LM193, LM293, LM293A, LM393
LM393A, LM393Y, LM2903, LM2903Q
DUAL DIFFERENTIAL COMPARATORS

SLCSO005F — JUNE 1976 — REVISED JUNE 2000

® Single Supply or Dual Supplies D, JG, P, OR PW PACKAGE
® \Wide Range of Supply Voltage (TOP VIEW)
...2Vto36V 10UT 1U 8]VCC
® | ow Supply-Current Drain Independent of 1IN-[] 2 7[] 20uT
Supply Voltage ...0.4 mA Typ Per 1IN+[] 3 6 [] 2IN-
Comparator GND[] 4 5[] 2IN+
® | ow Input Bias Current ...25nA Typ
® | ow Input Offset Current ...3 nATyp FK PACKAGE
(LM193) (TOP VIEW)
® | ow Input Offset Voltage ...2 mV Typ 5
Q
® Common-Mode Input Voltage Range £9829¢
Includes Ground g e
® Differential Input Voltage Range Equal to NC[] 4 3212018 Ane
Maximum-Rated Supply Voltage . .. +36 V 1IN-[] 5 17[] 20uT
® [ ow Output Saturation Voltage NC[]e 16[] NC
® Qutput Compatible With TTL, MOS, and 1IN+[] 7 15[] 2IN-
CMOS NC|[] 8 14[] NC
9 10 11 12 13
Lo I o I o e |
description 0o o0+o0o
zzzZzZz
@] N

These devices consist of two independent voltage

comparators that are designed to operate from a NC —No internal connection

single power supply over a wide range of voltages.

Operation from dual supplies also is possible as

long as the difference between the two suppliesis 2 V to 36 V, and V¢ is at least 1.5 V more positive than the
input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be connected
to other open-collector outputs to achieve wired-AND relationships.

The LM193 is characterized for operation from —55°C to 125°C. The LM293 and LM293A are characterized for
operation from —25°C to 85°C. The LM393 and LM393A are characterized for operation from 0°C to 70°C. The
LM2903 and LM2903Q are characterized for operation from —40°C to 125°C and are manufactured to
demanding automotive requirements.

logic diagram (each comparator)

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright [ 2000, Texas Instruments Incorporated
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LM193, LM293, LM293A, LM393
LM393A, LM393Y, LM2903, LM2903Q
DUAL DIFFERENTIAL COMPARATORS

SLCS005F — JUNE 1976 — REVISED JUNE 2000

AVAILABLE OPTIONS

PACKAGED DEVICES CHIP
VIO(max) SMALL CHIP CERAMIC PLASTIC
T a FORM
A AT25°C | OUTLINE | CARRIER DIP DIP Iiiﬁf ()8
ot (FK) (JG) (P)
5mvVv LM393D — — LM393P LM393PW LM393Y
0°Cto 70°C
2mv LM393AD — — LM393AP — —
5mvVv LM293D — — LM293P — —
—25°C to 85°C
2mv LM293AD — — LM293AP — —
LM2903D — — LM2903P LM2903PW —
—40°C to 125°C 7mv
LM2903QD — — LM2903QP — —
-55°C to 125°C 5mv LM193D LM193FK LM193JG LM193P — —

tThe D package is available taped and reeled. Add the suffix R (e.g., LM393DR).
¥ The PW package is only available left-end taped and reeled (e.g., LM393PWR).
§ Chips are tested at 25°C (see LM393Y for electrical characteristics).

schematic (each comparator)

® Vce

(O 80-pA
./ Current Regulator

COMPONENT COUNT

IN+

Epi-FET
Diodes
Resistors
Transistors

1

2

2
30

ouT
IN—

Current values shown are nominal.
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LM193, LM293, LM293A, LM393
LM393A, LM393Y, LM2903, LM2903Q
DUAL DIFFERENTIAL COMPARATORS

SLCSO005F — JUNE 1976 — REVISED JUNE 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage, Voe (SEE NOtE 1) ..o 36V
Differential input voltage, Vip (See NOte 2) .. ... i +36 V
Input voltage range, V| (either input) . ...... ... -0.3Vto36V
OUIPUE VOIAGE, VO - it e ettt e e e e e e e e e e e 36V
OUIPUL CUITENE, [0 ..o e e e 20 mA
Duration of output short-circuit to ground (see Note 3) ... ... Unlimited
Continuous total power dissipation .............. i See Dissipation Rating Table
Package thermal impedance, 83 (see Note 4): Dpackage ... 97°C/IW

Ppackage ........... i 85°C/W
PWpackage ...............ciiiiiiiin.. 149°C/W
Case temperature for 60 seconds: FK package . ....... ... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package ............ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C
Storage temperature range, Tgyg -« v voveee —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the network ground.

