage Circuit. 

V1N = Vi - (Vz + VeE) 

Figure 26 : High Output VoltageRegulator. 



Figure 27 : High Input and Output Voltage. 

Vo = Vxx+ Vz1 

Figure 29 : Remote Shuntdown. 

Figure 31 :Adjustable Output Voltage with Tem­
perature Compensation. 

R2 
Vo = Vxx (1 + - ) + VsE 

R1 

Note :Q, is connected as a diode in order to compensate the 
variation of the Q, VsE with the temperature. C allows 
a slow rise-time of the Vo 

L78SOO SERIES 

Figure 28 : Reducing Power Dissipation with 
Dropping Resistor. 

R = Vi(min)- Vxx- VDROP(max) 

lo(max) + ld(max) 

Figure 30 : Power AM Modulator (unity voltage 
gain, lo ~ 1 A). 

Note : The circuit performs well up to 1OOKHz. 

~ SCS·THOMSON Ill;,..., I ~O©OO~~~©"ii"li'J@Il'JD©$ 
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L78SOO SERIES 

Figure 32 : Light Controllers (Vo min= Vxx + VsE). 

Vo falls when the light goes up 

Figure 33 : Protection against Input Short-circuit 
with High Capacitance Loads. 

v, 

Applications with high capacitance loads and an 
output voltage greater than 6 volts need an external 
diode (see fig. 33) to protect the device against in­
put short circuit. In this case the input voltage falls 
rapidly while the output voltage decreases showly. 
The capacitance discharges by means of the Base­
Emitter junction of the series pass transistor in the 
regulator. If the energy is sufficiently high, the tran­
sistor may be destroyed. The external diode by­
passes the current from the IG to ground. 
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v, 

Vo rises when the light goes up 



L7900 
SERIES 

NEGATIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT UP TO 1.5A 
• OUTPUTVOLTAGESOF-5 ;-5.2 ;-8 ;-12; 

-15; -18 ; -20;- 22;- 24V 
• THERMAL OVERLOAD PROTECTION 
• SHORT CIRCUIT PROTECTION 
• OUTPUT TRANSISTOR SOA PROTECTION 

DESCRIPTION 
The L7900 series of three-terminal negative regula­
tors is available in T0-220 and T0-3 packages and 
with several output voltages. They can provide local 
on-card regulation, eliminating the distribution pro­
blems associated with single point regulation ; fur­
thermore, having the same voltage options as the 
L7800 positive standard series, they are particular­
ly suited for split power supplies. In addition, the 
-5.2V is also available for ECL system. 

If adeguate heatsinking is provided, the L7900 se­
ries can deliver an output current in excess of 1.5A. 
Although designed primarly as fixed voltage regula­
tors, these devices can be used with external com­
ponents to obtain adjustable voltages and currents. 

SCHEMATIC DIAGRAM 

IN 

February 1989 

T0-3 

T0-220 
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L7900 SERIES 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, DC Input Voltage (lor Va =- 5 to - 18V) -35 v 
(for Va =- 20,- 24V) -40 v 

Ia Output Current Internally limited 

Ptat Total Power Dissipation Internally limited 

Tap Operating Junction Temperature o to+ 150 oc 
Tstg Storage Temperature - 65 to+ 150 oc 

THERMAL DATA 

T0-220 T0-3 

Rth J·case Thermal Resistance Junction-case Max 3 4 oc;w 
Rth J·amb Thermal Resistance Junction-ambient Max 50 35 oc;w 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top views) 

'Eomem 
3 INPUT 

1 GND ~II 
L_Tab connected 

5·5034 

to pin 3 5. 5033/1 

Type T0-220 T0-3 Output Voltage 

L7905C L7905CV L7905CT -5V 
L7952C L7952CV L7952CT - 5.2V 
L7908C L7908CV L7908CT -BV 
L7912C L7912CV L7912CT - 12V 
L7915C L7915CV L7915CT - 15V 
L7918C L7918CV L7918CT - 18V 
L7920C L7920CV L7920CT - 20V 
L7922C L7922CV L7922CT - 22V 
L7924C L7924CV L7924CT - 24V 

APPLICATION CIRCUIT 
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L7900 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7905C (refer to the test circuits, Ti = 0 to 150°C 
Vi= -10V, 10 = 500mA, Ci = 2.2jlF, C0 = 1jlF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T; = 25°C -4.8 -5 -5.2 

Vo Output Voltage 10 =- 5rnA to- 1A P0 ,; 15W -4.75 -5 -5.25 
V, =- 8 to- 20V 

6Vo* Line Regulation V, =- 7 to - 25V T1 = 25°C 100 
V, =- 8 to- 12V T1 = 25°C 50 

!!.Vo* Load Regulation 10 = 5 to 1500rnA T1 = 25°C 100 
10 = 250 to 750rnA T1 = 25°C 50 

ld Quiescent Current T; = 25°C 2 

!!.ld Quiescent Current Change 10 = 5 to 1000rnA 0.5 

!!.ld Quiescent Current Change V, =- 8 to - 25V 1.3 

!!.Vo Output Voltage Drift 10 = 5rnA -0.4 

!!.T 

eN Output Noise Voltage B =10Hz to 100KHz T; = 25°C 100 

SVR Supply Voltage Rejection !!.V, =10V f =120Hz 54 60 

vd Dropout Voltage lo = 1A T1 = 25°C 2 
!!.V 0 = 100rnV 

lsc Short Circuit Current 2.1 

lscp Short Circuit Peak Current T; = 25°C 2.5 

ELECTRICAL CHARACTERISTICS FOR L7952C (refer to the test circuits, Ti = 0 to 150°C 
Vi= -10V, 10 = 500mA, Ci 7 2.2jlF, C0 = 1jlF unless otherwise specified} 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C -5 -5.2 - 5.4 

Yo Output Voltage 10 =- 5rnA to- 1A Po,; 15W -4.95 -5.2 - 5.45 
V, =- 9 to - 21 V 

!!.Yo* Line Regulation V, =- 8 to - 25V T1 = 25°C 105 
V, =- 9 to - 13V T1 = 25°C 52 

!!.Vo * Load Regulation 10 = 5 to 1500rnA T1 = 25°C 105 
lo = 250 to 750rnA T1 = 25°C 52 

ld Quiescent Current T1 = 25°C 2 

!!.ld Quiescent Current Change 10 = 5 to 1000rnA 0.5 

!!.ld Quiescent Current Change V, =- 9 to - 25V 1.3 

!!.Vo Output Voltage Drift Ia = 5rnA -0.5 

!!.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 125 

SVR Supply Voltage Rejection !!.V; =10V f =120Hz 54 60 

vd Dropout Voltage Ia = 1A T1 = 25°C 1.8 
!!.Yo= 100rnV 

lsc Short Circuit Current 2 

lscp Short Circuit Peak Current T; = 25°C 2.5 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/°C 

!J-VIVo 

dB 

v 

A 

A 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/°C 

!J-VIVo 

dB 

v 

A 

A 

• Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken into ac· 
count separately. Pulce testing with low duty cycle is used. 
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L7900 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7908C (refer to the test circuits, T1 = 0 to 150°C 
V1 = -14V, 10 = 500mA, C1 = 2.2flF, C0 = 1flF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C -7.7 -8 -8.3 

Vo Output Voltage 10 =-5mAto-1A Po::; 15W -7.6 -8 - 8.4 
V1 =- 11.5 to- 23V 

/',.Vo' Line Regulation V1 =- 10.5 to- 25V T1 = 25°C 160 
V1 =- 11 to- 17V T1 = 25°C 80 

/',.Vo' Load Regulation lo = 5 to 1500mA T1 = 25°C 160 
10 = 250 to 750mA T1 = 25°C 80 

ld Quiescent Current T1 = 25°C 2 

/',.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

/',.ld Quiescent Current Change V1 =- 11.5 to - 25V 1 

/',.Vo Output Voltage Drift 10 = 5mA -0.6 

/',.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 175 

SVR Supply Voltage Rejection /',.V1 =10V I= 120Hz 54 60 

vd Dropout Voltage 10 = 1A T1 = 25°C 1.1 
/',.V 0 = 100mV 

lsc Short Circuit Current 1.5 

lscp Short Circuit Peak Current T1 = 25°C 2.5 

ELECTRICAL CHARACTERISTICS FOR L7912C (refer to the test circuits, T1 = 0 to 150°C 
V1 = -19V, 10 = 500mA, C1 = 2.2flF, C0 = 1flF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C - 11.5 - 12 - 12.5 

Vo Output Voltage 10 =- 5mA to- 1A Po::; 15W - 11.4 -12 - 12.6 
V1 =- 5.5 to- 27V 

/',.Vo' Line Regulation V1 =- 14.5 to- 30V T1 = 25°C 240 
V1=-16to-22V T1 = 25°C 120 

/',.Vo • Load Regulation lo = 5 to 1500mA T1 = 25°C 240 
10 = 250 to 750mA T1 = 25°C 120 

ld Quiescent Current T1 = 25°C 3 

/',.ld Quiescent Current Change lo = 5 to 1000mA 0.5 

/',.ld Quiescent Current Change V1 =- 15 to - 30V 1 

/',.Vo Output Voltage Drift 10 = 5mA -0.8 
/',.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 200 

SVR Supply Voltage Rejection /',.V1=10V I= 120Hz 54 60 

vd Dropout Voltage lo = 1A T1 = 25°C 1.1 
/',.V 0 = 100mV 

lsc Short Circuit Current 1.5 

lscp Short Circuit Peak Current T1 = 25°C 2.5 

Unit 

v 

v 

mV 
mV 

mV 
mV 

rnA 

rnA 

rnA 

mvrc 

11V!Vo 

dB 

v 

A 

A 

Unit 

v 

v 

mV 
mV 

mV 
mV 

rnA 

rnA 

rnA 

mvrc 

11V!Vo 

dB 

v 

A 

A 

• Load and hne regulat1on are spec1f1ed at constant JUnCtion temperature. Changes 1n V, due to heating effects must be taken into ac· 
count separately. Pulce testrng w1th low duty cycle is used. 
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L7900 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7915C (refer to the test circuits, T1 = 0 to 150°C 
V1 =- 23V, 10 = 500mA, Ci = 2.2!-lF, C0 = 1!1F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C -14.4 -15 - 15.6 

Vo Output Voltage lo=-5mAto-1A Po ~ 15W -14.3 -15 -15.7 
V 1 = - 18.5 to - 30V 

t.Vo * Line Regulation V1 =- 17.5 to- 30V T1 = 25°C 300 
Vi =- 20 to - 26V T1 = 25°C 150 

t.Vo * Load Regulation 10 = 5 to 1500mA T1 = 25°C 300 
10 = 250 to ?SOmA T1 = 25°C 150 

ld Quiescent Current T1 = 25°C 3 

t.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

t.ld Quiescent Current Change V 1 = - 18.5 to - 30V 1 

6.Vo Output Voltage Drift l 0 = SmA -0.9 
t.T 

eN Output Noise Voltage B =10Hz to 100KHz T; = 25°C 250 

SVR Supply Voltage Rejection t.V1=10V f =120Hz 54 60 

vd Dropout Voltage 10 = 1A T1 = 25°C 1.1 
t.V0 = 100mV 

lsc Short Circuit Current 1.3 

lscp Short Circuit Peak Current T1 = 25'C 2.2 

ELECTRICAL CHARACTERISTICS FOR L7918C (refer to the test circuits, Ti = 0 to 150°C 
Vi =- 27V, 10 = 500mA, C1 = 2.2!-lF, C0 = 1 11F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25'C - 17.3 -18 - 18.7 

Vo Output Voltage 10 =- SmA to- 1A Po~ 15W - 17.1 - 18 - 18.9 
V, =- 22 to - 33V 

t.Vo * Line Regulation V1 =- 21 to- 33V T1 = 25'C 360 
V, =- 24 to - 30V T1 = 25°C 180 

t.Vo * Load Regulation 10 = 5 to 1500mA T1 = 25°C 360 
10 = 250 to ?SOmA T1 = 25'C 180 

ld Quiescent Current T1 = 25°C 3 

t.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

t.ld Quiescent Current Change V1 =- 22 to - 33V 1 

t.Vo Output Voltage Drift 10 = SmA -1 

t.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 300 

SVR Supply Voltage Rejection t.V1=10V f =120Hz 54 60 

vd Dropout Voltage lo = 1A T; = 25°C 1.1 
t.Vo = 100mV 

lsc Short Circuit Current 1.1 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

Unit 

v 

v 

mV 
mV 

mV 
mV 

rnA 

rnA 

rnA 

mV/°C 

11V!Vo 

dB 

v 

A 

A 

Unit 

v 

v 

mV 
mV 

mV 
mV 

rnA 

rnA 

rnA 

mV/'C 

11V1Vo 

dB 

v 

A 

A 

• Load and line regulation are specified at constant junction temperature. Changes in v, due to heating effects must be taken mto ac­
count separately. Pules test1ng With low duty cycle IS used. 
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L7900 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7920C (refer to the test circuits, Ti = 0 to 150°C 
V1 =- 29V, Ia = 500mA, C1 = 2.211F, Ca = 1~-LF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Yo Output Voltage T1 = 25°C - 19.2 -20 -20.8 

Vo Output Voltage lo =- 5mA to- 1A Po .,:; 15W -19 -20 - 21 
V, =- 24 to - 35V 

11V0 * Line Regulation V; =- 23 to - 35V T; = 25°C 400 
V; =- 26 to - 32V T; = 25°C 200 

!No* Load Regulation 10 = 5 to 1500mA r, = 25°C 400 
10 = 250 to 750mA T1 = 25°C 200 

ld Quiescent Current T1 = 25°C 3 

11ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

111d Quiescent Current Change V1 =- 24 to - 35V 1 

11Vo Output Voltage Drift lo = 5mA - 1.1 

11T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 350 

SVR Supply Voltage Rejection 11V1=10V f =120Hz 54 60 

vd Dropout Voltage 10 = 1A T1 = 25°C 1.1 
11V0 = 100mV 

lsc Short Circuit Current 0.9 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

ELECTRICAL CHARACTERISTICS FOR L7922C (refer to the test circuits, T1 = 0 to 150°C 
V1 =- 31 V, Ia = 500mA, C1 "' 2.2~-LF, C0 = 1~-LF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C -21.1 -22 -22.9 

Vo Output Voltage lo =- 5mA to- 1A Po.,:; 15W -20.9 -22 -23.1 
V1 =- 26 to - 37V 

11Vo * Line Regulation V, =- 25 to - 37V T1 = 25°C 440 
V, =- 28 to- 34V T1 = 25°C 220 

11Va * Load Regulation 10 = 5 to 1500mA T1 = 25°C 440 
lo = 250 to 750mA T1 = 25°C 220 

ld Quiescent Current T1 = 25°C 3 

11ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

11ld Quiescent Current Change V1 =- 26 to - 37V 1 

11Vo Output Voltage Drift lo = 5mA - 1.1 
11T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 375 

SVR Supply Voltage Rejection 11V,=10V f =120Hz 54 60 

vd Dropout Voltage 10 = 1A T1 = 25°C 1.1 
11V0 = 100mV 

lsc Short Circuit Current 1.1 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

Unit 

v 
v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mvrc 

J1VIVo 

dB 

v 

A 

A 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/°C 

JlVIVa 

dB 

v 

A 

A 
.. 

*Load and hne regulat1on are specified at constant JUnctiOn temperature. Changes m V, due to heating effects must be taken into ac· 
count separately. Pulce testing with low duty cycle is used. 
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L7900 SERIES 

ELECTRICAL CHARACTERISTICS FOR L7924C (refer to the test circuits, Ti ~ 0 to 150°C 
V, ~- 33V, 10 ~ 500mA, Ci ~ 2.2J.1F, C0 ~ 1 J.lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C -23 -24 -25 

Vo Output Voltage 10 =- 5mA to- 1A Po~ 15W -22.8 -24 -25.2 
V, =- 27 to - 38V 

!:No* Line Regulation V, =- 27 to - 38V T1 = 25°C 480 
V; =- 30 to - 36V r, = 25°C 240 

!!No* Load Regulation lo = 5 to 1500mA T; = 25°C 480 
10 = 250 to 750mA T1 = 25°C 240 

ld Quiescent Current T1 = 25°C 3 

!>ld Quiescent Current Change lo = 5 to 1000mA 0.5 

l>ld Quiescent Current Change Vi =- 27 to - 3BV 1 

l>Vo Output Voltage Drift 10 = 5mA -1 

t>T 

eN Output Noise Voltage B =10Hz to 100KHz r, = 25°C 400 

SVR Supply Voltage Rejection t>V,=10V f =120Hz 54 60 

vd Dropout Voltage lo = 1A r, = 25°C 1.1 
t>V0 = 100mV 

lsc Short Circuit Current 1.1 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/°C 

JlV/Vo 

dB 

v 

A 

A 

• Load and line regulation are specified at constant junction temperature. Changes in Vo due to heat1ng effects must be taken into ac· 
count separately. Pulce testing with low duty cycle is used. 

APPLICATION INFORMATION 

Figure 1 : Fixed Output Regulator. 

Notes : 1. To specify an output voltage, substitute voltage va· 
lue for ··xx··. 

2. Required for stabi11ty. For value given, capacitor 
must be sol1d tantalum. If aluminium electrolitics 
are used, at least ten t1mes value should be selec· 
ted. c, is required 1f regulator is located an appre· 
ciable distance from power supply filter. 

3. To improve transient response. If large capacitors 
are used, a high current diode from input to output 
(1 N4001 or similar) should be introduced to protect 
the dev1ce from momentary input short circUit. 

Figure 2: Split Power Supply(± 15V/1A). 

• Against potenflallatch-up problems. 
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L7900 SERIES 

Figure 3 :Circuit for Increasing Output Voltage. 

R1 + R2 
Vo=.Vxx · 

R2 
Vxx 

!=i2 >31d 

• C3 Optional for improved transient response and ripple rejection. 

Figure 5 : Typical ECL System Power Supply 
(- 5.2V/4A). 

Optional dropping resistor to reduce the power dissipated in the 
boost transistor. 
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Figure 4 : High Current Negative Regulator 
(- 5V/4A with 5A current limiting). 



L7900AC 
SERIES 

±2% NEGATIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT UP TO 1.5A 
• OUTPUTVOLTAGESOF-5 ;-5.2 ;-8 ;-12; 

-15 ; - 18 ; - 20 ; - 22 ; - 24V 
• THERMAL CIRCUIT PROTECTION 
• OUTPUT TRANSISTOR SOA PROTECTION 

DESCRIPTION 
The L7900AC series of three-terminal negative re­
gulators is available in T0-220 package and with se­
veral output voltage. They can provide local on-card 
regulation, eliminating the distribution problems as­
sociated with single point regulation ; furthermore, 
having the same voltage options as the L7800 po­
sitive standard series, they are particularly suited for 
split power supplies. 
In addition, the -5.2Vis also available for ECLsystem. 

If adeguate heatsinking is provided, the L7900AC se­
ries can deliver an output current in excess of 1.5A. 
Although designed primarly as fixed voltage regula­
tors, these devices can be used with external compo­
nents to obtain adjustable voltages and currents. 

SCHEMATIC DIAGRAM 

February 1989 

T0-220 
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L7900AC SERIES 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, DC Input Voltage (for V0 =- 5 to - 18V) 
(for V0 =- 20,- 24V) 

lo Output Current 

Ptot Total Power Dissipation 

Top Operating Junction Temperature 

Tstg Storage Temperature 

THERMAL DATA 

Max 
Max 

Value 

-35 
-40 

Internally limited 

Internally limited 

o to+ 150 

- 65 to+ 150 

3 
50 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top views) 

~II 
L. Tab connected to pin 3 

5-6227 

'E'"""' 3 INPUT 

1 GND 

T0-220 

OrderingNumbers Output Voltage 

L7905ACV - 5V 
L7952ACV - 5.2V 
L7908ACV - sv 
L7912ACV - 12V 
L7915ACV - 15V 
L7918ACV -18V 
L7920ACV - 20V 
L7922ACV - 22V 
L7924ACV - 24V 

APPLICATION CIRCUIT 

218 

348 

Unit 

v 
v 

oc 
oc 



L7900AC SERIES 

ELECTRICAL CHARACTERISTICS FOR L7905AC (refer to the test circuits, T1 = 0 to 150°C 
V; = -10V, 10 = 500mA, C, = 2.211F, C0 = 11lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T, = 25°C -4.9 -5 -5.1 

Vo Output Voltage 10 =- 5rnA to -1A Po s; 15W -4.8 -5 -5.2 
V, = - 8 to - 20V 

I'No• Line Regulation V, =-7 to- 25V T1 =25°C 100 
V,=-8to-12V Ti = 25°C 50 

!'No• Load Regulation 10 = 5 to 1500rnA T1 = 25°C 100 
10 = 250 to 750rnA r, = 25°C 50 

ld Quiescent Current T, = 25°C 2 

did Quiescent Current Change 10 =5 to 1000rnA 0.5 

did Quiescent Current Change V, =- 8 to - 25V 1.3 

dVo Output Voltage Drift lo =5rnA -0.4 
dT 

eN Output Noise Voltage 8 =10Hz to 100KHz T1 =25°C 100 

SVR Supply Voltage Rejection dV, =10V f =120Hz 54 60 

vd Dropout Voltage 10 = 1A T1 =25°C 2 
dV0 = 100rnV 

lsc Short Circuit Current 2.1 

lscp Short Circuit Peak Current T, =25°C 2.5 

ELECTRICAL CHARACTERISTICS FOR L7952AC (refer to the test circuits, T1 = 0 to 150°C 
V; = -10V, 10 = 500mA, C; = 2.211F, C0 = 11lF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T, =25°C -5.1 -5.2 -5.3 

Vo Output Voltage 10 =- 5rnA to- 1A Po s; 15W -5 -5.2 -5.4 
V,=-9to-21V 

dVo • Line Regulation V, =- 8 to - 25V T1 = 25°C 105 
V,=-9to-13V T1 = 25°C 52 

dVo· Load Regulation 10 = 5 to 1500rnA r1 =25°C 105 
10 = 250 to 750rnA T1 =25°C 52 

ld Quiescent Current T1 =25°C 2 

did Quiescent Current Change 10 = 5 to 1000rnA 0.5 

t.ld Quiescent Current Change V, =- 9 to - 25V 1.3 

dVo Output Voltage Drift lo =5rnA -0.5 
dT 

eN Output Noise Voltage 8 =10Hz to 100KHz T1 = 25°C 125 

SVR Supply Voltage Rejection dV1 =10V f =120Hz 54 60 

vd Dropout Voltage lo = 1A Ti =25°C 1.8 
dV0 = 100rnV 

lsc Short Circuit Current 2 

lscp Short Circuit Peak Current r, =25°C 2.5 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/°C 

!iVNo 

dB 

v 

A 

A 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

mA 

rnA 

rnA 

rnV/°C 

!iVNo 

dB 

v 

A 

A 

• Load and line regulat1on are specified at constant JUnction temperature. Changes in Yo due to heating effects must be taken into ac­
count separately. Pulce testing with low duty cycle is used. 
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L 7900AC SERIES 

ELECTRICAL CHARACTERISTICS FOR L7908AC (refer to the test circuits, Ti = 0 to 150°C 
V1 = -14V, 10 = 500mA, Ci = 2.21J.F, C0 = 11J.F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage Ti = 25°C -7.84 -8 - 8.16 

Vo Output Voltage lo =- 5rnA to- 1A Po~ 15W -7.7 -8 -8.3 
V1 =- 11.5 to - 23V 

!!.Vo • Line Regulation V; =- 10.5 to - 25V Ti = 25°C 160 
V1 =- 11 to- 17V Ti = 25°C 80 

I!.V o • Load Regulation 10 = 5 to 1500rnA Tj = 25°C 160 
10 = 250 to 750rnA T; = 25°C 80 

ld Quiescent Current T; = 25°C 2 

Aid Quiescent Current Change 10 = 5 to 1000rnA 0.5 

Aid Quiescent Current Change V; =- 11.5 to - 25V 1 

AVo Output Voltage Drift lo = 5rnA -0.6 

AT 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 175 

SVR Supply Voltage Rejection AV;=10V f =120Hz 54 60 

vd Dropout Voltage 10 = 1A T; = 25°C 1.1 
AV 0 = 100rnV 

lsc Short Circuit Current 1.5 

lscp Short Circuit Peak Current T; = 25°C 2.5 

ELECTRICAL CHARACTERISTICS FOR L7912AC (refer to the test circuits, T; = 0 to 150°C 
V1 = -19V, 10 = 500mA, C1 = 2.21J.F, Co= 11J.F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C - 11.75 -12 - 12.75 

Vo Output Voltage lo =- 5rnA to- 1A Po~ 15W - 11.5 -12 - 12.5 
V, =- 5.5 to- 27V 

AV 0 * Line Regulation V, =- 14.5 to- 30V Ti = 25°C 240 
V;- =- 16 to - 22V T; = 25°C 120 

AV 0 * Load Regulation lo = 5 to 1500rnA T; = 25°C 240 
10 = 250 to 750rnA T1 = 25°C 120 

ld Quiescent Current T; = 25°C 3 

Aid Quiescent Current Change lo = 5 to 1000rnA 0.5 

Aid Quiescent Current Change V; =- 15 to - 30V 1 

AVo Output Voltage Drift lo = 5rnA -0.8 
AT 

eN Output Noise Voltage B = 1 OHz to 1OOKHz T1 = 25°C 200 

SVR Supply Voltage Rejection AV 1 =10V f=120Hz 54 60 

vd Dropout Voltage lo = 1A T1 = 25°C 1.1 
AV 0 = 100rnV 

lsc Short Circuit Current 1.5 

lscp Short Circuit Peak Current T1 = 25°C 2.5 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/°C 

!!VIVo 

dB 

v 

A 

A 

Unit 

v 

v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/°C 

!!VIVo 

dB 

v 

A 

A 
--• Load and line regulation are spec1fled at constant JUnction temperature. Changes in Vo due to heating effects must be taken into ac­

count separately. Pulce testing with low duty cycle is used. 
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L7900AC SERIES 

ELECTRICAL CHARACTERISTICS FOR L7915AC (refer to the test circuits, T1 = 0 to 150°C 
V, =- 23V, 10 = 500mA, Ci = 2.211F, C0 = 1!!F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25'C -14.7 -15 - 15.3 

Vo Output Voltage 10 =- 5mA to- 1A Po s; 15W -14.4 -15 -15.6 
V, =- 18.5 to - 30V 

t'.Vo * Line Regulation V, =- 17.5 to- 30V T1 = 25'C 300 
V, =- 20 to- 26V T1 = 25'C 150 

t'.Vo * Load Regulation 10 = 5 to 1500mA T1 = 25'C 300 
10 = 250 to 750mA T1 = 25'C 150 

ld Quiescent Current T1 = 25'C 3 

t.ld Quiescent Current Change 10 = 5 to 1000mA 0.5 

i'lld Quiescent Current Change V, =- 18.5 to - 30V 1 

l'lVo Output Voltage Drift lo = 5mA -0.9 
tlT 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25'C 250 

SVR Supply Voltage Rejection 6.V,=10V f =120Hz 54 60 

vd Dropout Voltage 10 = 1A T1 = 25'C 1.1 
l'lVo = 100mV 

lsc Short Circuit Current 1.3 

lscp Short Circuit Peak Current T1 = 25'C 2.2 

ELECTRICAL CHARACTERISTICS FOR L7918AC (refer to the test circuits, T1 = 0 to 150°C 
V, = - 27V, 10 = 500mA, C, = 2.2!!F, C0 = 1 11F unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25'C -17.64 -18 - 18.36 

Vo Output Voltage 10 =- 5mA to -1A Po s; 15W - 17.3 - 18 - 18.7 
V, =- 22 to- 33V 

l'lVo • Line Regulation V, =- 21 to- 33V T1 = 25'C 360 
V, =- 24 to - 30V T1 = 25'C 180 

l'lVo * Load Regulation 10 = 5 to 1500mA T1 = 25'C 360 
10 = 250 to 750mA T1 = 25'C 180 

ld Quiescent Current T1 = 25'C 3 

i'lld Quiescent Current Change 10 = 5 to 1000mA 0.5 

i'lld Quiescent Current Change V, =- 22 to - 33V 1 

l'lVo Output Voltage Drift lo = 5mA - 1 

tlT 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25'C 300 

SVR Supply Voltage Rejection 6.V 1 =10V f =120Hz 54 60 

vd Dropout Voltage 10 = 1A T1 = 25'C 1.1 
6.V0 = 100mV 

lsc Short Circuit Current 1.1 

lscp Short Circuit Peak Current T1 = 25'C 2.2 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mV/'C 

JJ.V!Vo 

dB 

v 

A 

A 

Unit 

v 

v 

mV 
mV 

mV 
mV 

mA 

mA 

mA 

mvrc 

JJ.V!Vo 

dB 

v 

A 

A 
.. • Load and line regulation are spec1f1ed at constant Junction temperature. Changes 1n V, due to heatmg effects must be taken mto ac· 

count separately. Pulce testing with low duty cycle is used. 
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L7900AC SERIES 

ELECTRICAL CHARACTERISTICS FOR L7920AC (refer to the test circuits, T1 = 0 to 150°C 
V1 =- 29V, 10 = SOOmA, C1 = 2.2~-tF. C0 = 1~-tF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C -19.6 -20 -20.4 

Vo Output Voltage lo =- SrnA to- 1A Po~ 15W - 19.2 -20 -20.8 
v, =- 24 to - 35V 

t>.Vo* Line Regulation V; =- 23 to - 35V TJ = 25°C 400 
V; =- 26 to - 32V T1 = 25°C 200 

!>.Vo* Load Regulation 10 = 5 to 1500mA TJ = 25°C 400 
10 = 250 to 750rnA TJ = 25°C 200 

ld Quiescent Current T1 = 25°C 3 

t;.Jd Quiescent Current Change lo = 5 to 1000rnA 0.5 

t;.ld Quiescent Current Change V; =- 24 to- 35V 1 

!>.Vo Output Voltage Drift lo = SrnA - 1.1 
t;.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 350 

SVR Supply Voltage Rejection t>.V,=10V f =120Hz 54 60 

vd Dropout Voltage lo = 1A T1 = 25°C 1.1 
t>.V 0 = 100mV 

lsc Short Circuit Current 0.9 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

ELECTRICAL CHARACTERISTICS FOR L7922AC (refer to the test circuits, TJ = 0 to 150°C 
V1 =- 31 V, 10 = SOOmA, C1 = 2.2~-tF. C0 = 1~-tF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T1 = 25°C -21.5 -22 -22.5 

Vo Output Voltage lo =- 5rnA to- 1A Po~ 15W -21.1 -22 -22.9 
V1 =- 26 to - 37V 

!>.Vo* Line Regulation V; =- 25 to - 37V TJ = 25°C 440 
V; =- 28 to- 34V T1 = 25°C 220 

t>.Vo* Load Regulation 10 = 5 to 1500mA T1 = 25°C 440 
10 = 250 to 750rnA T1 = 25°C 220 

ld Qui,escent Current T1 = 25°C 3 

t;.ld Quiescent Current Change lo = 5 to 1000rnA 0.5 

t;.ld Quiescent Current Change V; =- 26 to- 37V 1 

!>.Vo Output Voltage Drift lo = 5rnA - 1.1 
t;.T 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 375 

SVR Supply Voltage Rejection t>.V 1 =10V f =120Hz 54 60 

vd Dropout Voltage lo = 1A T1 = 25°C 1.1 
t>.V 0 = 100mV 

lsc Short Circuit Current 1.1 

lscp Short Circuit Peak Current T1 = 25°C 2.2 

Unit 

v 
v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

mV/°C 

flVIVo 

dB 

v 

A 

A 

Unit 

v 

v 

mV 
mV 

rnV 
rnV 

rnA 

rnA 

rnA 

mV/°C 

flVIVo 

dB 

v 

A 

A 

• Load and l1ne regulatiOn are spec1fled at constant JUnction temperature. Changes 1n Vo due to heat1ng effects must be taken into ac· 
count separately. Pulce testing with low duty cycle is used. 
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L7900AC SERIES 

ELECTRICAL CHARACTERISTICS FOR L7924AC (refer to the test circuits, T1 = 0 to 150°C 
V; = - 33V, 10 = 500mA, C; = 2.2JlF, C0 = 1 JlF unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

Vo Output Voltage T; = 25°C -23.5 -24 -24.5 

Vo Output Voltage 10 =- 5mA to- 1A Po$ 15W -23 -24 -25 
V; =- 27 to - 38V 

AVo' Line Regulation V1 =- 27 to - 38V T; = 25°C 480 
V; =- 30 to - 36V T; = 25°C 240 

AVo' Load Regulation 10 = 5 to 1500rnA T; = 25°C 480 
10 = 250 to 750rnA T1 = 25°C 240 

ld Quiescent Current T; =25°C 3 

Aid Quiescent Current Change 10 = 5 to 1000rnA 0.5 

Aid Quiescent Current Change V; =- 27 to - 38V 1 

AVo Output Voltage Drift Ia = 5rnA - 1 
AT 

eN Output Noise Voltage B =10Hz to 100KHz T1 = 25°C 400 

SVR Supply Voltage Rejection AV;=10V f =120Hz 54 60 

vd Dropout Voltage Ia = 1A T; = 25°C 1.1 
AVo= 100rnV 

lsc Short Circuit Current 1.1 

lscp Short Circuit Peak Current T; = 25°C 2.2 

Unit 

v 
v 

rnV 
rnV 

rnV 
rnV 

rnA 

rnA 

rnA 

rnV/°C 

',J.VNo 

dB 

v 

A 

A 
.. 

• Load and line regulat1on are spec1f1ed at constant ;unction temperature. Changes 1n Vo due to heat1ng effects must be taken mto ac­
count separately. Pulce testing with low duty cycle is used. 

APPLICATION INFORMATION 

Figure 1 : Fixed Output Regulator. 

Notes : 1. To specify an output vollage, substitute vollage va­
lue for "XX". 

2. Required for stability. For value given, capacitor 
must be solid tantalum. If aluminium electrolitics 
are used, at least ten times value shown should be 
selected, C, is required if regulator is located an 
appreciable distance from power supply f1lter. 

3. To improve transient response. If large capacitors 
are used, a high current diode from input to output 
(1 N4001 or similar) should be Introduced to protect 
the device from momentary input short circuit. 

Figure 2: Split Power Supply(± 15V/1A). 

• Against potential latch-up problems. 
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L7900AC SERIES 

Figure 3 : Circuit for Increasing Output Voltage. 

R1 + R2 
Vo:Vxx· ---­

R2 

Vxx 
R2 > 31d 

C3 optional for improved transient response and ripple rejection. 

Figure 5 : Typical ECL System Power Supply 
(- 5.2V/4A). 

Optional dropping resistor to reduce the power dissipated in the 
boost transistor. 
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Figure 4 : High Current Negative Regulator 
(- 5V/4A with 5A current limiting). 



• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/flS (typ) 

DESCRIPTION 

These circuits are high speed J-FET input quad ope­
rational amplifiers incorporating well matched, high 
voltage J-FET and bipolar transistors in a monolithic 
integrated circuit. 

The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempe­
rature coefficient. 

LF147/A/B 
LF247/A/B 
LF347/A/B 

J-FET INPUT QUAD OP-AMPs 

N D 
8014 DIP14 

(Plastic package) (Plastic micropackage) 

J SUFFIX 
{Cerdip package) 

GC 
LCC20 

(Tricecop LCC ) 

PIN CONNECTIONS (Top views) 

DIP14/CERDIP14 LCC20 
S014 

1 -Output 1 
2 -Inverting input 1 
3- Non-invertmg input 1 
4-V~c 
5- Non-inverting input 2 
6 -Inverting input 2 
7 -Output 2 

December 1988 

14 

13 

12 

11 

10 

9 

8 

8-0utput 3 
9 -Inverting input 3 

1 0-Non-Inverting input 3 
11-VCc 
12-Non-Inverting input 4 
13 -Inverting inpyt 4 
14-0utput4 

17 
16 
15 

8 14 
9 10 1112 13 

1-NC 
2 -Output 1 
3 -Inverting input 1 
4-Non-inverting input 1 
5-NC 
6-VCc 
7-NC 
8- Non-invertmg input 2 
9 -Inverting input 2 

10-0utput2 

11-NC 
12-0utput 3 
13 -Inverting input 3 
14-Non-inverting input 3 
15-NC 
16-VCc 
17-NC 
18-Non-inverting input 4 
19 -lnvertmg input 4 
20 -Output4 
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LF147/A/B • LF247/A/B • LF347/A/B 

ORDER CODES 

Part Number Temperature Package 

LF147GC - 55 oc to + 125 oc LCC 
LF147AGC - 55 oc to + 125 oc LCC 

, LF147BGC - 55 oc to + 125 oc LCC 
LF147J - 55 oc to + 125 oc CERDIP 
LF147AJ - 55 oc to + 125 oc CERDIP 
LF147BJ - 55 oc to + 125 oc CERDIP 
LF247N - 40 oc to + 1 05 oc DIP14 
LF247AN - 40 oc to + 1 05 oc DIP14 
LF247BN - 40 oc t(l + 1 05 oc DIP14 
LF247D - 40 oc to + 1 05 oc S014 
LF247AD - 40 oc to + 1 05 oc S014 
LF247BD - 40 oc to + 1 05 oc S014 
LF347N 0 octo+ 70 oc DIP14 
LF347AN 0 octo+ 70 oc DIP14 
LF347BN 0 octo+ 70 oc DIP14 
LF347D 0 octo+ 70 oc S014 
LF347AD 0 octo+ 70 oc S014 
LF347BD 0 octo+ 70 oc S014 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) ± 18 v 
V1 Input Voltage (note 3) ±15 v 

Vee Dill. Input Voltage (note 2) ± 30 v 
Ptot Power Dissipation 680 mW 

Output Short-circuit Duration (note 4) Infinite 

Toper Operating Free Air Temperature Range oc 
LF347, A. B o to 70 
LF247, A, B - 40 to 105 
LF147, A, B -55 to 125 

Tstg Storage Temperature Range - 65 to 150 oc 

Notes : 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vee and VCc. 
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2. Differential voltages are at the non-inverting 1nput terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis­

sipation rating is not exceeded. 



SCHEMATIC (each amplifier) 

Non-inverting 
mput 

Inverting 
mput 

vee 

Case 

DIP14 
5014 
CERDIP14 

LCC20 

Outputs 

1,7,14,8 

2, 10, 12, 20 

• LCC20 : Other pins are not connected. 

Inverting 
Inputs 

2, 6, 13, 9 

3, 9, 13, 19 

LF147/A/B- LF247/A/B- LF347/A/B 

Output 

1/4 LF 347 

E88LF347-01 

Non-inverting Vee Vee N.C. 
Inputs 

3, 5, 12, 10 4 11 

4, 8, 14, 18 6 16 * 
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LF147/A/B • LF247/A/B • LF347/A/B 

ELECTRICAL CHARACTERISTICS 
Vee=± 15 V (unless otherwise specified) 
LF147, LF147B, LF147A -55 :5 Tamb :5 + 125 "C 
LF247, LF247B, LF247A -40 :5 Tamb :5 + 105 "C 
LF247, LF247B, LF247A 0 < Tamb < + 70 "C - -

Symbol Parameter 

V,o Input Offset Voltage 
T amb = 25 ° C (Rs < 10 kQ) 

LF147B, LF247B, LF347B 
LF147A, LF247A, LF347A 

T mm :=:; T amb ~ T max 

LF147B, LF247B, LF347B 
LF147A, LF247A, LF347A 

DV;o Input Offset Voltage Drift 

lro Input Offset Current * 
T amb = 25 oc 
T mm < T amb < T max 

l,b Input Bias Current * 
T amb = 25 oc 
T m1n :5 T amb :5 T max 

Avd Large Signal Voltage Gain 
(RL > 2 kQ, V0 =± 10 V) 

Tamb = 25 °C 
T mm < T amb < T max 

SVR Supply Voltage Rejection Ratio 
(R 5 < 10 kQ) 
Tamb = 25 °C 
T mm ~ T amb ::::; T max 

Icc Supply Current, per Amp, no Load 
Tamb = 25 oc 
T mm < T amb < T max 

v, Input Voltage Range 
Tamb = 25 oc 
T m1n ~ T amb ~ T max 

CMR Common Mode Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 
T mm < T amb < T max 

los Output Short-circuit Current 
Tamb = 25 °C 
T m1n < T amb < T max 

± Vopp Output Voltage Swing 
Tamb = 25 oc RL 2 kn 

RL 10 kQ 
T mm ~ T amb :::; T max RL 2 kQ 

RL 10 kQ 

Svo Slew-rate (V, = 10 V, RL = 2 kQ) 
CL :5 100 pF, T amb = 25 °C, unity gain 

LF147A, B LF147 
LF247A, B LF247 

Unit LF347A, B LF347 

Min. Typ. Max. Min. Typ. Max. 

mV 
3 8 

3 5 
1 2 

13 
9 
5 

10 10 JlV/°C 

5 50 5 50 pA 
4 4 nA 

30 200 30 200 pA 
20 20 nA 

V/mV 

50 200 50 200 
25 25 

dB 

80 86 80 86 
80 80 

rnA 
1.4 2.5 1.4 2.5 

2.5 2.5 

v 
-11 +11 -11 +11 

dB 

80 86 70 86 
80 70 

rnA 
10 40 60 10 40 60 
10 60 10 60 

v 
11 12 11 12 
12 13.5 12 13.5 
11 11 
12 12 

V/JlS 
12 16 12 16 

• The rnput bras currents are junction leakage currents wrch approxrmatJVely double for every 10 ·c rncrease rn the JUnction temperature. 
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LF147/A/B- LF247/A/B- LF347/A/B 

ELECTRICAL CHARACTERISTICS (continued) 

LF147A, B LF147 
LF247A, B LF247 

Unit Symbol Parameter LF347A, B LF347 

Min. Typ. Max. Min. Typ. Max. 

t, Rise Time !lS 
(V, =20 mV, RL =2 kn) 
CL = 100 pF, Tamb = 25 •c, unity gain 0.1 0.1 

Kov Overshoot (V, = 20 mV, RL = 2 kn % 
CL s 100 pF, Tamb = 25 •c, unity gain) 10 10 

GBP Gain Bandwidth Product MHz 
(I = 1 00 kHz, T amb = 25 •c 
Vm = 10 mV, RL = 2 kn, CL = 100 pF) 3.3 4.0 5.0 3.3 4.0 5.0 

R, Input Resistance (T amb = 25 •C) 1012 1012 n 

THD Total Harmonic Distortion % 
(I = 1 kHz, Av= 20 dB, RL = 2 kQ 
CL $100 pF, Tamb =25 •c, Vo =2 Vpp) 0.01 0.01 

Vn Equivalent Input Noise Voltage nV/'-'Hz 
(f = 1 kHz, R9 = 100 Q) 15 15 

0m Phase Margin 45 45 Degrees 

Vo1No2 Channel Separation dB 
Avd = 100, T amb = 25 •c 120 120 
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LF147/A/B- LF247/A/B- LF347/A/B 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

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

E88LF347-02 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

!:; 30 

T!Jb~lll!~·el vee= ±15V 
D. 
1-
:::1 
0 

1-
::J 

25 

5 

0 

5 

0 

RL=21dl 

\ 1uilgn 2 

~Tamb= -55•e 

" Tamb= +125•e 

\ 
I' " 40k lOOk 400k 1M 

FREQUENCY (Hz) 
4M 10M 

E88LF347-04 

MAXIMUIII PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAO 

RESISTANCE 

Vee= ±15V I 
1!: 
::J 
0 
>o! 

5 Tamb= +25•e 
See Figure 2 v 

:i> 20 
o.-

~~ I 

>o!~ 
<t..J 
~g 1 

~ 
::E x 
c( 

5 

0~ 
5 

::E 0 

--

II 
v 
1--

--. 1-

0 1 0.2 0.4 0 7 1 2 4 7 10 
LOAD RESISTANCE (kO) 

E88LF347-06 
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1-
:::1 
D. 
1-
:::1 
0 

OL~~W-LUWL~~~ilU~U 
100 1 k 10k 100k 1M 10M 

FREQUENCY (Hz) 
E88LF347-03 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 

0 
RL"' 10 kll 

5 
RL"'2 kll 

t- -
--+-- ---

5 -' t f- >--- ~-1--
' ! I 

Of---·1 r-
s __ [L -- -- --

vee= ±15 v 
0 See figure 2 

-15 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C)EBBLF347_05 

5 

5 

0 

MAXIMUM PEAK TO PEAK OUTPUT 
VOU"AGE VERSUS SUPPLY 

VOLTAGE 

RL=lO kll 
1/ Tamb= +25•c 

I l7 
[7' 

/ 

I/ 
v 
4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 
E88LF347-07 



;{ 
.5 

100 

INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 

Evee- + 15 v 
t=.::· . .. 

.... 10 .. JL 
z 
w 
a: 
a: 
:I 
tJ 
en 
<1: 
iii 
.... 

1 
r--· / 

::;) 0 
a. 

1 
/: i I 

~ 

;{ 
! 
.... 
z 
w 
0:: 
0:: 
::;) 
tJ 
> _, 
IL 
a. 
::;) 
en 

' ~ I I 001 
-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
E88LF347-08 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 

PHASE SHIFT VERSUS FREQUENCY 

45 

ii .. 
c a. .. 
:E 

li: 
--'1---+-+~+-..... ..,-----l 90 i: 

1 u PHASE S~IFT I ::: 
10 J l' (right scale! +--t-->-rl--'H 135 ~ 

1 L_ _j . l ..J....__JL>o...J 180 a. 

2.0 

18 

1 6 

1 4 

1 2 

10 

08 

06 

04 

02 

0 

10 tOO 1 k 1Qk lOOk I M 10M 

FREQUENCY(Hzl 
E88LF347-10 

SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 

vce~±15V 

;--..... No signal 

r---.. No load 

;--..... 
.......... :-..... 

-75 -55 -25 25 50 75 100 125 

TEMPERATURE (°C) 
E88LF347-12 

LF147/A/B- LF247/A/B- LF347/A/B 

I 
1000 

::::; 700 

L 400 ::E 
<1: 200 w-
t:~> 100 c~:E 
~~ 70 

Oz 40 
>o 

20 _,_ 
c~:l-_<( 
1-tJ 10 z- 7 w"" 
a: 
w ... 
lL 

c 
1 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 

FREE-AIR TEMPERATURE 
- .. 

--r----~ -t-· ____.___ --t -
i ~ 

! I 

Vee +15 v 
v0 ~ ±1o v 
Rl =2 k!l 

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

TEMPERATURE (°C) 
E88LF347-09 

TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 

250 

~ n• ! 
z 200 
0 

Vee= t1sv 
No signal 
No load 

i= 175 
<( 

r-- LF~ r-. 
a. 150 

~ 125 
0 
0:: 100 
w 
5:: 
0 
IL 
.... 
<( .... 
0 .... 

75 

50 

~5 

0 

~ -~ 

75 -50 25 0 25 50 75 100 125 

TEMPERATURE (°CI 
E88LF347-11 

SUPPLY CURRENT PER AMPLIFIER 
VERSUS SUPPLY VOLTAGE 

2.0 

1.8 

;{ 1.6 

;_ 1.4 

z 
w 
0:: 
a: 
::;) 

12 

1.0 

~ 0.8 

i 0.6 
a. 
~ 04 

0.2 

0 
0 

Tamb= +25oe 
No signal 
No load 

10 12 14 16 

SUPPLY VOLTAGE (V) 
E88LF347-13 
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LF147/A/B- LF247/A/B- LF347/A/B 
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0 

~ rr: 
z 
0 

COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 

89 Vee= ±15 v 

88 RL= 10 ldl 

~ 87~-t--+--t--1-_,--~~r-~ 
w 

~i BGf--±=~=t=..f==-f==+=...,f--1 w-
e 
~ 85~~~~~~~~-4--1--1 
z 
~ B4 ~+---1---+--+--4--1--4---l 
~ 
u ~L_~~--~_L __ L_~~__J 

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

TEMPERATURE (°CI 
E88LF347-14 

OUTPUT VOLTAGE VERSUS TIME 

28 

24 

> 
_§ 20 

w 

OVERSHOOT ----r-
90% 

" 16 

"' ..... .... 12 
0 
> ..... B 
::I 
IL 

4 ..... 
::I 
0 

0 

--4 

/! 
/i 
I I 

: 
10% ' Vee=±15V 

' ' RL=21dl-
~ .. Tamb=+25oe 

0 0.1 02 0_3 0.4 0.5 0.6 0.7 

TIMEII'SI 
Eb8LF347-16 

~ 
Cll w 
Cl 

"' ..... .... 
0 
> 
..... 
::I 
IL 
..... 
:I 

6 

4 

2 

0 

0 -2 
0 z 
"' -4 ..... 

VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 

I --- Vec=±15 
-II I RL=21dl ~ 

1/oJPu) I\~L=100 pF 
:Tamb= +25° 

v 

e 

1 \ 
'/ 

I~PUT 1\ 
:I 
IL - -- ll. r-
~ -6 

ij 0.5 1 5 2 2.5 3 3 5 

TIME (ps) 

w 

~ 
"-> 
~E 
1-W zo 
wet .... ..... 
"'-' >0 
s> 
a 
w 

70 

60 

50 

40 

30 

20 

10 

0 

E88LF347-15 

EQUIVALENT INPUT NOISE VOL­
TAGE VERSUS FREQUENCY 

vc e=±15V i 
Av =10 I 

\ Rs =1000 
- Ta mb= +25oe' 

- -
-

""' 
- -- ~ 

- - -- r-

- - r- -
- - - -

10 40 100 400 1 k 4 k 10 k 40 k 100 k 

FREQUENCY (Hz) 
EBBLF347-17 

TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 

§ 
z 0.4 
0 
j: 
a: 
~ 0. 1 

c 0.04 
!:! 
z 
0 
~ 0.0 

"' 
1 

:z: 0.004 .... 
~ 

!~~:~±15V 
:~llrmsl• 6V 
'Tamb• +25oc 

1:! 0001 
100 400 1 k 4k 10k 40k tOOk 

FREQUENCY (Hz) 
E88LF347-18 



LF147/A/B- LF247/A/B- LF347/A/B 

PARAMETER ME!ASUREMENT INFORMATION 

Figure 1 : Voltage Follower. Figure 2 : Gain-of-1 0 Inverting Amplifier. 

EBBLF347·19 

AUDIO DISTRIBUTION AMPLIFIER (fo = 100 KHz) 

Figure 3 : Voltage Follower. 

to= 100kHz 

1 Mn 

E88LF347·20 

E88LF347·21 
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LF147/A/B- LF247/A/B- LF347/A/B 

TYPICAL APPLICATION 

POSITIVE FEEDBACK BANDPASS FILTER 

16 kfl 

Input 

15 kn 

fo~ 100kHz 
0~69 

Output A 

OUTPUT A 

10/12 
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EBBLF347-23 

SECOND ORDER BANDPASS FILTER 
fo = 100 KHz ; Q = 30 ; Gain = 4 

16 kll 

Ground 

EBBLF347-22 

OUTPUT B 

I ' 

-L- • 
I : 

I ' 
I I 

EBBLF347-24 

CASCADED BANDPASS FILTER 
fo =100KHz; 0= 69; Gain= 16 



PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm 

Datum 

19.9max. 

14 PINS- PLASTIC MICROPACKAGE SO 

mm 

e- 1.27 

' 

LF147/A/B • LF247/A/B • LF347/A/B 

B.Smax. • 

( 1 ) Nominal dimension 

(21 True geometrical posttlon 

6.35 
(11 

14PINS 

0.185 
0,265 

i i j i i i oot----14-, =-=----~~:. 0.4 

1:2.. 
6.2 

I 

8.55 
8.75 

..li 
4.0 

0.4 
min. 

1.75max. 

14 PINS 
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LF147/A/B- LF247/A/B- LF347/A/B 

20 PINS- TRICECOP (LCC) 

mm 8.74 

1.27 
9.04 

12/12 
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1.86 max. 

20 PINS. 

8.74 
9,04 



LF151/A/B 
LF251/A/B 
LF351/A/B 

J-FET INPUT SINGLE OP-AMPs 

• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/!JS (typ) 

DESCRIPTION 

N 
DIPS 

(Plastic package) 

H 
T099 

(Metal can) 

D 
SOB 

These circuits are high speed J-FET input single 
operational amplifiers incorporating well matched, 
high voltage J-FET and bipolar transistors in a 
monolithic integrated circuit. 

GC 
LCC20 

(Tricecop LCC ) (Plastic micropackage) 

The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempe­
rature coefficient. 

T099 

PIN CONNECTIONS (Top views) 

DIPS LCC20 
so a 

8 2s.6 :eg~ 3 + 6 

5 4 5 

4 

1-Balance 
2 -Inverting input 
3- Non-inverting input 
4-V~c 
5-Balance 
6-0utput 
7-V~c 
8-NC 

December 1988 

r 3 2 ~2o 19 ) 
1>4 18 
)s 17 
)6 16 
?7 15 

?8 9 10 11 12 1;4 
~ 

1-NC 11-NC 
2-Balance 
3-NC 
4-NC 
5 -Inverting input 
6-NC 
7- Non-inverting input 
8-NC 
9-NC 
10-V~c 

12-Balance 
13-NC 
14-NC 
15-0utput 
16-NC 
17-V~c 
18-NC 
19-NC 
20-NC 

1/11 
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LF151/A/B • LF251/A/B • LF351/A/B 

ORDER CODES 

Part Number Temperature Package 

LF151GC - 55 oc to + 125 oc LCC 
LF151AGC - 55 °C to + 125 oc LCC 
LF151BGC - 55 oc to + 125 oc LCC 
LF151H - 55 oc to + 125 oc METAL CAN 
LF151AH - 55 oc to + 125 oc METAL CAN 
LF151 BH - 55 oc to + 125 oc METAL CAN 
LF251N - 40 oc to + 1 05 oc DIPS 
LF251AN - 40 oc to + 1 05 oc DIPS 
LF251 BN - 40 oc to + 1 05 oc DIPS 
LF251D - 40 oc to + 1 05 oc sos 
LF251AD -40°Cto+105°C sos 
LF251BD - 40 oc to + 1 05 oc sos 
LF351N 0 octo+ 70 oc DIPS 
LF351AN 0 octo+ 70 oc DIPS 
LF351BN 0 octo+ 70 oc DIPS 
LF3510 0 octo+ 70 oc SOB 
LF351AD 0 octo+ 70 oc SOB 
LF351 BD 0 octo+ 70 oc sos 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1} ±18 v 
V; Input Voltage (note 3} ±15 v 

Vee Diff. Input Voltage (note 2} ± 30 v 
Ptot Power Dissipation 680 mW 

Output Short-circuit Duration (note 4} Infinite 

Toper Operating Free Air Temperature Range oc 
LF351, A, B o to 70 
LF251, A, B - 40 to 105 
LF151, A, B -55 to 125 

Tstg Storage Temperature Range - 65 to 150 oc 

Notes : 1. All voltage values, except differential voltage, are w;th respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between v'cc and VCc. 
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2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis­

sipation rating is not exceeded. 



SCHEMATIC DIAGRAM 

Non-Inverting 
input 

Inverting 
input 

LF151/A/B • LF251/A/B • LF351/A/B 

Output 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

EB8LF15Hl1 

Case Balance Inverting Non-inverting Output Vee Vee N.C. Input Input 

DIPS 
SOB 1' 5 2 3 6 7 4 8 
T099 

LCC20 2, 12 5 7 15 17 10 . 
• LCC20 :Other pins are not connected. 
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LF151/A/B- LF251/A/B- LF351/A/B 

ELECTRICAL CHARACTERISTICS 
Vee=± 15 V (unless otherwise specified) 
LF151, LF151A, LF151B -55 ~Tamb ~+ 125 'C 
LF251, LF251 A, LF251 B -40 ~ Tamb ~ + 105 'C 
LF351, LF351 A, LF351 B 0 < Tamb < + 70 'C - -

Symbol Parameter 

V,o Input Offset Voltage 
(Rs < 10 kQ) 

Tamb = 25 oc LF151B, LF251B, LF351B 
LF151A, LF251A, LF351A 

T min s T amb s T max LF151 B, LF251 B, LF351 B 
LF151A, LF251A, LF351A 

DVIO Input Offset Voltage Drift 

l,o Input Offset Current • 
T amb = 25 oc 
T mm ::; T amb :5 T max 

l,b Input Bias Current • 
lamb = 25 oc 
T m1n < T amb < T max 

Avd Large Signal Voltage Gain 
(RL > 2 kn, V0 = ± 10 V) 
lamb = 25 °C 
T m1n ::; T amb ::; T max 

SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ} 
T amb = 25 oc 
T mm < T amb < T max 

Icc Supply Current, no Load 
T amb = 25 oc 
T m1n S T amb S T max 

v, Input Voltage Range 
lamb = 25 °C 
T m~n < T amb < l max 

CMR Common Mode Rejection Ratio 
(Rs < 10 kQ) 
lamb= 25 oc 
T m1n S T amb S T max 

los Output Short-circuit Current 
lamb = 25 °C 
l m1n < T amb < T max 

± Vopp Output Voltage Swing 
lamb= 25 oc RL ~ 2 kQ 

RL ~ 10 kQ 
T mm ::; T amb :=; T max RL ~ 2 kQ 

RL > 10 kQ 

Svo Slew-rate (V, = 10 V, RL = 2 kQ) 
CL < 100 pF, lamb = 25 oc, unity gain), 

LF151A, B LF151 
LF251 A, B LF251 

Unit LF351A, B LF351 

Min. Typ. Max. Min. Typ. Max. 

mV' 

3 5 3 8 
1 2 

9 13 
5 

10 10 11V/°C 

5 50 5 50 pA 
4 4 nA 

20 200 20 200 pA 
20 20 nA 

V/mV 

50 200 50 200 
25 25 

dB 

80 86 80 86 
80 80 

mA 
1.4 2.5 1.4 2.5 

2.5 2.5 

v 
-11 +11 -11 +11 

dB 

80 86 70 86 
80 70 

mA 
10 40 60 10 40 60 
10 60 10 60 

v 
11 12 11 12 
12 13.5 12 13.5 
11 11 
12 12 

V/!J.S 
12 16 12 16 

• The input bias currents are junction leakage currents wich approximatively double for every 1 0 ·c increase in the junction temperature. 
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ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

t, Rise Time 
(V1 =20 mV, RL =2 kn) 
CL = 100 pF, Temb =25 •c. unity Gain 

Kov Overshoot (V1 = 20 mV, RL = 2 krl 
CL s 100 pF, T emb = 25 •c, unity gain) 

GBP Gain Bandwidth Product 
(I = 1 oo kHz, Tamb = 25 •c 
V1n = 10 mV, RL = 2 krl, CL = 100 pF) 

R1 Input Resistance (T amb = 25 •C) 

THD Total Harmonic Distortion 
(f = 1 kHz, Av = 20 dB, RL = 2 kQ 
CL < 100 pF, Tamb -25 •c, V0 =2 Vpp) 

Vn Equivalent Input Noise Voltage 
(f = 1 kHz, R9 - 100 rl) 

0m Phase Margin 

1- 30 
:;) 
IL 
1-
:;) 
0 
~ 
<-w> ... -
ow 
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LF151A, B LF151 
LF251A, B LF251 

Unit LF351 A, B LF351 

Min. Typ. Max. Min. Typ. Max. 

3.3 

J.IS 

0.1 0.1 

% 
10 10 

MHz 

4.0 5.0 3.3 4.0 5.0 

1012 1 o1 2 n 
% 

O.D1 0.01 

15 

45 

1-
::l 
IL 
1-
::l 
0 
:.:: 
<(-
w> ... -
ow 
1-CI 

~~ 
<(..I 
wo 
IL> 
::E 
:;) 

~ 
X 
<( 
::;; 

nV/'I'HZ 
15 

45 Degrees 

MAXIMUM PEAK TO PEAK OUTPUT 
JO VOLTAGE VERSUS FREQUENCY 

Vcc=±15V RL=10kfl 
25 T amb = + 25"C 

H-H+li!J--+-HI!Hl---H-Hll!H See figure 2 

20 

O~iW~LU~-U~LJiW~Lil~ 
100 1 k 10 k 100 k 1 M 10M 

FREQUENCY 1Hz) EBBLFtSHl3 
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MAXIMUM PEAK TO PEAK OUPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 

vee= ±15 v 
RL=2 k!l 

11ri9r 2 

~ T amb = - 55"e 

4M 10M 

E88LF151-D4 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 

RESISTANCE 

Vee= ±15 v 

Tamb= +25°e 
See figure 2 / 

/ 
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LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 

PHASE SHIFT VERSUS FREQUENCY 

--~c::±sv~; ±lsvl 
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COMMON MODE REJECTION RATIO 
VERSUS FREE·AIR TEMPERATURE 

vcc~±lsv 

1 RL=10 kfl 
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1 
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! I ' ! 

! 

i 
i 

i ! I 
i I i : 
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TEMPERATURE 1°C) 
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LF151/A/B- LF251/A/B- LF351/A/B 
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TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 
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VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 
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OUTPUT VOLTAGE VERSUS TIME 
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TYPICAL APPLICATIONS 

(0.5 Hz) SQUARE WAVE OSCILLATOR 

HIGH Q NOTCH FILTER 

C1 C2 

EBBLF151-19 

to= 2 ... ~1 Cl = 1 kHz 

C1 =C2 =£= 110pF 
2 

A1 = A2= 2A3 =1.5 MH 

EBBLF151-20 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage Follower. Figure 2: Gain-of-10 Inverting Amplifier. 

EBBLF151-21 
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PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

10/11 
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~ 
6,2 

Datum 

e 1.27 "'I e 

(1} Nom1nal d1mension. 

(2) Exact geometrical d1mens1on 

B Pms 

0.185 , .. 
0.265 

1.75 max. 

8 Pins 



T099- METAL CAN 

mm 

© 
Pin 

4 20 
4.69-

12,7 min. 

20 PINS- TRICECOP (LCC) 

8.74 mm 
9.04 

1.27 

8,50 

LF151/A/B- LF251/A/B- LF351/A/B 

r--

~ 1.01 

..Ji!J0.407 
0.508 

1.86max. 

20 PINS 

8.74 
9.04 
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LF153/A/B 
LF253/A/B 
LF353/A/B 

J-FET INPUT DUAL OP-AMPs 

• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/)JS (typ) 

DESCRIPTION 

The LF353 - 353A- 353B are high speed J-FET in­
put dual operational amplifiers incorporating well 
matched, high voltage J-FET and bipolar transis­
tors in a monolithic integrated circuit. 

The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempe­
rature coefficient. 

N 
DIPS 

(Plastic package) 

GC 
LCC20 

(Tricecop LCC ) 

H 
T099 

(Metal can) 

D 
SOB 

(Plastic micropackage) 

PIN CONNECTIONS (Top views) 

DIPS 
SOB 

T099 

B 

1~8 2 7 
3 I I 6 

4 5 a 2 6 

5 

December 1988 

1 -Output 1 
2 -Inverting input 1 
3- Non-inverting 1nput 1 
4-vec 
5- Non-1nvert1ng input 2 
6 -lnvertlng 1nput 2 
7-0utput2 
8-V~c 

4 

LCC20 

1-NC 
2-0utput t 
3-NC 
4-NC 
5 -Inverting input 1 
6-NC 
7- Non-inverting input 1 
8-NC 
9-NC 

1o-v.;c 

11-NC 
12- Non-inverting input 2 
13-NC 
14-NC 
15 -lnvertJng input 2 
16-NC 
17-0utput2 
18-NC 
19-NC 
20-V~c 
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ORDER CODES 

Part Number Temperature Package 

LF153GC - 55 oc to + 125 oc LCC 
LF153AGC - 55 oc to + 125 oc LCC 
LF153BGC - 55 oc to + 125 oc LCC 
LF153H - 55 oc to + 125 oc METAL CAN 
LF153AH - 55 oc to + 125 oc METAL CAN 
LF153BH - 55 oc to + 125 oc METAL CAN 
LF253N - 40 oc to + 1 05 oc DIPB 
LF253AN - 40 oc to + 1 05 oc DIPB 
LF253BN - 40 oc to + 1 05 oc DIPB 
LF253D - 40 oc to + 1 05 oc SOB 
LF253AD - 40 oc to + 1 05 oc SOB 
LF253BD - 40 oc to + 1 05 oc SOB 
LF353N 0 octo+ 70 oc DIPB 
LF353AN 0 octo+ 70 oc DIPB 
LF353BN 0 octo+ 70 oc DIPB 
LF353D o octo+ 70 oc SOB 
LF353AD 0 octo+ 70 oc SOB 
LF353BD 0 octo+ 70 oc SOB 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) ±1B v 
v, Input Voltage (note 3) ±15 v 

Vee Diff. Input Voltage (note 2) ± 30 v 
Ptot Power Dissipation 6BO mW 

Output Short-circuit Duration (note 4) Infinite 

Taper Operating Free Air Temperature Range oc 
LF353, A, B o to 70 
LF253, A, B -40 to 105 
LF153, A, B -55 to 125 

Tstg Storage Temperature Range - 65 to 150 oc 

Notes : 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between v& and vee. 
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2. Differential vottages are at the non-inverting input terminal w1th respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis­

sipation rating is not exceeded. 



SCHEMATIC DIAGRAM 

Non-invening 
input 

lnvening 
input 

ve-e 

Case 

DIPS 
508 
T099 

LCC20 

Outputs 

1, 7 

2, 17 

• LCC20 : Other pins are not connected. 

Non-inverting 
Inputs 

3, 5 

7, 12 

LF153/ A/8 - LF253/ A/8 - LF353/ A/8 

Output 

1/2 LF 353 

E88LF353-01 

Inverting Vee Vee N.C. Inputs 

2, 6 4 8 

5, 15 10 20 . 
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LF153/ A/8 - LF253/ A/8 - LF353/ A/8 

ELECTRICAL CHARACTERISTICS 
Vee = ± 15 V (unless otherwise specified) 
LF153, LF153A, LF153B -55 :::; Tamb :::; + 125 'C 
LF253, LF153A, LF253B - 40 :::; T amb :::; + 105 'C 
LF353, LF153A, LF353B 0 :::; T amb :::; + 70 'C 

Symbol Parameter 

V,o Input Offset Voltage 
Tamb = 25 oc {R5 < 10 kQ) 

LF15JB,LF253B, LF353B 
LF153A,LF253A,LF353A 

T mm :::; T amb ::;; T max 

LF153B, LF253B,LF353B 
LF153A, LF253A,LF353A 

DV,o Input Offset Voltage Drift 

110 Input Offset Current * 
T amb = 25 oc 
T m1n :::; T amb ~ T max 

l,b Input Bias Current* 
T amb = 25 °C 
T mm $; T amb :::; T max 

Avd Large Signal Voltage Gain 
{RL>2kil,V0 =±10V) 
T amb = 25 °C 
T m1n ::;; T amb ::;; T max 

SVR Supply voltage Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 
T mm ::; T amb :::; T max 

Icc Supply Current, per Amp, no Load 
Tamb = 25 oc 
T m1n ::;; T amb ::;; T max 

v, Input Voltage Range 
Tamb = 25 oc 
T m1n :::; T amb s; T max 

CMR Common Mode Rejection Ratio 
(Rs < 10 kn) 
T amb = 25 °C 
T mm ::; T amb :::; T max 

los Output Short-circuit Current 
Tamb = 25 °C 
T m1n ::;; T amb ::;; T max 

± Vopp Output Voltage Swing 
Tamb = 25 oc RL 2 kn 

RL 10 kn 

T min ~ T amb ~ T max RL 2 kn 
RL 10 kn 

Svo Slew-rate (V, = 10 V, RL = 2 kQ) 
CL ~ 100 pF, T amb = 25 °C, unity gain) 
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LF153A, B LF153 
LF253A, B LF253 

Unit LF353A, B LF353 

Min. Typ. Max. Min. Typ. Max. 

mV 

3 5 3 8 
1 2 

9 13 
5 

10 10 i1V/°C 

5 50 5 50 pA 
4 4 nA 

20 200 20 200 pA 
20 20 nA 

V/mV 

50 200 50 200 
25 25 

dB 

80 86 80 86 
80 80 

rnA 
1.4 2.5 1.4 2.5 

2.5 2.5 

v 
- 11 + 11 - 11 + 11 

dB 

80 86 70 86 
80 70 

rnA 
10 40 60 10 40 60 
10 60 10 60 

v 
11 12 11 12 
12 13.5 12 13.5 
11 11 
12 12 

V/11s 
12 16 12 16 



LF153/A/B- LF253/A/B- LF353/A/B 

ELECTRICAL CHARACTERISTICS (continued) 

LF153A, B LF153 

Symbol Parameter 
LF253A, B LF253 Unit 
LF353A, B LF353 

Min. Typ. Max. Min. Typ. Max. 

t, Rise Time J.LS 
(V1 =20 mV, RL =2 kQ) 
CL = 1 OOpF, T amb = 25 °C, unity Gain 0.1 0.1 

Kav Overshoot (V, = 20 mV, RL = 2 kQ % 
CL ~ 100 pF, T amb = 25 °C, unity gain) 10 10 

GBP Gain Bandwidth Product MHz 
(I = 1 00 kHz, T amb = 25 oc 
V10 = 10 mV, RL = 2 kQ, CL = 100 pF) 3.3 4.0 5.0 3.3 4.0 5.0 

R, Input Resistance (T amb = 25 °C) 1012 1012 Q 

THO Total Harmonic Distortion % 
(f = 1 kHz, Av= 20 dB, RL = 2 kQ 
CL < 100 pF, Tamb =25 oc, V0 =2 Vpp) O.D1 0.01 

Vn Equivalent Input Noise Voltage nV/v'RZ 
(I = 1 kHz, R9 = 100 Q) 15 15 

0m Phase Margin 45 45 Degrees 

Vo1No2 Channel Separation dB 
Avd = 100, Tamb = 25 °C 120 120 
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JO 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

RL=2iCil-11 
Tamb= +25•d 

..:;.:;.,.,rr-TTirilll.see Figure 2 

0 
100 1 k IOk lOOk 1M 10M 

FREQUENCY (Hz) 

EBBLF353-02 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

T!Jb~lll~·el Vce=±15V 
RL =2 kll 

\ 1"ri9n2 

~Tamb= -55"C 

Tamb= +1~·c 

'\ 
I' ~ 

40k lOOk -k 1M 
FREQUENCY (Hz) 

4M 10M 

EBBLF353-04 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 

RESISTANCE 

vee= ±1sv I 
Tamb= +25"C 
See Figure 2 v 

.. 

I 

~ 
v 
f--

--·f-

0.2 0.4 0.7 1 2 4 7 10 
LOAD RESISTANCE (kn) 

EBBLF353·06 

1-
::J 

r:: 
::J 
0 
~ 

0 

5 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

vee= ~1sv RL= 10 kll "'1 
111111 lamb~ +25"e 

~ llllll I \ee Figure 2 

vee=± 10 v 

~ 1111111 II 

t~l~l~5ll 

r-.. 
lk 10k lOOk IM 10M 

FREQUENCY (Hz) 

EBBLF353-03 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 

RL= 10 kll 
RL -2 kll 

r-- -
::i> 20 ··-+-- ·-
a.-
0~ 
'"ct 1 
~ .... 
.C-' 
wO 
a.> 1 

~ 
:::!: 
x 
<1: 
::;: 

·h-~t ! I 
Dl--•1 ~-

5 __ [L --
Vee= ±15V 

0 See figure 2 

1-1-- f-- f-

' 

-- --

-15 -50 -2~ 0 25 50 75 100 125 
TEMPERATURE C°C) 

EBBLF353-05 

MAXIMUM PEAK TO PEAK OUTPUT 
YOU" AGE VERSUS SUPPLY 

VOLTAGE 

RL= 10 kll 

Tamb= +25"C / 
I v 

/ 
v 

/ 
v 

4 6 8 10 12 14 16 

SUPPLY VOLTAGE CVI 

EBBLF353-07 
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LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 

PHASE SHIFT VERSUS FREQUENCY 

lcr 

SUPI'LY CURRENT PER AMPLIFIER 
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~ 225 

tl 200 

j: 175 
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a: 100 
w 
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.... 0.6 ... 
iii 04 
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COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 

Vee=±15V 
AL=101dl 

~-'--

~ 
6 

II) 
w 4 CJ 
<( 
1-
..J 
0 
> 
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SIGNAL PULSE RESPONSE 

Vee= ±15 v --- -, 
RL=2 k!l ~ 

llau~PUTI 1\~L=lOO pF 
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TYPICAL APPLICATION 

QUADRATURE OSCILLATOR 

• These resistor values may be adjusted for a symmetrical output. 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 :Voltage Follower. 

E88LF353-20 

LF153/A/B • LF253/A/B • LF353/A/B 

E88LF353-19 

Figure 2 : Gain-of-1 0 Inverting Amplifier. 

E88LF353-21 
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LF153/ A/B - LF253/ A/8 - LF353/ A/B 

PACKAGE MECHANICAL DATA 

20 PINS- TRICE COP (LCC) 

mm 8.74 

1.27 
9.04 

13 

-~-
0.64 

9 

e- 1.27 .,j e ~ e t e 

8 PINS- PLASTIC DIP 

mm 

10/11 

388 

I e j .. 

19 

_, __ 
2.16 

3 

Datum 

( 1) Nominal dimension 

1.86 max. 

20 PINS 

8.74 
9.04 

(2) Exact geometncal d1menslon 

B Pms 



8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

~ 
6.2 

Datum 

T099- METAL CAN 

mm 

© 
Pin 

4 20 w-

12.7 min. 

LF153/A/B- LF253/A/B- LF353/A/B 

0.35 
O.A5 

1.75 max. 

1 27 mcx 
8.50 

: f--

~ 
1.01 

~0.407 
0.508 

0.185 
0.265 

8 Pms 

8 Pms 

11111 

389 





LF155 
LF156-LF157 

J-FET INPUT SINGLE OPERATIONAL AMPLIFIERS 

• REPLACE HYBRID AND MODULE FET OP 
AMPs. RUGGED J-FETs ALLOW BLOW-OUT 
FREE HANDLING COMPARED WITH MOSFET 
INPUT DEVICES 

• EXCELLENT FOR LOW NOISE APPLICATIONS 
USING EITHER HIGH OR LOW SOURCE IMPE­
DANCE VERY LOW 1/F CORNER 

• OFFSET VOLTAGE ADJUST DOES NOT DE­
GRADE DRIFT OR COMMON-MODE REJEC­
TION AS IN MOST MONOLITHIC AMPLIFIERS 

• NEW OUTPUT STAGE ALLOWS USE OF 
LARGE CAPACITIVE LOADS (1 0 000 pF) WI­
THOUT STABILITY PROBLEMS 

• INTERNAL COMPENSATION AND LARGE 
DIFFERENTIAL INPUT VOLTAGE CAPABILITY 

TYPICAL APPLICATIONS 
• PRECISION HIGH SPEED INTEGRATORS 
• FAST D/A AND AID CONVERTERS 
• HIGH IMPEDANCE BUFFERS 
• WIDEBAND, LOW NOISE, LOW DRIFT AMPLI-

FIERS 
• LOGARITHMIC AMPIFIERS 
• PHOTOCELL AMPLIFIES 
• SAMPLE AND HOLD CIRCUITS 

DESCRIPTION 

These circuits are monolithic J-FET input operatio­
nal amplifiers incorporating well matched high vol­
tage J-FETs on the same chip with standard bipolar 
transistors. 
These amplifiers feature low input bias and offset 
currents, low input offset voltage and input offset 
voltage drift, coupled with offset adjust which does 
not degrade drift or common-jade rejection. 
The devices are also designed for high, slew rate, 
wide bandwidth, extremely fast settling time, low 
voltage and current noise and a low 1/f noise corner. 

ORDER CODES 

Part Number Temperature Package 
Range N D H GC 

LF355,/LF356, 0 'C to+ 70 'C • • LF357, 
LF255/LF256 - 40 'C to + 105 'C • • LF257 
LF155/LF156 - 55 'C to + 125 'C LF157 • • • 
Note : Hi-Rei versions available 
Examples : LF355 N, LF155 H 

December 1988 

H 
T0-99 

(Metal can) 

GC 
LCC20 

(Tricecop - LCC) 

N 
DIPS 

(Plastic package) 

D 
SOB 

(Plastic micropackage) 

PIN CONNECTIONS (Top views) 

T0-99 DIPS 
SOB 

1~8 2 - 7 
3 + 6 

4 5 

4 

1 ·Offset null 
2 ·Inverting mput 
3 ·Non-inverting input 
4-Vcc 

5-0ffset null 
6 -Output 
7-Vcc 
8-NC 

LCC20 
~~ 

~4 3 2 '1"70 1918 

)5 17 
)6 16 

1-NC 

)7 15 

>s 9 to 11121;4) 11-NC 

2 -Offset null 
3-NC 
4-NC 
5 -Inverting input 
6-NC 
7- Non-inverting input 
8-NC 
9-NC 

10-Vcc 

12 -Offset null 
13·NC 
14·NC 
15-0utput 
16-NC 
17-Vcc 
18·NC 
19·NC 
20-NC 

1/14 
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LF155·LF156·LF157 

MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

V1o Differential Input Voltage 

v, Input Voltage (note 2) 

Output Short-circuit Duration 

Ptol Power Dissipation 

Toper Operating Free-air, Temperature Range 

T.,g Storage Temperature Range 

SCHEMATIC DIAGRAM 

Non-inverting 
InPUt 

Case 

DIPS 
508 

LCC20 

Offset 
Null 

1, 5 

2, 12 

Inverting 
Input 

2 

5 

• LCC20 :Other ptns are not connected. 

2/14 
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Non-Inverting 
Input 

3 

7 

LF355, A LF255 
LF358, A LF258 
LF357, A LF257 

± 18 ± 22 

:1: 30 :1:40 

:1: 16 ± 20 

Continuous Continuous 

500 570 

o to+ 70 - 40 to+ 105 

-65to+150 - 65 to+ 150 

vee vee 

4 7 

10 17 

LF155, A 
LF158, A 
LF157, A 

Unit 

± 22 v 
:1: 40 v 
:1: 20 v 

Continuous 

670 mW 

-55. to+ 125 'C 

- 65 to+ 150 'C 

vee 

Output 

vc:e 
EBBLF15S.Q1 

Output N.C. 

6 8 

15 . 



LF155·LF156·LF157 

ELECTRICAL CHARACTERISTICS 
LF155, LF156, LF157 :-55 'C s Tamb S+ 125 'C, 
LF155A, LF156A, LF157 A :- 55 'C s Tamb s + 125 '0, 
LF255, LF256, LF257 :-40 'C s Tamb S+ 105 'C, 
(Unless otherwise specified). 

± 15V s Vee s ± 20V (note 3) 
± 15V s Vee s ± 20V (note 3) 
± 15V s Vee s ± 20V (note 3) 

Symbol Parameter 
LF155, LF156, LF157 
LF255 LF256 LF257 LF155A, 156A, 157 A 

Min. Typ, Max. Min. Typ, Max. 

Vro lnRut Offset Volta~e (Rs a 50 0) 
T amb a + 25 ° 3 5 1 2 
Tmrn S Tamb S T max LF155, LF156, LF157 7 2.5 

LF255, LF256, LF257 6.5 

lro ln~ut Offset Current (note 5) 
TJ = + 25 '0 3 20 3 10 
TJ s T max LF155, LF156, LF157 20 10 

LF255, LF156, LF257 1 

Ire Input Bias Current (note 5) 
TJ = + 25' C 30 100 30 50 
Tj S T max LF155, LF156, LF157 50 25 

LF255, LF256, LF257 5 

Avo Large Signal Voltage Gain 
(V cc = ± 15 V, Vopp = ± 10 V, RL = 20 KO) 

Tamb = + 25 'C 50 200 50 200 
T min < T amb :s; T max 25 25 

SVR SuRply Voltage Rejection Ratio (note 6) 85 100 85 100 
Icc Supply Current ( V cc = ± 15 V, T amb = + 25 'C) 

LF155, LF255 2 4 2 4 
LF156, LF256 5 7 5 7 
LF157, LF257 5 7 5 7 

cr Vro Temperature Coefficient of Input Offset Voltage 
(Rs = 50 !l) - Note 4 5 3 5 

crVroNro Change in Average Temperature Coefficient 
with Vro adjust 
Rs =50 n 0.5 0.5 

Vr Input Voltage Range (V cc = ± 15 V) ± 11 ± 15.1 ± 11 ± 15.1 
- 12 - 12 

CMR Common-mode Rejection Ratio 85 100 85 100 
Vopp Output Voltage Swing (V cc = ± 15 V) 

RL = 10 Kn ± 12 ± 13 ± 12 ± 13 
RL = 2 Kn ± 10 ± 12 ± 10 + 12 

GBp Gain-bandwidth Product 
(Vee=+ 15 V, Tamb = + 25 'C) LF155, LF255 2.5 2.5 

LF156, LF256 5 4 4.5 
LF157, LF257 20 15 20 

Svo Slew Rate (Vee=± 15 V, Tamb = + 25 'C) 
Av = 1 LF155, LF255 5 3 5 

LF156, LF256 7.5 12 10 12 
Av = 5 LF157, LF257 30 50 40 50 

Rr Input Resistance (T = + 25 'C) 1012 1012 

Cr Input Capacitance (V cc = ±15 V, T amb = + 25 'C) 3 3 

Vn Equivalent Input Noise Voltage 
(Vee= ± 15 V, Tamb = + 25'C, Rs = 100 !l) 

f =1000Hz LF155 25 20 
LF255 20 

LF156, LF157 12 15 
LF256, LF257 15 

f = 100 Hz LF155 20 25 
LF255 25 

LF156, LF157 12 15 
LF256, LF257 15 

In Equivalent Input Noise Current 
(Vee=± 15 V, Tamb = + 25 'C, I= 100Hz or 

f = 1000Hz) 0.01 0.01 

t, Settling Time (V cc = ± 15 V, T amb = + 25 'C) -
Note 7 

LF155, LF255 
4 1.5 LF156, LF256 

LF157, LF257 4 

Unit 

mV 

pA 
nA 

pA 
nA 

V/mV 

dB 
mA 

flV/'C 

flV/'C 
per mV 

v 

dB 
v 

MHz 

V/flS 

n 
pF 

nV/-!Hz 

pNVHz 

1.5 

3/14 
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LF155-LF156-LF157 

ELECTRICAL CHARACTERISTICS 

0 ·c $ T amb $ + 70 ·c, Vee = ± 15V LF355, LF356, LF357 
LF355A, LF356A, LF357A 
(Unless otherwise specified). 

0 ·c $ Tamb $ + 70 ·c, ± 15V $Vee$± 18V (note 3) 

Symbol Parameter LF355, LF356, LF357 LF355A, 356A, 357A 

Min. Typ. Max. Min. Typ. Max. 

v,o Input Offset Voltage (Rs = 50 Q) 
T amb = + 25 o 3 10 1 2 
T mtn < T amb < T max 13 2.3 

l1o Input Offset Current (note 5) 
3 50 r, = + 25 oe 3 10 

T < + 70 oe 2 1 

l1e Input Bias Current (note 5) 
30 200 30 +' : ~ ~g :g 50 

8 5 

Avo Large Signal Voltage Gain 
(Vee=± 15 V, Vopp = ± 10 V, RL = 2 KQ) 

T amb = + 25 °C 25 200 50 200 
T mtn < T amb < T max 15 25 

SVR Supply Voltage Rejection Ratio (note 6) 80 100 85 100 

Icc Supply Current (V cc = ± 15 V, T amb = + 2I~~~5 2 4 2 4 
LF356, LF357 5 10 5 10 

(X v,o Temperature Coefficient of Input Offset Voltage 
(Rs = 50 Q) • Note 4 5 3 5 

aV1oN1o ChanJe in Average Temperature Coefficient 
with 10 Adjust 

Rs -50 n 0.5 0.5 

VI Input Voltage Range (V cc = ± 15 V) ± 15.1 ± 15.1 
± 10 - 12 ± 11 -12 

CMR Common-mode Rejection Ratio 85 100 85 100 

Vopp Output Volt~ Swmg (V cc = ± 15 V) 
RL = 10 ± 12 ± 13 ± 12 ± 13 
RL - 2 Kn + 10 + 12 + 10 + 12 

GBp Gain-bandwidth Product 
(Vee = ± 15 V, T amb = + 25 oe) 

LF355 2.5 2.5 
LF356 5 4 4.5 
LF357 20 15 20 

Svo Slew Rate (Vee = ± 15 V, T amb = + 25 °C) 
Av = 1 LF355 5 3 5 

LF356 12 10 12 
A"- 5 LF357 50 40 50 

R, Input Resistance (T = + 25 °C) 1012 1012 

c, Input Capacitance (V cc - + 15 V, T amb - + 25 °C) 3 3 

Vn Equivalent Input Noise Voltage 
(Vee=± 15 V, lamb=+ 25 °C, Rs = 100Q) 

20 f = 1000 Hz LF355 20 
LF356, LF357 12 12 

f = 100Hz LF355 25 25 
LF356, LF357 15 15 

In Equivalent Input Noise Current 
(V cc = ± 15 V, T amb = + 25 oe, f = 100 Hz 
or f = 1000 Hz) 

0.01 0.01 
t, Settling Time (Vee=± 15 V, lamb=+ 25 °C) 

Note 7 
LF355 4 4 

LF356, LF357 1.5 1.5 

Unit 

mV 

pA 
nA 

pA 
nA 

V/mV 

dB 
mA 

jlV/°C 

11Vre 
per mV 

v 

dB 

v 

MHz 

V/jlS 

n 
pF 

nV/~Hz 

pAJ.JHz 

jlS 

Notes : 1. The eB package must be derated based on a thermal resistance of 150 oem junction ambient or 45 oem junction to case; for the 
DIP package, the device must be derated based on thermal resistance of 175 °CN'/ junction to ambient. 
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2. Unless otherwise specified the absolute max1mum negat1ve input voltage is equal to the negative power supply voltage. 
3. FortheLF155,A, LF156, A, LF157, Athesespecificationsapplyfor±15SVccS±20 V,-55 °CSTambS+ 125°C and Th•gh=+ 125 oc 

unless otherwise stated. 
For the LF255, A, LF256, A, LF257, A these specifications apply for± 15 V,; Vee,;± 20 V,- 40 oc,; Tamb,; + 105 oc and Th,gh = 
+ 1 05 oc unless otherwise stated. 
For the LF355, A, LF356,A, LF357, A these specifications apply for±15 VSVCCS±20 V, 0°CSTambo> + 70 oc andThoh = + 70°C, 
unless otherwise stated. 



LF155-LF156-LF157 

Notes : 4. The temperature coefficient of the adjusted input offset voltage changes only a small amount (0.51!VI'C typically) for each mV of 
adjustment from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset ad­
justment. 

5. The input bias currents are junction leakage currents which approximately double for every 10 "C increase in the junction tempera­
ture T1 Due to l1mited production test time, the input bias current measured is correlated to junction temperature. 
In a normal operation the junction temperature rises above the ambient temperature as a result of internal power dissipation, 
Ptot-T1 = T,mb + R.~_,1 x p.,, where R•1ra1 is the thermal resistance from junction to ambient Use of a heatsink is recommended if 
1nput currents are to be kept to a minimum. 

6. Supply voltage reject1on IS measured for both supply magnitudes increasing or decreasing simultaneous, in accordance with com­
mon practice. 

7. Settling time is defined here, for a unity gain inverter connection using 2 kn resistors for the LF155, LF156 series. It is the time re­
qUired 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 
t1me a 10 V step input is applied to the inverter. For the LF157 series Av =- 5, the feedback resistor from output to input is 2 kn and 
the output step is 1 0 V. 

APPLICATION HINTS 
The LF155, LF156, LF157 series are op amps with 
J-FET input devices. These JFETs have large re­
verse breakdown voltages from gate to source or 
drain eliminating the need of clamps across the in­
puts. Therefore large differential input voltages can 
easily be accommodated without a large increase of 
input currents. The maximum differential input volt­
age is independent of the supply voltage. However, 
neither of the negative input voltages should be allo­
wed 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 ei­
ther input will cause a reversal of the phase to the 
output and force the amplifier output to the corre­
sponding high or low state. Exceeding the negative 
common-mode limit on both inputs will force the am­
plifier 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 sin­
gle input will not change the phase of the output ho­
wever, 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 sup­
ply by approximately 100 mV independent of supply 
voltage and over the full operating temperature 
range. The positive suplly can therefore be used as 
a reference on an input as, for example, in a supply 
current monitor and/or limiter. 

Precautions should be taken to ensure that the po­
wer supply for the integrated circuit never becomes 

reversed in polarity or that the unit is not inadvertent­
ly metalled backwards in a socket as an unilimited 
current surge through the resulting forward diode wi­
thin the IC could cause fusing of the internal conduc­
tors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOS­
FET input op amps they do not require special han­
dling. 

All of the bias currents in these amplifiers are set by 
FET current sources. The drain currents for the am­
plifiers are therefore essentially independent of sup­
ply voltages. 

As with most amplifiers, care should be taken with 
lead dress, components placement and supply de­
coupling in order to ensure stability. For example, re­
sistors from the output to an input should be placed 
with the body close to the input to minimiz "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 resi­
stance and capacitance from the input of the device 
(usually the inverting input) to ac ground set the fre­
quency 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. Howe­
ver, if the feedback pole is less than approximately 
six time the expected 3 dB frequency a lead capaci­
tor should be placed from the output to the input of 
the op amp. The value of that 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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LF155·LF156·LF157 

TYPICAL CIRCUITS 

V1o ADJUSTMENT 

vc!c 

vee 

EB8LF155-02 

v,0 Is adjusted wtth a 25 kn potentiometer. The potentiometer wiper 
Is connected to V c c. 
• CB-11, CB-96 pin ccnfiguratlon. 

LARGE POWER BW AMPLIFIER 

-1 v 
~ 

+1 v 

1 kll 

1 kll 

>-_._-oao 

-~+10V Vee -
--1DV 

EB8LF155.Q4 

For distortion < 1% and a 20 Vpp Vo swing, power bandwidth Is : 
500kHz. 

DRIVING CAPACITIVE LOADS 

R" = 5 kD LF155, LF166 
R" = 1.25 kD LF157 

&kn 

E88LF155-03 

Due to a unique output stage design these amplffiers have the abili­
ty to drive large capacitive loads ans still maintain stability. 
CL(ma<) = 0.01 11F 

Overshoot s 20% 
Settling time (Is)= 5115 

SETILING TIME TEST CIRCUIT 

2kn 

EB8LF155·05 

Settling time is tested with the LF155, LF156 connected as unity 
gain converter R , = 2 kn and LF157 connected for Av =- 5, 
R 1= 0.4kn. 
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TYPICAL CHARACTERISTICS 

~ 
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II. 
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~ 
.§ 
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a: 
a: 
::J 
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~ 
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II. 
::J 
Ill 

INPUT BIAS CURRENT 

10 k 

1 k 

100 

10 

0.1 

-s5 -25 5 35 S5 95 125 

CASE TEMPERATURE (DC) 

INPUT BIAS CURRENT 

80 
~ ± 15V 

70 
+25°C ~ 

60 ~sow 

50 

40 

30 

20 

10 

oL-~_i--~~~~~~~ 

-10 -5 0 5 10 

COMMON-MODE VOLTAGE lVI 

SUPPLY CURRENT 

3 
_'fj'fJoC 

2 

0 5 10 15 20 25 

SUPPLY VOLTAGE (±VI 

E88LF155-06 

E88LF155-08 

E88LF155-10 

~ 
.!:!-
1-z 
w 
a: 
a: 
:> 
u 
Ill 
<( 

iii 
1-
::;) 
11. 
z 

~ 
.§ 
1-z 
w 
a: 
a: 
::J 
u 
> _, 
c.. 
II. 
::J 
Ill 

LF155·LF156·LF157 

INPUT BIAS CURRENT 

100 k .---.-----,---.-~---r---, 

LF156, LF157 

0.1 L---~--~--~--~--~--_J 
-55 -25 35 65 95 125 

CASE TEMPERATURE (DC) 
EBBLF~SS-07 

VOLTAGE SWING 

40 

RL ~ 2kn 
1-T amb ~ +25oc v v 30 

v 
v 20 

v 
10 v 

0 
0 5 10 15 20 

SUPPLY VOLTAGE I±V) 
E88LF155·09 

SUPPLY CURRENT 

7 

6 

5 

4 

3 

2 
0 5 10 15 20 25 

SUPPLY VOLTAGE (±Vl 
E88LF155·11 
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LF155-LF156-LF157 

TYPICAL CHARACTERISTICS (continued) 

~ 
Cl z 

~ 
w 
Cl 
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!::; 
0 
> 
1-
:::1 
0.. 
1-
:::1 
0 
w 
> 
~ 
Cl 
w 
z 

MAXIMUM NEGATIVE CURRENT 

~ 

~-t-+--+-+l;J-+--1----H 
("") 

0'---'--'---'-..._J...... ....... _...._...L.J 
0 5 10 15 20 25 30 35 

OUTPUT SINK CURRENT !mAl 
E88LF155-12 

~ 
Cl z 

~ 
w 
Cl 

~ 
0 
> 
1-
:::1 
0.. 
1-
:::1 
0 
w 
> 
i= 
iii 
0 
0.. 

15 

10 

5 

0 

MAXIMUM POSITIVE CURRENT 

.... vee= ±15 v 
I 

'1'1 1\ t ., 
3 
" -I ,----- -II-

-I 3 I .. " "' 3 "' 
" 

II - -c';-
II + 

I "' + OJ ;;.; n 

\ 1 "' r> 
0 5 10 15 20 25 30 35 40 

OUTPUT SOURCE CURRENT (mAl 
E88LF155·13 

MAXIMUM POSITIVE COMMON-MODE MAXIMUM NEGATIVE COMMON-MODE 

20 

w-c> o-
;::E!:: .:;; 15 Z-
O-' 
;:!;W 
::!:Cl 
o< 
u!::i 
wO 10 >> - .... 
!::::::~ 

"'"'" oz 
a..-

5 

~ 
107 

z 
Ci 
Cl 
w 

106 Cl 
< 
!::; 
0 
> 
0.. 
0 105 
0 .... 
z 
w 
0.. 
0 
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INPUT VOLTAGE INPUT VOLTAGE 

-55°C ~T ~+125°C amb / 
/ 

/ 
/ 

/ 
/ 

5 10 15 20 

POSITIVE SUPPLY VOLTAGE (Vl 
E88LF155-14 

OPEN LOOP VOLTAGE GAIN 

RL 2k.ll 

Rs son 
-T =-55°C-amb _ 

/ I 

Tamb +2soc=: -
~ ~Tamb +125°C 

10 15 20 

SUPPLY VOLTAGE I±V) 

E88LF155-16 

~> o-
::!:!:: 
z::!: 
O::::i 
::!:w 
~ ~ -10 ~-f--h~l£---1--+--~ 
0~ 
wo 
>> 
~!; -5 h6j;~-f--f--f--t--l 
ClO.. wz z-

0 L-.....1..-...L._.L._.......I_....L _ __J 

-5 -10 -15 -20 
NEGATIVE SUPPLY VOLTAGE IV) 

EBBLF155-15 

OUTPUT VOLTAGE SWING 

28 
Vee = + 15V 
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LF155-LF156-LF157 

TYPICAL CHARACTERISTICS (continued) 
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LF155-LF156-LF157 

TYPICAL CHARACTERISTICS (continued) 
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TYPICAL CHARACTERISTICS (continued) 
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LF155-LF156-LF157 

TYPICAL CHARACTERISTICS (continued) 
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PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

_g_ 
6.2 

Datum 

LF155-LF156-LF157 

(1) Nominal dimension 

(2) Exact geometncal dimension 

a Outputs 

0.185 
0.265 

1.75 max. 

8 Outputs 

13/14 
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LF155-LF156-LF157 

T0-99- METAL CAN 

mm 

© 
Pin 

~ 0 7.75 1.27 max. 
4,69 8.50 

1---

~ 1.01 

12,7min. 

8 Outputs 

00.407 
0.508 

20 PINS- TRICECOP (LCC) 

mm 8.74 1.B6max. 
9.04 

19 

-----i- 2.16 

0.64 

3 

e- 1.27 .j e ~ e t e e j .. 
Datum 8.74 

9,04 

20 Outputs 
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LM1 01 A-LM201 A 
LM301A 

SINGLE OPERATIONAL AMPLIFIERS 

LM101A LM301A 
LM201A 

• INPUT OFFSET VOLTAGE 0.2 mV 
• INPUT BIAS CURRENT 25 nA 
• INPUT OFFSET CURRENT 1.5 nA 
• SLEW RATE AS INVERTING 

AMPLIFIER 10 V/IJ.S 

2mV 
70 nA 
2 nA 

10 V/IJ.S 

H 
T099 

(Metal Can) 

N 

GC 
LCC20 

(Tricecop (LCC)) 

D 
so a 

DESCRIPTION 
DIPS 

(Plastic Package) 
J 

CERDIPS 
(Cerdip Package) 

(Plastic Micropackage) 

ORDER CODES 

The LM101A is a general-purpose operational am­
plifier. This amplifier offers many features : supply 
voltages from ± 5 V to ± 20 V, low current drain, 
overload protection on the input and output, no 
latch-up when the common-mode range is excee­
ded, freedom from oscillations and compensation 
with a single 30 pF capacitor. It has advantages over 
internally compensated amplifiers in that the com­
pensation can be tailored to the particular applica­
tion : slew rates of 10 V/IJ.S and bandwidths of 
3.5 MHz can be easily achieved. In addition, the cir­
cuit can be used as a comparator with differential in­
puts up to± 30 V. The output can be clamped at any 
desired level to make it compatible with logic circuits. 

Part Temperature Package 

PIN CONNECTIONS (top views) 

T099 

8 

e 2 6 

5 

1 - Balance compensation 1 
2 - Inverting input 

DIPS/CERDIPS 
so a 

1138 2 - 7 

3 + 6 

4 5 

5- Balance 
6 · Output 
7- VCe 

Number Range H N J GC 

LM101A - 55 to + 125 oc • • • 
LM201A - 40 to + 1 05 oc • • • 
LM301A o to+ 70 oc • • • 
Note : Hi-Rei Versions Available 
Examples: LM101AH, LM201AN 

LCC20 

------.. ( 32 111 2019 ) 
< 4 1 18( 

5 17 
1-NC s6 16 11-NC 
2 . Balance compensation 1S ~ 7 15 12 · Balance 
3-NC 8 14( 13-NC 
4 -NC 910111213) 14 -NC 
5 - Inverting input 15 - Output 
6- NC 16- NC 
7 · Non-inverting input 17 · VCe 
8- NC 18- NC 
9- NC 19· NC 

D 

• 

3 - Non-inverting input 
4- V"cc 8 - Compensation 2 10- VCe EBBLM101·33 20- Compensation 2 

December 1988 1/12 
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LM1 01 A-LM201 A-LM301 A 

ABSOLUTE MAXIMUM RATINGS 

Value 
Symbol Parameter 

LM101A LM201A 

Vee Supply Voltage ± 22 ± 22 

V1o Differential Input Voltage ± 30 ± 30 

VI Input Voltage ±15 ±15 

Output Short-circuit Duration Indefinite for T amb = + 70 oc 

Ptot Power Dissipation N.J.H. Suffix 500 500 
GC Suffix 665 
D Suffix 300 

Taper Operating Free-air Temperature Range -55 to+ 125 - 40 to+ 105 

Tstg Storage Temperature Range 

SCHEMATIC DIAGRAM 

T099 

DIPS 

lnvcrt1ng input 

Non-in'lPf1ing 
input 

Balance 

Case 

CERDIPB 
SOB 

LCC20' 

Balance/ 
Comp. 1 

1 

1 

2 

Inverting 
Input 

2 

2 

5 

• LCC20 : Other pins not connected. 

2/12 

406 

- 65 to+ 150 - 65 to+ 150 

vee 

Non-
Inverting Vee Vee Output 

Input 

3 4 7 6 

3 4 7 6 

7 10 17 15 

Unit 
LM301A 

± 22 v 
± 30 v 
±15 v 

Indefinite for 
T amb =+55 °C 

500 mW 

300 

o to+ 70 oc 
- 65 to+ 150 oc 

Output 

ESSLMt Ot ·01 

Balance Comp. 2 

5 8 

5 8 

12 20 



ELECTRICAL CHARACTERISTICS 

LM301A: O'C<Tamb<+ 70°C, 5V Vee 
LM201A : -40 'C < Tamb < + 105 oc, 5 V Vee 
LM101A: -55'C<Tamb<+125°C, 5V Vee 
*=>Vcc=±15V 
(unless otherwise specified) 

Symbol Parameter 

Vro Input Offset Voltage (Rs ,:; 1 0 kQ) 
T amb ~ 25 oc 

T mm S T amb ~ T max 

Irs Input Bias Current 
T amb ~ 25 oc 

T mm ,:; T amb ,:; T max 

lro Input Offset Current 
T amb ~ 25 oc 

T m1n ~ T amb S T max 

Avo Large Signal Voltage Gain * 
{Vo=± 10V,RL~2kQ) 

T amb ~ 25 oc 
T m1n ::s; T amb S T max 

SVR Supply Voltage Rejection Ratio 
(Rs,:; 10 kQ) 

T amb ~ 25 °C 
T m1n S T amb S T max 

Icc Supply Current no Load 
T amb ~ 25 oc 

T mrn ,:; T amb ,:; T max 

Vr Input Voltage Range (Vee ~ ± 20 V) 
Tamb ~ 25 oc 

T mm S T amb S T max 

CMR Common Mode Rejection Ratio 
(Rs,:; 10 kQ) 

T amb ~ 25 oc 

T mm ,:; T amb ,:; T max 

los Output Short-circuit Current * 

T amb ~ 25 ac 

± VoPP Output Voltage Swing * 
T amb ~ 25 ac RL~10kQ 

RL ~ 2 kQ 
T mm < T amb < T max RL ~ 10 kQ 

RL ~ 2 kQ 

LM1 01 A-LM201 A·LM301 A 

20 V, C1 = 30 pF 
20 V, C1 = 30 pF 
20 V, C1 = 30 pF 

LM1 01 A/LM201 A 

Min. Typ. Max. 

0.2 1 
3 

25 75 
100 

1.5 10 
20 

50 100 
25 

80 96 
80 

1.8 3 
3 

- 15 + 15 
-15 + 15 

80 96 
80 

10 30 50 

12 14 
10 13 
12 
10 

LM301A 
Unit 

Min. Typ. Max. 

mV 
2 5 

6 

nA 
70 100 

200 

nA 
2 20 

40 

V/mV 

50 100 
25 

dB 

80 96 
80 

rnA 
1.8 3 

3 

v 
-15 + 15 
- 15 + 15 

dB 

80 96 
80 

rnA 
10 30 50 

v 
12 14 
10 13 
12 
10 

3/12 
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LM1 01 A·LM201 A·LM301 A 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol 

Svo 

t, 

Kov 

z1 

Ro 

GBP 

THD 

Vn 

DV1o 

Dl1o 

> 
:!:! 
w 
1:1 z 
~ 
w 
1:1 
~ 
;....! g 
1-
~ a. 
~ 

Parameter 

Slew Rate (VI = ± 10 V, RL = 2 kQ,CL < 100 pF, 
T amb = 25 oc, unity gain) • (note 1) 

Rise Time 
(VI=± 20 mV, RL =2 kO, CL ~ 100 pF, 
T amb = 25 oc, unity gain) • 

Overshoot (V1 = 20 mV, RL = 2 kQ, CL ~ 100 pF, 
T amb = 25 °C, unity gain) 

Input Impedance, T amb = 25 oc * 

Output Resistance, T amb = 25 oc • 

Gain Bandwidth Product • 
(V1 = 10 mV, RL = 2 KO, CL ~ 100 pF, 
f = 1 00 kHz, T amb = 25 °C) 

Total Harmonic Distortion • 
( f =1kHz, Av =20 dB, RL =2 kO, Vo =2 Vpp 
CL ~ 100 pF, Tamb = 25 °C) 

Equivalent Input Noise Voltage 
(f = 1 kHz, R9 = 100 Q) • 

Input Offset Voltage Drift 
T min ~ T amb ~ T max 

Input Offset Current Drift 
25 °C ~ T amb ~ T max 
T min ~ T amb ~ 25 °C 

INPUT VOLTAGE RANGE 
20 

16 

12 

8 

r-- - .#.0 V" 1/ 
r------ ~ eL 

~P 
/ '} 

~ 
~ , 

4 v· 
0 

5 10 15 
SUPPLY VOLTAGE (±VI 

20 

EBBLM1 01-02 

LM1 01 A/LM201 A LM301A 

Min. Typ. 

0.25 0.5 

0.3 

5 

1.5 4 

75 

0.5 1 

0.015 

25 

3 

10 
20 

Unit 
Max. Min. Typ. Max. 

V/',J.S 
0.25 0.5 

',J.S 
0.3 

% 
5 

1.5 4 MQ 

75 Q 

MHz 

1.6 0.5 1 1.6 

% 

0.015 

nV/v'Hz 
25 

1J.V/°C 
15 6 30 

pA/oC 
100 10 100 
200 20 200 

OUTPUT SWING 

SUPPLY VOLTAGE (±VI 

EBBLM101-03 

Note: 1. May be improved up to 10V/J.!S in inverting amplifier configuration (see basic diagram). 

4/12 

408 



VOLTAGE GAIN 
120 

\_55Jc_ 
"i arnb""" -

110 

90 

,-
~ 
~T b::::+25oC -- am ' v 

~ F--

~ Tamb =+125DC 
! 

i 1----

100 

' ' i 
80 6 10 16 20 

SUPPLY VOLTAGE !±VI 
EBBLM1 01-04 

INPUT NOISE VOLTAGE 

100 1k 10k 100k 

FREQUENCY 1Hz) 

E88LM101-06 

SINGLE POLE COMPENSATION 

OPEN LOOP FREQUENCY RESPONSE 

... 
:z: 

180 )> 
Cll 
m 

135 > G) 

90 6 . 
"' 45 iil 
! 

0 

10 100 lk 10k lOOk 1M 10M 
FREQUENCY (Hz) 

E88LM101·08 

LM1 01 A-LM201 A·LM301 A 

SUPPLY CURRENT 
2.5 

2 I 'soc - -iamb =-5 
~ -,., 
~ -~2s·c 

iamb"j I-f--1.6 

~ "i :=+125 ,-
arnb· 

0.6 

6 10 15 20 
SUPPLY VOLTAGE (±VI 

E88LM101·05 

CURRENT LIMITING 

15 ...._J. I vcc=±15V 

~~~--I I Qll}6 

10 
Tamb=+125"~ "'"-<>s 

i----=-""r-- ' •c t--

5 

0 
0 5 10 15 20 25 

OUTPUT CURRENT (±mAl 

30 

EBBLMl 01-07 

FEED FORWARD COMPENSATION 

iii 
:!!: 
z 
< 
Cl 
w 
Cl 

~ 
0 
> 

OPEN LOOP FREQUENCY RESPONSE 

225 

80 180 

60 135 

40 90 

20 45 

0 0 

-20L--L--~-L--~~--~~ 

10 100 1k 10k lOOk 1M 10M lOOM 

FREOUENCV (Hz! 

... 
:z: 
)> 

lll 
> G) 

6 . 
"' iil . 
!!. 

E88LM1 01-09 
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LM1 01 A-LM201 A-LM301 A 

SINGLE POLE COMPENSATION 

> 
tl 

t!l z 
~ 
<II 
1-
::J 
11. 
1-
::J 
0 
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LARGE SIGNAL FREQUENCY RESPONSE 

16 IIIII I IIIII 
vcc~±lsv 

Tamb~ +25oc 
12 

IIIII 
8 \ C1 ~3 pF 

4 1\ ~ 
C1-30 pF 

0 
1k 

I 1 111 I "'!-- r-...., 
10k 100k 1M 10M 

FREQUENCY IHzl 

EBBLM101-10 

VOLTAGE FOLLOWER PULSE RESPONSE 

10 

8 

4 

2 

0 

-2 

-4 

.-
I 

I--

\ 
~[----
!\ 
\ 

~ 

1 r- ~ -
Input --I I 

i 1---.. 
- Output 

I f 
-6 - I--

-a 
-10 

Tamb= +25oc 
vee =i15V 

0 10 20 30 40 50 60 70 BO 

TIME (J<B) 

EBBLM101-12 

INPUT BIAS CURRENT 
IIB(nA) vs AMBIENT TEMPERATURE 

40 

<t 38 
.s 36 
1-z 34 w 
a: 32 a: 
:::l 
u 30 
rn 

28 < 
iii 26 
1-
:::l 24 D. 
:!:: 22 

I 
I 

""' I 
......... 

" I 
'-..,_ 1/ 

" ../ 

20 
-55 -35 -15 5 25 45 65 85 105125 

TEMPERATURE ('C) 
EBBLM101-14 

FEED FORWARD COMPENSATION 
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0 
z 
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Ill 
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w 
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Ill 
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> 
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LARGE SIGNAL FREQUENCY RESPONSE 

16 
Tamb= +25°Cl 

12 ' 
Vcc=±15V 

~ --

8 !\ 

4 I 
' 1\.. II 
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-....... ..... lJ 

lOOk 1M 

FREQUENCY 1Hz) 

10M 

10 
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EBBLM101-i1 

INVERTER PULSE RESPONSE 

i 
Outpul -

1--r- ..., 
7 - r 

Input 

I 

--H I r----~ -- - ------ r- __.___ 

5 

I I Tamb= +25oc 

vcc=t1sv 

0123456789 

TIME (J<S) 

EBBLM101-13 

INPUT NOISE CURRENT 

-

' 
I 

l'llo. 
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6 II i 
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FREQUENCY 1Hz) 
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BASIC DIAGRAMS 

BALANCING CIRCUIT 

SINGLE POLE COMPENSATION 

R1 

c 1 ;::, !!.!..S__ 
~ R1 + R2 

C, = 30 pF 

C1 

ESSLM101·16 

EBBLM101·18 

LM1 01 A·LM201 A·LM301 A 

ALTERNATE BALANCING CIRCUIT 

EBBLM101-17 

FEEDFORWARD COMPENSATION 

vo 
1 C2.--1-

2 ~ 11 R2 

I~ 3 MHz 

EBBLM101-19 

PROTECTING AGAINST GROSS FAULT CONDITIONS 

Test point 

Input 

EBBLM101·20 

R1 : protects input 
R4 : protects output 
RS :protects output. Not needed when R4 
is used 

COMPENSATING FOR STRAY INPUT CAPACITANCES OR LARGE FEEDBACK RESISTOR 

Input 

C2~ R1 C5 
R2 

E88LM101-21 

7/12 
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LM1 01 A-LM201 A-LM301 A 

BASIC DIAGRAMS (continued) 

ISOLATING LARGE CAPACITIVE LOADS 

Input 

EBBLM101-22 

VOLTAGE COMPARATOR FOR DRIVING RTL LOGIC OR HIGH CURRENT DRIVER 

Inputs ~------0 Output 

+ tszx 83 
J, C3V9 

EBBLM101-23 

TYPICAL APPLICATIONS 

SIMULATED INDUCTOR FAST INVERTING AMPLIFIER WITH HIGH IN­
PUT IMPEDANCE 

L 

L ~R1 R2 C1 
Rs=R2 
Rp=R1 

8/12 
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Input 

EBBLM101-24 EBBLM1 01-25 



LM1 01 A-LM201 A-LM301 A 

TYPICAL APPLICATIONS (continued) 

SINE WAVE OSCILLATOR 

C2 
20\Jpt-

1% 

R1 
220 kl! 

1% 

FAST AC/DC CONVERTER 

Input 

LM 
108AH 

Less than 1% error to 100 !<Hz 

INSTRUMENTATION AMPLIFIER 

Sine output 

E88LM101-26 

E88LM101-27 

Output 

Rl ~R4; R2 ~R3 

Inputs c 1 Av ~ 1 + ..!!!. .-------+ 30pF R2 

E88LM101-28 

9/12 
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LM1 01 A·LM201 A·LM301 A 

TYPICAL APPLICATIONS (continued) 

VARIABLE CAPACITANCE MULTIPLIER 

C =11 +~) C1 
Ra 

LOW FREQUENCY SQUARE WAVE GENERATOR 

R2 1 M!! 

FAST HALF WAVE RECTIFIER 

10112 

414 

E88LM101-30 

Clamped output 

Output 

Dl 
1N4148 

1N4148 

E88LM101·31 

E88LM101-32 



PACKAGE MECHANICAL DATA 

8 PINS- METAL CAN T099 

mm 

© 
Pin 

4 20 
4,69---

12.7 min. 

20 PINS- TRICECOP (LCC) 

mm 8.74 

1.27 
9,04 

e- 1.27 ~ e ~ e f e f e j. 

8,50 

' 

(I) 8,51 
9,39 

I 27 max 

~ 

~ 1.01 

.fo0,407 
0.508 

Datum 

LM1 01 A-LM201 A-LM301 A 

8 Pins 

l,86mox. 

20 PINS 

8.74 
9,04 

11/12 
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LM1 01 A-LM201 A-LM301 A 

PACKAGE.MECHANICAL DATA (continued) 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

12/12 

416 

2,2_ 
6.2 

Datum 

( 1) Nominal dimens1on 

(2) True geometncal poSition 

8 Pms 

0.185 
0.265 

1.75 max. 

8 Pms 



LM1 08,A-LM208,A 
LM308,A 

PRECISION SINGLE OPERATIONAL AMPLIFIERS 

Outstanding characteristics of LM1 DBA : 
• INPUT OFFSET VOLTAGE: 0.5 mV MAXIMUM 
• INPUT BIAS CURRENT: 3 nA MAXIMUM OVER 

FULL TEMPERATURE RANGE 
• INPUT OFFSET CURRENT: 0.4 nA MAXIMUM 

OVER FULL TEMPERATURE RANGE 
• POWER SUPPLY CURRENT : 600 f!A 

MAXIMUM 
• GUARANTEED DRIFT CHARACTERISTICS 
• SLEW RATE OF 10 V/)!s AS INVERTING 

AMPLIFIER 

DESCRIPTION 
The LM1 OB,A is a precision operational amplifier ha­
ving specifications a factor ten better than FET am­
plifiers over a-55 "C to+ 125 "C temperature range. 
Selected units are available with offset voltages less 
than 1 mV and drifts less than 5 )!V/°C. This makes 
it possible to eliminate offset adjustments, in most 
cases. 

The device operates with supply voltages from± 2 V 
to ± 20 V (LM308 : ± 2 V to ± 15 V) and has suffi­
cient supply rejection to use unregulated supplies. 
Although the circuit is interchangeable with and 
uses the same compensation as the LM1 01 A, anal­
ternate compensation scheme can be used to make 
it particularly insensitive to power supply noise and 
to make supply bypass capacitors unnecessary. 

PIN CONNECTIONS (top views) 

DIPS 
T099 CERDIPS 

sos 
8 

~ '§]' 2 - 7 
3 + 6 

2 6 

5 4 5 

4 

1 - Frequency compensation 5- NC 
2 · Inverting input 6- Output 
3 - Non-inverting input 7· V'cc 

H 
T099 

(Metal Can) 

N 

GC 
LCC20 

(Tricecop (LCC)) 

D 
sos DIPS 

(Plastic Package) 
J 

CERDIPS 
(Cerdip Package) 

(Plastic Micropackage) 

ORDER CODES 

Part Temperature Package 
Number Range H J N GC D 
LM108,A - 55 to + 125 oc • • • 
LM208,A - 40 to + 1 05 oc • • • 
LM30S,A 0 to+ 70 oc • • • 
Note : Hi-Rei Versions Available 
Examples : LM1 OBH, LM1 OBAH, LM308N 

LCC20 

-~ ..................... 
( 32•2019 ) 
( 4 1 18( 

1- NC ~5 17 11- NC 
2 - Frequency ~5 16 12- NC 

compensation ?7 15 13- NC 
3- NC )8 14 14- NC 
4- NC I 9 10].! ~ ~ 15- Output 
5- Inverting input - 16- NC 
6·NC 17- v·cc 
7 · Non-inverting input 18- NC 
8- NC 19- NC 
9- NC 20- Frequency 

4 ·v-ee 8 · Frequency compensatiOn 10-v-ee EBBLM1 08·02 compensation 

December 1988 1(12 
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LM1 08,A-LM208,A-LM308,A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM108, A LM208, A LM308, A Unit 

Vee Supply Voltage ± 22 ± 22 ± 22 v 
Vt Input Voltage (note 2) ± 15 ± 15 ± 15 v 
Ito Input Offset Current (note 1) ±10 ± 10 ± 10 mA 

Ptot Power Dissipation 500 500 500 mW 
LM108GC, LM108AGC 665 

Output Short-circuit Duration Indefinite Indefinite Indefinite 

Taper Operating Free-air Temperature Range -55 to+ 125 -40 to+ 105 0 to+ 70 oc 
Tstg Storage Temperature Range -65 to+ 150 -65 to+ 150 -65 to+ 125 oc 

Notes: 1. The inputs are shunted with back-to-back diodes for overvoltage protectton. Therefore, excessive current will 
flow if a differential tnput voltage in excess of 1 V is applied between the inputs unless some limiting resis­
tance is used. 

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

SCHEMATIC DIAGRAM 

lnvertang 
input 

Non-mvcrting 
input 

Case Frequency 
Com pens. 

T099/S08 
DIP 1, 8 
CERDIP 

LCC20 2, 20 

Compensation 

Inverting Non-

Input inverting 
Input 

2 3 

5 7 

• LCC 20 : Other ptns are not connected. 

2/12 
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Compensation 

Output 

vee 
EBBLM1 08-01 

Vee Vee Output N.C. 

4 7 6 5 

10 17 15 . 



ELECTRICAL CHARACTERISTICS 
LM308A : 
LM208A: 
LM108A : 

* 

O'C:5Tamb<+ ?O'C 
-40 'C :5Tamb < + 105 'C 
-55 'C :5 T amb < + 125 'C 
=>Vee=± 15 V 

c1 = 33 pF 
C1 = 33 pF 
C1 = 33 pF 

Symbol Parameter 

Vro Input Offset Voltage Rs :;; 1 0 kQ 
T amb = 25 ac 
T m1n ~ T amb ~ T max 

lro Input Offset Current 
Tamb = 25 ac 
T min :;; T amb :;; T max 

Irs Input Bias Current 
T amb = 25 ac 

T mrn :;; T amb :;; T max 

Avo Large Signal Voltage Gain 
(Vo =± 10 V, RL =2 kn) 

Tamb = 25 ac 
T mm ::; T amb :$ T max 

SvR Supply Voltage Rejection Ratio 
(Rs:;; 10 KQ) 

T amb = 25 ac 
T mrn :;; T amb :;; T max 

Icc Supply Current, no Load 
T amb = 25 ac 
T mrn :;; T amb :;; T max 

Vr Input Voltage Range 
T amb = 25 ac 

Tmrn :;; T amb :;; T max 

CMR Common-mode Rejection Ratio 
(Rs:;; 10 kQ) 

T amb = 25 ac 
T mrn :;; T amb :;; T max 

los Output Short-circuit Current 
T amb = 25 °C 

± VoPP Output Voltage Swing 
T amb = 25 ac 
T m1n ~ T amb ~ T max 

LM1 08,A-LM208,A·LM308,A 

5 <Vee< ±20 V 
5< Vee <±20 V 
5 <Vee <±20 V 

LM108A- 208A 
LM308A 

LM108A- 208A 
LM308A 

* 

* 

* 

. 
RL = 10 KQ 
RL = 10 KQ 

LM1 OSA I LM208A 
LM308A 

Min. Typ. Max. 

0.3 0.5 
0.75 

0.05 0.2 
0.4 

0.6 2 
4 
3 
7 

80 300 
60 

96 110 
96 

0.3 0.6 
0.6 

-14 +14 
- 14 + 14 

96 110 
96 

3 10 20 

13 14 
13 

Unit 

mV 

nA 

nA 

V/mV 

dB 

mA 

v 

dB 

mA 

v 

Svo Slew-rate (Vr = ± 10 V, RL = 2 kQ, CL:;; 100 pF, Tamb = 25 ac, . V/JlS 
unity Gain) 0.15 

3/12 
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LM1 08,A-LM208,A-LM308,A 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

t, Rise Time 
(V; = ± 20 mV, RL = 2 kQ, CL ~ 100 pF, T amb = 25 °C, unity gain) 

Kov Overshoot (V; = 20 mV, RL = 2 kQ) 
CL ~ 100 pF, T amb = 25 °C, unity gain) 

R; Input Resistance, T amb = 25 oc 
GBP Gain Bandwidth Product 

(V1 = 10 mV, RL = 2 kQ, CL ~ 100 pF) 
(f = 100 KHz, T amb = 25 °C) 

THO Total Harmonic Distortion 
(f =1KHz, Av =20 dB, RL =2 kQ, Vo =2 Vpp, CL ~ 100 pF, 
T amb = 25 °C) 

Vn Equivalent Input Noise Voltage 
(f = 1 KHz, R0 = 100 Q) 

DV;o input Offset Voltage Drift 
T min ~ T amb ~ T max 

Dl;o input Offset Current Drift 
T min ~ T amb ~ 25 °C 

ELECTRICAL CHARACTERISTICS 
LM308 : 0 s; Tamb s; + 70 'C 
LM208 :-40 s; Tamb s; + 105 'C 
LM108 :-55s;Tambs;+125'C 

*=::::Vee=±15V 

±5 Vee 
±5 Vee 
±5 Vee 

20 v 
20 v 
20 v 

. 

. 

. 

. 

. 

LM1 08- LM208 
Symbol Parameter 

Min. Typ. Max. 

V;o Input Offset Voltage Rs ,; 10 kQ 
Tamb = 25 °C 0.7 2 
T min ,; T amb ,; T max 3 

Ito Input Offset Current 
T amb = 25 °C 0.05 0.2 
T mm :5 T amb :5 T max 0.4 

liB Input Bias Current 
Tamb = 25 °C · 0.6 2 
T mm ~ T amb ~ T max 3 

Avo Large Signal Voltage Gain . 
(Vo = ± 1 0 V, RL = 2 kQ ) 
Tamb = 25 oc 50 300 
T mm :5 T amb :5 T max 25 

SvR Supply Voltage Rejection Ratio 
(Rs,; 10 kQ) 
T amb = 25 °C 80 96 
T mm ,; T amb ,; T max 80 

Icc Supply Current, no Load 
Tamb = 25 °C 0.3 0.6 
T mm :5 T amb :5 T max 0.6 

4/12 
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LM1 08A I LM208A 
LM308A Unit 

Min. Typ. Max. 

0.7 jlS 

10 % 

30 70 MQ 

MHz 

0.3 0.8 1.2 

% 

0.12 

nV/'-'ffi 
20 

j.tV/°C 
1 5 

pAI°C 
0.5 2.5 

LM308 
Unit 

Min. Typ. Max. 

mV 
2 5 

7 

nA 
0.05 0.2 

0.4 

nA 
0.6 4 

7 

V/mV 

50 300 
25 

dB 

80 96 
80 

rnA 
0.3 0.6 

0.6 



LM1 08,A-LM208,A-LM308,A 

ELECTRICAL CHARACTERISTICS (continued) 

LM1 08- LM208 LM308 
Symbol Parameter Unit 

Min. Typ. Max. Min. Typ. Max. 

VI Input Voltage Range . v 
Tamb = 25 °C -14 + 14 - 14 + 14 

T mm ~ T amb ~ T max -14 + 14 - 14 + 14 

CMR Common-mode Rejection Ratio dB 
(Rs ~ 10 kQ) 

Tamb = 25 °C 80 100 80 100 
T mm ~ T amb :::;; T max 80 80 

los Output Short-circuit Current . rnA 
T amb = 25 °C 3 10 20 3 10 20 

± VoPP Output Voltage Swing . v 
Tamb = 25 °C RL=10kQ 13 14 13 14 

T min ~ T amb ~ T max RL=10kQ 13 13 

Svo Slew-rate (V1 = ± 1 o V, RL = 2 kQ, . V/J!S 
CL ~ 100 pF, T amb = 25 °C, unity gain) 0.15 0.15 

tr Rise Time . 0.7 0.7 J!S 
(VI=± 20 mV, RL =2 kQ, CL ~ 100 pF, 
T amb = 25 oc, unity gain) 

Kov Overshoot (V1 = 20 mV, RL = 2 kQ, % 
CL ~ 100 pF, T amb = 25 °C, unity gain) 10 10 

R1 Input Resistance, T amb = 25 oc . 30 70 10 40 Mn 

GBP Gain Bandwidth Product . MHz 
(V1 = 10 mV, RL = 2 kn, cL ~ 100 pF) 
(f =100kHz, Tamb = 25 °C} 0.3 0.8 1.2 0.3 0.8 1.2 

THO Total Harmonic Distortion . % 
(f = 1 kHz. Av = 20 dB. RL = 2 kQ, 
Vo =2 Vpp, cl ~ 100 pF, Tamb =25 °C} 0.12 0.12 

Vn Equivalent Input Noise Voltage . 
nV/.VHz 

(f = 1 kHz, R0 = 100 Q) 20 20 

DV1o Input Offset Voltage Drift J!V/°C 
T mm ~ T amb ~ T max 3 15 6 30 

Dl1o Input Offset Current Drift pA/oC 
T mm ~ T amb ~ 25 °C 0.5 2.5 2 10 

5/12 
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LM1 08,A-LM208,A-LM308,A 

Ci 
E 
1-z 
w 
a: 
a: 
:I 
u 
1-
:I 
a. 
~ 

iii 
::!:! 
2 
<i 
c 
w 
c 
~ 
..J 
0 
> 

Note: 
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INPUT CURRENTS (Nato 31 

2.0 

1.5 

1.0 

0.5 

1 ...... !ias current 

....... !"---r-

0 

0.15 

0.10 

0.05 
...... ........ Offset current 

0 
-55-35-15 5 25 45 65 85 105 125 

TEMPERATURE (°CI 

E88LM108·03 

OPEN LOOP FREQUENCY RESPONSE 

120 
180 

1()() ., 
:1: 

80 135 )> 
rn 
m 
rn 60 :1: 

90 :!j 
40 a: 

ID 

45 co 
20 ; 

! 
0 

0 

10 100 !k 10k lOOk 1M 10M 

FREQUENCY (Hz) 

E88LM 1 08·06 

iii 
::!:! 
0 

~ 
a: 
2 
0 
t; 
w .., 
w 
a:; 

w 

~ 
0 
> 
~ a. 
a. 
:I 
C/) 

POWER SUPPLY REJECTION RATIO 

1W~--~--~-------------, 

100 

80 

60 

40 

w 

0 

-W 

Vcc=±15V 

~~~----~--Av=l 

lamb= +25"C 

100 1k 10k 1001< 1M 10M 

FREQUENCY (Hz) 

E88LM1 08·05 

INPUT NOISE VOLTAGE 

Rg-1 M 

lrllllli I 
Rs 100 k r= 
Rg 0 

~ 
IIIIUI '-

Ill~ '-
100 1k 10k lOOk 

FREQUENCY JHzl 

E88LM1 08·07 

VOLTAGE FOLLOWER PULSE RESPONSE 

10 

8 

~ 6 

0 4 
2 
§: 2 
C/) 

w 0 
0 
<t -2 !:i 
0 -4 > 

~ I""' ·-r -
\ Input I 
\ " I Outp~t 

\ f I I 
~· 

vcc=±15V 
-6 Ct~30 pF 

-8 

-10 
!Tamb= +2~•c 

0 2040 60 80100120140160 

TIME(,.sl 
E88LM 1 08·08 

3. LM10BA:- 55 ·c,; Tamb,; + 125 ·c, ± 5 V,; Vee,;± 20 V. 
LM208A: -40 ·c,; Tamb,; + 105 ·c, ± 5 V,; Vee,;± 20 V. 



600 

< 500 
~ 
..... 400 2 
w 
a: 
a: 

300 :::1 
u 
::; 

200 a. a. 
:::1 
Ill 

100 

0 

120 

iii 110 ~ 
2 

" Cl 
w 
Cl 

~ 
100 

0 
> 

SUPPLY CURRENT 

! -+ -
Tamb= -25"C 

/~ Tam~= +25"C 

~ 
.-- Tam~= +85"C 

r-

~ 

5 10 15 20 

SUPPLY VOLTAGE I±Vl 

E88LM108-11 

VOLTAGE GAIN 

I I I 
lamb =+25"C 

~ ~-ss•c ..,... 
I 

~ ~mb= + 125"C 

; 
c1 =o 
I =100Hz 

10 15 20 

SUPPLY VOLTAGE I± VI 
E88LM1 08-18 

> 
-H 

Cl 
2 
§ 
"' ..... 
:::1 
a. 
1-
:::1 
0 

> 
-H 

Cl 
2 

~ 
!; 
a. 
1-
:::J 
0 

LM1 08,A-LM208,A-LM308,A 

OUTPUT SWING 

15 - Vee-± 15 v 

1"\ - --

' ' \ 
10 

-i 

5 

.. -i 3 .. -i 
a 3 .. 
II 1--f-~ f-- 6-
+· II 
~ + 
"' I 

~- -Ill r-- U1 

nl c!l ~ 

II n 
0 

0 2 4 6 8 

OUTPUT CURRENT l±mAI 

E88LM1 08-12 

LARGE SIGNAL FREQUENCY RESPONSE 

8 1-A+-+++ilfl+ -

FREQUENCY IHzl 

EBBLM1 08-20 

CLOSED LOOP OUTPUT IMPEDANCE 

FREQUENCY (Hzl 
E88LM108·21 

7112 

423 



LM1 08,A-LM208,A-LM308,A 

BASIC DIAGRAMS 

STANDARD COMPENSATION CIRCUIT 

Rt R2 

E88LM1 08-33 

TYPICAL APPLICATIONS 

STANDARDFEEDFORWARD 

eo 

~ Rt C0 

Ct ""R1 +R2 
C0 = 30pF 

FEEDFORWARD COMPENSATION FOR 
DECOUPLING LOAD CAPACITANCE 

8/12 
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Output 

E88LM1 08-37 

Worst case drift less than 2.5 mV/sec. 
Teflon, polyethylene or polycarbonate dielectric 
capacitor. 

ALTERNATE FREQUENCY COMPENSATION 

R1 R3 

eo 

Cs 

• Improves rejection of powe 
supply noise. 

J; tOOpF 

' 
E88LM1 08-34 

OPEN LOOP VOLTAGE GAIN 

1 ... I 
80 

100 
iii ·~ 

1-1'- Feedforwa~d 
.... compensation 

-
L., "II 

35 :I: 
... 

::!! 80 
z 1'- I ./ ~ 
Ci 60 
0 
w 40 
0 

~ 20 

0 > 0 

-20 

... :'\ 

- ...... 

Standard 
compensation 
~. 

I I 
I 1 

~ 
v 

"'" ... 
~ 

Ph~se-

1_ 

1'-Gam-

' .... "-

" 

m 
90 5:: 

C) 

45 ~ 
Cll 

CD 

0 

1 10 100 lk 10k lOOk 1M 10M 

FREQUENCY (Hzl E88LMt08-36 

SAMPLE AND HOLD 

Power bandwith· 250 kHz 
Small signal bandwidth: 3.5 MHz 
Slew rate. 10 V/ps 

As 
Input o---c:::t-....--------+--1 

E88LM 1 08-38 

6• 10 8 
C5 -­

Rr 

In addition to increasing speed the LM201A raises high 
and low frequency gain and eliminates thermal feed­
back. 



CB-11 METAL CAN (top view) 

Frequency 
compensation 

6- Output 

4 5. 
I 

E88LM1 08-40 

Pin 4 connected to case 

FOLLOWING AMPLIFIER 

R3' 

>---<~>---()Output 

Input 

E88LM1 08-40 

• Used to compensate for large source resistances. 

INPUT GUARDING 
Leakage currents are on the verge of causing trou­
ble at + 125 ·c. The standard pin configuration of 
most IC op amps has the input pins adjacent to pins 
which are the supply potentials. Therefore, it is ad­
visable to employ guarding to reduce the voltage dif­
ference between the inputs and adjacent metal 

LM1 08,A-LM208,A-LM308,A 

INVERTING AMPLIFIER 

Rl R2 

E88LM1 08-40 

• Used to compensate for large source resistances. 

NON-INVERTING AMPLIFIER 

R2 

R3' 

Rl 

Input 

E88LM1 08-40 

• Used to compensate for large source resistances. 

runs. A ten-lead pin circle is used, and the leads of 
the IC are formed so that the holes adjacent to the 
inputs are vacant when it is inserted in the board. 
The guard, which is a conductive ring surrounding 
the inputs, is connected to a low impedance point 
that is at the same potential as the inputs. 

9/12 
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LM1 08,A-LM208,A-LM308,A 

TYPICAL APPLICATION DIAGRAMS 

FAST SAMPLE AND HOLD 

10pF 

5 kH 

Input 

100kll 

Sample 

'"" r 
Output 

E88LM 1 08-41 

D/A CONVERTER USING LADDER NETWORK 

5k!l 5kll 

10 k!l 10 kll 10 kll 

• Optional : reduces senhng time. 

10/12 
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FAST SUMMING AMPLIFIER WITH LOW INPUT 
CURRENT 

Input 

150 kU 

1 nf 

Output 
30pf 

E88LM1 08-42 

5 pf 

A 

>------4~-----1• Output 

E8BLM1 08-43 



MECHANICAL DATA 

8 PINS- T099- METAL CAN 

mm 

© 
Pin 

~ 0 7.75 
4,69 8,50 

: 

12,7 min. 

20 PINS- TRICECOP (LCC) 

mm 
8 74 
9.04 

LM1 08,A·LM208,A·LM308,A 

0 8.51 
9,39 

1.27 max. 

1::---

~ 1.01 

JZJ0,407 
0,508 

8 PINS 

1 86max. 

20 PINS 

8.74 
9,04 

11/12 
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LM1 08,A-LM208,A-LM308,A 

MECHANICAL DATA (continued) 

8 PINS- PLASTIC DIP OR CERDIP 

mm 
e t e -r 

' ' 

8 PINS- PLASTIC MICROPACKAGE SO 

mm 

12112 

428 

_g_ 
6.2 

Datum 
Repi.re 

e-1.27 •1 e j e 

0.63 
max. 

0.35 
0.45 

85 max. 

(1) Nominal domenslon 

(2) True geometrical position 

8 PINS 

0.185 
0.265 

1.75 max. 

8 PINS 



LM111-LM211 
LM311 

VOLTAGE COMPARATORS 

• MAXIMUM INPUT CURRENT: 150 nA 
• MAXIMUM OFFSET CURRENT : 20 nA 
• DIFFERENTIAL INPUT VOLTAGE RANGE 

±30V 
• POWER CONSUMPTION : 135 mW AT± 15 V 
• SUPPLY VOLTAGE:+ 5 VTO± 15 V 
• OUTPUT CURRENT : 50 mA 

DESCRIPTION 

The LM111, LM211 and LM311 are voltage compa­
rators that have low input currents. 

H 
T0-99 

(Metal Can) 

D 
SOB 

(Plastic Micropackage) 

ORDER CODES 

Part Temperature 

N 
DIPS 

(Plastic Package) 
J 

CERDIP8 
(Cerdip Package) 

GC 
LCC20 

(Tricecop (LCC)) 

Package They are also designed to operate over a wide range 
of supply voltages :from standard± 15 V operatio­
nal amplifier supplies down to the single + 5 V sup­
ply used for IC logic. 

Number Range H N J D GC 

Their output is compatible with RTL-DTL and TTL 
as well as MOS circuits and can switch voltages up 
to+ 50 Vat output currents as high as 50 mA. 

