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TUDI-LM393, LM393E, LM293,
LM2903, LM2903E, LM2903V, NCV2903

Low Offset Voltage Dual Comparators
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Features

@® Wide Single?Supply Range: 2.0 Vdc to 36 Vdc

@ Split-Supply Range: £+ 1.0 Vdc to + 18 Vdc

® Very Low Current Drain Independent of Supply Voltage: 0.4
mA

@® Low Input Bias Current: 25 nA

@® Low Input Offset Current: 5.0 nA

® Low Input Offset Voltage: 5.0 mV (max) LM293/393

® Input Common Mode Range to Ground Level

@ Differential Input Voltage Range Equal to Power Supply
Voltage

@® Output Voltage Compatible with DTL, ECL, TTL, MOS, and
CMOS Logic Levels

@® ESD Clamps on the Inputs Increase the Ruggedness of the
Device

without Affecting Performance

@® NCV Prefix for Automotive and Other Applications
Requiring

Unique Site and Control Change Requirements; AEC-Q100
Qualified and PPAP Capable

@® These Devices are Pb-Free, Halogen Free/BFR Free and are
ROHS

Compliant

Description
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The LM393 series are dual independent precision voltage comparators capable of single or split
supply operation. These devices are designed to permit a common mode range-to-ground level
with single supply operation. Input offset voltage specifications as low as 2.0 mV make this
device an excellent selection for many applications in consumer, automotive, and industrial

electronics.
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Figure 1. Representative Schematic Diagram
(Diagram shown is for 1 comparator)
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MAXIMUM RATINGS
Rating Symbol Value Unit

Power Supply Voltage Vee +36 or +18 V
Input Differential Voltage VDR 36 v
Input Common Mode Voltage Range (Note 1) Vicr -0.3 to +36 v
Output Voltage Vo 36 vV
Output Short Circuit-to-Ground Isc Continuous mA
Output Sink Current (Note 2) Isink 20
Power Dissipation @ Ta = 25°C Po 570 mwW
Derate above 25°C 1/Rgya 5.7 mW/°C
Operating Ambient Temperature Range Ta °C

LM293 -25to +85

LM393, LM393E 0 to +70

LM2903, LM2903E -40 to +105

LM2903V, NCV2903 (Note 3) -40 to +125
Maximum Operating Junction Temperature Ty(max) °C

LM393, LM393E, LM2903, LM2903E, LM2903V 150

LM293, NCV2903 150
Storage Temperature Range Tetg -65 to +150 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.

1. Forsupply voltages less than 36 V, the absolute maximum input voltage is equal to the supply voltage.

2. The maximum output current may be as high as 20 mA, independent of the magnitude of V¢, output short circuits to V¢ can cause
excessive heating and eventual destruction.

3. NCV2903 is qualified for automotive use.

ESD RATINGS
Rating HBM MM Unit
ESD Protection at any Pin (Human Body Model -~ HBM, Machine Model - MM)
NCV2903 (Note 3) 2000 200 v
LM393E, LM2903E 1500 150 \%
LM393DG/DR2G, LM2903DG/DR2G 250 100 %
All Other Devices 1500 150 %
WWW.SZTDBDT.COM
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ELECTRICAL CHARACTERISTICS (V¢ = 5.0 Vdc, Tiow < Ta < Thigh, unless otherwise noted.)

LM2903/EN,
LM293, LM393, LM393E NCV2903
Characteristic Symbol | Min Typ Max Min Typ Max Unit

Input Offset Voltage (Note 5) Vio mV
Ta = 25°C N +1.0 +5.0 = +2.0 +7.0
TlDW < TA < Thigh = = 190 n 190 i1 5

Input Offset Current lio nA
Ta= 25°C - +5.0 +50 - +5.0 +50
Tiow = Ta = Thigh = - +150 = +50 +200

Input Bias Current (Note 6) lis nA
Ta = 25°C = 20 250 & 20 250
Tiow < Ta < Thigh - - 400 - 20 500

Input Common Mode Voltage Range (Note 6) Vicr Y
Ta = 25°C 0 = Vee -1.5 0 = Vee 1.5
Tiow = Ta < Thigh 0 - Vee -2.0 0 - Vee -2.0

Voltage Gain AjoL 50 | 200 - 25 | 200 - VImV
RL > 15kQ, Ve = 15 Vde, Tp = 25°C

Large Signal Response Time - = 300 - = 300 - ns
Vin = TTL Logic Swing, Vet = 1.4 Vdc
VgL =5.0Vdc, R =5.1kQ, Ty =25°C

Response Time (Note 8) trio - 1.3 - - 1.5 - us
VR =5.0Vdc, R =5.1kQ, Ty =25°C

Input Differential Voltage (Note 9) Vip - - Vee - - Vee v
All Vi, = GND or V- Supply (if used)

