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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED 51‘:)

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 2. A critical component is any component of a life sup-

which, are intended for surgical implant into the body port device or system whose failure to perform can be
to support or sustain life, and whose failure to perform, reasonably expected to cause the failure of the life sup-
when properly used in accordance with instructions for port device or system, or to affect its safety or effecti-
use provided in the labeling, can be reasonably expec- veness.

ted to result in a significant injury to the user.
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AM6012 12 Bit High Speed Multiplying D/A Converter ............ 51
AM6012A 12 Bit High Speed Multiplying D/A Converter ............ 51
DAC0806 6BitD/ACoONVENer ..ot 63
DAC0807 7BitD/AConverter ...........oi i 63
DAC0808 8BitD/AConverter ...ttt 63
J Series Mixed Analog/Digital Bipolar Arrays ................... 75
K09 Series High Frequency Analog Bipolar Arrays ................. 85
L165 3A Power Operational Amplifier ....................... 87
L200 Adjustable Voitage and Current Regulator .............. 95
L272/M Dual Power Operational Amplifier ..................... 105
L296/P High Current Switching Regulator ..................... 111
L387A Very Low Drop 6§V Regulator ......................... 135
L601/2/3/4 Darlington Array ........c.c.covvviiiiinrennninnennnnn. 139
L702 2A Quad Darlington Switch .......................... 143
L2720/22/24 Low Drop Dual Power Op. Amp. .......c.ccvvviniunnnn. 147
L4901A Dual 5V Regulator with Reset ........................ 155
L4902A Dual 5V Regulator with Reset and Disable .............. 165
L4903 Dual 5V Regulator with Reset and Disable .............. 175
L4904A Dual 5V Regulator with Reset ........................ 183
L4905 Dual 5V Regulator with Reset ........................ 191
L4940 Series Very Low Drop 1.5 Regulator ..............ccovvvunnn. 199
L4941/X Very Low Drop 1A Regulator ......................... 207
L4960 2.5A Power Switching Regulator ...................... 213
L4962 1.5A Power Switching Regulator ...................... 227
L5832 Solenoid Controller .......... ... it 239
L6221A/N Quad Darlington Switch ............................. 251
L6222 Quad Transistor Switch ............ .. ..., 263
L7150/2 50V Quad Darlington Switches ....................... 267
L7180/82 80V Quad Darlington Switch ......................... 271
L7800 Series Positive Voltage Regulators .......................... 275
L7800AB Series Precision 1A Regulators ................ccoiiivnn.... 295
L7800AC Series Precision 1A Regulators .......... ... ... ... .. ... 295
L78MO00 Series Positive Voltage Regulators .......................... 307
L78MO0AB Series | Precision 500mA Regulators . ....... B 317
L78S00 Series 2A Positive Voltage Regulators ....................... 325
L7900 Series Negative Voltage Regulators ......................... 339
L7900AC Series +2% Negative Voltage Regulators .................... 347
LF147/A/B Wide Bandwidth Quad JFET Op-Amp. ................. 355
LF151/A/B Wide Bandwidth Single JFET Op-Amp. ................. 367
LF153/A/B Wide Bandwidth Dual JFET Op-Amp. .................. 379
LF155/A Low Power Single JFET Op-Amp. .........ccovvuenn... 391
LF156/A High Speed Single JFET Op-Amp. ...........ooouun... 391
LF157/A Very High Speed Single JFET Op-Amp. ................ 391
LF247/A/B Wide Bandwidth Quad JFET Op-Amp. ................. 355
LF251/A/B Wide Bandwidth Single JFET Op-Amp. ................. 367
LF253/A/B Wide Bandwidth Dual JFET Op-Amp. .................. 379
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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. . ....... .. ...t 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. ........ ... .. ... . covon.. 445
LM219 High Speed Dual Bipolar Comparator .................. 457
LM223 3A-5V Positive Voltage Regulators .................... 571
LM224/A Standard Quad Bipolar Op-Amp. . ...........c..couen... 467
LM234 Adjustable Current Source ............. ... i, 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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LM308/A Precision High Gain Single Bipolar Op-Amp. ............ 417
LM309 Three Terminal 5V Regulators . ....................... 565
LM311 Standard Single Bipolar Comparator . .................. 429
LM317 1.2 To 37V Adjustable Voltage Regulator ............... 439
LM318 High Speed Bipolar Op-Amp. ......................... 445
LM319 High Speed Dual Bipolar Comparator .................. 457
LM323 3A-5V Positive Voltage Regulators .................... 571
LM324/A Standard Quad Bipolar Op-Amp. ...................... 467
LM334 Adjustable Current Source ........................... 481
LM335/A Precision Temperature Sensor ........................ 491
LM336/B 2.5V Voltage Reference ............................. 577
LM337 1.2 To 37V Adjustable Negative Voltage Regulators . ... .. 587
LM338 1.2 To 32V-5A Adjustable Positive Voltage Regulators . . .. 597
LM339/A Low Power Low Offset Quad Bipolar Op-Amp. ........... 503
LM346 Programmable Quad Bipolar Op-Amp. ................. 515
LM348 Quad UA741 Bipolar Op-Amp. .........couueern. ... 527
LM358/A Low Power Dual Bipolar Op-Amp. ..................... 537
LM393/A Low Power Low Offset Dual Bipolar Comparator . . ....... 553
LM723 High Precision Voltage Regulator ..................... 607
LS204/A/C High Performance Dual Op-Amp. ..................... 615
LS404/C High Performance Quad Op-Amp. ..................... 625
LS4558N Dual High Performance Op-Amp. ..................... 637
M8438A Serial Input LCD Driver ......................... ... . 647
M8439 Serial Input LCD Driver ..................cccooo. ... 655
MC1458 Standard Dual Bipolar Op-Amp. ...................... 661
MC1458I Standard Dual Bipolar Op-Amp. ...................... 661
MC1488 RS232C Quad Line Driver ........................... 669
MC1489 Quad Line Receiver ................................ 677
MC1489A Quad Line Receiver ....................cuuiuo.... 677
MC1558 Standard Dual Bipolar Op-Amp. ...................... 661
MC33001/A/B Standard Single JFET Op-Amp. . .........couuuunno.... 685
MC33002/A/B Standard Dual JFET Op-Amp. .........coovvvuunnn. ... 697
MC33004/A/B Standard Quad JFET Op-Amp. ....................... 709
MC3302 Low Power Low Offset Quad Bipolar Op-Amp. ........... 503
MC3303 Low Power Quad Bipolar Op-Amp. .................... 721
MC34001/A/B Standard Single JFET Op-Amp. . ...................... 685
MC34002/A/B Standard Dual JFET Op-Amp. ........................ 697
MC34004/A/B Standard Quad JFET Op-Amp. ....................... 709
MC3403 Low Power Quad Bipolar Op-Amp. .................... 721
MC35001/A/B Standard Single JFET Op-Amp. ..o ... 685
MC35002/A/B Standard Dual JFET Op-Amp. .. .....oooinen. .. 697
MC35004/A/B Standard Quad JFET Op-Amp. ....................... 709
MC3503 Low Power Quad Bipolar Op-Amp. .................... 721
MC4558 Wide Bandwidth Dual Bipolar Op-Amp. ................ 731
MC4558l Wide Bandwidth Dual Bipolar Op-Amp. ................ 731
NE532 .Low Power Dual Bipolar Op-Amp. ...............c...... 537
NE555 Single Bipolar Timer ..., 737
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NE556 Dual Bipolar Timer . ........ ... . . ... 747
SA555 Single Bipolar Timer ... 737
SA556 Dual Bipolar Timer .........coiiiiiiiiiineneenn. 747
SE555 Single Bipolar Timer ......... .. ... ... . 737
SE556 Dual Bipolar Timer ............c. i, 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
TLO61/A/B Low Power Single JFET Op-Amp. ..................... 873
TLO61I Low Power Single JFET Op-Amp. . ........c.coiunon.. 873
TLO61M Low Power Single JFET Op-Amp. ...............c...... 873
TLO62/A/B Low Power Dual JFET Op-Amp. ......... ..o .. 883
TLOB21I Low Power Dual JFET Op-Amp. . .........iiinaan.. 883
TLO62M Low Power Dual JFET Op-Amp. . ........ociiiuninn.. 883
TLO64/A/B Low Power Quad JFET Op-Amp. ...................... 893
TLO64I Low Power Quad JFET Op-Amp. ...................... 893
TLO64M Low Power Quad JFET Op-Amp. ...................... 893
TLO71/A/B Low Noise Single JFET Op-Amp. . .................... 903
TLO711/B Low Noise Single JFET Op-Amp. . .................... 903
TLO71M Low Noise Single JFET Op-Amp. ..................... 903
TLO72/A/B Low Noise Dual JFET Op-Amp. . ......... ... .. 913
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TLO721/B Low Noise Dual JFET Op-Amp. . ..........cvinenn... 913
TLO72M Low Noise Dual JFET Op-Amp. ..., 913
TLO74/A/B- Low Noise Quad JFET Op-Amp. ..............oovvn... 923
TLO741/B Low Noise Quad JFET Op-Amp. ............ccovivvnn.. 923
TLO74M Low Noise Quad JFET Op-Amp. .........ccovuunnnnnn.. 923
TLO81/A/B Standard Single JFET Op-Amp. ............ccovvenn.. 933
TLO81I/B Standard Single JFET Op-Amp. ............ccouiiinn.. 933
TLO81M Standard Single JFET Op-Amp. .............couoiiun.. 933
TLO82/A/B Standard Dual JFET Op-Amp. ..........c.ccovivneeennn.. 943
TLO82I/B Standard Dual JFET Op-Amp. ..., 943
TLO82M Standard Dual JFET Op-Amp. ......coviiiiiiineinnn.. 943
TLO84/A/B Standard Quad Single JFET Op-Amp. ................. 953
TLO84I/B Standard Quad JFET Op-Amp. ....................... 953
TLO84M Standard Quad JFET Op-Amp. ....vviiineinennnnn. 953
TL7700/A Supply Voltage Supervisors .................cvun.... 965
TS271/A/B Programmable CMOS Single Op-Amp. ................. 969
TS2711/AIB 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/IB High Speed Dual CMOS Op-Amp. ............ovvnn... 979
TS272M/A/B High Speed Dual CMOS Op-Amp. .............ccoo.... 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. . .........cvvvunn.. 989
TS27L2/A/IB Low power Dual CMOS Op-Amp. ..............co..... 979
TS27L2/I/A/B Low Power Dual CMOS Op-Amp. .........covvviennn.. 979
TS27L2M/A/IB Low Power Dual CMOS Op-Amp. ...........c.covvnnnnn. 979
TS27L4/A/B Low Power Quad CMOS Op-Amp. ............c.oou.... 989
TS27L41/A/B Low Power Quad CMOS Op-Amp. ............ccovnn.. 989
TS27L4M/AIB Low Power Quad CMOS Op-Amp. ...........covnnnnn. 989
TS27M2/A/B Medium Supply Current Dual CMOS Op-Amp. ........... 979
TS27M2I/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
TS27M4I/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
TS372I 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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UA748 Precision Single Bipolar Op-Amp. . ....... .. ... .. ...... 1071
UA748I Precision Single Bipolar Op-Amp. ..................... 1071
UA748M Precision Single Bipolar Op-Amp. ..................... 1071
UA776 Programmable Single Bipolar Op-Amp. ................. 1081
UA776l Programmable Single Bipolar Op-Amp. ................. 1081
UA776M Programmable Single Bipolar Op-Amp. ................. 1081
uC1840 Programmable, Off-Line, PWM Controller ............... 1095
uc1842 Current Mode PWM Controller ........................ 1105
uCc1843 Current Mode PWM Controller ........................ 1105
ucC1844 Current Mode PWM Controller ........................ 1105
ucC1845 Current Mode PWM Controller ........................ 1105
uc2840 Programmable, Off-Line, PWM Controller . .............. 1095
uc2842 Current Mode PWM Controller ........................ 1105
uC2843 Current Mode PWM Controller ........................ 1105
uc2s44 Current Mode PWM Controller ........................ 1105
ucC2845 Current Mode PWM Controller . ....................... 1105
uUC3840 Programmable, Off-Line, PWM Controller ............... 1095
uc3842 Current Mode PWM Controller ........................ 1105
uC3843 Current Mode PWM Controller ........................ 1105
UC3844 Current Mode PWM Controller ........................ 1105
UC3845 Current Mode PWM Controller ........................ 1105
UCN4801A Current Mode PWM Controller ........................ 1113
ULN2001A Seven Darlington Array . ........ ... ... ... ... .. ... 1117
ULN2002A Seven Darlington Array . .......... .. ... i 1117
ULN2003A Seven Darlington Array ........... ... ... ... ... .. ... 1117
ULN2004A Seven Darlington Array . .......... ... ... .. 1117
ULN2064B 50V-1.5A Quad Darlington Switch ..................... 1121
ULN2065B 80V-1.5A Quad Darlington Switch ..................... 1129
ULN2066B 50V-1.5A Quad Darlington Switch ..................... 1121
ULN2067B 80V-1.5A Quad Darlington Switch .. ................... 1129
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ULN2075B 80V-1.5A Quad Darlington Switch ..................... 1129
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ULQ2003R Seven Darlington Array . ............ .. ... ... ... 1143
ULQ2004R Seven Darlington Array ...t 1143
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SELECTION GUIDE

CMOS OP-AMPs

Package
D: Plastic micropackage
Type Description Pins | H: Metal can
J: Cerdip
N: Plastic dual in line
CMOS SINGLE
TS 271,A,.B Programmable 8 N,DJ
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 High 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 High 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 Noise 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 available in 3 Temperature ranges (0°C to 70°C, - 40°C to + 105°C, - 55°C to + 125°C) unless otherwise specified.
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SELECTION GUIDE

BIPOLAR OP-AMPs

Package
D: Plastic micropackage
Type Description Pins | H: Metal can
J: Cerdip
N: Plastic dual in 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 +105°C) 8 N,D,J
LS 204 High Performance 8 D,H,N
LS 4558N High Performance (Temp. range: 0°C to +70°C) 8 DN
MC 1458 Standard 8 N,D,J,H
MC 4558 Wide Bandwidth (Temp. range: 0°C to +70°C
—-40°C to +105°C) 8 N,D,J,H
NE 532 Low Power (Temp. range: 0°C 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 in 3 Temperature ranges (0°C to 70°C, —40°C to +105°C, - 55°C to + 125°C) unless otherwise specified.
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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
e SLEW RATE
e SUPPLY CURRENT
* INPUT BIAS
¢ NOISE
BANDWIDTH
GWR (MHz) 0.1 1 2.5 4 5.5 50
TS27LX  TS27MX  UA741 TEBX033 TLO7X  MC4558  LM318
MC3403  LM324 MC1458  TLOBX
SLEWRATE
Svo (V/ks) 0.04 0.4 -08 1 2.2 5.5 16 70
TS27LX LM324/UA741 TEBX033 MC4558  TS27X  TLO7X  LM318
MC3403/MC1458 TLOBX
SUPPLY
CURRENT
Icc (MA/ampli) 5 2.3 1.7 1.4 0.7 0.5 0.15 0.01
LM318  MC1458 UA741  TLO7X  MC4558  LM324 TS27MX  TS27LX
TLOBX  MC3403 TEBX033
INPUT BIAS
CURRENT
Iip (NA) 160 80 50 20 0.3 1pA
LM318 UA741 TEBX033 LM324 TLOXX TS27X
TS27LIMX
NOISE
Vnh (nVIVHZ) 70 38 30 18 10 8
TS27LX TS27MX TS27X TLO7X MC3403 TEBX033
TLOBX MC4558
57 SGS-THOMSON
Y/ MICROELECTRONICS
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COMPARATORS
Package
D: Plastic micropackage
Type Description Pins | H: Metal can
J: Cerdip
N: Plastic dual in ine
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,DJH
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 +105°C)| 14 N,D,J

Note* All comparators are available in 3 Temperature ranges* (0°C to 70°C, —40°C to +105°C, —55°C to +125°C)
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SELECTION GUIDE

VOLTAGE REGULATORS

STANDARD POSITIVE
1o max Regulated Output Voltage (V) Precision
T Package
(A) Ype [5[6[75]8[s5] 9 [10][12]15[18[20][2a| % ¢
LM238K * o N 4 |TO3
5 LM338K 1.2V « adjustable — 32V 4 To-3
3 LM223K [ ] 6 TO-3
LM323K (J 4 |TO-3
L78S00CV [ ] ® o 0|0 | ¢ O ] 4 TO-220
2 | L78S00CT ® ® o e 0|0 0O ®| 4 |TO3
L78S00T ") [ ] [ ] o o0 |0 0O [ ] 4 TO-3
LM117K ()] 4 | TO-3
LM217K ") _ R 4 |TO3
1.5 LM317K 1.2V < adjustable — 37V 4 T0-3
LM317T 4 TO-220
L7800CV e o oo e 0o o o|06 4 |TO-220
L7800ABV (*) |0 L] e o o o0 o 2 TO-220
1 L7800ACV L BN [ o (o o |0 o 2 TO-220
L7800CT LN L N J | o o 0o o 4 TO-3
L7800T (*") (B (B o 0| 0® 0 0| 4 |TO3
L78MO0ABV (%) L BN J L J o o0 0 O 2 TO-220
0-5 L78M00CV L BN J ® o o o 0 o 4 TO-220
L78M00CX { B ® e 0 @ 0 & 4 |SOT82
L78M00CS e 0 ® ®|® O |0 0| 4 |SOT-194
LM723CD1 3 |So0-14
LM723CH 3 TO-100
LM723CJ - 5 3 DIL-14C
0.15 | | \723CN 2.0V « adjustable - 37V 3 DIL-14P
LM723J (W] 3 DIL-14C
LM723H (") 3 TO-100
(*) —40°C to 125°C (**) —55°C to 150°C
STANDARD NEGATIVE
1o max T Regulated Output Voltage (V) Precision Pack
e ackage
Q) P 5 [52] 6 |8 [12 151820 [22]24| % cras
LM237K ) 2 |T0-3
1.5 | LM337K 1.2V « adjustable — 32V 3 TO-3
LM337SP 3 TO-220
L7900ACV e | 0 o |0 O o o o o 2 | TO-220
1 | L7900CV e o |0 o |0 06 © o o o 4 | TO-220
L7900CT e | e | 6|06 | 06 | 06 & & o o 4 | TO-3
(") —40°C to 125°C (**) —55°C to 150°C
C—YI SGS-THOMSON
MICROELECTRONICS
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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 ® [ [ J ® [ ]
L4940/41 o ([ ] [ J ® [
PROPRIETARY
T lo max Regulated Output Voltage (V) pick
e ackage
e (A) | 5 |85 | 10 | 2 | 9
L296/P ** 4 5.1V « adjustable - 40V MULTIWATT 15
L4960 (**) 25 1V « adjustable —» 40V HEPTAWATT
L200CH/CV . PENTAWATT
L200CT/T 2 2.9V < adjustable — 36V TO-3 (4 LEAD)
L4962 ** 5V « adjustable - 40V POWERDIP
12+2+2
1.5
L4940 [ )] TO-220
L4941 1.0 [ TO-220
L387A [ PENTAWATT
L4901A-2A ") [ HEPTAWATT
0.5
L4903-4A (") [ MINIDIP
L4905 (@) [ HEPTAWATT
(*) Dual regulator (**) Switch-mode
‘_' SGS-THOMSON
Y/ wicromEcTRONICS
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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 VRer VRer VREF
to 40V to 40V to 40V
Output Current (A) 4.0 25 1.5
Internal Current Limiting [ { ] [ J
Soft Start [ ] [ ] [ J
Inhibit Input [ J
Reset Output [ J
Crowbar Control [
Max. Oscillator Frequency (KHz) 200 120 120
Separate Oscillator Synch. o
Thermal Protection o [ J [ J
Package Mul:i;vatt Heptawatt 12+2+2
SPECIAL FUNCTIONS
Type Description Package
TL7700A Supply voltage supervisors designed for use as reset controllers MINIDIP

in uP 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.

— Vg=3V to 18V

— Temperature compensated voltage reference

— Externally adjustable pulse width

L7 S5EaNeRs
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SELECTION GUIDE

PWM CONTROLLERS

Operating Temperature: —55 to 125°C

20

Parameters
sa1524 | SG1s25A | sa1527A | uctsao | UG1842183%/

Voltage Reference (%) +4 +1 +1 +1 +1
Soft Start (-]
PWM Latch (<) () (2] ©
Under Voltage Lockout @ (4] (] (]
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 © [+]
Max. Oscillator Frequency (KHz) 300 500 500 500 500
Dual Uncommitted Outputs (]
Single Ended Output @ ®
Totem Pole Outputs [ J (]
Separate Oscillator Synch. Terminal [ ] (]
Adjustable Deadtime Control (] ® @ [ ]
Latch Off or Continuous Retry Mode (<]
Low Current Start-Up [ ] (]

Ly SETHINSN




SELECTION GUIDE

PWM CONTROLLERS

Operating Temperature: —25 to 85°C

Parameters
SG2524 | SG2525A | SG2527A | Uczsap | US2B421284/

Voltage Reference (%) +4 +1 +1 +1 +1
Soft Start [ J ® )
PWM Latch (] [ ] (] e
Under Voltage Lockout (] ® o (-}
Pulse by Pulse Current Limiting © ©
Shutdown Terminal ® [ ] ® (]
Output Current (A) 0.1 0.1 0.1 0.2 0.2

(0.4) (0.4) )
Feedforward @ 4
Max. Oscillator Frequency (KHz) 300 500 500 500 500
Dual Uncommitted Outputs ©
Single Ended Output [} [ J
Totem Pole Outputs [ 2 [ ]
Separate Oscillator Synch. Terminal [ J [ J
Adjustable Deadtime Control [ J [ ] [ ] [
Latch Off or Continuous Retry Mode [}
Low Current Start-Up [ J [ J

[Tl
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SELECTION GUIDE

PWM CONTROLLERS

22

Operating Temperature: 0 to 70°C
Parameters UC3842/3843/
SG3524 SG3525A | SG3527A UC3840 3844/3845

Voltage Reference (%) +8 +2 +2 +2 +2
Soft Start (-] (] ®
PWM Latch [ (-] (] -]
Under Voltage Lockout ® [} © o
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 ([ ] [ ]
Max. Oscillator Frequency (KHz) 300 500 500 500 500
Dual Uncommitted Outputs ®
Single Ended Output (] ®
Totem Pole Outputs (] [ ]
Separate Oscillator Synch. Terminal [ J @
Adjustable Deadtime Control ® @ ® o
Latch Off or Continuous Retry Mode [
Low Current Start-Up (] ©

(ST o




SELECTION GUIDE

DARLINGTON ARRAYS

Type N. Veex lo Input Configuration Package
General
L601 8 9oV 0.5A Purpose ® -
14-25V
L602 8 90V 0.4A PMOS ) -
5V PLASTIC
L603 8 Y 0.4A TTUCMOS ) > DIP-16
6-15V
L604 8 9oV 0.4A CMOS/PMOS ® -
5V
L702B 4 9oV 2A T ®
L702N 4 90V 2A f_‘fl_ ® MULTIWATT 11
L7150 4 50V 15 |V o
) TTL/CMOS
6-15V
L7152 4 50V 1.5A ® -
CMOS/PMOS MULTIWATT 15
5V
L7180 4 8oV 1.5A TTLCMOS ) -
6-15V
L7182 4 80V 1.5A CMOS/PMOS ) —»
General
ULN2001A/D 7 50V 0.5A Purpose o -
14-25V PLASTIC
ULN2002A/D 7 50V 05A | ovos o DIPA6
v AND
ULN2003A/D 7 50V 0.5A TTUCMOS ® - S0-16
6-15V
ULN2004A/D 7 50V 0.5A CMOS/PMOS ) >
General
ULQ2001R 7 50V 0.5A Purpose ) -
14-25V
ULQ2002R 7 50V 0.5A PMOS ) > CERAMIC
Y DIP-16
ULQ2003R 7 50V 0.5A TTLICMOS ® -
6-15V
ULQ2004R 7 50V 0.5A CMOS/PMOS ® -
[ ] = Common emitters. = Isolated darlingtons.
> - Integral suppresston diodes. = Predriver stage.
Ly7 SGS-THOMSON
’I MICROELECTRONICS

23



SELECTION GUIDE

DARLINGTON ARRAYS

Type N. Veex Io Input Configuration Package
5V
ULN2064B 4 50V 1.5A TTLU/CMOS i e
ULN20658 4 80V 158 |V o
- TTLCMOS
6-15V
ULN2066B 4 50V 154 | cmos/Pmos o
6-15V
ULN2067B 4 8ov 15A | cMos/PMOs *
5V
ULN2068B 4 50V 158 | oL > e
v PLASTIC
ULN2069B 4 80V 154 | vos/TTL > e DIP-16
6-15V
ULN20708B 4 50V 154 | cwosemos | @
6-15V
ULN2071B 4 8ov 154 | cvosemos | @
General
ULN2074B 4 50V 18A | Blurpose "
General
ULN2075B 4 80V T5A | purpose "
6-15V
ULN2076B 4 50V 15A | cMos/PMOS "
6-15V
ULN2077B 4 8ov 154 | cmos/PMOs =
ULN2801A 8 50V osa | Senera o
urpose
14-25V
ULN2802A 8 50V 0.5A PMOS i >
oy PLASTIC
ULN2803A 8 50V 05A | 1 omos o DIP-18
6-15V
ULN2804A 8 50V 0.5A CMOS/PMOS ¢ i
ULN2805A 8 50V osa | Hhgh Output o
[ ] = Common emitters. = Isolated darlingtons.
o = Integral suppression diodes. = Predriver stage.
" SGS-THOMSON
1 acRoELECTRONICS
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SELECTION GUIDE

BIPOLAR TIMERS

Package
| D: Plastic micropackage
Type Description Pins | H: Metal can
J: Cerdip
N: Plastic dual in line
NE 555 Single 8 N,D,J,H
NE 556 Dual 14 N,D,J

Note: Times are available 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
TS558 Single } In development
TS556 Dual
LINEAR DRIVERS
Type Description Package
L165 Power Op. Amplifier PENTAWATT
L272 Dual Power Op. Amplifier DIP-16
L272mMm 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
(°C) (ns) (ns) (mA) v)
MC1488 D Driver Oto 75 55 110/275 18 30 5014
mg:::g 20 Receivers 0to 75 }gg gg 12 10
MC1488 P Driver 0to 75 55 110/275 18 30
“Mng::gg SP Receivers 0to 75 }gg gg 13 10 DIP-14
MC1488 L Driver Oto 75 55 110/275 18 30
MC1489 AL Receivers 0to 75 120 25 16 10 CET;A:A“IC
MC1489 L 120 25 10
57 $os:momson
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SELECTION GUIDE

DATA CONVERSION

Temperature Package
Type Accuracy range (°C) D: Plastic micropackage
H: Metal can
J: Cerdip
N: Plastic dual in line
DAC0808 LCN DIP-16
DACO0808 LCJ . 0to 75 CERAMIC DIP-16
DAC0808 D1 8 bit SO-16
DACO0808 LJ —-551t0 125 CERAMIC DIP-16
DACO0807 LCN DIP-16
DACO0807 LCJ 7 bit 0to 75 CERAMIC DIP-16
DAC0807 D1 SO-16
DAC0806 LCN DIP-16
DACO0806 LCJ 6 bit 0to 75 CERAMIC DIP-16
DACO0806 D1 SO-16
AM6012 DC . g
AM6012 ADC 12 bit 0to 70 DIP-20
AM6012 D .
-20L
AMG012 AD 12 bit 0to 70 SO-20
MISCELLANEOUS
Type Description Pins Package
LM 334 Adjustable Current Source (Temp. ranges: 0°C to
+70°C, —25°C to +100°C, —-55°C to +125°C) 3 Z
LM 335/A Precision Temperature Sensor (Temp. ranges: —40°C to
+100°C, —40°C to +125°C, —55°C to +150°C) 8,3 D,Z
LM 336/A/B 2.5V Voltage Reference (Temp. ranges: 0°C to +70°C
—25°C to +85°C) 8,3 D,Z
L5832 Solenoid Controller Temp. Range: 0 to 70°C 16 DIP
L6221A/N Quad Darlington Switch Temp. Range: 0 to 70°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

26
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CROSS REFERENCE

NEAREST NEAREST
INDUSTRY INDUSTRY
SOURCE SGS-THOMSON SOURCE SGS-THOMSON
STANDARD TYPE STANDARD TYPE
AMB012APC  |AMD AMB012APC DS1489AJ  |NATIONAL MC1489AL
AM6012PC AMD AM6012PC DS1489AN NATIONAL MC1489AP
CAOBIAE  |RCA TLOB1ACN DS1489J NATIONAL MC1489L
CAOBIBE  |RCA TLOB1BCN DS1489N NATIONAL MC1489P
CAOB1E RCA TLOB1CN ITT552 T ULN2001A
CAOB2AE  |RCA TLOS2ACN ITT554 ITT ULN2002A
CA08B2BE  |RCA TLO82BCN ITT556 T ULN2003A
CA082E RCA TLO82CN LF255M NATIONAL LF255D
CAOB4AE  |RCA TLOB4ACN LF255N NATIONAL LF255N
CAOB4BE  |RCA TLOB4BCN LF256M NATIONAL LF256D
CAOB4E RCA TLO84CN 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
CA158E RCA LM158N LF351M NATIONAL LF351D
CA224E RCA LM224N LF351N MOTOROLA  |LF351N
CA239AE  |RCA LM239AN LF351N NATIONAL LF351N
CA239AF RCA LM239AJ LF353M NATIONAL LF353D
CA239E RCA LM239N LF353N MOTOROLA  |LF353N
CA239F RCA LM239J LF353N NATIONAL LF353N
CA258E RCA LM258N 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 NES555N 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 UA748CH LM124AJ TEXAS LM124AJ
CA748T RCA UA748J LM124D SIGNETICS LM124D
DACO0806LCJ | NATIONAL DAC0806LCJ LM124F SIGNETICS LM124J
DACOBOSLCN | NATIONAL DACO806LCN LM124J MOTOROLA  |LM124J
DACO0807LCJ | NATIONAL DAC0807LCJ LM124J NATIONAL LM124J
DACO0807LCN | NATIONAL DAC0807LCN LM124J TEXAS LM124J
DACO0808LCJ | NATIONAL DAC0808LCJ LM124N SIGNETICS LM124N
DACOB0SLCN | NATIONAL DAC080BLCN LM1398AD | SIGNETICS LM139AD
DAC0808LJ | NATIONAL DAC0808LJ LM139AF  |SIGNETICS LM139AJ
DS1488J NATIONAL MGC1488L LM139AJ MOTOROLA | LM139AJ
DS1488N NATIONAL MC1488P LM139AJ NATIONAL LM139AJ
L7 SGS-THOMSON
7’ MICROELECTRONICS
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CROSS REFERENCE

28

NEAREST NEAREST
INDUSTRY INDUSTRY
SOURCE SGS-THOMSON SOURCE SGS-THOMSON

STANDARD TYPE STANDARD TYPE
LM139AJ TEXAS LM139AJ LM237K MOTOROLA LM237K
LM139D SIGNETICS LM138D LM237K STEEL NATIONAL (LM237K
LM139F SIGNETICS LM139J LM238K STEEL NATIONAL |LM238K
LM139J MOTOROLA LM139J LM239AD SIGNETICS LM239AD
LM139J NATIONAL LM139J LM239AD TEXAS LM239AD
LM139J TEXAS LM139J LM239AF SIGNETICS LM239AJ
LM139N SIGNETICS LM139N LM239AJ MOTOROLA LM239AJ
LM1458M NATIONAL MC1458D LM239AJ NATIONAL LM239AJ
LM1458N NATIONAL MC1458N LM239AJ TEXAS LM239AJ
LM146J NATIONAL LM146J LM239AN SIGNETICS LM239AN
LM148J MOTOROLA LM148J LM239AN TEXAS LM239AN
LM148J NATIONAL LM148J LM239D MOTOROLA LM239D
LM148J TEXAS LM148J LM239D SIGNETICS LM239D
LM158AJ NATIONAL LM158AJ LM239D TEXAS LM239D
LM158AJG TEXAS LM158AJ LM23gF SIGNETICS LM239J
LM158F SIGNETICS LM158J LM239J MOTOROLA LM239J
LM158J MOTOROLA LM158J LM239J NATIONAL LM239J
LM158J NATIONAL LM158J LM239J TEXAS LM239J
LM158JG TEXAS LM158J LM239N SIGNETICS LM239N
LM158N SIGNETICS LM158N LM239N TEXAS LM239N
LM193AF SIGNETICS LM193AJ LM246J NATIONAL LM246J
LM193AJ NATIONAL LM193AJ LM248D TEXAS LM248D
LM193AJG TEXAS LM193AJ LM248N TEXAS LM248N
LM193D SIGNETICS LM193D LM258AJG TEXAS LM258AJ
LM193J NATIONAL LM193J LM258D MOTOROLA LM258D
LM193N SIGNETICS LM193N LM258D TEXAS LM258D
LM201AD MOTOROLA LM201AD LM258F SIGNETICS LM258J
LM201AD TEXAS LM201AD LM258JG TEXAS LM258J
LM201AM NATIONAL LM201AD 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

NEAREST NEAREST
INDUSTRY INDUSTRY
SOURCE SGS-THOMSON SOURCE SGS-THOMSON

STANDARD TYPE STANDARD TYPE
LLM2903M 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 LLM2904N 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 LLM324N 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 LLM334Z 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

r SGS-THOMSON
Y/ ncroEEcTROMCE
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CROSS REFERENCE

30

NEAREST NEAREST
gﬁm\% SOURCE SGS-THOMSON sI#DA:gI\% SOURCE SGS-THOMSON
TYPE TYPE
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 LM330J 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 NES555N
LM339N SIGNETICS LM339N LM556CJ NATIONAL NE556J
LM339N TEXAS LM339N LM556CM | NATIONAL NE556D
LM3403J NATIONAL MC3403J LM556CN | NATIONAL NE556N
LM3403M | NATIONAL MC3403D LM556J NATIONAL SE5564
LM3403N NATIONAL MC3403N LM723CH | NATIONAL LM723CH
LM346J NATIONAL LM346J LM723CJ NATIONAL LM723CD
LM346M NATIONAL LM346D LM723CM | NATIONAL LM723CD
LM346N NATIONAL LM346N LM723CN | NATIONAL LM723CN
LM348D MOTOROLA | LM348D LM723H NATIONAL LM723H
LM348D TEXAS LM348D LM723J NATIONAL LM723J
LM348M NATIONAL LM348D LM741AH | NATIONAL UA741AH
LM348N MOTOROLA | LM348N LM741AJ NATIONAL UA741AJ
LM348N NATIONAL LM348N 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 UA741
LM358D MOTOROLA | LM358D LM748CH | NATIONAL UA748CH
LM358D SIGNETICS LM358D LM748CJ NATIONAL UA748CJ
LM358D TEXAS LM358D LM748CN | NATIONAL UA748MH
LM358F SIGNETICS LM358J LM748J NATIONAL UA748J
LM358J MOTOROLA | LM358J LMCB60AIN | NATIONAL TS27M4BIN
LM358J NATIONAL LM358J LMC660CN | NATIONAL TS27M4ACN
LM358JG TEXAS LM358J LM7805CK | NATIONAL L7805CT
LM358M NATIONAL LM358D LM7805CT | NATIONAL L7805CV
LM358N MOTOROLA | LM358N LM7812CK | NATIONAL L7812CT
LM358N NATIONAL LM358N LM7812CT | NATIONAL L7812CV
LM358N 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 | LM333AN LM7915CK | NATIONAL L7915CT
LM393AN | NATIONAL LM393AN LM7915CT | NATIONAL L7915CV
LM323AN | SIGNETICS LM393AN MC1408L6 | MOTOROLA | DAC0806LCJ
LM393AP | TEXAS LM393AN MC1408L7 | MOTOROLA | DAC0807LCJ
LM393D MOTOROLA | LM393D MC1408L8 | MOTOROLA | DAC0808LCJ
LM393D SIGNETICS LM393D MC1408P6 | MOTOROLA | DACO80BLCN
LM393D TEXAS LM393D MC1408P7 | MOTOROLA | DAC0807LCN
LM393F SIGNETICS LM393J MC1408P8 | MOTOROLA | DACO80BLCN
Kﬁ SGS-THOMSON
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MC1455D MOTOROLA NE555D MC3303J TEXAS MC3303J
MC1455P1 |MOTOROLA  |NE555N MC3303L MOTOROLA | MC3303J
MC14550  |MOTOROLA  |NE555. 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 | DAC080SLJ MC3456P | MOTOROLA | NE556N
MC1558D | SIGNETICS MC1558D MC3503F | SIGNETICS MC3503J
MC1558FE | SIGNETICS MC15584 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 | UA748CN MC7806K | MOTOROLA | L7806T
MC1748CU | MOTOROLA | UA748CJ MC7808ACT | MOTOROLA | L7808ACV
MC1748G | MOTOROLA | UA748MH MC7808CK | MOTOROLA | L7808CT
MC17480 | MOTOROLA | UA748J MC7808CT | MOTOROLA | L7808CV
MC1776CD | MOTOROLA | UA778CD MC7808K | MOTOROLA | L7808T
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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MG7824ACT |MOTOROLA | L7824ACV RV4558P TEXAS MC4558IN
MC7824CT  |MOTOROLA  |L7824CV SA1458D SIGNETICS MC1458ID
MC7824K  |MOTOROLA  |L7824T SA1458N SIGNETICS MC1458IN
MC78MO5CT |MOTOROLA | L78MO5CV SA4558N SIGNETICS MC4558IN
MC78MOGCT |MOTOROLA | L78MO6CV SA532D SIGNETICS LM2904D
MC78MO08CT |MOTOROLA | L78M08CV SA532FE SIGNETICS LM2904J
MC78M12CT |MOTOROLA  |L78Mi2CV SA532N SIGNETICS LM2904N
MC78M15CT |MOTOROLA  |L78M15CV SA534D SIGNETICS LM2902D
MC78M18CT |MOTOROLA  |L78M18CV SA534F SIGNETICS LM2902J
MC78M24CT |MOTOROLA | L78M24CV SA534N SIGNETICS LM2902N
MC7905CK |MOTOROLA  |L7905CT SAB55D TEXAS SA555D
MC7905CT  |MOTOROLA  |L7905CV SAB55JG TEXAS SAB55J
MC7908CK | MOTOROLA | L7908CT SAB55P TEXAS SAB55N
MC7908CT |MOTOROLA  |L7908CV SA556D TEXAS SA556D
MC7912CK |MOTOROLA  |L7912CT SA5564 TEXAS SA556J
MC7912CT  |MOTOROLA  |L7912CV SAB56N TEXAS SA556N
MC7915CK | MOTOROLA | L7915CT SA741CN | SIGNETICS UA741IN
MC7915CT  |MOTOROLA | L7915CV SE555F SIGNETICS SE558)
MC7918CK | MOTOROLA  |L7918CT SE556J TEXAS SE556J
MC7918CT |MOTOROLA  |L7918CV SG1524J SIL.GEN. SG1524J
MC7924CK  |MOTOROLA | L7924CT SG1525A) | SIL.GEN. SG1525AJ
MC7924CT |MOTOROLA | L7924CV SG1527A) | SIL.GEN. SG1527AJ
MC7952CK | MOTOROLA  |L7952CT SG2001J SIL.GEN. ULQ2001R
MC7952CT | MOTOROLA | L7952CV SG2001N SIL.GEN. ULN2001A
NE4558D SIGNETICS MC4558CD SG2002. 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 NES555D SG2524N SIL.GEN. SG2524J
NES55F SIGNETICS NE555J SG2525AJ | SIL.GEN. SG2525AJ
NES555JG TEXAS NE555J SG2525AN | SIL.GEN. SG2525AN
NES555N 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 SG3525A) | SIL.GEN. SGa525A)
NE556N SIGNETICS NE556N SG3525AN | SIL.GEN. SG3525AN
NES556N TEXAS NE556N SG3527AJ | SILGEN. 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 | SILICONIX SG1525A SN75067NE | TEXAS ULN20678
PWM125BK | SILICONIX SG2525AJ SN75068NE | TEXAS ULN2068B
PWM125CK | SILICONIX SG3525AJ SN75069NE | TEXAS ULN20698
RC1488DC | RAYTHEON | MC1488L SN75074NE | TEXAS ULN2074B
RC1489ADC | RAYTHEON MC1489AL SN75075NE | TEXAS ULN20758
RC1489DC | RAYTHEON MC1489L SN75188) | TEXAS MC1488L
RC4558D | TEXAS MC4558CD SN75188N | TEXAS MC1488P
RC4558JG | TEXAS MC4558CJ SN75189AN | TEXAS MC1489AP
RC4558P TEXAS MC4558CN SN75189AT | TEXAS MC1489AL
Lyy 36STHOMSON
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SN75189) | TEXAS MC1489L TLOB4BCN | TEXAS TLOG4BCN
SN75189N | TEXAS MC1489P TL0B4CD TEXAS TLOB4CD
TA7504P TOSHIBA UA741CN TLOBACN TEXAS TLOG4CN
TA75061P | TOSHIBA TLOG1CN TLO64ID TEXAS TLO64ID
TA75062F | TOSHIBA TL062CD TLOG4IN TEXAS TLOG4IN
TA75062P | TOSHIBA TLOB2CN TLO70ACP  |MOTOROLA  |TLO72ACN
TA75064F | TOSHIBA TLOB4CD TLO7IACD | TEXAS TLO71ACD
TA75064P | TOSHIBA TLOB4IN TLO7IACP  |MOTOROLA  |TLO71ACN
TA75064P | TOSHIBA TLOB4CN TLO7AACP | TEXAS TLO71ACN
TA7506P TOSHIBA LM301AN TLO7IBCD | TEXAS TLO71BCD
TA75071F | TOSHIBA TLO71CD TLO71IBCP  |MOTOROLA  |TLO71BCN
TA75071P | TOSHIBA TLO71CN TLO7IBCP | TEXAS TLO71BCN
TA75072F | TOSHIBA TLO72CD TLO71CD TEXAS TLO71CD
TA75072P | TOSHIBA TLO72CN TLO71CP MOTOROLA  |TLO71CN
TA75074F | TOSHIBA TLO74CD TLO71CP TEXAS TLO71CN
TA75074P | TOSHIBA TLO74CN TLO71ID TEXAS TLO71ID
TA75330F | TOSHIBA LM2901D TLO71IP TEXAS TLO71IN
TA75339P | TOSHIBA LM2901N TLO72ACD | TEXAS TLO72ACD
TA75358CF | TOSHIBA LM358D TLO72ACP | TEXAS TLO72ACN
TA75358CP | TOSHIBA LM358N TLO72BCD | TEXAS TLO72BCD
TA75358F | TOSHIBA LM2904D TLO72BCP  |MOTOROLA | TLO72BCN
TA75358P | TOSHIBA LM2904N TLO72BCP | TEXAS TLO72BCN
TA75393F | TOSHIBA LM2903D TLO72CD TEXAS TL072CD
TA75393P | TOSHIBA LM2903N TLO72CP MOTOROLA | TLO72CN
TA7540P TOSHIBA UA776IN TLO72CP TEXAS TLO72CN
TA75458F | TOSHIBA MC1458D TLO72ID TEXAS TLO72ID
TA75558F | TOSHIBA MC4558CD TLO72IP TEXAS TLO72IN
TA75558P | TOSHIBA MC4558CN TLO74ACD | TEXAS TLO74ACD
TA7555F TOSHIBA NES555D TLO74ACN  |MOTOROLA | TLO74ACN
TA7555P TOSHIBA NE555N TLO74ACN | TEXAS TLO74ACN
TA75902F | TOSHIBA LM2902D TLO74BCD | TEXAS TL074BCD
TA75902P | TOSHIBA LM2902N TLO74BCN  |MOTOROLA  |TLO74BCN
TBA222 SIEMENS UA741H TLO74BCN | TEXAS TLO74BCN
TBA222B SIEMENS UA741N TLO74CD TEXAS TLO74CD
TBB741G | SIEMENS UA741CD TLO74CN MOTOROLA | TLO74CN
TDA0200SP | THOMSON L200CV TLO74CN TEXAS TLO74CN
TLOGIACD | TEXAS TLOG1ACD TLO74ID TEXAS TLO74ID
TLOGIACP | TEXAS TLOG1ACN TLO74IN TEXAS TLO74IN
TLO61BCD | TEXAS TLO61BCD TLOBIACD | TEXAS TLOB1ACD
TLOG1BCP | TEXAS TLOG1BCN TLOBIACP  |MOTOROLA | TLOB1ACN
TLO61CD TEXAS TLOB1CD TLOBIACP | TEXAS TLOS1ACN
TLOBICP TEXAS TLOB1CN TLOBIBCD | TEXAS TLO81BCD
TLOG1ID TEXAS TLO61ID TLOB1IBCP | MOTOROLA | TLOB1BCN
TLOB1IP TEXAS TLO61IN TLOBIBCP | TEXAS TLOB1BCN
TLO62ACP | TEXAS TLOB2ACN TLOB1CD TEXAS TLO81CD
TLOB62ACPD | TEXAS TLOB2ACD TLO81CP MOTOROLA | TLOSICN
TLOB2BCD | TEXAS TL062BCD TLOB1CP TEXAS TLOB1CN
TLOB2BCP | TEXAS TLOB2BCN TLO81ID TEXAS TLO81ID
TLO62CD TEXAS TLO62CD TLOB1IP TEXAS TLOB1IN
TLO62CP TEXAS TLO62CN TLOB2ACD | TEXAS TLO82ACD
TLO62ID TEXAS TLO62ID TLOB2ACP | MOTOROLA | TLOB2ACN
TLOB2IP TEXAS TLOB2IN TLOB2BCD | TEXAS TLO82BCD
TLOB4ACD | TEXAS TLOB4ACD TLOS2BCP | MOTOROLA | TLOB2BCN
TLOBAACN | TEXAS TLOB4ACN TLOB2BCP | TEXAS TLO82BCN
TLOG4BCD | TEXAS TLO64BCD TL082CD TEXAS TL082CD
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TLO82CP MOTOROLA | TLO82CN TLC274D | TEXAS TS2741D
TLO82CP MOTOROLA  |TLO82CN TLC274IN | TEXAS TS274IN
TLO82ID TEXAS TLO82ID TLC27L2ACD |TEXAS TS27L2ACD
TLOB2IP TEXAS TLOB2IN TLC27L2ACP |TEXAS TS27L2ACN
TLOB4ACD | TEXAS TLOB4ACD TLC27L2AID | TEXAS TS27L2AID
TLOB4ACN  |MOTOROLA | TLOB4ACN TLC27L2AIP | TEXAS TS27L2AIN
TLOB4ACN | TEXAS TLOB4ACN TLC27L2BCD | TEXAS TS27L2BCD
TLOB4BCD | TEXAS TLO84BCD TLC27L2BCP | TEXAS TS27L2BCN
TLOB4BCN  |MOTOROLA | TLOB4BCN TLC27L2BID | TEXAS TS27L2BID
TLOB4BCN | TEXAS TLOB4BCN TLC27L2BIP | TEXAS TS27L2BIN
TLOBACD  |TEXAS TL084CD TLC27L2CD | TEXAS TS27L2CD
TLOB4CN MOTOROLA | TLO84CN TLC27L2CP | TEXAS TS27L2CN
TLOB4CN TEXAS TLOB4CN TLC27L2ID | TEXAS TS27L2ID
TLO84ID TEXAS TLO84ID TLCo7L2IP | TEXAS TS27L2IN
TLOB4IJ TEXAS TLOB4I TLC27L4ACD | TEXAS TS27L4ACD
TLO84IN TEXAS TLOB4IN 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 TLC27L4ID | TEXAS TS27L4ID
TLC271BCD | TEXAS TS271BCD TLC27L4IN | TEXAS TS27L4IN
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
TLC271ID | TEXAS TS271ID TLC27M2BCP | TEXAS TS27M2BCN
TLC271IP | TEXAS TS271IN TLC27M2BID | TEXAS TS27M2BID
TLC272ACD | TEXAS TS272ACD TLC27M2BIP | TEXAS TS27M2BIN
TLC272ACP | TEXAS TS272ACN TLC27M2CD | TEXAS TS27M2CD
TLC272AID | TEXAS TS272AID TLC27M2CP | TEXAS TS27M2CN
TLC272AIP | TEXAS TS272AIN TLC27M2ID | TEXAS TS27M2ID
TLC272BCD | TEXAS TS272BCD TLC27M2IP | TEXAS TS27M2IN
TLC272BCP | TEXAS TS272BCN TLC27M4ACD | TEXAS TS27M4ACD
TLC272BID | TEXAS TS272BID TLC27M4ACN | TEXAS TS27M4ACN
TLC272BIP | TEXAS TS272BIN TLC27M4AID | TEXAS TS27M4AID
TLC272CD | TEXAS T8272CD TLC27M4AIN | TEXAS TS27M4AIN
TLC272CP | TEXAS T8272CN TLC27M4BCD | TEXAS TS27M4BCD
TLC272ID | TEXAS TS272ID TLC27M4BCN | TEXAS TS27M4BCN
TLC272P | TEXAS TS272IN TLC27M4BID | TEXAS TS27M4BID
TLC274ACD | TEXAS TS274ACD TLC27M4BIN | TEXAS TS27M4BIN
TLC274ACN | TEXAS TS274ACN TLC27M4CD | TEXAS TS27M4CD
TLC274AID | TEXAS TS274AID TLC27MACN | TEXAS TS27M4CN
TLC274AIP | TEXAS TS274AIN TLC27M4ID | TEXAS TS27M4ID
TLC274BCD | TEXAS TS274BCD TLC27M4IN | TEXAS TS27M4IN
TLC274BCN | TEXAS TS274BCN TLC372CD | TEXAS T8372CD
TLC274BID | TEXAS TS274BID TLC372CP | TEXAS TS372CN
TLC274BIP | TEXAS TS274BIN TLC372ID | TEXAS TS372ID
TLC274CD | TEXAS TS274CD TLC372IP | TEXAS TS372IN
TLC274CN | TEXAS TS274CN TLC374CD | TEXAS TS374CD
L3y sts-THOMSON
MICROELECTRONICS




