TLC193, TLC393
DUAL MICROPOWER LinCMOSL] VOLTAGE COMPARATOR

SLCS115E - DECEMBER 1986 — REVISED JULY 2003

® \Very Low Power ...110 pW Typat5V D, JG, P, OR PW PACKAGE

® [ast Response Time ...tp gy =2.5us Typ (TOPVIEW)
Wlth 5-mV Overdnve. 1outll 1 W) 8 [ Vop
® Single Supply Operation: 1uN-1] 2 71 200
TLC393C...3Vto16V 1IN+[] 3 6] 2IN-
TLC393l...3Vtol6V onofl 4 5 [] 21N+
TLC393Q ...4Vto16V
TLC393M ...4V1to 16V
TLC193M ...4Vto 16V FK PACKAGE
® On-Chip ESD Protection (TOP VIEW)
5 o
description 9829
. Y/ G " | S - -
The TLC193 and TLC393 consist of dual 3 2 1 2019
independent micropower voltage comparators NC [] 4 18
designed to operate from a single supply. They 1UN-[1s w7[JNC
are functionally similar to the LM393 but uses NC [J6 16[] 20UT
one-twentieth the power for similar response 1N+ [] 7 15[] NC
times. The open-drain MOS output stage NC ]89 1011 12 137 2IN-
interfaces to a variety of loads and supplies. For ooome— JNC
a similar device with a push-pull output oo o
configuration (see the TLC3702 data sheet). < 5 < % <
Texas Instruments LinCMOSO process offers NC - No internal connection
superior analog performance to standard CMOS
processes. Along with the standard CMOS
advantages of low power without sacrificing symbol (each comparator)
speed, high input impedance, and low bias
currents, the LInCMOS[O process offers ex- IN+
tremely stable input offset voltages, even with ouT
differential input stresses of several volts. This IN=

characteristic makes it possible to build reliable
CMOS comparators.

The TLC393C is characterized for operation over the commercial temperature range of Ta = 0°C to 70°C. The
TLC393l is characterized for operation over the extended industrial temperature range of Tp = -40°C to 85°C.
The TLC393Q is characterized for operation over the full automotive temperature range of Ty =-40°C to 125°C.
The TLC193M and TLC393M are characterized for operation over the full military temperature range of
Ta =—55°C to 125°C.

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.

LiInCMOS is a trademark of Texas Instruments Incorporated. All other trademarks are the property of their respective owners.
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TLC193, TLC393
DUAL MICROPOWER LinCMOSTI VOLTAGE COMPARATOR

SLCS115D — DECEMBER 1986 - REVISED JULY 2003

AVAILABLE OPTIONS

PACKAGES
TA \;Itozr;fg( SMALL OUTLINE | CHIP CARRIER CERAMIC DIP PLASTIC DIP TSSOP
(D) (FK) (G) (P) (PW)
0°Cto 70°C 5mVv TLC393CD —_ — TLC393CP TLC393CPWLE
-40°C to 85°C 5mv TLC393ID — — TLC393IP TLC393IPWLE
—-40°C to 125°C 5mVv TLC393QD —_ — — —
—-55°Cto 125°C 5mv TLC393MD TLC193MFK TLC193MJG TLC393MP —

The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLC393CDR).

schematic

___J%_ ouT

OPEN-DRAIN CMOS OUTPUT

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage range, Vpp (see Note 1) . ... ... -0.3Vtol1l8V
Differential input voltage, Vip (SEe NOte 2) . ... i e 18V
INPUL VOItAGE 1aNGE, V| ottt e e e e -0.3VtoVpp
OULPUL VOItBGE rANGE, VO« ittt ettt e e e e e e e e e e -0.3VtoleV
INPUL CUITENE, || .o et e e e +5 mA
Output current, Ig (8aCh OUIPUL) . . .. e 20 mA
Total supply CUITENTINIO VDD - oot vt e e e e 40 mA
Total current out Of GN D . . ..o 40 mA
Continuous total power dissipation . .............c i See Dissipation Rating Table
Operating free-air temperature range: TLC393C . ... ... ittt it 0°C to 70°C

TLC3O3l .ot - 40°C to 85°C

TLC393Q .ottt - 40°C to 125°C

TLC393M . - 55°C to 125°C

TLCL93M . - 55°C to 125°C
Storage temperature FaNge . . ... ..ottt et et e e e e e - 65°C to 150°C
Case temperature for 60 seconds: FK package ........... ... i 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor P package ................. 260°C

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package

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 network ground.