PIN CONNECTIONS (top views) 

DIPS 
CERDIP8 T0-99 

SOB 

8 

Q 2 + 7 
1· NC 

3 - 6 

2 6 

2 · Ground 

4 5 5 3· NC 

LM111 - 55 to + 1 25 ac • . 
LM211 - 40 to + 1 05 ac • • • 
LM311 0 to+ 70 ac • • • • 
Note : Hi·Rel Versions Available 
Examples: LM111H, LM111J 

LCC20 

-'""' ~-
( 3 2 ~20 19 
c 4 18 
)5 17 
)s 16 11·NC 
>7 15) 12· Balance 
~ 8 14 13·NC 

'§3' 
4 4-NC 910111213 )14·NC 

5- Non-Inverting Input "'-..;;. ;;; 15 • Balance/Strobe 
6·NC 16-NC 

1 ·Ground 5- Balance 7 • Inverting input 17- Output 
2 • Non-inverting input 6 · Strobe/balance 8· NC 18· NC 
3 - Inverting Input 7 ·Output 9· NC 19· NC 
4· VCc B· VCc 10· vee 20 ·Vee 

December 1988 

• 
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LM111·LM211·LM311 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM111 LM211 LM311 

Vee Supply Voltage 36 36 36 
v,o Differential Input Voltage ± 30 ± 30 ± 30 
v, Input VoltaQe - (note 1) ±15 ±15 ± 15 

Ptot Power Dissipation 
LM311 D-LM211 D 300 
Other Versions 500 500 500 

Tooer Operating Free-air Temperature Range -55 to+ 125 - 40 to+ 105 0 to+ 70 

Tsto Storage Temperature Range - 65 to+ 150 - 65 to+ 150 - 65 to+ 150 

Vlt-41 Ground to Negative SUIJIJIY_ VoltaQe 30 30 30 
v 7-4 Output to Neoative Supply Voltage 50 50 40 

Output short-circuit duration : 1 0 s 
Voltage at strobe pin : Vee- 5 V 

LM111: + 150 'C 
Maximum junction temperature LM211 : + 150 ·c 

LM311: + 150 'C 

Unit 
v 
v 
v 

mW 

oc 
oc 
v 
v 

Note: 1. This rating applies for± 15 V supplies. The positive input voltage limit Is 30 V above the negative. The negative Input voltage limit Is 
equal to the negative supply voltage or 30 V below the positive supply, whichever Is less. 

SCHEMATIC DIAGRAM 

Non-inverting 
input 

Case 

T0-99/ DIPS 
CERDIPB I SOB 

LCC20 

Inverting 
input 

GND 

1 

2 

Non-
inverting 

Input 

2 

5 

* LCC20 : Other p1ns are not connected. 
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Inverting 
Input 

3 

7 

EBBLMttt-01 

VCe Balance Strobe/ 
Balance 

Output Vee N.C. 

4 5 6 7 8 

10 12 15 17 20 . 



ELECTRICAL CHARACTERISTICS 
LM111: -55 oc ,; T amb ,; + 125 °C, Vee = ± 15 V 
LM211: -40 °C $ Tamb $ + 105 °C, Vee=± 15 V 
LM311: 0 oc,; Tamb,; + 70 oc, Vee=± 15 V 
(unless otherwise specified) 

Symbol Parameter 

Vto Input Offset Voltage (Rs ,; 50 kQ) - (note 2) 
T mm ~ T amb ~ T max 

T amb = + 25 °C 

Ito Input Offset Current- (note 2) 
T mm $ T amb $ T max 
Tamb = + 25 oc 

Its Input Bias Current- (note 2) 

T m•n $ T amb $ T max 
T amb = + 25 °C 

Avo Large Signal Voltage Gain (T amb = + 25 oc) 
Supply Currents (T amb = 25 °C) 

Icc Positive 
Icc Negative 

v, Input Voltage Range 

VoL Low Level Output Voltage 
T mm $ T amb $ T max 
Vee ~ + 4.5 v. Vee = o. 
ls,nk = 8 rnA, V, $- 6 mV 

V1,;- 10 mV 
Tamb = + 25 oc, Ia =50 rnA, v,,;- 5 mV 

v,,;- 10 mV 

loH High Level Output Current 
T mm $ T amb $ T max• V1 ~ + 5 mV, Vo = + 35 V 
T amb = + 25 °C, V1 ~ + 5 mV, Vo = + 35 V 

v, ~ + 10 mV, Vo = + 35 V 

I strobe Strobe Current (T amb = + 25 °C) 

Ire Response Time (T amb = + 25 °C)- (note 3) 

LM111/LM211 

Min. Typ. Max. 

4 
0.7 3 

20 
4 10 

150 
60 100 

40 200 

5.1 6 
4.1 5 

± 14 

0.23 0.4 

0.75 1.5 

0.1 0.5 
0.2 10 

3 

200 

LM111-LM211-LM311 

LM311 . 
Unit 

Min. Typ. Max. 

mV 
10 

2 7.5 

nA 
70 

6 50 

nA 
300 

100 250 

40 200 V/mV 

rnA 
5.1 7.5 
4.1 5 

±14 v 
v 

0.23 0.4 

0.75 1.5 

!lA 
nA 

0.2 50 nA 

3 rnA 

200 ns 

Notes : 2. The offset voltage, offset current and b1as current spec1f1cat1ons apply for any supply voltage from a s1ngle + 5 V supply up to± 15 V 
supplies. 
The offset voltages and offset currents g1ven are the max1mum values reqUired to dnve the oulput down to + 1 V or up to + 14 V with 
a 1 rnA load current. Thus, these parameters defme an error band and take into account the worst-case of voltage gatn and Input 
impedance. 

3. The response time specified (see defmitions) is for a 100 mV input step with 5 mV overdnve. 

~ SGS·THOMSON 
~"1/ li';IIUOC:I'J©~i!.~©ln':J©IillU©~ 
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LM111-LM211-LM311 

2 
~ 
:E 
::; 
w 
c 
0 
:5; 
2 
0 
::ii 
:E 
0 u 

TRANSFER CHARACTERISTICS 

60 
Normal output 

50 
I 

Emitter follower f RL=1 kO 

output VL= +60V 40 

30 
RL =BOOn 

~ 

""" 
20 

I\. Tamb= +26°C 
~CCj+3?V 10 

"-
0-1 -6 0 . 0,5 1 

DIFFERENTIAL INPUT VOLTAGE (mVI 
E88LM111-02 

COMMON MODE LIMITS 

vee 

-0. 6 

1 

-1. ~ ~> 

0, 4 

0, 2 

vee o 10 20 30 4o 50 60 10 eo 

TEMPERATURE (°CI EBBLMll1-04 

400 

ct ..s 
!2 300 
w 
a: 
a: 
;::) 
u 200 
Ul s 
m 
1-
;::) 100 ... 
!!!: 

0 

OUTPUT LIMITING CHARACTERISTICS 

< 140 

! 120 

!2 w 100 a: 
a: 
;::) 

80 u 
1: 
:;) 60 u a: 

~ 40 

0 20 :1: 
Ul 

0 

;r amb - +26•C - ./ 
1 #0~ .JJ 

"~ ~ {#/ 
.#-"~ \. '? 

'\.. 1/ 
.JA 

/ .......... 

, 
Short·clrcult current -IF 

I r 

0,7 

0,6 

0,6 ~ 
z 
0 

0,4 ~ ... 
0,3 iii 

Ul 

0.2 
s 
a: 

0,1 I 
0 

0 5 10 15 
OUTPUT VOLTAGE (VI 

E88LM111-03 

INPUT OFFSET CURRENT 

30 

< ..s 
~ 

Vcc=±15V-

w 
a: 20 a: 1'-
:;) 
u ' Iii 
If! ... 

10 0 

!; 

. Raised 

' I". 

~ '--Normal ........ ......... ... 
!!!: ~ r--

0 
-55-35-15 5 25 45 65' 85 105 125 

TEMPERATURE (•CI EBBLM111-05 

INPUT BIAS CURRENT 

....... Vcc=±15 v 

.....t!._a'so(J 
...... 

""" 
Normal 

-55-35-15 5 25 45 65 85 105125 

TEMPERATURE ("C) 

EBBLM111-06 
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LM111-LM211-LM311 

EQUIVALENT INPUT OFFSET ERROR 

INPUT RESISTANCE (0) 

ESSLM111-07 

LOW LEVEL OUTPUT SATURATION VOLTAGE 

~ 
w 
Ill 

r:!: ;,..r 
g 
z 
0 

0,3 , ~ 

0,2 ~ ~ 

0.1 ~EJ:Ta,mbl =~26o~---+----+----+--l 

~ 
IC 

~ 
Ul 

OUTPUT CURRENT (mAl 

ESSLM 1 11-09 

EQUIVALENT INPUT OFFSET ERROR 

100~:.. Tamb +26oc • 
LM311 

f--1-Maximum 

10 k 100 k 1M 10M 

INPUT RESISTANCE (OJ 

ESSLM111-08 

LOW LEVEL OUTPUT SATURATION VOLTAGE 

0.8 

0.7 

0.6 

0.6 

0.4 

0,3 

0.2 

0.1 

0 
0 

LM311 f-- f-- 1- Tamb _=+25oc 

t..o" ...... 
~ 

7 
I.,;' 

I.,;' 
~ 

~ 

I, 

10 20 30 40 60 

OUTPUT CURRENT (mAl 
ESSLM111-10 

INPUT CHARACTERISTICS 

180 

< 160 
.s 
!2 140 

Jl1J,JJ_ 
1 cc 
Tamb =+26oc,. 

w 1"20 a: 
a: 
:::1 
u 100 

""+-+-
Ul so ct 
iii 60 ... 
:::1 40 ll. 

~ 
20 

I 0 
-16-12 -8 -4 0 4 8 12 16 

DIFFERENTIAL INPUT VOLTAGE lVI 

ESBLM111-1 1 
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LM111-LM211-LM311 

5 

>> 4 

e- 3 _w 
wCl 
C)<l 2 
ct!:i 
!:;o 
o> 
>I- 0 
I- ::I 
::~D.. 100 c.. I-
z=> 
-0 50 

0 

15 
>> 10 E-_w 
wCl 5 
e~<l 
ct!:i 0 
!:;o -5 o> 
>t- -10 1-:::> 
::ln. -15 a,. I-
z::l 

100 -0 

50 

0 
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RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 

T T T 
7' [/' Vee =±15V 

20mV JIIJ T =+25°C 

5mV J 7 "Tb I I 
2mV iJ 'I 15J I-

Jl} 
p~n 

v -0 

-
I I I I 

l l I T 
0 0.2 0.4 0.6 0.8 

TIME(I'sl E88LM111-12 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 

~= 
... ,L"\. 

I IY 
201~ ~' - vo 

5mV [l 
2 kn 

. -
2m~l \. vc-c.----r-\1\ ~ 

v 1 =LJv_ 
ce 

T b =+25°C _ 
I ami I I 

lTI 
0 2 ;, 4 

TIMEI,..sl 

E88LM111-14 

I I I I 
5 

\ ~""" 4 -- -, 

-\ 3 20 i'\ vo -

2 5mV 

""' 
I -

1 2mV t-r-... 1 
~~ I ...... 
0 

' l 
vee =± 15 v 

0 - T =+250C -art I I I 

0 0.2 0.4 0.6 0.8 

TIME Ips) EBBLM111-13 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 

15 20~ I I I 
10 5 mv·~7.,._+-~V~' V + 

_: '"~ ~ /• v~:., 
-10 1-..... 1+----1- r- ~ lD; 
-15 Vee I 
or-;-~~--~~-+~--~ 

-50 f-+--+-+-t--+ V I =~ 1 ~ V­ee 
-100 Tamb =+25°C 

0 2 3 
TIME(ps) 

EBBLM111-15 



TYPICAL APPLICATIONS 

CRYSTAL OSCILLATOR 

R1 Vcc~+5V R4 

100k!l 2kll 

R2 
100kll 

100kHz FREE RUNNING MULTIVIBRATOR 

vCc= +5 v 
A1 R5 
20kn 1 kn 

• TTL or DTL fan-out two 
'--------' 

E88LM111-18 

AUXILIARY CIRCUITS 

LM111-LM211·LM311 

LOW VOLTAGE ADJUSTABLE REFERENCE 
SUPPLY 

vc!c = +5 v 
R1 
3.9k!l 

R4 
500!1 

+ c1• 
1.5~F 

TTL INTERFACE WITH HIGH LEVEL LOGIC 

Input 

R5 
1 k!l 

7 

To TIL logic 

0 to + 30 V SWIIIY dll~ 
+ 15 V threshold 

E88LM111-19 

STROBE INCREASING INPUT 
STAGE CURRENT 

OFFSET BALANCING 

E88LM111-20 E88LM111-21 E88LM111-22 
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LM111·LM211·LM311 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

8/9 
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~ 
6.2 

Datum 

e-1.27 •j e t e 

0.35 
0,45 

( 1 ) Nominal dimension 

(2) True geometrical position 

0.185 
0.265 

1.75 max. 

8 Pins 

8 Pins 



PACKAGE MECHANICAL DATA (continued) 

8 PINS- METAL CAN T099 

mm 

© 
Pin 

4 20 
.4F-

12.7 min. 

20 PINS - TRICECOP (LCC) 

mm 8.74 

1.27 9,04 

13 

-------1-
0.64 

9 

e-1.27 •I "t"t"~" j. 

LM111-LM211-LM311 

8,50 

f-..--

0,26 
1.01 

8 Pins 

~0.407 
0.508 

1.86 max. 

2.16 

Datum 8.74 
9.04 

20 PINS 
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LM117/217 
LM317 

1.2V TO 37V ADJUSTABLE VOLTAGE REGULATOR 

• OUTPUT VOLTAGE RANGE: 1.2 TO 37V 
• OUTPUT CURRENT IN EXCESS OF 1.5A 
• 0.1% LINE AND LOAD REGULATION 
• FLOATING OPERATION FOR HIGH VOL­

TAGES 
• COMPLETE SERIES OF PROTECTIONS : 

CURRENT LIMITING, THERMAL SHUTDOWN 
AND SOA CONTROL 

DESCRIPTION 
The LM117/LM217/LM317 are monolithic integra­
ted circuit in T0-220 and T0-3 packages intended 
for use as positive adjustable voltage regulators. 

They are designed to supply more than 1.5A of load 
current with an output voltage adjustable over a 1.2 
to 37V range. 

The nominal output voltage is selected by means of 
only a resistive divider, making the device exceptio­
nally easy to use and eliminating the stocking of ma­
ny fixed regulators. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v,.o Input-output Differential Voltage 

lo Output Current 

Tap Operating Junction Temperature for : LM117 
LM217 
LM317 

Ptot Power Dissipation 

Tstg Storage Temperature 

THERMAL DATA 

Rth J·case Thermal Resistance Junction-case 
Rth J·amb Thermal Resistance Junction-ambient 

February 1989 

Max 
Max 

' 
' 

' 
' 

T0-220 

T0-3 

Value 

40 

Internally Limited 

-55 to 150 
- 25 to 150 

0 to 125 

Internally limited 

- 65 to 150 

T0-3 T0-220 

4 4 
35 50 

Unit 

v 

oc 
oc 
oc 

oc 

oc!W 
°CIW 
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LM117/LM217/LM317 

PIN CONNECTION 

T0-220 T0-3 

r--' 
2 :::> INPUT 

-$- 3 :::> OUTPUT 

1 => ADJUST 
----. 

LTab connected to pin 3 
S-5043 

5- 50~211 

Type T0-220 T0-3 

LM117 LM117K 

LM217 LM217T LM217K 

LM317 LM317T LM317K 

SCHEMATIC DIAGRAM 

Ql 

R6 

01 
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LM117/LM217/LM317 

Basic adjustable regulator. 

S-5045/1 

ELECTRICAL CHARACTERISTICS (V 1-V 0 = 5V, 10 = 500mA, unless otherwise specified) 

LM117/LM217 LM317 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. 

11V0 Line Regulation V,-V 0 ; 3 to 40V T1 ; 25°C 0.01 0.02 0.01 

0.02 0.05 0.02 

11V 0 Load Regulation V0 :> 5V T1 ; 25°C 5 15 5 
lo; 10mA to 1.5A 20 50 20 

Vo;;, 5V T1 ; 25°C 0.1 0.3 0.1 
10 ; 10mA to 1.5A 0.3 1 0.3 

IADJ Adjustment Pm 50 100 50 
Current 

111AoJ Adjustment Pin V,-V 0 ; 2.5 to 40V 0.2 5 0.2 
Current 10 ; 10mA to 1.5A 

VREF Reference Voltage V,-V 0 ; 3 to 40V 1.2 1.25 1.3 1.2 1.25 
(between pin 3 10 ; 10mA to 1.5A 
and pin 1) 

11Vo Output Voltage 1 1 

Vo Temperature 
Stability 

Ia mm Minimum Load V1-V 0 ; 40V 3.5 5 3.5 
Current 

Ia max Maximum Load V,-V 0 :> 15V 1.5 2.2 1.5 2.2 
Current V,-V 0 ;40V 0.4 0.4 

eN Output Noise T1 ; 25°C, 10Hz to 10KHz 0.003 0.003 
(percentage of V0 } 

SVR Supply Voltage T1 ; 25°C J CAoJ ; 0 65 65 
Rejection (•) f; 120Hz j_ CAoJ; 10f.lF 66 80 66 80 

n CADJ IS connected between pin t and ground 
Note: Unless otherwise specif1ed the above specs. apply over the following conditions LM t 17 T1 =-55 tot 50"C ; 

LM 2t7 T1 = -25 to tSO'C, LM 3t7 T1 = 0 to t25'C. 

Max. 

0.04 

0.07 

25 

70 

0.5 

1.5 

100 

5 

1.3 

10 

Unit 

%N 

mV 

% 

f.lA 

f.! A 

v 

% 

mA 

A 

% 

dB 

3/6 

441 



LM117/LM217/LM317 

Figure 1 : Output Current vs. Input-output 
Differential Voltage. 

'o 
(A ) 

b=::' 

T1 "25' C 

i 
=\_ 

G 4629 

I 
r1 .. 1so•c 

-- ..... \ ~ 
T.=-ss·c 

' 
I '~ ~ I 

I 
"~ :::._, -I 

10 20 

Figure 3 : Reference Voltage vs. Junction 
Temperature. 

VREF 
(V) 

1.25 

12' 

1.24 

0 

5 

0 

1.235 

/ " / r\ 
\ 

1\ 

-50 .f-50 .f. 100 

APPLICATION INFORMATION 

G 463111 

\ 
\ 

The LM117/LM217/LM317 provides an internal re­
ference voltage of 1 .25V between the output and 
adjustments terminals. This is used to set a constant 
current flow across an external resistor divider (see 
fig. 4), giving an output voltage Vo of: 

Vo = VREF ( 1 + :~ ) + IAoJ R2 

4/6 
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Figure 2 : Dropout Voltage vs. Junction 
Temperature. 

G-4630 

VDROP 
(V) 

25 

1 5 

6V0:100 mV 

.......... ...._ 
r--r-
r-:::--r-.. -r-.::: 

-so 

10 :1.5A ..,... / 

I A 

~mA 
i'--~--.-~ 
~--~ 'fi:: 

+50 +100 

Figure 4 : Basic Adjustable Regulator. 

s- so.~;s" 

f-

r-

The device was designed to minimize the term IAoJ 
(100l!A max) and to maintain it very constant with 
line and load changes. Usually, the error term 
IADJ · R2 can be neglected. To obtain the previous 
requirement, all the regulator quiescent current is 
returned to the output terminal, imposing a minimum 
load current condition. If the load is insufficient, the 
output voltage will rise. 



Since the LM117/LM217/LM317 is a floating regu­
lator and "sees" only the input-to-output differential 
voltage, supplies of very high voltage with respect 
to ground can be regulated as long as the maximum 
input-to-output differential is not exceeded. Further­
more, programmable regulator are easily obtaina­
ble and, by connecting a fixed resistor between the 
adjustment and output, the device can be used as 
a precision current regulator. 

In order to optimise the load regulation, the current 
set resistor R1 (see fig. 4) should be tied as close 
as possible to the regulator, while the ground termi­
nal of R2 should be near the ground of the load to 
provide remote ground sensing. 

Figure 5 : Voltage Regulator with Protection Diodes. 

2 

C1 

1N4001 

01 

LM117 
LM217 
LM317 

1 Adj 

0.1 )Jf 
5Kfi 

LM117/LM217/LM317 

No external capacitors are required, but perfor­
mance may be improved with added capacitance as 
follows: 

_ An input bypass capacitor of 0.1 11F 

_ An adjustment terminal to ground 1 O!!F capaci­
tor to improve the ripple rejection of about 15dB 
(CAoJ) 

_ An 1 11F tantalum capacitor on the output to im­
prove transient response. 

In additional to external capacitors, it is good prac­
tice to add protection diodes, as shown in fig. 5. 

3 

C3 
1 )Jf 

5-5046/1 

01 protects the device against input short circuit, while 02 protects against output short circuit for capacitors 
discharging. 

Figure 6 : Slow Turn-on 15V Regulator. 

V; 

Figure 7 : Current Regulator. 

LM117 
LM217 
LM317 

5-5053/1 

1.25V 
_R_1_ 

5/6 

443 



LM117/LM217/LM317 

Figure 8 : 5V Electronic Shut-down Regulator. 

Figure 10 : Battery Charger (12V). 

V· I 

* As sets output impedance of charger 

Zo=Rs ( 1 + ~) 
Use of Rs allows low charging rates with fully charged battery 

616 

444 

Figure 9 : Digitally Selected Outputs. 

V· 

R2 

2 LM 117 
LM217 
LM 317 

DIGITAL INPUTS 

3 

(R2 sets maxomum V,) 

S-5055/1 

Figure 11 : Current Limited 6V Charger. 

• R3 sets peak current (0.6A for 1 !1). 
•• C1 recommended to toller out onput transoents. 



LM118-LM218 
LM318 

SINGLE OPERATIONAL AMPLIFIERS 

• INPUT OFFSET VOLTAGE: 
- 4mVMAX.LM118-LM218 
- 10 mV MAX. LM318 

• INPUT BIAS CURRENT : 
- 250 nA MAX. 

• INPUT OFFSET CURRENT: 
- 50 nA MAX. 

• SLEW RATE OF 150 V/JlS AS INVERTING 
AMPLIFIER 

DESCRIPTION 

The LM118, LM218 and LM318 are precision high 
speed operational amplifiers designed for applica­
tions requiring wide bandwidth and high slew rate. 
They feature internal frequency compensation and 
a factor of ten increase in speed over general pur­
pose devices. 

Although, no external frequency compensation 
components are needed for operation, feedforward 
compensation may be used to further increase the 
speed. For inverting applications, feedforward com­
pensation will boost the slew rate to over 150 V/JlS 
and almost double the bandwidth. However, for non­
inverting or differential applications feedforward 
cannot be used. 

The high speed and fast settling time of these op 
amps make them useful in A/D converters, oscilla­
tors, active filters, sample and hold circuits, or ge­
neral purpose amplifiers. 

PIN CONNECTIONS 

T0-99 DIP8/CERDIP8/ 
SOB 

8 '8" 9. 2 - 7 

3 + 6 

4 5 

2 6 

5 
4 

1 - Balance/CompensatiOn 1 
2 - Inverting 1nput 5 - Balance/Compensation 3 
3 - Non-mvertmg mput 6- Output 
4- vee 7- Vee 

December 1988 

H 
T0-99 

(Metal Can) 

N 

GC 
LCC20 

(Tricecop (LCC)) 

D 
SOB DIPS 

(Plastic Package) 
J 

CERDIPB 
(Cerdip Package) 

(Plastic Micropackage) 

ORDER CODES 

Part Temperature Package 

Number Range H N J GC D 

LM118 - 55 to + 125 oc • • • 
LM218 - 40 to + 1 05 oc • • • 
LM318 0 to+ 70 oc • • • 
Note : H1-Rel Versions Available 
Examples : LM118J, LM218H 

LCC 20 6- NC 

-~~.-.. .... r-oo. 
7- Non-inverting input 

3 2 ~2019 ) 8- NC 
)4 18 9- NC 

5 17 10- VCc 
11- NC 

6 16 
12- Balance/Compensation 3 

7 15 13- NC 
)8 14 14- NC 
c 9 !!2 11 12 13 15- Output 

1- NC 16- NC 
2 - Balance/Compensation 1 17- V'cc 
3- NC 18- NC 
4- NC 19- NC 
5 - lnvert1ng 1nput 20 - Compensation 2 
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LM118-LM218-LM318 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM11 8 LM218 LM31B Unit 

Vee Supply Voltage ± 20 ± 20 ± 20 v 
v, Input Voltage (note 1) ± 15 ± 15 ±15 v 
l1o Differential Input Current (note 2) ±10 ±10 ±10 mA 

Output Short-circuit Duration Indefinite Indefinite Indefinite 

Ptot Power Dissipation LM318D 300 mW 
All other Versions 500 500 500 

Toper Operating Free-air Temperature Range -55 to+ 125 - 40 to+ 105 o to+ 70 oc 
Tstg Storage Temperature Range - 65 to+ 150 - 65 to+ 150 - 65 to+ 150 oc 

Notes : 1. For supply voltage less than± 15 V, the absolute maximum input voltage IS equal to the supply voltage 
2. The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current w1ll flow if a differential input vol­

tage in excess of 1 Vis applied between the inputs unless some limiting resistance is used. 

SCHEMATIC DIAGRAM 

Case 

T099/DIP8 
CERDIPB/508 

LCC20 

Inverting 
InPUt 

Balance 
Compensation 

1, 5 

2, 12 

• LCC20 : Other p1ns are not connected. 

2/11 
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Inverting 
Input 

2 

5 

Balance 
CompensatiOn 

Non-
inverting 

Input 

3 

7 

CompensatiOn 

Output 

v-
ee E88LM118-01 

Vee Vee Output Compensation N.C. 

4 7 6 8 

10 17 15 20 . 



ELECTRICAL CHARACTERISTICS 

LM318: O~Tamb~+70'C 
LM218: -40 ~Tamb~+105'C 
LM118: -55 ~Tamb~+125'C 
*=>Vcc=±15V 
(unless otherwise specified) 

Symbol Parameter 

v,o Input Offset Voltage Rs ~ 10 kQ 
T amb = 25 'C 
T m1n ::; T amb ~ T max 

liB Input Bias Current 
T amb = 25 'C 
T m1n ::; T amb ~ T max 

l1o Input Offset Current 
T amb = 25 'C 
T m1n ::; T amb ~ T max 

Avo Large Signal Voltage Gain • 
(Vo=±10V,RL<:2kQ) 

Tamb = 25 'C 
T m1n < T amb ::; T max 

SVR Supply Voltage Rejection Ratio 
(Rs ~ 10 kQ) 

T amb = 25 °C 
T m1n 5 T amb ::; T max 

Icc Supply Current, no Load 
T amb = 25 'C 
T mm $ T amb :::;: T max 

v, Input Voltage Range • 
Tamb = 25 'C 
T mm $ T amb ::; T max 

CMR Common Mode rejection Ratio * 
(Rs ~ 10 kQ) 
T amb = 25 'C 
T mm ::; T amb ::; T max 

los Output Short-circuit Current • 
T amb = 25 'C 

± VoPP Output Voltage Swing • 
T amb = 25 'C 
T mm $ T amb :::;: T max 

RL = 2 kQ 

Svo Slew-rate (VI=± 10 V, RL = 2 kQ, CL ~ 100 pF, • 
T amb = 25 oc. unity gain) (note 3) 

z, Input Impedance, T amb = 25 'C • 

±5 V Vee 
±5 V Vee 
±5 V Vee 

LM118-LM218-LM318 

±2o v c1 =30 pF 
± 20 v c1 = 30 pF 
± 20 v c1 = 30 pF 

LM118, LM218 LM318 
Unit 

Min. Typ. Max. Min. Typ. Max. 

mV 
2 4 2 10 

6 15 

nA 
160 250 160 250 

500 500 

nA 
6 50 6 50 

100 100 

VimV 

50 200 50 200 
25 25 

dB 

70 97 70 97 
70 70 

rnA 
5 8 5 10 

15 15 

v 
- 11.5 11.5 - 11.5 11.5 
- 11.5 11.5 - 11.5 11.5 

dB 

80 105 80 105 
80 80 

rnA 
10 30 60 10 30 60 

v 
12 13 12 13 
12 12 

VI!J.S 
50 70 50 70 

1 3 1 3 MQ 

Note : 3 May be improved up to 150 V/~s in inverting amplifier configuration (see typical applicat1on) 
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LM118-LM218-LM318 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

GBP Gain Bandwidth Product • 
(V 1 = 10 mV, RL = 2 kn, CL ~ 100 pF, f =100kHz, 
T amb = 25 'C) 

THD Total Harmonic Distortion • 
(f = 1 kHz, Av = 20 dB, RL = 2 kQ, Vo = 2 Vpp, 
CL ~ 100 pF, Tamb = 25 'C) 

Vn Equivalent Input Noise Voltage • 
(I = 1 kHz, Rg = 1 00 Q) 

IIB(nA) INPUT BIAS CURRENT 

< .s 
1-z 
w 
a: 
a: 
::;, 
0 
en 
ct 
iii 
1-
::;, 
0.. 
~ 

170 

165 

160 

155 

150 

v r--~ v 
v~-"" \ 

/ \ 
145 

140 

135 

130 
·55 ·35 ·15 5 25 45 65 85 105125 

TEMPERATURE ('C) 

EBBLM118·02 

Note: 5. LM118:-55'C:>TambS+125'C,±5V:>Vcc:>±20V 
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LM218: -40 ·c :>TambS+ 105 ·c, ±5 V :>Vcc$±20 V 
LM318 :- 0 ·c :>TambS + 70 'C, ±5 V :>Vcc$±20 V 

o; 
"-

~ 
w 

!i 
r:r:: 

:: w ... 
en 

LM118, LM218 LM318 
Unit 

Min. Typ. Max. Min. Typ. Max. 

MHz 

50 50 

% 

.008 .008 

nVi..JHz 
17 17 

VOLTAGE FOLLOWER SLEW RATE (Note 5) 

130 

Positive slew 
120 

~ -r-
110 r.... 
100 

90 
Negative slew 

Vcc=±15V -r-l'oo..... 
Rs~Rt=10 kO 

80 

70 
CL5pF 

GO 
-55-35-15 5 25 45 65 85 105125 

TEMPERATURE (°C) 

EBBLM118·03 



UNITY GAIN BANDWIDTH (GAIN : 1) (Note 6) 

24 r-"T"""""T--,~-r---.---r~r--.--, 

8L-...L_....L..-1..--l.--i~..I.-..J.......J...--I 

-55 -35-15 5 25 45 65 85 105125 

TEMPERATURE I"Cl 

E88LM118·04 

Icc (rnA) OUTPUT SHORT-CIRCUIT CURRENT 

1-
z 
w 
0: 
0: 
:;:, 
u 
1-
5 
u 
a:~ -< 
CfE 
~--~ 

0: 
0 
J: 
Ill 

40 

35 

30 

25 

20 

15 

10 

1- 5 
:;:, 
D.. 

~ f--

I'- .,...., 
1'.-

l"'r-... 

"' 
1- 0 6 ·55 ·35 ·15 5 25 45 65 85 105125 

iii 120 

~ 
z 100 
0 
i= 
u 80 w ..., 
w 
a: 
w 60 
c 
0 
::;: 40 
z 
0 
::;: 20 
~ 
0 
u 0 

TEMPERATURE (°C) 

EBBLM118·37 

COMMON MODE REJECTION 

Rs=2 kfl 
Tamb= +25°C -"' ' [\ 

\ 
~ 

100 lk 10k lOOk 1M 10M 
FREQUENCY (Hz) 

E88LM118-05 

LM118·LM218·LM318 

POWER SUPPLY VOLTAGE & COMMON 
MODE REJECTION RATIO 

120 

115 

110 

105 

100 

95 

90 

85 

8 0 

~ 
/ 

~ 

v v 

v 
v 

v 
v 1--

-55 -35 -15 5 25 45 65 85 105125 

TEMPERATURE (°C) 