2. Differential voltages are at IN+ with respect to IN—.
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.
4. The package thermal impedance is calculated in accordance with JESD 51.

DISSIPATION RATING TABLE

PACKAGE Ta £25°C DERATING DERATE Ta =70°C Ta =85°C Ta = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
FK 900 mwW 11.0 mw/°C 68°C 880 mw 715 mwW 275 mwW
JG 900 mW 8.4 mW/°C 43°C 672 mW 546 mW 210 mW
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LM193, LM293, LM293A, LM393
LM393A, LM393Y, LM2903, LM2903Q
DUAL DIFFERENTIAL COMPARATORS

SLCS005F — JUNE 1976 — REVISED JUNE 2000

electrical characteristics at specified free-air temperature, V

cc =5V (unless otherwise noted)

LM293
LM193 LM
PARAMETER TEST CONDITIONS Tat 393 UNIT
MIN TYP MAX MIN TYP MAX
Vee =5Vt 30V, 25°C 2 5 2 5
Vio Input offset voltage Vo =14V, mv
Vic = ViC(min) Full range 9 9
25°C 3 25 5 50
llo Input offset current Vo=14V nA
Full range 100 250
. 25°C -25 -100 -25 =250
B Input bias current Vo=14V nA
Full range -300 -400
Oto Oto
25°C
v Common-mode Vce-1.5 Vee-1.5 v
ICR input voltage ranget 0to 0to
Full range Vee-2 Vee-2
Large-signal Vcec =15V,
Ayp differential voltage Vo=14Vto1l.4YV, 25°C 50 200 50 200 VimV
amplification R =215kQto Vce
o High-level VoH =5V, VipD=1V 25°C 0.1 0.1 50 nA
output current VoH=30V, V|p=1V Full range 1 1 HA
Low-level _ _ 25°C 150 400 150 400
Vou output voltage loL=4mA  Vip=-1V Full range 700 700 mv
Low-level R
loL output current VoL=15V, V|p=1V 25°C 6 6 mA
Vcc =5V 25°C 0.8 1 0.8 1
Ilcc  Supply current RL = mA
Vcc =30V Full range 25 25

T Full range (MIN or MAX) for LM193 is —-55°C to 125°C, for LM293 is 25°C to 85°C, and for LM393is 0°C to 70°C. All characteristics are measured
with zero common-mode input voltage, unless otherwise specified.

¥The voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the common-mode voltage
range is Vcc+ —1.5 V, but either or both inputs can go to 30 V without damage.

%’ TeXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM193, LM293, LM293A, LM393
LM393A, LM393Y, LM2903, LM2903Q
DUAL DIFFERENTIAL COMPARATORS

SLCSO005F — JUNE 1976 — REVISED JUNE 2000

electrical characteristics at specified free-air temperature, V

cc = 5V (unless otherwise noted)

LM293A LM2903
PARAMETER TEST CONDITIONS Tat LM393A LM2903Q UNIT
MIN TYP MAX MIN TYP MAX
Vcc=5Vto30V, 25°C 1 2 2 7
Vio Input offset voltage Vo=14YV, mv
Vic = ViC(min) Full range 4 15
25°C 5 50 5 50
o Input offset current Vo=14V nA
Full range 150 200
. 25°C -25 =250 -25 =250
B Input bias current Vo=14V nA
Full range -400 -500
Oto Oto
25°C
v Common-mode Vce-1.5 Vee-1.5 v
ICR input voltage ranget 0to 0to
Full range Vee-2 Vee-2
Large-signal Vce =15V,
Ayp differential voltage Vo=14Vto1l.4V, 25°C 50 200 25 100 VimV
amplification R 215kQ to Ve
o High-level VoH =5V, Vip=1V 25°C 0.1 50 0.1 50 nA
" output current VOH=30V, V| p=1V Full range 1 1| pA
Low-level _ B 25°C 150 400 150 400
Vou output voltage loL=4mA - Vip=-1V Full range 700 700 mv
Low-level R
loL output current VoL=15V, Vp=1V 25°C 6 6 mA
Vcc=5V 25°C 0.8 1 0.8 1
Ilcc  Supply current R = mA
Vcc =30V Full range 25 25