CROSS REFERENCE

NEAREST NEAREST
INDUSTRY INDUSTRY
SOURCE SGS-THOMSON SOURCE SGS-THOMSON

STANDARD TYPE STANDARD TYPE
TLC374CN TEXAS TS374CN UA741CP TEXAS UA741CN
TLC374ID TEXAS TS374I1D UA741EHC FAIRCHILD UA741EH
TLC374IN TEXAS TS374IN 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
UA233DV FAIRCHILD LM239J UA748HC FAIRCHILD UA748CH
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
UAS01ATC FAIRCHILD LM301AN UA771ASC FAIRCHILD TLO71BCD
UA308ASC FAIRCHILD LM308AD UA771ATC FAIRCHILD TLO7BCN
UAB0BATC FAIRCHILD LM308AN UA771BSC FAIRCHILD TLO71ACD
UA308SC FAIRCHILD LM308D UA771BTC FAIRCHILD TLO71ACN
UA308TC FAIRCHILD LM308N UA771SC FAIRCHILD TLO71CD
UA311SC FAIRCHILD LM311D UA771TC FAIRCHILD TLO71CN
UA311TC FAIRCHILD LM331N UA772ASC FAIRCHILD TLO72BCD
UA324DC FAIRCHILD LM324J UA772ATC FAIRCHILD TLO72BCN
UA324PC FAIRCHILD LM324N UA772BSC FAIRCHILD TLO72ACD
UA324SC FAIRCHILD LM324D UA772BTC FAIRCHILD TLO72ACN
UA3302DV FAIRCHILD MC3302J UA772SC FAIRCHILD TLO72CD
UA3302PV FAIRCHILD MC3302N UA772TC FAIRCHILD TLO72CN
UA3302SV FAIRCHILD MC3303D UA774BPC FAIRCHILD TLO72ACN
UA3303DV FAIRCHILD MC3303J UA774DC FAIRCHILD TLO74CJ
UAS3303PV FAIRCHILD MC3303N UA774PC FAIRCHILD TLO74CN
UA339DC FAIRCHILD LM339J UA774SC FAIRCHILD TLO74CD
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)
UA555SC FAIRCHILD NES55D UC1842N UNITRODE UC1842N
UAS555TC FAIRCHILD NES55N uC2840J UNITRODE uC2840J
UAS556PC FAIRCHILD NES56N UC2840N UNITRODE UC2840N
UA723CFP THOMSON LM723CD ucas42J UNITRODE uc2as42J
UA741AHM FAIRCHILD UA741AH UC2842N UNITRODE UC2842N
UA741ARM FAIRCHILD UA741AJ UC3840J UNITRODE UC3840J
UA741CD SIGNETICS UA741CD UC3840N UNITRODE UC3840N
UA741CD TEXAS UA741CD uc3s42J UNITRODE uCc3s42J
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 UuA723CN 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 UA723MIN | 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 ULN20648 UA7806KC | FAIRCHILD L7806CT
ULN2065B | SPRAGUE ULN20658 uA7806KM | FAIRCHILD L7806T
ULN2065NE | TEXAS ULN20658 uA7806UC | FAIRCHILD L7806CV
ULN2066B | SPRAGUE ULN2066B UA7808CKC | TEXAS L7808CV
ULN2066NE | TEXAS ULN20668 UA7808KC | FAIRCHILD L7808CT
ULN20678 | SPRAGUE ULN20678 UA7808KM | FAIRCHILD L7808T
ULN2067NE | TEXAS ULN20678 uA7808UC | FAIRCHILD L7808CV
ULN2068B | SPRAGUE ULN2068B uA7812CK | THOMSON L7812CT
ULN2068NE | TEXAS ULN2068B UA7812CKC | TEXAS L7812CV
ULN2069B | SPRAGUE ULN20698 uA7812CSP | THOMSON L7812CV
ULN206ONE | TEXAS ULN20698 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 ULN20758 UA7815CSP | THOMSON L7815CV
ULN2075NE | TEXAS ULN20758 UA7815KC | FAIRCHILD L7815CT
ULN20768 | SPRAGUE ULN2076B uA7815KM | FAIRCHILD L7815T
ULN2077B | SPRAGUE ULN20778 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 uA78MOSCKC | TEXAS L78MO5CV
uA1489DC | FAIRCHILD MC1489L uA78MO5UC | FAIRCHILD L78MO5CV
UA1489PC | FAIRCHILD MC1489P UA78MOBCKC | TEXAS L78MO6CV
uA723CDP | THOMSON LM723CN uA78MOBUC | FAIRCHILD L78MO6CV
UA723CF PHIL.SIGN. LM723CJ uA78MOBCKC | TEXAS L78MO8CV
uA723CFP | THOMSON LM723CD uA78MOBUC | FAIRCHILD L78MO8CV
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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
uA78812CK | THOMSON L78812CT 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
UA9B68PC | FAIRCHILD ULN2004A
UPC1458C | NEC MC1458N
UPC1458G | NEC MC1458D
UPC1555C | NEC NES555N
UPC1558C | NEC MC1558N
UPC156D | NEC LM208N
UPC157C | NEC LM201AN
UPC159D | NEC LM318N
UPC251C | NEC MC1458IN
UPC251G | NEC MC1458ID
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 |TLO71BCD
UA224PV FAIRCHILD | LM224N UA771ATC FAIRCHILD |TLO71BCN
UA239DV FAIRCHILD | LM239J UA771BSC FAIRCHILD |TLO71ACD
UA239PV FAIRCHILD | LM239N UA771BTC FAIRCHILD |TLO71ACN
UA239SV FAIRCHILD | LM239D UA771SC FAIRCHILD |TLO71CD
UA2901DV FAIRCHILD | LM2901J UA771TC FAIRCHILD |TLO71CN
UA2901PV FAIRCHILD | LM2901N UA772ASC FAIRCHILD |TLO72BCD
UA2902PV FAIRCHILD | LM2902N UA772ATC FAIRCHILD |TLO72BCN
UA301ASC FAIRCHILD | LM301AD UA772BSC FAIRCHILD | TLO72ACD
UA301ATC FAIRCHILD | LM301AN UA772BTC FAIRCHILD | TLO72ACN
UA308ASC FAIRCHILD | LM308AD UA772SC FAIRCHILD |TLO72CD
UA308ATC FAIRCHILD | LM308AN UA772TC FAIRCHILD |TLO72CN
UA308SC FAIRCHILD | LM308D UA774BPC FAIRCHILD | TLO74ACN
UA308TC FAIRCHILD | LM308N UA774DC FAIRCHILD | TL074CJ
UA311SC FAIRCHILD | LM311D UA774PC FAIRCHILD | TLO74CN
UA311TC FAIRCHILD | LM311N UA774SC FAIRCHILD | TLO74CD
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
UA33028V 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
UAS555TC FAIRCHILD | NE5S55N uA7815UC FAIRCHILD | L7815CV
UAS556PC 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 UA78MO06UC FAIRCHILD | L78M06CV
UA741ETC FAIRCHILD | UA741EN uA78M08UC FAIRCHILD | L78M08CV
Lyy SGS-THOMSON
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uA78M12UC FAIRCHILD |L78M12CV LM308N MOTOROLA | LM308N
uA78M15UC FAIRCHILD |L78M15CV LM311D MOTOROLA |LM311D
UA78M24UC | FAIRCHILD |L78M24CV LM311J MOTOROLA | LM311J
UA7905KC FAIRCHILD |L7905CT LM311N 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
LM339N MOTOROLA | LM339N
MOTOROLA 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 | NES55J
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
LM1584 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 | LM308AD MC34002AP | MOTOROLA | MC34002AN
LM308AN MOTOROLA | LM308AN MC34002BP | MOTOROLA | MC34002BN
LM308D MOTOROLA | LM308D MC34002P MOTOROLA | MC34002N
LM308J MOTOROLA | LM308J MC34004AP | MOTOROLA | MC34004AN
LS7 SGS-THOMSON
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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 TLO70ACP MOTOROLA | TLO72ACN
MC3456L MOTOROLA | NE556J TLO71ACP MOTOROLA | TLO71ACN
MC3456P MOTOROLA | NES56N TLO71BCP MOTOROLA | TLO71BCN
MC3503L MOTOROLA | MC3503J TLO71CP MOTOROLA | TLO71CN
MC3556L MOTOROLA | SE556J TLO72BCP MOTOROLA |TL072BCN
MC4558CP1 | MOTOROLA |MC4558CN TLO72CP MOTOROLA |TL072CN
MC4558CU MOTOROLA | MC4558CJ TLO74ACN MOTOROLA | TLO74ACN
MG7805ACT | MOTOROLA |L7805ACV TLO74BCN MOTOROLA | TLO74BCN
MC7805CK MOTOROLA | L7805CT TLO74CJ MOTOROLA |TL074CJ
MC7805CT MOTOROLA | L7805CV TLO74CN MOTOROLA | TLO74CN
MC7805K MOTOROLA | L7805T TLOB1ACP MOTOROLA |TLOB1ACN
MC7606ACT | MOTOROLA |L7606ACV TLO81BCP MOTOROLA | TLOB1BCN
MC7806CK MOTOROLA | L78C6CT TLOB1CP MOTOROLA |TL081CN
MC7806CT MOTOROLA | L7806CV TLOB2ACP MOTOROLA | TLOB2ACN
MC7806K MOTOROLA |L7806T TLO82BCP MOTOROLA | TLO82BCN
MC7808ACT | MOTOROLA |L780BACV TLOB2CP MOTOROLA | TL082CN
MC7808CK MOTROLA | L7808CT TLOB4ACJ MOTOROLA | TLOB4ACJ
MC7808CT MOTOROLA | L7808CV TLOB4ACN MOTOROLA | TLOB4ACN
MC7808K MOTOROLA | L7808T TL084BCJ MOTOROLA | TL084BCJ
MC7812ACT | MOTOROLA |L7812ACV TLOB4BCN MOTOROLA | TLO84BCN
MC7812CK MOTOROLA |L7812CT TL084CJ MOTOROLA | TL084CJ
MC7812CT MOTOROLA |L7812CV TLOB4CN 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
MC78MO0SCT | MOTOROLA |L78MO5CV LM317T NATIONAL | LM317T
MC78MO08CT | MOTOROLA |L78MOGCV LM323K NATIONAL | LM323K
MC78M0SCT | MOTOROLA | L78MO8CV LM337K NATIONAL | LM337K
MC78M12CT | MOTOROLA |L78M12CV LM337T NATIONAL | LM337SP
MC78M15CT | MOTOROLA |L78M15CV LF347J NATIONAL | LF347J
MC78M18CT | MOTOROLA | L78M18CV 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
MC7918CT MOTOROLA | L7918CV LF356AN NATIONAL | LF356AN
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LF356M NATIONAL  |LF356D LMm319J 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 LM3302J NATIONAL MC3302J
LM139J NATIONAL LM139J LM3302N NATIONAL MC3302N
LM1458M NATIONAL MC1458D LM3303N NATIONAL MC3303N
LM1458N NATIONAL | MC1458N Lm334Z NATIONAL | LM334Z
LM146J NATIONAL  |LM146J tm3g5gM mT'gNA'- LM335Z
LM158AJ NATIONAL | LM158AJ LM336M NATIONAL | CM336D
LM158. NATIONAL | LM158. LM336Z NATIONAL  |LM336Z
LM193AJ NATIONAL | LM193AJ LM333AJ NATIONAL | LM339AJ
LM193J NATIONAL | LM193J

LM339AM NATIONAL | LM339AD
LM201AM NATIONAL | LM201AD LM339AN NATIONAL | LM339AN
LM201AN NATIONAL | LM201AN

LM339J NATIONAL | LM339J
LM219J NATIONAL | LM219J

LM339M NATIONAL | LM339D
LM224AJ NATIONAL | LM224AJ 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 LM348M NATIONAL | LM348D
LM2902J NATIONAL | LM2902J LM348N 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 | LM358D
LM2904M NATIONAL | LM2904D LM358N NATIONAL | LM358N
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-8 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 | LM311D LM723CJ NATIONAL | LM723CD
LM311N NATIONAL | LM311N LM723CM NATIONAL | LM723CD
LM318M NATIONAL | LM318D LM723CN NATIONAL | LM723CN
LM318N NATIONAL | LM318N LM723H NATIONAL | LM723H
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NEAREST NEAREST
INDUSTRY INDUSTRY
SOURCE SGS-THOMSON SOURCE SGS-THOMSON
STANDARD e STANDARD P
LM723J NATIONAL | LM723 UPC3403G NEC MC3403D
LM741AH NATIONAL | UA741AH UPC356C NEC LF356N
UM741AJ NATIONAL | UA741AJ UPC357C NEC LF357N
LM741CH NATIONAL | UA741CH UPC358C NEC LM358N
LM741CJ NATIONAL | UA741CJ UPC358G 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 | UA748CJ 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 TLOB1ACN
LM7812CK NATIONAL | L7812CT CA081BE RCA TLOB1BCN
LM7812CT NATIONAL | L7812CV CA081E RCA TLOBICN
LM7815CK NATIONAL | L7815CT CA082AE RCA TLOB2ACN
LM7815CT NATIONAL | L7815CV CA082BE RCA TLO82BCN
LM7905CK NATIONAL | L7905CT CA082E RCA TLO82CN
LM7905CT NATIONAL | L7905CV CA0BAE RCA TLOB4ACN
LM7912CK NATIONAL | L7912CT CA084BE RCA TLO84BCN
LM7912CT NATIONAL | L7912CV CA0B4E RCA TLOB4CN
LM7915CK NATIONAL | L7915CT CA124E RCA LM124N
LM7915CT NATIONAL L7915CV CA139AF RCA LM139AJ
LMCB60AIN NATIONAL | TS27M4BIN CA139E RCA LM139N
LMCB60CN NATIONAL | TS27M4ACN CA139F RCA LM139J
NEC CA1458E RCA MC1458N
CA1558E RCA MC1558N
UPC1458C NEC MC1458N 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 MC1458IN 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 NEC LM301AN CA339AE RCA LM339AN
UPC311C NEC LM311N CA339AF RCA LM339AJ
UPC319G NEC LM319D CA339E RCA LM339N
UPC324C NEC LM324N CA339F RCA LM339J
UPC324G NEC LM324D CA358AE RCA LM358AN
UPC339C NEC LM339N CA358E RCA LM358N
UPC339G NEC LM339D CA555E RCA NE555N
UPC3403C NEC MC3403N CA741CE RCA UA741CN
Ly7 SGS-THOMSON
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NEAREST NEAREST
;’:ﬂ:ﬁ}% SOURCE SGS-THOMSON S";?\:SDTA% SOURCE SGS-THOMSON
TYPE TYPE
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
LM358D SIGNETICS  |LM358D
SIGNETICS LM358F SIGNETICS  |LM358J
LM111D 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 | MC4558CD
LM239D SIGNETICS | LM239AD NE4558F SIGNETICS | MC4558CJ
LM239AF SIGNETICS | LM239AJ NE4558N SIGNETICS | MC4558CN
LM239AN SIGNETICS | LM239AN NE532D SIGNETICS | NE532D
LM239D SIGNETICS | LM239D NES532F 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 NE5S56F SIGNETICS | NE5564
LM2901N SIGNETICS | LM2901N NE556N SIGNETICS | NE556N
LM2903F SIGNETICS | LM2903J SA1458D SIGNETICS | MC1458ID
LM2903N SIGNETICS | LM2903N SA1458N SIGNETICS | MC1458IN
LM293AF SIGNETICS | LM293AJ SA4558D SIGNETICS | MC4558ID
| LM293F SIGNETICS | LM293J SA4558N SIGNETICS | MC4558IN
LM293N SIGNETICS | LM293N SA532D SIGNETICS | LM2904D
LM311D SIGNETICS | LM311D SA532FE SIGNETICS | LM2904J
LM311F SIGNETICS | LM311J SA532N SIGNETICS | LM2904N
LM311N SIGNETICS | LM311N SA534D SIGNETICS | LM2902D
57 SGS-THOMSON
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NEAREST , NEAREST
:;R:ETAZ‘[{) SOURCE SGS-THOMSON éﬁi:gm) SOURCE SGS-THOMSON
TYPE TYPE
SA534F SIGNETICS | LM2902J LM2904P TEXAS | LM2904N
SA534N SIGNETICS | LM2902N LM293AJG TEXAS  |LM293AJ
SA741CN SIGNETICS | UA741IN LM293D TEXAS  |LM293D
SE556F SIGNETICS | SE5564 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 | LM233J 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
L37 SGS-THOMSON
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NEAREST NEAREST
;’:g:gmj SOURCE SGS-THOMSON ;’:ﬁ:gm) SOURCE SGS-THOMSON
TYPE TYPE
NE555JG TEXAS  |NES55J TLO72CP TEXAS _ |TLO72CN
NE556P TEXAS  |NES55N TLO72ID TEXAS  |TLO72ID
NE556D TEXAS  |NE556D TLO72IP TEXAS  |TLO72IN
NE5564 TEXAS  |NE556J TLO74ACD TEXAS  |TLO74ACD
NE556N TEXAS  |NE556N TLO74ACN TEXAS  |TLO74ACN
RCA558D TEXAS | MC4558CD TLO74BCD TEXAS  |TL074BCD
RCA558JG TEXAS  |MC4558CJ TLO74BCN TEXAS  |TLO74BCN
RC4558P TEXAS | MC4558CN TLO74CD TEXAS  |TLO74CD
RV4558D TEXAS  |MC4558ID TLO74CN TEXAS | TLO74CN
RV4558P TEXAS | MC4558IN TLO74ID TEXAS  |TLO74ID
SAB55D TEXAS  |SA655D TLO74IN TEXAS  |TLO74IN
SAB55JG TEXAS | SA555J TLOB1ACD TEXAS  |TLOB1ACD
SA556P TEXAS | SA556N TLOB1ACP TEXAS  |TLOSB1ACN
SA556D TEXAS | SA556D TLO81BCD TEXAS  |TLOS1BCD
SAB56J TEXAS | SA556J TLOB1BCP TEXAS | TLOB1BCN
SAB56N TEXAS | SA556N TLO81CD TEXAS  |TLO81CD
SE655JG TEXAS | SE665J TLOB1CP TEXAS  |TLOS1CN
SE556J TEXAS | SE556J TLOB1ID TEXAS  |TLO81ID
TLOB1ACD TEXAS  |TLOG1ACD TLOB1ID TEXAS | TLOB1IN
TLOB1ACP TEXAS  |TLOB1ACN TLOB2ACD TEXAS  |TLOB2ACD
TLOB1BCD TEXAS  |TLOB1BCD TLO82BCD TEXAS  |TL0B2BCD
TLOG1BCP TEXAS | TLOGIBCN TLO82BCP TEXAS  |TLO82BCN
TLO61CD TEXAS | TLOGICD TLO82CD TEXAS | TL082CD
TLOG1CP TEXAS | TLOBICN TLO82CP TEXAS  |TLO82CN
TLOB1ID TEXAS  |TLO61ID TL082ID TEXAS  |TLOB2ID
TLOB1IP TEXAS | TLOB1IN TLO82IP TEXAS | TLOB2IN
TLOB2ACP TEXAS | TLOB2ACN TLOB4ACD TEXAS | TLOB4ACD
TLOB2ACPD TEXAS | TLOB2ACD TLOB4ACN TEXAS | TLOB4ACN
TLO62BCD TEXAS | TLOB2BCD TL084BCD TEXAS | TLO84BCD
TLO62BCP TEXAS | TLO62BCN TLOB4BCN TEXAS | TLOB4BCN
TLO62CD TEXAS | TL062CD TLOB4CD TEXAS | TL084CD
TLOB2CP TEXAS | TLOB2CN TLOSCN TEXAS | TLOB4CN
TLOB2ID TEXAS  |TL062ID TLOB4ID TEXAS | TLO84ID
TLO2IP TEXAS | TLOB2IN TLOB4IN TEXAS | TLOB4IN
TLOB4ACD TEXAS | TLOG4ACD TLC271ACD TEXAS | TS271ACD
TLOB4ACN TEXAS | TLOB4ACN TLC271ACP TEXAS | TS271ACN
TLOB4BCD TEXAS | TLOB48CD TLC271AID TEXAS | TS271AID
TLOB48CN TEXAS | TLOG48CN TLC271AIP TEXAS | TS271AIN
TLO64CD TEXAS | TLOB4CD TLC271BCD TEXAS | TS271BCD
TLOB4CN TEXAS | TLOB4CN TLC271BCP TEXAS | TS271BCN
TLOB4ID TEXAS | TLO64ID TLC271BID TEXAS | TS271BID
TLOB4IN TEXAS | TLOB4IN TLC271BIP TEXAS | TS271BIN
TLO71ACD TEXAS  |TLO71ACD TLC271CD TEXAS | TS271CD
TLO71ACP TEXAS | TLO71ACN TLC271CP TEXAS | TS271CN
TLO71BCD TEXAS | TLO71BCD TLC271I1D TEXAS | TS271ID
TLO71BCP TEXAS | TLO71BCN TLC271IP TEXAS | TS271IN
TLO71CD TEXAS | TLO71CD TLC272ACD TEXAS | TS272ACD
TLO71CP TEXAS | TLO71CN TLC272ACP TEXAS | TS272ACN
TLO71ID TEXAS | TLO71ID TLC272AID TEXAS | TS272AID
TLO71IP TEXAS | TLO71IN TLC272AIP TEXAS | TS272AIN
TLO72ACD TEXAS | TLO72ACD TLC272BCD TEXAS | TS2728CD
TLO72ACP TEXAS | TLO72ACN TLC272BCP TEXAS | TS272BCN
TLO72BCD TEXAS TLO72BCD TLC272BID TEXAS TS272BID
TLO72BCP TEXAS | TLO72BCN TLC272BIP TEXAS | TS272BIN
TL072CD TEXAS | TLO72CD TLC272CD TEXAS | Ts272CD
Lyy 36STHOMSON
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NEAREST , NEAREST
;’.‘:ﬂ:gzﬁ; SOURCE SGS-THOMSON gg:?ﬂ;; SOURCE SGS-THOMSON
TYPE TYPE
TLC272CP TEXAS TS272CN TLC27M4BCD TEXAS TS27M4BCD
TLC272ID TEXAS TS272ID TLC27M4BCN TEXAS TS27M4BCN
TLC272IP TEXAS TS272IN TLC27M4BID TEXAS TS27M4BID
TLC274ACD TEXAS TS274ACD TLC27M4BIN TEXAS TS27M4BIN
TLC274ACN TEXAS TS274ACN TLC27M4CD TEXAS TS27M4CD
TLC274AID TEXAS TS274AID TLC27M4CN TEXAS TS27M4CN
TLC274AIP TEXAS TS274AIN TLC27M4ID TEXAS TS27M4ID
TLC274BCD TEXAS TS274BCD TLC27M4IN TEXAS TS27M4IN
TLC274BCN TEXAS TS274BCN TLC372CD TEXAS TS372CD
TLC274BID TEXAS TS274BID TLC372CP TEXAS TS372CN
TLC274BIP TEXAS TS274BIN TLC372ID TEXAS TS372ID
TLC274CD TEXAS TS274CD TLC372IP TEXAS TS372IN
TLC274CN TEXAS TS274CN TLC374CD TEXAS TS374CD
TLC274ID TEXAS TS274ID TLC374CN TEXAS TS374CD
TLC274IN TEXAS TS274IN TLC374ID TEXAS TS3741D
TLC27L2ACD TEXAS TS27L2ACD TLC374IN TEXAS TS374IN
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 TS27L2ID UA748MJG TEXAS UA748J
TLC27L2IP TEXAS TS27L2IN 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
TLC27L4BIN TEXAS TS27L4BIN uA78M05CKC TEXAS L78MO5CV
TLC27L4CD TEXAS TS27L4CD uA78M06CKC TEXAS L78M06CV
TLC27L4CN TEXAS TS27L4CN uA78M08CKC TEXAS L78M08CV
TLC27L4ID TEXAS TS27L41D uA78M12CKC TEXAS L78M12CV
TLC27L4IN TEXAS TS27L4IN 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 THOMSON
TLC27M2CP TEXAS TS27M2CN
TLC27M2ID TEXAS TS27M2ID LM317SP THOMSON LM317T
TLC27M2IP TEXAS TS27M2IN 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
57 SGS-THOMSON
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NEAREST NEAREST
INDUSTRY INDUSTRY
SOURCE SGS-THOMSON SOURCE SGS-THOMSON

STANDARD TYPE STANDARD TYPE
uA78S12CK THOMSON L78S12CT TA7555F TOSHIBA NE565D
uA78S12CSP THOMSON L78S12CV TA7555P TOSHIBA NES555N
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 TLO61CN
TA75062F TOSHIBA TLO62CD
TA75062P TOSHIBA TLO64CN
TA75064F TOSHIBA TLO64CD
TA75064P TOSHIBA TLO64IN
TA75064P TOSHIBA TLO64CN
TA7506P TOSHIBA LM301AN
TA75071F TOSHIBA TLO71CD
TA75071P TOSHIBA TLO71CN
TA75072F TOSHIBA TLO72CD
TA75072P TOSHIBA TLO72CN
TA75074F TOSHIBA TLO74CD
TA75074P TOSHIBA TLO74CN
TA75339F TOSHIBA LM290ID
TA75339P TOSHIBA LM2901N
TA75358CF TOSHIBA LM358D
TA75358CP TOSHIBA LM358N
TA75358F TOSHIBA LM2904D
TA75358P TOSHIBA LM2904N
TA75393F TOSHIBA LM2903D
TA7539P TOSHIBA LM2903N
TA7540P TOSHIBA UA776IN
TA75458F TOSHIBA | MC1458D
TA75558F TOSHIBA MC4558CD
TA75558P TOSHIBA MC4558CN
LSy SCS-THOMSON
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ANi6012

AM6012A

12-BIT HIGH SPEED D/A CONVERTERS

m ALL GRADES 12-BIT MONOTONIC OVER
TEMPERATURE

m DIFFERENTAL NONLINEARITY TO +0.012%
(13 BITS) MAX OVER TEMPERATURE
(A GRADES)

m 250ns TYPICAL SETTLING TIME

m FULL SCALE CURRENT 4mA

m HIGH SPEED MULTIPLYING CAPABILITY

m TTL/CMOS/ECL/HTL COMPATIBLE

m HIGH OUTPUT COMPLIANCE: -5V TO + 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 A/D 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 SO-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 voltsto +18
volts. The AM6012 series guarantees full 12-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

d

i

DIP-20 Plastic
(0.4)

S0-20L

4
[%2]
@

PIN CONNECTION

-B1 |j 1 20 +Vs

B2 [] 2 19 [ 10

B3 [] 3 18 [ 10

B4 [] 4 17 [ -vee
B85 [] 5 16 [ ] comp.
Bs [] 6 15 [ 1 VREF (-)
87 [] 7 14 [ VREF (+)
s [l 8 13 [ ] enp/vLc
Bs [] o 12 [ ] B12-LsB
B1o[] 10 11 [ B11

A6012-2

112
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AM6012-ANM6012A

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range 0to70 | °C
Storage Temperature —-65to + 1256 | °C
Power Supply Voltage +18 \
Logic Inputs ~5to +18 | V
Voltage at Current Outputs Pins —-8to +12 \
Reference Inputs +Vs to —VEE =18V \
max Differential
Reference Input Current 1.25 | mA

CONNECTION DIAGRAM AND ORDERING INFORMATION

Differential Temperature
Type linearity (%) Range (°C) Package
AM6012PC 0.025
0to 70 DIP.20
AMB012APC 0.012
AM6012 D 0.025
0to 70 S§0.20L
AM6012 AD 0.012
BLOCK DIAGRAM
MSB. LsSB
B1 B2 B3 B4 BS B6 B7 BB B9 B10B11B12
1 2 3 4/ 5(6(7|8|9|10]|14{ 12|19

o Tout
© Iout

SEGMENT
AMB012 . DECODER

mSlNIE

REFERENCE
AMPLIFIER

14

BIAS 20
——4 +VS
NETWORK

CODE SELECTED
0441 1111 1444

COMP.
SEGMENT GENERATOR 17 13
As012-1 ) E\I:ID
VEE
THERMAL DATA
Rthj-amb Thermal resistance junction-ambient max 100 °C/W
2/12 (57 SGS-THOMSON
/A mu@m@@m@@m@m?@s
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AM6012-AM6012A

ELECTRICAL CHARACTERISTICS
These specifications apply for Vs= + 15V, VEg = — 15V, IREF = 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 L . . - — | =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
VREeF=10.000V R
Irs Full Scale Current R14=R15=10.000kQ 3.967 | 3.999 | 4.031 | 3.935 | 3.999 | 4.063 | mA
Ta=25°C
— +5 +20 — +10 +40 |ppm°C
TClgg Full Scale Temp.Co.
. — | £.0005 | +£.002 +.001 | £.004 POFS°C
D.N.L. Specification guaranteed
Voc gg:gulti;:g;age over compliance range -5 - +10 -5 — +10 \
P Rout>10 megohme typ.
Full Scale
IFss Symmetry IrslEs — +02 | £1.0 — +04 | £20 | pA
Iz Zero Scale Current - - 0.10 - — 0.10 nA
- To +1/2 LSB, all bits ON or
Is Setting Time OFF, Tp=25°C - 250 500 — 250 500 | nSec
tPLH Propagation o o _ _
1PHL Delay - all bits 50% to 50% 25 50 25 50 | nSec
Cout Output Capacitance — 20 — — 20 — pF
ViL Logic | Logic “O” - - 0.8 - — 0.8
Input - v
ViH Levels | Logic *“1” 2.0 - — 2.0 - —
N Logic Input Current | Vin=~-5to +18V - — 40 - - 40 pA
Vis Logic Input Swing VEg=-15V -5 - +18 | -5 — +18 v
Reference Current
IRer Range 0.2 1.0 1.1 0.2 1.0 1.1 mA
l1s Reference Bias 0 -05 [ -20 0 =05 | -20 | 4A
Current
‘_ SGS-THOMSON 32
Y/. §1CROELECTRONICS
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AM6012-AM6012A

ELECTRICAL CHARACTERISTICS (Continued)

AM6012A AM6012
Param. Description Test Conditions Min. | Typ. | Max. | Min. | Typ. | Max. |Units
Reference Input R14(eq) = 8000
difdt Slew Rate CC=0pF 4.0 8.0 - 4.0 8.0 — | mAls
PSSIes 4 yestriagy o H1esy — |£.00005| £.001| — |£0.0005] =.001
Power Supply EE- - DLFS/%
Pssigg. | oY Veg=-138V1to ~165V — | +.00025| £.001| — |[x.00025| .001
FS- Vg=+15V ) ’ ' ’
Vs Power Supp! 45 | - B |45 | — | 18
Range Py Vour=0V v
VEe -18 | — |-108| -18 — | -108
1+ - 5.7 8.5 - 5.7 85
Vg =+5V, Vgg=-15V
- Power Supply - -137 [ -180] - -137 [ -18.0 | mA
Current
I+ 5.7 85 - 5.7 85
Vg=+15V, Vgg= - 15V
|- s EE - -13.7 | -18.0 - -13.7 | -18.0
P Power Vg= 45V, Vgg=-15V - 234 312 - 234 312 | mW
D Dissipation
Vg= +15V, Vgg=-15V - 291 | 897 | — 291 | 397
Fig. 1 - Relative Accuracy Error Fig. 2 - Example of Nonmonotonic Behavior
A
FULL SCALE
OUuTPUT
CURRENT :\‘J:LPETT
FULL SCALE
3LSB RELATIVE
ACCURACY ERROR
.XIFFERENTIAL LINEARITY ERRORS SEVERE
ENOUGH TO CAUSE NONMONOTONICY
zERD zl“”
DIGITAL INPUT COVDE DIGITAL INPUT CODE =
A6012-20:: OIS A6012-10:LIB
an2 37 SGS-THOMSON
V7. HICROELECTRONICS
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AM6012-AM6012A

APPLICATION INFORMATION

FUNCTIONAL DESCRIPTION

The segmented design of the AM6012, shown in
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
AMB012. 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 1o, I| and 2 are steered directly into the no-
ninverting output loyT. In addition, a portion of I3
is directed through the 9-bit DAC that is controlled
by the 9 least significant bits into louT. With the
9LSBs set to “I”’, all of the I3 current is directed
to louT except for the 1/512 that goes to ground
through’the right-most transistor in the 9-bit DAC.
After the input word is changed to 100000000000,
the segment decoder switch for I3 will be all the
way to the right, the switch for I4 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 I, 11, I2 and
13. None of l4 will be directed into loyT until a hi-
gher code is reached. In other words, I3 is now
steered directly to louT instead of being divided
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

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
0.98pA change in the analog output current
(ILSB =4mA x 1/4096 = 0.98yA). If in actual use,
however, a ILSB change in the input code results
ina change of only 0.24uA (1/4LSB) in output cur-
rent, the differential linearity error would be 0.74pA
or 3/4LSB.

The AM6012 has very good differential linearity in
spite of the porr 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 1LSB.
A negative output step for an increase in digital in-
put code is referred to as nonmonotonic behavior.
In general, if a DAC has a differential linearity er-
ror specification greater than 1LSB, 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.

&7 SGS-THOMSON 5/12
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AM6012-AM6012A

APPLICATION INFORMATION (Continued)

ANALOG OUTPUT CURRENTS

Both true and complemented output sink currents
are provided where o + 10 =IFR. 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 Ip 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 + 10V 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 — 10V or less,
IREF =1mA 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 IREF=1mA 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
AMB6012 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

AL Ly, SGS-THOMSON

output current drift is flight, typically +10ppm/°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 IReF = 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 10-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 > 500Q.

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 IRgF 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 +2uA, therefore a 2.5k 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.
AMB012 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 V| g terminals. Supplies do
not require large electrolytic bypass capacitors as
the supply current drain is independent of input lo-
gic states; 0.1xF capacitors at the supply pins pro-
vide full transient protection.

MICROELECTRONICS
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AM6012-AM6012A

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= ——x4x(l =3.999 IREF,
RF= 2096 (IREF) .REF

where IREF =114

In positive reference applications, an external po-
sitive reference voltage forces current through R14
into the VREF( +) terminal (pin 14) of the reference
amplifier. Alternatively, a negative reference may
be applied to VReF(-) 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 VRerF or pin 15. The negative common-
mode range of the reference amplifier is given by:
Vem— =V — plus (IRer x 3kQ) 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 TTL 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 0.1xF capacitor.

For most applications the tight relationship between
IRer and IFs will eliminate the need for trimming
- IRer. 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 Irs and IReF over a range of TmA to 1xA.
Monotonic operation is maintained over a typical
range of IREF from 100xA to 1.0mA.

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 Ok2; 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=1kQ and Cc=5pF, the reference amplifier
slews at 4mA/ms enabling a transition from
IREF=0 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 (IREF = 0) condition. Full scale transition (0 to
1mA) occurs in 62.5ns when the equivalent impe-
dance at pin 14 is 8002 and Cc=0. This yields a
reference slew rate of 8mA/us which is relatively
independent of RN and VN 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, 40xA 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, VL¢). For TTL 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 1.1mA typical, external circuitry should
be designed to accommodate this current (Figure 6).

a7 SGS-THOMSON 2
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AM6012-AM6012A

Fig. 3 - Reference amplifier biasing

A14 AMB0 12
vIn__ PN 14 IREF _, 10\ 18
REFERENCE
i
> ’ 10 +I0 = IFS
o FOR ALL INPUT CODES
VIN ._‘L R15 % L
19
- 17
COMP.
.L e 9.1 01] 2 AF TANT.
T I 2T LT woes
v- v+ v- A6012-8: : LIB

Reference Configuration Ria Ris Rin Cec IRer
Positive Reference VR + ov N/C .01uF VR +/R14
Negative Reference ov VR- N/C .01uF |-VR-/R14
Lo Impedance Bipolar VR +/R14) +(VIN/RIN)
Reference VR+ o ViN (Note 1) | Note 2) ‘
Hi Impedance Bipolar (VR+ —VIN)/R14
Reference VR+ VN N/C (Note 1) (Note 3)
Pulsed Reference (Note 4) VR+ ov VIN No Cap | (VR+/R14)+ (VIN/RIN)

Notes:
1.
in kQ. For Ry4< 800Q no capacitor is

. For positive values of V)N, Vg4 must
. For pulsed operation, VR, provides a
should be 800Q or less.

oo hN

The compensation capacitor a function of the impedance seen at the + Vggg input and must be at least 5pF x Ry4(eq)

necessary.