2. Differential voltages are at IN+ with respect to IN-.

DISSIPATION RATING TABLE

PACKAGE Ta £25°C DERATING FACTOR Tp =70°C Tp =85°C Ta = 125°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING POWER RATING
D 725 mwW 5.8 mw/°C 464 mW 377 mW 145 mW
FK 1375 mwW 11.0 mw/°C 880 mwW 715 mwW 275 mw
JG 1050 mwW 8.4 mw/°C 672 mW 546 mW 210 mwW
P 1000 mwW 8.0 mw/°C 640 mwW 520 mwW —
PW 525 mW 4.2 mW/°C 336 mW 273 mwW —
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TLC193, TLC393
DUAL MICROPOWER LinCMOSL] VOLTAGE COMPARATOR

SLCS115E - DECEMBER 1986 — REVISED JULY 2003

recommended operating conditions

TLC393C
UNIT
MIN  NOM MAX
Supply voltage, Vpp 3 5 16 \%
Common-mode input voltage, V|c -0.2 Vpp-15 \
Low-level output current, o 20 mA
Operating free-air temperature, Ta 0 70 °C

electrical characteristics at specified operating free-air temperature, Vpp =5 V (unless otherwise
noted)

PARAMETER TEST CONDITIONST TA TLC398¢ UNIT
MIN TYP MAX
V|c = VIicrmin, 25°C 1.4 5
Vio Input offset voltage Vpp=5Vto10V, mv
See Note 3 0°C to 70°C 6.5
25°C 1 pA
llo Input offset current Vic=25V 700 03 Y
25°C 5 pA
B Input bias current Vic=25V 7070 06 oy
25°C OtoVpp -1
VICR Common-mode input voltage range 0°Ct070°C | 0to Vpp - 1.5 \Y
25°C 84
CMMR  Common-mode rejection ratio V|c = V|crmin 70°C 84 dB
0°C 84
25°C 85
ksvrR  Supply-voltage rejection ratio Vpp=5V1to10V 70°C 85 dB
0°C 85
25°C 300 400
VoL Low-level output voltage ViDp=-1V, lgL=6mA 70°C 650 mV
25°C 0.8 40 nA
IoH High-level output current Vip=1V, Vp=5V 70°C 1 A
25°C 22 40
IDD Supply current (both comparators) Outputs low, No load 0°C 1o 70°C = HA

T All characteristics are measured with zero common-mode voltage unless otherwise noted.
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V.
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TLC193, TLC393

DUAL MICROPOWER LinCMOSTI VOLTAGE COMPARATOR

SLCS115D — DECEMBER 1986 - REVISED JULY 2003

recommended operating conditions

TLC393I
UNIT
MIN  NOM MAX
Supply voltage, Vpp 3 5 16 \%
Common-mode input voltage, V|c -0.2 Vpp-15 \Y
Low-level output current, Ig 20 mA
Operating free-air temperature, Ta -40 85 °C

electrical characteristics at specified operating free-air temperature, Vpp =5V (unless otherwise

noted)
PARAMETER TEST CONDITIONST TA TLesos UNIT
MIN TYP  MAX
V|c = VIicrmin, 25°C 1.4 5
Vio Input offset voltage Vpp=5Vto10V, mv
See Note 3 -40°C to 85°C 7
25°C 1 pA
llo Input offset current Vic=25V a5°C 1 vy
25°C 5 pA
B Input bias current Vic=25V 85°C > Yy
25°C OtoVpp -1
VICR Common-mode input voltage range 40°C 10 85°C | 010 Vpp - 15 \Y
25°C 84
CMMR  Common-mode rejection ratio V|c = V|crmin 85°C 84 dB
- 40°C 84
25°C 85
ksvrR  Supply-voltage rejection ratio Vpp=5Vto10V 85°C 85 dB
-40°C 84
25°C 300 400
VoL Low-level output voltage ViD=-1V, lgL=6mA 85°C 700 mV
25°C 0.8 40 nA
IoH High-level output current Vip=1V, Vp=5V 85°C 1 A
25°C 22 40
IDD Supply current (both comparators) Outputs low, No load CA0°C 0 85°C s LA

