DESCRIPTION

The LM139 series consists of four inde-
pendent precision voltage comparators
with an offset voltage specification as low as
2.0mV max for each comparator which were
designed specifically to operate from a
single power supply over a wide range of
voltages. Operation from split power sup-
plies is also possible and the low power
supply current drain is independent of the
magnitude of the power supply voltage.
These comparators also have a unigue
characteristic in that the input common
mode voltage range includes ground, even
though operated from a single power supply
voltage.

The LM139 series was designed to directly
interface with TTL and CMOS. When oper-
ated from both plus and minus power sup-
plies, the LM139 series will directly interface
with MOS logic where their low power drain
is a distinct advantage over standard com-
parators.

ABSOLUTE MAXIMUM RATINGS

FEATURES

* Wide single supply voitage range 2.0Vdc
lo 36Vdc or dual supplies £1.0Vdc to
+18Vdce

e Very low supply current drain (0.8mA)
independent of supply voltage (1.0mW/-
comparator at 5.0Vdc)

e Low input biasing current 25nA

* Low input offset currrent £5nA and offset
voltage £3mV

* Input common-mode voltage range in-
cludes ground

* Differential input voltage range equal to
the power supply voltage.

* Low output 250mV at 4mA saturation
voltage

¢ Output voitage compatible with TTL,
DTL, ECL, MOS and CMOS logic sys-
tems.

APPLICATIONS

A/D converters

Wide range VCO

MOS clock generator
High voltage logic gate
Multivibrators

PARAMETER RATING UNIT

Vce supply voltage 36 or 18 Vdc
Differential input voltage 36 vde
Input voltage -0.3 to +36 Vdc
Power dissipation?

Molded DIP 570 mw

CERDIP 900 mwW
Output short circuit to ground? Continuous
Input current (ViN < -0.3Vdc)3 50 mA
Operating temperature range

LM139/139A -55 to +125 °C

L.M239/239A -25 to +85 °C

LM339/339A 0to +70 °C

LM2901/MC3302 -40 to +85 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering 10 sec.) 300 °C

LM139/A/239/A/339/A/2901-F,N e MC3302-N
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DC ELECTRICAL CHARACTERISTICS V+ = 5Vdc, LM139A/LM139:

LM139/A/239/A/339/A/2901-F N ¢ MC3302-N

-55°C < Ta £ 125°C unless otherwise specified

LM239: -25°C < Ta < 85°C unless otherwise specified
LM339: 0°C < Ta < 70°C unless otherwise specified
PARAMETER TEST CONDITIONS LM1239 LM239/339 LM139A UNIT
i Min | Typ | Max | Min | Typ | Max | Min | Typ| Max
Vos Input offset voltages Ta=25°C +2.0| 5.0 +20| 5.0 +1.0] 2.0 mV
Over temp. 9.0 9.0 4.0
Vem  Input common mode voltage Ta=25°C 0 V+-15] 0 V+-15(1 0 V+-1.5 \
range6 Over temp. 0 V+-2.0{ 0 V+-20( 0 V+-2.0
Vipr Differential input voltage4 Keep all Vins > 0Vde V+ V+ V+ \Y}
{or V-if need)
2] Input bias current? ling+) OF gy with
output in linear range
Ta=25°C 25 100 25 250 25 100
Over temp. 300 400 300 nA
los  Input offset current liNg) = TiINg-)
Ta=25°C +3.0| *25 +5.0( 50 *+3.0] £25 nA
Over temp. +100 +150 *100 nA
loL  Output sink current VING-) = 1Vdc, 6.0 ;1 16 6.0 | 16 6.0 | 16 mA
ViN@#) =0, Vo < 1.5Vdc,
Ta=25°C
lo#  Output leakage current VING+) 2 1Vdc, VN =0
Vo= 5Vdc, Ta =25°C 0.1 0.1 0.1 nA
Vo = 30Vdc, over temp. 1.0 1.0 1.0 uA
lcc  Supply currentd RBL = = on comparators,
Ta=25°C 0.8 2.0 0.8 2.0 08| 20 mA
Ay Voltage gain R, = 15k, V+=15Vdc| 50 | 200 50 | 200 50 | 200 v/mV
VoL Saturation voltage ViN(=) 2 1Vdc,
Vingsy = 0, Ising < 4mA
Ta=25°C 250 | 400 250 | 400 250 | 400
Over temp. 700 700 700 mV
TLsr Large signal response time Vin = TTL logic swing,
VREF = 1.4Vdc,
VRL = 5Vdc, RL = 5.1k{},
Ta=25°C 300 300 300 ns
TR Response time8 VaL = 5Vdc, RL = 5.1k,
Ta=25°C 1.3 1.3 1.3 us
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DC ELECTRICAL CHARACTERTISICS