. For negative values of Viy, Vg +/R14 must be greater than —V|y Max/Ry so that the amplifier is not turned off.

be greater than V|y Max so the amplifier is not turned off.
DC offset and may be set to zero in some cases. The impedance at pin 14

. For optimum settling time, decouple V - with 20Q and bypass with 22pF tantulum capacitor.
. Reference current and reference resistor - there is a 1 to 4 schale factor between the reference current (Irgg) and

the full scale output current (Igg). If VRep= + 10V and Irg=4mA, the value of the Rq4 is:

_4x10 Volt

14 = 10k@ Ry4=Rqs

8/12
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AM6012-AM6012A

Fig. 4 - Minimum size compensation capacitor
(lrs=4mA, Iggr=1.0mA)

R14(eq)(KQ) 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

Fig. 5 - Reference Amplifier Frequency response

(dB) [T 11T 1
—— SMALL SIGNAL | |
™ | ---- LARGE SIGNAL
3
0 /\
-3 A -
_g || RT4=3K \
Cc=10pF \
T 1 )
0.01 0.1 1 10
(MHz)
A6012-11: : DI

Fig. 7 - Accomodating Bipolar Reference

CMOS

o+ 15V

13

SGS-THOMSON
MICROELECTRONICS

or.

IREF > PEAK NEGATIVE SWING OF Iain

RREF 414 0%

VREF (+) o— O
AMBO12

© 15 19 0

VIN I

T~ VINUIeH INPUT °

IMPEDANCE

VREF (+) MUST BE ABOVE PEAK POSITIVE SWING OF VIN

9/12
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Fig. 8 - AM6012 Logic Inputs

2 mA
§ Kohm —
| |
L R3 A1
ROFF I I_-: Py | |
!
R14 E ¢ c -
1ov 10 KOhm Lo vouT
* [} VReF (+ A
RE AMBO12 ™ ° +
VFIBE‘F (=) io B
-—
R4S ] R2
Ri4 = VREF 10 Kohm
1.0mA OPTIONAL
(SEE CODE TABLE)
ROFF = VREF M
.0mA A6012-7::LI8
Output MsB LSB| g lg
Code Format Gonnec. Scale B1 B2 B3 B4 B5 BG B7 B8 B9 B10 B11 B12 Your
Straight bynary a-c Positive full scale 11t 1t 1 1 1 1 1 1 1 1 13999 000 9.9978
one polarity b- Positive full scale-LSB t 111 1 1 1 1 1 1 1 0| 3998 001 9 9951
with true input | R{=R2=2 5K |Zero scale 000O0OTO0OOTUOTU OO OO 0 O 000 | 3999 0000
code, true zero
Unipolar | 24tPUt:
Complementary a-g Positive full scale 000O0OOTOU OO OO OO O O 000 | 3999 9 9976
binary one b-c Positive full scale-LSB 000O0OTOTOCOT OO O O {1 001 | 3998 | 99951
polanty with R1=R2=2.5K |Zero scale 1t 1t 1t 1t 1t 1 1 1 1 1 1 1]3999 000 0000
complementary
input code, true
zero output
Straight offset a-c Positive full scale 111 1 1 1t 1 1 1 1 1 1]3999 000 9 9976
binary, offset b-d Posttive full scale-LSB t 111 1 1 1 1 1 1 1 03998 001 99927
half scale, sym- -0 (+) Zero scale 1000 0 0 O O O O O O{2000]| 1999 0024
metrical about | R1=R3=2 5K {(-) Zero scale o1+t 1 1 1t 1 1 1 1 1 1]1999 | 2.000 - 0024
zero, no true R2=125K |Negative full scale-LSB 0000 OOOTUOTU OO O 0O 1 001 | 3.998 | -9 9927
cal 2610 output Negative full scale 000 O0O0OOUOUOUOO O O .000 | 3999 | -9.9976
Offset 1's complement ac Positive full scale 01 1t 1 1 1 1 1 1 1 1 13999 000 | 99976
offset half scale b-d Posttive full scale-LSB o+ 1 1 1 1 1 1 1 1 1 03998 001 9 9927
symmetrical 1+ (+) Zero scale 00O0O0OO OO OO O 0O 02000 1999 0024
about zero, no [ R1=R3=2.5K |(-) Zero scale 1t 11 1 1t t 1 1 1 1 1 1]1999 | 2000 -.0024
truezerooutput [ R2=1 25K [Negative full scale-LSB |1 0 0 0 0 0 0O O O O 0 1 .001 | 3998 | -9.9927
MSB comple- Negative full scale 1000 0 O0OOTOOU OO O O 000 | 3.999 | -9.9976
mented (need
inverter at B1)
Offset binary, e-a-c Positive full scale Tt 11 1 1 1 1 1 1 1 1 1/3999 000 | 9.9951
offset half b-g Positive full scale-LSB 1111 1 1 1 1 1 1 1 0]399%8 .001 9.9902
scale, truezero | R1=R2=5K [+LSB 1000 0O OO O O O 120011998 .0049
output Zero Scale 1 00 0 0 OO OO O O 020001999 000
-LSB o1t 11 1 1 1 1 1 1 1 11999 | 2000 - 0049
Negative full scale+LSB |0 0 0 0 0 0O O 0 O O O 1 001 | 3998 | -99951
Offset with Negative full scale 000OTUOOCOTO0OTUOTO0O O O 000 [ 3999 [ -10 000
e Zer0 | complement| e |Positive full scale 01 1 1 1 1 1 1 1 1 1 1399 .006| 99951
offset half scale b- Positive full scale-LSB o+ 1t 1 1 1 1 1 1 1 1 01399 001 9.9902
truezerooutput | R1=R2=5K [+1 LSB 000 0O OO OO O O 1 (2001)1998 .0049
MSB comple- Zero scale 00O0OOOOO O O O O0]2000}(1999 000
mented (need -1 LSB Tt 11 1 1 1 1 1 1 1 1 1/]1999 | 2000 -0 049
Inverter at B1) Negative full scale+LSB {1 0 0 0 0 0 0 0 0 O O 1 001 [ 3998 | -99951
Negative full scale 1000 O0OO0OOTOCO O O .000 | 3999 | -10 000

ADDITIONAL CODE MODIFICATIONS
1. Any of the offset binary codes may be complemented by reversing the output terminal pair.

10/12 SGS-
IS7A mu@g@»gm'.éc@,%@sm?@nsl
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AM6012-AM6012A

Fig. 9 - Basic Negative Reference Operation Fig. 10 - Recommended Full-scale Adjustment Circuit
RREF Io RREF To
: VREF 14
— 4 18 o— — 8
AMEB0 12 + 5V 4. 5K AMB012
-) o—1+—— :

VREF (-) 15 19 39K 15 19

R15 Io To
10K

Fig. 11 - CRT Display Driver
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Fig. 12 - 12-BIT High-Speed A/D Converter
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Fig. 13 - Interface with 8-bit Microprocessor Bus
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Fig. 14 - Interface with digital signal processor TS68930/31
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DAC0808
DAC0807
DAC0806

8-BIT D/A CONVERTERS

m RELATIVE ACCURACY: +0.19% ERROR MA-
XIMUM (DAC0808)

m FULL SCALE CURRENT MATCH: +1LSBTYP

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

m FAST SETTING TIME: 150 ns TYP

= NONINVERTING DIGITAL INPUTS ARE TTL
AND CMOS COMPATIBLE

= HIGH SPEED MULTIPLYING INPUT SLEW RA-
TE: 8 mAlus

m POWER SUPPLY VOLTAGE RANGE: +4.5V
to +£18V

m LOW POWER CONSUMPTION: 33 mW @ 5V

DESCRIPTION

The DACO0808 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 (IReF) trimming is required for most appli-
cations since the full scale output current is typi-
cally =1 LSB of 255 IRer/256. Relative accuracies
of better than 0.19% assure 8-bit monotonicity and
linearity while zero level output current of less than
4 uA provides 8-bit zero accuracy for IREF=2 mA.
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 DACO0808 will interface directly with popular
TTL, or CMOS logic levels, and is a direct repla-
cement for the MC1508/MC1408.

June 1988

DIP-16 Plastic (0.25) S0-16J

and Ceramic

PIN CONNECTION

\J

N.c.[]1 16[ | comp

GND [ 2 15[ ] (-) VREF

-vee[] 3 14[] (+) VREF

10 []4 13[] +vs

a1 []s 12[] as

a2 []s 11[] a7

a3 [|7 10[] as

as [|e 9[] as
DAC0808-13

111
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Vs +18 Vv
VEE -18 \
Digital Input Voltage V5-V12 -10Vto +18 \
Reference Current, 114 5 mA
Reference Amplifier Inputs, V14, V15 Vee » VEE
Operating Temperature Range
DACO0808L —-55°C=Ta<+125 °C
DACO0808LC/D1 0=<Ta<+75 °C
Storage Temperature Range —65°Cto +150 °C
ORDERING INFORMATION
Temperature Plastic Ceramic
Accuracy range DIP-16 DIP-16 $0-16
8 bit 0 to 75°C DACO808LCN DACO0808LCJ DAC0808D
7 bit 0 to 75°C DACO0807LCN DAC0807LCJ DAC0807D
6 bit 0 to 75°C DACO0806LCN DACO0806LCJ DAC0806D
8 bit - 55 to 125°C - DAC0808LJ -
BLOCK DIAGRAM
+VS A1 A2 A3 A4 A5 A6 A7 ASB
o] O 0O O O O O O O
13 5 |6 7 |8 |9 |10 |11 (12
BIAS | I 4
- O
CURRENT J) J) J) (B é J) J) (B vo
14 SWITCHES S LI LT LT L= LT
o
VREF ia
16
L:
COMPO "VEEO 0400305—1
THERMAL DATA
Ceramic Plastic
DIP-16 §0-16 DIP-16
Rthj-amb  Thermal resistance junction-ambient max 150°C/W 120°C/W 100°C/W
2/11 -
o7, 355 THOMSON
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ELECTRICAL CHARACTERISTICS

(Vs=5V, VEE= — 15V, VREF/R14=2 mA, TA=TMIN to TMAX and all digital inputs at high logic level
unless otherwise noted.)

Parameter Test Conditions Min. | Typ. Max. Unit
E; Relative Accuracy (Error Relative| (Figure 10) %
to Full Scale lp)
DACO0808L +0.19 %
DACO0807LC/D1 (Note 1) +0.39 %
DAC0806LC/D1 (Note 1) +0.78 %
Settling Time to Within 1/2 LSB | Tp=25°C (Note 2) 150 ns
(Includes tp ) (Figure 11)
t‘; h‘: Propagation Delay Time Ta=25°C (Figure 11) 30 100 ns
TClo Output Full Scale Current Drift +20 ppm/°C
MSB Digital Input Logic Levels (Figure 9)
ViH High Level, Logic “1” 2 Vpc
ViL Low Level, Logic ““0” 0.8 Vbe
MSB Digital Input Current (Figure 9)
High Level Vip=5V 0 0.040 mA
Low Level ViL=0.8V —-0.003 -0.8 mA
45 Reference Input Bias Current (Figure 3) -1 -3 L.
Output Current Range (Figure 9)
VEg= -5V 0 2.0 2.1 mA
VEg = — 15V, Tp=25°C 0 2.0 4.2 mA
lo Output Current VREF =2.000V.
R14=1000Q
(Figure 9) 1.9 1.99 2.1 mA
Output Current, All Bits Low (Figure 9) 0 4 kA
Output Voltage Compliance E;=<0.19%, Tp=25°C
Vgg= -5V —0.55,+0.4 Vv
Vee Below — 10V -5.0,+0.4 \Y
SRIRgr Reference Current Siew Rate (Figure 14) 4 8 mA/us
Output Current Power Supply -5V=Vgg=-16.5V 0.05 2.7 rAIV
Sensitivity
Power Supply Current (All Bits Low) (Figure 9)
Is 2.3 22
Ieg -43 -13 mA
Power Supply Voltage Range Ta=25°C (Figure 9)
Vg 45| 5.0 5.5 v
Vee -45(-15 -16.5
Power Dissipation
All Bits Low Vg=5V.Vgg= -5V 33 170 mW
Vg=5V.Vgg= - 15V 106 305 mwW
All Bits High Vg=15V.Vgg= -5V 90 mw
Vg=15V.Vgg= - 15V 160 mw
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.
3/11
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Fig. 1 - Supply Current vs Fig. 2 - Supply Current vs Supply Fig. 3 - Supply Current vs Supply
Temperature - Voltage (Veg) Voltage (Vs)
Tee [ LI T T T T T qepf LT LT T T T T 1 Tee [T L T T T T T T 1
(ma) ALL BITS HIGH OR LOWH (na) {/ALL BITS HIGH OR LOW} (ma)[LALL BITS HIGH OR LOW H
8 L4 =2mA 8 ——— 8
Tee (I14 =2mA)
—_| I [\ [l 1 —
& EE 6 B R &
Ipg (Ij4 =1mA) Ige (I14=2mA)
4 4 et 4
IE £ (I1 4=0 .2mA)
T 1
2 =S s 2 } 2
i Is Ig (I44=2mA)
0 0 l 0 (I e
-50 0 50 100 T,(*0) 0 4 8 12 Vgeg (V) 0 4 8 12 Vg (V)
Fig. 4 - Logic Input Current vs Fig. 5 - Bit Transfer Characteristics Fig. 6 - Output Voltage Compliance
Input Voltage
I Io Io LT TNA
L (mA) . 1 =2i . (mA) ALL BITS "ON
(uA) 147cMm
2.4
1 Al VEg=-15V VE£=—|5V
2
4 0.8 ‘e [ I Iil4=2mA
A1 THROUGH A8 0.6 ’ [
l ' A2 1.2 I44=1mA
2 0.4 [
0.8 H
0.2 A3
. V=-\5‘ A4 0.4 14 4=0.2mA
O—F =30 4 85v Vv ° —|4 Io e v w0 lf I [ 1
i L -14-10 -6 -2 2 6 10 Vo (V)
Fig. 7 - Output Voltage Compliance Fig. 8 - Frequency response Unless otherwise specified: R14 =
vs Temperature R15=1kQ, C=15 pF, pin 16 to Vg;
R_ =502, pin 4 to ground.
Vo (dB) Curve A: Large Signal Bandwidth
v) Method of Figure 7, VRgr=2 Vp-p
4
18 717 offset 1 V above ground
SHADED AREA 0 ~=N Curve B: Small Signal Bandwidth
8# inorcates \\ \ Method of Figure 7, R =250,
—f PERMISSIBLE OUTPUT -4 B VRer =50 mVp-p offset 200 mV
0 }_ [ VoLTASE RANGE FoR \ \ above ground.
=-15V, =2m
V] EE 14 -8 NCN Curve C: Large and Small Signal
\ A Bandwidth Method of Figure 9 (no
-8 7/ —-12 op amp. R_ = 50Q), Rg = 50,
VRer=2V, Vg =100 mVp-p centered
-16 -16 (9] at OV.
80 0 50 10070 540,205 1 2 (MHz)
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Test Circuits

FIGURE 9. Notation Definitions

+Vs
MSB g 13? 14 The resistor tied to pin 15 is to temperature com-
Al O ] VREF pensate the bias current and may not be necessa-
A2 07 15 5 ry for all applications.
A3 O—
»5 010808 |, ‘ &
A8 O
A7 O— v
a8 022 16 AL where K = %
LB 3 |
-VEE I ‘T and AN= “1” if Ay is at high level
oaco606-3 AN= “0” if AN is at low level
FIGURE 10. Relative Accuracy
A1
12 BIT| Vo= 0 to foV
E
—P s 50 Kohm
A8
L 0 ERROR OUT
e ?13 (1V=1%)
o o]
i OOZ VREF (2V)
8 BIT| o% DAC o5 é °
COUNTER|—O O 0808 15 1Kohm 100 nF
© o1
—© °% 16
s T L
LsB 3
c DAC0OB0E-4
-VEE
. SON 5/11
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FIGURE 11. Transient Response and Settling Time
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FIGURE 14. Reference Current Slew Rate Measurement
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APPLICATION INFORMATION

CIRCUIT DESCRIPTION

The DACO0808 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 noninverting 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.

IS77 %&@%&E&@W@mu@s

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 kQ,
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 VEg 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 uF 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.

OMSON 71
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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
DACO0808 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 kQ between pin 4 and ground will yield a vol-
tage output of 256 levels 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 500Q
do not significantly affect performance, but a 2.5
kQ load increases worst-case setting time to 1.2 us
(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
DACO0808 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 DACO0808 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 uA) 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.

81 Ly7, SGS:THOMSON

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 over a range of 256:1. If the reference cur-
rent in the multiplying mode ranges from 16 pA to
4 mA, the additional error contributions are less
than 1.6 pA. 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 uF supply bypassing for low fre-
quencies, and minimum scope lead length are all
mondatory.

MICROELECTRONICS
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PROGRAMMABLE GAIN AMPLIFIER OR DIGI-
TAL ATTEPUATOR

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 8C.

The best frequency response is obtained by not al-
lowing 114 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. Rg can be set for
a =+ 1.0 mA variation in relation to l14. I14 can ne-
ver be negative.

The output current is always unipolar. The quie-
scent dc output current level changes with the di-
gital word which makes accoupling necessary.

CURRENT TO VOLTAGE 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 ps.

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
mA output current. See Figure 17. The reference

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 + 5.0V 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 SUPPLY

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 DACO0808 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 mA full scale is used. Full scale calibration can
be done by adjusting R14 or Vet (see fig. 18).

CHARACTER GENERATOR

In a character generation system fig. 19 one
DACO0808 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).

Ly, SGS-THOMSON ont
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TWO-DIGIT BCD CONVERSION

Two 8-bit, D-to-A converters can be used to build
atwo digit BCD D-to-A or A-to-D 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.

DAC0O808-2

FIGURE 17. Combined output amplifier and voltage
reference circuit
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FIGURE 15. Programmable Gain Amplifier or Digital
Attenuator Circuit
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FIGURE 19. Digital summing and character generation
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FIGURE 20. Analog product of two digital words (High Speed Operation)
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TSFJ SERIES

MIXED ANALOG - DIGITAL BIPOLAR ARRAYS

s ADVANCED BIPOLAR TECHNOLOGY :
- NPN, Fr =3GHz
- 2METAL LAYER
- 100MHz, ECL FUNCTIONS
» FULL ESD PROTECTION
= POWER SUPPLY :
MAXIMUM RATINGS = UP TO 15V
OPERATING CONDITIONS =3 TO 12V
= ANALOG - DIGITAL ARRAYS :
- ANALOG TILES
- ECLTILE FOR HIGH SPEED LOGIC
- l2L 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
s 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.

= OPERATING TEMPERATURE RANGE :
COMMERCIAL : 0 TO 70C
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, F1 = 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.
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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-
sistors, 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

‘77 SGS-THOMSON

- 6 standard NPN (hre = 105, and Ic = 100A)

- 2low noise NPN

- 7 lateral PNP (hre = 52, and Ic = 1A)

- 44 resistances from 100 ohms to 50KQ
POWER TILE, optimized for power interface ca-
pability ;

- 4 standard substrate PNP

- 1 power substrate PNP (Ikr = 10mA)

- 1 power NPN (lkr = 314mA)

- 1 medium power NPN (Ikr = 78mA)

- 3std NPN

12L LOGIC TILE, optimized to implement random
logic using standard I2L functions (NAND, AND,
NOR, OR, Flip-flop, ...)

- row of I2L operators

ECL LOGIC TILE, optimized for high speed logic
up to 100MHz

- equivalent to 1 D flip-flop or 5 NOR gates
BUILT-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

- 1R-2R resistor ladder for 6 bits DAC
RESISTOR/CAPACITOR TILE, optimized for
RC network or compensation capacitor purpose
- 2.5pF and 7pF capacitor available

MICROELECTROMICS
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TSFJ SERIES

igure 2 : Example of a symbolic Linear Tile.
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TSFJ SERIES

Figure 3 : TSFJ Series : The Available Tiles.

r B Tiles nb Components J04 J06 J0g J13 J237
ECL 86 4 4 5
12L 9 6 15 18 36 54
HF 46 1 1 1
CAPRES 24 2 2
REFECL 31 1 1 1
DAC 33 1 1
R2R 46 1
LIN 59 6 8 10 14 24
RES 21 1 1 4
PWR 34 1 2 2 2 4
PWR1 34 1 2 2 2 4
BANDGAP 37 1 1 1 1 1
OSCIL 23 1 1 1 1 1
PROTECA 2 7 8 11 13 18
PROTECB 2 7 7 11 13 18
CAP1 1 4 6 8 8 10
CAP2 2 2 4 2 4 9
CAPAS 3 1
DIODES 2 2 4 4 4 8
PUISS 3 1
ALIM 40 1 1 1 2

TOTAL : 600 919 1554 1964 3067
E88TSFJ-03
Figure 4 : TSFJ Series : The Transistors.
Components Jo4 J06 Jo9g J13 i237
NPN 5mA 54 79 201 225 331
NPN 16mA 14 18 24 32 £2
NPN 50mA 2 4 4 4 78
NPN 100mA 2 2 2 2 4
NPN 200mA 2 4 4 4 8 -
LATERAL PNP 60nA 50 68 83 111 184
SUBSTRATE PNP 8 16 16 167 32
SUBSTRATE PNP 10mA 2 4 4 4 8
E88TSFJ-04
410 SGS-THOMSON
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TSFJ SERIES

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

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

Checkings and mask generation are implemented
on DEC™ vax™ 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.

Components Jo4 JO6 Jo9 J13 J23
3KQ RI 0 0 10 10 10
5KQ RI 36 56 64 80 136
8KQ RI 0 0 18 18 18
10KQ RI 64 80 96 128 202
40KQ RI 2 2 2 2
50KQ RI 4 4 4 4
50KQ SB 24 32 40 56 88

100KQ SB 4 4 12 12 20
(medium and low values)

Components Jo4 JO6 Jog J13 J23
30Q PL 9 17 17 17 33
100Q PL 60 80 116 156 260
200Q PL 0 0 16 16 20
300Q PL 0 0 9 9 8
1KQ BEX 130 182 398 470 720

E88TSFJ-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™~ 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.

L7 SGS:THOMSON 510

MICROELECTRONICS
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TSFJ SERIES

PLACEMENT AND ROUTING The on-screen menu includes commands to draw,
PC-CARDSTM, from P-CADTM, is built around an in- ec_jit, move, delete, zoom in and out, view selected
telligent database that continually keeps track of ~ Window.

components and connectivities.

Figure 6 : ADS - PC Design Flow.

CUSTOMER (P.C.) : KYI (P.C.) : KYI (VAX)
SCHEMATIC CAPTURE |
DB NETLISTER
P-CAD
SIMULATION |
l TRANSLATOR
LAYOUT Y ' DRC
=
NLC LvVS
| l EDELVES
| |
| |
l ]
| I PG TAPE
E89TSFJ-06
L3 SCs;THomsoN
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TSFJ SERIES

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

-via CAE workstations using a PC configuration and
the P-CAD ™ 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
Definition of Circuit Specifications Customer Customer
Electrical Description (analog + digital) Customer Customer
Test Procedure Customer Customer
Graphic Capture + Input Signal Entry ST Customer
Design Verification ST Customer
Simulation (analog + digital) ST Customer
Approval Customer Customer/ST
Place and Route ST Customer
Final Design Release Customer Customer/ST
Test Program Generation + Test Tooling ST ST
Mask Tooling ST ST
Prototype Manufacturing ST ST
Prototype Delivery ST ST

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

tion.

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

Symbol Parameter Value Unit
Min. Max.
V+ Supply Voltage -05 +15 \
Tstg Storage Temperature (ceramic) - 60 + 150 °C
Storage Temperature (plastic) - 40 + 125 °C

Note : 1. Stresses above those listed order "maximum rating" 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 specifi-
cation is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS, Voltage Referenced to V-

Value
Symbol Parameter - Unit

Min. Typ. Max.

V+ Operating Supply Voltage 3 12 \

Tamb Operating Ambient Temperature Military - 55 +125 °C
Industrial - 40 + 85
Commercial 0 +70

L3y SGS-THOMSON 1o
Y/ ICROELECTRONICS
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TSFJ SERIES

DC GENERAL ELECTRICAL CHARACTERISTICS

Value
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Resistors
P, P, Diffusion Resistor Value Range 30 420 Q
Absolute Accuracy +25 %
Matching (note 1) +2 %
Matching (note 2) +6 %
Temperature Coefficient (15! order) 0.12 %/°C
Bext Extrinsec Base Region Resitor Value Range 270 5000 Q
Absolute Accuracy +15 %
Matching (1) +2 %
Matching (2) +6 %
Temperature Coefficient (15! order) 0.09 | %P
Ri Implanted Resitor Resitor Value Range 5 50 KQ
Absolute Accuracy +15 %
Matching (1) +2 %
Matching (2) +6 %
Temperature Coefficient (15! order) 0.21 %/°C
Bint Intrinsec Base Region Resitor Value Range 50 100 KQ
Absolute Accuracy +25 %
Matching (1) +2 %
Matching (2) +6 %
Capacitors Capacitor Value Range 25 7 pF
Absolute Accuracy + 20 %
V., Maximum Operating Voltage 20 \
Nspc1 std NPN Transistor (note 3)
Veceo | Breakdown Voltage Collector-base 40 \"
Veceo | Breakdown Voltage Collector-emitter 18 Y
Vgcso | Breakdown Voltage Collector-substrate 40 \Y
Hee Current Gain @ I = 100pA 100
Ikr Knee Current 56 mA
NPWR Power NPN Transistor (note 3)
Veceo | Breakdown Voltage Collector-base 40 Vv
Veceo | Breakdown Voltage Collector-emitter 18 \
Vecso | Breakdown Voltage Collector-substrate 40 \
Hre Current Gain @ lc =10mA 140
IkF Knee Current 314 mA

Notes=

oA WN =

8/10

82

. 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 with the same orientation on the die.

. for more informations refer to the TSFJ user's manual.

. voltage references are provided by an "ECL reference” macrocell (REFECL) built on a specific tile

. input voltages could be supplied by a specific tile called HFECL.
output levels are not compatible with standard 10K, 100K ECL seres.

‘y_l SGS-THOMSON
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TSFJ SERIES

DC GENERAL ELECTRICAL CHARACTERISTICS (continued)

. Value .
Symbol Parameter Test Conditions - Unit
Min. Typ. Max.
PNPS Substrate PNP Transistor (note 3)
Vgsceo | Breakdown Voltage Collector-base 40 \
Vgceo | Breakdown Voltage Collector-emitter 18 Vv
Vecso | Breakdown Voltage Collector-substrate 40 \
Hee Current Gain @ lc =1pA 160
IkF Knee Current 40 pA
ECL Cells (V, =5V + 10%)
Vg Vieference Voltage Reference (note 4) .97 \
V14 reference Voltage Reference (note 4) 3.92 Vv
V1o Vieference Voltage Reference (note 4) 3.20 \
Vi Input Voltage (note 5) 3.6 \
Viy Input Voltage (note 5) 4.3 \
Vou Output Voltage (note 6) 3.6 \
Vou Output Voltage (note 6) 43 Vv
Notes : 1. matching between 2 resistors of the same value, closed to each other and with the same orientation on the die.
2. matching between 2 resistors of different values, close one from the other and with the same orientation 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 tile.
5. nput voltages could be supplied by a specific tile called HFECL.
6. output levels are not compatible with standard 10K, 100K ECL series.
DIGITAL LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT
(unless otherwise specified, Tamp = 25°C, typical process)
Value
Symbol Parameter Test Conditions - Unit
Min. Typ. Max.
ECL CELLS
Vs Voltage Swing 600 mV
Ta Toggle Frequency D Type Flip-flop 100 MHz
trLn | Propagation Delay NAND2, (FO =1) 1.1 ns
tPHL Propagation Delay NAND2, (FO =1) 32 ns
12L CELLS (note 7)
Ta Toggle Frequency D Type Flip-flop
@ Injection = 0.1pA 20 KHz
@ Injection = 1pA 160 KHz
@ Injection = 10pA 600 KHz
Note : 7. I2L cells have been caracterised between 0.1uA and 100pA.
L7 SGS:THOMSON 910
MICROELECTRONICS
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TSFJ SERIES

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

JOPA1 (programmable operationnal amplifier) Voo £ 6V, lset = 20pA

Symbol Parameter Test Conditions Typical Value Unit
B Unity Gain Bandwidth RL = 5KQ ; CL = 20pF 1 MHz
oM Phase Margin Av =1 ;RL =5KQ ; CL = 20pF 60
Svo Slew Rate Av =1 ; RL =5KQ ; CL = 20pF 0.35 Vius
Av Open-loop Voltage Gain RL = 5KQ ; CL = 20pF 90 dB
JCOMP1 (programmable voltage comparator - LM139 type)
Symbol Parameter Test Conditions Typical Value Unit
tref Large Signal Response Time| RL = 5KQ ; CL = 2pF with 300 ms
Overdrive : 100mV
tre Small Signal Response Time | RL =5KQ ; CL = 2pF with 1 us
Overdrive : 5mV
AVD Large Signal Voltage Gain 87 dB

10710 Ly7 SGS-THOMSON
8 ’I MICROELECTRONICS
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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

u 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 KO9 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

® 100, 200, 400 and 800 P+ type resistors, 1K, 2K,
4K, 8K and 16K Pextrinsec base resistors.

2independent resistor tubs allow to place 2 positive
power supplies if required.
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K09 SERIES

MAXIMUM VOLTAGE

Volts NPN PNP
Collector-base 25 25
Collector-emitter 15 15
Collector-substrate 25
Base-substrate 25
Emitter-base 5.8
Base-emitter 25

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

ELECTRICAL CHARACTERISTICS

Resistor Tolerances

Resistors Matching

Current Gain (hFE)
NPN 110 (@.1mA < | < 1mA)
PNP 60 (@ | = 10pA)
(Ft)nen 3GHz (@ | = 1TmA)
(Ft)enp 10MHz (@ | = 10pA)

+ 25%

Same Value Resistor
=+ 2%

Different Value Resistor
=+ 5%

DEVICES MODELING

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

parameters are :

Symbol Parameter QN1 QN2 QN4 PNP Unit
Is Transport Saturation Current (107'6) 2.1 4,19 10.5 05 A
Br Ideal Maximum Forward Beta 136 136 136 73
Var | Forward Early Voltage i 35 35 35 41 v
ke | Knee Current 14.7 29.4 73.5 43.107° mA
Rg Zero Bias Resistance 292 146 58.4 190 Q
Rsm Minimum Base Resistance 56.5 28.2 11.3 61.3 Q
Re Emitter Resistance 9.8 4.9 1.96 8.90 Q
Rc Collector Resistance 79.5 53.9 32.6 8 Q
22 K7 353 THOMSON
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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 L165 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

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

Pentawatt®

ORDER CODE : L165V

Vs Supply voltage
Vs—Vs4 | Upper power transistor Vce
Va4—V3 Lower power transistor Vce

" Input voltage

\ Differential input voltage

lo Peak output current (internally limited)

Prot Power dissipation at Tcase = 90°C
Tetg, T Storage and junction temperature

+18 \
36 \Y
36 \Y

Vs
+15 \
3.5 A
20 W
—40to 150 ‘'C

APPLICATION CIRCUITS
Figure 1 : Gain > 10.

Figure 2 : Unity gain configuration.
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L165

CONNECTION DIAGRAM
(top view)

> ws
> ourpurt
—
[ INVERTING INPUT
[ NONINVERTING INPUT

5-262812

O

Z':anb connected to pin3

- N WD »

SCHEMATIC DIAGRAM

5
O
5 b ——
: 4
o— g | st x
AND SOA a
PROTECTION
[
et &
L a4 A
: TPF J
N
THERMAL
SHUT DOWN Q2
PROTECTION
4 [y
3
5-2629 O
THERMAL DATA
Rih case Thermal resistance junction-case ‘ max 3 ‘CWw
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L165

ELECTRICAL CHARACTERISTICS (Vs =+ 15V, T; = 25 C unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage +6 +18 \
lg Quiescent Drain Current 40 60 mA
| Input Bias Current 0.2 1

b nput Bias Curi Ve=+18V HA
Vos Input Offset Voltage +2 + 10 mV
los Input Offset Current +20 + 200 nA
SR Slew-rate Gy =10 8

Vius
Gy =1(° 6

Vo Output Voltage Swing f=1KkHz lp=03A 27 v

lp=3A 24 pp
f =10 kHz Ip =03 A 27
Ip=3A 23 Vep

R Input Resistance (pin 1) 100 500 KQ
G, | Voltage Gain (open loop) f=1KHz 80 dB
en Input Noise Voltage 2 puv
in Input Noise Current B =100 10 000 Hz 100 pA

CMR Common-mode Rejection Rg <10KQ G, =30dB 70 dB
SVR Supply Voltage Rejection Rg =22 KQ Gy =10 60 dB dB
Vnpple =05 Vrms
frpple = 100 Hz | dBG, = 100 40 dB
Efficiency f=1kHz| lp=16APo=5W 70 %
RL=4Q |,=83A;P, =18 W 60 %
Tsd | Thermal Shut-down Case Pt =12 W 110 °C
Temperature Piot =6 W 130
(37 SGS-THOMSON 87
Y/ incrozEeTRONICS
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L165

Figure 3 : Open loop frequency response.
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Figure 5 : Large signal frequency response.

Figure 7 : Safe operating area and collector
characteristics of the protected power transistor.
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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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L165

Figure 9 : Bidirectional DC motor control with TTL/CMOS/uP compatible inputs.

—O+ Vs,

4xIN4OOY

EY O——

RARFN 2

S-%5380

Mustbe Vs22Vsi  E1, E2 = logic inputs
Vs1 = logic supply voltage

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

* Vgmax36V
36KQ 10K
——

LIE 3

3KN 2%
- Lo —

R8

33kn

36K N
Vi -0 28V

= e )
DitoD4: Ve<12@ 1=4A
trr <500 ns
Note : The input voltage level is compatible with L291 (5-BIT D/A converter).
The transfer functionis : M - _B4
\ Rx R3
L§7 SGS-THOMSON 57
Y/ rcRoELECTRONICS

91



L165

Figure 12 : Bidirectional speed control of DC

Figure 11 : High current tracking regulator.
motor (Compensation networks not shown).

+15V

t
0 '
" t200 —0 v,
LR B « e 7n Vo #3100V 20V
w®n
L
"‘“[] ==01uF
v, 0—
S-ern
+15V
P1 S-4370/1
A for£18<V,<+32
Note © V. must be chosen in order to verfy
2V, -V, <36V D1,D2- VFs12v@ I=2A
B forV,sx18V tr<500ns
Figure 13 : Split power supply.
O ’ i‘—o +Vo
47pF
v, oo
+810+36v| ==FF Vo=t 4 10 £18V
0
4TpF
O.ZZPFT T
. —O-Vo
5-53791
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L165

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

R1

2.2K0 MAa
P1
R2
22K0

S$-5381

P1 : duty-cycle adjust
P2 : frequency adjust (f = 700 Hz with C1 = 10 nF, P2 = 100
KQ, =25 Hzwith C1 =10 nF, P2 =0)

&7

SGS-THOMSON
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L200

ADJUSTABLE VOLTAGE AND CURRENT REGULATOR

= ADJUSTABLE OUTPUT CURRENT UPTO 2 A
(GUARANTEED UP TO T, = 150 °C)

= ADJUSTABLE OUTPUT VOLTAGE DOWN TO
285V

= INPUT OVERVOLTAGE PROTECTION (UP TO
60V, 10 ms)

» SHORT CIRCUIT PROTECTION

» OUTPUT TRANSISTOR S.0.A. PROTECTION

= THERMAL OVERLOAD PROTECTION

= LOW BIAS CURRENT ON REGULATION PIN

» LOW STANDBY CURRENT DRAIN

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® TO-3 (4 lead)
DESCRIPTION
The L200 is a monolithic integrated circuit for vol-
tage and current programmable regulation. It is
available in Pentawatt™ package or 4-lead TO-3
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vv, DC Input Voltage 40 Vv
vV, Peak Input Voltage (10 ms) 60 \Y
AVio Dropout Voltage 32 \Y
lo Output Current internally limited
Piot Power Dissipation internally imited
Tstg Storage Temperature —55to0 150 ‘C
Top Operating Junction Temperature for L200C —25t0 150 °C
for L200 —55t0 150 'C
THERMAL DATA
TO-3 Pentawatt®
Rinjcase | Thermal Resistance Junction-case Max 4°C/W 3°C/wW
Rihjamb | Thermal Resistance Junction-ambient Max 35°C/W 50 ‘C/W
September 1988 1/9
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L200

CONNECTION DIAGRAMS AND ORDER CODES (top views)

GND

- N W > v

> outpur
[ REFEREMCE
> GND
[ LIMITING
— 2T ¢

ouTPUT
CURR?

GND

l

LIMITING
TR $-2555/3
Type Pentawatt® To-3
L200 L200 T
L200C L200 CH 200 CT
L200 CV
BLOCK DIAGRAM
1
. PASS 2 ouTPUT
INCP>UT 1 ELEMENT ‘5\
>on CURRENT
PROTECTION /LIMITING
CURRENT ERROR
SOURCE REFERENCE AMPLIFIE COMPARATOR |—0 2
i VOLTAGE
O% ReFERENCE
THERMAL
PROTECTION

S 3928

—O3 GROUND

APPLICATION CIRCUITS

Figure 1 : Programmable Voltage Regulator

with Current Limiting.

Figure 2 : Programmable Current Regulator.

V5-2
5 R3 lo(max)= R3 -
5 Vs-2
V0=Vrel(":_lz) lo= R
+ 1 2 )
200 : 1 L200 F
o‘zg ] I
p 01uF
v 3 r1 4 R2 ", Vi v
T 820 0 10k N [ O.ZZ;JF3 ll' TOJMF 10
— S-26211 2 -— . $-262511
2/9
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L200

SCHEMATIC DIAGRAM

me)!—«

Q17

;{33

ELECTRICAL CHARACTERISTICS (Tamb = 25 “C, unless otherwise specified)

I Symbol ‘

Parameter

Test conditions ' Typ. l Max. ‘ Unit I
VOLTAGE REGULATION LOOP
lg Quiescent Drain Current (pin 3) | V,=20V 4.2 9.2 mA
en Output Noise Voltage Vo = Viet lo=10mMA
B=1MHz 80 uv
Vo Output Voltage Range lo=10mA 2.85 36 \"
AVo Voltage Load Regulation Alo=2A 0.15 1 %
Vo (note 1) Alp=15A 0.1 0.9 %o
AV, Line Regulation Vo=5V
AVo V,=8t0 18V 48 60 dB
SVR Supply Voltage Rejection Vo=5V lo = 500 mA
AV, =10 Vpp
f = 100 Hz (note 2) 48 60 dB
AVio Droupout Voltage between Pins 1 | lo=1.5A AVo<2 % 2 25 Vv
and 5 ’
Vret Reference Voltage (pin 4) =20V lo=10 mA 2.64 2.77 2.86 \"
L7 SGS-THOMSON e
Y/ incroriEcTRONICS
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L200

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test conditions Min. Typ. Max. | Unit
AV'ef Average Temperature Coefficient | Vi=20V lo=10mA
of Reference Voltage forTj=-25t0125°C -0.25 mvV/°C
forT,= 125t0 150 °C -15 mvV/°'C
la Bias Current at Pin 4 3 10 HA
Alg Average Temperature -05 %l/°C
AT:ls | Coefficient (pin 4)
Zo Output Impedance Vi=10V Vo = Vet
lb=05A f=100Hz 1.5 mQ
CURRENT REGULATION LOOP
Vsc Current Limit'Sense Voltage Vi=10V Vo = Vret
between Pins 5 and 2 Is =100 mA 038 0.45 052 \
AVsc Average Temperature 0.03 %/°C
AT-Vsc | Coefficient of Vsc
Alo Current Load Regulation Vi=10V AVo =3V
lo lo=05A 1.4 %
lb=1A 1 %o
lb=15A 0.9 %
Isc Peak Short Circuit Current Vi-Vo=14V
(pins 2 and 5 short circuited) 3.6 A

Note 1 A load step of 2 A can be applied provided that input-output differential voltage 1s lower than 20 V (see Figure 3)
Note2  The same performance can be maintained at higher output levels if a bypassing capacitor is provided between pins 2 and 4.

Figure 3 : Typical Safe Operating Area

Figure 4 : Quiescent Current vs. Supply
Voltage.

G-28601

Protection.
G-2851
]o(maxl ] [ [ Iq
(a) 111 (mA)
t <20us
OV, = 2%
1)=25°C\ [duty-cycle=1%"]
3 TN
1-125°c (| e
1 MAXIMUM DC POWER |
[ WHICH CAN BE 4.2
2 NG, DISSIPATED(T,=150°C)
\INN L 40
\ X
~N
\ 3.8
\
1 N N 36 ’l
\\ 14 U
N .
\‘
[} 10 20 30 V-V 0
4/
9 (37 SGS-THOMSON
’l MICROELECTROMICS
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L200

Figure 5 : Quiescent Current vs. Junction Figure 6 : Quiescent Current vs. Output
Voltage. Current.
G- 2846 G- 2864
g 1
wo L LD LTI wal | LT LY
Vv, =20V v, =Vg =5V
6 ST T Vo sVeet | T 6 Rih j-amb =6°C/W
S N S S O N N B
EANEREN . INNEEN
| N IR .
[ |
4 4
T A S N L e I
™.
3 3 N A A A
b 4 e T \\ - 4+t —4—q
2 S S S 2 E—» - -
4 4 — A’—_ 4
1 1
-40 0 «0 80 120 T, 0) 0 Q4 08 12 15 2 15(A)
Figure 7 : Output Noise Voltage vs. Output Figure 8 : Output Noise Voltage vs.
Voltage. Frequency.
G- 2850 -2
o - | i
HVems)
(#¥aws) ’ B=100Hz
16 Vo=Vret
200
A 1.4
A 1.2 \
150 — 1 L r,=|15%c__
y 08 T,275C
y’ . 0 1
NI
100 yd B - IMHz 06 T M
0.4 Ht - F— 1
' i i
02 i 4 H ””
50 0 il
0 s 10 15 Vo (V) 10 10’ 10 100 (M)
Figure 9 : Reference Voltage vs. Junction Figure 10 : Voltage Load Regulation vs.
Temperature. Junction Temperature.
G-2848 G-28671
Vret ] —l Vo l
(m¥) v, <20V o |- L L L _
\I:, =vl'¢'f [~ vo 255! B
o =1oma | ' | ]
- , . , 1]
| 4 — o4 1 ~
\\ 1o = 2A /‘/
7760 N 1 12
N e
N — T
2740 \ 8 1 T e A
\ ] [y —
70 A X —j . 1al t—t
2700 0
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L200

Figure 11 : Supply Voltage Rejection vs.

Frequency.
G- 284912
SVR l
(d8) LU L
| | 1] | [ :15VDC~2VRM5 il
Ip =10mA
85 |11 I — -
80 1 I 343 w;; uE
75—t BF i oy {4 _{
o I | N
65 HH HH T x—
55 [—1T1 T | T 1 1
50 8 2 <68 e i ees T otes
1 10 10 10° 10° t (Hz)

Figure 13 : Output Impedance vs. Frequency.
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Figure 15 : Voltage Transient Response.
G-28611
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Figure 12 : Dropout Voltage vs. Junction
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Figure 14 : Output Impedance vs. Output
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Current.
6-2862
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Figure 16 : Load Transient Response.

Io=1A V=10V
l°=IOmA tolA
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L200

Figure 17 :Load Transient Response.

Io= 2A v, =10V
15210mA to 2A
AV, =300mV = 1pF
v, =500mv | © L‘ Co 10
'\ Co=0067pF
Tps'tps'ips 5-238811

APPLICATION CIRCUITS

Figure 19 : Programmable Voltage Regulator.

Figure 18 : Current Limit Sense Voltage vs.
Junction Temperature.

G-28uen

Ve T
(mv) a4 4 7 kﬂVo_JV,ﬂl J__l

460 N B (.

fatmairroms |

450 o B e

ol N

430 |

L
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Ll
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e

420 ——1 }

410
-4 [ 4«0 80 120 T, Q)

Figure 20 : P.C. Board and Components
Layout of Figure 19.