EBBLM118·3B 

NOISE EQUIVALENT INPUT NOISE 
(nVd Hz) 20 ,.--.,--.,.-...,-,-.,--.,.-...,-r--1 

w 
en 
0 z 
1-
:;:,~ 

~~~ - -,. 
1- > 
ffi.s 
..J 
< > 
5 
0 
w 

iii 
~ 
z 
0 
i= 
u 
w ..., 
w 
a: 
> 
-' 
D.. 
D.. 
:;:, 
en 

100 

80 

60 

40 

20 

0 

-20 

OL_~....L..-L_J_L_~~-L~ 

-55 -35 -15 5 25 45 65 85 105125 

TEMPERATURE (°C) 
EBBLM 118·36 

POWER SUPPLY REJECTION 

Tamb= +25"C 
t- .. j I 

-...: 

~' 
---

Positive supply 

~ ~ 
Negative supply f\ 

""' ~ 

" 100 lk 10k lOOk 1M 10M 

FREQUENCY (Hz) 

E88LM118·06 
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LM118-LM218-LM318 

@ 
> .s 
w 
Ul 

0 z 

> 
-H 

Cl z 
~ 
Ul 
1-
~ 
D-
1-
~ 
0 

~ 
.s 
1-z 
w 
a: 
a: 
~ 
u 
1-
::J 
Q. 

~ 
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INPUT NOISE VOLTAGE 
3000 

Tamb = +25"e 

1000 Vee =+15V 

300 
!". 

100 
lRs= i kl -30 

10 

~ 1Dch1'.'i\ ::~ 

3 

10 100 lk 10k lOOk 

FREQUENCY (Hz) 

E88LM118-07 

CURRENT LIMITING 
14 

vcc=±15V 

12 

10 

8 
~ ~ "' 6 ~- l(j-
+ + 

4 ~- ~-
E E 

2 ,_"'_ ,_"'-

0 
0 5 10 15 20 25 

OUTPUT CURRENT !mAl 

600 

400 

200 
\ 

0 \ 

~200 

-4QO 

-600 
-0.8 

E88LM118-09 

INPUT CURRENT 

1 Tam~c 125ot 

1'.. 

\ 
_l 
_l 
\ 

-0.4 0 0.4 0.8 

DIFFERENTIAL INPUT !VI 

E88LM118-15 

iii 
~ 
z 
(( 
Cl 
w 
CJ 
<t 
!:i 
0 
> 

~ 
E 
1-z 
w 
a: 
a: 
::J 
u 
~ 
D-
Q. 
::;) 
Ul 

> 
-H 

Cl 
z 

~ 
5 
Q. 
1-
::> 
0 

VOLTAGE GAIN 

115 

110 "'-;;;;;; 
T I =Jsoc -~ Tamb=+25oc 

-G- ..... ..... 
105 Tamb +125°C 

100 

I 
95 

5 10 15 18 20 

SUPPLY VOLTAGE lVI 

E88LM118·08 

SUPPLY CURRENT 

5.5 

5 

4.5 

4 

5 10 15 18 20 

SUPPLY VOLTAGE (V) 

E88LM118-14 

LARGE SIGNAL FREQUENCY RESPONSE 

14 

~ ~~~~= ±1~ J I 

\ Tamb= +25"C 

' 
12 

10 

8 

6 \ 
4 

2 

0 

0.5M 1M 2M 5M 10M 20M 50M 

FREQUENCY (Hz) 

E88LM118·20 



> 
-H 

CJ 
2 

~ 
.... 
::I ... .... 
::I 
0 

120 

iii 100 

:s 
2 80 

Ci: 
0 60 
w 
CJ 

~ 40 

0 
> 20 

0 

-20 

~ 
Cl z 
lE rn 
w 
Cl 
< 
~ 
0 
> 

LARGE SIGNAL FREQUENCY RESPONSE• 

14 

fo--P... Ve~~ ~115 1V 1 

12 Tamb c + 25°e 

10 

8 
~ 

6 

4 

< r----- . 

0 !'.... 
1M 3M 10M 30M 100M 

FR!:QU!:NCY (Hzl 

EBBLM1 1 8·21 

OPEN LOOP FREQUENCY RESPONSE" 

r--.... _I I I 
vee~± 1s v 

~ Tamb ~ +25oe 

I 
........ 

' Ph!T 
'\.. 

r-v 'I\.. 

"I\. 

225 ., 
180 

X 
l> 
fll 
m 

135 ~ 
G) 

90 Ci: .. 
"' 45 iil .. 
!!. 

0 

Glin\ 

10 100 1k 10k lOOk 1M 10M 100M 

FREQUENCY (Hzl 

E88LM1 1 8·23 

INVERTER PULSE RESPONSE• 
20 

16 

12 " f- -~ -~ - \!--8 

4 

0 

-4 

-8 

Input - J~Outpu1 

1\ I 
1 I 
\ 

-12 ~ 
.. -~ -

Vee~-t15V 
-16 

-20 
I Tamb~ +25"C 

-0.1 0.1 0.3 0.5 0.7 0.9 

TIME(psl 

E88LM118·25 

iii 
:s 
2 
Ci 
CJ 
w 
CJ 
<1: 
~ 
0 
> 

LM118·LM218·LM318 

OPEN LOOP FREQUENCY RESPONSE 

120 

100 

80 

60 

40 

20 

0 

--20 

~ 
Cl z 
lE rn 
w 
Cl 

~ 
0 
> 

~ 
w 
Cl 
< 
!::; 
0 
> 
1-
::;) 
11. 
1-
::;) 
0 

~ Jee= 1±1sV 

' Tamb~ +2soe 

' I ,, Pha1wj 

K' .J 

\ 
Gai~ 

225 
"a :z: 
l> 
fll 

180 m 

s;: 
135 G) 

Ci: .. 
90 ., 

iil .. 
45 !!. 

"' 
0 

10 100 1k 10k lOOk 1M 10M 100M 

FREQUENCY IHzl 

EBBLM118·22 

VOLTAGE FOLLOWER PULSE RESPONSE 
20 

16 
h 

~ r-1 - lllr' ~ 
\ Input ,- Jr-output 

1 I 
i/ 
f 

12 

8 

4 

0 

-4 

-8 • v 
Vee~ ±15 v --12 

~ amb = + 2soc l -16 

-20 
-0.2 0.2 0.6 1.4 1.8 

TIME(psl 

E88LM1 18·24 

INVERTER SETTLING TIME 

15 
Tamb ~ +25oe 

10 

0 

-5 

ll l 

I[ 1. I 
1100{' 

IJ. ..._o0 .., 
I ~l-

Vcc-115V 
Rs=Sk!l 

-10 Rt-5 k!l 
C1=10pF 
C5,C7 = 0.1 pF -15 

0.03 0.1 

'Ill 
0.3 

TIME (psi 

1oJv 

mV 1-

1mV-

3 

E88LM118·26 

• W1th feedforward compensation 

~ SliS· THOMSON 
~""f/ iij]O©Iiil@~~~©'ii'liil@li!O©i!l 
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LM118-LM218-LM318 

BASIC DIAGRAMS 

FEEDFORWARD COMPENSATION FOR GREA­
TER INVERTING SLEW RATE* 

5kl! 

• Slew rate typically 150 V/iJ.S. 

ISOLATING LARGE CAPACITIVE LOADS 

10 pF 

Input 

OFFSET BALANCING 

COMPENSATION FOR MINIMUM SETILING 
TIME* 

5 pF 

10 kl! 

E88LM118-29 

• Slew and settling time to 0.1 %for a 1 0 V step change is 800 ns 

R2 

100 l! 
Output 

I 
E88LM118-30 

OVERCOMPENSATION 

Output 

10 pF 5 k!! 

E88LM118-31 E88LM118-32 
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TYPICAL APPLICATION DIAGRAM 

FAST SAMPLE AND HOLD 

10 pF 

s kn 

Input 

Output 

E88LM118-33 

D/A CONVERTER USING LADDER NETWORK 

5 kH 5k!l 

10 kjl 10 kH 10 kl! 

• Optional : reduces settling t1me 

LM118-LM218-LM318 

FAST SUMMING AMPLIFIER WITH LOW INPUT 
CURRENT 

150 k!l 

1 nF 

30pF 

ESSLM 118-34 

5 pF 

R 

5kl1 

>--___..._____,._ Ou1pu1 

E88LM118-35 
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LM118·LM218·LM318 

PACKAGE MECHANICAL DATA 

8 PINS- T0-99- METAL CAN 

mm 

© 
Pin 

~ 4,69 

12,7 min. 

20 PINS- TRICECOP (LCC) 

mm 
8,74 
9,04 

e- 1.27 ~ e ' e + e ~ e j .. 

10/1 j 

454 

0 7,75 
8,50 

: 

¢ 8,51 
9,39 

1.27 max. 

~ 

~ 1.01 

_130,407 
0,508 

Datum 

8 Pins 

1.86max. 

20 PINS 

8.74 
9.04 



PACKAGE MECHANICAL DATA (continued) 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

Datum 

LM118-LM218-LM318 

( 1) Nommal d1mens1on 

(2) True geometnca! pos1!1on 

8 Pins 

0.185 
0.265 

min. 

1,75 max. 

B Pms 
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LM119- LM219 
LM319 

HIGH SPEED DUAL COMPARATORS 

• TWO INDEPENDENT COMPARATORS 
• OPERATION FROM A SINGLE+ 5 V SUPPLY 
• TYPICALLY SOns RESPONSE TIME AT± 15 V 
• MINIMUM FAN-OUT OF 2 EACH SIDE 
• MAXIMUM INPUT CURRENT OF 1 !!A OVER 

OPERATING TEMPERATURE RANGE 
• INPUTS AND OUTPUTS CAN BE ISOLATED 

FROM SYSTEM GROUND 
• HIGH COMMON-MODE SLEW RATE 

DESCRIPTION 

These products are precision high speed dual com­
parators designed to operate over a wide range of 
supply voltages down to a single 5 V logic supply 
and ground and have low input currents and high 
gains. 

The open collector of the output stage makes com­
patible with TTL as well as capable of driving lamps 
and relays at currents up to 25 mA. 

Although designed primarily for applications requi­
ring operation from digital logic supplies, are fully 
specified for power supplies up to 15 V. 

They feature faster response than the LM 111 at the 
expense of higher power dissipation. However, the 
high speed, wide operating voltage range and low 
package count make the much more versatile. 

December 1988 

H 
T0-100 

(Metal Can) 

D 
5014 

(Plastic Micropackage) 

ORDER CODES 

Part Temperature 
Number Range 

LM119 - 55 to + 125 oc 
LM219 - 40 to + 1 05 oc 
LM319 0 to+ 70 oc 
Note : Hi-Rei Versions Available. 
Examples : LM119H, LM219N. 

H 

• 
• 
• 

N 
DIP14 

(Plastic Package) 
J 

CERDIP14 
(Cerdip Package) 

GC 
LCC20 

(Tricecop (LCC)) 

Package 
N J D GC 

• • 
• • • 
• • • 
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LM119-LM219-LM319 

PIN CONNECTIONS (top views) 

T0100 LCC20 DIP14/CERDIP14 
5014 

10 

0 2 8 

3 7 

6 

1- Output 1 
2- Ground 1 

5 

3- Non-inverting input 1 
4 - lnvert1ng 1nput 1 
5- \ICc 
6- Output 2 
7- Ground 2 
8- Non-invertrng input 2 
9 - Inverting input 2 

1- NC 
2- NC 
3- NC 
4- Ground 1 
5- NC 
6 - Non-inverting rnput 1 
7-NC 
8- Inverting input 1 
9- V"cc 

10- Vec 10- Output 2 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

11- NC 
12- Ground 2 
13 - Non-inverting input2 
14- Inverting input 2 
15- NC 
16- VCc 
17- NC 
18- Output 1 
19- NC 
20- NC 

1- NC 
2- NC 

2 

3 

4 

5 

6 

7 

3- Ground 1 
4- Non-inverting input 1 
5 - Inverting input 1 
6- V"cc 
7- Output 2 

LM119 LM219 

Vo- Vee Output to Negative Supply Voltage 36 36 

Vee Negative Supply Voltage 25 25 

Vee Positive Supply Voltage 18 18 

V1o Differential Input Voltage ± 5 ±5 

VI Input Voltage- (note 1) ±15 ±15 

Ptot Power Dissipation- (note 2) 500 500 

Taper Operating Free-air Temperature Range -55 to+ 125 -40 to+ 105 

Tstg Storage Temperature Range - 65 to+ 150 - 65 to+ 150 
All potentials referenced to ground unless otherw1se spec1fled. 
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14 

13 

12 

11 

10 

9 

8 

8- Ground 2 
9 - Non- inverting input 2 

1 0 - Inverting mput 2 
11- VCc 
12- Output 1 
13- NC 
14- NC 

LM319 

36 

25 

18 

±5 

± 15 

500 

o to+ 70 

- 65 to+ 150 

Unit 

v 
v 
v 
v 
v 

mW 

oc 
oc 



LM119-LM219·LM319 

SCHEMATIC DIAGRAM 

AI 
J 5 kH 

vee 

.------+--+--l 09 

Inputs 

To other half 

Inverting Non-
CASE Outputs inverting 

Inputs 
Inputs 

T0100 1, 6 4, 9 3, 8 

DIP14/ 
CERDIP14/ 7, 12 5, 10 4, 9 
5014 

LCC20 10, 18 8, 14 6, 13 

• LCC20: Other pins are not connected. 

GND 

2, 7 

3, 8 

4, 12 

A14 
'2 k~l 

Vee GND 

Vee 

10 

11 

16 

A 16 

600 

Vee 

5 

6 

9 

Output 

E88LM119-01 

N.C. 

-

1, 2, 13, 14 

* 
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LM119·LM219·LM319 

ELECTRICAL CHARACTERISTICS 
LM119 :- 55 oc :S T amb :S + 125 oc, V cc = ± 15 V 
LM219 :- 40 oc :S T amb :S + 1 05 °C, V cc = ± 15 V 
LM319: 0 oc,:;; Tamb :S + 70 °G, Vee=± 15 V 
{unless otherwise specified) 

Symbol Parameter 

V1o Input Offset Voltage {Rs ,:;; 5 kQ) - {note 3) 
Tamb = + 25 oc 
T min < T amb < T max 

l1o Input Offset Current- {note 3) 
T amb = + 25 oc 
T min :S T amb :S T max 

liB Input Bias Current - {note 3) 
T amb = + 25 oc 
T min < T amb < T max 

Avo Large Signal Voltage Gain (T amb = + 25 °C) 

Icc Positive Supply Current 
Tamb =+ 25 °C, Vee=± 15 V 
T min ,:;; T amb ,:;; T max. Vee = + 5 V, Vee = 0 V 

Icc Negative Supply Current (T amb = + 25 °C) 

v, Input Voltage Range 
{Vee = + 5 v, Vee = o V) 

V1o Differential Input Voltage 

VoL Low Level Output Voltage 
T amb = + 25 °C, Ia = 25 rnA 

V1 <- 5 mV 
V1 <-10 mV 

0 °C $ T amb $ T max 
Vee > + 4.5 v, Vee = o v, v, <- 6 mv, 
lo(sink) < 3.2 rnA 

T min :S T amb :S T max 
Vee > + 4.5 v. Vee = o v, v, <- 1 o mV, 
lo(sink) < 3.2 rnA 

loH High Level Output Current {Vo = + 35 V) 
T amb = + 25 °C, V1 > + 5 mV 

v, > + 10 mV 
T min $ T amb $ T max. V, > 5 mV 

Ire Rise Time {Tamb = + 25 °C)- {note 4) 

LM119, LM219 LM319 

Min. Typ. Max. Min. Typ. 

- 0.7 4 - 2 
- - 7 - -

- 30 75 - 80 
- - 100 - -

- 150 500 - 250 
- - 1000 - -

10 40 - 8 40 

- 8 11.5 - 8 
- 4.3 - - 4.3 

- 3 4.5 - 3 

- ± 13 - - ± 13 
1 - 3 1 -
- - ±5 - -

- 0.75 1.5 - -
- - - - 0.75 
- - 0.6 - -

- 0.23 0.4 - -

- - - - 0.3 

- 0.2 2 - -
- - - - 0.2 
- 1 10 - -
- 80 - - 80 

Notes : I. For supply voltages less than± 15 V, the absolute max1mum Input voltage IS equal to the supply voltage 
2. TOIOO . At,o·•l = 160 "C/W, R~o·ol = 45 "C/W 

DIP14 · R'"o·•l =ISO "C/W 
8014 RthiJ-al = 250 "C/W 

Unit 
Max. 

mV 
8 
10 

nA 
200 
300 

nA 
1000 
1200 

- V/mV 

rnA 
12.5 
-

5 rnA 

- v 
3 

±5 v 

v 

-
1.5 
-

-

0.4 

f.lA 
-
10 
-
- ns 

3 These specifications apply for Vee= ± 15 V, unless otherw1se stated The offset voltage, offset current and bias current speciflca­
tions apply for any supply voltage from a s1ngle + 5 V supply up to± 15 V supplies 
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The offset voltages and offset current glven are the max1mum values required to drive the output down to I V or up to+ 14 V With a 
I rnA load current 
Thus, these parameters define an error band and take 1nto account the worst case effects of voltage ga1n and 1nput Impedance. 

4. The response t1me spec1f1ed lS tor a tOO mV Input step w1th 5 mV overdnve. 



INPUT BIAS CURRENTS 

ru 
Vee ~+ tsv 
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' Bias -~ r--. :--..... i-

I 

.... 
:::> 

5!l <L 
~ 

r..... 
~ -lf1-r---0 
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LM119-LM219 

COMMON MODE LIMITS 

vee ~~~--r--r-,--,-~--r-~ 

~ -0.4 

~ -ll.D 

::< -1.2 :::; 
w 
c 
0 
:2 
z 
0 
::< 
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a: 
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TEMPERATURE (°C) EBBLM119·02 TEMPERATURE ("C) EBBLM119·03 

OUTPUT SATURATION VOLTAGE SUPPLY CURRENT 

lamb 

12 

~ 10 

.s 

.... 8.0 z 
w 
0:: 
a: 6.0 :::> 
u 
> 4.0 ..J 
<L 
<L 

l I I 
I"-r- vee ~ t t5 v 

~ Positive supply 

Itt-
- vcc~+5V,Vcc"o 

ositive supply 

I -r-ot-
:::> 
(/) 2.0 Vee ~ ± 15 v 

0 

Nfativl sulply 

0.2 0.4 0.6 o.n 1.0 -55 -35 -15 5.0 25 45 65 05 105 125 

OUTPUT VOLTAGE (V) TEMPERATURE (°C) 
E88LM1 19·04 E88LM1 19·05 

SUPPLY CURRENT OUTPUT LIMITING CHARACTERISTICS 

5.0 10 15 20 

SUPPLY VOLTAGE I±VI 
E88LM1 19·06 

120 1 z 
~ 
E 100 
.... z 
w 
a: 
0:: 
:::> 
u 
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:::> 
(J 
0:: 
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.... 
a: 
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(/) 

40 

20 

0 

t---1*--------t----+--~ 1.0 2l 
::;: 
m 

t----t--t--~--+---t----+--:1 0.8 JJ 
0 

"' t-t--t--+--+--:::i~"-::::-t-~ 0.6 ~ 
"tJ 
)> 

Hc._+---:~:.._--4----t---+--i M B 
z 
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LM119-LM219-LM319 

INPUT BIAS CURRENTS 
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LM319 

~ -0.8 
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INPUT CHARACTERISTICS 
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LM119-LM219-LM319 

TYPICAL APPLICATION DIAGRAMS 

RELAY DRIVER 

WINDOW DETECTOR 

8/10 

464 

VuTo--------l 

v,o-------1 

+28V 

II 

30V 

E88LM119-18 

.-------~ + 5 v 

500!! 

>------1>-----o Vo 
TTL output 

E88LM119-19 



PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm 

Datum 

Or 

19.9max. 

14 PINS- PLASTIC MICROPACKAGE (SO) 

mm e= 1.27 
e t e t e t e t e •J 

I o 

I I I 
' 

Datum 

8.55 
8.75 

l 

t e 

' 

I 

LM119-LM219-LM319 

8.5max. •I 

(1) Nominal d1mension 

(2) True geometncal pos1t1on 

6.35 
(1) 14 Pins 

0.185 

J• 0.265 

' 
0.63 
max. 0.4 

14 Pins 
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LM119-LM219-LM319 

PACKAGE MECHANICAL DATA (continued) 

10 PINS- METAL CAN T01 00 

mm 

Pin 

20 PINS- TRICECOP (LCC) 

mm 

1.27 

10/10 

466 

4 20 
4.69 

8.74 
9,04 

1 
(/)7 75 

8.50 

(/)0.407 
0.508 

10 pins 

1.86max. 

20 PINS 

8.74 
9.04 



LM124,A-LM224,A 
LM324,A-LM2902 

LOW POWER QUAD OPERATIONAL AMPLIFIERS 

• LARGEVOLTAGEGAIN:100dB 
• VERY LOW SUPPLY CURRENT/AMPLI 
375~ 

• LOW INPUT BIAS CURRENT: 20 nA 
• LOW INPUT OFFSET VOLTAGE: 2 mV 
• LOW INPUT OFFSET CURRENT: 2 nA 
• WIDE POWER SUPPLY RANGE : N D 

5014 
- SINGLE SUPPLY : + 3 V TO + 30 V 
- DUAL SUPPLIES : ± 1.5 V TO± 15 V 

DIP14 
(Plastic Package) 

J 
CERDIP14 

(Cerdip Package) 

(Plastic Micropackage) 

DESCRIPTION 

These circuits consist of four independent, high 
gain, internally frequency compensated operational 
amplifiers which were designed specifically for auto­
motive and industrial control systems. They operate 
from a single power supply over a wide range of vol­
tages. Operation from split power supplies is also 
possible and the low power supply current drain is 
independent of the magnitude of the power supply 
voltage. 

PIN CONNECTIONS (top views) 

DIP14/CERDIP14 
5014 

14 

13 

12 

II 

10 

1- NC 

GC 
LCC20 

(Tricecop (LCC)) 

ORDER CODES 

Part Temperature 
Number Range N 

LM124,A - 55 oc to + 125 oc • 
LM224,A - 40 oc to + 105 cc • 
LM324,A o cc to+ 70 oc • 
LM2902 - 40 oc to + 1 05 oc • 
Note : Hi-Rei Versions Available 
Examples : LM124J, LM124GC, LM224N 

LCC20 

17 
16 
15 
14 

11- NC 

Package 

J GC 

• • 
• 
• 
• 

2- Output 1 
9 10 11 12 13 

12- Output 3 
3 - lnvert1ng input 1 13- Inverting mput 3 

D 

• 
• 
• 
• 

1 - Output t 8- Output3 
2 - Inverting mpul t 9 - Inverting input 3 

4- Non-inverting 1nput 1 
5- NC 

14- Non-Inverting input 3 
15- NC 

3- Non-mverting input t 
4- VCc 
5 - Non-inverting input 2 
6- Inverting mput 2 
7- Outpul2 

December 1988 

10- Non-invert1ng input 3 
11- V"cc 
12 - Non mvertmg mput 4 
13 - Inverting input 4 
14- Output 4 

6- VCc 
7- NC 
8 - Non-inverting input 2 
9 - Inverting mput 2 

10- Output 2 

16- V"cc 
17- NC 
18 - Non-invert1ng 1nput 4 
19 - Inverting input 4 
20- Output4 
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LM124,A·LM224,A-LM324,A·LM2902 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM124,A LM224,A LM324,A Unit 
2902 

Vee Supply Voltage ± 16 or32 v 
v, Input Voltage - 0.3 to+ 32 v 

v,d Differential Input Voltage + 32 + 32 + 32 v 
Ptot Power Dissipation N, J Suffix 500 500 500 mW 

GC Suffix 665 
D Suffix 400 400 

Output Short-circuit Duration Indefinite 

l,d Input Current- (note 6) 50 50 50 rnA 

Toper Operating Free Air Temperature Range -55 to+ 125 - 40 to+ 105 0 to+ 70 oc 
Tstg Storage Temperature Range - 65-;o 150 - 65 to 150 - 65 to 150 oc 

SCHEMATIC DIAGRAM (1/4 LM124) 

Inverting input Non-inverting input 

Output 

Vee EBBLMt24·0t 

Case Inverting Non-inverting 
Vee Vee Outputs N.C. Inputs Inputs 

DIP14 
CERDIP14 2, 6, 9, 13 3, 5, 10, 12 11 4 1, 7, 8, 14 
5014 

LCC20 3, 9, 13, 19 4, 8, 14, 18 16 6 1, 2, 12, 20 * 

• LCC20 : Other pins are not connected. 
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ELECTRICAL CHARACTERISTICS 
Vee=+ 5 V, Vee= Ground, Vo = 1.4 V 
LM324, A : 0 ::; T amb ::; + 7 0 oc 
LM224, A LM2902 : - 40 ::; T amb ::; + 1 05 oc 
LM124, A : - 55 ::; T amb ::; + 125 oc 
(unless otherwise specified) 

Symbol Parameter 

V;o Input Offset Voltage (note 3) 
Tamb = + 25 °C 
T mm ::; T amb ::; T max 

l;o Input Offset Current 
Tamb = + 25 °C 
T m1n ::; T amb ::; T max 

liB Input Bias Current (note 2) 
T amb = + 25 °C 
T mm :5: T amb :5: T max 

Avo Large Signal Voltage Gain 
(Vee=+ 15 V, RL = 2 kQ) 
(Vo = 1.4 V to 11.4 V) 

T amb = + 25 oc 
T m1n :5: T amb $. T max 

SvR Supply Voltage Rejection Ratio (Rs ::; 1 0 kQ) 
Tamb = + 25 oc 
T min ::; T amb ::; T max . 

Icc Supply Current, all Amp, no Load 
T amb = + 25 °C Vee=+ 5V 

Vee = + 30 V 
T m1n :::; T amb .$ T max Vee=+ 5V 

Vce=+30V 

V; Input Voltage Range (note 4) 
T amb = + 25 °C Vee=+ 30 V 

T m1n :5: T amb :::;: T max 

CMR Common-mode Rejection Ratio (Rs ::; 1 o kn) 
T amb = + 25 oc 
T mrn :::; T amb :5: T max 

lo Output Short-circuit Current 
(Vt =+ 1 V, V;- =0 V, Vee=+ 15 V) 

T amb = + 25 °C 
T m1n :5: T amb $. T max 

lsmk Output Current Sink 
(W =- 1 V, V;- = 0 V) 

Vee = + 15 V T amb = + 25 °C 
T m1n :::; T amb $. T max 

Vo = + 0.2 V Tamb = + 25 °C 
T m1n ::;: T amb ::; T max 

Vopp Output Voltage Swing 
T amb = + 25 °C RL ~ 2 kQ 

T mm :::; T amb $ T max RL ~ 2 kn 

LM124,A-LM224,A-LM324,A-LM2902 

LM124A, 224A LM124, 224 
324A 324,2902 Unit 

Min. Typ. Max. Min. Typ. Max. 

mV 
2 3 2 5 

5 7 

nA 
2 20 2 20 

40 40 

nA 
20 100 20 100 

200 200 

V/mV 

50 100 50 100 
25 25 

dB 
65 110 65 110 
65 65 

mA 
0.7 1.2 0.7 1.2 
1.5 3 1.5 3 
0.8 1.2 0.8 1.2 
1.5 3 1.5 3 

Vee Vee v 
0 - 1.5 0 - 1.5 

0 Vee 0 Vee 
-2 -2 

dB 
70 80 70 80 
60 60 

mA 

20 40 60 20 40 60 
10 10 

10 20 10 20 mA 
10 10 
12 50 12 50 !lA 
12 12 

Vee Vee v 
0 - 1.5 0 - 1.5 

0 Vee 0 Vee 
-2 -2 

3/14 

469 



LM124,A·LM224,A-LM324,A-LM2902 

ELECTRICAL CHARACTERISTICS (continued) 

LM124A, 224A LM124, 224 
Symbol Parameter 324A 324,2902 Unit 

Min. Typ. Max. Min. Typ. Max. 

VoH High Level Output Voltage v 
(Vee = + 30 V) 

T amb = + 25 °C RL = 2 kQ 26 27 26 27 
T min $ T amb $ T max 26 26 
T amb = + 25 °C RL = 10 kQ 27 28 27 28 
T min $ T amb $ T max 27 27 

VoL Low Level Output Voltage v 
(RL $ 10 kQ) 

T amb = + 25 °C 5 20 5 20 
T min $ T amb $ T max 20 20 

Svo Slew-rate (V; = 0.5 to 3 V, RL = 2 kQ V/IJ.S 
CL < 100 pF, T amb = + 25 °C, unity gain 
Vee= 15 V) 0.2 0.4 0.2 0.4 

GBP Gain Bandwidth Product, Vee = 30 V MHz 
(f =100kHz, Tamb = + 25 °C, V;N = 10 mV 
RL = 2 kQ, CL = 100 pF) 0.7 1.3 1.8 0.7 1.3 1.8 

THO Total Harmonic Distortion % 
(f = 1 kHz, Av = 20 dB, RL = 2 kn, V0 = 2 Vpp 
CL < 100 pF, Tamb = + 25 °C, Vee= 30 V) O.Q15 0.015 

Vn Equivalent Input Noise Voltage nV/vHz 
(f = 1 kHz, R9 = 1 00 n, Vee = 30 V) 40 40 

DV,o Average Temperature Coefficient 1J.V/°C 
of Input Offset Voltage 

T min $ T amb $ T max 7 30 7 30 

Dl;o Average Temperature Coeff. pN°C 
of Input Offset Current 
T mm < T amb < T max 10 300 10 300 

Vo1/Vo2 Channel Separation (note 5) dB 
1 kHz ,;; f ,;; 20 kHz 120 120 

Notes: 1. Short-circuits from the output to Vee can cause excessive heating if Vee> 15 V. The maximum output current 
is approximatively 40 mA independent of the magnitude of Vee. Destructive dissipation can result from simul­
taneous short-circuits on all amplifiers. 
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2. The direction of the mput current is out of the I C. This current is essentialy constant, independent of the state 
of the output so no loading change exists on the input lines. 

3. Vo = 1.4 V, Rs = 0, 5 V <Vee< 30 V, 0 < V, <Vee- 1.5 V. 
4. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more 

than 0.3 V. The upper end of the common-mode voltage range is Vee- 1.5 V, but either or both mputs can go 
to + 32 V Without damage. 

5. Due to the proximity of external components insure that couplmg is not onginating v1a stray capacitance be· 
tween these external parts. Th1s typically can be detected as this type of capacitance increases at higher fre· 
quences. 

6 This input only exist when the voltage at any of the mput leads is dnven negative. It IS due to the collector· 
base junction of the input PNP transistor becoming forward b1ased and thereby act1ng as mput diode clamps. 
In addition to this diode action, there is also NPN parasitic action on the IC chip. This transistor action can 
cause the output voltages of the Op-amps to go to the Vee voltage level (or to ground for a large overdrive) 
for the time duration than an input 1s dnven negative. 
Th1s IS not destruct1ve and normal output will set up again for input voltage h1gher than- 0.3 V. 
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LM124,A· LM224,A·LM324,A·LM2902 
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LM124,A-LM224,A-LM324,A-LM2902 

TYPICAL SINGLE· SUPPLY APPLICATIONS 

AC COUPLED INVERTING AMPLIFIER 

-R 
Av = (As shown Av =- 1 0) 

R1 R1 
100k!l 

AC COUPLED NON-INVERTING AMPLIFIER 

8/14 
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R2 
Av = 1 +RT 

CAs shown Av = 111 

R1 R2 
100 k!l 1 Ml! 

C2 
10pF 

R4 
100 k!! 

R5 
100 kS! 

E88LM124-18 

E88LM124-19 



LM124,A-LM224,A-LM324,A-LM2902 

TYPICAL SINGLE- SUPPLY APPLICATIONS (continued) 

NON-INVERTING DC GAIN 

R2 
1 Ml! 

DC SUMMING AMPLIFIER 

6! 100 kU 

Av = 1 + ~ 
R1 

(As shown Av = 101) 

+5V 

100 kl! 

eo=e1 + e2 - e:3 - e4 
where Ce1 + ezl;;, (CJ + e4l 
to keep eo;;>O V 

EBBLM124-20 

EBBLM124-21 
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LM124,A·LM224,A·LM324,A·LM2902 

TYPICAL SINGLE SUPPLY APPLICATIONS (continued) 

HIGH INPUT Z ADJUSTABLE GAIN DC INSTRUMENTATION AMPLIFIER 

R1 
100kn 

LOW DRIFT PEAK DETECTOR 

* Polycarbonate or polyethylene 

10/14 
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+eo 

+eo 

input current 
compensation 

E88LM124·22 
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LM124,A-LM224,A-LM324,A-LM2902 

TYPICAL SINGLE SUPPLY APPLICATIONS (continued) 

ACTIVE BANDPASS FILTER 

R1 
100 k!1 

C1 
330 pF 

fo = 1 kHz 
0=50 

R3 
100 k!1 

Av = 100 (40 dB) 

A4 
10 M!1 

R8 C3 
100 k!1 lOpF. 

E88LM124-24 
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LM124,A-LM224,A-LM324,A-LM2902 

TYPICAL SINGLE SUPPLY APPLICATIONS (continued) 

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER 

R, = R4 
For F!; Fb (CMRR depends on this resistor ratio match) 

A2 
100kn 

R4 
100 k!l 

eo= ( 1 + :: } (e2-e1) 

As shown eo= 2 (e2- e1) 

E88LM124-25 

USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEPT) 

12/14 
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Is 

Aux. amplifier for input 
current compensation 

E88LM124-26 



LM124,A-LM224,A-LM324,A-LM2902 

PACKAGE MECHANICAL DATA 

14 PINS- N SUFFIX- PLASTIC PACKAGE- J SUFFIX- CERDIP PACKAGE 

mm 

Datum 

Or 

14 PINS- D SUFFIX- PLASTIC MICROPACKAGE. 

mm 

- 8.5max . .,j 

( 1 ) Nommal d1mens1on 

(2) True geometncal pOSition 

6.3' 
(1) 

.,, e t e t e t e t e t e 1• 

iiiiii~o~~:; 
0 0 

.ll. 
6.2 

8.55 
8.75 

.1:2. 
4.0 

0.4 
min. 

1.75max. 

0.185 
0,265 

14 PINS 

13/14 
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LM124,A-LM224,A-LM324,A-LM2902 

PACKAGE MECHANICAL DATA (continued) 

20 PINS- GC SUFFIX- TRICECOP (LCC) 

mm 8.74 

1.27 
9.04 

13 

9 

• 0 • 

e- 1.27 .j e ' e t e ~ e j .. 

14114 

480 

Datum 

1.86mox. 

20 PINS 

8.74 
9.04 



LM134 
LM234-LM334 

THREE TERMINAL ADJUSTABLE CURRENT SOURCES 

• OPERATES from 1 V to 40 V 
• 0.02% V CURRENT REGULATION 
., PROGRAMMABLE from 1 f.!A to 10 mA 
• ± 3% INITIAL ACCURATY 

DESCRIPTION 
The LM134/LM234/LM334 are 3-terminal adjusta­
ble current sources characterized by : 

_ an operating current range of 10000 : 1 
_ an excellent current regulation 
_ a wide dynamic voltage range of 1 V to 40 V 

The current is determined by an external resistor wi­
thout requiring other external components. 

Reverse voltages of up to 20 V will only draw a cur­
rent of several microamperes. This enables the cir­
cuit to operate as a rectifier and as a source of cur­
rent in a.c. applications. 

For the LM134/LM234/LM334, the voltage on the 
control pin is 64 mV at + 25 oc and is directly pro­
portional to the absolute temperature (°K). The sim­
plest external resistor connection generates a cur­
rent with= 0.33 %/°C temperature dependence. Ze­
ro drift can be obtained by adding an additional re­
sistor and a diode to the external circuit. 

PIN CONNECTION 

(bottom view) 

E88LM134-01 

December 1988 

I 
z 

T092 
(Plastic Package) 

(order code at the end of the Datasheet) 

BLOCK DIAGRAM 

ADJ 

E88LM134-02 

1/9 
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LM134-LM234-LM334 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter 

Voltage V" to V-
Forward 
Reverse 

v-ADJ ADJ Pin to V- Voltage 

lsn Set Current 

Ptot Power Dissipation 

Tstg Storage Temperature Range 

Toper Operating Free-air Temperature Range 
LM134 
LM234 
LM334 

THERMAL DATA 

Max1mum Junct1on-case Thermal Resistance 
Maximum Junction-ambient Thermal Resistance 

SCHEMATIC DIAGAM 

! LM134, LM234 

40 
20 

5 

10 

400 

- 65 to+ 150 

-55 to+ 125 
- 25 to+ 100 

0 to+ 70 

60 
200 

LM334 Unit 

v 
30 
20 

5 v 
10 mA 

400 mW 

oc 
oc 

r---------------~----------------~~--12 v+ 

04 05 06 

C1 
so pF a 2 

L---------i-----------~----------------------~--------~--~1 ADJ 

""'------~------------------l3 v-

EBBLM134-03 
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LM134-LM234-LM334 

ELECTRICAL CHARACTERISTICS 
T1 = + 25 'C with pulse testing so that junction temperature does not change during testing. 
(unless otherwise specified) 

LM134 - LM234 LM334 
Parameter 

Min. Typ. Max. Min. Typ. 

Set Current Error (V + = + 25 V) - Note 1 
10 [lA :0: I sET :0: 1 mA 3 
1 mA 5 isET 5 5 mA 5 
2rtA5 lsET5 10J.IA 8 

RallO of Set Current to V- Current 
10 J.IA :0: I sET 5 1 mA 14 18 23 14 18 
1 mA ,; lsET ,; 5 mA 14 14 
2 fiA 5 lsET 5 10 J.IA 14 14 

Min1mum Operatmg Voltage 
2 J.IA 5 lsET 5 100 J.IA 0.8 0.8 
100J.1A5 lsET 51 mA 0.9 0.9 
1 mA 5 I sET 55 mA 1 1 

Average change in set current with input voltage 
2 J.IA,; I sET 5 1 mA 
+ 1.5 v ,; v + ,; + 5 v 0.02 0.05 0.02 
+ 5 v ,; v + ,; + 40 v 0.01 0.03 0.01 

1 mA,; I sET,; 5 mA 
+ 1 .5 v ,; v + ,; + 5 v 0.03 0.03 
+ 5 v ,; v + ,; + 40 v 0.02 0.02 

Temperature Dependence of set current- (note 2) 
(25 fiA 5 I sET 5 1 mA) 0.96 T T 1.04 T 0.96 T T 

Effective Shunt Capacitance 15 15 

Max. 
Unit 

% 
6 
8 
12 

26 

v 

%/V 

0.1 
0.05 

1.04 T 

pF 

Notes : 1 Set current 1s the current flow1ng mto theV pin. It 1s determ1ned by the following formula 1,, = 67.7 mV/Rset 
(T1 ~ + 25 oC). 
Set current error IS expressed as a percent dev1at1on from th1s amount. 

2. 1,, IS directly proportional to absolute temperature (°K) 1.,, at any temperature can be calculated from I set = lo (TIT o) 
where loIS I set measured at To (°K). 
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LM134-LM234-LM334 

OUTPUT IMPEDANCE 

I ~ I 0 

' 
I' 

I 1 .~ 

~ 
~ 

1 

.:s: 
~ 

10 100 1 k 10 k 

FREQUENCY (Hz) 

EBBLM134-04 

STAAT UP 

I 
1"- / __., ~ ?00 "s 

I 
100 pA I '1 --· ~50ps 

I 
j 0 

1 mA I 
-...! __, <>-- 5 "s 

5V I 
Input 

ov 
TIME (SCALE CHANGES AT EACH CURRENT LEVEll. 

> 
5 

" " ~ 
0 
> 
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86 

78 

70 

62 

54 

46 

-50 

/ 
/ 

E88LM134-06 

VOlTAGE ACROSS Rset 

/ 
/ 

/ 
/ 

v 
/ 

50 100 

EBBLM134-08 
TEMPERATURE (°C) 

~ 
~ 
w ,_ 
"" a: 

~ 
Ill 

~ 
i ,_ 
ili 
a: 
a: 
::> 

" 

MAXIMUM SlEW RATE FOR LINEAR OPERATION 

/ 
10 , / 

1/ 
10 2 / 

v 
10"3 

10 

lset=f$.LA) 
EBBLM134-05 

TRANSIENT RESPONSE 

-< ~2,,, J J 
1\ " 

lspt 1 mA 

" If_ v-+ toV sv 

6V I 0 4 V 

10;;:,. _. I-- A tr.t -SOCl ns 

I~ - II l~ct 100 ,,A 

10 A I I 
50"' --o \<-- 1\ I I 

~ ~~{)! 10 ,,A 
-, 0 

I I 
TIME !SCALE CHANGES AT EACH CURRENT LEVEll 

EBBLM134-07 

CURRENT N01SE 

1 k 

~ 

100 
""l'o.. 

I'- -
10 

\ 

\ 
10 100 1 k 10 k 100 k 

EBBLM134-09 
FREQUENCY 1Hz) 



10-3 

0.4 

.1 
I. , 

TURN-ON VOLTAGE 

/ 
.- A set .. 1 l! 

L set " 6 l! 

" J 
1.. ...... set .. 6 p!! 

r 
Aset .. 8 kl! 

I 
08 1 2 

v+ to v- VOLTAGE IVJE88LM 134•10 

APPLICATION HINTS 

SLEW RATE 

At slew rates above a threshold (see curve) the 
LM134, LM234, LM334 can have a non-linear cur­
rent characteristic. The slew rate at which this takes 
place is directly proportional to I set- At lset = 1 0 !!A, 
dv/dt max. = 0.01 V/!!S ; at lset = 1 rnA, dv/dt 
max. = 1 V/!!S. Slew rates of more than 1 V/!!S do 
not damage the circuit nor do they produce high cur­
rents. 

THERMAL EFFECTS 

Internal heating can have a significant effect on cur­
rent regulation for an I set above 100 !!A For exam­
ple, each increase of 1 V in the voltage across the 
LM134 at lset = 1 rnA will increase the junction tem­
perature by"' 0.4 oc (in still air). The output current 
(lset) has a temperature coefficient of about 
0.33 %/°C. Thus the change in current due to the in­
crease in temperature will be (0.4) (0.33) = 0.132 %. 
This is a degradation of 1 0 : 1 in regulation versus 
the true electrical effects. Thermal effects should be 
taken into account when d.c. regulation is critical 
and I set is higher than 100 !!A- The dissipation of the 
connections of CB-97 package can reduce this ther­
mal effect by a coefficient of more than 3. 

SHUNT CAPACITANCE 

In certain applications, the 15 pF value for the shunt 
capacitance should be reduced : 
- because of loading problems, 
- because of limitation of the output impedance of 
the current source in a.c. applications. This reduc­
tion of the capacitance can be easily carried out by 
adding a FET as indicated in the typical applications. 
The value of this capacitance can be reduced by at 

LM134-LM234-LM334 

RATIO OF lset to V - CURRENT 

20 

1/ """' 
18 

v I\. 
~ 

0 

~ 16 

14 ' \ 
12 

10 

I set (mAl E88LM1 34·1 1 

least 3 pF and regulation can be improved by an or­
der of magnitude without any modification of the d.c. 
characteristics (except for the minimum input vol­
tage). 

NOISE 

The current noise produced by LM134, LM234, 
LM334 is about 4 times that of a transistor. If the 
LM 134, LM234, LM334 is utilized as an active load 
for a transistor amplifier, the noise at the input will 
increase by about 12 dB. In most cases this is ac­
ceptable, and a single amplifier can be built with a 
voltage gain higher than 2 000. 

LEAD RESISTANCE 

The sense voltage which determines the current of 
the LM134, LM234, LM334, is less than 100 mV. At 
this level, the effects of the thermocouple and the 
connection resistance should be reduced by loca­
ting the current setting resistor close to the device. 
Do not use sockets for the ICs. A contact resistance 
of 0.7 n is sufficient to decrease the output current 
by 1 % at the 1 rnA level. 

SENSING TEMPERATURE 

The LM134, LM234, LM334 are excellent remote 
controlled temperature sensors because their ope­
ration as sources of current preserves their accura­
cy even in the case of long connecting wires. The 
output current is directly proportional to the absolute 
temperature in degrees Kelvin according to the fol­
lowing equation. 

lset _ (227 !!V/aK) (T) 
Rset 

5/9 

485 



LM134-LM234-LM334 

The calibration of the LM134, LM234, LM334 is sim­
plified by the fact that most of the initial accuracy is 
due to gain limitation (slope error) and not an offset. 
Gain adjustment is a one point trim because the out­
put of the device extrapolates to zero at 0 °K. 

I set 

O"K Tt T2 T3 

EBBLM134-12 

TYPICAL APPLICATIONS 

Figure 1 : Basic 2-terminal Current Source. 

6/9 
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y+ 
I 

VI 

ADJ 

EBBLM134-13 

This particularity of the LM 134, LM234, LM334 is il­
lustrated in the above diagram. Line abc represents 
the sensor current before adjustment and line a'b'c' 
represents the desired output. An adjustment of the 
gain provided at T2 will move the output from b to 
b' and will correct the slope at the same time so that 
the output at T1 and T3 will be correct. This gain ad­
justment can be carried out by means of Rset or the 
load resistor utilized in the circuit. After adjustment, 
the slope error should be less than 1 %. A low tem­
perature coefficient for Rset is necessary to keep this 
accuracy. A 33 ppm/°C temperature drift of Rset will 
give an error of 1 % on the slope because the resis­
tance follows the same temperature variations as 
the LM134, LM234, LM334. Three wires are requi­
red to isolate Rset from the LM 134, LM234, LM334. 
Since this solution is not recommended. Metal-film 
resistors with a drift less than 20 ppm/°C are now 
available. Wirewound resistors can be utilized when 
very high stability is required. 

Figure 2 :Alternate Triming Technique. 

EBBLM134-14 

" For± 10 %adjustment, select Rset 10 %high and make 
R1 ""3 Rset 



Figure 3: Terminating Remote Sensor for Voltage 
Output. 

v' I 

Vo ~(I,,) (Rc) ~ 10 mV/'K 
R,, ~ 23o n 
Rc~10ki1 

ADJ 

Rsct 

EBBLM134-15 

Figure 5 : Low Output Impedance Thermometer. 

C1 

R1 ~ 230 n. 1% 
R2 ~ 10 kn. 1% 
R3~soon 

Vo ~ 10 mV!oC 
Zo,;1oon 

E88LM134-17 

• Output impedance of the LM134, LM234, LM334 at the 

"ADJ" pin IS approximately - R~ 611 where Ro is the equi­

valent external resistance connected to the V · pin. This ne­
gatiVe resistance can be reduced by a factor of 5 or more by 
inserting an equJValent reststor in senes with the output. 

LM134-LM234-LM334 

Figure 4: Zero Temperature Coefficient Current 
Source. 

01 
lN 457 

ADJ 

Rl" 
-10 Rset 

E88LM134-16 

'* For::: 10% adjustment, select Rset 10 % hrgh and make 
R1 ""3 R.et 

Figure 6 : Low Output Impedance Thermometer. 

C1 

v• 
I 

R1~15kn 

R2 ~ 300 n 
R3 ~ 100 n 
R4 ~ 4.5 ki1 
C1 ~2.2nF 
Vo ~ 10 mV/"C 
Zo,;2n 

EBBLM134-18 

719 
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LM134·LM234·LM334 

Figure 7 : Micropower Bias. 

R,,. = 68 kn E88LM134·19 

Figure 9 : In-line Current Limiter. 

A set 

ADJ 

v-

.C1' 

E88LM134·21 

• Use minimum value required to ensure stability of protec· 
ted circuit. 

8/9 
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Figure 8 : Low Input Voltage Reference Driver. 

vt-------. 

R1=1.Skn 
R2 = 120 n 
C1 =0.1 ~F 
lo,;3 rnA 

C1 

v, • ;, v,, + 200 mV 
Vo = VZ + 64 mV@ + 25 'C 

vo 
LM 136 

EBBLM134·20 

Figure 10 : Fet cascading for low capacitance. 

I set 

Vos > 1.2v 

ADJ 

v 

E88LM134·22 

• Select Q to ensure at least 1 V across the LM 134, LM234, 
LM334. 
Vp (1 - l,tfloss);, 1.2 V. 



ORDER CODES 

Part Number 

LM134 
LM234 
LM334 

Example : LM134Z 

PACKAGE MECHANICAL DATA 

3 PINS- PLASTIC PACKAGE T092 

Temperature 
Range 

- 55 •c to + 125 •c 
- 25 •c to + 1 oo •c 

o •c to+ 70 •c 

mm 

~ 0 
2 

04,45 
"""""5"20 

~ 5,33 

II II 

12,70nun. 
2J~ 

~.~7111 o:.iOi!"' 

'---- 0,3~!" - t 
Rflll•loutputsec:t•on 

LM134·LM234·LM334 

Package 

z 
• 
• 
• 

3 Ct:\P<JU 
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LM135 
LM235-LM335,A 

PRECISION TEMPERATURE SENSORS 

• DIRECTLY CALIBRATED IN °K 
• 1 oc INITIAL ACCURACY 
• OPERATES FROM 400 J.LA TO 5 mA 
• LESS THAN 1 n DYNAMIC IMPEDANCE 

DESCRIPTION 
The LM135, LM235, LM335 are precision tempera­
ture sensors which can be easily calib~ated. They 
operate as a 2-terminal Zener and the breakdown 
voltage is directly proportional to the absolute tem­
perature at 10 mV/°K. The circuit has a dynamic im­
pedance of less than 1 n and operates within a 
range of current from 400 J.LA to 5 mA without alte­
ration of its characteristics. Calibrated at + 25 oc, 
the LM135, LM235, LM335 have a typical error of 
less than 1 oc over a 1 00 oc temperature range. Un­
like other sensors, the LM135, LM235, LM335 have 
a linear output. 

PIN CONNECTION 

December 1988 

SOB 
Top view 

E88LM 135-01 

D 
SOB 

(Plastic Micropackage) 

I 
z 

T092 
{Plastic Package) 

(order codes at the end of the Datasheet) 

T092 
bottom view 

E88LM135·02 
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LM135-LM235-LM335,A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Current 
IR Reverse 
IF Foward 

Toper Operating Free-air Temperature Range {note 1) 
Continuous 
Intermittent 

T stg Storage Temperature Range 

THERMAL DATA 

Maximum Junction-case Thermal Resistance 
Maximum Junction-ambient Thermal Resistance 

SCHEMATIC DIAGRAM 

LM135 

15 
10 

- 55t0+150 
+ 150 to+ 200 

-65 to+ 150 

LM235 

15 
10 

- 40 to+ 125 
+ 125 to+ 150 

-65 to+ 150 

60 
170 

LM335, A 

15 
10 

- 40 to+ 100 
+ 100 to+ 125 

-65 to+ 150 

49 kH 49 k.!! 15 6 kl! 

13.8 kl! 

2 kl! 1 1 kl! 

Unit 

rnA 

oc 

oc 

L-__ _. ________ ._ ________________ ._ ______ ~------~~--------4-----{3 v-

EBBLM135-03 

2/11 
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LM135-LM235-LM335,A 

TEMPERATURE ACCURACY 

LM135 - LM235 LM335 
Symbol Parameter LM335A Unit 

Min. Typ. Max. Min. Typ. Max. 

Operating Output Voltage v 
(Tease=+ 25 oc, lA = 1 rnA) 2.95 2.98 3.01 2.92 2 98 3.04 

Uncalibrated Temperature Error (lA = 1 mA) oc 
T case = + 25 °C 1 3 2 6 
T (m1n) < T case < T {rnax) 2 5 4 9 

Temperature Error with 25 oc Calibration oc 
(T(mm) <Tease< Ttmax). IR = 1 mA) 

LM135- LM235 0.5 1.5 
LM335 1 2 

LM335A 0.5 1 

Calibrated Error at External Temperature oc 
T case = T (max) (intermittent) 2 2 

Non-linearity (IR = 1 mA) oc 
LM135- LM235 0.3 1 

LM335 0.3 1.5 
LM335A 0.3 1.5 

ELECTRICAL CHARACTERISTICS (note 1) 

LM135 - LM235 LM335, A 
Symbol Parameter 

Min. Typ. Max. Min. 
Unit 

Typ. Max. 

Operating output voltage change with current mV 
(400 llA < IR < 5 mA at constant temperature). 2.5 10 3 14 

Dynamic Impedance (IR = 1 mA) 0.5 0.6 Q 

Output Voltage Temperature Drift + 10 + 10 mV/°C 

Time Constant s 
Still Air 80 80 
Air 0.5 m/s 10 10 
Stirred Oil 1 1 

T1me Stability (T case = + 125 oc) 0.2 0.2 °C/kh 

Note : 1. Accuracy measurements are made 1n a well-strrred or I bath For other condrtrons, self heatrng must be considered 
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LM135·LM235-LM335,A 

> _g 
w 
CJ 
2 
ct 
:<: 
u 
w 
CJ 
ct 
!::; 
0 
> 
w 
"' a: 
w 
> w 
a: 

0 

101 

« 
_g 
t-
2 
w 
a: 
a: 100 :::> 
u 
w 

"' a: 
w 
> w 
a: 

1o·1 

102 

§ 
w 
u 101 2 
ct 
c 
w 
11. 

~ 
u 10° 
~ 
ct 
2 
> c 

4/11 

494 

~ 
0 

Tl· 

r--

~ 
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EBBLM 135-04 

REVERSE CHARACTERISTICS 
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LM135-LM235-LM335,A 

THERMAL RESISTANCE JUNCTION TO AIR THERMAL TIME CONSTANT 
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LM135-LM235-LM335,A 

APPLICATION HINTS 
There is an easy method of calibrating the device 
for higher accuracies (see typical applications). 

The single point calibration works because the out­
put of the LM135, LM235, LM335 is proportional to 
the absolute temperature with the extrapolated out­
put of sensor going to 0 Vat 0 °K (- 273.15 °C). Er­
rors in output voltage versus temperature are only 
slope. Thus a calibration of the slope at one tempe­
rature corrects errors at all temperatures. 

The output of the circuit (calibrated or not) can be 
given by the equation : 

T 
Vor = VOTo x To 

where Tis the unknown temperature and To is the 
reference temperature (in °K). 

TYPICAL APPLICATIONS 

Basic Temperature Sensor. 

LM135 
LMZ35 
LM335 

Calibrated Sensor. 

LM135 
LMZiS 
LM335 

v+ 

·Calibrate for 2.982 Vat + 25 oc. 
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Output 
10 mVi"K 

EBBLM 135-15 

Output 
10 mV/°K 

10 k!!. 

EBBLM135-17 

Nominally the output is calibrated at 10 mVfOK. 

Precautions should be taken to ensure good sen­
sing accuracy. As in the case of all temperatures 
sensors, self heating can decrease accuracy. The 
LM 135, LM235, LM335 should operate with a low 
current, but sufficient to drive the sensor and its ca­
libration circuit to their maximum operating tempe­
rature. 

If the sensor is used in surroundings where the ther­
mal resistane is constant, the errors due to self hea­
ting can be externally calibrated. This is possible if 
the circuit is biased with a temperature stable cur­
rent. Heating will then be proportional to zener volt­
age and therefore temperature. In this way the er­
ror due to self heating is proportional to the absolute 
temperature as scale factor errors. 

Wide Operating Supply. 

+ 5 to +40 V 

LM 134, LM 234 
LM 334 

68!! 

Output 
10 mVt"K 

E88LM135-16 

Average Temperature Sensing. 

+ 15 v 

Output 
30 mVt°K 

LM135 
LM235 
LM335 

E88LM135-18 



Isolated Temperature Sensor. 

+ 15V 

50 k!! 

3k!! 

Simple Temperature Controller. 

4 10 V to + 30 V 

1 N4568 

LM135 
LM235 
LM335 

d 
=m=1 

LM135·LM235·LM335,A 

+ 15 v 
1N457 0.1 11F 

Output 
10 mV/"K 

EBBLM135·19 

Heater 

BUV26 

EBBLM135·20 
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LM135-LM235- LM335,A 

Centigrade Thermometer. 

Adjust for 2 73 Vat 
output of LM308 

+15 v 

6kH 

Differential Temperature Sensor. 

8/i i 

498 

12 kH 

LM135 
LM:135 
LM335 

+ 15 v 

12kH 

1 k1l 

200 k1l 

• 15 v 

+15 v 

6 

I Output 

...--""""4~- \ 10 mV "C 

10 kU 

ESSLM 135-21 

Output 
100 mV'"C 

E88LM135·22 



THERMOCOUPLE COLD JUNCTION COMPENSATION 

Compensation for Grounded Thermocouple. 

+ 15 v Thermo­
couple 

J 
T 
K 
s 

LM135-LM235-LM335,A 

R3 Seebeck 
Coefficient 

377 Q 52.3 )J.V/°C 
308 Q 42.8 11VfOC 
293 Q 40.8 )J.V/°C 
45.8 Q 6.4 )J.V/°C 

Adjustments : compensates for both sensor 
and resistor tolerances. 
1. Short 1 N4568. 
2. Adjust R1 for SEEBECK coefficient 
ambient temperature (in degrees K) 
R3. 
3. Short LM135 and adjust R2 for voltage 

across R3 correspon-ding to thermocouple 
type. 

J 14.32mV K 11.17mV 
T 11.79mV S 1.768mV 

ThermocCiuple 

-15 v 
• Select R3 for proper thermocouple type. E88LM135·23 

Single Power Supply Cold Junction Compensation. 

+ 15 v Thermo· 
couple 

J 
T 
K 
s 

Thermocouple 

+ 15 v 

• Select R3 and R4 for proper thermocouple type. E88LM135·24 

R3 R4 Seebeck 
Coefficient 

1.05 kQ 365 Q 52.3 )J.VfOC 
856 Q 315 Q 42.8 )J.V/oC 
816 Q 300 Q 40.8 )J.V/°C 
128 Q 46.3 Q 6.4 )J.V/°C 

Adjustments : 
1. Adjust R1 for the voltage across R3 equal 

to the SEEBECK coefficient t1mes ambient 
temperature 1n degrees Kelvin. 

2. Adjust R2 for voltage across R4 correspon· 
ding to thermocouple. 

J 14.32mV K 11.17mV 
T 11.79mV S 1.76BmV 

9/11 

499 



LM135-LM235-LM335,A 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 
e-1,27 •1 e t e 

~ 
6.2 

De tum 

4.75 
4.95 

3 PINS- PLASTIC PACKAGE T092 

mm 
3.2 
4,2 

4,58 

5,33 

, .. 

12,70m•"· 

10111 

500 

1:2. 
4.0 

0.45 

0.1 
o.2 

min. 

1.75 mcx. 

(2) 4,45 

5 20 

' R~te~il output sect•on 

0.185 
0.265 

8 Outputs 

3 01~tputs 



LM135-LM235-LM335,A 

ORDER CODES 

TemperatureRange 
Part number 

Continuous Intermittent 
Package 

LM135Z - 55 oc to + 150 oc + 150 oc to + 200 oc T092 
LM235Z - 40 oc to + 125 oc + 125 oc to + 150 oc T092 
LM235D - 40 oc to + 125 oc + 1 25 oc to + 1 50 oc SOB 
LM335Z - 40 oc to + 1 oo oc + 100 oc to + 125 oc T092 
LM335D - 40 oc to + 1 00 oc + 1 00 o<t to + 125 oc SOB 
LM335AZ - 40 oc to + 1 00 oc + 100 oc to + 125 oc T092 
LM335AD - 40 oc to + 1 00 oc + 1 00 oc to + 125 oc SOB 
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LM139,A 
LM239,A-LM339,A 

LM2901-MC3302 

LOW POWER LOW OFFSET VOLTAGE 
QUAD COMPARATORS 

• WIDE SINGLE SUPPLY VOLTAGE RANGE OR 
DUAL SUPPLIES FOR ALL DEVICES:+ 2 V TO 
+ 36 V OR ± 1 V TO ± 18 V 

• VERY LOW SUPPLY CURRENT DRAIN 
(0.8 mA) INDEPENDENT OF SUPPLY 
VOLTAGE (1 mW/comparator at+ 5 V) 

• LOW INPUT BIAS CURRENT : 25 nA TYP 
• LOW INPUT OFFSET CURRENT:± 5 nA TYP 
• LOW INPUT OFFSET VOLTAGE : ± 1 mV TYP 
• INPUT COMMON-MODE VOLTAGE RANGE 

INCLUDES GROUND 
• LOW OUTPUT SATURATION VOLTAGE : 

250 mV TYP. (lo = 4 mA) 

N 
DIP14 

(Plastic Package) 
J 

CERDIP14 
(Cerdip Package) 

D 
5014 

(Plastic Micropackage) 

• DIFFERENTIAL INPUT VOLTAGE RANGE TO 
THE SUPPLY VOLTAGE 

• TIL COMPATIBLE OUTPUTS 
GC 

LCC20 
(Tncecop (LCC)) 

DESCRIPTION 

These devices consist of four independent precision 
voltage comparators with an offset voltage specifi­
cations as low as 2 mV max for LM339A, LM239A 
and LM139A. All these comparators were designed 
specifically to operate from a single power supply 
over a wide range of voltages. Operation from split 
power supplies is also possible. 

ORDER CODES 

Part Temperature 
Number Range 

LM139,A - 55 to + 125 oc 
LM239,A - 40 to + 1 05 oc 
LM339,A 0 to+ 70 oc 
LM2901 - 40 to + 1 05 oc 
MC3302 - 40 to + 1 05 oc 
Note : H1-Rel Versions Available 

Package 

N J GC D 

• • • 
• • • 
0 • • e 
0 G • • 
e e a 

These comparators also have a unique characteris­
tic in that the input common-mode voltage range in­
cludes ground even through operated from a single 
power supply voltage. Examples : LM139GC, LM139AN, LM2901 D 

PIN CONNECTIONS (top views) 

1- Output2 
2- Output 1 
3- Vee 
4 - Inverting input 1 
5 - Non-mverting input 1 
6- Inverting input 2 
7- Non-inverting 2 
8- Inverting input 3 
9 - Non-inverting input 3 

1 0 - Inverting input 4 
11 - Non-inverting input 4 
12- Vee 
13- Output 4 
14- Output 3 

December 1988 

DIP14 I CERDIP14 
5014 

14 

13 

12 

11 

10 

8 

1- NC 
2- Output2 
3- Output 1 
4- Vee 
5- NC 
6 - Inverting input 1 
7- NC 
8- Non-inverting input 1 
9 - lnvert1ng mput 2 

10- Non-Inverting 1nput 2 

LCC20 

E88LM139.Q1 

11- NC 
12 - lnvert1ng 1nput 3 
13 - Non-mvert1ng Input 3 
14- Inverting input 4 
15- NC 
16 - Non-Inverting input 4 
17- NC 
18- Vee 
19- Output 4 
20- Output 3 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 
LM139, A 

LM339, A 
LM2901 

Unit 
LM239, A MC3302 

Vee Supply Voltage ± 18 to 36 ± 18 to 36 ± 18 to 36 v 
V10 Differential Input Voltage 36 36 36 v 
VI Input Voltage -0.3 to+ 36 - 0.3 to+ 36 - 0.3 to+ 36 v 

Output Short-circuit to Ground - (note 2) Continuous Continuous Continuous 

Ptot Power Dissipation- (note 1) 570 570 570 mW 
LM139GC 665 

Toper Operating Free-air Temperature Range -55 to+ 125 0 to+ 70 -40 to+ 105 oc 
LM239, A - 40 to+ 105 

Tstq Storage Temperature Range - 65 to+ 150 - 65 to+ 150 - 65 to+ 150 cc 
' Notes: 1. Short-CirCUit from the output to Vee can cause excess1ve heatmg and eventual destructiOn. The max1mum 

output current IS approximately 20 mA, independent of the magnitude of VC:c. 
2. For operating at h1gh temperatures, the LM139, LM139A, LM2901 and MC3302 must be derated based on a 

+ 125 ·c max junction temperature and a thermal resistance of 175 'C/W which applies for the dev1ce solde­
red on a prtnted circuit board, operating 1n a st1ll air amb1ent. The LM139 and LM139A must be derated ba­
sed on a + 150 ·c max junction temperature. 
Rthll·•l = 250 "C/W. Dev1ces bonded on a 6 x 3 x 0.15 em glass-epoxy substrate with 30 mm 2 of 35 ~m thick 
copper. 

SCHEMATIC DIAGRAM (1/4 LM139) 

Case 

DIP14 
CERDIP14 
5014 

LCC20 

Non-inverting 
input 

Inverting 
input 

Outputs 

1, 2, 13, 14 

2, 3, 19, 20 

Inverting 
Inputs 

4, 6, 8, 10 

6, 9, 12, 14 

* LCC20 : Other pms are not connected 
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Non-
inverting Vee 

Inputs 

5, 7, 9, 11 12 

8,10,13,16 18 

vo 

v-· cc 

Vee 

3 

4 

E88LMt39.02 

N.C. 

* 



LM139,A-LM239,A-LM339,A-LM2901-MC3302 

ELECTRICAL CHARACTERISTICS 

LM139, A : -55 'C <lamb < + 125 'C 
LM239, A, LM2901, MC3302 : -40 'C < Tamb < + 105 'C 
LM339, A : 0 'C < Tamb < + 70 'C 
(unless otherwise specified) Vee = + 5 V ; Vee = GND 

LM139A- LM239A 
LM139- LM239 

Symbol Parameter LM339A 
LM339 - LM2901 

Unit MC3302 

Min. Typ. Max. Min. Typ. Max. 

Vro Input Offset Voltage- {note 3) mV 
Tamb ~ + 25 °C 1 2 1 5 
T mm :'> T amb :'> T max 4 9 

lro Input Offset Current nA 
Tamb ~ + 25 °C 3 25 5 50 
T mm :'> T amb :'> T max 100 150 

liB Input Bias Current {It or II) nA 
T amb ~ + 25 oc- {note 4) 25 100 25 250 
T m1n ~ T amb :5 T max 300 400 

Avo Large Signal Voltage Gain V/mV 
Vee~+ 15 V, Tamb ~+ 25 °C, RL ~ 15 kQ 50 200 25 200 

Icc Supply Current, RL ~ co, T amb ~ + 25 oc rnA 
{all comparators) 0.8 2 0.8 2 

v, Input Common-mode Voltage Range {note 5) 
Vee Vee 

v 
Tamb ~ + 25 °C 0 

-1.5 
0 

-1.5 

T mm S T amb S T max 0 Vee 
0 

Vee 
-2 -2 

Vro Differentral Input Voltage {V( ~ 0, or v,- ~ 0, rf used) 
Vee Vee v 

{note 7) 

VOL Low Level Output Voltage {VI ~ 1 V, Vt ~ 0 V, mV 
lsmk s 4 rnA) 
Tamb ~ + 25 °C 250 400 250 400 

T mm :'> T amb S T max 700 700 

loH High Level Output Current { Vt ~ 1 V, Vj' ~ 0 V) 
T amb ~ + 25 °C, Vo ~ + 5 V 0.1 0.1 nA 
T mon 5 T amb S T max. Vo ~ + 30 V 1 1 !!A 

lo(sonk) Output Sink Current rnA 
{VI ~ 1 V, T amb ~ + 25 °C, Vi ~ 0 V, 
Vo:o>+1.5V) 6 16 6 16 

t,. Response Time - {note 6) (.IS 

{VL ~ + 5 V, RL ~ 5100 Q, V(ref) ~ + 1.4 V, 
1.3 1.3 T amb ~ + 25 oc) 

!rei Large Signal Response Time {VL ~ 5 V, ns 
er ~TTL, V(ret) ~ + 1.4 V, T amb ~ + 25 °C) 300 300 

Notes: 3 At output swrtch porn!. Vo ~ 1.4 V. Rs = 0 wrth Vee= 5 V, and over the full rnput common-mode range (0 V to 
Vee- 1.5 V). 

4. The drrection of the input current rs out of the IC due to the PNP rnput stage Thrs current is essentrally 
constant, rndependent of the state of the output, so no loading charge exists on the reference of rnput lines. 

5. The rnput common-mode voltage of erther rnput srgnal voltage should not be allowed to go negatrve by more 
than 0.3 V The upper end of the common-mode voltage range rs Vee- 1.5 V, but erther or both rnputs can 
go to + 30 V without damage 

6. The response trme specrfred is for a 100 mV rnput step wrth 5 mV overdrive. For larger overdrrve srgnals 
300 ns can be obtained 

7. Posrtrve excursrons of rnput voltage may exceed the power supply level. As long as the other voltage remarns 
wrthrn the common-mode range, the comparator will provide a proper output state. The low input voltage state 
must not be less than- 0.3 V (or 0.3 V bellow the negatrve power supply, if used). 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 

< 
E ... z ... 
a: 
a: 
:::> 
t.l 
>-
...I 
~ 
<l. 
:::> 

"' 
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SUPPLY CURRENT 

0.8 < .: 
1-z 
w 
a: 
a: 
:::> 

0.4 
t.l 
1-
;;:) 
~ 

0.2 
~ 

SUPPLY VOLTAGE lVI EBBLM139_03 

OUTPUT SATURATION VOLTAGE 

~ 
w 

" <t 
!:; 
0 
> ... 
:::> .... 
1-
:::> 
0 

> 
.§ 

"' " <t 

INPUT CURRENT 

80 
V1=0V +-
R1=1000 , 

60 
T amb = -sscc 

40 Tamb = OOC 

zo 'T = +1;.,-t ['\'T amb - +25oc 
amb 

0 
Timb,= +roo( 

0 10 20 30 40 

SUPPLY VOLTAGE CVI 
E88LM139-04 

RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES-NEGATIVE TRANSITION 

6 Input overdrive= 5 mV 

5 
4 

3 

2 

20~V it-~~ .. ~ _, ..... 

oo 
100mV -

0 IT 
0 

-50 I I 
I l 

-100 Tamb = + 25 :IC 

10"3 ILoi!l...__.._..__....i...---L-..__~....1 !:; I I I 

0 
> 10·2 10"1 ... 

OUTPUT SINK CURRENT tmAl 
E88LM139-05 

:::> 
Q. 

!!: 

~ 
IIJ 
Cl 
(( 
1-.... 
0 
> 
1-
:::> 
Q. 
1-
:::> 
0 

> 
E 
w 
Cl 
< ... 
...I 
0 
> ... 
:::> 
~ 

!!; 

RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES - POSITIVE TRANSITION 

6 
5 

4 

3 

2 

r-S Input overdrive= 100 mV 

K I ! II ' 

"' 
5mV I I 

I I I 

20mV I +5 v '--

0 

100 

50 

0 

!J i I ! ~51 
' I : •I ~' kfl 

' 
, ___... eo 

~ Tamb • 25 -c 
.---~S..--'~ 

~ 
! ! ! 
0 0.5 1.5 2 

TIME c,..J 
E88LM139-07 

0 0.5 1.5 2 

TIME C""l 
EBBLM 1 39-06 



0 

LM139,A·LM239,A·LM339,A·LM2901·MC3302 

SUPPLY CURRENT 

10 20 30 

SUPPLY VOLTAGE lVI 

40 

LM239,A 
LM2901-MC3302 

80 

~ 
.5 60 
!.'; 
w 
a: 
a: 
B 4o 
en 
<t 
iii 
.... 
:::> c.. 
~ 

20 

0 

SUPPLY CURRENT 

1--- T b ;-40"C 
am I 

I 
Tamb =O"C 

T b-+25°C 
nm.::.J..--

-- Tamb -+asoc 

j 
0 10 20 30 40 

SUPPLY VOLTAGE lVI 

E88LM139·08 E88LM139·09 

OUTPUT SATURATION VOLTAGE 

~ 
w 
t:l 
<t 
~ 
0 
> .... 
:::> 
c.. ... 
:::> 
0 

> 
E 
w 
Cl 

6 

5 
4 

3 

2 

1 

0 

0 

RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES-NEGATIVE TRANSITION 

Input overdnve;;;:. b mv 

20~V r---1 
~ +5V ,, ··If": eo 

100 mV -

-50 

~ -100 Tamb - + 25 "C ... 
0 I 
> ... 0 0.5 1.5 2 
:::> 
c.. 
~ TIME (~s) OUTPUT SINK CURRENT I mAl 

E88LM139-10 E86LM139·1 1 

~ 
UJ 
Cl 
<t 
~ 
0 
> 
.... 
:::> c.. ... 
::l 
0 

> 
E 
UJ 
t:l 

~ ... 
0 
> .... 
::l 

"" ~ 

RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES · POSITIVE TRANSITION 

6 

5 

4 

3 

2 

'( Input overdrive ~ 100 mV 

~ I l 

' 5mV 

I 
1 

0 

100 

50 

0 

20mV 
+5V ~ 

1 [~, el . kll 

I I 1 eo 

- lamb co + 25 "C 

l l l 
0 0.5 1.5 2 

TIME !psi 
EBSLM139·12 
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LM139,A-LM239,A-LM339,A-LM2901-MC3302 

TYPICAL APPLICATIONS Vee=+ 5 V 

BASIC COMPARATOR 

+V(ref} 

-V(ref} 

EBBLM139-13 

DRIVING TTL 

5V 

+V(re0 

-V(re0 

EB8LM139-15 

6/11 
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DRIVING CMOS 

+5 v 

E88LM139-14 



TYPICAL APPLICATIONS (continued) 

TIME DELAY GENERATOR 

INPUT GATING SIGNAl 

vCc 

LOW FREQUENCY OP AMP 

10 kf2 15 kn 

E88LM139·17 

., 

LM139,A-LM239,A-LM339,A-LM2901-MC3302 

vee 

2oo kn 30 k!Z 
10 Mn 

10 kn 
v· 

>---4>--ovoJ:'-~~-~ 

'c 

30 kll 
01 k!1 lOMn 

10 k!l 

30 k.H 
10Mn 

~, kn 
10 kn 

>~.._ov o~c~ ::J 
tc t, 

51 kn 

EB8lM139-16 

E88lM139-18 
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LM139,A-LM239,A-LM339,A-LM2901 ·MC3302 

TYPICAL APPLICATIONS (continued) 

LOW FREQUENCY OP AMP 

•I 

LOW FREQUENCY OP AMP WITH OFFSET 
ADJUST 

+5 v 

eo 

EBBLM139·21 -

8/11 

510 

TRANSDUCER AMPLIFIER 

Magnetic pick-up 10 kll 

II 
eo 

20 Mil 

10 k!l 

EBBLM139·20 

ZERO CROSSING DETECTOR (single 
power supply) 

+5 v 

EBBLM139·22 



LM139,A-LM239,A-LM339,A-LM2901-MC3302 

TYPICAL APPLICATIONS (continued) 

TWO-DECADE HIGH-FREQUENCY VCO 

Frequency control 
vottage input 
Vcontrol 

vee~ +30 v 
+250 mV,;;Vcontrol,;; +50 V 
700 Hz,;;to,;; 100kHz 

LIMIT COMPARATOR 

+ V(refl ~,__..J"""--, 
high 

+ V(ref) o-C::J----1 
low 

SPLIT-SUPPLY APPLICATIONS 

ZERO CROSSING DETECTOR 

+ 15V 

0( 

Vtc112 VI 

lamp 

100 kll 

3kll 

>_..~;--<>output j""Lr 

E88LM139-23 

CRYSTAL CONTROLLED OSCILLATOR 

EBBLM139-25 

COMPARATOR WITH A NEGATIVE REFERENCE 

+ 15V 

9/11 
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LM139,A·LM239,A·LM339,A·LM2901 ·MC3302 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm 

Or 

14 PINS- PLASTIC MICROPACKAGE (SO) 

mm e-1.27 '"I e t e t e t e t e t e ,. 

8.55 
8,75 

10/11 
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8.5mcx. 0 

( 11 Nominal dimension 

(21 True geometrical position 

6.3. 
(1) 

.1:2. 
.4.0 

0 . .4 

0 . .4 
min. 

1.75 max. 

14 PINS 

0.185 
0.265 

14 PINS 



LM139,A·LM239,A·LM339,A·LM2901·MC3302 

PACKAGE MECHANICAL DATA (continued) 

20 PINS - TRICECOP (LCC) 

mm 8 74 

1.27 
9,04 

13 

---i-
0 64 

9 

2.16 

I 86max. 

20 PINS 

8.74 
9,04 
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LM146 
LM246-LM346 

PROGRAMMABLE QUAD OPERATIONAL AMPLIFIERS 

• PROGRAMMABLE ELECTRICAL CHARACTE-
RISTICS 

• BATTERY POWERED OPERATION 
• LOW SUPPLY CURRENT (250 J.!A!amplifier) 
• GAIN-BANDWIDTH PRODUCT : 1 MHz 
• LARGE DC VOLTAGE GAIN: 120 dB 
• LOW NOISE VOLTAGE: 28 nV/vHZ 
• WIDE POWER SUPPLY RANGE : ± 1.5 V TO 

±22V 
• CLASSE AB OUTPUT STAGE. NO CROSS­

OVER DISTORTION 
• OVERLOAD PROTECTION FOR INPUTS AND 

OUTPUTS 

DESCRIPTION 
The LM346 consists of four independent, high gain, 
internally compensated, low power programmable 
amplifiers. Two external resistors (Rset) allow the 
user to program the gain-bandwith product, slew 
rate, supply current, input bias current, input offset 
current and input noise. For example the user can 
trade-off supply current for bandwidth or optimize 
noise figure for a given source resistance. In a simi­
lar way other amplifier characteristics can be tailo­
red to the application. 

Except for the two programming pins at the end of 
the package the LM346 pin out is the same as the 
LM324 and LM348. 

PROGRAMMING EQUATIONS: 
Total supply current = 1 rnA (lset = 1 0 J.IA) 
Gain-bandwith product= 1 MHz (lset = 10 1-lA) 

PIN CONNECTIONS (top views) 

DIP16/ CERDIP16 
S016 

1- Output 1 
2 - Inverting 1nput 1 
3- Non-1nvert1ng 1nput 1 
4- Vee 
5 - Non-1nvert1ng input 2 
6- lnvertmg mput 2 
7- Output 2 
8- Set 
9- Set 

10- Output 3 
11 - lnvertmg mput 3 
12- Non-Inverting input 3 
13- VCc 

Slew rate= 0.5 V/~-ts (lset = 10 J.IA) 
Input bias current ~ 30 nA (lset = 1 0 ~-tA) 
lset =current into pin 8 and pin 9 (see schematic 
diagram) 1 Vee- Vee- 0.6 V 

set= 
Rset 

N - DIP16- (Plastic Package) 
J- CERDIP16- (Cerdip Package) 

D 
S016 

(Plastic M1cropackage) 

ORDER CODES 

Part Temperature 

GC 
LCC20 

(Tricecop (LCC)) 

Package 
Number Range N J D GC 

LM146 - 55 oc to + 125 oc • 
LM246 - 40 oc to + 105 cc • • • 
LM346 o acto+ 70 cc • • • 
Note : Hi-rei Vers1ons Available 
Examples: LM146J, LM246N 

LCC20 

4 3 i i<o 1918 

5 17 
6 16 

15 
8 14 

9 10 1112 13 

1- NC 
2- Output 1 

5- V'cc 
6- NC 
7- Non-invertmg 1nput 2 
8 - Inverting input 2 
9- Output 2 

10- Set1.2,4 
11- NC 
12- Set3 
13- Output 3 
14- Inverting Input 3 
15- Non-1nvert1ng input 3 
16- NC 
17- VCc 

. 

14- Non-1nvertmg input 4 
15- Inverting input 4 
16- Output 4 E88LM146-01 

3- Inverting input 1 
4- Non-inverting mput 1 

18- Non-mvert1ng input 4 
19- Inverting mput 4 
20- Output4 

December 1988 1/11 
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LM146·LM246-LM346 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM146 LM246 LM346 Unit 

Vee Supply Voltage ± 22 ± 22 ± 22 v 
V1 Input Voltage (note 1) ±15 ±15 ±15 v 

V1c Differential Input Voltage ± 30 ± 30 ± 30 v 
Output Short-circuit Duration (note 2) Indefinite Indefinite Indefinite 

Ptot Power Dissipation 
N/D Suffix 500 500 

mW 

GC Suffix 665 
J Suffix 900 900 900 

Toper Operating Free-air Temperature Range -55 to+ 125 -40 to+ 105 0 to+ 70 •c 
Tstg Storage Temperature Range - 65to + 150 -65 to+ 150 -65to+150 •c 

Notes : 1. For supply voltages less than± 15 V, the absolute maximum Input voltage Is equal to the supply voltage. 
2. Any of the amplifoer outputs oan be shorted to ground lndefinltly ; however more than one should not be simultaneously shorted as 

the maximum junction temperature will be exceeded. 

SCHEMATIC DIAGRAM (1/4 LM146) 

c!c 

Output 

To other op amps 

t 
' I 
' : 

}--6--E---f:----<; 
L---~----~~--_.-6----~~_.--~~~~~_._.~--~~~----_.--+---J 

t Vee or ______ ......Jt Vee 

EBBLM146-02 

Inverting 
Non-

Case inverting Vee Vee Outputs Set N.C. 
Inputs Inputs 

DIP16 
CERDIP16 3, 5, 12, 14 2, 6, 11,15 13 4 1, 7, 10, 16 8, 9 
S016 

LCC 20 3, 8, 14, 19 4, 7, 15, 18 17 5 2, 9, 13, 20 10, 12 . 
• LCC20 : Other pins are not connected. 
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ELECTRICAL CHARACTERISTICS 

LM346: O'C~Tamb~+ 70°C,Vee=±15V,Iset=10J.JA 
LM246: -40 'C ~Tamb ~+ 105 °C, Vee =±15 V, lset= 10 J.JA 
LM146 :-55 'C ~ Tamb ~ + 125 °C, Vee = ± 15 V, I set= 10 !1A 

LM146-LM246-LM346 

LM146-LM246-LM346 
Symbol Parameter Unit 

Min. Typ. Max. 

Vro Input Offset Voltage (Rs ~ 1 0 kQ) mV 
Tamb = 25 °C 0.5 3 
T mm ::; T amb :5: T max 5 

lro Input Offset Current nA 
Tamb = 25 °C 2 20 
T mm ~ T amb ::; T max 25 

Irs Input Bias Current nA 
Tamb = 25 °C 30 100 
T m1n ~ T amb S T max 100 

Avd Large Signal Voltage Gain V/mV 
{V0 =± 10 V, RL = 10 kQ) 

Tamb = 25 °C 100 1000 

T mm ~ T amb ~ T max 50 

SVR Supply Voltage Rejection Ratio dB 
(Rs~10kQ) 

Tamb = 25 °C 80 110 
T mm ::; T amb ::; T max 80 

Icc Supply Current, all Amp, no Load rnA 
Tamb = 25 °C 1 2 
T mm ::;: T amb S T max 2 

Vr Input Voltage Range v 
Tamb = 25 oc -13.5 +13.5 
T mm S T amb ::;: T max -13.5 +13.5 

CMR Common Mode Rejectron Ratio dB 
(Rs ~ 10 kO) 

T amb = 25 °C 80 110 
T mm ::;; T amb S T max 70 

los Output Short-crrcuit Current rnA 
Tamb = 25 °C 10 20 30 
T mm ~ T amb ~ T max 4 35 

± Vopp Output Voltage Swing v 
Tamb = 25 °C RL=10kQ 12 14 
T mm ~ T amb ~ T max RL=10kQ 12 

Svo Slew-rate {Vr = ± 10 V, RL = 10 kQ, CL ~ 100 pF, 0.3 0.5 V/J.lS 
T amb = 25 °C, Unrty Garn) 

Rr Input Resistance, T amb = 25 °C 1 MQ 

Cr Input Capacitance, T amb = 25 oc 2 pF 
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LM146-LM246-LM346 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol 

Vo1 IVoz 

GPB 

THO 

Vn 

4 .s 

8 

6 

4 

2 

!;: 10 2 

w 8 
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a: 
a: 
::::0 
0 
Ill 
<I 
a; 

~ 10 
;;; 

6 

4 

2 

, 
8 

6 

4 

2 

Parameter 

Channel Separation (RL ~ 1 0 KQ) 
(V0 = 12 Vpp) 

Gain Bandwidth Product 
(V, = 10 mV. RL = 10 KQ, CL S 100 pF 
I= 100KHz. Tamb = 25 °C) 

Total Harmonic Distortion 
(I = 1 KHz, Av = 20 dB. RL = 10 KQ 
Ct s 100 pF. Tamb = 25 °C, V0 = 2 Vpp) 

Equivalent Input No1se Voltage 
(f = 1 KHz R9 = 100 Q) 

INPUT BIAS CURRENT vs I set 

Vee •t 15 V~ 
Ta'"b••25"C 

1/ 
/ 

v 
L 
v 

SET CURRENT (ItA) 

EBBLM146~03 

LM146-LM246-LM346 

Min. 

0.8 

8 

6 

4 

4 
2 

.§. 10 2 ... 
8 :z 

w 
a: 
a: 
:> 
0 

~ 
Q. 
D. 

ii: 10 

6 . 
' , 
8 

6 

4 

2 

Typ. Max. 

120 

1 1.6 

0.015 

28 

SUPPL V CURRENT vs I set 

Vce-±15V_ 
Tamb•+2s~c 

v 
v 

v 
v 

Unit 

dB 

MHz 

% 

nV/v'Hz 

EBBLM146·04 



200 

180 
iil 
:!:. 160 
z 
g 140 

w 
C!l 120 

~ 
0 100 
> 
g, 80 
0 
..J 
z 60 
w 
ll. 
0 4 0 

20 

OPEN LOOP VOLTAGE GAIN vs I set 

Vcc-±1511 
Temb"'+25~c 

r---

0 
10-1 2 4 6 6100 2 4 6 8101 2 4 6 8102 

SET CURRENT (~A) 

E88LM146-05 

GAIN BANDWIDTH PRODUCT vs lset 
107 

Vee-± ~s v 
5 Tamb .. +2s~c 

2 

1/ 
5 v 
2 v 
5 

2 

5 

2 

103 
10-1 2 4 6 8100 2 4 6 8101 2 4 6 8102 

SET CURRENT (~A) 

E88LM146-07 

"iii" ., ., 
c, 
" 

LM146-LM246-LM346 

101 
SLEW RATE vs lset 

Vccc±~SV 
Tamb .. +25°C 

2 

I/ 
5 / 

2 

1/ 
5 / 

2 

1Q·2 

5 

2 

1Q•3 
10-1 2 4 6 8100 2 4 6 8101 2 4 6 8102 

SET CURRENT (~A) 

E88LM146-06 

PHASE MARGIN vs I set 
100 

Vcc,±tsV 
Tamb =+25°C 

80 

~ 60 
I" z 

a a: 
ct 
::; 
w 

"' ""' :I: 
ll. 

1'\ 
40 " 
20 

0 
10 _, 2 4 s ~ 00 2 4 s a101 2 4 s a102 

SET CURRENT (~A) 

E88LM146-08 
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LM146-LM246-LM346 

> g 
w 
Cl 
< 
~ 
0 
> ... 
w 
Ul 
u. 
u. 
0 ... 
:::> 
Q. 

;!!: 

z 
0 
i= 
(.) 
UJ .... 
w a: 
> _, 
Q. 
D. 
:::> 
Ul 

a: 
w 
;;:: 
0 
Q. 
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INPUT OFFSET VOLTAGE vs lset 

Vcc-±is 1/ 
Tamb=+2s•c 

08 

0.6 / 

v 

0.4 
1-" 

0.2 

~ 0 ., 2 4 s ~ 00 2 4 s a10, 2 4 s a102 

SET CURRENT (~A) 

E88LM146-09 

POWER SUPPLY REJECTION RATIO vs lset 

80 

60 

40 

Vcc .. ±15V 
Tamb•+25°C 

2~0-1 2 4 6 ~00 2 4 6 8101 2 4 6 8102 

SET CURRENT {f1A) 

E88LM146-11 

COMMON-MODE REJECTION RATIO vs lset 
120 

iii' 
~ 

0 100 
~ 
a: 
z 
0 
ti 80 
w 
i3 
a: 

~ 6 
0 
:;: 
2: 
0 
:;: 4 
:;: 
0 
(.) 

0 

0 

1-t--

Vee=± sv 
-r----

Tamb•+25°C 

0 2 10.1 2 ' s ~ 00 2 4 s a101 2 4 s a102 

SET CURRENT (flA) 

EBBLM146-10 

OUTPUT VOLTAGE SWING 

16 

Tamb- +25"'C 
~ lset= 10 pA 

~ 12 
RL -10 k!1 I 

" z 
11: / 
II) 

w 

" ~ 8 / 
0 
> 
1- / 
:l .. 
1-
:l 4 
0 

/ 

/ 

' 0 

0 4 8 12 16 

SUPPLY VOLTAGE IV! E88LM146-12 



> 
~ 
w 
CJ 
;z 
c( 
a: 
w 
CJ 

~ 
0 
> 
!:; ... 
!: 

<( 
E 

16 

12 

B 

4 

0 

INPUT VOLTAGE RANGE 

Tamb= +25oc 
lset=10 "A 

.IV 
v 

/ 
v 

/ 

/ 
/ 

I/ 
J 

0 4 B 12 16 

SUPPLY VOLTAGE I±VJ 

EBBLM146-13 

INPUT BIAS CURRENT vs TEMPERATURE 

Vee= tts v 

!;; 
~ 60 ~~-4--~4--+~~+-~~--1 
a: 
:> 
(J 

rn 
~ 40~4--+--~4-~~--+-~~~ 
1-
:> ... 
!: 

20 1---+-~-+-----11--+--t--+--1--t--i 

lset~T pA 

OL....L..J.......L._!__L--L--'-L--'--' 

-75 -35 5 45 85 125 

TEMPERATURE (•eJ 

EBBLM146-15 

ct 
£ 
1-
;z 
w 
a: 
a: 
:> 
(J 

1-w 
Ill ... ... 
0 
1-
:> ... 
!: 

LM146-LM246-LM346 

INPUT BIAS CURRENT 

- lset ·1DJ1A- - 1---r-t--
-r-.. r-. 

lset=lpA-1---1---

0 

10" 

Vcc•±ISV 

1 
Tr-·125iC 

-15 -10 ·5 0 5 10 15 

10 

B 

6 

4 

2 

0 

COMMON-MODE INPUT VOLTAGE (V) 

E88LM146-14 

INPUT OFFSET CURRENT vs TEMPERATURE 

Vee= ±1SV J~ 
: 
: 

: 

i 1 ! 
I T ! 

i 
! i 

I I 

I I 

I I 
-75 -35 5 45 85 125 

TEMPERATURE (•eJ 

EBBLM146·16 
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LM146·LM246-LM346 

< _g 
1-z 
w 
a: 
a: 
:::l 
u 
~ .. .. 
:::l .. 

'N e 
t; 
::> 
D 
D 
a: 
Q. 

:1: 
1-
D 
§ 
D z 
< 
ID 

z 
< 
" 
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SUPPLY CURRENT vs TEMPERATURE 

to'. 
6 f- vee +15V 

I I 
I_ I 

lset""10p..A 

10° 
8 

- lset=lllA 

to' 
8 

10-2 

-75 -35 5 45 

TEMPERATURE I"CI 

-
1---" 

85 125 

E8BLM146-17 

GAIN BANDWIDTH PRODUCT vs TEMPERATURE 

107 
vee~ ±t5V 

2 

ttf -'· fset=1D#A 

5 

105 

J 
1ser=1 #A 

to" 'set~D.I pA 

2 

to3 
-75 -35 5 45 B5 125 

TEMPERATURE I°CI 

E88LM146·19 

iii 
:!!: 
z 
~ 
w 

" ~ g .. 
0 
g 
z 
w 
Q. 
0 

;;; .. 
~ 
w 
~ a: 

~ rn 

OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 

140 
Vee= ±15V 

lset=1 pA to 10 11A 

........ 1--

t"... 
120 

100 

80 

60 

40 

-75 -35 5 45 85 125 

10° 
8 
6 

Vee 

4 

10"1 

10"2 
8 
6 

10"3 

-75 

TEMPERATURE I"CI 

E88LM146·18 

SLEW RATE vs TEMPERATURE 

±15V ... , 10pA 

lset=1 pA 

lset=0.1 "A 

-35 5 45 85 125 

TEMPERATURE t•et 

E88LM146-20 



INPUT NOISE VOLTAGE vs FREQUENCY 

110 
1vee= ±15 v 

........ r-... Tamb~ +25oC 

l¥ 90 

~ 
w 

"' 70 

~ 
0 
> 
w 
en 50 5 
z ... 
::> ... 
~ 30 

-r- lset-1 p.A 

!'-. I Ill 
r- - ~ I - lset=2 pA 

!'-. I Ill 
...._ ~~~=L~ 

......... :::::- 1~1 -11o ~~ -

l¥ 
< 
.!: 
!;; 
w 
a: 
a: 
:::> 
u 
w 
en 
0 z ... 
:::> ... 
!': 

lset=20 p.A 

10 J 1 II 

FREQUENCY (Hzl 

E88LM146-21 

POWER SUPPLY REJECTION RATIO 

120 
Tamb = +25oc 

iii 
I set = 10 p.A 

~ 100 
0 

~ 
a: 

BO 2 
0 

§ 
;;J 60 
a: 

~ 
11. 
11. 40 ::> ., 
a: 
w 
;t 20 0 ... 

0 

~ ~ POSIIIVC SUpply 

1\ "' 1'\. 

1\ " ~ Ncgatcvc supply 

II\ ' 

1\ 

~ 

"' z 
~ en 
w 

" g 
0 
> 

FREQUENCY 1Hz) 

E88LM146-23 

1,4 

1.2 

O.B 

0.6 

0.4 

0.2 

0 

28 

20 

12 

4 

-4 

-12 

-20 

LM146-LM246-LM346 

INPUT NOISE CURRENT vs FREQUENCY 

Vcc=±lsv 
Tamb= +25oC 

1\ 

\ fset=20 pA 

\V lse1 ~10 pA 

v lset=SIJ.A 

[', / I 

"~ 
lset= 1 p.A 

/ 
.......... ~ / -

FREQUENCY IHzl 

E88LM146-22 

VOLTAGE FOLLOW<R PULSE RESPONSE 

Input r 
I 

I I 
1/ 
~ 

1-- -

0 

l~t = 10-,A 

vee = ±15V 

Tamb = +25oc 

1\ 
I\ Output_ 

I 

-

100 200 300 

TIMEI,.sl 

-

EBBLM146-24 

9/11 

523 



LM146-LM246-LM346 

> 
.§ 

5 
0.. .... 
:::> 
0 

5 0· 

0 

-5 0 

I 
5 0 

0 

-5 0 

0 

I 
!/ \ 

lset = 10 !'A 

vee =±15 v 

amb ==- + 25o C 

L = lOOpF 

HL =10 kn 

2 3 

TIME IpS) 

4 

PACKAGE MECHANICAL DATA 

16 PINS- PLASTIC DIP OR CERDIP 

mm 

t 

5 

EBBLM1 46·25 

22.44 max. 
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"I 

TRANSIENT RESPONSE TEST CIRCUIT 

( 1 ) Nominal drmensron 

(2) True geometncal posrtlon 

6.35 
(1) 16 PINS 

E86LM146-26 



PACKAGE MECHANICAL DATA (continued) 

16 PINS- PLASTIC MICROPACKAGE (SO) 

mm e= 1.2 

9. 
10.0 

20 PINS - TRICECOP (LCC) 

mm 
8 74 

1.27 9,04 

0,63 
max. 

LM146-LM246·LM346 

0.185 
0,265 

16 PINS 

1,86max. 

20 PINS 

8.74 
9,04 
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LM148-LM248 
LM348 

DIFFERENTIAL INPUT QUAD OP-AMPs 

• LOW SUPPLY CURRENT : 0.53 rnA/AMPLI­
FIER 

• CLASS AB OUTPUT STAGE : NO CROSS-
OVER DISTORTION 

• PIN COMPATIBLE WITH LM124 
• LOW INPUT OFFSET VOLTAGE : 1 mV 
• LOW INPUT OFFSET CURRENT : 2 nA 
• LOW INPUT BIAS CURRENT : 30 nA 
• GAIN BANDWIDTH PRODUCT : 1.3 MHz 
• HIGH DEGREE OF ISOLATION BETWEEN AM­

PLIFIERS : 120 dB 
• OVERLOAD PROTECTION FOR INPUTS AND 

OUTPUTS 

DESCRIPTION 
The LM148 consists of four independent, high gain 
internally compensated, low power operational am­
plifiers which have been designed to provide func­
tional characteristics identical to those of the familiar 
UA741 operational amplifier. In addition the total 
supply current for all four amplifiers is comparable 
to the supply current of a single UA741 type op amp. 
Other features include input offset current and input 
bias current which are much less than those of a 
standard UA7 41. Also, excellent isolation between 
amplifiers has been achieved by independently bia­
sing each amplifier and using layout techniques 
which minimize thermal coupling. 

The LM148 can be used anywhere multiple UA741 
type amplifiers are being used and in applications 
where amplifier matching or high packing density is 
required. 

PIN CONNECTIONS (top views) 

DIP14/CERDIP14 
S014 

2 

3 

EBBLM148·00 

December 1988 

14 

13 

12 

11 

10 

1- Output1 
2 - Inverting 1nput 1 
3 - Non·mvertmg Input 1 
4-VI:t:. 
5- Non·mvertmg 1nput 2 
6 - Inverting input 2 
7- Output2 
8- Output3 
9 - Inverting 1nput 3 

10- Non-mvertmg input 3 
11- Vee 
12- Non·invertmg input 4 
13- Inverting input 4 
14- Output 4 

N D 
S014 DIP14 

(Plastic Package) 
J 

CERDIP14 
(Cerdip Package) 

(Plastic Micropackage) 

GC 
LCC20 

(Tricecop (LCC)) 

ORDER CODES 

Part Temperature 
Number Range 

LM148 - 55 oc to + 125 oc 
LM248 - 40 oc to + 1 05 oc 
LM348 0 octo+ 70 oc 

Note : H1-Rel VersiOns Available 
Examples : LM148J, LM349D 

LCC20 

EBBLM148·01 

1- NC 
2- Outpull 
3 - Inverting input 1 
4- Non-inverting input 1 
5- NC 
6- Vee 
7- NC 
8 - Non-inverting input 2 
9- Inverting input 2 

10- Output2 
11- NC 
12- Output 3 
13 - Inverting input 3 
14- Non-inverting input 3 

Package 

N J 

• 
• 
• 

15- NC 
16- Vee 
17- NC 

GC 

• 
• 

18- Non·inverting 
1nput 4 

D 

• 
• 

19- lnvertmg Input 4 
20- Output4 
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LM148/248/348 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM148 LM248 LM348 Unit 

Vee Supply Voltage ± 22 ± 22 ± 22 v 
V1o Differential Input Voltage ± 44 ± 44 ± 44 v 
V1 Input Voltage (note 1) ± 22 ± 22 ± 22 v 

Ptot Power Dissipation 500 500 500 mW 

Ouiput Short-circuit Duration (note 2) Indefinite Indefinite Indefinite 

Toper Operating Free-air Temperature Range -55 to+ 125 -40 to+ 105 0 to+ 70 •c 
Tstg Storage Temperature Range -65 to+ 150 -65 to+ 150 -65 to+ 150 •c 

Notes : 1. For supply voltage less than max1mum value, the absolute max1mum Input voltage IS equal to the supply vol-tage. 
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 temperature will be exceeded. 

SCHEMATIC DIAGRAM 

Case 

DIP14 

Non­
inverting 

input 

CERDIP14/S014 

Outputs 

1,7,8,14 

110 kll 

Inverting 
Inputs 

2, 6, 9, 13 

LCC20 2, 10,12,20 3, 9, 13, 19 
• LCC20 :Other pins are not connected. 

2/9 
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340ft 

vee 
EBBLM148-02 

Non· 
Inverting Vee Vee N.C. 

Inputs 

3, 5, 10, 12 4 11 

4, 8, 14, 18 6 16 . 



ELECTRICAL CHARACTERISTICS 
LM148: -55"C~Tamb~+125°C,Vee=±15V 
LM248 : -40 "C ~ Tamb ~ + 105 oc, Vee=± 15 V 
LM348: 0 "C~Tamb ~+ 70 °C, Vee =±15 V 
(unless otherwise specified) 

Symbol Parameter 

V1o Input Offset Voltage Rs s 10 kn 
Tamb = + 25 °C 
T min S T amb S T max 

ho Input Offset Current 
Tamb = + 25 °C 
T min S T amb S T max 

l1e Input Bias Current 
Tamb = + 25 oc 
T min S T amb S T max 

Avo Large Signal Voltage Gain 
(Vo =± 10 V, RL <: 2 kn) 

Tamb = + 25 °C 
T min S T amb S T max 

SVR Supply Voltage Rejection Ratio 
(Rs s 10 kQ) 

Tamb = + 25 °C 
T mrn S T amb S T max 

Icc Supply Current, all Amp, no Load 
Tamb = + 25 °C 
T min S T amb S T max 

V1 Input Voltage Range 
Tamb = + 25 °C 
T min S T amb S T max 

CMR Common-mode Rejection Ratio 
(Ass 10 kQ) 

Tamb = + 25 °C 
T min ~ T amb ~ T max 

los Output Short-circuit Current 
Tamb = + 25 °C 

± VoPP Output Voltage Swing 
Tamb = + 25 °C RL=10kQ 

RL = 2 kn 
T min $ T amb $ T max RL=10kQ 

RL = 2 kn 

Svo Slew Rate 
(V, =± 10 V, RL = 2 kn, CL s 100 pF, 
T amb = + 25 °C, unity gain) 

tr Rise Time 
(V1 =± 20 mV, RL =2 kn, CL s 100 pF, 
T amb = + 25 °C, unity gain) 

Kov Overshoot 
(V1 =± 20 mV, RL = 2 kn, cL s 100 pF, 
T amb = + 25 °C, unity gain) 

R1 Input Resistance, T amb = + 25 oc 

GPB Gain-bandwidth Product 
(V, =± 10 mv, RL =2 kn, CL s 100 pF, 
f = 1 00 KHz, T amb = + 25 oc) 

LM148/248/348 

LM 148/248/348 

Min. Typ. Max. 
Unit 

mV 
1 5 

6 

nA 
2 20 

40 

nA 
30 100 

200 

V/mV 

50 160 
25 

dB 

77 100 
77 

rnA 
2.1 3.6 

4.8 

v 
-12 +12 
-12 + 12 

dB 

70 110 
70 

rnA 
10 25 35 

v 
12 13 
10 12 
12 
10 

V/IJ.S 

0.25 0.5 

IJ.S 

0.3 

% 

5 

0.8 2.5 Mn 

MHz 

0.7 1.3 1.6 
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LM148/248/348 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

THD Total Harmonic Distortion 
(I = 1 KHz, Av = 20 dB, RL = 2 kQ, 
Vo =2 Vpp, CL :5100 pF, Tamb =+ 25 °C) 

Vn Equivalent Input Noise Voltage 
(I = 1 kHz, RG = 100 Q) 

Vo1No2 Channel Separation 

4/9 
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4 

!Z 3,6 
w 
~ 3,2 

8_ 2,8 

:=:i~ 2,4 

&";;' 2 
~.2 1,6 

ffi 1,2 
;: 
0 .8 
II- .4 

0 

POWER SUPPLY CURRENT 
vs POWER SUPPLY VOLTAGE 

-55°C l7 
[7]25~ v 

/ 

1/ v 
J v 
v 1--1--

1/ v~--" 125°C 

v ~/ 
v: ~ 

~ 
0 2 4 6 8 10 12 14 16 18 20 22 

POWER SUPPLY VOLTAGE 
±Vcc(V) 

~ 15 
c:J 
z 

~ 
w 
c:J 
~ 10 

0 
> .... 
:l 
II-
!; 5 
0 
w 
> 
i= 
iii 
0 
II-

0 
0 

EBBLM148·03 

POSITIVE CURRENT LIMIT 

V~c = ~15V 

~ f\ 
' l~ 

l\T(minl 

T(maxl \' 
~amb~ ;2s:c\ 

5 10 15 20 25 30 

OUTPUT SOURCE CURRENT lmAl 

EBBLM 148-05 

Min. 

80 
:;? 75 s. 

70 
~ 65 .... 60 z 
w 

55 a: a: 
:l 50 
0 45 en 
<C 40 
iii 

35 .... 
:l 30 II-
2!: 25 

20 

LM148/248/348 

Typ. Max. 
Unit 

% 

0.08 

nV/-IRZ 
40 

120 dB 

INPUT BIAS CURRENT vs AMBIENT 
TEMPERATURE 

I'.. 
1"'... 

' ' r-.... 
"-

r...... 
r...... 

i'.. 

-55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE ("C) 

EBBLM14B-04 

NEGATIVE CURRENT LIMIT 

2 -15 r--.------,---,.-........ ----, 
c:l z 
~ 
II) 

w 

~ -10 l----1f-41--.3ol..-3....;..-.~--+---< 

g 

0 5 10 15 20 25 JO 

OUTPUT SINK CURRENT lmAl 

E8BLM148·06 



z 
0 

t w .... w 
a: 
w-clll 
o::!. 
:;; 
z 
0 
:;; 
:;; 
0 
(.) 

50 

0 

120 

100 

80 

60 

40 

20 

0 

0 

OUTPUT VOLTAGE SWING 

Tamb: +25"e 

v 
~ 

~ 
~ 

v 
/ 

10 15 20 25 

SUPPLY VOLTAGE lVI E88LM 148•07 

COMMON MODE REJECTION 
RATIO vs FREQUENCY 

" " " " " 10 100 1K 10K tOOK 1M 10M 

FREQUENCY (Hz) 
E88LM1 48·09 

BODE PLOT ILM1481 

ZD ,..--,-,""T"''"TTnr-,---~-.. 100 
15 '- I IIIII Vee ~ ±15V 90 

"""'1111! '!llo. 1_1_1_1_11 Tamb= +25"C ID 
10 PHASE "V 

5 '\: 70 :E: 

iii D 60 ~ 
:!! -5 50 c 
z ~ m < -10 10k0 ,, 40 ~ 

Cl -15 ~ ', ~AIN 30 :::1 
-ZD "' ZD !! 
-Z5 I\ 10 

kQ ' -30 - ., --1--li.I\,.-1-1-Ar:tfH 0 
-35 L.___..~.-... ............ _..J........J......Boi..LJ.UII -10 

0.1 ID 

FREQUENCY IMHzl 
E88LM148·13 

lk 

§ 
w IDO (.) 
2 
~ c 
w 
D. 10 
~ 
f-
:::l 
D. 
f-
:::l 
0 

110 

100 

90 ' 80 

iii 70 
::!.. 60 z 
C( 50 
Cl 40 

30 

20 
10 

0 

LM148/248/348 

OUTPUT IMPEDANCE 

FREQUENCY IHzl E88LM1 48·08 

OPEN LOOP FREQUENCY 
RESPONSE 

' \. 
' \. 

'\. 
\. 

' 
' 10 100 1K 10K lOOK 1M 10M 

FREQUENCY (Hz) 
E88LM148·10 

LARGE SIGNAL PULSE RESPONSE (LM1481 

~ 
w 
~ -1 
!:; 
0 
> I 

-1 

D 

0 

D 

0 

0 

J 
I 

1 
T 

"' 

0 40 

vo 

1\ 
I 

Ay = 1 ...; 

~ 
--I 

Vee = ±lsv 
Tamb= +25"C-

___.. 

RL ""2kQ _ ,___.,; \-
I ./ 

v, "' 

80 120 160 200 
TIMEC,.sl 

E88LM148·14 

5/9 

531 



LM148/248/348 

6/9 

SMALL SIGNAL PULSE RESPONSE ILM148) 

> 
! 

100 

0 

~ -100 
<( 

!:i 
... .,.. 

0 
> 100 

0 

-100 

0 

10 v 

0 

~ 
w 

0 

J 
l 
I 

-
vo Av ~ 1 

Vee ~ ±15V 

Tamb ~ +25°e 
i\" 

VI 

2 

TIMEI,.sl 

1 
' .. .,.. 

4 

EBBLM148-15 

INVERTING LARGE SIGNAL 
PULSE RESPONSE ILM1481 

vo I I 
vee ; t15V 

I I\ RL =2k!l 

If \ 
Av = -1 

Tamb; +25"e 
J 1\ I 

IL ' I Cl -1 
<( 4_ !:i 14 

w 
Ul 
0 z 
1-

0 
> 0 

0 

-1 0 

160 

140 

120 

~~100 
1-- 80 
z~ 
~- 60 
<( 

5 40 
a 
w 20 

0 

~ t- v, 

om~~ n1oo1m1481~1nmo 

1\ 
\ 

TIME l,.sl 
E88LM148·19 

EQUIVALENT INPUT NOISE 
vs FREQUENCY 

Pas ( 05) 'decade = 

I\ 

10 100 1000 10000 

FREQUENCY (Hz) 
E88LM148·21 

532 

2.0 
1- 1.9 
g 1.8 
8 1.7 
0: 1.6 
II. 1.5 
::t:~1.4 

l:i~ 1.3 
3::!. 1.2 
~ 1.1 
<( 1.0 
m .9 
z .8 
C( .7 
" .6 

.5 

GAIN BANDWIDTH PRODUCT 
vs AMBIENT TEMPERATURE 

"' 
"' " 

" "' 
" ...... 

-55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (•C) 

E88LM148·17 

Iii 
::1. 

~ 
w 
!;[ 
0: 

3l: 
w 
...J 
Ul 

~ 
Cl 
z 
~ 
II) 

w 
Cl 
<( 

!:i 
0 
> 
1-
:::J 
II.. 
1-
:::J 
0 
0 
Ill 
1-
0: 
0 
Iii 
i5 
z 
:::J 

1.00 

.90 

.80 

.70 

.60 

.50 

.40 

.30 

.20 

.10 

0 

SLEW-RATE vs TEMPERATURE 

t-t- -r--. 
.......... 

-55 -35 -15 5 25 45 65 85 105125 

AMBIENT TEMPERATURE (•C) 
E88LM148·20 

UN DISTORTED OUTPUT VOLTAGE SWING 

32 

28 
Vee = ±15V 
RL ;2kQ 

24 i""'o Tamb; +25"e 
Av = -5 

20 <1% DISTOR!;iiON 

6 

' ' 
12 

8 
IIIII! 

4 1111 
I IIIII 

0 I IIIII 
100 1k 10k lOOk 

FREQUENCY IHzl 
E88LM148·22 



.... 20 
;:) 
D. 
~ 
w-c> o- 15 ::!:!::: 
•::!: z-

O-' 
::!:W 
:Eo 
0~ 

10 CJ-' 
wO >> 
j: 
iii 
0 
D. 

5 

POSITIVE COMMON-MODE 
INPUT VOLTAGE LIMIT 

Tmin OOTamb ""Tmax I/ 
I/ 

/ 
I/ 

./ 
7 
5 10 15 20 

POSITIVE SUPPLY VOLTAGE lVI 

E88LM148-23 

OUTPUT SHORT-CIRCUIT CURRENT 

!Z 40 
ll! 38 
a: 36 
~ 34 
..... 32 
5 30 
CJ 28 
~<t 26 
<l §. 24 
~ 22 
~ 20 
Ill 18 

vs AMBIENT TEMPERATURE 

..... 
;:) 
0.. ..... 
;:) 

0 

16 
14 
12 
10 

F' 

""' '\. 

" ' 
-.;;;;:: 

" los+ 

"' ........ 
los- ~ 

-55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 

E88LM148-26 

TEST CIRCUITS 

5kll 

eo ' 
110 V peak) 

:!:> o-
::E!::: -15 
2::111 
0....1 
::i:w 
::!:0 
o<C 
CJ!::; -10 
wO 
>> 
~ 
0 
w 

LM148/248/348 

NEGATIVE COMMON-MODE 
INPUT VOLTAGE LIMIT 

2 -5 .__L-.....JI..........J-.....J_.....J_....J 

70 

w 60 
Ill 
0 
2 50 
.... 
~ ~ 40 
~-,.-

ffi ~ 30 
..... 
:; 
5 
a 
w 

20 

10 

0 

-5 -10 15 20 

NEGATIVE SUPPLY VOLTAGE lVI 

E88LM148-24 

EQUIVALENT INPUT NOISE 
vs AMBIENT TEMPERATURE 

v 
v ~ 

./ 

v ........ v 

-55 -35 -15 5 25 45 65 85 105125 

AMIJIJIENT TEMPERATURE (°C) 

lOkCl 

Crosstalk = -20 log ~ (dB) 
101 xeo 

Vcc=±lSV 

EBBLM148-27 

E88LM148-25 

~ SGS·ntOMSON 
A. "1/ !i1110Ciro@~~IEC1riiii@LI'JDI:I\I 

7/9 

533 



LM148/248/348 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm mm 

Datum 

14 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

e-1.27 •i e t e t e t e t e t e I• 

a.ss 
8.75 

... 8.5max. •I 

( 1) Nominal dimension 

(2) True geometrical posblon 

6.35 
(1) 

.ll 
-i,O 

0.4 
min. 

1.75max. 

0.185 
0.265 

14 PINS 

B/9 ~ SGS·THDMSON .. ., I lliiDCMIEILI!ICVIRl@I!!DCII 
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PACKAGE MECHANICAL DATA (continued) 

20 PINS - TRICECOP (LCC) 

mm 
8.74 

1.27 
9.04 

e-1.27.,e~ete ej,. Datum 

LM148/248/348 

1.86 max. 

20 PINS 

8.74 
9.04 

9/9 

535 





~ SGS·ntOMSON LM158,A-LM258,A .. "'!I ~O(Q;~@~[L~(Q;[j'~@[)\!]0[;;~ LM358,A-LM2904-NE532 

LOW POWER DUAL OPERATIONAL AMPLIFIERS 

• INTERNALLY FREQUENCY COMPENSATED. 
• LARGE DC VOLTAGE GAIN : 100 dB 
• WIDE BANDWIDTH (unity gain) : 1.1 MHz (tem­

perature compensated) 
• VERY LOW SUPPLY CURRENT/AMPLI 

(500 llA) - ESSENTIALLY INDEPENDENT OF 
SUPPLY VOLTAGE 

• LOW INPUT BIAS CURRENT: 20 nA (tempera-
ture compensated) 

• LOW INPUT OFFSET VOLTAGE: 2 mV 
• LOW INPUT OFFSET CURRENT : 2 nA 
• INPUT COMMON-MODE VOLTAGE RANGE 

INCLUDES GROUND 
• DIFFERENTIAL INPUT VOLTAGE RANGE 

EQUAL TO THE POWER SUPPLY VOLTAGE 
• LARGE OUTPUT VOLTAGE SWING 0 V TO 

(Vcc-1.5 V) 

DESCRIPTION 

These circuits consist of two independent, high gain, 
internally frequency compensated which were des­
igned specifically to operate from a single power 
supply over a wide range of voltages. The low po­
wer supply drain is independent of the magnitude of 
the power supply voltage. 

Application areas include transducer amplifiers, de 
gain blocks and all the conventional op-amp circuits 
which now can be more easily implemented in sin­
gle power supply systems. For example, these cir­
cuits can be directly operated off the standard+ 5 V 
power supply voltage which is used in logic systems 
and will easily provide the required interface elec­
tronics without requiring any additional power sup­
ply. 

In the linear mode the input common-mode voltage 
range includes ground and the output voltage can 
also swing to ground, even through operated from 
only a single power supply voltage. 

The gain-bandwidth product is temperature com­
pensated. 

The input bias current is temperature compensated. 

December 1988 

D 
508 

H 
T099 

(Metal Can) (Plastic Micropackage) 

N 
DIPS 

(Plastic Package) 
J 

CERDIPS 
(Cerdip Package) 

ORDER CODES 

Part Temperature 
Number Range 

LM158, A - 55 ac to + 1 25 ac 
LM258, A - 40 oc to + 1 05 oc 
LM358, A 0 acto+ 70 ac 
NE532 0 acto+ 70 ac 
LM2904 - 40 oc to + 1 05 oc 

Note : H1·Rel Vers1ons Available 

GC 
LCC20 

(Tricecop (LCC)) 

Package 

H N J GC 

• • • • 
• • • 
• • • 

• • 
• • 

Examples : LM158H, LM258N, LM29040. 

D 

• 
• 
• 
• 
• 
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LM158,A-258,A-358,A-2904-NE532 

PIN CONNECTIONS (top views) 

T099 DIPS LCC20 
CERDIPB 

SOB 
8 

---~ 

~ 
( 32~2019 

,~, ?4 18 

1- NC 
?5 17 

2 7 
?6 16 

2 6 

3 -++- 6 2- Output 1 ?7 15 
5 3- NC 

)8 14 13- NC 
4 4 5 4- NC 

5 - Inverting input 1 I 9 10 11 12 13 ) 14- NC 

6- NC 15 - lnvert1ng input 2 

7- Non-inverttng input 1 16- NC 
1 - Output 1 5- Non-inverttng 8- NC 17- Output 2 
2- Inverting mput 1 input2 9- NC 18- NC 
3- Non-inverting input 1 6 - Inverting input 2 10- Ground 19- NC 
4- Ground 7- Output2 11- NC 20- Vee 

8-Vcc 12- Non-inverting input 2 EBBLM158-01 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM158, A LM258, A LM358, A Unit 
LM2904 NE532 

Vee Supply Voltage + 32 + 32 + 32 v 
v, Input Voltage - 0.3 to+ 32 - 0.3 to+ 32 - 0.3 to+ 32 v 

Vto Differential Input Voltage + 32 + 32 + 32 v 
Output Short-circuit Duration (note 2) Indefinite Indefinite Indefinite 

Ptot Power Dissipation 500 500 500 mW 
LM158GC 665 

Ito Input Current (note 1) 50 50 50 mA 

Toper Operating Free-air Temperature Range -55 to+ 125 - 40 to+ 105 0 to+ 70 oc 
Tstg Storage Temperature Range - 65 to+ 150 - 65 to+ 150 - 65 to+ 150 oc 
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LM158,A-258,A-358,A-2904-NE532 

SCHEMATIC DIAGRAM (1/2 LM158) 

Inverting 
input 

Non -inverting 
input 

CASE 

T099 - DIPB -
CERDIPB- SOB 

LCC20 

• LCC20 : Other pms are not connected. 

Vee 

-Single Supply 3 V to 30 V 
- Dual supplies ± 1.5 V to ± 15 V 

Inverting Non-

Inputs inverting 
Inputs 

2·6 3·5 

5-15 7-12 

GND 

E88LM158-02 

GND Vee Outputs N.C. 

4 8 1-7 

10 20 2-17 . 
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LM158,A·258,A·358,A·2904-NE532 

ELECTRICAL CHARACTERISTICS 

Vee=+ 5 V, Vee= Ground, V0 = 1.4 V 
(unless otherwise specified) 

LM358,A/NE532 0 ::;; Tamb::;; + 70 'C 
LM258,A/LM2904 - 40 ::;; Tamb ::;; + 105 'C 
LM158,A -55 :s;Tamb:s;+125'C 

Symbol Parameter 

V1o Input Offset Voltage (note 3) 
Tamb = 25 °C 
T mm s; T amb s; T max 

l1o Input Offset Current 
Tamb = 25 °C 
T mm s; T amb s; T max 

l1e Input Bias Current (note 4) 
Tamb = 25 °C 
T mon s; T amb s; T max 

Avo Large Signal Voltage Gain 
(Vee = + 15 V, RL ~ 2 kQ) 
(Vo = 1.4 V to 11.4 V) 

Tamb = 25 °C 
T mm ~ T amb ~ T max 

SVR Supply Voltage Rejection Ratio 
(Rs s; 10 KQ) 

Tamb = 25 °C 
T mm s; T amb s; T max 

Icc Supply Current, all Amp, no Load 
T amb = 25 °C, Vee = + 5 V 
T amb = 25 °C, Vee = + 30 V 
T mm s; T amb s; T max 

V1 Input Voltage Range (note 6) 
Tamb = 25 oc 

T mm s; T amb s; T max 

CMR Common-mode Rejection Ratio 
(Rs < 1 o kn) (note 3) 

Tamb = 25 oc 
T min s; T amb s; T max 

lo Output Short-circuit Current 
(VI • = + 1 V, V1 = 0 V) 

T amb = 25 oc, V ec = + 15 V (note 2) 
T mm s; T amb s; T max 

lsmk Output Current Sink 
(VI+ =-1 V, V1 =0 V) 
Vee=+ 15 V Tamb = + 25 °C 

T min s; T amb s; T max 
Vo = + 0.2 V 

Tamb = + 25 °C 
T mm :s; T amb S T max 

4/15 

540 

LM158A, LM258A 
LM358A 

Min. Typ. Max. 

1 2 
4 

2 10 
30 

20 50 
100 

50 100 
25 

65 100 
65 

0.7 1.2 
2 

1 2 

Vee 0 
-1.5 

0 Vee 
-2 

70 85 
60 

20 40 60 
10 

10 20 
10 
12 50 
12 

LM158, LM258 
LM358, LM2904 

Unit NE532 

Min. Typ. Max. 

mV 
2 5 

7 

nA 
2 20 

40 

nA 
20 100 

200 

V/mV 

50 100 
25 

dB 

65 100 
65 

mA 
0.7 1.2 

2 
1 2 

Vee 
v 

0 
-1.5 

0 Vee 
-2 

dB 

70 85 
60 

mA 

20 40 60 
10 

10 20 mA 
10 
12 50 J.IA 
12 



LM158,A·258,A·358,A-2904-N E532 

ELECTRICAL CHARACTERISTICS (continued) 

LM158A, LM258A 
LM158, LM258 

Symbol Parameter LM358A 
LM358, LM2904 

Unit NE532 

Min. Typ. Max. Min. Typ. Max. 

VoPP Output Voltage Swing Vee Vee v 
Tamb = 25 oc RL ~ 2 kQ 0 -1.5 0 -1.5 

T mrn S T amb S T max RL ~ 10 kQ 0 Vee 0 Vee 
-2 -2 

VoH High Level Output Voltage v 
(Vee= 30 V) 

Tamb = 25 °C RL =2 kQ 26 27 26 27 

T mrn S T amb S T max 26 26 
Tamb = 25 oc RL =10 kn 27 28 27 28 

T min S T amb S T max 27 27 

VoL Low Level Output Voltage mV 
(RL ~ 10 kQ) 

Tamb = 25 °C 5 20 5 20 
T mrn ::; T amb ::; T max 20 20 

Svo Slew-rate (V1 = 0.5 to 3 V, RL = 2 kQ V/JlS 
CL ::; 100 pF, T amb = 25 •c, unity gain) 
Vcc=15V 0.3 0.6 0.3 0.6 

GBP Gain Bandwidth Product MHz 
(f = 100 kHz, T amb = 25 •c, Vee = 30 V 
V1N = 10 mV, RL = 2 kn, CL = 100 pF) 0.7 1.1 1.6 0.7 1.1 1.6 

THO Total Harmonic Distortion % 
(f = 1 kHz, Av = 20 dB, RL = 2 kQ, Vee = 30 V 
CL::; 100 pF, Tamb =25 •c, Vo =2 Vpp) 0.02 0.02 

Vn Equivalent Input Noise voltage nVi-/HZ 
(f = 1 kHz, Rg = 1 oo n, Vee = 30 V) 55 55 

DV,o Input Offset Voltage Drift JlV/°C 
T mrn S T amb S T max 7 30 7 30 

Dl;o Input Offset Current Drift pAf•c 
T mrn S T amb S 25 •c 10 300 10 300 

Vo1No2 Channel Separation (note 5) dB 
1 kHz ::; f ::; 20 kHz 120 120 

Notes : 1. This Input only ex1st when the voltage at any of the input leads is driven negative. It is due to the collector-base junct;on 
of the input PNP transistor becoming forward biased and thereby acting as input diode clamps. 
In addition to this diode act;on, there is also NPN parasitic action on the JC chip. This transistor action can cause the out­
put voltages of the Op-amps to go to the Vee voltage level (or to ground for a large overdrive) for the time duration that an 
input is driven negative. 
This IS not destructive and normal output will set up again for input voltage higher than- 0.3V. 

2. Short·circuits from the output to Vee can cause excessive heating if Vee > 15V. The maximum output current is approxi· 
matively 40mA independent of the magnitude of Vee. Destructive dissipation can result from simultaneous short-circu;ts 
on all amplifiers. 

3. Vo = 1.4V, Rs = 0, 5V <Vee< 30V, 0 < V; <Vee- 1.5V. 
4. The direction of the input current IS out of the IC. This current is essentially constant, independent of the state of the out­

put so no loadrng change ex;sts on the input lmes. 
5. Due to the proximity of external components 1nsure that coupling is not onginating v;a stray capacitance between these 

external parts. This typically can be detected as this type of capacitance Increases at higher frequences. 
6. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0 3V. 

The upper end of the common·mode voltage range IS Vee- 1.5V. 
But either or both inputs can go to + 32V Without damage. 
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LM158,A-258,A-358,A-2904-NE532 
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OPEN LOOP FREQUENCY RESPONSE !Note 3) 
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OUTPUT CHARACTERISTICS 
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LM158,A-258,A-358,A-2904-NE532 
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VOLTAGE GAIN 
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100 

4 75 
E 
.... z 
w 
a: 50 a: 
;:) 
u 
.... 
;:) 
a. 25 
~ 

0 

~ 1.5 

;§_ 1.35 

t; 1.2 
;:) 
c 1.05 
0 
If _g 

J: .75 .... 
~ .6 

~ .45 

~ .3 

z .15 
< 
" 0 

INPUT CURRENT 

k..-: 
.....--~ = +25oc - amb 

10 20 30 

POSITIVE SUPPLY VOLTAGE (V) 
EBBLM158-15 

GAIN BANDWIDTH PRODUCT 

-r-
r---.~--, 

I'-
Vee=± 15 V-

-55 -35 -15 5 25 45 65 85 105125 

iii 
~ 115 
0 110 
~ a: 105 
z 100 
0 
;:: 95 
u 
w 90 ... 
~ 85 
w 
c 
0 ::;: 

80 

75 

70 

65 

60 

TEMPERATURE (°C) 
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COMMON MODE REJECTION RATIO 

v r-. 
1/ r---. 

1'-

z 
0 
::;; 
::;; 
0 
u -55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 
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LM158,A-258,A-358,A-2904-NE532 

TYPICAL APPLICATIONS (single supply voltage) Vee=+ 5 Voe 

AC COUPLED INVERTING AMPLIFIER 

Ay = -Rt (As shown Ay =-10) 
R 

C1 

"'I 
AC COUPLED NON INVERTING AMPLIFIER 

R1 
100kn 

Gain= 1 +*(As shown, Gain = 11) 

R5 
100 k!l 

E88LM 158-20 

E88LM158-21 
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LM158,A-258,A-358,A-2904-NE532 

TYPICAL APPLICATIONS (single supply voltage) Vee=+ 5 Voc (continued) 

NON INVERTING DC AMPLIFIER 

R2 
1 Mn 

DC SUMMING AMPLIFIER 

v1 100 kn 

V4 100 kn 

10/15 

546 

R2 
Ay=1+Rl 

Av = 101 lAs shown} 

+5V 

100 kn 

where Vo = V1 +V2-V3-V4 
IV1 + V2J > (V3 + V4J 

to keep Vo > 0 V 

L•'l SGS·1HOMSON 
'1• ~UIC~IIII@OOUICII! 

E88LM158-22 

E88LM158·23 



LM158,A·258,A·358,A·2904·NE532 

TYPICAL APPLICATIONS (single supply voltage) Vee=+ 5 Voc (continued) 

HIGH INPUT IMPEDANCE, DC DIFFERENTIAL AMPLIFIER 

R2 
100 kll 

R4 
100 kSl 

for~=~~ (CMRR depends on this resistor ratio match) 

Vo=l1 + ~~ IV2-V11 
R3 

As shown: Vo=21V2-V11 

USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (general concept) 

R 
1.5 Mil 

Input current compensation 

E88LM158·24 

E88LM158-25 
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LM158,A-258,A-358,A-2904-NE532 

TYPICAL APPLICATIONS (single supply voltage) Vee=+ 5 Voe (continued) 

HIGH INPUT Z ADJUSTABLE-GAIN DC INSTRUMENTATION AMPLIFIER 

R1 
100 kll 

LOW DRIFT PEAK DETECTOR 

12115 

548 

If R1 = R5 and R3= R4= R6= R7 

Vo=~ + 2~1) IV2-V11 

As shown : Vo = 101 IV2 - Vll 

E88LM1 58-26 

E88LM 158-27 



LM158,A-258,A-358,A-2904-NE532 

TYPICAL APPLICATIONS (single supply voltage) Vee=+ 5 Voc (continued) 

ACTIVE BAND-PASS FIL TEA 

v; 

to = 1kHz 
a =50 
Ay = 100 (40 dB) 

R1 
100k.n 

C1 
330pF 

R7 
100 k.n 

vo 

Vee 

EBBLM158-28 

13115 
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LM158,A·258,A·358,A-2904-NE532 

PACKAGE MECHANICAL DATA 

8 PINS - PLASTIC DIP OR CERDIP 

mm e- 2.54 
(2) 

85 max. 

( 1 ) Nominal dimension 

(2) True geometrical position 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

14/15 

550 

5,9 
6,2 

Datum 

{•'/ SGS·THDMSDN 
'I< i'liOCMIEILmlllllmOOOICill 

0.185 
0.265 

min. 

1.75 max. 

8 Pins 



PACKAGE MECHANICAL DATA (continued) 

8 PINS- METAL CAN- T099 

mm 

© 
Pin 

~ (1} 7.75 
4,69 8,50 

: 

12.7min. 

20 PINS - TRICECOP (LCC) 

mm 8.74 

1.27 
9,04 

13 

9 

' ' ' 
e- 1.27 •I e ~ e t e ~ e j .. 

LM158,A-258,A-358,A-2904-NE532 

0 8,51 
9.39 

1.27 max. 

t:--

0,26 
1.01 

_00,407 
0.508 

Datum 

a PINS 

1.86max. 

20PINS 

8.74 
9,04 

15115 

551 





LM193,A-LM293,A 
LM393,A-LM2903 

LOW POWER LOW OFFSET 
VOLTAGE DUAL COMPARATORS 

• WIDESINGLESUPPLYVOLTAGE RANGE OR 
DUAL SUPPLIES+ 2 VTO+ 36 VOR ± 1 VTO 
± 18 v 

• VERY LOW SUPPLY CURRENT DRAIN 
(0.4 rnA) INDEPENDENT OF SUPPLY 
VOLTAGE (1 mW/comparator at+ 5 V) 

• LOW INPUT BIAS CURRENT : 25 nA TYP 
• LOW INPUT OFFSET CURRENT : ± 5 nA TYP 
• LOW INPUT OFFSET VOLTAGE:± 1 mV TYP 
• INPUT COMMON-MODE VOLTAGE RANGE 

INCLUDES GROUND 
• LOW OUTPUT SATURATION VOLTAGE : 

250 mV TYP. (lo = 4 rnA) 
• DIFFERENTIAL INPUT VOLTAGE RANGE TO 

THE SUPPLY VOLTAGE 
• TIL, DTL, ECL, MOS, CMOS COMPATIBLE 

OUTPUTS 

DESCRIPTION 

These devices consist of two independent precision 
voltage comparators with an offset voltage specifi­
cations as low as 2 mV max for LM393A, LM293A 
and LM193A. 

All these comparators were designed specifically to 
operate from a single power supply over a wide 
range of voltages. Operation from split power sup­
plies is also possible. 

These comparators also have a unique characteris­
tics in that the input common-mode voltage range 
includes ground even through operated from a sin­
gle power supply voltage. 

PIN CONNECTIONS (top views) 

T099 DIPS 

8 
CERDIPS 

a 
SOB 

,~, 
: -++- : 

2 6 

5 4 5 
4 

1- Output 1 5 - Non-inverMg rnput 2 
2 - Inverting input 1 6 - lnvertrng input 2 
3 - Non-inverting Input 1 7- Output2 
4- V"oo 8- Vl:c 

December 1988 

H 
T099 

(Metal Can) 

D 
SOB 

(Plastic Micropackage) 

ORDER CODES 

Part Temperature 
Number Range 

LM193,A - 55 to + 125 oc 
LM293,A - 40 to + 1 05 oc 
LM393,A 0 to+ 70 oc 
LM2903 - 40 to + 1 05 oc 
Note : Hi-Rei Versions Available 
Examples : LM193H, LM3930 

LCC20 

H 

• 
• 
e 

~~I'CI'-.. 

t 321!12019 
1- NC 4 1 18( 
2- Output 1 5 17 
3- NC 16 

N 
DIPS 

(Plastic Package) 

J 
CERDIPB 

(Cerdip Package) 

GC 
LCC20 

Tricecop (LCC) 

Package 

N D GC 

• • .. 
• • 
• • 
• • 

11- NC 
12 - Non inverting 

input2 
4- NC 

)6 
) 7 IS 13- NC 

J 

• 
• 
• 
• 

5 - Inverting input 1 E 14- NC 
6- NC ~8 1 2 1;

4 ) 15- Inverting input 2 
7- Non-inverting 9 10 1 1 16- NC 

rnput 1 17- Output2 
8- NC 18- NC 
9- NC 19- NC 

10- Vl:c 20- vee 
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LM193,A-LM293,A-LM393,A-LM2903 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM193, A LM293, A 
LM393, A Unit 
LM2903 

Vee Supply Voltage ± 18 to 36 ± 18 to 36 ± 18 to 36 v 
VID Differential Input Voltage 36 36 36 v 
v, Input Voltage -0.3 to+ 36 - 0.3 to+ 36 - 0.3 to+ 36 v 

Output Short-circuit to Ground- (note 2) Continuous Continuous Continuous 

Ptot Power Dissipation- (note 1) 830 830 570 mW 
LM393AH 830 

Toper Operating Free-air Temperature Range -55 to+ 125 - 25 to+ 85 0 to+ 70 'C 
LM2903 - 40 to+ 105 

Tstg Storage Temperature Range -65 to+ 150 -65 to+ 150 - 65 to+ 150 'C 
Notes : 1. For operatmg at h1gh temperatures the LM393, LM393A, LM2903 must be derated based on a+ 125 C max Junction temperature 

and a thermal res1stance of 175 "C!W wh1ch applies for the devices soldered on a pnnted c1rcuit board, operating in a still atr am~ 
b1ent. The LM393, LM393A, LM293 and LM293A must be derated based on a+ 150 ·c max junct1on temperature. 

2. Short·ctrcUJt from the output to Vee can cause excess1ve heating and eventual destruction The maximum output current is approxi­
mately 20 mA, Independent of the magmtude of Vee. 

SCHEMATIC DIAGRAM (1/2 LM193) 

CASE 

T099 
SOB 
DIPS 

LCC20 

Non-invening input 

Inverting 
input 

Outputs 

1, 7 

2, 17 
LCC20 . Other p1ns are not connected. 

2/11 
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Inverting 
Inputs 

3, 5 

7, 12 

E88LM193~01 

Non-inverting 
Vee Vee N.C. 

Inputs 

2, 6 4 8 -

5, 15 10 20 . 



LM193,A-LM293,A-LM393,A-LM2903 

ELECTRICAL CHARACTERISTICS 
LM393A I LM393 
LM293A I LM293 I LM2903 
LM193A I LM193 
*=<:Vee=+ 5 V, Vee= GND 
(unless otherwise specified) 

0 'C $ T amb $ + 70 'C 
- 40 'C $ Tamb $ + 105 'C 
-55 'C $ Tamb $ + 125 'C 

LM193A • LM293A 

Symbol Parameter LM393A 

Min. lyp. Max. 

Vro Input Offset Voltage- (note 3) 
lamb = + 25 °C 1 2 
T m1n :$ T amb :5: T max 4 

118 Input Bias Current- (note 4) 
lamb = + 25 °C 25 100 

T m1n :$ T amb :5: T max 300 

Ira Input Offset Current 
lamb = + 25 °C 3 25 
T mrn ::; T amb :5: T max 100 

Avo Large Signal Voltage Gain 
(Vee=+ 15 V, Va =+ 10 V, RL~15kQ) 

Tamb = + 25 °C 50 200 

Icc Supply Current, no Load 
(all comparators) 

Tamb = 25 oc 0.4 1 

Vee= 30 v 1 2.5 

v, Input Voltage Range - (note 5) 

Vee 
lamb = + 25 °C 0 -1.5 

T mrn :5: T amb :5: T max 0 Vee 
-2 

VID Differential Input Voltage 
Vee (Vr • = o V or if used Vr- = 0 V) -(note 7) 

los Output Sink Current 
v,·=ov,v,-2:1 v,v0 ~+1.5V 
lamb = 25 oc 6 16 

VoL Low Level Output Voltage 
v, - 2: = 1 V, Vr + = o V, los ~ = 4 mA 
lamb= 25 oc 250 400 

l mrn ~ lamb ~ l max 700 

loH High Level Output Current 
Vr + 2: 1 V, Vr - = 0 V 

lamb = 25 °C, Vo = + 5 V 0.1 

l mrn ~lamb ~ l max. Vo = + 30 V 1000 

LM193 • LM293 
LM393 • LM2903 Unit 

Min. lyp. Max. 

mV 
1 5 

9 

nA 
25 250 

400 

nA 
5 50 

150 

V/mV 

25 200 

mA 

0.4 1 
1 2.5 

v 

Vee 
0 - 1.5 

0 Vee 
-2 

Vee v 

mA 

6 16 

mV 

250 400 
700 

nA 

0.1 
1000 
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LM193,A·LM293,A·LM393,A·LM2903 

ELECTRICAL CHARACTERISTICS (continued) 

LM193A • LM293A LM193 • LM293 
Symbol Parameter LM393A LM393 • LM2903 Unit 

Min. Typ. Max. Min. Typ. Max. 

Ire Response Time JlS 
VL = + 5 V, RL = 5.1 kQ- (note 6) 

Tamb = 25 •c 1.3 1.3 

I rei Large Signal Response Time ns 
e1 =TTL, Vre = + 1.4 V, VL = + 5 V 

Tamb = 25 •c 300 300 

Notes: 3. 
4. 

AI output swttch point, Vo ~ 1.4 V, Rs = 0 with Vee from 5 V to 30 V the full input common-mode range (0 V to W.c • 1.5 V). 
The direction of the Input current is out of the IC due to the PNP Input stage. This current is essentially constant, independent of the 
state of the output, so no loading charge exists on the reference or Input lines. 

4/11 
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5. The input common-mode voltage of either Input signal voltage should not be allowed to go negative by more than 0.3 V. 
The upper end of the common-mode voltage range Is Vee -1.5 V, but either or both inputs can go to+ 30 V without damage. 

6. The response time specified is for a 100 mV Input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 
7. Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common­

mode range the comparator will provide a proper output state. The low input voltage state must not be less than- 0.3 V (or 0.3 V 
below the negabve power supply, n used). 
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LM193,A-LM293,A-LM393,A-LM2903 

SUPPLY CURRENT 
LM193,A • LM393,A 
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0.8 
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> 0 
.£ 0 w 
1!1 -50 
:! -100 .... 
0 
> 
1-
::::J 
Q. 
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2 

'\ lnpul overdrive= 100 mV 

!\.., 1 f 

" SmV 

1 
1 

0 

100 

50 

0 

20mV I_ +SV 
J I I ,~ s1 l ., ~'-1--J_k;, 

~~ Tl I, •o 
1-- Tamb~ +25°C C"'J. tl I ~I I I 

r I I I 
0 0.5 1.5 2 

TIME Ips} 
EBBLM 193·06 

20~V 
1"-

100mV 

0 0.5 

Input overdrive :5 mV 

b.:1l+5V L 

''~"" eo 

--1-

l 
f 

Tamb= +25oc 

1.5 2 

TIME l,sl 
E88LM193-05 
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LM193,A-LM293,A-LM393,A-LM2903 

6/11 
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SUPPLY CURRENT 

0 10 20 30 

SUPPLY VOLTAGE lVI 
E88LM193-07 

OUTPUT SATURATION VOLTAGE 

40 

OUTPUT SINK CURRENT (mAl 
EBBLM193-09 

LM293,A - LM2903 

Ci 
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1-z 
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a: 
a: 
::> 
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en 
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iii 
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IL 
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Cl 
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0 ... 
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::> 
IL 
1-
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;; 
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INPUT CURRENT 
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40 
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T b +25°C 
am.:..---,_____ - Tamb -+85oc 

--
I 

10 20 30 40 

SUPPLY VOLTAGE (VI 
E88LM193-0B 

RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES - NEGATIVE TRANSITION 
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1 5 2 

TIMEI,.sl 
E88LM193-10 

RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES - POSITIVE TRANSITION 

~ 6 
w 5 Cl 

~ 4 
0 3 ... 
.... 2 ::> 
IL 

1 1-
::> 
0 0 ;; 
.E 100 
w 50 Cl 
< 0 !::; 
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" 
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[\_ I I 
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I f--
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I I I I 
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TYPICAL APPLICATIONS 

BASIC COMPARATOR 

+ Y(ref) 

DRIVING TIL 

+5V 

+5V 

LOW FREQUENCY OP AMP 

eo 

E8BLM193·12 

EBBLM193-14 

eo 
I 

EBBLM193-16 

LM193,A-LM293,A-LM393,A-LM2903 

DRIVING CMOS 

+5V 

+V(ref) 

EBBLM193-13 

LOW FREQUENCY OP AMP 

+ 
eo 
I 

EBBLM193-15 

TRANSDUCER AMPLIFIER 

+5 v 

10 k!! 
Magnetic pick-up 

3 k!! 

II 
eo 

20 Mil 

10 k!! 

EB8LM193-17 
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LM193,A-LM293,A-LM393,A-LM2903 

LOW FREQUENCY OP AMP WITH OFFSET 
ADJUST 

+5V 

Offset adJUSt +5 v 

' •o 
EBBLM193-18 I 

TWO DECADES HIGH FREQUENCY VCO 

Frequency control rl=H---+------1 
voltage input 

V control 

LIMIT COMPARATOR 

8/11 
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+V(ref) 

Low 

vee= +30v 
+250 mV-s;;;Vcontrol~ +50 V 
700 Hz<; to<; 100 kHz 

vecn2 v1 

Lamp 

EBBLM193-21 

ZERO CROSSING DETECTOR 
(SINGLE POWER SUPPLY) 

•t 

100 kl! 
vee 

3kH 

Output 1 

Output 2 

>5 v 

EBBLM193-20 

CRYSTAL CONTROLLED OSCILLATOR 

200 kll 2kH 

vee 
o_f1_fl_ 

EBSLM193-22 



SPLIT-SUPPLY APPLICATIONS 

ZERO CROSSING DETECTOR 

EBBLM193-23 

LM193,A-LM293,A-LM393,A-LM2903 

COMPARATOR WITH A NEGATIVE 
REFERENCE 

+ 15 v 

EBBLM193-24 
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LM193,A-LM293,A-LM393,A-LM2903 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

10/11 
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2,2_ 
6.2 

Datum 

e 1.27 D I e I e t e ~~ 

( 1) Nom mal dimension 

(2) True geometncal pos1t1on 

8 Pins 

0.185 
0.265 

min. 

1.75 max. 

8 P1ns 



PACKAGE MECHANICAL DATA (continued) 

8 PINS- METAL CAN T099 

mm 

© 
Pin 

4 20 
4,69--

12.7 m.n. 

20 PINS- TRICECOP (LCC) 

mm 8.74 

1.27 9.04 

e- 1.27 ..j e t e + e ~ e j .. 

8,50 

: 

LM193,A-LM293,A-LM393,A-LM2903 

t--

0.26 
1.01 

_00.407 
0.508 

De tum 

8 PINS 

1.86 mcx. 

20 PINS 

8.74 
9.04 

11/11 
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LM209 
LM309 

THREE-TERMINAL 5-VOL T REGULATORS 

• FIXED VOLTAGE REGULATOR REQUIRES 
NO EXTERNAL COMPONENT FOR ADJUS­
TING 

• CAN PROVIDE OTHER VALUES OF REGULA­
TED VOLTAGES ABOVE 5V USING SEPA­
RATE, BIAS RESISTORS 

• SPECIFIED TO BE COMPATIBLE, WORST 
CASE, WITH TTL AND DTL 

DESCRIPTION 
The LM209 and LM309 are 5V regulators. They are 
designed for local regulation on digital logic cards. 

The available output current is greater than 1 A. 

These regulators are essentially blow-out proof. 
Current limiting is included and thermal shut down 
is provided to keep the ICs from overheating. If in­
ternal dissipation becomes too great, the regulator 
will shut down to prevent excessive heating. 

PIN CONNECTION (bottom view) 

T0-3 

March 1989 

ORDER CODES 

Part Number 

LM209 
LM309 

T0-3 

Temperature 
Range 

- 25°C to + 150°C 
ooc to + 125°C 
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LM209-LM309 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vt Input Voltage 35 v 
Po Internal Power Dissipation Internally Limited w 
los Short-circuit Output Current Internally Limited A 

Taper Operating Free-air Temperature Range LM209 - 25 to+ 150 oc 
LM309 0 to+ 125 

Tstg Storage Temperature Range - 65 to+ 150 oc 

THERMAL CHARACTERISTICS 

Symbol Parameter Min. Typ. Max. Unit 

Rth(j-C) Junction-case Thermal Resistance 4 °C/W 

Rth(J-a) Junction-ambient Thermal Resistance 35 °C/W 

SCHEMATIC DIAGRAM 

GND 

Case Vo GND 
T0-3 2 Case 
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ELECTRICAL CHARACTERISTICS 
LM209 : - 25°C :5 Ti :5 + 150°C 
LM309: ooC:5T1 :5+150°C 
V1 = + 10V, 10 = 0.5A 
(unless otherwise specified) 

Symbol Parameter 

Vo Output Voltage Range 
T1 = + 25°C 
T mm :5 T amb :5 T max 

+ 7V :5 V1 :5 + 25V, 5mA :5lo :51 A, P < 20W 

Kv1 Line Regulation(+ 7V :s; V1 :s; + 25V, T1 = -t25°C) 

Kvo Load Regulation (T1 = + 25°C) 
5mA :5 10 :5 1.5A 

l1s Quiescent Current (+ 7V :5 V1 :5 + 25V) 

~liB Quiescent Current Deviation 
+ 7V :5 VI :5 + 25V 
5mA :51 0 :5 1A 

VNo Output Noise Voltage 
(Tamb = + 25°C, 10Hz :5 f :5100kHz) 

KvH Long Term Stability 

MAXIMUM AVERAGE POWER DISSIPATION 

! 
2 
0 

~ 
Q, 

1ii 
en c 
a: 
w 
$: 
0 
Q, 

50 
r--T0-3 

20 
lnfin_!!e ~eatsink 

10 - " = Wakefield 
5 heatsink . .., - " 2 ~ 

I""' ~ 
No heatsink 

-0.5 
25 50 75 100 

_'\. 

\-
\ 

\\ 
125 150 

AMBIENT TEMPERATURE (°C) 

CB-19 

LM209·LM309 

LM209 LM309 
Unit 

Min. Typ. Max. Min. Typ. Max. 

v 
4.7 5.05 5.3 4.8 5.05 5.2 

4.6 5.4 4.75 5.25 

4 50 4 50 mV 

mV 
50 100 50 100 

5.2 10 5.2 10 rnA 

rnA 
0.5 0.5 
0.8 0.8 

40 40 J.!V 

10 20 mV 

PEAK OUTPUT CURRENT 

4 

s 3 
1-z 
w 
a: 
a: 2 ::J 
u 
1-
::J 
Q, 
1-
::J 
0 

0 
5 10 15 20 25 30 35 

INPUT VOLTAGE (VI 
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LM209·LM309 

(( 
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DROPOUT CHARACTERISTICS 
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OUTPUT NOISE VOLTAGE 
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0 
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CL 
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TYPICAL APPLICATION 

¢HIGH STABILITY REGULATOR 

C1 •• 
2.2Jlr:; 

= +2 5°C 
0 

At 
30k!1 

10k 

* Regulation better than 0.01% load, l1ne and temperature can be obtained. 
• Determines zener current May be adjusted to minimize thermal dnft. 
•• Solid tantalum. 
t High stability resistors. 

LM209-LM309 

RIPPLE REJECTION 

- V1 = +10 V 

f:IVI = 3 Vpp 
20 lL.0-...:...1 0-0--1 .,-k--1.J..O -k-1-:-00L:--k--:-!1 M 

FREQUENCY (Hz) 
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LM209-LM309 

ADJUSTABLE OUTPUT REGULATOR 

CURRENT REGULATOR 

• Determines output current. 

6/6 
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FIXED 5V REGULATOR 

Required 1f regulator is located an appreciable distance from 
power supply filter capacitor. 

•• Although no output capacitor IS needed for stability, it does 
improve transient response. 

LM109 

3 



LM223 
LM323 

THREE-TERMINAL 3A-5V POSITIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT : 3A 
• INTERNAL CURRENT AND THERMAL LIMI-

TING 
• TYPICAL OUPUT IMPEDANCE: 0.01Q 
• MINIMUM INPUT VOLTAGE : 7.5V 
• POWER DISSIPATION : 30W 

DESCRIPTION 

The LM223, LM323 are three-terminal positive vol­
tage regulators with a preset 5V output and a load 
driving capability of 3A. New circuit design and pro­
cessing techniques are used to provide the high out­
put current without sacrificing the regulation 
characteristics of lower current devices. 

The 3A regulator is virtually blowout proof. 

Current limiting, power limiting and thermal shut­
down provide the same high level of reliability obtai­
ned with these techniques in the LM209, 1A 
regulator. 

An overall worst case specification for the combined 
effects of input voltage, load current, ambient tem­
perature, and power dissipation ensure that the 
LM223, LM323 will perform satisfactorily as a sys­
tem element. 

PIN CONNECTION (bottom view) 

T03 

T0-3 

ORDER CODES 

Part Number Temperature 
Range 

LM223 - 25°C to+ 150°C 
LM323 ooc to+ 125°C 

Case is ground 
1 ·Input 
2 ·Output 

February 1989 

K 

0 

• 
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LM223-LM323 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vt Input Voltage 

lo Output Current 

Ptot Power Dtssipation 

Toper Operating Junction Temperature Range 

Tstg Storage Temperature Range 

THERMAL CHARACTERISTICS 

Symbol Parameter 

Rth(j·C) Junction-case Thermal Resistance 

Rth(J·a) Junction-ambient Thermal Resistance 

SCHEMATIC DIAGRAM 

LM223 
LM323 

T0-3 
T0-3 

Value 

20 

Internally Limited 

Internally Limited 

-25 to+ 150 
o to+ 125 

-6510+150 

Typ. Max. 

4 

02 
62V 

10kn 

son 

35 

o.3n 

Unit 

v 

oc 

oc 

Unit 

oc/W 
°C/W 

r-~--~----~}-~~--~------+-~~~--~~--~----~----Juu2 Ou~ut 

Case Vo 

T0-3 2 
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ELECTRICAL CHARACTERISTICS 
LM223: - 25oc < !j < + 150°C 
LM323: ooc < I 1 < + 125°C 
(unless otherwise specified) 

LM223-LM323 

LM223 LM323 
Symbol Parameter Unit 

Min. Typ. Max. Min. Typ. Max. 

Vo Output Voltage Range - (note 2) v 
T1 = + 25°C, V1 = +7.5V, lo = 0 4.7 5.0 5.3 4.8 5.0 5.2 
T m1n !> Tl !> T max, P !> Pmax 
+ 7.5V!>VI!> + 15V, 0!> lo !>3A 4.6 5.4 4.75 5.25 

Kv1 Line Regulation 5 25 5 25 mV 
(T1 = + 25°C, + 7.5V,; V1,; + 15V)- Note 3 

Kvo Load Regulation 25 100 25 100 mV 
(T1 =+ 25°C, V1 =+ 7.5V, 0 !> 10 !> 3A)- Note 3 

l1s Quiescent Current 12 20 12 20 mA 
(+ 7.5V !> Vt !> + 15V, 0 !> lo !> 3A)) 

VNo Output Noise Voltage 40 40 llVrms 
(T1 = + 25°C, 10Hz,; f,; 100kHz) 

los Short-circuit Current Limit (T1 = + 25°C) A 
VI=+ 15V 3 4.5 3 4.5 
V1 =+ 7.5V 4 5 4 5 

KvH Long Term Stability 35 35 mV 

Notes : 1. Although power diSSipation IS mternally l1m1ted, spec1f1cat1ons apply only for P,;; 30W. 

! 
2 
0 

~ ... 
ii) 
11.1 
Ci 
a: 
w 
5: 
0 ... 

2. Selected dev1ces w1th tightened tolerance output voltage ava1lable. 
3. Load and line regulatiOn are speCified at constant JUnction temperature. Pulse testmg 1s required w1th a pulse w1dth,;; 1 ms 

and a duty cycle,;; 5%. 

MAXIMUM POWER DISSIPATION 

40 

30 

20 

........... 

10 

0 
25 

Infinite heatsink 

\ 
~~SOc{W ~ 
~ ......... \ 

...... N 
50 75 100 125 150 

AMBIENT TEMPERATURE tel 

§ 
w 
u 
2 
<( 
c 
w ... 
~ 
1-
::I ... 
1-
:I 
0 

10° 
OUTPUT IMPEDANCE 

'o 1 A 
Tj +25°C 

CL 11lF-

10-1 I ~ 
=v1 +15V 

10-2 

=;Thermal effect 

"cL = 10 ,.F 
~ / Solid tantalu m 

-v, +7.5V 

I 10-3 
1 10 100 1k 10k 100k 1M 

FREQUENCY (Hzl 
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LM223-LM323 
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PEAK AVAILABLE OUTPUT CURRENT 
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QUIESCENT CURRENT 
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LM223-LM323 

LOAD TRANSIENT RESPONSE 

VI=+10V 
TJ =+25°C ~ 

't 
.~!, CL = 101'F 

~ 

~ Solid tantalum 
CL =0.1,.F 

0 2 3 4 5 

TIME (!lSI 

TYPICAL APPLICATIONS 

BASIC 3A REGULATOR TRIMING OUTPUT TO 5V 

c, = Required if regulator is distant from filter 
capacitors. 

CL = Regulator is stable with no load capacitor into 
res1stive loads. 

I 
I 
I 
I 

cl tL 
1 pF 'T" 

~ SliS·ntDMSDN ltlt.""'f/ 0\\Jllll:l'J@Illl.l<©'illlol@lllllll:l\l 

!!2'---.....---+-o + 5 v 

R2 
12on 

I 
I 

A3 I 
1 knl 

Rl 
12!1 

..... cL 
T;;>O.lpF 

v­
l-5to-15VI 

Regulated 
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LM223-LM323 

10A REGULATOR WITH COMPLETE OVERLOAD PROTECTION 

d LM223 
Rl I 
lf! .... 3 

2W .... I 
3J:'t'- 7 

... .... 

A/ 
6 

R2 
1£1 2 4 
2W 11 
~ 

L~6 
l 

LM223 

cO 3 ... ...._ 
.... 

R3 / 
Hl 2/4 
2W +v I 11 
~ LM223 

I 
* *C1 ·=r lpF 

• Selected for 20mA current from unregulated negat1ve supply. 
• ·Solid tantalum. 
A= LM101A, LM201A, LM301A. 

ADJUSTABLE REGULATOR 0- 10V/3A 

11 
LM223 

ov I 
3 

* * Cl .! 
l11F -~ 

••Solid tantalu m 

v~6*o 
*R6=--

12mA 

A1 = LM 101 A, LM 201 A, LM 301 A. 

b 
I ' ' 

C1!L_ 

R1 ~ 
' 10 kf! ' 

~''~· R2 : [ 
2kQ 

6 Al 2 

·r--::t: 3 

·---V I -10 V to 20 V) 
Unregulated 

C1 = 2~F optional · improves ripple rejection, noise and trans1ent response. 
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• LOW TEMPERATURE COEFFICIENT 
• WIDE OPERATING CURRENT OF 400 f1A TO 

10 mA 
• 0.2 Q DYNAMIC IMPEDANCE 
• GUARANTEED TEMPERATURE STABILITY 
• FAST TURN-ON 

DESCRIPTION 
The LM236 and LM336 are precision 2.5 V regula­
tor diodes. These voltage reference monolithic ICs 
operate like 2.5 V zener diodes with a low tempera­
ture coefficient and a dynamic impedance of 
0.2 Q A third pin enables adjusting the reference 
voltage and the temperature coefficient. 

PIN CONNECTION 

SOB 
top view 

+ NC NC ADJ 

NC NC NC 

E88LM236-01 

December 1988 

LM236,A 
LM336,8 

2.5 V VOLTAGE REFERENCES 

D 
508 

(Plastic Micropackage) 

I 
z 

T092 
(Plastic Package) 

(order codes at the end of the datasheet) 

T092 
bottom view 

AOJ + 

~ 
E88LM236-02 
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LM236,A-LM336,B 

ABSOLUTE MAXIMUM RATINGS 

Value 
Symbol Parameter 

LM236, A LM336, B 
Unit 

Current rnA 
IR Reverse 15 15 
IF Foward 10 10 

Toper Operaling Free-air Temperature Range -25 to+ 85 0 to+ 70 oc 
Tstg Storage Temperalure Range -60 to+ 150 -60 to+ 150 oc 

SCHEMATIC DIAGRAM 

4!9 k!! 49 k!l 15.5 kil 

13.8 kl! 

1.1 Kl! 

L----6--------+-----------------~------~~------~--------~~--~3 v 

E88LM236-03 
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ELECTRICAL CHARACTERISTICS 
LM236, A : - 25 oc ~ T amb ~ + 85 oc 
LM336, B : 0 oc ~ T amb ~ + 70 oc 

(unless otherwise specified) 

Symbol Parameter 

VR Reserve Breakdown Voltage 
T amb = + 25 oc LM236, LM336 
IR = 1 rnA LM236A, LM336B 

!J.VR Reserve breakdown change with current 
(400 ~ ~ IR ~ 10 rnA) 

T amb = + 25 oc 

T mm ~ T amb ~ T max 

Zo Reserve Dynamic Impedance (IR = 1 rnA) 
T amb = + 25 °C 
T mm :5 T amb :::; T max 

KvT Temperature Stability (VA = 2.49 V, lA = 1 rnA) 

KvH Long Term Stability {T amb = + 25 oc ± 0.1 oc, 

lA = 1 rnA) 

LM236, A 

Min. Typ. Max. 

2.44 2.49 2.54 
2.465 2.49 2.515 

2.6 6 
3 10 

0.2 0.6 
0.4 1 

3.5 9 

20 

LM236,A-LM336,B 

LM236, B 

Min. Typ. Max. 
Unit 

v 
2.39 2.49 2.59 
2.44 2.49 2.54 

mV 

2.6 10 
3 12 

Q 

0.2 1 
0.4 1.4 

1.8 6 mV 

20 ppm 

Note : 1. The maximum junction temperature of the LM236 1s + 125 oc and the LM336 is + 100 oc For elevated junction tempera· 
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"' ffi 
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ture, devices should be derated based on a thermal resistance of 180 °C/W junction to ambient with 10 mm leads from a 
PC board or 160 °C/W junction to ambient with 3 mm lead length to a PC board 

REVERSE VOlTAGE CHANGE ZENER NOISE VOLTAGE 
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REVERSE CURRENT {mAl 
FREQUENCY (Hl') 

E88LM236·04 E88LM236·05 
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LM236,A-LM336,8 

DYNAMIC IMPEDANCE RESPONSE TIME 
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REVERSE CHARACTERISTICS FORWARD CHARACTERISTICS 
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TEMPERATURE DRIFT 
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APPLICATIONS HINTS 
The LM236, LM336 voltage references are easier 
to use than zener diodes. Their low impedance and 
wide current range facilitate biasing in any circuits. 
Besides, the breakdown voltage or the temperature 
coefficient can be ajusted so as to optimize the per­
formance of the circuit. 

Figure 1 represents a LM336 with a 10 kQ potentio­
meter to adjust the reverse breakdown voltage. By 
adding resistor R1, the breakdown voltage can be 
adjusted without altering the temperature coefficient 

Figure 1 : The LM236 with Pot for Adjustment of 
Breakdown Voltage. 

LM 336 

TYPICAL APPLICATIONS 
Figure 3 : 2.5 V Reference. 

+5V 

EBBLM236-11 

EBBLM236·13 

LM236,A-LM336, B 

of the circuit. The adjustment range is generally suf­
ficient to adjust the initial tolerance of the circuit and 
the inaccuracy of the amplifier circuit. 

To obtain a lower temperature coefficient two diodes 
can be connected in series as indicated in fig. 2. 
When the circuit is adjusted to 2.49 V the tempera­
ture coefficient is minimized. 

For a correct temperature coefficient, the diodes 
should be at the same ambient temperature as the 
LM336. The value of R1 is not critical (2-20 kQ). 

Figure 2 : Temperature Coefficient Adjustment. 

LM 336 

E88LM236·12 

Figure 4 : Wide Input Range Reference. 

v, 
+3.5 v to +40 v 

LM 334 

E8BLM236·14 
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LM236,A-LM336,8 

Figure 5 : Precision Power Regulator with Low Temperature Coefficient. 

Input 

LM 317 

Output~-...... ---.... - vo 

AOJ 

LM 336 

Rl 
3/5 fl 

• Adjust for 3.75 V across R1 E88LM236-15 

Figure 6 : Adjustable Shunt Regulator. 

Rs vo 
+ 6 V to + 40 V --c=:J-t..---..-------..-- + 5 V to + 40 V 

E88LM236-16 
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Figure 7 : Linear Ohmmeter. 

2.5 kU 
1% 

1 k!!!V 

Figure 8 : Bipolar Output Reference. 

+ 2 v 

LM 334 

t 
100 k!!IV 

Rx 

LM236,A-LM336, 8 

E88LM236-17 

+5 v 

5 kH 

5 v 
EBBLM236-18 
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LM236,A-LM336,8 

Figure 9 : 5 V Buffered Reference. 

VJ 

+ 7 v to + 36 v---------, 

10 kH 
CAL 

Figure 10: Low Noise Buffered Reference. 

8/10 
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10 k!l 
CAL 

+5 v 

2 2 k!l 

LM 
·-----336 L-C:~ .... 

20 k!l 
1% 

6 
5 v 

E88LM236·19 

6 

E88LM236-20 



ORDER CODES 

Part Number 

LM236Z 
LM236AZ 
LM236D 
LM236AD 
LM336Z 
LM336BZ 
LM3360 
LM336BD 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC MICROPACKAGE SO 

mm 

_g_ 
6.2 

Datum 

Temperature Range 

- 25 oc to + 85 oc 
- 25 oc to + 85 oc 
- 25 oc to + 85 oc 
- 25 oc to + 85 oc 

0 octo+ 70 cc 
0 octo+ 70 oc 
o octo+ 70 oc 
0 octo+ 70 oc 

LM236,A-LM336, B 

Package 

To 92 
To 92 
So 8 
So 8 

To 92 
To 92 
So 8 
So 8 

0.185 
0.265 

0.4 

0.1 
0.2 

1.75 max. 

8 Outputs 

9110 
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LM236,A-LM336,B 

3 PINS- PLASTIC PACKAGE T092 

mm 

10/10 
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3.2 
4.2 

4,58 
5,33 

12,70nHn. 



LM237 
LM337 

THREE-TERMINAL ADJUSTABLE 
NEGATIVE VOLTAGE REGULATORS 

• OUTPUT VOLTAGE ADJUSTABLE DOWN TO 
Vref 

• 1.5A GUARANTEED OUTPUT CURRENT 
• 0.3%/V TYPICAL LOAD REGULATION 
• 0.01%/V TYPICAL LINE REGULATION 
• CURRENT LIMIT CONSTANT WITH TEMPE­

RATURE 
• RIPPLE REJECTION : 77dB 
• STANDARD 3-LEAD TRANSISTOR 

PACKAGES 
• EXCELLENT THERMAL REGULATION 

0.002%/V 
• 50ppm/°C TEMPERATURE COEFFICIENT 

DESCRIPTION 
The LM237 series are adjustable 3-terminal nega­
tive voltage regulators capable of supplying in ex­
cess- 1.5A over a -1.2to- 37Voutput voltage range. 
They are exceptionally easy to use and require on­
ly two external resistors to set the output voltage. 
Further, both line and load regulation are better than 
standard fixed regulators. Also, LM237 regulators 
are supplied in standard transistor packages which 
are easily mounted and handled. In addition to 
higher performance than fixed regulators, the 
LM237 series offer full overload protection available 
only in integrated circuits. Included on the chip are 
current limit, thermal overload protection and safe 
area protection. All overload protection circuitry re­
mains fully functional even if the adjustment termi­
nal is disconnected. 

PIN CONNECTIONS 

February 1989 

T0-3 
(bottom vtew) 

t -Output 
2- AdJ 
Case 1s mput 

T0-3 

T0-220 

ORDER CODES 

Part Number 
Temperature Package 

LM237 
LM337 

Range 

- 25°C to + 150°C 
ooc to + 1 25°C 

T0-220 
(front view) 

1- Adj 

K . . 

2- Output 
3- Input 

1 3 2 

Heatsmk surface connected to mput 

SP 

. 
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LM237-LM337 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vt·Vo Input-output Voltage Differential 40 v 
lo Output Current 1.5 A 

Toper Operating Junction Temperature Range LM237 -25 to+ 150 oc 
LM337 0 to+ 125 

Tstg Storage Temperature Range - 65 to+ 150 oc 
Ptot Power Dissipation Internally Limited 

THERMAL CHARACTERISTICS 

Symbol Parameter Typ. Max. Unit 

Rth(j-C) Junction-case Thermal Resistance T0-3 4 oc;w 
T0-220 3 

Rth(J-a) Junction-ambient Thermal Resistance T0-3 35 °C/W 
T0-220 70 

SCHEMATIC DIAGRAM 

Case Vt Vo ADJ 

T0-3 Case 1 2 

T0-220 3 2 1 
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ELECTRICAL CHARACTERISTICS 
LM237 : - 25oc < Ti < + 150°C 
LM337: 0°C<T1 <+125°C 
I V 1-V ol = 5V, 10 = 0.5A 
(unless otherwise specified) 

Symbol Parameter 

Vref Reference Voltage 
T amb = + 25°C 
T m1n ::; TJ ::; T max 

3V,;; I v,-Vol ,;; 40V, 10mA,;; llol,;; llo(max)l' 
P,;; Pmax 

Kv1 Line Regulation 
(Tamb = + 25°C, 3V,;; I v,-Vol ,;; 40V) - Note 2 

lo = 0.1A 

Kvo Load Regulation 
(T amb = + 25°C, 1Om A,;; II ol ,;; llo(max)l)- Note 2 
I Vol ,;; 5V 
I Vol ;, 5V 

Thermal Regulation (T amb = + 25°C, pulse 1 Oms) 

lad] Adjustment Pin Current 

!>lad] Adjustment Pin Current Change 
(T amb = + 25°C, 1 OmA ,;; II ol ,;; II O(max)l , 
3V,;; I v,-Vol ,;; 40V) 

Kv1 Line Regulation (3V,;; I V1-Vol ,;; 40V) - Note 2 

Kvo Load Regulation 
(10mA,;; llol ,;; llo(max)l)- Note 2 

Vo,;; 5V 
Vo;, 5V 

llo(mln)l Minimum Load Current 
I v,-vol ~ 40V 
I v,-Vol ~ 40V 

los Short-Circuit Output Current 
I V1-Vol ,;; 15V 
I v,-Vol = 40V, T, = + 25°C 

VNo RMS Output Noise{% of Vo) 
(T amb = + 25°C, 1OHz ,;; f ,;; 1OkHz) 

Rvt Ripple Rejection Ratio 
Vo =-10V, f =120Hz 
Cad1 = 10j.iF 

KvT Temperature Stability (T mm ,;; T1 ,;; T max) 

KvH Long Term Stability (T amb = + 125°C, 1 OOOH) 

LM237 

Min. Typ. 

- t.225 -1.25 

- 1.20 - 1.25 

0.01 

15 
0.3 

0.002 

65 

2 

0.02 

20 
0.3 

2.5 
1.2 

1.5 2.2 
0.24 0.4 

0.003 

60 
66 77 

0.6 

0.3 

LM237-LM337 

LM337-LM3371 
Unit 

Max. Min. Typ. Max. 

v 
- 1.275 - 1.213 -1.25 - 1.287 

- 1.30 - 1.20 - 1.25 - 1.30 

0.02 0.01 0.04 %/V 

25 15 50 mV 
0.5 0.3 1 % 

0.02 0.003 0.04 %No/ 

tOO 65 tOO jlA 

5 2 5 jlA 

0.05 0.02 0.07 %/V 

50 20 70 mV 
1 0.3 1.5 % 

mA 
5 2.5 10 
3 1.5 6 

A 
1.5 2.2 

0.15 0.4 

% 
0.003 

dB 
60 

66 77 

0.6 % 

1 0.3 1 % 

Notes : 1. Although power dissipation is internally limited, these specifications are applicable for power d1ssipat10n of : 

• 15W for T0-220 

• 20W for T0-3 Package 

lo{max) is : 
• 1.5A 

2. Regulation is measured at constant junction temperature, using pulse testing w1th a low duty cycle. Changes in output 
voltage due to heating effects are covered under the specification for thermal regulat1on. 
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LM237-LM337 
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LM237-LM337 

THERMAL REGULATION 
When power is dissipated in an IC, a temperature 
gradient occurs across the IC chip affecting the in­
dividual IC circuit components. With an IC regula­
tor, this gradient can be especially severe since 
power dissipation is large. 

Thermal regulation is the effect of these tempera­
ture gradients on output voltage (in percentage out­
put change) per watt of power change in a specified 
time. Thermal regulation error is independent of 
electrical regulation or temperature coefficient, and 
occurs within 5ms to 50ms after a change in power 
dissipation. Thermal regulation depends on IC 
layout as well as electrical design. The thermal re­
gulation of a voltage regulator is defined as the per­
centage change of Vo, per watt, within the first 1 Oms 
after a step of power, is applied. 

Figure 1. 

LM 337, Vo = -10V 

Vi-Vo =-40V 

IL = OA ~ 0.25A ~ OA 

Vertical sensitivity 5mV/div. 
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In figure 1, a typical LM337's output drifts only 3mV 
for 0.03% of Vo =- 1 OV) when a 1 OW pulse is ap­
plied for 1 Oms. This performance is thus well inside 
the specification limit of 0.02%/W x 1 OW = 0.2% 
max. When the 1 OW pulse is ended the thermal re­
gulation again shows a 3mV step as the LM337 chip 
cools off. Note that the load regulation error of about 
BmV(O.OB%) is additional to the thermal regulation 
error. 

In figure 2, when the 1 OW pulse is applied for 
1 OOms, the output drifts only slightly beyond the drift 
in the first 1 Oms and the thermal error stays well wi­
thin 0.1% (10mV). 

Figure 2. 

LM 337, Vo = -10V 

Vi-Vo =-40V 

IL=OA ~0.25A~OA 

Horizontal sensitivity 20msN/div. 



LM237-LM337 

TYPICAL APPLICATIONS 

ADJUSTABLE NEGATIVE VOLTAGE REGULATOR 

+ 
- C1 * 1 I'F 

Vo= -1.25 v 11 + __!g_) + 1- 1ad1· x R2l 
120 (} 

• C1 = 111F solid tantalum or 1011F aluminium electrolytic required for stability. 
• • C2 = 11!F solid tantalum Is required only if regulator is more than 1 Ocm from power supply filter capacitor. 

ADJUSTABLE LAB VOLTAGE REGULATOR 

+ 25 v·o----.~------. 

vo 
t-"'-''p'----4,..._----u 1.2 V to 20 V 

• The 1 011F capacitors are optimal to improve ripple rejec~on. 

~ SGS·THOMSON 
~.,I t'i1JDII:Il'J@~Wm!i"llii@IIDDI:i! 
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LM237-LM337 

CURRENT REGULATOR 

•o.8 n.;; Rl .;; 120 n 

NEGATIVE REGULATOR WITH PROTECTION DIODES 

C2 

-v,~--------~~------------_J 

02** 
1N4002 

01** 
1N4002 

• When CL is larger than 20J!F, Dt protects the LM137Jn case the input supply is shorted. 

+ c • 
- L 

1 1-1F 

• • When C2 is larger than 1 OJ!F and Vo is larger than- 25V, 02 protects the LM137 in case the output is shorted. 
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*- 5.2V REGULATOR WITH ELECTRONIC SHUTDOWN 

VI 
-8Vto -20V 

TTL 
CONTROL 

• Minimum output,-1.3Vwhen control input is low. 

ADJUSTABLE CURRENT REGULATOR 

1 kn 

+ 

2kH 

787 
1% 

+ 

LM237·LM337 

11lF 

249 
1% vo 

1----...... ---o -5.2 v 

1pF 

R1 
1 

lo=( 1.~1V ) ±15% adjustable 

9/9 

595 





LM238 
LM338 

THREE-TERMINAL 5-A 
ADJUSTABLE VOLTAGE REGULATORS 

• GUARANTEED 7A PEAK OUTPUT CURRENT 
• GUARANTEED 5A OUTPUT CURRENT 
• ADJUSTABLE OUTPUT DOWN TO 1.2V 
• LINE REGULATION TYPICALLY 0.005% N 
• LOAD REGULATION TYPICALLY 0.1% 
• GUARANTEED THERMAL REGULATION 
• CURRENT LIMIT CONSTANT WITH TEMPE-

RATURE 
• STANDARD 3-LEAD TRANSISTOR PACKAGE 

DESCRIPTION 
The LM238/LM338 are adjustable 3-terminal posi­
tive voltage regulators capable of supplying in ex­
cess of 5A over a 1.2V to 32V output range. They 
are exceptionally easy to use and require only 2 re­
sistors to set the output voltage. Careful circuit de­
sign has resulted in outstanding load and line 
regulation - comparable to many commercial power 
supplies. The LM238 family is supplied in a stan­
dard 3-lead transistor package. 
A unique feature of the LM238 family is time-de­
pendent current limiting. The current limit circuitry al­
lows peak currents of up to 12A to be drawn from the 
regulator for short periods of time. This allows the 
LM238 to be used with heavy transient loads and 
speeds start-up under full-load conditions. Under sus­
tained loading conditions, the current limit decreases 
to a safe value protecting the regulator. Also included 
on the chip are thermal overload protection and safe 
area protection for the power transistor. Overload pro­
tection remains functional even if the adjustment pin 
is accidentally disconnected. 
Normally, no capacitors are needed unless the device 
is situated far from the input fi~er capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient res­
ponse. The adjustment terminal can be bypassed to 
achieve very high ripple rejection ratios which are dif­
ficult to achieve with standard 3-terminal regulators. 
Besides replacing fixed regulators or discrete designs, 
the LM238 is useful in a wide variety of other applica­
tions. Since the regulator is "floating" and sees only 
the input-to-output differential voltage, supplies of se­
veral hundred volts can be regulated as long as the 
maximum input to input differential is not exceeded. 
The LM228/LM338 are packaged in standard steel 
T0-3 transistor packages. The LM238 from- 25°C to 
+ 150°C and the LM338 from ooc to+ 125°C. 

February 1989 

T03 
KSUFFIX 
(Steel Can) 

ORDER CODES 

Part Number Temperature 
Range 

LM238 - 25°C to + 150°C 
LM338 ooc to + 125°C 

Note : Hi-Rei Versions Available . 
Example : LM238K 

PIN CONNECTION 
(bottom view) 

Case is output 

Package 

K 

• 
• 
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LM238-LM338 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Ptot Power Dissipation Internally Limited w 
V1- Vo Input-output Voltage Differential 35 v 
Taper Operating Junction Temperature Range LM238 - 25 to+ 150 oc 

LM338 0 to+ 125 

Tstg Storage Temperature Range - 65 to+ 150 oc 
Tie ad Lead Temperature (soldering, 10 seconds) 300 oc 

THERMAL CHARACTERISTICS 

Symbol Parameter Value Unit 

Rth(J·C) Maximum Junction-case Thermal Resistance 4 °C/W 

Rth(J·a) Typical Junction-ambient Thermal Resistance 35 °C/W 

SCHEMATIC DIAGRAM 

r---p-----~----~----~----1--.------------------------~p-------~--.---~2 Input 
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ELECTRICAL CHARACTERISTICS 
LM238: - 25oC :s; T1 :s; + 150°C, V1- V0 = + 5V,I 0 = 2.5A 
LM338 : ooc :s; T1 :s; + 150°C, V1- V0 = + SV, 10 = 2.5A 

LM238-LM338 

Although power dissipation is internally limited, these specifications apply to power dissipation up to 
SOW. (unless otherwise specified) 

Symbol Parameter LM238 LM338 Unit 
Min. Typ. Max. Min. Typ. Max. 

Kv1 Line Regulation - (note 1) %/V 
Tamb = + 2S°C, + 3V ~ (VJ-Vo) ~ + 3SV o.oos O.Q1 o.oos 0.03 

Kvo Load Regulation T amb = + 2S°C, 1 OmA ~ lo ~ SA 
Vo~+SV-(note1) s 1S s 2S mV 
Vo > + SV- (note 1 l 0.1 0.3 0.1 o.s % 

Thermal Regulation (pulse = 20ms) 0.002 O.Q1 0.002 0.02 %NI 
lad Adjustment Pin Current 45 100 4S 100 ~ 

D-Iad) Adjustment Pm Current Change ~ 
lOrnA~ IL ~SA,+ 3V ~ (V,-Vo) ~ + 3SV 0.2 s 0.2 s 

V(ref) Reference Voltage v 
(+ 3V ~ Vr-Vol < + 3SV, 10mA < lo < 5A, R <SOW) 1.19 1.24 1.29 1.19 1.24 1.29 

Kv1 Line Regulation %/V 
+ 3V <(V,-Vo) < + 3SV- (note 1) 0.02 0.04 0.02 0.06 

Kvo Load Regulation (lOrnA~ lo ~SA)- Note 1 
Vo ~ + SV 20 30 20 50 mV 
Vo > + SV 0.3 0.6 0.3 1.0 % 

Kvr Temperature Stability (T mm < T < T maxl 1 1 % 
locmrnl Minimum Load Current (VrVo = + 3SV) 3.S s 3.S 10 rnA 
lo(max) Current Limit (V1-V0 ~ + 10V) A 

DC s.o 8 s.o 8 
0.5ms Peak 7 12 7 12 
v,-vo = + 30V 1 1 

RMS Output Noise,% of Vo % 
(Tamb = + 2S°C, 10Hz~ f ~10kHz) 0.003 0.003 

Rvt Ripple Rejection Ratio dB 
Vo = + 10V, f =120Hz 60 60 
Cad = 10uF 60 7S 60 7S 

KvH Long Term Stability (T amb = + 125°C) 0.3 1 0.3 1 % 
Note 1 : Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects are taken into ac­

count separately by thermal rejection. 
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LM238·LM338 

E ... 
:! ... 
2 w a: 
w ... 
IL 
2i ... 
:I 
~ ... 
:I 
0 
j!. 
:I 
~ 

!: 

~ 
w 
ClJ 

"' ... ... 
0 
> 
w 
u 
2 
w a: 
w ... 
w 
a: 

4/10 

600 

CURRENT LIMIT 

14 ,.....~~lll""'".,...,.~mi"'"...,...,.,.,.,Pftll 

12 

10 

8 ~rntrtt~~-'-W-
8~HH~~~**~~~ 

0.1 10 1DD 
TIME(ms) 

DROPOUT VOLTAGE 

4 
AVo= 100 mV 

3 ...... 
~ ,.._ 1L = 5A -:,....-

2 

~"""'-r--~-3A 
""""' ...._IlL= 1A--~"""'- ........... _ -

1 
-75 -so -2s o zs so 7S 100 12s 1so 

TEMPERATURE (°C) 

TEMPERATURE STABILITY 

1.210 

1.260 

1.240 

1.230 

I.ZZO 

,_,.,. 1--~ 

/ 
~ 

l/ 
v 

Jv 
1.210 

-7s -so -25 o 2s so 75 100 12s 1so 

TEMPERATURE (°C) 

< 
$ ... 
2 w a: a: 
:I u ... 
2 
w 
::E 
Iii 
:I ... 
Q 

"' 

:§ 
w u 
2 
<C 
Q 
w 
~ 

!!! ... 
:I 

1!: 
:I 
0 

Gi SGS·THOMSON 
~~ li>IBICOOIEI!.mi:'ITIII!@IllDC$ 

LOAD REGULATION 

O.Z 

0.1 

D I- IL = 3A 

I- IL 
1
- 6~ 

r" 

VI=J6) 
Voc+IOV 

-0.1 

-il.2 

-0.3 

PRELOAD= + 60 rnA 
-i1.4 

-76 -so -zs o 25 so 75 too 12s tso 

TEMPERATURE (°C) 

ADJUSTMENT CURRENT 

55 

50 

45 

40 

-,.,. ~ 
1/ 

.., 
/ 

/ 

35 1/ 
~ 

30 
-75-50 -2s o zs so 75 100 12s 1so 

TEMPERATURE (°C) 

OUTPUT IMPEDANCE 

101 

100 

10-l 

to-2 

10-3 

10-4 

10-5 
10 100 lk 10k lOOk 1M 

FREQUENCY (Hz) 



4 

< 
! 3 .... 
2 
w a: 
a: 
:I 2 tJ 
1-
2 w 
Ill 