T Full range (MIN or MAX) for LM293A is 25°C to 85°C, for LM393A is 0°C to 70°C, and for LM2903 and LM2903Q is —40°C to 125°C. All
characteristics are measured with zero common-mode input voltage, unless otherwise specified.
*The voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the common-mode voltage
range is Vcc+ —1.5 V, but either or both inputs can go to 30 V without damage.

electrical characteristicsat V. cc =5V, Ta = 25°C (unless otherwise noted)

LM393Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP8  MAX
Vio Input offset voltage 2 5 mV
Vcc =5Vt 30V, V|c=VICR(min)
llo Input offset current Vo= 1.4V 5 50 nA
B Input bias current -25 -250 nA
i — Oto
Vicr Common-mode input voltage range Vcc=5Vto30V Vee-15 \
. . . I Vece =15V, Vo=14Vto11.4V,
AvD Large-signal differential voltage amplification R > 15 kQ to Ve 25 200 VimV
IoH High-level output current VOH =5V, Vip=1V 0.1 50 nA
VoL Low-level output voltage loL =4 mA, Vip=-1V 150 400 mV
loL Low-level output current VoL =15V, Vip=-1V 6 mA
Icc Supply current R = o, Vcc=5V 0.8 1 mA
8 All characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified.
‘Ui TEXAS
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LM193, LM293, LM293A, LM393

LM393A, LM393Y, LM2903, LM2903Q
DUAL DIFFERENTIAL COMPARATORS

SLCS005F — JUNE 1976 — REVISED JUNE 2000

switching characteristics, V. cc =5V, Ta = 25°C

LM193

LM293, LM293A
LM393, LM393A

PARAMETER TEST CONDITIONS UNIT
LM2903, LM2903Q
MIN  TYP MAX
Response time RL EonneCt$d to 5V through 5.1 kQ, 100-mV input step with 5-mV overdrive 1.3 s
CL=15pFT, See Note 5 TTL-level input step 0.3

T CL includes probe and jig capacitance.

NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 2000, Texas Instruments Incorporated
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LM193, Dual, General Purpose Differential Comparator
DEVICE STATUS: ACTIVE

FEATURES aBack to Top

e Single Supply or Dual Supplies

e Wide Range of Supply Voltage
...2V1to36V

e Low Supply-Current Drain Independent of Supply Voltage . . . 0.4 mA Typ Per
Comparator

e Low Input Bias Current . . . 25 nA Typ

e Low Input Offset Current ...3 nA Typ (LM193)

e Low Input Offset Voltage ...2 mV Typ

e Common-Mode Input Voltage Range Includes Ground

o Differential Input Voltage Range Equal to Maximum-Rated Supply Voltage . . . £36 V

e Low Output Saturation Voltage

e Output Compatible With TTL, MOS, and CMOS

DESCRIPTION sBack to Top

These devices consist of two independent voltage comparators that are designed to operate
from a single power supply over a wide range of voltages. Operation from dual supplies also is
possible as long as the difference between the two suppliesis 2 V to 36 V, and Vcc is at least

1.5 V more positive than the input common-mode voltage. Current drain is independent of the
supply voltage. The outputs can be connected to other open-collector outputs to achieve
wired-AND relationships.

The LM193 is characterized for operation from —55°C to 125°C. The LM293 and LM293A are
characterized for operation from —25°C to 85°C. The LM393 and LM393A are characterized for
operation from 0°C to 70°C. The LM2903 and LM2903Q are characterized for operation from —
40°C to 125°C and are manufactured to demanding automotive requirements.

TECHNICAL DOCUMENTS aBack to Top
To view the following documents, Acrobat Reader 3.x is required.
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To download a document to your hard drive, right-click on the link and choose 'Save’.