T 1]
Cc1 C2
v, ==

. =
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Figure 21 : High Current Voltage Regulator

Figure 22 : Digitally Selected Regulator with

S-253913

with Short Circuit Protection. Inhibit.
s
1k
N L200 P 4
LG [P
Vi 0.22uF 0.1 uF== Vo

r I Inhibit

Inputs

- $-2543/2
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L200

Figure 23 : Programmable Voltage and Current Regulator.

oY

Vo =Vieito26V
15235mAto15A

P2*
bt ‘QI’OKH

R4
KN

v;0¥v o1 L200

L 3

0.22 uF oy

*P1:CURRENT REGULATION —— : S-012512
P2 -VOLTAGE REGULATION

Note : Connecting point A to a negative voltage (for example — 3 V/10 mA) it is possible to extend the output voltage range down to 0 V and
to obtain the current imiting down to this level (output short-circuit condition).

Figure 24 : High Current Regulator with NPN Figure 25 : High Current Tracking Regulator.
Pass Transistor.
S
o L200 2 0 v,

3 0 4% Vo <340l 4V
wa
n

3[820 4 lﬂKﬂS
04TpF T

To 22pF

$-2904n S 41230 8
A  forx18<V,<+32
Note -V, must be chosen in order to verify 2V, -V, <36 V

8/9
‘ SGS-
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L200

Figure 26 : High Input and Output Voltage.

Figure 27 : Constant Current Battery Charger.

Vitmax) =

S56VeVy

BDXS3 1 L 200
3]
36V 2
Vi 0.22uF v
A - 1] °
M3
Avz
Torr
5-201112

RSC
5
H r200 P
oo
A2
1 =
3 4 ! R2 -
A 1
v T 02w
S S '
R | [R
&
S-2912n

Figure 28 : 30 W Motor Speed Control.

The resistors Ry and Rz determine the final charging voltage and
Rsc the initial charging current D prevents discharge of the battery
throught the regulator.

The resistor R mits the reverse currents through the regulator
(which should be 100 mA max) when the battery i1s accidentally re-
verse connected If R is in series with a bulb of 12 V/50 mA rating
this will indicate incorrect connection

Figure 29 :Low Turn on.

R2

R1

Ri
Rs= " * Ru
Rz
VM= Vet * (1 + B )

-

M) VM

Al

s-2124n

0.22 uF

_C VR
N 0.45

1
Oj-—l:— L 200 N

S-3921 .
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ST B

L272
L272M

DUAL POWER OPERATIONAL AMPLIFIERS

OUTPUT CURRENT TO 1A
OPERATES AT LOW VOLTAGES
SINGLE OR SPLIT SUPPLY

LARGE COMMON-MODE AND DIFFER-
ENTIAL MODE RANGE

GROUND COMPATIBLE INPUTS
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-

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

Powerdip (8 + 8)
ORDERING NUMBERS:

Minidip Plastic

fiers and power supplies, compact disc, VCR, etc. L272 L272m

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage 28 \%

" Input voltage Vs

Vi Differential input voltage EAVA

lo DC output current 1 A

Ip Peak output current (non repetitive) 1.5 A

Piot Power dissipation at Tymp = 80°C (L272), T,mp = 50°C (L272M) 1 w
Tease = 75°C (L272) 5 w

Tag: T Storage and junction temperature -40 to 150 °Cc

BLOCK DIAGRAM

6 O—
o>
Tom

L272

$.5%06n

Vg

2

T
o >t
>

6 O—f
s O—

—O3

L

L272m

5.5929

1/6
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L272~-L272M

CONNECTION DIAGRAM

(Top view)
f——u—_ \
output 1 |1 16[Jono oUTPUT 1 i 8 [] npuT-1
Vs [|2 15[Jeno suppLY voutace | 2 7 [ mpuras
OouTPUT 2 [ 3 1 ]GND OUTPUT 2 [ 3 6 ]lNPUToZ
ono [l 13[JenD oo [ . . ]mpur-z
weut-2 f[s 12 6ND
S-s9m
inpuTe2 [f6 n JGND
L272m
puta f|7 10[Jeno
INPUT -1 [6 9 ]GND
5-5905
L272
SCHEMATIC DIAGRAM (one only) :
Vs
7T
) K
v’
N
oIn
O oul
10pF
an H
THERMAL K
PROTECTION
|
O
5-5304/1
THERMAL DATA Powerdip Minidip
Rth jcase Thermal resistance junction-pins max 15°C/W * 7OZC/W
Rih j-amb Thermal resistance junction-ambient max 70°C/W 100°C/W
* Thermal resistance junction-pin 4
2/6 57 SGS-THOMSON
V7. MICROELECTRONICS
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L272-L272M

ELECTRICAL CHARACTERISTICS (V, =24V, T,mp = 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vg Supply voltage 4 28 \Y
I Quiescent drain current A Vg = 24V 8 12 mA
Vo = 2
Vg = 12V 7.5 1 mA
Ip Input bias current 0.3 25 LA
Vos Input offset voltage 15 60 mV
los Input offset current 50 250 nA
SR Slew rate 1 V/us
B Gain-bandwidth product 350 KHz
R Input resistance 500 KQ
Gy O.L. voltage gain f = 100Hz 60 70 dB
f = 1KHz 50 dB
eN Input noise voltage B = 20KHz 10 nv
In Input noise current B = 20KHz 200 pPA
CRR Common Mode rejection f = 1KHz 60 75 dB
SVR Supply voltage rejection
f = 100Hz Vg = 24V 70 dB
Rg = 10KQ Vg = £12V 54 62 dB
Vr = 0.5V Vg = £ BV 56 dB
Vo Output voltage swing
lIp = 0.1A 23 \Y
Ip = 0.5A 21 225 Y
Cs Channel separation f= }KHz; R_=10%2; Gy =30dB
Vs = 24V 60 dB
Vg = £ 6V 60 dB
d Distortion f = 1KHz Gy = 30dB 0.5 %
Vg = 24V R = o
Tsd Thermal shutdown 145 °c
junction temperature
3/6

&7, 3TN

107



L272- L272M

- Open loop voltage” “~

Fig. 1 - Quiescent current Fig. 2 - Quiescent drain Fig. 3
vs. supply voltage - current vs. temperature gain o oeno
'o la T (a8
(mA) (mA ] ']
Vg = 24V
80
10 o
70
8 = 9 N 60
- N
8 50
N
9 / 7 \\ 20
30 3
6
20
6 s 10 \
| 0 N
“ 8 12 16 20 2 vs(v) S0 0 20 40 60 B0 Tpp,(C) 10 10? 10° 0 100 f(H2)
Fig. 4 - Output voltage Fig. 5 - Output voltage Fig. 6 - Supply voltage

swing vs. load current

swing vs. load current

rejection vs. frequency

G-6121 G-6122 G- 6123
v) ) | (dB)
Ve = t12V Vo= 412V %0 Tl
13 -13 - REFINPUT (G,=100)
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12 12 70
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B
" o < . ~N
I —— . ~N
N N
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e
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Fig. 7 - Channel separation Fig. 8 - Common mode
vs. frequency rejection vs. frequency
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) L272- L272M

APPLICATION SUGGESTION

NOTE

In order to avoid possible instability occurring — A 100nF capacitor corrected between supply
into final stage the usual suggestions for the pins and ground;

linear power stages are useful, as “or instance: — boucherot cell (0.1 to 0.2uF +182 series) bet-
— layout accuracy; ween outputs and ground or across the load.

Fig. 9 - Bidirectional DC motor control with uP compatible inputs

Vg, = logic supply voltage
Must be V52 > V51
E1, E2 = logic inputs

£y O0——H

&
o]

~|

5-59311n

Fig. 10 - Servocontrol for compact-disc

T~
] '
' |
1
l
1

E FOCUSING

REFLECTED. INTEGRATED

BEAM )| PHOTODIODES :> SIGNAL !

LASER HANDLING H TRACKING
.I > e
1

1
5-947511 L g

Fig. 11 - Capstan motor control in video recorders
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L272-L272M

Fig. 12 - Motor current control circuit

<2V
R2¥
—
25Kn I,E‘i:"'
RI% n
36K0
0.4705%
vV=0.:8Y
R3% R4* RS
1 e
. {3 b L
36KQ 2.5K0 10K2 2% $-5930/1
%<1

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

Fig. 13 - Bidirectional speed control of DC motors.
2R3 ° R1

For circuit stability ensure that Rx > ——=——— where Ry, = internal resistance of motor. The voltage
R V, 2R3 ° R1
available at the terminals of the motoris Viy =2 (V, - 25 ) + |Ro | Iy where IR,| = R and

Iy is the motor current.

Rx
—
[ —
Vin Rl
oO—{ 1
J0KQ
C) s
InF I
R2
| g |
h j S
10K
$-590972
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ICT1 -THOMSON L296
/4 msf,ﬂn((;@%@gm@m@mn@g L296P

HIGH CURRENT SWITCHING REGULATORS

= 4 A OUTPUT CURRENT The L296 and L296P are mounted in a 15-lead Mul-
w 5.1 VTO 40 V OUTPUT VOLTAGE RANGE tiwatt® plastic power package and requires very few
= 0 TO 100 % DUTY CYCLE RANGE external components.

= PRECISE (£2 %) ON-CHIP REFERENCE ‘ Efficient operation at switching frequencies up to

= SWITCHING FREQUENCY UP TO 200 KHz

200 KHz all a reduction in the size and t of
» VERY HIGH EFFICIENCY (UP TO 90 %) z 8 ons o 12 anc cos

external filter components. A voltage sense input

= VERY FEW EXTERNAL COMPONENTS and SCR drive output are provided for optional

= SOFT START crowbar overvoltage protection with an external

= RESET OUTPUT SCR.

s EXTERNAL PROGRAMMABLE LIMITING
CURRENT (L296P)

s CONTROL CIRCUIT FOR CROWBAR SCR

= INPUT FOR REMOTE INHIBIT AND _
SYNCHRONUS PWM Multiwatt”

» THERMAL SHUTDOWN (15-lead)

DESCRIPTION

The L296 and L296P are stepdown power switching
regulators delivering 4 A at a voltage variable from
5.1Vto40V.

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. : ORDER CODES :
. - L296 L296HT
ggﬁeLHE;%P incudes external programmable limiting L296P L296PHT

PIN CONNECTION (top view)

15 CROWBAR DRIVE
@ 14| RESET OUTPUT

13 RESET DELAY

1 RESET INPUT

1" OSCILLATOR

10| FEEDBACK INPUT

7

6

§|—————> SOFT-START
4||————> CURRENT LIMIT
3l=———"> suPPLY VOLTAGE

G} 2|[|———=> ourpur
1l 1J——""= CROWBAR INPUT

S-584911

9 = FREQUENCY COMPENSATION
8 = GROUND

————= SYNC. INPUT

> INHIBIT INPUT

Tab connected to pin 8

September 1988 1/23
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L296-L296P

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Test Conditions Unit
Vv, Input Voltage (pin 3) 50 \"
V, -V, Input to Output Voltage Difference 50 \ '
2 Output DC Voltage -1 v
Output Peak Voltage at t = 0.1 pusec f = 200KHz -7 A
| Vi, Via Voltage at Pins 1, 12 10 \ i
Vis Voltage at Pin 15 15 Vo
V4, Vs, Voltage at Pins 4, 5, 7, 9 and 13 55 \Y
V7, Vo, Vi3
Vio, Vs Voltage at Pins 10 and 6 7 \Y
Via Voltage at Pin 14 (I14 < 1 mA) Vi
lg Pin 9 Sink Current 1 mA
l11 Pin 11 Source Current 20 mA
l1a Pin 14 Sink Current (V14 <5 V) 50 mA
Pt Power Dissipation at Tcase < 90 °C 20 w
T}, Tstq Junction and Storage Temperature — 40 to 150 °C
THERMAL DATA
Rth j-case Thermal Resistance Junction-case Max 3 °C/IW
_Rthj-amp | Thermal Resistance Junction-ambient Max 35 °C/W
BLOCK DIAGRAM
“
CROWBAR CROWBAR
-r" 7 cumnent INPUT m;ws
3 & 1 15
.p CROWBAR
{ SAWTOOTH I |
OSCILLATOR
2 oY

F-it-

N
ouTPUT
STAGE
[‘ - 51V
£AROR REFERENCE

AMPL

10

—1s Q

INHIBIT s

Yo

<

Hkoy et
|

B |

1
—

[
2 O RESET INPUT

RESET

14

ORESET OUTPUT
3

THERMAL
SHUTOOWN

LU §

8 6 S
=

INHIBIT
INPUT

i RESET DeLAY
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L296-L296P

PIN FUNCTIONS

NO

Name

Function

1

CROWBAR INPUT

Voltage Sense Input for Crowbar Overvoltage Protection. Normally
connected to the feedback input thus triggering the SCR when V oyt i
exceeds nominal 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.

OUTPUT

Regulator Output.

SUPPLY VOLTAGE

Unrergulated Voltage Input. An internal Regulator Powers the L2965
Internal Logic.

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).

SOFT START

Soft Start Time Constant. A capacitor is connected between this
terminal and ground to define the soft start time constant. This
capacitor also determines the average short circuit output current.

INHIBIT INPUT

TTL - Level Remote Inhibit. A logic high level on this input disables |
the device. !

SYNC INPUT

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

GROUND

Common Ground Terminal.

FREQUENCY
COMPENSATION

A series RC network connected between this terminal and ground
determines the regulation loop gain characteristics. |

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.

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 Vto 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 ¢an 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 divider.

Output overcurrents at switch on are prevented by
the soft start function. The 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.

. (57 SGS-THOMSO 923
>/ 4 Mncm@grlgz@m@mcg
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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 100 mA
to switch on an external SCR. This SCRis 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.

ATTL - levelinhibit 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.
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J GOES HIGH  RESET OF MICRO
HYSTER l l AT POWER DOWN
ceser ERESIS MICRO 1S INHIBITED
P [ g ppgengpungen - IMMEDIATELY
THRESHOLD — ¥~ | ~——=—- ;T T AT
] 11 I
1 [N ]
MONITORED ! | !
VOLTAGE X : ! [
1
1
L : : |
| [N}
1 1} !
| 1y !
| 1 !
! o
! H ]
! P 1
‘ [ 'y |
I : | [
RESET ! 1 !
OuTPUT : 1
u |
|
—] l— — |—
DELAY DELAY S-3031
4/23
‘_ SGS-THOMSON
Y/ iCcROELEGTRONIES

114



L296-L296P

CIRCUIT OPERATION

(continued)

Figure 2 : Soft Start Waveforms.

OSCILLATOR CLAMPED ERROR
ouTPUT AMP OQUTPUT
NOMINAL
ERROR AMP o —_ —_—— —_ — —
OUTPUT
l | |
|
—N | ,
+
’ l |
|
OUTPUT M
CURRENT :
11 n | B I
SOFT START RAMP | 5-5835
Figure 3 : Current Limiter Waveforms.
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L296-L296P

ELECTRICAL CHARACTERISTICS (refer to the test circuits T; = 25 °C, V; = 35 V, unless otherwise

specified)

’Symbol | Parameter

Test Conditions

TMin. |Typ.Wax.} Unit |Fig.

DYNAMIC CHARACTERISTICS (pin 6 to GND unless otherwise specified)

Vo Output Voltage Range V, =46V lo=1A Vret 40 ' \ 4
V, Input Voltage Range Vo =Vietto36V lp<3A 9 46 Vv 4
Vv, Input Voltage Range Note (1) Vo =VRerto 36 VI, =4 A 46 \" 4
AV, Line Regulation V=10 Vto 40V, Vo = Viet, lo =2 A 15 50 mv | 4
AVo | Load Regulation [lo=2Ato4A 10 | 30 | mv |4
Vo = Vyes | lo=05At04 A 15 [ 45 [ mv |4
Viet | Internal Reference Voltage| V, =9 V to 46 V 5 | 51 |52 v |4
(pin 10) lo=2A
AViet Average Temperature T, =0°Cto125°C lo=2A 0.4 mV/°C
AT Coefficient of Reference
Voltage
Vg Dropout Voltage Between | I, =4 A 2 3.2 \' 4
Pin 2 and Pin 3 » lo=2 A 1.3 21 \ 4
laL Current Limiting Threshold| L296 Pin 4 Open
(pin 2) Vi=9Vto40V 45 7.5 A | 4
Vo =V5et t0 36 V
L296P Pin 4 Open 5 7 A 4
Vi=9 V1040V I'g "_ooko 25 45 | A | 4
Vo = Vref
IsH Input Average Current V, =46 V; Output Short-circuited 60 100 | mA | 4
n Efficiency o =3A Vo = Vret 75 % 4
Vo =12V 85 % 4
SVR | Supply Voltage Ripple AVi =2 Vimg frpple = 100 Hz 50 56 dB 4
Rejection Vo = Viet lo =2 A
f Switching Frequency 85 100 | 115 | KHz | 4
Af Voltage Stability of Vi=9VtodeV 0.5 % 4
A_V. Switching Frequency
Af Temperature Stability of T,=0°C to 125 °C 1 % 4
A_T, Switching Frequency ‘
fmax Maximum Operating Vo =Viet;lo =1A 200 KHz | -
Switching Frequency
Tsd Thermal Shutdown Note (2) 135 | 145 °C -
Junction Temperature
DC CHARACTERISTICS
laa Quiescent Drain Current V,=46V V7=0V | Vg=0V 66 85 mA | 6a
S1:B
Vg =3V
S2:B =3 30 40 mA | 6a
= oL Output Leakage Current V, =46V, Vs =3V, 2 mA | 6a
S1:B,S2:A,V; =0V
Note (1) - Using min. 7 A schottky diode
(2) : Guaranteed by design, not 100 % tested in production
6/23 L7 SGS-THOMSON
Y/ ncroELEcTRONICS
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L296-L296P

ELECTRICAL CHARACTERISTICS (continued)

'Symbol’ Parameter Test Conditions ’ Min. i T?p. | Max. | Unit 'Fig.i
SOFT START
lsso | Source Current Ve=0V, Vs=3V [ 80 [ 130 | 150 pA [6b
lss, | Sink Current Ve =3V, Vs=3V | 50 | 70 | 120 uA [eb |
INHIBIT
VgL Low Input Voltage V,=9Vto46V S1:B -03 0.8 \Y 6a
Ve | High Input Voltage V=0V 52:B 2 55 'V |6a.
— gL Input Current with Low V,=9Vtode V Ve =08V 10 ;| pA 6a
Input Voltage !
—lgn Input Current with High V7 .=0 v Vg =2V 3 pA | 6a
Input Voltage S1:B
S2:B L
ERROR AMPLIFIER
Vou High Level Output Voltage | V1o =4.7 V, lg = 100 uA, S1: A, S2 : A| 35 \Y 6c
Vi Low Level Output Voltage | V1o =5.3 V, Ig =100 pA, S1:A, S2 : E 0.5 \ 6C
lg s Sink Output Current Vio =53V, S1:A,S2:B| 100 | 150 pA | 6C |
—lggo | Source Output Current Vio =47V, S1:A,S2:D| 100 | 150 uA | 6C
l1o Input Bias Current Vig =52V, S1:B 2 10 A 6¢c
Vip =64V, S1:B, L296P 2 10 pA | 6c
Gy DC Open Loop Gain Vg=1Vto3V, S1:A,S2:C| 46 55 dB | 6c |
OSCILLATOR AND PWM COMPARATOR
-1y Input Bias Current of V;=05Vto35V 5 . pA 6a |
PWM Comparator '
=111 Oscillator Source Current | Vi1 =2V, S1:A S2:B| 5 | mA
RESET
Vi2r | Rising Threshold Voltage |V, =9 V1046V, S1:B,52:B| Vier | Vier | Veet | V | 6d |
-150mV}-100mV| -50mV |
Viz ¢ | Falling Threshold Voltage 475 | Vier | Veer | V| 6d
-150mV|-100mV| N
Viszp | Delay Thershold Voltage |Vi2 =53V, S1:A S2:B| 43 45 47 “_V 6d |
Vizn | Delay Threshold Voltage 100 I 'mv | 6d
Hysteresis l |
Viss | Output Saturation Voltage | I14 =16 mA; V42 =4.7 V; S1, S2 : B 04 | V |6d!
l12 Input Bias Current Via =0 V1o Vies, S1:B,S2:B 1 3 | uA | 6d |
—li3so | Delay Source Current Vi3g=3V Vi2 =53V 70 110 140 | pA 6d
lia s Delay Sink Current g; g Vig =47V 10 i mA | 6d
l14 Output Leakage Current |V, =46V, V;:Si.s Vv, g1~E?3, S2:A o | 1v0_07 '7J 6d
L7 SGS-THOMSON 728
7’ MICROELECTRONICS
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L296-L296P

ELECTRICAL CHARACTERISTICS (continued)

[symbol | Parameter ] Test Conditions | Min. | Typ. [ Max. | Unit [Fig. |
CROWBAR
Vy | Input Threshold Voltage |S1:B 55 6 | 64 | V |6b!
Vis Output Saturation Voltage |V, =9 Vto 46 V, V, =54V 0.2 0.4 \ 6b |
lis =5 mA S1:A ]
Iy Input Bias Current Vi =6V, S1:B 10 pHA | 6b.
-5 Output Source Current V,=9Vtod6V, Vi =65V 70 100 mA | 6b |
Vis =2V S1:B !
Figure 4 : Dynamic Test Circuit.
R RS&T
CROWBAR R3
"o G
] 10 u
A~ v,
2 300uH —OY
13 R
4] 1" 6 5 S L8 7 8
(#) ==10uF . 100uF 0OuF l
63V ] “OV] OV Rrs tlo
rR2 415 DIATA o7
2 = 1™ |5 Ko Frreia Ko
2.2uF - 43 .
LT LE
TaanF pF
GNDO- \Vd —O GND

C7, C8 : EKR (ROE)

INHIBIT

S -6636/1

L1-L=300pHat8 A Core type * MAGNETICS 58930 - A2 MPP
N"turns : 43 Wire Gauge : 1 mm (18 AWG) COGEMA 946044

(*) Minimum suggested value (10 uF) to avoid oscillations Ripple consideration leads to typical value of 1000 pF or higher.
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L296-L296P

Figure 5 : PC. Board and Component Layout of the Circuit of Figure 4 (1:1 scale).

CROWBAR

C5-020

RESETO Qmmsn
|

&r

SGS-THOMSON
MICROELECTRONICS

9/23

119



L296-L296P

Figure 6 : DC Test Circuits.

Figure 6a. Figure 6b.
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L296-L296P

Figure 7 : Quienscent Drain Current vs. Supply Figure 8 : Quienscent Drain Current vs. Supply
Voltage (0 % Duty Cycle - see fig. 6a). Voltage (100 % Duty Cycle see fig. 6a).
G-5210 G-5m
30 l3a
(ma) PR E— (mA) -
45 —t 80 |-
0 - : 75 T+
35 t 70 I
30 ‘ — 65 ]
p o p
25 + -1 60 — T -
2 +— T 5
15 -+ T 1 50 i —
|
10 =4 o =-— t+—t 1 bt T
) NEREE
0 10 20 30 0 Vv(v) 0 10 20 30 40 v (V)
Figure 9 : Quiescent Drain Current vs. Junction Figure 10 : Quiescent Drain Current vs. Junction
Temperature (0 % Duty Cycle - Temperature (100 % Duty Cycle -
see fig. 6a). see fig. 6a).
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130 \ I3g
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Figure 11 : Reference Voltage (pin 10) vs. V| Figure 12 : Reference Voltage (pin 10) vs. Junction
(see fig. 4). Temperature (see fig. 4).
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L296-L296P

Figure 13 : Open Loop Frequency and Phase
Response of Error Amplifier
(see fig. 6¢).
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Figure 15 : Switching Frequency vs. Junction
Temperature (see fig. 4).

Figure 14 : Switching Frequency vs. Input
Voltage (see fig. 4).
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Figure 16 : Switching Frequency vs. R1
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Figure 17 : Line Transient Response (see fig. 4).
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(see fig. 4).
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Figure 18 : Load Transient Response (see fig. 4).
65208
l A
Vo=Vret —
v =35V
L1 LOAD CURRENT 3
- «‘ ___._JL, _J_. ——2
— 1
avy
(mv) L { 0
50 .} _| OUTPUT VOLTAGE -4
CHANGE
0
< TTTETH
-100 -t — ——
inpERNERNEE
|
0 05 1 15 2 25 Y(ms)




L.296-L296P

Figure 19 : Supply Voltage Ripple Rejection vs.
Frequency (see fig. 4).
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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.

Input Voltage.
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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.

Input voltage.
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L296-L296P

Figure 25 : Power Dissipation (device only) vs. Figure 26 : Power Dissipation (device only) vs.
Output Voltage (see fig. 4). Output Voltage (see fig. 4).
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Figure 27 : Voltage and Current Waveforms at Pin 2 Figure 28 : Efficiency vs. Output Current.

(see fig. 4).
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Figure 29 : Efficiency vs. Output Voltage. Figure 30 : Efficiency vs. Output Voltage.
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L296-L296P

Figure 31 : Current Limiting Threshold vs. Rpin 4 Figure 32 : Current Limiting Threshold vs. Junction
(L296P only). Temperature.
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Figure 33 : Current Limiting Threshold vs.
Supply Voltage.
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APPLICATION INFORMATION
Figure 34 : Typical Application Circuit.

GND

RESET
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(*) Minimum value (10 pF) to avoid oscillations ; ripple consideration leads to typical value of 1000 1F or higher L1 : 58930 - MPP COGEMA
946044 ; GUP 20 COGEMA 946045

SUGGESTED INDUCTOR (L1)

Core Type No Turns ! WT;Gauge ‘ : ) AAi;AGaV;')
Magnetics 58930 — A2MPP 43 1.0 mm ; -
Thomson GUP 20 x 16 x 7 65 0.8 mm j 1 mm
Siemens EC 35/17/10 ; :
(B6633& — GO500 — X127) 40 2x08mm - |
VOGT 250 pH Toroidal Coil, Part Number 5730501800 :
“Resmtor Values for Standard Output Voltages ) o |
Vo R8 R7 i
12V 47 KQ 6.2 KQ
15V 47 KQ 9.1 KQ
18V 47 KQ 12 KQ
24V 47 KQ 18 KQ
16723 (37 SGS-THOMSON
Y/ 57cRoELECTRONICS
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Figure 35 : P.C. Board and Component Layout of the Circuit of fig. 34 (1:1 scale).
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SELECTION OF COMPONENT VALUES (see fig. 34)

Component Recommended Purpose Allowed Rage Notes
Value Min. Max.
Vl min
R1 - Set Input Voltage - R1/R2 = 1
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 1kQ 100 kQ
Frequency
R4 10 kQ Pull-down Resistor 22 kQ | May be omitted and pin 6
grounded if inhibit not
used.
R5 15 kQ Frequency 10 kQ
Compensation
R6 Collector Load For Vo Omitted if reset function
Reset Output 0.05 A not used.
R7 - Divider to Set - - Vo — Vret _
R8 47 kQ Output Voltage - 10kq |R7R8=———
Riim - Sets Current Limit | 7.5 kQ If Rym is omitted and
Level pin 4 left open the
current limit is internally
fixed.
Ci 10 puF Stability 2.2 uF
c2 22 pF Sets Reset Delay - - Omitted if reset function
not used.
C3 22 nF Sets Switching 1nF 3.3nF
. Frequency
Cc4 22 uF Soft Start 1 uF - Also determines average
short circuit current.
C5 33 nF Frequency
Compensation
C6 390 pF High Frequency - - Not required for 5 V
Compensation operation.
C7,C8 100 uF Output Filter - -
L1 300 pH 100 pH
Q1 Crowbar Protection The SCR must be able to
withstand the peak
discharge current of the
output capacitor and the
short circuit current of the
device.
D1 Recirculation Diode 7A Schottky or 35 ns t,
Diode.
1823 (37 SGS-THOMSON
Y/ ncroELEcTRONICS
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Figure 36 : A Minimal 5.1 V Fixed Regulator. Very Few Components are Required.
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$-6598/2 8 6 5
-L - %ZZHF
Figure 37 : 12 V/10 A Power Supply.
V;=20V 1046V
10 00O F so‘vI
Fl 1’5
l CROWBAR l
n 1 SAw1001H
OSCILLATON
7 -—
..L OKA Comr outeut 42 2N5038
IzzF 300uH "2V
s Q
r BKO ——— % 62
330F 5 2 @1 0
I i L4 VHE 2401
] — aser % = «7K0
EE—— 0P b LT
5-6599/1 -!: 6 ‘L
- I 22uF
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L296-L296P

Figure 38 : Programmable Power Supply.

80vVA
BY251
2x3300yF
p—
20V sov P
20V~ _E_‘
BY251
=22
5-5832/5
Vo=5.11015V
lo=4 A max. (min load current = 100 mA)
npple <20 mV

load regulation (1 Ato4 A)=10mV (Vo =5.1V)
line regulation (220 V+15%andtolo=3A)=15mV (V,=5.1V)

Figure 39 : Preregulator for Distributed Supplies.

§V/400mA.
— L4805 —O
L 6V L2 5V/400 mA
2 L4805 —O
10-40V 'L
vyO—13 L296 o c2
*
o I I =
- I — s
2l
L387a i I
5-628212 z

L RESET
I ourput

(*) L2 and C2 are necessary to reduce the switching frequency spikes

20/23

5; SGS-THOMSON
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L296-L296P

Figure 40 : In Multiple Supplies Several L296s

can be Synchronized As Shown.

Figure 41 : Voltage Sensing for Remote Load.

7
SYNC 0s¢ SYNC

300 uH
2 S\

Rosc

e .

I~

55976 11

L L

[]J

s ]

GNO

5-582912
Figure 42 : A 5.1 V/15 V/24 V Multiple Supply. Note the Synchronization of the Three L296s.
435V
oo 1 [ T T 300 uH
I Iaov 3 1 0 g g
- L100pF VO::JV
uamo%-zs
15KQ
.LZnF 1.3 -thi ﬁ
' l'IOpF | 7 300pH
ILOV 3 10 12
7 61 S 9
-
22 15K0
uFI
T
‘IOFF l [ T
ILOV 3 10 12
7 61 5 9
A
f}I 390pF
I?\g I S-5828 /L
21/23
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L296-L296P

Figure 43 :'5.1 /2 A Power Supply using External Limiting Current Resistor and Crowbar Protection on

the Supply Voltage (L296P only).

V=35V FUSE

T
I

S-9347

5.1VI2A

SOFT-START AND REPETITIVE POWER-ON

Whenthe 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.

The approximate discharge times obtained with this

circuit are :
Css tois
2.2uF 200 us
4.7 uF 300 us
10 puF 600 pus

If these times are still 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 44. Figure 45.

RI1 3

12 S 14
R2 s 14 59479
$-9478
f Css Css amm
22/23 LNy SGS-THOMSON
Y/ FicrozizcTRONICS
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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 = VRer - 100 mV
and the voltage across R2 is higher than 4.5 V.

With the hysteresis resistor itis possible to fix the in-
Figure 46.

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 1t0 2.2 KQ.

Vi PULL- UP RESISTOR
o !
R1 —J
HYST, 3 Vo= 5.1V
RESISTOR L O%
14 L296 I
5 13 1210
w | I e
“TT
¢ 1
D R
O
RESET OUT S-9573
(37 SGS-THOMSON 23/23
’I MICROELECTRONICS
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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

s 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

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

Symbol Parameter Value Unit
v, Forward Input Voltage 35 \Y
Top Operating Temperature Range —40to + 125 °C
Tstg, Ty | Storage and Junction Temperature —40to + 150 °C
APPLICATION CIRCUIT
ouTPUT
VOLTAGE

R sy &
IIOOnF

L 3

5 —OTO’SV
4
1 1
ALY Eoopr'

* Min 33 pF and max. ESR <3 Q over temperature range.

100niCd _

S-5898/1

RESET
OuUTPUT

September 1988
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L387A

CONNECTION DIAGRAM (top views)

) +Vour
4[> DELAY CAPACITOR (Cd)
k] I GROUND
) RESET OUTPUT
L S + VN
(tab connected to pin 3) $-5307
BLOCK DIAGRAM
INPUT PP QuIpuT ouTPUT
10 lgA\:stsron ik
ERRO / QuUTPUT
CURRENT
£ |} w RS | Uhiren
[ START_J—[ REE ] RESET
OUTERYT
menmﬂ RESET
PROTECT. CIRCUIT
GROUND
20 03
J) DELAY
4O CAPACITOR S- 5899
THERMAL DATA
’ Rth jcase| Thermal Resistance Junction-case Max 4 ' ‘C/W |

2/4
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L387A

ELECTRICAL CHARACTERISTICS (refer to the test circuit, V, = 14.4 V, T, = 25 °C, C,, = 100 uF;
unless otherwise specified)

Symbol Parameter Test Conditions Min. . Typ. | Max. | Unit
Vo Output Voltage lo=5mAto500mA T, =25°C 4.80 5.00 520 | Vv
-40<T,<125°C | 475 | 500 | 525 |
\ Operating Input (*), Over Full T Range (- 40 to 125 °C) 26 v |
Voltage (see note **) o o o
AV, Line Regulation V,=6Vto26V lo =5 mA 5- 50 mV
AV, Load Regulation lo =5 mA to 500 mA | 15 60 mV
V| -V, | Dropout Voltage lo =350 mA _ _ | 040 0.65 \Y
lp=500ma Vo =Vonom—100mV | g | g |
lg Quiescent Current lo =0 mA I 5 15
lo =150 mA i 20 35
lo =350 mA . 60 100 mA
lo =500 mA 100 160
V,=62V lo =500 mA 160 | 180 | |
AVo Temperature - 05 mV/°C
AT Output Voltage Drift
SVR Supply Voltage lo =350 mA f=120 Hz 60 dB
Rejection Co =100 pF V=12V x5 Vp,
Isc Output Short Circuit 1.2 1.6 A
Current
VR Reset Output Ig =3 mA 1<V, <475V 0.5 Y
Voltage Ir =16 mA 15<V, <475V 0.8
Over Full T (- 40 °C < T, < 125 °C)
In Reset Output V, in Regulation 50 HA
Leakage Current Over Full T Rﬂlge R
tq Delay Time for Cd =100 nF 25 ms
Reset Output Over Full T Range
VRT (off) Vo @ Reset out H to L Transition, Over 4.75 Vo \%
Full T Range —0.15
Ica Charging Current | V4 =3V 10 | 20 30 HA
(current generator)
VRT (on) | Power on Vo @ Reset out L to H Transition , Over 1vm (off) Vo \Y%
Vo Threshold Full T Range l+0.05 V|- 0.04 V
Va Comparator Vs @ Reset out H to L Transition 3.2 3.9 \
Threshold
(pin 4) Vs @ Reset out L to H Transition 37 4.3 \
Vi Hysteresis Voltage | Over Full T Range 450 mv

*)

For a DC voltage 26 < Vi < 35 V the device is not operating.

(**) Design imits are guaranteed (but not 100 % production tested) over the indicated temperature and supply voltage ranges.
These imits are not used to calculate outgoing quality levels.

SGS-THOMSON

3/4
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L387A

Figure 1 : Dropout Voltage vs. Output Current.

Figure 2 : Quiescent Current vs. Output

G-5102
V-V Iq
(321 (mA)
0.6
// 100
04 e 80
P
60
//
0.2 40
20
[
100 200 300 400 1o(mA) o
Figure 3 : Output Voltage vs. Temperature.
G -5101
Vo TTTT
W) [T
To=S5mA
52
5.1
5 —— -
49
4.8
-40-20 0 20 40 60 80 100 T, ¢C)
a4 (37 SGS-THOMSON
Y/ iicroELECTRONICS
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L601-L603
L602-L604

DARLINGTON ARRAYS

» EIGHT DARLINGTONS PER PACKAGE

= OUTPUT CURRENT 400 mA PER DRIVER
(500 mA PEAK)

= OUTPUT VOLTAGE 90 V (Vce (sus) = 70 V)

» INTEGRAL SUPPRESSION DIODES FOR IN-
DUCTIVE LOADS

= OUTPUTS CAN BE PARALLELED FOR HI-
GHER CURRENT

» TTL / CMOS / PMOS / 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

The four versions interface to all common logic fa-
milies :

L601 General purpose
L602 14 - 25V PMOS
L603 5V TTL, CMOS
L604 6- 15V 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: L601C, L603B
L602B, L604B

Symbol Parameter Value Unit
Veex Collector Emitter Voltage (input open) 90 Vv
lc Collector Current 0.4 A
Ic Collector Peak Current 0.5 A
V, Input Voltage (for L602, L603 and L604) 30 \

I Input Current (for L601 only) 25 mA
Ptot Total Power Dissipation @ Tamp = 25°C 1.8 W
Top Operating Junction Temperature —25t0 150 ‘C

September 1988




L601-L602-L603-L604

PIN CONNECTIONS (top view)

IN 1 |[ ——‘]15 out 1
IN 2 z(»—Do —~]|7 out 2
i <al
N 3 3[—4Do J's our 3
IN 4 4[——90—[»:3—]15 ouT 4
NS S[—DcY J1e our s
IN 6 s[—Dc el i3 our &
T |
L
IN 7 7E~ Do, 12 our -
IN 8 a[ i—.H [n our e
GND 9 b P%%’E’éﬂﬁe‘&%%a
$-349012
SCHEMATIC DIAGRAMS
L601 L602
- -Pt—Ocem
N 10.5k0 - 4) —~—oout
| ;
|
| i
i |
1 1
[ P
EACH DRIVER 5389 EACH DRIVER 5198
L603 L604

|
i
:__". — o oL *‘.

EACH DRIVER —— - 1969 EACH DRIVER 5-257
2/3 ‘ SGS-THOMSON
Y4 MICROELECTRONIGS
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L601-L602-L603-L604

THERMAL DATA

| Rithj-amb [ Thermal Resistance Junction-ambient Maxw 70 J ‘C/IW J
ELECTRICAL CHARACTERISTICS (Tamb = 25 °C, unless otherwise specified)
Symbol Parameter Test conditions Min. | Typ. | Max Unit
lcex Output Leakage Current Vee=90V 10 pA
Vceisat | Collector Emitter Saturation | Ig = 300 mA Ig = 500 pA 2 \Y
Voltage Ic = 200 mA Ig = 350 uA 1.7 \
Ic =100 mA Ig =250 pA 1.2 \Y
hee DC Forward Current Gain Vee=3V Ic =300 mA 1000 -
(L601 only)
vV, Minimum Input Voltage Vee=3V lc =300 mA
(ON condition) for L602 11.5 Vv
for L603 25 \Y
for L604 5 \Y
vV, Maximum Input Voltage Vce=90V Ic =25 pA
(OFF condition) for L601 0.55 \Y%
for L602 7 \Y%
for L603 0.75 \Y
for L604 1 \
Ir Clamp Diode Reverse VR=90V 50 HA
Current
Ve Clamp Diode Forward Ir =300 mA 2 24 \
Voltage
ton Turn-on Delay 0.5Vi10 0.5 Vo 04 us
toft Turn-off Delay 0.5V,t0 0.5 Vo 0.4 us
L7 SGS-THOMSON 33
Y/ HicROELECTRONICS
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2A QUAD DARLINGTON SWITCH

= SUSTAINING VOLTAGE : 70 V

= 2AOUTPUT

= HIGH CURRENT GAIN

= IDEAL FOR DRIVING SOLENOIDS, DC MO-
TORS, STEPPER MOTORS, RELAYS, DIS-
PLAYS, ETC.

Multiwatt-11

DESCRIPTION

The L702 is a monolithic integrated circuit for high
current and high voltage switching applications. It Powerdip 8 + 8
comprises four darlington transistors with common
emitter and open collector suitable for current sin-
king applications mounted on the new POWERDIP

and Multiwatt® packages. )
L . ORDER CODES :  L702B - Powerdip
This circuit reduces components, sizes and costs ; L702N - Multiwatt

it can provide direct interface between low level lo-
gic and a variety of high current applications.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit

Vcex Collector-emitter Voltage (input open) 90 \
vV, Input Voltage 30 \

e Collector Current 3 A
Piot | Total Power Dlss!pat!on atTon 9t0 1? <90°C } Powerdip 4 W
Total Power Dissipation at Tamp <70 C 1.1 w

Total Power Dissipation at Tease <90 'C Multiwatt 20 w

Tstg Storage Temperature —~ 5510 150 ‘C

T, Operating Junction Temperature —25t0 150 ‘C

September 1988 1/4
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L702

STEPPING MOTOR BUFFER

Ove

'_)

1702B(N)3 |
A < (8)
(‘WDE’\

(1)

B s

(10) E

’_r

}.__/

5

2 A 715
(2

6

)
)

b“
@
L2

B % (Tﬂ-_—?. o= 100pF
9 15 '6)
= -
CONNECTION DIAGRAMS (top view)
Powerdip Multiwatt
5-3400/2

Bl 1 —% ]16 " B1

© v o2

82 2 ] 1s 9|[F—T— nc

f ] 8 —T—>c1

cr 3| 1%

7|t ¢2
cz 4 ] 13 /[ T—T——>6ND

GND s T—> c3

@ s ] » JT—c4

ce 6| ﬁ " ITT—> nc

4

Q} f—T—>83

83 7 | ) 0 N F—T— B4

84 8 ] 9 THE TAB IS CONNECTED TO PIN 6 5-3749

SCHEMATIC DIAGRAM (each Darlington)

3400

Qo

5000

S—3486h

GND

2/4
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L702

THERMAL DATA

Rihj-amb Thermal Resistance Junction Ambient } Powerdip Max 70 ‘C/IW
Ritn-pins 916 | Thermal Resistance Junction Pins 9 to 16 Max 14 ‘C/IW
Rih-case Thermal Resistance Junction-case Multiwatt Max 3 ‘cw
ELECTRICAL CHARACTERISTICS (Tcase = 25 ‘C unless otherwise specified)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
lcex Output Leakage Current Vee=90V 10 50 pA
Vcesust | Collector Emitter (*) Sustaining Ic = 100 mA 70 \
Voltage
Vcesaty | Collector Emitter Saturation Ic=125A 1.3 19 \
Voltage h=2mA
hre DC Forward Current Gain le=1A 1000 | 4000
Vee=3V
I Input Current V=375V 7 1 mA
V=24V 3 6 mA
Open Collector
Vv, Input Voltage Off Condition Vee=70V lc<0.1 mA 0.4 \
On Condition Vce=3V Ic=21A 24 Vv
Ton Turn On Time Vs=12V 0.3 us
Tott Turn Off Time RL=10Q 1 us
Figure 1 : Switching Time. Figure 2 : ton and torf Test Circuit.
0sVi o —————~ \ Wg=t2v

toft

S-3&721

S-34711

Lﬂ SGS-THOMSON

3/4
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L702

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

G-4089
Tt \ TTT]
X Tamb=70°C
T=100ms
\
15 \
AAVERN
NAN 3
) \NLEAN 1
\ N
N 9 ~
AUAN
A 2
05 3T
o~ —]
4
0
10% 30% 50% 70% D(*%)

Figure 5 : Gollector Current vs. Input

Voltage.
6-3602
e T 1]
(A)Q__J___A 4 4oy -
|1
LA
_ 1
A
P4 Veg =3V
4
2 ——- -4 —
, /
111 1 | 1]
L1l
o U
1 2 3 v, (V)

Figure 7 : Safe Operating Areas (L702B).

G-260411

Ic o S EEETi)
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N |-5ms
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N
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L

6

‘

i 4
)0'2
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1 10 102 Vee (V)
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Figure 4 : Collector Emitter Saturation
Voltage vs. Collector Current.