w 
5 a 

0 

100 

iii 
80 

.:2 
2 
0 

60 

t 40 w .. 
w 
a: 
w 20 ... 
!l: a: 

-20 

w 
1.5 CJ-<> .... - 1.0 ..r2 

oo 
>i= 0.5 1-< 
:::~-

1!:~ 0 
::IC 

-il.6 0 

-1.0 
w 
CJ-
~2::. 

--1.5 

-'w 1.0 0(!1 
>2 
1-< 0.5 
::):C 
Do.t.l 
~ 

0 

MINIMUM OPERATING 
CURRENT 

Tj=-65~ ~ , ~:125°C 
~;;, ~ II"' 

~ i''-Tj= +26°C 

10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 

RIPPLE REJECTION 

J .. 

,, .. 
i'Cadj = 10 flFl 

' -
Cadj =~I' 

1\ 
Vj=+15V ' vo= +10 v [\.. 
IL=2A ...,... 
T case= + 25oc 

10 100 1k IOk lOOk 1M 

FREQUENCY (Hz) 

LINE TRANSIENT RESPONSE 

I [ l I I 
CL = )~'F TL ~ 10/'\ 

t--K_LI = 0. Cadj = o 
\ 
r/ 

vo= +10 v 
IL=50 mA 
Tj= +25°C 

0 10 20 30 40 

TIME (JLsl 

LM238·LM338 

RIPPLE REJECTION 

100 

iii 80 
.:2 

f---
I _l 

Cadj = 10 I'F 

2 
0 
i= eo 
tJ w .. w 
a: 40 
w ... 
a. a. 

- I I .... 
~ 

Cadj 0 

I I 
v1-Vo= +5V 

a: 20 IL=2A 
1=120 Hz 

0 
T case= +25°C 

0 10 15 20 25 30 35 

OUTPUT VOLTAGE (VI 

RIPPLE REJECTION 

80 - I II 
iii 70 .:2 
2 
0 

r-..... Cadj = 10 JLF 

I"""'~ 
;:: 
tJ 60 w .. 
w 
a: 

,__ -.... 
I'-... Cadj = 0 

w ... 
a. 50 a. a: 

VI= +15 V I" 
Vo= +10 v 
I= 120Hz 

Tease= +25oc 
40 

0.1 10 

OUTPUT CURRENT (A) 

LOAD TRANSIENT RESPONSE 
w 
CJ-<> .... - 2 ..r2 
oo 1 >i= 
I-< 

! I L I _I ,....... - CL = 0: C d' = 0 
I a 'I -J\. 

L- ~ 
::~-a..> 
1-w -1 :::~C 
0 -2 

~ -3 

.. ir CL = 1 i<F. Cadj = 10 i'F 

J v1= +15 v - vo= +10 v 
PRELOAD= 100 mA 

I- 6 2 T case_ + 25°C 
w 
a: 4 a: 
::1 2 tJ 
c 

1/ 1\ 
\ 

< 
0 ... 10 20 30 40 

TIME (J.'s) 
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LM238-LM338 

TYPICAL APPLICATIONS 

+ 1.2Vto + 25V ADJUSTABLE REGULATOR 

LM338 

D. Needed 1f device is far from filter capacitors. 
• Opt1onal-improves transient response. Output capacitors in the 

range of 1 ~F to 1 OO~F of aluminium or tantalum electrolytic are 
commonly used to provide improved output Impedance and reJec­
tion of tran-sients 

R2 
' ' Vo = 1.25V (1 + R1) 
' ' ' R1 = 240!1 for LM138 and LM238 

APPLICATION HINTS 

In operation, the LM338 develops a nominal 1.25V 
reference voltage, V(ref), between the output and ad­
justment terminal. The reference voltage is impres­
sed across program resistor R1 and, since the 
voltage is constant, a constant current It then flows 
through the output set resistor R2, giving an output 
voltage of 

R2 
Vo = V(ref) ( 1 + R1 ) + ladJR2 

Figure 1. 

LM338 

6/10 
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Since the 50).1A current from the adjustment termi­
nal represents an error term, the LM338 was 
designed to minimize ladJ and make it very constant 
with line and load changes. To do this, all quiescent 
operating current is returned to the output establi­
shing a minimum load current requirement. If there 
is insufficient load on the output, the output will rise. 

EXTERNAL CAPACITORS 

An input bypass capacitor is recommended. A 0.1J.lF 
disc or 1J.lF solid tantalum on the input is suitable in­
put by passing for almost all applications. The de­
vice is more sensitive to the absence of input 
bypassing when adjustment or output capacitors 
are used byt the above values will eliminate the pos­
sibility of problems. 

The adjustment terminal can be bypassed to ground 
on the LM338 to improve ripple rejection. This by­
pass capacitor prevents ripple form being amplified 
as the output voltage is increased. With a 1 OJ.lF by­
pass capacitor 75dB ripple rejection is obtainable at 
any output level. Increases over 20J.lF do not appre­
ciably improve the ripple rejection at frequencies 
above 120Hz. If the bypass capacitor is used, it is 
sometimes necessary to include protection diodes 
to prevent the capacitor from discharging through 
internal low current paths and damaging the device. 

In general, the best type of capacitors to use are so­
lid tantalum. Solid tantalum capacitors have low im­
pedance even at high frequencies. Depending upon 
capacitor construction, it takes about 25J.lF in alumi­
num electrolytic to equal 1J.lF solid tantalum at high 
frequencies. Ceramic capacitors are also good at 
high frequencies, but some types have a large de­
crease in capacitance at frequencies around 
0.5MHz. For this reason, 0.01J.lF disc may seem to 
work better than a 0.1J.lF disc as a bypass. 

Although the LM338 is stable with no output capa­
citors, like any feedback circuit, certain values of ex­
ternal capacitance can cause excessive ringing. 
This occurs with values between 500pF and 
5000pF. A 1J.lF solid tantalum (or 25J.lF aluminium 
electrolytic) on the output swamps this effect and in­
sures stability. 



LOAD REGULATION 

The LM338 is capable of providing extremely good 
load regulation but a few precautions are needed to 
obtain maximum performance. The current set re­
sistor connected between the adjustment terminal 
and the output terminal (usually 2400) should be 
tied directly to the output of the regulator rather than 
near the load. This eliminates line drops from ap­
pearing effectively in series with the reference and 
degrading regulation. For example, a 15V regulator 
with o.osn resistance between the regulator and 
load will have a load regulation due to line resistance 
of o.osn x IL. If the set resistor is connected near 
the load the effective line resistance will be o.osn 
(1 + R2/R1) or in this case, 11.5times worse. 
Figure 2 shows the effect of resistance between the 
regulator and 1400 set resistor. 

Figure 2 : Regulator with Line Resistance in Out­
put Lead. 

LM338 

Figure 3 : Regulator with Protection Diodes. 

01 
1N4002 

LM23B·LM338 

With the T0-3 package, it is easy to minimize the 
resistance from the case to the set resistor, by using 
2 separate leads to the case. The ground of R2 can 
be returned near the ground of the load to provide 
remote ground sensing and improve load regula­
tion. 

PROTECTION DIODES 
When external capacitors are used with any IC re­
gulator it is sometimes necessary to add protection 
diodes to prevent the capacitors from discharging 
through low current points into the regulator. Most 
2011F capacitors have low enough internal series re­
sistance to deliver 20A spikes when shorted. Al­
though the surge is short, there is enough energy to 
damage parts of the IC. 
When an output capacitor Is connected to a regula­
tor and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The dis­
charge current depends on the value of the capaci­
tor, the output voltage of the regulator, and the rate 
of decrease of V1. In the LM338 this discharge path 
is through a large junction that is able to sustain 25A 
surge with no problem. This is not true of other types 
of positive regulators. For output capacitors of 
1 OO!lF or less at output of 15V or less, there is no 
need to use diodes. 
The bypass capacitor on the adjustment terminal 
can discharge through a low current junction. Dis­
charge occurs when either the input or output is 
shorted. Internal to the LM338 is a son resistor 
which limits the peak discharge current. No protec­
tion is needed for output voltages of 25V or less and 
101lF capacitance. Figure 3 shows an LM338 with 
protection diodes included for use with outputs grea­
ter than 25V and high values of output capacitance. 

+ .. ;:r 
~ SGS·THOMSON 
... ""f/lie1loCIII@IEil.001l'I!B@Ili0CS 
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LM238·LM338 

10A REGULATOR 

c 
1"F 

Minimum load -1 OOmA 
V1~10V 
Vo~3V 
v,- Vo ~3.5V 

SA CURRENT REGULATOR 

• M1mmum load -1 OOmA 
v,.,,ov 
Vo<:3V 
v,- Vo;, 3.5V 

8/10 
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LM338 

Output +1.2 V to 20 V 

LM338 · 



15A REGULATOR 

C1 
10 jlf 

+ 

• Minrmum load- 1 OOmA 
Vr<! + 10V 
Vo<! + 3V 
Vr- Vo;, + 4V 

LM238-LM338 

R4 
2 k!J 

~----------------~----~---- Vo' 

C2 
22 ,.F 

5V LOGIC REGULATOR WITH ELECTRONIC SHUTDOWN** 

LM338 

' R1 = 240Q for LM138 or LM238 
• R2 = 720Q for LM 138 or LM238 
• • Minrmum output= + 1.2V 

9/10 
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LM238·LM338 

TRACKING PREREGULATOR 

' R1 = 240Q for LM138 or LM238 
' R2 = 720Q for LM138 or LM238 
• • Minimum output= + 1.2V 

SLOW TURN·ON 15V REGULATOR 

LM338 

adj 

C2 

R2 
720 !I 

T 0.1 ~tF·---·.....jL_t--. -

~t~~} for LM138 and LM238 

10/10 

606 

1N4002 



LM723 

HIGH PRECISION VOLTAGE REGULATOR 

• INPUT VOLTAGE UP TO 40V 
• OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 

37V 
• POSITIVE OR NEGATIVE SUPPLY OPERA­

TION 
• SERIES, SHUNT, SWITCHING OR FLOATING 

OPERATION 
• OUTPUT CURRENT TO 150mA WITHOUT EX­

TERNAL PASS TRANSISTOR 
• ADJUSTABLE CURRENT LIMITING 

DESCRIPTION 
The LM723 is a monolithic integrated programma­
ble voltage regulator, assembled in 14-lead dual in­
line plastic and ceramic package, 1 0-lead Metal Can 
(T0-1 00 type) and S0-14 micropackage. The circuit 
provides internal current limiting. When the output 
current excedes 150mA an external NPN or PNP 
pass element may be used. Provisions are made for 
adjustable current limiting and remote shut-down. 

BLOCK DIAGRAM 

INVERT. 
INPUT 

T0-100 

DJP-14 
(C~ramic and Plastic) 

FREQUENCY 

-~ 
~~· 

S0-14 

COMPENS. Vc 

SERIES PASS 
TRANSISTORS 

S-366412 

NON-INVERT. CURRENT CURRENT Yz 
INPUT LIMIT SENSE 

February 1989 1/7 
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LM723 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM723 LM723C Unit 

v, Input Voltage 40 40 v 
/!.V,.o Dropout Voltage 40 40 v 

lo Output Current 150 150 rnA 

I ref Current from V,0 r 15 25 rnA 

Top Operating Temperature -55to125 0 to 70 oc 
Tstg Storage Temperature -65to150 - 65 to 150 oc 

TJ Junction Temperature 150 125 oc 

THERMAL DATA 

Symbol Parameter Plastic Ceramic T0-100 S0-14 Unit DIP-14 DIP-14 

R1h J-amb Thermal Resistance Junction-ambient Max 200 150 155 165 °C/W 

PIN CONNECTION (top views) 

NC NC 

CURRENT 
LIMIT CURRENT FREQUENCY 

LIMIT COMP. 

CURRENT 
•Vs SENSE 

INVERTING 
INPUT INVERT. 

INPUT 
4 t1 vc 

NON· 
INVERTING 3 NON-
INPUT INVERT. Yo 

INPUT 

PINS -V. 
Yref Vz 

connected to case 5 

-v. NC 

S-3663 

ORDER CODES 

Type T0-100 Ceramic DIP-14 Plastic DIP-14 S0-14 

LM723 LM723H LM723J 

LM723C LM723CH LM723CJ LM723CN LM723CD 

2/7 
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LM723 

ELECTRICAL CHARACTERISTICS (refer to the test circuit, T amb = 25°C unless otherwise specified) 

LM723C LM723 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. 

/!No Line Regulation V, =12to 15V 0.01 0.1 0.01 

!N, V; = 12 to 40V 0.1 0.5 0.02 

V, = 12 to 15V ; 0.3 
T mm ~ T amb ~ T max 

!No Load Regulation 10 = 1 to SOmA 0.03 0.2 0.03 

Vo T min ~ T amb ~ T max 0.6 
10 =1 to 10mA 

VREF Reference Voltage lref = 160J.LA 6.8 7.15 7.5 6.95 7.15 

SVR Ripple Rejection f =100Hz to 10KHz 
Cref =0 74 74 
Cref =5J.LF 86 86 

!!.Vo Output Voltage Drift 150 

!!.T 

lsc Short Circuit Current Rsc = 10Q Vo =0 65 65 
Limiting 

v, Input Voltage Range 9.5 40 9.5 

Vo Output Voltage Range 2 37 2 

V;-Vo 3 38 3 

ld Quiescent Drain Current lo = 0 2.3 4 2.3 
V, =30V 

Long Term Stability 0.1 0.1 

eN Output Noise Voltage BW = 1OOHz to 1OKHz 
Cref = 0 20 20 
Cref =5J.LF 2.5 2.5 

v. Output Zener Voltage lz = 1mA 6.9 7.7 
(for plastic package only) 

Note : T moo = O"C (LM723C) ; 125 "C (LM723) 
T m., = 70"C (LM723C) ; - 55"C (LM723). 

TEST CIRCUIT (pin configuration relative to the plastic package) 

V1 = 12V 
Vo=5V 
10 = 1mA 
R11R2:;; 10Kn 

Max. 
Unit 

0.1 % 
0.2 

0.3 

0.15 % 

0.6 

7.35 v 

dB 
dB 

150 ppm 
oc 
rnA 

40 v 
37 v 
38 v 
5 rnA 

% --
1000 
hrs 

J.LV 
J.LV 

v 
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LM723 

Figure 1 : Maximum Output Current vs. Voltage 
Drop. 

to 
(mA ) . 

2 

• • 
• 
' 

10 
I 
I . 
' 

G 1.434 -

arnb= 70'C 

PLASTIC DIP 

METAL CAN 

I I 
10 

1'-

I I 
Y1·Yo(V) 

Figure 3 : Current Limiting Characteristics vs. 
Junction Temperature. 
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1 20 
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Figure 5 : Load Regulation Characteristics with 
Current Limiting. 
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10 
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Figure 2 : Current Limiting Characteristics. 
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Figure 4 : Load Regulation Characteristics 
without Current Limiting. 
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Figure 6 : Load Regulation Characteristics with 
Current Limiting 
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Figure 7 : Line Regulation vs. Voltage Drop. 
G 'JJ7 

V0 .c 5V 

o.z Rsc=O - 1--dVf= 3V 
J0 z:1mA 

0.1 

1""-. v 

-0.1 

-o.z 
15 25 35 Vr.oCVl 

Figure 9 : Quiescent Drain Current vs. Input 
Voltage. 
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v 

20 
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Yo= vret 
10 =0 
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Figure 11 :Load Transient Response. 
-

l LOAD CURRENT 
•to 
mAl I 

I r \ 
I 
I 

-5 

...... r-~ OUTPUT VOLTAGE 

'\ 
Vr:1ZV v 

- V0 a5V 
10 ='0m -· Rsc=o 

-8 

15 25 35 tCJJsec) 

LM723 

Figure 8 : Load Regulation vs. Voltage Drop. 
G-'336 

) 

0.1 

v1=1zv LL 
Yo= 5 V 
Rsc=O 
lo=1mA to 50 mA 

--- r---1'----0.1 ... 

-0.2 

-0.3 

15 25 

Figure 10: Line Transient Response. 
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Figure 12: Output Impedance vs. Frequency. 
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LM723 

Table 1 : Resistor Values (KQ) for Standard Output Voltages. 

Output Applicable 
Fixed Output Adjustable 

Output± 5°/c ± 10% (0) 
Voltage Figures 

R1 R2 R1 p1 R2 

+3 13, 16 4.12 3.01 1.8 0.5 1.2 

+5 13, 16 2.15 4.99 0.75 0.5 2.2 

+6 13, 16 1.15 6.04 0.5 0.5 2.7 

+9 14, 16 1.87 7.15 0.75 1 2.7 

+12 14, 16 4.87 7.15 2 1 3 

+ 15 14, 16 7.87 7.15 3.3 1 3 

+ 28 14, 16 21 7.15 5.6 1 2 

Note : (') Replace R,/R, divider with the circuit of fig. 24. 
(") v• must be connected to a+ 3V or greater supply. 

Output 
Voltage 

+ 100 

+ 250 

- 6(00) 

- 9 

- 12 

- 15 

- 28 

Table 2 : Formulae for Intermediate Output Voltages. 

Outputs from + 2 to + 7 Volts 
Fig. 13, 16 

Vo = [ Vret X-R-2- ] 
R1 + R2 

Applicable 
Figures 

15 

15 

15 

15 

15 

Outputs from + 7 to + 37 Volts Output from - 6 to - 250 Volts 

Fixed Output Adjustable 
Output± 5% ± 10% (0) 

R1 R2 R1 p1 R2 

3.57 2.43 1.2 0.5 0.75 

3.48 5.36 1.2 0.5 2 

3.57 8.45 1.2 0.5 3.3 

3.65 11.5 1.2 0.5 4.3 

3.57 24.3 1.2 0.5 10 

Current Limiting 

ILIMIT = VsENSE 
Rsc 

Foldback Current Limiting 
Fig. 14, 16, Fig. 15, 20 I KNEE = [ Vo R3 + VsENSE (R3 + R4) ] 

R, + R2 Vo = [ Vref X R, + R2 ] ; R3 = R4 Rsc R4 Rsc R4 Vo =[Vref X---] 
R2 2 R, VsENSE R3 + R4 

lsHORT CKT = [---X---] 
Rsc R4 

6/7 
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LM723 

APPLICATION INFORMATION (pin numbers relative to the plastic package). 

Figure 13: Basic Low Voltage Regulator 
(Vo ~ 2 to ?V). 

Note: R3 = 
Rt · R2 

Rt + R2 
for minimum 
temperature drift 

R3 may be eliminated for minimum campo· 
nent count. 

Typical performance 
Regulated Output Voltage ...................................................... SV 
Line Regulation (t.V, = 3V) ............................................... O.SmV 
Load Regulation (<'>Ia =SOmA) ........................................ t.SmV 

Figure 15 : Negative Voltage Regulator. 

J:" tV"J lvc AS 

Vref 6 
12 11 

10~ 
2KD. 

9 Yz /::?< 

lR2 
~ 

BFX39 
R4 LM723 2 ~ 3KD. 

3~ 
~ .,__!:!.' 5 4 lnv 

} 7 ~1 
3~~ 1-vs Com . 100pF 

REGULATED 
OUTPUT 

S-&222 

Typical performance 
Regulated Output Voltage ................................................... tSV 
Line Regulation (t.V; = 3V) ................................................. tmV 
Load Regulation (t.lo = tODmA) ......................................... 2mV 

Figure 14: Basic High Voltage Regulator 
(Vo ~ 7 to 37V). 

R3 

Note: R3 = 
Rt • R2 

Rt + R2 
for minimum 
temperature drift 

R3 may be eliminated for minimum campo· 
nent count. 

Typical performance 
Regulated Output Voltage ................................................... tSV 
Line Regulation (t.V, = 3V) .............................................. t.SmV 
Load Regulation (t.lo =SOmA) ........................................ 4.SmV 

Figure 16: Positive Voltage Regulator (external 
NPN Pass Transistor). 

S-Ei223 

Typical performance 
Regulated Output Voltage ................................................ + tSV 
Line Regulation (t.V; = 3V) ............................................... t.SmV 
Load Regulation (t.lo = tA) ............................................... tSmV 
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lS204 

HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER 

• SINGLE OR SPLIT SUPPLY OPERATION 
• LOW POWER CONSUMPTION 
• SHORT CIRCUIT PROTECTION 
• LOW DISTORTION, LOW NOISE 
• HIGH GAIN-BANDWIDTH PRODUCT 
• HIGH CHANNEL SEPARATION 

DESCRIPTION 
The LS204 is a high performance dual operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable operation as voltage follower in spite 
of its high gain-bandwidth products. 
The circuit presents very stable electrical characte­
ristics over the entire supply voltage range, and it 
particularly intended for professional and telecom 
applications (active filters, etc). 

PIN CONNECTIONS (top views) 

-Vs 
(case) 

T0-99 

ORDER CODES 

Type 

LS204 

LS204A 

LS204C 

January 19B9 

S-3586/1 

OU~UT II 
IN~INP.j 2 

NON INV. 
INP. A 

-'Is ~ 

T0-99 

LS204TB 

LS204ATB 

LS204CTB 

~ 

Minidip 

T0-99 

SO-BJ 

6 +Vs OUTPUT 
A 

OUTPUT INV INP. 
e A 

INV.INP NON I NV. 
B INP. A 

NCN INV 
INP. B -Vs ~ 

S-3590 

Minidip 

-
-

LS204CB 

MINIDIP 
(Plastic) 

8 +Vs 

7 ~ ouvur 
fNV.INP. 

8 

NON INV 
INP. B 

S-3589 

SO-B 

SO-B 

LS204M 

-

LS204CM 
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LS204 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter T0-99 Minidip J.!Package 

v. Supply Voltage ± 18V 

v, Input Voltage ± Vs 

v, Differential Input Voltage ±(Vs-1) 

Top Operating Temperature for L5204 -25 to 85°C 
LS204A -55 to 125°C 
LS204C o to 70°C 

Ptot Power Dissipation at T amb = 70°C 520mW 665mW 400mW 

Tl Junction Temperature 150°C 150°C 150"C 

Tstg Storage Temperature - 65 to 150°C -55 to 150°C -55 to 150°C 

THERMAL DATA 

Max 

ELECTRICAL CHARACTERISTICS (V5 = ± 15V, Tamb = 25°C, unless otherwise specified) 

LS204/L5204A LS204C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 
Unit 

Is Supply Current 0.7 1.2 0.8 1.5 mA 

lb Input Bias Current 50 150 100 300 nA 

T m1n < Top < T max 300 700 nA 

R, Input Resistance f =1KHz 1 0.5 MQ 

Vos Input Offset Voltage R9 ~ 10KQ 0.5 2.5 0.5 3.5 mV 

R9 ~ 10KQ 
Tmm <Top <Tmax 

3.5 5 mV 

6.Vos Input Offset Voltage R9 = 10KQ 5 5 f.!VIoC -- Drift T m1n <Top < T max t:.T 

los Input Offset Current 5 20 12 50 nA 

Tmrn <Top <Tmax 40 100 nA 

C. los Input Offset Current T m1n <Top < T max 0.08 0.1 nA 
-- Drift -

t:.T oc 

lsc Output Short Circuit 23 23 mA 
Current 

Gv Large Signal Open T mm < Top < T max dB 
Loop Voltage Gain RL = 2KQ Vs=±15V 90 100 86 100 

Vs =± 4V 95 95 

B Gain-bandwidth f =20KHz 1.8 3 1.5 2.5 MHz 
Product 

eN Total Input Noise f =1KHz nV 
Voltage Rg = 50Q 8 15 10 -{Hz 

Rg = 1 KQ 10 12 
R9 = 10KQ 18 20 

3/9 
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LS204 

ELECTRICAL CHARACTERISTICS (continued) 

LS204/LS204A LS204C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 

d Distortion Gv = 20dB RL = 2Kn 
V0 = 2Vpp f= 1KHZ 

0.03 0.1 0.03 0.1 

Vo DC Output Voltage RL = 2Kn Vs =± 15V ±13 ±13 
Swing Vs =± 4V ±3 ±3 

Vo Large Signal Voltage RL = 1oKn 28 28 
Swing I= 10KHz 

SR Slew Rate Unity Gain 0.8 1.5 1 
RL = 2Kn 

CMR Common Mode VI= 10V 90 86 
Rejection T min < Top < T max 

SVR Supply Voltage v1 =1V I= 100Hz 90 86 
Rejection T min < Top < T max 

cs Channel Separation f =1KHz 100 120 120 

Note: Figure 1: Supply Current vs. Supply Voltage. 

Temp. LS204 LS204A 

T min. - 25°C - 55°C 

T max. + 85°C + 125°C 

Figure 2 : Supply Current vs. Ambient 
Temperature. 
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0.8 
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/ v 
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G 364J 

-so 0 so 100 Tamb('C) 
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Figure 3 : Output Short Circuit Current vs. 
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Figure 4: Open Loop Frequency and Phase 
Response. 
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Figure 6 : Supply Voltage Rejection vs. 
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Figure 5: Open Loop Gain vs. Ambient 
Temperature. 
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APPLICATION INFORMATION 

Active low-pass filter : 

BUTTERWORTH 

The Butterworth is a "maximally flat" amplitude res­
ponse filter. Butterworth filters are used for filtering 
signals in data acquisition systems to prevent alia­
sing errors in sampled-data applications and forge­
neral purpose low-pass filtering. 
The cutoff frequency, fc, is the frequency at which 
the amplitude response is down 3 dB. The attenua­
tion rate beyond the cutoff frequency is n6 dB per 
octave of frequency where n is the order (number of 
poles) of the filter. 
Other characteristics : 
• Flattest possible amplitude response. 
• Excellent gain accuracy at low frequency end of 

passband. 

Figure 10 :Amplitude Response. 
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The Bessel is a type of "linear phase" filter. Because 
of their linear phase characteristics, these filters ap­
proximate a constant time delay over a limited fre­
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to provide time delays for low pass filte­
ring of modulated waveforms and as a "running ave­
rage" type filter. 

-mt 
The maximum phase shift is 2 radians where n is 

the order (number of poles) of the filter. The cutoff 
frequency, fc, is defined as the frequency at which 
the phase shift is one half of this value. For accurate 
delay, the cutoff frequency should be twice the maxi-
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mum signal frequency. The following table can be 
used to obtain the- 3dB frequency of the filter. 

- 3d8 Frequency 

Other characteristics : 
• Selectivity not as great as Chebyschev or Butter-

worth. 
• Very little overshoot response to step inputs. 
• Fast rise time. 

Figure 11 : Amplitude Response. 
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Chebyschev filters have greater selectivity than 
either Bessel or Butterworth at the expense of rip­
ple in the passband. 

Figure 12 :Amplitude Response ( ± 1 dB ripple). 
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APPLICATION INFORMATION (continued) 

Chebyschev filters are normally designed with peak­
to-peak ripple values from 0.2 dB to 2 dB. 

specified maximum ripple band and enters the stop 
band. 

Increased ripple in the passband allows increased Other characteristics : 
attenuation above the cutoff frequency. o Greater selectivity 
The cutoff frequency is defined as the frequency at o Very nonlinear phase response 
which the amplitude response passes through the o High overshoot response to step inputs 

The table below shows the typical overshoot and settling time response of the low pass filters to a step input. 

Peak 
Settling Time (%of final value) Number of Overshoot 

Poles %Overshoot ± 1% 

Butterworth 2 4 1.1/lcsec. 
4 11 1.7/lc 
6 14 2.4/lc 
8 16 3.1/lc 

Bessel 2 0.4 0.8/lc 
4 0.8 1.0/lc 
6 0.6 1.3/1 c 
8 0.3 1.6/lc 

Chebyschev {ripple ± 0.25dB) 2 11 1.1/lc 
4 18 3.0/lc 
6 21 5.9/fc 
8 23 8.4/1 c 

Chebyschev (ripple ± 1 dB) 2 21 1.6/lc 
4 28 4.8/lc 
6 32 8.2/lc 
8 34 11.6/lc 

Design of 2nd order active low pass filter (Sallen and Key configuration unity gain-op-amp). 

Figure 13: Filter Configuration. 

Vo 
Vi 

Vjn 

S S2 

roc + roc2 

Where: 

Ole= 21t fc 

s = damping factor. 

± 0 .1% ± 0.01% 

1.7/lcsec. 1.9/lcsec. 
2.8/lc 3.8/lc 
3.9/lc 5.0/lc 
5.1/lc 7.1/fc 

1.4/lc 1.7/lc 
1.8/lc 2.4/1 c 
2.1/fc 2.7/fc 
2.3/fc 3.2/lc 

1.6/lc -
5.4/fc -
10.4/fc -
16.4/f c -
2.7/lc -
8.4/f c -
16.3/lc -
24.8/lc -

with fc = cutoff frequency 
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APPLICATION INFORMATION (continued) 
Three parameters are needed to characterise the 
frequency and phase response of a 2nd order active 
filter : the gain (Gvf' the damping factor (~) or the 
a-factor (Q = (2 ~) ), and the cutoff frequency (fc). 
The higher order responses are obtained wit a sa­

Table 1. 

Filter Response s Q 

Bessel {3 1 - {3 2 

Butterworth ff 1 
- ff 2 

Chebyschev 1 ff 
<2 >ff 

Figure 14: Filter Response vs. Damping Factor. 
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EXAMPLE 

ries of 2nd order sections. A simple RC section is in 
traduced when an odd filter is required. 

The choice of ·~· (or Q-factor) determines the filter 
response (see table). 

Cutoff Frequency fc 

Frequency at which Phase Shift is - 90°C 

Frequency at Which Gv =- 3dB 

Frequency at which the amplitude response passes 
through specified max. ripple band and enters the stop 
band. 

Fixed R = R1 = R2, we have (see fig. 13) 

c, = 1 ~ 
R roc 

C2= 
R ~roc 

The diagram of fig.14 shows the amplitude re­
sponse for different values of damping factor ~ in 

Figure 15 :5th Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 

In the circuit of fig. 15, for fc = 3.4 KHz and 
R; = R1 = R2 = R3 = R4 =10 KQ, we obtain: 

1 1 
C; = 1 .354 · R · 27tfc = 6.33n F 

1 1 
C1 = 0.421 ·R · 27tfc = 1.97nF 

1 1 
C2= 1.753 · R · 27tfc = 8.20nF 

1 1 
C3= 0.309 · R · 27tfc = 1.45nF 

1 1 
C4=3.325· R · 27tfc =15.14nF 

The attenuation of the filter is 30 dB at 6.8 KHz and 
better than 60 dB at 15 KHz. 

LS204 

The same method, referring to Tab. II and fig. 16, is 
used to design high-pass filter. In this case the dam­
ping factor is found by taking the reciprocal of the 
numbers in Tab. II. For fc = 5 KHz and C; = C1 = C2 
= C3 = C4 = 1 nF we obtain : 

1 1 1 
R; = 1.354 . C . 27tfc = 23·5Kn 

1 1 1 
R1 = 0.421 . C . 27tfc = 75·6KQ 

1 1 1 
R2= 1.753. C . 27tfc = 18.2KQ 

1 1 1 
R3 = 0.309 . C . 27tfc = 1 03KQ 

1 1 1 
R4 = 3.325 . C . 27tfc = 9·6KQ 

Table 2 : Damping Factor for Low-pass Butterworth Filters. 

Order c1 c, c2 c3 c4 Cs Ca c1 Ca 

2 0.707 1.41 

3 1.392 0.202 3.54 

4 0.92 1.08 0.38 2.61 

5 1.354 0.421 1.75 0.309 3.235 

6 0.966 1.035 0.707 1.414 0.259 3.86 

7 1.336 0.488 1.53 0.623 1.604 0.222 4.49 

8 0.98 1.02 0.83 1_.20 0.556 1.80 0.195 5.125 

Figure 16 :5th Order High-pass Filter (Butterworth) with Unity Gain Configuration. 

,st order znd order 
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HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS 

• SINGLE OR SPLIT SUPPLY OPERATION 
• VERY LOW POWER CONSUMPTION 
• SHORT CIRCUIT PROTECTION 
• LOW DISTORTION, LOW NOISE 
• HIGH GAIN-BANDWIDTH PRODUCT 
• HIGH CHANNEL SEPARATION 

DESCRIPTION 
The LS404 is a high performance quad operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable operation as voltage follower in spite 
of its high gain-bandwidth product. The circuit pre­
sents very stable electrical characteristics over the 
entire supply voltage range, and it is particularly in­
tended for professional and telecom applications 
(active filters, etc.). 
The patented input stage circuit allows small input 
signal swings below the negative supply voltage and 
prevents phase inversion when the input·is over dri­
ven. 

DIP14 
(Plastic 0.25) 

S0-14J 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 

_____, 

OUTPUT A 1 14 OUTPUT 0 

1NV.INP. A 2 13 INV INP. 0 

NON I NV. INP. A [ ~ 12 j ~ON INV.INP. 0 

Type DIP 14 S0-14 ..,. ··s [ 4 11 ~ -vs 
LS404 - LS404D1 

10 ~ NON 1NV.INP.C LS404C LS404CB LS404CD1 NONINV.INP.B I 5 

LS 8404 - LS 8404M 
LS8404C - LS 89404CM INV.INP. B 6 9 INV.1NP. C 

OUTPUT B 7 8 OUTPUT C 

S-3901 

January 1989 1/12 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Supply Voltage ± 18 v 
v, Input Voltage (positive) + Vs 

(negative) -Vs-0.5 v 
v, Differential Input Voltage ± (V5 - 1) 

Top Operating Temperature LS404 -25 to+ 85 oc 
LS404C 0 to+ 70 oc 

Ptot Power Dissipation (T amb = 70°C) 400 mW 

Tstg Storage Temperature -55 to+ 150 oc 

THERMAL DATA 

DIP 14 S0-14 J 

Max 

n Measured with the device mounted on a ceramic substrate (25 X 16 X 0.6 mm). 

ELECTRICAL CHARACTERISTICS (Vs = ± 12 V, Tamb = 25 ac, unless otherwise specified) 

LS404 LS404C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 
Unit 

Is Supply Current 1.3 2 1.5 3 rnA 

lb Input Bias Current 50 200 100 300 nA 

R, Input Resistance f= 1KHz 0.7 2.5 0.5 5 Mn 

Vas Input Offset Voltage R9 =10KQ 1 1 mV 

t'Nos Input Offset Voltage R9 =10KQ 5 5 J.!VfOC -- Drift T m1n < Top < T max t.T 

los Input Offset Current 10 40 20 80 nA 

!.los Input Offset Current T mm < Top < T max 0.08 0.1 nA 
-- Drift -

t.T oc 
lsc Output Short Circuit 23 23 rnA 

Current 

Gv Large Signal Open RL = 2 KQ Vs=±12V 90 100 86 100 dB 
Loop Voltage Gain V5 = ± 4 V 95 95 

B Gain-bandwidth f =20KHz 1.8 3 1.5 2.5 MHz 
Product 

eN Total Input Noise f =1KHz 
Voltage R9 =50 Q 8 15 10 nV 

R9 = 1 Kn 10 12 ,, Hz 
R9 = 10 Kn 18 20 

d Distortion Unity Gain 
RL = 2 Kn f= 1KHz 0.01 0.04 0.01 % 
Vo = 2 Vpp f =20KHz 0.03 0.03 

Vo DC Output Voltage RL = 2 KQ V5 =±12V ± 10 ±10 v 
Swing Vs = ± 4 V ±3 ±3 
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ELECTRICAL CHARACTERISTICS (continued) 

LS404 LS404C 
Symbol Parameter Test Conditions 

Min. Typ. Max. Min. Typ. Max. 

Vo Large Signal Voltage f =10KHz 
Swing 

SR Slew Rate Unity Gain 
RL = 2 Kn 

CMR Common Mode VI= 10 v 
Rejection 

SVR Supply Voltage 
Rejection 

V1 =1 V 

cs Channel Separation f =1KHz 

Figure 1: Supply Current vs. Supply Voltage. 
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Ambient Temperature. 
G 36 2 z - ,, 

Vs= t12V 

"' ........ 

' ......... 
I'-

....... 

-so 0 50 100 Tamb("C) 

RL=10KO 22 22 
RL = 1 KO 20 20 

0.8 1.5 1 

90 94 80 90 

f=100Hz 90 94 86 90 

100 120 120 

Figure 2 : Supply Current vs. Ambient 
Temperature. 
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Figure 4: Open Loop Frequency and Phase 
Response. 
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Figure 5: Open Loop Gain vs. Ambient 
Temperature. 
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Figure 7 : Large Signal Frequency Response. 
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APPLICATION INFORMATION 

Active low-pass filter : 

BUTTERWORTH 

The Butterworth is a "maximally flat" amplitude res­
ponse filter. Butterworth filters are used for filtering 
signals in data acquisition systems to prevent alia­
sing errors in sampled-data applications and forge­
neral purpose low-pass filtering. 
The cutoff frequency, fc, is the frequency at which 
the amplitude response in down 3 dB. The attenua­
tion rate beyond the cutoff frequency is - n6 dB per 
octave of frequency where n is the order (number of 
poles) of the filter. 
Other characteristics : 
• Flattest possible amplitude response. 
• Excellent gain accuracy at low frequency end of 

passband. 

Figure 10: Amplitude Response. 
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The Bessel is a type of "linear phase" filter. Because 
of their linear phase characteristics, these filters ap­
proximate a constant time delay over a limited fre­
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to provide time delays for low pass filte­
ring of modulated waveforms and as a "running ave­
rage" type filter. 

The maximum phase shift is ~ radians where 
n is the order (number of poles) of the filter. The cut­
off frequency, fc, is defined as the frequency at which 
the phase shift is one half to this value. For accurate 
delay, the cutoff frequency should be twice the maxi-
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mum signal frequency. The following table can be 
used to obtain the - 3 dB frequency of the filter. 

- 3dB Frequency 

Other characteristics : 
• Selectivity not as great as Chebyschev or Butter-

worth. 
• Very small overshoot response to step inputs. 
• Fast rise time. 

Figure 11 : Amplitude Response. 
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Chebyschev filters have greater selectivity than ei­
ther Bessel or Butterworth at the expense of ripple 
in the passband. 

Figure 12: Amplitude Response ( ± 1 dB ripple). 
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APPLICATION INFORMATION (continued) 

Chebyschev filters are normally designed with peak­
to-peak ripple values from 0.2 dB to 2 dB. 

Increased ripple in the passband allows increased 
attenuation above the cutoff frequency. 

The cutoff frequency is defined as the frequency at 
which the amplitude response passes through the 

LS404 

specified maximum ripple band and enters the stop 
band. 

Other characteristics : 
• Greater selectivity. 
• Very nonlinear phase response. 
• High overshoot response to step inputs. 

The table below shows the typical overshoot and setting time response of the low pass filter to a step input. 

Peak 
Settling Time (%of fmal value) Number of Overshoot 

Poles %Overshoot ±1% 

Butterworth 2 4 1.1/fc sec. 
4 11 1.7/fc 
6 14 2.4/fc 
8 16 3.1/fc 

Bessel 2 0.4 0.8/fc 
4 0.8 1.0/fc 
6 0.6 1.3/fc 
8 0.3 1.6/fc 

Chebyschev (npple ± 0.25dB) 2 11 1.1/fc 
4 18 3.0/fc 
6 21 5.9/fc 
8 23 8.4/fc 

Chebyschev (ripple ± 1 dB) 2 21 1.6/fc 
4 28 4.8/fc 
6 32 8.2/fc 
8 34 11.6/fc 

Design of 2'' order active low pass frlter (Sail en and Key confrguratron unity garn op·amp). 

Figure 13: Filter Configuration. 

Vo 
v, s 

We 
+ 

Where: 

we= 2rr fc 

~ =damping factor. 

± 0.1% ± 0.01% 

1.7/10 sec. 1.9/fc sec. 
2.8/fc 3.8/fc 
3.9/fc 5.0/fc 
5.1/fc 7.1/fc 

1.4/fc 1.7/fc 
1.8/fc 2.4/fc 
2.1/fc 2.7/fc 
2.3/fc 3.2/fc 

1.6/fc -
5.4/fc -
10.4/fc -
16.4/fc -

2.7/fc -
8.4/fc -
16.3/fc -
24.8/fc -

with fc = cutoff frequency 
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APPLICATION INFORMATION (continued) 
Three parameters are needed to characterize the 
frequency and phase response of a 2nd order active 
filter : the gain (Gv), the damping factor (~) or the a­
factor (Q = (2 ~r\ and the cutoff frequency (fc). 
The higher order responses are obtained with a se-

T able 1. 

Filter Response ~ Q 

Bessel -.J3 1 -
2 ,J3 

Butterworth ,J2 1 -
2 ,J2 

Chebyschev <.12 1 
2 >,J2 

Figure 14: Filter Response vs. Damping Factor. 
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EXAMPLE 

ries of 2nd order sections. A simple RC section is in­
troduced when an odd filter is required. 

The choice of ·~· (or Q-factor) determines the filter 
response (see table). 

Cutoff Frequency fc 

Frequency at which Phase Shift is - sooc 

Frequency at which Gv =- 3dB 

Frequency at which the amplitude response passes 
through specified max. ripple band and enters the stop 
band. 

Fixed R = Rt = R2, we have (see fig. 13) 

Ct = 1 ~ 
R roc 

C2= 1 --
R ~roc 

The diagram of fig.14 shows the amplitude re­
sponse for different values of damping factor~ in 2nd 
order filters. 

Figure 15: 51h Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 

R; 
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APPLICATION INFORMATION (continued) 

In the circuit of fig. 15, for fc = 3.4 KHz and 
R;= At= R2 = Rs = R4 =10 Kn, we obtain: 

1 1 
C; = 1.354 · R · 27tfc = 6.33nF 

1 
Ct = 0.421 · -R · - = 1.97 nF 

27tfc 

1 1 
C2= 1.753 ·-R · - =8.20 nF 

27tfc 

1 
C3 = 0.309 · -R -1 45 nF 27tfc - · 

1 
C4=3.325·R 27tfc =15.14nF 

The attenuation of the filter is 30 dB at 6.8 KHz and 
better than 60 dB at 15KHz. 

LS404 

The same method, referring to Tab. II and fig. 16, is 
used to design high-pass filter. In this case the dam­
ping factor is found by taking the reciprocal of the 
numbers in Tab. II. Forfc =5KHz and C; = Ct = C2 
= C3 = C4 = 1 nF we obtain : 

1 1 1 
R; = 1.354 . C . 27tfc = 23.5 KQ 

1 1 1 
Rt = 0.421 . C . 27tfc = 75.6 KQ 

1 1 1 
R2= 1.753. C . 27tfc = 18.2 KQ 

1 1 1 
R3= 0.309. C . 27tfc = 103 KQ 

1 1 1 
R4 = 3.325 . C . 27tfc = 9.6 KQ 

Table II : Damping Factor for Low-pass Butterworth Filters. 

Order c, c1 c2 c3 c4 Cs Cs c7 Cu 

2 0.707 1.41 

3 1.392 0.202 3.54 

4 0.92 1.08 0.38 2.61 

5 1.354 0.421 1.75 0.309 3.235 

6 0.966 1.035 0.707 1.414 0.259 3.86 

7 1.336 0.488 1.53 0.623 1.604 0.222 4.49 

8 0.98 1.02 0.83 1.20 0.556 1.80 0.195 5.125 

Figure 16: 51h Order High-pass Filter (Butterworth) with Unity Gain Configuration. 

151 order 2nd order 
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APPLICATION INFORMATION (continued) 

Figure 17: Multiple Feedback 8-pole Bandpass Filter. 

.. 
"' 

" 0 

l 

fc = 1.180 Hz ; A = 1 ; C2 = C3 = Cs = Ce = Cs = Cs = C1 o = C11 = 3.300 pF ; 

R1 = Re = Rg = R12 = 160 KQ; Rs = Rs = R11 = R14 = 330 KQ; R4 = R7 = R1o = R13 = 5.3 KQ 
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Figure 18: Frequency Response of Band-pass 
Filter. 
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Figure 19 :Bandwidth of Band-pass Filter. 
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Figure 20 :Six-pole 355 Hz Low-pass Filter (chebychev type). 

This is a 6-pole Chebychev type with± 0.25 dB rip­
ple in the passband. A decoupling stage is used to 
avoid the influence of the input impedance on the 
filter's characteristics. The attenuation is about 

55 dB at 710 Hz and reaches 80 dB at 1 065 Hz. The 
in band attenuation is limited in practice to the 
± 0.25 dB ripple and does not exceed 0.5 dB at 
0.9 fc. 
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Figure 21 : Subsonic Filter (Gv = 0 dB). 
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Figure 22 : High Cut Filter (Gv = 0 dB). 
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LS4558N 

DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER 

• SINGLE OR SPLIT SUPPLY OPERATION 
• LOW POWER CONSUMPTION 
• HIGH UNITY GAIN BANDWIDTH 
• NO CROSSOVER DISTORSION 
• NO POP NOISE 
• SHORT-CIRCUIT PROTECTION 
• HIGH CHANNEL SEPARATION 

DESCRIPTION 

The LS4558N is a high performance dual operatio­
nal amplifier with frequency and phase compensa­
tion built into the chip. The internal phase compen­
sation allows stable operation as voltage follower in 
spite of its high gain-bandwidth products. The circuit 
presents very stable electrical characteristics over 
the entire supply voltage range and the specially 
designed input stage allow the LS4558N to be used 

SCHEMATIC DIAGRAM (one section) 

in low noise audio signal processing application. 
The optimized class AB output stage completely eli­
minates crossover, distorsion, under any load condi­
tions, has large source and sink capacity and is 
short-circuit protected. 

Minidlp 50-BJ 

ORDER CODES : LS4558NB (Minidip) 
LS4558NM (S0-8J) 

INVERTING 
INPUT 

NON INVERTING 
INPUT 

5-51 55 

November 1988 1/9 

''---
637 



LS4558N 

CONNECTION DIAGRAM (top view) 

OU~UT ( 1 

INliNP. I 
NON INV.I 

INP. A 

-Vs I 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v. Supply Voltage 

VJ Input Voltage 

v, Differential Input Voltage 

Ptot Power Dissipation at T amb = 70 "C 

Top Operating Temperature 

TJ Junction Temperature 

Tstg Storage Temperature 

THERMAL DATA 

TYPICAL APPLICATIONS 

Balanced Input Audio Preamplifier. 

Rl R2 

2/9 
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2 

3 

t. 

'--" 

8 ] •Vs 

7 ) OU~PUT 

G liNV.INP. 
J B 

S ] NON INV. 
INP. B 

S-3590 

Value 

±18 

± v. 
±(V.-1) 

Minidip 665 
Micropackage 400 

0 to 70 

150 

-55 to 150 

Minidlp 

120 °C/W 

DC Coupled Low-pass Active Filter 
(f = 1 KHz, Gv = 6 dB). 

Cl 

Unit 

v 

v 
mW 
mW 

"C 
oc 
oc 

S0-8 

200 °C/W 



LS4558N 

ELECTRICAL CHARACTERISTICS (V 5 = ± 15 V, Tamb = 25 oc, unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Is Supply Current (*) 1 2 mA 

lb Input Bias Current 50 500 nA 

Tm~n <Top <Tmax 800 nA 

R, Input Resistance f = 1 KHz 0.3 1 MQ 

Vas Input Offset Voltage R9 :;; 10 KQ 0.5 5 mV 

R9 :> 10 KQ 7.5 mV 
T mm < Top < T max 

los Input Offset Current 20 200 nA 

T m1n < Top < T max 500 nA 

lsc Output Short Circuit Current 23 rnA 

Gv Large Signal Open Loop RL = 2 KQ 
Voltage Gain 

86 100 dB 

B Gain-bandwidth Product f =20KHz 2 3 MHz 

eN Total Input Noise Voltage f = 1 KHz R9 =50 Q 8 15 nV 
R9 = 1 KQ 10 .YHz 
R9 =10 KQ 18 

eN Popcorn Noise B = 1 Hz to 1 KHz 
f!V R9 = 10 KQ 10 

Peak 
I= 10 sec 

d Distortion Gv = 20 dB RL = 2 KQ 0.03 % 
V0 = 2 Vpp f = 1 KHz 

Va Output Voltage Swing RL = 2 KQ ±13 v 
Va Large Signal Voltage Swing RL = 10 KQ 28 Vpp 

f =10KHz 

Transient I Rise Time V, = 20 mV RL = 2 Krl 0.13 !!S 
Response I Overshoot CL =100pF 5 % 

SR Slew Rate Unity Gain 
RL = 2 KQ 

0.8 1.5 V/f!S 

CMR Common Mode Rejection v, = 10 v 
T mm < Top < T max 

70 90 dB 

SVR Supply Voltage Rejection v, = 1 v 
T m1n <Top < T max 

f = 100 Hz 80 100 dB 

cs Channel Separation f =10KHz R9 = 1 KQ 105 dB 

(•) Both amplifiers. 
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LS4558N 

Figure 1 : Open Loop Frequency and Phase 
Response. 
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Figure 3 : Supply Voltage Rejection vs. 
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Figure 5 : Output Voltage Swing vs. Load 
Resistance. 
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Figure 2 : Open Loop Gain vs. Ambient 
Temperature. 
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Figure 4 : Large Signal Frequency Response. 
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Figure 6 :Total Input Noise vs. Frequency. 
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Figure 7 : Channel Separation. 
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Figure 9 :Voltage Follower Large-signal Pulse 
Response. 
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APPLICATION INFORMATION 
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Figure 8 :Transient Response. 
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Figure 10: Mike/Line Preamplifier for Audio Mixers (0 dB to 60 dB continuously variable gain). 

Note: The particular characteriStiCS of the wcu1t of F1gure 10 is that using a linear potentiometer, the gain 1s continuously varia­
ble in a logarithmic mode from 0 dB to 60 dB 1n the audio band. 
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LS4558N 

Figure 11 :Microphones Nomograph. 
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Figure 12: Very Low-noise Mike Preamplifier 
(Gv=40 dB). 

Figure 13: Balanced Input Audio Preamplifier. 
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Figure 14: 20Hz to 200Hz Variable High-pass 
Filter (Gv = 3 dB). 
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Figure 15: Frequency Response of the High­
pass Filter of Figure 14. 
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Figure 16 : DC Coupled Low-pass Active Filter (f = 1 KHz, Gv = 6 dB). 

C1 

Figure 17: Switchable HP-LP Audio Filter. 
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LS4558N 

Figure 18: Subsonic or Rumble Filter (GV = 0 dB). 
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Figure 19: High-cut Filter (Gv = 0 dB). 
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Figure 20 : Fifth Order 3.4 KHz Low-pass Butterworth Filter. 

R, 

-----v----- -----------------------------------------------------
151 order 

For fc = 3.4 KHz and Rl = R1 = R2 = R3 = R4 = 10 KQ, we obtain: 

1 1 
C1 = 1.354 ·-·-- = 6.33 nF 

R 2 rc fc 

C1 = 0.421 · - 1- · --1-- = 1.97 nF 
R 2 rc fc 

1 1 
C1 = 1.753 · -· -- =8.20 nF 

R 2 rc fc 
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1 1 
C1 = 0.309 · - · -- = 1.45 nF 

R 2 1t fc 

1 1 
C1=3.325·-·-- =15.14nF 

R 2 rc fc 

The attenuation of the filter is 30 dB at 6.8 KHz and 
better than 60 dB at 15 KHz. 



LS4558N 

Figure 21 : Six-pole 355 Hz Low-pass Filter (Chebychev type). 

ThiS is a 6-pole Chebychev type w1th ± 0.25 dB ripple in the passband A decouplmg stage IS used to avo1d the mfluence of the mput Im­
pedance on the fllter"s charactenst1cs. The attenuation is about 55 dB at 710 Hz and reaches 80 dB at 1065 Hz. The 1n band attenuation 
is l1m1ted 1n practice to the± 0.25 dB npple and does not exceed 0.5 dB at 0.9 fc 
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• DRIVES UP TO 32 LCD SEGMENTS 
• DATA TRANSFER: FIXED ENABLE MODE 

FOR DIP-40, ENABLE AND LATCH-MODE FOR 
44PLCC 

• INPUTS ARE CMOS, NMOS AND TTL 
COMPATIBLE 

• CASCADABLE 
• REQUIRES ONLY 3 CONTROL LINES 
• ON CHIP OSCILLATOR 
• CMOS TECHNOLOGY FOR WIDE SUPPLY 

VOLTAGE RANGE 
• -40 TO 85°C TEMPERATURE RANGE 

DESCRIPTION 

The M8438A is a CMOS integrated circuit that dri­
ves an LCD display, usually under microprocessor 
control. The part acts as a smart peripheral that 
drives up to 32 LCD segments. It needs only three 
control lines due to its serial input construction. It 
latches the data to be displayed and relieves the 
microprocessor from the task of generating there­
quired waveforms. 
The M8438A can drive any standard or custom pa­
rallel drive LCD whether it be field effect or dyna­
mic scattering. Several drivers can be cascaded, 
if more than 32 segments are to be driven. The AC 
frequency of the LCD waveforms can be supplied 
by the user or can be generated by attaching a ca­
pacitor to the OSC input which determines the fre­
quency of an internal oscillator. 
The M8438A is available in DIE form and assem­
bled in 40 pin dual-in line plastic or 44 PLCC 
packages. 

SEG 

SEG 

SEG 

SEG 

SEG 

SEG 

SEG 

SEG 

SEG 

!l 5 g "' , 
June 1988 

M8438A 

SERIAL INPUT LCD DRIVER 

B C 
DIP-40 Plastic 44 PLCC Plastic Chip Carrier 

ORDERING NUMBERS: M8438A DIE 1 
M8438A B6 
M8438A C6 

PIN CONNECTIONS 

+V00 ~CLOCK 
EL 2 39 SEG 1 

SEG32 3 " SEG 2 

SEG31 4 37 SEG 3 

SEG30 s 36 Vss 
SEG 29 6 35 DO 

SEG 28 34 01 

SEG 27 JJ SEG4 

SEG 26 9 Jl SEG 5 

SEG 25 10 31 osc 
SEG 24 II 30 BP 

SEG 23 " 29 SEG6 

SEG 22 13 " SEG7 

SEG 21 14 27 SEGB 

SEG 20 15 26 SEG 9 

SEG 19 16 25 SEG10 

SEG18 17 24 SEG11 

SEG 17 18 23 SEG12 

SEG 16 19 22 SEG13 

SEG15 20 21 SEG14 

S£G2!1 1 "' SlG2B B Jl 00 

SEG:l7 t or 
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M8438A 

BLOCK DIAGRAM 

OSC :Oscillator (capacitor or drive signal) 
EL :Enable/Latch control input 
MS :Mode select input (not available in 40 Pin OIL) 
Dl :Serial data input 
DO :Serial data output 
BP :Backplane output 
SEG :Segment output signal 

ABSOLUTE MAXIMUM RATINGS 

Symbol 

(VDD-VSS) Supply voltage 

v, input voltage 

Vo Output voltage 

Po Power dissipation 

Tstg Storage temperature 

Parameter 

TA Operating temperature 

5t 8307 

Value Unit 

-0.3 to +12 v 
VSS- 0.3 to VDD + 0.3 v 
VSS-0.3 to VDD+0.3 v 

250 mW 

-55 to +125 oc 
-40 to +85 oc 

Stresses in excess of those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating condi­
tions for extended periods may affect device reliability. 

217 
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M8438A 

ELECTRICAL CHARACTERISTICS (T amb = 25°C and VDD = 5V unless otherwise noted) 

STATIC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Condition Min. Max. 

Voo Supply Voltage 3 10 

loo Supply Current Oscillator f<15kHz 60 

Ia Quiescent Current v00 =10V 10 

VrH Input High Level .5Voo Voo 

VrL Input Low Level CLOCK 0 .2Voo 
Dl 

lrN Input Current EL ±5 

c, Input Capacitance 5 

VrH Input High Level Driven mode .9Voo 

VrL Input Low Level osc Driven mode .1Voo 

lrN Input Current Driven mode ±10 

RoN Segment Output Impedance lrL =10p.A 40 

RoN Backplane Output Impedance IL = 100JLA 3 

VoFF Output Offset Voltage CL = 250pF between each SEG output ±50 
and BP 

RoN Data Output Impedance IL = 100JLA 3 

DYNAMIC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Condition Min. Max. 

trR Transition Time OSC Driven mode 500 

tso Data Set-up Time Fig. 1 and 2 150 

tHo Data Hold Time Fig. 1 and 2 50 

tsE EL Set-up Time Fig. 1 100 

tHE EL Hold Time Fig. 1 100 

twE EL Pulse Width Fig. 2 175 

teE Clock to EL Time Fig. 2 250 

lpd DO Propagation Delay Fig. 1, 2; CL = 55pF 500 

f Clock Rate Voo=10 50% duty cycle; DC 1.5 

Unit 

v 
JLA 

p.A 

v 
v 

p.A 

pF 

v 
v 

JLA 
k!l 

k!l 

mV 

k!l 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

FUNCTION,AL DESCRIPTION 

LCD-AC-GENERATOR 

This block generates a 50% duty cycle signal for 
the backplane output. The circuit can be used in 
two different modes: oscillator or driven. 

OSCILLATOR MODE: 

ween input OSC and VSS. A value of 18pF gives 
a backplane frequency of 80Hz :1: 30% at 
VDD = 5V. The variation of the backplane frequency 
over the entire temperature and supply voltage ran­
ge is :1: 50%. 

In this mode the backplane frequency is determi­
ned by the internal RC oscillator together with an 
8-stage frequency divider. For generating the back­
plane output signal of 50% duty cycle the oscilla­
tor frequency is divided by 256. The RC oscillator 
requires an external capacitor to be connected bet-

DRIVEN MODE: 
In this mode the signal at the backplane output BP 
is in phase with an external driving signal applied 
to input OSC. This mode is used to synchronize 
the LCD drive of two or more cascaded driver 
circuits. 

3/7 
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M8438A 

FUNCTIONAL DESCRIPTION (continued) 

DETECTION LOGIC 

The circuit is able to distinguish between the con­
ditions for oscillator or driven mode. If the circuit 
is to be in the oscillator mode, the OSC pin has 
a capacitor connected to it. The oscillator will start 
as soon as the supply voltage exceeds a certain 
minimim value. The signal at pin OSC swings wi­
thin a range from 0.3Voo to 0.7Voo- If the circuit 
is to be in the driven mode, the OSC pin has to be 
forced to logic levels by an external source. The 
transition time between the logic levels must be 
short, so that the circuit does not react on the vol­
tage level in between. In the driven mode the 
a-stage frequency divider is by-passed. 

SEGMENT OUTPUTS 

A logic 0 at the data input Dl causes a segment 
output signal to be in phase with the backplane si­
gnal and turns the segment off. A logic 1 causes 
a segment output to be in opposite phase to the 
backplane signal and turns the segment on. 

MICROPROCESSOR INTERFACE 

The circuit can operate in two different data tran­
sfer modes: Enable mode and latch mode. One of 
either mode can be chosen with the mode select 
input MS. An internal pull up device is provided bet­
ween this input and VDD. Enable mode is selec­
ted if MS is left open or conn~cteci to VDD. 
Latch mode is selected if MS is connected to VSS. 
The input MS is not available, if the device is 
assembled in the 40 pin package, and is inter­
nally fixed to operate in ENABLE MODE. 

ENABLE MODE 

Fig. 3 shows a timing diagram of the enable mo­
de. Data is serially shifted in and out of the shift 
register on the negative transition of the clock. 
Serial entry into the shift register is permitted when 
the enable/latch control EL is high. When EL is low 
it causes the shift register clock to be inhibited and 
the content of the shift register to be loaded into 
the latches that control the segment drivers. 

LATCH MODE 

Fig. 4 shows a timing diagram of the latch mode. 
Data is serially shifted in and put of the shift regi­
ster on the negative transition ot the clock. 
Serial entry into the shift register is permitted in­
dependently of the enable/latch control EL. When 
EL is high it causes a parallel load of the content 
in the shift register into the latches. It is accepta-

4/7 
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ble to tie the EL line high. Then the latches are tran­
sparent and only two lines, clock and data input, 
would then be needed for data transfer. 

POWER-ON LOGIC 

A power on reset pulse is generated internally when 
the supply voltage is being turned on. The gene­
ration of the reset pulse is level dependent and will 
occur even on a slowly rising supply voltage. 
The power on reset pulse resets all shift register 
stages and the latches that control the segment dri­
vers. Therefore all segment outputs are initially in 
phase with the backplane output. This causes the 
display to be blanked and no arbitrary data to show 
up. This condition is maintained until data is shif­
ted into the register and loaded into the latches. 

CONDITIONS FOR POWER-ON RESET FUNCTION 

The POR circuit triggers on the rising slope of the 
positive supply voltage Voo- A reset pulse will be 
generated, if conditions a) through d) are given: 

a) Level 
Rising slope from V1 to V2 
V1 max=0.5V 
V2 min=3.0V 

b) Rise time 
tr min=10 p.s 
tr max= 1 s 

c) Rise function 
The function of Voo between t1 und t2 may be 
nonlinear, but should not show a maximum and 
should not exceed 0.25 V/p.s. 

d) Recovery time 
The minimum time between turn-off and turn­
on of Voo is 1s. 

CASCADE CONFIGURATION 

S_everal LCD drivers can be cascaded if a liquid cry­
stal display with more than 32 segments is to be 
connected. 
The phase correlation between all segment outputs 
is achieved by using the second (and any other) 
device in the driven mode. 
Two different cascade configurations can be cho­
sen depending whether the LCD frequency is to 
be determined by the internal RC oscillator or by 
an external signal. 
Figure 3 shows the connection scheme for a self 
oscillating configuration, figure 4 shows the con­
nection of an externally controlled one. 



M8438A 

Fig. 1 - Timing diagram of enable mode: set-up and hold time 
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Fig. 2 - Timing diagram of latch mode: set-up and hold time 
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M8438A 

Fig. 3 - Timing diagram of enable mode: Serial load into SR and parallel transfer to LCD 
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Fig. 4 - Timing diagram of latch mode: Serial load into SR and parallel transfer to LCD 
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Fig. 5 - Cascade configuration, self oscillating 
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Fig. 6 - Cascade configuration, drive by external signal 
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• DRIVES UP TO 32 LCD SEGMENTS 

a DATA TRANSFER: LATCH MODE 

• INPUTS ARE CMOS, NMOS AND TTL 
COMPATIBLE 

• CASCADABLE 

• REQUIRES ONLY 3 CONTROL LINES 

• ON CHIP OSCILLATOR 

• CMOS TECHNOLOGY FOR WIDE SUPPLY 
VOLTAGE RANGE 

• -40 TO 85°C TEMPERATURE RANGE 

DESCRIPTION 

The M8439 is a CMOS integrated circuit that dri­
ves an LCD display, usually under microprocessor 
control. The part acts as a smart peripheral that 

· drives up to 32 LCD segments. It needs only three 
control lines due to its serial input construction. It 
latches the data to be displayed and relieves the 
microprocessor from the task of generating there­
quired waveforms. 
The M8439 can drive any standard or custom pa­
rallel drive LCD whether it be field effect or dyna­
mic scattering. Several drivers can be cascaded, 
if more than 32 segments are to be driven. The AC 
frequency of the LCD waveforms can be supplied 
by the user or can be generated by attaching a ca­
pacitor to the OSC input which determines the fre­
quency of an internal oscillator. 
The M8439 is available in DIE form and assembled 
in 40 pin dual-it) line plastic. 

M8439 

SERIAL INPUT LCD DRIVER 

Plastic DIP·40 

ORDERING NUMBERS: M8439 86 
M8439 DIE 1 

PIN CONNECTION 

+Voo ~CLOCK 
EL 2 39 SEG 1 

SEG32 3 3B SEG2 

SEG31 ' 37 SEG 3 

SEG30 5 36 Vss 
SEG 29 6 35 DO · 

SEG 28 7 " 01 

SEG 27 8 33 SEG4 

SEG 26 9 32 SEG 5 

SEG 25 10 31 osc 
SEG24 11 30 BP 

SEG 23 11 19 SEG6 

SEG 22 13 18 SEG7 

SEG 21 " 17 SEG8 

SEG 20 15 26 SEG 9 

SEG 19 16 25 SEG10 

SEG 18 17 " SEG11 

SEG17 18 2J SEG12 

SEG 16 19 21 SEG13 

SEG 15 10 21 SEG14 

5-8309 

June 1988 1/6 
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M8439 

BLOCK DIAGRAM 

osc. 

EL 

CLOCK MODE 
CONTROL 

OSC :Oscillator (capacitor or drive signal) 
EL :Enable/Latch control input 
Dl :Serial data input 
DO :Serial data output 
BP :Backplane output 
SEG :Segment output signal 

ABSOLUTE MAXIMUM RATINGS 

Symbol 

(VDD-VSS) Supply voltage 

VI Input voltage 

Vo Output voltage 

Po Power dissipation 

Tsta Storage temperature 

Parameter 

TA Operating temperature 

BP 

SEG. 

DO 

S.9596 

Value Unit 

-0.3to +12 v 
VSS- 0.3 to VDD + 0.3 v 
VSS- 0.3 to VDD + 0.3 v 

250 mW 

-55 to +125 oc 
-40 to +85 oc 

Stresses in excess of those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating condi­
tions for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (T amb = 25°C and VDD = 5V unless otherwise noted) 

STATIC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Condition Min. Max. 

Voo Supply Voltage 3 10 

loo Supply Current Oscillator f< 15kHz 60 

Ia Quiescent Current Voo=10V 10 

VJH Input High Level .5Voo Voo 

VJL Input Low Level CLOCK 0 .2Voo 
Dl 

IJN Input Current EL ±5 

CJ Input Capacitance 5 

VJH Input High Level 

) osc 
Driven mode .9Voo 

VJL Input Low Level Driven mode .Woo 

IJN Input Current Driven mode ±10 

RoN Segment Output Impedance IJL = 10p.A 40 

RoN Backplane Output Impedance IL = 100p.A 3 

VoFF Output Offset Voltage CL = 250pF between each SEG output ±50 
and BP 

RoN Data Output Impedance IL = 100p.A 3 

DYNAMIC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test Condition Min. Max. 

ITA Transition Time OSC Driven mode 500 

tso Data Set-up Time Fig. 1 and 2 150 

tHo Data Hold Time Fig. 1 and 2 50 

tsE EL Set-up Time Fig. 1 100 

IHE EL Hold Time Fig. 1 100 

twE EL Pulse Width Fig. 2 175 

IcE Clock to EL Time Fig. 2 250 

tpd DO Propagation Delay Fig. 1, 2; CL = 55pF 500 

f Clock Rate Voo=10 50% duty cycle; DC 1.5 

M8439 

Unit 

v 
p.A 

p.A 

v 
v 

p.A 

pF 

v 
v 

p.A 

k!J 

k!J 

mV 

k!J 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

FUNCTIONAL DESCRIPTION 

. LCD-AC-GENERATOR 

This block generates a 50% duty cycle signal for 
the backplane output. The circuit can be used in 
two different modes: oscillator or driven. 

OSCILLATOR MODE: 

ween input OSC and VSS. A value of 18pF gives 
a backplane frequency of 80Hz ± 30% at 
VDD = 5V. The variation of the backplane frequency 
over the entire temperature and supply voltage ran­
ge is ±50%. 

In this mode the backplane frequency is determi· 
ned by the internal RC oscillator together with an 
8-stage frequency divider. For generating the back­
plane output signal of 50% duty cycle the oscilla­
tor frequency is divided by 256. The RC oscillator 
requires an external capacitor to be connected bet-

DRIVEN MODE: 
In this mode the signal at the backplane output BP 
is in phase with an external driving signal applied 
to input OSC. This mode is used to synchronize 
the LCD drive of two or more cascaded driver 
circuits. 

3/6 
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M8439 

FUNCTIONAL DESCRIPTION (continued) 

DETECTION LOGIC 

The circuit is able to distinguish between the con­
ditions for oscillator or driven mode. If the circuit 
is to be in the oscillator mode, the OSC pin has 
a capacitor connected to it. The oscillator will start 
as soon as the supply voltage exceeds a certain 
minimim value. The signal at pin OSC swings wi­
thin a range from 0.3Voo to 0.7Voo. If the circuit 
is to be in the driven mode, the OSC pin has to be 
forced to logic levels by an external source. The 
transition time between the logic levels must be 
short, so that the circuit does not react on the vol­
tage level in between. In the driven mode the 
8-stage frequency divider is by-passed. 

SEGMENT OUTPUTS 

A logic 0 at the data input Dl causes a segment 
output signal to be in phase with the backplane si­
gnal and turns the segment off. A logic 1 causes 
a segment output to be in opposite phase to the 
backplane signal and turns the segment on. 

MICROPROCESSOR INTERFACE 

Fig. 2 shows a timing diagram: 
Data is serially shifted in and out of the shift regi­
ster on the negative transition of the clock. 
Serial entry into the shift register is permitted in­
dependently of the enable/latch control EL. When 
EL is high it causes a parallel load of the content 
in the shift register into the latches. It is accepta­
ble to tie the EL line high. Then the latches are tran­
sparent and only two lines, clock and data input, 
would then be needed for data transfer. 

POWER-ON LOGIC 

A power on reset pulse is generated internally when 
the supply voltage is being turned on. The gene­
ration of the reset pulse is level dependent and will 
occur even on a slowly rising supply voltage. 
The power on reset pulse resets all shift register 
stages and the latches that control the segment dri-
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vers. Therefore all segment outputs are initially in 
phase with the backplane output. This causes the 
display to be blanked and no arbitrary data to show 
up. This condition is maintained until data is shif­
ted into the register and loaded into the latches. 

CONDITIONS FOR POWER-ON RESET FUNCTION 

The POR circuit triggers on the rising slope of the 
positive supply voltage Voo- A reset pulse will be 
generated, if conditions a) through d) are given: 

a)Level ~~~ 
Rising slope from V1 to V2 
V1 max= 0.5V v• 
V2 min=3.0V 

b) Rise time 
tr min= 10 p.S 
tr max= 1 s 

c) Rise function 

Voo 
30V 

05V 
' I 

---f--Lt--
11 12 

The function of v00 between t1 und t2 may be 
nonlinear, but should not show a maximum and 
should not exceed 0.25 V/p.s. 

d) Recovery time 
The minimum time between turn-off and turn­
on of Voo is 1s. 

CASCADE CONFIGURATION 

Several LCD drivers can be cascaded if a liquid cry­
stal display with more than 32 segments is to be 
connected. 
The phase correlation between all segment outputs 
is achieved by using the second (and any other) 
device in the driven mode. · 
Two different cascade configurations can be cho­
sen depending whether the LCD frequency is to 
be determined by the internal RC oscillator or by 
an external signal. 
Figure 3 shows the connection scheme for a self 
oscillating configuration, figure 4 shows the con­
nection of an externally controlled one. 



M8439 · 

Fig 1 - Timing diagram of latch mode· set-up and hold time 

CLOCK 
I 1\--------

ENABLE/LATCH --------~-------------J~I~---'1 1wE 

DATA IN 

DATA OUT 
1 •so .1· E~--~~~--------

tpd ~ --------------==x== 
.1 -l..- ,_ 8311/1 

Fig. 2 - Timing diagram of latch mode: Serial load into SA and parallel transfer to LCD 

ENABLE I LATCH 

DATA IN 

SEGMENTS 

BACKPLANE 

5-8313/1 
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M8439 

Fig. 3 - Cascade configuration, self oscillating 

DEVICE 1 

~~-o_s_c ___ s_P .... I 
I 

DEVICE 2 r-L_C_D_......, 

T ...... 1 o_s_c ___ s_P .... HL.,s_P _ __, 

I 

: DEVICE n 

~NC 
5-8314 

Fig. 4 - Cascade configuration, driven by external signal 
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DEVICE 1 
LCD 
DRIVING o--.--.OSC 
SIGNAL 

1 
1 
I 
I 

DEVICE 2 

osc 

I DEVICE n 

BP 

BP NC 

~NC 

ru SGS·lltOMSON ':'f /, [lj)D©!iii@!<M!©1i'liii@~D©!ii 
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MC1458 
MC1558 

DUAL OPERATIONAL AMPLIFIERS 

• LOW POWER CONSUMPTION 
• LARGE INPUT VOLTAGE RANGE 
• NO LATCH-UP 
• HIGH GAIN 
• SHORT-CIRCUIT PROTECTION 
• NO FREQUENCY COMPENSATION 

REQUIRED 
H 

T0-99 
(Metal Can) 

N 

GC 
LCC20 

(Tricecop (LCC)) 

D 
SOB DESCRIPTION 

The MC1458 is a high performance monolithic dual 
operational amplifier constructed on a single silicon 
chip. It is intended for a wide range of analog appli­
cations. 

DIPS 
(Plastic Package) 

J 
CERDIP8 

(Cerdip Package) 

(Plastic Micropackage) 

• Summing amplifier. 
• Voltage follower. 
• Integrator. 
• Active filter. 
• Function generator. 

The high gain and wide range of operating voltages 
provide superior performance in integrator, sum­
ming amplifier, and general feed back applications. 
The internal compensation network (6 dB/octave) 
insures stability in closed loop applications. 

PIN CONNECTIONS (top views) 

T0-99 DIP8/CERDIP8/S08 

ORDER CODES 

Part Temperature 
Number Range H 

MC1458 0 to+ 70 oc • 
MC14581 - 40 + 105 oc • 
MC1558 - 55 to + 125 oc • 
Note : HI-Rei Versions Available 
Example : MC1458H, MC1558GC. 

LCC20 

( 3 2~2019 ~ 
?4 18~ 
)5 17~ 

6 16' 

Package 

N J D GC 

• • 
• 0 • 

0 

1~8 ~ -+ +- : 

4 5 

1 - NC 1 5 ) 11 - NC 
2 - Output 1 7 > 12 - Non-mvertmg mput 2 
3-NC )8 14 13-NC 

1 ·Output 1 
2 · Inverting 1nput 1 
3 · Non-1nvert1ng 1nput 1 
4. V"a; 

December 1988 

5 - Non-1nvert1ng 1nput 2 
6 - Inverting 1nput 2 
7- Output 2 
8- vee 

4-NC ( 91011~£ 14-NC 
5- Inverting input 1 15- Inverting Input 2 
6- NC 16- NC 
7 - Non-mverting 1nput 1 
8- NC 
9- NC 

10- VCc 

17- Output 2 
18- NC 
19- NC 
20- VCc 
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MC1458·MC1558 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter LM1458 LM14581 LM1558 Unit 

Vee Supply Voltage ± 22 ± 22 ± 22 v 
v, Input Voltage ± 15 ±15 ±15 v 

V1o Differential Input Voltage ± 30 ± 30 ± 30 v 
Ptot Power Dissipation J Suffix 660 mW 

GC Suffix 665 
H Suffix 660 660 660 
D Suffix 300 300 
N Suffix 500 500 

Output Short-circuit Duration Infinite 

Toper Operating Free-air Temperature Range -55 to+ 125 -40 to+ 105 0 to+ 70 oc 
Tstg Storage 1 emperature Range -65 to 150 -65 to 150 -65 to 150 oc 

SCHEMATIC DIAGRAM 

Non·mvenmg mput Inverting input 

Case Outputs 
Non-inverting Inverting 

Vee Vee Inputs Inputs 

DIPB/CERDIPB 1-7 3-5 2-6 8 4 
T0-99 1-7 3-5 2-6 8 4 
SOB 1-7 3-5 2-6 8 4 
LCC20* 2-17 7-12 5-15 20 10 

• LCC20 : Other p1ns not connected 
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ELECTRICAL CHARACTERISTICS 
MC1458: 0 s:;Tamb s:;+ 70 'C 
MC14581:-40 s:;Tamb s:;+ 105 'C 
MC1558 :-55 s; T amb s; + 125 'C 
(unless otherwise specified) 

Symbol Parameter 

V1o Input Offset Voltage Rs ~ 10 kQ 
T amb = 25 °C 
T mm ~ T.amb ~ T max 

l1o Input Offset Current 
Tamb = 25 °C 
T m1n $; T amb ::; T max 

liB Input Bias Current 
T amb = 25 °C 
T m1n $: T amb ::;; T max 

Avo Large Signal Voltage Gain 
(Vo = ± 1 0 V, RL = 2 kQ) 

Tamb = 25 °C 
T m1n ~ T amb $; T max 

SVR Supply Voltage Rejection Ratio 
(Rs ~ 10 kQ) 
T amb = 25 °C 
T mm :::; T amb $ T max 

Icc Supply Current, all Amp, no Load 
T amb = 25 °C 
T mm $ T amb $ T max 

V1 Input Voltage Range 
T amb = 25 °C 
T mrn :::; T amb $ T max 

CMR Common-mode Rejection Ratio 
(Rs ~ 10 kn) 

Tamb = 25 °C 
T m1n $ T amb ::; T max 

los Output Short-circuit Current 
Tamb = 25 °C 

± Vopp Output Voltage Swing 
Tamb = 25 oc 

T m1n $ T amb $ T max 

Svo Slew-rate {V1 = ± 10 V, RL = 2 kQ, 
CL ~ 100 pF, Tamb = 25 °C, unity gain) 

t, Rise Time (V1 = 20 mV, RL = 2 kn, CL ~ 100 pF, 
T amb = 25 °C, unity gain) 

Kov Overshoot (V1 = 20 mV, RL = 2 kn, 
CL ~ 100 pF, Tamb = 25 oc, unity gain) 

R1 Input Resistance, T amb = 25 oc 

Zic Common-mode Input Impedance 

c1 Input Capacitance, T amb = 25 oc 

Ro Output Resi~!ance, T amb = 25 oc 

Born Large Signal Bandwidth 
(RL = 2 kQ, Vo <: ± 10 V, Avo= 1, THD ~ 5 %) 

RL=10k!.1 
RL = 2 kn 
RL=10k!.1 
RL = 2 kn 

MC1458-MC1558 

Vee=±15V 
Vee=± 15 V 
Vee=± 15 V 

MC1458/14581/1558 

Min. Typ. Max. 

1 5 
6 

2 20 
40 

30 100 
200 

50 200 
25 

77 90 
77 

2.3 5 
6 

-12 + 12 
-12 + 12 

70 90 
70 

10 20 35 

12 14 
10 13 
12 
10 

0.2 0.8 

0.3 

5 

0.3 2 

200 

1.4 

75 

14 

Unit 

mV 

nA 

nA 

VimV 

dB 

rnA 

v 

dB 

rnA 

v 

V/!J.S 

IJ.S 

% 

MQ 

MQ 

pF 

Q 

KHz 
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MC1458-MC1558 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

B 

GPB 

THO 

Vn 

cpM 

Am 

iii 
:!! 
z 
(i 
C!J 
w 
C!J 
<l: 
!:::; 
0 
> 

~ 
w 
C!J 
ct 
!:::; 
0 
> 
t-
::> 
a.. 
t-
::J 
0 

4/8 
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Unity Gain Bandwidth 
(VI= 10 mV, RL = 2 kQ, CL,; 100 pF, 
T amb = 25 oc) 

Gain Bandwidth Product 
(VI= 10 mV, RL = 2 kQ, CL,; 100 pF, 
f = 1 00 KHz, T amb = 25 oc) 

Total Harmonic Distortion 
(!=1KHz, Av =20 dB, RL =2 kQ, Vo =2 Vpp, 
CL < 100 pF, Tamb = 25 °C) 

Equivalent Input Noise Voltage 
(I = KHz, R9 = 1 00 0) 

Phase Margin 

Gain Margin 

115 

110 

105 

100 

95 

90 
0 

32 

28 

24 

20 

16 

12 

8 

4 

0 
10 

OPEN LOOP VOLTAGE GAIN 

Tamb= +25oc 

....,.~,...--1--~ 

/ 
v v 

[/ 
]/ 

4 8 12 16 20 

SUPPLY VOLTAGE (±VI 

POWER BANDWIDTH 
(LARGE SIGNAL-SWING) 

~ 

Voltage follower 
± 15 V supplies TfjD<5% 

I II II II II II 

E88MC1458·02 

+-

~ 

100 1k 10k 100k 

FREQUENCY !Hz: 
ESBMC 1458·04 

MC1458 /14581/1558 
Unit 

Min. Typ. Max. 

MHz 

1 

MHz 

0.4 1 

% 

0.02 

nV/Mz 
45 

65 Degrees 

11 dB 

OPEN LOOP FREQUENCY RESPONSE 
120 

100 

iii 
:!! 80 

,........_ 

~ 
z 
(i 60 C!J 
w 
C!J 40 

~ 
0 20 

[\.. 
!\. 

"' > 
0 

[\.. 

-20 r\ 
1 10 100 1k 10k 100k 1M 10M 

FI{EOUEr..::y uizl 
E88MC 1458·03 

POWER CONSUMPTION 
100 

~ 50 .§ 
z 
0 

t 20 

::! 
:::> 10 en 

eo o 
17 

v 
/ 
v 

z 
0 
u 5 
a: 
w 

== 0 2 a.. 

1 
2 6 10 14 18 22 

Vee AND Vee POWER SUPPLY VOLTAGES (VI 
E88MC1458·05 



OUTPUT VOLTAGE SWING 

32 

28 c. +1Iv 
c. 

24 2: 
w 
Cl 20 C( 

!::; 
t6 0 

> 
I- t2 
:::l 
0.. 
I- 8 :::l 
0 

4 

~ 12V 

100,klll I 

)~ 17 tO kll - eo 
1/' ~ ""' ,; '" 'i 

THO <1;n,,-~~, , , 0 , r 
0 
tCJO 200 500 tk 2k 5k tOk 

LOAD RESISTANCE ([!) 

EBBMC1458-06 

TRANSIENT RESPONSE 
28 

24 

> .E 2o 
w 90%~ 
Cl 16 
~ 
....1 12 0 
> ,_ 8 
:::l 
0.. 
I- 4 :::l 
0 

I Vee~± 15 v 

7 lamb= +25"e 
RL~2 k[l 

~ el = 100 pF 

--
-~J.. 10% -

0 - --
Rise time 

-4 
-0.5 0 0.5 t 1.5 2 2.5 

w 12 
:::l 
....1 

~ 
w 
> 
~ 
....1 
w 
a: 0.8 

TIME ll's) 
EBBMC1458-08 

FREQUENCY CHARACTERISTICS 

Tamb= +25"C 

0.6 L__J.__ _ _L _ __L. _ ___l __ L_____J 

5 10 15 20 
SUPPLY VOLTAGE I±V) 

ESSMC1458-10 

-.; 
E 
> 
.E 
w 
Cl 

~ 
0 
> 
w 
Ill 
0 z 
1-
:::l 
c. 
I-
:::l 
0 

1.4 

t,2 

t,O 

0,8 

0,6 

0,4 

0,2 

0 
tOO 

~ 
w 
Cl 
C( 
1-
....1 
0 
> 
I-
:::l 
n. 
1-
:::l 
0 

w 
:::l 
....1 
C( 
> 
w 
> 
j:: 

s 
w 
a: 

10 

8 

6 

4 

2 

0 

-2 

-4 

-6 

-8 

-10 

MC1458-MC1558 

OUTPUT NOISE VOLlAGE 

tk tOk lOOk 

SOURCE RESISTANCE ([l) 

EBSMC1458-07 

VOLTAGE FOLLOWER 
LARGE SIGNAL PULSE RESPONSE 

1--

1--

._ 

Vee~ + 15 v 
lamb- +25"e 

ff r r 1--- r' I 
Output 

11\ 
1/ lnput~1 \ 

I 
L. 

t-I-

0 tO 20 30 40 50 60 70 80 90 

TIME l1,s) 

EBBMC1458-09 

FREQUENCY CHARACTERISTICS 

-20 20 60 100 140 

TEMPERATURE (°C) 

ESBMC1458-11 
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MC1458-MC1558 

TYPICAL APPLICATIONS 

LOW PASS FILTER 

TURNABLE NOTCH FILTER 

c 

AT 

10 kl! 

I 
I 
I 

Av = f, 

E88MC1458-12 

10 kl! 

10 kU 

L---------------
., 2 Rl J.J kl! 

CJJQ turning 

6/8 
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GYRATOR 

A 

A 

1 

l 
R-y ~ Gyration resistance (;;. 1 _5 kl!l 

01 R-y,;R,;0_5 R-y 

w ~--;::::::-=~~= 
0 I R1 R2 

CV2R1 ---
R1 I R2 

1 

A 

• I 
"l 

EBBMC145B-13 

~w = - (Bandwidth notched) 
CR1 

OdB 

I 
-3dBr---- -

E88MC1458-14 



PACKAGE MECHANICAL DATA 

8 PINS- METAL CAN T0-99 

mm 

© 
Pin 

4 20 
:;t69-

12.7 min 

20 PINS - TRICECOP (LCC) 

mm 
8.74 
9.04 

8.50 

: 

¢ 8.51 
9,39 

127 max 

l:--

0,26 
1.01 

~0.407 
0.508 

MC1458-MC1558 

8 PINS 

1.86 max. 

20 PINS 

8.74 
9,04 
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MC1458-MC1558 

PACKAGE MECHANICAL DATA (continued) 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

8/8 

668 

~ 
6.2 

Datum 

{ 1) Nominal dimension 

(2) True geometrical position 

8 Pins 

0.185 
0.265 

0.4 

min. 

1.75 max. 

8 Pins 



• CURRENT LIMITED OUTPUT± 10 mA TYP. 
• POWER-OFF SOURCE IMPEDANCE 

300 OM IN. 
• SIMPLE SLEW RATE CONTROL WITH EXTER­

NAL CAPACITOR 
• FLEXIBLE OPERATING SUPPLY RANGE 
• INPUTS ARE TTL AND JlP COMPATIBLE 

DESCRIPTION 
The MC1488 is a monolithic quad line driver des­
igned to interface data terminal equipment with da­
ta communications equipment in conformance with 
the specifications of EIA Standard No. RS232C. 

MC1488 

RS232C QUAD LINE DRIVER 

DIP-14 (0.25) 
(Plastic and Ceramic) 

S0-14J 

ORDER CODES: MC1488P (Piastre DIP) 
MC1488L (Ceramic DIP) 
MC1488D (S0-14) 

TYPICAL APPLICATION : RS232C Data Transmission. 

TTL TTL 
or -+12V or 

l-IP l-IP 

I 
-~--~ 

7 I 

--
.., 7776 

September 1988 1/7 
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MC1488 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Power Supply Voltage 15 v 
VEE Power Supply Voltage -15 v 
VIR Input Voltage Range -15,;;VIR,;;7 v 
Vo Output Signal Voltage ±15 v 

Tamb Operating Ambient Temperature 0 to 75 oc 
Tstg Storage Temperature Range -65 to 150 oc 

CONNECTION DIAGRAMS (top views) LOGIC DIAGRAM 

VEE [ t 14 ~ +Ys 

INPUT 1 2 13 ~INPUT 48 

OUTPUT 1 3 12 ~INPUT 4A 

INPUT 2A 4 11 ~ OUTPUT 4 
l 

7 0 

INPUT 2B I 5 10 ~ INPUT 38 

OUTPUT 2 I 6 9 ~INPUT JA 

9 

~ 
Ia 

GND I 7 B ] OUTPUT 3 S-7777 

S-7778 

THERMAL DATA 

Plastic Ceramic 
DIP - 14 DIP - 1 4 so- 14 

Rth 1-amb I Thermal Resistance Junction-ambient max 200 °C/W 165 °C/W 165 °C/W 

217 
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MC1488 

ELECTRICAL CHARACTERISTICS (V s= 9 ±1 0% V, VEE=- 9 ±1 0% V, Tamb= 0 to 75 'C unless 
otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig. 

lrL Input Current Low Logic State (VrL = OV) 1 1.6 rnA 1 

lrH Input Current High Logrc State (VrH = 5V) 10 f.! A 1 

VoH Output Voltage High Logic State RL= 3KQ 
VrL = 0.8V, Vs = 9V, VEE = -9V 6 7 v 2 
VtL = 0.8V, Vs = 13.2V, VEE = -13.2V 9 10.5 v 2 

VoL Output Voltage Low Logic State RL = 3 KQ 
V1H = 1.9V, VEE = -9V, Vs = 9V -6 -7 v 2 
V1H = 1.9V, VEE = -13.2V, Vs = 13.2\i -9 -10.5 v 2 

los+ * Positive Output Short - circuit 6 10 12 rnA 3 
Current 

los- * Negat1ve Output Short-circuit -6 -10 -12 rnA 3 
Current 

Ro Output Resistance Vs =VEE = 0 [Vo[ =± 2V 300 Q 4 

Is Positive Supply Current v,H = 1.9 v Vs =9 V 15 20 
(R, =~) v,L = o.8 v Vs = 9 V 4.5 6 

v,H = 1.9 v Vs = 12 V 19 25 
v,L = o.8 v Vs = 12 V 5.5 7 rnA 5 
v,H = 1.9 v Vs = 15 V 34 
v,L = o.8 v Vs = 15 V 12 

lEE Negative Supply Current VtH=1.9V VEE=-9V -13 - 17 rnA 
(RL =~) v,L = o.8 v VEE =- 9 v -15 flA 

VrH=1.9V VEE=-12V -18 -23 rnA 
v,L = o.8 v VEE=-12V -15 f.IA 5 
v,H = 1.9 v VEE=-15V -34 rnA 
v,L = o.8 v VEE=-15V -2.5 rnA 

Pc Power Consumption Vs = 9 V VEE=-9V 333 
Vs = 12 V VEE=-12V 567 mW 

SWITCHING CHARACTERISTICS (V s = ± 9 ±1 % V, VEE =- 9 ± 1 % V, Tamb = 25 °C) 

tPLH Propagation Delay Trme Z, = 3 KQ and 15 pF 275 350 ns 6 

trHL Fall Time Z, = 3 KQ and 15 pF 45 75 ns 6 

tPHL Propagation Delay T1me Z, = 3 KQ and 15 pF 110 175 ns 6 

frLH Rise Time Z, = 3 KQ and 15 pF 55 100 ns 6 

• Max1mum package power d1Ss1pat1on may be exceeded 11 all outputs are shorted Simultaneously 
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MC1488 

TEST CIRCUITS 

Figure 1 : Input Current. Figure 2: Output Voltage. 

Figure 3 : Output Short-Circuit Current. Figure 4 : Output Resistance (power off). 

Figure 5 : Power Supply Currents. Figure 6 : Switching Response. 

v,~, 

~JKO I lSpF 

0 

v, 

ITHL and tTLH measurt'd 10"/o to 90"/o 
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Figure 7 : Transfer Characteristics vs. 
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Figure 10: Output Voltage and Current-Limi­
ting Characteristics. 
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MC14BB 

APPLICATION INFORMATION 
The Electronic Industries Association (EIA) has re­
leased the RS232C specification detailing the requi­
rements for the interface between data processing 
equipment. This standard specifies not only the 
number and type of interface leads, but also the volt­
age levels to be used. The MC1488 quad driver and 
its companion circuit, the MC1489 quad receiver, 
provide a complete interface system between DTL 
or TTL logic levels and the RS232C defined levels. 
The R_S232C requirements as applied to drivers are 
discussed herein. 

The required driver voltages are defined as between 
5 and 15 V in magnitude and are positive for a logic 
"0" and negative for a logic "1 ".These voltages are 
so defined when the drivers are terminated with a 
3000 to 7000Q resistor. The MC1488 meets this 
voltage requirement by converting a DTUTTL logic 
level into RS232C levels with one stage of inversion. 

The RS232C specification further requires that du­
ring transitions, the driver output slew rate must not 
exceed 30 V per JlS. The inherent slew rate of the 
MC1488 is much too fast for this requirement. The 
current limited output of the device can be used to 
control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be 
easily determined by using the relationship C = los 
x t';;.T/ t:.V from which Figure 12 is derived. Accordin­
gly, a 330 pF capacitor on each output will guaran­
tee a worst case slew rate of 30 V per JlS. 

The interface driver is also required to withstand an 
accidental short to any other conductor in an inter-

Figure 12: Slew Rate vs. Capacitance for 
lsc = 10mA. 

G 5815 

SR,~!II~fll~'ll (V) 5 ~ 

_! lll~ -- 1.l 

~333pF 

10 
4. 6 B 2 2 4 6 8] 2 4. 6 8 

10 10 C (pF) 
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connecting cable. The worst possible signal on any 
conductor would be another driver using a plus or 
minus 15 V, 500 mA source. The MC1488 is des­
igned to indefinitely withstand such a short to all four 
outputs in a package as long as ttie power-supply 
voltages are greater than 9.0 V (i.e., VS ~ 9.0 V ; 
VEE~- 9.0 V). In some power-supply designs, a loss 
of system power causes a low impedance on the 
power-supply outputs. When this occurs, a low im­
pedance to ground would exist at the power inputs 
to the MC1488 effectively shorting the 300Q output 
resistor to ground. If all four outputs were then 
shorted to plus or minus 15 V, the power dissipation 
in these resistors would be excessive. Therefore, if 
the system is designed to permit low impedances to 
ground at the power-suppies of the drivers, a diode 
should be placed in each power-supply lead to pre­
vent over-heating in this fault condition. These two 
diodes, as shown in Figure 13, could be used to de­
couple all the driver packages in a system. (These 
same diodes will allow the MC1488 to withstand mo­
mentary shorts to the ±15 V limits specified in the 
earlier Standard RS232B). The addition of the 
diodes also permits the MC1488 to withstand faults 
with power-supplies of less than the 9.0 V stated 
above. 

The maximum short-circuit current allowable under 
fault conditions is more than guaranteed by the pre­
viously mentioned 10 mA output current limiting. 

Figure 13: Power Supply Protection to 
Meet Power-off Fault Conditions. 



OTHER APPLICATION 
The MC1488 is an extremely versatile line driver 
with a miriad of possible applications. Several fea­
tures of the drivers enhance this versatility : 

1. Output Current Limiting -this enables the circuit 
designer to define the ouptut voltage levels inde­
pendent of power-supplies and can be accomplis­
hed by diode clamping of the output pins. 

2. Power-Supply Range- as can be seen from the 
schematic drawing of the drivers, the positive and 
negative driving elements of the device are essen­
tially independent and do not require matching po-

MC1488 

wer-supplies. In fact, the positive supply can very 
from a minimum seven volts (required for driving the 
negative pulldown section) to the maximum speci­
fied 15 V. The negative supply can vary from ap­
proximately- 2.5 V to the minimum specified" 15 V. 
The MC1488 will drive the ouptut to within 2 V;ofthe 
positive or negative supplies as long as the current 
output limits are not exceeded. The combination of 
the current-limiting and supply-voltage features al­
low a wide combination of possible outputs within 
the same quad package. 
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• INPUT RESISTANCE -3.0 K to 7.0 Kr.l 
• INPUT SIGNAL RANGE-± 30 V 
• INPUT THRESHOLD HYSTERESIS BUlL T-IN 
• RESPONSE CONTROL : 

a) LOGIC THRESHOLD SHIFTING 
b) INPUT NOISE FILTERING 

DESCRIPTION 
The MC1489 monolithic quad line receivers are des­
igned to interface data therminal equipment with da­
ta communications equipment in conformance with 
the specifications of EIA Standard No. RS-232C. 

MC1489 
MC1489A 

QUAD LINE RECEIVERS 

DIP-14 
(Plastic (0.25) and Ceramic) 

S0-14J 

ORDER CODES: MC1489L, MC1489AL 
(DIP-14 Ceramic) 
MC1489P, MC1489AP 
(DIP-14 Plastic) 
MC1489D, MC1489AD (S0-14) 

TYPICAL APPLICATION : RS232C Data Transmission 

+'Is 

S-7776 

September 1988 1/7 

677 



MC1489-MC1489A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs Power Supply Voltage 

v, Input Voltage Range 

loL Output Load Current 

Ptot Power Dissipation 

Tamb Operating Ambient Temperature 

Tstg- Storage Temperature Range 

CONNECTION DIAGRAMS (top view) 

----v-
INPUT A I 1 

RESPONSE I 2 
CONTROL A 

OUTPUT A [ 3 

INPUT B 

RESPONSE 
CONTROL B 

OUTPUT B 

GROUND 

SCHEMATIC DIAGRAM (1/4 of circuit shown) 
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* MC1489:6.7Kfi 
MC1489A:1.6KO 

Value Unit 

10 v 
± 30 v 
20 rnA 

1 w 
0 to 75 oc 

-65to150 oc 

14 ~ v. 

13 ~ INPUT 0 

12 RESPONSE 
CONTROL D 

11 OUTPUT 0 

10 INPUT C 

RESPONSE 
CONTROL"C 

8 ~OUTPUT C 

!t-7716 

S-1787 



MC1489-MC1489A 

ELECTRICAL CHARACTERISTICS (Response control pin is open ; V s = 5 V, T amb = 0 to 75 o C 
unless otherwise specified) 

Symbol Parameter Test Condtions Min. Typ. Max. 

lrH Positive Input Current VIH = 25 v 3.6 8.3 
V1H = 3 V 0.43 

I1L Negative Input Current VIL =- 25 v - 3.6 - 8.3 
VIL =- 3 v - 0.43 

V1H Input Turn-on Threshold Voltage T amb = 25 o C VoL :<:; 0.45 
IL = 10 mA for MC1489 1 1.5 

for MC1489A 1.75 1.95 2.25 

VIL Input Turn-off Threshold Voltage Tamb =25 ° C VoH ~ 2.5 V 
IL =- 0.5 mA 0.75, 1.25 

VoH Ouptut Voltage High V1H = 0.75 v IL =- 0.5 mA 2.5 4 5 
I L = 0.5 mA Input Open Circuit 2.5 4 5 

VoL Output Voltage Low VIL = 3 V IL = 10 mA 0.2 0.45 

los Output Short Circuit Current - 3 - 4 

Is Power Supply Current All gates "on" lo = o mA 16 26 
V1H = 5 V 

Pc Power Consumption VIH = 5 v 80 130 

SWITCHING CHARACTERISTICS 0/s = 5 V, Tamb = 25 o C, see Fig. 1) 

Symbol Parameter Test Condtions Min. Typ. Max. 

tPLH Propagation delay Time RL = 3.9 KQ 25 85 

lrLH Rise Time RL = 3.9 KQ 120 175 

tPHL Propagation Delay Time RL = 390 Q 25 50 

tTHL Fall Time RL = 390 Q 10 20 

TEST CIRCUITS 

Figure 1 : Switching Response. Figure 2 : Response Control Node . 

• sv 

tTLHandiTHL 
mPasurpd 10"/o-90"/o 

C, capac1tor 1s for no1se f1ltenng 
R, res 1st or IS for threshold sh1ft1ng 

Unit 

mA 

mA 

v 

v 
v 
v 
v 

mA 

mA 

mW 

Unit 

ns 

ns 

ns 

ns 
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MC1489-MC1489A 

Figure 3 : Input Current. 

Figure 5 : Output Voltage and Input Thres­
hold Voltage. 

Figure 4 : Output Short-Circuit Current. 

Figure 6 : Power Supply Current. 

TYPICAL CHARACTERISTICS (Vs = 5 V, T amb = 25 oc unless otherwise specified) 

Figure 7 : Input Current. 

G !>818 -

I 

v 
/ 

1/ 
-2 

/ 1,~ 
/ 

v, 

v -· 
-6 

-B 

-10 

_ 25 -20 -15 -10 -5 o s 10 15 vi (V) 

4/7 

680 

Figure 8: MC1489 Input Threshold Voltage 
Adjustament. 
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Figure 9: MC1489A Input Threshold Voltage 
Adjustment. 
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Figure 11 :Input Threshold vs. Power-Supply 
Voltage. 
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APPLICATION INFORMATION 

GENERAL INFORMATION 

G !5831 

10 Ys {V) 

The Electronic Industries Association (EIA) has re­
leased the RS-232C specification detailing the re­
quirements for the interface between data proces­
sing equipment and data communications equip­
ment. This standard specifies not only the number 
and type of interface leads, but also the voltage le­
vels to be used. The MC1488 quad driver and its 
companion circuit, the MC1489 quad receiver, pro­
vide a complete interface system between DTL or 
TTL logic levels and the RS-232C defined levels. 
The RS-232C requirements as applied to receivers 
are discussed herein. 

The required input impedance is defined as be­
tween 3000 n and 7000 n for input voltages be-

MC1489-MC1489A 

Figure 10: Input Threshold Voltage vs. 
Temperature. 
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MCI489Vrl _ __l 
MCI£89A VIL 

ne 
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-60-40 -20 o 20 40 60 eo Tambc•c) 

tween 3.0 and 25 V in magnitude ; and any voltage 
on the receiver input in an open circuit condition 
must be less than 2.0 V in magnitude. The MC1489 
circuits meet these requirements with a maximum 
open circuit voltage of one VsE. 

The receiver shall detect a voltage between - 3.0 
and- 25 Vas a Logic "1" and inputs between+ 3.0 
and + 2.5 V as a Logic "0". On some interchange 
leads, an open circuit of power "OFF" condition 
(300 Q or more to ground) shall be decoded as an 
"OFF" condition or Logic "1 ". For the reason, the in­
put hysteresis thresholds of the MC1489 circuits are 
all above ground. Thus an open or grounded input 
will cause the same output as a negative or Logic 
"1" input. 
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MC1489-MC1489A 

DEVICE CHARACTERISTICS 

The MC1489 interface receivers have internal feed­
back from the second stage to the input stage pro­
viding input hysteresis for noise rejection. The 
MC1489 input has typical turn-on voltage of 1.25 V 
and turn-off of 1.0 V for a typical hysteresis of 
250 mV. The MC1489A has typical turn-on of 1.95 V 
and turn-off of 0.8 V for typically 1.15 V of hystere­
sis. 

Each receiver section has an external response 
control node in addition to the input and output pins, 
thereby allowing the designer to vary the input thres­
hold voltage levels. A resistor can be connected be­
tween this node and and an external power supply. 
Figure 2, 4 and 5 illustrate the input threshold vol­
tage shift possible through this technique. 

This response node can also be used for the filte­
ring of the high-frequency, high-energy noise 

Figure 12 : Typical Turn-on Threshold vs. 
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v, 
(Y) 

10 

Capacitance from Response 
Control Pin to GND. 

100 1000 W(ns) 

pulses. Figure 8 and 9 show typical noise-pulse re­
jection for external capacitors of various sizes. 

These two operations on the response node can be 
combined or used individually for may combinations 
of interfacing applications. The MC1489 circuits are 
particularly useful for interfacing between MOS cir­
cuits and MDTUMTIL logic systems. In this appli­
cation, the input threshold voltages are adjusted. 
(with the appropiate supply and resistor values) to 
fall in the center of the MOS voltage logic levels. 
(See Figure 1 0). 

The response node may also be used as the recei­
ver input as long as the designer realizes that he 
may not drive this node with a low impedance 
source to a voltage greater than one diode above 
ground or less than one diode below ground. This 
feature is demonstrated in Figure 11 where two re­
ceivers are slaved to the same line that must still 
meet the RS-232C impedance requirement. 

Figure 13 : Typical Turn-on Threshold vs. 

YJ 
(Y) 

10 

Capacitance from Response 
Control Pin to GND. 

100 1000 W(ns) 



MC1489·MC1489A 

Figure 14: Typical Paralleling of Two MC1489/A Receivers to Meet RS-232C. 
- .7 - - --- -

r---------------- ------, 
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MC33001 I Al8 
MC34001 I Al8 
MC35001 I Al8 

J-FET INPUT SINGLE OP-AMPs 

• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/IJS (typ) 

DESCRIPTION 

These circuits are high speed J-FET input single 
operational amplifiers incorporating well matched, 
high voltage J-FET and bipolar transistors in a 
monolithic integrated circuit. 

The devices feature high slew rates, low input bias 
and offset current, and low offset voltage tempera­
ture coefficient. 

N 
DIPS 

(Plastic package) 

GC 
LCC20 

(Tricecop (LCC)) 

H 
T099 

(Metal can) 

D 
SOB 

(Plastic micropackage) 

PIN CONNECTIONS (Top views) 

T099 DIP LCC20 
808 - ---

8 I 321!12019 ) 

s. 'eB' 
?4 1 18 
?5 17 

2 - 7 ?6 16 

3 + 6 
?7 15 
(a 14 

2 6 

4 5 "'.!!.1!2!.!!1~ 
5 ~~ 

4 1-NC 11-NC 
2-Balance 12-Balance 

1 -Balance 3-NC 13-NC 
2 -Inverting input 4-NC 14-NC 
3- Non-inverting input 5 -Inverting input 15 -Output 
4-V~c 6-NC 16-NC 
5 -Balance 7- Non-inverting input 17-V~c 
6 -Output 8-NC 18-NC 
7-V~ 9-NC 19-NC 
8-NC 10-V~c 20-NC 
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MC33001/A/B • MC34001/A/B • MC35001/A/B 

ORDER CODES 

Part Number Temperature Package 

MC35001GC - 55 ac to + 125 ac LCC 
MC35001AGC - 55 ac to + 125 ac LCC 
MC35001BGC - 55 'C to + 125 'C LCC 
MC35001 H - 55 'C to + 125 'C METAL CAN 
MC35001AH - 55 'C to + 125 'C METAL CAN 
MC35001BH - 55 'C to + 125 'C METAL CAN 
MC33001N - 40 'C to + 1 05 'C DIPS 
MC33001AN - 40 'C to + 1 05 'C DIPS 
MC33001BN - 40 'C to + 1 05 'C DIPS 
MC33001 D - 40 'C to + 1 05 'C sos 
MC33001AD - 40 ac to + 1 05 'C sos 
MC33001BD - 40 'C to + 1 05 'C sos 
MC34001 N 0 'C to+ 70 'C DIPS 
MC34001AN 0 'C to+ 70 'C DIPS 
MC34001BN 0 'C to+ 70 'C DIPS 
MC34001 D 0 'C to+ 70 'C sos 
MC34001AD 0 'C to+ 70 'C sos 
MC34001BD 0 'C to+ 70 'C sos 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) ±1S v 
V1 Input Voltage (note 3) ± 15 v 

Vee Dill. Input Voltage (note 2) ± 30 v 
Ptot Power Dissipation 6SO mW 

Output Short-circuit Duration (note 4) Infinite 

Toper Operating Free Air Temperature Range oc 
MC34001, A, B o to 70 
MC33001, A, B -40 to 105 
MC35001, A, B -55 to 125 

Tstg Storage Temperature Range -65 to 150 oc 
Notes : 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 

zero reference level is the midpoint between v& and VCc. 
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2. Differential voltages are at the non·inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis­

sipation rating is not exceeded. 



SCHEMATIC DIAGRAM 

Non-invening 
input 

Inverting 
input 

MC33001/A/B- MC34001/A/B- MC35001/A/B 

Output 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

EBBMC34001·01 

Case Balance Inverting Non-inverting Output Vc!c Vee N.C. Input Input 

DIPS 
SOB 1, 5 2 3 6 7 4 8 
T099 

LCC20 2, 12 5 7 15 17 10 . 
• LCC20 :Other pins are not connected. 
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MC33001/A/B- MC34001/A/B- MC35001/A/B 

ELECTRICAL CHARACTERISTICS 
Vee = ± 15 V (unless otherwise specified) 
MC35001, MC35001 A, MC35001 B -55 s; T amb s; + 125 'C 
MC33001, MC33001 A, MC33001 B - 40 :::; Tamb :::; + 105 'C 
MC34001, MC34001 A, MC34001 B 0 :::; Tamb :::; + 70 'C 

MC35001A, B 

Symbol Parameter 
MC33001A, B 
MC34001A, B 

Min. Typ. Max. 

V1o Input Offset Voltage 
Tamb = 25 °C (Rs < 10 kQ) 

MC35001 B, MC34001 B, MC33001 B 3 5 
MC35001A, MC34001A, MC33001A 0.2 1 

T mtn $ T amb $ T max 
MC35001 B, MC34001 B, MC33001 B 9 
MC35001A, MC34001A, MC33001A 5 

DV1o Input Offset Voltage Drift 10 

l,o Input Offset Current • 
Tamb =25°C 5 50 
T mm S T amb ~ T max 4 

he Input Bias Current • 
Tamb = 25 °C 20 200 
T mtn $ T amb $ T max 20 

Avo Large Signal Voltage Gain 
(RL >2 kQ, Vo =± 10V) 
Tamb = 25 °C 50 200 
T min $ T amb $ T max 25 

SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
Tamb=25°C 80 86 
T mtn $ T amb $ T max 80 

Icc Supply Current, No Load 
Tamb = 25 °C 1.4 2.5 
T mtn $ T amb $ T max 2.5 

VI Input Voltage Range 
Tamb = 25 °C -11 + 11 
T mtn S T amb S T max 

CMR Common Mode Rejection Ratio 
(Rs < 10 kQ) 
Tamb =25°C 80 86 
T mtn $ T amb $ T max 80 

los Output Short-circuit Current 
Tamb = 25 °C 10 40 60 
T mtn $ T amb $ T max 10 60 

± VoPP Output Voltage Swing 
Tamb = 25 °C RL ~ 2kQ 11 12 

RL~10kQ 12 13.5 
T mm S T amb S T max RL ~ 2kQ 11 

RL ~ 10kQ 12 

Svo Slew-rate (V1 = 10 V, RL = 2 kQ) 
CL !> 100 pF, T amb = 25 °C, unity gain 12 16 

MC35001 
MC33001 

Unit MC34001 

Min. Typ. Max. 

mV 

3 8 

13 

10 IJ.V/oC 

5 50 pA 
4 nA 

20 200 pA 
20 nA 

V/mV 

50 200 
25 

dB 

80 86 
80 

mA 
1.4 2.5 

2.5 

v 
-11 + 11 

dB 

70 86 
70 

mA 
10 40 60 
10 60 

v 
11 12 
12 13.5 
11 
12 

V/i!S 
12 16 

• The 1nput b1as currents are JUnction leakage currents w1ch approx1mabvely double for every 10 ·c Increase 1n the JUnction temperature. 
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MC33001/A/B • MC34001/A/B • MC35001/A/B 

ELECTRICAL CHARACTERISTICS (continued} 

MC34001A, B MC34001 
MC33001A, B MC33001 

Unit Symbol Parameter MC35001A, B MC35001 

Min. Typ. Max. Min. Typ. Max. 

t, Rise Time JlS 
(V1 =20 mV, RL =2 k!l) 
CL = 100 pF, T amb = 25 °C, unity gain 0.1 0.1 

Kov Overshoot (V1 = 20 mV, RL = 2 kQ o/o 
CL < 100 pF, T amb = 25 °C, unity gain) 10 10 

GBP Gain Bandwidth Product MHz 
(f =100kHz, Tamb = 25 °C 
V1N = 10 mV, RL = 2 kn, CL = 100 pF) 3.3 4.0 5.0 3.3 4.0 5.0 

AI Input Resistance (T amb = 25 °C) 1012 1012 n 
THD Total Harmonic Distortion % 

(f = 1 kHz, Av = 20 dB, RL = 2 Kn 
CL :>100 pF, Tamb =25 °C, Vo =2 Vpp) O.Q1 0.01 

Vn Equivalent Input Noise Voltage nV/..JHz 
(f = 1 kHz, R9 = 100 !l) 15 15 

0m Phase Margin 45 45 Degrees 

MAXIMUM PEAK TO PEAK OUTPUT 

30 30 
VOLTAGE VERSUS FREQUENCY .. .. 

::J :I RL= 10 kO 

~ D. Tamb= +25oc 25 .. 25 ::J ::J See figure 2 0 0 
~ ll:: <- 20 <- 20 w> w> a..- a..-ow ow .. " 15 ... Cl 15 ~:! ll::~ 
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MC33001/A/B • MC34001/A/B • MC35001/A/B 
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PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage Follower. Figure 2 : Gain-of-1 0 Inverting Amplifier. 
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TYPICAL APPLICATIONS 

(0.5 Hz) SQUARE WAVE OSCILLATOR 

HIGH 0 NOTCH FIL TEA 

C1 C2 

MC33001/A/B · MC34001/A/B • MC35001/A/B 

RF = 100 kH 

E88MC34001-19 

fo = 2 11' ~ 1 Cl = 1 kHz 

C1 =C2 = _f!3_= 110 pF 
2 

R1 = R2= 2R3 =1.5 Mn 

E88MC34001·20 
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MC33001/A/B- MC34001/A/B- MC35001/A/B 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

~ 
6,2 

Datum 
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( 1) Nommal d1mens1on 

(2) Exact geometrical dimension 

8 P1ns 

0.185 
0.265 

min. 

1.75 max. 

8 Pms 



T099- METAL CAN 

mm 

© 
Pin 

4 20 
t,69-

12.7 min. 

20 PINS -TRICE COP (LCC) 

mm 8.74 

1.27 
9,04 

MC33001/A/B- MC34001/A/B- MC35001/A/B 

8.50 

l::---

0.26 
'---r.o1 

,JlJ0.407 
0.508 

8 Pms 

1.86 max. 

20 PINS 

8.74 
9,04 
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• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/!lS (typ) 

DESCRIPTION 

These circuits are high speed J-FET input dual ope­
rational amplifiers incorporating well matched, high 
voltage J-FET and bipolar transistors in a monoli­
thic integrated circuit. 

The devices feature high slew rates, low input bias 
and offset current, and low offset voltage tempera­
ture coefficient. 

MC33002/ A/B 
MC34002/ A/B 
MC35002/ A/B 

J-FET INPUT DUAL OP-AMPs 

N 
DIPS 

(Plastic package) 

GC 
LCC20 

(Tricecop LCC ) 

H 
T099 

(Metal can) 

D 
808 

(Plastic micropackage) 

DIPS 
SOB 

PIN CONNECTIONS (Top views) 

T099 LCC20 

2 

3 

4 

December 1988 

8 

7 

6 

5 

1 -Output 1 
2 -Inverting input 1 
3- Non-inverting 1nput 1 
4-V~c 
5- Non-inverting 1nput 2 
6 -Inverting input 2 
7 -Output 2 
8-V~c 

4 
1-NC 
2 -Output 1 
3-NC 
4-NC 
5 -Inverting input 1 
6-NC 
7- Non-inverting input 1 
8-NC 
9-NC 
10-V~c 

11-NC 
12- Non-inverting input 2 
13-NC 
14-NC 
15 -Inverting input 2 
16-NC 
17 -Output 2 
18-NC 
19-NC 
20-V~c 

1/11 

697 



MC33002/ A/B-MC34002/ A/B-MC35002/ A/B 

ORDER CODES 

Part Number Temperature Package 

MC35002GC - 55 oc to + 125 oc LCC 
MC35002AGC - 55 oc to + 125 oc LCC 
MC35002BGC - 55 oc to + 125 oc LCC 
MC35002H - 55 oc to + 125 oc METAL CAN 
MC35002AH - 55 oc to + 125 oc METAL CAN 
MC35002BH - 55 oc to + 125 oc METAL CAN 
MC33002N - 40 °C to + 1 05 °C DIPS 
MC33002AN - 40 oc to + 1 05 oc DIPS 
MC33002BN - 40 oc to + 1 05 oc DIPS 
MC33002D - 40 oc to + 1 05 oc SOB 
MC33002AD - 40 oc to + 1 05 oc so a 
MC33002BD - 40 oc to + 1 05 oc SOB 
MC34002N 0 octo+ 70 oc DIPS 
MC34002AN o octo+ 70 oc DIPS 
MC34002BN 0 octo+ 70 oc DIPS 
MC34002D 0 octo+ 70 oc SOB 
MC34002AD 0 octo+ 70 oc SOB 
MC34002BD o octo+ 70 oc SOB 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) ± 18 v 
v, Input Voltage (note 3) ±15 v 

Vee Diff. Input Voltage (note 2) ± 30 v 
Ptot Power Dissipation 680 mW 

Output Short-circuit Duration (note 4) Infinite 

Toper Operating Free Air Temperature Range oc 
MC34002, A, B 0 to 70 
MC33002, A, B -40 to 105 
MC35002, A, B -55 to 125 

Tstg Storage Temperature Range - 65 to 150 oc 

Notes : 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between V'cc and VCc. 
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2. Differential voltages are at the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis­
Sipation rating i<l not exceeded. 



SCHEMATIC DIAGRAM 

Non-inverting 
input 

Inverting 
input 

Case 

DIPS 
SOB 
T099 

LCC20 

Outputs 

1, 7 

2, 17 
• LCC20: Other pins are not connected. 

Non-Inverting 
Inputs 

3, 5 

7, 12 

MC33002/ A/B·MC34002/ A/B·MC35002/ A/B 

Output 

1/2 MC 34002 

EBBMC34002·01 

Inverting 
Vee Vee N.C. Inputs 

2, 6 4 8 

5, 15 10 20 . 
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MC33002/ A/B·MC34002/ A/B·MC35002/ A/8 

ELECTRICAL CHARACTERISTICS 
Vee = ± 15 V (unless otherwise specified) 
MC35002, MC35002B, MC35002A -55 ~ T amb ~ + 125 'C 
MC33002, MC33002B, MC33002A - 40 ~ T amb ~ + 105 'C 
MC34002, MC34002B, MC34002A 0 < Tamb < + 70 'C - -

MC35002A, B 
MC33002A, B 

Symbol Parameter MC34002A, B 

Min. Typ. Max. 

v,o Input Offset Voltage 
Tamb=25°C (Rs < 10 kQ) 

MC35002B, MC33002B, MC34002B 3 5 
MC35002A, MC33002A, MC34002A 1 2 

T mm :> T amb :> T max 
MC35002B, MC330028, MC34002B 9 
MC35002A, MC33002A, MC34002A 5 

DV1o Input Offset Voltage Drift 10 

J,o Input Offset Current • 
Tamb =25 °C 5 50 
T mm :> T amb :> T max 4 

JIB Input Bias Current • 
Tamb = 25 °C 20 200 

T mm :> T amb :> T max 20 

Avo Large Signal Voltage Gain 
(RL ~ 2 kQ, Vo =± 10V) 

Tamb =25°C 50 200 
T mm S T amb S T max 25 

SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 °C 80 86 
T mm S T amb :> T max 80 

Icc Supply Current, per Amp, no Load 
Tamb = 25 °C 1.4 2.5 
T mm S T amb S T max 2.5 

v, Input Voltage Range 
Tamb = 25 °C - 11 + 11 
T mm S T amb S T max 

CMR Common Mode Rejection Ratio 
(Rs :> 10 kQ) 

Tamb = 25 °C 80 86 
T mm :> T amb :> T max 80 

16s Output Short-cir<;uit Current 
Tamb = 25 °C 10 40 60 
T mm S T amb S T max 10 60 

± Vopp Outpul Voltage Swing 
Tamb = 25 °C RL ~ 2kQ 11 12 

RL~10kQ 12 13.5 
T mm S T amb :> T max RL ~ 2kQ 11 

RL~10kQ 12 

Svo Slew-rate (V1 = 10 V, RL =2 kQ) 
CL s 100 pF, T amb = 25 °C, unity gain 12 16 

MC35002 
MC33002 
MC34002 Unit 

Min. Typ. Max. 

mV 
3 8 

13 

10 1J.V/°C 

5 50 pA 
4 nA 

20 200 pA 
20 nA 

V/mV 

50 200 
25 

dB 

80 86 
80 

rnA 
1.4 2.5 

2.5 

v 
- 11 + 11 

dB 

70 86 
70 

rnA 
10 40 60 
10 60 

v 
11 12 
12 13.5 
11 
12 

V/IJ.S 
12 16 

• The 1nput b1as currents are JUnc~on leakage currents w1ch approx1matiVely double for £Wery tO ·c 1ncrease 1n the JUnction temperature. 
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MC33002/ A/B-MC34002/ A/B-MC35002/ A/B 

ELECTRICAL CHARACTERISTICS (continued) 

MC34002A, 8 MC34002 

Symbol Parameter 
MC33002A, 8 MC33002 

Unit MC35002A, 8 MC35002 

Min. Typ. Max. Min. Typ. Max. 

t, Rise Time !lS 
(V1 =20 mV, RL =2 kQ) 
CL = 100 pF, T amb = 25 oc, unity Gain 0.1 0.1 

Kov Overshoot (V1 = 20 mV, RL = 2 kO % 
CL ~ 100 pF, Tamb = 25 oc, unity gain) 10 10 

GBP Gain Bandwidth Product MHz 
(f = 1 00 kHz, T amb = 25 °C 
V1N = 10 mV, RL = 2 kQ, CL = 100 pF) 3.3 4.0 5.0 3.3 4.0 5.0 

R1 Input Resistance (T amb = 25 °C) 1012 1012 Q 

THO Total Harmonic Distortion % 
(f = 1 kHz, Av = 20 dB, RL = 2 kQ 
CL $100 pF, Tamb =25 °C, Vo =2 Vpp) 0.01 0.01 

Vn Equivalent Input Noise Voltage nVi'I'HZ 
(f = 1 kHz, R9 = 100 Q) 15 15 

0m Phase Margin 45 45 Degrees 

Vo1No2 Channel Separation dB 
Avo= 100, Tamb =25 °C 120 120 
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MC33002/ A/B·MC34002/ A/B·MC35002/ A/B 
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MC33002/ A/B-MC34002/ A/B-MC35002/ A/8 

8/11 

704 

0 89 

~ 
a: 88 
2 
0 

~ 8 7 
w 

~i 86 
w-
e 
~ 85 

2 
0 
::;; 84 
::;; 

8 83 

COMMON MODE REJECTION RATIO 
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0 • 0.1 0.2 0.3 0.4 0.5 0.6 0.7 10 40 100 400 1 k 4 k 10 k 40 k 100 k 

TIMEIIISI EB8MC34002· 16 

TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 

~ , vee· ±15·v 

2 
0 
j: 
a: 

~ 

0.4 

0. 1 

c 0.04 
u z 
0 
~ 0.0 
<( 

1 

3 0.004 

g 

Ay-1 
Yl(rms)-6V 
Tamb~+25•c 

1 1- 0.00 
100 400 1 k 4 k 10k 40k lOOk 

FREQUENCY (Hz) 

FREQUENCY (Hz) E8BMC34002·17 

EBBMC34002·1B 



MC33002/ A/B-MC34002/ A/B-MC35002/ A/B 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage Follower. 

TYPICAL APPLICATION 

QUADRATURE OSCILLATOR 

ESBMC34002·20 

• These resistor values may be adjusted for a symmetrical output. 

Figure 2 : Gain-of-1 0 Inverting Amplifier. 

18 kn" 

EBBMC34002· 19 
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MC33002/ A/B·MC34002/ A/B·MC35002/ A/B 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm e-1,27 •1 e t e 

_g_ 
6.2 

Datum 

10/11 

706 

( 1 } Nom1nal d1mens1on 

(2) Exact geometncal dimension 

8 P1ns 

0.185 
0.265 

1.75 max. 

8 PinS 



T099- METAL CAN 

mm 

© 
Pin 

~ 4,69 

12,7min. 

20 PINS- TRICECOP (LCC) 

8.74 mm 
1.27 9,04 

MC33002/ A/B·MC34002/ A/B·MC35002/ A/B 

0 7.7S 
a.so 

0 8.51 
9.39 

1.27 max. 

t---

0.26 
1.01 

J210.407 
o.soa 

1.86max. 

20 PINS 

8.74 
9,04 
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• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/!JS (typ) 

DESCRIPTION 

These circuits are high speed J-FET input quad 
operational amplifiers incorporating well matched, 
high voltage J-FET and bipolar transistors in a 
monolithic integrated circuit. 

The devices feature high slew rates, low input bias 
and offset current, and low offset voltage tempera­
ture coefficient. 

MC33004/ A/8 
MC34004/ A/8 
MC35004/ A/8 

J-FET INPUT QUAD OP-AMPs 

N SUFFIX 
DIP14 

(Plastic package) 

JSUFFIX 
CERDIP14 

(Cerdip package) 

DSUFFIX 
8014 

(Plastic micropackage) 

GC SUFFIX 
LCC20 

(Tricecop LCC ) 

PIN CONNECTIONS (Top views) 

DIP14 
CERDIP14 

5014 

2 

1-0utput 1 
2 -Inverting input 1 
3 -Non-Inverting input 1 
4-Vcc 
5 -Non-inverting input 2 
6 -Inverting input 2 
7 -Output2 

December 1988 

14 

13 

12 

11 

10 

8-0utput3 
9 -Inverting input 3 

1 0 ·Non-inverting input 3 
11-Vcc 
12 -Non-mverting input 4 
13 -Inverting input 4 
14-0utput4 

LCC20 

1-NC 
2-0utput 1 
3 -Inverting input 1 
4- Non-inverting input 1 
5-NC 
6-Vcc 
7-NC 
8- Non-inverting input 2 
9 - Inverting input 2 

10-0utput2 

11-NC 
12-0utput3 
13-lnverting input3 
14 -Non-inverting input 3 
15-NC 
16-Vcc 
17-NC 
18 • Non-invert1ng 1nput 4 
19 -Inverting input 4 
20-0utput4 

1112 
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MC33004/A/B • MC34004/A/B • MC35004/A/B 

ORDER CODES 

Part Number Temperature Package 

MC35004GC -55 octo+ 125 oc LCC 
MC35004AGC -55 °Cto + 125 oc LCC 
MC35004BGC -55 octo+ 125 oc LCC 
MC35004J -55 octo+ 125 oc CERDIP 
MC35004AJ -55 octo+ 125 oc CERDIP 
MC35004BJ -55 octo+ 125 oc CERDIP 
MC33004N -40 octo+ 105 oc DIP 14 
MC33004AN - 40 oc to + 1 05 oc DIP 14 
MC33004BN - 40 oc to + 1 05 oc DIP 14 
MC33004D -40 OCto+ 105 OC so 14 
MC33004AD -40 OCto+ 105 OC so 14 
MC33004BD -40 OCto+ 105 oc so 14 
MC34004N 0 OCto+ 70 OC DIP 14 
MC34004AN 0 OCto+ 70 oc DIP 14 
MC34004BN 0 octo+ 70 oc DIP14 
MC34004D 0 octo+ 70 oc so 14 
MC34004AD 0 octo+ 70 oc so 14 
MC34004BD 0 octo+ 70 oc so 14 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) ±18 v 
v, Input Voltage (note 3) ± 15 v 

Vee Diff. Input Voltage (note 2) ± 30 v 
Ptot Power Dissipation 680 mW 

Output Short-circuit Duration (note 4) Infinite 

Toper Operating Free Air Temperature Range oc 
MC34004, A, B 0 to 70 
MC33004, A, B -40to105 
MC35004, A, B -55 to 125 

Tstg Storage Temperature Range -65to150 oc 
Notes : 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where lhe 

zero reference level is the midpoint between V'cc and V"cc. 

2/12 
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2. Differential voltages are atlhe non-inverting input terminal with respect to lhe inverting input terminal. 
3. · The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The oulput may be shorted to ground or to etlher supply. Temperature and /or supply voltages must be limited to ensure thatthe dis­

sipaiiOn rat1ng is not exceeded. 



SCHEMATIC (each amplifier) 

Non-inverting 
input 

Inverting 
input 

vr:c 

Case 

DIP14 
CERDIP14 
5014 

LCC20 

Outputs 

1, 7, 14,8 

2, 10, 12, 20 

• LCC20 : Other pins are not connected. 

Inverting 
Inputs 

2, 6, 13,9 

3, 9, 13, 19 

MC33004/A/B- MC34004/A/B- MC35004/A/B 

Output 

1/4 MC 34004 

E88MC34004.01 

Non-inverting Vee Vee N.C. 
Inputs 

3, 5, 12, 10 4 11 

4, 8, 14, 18 6 16 

3/12 
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MC33004/A/B- MC34004/A/B- MC35004/A/B 

ELECTRICAL CHARACTERISTICS 
Vee=± 15 V (unless otherwise specified) 
MC35004, MC35004B, MC35004A - 55 ~ T amb ~ + 125 'C 
MC33004, MC33004B, MC33004A - 40 ~ T amb ~ + 1 05 'C 
MC34004, MC34004B, MC34004A 0 < T amb < + 7 0 'C - -

MC35004A, B 

Symbol Parameter 
MC33004A, B 
MC34004A, B 

Min. Typ. Max. 

Vto Input Offset Voltage 
T amb = 25 °C {Rs ,; 1 0 kQ) 

MC35004B, MC33004B, MC34004B 3 5 
MC35004A, MC33004A, MC34004A 1 2 

T min :o; T amb :o; T max 

MC3S004B, MC33004B, MC34004B 9 
MC35004A, MC33004A, MC34004A 5 

DVto Input Offset Voltage Drift 10 

l1o Input Offset Current * 
T amb = 25 oc 5 so 
T m1n :o; T amb :o; T max 4 

Its Input Bias Current * 
T amb = 25 oc 30 200 
T m1n < T amb < T max 20 

Avo Large Signal Voltage Gain 
(RL>2kQ,V0 =±10V) 

T amb = 25 oc 50 200 
T min :o; T amb :o; T max 25 

SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 'C 80 86 
T m1n ,; T amb :o; T max 80 

Icc Supply Current, per Amp, no Load 
T amb = 25 °C 1.4 2.5 
T min < T amb < T max 2.5 

Vt Input Voltage Range 
T amb = 25 oc -11 + 11 
T min :o; T amb ,; T max 

CMR Common Mode Rejection Ratio 
(Rs < 10 kQ) 

Tamb = 25 oc 80 86 
T min :o; T amb ,; T max 80 

los Output Short-circuit Current 
T amb = 25 oc 10 40 60 
T m1n < T amb < T max 10 60 

± Vopp Output Voltage Swing 
T amb = 25 oc RL ;o, 2kQ 11 12 

RL;o,10kQ 12 13.5 
T min ,; T amb :o; T max RL ;o, 2kQ 11 

RL>10kQ 12 

Svo Slew-rate (V1 = 10 V, RL = 2 kQ) 
CL,; 100 pF, Tamb = 25 oc, unity gain 12 16 

MC35004 
MC33004 

Unit 
MC34004 

Min. Typ. Max. 

mV 
3 8 

13 

10 J.!V/°C 

s so pA 
4 nA 

30 200 pA 
20 nA 

V/mV 

50 200 
25 

dB 

80 86 
80 

mA 
1.4 2.5 

2.5 

v 
-11 + 11 

dB 

70 86 
70 

mA 
10 40 60 
10 60 

v 
11 12 
12 13.5 
11 
12 

V/J.lS 
12 16 

* The input bias currents are junction leakage currents wich approxtmattvely double for every 10 ·c increase in the junction temperature. 
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MC33004/A/B • MC34004/A/B • MC35004/A/B 

ELECTRICAL CHARACTERISTICS (continued) 

MC34004A, B MC34004 
MC33004A, B MC33004 

Symbol Parameter MC35004A, B MC35004 Unit 

Min. Typ. Max. Min. Typ. Max. 

t, Rise Time J.lS 
(V1 =20 mV, RL =2 kQ) 
CL = 100 pF, T amb = 25 •c, unity Gain 0.1 0.1 

Kov Overshoot (V1 = 20 mV, RL = 2 kQ % 
CL :> 100 pF, Tamb = 25 •c, unity gain) 10 10 

GBP Gain Bandwidth Product MHZ 
(f = 1 00 kHz, T amb = 25 •c 
VIN = 10 mV, RL =2 kQ, CL = 100 pF) 3.3 4.0 5.0 3.3 4.0 5.0 

Rl Input Resistance (T amb = 25 •C) 1012 1012 Q 

THD Total Harmonic Distortion % 
(f = 1 kHz, Av= 20 dB, RL = 2 kQ 
CL :>100 pF, lamb =25 •c, Vo =2 Vpp) 0.01 O.Q1 

Vn Equivalent Input Noise Voltage nV/*iZ 
(f = 1 kHz, Rg = 100 Q) 15 15 

0m Phase Margin 45 45 Degrees 

Vo1No2 Channel Separation 120 
Avo = 100, T amb = 25 •c 120 
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MC33004/A/B- MC34004/A/B- MC35004/A/B 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

lk !Ok lOOk IM !OM 
FREQUENCY(Hzl 

EBBMC34004-02 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

30 

""T !Jb ~ 111~soel 
vcc=±1sv 
RL =2 kO 

\1 1r19n2 

~Tamb= -ssoc 

Tamb= + 125oc 

\ 
1\ ~ 

40k lOOk 400k I M 4M 10M 
FREQUENCY (Hz) 

E88MC34004-04 

MAXIMlWo'l PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 

RESISTANCE 

Vee: ±15 v I 1-
:::1 ... 
1-
:::1 
0 
>l 

5 Tamb= +25oe 
See Rgure 2 v 

:i> 20 ... -
~:ll 15 
~~ 
<t-' 
~g 10 
::;: 
:::1 
::;: 
x 
<( 

::;: 0 

tl 

.. 

/ --
/, 
----' 

--. ·-
0 I 0.2 0.4 0.7 I 2 4 7 10 

LOAD RESISTANCE (kn) 

E88MC34004-06 
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1-
:::1 
a. 
1-
:::1 
0 
>l 
<t-w> ... -ow 
,_CJ 
>l<( 

<t~ wo 
C.> 
::;: 
:::1 
::;: 
x 
<( 
::;: 

30 

25 

20 

15 

10 

0 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

Vee= i15V RL: 10 kn '"1 
11 r r rrnr1 r 11 "lamb= +25°e 

~ 11111111111 
I \See Figure 2 

Vee: ±10 v 

m II IIIII II 

t~'l"tl' 
1\ 

lk 10k tOOk 1M !OM 

FREQUENCY (Hz) 
E88MC34004-03 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 

RL:10 kO 

RL -2 kO 

- -
- - -· -- ... 

~+-t - i-- f---
! I ' 

~tt __ . - --
vee= ±1sv 
See figure 2 

-1~ -50 -2~ 0 25 so 75 100 115 
TEMPERATURE (°C) 

EBBMC34004-05 

MAXIMUM PEAK TO PEAK OUTPUT 
VOU"AGE VERSUS SUPPLY 

VOLTAGE 

RL= 10 kO v Tamb= +25oe 

I / 
7 

/ 

/ 
v 

4 6 8 10 12 14 f6 
SUPPLY VOLTAGE (V) 

EBBMC34004-07 



~ 
-= 1-
z 
w 
a:: 
a:: 
~ 
rJ 

"' <( 

iii 

INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 

~ Ol~~!M~/~-~~~~ ! ~ 
oolL--L--~~--J-~IL__L_I~I 

50 -~5 0 ~5 50 75 100 125 

~-<(> 
1-! 
-'> o-
>Z _,o 
<i= 
~~ 

103 

...... 
a::-
w-' 

TEMPERATURE (°C) 
EBBMC34004-08 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 

PHASE SHIFT VERSUS FREQUENCY 

I 

I 

45 

90 
.._ ... 
.._::;; 

1 ~PHASE SHIFT a< 135 10 ; l lnght scale) 

1 L_ J ! 180 

20 

1 8 

~ 16 

.§ 1 4 
1-
~ 12 
a: 
a:: 10 
~ 
u 08 
> 
it 0. 6 
L 
~ 04 

02 

0 

10 100 1 k 10k tOOk 1M 10M 
FREQUENCY(Hz) 

EBBMC34004-1 0 

SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 

vee~ ±15 v 

~ 
No signal 
No load 

........... ........... _ 
....._ 

......... 

-75 -55 -25 25 50 75 tOO 125 

TEMPERATURE (°C) 

EBBMC34004-12 

MC33004/A/B- MC34004/A/B- MC35004/A/B 

-;; ., ., 
t;, ., 
:!:! 

IL 
i: 
1/) 

w 
1/) 

cs: 
X 
a. 

I 
::; 
L 
:IE 
<( 
w-o> 
<~:E 

~~ 
Oz 
>o _,_ 
<(I-
-< I- (,I z-w"-
a: 
w 
IL 
IL 

c 

~ 
! 
z 
0 ;: 
<( 
"-
ia 
0 
a:: 
w 
3: 
0 
"-_, 
cs: 
1-
0 
1-

~ 
! 
1-z 
w 
a:: 
a: 
~ 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 

FREE-AIR TEMPERATURE 
1000 

700 
---+- -

400 -
200 

100 
I I ; i---1-.... 

70 

40 

20 

10 

vee +15V 
Vo=±10V 

1 
RL=2 k!J 

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

TEMPERATURE (°C) 
EBBMC34004-Q9 

TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 

250 

225 

200 

175 

150 

125 

100 

75 

50 

25 

0 

""~'-....... 
f-Mc34004 

Vee= ±15V 
No signal 

No load 

....._ -........... 

75 -50 -25 0 25 50 75 100 125 

2.0 

1 B 

16 

1.4 

12 

1.0 

TEMPERATURE (°CI 
EBBMC34004-1 1 

SUPPLY CURRENT PER AMPLIFIER 
VERSUS SUPPLY VOLTAGE 

Tamb= +25oc 
No signal 

No load 

~ 0.8 

t 0.6 

iil 04 

0.2 

0 
0 8 10 12 14 16 

SUPPLY VOLTAGE IV) 

EBBMC34004-13 
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MC33004/A/B • MC34004/A/B • MC35004/A/B 
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0 

~ 
a: 
z 
0 

COMMONMOOE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 

89 Vee=±1sv 

88 RL= 10 ldl 

~ ~~~--+--+--+-~--~-1~1 
w ... _ 
~'II 116 f--t;;;;:4==t=+=-=+==+==i--i w-
o 
~ 85~~--+--+--+-~--1--1--~ 
z 
~ 84 ~~--+--+--+-~--1--1--~ 
:::;; 
0 u 83 L......_L __ ...___._ __ _.____. __ _,____.J..___. 

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

TEMPERATURE (°CI 

EB8MC34004-14 

OUTPUT VOLTAGE VERSUS TIME 

28 

24 

> 
E 20 

w 

" 16 
<( 
1-_, 12 
0 
> 
1- 8 
:J a.. 4 1-
:J 
0 

0 

-4 

OVERSHOOT 
---17-

}.00% 

/i 
/! 

I 

: 
10% I vcc=±1sv 

: RL=21dl-
~ ... Tamb=+25"C 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

TIMEII'Sl 
EB8MC34004·16 

2 
Ill 
w 

~ ,_ _, 
0 
> 
1-
::1 

I= 
:J 

6 

4 

0 

0 -2 
0 
z 
<( -4 
1-

VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 

--- I I vee= ±1s 
-, I I RL=21dl ~ 

1/oJPU) I\~L=100pF 
Tamb= +25 •e 

v 

1 \ 
I \ 

I~PUT 1\ 
:J - -- ll -a.. 
z -6 

w 

~ 
a..> 
~.5 
t-W 
ZCI we 
-'1-
<1:-' 
>0 
::;> 
a 
w 

70 

60 

50 

40 

30 

20 

10 

0 

G 0.5 1.5 2 2.5 3 3 5 

TIMEII'SI 

E88MC34004-15 

EQUIVALENT INPUT NOISE VOL­
TAGE VERSUS FREQUENCY 

r- r-
Vee= ±1sv ! r- r- r- Av =10 

~ 
Rs =1000 

1-- f- Ta mb=+25"C' 

1-- 1-- - 1--

1--

1-- r-

10 40 100 400 1 k 4k lOk 40k lOOk 
FREQUENCY (Hz) 

E88MC34004·17 

TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 

~ 
z 
0 
j: 
a: 

~ 

1 ~~ee,.,±1sV 
o.4fAv= 

~~l(rms)-6V 
O.l fra;,b,;, +25"e 

c 0.04 
u 
z 
0 
::;; 
a: 
<( 

0.01 

.004 :J:o _, 
g 
1-0 001 

100 400 lk 4k lOk 40k lOOk 
FREQUENCY IHzl 

EB8MC34004·18 



MC33004/A/B • MC34004/A/B • MC35004/A/B 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage Follower. 

AUDIO DISTRIBUTION AMPLIFIER 

to"' 100kHz 

Figure 2 : Gain-of-1 0 Inverting Amplifier. 

Output A 

Output a· 

Output C 

EBSMC34004-21 
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MC33004/A/B • MC34004/A/B • MC35004/A/8 

TYPICAL APPLICATION 

POSITIVE FEEDBACK BANDPASS FILTER 

43 k!! 

Input" 

t.5kn 

16 kO 

43 kl! 

OUTPUT A 

fo~loo kHz 
a~69 

Gain= 16 

43kll 

1.5kn 

Output A 

E88MC34004-23 

10/12 
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2kHz /div 

SECOND ORDER BANDPASS FILTER 
fa~ 100kHz; Q = 30; Gain= 4 

16 k!! 

Ground 

EB8MC34004-22 

OUTPUT B 

E88MC34004-24 

2kHz/div 

CASCADED BANDPASS FIL TEA 
fo =100kHz; Q = 69; Gain= 16 



MC33004/A/8 • MC34004/A/B • MC35004/A/B 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm mm 

Datum 

14 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

mm 
e- 1.27 

8.5max. • 

( 1 ) Nominal d1mens1on 

(2) True geometncal posrtion 

6.35 
(1) 

14PINS 

0.185 
0,265 ., e t e r t e t e t e ,. 

i i i i i i -+--t--
1 ~~~:. 

.2:2. 
6.2 

I 

8.55 
8.75 

.ll 
4.0 

0.4 
min. 

1.75max. 

14 PINS 

11112 
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MC33004/A/B- MC34004/A/B- MC35004/A/B 

20 PINS- TRICECOP (LCC) 

mm 8.74 
9.04 

. . . 
e- 1.27 ~ e ~ e f e ~ e i4 

12/12 
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Datum 

1.86max. 

20 PINS 

8.74 
9,04 



MC3303 
MC3403-MC3503 

LOW POWER DIFFERENTIAL INPUT QUAD OP-AMPs 

• SHORT-CIRCUIT PROTECTED OUTPUTS 
• CLASS AB OUTPUT STAGE FOR MINIMAL 

CROSSOVER DISTORTION 
• SINGLESUPPLYOPERATION :+3VT0+36V 
• DUAL SUPPLIES:± 1.5 VTO± 18 V 
• LOW INPUT BIAS CURRENT : 500 nA MAX 
• INTERNALLY COMPENSATED 
• SIMILAR PERFORMANCE TO POPULAR 

UA741 

DESCRIPTION 

The MC3403 is a low-cost, quad operational ampli­
fier with true differential inputs. The device has elec­
trical characteristics similar to the popular UA741. 
However the MC3403, has several distinct advan­
tages over standard operational amplifier types in 
single supply applications. The quad amplifier can 
operate at supply voltages as low as 3.0 volts or as 
high as 36 volts with quiescent currents about one 
third of those associated with the UA7 41 {on a per 
amplifier basis). The common-mode input range in­
cludes the negative supply, thereby eliminating the 
necessity for external biasing components in many 
applications. The output voltage range also includes 
the negative power supply voltage. 

PIN CONNECTIONS {top views) 

1 • Output 1 
2 • Inverting input 1 
3 • Non-Inverting input 1 
4· vee• 
5 · Non-inverting input 2 
6 · Inverting input 2 
7 · Output2 
a. Output3 
9- Inverting input 3 

1 0 • Non-inverting Input 3 
11· Vcc-
12 • Non·1nvert1ng input 4 
13 • Inverting input 4 
14 • Output 4 

November 1988 

DIP14/ CERDIP14 
S014 

14 

13 

12 

11 

10 

8 

E88MC3303·01 

D 
S014 

N 
DIP14 

(Plastic Package) 
J 

CERDIP14 
(Cerdip Package) 

(Plastic Micropackage) 

GC 
LCC20 

(Tricecop (LCC)) 

ORDER CODES 

Part Temperature Package 
Number Range J N D GC 

MC3303 - 40 °C to + 1 05 oc • • • 
MC3403 0 octo+ 70 oc • • • 
MC3503 -55 octo+ 125 oc • 
Note : Hi-Rei Versions Available 
Examples : MC3503J, MC3403N 

LCC20 

4 3 2 1 201918 

17 
16 

7 15 
8 14 

9 10 111213 

1· NC 
2· Output 1 
3 • Inverting input 1 
4 • Non-inverting input 1 
5· NC 
6. vee· 

7· NC 
8 • Non-inverting input 2 
9- Inverting input 2 

10 • Output 2 
11· NC 
12 • Output3 
13 • Inverting input 3 
14. Non-inverting 1nput 3 
15· NC 
16 • Vcc-
17· NC 
18 • Non-inverting input 4 
19 • Inverting input 4 
20 • Output4 

• 
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MC3303·MC3403·MC3503 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter MC3503 MC3403 MC3303 Unit 

Vee Supply Voltage ±18 ± 18 ± 18 v 
V1o Differential Input Voltage ± 36 ± 36 ± 36 v 
V1 Input Voltage (note 1) ± 18 ±18 ± 18 v 
- Output Short-circuit Duration (note 2) Indefinite Indefinite Indefinite -

Ptot Power Dissipation 500 500 500 mW 

Toper Operating Free-air Temperature Range -55 to+ 125 0 to+ 70 -40 to+ 105 oc 
Tstg Storage Temperature Range -65 to+ 150 -65 to+ 150 -65 to+ 150 oc 

Notes : 1. For supply voltages less than± 15 V, the absolute max1mum 1nput voltage 1s equal to the supply voltage. 
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 temperature w11l be exceeded. 

SCHEMATIC DIAGRAM 

Non-inverting 
input 

Inverting 
Input 

Case 

. SINGLE SUPPL V 

Outputs 

DIP14/CERDIP14 
1' 7, 8, 14 S014 

LCC20 1, 2, 12,20 . 
LCC20 :Other p1ns are not connected. 

2/10 
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E88MC33Q3.03 

Inverting 
Inputs 

2, 6, 9, 13 

3, 9, 13, 19 

Non-inverting 
Inputs 

3, 5, 10, 12 

4, 8, 14, 18 

Bias circuitry common to four 
amplifiers 

vt"c 

2 4 k!! 

v(c lGroundl 

E88MC3303·02 

DUAL SUPPLIES 

Cjvt:c 

~5Vto1BV 

1.5 V to 18 V 

Vee 

Vee Vee 

11 4 

16 6 

EBBMC3303.Q4 

N.C. 

. 



ELECTRICAL CHARACTERISTICS 

MC3403 0 5 Tamb 5 + 70 'C 
MC3303 -405Tamb5+105'C 
MC3503 -55 5 Tamb 5 + 125 'C 

Symbol Parameter 

Vro Input Offset Voltage (As,;.:; 10 kQ) 
T amb = 25 °C 
T min ,;.:; T amb ,;.:; T max 

lro Input Offset Current 
T amb = 25 °C 
T min ,;.:; T amb ,;.:; T max 

Irs Input Bias Current 
T amb = 25 °C 
T min ,;.:; T amb ,;.:; T max 

Avo Large Signal Voltage Gain 
(Vo =± 10 V, RL =2 kn) 

Tamb = 25 °C 
T min ,;.:; T amb S T max 

SVR Supply Voltage Rejection Ratio 
(As,;.:; 10 kQ) 
T amb = 25 oc 
T min ,;.:; T amb S T max 

Icc Supply Current, all Amp, no Load 
Tamb = 25 °C 
T min ,;.:; T amb ,;.:; T max 

Vr Input Voltage Range 
T amb = 25 °C 
T min ,;.:; T amb S T max 

CMR Common Mode Rejection Ratio 
(As,;.:; 10 kQ) 

T amb = 25 °C 
T min ,;.:; T amb ,;.:; T max 

los Output Short-circuit Current 
Tamb = 25 °C 

± Vopp Output Voltage Swing 
Tamb = 25 °C 

T mm ~ T amb ~ T max 

Svo Slew Rate (Vr =± 10 V RL =2 kQ 
CL ,;.:; 100 pF, T amb = 25 oc, unity gain) 

t, Rise Time and Fall Time 
tr (Vo =± 20 mV, RL = 2 kQ, CL,;.:; 100 pF 

T amb = 25 °C, unity gain) 

Kov Overshoot (Vr = ± 20 mV, RL = 2 kQ 
CL ,;.:; 100 pF, T amb = 25 °C, unity gain) 

Zi Input Impedance, T amb = 25 oc 
Zo Output Impedance, T amb = 25 oc 

RL=10kQ 
RL = 2 kQ 
RL = 2 kQ 
RL =10kQ 

MC3303·MC3403-MC3503 

Vcc=±15V 
Vcc=±15V 
Vcc=±15V 

MC3303, MC3403, MC3503 

Min. Typ. Max. 

1 5 
6 

2 20 
40 

40 100 
200 

50 200 
25 

77 90 
77 

2.8 4 
5 

-15 + 13 
-15 + 13 

70 90 
70 

10 30 45 

12 13.5 
10 13 
10 
12 

0.45 0.7 

0.18 
0.18 

10 

0.3 1 

75 

Unit 

mV 

nA 

nA 

V/mV 

dB 

mA 

v 

dB 

mA 

v 

V/!J.S 

!J.S 

% 

MQ 

Q 
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MC3303-MC3403-MC3503 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 
MC3303, MC3403, MC3503 

Unit 
Min. Typ. Max. 

Bom Power Bandwidth (RL = 2 kn, CL = 100 pF 9 kHz 
Av = 1, T amb = 25 °C, Vo = 2 Vpp. THD S 5 %) 

B Unity Gain Bandwidth MHz 
(Vo = 10 mV, RL =2 kQ, CL S100 pF, Tamb =25 oc, 1 
unity gain) 

GBP Gain Bandwidth Product MHz 
(Vo = 10 mV, RL = 2 kQ, CL s 100 pF, f =100kHz, 0.8 1 1.6 
T amb = 25 °C) 

THD Total Harmonic Distortion % 
(f = 1 kHz, Av = 20 dB, RL = 2 kQ, Vo = 2 Vpp 
CL $ 100 pF, Tamb = 25 °C) 0.02 

Vn Equivalent Input Noise Voltage nv/,IHz 
(f = 1 kHz, Rg = 100 Q) 43 

<l>m Phase Margin 60 Degrees 

DV1o Input Offset Voltage Drift jJ.V/°C 
T mtn S T amb S T max 10 

Dl1o Input Offset Current Drift pN°C 
T min S T amb $ 25 °C 50 

Vo1No2 Channel Separation 120 dB 

ELECTRICAL CHARACTERISTICS (continued) 

Vee+ = 5 V, Vee- =Ground (unless otherwise specified) 

Symbol Parameter 
MC3303, MC3403, MC3503 

Unit 
Min. Typ. Max. 

V1o Input Offset Voltage (Rs s 10 kQ) mV 
Tamb = 25 oc 1 5 
T mtn S T amb S T max 6 

ho Input Offset Current nA 
Tamb = 25 °C 2 20 
T min S T amb S T max 40 

l1s Input Bias Current nA 
Tamb = 25 °C 40 100 
T mtn S T amb S T max 200 

Avo Large Signal Voltage Gain V/mV 
(Vo =± 10 V, RL =2 kQ) 

Tamb = 25 oc 10 200 
T min S T amb S T max 5 

SVR Supply Voltage Rejection Ratio dB 
(Rs s 10 kQ) 

Tamb = 25 oc 77 90 
T mtn S T amb S T max 77 

Icc Supply Current (all amp, Vo = 0 V) 2.5 4 mA 

Vopp Output Voltage Range (RL = 10 kn) Vee+ Vee+ v 
+ 5 Vs Vee s + 30 V -1.7 v -1.5 v 

4/10 
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CIRCUIT DESCRIPTION 
The MC3403 is made using four internally compen­
sated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices 
024 and 022 with input buffer transistors 025 and 
021 and the differential to single ended converter 
03 and 04. The first stage performs not only the first 
stage gain function but also performs the level shif­
ting and transconductance reduction functions. By 
reducing the transconductance a smaller compen­
sation capacitor (only 5 pF) can be employed, thus 
saving chip area. 

The transconductance reduction is accomplished 
by splitting the collectors of 024 and 022. Another 
feature of this input stage is that the input common­
mode range can include the negative supply of 

TYPICAL PERFORMANCE CURVES 

> :e 
> 
"' 

20 llS/div. 

APPLICATION INFORMATION 

VOLTAGE REFERENCE 

10kn 

R2 

10 kH 

R1 

Vo = f Vee 

EBBMC3303-05 

EBBMC3303-07 

MC3303-MC3403·MC3503 

ground, in single supply operation, without satura­
tion either the input devices or the differential to sin­
gle-ended converter. 

The second stage consists of a standard current 
source load amplifier stage. The output stage is uni­
que because it allows the output to swing to ground 
in single supply operation and yet does not exhibit 
any crossover distortion in split supply operations. 
This is possible because class AB operation is utili­
zed. 

Each amplifier is biased from an internal voltage re­
gulator which has a low temperature coefficient thus 
giving each amplifier good temperature characteri­
stics as well as excellent power supply rejection. 

> 
~ 
> 
f' 
0 

"'~~==~~~ .. ----
E88MC3303·06 

WIEN BRIDGE OSCILLATOR 

10 kH 

SOkU 

va 

fo-o 2 w1RC 

+--.--=--II--' For ~oc~1~ ~~z 
c.,oo1 ,..F 

EBBMC3303·08 
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MC3303·MC3403·MC3503 

APPLICATION INFORMATION (continued) 

HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER COMPARATOR WITH HYSTERESIS 

•o~c 11 + a+ blle:z- e1l 

81-QUAD FILTER 

R2 01 e1 
o--tt--.---«=--~ 

6/10 
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R• 160kll 
c- 0.001 llf 

Rt • 1 6 Mfl 
R2 • 1.6Mfl 
R3- 1.6 M!l 

R 

•o 

E88MC3303-09 

R 

Bandpass output 

Rl 

vlretl 

100 k!l 

Hysteresil5 
R2 

VOHLB-1 
vo l 

I 

vo : 
VOL VIL : VIH 

vlrefl 

v,L 'R1R.' R2 IVoL -viral! I+ vlrefl 

VIH - R1:1R2 (VnH -VIrell) +VIrell 

100 k!! 

E88MC3303-10 

1 
Vlrefl - :f Vee 

'o - 1 2;. RC 

Rt- OR 

Rl 
R2 -

Tap 

A3 TN R2 

C1 .. 10C 

For fo 1 kH1 
c:. 10 

Tep 1 

T.._ 1 

e1 
>o:>-4>----11-----0 Notch output 

where Tap - Center frequency gain 
TN • Passband notch gain 

E88MC3303-11 



MC3303·MC3403·MC3503 

APPLICATION INFORMATION (continued) 

FUNCTION GENERA TOR 

V(ref) = ....!... Vee Triangle wave output 
2 

c 

Rf 
Al + A2 
4 CRt Al 

A2 Rl 
if R3=-­

R2 + Al 

R2 

300 kH 

Square wave output 

E88MC3303-12 

MULTIPLE FEEDBACK BANDPASS FILTER 

c 
Rl 

R2 c 0 - 10 c 

1 
v(refl = 2 Vee 

Given fo = Center frequency choose values fo, C then : R3 = __Q__ 
ntoC 

A(fo) = Gain at center frequency 

For less than 1 0 % error operational amplifiers 

Oolo < 0.1 where fo and BW are expressed in Hz 
BW 

R1 = 
R3 

2A(fo) 

R2 = R1 R5 
402 R1- R5 

E88MC3303-13 

If source impedance varies, filter may be preceded with voltage follower buffer to stabilize filter parameters. 
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MC3303-MC3403-MC3503 

TYPICAL PERFORMANCE CURVES 

iii 
:!! OPEN LOOP FREQUENCY RESPONSE POWER BANDWIDTH 

~ 120 
Cl 

~lOU 
<t 
!:i 80 g 
~ 60 

~ 40 
w 
D. 
0 20 
:;;, 
z 0 
Cl 
iii -20 

'f.... 

~ 

~ 10° 101 

s 
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..... 

~ 

FREQUENCY {Hz) 

1 30 
?_ 
w 

"' li 
a: 2 
w 

!i 
!:i 
0 

0 

> 10 
1-
:::1 
D. 
1-
:::1 
0 0 

vtc= +15 v 
vc:e- 15V 

Tamb""+25oc 

~ 

f.... 

EBBMC3303-14 

30 

25 

~ 20 
w 
Cl 

~ 15 
0 
> 10 
5 
~ 5 

0 0 

-5 

1--

1-

T~lrrm 

OUTPUT SWING VERSUS SUPPLY VOLTAGE 

Tamb=+ 25oc 

.., 
_/ 

V' 
l7 

v 
/ 

/ 
.., 

I I IIII-I + 
15 

v I Ill~ 
1-

~~"" \ 11
1okn' 

" 
I--

t--

FREQUENCY {Hz) 

EBBMC3303-15 

0 2 4 6 8 10 12 14 16 18 20 

Vte AND Vee ~OWEn SUPPLY VOLTAGES 

E88MC3303-16 



PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

Datum 

Or 

19.9max. 

20 PINS - TRICECOP (LCC) 

8.74 

1.27 
9.04 

e- 1.27 •I e t e + e ~ e j .. 

l 

MC3303-MC3403-MC3503 

8.5 max. •I 

{ 1) Nommal d1mensron 

(2) True geometncal pos1110n 

6.3. 
(1) 

Datum 

14 PINS 

1.86 max. 

20 PINS 

8.74 
9.04 
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MC3303·MC3403·MC3503 

PACKAGE MECHANICAL DATA (continued) 

14 PINS- PLASTIC MICROPACKAGE (SO) 

e 1.27 

8.55 
8.75 

10/10 
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-1:2. 
4.0 

min. 

1.75max. 

0.185 
0.265 

14 PINS 



MC4558 

WIDEBAND DUAL OPERATIONAL AMPLIFIERS 

• INTERNALLY COMPENSATED 
• SHORT-CIRCUIT PROTECTION 
• GAIN AND PHASE MATCH BETWEEN AMPLI­

FIERS 
• LOW POWER CONSUMPTION 
• PIN TO PIN COMPATIBLE WITH 

MC1458/LM358 
• GAIN BANDWIDTH PRODUCT (at 20KHz) 

5.5MHz 

H 
T099 

(Metal Can) 

D 
508 

N 
DIPS 

(Plastic Package) 
J 

CERDIPB 
(Cerdip Package) 

(Plastic Micropackage) 

DESCRIPTION ORDER CODES 

The MC4558 is a high performance monolithic dual 
operational amplifier constructed on a single silicon 
chip. 

Part 
Number 

MC4558C 
MC45581 

Temperature 
Range 

0 octo + 70 oc 
- 40 oc to + 105 oc 

Package 

H N J 

• • • . . • The circuit combines all the outstanding features of 
the MC1458 and, in addition, possesses three times 
the unity gain bandwidth of the industry standard. Example : MC4558N 

PIN CONNECTIONS (top views) 

T099 

8 

a 2 6 

5 
4 

E88MC4558-00 

January 1988 

DIP8/CERDIP8 
508 

1~8 2 7 
3 -++- 6 

4 5 

E88MC4558-01 

1-0utput 1 
2- Inverting input 1 
3- Non-inverting input 1 
4-Vcc 
5- Non-inverting input 2 
6- Inverting input 2 
7-0utput2 
8-Vcc 

D . 
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MC4558 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

V1 Input Voltage 

V1o Differential Input Voltage 

P1o1 Power Dissipation 

Output Short-circuit Duration 

Toper Operating Free-air Temperature Range 

Tslg Storage Temperature Range 

SCHEMATIC DIAGRAM (1/2 MC4558) 

Inverting input 

Non-inverting input 

Case 

T099 
DIPS 
CERDIP8 
so a 

2/6 

732 

Inverting Non-inverting 
Inputs Inputs 

2.6 3.5 

MC45581 MC4558C Unit 

± 22 ± 22 v 
±15 ± 15 v 
± 30 ± 30 v 
680 680 mW 

Indefinite 

-40 to+ 105 o to+ 70 oc 
- 65 to+ 150 - 65 to+ 150 oc 

EBBMC4558-03 

Vee Vee Outputs 

4 8 1.7 



ELECTRICAL CHARACTERISTICS 
MC4558C : 0 :'> Tamb :o; + 70 'C 
MC45581 : -40 :'> Tamb :'> + 105 'C 
(unless otherwise specified) 

Symbol Parameter 

Vro Input Offset Voltage (Rs ~ 10 kQ) 
T amb = 25 °C 
T m1n $ T amb ~ T max 

lro Input Offset Current 
Tamb = 25 °C 
T min ~ T amb ::::;: T max 

Irs Input Bias Current 
T amb = 25 °C 
T mm ::; T amb ::::;: T max 

Avo Large Signal Voltage Gain 
(Vo =± 10 V, RL =2 kQ) 

Tamb = 25 °C 
T mm ~ T amb ::; T max 

SvR Supply Vollage Rejection Ratio 
(Rs ~ 10 kQ) 

Tamb = 25 °C 
T m1n ::::;: T amb $ T max 

Icc Supply Current, all Amp, no Load 
Tamb = 25 °C 
T m1n ::; T amb $ T max 

Vr Input Vollage Range 
Tamb = 25 °C 
T mm ::; T amb ::::;: T max 

CMR Common-mode Rejection Ratio 
(Rs ~ 10 kQ) 
T amb = 25 °C 
T min $ T amb ::; T max 

los Output Short-circuit Current 
Tamb = 25 °C 

± Vopp Output Vollage Swing 
Tamb = 25 °C 

T mm ::; T amb $ T max 

Svo Slew-rate (Vr = ± 10 V, RL = 2 kQ, 
CL ~ 1 00 pF, T amb = 25 °C, unity gain) 

t, Rise Time (Vr =± 20 mV, RL = 2 kQ, CL ~ 100 pF, 
Tamb = 25 °C, unity gain) 

Kov Overshoot (Vr = ± 20 mV, RL = 2 kQ, 
CL ~ 100 pF, T amb = 25 °C, unity gain) 

Rr Input Resistance, T amb = 25 oc 
Cr Input Capacitance, T amb = 25 oc 
Ro Output Resistance, T amb = 25 oc 
B Unity Gain Bandwidth 

T amb = 25 °C 

RL = 10 kQ 
RL = 2 kQ 
RL=10kQ 
RL = 2 kQ 

Vee=± 15 V 
Vee=± 15 V 

MC4558 I, C 

MC4558 

Unit 
Min. Typ. Max. 

mV 
1 5 

6 

nA 
2 20 

40 

nA 
30 100 

200 

V/mV 

50 200 
25 

dB 

77 90 
77 

rnA 
2.3 4.5 

6 

v 
-12 + 12 
-12 + 12 

dB 

70 90 
70 

rnA 
10 20 40 

v 
12 14 
10 13 
12 
10 

V/l.lS 
1.5 2.2 

l.lS 
0.3 

% 
15 

0.3 2 MQ 

1.4 pF 

75 Q 

MHz 
2.8 
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MC4558 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

GPB Gain Bandwidth Product 
(V1 = 10 mV, RL = 2 kQ, CL.:; 100 pF, 
f = 20 kHz, T amb = 25 •C) 

THO Total Harmonic Distortion 
(t'=1 kHz, Av =20 dB, RL =2 kQ, Vo =2 Vpp, 
CL $ 100 pF, Tamb = 25 °C) 

Vn Equivalent Input Noise Voltage 
(f =kHz, R9 = 100 Q) 

TRANSIENT RESPONSE TEST CIRCUIT 

4/6 

- +1( 
Ill 

0 

OPEN LOOP FREQUENcY RESPONSE 

~ r--... 
:9. •120 

~ +100 

~ +80 

~ +GO 

~ •UI 

g •20 

D 

-2 D 

!'.... 

" r..... 

' ........ 
10 10 100 10k 10k tOOk tOM 10M 

2 15 

"' z 13 

~ 
w 1 

"' ~ 90 
0 
> 70 

~ 
Q. 
I-50 
::> 
0 

FREQUENCY CHzl 

EBBMC4558-04 

POSITIVE OUTPUT VOLTAGE SWING VERSUS 
LOAD RESISTANCE 

/_ 1-' ±15 VSupplics 

-
±12V _ 

v 
1 

±9v-v f.-~ 
-

IJ ±6V_ 

/.v I 

w 30 
> 
~ 10 ~~ I 

±3V-

i ' 
0 10<1 500 1 0 k 2 0 k 10 k 20 k 50 k 100 k 
Q. 

LOAD RESISTANCE 1111 

EBBMC4558·06 

734 

l 
0 

0 

0 

(0 

i 18 

~Hi 

~ 14 

z 120 
6 
~ 100 

:0: BD 
w 
~ 60 

~ co 
20 

MC4558 I, C 
Unit 

Min. Typ. Max. 

MHz 

4 5.5 7 

% 

0.008 

nV/-JHz 
12 

OSCILLOSCOPE 

E88MC4558·02 

PHASE MARGIN VERSUS FREQUENCY 

-...... 
1\ 
\ 

\ 

Unity ga~n- '--

1\" 
\ 
\ 

1 0 10 100 1 0 k 10 k tOOk , 10M 10M 

FREQUENCY (Hz! 
E88MC4558·05 

~ 
NEGATIVE OUTPUT VOLTAGE SWING VERSUS 

LOAD RESISTANCE 
C1 1 
z 

~ 
w 

Si 1 

~ g 9 

1-

5 

J 

1 

0 

~ 70 

5 
0 5 
w 
;> 

~ 3 

0 

\ ....... 
f"-~ 10 

z 10<1 

II-

/_... n± 15 V Supplies 

-
±12 v-

v 
~ 

+g v-
-

+6 v-

+31 

500 1 Ok 20k HI k 2Dk 50 k 100 k 

LOAD RESISTANCE 101 

E88MC4558·07 



28 

li. 
... 2 

<::. 
tll I 

g 
g 
5 8 

1!: 
:::> 4 
0 

4 

0 

• 
2 

0 

0 

0 
10 

PACKAGE MECHANICAL DATA 

8 PINS- METAL CAN T099 

© 
Pin 

~ 4,69 

POWER BANDWIDTH 
(Lorge signal swing versus frequency! 

I 

Voltage follower 
THD<5% 

lllllllllllllltll 
100 1 Ok 10 k 

FREQUENCY IHzl 

_Q 7,75 
8.50 

I l::--

\:1 

I i 
