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Pin Functions
PIN
CAME e Vo DESCRIPTION
PDIP/SOIC/
TO-99 DSBGA
OUTA 1 A1 (0] Output, Channel A
-INA 2 B1 | Inverting Input, Channel A
+INA 3 C1 | Noninverting Input, Channel A
GND 4 c2 P Ground
+INB 5 C3 | Noninverting Input, Channel B
-INB 6 B3 | Inverting Input, Channel B
ouTB 7 A3 (0] Output, Channel B
V+ 8 A2 P Positive power supply
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Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)"@®

MIN MAX UNIT
Differential Input Voltage 4 36 \Y;
Input Voltage -0.3 36 V%
Input Current (Viy<-0.3V) & 50 mA
Power PDIP 780 mW
Dissipation ©©  -57gg 660 mw
SoIC 510 mW
DSBGA 568 mW
Output Short-Circuit to Ground 7 Continu
ous
Lead Temperature (Soldering, 10 seconds) 260 - &
Soldering PDIP Package Soldering (10 seconds) 260 i &
Information SOIC Package Vapor Phase (60 seconds) 215 °G
Infrared (15 seconds) 220 °C
Storage temperature, Tyg -65 150 °C

(1

)
@3)
(4)

®)

(6)

)

Absolute Maximum Ratings indicate limits beyond which damage may occur. Recommended Operating Conditions indicate conditions
for which the device is intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and test
conditions, see the Electrical Characteristics.

Refer to RETS193AX for LM193AH military specifications and to RETS193X for LM193H military specifications.

If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.
Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode
range, the comparator will provide a proper output state. The low input voltage state must not be less than —0.3V (or 0.3V below the
magnitude of the negative power supply, if used).

This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is
also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators to go
to the V" voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive
and normal output states will re-establish when the input voltage, which was negative, again retumns to a value greater than -0.3V.

For operating at high temperatures, the LM393 and LM2903 must be derated based on a 125°C maximum junction temperature and a
thermal resistance of 170°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The
LM193/LM193A/LM293 must be derated based on a 150°C maximum junction temperature. The low bias dissipation and the "ON-OFF"
characteristic of the outputs keeps the chip dissipation very small (Pp=100 mW), provided the output transistors are allowed to saturate.
Short circuits from the output to V™ can cause excessive heating and eventual destruction. When considering short circuits to ground,
the maximum output current is approximately 20 mA independent of the magnitude of V™.

6.2 ESD Ratings

VALUE UNIT

Viespy  Electrostatic discharge | Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(Y +1300 \%

1

JEDEC document JEP 155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Supply Voltage (V+) - Single Supply 20 36 \Y
Supply Voltage (V+) - Dual Supply +1.0 +18 V
Operating Input Voltage on (VIN pin) 0 (V+) -1.5V V
Operating junction temperature, T; : LM193/LM193A -55 125 °C
Operating junction temperature, T, : LM2903 -40 85 °C
Operating junction temperature, T, : LM293 -25 85 °C
Operating junction temperature, T, : LM393 0 70 "C
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6.4 Thermal Information
LMx93
THERMAL METRIC (! TO-99 UNIT
8 PINS
Raua Junction-to-ambient thermal resistance 170 “CIwW

(1) For more information about traditional and new thermal metrics, see the /C Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics: LM193A V=5V, T, = 25°C

Unless otherwise stated.

PARAMETER TEST CONDITIONS e i UNIT
MIN R MAX
Input Offset Voltage See M, 1.0 2.0 mvV
Input Bias Current Iy(+) or Iy(-) with Qutput In Linear Range, Ve =0V @ 25 100 nA
Input Offset Current Iy (+)=lin(=) Vem = 0 V 3.0 25 nA
Input Common Mode Voltage Range |V+=30V @3 0 V*-15 v
Supply Current R == V=5V 0.4 1 mA
V=36 V 1 25 mA
Voltage Gain R 215kQ, V=15V 50 200 VimV
Vog=1Vto11V
Large Signal Response Time Vin=TTL Logic Swing, Vggr=1.4 V 300 ns
Vg =5V, R;=5.1 kQ
Response Time Vg =5V, R =5.1 ko @ 1.3 us
Output Sink Current Vin(=)=1V, Viy(H)=0, Vo=1.5V 6.0 16 mA
Saturation Voltage Vin(=)=1V, Vin(+)=0, Iginks4 mA 250 400 mV
Output Leakage Current Vin(=)=0, Ving(+)=1V, V=5 V 0.1 nA

(1) At output switch point, Vg=1.4V, Rg= 0 Q with V* from 5V to 30V; and over the full input common-mode range (0V to V*-1.5V), at 25°C.