G-3603
Veg(sat)
(V) 7 1717
| //
. L B 8 W
T ,/
/1
2 N
A1 '“ng“j__
Lol » ]
- e
1 // 4
41
I O
0 1 2 Ic(A)

Figure 6 : Input Current vs. Input Voltage.

h
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Figure 8 : Safe Operating Areas (L702N).
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LOW DROP DUAL POWER OPERATIONAL AMPLIFIERS

PRELIMINARY DATA

OUTPUT CURRENT TO 1A They are particularly indicated for driving, in-
OPERATES AT LOW VOLTAGES ductive loads, as motor and finds applications
SINGLE OR SPLIT SUPPLY in compact-disc VCR automotive, etc.

_ The high gain and high output power capability
Eﬁ?&EL &%’g“éloRN&xgg E AND DIFFER provide superior performance whatever an opera-

tional amplifier/power booster combination is

GROUND COMPATIBLE INPUTS
LOW SATURATION VOLTAGE
THERMAL SHUTDOWN

CLAMP DIODE

The L2720, L2722 and L2724 are monolithic in- Powerdip Minidip
tegrated circuits in powerdip, minidip and SIP-9 (8 + 8) Plastic
packages, intended for use as power operational ) ORDERING NUMBERS:

amplifiers in ‘a wide range of applications in-
cluding servo amplifiers and power supplies. L2720 L2722 L2724

ABSOLUTE MAXIMUM RATINGS

\'A Supply voltage 28 Y
Ve Peak supply voltage (50ms) 50 Y
V| Input voltage A
Vi Differential input voltage tV,
lo DC output current 1 A
Ip Peak output current (non repeti'give) 1.5 A
Piot Power dissipation at T,y = 80°C (L2720), T,mp = 50°C (L2722) 1 w
Tease = 75°C (L2720) . 5 w
Tease = 50°C (L2724) 10 w
Tstg, Ty Storage and junction temperature -40 to 150 °c
BLOCK DIAGRAMS
g Vg g
|2 Tz Tz

8 O—] 8 O—— 9 00—

7 o———:D__O' 7 O—ZD' ' 8 o—:D__OI

6 O— 6 O— 7 O—

so—:[>__o3 so—:D—_'o3 SO_:D_I_'O’

l4,9-|6 l‘ -LS $-97¢9
$.5306Nn $.9929
L2720 L2722 L2724
June 1988 1/7
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L2720/2/4

CONNECTION DIAGRAMS

(Top view)

A \J ( 9|fF———o> INPUT~1
ourput f|1 16 [JonD OUTPUT 1 K 8 [ inpur-1 o INPUTe!
% - 15 [Jono SUPPLY voLTAGe [| 2 7 [ nputas 7[—=——>1npPUT+2
oureurz fa 1fleno ouTPUT 2 I & [Jneuta2 ¢ INPUT-2

’ Q s F———>GND
oND [l 13[Jeno ]
GND L 4 S [JINPUT-2 W——nN¢
weut-2 | 12| N0 -
o eon 3—=——=s0urrPuT2
nput.2 |6 1fJeno 2y,
L2722
neuter |7 10[Jeno — | —=———>0utPuT!
INeUT-1 (|8 9 [Jeno 5-9748
L2724
5-5905
L2720
SCHEMATIC DIAGRAM (one section)
Ng
, 94O
LA
«In
o out
DUMP
PROTEC
10pF
-In F
THERMAL K
PROTECTION
.Vs
$-9526
THERMAL DATA SIP-9 | Powerdip | Minidip
Rinh j-case  Thermal resistance junction-pins max 10°C/W | 15°C/W | *70°C/W
th j-amb Thermal resistance junction-albient max 70°C/W | 70°C/W | 100°C/W
* Thermal resistance junction-pin 4.
2/7 £ SGS-THOMSON
Y/, HICROELECTRONIES
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L2720/2/4

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

Parameter Test Conditions Min. | Typ. | Max. |Unit
Vg Single supply voltage 4 28
\"
Vg Split supply voltage +2 +14
Is Quiescent drain current Vs Vg = 24V 10 15
Vo = — mA
2 Vg = 8V 9 15
Ip Input bias current 0.2 1 A
Vos Input offset voltage 10 mV
los Input offset current 100 | nA
SR Slew rate 2 V/us
B Gain-bandwidth product 1.2 MHz
R; Input resistance 500 Ko
Gy O.L. voltage gain f = 100Hz 70 80
dB
f = 1KHz 60
eN Input noise voltage 10 uVv
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 Vg = 24V 70 dB
Rg = 10KQ V, = 12V 60 75 dB
Vg = 05V Vg = £ BV 80 dB
VDROP (HIGH) Ip = 100mA 0.7 v
Ip = 500mA 1.0 15
Vg = +2.6V to £12V
VDROP (LOW) Ip = 100mA 0.3
\%
Ip = 500mA 0.5 1.0
c Channel separation f = 1KHz = 24
s p TR
G, = 30dB s
Tsa Thermal shutdown 145 °c
junction temperature
Lyy SGS-THOMSON 3/7
Y/, HMICROELECTRONICS
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L2720/2/4

Fig. 1 - Quiescent current Fig. 2 - Open loop gain vs. Fig. 3 - Common mode
vs. supply voltage frequency rejection vs. frequency
G- 6160 G-616) 5_'"“
lo (8 (a8 It LTI
(mA) V=24 l
90 —
12 & Vg 224V T
70 [ 1]
o ] 70 N
ot 60
1 50
8 50
: « * Il
30
3
20
? 10
. [
« 8 12 18 2 2 Vg(V) 10? 10? 10¢ 108 108 1(H2) 10 107 -10° 10 1(Hz,
Fig. 4 - Output swing vs. Fig. 5 - Output swing vs.
load current (Vg = % 5V) load current (V, = + 12V)
06164 G-6128
) W) |
Vg e s SV Vg e £12V
6 13
H 17
I —t— \'\\
EGATIVE EGATIVE
4 "
~
T osiTvE T——
? 10 41
200 400 600 1 oap(mA) 200 400 600 1L0ap(mA)
Fig. 6 - Supply voltage . Fig. 7 - Channel separation
rejection vs. frequency vs. frequency
(@8 G-6162 (a8) l G- 6131
Vg=%12V AR
S 6 = 3048l
Vo = 2V
70 ™~ ~ 70
60
/
60 50
4«0
50
30
20 H
i
10 . -
n - - [ |
° 10 1 100tk 1 10 10? 10? 10* H(Hz)
47 &y7 SGS-THOMSON
Y/, ICROELECTRONICS
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L2720/2/4

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;

— boucherot cell (0.1 to 0.2 uF + 182 series) bet-
ween outputs and ground or across the load.
With single supply operation, a resistor (1K$2)
between the output and supply pin can be
necessary for stability.

Fig. 8 - Bidirectional DC motor control with uP compatible inputs
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Fig. 9 - Servocontrol for compact-disc
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Fig. 10 - Capstan motor control in video recorders

E TRACKING
I

r
1
I
]
1
L

DIGITAL
INPUT
$-9477
L7, SGS-THOMSON 517
V7. MICROELECTRONICS

151



L2720/2/4

Fig. 11 - Motor current control circuit
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Fig. 12 - Bidirectional speed control of DC motors.
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Fig. 13 - VHS-VCR Motor control circuit
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Lyz SGS-THOMSON

L4901A

DUAL 5V REGULATOR WITH RESET

® OUTPUT CURRENTS: lg; = 400mA
|02 = 400mA

® F|IXED 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

® OQUTPUT 2 INTERNALLY SWITCHED WITH
ACTIVE DISCHARGING

® | OW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® | OW QUIESCENT CURRENT (INPUT 1)

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

BSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

® RESET OUTPUT HIGH

® QUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4901A 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.

> Heptawatt
S

ORDERING NUMBER: L4901A

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

24

60

internally limited
-40 to 150 °C

<<

LOCK DIAGRAM
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L4901A

ONNECTION DIAGRAM

op view)
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b3 | E—— INPUT 2
[ | — INPUT 1

— .
57768

IN FUNCTIONS

NAME FUNCTION

INPUT 1 Low quiescent current 400mA regulator input.

INPUT 2 400mA regulator input.

TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged

with a 10uA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

GND Common ground.

RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.
Therefore tgp = C; ( %& ); trp (ms) = C; (nF)

OUTPUT 2 5V - 400mA regulator output. Enabled if Vg 1> Vgt

and Vin2 > V7. If Reg. 2 is switched-OFF the Cop,
capacitor is discharged.

OUTPUT 1 5V - 400mA regulator output with low leakage (in
switch-OFF condition).

HERMAL DATA

thjcase  Thermal resistance junction-case max 4 ‘cw
(N7 SGS-THOMSON 3/9
Y/, MICROELEGTRONIGS
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L4901A

TEST CIRCUIT

°
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ELECTRICAL CHARACTERISTICS (V,y: = Vine = 14,4V, Tamp = 25°C unless otherwise

specified)
Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 20 \Y
Vo1 Output voltage 1 R load 1KQ 495 | 5.05 5,15 \%
Voax  Output voltage 2 HIGH R load 1KQ Vop1-0.1 5 Vo1 \
Vo2  Outputvoltage 2 LOW lgp2 =-5mA 0.1 \
o1 Output current 1 AVg3 =-100mV 400 mA
fLo1 Leakage output 1 current Vin =0 1 MA
Vo1 <3V
loz Output current 2 AVgp = -100mV 400 “mA
Vio1 Output 1 dropout voltage (*) | 197 = 10mA 0.7 0.8 \
lg1 = 100mA 0.8 1 \
lor = 300mA 1.1 1.4 v
ViT Input threshold voltage Vo1+1.2 64 Vgu+17 V
ViTH Input threshold voltage hyst. 250 mV
AVo1 Line regulation 1 7V < Vn < 18V
|01 = BmA 5 50 mV
AVg,  Line regulation 2 lopg = 5mA 5 50 mv
AVo3 Load regulation 1
5mA < lg; < 400mA 50 100 mv
AVgs  Load regulation 2 5mA < lgp < 400mA 50 100 mvV
lqQ Quiescent current 0<Vn<13V 45 6.5 mA
7V <V|N<13V 1.6 35 mA
|02 = |01 < 5mA
lQ1 Quiescent current 1 6.3V < VN1 < 13v 06 09 mA
VlN% =0 _
- |01 5mA |02 =0
49 SGS-THOMSON
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L4901A

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRT Reset threshold voltage Vpo-0.15| 49 [Vgo-005( V
VrTH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH Ir = 500pA Vo2-1 4,12 Vo2 \
VRL Reset output voltage LOW IR = -BmA 0.25 0.4 \Y
trRD Reset pulse delay Ci = 10nF 3 5 1 ms
tyq Timing capacitor discharge C; = 10nF 20 us
time

8Y01  Thermal drift -20°C < Tamp < 125°C 0.3 mv/°C
AT -0.8
Vo2 Thermal drift -20°C < Tomp < 125°C 0.3 mv/°C
AT amb -038

SVR1 Supply voltage rejection f = 100Hz Vg = 0.5V 50 84 dB

lo = 100mA

SVR2 Supply voltage rejection 50 80 dB
Tysp  Thermal shut down 150 °c

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is

lowered of 256mV under, constant output current condition,

APPLICATION INFORMATION

In power supplies for uP 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 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 until Vg,
rises to the nominal value.

When the input 2 reaches V|1 and the output 1
is higher than Vgt the output 2 (Vg,) switches
on and the reset output (V) also goes high after
a programmable time Trp (timing capacitor).

Vo> and Vg are switched together at low level
when one of the following conditions occurs:

— an input overvoltage

— an overload on the output 1 (Vo; < Vg7)s
— aswitch off (VlN < VlT - VlTH);

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 Vg, 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 Vp,

‘7_, SGS-THOMSON 5/9
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L4901A

CIRCUIT OPERATION (continued)

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

The Vp, 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
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.

Fig. 1
g AV Vo
Vin=Vin2 Li
T_
R e it e bt 13 Vith
Voi ' 1
w1 TN
v, r [ I
RTH| | ! |
i I
[ ! t
T
1 i
f L !
11 Vo2 '
4
/ A .
'rRD trD tRD trRD
— > L” $-7769N
v v v THERMAL
SWITCH 01 02 IN SHUT | SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN | OFF

APPLICATION SUGGESTIONS

Fig. 2 shows an application circuit for a uP
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 Vp; output to maintain a CMOS time-of-
day clock and a stand by type N-MOS uP. 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.

6/9
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The L4901A 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 uP 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 UP system with shadow memories. (see fig. 6)

When the input voltage goes below V,y, 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 680uF 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,
occeurs, .




L4901A

APPLICATION SUGGESTION (continued)

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

: 1 scale)
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L4901A

APPLICATION SUGGESTION (continued)

Fig. 4
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L4901A

APPLICATION SUGGESTION (continued)
Fig. 6
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Fig. 7 - Quiescent current
(Reg. 1) vs. output current
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Fig. 10 - Regulator 1 out-
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Fig. 8 - Quiescent current
(Reg. 1) vs. input voltage
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Fig. 9 - Total quiescent cur-
rent vs. input voltage
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L4902A

DUAL 5V REGULATOR WITH RESET AND DISABLE

DOUBLE BATTERY OPERATING

® QUTPUT CURRENTS: lg; = 300mA
Ioz = 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
1A AT OUTPUT 1

RESET OUTPUT NORMALLY HIGH

BSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

® QUTPUT 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

DC input voltage

Transient input overvoltage (t = 40 ms)
° Output current

stgr 1) Storage and junction temperature

IN

28 \%
60 \%)

internally limited
-40 to 150 °C

LOCK DIAGRAM
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REG. 2 -61,——0 Vo2
DIS. 3
O DISABLE
; 5 ORESET
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PROTECTION RESET 2__OTIMING
_K 5-784013

une 1988
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L4902A

CONNECTION DIAGRAM
(Top view)

S | B .

a———— r
=/, |b—— oureur1

6 |[—————>O0UTPUT2
s|—————> RESET

[ | e— c] {0V s}
3|5 DISABLE INPUT

2 |——————> TIMING CAPACITOR
VI INPUT

PIN FUNCTIONS

S-7841

N° NAME FUNCTION

1 INPUT 1 Regulators common input.

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

3 Vo, DISABLE INPUT A high level (> V) disable output Reg. 2.

4 GND Common ground.

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

5V
Therefore trp = C¢ (m ); trp (ms) = C; (nF).

6 OUTPUT 2 5V - 300mA regulator output. Enabled if Vg 1> Vgr.
DISABLE INPUT < VDT and VIN > VIT- If Reg. 2is
switched-OFF the Cq, capacitor is discharged.

7 OUTPUT 1 5V - 300mA. Low leakage (in switch-OFF condition)

output.

THERMAL DATA

Rin j-case Thermal resistance junction-case max 4 °c/w
Ly7y SGS-THOMSON 379
Y/. 1CROELECTRONICS
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L4902A

TEST CIRCUIT

Z.ZFFI

$-9360 /2

7 Vo1
6 ’ O
3 5 RESET VOZ
2
4.7 pF|
T f
10nF

TZ.Z}J F

ELECTRICAL CHARACTERISTICS (V,y = 14.4V, Tamp= 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. | Max. Unit
Vi DC operating input voltage 24 \%
Vo1 Output voltage 1 R load 1KQ 4.95 5.05 5.15 \
VozH  Output voltage 2 HIGH R load 1KQ2 Vp1-0.1 5 Vo1 \
Vo2  Output voltage 2 LOW lg2 = -BmA 0.1 \
lo1 Output current 1 max. AVp1 =-100mV. 300 mA
ILo1 Leakage output 1 current Vin =0 1 KA
Vo1 < 3V
lo2 Output current 2 max. AVgp = -100mV 300 mA
Vio1 Output 1 dropout voltage (*) | 1g3 = 10mA 0.7 0.8 \
lp1 = 100mA 0.8 1 \4
lp1 = 300mA 1.1 1.4 \%
Vit Input threshold voltage Vo1+1.2 | 64 Vp1+1.7| V
VitH  Input threshold voltage 250 mV
hysteresis
AVgq Line regulation 1 7V <ViN< 24V g1 = EMA 5 50 mV
AV Line regulation 2 lo2 = BmA 50 mV
AVpy  Load regulation 1
5mA < lp1 < 300mA 40 80 mV
AVo2 Load regulation 2 5mA < lgo < 300mA 50 80 mVv
1o Quiescent current 0 <V <13V 4.5 6.5 mA
7V <V n < 13V Vg, LOW 2.7 4.5 mA
7V <Vn <13V Vo2 HIGH 1.6 35 mA
lo1 = loz < 5mA
VRrT Reset threshold voltage Vp2-0.15 [ 49 [Vo-005| V
VrTH  Reset threshold hysteresis 30 50 80 mV
4/9 {y7 SGS-THOMSON
Y/. wicRosLscTRONICS

168




L4902A

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min, Typ. Max. Unit
VRH Resst output voltage HIGH Ir = 500nA Vo2-1 412 Vo2 \
VRL Reset output voltage LOW I = -1mA 0.25 0.4 \
trRD Reset pulse delay C¢ = 10nF 3 5 11 ms
tq ;Ii'f;naing capacitor discharge Ct = 10nF 20 us

VpT Vo2 disable threshold voitage

1.26 24 \

Ip Vg2 disable input current Vp < 0.4V -180 kA
Vp > 24V -30 KA

AVpy o

=01 Thermal drift -20°C < Tamp < 125°C 0.3 °

AT amb -08 mV/ (]

Aoz 1y ormal arife -20°C < Tymp < 125°C 0.3 mv/°C

AT am -0.8

SVR1 Supply voltage rejection f=100Hz VRr=05V lo= 100mA 50 84 dB

SVR2 Supply voltage rejection 50 80 dB

Tysp  Thermal shut down 150 °c

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is

lowered of 26mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP 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 5V 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 Vg,
rises to the nominal value.

When the input reaches V|1 and the output 1
is higher than Vrt the output 2 (Vg,) switches
on and the reset output (V) also goes high after
a programmable time Trp (timing capacitor).

Voo and Vg are switched together at low level
when one of the following conditions occurs:
— a high level (> Vpt) is applied on pin 3;

— an input overvoltage;
— an overload on the output 1 (Vo; < Vgrt)s
— aswitch off (VIN < 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 Vjp; 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.

‘7_1: SGS-THOMSON 5/9
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L4902A

CIRCUIT OPERATION (continued)

The Vg, 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

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 Vg,
output.

Fig. 1
A Yin Vo1, Yo
v L
IN1 T
M R i e it e -
ITH
Vo I~ ¥
N ~ N
i |
1 Vv
+r—m—— -4 - —— — - - — D 1
Vor ! : ] : t,
y : i !
(B} !
Pl V02
777]
/v%
! W ! W, ‘ ‘.
0, o UV R OV R ORY
SWITCH Yor Vo2 YiN STt oz SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD DOWN DISABLE OFF S$-784212
APPLICATION SUGGESTION
Fig. 2 illustrate how the L4902A’s disable input the reset output occurs,
may be used in a CMOS uComputer application. By adding two CMOS-SCHMIDT-TRIGGER
The Vp; regulator (low consumption) supply and few external components, also a watch dog
permanently a CMOS time of day clock and a function may be realized (see fig. 5). During
CMOS ucomputer chip with volatile memory. normal operation the microsystem supplies a
Voo output, supplying non-essential circuits, is periodical pulse waveform; if an anomalous
turned OFF under control of a uP unit. condition occours (in the program or in the
. . . . tem), the pulses will be absent and the disable
Configurations of this type are used in products sys A . . .
where the OFF switch is part of a keyboard ;ZEnl'l\?n:Vé"bbe- ;ﬁt"g’}edl af’f;r. a set(tjl.ltr.\g t'"?le ?19'
scanned by a micro which operates continuously crmi Y - In this condition all the
even in the OFF state circuitry connected to Vg, will be disabled,
' the system will be restarted with a new reset
Another application for the L4902A is supplying a front.
shadow-ram microcomputer chip (SGS M38SH72 . . .
for exemple) where a fast NV memory is backed ;Ii-:findﬁitzzlfo of c\é°2 prev&nt S?UI’IPUS operation
up on chip by a EEPROM when a low level on 9 processor malfunctioning.
6/9 {y7y SGS-THOMSON
/. mu@m@m@@'ﬁ@@m?@s
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L4902A

APPLICATION SUGGESTION (continued)

Fig. 2 A
INY 1 7 oumi Voo cMOS ©
o REG.1 ,i_c S CcLOCK
ATTERY !
47 FI rF
LI M Yop

3 Vo2 DIS OUT PORT “5“38?“
) VOLATILE

REG. 2 6 our2 N PORT RAM

1 to10uF
I

OTHER

2 LOGIC

Crc2 @sv

10 nF I L4902A |5__RESET out RESET
i
$-784311
Fig. 3 - P.C. board and component layout of the circuit of Fig. 2 (1: 1 scale)
N
CS-0243
‘_’, SGS-THOMSON 7/9
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L4902A

APPLICATION SUGGESTION (continued)

Fig. 4

Fig. 5
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TO OTHER EL‘
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L4902A

APPLICATION SUGGESTION (continued)

'a
(mA)

Fig. 6 - Quiescent current
vs. output current

G-5865/1

Fig. 7 - Quiescent current
vs. input voltage

G-5866/1

Fig. 8 - Supply voltage
rejection regulators 1 and 2
vs. input ripple frequence
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L4903

DUAL 5V REGULATOR WITH RESET AND DISABLE FUNCTIONS

® OUTPUT CURRENTS: lo; = 50mA
lo2 = 100mA

® 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

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

® OUTPUT 2 INTERNALLY SWITCHED WITH on/off control can be realized.

ACTIVE DISCHARGING
® OUTPUT 2 DISABLE LOGICAL INPUT

® | OW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

Minidip Plastic

ORDERING NUMBER: L4903

ABSOLUTE MAXIMUM RATINGS

Vin DC input voltage 24 \
Vi Transient input overvoltage (t = 40 ms) 60 \%
Piot Power dissipation at T,,,= 50°C 1 w
Tstg,r Tj Storage and junction temperature -40 to 150 °C
BLOCK DIAGRAM

Vi1O ! II REG. 1 fl ] 8 0 Vo1

Viao—— z ["Rec.2 | T oV

5 ]
DISO > DISABLE
6
THERMAL DELAYED O RESET
PROTECTION RESET 3 OTIMING
Jﬁ 5-9416/2

June 1988 7
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L4903

SCHEMATIC DIAGRAM
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L4903

CONNECTION DIAGRAM

(Top view)
N4
INPUT 1 [ 1 8 ] OUTPUT1
INPUT 2 [ 2 7 JOUTPUTZ
TIMING RESET
CAPACITOR[ 3 6]] ouTPuT
v
GND (- SI| oisagie
INPUT
S-9417

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 50mA regulator input.

2 INPUT 2 100mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a T0uA constant current. When Reg. 2 is switched-
OFF the delay capacitor is discharged.

4 GND Common ground.

5 Vo2 DISABLE INPUT A high level (> Vpt) disables output Reg. 2.

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched low.
Therefore tgp = Ct | 10 A) trp (Ms) = C; (nF).

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vgy.
DISABLE INPUT < Vpt and Vi > V7. If Reg. 2 is
switched OFF the Cy, capacitor is discharged.

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch-

OFF condition.

THERMAL DATA

Rth j-pin Thermal resistance junction-pin 4 max 70 :C/W
Rthj-amp  Thermal resistance junction-ambient max 100 C/W
r SGS-THOMSON 3/7

MH@R@E&E@?@@MU@S

177



L4903

TEST CIRCUIT

o 1
-C“
"T=0.4uF
Vi2O L4903
Vo2 5
DIS.
ecir AL
22pf
onln

S-9418

P.C. board and components layout

of the test circuit (1

GN
o)

D

: 1 scale)

Viz Vit

o O
€5-0245

ELECTRICAL CHARACTERISTICS (V,y = 14,4V, T.,mp= 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 20 \
Vo1 Output voltage 1 R load 1KQ 4.95 5.05 5.15 v
VooH  Output voltage 2 HIGH R load 1KQ Vp1-0.1 5 Vo1 Vv
Voo  Output voltage 2 LOW lg2 = -BmA 0.1 \
lo1 Output current 1 max. (*) AVp3 = -100mV 50 mA
ILo1 Leakage output 1 current Vin =0 1 BA
loz Output current 2 max. (*) AVgp =-100mV 100 mA
Vio1 Output 1 dropout voltage (*) | Ig; = 10mA 0.7 0.8 \
lo1 = 50mA 0.75 0.9 \)
Vit Input threshold voltage Vo1+1.2| 64 |Vo1+1.7 \
ViTH Input threshold voltage 250 mV
hysteresis -
AVoy Line regulation 1 7V < VN <18V lp; =5mA 5 50 mV
AVo2 Line regulation 2 lg2 = 5mA 5 50 mV
AVo1 Load regulation 1 Vin1 = 8V BmA < lg; < 50mA 5 20 mV
AVpz  Load regulation 2 5mA < g < 100mA 10 50 mV
lq Quiescent current 0<Vy <13V 4.5 6.5 mA
7V <V N <13V Vg, LOW 2.7 45 mA
7V < VN <13V Vg, HIGH 1.6 3.5 mA
lo1 = lg2 < BMA
lQ1 Quiescent current 1 6.3V < VN3 < 13V
Ving = 0 0.6 0.9 mA
lo1 < 5mA lo2 =0
4/7
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L4903

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRT Reset threshold voltage Vo2-04 4.7 Vp2-0.2 Vv
VRrTH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH Ir = 500uA Voa-1 4.12 Vo2 \
VRL Reset output voltage LOW IR = -5mA 0.25 0.4 \
trD Reset pulse delay Ct = 10nF 3 5 11 ms
tq Timing capacitor discharge Cy = 10nF 20 us
time
VoT Vg2 disable threshold voltage 1.25 2.4 \
Ip V2 disable input current Vp < 04V -150 LA
Vp = 2.4V 30 kA
AVo1 . O 0.3 ' °
——==  Thermal drift -200C < T, < 125°C - V/°C
AT rmal dri amb -08 mV/
AVg2 . o o 0.3 o
e Thermal drift -20°C < Tagmp < 125°C _08 mV/°C
SVR1 Supply voltage rejection f=100Hz Vg=0.5V I,=50mA 50 84 dB
SVR2 Supply voltage rejection lo = 100mA 50 80 dB
Tisp Thermal shut down 150 °C

* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is
lowered of 26mV under constant output current conditions.

APPLICATION INFORMATION

In power supplies for uP 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 Vo, rises
to the nominal value.

When the input 2 reaches Vi1 and the output 1
is higher than Vrt the output 2 (Vg and Vgy)
switches on and the reset output (V) goes low
after a programmable time Trp (timing capacitor).

Vo2 is switched at low level and Vg at high level
when one of the following conditions occurs:

a high level (> Vpr) is applied on pin 5;
an input overvoltage;

an overload on the output 1 (Vo < VgT);
a switch off (Vi <Vir -Vitn);

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 Vj; 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
¢ircuits continuously, such as volatile RAMs, al-
lowing the use of a back-up battery.

ﬁ SGS-THOMSON ’ 577

MICROELECTRONICS
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L4903

CIRCUIT OPERATION (continued)

The Vg, 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 v

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 Vg,
output.

inYo1,Yo
in=Vin2 E_—,};
Vigde e M e 2] Y
T [ 2 — ViTH
Yo h \
VaT 4 ) N : \
| |
. AN S A - — = Vois X
i t
Vor ; ! -
y i !
i |
1 Voo
VR
t L
trp tro |. tRo |. trp tRD o
THERMAL
SWITCH Vor Vo2 VIN SHUT Vo2 SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN DisABLE | OFF S-su19n1

APPLICATION SUGGESTION

Fig. 2 illustrates how the L4903's disable input
may be used in a CMOS uComputer application.

The Vp; regulator (low consumption) supply
permanently a CMOS time of day clock and a
CMOS ucomputer chip with volatile memory.
Vo2 output, supplying non-essential circuits, is

turned OFF under control of a 4P 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.

Fig. 2
INY ' resn 8 our 1 Voo CcMOS
_I_BATTERV _L —J CLOCK
1uF
I 4 7”FI Voo
v,, OIS cMOS
5 02 OUT PORT| wP WITH
VOLATILE
[—REH'—'[ 7 ouT 2 IN PORT RAM
L — 1 to10uF
I e
OTHER
3 LOGIC
Cy @sv
10 nf I-L— L4903 |6 RESET out RESET
L
5-9¢20
/7 ‘_71 SGS-THOMSON
~ MICROELECTRONICS
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L4903

APPLICATION SUGGESTIONS (continued)

Fig. 3 - Quiescent current
(Reg. 1) vs. output current

G- 6100/1
lar 11
(mA)] ]
=iy
[ Tviz=0v
1
LT
bt
05
0 25 50 Ioj(mA)

Fig. 5 - Total quiescent
current vs. input voltage

G-5866/1

Fig. 4 - Quiescent current
(Reg. 1) vs. input voltage

G-519612
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(ma)

Vi =0
o I <5mA |

’ /

o 3 6 9 2 15 .’ Vi (V)

Fig. 6 - Supply voltage re-
jection regulators 1 and 2
vs. input ripple frequence
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L4904A

DUAL 5V REGULATOR WITH RESET

® OUTPUT CURRENTS: lg; = 50mA
loz = 100mA

® 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

® LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® LOW QUIESCENT CURRENT (INPUT 1)

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

ABSOLUTE MAXIMUM RATINGS

PRELIMINARY DATA

® RESET OUTPUT NORMALLY HIGH

® OUTPUT TRANSISTORS SOA PROTEC-
TION

® SHORT CIRCUIT AND THERMAL OVER-
LOAD PROTECTION

The L4904A 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.

Minidip Plastic

ORDERING NUMBER: L4904A

Vin DC input voltage
Transient input overvoltage (t = 40 ms)
lo Output current
Piot Power dissipation at T ,p = 50°C
T; Storage and junction temperature

24

60

internally limited
1

-40 to 150

0o <<

o

BLOCK DIAGRAM

8
v I 2 7 I Vo2
i20 J:. REG, 2 —ro
DISABLE
__1 |
THERMAL DELAYED O RESET
PROTECTION RESET 3 _OTIMING
i 5-51.11/1

June 1988
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L4904A

CONNECTION DIAGRAM
(Top view)

A\
meutt | 8 D OUTPUT1
INPUT 2 [ 2 7 ]OUTPUTZ
TIMING RESET
CAPACITOR[ 3 6 ]] outPuT
GND I« 5 ] N.C.
$-9412

PIN FUNCTIONS

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 50mA regulator input.

2 INPUT 2 100mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a 10uA constant current. When Reg. 2 is switched-
OFF the delay capacitor is discharged.

4 GND Common ground.

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.

5V
Therefore tgp = Ci (107‘\- ); trp (ms) =C; (nF).

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vg
and Vina2 > Viy. If Reg. 2 is switched-OFF the Cp,
capacitor is discharged.

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch-
OFF condition.

THERMAL DATA

Rinjamp  Thermal resistance junction-ambient max 100 °c/w
SGS-THOMSON 3/8
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L4904A

TEST CIRCUIT

QIpF I2.2}:F 10n
I S-94131

P.C. board and components layout

of the test circuit (1 : 1 scale)

8 Vo1
1 —0,
.| Le90ea [eTReser] Yop
12 3
4.7 pF
T | =+
F

Icr

TZ.!}J F

ELECTRICAL CHARACTERISTICS (V,y = 14,4V, Tamp= 25°C unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. | Unit
Vi DC operating input voltage 20 \%
Vo1 Output voltage 1 R load 1KQ 4.95 5.056 5.156 \
Voa  Output voltage 2 HIGH R load 1KQ Vo3 -0.1 5 Vo1
V°2 L Output voltage 2 LOW |02 =-5mA 0.1 v
lo1 Output current 1 AVg1 = -100mV 50 mA
ILo1 Leakage output 1 current VinN =0 1 BA
Vo1 < 3V
lo2 Output current 2 AVga = -100mV 100 mA
Vio1 Output 1 dropout voltage (*) | Ig; = 10mA 0.7 0.8 i
lp1 = 50mA 0.75 0.9 \
Vit Input threshold voltage Vp1 +1.2 Vo1 +1.7) V
ViTH Input threshold voltage hyst. 250 mV
AVo3 Line regulation 7V < VN < 18V 1p; = BmA 5 50 v
m
AVo2 Line regulation 2 lg2 = 5mA 5 50
AVo3 Load regulation 1 VinN = 8V BmA < lg; < 50mA 5 20 v
m
AV Load regulation 2 5mA < lgp < 100mA 10 50
lq Quiescent current 0 < V|n <13V 45 6.5 mA
7V <V <13V 1.6 35 mA
|02 = |°1 < BmA
lQ1 Quiescent current 1 (\3/.3V < Vinp < 13V 0.6 09 mA
IN2 T
|01 < 5mA |°2 =0
4/8 Ly7 SGS-THOMSON
Y/. MICROELECTRONIGS
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L4904A

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min, Typ. Max. Unit
VRT Reset threshold voltage Vo2-0.16| 4.9 [Vg2-005( V
VRrTH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH IR = B00uA Vo2-1 4.12 Vo2 \%
VRL Reset output voltage LOW IR = -BmA 0.256 0.4 \
trRD Reset pulse delay Ct = 10nF 3 1" ms
tg Timing capacitor discharge Ct = 10nF 20 us
time
AVp1 . o o 0.3
———  Thermal drift -20°C € Tymp < 125°C mV/°C
AT -0.8
8Y%2  1ormal drife -20°C < Tamp < 125°C 0.3 mV/°C
AT amb -0.8
SVR1 Supply voltage rejection’ Ig = 50mA 50 84 dB
f = 100Hz
Vg = 0.5V
SVR2 Supply voltage rejection R Io = 100mA 50 80 dB
Tyso  Thermal shut down 160 °c

* Thedropout voltage is defined as the difference between the input and the output voltage when the output voltage is
lowered of 26mV under constant output current condition.

APPLICATION INFORMATION

In power supplies for uP 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 5V 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 until Vg,
rises to the nominal value.

When the input 2 reaches V|t and the output 1
is higher than Vrt the output 2 (Vy,) switches
on and the reset output (V) also goes high after
a programmable time Trp (timing capacitor).

Vo2 and Vg are switched together at low level
when one of the following conditions occurs:

— an input overvoltage

— an overload on the output 1 (Vo; < VgT):
— aswitch off (VIN < 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 Vp; output features:

— BV 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 Vg,
regulator also features low consumption (0.6mA

R . 5/8
o7, 355 THOMN
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L4904A

CIRCUIT OPERATION (continued)

typ.) to minimize battery drain in applications
where the V; regulator is permanently connected
to a battery supply.

The Vpo 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

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.

Fig. 1
AVinVor
Vint=Yin2 Ll
T
___________________ T pupp—. v,
i 7S ItH
Vo1 | 1
) N ~. ] \
o d ]
it |
|
]
]
B I
BRI 1 o
i I
[ ]
[} |
(B V02
///,
o 77
t [ -
tRD “Itro tRD tRD o
S.~.7769
v v v THERMAL
SWITCH o1 02 IN SHUT | SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN | OFF

APPLICATION SUGGESTIONS

Fig. 2 shows an application circuit for a uP
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

5/8 ﬂ SGS-THOMSON

on the Vp; output to maintain a CMOS time-of-
day clock and a stand by type C-MOS uP. 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.

MICROELECTRONICS
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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

8 ouT 1

— REG.) J

T
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L4904A

Co2
;ﬁ to10uF
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7 ourz
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Voo
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RESET RAM
Yoo
OTHER
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@sv
RESET
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g oOuttlLon Voo TMOS
CLOCK
Vsg |
I BACKUP
BATTERY nP
Voo _ | WITH BATTERY
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RESET RAM
Voo
OTHER LOGIC
RESET @ sv

Fig. 3
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L4904A

APPLICATION SUGGESTIONS (continued)

Fig. 4 - Quiescent current Fig. 5 - Quiescent current
(Reg. 1) vs. output current (Reg. 1) vs. input voltage
lo‘ l | 0=~ §100/ Ia‘ 6879612
tma[ T ] (ma)
] x:;fé: Vi2 =0
6 IAESMA
1 - 5
e s gl 4

! >4
0 28 50 loy(mA) [} 38 9 1 ’ ol oy W
Fig. 6 - Total quiescent cur- Fig. 7 - Supply voltage
rent vs. input voltage rejection regulators 1 and 2
vs. input ripple frequence
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L4905

DUAL 5V REGULATOR WITH RESET

® DOUBLE BATTERY OPERATING

® OQUTPUT CURRENTS: l5; =200mA
lo2 =300mA
® 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

® OUTPUT 2 INTERNALLY SWITCHEDWITH
ACTIVE DISCHARGING

® LOW LEAKAGE CURRENT, LESS THAN
1A AT OUTPUT 1

® LOW QUIESCIENT CURRENT (INPUT 1)

® INPUT OVERVOLTAGE PROTECTION UP
TO 60V

’

ABSOLUTE MAXIMUM RATINGS

ADVANCE DATA

® RESET OUTPUT HIGH

® QUTPUT 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

Vin DC input voltage
Transient input overvoltage (t = 40 ms)
lo Output current

T; Storage and junction temperature

28

60

internally limited
-40 to 150 °C

<<

BLOCK DIAGRAM

Vi20 i z {res.2 %Ovﬂ
DISABLE
THERMAL DELAYED O RESET
PROTECTION RESET 3 __OTIMING
i $-776712

June 1988

1/8

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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L4905

CONNECTION DIAGRAM
(Top view)

S ) | m— OUTPUT 1
) | e ——— OUTPUT 2
s I———> RESET
¢|————"7> GROUND
] | —— TIMING CAPACITOR
) | E—— INPUT 2
[} | N—— INPUT 1

by, r———ﬁ—

PIN FUNCTIONS

S-7768

N° NAME FUNCTION

1 INPUT 1 Low quiescent current 200mA regulator input.

2 INPUT 2 300mA regulator input.

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged
with a 10uA constant current. When Reg. 2 is switch-
ed-OFF the delay capacitor is discharged.

4 GND Common ground.

5 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high.

5V
Therefore trp =C; |( TOUA ); tro (ms) = C; (nF)

6 OUTPUT 2 5V - 300mA regulator output. Enabled if Vg 1> Vgt
and Viny2 > Vit. If Reg. 2 is switched-OFF the Cop,
capacitor is discharged.

7 OUTPUT 1 BV - 200mA regulator output with low leakage (in

switch-OFF condition).

THERMAL DATA

Rinjcasse  Thermal resistance junction-case max 4 ‘cw
(37 SGS-THOMSON 3/8
Y/, $1GROELECTRONICS
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L4905

TEST CIRCUIT

7 Vo1

—0,
6 . -0
5 RESET Vo2
3

47 pF
nalil L
10nF - 2.2}JF

o.1,n-"|' 22pF
L1 L

S-9348/1

ELECTRICAL CHARACTERISTICS (Vin: = Vinz = 14,4V, Tamp = 25° unless otherwise
specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vi DC operating input voltage 24 \)
Vo1 Output voltage 1 R load 1KQ2 5.0 5.05 5.1 \'
Voon  Output voltage 2 HIGH R load 1KQ Vo1-0.1 5 Vo1 \Y
Vg2 Output voltage 2 LOW i lga =-56mA 0.1 \
fo1 Output current 1 AVpy =-100mV 200 mA
I o1 Leakage output 1 current Vin =20 1 BA
Vo1 < 3V
loz Output current 2 AVgp = -100mV 300 mA
Vio1 Output 1 dropout voltage (*) | 1p; = 10mA 0.7 0.8 \
lp1 = 100mA 0.8 1 v
lp1 = 200mA 1.05 1.3
Vit Input threshold voltage Vo1+1.2 64 (Vi +1.7| V
ViTH Input threshold voltage hyst. 250 mV
AVo1 Line regulation 1 7V < VN < 24V
|01 = BmA 5 50 mV
AVgs  Lineregulation 2 loz = BmA 5 50 mV
AV Load regulation 1
5mA < lg; < 200mA 40 80 mVv
AV Load regulation 2 5mA < lgz < 300mA 50 100 mvV
lq Quiescent current 0< V<13V 4.5 6.5 mA
7V <V Ny <13V 1.6 3.5 mA
|°2 = |°1 < 5mA
laa Quiescent current 1 6.3V < VN1 < 13V 0.6 0.9 mA
\ =0
lo1 % 5mA lo2 =0
a8 Lyy SGS-THOMSON
V7. CROELECTRONICS
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L4905

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
VRT Reset threshold voltage Vo2-0.15( 49 [Vgo-005( V
VRrtH  Reset threshold hysteresis 30 50 80 mV
VRH Reset output voltage HIGH Ir = 500uA Vogo-1 4,12 Vo2 \%
VRL Reset output voltage LOW Ir = -5mA 0.25 04 \Y
trRD Reset pulse delay Cy = 10nF 3 5 1 ms
ty Timing capacitor discharge Ci = 10nF 20 us
time

Vo1 Thermal arift -20°C < Tymp < 125°C 03 mv/°c
AT -08

Vo2 Thermal drift -20°C < Tymp < 125°C 03 mv/°C

AT -08

SVR1 Supply voltage rejection f = 100Hz Vg =05V 54 84 dB

] lo = 100mA 50

SVR2 Supply voltage rejection 50 80 dB
Tysp  Thermal shut down 150 °c

* 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 uP 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.

CIRCUIT OPERATION (see Fig. 1)

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

When the input 2 reaches V7 and the output 1
is higher than Vg the output 2 (Vg,) switches
on and the reset output (Vg) also goes high after
a programmable time Trp (timing capacitor).

Vo2 and Vg are switched together at low level
when one of the following conditions occurs:

— an input overvoltage

— an overload on the output 1 (Vo; < VgT);
— aswitch off (VlN < 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 Vg, output features:

— BV 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 Vg,

- 5/8
L7, 53 THOMSON
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L4905

CIRCUIT OPERATION (continued)

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

The Vgp 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.

4YinVor

ViNt=ViN2

"""""""""" '4 - V"H

L7T 3 P,
/ =
VRT"- __._..__J.._ -
/ I

Yoo
402'R ' E
i Vo2
7,
// VR//
7 Y
'RD trD tRD tRD
" e r—] $-2769/
v v v THERMAL
SWITCH 01 02 IN SHUT | SWITCH
ON OVERLOAD OVERLOAD | OVERLOAD | DOWN FF

APPLICATION SUGGESTIONS

Fig. 2 shows an application circuit for a uP
system typically used in trip computefs 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.

s/8 Lﬁ SGS-THOMSON

Fig. 4 shows the L4905 with a back up battery
on the Vy; output to maintain a CMOS time-of-
day clock and a stand by type N-MOS uP. 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.

MICROELECTRONICS
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L4905

APPLICATION SUGGESTION (continued)

Fig. 2

INY

| — s

_Lmnenv L
C1
T 0.22pFI

IN2

i

Cc3
5

10 nF I

of—-l REG. 2 } 6
c2

1 REG.1 J

3

L4905

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

ouT VoD CMOS
r-l—,c % CLOCK
1uF
T
CMOS
uP WITH
VOLATILE
ouT 2 RESET RAM
1to10uF
I cs Voo
OTHER
LOGIC
Rsv
RESET OUT RESET
S—-10540

179

e

g IN2 RESETgOU

.

GND ouT2

(o7 Hhiio

T1

GND

7/8
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L4905

APPLICATION SUGGESTION (continued)

Fig. 4

1 <1uA
outt lLor=<TwA v

C MOS

P —
REG. 1 ?