I ' ,,. ,. 

i•. 
I ;· I 

' ,, 
IN. 1: I 

"' 
' l' fill 

100' 10M 

E88MC4558-08 

0 8,51 
9,39 

1.27 max_ 

0.26 
1.01 

12.7 min. 

J;,0.407 
0.508 

MC4558 

5/6 

735 



MC4558 

PACKAGE MECHANICAL DATA (continued) 

8 PINS- PLASTIC DIP OR CERDIP 

8 PINS- PLASTIC MICROPACKAGE (SO) 

2,'!_ 
6,2 

Datum 

6/6 

736 

( 1} Nominal dimension 

(2) True geometncal pos1t10n 

8 Pins 

0.185 
0.265 

min. 

1.75 mcx. 

8 Pins 



• LOW TURN OFF TIME 
• MAXIMUM OPERATING FREQUENCY GREA­

TER THAN 500Hz 
• TIMING FROM MICROSECONDS TO HOURS 
• OPERATES IN BOTH ASTABLE AND MONO­

STABLE MODES 
• HIGH OUTPUT CURRENT CAN SOURCE OR 

SINK200mA 
• ADJUSTABLE DUTY CYCLE 
• TIL COMPATIBLE 
• TEMPERATURE STABILITY OF 0.005% 

PER"C 

DESCRIPTION 
The NE555 monolithic timing circuit is a highly sta­
ble controller capable of producing accurate time 
delays or oscillation. In the time delay mode of ope­
ration, the time is precisely controlled by one exter­
nal resistor and capacitor. For a stable operation as 
an oscillator, the free running frequency and the du­
ty cycle are both accurately controlled with two ex­
ternal resistors and one capacitor. The circuit may 
be triggered and reset on falling waveforms, and the 
output structure can source or sink up to 200mA. 
The NE555 is available in plastic and ceramic mini­
dip package and in a 8-lead micropackage and in 
metal can package version. 

PIN CONNECTION (top views) 

T099 

Vee 
8 GND 0.7 Discharge 

Trigger 2 6 Threshold 

Output 3 5 Control voltage 

4 

Reset 

E88NE555·01 

January 1989 

NE555 - SA555 
SE555 

PRECISION TIMERS 

D 
S0-8 

N 
MINIDIP 

(Plastic Package) 
J 

MINICERDIP 
(Cerdip Package) 

(Plastic Micropackage) 

H 
T0-99 

(Metal Can) 

ORDER CODES 

Part 
Number 

NE555 
SA555 
SE555 

Temperature Package 

Range 

ooc to 70°C 
- 40°C to 105°C 
- 55°C to 125°C 

DIPS CERDIPB 
SOB 

H N 

• • 
• • 
• 

Trigger 2 7 Discharge 
GNDoa Vee 

Output 3 6 Thre5/told 
Reset 4 5 Control 

Voltage 

J 

• 
• 

E88NE555-02 

D 

• 
• 
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NE555/SA555/SE555 

BLOCK DIAGRAM 

THRESHOLD 

CINTHOL 
VOLTAGE 

TRIGGER 

r--~--------, 

I I 
I I 
I I 

I 
I 
I 

RESET -~-----___j I 
L..---

DISCHARGE 

OUT 

- :r.--- _J 
ESBNE555-03 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vs Supply Voltage for SE555 
for NE555 

Top Operating Temperature Range for NE555 

Ti Junction Temperature 

Tstg Storage Temperature Range 

SCHEMATIC DIAGRAM 

THRESHOLD 

THRESHOLD 

COMPARATOR 

RESET G-"----tec 
JISCHARGE 

for SA555 
for SE555 

TRIGGER COMPARATOR 

2/10 

738 

Value Unit 

18 v 
16 

0 to 70 oc 
-40 to 105 
-55 to 125 

150 oc 
-65 to 150 oc 

CONTROL OUTPUT 
VOLTAGE r-------------, 
----------~ 

I 

FLIP FLOP s.&to7 



N E555/SA555/S E555 

THERMAL DATA 

Plastic Ceramic SOB Metal 
Dip Dip Can 

Rth j-amb Thermal Resistance Junction-ambient max. 120°CNJ 150°CNJ 200°CNJ 155°CNJ 

ELECTRICAL CHARACTERISTICS 
lamb=+ 25°C, Vs = + SV to+ 15V (unless otherwise specified) 

SE555 NE555/SA555 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. 
Unit 

Vee Supply Voltage 4.5 18 4.5 16 v 
Is Supply Current (RL oo) Note 1 

Low State Vee = + 5V 3 5 3 6 mA 
Vee=+ 15V 10 12 10 15 
High State Vee= 5V 2 2 

Timing Error (monostable) 
(RA = 2 to 1 OOkO,C = 0.1!!F) 

Initial Accuracy (note 2) 0.5 2 1 3 % 
Drift with Temperature 30 100 50 ppm/°C 
Drift with Supply Voltage 0.05 0.2 0.1 0.5 %/V 

Timing Error (astable) 
(RA, Rs = 1kn to 100kn, c = 0.1!!F, 
Vs = + 15V) initial Accuracy (note 2) 1.5 2.25 % 

Drift with Temperature 90 150 ppm/°C 
Drift with Supply Voltage 0.15 0.3 %/V 

VeL Control Voltage level 
Vee=+ 15V 9.6 10 10.4 9 10 11 v 
Vcc=+5V 2.9 3.33 3.8 2.6 3.33 4 

Vth Threshold Voltage 
Vee=+ 15V 9.4 10 10.6 8.8 10 11.2 v 
Vee=+ 5V 2.7 3.33 4 2.4 3.33 4.2 

lth Threshold Current (note 3) 0.1 0.25 0.1 0.25 !!A 
Vtrig Trigger Voltage 

Vee=+ 15V 4.8 5 5.2 4.5 5 5.6 v 
Vee=+ 5V 1.45 1.67 1.9 1.1 1.67 2.2 

I trig Trigger Current (V trig = OV) 0.5 0.9 0.5 2.0 !!A 
Vreset Reset Voltage (note 4) 0.4 0.7 1 0.4 0.7 1 v 
I reset Reset Current 

V reset = + 0.4V 0.1 0.4 0.1 0.4 mA 
Vreset = OV 0.4 1 0.4 1.5 

VoL Low Level Output Voltage 
Vee=+ 15V, lo(sink) = 10mA 0.1 0.15 0.1 0.25 

lo(sink) =SOmA 0.4 0.5 0.4 0.75 
lo(smk) = 100mA 2 2.2 2 2.5 v 
lo(sink) = 200mA 2.5 2.5 

Vcc=+5V, I O(sink) = 8mA 0.1 0.25 0.3 0.4 
lo(sink) = 5mA 0.05 0.2 0.25 0.35 

VoH High Level Output Voltage 
Vee=+ 15V, lo(source) = 200mA 12.5 12.5 v 

lo(source) = 100mA 13 13.3 12.75 13.3 
Vcc=+5V, lo(source) = 1 OOmA 3 3.3 2.75 3.3 
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NE555/SA555/SE555 

ELECTRICAL CHARACTERISTICS(continued) 

SE555 NE555/SA555 
Symbol Parameter 

Min. Typ. Max. Min. Typ. 

ld,s(ofl) Discharge Pin Leakage Current (output high) 20 100 20 

vdls(sat) Discharge pin Saturation Voltage (output low) 
(note 5) 
Vee=+ 15V, ld,s = 15mA 180 480 180 
Vee = + 5V, ld,s = 4.5mA 80 200 80 

t, Output Rise Time 100 200 100 
It Output Fall Time 100 200 100 

loll Turn off Time (note 6), Vreset =Vee 0.5 0.5 

Notes : 1. Supply current when output is high is typically 1 rnA less. 
2 Tested atVs= + 5Vand Vs= +15V 
3. This will determine the maximum value of RA + Rs for+ 15V operation the max total is R = 20Mn and for 5V 

operation, the max total R = 3.5Mn. 
4. Specified with trigger input high. 
5 No protection against excessive Pin 7 current is necessary, providmg the package d1ssipat1on rating will not 

be exceeded. 
6. Time measured from a pos1t1ve going 1nput pulse from 0 to O.BxVS Into the threshold to the drop from h1gh to 

Low of the output trigger is tied to treshold. 

Max. 

100 

480 
200 

300 
300 

Unit 

nA 

mV 

ns 

J.lS 

Figure 1 :Minimum Pulse Width Required for Tri- Figure 2 :Supply Current Vs. Supply Voltage. 
gering. 

01 02 03 Vt {Vl 

Figure 3 : Delay Time Vs. Temperature. 
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Figure 5 : Low Output Voltage Vs. Output Sink 
Current. 
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Current. 
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N E555/SA555/S E555 

APPLICATION INFORMATION 

MONOSTABLE OPERATION 
In the monostable mode, the timer functions as a 
one-shot. Referring to figure 1 0 the external capa­
citor is initially held discharged by a transtor inside 
the timer. 
The circuit triggers on a negative-going input signal 
when the level reaches 1/3 Vs. Once triggered, the 
circuit remains in this state until the set time has 
elapsed, even if it is triggered again during this in­
terval. The duration of the output HIGH state is gi­
ven by t = 1.1 R1 C1 and is easily determined by fi­
gure 12. Notice that since the charge rate and the 
threshold level of the comparator are both directly 
proportional to supply voltage, the timing interval is 
independent of supply. Applying a negative pulse si­
multaneously to the Reset terminal (pin 4) and the 
Trigger terminal (pin 2) during the timing cycle dis­
charges the external capacitor and causes the cy-

Figure 10. 

+V5 : 5 TO 1SV·---...-----, 

TRIGGER 

s- 6060 J.: 

Figure 12. 

cle to start over. The timing cycle now starts on the 
positive edge of the reset pulse. During the time the 
reset pulse in applied, the output is driven to its LOW 
state. 

When a negative trigger pulse is applied to pin 2, 
the flip-flop is set, releasing the short circuit across 
the external capacitor and driving the output HIGH. 
The voltage across the capacitor increases expo­
nentially with the time constant 1: = R1 C1. When the 
voltage across the capacitor equals 2/3 Vs, the com­
parator resets the flip-flop which then discharge the 
capacitor rapidly and drivers the output to its LOW 
state. 

Figure 11 shows the actual waveforms generated in 
this mode of operation. 

When Reset is not used, it should be tied high to 
avoid any possibly or false triggering. 

Figure 11. 
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ASTABLE OPERATION 

When the circuit is connected as shown in figure 13 
(pin 2 and 6 connected) it triggers itself and free runs 
as a multivibrator. The external capacitor charges 
through R1 and R2 and discharges through R2 on­
ly. Thus the duty cycle may be precisely set by the 
ratio of these two resistors. 

In the astable mode of operation, C1 charges and 
discharges between 1/3 Vs and 2/3 Vs. As in the 
triggered mode, the charge and discharge times and 
therefore frequency are independent of the supply 
voltage. 

Figure 14 shows actual waveforms generated in this 
mode of operation. 

Figure 13. 

8 

OUT a----! 

NE555 

Figure 15: FreeRunning Frequency vs. R1, R2, 
and C1. 

0.1 10 100 1 K !OK f0 (Hz) 

N E555/SA555/S E555 

The charge time (output HIGH) is given by: 

!1 = 0.693 (R1 + R2) C1 

and the discharge time (output LOW) by : 

t2 = 0.693 (R2) C1 

Thus the total period T is given by : 

T = !1 + !2 = 0.693 (R1 + 2R2) C1 
The frequency of oscillation is then : 

1 1.44 
f = T = (R1 + 2R2) C1 

and may be easily found by figure 15. 
The duty cycle is given by : 

R2 
D = R1 + 2R2 

Figure 14. 
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NE555/SA555/SE555 

PULSE WIDTH MODULATOR 
When the timer is connected in the monostable 
mode and triggered with a continuous pulse train, 
the output pulse width can be modulated by a signal 
applied to pin 5. Figure 16 shows the circuit. 

Figure 16: Pulse Width Modulator. 

TRIGGER 

OUT 

LINEAR RAMP 
When the pullup resistor, RA, in the monostable cir­
cuit is replaced by a constant current source, a li­
near ramp is generated. Figure 17 shows a circuit 
configuration that will perform this function. 

Figure 17. 

TRIGGER 

OUT 

Figure 18 shows waveforms generator by the linear 
ramp. 
The time interval is given by : 

2/3 Vs RE (R1 + R2) C 
T= R V V (R R) VBE=0.6V 1 s- BE 1 + 2 

Note that this circuit will not oscillate if RB is greater 
than 1/2 RA because the junction of RA and Rs can­
not bring pin 2 down to 1/3 Vs and trigger the lower 
comparator. 

Figure 18 :Linear Ramp. 

s 6087 -

I r 
:J LJ 

l/ 
v v 

~ 
17" 

Vs = 5V Top trace :input 3V/DIV 
TIME= 2011s/DIV Middle trace : output5V/DIV 
R, = 47Kn Bottom trace :output 5V/DIV 
R2 = 1 OOKn Bottom trace : capacitor voltage 
R• = 2.7Kn 1V/DIV 
C = 0.0111F 

50% DUTY CYCLE OSCILLATOR 
For a 50% duty cycle the resistors RA and As may 
be connected as in figure 19. The time periodforthe 
output high is the same as previous, 
tt = 0.693 RA c. 
For the output low it is t2 = 

[(RA RB)/(RA + RB)] CLn { As- 2RA} 
2R8 -RA 

Thus the frequency of oscillation is f = t1 ~ 

Figure 19:50% Duty Cycle Oscillator. 

OUT 

ADDITIONAL INFORMATION 
Adequate power supply bypassing is necessary to 
protect associated circuitry. Minimum recommen­
ded is 0.1j.LF in parallel with 1j.LF electrolytic. 

8/10 
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PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

NE555/SA555/SE555 

1.75 max. 

(1) Nomtnal drmens1on 

0.185 
0.265 

(2) Truo geometncal posrtron 

8 P1ns 
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N E555/SA555/S E555 

8 PINS- METAL CAN TO 99 

mm 

Pon 

10/10 

746 

12,7mm 

0.407 
0.508 

8 P1ns 



• LOW TURN-OFF TIME 
• MAXIMUM OPERATING FREQUENCY GREA­

TER THAN 500 kHz 
• TIMING FROM MICROSECONDS TO HOURS 
• OPERATES IN BOTH ASTABLE AND MONO­

STABLE MODES 
• HIGH OUTPUT CURRENT CAN SOURCE OR 

SINK200 rnA 
• ADJUSTABLE DUTY CYCLE 
• TIL COMPATIBLE 
• TEMPERATURE STABILITY OF 0.005% 

PER'C 

DESCRIPTION 

The JNE556 dual monolithic timing circuit is a highly 
stable controller capable of producing accurate time 
delays or oscillation. In the time delay mode of ope­
ration, the time is precisely controlled by one exter­
nal resistor and capacitor. For a stable operation as 
an oscillator, the free running frequency and the du­
ty cycle are both accurately controlled with two ex­
ternal resistors and one capacitor. The circuit may 
be triggered and reset on failling waveforms, and 
the output structure can source or sink up to 200mA. 

PIN CONNECTION (top views) 

NE556- SA556 
SE556 

PRECISION DUAL TIMERS 

N D 
S0·14 DIP14 

(Plastic Package) 
J 

CERDIP14 
(Cerdip Package) 

(Plastic Micropackage) 

ORDER CODES 

Part Temperature Package 
Number Range N J D 

NE556 ooc to+ 70°C • • • 
SA556 - 40°C to+ 105°C • • • 
SE556 - 55°C to+ 125°C • 

DIP 14-CERDIP 14-SO 14 
~ 

DISCHARGE [ 1 14 ~ +Vs 

THRESHOLD [ 2 13 ~ DISCHARGE 

CONTROL 
[ 3 12 ~ THRESHOLD VOLTAGE 

RESET 4 
11 ~ CONTROL 

VOLTAGE 

OUTPUT 10 ~ RESET 

TRIGGER 
9 ~ OUTPUT 

GND 
8 ~ TRIGGER 

s- 6062 
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N E556/SA556/S E556 

BLOCK DIAGRAM 

... 
THRESHOLD 
CINfHOL 
VOLTAGE 

.----------, 
I I 
I I 
I I 

I 
I 
I 

RESET -1--------...l I 
L.- ~.o7: - "1--- _.J 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v. Supply Voltage for SE556 
for NE556 

Top Operating Temperature Range for NE556 
for SA556 
for SE556 

Tstg Storage Temperature Range 

Tl Junction Temperature 

SCHEMATIC DIAGRAM 

DISCHARGE 

OUT 

THRESHOLD 
COMPARATOR 

CONTROL 
VOLTAGE 

RESET o--=----«1 
JISCHARGE 

Value 

18 
16 

0 to 70 
-40to 105 
-55 to 125 

- 65 to 150 

150 

OUTPUT 

TRIGGER COMPARATOR FLIP FLOP s-&107 
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NE556/SA556/SE556 

THERMAL DATA 

Ceramic 
S014 

Plastic 
DIP14 DIP14 

Rth j-amb Thermal Resistance Junction-ambient max. 150°C/W 165°C/W 200°C/W 

ELECTRICAL CHARACTERISTICS 
lamb=+ 25°C, Vee=+ SV to+ 15V (unless otherwise specified) 

SE556 SA556 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. 
Unit 

Vee Supply Voltage 4.5 18 4.5 16 v 
Is Supply Current (RL co) Note 1 rnA 

Low State V cc = + 5V 6 10 6 12 
Vee=+ 15V 20 24 20 30 

High State Vee = 5V 4 4 

Timing Error (monostable) 
(RA =2 to 100kn, C =0.1J.LF) 

Initial Accuracy (note 2) 0.5 2 1 3 % 
Drift with Temperature 30 100 50 ppm/°C 
Drift with Supply Voltage 0.05 0.2 0.1 0.5 %/V 

Timing Error (astable) 
(RA, Ra = 1kQ to 100kQ, C = 0.1flF, 
Vee = + 15V) initial Accuracy (note 2) 1.5 2.25 % 

Drift with Temperature 90 150 ppm/°C 
Drift with Voltage 0.15 0.3 %/V 

VeL Control Voltage level v 
Vcc=+15V 9.6 10 10.4 9 10 11 
Vee=+ 5V 2.9 3.33 3.8 2.6 3.33 4 

Vth Threshold Voltage v 
Vee=+15V 9.4 10 10.6 8.8 10 11.2 
Vee=+ 5V 2.7 3.33 4 2.4 3.33 4.2 

lth Threshold Current (note 3) 0.1 0.25 0.1 0.25 J.LA 
Vtr~g Trigger Voltage v 

Vce=+15V 4.8 5 5.2 4.5 5 5.6 
Vee=+ SV 1.45 1.67 1.9 1.1 1.67 2.2 

ltrig Trigger Current (V1.,9 = OV) 0.5 0.9 0.5 2 J.LA 
Vreset Reset Voltage (note 4) 0.4 0.7 1 0.4 0.7 1 v 
I reset Reset Current rnA 

Vreset = + 0.4V 0.1 0.4 0.1 0.4 
Vreset = OV 0.4 1 0.4 1.5 

VoL Low Level Output Voltage v 
Vee=+ 15V, lo(smk) = 10mA 0.1 0.15 0.1 0.25 

lo(smk) =SOmA 0.4 0.5 0.4 0.75 
lo(slnk) = 100mA 2 2.2 2 2.5 
lo(sink) = 200mA 2.5 2.5 

Vce=+5V, lo(stnk) = 8mA 0.1 0.25 0.3 0.4 
lo(sink) = 5mA 0.05 0.2 0.25 0.35 

VoH High Level Output Voltage v 
Vee = + 15V, locsource) = 200mA 12.5 12.5 

lo(source) = 1 OOmA 13 13.3 12.75 13.3 
Vee=+ SV, lo(source) = 1 OOmA 3 3.3 2.75 3.3 
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N E556/SA556/S E556 

ELECTRICAL CHARACTERISTICS( continued) 

SE556 SA556 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. 
Unit 

ld1s(off) Discharge Pin Leakage Current (output high) 20 100 20 100 nA 

vdls(sa!) Discharge pin Saturation Voltage (output low) mV 
(note 5) 
Vee=+ 15V, ld1s = 15mA 180 480 180 480 
Vee = + 5V, ld1s = 4.5mA 80 200 80 200 

t, Output Rise Time 100 200 100 300 ns 
tr Output Fall Time 100 200 100 300 

I off Turn off Time (note 6), Vreset = Vs 0.5 0.5 JlS 
Notes : 1. Supply current when output Is high is typically I rnA less. 

2. TestedatVs=+5VandVs= +15V. 
3. This will determine the maximum value of RA + Re for+ 15V operation the max total is R = 20MO and for 5V operation, the Max total 

R= 3.5MO. 
4. Specified with trigger input high. 
5. No protection against excessive pin 7 current is necessary, providing the package dissipation rating will not be exceeded. 
6. Time measurement from a positive going Input pulse from 0 to O.SxVs into the threshold to the drop from high to low of the output 

tngger is tied to threshold. 

Figure 1 : Minimum Pulse Width Required for 
Triggering. 

Figure 2 : Supply Current vs. Supply Voltage. 
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Figure 3 : Delay Time Vs. Temperature. 
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Figure 4 : Low Output Voltage Vs. Output Sink 
Current. 
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Figure 5 : Low Output Voltage Vs. Output Sink 
Current. 
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Figure 7 : High Output Voltage Drop Vs. Output 
Source Current. 
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Figure 6 : Low Output Voltage Vs. Output Sink 
Current. 

Vo 
lVI 

01 

001 

Vsr::ISV 

12 •c 

.... ~ 

v 

-

~ 

55 c 1/ J 
!.#' 

v 
~ ~ 

-55'C 

tO 20 ISINK(mA1 

Figure 8 : Delay Time Vs. Supply Voltage. 

G 5025 

1015 

1010 
I 

I 
\ 

-~ \ J..----r-

1005 

1000 

0995 

0.99 0 

0.88 5 i 
0 10 15 V5 (V) 

5/8 

751 



NE556/SA556/SE556 

TYPICAL APPLICATION 

50% DUTY CYCLE OSCILLATOR 

Vee 

Output 

E88NE556·02 

t1 = 0.693 RA.C 

t2 = [(RA Rs)/(RA + Rs)]C In [ Rs-2RA] 
2Rs-RA 

f= 

6/8 

752 

1 
t1+t2 Rs < 2 RA 

~ 
-=4fr 

PULSE WIDTH MODULATOR 

Vee 

Trigger 

Output 

c 

Modulation input 

E88NE556·03 



NE556/SA556/SE556 

TfJNE BURST GENERATOR 
For a tone burst generator the first timer is used as a monostable and determines the tone duration when 
triggered by a positive pulse at pin 6. The second timer is enabled by the high output of the monostable. It 
is connected as an astable and determines the frequency of the tone. 

r--------1~----.----------------------.~-------------.--o +15V 

Rooe1 

10 

Output 

MONOSTABLE OPERATION 

E88NE556·05 

1/2 
NE515& 
SE556 

'= 1.44 

13 Discharge 

12 Threshed 

8 'Triy~r 

11 Control 

IRA + 2Rel C 

ASTABLE OPERATION 

Ground 

E88NE556·04 

E88NE556-06 

t1 = 0.693 (RA + Rs)C Output High 

t2 =0.693 RsC Output Low 

~ 
~~ 
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NE556/SA556/SE556 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

Datum 

14 PINS- PLASTIC MICROPACKAGE (SO) 

8/8 

754 

8.5mcx •I 

( 1) Nom1nal d1menS10n 

(2) True geometncal pos111on 

6.35 
(1) 14 Pms 

14 P1ns 



SG1524 
SG2524 
SG3524 

REGULATING PULSE WIDTH MODULATORS 

• COMPLETE PWM POWER CONTROL CIRCUI­
TRY 

" UNCOMMITIED OUTPUTS FOR SINGLE-EN-
DED OR PUSH PULL APPLICATIONS 

• LOW STANDBY CURRENT .. 8 mA TYPICAL 
• OPERATION UP TO 300KHz 
• 1 % MAXIMUM TEMPERATURE VARIATION 

OF REFERENCE VOLTAGE 

techniques. The dual alternating outputs allows ei­
ther single-ended or push-pull applications. Each 
device includes an on-ship reference, error ampli­
fier, programmable oscillator, pulse-steering flip­
flop, two uncommitted output transistors, a high­
gain comparator, and current-limiting and shut­
down circuitry. 

DESCRIPTION 
The SG1524, SG2524, and SG3524 incorporate on 
a single monolithic chip all the function required for 
the construction of regulating power supplies inver­
ters or switching regulators. They can also be used 
as the control element for high power-output appli­
cations. The SG1524 family was designed for swit­
ching regulators of either polarity, transformer-cou­
pled de-to-de converters, transformerless voltage 
doublers and polarity converter applications em­
ploying fixed-frequency, pulse-width modulation 

BLOCK DIAGRAM 

DIP-16 5016 J 
(Piastre -0.25- and Ceramrc) 

ORDER CODES: SG1 524J- SG2524J- SG3524J 
(Ceramrc) 
SG2524N- SG3524N (Piastre) 
SG2524P- SG3524P (S0-16J) 

,-----------------------------------------------------------------·----

September 1988 

"~' [ 8- L .• -
OSC OUT CA 

~ ~ - ~ 
6o------

Cr osc ~ ---- Cs 

7 (RAMP) •SV ~ 13 

- NOO 
COMPENSATION - E B 

9 ,, 

!NV INPUT 
ro-----1"'-
N I INPUT 
1(r--

GNO 

"1 
SHUTDOWN 

------{] 10 
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SG1524-SG2524-SG3524 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VIN Supply Voltage 40 v 
lc Collector Ouptut Current 100 rnA 

IR Reference Output Current 50 rnA 

lr Current Through Cr Terminal - 5 rnA 

Ptot Total Power Dissipation at Tamb = 70 'C 1000 mW 

Tstg Storage Temperature Range - 65 to 150 'C 

Top Operating Ambient Temperature Range SG 1524 -55 to 125 'C 
SG2524 - 25 to 85 'C 
SG3524 o to 70 'C 

CONNECTION DIAGRAMS 

~ 
I NV- INPUT , 16 + SV VREF 

NON INV. INPUT 2 15 +V, 

OSC.I SYNC. 14 EMITTER B 

C L(+)SENSE 13 COLLECTOR B 

C U-) SENSE 12 COLLECTOR A 

11 EMITTER A 

10 SHUTDOWN 

GROUND 9 CoMPENSATION 

S-639311 

THERMAL DATA 

Plastic Ceramic S016J 
DIP-16 DIP-16 

Rth 1-amb I The mal Resistance Junction-ambient Max 80 'C/W 150 °C/W -
Rth j-alumonoa Themal Resistance Junction-aluminia Max - - 50 'C/W 

·Thermal resistance JUnction-alumina with the device soldered on the middle of an alumina supporting substrate measuring 15 x 20 mm; 
0.65 mm thickness w1th 1nf1n1te heatsink 
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SG1524-SG2524-SG3524 

ELECTRICAL CHARACTERISTICS (unless otherwise stated , these specifications apply for 
T1 = -55 'C to+ 125 'C for the SG1524, - 25 'C to + 85 'C for the SG2524, and 0 'C to + 70 'C for the 
SG3524, V N = 20 V, and f = 20 KHz). 

[ SG1524 
SG3524 

Symbol Parameter Test conditions 
SG2524 

Unit 
Min. I Typ. I Max. Min. I Typ. I Max. 

REFERENCE SECTION 

VREF Output Voltage 4.8 5 5.2 4.6 5 5.4 v 
.1-VREF Line Regulation V1N =8 to 40 V 10 20 10 30 mV 

.1-VREF Load Regulation IL = 0 to 20 mA 20 50 20 50 mV 

Ripple Rejection f = 120 Hz, T1 = 25 oc 66 66 dB 

Short Circuit Current VREF =0, Tl =25 °C 100 100 mA 
Limit 

.1-VREF/.1-T Temp. Stability Over Operating Temp. Range 0.3 1 0.3 1 % 

.1-VREF Long Term Stability T1 = 125 °C, I= 1000 Hrs 20 20 mV 

OSCILLATOR SECTION 

fMAX Maximum Frequency Cr = 0.001 f.!F, Rr = 2 kn 300 300 kHz 

Initial Accuracy Rr and Cr Constant 5 5 % 

Voltage Stability V1N =8 to 40 V, T1 =25 oc 1 1 % 

M/.1-T Temperature Stability Over Operating Temp. Range 2 2 % 

Output Amplitude Pin 3, T1 = 25 oc 3.5 3.5 v 
Output Pulse Width Cr = 0.01 f.!F, T1 = 25 oc 0.5 0 .. 5 f.!S 

ERROR AMPLIFIER SECTION 

Vos Input Offset Voltage VcM =2.5 V 0.5 5 2 10 mV 

lb Input Bias Current VcM =2.5 V 2 10 2 10 (lA 

Gv Open Loop Volt. Gain 72 80 60 80 dB 

CMV Common Mode Volt. T1 = 25 oc 1.8 3.4 1.8 3.4 v 
CMR Comm. Mode Rejec. T1 =25 oc 70 70 dB 

B Small Signal Av = 0 dB, T1 = 25 oc 3 3 MHz 
Bandwidth 

Vo Output Voltage T1 = 25 oc 0.5 3.8 0.5 3.8 v 

COMPARATOR SECTION 

Duty·cycle % Each Output On 0 45 0 45 % 

V1r Input Threshold Zero Duty-cycle 1 1 v 
V1r Input Threshold Maximum Duty-cycle 3.5 3.5 v 
lb Input Bias Current 1 1 (lA 
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SG1524-SG2524-SG3524 

ELECTRICAL CHARACTERISTICS (continued) 

SG1524 SG3524 
Symbol Parameter Test conditions 

SG2524 

Min. I Typ. I Max. Min.J Typ.j Max. 

CURRENT LIMITING SECTION 

Sense Voltage Pin 9 = 2 V With Error 190 200 210 180 200 220 
Amplifier 
Set for Max. Out, Tj = 25 °C 

Sense Voltage T.C. 0.2 0.2 

CMV Common Mode Volt. -1 + 1 -1 + 1 

OUTPUT SECTION (each output) 

Collector-emitter Volt. 40 40 

Collector Leackage Vee =40 V 0.1 50 0.1 50 
Cur. 

Saturation Voltage lc =50 mA 1 2 1 2 

Emitter Out. Voltage V1N = 20 V 17 18 17 18 

t, R1se Time Rc = 2 KQ, T1 = 25 •c 0.2 0.2 

IJ Fall Time Rc =2 KQ, T1 =25 oc 0.1 0.1 

I • q Total Standby Curr. YIN =40 V 8 10 8 10 

( • ) Exclud1ng oscillator charg1ng current, error and current hm1t diVIders, and With outputs open. 

Figure 1 : Open-loop Voltage Amplification of 
Error Amplifier vs. Frequency. 
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Figure 3 : Output Dead Time vs. Timing 
Capacitance Value. 
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Figure 5 : Open Loop Test Circuit. 
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Figure 4 : Output Saturation Voltage vs. Load 
Current . 
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PRINCIPLES OF OPERATION 
The SG1524 is a fixed-frequency pulse-with-modu­
lation voltage regulator control circuit. The regulator 
operates at a frequency that is programmed by one 
timing resistor (Rr) and one timing capacitor (Cr). 
Rr established a constant charging current for Cr. 
This results in a linear voltage ramp at CT, which is 
fed to the comparator providing linear control of the 
output pulse width by the error amplifier. The 
SG1524 contains, an on-board 5 V regulator that 
seNes as a reference as well as powering the 
SG1524's internal control circuitry and is also use­
ful in supplying external support functions. This re­
ference voltage is lowered externally by a resistor 
divider to provide a reference within the common-

S-6lS7 

mode range of the error amplifier or an external re­
ference may be used. The power supply output is 
sensed by a second resistor divider network to ge­
nerale a feedback signal to error amplifier. The am­
plifier output voltage is then compared to the linear 
voltage ramp at Cr. The resulting modulated pulse 
out of the high-gain comparator is then steered to 
the appropriate output pass transistors (OA or Os) 
by the pulse-steering flip-flop, which is synchro­
nously toggled by the oscillator output. The oscilla­
tor output pulse also seNes as a blanking pulse to 
assure both output are never on simultaneously du­
ring the transition times. The width of the blanking 
pulse is controlled by the value of Cr. The outputs 
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SG1524-SG2524-SG3524 

may be applied in a push-pull configuration in which 
their frequency is half that of the base oscillator, or 
paralleled for single-ended applications in which the 
frequency is equal to that of the oscillator. The out· 
put of the error amplifier shares a common input to 
the comparator with the current limiting and shut· 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage V1N 8 to 40 V 
Reference Output Current 0 to 20 mA 
Current through Cr Terminal • 0.03 to· 2 mA 

TYPICAL APPLICATIONS DATA 

OSCILLATOR 

The oscillator controls the frequency of the SG1524 
and is programmed by Rr and Cr according to the 
approximate formula : 

where Rr is in KQ 

Cris in J.LF 

I is in KHz 

f=~1'-'--.1~8-
RrCT 

Pratical values of Cr fall between 0.001 and 0.1 J.LF. 
Pratical values of Rr fall between 1.8 and 1 00 KQ. · 
This results in a frequency range typically from 120 
Hz to 500 KHz. 

BLANKING 

The output pulse of the oscillator is used as a blan­
king pulse at the output. This pulse width is control· 
led by the value of Cr. If small values of Cr are re­
quired for frequency control, the oscillator output 
pulse width may still be increased by applying a 
shunt capacitance of up to 1 00 pF from pin 3 to 
ground. If still greater dead-time is required, it should 
be accomplished by limiting the maximum duty cy-
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down circuitry and can be overridden by signals from 
either of these inputs. This common point is also 
available externally and may be employed to control 
the gain of, or to compensate, the error amplifier, or 
to provide additional control to the regulator. 

Timing Resistor, Rr 
Timing Capacitor, Cr 

1.8 to 100 KQ 
0.001 to 0.1 J.LF 

cle by clamping the output of the error amplifier. This 
can easily be done with the circuit below : 

Figure 6. 

Comp (!) 
1N916 1' 

~I l"n 
Ghd 8 }-------' 

S-SJ,OO 

SYNCHRONOUS OPERATION 

When an external clock is desired, a clock pulse of 
approximately 3 V can be applied directly to the os- ;. 
cillator ouptut terminal. The impedance to ground at'· 
this point is approximately 2 KQ. In this configura- \ 
tion Rr Cr must be selected for a clock period slight· · 
ly greater than that the external clock. 

If two more SG1524 regulators are to be operated 
synchronously, all oscillator output terminals should 
be tied together, all Cr terminals connected to a sin­
gle timing capacitor, and the timing resistor connec­
ted to a single Rr terminal. The other Rr terminals 
can be left open or shorted to VREF. Minimum lead 
lengths should be used between the Cr terminals. 
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Figure 7: Flyback Converter Circuit. 

15 

SG1524 

B 

Figure 8: PUSH-PULL transformer-coupled circuit. 
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SG1525A/27 A 
SG2525A·3525A/27 A 

REGULATING PULSE WIDTH MODULATORS 

• 8 TO 35 V OPERATION 
• 5.1 V REFERENCE TRIMMED TO± 1 % 
• 100Hz TO 500KHz OSCILLATOR RANGE 
• SEPARATE OSCILLATOR SYNC TERMINAL 
• ADJUSTABLE DEADTIME CONTROL 
• INTERNAL SOFT-START 
• PULSE-BY-PULSE SHUTDOWN 
• INPUT UNDERVOLTAGE LOCKOUT WITH 

HYSTERESIS 
• LATCHING PWM TO PREVENT MULTIPLE 

PULSES 
• DUAL SOURCE/SINK OUTPUT DRIVERS 

DESCRIPTION 
The SG1525AI1527 A series of pulse width modula­
tor integrated circuits are designed to offer impro­
ved performance and lowered external parts count 
when used in designing all types of switching power 
supplies. The on-chip + 5.1 V reference is trimmed 
to ± 1 % and the input common-mode range of the 
error amplifier includes• the reference voltage elimi­
nating external resistors. A sync input to the oscilla­
tor allows multiple units to be slaved or a single unit 
to be synchronized to an external system clock. A 
single resistor between the Cr and the discharge 
terminals provide a wide range of dead time ad­
justment. These devices also feature built-in soft­
start circuitry with only an external timing capacitor 
required. A shutdown terminal controls both the soft­
start circuity and the output stages, providing instan­
taneous turn off through the PWM latch with pulsed 

September 1988 

shutdown, as well as soft-start recycle with longer 
shutdown commands. These functions are also 
controlled by an undervoltage lockout which keeps 
the outputs off and the soft-start capacitor dischar­
ged for sub-normal input voltages. This lockout cir­
cuitry includes approximately 500 mV of hysteresis 
for jitter-free operation. Another feature of these 
PWM circuits is a latch following the comparator. 
Once a PWM pulses has been terminated for any 
reason, the outputs will remain off for the duration 
of the period. The latch is reset with each clock 
pulse. The output stages are totem-pole designs ca­
pable of sourcing or sinking in excess of 200 rnA. 
The SG1525A output stage features NOR logic, gi­
ving a LOWoutputforan OFF state. The SG1527A 
utilizes OR logic which results in a HIGH output le­
vel when OFF. 

DIP-16 
(Plastic -0.25 and Ceramic) 

5016J 
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SG1525A/27 A-SG2525A/27 A-SG3525A/27 A 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 

r--v--
INV INPUT 1 16 VREF 

N I INPUT 15 +Vi 
Plastic Ceramic Type DIP DIP 

SYNC 1£ OUTPUT B 
5016J 

SG1525A SG1525AJ 
OSC OUTPUT ' 13 Vc 

SG1527A SG1527AJ 

cT 12 GROUND SG2525A SG2525AN SG2525AJ SG2525AP 

RT 
, OUTPUT A SG2527A SG2527AN SG2527AJ SG2527AP 

SG3525A SG3525AN SG3525AJ SG3525AP 
DISCHARGE 10 SHUTDOWN 

SG3527A SG3527AN SG3527AJ SG3527AP 
SOFT - START 6 COMP 

s- 6L11, 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Supply Voltage 40 v 
Vc Collector Supply Voltage 40 v 

lose Oscillator Charging Current 5 mA 

lo Output Current, Source or Sink 500 mA 

IR Reference Output Current 50 mA 

h Current through Cr Terminal 5 rnA 
Logic Inputs -0.3 to+ 5.5 v 
Analog Inputs -0.3 to V, v 

Ptot Total Power Dissipation at T amb = 70 °C 1000 mW 

T, Junction Temperature Range -55 to 150 oc 
Tstg Storage Temperature Range -65 to 150 oc 
Top Operating Ambient Temperature: SG1525A/27 A -55 to 125 oc 

SG2525A/27A -25 to 85 oc 
SG3525A/27 A 0 to 70 oc 

THERMAL DATA (DIP-16) 

Ceramic Plastic 

Rth J-pms I Thermal Resistance Junction-pins Max - 50 °C/W 
Rth J-amb Thermal Resistance Junction-ambient Max 150 °C/W 80 °C/W 

THERMAL DATA (S016J) 

Thermal resistance junct1on-alum1na With the device soldered on the middle of an alum1nasuppor11ng substrate measuring 15 x 20 mm ; 0 65 mm 
thickness with infinite heats1nk 
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SG1525A/27 A-SG2525A/27 A-SG3525A/27 A 

BLOCK DIAGRAM 

V, 

"(}-------

SYNC 
30-------., . (}-------

c, 
' (}---------.,-.1 

BSCHARGE 

7 o-----....~_j 

COMP. 

9(}-------~--1 

SOFT·SToi\RT 

SHUTDOWN 511.. n 

" 

' -

r---- ---------------- ------- ---
' 

JL 

~~--o_u0r~~ e 

i ..I. 
I SCi1517A OUTPUT STAGE 
.__ -------------------------

ELECTRICAL CHARACTERISTICS 
(V, = 20 V, and over operating temperature, unless otherwise specified) 

Symbol Parameter 

REFERENCE SECTION 

VREF Output Voltage 

&VREF Line Regulation 

&VREF Load Regulation 

t,.VREF/&T* Temp. Stability 

. Total Output 
Variation 

Short Circuit Current 

. Output Noise Voltage 

&VREF 
. Long Term Stability 

SG1525A/2525A 
Test Conditions SG1527 A/2527 A 

Min. I Typ. I Max. 

T1 = 25 oc 5.05 5.1 5.15 

V, = 8 to 35 V 10 20 

IL = 0 to 20 rnA 20 50 

Over Operating Range 20 50 

Line, Load and Temperature 5 5.2 

VREF = 0 T1 = 25 oc 80 100 

1 0 Hz ,;;: f ,;;: 1 0 kHz, 
40 200 T1 = 25 oc 

T1 = 125 oc, 1000 hrs 20 50 

~ SGS-THOMSON .. ""!I i!l~II:OOili!.I<C'ii'Dil@lll~i::i!l 

SG3525A 
SG3527A 

Min. I Typ.1 Max. 

5 5.1 5.2 

10 20 

20 50 

20 50 

4.95 5.25 

80 100 

40 200 

20 50 

Unit 

v 
mV 

mV 

mV 

v 
rnA 

1Nrms 

mV 
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SG1525A/27 A·SG2525A/27 A·SG3525A/27 A 

ELECTRICAL CHARACTERISTICS (continued) 

SG1525A/2525A SG3525A 
Symbol Parameter Test Conditions SG1527 A/2527 A SG3527A Unit 

Min. I Typ. I Max. Mln.l Typ. I Max. 

OSCILLATOR SECTION** 

. ' . Initial Accuracy T1 =25 oc ±2 ±6 ±2 ±6 % . ' . Voltage Stability V1 = 8 to 35 V ± 0.3 ±1 ±1 ±2 % 

t;.f/!J.T* Temperature Stability Over Operating Range ±3 ±6 ±3 ±6 % 

fMIN Minimum Frequency Rr =200 Kn Cr = 0.1 11F 120 1~0 Hz 

fMAX Maximum Frequency Rr = 2 Kn Cr =470 pF 400 400 KHz 

Current Mirror IRT = 2 mA 1.7 2 2.2 1.7 2 2.2 mA . ' . Clock Amplitude 3 3.5 3 3.5 v . ' . Clock Width T1 = 25 oc 0.3 0.5 1 0.3 0.5 1 !!S 

Sync Threshold 1.2 2 2.8 1.2 2 2.8 v 
Sync Input Current Sync Voltage = 3.5 V 1 2.5 1 2.5 mA 

ERROR AMPLIFIER SECTION (VcM = 5.1 V) 

Vos Input Offset Voltage 0.5 5 2 10 mV 

lb Input Bias Current 1 10 1 10 !!A 
los Input Offset Current 1 1 !!A 

DC Open Loop Gain RL :2:10 Mn 60 75 60 75 dB . Gain Bandwidth Gv = 0 dB T1 = 25 oc 1 2 1 2 MHz 
Product . ,z DC Transconduct. 30 Kn ~ RL ~ 1 Mn 1.1 1.5 1.1 1.5 ms 

T1 = 25 oc 
Output Low Level 0.2 0.5 0.2 0.5 v 
Output High Level 3.8 5.6 3.8 5.6 v 

CMR Comm. Mode Reject. VcM = 1.5 to 5.2 V 60 75 60 75 dB 

PSR Supply Voltage V, = 8 to 35 V 50 60 50 60 dB 
Rejection 

PWM COMPARATOR 

Minimum Duty-cycle 0 0 % 

Maximum Duty-cycle 45 49 45 49 % . Input Threshold Zero Duty-cycle 0.7 0.9 0.7 0.9 v 
Maximum Duty-cycle 3.3 3.6 3.3 3.6 v . Input Bias Current 0.05 1 0.05 1 !!A 
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SG1525A/27 A-SG2525A/27 A-SG3525A/27 A 

ELECTRICAL CHARACTERISTICS (continued) 

SG1525A/2525A SG3525A 
Symbol Parameter Test Conditions SG1527A/2527A SG3527A Unit 

Min. I Typ. I Max. Min. I Typ. I Max. 

SHUTDOWN SECTION 

Soft Start Current Vso = 0 V, Vss = 0 V 25 50 80 25 50 80 llA 
Soft Start Low Level Vso =2.5 V 0.4 0.7 0.4 0.7 v 
Shutdown Threshold To outputs, Vss = 5.1 V 0.6 0.8 1 0.6 0.8 1 v 

T1 = 25 oc 
Shutdown Input Vso = 2.5 V 0.4 1 0.4 1 rnA 
Current . Shutdown Delay Vso =2.5 V T1 = 25 oc 0.2 0.5 0.2 0.5 J.IS 

OUTPUT DRIVERS (each output) (V c = 20 V) 

Output Low Level I sink= 20 rnA 0.2 0.4 0.2 0.4 v 
lsmk = 100 rnA 1 2 1 2 v 

Output High Level I source = 20 rnA 18 19 18 19 v 
I source = 100 rnA 17 18 17 18 v 

Under-Voltage Vcomp and Vss = High 6 7 8 6 7 8 v 
Lockout 

lc Collector Leakage Vc =35 V 200 200 llA 
!( Rise Time CL = 1 nF, T1 =25 oc 100 600 100 600 ns 

t,• Fall Time CL = 1 nF, T1 =25 oc 50 300 50 300 ns 

TOTAL STANDBY CURRENT 

I Supply Current 1 v, = 35 v 14 20 14 20 rnA 

: These parameters, although guaranteed over the recommended operating conditions, are not I 00% tested in production. 
Tested at lose= 40KHz (Rr = 3.6 KQ, Cr = 0.1 J.IF, Ro = 0 Q). Approximate oscillator frequency is defined by. 

I 

Cr(0.7 Rr+ 3 Ro) 
• DC transconductance (gM) relates to DC open-loop voltage gain (Gv) according to the following equanon : G, = gM RL where RL is the resistance 

from pin 9 to ground. The minimum QM specification Is used to calculate minimum G, when the error amplifier output is loaded 
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SG1525A/27 A-SG2525A/27 A-SG3525A/27 A 

RECOMMENDED OPERATING CONDITIONS (•) 

Parameter Value 

Input Voltage (V,) 8to 35 v 
Collector Supply Voltage (Vc) 4.5to 35 v 
Sink/Source Load Current (steady state) 0 to 100 rnA 

Sink/Source Load Current (peak) o to 400 rnA 

Reference Load Current 0 to 20 rnA 

Oscillator Frequency Range 1 00 Hz to 400 KHz 

Oscillator Timing Resistor 2 Kn to 150 Kn 

Oscillator Timing Capacitor 0.001 J.IF to 0.1 J.IF 

Dead Time Resistor Range 0 to 500 n 
{.) Range over WhiCh the dev1ce is functional and parameter lim1ts are guaranteed. 

Figure 1 : Oscillator Charge Time vs. Rr 
and Cr. 

2 s 10 20 so 100 200 sao 1ms 2ms r (fJs) 

Figure 3: SG1525A Output Saturation 
Characteristics. 
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Figure 2 : Oscillator Discharge Time vs. Ro 
and Cr. 
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Figure 4 : Error Amplifier Voltage Gain and 
Phase vs. Frequency. 
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SG1525A/27 A·SG2525A/27 A·SG3525A/27 A 

Figure 5: SG1525A Error Amplifier. 

I NV. 
INPUT 

S-6~20 

PRINCIPLES OF OPERATION 

SHUTDOWN OPTIONS (see Block Diagram) 

Since both the compensation and soft-start termi­
nals (Pins 9 and 8) have current source pull-ups, ei­
ther can readily accept a pull-down signal which on­
ly has to sink a maximum of 1 00 !!A to turn off the 
outputs. This is subject to the added requirement of 
discharging whatever external capacitance may be 
attached to these pins. 
An alternate approach is the use of the shutdown 
circuitry of Pin 10 which has been improved to en­
hance the available shutdown options. Activating 
this circuit by applying a positive signal on Pin 10 
performs two functions :the PWM latch is immedia-
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tely set providing the fastest turn-off signal to the 
outputs ; and a 150 !!A current sink begins to dis­
charge the external soft-start capacitor. If the shut­
down command is short, the PWM signal is termi­
nated without significant discharge of the soft-start 
capacitor, thus, allowing, for example, a convenient 
implementation of pulse-by-pulse current limiting. 
Holding Pin 10 high for a longer duration, however, 
will ultimately discharge this external capacitor, re­
cycling slow turn-on upon release. 

Pin 10 should not be left floating as noise pickup 
could conceivably interrupt normal operation. 



SG 1525A/27 A-SG2525A/27 A-SG3525A/27 A 

Figure 6: SG1525A Oscillator Schematic. 

S-61.19 

Figure 7 : SG1525A Output Circuit (1/2 circuit shown). 

CLOCK F/F PWM S-6,1611 

OUTPUT 

BLANKING 
TO OUTPUT 

250 1l 
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SG1525A/27 A-SG2525A/27 A-SG3525A/27 A 

Figure 8. 

• v. \' TO OUTPUT 

l FILTER 
R 1 ~" 

f R2 

13 ... 
A r'-!--

SG1525A 

B~ 
GNO 

12 

S-61.1711 

For single-ended supplies, the driver outputs are 
grounded. The Vc terminal is switched to ground by 
the totem-pole source transistors on alternate oscil­
lator cycles. 

Figure 10. 

+Vs 

R1 

SG 1525A 

B 14 

GND 02 
12 

The low source impedance of the output drivers pro­
vides rapid charging of Power Mas input capaci­
tance while minimizing external components. 

Figure 9 . 

5·6411 

In conventional push-pull bipolar designs, forward 
base drive is controlled by R1 - R3. Rapid turn-off 
times for the power devices are achieved with 
speed-up capacitors C1 and C2. 

Figure 11. 

Low power transformers can be driven directly by 
the SG1525A. Automatic reset occurs during dead 
time, when both ends of the primary winding are 
switched to ground. 

10/10 
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TDA8133 

5.1V + 8.5V REGULATOR WITH DISABLE AND RESET 

• OUTPUT CURRENTS UP TO 1A 
• FIXED PRECISION OUTPUT 1 VOLTAGE 5.1 V 

±2% 
• FIXED PRECISION OUTPUT 2 VOLTAGE 8.5V 

±2% 
• OUTPUT 1 WITH RESET FACILITY 
• OUTPUT 2 WITH DISABLE BY TTL INPUT 
• SHORT CIRCUIT PROTECTION AT BOTH 

OUTPUTS 
• THERMAL PROTECTION 
• LOW DROP OUTPUT VOLTAGE 

DESCRIPTION 
The TDA8133 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages of 5.1 V and 8.5V at currents up to 1 A. 
An internal reset circuit generates a delayed reset 
pulse when the output 1 decreases below the regu­
lated voltage value. 
Output 2 can be disabled by TTL input. 
Short circuit and thermal protections are included. 

BLOCK DIAGRAM 

IN 

REF 

PROT 

DISABLE 

January 1989 

ADVANCE DATA 

HEPTAWATT 

ORDER CODE: TDAB133 

E89TDAB133·01 

1/5 
This ,is advanced information on a new product now m development or undergomg evaluation. DetailS are SUbJeCt to change Without not1ce. 
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TDA8133 

PIN CONNECTION (top view) 

--

~ 
6 

: 

-0- 5 

4 

3 
~ 

2 

'--------. ~ 
Tab connected to pin 4. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v,N DC Input Voltage Pin 1 

V01s Disable Input Voltage Pin 3 

VAsT Output Voltage at pin 5 

lo1, 2 Output Currents 

p1 Power Dissipation 

TsTG Storage Temperature 

TJ Junction Temperature 

THERMAL DATA 

I RTH(J·cl I Maximum Thermal Resistance Junction-case 

215 

774 

) 

OUTPUT! 

OUTPUT2 

RESET 

GROUND 

DISABLE 

DELAY CAP 

INPUT 

Value 

20 

20 

20 

Internally Limited 

Internally Limited 

-65 to+ 150 

0t0+150 

3 

E89TDA8133·02 

Unit 

v 
v 
v 

oc 
oc 

oc/W 



TDA8133 

ELECTRICAL CHARACTERISTICS (V1N = ?V ; T1 = 25°C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vot Output Voltage lot = 10mA 5 5.1 5.2 v 
Vo2 Output Voltage lo2 = 10mA 8.33 8.5 8.67 v 
Vot Output Voltage 7V < V1Nt < 14V 4.9 5.3 v 
Vo2 Output Voltage 

10.5V < VIN2 < 18V 
8.15 8.85 v 5mA <lot. 2 < 750mA 

V1ot. 2 Dropout Voltage lot, 2 = 750mA 1.4 v 
lot, 2 = 1A 2 v 

VotLI Line Regulation 7V < V1Nt < 14V 50 mV 

Vo2L1 Line Regulation 
10.5V < V1N2 < 18V 

85 mV lot, 2 = 200mA 

VotLo Load Regulation 5mA < lot, 2 < 0.6A 100 mV 

Vot LO Load Regulation 170 mV 

Ia Quiescent Current lot = 10mA 2 mA 
Output 2 Disabled 

VotRST Reset Threshold Voltage (K =Vot) K- 0.4 K- .25 K- 0.1 v 
VRTH Reset Threshold Hysteresis (see note 1) 20 50 75 mV 

tRo Reset Pulse Delay at pin 5 c.= 100nF 25 ms 
(see note 1) 

VRL Saturation Volt. at pin 5 in Is= 5mA 0.4 v 
Reset Condition 

IRH Leakage Current at pin 5 in Vs = 10V 10 (.1A 
Normal Condition 

Vot,2/T Output Voltage Thermal Drift 100 ppm/°C 

lot, 2SC Short Circ. Output Current V1Nt = 7V; V1N2 = 10.5V 1.6 A 

V1Nt,2 =18V 0.7 A 
(see note 2) 

VoJsH Disable Volt. at Pin 3 High 2 v 
(out 2 active) 

VoJSL Disable Volt. at Pin 3 Low 0.8 v 
(out 2 disabled) 

lo1s Disable bias Current at Pin 3 OV < Vo1s < 7V -100 2 (.1A 

Tjsd Junction Temp. for Thermal 145 oc 
Shut Down 

Notes : 1. If the output voltage OUT 1 goes below 4.85V (VOUT- 0.25V) the comparator "a" (see fig. 1) discharges rapidly the capaCitor Ce 
and the Reset output (pin 5) goes at once LOW. 
When the voltage at the OUT 1 rises above 4.9V, the voltage at pin 2 increases With this law: 

!d = Ce · 2.SV (see fig. 2) 
10J,JA 

as V2 reach 2.5V the Reset output (pin 5) goes HIGH again To avoid glitches in the Reset output the second comparator "b" has a 
large hysteresis (1.9V). 

2. The output short cJrcuJI currents are tested one channel at time 
During a short circuit a large consomption of power occurs, anyway the thermal protection circuit guarantees the temperature not 
overcomes high value. 

3/5 
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TDA8133 

Figure 1. 

Figure 2. 

Voot 

51V 

49V 
4B5V 

RESET 

2.5V 0.6V 

E89TDAB 133·03 

• /:,VO\JTLOW : _______ L 

RESET 1"-'---'-----: -!------!-----!---+--C-

' ' ' ~To~ 

CIRCUIT DESCRIPTION 
The TDAB133 is a dual voltage regulator with Reset 
and Disable. 

The two regulation parts are supplied from one volt­
age reference circuit trimmed by zener zap during 
EWStest. 

The outputs stage have been realized in darlington 
configuration with a drop typicai1.2V. 

' ' ~r0_1 . ' EB9TDA8133·04 

The disable circuit, switch-off the output 2 if a volt­
age lower than O.BV is applied at pin 3. 

The Reset circuit controls the voltage at the output 
1, if this one decrease below 4.85V provides to ge­
nerate a reset pulse at pin 5 (open collector) with a 
certain delay depending by an external capacitor 
connected at pin 2. 

4/5 ~ SCS·THOMSON lto"'J/ ~OI:Ili@IUI:'JIIil@I!!OI:$ 
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PACKAGE MACHANICAL DATA 

HEPTAWATT- PLASTIC PACKAGE 

mm ll'l 
1/'l 
d _g 
1/'l 
M 
d 

16.97 
14.92 

0.6to0.8 ~~==;,.--,==,_,.....,_~-¢ 3.85 

2.41to2.67 
4.91to5.21 

7.49to7.80 

3.65 '<! 
d 

L•'J SGS·THOMSON 
'J• 11o1JOI:~ll'J@Il!01Ci!i 

:g 
~ 
$2 

TDA8133 

~ 
I. 10.4max .I 

P023·A7/1 

5/5 
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TDA8134 

5V + 12V REGULATOR WITH DISABLE 

• OUTPUT CURRENTS UP TO 600mA 
• FIXED PRECISION OUTPUT 1 VOLTAGE 5V 

±2% 
• FIXED PRECISION OUTPUT 2 VOLTAGE 12V 

±2% 
• OUTPUT 2 VOLTAGE DISABLED BY A TIL IN­

PUT 
• SHORT CIRCUIT PROTECTION AT BOTH 

OUTPUTS 
• THERMAL PROTECTION 
• LOW DROP OUT 1.5V AT 400mA 
• HIGH SUPPLY VOLTAGE REJECTION 

DESCRIPTION 
The TDAB134 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages, 5V + 12V at currents up to 600mA. 
Output 2 can be disabled by a TIL input. Both out­
put currents are limited by an internal short circuit 
protection. 

BLOCK DIAGRAM 

January 1989 

ADVANCE DATA 

' 
' 

' 

HEPTAWATT 

ORDER CODE : TDA8134 

EB9TDA8134·01 

1/5 
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TDA8134 

PIN CONNECTION (top view) 

~ 
6 

' 

0 
5 

4 

3 

2 

~ 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VIN1, 2 DC Input Voltages 

Vo1s Disable Input Voltage Pin 3 

lot, 2 Output Currents 

Pt Power Dissipation 

TsTG Storage Temperature 

Tl Junction Temperature 

THERMAL DATA 

I RTH(I-cl I Maximum Thermal Resistance Junction-case 

2/5 

780 

OUTPUT1 

OUTPUT2 

NC 

GROUND 

DISABLE 

INPUT2 

INPUT1 

Value 

24 

24 

Internally Limited 

Internally Limited 

-65 to+ 150 

Oto+150 

3 

E89TDA8134-02 

Unit 

v 
v 

oc 
oc 

°C/W 



TDA8134 

ELECTRICAL CHARACTERISTICS (V1N1 = 7V; V1N2 = 14V; Vo1s = 2.5V; lo1, 2 = 0; T1 = 25°C 
unless otherwise specified) 

Symbol Parameter 

Vo1 Output Voltage at Pin 7 

Vo2 Output Voltage at Pin 6 

la1 Quiescent Current 

la2 Quiescent Current 

VrN1·Vo1 Drop Out Voltage 1 

V1N2-Y02 Drop Out Voltage 2 

AVo1L1 Line Regulation 1 

AVo2Lr Line Regulation 2 

AVo1LO Load Regulation 1 

AVo2Lo Load Regulation 2 

lo1SC Short Circuit Current 1 

lo2SC Short Circuit Current 2 

VorsH Disable Voltage HIGH at Pin 3 

VorsL Disable Voltage LOW at Pin 3 

lorsH Bias Current at Pin 3 

lorsL Bias Current at Pin 3 

SVR1 Supply Voltage Rejection 1 
(see note 1) 

SVR2 Supply Voltage Rejection 
(see note 1) 

Ia Quiescent Current 

TJso Thermal Shut-down Junction 
Temperature 

Note 1 : SVR supply voltage rejection : 

20.LOG IVINao I 
Voac 

where: 

Test Conditions 

VrN2 = 0 Vors = 0 
lo1 = 10mA (see fig. 1) 

lo2 = 10mA (see fig. 1) 

lo1 =400mA 

lo2 =400mA 

7V < V1N1 < 14V 
lo1 =200mA 

14V < V1N2 < 18V 
lo2 = 200mA 

0 < lo1 < 600mA 

0 < lo2 < 600mA 

14V<VIN1 <18V 

14V < VrN2 < 18V 

Vo1s = 5.3V 

Vors = 0.4V 

VrN1 = 9Voc + 1Vpp SIN 
f =120Hz 
lo1 =200mA 

VrN2 = 16Voc + 1Vpp SIN 
f =120Hz 
lo2 =200mA 

V1N1 = V1N2 =14Voc 
lo1 = l02 = 200mA 

- V1N"' is the value of the s1nuso1dal signal forced at the 1nput. (120Hz, 1 Vpp) 
- Voao is the peak·peak ripple voltage present at the oU1put 

Min. Typ. Max. Unit 

4.9 5 5.1 v 
11.76 12 12.24 v 

2 rnA 

2 rnA 

1.5 v 
1.5 v 
90 mV 

120 mV 

100 mV 

240 mV 

1.3 A 

1.3 A 

2 v 
0.8 v 
10 !!A 

-80 !!A 
50 dB 

50 dB 

6 rnA 

145 oc 

3/5 
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TDA8134 

Figure 1 :Test Specification. 

CIRCUIT DESCRIPTION 
The TDA8134 is a dual voltage regulator with disable. 

The two regulation parts are supplied from one vol­
tage reference circuit, trimmed by zener zap during 
EWS test. Since the supply voltage of this last is 

4/5 

782 

connected at pin 1 (ViN1), the regulator 2 will not 
work if the pin 1 is not supplied. 

It is possible switch-off the output voltage 2 (Vo2) ap­
pling at pin 3 (disable input) a low TTL level. 



PACKAGE MECHANICAL DATA 

HEPTAWATT- PLASTIC PACKAGE 

mm tn 
tn 
d 
£ 
tn 
M 
d 

16.97 
14.92 

~ l o.---Fi==;:l ~ ~ 
~ 
NL_W-~------IL-----~ 

22.62 

,.;:::=;,--,.==~...._~-¢ 3.85 
3.65 -J 

d 
2 
~ 
~ 

TDA8134 

~ 
I. 10.4max .I 

P073-A7/1 

5/5 
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TDA8135 

SV +ADJUSTABLE VOLTAGE REGULATOR WITH DISABLE 

• OUTPUT CURRENTS UP TO 600mA 
• FIXED PRECISION OUTPUT 1 VOLTAGE 5V 

±3% 
• OUTPUT 2 - VOLTAGE PROGRAMMABLE 

FROM 5VTO 14V 
• OUTPUT 2 VOLTAGE DISABLED BY A TTL IN­

PUT 
• SHORT CIRCUIT PROTECTION AT BOTH 

OUTPUTS 
• THERMAL PROTECTION 
• LOW DROP OUT 1.5V AT 400mA 
• HIGH SUPPLY VOLTAGE REJECTION 

DESCRIPTION 

The TDAB135 is a monolithic dual positive voltage 
regulator designed to provide precision output vol­
tages, 5V + adjustable outputs at currents up to 
600mA. 
Output 2 can be disabled by a TTL input. Both out­
put currents are limited by an internal short circuit 
protection. 

BLOCK DIAGRAM 

December 1988 

ADVANCE DATA 

HEPTAWATT 

ORDER CODE: TDA8135 

EB9TDAB135·01 

1/5 
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TDA8135 

PIN CONNECTIONS 

~ 

' 

-() 
~ 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

V1N1, 2 DC Input Voltages 

VDIS Disable Input Voltage Pin 3 

lo1. 2 Output Currents 

Pt Power Dissipation 

TsTG Storage Temperature 

Tl Junction Temperature 

THERMAL DATA 

Maximum Thermal Resistance Junction-case 

2/5 

786 

OUTPUT! 
OUTPUT2 
PROGR 
GROUND 
DISABLE 
INPUT2 

INPUT I 

Value 

24 

24 

Internally Limited 

Internally Limited 

-65 to+ 150 

0 to+ 150 

3 

E89TDA8135-02 

Unit 

v 
v 

oc 
oc 



TDA8135 

ELECTRICAL CHARACTERISTICS (V1Nt = 7V; V1N2 = Vo2 + 2V; Vo1s = 2.5V; lot,2 = 0; T1 = 25oC 
unless otherwise specified) 

Symbol Parameter 

Vot Output Voltage at Pin 7 

Vo2 Output Voltage at Pin 6 

lot Quiescent Current 

lo2 Quiescent Current 

V1N1-Vo1 Drop Out Voltage 1 

V1N2-Vo2 Drop Out Voltage 2 

tNo1u Line Regulation 

tiVo2u Line Regulation 

8Vo1LO Load Regulation 

8Vo2Lo Load Regulation 

lo1sc Short Circuit Current 1 

lo2SC Short Circuit Current 2 

Vo1sH Disable Voltage HIGH at Pin 3 

Vo1sL Disable Voltage LOW at Pin 3 

VPROG Reference Voltage at Pin 5 

I DISH Bias Current at Pin 3 

loiSL Bias Current at Pin 3 

SVR1 Supply Voltage Rejection 1 
(see note 1) 

SVR2 Supply Voltage Rejection 
(see note 1) 

lo Quiescent Current 

TJso Thermal Shut-down Junction 
Temperature 

Note 1: 
SVR supply voltage rejection 

V1Nac 

2o.LoG.1-1 
Voac 

where: 

Test Conditions 

Adjustable 

ViN2 = 0 V01s = 0 
lo1 = 10mA (see fig. 1) 

lo2 = 10mA (see fig. 1) 

lo, =400mA 

lo2 =400mA 

7V < V1N1 < 14V 
lo1 =200mA 

12V < VIN2 < 20V 
lo2 = 200mA Vo2 = 10V 

0 < lo, < 600mA 

o < lo2 < 600mA 
Vo2 = 10V 

7V < VIN1 < 14 

Vo2 + 2V < V1N2 < 20V 

V01s = 5.3V 

V01s = 0.4V 

V1N1 = 9Voc + 1Vpp SIN 
f =120Hz 
lo, =200mA 

V1N2 = 16Voc + 1Vpp SIN 
f =120Hz 
lo2 =200mA 

lo, = lo2 = 200mA 

- V1N ac IS the value of the sinusoidal signal forced at the input. (120Hz, 1 Vpp) 
· Vo ac is the peak-peak ripple voltage present at the output 

~ SGS·THOMSON ... ""!I lk\JOI:mi@IUIClJ'ill@lil101:$ 

Min. Typ. Max. Unit 

4.85 5 5.15 v 
5 14 v 

2 mA 

2 mA 

1.5 v 
1.5 v 
90 mV 

200 mV 

100 mV 

200 mV 

1.3 A 

1.3 A 

2 v 
0.8 v 

2.5 v 
10 !lA 

-80 !lA 
50 dB 

50 dB 

6 mA 

145 oc 

3/5 
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TDA8135 

TEST SPECIFICATION 

CIRCUIT DESCRIPTION 
The TDA8135 is a dual voltage regulator with disa­
ble. 
The two regulation parts are supplied from one volt­
age reference circuit, trimmed by zener zap during 
EWS test. Since the supply voltage of this last is 
connected at pin 1 (Vin1), the regulator 2 will not 
work if the pin 1 is not supplied. 

4/5 

788 

It is possible switch-off the output voltage 2 (Vo2) 
appling at pin 3 (disable input) a low TIL level. 

R1 + R2 

R1 



PACKAGE MECHANICAL DATA 

HEPTAWATI- PLASTIC PACKAGE 

mm lt'l 
lt'l 
d 
0 -lt'l 

M 
d 

~lo 
cq 
N 

I 

16.97 
14.92 

15.1 to 15.8 

~ SGS·THOMSON 
~"'f/11>!0CIII@IE!.Imli"UII@I!l0C$ 

TDA8135 

~ 
I. 10.4max .I 

P023-A711 

5/5 
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TDA8136 

DUAL 12V REGULATOR WITH DISABLE 

• OUTPUT CURRENTS UP TO 600mA 
• FIXED PRECISION OUTPUT 1 VOLTAGE 12V 

±2% 
• FIXED PRECISION OUTPUT 2 VOLTAGE 12V 

±2% 
• OUTPUT 2 VOLTAGE DISABLED BY A TIL 

INPUT 
• SHORT CIRCUIT PROTECTION AT BOTH 

OUTPUTS 
• THERMAL PROTECTION 
• LOW DROP OUT 1.5V AT 400mA 
• HIGH SUPPLY VOLTAGE REJECTION 

DESCRIPTION 
The TDA8136 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages, both 12V at currents up to 600mA. 
Output 2 can be disabled by a TIL input. Both out­
put currents are limited by an internal short circuit 
protection. 

BLOCK DIAGRAM 

1 REGULATOR 

ADVANCE DATA 

HEPTAWATT 

ORDER CODE: TDA8136 

7 
Vin 1 o-------<......---1 1--------o Vo 1 

January 1989 

1 

2 
Vin 2 o-----1--------+----1 

REFERENCE 
VOLTAGE 

THERMAL 
PROTECTION 

4 3 

DIS. 

E89TDA8136·01 

1/5 
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TDA8136 

PIN CONNECTION (top view) 

~'Iii OUTPUT1 
OUTPUT2 

N C 
GROUND 

DISABLE 
INPUT 2 

~I INPUT! 

'---,__,--l!;::;=:li...~=;:S·=!J_8670 

Tab connected to pin 4. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

V1N1. 2 DC Input Voltages 

V01s Disable Input Voltage Pin 3 

lo1, 2 Output Currents 

Pt Power Dissipation 

TsTa Storage Temperature 

Tl Junction Temperature 

THERMAL DATA 

I RTH(1·c) I Maximum Thermal Resistance Junction-case 

215 

792 

EB9TDAB136·02 

Value Unit 

24 v 
24 v 

Internally Limited 

Internally Limited 

-65 to+ 150 oc 
Oto+150 oc 

3 °C/W 



ELECTRICAL CHARACTERISTICS 
(V 1N 1 . 2 = 14V ; V018 = 2.5V ; 101 , 2 = 0 ; T1 = 25°C unless otherwise specified} 

Symbol Parameter Test Conditions 

Vat Output Voltage at Pin 7 

Vo2 Output Voltage at Pin 6 

lot Quiescent Current V1N2 = 0 Vo1s = 0 
lot = 10mA (see fig. 1) 

lo2 Quiescent Current lo2 = 10mA (see fig. 1) 

VINt·Vot Drop Out Voltage 1 lot = 400mA 

V1N2-V02 Drop Out Voltage 2 lo2 = 400mA 

llVotLI Line Regulation 1 14V<VINt <18V 
lot = 200mA 

11Vo2LI Line Regulation 2 14V < VIN2 < 18V 
lo2 = 200mA 

llVot LO Load Regulation 1 0 < lot < 600mA 

l1Vo2LO Load Regulation 2 0 < lo2 < 600mA 

lotsc Short Circuit Current 1 14V < V1Nt < 18V 

lo2SC Short Circuit Current 2 14V < V1N2 < 18V 

VoiSH Disable Voltage HIGH at Pin 3 

Vo1sL Disable Voltage LOW at Pin 3 

loiSH Bias Current at Pin 3 Vo1s = 5.3V 

loiSL Bias Current at Pin 3 Vo1s = 0.4V 

SVR1 Supply Voltage Rejection 1 V1N1 = 16Voc + 1Vpp SIN 
(see note 1) !=120Hz 

lot = 200mA 

SVR2 Supply Voltage Rejection V1N2 = 16 Voc + 1Vpp SIN 
(see note 1) I= 120Hz 

lo2 = 200mA 

Ia Quiescent Current lot = lo2 = 20DmA 

TJso Thermal Shut-down Junction 
Temperature 

Note 1 : SVR supply voltage reJeCtion 

I v'"" I 20.LOG. __ 
Voac 

where: 
- v,"" is the value of the sinusoidal signal forced at the input. (t 20Hz, 1 VPP) 
• Vo" is the peak-peak ripple voltage present at the output. 

Min. 

11.76 

11.76 

2 

-80 

50 

50 

TDA8136 

Typ. Max. Unit 

12 12.24 v 
12 12.24 v 

2 rnA 

2 rnA 

1.5 v 
1.5 v 
120 mV 

120 mV 

240 mV 

240 mV 

1.3 A 

1.3 A 

v 
0.8 v 
10 JlA 

JlA 
dB 

dB 

6 rnA 

145 oc 
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TDA8136 

TYPICAL APPLICATION CIRCUIT 

~-+-----...----1 2 4 

TOA8136 

3 

7 1--------n V0 1 

6 V0 2 

5 

L-,------r-~ 

C2 
C1~C4=10~F 

CIRCUIT DESCRIPTION 
The TDA8136 is a dual voltage regulator with 
disable. 
The two regulation parts are supplied from one vol­
tage reference circuit, trimmed by zener zap during 
EWS test. Since the supply voltage of this last is 

Figure 1 :Test Circuit. 

4/5 
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C3 C4 

DISABLE 

E89TDA8136-03 

connected at pin 1 (ViN1), the regulator 2 will not 
work if the pin 1 is not supplied. 

It is possible switch-off the output voltage 2 (Vo2) ap­
plying at pin 3 (disable input) a low TTL level. 

t vo1 

E89TDA8 1 36·04 



PACKAGE MECHANICAL DATA 

HEPTAWATT- PLASTIC PACKAGE 

L() mm L() 16.97 d 
0 14.92 ..... 
li) ..., 
d 

~l I 
0 
~ 
N 

TDA8136 

~ 
I. 10.4max .I 

P023-A7/1 

5!5 
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TDA8137 

DUAL 5.1V REGULATOR WITH DISABLE AND RESET 

• OUTPUT CURRENTS UP TO 1A 
• FIXED PRECISION OUTPUT VOLTAGES 5.1V 

±2% 
• OUTPUT 1 WITH RESET FACILITY 
• OUTPUT 2 WITH DISABLE BY TTL INPUT 
• SHORT CIRCUIT PROTECTION AT BOTH 

OUTPUTS 
• THERMAL PROTECTION 
• LOW DROP OUTPUT VOLTAGE 

DESCRIPTION 

ADVANCE DATA 

HEPTAWATT 

The TDA8137 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages of 5.1 V at currents up to 1 A. ORDER CODE: TDA8137 

An internal reset circuit generates a delayed reset 
pulse when the output 1 decrease below the regu­
lated voltage value. 

Output 2 can be disabled by TTL input. 
Short circuit and thermal protections are included. 

BLOCK DIAGRAM 

January 1989 

IN 
.-----------~1~--------------~ 

REF. 

PROT. 

DISABLE 

E89TDA8137-01 

1/6 
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TDA8137 

PIN CONNECTION (top view) 

~ 

~ 
6 

' e 5 

4 

3 

2 

~ 
~ 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VIN DC Input Voltage Pin 1 

Vo1s Disable Input Voltage Pin 3 

VAsT Output Voltage at Pin 5 

lo1. 2 Output Currents 

PI Power Dissipation 

TsTG Storage Temperature 

Tj Junction Temperature 

THERMAL DATA 

Maximum Thermal Resistance Junction-case 

2/6 

798 

) 

) 

) 

OUTPUT1 

OUTPUT2 

RESET 

GROUND 

DISABLE 

DELAY CAP 

INPUT 

Value 

20 

20 

20 

Internally Limited 

Internally Limited 

-65 to+ 150 

0 to+ 150 

3 

EB9TDA8137-02 

Unit 

v 
v 
v 

oc 
oc 



TDA8137 

ELECTRICAL CHARACTERISTICS (V1N = 7V ; Ti = 25°C unless otherwise specified} 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vat, 2 Output Voltage lo,, 2 = 10mA 5 5.1 5.2 v 
7V<VIN<14V 4.9 5.3 v 
5mA < lo < 750mA 

v, Ot, 2 Dropout Voltage lot. 2 = 750mA 1.4 v 
lo1.2=1A 2 v 

I':.Vo1,2LI Line Regulation 7V < V1N < 14V 50 mV 
lot, 2 = 200mA 

I':.Vot,2LO Load Regulation 5mA < lot. 2 < 0.6A 100 mV 

Ia Quiescent Current lot = 10mA 2 rnA 
Output 2 Disabled 

VotAST Reset Threshold Voltage (K =Vat) K-0.4 K-.25 K-0.1 v 
VATH Reset Threshold Hysteresis (see note 1) 20 75 mV 

lAo Reset Pulse Delay'at Pin 5 Ce=100nF 25 ms 
(see note 1) 

VAL Saturation Volt. at Pin 5 in Is= 5mA 0.4 v 
Reset Condition 

IAH Leakage Current at Pin 5 in Vs = 10V 10 !lA 
Normal Condition 

Kat. 2 Output Volt. Thermal Drift Ko = I':.Vo . 106 100 ppm/'C 
I':.T. Vo 

T1 =0 to+ 125°C 

lot, 2SC Short Circ. Output Current V1N = 7V 1.6 A 

V1N = 18V 0.7 A 
(see note 2) 

VoJSH Disable Volt. at Pin 3 High 2 v 
(out 2 active) 

VoJSL Disable Volt. at Pin 3 Low 0.8 v 
(out 2 disabled) 

lo1s Disable Bias Current at Pin 3 OV < Vo1s < 7V - 100 2 !lA 
TJsd Junction Temp. for Thermal 145 oc 

Shut Down 

Notes : 1. If the output voltage OUT 1 goes below4.85V (Vour • 0.25V) the comparator "a" (see f1g. 1) discharge rapidly the capacitOr Ce and 
the Reset output (pin 5) goes at once LOW. 
When the voltage at the OUT 1 rises above 4.9V, the voltage at pin 2 increases with this law: 

t, = Ce . 2.5V (see fig. 2) 
!Of!A 

as v, reach 2.5V the Reset output (p1n 5) goes HIGH again. To avoid glitches in the Reset output the second comparator "b" has a 
large hysteresis (1 .9V). 

2. The output short c~rcuit currents are tested one channel at t1me. 
During a short circuit a large consumption of power occurs, anyway the thermal protection circuit guarantees the temperature not 
overcomes high value. 
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TDA8137 

Figure 1. 

Figure 2. 

Vout1 

5.1V 

4.9V 
4.85V 

OUT1 

10,uA 

e 2.5V 0.6V 

RESET 

5 

E89TDA8137·03 

~ 
(j VOUTLOW :: _________ L __ 

RESET ~~:.___-"__:__: ----!----+----------L----T----i~--i--
' ' 

,--To---i '--To--1 
I I 

E89TDA8137-04 
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TYPICAL APPLICATION CIRCUIT 

Vi1 , 
lc, 

TDA8137 

C1 +C3= 10!!F V;2 

+Ce 

2 4 5 

-I... 
RESET 

CIRCUIT DESCRIPTION 
The TDA8137 is a dual voltage regulator with Reset 
and Disable. 
The two regulation parts are supplied from one volt­
age reference circuit trimmed by zener zap during 
EWS test. 
The outputs stage have been realized in darlington 
configuration with a drop typicai1.2V. 

TDA8137 

7 vo 1 

6 V0 2 

3 

TC2 
~ C3 

DISABLE 

EB9TDAB137-05 

The disable circuit, switch-off the output 2 if a volt­
age lower than O.BV is applied at pin 3. 
The Reset circuit controls the voltage at the output 
1, if this one decrease below 4.85V provides to ge­
nerate a reset pulse at pin 5 (open collector) with a 
certain delay depending by an external capacitor 
connected at pin 2. 
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TDA8137 

PACKAGE MECHANICAL DATA 

HEPTAWATT- PLASTIC PACKAGE 

mm 

6/6 

802 

l.O 
l.O 
d 
.8 
l.O 
("') 

d 

~to I 
~ 
N 

0.6to0.8 

4.91to5.21 
7.49 to7.80 

16.97 
14.92 

r;=::;r-r;::===-r-""'---,-¢ 3.85 
3.65 ~ 

d 
£ 
13 
~ 

~
'2.6to3.0 

t_zgmu 6.0 to 6.6 

15.1 to 15.8 

~ 
I. 10.4max .I 

P023-A7/1 



TDA8138 
DEDICATED VIDEO PRODUCTS 

5.1V + 12V REGULATOR WITH DISABLE AND RESET 

• OUTPUT CURRENTS UP TO 1A 
• FIXED PRECISION OUTPUT 1 VOLTAGE 5.1V 

±2% 
• FIXED PRECISION OUTPUT 2 VOLTAGE 12V 

±2% 
• OUTPUT 1 WITH RESET FACILITY 
• OUTPUT 2 WITH DISABLE BY TTL INPUT 
• SHORT-CIRCUIT PROTECTION AT BOTH 

OUTPUTS 
• THERMAL PROTECTION 
• LOW DROPOUT VOLTAGE 
• AVAILABLE ALSO IN HEPTAWATT PACKAGE 

(but without reset facility) 

DESCRIPTION 

The TDA8138 is a monolithic dual positive voltage 
regulator designed to provide fixed precision output 
voltages of 5.1V and 12V at currents up to 1A. 
An internal reset circuit generates a delayed reset 
pulse when the output 1 falls below the regulated 
voltage value. 

Output 2 can be disabled by TTL input. 
Short-circuit and thermal protections are included. 

BLOCK DIAGRAM 

SIP-9 Package 

January 1989 

ADVANCE DATA 

HEPTAWATT 

ORDER CODE: TDA8138 

SIP-9 

ORDER CODE: TDA8138S 

E89TDA8138·01 
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TDA8138 

PIN CONNECTIONS 

SIP-9 HEPTAWATT 

u: IN 1 

IN 2 ~ 
3 

' 
6 

4 

0 5 

6 e 5 

4 

3 

' 7 2 

·= 
9 

DEL CAP 

DISABLE 

GND 

RESET 

NC 

OUT2 

OUT I ~ 

Tab. connected to prn 5 Tab. connected to pin 4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

V1N DC Input Voltage Pin 1 

VDIS Disable Input Voltage Pin 3 (HEPTAWATT) or Pin 4 (SIP-9) 

VAsT Output Voltage at Pin 6 

lot, 2 Output Currents 

P, Power Dissipation 

TsTG Storage Temperature 

Tl Junction Temperature 

THERMAL DATA 

Rth(j·C) Maximum Thermal Resistance Junction-case for Sip-9 
for Heptawatt 

Rth(J·a) Maximum Thermal Resistance Junction-ambient for Sip-9 

2/5 

804 

Value 

20 

20 

20 

Internally Limited 

Internally Limited 

-65 to+ 150 

0 to+ 150 

8 

3 

60 

OUTPUT I 

OUTPUT2 

NC 

GROUND 

DISABLE 

INPUT2 

INPUT 1 

E89TDA8138·02 

Unit 

v 
v 
v 

oc 
oc 

°C/W 

°C/W 

°C/W 



TDA8138 

ELECTRICAL CHARACTERISTICS (V1Nt = 7V; V1N2 = 14V; Ti = 25°C; unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vot Output Voltage lot= 10mA 5 5.1 5.2 v 
Vo2 Output Voltage lo2 = 10mA 11.76 12 12.24 

Vat Output Voltage 7V < V1Nt < 14V 4.9 5.3 v 
Vo2 Output Voltage 14<VIN2<18 11.5 12.5 v 

5mA < lot. 2 < 750mA 

V1ot. 2 Dropout Voltage lot, 2 = 750mA 1.4 v 
lot. 2 = 1A 2 v 

Vot,2LI Line Regulation 7V < VINt < 14V 50 mV 

14V < V1N2 < 18V 120 mV 

lot, 2 = 200mA 

Vot.2LO Load Regulation 5mA < lot < 0.6A 100 mV 
5mA < lo2 < 0.6A 250 mV 

Ia Quiescent Current lot= 10mA 2 rnA 
Output 2 Disabled 

VotRST Reset Threshold Voltage (K =Vol) K- 0.4 K- .25 K- 0.1 v 
VRTH Reset Threshold Hysteresis (see note 1) 20 50 75 mV 

IRa Reset Pulse Delay at Pin 6 c. = 1 OOnF (see note 1) 25 ms 

VAL Saturation Volt. at Pin 6 in Is =5mA 0.4 v 
Reset Condition 

IRH Leakage Current at Pin 6 in Vs = 10V 10 IIA 
Normal Condition 

Vat. 2/T Output Volt. Thermal Drift 100 ppm/°C 

lot, 2SC Short Circ. Output Current V1Nt =7V V1N2 = 14V 1.6 A 

V1Nt, 2 = 18V (see note 2) 0.7 A 

VoJsH Disable Volt. High 2 v 
(out 2 active) 

VaJSL Disable Volt. Low 0.8 v 
(out 2 disabled) 

lo1s Disable Bias Current OV < V01s < 7V -100 2 IIA 
T)sd Junction Temp. for Thermal 145 oc 

Shut Down 

Notes : t. If the output voltage OUT 1 goes below 4.85V (VOUT- 0.25V) the comparator "a" (see f1g t) discharges rapidly the capaCitor Ce and 
the Reset output (pin 6) goes at once LOW. 
When the voltage at the OUT t nses above 4.9V, the voltage at pin 3 increases with this law: 
t. = Ce · 2·5V (see fig. 2) 

10/IIA 
as v, reach 2.5V the Reset output (pin 6) goes HIGH again. To avoid glitches in the Reset output the second comparator "b" has a 
large hysteresis (1.9V). 

2. The output short circuit currents are tested one channel at a time. 
Dunng a short circuit a large consumption of power occurs, anyway the thermal protection circuit guarantees the temparature not 
overcomes high value. 
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TDA8138 

Figure 1. 

SIP-9 Package 

Figure 2. 

Vout1 

5o1V 

4o9V 
4o85V 

CIRCUIT DESCRIPTION 

' ' ~To~ 

The TDA8138 is a dual voltage regulator with Reset 
and Diasableo 

The two regulation parts are supplied from one volt­
age reference circuit trimmed by zener zap during 
EWStest. 

The output stages have been realized in darlington 
configuration with a drop typicai102Vo 

The disable circuit. switch-off the output 2 if a val-

4/5 
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RESET 
6 

2o5V Oo6V 

~ 
f::.vour Low 

=- 0==--------'---o ' 

' ' ' ' : __ To--! 
0 0 

tage lower than Oo8V is applied at pin 3 (HEPTA­
WATT) or pin 4 (SIP-9)o 

The Reset circuit controls the voltage at the output 
1, if this one decrease below 4o85V provides to ge­
nerate a reset pulse at pin 6 (open collector) with a 
certain delay depending by an external capacitor 
connected at pin 30 



PACKAGE MECHANICAL DATA 

HEPTAWATT- PLASTIC PACKAGE 

mm LO 
LO 
c:i _g 
U1 
("') 

c:i 

16.97 
14.92 

~lOr-~' ~ ,--,----,----h 
~ 
NL_~-+------L-----4-

0.6to0.8 

2.41to2.67 
4.91 to5.21 

7.49 to7.80 

9 PINS- PLASTIC SIP 

mm 
>< 

"' E 
21.2max li1 

~---------+----------~N 

li1 
co 
r-: 
~ 

I 0 
<D ...: r...: r...: ..... 

TDA8138 

~ 
I. 10.4max .I 

P023-A7/1 

3.3 
1----

.32 

-Y >< 

"' E 
;::: 

0.43 
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TDA8139 
5.1V AND ADJUSTABLE VOLTAGE REGULATOR 

WITH DISABLE AND RESET 

• OUTPUT CURRENTS UP TO 1A 
• FIXED PRECISION OUTPUT 1 VOLTAGE 5.1 V 

±2% 
• OUTPUT 2 VOLTAGE PROGRAMMABLE 

FROM 2.5 TO 16V 
• OUTPUT 1 WITH RESET FACILITY 
• OUTPUT 2 WITH DISABLE BY TTL INPUT 
• SHORT CIRCUIT PROTECTION AT BOTH 

OUTPUTS 
• THERMAL PROTECTION 
• LOW DROP OUTPUT VOLTAGE 

DESCRIPTION 
The TDA8139 is a monolithic dual positive voltage 
regulator designed to provide precision output vol­
tages of 5.1 V and adjustable at currents up to 1 A. 
An internal reset circuit generates a delayed reset 
pulse when the output 1 decreases below the regu­
lated voltage value. 
Output 2 can be disabled by TTL input. 
Short circuit and thermal protections are included. 

BLOCK DIAGRAM 

REF 

PROT 

DISABLE 

January 1989 

ADVANCE DATA 

SIP-9 

ORDER CODE: TDA8139 

E89TDA8139·01 
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TDA8139 

PIN CONNECTION (top view) 

u: 
3 

4 

C) 5 

6 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VtN DC Input Voltage Pin 1, 2 

Vets Disable Input Voltage Pin 4 

VRsT Output Voltage at Pin 6 

lo1. 2 Output Currents 

Pt Power Dissipation 

TsTG Storage Temperature 

TJ Junction Temperature 

THERMAL DATA 

Maximum Thermal Resistance Junction-case 

2/6 

810 

IN1 

IN 2 

DEL CAP. 

DISABLE 

GND 

RESET 

PROGRAMM 

OUT2 

OUT1 

Value 

20 

20 

20 

Internally Limited 

Internally Limited 

-65 to+ 150 

0 to+ 150 

8 

E89TDA8139·02 

Unit 

v 
v 
v 

oc 
•c 



TDA8139 

ELECTRICAL CHARACTERISTICS ( V1N = 7V ; Ti = 25°C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo1 Output Voltage lo1 = 10mA 5 5.1 5.2 v 
Vo2 Output Voltage lo2 = 10mA 2.5 16 v 

V1o1. 2 Dropout Voltage lo1. 2 = 750mA 1.4 v 
lo1. 2 = 1A 2 v 

Vo1 Line Regulation 7V < V1N1 < 14V 50 mV 

Vo2 Line Regulation 12V < V1N2 < 18V@ Vo2 : 10V 100 mV 
lo1. 2 = 200mA 

Vo1 Load Regulation 5mA < lo1.2 < 0.6A 100 mV 

Vo2 Load Regulation @Vo2=10V 200 mV 

Ia Quiescent Current lo1 = 10mA 2 mA 
Output 2 Disabled 

Vo1Rsr Reset Threshold Voltage (K =Vo1l K- 0.4 K- .25 K- 0.1 v 
VRTH Reset Threshold Hysteresis (see note 1) 20 50 75 mV 

lAo Reset Pulse Delay at Pin 6 Ce = 100nF 25 ms 
(see note 1) 

VAL Saturation Volt. at Pin 6 in Is= 5mA 0.4 v 
Reset Condition 

IAH Leakage Current at Pin 5 in Vs = 10V 10 pA 
Normal Condition 

Vo1, 2/T Output Volt. Thermal Drift 100 ppm/°C 

lo1, 2 sc Short Circ. Ouput Current V1N =7V 1.6 A 

VIN = 18V 0.7 A 
(see note 2) 

VoiSH Disable Volt. at Pin 4 High 2 v 
(out 2 active) 

Vo1sL Disable Volt. at Pin 4 Low 0.8 v 
(out 2 disabled) 

lo1s Disable Bias Current at Pin 4 OV < Vms < 7V -100 2 pA 

Vref Pin 7 2.5 v 
T1sd Junction Temp. for Thermal 145 oc 

Shut Down 

Notes : 1. If the output voltage OUT 1 goes below 4 85V (Vour • 025V) the comparator "a" (see fig 1) discharges rapidly the capac1tor Ce and 
the Reset output (p1n 5) goes at once LOW. 
When the voltage at the OUT 1 rises above 4.9V, the voltage at pin 2 increases with this law ; 

~ = Ce · 2·5V (see fig. 2) 
10J.i)\ 

as V2 reach 2.5V the Reset output (pin 5) goes HIGH again. To avoid glitches in the Reset output the second comparator "b" has a 
large hysteresis (1.9V). 

2. The output short circuit currents are tested one channel at time. 
During a short circuit a large consumption of power occurs, anyway the thermal protect1on c~rcuit guarantees the temperature not 
overcomes high value. 
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TDA8139 

Figure 1. 

8 10)JA 

OUT1 

e 

Figure 2. 

Vout1 

' __________ J 

2.5V 0.6V 

)_ 

RESET 
6 

E89TDA8139·03 

~1V t 
/:,VOUTLOW 

4~~~ = = = = = = = = = = = = = = =- = ~ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =- =- =- -'= =---------L--
' ' 
' 

RESET L:..::..:.._:__l / -------+--+----~-----:---L-
' ' 
~To~ ' i--To-----: 

E89TDA8139-04 
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TDA8139 

TYPICAL APPLICATION CIRCUIT 

REr 
R, +A2 

t01AF 

Vo2=Vret -R-,-

typ. val R1 = 2.2KQ 
' 

V;1 1 6 3 

J:c1 TDA8139 

V12 

+C2 

2 5 4 

C1 + C2 = 10).1F 

- DISABLE 

CIRCUIT DESCRIPTION 
The TDA8139 is a dual voltage regulator with Reset 
and Disable. 

The two regulation parts are supplied from one vol­
tage reference circuit trimmed by zener zap during 
EWStest. 

The outputs stage have been realized in darlington 
configuration with a drop typicai1.2V. 

9 01 

8 a2 

7 

TC3TC~ ~R2 

PROG 

R1 

-
E89TDA8139-05 

The disable circuit, switch-off the output 2 if a vol­
tage lower than O.BV is applied at pin 4. 
The Reset circuit controls the voltage at the output 
1, ·if this one decrease below 4.85V provides to ge­
nerate a reset pulse at pin 6 (open collector) with a 
certain delay depending by an external capacitor 
connected at pin 3. 
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TDA8139 

PACKAGE MECHANICAL DATA 

9 PINS- PLASTIC SIP 

mm 

0.1smaxq~{$)= 
.... tj:j3.2 

--+-------

3.3 
1---

.32 

-H 

0.43 

2 3.0 or24.amax PoJo-AJ 
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TDB7910 

POWER SINGLE OPERATIONAL AMPLIFIER 

• OUTPUT CURRENT UP TO 500 rnA 
• OFFSET VOLTAGE NULL CAPABILITY 
• SHORT-CIRCUIT PROTECTION 
• THERMAL OVERLOAD PROTECTION 
• PLASTIC PACKAGE FOR EASY ASSEMBLY 

DESCRIPTION 

The TDB791 0 is an internally compensated medium 
power operational amplifier intended for use in 
those applications requiring load currents of several 
hundred milliamperes. Applications include servo 
amplifiers, driver interfaces, precision power com­
parators and motor speed control. 

The amplifier is designed to operate from a single 
or dual power supplies and the input common-mode 
range includes the negative supply if balance inputs 
are tied to the negative supply. 

The TDB7910 is thermal overload and short-circuit 
protected. 

PIN CONNECTIONS (top view) 

N 
DIP16 

(Plastic Package) 

ORDER CODES 

Part Temperature 
Number Range 

TDB7910 0 octo+ 70 oc 

Example : TDB7910N 

DIP16 

16 

1- v-;,c 
2 15 

9 - Compensation 
2-V-;,c 3 14 1 0- Inverting input 
3·NC 4 13 11 - Non-inverting rnput 
4-V-;, 0 

5 12 
12· v-;, 0 

5-VC:c 13. v-;,c 
6- Output 6 11 14- Balance 
7- Vee 10 15- Balance 
8 ·Current limiting 16 · Compensation 

8 9 

E88TDB791 0-06 

December 1988 

Package 

N 

e 
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TD87910 

SCHEMATIC DIAGRAM 

Non·in\ICf'tmg 
Input 

lnvertmg 
input 

Case 

DIP16 

Vee 

1' 2 
4, 5 

12, 13 
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816 

NC 

3 

C~t10n 

Vee Output 

7 6 

C~tion 

OUtpo.U 

vc:c 
E88TD87910-01 

Current Non- Inverting 
Limiting Compensation Inverting input Balance 

Input 
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TDB7910 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage ± 18 v 
Vt Input Voltage ± 15 v 

Vto Differential Input Voltage ± 30 v 
lo Output Current* 0.75 A 

Ptot Power Dissipation 7.5 w 
Taper Operating Free-air Temperature Range 0 to+ 70 oc 

Tstg Storage Temperature Range -65 to+ 150 oc 
. . . 

Under short-ctrcwt condtttons, the safe operaling area and de power dtssipatton hmttattons must be observed . 

ELECTRICAL CHARACTERISTICS 
TDB7910 : 0 'C $; Tamb $; + 70 ac, Vee=+ 15 V (unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

Vto Input Offset Voltage (Rs ~ 10 kQ) mV 
T amb = + 25 °C 2 6 
T mm $ T amb $ T max 7.5 

Ito Input Offset Current nA 
Tamb = + 25 oc 20 200 
T mm $ T amb $ T max 300 

Ita Input Bias Current nA 
Tamb = + 25 oc 80 500 
T mm ~ T amb ~ T max 800 

Avo Large Signal Voltage Gain V/mV 
T amb = + 25 oc (RL = 47 Q) 20 
T mm ~ T amb ~ T max (RL = 2 kQ) 15 

Icc. Icc Supply Currents (no signal) rnA 
Tamb = + 25 oc 20 
T mm ~ T amb ~ T max 25 

Vt Input Voltage Range ±12 ±13 v 
los Output Circuit Current A 

T amb = + 25 °C, Rsc = 1.5 Q 0.5 

SVR Supply Voltage Rejection Ratio 150 )lVIV 

CMR Common-mode Rejection Ratio 70 dB 

Zt Input Impedance (T amb = + 25 oc) 0.3 1 MQ 

Vopp Output Voltage Swing (Rsc = 0, RL = 47 Q) v 
Tt = + 25 oc ± 11.5 ± 12.5 
T mm ~ T amb ~ T max ± 10 

VtoR Offset Voltage Adjustment Range ± 15 mV 

svo Slew Rate (RL =47 Q, Tamb = + 25 oc, Av = 1) 0.5 V/)ls 

GWR Small Signal Bandwidth (Cc = 0, T amb = + 25 °C) 1 MHZ 

RTH Thermal Resistance 60 oc!W 
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TDB7910 

BASIC DIAGRAM 
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PACKAGE MECHANICAL DATA 

16 PINS- PLASTIC DIP 

Dltum 

Or 

~ SGS•ntOMSON 
A."f/ 11iiUIClll@lll!.im1J'IIII@Il!IUICi!! 

TDB7910 

85max 

I 

1-
i 

Q2 
O.J 7.6:1 

r2f--

f 11 Nominal dimension 
(21 True ~lriCII position 

6.35 
Iii 16 pins 
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TEA5110 

LOW DROP-OUT 5V DUAL VOLTAGE REGULATOR 

• OUTPUT CURRENT OF BOTH REGULA­
TORS: 100 mA GUARANTEED 

• INTERNAL SHORT-CIRCUIT AND THERMAL 
PROTECTION 

• FIRST REGULATOR OUTPUT : LOW DIS­
CHARGE CURRENT 

• SECOND REGULATOR OUTPUT : SWIT­
CHED-OFF WITH ACTIVE DISCHARGE 

• RESET OUTPUT WITH ADJUSTABLE PULSE 
WIDTH 

DESCRIPTION 
The TEA5110 is a dual positive 5V voltage regula­
tor specially designed to supply a microprocessor 
and associated circuits. 

The first regulator supplies the microprocessor in 
normal operating conditions. In standby mode, the 
regulator has a very high output impedance (current 
drain less than 1 J.lA) and the microprocessor may 
be powered by a battery. 

The second regulator supplies the peripherals and 
provides a halt signal to the microprocessor to turn 
it in standby mode. 

PIN CONNECTIONS 

NC NC 

N.C. N.C. 

Ct V1121 

GND GND 

GND GND 

Vreset V0121 

VQI1J N C. 

N.C. Vl!11 

E88TEA5110·01 

November 1988 

The circuit generates a reset pulse when : 
_ the supply voltage is applied to the circuit and 

the output of the second regulator is at its no­
minal value, and 

_ when the output of the second regulator is at 
its nominal value again after a shut-down on 
the output of the first regulator (see figure 2 
page 4). 

1 ·N.C. 
2 ·N.C. 
3- c, 
4- GND 
5- GND 
6- Vreset 
7- Vo(l) 

8- N.C. 
9- Vt(ll 

10- N.C. 
11 - Vo121 
12- GND 
13- GND 
14- v,,,, 
15- N.C. 
16- N.C. 

TEA5110 
BATWING DIP16 
(Plastic Package) 

T1me constant capac1tor 
Ground 
Ground 
Reset output 
Output voltage 1 

: Input voltage 

:Output voltage 2 
·Ground 
:Ground 
. Input voltage 2 
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TEA5110 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vt Input Voltage 

lo Output Current 

Ptot Power Dissipation 

Toper Operating Ambient Temperature Range 

Tstg Storage Temperature Range 

THERMAL DATA 

Junction-ambient Thermal Resistance 
Junction-case Thermal Resistance 

• The Rthll .,1 is measured on devices soldered on 35 ~m thick copper surface of 40 cm2. 

BLOCK DIAGRAM 

2/5 

822 

Value 

20 

Internally Limited 

Internally Limited 

0 to 70 

- 65 to 150 

45 
11 

Unit 

v 
A 

w 
oc 
oc 

E88TEA511 0-02 



ELECTRICAL CHARACTERISTICS 
Ti = + 25 'C (unless otherwise specified) 

Symbol Parameter 

Vo(tJ Output Voltage(+ 7 V s Vr s + 18 V, 0 s fo(1) s 100 rnA) 

Vo(2J Output Voltage(+ 7 V s V1 s + 18 V, 0 s fo(2J s 100 rnA) 

Vo(1J-V0(2J Output Voltage Difference 
+ 7 V s Vr s + 18 V, 0 s lo(1) s 100 rnA, 0 s fo(2J s 100 rnA 

Line Regulation 
Kvr(t) + 6.8 V s Vr s + 18 V, fo(1 1 =50 rnA 
Kvr(2J + 6.8 V s Vr s + 18 V, fo(2J =50 rnA 

Load Regulation 
Kvo(t) 5 rnA s fo(2J s 100 rnA, Vr =+ 10 V 
Kvo(2J 5 rnA s fo(2J s 100 rnA, Vr = + 10 V 

Ia Quiescent Current ( + 6.8 V s V1 s + 18 V, 10 (1 1 = fa(2J = 0) 

Short-circuit Current 
lsc(t) Vr = + 10 V, 0 s Vo(1 1 s + 5 V 
fsc(2J Vr = + 10 V, 0 s Vo<2> s + 5 V 

Minimum Dropout Voltage - (note 1) 

Vr-Vo(t) Output 1 lo(1) = 0 
fort> =0.1 A 

Vr-Vo(2) Output 2 fo(2J =0 
lo(2J = 0.1 A 

fd1s(1) Vo(t) Discharge Current (Vr = 0, Vo(1) = + 5 V) 

Minimum Input Voltage to Switch on Vo<2> Output 
(fig. 1, ~ole 2) 

~VrL Input Hysteresis to Switch off Vo(2) Output (fig. 1) 

Minimum Vo<n Output Voltage to Switch on Vo(2J 

~VC(1) Vo(1) Hysteresis Voltage to switch off Vo(2J (fig. 2) 

VL(02) Vo(2J Low Output Voltage (active discharge) 
V r = + 1 0 V, fo(2J =- 90 rnA 
v, =+ 10 V, lo(2J =-10 rnA 

VL(reset) Reset Low Output Voltage (V, = + 10 V, I reset =- 16 rnA) 

VH(reset) Reset High Output Voltage (Vr = + 10 V, Ire set = 1 rnA) 

treset Reset Pulse Duration (Vr = + 10 V, Creset = 10 nF)- Note 3 

KVT Average Temperature Coefficient of Output Voltage 
( T1 = 0 oc to - 70 °C) 

8 Thermal Shut Down Temperature 

SVR Supply Voltage Rejection Ratio 
V1 =+ 12 V, ~v, =4 Vpp, 10 = 10 rnA, f =100Hz 

Min. 

4.9 

4.8 

0 

(Vot+1.4) 

200 

4.5 

30 

V0(2J-1V 

4 

110 

TEA5110 

Typ. Max. Unit 

5.05 5.2 v 
5 5.2 v 

50 100 mV 

10 50 mV 
20 50 mV 

10 50 mV 
20 50 mV 

6 8 rnA 

200 rnA 
200 rnA 

1.4 v 
1.6 v 
1.5 v 
1.7 v 

1 !lA 
(Vot+1.6) (Vot+1.8) v 

300 400 mV 

4.6 4.7 v 
50 70 mV 

1.3 1.6 v 
120 180 mV 

120 400 mV 

Vo(2) v 
8 16 ms 

0.5 mV/°C 

oc 

50 dB 

Notes : 1. The dropout voltage (input-output voltage difference) is measured when the output voltage has dropped 100 mV from the 
nominal value obtained at 10 V input voltage. 
Dropout voltage is dependent upon load current and junction temperature. 

2. Vor•> voltage is measured at 10 V input voltage. 
3. t,..,, (ms) = O.B c,., .. (nF). 
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TEA5110 

Figure 1 : Typical Application and Test Circuit. 

TEA 5110 

C3" 
10pF I " I--.... -VOI21 

Vreset 

Ct, C2, C3 solid tantalum capacitors. 
• Required when the circuit Is far from power supply capacitors. 
" Required for current limitation stability. 

Figure 2 : Dynamic Characteristics of Vo(1), Vo(2), Vreset Outputs. 
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PACKAGE MECHANICAL DATA 

16 PINS- PLASTIC DIP 

(1) Nominal dimension 

(2) True geometrical position 

-1-fi. Pins 

TEA5110 
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TEA7105 
VOLTAGE REGULATOR FOR CMOS MICROPROCESSOR 

BASED SYSTEMS 

• OUTPUT CURRENT : 100 rnA 
• ON-CHIP CURRENT LIMIT AND THERMAL 

PROTECTION 
• RESET GENERATOR WITH EXTERNALLY AD­

JUSTABLE DELAY 
• REGULATOR INPUT VOLTAGE LEVEL DE­

TECTION SYSTEM (level adjusted externally) 
• WATCH DOG TIMER 
• INPUT VOLTAGE FAILURE DETECTION SYS­

TEM DELIVERS A STORE SIGNAL IN CASE OF 
INPUT VOLTAGE DISCONTINUITY 

• REGULATOR ON/OFF CONTROL SIGNAL AL­
SO SETS THE OUTPUT TO HIGH IMPEDANCE 
STATE 

DESCRIPTION 
The TEA7105 is a voltage regulator especially sui­
ted to all microprocessor-based digital systems. 
Upon initial power on, the circuit delivers a RESET 
signal with programmable delay. This signal is disa­
bled under three conditions : 
_ When supply voltage falls below a certain thres­

hold level adjusted externally 
_ When output voltage falls below a preset level 
_ In the absence oftrigger pulses on WATCH DOG 

input 
The regulator features a WATCH DOG function with 
timing requirements met by a wide range of frequen­
cies. The device detects the occurance of input volt­
age DROP and delivers a STORE signal white­
being powered by the energy stored in the input ca­
pacitor. 
An ON/OFF function is provided enabling the circuit 
to be put in standby mode and also to set the regu­
lated output to high impedance state. In this mode, 
the power consumption is extremely low. 

Apri11989 

TEA7105 
BATWING DIP-16 

(Plastic Package) 

PIN CONNECTIONS 

ON/OFF 

vo 
v, (21 

Groun<f 

CK 

Tcwo 
Rwo 

E88TEA7105·01 
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TEA7105 

BLOCK DIAGRAM 

) I FAULT DETECTION 
L 11 

q-
REGULATION 

ON/OFF ~~ 
1 

' • l 
4 THERMAL s CUT-OFF 

[ 12 
GND 

13 

..... 
LEVEL _j 

q- DETECTOR AdJ 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

vl(t>· vi(2J Supply Voltage 

CK Input Voltage 

ON/OFF Input Voltage 

Adj. Pin Input Voltage 

Ptot Power Dissipation 

Toper Operating Ambient Temperature Range 

Tstg Storage Temperature Range 

THERMAL DATA 

2/14 
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Maximum Junction-ambient Thermal Resistance 
Maximum Junction-case Thermal Resistance 

p 

r 

I 
J 

WATCH 

DOG 

+ i 
LOGIC 

l 

~ 
10 

2 

u u 
8 

RwD 

CK 

Tcwo 

~~ 
14 

~ 

16 

E88TEA71 05-02 

Value 

+ 40 

-0.3 to Vo 

- 0.3 to Vl(2) 

- 0.3 to vl!2l 

Internally Limited 

-40 to+ 85 

- 65 to+ 150 

45 
11 

Unit 

v 

v 

v 

v 

-
oc 
oc 



ELECTRICAL CHARACTERISTICS lamb=+ 25 oc, Vt(tJ = Vt(2J = + 12 V 
(unless otherwise specified) 

TEA7105 

I Symbol I Parameter Min. Typ. Max. Unit 

VOLTAGE REGULATOR 

Vo Output Voltage(+ 7 V :5 V1 :5 + 36 V, 1 :5 lo :5 100 mA) 4.85 - 5.15 v 

Kv1 Line Regulation (+ 7 V :5 v, :5 + 36 V, lo =50 mA) - 30 100 mV 

Kvo Load Regulation (Vt = + 10 V, 5 mA < lo < 100 mA) - 10 75 mV 

lsc Short-circuit Current (V, = + 10 V, 0 :5 Vo :5 + 5 V) - 200 - mA 

RESET FUNCTION 

Minimum Output Voltage to Activate RESET 4.5 - 4.8 v 

Output Voltage Hysteresis to Disable RESET - 50 - mV 

V(ref) Internal Reference for the Adj. Detection - 2.5 - v 

l(adJ) Maximum Adj. Pin Current (V(adt) = 0 V) - - 1 ).lA 

VL(reset) Low Level RESET Output (1 0 = 2 mA) - - 0.4 v 

VH(reset) High Level RESET Output (loH =- 100 J.lA) Vo -1 - Vo v 

CK AND ON/OFF INPUTS 

v,L Maximum Low Level Input Voltage - - 0.8 v 

ltL Maximum Low Level Input Current (VrL = 0 V) -120 -60 - ).lA 

v,H Minimum High Level Input Voltage 2.4 - - v 

IIH Maximum High Level Input Current (VJH = + 2.4 V) - - 100 ).lA 

ALARM /STORE FUNCTION 

VH(mm) Minimum Input Voltage to Activate STORE Signal 5 5.7 6.4 v 

VL(store) Low Level STORE Output (1 0 = 2 mA) - - 0.4 v 

VH(store) High Level STORE Output (loH =- 100 J.!A) Vo -1 - Vo v 

ON/OFF FUNCTION 

l(sb) Standby Current mA 
V (ON/OFF) = 2.4 V - 4 8 
V(ON/OFF) = 0 v - 0.5 -

lo(d••l Vo Pin Discharge Current (VoNtOFF = 0, Vo = + 5 V) - - 2 ).lA 
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TEA7105 

ELECTRICAL CHARACTERISTICS( continued) 

I Symbol I Parameter Min. Typ. Max. Unit 

TIMING (see timing diagrams) 

CWD - - 33 nF 

CR - - 220 nF 

tm1t l1n~~ (CR = 100 nF) Note 1 - 30 - ms 

ld ld (CWD = 33 nF) Note 2 - 7 - ms 

treset !reset (CWD = 33 nF, CR = 100 nF) Note 3 - 6 - ms 

!cycle !cycle (CWD = 33 nF, CR = 100 nF) Note 4 - 13 - ms 

TcK Pulse Width at Input CK 20 - ld J.lS .. 
Notes : 1. This IS the penod at the end of which RESET s1gnal appears after Vrur nses up and when sw1tch 51 has been closed, th1s IS giVen 

by the following relabonship. 
tM= 0.3 CR ·106. 

2. This is the maximal clock period determined by the value of CWO. 

ld= 1~·.~ ·CWO 106• 

3. This is the time requtred for m1corcomputer retnt!lalisabon. 
1 6 5 6 t,.,,= ill CWO 10 + 125 CR 10. 

4. ThiS IS the t1me required by the microcomputer dunng a rester! to generate at least one clock pulse. 
~cyct, = "' + t.s,,. 

Remark : For more important clock period see specifnc application f1gure 10. 

PIN DESCRIPTION 

Vl(t) 

Input connected directly to power supply to detect 
any supply failure. 

V1(2) 

Regulator's power input. This input is separated 
from power supply through a diode. 
A decoupling capacitor is connected to this input. 
An inadequate supply voltage level is detected at 
this input. 

Adj 

In order to detect the level of V1(2) a resistance in­
serted between Adj pin and Vl(2) and another be­
tween Adj pin and GND are necessary. 

ON/OFF 

Logic input. A logic 1 applied to this input will cause 
the TEA7105 to become fully operational; whereas 
a logic 0 will set the circuit to standby mode. 

Vo 
Power cutput to microprocessor and digital systems. 
Two different output voltage levels are detected ac­
cording to whether the transition is from low voltage 
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to high voltage or the inverse (Refer to timing dia­
gram -figure 4). 

High impedance output when the circuit is in stand­
by mode.· 

TcR 
Combination of a grounded capacitor and the inter­
nal current generator will implement the RESET si­
gnal delay upon the initial power on. 

Tcwo 

A relaxation oscillator is implemented by combining 
a grounded capacitor and the internal current gene­
rator 

Rwo 

A resistance inserted between this pin and ground 
will cause the flow of additional charging current to 
capacitor Cwo thereby modifying the slope of the lo­
cal oscillator and improving the choice of Cwo va­
lues. 

CK 

This is the WATCH DOG function input. The clock 
signal resets the ramp of the relaxation oscillator. 
The circuit is triggerred on rising edge of the clock. 



RESET 

During the initialization, TEA71 05 detects at the out­
put Vo a voltage level Vc1 and generates a RESET 
signal (see timing diagrams - figure 5). 

The following three conditions cause RESET signal 
to be forced to zero level : 

_ If the output voltage level falls below Vc1 by a 
hysteresis of !:Nc1 (see timing diagrams - fi­
gure 5). 

_ If no signal arrives at input CK for a minimal pe­
riod to 20 J.lS and maximal period equal to td (see 
timing diagrams -figure 6). 

TEA7105 

_ If the input voltage falls below the adjustable 
threshold level (see timing diagrams- figure 4). 

HALT 

Fonction and electrical characteristics are the same 
as the RESET pin. 

STORE 

If input voltage V/(1) falls below Vc2 level, TEA7105 
will use the energy stored in the input capacitor to 
generate the STORE signal for the microprocessor 
data protection (see timing diagrams- figure 4). 

Figure 1 :Maximum Power Dissipation Versus Junction-ambient Temperature. 

Figure 2 : Test Circuit. 
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2.5 
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1.5 
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vl(1l 

VJ(2) 

ON/OFF 

Rwo 
GND 

AdJ 
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HALT 
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cwo* 

RESET 
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TEA7105 

TYPICAL APPLICATION 

A minimum current of 1 mA should be delivered by 
the TEA71 05 for effective voltage control. This is 
why a 5 KQ resistor (or an equivalent load if a 

Figure 3 : Typical Application. 

7.7V to36V 

4.2k0 

OPERATING PRINCIPLE (see block diagram) 

Output Vo(+ 5 V) is supplied by voltage V1(2) (7 to 
36V). 

Input V1(1) may be used to detect input voltage drop 
and to generate a STORE signal. 

Warning signals HALT and RESET are generated 
when: 
• the circuit is being powered, for a time tinil, 
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backup battery is used) shall be connected between 
Vo and the ground. 

5V 

2.5k0 

~2.5V 

5V 

100mA 

5k0 

TO MICROPROCESSOR 

E88TEA71 05-05 

• the level detector detects insufficient voltage 
across power supply V1(2), 

• voltage Vo drops below a given threshold, 
• the watch dog detects that pulses are no more 

generated by the microcomputer when running a 
program. 

The thermal protection device may produce a high 
impedance at the voltage regulator output. 



The impedance of the complete circuit becomes 
high when V1(2) drops below a fixed threshold, 4.5 V 
< V threshold < 4.8 V or by acting on the ON/OFF 
input. 

External capacitors allow inputs tcwo and leA to de­
fine the tntt. !reset, !cycle, td times (figures 5 and 7) which 
are characteristic of the HALT and RESET signals. 

It's possible to inhibit the watch dog function by 
grounding the pin 7 (CWO). 

If store function is not used the diode D1 is not ac­
cessary. 

WHEN POWERING (figures 4,5,6) 

Outputs HALT and RESET are (at logic level 0) du­
ring a time trnit following voltage Vo build up, which 
is used for microcomputer initialization. 

t;nit (ms) = 0.3 CR (nF). 

WHEN NO INPUT VOLTAGE IS PRESENT 
(figure 4) 

The TEA7105 regulates the power supply voltage 
V1(1). As soon as it drops below V1(2) diode D1 is 
blocked. The energy is delivered by capacitor C1 to 
supply the internal logics of the circuit and the micro­
computer. 

If V1(1) drops below a fixed threshold, 5 V < V thres­
hold< 6.4 V, a STORE signal is generated to indicate 
to the supplied system to save the required data. 

If V1(2) drops below an externally programmed 
threshold (7 V < V threshold< 36 V). 

Vthreshold = (2.5 (R1 + R2)/R1) + Vd. 

Outputs HALT and RESET switch to logic state 0. 

If V1(2) drops below a fixed threshold, 4.5 V < V 
threshold < 4.8 V, the circuit impedance reaches a 
high value. 

OPERATION 

For small currents the VsE voltage is lower than 
0.6 V ; the transistor is blocked, only the regulator 
delivers current. 

When VsE reaches 0.6 V (I = VsEIRb = 0.6/33 = 
20 mA) the transistor starts conduction. The trans­
istor current gain is high enough to provide a very 

CONCLUSION 
The TEA71 05 is a new generation voltage regula­
tor giving a simple answer to microcomputer power 
supply problems. 

It prevents untimely interruption of microcomputers 
and makes it possible to return to current program 
without any trouble. 

TEA7105 

WHEN THE OUTPUT VOLTAGE DROPS 
(figure 4) 

When voltage Vo drops below a fixed threshold, 4.5 
V < V threshold < 4.8 V outputs HALT and RESET 
switch to logic state 0. 

WHEN NO CLOCK SIGNAL IS PRESENT 
(figure 6) 

The microcomputer when in operation will generate 
a clock signal whose period twill be between t min 
= 20 J.lS and t max = td 

When this signal is not generated, or if the clock pe­
riod is larger than td, this means that the microcom­
puter does not operate correctly. 

The TEA71 05 thus generates the HAL Tand RESET 
signals after a time td from the last rising edge. 

In this case signals HALT and RESET are activated 
periodically, t reset and t cycle being fixed by capa­
citors Cr and CWO. 

td may be adjusted by a resistor RWD connected 
between pin 8 and the ground (figure 9). 

In normal condition the maximal clock period is to 
7ms. 

It's possible to increase this value in adding some 
external components (figure 1 0). 

INCREASE OF THE OUTPUT CURRENT 
(figure 7) 

The TEA7105 can deliver a 100 mA current which 
can be increased by using an external transistor, 
which maintains the circuit characteristics. The se­
tup illustrated in figure 10 an used in our laboratory 
circuit gives a 7 mV output variation for a load cur­
rent varying from 0 to 1 A. In this case Vthreshold = Vs 
+ 3 Vo + Rs.ls. The maximum value of power sup­
ply voltage is determined byVmin= Vs+ 3 Vo+ Rs.ls. 

small current drift of the controller with respect to the 
load, which improves voltage control. 

When short-circuited the current is limited by resis­
tor Rs. 

lsc = (V1- 2.Vd- Vsat) Rs 

This regulator may be used in its original version to 
power a microcomputer or any system with a maxi­
mum current requirement of 100 mA. A current ex­
tension is available for more powerful systems. 

The TEA71 05 provides a simple, reliable, economi­
cal and high performance power supply. 
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TEA7105 

When V1 (1) becomes lower than a fixed threshold 
5V < VC3 < 6.4 the STORE output switches to logic 
state 1 . This threshold may be modified by using an 
external potential divider. 

When V1 (2) becomes lower than an externally ad-

Figure 4 : Detection of Input Voltage Drop. 

v 

justable threshold signals HALT and RESET switch 
to logic state 0 (Vc2 = 2.5 (R1 + R2) I R1). 

When V1 (2) becomes lower than a fixed threshold 
4.5 V < V threshold < 5.5 V the circuit impedance 
becomes high. 

Vo 

-------

v 

HALT 

RESET 

I 
! 
l 

STORE 
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When the output voltage becomes lower than V 
threshold (4.5 < threshold < 4.8 V) the warning si­
gnals HALT and RESET switch to logic state 0. 

Figure 5 : Detection of Output Voltage Drop. 

v 
HALT 

RESET 

I 
r· 
i 

Vt (2) 

tjnit .. 

I 

TEA7105 

These signals become active as soon as Vo 
reaches the threshold to reinitialize and block the 
microcomputer during timt. 

I 
I 

I lin it 

i t 

E88TEA7105·07 
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TEA7105 

Signals HALT and RESET become active after a 
time td from the last clock signal rising edge. 

Figure 6 : Interruption of Clock Pulses. 

I 
I 
I tjnit 

t--_..,. 
I 
I 
I 

v 'd 
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td and treset depend on capacitors Cwo and CR, pre­
set curves are given in figure 8. 

I 
il 

II I[. 
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trpset 
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This application is used to deliver a 1 A current with 
excellent voltage control. The 02 diode avoids the 
discharge of the back up battery in the TEA71 05 
when it' s in high! impedance output in stand by 
mode. 

Figure 7 : Current Extension. 

330 

1N4001 
v, _._.., .... _ __, 

13VIo36V 0 1 

R2 

4.2k0 

TEA7105 

The value of Vi(1) activing STORE signal is determi­
ned by (V1(1) store= (5.7 (R3 + R4)/ R4). 

1N4001 

lA 

22 k.IJ 
Back u­.25V baltery 

MICROPROCESSOR CLOCK 

TO MICROPROCESSOR 

E88TEA7105-09 
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TEA7105 

We see that Cr and Cwo actions are not fully inde­
pendent. It is possible to adjust td more finely by 

using an external resistor connected between pin 
Rwo and the ground (figure 9). 

Figure 8 : Determination of td and !reset in relation to Cwo and CR. 

t reset 
(ms) 

td 15 
(ms) 

10 

10 30 33 CWO(nF) 

Figure 9 : Determination of tcK max = td in 
relation to Rwo and Cwo. 

RWD 

(K_/\_) 
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For applications using very long clock period it's 
possible to use an external transistor. In this case 
the maximal clock period, in relation to Cwo, may be 

Figure 10 : Very Long Clock Period. 

7.7V to 36V 

TEA7105 

longer than 500 ms. The relationship to define t;nn, 
td, treset are same that in typical application. 

TO MICROPROCESSOR 

E88TEA7105·12 
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TEA7105 

PACKAGE MECHANICAL DATA 

16 PINS- PLASTIC DIP 

mm mm 

Datum 
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Ill Nomtnal dimension 
(2) True geometrical position 

6.35 
Ill 16 pins 



TEA7605 

LOW-DROP VOLTAGE REGULATOR 

• Vo = 5 V ± 4 % (lo = 5 rnA) 
• los~500 rnA 
• Vi-Vo:!> 0.6 V (lo= 500 rnA) 
• Vi (surge) = ± 80 V 
• THERMAL AND SHORT-CIRCUIT 

PROTECTION 

DESCRIPTION 
TEA7605 is a low-drop 5 V regulator well suited to 
supplying stabilized voltage to f!PS in harsh indus­
trial environment. 

Special care was taken to keep : 
• Lowest possible quiescent current (250 f!A) . 
• Lowest possible output capacitor (1 ).LF). 

March 1989 

TEA7605 SP 
T0220 

(Plastic Package) 

PIN CONNECTIONS 

0 
GND 

1 3 2 

1 =V, 
2=Vo 
3=GND 

E88TEA7605-02 
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TEA7605 

BLOCK DIAGRAM 

I 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, Input Voltage 
- Continuous 
- ~ = 300 ms 

v, Reverse Input Voltage 
- Continuous 
- ~ = 120 ms 

TJ Operating Junction Temperature Range 

T stg Storage Temperature Range 

THERMAL DATA 

Junction-case Thermal Resistance 
Junction-ambient Thermal Resistance 

APPLICATION DIAGRAM 

IN 

0.1 pF 

2/4 
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OUT 

10[-IF 

GND 

I 

E88TEA7605-01 

Value Unit 

30 
80 

-18 
-80 

- 45 to 150 

-55 to 150 

3 
70 

E88TEA7605-Q3 

v 
v 

v 
v 
oc 
oc 



TEA7605 

ELECTRICAL OPERATING CHARACTERISTICS 
T1 = 25 oc, V1 = 14.4 V (unless otherwise specified) Output Capacitor= 10 11F (see note) 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage {1 0 = 5 to 500 mA) 4.875 5 5.125 v 
V; Input Supply Voltage (permanent) 28 v 
Icc Current Consumption lo = o mA 0.25 0.35 mA 

lo=150mA 10 20 mA 
lo=500mA 75 100 mA 

kV; Line Regulation (V; = 6 to 26 V ; 10 = 5 mA) 5 10 mV 

kVo Load Regulation (lo = 5 to 500 mA) 40 60 mV 

V, • Vo Drop-out Voltage lo = 150 mA 0.18 v 
lo = 500 mA 0.4 0.6 v 

SVRR Supply Voltage Rejection (1 0 = 350 mA, f =120Hz, C0 = 1 J.!F, 60 dB 
V, = 12 ± 5 V) 

los Short-circuit Output Current 0.5 0.7 A 

NOTE : APPLICATIONS HINTS 
The output capacitor has a direct influence on output voltage stability. A 1 0 J.!F capacitor will provide satisfactory results ; there 
is no upper limit. 
If necessary, this value can be reduced down to 1 JlF ; however, in such case, it should be checked that output capacitor 
keeps sufficiently high capacitance and low equivalent series resistance in the whole temperature range. 
Such low capacitor value is not recommended either, if output current is to switch abruptly from very high to very low values 
(for instance, 400 mA to < 1 mA). 

ELECTRICAL OPERATING CHARACTERISTICS 
T1 =- 45 OCto+ 125 oc, V1 = 14 .4 V (unless otherwise specified) Output Capacitor= 10 11F 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage {1 0 = 5 to 500 mA) 4.8 5 5.2 v 
dvo Output Voltage Drift -45 to 25 oc -0.4 mVfOC 
d, 25 to 125 oc -0.6 

Icc Current Consumption lo = o mA 0.4 mA 
10 =150mA 25 mA 
lo=500mA 120 mA 

KV, Line Regulation (V, = 6 to 26 V 20 mV 
lo =5 mA) 

KVo Load Regulation (1 0 = 5 to 500 mA) 80 mV 

V,- Vo Drop-out Voltage 10 =150mA 0.2 v 
10 =500 mA 0.8 v 

los Short Circuit Output Current 0.5 A 
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TEA7605 

PACKAGE MECHANICAL DATA 

T0220- PLASTIC PACKAGE 

mm 
2,55 
3,10 

9.8 
10,66 

1651 ~ 

~19~I'"ITI'T"'"" 

03.53 
4.09 

3.05min. 

6.35 max. 1. 77max. Contact area 

Noted out ut 00.6 
1,1 

1 3 z 
2.54 2,54 

4/4 

844 

3.56 
4,82 

1.10 
1.38 

5.85 
6.85 

12,7min. 

2,10 
2.92 

3 pinS 



TEA7610 

LOW-DROP VOLTAGE REGULATOR 

• Vo = 1 OV ± 4% (lo = 5mA) 
• lo = 5 TO 500mA 
• Vi - Vo = 0.6V (lo = 500mA) 
• Vi (surge) = ± BOV 
• THERMAL AND SHORT CIRCUIT PROTEC­

TION 

DESCRIPTION 
TEA 7610 is a low-drop regulator well suited to sup­
plying stabilized voltage to 11Ps in harsh industrial 
environment. 

Special care was taken to keep : 
• Lowest possible output capacitor (1!lF). 

January 1989 

TEA7610 SP 
T0220 

(Plastic Package) 

PIN CONNECTIONS 

0 
GND 

1 3 2 

I=V1 
2=Vo 
3=GND 

EBBTEA761 0-02 

1/4 
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TEA7610 

i BLOCK DIAGRAM 

I 

GND 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, Input Voltage - Continuous 
- ~ = 300mS 

V, Reverse Input Voltage - Continuous 
- ~ = 120mS 

Toper Operating Junction Temperature 

Tstg Storage Temperature 

THERMAL DATA 

Maximum Junction-case Thermal Resistance 
Maximum Junction-ambient Thermal Resistance 

APPLICATION DIAGRAM 

IN 

0.1 pF 

GND 

2/4 

846 

+ 

I 

E88TEA7610-01 

Value Unit 

30 v 
80 v 

-18 v 
-80 v 

45 to 150 oc 
-55 to 150 oc 

OUT 

10 /-IF 

3 
70 

EBBTEA 761 0-03 



TEA7610 

ELECTRICAL OPERATING CHARACTERISTICS 
T1 = 25°C, V, = 14.4V (unless otherwise specified), Output Capacitor= 10JlF (note) 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage (1 0 = 5 to 500mA) 9.7 10 10.3 v 
v, Input Supply Voltage (permanent) 28 v 
Icc Current Consumption lo = OmA 1.5 2 rnA 

10 = 150mA 10 20 rnA 
10 =500mA 75 100 rnA 

kV, Line Regulation (V, = 6 to 26V ; 10 = 5mA) 5 20 mV 

kVo Load Regulation (lo = 5 to 500mA) 40 80 mV 

V,- Vo Drop-out Voltage 10 = 150mA 0.18 v 
10 = 500mA 0.4 0.6 v 

SVRR Supply Voltage Rejection {1 0 = 350mA, f =120Hz, 
60 dB 

Co= 1(lF, Vt = 12 ± 5V) 

los Short-circuit Output Current 0.5 0.7 A 

NOTE: APPLICATION HINTS 
The output capacitor has a direct influence on ouptut voltage stability. A 1 O(lF capacitor will provide satisfactory results ; 
there is no upper limit. 
If necessary, this value can be reduced down to 1 !!F ; however, in such case, it should be checked that output capacitor 
keeps sufficiently high capacitance and low equivalent series resistance in the whole temperature range. 
Such low capacitor value is not recommended either, if output current is to switch abruptly from very high to very low values 
(for instance 400mA to < 1 rnA). 

ELECTRICAL OPERATING CHARACTERISTICS 
T1 =- 45°C to 125°C, V1 = 14.4V (unless otherwise specified), Output Capacitor= 1 OJlF 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage (Ia = 5 to 500mA) 9.6 10 10.4 v 
dvo Output Voltage Drift -45 to 25°C -1 0 

mV/°C 
dt 25 to 125•c -1.2 0 

Icc Current Consumption lo = OmA 2.5 rnA 
lo = 150mA 25 rnA 
10 = 500mA 120 rnA 

kV; Line Regulation {V; = 6 to 26V ; lo = 5mA) 30 mV 

kV 0 Load Regulation {1 0 = 5 to 500mA) 100 mV 

V,- Vo Drop-out Voltage lo = 150mA 0.20 v 
lo = 500mA 0.8 v 

los Short-circuit Output Current 0.5 A 

3/4 
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TEA7610 

PACKAGE MECHANICAL DATA 

T0220- PLASTIC PACKAGE 

mm 
2,55 
3,10 

9,8 
10,66 

1 3 2 

2.54 

4/4 

848 

03.53 
4.09 

3.05min. 

2,54 

3.56 
4,82 

1.10 
1.38 

5.85 
6.85 

12,7min. 

2,10 
2,92 

3 PinS 



TEA7685 

LOW-DROP VOLTAGE REGULATOR 

• Vo = 8.5V ± 4% (lo = SmA) 
• lo = 5 TO SOOmA 
• Vi - Vo = 0.6V (lo = SOOmA) 
• Vi (surge)=± 80V 
• THERMAL AND SHORT CIRCUIT PROTEC­

TION 

DESCRIPTION 
TEA 7685 is a low-drop 8.5V regulator well suited 
to supplying stabilized voltage to 11Ps in harsh indus­
trial environment. 

Special care was taken to keep : 
• Lowest possible output capacitor (1!lF). 

February 1989 

TEA7685 
T0220 

(Plastic Package) 

PIN CONNECTIONS 

0 
GND 

1 3 2 

1 ~v, 
2~Vo 

3~GND 

EBBTEA7685·02 

1/4 

849 



TEA7685 

BLOCK DIAGRAM 

I 

GND 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

V1 Input Voltage - Continuous 
- ~ = 300mS 

v, Reverse Input Voltage · Continuous 
- ~ = 120mS 

Toper Operating Junction Temperature 

Tstg Storage Temperature 

THERMAL DATA 

Maximum Junction-case Thermal Resistance 
Maximum Junction-ambient Thermal Resistance 

APPLICATION DIAGRAM 

IN 

0.1 pF 

GND 

2/4 

850 

+ 

I 

Value 

30 
80 

-18 
-80 

45to+150 

-55 to+ 150 

OUT 

10 J.IF 

3 
70 

E88TEA7685-0t 

Unit 

v 
v 
v 
v 
oc 
oc 

E88TEA7685-03 



TEA7685 

ELECTRICAL OPERATING CHARACTERISTICS 
Ti = 25°C, V, = 14.4V (unless otherwise specified) Output Capacitor= 1011F (note) 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage (1 0 = 5 to 500mA) 8.26 8.5 8.74 v 

v, Input Supply Voltage (permanent) 28 v 

Icc Current Consumption lo = Om A 1.5 2 mA 
lo = 150mA 10 20 mA 
lo = 500mA 75 100 mA 

kV, Line Regulation (V, = 6 to 26V ; 10 = 5mA) -15 5 15 mV 

kVo Load Regulation {1 0 = 5 to 500mA) -70 -40 70 mv 

V,- V0 Drop-out Voltage lo = 150mA 0.18 v 
lo = 500mA 0.4 0.6 v 

SVRR Supply Voltage Rejection (1 0 = 350mA, f =120Hz, C 0 = 1~tF, 60 dB 
v1 =12±5V) 

los Short-circuit Output Current 0.5 0.7 A 

NOTE: APPLICATION HINTS 
The output capacitor has a direct influence on ouptut voltage stability. A 10J1F capacittor will provide satisfactory results : 
there is no upper limit. 
If necessary, this value can be reduced down to 1J1F ; however, in such case, it should be checked that output capacitor 
keeps sufficrently high capacrtance and low equivalent serres resistance in the whole temperature range. 
Such low capacitor value is not recommended either, if output current is to switch abruptly from very high to very low values 
(for instance 400mA to< 1 mA). 

ELECTRICAL OPERATING CHARACTERISTICS 
T1 =- 45°C to + 125°C, V, = 14.4V (unless otherwise specified) Output Capacitor = 1 011F 

Symbol Parameter Min. Typ. Max. Unit 

Vo Output Voltage (1 0 = 5 to 500mA) 8.16 8.5 8.84 v 

dvo Output Voltage Drift -45 to 25°C -1 0 mv;oc 
d1 25 to 125°C -1.2 0 

Icc Current Consumption lo = Om A 2.5 mA 
lo = 150mA 25 mA 
10 = 500mA 120 mA 

kV, Line Regulation (V, = 6 to 26V ; 10 = 5mA) -25 25 mV 

kVo Load Regulation (1 0 = 5 to 500mA) -90 90 mV 

V, · Vo Drop-out Voltage lo = 150mA 0.20 v 
10 = 500mA 0.8 v 

los Short-circuit Output Current 0.5 A 
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TEA7685 

PACKAGE MECHANICAL DATA 

T0220- PLASTIC PACKAGE 

mm 

2,55 
3,10 

Noted out ut 00,6 
1,1 

9.8 
10,66 

1 3 2 
2.54 2,54 

3.53 
4.09 

3.05min. 

4/4 ------------------------- L,, ~~~~~~~~~ 
852 

3.56 
4,82 

1.10 
1.38 

5.85 
6.85 

12,7min. 

2,10 
2.92 

3 Pins 



TEB1033 
TEF1 033 - TEC1 033 

BIPOLAR DUAL OPERATIONAL AMPLIFIERS 

• LOW DISTORTION RATIO 
• LOWNOISE 
• VERY LOW SUPPLY CURRENT 
• LOW INPUT OFFSET CURRENT 
• VERY LOW INPUT OFFSET VOLTAGE 
• LARGE COMMON-MODE RANGE 
• HIGH GAIN 
• HIGH OUTPUT CURRENT 
• GAIN-BANDWIDTH PRODUCT : 2.5 MHz 
• TEMPERATURE DRIFT: 2 !JWC 
• LONG TERM STABILITY: BllVIVEAR 

(for Tamb :5 50 "C) 
• THE TEB1033 AND TEF1033 ARE PIN TO PIN 

REPLACEMENT OF THE LS204C AND LS204 
RESPECTIVELY 

DESCRIPTION 
The TEB1033, TEF1033 and TEC1033 are high 
performance dual-operational amplifiers intended 
for active filter applications. The internal phase com­
pensation allows stable operation as voltage follo­
wer in spite of their high gain-bandwidth products. 
The circuits present very stable electrical characte­
ristics over the entire supply voltage range. 

PIN CONNECTIONS (top views) 

December 1988 

DIPS/SOB 

D 
1-0utput 1 
2- Inverting input 1 
3- Non-inverting input 1 
4-Vcc 
5 - Non-inverting input 2 
6- Inverting input 2 
7- Output2 
s-VCc 

N D 
SOB DIPS 

(Plastic Package) (Plastic Micropackage) 

ORDER CODES 

GC 
LCC20 

(Tricecop (LCCJ) 

Part Temperature Package 
Number Range N D GC 

TEB1033 o •c to+ 70 •c • • 
TEF1033 - 40 •c to + 1 05 ·c • • 
TEC1033 - 55 ·c to + 125 ·c • 
Examples :TEB1033N, TEC1033GC 

LCC20 

I 3 i Tn> 19 
1)4 18 

1)5 17 
)6 16 

>7 15> 
)B 9 10 1112 1314 ) 

1-NC 11-NC 
2 -Output 1 
3·NC 
4-NC 

12- Non-Inverting input 2 
13-NC 

5 - Inverting input 1 
6-NC 
7- Non-Inverting input 1 
8-NC 
9-NC 

10-VC:c 

14-NC 
15 - Inverting Input 2 
16-NC 
17- Output2 
18-NC 
19-NC 
20- v cc 

1/9 
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TEB1 033· TEF1 033· TEC1 033 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage ±18 v 
VI Input Voltage ±Vee v 

V1o Differential Input Voltage ±(Vee -1) v 
Ptot Power Dissipation mW 

TEB1033D, TEF1033D 400 
TEB1033N 665 
TEC1033GC 665 

Toper Operating Free-air Temperature Range oc 
TEB1033 0 to+ 70 
TEF1033 -40 to+ 105 
TEC1033 -55 to+ 125 

Tstg Storage Temperature Range -55 to+ 150 oc 

BLOCK DIAGRAM 

(1/2 TEB10331 

Output 

vee 

EBBTEBt 033-0t 

Case Outputs Inverting Non-inverting Vee Vee N.C. 
Inputs Inputs 

DIPS 
1, 7 2,6 3,5 8 4 SOB 

LCC20 2, 17 5, 15 7, 12 20 10 . 
• LCC20 : Other p1ns are not connected. 

2/9 
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TEB1 033-TEF1 033-TEC1 033 

ELECTRICAL CHARACTERISTICS 

Vee = ± 15 V (unless otherwise specified) 
TEC 1033 -55:::; Tamb:::; + 125 'C 
TEF 1033 -40:::; Tamb:::; + 105 oc 
TEB 1033 : 0:::; Tamb:::; + 70 'C 

TEB 1033 

Symbol Parameter 
TEF 1033 

Unit TEC 1033 

Min. Typ. Max. 

V;o Input Olfset Voltage mV 
T amb = 25 oc (AS s 1 0 kO) 0.3 1 
T mm S T amb S T max 3 

DV;o Input Offset Voltage Drift 2 11vt·c 
l;o Input Olfset Current nA 

Tamb = 25 •c 5 20 
T min S T amb S T max 40 

l;s Input Bias Current nA 
Tamb = 25 °C 50 100 
T mm S T amb S T max 200 

Avd Large Signal Voltage Gain V/mV 
(RL =2 kO, Vo =± 10 V) 

Tamb = 25 •c 100 300 
T mm S T amb S T max 100 

SVR Supply Voltage Rejection Ratio dB 
DVccfrom± 15Vto±4V 
T amb = 25 °C 100 110 
T min S T amb S T max 100 

Icc Supply Current, all Amp, no Load rnA 
Tamb = 25 •c 1 1.5 
T mm ~ T amb S: T max 2 

V; Input Voltage Range 
-12 + 12 v 

Tamb = 25 •c 
CMR Common Mode Rejection Ratio dB 

(Rs S 10 kQ, V; =± 10 V) 
Tamb = 25 •c 100 110 
T mm S T amb S T max 100 

los Output Short-circuit Current rnA 
Tamb = 25 •c 10 23 40 
T mm S T amb S T max 10 40 

± Vopp Output Voltage Swing v 
Tamb = 25 ° C RL =2 kQ 13 14 

T mm S: T amb S: T max RL =2 kQ 12 
Vee = ± 4 V, RL = 2 KQ 2.8 3 

Vee = ± 6 V, RL = 600 n 4.6 

Svo Slew-rate (V1 = ± 10 V, RL = 2 kO, CL s 100 pF, T amb = 25 °C, 
0.6 1 3 V/jlS 

unity gain) 

GBP Gain Bandwidth Product 
(f =100KHz, Tamb =25 •c, V;N = 10 mV, RL =2 kO, 1.8 2.5 3.2 MHz 
CL = 100 pF) 

R; Input Resistance (T amb = 25 •c) 1 MO 

3/9 
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TEB1 033-TEF1033-TEC1033 

ELECTRICAL CHARACTERISTICS(continued) 

Symbol 

THD 

Vn 

VoPP 

<pM 

Va1 /Vo2 

Parameter 

Total Harmonic Distortion 
(I = 1KHz, Av = 20 dB, RL = 2 kQ 
CL $100 pF, Tamb =25 ac, Va =2 Vpp) 

Equivalent Input Noise Voltage 
(I= 1 KHz) 
Rs =50 n 
Rs = 1 kQ 
Rs = 10 kQ 

Large Signal Voltage Swing 
RL =10 kQ, I= 10KHz 

Phase Margin 

Channel Separation 

Icc (rnA) 

1.50 

1.40 

1.30 

1.20 
I 

_,........ / 

./ 
/ 

1.10 

1.00 

0.!10 

0.80 

0 70 

0.60 
-60 

, 

/ y 

-40 -20 

~ 

0 20 40 60 

TEB 1033 
TEF 1033 
TEC 1033 

Min. Typ. 

0.008 

8 
10 
18 

26 28 

45 

100 120 

I -.........--~ 

80 100 120 
TEMP ("C) 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE 

4/9 
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Unit 

Max. 

0.05 % 

15 nV/*i"z 

v 

Degrees 

dB 

EBBTEB1033-02 



TEB1 033-TEF1 033-TEC1 033 

lcc(mA) 

1.20 ~--,-----,------,.----,----,------,--..---rl--rl--, 

1.10 +--+--4--t--+--+--4--t--+--+--f----
1 

I , 

_1)---
1.00 t-t--t-IL:::t:=~----rl' . --~~ !Iii 
0.90 +--1-----+v--+--~-+--,---+---+----H-+~ 

I I I ! OBO L--4---+-~~-+--~--+-~~-+--~--+-~ 
0 2 4 6 8 10 12 14 16 18 20 22 

+i-VS (VI 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

V1Q(mV) 

0.50 ...------.----~-r---r----.------.-~,-, 

0.40 .J---1---l-----l-----4--+---t---l-----1--

1 /....... -r--- I I I 

0.30 .h"""/-1--__j--+-...J..=:~~=;::::+---l-1 

I I I 
0.20 -1---+--~.l....--...l--f-------l-l-!1-

Vcc +I- 15 V: PLASTIC PACKAGE 

I 

0.10 +--~~--1--- ---t---+---+---f---1---i 

o+--~----~--~----~--~----~--~----~----1 
-55 -35 -15 25 45 65 85 

OFFSET VOLTAGE VS. AMBIENT TEMPERATURE 

~ SliS·THOMSON 
A.."'f/ litilDI:OOill!.rnll:'iiLll@II!DI:~ 

105 125 

TEMP (C") 

E88TEB I 033·03 

EBBTEB 1 033-04 
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TE 81 033-TE F1 033-TEC1 033 

NOISE !nV/VHzl 

13 

12 

11 1--

10 

9 ~ 

..... ~ 
8 

6 

4 

3 

2 

0 
100 

GBP (MHzl 

3 

2.5 

2 

1.5 

10 

I' -

- -- ---

-

-- --

---- --- --I-)--

1000 10000 

TOTAL INPUT NOISE VS. FREQUENCY 

~ 
'\['.. 

100 1000 

GAIN BANDWIDTH PRODUCT \IS. FREQUENCY 
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r~ 
ITI; 
~n, I 

II 
l I 
I' 

II I• I 
1 • 1 I 

I 

I 

100000 

FREQ. (Hz) 

10000 

FAEQ. (kHz) 

EBBTEB1 033-05 

E88TEB1 033-06 



GAIN (dBI 

60 

60 

~ r-1'--r-. r... 40 I--· 

~j---,-

=~t ~ 
30 

20 

10 

'""'D 0 ~ 
1DOO J ""' •15V 

-10 

PHASE'--

' 

~ " t-~ 

r~, ~ 6> ..... ~. 
f- )oooo. _,,. "'ai' ... '- ·-
t- n - -

I I I I '\'111 i 111111111 I I I I 

-20 

-30 

-40 
10 100 

BODE PLOT 

TYPICAL APPLICATION 

I'--

""'-

-

'----

1000 

LOW-PASS FILTER 

TEB1 033· TEF1 033· TEC1 033 

II 
,...... 

I ~-~ 
-~ _. 
1\ 

..... ~r-.~ 

l 
1-rff 

PHASE (DEGREES) 

100 

80 

60 

40 

20 

I 
0 

-20 

-40 

10000 

FREO. (kHzl 

EBBTEB1033-07 

EBBTEB1 033-08 

roc = 2 1t fc, with fc = cutt-off frequency 

s s2 
1+21;- + 

roc roc2 s = damping factor 
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TEB1 033-TEF1 033-TEC1 033 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

8/9 

860 

~ 
6,2 

Datum 

e-1.27 •j e I e 

0.63 
max. 

0.35 
0.45 

( 1) Nommal drmensron 

(2) True geometrrcal posrt1on 

8 Pins 

0.185 
0.265 

0.4 

min. 

1.75 max. 

8 Pms 



20 PINS - TRICECOP (LCC) 

8.74 mm 
9,04 

1.27 

13 

9 

e = 1.27 .,, e ~ e f e ~ e j,. 

TEB1 033-TEF1 033-TEC1 033 

Datum 

1.86max. 

ZD Prns 

8.74 
9.04 

9/9 

861 





TEB4033 
TEF4033 - TEC4033 

BIPOLAR QUAD OPERATIONAL AMPLIFIERS 

• LOW DISTORTION RATIO 
• LOW NOISE 
• VERY LOW SUPPLY CURRENT 
• LOW INPUT OFFSET CURRENT 
• VERY LOW INPUT OFFSET VOLTAGE 
• LARGE COMMON-MODE RANGE 
• HIGH GAIN 
• HIGH OUTPUT CURRENT 
• GAIN-BANDWIDTH PRODUCT : 2.5 MHz 
• TEMPERATURE DRIFT: 2f!V/"C 
• LONG TERM STABILITY: B11V/YEAR 

(for T amb ~ 50 "C) 
• THE TEB4033 AND TEF4033 ARE PIN TO PIN 

REPLACEMENT OF THE LS404C AND LS404 
RESPECTIVELY 

DESCRIPTION 

The TEB4033, TEF4033 and TEC4033 are high 
performance quad-operational amplifiers intended 
for active filter applications. The internal phase com­
pensation allows stable operation as voltage follo­
wer in spite of their high gain-bandwidth products. 

The circuits present very stable electrical characte­
ristics over the entire supply voltage range. 

PIN CONNECTIONS (top views) 

DIP14/CERDIP14 
S014 

Output 1 

Inverting 1nput 1 

Non-Inverting .nput 1 

vee 
Non-1nvertmg mput 2 

Inverting mput 2 

Output 2 

December 1988 

Output 4 

Inverting Input 4 

Non-inverting 1nput 4 

vr:c 
TO Non-inverting mput 3 

9 Jnvert1ng mput 3 

N 
DIP14 

(Plastic Package) 
J 

CERDIP14 
(Cerdip Package) 

ORDER CODES 

D 
S014 

(Plastic Micropackage) 

GC 
LCC20 

{Tricecop (LCC)) 

Part Temperature Package 
Number Range N D GC 

TEB4033 0 octo+ 70 oc • • 
TEF4033 - 40 oc to + 1 05 oc • • 
TEC4033 - 55 oc to + 1 25 oc 

Examples : TEB4033N, TEC4033GC 

LCC20 

1-NC 
2- Output 1 
3- Inverting input 1 
4- Non-1nvert1ng input 1 
5-NC 
6-va: 
7-NC 
8 - Non-1nvert1ng 1nput 2 

9- Inverting 1nput 2 
10- Output 2 

12- Output 3 
13 -Inverting input 3 
14 • Non-inverting input 3 
15-NC 
16- vex: 
17-NC 
18 - Non-1nvert1ng 1nput 4 

19 -Inverting 1nput 4 
20 • Output4 

• 
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TE 84033· TE F4033· TEC4033 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage ±18 v 
VI Input Voltage ±Vee v 

V1o Differential Input Voltage ±(Vee -1) v 
Ptot Power Dissipation mW 

TEB4033D, TEF4033D 400 
TEB4033N, TEF4033N 665 
TEC4033GC 665 

Toper Operating Free-air Temperature Range oc 
TEB4033 0 to+ 70 
TEF4033 - 40 to+ 105 
TEC4033 -55 to+ 125 

Tstg Storage Temperature Range - 65 to+ 150 oc 

BLOCK DIAGRAM 

E88TEB4033-0t 

Case Outputs Inverting Non-inverting 
VC:e Vee N.C. Inputs Inputs 

DIP14 
1' 7 2, 6 3, 5 CERDIP14 8, 14 9, 13 10, 12 4 11 

5014 

LCC20 2, 10 3, 9 4, 8 6 16 . 
12, 20 13, 19 14, 18 

• LCC20 : Other prns are not connected. 

2/9 
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ELECTRICAL CHARACTERISTICS 

Vee = ± 15 V (unless otherwise specified) 
TEC 4033 : -55:=;; Tamb :=;; + 125 'C 
TEF 4033: -40 :=;; Tamb :5 + 105 'C 
TEB 4033 : 0 :=;; T amb :5 + 70 'C 

Symbol Parameter 

V1o Input Offset Voltage 
T amb = 25 °C (Rs ~ 1 0 kn) 
T min ~ T amb ~ T max 

DV1o Input Offset Voltage Drift 

l1o Input Offset Current 
Tamb = 25 oc 
T min !> T amb !> T max 

l1s Input Bias Current 
T amb = 25 oc 
T min !> T amb ~ T max 

Avd Large Signal Voltage Gain 
(RL =2 kn, Vo =± 10 V) 
T amb = 25 °C 
T min ~ T amb ~ T max 

SVR Supply Voltage Rejection Ratio 
DVcc from± 15 V to± 4 V 
T amb = 25 °C 
T m1n ::; T amb !f T max 

Icc Supply Current, all Amp, no Load 
T amb = 25 °C 
T mm ~ T amb ~ T max 

V1 Input Voltage Range 
T amb = 25 °C 

CMR Common Mode Rejection Ratio 
(Rs ~ 10 kn, V1 =± 10 V) 
T amb = 25 °C 
T m1n $; T amb $; T max 

los Output Short-circuit Current 
Tamb = 25 °C 
T m1n S T amb $; T max 

± Vopp Output Voltage Swing 
T amb = 25 ° C RL =2 kn 
T min ::::; T amb $; T max RL = 2 kn 
Vee = ± 4 V, RL = 2 kn 
Vee=± 6 V, RL = 600 n 

Svo Slew-rate (VI=± 10 V, RL = 2 kn CL ~ 100 pF, T amb = 25°C, 
unity gain) 

GBP Gain Bandwidth Product 
(f = 100 KHz, T amb = 25 oc, V1N = 10 mV, RL = 2 kQ, 
CL = 100 pF) 

R1 Input Resistance (T amb = 25 °C) 

TEB4033· TEF4033· TEC4033 

TEB 4033 
TEF 4033 

Unit TEC 4033 

Min. Typ. Max. 

mV 
0.3 1 

3 

2 llv;oc 
nA 

5 20 
40 

nA 
50 100 

200 

V/mV 

100 300 
100 

dB 

100 110 
100 

mA 
2 3 

4 

-12 + 12 
v 

dB 

100 110 
100 

mA 
10 23 40 
10 40 

v 
13 14 
12 
2.8 3 
4.6 

0.6 1 3 V/i!S 

1.8 2.5 3.2 MHz 

1 MQ 
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TE 64033· TE F4033· TEC4033 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol 

THO 

Vn 

Vopp 

q>M 

Vol !Vo2 

Parameter 

Total Harmonic Distortion 
(I ~ 1KHz, Av ~ 20 dB, RL ~ 2 kQ 
CL, 100 pF, T amb ~ 25 °C, V0 ~ 2 Vpp) 

Equivalent Input Noise Voltage 
(f ~1KHz) 
Rs ~50 Q 
Rs ~ 1 kQ 
Rs ~ 10 kQ 

Large Signal Voltage Swing 
RL ~ 1 0 kQ, f ~ 10 KHz 

Phase Margin 

Channel Separation 

lcciMAI 

2.60 

2.40 

2.20 

2.00 

1.80 

1.60 

/ 
1.40 

1.20 

1/ 
v 

/ 

-

/ 
v 

-60 -40 -20 0 20 

/ 
/ 

40 60 

TEB 4033 
TEF 4033 
TEC 4033 

Min. Typ. 

0.008 

8 
10 
18 

26 28 

45 

100 120 

1,..--- -

~ 
,.,....,.. 

....... 

80 100 120 

TEMP (°C) 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE 

419 

866 

Unit 

Max. 

0.05 % 

15 nV/,i'Hz 

v 

Degrees 

dB 

EBBTEB4033-02 



TEB4033· TEF4033-TEC4033 

lcciMAl 

2.10 

2.00 
I 

I v 
I 

1/ 
f..--- -------~ 

i v ..--

1.90 

1.80 

1.70 

1.60 
0 4 6 8 10 12 14 16 18 20 22 

+t- VS lVI 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 
EBBTE84033-03 

VJO(mV) 

0.50 .---.--...... --,----.---.---.----,:--~1----,1 

f ! I 
0.40 +---~---t---j---j---1--+--r , 1 

i ! I i i 1 

!~' :------] 
: I 

I i ! : 
0.20 +---+V-c_c_+_/..L--1-S-V-, P_L..LAS_T_I_C_P_A..LCK_A_G_E--1---+---+ ~~ --·l- -~ 

' I 

0.10 +-----t---t---t---+--+----+--1!-11 
I , 
I ! I 

0.30 

-55 -35 ·15 25 45 65 85 105 125 

TEMP ("C) 

OFFSET VOLTAGE VS. AMBIENT TEMPERATURE 

EBBTE84033-04 
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TEB4033· TEF4033· TEC4033 

6/9 

868 

NOISE lnV/VHzl 

13 

12 

11 

10 

t-

~ 9 

8 

7 

..... ~ 

6 

4 

3 

2 

0 
100 

GBP IMHzl 

3 

2.5 

2 

1.5 1-

10 

f-

-

f-- ----
f--

r-·- -

--·- -- -. --- -

1000 10000 

TOTAL INPUT NOISE VS. FREQUENCY 

\. -
\ 
' 

100 1000 

GAIN BANDWIDTH PRODUCT VS. FREQUENCY 

-

~r 
ill! 
~rr , 
I 
l 

,. I 
I' tl 

! 

I 

100000 

FREQ. (Hz) 

10000 
FREQ. (kHzl 

EBBTEB4033-05 

EBBTEB4033·06 



GAIN (DB) 

60 

f"'.. 1--t--r-r-. 
PHASE-

50 

40 

~ ---

i r-..1'--

I I 

30 

20 

10 

H>O>O 

-

·-~ - -
8 10mV -"l' i. ' _,., 1,·-J 1000 2k0 

- ., '" 
I I I I 111111111111 I I I I 

-10 

-20 

-30 

-40 
10 100 

BODE PLOT 

TYPICAL APPLICATION 

.......... t--.. 

~ 

1000 

TE84033-TEF4033-TEC4033 

I 

I t 
"'t--. 

~'--r-H-

I 

PHASE (DEGREES) 

100 

80 

60 

40 

20 

-20 

-40 

-60 

10000 

FAEQ. (kHz) 

EBBTEB4033-07 

LOW-PASS FILTER 

Vo 
V; 

C2 

Hl 
VI o-~==~~~-1~~ 

>-t-----o Vo 

EBBTEB4033-0B 

We= 2 1t fc, with fc = cutt-off frequency 

1; = damping factor 
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TEB4033-TEF4033-TEC4033 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm 

Datum 

14 PINS- PLASTIC MICROPACKAGE {SO) 

mm " 1.27 

8.5max. • 

(1) Nominal dimension 
(2) Exact geometncal dimension 

6.35 
(1) 14 Outputs 

0.185 
0.265 .. , " t e t e t e t e t e ,. 

jjjjjj~·~~:; 
I 

a.55 
8.75 

8/9 

870 

.ll 
4.0 

0.4 
min. 

1.75max. 

14 Outputs 



20 PINS- TRICECOP (LCC) 

8,74 mm 
9,04 

e- 1.27 •I e ~ e t e ~ e j .. 
Datum 

TE 84033-TEF4033-TEC4033 

1.86max. 

8.74 
9,04 

20 Outputs 

919 
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TL061 
TL061 A-TL061 8 

LOW POWER J-FET INPUT SINGLE OP-AMPs 

• VERY LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGES 
• LOW INPUT BIAS AND OFFSET CURRENTS 
• TYPICAL SUPPLY CURRENT : 200 JlA 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 3.5 V/JlS (typ) 

DESCRIPTION 

The TL061, TL061A and TL061B are high speed 
J-FET input single operational amplifier family. 
Each of these J-FET input operational amplifiers 
incorporates well matched, high voltage J-FET and 
bipolar transistors in a monolithic integrated circuit. 
The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempera­
ture coefficient. 

N 
DIPS 

(Plastic package) 

D 
SOB 

(Plastic micropackage) 

ORDER CODES 

Part Number Temperature 
Range 

H 
T0-99 

(Metal can) 

GC 
LCC20 

(Tricecop LCC ) 

Package 

N D H 

TL061M - 55 •c to + 125 ·c • 
TL0611 - 40 •c to + 1 05 •c • • 
TL061C o •c to+ 70 •c • • 
TL061AC o •c to+ 70 •c • • 
TL061BC o •c to+ 70 ·c • • 
Note : Hi-Rei Versions Available 
Examples : TI061 MH. TL0611N 

GC 

• 

PIN CONNECTIONS (Top views) 

DIPS T0-99 LCC20 
508 

8 - __ ..._......._ 

s. 
( 321!1i019 

·~· 
?4 1 18 

2 - 7 
)5 17 

1-NC >b 16> 11-NC 
3 + 6 2-Balance )7 15 > 12-Balance 

4 5 

2 6 

3-NC )B 14) 13-NC 
5 4-NC 9 10 1112 13 14-NC 

4 5 -lnvert1ng input 15 -Output 
6-NC 16-NC 

5-Balance 1-Balance 7- Non-Inverting mput 17-Vcc 
6 -Output 2 -1nvert1ng 1nput 8-NC 18-NC 
7-Vcc 3- Non-Inverting input 9-NC 19-NC 
8-NC 4-Vcc 10-Vcc 20-NC 

December 1988 1/9 
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TL061· TL061 A· TL061 8 

MAXIMUM RATINGS 

Symbol Parameter TL061 M TL0611 TL061C Unit 

Vee Supply Voltage (note 1) ± 18 ± 18 ± 18 v 
V10 Dilferential Input Voltage (note 2) ± 30 ± 30 ± 30 v 
v, Input Voltage (note 3) ± 15 ± 15 ± 15 v 

Output Short-c~rcu1t Durat1on (note 4) Indefinite lndefm1te Indefinite 

Ptot Power Diss1pat1on (note 5) 680 680 680 mw 

Toper Operatmg Free-a1r, Temperature Range -55 to+ 125 -40to+105 0 to+ 70 ·c 
Tstg Storage Temperature Range - 65 to+ 150 -65to+150 -65 to+ 150 •c 

• Devices bonded on a 6 em x 0 15 em glass epoxy substrate w1th 30 mm' of 35j.lm th1ck copper. 

Notes : 1. All voltage values, except d~ferential voltages, are wtth respect to the zero reference level (ground) of the supply voltages where the 
zero reference level1s the midpoint between v'cc and VCc. 

2. Differential voltages are at the non-inverting input terminal w1th respect to the inverting input terminal. 

3. The magnijude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure thatthe dis­
sipation rating is not exceed. 

5. For operation above+ 25 'C free-a1r temperature, refer to diSSipation derating table. 

SCHEMATIC DIAGRAM 

Case Balance 
Inverting Non-Inverting 

Input Input 

DIPS 
SOB 1, 5 2 3 
T0-99 

LCC20 2, 12 5 7 

• LCC20 :Other p1ns are not connected. 
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Vee 

4 

10 

INPUT OFFSET VOLTAGE 
NULL CIRCUITS 

vee 

E88TL061-01 

V~c Output N-C. 

7 6 8 

17 15 . 



TL061· TL061 A· TL061 B 

ELECTRICAL CHARACTERISTICS 
:-55 ·c s; lambs;+ 125 ·c 
:-40 'C s; lambs;+ 105 'C 

o ·c s; lamb s; + 70 ·c 
TL061M 
TL0611 
TL061C 
Vee=± 15V. 
All characteristics are specified under open-loop conditions unless otherwise specified. 

TL061M TL0611 TL061C 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

v,o Input Offset Voltage 
T amb = + 25 ' • Rs = 50 !l 3 6 3 6 3 15 
T m1n :> T amb :> T max, Rs = 50 !l 9 9 20 

a Vro Temperature Coefficient of Input Offset 
Voltage (Rs = 50 !l) 10 10 10 

l,o Input Offset Current • 
Tamb = + 25 oc 5 100 5 100 5 200 
T mrn S' T amb S' T max 20 10 5 

liB Input B1as Current • 
Tamb = + 25 'C 30 200 30 200 30 400 
T mm S: Tamb S Tmax 50 20 10 

v, Input Common-mode Voltage Range 
(Tamb = + 25 'C) ± 11 ± 12 ± 11.5 ±12 ± 10 ± 11 

VoPP Output Voltage Swing : 
RL = 10 Kn, T amb = + 25 'C 20 27 20 27 20 27 
RL ~ 10 Kn, T mrn S T amb S: T max 20 20 20 

Avo Large Signal Voltage Gain 
Tamb = + 25 'C, R, <: 10 Kn, 4 6 4 6 3 6 
Vo=±IOV 
Tmm S Tamb S Tmax. RL ~ 10 Kn, 4 4 3 
Vo=±IOV 

GWR Small Signal Bandwidth 
( T amb = + 25 'C, RL = 1 0 Kn) 1 1 1 

R, Input Resistance (T amb = + 25 'C) to 12 1012 10 12 

CMR Common-mode Rejection Ratio 
(Rs <: 10 Kn, Tamb = + 25 'C) 80 86 80 86 70 76 

SVR Su~ply Voltage ReJection Ratio (~Vcc/~V10) 
s <! 1 0 Kn, T amb = + 25 'C 80 95 80 95 70 95 

Icc Supply Current 
(T amb = + 25 'C, no load, no signal) 200 250 200 250 200 250 

Po Total Power Consumption (each amplifier) 
T amb = + 25 'C, No load, no signal 6 7.5 6 7.5 6 7.5 

.. 
• Input b1as currents of a FET-1nput operational amplifier are normal JUnction reverse currents, wh1ch are temperature sensn1ve. 

Pulse techmques must be used that will maintain the junction temperature as close to the ambient temperature as is possible. 

ELECTRICAL CHARACTERISTICS (continued) 

TL061M TL0611, C 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. 

Svo Slew Rate 
( e1 = 10 V, RL = 10 Kn, CL = 100 pF, Av = 1) 2 35 3.5 

t, Rise Time 
(e 1 = 20 mV, RL = 10 Kn, CL = 100 pF, Av = 1) 
(see f1g. 1) 

0.2 0.2 

Kov Overshoot Factor 
(e1 = 20 mV, RL = 10 Kn, CL = 100 pF, Av = 1) 10 10 
(see fig. 1) 

Vn Equivalent Input Noise Voltage 
(Rs = 100 Kn, I= 1 KHz) 42 42 

Unit 

mV 

v.V/'C 

pA 
nA 

pA 
nA 

v 

v 

V/mV 

MHz 

n 
dB 

dB 

v.A 

mW 

Unit. 

Vii'S 

v.s 

% 

nV/'-'Hz 
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TL061-TL061 A-TL061 B 

ELECTRICAL CHARACTERISTICS 

TL061C : 0 ·c ~ Tamb ~ + 70 ac 
Vee=± 15V 
All characteristics are specified under open-loop conditions unless otherwise specified. 

TLD61C TLD61AC TLD61 BC 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

V1o Input Offset Voltage 

T amb = + 25 oc. Rs = 50 ll 3 15 3 6 2 3 
T mm ~ T amb ~ T max , Rs = 50 .Q 20 7.5 5 

a V1o Temperature CoeffiCient ol Input Oflset 
Voltage 

(Rs =50 ll) 10 10 10 

l1o Input Offset Current • 

lamb = + 25 'C 5 200 5 100 5 100 

T mm S T amb S T max 5 3 3 

l1a Input 81as Current * 
Tamb = + 25 °C 30 400 30 200 30 200 

Tmm S Tamb S Tmax 10 7 7 

V1 Input Common-mode Voltage Range ± 10 ± 11 ± 11.5 ± 12 ±11.5 ± 12 

Vopp Output Voltage Swmg : 

RL = 10 Kll. Tamb = + 25 'C 20 27 20 27 20 27 

RL ~ 10 Kn, T m1n S T amb S T max 20 20 20 

Avo Large Signal Voltage Gain 
T amb = + 25 'C. R1 ;, 1 0 Kll, 3 6 4 6 4 6 
Vo = ± 10 V 

T mm S T amb S T max 3 4 4 

GWR Small Signal Bandwidth 

( T amb = + 25 'C. RL = 1 0 Kll) 1 1 1 

R1 Input Resistance (T amb = + 25 'C) 10 12 1012 1012 

CMR Common-mode Rejection Ratto 

( Rs ;, 10 KQ ; T amb = + 25 'C) 70 76 80 86 80 86 

SVR Supply Voltage Re1ect1on Rat1o (!1Vcc//!N1o) 
Rs;, 10 Kll, lamb=+ 25 'C 70 95 80 95 80 95 

Icc Supply Current 
(T amb = + 25 'C, no load, no s1gnal) 200 250 200 250 200 250 

Po Total Power Consumption 
(each amplifier) 

T amb = + 25 oc, no load, no signal 6 7.5 6 75 6 7.5 

• Input b1as currents of a FET-1nput operational amplifier are normal JUnction reverse currents, wh1ch are temperature senstt1ve. 
Pulse techmques must be used that Will maintain the JUnction temperature as close to the ambient temperature as IS possible. 
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Unit 

mV 

11V/'C 

pA 
nA 

pA 
nA 

v 
v 

V/mV 

MHz 

n 
dB 

dB 

11A 

mW 



TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

va 
SUPPLY VOLTAGE 

RL=10 kO 
Tamb= +25•e / 
See figure 2 v 

[7 

v 
/ 

/ v 
4 6 8 10 12 

SUPPLY VOLTAGE I±VI 

14 16 

E88TL061-02 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

~ 
UJ30 

~ 
0 25 
> 
~ 
:: 20 
::::> 
0 

~ 15 
w 
"-
6 
1:' 10 

"" ~ 
; 5 
::::> 
::! x o 

V1l 
LOAD RESISTANCE 

Vee=±15V 
~ Tamb= +25•e l._.... 

See figure 2 v 

)' 
[/ 

/ 

1:7' 

~ 100 200 400 700 1 k 2 k 4 k 7 k 10 k 

;:;; 
~'10 
~ 
z 
0 

~ 
(.) 

u:: 
:::; 
"-
::! 
< 
UJ 
Cl 

~ 
g 
< 
~ 
w 
a: 
w 
::: 1 

l.OAD RESISTANCE 101 
E88TL061-04 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
va 

FREE-AIR TEMPERATURE 

vee= ±15 v 
RL=10 kO 

./ !"' -

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

FREE-AIR TEMPERATURE I"CI EBBTL06l-OS 

TL061-TL061 A-TL061 8 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

~ 30 
< 
!::; 
g 25 

~ 
:: 20 
::::> 
0 

"" < 15 
UJ 
"-
6 
~ 10 

:5 
"-
::! 
::::> 
::! 

FREE-AIR TEMPERATURE 

Vee=±15V 
RL= 10 kO 
See figure 2 

I I x o 
~ -75 -50 -25 0 25 50 75 100 125 

FREE-AIR TEMPERATURE I"CI EBBTLOSl-03 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

5 

5 

0 

0 

VS 

FREQUENCY 

Vee= ~~s v R~': 10 kO 

TTllliiiT r Tamb= +25oc 

v~~ ~I ~~i~ v 1 
See figure 2 

Vcc=±5V 

11111111 I 
vee= ±2 v ~ 

1111111 I 
10 k lOOk I M 10M 

FREQUENCY (Hzl E88TL061-05 
LARGE SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
AND PHASE SHIFT va FREQUENCY 

o• 

~--L---L-~L-~~~--~~~~~· 
10 100 I k IOk lOOk 1M 10M 

FREQUENCY 1Hz! E88TL061-07 
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TL061-TL061 A-TL061 8 

TYPICAL CHARACTERISTICS (continued) 

250 

1.200 

+I 

~ 150 w 
a: 
a: 
:> 
u 100 
~ 
a. 
a. 
:> 
rn 50 

0 

30 

~ 
25 .§ 

c w 
:t 20 
a. 
iii rn 
iS 15 
a: w 
3: 

10 0 
a. _, 
<( 
I- 5 
1:! 

0 

SUPPLY CURRENT PER AMPLIFIER 
vs 

SUPPLY VOLTAGE 

Tamb= +25"C 
No signal 
No load 

~f....-f...-
~ r--

0 2 4 6 8 10 12 14 16 
SUPPLY VOLTAGE I±VI 

TOTAL POWER DISSIPATED 
vs 

FREE-AIR TEMPERATURE 

_I 

I l 
Tllllil ..;;:.:.._ r--r--. vee= ±15 v 

No signal 
No load 

E88TL061-08 

-

-75 -50 -25 0 25 50 76 100 125 