(2) The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the
state of the output so no loading change exists on the reference or input lines.

(3) The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end
of the common-mode voltage range is V*-1.5 V at 25°C, but either or both inputs can go to 36 V without damage, independent of the

magnitude of V*.

(4) The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see
LMx93 and LM 193A Typical Characteristics .

6.6 Electrical Characteristics: LM193A (V+ =5 V)"

PARAMETER TEST CONDITIONS R UNIT
MIN TYP MAX
Input Offset Voltage See @ 40| mv
Input Offset Cumrent Inen=lingey. Vem=0 V 100 nA
Input Bias Current Iy(+) or Iy(-) with Output in Linear Range, Vey=0 V @& 300 nA
Input Common Mode Voltage Range  |V'=30V ¥ 0 V*-2.0 %
Saturation Voltage Vin(=)=1V, Vin(+)=0, lginks4 mA 700 mV
Output Leakage Current Vin(=)=0, V=1V, V=30 V 1.0 pA
Differential Input Voltage Keep All Viy's20 V (or V™, if Used), ©® 36 v

(1) These specifications are limited to —55°C<Tx<+125°C, for the LM193/LM193A. With the LM293 all temperature specifications are limited
to —25°C<T4<+85°C and the LM393 temperature specifications are limited to 0°C<T,s+70°C. The LM2903 is limited to

—40°C<TAs+85°C.

(2) At output switch point, Vo=1.4V, Rs= 0 Q with V* from 5V to 30V; and over the full input common-mode range (0V to V*-1.5V), at 25°C.

(3) The direction of the input current is out of the IC due to the PNP input stage. This cumrent is essentially constant, independent of the
state of the output so no loading change exists on the reference or input lines.

(4) The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end
of the common-mode voltage range is V'-1.5 V at 25°C, but either or both inputs can go to 36 V without damage, independent of the

magnitude of V.

(5) Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode
range, the comparator will provide a proper output state. The low input voltage state must not be less than —0.3V (or 0.3V below the
magnitude of the negative power supply, if used).
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6.7 Electrical Characteristics: LMx93 and LM2903 V’'=5V, T, = 25°C

Unless otherwise stated.

LM193-N LM293-N, LM393-N LM2903-N
PARAMETER TEST CONDITIONS MIN TYP MAX| MIN TYP MAX| MI TYP MAX| UNIT
N
Input Offset Voltage See (1 1.0 5.0 1.0 5.0 2.0 7.0 mv
Input Bias Current lin(+) or Ijy(=) with Output In 25 100 25 250 25 250 nA
Linear Range, Vo =0V @
Input Offset Current L(H)=ln(=) Ve = 0V 3.0 25 5.0 50 5.0 50| nA
Input Common Mode v+=30V 3 0 V-1 0 V+-1.| 0 V4-1. %
Voltage Range 5 5 5
Supply Current R == V=5V 0.4 1 0.4 1 04 1.0 mA
V=36V 1 2.5 1 25 1 2.5 mA
Voltage Gain R.215 kQ), V=15V 50 200 50 200 25 100 VimV
Vp=1Vtio 11V
Large Signal Response | V|y=TTL Logic Swing, Vrer=14 300 300 300 ns
Time V
Vg =5V, R =5.1kQ
Response Time Vg=5V, R =5.1kQ ¥ 1.3 1.3 15 us
Output Sink Current Vin(=)=1 V, Vin(+)=0, Vgs15 V 6.0 16 60 16 60 16 mA
Saturation Voltage Vin(=)=1 V, Vin(+)=0, lgnk=4 mA 250 400 250 400 250 400 mV
Output Leakage Current | Viy(=)=0, Vin(+)=1V, Vo=5 V 0.1 0.1 0.1 nA

(1) At output switch point, Vo=1.4V, Rg= 0 Q with V™ from 5V to 30V; and over the full input common-mode range (0V to V'-1.5V), at 25°C.

(2) The direction of the input current is out of the IC due to the PNP input stage. This cumrent is essentially constant, independent of the
state of the output so no loading change exists on the reference or input lines.