DATASHEET sBack to Top
Full datasheet in Acrobat PDF: slcsO05f.pdf (104 KB) (updated: 06/08/2000)
Full datasheet in Zipped PostScript: slcsO05f.psz (104 KB)

APPLICATION NOTES «Back to Top

e Analog Applications Journal May 2000 (SLYTO15 - Updated: 04/20/2000)
e Analog Applications Journal, September 1999 edition (SLYTOOS5 - updated: 07/15/1999)
e Analysis Of The Sallen-Key Architecture (SLOAO24A - updated: 07/27/1999)

SAMPLES «Back to Top
ORDERABLE DEVICE PACKAGE | PINS TEMP (°C) STATUS DSCC NUMBER SAMPLES
LM193DR D 8 -55 TO 125 ACTIVE Request Samples
PRICING/AVAILABILITY aBack to Top
BUDGETARY
ORDERABLE TEMP PRICE PACK DSCC
DEVICE PACKAGE|PINS o0 STATUS USS/UNIT OTY NUMBER PRICING/AVAILABILITY
QTY=1000+
-55
5962-94526010Q2A FK 20 TO | ACTIVE 9.30 165 Check stock or order
125
-55
JM38510/11202BPA 4G 8 TO | ACTIVE 20.09 1 Check stock or order
125
-55
LM193DR D 8 TO | ACTIVE 0.30 2500 Check stock or order
125
o5 5962-
LM193FKB FK 20 TO | ACTIVE 9.30 165 945260102A Check stock or order
125
-55
LM193JG JG 8 TO | ACTIVE 2.52 1 Check stock or order
125
iy 5962-
LM193JGB JG 8 11'2% ACTIVE 3.22 1 9452601QPA Check stock or order

Table Data Updated on: 11/12/2000

@ Copyright 2000 Texas Instruments Incorporated. All rights reserved. Trademarks | Privacy Palicy
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LM393, Dual, General Purpose Differential Comparator
DEVICE STATUS: ACTIVE

PARAMETER NAME LM393
VCC / VDD (max) (V) 30
VCC / VDD (min) (V) 4
ICC / IDD per channel (max) (mA) |1.25
VIO max (mV) 5
VICR (max) (V) 3.5
VICR (min) (V) 0
IOL (min) (MA) 6
tRESP Low - to - High (us) 0.3
FEATURES «Back to Top

e Single Supply or Dual Supplies

e Wide Range of Supply Voltage
...2V1to36V

e Low Supply-Current Drain Independent of Supply Voltage . . . 0.4 mA Typ Per
Comparator

e Low Input Bias Current . . . 25 nA Typ

e Low Input Offset Current ...3 nA Typ (LM193)

e Low Input Offset Voltage ...2 mV Typ

e Common-Mode Input Voltage Range Includes Ground

o Differential Input Voltage Range Equal to Maximum-Rated Supply Voltage . . . £36 V

e Low Output Saturation Voltage

e Output Compatible With TTL, MOS, and CMOS

DESCRIPTION sBack to Top

These devices consist of two independent voltage comparators that are designed to operate
from a single power supply over a wide range of voltages. Operation from dual supplies also is
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possible as long as the difference between the two suppliesis 2 V to 36 V, and VCC is at least

1.5 V more positive than the input common-mode voltage. Current drain is independent of the
supply voltage. The outputs can be connected to other open-collector outputs to achieve
wired-AND relationships.

The LM193 is characterized for operation from —55°C to 125°C. The LM293 and LM293A are
characterized for operation from —25°C to 85°C. The LM393 and LM393A are characterized for
operation from 0°C to 70°C. The LM2903 and LM2903Q are characterized for operation from —
40°C to 125°C and are manufactured to demanding automotive requirements.

TECHNICAL DOCUMENTS .Back to Top
To view the following documents, Acrobat Reader 3.X is required.
To download a document to your hard drive, right-click on the link and choose 'Save'.

DATASHEET aBack to Top
Full datasheet in Acrobat PDF: slcsO05f.pdf (104 KB) (Updated: 06/08/2000)
Full datasheet in Zipped PostScript: slcs005f.psz (104 KB)

APPLICATION NOTES ~Back to Top

e Analog Applications Journal May 2000 (SLYTO15 - updated: 04/20/2000)
e Analog Applications Journal, September 1999 edition (SLYTOOS - updated: 07/15/1999)
e Analysis Of The Sallen-Key Architecture (SLOAO24A - Updated: 07/27/1999)