FREE-AIR TEMPERATURE I"CI 
E88TL061-10 

NORMALIZED UNITY-GAIN BANDWIDTH 
SLEW RATE. AND PHASE SHIFT 

0 7 097 
- 75 -50 -25 0 25 50 IS 100 1 25 

FREE-AIR TEMPERATURE I"CI 
E88TL061-12 

250 

0 

SUPPLY CURRENT PER AMPLIFIER 
VS 

FREE-AIR TEMPERATURE 

vee= ±1sv 
No signal 
No load 

r--:. r-.... 1----

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

iii 
:!! 

87 

0 86 

~ 
a; 
2 85 
0 

ii 
~84 
a: 
w g83 
:;; 
z 
0 82 
:;; 
:;; 
8 81 

FREE-AIR TEMPERATURE I"CI 
E88TL061-09 

COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

Vee= ±15 v 
RL= 10 kO 

/v --
J 

I 

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

<i 
.: 
~ 
w 
a: 
a: 
:> 
u 
rn 

100 

40 

10 

4 

< 04 
iii 
~ a. 0 1 
2 
-004 

001 

FREl-AIR TEMPERATURE I"CI 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

vee- +15 v 

/ 

/ 

~ 

E88TL061-11 

I 

50 25 0 25 50 75 100 125 

FREE-AIR TEMPERATURE I"CI 
E88TL061-13 
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TL061-TL061 A-TL061 B 

TYPICAL CHARACTERISTICS (continued) 

6 

~ 
rn 4 
w 
0 
< 
!:i 2 g 
!; 0 
~ 
:::> 
0 
Q -2 
z 
< 
l-iZ -4 

~ 

-6 

VOLTAGE-FOLLOWER 
LARGE SIGNAL PULSE RESPONSE 

INPUT --- 1 
I 1\ 

j \ 
I \UTPUT 

1/ Vcc=±15V \ RL=10Icll 
CL=100 pF 

- Tamb= +25oc --- ..___ 
T I 

0 2 4 6 8 10 
TIME l,.sl 

E88TL061-14 

28 

24 

>2o 
E 
~ 16 

~ 
5 12 
> 
!:; 8 ... 
!:; 
0 4 

0 

-4 

OUTPUT VOLTAGE 
vs 

ELAPSED TIME 

r----It DtERS!OOT 

10% 

- z-1.,.. 
I' 90% 

I 
I 
I 

Vcc=±I5V 
Rt=10 lcll ...... Tamb= +25°C 

0 02 04 06 08 

TIMEI,.sl 

1 2 14 

E88TL061-15 

EQUIVAlENT INPUT NOISE VOLTAGE 

N 100 
~ > 90 
E 
w 80 
c:J 

~ 70 

g 60 
w 

5 50 
z 
!; 40 

~ JO 

!:;; 20 
w 

' 

vs 
FREQUENCY 

Vc~1~±15V 
Rs=1DDO 
Tamb= +25oc 

~ 10 

s 0 
~ 10 40 100 400 1 k 4k 10k 401d()()k 

FREQUENCY 1Hz) 
E88TL061-16 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage follower. Figure 2: Gain-of-10 inverting amplifier. 

E88TL061-17 E88TL061-18 
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TL061·TL061A·TL061 B 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm e-2.54 
(2) e T e -r 

' I 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

8/9 

880 

~ 
6,2 

Datum 

e-1.27 •1 e t e 

0.35 
0.45 

8.5 max. 

(1) Nominal dimension 
(2) Exact geometrical dimension 

a outputs 

0.185 
0.265 

1.75 max. 

8 Outputs 



T0-99- METAL CAN 

mm 

© 
Pin 

~ 0 7.75 
4,69 8,50 

12.7min. 

20 PINS - TRICECOP (LCC) 

mm 8.74 

1.27 
9,04 

Ql 8,51 
9.39 

1.27 max. 

t--

~ 1.01 

J2l0.407 
0.508 

TL061· TL061 A· TL061 B 

a~utputs 

1.86max. 

8.74 
9.04 

20 Outputs 

9/9 
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TL062 
TL062A-TL062B 

LOW POWER J-FET INPUT DUAL OP-AMPs 

• VERY LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGES 
• LOW INPUT BIAS AND OFFSET CURRENTS 
• TYPICAL SUPPLY CURRENT : 200 JlA 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 3.5 V/!JS (typ.) 

DESCRIPTION 

The TL062, TL062A and TL062B are high speed 
J-FET input dual operational amplifier family. Each 
of these J-FET input operational amplifiers incor­
porates well matched, high voltage J-FET and bi­
polar transistors in a monolithic integrated circuit. 
The devices feature high slew rate, low input bias 
and offset currents, and low offset voltage tempe­
rature coefficient. 

N 
DIPS 

(Plastic package) 

D 
SOB 

(Plastic micropackage) 

ORDER CODES 

Part Number Temperature 
Range 

H 
T0-99 

(Metal Can) 

GC 
LCC20 

(Tricecop - LCC) 

Package 

N H D 

TL062M - 55 'C to + 125 'C • 
TL0621 - 40 'C to + 1 05 'C • • 
TL062C 0 'C to+ 70 'C • • 
TL062AC 0 'C to+ 70 'C • • 
TL062BC 0 'C to+ 70 'C • • 
Note : Hi·Rel versions available 
Examples : TL062 MH, TL062 CN 

GC 

• 

PIN CONNECTIONS (Top views) 

DIPS 
SOB 

1 ·Output 1 
2 • Inverting input 1 
3 ·Non-inverting input 1 
4·Vcc 

December 1988 

T0·99 

5 • Non·mverting 1nput2 
6 ·Inverting 1nput 2 
7-0utput2 
8-VCc 

1-NC 
2 -Output 1 
3-NC 
4·NC 
5 -Inverting input 1 
6·NC 

LCC20 

7 -Non·invertmg input 1 
8-NC 
9-NC 

10·Vcc 

11-NC 
12 ·Non-inverting input2 
13-NC 
14-NC 
15 ·Inverting input 2 
16·NC 
17·0utput2 
18-NC 
19-NC 
20-Vcc 

1/10 
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TL062· TL062A· TL062B 

MAXIMUM RATINGS 

Symbol Parameter TL064M TL0641 TL064C Unit 

Vee Supply Voltage (note 1) ± 18 ± 18 ± 18 v 
Ptot Power Dissipatton (note 5) 680 680 680 mW 

Vto Differential Input Voltage (note 2) ± 30 ± 30 ± 30 v 
v, Input Voltage (note 3) ± 15 ± 15 ± 15 v 

Ouput Short-circuit Duration (note 4) lndelmite lndeftnite lndeftnite 

Toper Operattng Free-air, Temperature Range -55 to+ 125 -40to+105 o to+ 70 •c 

Tstg Storage Temperature Range -65to+150 -65to+150 -65 to+ 150 •c 
• Devtces bonded on a 6 em x 0.15 em glass epoxy substrate wtth 30 mm2 of 35 Jlm thtck copper. 

Notes : 1. All voltage values, except dillerenltal voltages, are wtth respect to the zero reference level (ground) ol the supply voltages where the 
zero reference level is the midpoint between VCc and VCc. 

2. Differential voltages are at the non-tnverting input terminal whh respect to the tnverttng tnput termtnal. 

3. The magnitude ol the tnput voltage must never exceed the magnhude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to ehher supply. Temperature and/or supply voltages must be limited to ensure that the dis­

sipanon rabng is not exceed. 

5. For operatton above+ 25 ·c free-air temperature, refer to dtssipatton derating table. 

SCHEMATIC DIAGRAM 1/2 TL062 

Case 

DIPB 
SOB 
T0·99 

LCC20 

Non-inverting 
input 

Outputs 

1, 7 

2, 17 

• LCC20 : Other pins are not connected. 

2/10 
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Inverting 
Inputs 

2, 6 

5, 15 

Non-inverting VCc Inputs 

3, 5 4 

7, 12 10 

Vee E88TL062-01 

V~c N.C. 

8 

20 . 



TL062-TL062A-TL062B 

ELECTRICAL CHARACTERISTICS 
:- 55 ·c s; Tamb s; + 125 ·c 
:- 40 ·c s; Tamb s; + 105 ·c 

o ·c s; Tamb s; + 70 ·c 
TL062M 
TL0621 
TL062C 
Vee=± 15V. 
All characteristics are specified under open-loop conditions unless otherwise specified. 

Tl062M TL0621 Tl062C 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

V1o lnJlul Offset Voltage (Rs = 50 0) 
Tamb = + 25 ° 3 6 3 6 3 15 
T mtn S T amb S T max 15 9 20 

a Vlo Temperature Coefficient of Input Offset Voltage 
Rs =50 n 10 10 10 

l1o Input Offset Current • 
Tamb = + 25 •c 5 100 5 100 5 200 
Tmm S Tamb S Tmax 20 10 5 

l1a Input Bias Current • 
Tamb = + 25 •c 30 200 30 200 30 400 
Tmm S Tamb S Tmax 50 20 10 

V1 Input Common-mode Voltage Range 
Tamb = + 25 oc ±11 ±12 ±11.5 ±12 ±10 ±11 

VoPP Ouf.~bV~I~a~~ ~C.inffL = 10 Kn 20 27 20 27 20 27 
T mm S T amb S T max , RL ~ 1 0 Kll 20 20 20 

Avo Large Signal Voltage Gain (RL "' 10 Kn, 
V0 = ± 10 V) 
Tamb = + 25 •c 4 6 4 6 3 6 
T mm S Tamb S: T max 4 4 3 

GWR Small Signal Bandwidth 
(Tamb = + 25 •c, RL = 10 Kn) 1 1 1 

R1 Input Resistance (T amb = + 25 "C) 1012 1012 1012 

CMR Common-mode Rejection Ratio 
Rs ,; 1 0 Kn, T amb = + 25 •c 80 86 80 86 70 76 

SVR Su~ply Voltage Rejection Ratio (t.Vcc/t.V1ol 
s ,; 1 0 Kn, T amb = + 25 •c 80 95 60 95 70 95 

Icc Supply Current (Per Amplifier) 
T amb = + 25 •c, No Load, No Signal 200 250 200 250 200 250 

Vo1No2 Channel Separation 
(Avo= 100, Tamb = + 25 "C) 120 120 120 

Po Total Power Consumption (Each Amplifier) 
No Load , No Signal 
Tamb = + 25 •c 6 7.5 6 7.5 6 7.5 

• Input bias currents of a FET-input operational ampiH1er are normal junction reverse currents, which are temperature sensibve. 
Pulse techniques must be used that Will ma1ntain the junction temperature as closes to the ambient temeprature as is possible. 

ELECTRICAL CHARACTERISTICS 
Vee=± 15V, Tamb = + 25 °C. 

Symbol Parameter 

Svo Slew Rate 
(e1 = 10V, RL = 10 Kn,CL = 100pF,Av = 1) 

lr Rise T1me 
(e1 = 20 mV, RL = 10 Kn, CL = 100 pF, Av = 1) 
(See Fig. 1) 

Kov Overshoot Factor (e1 = 20 mV, RL = 10 Kn, 
CL = 100 pF, Av = 1 V) 

(See F1g. 1) 

Vn Equivalent Input Noise Vbllage 
(Rs = 100 Kn, I= 1 KHz) 

TLD62M TL0621, C 

Min. Typ. Max. Min. Typ. Max. 

2 3.5 3.5 

0.2 0.2 

10 10 

42 42 

Unit 

mV 

J!VPC 

pA 
nA 

pA 
nA 

v 

v 

V/mV 

MHz 

n 
dB 

dB 

Jl.A 

mW 

mW 

Unit 

VIJ!S 

Jl.S 

% 

nV/,jHz 
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TL062· TL062A· TL0628 

ELECTRICAL CHARACTERISTICS 

TL062C : o ·c s Tambs + 70 oc 
Vee=± 15V 
All characteristics are specified under open-loop conditions unless otherwise specified. 

TL062C TLD62AC TL062BC 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. Min. Typ. 

Vto Input Offset Voltage (Rs = 50 n) 
Tamb = + 25 o 3 15 3 6 2 
T min ~ T amb S: T max 20 7.5 

a Vto Temperature Coefficient of Input Offset Voltage 
Rs =50 n 10 10 10 

Ito lnJlut Offset Current • 
Tamb = + 25 'C 5 200 5 100 5 
T min ~ T amb ~ T max 5 3 

Ita Input Bias Current • 
T amb = + 25 ac 30 400 30 200 30 
T min ~ T amb :S: T max 10 7 

Vt Input Common-mode Voltage Range 
Tamb = + 25 'C ±10 ±11 ±11.5 ±12 ±11.5 ±12 

Vopp Ou~ut Voltage Swin~ 
amb = + 25 'C, L = 10 Kn 20 27 20 27 20 27 

T min $ T amb S T max 20 20 20 

Avo Large Signal Voltage Gain 
(RL;, 10 Kn, Vo = ± 10 V) 

Tamb = + 25 'C 3 6 4 6 4 6 
T min $ T amb S T max 3 4 4 

GWR Small Signal Bandwidth 
(Tamb = + 25 'C, RL = 10 Kn) 1 1 1 

At Input Resistance (T amb = + 25 °C) 1o12 1o12 1012 

CMR Common-mode Rejection Ratio 
Rs S 1 0 Kn, T amb = + 25 oc 70 76 80 86 80 86 

SVR Su~ply Voltage Rejection Ratio (tNcc/AVto) 
S $ 1 0 Kn, T amb = + 25 'C 70 95 80 95 80 95 

Icc Sufply Current (Per Amplifier) 
amb = + 25 'C, No Load, No Signal 200 250 200 250 200 

Vo1No2 Channel Separation (Avo = 100, T amb = + 25 'C) 120 120 120 

Po Total Power Consumption (Each Amplifier) 
No Load , No Signal 

7.5 T amb = + 25 °C 6 6 7.5 6 

• Input bias currents of a FET -Input operational amplifier are normal junction reverse currents, which are temperature sensitive. 
Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as Is possible. 
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5 

100 
3 

200 
7 

250 

7.5 

Unit 

mV 

JlV/'C 

pA 
nA 

pA 
nA 

v 

v 

V/mV 

MHz 

n 

dB 

dB 

JlA 

dB 

mW 



TYPICAL CHARACTERISTICS 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

vs 

~ 30 

~ g 25 

I­
:> 
~ 20 
::> 
0 

~ 15 
w ... 
0 
~ 10 
< w ... 
::!' 5 
:J 
::!: 

SUPPLY VOLTAGE 

RL=10 kO 
Tamb= +25°C / 
See figure 2 

.~V 
v 

/ 

v v 
.v 

~ 0 
:!1 0 4 6 8 10 12 14 16 

SUPPLY VOLTAGE I±VI ESSTLOS2_02 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

wlO 
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:> 
~ 20 
::> 
0 

~ 15 
w ... 
g 10 
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~ 5 
::> 
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vs 
LOAD RESISTANCE 

vcc=±15V 
..__ Tamb= +25"C 1.--" 

See figure 2 / 

v 
/ v 
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> 
~·lo 
2:: 
z 
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\i 
0 
u: :::; 
~ 4 
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w 
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~ 
w 
a: 
w 

LOAD RESISTANCE lUI 
. E88TL062-04 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
YS 

FREE-AIR TEMPERATURE 

~vee ±15V 
~ RL=IO kO 

...... -

IL 1 5 -75 -50 -25 0 25 50 75 100 125 

FREE-AIR TEMPERATURE (°CI EBSTLOS2_06 

TL062· TL062A· TL062B 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

~ 30 
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~ 
~ 20 
::> 
0 

" < 15 w 
a. 
0 
~ 10 

:3 
a. 
::!: 
::> 
::!: 

FREE-AIR TEMPERATURE 

Vcc=±15V 
RL= 10 kO 

Seel figuri 2 

~ 0 
::!' -75 -50 -25 0 25 50 75 100 125 

FREE-AIR TEMPERATURE I"CI ESSTL062_03 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
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0 
~ 10 
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Vee=± 15 v 
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_IIIIIIIU I 

Vcc=t12V 

Vee= ±5 v 

TT Jllllf 1 
Vee= ±2 v 
11111111 I 

vs 
FREQUENCY 

m1~ 
11111111 

~ 

RL=10 kD 
Tamb= +25oc 
See figure 2 

~ 0 
::!' 1 k 10 k lOOk 1M 10M 

FREQUENCY IHzl 
E88TL062-05 

LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

AND PHASE SHIFT vs FREQUENCY 

o• 

L---L---L-~L-~L-~--~~~·~· 
10 100 1k 10k lOOk 1M 10M 

FREQUENCY IHzl E88TL062-07 
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TL062-TL062A-TL0628 

TYPICAL CHARACTERISTICS (continued) 
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SUPPLY CURRENT PER AMPLIFIER 
vs 

SUPPLY VOLTAGE 

Tomb= +2S"e 
No signal 
No load 

~ I--
I--

~~ 

0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE I±Vl 

TOTAL POWER DISSIPATED 
vs 

FREE-AIR TEMPERATURE 

Ttl I I r--;;;F-r-Vee= ±15 v 
No signal 
No load 

E88TL062-08 
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NORMALIZED UNITY-GAIN BANDWIDTH 
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COMMON-MODE RE.JECTION RATIO 
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TYPICAL CHARACTERISTICS (continued) 

~ 
rn 4 
w 
1!1 

~ 
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:> 
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0 
0 -2 
z 
<1: 
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-6 

VOLTAGE-FOLLOWER 
LARGE SIGNAL PULSE RESPONSE 

INPUT --- 7 
1/ [\ 

\ 
-- -

I 
I \OUTP':JT 

'/ Vcc=±15V 
\ ---

RL = 10 kll 
CL=100 pF --

~ Tomb= +25"C --- 1'----
-~ I 

TL062· TL062A· TL062B 

OUTPUT VOLTAGE 
vs 
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--- ------
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TL062-TL062A-TL062B 

PARAMETER MEASUREMENT INFORMATION 
TEST CIRCUITS 

Figure 1 : Voltage follower. 

10kU 

"I 

EBBTL062-18 

TYPICAL APPLICATION 

Figure 2: Gain-of-10 inverting amplifier_ 

lOkU 

EBBTL062-19 

QUADRATURE OSCILLATOR 
• 18kD 

8/10 
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• These res1stor values may be 
adjusted tor a symmetncal out­
put. 

E88TL062-17 



PACKAGE MECHANICAL DATA 

8 PINs- PLASTIC DIP 

mm e f e -r 
' I 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

Datum 

TL062-TL062A-TL062B 

8.5 rna•. 

\, 

(1) Nominal dimension 
(2) Exact geometrrcal d1mens1on 

a Outputs 

0.185 
0.265 

1.75 max. 

8 Outputs 
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TL062-TL062A-TL062B 

20 PINS- TRICECOP (LCC) 

mm 8.74 

e- 1.27 .,j e e ~ e ~ e j .. Datum 

T0-99 - METAL CAN 

mm 

Pin 

10/10 
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4 20 
~ ~.so 

~ 

~ 1.01 

12.7mm. 

~0.407 
0.508 

~ SGS·THOMSON A."'f/ li!iDII:Il1@1§1l.l<@'ii'll1@1l!JD!:i!.l 

1.86max. 

8.74 
9,04 

20 Outputs 

8 Outputs 



TL064 
TL064A-TL0648 

LOW POWER J-FET INPUT QUAD OP-AMPs 

• VERY LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGES 
• LOW INPUT BIAS AND OFFSET CURRENTS 
• TYPICAL SUPPLY CURRENT : 200 !J.A 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 3.5 V/!J.S (typ) 

DESCRIPTION 

N 
DIP14 

(Plastic package) 

J 
CERDIP14 

(Cerdip package) 

GC 
LCC20 

(Tricecop- LCC) 

D 
8014 

(Plastic micropackage) 

Part Number Temperature Package 

The TL064, TL064A and TL064B are high speed 
J-FET input quad operational amplifiers. Each of 
these J-FET input operational amplifiers incorpo­
rates well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 

Range N J D GC 

The devices feature high slew rates, low input bias 
current and offset currents, and low offset voltage 
temperature coefficient. 

TL064M -55 oc to + 125 oc 
TL0641 - 40 oc to + 1 05 oc 
TL064C o octo+ 70 oc 
TL064AC 0 octo+ 70 oc 
TL064BC 0 octo+ 70 oc 

Note : Hi-Rei versions available 
Examples : TL064 MJ, TL064 CN 

• 
• • 
• • 
• • 
• • 

PIN CONNECTIONS (Top views) 

DIP14 

1 -Output 1 
2 -Inverting input 1 
3- Non·invertmg input 1 
4-VCc 
5- Non-inverting input 2 
6 -Inverting Input 2 
7 ·Output2 
8 ·Output 3 
9 ·Inverting Input 3 

10-Non·invertmg 1nput 3 
11·Vcc 
12 · Non·mvertmg 1nput 4 
13 ·Inverting 1nput 4 
14 -Output 4 

December 1 988 

CERDIP14 LCC20 
S014 

14 

13 

12 

11 

10 

1-NC 
2 -Output 1 
3 -lnvertmg input 1 
4- Non-inverting input 1 
5-NC 

6-V~c 
7-NC 
8- Non-inverting input 2 
9 -Inverting input 2 

10 ·Output 2 
11-NC 
12-0utput3 
13 -lnvert1ng input 3 
14-Non-inverting input 3 
15-NC 
16-Vcc 
17-NC 
18-Non-inverting input 4 
19 -Inverting input 4 
20 -Output 4 

• 
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TL064-TL064A-TL0648 

MAXIMUM RATINGS 

Symbol Parameter TL064M TL0641 TL064C Unit 

Vee Supply Voltage (note 1) ± 18 ± 18 ± 18 v 
v,o Differential Input Voltage (note 2) ± 30 ± 30 ± 30 v 
v, Input Voltage (note 3) ± 15 ± 15 ± 15 v 

Ouput Short-circUit Duration (note 4) Indefinite Indefinite Indefinite 

Ptot Power Dissipation (note 5) 680 680 680 mW 

Toper Operating Free-air, Temperature Range -55 to+ 125 - 40 to+ 105 0 to+ 70 oc 
T stg Storage Temperature Range - 65 to +150 - 65 to+ 150 - 65 to+ 150 oc 

• Devtces bonded ~n a 6 em x 0.15 em glass epoxy substrate wtth 30 mm2 of 35 ~m thick copper. 

Notes : 1. All voltage values, except differential voltages, are wtth respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the mtdpoint between Vee and Vee. 

2. Differential voltages are at the non-inverting input terminal with respect to the mverting input termtnal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever IS less. 

4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limtted to ensure that the dts­
Sipation rating is not exceeded. 

5. For operation above + 25 ·c free-atr temperature, refer to dissipation derating table. 

SCHEMATIC DIAGRAM 

1/4 TL064 

E88TL064-0t 

Case VCc V~c Output 
Non-inverting Inverting 

N.C. Input Input 

DIP14 
CERDIP14 11 4 1, 7, 8, 14 3, 5, 10, 12 2, 6, 9, 13 
5014 

LCC20 16 6 2, 10, 12, 20 4, 8, 14, 18 3, 9, 13, 19 . 
LCC20 : Other p1ns are not connected. 
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TL064· TL064A· TL0648 

ELECTRICAL CHARACTERISTICS 

:-55 'C s: Tamb 

:- 40 'C s: Tamb 

0 'C s: Tamb 

TL064M 
TL0641 
TL064C 
Vee=± 15V. 

::; + 
::; + 
S:+ 

All characteristics are specified under open-loop conditions unless otherwise specified. 

TL064M TL0641 TL064C 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

v,o Input Offset Voltage (Rs ~ 50 n) 
Tamb = + 25 °C 3 6 3 6 3 15 
T m1n $; T amb 5 T max 15 9 20 

aV10 Temperature Coefficient of Input Offset Voltage 
(Rs ~son) 10 10 10 

l1o lnfut Offset Current • 
amb ~ + 25 oc 5 100 5 100 5 200 

T mm S T amb ~ T max 20 10 5 

l,s Input bias Current • 
Tamb ~ + 25 °C 30 200 30 200 30 400 
T m1n ~ T amb 5 T max 50 20 10 

v, Input Common-mode Voltage Range 
(T amb ~ + 25 °C) ±11 ±12 ±11.5 ±12 ±10 ±11 

Vopp Output Voltage Swmg : 
RL ~ 1 0 kn, T amb ~ + 25 oc 20 27 20 27 20 27 
RL ~ 10 k.O, T m1n $ T amb $ T max 20 20 20 

Avo Large Signal Voltage Gain (RL ;;, 10 kn, 
Vo~±10V) 
lamb=+ 25 °C 4 6 4 6 3 6 
T m1n $ T amb S: T max 4 4 3 

GWR Small S1gnal Bandwidth 
(Tamb ~ + 25 °C, RL ~ 10 kn) 1 1 1 

R, Input Resistance (T amb ~ + 25 °C) 1012 1012 1012 

CMR Common-mode Rejection Rat1o 
(Rs,; 10 kn, Tamb ~ + 25 °C) 80 86 80 86 70 76 

SVR Supply Voltage Rejection Ratio (i'1Vcci!J.V,o) 
Rs ,; 1 0 kn, T amb ~ + 25 °C 80 95 80 95 70 95 

Icc Supply Current (per ampl1f1er) 
T amb = + 25 °C, no Load, no Signal 200 250 200 250 200 250 

V01No2 Channel Separation (Avo ~ 100, Tamb ~ + 25 °C) 120 120 120 

Po Total Power Consumption (each amplifier) 
T amb = + 25 °C, no Load, no Signal 6 7.5 6 7.5 6 7.5 

• Input b1as currents of a FET-input operational amplifier are normal JUnction reverse currents. which are temperature sens1tive. 
Pulse techniques must be used that will maintain the JUnction temperature as close to the amb1ent temperature as IS possible. 

ELECTRICAL CHARACTERISTICS 

Vee=± 15V, Tamb = + 25 °C. 

Symbol Parameter 

Svo Slew Rate 
(e1 ~ 10 V, RL ~ 10 kn, CL ~ 100 pF, Av ~ 1) 

tr R1se T1me 
~e 1 ~ 20 mV, RL ~ 10 kn, CL ~ 100 pF, Av ~ 1) 
see fig. 1) 

Kov Overshoot Factor 
~e 1 ~ 20 mV, RL ~ 10 kfl, CL ~ 100 pF, Av ~ 1) 
see f1g. 1) 

Vn Equ1valent Input N01se Voltage 
(Rs ~ 100 kn, f ~ 1 kHz) 

TL064M TL0641, C 

Min. Typ. Max. Min. Typ. Max. 

2 3.5 3.5 

0.2 0.2 

10 10 

42 42 

Unit 

mV 

11vrc 

pA 
nA 

pA 
nA 

v 

v 

VimV 

MHz 

n 
dB 

dB 

!lA 

dB 

mW 

Unit 

V/JlS 

J.lS 

% 

nV/'.iHZ 
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TL064-TL064A-TL0648 

ELECTRICAL CHARACTERISTICS 

TL064C : 0 'C :s: Tamb :s: + 70 oc 
Vee=± 15V 
All characteristics are specified under open-loop conditions unless otherwise specified. 

TL064C TL064AC TL064BC 
Symbol Parameter 

Min. Typ. Max. Min. Typ. Max. Min. Typ. 

v,o Input Offset Voltage (As = 50 Q) 
T amb = + 25 °C 3 15 3 6 2 
T mtn :::; T amb $ T max 20 7.5 

aV 10 Temperature Coefficient of Input Offset Voltage 
(As= 50 n) 10 10 10 

110 Input Offset Current • 
lamb = + 25 oc 5 200 5 100 5 
T mtn $ T amb $ T max 5 3 

f19 Input bias Current • 
Tamb = + 25 oc 30 400 30 200 30 
T mtn $ T amb $ T max 10 7 

v, Input Common-mode Voltage Range 
(Tamb = + 25 'C) ±10 +11 ±11.5 ±12 ±11.5 ±12 

Vopp Output Voltage Swing : 
RL = 10 kn, lamb=+ 25 'C 20 27 20 27 20 27 
RL > 10 k.O., T mtn $ T amb ,; Tmax 20 20 20 

Avo Large Signal Voltage Gain (RL ;;, 10 k.Q, 
Vo=±10V) 

6 4 6 4 6 T amb = + 25 'C 3 
T mtn < T amb < T max 3 4 4 

GWR Small S1gnal Bandwidth 
(T amb = + 25 •c, RL = 10 kn) 1 1 1 

R, Input Resistance (T amb = + 25 'C) 1012 1012 1012 

CMR Common-mode Rejection Rallo 
(Rs ,; 1 0 kn, T amb = + 25 'C) 70 76 80 86 80 86 

SVR Supply Voltage Rejection Ratio (!J.Vcc/!J.V,o) 
Rs ,; 1 0 kn, T amb = + 25 'C 70 95 80 95 80 95 

Icc Supply Current ~er amplifier) 
T amb = + 25 • , no Load, no Signal 200 250 200 250 200 

Vo1No2 Channel Separation (Avo = 100, T amb = + 25 'C) 120 120 120 

Po Total Power Consumption (each amplifier) 
T amb = + 25 'C, no Load, no Signal 6 7.5 6 7.5 6 

Input b1as currents of a FET-1nput operational ampl1fier are normal JUnction reverse currents, wh1ch are temperature sens1t1ve. 
Pulse techniques must be used that will maintain the junct1on temperature as close to the amb1ent temperature as is possible. 
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TYPICAL CHARACTERISTICS 
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TL064-TL064A-TL0648 

TYPICAL CHARACTERISTICS (continued) 
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TL064-TL064A-TL064B 

TYPICAL CHARACTERISTICS (continued) 
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TL064· TL064A· TL064B 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage follower . 

. , rr·o " Yiif ., o '00 o> 

E8BTL064·18 

TYPICAL APPLICATION 

Figure 2: Gain-of-10 inverting amplifier. 

E88TL064·19 

AUDIO DISTRIBUTION AMPLIFIER 

Output A 

OutputB 

OutputC 

EB8TL064-17 

8/10 

900 



PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm 

Datum 

14 PINS- PLASTIC MICROPACKAGE (SO) 

mm e- 1.27 
., e t e t e t e t e t e , .. 

i i I 

8.55 
8.75 

TL064-TL064A-TL0648 

(1) Nominal dimension 
(2) Exact geometncal dimension 

6.35 
(1) 

0.63 
max. 

2.:2. 
.4.0 

min. 

1.75 max. 

14 Outputs 

0.185 
0.265 

14 Outputs 
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TL064-TL064A-TL0648 

20 PINS- TRICECOP (LCC) 
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mm 
1.27 

8.74 
9,04 

1.86max. 

8.74 
9.04 

20 Outputs 



TL071 
TL071 A-TL071 B 

LOW NOISE J-FET INPUT SINGLE OP-AMPs 

• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• LOW NOISE Vn = 18 nV/...J Hz (typ) 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• LOW HARMONIC DISTORTION : 0.01 % (typ) 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/IJS (typ) 

DESCRIPTION 

The TL071, TL071A and TL071B are high speed 
J-FET input single operational amplifiers incorpo­
rating well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 

The devices feature high slew rate, low input bias 
and, offset current, and low voltage temperature 
coefficient. 

N 
DIPS 

(Plastic package) 

D 
SOB 

(Plastic micropackage) 

ORDER CODES 

Part Number Temperature 
Range 

H 
T0-99 

(Metal can) 

GC 
LCC20 

(Tricecop - LCC) 

Package 
N H 0 

TLD71M - 55 'C to + 125 'C • 
TL0711 - 40 'C to + 1 05 'C • • 
TL071C 0 "C to+ 70 "C • • 
TL071AC 0 "C to+ 70 "C • • 
TL071BC 0 "C to+ 70 "C • • 
Note : Hi·Rel Versions Available 
Examples : TL071 MH, Tl071 CN 

GC 

• 

PIN CONNECTIONS (Top views) 

DIPS T0-99 
LCC20 SOB 

8 -"' 

s 
( 3211!11?019 
~4 1 18 

lB' ~5 17 

2 - 7 
)6 16 

1-NC 
>7 15 > 11-NC 

3 + 6 

2 6 

2- Offset null 12 -Offset null )8 14) 
5 3-NC I s 1o 11 ~ 13 13-NC 

4 5 4 4-NC 14·NC 
5 -Inverting input 15 -Output 
6-NC 16-NC 

1 -Offset null 5 -Offset null 7- Non-invertmg input 17-V~c 
2 -Inverting input 6-0utput 8-NC 18·NC 
3 · Non-1nverllng input 7-Vcc 9-NC 19-NC 
4-Vcc 8-NC 10-Vcc 20-NC 
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TL071-TL071 A-TL071 B 

MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) ± 18 v 
v, Input Voltage (note 3) ± 15 v 
v,o Dill. Input Voltage (note 2) ± 30 v 
Ptot Power Dissipation 680 mw 

Ouput Short·circuit Duration (note 4) Indefinite 

Toper Operating Free-air Temperature Range 'C 
TL071C, AC, BC 0 to 70 
TL0711, 81 -40to105 
TL071M -55 to 125 

Tstg Storage Temperature Range - 65 to 150 'C 

Notes : 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between V'cc and \ICc. 

2. Differential voltages are at the non-inverting input terminal with respect to the inverting Input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever Is less. 
4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis­

sipation rating is not exceeded. 

SCHEMATIC DIAGRAM 

Case 

DIPB 
SOB 
T0·99 

LCC20 

Non inverting 
Input 11----+----, 

Inverting 
lnpul 

Balance 

1, 5 

2, 12 

Inverting 
Input 

2 

5 . LCC20 :Other p1ns are not connected. 

2/9 

904 

Non· Inverting 
Vee vtic Input 

3 4 7 

7 10 17 

INPUT OFFSET VOLTAGE 

NULL CIRCUIT 

vc;c 

E88TL071-01 

Output N.C. 

6 8 

15 . 



ELECTRICAL CHARACTERISTICS 

Vee = ± 15 V (unless otherwise specified) 
TL071M :-55 ·c ~ Tamb ~ + 125 oc 

+ 105 oc 
+ 10 ·c 

TL0711, 81 :- 40 ·c ~ Tamb ~ 
TL071C, AC, BC: 0 ·c ~ Tamb ~ 

Symbol Parameter 

Vro Input Offset Voltage 
lamb= 25 'C (Rs s 10 kn) 

TL071BI, BC 

Tmln S Tamb S Tmax 
TL071BI, BC 

ttVro Input Offset Voltage Orift 

Ire Input Offset Current • 
lamb= 25 'C 
T min S T amb S: T max 

Ire Input Bias Current • 
lamb= 25 'C 
T min S T amb S: T max 

Avo Large Srgnal Voltage Gain 
(RL ;;: 2 kn, Vo = ± 10 V) 
lamb= 25 'C 
T min S: T amb S: T max 

SVR Supply Voltage Rejection Ratio 
(Rs s tO kn) 
lamb= 25 'C 
T min S T amb ~ T max 

Icc Supply Current, no Load 
lamb= 25 'C 
T min S T amb S T max 

Vr Input Voltage Range 

CMR Common Mode Rejection Ratio 
(Rs s 10 kn) 

Tamb = 25 'C 
Tmrn S lambS Tmax 

los Output Short-circuit Current 
lamb= 25 'C 
T min :S T amb S T max 

± Vopp Output Voltage Swing 
lamb= 25 'C RL;;: 2 kn 

RL;;:!Okn 
Tmrn S lambS Tmax RL;;: 2 kn 

RL;;: 10 kn 

Svo Slew-rate (V 1 = 1 0 V, RL = 2 kn 
CL S 100 pF, T amb = 25 'C, unity gain) 

t, Rise Time 
(V1 = 20 mV, RL = 2 kn 
CL = 100 pF, T amb = 25 'C, unity gain) 

TL071-TL071 A-TL071 B 

TL071M, I, Bl TL071C 
TL071BC, AC Unit 

Min. Typ. Max. Min. Typ. Max. 

mV 
3 5 3 8 
1 3 

9 13 
5 

10 10 (J.V/'C 

5 50 5 50 pA 
4 4 nA 

20 200 20 200 pA 
20 20 nA 

V/mV 

50 200 50 200 
25 25 

dB 

80 86 80 86 
80 80 

rnA 
1.4 2.5 1.4 2.5 

2.5 2.5 

-It +It -It +II v 
dB 

80 86 70 86 
80 70 

mA 
10 40 60 10 40 60 
10 60 10 60 

v 
It 12 It 12 
12 13.5 12 13.5 
It It 
12 12 

V/IJ.S 
12 16 8 16 

IJ.S 

0.1 0.1 

• The input bias currents are junction leakage currents wich approximatevely double for every 10 •c increase rn the JUnction temperature. 

3/9 

905 



TL071-TL071 A-TL071 8 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

Kov Overshoot {VI = 20 mV, RL = 2 k!l 
CL S t 00 pF, Tamb = 25 •c, unity gain) 

GBP Gain Bandwidth Product 
{I= tOO kHz, Tamb = 25 •c 

V1N =tO mV, RL = 2 k!l, CL =tOO pF) 
TL07tBI, BC 

R1 Input Resistance (T amb = 25 "C) 

THO Total Harmonic Distortion 
{I = t kHz, Av = 20 dB, RL = 2 k!l 
CL S tOO pF, Tamb = 25 •c, Vo = 2 Vpp) 

v. Equ1valent Input No1se Voltage 
{I= 1kHz, R9 = 1000) 

0m Phase Margin 

TYPICAL CHARACTERISTICS 

4/9 
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MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

I k 10 k 100 k I M 10M 
FREQUENCY (Hzl 

E88TL07t-02 

TL071 M, I, Bl TL071C 
TL071BC, AC Unit 

Min. 

2.5 
3.3 

.... 
::> 
a.. .... 
;) 

0 

Typ. 

tO 

4.0 
4.0 

to12 

0.01 

15 

45 

JD 

Max. Min. Typ. Max. 

% 
tO 

MHz 

5.0 2.5 40 5.0 
5.0 

to12 n 

% 

0.01 

nV/VHz 
t5 

45 Degrees 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

100 1 k 10 k 100 k 1 M 10M 

FREQUENCY (Hzl 
E88TL071-03 



Tl071· Tl071 A· TL071 B 

TYPICAL CHARACTERISTICS (continued) 
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TL071· TL071 A· TL071 B 

TYPICAL CHARACTERISTICS (continued) 
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TYPICAL CHARACTERISTICS (continued) 
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PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage follower. 
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TYPICAL APPLICATIONS 
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Vee ±15 v 

Av 1 

eurmsl-6 V 
Tamb~ +25°e 

100 400 lk 4k 10k 40k lOOk 

FREQUENCY(Hzl 
E88TL071·17 

Figure 2 : Gain-of-1 0 inverting amplifier. 

C1 

10kn 

HIGH Q NOTCH FILTER 

C2 

to~2w~1C1~1kHz 

C1 =C2 = c: = 110pF 

R1 = R2= 2R3 =1.5 Mn 

E88TL071-19 
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TL071· TL071 A· TL071 B 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

~ 
6.2 

Datum 

e-1.27 ., e t e 

8 PINS- PLASTIC DIP 

mm 

8/9 

910 

e-2.54 
(2) e r e -r 

' I 

0.185 
0.265 

1.75 max. 

8 Outputs 

85 max. 

(1) Nominal dimension 
(2) Exact geometncal dimension 

80utputs 



T0-99- METAL CAN 

mm 

Pin 

420 m- 8.50 

12.7 min. 

20 PINS- TRICECOP (LCC) 

mm 8,74 

1.27 
9,04 

r-

0.26 
1.01 

_00.407 
0.508 

TL071· TL071 A· TL071 B 

a outputs 

1.86max. 

8.74 
9.04 

20 Outputs 
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TL072 
TL072A-TL0728 

LOW NOISE J-FET INPUT DUAL OP-AMPs 

• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• LOW NOISE Vn = 18 nV /'JHz (typ) 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• LOW HARMONIC DISTORTION : 0.01 % (typ) 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/!JS (typ) 

DESCRIPTION 

The TL072, TL072A and TL072B are high speed 
J-FET input dual operational amplifiers incorpora­
ting well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 

The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempera­
ture coefficient. 

N 
DIPB 

(Plastic package) 

D 
SOB 

(Plastic micropackage) 

ORDER CODES 

Part Number Temperature 
Range 

H 
T0·99 

(Metal can) 

GC 
LCC20 

(Tricecop LCC) 

Package 
N H D 

TL072M - 55 oc to + 125 oc • 
TL0721 - 40 °C to + 1 05 oc • • 
TL072C 0 octo+ 70 oc • • 
TL072AC 0 octo+ 70 oc • • 
TL072BC o octo+ 70 oc • • 
Note : Hi-Rei Versions Available 
Examples : TL072 MH, TL072 CN 

GC 

• 

DIPS 
SOB 

PIN CONNECTIONS (Top views) 

T0-99 LCC20 

, 
2 

3 

4 

!·Output 
2 • Inverting 1nput 
3 ·Non-inverting input 
4-Vcc 

December 1988 

8 

7 

6 

5 

2 

8 

4 
5 ·Non·mvertmg 1nput 
6 ·lnvertmg input 
7 ·Output 
a-Vec 

6 
1-NC 
2-0utput 
3-NC 
4-NC 
5 · Inverting input 
6·NC 
7 ·Non-inverting input 
8-NC 
9·NC 

IO·Vcc 

11-NC 
12 ·Non-inverting input 
13-NC 
14·NC 
15 ·lnvertmg input 
16·NC 
17·0utput 
IB·NC 
19-NC 
20·Vcc 

119 
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TL072· TL072A· TL072B 

MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) ± 18 v 
v, Input Voltage (note 3) ± 15 v 

Vee Dill Input Voltage (note 2) ± 30 v 
Ptot Power D1ss1pation 680 mW 

Output Short-circuit Durat1on (note 4) Indefinite 

Toper Operating Free-a1r Temperature Range "C 
TL072C, AC, BC 0 to 70 
TL0721, Bl -40 to 105 
TL072M -55 to 125 

T.,9 Storage Temperature Range - 65 to 150 oc 
Notes : 1. All voltage values, except differential voltage, are wtth respect to the zero reference level (ground) of the supply voltages where the ze-

ro reference level is the midpoint between VCc and v-ee. 
2. Differential voltages are at the non-inverting input term1nal With respect to the 1nvert1ng 1nput term1nal. 
3. The magmtude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever 1s less 

4. The output may be shorted to ground or to erther supply. Temperature and /or supply voltages must be hmtted to ensure that the dis­
Sipation rat1ng 1s not exceeded. 

SCHEMATIC DIAGRAM 

EBBTL072-01 

Case Balance 
Inverting Non-Inverting 

Vee V~c Output N.C. Input Input 

DIPS 
SOB 1, 5 2 3 4 7 6 8 
T0-99 

LCC20 2, 12 5 7 10 17 15 . 
• LCC20 :Other p1ns are not connected. 

2/g 
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ELECTRICAL CHARACTERISTICS 

Vee = ± 15 V (unless otherwise specified) 
TL072M :-55"C~ Tamb~+125"C 
TL0721, Bl :- 40 "C ~ T amb ~ + 1 05 "C 
TL072C, AC, BC: 0 "C ~ Tamb ~ + 70 "C 

Symbol Parameter 

v,. Input Offset Voltage 
Tamb = 25 •c (As,; 10 kil) 

TL072BI, BC 
Tmm S Tamb .s; Tmax 

TL072BI, BC 

ov,. Input Offset Voltage Orrfl 

1,. Input Offset Current • 
Tamb = 25 •c 
Tmm S Tamb S: Tmax 

l,b lnpul B1as Current • 
Tamb = 25 •c 
Tmm S Tamb S Tmax 

Avd Large S1gnal Voltage Gam 
(RL;;, 2 kil, V0 = ± 10 V) 

Tamb = 25 •c 
Tmm S Tamb S Tmax 

SVR Supply Voltage Rejection Rat1o 
(As :> 10 kil) 

Tamb = 25 •c 
T mm ~ T amb ,s; T max 

Icc Supply Current, per Amp, no Load 
Tamb = 25 •c 
T mm S T amb S T max 

v, Input Voltage Range 

CMR Common Mode Rejection Rallo 
(As:> 10 kil) 

Tamb = 25 •c 
Tmm S Tamb ::s;; Tmax 

los Output Short·clfCUit Current 
Tamb = 25 •c 
T mm :S T amb S T max 

± Vopp Output Voltage Swmg 
Tamb = 25 °C RL;;, 2k!l 

RL ;;, 10 kil 
T mrn S: T amb S T max RL;;, 2kil 

RL ;;, 10 kil 

Svo Slew-rate (V, = 1 0 V, RL = 2 kil 
CL :> 100 pF, Tamb = 25 •c, unity gam) 

t, R1se T1me 
(V, = 20 mV, RL = 2 kil 
CL = 100 pF, lamb= 25 •c. umty gain) 

TL072-TL072A-TL072B 

TL072M, I, Bl TL072C 
TL072BC, AC Unit 

Min. Typ. Max. Min. Typ. Max. 

mV 
3 5 3 8 
1 3 

9 13 
5 

10 10 1M•c 

5 50 5 50 pA 
4 4 nA 

20 200 20 200 pA 
20 20 nA 

V/mV 

50 200 50 200 
25 25 

dB 

80 86 80 86 
80 80 

mA 
1.4 2.5 1.4 2.5 

2.5 2.5 

-11 + 11 -11 + 11 v 
dB 

80 86 70 86 
80 70 

mA 
10 40 60 10 40 60 
10 60 10 60 

v 
11 12 11 12 
12 13.5 12 13.5 
11 11 
12 12 

V/f1S 
12 16 8 16 

flS 

0.1 0.1 

• The input b1as currents are JUncton leakage currents w1ch approx1matevely double for every 1 0 •c mcrease in the JUnction temperature. 

3/9 

915 



TL072-TL072A-TL072B 

ELECTRICAL CHARACTERISTICS (continued) 

TL072M, I, Bl TL072C 
Symbol Parameter TL072BC, AC Unit 

Min. Typ. Max. Min. Typ. Max. 

Kov Overshoot (V, = 20 mV, RL = 2 kn % 
CL < 100 pf, Tamb = 25 •c, unity gain) 10 10 

GBP Gain Bandwidth Product MHz 
(f =100kHz, Tamb = 25 •c 
Vm = 10 mV, RL = 2 kn, CL = 100 pf) 2.5 4.0 5.0 2.5 40 5.0 

TL082BI, BC 3.3 4.0 5.0 

R, Input Resistance (T amb = 25 •C) 1012 1012 Q 

THO Total Harmomc D1stortion % 
(f = 1 kHz, Av = 20 dB, RL = 2 kn 
CL < 100 pF, Tamb = 25 •c, Vo = 2 Vpp) 0.01 0.01 

Vn Equivalent Input N01se Voltage nV/"Hl 
(f= 1kHz, Rg = 100 Q) 15 15 

0m Phase Margin 45 45 Degrees 

'!o1No2 Channel Separation dB 
Avd = 100, T amb = 25 •c 120 120 

TYPICAL CHARACTERISTICS 

1- 311 
;:) 
D.. 
1- 25 ;:) 

0 
~ 
'(- 20 w> a..-
ow 
1-CJ 15 
~~ 
'(...J wo 10 D..> 
::1; 
;:) 

:::e 5 x 5 

c( 
::1; 0 

100 1 k 10k lOOk 1M 10M 
O~~WL~WWLL~WLLUllW_L~ 
100 I k 10 k 100 k 1 M 10M 

FREQUENCY 1Hz) FREQUENCY (Hz) 
EBBTL072-02 E88TL072-03 
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TYPICAL CHARACTERISTICS (continued) 

MAXIMUM PEAK TO PEAK OUPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 

< .s 

5 

tOO 

1- tO 
z 
w 
a: 
a: 
::::> 
0 

~ 
iii 
1-
::::> 0. 
a. 
~ 

00 

t 

t 

t 

T !m~ ~~ ~~~oe Vee~ ±15V 
RL ~2 kll 

\ llllee 19r 2 

~Tamb~ -55oe 

1\ 

1\ 
Talbtl r~:~oe r-, r--... 

40k tOOk 400k t M 4M tOM 
FREQUENCY (Hz) 

EBBTL072-04 

MAXI MUll PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 

RESISTANCE 

Vee= ±15 v 
lamb= +25oe 
Sec figure 2 v 

ll 
v 

J 

l 
0.1 0.4 0.7 t 2 4 7 tO 

LOAD RESISTANCE (kU) 

EBBTL072-06 

INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 

Vee ±15 v 

/ 

/ 

-50 -25 0 15 50 75 100 175 

TEMPERATURE (°C) 
EBBTL072-08 

TL072-TL072A-TL072B 

1-
::::> 

~ 
::::> 
0 

"' 

]0 

15 

~> 10 .. -ow 
~--~ 15 ,.,,_ 
<(...I 
wO a.> tO 
::;; 
::::> 
::;; 
x 
<( 
::;; 0 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGEVERSUSFREOUENCY 

Rl = 10 k!! 

RL- 2 kll -
- 1-- . - - t-- " 

! I 
' -- - ,_ 

~ 

! I 

_j__ i I 

vee=± 15 v 
See f1~ure 2 

-75 -50 -15 0 15 50 75 tOO 115 
TEMPERATURE (°C) 

EBBTL072-05 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 

VOLTAGE 

RL=10 kll 
T amb '" + 25oe 1/ v 

v 
/ 

I/ v 
4 6 8 tO t2 t4 t6 

SUPPLY VOLTAGE lVI 

EBBTL072-07 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 

FREE-AIR TEMPERATURE 

t 000 ~~~~~~~~ 700~ '= .-'-c 
:---- :-

400 1--__ +=--1-+_-1_,-_-+..:.. . - ·-
1001 -~==~=P=-+-~-+--+--~ r ---...~ 

tOO~~~~~~~~~~·~~~~ 70 

40-- --f--- ·:.;== ------- - -- -::::+-- -
10 - -- - -- --· .-; ---

75 -50 -15 0 25 50 75 tOO 115 

TEMPERATURE (°C) 
EBBTL072-09 
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TL072-TL072A-TL0728 

TYPICAL CHARACTERISTICS (continued) 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 

PHASE SHIFT VERSUS FREQUENCY 

;;; .. .. 
;;, .. 
:!! 
t:: 

45 i: 

6/9 
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C( 
! 
1-z 
w 
a: 
a: 
:J 
u 
> ... .... ... 
:::» 
Ill 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

02 

0 

10 
L-~---L--~--~~~-L~J·~ 

100 1 k 10k lOOk 1M 10M 

FREQUENCY (Hzl 

Ill 

E88TL072-10 

SIWPL Y CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 

vce=±lsv 

r-- No signal 

1"-
No load 

r---.. 
.......... t---., 

-75 -55 -25 0 25 00 75 100 125 

~ .. 
w 

~ ... 
0 
:> 
!; 
1!: 
:::» 

6 

4 

2 

0 

0 -2 
c z 
c( -4 

!:i .... 
!: -6 

E88TL072-12 

VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 

v 

e 

--- - J Vee= ±15 

L l Rl=2 kll I 
fou~Pt) \~L=lOO pF 

Tamb= +25" 

I \ 
I 

17PUT \ 
1-- -- I.L 1--

(i 0.5 1.5 2 2.5 3 3.5 

TIME IIIII 
E88TL072-14 

TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 

250 

~ 225 

z 200 
0 
j: 175 

~ 150 

l1! 125 
D 
a: 100 

~ 
0 ... ... 
c( 
1-e 

75 

50 

25 

0 

r-

Vee= ±15V 
No signal 
No load 

~-

1-- TL072 

r--1--
·f-r-

~ 
-75 -00 -25 0 25 00 75 100 125 

0 89 

~ 
a: 88 
z 
0 

fi 87 
w ..,_ 
~~ 86 
w­
e 
~ 85 

z 
0 
;:!; 84 

~ 
u 83 

TEMPERATURE (°CI 

E88TL072-11 

COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 

Vee=±15v 
RL= 10 kll --

I r--- ----- -
I 
I 

·-t I I 
I I 

r-- -- -- LJ. 
-75 -00 -25 0 25 50 75 100 125 

TEMPERATURE (°CI 
E88TL072-13 

OUTPUT VOLTAGE VERSUS TIME 
28 

24 

> 
! 20 

Ill 
Cl 16 
c( 
1-
-' 12 
0 
:> 
1- 8 
:::» ... 
1-
:J 
0 

0 

-4 

OVERSHOOT --·r 

-
j90"4 

-
/: 
/! 

I . . 
10"4 . Vee=±lsv 

~ .. RL~2 kll 
Tamb= +25°C 

0 0.1 02 0.3 0.4 0.5 0.6 0.7 

TIME IIIII E88TL072-15 



TYPICAL CHARACTERISTICS (continued) 

70 

w 60 
!!! 
o-
~~ 50 

"-> 40 
~E 
1-W 
ZC!l 30 
w<t 
-II-

~~ 20 
s> 
a 
w 10 

0 

EQUIVALENT INPUT NOISE VOL­
TAGE VERSUS FREQUENCY 

Vee~±15v"'l 
_Av=10 

1\ Rs=100{} 

\ 
lamb= +25oc 

-- -

-

10 40 100 400 1 k 4 k 10 k 40 k 100 k 

FREQUENCY (Hz) 
E88TL072-16 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage follower. 

EBBTL072-1 9 

TYPICAL APPLICATION 

TL072-TL072A-TL0728 

TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 

vee + 15 v 

z 0.4 Avo1 

2 
1-
a: 
0 
1-

"' 0 
!::! 
z 
0 

01 

Cl(rmsl =6 V 
lamb= +25"e 

---

004~-t mmt=-i-~~ 
--1 

! O.Dlt~~~~~~~~!~ll J: O.OIW 
--' 
<( 
1-
0 
1- 0 001 L--L-Ju..J.J.llJ.L..._....L-L.-UUJ.J.I.l_-'--'-'-ll>W 

100 400 1 k 4k 10k 40k lOOk 

FREQUENCY (Hz) 
EBBTL072-17 

Figure 2: Gain-of-10 inverting amplifier. 

10 kl1 

QUADRATURE OSCILLATOR 

18 pF 

88.4 kn 

">--+---...--0 6 cos w I 

1 kn 

+ 15V 

E88TL072-18 

• These resistor values may be adjusted for a symmetrical output. 
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TL072-TL072A-TL072B 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm e- 2.54 
(2) 

e e 1 e -r 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

..ll 
6.2 

Datum 

8/9 

920 

8.5 max. 

(1) Nominal dimension 
(2) Exact geometrical dimension 

a Outputs 

0.185 
0.265 

1.75 max. 

8 Outputs 



T0-99- METAL CAN 

mm 

© 
Pin 

~ 0 7.75 
4,69 8,50 

12,7min. 

20 PINS- TRICE COP (LCC) 

mm 8,74 
9.04 

(/} 8.51 
9,39 

1.27 max. 

~ 

0.26 
1.01 

.J2l0.407 
0.508 

TL072· TL072A· TL072B 

a outputs 

1.86max. 

8.74 
9.04 

20 Outputs 

9/9 
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TL074 
TL07 4A-TL07 48 

LOW NOISE J-FET INPUT QUAD OP-AMPs 

• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• LOW NOISE Vn = 18 nV /-vHz (typ) 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• LOW HARMONIC DISTORTION : 0.01 % (typ) 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/jls (typ.) 

DESCRIPTION 

The TL074, TL074A and TL074B are high speed 
J-FET input quad operational amplifiers incorpora­
ting well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 

The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempe­
rature coefficient. 

N 
DIP14 

(Plastic package) 

J 
CERDIP14 

(Cerdip package) 

GC 
LCC20 

(Tricecop - LCC) 

D 
8014 

(Plastic micropackage) 

ORDER CODES 

Part Number Temperature Package 

Range N J D GC 

TL074M - 55 'C to + 125 'C • • 
TL0741 - 40 'C to + 1 05 'C • • 
TL074C 0 'C to+ 70 'C • • 
TL074AC 0 'C to+ 70 'C • • 
TL074BC 0 'C to+ 70 'C • • 
Note : Hi-Rei Versions Available 
Examples : TL074 MJ, TL074 IN 

PIN CONNECTIONS (Top views) 

1 -Output 1 
2 -Inverting input 1 
3- Non-inverting input 1 
4-Vcc 
5- Non-inverting input 2 
6 -lnvert1ng input 2 
7 -Output 2 
8 -Output 3 
9 -Inverting 1nput 3 

10-Non-1nvert1ng input 3 
11-Vcc 
12- Non-invert1ng 1nput 4 
13 -Jnvertmg input 4 
14 -Output 4 

December 1988 

DIP14 
CERDIP14 

S014 

14 

13 

12 

11 
10 

LCC20 

3 z''\"7o1s 
18 
17 

6 16 

7 15 > 
8 91011121d 4 ) 

1-NC 
2 -Output 1 
3 -Inverting input 1 
4- Non-invert1ng mput 1 
5-NC 

6-VC:c 
7-NC 
8- Non-inverting input 2 
9 -Inverting input 2 

10-0utput2 
11-NC 
12 -Output 3 
13 -Jnvertmg input 3 
14- Non-inverting 1nput 3 
15-NC 
16-Vcc 
17-NC 
18- Non-Inverting input 4 
19 -Inverting input 4 
20-0utput4 

1/10 

923 



TL074-TL074A-TL0748 

MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v,, Supply Voltage (note 1) ± 18 v 
V, Input Voltage (note 3) ± 15 v 

V10 D1ff. Input Voltage (note 2) ± 30 v 

Ptot Power Diss1pat1on 680 mW 

Output Short-c1rcu1t Durat1on (note 4) lndef1n1te 

Toper Operat1ng Free-air Temperature Range "C 
TL074C, AC, BC o to 70 
TL0741, Bl - 40 to 105 

TL074M -55 to 125 

Tstg Storage Temperature Range - 65 to 150 "C 

Notes : 1. All voltage values, except differential voltages, are w1th respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the m1dp01nt between Vee and VCc. 

2. D1fferent1al voltages are at the non-1nvertmg mput termnal With respect to the Inverting Input term1nal. 

3 The magnitude of the mput voltage must never exceed the magmtude of the supply voltage or 15 volts, whichever 1s less. 

4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis­
sipation rat1ng is not exceeded. 

SCHEMATIC DIAGRAM 

Case 

DIP14 
CERDIP14 
S014 

LCC20 

v(;c 

Non-inverting 
input 

lnvertmg 
input 

Outputs 

1, 7, 8, 14 

2, 10, 12, 20 

• LCC20 . Other pins are not connected. 

2/10 
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1/4 TL074 

E88TL074-01 

Inverting Non-inverting V c-c V c+c N.C. 
Inputs Inputs 

2, 6, 9, 13 3, 5, 10, 12 11 4 

3, 9, 13, 19 4, 8, 14, 18 16 6 



ELECTRICAL CHARACTERISTICS 

Vee=± 15 V (unless otherwise specified) 
TL074M :-55 ·c::; Tamb::; + 125 ·c 
TL0741, Bl :- 40 'C ::; T amb ::; + 1 05 'C 
TL074C, AC, BC: 0 'C::; Tamb ::; + 70 'C 

Symbol Parameter 

V,o Input Offset Voltage 
Tamb = 25 •c (Rs,;; 10 kll) 

TL074BI, BC 

T mm S T amb S T max 
TL074BI. BC 

DV,0 Input Offset Voltage Dnlt 

11o Input Offset Current • 

Tamb = 25 •c 
Tmm S Tamb S Tmax 

l,b Input B1as Current • 
Tamb = 25 •c 
T mm S T amb S T max 

Avo Large S1gnal Voltage Gain 
(RL;;, 2 kll. Vo = ± 10 V) 

Tamb = 25 °C 
Tmm S Tamb S Tmax 

SVR Supply Voltage Rejection RatiO 
(Rs :;;to kll) 

Tamb = 25 •c 
T mrn s; T amb S T max 

Icc Supply Current, per Amp, no Load 
Tamb = 25 •c 
T mm S T amb 5 T max 

v, Input Voltage Range 

CMR Common Mode Rejection Ratio 
(Rs,;; 10 kll) 

Tamb = 25 oc 
T mm S T amb S T max 

los Output Short-czrcUit Current 
Tamb = 25 •c 
T mm S T amb S: T max 

± Vopp Output Voltage Swing 

Tamb = 25 •c RL;;, 2kll 
RL ;;, 10 kll 

T mrn S: T amb S T max RL;;, 2kll 
RL ;;, 10 kll 

Svo Slew-rate (V, = 10 V, RL = 2 kll 
C L < 1 00 pF, T amb = 25 •c, unzty gain) 

t, Rise Time 
(V, = 20 mV, RL = 2 kll, 
CL = 100 pF, Tamb = 25 •c, unity gain) 

TL074M, I, Bl 
TL074BC, AC 

Min. Typ. Max. 

3 5 
1 3 

9 
5 

10 

5 50 
4 

30 200 
20 

50 200 
25 

80 86 
80 

1.4 2.5 
2.5 

-It +It 

80 86 
80 

10 40 60 
10 60 

It 12 
12 13.5 
It 
12 

12 16 

0.1 

TL07 4· TL07 4A· TL07 48 

TL074C 
Unit 

Min. Typ. Max. 

mV 
3 8 

13 

10 !lvt·c 

5 50 pA 
4 nA 

30 200 pA 
20 nA 

V/mV 

50 200 
25 

dB 

80 86 
80 

mA 
1 4 2.5 

2.5 

-It +It v 
dB 

70 86 
70 

rnA 
10 40 60 
10 60 

v 
It 12 
12 13.5 
It 
12 

V/JlS 
8 16 

JlS 

0.1 

• The 1nput b1as currents are JUnctzon leakage currents wzch approxzmatevely double for every 10 •c zncrease 1n the JUnction temperature 

~ SGS·THOMSON .. ., I lii!iiD©Dl®IID!.i!C11L'il@ll!DI:$ 
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TL074·TL074A-TL074B 

ELECTRICAL CHARACTERISTICS (continued) 

TL074M, I, Bl TL074C 
Symbol Parameter TL074BC, AC Unit 

Min. 

Kov Overshoot (V, = 20 mV, RL = 2 k!l 
CL < 100 pF, T amb = 25 "C, unity gain) 

GBP Gain BandWidth Product 
(I= 100kHz, lamb= 25 "C 
Von= 10 mV, RL = 2 k!l, CL = 100 pF) 2.5 

lL074BI, BC 3.3 

R, Input Resistance (T amb = 25 "C) 

THO Total Harmonic Distortion 
(I = 1 kHz, Av = 20 dB, RL = 2 k!l 
CL < 100 pF, lamb = 25 "C, Vo - 2 Vpp) 

Vn Equivalent Input Noise Voltage 
(f = 1 kHz, R9 = 1 00 Q) 

0m Phase Margin 

Vo1No2 Channel Separation 
Avd - 100, lamb = 25 "C 

TYPICAL CHARACTERISTICS 

1 k 

4/10 

926 

10 k 100 k 1 M 10M 

FREQUENCY (Hz) 

E88TL074·02 

ID SGS·ntOMSON :"f/ ~DI!:Iil©rnl!.ml:'irlll@IIIJDI:ill 

Typ. Max. Min. Typ. Max. 

% 
10 10 

MHz 

4.0 5.0 2.5 4.0 5.0 
4.0 5.0 

1012 1012 n 
% 

O.Q1 0.01 

nvt.JHz 
15 15 

45 45 Degrees 

dB 
120 120 

30 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

2S 

5 

0 
100 

Vee= ±15 v RL= 10 kO t 
1111111 lamb= +25"e 

11111111 II 
See figure 2 

Vee= ±1ov 

'TI111T 
Velellll~ sll 

r'\ 
'-

I k 10 k lOOk 1M 10M 

FREQUENCY (Hz) 

E88TL074-03 



TYPICAL CHARACTERISTICS (continued) 

Ci .: 

MAXIMUM PEAK TO PEAK OUPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 

T!m~~~~~oc Vcc~±lsv 

RL :2 k!l 

\ 11i1ee 'lgl'" 2 

~Tamb ~ -ssoc 

-
IIIII\ 
IIIII \ 

lamb= +1 ;~oc ~ 
.Tirllllll "' 40k lOOk 400k 1M 4 M 10M 

FREQUENCYIHzl 

E88TL074-04 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 

RESISTANCE 

Vcc=±lsV 
Tamb= +25oc 
See figure 2 v 

ll 
v 

J 

J/ 

100 

0 2 0.4 0.7 1 2 4 7 10 

LOAD RESISTANCE lknJ 

E88TL074-06 

INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 

Vee ±15 v 

1- 10 
:z 

/ 
w 
a:: 
a:: 
::1 
u 
Ill 
::! 
1D 
1-
::1 0. ... 
~ 

00 

1 

1 7 

1 
-50 -25 0 25 50 75 100 125 

TEMPERATURE I°CI 
E88TL074-08 

1-
::1 ... 
1-
::1 
0 
¥ 

5 

5 

TL07 4-TL07 4A-TL07 48 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

Rt~lOk!! 

RL- 2 k!J 

J-- -
- J--- - ,..---- -

! I 
' -- - f-f--
! I _J__ j I 

vcc=±15V 
0 See fi~ure 2 -

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

30 

25 

TEMPERATURE I°C} 
E88TL074-05 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 

VOLTAGE 

RL ~ 10 k!l 
T amb~= +25oc 1/ v 

~> 20 ... - v 
g~ 
¥~ 15 

"'--' wo a.> 10 
::;; 
::1 
::;; 
x 
"' 

/ 

/ 
v 

::;; 
0 

0 4 6 8 10 12 14 16 
SUPPLY VOLTAGE lVI 

E88TL074-07 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 

FREE-AIR TEMPERATURE 

75 -50 -25 0 25 50 75 100 125 

TEMPERATURE I°Cl EBBTL0?4_09 
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TL07 4-TL07 4A-TL07 4 B 

TYPICAL CHARACTERISTICS (continued) 

6/10 
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w_ 
0:> 
<(E ... _ 
-':> o-
:>z _.a 
<(j: 

~~ 
WIL a:-
w-' 
1LIL 
1L~ 

c" 

106 

105 

1o4 

103 

102 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 

PHASE SHIFT VERSUS FREQUENCY 

Vee~ ± 5 v to ± 15 v 
t--- !-"\. RL~ 10 ldl 

lamb~ +25"e 1\. I I I 
......_.., \ DIFFERENTIAL 

VOLTAGE 

~ '\.AMPLIFICATION 

\ ~eft scale) 

PHASE SHIFT I \ 

.. 
90 

10 '\. 1\ 1r-- (right scale) \ 
135 

I I I \. 180 
10 100 1 k 10k lOOk I M 10M 

FREQUENCV(Hzl 

-;; 
:g 
;;, 
CD 

:!:! 

t: 
:;: 
UJ 
w 
UJ 

"' J: 
D. 

E88TL074-10 

2. 0 

1. 8 

SlWPLV CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 

vee~±1sv 

st"---~ 1. 

! 1. 
1-

No signal 

No load 

4 

~ 1.2 
a: 
a: 1. 
:J 
<.> 0. 
> 

0 

8 

~ 0.6 
IL 
~ 0.4 

0.2 

0 

........... 

.......... 
.......... r-... 

-75 -55 -25 0 25 50 75 100 125 

~ .. 
w 
0 

"' I-
-' 
0 
:> 
1-

6 

4 

2 

:J 0 
I'; 
:J 
0 -2 
0 
z 
<( --4 
1-
:J 
IL 
~ -6 

TEMPERATURE (°C) 

E88TL074-12 

VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 

-- - l l_ vee~±1sv 

II RL~21dl I 
fou~PU.j \~L~100 pF 

Tamb~'+_25" 

I \ 
I/ 

I~PUT \ 
r-- -- . .L 1---

~ 0.5 1.5 2 2.5 3 3.5 

e 

TIMEIIJSI 
E88TL074-14 

TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 

~ 
! 
z 
0 
j: 

"' !!. 
!!! 
0 
a: 
w 
;;:: 
0 
IL 
.... 

"' 1-
0 
1-

250 

225 

20jl 

175 

150 

175 

100 

75 

50 

25 

0 

Vee~±1sv 

No signal 

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

Noljd I 

t"--- TL074 

r-.. ..... 

--

-75 -50 -25 ' 0 25 50 75 100 125 

0 9 

~ 
a: 88 
2 
0 

~ 8 7 
w ..,_ 
~~ 86 
w 
0 
0 
~ 
z 
0 
~ 
~ 
0 
<.> 

85 

84 

83 

TEMPERATURE (°CI 

E88TL07 4-11 

COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 

Vee=±1sv 
RL= 10 ldl 

I 

-->----

1----- -· -·- -· 1---· 

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

TEMPERATURE (°CI 

E88TL074-13 

OUTPUT VOLTAGE VERSUS TIME 

28 

24 

> 
! 20 

OVERSHOOT -··r 
w 
0 16 

"' 1-.... 12 
0 
:> 
1-
:J 

1!: 

J.'IA 

/i 
/: 
I I 

I 

' 
:J 
0 

0 

-4 

10% ' Vcc=±15V 
' ' RL=2k!J 

;-.-4 ... 
lamb= +25"C 

0 0.1 0.2 0.3 04 0.5 0.6 0.7 

TIME(,..I E88TL074-15 



TYPICAL CHARACTERISTICS (continued) 

... 
!!l 

~~ ... x 
:I a..> 
~-= ....... 
ZCJ 
Ulc( ........ 
c(...J 
>0 
s> 
0 ... 

70 

60 

50 

40 

30 

20 

10 

0 

EQUIVALENT INPUT NOISE VOL· 
TAGE VERSUS FREQUENCY 

-
Vee= .!:15 v 

_Av=m 

1\ Rs= 100 II 

\ 
Tamb= +25"e 

r-

r- -
1-- - 1-- r-

..__ ..__ 
10 40 100 400 1 k 4 k 10 k 40 k 100 k 

FREQUENCY (Hzl 

E88TL074-16 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage follower. 

E88TL074-18 

z 04 
Q 
1-
a:: 
~ 0.1 
Ill 

Ci 
2 
z 
0 

004 

~ 0.0 
c( 

1 

J: 0.000 .... 
c( 
1-
0 

TL07 4-TL07 4A-TL07 48 

TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 

Vee ±15V 
Av 1 

euvmsJ=6 v 
Tamb= +25"e 

·-

f---
r-

1 1- 0.00 
100 400 1 k 4 k IOk 40k lOOk 

FREQUENCY IHzl 

E88TL074-17 

Figure 2: Gain-of-10 inverting amplifier. 

10kn 

E88TL074·19 
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TL07 4-TL07 4A-TL07 4 8 

TYPICAL APPLICATIONS 

lnP\.11 

8/10 

930 

AUDIO DISTRIBUTION AMPLIFIER 
fo =100kHz 

E88TL074-20 

POSITIVE FEEDBACK BANDPASS-FILTER 

1s kn 'o= 100kHz 
Qd;g 

Gain=16 

OUTPUT A 

. ·-- . -
, - I 
. . . . 

' ; 
- . 

43kn 

1,5 kn 

OUtPut A 

E88TL07 4-23 

2kHz /div 

SECOND ORDER BANDPASS FILTER 
fo= 100kHz; Q = 69; Gain= 16 

Ground 

E88TL074-21 

OUTPUT B 

E88TL074-22 

2kHz /div 

CASCADED BANDPASS FILTER 
fo =100kHz; Q = 30; Gain= 4 



PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm 

Datum 

14 PINS- PLASTIC MICROPACKAGE (SO) 

mm e 1.27 

TL074· TL074A-TL0748 

8.5max . .. 

(1) Nominal dimension 
(2) Exact geometrical dimension 

6.35 
(1) 14 Outputs 

0.185 
0.265 

i i i i i i ~· -===--~::. 
I 

8.55 
8.75 

M 
4.0 

0.4 
min. 

1.75max. 

14 Outputs 

9/10 
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TL074-TL074A-TL0748 

20 PINS- TRICECOP (LCC) 

mm 
1.27 

10/10 
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8,74 
9,04 

1.86max. 

8.74 
9.04 

20 Outputs 



TL081 
TL081 A-TL081 8 

J-FET INPUT SINGLE OP-AMPs 

• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
" LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/11s (typ) 

DESCRIPTION 

The TL081, TL081A and TL081C are high speed 
J-FET input single operational amplifiers incorpo­
rating well matched, high voltage J-FET and bipo­
lar transistors in a monolithic integrated circuit. 

The devices feature high slew rates, low input bias 
and offset current, and low offset voltage tempera­
ture coefficient. 

N 
DIPS 

(Plastic package) 

D 
SOB 

(Plastic micropackage) 

ORDER CODES 

Part Number Temperature 
Range 

H 
T0-99 

(Metal can) 

GC 
LCC20 

(Tricecop - LCC) 

Package 

N H D 

TL082M - 55 'C to + 125 'C • 
TL0821 - 40 'C to + 1 OS 'C • • 
TL082C 0 'C to+ 70 'C • • 
TL082AC 0 'C to + 70 'C • • 
TL082BC 0 'C to + 70 'C • • 
Note : Hr-Rel Versrons Avarlable 
Examples : TLOB2CD, TL082MGC, TLOB21N 

GC 

• 

PIN CONNECTIONS (Top views) 

DIPS 
SOB 

1§gB 2 - 7 

3 + 6 

4 5 

5 -Balance 
6 -Output 
7-V~c 
8-NC 

December 1988 

T0-99 

8 

s. 2 6 

5 
4 

1 -Balance 
2 -Inverting input 

3 · Non-rnvertrng input 
4-Vcc 

1-NC 
2 -Balance 
3-NC 
4-NC 
5 -Inverting input 
6-NC 

LCC20 

~43 2-:-701918 

s~ ~~ 
~7 15 

)B 91011121314 

7- Non-invertmg input 
8-NC 
9-NC 

10-vcc 

11-NC 
12. Balance 
13-NC 
14-NC 
15-0utput 
16-NC 
17-V~c 
18-NC 
19-NC 
20-NC 

1/10 
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TL081-TL081 A-TL081 8 

MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note t) ± 18 v 
v, Input Voltage (note 3) ± 15 v 
v,o Dtfferenttal Input Voltage (note 2) ± 30 v 
Ptot Power Dissipation 680 mW 

Output Short-circuit Duration (note 4) Indefinite 

Toper Operatmg Free Air Temperature Range "C 
TL082C, AC, BC 0 to+ 70 

TL0821, 81 - 40 to+ 105 
TL082M -55 to+ 125 

Tstg Storage Temperature Range - 65 to+ 150 "C 

Notes : 1. All voltage values, except dtfferentml voltage, are With respect to the zero reference level (ground) of the supply voltages where the 
zero relerence level is the midpoint between v'cc and VCc. 

2. Different1al voltages are at the non-inverting input terminal with respect to the invertmg input terminal. 

3. The magnttude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or to etther supply. Temperature and /or supply voltages must be limited to ensure that the dis­
Sipation rating is not exceeded. 

SCHEMATIC DIAGRAM 

Non-•n~~~~~0----1-----., 

Case 

DJP8 
so a 
T0-99 

LCC20 

lnwrting 
input 

Balance 

1, 5 

2, 12 

Inverting 
Input 

2 

5 

• LCC20 :Other ptns are not connected. 

2110 

934 

Non-inverting 
Input 

3 

7 

Output V~c 

6 7 

15 17 

INPUT OFFSET VOLTAGE 
NULL CIRCUITS 

VCc 

4 

10 

E88TL081-01 

N.C. 

8 



ELECTRICAL CHARACTERISTICS 

Vee = ± 15 V (unless otherwise specified) 
TL081M :-55"C:'>Tamb :'>+125"C 

TL0811, 81 :-40 ·c::; Tamb ::; + 105 ·c 
TL081 C, AC, BC: 0 'C::; Tamb ::; + 70 'C 

Symbol Parameter 

V,o Input Offset Voltage 
Tamb = 25 °C (Rs,; 10 kQ) 

TL08281, BC 

T m1n ~ T amb ~ T max 

TL082BI, BC 

DV1o Input Offset Voltage Drilt 

110 Input Offset Current • 
Tamb ~ 25 'C 
T m1n $ T amb $ T max 

J,s Input Bias Current • 

Tamb ~ 25 'C 
T m1n $ T amb $ + 70 oc 

Avo Large Signal Voltage Gam 
(R L ~ 2 kQ, V o ~ ± 1 0 V) 

Tamb ~ 25 'C 
T m1n $ T amb $ T max 

SVR Supply Voltage Rejection Ratio 
(Rs,; 10 kQ) 

Tamb ~ 25 'C 
T m1n $ T amb :::; T max 

Icc Supply Current, per Amp, no Load 
Tamb = 25 °C 
T m1n $ T amb ::; T max 

v, Input Voltage Range 

CMR Common Mode Rejection Ratio 
(Rs,; 10 kQ) 

Tamb ~ 25 'C 
T m1n $. T amb $ T max 

los Output Short-circuit Current 
Tamb ~ 25 'C 
T m1n :::; T amb $ T max 

± Vopp Output Voltage Swing 
Tamb ~ 25 'C RL ~ 2 kQ 

RL :> 10 kQ 

T m1n :::;: T amb :::;: T max RL ~ 2 kQ 
RL ~ 10 kQ 

Svo Slew-rate (VJ ~ 10 V, RL ~ 2 kQ 
CL 5 100 pF, Tamb ~ 25 'C, unity gain) 

tr Rise Time 
(VJ ~ 20 mV, RL ~ 2 kQ 
CL ~ 100 pF, T amb ~ 25 'C, unity gain) 

TL082M, I, 81 
TL082BC, AC 

Min. Typ. Max. 

3 5 
1 3 

9 
5 

10 

5 50 
4 

20 200 
20 

50 200 
25 

80 86 
80 

1.4 2.5 
2.5 

-11 + 11 

80 86 
80 

10 40 60 
10 60 

11 12 
12 13.5 
11 
12 

12 16 

0.1 

TL081-TL081 A-TL081 B 

TL082C 
Unit 

Min. Typ. Max. 

mV 
3 8 

13 

10 JlV/'C 

5 50 pA 
4 nA 

20 200 pA 
20 nA 

V/mV 

50 200 
25 

dB 

80 86 
80 

rnA 
1.4 2.5 

2.5 

-11 + 11 v 
dB 

70 86 
70 

mA 
10 40 60 
10 60 

v 
11 12 
12 13.5 
11 
12 

ViJlS 
8 16 

JlS 

0.1" 

• The input bias currents are juncbon leakage currents wich approximatevely double for every 1 0 "e increase in the JUnctiOn temperature. 
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TL081-TL081 A-TL081 8 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

Kov Overshoot (V 1 = 20 mV, RL = 2 k!1 
CL 5 100 pF, Tamb = 25 "C, un1ty gatn) 

GBP Gain Bandwidth Product 
(f =100kHz, Tamb = 25 "C 
V1N = 10 mV, RL = 2 k!1, CL = 100 pF) 

TL082BI, BC 

Rt Input Reststance (T amb = 25 "C) 

THO Total Harmontc Distortion 
(f = 1 kHz, Av = 20 dB, RL = 2 k!1 
CL $ 100 pF, Tamb = 25 "C, Vo = 2 Vpp) 

Vn Equivalent Input Noise Voltage 

(f = 1 kHz, R9 = 1 00 Q) 

Om Phase Margin 

V01 I Vo2 Channel Separatton Avd = 100, T amb = 25 "C 

TYPICAL CHARACTERISTICS 

1 k 10k 100 k 1M 10M 

FREQUENCY(Hzl 

E88TL071-02 

4/10 
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TLOB2M, I, Bl TLOB2C 
TLOB2BC, AC Unit 

Min. 

2.5 
33 

1-
::l 
Q. 
1-
::l 
0 

Typ. 

10 

4.0 
4.0 

1012 

0.01 

15 

45 

120 

JO 

Max. Min. Typ. Max. 

% 
tO 

MHz 

5.0 2.5 40 50 
50 

1012 Q 

% 

0.01 

nV/1Hz 
15 

45 Degrees 

120 dB 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

Vcc=±15V RL=10 k!l 

T II IIIII Tamb= +25"C 

1111111111 

See figure 2 

Vcc=±1ov 

IIIIIIIU ll 
11111111 II 

Vee +5 v 

r-... 

1 k 10 k lOOk 1M 10M 

FREQUENCY (Hz) 

E88TL071-03 



TL081-TL081 A-TL081 8 

TYPICAL CHARACTERISTICS (continued) 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

1- JO 
::> 
I= 
::J 25 
0 

"" ~> 20 a..-
0~ 
1-<{ 1 
><t­
<{..1 wo 
a..> 1 
:;; 
::> 
::;; 
x 
<{ 
::;; 

5 

0 

5 

0 

llllllll 
Tamb= +25"e 

\ 

Tamb= + 125"e 

1\ 
t.. 

Vee= ±15 v 
RL =2 k!J 
See figure 2 

1111111 1111 
Tamb= -SS"C 

r-... 
10 k 40k100k 400ktM 

FREQUENCY (Hz) 
4 M 10M 

1-
::> 
I= 
::J 
0 

3ll 

25 

E88TL071-04 

MAXIM~ PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 

RESISTANCE 

Vcc=±15V 

Tamb= +25"e 
See Figure 2 v 

I 
v 

J 

J/ 

100 

~ 
E 
1- 10 
z 
w 
0: 
a: 
::> 
tJ 

~ 
iii 
1-
::> 0 a.. 
~ 

00 

1 

1 

1 

II 
0.2 0.4 0 7 1 2 4 7 10 

LOAD RESISTANCE (kfl) 

E88TL071-06 

INPUT BIAS CURRENT VERSUS 
FREE-AIR TEMPERATURE 

Vee +lSV 

/ 

/ 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
E88TL071-08 

I 
::; 
a.. 
::;; 
<( 

1-
::> 
I= 
::> 
0 

w-o> 
<tE 
~~ 
Oz 
>o _,-
<{I-
-<t 
t-u z-w"-
0: w .._ .._ 
0 

0 

5 

5 

0 

5 

0 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP. 

RL=10kll 

RL 2k!J 

1--

; l 
! 

Vee~±15V 

See figure 2 

-75 -50 -25 0 25 50 75 100 t:ZS 
TEMPERATURE (C) 

E88TL071-05 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS SUPPLY 

VOLTAGE 
30 

RL=10 k!J 

/ Tamb= +25"e 

v 25 

1000 
700 

400 

200 

100 
70 

40 

20 

10 
1 

1 

/ 
/ 

I/ 
v 
.. 6 8 10 12 14 16 

SUPPlY VOLTAGE (V) 

E88TL071-07 

lARGE SIGNAL DIFFERENTIAl 
VOLTAGE AMPLIFICATION VERSUS 

FREE-AIR TEMPERATURE 

r-l 

I 

Vee +lSV 

v 0 - ±10 v 
RL~2 k!J 

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

TEMPERATURE (°C) 
E88TL071-09 

~ SCS-THOMSDN a.""'! I li':IID~Ii!@IEL~©'ii'li!@li!ID©ill 
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TL081-TL081 A-TL081 8 

TYPICAL CHARACTERISTICS (continued) 

6/10 
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2.0 

1.8 

;t 1.6 

!. 1.4 
1-
ffi 1 2 
a: 
a: 1.0 
:J 
u 0.8 
> t 0.6 

iil 0 4 

02 

0 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 

PHASE SHIFT VERSUS FREQUENCY 

45 

L-~---L--~--L-~~-L~J100 

10 100 1 k 10k lOOk 1M 10M 

FREQUENCY (Hz) 

E88TL071-1 0 

SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 

vcc=±15V 

............ 
No signal-

r-- No load f---

............ -........ 

-75 -55 -25 25 50 75 100 125 

0 89 
;: 
C( 
a: 88 
z 
~ .... 
u 
w 

7 

Ulm 
a:~ 86 
w 
0 
0 
::;: 
2 
0 
::;: 
::;: 
0 
u 

85 

84 

83 

TEMPERATURE (°C) 

E88TL071-12 

COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 

Vee~ ±15 v 

RL=101dl 

i 
-75 -50 -25 o 25 SO 7S 100 125 

TEMPERATURE (°C) 
E88TL071-13 

" .. .. 
c, .. 
:!:! 

t: 
5: 
U) 

w 
U) 
C( 
:I: 
11. 

TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 

~ s 
2 
~ 
1-
C( 

~ 

1!l 
0 
a: 
w s: 
0 
0. 
J 
C( 
1-
0 
1-

250 

225 

200 

175 

150 

125 

100 

75 

50 

25 

0 

Vee=±1sv 
No signal ::_c_ 

No load -

TUl81 j 
I 

~-50~ 0 H 50 H 10013 

TEMPERATURE (°C) 

E88TL071-11 

SUPPLY CURRENT PER AMPLIFIER 
VERSUS SUPPLY VOLTAGE 

2.0 

1.8 

;t 1.6 
.§ 
1- 1.4 
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TL081-TL081A-TL081 B 

TYPICAL CHARACTERISTICS (continued) 
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TL081-TL081A-TL081 B 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage follower. 

E88TL081-05 

TYPICAL APPLICATIONS 

(0.5 Hz) SQUARE WAVE OSCILLATOR 

3.3kll 

fosc 

E88TL081-03 

8/10 

940 

Figure 2 : Gain-of-1 0 inverting amplifier. 

Cl 

E88TL081-06 

HIGH Q NOTCH FILTER 

C2 

C1 =C2 = ~ .. } = 11Dpf 

Rl = R2= 2R3 =1.5 Mil 

E88TL081-04 



PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

mm e 2.54 
(2) 

e 
e f e -r 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

~ 
6,2 

Datum 

TL081-TL081A-TL081 8 

85 malC 

(1) Nominal d1mension 
(2) Exact geometncal d1mens1on 

goutputs 

0.185 
0.265 

1.75 max. 

8 Outputs 
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TL081· TL081 A· TL081 B 

20 PINS- TRICECOP (LCC) 

mm 8.74 

1.27 
9.04 

e = 1.27 .,I e e -~ e ~ e j .. 

T0-99- METAL CAN 

mm 

© 
Pin 

4 20 
~ 

12.7min. 

10/10 
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~.so 

' 1,----

_00,407 
0.508 

0,26 
1.01 

1.86max. 

8,74 
9.04 

20 Outputs 

a outputs 



• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/!JS {typ) 

DESCRIPTION 

The TL082, TL082A and TL082B are high speed 
J-FET input dual operational amplifiers incorpora­
ting well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 

The devices feature high slew rates, low input bias 
and offset current, and low offset voltage tempera­
ture coefficient. 

TL082 
TL082A· TL082B 

J-FET INPUT DUAL OP-AMPs 

N 
DIPS 

(Plastic package) 

D 
SOB 

(Plastic micropackage) 

ORDER CODES 

Part Number Temperature 
Range 

H 
T0-99 

(Metal can) 

GC 
LCC20 

(Tricecop- LCC) 

Package 

N H D 

TL082M - 55 oc to + 125 oc • 
TL0821 - 40 oc to + I 05 oc • • 
TL082C 0 octo+ 70 oc • • 
TL082AC 0 octo+ 70 oc • • 
TL082BC 0 octo+ 70 oc • • 
Note : Hi-Rei Versions Available 
Examples : TL082CD, TL082MGC, TL0821N 

GC 

• 

PIN CONNECTIONS {Top views) 

2 

3 

4 

DIPS 
SOB 

1 -Output (1) 
2-lnvertmg rnput (1) 
3-Non-inverting input (1) 
4-Vcc 

December 1988 

8 

7 

6 

5 

T0-99 LCC20 

5 -Non-rnverting rnput (2) 
6 -Inverting input (2) 
7 -O~tput (2) 
8-Vcc 

I-NC 
2-0utput (I) 
3-NC 
4-NC 

3 
4 
5 17 

6 16 
7 15 
8 14 

9 10 1112 13 

5 -lnvertrng rnput (1) 
6-NC 
7 -Non-inverting input (1) 
8-NC 
9-NC 

IO-Vcc 

11-NC 
12- Non-invertrng rnput (2) 
13-NC 
14-NC 
15 -lnvertrng rnput (2) 
16-NC 
17 -Output (2) 
18-NC 
19-NC 
20-Vi':c 
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TLOB2· TL082A· TLOB2 B 

MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note I) ± 18 v 
Vi Input Voltage (note 3) ±IS v 

V10 Diflerential Input Voltage (note 2) ± 30 v 
P1o1 Power Dissipation 680 mW 

Output Short-circuit Duration (note 4) lndefimte 

Toper Operating Free Air Temperature Range ·c 
TL082C, AC, BC 0 to+ 70 

TL0821, 81 - 40 to+ lOS 
TL082M -55 to+ 125 

Ts1g Storage Temperature Range - 65 to+ 150 ·c 
Notes : I. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the 

zero reference level is the midpoint between v& and vee. 
2. Differential voltages are at the non-inverting input terminal with respect to the inverting Input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limited to ensure that the dis­

sipation rating is not exceeded. 

SCHEMATIC DIAGRAM 

DIPB 
SOB 
T0-99 

LCC20 

Non-invening 
input 

Inverting 
input 

Vfc 

Case 

- LCC20 : Other p1ns are not connected. 

2/10 
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Outputs 

1, 7 

2, 17 

Inverting Non-inverting 
Inputs Inputs 

3, 5 2, 6 

7, 12 5, 15 

lifi SGS·niOMSON 
':"'// li\ID«:IIi©~~~i'J©IIID!:ii! 

Output 

1/2 TU112 

E88TL082·01 

VCc Vtc N.C. 

4 8 
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ELECTRICAL CHARACTERISTICS 

Vee=± 15 V (unless otherwise specified) 
TL082M :-55 ·c :s;; lamb :s;; + 125 ·c 
TL0821, Bl :- 40 ·c :s;; lamb :s;; + 105 ·c 
TL082C, AC, BC: 0 'C :s;; lamb :s;; + 70 'C 

Symbol Parameter 

Vro Input Offset Voltage 
lamb= 25 •c (Rs,;; 10 kn) 

TL082BI, BC 
T mm S T amb S T max 

TL082BI, BC 

DVro Input Offset Voltage Drift 

Ire Input' Offset Current • 
lamb= 25 •c 
T mln S: T amb S T max 

Ire Input Bias Current • 
lamb= 25 •c 
T mrn ,;; T amb ,; + 70 •c 

Avo Large Signal Voltage Gain 
(RL ;,: 2 kn, Vo = ± 10 V) 
lamb= 25 °C 
T mm s; T amb S T max 

SVR Supply Voltage Rejection Ratio 
(Rs,; 10 kn) 
lamb= 25 •c 
T mm ~ T amb S: T max 

Icc Supply Current, per Amp, no Load 
Tamb = 25 •c 
T m1n S T amb $ T max 

v, Input Voltage Range 

CMR Common Mode Rejectron Ratro 
(Rs,; 10 kn) 
lamb= 25 •c 
Tmin S Tamb S Tmax 

los Output Short·crrcuit Current 
Tamb = 25 •c 
T min S: T amb S T max 

± Vopp Output Voltage Swing 
Tamb = 25 •c RL ~ 2 kn 

RL;,:10kn 
Tmm S Tamb S: Tmax RL;,: 2 kn 

RL;,: 10 kn 

Svo Slew-rate (V 1 = 1 0 V, RL = 2 kn 
CL,; 100 pF, Tamb = 25 •c, unity garn) 

tr Rrse Time 
(Vr = 20 mV, RL = 2 kn 
CL = 100 pF, T amb = 25 •c. unity gain) 

TL082· TL082A· TL082B 

TL082M, I, Bl TLOB2C 
TL082BC, AC Unit 

Min. Typ. Max. Min. Typ. Max. 

mV 
3 5 3 8 
1 3 

9 13 
5 

10 10 l!Vi•C 

5 50 5 50 pA 
4 4 nA 

20 200 20 200 pA 
20 20 nA 

V/mV 

50 200 50 200 
25 25 

dB 

80 86 80 86 
80 80 

mA 
1.4 2.5 1.4 2.5 

2.5 2.5 

-11 + 11 -11 + 11 v 
dB 

80 86 70 86 
80 70 

mA 
10 40 60 10 40 60 
10 60 10 60 

v 
11 12 11 12 
12 13.5 12 13.5 
11 11 
12 12 

V/)lS 
12 16 8 16 

f!S 

0.1 0.1 

• The input bras currents are junctron leakage currents wrch approxrmatevely double for every 1 0 •c increase rn the junctron temperature 
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TL082· TL082A-TL082B 

ELECTRICAL CHARACTERISTICS (continued) 

TL082M, I, Bl TL082C 
Symbol Parameter TLOB2BC, AC Unit 

Min. Typ. Max. Min. Typ. Max. 

Kov Overshoot (V1 = 20 mV, RL = 2 kn % 
CL S 100 pF, lamb= 25 °C, unity gam) 10 10 

GBP Gain Bandwidth Product MHz 
(I= 100kHz, lamb= 25 °C 
V1N = 10 mV, RL = 2 kn, CL = 100 pF) 2.5 4.0 5.0 2.5 4.0 50 

TLOB2BI, BC 3.3 4.0 5.0 

R1 Input Resistance (T amb = 25 °C) 1012 10'2 n 
THD Total Harmonic Distortion % 

(I = 1 kHz, Av = 20 dB, RL = 2 kn 
CL S 100 pF, Tamb = 25 °C, Vo = 2 Vpp) 0.01 0.01 

v. Equ1valent Input No1se Voltage nvt,fffz 
(I= 1 kHz, Rg = 100 !l) 15 15 

0m Phase Margin 45 45 Degrees 

Vo1 I Vo2 Channel Separation Avd = 1 00, T amb = 25 oc 120 120 dB 

4/10 
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TYPICAL CHARACTERISTICS 
MAXIMUM PEAK TO PEAK OUTPUT 

VOLTAGE VERSUS FREQUENCY 
JO 

OL..L.._.. __ -'-'-

100 tk 10k tOOk 1M TOM 
FREQUENCY IHzl 

EBBTL072-02 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

1-
:::J 

1!: 
:1 
0 

"' 

30 

25 

:i> 20 ... -
~:g 15 

"'~ <C--' 
~g 10 

:::E 
:1 
:::E x 
<C 
:::E 0 

T !Jb ~ 111»socl 
vcc=±1sv 
RL=2 kn 

\ ,rl9n2 

1-
~Tamb= -ssoc 

Tamb= + 125°C 

'\ 
r- "' 40k tOOk 400k 1M 4M 10M 

FREQUENCY IHzl 

E88TL072-04 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 

RESISTANCE 

Vee= ±15 v I 
Tamb= +26oc 
See Rgure 2 v 

-· 

v 
/ 

t -
- 1-

01 0.2 0.4 0.7 1 2 • 7 10 
LOAD RESISTANCE lknl 

EBBTL072-06 

TL082· TL082A· TL082B 

0 L..l..LLLUIIL.J....L 
100 1 k 10 It 100 k 1 M 10M 

FREQUENCY IHzl 

EBBTL072-03 

. 30 

2~ 

0 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP • 

RL=-10 kn 

RL"'2 kn - -
t--- --' t -----:- I--· - f- t-- t--r--

l I 

~tt __ r-r--1-r--

--
vee= ±Ts v 
See f1gure 2 

.q~-~ 0 ~ ~ K ~~~ 
TEMPERATURE I°CI 

E88Tl072-05 

MAXIMUM PEAK TO PEAK OUTPUT 
VOL:rAGE VERSUS SUPPLY 

VOLTAGE 

RL=1Dkn 
Tamb= +25°C I' 

I / 
/ 

/ 

/ v 
• 6 8 10 12 ,. 16 

SUPPLY VOLTAGE lVI 
E88TL072-07 
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TL082· TL082A-TL082 8 

TYPICAL CHARACTERISTICS (continued) 
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TL082-TL082A-TL0828 

TYPICAL CHARACTERISTICS (continued) 
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u 83 
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FREQUENCY (Hz) 
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TL082-TL082A-TL082B 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage follower. 

EBBTLOB2·04 

TYPICAL APPLICATION 

Figure 2 : Gain-of-1 0 inverting amplifier. 

E88TL082·05 

QUADRATURE OSCILLATOR 

E88TL082-03 
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PACKAGE MECHANICAL DATA 

8 PINS - PLASTIC MICROPACKAGE (SO) 

mm 

Datum 

8 PINS- PLASTIC DIP 

mm e-2.54 
(2) e T e -r 

. ' 

TL082-TL082A-TL082B 

0.185 
0.265 

1.75 max. 

8 Outputs 

85 max. 

(1) Nam~nal dimensron 
(2) Exact geometrical drmension 

BOutputs 

9/10 
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TL082-TL082A-TL082B 

20 PINS -TRICE COP (LCC) 

mm 8.74 

1.27 
9.04 

e- 1.27 •I e ~ e ~ e ~ e j .. 

T0-99- METAL CAN 

mm 

© 
Pin 

420 
i,69-

12,7 min. 

10/10 
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Datum 

8.50 

: ~ 

~ 1.01 

..(2l0.407 
0.508 

1.86max. 

8.74 
9,04 

20 Outputs 

a outputs 



• LOW POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFERENTIAL 

VOLTAGE RANGE 
• LOW INPUT BIAS AND OFFSET CURRENT 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE J-FET INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH UP FREE OPERATION 
• HIGH SLEW RATE: 13 V/JlS (typ) 

DESCRIPTION 

The TL084, TL084A and TL084B are high speed 
J-FET input quad operational·amplifiers incorpora­
ting well matched, high voltage J-FET and bipolar 
transistors in a monolithic integrated circuit. 

The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage tempe­
rature coefficient. 

TL084 
TL084A-TL0848 

J-FET INPUT QUAD OP-AMPs 

N 
DIP14 

(Plastic package) 

J 
CERDIP14 

(Cerdip package) 

GC 
LCC20 

(Tricecop (LCC)) 

D 
5014 

(Plastic micropackage) 

ORDER CODES 

Part Number 
Temperature Package 

Range N J D GC 

TL084M - 55 'C to + 125 'C • • 
TL0841 - 40 'C to + 105 'C • • 
TL084C 0 'C to+ 70 'C • • 
TL084AC 0 'C to+ 70 'C • • 
TL064BC 0 'C to+ 70 'C • • 
Note : Hi-Rei Versions Available 
Examples : TL084MGC, TL084CN, TL084CD 

PIN CONNECTIONS (Top views) 

DIP14 

1 -Output 1 
2 -Inverting 1nput 1 
3 ·Non-inverting 1nput 1 
4-VCc 
5 · Non·invert1ng 1nput 2 
6 ·Inverting input 2 
7 -Output 2 
8 -Output 3 
9 ·Inverting 1nput 3 

10 -Non-inverting 1nput 3 
11-Vcc 
12 -Non-inverting input 4 
13 ·Inverting input 4 
14 -Output4 

December 1988 

CERDIP14 LCC20 
S014 

14 

13 

12 

11 

10 

1-NC 
2-0utput 1 
3 -Inverting input 1 
4- Non-inve~ng input 1 
5-NC 

6-Vcc 
7-NC 
8 · Non-1nvert1ng input 2 
9 -lnve~ng input 2 

10-0utput 2 
11-NC 
12-0utput3 
13 -Inverting input 3 
14- Non-1nvert1ng input 3 
15-NC 
16-Vcc 
17-NC 
18. Non-inverting input 4 
19 -Inverting input 4 
20-0utput4 

1/11 
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TL084-TL084A-TL0848 

MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) ± 18 v 
v, Input Voltage (note 3) ± 15 v 

v,o Differential Input Voltage (note 2) ± 30 v 
Ptot Power Dissipation 680 mW 

Output Short-circUit Durat10n (note 4) Indefinite 

Toper Operating Free-air Temperature Range "C 
TL084C, AC, BC 0 to 70 
TL0841, Bl -40 to 105 
TL084M -55 to 125 

T stg Storage Temperature Range - 65 to 150 oc 
Notes : 1. All voltage values, except d1fferent1al voltage, are With respect to the zero reference level (ground) of the supply voltages where the 

zero reference level is the mtdpotnt between vee and 'ICc. 

2. Differential voltages are at the non-mvertmg tnput termtnal with respect to the mverttng rnput termtnal. 

3. The magmtude of the mput voltage must never exceed the magnrtude of the supply voltage or 15 volts, whichever 1s less. 

4. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be l1m1ted to ensure that the diS­
sipation ratmg is not exceeded 

SCHEMATIC (each amplifier) 

Case 

DIP14 
CERDIP14 
S014 

LCC20 

Non-inverting 
mput 

Inverting 
input 

Outputs 

1, 7, 14, 8 

2, 10, 12, 20 

• LCC20 : Other pins are not connected 
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Inverting 
Inputs 

2. 6, 13, 9 

3, 9, 13, 19 

Output 

1/4 TL084 

E88TLOB4-01 

Non-inverting V c-c V c+c N.C. 
Inputs 

3, 5, 12, 10 4 11 

4, 8, 14, 18 6 16 



ELECTRICAL CHARACTERISTICS 

Vee = ± 15 V (unless otherwise specified) 
TL084M :-55 ·c::; Tamb ::; + 125 ·c 
TL0841, 81 :- 40 ·c::; Tamb ::; + 105 ·c 
TL084C, AC, BC: 0 "C::; Tamb ::; + 70 ·c 

Symbol Parameter 

V,o Input Olfset Voltage 
lamb= 25 oc (Rs:;; 10 kn) 

TLOB4BI, BC 

T mm $ T amb $ T max 

TL084BI, BC 

DV, 0 Input Olfset Voltage Drift 

l,o Input Offset Current • 
Tamb = 25 oc 
T m1n S: T amb S: T max 

l,b Input Bias Current • 
Tamb = 25 oc 
Tmm $lambS: Tmax 

Avo Large S1gnal Voltage Gam 
(R L > 2 kn. V 0 = ± 1 0 V) 

lamb= 25 °C 

T m1n $ T amb :5 T max 

SVR Supply Voltage Rejection Rat1o 
(Rs < 10 kn) 

Tamb = 25 oc 
T m•n S: T amb S: T max 

Icc Supply Current, per Amp, no Load 
Tamb = 25 °C 
T m1n S: T amb S: T max 

v, Input Voltage Range 

CMR Common Mode Rejection Ratio 
(Rs,; 10 kn) 

Tamb = 25 oc 
T m1n $ T amb $ T max 

lo, Output Short-c~rcuit Current 
lamb= 25 °C 
T m1n $ T amb S: T max 

± Vopp Output Voltage Swing 

Tamb = 25 oc RL ~ 2 kn 
RL~10kn 

T m1n S: T amb $ T max RL::, 2 kn 
RL::, 10 kn 

Svo Slew-rate (V, = 10 V, RL = 2 kn 
CL :> 100 pF, Tamb = 25 °C, unity gain) 

t, R1se T1me 
(V, = 20 mV, RL = 2 kn 
CL = 100 pF, T amb = 25 oc, unity gam) 

TL084~ TL084A-TL084B 

TL084M, I, Bl TL084C 
TL084BC, AC Unit 

Min. Typ. Max. Min.,. Typ. Max. 

mV 
3 5 3 a 
1 3 

9 13 
5 

10 10 jlV/°C 

5 50 5 50 pA 
4 4 nA 

30 200 30 200 pA 
20 20 nA 

V/mV 

50 200 50 200 
25 25 

dB 

80 86 80 86 
80 80 

mA 
1.4 2.5 1.4 2.5 

2.5 25 

-11 + 11 -11 + 11 v 
dB 

80 86 70 86 
80 70 

mA 
10 40 60 10 ~0 60 
10 60 10 60 

v 
11 12 11 12 
12 13 5 12 13.5 
11 11 
12 12 

V/jlS 
12 16 8 16 

jlS 

0.1 0.1 

• The 1nput b1as currents are JUncbon leakage currents wich approximatevely double for every 1 0 oc 1ncrease 1n the JUnction temperature 
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TL084-TL084A-TL0848 

ELECTRICAL CHARACTERISTICS 

TL084M, I, Bl TL084C 
Symbol Parameter TL084BC, AC Unit 

Min. Typ. Max. Min. Typ. Max. 

Kov Overshoot (V, = 20 mV, RL = 2 k!1 % 
CL < 100 pF, Tamb = 25 'C, unity gain) 10 10 

GBP Gain Bandwidth Product MHz 
(f =100kHz, Tamb = 25 'C 
Von= 10 mV, RL = 2 kn, CL = 100 pF) 2.5 4.0 5.0 2.5 4.0 5.0 

TL084BI, BC 3.3 4.0 5.0 

A, Input Resistance (T amb = 25 'C) 1012 1012 n 
THO Total Harmonic Distortion % 

(f = 1 kHz, Av = 20 dB, RL = 2 k!1 
CL < 100 pF, Tamb = 25 'C, Vo = 2 Vpp) 0.01 0.01 

Vn Equivalent Input Noise Voltage nViv'Hz 
(f = 1 kHz, Rg = 100 !l) 15 15 

0m Phase Margin 45 45 Degrees 

Vo1 /Vo2 Channel Separation dB 
Avo = 100, Tamb = 25 'C 120 120 
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TYPICAL CHARACTERISTICS 
MAXIMUM PEAK TO PEAK OUTPUT 

VOLTAGE VERSUS FREQUENCY 

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

E88TL074-02 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREQUENCY 

1- 30 
:l 
Q. 

5 25 
0 ,. 
~> 20 ... -
g~ 15 .. ~ 
<(-I 
IUO <>.> 10 
~ 
:::> 
:::;; 

~ 

T!Jb~lll~ac] Vcc=±15V 
RL =2 kfl 

\' 11r1gn 2 

~Tamb= -55"C 

'l 
Tamb= +125"C 

\ 
' ~ ::!: 0 

10k 40k lOOk 400k 1M 4M 10M 

... 
:::> 
1!: 
:l 
0 ,. 

30 

25 

~> 20 ... -
g~ IS .. ~ 
ct-' 
~g 10 

~ 
:::;; 
x 
<( 

~ 0 

FREOUENCY (Hz) 

E88TL074-04 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS LOAD 

RESISTANCE 

vcc=±15V I 
lamb= +25"C 
See Figure 2 v 

.. 

II 
v 

1 - ·-I-

01 0.2 0.4 0.7 1 2 4 7 10 
LOAD RESISTANCE (kfl) 

E88TL074-06 

... 
:::> 
Q. ... 
:::> 
0 

1-
:::> 
Q. 
1-
:::> 
0 ,. 
ct-IU> ... -
OIU 
1-CI .. ~ 
<(-I 
IUO <>.> 
:::;; 
:::> 
::!: 
x 
<( 

~ 

TL084· TL084A· TL084B 

OL~~ULLU~-Luwa_u 
100 1 k 10 k 100 k I M 10M 

.30 

2S 

20 

IS 

10 

0 

FREQUENCY(Hz) 

E88TL07 4-03 

MAXIMUM PEAK TO PEAK OUTPUT 
VOLTAGE VERSUS FREE-AIR TEMP_ 

RL= 10 kfl 
RL::2kfl 

r--
~- ... ' t -t-- f--f--

! I 

~tt_. 
~-"--I-f--

--
vee"' ±15 v 
See figure 2 

..,]!J; -50 -2~ 0 2!) !50 75 100 175 
TEMPERATURE C°C) 

E88TL07 4-05 

MAXIMUM PEAK TO PEAK OUTPUT 
VOL:rAGE VERSUS SUPPLY 

VOLTAGE 

RL= 10 kO v lamb= +25oc 

I v 
v 

/ 

I/ 
[7 

4 6 8 10 12 14 16 
SUPPLY VOLTAGE !VI 

E88TL07 4-07 
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TL084-TL084A-TL0848 

TYPICAL CHARACTERISTICS (continued) 

6/11 
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c 
-= 

100 

1- 10 
2 
w 
a: 
a: 
:J 
u 
~ 
iii 
!:i 0 ... 
!: 

DO 

1 

1 

1 

INPUT BIAS CURRENT VERSUS 
FREE·AIR TEMPERATURE 

Vee +15V 

I I I 1/ 

/ 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°CI 

E88TL074·08 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION AND 

PHASE SHIFT VERSUS FREQUENCY 
ms,---.--....... -~--

100 1 k 10 k 100 k 1 M 

FREQUENCY (Hz) 

I 
"' • :!! 

t: x 
II) 

w 
:1 
J: ... 

E88TL074·10 

0 

8 

SUPPLY CURRENT PER AMPLIFIER 
VERSUS FREE-AIR TEMPERATURE 

Vcc~±tsv 
2. 

1. 

c 1. 

.§ 1 . 
t-

s~"-
No signal 
No load 

:5 1. 
a: 

• 
2 

a: 1.0 
:;:) 
u 0.8 
> 
~ 0.6 ... 
iil 0.4 

0.2 

0 

......... 
......... ,...., -"'-.. 

-75 -55 -25 0 2S 50 75 100 125 

TEMPERATURE (°C) 
E88TL074·12 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VERSUS 

FREE-AIR TEMPERATURE 

I 
1000 

::; 700 
L 400 ::!: 

" 200 w-o> 100 ctE 
!:i~ 70 

r-.. 

Oz 40 
>o 

20 ... -
"'"" -<t 
1-U 10 z- 1 w"" 
a: 
w Vee +15V 
IL 
IL Vo=±10V 
Q 

1 
RL=21dl 

-75 -50 -25 0 2S 50 75 100 125 

TEMPERATURE (°C) 

E88TL07 4-09 

TOTAL POWER DISSIPATION VERSUS 
FREE-AIR TEMPERATURE 

250 

~ 225 

z 200 
0 
j: 115 

" ... 150 

ia 125 
0 
a: 100 
w ;;: 
0 ... ... 
:! 
~ 

75 

50 

25 

0 

-

Vcc=±tsv 
No signal 

~ 
No load 

r- ...... 
....... r..... 

~-50-25 0 25 50~ ~125 

2.0 

1.8 

~ 1.6 

t- 1.4 

:5 1.2 
a: 
a: 1.0 
:;:) 

~ 0.8 

t. 0.6 ... 
iil 0.4 

0.2 

0 
0 

TEMPERATURE (°C) 

E88TL074·11 

SUPPLY CURRENT PER AMPLIFIER 
VERSUS SUPPLY VOLTAGE 

Tamb= +25oc 
No signal 
No load 

4 6 8 10 12 14 16 

SUPPLY VOLTAGE lVI 
E88TL084-02 



TL084-TL084A· TL084B 

TYPICAL CHARACTERISTICS (continued) 

0 89 

~ 
a: 88 
z 
0 

t 8 7 
w 

~i 96 
w-
0 

~ 85 

z 
0 
:::;: 
:::;: 
0 
0 

84 

83 

COMMON MODE REJECTION RATIO 
VERSUS FREE-AIR TEMPERATURE 

Vcc=±15V 
RL= 10 kfl 

'-- -
L___l 

- '--

2 
"' w 
CJ 
<( 
1---_, 
0 
> 
1-
:J 
a. 
1-
:J 
0 
0 
z 
<( 

1-
:J 
a. 
~ 

0 

-1 

-<I 

-6 

VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 

--- ... I vcc=±ls 
/I I RL=2 kfl ~ 

/oJPu) i\~l= 100 pF 
Iamb= +25" 

v 

c 

I \ 
:; 

!~PUT I\ 
f..- -- i..L f..-

-75 -50 -15 0 15 50 75 100 115 05 1 5 2 2.5 3 3 5 

28 

4 

> .E 20 
w 
CJ 16 
<( 
I­
-' 1 g 
1--­
:J 
a. 
1--­
:J 
0 

2 

8 

0 

TEMPERATURE (°CI 
E88Tl074-13 

TIME (ItS) 
E88Tl074-14 

OUTPUT VOLTAGE VERSUS TIME 
EQUIVALENT INPUT NOISE VOL­

TAGE VERSUS FREQUENCY 

10% 

_'?_':~~HOOT 

1 90% 

7: 
7: 

I 
I 

' 
' Vcc=±1sv 
' RL=2kfl -
~ .. Tamb= +25"C 

70 

w 60 

"' 
~50 
~~ 4 0 

1---W 
ZCI 30 
w<C _,,__ 
~5 2 0 

s> 
a 
w 0 

0 

Vcc=±15V ! 
Av=1o i 

1\ Rs=100 0 
Tamb= +25"C 

1--

0 0.1 0.2 0.3 0.4 0.5 0 6 0.7 10 40 100 400 1 k 4 k 10 k 40 k 100 k 

1 

E88Tl074-15 

TOTAL HARMONIC DISTORTION 
VERSUS FREQUENCY 

Vee ±15V ~ 
z 0 
2 

4 Av 1 

,_ 
a: 
~ 0 1 

"' Q 004 
!:! 
z 
0 
~ 0.0 
<( 

1 

:r 0 004 
--' 

~ 
0 
t-000 1 

Vl(rms)-6 V 

Tamb= +25"C 

100 400 1k .tk 10k 40k TOOk 

FREQUENCY 1Hz) 

FREQUENCY (Hz) 

E88TL074-17 

E88Tl07 4-16 
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TL084· TL084A· TL084B 

PARAMETER MEASUREMENT INFORMATION 

Figure 1 : Voltage follower. Figure 2 : Gain-of-1 0 inverting amplifier. 

TYPICAL APPLICATION 

8/11 
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E88TL084·03 

AUDIO DISTRIBUTION AMPLIFIER 
fo =100kHz 

r== SliS•ntOMSON ... "'!I li:lnlt:lli@lll!.rn«:rrllll@l!lnc$ 

E88TL084·05 



TL084-TL084A-TL084B 

TYPICAL APPLICATION (continued) 

POSITIVE FEEDBACK BANDPASS FILTER 

Input 

16 k{l 

Output A 

OUTPUT A 

E88TL07 4-23 

2kHz /div 

SECOND ORDER BANDPASS FILTER 
fo =100kHz; Q = 30; Gain= 4 

16 kl! 

Ground 

E88TL074-21 

OUTPUT 8 

E88TL074-22 

2kHz /div 

CASCADED BANDPASS FILTER 
fo =100kHz; Q = 69; Gain= 16 
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TL084-TL084A-TL0848 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

mm 

Datum 

19.9max, 

14 PINS- PLASTIC MICROPACKAGE (SO) 

mm e 1.27 ,., 
e t e t e t e t e t e ,. 

i i i 
I 

8.55 
8.75 

10/11 
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.... 8.5max . ., 

(1) Nommal d1mens1on 

{2) Exact geometncal d1mens1on 

6.35 
{1) 

0.63 
max. 

2:2. 
4.0 

14 Outputs 

0,185 
0.265 

0.4 

0.4 
min. 

1.75max. 

14 Outputs 



TL084-TL084A-TL084B 

20 PINS- TRICECOP (LCC) 

mm 8.74 1.86max. 

1.27 
9,04 

13 

-~- 2 16 

0.64 

9 

e-1.27 •I e ~ e t e t e j. Datum 6.74 
9,04 

20 OutpuU 

11/11 
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TL7700A 
Series 

SUPPLY VOLTAGE SUPERVISORS 

• POWER-ON RESET GENERATOR 
• AUTOMATIC RESET GENERATION AFTER 

VOLTAGE DROP 
• WIDE SUPPLY VOLTAGE RANGE ... 3 V TO 

18 v 
• PRECISION VOLTAGE SENSOR 
• TEMPERATURE-COMPENSATED VOLTAGE 

REFERENCE 
• TRUE AND COMPLEMENT RESET OUTPUTS 
• EXTERNALLY ADJUSTABLE PULSE WIDTH 

DESCRIPTION 
The TL7700A series are monolithic integrated cir­
cuit supply voltage supervisors specifically desi­
gned for use as reset controllers in microcomputer 
and microprocessor systems. During power-up the 
device tests the supply voltage and keeps the RE­
SET and RESET outputs active (high and low, res­
pectively) as long as the supply voltage has not rea­
ched its nominal voltage value. Taking RESIN low 
has the same effect. To ensure that the microcom­
puter system has reset, the TL 7700A then initiates 
an internal time delay that delays the return of the 
reset outputs to their inactive states. Since the time 
delay for most microcomputers and microproces-

BLOCK DIAGRAM 

SENSE 7 
INPUT 

sors is in the order of several machine cycles, the 
device internal time delay is determined by an ex­
ternal time delay is determined by an ex1ernal capa­
citor connected to the Cr input (pin 3). 

td = 1 .3 x 1 04 x Cr 

Where : Cr is in farads (F) and td in seconds (s). In 
addition, when the supply voltage drops below the 
nominal value, the outputs will be active until the 
supply voltage returns to the nominal value. An ex­
ternal capacitor (typically 0.1 f.lF) must be connec­
ted to the REF output (pin 1) to reduce the influence 
of fast transients in the supply voltage. 

The TL7700AI series is characterized for operation 
from- 25°C to 85°C ; the TL7700AC series is cha­
racterized from ooc to 70°C. 

Plastic Minidip SO-B J 

'----------1-----f-'--REF 

GND 

S-11037 

*(SH>NoteA) 

• TL7702A R1 =On. R2=open ;TL7705A R1 = 7.8 Kn, R2 = 10Kn ;TL7709A R1 = 19.7Kn, R2= 10 Kn ;TL7712AR1 =32.7Kn, R2 = 10 Kn; 
TL7715A R1 = 43.4 Kn, R2 = 10 Kn 
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TL 7700A-Series 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vs Supply Voltage, V cc (see note 1) 20 v 

v, Input Voltage Range at RESIN - 0.3 to 20 v 

v, Input Voltage at SENSE : TL7702A (see note 2) - 0.3 to 6 v 
TL7705A -0.3to10 v 
TL7709A -0.3to15 v 
TL7712A - 0.3 to 20 v 
TL7715A -0.3to20 v 

loH High-level Output Current at RESET -30 mA 

loL Low-level Output Current at RESET 30 rnA 

Tamb Operating Free-air Temperature Range : TL77XXAI -25 to 85 oc 
TL77XXAC 0 to 70 oc 

Tstg Storage Temperature Range - 65 to 150 oc 
Notes : 1. All voltage values are with respect to the network ground terminal. 

2. For the TL7700A, the voltage applied to the SENSE terminal must never exceed Vs. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min. Max. Unit 

Vs Supply Voltage 3.6 18 v 

V1H High-level Input Voltage at RESIN 2 v 

v,L Low-level Input Voltage at RESIN 0.6 v 

V; Voltage at Sense Input TL7702A 0 See Note 3 

TL7705A 0 10 

TL7709A 0 15 v 
TL7712A 0 20 

TL7715A 0 20 

loH High-level Output Current at RESET -16 rnA 

loL Low-level Output Current at RESET 16 rnA 

Tamb Operating Free-air Temperature Range TL77- AI -25 85 

TL77- AC 
oc 

0 70 

Note : 3. For proper operat1on of the TL7702A, the voltage applied to the SENSE term1nal should not exceed Vs -1 V or 6 V, whichever is 
less. 

CONNECTION DIAGRAM AND ORDER CODE 

GND 4 

2/4 

966 

vs 

SENSE 
INPUt 

6 RESET 

5 RESET 

5 8040 

Temperature Plastic S0-8 
Range Mlnldip 

Commercial 
TL77XXACP TL77XXACD 0 to 70 oc 

Industrial 
TL77XXAIP TL77XXAID - 40 to 85 oc 



TL 7700A-Series 

THERMAL DATA 

Thermal Resistance Junction-ambient Max. 120 

ELECTRICAL CHARACTERISTICS these specifications unless otherwise specified, apply for : 
Tamb =- 25 to 85 'C (TLXXAI) ; T amb = 0 to 70 'C (TL77XXAC) 

Symbol Parameter Test Conditions ( 1) Min. Typ. Max. Unit 

VoH High-level Output Voltage at RESET loH =-16 rnA Vs-1.5 v 
VoL Low-Level Output Voltage at RESET loL=16mA 0.4 v 
Vref Reference Voltage T amb = 25 °C 2.48 2.53 2.58 v 
Vr Threshold Voltage at TL7702A 2.48 2.53 2.58 

SENSE Input TL7705A 4.5 4.55 4.6 

TL7709A Vs=3.6Vto18V 7.5 7.6 7.7 v 
TL7712A 

T amb =.25 'C 
10.6 10.8 11.0 

TL7715A 13.2 13.5 13.8 

Vr Threshold Voltage at TL7702A 2.45 2.53 2.58 
SENSE Input TL7705A 4.45 4.55 4.6 

TL7709A V s = 3.6 V to 18 V 7.4 7.6 7.7 v 
TL7712A 10.4 10.8 11.0 

TL7715A 13.0 13.5 13.8 

Vr •• Vr- Hysteresis (2) at SENSE TL7702A 10 
Input TL7705A 15 

TL7709A V s = 3.6 V to 18 V 20 mV 

TL7712A 
T amb = 25 'C 

35 

TL7715A 45 

lr Input Current at RESIN Input V1 = 2.4 V to Vs 20 

Vr = 0.4 V - 100 

lr Input Current at SENSE 
TL7702A Vref < V1 < Vs -1.5 V 0.5 2 ~ Input 

loH High-level Output Current at RESET Vo = 18 V 50 

loL Low-level Output Current at RESET Vo =0 V -50 

Is Supply Current All Inputs and out. open 1.8 3.3 rnA 

Notes : 1. All characteristics are measured with C = 0.1 ~F from P1n 1 to GND, and with C = 0.1 ~F from Pin 3 to GND. 
2. Hysteresis is the difference between the pos1t1ve going input threshold voltage. Vr., and the negative going input threshold voltage, 

Vr-
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TL 7700A·Series 

SWITCHING CHARACTERISTICS 

Symbol Parameter Test Conditions 

tp, Pulse Width at SENSE Input V,h = V1typ + 0.04 x V, 
v,L = Votyp - 0.04 X v, 

tp; Pulse Width at RESIN Input 

tpo Pulse Width at Output Ct = 0.1 11F 

tpdHL Propagation Delay Time from RESIN CL = 100 pF Vs =5 V 
to RESET RL = 4.7 Kn 

trJt Rise/Falltime at RESET and RESET CL = 10 pF Vs =5 V 
RL=4.7KQ 

Figure 1 : Multiple Power Supply System Reset Generation. 

•5vo-------------------------~-T-------, 

+12V o---~r---------, 

2ZKfi 

ov 

Figure 2 : Reset Controller for JlP. 

+SV 

8 IOKfi 

Vs vs 
RESET J-'5!...-.,~1 RESET 

TL7712 
pP 

4/4 
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Min. 

0.9 

0.4 

0.65 

S-f1Dl9 

Typ. 

1.3 

SYSTEM 
RESET 

O.I~F 

Max. Unit 

llS 

llS 

2.6 ms 

1 llS 

1 llS 



TS271 

CMOS SINGLE OPERATIONAL AMPLIFIERS 

• OFFSET NULL CAPABILITY (by external com-
pensation) 

• SYMMETRICAL OUTPUT CURRENTS 

• HIGH GAIN BANDWIDTH PRODUCT 

• THE TRANSFER FUNCTION IS LINEAR 

• CONSUMPTION CURRENT AND DYNAMIC 
PARAMETERS ARE STABLE REGARDING 
THE VOLTAGE POWER SUPPLY VARIA­
TIONS 

• DYNAMIC CHARACTERISTICS ADJUSTABLE 
BY lset 

• VERY LARGE lset RANGE 

• PIN COMPATIBLE TO SINGLE OPERATIONAL 
AMPLIFIER (UA776) 

• STABLE AND LOW OFFSET VOLTAGE 

• INTERNAL ELECTROSTATIC DISCHARGE 
(ESD) PROTECTION CIRCUITS 

• THREE INPUT OFFSET VOLTAGE SELEC­
TIONS : STANDARD (10 mV), A (5 mV), 
B (2 mV) 

DESCRIPTION 

The TS271 is a low cost, low power single operatio­
nal amplifier designed to operate with single or dual 
supplies. This operational amplifier uses the SGS­
THOMSON Microelectronics silicon gate LIN MOS 
process giving it an excellent consumption-speed 
ratio. This amplifier is ideally suited for low 
consumption applications. 
The power supply is externally programmable with 
a resistor connected between pins 8 and 4. It allows 
to choose the best consumption-speed ratio and the 
consumption can be minimized according to the 
needed speed. These devices are specified for the 
following lset current values : 1.5 f.IA, 25 J.IA, 130 f.IA. 
The input impedance is similar to the J-FET input 
impedance : very high input impedance and extre­
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap­
plications. 

November 1 988 

N 
DIPS 

(Plastic Package) 

J 
CERDIPB 

(Cerdip Package) 

D 
SOB 

(Plastic Micropackage) 

(Order Codes at the end of the data sheet) 

PIN CONNECTIONS (top view) 

2 

3 

4 

2 

3 
4 

5 

6 
7 

8 

-Offset null1 

- Inverting input 

8 

7 

6 

5 

E88TS271-01 

- Non-inverting input 

-vee-
-Offset null2 

-Output 

-Vee+ 

-I set 
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TS271 

BLOCK DIAGRAM 

lset Input Input 
EBBTS271-02 

ABSOLUTE MAXIMUM RATINGS 

Symbol 

Vee 

v,d 
v, 

Toper 

Tstg 

I set 

Notes: 1. 
2. 
3 

Parameter Value 

Supply Voltage (note 1) 12 

Differential Input Voltage (note 2) ± 12 

Input Voltage (note 3) - 0.3 to 12 

Operating Free-air Temperature 
TS271C o to 70 
TS2711 - 40 to 105 
TS271M -55 to 125 

Storage Temperature - 65 to 150 

lset Range 1 to 200 

All voltage values, except d1fferent1al voltages, are with respect to network ground terminal 
Differential voltages are at the non inverting input terminal with respect to the input terminal 
The magnitude of the 1nput voltage must never exceed the magnitude of the positive supply voltage. 

OPTIMAL OPERATING CONDITIONS 

Symbol Pat'ameter Value 

Vee Supply Voltage (note 1) 4 to 10 

v, Common-mode Input Voltage V cc = 1 0 V o to 9 

2/10 
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Unit 

v 
v 
v 

oc 

oc 
~ 

Unit 

v 
v 



SCHEMATIC DIAGRAM 

+ 
u 
u 
> 

I 

u 
u 
> 

EBBT$271-03 

TS271 

3/10 

971 



TS271 

OFFSET VOLTAGE NULL CIRCUIT RESISTOR BIASING 

E88TS271-04 

OFFSET COMPENSATION GUARANTEED FOR 
TS271 BCX (lset > 251-lA), TS271 ACX (lset > 90 11A) 

Rset CONNECTED 
TO GROUND 

Figure 1 : Rset Connected to Vee-. 
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t\. 

"-

" 1\ Vee. -t- = SV 

Vee-=- SV 

1M H. 
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lUkSl 

0 ·~/\ lOOpA 

vee 

E88TS271-05 

RsetCONNECTED TO Vcc­
(Rset VALUE: SEE FIG. 1) 

E88TS27t ·06 
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ELECTRICAL CHARACTERISTICS 
Tamb = 25 oc, Vee = 10 V, lset = 1.5 !lA (unless otherwise specified) 
RL Connected to Vee -

TS271C 
Symbol Parameter Min. Typ. 

V,o Input Offset Voltage 
Vo=1.4V 
TS271 
T m1n < T < T max 
TS271A 
T m1n < T < T max 
TS271B 
T m1n < T < T max 

a V10 Temperature Coefficient of Input Voltage 0.7 

l,o Input Offset Current 
v, =5 v' V0 =5 V 1 
T mm < T < T max 

lb Input Bras Current 
V 1 =5 V, Vo = 5 V 1 
T m1n < T < T max 

VoH High Output Voltage (note 1) 
V, = 10 mV 8.8 9 
RL = 1 mQ 
T mm < T < T max 8.7 

Avd Large Signal Voltage Gain 
V0 = 1 V to 6 V 30 100 
v, =5 v 
RL = 1 mQ 
T m1n < T < T max 20 

Gwr Gain Bandwidth Product 
Av = 40 dB 0.1 
RL = 1 MQ 
CL =100pF 
fin= 10KHz 

CMR Common-mode Rejectron Ratio 
V0 =1.4V 60 80 
V, = 1 V to 7.4 V 

SVR· Supply Voltage ReJection Ratio 
Vec=5Vto10V 60 80 
V0 =1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 10 
Vo = 5 V, V, = 5 V 
T m1n < T < T max 

Is Output Current 
V,=10mV,V0 =0V 45 60 

Is Output Current 
(Sink) V, =-10 mV, Vo =Vee 35 45 

Svo Slew Rate at Unity Gain 0.04 

om Phase Margin at Unity Gain 
Av = 40 dB 
RL = 1 MQ 
CL = 10 pF 35 
CL = 100 pF 10 

Kov Overshoot Factor 
CL = 10 pF 40 
CL = 100 pF 70 

Vn Input Equivalent Noise Voltage 70 
F = 1 KHz 
Rs = 10 Q 

Note : 1. Low output voltage rs less than 50mV 

TS271 

TS2711, TS271 M 
Max. Min. Typ. Max. Unit 

mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
0.7 J1V/°C 

pA 
1 

100 200 
pA 

1 
150 300 

v 
8.8 9 

8.6 
V/mV 

30 100 

20 

MHz 
0.1 

dB 
60 80 

dB 
60 80 

JlA 
15 10 15 

17 18 

mA 
85 45 60 85 

mA 
65 35 45 65 

0.04 V/JlS 
Degrees 

35 
10 

% 
40 
70 

70 nV/.JHz 
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TS271 

ELECTRICAL CHARACTERISTICS 
lamb = 25 oc, Vee = 10 V, lset = 25!1A (unless otherwise specified) 
RL Connected to V.ee -

TS271C 
Symbol Parameter Min. Typ. 

V,o Input Offset Voltage 
V0 =1.4V 
TS271 
T mtn < T < T max 
TS271A 
T mm < T < T max 
TS271B 
T mm < T < T max 

a Vto Temperature Coefficient of Input Voltage 2 

110 Input Offset Current 
V, = 5 V, V0 = 5 V 1 
T m1n < T < T max 

lb Input Bias Current 
V,=5V, V0 =5V 1 
T mtn < T < T max 

VoH High Output Voltage (note 1) 
V,=10mV 8.7 8.9 
RL = 1DOKQ 
T mtn < T < T max 8.6 

Avd Large Signal Voltage Gain 
V0 = 1 V to 6 V 30 50 
v, =5 v 
RL = 100 KQ 
T mtn < T < T max 20 

Gwr Gain Bandwidth Product 
Av = 40 dB 0.7 
RL = 100 KQ 
CL =100pF 
fin= 100KHz 

CMR Common-mode Rejection Ratio 
V0 =1.4V 60 80 
V, = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 
V cc = 5 V to 1 0 V 60 80 
Vo=1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 150 
V0 = 5 V, v, =5 v 
T mtn < T < T max 

Is Output Current 
V, = 10 mV, V0 = 0 V 45 60 

Is Output Current 
(Sink) V, =-10 mV, V0 =Vee 35 45 

Svo Slew Rate at Unity Gain 0.6 
om Phase Margin at Unity Gain 

Av = 40 dB 
RL=100KQ 
CL = 10 pF 50 
CL = 100 pF 30 

Kov Overshoot Factor 
CL = 10 pF 30 
CL = 100 pF 50 

Vn Input Equivalent Noise Voltage 38 
F = 1 KHz 
Rs =10 Q 

Note: 1. Low output voltage ts less than 50mV. 
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TS2711, TS271 M 
Max. Min. Typ. Max. Unit 

mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
2 !-!Vi'C 

pA 
1 

100 200 
pA 

1 
150 300 

v 
8.7 8.9 

8.5 
V/mV 

30 50 

10 
MHz 

0.7 

dB 
60 80 

dB 
60 80 

!lA 
200 150 200 

250 300 
mA 

85 45 60 85 
mA 

65 35 45 65 
0.6 Vi!-!S 

Degrees 

50 
30 

% 
30 
50 
38 nV/.JHz 



ELECTRICAL CHARACTERISTICS 
Tamb = 25 °C, Vee= 10 V, lset = 130 flA (unless otherwise specified) 
RL Connected to Vee-

TS271C 
Symbol Parameter Min. Typ. Max. 

VIa Input Offset Voltage 
V0 =1.4V 
TS271 10 
T m1n < T < T max 12 
TS271A 5 
T mm < T < T max 6.5 
TS271B 2 
T m1n < T < T max 3.5 

a V1o Temperature Coefficient of Input VoltaQe 5 

llo Input Offset Current 
V1=5V, V0 =5V 1 
T m1n < T < T max 100 

lb Input Bias Current 
V 1 = 5 V, V0 = 5 V 1 
T m1n < T < T max 150 

VoH High Output Voltage (note 1) 
V1 = 10 mV 8.2 8.4 
RL = 10 KQ 
T m1n < T < T max 8.1 

Avd Large Signal Voltage Gain 
Vo = 1 V to 6 V 10 15 
VI =5 v 
RL = 10 KQ 
T mm < T < T max 7 

Gwr Gain Bandwidth Product 
Av = 40 dB 2.3 
RL = 10 KQ 
CL=100pF 
fin= 200KHz 

CMR Common-mode Reject1on Ratio 
V0 =1.4V 60 80 
V 1 = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 
V cc = 5 V to 1 o V 60 70 
Va=1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 800 1300 
V0 = 5 V, V1 = 5 V 
T mm < T < T max 1400 

Is Output Current 
V1 =10 mV, V0 =0 V 45 60 85 

Is Output Current 
(Sink) V1=-10mV,Va=Vcc 35 45 65 

Svo Slew Rate at Unity Gain 4.5 

0m Phase Margin at Unity Gain 
Av = 40 dB 
RL = 10 KQ 
CL = 10 pF 56 
CL = 100 pF 56 

Kov Overshoot Factor 
CL = 10 pF 30 
CL = 100_p_F 30 

Vn Input Equivalent Noise Voltage 
F =1 KHz 30 
Rs = 10 Q 

Note: 1. Low output voltage is less than 50mV. 

TS271 

TS2711, TS271 M 
Min. Typ. Max. Unit 

mV 

10 
12 
5 

6.5 
2 

3.5 
5 . llv;oc 

pA 
1 

200 
pA 

1 
300 

v 
8.2 8.4 

8 
V/mV 

10 15 

6 
MHz 

2.3 

dB 
60 80 

dB 
60 70 

~A 
800 1300 

1500 
mA 

45 60 85 
mA 

35 • 45 65 
4.5 V/~S 

Degrees 

56 
56 

% 
30 
30 

30 
nV/vHz 
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TS271 

I set = 130 JlA 

lset = 25 JlA 

lset = 1.5 JlA 
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ORDER CODES 

Part Number Temperature 
Range oc N 

TS271C 0 to+ 70 • 
TS271AC 0 to+ 70 • 
TS271BC o to+ 70 • 
TS2711 - 40 to+ 105 • 
TS271M -55 to+ 125 
TS271AI - 40 to+ 105 • 
TS271AM -55 to+ 125 
TS271BI - 40 to+ 105 • 
TS271BM -55 to+ 125 

Examples : TS271 ACN, TS271 CD 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

mm 
e=2.54 

(2) 

TS271 

Package 

D J 

• 
• 
• 
• 

• 
• 

• • 
• 

(1) Nom1nat d•mens•on 

(2) True geometncal poSition 
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TS271 

PACKAGE MECHANICAL DATA (continued) 

8 PINS - PLASTIC MICROPACKAGE SO 

e 1.27 •j e 

man. 

1.75 max. 

10/10 
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TS272 
TS27M2/TS27L2 

CMOS DUAL OPERATIONAL AMPLIFIERS 

• EXCELLENT PHASE MARGIN ON CAPACI­
TANCE LOADS 

• SYMMETRICAL OUTPUT CURRENTS 
• HIGH GAIN BANDWIDTH PRODUCT FOR 

TS272 
• LOW OUTPUT DYNAMIC IMPEDANCE 

• THE TRANSFER FUNCTION IS LINEAR 
• PIN COMPATIBLE TO STANDARD DUAL OPE­

RATIONAL AMPLIFIERS (TL082- LM358) 

• STABLE AND LOW OFFSET VOLTAGE 
• INTERNAL ELECTROSTATIC DISCHARGE 

(ESD) PROTECTION CIRCUITS 

• THREE INPUT OFFSET VOLTAGE SELEC­
TIONS : STANDARD (10 mV), A (5 mV), 
B(2mV) 

DESCRIPTION 
The TS272 series are low cost, low power dual ope­
rational amplifiers designed to operate with single 
or dual supplies. These operational amplifiers use 
the SGS THOMSON Microelectronics silicon gate 
LIN MOS process giving them an excellent 
consumption speed ratio. These series are ideally 
suited for low consumption applications. 

Three power consumptions are available allowing 
to have always the best consumption-speed ratio. 
• Icc = 1 0 ~A per amplifier : TS27L2 (Low bias ver­

sions) 
• lee = 150 ~ per amplifier : TS27M2 (Medium 

bias versions) 
• Icc = 1 mA per amplifier : TS272 (High bias ver-

sions) 

The input impedance is similar to the J-FET input 
impedance. Very high input impedance and extre­
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap­
plications. 

November 1988 

N 
DIPS 

(Plastic package) 

J 
CERDIPB 

(Cerdip package) 

D 
SOB 

(Plastic micropackage) 

(Order Codes at the end of the Data sheet) 

PIN CONNECTIONS (top view) 

2 

3 

4 

8 

7 

6 

5 

EBBTS272.01 

1- Output 1 
2 - Inverting input 1 
3 - Non-inverting 1nput 1 
4- Vcc-
5 - Non-inverting input 2 
6 - Inverting input 2 
7- Output2 
8- Vee• 
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TS272/TS27M2/TS27L2 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage (note 1) 

v,d Differential Input Voltage (note 2) 

v, Input Voltage (note 3) 

Taper Operating Free-air Temperature 
TS272C 
TS2721 
TS272M 
TS27M2C 
TS27M21 
TS27M2M 
TS27L2C 
TS27L21 
TS27L2M 

Tstg Storage Temperature 

Notes : 1. All voltage values, except differential voHages, are w1th respect to network ground term1nal 
2 Differential voltages are at the non-1nvert1ng 1nput term1nal respect to the terminal 

Vee-

E88TS272-02 

Value 

12 

± 12 

- 0.3 to 12 

o to 70 
- 40 to 105 
-55 to 125 

0 to 70 
-40to105 
-55to125 

o to 70 
- 40to 105 
-55 to 125 

- 65 to 150 

3 The magmtude of the 1nput voltage must never exceed the magnitude of the posit1ve supply voltage 

OPTIMAL OPERATING CONDITIONS 

Symbol Parameter Value 

Vee Supply Voltage (note 1) 4 to 10 

v, Common Mode Input Voltage Vee= 10 V 0 to 9 

2/10 ------------- l5ii ~~~~n:-:V~:OO~lt 
980 

Unit 

v 
v 
v 

oc 

oc 

Unit 

v 
v 



SCHEMATIC DIAGRAM (For 1/2 TS27x2) 

+ 
u 
u 
> 

TS272/TS27M2/TS27L2 

EBBTS272·03 
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TS272/TS27M2/TS27L2 

ELECTRICAL CHARACTERISTICS FOR TS272 
Tamb = 25 oc, Vee= 10 V (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter 
Min. 

VIa Input Offset Voltage 
V0 = 1.4 V 
TS272 
T m1n < T < T max 
TS272A 
T mm < T < T max 
TS272B 
T min < T < T max 

a V10 Temperature Coefficient of Input Voltage 

llo Input Offset Current 
V1 = 5 V, V0 = 5 V 
T mm< T < T max 

he Input Bias Current 
V1 = 5 V, V 0 = 5 V 
T mm < T < T max 

VoH High Output Voltage (note 1) 
V1 = 10 mV 8.2 
RL=10kQ 
T mm < T < T max 8.1 

Avd Large Signal Voltage Gain 
V0 =1 Vto6V 10 
VI =5 v 
RL=10KQ 
T mm < T < T max 7 

Gwr Gain Bandwidth Product 
Av = 40 dB 
RL = 1 o kn 
CL = 100 pF 
Fin= 200KHz 

CMR Common Mode Rejection Ratio 65 
V0 =1.4V 
V 1 = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 60 
Vee= 5 V to 10 V 
V0 =1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 
Yo =5 V 
T mm < T < T max 

Is Output Current 
V;=10mV, Vo=OV 45 

Is Output Current 
(sink) V1 =-10 mV, Vo =Vee 35 
Svo Slew Rate at Unity Gain 
l?lm Phase Margin at Unity Gain 

Av = 40 dB 
RL = 10 kQ 
CL = 100 pF 

Kov Overshoot Factor 
Vn Input Equivalent Noise Voltage 

f =1KHz 
Rs = 10 n 

Vo1N02 Cross Talk Attenuation 

Note : 1. Low output voltage is less than 50mV. 

TS272C 
Typ. 

5 

1 

1 

8.4 

15 

3.5 

80 

70 

1000 

60 

45 
5.5 

45 

30 
30 

120 
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TS2721/TS272M 
Unit 

Max. Min. "[yj!. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
5 IJ.V/oc 

1 pA 
0.1 0.2 nA 

1 pA 
0.15 0.3 nA 

v 
8.2 8.4 

8 
V/mV 

10 15 

6 
MHz 

3.5 

65 80 dB 

60 70 dB 

JJ.A 
1500 1000 1500 

1600 1700 
rnA 

85 45 60 85 
rnA 

65 35 45 65 
5.5 V/JJ.S 

Degrees 
45 

30 % 
30 nV/vHz 

120 dB 



ELECTRICAL CHARACTERISTICS FOR TS27M2 
Tamb = 25 ac. Vee = 10 V (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter 
Min. 

VIa Input Offset Voltage 
V0 =1.4V 
TS27M2 
T mm < T < T max 
TS27M2A 
T m1n < T < T max 
TS27M2B 
T m1n < T < T max 

a V1o Temperature Coefficient of Input Voltage 

l1o Input Offset Current 
V1 = 5 V, V0 = 5 V 
T m1n < T < T max 

1-rs Input Bias Current 
V 1 = 5 V, V0 = 5 V 
T mm < T < T max 

VoH High Output Voltage (note 1) 
VI = 10 mV 8.7 
RL = 100 kQ 
T mm < T < T max 8.6 

Avd Large Signal Voltage Gain 
V0 = 1 V to 6 V 30 
RL=100kQ 
VI =5 v 
T m1n < T < T max 20 

Gwr Gain Bandwidth Product 
Av = 40 dB 
RL = 100 kQ 
CL = 100 pF 
Fin= 100KHz 

CMR Common-mode Rejectron Ratio 65 
V0 =1.4V 
V 1 = 1 V to 7.4 V 

SVR Supply Voltage ReJection Rat1o 60 
Vcc=5Vto·1oV 
Va=1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 
Vo =5 V 
T mm < T < T max 

Is Output Current 
Vl=10mV,V 0 =0V 45 

Is Output Current 
(s1nk) V1 =-10 mV. Vo =Vee 35 

Svo Slew Rate at Unity Gain 
om Phase Margin at Unity Gain 

Av = 40 dB 
RL = 100 kQ 
CL = 100 pF 

Kov Overshoot Factor 

Vn Input Equivalent Norse Voltage 
f = 1 KHz 
Rs = 10 Q 

Vo1N02 Cross Talk Attenuatron 

Note : 1. Low output voltage 1s less than SOmV 

TS272/TS27M2/TS27L2 

TS27M2C TS27M21/TS27M2M 
Unit 

Typ. Max. Min. Typ. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
2 2 ~V/oC 

1 1 pA 
0.1 0.2 nA 

1 1 pA 
0.15 0.3 nA 

v 
8.9 8.7 8.9 

8.5 
V/mV 

50 30 50 

10 
MHz 

1 1 

80 65 80 dB 

80 60 80 dB 

~ 
150 200 150 200 

250 300 
rnA 

60 85 45 60 85 
rnA 

45 65 35 45 65 
0.6 0.6 V/(.IS 

Degrees 
45 45 

30 30 % 

38 38 nVt,,Hz 

120 120 dB 
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TS272/TS27M2/TS27L2 

ELECTRICAL CHARACTERISTICS FOR TS27L2 
Tamb = 25 ac, Vee= 10 V (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter 
Min. 

V,o Input Offset Voltage 
Va=1.4V 
TS27L2 
T mtn < T < T max 

TS27L2A 
T mm < T < T max 

TS27L2B 
T mtn < T < T max 

a V10 Temperature Coefficient of Input 
Voltage 

l1o Input Offset Current 
v, =5 v. Vo =5 V 
T mon < T < T max 

118 Input Bias Current 
V 1 =5 V, Vo = 5 V 
T mtn < T < T max 

VoH High Output Voltage {IJOte 1) 
V1 = 10 mv 8.8 
RL = 1 Mn 
T m1n < T < T max 8.7 

Avd Large Signal Voltage Gain 
V0 = 1 V to 6 V 60 
RL = 1 MQ 
v, =5 v 
T mm < T < T max 45 

Gwr Gain Bandwidth Product 
Av = 40 dB 
RL = 1 Mn 
CL = 100 pF 
Fm =100KHz 

CMR Common Mode Rejection Rat1o 65 
Vo=1.4V 
V, = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 60 
Vcc=5Vto10V 
V0 =1.4V 

Icc Supply Current {per amplifier) 
Av = 1. no Load 
Vo = 5 V 
T mon < T < T max 

I, Output Current 
V, = 10 mV, Vo = 0 V 45 

Is Output Current 
(Sink) V1=-10mV,Vo=Vcc 35 

Svo Slew Rate at Unity Gain 
om Phase Margin at Unity Gain 

Av = 40 dB 
RL = 1 MQ 
CL = 100pF 

Kov Overshoot Factor 

Vn Input Equivalent Noise Voltage 
f = 1 KHz 
Rs = 10 n 

Vo,No2 Cross Talk Attenuation 
Note : 1. Low output voltage 1s less than 50mV 
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TS27L2C TS27L21/TS27L2M 
Unit 

Typ. Max. Min. Typ. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
0.7 0.7 11Vi'C 

1 1 pA 
0.1 0.2 nA 

1 1 pA 
0.15 0.3 nA 

v 
9 8.8 9 

8.6 
V/mV 

100 60 100 

40 
MHz 

0.1 0.1 

80 65 80 dB 

80 60 80 dB 

llA 
10 15 10 15 

17 18 
rnA 

60 85 45 60 85 
mA 

45 65 35 45 65 
0.04 0.04 V/j.iS 

Degrees 
45 45 

30 30 % 
70 70 nV/vHz 

120 120 dB 



ICC(JJA ) 

1000 
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10 
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I I I 
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MEDIUM-BIAS VERSIONS 

--

LOW-BIAS VERSIONS ··----.-
2 4 10 12 14 

,. 

SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
V0 = V1e= 0.2 Vee. T arb= 25 •c, NO LOAD 

I I I 
~IGH·BIAS VERSIONS 

I I I 
MEDIUM-BIAS VERSIONS 

LOW-BIAS VERSIONS 

-50 -25 25 50 75 100 

SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vee= 10V, V1e=SV, V0 =5 V, NO LOAD 

TS272/TS27M2/TS27L2 

Vcc(V) 

16 

EBBTS272-04 

TA('C) 

125 

E88TS272-05 
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TS272/TS27M2/TS27L2 

TS272 

TS27M2 

TS27L2 
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ORDER CODES 

Part Number Temperature 
Range oc N 

TS272C 0 to 70 • 
TS272AC 0 to 70 • 
TS272BC 0 to 70 • 
TS2721 - 40 to 105 • 
TS272M -55 to 125 
TS27M2C 0 to 70 • 
TS27M2AC 0 to 70 • 
TS27M2BC o to 70 • 
TS27M21 - 40 to 105 • 
TS27M2M -55 to 125 
TS27L2C 0 to 70 • 
TS27L2AC 0 to 70 • 
TS27L2BC 0 to 70 • 
TS27M21 - 40 to 105 • 
TS27L2M -55 to 125 
TS272AI - 40 to 105 • 
TS272BI - 40 to 105 • 
TS272AM -55 to 125 
TS272BM -55 to 125 
TS27M2AI - 40 to 105 • 
TS27M2BI - 40 to 105 • 
TS27L2AI -40 to 105 • 
TS27L2BI - 40 to 105 • 
TS27M2AM -55 to 125 
TS27M2BM -55 to 125 
TS27L2AM -55 to 125 
TS27L2BM -55 to 125 

Examples : TS27L2ACN, TS272CD 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

TS272/TS27M2/TS27L2 

Package 

D J 

• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 

• 
• 

• 
• 
• 
• 

• 
• 
• 
• 

111 Nom1nal d1mens1on 

(2) True geametnca! pos1110n 
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TS272/TS27M2/TS27L2 

PACKAGE MECHANICAL DATA (continued) 

8 PINS- PLASTIC MICROPACKAGE SO 

e-1.27 •1 e 

1.75 max. 

10/10 
------------------------i,/~~~~~~:9~ 
988 
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TS274 
TS27M4/TS27L4 

CMOS QUAD OPERATIONAL AMPLIFIERS 

• EXCELLENT PHASE MARGIN ON CAPACI­
TIVE LOADS 

• SYMMETRICAL OUTPUT CURRENTS 

• HIGH GAIN BANDWIDTH PRODUCT FOR 
TS274 

• LOW OUTPUT DYNAMIC IMPEDANCE 

• THE TRANSFER FUNCTION IS LINEAR 

• PIN COMPATIBLE TO STANDARD QUAD 
OPERATIONAL AMPLIFIERS (TL084-LM324) 

• STABLE AND LOW OFFSET VOLTAGE 

• INTERNAL ELECTROSTATIC. DISCHARGE 
(ESD) PROTECTION CIRCUITS 

• THREE INPUT OFFSET VOLTAGE SELEC­
TIONS: STANDARD (10 mV), A (5 mV), 
B(2mV) 

DESCRIPTION 
The TS27 4 series are low cost, low power quad ope­
rational amplifiers designed to operate with single 
or dual supplies. These operational amplifiers use 
the SGS-THOMSON Microelectronics silicon gate 
LIN MOS process giving them an excellent 
consumption-speed ratio. These series are ideally 
suited for low consumption applications. 

Three power consumptions are available allowing 
to have always the best consumption-speed ratio. 
• Icc= 10 11A per amplifier : TS27L4 (Low bias 

versions) 
• Icc= 150 11A per amplifier: TS27M4 (Medium 

bias versions) 
• Icc= 1 rnA per amplifier : TS274 (High bias ver-

sions) 

The input impedance is similar to the J-FET input 
impedance : very high input inpedance and extre­
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap­
plications. 

November 1988 

N 
DIP14 

(Plastic Package) 

J 
CERDIP14 

(Cerdip Package) 

D 
5014 

(Plastic Micropackage) 
(Order Codes at the end of the datasheet) 

PIN CONNECTIONS (top view) 

2 

3 

4 

5 

6 

7 -.__ ___ _., 

14 

13 

12 

11 

10 

9 

8 

1 - Output 1 EBBTS27 4{) 1 

2 - Inverting input 1 
3 - Non-inverting input 1 
4 - Vee• 
5 - Non-inverting input 2 
6 - Inverting input 2 
7 - Output 2 
8 - Output 3 
9 - Inverting input 3 

10 - Non-inverting input 3 
11 - Vcc-
12 - Non-inverting input 4 
13 - Inverting input 4 
14 - Output 4 

1/10 
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TS274/TS27M4/TS27L4 

BLOCK DIAGRAM 

EBSTS272-02 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

Vee Supply Voltage (note 1) 12 

v,d Differential Input Voltage (note 2) ± 12 

v, Input Voltage (note 3) -0.3 to 12 

Toper Operating Free-air Temperature 
TS274C 0 to 70 
TS2741 - 40 to 105 
TS274M -55 to 125 
TS27M4C 0 to 70 
TS27M41 - 40 to 105 
TS27M4M -55 to 125 
TS27L4C 0 to 70 
TS27L41 -40to105 
TS27L4M -55 to 125 

Tstg Storage Temperature - 65 to 150 

Notes :1. 
2 
3 

All voltage values, except differential voltages, are with respect to network ground term1nal. 
Differential voltages are at the nonmverllng mput term1nal With respect to the mput term•nal 
The magnitude of the mput voltage must never exceed the magnitude of the pos1t1ve supply voltage 

OPTIMAL OPERATING CONDITIONS 

Symbol Parameter Value 

Vee Supply Vollage (note 1) 4 to 10 

v, Common Mode Input Voltage Vee= 10 V 0 to 9 

2110 

990 

Unit 

v 
v 
v 

oc 

oc 

Unit 

v 
v 



SCHEMATIC DIAGRAM (for 1/4 TS27 x 4) 

+ 
u 
u 
> 

TS274/TS27M4/TS27L4 

E88TS272.()3 

3/10 

991 



TS27 4/TS27M4/TS27 L4 

ELECTRICAL CHARACTERISTICS FOR TS274 
Tamb = 25 °C, Vee= 10 V (unless otherwise specified) 
RL Connected to Vee-

Symbol Parameter 
Min. 

Vlo l~ut Offset Voltage s = 1.4 v 
T 274 
T m1n < T < T max 
TS274A 
TS1n < T < T max 
T 274B 
T mm < T < T max 

a Vlo Temperature Coefficient of Input 
Voltage 

l1o l~ut Offset Current 
1 = 5 V, V0 = 5 V 

T mm < T < T max 
lb ll~ut Btas Current 

1 = 5 V, Vo = 5 V 
T m1n < T < T max 

VoH Hj,lh Output Voltage (note 1) 
1 = 10 mV 8.2 

RL=10kQ 
T m1n < T < T max 8.1 

Avd Large Si~nal Voltage Gam 
Vo = 1 to 6 V 10 
RL =10 kQ 
VI =5 v 
T mm < T < T max 7 

Gwr Gam Bandwidth Product 
Av = 40 dB 
RL =10 kQ 
CL = 100 pF 
fin =200KHz 

CMR Common Mode Rejection Ratio 65 
V0 =1.4V 
V 1 = 1 V to 7.4 V 

SVR Supply Voltage R~ection Ratio 60 
Vee =5 Vto 10 
Vo=1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 
V0 =5 V 
T m1n < T < T max 

Is Output Current 
V1 =10 mV, V0 =0 V 45 

Is Output Current 
(Sink) V1 =-10 mV, Vo =Vee 35 

Svo Slew Rate at Unity Gain 
l!m Phase Margin at Unity Gain 

Av =40 d 
RL = 10 kQ 
CL=100pF 

Kov Overshoot Factor 
Vn Input E~ivalent Noise Voltage 

f = 1 K z 
Rs = 10 Q 

Vo,No2 Cross Talk Attenuation 

Note : 1. Low output voltage 1s less than 50mV. 

4/10 
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TS274C TS2741/TS274M 
Unit 

Ty_j). Max. Min. Typ. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
5 5 !!V/°C 

1 1 pA 
0.1 0.2 nA 

1 1 pA 
0.15 0.3 nA 

v 
8.4 8.2 8.4 

8 
V/mV 

15 10 15 

6 
MHz 

3.5 3.5 

80 65 80 dB 

70 60 70 dB 

1000 1500 1000 1500 
!!A 

1600 1700 
rnA 

60 85 45 60 85 
rnA 

45 65 35 45 65 
5.5 5.5 V/!!S 

45 45 
Degrees 

30 30 % 
30 30 nV/VHz 

120 120 dB 



ELECTRICAL CHARACTERISTICS FOR TS27M4 
Tamb = 25 °C, Vee = 10 V (unless otherwise specified) 
RL Connected to V cc -

Symbol Parameter 
TS27M4C 

Min. Typ. 

V1o l~ut Offset Voltage 
= 1.4 v 

TS27M4 
T m1n < T < T max 
TS27M4A 
T m1n < T < T max 
TS27M4B 
T mm < T < T max 

a V1o Temperature Coefficient of Input 2 
Voltage 

llo lzy,ut Offset Current 
1=5V, V0 =5V 

T m1n < T < T max 

1 

lb l~ut Bias Current 
1 = 5 V, Vo = 5 V 1 

T mm < T < T max 

VoH H~h Output Voltage (note 1) 
1 = 10 mV 8.7 8.9 

RL=100kQ 
T mm < T < T max 8.6 

Avd Large Signal Voltage Gam 
V0 = 1 '1/ to 6 V 30 50 
RL=100kQ 
VI =5 v 
T mm < T < T max 20 

Gwr Gain Bandwidth Product 
Av = 40 dB 1 
RL=100kQ 
CL=100pF 
fm =100KHz 

CMR Common Mode Rejection Ratio 65 80 
V0 =1.4V 
V, = 1 V to 7.4 V 

SVR Supply Voltage Rejection Ratio 60 80 
V cc = 5 V to 1 0 V 
V0 =1.4V 

Icc Supply Current (per amplifier) 
Av = 1, no Load 150 
V0 = 5 V 
T min < T < T max 

Is Output Current 
V1=10mV,V0 =0V 45 60 

Is Output Current 
(Sink) V1 =-10 mV, Va =Vee 35 45 

Svo Slew Rate at Unity Gain 0.6 
0m Phase Mar~in at Unity Gain 

Av = 40 d 45 
RL = 100 kQ 
CL = 100 p_F 

Kov Overshoot Factor 30 

Vn Input Equivalent Noise Voltage 
f =1KHz 

38 

Rs = 10 Q 
Vo1No2 Cross Talk Attenuation 120 

Note : 1. Low output voltage is less than 50mV. 

TS274/TS27M4/TS27L4 

TS27M41/TS27M4M 
Unit 

Max. Min. Typ. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
2 llV/oC 

1 pA 
0.1 0.2 nA 

1 pA 
0.15 0.3 nA 

v 
8.7 8.9 

8.5 
V/mV 

30 50 

10 
MHz 

1 

65 80 dB 

60 80 dB 

200 150 200 
J.tA 

250 300 
mA 

85 45 60 85 
mA 

65 35 45 65 
0.6 Vi!!S 

45 
Degrees 

30 % 
38 nV/.JHz 

120 dB 

5/10 
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TS274/TS27M4/TS27L4 

ELECTRICAL CHARACTERISTICS FOR TS27L4 
Tamb = 25 °C, Vee = 10 V (unless otherwise specified) 
RL Connected to Vee -

Symbol Parameter 
TS27L4C 

Min. Typ. 

VIO l~ut Offset Voltage 
= 1.4 v 

TS27L4 
T mm < T < T max 
TS27L4A 
T m1n < T < T max 
TS27L4B 
T m1n < T < T max 

a V1o Temperature Coefficient of Input 
Voltage 

0.7 

l1o l~ut Offset Current 
1=5V, V0 =5V 1 

T mm < T < T max 

lb l~ut Bias Current 
1=5V, V0 =5V 1 

T m1n < T < T max 

VoH H~h Output Voltage (note 1) 
1 = 10 mV 8.8 9 

RL = 1 MQ 
T m1n < T < T max 8.7 

Avd Large Signal Voltage Gain 
V0 = 1 V to 6 V 60 100 
RL = 100 kQ 
VI =5 v 
T mtn < T < T max 45 

Gw, Gain Bandwidth Product 
Av = 40 dB 0.1 
RL = 1 MQ 
CL =100~F 
f1n = 10 K z 

CMR Common Mode Rejection Ratio 65 80 
Vo=1.4V 
V 1 = 1 V to 7.4 V 

SVR Supply Voltage RejeCtion Rat1o 60 80 
Vcc=5Vto10V 
V0 =1.4V 

Icc Supply Current (per amplifier) 
Av = 1. no Load 10 
Vo = 5 V 
T mm < T < T max 

Is Output Current 
V~=10mV,V0 =0V 45 60 

Is Output Current 
(Sink) V1 =-10 mV, Vo =Vee 35 45 

Svo Slew Rate at Unity Gam 0.04 
om Phase Mar~in at Unity Gain 

Av = 40 B 45 
RL = 1 MQ 
CL=100pF 

Kov Overshoot Factor 30 
Vn Input Equivalent Noise Voltage 70 

f =1KHz 
Rs = 10 Q 

Vo, I Vo2 Cross Talk Attenuation 120 

Note : 1. Low output voltagP IS less than 50mV. 

6 10 
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TS27L41/TS27L4M 
Unit 

Max. Min. Typ. Max. 
mV 

10 10 
12 12 
5 5 

6.5 6.5 
2 2 

3.5 3.5 
0.7 J!V/DC 

1 pA 
0.1 0.2 nA 

1 pA 
0.15 0.3 nA 

v 
8.8 9 

8.6 
V/mV 

60 100 

40 
MHz 

0.1 

65 80 dB 

60 80 dB 

15 10 15 
JlA 

17 18 
mA 

85 45 60 85 
mA 

65 35 45 65 
0.04 V!J!S 

45 
Degrees 

30 % 
70 nV/~z 

120 dB 



ICC(Ilil) 

1000 

100 

10 

ICC (llil) 

1000 

100 

10 

TS27 4/TS27M4/TS27L4 

I I I 
HIGH-BIAS VERSIONS ---

,...T I I 
MEDIUM-BIAS VERSIONS 

--.. 

LOW-BIAS VERSIONS 

··-,.--
Vcc(V) 

2 4 8 10 12 14 16 

SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vo = V1c = 0.2 Vee, T arm= 25 oc, NO LOAD EBBTS274-02 

I I I 
HIGH·BIAS VERSIONS 
I 

I I I 
MEDIUM-BIAS VERSIONS 

LOW·BIAS VERSIONS 

,. 

·50 ·25 0 25 50 75 100 

SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vee= 10V, V1c =5 V, V0 =5 V, NO LOAD 

TA(•C) 

125 

E88TS274·03 
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TS274/TS27M4/TS27L4 

TS274 

TS27M4 

TS27L4 

8/10 
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GAINidB) 

BO 

20 

20 

GAIN IdS) 

100 

80 

60 

40 

100 1 000 10000 100 000 1 000 ODD '0 OU0 000 
FREOUE:'IlCY IH1l 

OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Vee= 1DV, At= 10k n .Ct = 100pF. Tamb = 25°C 

1-- IIIII I 1111 II 
f'ii'" ~ PHAS~ SHIFT ltoghthcalcl 

GAIN Orfl sc aiel f'~ i' 

I 

I"HAS[ 

f 
45 

90 

II 

ill I 
>SO 

10 1 000 10000 100 000 1 000 000 

FREQUENCY )Hzl 

OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Vee =10V, Rt::: 100kn, Ct = 100pF, Tamb = 25 °C 

i IIIII II IIIII II 
I I""" It-+ ~:~~HAS( SHI~I~III"9" Still~) 

' 
' ~~-, I'\ 
GAI"l)leftscale)L 

1 

II 1'-" "" 
~"r--

PHASE 

I 

90 

,, 

180 

I 

100 '000 10 000 100 000 

r REOUE ..... CV IHd 

OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 

Vee= 10V, Rt = 1Mfl ,Ct = 100pF. T amb::: 25uC 

EBBTS274-04 

EBBTS274-05 

E88TS274-06 



ORDER CODES 

Part Number Temperature 
Range oc N 

TS274C 0 to+ 70 • 
TS274AC 0 to+ 70 • 
TS274BC 0 to+ 70 • 
TS2741 - 40 to+ 105 • 
TS274M - 55 to + 125 
TS27M4C o to+ 70 • 
TS27M4AC 0 to+ 70 • 
TS27M4BC 0 to+ 70 • 
TS27M41 - 40 to+ 105 • 
TS27M4M -55 to + 125 
TS27L4C 0 to+ 70 • 
TS27L4AC o to+ 70 • 
TS27L4BC o to+ 70 • 
TS27M41 - 40 to+ 105 • 
TS27L4M -55 to+ 125 
TS27M4AI - 40 to+ 105 • 
TS27M4AM - 55 to+ 125 
TS27M4BI - 40 to+ 105 • 
TS27M4BM - 55 to+ 125 
TS27L4AI - 40 to+ 105 • 
TS27L4AM -55 to+ 125 
TS27L4BI - 40 to+ 105 • 
TS27L4BM -55 to± 125 

Examples : TS27L4ACN, TS274CD 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

Datum 

Package 

D 

• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 

• 

• 
• 
• 

19.9max. 

J 

• 

• 

• 

• 
• 
• 
• 

TS274/TS27M4/TS27L4 

8.5max •l 

(1) Nomrnal drmcnsron 

{2) True geometrrcal positron 

6.35 
{1} 14 PINS 

9/10 
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TS274/TS27M4/TS27L4 

PACKAGE MECHANICAL DATA (continued) 

14 PINS- PLASTIC MICROPACKAGE SO 

•= 1.27 •1 e t e t e t e t e t e 1• 

i i i i i i -+---+-' -""'-"--

8.55 
8.75 

10/10 
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0.185 
0.265 

1.75max. 

14 PINS 



TS372 

CMOS DUAL DIFFERENTIAL COMPARATOR 

• WIDE SINGLE SUPPLY RANGE OR DUAL 
SUPPLIES 4V TO 1 OV OR± 2V TO± 5V 

• VERY LOW SUPPLY CURRENT: 0.4 mA INDE­
PENDENT OF SUPPLY VOLTAGE 

• EXTREMELY LOW INPUT BIAS CURRENT : 
1 pA TYP 

• EXTREMELY LOW INPUT OFFSET CUR­
RENT : 1 pA TYP 

• LOW INPUT OFFSET VOLTAGE 

• INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

• LOW OUTPUT SATURATION VOLTAGE 
150 mV TYP 

• OUTPUT COMPATIBLE WITH TIL.MOS AND 
CMOS 

• BUILT-IN ESD PROTECTION 

• HIGH INPUT IMPEDANCE 1012 QTYP 

• FAST REPONSE TIME : 200 NS TYP FOR TIL 
LEVEL INPUT STEP 

DESCRIPTION 

These devices consist of two independent precision 
voltage comparators, designed to operate with sin­
gle or dual supplies. 

These differential comparators use the SGS THOM­
SON Microelectronics silicon lin MOS process gi­
ving them an excellent consumption-speed ratio. 

These devices are ideally suited for low consump­
tion applications. 

December 1988 

ADVANCE DATA 

N 
DIP14 

(Plastic Package) 

J 
CERDIP14 

(Cerdip Package) 

D 
5014 

(Plastic Micropackage) 

(Order Codes at the end of the datasheet) 

PIN CONNECTIONS (top view) 

2 

3 

4 

8 

7 

6 

5 

EBBTS272.()1 

1 - Output 1 

2 - Inverting input 1 

3 - Non-inverting Input 1 

4 - Vcc-

5 - Non-inverting input 2 

6 - Inverting input 2 

7 - Output 2 

8 - Vee• 

1/3 
Th1s 1s advanced mformatron on a new product now rn development or undergoing evaluat1on. Details are subJeCt to change Without not1ce 
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TS372 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) 12 v 
V;d Differential Input Voltage (note 2) ± 12 v 
V; Input Voltage (note 3) 12 v 
Vo Output Voltage 12 v 
lo Output Current 20 mA 

Duration of Output Short-circuit to GND (note 4) Unlimited 

Toper Operating Free-air Temperature TS372C 0 to 70 oc 
TS3721 -40 to 105 
TS372M -55 to 125 

Tstg Storage Temperature - 65 to 150 oc 
Notes : 1. All voltage values, except differential voltages are with respect to network ground terminal. 

2. Differential voltages are at the non· inverting input terminal with respect to the input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 
4. Short circuit from outputs to Vee• can cause excessive heating and eventual destruction. 

OPERATING CONDITIONS 

Symbol Parameter Value Unit 

Vee Supply Voltage Range 4 to 10 v 

Vee Min Supply Voltage (for selected devices) 3 v 
Vee Max Supply Voltage 12 v 

ELECTRICAL CHARACTERISTICS 0/ cc = + 5 V, T = 25 °C) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit 

Vic Input Offset Voltage for V;c = V;cR Mm (note 1) 2 10 mV 

l;o Input Offset Current (note 1) 1 pA 

l,b Input Bias Current 1 pA 

V;cR Input Common Mode Voltage Range 0 to Vee v 
-1.5 v 

Avd l.:arge Signal Voltage Gain Vee= 10 V; RL > 15 KQ at Vee 200 V/mV 

loh High Level Output Current V;d = 1 V; Voh = + 5 V 0.1 nA 

Vol Low Level Output Voltage V;d = 1 V ; 10 ; = 4 mA 150 400 mV 

Icc Supply Current (4 comparators) v,d =- 1 V ; RL = oo 0.4 1 mA 

lol Low Level Output Current V;d =- 1 V ; VoL = 1.5 V 6 16 mA 

Tre Response Time RL = 5.1 KQ; CL = 15 pF Overdrive 5 mV 600 ns 
(note 2) 

T,e Response Time RL = 5.1 KQ ; CL = 15 pF TTL Input (note 2) 200 ns 

Notes : 1. The offset voltage and offset current which are given are the maximum values recuired to drive the output down to 400 mV or up to 
4 V with R, = 2.5 Kfl to Vee. 

2. The response time which is specified is the interval between the input signal and the instant when the output signal crosses 1.4 V. 

2/3 
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ORDER CODES 

Part Number Temperature 
Range N 

TS372 0 to 70 • 
TS3721 -40 to 105 • 
TS372M -55 to 125 

Examples : TS3721D 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

Package 

D 

• 
• 

8 PINS- PLASTIC MICROPACKAGE SO 

TS372 

J 

• 

11) NOminal d1mens1on 

(2) True geometrical pOSitiOn 

0.185 
0.265 

1.75 max. 

8 Outputs 

3/3 
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TS374 

CMOS QUAD DIFFERENTIAL COMPARATOR 

• WIDE SINGLE SUPPLY RANGE OR DUAL 
SUPPLIES 4V TO 1 OV OR± 2V TO± 5V 

• VERY LOW SUPPLY CURRENT: 0.4 mA INDE­
PENDENT OF SUPPLY VOLTAGE 

• EXTREMELY LOW INPUT BIAS CURRENT : 
1 pA TYP 

• EXTREMELY LOW INPUT OFFSET CUR­
RENT : 1 pA TYP 

• LOW INPUT OFFSET VOLTAGE 

• INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

• LOW OUTPUT SATURATION VOLTAGE 
150 mVTYP 

• OUTPUT COMPATIBLE WITH TTL.MOS AND 
CMOS 

• BUILT-IN ESD PROTECTION 

• HIGH INPUT IMPEDANCE 1012 OTYP 

• FAST REPONSE TIME : 200 NS TYP FOR TTL 
LEVEL INPUT STEP 

DESCRIPTION 

These devices consist of four independent precision 
voltage comparators, designed to operate with sin­
gle or dual supplies. 

These differential comparators use the SGS THOM­
SON Microelectronics silicon lin MOS process gi­
ving them an excellent consumption-speed ratio. 

These devices are ideally suited for low consump­
tion applications. 

December 1988 

ADVANCE DATA 

N 
DIP14 

(Plastic Package) 

J 
CERDIP14 

(Cerdip Package) 

D 
5014 

(Plastic Micropackage) 

(Order Codes at the end of the datasheet) 

PIN CONNECTIONS (top view) 

2 

3 

5 

1 - Output 2 
2 - Output 1 
3 - Vee+ 
4 - Inverting input 1 
5 - Non-inverting input 1 
6 - Inverting input 2 
7 - Non-inverting input 2 
8 - Inverting input 3 
9 - Non-inverting input 3 

10 - Inverting input 4 
11 - Non:inverting input 4 
12 - Vcc-
13 - Output 4 
14 - Output 3 

14 

13 

12 ,, 
10 

9 

8 
E88J374·01 

1/3 
Th1s IS advanced Information on a new product now m development or undergo1ng evaluat1on Deta1ls are subject to change Without not1ce. 
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TS374 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage (note 1) 12 v 
V;d Differential Input Voltage (note 2) ±12 v 
v, Input Voltage (note 3) 12 v 
Vo Output Voltage 12 v 
lo Output Current 20 mA 

Duration of Output Short-circuit to GND (note 4) Unlimited 

Toper Operating Free-air Temperature TS374C 0 to 70 oc. 
TS3741 -40 to 105 
TS374M -55 to 125 

Tstg Storage Temperature - 65 to 150 oc 
Notes : 1. All voltage values, except differential voltages are with respect to network ground terminal. 

2. Drfferentral voltages are at the non-inverting rnput terminal With reSpect to the input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 
4. Short crrcuit from outputs to Vee+ can cause exr:essive heating and eventual destruction. 

OPERATING CONDITIONS 

Symbol Parameter Value Unit 

Vee Supply Voltage Range 4 to 10 v 
Vee Min Supply Voltage (for selected devices) 3 v 
Vee Max Supply Voltage 12 v 

ELECTRICAL CHARACTERISTICS 01 cc = + 5 V, T = 25 °C) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit 

V,o Input Offset Voltage for V1c = V1cR Mm (note 1) 2 10 mV 

l,o Input Offset Current (note 1) 1 pA 

l,b Input Bias Current 1 pA 

V1eR Input Common Mode Voltage Range 0 to Vee v 
-1.5 v 

Avd Large Signal Voltage Gain Vee= 10 V; RL > 15 KQ at Vee 200 V/mV 

loh High Level Output Current V,d = 1 V ; Voh = + 5 V 0.1 nA 

Vol Low Level Output Voltage V,d = 1 V ; lo1 = 4 mA 150 400 mV 

Icc Supply Current (4 comparators) V,d =- 1 V ; RL = = 0.4 1 mA 

lol Low Level Output Current V,d =- 1 V ; VoL = 1.5 V 6 16 mA 

Tre Response Time RL = 5.1 KQ ; CL = 15 pF Overdrive 5 mV 600 ns 
(note 2) 

T,. Response Time RL = 5.1 KQ; CL = 15 pF TTL Input (note 2) 200 ns 

Notes : 1. The offset voltage and offset current which are given are the maximum values reqUired to drive the output down to 400 mV or up to 
4 V Wlth Rc = 2.5 KQ to Vee. 

2. The response time which is specified is the interval between the input Signal and the instant when the output s1gnal crosses 1.4 V. 
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ORDER CODES 

Part Number Temperature Package 
Range N 

TS374 0 to 70 • 
TS3741 -40 to 105 • 
TS374M -55to125 

Examples : TS3741D 

PACKAGE MECHANICAL DATA 

14 PINS- PLASTIC DIP OR CERDIP 

Datum 

D 

• 
• 

14 PINS- PLASTIC MICROPACKAGE SO 

J 

• 

8 5max •I 

(11 Nominal dimension 
(2) True geometrical posHion 

6.35 
(1) 14 Outputs 

0.185 
0,265 e-1.27 "! e t e t e t e t e t e I" 

I i i j i i "'1----t-. ==-
• 1 I I 

&.55 1.75max. 
8.75 

14 outputs 

TS374 
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TSGF SERIES 
MASK PROGRAMMABLE FILTERS 

ANALOG SWITCHED CAPACITOR FILTER ARRAYS 

• HCMOS MASK PROGRAMMABLE SWITCHED 
CAPACITOR FILTERS : FAST DESIGN TURN­
AROUND TIME (5 to 6 weeks average), 
THANKS TO GATE ARRAY APPROACH 

• INTEGRATION OF ANY KIND OF CLASSIC, 
NON-CLASSIC FILTERS : BANDPASS, LOW­
PASS, HIGHPASS, BAND REJECT... 

• GAUER, CHEBYCHEV, BUTIERWORTH, LE­
GENDRE ... 

• FILTER ORDER : FROM 2ND TO 12TH 
• CASCADABLE STRUCTURE : HIGHER OR­

DER ACHIEVABLE 
• NO EXTERNAL COMPONENTS REQUIRED 

TO REALIZE THE FILTERING FUNCTION 

• ADDITIONAL OPTIONS AVAILABLE ON CHIP: 
_ UNCOMMITED OP-AMPS (for anti-aliasing 

and/or smoothing filters, half or full wave rec­
tifiers ... ) ; 

_ INTERNAL DIVIDER (sampling frequency 
generated from external clock) ; 

- OUTPUT SAMPLE-AND-HOLD 
• TSGF SERIES PROVIDES : 

_ LEAPFROG STRUCTURE FOR VERY LOW 
SENSITIVITY FILTERS ; 

- CASCADABLE BIQUADRATIC CELLS FOR 
NON-CLASSIC FILTER DESIGN 

• TSGF SERIES FULLY SUPPORTED BY "FIL­
CAD"® CAD SOFTWARE FROM FILTER SYN­
THESIS AND SIMULATION UP TO LAYOUT 
_ APPLICATION NOTES 

- EVALUATION BOARDS 
_ INPUT SIGNAL FREQUENCY: 0 TO 30KHz 
- SIGNAL TO NOISE RATIO: 60 TO 85dB 

• POWER SUPPLY : DUAL± 5V 
SINGLE 0- 10V 
SINGLE 0- 5V 

• ADJUSTABLE POWER CONSUMPTION 
0.5mW TO 20mW PER FILTER ORDER 

• QUALITY FACTOR : UP TO 50 
• PASS-BAND GAIN : UP TO 40dB 
• INPUT SENSITIVITY : 1 mVRMS (min) 

February 1989 

DESCRIPTION 
TSGF series is a family of Mask Programmable Fil­
ters (MPFs) developed by SGS-THOMSON Micro­
electronics. 

The TSGF product range is composed of 3 switched 
capacitor filter base arrays, TSGF04, TSGFOB and 
TSGF12 providing filter integration capability from 
2nd to 12th order. 

TSGF04/08/12 are using "gate array" technique : 
the filter customization is achieved only by the final 
metallization mask. 

Therefore TSGF series provide users with filter in­
tegration solutions with very fast design turn-around 
time : 5 to 6 weeks up to delivery of full tested pro­
totypes. 

TSGF04/08/12 base arrays provide on chip all ne­
cessary functions to realize all kind of filters : 

_ transconductance amplifiers 
_ switches 
_ capacitor fields 
_ sample-and-hold 
_ non overlapping phase generator 

Additional on-chip integration capabilities are offe­
red by TSGF products such as : 

- prefiltering and post filtering functions antialiasing 
and smoothing filters) 

_ cosine filter 
_ output sample-and-hold driving 
_ power consumption adjustment 
_ output DC level adjustment. 

TSGF series provide users a fast and complete 
design solution for their specific filter circuits resul­
ting in highly accurate and reliable products thanks 
to switched capacitor technique. 

But SGS-THOMSON filtering approach is not only 
limited to the Mask Programmable Filter (MPF) pro­
ducts. 
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TSGF SERIES 

TSGF SERIES PRODUCT RANGE 

Part Number of Filter Uncommitted Output 

Number on-chips Filters Order Op-amps Clock Sample-and Packages 
Hold 

TSGF04 1 2 to 4 1 Internal Oscillator• External• Driving PDIP 8-14 Pins 
TTUCMOS Levels CDIP 14 Pins 

SO Wide 16 Pins 

TSGF08 1 4 to 8 2 1 Clock Input Internal Driving PDIP 8-16 Pins 
TTUCMOS Levels CDIP 16 Pins 

SO Wide 16 Pins 

TSGF12 1 or 2 8 to 12 2 2 Clock Inputs External· Driving PDIP 16-18-20 Pins 
TTUCMOS Levels CDIP 16-18-20 Pins 

• Optional. 

Users are given : 
• Standard Device Filters which are general pur­

pose filters designed by SGS-THOMSON from 
the 3 TSGF base arrays. 
_ TSG 87xx developed on TSGF04 filter array 

(2nd to 4th order) 
_ TSG 85xx developed on TSGF08 filter array 

(4th to 8th order) 
_ TSG 86xx developed on TSGF12 filter array 

(8th to 12th order). 

Refer to data sheets of these standard filter pro­
ducts. 
• "Gate Array" Filters which are the TSGF04, 

TSGF08, TSGF12 filter arrays described in this 
data sheet. 

• "Standard Cell" Filters described in the TSGSM 
Series Data Sheet. 

By offering TSGF-Iike macrocells in its library, the 
mixed analog/digital TSGSM Standard Cell family 
also provides filtering capabilities and then can ex­
tend integration possibilities offered by TSGF se­
ries. 

For example higher than 12th order filters or circuit 
combining filters with digital and analog functions on 
the same chip are achievable with TSGSM Stan­
dard Cells. 

SWITCHED CAPACITOR TECHNIQUE 

SGS-THOMSON TSGF products are active filters 
where resistors are replaced by capacitors which 
are switched at a frequency, named sampling fre­
quency (Fi). 

Figure 1 is showing the basic principle of switched 
capacitor technique. 
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SO Wide 18-24 Pins 