(3) The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end
of the common-mode voltage range is V'=1.5 V at 25°C, but either or both inputs can go to 36 V without damage, independent of the
magnitude of V'

(4) The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see
LMx93 and LM193A Typical Characteristics .
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6.8 Electrical Characteristics: LMx93 and LM2903 (V+ = 5 V)"

LM193-N LM293-N, LM393-N LM290-N
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Input Offset Voltage See (@ 9 9 9 15| mv
Input Offset Current linsy =l Vem=0V 100 150 50 200 nA
Input Bias Current I (#) or lyy(=) with Qutput in 300 400 200 500 nA
%ai}near Range, V=0V
Input Common Mode V=30V * 0 V-2 0 V-2, 0 V-2 Y
Voltage Range .0 0 0
Saturation Voltage Vin(=)=1V, Vin(+)=0, 700 700 400 700| mv
Isink=4 MA
QOutput Leakage Cumrent Vin(=)=0, Vingsy=1V, V=30V 1.0 1.0 1.0 pA
Differential Input Voltage Keep All V,'s20 V (or V7, if 36 36 36 v
Used), &

(N
(2)
3)
“)

(5)

These specifications are limited to —55°C<T,<+125°C, for the LM193/LM193A. With the LM293 all temperature specifications are limited
to —25°C=T,=+85°C and the LM393 temperature specifications are limited to 0°CsT,<+70°C. The LM2903 is limited to
—-40°C<sTas+85°C.

At output switch point, Vo=1.4V, Rs= 0 Q with VV* from 5V to 30V; and over the full input common-mode range (0V to V'-1.5V), at 25°C.
The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the
state of the output so no loading change exists on the reference or input lines.

The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end
of the common-mode voltage range is V'™—1.5 V at 25°C, but either or both inputs can go to 36 V without damage, independent of the
magnitude of V".

Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode
range, the comparator will provide a proper output state. The low input voltage state must not be less than -0.3V (or 0.3V below the
magnitude of the negative power supply, if used).
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ORDERING INFORMATION

Order Number Package Package Quantity O:"ﬁ:'::grk
LM2903MX/NOPB-TUDI SOP8 Tape,Reel,2500 LM2903M
LM2903N/NOPB-TUDI DIP8 Tube,50,A box of 2000 LM2903N
LM393MX/NOPB-TUDI SOP8 Tape,Reel, 2500 LM393M
LM393N/NOPB-TUDI DIP8 Tube,50,A box of 2000 LM393N
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Package SOP8

LSy

Dimensions Dimensions
Symbol In Millimeters In Inches
Min Max Min Max
A 1.350 1.750 0.053 0.069
A1 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061
B 0.330 0.510 0.013 0.020
C 0.190 0.250 0.007 0.010
D 4.780 5.000 0.188 0.197
E 3.800 4.000 0.150 0.157
E1 5.800 6.300 0.228 0.248
e 1.270TYP 0.050TYP
L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
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E j Symbol Min Non Max
EC jﬂ AT 6.28 6.33 6.38
A2 6.33 6.38 6.43
EC j] A3 7.52 7.62 i
£‘ f’\\ 17 A4 7.80 8.40 9.00
B1 9.15 9.20 9.25
R—\ /—R
T
‘[)—> B2 9.20 9.25 9.30
]ﬁu# C 557
-~ &N
m m
D 1.52
T E 0.43 0.45 0.47
—
Y e F 2.54
' G 0.25
A3
- H 1.54 1.59 1.64
Al
[ro T 3.97 5.7 4,30
\
/ R 0.20
—\M ) M1 9° 10° 11°
(@)
M2 1i® 12° 19e
A2
A4
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Important statement:

@ TUDI Semiconductor reserves the right to modify the product manual without prior notice!
Before placing an order, customers need to confirm whether the obtained information is the
latest version and verify the completeness of the relevant information.

@® Any semi-guide product is subject to failure or malfunction under specified conditions. It is
the buyer's responsibility to comply with safety standards when using TUDI Semiconductor
products for system design and whole machine manufacturing.And take the appropriate
safety measures to avoid the potential in the risk of loss of personal injury or loss of property
situation!

@ TUDI Semiconductor products have not been licensed for life support, military, and
aerospace applications,and therefore TUDI Semiconductor is not responsible for any
consequences arising from the use of this product in these areas.

@If any or all TUDI Semiconductor products (including technical data, services) described or
contained in this document are subject to any applicable local export control laws and
regulations, they may not be exported without an export license from the relevant authorities
in accordance with such laws.

@ The specifications of any and all TUDI Semiconductor products described or contained in
this document specify the performance, characteristics, and functionality of said products in
their standalone state, but do not guarantee the performance, characteristics, and
functionality of said products installed in Customer's products or equipment. In order to verify
symptoms and conditions that cannot be evaluated in a standalone device, the Customer
should ultimately evaluate and test the device installed in the Customer's product device.

@ TUDI Semiconductor documentation is only allowed to be copied without any alteration of
the content and with the relevant authorization.TUDI Semiconductor assumes no
responsibility or liability for altered documents.

@ TUDI Semiconductor is committed to becoming the preferred semiconductor brand for
customers, and TUDI Semiconductor will strive to provide customers with better performance
and better quallity products.
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