BLOCK DIAGRAMS ~Back to Top
Portable Audio System

SAMPLES sBack to Top
ORDERABLE DEVICE PACKAGE PINS TEMP _(°C) STATUS SAMPLES
LM393D D 8 0O TO 70 ACTIVE Request Samples
LM393P P 8 0O TO 70 ACTIVE Request Samples
PRICING/AVAILABILITY AB=a:k to Top
BUDGETARY
% PACKAGE|PINS -I_—(%)F_) STATUS USF;'?/%IT % PRICING/AVAILABILITY
QTY=1000+
LM393D D 8 0 TO 70 ACTIVE 0.22 75 Check stock or order
LM393DR D 8 0 TO 70 ACTIVE 0.22 2500 Check stock or order
LM393P P 8 0 TO 70 ACTIVE 0.22 50 Check stock or order
LM393PS PS 8 0 TO 70 |OBSOLETE
LM393PSLE PS 8 0 TO 70 |OBSOLETE
LM393PSR PS 8 0 TO 70 ACTIVE 0.84 2000 Check stock or order
LM393PWLE PW 8 0 TO 70 |OBSOLETE
LM393PWR PW 8 0TO 70 ACTIVE 0.22 2000 Check stock or order

Table Data Updated on: 11/12/2000
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APPLICATION NOTES

LM393A, Dual, General Purpose Differential Comparator

DEVICE STATUS: ACTIVE

PARAMETER NAME

LM393A

VCC / VDD (max) (V)

30

VCC / VDD (min) (V)

4

ICC / IDD per channel (max) (mA)

0.5

VIO max (mV)

2

VICR (max) (V)

3.5

VICR (min) (V)

0

IOL (min) (MA)

6

tRESP Low - to - High (us)

0.3

FEATURES

aBack to Top

e Single Supply or Dual Supplies
e Wide Range of Supply Voltage

...2Vto36V

e Low Supply-Current Drain Independent of Supply Voltage . .

Comparator
e Low Input Bias Current .

. .25 NnATyp

e Low Input Offset Current ...3 nA Typ (LM193)

e Low Input Offset Voltage ...2 mV Typ

e Common-Mode Input Voltage Range Includes Ground
o Differential Input Voltage Range Equal to Maximum-Rated Supply Voltage . . . £36 V
e Low Output Saturation Voltage

e Output Compatible With TTL, MOS, and CMOS

DESCRIPTION

. 0.4 mA Typ Per

aBack to Top

These devices consist of two independent voltage comparators that are designed to operate

from a single power supply over a wide range of voltages. Operation from dual supplies also is
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possible as long as the difference between the two suppliesis 2 V to 36 V, and VCC is at least

1.5 V more positive than the input common-mode voltage. Current drain is independent of the
supply voltage. The outputs can be connected to other open-collector outputs to achieve
wired-AND relationships.

The LM193 is characterized for operation from —55°C to 125°C. The LM293 and LM293A are
characterized for operation from —25°C to 85°C. The LM393 and LM393A are characterized for
operation from 0°C to 70°C. The LM2903 and LM2903Q are characterized for operation from —
40°C to 125°C and are manufactured to demanding automotive requirements.

TECHNICAL DOCUMENTS .Back to Top
To view the following documents, Acrobat Reader 3.X is required.
To download a document to your hard drive, right-click on the link and choose 'Save'.

DATASHEET aBack to Top
Full datasheet in Acrobat PDF: slcsO05f.pdf (104 KB) (Updated: 06/08/2000)
Full datasheet in Zipped PostScript: slcs005f.psz (104 KB)

APPLICATION NOTES ~Back to Top

e Analog Applications Journal May 2000 (SLYTO15 - updated: 04/20/2000)
e Analog Applications Journal, September 1999 edition (SLYTOOS - updated: 07/15/1999)
e Analysis Of The Sallen-Key Architecture (SLOAO24A - Updated: 07/27/1999)

SAMPLES «Back to To
ORDERABLE DEVICE PACKAGE PINS TEMP (°C) STATUS SAMPLES
LM393APWLE PW 8 0 TO 70 OBSOLETE
PRICING/AVAILABILITY «Back to Top
BUDGETARY
%R;?BELE PACKAGE|PINS g STATUS USPR/ﬁIT % PRICING/AVAILABILITY
QTY=1000+
LM393AD D 8 0 TO 70 ACTIVE 0.75 75 Check stock or order
LM393ADR D 8 0 TO 70 ACTIVE 0.79 2500 Check stock or order
LM393AP P 8 0 TO 70 ACTIVE 0.75 50 Check stock or order
LM393APS PS 8 | 0 TO 70 |OBSOLETE
LM393APWLE PW 8 0 TO 70 |OBSOLETE
LM393APWR PW 8 0 TO 70 ACTIVE 0.75 2000 Check stock or order

Table Data Updated on: 11/12/2000
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