INY
>N
BATTERY
0.22uF

I

IN2

[ el | J:
T

ouT2

CLOCK

Vsp

_T_ BACKUP
BATTERY

MP
Vop_ | WITH BATTERY

LIuF

Cr
10nF

Fig. 5 - Quiescent current
(Reg. 1) vs. output current

G578

| T 6
{_res2 |
=L, 1to10uF e:cn::w
I RESET A
Yoo

L4905 |s ReseT out

| orHER LOGIC
RESET @ sv

I—Iﬁ H—=  Hi

o l
(ma)

Vi e2v

4
$-10541

Fig. 6 - Quiescent current
(Reg. 1) vs. input voltage

6313612

Fig. 7 - Total quiescent cur-
rent vs. input voltage

G-519/1

lay
(ma)

latot
(mA)

Vj2 20
InE5mA

Ioy=lo2 SSmA
Vig® Vlz

L~
3 3
// . / z / ) /
1
1 4 —7 1
o 100 200 19y (mA) o 3 6 S n 15 1’V (V) L] 3 6 9 7 5 L /N4
8/8 r’l SGS-THOMSON
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Lyz SGS-THOMSON

L4940 Series

VERY LOW DROP 1.5A REGULATORS

B PRECISE 5V, 8.5V, 10V, 12V OUTPUTS

LOW DROPOUT VOLTAGE (500mV TYP
AT 1.5A)

VERY LOW QUIESCENT CURRENT
THERMAL SHUTDOWN

SHORT CIRCUIT PROTECTION
REVERSE POLARITY PROTECTION

INTRODUCTION

The L4940 series of three terminal positive re-
gulators is available in TO-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

PRELIMINARY DATA

TO-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.

IN ouT
o . —1 5
1 | | V4 2
PREREGULATOR | [SOA PROTECT.
AND & ANTISAT.
PROTECTION CIRCUIT
REFERENCE ERROR
VOLTAGE AMPLIFIER
THERMAL
SHUTDOWN GND
4 - o
3
86L 4940-04

June 1988

1/8
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L4940 Series

CONNECTION DIAGRAM AND ORDERING NUMBERS

(Top view)

oot (1)

2/ outpPuT
3 > GROUND
1 ——— INPUT

S- 2568/1

ORDERING NUMBERS OUTPUT VOLTAGE
L4940V5 5V
L4940V85 8.5V
L4940V10 10V
L4940V12 12v
ABSOLUTE MAXIMUM RATINGS -
Vi Forward input voltage 30 \Y
Vir Reverse input voltage (Vo =5V Ro = 10082) { -16 Y
(Vo =8.5V Rp = 180%2)
(Vo =10V Rg =200%2)
(Vo =12V Rp =24092)
lo Output current Internally limited
Prot Power dissipation Internally limited
Ty, Tag Junction and storage temperature -40 to 150 °C
THERMAL DATA
Rth j-case Thermal resistance junction-case max 3 °C/wW
Rihjamp  Thermal resistance junction-ambient max 50 °c/W

2/8 -
7. 3STHONERN
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L4940 Series

TEST CIRCUITS

Fig. 1 - DC Parameters Fig. 2 - Load Regulation Fig. 3 - Ripple Rejection

1 2 1 s 2 » e} o— 3} 1 3 2
2 Y 270pF Cl Co
CiummO1 uF c 22 uF C Co 01uF 22 R
' k ° K —0; 2zé P pF t
MF pF
O- O 2N O QO

s.1015711 o 1008 4ouF —
© O Laon -1
- $-10158/1 20Hz 1o
-10159/1

ELECTRICAL CHARACTERISTICS (Refer to the test circuits T; = 25°C, C; = 0.1uF, Co = 22uF,
unless otherwise specified)

Parameter J Test Conditions Min. |Typ. IMax. Min. typ. IMax. Unit
OUTPUT VOLTAGE 5 8.5 \Y
INPUT VOLTAGE (unless otherwise specified) 7 10.5 \%
Vo Output voltage lo = 0.5A 4.9 5 5.1 83 | 85 | 8.7

lo =5 mA to 1.5A 4.8 5 5.2 [8.15| 8.5 |8.85 \
(Vi=6.5t0 16V) |(V;=10.21t0 16V)
Vi Operating input lo=5mA 17 17 \%
voltage
AV, Line regulation lo=5mA 4 10 4 9 mV
(Vi=6V 10 17V) | (Vi=9.5t0 17V)
AVy  Load regulation lo =5 mA to 1.5A 8 25 12 | 30
mV
lo =0.5Ato 1A 5 15 8 16
lq  Quiescent current lo =5 mA 5 8 4 8
lo=15A 30 |50 30 | so | MA
(Vi=6.5V) (Vi=10.2V)
Alq  Quiescent current lo=5mA 3 25
change mA
lo=15A 15 15
(Vi=6.5t0 16V) [(V;=10.2t0 16V)
Vg Dropout voltage lo = 0.5A 200 | 400 200 | 400
mV
lo = 1.5A 500 | 900 500 | 900
AVo  Output voltage 0.5 0.8 mV/°C
AT dnft
SVR Supply voltage f=120 Hz 58 68 58 | 66 dB
rejection Io=1A
lsc  Short circuit V=14V 2 2.7 2 2.7
current hmit A
22 129 22129
(V;=6.5V) (Vi=10.2V)
Zo Output impedance | f =1 KHz 30 32 mg
1o = 0.6A
en Qutput noise B =100 Hz to 100 KHz 30 30 uVNVg
{y7y SGS-THOMSON 3/8
V7. ucrosissTRORICS
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L4940 Series

ELECTRICAL CHARACTERISTICS (Refer to the test circuits T,=25°C, C, = 0.1uF, C, = 22uF,

unless otherwise specified)

Parameter l Test Conditions Min. |Typ. IMax. Min. I Typ. | Max. | Unit
OUTPUT VOLTAGE 10 12 Vv
INPUT VOLTAGE (unless otherwise specified) 12 14 Y
Vo QOutput voltage lo = 0.6A 9.8 10 }10.2 11.756| 12 |12.25

\%
lo =5 mA to 1.5A 96 | 10 [104 1161 12 | 125
(Vi= 11.7 to 16V) | (V;= 13.8 10 17V)
Vi Operating input lo=5mA 17 17 \Y
voltage
AV  Line regulation lo=5mA 3 8 3 7 mV
(V;i=111t0 17V | (V;=1310 14V)
AV, Load regulation lo = 5mA to 1.56A 15 | 35 15 | 35
mV
lo=05A1t0 1A 10 | 20 10 | 25
e Quiescent current lo=5mA 4 8 4 8
Io= 1.5A 30 | 50 30 | 50 | ™A
(Vi =1 1.7V) (Vi = 13.8\/)
Al Quiescent current lo=5mA 2 1.5
change mA
lo = 1.6A 13 10
(Vi=11.71t0 16V) | (V;=13.8V)
V4  Dropout voltagé lo = 0.6A 200 | 400 200 | 400
mV
lo=1.5A 500 | 900 500 | 900
AVo  Output voltage 1 1.2 mV/°C
AT drift
SVR Supply voltage f=120 Hz 56 62 55 61 dB
rejection lo=1A
lsc  Shortcircuit V=14V 2 2.7 2 2.7
current limit A
Vi=11.7V 22 |29 — -
Zo Output impedance | f = 1KHz 36 40 maQ
lo = 0.5A
en  Output noise B = 100 Hz to 100 KHz 30 . 30 YAV
voltage
hlhd L§y SGS-THOMSON
7’ MICROELECTRONICS
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L4940 Series

Fig. 4 - Dropout voltage vs.
output current

G- 639471

Fig. 5 - Dropout voltage vs.
temperature

G -s3sen

Fig. 6 - Output voltage vs.
temperature (L4940V5)

G- s3351

\7] Vg Vo
) ) v
Ig=15A
06 06 Pl 505 v, =7V
s
os os | Iy =5mA
~ 1A
04 - -l 04 500
03 T 03 }TA—— ~
N ey
02 | 02 — - 495
— 5mA
01 01
/"'
0 490
0 02 04 06 08 1 12 Ig(A) -50 =25 0 25 50 75 100 T;(C) -50 -25 0 25 50 75 100 T,(C)
Fig. 7 - Output voltage vs. Fig. 8 - Output voltage vs. Fig. 9 - Output voltage vs.
temperature (L4940V85) temperature (L4040V10) temperature (L4940V12)
G-6396/1 G- 63971 G- 639872
Vo Vo Vo
) v) v)
850 1010 1210
L ™~
8 45| = 1000~ 1200 = =
990 ™ -1 [~
840 V; =105V 190 ! ~
lo =5mA 980 |
835 v A 11.80 VoW
lo =5mA lo =5mA
830 970 170 T T T
825 9 60| neol—- i - -
i
820 9 150 -

-50 =25 0 25 S0 75 %0 Tj (O -50-25 0 25 S0 75 100 Tj(C) -50 =25 0 25 50 75 100 T,(*C)
Fig. 10 - Quiescent current Fig. 11 - Quiescent current Fig. 12 - Quiescent current
vs. temperature (L4940V5) vs. input voltage (L4940V5) Vvs. output current

G- 83992 G -6386 (L4g40V5) G - 6400 /1
la I la la ]
(ma)) (mA) (ma) 1 7
V) .
V=7V 1o =1 5A 120 2‘ Vi '/
30 ; 7
25 100 20
15A
20 8o 1
60
15 l’ \\ 12
1=05A — 40

10— || \ v

5 | 20 e S o

los5mA 1 1 =

0 —L I . |
<50 -25 0 25 50 75 100 T (C) 0 25 50 75 10 15 15 V(M) 0 025 050 075 10 1251A)
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L4940 Series

Fig. 13 - Short circuit cur-
rent vs. temperature
(L4940V5)

Is¢
)

G- 6401

30

25

20 — vy =7V

1
Vi =14V

05

0
-50 -25 0 25 50 75 100 T,(°C)

Fig. 16 - Low voltage be-
havior (L4940V85)

G-63921

]
[ Io=45A -
s /
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6
s /
‘ /
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) /
1
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Fig. 19 - Supply voltage re-
jection vs. frequency
(L4940V5)

G- 407
@ LTI I
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Fig. 14 - Peak output cur-
rent vs. input/output dif-
ferential voltage (L4940V5)

Fig. 15 - Low voltage be-
havior (L4940V5)

- 6402 G-6403
Isc Vo
(a) )
5 Io-15A
3 /
Vo =0V 4
25 /
20 ™~ 3
I
15 [~ /
2
\
10 /
1
05
0 2 4 6 8 10 12 VeV 0 1 2 3z 5 V(v

Fig. 17 - Low voltage be-
havior (L4940V10)

6-639111

Fig. 18 - Low voltage be-
havior (L4940V12)

6-633011

‘Y_I SGS-THOMSON
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/
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| |
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Fig. 20 - Supply voltage re- Fig. 21 - Load dump charac-
jection vs. output current teristics (L4940V5)
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L4940 Series

Fig. 22 - Line transient
response (L4940V5)
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Fig. 283 - Load transient

response

Fig. 24 - Total power

dissipation
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Fig. 26 - Distributed supply with on-card L4940 and L4941 low-drop regulators

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.

»u

&7, SGS:-THOMSON

AICROELECTRONICS
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L4940 Series

Fig. 27

L4940V12

T

—0O12V-1.5A

-F2PF@
*QSV
I I

1t T T ..

— _FEEDBACK  _

s o3z

ADVANTAGES OF THIS CONFIGURATION ARE:

— 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.

8/8 a7 SGS-THOMSON
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SGS-THOMSON
MICROELECTRONICS

L4941 - 4941X

VERY LOW DROP 1A REGULATOR

LOW DROPOUT VOLTAGE (450mV TYP
AT 1A)

VERY LOW QUIESCENT CURRENT
THERMAL SHUTDOWN

SHORT CIRCUIT PROTECTION
REVERSE POLARITY PROTECTION

INTRODUCTION

ThelL4941/X is a three terminal 5V positive re-
gulator available in TO-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

PRELIMINARY DATA

INe—
, O

SOT-82

ORDER CODE: L4941 (TO-220)
L4941X (SOT-82)

TO-220

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.

IN ouT
o R o)
1 | 1 hVA 2
PREREGULATOR SOA PROTECT.
AND & ANTISAT.
PROTECTION CIRCUIT ]
REFERENCE ERROR
VOLTAGE AMPLIFIER
THERMAL
SHUTDOWN GND
l e}
3
88L4940-01

September 1988

1/6
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L4941 - 4941X

PIN CONNECTIONS

[ ——— wrpPul
2 [ ouTRUT
GND @ 3 [———> cROUND 3 :,GRQUND
[ —— . VT INRUT
5-6188
$- 1560
TO-220 SOT-82

ABSOLUTE MAXIMUM RATINGS

Vi Forward input voltage 30 \%
Vir Reverse input voltage (R = 100%2) -15 Vv
lo Output current Internally limited
Piot Power dissipation Internally limited
Ty, T Junction and storage temperature -40 to 150 °C

SOT-82 | TO-220
max 8°C/W| 3°C/W

THERMAL DATA

Rih jcase Thermal resistance junction-case
h j-amb Thermal resistance junction-ambient max 100 °C/W| 50 °C/W
2/6 (37 SGS-THOMSON
Y/, MICROELECTRORICS

208



L4941 - 4941X

TEST CIRCUITS
Fig. 1 - DC Parameters

= s-1018711

Fig. 2 - Load Regulation

- $-1015811

Fig. 3 - Ripple Rejection

RN

470uF

5-10158 11

ELECTRICAL CHARACTERISTICS (Refer to the test circuits T,=25°C, C,= 0.1uF, C, = 22uF,
unless otherwise specified)

™

7. 33 THOMEON

Parameter Test Conditions Min. Typ. Max. Unit
OUTPUT VOLTAGE 5
INPUT VOLTAGE (unless otherwise specified) 7
Vo Output voltage lo =5mA to 1A 4.8 5 5.2 \
V=6V to 14V
Vi Operating input lo =BmA 16 \Y
voltage
AVg Line regulation V=6V to 16V 5 20 mV
lo = 5mA
AVg Load regulation lo =5mA to 1A 8 20 mV
lo =0.5A to 1A 5 15
IQ Quiescent current lo =5mA 4 8
V=6V mA
lo =1A 20 40
bAlg Quiescent current lo =5mA 3
change V=6V to 14V mA
lo=1A -10
Vg Dropout voltage lo = 0.6A 250 450
mV
lo=1A 450 700
AVq Output voltage drift 0.6 mV/°C
AT
SVR Supply voltage f=120Hz 58 68 dB
rejection lo =05A
lse Short circuit current V=14V 1.6 2.0
limit A
V=6V 1.8 2.2
Zo Qutput impedance f=1KHz 30 mQ
lo =0.5A
en Output noise voltage B = 100Hz to 100KHz 30 uV/Vg
3/6
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L4941 - 4941X

Fig. 4 - Dropout voltage vs.
output current

G - 640871
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Fig. 7 - Quiescent current
vs. temperature
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Fig. 10 - Short circuit cur-
rent vs. temperature
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Fig. 5 - Dropout voltage vs.
temperature

G - 6403/

Fig. 6 - Output voltage vs.
temperature
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L4941 - 4941X

Fig. 13 - Supply voltage re-

jection vs, frequency

B

asg

.

Fig. 14 - Supply voltage re-

jection vs. output current

Fig. 15 - Load dump charac-
teristics
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Fig. 16 - Line transient response Fig. 17 - Load transunt Fig. 18 - Totale power dis-
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Fig. 19 - Distributed supply with on-card L4940 and L4941 low-drop regulators
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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.

or.

SGS-THOMSON
MICROELEGTRORICS

$-10326 11
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L4941 - 4941X

Fig. 20 - Distributed supply with on-card L4940 and L4941 low-drop requlators
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Lyy S45-THOMSON

L4960

2.5A POWER SWITCHING REGULATOR

2.5A OUTPUT CURRENT

5.1V TO 40V OUTPUT VOLTAGE RANGE
PRECISE (+ 2% ) ON-CHIP REFERENCE
HIGH SWITCHING FREQUENCY

VERY HIGH EFFICIENCY (UP TO 90%}
VERY FEW EXTERNAL COMPONENTS
SOFT START

INTERNAL LIMITING CURRENT

® THERMAL SHUTDOWN

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

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
componénts.

Efficient operation at switching frequencies
up to 1560KHz allows a reduction in the size
and cost of external filter components.

Heptawatt

ORDERING NUMBER: L4960 (Vertical)
L4960H (Horizontal)

Vi Input voltage 50 \
V; -V, Input to output voltage difference 50 \Y
\2 Negative output DC voltage -1 \

Negative output peak voltage at t = 0.1us; f = 100KHz -5 \%
V3, Vg Voltage at pin 3 and 6 5.5 \%)
Vs, Voltage at pin 2 7 \%
I3 Pin 3 sink current 1 mA
Is Pin 5 source current 20 mA
Piot Power dissipation at Teae < 90°C 15 w
T, Tae  Junction and storage temperature -40 to 150 C

o
BLOCK DIAGRAM - ,
L4960
0 w i
* a;resn‘:vnc: i I
g S Q w’ )
Il e [
DLVI . FLOP . !!D 1
Ll
3T
SHUTDOWN
_I: fscu

September 1988 1/13
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L4960

ouTpPUT

SOFT START
[———>  OSCILLATOR
————> GnND
————> FREQ. COMP

CONNECTION DIAGRAM
————> FEEDBACK INPUT

————> INPUT
A\

i 5-7795
Tab connected to pin4

I

THERMAL DATA

Rtnj<case  Thermal resistance junction-case max 4 °c/w
. . . . o
Rthjamb  Thermal resistance junction-ambient max 50 c/wW

PIN FUNCTIONS

N° 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.
213 <732 SGS-TH
Y/. mn@@@@&&%%‘@sw%@%
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L4960

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T; = 25°C, V, = 35V, unless

otherwise specified)

Parameter Test Conditions Min. | Typ. Max. Unit
DYNAMIC CHARACTERISTICS
Vo Output voltage range V| =46V lo=1A Vief 40 \
A Input voltage range Vo = Vyes to 36V lo =2.5A 9 46 Vv
AV, Line regulation Vi=10V 10 40V Vg =Vier lg=1A 15 50 mv
AV, Load regulation Vo = Vies lo =0.5A to 2A 10 30 mV
Vies Internal reference voltage V=9V to 46V Io=1A 5 5.1 5.2 \
(pin 2)
AVies  Average temperature T;=0°C to 125°C 0.4 mV/°C
AT coefficient of refer. voltage Io=1A
Vg4 Dropout voltage lo=2A 1.4 3 \
lom Maximum operating load V| =9V to 46V 25 A
current Vo = Vyes to 36V
7L Current limiting threshold V=9V to 46V 3 4.5 A
(pin 7) Vo = Vyes to 36V
lsH Input average current V| =46V; output short-circuit 30 60 mA
n Efficiency f=100KHz Vo = Vyes 75 %
lo=2A Vo =12V 85 %
SVR Supply voltage ripple AV =2Vims 50 56 dB
rejection fripple = 100Hz
Vo = Vref lo=1A
f Switching frequency 85 100 115 KHz
Af Voltage stability of V| =9V to 46V 0.5 %
AV, switching frequency
of Temperature stability of T;=0°C to 125°C 1 %
AT, switching frequency
frmax Maximum operating Vo = Vyet Ig =2A 120 150 KHz
switching frequency
Tsq Thermal shutdown 150 °c
junction temperature
3/13
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L4960

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. Unit
DC CHARACTERISTICS
hhq Quiescent drain current 100% duty cycle 30 40 mA
pins 5 and 7 open
0% duty cycle V| =46V 15 20 mA
-7 Output leakage current 0% duty cycle 1 mA
SOFT START
leso Source current 100 130 150 MA
lgs| Sink current 50 70 120 HA
ERROR AMPLIFIER
Vi3H High level output voltage Vo = 47V I3 = 100pA 3.5 \Y
VaL Low level output voltage Vy = 6.3V I3 = 100uA 0.5 \
I351 Sink output current Vo, = 6.3V 100 150 BA
-l3so  Source output current Vy = 47V 100 150 A
P} Input bias current Vo = 5.2V 2 10 HA
Gy DC open loop gain V3 = 1V to 3V 46 55 dB
OSCILLATOR
Oscillator source current 5 mA

[

4/13
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L4960

CIRCUIT OPERATION (refer to the block diagram)

The L4960 is a monolithic stepdown switching
regulator providing output voltages from 5.1V
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 5.1V 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 5.1V. 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

citor Ci 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.

OSCILLATOR CLAMPED-ERROR
oOUTPUT AMP QUTPUT
NOMINAL
ERROR AMP —» -—=-IN—- PN - —l - — b,
ouTPUT
. |
N ‘ i
I | 1 1
ouTPUT ’ 1
CURRENT | ‘ ! f | rr
J |
SOFT START RAMP o
- $-5835
Fig. 2 - Current limiter waveforms
1, A
CURRENT
LIMITER
TRIGGERS
LIMIT R
THRESHOLD e R i iy, niaiatatatatt
0 el
il il
AVERAGE - Uf _________ ALIr ______
SHORT CIRCUIT n I
CURRENT 1 >
$-7197 t
‘_71 SGS-THOMSON 5/13
~ MICROELECTRONICS
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L4960

Fig. 3 - Test and application circuit

R1 R4
—(3
c3 15KN "3 R,
33nI 3 2
L1
7 _
L 4560

nF 4
CZ! R2 Cs

4.3KN

150)1H

—OVo

2 x220 yF
=’ 40V

ﬂ

i

C6, C7: EKR (ROE)
L1 = 150uH at 5A (COGEMA 946042)
CORE TYPE: MAGNETICS 58206-A2 MPP

Fig. 4 - Quiescent drain
current vs. supply voltage
(0% duty cycle)

-6065

ha
(mA)

25

20

10 20 30 )

6/13

N° TURNS 45,

Fig. 5 - Quiescent drain
current vs. supply voltage
(100% duty cycle)

6-6066

$-7798/2

WIRE GAUGE: 0.8mm (20 AWG)

Fig. 6 - Quiescent drain cur-
rent vs. junction tempera-
ture (0% duty cycle)

G- 6067

ha
(mA)

vV, =35V

0 VW

=25 0 25 S0 75 100 T,('C)

L7, SRR THONEON
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L4960

Fig. 7 - Quiescent drain cur-
rent vs. junction tempera-
ture (100% duty cycle)

Fig. 8 - Reference voltage
(pin 2) vs. V,

Fig. 9 - Reference voltage
vs. junction temperature
(pin 2)

h1a Vret l Vret N
(mA) ) )
Vv, =35V 1o=1A
Vi=3V
5125 w28
«0 5150
500
35 5125
" |1 . ] o // \\
— 100
-
25 5 075 5.050|
20 S5
502
-25 0 25 50 75 100 T, 0 20 30 -5 0 25 S0 B w00 o
Fig. 10 - Open loop fre- Fig. - Switching fre- Fig. 12 - Switching fre-
quency and phase responde quency vs. input voltage quency vs. junction tem-
of error amplifier - perature -
Gy | | * t
(d8) | ¢ (m:,) i (KHz)
60 ‘ VosVret Vi35V
| VoV,
|Gv ‘o*Vref +——
50 o
\ 104 no
“ € \ &0 102 105
30 -80 100 100
AV —
20 ™N 120 98 95 -
\ 96 %0
0 -180
0
=10
1 10 100 K 10K 100K IM 1 (Hz) 25 30 35 40 <25 0 25 SO 75 100 125 150 T, (*C)
Fig. 13 - Switching frequen- Fig. - Line transient Fig. 15 - Load transient
cy vs. R2 (see test circuit) response response
. G- onnn a-s0m
T M
“"'“’ T INPUT véme‘s _w ! _L | (':)
. \\\ 10 LOAD CURRENT 2
, \:\ 20 1
\Q\ 10 o
100 Ngaasne oY, o s
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. 1 NG S0 0 i
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T
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SGS-THOMSON 7/13
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L4960

Fig. 16 - Supply voltage
ripple rejection vs. frequency

Fig. 17 - Dropout voltage
between pin 1 and pin 7
vs. current at pin 7

Fig. 18 - Dropout voltage
between pin 1 and 7 vs.
junction temperature

G- 608 G-6072 -607)
SVR TTTTI Vo Yo
(d8) | av=2vams | ) W
| V=35V
Vo= Vp i
7 | b
60 Lt 2 2
(I %
< 16 18
50 | - N =
0 ! N 12 ——% 16
=2A
| l | ) =./ ‘7)
30 i '| os 14
- 12
20 04 1]
0 I ! oA
° o8 'L
0 100 PERTR) 05 1 15 2 25 17(A) -25 0 50 100 1,00
Fig. 19 - Power dissipation Fig. 20 - Efficiency vs. Fig. 21 - Efficiency vs.
derating curve e output current o output current s
Ptot 1 n l
(w) ("R *n)
Vo =V,
. P
15 80 t=25KHz [T |
* " 50KHz %
<> % 100KHz
N~ 70— 1
s\s’// % 2 ™=~ 200KHz 80 VB
N 2, —T1 N —r=
10 \/)&9 &y €0 70
X%. %
{6 3, 50 60 DIODE
o N 2005 )
5 \% 40
\
0 20 40 60 B0 100 120 Tmpl*C) 0s 1 15 2 25 1o (A) 05 1 15 2 1o (A)
Fig. 22 - Efficiency vs. Fig. 23 - Efficiency vs.
output current output voltage
-s07611 G -som
1 n I
) )
o —_— 1 = S0KHz|
1% 100KHz 90 — 100KHz
90 P a
=
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vV, =15V &0
L sy /
70 P To=2A
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D =
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60
0s 1 15 2 25 1o (A) 5 10 15 20 25 Vo (V)
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L4960

APPLICATION INFORMATION

Fig. 24 - Typical application circuit

Vi o]
o= 150}JH 2x
L4960 2200F
—16 D1
5 4 3 BYWS0 cs'l-aov c7 R4
c5 l
—_— )
m‘Jz 2 2pF 15K
100pF[63v | o c2 c ‘ngﬂ
43KQ 33nF ’
2.2
nF
o >
GND S- 93221 GND

C1.Cg, C7: EKR (ROE)

D;: BYW80 OR 5A SCHOTTKY DIODE
SUGGESTED INDUCTOR: L = 150uH at 5A
CORE TYPE: MAGNETICS 518206 A2 - MPP

N° TURNS: 45, WIRE GAUGE: 0.8mm (20 AWG),
U15/GUP15: N° TURNS: 60, WIRE GAUGE: 0.8mm (20 AWG),

Fig. 25 - P.C. board and component layout of
the Fig. 24 (1 : 1 scale)

COGEMA 946042
AIR GAP: 1mm, COGEMA 969051.

€5-0216
Resistor values for
standard output voltages
Vo R3 R4
12v 4.7K2 6.2KQ
15V 47KQ 9.1KQ
18V 4,7KQ2 12K
24V 4,7KQ2 18K
(N7 SGS-THOMSON °/13
Y/, IGROELECTRONICS
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L4960

APPLICATION INFORMATION (continued)

Fig. 26 - A minimal 5.1V fixed regulator; Very few component are required

vI
100uF
o
1

SAWTOOTH COMP L4960
0SCILLATOR
2.2 N B N
nF'L el c"é‘ﬁ‘e ouTPUT 7 _}i—o-y"\H__ Vo=S 1V
I N STAGE ‘IO
'BYW80 — %
51V IxZZO
*I7] REFERENCE! uF
3 RROR L0V
AMP 2
15
Kn L S a1
33 5V
InF INHIBIT
FLIP
Cav FLOP
_ o |
@ . =T
THERMAL ) Qr
SHUTDOWM
3 $-7799/4
* COGEMA 946042 (TOROID CORE) (4 IC”
969051 (U15 CORE) 22uF
** EKR (ROE)
Fig. 27 - Programmable power supply
40VA
BY251
== 4700,F
o~ sV " 150 uH
LINE } EYF [ M 5
20V~ 7 5 - Py +
220uF
Bvast 6 L4960 evwso AES
- LoV I 10K
5 4 3 2 1
Eiz’z 33nFL
2uF hl. ,
KA
—— 4.3 15
2.2NF ampem Ko Tgo o
pF o
Vo=5.1V to 18V  ¢_sa00/2

lo = 2.6A max

Load regulation (1A to 2A) = 10mV (V,=5.1V)
Line regulation (220V £ 15% and to lg = 1A) = 16mV (V,=5.1V)

10/13
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L4960

APPLICATION INFORMATION (continued)
Fig. 28 - Microcomputer supply with + 5.1V, -5V, +12V and - 12V outputs

V=35V

FUSE
CO—
2x33000F l470pf
50V e
EYF I 512 I
3 15 |
_unj SAWTOOH crowsar
OSCILLATOR L 296
7 L
OUTPUT 2
.
* 0 l L2
S . IN5622 -5v
0.2A
15KN s Q
o0 v INHIBIT 100 pF
Fe EKR
T - o I
ni
| ‘—L—nooopr
I ! | be éa\é 1K0
L —
14
THER 1 a —0
snﬁvogﬁu!* . A I L RESET
L & % 2.2pF I 72nE

INHIBIT

% Byweo

220uF 1

L 4960

HIF
3¢
3

outPUT

——
22nF

15KN —

ar

$-7802/ 3 -E C“qf 2.2pF

. 11/13
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L4960

APPLICATION INFORMATION (continued)

Fig. 29 - DC-DC converter 5.1V/4A, + 12V/2.6A; a suggestion how to synchronize a negative output

150 uH

30Vnom

+12VI2.5A

L4960 7
6 3 4
2x 7
o+ |22004F] ;d__l '—Ef‘f,
g == .
~ —
) T ) [Jres
GND
{7
Loge , 250 uH +5 1VILA
Ltz J2x220uF
35 9 8,6 10 02 20V
MAINS
:L, ';33nF EKR
120pF = 47,JFT ESK“
150 uH
1 L4960 7 L3
J 5 6 3 4 2 i L’zgf}’)“"
~ 22000 F 4.7] w33 I P3 T EKR 6.2K0
LM -L)-'F nF
NS - ‘———
EYF 15
47K 22 47K
m TnFT Ko,
\ng.s;:
$-932312

L1, L3 = COGEMA 946042 (969051)
L2'= COGEMA 946044 (946045)
D1, D5, D3 = BYWS0

Fig. 30 - In multiple supplies several L4960s can be synchronized as shown

L4960

Rocs Sosc

o

L 4960

_———-
'

S-932¢4

12/13 SGS-THOMSON
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L4960

APPLICATION INFORMATION (continued)
Fig. 31 - Regulator for distributed supplies

1.2K0

| 33nF ’ L4940V5 5V-15A
15K 0. LTKA JI-O‘PF -L IIZZPF

3 2

-
~

L 4960

i ]i y
l 40V
2.2 43 L'z.z =
nF l Ko F 'rz;zeEr
L4941 IOSV-M

Tw 1 Iw
$-10325/11

1N
o

1n

MOUNTING INSTRUCTION

The power dissipated in the circuit must be and the package it is better to insert a layer of
removed by adding an external heatsink. silicon grease, to optimize the thermal contact,
Thanks to the Heptawatt package attaching the no electrical isolation is needed between the
heatsink is very simple, a screw or a compression two surfaces.

spring (clip) being sufficient. Between the heatsink

Fig. 32 - Mounting example

$-6392

K 13/13
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1.5A POWER SWITHING REGULATOR

PRELIMINARY DATA

® 1.5A OUTPUT CURRENT plastic package and Heptawatt package and

® 5.1V TO 40V OUTPUT VOLTAGE RANGE requires very few external components.

® PRECISE (+2 %) ON-CHIP REFERENCE Efficient operation at switching frequencies
up to 150KHz allows a reduction in the size

® HIGH SWITCHING FREQUENCY and cost of external filter components.

® VERY HIGH EFFICIENCY (UP TO 90%)

[ ]

o

[ ]

VERY FEW EXTERNAL COMPONENTS <&
SOFT-START A \ /@\
i \\
Y \

INTERNAL LIMITING CURRENT
® THERMAL SHUTDOWN

The L4962 is a monolithic power switching Powerdip
regulator delivering 1.5A at a voltage veriable (12+ 2 +2)
from 5V to 40V in step down configuration. ORDERING NUMBER:

Features of device include current limiting,

\

Heptawatt

soft start, thermal protection and 0 to 100% nggg (12 + 2 + 2 Powerdip)
duty cycle for continuous operating mode. t4362§H“'2f_|pta,W3n) ‘M )
The L4962 is mounted in a 16-lead Powerdip orizontal Heptawatt
ABSOLUTE MAXIMUM RATINGS
vV, Input voltage 50 \Y
V; -V,  Input to output voltage difference 50 \%
Vs, Negative output DC voltage -1 \%
Output peak voltage at t = 0.1us, f = 100KHz -5 \%
Vi1, Vis  Voltage at pin 11, 15 5.5 \Y
Vio Voltage at pin 10 7 \
l11 Pin 11 sink current 1 mA
l14 Pin 14 source current o 20 mA
Piot Power dissipation at Tpj,s < 90°C (Powerdip) 4.3 w
Tease < 90 C (Heptawatt) 15 W
Ty, Teg Junction and storage temperature -40 to 150 Cc
BLOCK DIAGRAM
SAWTOOTH L4962
. 0SCILLATOR Sl
-L 14 ;” B .
zl T
o S nzrssn‘z:c: I
4 — T
I Voo
. FLOP . v l
L Q
Dﬁ Pin X = Powerdip
sown Pin(X) = Heptawatt
u)_ts 1213 sE!z:)
September 1988 1/12
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L4962

CONNECTION DIAGRAMS

(Top view) s
NC 0: 15 ] NC
output |2 15 hsorr START
1 |———> oureur
NC IE 1.]] osciLLaTorR
6 [[—————"> SOFT START
s |[—o> OSCILLATOR
eno [l il eno @ |—> ono
I/ FREQ COMP
5 12 GND
oNo [ ] 2| FEEDBACK INPUT
————— >
NC lle 11 [JFrea comp A ! INPUT
weut [} - 10[] Feeosack f 5-779%
Tab connected to pin4
NC (s s ] NC

THERMAL DATA Heptawatt Powerdip
Rth j-case Thermal resistance junction-case max 4°cw o=
th J-pins Thermal resistance junction-pins max = 14°C/W*
th J-amb Thermal resistance junction-ambient max 50 C/W 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.

10

FEEDBACK INPUT

The feedback terminal of the regulation loop.
The output is connected directly to this ter-
minal for 5.1V operation; it is connected via a
divider for higher voltages.

1

FREQUENCY
COMPENSATION

A series RC network connected between this
terminal and ground determines the regulation
loop gain characteristics.

4,5,12,13

GROUND

Common ground terminal.

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.

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.

OUTPUT

Regulator output.

N.C.

2/12
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L4962

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T) = 25°C, V, = 35V, unless

otherwise specified)

Parameter Test Conditions Min, | Typ. | Max. | Unit
DYNAMIC CHARACTERISTICS
Vo Output voltage range V| = 46V lo=1A Vyet 40 \Y
" Input voltage range Vo = Vyef to 36V lo = 1.6A 9 46 v
AV, Line regulation V=10V t0 40V Vo=V 1g=1A 15 50 mvV
AVq Load regulation Vo = Vyes lo =0.5A to 1.5A 8 20 mV
Viet Internal reference voltage V=9V to 46V Io=1A 5 5.1 5.2 \
(pin 10)
AVyes  Average temperature Tj=0°C to 125°C 0.4 mv/°c
AT coefficient of refer, voltage | 1o =1A
Vyg Dropout voltage lo = 1.5A 1.5 2 \
lom Maximum operating load V| =9V to 46V 15 A
current Vg = Vyes to 36V
lap Current limiting threshold V=9V to 46V 2 3.3 A
(pin 2) Vg = V(ef to 36V
IsH Input average current V;=46V; output short-circuit 16 30 mA
n Efficiency f = 100KHz Vo = Vet 70 %
lo=1A Vo =12V 80 %
SVR Supply voltage ripple AV =2Vims 50 56 dB
rejection fripple = 100Hz
Vo =Vyes lo=1A
f Switching frequency 85 100 115 KHz
Af Voltage stability of V=9V to 46V 0.5 %
AV switching frequency
of Temperature stability of T;=0°C to 125°C 1 %
AT switching frequency
frmax Maximum operating Vo = Vyet Io=1A 120 150 KHz
switching frequency
Ted Thermal shutdown 150 °c
junction temperature
3/12
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L4962

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min, | Typ. | Max. | Unit
DC CHARACTERISTICS
I7q Quiescent drain current 100% duty cycle 30 40 mA
pins 2 and 14 open
0% duty cycle V) =46V 15 20 mA
-lap Output leakage current 0% duty cycle 1 mA
SOFT START
lisso  Source current 100 130 160 LA
l158) Sink current 50 70 120 KA
ERROR AMPLIFIER
Vii1n  High level output voltage Vip =47V 137 = 100uA 35 Vv
Vi  Low level output voltage Vi =5.3V 37 = 100uA 0.5 \
l11s1 Sink output current V10 =5.3V 100 150 LA
-l13s0 Source output current Vip =47V 100 150 LA
l10 Input bias current Vio =5.2V 2 10 BA
Gy DC open loop gain Vi1=1V to 3V 46 55 dB
OSCILLATOR
~l14 Oscillator source current ] 5 l | mA
anz (37 SGS-THOMSON
V7. 5icROBLECTRONICS
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L4962

CIRCUIT OPERATION (refer to the block diagram)

The L4962 is a monolithic stepdown switching
regulator providing output voltages from 5.1V
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 5.1V 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 5.1V. 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

OSCILLATOR
ouTPUT

NOMINAL
ERROR AMP —»
ouTPUT

citor Cx 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.

CLAMPED. ERROR
AMP QUTPUT

N

T
ouTPUT '

CURRENT 1

11/‘

SOFT START RAMP |
$-5835
Fig. 2 - Current limiter waveforms
1, 3
CURRENT
LIMITER
TRIGGERS
LmMr
THRESHOLD ~ ~f === ——======—~— N o [,
] 1
p
AVERAGE e e - A-HHHH - - - - - - - - - 2 -14-1- —_——— = = -
SHORT CIRCUIT IR
CURRENT 2 | —

S-9398
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L4962

Fig. 3 - Test and application circuit (Powerdip)

15K 0

C3
I3 nfF

C1

1000pF
63V

C2
2.2nF

4
J:. R2
43KA

R3

11 10

L4962

4,512)3[15
BYWSS,
C5
2.2 uF

R4

D1 [
2x220uF
o= 40V

TT

S5-784611

1) Dy: BYW98 or 3A Schottky diode, 45V of VRRM;
2) L;: CORE TYPE - MAGNETICS 58120 - A2 MPP

N° TURNS 45, WIRE GAUGE: 0.8mm (20 AWG)

3) Cg,C7: ROE, EKR 220uF 40V

Fig. 4 - Quiescent drain
current vs. supply voltage
(0% duty cycle)

G- 6065

ha
(mA)

10 20 30 0 v,

6/12

Fig. 5 - Quiescent drain
current vs. supply voltage
(100% duty cycle)

G-6066

ha
(mA)

10 20 30 4 v, (V)

SGS-THOMSON
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(mA)

L

Fig. 6 - Quiescent drain
current vs. junction tem-
perature (0% duty cycle)

G- 6067

V) 357

-25 0 25 50 75 100 Yl(‘C)
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L4962

Fig. 7 - Quiescent drain
current vs, junction tem-
perature (100% duty cycle)

Fig. 8 - Reference voltage
(pin 10) vs. V, rdip) vs. V,

Fig. 9 - Reference voltage
(pin 10) vs. junction tem-
perature

SGS-THOMSON

- 80869 G-
Ia Vret l Vret ]
(mA) ) )
V)38V TonlA v
s L
40 5150
35 5125 500 " ~
10 | — 5100 —— s L1 I~
—
25 50 5050
20 5 05
5025
|
|
-2 0 25 50 75 100 Tj o 1o 20 o w v 2500 25 50 ™00 R0
Fig. 10 - Open loop fre- Fig. 11 - Switching fre- Fig. 12 - Switching fre-
quency and phase response quency vs. input voltage quency vs. junction tem-
of error amplifier i - perature o
Gy o t t
dB) ’ f (KHz) 1 (KHz)
60 VosVret ViedSY
" 6y o VouVret —
\\\ 104 no
“0 ‘f'\ -40 102 108
0 AN, -80 100 100 —
20 \\ -120 :: s
0
10 ~180
0
10
1 10 100 K 10K 100K M 1t (Hz) 10 5 20 25 30 35 40 &5 Vi(V) < 0 25 SO 75 100 125 1%0 )
Fig. 13 - Switching fre- Fig. 14 - Line transient Fig. 15 - Load transient
quency vs. R2 (see test response response
circuit)
1 G- 4912 G-6070 G 6080
e INPI.IIT voll.ncl-z v, |-v I (\‘/) ‘o
. A LOAD CURRENT (4)
N AN 30
\ 1
N 20 o
! AN 10
100 NN CI15nF v, o 5
' (r;;) OUTPUT VOLTAGE CHANGE OUTPUT VOLTAGE CHANGE
. AN 0
. N SN
Cy=22nF \\ o v/ ave
2 (mv)
NN
NN
o ——
' 10 A1 (k) ! 2 3 t (ms) 0s 1 15 2 t{ms)
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L4962

Fig. 16 - Supply voltage
ripple rejection vs. frequency

G- 60!
SVR I T T |
(a8) AV,=2vams L H
| V=35V \_
I Vo= Ve L
7 | 1°=|f' —‘
60 T
I Il
* [T I
«0
| 1 N
30 H
20 i
| i
o | |
o i
' 0 100 K 1Hp)
Fig. 19 - Efficiency vs.

output current

G- 6073

n
RN
f2S0KHZ o= ==
{2100 KHZ e
90
80 . A
70 Vv, =35V
60
DIODE
BYWS8
05 075 1 125 1o (A)
Fig. 22 - Efficiency vs.
output voltage
G-s082
n
(1)
1:50KHZ
- /"L'_womu
/7/
P
o V) #35V
los1A
70
DIODE
VSK340
5 10 15 20 25 vo(v)
8/12

Fig. 17 - Dropout voltage
between pin 7 and pin 2 vs.
current at pin 2

Fig. 18 - Dropout voltage
between pin 7 and 2 vs.
junction temperature

Vo Vo
w) w)
2 2
16 )= -40°C e
2 — 25 :C ] 6
1 ’—‘// 125°C 1
08— 14 =154
0 12 :-\
—~—1_| I
1 Ty
os i
05 075 1 125 15 12(8) 25 0 50 100 Tl('C)
Fig. 20 - Efficiency vs. Fig. 21 - Efficiency vs.
output current output current
-6080 G-6081
n
(.2, ‘ I () L
v, =35V | T=50KHZ = =
| 1% =VRer. 1 100K Hz et
%0 90 ey
8 1225-50KHz 80 skt =l = __-—__-_-_L
- J S e
70 _{" T00K Hz. 70 v%
] 200KHz !
60 60
DIODE DIODE
VSK340 VSK340
0s 075 1 125 1o (A) 0s 075 1 125 IO(A)
Fig. 23 - Efficiency vs. Fig. 24 -Maximum allowable
output voltage power dissipation vs. ambi-
ent temperature (Powerdip)
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L4962

APPLICATION INFORMATION
Fig. 25 - Typical application circuit

\

7 2 0V
O 150}JH
14962 2300
— 115 —
14 4,51213 11 10 avwsa csT:.ov c7 | |ra
s
= t— R1
O I PRI 15K 0 .
100uFT 63V | o, c2 3 []47“1
L3KQ 33nF
22
nF T
O »—0O
GND GND

C3, Cg, C7: EKR (ROE)

Dp: BYW98 OR VISK340 (SCHOTTKY)
SUGGESTED INDUCTORS (L;): MAGNETICS 58120 -~ A2MPP - 45 TURNS - WIRE GAUGE 0.8mm (20AWG) -

COGEMA 946043

5-9340

ORU15, GUP15, 60 TURNS 1mm, AIR GAP 0.8mm (20AWG) - COGEMA 969051

Fig. 26 - P.C. board and component layout of the circuit of Fig. 25 (1 : 1 scale)

..L1

OVOC 41 O

R4 @ O+Vi
oy e

le) Resistor values for
standard output 7 voltages
Vo R3 R4
12V 4.7KQ 6.2KQ
15V 4,7KQ 9.1KQ
18V 4.7KQ 12KQ
24V 4.7KQ 18KQ
€S-0241
L§7 SGS-THOMSON /12
Y/, (7ICROELECTRONICS
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L4962

APPLICATION INFORMATION (continued)
Fig. 27 - A minimal 5.1V fixed regulator; very few components are required

Yi
100uF
h sov
7

*

969051
** EKR (ROE)

&1

2 *soun

Vo5 1V

10

— T\
iBVWSB

O
=
T

s
LoV

(U15 CORE)

Fig. 28 - Programmable power supply

25va 1N4002

SAWTOOTH L4962
OSCILLATOR
14
PWM
COMP. ouTPUT
D STAGE
A 51V
1" RROR [~ ] REFERENCE
AMP
'1(5
fa S QhH
33 5y
InF INHIBIT
FLIP
0.4v FLOP
% _ J Yo l
R Q H
:
SHUTDOWM
tj-s,u,la .ﬁf
s
COGEMA 946043 (TOROID CORE) 2zor ke

S-9339/1

2200yF
20V~ v /
LINE EYF 7
20V~ 2
15 L 4962
1N4002
J= 14451213 11 10
T 33nFl-
L
2.2nF 9.1 15
n T [l]un 3% lkn
pF
S-9321
Vo =5.1V to 15V
I = 1.5A max

Load regulation (0.5A to 1.5A) = 10mV (V4 =5.1V)
Line regulation (220V £ 15% and to Ig = 1A) = 15mV (V4 =5.1V)
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L4962

APPLICATION INFORMATION (continued)
Fig. 29 - DC-DC converter 5.1V/4A, £ 12V/1A. A suggestion how to synchronize a negative output

150 uH
30v, 2087 +2V1A
7 1, L4962 2 L
14 15 11 45121310 L 2x220pF
2x 27 w33 Asywos S=cov 62k0
~ + 2200 pE nF
EolEmT [
- 1
T T (e [rea
%\OGND
1’ L296 250 uH +5VILA
2 N
L2 2 Fl
3 s 9 8,6 10 LXZOZ"’“
MAINS
J__’ J"aanF BYWS0  |EKR
120pF 47)uFT E’E’Kn
150 uH
7 L4962 2
14 15 11451213 10 L3 ,:LZ“”FF
o ABYwos == 40V
~ 4.7  wm33 EKR 6 2K
FE] nF
~ - 1500F _L ]
EYF 4 7kn 2.2 15 D47Kn.
TnF KN =
\gwm
) $-9341/2
L1, L3 = COGEMA 946043 (969051)
L2 = COGEMA 946044 (946045)
Fig. 30 - In multiple supplies several Fig. 31 - Preregulator for distributed supplies
L4962s can be synchronized as shown
L4941
1o T I
L4962
Rocs Cosc L ey L2y
oc 2 — S0A L4941
0-40vV
::l 5 1, Luge2 c,.-L . i_. %O
o Iy I | £
14
L4962 - T
1 L3874 I
| 5.9405M1 ] )
: L ! RESET
$-9333/1 L._. I outpuT
* L2 and C2 are necessary to reduce the switching frequency spikes
when linear regulators are remote from L4962
‘_ SGS-THOMSON 1112
\Y/. 7iCROELECTRONICS
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L4962

MOUNTING INSTRUCTION

The Rinjamp 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 Rinjamp @S
a function of the side " of two equal square
copper areas having the thickness of 35u (1.4

Fig. 32 - Example of P.C. board copper area which is

used as heatsink
COPPER AREA 35y THICKNESS

/

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.