Figure 1. 

Vl ~,_5_1 _ ___,,__ _ ____,,...-;:52 V2 

cp I ¢-
Cl 1 

I 
ESSTSGFSERIES-01 

The 2 switches (S1 and S2) are controlled by 2 com­
plementary and non overlapping clock phases. 

During the phase 0 = 1 (S1 on, S2 off) the charge 
stored in C1 is : 

01 = C1.V1 (1) 

During the phase 0 = 1 (S1 off, S2 on) the charge 
stored in C1 becomes : 

02 = C1.V2 (2) 
1 

During a complete clock period Ti = - = 0 + 0 
Fi 

the transferred charge is : 

L>O = 01 - 02 = C1 (V1 - V2) (3) 

During this Ti period, this charge flow is equivalent 
to a current, I : 

L\0 = C1 (V1 - V2) = I.Ti (4) 



C1 (V1 - V2) 
I = C1.Fi (V1 - V2) = ----- (5) 

T; 
Comparing (5) with Ohm's law applied to a resi­
stance: 

V1- V2 
I= 

R 
The equivalent resistor is then : 

T; 
Req = 

C1 
Then, with (7), aRC product becomes: 

c 
Req. C = T; 

C1 

(6) 

(7) 

(8) 

SWITCHED CAPACITOR FIL TEA BENEFITS 

In active filters, the time constant is fixed by the RC 

SWITCHED CAPACITOR FILTER FEATURES 

Key Points 

• Monolithic Filter. 
• The coefficients of the filter transfer function are 

completely determined by : 
-a single crystal controlled clock frequency 
- and ratioed capacitors 

• Fully HCMOS Integrated Filters 
• Switched capacitor filters are sampled-and-hold 

circuits. 

SWITCHED CAPACITOR FILTER ARRAY 
ARCHITECTURE 

Analog switched capacitor filter arrays, TSGF se­
ries, are processed with a 3.5/2 polysilicon layer/1 
metal layer HCMOS process. 

SGS-THOMSON offers 3 filter base arrays, 
TSGF04, TSGF08 and TSGF12, providing filtering 
capabilities from 2nd to 12th order. 

The 3 arrays are designed around a "Universal bi­
quadratic filter cell", SGS-THOMSON patented. 
This cell consists of 2 adder integrators using a 
transconductance amplifier, switches, and capaci­
tor fields. Fields of capacitors are composed of hun­
dred unit capacitors (0.1 pF) and then provide high 
and accurate capacitor values. 

TSGF SERIES 

product but the component values R and C used 
with the Op-amp are absolutely uncorrelated : so 
trimmings, tunings are very often needed to obtain 
an accurate template. On the other hand, with swit­
ched capacitor networks, only capacitor ratios are 
used. These ratios are obtained with capacitors in­
tegrated on the same chip. The available accuracy 
is 0.1% to 0.5% whatever the temperature condition 
maybe. 

As the time constant is fixed by capacitor ratio, ful­
ly integrated filters are achievable without trimming. 
In addition, as shown in (8) the time constant RC is 
proportional to the sampling period Ti :the filter cut­
off frequency can be shifted by tuning the sampling 
clock frequency without any change on the shape 
of response curves. 

Results 

• Board Size Reduction. 
• High Accuracy Template. 
• Stability in Temperature and Time. 
• High Order Filter Achievable. 
• No Adjustment. 
• Clock Tunable Cutoff Frequency. 
• Low Power. 
• No External Components. 
• Ease and Safety of Use. 
• Antialiasing prefiltering is required if the input signal 

is wide band. 
• Smoothing post filtering may be used to avoid spectral 

rays around the sampling frequency. 

Figure 2 shows the TSGFOB chips, outlining all func­
tions available on TSGF filter arrays : 

_ Universal 2nd order Filter Cell. Clock divider 
generating internal sampling frequency from 
external clock. 

_ Non overlapping phase generator. 
_ Input Sample-and-Hold. 
_ Uncommitted free Op-amps. Power 

consumption Adjustment cells for filter and 
Op-amps. 

_ Output Sample-and-Hold. 

The internal sampling frequency Fi can be set from 
500Hz to 700KHz by an external oscillator (or an in­
ternal one with TSGF04 base wafer). 
When the external available clock frequency is 
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higher than 700KHz, the set of Mask Programma­
ble dividers by 2 is used to adapt the external clock 
frequency to the sampling frequency. In any case 
the external clock frequency must be lower than 
5MHz. 

As the ratio Fi!Fc between sampling frequency Fi 
and selected filter frequency Fe is a constant, des­
igners can move the filter characteristics (central or 
cut-off frequency) only by tuning the clock. 
A 1 OV power supply, either OV and 1 OV, or- 5V and 
+ 5V, gives the best performances : maximum out­
put swing of BV. The TSGF filters can also operate 
with a standard 0/5V power supply. In that case the 
maximum output swing is 2.2V. 

Typical power consumption is 0.5mA per filter order. 
This power consumption is user adjustable between 
0.1 rnA and 2mA with an external resistor, depen­
ding on the frequency range. 

The power consumption adjustment is also provided 
to the uncommitted operational amplifiers : the bias 
current must be increased when a high gain- band­
width product is required. 
These uncommitted Op-amps give the designer the 
capability to create auxiliary circuits like voltage 
gain, prefiltering and post filtering functions half or 
full wave rectifier functions, or local oscillator (refer 
to application notes AN-061, AN-069, AN-070, AN-
075). 

The offset voltage of TSGF products is typically a 
few millivolts, with a 300mV max depending of the 
filter type. 

Moreover, there is a possibility to adjust the filter out­
put DC levels, thanks to an external bias voltage ap­
plied on "L VL" pin. Automatic offset compensation 
can be done by mean of one uncommitted on-chip 
operational amplifier, as indicated in Application 
note AN-069. 

The TSGF products feature a high input impedance 
(typ. : 3MQ) and a low output impedance (typ. : 
1 OQ) allowing then cascadable filter network in or­
der to achieve higher than 12th order. 

The output buffers are configurated as sample-and­
hold amplifiers which can drive a 1 KQ load resis­
tance and a 1 OOpF load capacitance. 

On the TSGF04 and TSGF12 an external sample­
and-hold clocking allows to connect the filter output 
directly to an analog to digital converter (Optional ; 
see fig. 7). 

In addition some particular switched capacitor cells 
have been implemented on the first 2 integrators of 
each chip allowing realization of special functions 
like: 

TSGF SERIES 

_ cosine filter 
- complementary high pass filter 
_ exact bilinear leapfrog filter. 

Figure 3a: TSG8512: 7th Order Gauer Low pass 
Filter. 

-~.ooa;----.----.--.,...-.-----l----.--.-...,.-"""''""""!-

1 
EBBTSGFSERIES-03 

Figure 3b : TSG8551 : 8th Order High-Q Band 
pass Filter (0 = 35). 

EBBTSGFSERIES-04 

BENEFITS 

With the TSGF series of SGS-THOMSON, de­
signers are given unique "Gate Array" filter products 
for the replacement of their passive/active filters or 
the design of new filters. 

The TSGF04/08/12 provide then with gate Array te­
chnique 3 complete arrays where all functions ne­
cessary to realize the filter function and its external 
circuit environment are available on chips. 

The switched capacitor process permits the realiza­
tion of very accurate and fully integrated filters and 
breaks down the equipment production costs by 
providing fully tested filters parts : tuning or ad­
justment of external components are no more ne-
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cessary with TSGF series. 

Figures 3A, 38 is showing 2 examples of Standard 
Filters designed with the TSGF08 matrix. 

APPLICATIONS 

TSGF products from SGS-THOMSON can integrate 
all filtering functions (replacement of active or pas­
sive filters ... ) and then can be implemented very qui­
ckly into an application/equipment requiring a filter 
with a maximum input signal frequency of 30KHz. 

Mask Programmable Filters (MPFs) typical applica­
tions are: 
- audio filtering/processing 
- signal/frequency detection 
- scrambling/coding 
- spectrum analysis 
- process control 
- remote control 
- harmonic analysis 
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- equalization 
- frequency tracking 
- alarm systems 
-robotics 
- anti-knock system 
-data acquisition (before ND and after D/A conver-
ters) 
- automatic answering 
- inwarding 
- speech processing 
-security system (coding, recognition) 
- sonar detection 
- mobile radio 
-modems 

BLOCK DIAGRAMS 
Figure 4 outlines the mean features and options of­
fered by each of the 3 MPF arrays by showing 
TSGF04, TSGF08 and TSGF12 block diagrams. 



Figure 4 : Block Diagrams. 

TSGF04 

•EB 

TSGFOB -ee 

TSGF12 

SB 

•EA 

-EA 

SA 

TSGF SERIES 

EBBTSGF SERIES-OS 

EBBTSGF SERIES-06 

EBBTSGF SERIES·07 
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TSGF SERIES 

PIN DESCRIPTION 

The table below gives the pin description of the 3 
MPF arrays, TSGF04 TSGFOB and TSGF12. The 
pin assignment is given for the extended and com-

plete version of each array, it means with all the avai­
lable on-chip options connected to the package. 

Name 
Pin TSGF04 TSGFOB TSGF12 Function Description 

Type No No No 

v• I 1 1 1 Positive Supply 

v- I 2 2 2 Negative Supply 

LVL I 6 3 LVL1 5 Output DC Filter output DC level adjustment when 
LVL2 20 Level Adjustment connecting a potentiometer between 

v• and V"" with its middle point to L VL. 
When no adjustment is needed, LVL 
pin is connected to GND. 

IN I 7 4 IN1 4 Filter Input 
IN29 

GND I 8 5 8 General Ground v• + v-
GND Voltage= --

2 

OUT 0 9 6 OUT1 6 Filter Output 
OUT27 

CLK I See 7 CLK1 10 Clock Input TTUCMOS Level Compatibility 
CLKIN CLK2 11 

PWF I 14 8 12 Filter Power Adjustment Filter power consumption can be 
chosen by connecting a resistor 
between PWF and GND (or v•). Stand 
by mode is obtained by connecting 
PWF to V"" (or non connected) 

PWA I 10* 9 13 OpAmp Power Idem PWF but for Op Amp (PWA) 
Adjustment 

-EB I 10 14 Inverting Input 
OpAmp B 

SB 0 11 15 Output Op Amp 8 

+EB I 12 16 Non Inverting Input 
Op Amp B 

+EA I 5 13 17 Non lverting Input 
OpAmpA 

SA 0 4 14 18 Output Op Amp A 

-EA I 3 15 19 Inverting Input 
OpAmpA 

NC 16 Non Connected 

CLKSH I 10* 3 S/H Clock Input External Driving Clock of Output 
Sample-and-hold 

CLKIN I 12 Clock Input See TSGF04 Clock Oscillator Section 

CLKR 0 13 Clock Pin for External For TSGF04, external RC or crystal 
Oscillator oscillator are connected to CLKIN and 

CLKR pins. See TSGF04 clock 
oscillator section 

CLKM I 11 Clock Selection Mode Connected to GND or V"" see TSGF04 
clock oscillator section 

• For TSGF04 when external driving clock of output sample-and-hold (CLKSH) IS used, PWF realizes the power adJustment of both uncomm1t· 
ted Op-amp and filter. 

Note : For other packing pin-out, refer to package drawings and pin-out at the end of data sheet. 
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FUNCTIONAL DESCRIPTION 

INTERNAL CLOCK DIVIDER (CLK) 

The internal sampling frequency F; can be fixed from 
500Hz to 700KHz (F; can be used between 700KHz 
and 1 MHz with some limitations) by an external os­
cillator (or internal one with TSGF04 filter array). 
When the external clock frequency Fe, is higher than 
700KHz, a mask programmable on-chip divider is 
used to adapt available clock frequency to the sam­
pling rate. 

TSGF04 TSGF08 TSGF12 

Number of Divide by 2 8 10 8 
Available Per Chip 

Max. F9 /Fi Ratio 256 1024 256 

In any case, the external clock frequency Fe must 
be less than 5MHz. 

Example : The TSG8510 features (TSG8510 is a 
standard filter based on TSGF08 array) : 

Fe max = 1.5MHz and F, max = 750KHz then 
Fe 
F; =2 

only one divider by 2 is used for this filter (which is 
the case of most of SGS-THOMSON' general pur­
pose filters). 
Note :As the internal clock divider is mask program­
mable, the ratio Fe!Fi is fixed for each filter. The 
change of this ratio is possible but results into a new 
part number. 

ADJUSTMENT OF OUTPUT DC LEVEL 
(LVL) 
The output DC offset voltage can be removed 
thanks to an external bias voltage applied on "L VL" 
pin, as shown on figure 8. 
However automatic offset compensation can be im­
plemented by using one of the uncommitted on-chip 
Op-amps, as indicated in application note AN-069 
(see fig. 9 in AN-069). 
The offset voltage of TSGF filters is typically a few 
millivolts, with a 300mV max, depending on the type 
of the filter. 
A drift of this offset voltage can be observed when 
user increases the power consumption of the filter 
with an external resistor connected to PWF pin. So 
when the filter operates at high frequencies, a com­
promise exists between the filter frequency res­
ponse performance and its output DC offset voltage. 

When no DC output level adjustment is required, 

TSGF SERIES 

LVL pin has to be connected to the GND voltage. 

The level gain, LG, of each filter can be deduced 
from the curve representing Vour = f (L VL). This 
curve is filter dependent. 

For example the TSG851 0 presents following curve 
shown in figure 5 (measured with Fe= 256KHz, 
IPWF = 1 OOJ.IA) : 

Figure 5 : Output DC Voltage Adjustment from 
LVL Pin. 

E88TSGF SERIES-OS 

The TSG8510's level gain is: 

Vour 1000 
LG=-- =--3.3 

LVL 300 

For example if one TSG851 0 presents a 1 OOmVoff­
set voltage at its output, user must apply an exter­
nal bias voltage L VL = 30mV to compensate it. 

FILTER POWER ADJUSTMENT (PWF) 

The filter power consumption can be chosen by 
connecting an external resistor, RPWF between 
PWF and GND (or V+) pins. 

This power adjustment operates the variation of the 
bias current of the integrators used in the switched 
capacitor filter. This current, IPwF, can be low when 
filter operates at low cut-off frequencies (Fe :1KHz}, 
but must be increased at high cut-off frequencies 
(Fe= 20KHz), in order to charge and discharge the 

capacitors at a higher rate. 

As a result, an optimal choice of IPwF bias current 
can be deduced from the curve representing IPWF = 
f (Fe), Fe being the external clock frequency applied 
on CLK pin. 

This curve is dependent on the filter. For example, 
as shown in figure 6, the TSG8510 presents follo­
wing characteristics : 
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Example : if the cutoff frequency of the low pass 
TSG8510 filter has to be set at 3.4KHz, user must 
apply the external clock frequency Fe= 75.3 x 3.4 = 
256KHz. 

Figure 6: TSGF10 user's Guide for IPWFand 
RPWF Chaise. 
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The User's guide for lpwF choice indicates : 
• optimaliPWF = 1 001-!A 

RPWF = 35kQ 
• non recommanded zone for lpwF 1 OOJ.!A 

Operation within this area can lead to increase 
the ripple in the pass band and to decrease the 
stop band attenuation. 

• zone of correct functioning with over consump-
tion for IPWF > 1 OOJlA. 

Note : Power consumption choice has to be priori­
tized when major concern in TSGF design is the 
frequency response (gain versus frequency). The 

output DC offset voltage comes in 2nd position in 
that case. 

EXTERNAL DRIVING OF OUTPUT SAMPLE· 
AND-HOLD 

This facility allows the filter output to be connected 
directly to an analog-to-digital converter, as illustra­
ted in figure 7. 

The clock signal which enters on the CLKSH pin 
must be synchronous with the sampling frequency. 
As a result, the external clock frequency Fe must be 
the sampling frequency F; (the on-chip divider does 
not have to be used). 

Figure 7 : External Driving of Output Sample and 
Hold (example). 

E88TSGFSERIES·1 0 

The clock signal applied on CLKSH pin has to be 
optimized in order to read a settled signal issued 
from the switched capacitor filter. 

On the example shown in figure 7, a 12th order low 
pass filter makes an ideal antialiasing filter to pre­
cede data conversion. The filter precludes the need 
for oversampling when driving the AID converter. 

CLKSH option is only available on TSGF04 and 
TSGF12 arrays. 

USE OF THE MPF WITH· 5V/+5V DUAL 
POWER SUPPLY 

The adjustment of the DC output level of the M.P.F. 
is achieved by an external voltage source (for exam­
ple, a bridge divider connected between the positive 
and the negative power supplies and whose the mid­
dle point is connected to the LVL pin of the M.P.F.). 
If no output DC adjustment is required, the L VL pin 
can be directly connected to GND. 

The consumption of the filter can be also adjusted 
by means of an external resistance connected 
between GND (or V+) and the PWF pin of the circuit. 

The consumption can thus be chosen to match the 
particu Jar application. 
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Figure 8 : Example of a TSGFOB Fed in Dual 
Supply: +5V, 0, -5V. 
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If the Op-Amps are not used, RPWA has not to be connec· 
ted between PWA and GNO. 

The stand-by mode is obtained by strapping the 
PWF pin to V (or non connected). 

The adjustment of the power consumption of the two 
operational amplifiers can be achieved exactly like 
for the previous case, but via the PWA pin of the cir­
cuit. The stand-by mode is also obtained by strap­
ping the PWA pin to V (or non connected). 

The clock levels are TTL, but CMOS levels are ac­
cepted. With these previous conditions, the output 
linear dynamic range of the M.P.F. is about BV, 
between - 4.5V and+ 3.5V. 

A capacitor CPwF can be added in parallel with RPwF 
in order to improve the clock feedthrough rejection : 
(Typical value CpwF = 33pF). 

As for all CMOS circuits operating with dual power 
supply(- 5V, 0, + 5V), it is advised to use clamping 
diodes (Threshold voltage less than 0.6V) (Schott­
ky is preferrable) in order to avoid transients during 
power up which could drive TSGF circuits over their 
maximum ratings. Only 1 Schottky diode between 
GND and V+ is sufficient for TSGF products. 

TSGF SERIES 

USE OF THE MPF WITH 0/10V SINGLE PO­
WER SUPPLY 

In this case, v· is the reference ground of the circuit 
and GND must be adjusted to+ 5V by means of the 
potentiometer PL (V+ - v·)/2), or by using a simple 
bridge divider. But in that case small resistors va­
lues (2kQ) have to be used in order to set GND at a 
low impedance value. 

The adjustments of the DC output level of the M.P.F. 
of the power consumptions of the filter and of the 
operational amplifiers can be achieved exactly like 
previously. 

The high level of the clock must be at least 1.4V up­
per the GND level. 

With these previous conditions, the output linear dy­
namic range of the M.P.F. is about BV between 0.5 
and 8.5V. 

Figure 9 : Example of a TSGFOB FED, in Single 
Power Supply 0 - 1 OV . 

+tov 

v+ NC 

v -EA v+ 
LVL SA 

IN +EA PL 
TSGF08 

GNO + EB 

IOV OUT SB 

-EB 
PWA 

GND GND 4 10R v+J GND •10R v+ J 

PL = 20kQ (multiturn) 
1 OkQ 5 RPWF, RPWA 5 75kQ 

E88TSGFSER IES-12 

• GND is used. when the user provides the SV voltage. 

USE OF THE MPF WITH 0/SV SINGLE PO­
WER SUPPLY 
In this case, Vis the reference ground of the circuit 
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TSGF SERIES 

and GND must be adjusted to + 2.5V by means of 
the potentiometer PL ( (V+- V}/2), and one Op-amp 
used as buffer in order to provide a low impedance 
on GND reference. 
Otherwise, without Op-amp, a simple bridge divider 
is sufficient, but small resistor values (2kn) have to 
be used in order to set GND at a low impedance va­
lue. 

The other adjustments are achieved exactly like pre­
viously except for bias resistance of the filter and of 
the operational amplifiers (RPWF and RPwA), whose 
must be exclusively to V+. 
The clock levels must be CMOS levels. With these 
previous conditions, the output linear dynamic 
range of the M.P.F. is about 2.2V, between 1.2 and 
3.4V. 

ANTI-ALIASING AND SMOOTHING 
Anti-aliasing : The switched capacitor filters are 
sampled systems and must verify the SHANNON 
condition imposing a sampling frequency (Fi) equal, 
at least, to the double of the upper frequency (Fe) 
contained in the spectrum to transmit. With this 
condition, no information is added or lost on the 
transmitted signal. This theorem describes the well­
known phenomenon called spectrum aliasing 
shown figure 11 where the entire spectrum to trans­
mit appears around Fi, 2 Fi, 3 Fi ... and so on. 
Thus, all spectrum components of the signal contai­
ned around these frequencies are transmitted by the 
M.P.F., appositively to the desired result. 
To cancel the effects of this phenomenon, it is re­
quired, before all sampled systems, to filter all the 

Figure 11. 

spectrum components of the intput signal upper than 
Fi- Fe. An analog filter, called "anti-aliasing filter'', 
must be therefore applied before the M.P.F. 

Figure 10: Example of a TSGFOB FED in Single 
Power Supply 0-SV. 

SV 

0 ..Il.JL._ 

,--
1 

.J.. 
CPWF.,.. 

I 

+SV 
r-------, 

LVL SA 

IN +!A 1--~ 
TSGFOB 

GND + EB 

so 

-ED 

G'*'D GNo• :oR v +1 

PL = 20kn (multiturn) 
1 Okn:::; RPwF, RPWA:::; 75kn 

EBBTSGFSERIES-13 

•GND Is used, when the user provides the 2.5V Voltage. 

GAIN 
ANTI·ALIASING 

FILTER TEMPLATE 

WITHOUT ANTI-ALIASING FILTER, 

THE SPECTRUM COMPONENTS AROUND Fj 2 F1 

\ 
ARE NOT STOPPED BY THE SAMPLED Fll TEA 

/ ~ 
I 

I I I 
SPECTRUM I I I 

I ALIASING OF THE SPECTRUM ALIASING OF THE SPECTRUM 
TO 

TRANSMIT 
I TO TRANSMIT AROUND Fj TO TRANSMIT( AROUND 2 F1 

\ I 

\ I : FREO 

F, 

Phenomenon of the spectrunm aliasing 
ESSTSGFSERIES-1 4 

- Without antl·aliasing filter : Spectrum to transmit '~'transmitted spectrum 
-With anti-aliasing filter: Spectrum to transmit= transmitted spectrum 
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The selectivity of this filter depends upon the F1/Fc 
ratio. 
If FJIFc 200, a RC filter (first order low-pass) is suf­
ficient. 
If FJIFc 200, a SALLEN-KEY structure (second or­
der low-pass) must be used. This structure and its 

Figure 12. 

R1 = R2 = arbitrary value 
Fe= cut-off frequency for the antiallaslng filter. 
An optimal choice Is Fe= 2 x cut-off frequency of the main filter 
~=damping coefficient; the optimal value is 0.7 

~ 
C1=--

2~tR1Fc 

(C1 = ~2 • C2) 
1 

C2= ---
2~t~R1 Fe 

TSGF SERIES 

relationships are described (figure 12). In these re­
lationships, Fe is the cut-off frequency desired of the 
anti-aliasing filter and~ its damping coefficient. For 
a cut-off as tight as possible and in order to correct 
the sin x/x effect,~ must have a value around 0.7. 

E88TSGFSERIES·15 

SALLEN-KEY structure (second order low-pass Filter) for anti-aliasing and smoothing. 
Note : If F~Fc 2 (figure 13), the spectrum to transmit and the spectrum aliased have a part in common and it becomes impos­
sible to share the useful signals from the undesirable signals. 

Figure 13. 

GAIN 

----, 
I 

ALIASING OF THE I 
SPECTRUM AROUND Fj I 

I 
I 
I 
I 

F, 

FAEO 

ESSTSGFSERIES-16 

When Fi/Fc<2, the spectrum component included between F1-Fc and Fe and wh1ch are due to spectrum ahasmg are not 
stopped by the sampled filter. 
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• Smoothing : As the signal obtained at the output 
of the M.P.F. is a sampled and hold signal, it is 
often required to smooth it. This smoothing filter 
can be achieved from the SALLEN-KEY struc­
ture previously described (figure 12). 

• Hardware implementation : In order to make ea­
sier anti-aliasing and smoothing. SGS-THOM-

Figure 14. 

. sv +sv 

GNO 1" EB 

r-- -
I 
I 
I 

*CPWF 
I 
I ...... 

GNO GNO COR v+ I 

M.P.F. With anti-aliasing and smoothing loiters 
Pc ~ 20kn (multiturn) 
1 okn ,; RPwF, R•w• ,; 75kn 
R1,R2,C1,C2 } See anti-aliasing 
R'1, R'2,C'1,C'2 and smoothing considerations 

Figure 15. 

so 

-EO 

SON has designed, on the TSGF chip one or, two 
general purpose operational amplifiers. A few ex­
ternal components are therefore sufficient to 
achieve these functions (figure 14). 

On the other hand, in the most of M.P.F.'s, a spe 
cial integrated cell is included in the chip (cosine 
filter) to reduce the aliasing effects around Fi. 

E88TSGFSERIES·17 

osv 

101oU 

ESSTSGFSERIES-18 

Second order low-pass Folter (SALLEN-KEY STRUCTURE) woth a transistor replacong the operational amplifoer. 

Nonetheless, if the application allows it, these two operational amplifiers can be used to implement other 
functions (gain, comparator, oscillator ... ). 

In this case, the circuit shown figure 15 can be used as anti-aliasing or smoothing filter. This structure is the 
same as the SALLEN-KEY structure described figure 12 (second order low-pass), in the same way as the 
corresponding relationships. 
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CUT-OFF FREQUENCY DEFINITION 

Figure 16 : Design Specifications. 

G (dOl 

Go TAP 
'~ 
~ 
~ 
/ 

I 
I 
I 
I 
I 
I 

0 Fe 

0 1 

The cut-off frequency Fe is the passband limit fre­
quency as defined on the design specifications 
above mentioned. The maximum value of the atte­
nuation variation in the passband : Ap is 3dB for But­
terworth, Bessel and Legendre filters (figure 17a), 
and is called passband ripple for Chebychev (figure 
17b) and Cauer filters (figure 17c). 

Figure 17a. Figure 17b. 

TSGF SERIES 

~ 
~ 
~ A• 

~ 
~ /// //// 
I 
I 
I 
I 
I 

F {Hll 
F, 

Fslfc ESSTSGFSERIES-19 

The passband ripple is design dependent and 
between 0.05dB and 0.2dB with TSGF standard fil­
ters. The parameters Go called passband gain is the 
maximum value of the gain in the passband, and 
may have low variation from part to part. 

Figure 17c. 

Go -~--..--.-~--~ 

lA• 

f 

EBBTSGFSERIES-20 EBBTSGFSERIES-21 EBBTSGFSERIES-22 
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TSGF SERIES 

ELECTRICAL SPECIFICATION 

The following electrical characteristics are common 
to the 3 base filter arrays TSGF04, TSGFOB and 

ABSOLUTE MAXIMUM RATINGS 

TSGF12, because their structures are designed 
with the same basic components. 

Tamb = 25°C, V+ = 5V, GND = OV, V- =- 5V, lpwF = 1 OOJlA (unless otherwise specified) 

Symbol Parameter 

V+ Positive Supply Voltage 

V- Negative Supply Voltage 

v Voltage to any Pin (except for GND) 

Toper Operating Temperature Range 

Tstg Storage Temperature Range 

WARNING: DUAL POWER SUPPLY 
(- 5V, 0, + 5V) 
Although TSGF circuits are internally gate protected 
to minimize the possibility of static damage, MOS 
handling and operating procedure precautions 
should be observed. Maximum rated supply vol­
tages must not be exceeded. Use decoupling net­
works to remove power supply turn on/off transients, 
ripple and switching transients. 

Value Unit 
-0.1S to+ 7 v 
-7 to+ 0.1S v 

(V-)- 0.3 to (V+) + 0.3 v 
T min - S°C to T max + S°C oc 

-60 to+ 1SO oc 

Do not apply independently powered signals or 
clocks to the chip with power off as this will forward 
bias the substrate. Damage may result if external 
protection precautions are not taken : 
As for all CMOS circuits operating with three supply 
voltages (V+, GND, V-), it is advised to use clam­
ping diodes (Schottky is preferable), in order to 
avoid transient during power up that would drive the 
circuit over its maximum ratings (see figure 18). 

Figure 18: Application Hint for CMOS ICs with Three Supply Voltages. 
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Threshold voltage ~~ 
1 

less than 0.6 V v+ 

~ GND 

I TSGFxx 
Unnecessary for TSG F * circUits v-

I 
I 1 l 

~ SGS·THOMSON 
... .,, ~DCOOIM.IWVIli@OOOC$ 

E88TSGFSERIES·23 



TSGF SERIES 

ELECTRICAL OPERATING CHARACTERISTICS 
V+ = 5V, GND = OV, V- =- 5V, Tamb = 25°C, IPwF = 1 OOJ.lA (unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

V* Positive Supply Voltage 4 5 6 v 
v- Negative Supply Voltage -6 -5 -4 v 

VouT Output Voltage Swing (*) (Vl + 0.5 (V*) -1.5 Vpp 

V1N Input Voltage (*) (with filter gain = OdB) (Vl + 0.5 (V*)- 1.5 Vpp 

lpwf Bias Current on PWF (stand-by mode by connecting PWF 50 250 J.LA 
to v-) 

V1L TIL Clock Input "0" (**) + 0.8 v 
v,H TIL Clock Input "1" ( .. ) 2 v 
Tcp Ext. Clock Pulse Width 80 ns 

R1N Input Resistance 1 3 MQ 

c,N Input Capacitance 20 pF 

RouT Output Resistance 10 Q 

CL Load Capacitance 100 pF 

RL Load Resistance 0.1 1 kQ 

Note : w1th supply (0, + 1 OV) : same specificatiOns 
with smgle supply (0, + 5V) :contact SGS-THOMSON sales office or representative. 

n Dependmg on IPWF current 
('")TTL levels are referenced to GND voltage 

Other filter's characteristics, such as noise, power 
supply rejection ratio, total harmonic distortion ... are 
filter dependent. As a result, for such characteristics, 
SGS-THOMSON can only guarantee the lower le­
vel of performance for each parameter, as indicated 
below. (this lower level has been determined from 
measurements on a set of hundred different TSGF 
filters, as shown in figure 19). 

PSRR + > 2dB : V+ Power supply rejection ratio. 

PSRR - > 1 OdB : v· Power supply rejection ratio. 

Vn < 1 mVrms : Vn is the total output noise voltage 
measured in the passband of the filter. 

SNR > 57dBm/600 Ohm : Signal to noise ratio with 
V1N = 775mVrms. 

SNR > 65dBV : signal to noise ratio with 
V1N = 2Vrms. 

THO < 0.1% :Total harmonic distortion. 

As such characteristics are not predictable from si-

mulation results, their typical values are provided 
from measurements of the customized filter proto­
types. (These measurements could be performed 
by SGS-THOMSON on special request). 

These typical values, obtained with TSGF products, 
are better than the lowest level guaranteed, and 
designers can get a more accurate idea about them 
by two means. 

1) Such characteristics are given for general-pur­
pose filters. Refer to TSG85xx, 86xx, 87xx data 
sheets. 

2) Figure 19 gives histograms of the 5 parameters 
discussed above. These histograms indicate the 
distribution of the typical value of the considered pa­
rameter over a set of hundred different TSGF filters. 
(Note that the aim of these histograms indicate the 
dispersion of the considered characteristic for a gi­
ven TSGF filter). 
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Figure 19: Distribution of Typical Value Over a set of Hundred Different TSGF Filters. 

70% 

2 10 20 30 .110 SO PSAR•(dBI 10 20 30 40 50 60 PSRR "(d!H 

EBBTSGFSERIES-24 

-{Vm=2Vrml 
SNR > 65d8V 

50 60 70 80 90 100 SNR 

ESBTSGFSERIES-25 

70% 

001 

TH0<0.1% 
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In th£ p.onband ol 11\e f,ll~r 
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01 THO (%1 

SNR=10Log ~ 
v" Total Harmonoc OII!Ort•on 

EBBTSGFSERIES-27 

Figure 20 : Method of Noise Measurement. 

Frequency I IN 

Synthesizer ~ MPF 

\ 

l 
GND 

Position 1 : Calibration of the spectrum analyzer to OdBV (1 Vrms). 
Position 2 : Measurement with filter input connected to GND. 
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Figure 20 : (continued). 

SpecUII nOtlt dtRIIIY 

SIWI 

V/1/H; 

BW = selecuble bandwidth of the spectrum analyzer. 
BP .. comtdercd MPF bandw1dth to anatvre. 

'--'---'--+-+--'--'--'---'---'---'--''-''--'--.1.......-~ F•eQ IHII 

M .. 
We obtain theoretical noise voltage : Vn(Vrms)= V fP S2 (ro).dro 

and measured noise voltage : Vn (Vrms) = V r,aPIBW 
k = 1 

UNCOMMITIED ON-CHIP OPERATIONAL AMPLIFIERS 

S2 (k). BW 

TSGF SERIES 

EBBTSGFSERIES-30 

V+ = 5V, GND = OV, v- =- 5V, Tamb = 25°C, RL = 2k0, lpwA = 1001lA (unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

Go+ DC Open Loop Gain (without load) 60 75 dB 
Go- 60 75 dB 

Gsp Gain Bandwidth Product (without load) 1 2 MHz 

V1o Input Offset Voltage (without load) ±5 ±10 mV 

VopP Output Swing -4.5 -4.7 v 
3.5 3.7 v 

liB Input Bias Current (without load) ±5 ±10 nA 

SVR Supply Rejection (without load) 60 65 dB 

CMR Common Mode Rejection VcM = 1V (without load) 60 65 dB 

Ro Output Resistance 10 n 
Ia + Supply Current 2.6 3.2 mA 
Ia- 2.6 3.2 mA 

SR + Slew Rate 2 5 V/flS 
sR- 2 6 V/JlS 
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USER'S GUIDE OF IPWA AND RPWA FOR UNCOMMITTED ON-CHIP 
OPERATIONAL AMPLIFIER 

MH ' 

~ v 
2.5 v 

7 
"-------- / 

15 

I 
I 
I 

05 
I 
I 
I 

50 100 150 200 250 
IPWA liJAI 

----+------t----RPWA lknl 
74 34 21 15 10 Connected to GND 
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'c lmAI USER'S GUIDE OF IC FOR OPERATIONAL AMPLIFIER 
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I 
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CAD SOFTWARE: FILCAD 
In order to take full advantage of its Mask Program­
mable filter TSGF approach for Semicustom 
applications, SGS-THOMSON has developed a 
comprehensive software package called FILCAD® 
to cover all the development steps, starting from the 
feasibility evaluation of the customer's specifica­
tions, up to the single-metal interconnection routing 
required for the MPF customization. 
More specifically, the FILCAD system gives the de 
signer strong assistance during the following 
steps: 

- Evaluation of MPF solutions well suited to specific 
filter circuit requirements, 
- Filter synthesis, leading to a switched capacitor 
electrical schematic, 

- MPF filter simulation (performed with MPF capaci­
tor capabilities), 

- Schematic capture and routing of the optional 
connections, 
- Layout file generation, and final verification perfor­
med by accurate post-routing simulation. 
All FILCAD modules run on VAX® under VMS ope­
rating System, and are linked toghether as shown 
in figure 21. All modules are fully described in the 
TSGF's User's manual (Vol. 5 of SGS-THOMSON 
ASIC User's Manuals). 

TSGF SERIES 

The entry to FILCAD is the customer filter specifica­
tion which can be provided to SGS-THOMSON in 
different forms : 

- amplitude - phase - group delay templates 
- poles and zeros 
- biquadratic cell coefficients 
- polynomial transfer functions 

In addition SGS-THOMSON can perform feasibility 
study of customer specific filter circuits : in order for 
customers to get fast and accurate answer, SGS­
THOMSON generated a feasibility analysis TSGF 
questionnaire that customers are kindly required to 
fill. This questionnaire is available on request at 
SGS-THOMSON Design centers or nearest sales 
office or representative. 

MPF® and FILCAD ®are registered trademarks of 
SGS-THOMSON. 

VAX® is a registered trademark of Digital Equip­
ment Corp. 
FILCAD, CAD software package developed by 
SGS-THOMSON for Switched Capacitor Filter 
designs, TSGF series, is also available for mixed 
analog-digital TSGSM Standard Cells or Full 
custom circuits integrating TSGF-Iike filtering func­
tions. 
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Flgure21. 

leapfrog structure 

-
Post routing 
simulation 

GDS2 layout file of 
customization mask 

FILCAD is a trademark of SGS-Thomson 
SWITCAP Is a trademark of Columbia University 
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Evaluation 
Theoretical 
synthesis 

biquad. cascade 

S.C.F. simulations 
Scaling (voltage adjusting process) 
Normalization of capacitors 
adapted to M.P.F. 
MONTE CARLO analysis 

* S.C.F. Switched capacitor f1lter 
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TSGF DEVELOPMENT FLOW 

CUSTOMER ---- SGS-THOMSON 

TSGF FEASIBILITY 

QUESTIONNAIRE 

CUSTOMER 
APPROVAL 

-CUSTOMER 

DELIVERY OF 

SIMULATION RESULTS 
(LISTING FORM! 

DELIVERY OF FULL 
TESTED PROTOTYPES 

VOLUME 
PRODUCTION 

SGS-THOMSON proposes presently 2 design inter­
faces to customers for the design of their filter cir­
cuits with TSGF series: 

-design entirely done by SGS-THOMSON within its 
Design Centers ; 

ESSTSGFSERIES-34 

-design done by customer up to simulation and then 
completed by SGS-THOMSON. 

The table below outlines customer and SGS­
THOMSON respective responsibilities for these 2 
design interfaces. 
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DESIGN INTERFACES 

Design Step 

Theoretical Synthesis 

Switched Capacitor Filters 
Schematics before Scaling 

Final Schematics 

Additional Simulation 

Approval 

Schematics Capture 

Layout - Personnalization Mask Generation 

Post Routing Simulation 

DOCUMENTATION AND SUPPORT 
In order to bring users the maximum support on swit­
ched capacitorTSGF filter arrays, SGS-THOMSON 
generated a complete set of documentation and 
tools which are available on request : 
* TSGF User's Manual 
* Application Notes 
• AN052 : How to choose a filter in a specific ap­

plication 
• AN061 :implementation and applications around 
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FILCAD 
lnt 2 lnt 3 

Software 

EVA SGS-THOMSON Customer 

SYCAB SGS-THOMSON Customer 
or 

SA FIR 

SIRENA SGS-THOMSON Customer 
(SWITCAP) 

SIRENA SGS-THOMSON Customer 
(SWITCAP) 

Customer SGS-THOMSON 

SCAPTURE SGS-THOMSON SGS-THOMSON 

FACTOR SGS-THOMSON SGS-THOMSON 

SIRENA SGS-THOMSO,N SGS-THOMSON 
(SWITCAP) 

Standard MPFS 
• AN069 : A supplement to the utilization of swit­

ched capacitor filters. 
AN070 : Band Pass and Band Stop Filters. 

• AN075 : Signal detection and sinewave genera-
tion. 

* MPF's evaluation boards. 
* TSGF feasibility/analysis questionnaire. 

In addition specialists can be contacted within SGS­
THOMSON Microelectronics Filter Design Centers. 



TSGF SERIES TSGF04 

2nd TO 4th ORDER ANALOG FILTER ARRAY 

With the TSGF04 array, whose block diagram is gi­
ven below, user is given 2 different pin-out configu­
rations: 

_ 8 pin DIL only-the filter up to 4th order is ac­
cessible. 

- 14 pin DIL version where in addition, one un­
committed Op-amp and one internal oscilla­
tor capability are offered. 

When the external driving of output sample-and­
hold is used (CLKSH pin), PWF pin realizes the po­
wer adjustement of both uncommited Op-amp and 
filter unit. 
TSGF04 are also available in SO wide package ver­
sion (0.3 inch) : 16 pin version only. 

TSGF04 
BLOCK DIAGRAM 

See figure 4 (EBBTSGFSERIES-05) 

PIN CONNECTIONS 

v+ PVVF 

v- CLK 

LVL OUT 

IN GND 

E88TSGF04·01 

8 pins : FILTER ONL V 
Compatible with TSGFOB 

v+ 

v-

-EA 

SA 

+EA 

LVL 

IN 

p 
DIP-8 

(Plastic Package) 

p 
DIP-14 

(Plastic Package) 

PWF 

CLK R 

CLKIN 

CLKM 

PWAorCLKSH 

OUT 

GND 

E88TSGF04-02 

14 pins : Filter 
:+ 1 Op-Amp 
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TSGF04 

CLOCK OSCILLATOR 

The TSGF04 base accepts external compatible 
TTUCMOS clocks on CLKIN pin and provides an 
internal oscillator performed either by RC or crystal 
connected between CLKIN and CLKR pins. 
The clock selection mode is provided by CLKM pad 
which can be connected to V- or GND voltage le­
vels. This connection is realized by two means, de­
pending on the package type chosen : 

_ with 14-pin package, via CLKM pin. 
- with 8-pin package, by internal connection readi-

ly performed, only on custom filters. 
(Note that CLKM pin connected to V+, allows the 
selection of the internal crystal-controlled oscillator, 
but the selection by CLKM connected to V-is recom­
mended). 
The different possibilities are : 

- two internal oscillator modes : 
- RC 

c- CLKR 

V_---tCI---<r~R--1 CLK IN c~ r CLKR 

CJ R 
C1N 
~ CLKI~ 

- Crystal 
v-- CLKM v- CLK M 

- three external clocks : 
- low-TIL 
- high-TIL 
- CMOS 

The "low-TIL" and "high-TIL" clock levels are: 

Low-TTL 

High-TTL 
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GNO 

EBBTSG F04-03 

N.C- CLKR 

Clock -----1 CLK IN 
1nput 

ICLKM 

rGNO 

rlGND 

EBBTSGF04-04 

EBBTSGF04-05 

+ 10 V (r~sp + 5 V) 

+ 5 V (resp. 0 V) 

0 V (resp. - 5 V) 

+ 5 V (rcsp. + 10 V) 

0 V (resp + 5 V) 

- 5 V (resp 0 V) 

EBBTSGF04-06 



For each package version, the following tables re­
sume, the availability of the different clocks, in terms 
of the power supply. 

Note that in 8-pin version, the clock mode (CLKM) 

8-pln Package 

0/5V 0/10V -5/+ 5V 

Low-TTL NO c c 
High-TTL NO YES YES 

CMOS c YES YES 

RC Mode NO NO NO 

Crystal Mode NO NO NO 

C = Customization option. 

ELECTRICAL OPERATING CHARACTERISTICS 

WITH SINGLE SUPPLY VOLTAGE: 

TSGF04 

is internally set to GND voltage, except in the case 
of CMOS clock and 0-SV power supply, where 
CLKM is internally connected to V- voltage. 

14-pln Package 

0/5V 0/10V -5/+ 5V 

Low-TTL NO c c 
High-TTL NO CLKM=GND CLKM=GND 

CMOS CLKM=V- CLKM=GND CLKM=GND 

RC Mode CLKM=V- CLKM=V- CLKM=V-

Crystal Mode CLKM=V- CLKM=V- CLKM=V-

T amb = 25°C, V + = 1 OV, V- = OV, GND = SV (unless otherwise specified) 

CLKM Parameter Min. Typ. Max. Unit 

GND Threshold Voltage 1.5 v 
External Clock Frequency 5 MHz 

V- RC MODE: 
High Threshold Voltage on CLKIN 1 1.25 1.5 v 
Corresponding Voltage on CLKR -5 v 

Low Threshold Voltage on CLKIN 1.5 -1.25 -1 v 
Corresponding Voltage on CLKR +5 v 

Oscillator Frequency 5 MHz 
Resistor 2 10 000 kQ 
Capacitor 0 47 nF 

V- CRYSTAL MODE : 
Oscillator Frequency 5 MHz 

Resistor 1 MQ 
Capacitor CR 10 100 pF 
Capacitor C1N 10 30 pF 
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TSGF04 

ELECTRICAL OPERATING CHARACTERISTICS (continued) 

WITH DUAL SUPPLY VOLTAGE: 
lamb = 25°C, V + = 5V, V- =- 5V, GND = OV (unless otherwise specified) 

CLKM Parameter Min. 

GND Threshold Voltage 
External Clock Frequency 

V- RC MODE: 
High Threshold Voltage on CLKIN 6 
Corresponding Voltage on CLKR 

Low Threshold Voltage on CLKIN 3.5 
Corresponding Voltage on CLKR 

Oscillator Frequency 
Resistor 2 
Capacitor 0 

V- CRYSTAL MODE : 
Oscillator Frequency 

Resistor 
Capacitor CR 10 
Capacitor c,N 10 

WITH SINGLE SUPPLY VOLTAGE: 
T amb = 25°C, V + = 5V, V- = OV, GND = 2.5V (unless otherwise specified) 

CLKM Parameter Min. 

GND Threshold Voltage 
External Clock Frequency 

V- RC MODE: 
High Threshold Voltage on CLKIN 3 
Corresponding Voltage on CLKR 

Low Threshold Voltage on CLKIN 1.5 
Corresponding Voltage on CLKR 

Oscillator Frequency 
Resistor 2 
Capacitor 0 

V- CRYSTAL MODE : 
Oscillator Frequency 

Resistor 
Capacitor CR 10 
Capacitor c,N 10 
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Typ. Max. Unit 

6.5 v 
5 MHz 

6.25 6.5 v 
0 v 

3.75 4 v 
+ 10 v 

5 MHz 
10 000 kQ 

47 nF 

5 MHz 
1 MQ 

100 pF 
30 pF 

Typ. Max. Unit 

3.8 v 
5 MHz 

3.2 3.4 v 
0 v 

1.8 2 v 
+5 v 

5 MHz 
10 000 kQ 

47 nF 

5 MHz 
1 MQ 

100 pF 
30 pF 



TSGF04 

INVERTING TRIGGER FUNCTIONING FREQUENCY VARIATION AS FUNCTION OF R 

With internal RC oscillator mode, the user's guide for R and C choice is given by following curves and for 
both supply voltages : 0.5V, 0.1 OV. 

F(Hzl 

r- '"'-....... ...... ...... 
....... 

...... 

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

r-- r-.. ....... ~ ' "- '~ 
I 

....... ~ ~ 

10' ' r-. 

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

""' --r.... ...... ...... r-.1~ 1 ov: 
:...... I C=lOOpF 

' ....... ~ 5V/ 

............. ...:,"X 

" ·" ~ 
~ ~ ...... r.; lOV 

" ~ ~ 5V 
c= 1 r.F 

,. 
10V 

C=4,7nF 

SV 

~ 

" ~ 
10V 

:NI C = 47 nF 
5VI 
r ,. 

10 I 
10' 106 R (!II 

E88TSGF04-07 
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PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

14 PINS- PLASTIC DIP 

Datum 

Or 

19.9max. 
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( 1 ) Nominal dimension 

(2) True geometrical position 

B.Smax. • 

( 1 ) Nom1nal d1menslon 

(2) True geometnca1 position 

6.35 
(1) 

B Pins 

14 Pins 



TSGF SERIES TSGFOS 

TSGF08 - 4th TO ath ORDER ANALOG FILTER 

The TSGFOB array provides users with filter integra­
tion from 4th to 8th order. 2 package versions are 
offered to users : 
_ 8 pin OIL, where only the filter unit is accessible, 
- 16 pin OIL, where 2 uncommitted Op-amps are 

added to previous version. 
TSGFOB are also available in SO wide package ver­
sion (0.3 inch): 16 pin version only. 

TSGF08 
BLOCK DIAGRAM 

See figure 4 (EBBTSGFSERIES-05) 

PIN CONNECTIONS 

v+ 
v-

LVL 

IN 

PWF 

CLK 

OUT 

GND 

E88TSGFOB·01 

8 pins : FILTER ONL V 
Compatible with TSGF04 

v+ 
v-

IN2 

CLK 

p 
DIP-8 

(Plastic Package) 

p 
DIP-16 

(Plastic Package) 

LVL2 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWF 

EBBTSGFOB-02 

16 pins : Filter 
:+20p-Amp 

Compatible with TSGF12 (with a single filter) 
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PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

16 PINS- PLASTIC DIP 

Datum 

32/37 
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22.44 max. 

( 1 ) Nom1nal dimension 

(2) True geometrical posit1on 

8 Pins 

(1) Nom1nal d1mension 

(2) True geometrical position 

6.35 
(1} 



TSGF SERIES TSGF12 

TSGF12- ath TO 12th ORDER ANALOG FILTER 

TSGF12 array offers the capability to integrate ei­
ther one single from 8th to 12th order or 2 different 
filters whose sum of orders cannot exceed 12. 

These 2 different filters can have either same clock 
or 2 different clock inputs. 

The TSGF12 package versions are: 

- 16 pin OIL 1 filter+ 2 Op-amps 
- 16 pin OIL 1 filter+ 2 Op-amps 

+ driving of output S/H 
- 16 pin OIL 2 filters + 1 Op-amp 

+ 2 clock inputs. 
- 18 pin OIL 2 filters + 2 Op-amps 

+ 1 clock input. 
- 20 pin OIL 2 filters + 2 Op-amps 

+ 2 clock inputs. 
- 20 pin OIL 2 filters + 2 Op-amps 

+ 2 clock inputs 
+ driving of output S/H. 

TSGF12 array are also avaialble in SO wide 
package version (0.3 inch) : 18 and 24 pin versions. 

In case of dual filter integration, the CLKSH pin ope­
rates only on the output of filter n' 1 (OUTPUT 1 ). 
In the same case, for the 16 pin version, only LVL2 
pin is available : therefore user can only adjust the 
Output DC level of filter 2. 

Clock divider : 

The number of dividers by 2 available on TSGF12 
array is 8. 

Therefore in case of dual filter on chip integration, 
there are 2 possibilities to use the clock divider : 
_ if one filter does not require internal dividers, the 

8 dividers by 2 are available for the second filter ; 
_ if the first filter requires n internal dividers, it re­

mains only 7-n ones available for the second fil­
ter. 

TSGF12 
BLOCK DIAGRAM 

See figure 4 (EBBTSGFSERIES-05) 

p 
DIP-16 

(Plastic Package) 

P SUFFIX 
DIP-18 

(Plastic Package) 

p 
DIP-20 

(Plastic Package) 
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PIN CONNECTIONS 
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v+ LVL2 

v- -EA 

IN1 SA 

OUT1 + EA 

OUT2 NC 

GND PWA 

IN2 PWF 

CLK1 CLK2 

EBBTSGF12·01 

16 PINS : 2 filters 
+ 1 OP -Amp 
+ 2 Clock inputs. 

v+ CLKSH 

v- -EA 

SA 

IN + EA 

+ EB 

SB 

··EB 

PWA 

EBBTSGF12-03 

16 PINS : 1 filters 
+2 OP ·Amps 
+ Driving of outputS/H. 

v+ LVL2 

v- -EA 

NC SA 

IN1 +EA 

LVL1 +EB 

OUT1 SB 

OUT2 -EB 

GND PWA 

IN2 PWF 

CLK1 CLK2 

EBBTSGF12·05 

20 PINS : 2 filters 
+2 OP ·Amps 
+ 2 Clock inputs. 

v+ NC 

v- -EA 

LVL SA 

IN +EA 

GND + EB 

OUT SB 

CLK -EB 

PWF PWA 

EBBTSGF12-02 

16 PINS : 1 filter 
+20P·Amp 

Compatible with TSGFOB 

v+ LVL2 

v- -EA 

IN1 SA 

LVL1 + EA 

OUT1 + EB 

.JUT2 SB 

GND -EB 

IN2 PWA 

CLK PWF 

E88TSGF12·04 

18 PINS :2 filters 

v+ 

v-

CLKSH 

IN1 

LVL1 

OUT1 

OUT2 

GND 

IN2 

CLK1 

+ 1 OP -Amp 
+ 1 Clock input. 

LVL2 

-EA 

SA 

+eA 

+EB 

SB 

-EB 

PWA 

PWF 

CLK2 

EBBTSGF12·06 

20 PINS : 2 filters 
+2 OP ·Amps 
+ 2 Clock inputs 
+ Driving of outputS/H. 



PACKAGE MECHANICAL DATA 

16 PINS - PLASTIC DIP 

mm 

Datum 

18 PINS- PLASTIC DIP 

22.44 max. 

(1) Nom1nal dimemion 

(2) True geometrical position 

6.35 
Ill 16 pins 

TSGF12 
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20 PINS- PLASTIC DIP 

Datum 

36/37 
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8.5mcx. ~57 -(T'ox 1 
.--.--'-....------rt-: ______ , 

Nom1nal d1mens1on 
True geometncal pos1t1or 

20 P1ns 



ORDER CODES 

SGS-THOMSON 
Microelectronics 

Mask Programmable 
Filter Family 

Filter Array 

04 2nd to 4th order 
08 4th to 8th order 
12 8th to 12th order 

Customer identi"fication 
Number 

Revision 
index 

TSGF12 

Screening Class 

D : Burn-in 
: Standard 

Package 
C Ceramic OIL 
J Cerdip OIL 
P Plastic D I L 
FP SO 

Operating 
Temperature Range 

C 0°C + 70°C 
I - 2S°C, + 85°C 
M - 55°C, + 125°C 
V -40°C,+85°C 
T - 40°C, + 105°C 
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TSGSM SERIES 
3.5J.l/2 POLY I 1 METAL HCMOS 

MIXED ANALOG-DIGITAL STANDARD CELLS 

• ADVANCED HCMOS TECHNOLOGY: 
_ 3.5Jl drawn channel length 
_ 2 polysilicon layers 
_ 1 metal layer 
_ P well silicon gate CMOS process 

• HIGH LATCH-UP IMMUNITY 
• FULL ESD PROTECTION 
• POWER SUPPLY 

Maximum ratings : - 0.5V to + 12V 
Operating conditions : 3 to 1 OV 

• EXTENSIVE MACROCELL LIBRARY 
_ 94 logic cells 
_ 66 analog cells 

with programmable cells : soft macro cells, 
abuttable cells 

• INPUT/OUTPUT CELLS 
Compatibility : TTL or CMOS levels 
Configurability : input/output/bidirectional 
i/o/analog 1/0 ... 

Figure 1 : Example of TSGSM Chip Layout. 

January 1989 

• CAD SOFTWARE SUPPORT 
_ ADS (Analog Design System) 
_ Fully integrated ( + FILCAD TM for filter design) 
_ Flexible design interfaces 

• OPERATING TEMPERATURE RANGE 
COMMERCIAL : 0 TO + 70'C 
INDUSTRIAL : - 40 TO + 85'C 
MILITARY: -55 TO+ 12s·c 

• PACKAGE OPTIONS 
OIL : PLASTIC OR CERAMIC 
SMD : SO, PLCC, LCCC, OF 

DESCRIPTION 
The TSGSM Series, mixed analog-digital Standard 
Cell products from SGS-THOMSON Microelectro­
nics, represents a major step allowing the system 
designer dealing with both digital and high level ana-

SERIES·01 
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TSGSM SERIES 

log functions to benefit of the state of the art semi­
custom circuit integration capabilities. 

The large variety of predefined and precharacteri­
zed functions ranging : 
• in digital from simple gates to counters, regis­

ters ... 
• in analog from single operational amplifier to AID 

or D/A converters, switched capacitors filters ... 

TSGSM ARCHITECTURE 

TECHNOLOGY 

TSGSM Series developed by SGS-THOMSON is 
using an advanced silicon gate P well, dual poly-si­
licon layer, single metal layer HCMOS technology. 

The process is very well suited for the design and 
integration of high performance analog functions 
combined with digital. It achieves operating speeds 
up to 15MHz for the digital part of the TSGSM cir­
cuit. 

Thanks to the 2 polysilicon layers, TSGSM Series 
can integrate high accuracy switched capacitors fil­
ters based on the same concept of TSGF Series, 
switched capacitor Filter Arrays (Refer to 
TSGF04/08/12 Data Sheet). True capacitors are 
realized with Poly 1 and Poly 2 layers. 

CELLS 

Predesigned and precharacterized Macrocells are 
selected, placed and interconnected on the chip to 
implement the mixed analog-digital function. 

CELL LIBRARY 

The TSGSM Macrocelllibrary features around 160 
different macros : 

_ 94 digital cells. 
_ 66 analog cells. 

The main characteristics of TSGSM library is to of­
fer users a high flexibility for cell definition and ge­
neration: 
• The DIGITAL LIBRARY provides in addition of 

existing hard macros the capability to generate 
soft macros like counters, shift registers, divi­
ders ... 
These modulo N parameterized cells are gene­
rated at the layout level by lateral abutment of 
hard macros. 

• The ANALOG LIBRARY presents particular fea­
tures such as : 
_ Biasing strategy with a current bias generator, 

programmable current mirrors, and current 
biased cells and voltage biased cells. 
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has been proven extremely efficient in the design of 
many mixed HCMOS Analog-Digital ASIC's circuits 
in such various applications as consumer, compu­
ter, industrial, military, telecommunications and 
automotive fields. 

Digital and Analog Macrocells have different height, 
as shown on the chip layout of fig. 1. In addition 
some cells like AID or D/A converters are designed 
as fixed blocks. 

CHIP TOPOLOGY 

The inputs and outputs of cells are interconnected 
by using 2 conductive layers : polysilicon and me­
tal. 

The chip layout is composed of cell rows, whose 
number is determined to optimize the die size, and 
of horizontal routing channels. 

Peripheral cells surround the internal active chip 
area in order to interface it with its external environ­
ment. 

Despite the row base architecture complex block 
functions can be placed and routed on the chip. 

Generally for design optimization purpose, power 
busses of the analog and the digital parts of the chip 
are routed separately. 

_ Use of programmable cells for capacitor fields 
(0.1 to 30pF typically}, resistor fields (150 to 
1.8MQ), bipolar transistors, MOS transistors, 
current mirrors. 

_ Grounded shield for power supply rejection 
improvement. 

The complete TSGSM library is fully described wi­
thin the TSGSM User's Manual of the SGS-THOM­
SON library. 

Fig. 4 and Fig. 5 give an abstract of all available di­
gital and analog cells within TSGSM' library. 

For more details, users have to refer to the TSGSM 
User's Manual they can require to their nearest 
SGS-THOMSON sales office or representative. 

Note: SGS-THOMSON can develop on request a 
special cell for a specific customer circuit : 
new cell or existing cell with different electri­
cal characteristics. 



TSGSM SERIES 

Figure 2 : Example of Interconnection between Analog and Digital Cells. 
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TSGSM SERIES 

Figure 3 : Example of a Mixed Analog-Digital Function. 

Figure 4 : TSGSM Series Digital Library Abstract. 

INTERNAL CELLS 

Cell Type Description 

AA .. AND Gates 
AN .. AND into NOR Gates 
DF .. D Flip-flops 
DL.. D Latches 
EN .. Exclusive NOR 
EO .. Exclusive OR 
FF .. D Flip-flops (2 clocks) 
II.. Dual Buffers 
IN .. Inverters 
IT .. Tri-state Internal Buffers 

MU .. Multiplexers 
NA .. NAND Gates 
NO .. NOR Gates 
ON .. OR into NAND Gates 
OR .. OR Gates 
TF .. Toggle Flip-flops 
TG .. Schmitt Triggers 
n .. Level Shiflers 
ZL Supply Cells 

CCG Clock Generators 
FPCG Non-overlapping 4-phase Clock Generator 
TPCG Non-overlapping 2-phase Clock Generator 
INVL Delay Inverter 

(1) For each type of cell, the TSGSM library provides extensive number of options as for example : 
- NAND type cells : 2, 3, 4 or 6 input NAND's 
- D flip-flop cells : with low set, with low reset .. 
- input buffers : TTL, CMOS, with pull-up ... 
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ESSTSGSM-SERIES-03 

Number of Different 
Options (1) 

3 
4 
4 
5 
1 
2 
4 
2 
5 
3 
3 
4 
4 
2 
3 
3 
3 
3 
2 
3 
1 
1 
1 



Figure 4 (continued). 

1/0 CELLS 

Cell Type 

OB .. 
PP .. 
OB .. 
lB .. 
iO .. 
OB .. 

TSGSM SERIES 

Description 
Number of Different 

Options (1) 

Output Buffers 4 
Power Pads 3 
Tri-state Output Buffers 4 
Input Buffers 8 
Bidirectional Buffers 5 
Open-drain Output Buffers 4 

(1) For each type of cell, the TSGSM library provides extensive number of opUons as for example : 
• NAND type cells : 2, 3, 4 or 6 input NAND's 
• D flip-flop cells : with low set, With low reset. .. 
• input buffers : TTL, CMOS, with pull-up ... 

Figure 5 : TSGSM Series Analog Library Abstract. 

INTERNAL CELLS 

Cell Type Description 

COMP ... Comparators 
MN ... N MOS Transistors 
MP ... P MOS Transistors 
osc .. Oscillators (crystal RC) 
POR. Power on Reset 
sw .. Switches 
TRIG Schmitt Trigger 
CP .. Capacitor Fields 

BOP A/BOT A Bias for Op amps and Transconductance Amplifiers 
BIP Bipolar Transistors 
OP Operational Amplifiers 
00 Output Stage for Op Amp 
OT Transconductance Amplifiers 
R.. Resistance Fields 
P .. Potentiometer Fields 

VREF Voltage Reference Bandgap 
ZEN .. Zener Diodes 
IPNV Current Mirror Source-sink 
I POL.. Bias Current Generator 

ISN/ISP Current Mirror Source/sink 
HF/LF Internal V + N- Analog Cell 

BLOCKS AND SOFT MACROS 

Cell Type Description 

ADC8 8 Bit Analog to Digital Converters 
ADC12 12 Bit Analog to Digital Converter 
DAC8 8 Bit Digital to Analog Converter 

DBP/DS1 LCD Drivers 
SCF Biquadratic 2nd Order Filter 

VRLCD LCD Voltage Reference 

Number of Different Metal Mask 
Options Programmable 

6 
4 X 

4 X 

4 
2 
3 
1 
1 X 
3 
1 X 

5 
1 
2 
3 X 

3 X 

1 
3 
1 X 

2 X 

4 X 

2 

Number of Different Metal Mask 
Options Programmable 

2 
1 
1 
3 
1 X 

1 
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TSGSM SERIES 

ADS ANALOG DESIGN SYSTEM 
The SGS-THOMSON TSGSM Series is fully sup­
ported by a complete Computer Aided Design 
(CAD) system. The SGS-THOMSON CAD system, 
ADS, is complete in that once a design is entered 
all the tools necessary to complete that design are 
available to the user in this one system. 

These tools include schematic capture, logic and 
analog simulations, fault simulation, automatic 
place and route, parasitic delay extraction and test 
pattern generation. 

ADS ANALOG DESIGN SYSTEM is available on 
DEC™ VAX™ computer systems. 

In addition, the TSGSM library is implemented on 
CAE workstations : 
_ Mentor™ 
_ Daisy™. 

SGS-THOMSON developped direct interfaces be­
tween these CAE workstations and its ADS system. 

The ADS package allows the development of ana­
log and digital standard cell circuits so easily that 
each system designer can handle it. 
The development of mixed analog and digital circuit 
is done with advanced concepts such as : 
_ parameterized cells (resistors, capacitors, cur­

rent generators ... ) 
_ metal mask programmable cells (switched capa­

citor filters ... ) 
_ compiled cells (bit slice concept for digital func­

tions like counters, dividers ... ). 
The main CAD tools available within ADS are : 

• SCHEMATIC GRAPHIC CAPTURE 

SDS ™ provides graphic capture of schematic cir­
cuit diagram. Designer can create blocks by using 
the 1 00% hierarchy of SDS TM and also can specify 
values of parameterized cells. 

After the net list generation, the modules generated 
under SDS ™ are oriented automatically thru logic 
or analog simulation. 

• LOGIC SIMULATION 

HIL03 ™, hierarchical logic simulator, allows design 
verification and timing analysis of the circuit. A pre­
layout timing analysis is run with calculated delays 
based on fanout, VDD, temperature and best, typi­
cal or worst case process conditions. 
The 2 input files to HIL03 TM are the net list genera­
ted from graphic capture and the input test pattern 
description. 
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HIL03™ simulator allows mixed analog and digital 
simulation for analog cells having an equivalent mo­
del described under HIL03™. 

• ANALOG SIMULATION 

H3SPICE electrical simulator allows pre-layout or 
post-layout timing analysis of the analog blocks of 
the circuit. 

H3SPICE inputfiles are the net list and the inputtest 
pattern descriptions. 

With the improvements brought by SGS-THOM­
SON to H3SPICE, the analog simulator becomes a 
powerful CAD tool : 
_ special level modelling for speed improvement 

on digital sub-circuits, 
_ fast execution on full analog part of TSGSM cir­

cuit, thanks to macro modelling, allows simula­
tion of large analog blocks. 

• PLACEMENT AND ROUTING 

CALMP ™ software is an efficient standard cell auto­
matic place and route whose main features are : 
_ use of different heights of cells on the chip 
_ interactive pre-placement of blocks, cells and 

I/O's for die size optimization 
_ capability to force priorities on nets for critical 

path routing 
_ capability to generate soft macros, blocks by cell 

abutment. 

A check program performs at the end of the layout, 
design rule checking and verifies conformity of the 
graphic data base versus the schematics data base. 

• PARASITIC DELAY EXTRACTION 

ADS is computing the exact parasitic delays brought 
by the placement and routing. Delays are based 
both on resistance and capacitance of each inter­
connect. 

As soon as the parasitic RC delays are extracted, 
user can run a post layout simulation for accurate ti­
ming new analysis. 

• TEST GENERATION 

According to the input test patterns already descri­
bed, user can determinate the testability coverage 
ratio of its digital test sequence thanks to the fault 
simulator which is incorporated within HIL03 ™. 

Depending of the fault simulator results user can ge­
nerate new input test patterns in order to improve 
testability coverage. 



ADS software converts automatically the post layout 
simulation (with parasitic delays) file into test pat­
terns directly compatible with SGS-THOMSON test 
equipments. 

At same time static and dynamic parameters are ad-

TSGSM SERIES 

ded to the functional test pattern file : all inpuVout­
put levels are tested during the functional test se­
quence. 

Fig. 6 outlines the SGS-THOMSON approach for 
the design of analog or mixed analog/digital circuits. 

Figure 6 : SGS-THOMSON CAD Tools and Product for Analog and Mixed Analog-Digital Circuits. 

ST 

DIGITAL 
LIBRARY 

y 

ANDARD CELL 

ADS 

ANALOG 
LIBRARY 

J--
~ 

- ./ 

SWITCHED CAPACITOR 
FILTERS 

~ 
FILCADTM I 

GATE ARRAY 

APPROACH GDSII APPROACH 

MIXED ANALOG-DIGITAL 
STANDARD CELLS 

TSGSM SERIES 

One of the particularities of TSGSM series is to pro­
vide switched capacitor filter integration capabilities. 
The filter cells available within TSGSM library are 
identical to those used on the SGS-THOMSON 
Analog Filter Arrays, TSGF Series, which are mask 
programmable switched capacitor filters. 

For filter synthesis, simulation and layout, designers 
are aiven an efficient Filter CAD design tool : FIL­
CAD""~"M. 

For more informations about SGS-THOMSON swit-

-
MASK PROGRAMMABLE 

FILTER ARRAYS 
TSGF SERIES 

ched capacitor filter design solutions and CAD tools, 
please refer to TSGF04/0B/12, 4th to 12th order 
switched capacitor filter arrays data sheet. 

Fig. 7 shows the development phases of a TSGSM 
Series standard cell. The design translation phase 
up to the prelayout simulation can be done either on 
CAE workstations like Dais¥ Systems TM and Men­
tor Graphics™, or on VAX M computer with ADS 
Analog Design System. 
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TSGSM SERIES 

Figure 7 : TSGSM Series Development Flow. 
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LVS VERIFICATION 

DESIGN RELEASE 

PROTOTYPE MANUFACTURING 
TESTING AND DELIVERY 



CUSTOMER DESIGN INTERFACE 

SGS-THOMSON has developed several interfaces 
for customers giving them easy and flexible design 
approaches for TSGSM 3.5J.ll2 poly/1 metal 
HCMOS mixed Analog Digital Standard Cells se­
ries. 

User can access ADS Analog Design System. 
_ via the SGS-THOMSON Design Centers, 
_ via connection to SGS-THOMSON CAD Center, 
_ via the SGS-THOMSON associated Design Cen-

ters. 

CAE workstations capabilities are : 
_ Daisy Systems TM 

_ Mentor Graphics TM. 

Figure 8 : Design Interface. 

Definition of Circuit Specification 

Logic and Electrical Description 

Test Pattern Definition 

Graphic Capture + Input Signal Entry 

Design Verification 

Pre-layout Simulation 

Approval 

Auto Place and Route 

Post-layout Simulation 

Design Release 

Test Program Generation - Test Tooling 

Mask Tooling 

Prototype Manufacturing and Testing 

Prototype Delivery 

TSGSM SERIES 

In that case direct interfaces will be offered to user 
in order to make design implementation and test ge­
neration with ADS. 

According to all of these design possibilities, SGS­
THOMSON defined 3 main customer design inter­
faces. 

Figure 8 outlines these interfaces. Each interface 
delineates the responsibilities of customer and 
SGS-THOMSON during circuit development flow 
shown in fig. 7. 

Interface 2 Interface 3 Interface 4 

Customer Customer Customer 

Customer Customer Customer 

Customer Customer Customer 

ST Customer Customer 

ST Customer Customer 

ST Customer Customer 

Customer Customer/ST 

ST ST Customer 

ST ST Customer 

Customer Customer/ST Customer/ST 

ST ST ST 

ST ST ST 

ST ST ST 

ST ST ST 

With Interface 3, design can be done either at SGS-THOMSON Microelectronics Design Center fac1l1~es or at customer location. 

ABSOLUTE MAXIMUM RATINGS (note 1) Tamb. = 25°C, voltage referenced to Vss· 

Symbol Parameter Min. Max. Unit 

Voo Supply Voltage -0.5 12.0 v 
V1, Vo 110 Voltage -0.5 Voo + 0.5 v 
l~o lo 110 Current -40 + 40 mA 

Tstg Storage Temperature (ceramic) -65 + 150 oc 
Storage Temperature (plastic) -40 + 125 oc 

Note : 1. Stresses above those listed order "maximum rating" may cause permanent damage to the dev1ce. This IS a stress rating only and 
functional operation to the devine at these or any other cond1t1ons above those indiCated 1n the operational sections of thiS specifi­
cation is not implied. Exposure to absolute maximum rating conditions for extended penods may affect dev1ce reliability. 

9/13 

1053 



TSGSM SERIES 

RECOMMENDED DC OPERATING CONDITIONS Voltage referred to Vss 

Symbol Parameter Min. Typ. Max. 

Voo Operating Supply Voltage 4.5 5.0 5.5 
9.0 10.0 11.0 

Voo Extended Supply Voltage (note 2) 3 12.0 

Tamb. Operating Ambient Temperature 
Military -55 + 125 
Industrial -40 + 85 
Commercial 0 + 70 

Note : 2. For extended supply voltage please consult SGS-THOMSON Microelectronics. 

DC GENERAL ELECTRICAL CHARACTERISTICS V00 = 5V ± 10% or V00 = 10V ± 10% 
(unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

V1H High Level TTL Input Voltage Voo =5V ± 10% 
T0 = 0°CI= 70°C 2.0 
P =- 40°CI+ 85°C 2.25 
P =- 55°Ci+ 125°C 2.25 

VIL Low Level TTL Input Voltage Voo = 5V ± 10% 0.8 
All Temp. Ranges 

VIH High Level CMOS Input Voltage 70% Voo 
VIL low Level CMOS Input Voltage 30% Voo 

lozH Tristate Output Leakage Current Vo = Voo 
To = 0°C/+ 70°C 2.5 
P =- 40°C/+ 85°C 5 
P =- 55°C/+ 125°C 10 

lozL Vo = Vss 
P = 0°CI+ 70°C -2.5 
P =- 40°CI+ 85°C -5.0 
T0 = 55°C/+ 125°C -10.0 

IIH High Level Input Leakage V1 = Voo 
Current P = 0°CI+ 70°C 1.0 

P =- 40°C/+ 85°C 3.0 
P =- 55°Ci+ 125°C 5.0 

I1L Low Level Input Leakage V1 = Vss 
Current P = 0°CI+ 70°C -1.0 

P =- 40°C/+ 85°C -3.0 
P = - 55°C/+ 125°C -5.0 

Icc Max Admissible Current per Pin : 
-Analog ± 20 
-Digital ± 40 
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Unit 

v 

v 

oc 

Unit 

v 

v 

v 

j.lA 

j.lA 

j.lA 

j.lA 

mA 



TSGSM SERIES 

DIGITAL LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT V00 = 10V ± 10%, 
Tamb = 25°C, Typical Process Standard Condition = 2 Loads + 1 mm of Metal Interconnect 

Voo = 10V ± 10% 
Cell Code Description 

TPHL TPLH Other 

IN01 Standard Inverter 5.7 4.7 

NA02 2-input NAND 6.2 5.8 

N002 2-input NOR 6.4 5.1 

DF08 Positive Edge D Flip-Flop from CKL to Q : 10.6 6.1 
TsH 14.0 
TH 5.0 
TwH 20.0 
TwL 16.0 

OB2 TTL Inverting Output Buffer 
Capacitance Load = 50pF 4.1 5.0 

=25pF 3.6 4.3 
= 15pF 3.4 4.0 

T02 Tri-state TTL Output Buffer 
Capacitance Load = 50pF 4.1 5.0 

= 25pF 3.6 4.3 
= 15pF 3.4 4.0 

IB021 CMOS Inverting Input Buffer 7.4 8.7 

Note : Refer to TSGSM User's Manual for more detarled informations 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TSGSM SERIES 

ANALOG LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT V00 = 10V ± 10%, 
unless otherwise specified T = 25°C, typical process. 

Cell Code Description Parameter/conditions Min. Typ. Max. 

COMP Static Comparator Propagation Delay (overdrive= 10mV) 1 2 
Offset ±5 ± 15 

CP1X Capacitor Fields Unit Capacitance 0.08 0.1 0.12 
Capacitor Value Range 0.1 50 
Absolute Accuracy ± 15 
Matching (capacitor ratio) 0.5 1.0 

Resistors 
RPX/PPX . Polysilicon Resistor Value Range .15 20 

Absolute Accuracy ± 20 
Matching ± 1 
Temperature Coefficient 0.15 

RDX/PDX . P + Diffusion Resistor Value Range .75 100 
Absolute Accuracy ± 20 
Matching ±1 
Temperature Coefficient 0.15 

RWX/PWX . p- Well Resistor Value Range 5 2000 
Absolute Accuracy ± 20 
Matching ±2 
Temperature Coefficient ±1 
Voltage Coefficient 5 

Switches 
SWIX . Analog Switch RoN Value Range 10k 30k 

MN1X/MP1X . MOS Switch RoN Value Range 50 500 

IPOLxx Programmable Current 1 250 
+ Reference Current Current Step 1 

ISyy Generator Supply Voltage Rejection +2 
(4V < Voo < 10V) 

OPA2 General Purpose Phase Margin 80 
Operational Amplifier Unit Gain Bandwidth 

(CL = 100pF, RL = 10k0) 3.3 
Offset ±5 ± 10 

OTA1 Transconductance Unit Gain Bandwidth (CL = 3.5pF) 7 10.5 
Amplifier 

POR1 Static Power on Reset Active Voltage (Voo = 10V) 4.5 
(Voo =5V) 3.5 

VREF Voltage Bandgap Output Voltage 1.15 1.18 1.20 
Reference 

ZENx Zener Diode Zener Voltage (bias current = 50!.1A) 5.3 5.6 5.9 

OSC11 Crystal Oscillator Frequency 0.1 12 

OSC31 RC Timer Frequency 100 500 
Stability Versus Temperature 0.02 
Stability Versus Supply Voltage 0.5 

ADC8Bx 8 Bits Analog to Digital Conversion Time 25 
Converter Integral non Linearity ± 0.5 

ADC12B 12 Bits Analog to Digital Conversion Time 25 
Converter Differential non Linearity ± 0.7 

SCFx Biquadratic Filter Cell Signal Frequency 30 
Order 2 12 

Note : Refer to TSGSM User·s Manual for more detruled 1nformabons. 
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Unit 

I.IS 
mV 

pF 
pF 
% 
% 

kQ 
% 
% 

%/"C 
kQ 
% 
% 

%/"C 
kO 
% 
% 

%/"C 
%/V 

n 

!lA 
!lA 
%/V 

deg 

MHz 
mV 

MHz 

v 
v 
v 

v 
MHz 

kHz 
%/"C 
%/V 

I.IS 
LSB 

I.IS 
LSB 

kHz 



PACKAGING 
SGS-THOMSON has a wide variety of package op­
tions available to the user : 

• Dual in line packages (DIP) 
_ Plastic 
_ Cerdip 
_ Side Braze 

• Chip carriers 
_ Plastic Leaded Chip Carriers (PLCC) 
_ Ceramic Leadless Chip Carriers (CLCC) 
_ Ceramic Leaded Chip Carriers (LDCC) 

ORDER CODES 

TS GSM 235 

SGS-,HOMSON T I 

3.5~/2POLY/1 METAL 
MIXED ANALOG-DIGITAL 

STANDARD CELLS 

CUSTOMER ______________ ~ 
SPECIFICATION 

NUMBER 

A 

RELEASE __________________ ~ 

LETTER 

TSGSM SERIES 

• Small outlines (SO) 

Where different packaging requirements are nee­
ded, contact SGS-THOMSON Marketing. SGS­
THOMSON Microelectronics can also supply 
standard cells products in dice form (chip tray or wa­
fer form). 

v FN D 

1._ QUALITY LEVEL 

:Standard 
D : Burn~n 
8 :MIL STD 883 Class B 
G : NFC 96883 Class G 

L_ _______ PACKAGE: 

P :Plastic DIP 
J : Cerdip 
E :CLCC 
FN :PLCC 
R :CPGA 
C :Ceramic 
FP :SO 

'-------------TEMPERATURE RANGE : 

c 

M 
T 
v 

:0 °C/+70°C 
:- 25°C/+B5 °C 
:-55°C/+125°C 
:-40 °C/+ 105 °C 
:-40°C/+85°C 
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UA741 

GENERAL-PURPOSE SINGLE OP-AMPs 

• LARGE INPUT VOLTAGE RANGE 
• NO LATCH-UP 
• HIGH GAIN 
• SHORT-CIRCUIT PROTECTION 
• NO FREQUENCY COMPENSATION 

REQUIRED 
• SAME PIN CONFIGURATION AS THE UA709 

DESCRIPTION 

The UA741 is a high performance monolithic ope­
rational constructed on a single silicon chip. It is in­
tended for a wide range of analog applications. 

_ Summing amplifier 
_ Voltage follower 
_ Integrator 
- Active filter 
_ Function generator. 

The high gain and wide range of operating voltages 
provides superior performance integrator, summing 
amplifier, and general feedback applications. the in­
ternal compensation network (6 dB/octave) insures 
stability in closed loop applications. 

PIN CONNECTIONS (top views) 

H 
T099 

(Metal Can) 

N 

N 
DIP14 

(Plastic Package) 

D 
SOB 

DIPS 
(Plastic package) 

J 
CERDIP8 

(Cerdip Package) 

(Plastic Micropackage) 

ORDER CODES 

GC 
LCC20 

(Tricecop (LCC)) 

Part Temperature 
Package 

Number Range H J GC N 
N 
14 

UA741C/E 0 octo+ 70 oc • • • • 
UA7411 -40 octo+ 105 oc • • • 
UA741M/A -55 octo+ 125 oc • • • 
Note : Hi-Rei Versions Available 
Examples: UA741CN, UA7411H 

D 

• 

DIP8/CERDIP8 T099 LCC20 DIP14 
so a 4- Inverting 

8 
( 4 3 i '\" 20 1918 '~" 

input 

·~l s. ' 13 5- Non·inverting 

2 - 7 1- NC 17 11- NC 3 12 input 
2· Offset 6 16 

12- Offset null 4 - 11 6 ·v-ee 
3 + 6 

2 6 

null 
7 15 

13- NC 5 + 10 7-NC 
4 5 5 8 14 

6 • 8-NC 3·NC 9 10 111213 14- NC 
4·NC 15- Output 7 8 9 • Offset null 
5- Inverting input 16· NC 10- Output 

1 - Offset null 5 · Offset null 6-NC 17·v+cc 11-v+cc 
2 · Inverting input 6 ·Output 7 - Non-inverting input 18· NC 1- NC 12- NC 
3 · Non·inverting input 7 · v+cc 8-NC 19· NC 2-NC 13- NC 

4· VCc 8-NC 9-NC 20- NC 3- Of1set null 14- NC 

December 1988 1/11 
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UA741 

ABSOLUTE MAXIMUM RATINGS 

Value 
Symbol Parameter 

UA741M, A UA7411 UA741C, E 
Unit 

Vee Supply Voltage ± 22 ± 22 ± 22 v 
v, Input Voltage ± 15 ± 15 ±15 v 

V;d Differential Input Voltage ± 30 ± 30 ± 30 v 
Ptot Power Dissipation 500 500 500 mW 

Output Short-circuit Duration Infinite 

Toper Operating Free-air Temperature Range -55 to+ 125 -40 to+ 105 o to+ 70 oc 
Tstg Storage Temperature Range -65 to 150 -65 to 150 -65 to 150 oc 

SCHEMATIC DIAGRAM 

Non-inverting input 

Offset null 

EBBUA741-01 

Offset Inverting 
Non-

Case inverting Vee Vee Output N.C. 
Null Input Input 

T099/0I P8/C ER 01 P8/S08 1, 5 2 3 4 7 6 8 

DIP14 3, 9 4 5 6 11 10 * 

LCC20 2, 12 5 7 10 17 15 * 

T0116, LCC20: Other ptns are not connected. 
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ELECTRICAL CHARACTERISTICS 
UA741M/A :-55 'C ~Tamb ~+ 125 oc, Vee=± 15 V 
UA7411 :-40 'C ~Tamb ~+ 105 oc, Vee=± 15 V 
UA741C/E: 0 'C ~ Tamb ~ + 70 oc, Vee=± 15 V 

(unless otherwise specified) 

Symbol Parameter 

V;o Input Offset Voltage Rs s 10 kn 
Tamb = 25 oc 
T min S T amb S T max 

UA741E. A Tamb = 25 °C 
T m1n ~ T amb :S T max 

l;o Input Offset Current 
Tamb = 25 °C 
T m1n :S T amb :S T max 

l;s Input Bias Current 
Tamb = 25 °C 
T mrn :S T amb :S T max 

Avo Large Signal Voltage Gain 
(Vo=±10V,RL=2kQ) 

T amb = 25 °C 
T mm ::;; T amb ::;; T max 

SVR Supply Voltage Rejection Ratio 
(Rs s 10 kQ) 

Tamb = 25 °C 
T mrn $ T amb :S T max 

Icc Supply Current. no Load 
Tamb = 25 'C 
T mrn :S T amb :S T max 

V; Input Voltage Range 
Tamb = 25 °C 
T m1n :S T amb :S T max 

CMR Common Mode Rejection Ratio 
(Rs s 10 kQ) 

Tamb = 25 °C 
T mm S T amb S T max 

los Output Short-circuit Current 
Tamb = 25 'C 

± Vopp Output Voltage Swing 
Tamb = 25 oc RL = 10 kQ 

RL = 2 kQ 
T m1n $ T amb ::; T max RL=10kn 

RL = 2 kn 

Svo Slew-rate (V; = ± 1 o V, RL = 2 kn CL $ 100 pF, 
T amb = 25 'C. unity gain) 

tr Rise Time 
(V; =±20 mv. RL =2 kn. CL s100 pF 
T amb = 25 'C. unity gain) 

Kov Overshoot (V; = ± 20 mV, RL = 2 kn, CL s 1 oo pF, 
T amb = 25 oc, unity gain) 

R; Input Resistance, T amb = 25 oc 

UA741 

UA741C, E, I, M, A 
Unit 

Min. Typ. Max. 

mV 
1 5 

6 
1 2 

4 

nA 
2 20 

40 

nA 
10 100 

200 

V/mV 

50 200 
25 

dB 

77 90 
77 

mA 
1.7 2.8 

3.3 

v 
-12 + 12 
-12 +12 

dB 

70 90 
70 

10 25 40 
mA 

v 
12 14 
10 13 
12 
10 

0.25 0.5 V/iJ.S 

iJ.S 
0.3 

5 % 

0.3 2 mn 
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UA741 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol 

GPB 

THD 

VN 

iii 
:!! 
z 
=i 
Cl 
Ul 
Cl 
~ 
!:; 
0 
> 
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Parameter 

Gain Bandwidth Product 
(V1 = 10 mV, RL =2 kn, CL,; 100 pF f =100kHz, 
T amb = 25 °C) 

Total Harmonic Distortion 
(f =1kHz, Av =20 dB, RL 2 kQ, Vo =2 Vpp 
CL :> 100 pF, Tamb = 25 °C) 

Equivalent Input Noise Voltage 
(f = 1 kHz, RG = 1 00 Q) 

Phase Margin 

OPEN LOOP VOLTAGE GAIN ITyp.l 

115 

110 

105 
..,. ..,. 1----' 

v" 
100 v 
95 

90 l/ 
~ 

85 

80 0 2 4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGES tV!!c AND Vccii±VI 

E88UA741-02 

UA741C, E, I, M, A 
Unit 

Min. Typ. Max. 

MHZ 
0.7 1 1.6 

% 
0.06 

23 
nV/v'Hz 

50 Degrees 

OPEN LOOP FREQUENCY RESPONSE ITyp.l 

120 

100 

iii 
80 :!! 

2 
=i 60 
Cl 
Ul 

40 Cl 

~ _, 
20 0 

> 
0 

-
" "' ~ 

~ 
~ 

\ -20 
1 10 100 1k 10k lOOk 1M 10M 

FREQUENCY IHzl 

E88UA741·03 



s: 
! 
w 
Cl 

~ 
0 
> 
1-
;::) 
IL 
1-
::;) 

0 

~ 
Cl 
z 

~ 
..... 
::;) 
IL 
..... 
::;) 

0 
:0: 
< w 
IL 

~ 
:0: 
< w 
IL 

~ 
.§ 
z 
0 

ii: 
:E 
::;) 
en z 
0 
u 
a: 
w ;: 
0 
IL 

28 

24 

20 

16 

12 

8 

4 

0 

40 

36 

32 

28 

24 

20 

16 

12 

8 

4 

0 

TRANSIENT RESPONSE (Typ.l 

90% 

I 
I 

1/ Vee = t15V 

10% I(-
Tamb= +25oc 

RL = 2kQ 

Rise time eL = 100pF 

0 0.5 1.5 2 2.5 

TIMEI,.sl 
E88UA7 41·04 

OUTPUT VOLTAGE SWING 

-55°C.;;;Tamb.;;;+ 125°C 

RL ;;;> 2 kn / 
/ 

)~ 

v 
/ 

./ 
/ 

I'" 

5 10 15 20 

100 

80 

60 

40 

20 

0 

SUPPLY VOLTAGE I±VI 
E88UA741·06 

POWER CONSUMPTION 

Tamb =+2soc / 
/ 
v 

/ 
/ 

/ 
v" 

v I'" 

5 10 15 20 

SUPPLY VOLTAGE I±VI 
E88UA741-08 

~ 
.§ 
z 
0 

~ 
IL 
iii en 
i5 
a: 
w ;: 
0 
IL 

s: 
-tl 

w 
Cl z 
~ 
w 
Cl 

~ ..... 
g 
w 
D 
0 
:E 
z 
0 
:E 
:E 
0 
u 

UA741 

ABSOLUTE MAXIMUM POWER DISSIPATION 

600 

500 

400 

300 

200 

100 

c 
25 

16" 

14 

12 

10 

B 

6 

" ~ 
'\ 

:\.. 
~ 

45 65 85 105 12!> 

AMBIENT TEMPERATURE (°CI 
E88UA741·05 

INPUT COMMON MODE VOLTAGE 
RANGE 

-55"C .;;; Tamb.,;; +125°C 
./"' 

v 
/ 

/ 
/ 
, 

/ 
v 4 

2 

0 
5 

50 

45 

40 

35 
c 30 .s 

25 u 
!!l 20 

15 

10 

5 
0 

10 15 20 

SUPPLY VOLTAGE (±VI 

E88UA741·07 

OUTPUT CURRENT vs AMBIENT 
TEMPERATURE 

~Source 

-.....!. j"-... 

lOS Sink i'- I'. -.......: t-.... 
...;:::::: ~ 

-55 -35 -15 5 25 45 65 85 105125 

AMBIENT TEMPERATURE ("C) 

E88UA741-09 
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UA741 
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OUTPUT VOLTAGE SWING 

~ 28 

1.? 26 
z 

vee = ±1sv ... ~ 

~ 24 

!; 22 

0.. 
1-
::::1 
0 
~ 

~ 
0.. 

~ 
~ 

~ 
a.. 

20 

18 

16 

14 

12 

10 

8 

Tamb= +25°C ~ 

/ 

J 
T 

7 

7 
0,1 0,2 0,5 

_. 
~ 

2 5 10 

LOAD RESISTANCE lkOl 

E88UA741-10 
EQUIVALENT INPUT NOISE vs FREQUENCY 

Rg = 100 n 
40 ,---,-,......,nnr---r-r-rrnm--r-,..,-TTTTT1 

35 I---I-I-++-I+UII-W-l+~-1-+++1-llll 

~ 30 " 

~ 2sr-t+~~~~Wi~~~ 
S 20 1--1-1-++~1-W-l+~-1-+++1-llll 
w 6 15 

z 1 o ~-1-1-1-l-l-ll!l---1-1-l+IHII-1--+++l-Hll 

si--+-++++-Hll--++1-0011-+-+++++lll 
0 L-~LULlliL-~~UW-~~~ 

100 1000 10000 100000 

FREQUENCY (Hz) 

E88UA741-12 

EQUIVALENT INPUT NOISE vs AMBIENT 

TEMPERATURE 
40 

35 

'N 30 
:t: 

~ 25 

s 20 
w 
Ul 15 
0 
z 10 

5 

0 

1--
p 

---t,....- !--" 
~ 

~ 

-55 -35 -15 5 25 45 65 85 105125 

AMBIENT TEMPERATURE (•C) 

E88UA741-14 

40 

36 

32 

28 

24 

20 

16 

12 

8 

4 

0 
100 

OUTPUT VOLTAGE SWING 

Vee~ ±15V 

RL = 10k!l 

Tamb =+ 25oc 

1\ 
\ 

1\. 
I' 

lk 10k lOOk 1M 

FREQUENCY IH~l 

E88UA741-11 

INPUT NOISE CURRENT 

Vee = ± 15V 

Tamb= +2soc 

i'oo.. 

100 1k 10k 100k 

FREQUENCY (Hz) 

E88UA741-13 

LARGE SIGNAL VOLTAGE GAIN vs AMBIENT 
TEMPERATURE 

110.00 
108.00 
106.00 
104.00 
102.00 
100.00 
98.00 
96.00 
94.00 
92.00 
90.00 
88.00 
86.00 
84.00 
82.00 
80.00 

v 
..:;;:-

~ -..... ....., 
r-...... 

-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (•CJ 

E88UA741-15 



UA741 

GAIN BANDWIDTH PRODUCT vs AMBIENT 
TEMPERATURE 

1.4 

1.3 

1.2 

~1.1 
!! 1 
ll. 
:g .9 

.B 

.7 

.6 

.5 

r-r-... ...... 
......... 

........ ;-.... 

""' 
-55 -35 -15 5 25 45 65 85 105 125 

POWER SUPPLY & COMMON MODE REJECTION 
RATIO vs AMBIENT TEMPERATURE 

120 

115 

110 

m 1o5 
~ 

100 

95 

90 

f VR 

f. 

~,....... 

CMR-

-\ 
........ I- \ -I-

~ 

-55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 
E88UA741-16 

AMBIENT TEMPERATURE (°C) 
E88UA741-17 

50 
45 

40 

35 

"' 30 
"' - 25 
ID 

20 

15 

10 

5 

0 

INPUT BIAS CURRENT vs AMBIENT 
TEMPERATURE 

I 
I 
I 

II 
........._ 

!-.... 
r-I"-- J 

-55 -35-15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 

E88UA741-18 

MEASUREMENT DIAGRAMS 

VOLTAGE OFFSET NULL CIRCUIT TRANSIENT RESPONSE TEST CIRCUIT 

T099 - DIP8- CERDIP8 

E88UA741-19 E88UA741-20 

7/11 

1065 



UA741 

MEASUREMENT DIAGRAMS (continued) 

CURRENT TO VOLTAGE CONVERTER 

R1 

R2 

R2 = R1 
for minimum error due to bias current 

E88UA741-21 

POSITIVE VOLTAGE REFERENCE 

E88UA741-23 
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NEUTRALIZING INPUT CAPACITANCE TO OP­
TIMIZE RESPONSE TIME 

E88UA741-22 

NEGATIVE VOLTAGE REFERENCE 

R2 

RJ 

R4 

E88UA741-24 



PACKAGE MECHANICAL DATA 

8 PINS- T099- METAL CAN 

mm 

© 
Pin 

4 20 
.4,69--

12,7 min. 

14 PINS- PLASTIC DIP 

mm 

Datum 

Or 

8,50 

1---

0,26 
1.01 

8 Pms 
_j210.407 

0.508 

( 1) Nominal dimension 

(2) True geometncal positiOn 

6.35 
{1} 14 Pins 

UA741 
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UA741 

PACKAGE MECHANICAL DATA (continued) 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

20 PINS- TRICECOP (LCC) 

mm 
B 74 
9.04 

e- 1.27 •I e t e + e I e j .. 

10/11 
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( 1) Nominal dimension 

(2) True geometrical position 

Datum 

8 Pins 

1,86max. 

20 PINS 

6.74 
9.04 



PACKAGE MECHANICAL DATA (continued) 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

~ 
6,2 

Datum 

e-1,27 •1 e t e 

0.4 

1.75 max. 

UA741 

0.185 
0.265 
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UA748 

GENERAL PURPOSE SINGLE OP-AMPs 

• FREQUENCY COMPENSATION WITH A SIN­
GLE 30 pF CAPACITOR 

• OPERATION FROM ± 5 V TO ± 15 V 
• LOW POWER CONSUMPTION :50 mW AT 

±15 v 
• CONTINUOUS SHORT-CIRCUIT PROTEC­

TION 
• OPERATION AS A COMPARATOR WITH DIF­

FERENTIAL INPUTS AS HIGH AS± 30 V 
• NO LATCH-UP WHEN COMMON-MODE 

RANGE IS EXCEEDED 
• SAME PIN CONFIGURATION AS THE LM1 01A 

DESCRIPTION 
The UA748 is a general-purpose operational ampli­
fier built on a single silicon chip. The resulting close 
match and tight thermal coupling gives low offsets 
and temperature drift as well as fast recovery from 
thermal transients. 
- Short-circuit protection. 
- Offset voltage null capability. 
- Large common-mode and differential voltage 

ranges. 
- Low power consumption. 
_ No latch-up 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to op­
timize compensation for best high frequency perfor­
mance at any gain. As a comparator the output can 
be clamped at any desired level to make it compa-

PIN CONNECTIONS (top views) 

T099 

4 

DIPS 
CERDIP8/S08 

tible with logic circuits. Further, the low power dissi­
pation permits high voltage operation and simplifies 
packaging in full-temperature range systems. 

H 
T099 

(Metal Can) 

D 
SOB 

(Plastic Micropackage) 

N 
DIPS 

(Plastic Package) 
J 

CERDIPB 
(Cerdip Package) 

~ 
GC 

LCC20 
(Tricecop (LCC)) 

ORDER CODES 

8 

7 

6 

5 

Part Temperature Package 
Number Range H N 

UA748C o octo+ 70 OC • • 
UA7481 40 oc to + 1 05 OC • • 
UA748M -55 octo+ 125 oc • 
Note : Hi-rei Versions Available 
Examples : UA748CH, UA748MGC 

LCC20 
5 - Inverting input 
6-NC 

GC 

• 

3 2~2019 
4 18 

7- Non-inverting input 
8-NC 

5 17 
6 16 
7 15 

8 9 10 11 12 1d4 ) 

1- NC 

9-NC 
10- Vee· 
11-NC 
12- Offset null 
13- NC 
14-NC 
15- Output 
16-NC 

D 

• 
• 

1· Offset null frequency compensation 
2· Inverting input EBBUA748·01 

2 - Offset null frequency 
compensation 

3-NC 

17- Vee• 
18-NC 
19-NC 3- Non-inverting input 

4- Vee· 

December 1988 

4-NC nsation 
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UA748 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

V1 Input Voltage 

V1o Differential Input Voltage 

Ptot Power Dissipation 
GC Suffix 

Output Short-circuit Duration 

Toper Operating Free Air Temperature Range 

Tstg Storage Temperature Range 

SCHEMATIC DIAGRAM 

Case 

T099 
DIPS 
CERDIP8 
so a 
LCC20 * 

r~on-inverting 
input 

Offset null 

Offset 
Null 

5 

12 

Non-
Inverting 

Input 

3 

7 

* LCC20 : Other pins are not connected. 

2/10 
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Inverting 
input 

Offset null 

Inverting 
v~c Input 

2 4 

5 10 

UA748M UA7481 UA748C Unit 

± 22 ± 22 ± 22 v 

±15 ± 15 ± 15 v 

± 30 ± 30 ± 30 v 

500 500 500 mW 
665 300 

Infinite for T amb = 70 •c Infinite 
forT= 55 •c 

- 55 to + 125 - 40 to + 1 05 0 to+ 70 •c 
- 65 to + 150 - 65 to + 150 -65!0 + 150 ·c 

Frequency compensation 

EBSUA748-02 

Frequency Off. Null. 
V ~c Output Freq. N.C. Comp. 

Comp. 

7 6 8 1 

17 1 5 20 2 



ELECTRICAL CHARACTERISTICS 
UA748C : 0 'C < Tamb < + 70 'C 
UA7481 :-40 'C < Tamb < + 105 'C 
UA748M :-55 'C < Tamb < + 125 'C. 
*=>Vcc=±15V 
(unless otherwise specified) 

Symbol Parameter 

Vro Input Offset Voltage Rs :::; 1 0 kQ 
T amb = 25 °C 
T mrn ~ T amb ~ T max 

Irs Input Bias Current 
T amb = 25 °C 
T mrn ~ T amb ~ T max 

Ira Input Offset Current 
T amb = 25 °C 
T m1n ::; T amb ::; T max 

Avo Large Signal Voltage Gain * 

(Vo=±10V,RL=2kQ) 
T amb = 25 °C 
T m1n $' T amb ::::; T max 

SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
T amb = 25 °C 
T mrn ::::; T amb :::;; T max 

Icc Supply Current, no Load 
T amb = 25 °C 
T mrn :::;; T amb $' T max 

Vr Input Voltage Range (V cc = ± 20 V) 
T amb = 25 °C 
T m1n $' T amb $' T max 

CMR Common-mode Rejection Ratio 
(Rs:::; 10 kQ) 

T amb = 25 °C 
T m1n $' T amb $ T max 

los Output Short-circuit Current * 

T amb = 25 °C 

± Vopp Output Voltage Swing • 
T amb = 25 oc RL=10kQ 

RL = 2 kQ 
T m1n $' T amb $' T max RL = 10 kQ 

RL = 2 kQ 

Svo Slew-rate (Vr = ± 10 V, RL = 2 kQ, 
CL :::; 100 pF, T amb = 25 °C, unity gain) * 

tr Rise Time· 
(Vr =± 20 mV, RL =2 kQ, CL :>100 pF, 
T amb = + 25 °C, unity gain) 

Kov Overshoot (Vr = 20 mV, RL = 2 kn, 
CL :::; 100 pF, T amb = + 25 °C, unity gain) 

Zr Input Impedance, T amb = 25 °C * 

Ro Output Resistance, T amb = 25 °C * 

± 5 V < V cc < ± 20 V C1 = 30 pF 
± 5 V < V cc < ± 20 V C1 = 30 pF 
±5V<Vcc<±20V C1 =30pF 

UA748M, I UA748C 

Min. Typ. Max. Min. Typ. 

0.2 1 2 
3 

25 75 70 
100 

1.5 10 2 
20 

50 100 50 100 
25 25 

80 96 80 96 
80 80 

1.8 3 1.8 
3 

-15 + 15 -15 
-15 + 15 -15 

80 96 80 96 
80 80 

10 30 50 10 30 

12 14 12 14 
10 13 10 13 
12 12 
10 10 

0.25 0.5 0.25 0.5 

0.3 0.3 

5 5 

1.5 4 1.5 4 

75 75 

UA748 

Unit 
Max. 

mV 
5 
6 

nA 
100 
200 

nA 
20 
40 

V/mV 

dB 

rnA 
3 
3 

v 
+ 15 
+ 15 

dB 

rnA 
50 

v 

V/JlS 

JlS 

% 

MQ 

Q 
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UA748 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol 

GBP 

THO 

Vn 

DV1o 

Dl1o 

4/10 
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> 
-H 

Cl 
z 
§: 
(/) 

1-
:::1 
Q. 
1-
:::1 
0 

a; 
:!'!. 
z 
(( 
Cl 
w 
Cl 
<( 
1-
---1 
0 
> 

Parameter 

Gam Bandwidth Product • 
(V1 = 10 mV, RL = 2 kQ, CL s 100 pF, 
f = 100 KHz, T amb = 25 'C) 

Total Harmonic D1stort1on • 
(f = 1 KHz, Av =20 dB, RL =2 kQ, Vo =2 Vpp, 
CL S 100 pF, Tamb = 25 'C) 

Equivalent Input Noise Voltage 
(f = 1 KHz, Rg = 100 Q) • 

Input Offset Voltage Drift 
T m1n $ T amb $ T max 

Input Offset Current Drift 
25°C $ T amb :5 T max 

T mm S T amb < 25'C 

CURRENT LIMITING 

OUTPI/T CURRENT (±mAl 

E88UA748-03 

OPEN LOOP fREQUENCY RESPONSE 

20 

-20 
10 100 1k 10k TOOk 1M TOM 

FREUUENCY !Hzl 

E88UA748-05 

UA748M, I UA748C 
Unit 

Min. 

0.5 

Typ. 

1 

0.015 

25 

3 

10 
20 

400 

<JOO 
" 

1-z w 
~ 200 
:;;) 
u 
1-

~ 100 
i!l: 

0 

Max. Min. Typ. Max. 

MHZ 

1.6 0.5 1 1.6 

% 

0.015 

nVNHz 
25 

1NI'C 
15 6 30 

pA/'C 
100 10 100 
200 20 200 

INPI/T CURRENT 

Vee= ±15 v 

' 
' ""'ias current --

I 
Offset current ' 

' 
~ ~ - i'-.. ~ ~ r-

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

> 
-H 

Cl 
z 

~ 
1-
:::1 
Q. 
I­
:;) 

0 

TEMPEP"TURE (°C) 

E88UA7 48-04 

LARGE SIGNAL FREQUENCY RESPONSE 

16 

12 

8 \ 
I-

\ '-4 

C1 ~30 pF 
0 
1k TOk 

I 1111 I I 1111 
Tamb~ +25oc 
Vee c ± 15 v 

j !!I 
C1_3 pF 

1\ 

"'r- ~ .... 
TOOk 1M 10M 

FREQUENCY (Hz) 

E88UA748-06 



z 
0 

~ 
Ul z 
w 
0.. 
::;: 

FREQUENCY COMPENSATION 

8 0.5 L-._l,----'---:!::--!--.L-L-~ 

;; 
tl 

w 
Cl z 
ct a: 
w 
Cl 

~ _, 
0 
> 
1-
;:) 
0.. 

~ 

iii 

CLOSED LOOP VOLTAGE GAIN {dB} 

INPUT VOLTAGE RANGE 

20 

16 f--~f-

f-

12 

8 

4 

L 
0 

5 

v 

I 

i - i ./ 
I/ 

/.,~ 
v~~~ 

I 

10 15 

SUPPLY VOLTAGE {±V} 

VOLTAGE GAIN 

E88UA748·07 

/ 

·-

20 

EBBUA 7 48-09 

lOOr--~-~--r-~--r-~ 

94 

~ 88 
z 
~ 
Cl 82 
w 
Cl 

~ 
0 
> 

76 

70L--~--L-~-._J __ L_~ 
5 10 15 20 

SUPPLY VOLTAGE (±V) 

E88UA748·11 

> 
tl 

Cl 
z 
§ 
Ul 

w 
Cl 
ct 
!::; 
0 
> 

> 
tl 

Cl 
z 
§ 
Ul ,... 
;:) 
D.. ,... 
;:) 

0 

~ 
E 
1-z 
w 
a: 
a: 
;:) 

u 
>-_, 
0.. 
0.. 
;:) 
Ill 

UA748 

VOLTAGE FOLLOWER PULSE RESPONSE 

10 

8 I-- ~c- I-- -

6 r-1-r-
4 

2 

0 

. 2 

4 

f- r- f-I-

~ 
~-

--I L-t--
Input 

r-J- i-
f--- - Output 

- f-- \ 
""- - I I 

··6 ·- - f- - Tamb= +25oc 

B -- - .vcc=±1sv 

-10 I I I I 
0 10 20 30 40 50 60 70 80 

TIME {l'sl 

EBBUA748·08 

OUTPUT SWING 

SUPPLY VOLTAGE (±V) 

E88UA748-10 

SUPPLY CURRENT 

2.5 

2 

1--- +--+-1- --r-
-- I b= -55oC 

~ 
1.5 -::. ~25°1 
--1- ~ 

Tamb- +l2Soc -

0.5 

5 10 15 

SUPPLY VOLTAGE (±V) 

EB8UA748-12 
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UA748 

iii 
~ 
z 
Ci: 
C!l 
w 
C!l 

~ .... 
0 
> 

VOLTAGE GAIN 

120 

110 ~ ~--

I _g;~C_ 
ialf\b"" -

100 -~ 
......... T amb = + 25"C 

v 
90 ~ 

t------

80 
5 

125"C-
~ -- Tarnb= + 

- -

--

10 15 20 

·SUPPLY VOLTAGE (±VI 
E88UA7 48-13 

TYPICAL APPLICATIONS 

PRACTICAL DIFFERENTIA TOR 

Rl Cl 
ej o----l~t----~l._ ___ .._ __ __j 

6/10 
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INPUT BIAS CURRENT 

400 

Ci: 
E. I I I 
!z 300 
w 
a: 
a: 
:I 

r--Tarnb 55"C 

~ 200 

< 
iii ... 
~ 100 

~ 

0 
5 

C2 

R2 

30pF 

~ 

Tamb= +25°C 

J I J 
T amb + 125°C _ -
I _l 

10 15 20 

SUPPLY VOLTAGE (±VI 
EBBUA748·14 

eo 

E88UA748· 1 5 



TYPICAL APPLICATIONS (continued} 

SINGLE SUPPLY OPERATION 

R1 

R3 

PULSE WIDTH MODULATOR 

R1 

•I 
100kH 

±sv 

1 
fc=--

2rr A2 C1 

+15V 

r----
UA748 

1 

"'''·1 
..--v 1" == 21T Rl C1 

fc < fn (unity gain) 

-15 v 

R5 
100H 

~~ 

UA748 

R2 

+20 v 

1 
eo 

j 
EBBUA748-16 

R2 
100 kH 

•o 

RJ 
10 kit 

R4 
100 k!l 

A., ~~v 

02 

.;"" 62V 

~~ 
EBBUA748-17 
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UA748 

TYPICAL APPLICATIONS (continued) 

FEED-FORWARD COMPENSATION 

IN 4148 

1N 4148 

10 kn 

10 

7_5 

> 
-1-1 

5 
t!l 
z 
§: 

2.5 Ul 
f-. 
:::> 
D.. 
1- 0 :::> 
0 

-2.5 

8/10 
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10 kl! 

LARGE SIGNAL FEED--FORWARD 
TRANSIENT RESPONSE 

:vee= ±15 v 
RL -CD 

CL= 10 pF 
Tamb= +25"C 

I 

\ 

' 
0 2 3 4 5 

RESPONSE TIME (J1lll 

EBBUA748-19 

6 

EBBUA748-18 



PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

8 PINS - PLASTIC MICROPACKAGE (SO) 

mm 
e-1.27 .,1 e I e 

_g_ 
6.2 

Datum 0.35 
0.45 

UA748 

( 1) Nommar d1menston 

(2) True geometnca1 pos1t1on 

8 P1ns 

0.185 
0.265 

1.75 maK. 

8 Pins 

9/10 
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PACKAGE MECHANICAL DATA (continued) 

8 PINS- METAL CAN T099 

mm 

© 
Pin 

~ 0 7.75 
4.69 a.so 

: 

12.7 min. 

20 PINS - TRICECOP (LCC) 

mm 
8.74 

1.27 
9.04 

13 19 

-------{-
0.64 

9 3 

e-1.27•1 e ~ e ~ e ~ e j .. 

10/10 

1080 

1.27 max. 

r--

0.26 
1.01 

a outputs 

.J2l0.407 
0.508 

1.86max. 

2.16 

Datum 8.74 
9,04 

20 Outputs 



UA776 

PROGRAMMABLE SINGLE OP-AMPs 

• MICROPOWER OPERATION 
• NO FREQUENCY COMPENSATION 

REQUIRED 
• WIDE PROGRAMMING RANGE 
• HIGH SLEW RATE 
• SHORT-CIRCUIT PROTECTION 
• PROGRAMMABLE SINGLE OP-AMPs 

DESCRIPTION 

The UA776 programmable operational amplifier is 
characterized by high input impedance, low supply 
currents and low input noise over a wide range of 
operating supply voltages. 

Coupled with programmable electrical characteris­
tics it is an extremely versatile amplifier for use in 
high accuracy, low power consumption analog ap­
plications. 

Input noise voltage and current, power consump­
tion, and input current can be optimized by a single 
resistor or current source that sets the chip quies­
cent current for nano-watt power consumption orfor 
characteristics similar to the UA741. 

Internal frequency compensation, absence of latch 
up, high slew rate and short-circuit protection assure 
ease of use in long time integrators, active filters, 
and sample and hold circuits. 

PIN CONNECTIONS (top views) 

T099 DIPS 
50S 

8 

'{B" s 2 + 7 

3 - 6 

. 4 5 

2 6 

5 
4 

1- Offset null 5- Offset null 
2 - Inverting input 6- Output 
3 - Non-inverttng tnput 7- Vee 
4- V'cc 8- lset 

December 1988 

H 
T099 

(Metal Can) 

N 
DIPS 

(Plastic Package) 

D 
50S 

GC 
LCC20 

(Tricecop (LCC)) (Plastic Micropackage) 

ORDER CODES 

Part Temperature Package 
Number Range H N GC D 

UA776C 0 to+ 70 oc • • • 
UA7761 -40 to+ 105°C • • • 
UA776M - 55 to + 125 oc • • 
Note . Ht·Rel Versions Available. 
Examples : UA776CH, UA776CN, UA776CD 

LCC20 

~~ 

( 3 2~2019 
)4 18 

?5 17 

?5 
16 

1- NC 15 11- NC 
2 - Offset null ?7 14 12- Offset null 

)8 3- NC ) 13- NC 
4- NC 910 J..!~~ 14- NC 
5 - Inverting input ~ - 15- Output 
6- NC 16- NC 
7 - Non-inverting 1nput 11- vee 
8- NC 18- NC 
9- NC 19- NC 

10- VCc 20- lset 
EBBUA776-01 

1/13 

1081 



UA776 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter UA776M UA7761 UA776C Unit 

Vee Supply Voltage ± 18 ±18 ± 18 v 
VI Input voltage ± 15 ± 15 ± 15 v 
Vlo Differential Input Voltage ± 30 ± 30 ± 30 v 
Ptot Power Dissipation 500 310 310 mW 

UA776GC 665 
UA776CH 500 500 

Output Short-circuit Duration Indefinite 

Toper Operating Free Air Temperature Range - 55 to + 125 - 40 to + 1 05 0 to+ 70 oc 
Tstg Storage Temperature Range -65 to 150 -65 to 150 - 65 to 150 oc 

Notes: 1. For supply voltages less than± 15 V, the absolute maximum input voltage is equal to the supply voltage. 
2 Short-circuit may be to ground or either supply Rating applies to + 125 ·c package temperature senal M or 

+ 75 'C serial C ambient temperature for 1,,,; 30 ~A. 

SCHEMATIC DIAGRAM 

Non·inVerting 
input 

Offset 
null 

Case 

T099/S08 
DIPS 

LCC20 

Offset Null 

1, 5 

2, 12 

Offset null 

Inverting 
Input 

2 

5 

• LCC20 : Other pms are not connected. 

2/13 
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E88UA776·02 

Non-
inverting 

Input 
Output Vee Vee I set 

3 6 4 7 8 

7 15 10 17 20 



ELECTRICAL CHARACTERISTICS 
Vee+=± 15 V (unless otherwise specified) 

UA776C: 0 :5 Tamb :5 + 70 'C 
UA7761 :-40 :5Tamb :5+ 105 'C 
UA776M:-55 :5Tamb :5+ 125 'C 

Symbol Parameter 

V1o Input Offset Voltage 
T amb = 25 oc 
T m1n :5 T amb :5 T max 

l1o Input Offset Current 
Tamb = 25 °C 
T m1n ~ T amb ~ T max 

liB Input Bias Current 
T amb = 25 °C UA776M 

UA7761, C 
T m1n ~ T amb ~ T max 

Avo Large Signal Voltage Gain (Vo = ± 1 0 V) 
T amb = 25 °C RL = 5 kQ 

RL = 75 kQ 
T min ~ T amb ~ T max RL = 75 kQ 

RL = 5 kQ 

SVR Supply Voltage Rejection Ratio (Rs ~ 10 kQ) 
T amb = 25 oc 
T min $ T amb :5 T max 

Icc Supply Current, no Load 
T amb = 25 oc 
T m1n ~ T amb ~ T max 

VI Input Voltage Range 
T amb = 25 oc 

CMR Common Mode Rejection Ratio (Rs ~ 1 0 kO) 
T amb = 25 °C 
T m1n ~ T amb ~ T max 

los Output Short-circuit Current 

± Vopp Output Voltage Swmg 
T amb = 25 °C RL ~ 5 kQ 

RL ~ 75 kQ 
T mm :::;; T amb :::;; T max RL ~ 75 kQ 

V1oR Offset Voltage Adjustement Range 

Svo Slew-rate (Vi=±10V 
CL ~ 1 OOpF, T amb = 25 oc, unity gain) 

RL = 5 kQ 
RL = 75 kQ 

lset = 1.5 J.tA 

Min. Typ. Max. 

2 5 
6 

0.7 3 
10 

2 7.5 
2 10 

20 

200 400 
100 

77 92 
77 

20 25 
30 

-10 +10 

70 90 
70 

0.5 3 15 

12 14 
10 

9 

0.01 0.1 1 

UA776 

I set = 1 5 J.tA 
Unit 

Min. Typ. Max. 

mV 
2 5 

6 

nA 
2 15 

40 

nA 
15 50 
15 50 

100 

V/mV 
100 400 

75 

dB 
77 92 
77 

J.tA 
160 180 

200 

v 
-10 + 10 

dB 
70 90 
70 

6 12 30 mA 

v 
10 13 

10 

18 mV 

V/J.tS 

0.2 0.8 2 

3/13 
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ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

tr Rise Time 
(VI=+ 20 mV, CL S 100pF, Tamb = 25 oc, 
unity gain) 

RL = 5 kQ 
RL = 75 kQ 

Kov Overshoot Factor (V1 = ± 20 mV, 
CL < 100 pF, T amb = 25 °C, unity gain) 

RL = 5 kQ 
RL = 75 kn 

R1 Input Resistance ,T amb = 25 oc 
Cm Differential Input Capacitance 

Ro Output Resistance, T amb = 25 °C 

GBP Gain Bandwidth Product 
(Tamb = 25 °C, CL = 100 pF) 

f =100kHz RL = 5 kQ 
!=10kHz RL = 75 kQ 

THO Total Harmonic distorsion 
(I= 1 kHz, Av = 20 dB, Vat/ = 2 Vpp 
CL S 100 pF, Tamb = 25 o 

RL = 5 kQ 
RL = 75 kQ 

Vn Equivalent Input Noise Voltage 
(I= 1kHz) 

ELECTRICAL CHARACTERISTICS 

Vee + = ± 3 V (unless otherwise specified) 

Symbol Parameter 

V1o Input Offset Voltage 
Tamb =25 °C 
T mm ~ T amb ~ T max 

l1o Input Offset Current 
Tamb = 25 °C 
T mm S T amb S T max 

l1e Input Bias Current 
Tamb = 25 °C UA776M 

T mm S T amb S T max 
UA7761, C 

Avo Large Signal Voltage Gain (Vo = ± 1 0 V) 
Tamb = 25 °C RL = 5 kQ 

RL = 75 kQ 
T mm S T amb S T max RL = 5 kn 

RL = 75 kQ 

SVR Supply Voltage Rejection Ratio (Rs s 10 kQ) 
Tamb = 25 °C 
T mm S T amb S T max 

Icc Supply Current, no Load 
Tamb = 25 °C 
T m1n S T amb S T max 

4/13 
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lset = 1.5 IJA lset = 15 IJA 
Unit 

Min. Typ. Max. Min. Typ. Max. 

IJS 

0.35 
1.6 

% 

10 
0 

50 5 MQ 

2 2 pF 

5 1 kn 

MHz 

0.4 0.7 1.2 
0.03 0.1 0.5 

% 

0.025 
0.8 

nV/v'Hz 
20 20 

lset=1.51JA lset = 15 !lA 
Unit 

Min. Typ. Max. Min. Typ. Max. 

mV 
2 5 2 5 

6 6 

nA 
0.7 3 2 15 

10 40 

nA 
2 7 15 50 
2 10 15 50 

20 100 

V/mV 
50 200 

50 200 
25 

25 

dB 
77 92 77 92 
77 77 

!lA 
13 20 130 160 

25 180 



UA776 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 
lset = 1.5!-IA lset = 15 J.lA 

Unit 
Min. Typ. Max. Min. Typ. Max. 

V1 Input Voltage Range v 
Tamb = 25 °C -1 + 1 -1 + 1 

CMR Common Mode Rejection Ratio (Rs s 10 kn) dB 
Tamb = 25 °C 70 90 70 90 
T mtn :<': T amb :<': T max 70 70 

los Output Short-circuit Current 0.5 3 15 2 5 20 mA 

Vopp Output Voltage Swing 
RL ~ 75 kn 

v 
Tamb = 25 °C 2 2.4 2 2.4 

RL ~ 5 kQ 1.9 2.1 
T mm S T amb S T max RL ~ 75 kQ 2 2 

RL ~ 5 kQ 1.9 

V10R Offset Voltage Adjustement Range 9 18 mV 

Svo Slew Rate (V1=±10V V/J.lS 
CL :<': 100pF, Tamb = 25 °C, unity gain) 

RL =5 kQ 0.35 
RL =75 kO 0.03 

t, Rise Time J.lS 
(VI=+ 20 mV, CL :<': 100pF, Tamb = 25 °C, 
unity gain) 

RL = 5 kQ 0.6 
RL = 75 kQ 3 

Kov Overshoot (V1 = ± 20 mV, RL = 2 kQ % 
CL :<': 100 pF, T amb = 25 oc, unity gain) 

RL ~ 5 kQ 5 
RL ~ 75 kn 0 

R1 Input Resistance ,Tamb = 25 oc 50 5 MQ 

C1o Differential Input Capacitance 2 2 pF 

Ro Output Resistance, T amb = 25 oc 5 1 kQ 

GBP Gain Bandwidth Product MHz 
(Tamb = 25 °C, CL = 100 pF) 
f =100kHz RL = 5 kn 0.5 f =10kHz RL = 75 kQ 0.075 

THD Total Harmonic distortion % 
(f = 1 kHz, Av = 20 dB , RL = 2 kQ 
CL < 100 pF, Tamb = 25 °C, Vopp = 1 Vpp 

0.03 RL = 5 kQ 
RL = 75 kQ 1 

Vn Equivalent Input Noise Voltage nvt,JHz 
(I= 1 kHz) 20 20 

5/13 
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ii 
II. z: 
" z 
;:: 
(/) 

" <( 

!:::; 
0 
> 
I-
:> 
II. 
I-
:> 
0 
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9 
6 

4 

2 

2 

24 

18 

12 

6 

0 

INPUT BIAS CURRENT 

+3V<Vcco:::;;;;+18V 

Tamb= +25°C 

,/ 

L 
/ 

I 
v 

I/ 
/ 

5 10-12 5 100 2 5 101 2 

SET CURRENT !~Al 
E88UA776-03 

OUTPUT VOLTAGE SWING 

Tamb 72rf 
L.-' - ~I-" 

,.,.. ..... vt11 
Vee= ±15V v lset = 15 ~A 

- 1--l.tt'le = ± 15 v 

I lset = 1.5 ~A 

/ 

..... - Vee= ±3V 
1.5 ~A,;;Ise1 ,;;15 ~A 

I Ill I I J 
4 6fo4 2 4 6~05 2 4 RL 

LOAD RESISTANCE 101 
E88UA776-05 

'i ..s 
1-z 
w 
a: 
a: 
:> 
u ... 
<( 

iii 
1-
:I 
II. 

:!!: 

'i 
.: 
I-z 
w 
a: 
a: 
:> 
u 
> ..... 
II. 
II. 
:::> 

"' > 
ID 
c z 
<( 
1-

"' 

INPUT BIAS CURRENT 

±3V<Vcc<±18V 

24 

"' ' 
18 

12 

~ 
['.. 

lset = 15~ 

"r-.... -
1-- -

' 6 
['.. 

-- ..... = 1.5 ~ "- ... 

0 
-60 -20 

It-t-
20 60 

r--100 

102 

101 

100 

10-1 

AMBIENT TEMPERATURE I"Cl 
E88UA776-04 

STANDBY SUPPLY CURRENT VERSUS 
SET CURRENT 

lamb~ +25"e 
±3 v,;;vcc,;; ±18 v 

/ 
/ 

/ 

i/ 
v 

/ 
I 

I/ 
I 

10-22 5 10_,2 5 100 2 5 10' 2 

SET CURRENT (~AI 
EBBUA776-06 



z 
<i 
Cl 
w 
Cl 
ct 
!:i 
0 
> 
"-
0 
0 
...J 

z 
w ... 
0 

H 

~ 

ti 
;;;;) 

c 
0 
a: 
11. 

:I: 
1-c 
§ 
c 
z 
ct 
Ill z 
< 
Cl 

OPEN LOOP VOLTAGE GAIN 

Vcc=±3V 

400k r--
.1 I I 

f- lset = 15 I'A v I'\ RL = 5 kO 

300k v ,\ 
/~ 

200k / -v - r;:-.... ~ lset = 1.5JJA 

v RL = 75 k!l -v 
lOOk 

0 
-60 -20 20 60 100 

5 

2 

106 

105 

104 

2 

103 

1-

/ 

I 

AMBIENT TEMPERATURE I°Cl 

EBBUA776-07 

GAIN-BANDWIDTH 

Tamb=+25oc 

v 

- Vcc=±1sv v 
/I/ 

Vcc...::::±3v v [/ 
1/ ~ 

/ 

10-t 2 • 6 100 2 • 6 101 2 

SET CURRENT lpA) 
E88UA776-09 

z 
< 
Cl 
w 
Cl 

~ 
0 
> ... 
0 
g 
z w 
D. 
0 

... 
"-
~ 
w 
1-
ct 
a: 

~ 
UJ 

UA776 

OPEN LOOP VOLTAGE GAIN 

vcc=±1sv 

set- 151'A 

L2M 
RL = 5 k!l 

);" ' 1\. 
/ 

1 M v \ 
BOOk I \ 

I lset = 1.5 JJA 
\ RL = 75 k!l 

600k I """"v 
.- ....... 

' I v r\ 
400k / 

/ \ 

-60 -20 20 60 100 

100 

10-1 

10-2 

10·3 

AMBIENT TEMPERATURE I°Cl 

EBBUA776-08 

SLEW RATE 

, 
v: 

v v 
v v 

vee~± ts vv v 

1/ I 
Vvcc""""±JV I-

/ v 
v / 

/ I 
v 

10-22 510-12 5 100 2 5 10' 2 

SET CURRENT IJJA) 
E88UA776·10 
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UA776 

SET RESISTOR vs SET CURRENT 

§ 
Ill: 
0 
I-
II) 

iii 
w 
Ill: 
I-w 
II) 

5 

2 

10 Mn 

5 

2 

1 Mn 

5 

2 
100 kn 

5 

2 

10 kn 

" ' ', ' "' l-

' ·, '~c~. 
'\. '· ''".s-

l-
' ' l-

cc~"\ t\ 1~ 
,x~J,..' -, "\ 

'<o'k:-

lset EQUATIONS 

~ '\. ', ,~'-
1'. 

I vt"e - o.7 - Vee 
set = Rset 

·, 
"\ 

', 
Rset to Vee 
Rset to GND ----· 

when Rset is connected to Vee· 

I Vtc- 0.7 
set= Rset 

I I Ill I I when Rset is connected to ground. 

10_, 2 4 6 100 2 4 6 101 2 4 

BIASING CIRCUITS 

RESISTOR BIASING 

Rsot connected to ground. 
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SET CURRENT !,AJ 

E88UA776·12 

EBBUA776·11 

QUIESCENT CURRENT SETTLING 
RESISTOR (I set to Vee) 

Vee 
I set 

1.5 ~ 15 11A 

± 1.5 v 1.7 Mn 170 kQ 

±3V 3.6 Mn 360 kn 

±6V 7.5 Mn 750 kn 

± 15 v 20 Mn 2 Mn 

Note :The UA776 may be operated with Rset connected 
to ground or Vee. 

Rsot connected to Vee 
Recommended for : Vee :; ± 6 V EBBUA776-13 



BIASING CIRCUITS (continued) 

TRANSISTOR CURRENT SOURCE BIASING 

VOLTAGE OFFSET NULL CIRCUIT 

vc:c 

E88UA776-16 

UA776 

FET CURRENT SOURCE BIASING 

TRANSIENT RESPONSE TIME TEST CIRCUIT 

E88UA776-17 
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UA776 

TYPICAL APPLICATIONS 

HIGH ACCURACY SAMPLE AND HOLD 

Analog input 

-sv.;;v1<;;+sv 

~n~~ o---.--------1~---------l 
BC 487 

NANO-WATT AMPLIFIER 

R1 
100 kl! 

10/13 
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-15V 
Hold 

R3 
91 kl! 

R2 
1 Ml! 

,---------l + 

+15V 

R2 
30Mll 

P0 = 600 nW 

E88UA776-18 

•a 

EBBUA776-19 



TYPICAL APPLICATIONS (continued) 

MULTIPLEXING AND SIGNAL CONDITIONING 
WITHOUT FETs 

R2 1 MH 

EBBUA776-20 

UA776 

HIGH INPUT IMPEDANCE AMPLIFIER 

50 M~! 

90 k!! 

+15 v 

15 V EBBUA776-2~ 
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UA776 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

12/13 

1092 

~ 
6.2 

Datum 

(1) Nom1nal d1mens1on 

(2) True geometncal position 

8 Pins 

0.185 
0.265 

min. 

1.75 max. 

8 Pins 



PACKAGE MECHANICAL DATA (continued) 

8 PINS- METAL CAN T099 

mm 

Pin 

4 20 
~ 

12.7 min. 

20 PINS- TRICECOP (LCC) 

mm 8.74 

1.27 
9,04 

8,50 

r--

~ 1.01 

_00,407 
0.508 

8 PINS 

1.86mox. 

20 PINS 

8.74 
9,04 

UA776 
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UC1840 
UC2840 
UC3840 

PROGRAMMABLE, OFF-LINE, PWM CONTROLLER 

• ALL CONTROL, DRIVING, MONITORING, AND 
PROTECTION FUNCTIONS INCLUDED 

• LOW-CURRENT, OFF-LINE START CIRCUIT 
• FEED-FORWARD LINE REGULATION OVER 4 

TO 1 INPUT RANGE 
• PWM LATCH FOR SINGLE PULSE PER PE­

RIOD 
• PULSE-BY-PULSE CURRENT LIMITING PLUS 

SHUTDOWN FOR OVER-CURRENT FAULT 
• NO START-UP OR SHUTDOWN TRANSIENTS 
• SLOW TURN-ON AND MAXIMUM DUTY-CY­

CLE CLAMP 
• SHUTDOWN UPON OVER-OR UNDERVOL­

TAGE SENSING 
• LATCH OFF OR CONTINUOUS RETRY AFTER 

FAULT 
• REMOTE, PULSE-COMMANDABLE START/ 

STOP 
" PWM OUTPUT SWITCH USABLE TO 1 A PEAK 

CURRENT 
• 1% REFERENCE ACCURACY 
• 500kHz OPERATION 

DESCRIPTION 
Although containing most of the features required 
by all types of switching power supply controllers, 
the UC1840 family has been optimized for highly­
efficient boot-strapped primaryside operation in for­
ward or flyback power converters. Two important 
features for this mode are a starting circuit which re­
quires little current from the primary input voltage 
and feed-forward control for constant volt-second 
operation over a wide input voltage range. 

In addition to startup and normal regulating PWM 
functions, these devices ofter built-in protection from 
over-voltage, under-voltage, and over-current fault 
conditions. This monitoring circuitry contains the ad­
ded features that any fault will initiate a complete 
shutdown with provisions for either latch off or auto­
matic restart. In the latch-off mode, the controller 
may be started and stopped with external pulsed or 
steady-state commands. 

September 1988 

DIP-18 
(Plastic and Ceramic) 

Other performance features of these devices in­
clude a 1% accurate reference, provision for slow­
turn-on and duty-cycle limiting, and highspeed 
pulse-by-pulse current limiting in addition to current 
fault shutdown. 

The UC1840's PWM output stage includes a latch 
to insure only a single pulse per period and 1s des­
igned to optimize the turn off of an external switching 
device by conducting during the "OFF" time with a 
capability for both high peak current and low satu­
ration voltage. These devices are available in an 18-
pin dual-in-line plastic or ceramic package. 

The UC1840 is characterized for operation over the 
full military temperature range of -55"C to + 125"C. 
The UC2840 and UC3840 are designed for opera­
tion from -25"C to +85"C and O"C to +70'C, respec­
tively. 
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UC1840·UC2840·UC3840 

PIN CONNECTION AND ORDER CODES 

~ 
(QMP[NSATIQN lE\ ] NON INV INPUT 

START I UY " INV INPUT 

0 V 5[N5[ •6 5 V REF 

STOP 
,, .v, 5UPPtV 

RESET [ ' \L ORIV(R BIAS 

CURRENT 
1) ~ GROUND 

H1R(SHOLO 

CUHRENT SENSE 1/ PWM OUTPUT 

~tOW- SlArH V1 5F"NSE 

RT I C.t 10 RAMP 

... f,t 10•1 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, Supply Voltage + V, (pin 15) 
Voltage Driven 
Current Driven 100 rnA Maximum 

Vo PWM Output Volage (pin 12) 

Type 

UC1840 
UC2840 
UC3840 

lo PWM Output Current, Steady-state (pin 12) 

Eop PWM Output Peak Energy Discharge 
Driver Bias Current (pin 14) 

l,,qEF) Reference Output Current (pin 16) 
Slow Start Sink Current (pin 8) 
V, Sense Current (pin 11) 
Current Limit Inputs (pin 6, 7) 
Comparator Inputs (pins 2, 3, 4, 5, 17, 18) 

Ptot Power Dissipation at T amb = 70 ac 
TJ Junction Temperature Range 

Top Operating Ambient Temperature Range: UC1840 
UC2840 
UC3840 

Tstg Storage Temperature 

THERMAL DATA 

Rth J-amb Thermal Res1stance Junct1on-amb1ent 

2/10 
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Maxi 

Plastic Ceramic 

UC2840N 
UC3840N 

UC1840J 
UC2840J 
UC3840J 

Test Conditions 

32 
Self Limiting 

40 

400 

20 
-200 

-50 
20 
10 

-0.5 to+ 55 
-0.3 to+ 32 

1000 

-55 to+ 150 

-55 to+ 125 
-25 to+ 85 

0 to+ 70 

- 65 to+ 150 

80 

Unit 

v 

v 
rnA 

J.IJ 
rnA 

rnA 
rnA 
rnA 
v 
v 

mW 

ac 
ac 
ac 
ac 
ac 

°C/W 



BLOCK DIAGRAM 

CONP 

INY.IHPUT 

N 1 INPUT 

START/IN 

RE!»El 

EXT 510P 

UC1840-UC2840-UC3840 

---@)RAMP 

-@GROUND ____ w;~~ll 
bV g~!~CVCLE 

--------

_______,.....-·---{6) QJR ll'-tll 

- J' -~ :~~:~~~LO 
l-

400mY 

-....:..~ ~'-!~l 

FUNCTIONAL DESCRIPTION 

Name Function 

PWM CONTROL 

OSCILLATOR Generates a f1xed-frequency internal clock from an external R 1 and Cr. 
Kc 

where Kc IS a first-order correct1on factor -Frequency = --
RTCT 

0.3 log (CT X 101 2 ). 

RAMP GENERATOR Develops a lmear ramp w1th a slope defmed externally by 

_d~_ = §_e~e__yglt_ag~ CR 1s normally selected s Cr and 
dt RR CR 

1ts value w1ll have some effect upon valley voltage 
CR term1nal can be used as an mput port for current mode control 

ERROR AMPLIFIER Conventional operational ampl1f1er for closed-loop gam and phase compensation 
Low output Impedance . umty-gam stable 

REFERENCE GENERATOR Prec1s1on 5 0 V for mternal and external usage to 50 mA. 
Trackmg 3.0 V reference for mternal usage only w1th nommal accuracy of ± 2 % 

40 V clamp zener for Chip 0. V. protection. 100 mA max1mum current. 

PWM COMPARATOR Generates output pulse w1ch starts at termmat1on of clock pulse and ends when 
the ramp mput crosses the lowest of two pos1t1ve mputs 

PWM LATCH Termmates the PWM output pulse when set by mputs for e1ther the PWM 
comparator, the pulse-by-pulse current l1m1t comparator. or the error latch. 
Resets w1ch each mternal clock pulse 

PWM OUTPUT SWITCH Trans1stor capable of smkmg current to ground w1ch IS off dunng the PWM 
on-t1me and turns on to termmate the power pulse Current capac1ty IS 400 mA 
saturated with peak capacitance d1scharge m excess of one amp 
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UC1840-UC2840-UC3840 

FUNCTIONAL DESCRIPTION (continued) 

[ ____ _!lamE! _u_ L __ Function _ _] 

SEQUENCING FUNCTIONS 
--·---- ---- ---- -- - - --- --- --- -----------

START/U. V. SENSE This comparator performs three functions. 
With an increasing voltage, it generates a turn-on signal at a start threshold 
With a decreasing voltage, it generates a U. V. fault signal at a lower level 
separated by a 200 ~A hysteresis current. 
At the U. V. threshold, 1t also resets the Error Latch 1f the Reset Latch has been 
set. 

DRIVE SWITCH Disables most of the chip to hold internal current consumption low, and Driver 
B1as OFF, unt1l mput voltage reaches start threshold. 

DRIVE BIAS Supplies drive current to external power sw1tch to prov1de turn-on bias. 
-------- --- -- -- -- -- --- - --- -- ---- -- ---- - ------

SLOW START Clamps low to hold PWM OFF Upon release, rises with rate controlled by R5 C5 

for slow mcrease of output pulse width. 
Also used to clamp maximum duty cycle with divider Rs Roc. 

------ - - ---- ---------- ---------- ----- ------ - - -- --

START LATCH Keeps low input voltage at mitial turn-on from being defmed as a U. V. fault. Sets 
at start level to monitor for U V. fault. 

RESET LATCH When reset, this latch msures no reset signal to either Start or Error latches so 
that f1rst fault will lock the PWM off. 
When set, this latch resets the Start and Error latches at the U. V. low threshold, 
allowing a restart. 

--'----- ------- ---- -- ------------------- -- --·--- -----

PROTECTION FUNCTIONS 

ERROR LATCH 

CURRENT LIMITING 

4/10 
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When set by momentary input, this latch insures immediate PWM shutdown and 
hold off until reset. 
Inputs to Error Latch are : 
a. U. V. low (after turn-on) 
b. 0. V. h1gh 
c. Step low 
d. Current Sense 400 mV over threshold 

Error Latch resets at U. V. threshold 1f Reset Latch 1s set. 

Differential input comparator terminates individual output pulses each time sense 
voltage rises above threshold. 
When sense voltage nses to 400 mV above threshold, a shutdown signal it sent 
to Error Latch. 

~ SGS·ntOMSON .. .., I [ij]Oi:liil@~~~i:1i'liil@lill0!:~ 



UC1840-UC2840-UC3840 

ELECTRICAL CHARACTERISTICS (refer to the test circuit. Unless otherwise stated, these 
specifications apply forT, =-55 to + 125 "C for the UC1840, - 25 "C to + 85 "C for the UC2840 
and 0 to+ 70 "C for the UC3840; V, = 20 V, Rr = 20 KQ, Cr = 0.00111F, CR = 0.001 11F, current limit 
threshold = 200 mV) 

I UC1840 
I UC2840 UC3840 

Symbol i Parameter Test Conditions 
Min. I Typ. I Max. Min. I Typ. Max. 

POWER INPUTS 

V, = 30 V, Pin 2 = 2.5 V,: 

I 

T-- ----r--- ---
lsr Start-up Current 

i 
I 

4 5.5 I 4 5.5 T1 = 25 oc ' I 

*Start-up Current T.C. V, = 30 V, Pin 2 = 2.5 V I 1-0.1 :-0.2 1-0.1 -0.2 

I, Operating Current V, = 30 V, Pin 2 = 3.5 V I 5 I 10 15 5 I 10 15 

Vsov Supply O.V. Clamp I,= 20m A I 33 I 40 45 33 I 40 48 -
REFERENCE SECTION 

VREF I Reference Voltage ; T1 = 25 oc 4.95 
I 

5 i 5.05 4.9 5 
I 5.1 I I 

llVREF I Lme RegulatiOn ! v, = 8 to 30 V l 10 ! 15 10 I 20 

AVREF ; Load Regulation i I L = 0 to 20m A I 10 I 20 10 
I 

30 I 

Unit 

---
mA 

%/°C. 

mA 

v 

v 
mV 

mV 

AVREFIAT*I Temperature Coeff. I Over Op. Temp. Range 
I I ± o.4 I ± o.4 mV/°C I 

lsc Short Circuit Curr. I VREF=O, T1 =25°C I - 8o 1- 1oo ..: 80 1- 100 rnA 

OSCILLATOR 

Is I Nommal Frequency I T, =25 °.C 47 5o I 53 45 I 50 ' 55 KHz 
I Voltage Stability I V, = 8 to 30 V o.5 1 1 I 0.5 1 % 

I *Temperature Coeff. I Over Op. Temp. Range I± o.8 I ± 0.8 %fC 

fs(max) I Maxim. Frequency I Rr = 2 Kn, Cr = 330 pF 500 I 500 i KHz 

RAMP GENERATOR 

I Ramp Current Mm. : isENSE =- 10 IJA 
--

! -11 -14 I -11 1 -14 llA 

I Ramp Current Max. i isENSE = 1 mA -- 0.9 I_ -0.95- -- -0.9 -0.95 i mA 

I Ramp Valley I 0.3 I 0.5 0.7 0.3 I 0.5 I 0.7 v I I 

i Ramp Peak I Clamping Level 3.9 4.2 4.5 I 3.9 ! 4.2 4.5 v 
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UC1840-UC2840-UC3840 

ELECTRICAL CHARACTERISTICS (continued) 

UC1840 

Symbol Parameter Test Conditions UC2840 UC3840 
Unit 

Min. I Typ. I Max. Min. I Typ. I Max. 

ERROR AMPLIFIER 

Vas Input Offset Voltage VcM = 5 V 0.5 5 2 10 mV 

lb Input Bias Current 0.5 2 1 5 11A 

los Input Offset Current 0.5 0.5 JlA 

Gv Open Loop Gam ~V0 = 1 to 3 V 60 66 60 66 dB 

Output Swing (max Mimmum Total Range 0.3 3.5 0.3 3.5 v 
Out $ Ramp Peak -
100 mV) 

CMR Common Mode VcM = 1.5 to 5.5 V 70 80 70 80 dB 
RejectiOn 

SVR Supply Voltage V, = 8 to 30 V 40 50 40 50 dB 
Rejection 

lsc Short CircUit Current Vcomp = OV -4 -10 -4 -10 mA 
B. Gain Bandwidth T1 =25 oc, Gv =0 dB 1 2 1 2 MHz 

sw Slew Rate T1 = 25 °C, Gv = 0 dB 0.8 0.8 V/~ts 

PWM SECTION 

·continuous Duty Min. Total Cont. Range 
Cycle Range Ramp Peak < 4.2 V 5 95 5 95 % 
(other than zero) 

Vo(san Output Saturation 10 =20 mA 0.2 0.4 02 0.4 v 
Volo;at) Output SaturatiOn Ia = 200 mA 1.7 2.2 1.7 2.2 v 

loL Output Leakage V0 = 40 V 0.1 10 0.1 10 11A 

"td ·comparator Delay Pin 8 to pin 12 300 500 300 500 ns 
T1 = 25 oc, R1 = 1 KQ 

SEQUENCING FUNCTIONS 

VT Comparator Pins 2, 3, 4, 5 28 3 32 2.8 3 32 v 
Threshold 

lh Input B1as Current P1ns 3, 4. 5 = OV -1 -3 -1 -3 ~tA 

Start/UV Hysteresis Pm 2 = 2.5 V, T1 = 25 oc 120 180 240 120 180 240 JlA 
Current 

Input Leakage v, = 20 v 0.1 10 0.1 10 11A 
Dnver Bias Saturation Is=- 50 mA 2 3 2 3 v 
Voltage 
VIN-VoH 

Dnver B1as Leakage Vs =OV -0.1 -10 -0.1 -10 ~tA 

Slow-start Saturation Is= 2 mA 02 0.5 02 0.5 v 
Slow-start Leakage Vs =4.5 v 0.1 2 0.1 2 pA 
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ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions 

CURRENT CONTROL 

Current Llmtt Offset 

Current Shutdown 
Offset 

lb Input Bias Current Pin 7 = OV 

·common mode 
Range 

'd. Current Limit Delay T1 = 25 oc, Pin 7 to 12 
RL = 1 KQ 

• Guaranteed by des1gn Not 100% tested 1n production 

Figure 1 :Open Loop Test Circuit. 

su 
vo 

PPLY 
LTAGE 

1 
Rr r 

RR yoot<.n 

16 VREF 

20 
Kn~ 11VIN SENSE 

9 R11c1 

15 
viN 

UC1840-UC2840-UC3840 

UC1840 
UC2840 UC3840 

Min. I Typ. I Max. Min. I Typ. I Max. 

0 5 

340 400 440 340 

-2 -5 

-0.3 3 -0.3 

200 400 

"s[ 1a0Kn Roc 2 

cs 
SLOW ST 8 1--'~0 + 

DRIV BIAS 14 

_QRL=1K!tr-.. 

P'NM OUT 12 
OUT 
MOl 

0 

400 

-2 

200 

10 

440 

-5 

3 

400 

Unit 

mV 

mV 

~tA 

v 

ns 

cr~..___ 
J:1nF UC1840 

R1 J20K1l. -
10 RAMP 

2 STARTI UV 

R2 J9K n 
3.0V SENS 

RJ JJKfi CR COMP INV 
1 17 

-~ J:nF 

~ 
VREF 

I01pF 

Nominal frequency = 
RTCT 

Start voltage= 3 (R1 + R2 + R3) 
R2+ R3 

1~ toKn 10Kfi L..._....l 

PWM 
ADJ. 

s- 6412 

=50 kHz 

+ 0.2 R1 = 12 V 

U.V. fault voltage= 3 (R1 + R2 + R3) =a v 
R2+R3 

Nl 
1A 

GNO 13 ./> 

STOP 4 
... _ 

RESET 5 .... 
CIL(-) Cll(+) ~ 

6 7 

J 48 f Kn Kfi 

)~0 
)2Kn-t Kfi 

CURRENT SENS - •1.. TEST 

O.V. fault voltage= 3 (R1 + R2 + R3) = 32 V 
R3 

Current limit= 200mV 
Current fault voltage = 600mV 
Duty cycle clamp = 50% 
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UC1840-UC2840-UC3840 

Figure 2 :Start U.V. Hysteresis Current. 

I H r--r---,---,-,---,--r-..:.G..,:· '..:.":..."c.,' 

(,uAl 

275~-~~~L-~--+-~~-4-~~ 
iV1n=20V 

2SO~~~v~'"~1~"-1~5-v~-4--+-~-+-~ 

ISO ------ ---

115 - ---f--- - --

>00 L__L__,_ _ _,__-'----'--L--'----' 

-50 -25 zs so 75 100 r1 r•c1 

Figure 4 : Oscillator Frequency. 

10 20 SO 100 200 Ry(Kfl) 

Figure 6 : Error Amplifier Open-loop Gain and 
Phase. 

G-'5368 

Gv 

ldBl ~--f------J-----tcc---::-::--+-

20 

100 IK !OK lOOK 
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Figure 3 : PWM Output Saturation Voltage. 

VcErsal 
lVI 

l 

- r-- rJ='-ss·c 

Tj:25"C • ~ 

I' ~~ !---'""" 
1// 

J.v 
100 100 

V1n = zov 
LOW DUTV-C'tCLE. -
PULSE TEST 

/ 
.L. -

f-: P"' 

JOO 400 10 {mA) 

Figure 5 : PWM Output Minimum Pulse Width. 

C"l.) 

10 

05 

03 

02 

o• 
10 

(PULSE WIDTH GOES to ZERO 
BELOW VALUE INDICATED l 

1\. 

~~ 
1/2Cy<CR<Cy (I .... ~'b 

... "'.s: 4 
~ 

~-'?_,. r( "\ 

" " .. "'-.. '~ ~'-""" ~ ~ .:"': :---.... 
~ ----1;;::::::: 

20 30 50 100 200 fo fKHzl 

Figure 7 : Shutdown Timing. 

V4 
lVI 

5 

VB 5 
lVI 

VIZ 20 
IV) 

--~· 

INPUT IJXT 510P 

DUTY CYCLE l ',, C5>0 
CLAMP VOLTAGE ............... 

Cs= 0 

--
PWM OUTPUT I VOLTAGE I 

500 1000 1500 Ld fnsl 



UC1840-UC2840-UC3840 

APPLICATION INFORMATION 

Figure 8 : Programmable PWM Controller in a Simplified Flyback Regulator. 

DC INPUT LINE 

IT 
IT 
IT 

CONTROL VOLTAGE 

In this application [see Fig.8] complete control is 
maintained on the primary side. Control power is 
provided by R1N and C1N during start-up, and by a 
primary-referenced low voltage winding. N2, for ef­
ficient operation after start. The error amplifier loop 
is closed to regulate the DC voltage from N2 with 
other outputs following through their magnetic cou­
pling- a task made even easier with the UC1840's 
feed-forward line regulation. 

The UC1840 will readily accept digital start/stop 
commands transmitted from the secondary side by 
means of optical couplers. 

Not shown are protective snubbers or additional in­
terface circuitry which may be required by the choice 
of the high-voltage switch, Os, or the application 
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UC1840-UC2840-UC3840 

Figure 9 : Power Sequencing Functions. 

A D E G HI J M N 0 a R s 
I I I I Ill I I I I I I 

•c 
(NOTE I) 

DRIVER 
BIAS 

SLOW-
START 

PWM 
OUTPUT 
EXT 
STOP 

RESFT 
I I Ill I I I I I I I I 
DE HI J MNO a R s u y 

Notes : 1. VC represents an analog of the output voltage generated by a primary-referenced secondary wind1ng of the power transformer. It IS 
the voltage momtored by the start!U.V. comparator and, 1n most cases, IS the supply voltage, V1, for the UC1840 

2. Although Input to External Stop, Pm 4, is shown, results are the sarne for any fault input wh1ch sets the Error Latch. 

POWER FREQUENCY FUNCTIONS 
--- -------
Time Event I Time Event 

!------ ·----------- --------
A Initial Turn-on, Vc Rises with Light Load L Return to Normal Run State 

B Start Threshold. Driver Bias Loads Vc M Reset Latch Set Signal Removed 
- --------------------

c Operating PWM Regulates V c N Error Latch Set With Momentary Fault 

D Stop Input Sets Error Latch Turning off 
PWM 

E U. V. Low Threshold. Error Latch Remain 
Set 

0 Error Latch does not reset as Reset Latch is I 
reset 

--i--- ---- -------------1 
p 

Vc and Driver Bias Recycle with no Turn-on Q 

F Start Turns on Driver Bias Bus Error Latch R Reset Latch Set is Set with Momentary 
Still Set Reset Signal 

G 
Vc and Driver Bias Continue to Cycle H 

----------

s Vc must Complete Cycle to Turn-on 
' 

T Start and Error Latches Reset 
I Stop Command Removed 

-- u Normal Start Initiated 
J Error Latch Reset at U. V. Low Threshold 

----- -- ------------ ---- ---- ---

K Start Threshold Now Removes Slow-start 
L~ Return to Normal Run State J ---- -- -- --- --· ----

Clam 
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UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 

CURRENT MODE PWM CONTROLLER 

• OPTIMIZED FOR OFF-LINE AND DC TO DC 
CONVERTERS 

• LOW START-UP CURRENT(< 1 mA) 
• AUTOMATIC FEED FORWARD COMPENSA­

TION 
• PULSE-BY-PULSE CURRENT LIMITING 
• ENHANCED LOAD RESPONSE CHARACTE­

RISTICS 
• UNDER-VOLTAGE LOCKOUT WITH HYSTE-

RESIS 
• DOUBLE PULSE SUPPRESSION 
• HIGH CURRENT TOTEM POLE OUTPUT 
• INTERNALLY TRIMMED BANDGAP REFE­

RENCE 
• 500KHz OPERATION 
• LOW Ro ERROR AMP 

DESCRIPTION 
The UC1842/3/4/5 family of controiiCs provides the 
necessary features to implement off-line or DC to 
DC fixed frequency current mode control schemes 
with a minimal external parts count. Internally imple­
mented circuits include under voltage lockout featu­
ring start-up current less than 1 mA, a precision re­
ference trimmed for accuracy at the error amp input, 
logic to insure latched operation, a PWM com para-

tor which also provides current limit control, and a 
totem pole output stage designed to source or sink 
high peak current. The output stage, suitable for dri­
ving N-Channel MOSFETs, is low in the off-state. 

Differences between members of this family are the 
under-voltage lockout thresholds and maximum du­
ty cycle ranges. The UC1842 and UC1844 have UV­
LO thresholds of 16 V (on) and 10 V (off), ideally sui­
ted to off-line applications. The corresponding thres­
holds for the UC1843 and UC1845 are 8.5 V and 
7.9 V. The UC1842 and UC1843 can operate to du­
ty cycles approaching 1 00 %. A range of the zero to 
<50% is obtained by the UC1844 and UC1845 by 
the addition of an internal toggle flip flop which 
blanks the output off every other clock cycle. 

Minidip Plastic S0-14 J 
and Ceramic 

DIP-14 Plastic 

BLOCK DIAGRAM (toggle flip flop used only in UC1844 and UC1845) 

v, 

5(9) 

GROUND 

RriC T D-4 <_7 )-t------1 

CURRENT 
SENSE 

September 1988 

(11.)6 

VREF 
sv 
SOmA 
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U C1842/3/4/5-UC2842/3/ 4/5- U C3842/3/4/5 

ABSOLUTE MAXIMUM RATINGS* 

Symbol Parameter Value 

v, Supply Voltage (low impedance source) 30 

v, Supply Voltage (1, < 30 rnA) Self Limiting 

lo Output Current ± 1 

Eo Output Energy (capacitive load) 5 

Analog Inputs (pms 2, 3) - 0.3 to 6.3 

Error Amplifier Output Sink Current 10 

Ptot Power Diss1pat1on at Tanob $50 o C (minidip, DIP-14) 1 

Ptol Power Dissipation at Tomb$ 25 o C (S0-14) 725 

Tstg Storage Temperature Range -65 to 150 

h Lead Temperature (soldering 10 s) 300 

* All voltages are w1th respect to p1n 5, all currents are pos1t1ve 1nto the spec1f1ed term1nal 

BLOCK DIAGRAM (top view) 

DIP-14 I S0-14. Minidip Plastic and Ceramic. 

r---v 
COMP. I 14 VREF 

N C. 2 13 NC 

COMP 

VFB 3 12 Y; 

N C. I 4 11 Yc 

lsENSE I s 10 ~OUTPUT 

N.C. I 6 9 ~GROUND 

OUTPUT I SENSE J 

5 GROUND 

Ry/CT I 7 8 ~ POWER 
GROUND 

S-9L'7J 

ORDERING NUMBERS 

TYPE 
PLASTIC CERAMIC 

DIP-14 S0-14 MINIDIP MINIDIP 

UC1842 UC1842J 
UC1843 UC1843J 
UC1844 UC1844J 
UC1845 UC1845J 

UC2842 UC2842N UC2842J UC2842B UC2842D 
UC2843 UC2843N UC2843J UC2843B UC2843D 
UC2844 UC2844N UC2844J UC2844B UC2844D 
UC2845 UC2845N UC2845J UC2845B UC2845D 

UC3842 UC3842N UC3842J UC3842B UC3842D 
UC3843 UC3843N UC3843J UC3843B UC3843D 
UC3844 UC3844N UC3844J UC3844B UC3844D 
UC3845 UC3845N UC3845J UC3845B UC3845D 

2/8 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

THERMAL DATA 

Ceramic Plastic DIP-14 S0-14 
Minidip Min1dip Plastic 

R1h 1-amb I Thermal Res1stance Junction-ambient 200 °C/W 100 ac/W 100 ac/W 165 ac/W 

ELECTRICAL CHARACTERISTICS (unless otherwise stated, these specifications apply for- 55 
::; Tamb::; 125 CC for UC184X;- 25::; Tamb::; 85 CC for UC284X; 0::; Tamb::; 70 CC for UC384X; V1 = 15 V 
(Note 5) ; Rr = 10 K ; Cr = 3.3 nF) 

Symbol Parameter Test Conditions 

REFERENCE SECTION 

VREF Output Voltage T1 = 25 oc 10 = 1 rnA 4 95 5 00 5OS 4 90 s 00 S10 v 
..1 vl:lEI= Lme Regulattoll 12 v,; v. "25 v 6 20 6 20 mV 

..l VREF Load Regutallon 1 s I a ,; 20 rnA 6 2S 6 25 mV 

..1 VREF/AT Temperature Stab1hty (Note 2) 02 04 0.2 04 mVI'C 

Total Output Vanat10n L~ne. Load Temperature (Note 2) 49 51 4 82 5 18 v 
eN Output No1se Voltage 10 Hz ,; f s 10 KHz T1 = 25 "C 50 so )IV 

(Note 2) 

Long Term Stab1hty T amb = 125 'C, 1000 Hrs (Note 2\ 5 25 5 25 mV 

I" Output Short CircUit -30 -100 -180 - 30 -100 -180 rnA 

OSCILLATOR SECTION 

Is Initial Accuracy T1 = 25 cc (Note 6) 47 52 57 47 52 57 KHz 

Voltage Stability 12$ v, $25 v 0.2 1 0.2 1 % 

Temperature Stability T MIN $ T amb $ T MAX (Note 2) 5 5 % 

v. Amplitude VPIN• Peak to Peak 1.7 1.7 v 

ERROR AMP SECTION 

v2 Input Voltage VPIN1 = 2.5 v 2.45 2 50 2.55 242 2.50 2.58 v 
lb Input Bias Current -0.3 -1 -0.3 -2 ~tA 

AvoL 2 :> V0 ~ 4 V 65 90 65 90 dB 

B Unity Gam Bandwidth (Note 2) 07 1 07 1 MHz 

SVR Supply Voltage 12$ v, $25 v 60 70 60 70 dB 
Rejection 

lo Output S1nk Current VPIN? = 2.7 v VPIN1 = 1.1 v 2 6 2 6 rnA 

lo Output Source Current VPIN? = 2.3 V VPIN1 =5 v -0.5 -0.8 -0.5 -0.8 rnA 

Vour High VPIN2 = 2.3 v; 5 6 5 6 v 
R1 = 15 Kn to Ground 

Vour Low VPIN~ =27 V; 07 11 0.7 1.1 v 
RL=15 KQ to P1n 8 

3/8 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions UC284X Unit 
UC184X I UC384X I I 

Min.l Typ.j Max.j Min.j Typ.j Max. I 

CURRENT SENSE SECTION 

G, Gain (Notes 3 & 4) 

V3 Maxrmum Input Srgnal VPIN1 = 5 V (Note 3) 

SVR Supply Voltage Rejection 12 ,; V, ,; 25 V (Note 3) 

lb Input Bras Current 

Delay to Output 

OUTPUT SECTION 

lstNK = 20 mA 
loL Output Low Level 

lstNK = 200 mA 

I soURCE = 20 mA 
loH Output High Level 

I souRCE = 200 mA 

t, Rise Time T1 = 25 oc CL = 1 nF 
(Note 2) 

It Fall Time T1 = 25 oc CL = 1 nF 
(Note 2) 

UNDER-VOLTAGE LOCKOUT SECTION 

X842/4 
Start Threshold 

X843/5 

Min. Operating Voltage X842/4 
After Turn-on X843/5 

PWM SECTION 

X842/3 
Maximum Duty Cycle 

X844/5 

Minimum Duty Cycle 

TOTAL STANDBY CURRENT 

1st Start-up Current 

I, Operating Supply VPIN2 = VPIN3 = 0 V 
Current 

VIZ Zener Voltage I,= 25 mA 

Notes : 2. These parameters, although guaranteed, are not 100% tested 1n production 
3 Parameter measured at tnp po1nt of latch w1th VPIN2 = 0 
4. Ga1n def1ned as 

A= "'Vp'"' ·o<v <osv ll Vmo ' - PIN3-

5 Adjust V, above the start threshold before settrng at 15 V. 
6. Output frequency equals oscrllator frequency for the UC1842 and UC1843. 

2.85 

0.9 

13 

12 

15 

7.8 

9 

7.0 

93 

44 

Output frequency rs one half oscillator frequency for the UC1844 and UC1845 
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3 3.15 2.8 3 3.2 VN 

1 11 0.9 1 11 v 
70 70 dB 

-2 - 10 -2 - 10 ~A 

150 300 150 300 ns 

0.1 0.4 0.1 0.4 v 
1.5 2.2 1.5 2.2 

13.5 13 13.5 
v 

13.5 12 13.5 

50 150 50 150 ns 

50 150 50 150 ns 

16 17 14.5 16 17.5 v 
8.4 9.0 7.8 8.4 9.0 

10 11 8.5 10 11.5 
v 

7.6 8.2 7.0 7.6 8.2 

97 100 93 97 100 
% 

48 50 45 48 50 

0 0 % 

0.5 1 0.5 1 mA 

11 20 11 20 mA 

34 34 v 



UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

Figure 1 : Error Amp Configuration. 

Error amp can source or 
s1nk up to 0 5mA 

Figure 2 : Under Voltage Lockout. 

v, 

VOFF 

UC184Z UC1843 
UC18lo4 UC181o5 

16V 6.4V 

10V 7.6Y 

During Under-Voltage Lockout, the output driver is 
biased to sink minor amounts of current. Pin 6 
should be shunted to ground with a bleeder resistor 

Figure 3 : Current Sense Circuit. 

25V 

'cc 

<11mA 

<lmA 
Vee 

YOFF VoN 

!.-770712 

to prevent activating the power switch with extra­
neous leakage currents. 

S-170911 

PEAK CURRENT (Is) IS DETERMINED BY THE FORMULA 

I 1.0V 
Smax=--

Rs 
A SMALL RC FILTER MAY BE REQUIRED TO SUPPRESS SWITCH TRANSIENTS. 
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UC1842/3/4/5-U C2842/3/4/5- UC3842/3/4/5 

Figure 4. 

VREF ~48111111 RT 

R1tc1 H 
/ Cr 

'~""t-i 
I i 

-~:r~~:~KI~f~ i~ ______ j 
Figure 6 : T1ming Resistance vs. Frequency. 

to' 10' 10' to' I I Hz) 

Figure 8 : Error Amplifier Open-loop Frequency 
Response. 

GV 
(dB) 

80 

60 

40 

20 

10 

r· 

-45 

-90 

100 1K IOK lOOK IM ffHz I 

Figure 5: Deadtime vs. Cr (Rr > 5Kn). 

- ---- ------ ~-- t;-.~105 

Figure 7 : Output Saturation Charactenstics. 

,---,---.~-,-----,-r;----------- --
.,,.,, I ; ! j I I ' 

__ J --1 • 'i""" 
i ~ _1 i ' : 

(Vl 

• -~ r ..... 
'I 

10 I In (A~ 

6/8 -- -------~----- --------- L"fl'J SGS·TlfOMSON 
'I' i~ui!:[~@~~~@1f~J@IIJD©$ 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

Figure 9 :Open Loop Test Circuit. 

r----~-~------------r------0VREF ., 
~7Kll 

2N2222 ~ 100)(.0 I 
COMP 

ERROR AMP 
IKfl I 

' vrs 
a.o.JUST 

I sENSE 
SKn ] 

1sENSE ADJUST 

[ 4.7KO 

~ RyiCy -

High peak currents associated with capacitive loads 
necessitate careful grounding techniques. Timing 
and bypass capacitors should be connected close 

Figure 10: Shutdown Techniques. 

5-7717/1 

Shutdown of the UC 1842 can be accomplished by 
two methods ; either raise pin 3 above 1 V or pull pin 
1 below a voltage two diode drops above ground. 
Either method cause the output of the PWM com­
parator to be high (refer to block diagram). The 
PWM latch is reset dominant so that the output will 
remain low until the next clock cycle after the shut-

,i:J v, 

~ VREF 

7 : 
v, -'----

UC1842 - T2~ ,••n 
6 

OUTPUT OUTPUT 

I 
GROUND 5 J/ i\ II GROUND 

"c, 

to pin 5 in a single point ground. The transistor and 
5 KQ potentiometer are used to sample the oscilla­
tor waveform and apply an adjustable ramp to pin 3. 

down condition at pins 1 and/or 3 is removed. In one 
example, an externally latched shutdown may pe 
accomplished by adding an SCR which will be reset 
by cycling V, below the lower UVLO threshold. At 
this point the reference turns off, allowing the SCR 
to reset. 

718 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

Figure 11 : Off-line Flyback Regulator. 

R1 $D. 01 06 Ll 

.,.,~C 1W YARO C1-..... 
zsou• 
ZSCY 

RZ 
56KJ> 
zw 

----:~--x­
.!Y 

u~51 ;y; ""'"I--<>5V/u 
~ c10 en D 47DDuF J""""' lOY 10¥ 

.. RJ 
DZ •o•n 

IU!l UtQ 

-- QCOfoi._.ON 

----<J1ZV/o.JA 

y ~J,cz~oou• 
------ocCJto~MOH 

J 
2200,..F ... 

.. 
C7 

L----,,...---' _ __.LUSD-1120- ___r::_ __ 
1Nl6TJ 21Kt:l 

zw 

Power Supply Specifications 
1. Input Voltage: 95 VAG to 130 VAG 

(50 Hz/60 Hz) 

2. Line Isolation : 3750V 

3. Switching Frequency : 40 KHz 

4. Efficiency @ Full Load : 70 % 

Figure 12: Slope Compensation. 

5. Output Voltage : 
A. + 5 V, ± 5% : 1 A to 4 A load 

Ripple voltage :50 mV P-P Max. 
B.+ 12 V, ± 3%: 0.1 A to 0.3 A load 

Ripple voltage : 100 mV P-P Max. 
C.- 12 V, ± 3% : 0.1 A to 0.3 A load 

Ripple voltage: 100 mV P-P Max. 

R1 

R2 ~ !sense 

r-----~+--c~--+ 

A fraction of the oscillator ramp can be resistively 
summed with the current sense signal to provide 
slope compensation for converters requiring duty 
cycles over 50 %. 

8/8 
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Rsense 

SLOPEC:: LIB 

Note that capacitor, C, forms a filter with R2 to su­
press the leading edge switch spikes. 



• HIGH-VOLTAGE, HIGH-CURRENT OUTPUTS 
• OUTPUT TRANSIENT PROTECTION 
" CMOS, PMOS, NMOS, TTL COMPATIBLE IN­

PUTS 
• INTERNAL PULL-DOWN RESISTORS 
• LOW-POWER CMOS LATCHES 

DESCRIPTION 
The UCN4801 A is a high-voltage, high-current 
latch/driver comprised of eight CMOS data latches, 
a bipolar Darlington transistor driver for each latch, 
and CMOS control circuitry for the common CLEAR, 
STROBE, and OUTPUT ENABLE functions. The bi­
polar/MOS combination provides an extremely low­
power latch with maximum interface flexibility. 

The CMOS inputs are compatible with standard 
CMOS, PMOS and NMOS circuits. TTL or DTL cir­
cuits may require the use of appropriate pull-up re­
sistors. The bipolar outputs are suitable for use with 
relays, solenoids, stepping motors, LED or incan­
descent displays, and other high-power load. 

The unit feature open-collector outputs and integral 
diodes for inductive load transient suppression. The 
output transistors are capable of sinking 500 mA 
and will sustain at least 50 V in the OFF state. Be­
cause of limitations on package power dissipation, 

PIN CONNECTIONS (Top view) 

22 

21 

3 20 

4 19 

5 18 

6 17 

16 

8 15 

9 

UCN4801A 

BIMOS LATCH/DRIVERS 
ADVANCE DATA 

the simultaneous operation of all drivers at maxi­
mum rated current can only be accomplished by a 
reduction in duty cycle. Outputs may be paralleled 
for higher load current capability. 

I 

DIP-22 
(Piast1c) 

I . ORDER CODE UCN<BD'AOP 

1 -Clear 22- Output enable 
2- Strobe 21- Vee 
3-lnput1 20- Output 1 
4- Input 2 19- Output 2 
5- Input 3 18- Output 3 
6- Input 4 17- Output 4 
7- Input 5 16- Output 5 
8- Input 6 15- Output 6 
9- Input 7 14- Output 7 

14 

10 13 
10- Input 8 13- Output 8 
11- GND 12- Common 

11 12 
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UCN4801 A 

ABSOLUTE MAXIMUM RATINGS 