T All characteristics are measured with zero common-mode voltage unless otherwise noted.
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V.
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TLC193, TLC393

DUAL MICROPOWER LinCMOSL] VOLTAGE COMPARATOR

SLCS115E - DECEMBER 1986 — REVISED JULY 2003

recommended operating conditions

TLC393Q
UNIT
MIN  NOM MAX
Supply voltage, Vpp 4 5 16 \%
Common-mode input voltage, V|c 0 Vpp-15 \
Low-level output current, o 20 mA
Operating free-air temperature, Ta -40 125 °C

electrical characteristics at specified operating free-air temperature, Vpp =5 V (unless otherwise

noted)
PARAMETER TEST CONDITIONST TA TLCS930 UNIT
MIN TYP  MAX
Vic = Vicrmin, 25°C 1.4 5
Vio Input offset voltage Vpp=5Vto1l0V, mv
See Note 4 -40°C to 125°C 10
25°C 1 pA
llo Input offset current Vic=25V 125G = vy
25°C 5 pA
B Input bias current Vic=25V 125G 20 iy
25°C OtoVpp -1
VICR Common-mode input voltage range Z40°C 10 125°C | 010 Vpp — 15 \Y;
25°C 84
CMMR  Common-mode rejection ratio Vic = Vicrmin 125°C 84 dB
-40°C 84
25°C 85
ksvrR  Supply-voltage rejection ratio Vpp=5Vto10V 125°C 84 dB
-40°C 84
25°C 300 400
VoL Low-level output voltage ViD=-1V, lgL=6mA 125°C 800 mV
25°C 0.8 40 nA
IoH High-level output current Vip=1V, Vp=5V 125°C 1 A
25°C 22 40
IDD Supply current (both comparators) Outputs low, No load 0G0 125°C % HA

T All characteristics are measured with zero common-mode voltage unless otherwise noted.
NOTE 4: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V (with a 2.5-kQ load to

VpD)-
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TLC193, TLC393
DUAL MICROPOWER LinCMOSTI VOLTAGE COMPARATOR

SLCS115D — DECEMBER 1986 - REVISED JULY 2003

recommended operating conditions

TLC193M, TLC393M
UNIT
MIN  NOM MAX
Supply voltage, Vpp 4 5 16 \%
Common-mode input voltage, V|c 0 Vpp-15 \Y
Low-level output current, Ig 20 mA
Operating free-air temperature, Ta -55 125 °C

electrical characteristics at specified operating free-air temperature, Vpp =5V (unless otherwise
noted)

PARAMETER TEST CONDITIONST TA TLCI95M, TLCooom UNIT
MIN TYP MAX
Vic = Vicrmin, 25°C 1.4 5
Vio Input offset voltage Vpp=5Vto10V, mv
See Note 4 -55°C to 125°C 10
25°C 1 pA
llo Input offset current Vic=25V 105G s vy
25°C 5 pA
B Input bias current Vic=25V 125G 30 vy
25°C OtoVpp-1
VICR Common-mode input voltage range 55°C 10 125°C | 00 Vpp - L5 \Y%
25°C 84
CMMR  Common-mode rejection ratio V|c = VIcrmin 125°C 84 dB
-55°C 84
25°C 85
ksvrR  Supply-voltage rejection ratio Vpp=5Vto10V 125°C 84 dB
-55°C 84
25°C 300 400
VoL Low-level output voltage VipD=-1V, IlgL=6mA 125°C 800 mvV
25°C 0.8 40 nA
IoH High-level output current Vip=1V, Vp=5V 125°C 1 A
25°C 22 40
IDD Supply current (both comparators) Outputs low, No load Te5C 10 125°C % LA

T All characteristics are measured with zero common-mode voltage unless otherwise noted.
NOTE 4: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V (with a 2.5-kQ load to
VDD)-
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TLC193, TLC393
DUAL MICROPOWER LinCMOSL] VOLTAGE COMPARATOR