Output Sink Current Isink 6.0 16 = 6.0 16 - mA
Vin = 1.0 Vdc, Vips = 0 Vde, Vg < 1.5 Vde T = 25°C

Output Saturation Voltage VoL mV
Vin 2 1.0 Vdc, Vips = 0, Igink < 4.0 mA, Ty = 25°C - 150 400 - - 400
Tiow<Ta < Thigh - = 700 = 200 700

Output Leakage Current loL nA
Vin = 0V, Vs 2 1.0 Vdc, Vg = 5.0 Vde, T = 25°C - 0.1 - - 0.1 -
Vin-= 0V, Viy+ = 1.0 Vdc, Vo = 30 Vdec,
Tiow = TA < Thigh - - 1000 - - 1000

Supply Current lce mA
R = = Both Comparators, Ta = 25°C = 0.4 1.0 = 04 1.0
R = = Both Comparators, Vgc = 30 V - - 25 - E 25

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

LM293 Tiow = =25°C, Thjgh = +85°C

LM393, LM393E Tjg, = 0°C, Thigh = +70°C

LM2903, LM2903E Tjgy = =40°C, Thigh = +105°C

LM2903V & NCV2903 T, = =40°C, Thig = +125°C

NCV2903 is qualified for automotive use.

4. The maximum output current may be as high as 20 mA, independent of the magnitude of V¢, output short circuits to V¢ can cause
excessive heating and eventual destruction.

5. At output switch point, Vo=1.4 Vdc, Rg = 0 Q with V¢ from 5.0 Vdc to 30 Vdc, and over the full input common mode range
(0VtoVee=-1.5V).

6. Due to the PNP transistor inputs, bias current will flow out of the inputs. This current is essentially constant, independent of the output state,
therefore, no loading changes will exist on the input lines.

7. Input common mode of either input should not be permitted to go more than 0.3 V negative of ground or minus supply. The upper limit of
common mode range is Ve =1.5 V.

8. Response time is specified with a 100 mV step and 5.0 mV of overdrive. With larger magnitudes of overdrive faster response times are
obtainable.

9. The comparator will exhibit proper output state if one of the inputs becomes greater than V¢, the other input must remain within the common
mode range. The low input state must not be less than =0.3 V of ground or minus supply.
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+15V

D1 prevents input from going negative by more than 0.6 V.
R1+R2=R3

FlSSFE

10 for small error in zero crossing.

Figure 2. Zero Crossing Detector
(Single Supply)
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Figure 4. Free—-Running Square-Wave Oscillator
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Vin(min) = 0.4 V peak for 1% phase distortion (A®).

Figure 3. Zero Crossing Detector
(Split Supply)
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Figure 5. Time Delay Generator
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Figure 6. Comparator with Hysteresis
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ORDERING INFORMATION

Order Number Package Package Quantity Or’:/l?f:l::grk
LM293DR2G-TUDI SOP8 Tape,Reel, 2500 LM293
LM293DMR2G-TUDI MSOP8 Tape,Reel, 2500 293
LM393DR2G-TUDI SOP8 Tape,Reel, 2500 LM393
LM393EDR2G-TUDI SOP8 Tape,Reel, 2500 393E
LM393NG-TUDI DIP8 Tube,50,A box of 2000 LM393NG
LM393DMR2G-TUDI MSOP8 Tape,Reel, 2500 393
LM2903DR2G-TUDI SOP8 Tape,Reel, 2500 2903
LM2903EDR2G-TUDI SOP8 Tape,Reel, 2500 2903E
LM2903DMR2G-TUDI MSOP8 Tape,Reel, 2500 2903
LM2903NG-TUDI DIP8 Tube,50,A box of 2000 LM2903NG
LM2903VDR2G-TUDI SOP8 Tape,Reel, 2500 2903V
LM2903VNG-TUDI DP8 Tube,50,A box of 2000 LM2903VNG
NCV2903DR2G-TUDI SOP8 Tape,Reel, 2500 2903V
NCV2903DMR2G-TUDI MSOP8 Tape,Reel, 2500 903V
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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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Dimensions

Dimensions

In Millimeters In Inches
Symbol
H H kj kj Min Max Min Max
— e A 0.800 1.200 0.031 0.047
c A1 0.000 0.200 0.000 0.008
A2 0.760 0.970 0.030 0.038
i —

b 0.30 TYP 0.012 TYP

C 0.15 TYP 0.006 TYP
D 2.900 3.100 0.114 0.122

8 =
A2 e 0.65 TYP 0.026 TYP
A
E 2.900 3.100 0.114 0.122
-— E1 4.700 5.100 0.185 0.201
<€
S — T — *

L [T T J 4 L 0.410 0.650 0.016 0.026

\ 0 0° 6° 0° 6°

D
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r

r

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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