Fig. 33 - Maximum dissi-
pable power and junction to
ambient thermal resistance

vs. side 2"
03984
Prot Ry
(W) (
&
N J-amb
3 - 3
\\ b
? 1 — “
Lo (Tymp * 70°0)
0 o
¢ 0 20 30 40 V(mm)

P C.BOARD

12/12 57
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L5832

SOLENOID CONTROLLER

= 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

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 suppliedina 12 + 2 + 2 — lead Power-
dip package which use the four center pins to
conduct heat to the PC board copper.

Powerdip
12+24+2

ORDER CODE : L5832

Thermal Resistance Junction-case
Thermal Resistance Junction-ambient

Rmrwﬁ
Rin 1-amb

Max. 14
Max. 80

°C/W
°C/W

APPLICATION CIRCUIT USING ONE DARLINGTON

Veg=5V=4s
r—-0
8
1 sKA+50KA
[N
lr , ] ] [

IN 2 14 1 ]
#___ 10 16
|
! L5832 15
1

0.7

3.9v 471 Ir2 "
*l K 3 9 7 4,5)1233 3
]
1
i ns[bt2 —-—C2
1 KN
L__ggo 5.6nF
—
5-5986

September 1988

1711
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L5832

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs DC Supply Voltage 46 \Y
Vg Positive Transient Voltage at Pin 8 60 \Y
Ven Enable Input Voltage (pin 11) 7 \Y
Vi Input Voltage (pin 10) 7 \
Vg External Reference Voltage (pin 2) 2 )
Py Power Dissipation (Tcase = 80 °C) 5 W

Tsig, T; | Storage and Junction Temperature J —40to 150 °C
CONNECTION DIAGRAM
\
NC IR o] ARG
HOLDING
NPN
cumeent |2 sl outhl
sensing | 3 1] oupeLY
GND fl« 13]) GND
GND (s 12]] GND
c1 [ 6 1 ] INHIBIT
tonstanr {7 off - veur
oureur e 9 [ REF R
S-5994/2
BLOCK DIAGRAM
Vs
o
14
IP"I
REGULATOR DRIVER
0 2RIZE!
INPUT = CONTROL
INHIBIT LOGIC
s
TIME
CONSTANT COMPARATOR]
GENERATOR
|
S 7] 9 Z %] 5] z] 13
== == [|Rret Rr2 I RI Lui
CI CI ST DT Vet
-E $-5955/1
2111 ‘— SGS-THOMSON
Y/ scrosLEcTRONICS
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L5832

PIN FUNCTIONS

N° Name Function

1 NC Not Connected. Must be left open circuit.

2 HOLDING CURRENT CONTROL A voltage applied to this pin sets the holding current level. If
left open circuit an internal 75 mV reference 1s used and Iy =
/6

3 SENSING Connection for Load Current Sense Resistor. Value sets the
maximum load current |, = 0 45/Rs.

4 GROUND Ground Connection. With pins 5, 12 and 13 conducts heat to
printed circuit board copper.

5 GROUND See Pin 4

6 C1 A capacitor connected between this pin and ground sets the
duration of the current peak (t2 in fig.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 this pin and ground sets the
duration of tof (fig.3). If grounded, switchmode control is sup-
pressed.

8 PNP DRIVING OUTPUT Current Dnive Output for External PNP Darlington (for recir-
culation). | = 35 let

9 REFERENCE VOLTAGE A resistor connected between this pin and ground sets the in-
ternal current reference, lret. The recommended value is
1.2kQ, giving Iret = 1 mA.

10 INPUT TTL - Compatible Input. A high level on this pin activates the
output, driving the load.

11 INHIBIT TTL - Compatible Inhibit Input. A high level on this input disa-
bles the output stages and logic circuitry, irrespective of the
state of pin 10.

12 GROUND See Pin 4

13 GROUND See Pin 4

14 SUPPLY VOLTAGE Supply Voltage Input

15 NPN DRIVING OUTPUT Current Drive for External NPN Darlington (in series with the
load). | = 100 lres

16 INTERNAL CLAMPING Internal Zener Clamp Avaible for Fast Turnoff.

SGS-THOMSON s
MICROELECTRONICS
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L5832

ELECTRICAL CHARACTERISTICS (Vs (pin14) = 14V, Tamb = 25 °C, 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 \
Is Quiescent Current (pin 14) Von10= Vpn 11 = Low State 21 40 |mA
Vin Input Voltage (pin 10) Low State 0.8 \
Ven Enable Input Voltage (pin 11) High State 24 \Y
[ Input Current (pin 10) Low State 100 | pA
len Enable Input Current (pin 11) High State 10 pA
Vet Internal Reference Voltage (pin 9) 1.2 125 1.3 \
Iref Reference Current (pin 9) Iret = Vre t/Rret 1300 | pA
Rret = 1.2 KQ
lpd Peak Duration Control Current (pin 6) | lpg = lret/8 110 130 180 | pA
tod Peak Duration Time (pin 6) tpa = C1 Vin/lpg 500 us
Vi = 1.4V Ci1=47nF
lod Off Duration Control Current (pin 7) log=lret/ 8 110 130 180 | pA
toff Off Duration Time (pin 7) tod = C2 Vin /log 50 us
Vin = 1.4V C2=4.7nF
lg1 NPN Driving Current (pin 15) lg1 = 100 lret (ONly present 80 100 130 | mA
during charging phase)
loz PNP Driving Current (pin 8) lgz = 35 lret 28 35 48 mA
Ip Peak Current (emitter of NPN Ip = 450 mV/Rsens 4.2 4.5 4.8 A
Darlington) Rsens = 0.1Q
Vh Holding Current Control Voitage Vh= Rsens I Pin2 70 75 85 ' mV
Ih = Emitter Floating
Current of NPN
Darlington Pin 2 Externally 2 Vv
Biased
Rin Holding Current Control Input 100 150 200 Q
Impedance (Pin 2)
r Peak to Hold Current Ratio Pin 2 Floating 5.8 6 6.2
Pin 6 Shorted 0.97 1 1.03
Is Sense Input Bias Current (Pin 3) 100 | pA
Veamp | Internal Clamping (Pin 16 to 15) | =200 pA 14 16 18
Vat Dump Protection Threshold Voltage 28 32 34 \
(Pin 1)
Rat Dump Protection Threshold Input 22 32 42 KQ
Impedance (Pin 1)
Thermal Drift of Reference Voltage 0.5 V/°C
4/11
c_ SGS-THOMSON
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L5832

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 hol-

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 LOAD CURRENT
PINS 6 AND 7 WAVEFORM
6 7
c}Ll'—_ _]—_'cz
I 56002 I
m
IS 7 !
Cc2
S-6006/1 I $-6003
5 7
S5-6008
5-6009
(57 SGS-THOMSON o
YI MICROELECTROMNICS
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L5832

The peak current level Ip, is set by the sensing re-
sistor, Rsens, and is found from :

0.45

Ip—

Rsens

The holding current level, I, 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 :

b
6

Ih=

Alternatively, this level may be varied by adding a
divider to pin 2 (R1, R2) and suitable values are
found from :

Ihmax 1 ( R2// Rn R2 // Rn )

= Vext + Vx
o 045V \ Ri+R2/Rn Rx=R2// Ra

where Vx =3V, Rx=5850Q. Rn=150Q (Rn 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.

5-5985/1

1 Vext
1T
: R1 :
o (A) Q1 Q2 'k
I
4 BDX54 BDX53 Al
| | 2 4
8 BDW94 BDW93 L —-J k !
INPUT O——{ 10
12 BDV64 BDV65 L5832 15
INHIBITO—— 11
7 451243 3

'Rene

lREF |REF/B
20 nF
PREF

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 duration of the high current level (2 in figure 3)
is set by a capacitor connected between pin 6 and
ground.This capacitor, C1, is related to the duration,
T, by:

The recommended value for Iref is 1 mA which is ob- Iret T
tained with a 1.2 kQ resistor. From Iref the darling- C1= 12
ton drive currents are given by :
PNP : | =35 lret
NPN: =100 |ref
et L3y SGs-THOMSON
Y/ GicrozLECTRONICS
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L5832

Figure 3 : Waveforms of the Typical Application Circuit of Fig. 2.
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The discharge time constant (toff in figure 3) is set by a capacitor between pin 7 and ground and is found
from :
12C2

off =

Iref
The tof and ton times are also related to the current ripple , Al :

LAl LAl
and ton =
Voff Von

tott =

where Voff = Vdiode + VceQ1 + RL IL
Von = Ve —Vceaz — Vrs —RL IL
L = load inductance
RL = load resistance
A'| =load current ripple.

Note that toff is the same for both the peak and holding currents.

. 7111
Lyy SE3THOMOON ”
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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) Q1 Q2
4 BDX54 BDX53
8 BDW94 BDWAa3
10 BDV64 BDV65

L

LOAD
CURRENT

<

INPUT

e e - =

5-5991

|

INPUT O—J 10 :

INHIBITO——11

14 1

L5832

9 7 4512133

$-5990

'Rer ['ReFra

12 2
Ko ﬂngTenF

Figure 5 : In this Application Circuit, Pin 6 is Left Open to Give a Single Peak Followed by a
Regulated Holding Current.
1o(A) Q1 Q2 Oy,
4 BDX54 BDX53
8 BDX54 BDX53
16 BDWo4 BDV6S5 l L l
1
INPUT O—10
L5832
1
‘ INHIBITO——N1 v
7 4512133 sens
LOAD
CURRENT 'REF IREFIO
1 sens
T t Kn Rngpsenr 50 m N
1 |
Yin ! | $-5990
INPUT
$-5989
8 L5y SGS-THOMSON
- Y4 MicRoLIGTRONICE
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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.

1o(A) Qi Q2
4 BDX54 BDX53
8 BDW94 BDW93
10 BDV64 BDV65

LOAD
CURRENT

— T i

vm |
INPUT

1 5-599) 1

+V,

Vee
Q1
1 01
2 14 1 8 15
INPUT 10 ZKDZ
L6832 15— Q2
o— Bl
INHIBIT n KA |V
3 g9 7 4512133 sens
1
REF
12 Rsens
®« nLJRpee 50 m

S-5992n

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 :

Vpn 16 = 15V + Vgea2 + VRsense

R9 +R8
R8
(Veaz is the voltage at the collector of Q2).

To ensure stability, a small capacitor (about 200 pF)
must be connected between the base and collector
of Q2 when pin 16 is used.

Veaz=Vpnis -

For the application circuit of figure 7 toff = 12C2/lres,
as before, and the current ripple is given by :

L In(lLe = Al) - RL + VL
R ILp- RL+ VL

where VL is the voltage across the inductor during
recirculation.

Note that if the load is a motor V. = Eg + Vp.

toff = —

R
MOTOR
Eq
$-5888/1
L57 SGS-THOMSON gl
Y/ HICROTLECTRONICS
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L5832

Normally A lis a design parameter therefore C2 can
be calculated directly from :

co- —lref- L In(lLp —A 1) RL + VL

12 RL - 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 12Q and
dissipates 48W . Using this circuit a valve with a 2Q
series resistance can be used and the power dissi-
pation is :

Pd = RulL? + VplL(1- §) + Vear - I & + Rsl 28

where RL = resistance of valve = 2Q
Vb = drop across diode, Vp =1V
Vsat = saturation voltage of Q2, = 1V
Rs =R11 =220 mQ
& = duty cycle =20 %

therefore :

Pd=8+1.6+0.4+0.16 = 10.16W

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.

VCC15V+55
r-=<
L

V5K A+50KN

-1

—
-

IN 2

'ﬁf__..__~'__
1
1

w
w0
<

]
b2

5-5886

1}
1t L_-_‘_‘_:— _
Al # 1 o !
[ |
LOAD Y :
CURRENT i .
1 | 1
0! )
T
: 1 ) t
INPUT
$-5987 t
1011 LSy SGS-THOMSON
Y/ FicrozLEGTRONICS
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L5832

Figure 8: P.C. Board and Component Layout of the Circuit of Fig. 7 (1 : 1 Scale)

C5-017%

2, Ul

nonOonnn

L5832 g R10 R11
L% 0 = = = = > =
RS
PPPPPOPP®
VIN GND -VBAT
GND VCC +VBAT LOAD

Figure 9: Application Circuit Showing how two Separate Supplies can be Used.

—O+%
§LOAD

5V O

R1

2 14 1
VNO—— 10
[Hns L5832 az
Kn{ [rR10
[]RZ 1" 5
10KQ 9 7 451213
—— 12 -L RN
C1..r RS K TCZ
GNDO— L

S-5984/1

The applica’[ion circuit of ﬁgure 9is very similar to R6 must not be too hlgh ifa very low supp[y Vo"age

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 currentis 35 | .

&7

SGS-THOMSON
MICROELECTRONICS

is used because:
Vemin = R6 - 16 + 4.75
Vg =750 - 85 - 10°% + 4.75 = 31V
The zener diode DZ can not exceed 62V because
when Q1 is off and DZ triggered — the fast recircu-
lation — the voltage on pin 8 may not exceed 60 V.

1111
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Y tnicRoELECTRONIGS L6221N

QUAD DARLINGTON SWITCH

= FOUR NON INVERTING INPUTS WITH switches are commoned. Any number of inputs and
ENABLE outputs of the same device may be paralleled.

» OUTPUT VOLTAGE UP TO 50 V Two versions are available : the L6221A mounted

» OUTPUT CURRENT UP TO 1.8 A in a Powerdip 12 + 2 + 2 package and the L6221N

= VERY LOW SATURATION VOLTAGE mounted in a 15--lead Multiwatt package.

s TTL COMPATIBLE INPUTS
s 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- Multiwatt 15 Powerdip 12 +2 + 2
rect connection to logic circuits.

Each switch consists of an open-collector darlington ORDER CODES : L6221A

transistor plus a fast diode for switching applications L6221N

with inductive device loads. The emitters of the four

BLOCK DIAGRAM

+Vs
o 4 1—Oour1
\ —OCLAMP 4
IN2 O-— 1+ T ooz
N3 O— H —QouT 3
h4
' OCLAMP B
A
IN&O- 1 T ooure
ENABLE GND 5- 5945
September 1988 111
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L6221A-L6221N

ABSOLUTE MAXIMUM RATINGS

Vo Output Voltage 50 Vv
Vs Logic Supply Voltage 7 \Y
Vin, Ven| Input Voltage, Enable Voltage Vs

Ic Continuous Collector Current (for each channel) 1.8 A
lc Collector Peak Current (repetitive, duty cycle = 10 % ton =5 ms) 25 A
Ic Collector Peak Current (non repetitive, t = 10 ps) 3.2 A
Top Operating Temperature Range (junction) —40to + 150 °C
Tstg Storage Temperature Range - 5510 + 150 .°C
lsub Output Substrate Current 350 mA
Piot Total Power Dissipation at Tpjns =90 °C (powerdip) 43 w
at Tcase = 90 °C (multiwatt) 20 W

at Tamp = 70 °C (powerdip) 1 w

at Tamp = 70 °C (multiwatt) 2.3 w

PIN CONNECTIONS (top views)

L6221A (Powerdip)

U
ouT 4 1 16 IN4
ciamp B [l 2 15 N3
our 3 3 1% ] ENABLE
GND 4 13 ] GND
GND 5 12]]  ono
ouT 2 6 1 Vs
ctampa [l 7 10 IN2
ouT 1 8 3 IN1
S-9956

!
L/

|
.

Tab connected to pin 8

L6221N (Multiwatt-15)

e
“NWN N O33R

m

Z

>

@

[

m

THERMAL DATA

Powerdip Multiwatt-15
Rih -pins| Thermal Resistance Junction-pins Max 14 °C/W -
Rih j-case| Thermal Resistance Junction-case Max - 3 °C/W
Rih j-amb | Thermal Resistance Junction-ambient Max 80 °C/W 35 °C/W
2/11
‘_' THOMSON
Y/ sucromLECTRONICS
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L6221A-L6221N

TRUTH TABLE

Enable Input ) Power Out
H H ON
H L OFF
L X OFF
Foreach input: H = High level
L = Low level
X = Don't care
PIN FUNCTIONS (see block diagram)
Name Function
IN 1 Input to Driver 1
IN 2 Input to Driver 2
OUT 1 Output of Driver 1
ouT 2 Output of Driver 2
CLAMP A Diode Clamp to Driver 1 and Driver 2
IN 3 Input to Driver 3
IN 4 Input to Driver 4
OUT 3 Output of Driver 3
OouT 4 Output of Driver 4
CLAMP B Diode Clamp to Driver 3 and Driver 4
ENABLE Enable Input to All Drnivers
Vs Logic Supply Voltage
GND Common Ground

&7

SGS-THOMSON

311

MICROELECTRONICS
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L6221A-L6221N

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. | Typ. | Max. | Unit
Vs Logic Supply Voltage 45 55 \]
ls Logic Supply Current All Outputs ON 20 mA
lc= 0.7 A
All Outputs OFF 20 mA
Vee(sus) Output Sustaining Voltage ViN =ViNL Ven = VenH 46 Vv
Ic =100
mA
lcEx Output Leakage Current Vce =50V Ven = VenH 1 mA
Vin =VinL
VeE(sat) Collector Emitter Saturation Vs =45V |lc =06 A 1 \
Voltage V|N = V|NH IC =1A 12 Vv
Ven=VenH [ e A 16 v
(one input on ; all others
inputs off.)
VinL, VenL | Input Low Voltage 0.8 Vv
Nk, lenk Input Low Current Vin=ViNL  Ven =Venl -100 uA
VinL, VenH | Input High Voltage 2.0 \
InH , lenH | Input High Current ViN=ViNH  Ven = VenH +10 LA
IR Clamp Diode Leakage Current| VR =50V Ven = VenH 100 LA
Vin = VinL
VE Clamp Diode Forward Voltage | Ir =1 A 1.6 \
lr=18A 2.0 \
td (on) Turn on Delay Time Vp =5V RL =10Q 2 ns
td (off) Turn off Delay Time Vp =5V RL =10Q 5 ns
Al Logic Supply Current Variation | Viy =5V Ven =5V 150 mA
lout == 500 mA for Each
Channel
4/11
Ky SETHONSON
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L6221A-L6221N

TEST CIRCUITS
(X) = Referred to Multiwatt package
X = Referred to Powerdip package

Figure 1 : Logic supply current.

Vg =+5V Vp =+10V
Is
1(7) on
9(4) 8(3)
10(5) 100
6(1)
15(11) 00
Vi O— 1612) 315
10 N0
VEN O———114(9) 1(13))
4,5,12,13(8)
5-9958

SetViN=4.5V,Ven=08V,orVin=08V, Ven=45V, for | s (all outputs off)
Set Vin=2V, Ven=2V, for | s (all outputs on)

Figure 2 : Output Sustaining Voltage. Figure 3 : Output Leakage Current.
Vg =+5V
Vg =+5V Vp =+50V
11(7) sy
8(3)
Ic=100mA
Vee(sus)

- Tcex
9 {4) 6(1) 1(7)
1005) I¢ =100mA 9(4) 8(3) —@1—*

10(5
15(11) (5) 601) g )
ViN=08VO 16(12) 3(15) 1 15(11)
I =100mA VN =08VO 16(12) 3(15)——§Z¢—<
—
Ven=5Y O———14(9) 1013) ' Ven = SVO—————14(9) 1(13)
%542.12 (8 S 00mA £4,51213(8)
c -
L 5-9960
$-9959 -
L3 SGS-THOMSON il
Y/ NicRoELEGTRONIGS

255



L6221A-L6221N

Figure 4 : Collector-emitter Saturation

Figure 5 : Logic Input Characteristics.

Voltage.
Vg =45V Vg =+5V +Vp
Sy T
11(7) =< 1(7)
8(3) ] ViN 9(4) 8(3)
c IIN v
Vce(sAT) N 6(1)
D S
o 94 6(1) fz 5
BT L L5 Ic
IN=T o—nrJ1sa) VEN 14(9) 113)
7 i 4,512,13(8)
O——16012) 3(15) EN VEN
Ic
- D
5-9962
VEN=45VO——1L(9) 1(13)
4,512,13(8 Ic
- —
$-9961 -

Figure 6 : Clamp Diode Leakage Current.

Ser S1, Szopen, Vin, Ven =08V for InL, len L
Set S, Sz 0pen, Vin, Ven =2V for InH, len H
Ser S1, Sz close, Vin, Ven =08V for Vin L, Ven L
Set St, Szclose, Vi, Ven = 2V for Vin H, Ven H

Figure 7 : Clamp Diode Forward Voltage.

Vg = +5V
Vg =+5V Vp =+50V
(7
8(3)
1(7)
8(3) IR 9(4) 7 (2)
—19(4) 7(2) 52(—* 10(5)
10(5) 6(1) |5 15(11) 6 (1)
4 Vi =08VO 16(12)
15(11) BT IN 3(15)
ViN=0 8VQO 16(12)
2014)
Ven= 5V 14(9) 103 — Vep =45VO——14(9) 2(12)
4,5,12,13(8)
1(13)
5-9963/1 —— 4,5,12,13(8)
S-9964
]
6/11
r SGS-THOMSON
Y# ricroLEcTRONIGS

256



L6221A-L6221N

Figure 8 : Switching Times Test Circuit. Figure 9 : Switching TImes Waveforms.
|
|
Vg =+5V Vp=+5V ) !
o ] !
Ven 5V
>
1(7) .10 N v 5V [~-—— ‘
9(4) 8(3) 14 IN — |
10(5) Vc10 0 j > |
61— ?
15(11) L
Ve10 40 . v 5y |
Vin 16(12) 3(15) o } _/"— ’
100 |
Ven O————14(9) 1(13)19(:J > |
4,5,12,13(8) td(on) td(ott) !
S$-997411 $-997511
Figure 10 : Allowed Peak Collector Cur- Figure 11 : Allowed Peak Collector Current
rent vs. Duty Cycle for 1, 2, 3 vs. Duty Cycle for 1,2, 3 or 4
or 4 Contemporary Working Contemporary Working Outputs
Outputs (L6221A). (L6221N).
G-6364 1 G- 6365
1 c
N \ . l 7ol-c o [\ TJ-7J'C
2 \ \\ amb.ZOﬂ'ls 2 \\\A\ \ am’?;wms
175 175 N\ 1
150 N\ 150 WAS ~
. TN
125 N 125 \ n \\
CENALD HEERNNES S
\\\ \\ \ N I~
0.75 N 075 < ]
050 ——— ] 050
e R B
025 025
0
0 10 20 30 40 50 60 70 (°l) 10 20 30 40 50 60 70 (%ls)
L7 SGS-THOMSON Ak
Y/ wicrozLEcTROMES
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L6221A-L6221N

Figure 12 : Collector Saturation Voltage
vs. Collector Current.

G-6358

1 d

Ty= 25°C /'
2 |—ouT1-4 ”

-— ouT2-3 1/
175 7
' 4/
/
125 7
’/
1 //
075 Tz
y

050 /

V
057
4]

07 03 M 13 15Vgey™

Figure 14 : Collector Saturation Voltage
vs. Junction Temperature

atlc = 1A.
G- 6360
VCEsat 11 [l
v) ] | | ]
1 T
T Tig=1A '
| —ouT1-4 F
- -0uT 2-3 ) ||
I
12 [
1 T
11 -:’v; T ! J
= ] P | :
1 = \J_ i == i
- T = T
09 e
b
08 e
L i i
: ;
07 L [

-50 -25 0 25 50 75 100 T, (0

Figure 16 : Saturation Voltage vs. Junc-

tion Temperature at IC = 1.8A.

G-636
VeE sat I | [
) T T
| | _llc=18A
—O0uT1-4
16 | —=-0UT2-3
”/
14 ———
12 'L .
| |
' 1
1 i
N
08 !

=50 -25 0 25 50 75 100 T,(°C)

8/11

&7
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Figure 13 : Free-wheeling Diode Forward
Voltage vs. Diode Current .

G- 635971

It
mmm——
j=25°
2 |—our1-4 /
-— 0UT2-3
l,/
s 7/
4
/i
v/
1 //
—/
Y
05
0
0 1 12 1% 16 Vg (V)

Figure 15 : Free-wheeling Diode Forward
Voltage vs. Junction Tempera-
ture at IF = 1A,

1/

11 V. -t ‘I:,‘
1
I

=50 =25 0 25 50 75 100 T,(°C)

Figure 17 : Free-wheeling Diode Forward
Voltage vs. Junction Tempera-
ture at If = 1.8A.

G- 636311
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L6221A-L6221N

Figure 18.
Vg =5V Vp
v ot f—r—ow ¢ I
o—1
N1 CLAMP A
ouT 2 |—"""M
ViN2O— vz
1
o——
Yina out 3 f—"
CLAMP B
Ving O——— out4f—rr |

S-9965/1

ENABLE O—I -L

Figure 19 : Driver for Solenoids up to 3A.

APPLICATION INFORMATION

When inductive loads are driven by L6221A/N, 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 + V2 < 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.

vciamp
(35Vmax) Vp

470pF
NOT I

COUPLED
coiL cor.
A SN 1'B

Vg =45V
1
9 8
7
10
6
IN A L6221A
3
15
2
INB 16 1
14 453213
ENABLE

S$-996611

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-

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).

911
Lyy SGS-THOMSON
Y/ sacrozecTRomics
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L6221A-L6221N

Figure 20 : Saturation Voltage vs. Figure 21 : Peak Collector Current vs.
Collector Current. Duty Cycle for 1 or 2 Paralleled
Outputs Driven (L6221A).
G-6366 G- 6367
Ic , 4 Ic
(n) s (A)
N T, =25°C 1 \ \ Tamb=70°C
— OUTI-4PARALLELED | | |/ 25 T=20ms
|=— OUT2-3PARALLELED ” A . \
4
2 LA 1
4 \
7 // 2
15 V.4 \2 A\
A \
. // 15 \N
P \
/’ i \ \\
05 1 AN ~
\
0 0s —
07 08 09 1 12 Vegsat(V) 10 20 30 40 S0 60 70 (%1e)

Figure 22 : Peak Collector Current vs.
Duty Cycle for 1 or 2 Paralleled
Outputs Driven (L6221N).

G- 6368

I N

() A\ l 5
Tamb=70

25 T=10ms

\ 1

1 ~
05
10 20 30 40 S0 60 70 (%)
1on1 L7 SGS-THOMSON
7’ MICROELECTRONICS
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L6221A-L6221N

MOUNTING INSTRUCTION

The Rt -amb of the L6221A 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 maximum dis-
sipable power Pot and the Rin j-amb as a function of
the side " 0" of two equal square copper areas ha-

Figure 23 : Example of P.C. Board Copper
Area Which is Used as Heatsink.

ving a thickness of 35u (1.4 mils). During soldering
the pins temperature must not exceed 260 °C 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.

COPPER AREA 35u THICKNESS

s na

P C BOARD

1.9mm

Y
5-3u7 \(\ Y

Figure 25 : Maximum Dissipable Power
and Junction to Ambient Ther-

Figure 26 : Maximum Allowable Power
Dissipation vs. Ambient

mal Resistance vs. Side " o". Temperature.
G-355912
G-3558 Piot T T =
Ptor i Rih T i
(W) : (oCrw) S e
1 B . \\i %
2 %
. t—— 80 \:’/‘,, - 4}_ AL L]
N % z 44—
- N 2 -
N Rih j-amb 3 \:/’?4, ‘é\ —
: & N \ ﬂ; N
NG \%9 21
I~ C |
2 - = ol : N T ‘%_
\/// SRee 1] ©
= " 3 — a1 IN%&
LTPiot (Tamp = 70°C) L N 3
1 - B 20 1 a
.
— \
o o °
0 10 20 30 40 1(mm) -50 o 50 00 Tamb (')
L7 SGS-THOMSON 1
Y/ ICRORECTRONICS
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L6222

QUAD TRANSISTOR SWITCH

= OUTPUT VOLTAGE TO 50 V

= OUTPUT CURRENT TO 1.2 A

= VERY LOW SATURATION VOLTAGE
= TTL 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.

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

+V, =5V +Vez12V
ss s
(i) o)
16222 oL 1
IN
16 1 | outs
O—
Y,
IN2 i coIL 2
3 T
O 15 \—D_S‘ ouT 2
IN3 coiL3
il L 6 |out 3
Y,
IN 4 j COIL 4
o—2 bD—S 8 louts
ENABLE
o 14 zk
V,=30V

5-9298

September 1988

13
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L6222

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Output Voltage 50 \%
Vss Logic Supply Voltage 7 \Y
Vin Input Voltage 15 Y
le Collector Current (PEAK) 1.2 A
Top Operating Temperature Range (junction) —40to + 150 °C
Tsig | Storage Temperature Range —55t0 + 150 °C
CONNECTION DIAGRAM (top view)
\
oui [} s o
cLampa [|2 15 N2
ouT 2 [ 3 4 ]ENABLE
onD  [}e 13]] 6N
ovo |5 12]]  onp
outs |6 n j Vss
CLAMPB f 7 ‘O] IN3
ouT & L 8 9 J IN%
$-9299
TRUTH TABLE
Enable Input Power Out
H H ON
H L OFF
L X OFF
Foreachinput H=High level
L = Low level
X = Don't care
THERMAL DATA
Rth j-amb | Thermal Resistance Junction-ambient Max. 80 °C/W
th j-case | Thermal Resistance Junction-case Max. 14 °C/W
2/3
‘-" SGS-THOMSON
Y/ scrozLEcTRONICS

264




L6222

ELECTRICAL CHARACTERISTICS (T m, = 25 °C, unless specified)

Symbol Parameter Test Conditions Min. Unit Max. | Typ.
Vss Logic Supply Voltage 4.50 7 Y
VcE (sus)| Output Sustaining Voltage ViN=08V 46 \
Ic =100 mA
lcex Output Leakage Current Vce =50V 1 mA
Vin=08V
VcEe (say | Collector Emitter Saturation Voltage ViN = 20V|lc=01A 0.2
lc =04A 0.5 "
lc =07 A 0.9
Vi Input low Voltage 0.8 \
[ Input Low Current Vin=04V - 100 HA
Vin Input High Voltage 2.0 \Y
[ Input High Current Vinz220V +10 HA
Is Logic Supply Current Vss =5 V| All Outhuts ON 50 85 mA
lc =0.7 A
All Outputs 8 mA
OFF
IR Clamp Diode Leakage Current Vg =50V 100 LA
Ve Clamp Diode Forward Voltage IF=07A 1.6 v
Ir =12 A 2.0
&57 SSsTHOMSON
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‘— GS-THOMSON L7150
’l %U@R@E&E@TR@MU(@S L7152

50 V QUAD DARLINGTON SWITCHES

= FOUR NPN DARLINGTONS WITH ISOLATED

CONNECTIONS

» OUTPUT CURRENT TO 1.5 AEACH DARLING-
TON

= MINIMUM BREAKDOWN 50 V

= MULTIWATT PACKAGE ALLOWS OPERA-
TIONAT 1.5 A,50V, 100 % DUTY CYCLE, ALL
FOUR DEVICES ON

» INTEGRAL SUPPRESSION DIODES

= VERSIONS FOR 5V 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)

The L7150 has 350 input resistors and is compati-
ble with TTL, DTL, LSTTL and 5 V CMOS logic. The
L7152 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 LEDs and heaters.

Multiwatt-15

ORDER CODES : L7150
L7152
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Lrab connected to pin8
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L7150-L7152

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vcex | Output Voltage 50 \
lo Output Current 1.75 A
\ Input Voltage 30 -V
Ig Input Current 25 mA
Piot Power Dissipation (Tcase = 75 °C) 25 w
Tamb | Operating Ambient Temperature Range 0to 70 °C
Tstg | Storage Temperature - 55 to 150 °C
SCHEMATIC DIAGRAM
S- 5957
L7150 Rn= 350Q
L7152 Rn= 3KQ
ELECTRICAL CHARACTERISTICS (Tamp =25 °C unless otherwise specified)
Symbol Parameter Test Condtions Min. Typ. Max. Unit Fig.
lcex | Output Leakage Current | Vce =50 V Tamb = 70°C 100 pA 1
Vce =50V 500 HA
VGER (sus)| Collector-emitter Ic =100 mA V, =04V 35 \Y 2
Sustaining Voltage*
VcE (sat) | Collector-emitter lc =500 mA lg =625 pA 1.15 Vv
Saturation Voltage Ic =750 mA Ig =935 pA 1.3 \ 3
lc=1A Ig =1.25 mA 1.4 \
lc=125A Ilg =2 mA 1.5 \
liony | Input Current for L7150 V=24V 1.4 43 mA
for L7150 V, =375V 3.3 9.6 mA 4
for L7152 V,=5V 0.6 1.8 mA
for L7152 V, =12V 0.7 52 mA
Vion) | Input Voltage for L7150
Ve =2V Ilc=1A 2 \ 5
Veg =2V Ilc=15A 25 \
for L7152
Vee =2V Ilc=1A 6.5 Vv
Vee =2V lc=15A 10 \
tpLH Turn-on Delay Time 05V, t0 05V, 1 us
tpHL | Turn-off Delay Time 0.5V, to 0.5V, 1.5 us

(*) tisus) =10 ps.

2/4
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L7150-L7152

THERMAL DATA

Rih j-case | Themal Resistance Junction-case Max 3 °C/W
th ;-amb | Thermal Resistance Junction-ambient Max 35 °C/W
TEST CIRCUIT
Figure 1. Figure 2.
OPEN
V= Veg e
$-5926
Figure 3. Figure 4.
OPEN
I
heg = ,—c
B
s Yee |lc
Vi
5-1980
Figure 5.
OPEN
_'_ Yee | Ic
Vi i
5-1987
Ly7 SGS:THOMSON i
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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.

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.

414
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L7180
L7182

80 V QUAD DARLINGTON SWITCHES

= FOUR NPN DARLINGTONS WITH ISOLATED
CONNECTIONS

= OUTPUT CURRENT TO 1.5 AEACH DARLING-
TON

= MINIMUM BREAKDOWN 80 V

= MULTIWATT PACKAGE ALLOWS OPEHA-
TIONAT 1.5A,80V, 100 % DUTY CYCLE, ALL
FOUR DEVICES ON

= INTEGRAL SUPPRESSION DIODES

= VERSIONS FOR 5V AND 6-15 V LOGIC FAMI-
LIES

DESCRIPTION

The L7180 and L7182 are 1.5 A quad darllngton 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

The L7180 has 350 Q input resistors and is compa-
tible with TTL, DTL, LSTTL and 5 V CMOS logic.
The L7182 has 3 KQ input resistors for use with 6-
15V 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 LEDs and heaters.

Multiwatt 15

ORDER CODES : L7180

L7182

SCHEMATIC DIAGRAM

Symbol Parameter Test Conditions Unit |
Vcex | Output Voltage - ) 80 v o
7 lo Output Current o - 7:7 7 o B ‘ 175 — - A i
V. | InputVoltage ) 60 v
Ig Input Current 25 mA
Piot Power Dissipation (T¢ase = 75 °C) 25 w
Tamb Operating Ambient Temperature Range ' 0to 70 °C
Tstg | Storage Temperature o o _ﬁ _ -—-55t0150 °C

L7180 - Rwn =350 Q

L7182 :Rn=3KQ

3K

September 1988
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L7180-L7182

CONNECTION AND SCHEMATIC DIAGRAMS (top view)

L

D

&

"
10|
9

NMurnOue

)

Tab connected to pin8

= —— B4
We— E¢
-@- NP ¢
| e—— N C

5-5958/1

S- 5857

L7180 :Rn=350Q
L7182 : R =3 KQ

THERMAL DATA

Rinj-case | Thermal Resistance Junction-case Max | 3 °C/W
Rith j-amb Thermal Resistance Junction-ambient Max ! 35 °C/W
ELECTRICAL CHARACTERISTICS (Tamp = 25 °C unless otherwise specified)
Symbol Parameter : Test Conditions “Min. | Typ. | Max. | Unit | Fig.
lcex | Output Leakage Current | Vce =80 V ' 100 |
{ Ve =80 V Tamb =70 °C 500 1
Vcersus)| Collector-emitter Ic =50 mA V, =04V 50 2
~_ | Sustaining Vokage() _ | S R B -
Vcesay | Collector-emitter | lc =500 mA Is = 625 pA | 1.15
Saturation Voltage | lIc =750 mA g =935 uA 1.3 | 3
flg=1A Ig =1.25 mA i 1.4
lc=15A lg =2.25 mA i 1.6
lion) Input Current ! For L7180 V=24V 1.4 4.3
! ForL7180 V, =375V 3.3 96 4
" For L7182 V, =5V 0.6 | 1.8
For L7182 V, =12V 1.7 5.2
Vion) | Input Voltage ' For L7180
Vee =2V Ic=1A 2 5
" Veg =2V lc=15A ? 25
" For L7182 i
Vee =2V lc=1A | 6.5
Vee =2V |c=1.5A | 10
tpLy | Turn-on Delay Time 0.5V, t0 0.5 Vo 1 us |
teur | Turn-off Delay Time | 05V, 1005V, 1.5 us |
(") tisusy = 10 s
Guaranteed by design ; not tested 100 %
i (N7 SGS-THOMSON
Y/ richorLEcTRONICS
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L7180-L7182

TEST CIRCUITS

Figure 1. Figure 2.
OPEN Vee OPEN
O
[
OPEN CEX
O
YNE= Vee fe
5-5725 $-5926
Figure 3. Figure 4.
OPEN
e
hep = —
FE IB
lg Yee 1l
Vi
S-1980 $-1986
Figure 5.
OiN
_I_ Vee |Ic
v’ji
$-1987
(7 SGS-THOMSON 4
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L7180-L7182

MOUNTING INSTRUCTIONS

The power dissipated in the circuit must be remo- and the package it is better to insert a layer of sili-

ved by adding an external heatsink.

Thanks to the Multiwatt® package attaching the
heatsink is very simple, a screw or a compression

con grease, to optimize the thermal contact ; no
electrical isolation is needed between the two sur-
faces.

spring (clip) being sufficient. Between the heatsink

Figure 6 : Mounting Example.
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L7800
SERIES

POSITIVE VOLTAGE REGULATORS

» OUTPUT CURRENT UP TO 1.5A

» OUTPUT VOLTAGES OF5;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 TO-220 and TO-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 1A output
current. Although designed primarily as fixed vol-

TO-3

tage regulators, these devices can be used with ex- TO-220
ternal components to obtain adjustable voltages
and currents.
BLOCK DIAGRAM
INPUT SERIES OUTPUT
10 PASS 2
ELEMENT
CURRENT SOA
GENERATOR PROTECTION
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFIER
THERMAL
PROTECTION
T GND
——O3
$-2564
February 1989 1/19
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L7800 SERIES

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vi DC Input Voltage (for Vo =5 to 18V) 35 \Y
(for Vo =20, 24V) 40 \
lo Output Current Internally limited
Ptot Power Dissipation Internally limited
Top Operating Junction Temperature (for L7800) - 5510 + 150 °C
(for L7800C) 0to + 150 °C
Tstg Storage Temperature - 6510 + 150 °C
THERMAL DATA
Symbol Parameter TO-220 TO-3 Unlt
Rin j-case| Thermal Resistance Junction-case Max 3 4 °C/W
Rith j-amb | Thermal Resistance Junction-ambient Max 50 35 °C/W
CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)
2 _——> outPuT OUTPUT
GND @ 3 GROUND
; GND
1 [ = INPUT INPUT
S-256913
$-2568/1
Type T0O-220 TO-3 Output Voltage
L7805 L7805T 5V
L7805C L7805CV L7805CT 5V
L7806 L7806T 6V
L7806C L7806CV L7806CT 6V
L7808 L7808T 8V
L7808C L7808CV L7808CT 8V
L7885C L7885CV L7885CT 8.5V
L7812 L7812T 12v
L7812C L7812CV L7812CT 12v
L7815 L7815T 15V
L7815C L7815CV L7815CT 15V
L7818 L7818T 18V
L7818C L7818CV L7818CT 18V
L7820 L7820T 20V
L7820C L7820CV L7820CT 20V
L7824 L7824T 24V
L7824C L7824CV L7824CT 24V
218 L7 SGS-THOMSON
Y/ wicrozLEcTRONICS

276




L7800 SERIES

APPLICATION CIRCUIT

-

L78XX

Vi (o]

-E.33,UF

Co vV,
0AuF °

$-2709/2

SCHEMATIC DIAGRAM

—OIN

S-4958 .