SLCS115E - DECEMBER 1986 — REVISED JULY 2003

switching characteristics, Vpp =5V, Tp = 25°C (see Figure 3)
TLC393C, TLC393|
TLC393Q, TLC193M,
PARAMETER TEST CONDITIONS TLC393M UNIT
MIN  TYP MAX
Overdrive = 2 mV 4.5
Overdrive = 5 mV 25
. . . f=10 kHz, ——
tPLH Propagation delay time, low-to-high-level output CL =15 pF Overdrive = 10 mV 1.7 us
Overdrive = 20 mV 1.2
Overdrive = 40 mV 11
V| =1.4-Vstepat IN+ 1.1
Overdrive = 2 mV 3.6
Overdrive = 5 mV 2.1
. . . f=10 kHz, ——
tPHL Propagation delay time, high-to-low-level output CL =15 pF Overdrive = 10 mV 1.3 us
Overdrive = 20 mV 0.85
Overdrive = 40 mV 0.55
V| =1.4-Vstep at IN+ 0.10
) f=10 kHz, o
tf Fall time, output CL=15pF Overdrive = 50 mV 22 ns

PARAMETER MEASUREMENT INFORMATION

The TLC393 contains a digital output stage which, if held in the linear region of the transfer curve, can cause
damage to the device. Conventional operational amplifier/comparator testing incorporates the use of a servo
loop that is designed to force the device output to a level within this linear region. Since the servo-loop method
of testing cannot be used, the following alternatives for testing parameters such as input offset voltage,
common-mode rejection ratio, etc., are suggested.

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown
in Figure 1(a). With the noninverting input positive with respect to the inverting input, the output should be high.
With the input polarity reversed, the output should be low.

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages
can be slewed as shown in Figure 1(b) for the V|cR test, rather than changing the input voltages, to provide
greater accuracy.

5V 1v

Applied V|0 Applied V|o
Lflt Tlt \f
- = = —4V =
(@) VIoWITHV|c=0V (b) VIipWITH V|c =4V

Figure 1. Method for Verifying That Input Offset Voltage Is Within Specified Limits
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INSTRUMENTS
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
5962-9555101NXDR ACTIVE SOIC D 8 2500 TBD CU NIPDAU  Level-1-220C-UNLIM
5962-9555101QPA ACTIVE CDIP JG 8 1 TBD A42 SNPB Level-NC-NC-NC
TLC193MFKB OBSOLETE LCCC FK 20 TBD Call Tl Call Tl
TLC193MJG OBSOLETE CDIP JG 8 TBD Call Tl Call Tl
TLC193MJIGB ACTIVE CDIP JG 8 1 TBD A42 SNPB Level-NC-NC-NC
TLC393CD ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC393CDR ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sbh/Br)
TLC393CP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU Level-NC-NC-NC
(RoHS)
TLC393CPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU Level-NC-NC-NC
(RoHS)
TLC393CPSR ACTIVE SO PS 8 2000 Pb-Free CU NIPDAU  Level-2-260C-1YEAR/
(RoHS) Level-1-220C-UNLIM
TLC393CPW ACTIVE TSSOP PW 8 150 TBD CU NIPDAU  Level-1-220C-UNLIM
TLC393CPWLE OBSOLETE TSSOP PW 8 TBD Call Tl Call Tl
TLC393CPWR ACTIVE TSSOP PW 8 2000 TBD CU NIPDAU  Level-1-220C-UNLIM
TLC393CPWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC393ID ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC393IDR ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLC393IP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU Level-NC-NC-NC
(RoHS)
TLC393IPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU Level-NC-NC-NC
(RoHS)
TLC393IPW ACTIVE TSSOP PW 8 150 TBD CU NIPDAU  Level-1-220C-UNLIM
TLC393IPWLE OBSOLETE TSSOP PW 8 TBD Call Tl Call Tl
TLC393IPWR ACTIVE TSSOP PW 8 2000 TBD CU NIPDAU  Level-1-220C-UNLIM
TLC393MD OBSOLETE SOIC D 8 TBD Call Tl Call Tl
TLC393MP OBSOLETE PDIP P 8 TBD Call TI Call Tl
TLC393QDR ACTIVE SOIC D 8 2500 TBD CU NIPDAU  Level-1-220C-UNLIM

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoOHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

14 8
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4,30 6,20

50 6,6
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0,15 NOM

!
:

Gage Plane i

— 120 MAX o [=]010 |
0,05
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A.

OOw

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

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

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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