~~~:-ter .• . ..... _ -·~-==:==--=~-==~~~_e--=~~~==----J Unit j 
:J< I V ------------- ------------------- ------- ----·----- . ------t-----

Vcc Supply Voltage __ __; ______________ 1~- _____________ -l---~--

\'1 ; lt1pL.t Voltage Range --= __ o_2._t_o_~-:_~~o~ ______ j ___ v_ 
-~---rc~~;;:;;-~-.~~-C~"j7~-~~~~ Current , 500 rnA 

___ -__ --~---- ------------- -----------------!------~------- --------- ---------··--- -----

__ P_ro_t __ P_o_I_':·:~:~':I.P!!t~.::r~-----------· _. ___ , ____________ 2_.0 ________ -t-_w_J 
'C_/ . ___ .[ _______ -_2_?_t_o ~-8_5 _____ _ 

, ::s ·c 

SCHEMATIC DIAGRAM 
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Vee 0-

'"'" '1~- -' 
""""~l~ i "·· ~1~---r 

o"'""'""·'"" o--'~v~---- ----:·- -------
• COMMON MOS !Yt'ICI\l MIJS 

t:ONTHOL LATCH 

I 
I 

~~-

-55 to .. 1 :s 

TYPICAL BIPOLJ\n 
DFIIVEil 
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UCN4801A 

ELECTRICAL CHARACTERISTICS T,,,b = -t- 25 ·'C. V~.c ~ 5 V (unless othenNise specified) 
'--------~---·----~--------~~--- .. ·----------- ---------·- -------~.----l 

Symbol Parameter I Min. 1 Typ. : Max .. Unil 
-----· ---------~---- ---------·--- --------- ----------·--· -- ----~-------1-----t----··--·---1----+----

f arrb = + I 0 ·C - - t ()Q 

IJ 1 Outout Leakage Current (V ·'~SO V) \1 , Jl pA 

I T ctmo = + ~5 •c I - - I SO 

Vc,:--Tcoll~-~!;:;;,n-ltterS-aturat;;;:; Voltage-----------------;-· __ j ___ -V 
I lc,=100mA _j - 0.9111 

1
10 ~200 mA - 1.1 1.3 
lo = 350 mA, Vee.= 7 V ____ - 1._? 1_'!.._1 __ 

v1101 ' Input Voltage : - 1 I V 
V,:. I Vc-~=15V J ~25 -J -

___ _j_~~=~0/tnote1) ____________________ --·------ __i_}~_,_; ____ _i__ 

"'" '~ii ~'f(t" I !! l11 I J ~" I 

'":'~~~~ :: s~~~~Y_ ~~r~nt - Outputs Ope~ I' 

1 
ro1A [ 

Vv=10V 
1 

1 2 
09 1 7 

V·c=5V 0.7 1 
50 .. ,.,. 'i 

luu lcc,oll' i All Dnvers off. All Inputs~ 0 V 
1 Clamp ·D;ode ~eaKage Curwnt ;v ·:5~~ Vi ------+---+---+---!c--o~-~ A-I 

1 T,,- 0 =- 25 C 50 

pA 

1,, 

I T "' " = - 70 ·C : - I - 1 80 I I I 

c__v_"_~l Clamp D1ode Forward Voltage I•- 350 mA ________ _j __ -=.__1~~--~-~ 
Note: Operat1on ot t11ese de·JI:es w1th standard TIL m DTL T11ay req:J1~G tne use of apptop~~ai'.'? PLH:·.JD ;S"::.tsio:-s io tnsu~P tr,e rn1n.n1um 

log:c 'I' 

TRUTH TABLE 
r----,-·---~--

~'"'-~ S<mb•l Cl'" 
0 1 0 

1----,---- ~--

1 i 1 

X i X 

X 
I 

X I 

X i 0 

X = Irrelevant 
t-1 = prev1ous output state 
t = prt'sen: output stctte 

0 

1 

X 

0 

Output 

Enable 

0 

0 

X 

1 

0 

OUTN 

1-1 I 

X OFF 

X ON 

X OFF 

X OFF 

ON I ON 

lnforrT'at.c:~l ore;-;ent at an mput .o~ t~:j;;sft>ned to 1ts . ..-~tell .,.,~~~n H1e 
STROC.E 1~. t11qh A h1g1 CLEAR ,"'2~:: ·:.·:i; ::;~t a!1 •:1tct,,·_s !G :be 0,Jtput 
OFF cona.t . .:Jr' regardless o: the r::,~-1 o: STRO~E: tn;:;:Jt lt:!'-'?13 1\ h19~1 
OUTPUT EN/\BLE Wlllsetc.ll O'...l!c .• t:; :a Hit> OFF ccnd.ttc:l rl':y-Jtdless 
of any other 1nput condttlor-;; Wt~e-:- tht= OU fPUT ENABL.t:: :stow, tl1e 
outputs t.:epcnd on the st-1P of tr,:o:~ y·'.''3Gectt\ ~! IA.trh:>-3 

314 
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UCN4801A 

TIMING CONDITIONS 

(Logic levels are Vee and GND) Vee= 5 V, Tamb + 25'C -~ 
CLEAR---------------------------------------

I 

OUTN-----' ---~,-----,L-----_ : 

A M1n1mum data act1ve t1me before strobe enabled (data set-up t1me) 
B M1n1mum data act1ve t1me after strobe disabled (data hold t1me) 
C M1n1mum strobe pulse w1dth 
D Typ1cal t1me between strobe act1vat1on and output on to off trans1t1on 
E Typrcal trme between strobe actrvatron and output off to on transrtron 
F M1n1mum clear pulse w1dth 
G M1mmum data pulse Width 

0~ 
II 

-E 
,:. 
.... 
"" "" E 

~ 
.... 
2 

~ 
a: 
:J 

" a: 

450 

400 

\[\ ~-\ 
350 1\ ~ 
300 :--...\ 
250 

'\ 
I" 

~ 

0 
200 .... 

" 
).--t 8 

Number of ourpuls I j 150 
0 

f-
f-

conduct•ng 
s•multnneously 

" w 
100 -' 

1'---

}• 

" 

100 ns 
100 ns 
300 ns 
500 ns 
500 ns 
300 ns 
500 ns 

3 

4 r-. 
' r-. 

1--. 

r--

I 
lor 2 

~ 

1--
r-

"' "" 
10 20 30 40 50 60 70 80 90 100 

s: 
g 
-' PERCENT DUTY CYCLE 

"" 
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• SEVEN DARLINGTONS PER PACKAGE 
• OUTPUT CURRENT 500 mA PER DRIVER 

(600 mA PEAK) 
• OUTPUT VOLTAGE 50 V 
• INTEGRAL SUPPRESSION DIODES FOR IN­

DUCTIVE LOADS 
• OUTPUTS CAN BE PARALLELED FOR HI­

GHER CURRENT 
• TTUCMOS/PMOS/DTL COMPATIBLE INPUTS 
• INPUTS PINNED OPPOSITE OUTPUTS TO 

SIMPLIFY LAYOUT 

DESCRIPTION 

The ULN2001A, ULN2002A, ULN2003 and 
ULN2004A are high voltage, high current darlington 
arrays each containing seven open collector darling­
ton pairs with common emitters. Each channel is ra­
ted at 500 mA and can withstand peak currents of 
600 mA. Suppression diodes are included for induc­
tive load driving and the inputs are pinned opposite 
the outputs to simplify board layout. 

The four versions interface to all common logic fa­
milies: 

ULN2001A I General Purpose, OTL, TIL, PMOS, 
i CMOS 

ULN2002A ] 14-25 V PMOS 

1 
ULN2oo-3P.T5 VTTL~cMos 

ABSOLUTE MAXIMUM RATINGS 

ULN2001 A-ULN2003A 
ULN2002A-ULN2004A 

SEVEN DARLINGTON ARRAYS 

These versatile devices are useful for driving a wide 
range of loads including solenoids, relays DC mo­
tors, LED displays filament lamps, thermal prin­
theads and high power buffers. 

The ULN2001A/2002A/2003A and 2004A are sup­
plied in 16 pin plastic DIP packages with a copper 
leadframe to reduce thermal resistance. They are 
available also in small outline package (S0-16) as 
ULN2001 D/2002D/2003D/2004D. 

DIP-16 Plastic 
(0.25) 

S0-16J 

ORDER CODES : 
ULN2001A/2A/3A/4A (OIP-16) 
ULN2001 0/20/30/40 (S0-16) 

I Symbol : Parameter _u __ n _ _!__ Value 
i -IJ o -1-outp~tv-~ltag~--- -- - ----- ---- - -- 5o 

I Unit 
---

I 
-- i 

,---------·-------- ------- - --- ------------------------ ---~-- --
' V,n i Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 

Continuous Collector Current 

! Contmuous Base Current 

~ Operatmg Af11bient TemperaturEJ_Han_9e _ 

Storage Temperature Range 
--- ----

September 1988 

500 

25 

-20 to 85 

-55 to 150 

150 

v 
- -- T ---

l 
! v I 

rnA I 
rnA 
oc 
'C 

1/4 
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U LN2001 A-U LN2002A-U LN2003A-ULN2004A 

PIN CONNECTION 

SCHEMATIC DIAGRAM 

I 
I 
L-J4----------
EACH DRIVER 

2.7k(l 

Senes ULN-2001 A 
(each dnver) 

,_ - 14- - - - - -- -
EACH DRIVER 

Senes ULN2003A 
(each dnver) 

THERMAL DATA 

IN I 

IN 2 

IN 3 

IN 4 4 

IN 5 

IN 6 

IN 7 

GND 

[QM 

* 
'"9 

-<)COM 

'>- 1989 

Thermal Res1stance Junct10n-amb1ent 

214 

1118 

I 
L-J4---------­
EACH DRIVER 

Series ULN-2002A 
(each dnver) 

L_ -!4---------­
EACH DRIVER 

Senes ULN-2004A 
(each driver) 

COM 

s- 1994 

-ocoM 

~-1574 

--------~1----D_I_P __ -_16 ____ +-___ s_o=~ 
_____ M_a_x . ..J'--_?_O_C_I_W __ '--_1_6_5 .~ 



U LN2001 A-ULN2002A-U LN2003A-U LN2004A 

ELECTRICAL CHARACTERISTICS (T,JI",u = 25 ''C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. I Max. Unit Fig.'' 

leEx Output Leakage Current Vcr =50 V 50 ~tA 1a 
Ta"lo = 70 "C VeE =50 v 100 ~tA 1a 

T""'" = 70 -c 
for ULN2002A 
Vr;r ~50 V v, = 6 v 
for ULN2004A 

500 ~~A 1b 

VeE= 50 V v, = 1 v 500 ~A 1b 
' 

VcE(satl Collector-emttter lc ~ 100 mA Is= 250 ~1A 0,9 u v 2 
Saturation Voltage lc = 200 mA Is = 350 ~tA 1,1 1,3 v 2 

I 
lc = 350 rnA Is= 500 11A 1 3 1,6 v 2 

l1(on) Input Current for ULN2002A v, = 17 v 0 82 1,25 mA 3 
for ULN2003A v, = 3.85 v 0 93 1 35 mA 3 
for ULN2004A v, = 5 v 0,35 05 rnA 3 ' 

v = 12 v 1 1.45 rnA 3 I 
I --_ __j 

~~~L'c: __ Input Current Tf'"l'~' = 70 L'C lc = 500 11A 50 65 .11A 4 I 

--;------------------ '-- ~----
vi(On) Input Voltage for ULN2002A 

VeE = 2 V lc = 300 mA 13 v 5 
tor ULN2003A 
VeE = 2 V lc = 200 mA 2.4 v 5 
VeE = 2 V lc = 250 mA 2.7 v 5 
VeE = 2 V lc = 300 mA 3 v 5 
for ULN2004A 
VeE = 2 V lc = 125 mA I 5 v 5 
VeE = 2 V lc = 200 mA G v 5 
Vcr = 2 V lc = 275 mA 7 v 5 
Vcc- = 2 V lc- = 350 mA, 8 v 5 

hrr l DC Forward Current Gain 
I. = 350-:-r-1 000 

--
for ULN2001 A 

_____ , __ Vcc:~_l_\1 __ - " ,_ - ----- --
C lnout CRORCitRncP 1 ----------, 

15 ! 25 I oF -
1----- -- ---'- -------- ---

0 25 j-· 1 us 
----

~- Turn-on Delay T1me 0.5 v to 0.5 V.- -
------- ,, ,,- --;;;;--B tr~..j ·- Turn-off Delay Time 05V to 0 5 V, ---rr-IR Clamp D1ode Leakage VR = 50 V 50 LlA 6 

Current Tamn = 70 ·c Vn = 50 V 100 uA , 6 

VF Clamp D1ode Forward IF= 350 mA 
I I 

1 7 
2 ~-v_[-' Voltage 

--

1119 



ULN2001A-ULN2002A-ULN2003A-ULN2004A 

TEST CIRCUITS 

Figure 1a. 

Figure 2. 

Figure 4. 

Figure 6. 

s- 572 7 

4/4 

1120 

OPEN 

lc 
"FE=­Is 

5-1980 

Figure 1b. 

Figure 3. 

Figure 5. 

Figure 7. 

OPEN 

5-19157 



ULN2064B ULN2070B 
ULN2066B ULN2074B 
ULN2068B ULN2076B 

50 V- 1.5 A QUAD DARLINGTON SWITCHES 

• OUTPUT CURRENT TO 1.5 A EACH DARLING-
TON 

• MINIMUM BREAKDOWN 50 V 
• SUSTAINING VOLTAGE AT LEAST 35 V 
• INTEGRAL SUPPRESSION DIODES 

(ULN2064B, ULN2066B, ULN2068B and 
ULN2070B) 

• ISOLATED DARLINGTON PINOUT 
(ULN2074B,ULN2076B) 

• VERSIONS COMPATIBLE WITH ALL POPU­
LAR LOGIC FAMILIES 

DESCRIPTION 
Designed to interface logic to a wide variety of high 
current, high voltage loads, these devices each 
contain four NPN darlington switches delivering up 
to 1.5 A with a specified minimum breakdown of 50 
V and a sustaining voltage of 35 V measured at 100 
rnA. The ULN2064B, ULN2066B, ULN2068B and 
ULN2070B contain integral suppression diodes for 
inductive loads have common emitters. The 
ULN207 4B and ULN2076B feature isolated darling­
ton pinouts and are intended for applications such 
as emitter follower configurations. Inputs of the 
ULN2064B, ULN2068B and ULN2074B are compa-

tible with popular 5 V logic families and the 
ULN2066B and ULN2076B are compatible with 6-
15 V CMOS and PMOS. Types ULN2068B and 
ULN2070B include a predriver stage to reduce loa­
ding on the control logic. 

POWER DIP 
12 + 2 + 2 

PIN CONNECTIONS (top view) and ORDER CODES 

ULN2064B 
ULN2068B 

ULN2068B 
ULN2070B 

~------·-----------·--- --------------

September 1988 

ULN2074B 
ULN2076B 

1/8 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

ABSOLUTE MAXIMUM RATINGS 
-~~ --

Symbol Parameter Value 

~-----~- ~---------1---~5~ VcEx Output Voltage 

VcE(sus) Output Sustaming Voltage 35 

lo Output Current 

v, Input Voltage for ULN20668/70B/748/76B 
for ULN20648/688 

I, Input Current 

Vs Supply Voltage for ULN2068B 
for ULN20708 

·---·~--

Ptol Power Dissipation : at T amb = 90 'C 
at T amb = 70 °C 

Tamb Operating Amb1ent Temperature Range 

Tstg Storage Temperature 

SCHEMATIC DIAGRAM 

2/8 

1122 

ULN2064B : R1N = 35 n 
ULN2066B : R1N = 3 kQ 

------

1.75 

30 
15 

25 

10 
20 

-· 

4.3 
1 

-20 to 85 

i -55 to 150 

Unit 
---

v 
v 

! A 

v 
v 

rnA 

v 
v 
w 
w 
'C 
'C 



ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

ELECTRICAL CHARACTERISTICS (T amb ; 25 "C unless otherwise specified) 

Symbol Parameter I Test Conditions \Min. Typ. Max. I Unit Fig 

leE X Output Leakage Current I for ULN20648 - ULN20668 I ! I 

I 
VeE =50 V I 100 ~tA 1 
VeE=50V T amb = 70 'C I 500 I !lA 

VeE(sus) Collector-emitter for ULN20648 - ULN2066B 
! 

Sustaining Voltage le=100mA VI = 0.4 v 35 v 2 

VcE(sat) Collector-emitter lc = 500 mA Is =625 !lA 
I 

1.1 v 
Saturation Voltage lc = 750 mA Is =935 !lA 

I 
1.2 v 

le = 1 A Is= 1.25 mA 

I 
1.3 v 

3 

le = 1.25 A Is= 2 mA I 1.4 v 
-

I 

I 

I 
l1(on) Input Current for ULN20648 VI = 2.4 v 1.4 4.3 I mA 

for ULN20648 VI= 3.75 v 

I 

3.3 9.6 
I 

mA 
4 

for ULN20668 VI= 5 v 0.6 1.8 I mA 
for ULN20668 VI= 12 v 1.7 5.2 I mA 

vl{on) Input Voltage for ULN2064B 
I 
I 

VeE = 2 V le = 1 A 2 v 
VeE = 2 V le = 1.5 A 25 v 
for ULN20668 5 
VeE = 2 V le = 1 A 65 v 
VeE = 2 V le = 1.5 A 10 v 

tPLH Turn- on Delay Time 0.5 V1 to 0.5 V0 
I 

1 I I ~IS 

tPHL Turn - off Delay Time 0.5 VI to 0.5 V0 1.5 i ~IS 

IR Clamp D1ode Leakage for ULN20648 - ULN2066B 
Current VR = 80 V 

T amb = 70 'C I 
50 ~tA 

VR = 80 V 100 ~lA 
6 

VF 
I 

Clamp D1ode Forward IF= 1 A 

I I 
1.75 ! v 

Voltage IF = 1.5 A 2 v 7 
I 

Notes : 1 Input voltage 1s w1th reference to the substrate (no connection to any other p1ns) for the ULN2074B and ULN2076B refe­
rence 1s ground for all other types 

2 Input current may be l1m1ted by maxrmum allowable input voltage 

SCHEMATIC DIAGRAM 

: 
I 

* I 
I ..... 

S-5922 

ULN206BB : R1N = 2.5 kQ 
ULN20708 : RrN = 11 .6 kQ 

Rs = 900 Q 

Rs = 3.4 KHQ 

3/8 
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I 
I 

ULN20648-ULN20668-ULN2068B-ULN20708-ULN20748-ULN20768 

ELECTRICAL CHARACTERISTICS (Vs = 5 V for ULN2068B, V5 = 12 V for ULN2070B, Tamb = 25 'C 
unless otherwtse specified) 

·.:-;~-----------~-----------~--~-~--~-~--'! 

<>_l_j_ _ P a_r_a _m __ e_te_r ____ --+-___ Te s t Conditions -~--~ n_.+_T_y._,p,_.-+-M_a_x '-+-_U_n __ i 1-+-_F_.i g..__ 
-- ~~.--Outp~-akage Current for ULN2068B - ULN2070B I I 

VeE=50V I 100 pA 1 
r- VeE =50 V T amb = 70 °~~- __________ 1_5_0_0-+-__,_~_tA--j---i 

I VcE(sus) Collector-emrtter for ULN20688 - ULN20708 

Sustar ning Voltag'=e----l-'-1"-e _=_1:__:0,_0,_m,_A__:__,_V,__, _= _::_0,_4_V __ +-3'--5=--+----+----I-V--+-_2___, 

VeE(satJ Colleetor-emrtter for ULN20688 
Saturatron Voltage le = 500 mA 

le=750mA 
le = 1 A 
le = 1 25 A 
for ULN20708 

v, = 2 75 v 
v, = 2 75 v 
v, =2.75 v 
v, = 2.75 v 

11 
1.2 
1.3 
1 4 

v 
v 
v 
v 

ls=500mA V,=5V 1.1 V 

I 18 = 750 mA V, = 5 V 1 2 V 
] Is = 1 A V, = 5 V 1 3 v 

I i 18 = 1.25 A v, = 5 v ___ -+' --+--~i 1.4
0 

.
1 

•tvA 
l.ron) Input Current for ULN20688 V, = 2.75 V I , 

for ULN20708 V, = 5 V 1 400 ~tA 

2 

I for ULN20688 V, = 3.75 V I .uA 

~---+-------------+--f_o_r_U_L_N_2_0_7_0_B_V_,,_~_._12_V ___ +---+--+-1_25_0-+_p,_A_T--~ 
V,ron) Input Voltage 

15 Supply Current 

VeE = 2 V le = 1 5 A 
for ULN2068B 
for ULN20708 

2.75 
5 

v 
v 

for ULN20688 I 

5 

lc = 500 mA V, = 2 75 V I 6 mA I 
I for ULN20708 1 8 

le =500mA _v~,_=_5 __ v ___ 4----j--4--4-.5-4_m_A-4i-~i 
1-- tPLH Turn-on Delay Trme I 05 V, to 0.5 Vo 1 r---!:t_s-+ __ 1] rl _!PH'---+ Turn-off Delay Trme -~ 0 5 V, to 0.5 V0 lc =__:__1_::_2_5::..,_A:__-+---i----+-~1~5=--i--'-~:.::ts'----!] __ ..j 

lp 1 Clamp Drode Leakage I for ULN20688 - ULN2070B I ~-
1 

Current Ve =50 V 50 pA 6 
f-.- ] V p = 50 V T a•no = 70 oc I 1 00 ~tA 

I 
-v-,--+]_c_l_am_p_D-ro_d_e--F-o-rw--ar-d--~-A------":_:-_---+I--+---+I-1-27_5_+1, -'-vv-+--7---1 

1 Voltage ; I r = 1 5 A i 

SCHEMATIC DIAGRAM 
---------------·-----------------

~-~ 
ULN20748 RtN = 350 !! 
ULN2076B . RtN = 3 kl1 

4/8 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

ELECTRICAL CHARACTERISTICS (Tomb = 25 'C unless otherwise specified) 

'Sy--;;..b~IT~----~-;:-a~-;;e-;:-~--_[ ~ Te;t-C_-_o_-=n-d_i~ti_o_n __ s~~-+-M_i_n __ · +--'T~ MaxTu~t-FiQl1 C--'\~;;--rc1 O~tputl-;;k;-g;c~-rrent I' -f~r ULN-20748 - ULN2076B I 
I - v c E = 50 v 1 00 ~lA 1 I' 

Vee =50 V T 0 ;r.b = 7-~~~ 500 uA---i--~-j 

I VcEisus) ; Collector-em1tter ! for ULN2074B - ULN2076B I 
I Sust:J.I~ing Voltage I lc 0 1 no r'1A V, = 0 4 v 35 v 2 

I~ VcE(sa•i . Collector-emitter I lc = 500 mA 1~. = 625 ~tA J. . 1.1 V 
Saturation Voltage lie= 750 mA Is= 935 flA 1.2 V 

le=1A 1 8 ~1.25mA 1.3 V 
--1--- le = 1 25 A lo = 2 mA + 1 4 V 

~- [Input Current I for ULN2074B ;, =24V- 1 ~.4 -r--.;-·3~t--m-A~t-~ ~~I 
.I I for ULN2074B V, = 3 75 V I 3 3 , 9 6 mA 

1 

3 

1 for ULN2076B V. = 5 V 0 6 [ 1 8 mA 4 
for ULN2076B V, = 12 V 11 7 52 mA I 

!--~~~+-~--~~-~~-·--;-- -~-I 

I v,(ar.) Input Voltage 
I 
i 
I 

l 
I 
' I 
I 

I 
tDLH , Turn-on Delay T1me I 

I tPHL ~ Turn-off Delay Ttme 

TEST CIRCUITS 

Figure 1. 

1 5-572 5 

Figure 3. 

OP[N 

1 

for ULN2074B 
VeE ~ 2 V 
VeE = 2 V 
for ULN2076B 

! VeE =-- 2 V 

lc = 1 A 
lc = 1 5 A 

lc = i A 
I Ve'i'. = 2 V 

~~--~~~~-+~~+-~-+-

! 0.5 V, to 0 5 V c 

lc = 1 5 A 
I 

I I I 

2 v 

I 

25 v 
5 

65 v 
10 v 
1 )JS i 

1.5 I ~IS 

' 
] 0.5 V. to 0 5 V0 

~.C.·~~~~--~~_i~~~~-~~~~~-C 

Figure 2. 

OPE!'-. 

l 
I •,rtf:~ }' 
L_~~~~~~~~~~'--"-'-'~~~~~~ 

1 ~---

1 I 

! 

Figure 4. 

l r---- ------ ~-- ---1 
OPEN 

.. ~eCJL. ' 
....,. ...._ s- 19e& 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN20748-ULN2076B 

Figure 5. 

OPEN 

Figure 7. 

Figure 9 : Input Current as a Function of 
Input Voltage. 

" 
10 

6/8 

1126 

Figure 6. 

Figure 8. 

Figure 10 : Input Current as a Function of 
Input Voltage. 



ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

Figure 11 : Collector Current as a Function of 
Input Current. 

c. ''l & 

'c _l_ (AI 

1 5 
j_ 

I 

! 

10 

0 5 

TYPICAL APPLICATIONS 

Figure 12: Common-anode LED Drivers. 

'*~~~*''t~i,,f;~r~, 
A~~UJ~lt I 

Figure 13: Common-cathode LED Drivers. 

TJ&JJ,,H,~ 

I ''11HHJJ 
1 -14-116 

J,s 

tr t' ' ·~ -I ,;,,, ,,t,~~~~·;"~,;r"r 
+- ~'~..____.___. l I 

' 

'·~-ttH~.r&J 

...L 

718 
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ULN20648-ULN20668-ULN20688-ULN20708-ULN20748-ULN20768 

MOUNTING INSTRUCTIONS 

The Rtn !·amo can be reduced by soldenng tl1e GND 
p1ns to a su;table copper area of t11e prmted c;rcu;t 
board (Fig. 14) or to an external heats;nk (F;g. 15). 

Tl1e diagram of f;gure 16 sl1ows t11e max; mum dis­
sipable power Ptot and the Au, 1-amb as a function of 
the side "u" of two equal square copper areas ha­
ving a thickness of 35 ~~ (1.4 mils). 

Figure 14 : Example of P.C. Board Copper Area 
wh1cl1 ;s Used as Heatsink. 

Figure 16: Max;mum D;ss;pable Power and 
Junct1on to Ambient Thermal 
Res;stance vs. S1de "(Y". 

~ '70"C! 

' /'" 
LIJ 

L ·-' ---I 
I 

I 0 

10 lO J.:' 4C i (r'"',~) 

818 

1128 

. 

----------------

Dunng soldenng the pi:1s :emiJGratwe must not ex­
ceed 260 · C and Hl8 solde11ng t1111e must not be lon­
ger tha:1 i 2 seconds. 

Tile externallleats;nk or pnnted circuit copper area 
must be connected :o electrical ground. 

Figure 15 :External Hoat::;;:~l< Mount:ng Example. 

I 

~Crnm 

-------
1 

I 

L _________ _ 
Figure 17: Maximum Allowabie Power Dissi­

pation vs. Amb1ent Temperature. 

-oO so 100 ' d"lD("C) 

J 



ULN2065B ULN2067B 
ULN2069B ULN2071 B 
ULN2075B ULN2077B 

------------------------

80 V- 1.5 A QUAD DARLINGTON SWITCHES 

• OUTPUT CURRENT TO 1.5 A EACH DARLING-
TON 

• MINIMUM BREAKDOWN 80 V 
• SUSTAINING VOLTAGE AT LEAST 50 V 
• INTEGRAL SUPPRESSION DIODES 

(ULN2065B. ULN2067B, ULN2069B and 
ULN2071B) 

• ISOLATED DARLINGTON PINOUT (ULN2075B 
and ULN2077B) 

• VERSIONS COMPATIBLE WITH ALL POPU­
LAR LOGIC FAMILIES 

DESCRIPTION 
Designed to interface !ogre to a wrde vanety of hrgh 
current. hrgh voltage loads, t11ese devices each 
contain four NPN darlmgton switches delivenng up 
to 1.5 A with a specified minimum breakdown of 
80 V and a sustainmg voltage of 50 V. The 
ULN2065B, ULN2067B, ULN2069B and 
ULN2071 B contain integral suppression drodes for 
inductive loads and have common emitters ; the 
ULN2075B and ULN2077B feature isolated darling­
ton pinouts and are rntended for applications such 
as emitter follower confrgura!lons. Inputs of tile 
ULN2065B. ULN2069B and ULN2075B are compa­
tible with popular 5 V logic families and the 
ULN2067B, ULN2071 Band ULN2077B are cornpa-

PIN CONNECTIONS AND ORDER CODES 

trble with 6-15 VCMOS and PMOS. Tr:c ULN2069B 
and ULN2071 B include a prednvcr stage to provrde 
extragain, reducrng the load on controllogrc. 

-------------------

POWERDIP 
12+2+2 

I 
I 

L_ ________________ _ 
----------------- ------------~ 

September 1988 

ULN2065B 
ULN2067B 

---

ULN2069B 
ULN2071B 

su~ .. 

ULN2075B 
ULN2077B 

I 
I 
I 

1/8 
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ULN2065B-ULN2067B·ULN2069B-ULN2071 B-ULN2075B-ULN2077B 

ABSOLUTE MAXIMUM RATINGS 
---

I "Ij Symbol Parameter i Value 
---- -~~-

VcEx Output Voltage 80 

VcE(sus) Output Sustaining Voltage 50 I v 
r----- r-----c--~--~~--- -----·-

lo Output Current 1.75 A 
-~~-

! 
v, Input Voltage for ULN20758 - 20778 60 v 

for ULN20678 - 2071 8 30 v 
for ULN20658 - 20698 15 v 

lr Input Current 25 rnA 

Vs Supply Voltage for ULN20698 10 v 
for ULN2071 8 20 v 

Prot Power Dissipation : at T pms = 90 oc 4.3 
I 

w 
at T amb = 70 oc 1 w 

~-- -- --------~- -- ---------------- ~--

lTamb_tO_p_era_tr __ n_ g_A __ m_br-e_n_t_T_e_m_p_e-ratu~<lll_>l__ e_ - 20to85 T _:<:___j 
[!s~t_g_ ~to rage Tem~rallJre _ _ --~ _ ~ ___ -~=-~ ~~-- _-ys_t-;;-1_S~~t- o~ [ 

SCHEMATIC DIAGRAM 

2/8 
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ULN20658 : RrN = 350 Q 

ULN2067B : RrN = 3 kQ 



ULN2065B-ULN2067B-ULN20698-ULN2071 B·ULN2075B-ULN20778 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified ) 

i Symbol 1 Parameter I Test Conditions ____ : MinTYPJ Ma_J<._I Unit Fig. 

lcEx i Output Leakage Current I for ULN2065B - ULN2067B ! ! : , 
I '. v CE = 80 v . i I 1 00 ' !lA I . 

' ' I , 1 
___ __ --------~E =BO_V __ _!_amb =_7_D_~£___ __ ___ , 500 __ ~-
VcE( ector-emitter : for ULN2065B - ULN2067B \ 

I Sustaining Voltage lc = 100 rnA v, = 0.4 v so__ _________ v_ _:___l_ -
rvCE(sat-;-1 Collector-e~:tter ' lc = 500 mA Is = 625 >LA 1.1 v 
I . ! Saturation Voltage lc = 750 rnA 18 = 935 >LA 1.2 V 
I I lc=1A ls=1.25mA 1.3 V 3 

i lc=1.25A 18 =2mA 14 V 
j for ULN2065B - ULN2067B 
I 
L_ lc = 1.5 A 

I Input Current 

l_ ____ -­
Input Voltage 

for ULN2065B 
for ULN2065B 
for ULN2067B 
for ULN2067B 

for ULN2065B 
VeE = 2 V 

1 VeE = 2 V 
for ULN2067B 

Is = 2.25 rnA 

v, = 2.4 v 
v, =3.75 v 
v, = 5 v 
v, = 12 v 

lc = 1 A 
lc = 1.5 A 

VcE=2V lc=1A 

_ _l Vc~_2 v_ -~~_:_~ 5 _A 

i tPLH Turn-on Del a_)'_ Tirn_El ------t-~_v_,_to Q~5 Vo _____ _ 

_tP'-'H""L'-----''-T_urn-off Delay T:me ' 0.5 V, to 0.5 V_o=-----

IA Clamp Diode Leakage for ULN2065B - ULN2067B 
Current VA = 80 V 

i _
1
, VA= 80 V 

Clamp Diode Forward IF = 1 A 

T amb = 70 °C 

Voltage IF = 1.5 A 

1 4 
3.3 
0.6 
1.7 

1.5 

4.3 
I 9 6 

1.8 
5.2 

r 2 
I 2.s 
I 

v 
rnA 
rnA 
rnA 
rnA 

v 
v 

6.5 v 
' 10 v 
:_ 1 __ >IS 

I 1.5 

50 
100 

!lS 

>'A 
>'A 

4 

5 

6 

I 
1.75 V 1 1 

2 v ' 7 ' ----~ 
Notes : 1 Input voltage 1s w1th reference to the substrate (no connection to any other p1ns) for the ULN2075B and ULN2077B refe­

rence 1s ground for all other types 
2 Input current may be l1m1ted by max1mum allowable mput voltage. 

SCHEMATIC DIAGRAM 

B 

ULN2069B : R:N = 2.5 Kn, 
ULN2071 B : R:N = 11.6 KQ. 

R5 = 900 Q 

Rs = 3.4 Kn 

r== SGS·THOMSON .. 'I &\Juc::ru@~~~~:~lffi@ll!nc:~ 
3/8 
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ULN2065B-ULN20678-ULN20698-ULN2071 B-ULN2075B-ULN20778 

ELECTRICAL CHARACTERISTICS (V s = 5 V for ULN2069B, V s = 12 V for ULN2071 B, 
Tamb = 25 'C unless otherwise specified) 

Symbol Parameter 

lcEx Output Leakage Current 

VcE(sus) Collector-emitter 
Sustaining Voltage 

VcE(sat) Collector-emitter 
Saturation Voltage 

l,(on) Input Current 

v,(on) Input Voltage 

Is Supply Current 

tPLH Turn-on Delay Time 

tPHL Turn-ott Delay Time 

lA Clamp D1ode Leakage 
Current 

VF Clamp Diode Forward 
Voltage 

SCHEMATIC DIAGRAM 

4/8 
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Test Conditions 

for ULN20698 - ULN20718 
VeE =80 V 
VeE = 80 V Tamb = 70 oc 
for ULN20698 - ULN20718 
lc = 100 mA v, = 0.4 v 

for ULN20698 
lc =500 mA v, = 2.75 v 
lc =750 mA v, = 2.75 v 
lc = 1 A v, =2.75 v 
lc = 1.25 A v, =2.75 v 
lc = 1.5 A v, = 2.75 v 
for ULN20718 
lc = 500 mA v, =5 v 
lc = 750 mA v, =5 v 
lc = 1 A v, =5 v 
lc = 1.25 A v, =5 v 
lc = 1.5 A v, =5 v 

tor ULN2069B v, = 2.75 v 
tor ULN2069B v, =3.75 v 
tor U LN2071 B v, = 5 v 
tor ULN2071 B v, = 12 v 

VeE = 2 V lc = 1.5 A 
tor ULN2069B 
for ULN2071 B 

tor ULN2069B 
lc = 500 mA v, = 2.75 v 
tor ULN2071 B 
lc =500 mA v, =5 v 

0.5 V, to 0.5 V0 

0.5 V, to 0.5 V0 lc = 1.25 A 

~rULN2069B- ULN2071B 
VR = 80 V 
VA = 80 V T amb = 70 °C 

IF= 1 A 
IF= 1.5 A 

RIN~C 6 o---rc:=r~ * 7.2 K!l 
I 3K!l 

stB E 
S-592 4 

ULN20758 : R1N = 350 Q 
ULN20778 : R1N = 3 kQ 

Min. Typ. Max. 

100 
500 

50 

1 .1 
1.2 
1.3 
1.4 
1.5 

1.1 
1.2 
1.3 
1.4 
1.5 

550 
1000 
400 
1250 

2.75 
5 

6 

4.5 

1 

1.5 

50 
100 

1.75 
2 

Unit Fig. 

I! A 
1 

!lA 

v 2 

v 
v 
v 2 
v 
v 

v 
v 
v 
v 
v 

I! A 
>LA 4 
>LA 
I! A 

v 5 

mA 
8 

mA 

>LS 

>LS 

!lA 
!lA 6 

v 
v 7 



U LN20658-U LN20678-U LN2069 8-U LN2071 8-U LN2075 8-U LN20778 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified ) 

Symbol Parameter 

IcE X Output Leakage Current 

VcE(sus) Collector-emitter 
Sustammg Voltage 

VcE(sat) Collector-emitter 
Saturation Voltage 

l,(on) Input Current 

v,(on) Input Voltage 

IPLH Turn-on Delay Time 

IPHL Turn-of! Delay T1me 

TEST CIRCUITS 

Figure 1. 

Figure3. 

OPEN 

5·5927 

Test Conditions Min. Typ. 

for ULN2075B - ULN20778 
VeE= 80 V 
VcE=80V T amb = 70 °C 

for ULN2075B - ULN20778 
lc=100mA v, = 0.4 v 50 

lc = 500 rnA Is = 625 11A 
lc = 750 rnA 18 =935!!A 
lc = 1 A Is= 1.25 rnA 
lc = 1.25 A Is= 2 rnA 
for ULN2075B - ULN20778 
lc = 1.5 A Is= 2.25 rnA 

for ULN2075B v, = 2.4 v 1.4 
for ULN2075B v, =3.75 v 3.3 
for ULN20778 v, =5 v 0.6 
for ULN2077B v, = 12 v 1.7 

for ULN2075B 
VeE =2 V lc = 1 A 
VeE =2 V lc = 1.5 A 
for ULN2077B 
VeE =2 V lc = 1 A 
VeE = 2 V lc = 1.5 A 

0.5 V, to 0.5 V0 

0.5 V, to 0.5 V0 

Figure 2. 

Figure4. 

Max. Unit Fig. 

100 !!A 1 500 !lA 

v 2 

1.1 v 3 
1.2 v 
1.3 v 
1.4 v 

1.5 v 

4.3 rnA 4 
9.6 rnA 
1.8 rnA 
5.2 rnA 

5 
2 v 

2.5 v 

6.5 v 
10 v 

1 !IS 

1.5 !IS 

OPEN 

OPEN 

OPEN 
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U LN2065 8-U LN20678-U LN2069 8-U LN2071 8-U LN2075 8-U LN20778 

Figure 5. 

OPEN 
0 

i 
4 

Figure 7. 
~~--~---- ~-------~~ -----~-

Figure 9 : Input Current as a Function of 
Input Voltage. 

15 20 '15 JQ ]5 40 I.!J 50 V1 (V) 
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Figure 6. 

Figure 8. 

OPEN 
o---

Figure 10 :Input Current as a Function of 
Input Voltage. 

t, 
(mA) 

7 

-l--
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ULN2065B-ULN2067B-ULN2069B-ULN2071 B-ULN2075B-ULN2077B 

Figure 11 : Collector Current as a Function of 
Input Current. 

1c 
(A) 

1 5 

10 

0.5 

G- UJJ 

~~~~~--~~--~~ 

10 2.0 3.0 11 (mAl 

MOUNTING INSTRUCTIONS 
The RthJ·amb can be reduced by soldering the GND 
pins to a suitable copper area of the printed circuit 
board (Fig. 12) or to an external heatsink (Fig. 13). 

The diagram of figure 14 shows the maximum dis­
sipable power Ptot and the Rth J·amb as a function of 
the side "=" of two equal square copper areas ha­
ving a thickness of 35 J.l (1.4 mils). 

Figure 12: Example of P.C. Board Area which is 
Used as Heatsink. 

(QPP(R AREA 3'lp THI:::KN[55 

P ( BOARD 

During soldering the pins temperature must not ex­
ceed 260 ac and the soldering time must not be lon­
ger than 12 seconds. 

The external heatsink or printed circuit copper area 
must be connected to electrical ground. 

Figure 13 :External Heatsink Mounting Example. 
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1135 



ULN2065B-ULN2067B-ULN20698-ULN2071 B-ULN20758-ULN2077B 

Figure 14 : Maximum Dissipable Power and Junc­
tion to Ambient Thermal Resistance 
vs. Side "1". 

10 10 30 l.O I {mm) 

818 
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Figure 15: Maximum Allowable Power Dissipa­
tion vs. Ambient Temperature. 

-50 50 100 larnb("C) 



• EIGHT DARLINGTONS WITH COMMON EMIT-
TERS 

• OUTPUT CURRENT TO 500 mA 
• OUTPUT VOLTAGE TO 50 V 
• INTEGRAL SUPPRESSION DIODES 
• VERSIONS FOR ALL POPULAR LOGIC FAMI­

LIES 
• OUTPUT CAN BE PARALLELED 
• INPUTS PINNED OPPOSITE OUTPUTS TO 

SIMPLIFY BOARD LAYOUT 

DESCRIPTION 

The ULN2801A-ULN2805A each contain eight dar­
lington transistors with common emitters and Inte­
gral suppression diodes for inductive loads. Each 
darlington features a peak load current rating of 600 
mA (500 mA continuous) and can withstand at least 
50 V in the off state. Outputs may be paralleled for 
higher current capability. 

Five versions are available to simplify interfacing to 
standard logic families : the ULN2801 A is designed 
for general purpose applications w1th a current limit 
resistor: the ULN2802A has a 10.5 KQ input resis­
tor and zener for 14-25 V PMOS : the ULN2803A 
has a 2. 7 KQ input resistor for 5 V TTL and CMOS ; 

CONNECTION DIAGRAM (top view) 

IN I 

IN 2 

IN 3 

IN ' 4 

IN 5 5 

IN 6 

IN 7 

IN B B 

GNO 9 

September 1988 

ULN2801A 
ULN2802A ULN2803A 
ULN2804A ULN2805A 

EIGHT DARLINGTON ARRAYS 

the ULN2804A has a 10.5 KQ input resistorfor6-15 
V CMOS and the ULN2805A is designed to sink a 
minimum of 350 mA for standard and Schottky TTL 
where higher output current IS required. 

All types are supplied m a 18-lead plastic DIP with 
a copper lead from and feature the convenient in­
put-opposite-output pinout to simpl1fy board layout. 

18 OUT 1 

17 OUT 2 

14 OUT 5 

1J OUT 6 

11 OUT 7 

11 OUT B 

DIP-18 
(Plastic) 
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U LN2801 A·ULN2802A-U LN2803A·ULN2804A-U LN2805A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vo Output Voltage 

v, Input Voltage for ULN2802A, 2803A, 2804A 
for ULN2805A 

lc Continuous Collector Current 

Ia Continuous Base Current 

Ptot Power D1ss1patton (one Darlington pa1r) 
(total package) 

Tamb Operating Amb1ent Temperature Range 

T stg Storage Temperature Range 

SCHEMATIC DIAGRAM AND ORDER CODES 

For ULN2801A (each driver for PMOS-CMOS) 

For ULN2803A (each driver for 5 V, TIUCMOS) 

.. -{)(OM 

27k0 ~----- _j 
IN()--,--~ - T --t...- . j 

: i ~~ t"' 
: L.F•nJ..l•n~ • 

"'f"--oour 

L ~ 1 
EACH DRIVER 

For ULN2805A (each driver for high out TIL) 

~ {)COM 

2/6 
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Value Unit 

50 v 
30 v 
15 v 

500 mA 

25 mA 

1 0 w 
2.25 w 

- 20 to 85 'C 

I -55 to 150 'C 

For ULN2802A (each driver for 14-15 V PMOS) 

I ¥-OCOM 

I 

""" 14 ~n ~ < 1-- -{---;oo"' 
12•n Jkn , 4. 

y J -L-} 1 ~ 

[AC~ r:RI:E;-- --- -- ±- ~~ ·~~c 

For ULN2804A (each driver for 6-15 V 
CMOS/PMOS 

L . ~ 

EliCH DRIVER 



ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 

THERMAL DATA 

Max. 55 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig. 

lcEx Output Leakage Current VeE =50 V 50 !lA 1a 
T amb = 70 'C VeE =50 V 100 !lA 1a 
T amb = 70 'C 
for ULN2802A 
VeE =50 V v, =6 v 500 !lA 1b 
for ULN2804A 

I VeE =50 V v, = 1 v 500 !lA 1b 

VcE(sat) Collector-emitter lc=100mA Is = 250 11A 0.9 ! 1.1 I v 
Saturation Voltage lc = 200 mA Is= 350 11A 1.1 I 1.3 I v 2 

lc =350 mA Is = 500 11A 1.3 I 1.6 v I 

l,(on) Input Current for ULN2802A v, = 17 v 0.82 I 1.25 I mA 
for ULN2803A v, = 3.85 v 0.93 

I 
1.35 I mA 

for ULN2804A v, =5 v 0.35 0.5 I mA 3 
' v, = 12 v 1 1.45 I mA 

lor ULN2805A v, =3 v 1.5 2.4 I mA 

l,(off) Input Current T amb = 70 °C lc = 500 11A 50 65 !lA 4 

v,(on) Input Voltage for ULN2802A 
VeE = 2 V lc = 300 mA 13 v 
for ULN2803A 
VeE= 2 V lc = 200 mA 2.4 v 
VeE = 2 V lc = 250 mA 2.7 v 
VeE = 2 V lc = 300 mA 3 v 
for ULN2804A 5 
VeE = 2 V lc = 125 mA 5 v 
VeE = 2 V lc = 200 mA 6 v 
VeE = 2 V lc=275mA 7 v 
VeE = 2 V lc = 350 mA 

I 
8 v 

for ULN2805A 
VeE = 2 V lc = 350 mA I 2.4 v 

hFE DC Forward Current Gain for ULN2801 A 
11000 VeE = 2 V lc = 350 mA - 2 

C, Input Capacitance 15 25 I pF -

tPLH Turn-on Delay Time 0.5 V, to 0.5 V0 0.25 I 1 !lS -

tPHL Turn-off Delay Time 0.5 V, to 0.5 V0 0.25 I 1 I ~IS -

IR Clamp D1ode Leakage VR =50 V 
I I 

50 ~tA 6 
Current T amb = 70 'C VR =50 V I I 100 ~tA 

VF Clamp Diode Forward IF= 350 mA I 1.7 I 2 v 7 
Voltage I I 
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ULN2801 A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 

TEST CIRCUITS 

Figure 1a. Figure 1b. 

Figure 2. Figure 3. 

OPEN OPEN 

OPEN 

S· 19ft0 

Figure 4. Figure 5. 

~-'~4-,: --I 
~J 

Figure 6. Figure 7. 

l 

L_------~~-~--- ~-~--~---

4/6 W'J 5(;5-TiiOMSON ----~~----~--. ~ .,, I':O~Ii::Cl©rn~rn©m©li!~li::® - -- ~---
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U LN2801 A-U LN2802A-U LN2803A-U LN2804A-U LN2805A 

Figure 8 : Collector Current as a Function of 
Saturation Voltage. 

Figure 10: Allowable Average Power Dissipation 
as a Function of Ambient Temperature. 
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: I 

05 

50 100 150 

Figure 12: Peak Collector Current as a Function 
of Duty. 

Figure 9 : Collector Current as a Function of 
Input Current. 
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Figure 11 :Peak Collector Current as a Function 
of Duty Cycle. 

'c 
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Figure 13: Input Current as a Function of Input 
Voltage (for ULN2802A). 
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 

Figure 14: Input Current as a Function of Input 
Voltage (for ULN2804A) 
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Figure 16 : Input Current as a Function of Input 
Voltage (for ULN2805A) 
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Figure 15 : Input Current as a Function of Input 
Voltage (for ULN2803A) 
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• SEVEN DARLINGTONS PER PACKAGE 
• OUTPUT CURRENT 500 mA PER DRIVER 

(600 mA PEAK) 
• OUTPUT VOLTAGE 50 V 
• INTEGRAL SUPPRESSION DIODES FOR IN­

DUCTIVE LOADS 
• OUTPUT CAN BE PARRALLELED FOR HI­

GHER CURRENT 
• TIUCMOS/PMOS/DTL COMPATIBLE INPUTS 
• INPUTS PINNED OPPOSITE OUTPUTS TO 

SIMPLIFY LAYOUT 

DESCRIPTION 

The ULQ2001 R, ULQ2002R, ULQ2003R and 
ULQ2004R are high voltage, high current darlington 
arrays each containing seven open collector darling­
ton pairs with common emitters. Each channel is ra­
ted at 500 mA and can withstand peak currents of 
600 mA. Suppression diodes are included for induc­
tive load driving and the inputs are pinned opposite 
the outputs to simplify board layout. 

The four versions interface to all common families. 

I 
J.!L02001 f'l Gener<JI_Purpos-e._DTS_!TL, CMOS I 

UL02002R 15-25 V PMOS i 

LLJI,.02003R 5 V TTL, CMOS ___ _ 

UL02004R 6-15 V CMOS, PMOS 
- - -- -- -- - --- -- -

These versatile devices are useful for driving a wide 
range of loads including solenoids, relays DC mo­
tors, LED displays, filament lamps, thermal prin­
theads and high power buffers. 

The ULQ2001 R, UL02002R, UL02003R and ULQ 
2004R are supplied in 16 pin ceramic DIP packages. 

. lc 
~--lo 

r-_T_amb 
T S1g 

Continuous Collector Current 

Contmuous Base Current 

Operating Ambrent Temperature Range_ 

Storage Temperature Range 

September 1988 

ULQ2001 R/2R 
ULQ2003R/4R 

SEVEN DARLINGTON ARRAYS 

I 
I 

DIP-16 Ceramic 

PIN CONNECTION 

IN 1 16 OUT 1 

IN 2 2 15 OUT 2 

IN 3 3 14 OUT 3 

IN 4 OUT 4 

IN 5 OUT 5 

IN 6 6 OUT 6 

IN 7 10 OUT 7 

GND 9 ~~~~3~G ~~JciEs 
.-,_\97711 

l __ , ___________ _ 

Value Unit 

50 v 
30 v 

---- ---- --- --

500 rnA 

25 mA 

- 20 to + 85 c 
-55 to 150 c 

1/4 
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ULQ2001 R-ULQ2002R-ULQ2003R-ULQ2004R 

SCHEMATIC DIAGRAM 

I 
I 
I 
I 
I 
L-J+---------
EACH DRIVER 

Series ULQ2001 R 
(each driver) 

L -j4----------
EACH DRIVER 

Series ULQ2003R 
(each driver) 

THERMAL DATA 

I 
I 

COM 

5- Jt,89 

COM 

~ 

5- 1989 

I 
I 

I 

L -14---------­
EACH DRIVER 

Series ULQ2002R 
(each dnver) 

I 
L--14---------­
EACH DRIVER 

Senes ULQ2004R 
(each driver) 

COM 

COM 

5-1574 

I Rth j-amb I Thermal Resistance Junction-ambient ---~)(__ ___ 1~- -- _[ °CIW I 
L_~-~-------------------

2/4 

1144 



ULQ2001 R-ULQ2002R-ULQ2003R-ULQ2004R 

ELECTRICAL CHARACTERISTICS (T amb= 25° C unless otherwise specified) 

, Symbol ' Parameter 

i 

I 
i 

I 

I 
I 

I 

lcEx Output Leakage 
Current 

I 
VeE (sat) 1 Collector-emitter 

1 Saturation Voltage 

! 

l,(on) 1 Input Current 

l,(off) Input Current 

Vl(on) ! Input Voltage 

~ DC Forward Current 
I . - Gain 
---------- - -

i C, Input Capacitance 

[t~~;~ -T~rn-on Delay Time 

1

1

_ tPHILA_,_ ~n-()_ff_[Je!ay Time 

Clamp Diode Leakage 
Current 

Clamp Diode Forward 
Voltage 

I 

Test Conditions 

VeE =50 V 
T amb = 70 oc VeE =50 V 
T amb = 70 oc 

for ULQ2002R 
VeE =50 V 
for ULQ2004R 
VeE =50 V 

lc = 100 mA 
I 200 mA e = 
lc =350 mA 

for ULQ2002R 
for ULQ2003R 
for ULQ2004R 
v, = 12 v 
T amb = 70 °C 

for ULQ2002R 

v, = 6 v 

V, = 1 V 

Is =250 11A 
I 350 11A S = 
Is = 500 11A 

v, = 17 v 
v, = 3.85 v 
v, =5 v 

lc = 500 11A 

VeE= 2 V lc = 300 mA, 
for ULQ2003R 
VeE = 2 V 
VeE = 2 V 
VeE = 2 V 
for ULQ2004R 
VeE = 2 V 
VeE = 2 V 
VeE = 2 V 
VeE = 2 V 

for ULQ2001 R 
VeE = 2 V 

0.5 V, to 0.5 Vo 
----- -- - ---

0.5 V, to 0.5 V0 

VA =50 V 

I 

lc = 200 mA 1 

le = 250 mA 
lc = 300 mA 

lc=125mA 
lc = 200 mA 
le = 275 mA 
lc =350 mA 

le = 350 mA 

I 

T amb = 70 oc . VA =50 V 

IF = 350 mA 

Min. 

50 

1000 

Typ. 

0.9 
11 
1.3 

0.82 
0.93 
0.35 

1 

65 

15 

0.25 

0.25 

1.7 

Max. 

50 
100 

500 

500 

1.1 
1 3 
1.6 

1.25 
1.35 
0.5 
1.45 

13 

2.4 
2.7 
3 

5 
6 
7 
8 

25 

50 
100 

2 

Unit I FiQ.I 
11A 1a 
11A 1a 

llA 

llA 

v 
v 
v 

mA 
mA 
mA 
mA 

11A 

v 

v 
v 
v 

v 
v 
v 
v 

pF 

I 

I 

I 

I 

llS _ 1 
j.lS 

llA 
llA 

v 

1b 

1b 

2 
2 
2 

3 
3 
3 
3 

4 

5 

5 
5 

5 

5 
5 
5 

2 

6 
6 

7 
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ULQ2001 R-ULQ2002R-UL02003R-ULQ2004R 

TEST CIRCUITS 

Figure 1a. 

Figure 2. 

S- 1960 

'--~~~--~--

Figure 4. 

Figure 6. 
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Figure 1b. 

Figure 3. 
-------~-- --~--~~~-~-- -l 

OPEN 

I 

I 

Figure 5. 

L___ _____ _ 

Figure 7. 

OPEN ~-. 

I 

s- 1987 
I 

- ------ -----------



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 

I 

I 

I 
I 
I 
I 



NOTES 



NOTES 



SALES OFFICES 
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TOKYO 141 
Shrnagawa-Ku, Nrsh1 Go!anda 
8-11-7, CollinS Bldg 8 
Tel (81-3) 491-8611 
Telefax (81-3) 491-8735 

KOREA 

SEOUL 121 
8th floor Shrnwon Burldrng 
823-14, Yuksarc-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 

NETHERLANDS 

5612 AM EINDHOVEN 
Drllenburgslraal 25 
Tel (31-40) 550015 
Telex 51186 
Telefax (31-40) 528835 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kro - lnduslnal Park 2 
Tel (65) 4821411 
Telex RS 55201 ESGIES 
1 elefax (65) 4820240 

SPAIN 

08021 BARCELONA 
Calle Platon, 6 4tn Floor, 5111 Door 
Tel (34-3) 2022017-2020316 
Telcfax (34-,3) ~021401 

28027 MADRID 
Calle Albacete 5 
Tel (34-1) 4051615 
Telex 27060 TCCEE 
T elefax (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
BorgarfJordsgatan, 13 Box 1094 
Tel (46-8) 7939220 
Telex 12078 1 HSWS 
Telefax (46-8) 7504U50 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVE) 
Chemin Fran<;ols·Lehmann, 18/A 
Tel (41-22) 7986462 
Telex 415493 STM CH 
Teletax (41·22) 7984869 

TAIWAN 

KAOHSIUNG 
7FL-2 No 
5 Chung Chen 3rd Road 
Tel (886-7) 2011702 
T elefax (886· 7) 20 11703 

TAIPEI 
12th Floor 
571, Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 

UNITED KINGDOM 

MARLOW, BUCKS 
Planar House. Parkway 
Globe Park 
Tel (44-628) 890800 
Telex 847458 
Teleiax (44-628) 890391 



U.S.A. 
f.J.)fi-H e. ::,QU-:-H AME:'i.GAN 
r~,-i•\Rt\L 1 ;: 1._; t•t:ADJlJARTERS 
1 OCO Ea•t bet. Road 
Pt1oen. ~. 1\Z 85022 
(!)-{tJJ2) f<G7-6iOJ 

S<\LE:S COVERAGE B !' S T ,\:E 

ALABAMA 

ARIZONA 
fh•P11!· ·iGu.'J St'7-r;~ .• 

CALIFORNIA 
lrvtne · t714) 250-0455 
San Jose · (408) 452-8585 

COLORADO 
6oul:!or {2021 449 2C'GJ 

GEORGIA 
Nc•rcro::., - 1 ! 1 •• .JJ ::_.-:.L-;·.i4•1 

ILLINOIS 
S.:nad"TOJ~~~- •,.:~:::: 517-189J 

MARYLAND 
Cclu'1"o" . (30' 1 995 6952 

MASSACHUSSETTS 
Wall'1am · (6' 7) 890-6688 

NEW JERSEY 
Vooroces · (6091 772·6222 

OREGON 
T1gard - (5:13) C20-5517 

TEXAS 
Acstn- ('\12) 339 4191 
Ca:r;ol.ton - (21.d) J.i)ti-8~:P4 

WASHINGTON 
Sedttle - (2C:G} E2·1-6421 

Fnn Rf· :,Nil r iiCTiOWA1~F: 
i•(I'N[H tl',,\t•l.::;t-::TORS C0NTN;T 
illr Hll L(W/U·h.l HC-:-.IUtl/\1. 
01-riCES 11·1 THI:: U S A 

CALIFORNIA 
Hawthorne - (213) 675-07 42 

NEW JERSEY 
Totona- (20~) 89G-0854 

PENNSYLVANIA 
r~k·'lt~j('r.'";•.::l.J!·/olle { .... 15) 36.2-\;su- .. 

TEXAS 
CrY··~· tv:-- - (21t..j L160-88t..! 

SALES OFFICES 

WEST GERMANY 
6000 FRANKFURT M1 
Gutreutst• abe 322 
Tel t4~-69J 237492 
Tei0x 176997 089 
Tetorax (49 69) 2.11957 
Toletex 6997689 ~ SIVSP 

8011 GRASBRUNN 
Rreton1scher R1ng 4 

i·Jf..UKeferlc1 • Tecnr;ooarh 
Te; (Jp . .;o} 4000Rf. 
iei•J• ·~:;8?11 
Tc!ef~r· (4!!-£~) AtGO!:i1S1 
i\.JIPt·:!>- U\J710i ~IUI...~TR 

3000 HANNOVER 1 
Ecl-.ener-,trasse 5 
ce: (49-5'1) 634191 
'e1et 1 75~~3&~3 

r-eie~ox :..:~1.:-!ib csHJC!l 
Te!ela> i49-511) 6335S2 

8500 NURNBERG 20 
E~le,"'':>te;;e ·1strasso 7~ 

~ ~;c_.'-!~::,~".23 S~~'CJ32 
Te1e~a\' f·l9-91~i 5980701 

5200 SIEGBURG 
Frailktun~r S~~ .22a. 
lei (J9 22.1 .. ; 6EG h•l-86 
Te1e11. 6M951C 
Tei!::':ai lJoj 22.1 i) 675fi,1 

7000 STUTTGART 1 
Oberer 1--.lrct-rail1"'n'.'"'eq 135 
Tet (49-711 1 682041 · 
Tete' 721718 
Teletd' (·19 711) 691408 



Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for 
the consequences of use of such information nor for any infringement of patents or other nghts of third parties Which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rrghts of SGS-THOMSON Microelectronrcs. Specifrca­
tions mentioned rn this publication are subject to change without notrce. This publication supersedes and replaces all information prevrou­
sly supplied SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems 
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