<7

SGS-THOMSON
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L7800 SERIES

TEST CIRCUITS
Figure 1 : DC Parameters.

Figure 2 : Load Regulation.

. ) o—+—U mexx P
OT L78XX
3
Vi Ci 3 Co Yo vi = —%
0.33uF 0JuF 0.33uF 2N6121 —ov
) OR EQ. o 005
i $-2709/2
o - S-271101
Figure 3 : Ripple Rejection.
510
£ _L N oi7exx |2
v, 3 RL Vo
Ta.33pF
Oo— O
470uF S-2711
120Hz
4n9 L§7 SGS-THOMSON
Y/ MICROELECTRONICS
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L7800 SERIES

ELECTRICAL CHARACTERISTICS FOR L7805 (refer to the test circuits, T, = — 55 to 150°C

V, =10V, |, = 500mA, C; = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 4.8 5 5.2 \
Vo Output Voltage lo =5mA to 1A P, < 15W 4.65 5 5.35 Vv

V, =8 to 20V
AVo* | Line Regulation V=7 to 25V T,=25°C 3 50 mvV
V, =8to 12V T, =25°C 1 25 mV
AVo* Load Regulation lo =5 to 1500mA T, =25°C 100 mV
lo =250 to 750mA T, =25°C 25 mV
lg Quiescent Current T, =25°C 6 mA
Alg Quiescent Current Change | |, =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V, =8 to 25V 0.8 mA
AV Output Voltage Drift lo =5mA 0.6 mV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 40 UV,
SVR Supply Voltage Rejection V, =8to 18V f=120Hz 68 dB
Vg Dropout Voltage lo = 1A T, =25°C 2 25 \
Ro Output Resistance f = 1KHz 17 mQ
lsc Short Circuit Current V, =35V T, =25°C 0.756 1.2 A
Iscp Short Circuit Peak Current | T, = 25°C 1.3 22 3.3 A

ELECTRICAL CHARACTERISTICS FOR L7806 (refer to the test circuits, T,=-5510 150°C

V, =11V, I, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 5.75 6 6.25 \Y%
Vo Output Voltage lo =5mA to 1A Po < 15W 5.65 6 6.35 v

V,=9to 21V
AVo* | Line Regulation V, =8 to 25V T, =25°C 60 mv
V,=9to 13V T, =25°C 30 mV
AV,* Load Regulation lo =5 to 1500mA T, =25°C 100 mV
lo =250 to 750mA T, =25°C 30 mv
lg Quiescent Current T, =25°C 6 mA
Alg Quiescent Current Change | 1, =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V, =9 to 25V 0.8 mA
AV, Output Voltage Drift lo =5mA 0.7 mV/°C
AT
en Output Noise Voltage B = 10Hz to 100KHz T, =25°C 40 uV/Vo
SVR | Supply Voltage Rejection V,=9to 19V f=120Hz 65 dB
Vq Dropout Voltage lo =1A T, =25°C 2 2.5 \Y
Ro Output Resistance f = 1KHz 19 mQ
lsc Short Circuit Current V, =35V T, =25°C 0.75 1.2 A
lscp Short Circuit Peak Current | T, = 25°C 1.3 2.2 3.3 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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L7800 SERIES

ELECTRICAL CHARACTERISTICS FOR L7808 (refer to the test circuits, T; = — 55 to 150°C

V, =14V, |, =500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 7.7 8 8.3 \
Vo Output Voltage lo =5mA to 1A P, < 15W 7.6 8 8.4 \Y

V, =11.5 to 23V
AVo* Line Regulation V, =10.5 to 25V T, =25°C 80 mV
V,=111to 17V T, =25°C 40 mV
AVo* Load Regulation lo =5 to 1500mA T, =25°C 100 mV
lo =250 to 750mA T, =25°C 40 mvV
lg Quiescent Current T, =25°C 6 mA
Aly Quiescent Current Change | I, =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V, =11.5 to 25V 0.8 mA
AV, Output Voltage Drift lo =5mA 1 mV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 40 HV/V,
SVR Supply Voltage Rejection V, =115 to 21.5V f =120Hz 62 dB
Vg Dropout Voltage o =1A T, =25°C 2 25 \
Ro Output Resistance f=1KHz 16 mQ
lsc Short Circuit Current V, =35V T, =25°C 0.75 1.2 A
Iscp Short Circuit Peak Current | T, =25°C 1.3 2.2 3.3 A

ELECTRICAL CHARACTERISTICS FOR L7812 (refer to the test circuits, T, = — 55 to 150°C

V, =19V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 11.5 12 12.5 \
Vo Output Voltage lo =5mA to 1A Po < 15W 11.4 12 12.6 \%

V, =155 to 27V
AVo* Line Regulation V, =14.5 to 30V T, =25°C 120 mVv
V, =16 to 22V T, =25°C 60 mV
AVo* Load Regulation lo =5 to 1500mA T, =25°C 120 mV
lo =250 to 750mA T, =25°C 60 mV
lg Quiescent Current T, =25°C 6 mA
Alg Quiescent Current Change | lo =5 to 1000mA 0.5 mA
Aly Quiescent Current Change | V, = 15 to 30V 0.8 mA
AV, Output Voltage Drift lo =5mA 1.5 mV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, = 25°C 40 uViV,
SVR Supply Voltage Rejection V, =15 to 25V f = 120Hz 61 dB
V4 Dropout Voltage lo =1A T, =25°C 2 25 \
Ro Output Resistance f=1KHz 18 mQ
lse Short Circuit Current V, =35V T, =25°C 0.75 1.2 A
lscp Short Circuit Peak Current | T, = 25°C 1.3 22 3.3 A

* Load and line regulation are specified 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.

6/19
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L7800 SERIES

ELECTRICAL CHARACTERISTICS FOR L7815 (refer to the test circuits, T, = — 55 to 150°C

V; =23V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 14.4 15 15.6 \%
Vo Output Voltage o =5mAto 1A P, < 15W 14.25 15 15.75 \%

V, = 18.5 to 30V
AVo* | Line Regulation V, =17.5 to 30V T, =25°C 150 mV
V, =20 to 26V T, =25°C 75 mV
AVo* Load Regulation lo =5 to 1500mA T, =25°C 150 mV
lo =250 to 750mA T, =25°C 75 mV
lg Quiescent Current T, =25°C 6 mA
Alg Quiescent Current Change | 1o =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V, = 18.5 to 30V 0.8 mA
AV, Output Voltage Drift lo =5mA 1.8 mv/,°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 40 uV/Ve
SVR Supply Voltage Rejection V, =18.5 to 28.5V f=120Hz 60 dB
Vg Dropout Voltage lo = 1A T,=25C 2 25 Vv
Ro Output Resistance f=1KHz 19 mQ
lsc Short Circuit Current V, =35V T, =25°C 0.75 1.2 A
lscp Short Circuit Peak Current | T, = 25°C 1.3 2.2 3.3 A

ELECTRICAL CHARACTERISTICS FOR L7818 (refer to the test circuits, T, = — 55 to 150°C

V, =286V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 17.3 18 18.7 \
Vo Output Voltage lo =5mA to 1A Po < 15W 171 18 18.9 \)

V, =22 to 33V
AVo* | Line Regulation V, =21 to 33V T, =25°C 180 mV
V, =24 to 30V T, =25°C 90 mV
AV,* Load Regulation o =5 to 1500mA T, =25°C 180 mV
lo =250 to 750mA T, =25°C 90 mV
lg Quiescent Current T, =25°C 6 mA
Alg Quiescent Current Change | 1, =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V, =22 to 33V 0.8 mA
AVo Output Voltage Drift lo =5mA 23 mvV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 40 uV/V,
SVR Supply Voltage Rejection V, =22 to 32V f = 120Hz 59 dB
\'7 Dropout Voltage lo =1A T, =25°C 2 25 "
Ro Output Resistance f =1KHz 22 mQ
Isc Short Circuit Current V, =35V T,=25°C 0.75 1.2 A
Iscp Short Circuit Peak Current | T, =25°C 1.3 2.2 3.3 A

* Load and line regulation are specified 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.

&7

SGS-THOMSON

719

MICROELECTRONICS

281



L7800 SERIES

ELECTRICAL CHARACTERISTICS FOR L7820 (refer to the test circuits, T, = — 55 to 150°C
V, =28V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 19.2 20 20.8 \Y
Vo Output Voltage lo =5mA to 1A P, < 15W 19 20 21 \Y

V, =24 to 35V
AVo* | Line Regulation V, =225 to 35V T, =25°C 200 mv
V, =26 to 32V T,=25C 100 mvV
AV,* Load Regulation lo =5 to 1500mA T, =25°C 200 mV
lo =250 to 750mA T, =25°C 100 mV
lg Quiescent Current T, =25°C 6 mA
Alg Quiescent Current Change | |, =5 to 1000mA 05 mA
Alg Quiescent Current Change | V, =24 to 35V 0.8 mA
AV, Output Voltage Drift lo = 5mA 25 mV/°C
AT
ey Output Noise Voltage B =10Hz to 100KHz T, =25°C 40 uV/Ve
SVR Supply Voltage Rejection V, =24 to 35V f = 120Hz 58 dB
Vg Dropout Voltage lo =1A T, =25°C 2 25 \Y
Ro Output Resistance f = 1KHz 24 mQ
Isc Short Circuit Current V, =35V T,=25°C 0.75 1.2 A
Iscp Short Circuit Peak Current | T, = 25°C 13 2.2 3.3 A

ELECTRICAL CHARACTERISTICS FOR L7824 (refer to the test circuits, T, = — 55 to 150°C
V, = 33V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T,=25°C 23 24 25 \
Vo Output Voltage I =5mA to 1A Po < 15W 22.8 24 252 \Y

V, =28 to 38V
AV,* Line Regulation V, =27 to 38V T, =25°C 240 mVv
V, =30 to 36V T, =25°C 120 mV
AVo* | Load Regulation lo =5 to 1500mA T,=25°C 240 mvV
lo =250 to 750mA T, =25°C 120 mV
lg Quiescent Current T, =25°C 6 mA
Alg Quiescent Current Change | I, =5 to 1000mA 0.5 mA
Aly Quiescent Current Change | V, =28 to 38V 0.8 mA
AV, Output Voltage Drift lo =5mA 3 mV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 40 uV/Vo
SVR Supply Voltage Rejection V, =28 to 38V f =120Hz 56 dB
Vg Dropout Voltage lo =1A T, =25°C 2 25 \Y
Ro Output Resistance f = 1KHz 28 mQ
lsc Short Circuit Current V, =35V T, =25°C 0.75 1.2 A
Iscp Short Circuit Peak Current | T, = 25°C 1.3 2.2 3.3 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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L7800 SERIES

ELECTRICAL CHARACTERISTICS FOR L7805C (refer to the test circuits, T, = 0 to 125°C

V, =10V, I, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 4.8 5 5.2 \
Vo Output Voltage lo =5mA to 1A P, < 15W 4.75 5 5.25 Vv

V, =7 to 20V
AVo* Line Regulation V, =7 to 25V T, =25°C 3 100 mV
V,=8to 12V T, =25°C 1 50 mV
AVo* Load Regulation lo =5 to 1500mA T, =25°C 100 mV
lo =250 to 750mA T, =25°C 50 mV
lg Quiescent Current T, =25°C 8 mA
Alg Quiescent Current Change | |, =5 to 1000mA 05 mA
Algy Quiescent Current Change | V, =7 to 25V 1.3 mA
AV, Output Voltage Drift lo =5mA -141 mvV/°C
AT
en Output Noise Voltage B = 10Hz to 100KHz T, =25°C 40 uV/Ve
SVR Supply Voltage Rejection V, =8 to 18V f =120Hz 62 dB
' Dropout Voltage lo = 1A T, =25°C 2 Vv
Ro Output Resistance = 1KHz 17 mQ
lsc Short Circuit Current V, =35V T, =25°C 750 mA
Iscp Short Circuit Peak Current | T, = 25°C 2.2 A

ELECTRICAL CHARACTERISTICS FOR L7806C (refer to the test circuits, T, = 0 to 125°C

V, =11V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 5.75 6 6.25 \
Vo Output Voltage lo =5mA to 1A Py < 15W 5.7 6 6.3 \"

V, =810 21V
AVo* Line Regulation V, =8 to 25V T, =25°C 120 mV
V, =9 to 13V T, =25°C 60 mV
AVo* Load Regulation lo =5 to 1500mA T, =25°C 120 mV
lo =250 to 750mA T, =25°C 60 mV
Ig Quiescent Current T,=25°C 8 mA
Alg Quiescent Current Change | |, =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V, =8 to 25V 1.3 mA
AV, Output Voltage Drift lo =5mA - 08 mV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 45 uV/Ve
SVR Supply Voltage Rejection V,=9to 19V f = 120Hz 59 dB
Vg Dropout Voltage lo =1A T, =25°C 2 \
Ro Output Resistance f = 1KHz 19 mQ
Isc Short Circuit Current V, =35V T, =25°C 550 mA
lscp Short Circuit Peak Current | T, = 25°C 2.2 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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L7800 SERIES

ELECTRICAL CHARACTERISTICS FOR L7808C (refer to the test circuits, T, = 0 to 125°C

V; =14V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 7.7 8 8.3 \
Vo Output Voltage lo =5mA to 1A P, < 15W 7.6 8 8.4 \Y

V, =10.5 to 25V
AVo* Line Regulation V, =10.5 to 25V T, =25°C 160 mV
V,=11to 17V T, =25°C 80 mV
AVo™ Load Regulation lo =5 to 1500mA T, =25°C 160 mV
lo =250 to 750mA T, =25°C 80 mV
lg Quiescent Current T, =25°C 8 mA
Alg Quiescent Current Change | |, =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V, = 10.5 to 25V 1 mA
AV, Output Voltage Drift lo =5mA - 0.8 mV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 52 AN
SVR Supply Voltage Rejection V, =115 to 21.5V f =120Hz 56 dB
Vyg Dropout Voltage o =1A T, =25°C 2 Vv
Ro Output Resistance f = 1KHz 16 mQ
Isc Short Circuit Current V, =35V T, =25°C 450 mA
lsep Short Circuit Peak Current | T, =25°C 2.2 A

ELECTRICAL CHARACTERISTICS FOR L7885C (refer to the test circuits, T, = 0 to 125°C

V, =14.5V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max Unit
Vo Output Voltage T, =25°C 8.2 85 8.8 \Y
Vo Output Voltage lo =5mA to 1A Py < 15W 8.1 8.5 8.9 \

V, =11 to 26V
AVo* Line Regulation V,=11to 27V T, =25°C 160 mV
V,=11.5t0 17.5V T, =25°C 80 mV
AV,* | Load Regulation o =5 to 1500mA T, =25°C 160 mV
lo =250 to 750mA T, =25°C 80 mV
lg Quiescent Current T, =25°C 8 mA
Alg Quiescent Current Change | |, =5 to 1000mA 0.5 mA
Aly Quiescent Current Change | V, = 11 to 27V 1 mA
AV, Output Voltage Drift lo =5mA -08 mV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 55 uV/Ve
SVR Supply Voltage Rejection V, =12 to 22V f =120Hz 56 dB
\Z Dropout Voltage lo =1A T, =25°C 2 \
Ro Output Resistance f=1KHz 16 mQ
Isc Short Circuit Current V, =35V T, =25°C 450 mA
Iscp Short Circuit Peak Current | T, = 25°C 2.2 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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L7800 SERIES

ELECTRICAL CHARACTERISTICS FOR L7812C (refer to the test circuits, T; = 0 to 125°C
V, =19V, |, = 500mA, C; = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj =25°C 11.5 12 12.5 \Y
Vo Output Voltage lo =5mA to 1A P, < 15W 11.4 12 12.6 \

Vi =145 to 27V
AVo™ | Line Regulation Vi = 14.5 to 30V Tj=25°C 240 mv
Vi =16 to 22V T; =25°C 120 mV
AVo* Load Regulation lo =5 to 1500mA T, =25°C 240 mV
lo =250 t0 750mA  T; =25°C 120 mV
lg Quiescent Current T, =25°C 8 mA
Alg Quiescent Current Change | |, =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V, = 14.5 to 30V 1 mA
AV, Output Voltage Drift lo =5mA -1 mV/°C
AT
en Output Noise Voltage B = 10Hz to 100KHz T, =25°C 75 VIV,
SVR Supply Voltage Rejection V, =15 to 25V f =120Hz 55 dB
Vq Dropout Voltage lo =1A T, =25°C 2 \
Ro Output Resistance f=1KHz 18 mQ
lse Short Circuit Current V, =35V T, =25°C 350 mA
lscp Short Circuit Peak Current | T, = 25°C 2.2 A

ELECTRICAL CHARACTERISTICS FOR L7815C (refer to the test circuits, T,=0to 125°C

V, =23V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 14.4 15 15.6 \Y
Vo Output Voltage lo =5mA to 1A Po < 15W 14.25 15 15.75 \

V, =17.5 to 30V
AV,* | Line Regulation V, =17.5 to 30V T, =25°C 300 mv
V, =20 to 26V T, =25°C 150 mV
AVo* Load Regulation lo =5 to 1500mA T, =25°C 300 mV
lo =250 to 750mA T, =25°C 150 mV
lg Quiescent Current T, =25°C 8 mA
Alg Quiescent Current Change | |, =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V; =17.5 to 30V 1 mA
AV, Output Voltage Drift lo =5mA -1 mv/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 90 uV/Ve
SVR Supply Voltage Rejection V, =185 to 28.5V f = 120Hz 54 dB
Vd Dropout Voltage lo =1A T, =25°C 2 Vv
Ro Output Resistance f = 1KHz 19 mQ
lse Short Circuit Current V, =35V T, =25°C 230 mA
lscp -] Short Circuit Peak Current | T, =25°C 2.1 A

* Load and Iine regulation are specified 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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L7800 SERIES

ELECTRICAL CHARACTERISTICS FOR L7818C (refer to the test circuits, T, = 0 to 125°C
V; =26V, |, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vo Output Voltage T, =25°C 17.3 18 18.7 \
Vo Output Voltage o =5mA to 1A P, < 15W 174 18 18.9 Vv

V, =21 to 33V
AVo* Line Regulation V, =21 to 33V T, =25°C 360 mV
V, =24 to 30V T, =25°C 180 mV
AVo™ Load Regulation lo =5 to 1500mA T, =25°C 360 mV
lo =250 to 750mA T, =25°C 180 mV
lg Quiescent Current T, =25°C 8 mA
Alg Quiescent Current Change | 1, =5 to 1000mA 05 mA
Alg Quiescent Current Change | V, =21 to 33V 1 mA
é\ﬁ Output Voltage Drift lo =5mA -1 mV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 110 nV/Ve
SVR | Supply Voltage Rejection V, =22 to 32V f = 120Hz 53 dB
Vg Dropout Voltage lo =1A T, =25°C 2 \Y
Ro Output Resistance f = 1KHz 22 mQ
lsc Short Circuit Current V, =35V T, =25°C 200 mA
Iscp Short Circuit Peak Current | T, = 25°C 2.1 A

ELECTRICAL CHARACTERISTICS FOR L7820C (refer to the test circuits, T, = 0 to 125°C
V, = 28V, |, = 500mA, C; = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 19.2 20 20.8 \'
Vo Output Voltage o =5mA to 1A Py, < 15W 19 20 21 \Y

V, =23 to 35V
AVo* Line Regulation V, =22.5 to 35V T, =25°C 400 mV
V, =26 to 32V T, =25°C 200 mV
AVo* | Load Regulation lo =5 to 1500mA T, =25°C 400 mvV
lo =250 to 750mA T, =25°C 200 mV
lg Quiescent Current T, =25°C . 8 mA
Alg Quiescent Current Change | 1, =5 to 1000mA 0.5 mA
Alg Quiescent Current Change | V, =23 to 35V 1 mA
AV, Output Voltage Drift lo =5mA -1 mV/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 150 [IAA"
SVR | Supply Voltage Rejection V, =24 to 35V f = 120Hz 52 dB
Vg Dropout Voltage lo =1A T, =25°C 2 \
Ro Output Resistance =1KHz 24 mQ
Isc Short Circuit Current V, =35V T, =25°C 180 mA
lscp Short Circuit Peak Current | T, =25°C 2.2 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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L7800 SERIES

ELECTRICAL CHARACTERISTICS FOR L7824C (refer to the test circuits, T, = 0 to 125°C
V, =33V, I, = 500mA, C, = 0.33uF, C, = 0.1uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 23 24 25 Vv
Vo Output Voltage lo =5mA to 1A P, < 15W 22.8 24 25.2 \

V, =27 to 38V
AVo* Line Regulation V, =27 to 38V T, =25°C 480 mV
V, =30 to 36V T,=25°C 240 mV
AVo* Load Regulation lo =5 to 1500mA T, =25°C 480 mV
lo =250 to 750mA T, =25°C 240 mV
lg Quiescent Current T, =25°C 8 mA
Alg Quiescent Current Change | |, =5 to 1000mA 0.5 mA
Aly Quiescent Current Change | V, =27 to 38V 1 mA
AV, Output Voltage Drift lo =5mA -15 mv/°C
AT
en Output Noise Voltage B =10Hz to 100KHz T, =25°C 170 UV/Ve
SVR Supply Voltage Rejection V, =28 to 38V f =120Hz 50 dB
Vg Dropout Voitage lo =1A T, =25°C 2 \%
R, Output Resistance f=1KHz 28 mQ
lsc Short Circuit Current V, =35V T, =25°C 150 mA
Iscp Short Circuit Peak Current | T, =25°C 2.1 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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L7800 SERIES

Figure 4 : Dropout Voltage vs. Junction Tempera-

ture.
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Figure 6 : Supply Voltage Rejection vs. Frequen-

Figure 5 : Peak Output Current vs. Input/output
Differential Voltage.
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Figure 7 : Output Voltage vs. Junction Tempera-

cy. ture.
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L7800 SERIES

Figure 10 : Load Transient Response. Figure 11 : Line Transient Response.
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Figure 12 : Quiescent Current vs. Input Voltage.

-2973
lq =
(mA) Vos5V
5.0 —;7:;2,"&‘
: -
|
o i |
T !
4.0
{ i
; P ! . L7805 -
i |
3.0 l I
5 10 15 20 25 30 v
Figure 13 : Fixed Output Regulator. Figure 14 : Current Regulator.
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Notes : 1. To specify an output voltage, substitute voltage va-

lue for "XX".
2. Although no output capacitor is needed for stabill-

ty, it does improve transient response.
3. Required if regulator is located an appreciable dis-

tance from power supply filter.
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L7800 SERIES

Figure 15 : Circuit for Increasing Output Voltage.

Figure 16 : Adjustable Output Regulator
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Figure 17 : 0.5 to 10V Regulator.

Figure 18 : High Current Voltage Regulator.
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L7800 SERIES

Figure 19 : High Output Current with Short Circuit Figure 20 : Tracking Voltage Regulator.

Protection.
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Figure 21 : Split Power Supply (+ 15V — 1A). Figure 22 : Negative Output Voltage Circuit.
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Figure 23 : Switching Regulator. Figure 24 : High Input Voltage Circuit.
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L7800 SERIES

Figure 25 : High Input Voltage Circuit.

Figure 26 : High Output Voltage Regulator.
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Figure 27 : High Input and Output Voltage.

Figure 28 : Reducing Power Dissipation with
Dropping Resistor.
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Figure 29 : Remote Shutdown.
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L7800 SERIES

Figure 30 : Power AM Modulator (unity voltage Figure 31 : Adjustable Qutput Voltage with Tem-
gain, lo < 1A). perature Compensation.
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Note : The circuit performs well up to 100KHz. Note : Q2 1s connected as a diode In order to compensate the
variation of the Qi Vee with the temperature. C allows a slow
nse-time of the Vo

Figure 32 : Light Controllers (Vo mn = Vxx + VBE).
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Figure 33 : Protection against Input Short-circuit
with High Capacitance Loads.

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 aganst input short circuit. In this case the input
voltage falls rapidly while the output voltage decreases showly.

\d
™~ The capacitance discharges by means of the Base-Emitter junc-
tion of the series pass transistor in the regulator. If the energy 1s
2 sufficiently high, the tran-sistor may be destroyed. The external
V.O 1 L78XX Ovo diode by-passes the current from the IC to ground.
L

S
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L7800AB/AC
SERIES

PRECISION 1A REGULATORS

» OUTPUT CURRENT IN EXCESS OF 1A

= OUTPUT VOLTAGES OF 5; 6; 8;12; 15;18; 24V

s THERMAL OVERLOAD PROTECTION

a SHORT CIRCUIT PROTECTION

= OUTPUT TRANSISTOR SOA PROTECTION

w 2% OUTPUT VOLTAGE TOLERANCE

» GUARANTEED IN EXTENDED TEMPERA-
TURE RANGES

DESCRIPTION

The L7800A series of three-terminal positive regu-
lators is available in TO-220 and TO-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

TO-3

TO-220
external components to obtain adjustable voltages
and currents.
BLOCK DIAGRAM
INPUT SERIES OuTPUT
1 PASS 2
ELEMENT
CURRENT SOA
GENERATOR PROTECTION
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFIER
THERMAL
PROTECTION
1 GND
O3

5-2560

March 1989
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L7800AB/AC SERIES

ABSOLUTE MAXIMUM RATINGS

S- 2568/1

S-256913

Symbol Parameter Value Unit
V, DC Input Voltage (for Vo, =5 to 18V) 35 \
(for Vo =24V) 40 \Y
lo Output Current Internally limited
Piot Power Dissipation Internally limited
T, Operating Junction Temperature for L7800AC 0to 125 °C
for L7800AB -401to0 125 °C
Tstg Storage Temperature —65to + 150 °C
THERMAL DATA
Symbol Parameter TO-220 TO-3 Unit
Rin -case| Thermal Resistance Junction-case Max 3 4 °C/W
Rth -amb | Thermal Resistance Junction-ambient Max 50 35 °C/W
CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)
2 ——> outpuT OUTPUT
GND @ 3~ GROUND
GND
1 —— InrUT INPUT

Ordering Numbers

Ty =-40to 125°C T; =0 to 125°C Output Voltage

TO-220 TO-220 TO-3

L7805ABV L7805ACV L7805ACT 5V
L7806ABV L7806ACV L7806ACT 6V
L7808ABV L7808ACV L7808ACT 8V
L7812ABV L7812ACV L7812ACT 12v
L7815ABV L7815ACV L7815ACT 15V
L7818ABV L7818ACV L7818ACT 18v
L7824ABV L7824ACV L7824ACT 24V

TYPICAL APPLICATION

+V:

2/11
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L7800AB/AC SERIES

SCHEMATIC DIAGRAM
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TEST CIRCUITS

Figure 1 : DC Parameters.

Figure 2 : Load Regulation.
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L7800AB/AC SERIES

ELECTRICAL CHARACTERISTICS L7805A (V; =10V, |, = 1A, T; = 0 to 125°C (L7805AC),
T, =—40 to 125°C (L7805AB) unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T; =25°C 4.9 5 5.1 \
Vo Output Voltage lo =5mA to 1A, P, < 15W 4.8 5 5.2 \Y

V, =7.5 to 20V
AVo* Line Regulation V, =7.5to 25V, |, = 500mA 7 50 mV
V,=8to 12V 10 50 mV
V,=8to 12V, T, =25°C 2 25 mV
V,=7.31t0 20V, T, =25°C 7 50 mV
AVo* Load Regulation lo =5mA to 1A 25 100 mv
lo =6mA to 1.5A, T, =25°C 25 100 mv
lo =250 to 750mA 8 50 mV
lg Quiescent Current T, =25°C 4.3 6 mA
6 mA
Alg Quiescent Current Change V, =8 to 25V, lg = 500mA 0.8 mA
V,=7510 20V, T; =25°C 0.8 mA
lo =5mA to 1A 0.5 mA
SVR Supply Voltage Rejection V, =8 to 18V, f = 120Hz 68 dB
lo =500mA
Vq Dropout Voltage lo =1A T, =25°C 2 v
en Output Noise Voltage f = 10Hz to 100KHz, T, = 25°C 10 UV/iVe
Ro Output Resistance f=1KHz 17 mQ
lsc Short Circuit Current Tamp =25°C V,; =35V 0.2 A
Iscp Short Circuit Peak Current T, =25°C 2.2 A
AV, Output Voltage Drift -141 mV/°C
AT

* Load and line regulation are specified at constant junction temperature. Changes in 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 (V, =11V, |, = 1A, T, = 0 to 125°C (L7806AC),
T, =—40 to 125°C (L7806AB) ; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 5.88 6 6.12 \"
Vo Output Voltage lo =5mA to 1A, P, < 15W 5.76 6 6.24 Vv

V,=86to0 21V
AVo* Line Regulation V, =86 to 25V, |, = 500mA 9 60 mV
V, =910 13V 11 60 mV
V, =910 13V, T, = 25°C 3 30 mV
V,=831t0 21V, T, =25°C 9 60 mV
AVo* Load Regulation lo =5mA to 1A 43 100 mV
lo =5mA to 1.5A, T, =25°C 43 100 mV
lo =250 to 750mA 16 50 mV
lg Quiescent Current T, =25°C 4.3 6 mA
6 mA
Alg Quiescent Current Change V, =9 to 25V, I, = 500mA 0.8 mA
V,=861t021V, T, =25°C 0.8 mA
lo =5mA to 1A 0.5 mA
SVR Supply Voltage Rejection V, =9to 19V, f = 120Hz 65 dB
lo = 500mA
Vg Dropout Voltage lo=1A T,=25°C 2 \%
en Output Noise Voltage T, =25°C, f = 10Hz to 100KHz 10 uV/Ve
Ro Output Resistance f =1KHz 17 mQ
lsc Short Circuit Current Tamb =25°C V, =35V 0.2 A
lsep Short Circuit Peak Current T, =25°C 2.2 A
AV Output Voltage Drift -08 mV/°C
AT

* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken into account sepa-
rately. Pulse testing with low duty cycle 1s used.
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L7800AB/AC SERIES

ELECTRICAL CHARACTERISTICS L7808A (V; = 14V, |, = 1A, T; = 0 to 125°C (L7808AC),

T; =—40 to 125°C (L7808AB), unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 7.84 8 8.16 \
Vo Output Voltage lo =5mA to 1A, P, < 15W 7.7 8 8.3 \

Vi = 10.6 to 23V
AV,* Line Regulation V, =10.6 to 25V, I, = 500mA 12 80 mV
Vi=111t0 17V 15 80 mV
Vi=111t0 17V, T, =25°C 5 40 mV
V, =10.4 to 23V, T; = 25°C 12 80 mV
AVo* | Load Regulation lo =5mA to 1A 45 100 mV
lo =6mA to 1.5A, T, =25°C 45 100 mV
lo =250 to 750mA 16 50 mV
lg Quiescent Current T, =25°C 4.3 6 mA
6 mA
Alg Quiescent Current Change V, =11 to 25V, |, = 500mA 0.8 mA
V, =10.6 to 23V, T, =25°C 0.8 mA
lo =5mA to 1A 0.5 mA
SVR Supply Voltage Rejection V,=11.51t0 21.5V, f = 120Hz 62 dB
lo = 500mA
V4 Dropout Voltage lo =1A T; =25°C 2 Vv
en Output Noise Voltage T, =25°C, f = 10Hz to 100KHz 10 HV/Vo
Ro Output Resistance f=1KHz 18 mQ
lsc Short Circuit Current Tamp =25°C V, =35V 0.2 A
lscp Short Circuit Peak Current T, =25°C 2.2 A
AV, Output Voltage Drift -08 mv/°C
AT

" Load and line regulation are specified at constant junction temperature. Changes in 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 L7812A (V; =19V, |, = 1A, T; = 0to 125°C (L7812AC),

Tj =—40 to 125°C (L7812AB), unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T; =25°C 11.75 12 12.25 Vv
Vo Output Voltage lo =5mA to 1A, P, < 15W 11.5 12 12.5 \%

V, =14.8 to 27V
AVo* Line Regulation V, = 14.8 to 30V, |, = 500mA 138 120 mV
V, =16 to 22V 16 120 mV
V, =16 to 22V, T; =25°C 6 60 mV
V,=14510 27V, T, =25°C 13 120 mV
AVo* | Load Regulation lo =5mA to 1A 46 100 mV
lo =5mA to 1.5A, T, = 25°C 46 100 mV
lo =250 to 750mA 17 50 mv
lg Quiescent Current T, =25°C 44 6 mA
6 mA
Aly Quiescent Current Change V, =15 to 30V, |, = 500mA 0.8 . mA
V,=14.81t0 27V, T, =25°C 0.8 mA
lo =5mA to 1A 0.5 mA
SVR Supply Voltage Rejection V, =15 to 25V, f = 120Hz 60 dB
lo = 500mA
Vg Dropout Voltage lo =1A T, =25°C 2 \
en Output Noise Voltage T, =25°C, f = 10Hz to 100KHz 10 UV/Ve
Ro Output Resistance f = 1KHz 18 mQ
lse Short Circuit Current Tamp =25°C V, =35V 0.2 A
Iscp Short Circuit Peak Current T, =25°C 2.2 A
AVo Output Voltage Drift -1 mV/°C
AT

Load and line regulation are specified at constant junction temperature. Changes in V, 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 L7815A (V, =23V, |, = 1A, T, = 0 to 125°C (L7815AC),
T, =—40 to 125°C (L7815AB), unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 14.7 15 15.3 \'
Vo Output Voltage lo =5mA to 1A, P, < 15W 14.4 15 15.6 \

V, =17.9 to 30V
AVo* Line Regulation V, =17.9 to 30V, |, = 500mA 13 150 mV
V, =20 to 26V 16 150 mV
V,=201to 26V, T, =25°C 6 75 mv
V,=17.510 30V, T, =25°C 13 150 mv
AVo* Load Regulation lo =5mA to 1A 52 100 mV
lo =5mA to 1.5A, T, =25°C 52 100 mV
lo =250 to 750mA 20 50 mV
lg Quiescent Current T, =25°C 4.4 6 mA
6 mA
Alg Quiescent Current Change V, =17.5 to 30V, |, = 500mA 0.8 mA
V, =175 t0 30V, T, =25°C 0.8 mA
lo =5mA to 1A 0.5 mA
SVR Supply Voltage Rejection V, =185 to 28.5V, f = 120Hz 58 dB
lo = 500mA
Vy Dropout Voltage lo =1A T, =25°C 2 \'
en Output Noise Voltage T, =25°C, f = 10Hz to 100KHz 10 uV/Ve
Ro Output Resistance f = 1KHz 19 mQ
lsc Short Circuit Current Tamb =25°C V, =35V 0.2 A
Iscp Short Circuit Peak Current T, =25°C 22 A
AV, | Output Voltage Drift -1 mv/°C
AT

“ Load and line regulation are specified at constant junction temperature. Changes in 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 L7818A (V, =27V, |, = 1A, T, = 0 to 125°C (L7818AC),

T; = —40 to 125°C (L7818AB), unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 17.64 18 18.36 Vv
Vo Output Voltage lo =5mA to 1A, P, < 15W 17.3 18 18.7 \

V, =21 to 33V
AV,* | Line Regulation V, =21 to 33V, I, = 500mA 25 180 mV
V, =24 to 30V 28 180 mv
V, =24 10 30V, T, =25°C 10 90 mV
V, =20.6 to 33V, T, =25°C 25 180 mV
AVo* Load Regulation lo =5mA to 1A 55 100 mV
lo =5mA to 1.5A, T, =25°C 55 100 mV
lo =250 to 750mA 22 50 mV
lg Quiescent Current T,=25°C 45 6 mA
6 mA
Alg Quiescent Current Change V, =21 to 33V, |, =500mA 0.8 mA
V,=211033V, T, =25°C 0.8 mA
lo =5mA to 1A 0.5 mA
SVR Supply Voltage Rejection V, =22 to 32V, f = 120Hz 57 dB
lo = 500mA
\ Dropout Voltage lo =1A T, =25°C 2 \
en Output Noise Voltage T, =25°C, f = 10Hz to 100KHz 10 uV/Vo
Ro Output Resistance f=1KHz 19 mQ
lsc Short Circuit Current Tamb =25°C V, =35V 0.2 A
lscp Short Circuit Peak Current T, =25°C 2.2 A
AVo Output Voltage Drift -1 mV/°C
AT

Load and line regulation are specified at constant junction temperature. Changes in 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 L7824A (V, =33V, |, = 1A, T; = 0 to 125°C (L7824AC),

T, =—40 to 125°C (L7824AB), unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T, =25°C 235 24 245 \"
Vo Output Voltage lo =5mA to 1A, P, < 15W 23 24 25 \)

V, =27.3 to 38V
AV,* Line Regulation V, =27 to 38V, |, = 500mA 31 240 mV
V, =30 to 36V 35 240 mV
V,=30to 36V, T, =25°C 14 120 mV
V, =26.7 to 38V, T, =25°C 31 240 mV
AVo* | Load Regulation lo =5mA to 1A 60 100 mV
lo =5mA to 1.5A, T, = 25°C 60 100 mV
lo =250 to 750mA 25 50 mV
lg Quiescent Current T; =25°C 46 6 mA
6 mA
Alg Quiescent Current Change V, =27.3 to 38V, |, = 500mA 0.8 mA
V,=27.31t0 38V, T, =25°C 0.8 mA
lo =5mA to 1A 0.5 mA
SVR Supply Voltage Rejection V, =28 to 38V, f = 120Hz 54 dB
lo =500mA
Vyg Dropout Voltage lo =1A T, =25°C 2 v
en Output Noise Voltage T, =25°C, f = 10Hz to 100KHz 10 uV/Ve
Ro Output Resistance f = 1KHz 20 mQ
lsc Short Circuit Current Tamb =25°C V, =35V 0.2 A
lscp Short Circuit Peak Current T,=25°C 2.2 A
AVo Output Voltage Drift -15 mV/°C
AT

*
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L7800AB/AC SERIES

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.

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 0.33uF 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.

Vi 1 2

ME Rl | |Vxx
o [ ol
5-6041 jl°
R
lo= Vax + |
R1

Figure 6 : Current Boost Regulator.

0IpF
= G/LSII.I =

0.33F T
T' H N 1oK0)

S$-6042 Ld

Vo, 7.0V to 20V
Vi-Voz2.0V

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.

¥, 0—+ Q1 BD536 . "
—— +V, .
101
R1 1 2 Q2
| — — OV, R ' 2 ov,
IReg lo n L
3 'L Q1 -6D534 3 =
-FJJ;JF 0JuF Qz = /NGIZG 033uF 0JuF
S-604L
5-60¢3 L
V The circuit of figure 6 can be modified to provide
R BEQ1 ! i oali pro
1= 1 supply protection against short circuit by adding a
lReg — —2L short-circuit sense resistor, Rsc, and an additional
Bas PNP transistor. The current sensing PNP must be
Veeqy able to handle the short-circuit current of the three-
lo = Irec + Boy [IREG — - ] terminal regulator. Therefore, a four-ampere plastic
power transistor is specified.
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L78M00
SERIES

POSITIVE VOLTAGE REGULATORS

s OUTPUT CURRENT TO 0.5A

» OUTPUT VOLTAGESOF5;6;8;12;15,;18;
20 ; 24V

= THERMAL OVERLOAD PROTECTION

s SHORT CIRCUIT PROTECTION

= OUTPUT TRANSISTOR SOA PROTECTION

DESCRIPTION

The L78MO0O series of three-terminal positive regu-
lators is available in TO-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.

BLOCK DIAGRAM

SOT-194

INPUT
10

SERIES OuTPUT
A 2

CURRENT
GENERATOR

I

PASS
ELEMENT

SOA
PROTECTION

STARTING
CIRCUIT

REFERENCE
VOLTAGE

ERROR
AMPLIFIER

THERMAL

PROTECTION

1

GND

-03

5-2564

March 1989
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L78M00 SERIES

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
A DC Input Voltage (for Vo, =5 to 18V) 35 \
(for Vo =20, 24V) 40 Vv

lo Output Current Internally limited
Piot Power Dissipation Internally limited
Tstg Storage Temperature - 65to + 150 °C
Top Operating Junction Temperature 0to + 150 °C
THERMAL DATA
SOT-82 .
Symbol Parameter SOT-194 TO-220 Unit
Rin j-case| Thermal Resistance Junction-case Max 8 3 °C/W
Rith j-amb | Thermal Resistance Junction-ambient Max 100 50 °C/W

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)

2 ——> outPuTr
2 1 outeut
- GROUND
oNo @ e 3 [— erouo
o ———— N —
5-6188
S-2568/1
TO-220 SOT82/194
Order Codes o Vol
T0-220 SOT-82 SOT-194 utput Voltage
L78M05CV L78M05CX L78M05CS 5V
L78M06CV L78M0BCX L78M0BCS 6V
L78M0BCV L78M0BCX L78M08CS 8V
L78M12CV L78M12CX L78M12CS 12v
L78M15CV L78M15CX L78M15CS 15V
L78M18CV L78M18CX L78M18CS 18V
L78M20CV L78M20CX L78M20CS 20V
L78M24CV L78M24CX L78M24CS 24V

APPLICATION CIRCUIT

Vi I
-F.SSpF

-

L78MXX

Cj

3

0.JuF

S$-4982

2 I
Co Vo
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L78M00 SERIES

SCHEMATIC DIAGRAM

1 -+ — * 1 —OIN
E'jm. R18 RS R9 R13
Qs Q9 D2
4 Q16
q Q12
e 1 - Q17
N Q15
R12
RS R17 R1
Q10 —QouT
Qn Q6
'\ Qs
Re R20
RIS [ R16
1 Q1
Ao | |r7 [ R1 hnz
c1
.L_'<7 4HH
N R19
Q1 Q2 Q3
mo[;] R3 R14
S-4958 ——
TEST CIRCUITS
Figure 1 : DC Parameters. Figure 2 : Load Regulation.
U L78Mxx
U L7emxx |2 3
v
Vi Gi 3 G Yo ' o
'F.aapr-‘ OJuF
—-— S-4982 o—4 1
LNy SGS-THOMSON /9
Y/ ruchorLEETRONICS

309



L78M00 SERIES

Figure 3 : Ripple Rejection.

510
o—-_ 1 l 1 L7emxx |
Vi 3 RL v,
T.33pF
O- O
4T0uF S-4984
120Hz2;

ELECTRICAL CHARACTERISTICS L78MO00C (Refer to the test circuits, T; = 25°C, |, = 350mA

unless otherwise specified, C; = 0.33uF, G, = 0.1uF)

Output Voltage 5 6 8 12
Input Voltage
i
(Unless otherwise specified) 10 " 14 19 Unit
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 8.3 115 12 12.5 \
Voltage || _