LM139/A/239/A/339/A/2801-F,N e MC3302-N

LM239A: -25°C < Ta < 85°C unless otherwise specified
LM2901/LM3302: -40°C < Ta < 85°C unless otherwise specified

(Cont’d) V+ = 5Vdc, LM339A: 0°C = Ta < 70°C unless otherwise specified

LM239A/339A

LM2901

MC3302

PARAMETER TEST CONDITIONS - UNIT
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Vos Input offset voltages Ta=25"C +1.0| x2.0 *+2.0| 7.0 +3.0( *20 mV
Over temp. +4.0 +9 | 15 +40
Vom  Input common mode voltage Ta=25°C 0 V+-1.5] € V+-1.5 V+-1.5
rangeb Over temp. 0 v+-2.0| © V+-2.0 V+-2.0 \)
Vior Differential input voltage4 Keep all Vin's = OVdC v+ DoVt V+ \
(or V-if need)
I8 Input bias current? ling+) or ling-y with
output in linear range
Ta=25°C 25 250 25 250 25 500
Over temp. 400 200 | 500 1000 nA
los Input offset current NG = TiNg)
Ta=25°C +5.0] +50 +5 +50 +5 | 100 nA
Over temp. +150 +50 | £200 +300 nA
loL  Output sink current VineE) = 1Vde, mA
Ving+) = 0, Vo < 1.5Vdc,
Ta=25°C 6.0 | 16 6.0 | 16
Vo = 800mV,
Qver temp. 2.0
lon Output leakage current Ving) 2 1Vde, Viney =0
Vo =5Vdc, Ta = 25°C 0.1 0.1 0.1
Vo = 30Vdc, nA
Over temp. 1.0 1.0 1.0 LA
lcc  Supply currents RL = @ on comparators,
V+ = 5Vdc
Ta=25°C 08| 20 0.8 2.0 0.8 2.0 mA
V+ =30V, Ta = 25°C 1.0 2.5
Ay Voltage gain RL = 15k, V+ = 15Vdc | 50 | 200 25 | 100 2 100 V/mvV
VoL Saturation voltage ViNg-y = 1Vdc,
VingE = 0, Isink < 4mA
Ta =25°C 250 | 400 400 400 mV
Over temp. 700 400 | 700 700
IsINK = 2mA, V+ = 5V
to 28V, Ta = 25°C 1 150
TiLsr Large signal response time ViN = TTL logic swing, |
VREF = 1.4Vdc, ‘
VRL = 5Vdc, RL = 5.1kQ,
Ta=25°C 300 300 300 ns
TR  Response time8 VeL = 5Vdc, RL = 5.1kQ2,
Ta =25°C 1.3 1.3 1.3 us
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NOTES

1.

For operating at high temperatures, the LM339/339A, LM2901 and MC3302 must be
derated based on a 125°C maximum junction temperature and a thermal resistance of
175°C/W which appties for the device soldered in a printed circuit board, operating in
a still air ambient. The LM139/139A/239/239A must be derated on a 150°C maximum
junction temperature. The low power dissipation and the “On-Off" characteristics of
the outputs keep the chip dissipation very small (Pp < 100mW), provided the output
transistors are allowed to saturate.

Short circuits from the output to V+ can cause excessive heating and eventual
destruction. The maximum output current is approximately 20mA independent of the
magnitude of V+.

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

TYPICAL APPLICATIONS

LM139/A/239/A/339/A/2901-F N ¢ MC3302-N

the input voltage, which was negative, again returns to a value greater than -0.3vde.
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 -0.3Vdc (or
0.3Vdc below the magnitude of the negative power supply, if used).

At output switch point, Vo = 1.4Vdc, Rs = 0Q with V+ from 5Vdc to 30Vdc; and overthe
full input common-mode range (0Vdc to V+ -1.5Vdc).

The input common-mode voitage 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+ -1.5V, but either or both inputs can go to 30Vdc without damage.

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 refererce or input lines.

The response time specified is for a 100mV input step with a 5mV overdrive. For larger
overdrive signals, 300ns can be obtained, see typical performance characteristics
section.

The MC3302 has supply current specified with a voltage range of 5 to 28 volts.
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TYPICAL PERFORMANCE CHARACTERISTICS

LLM139/A/239/A/339/A/2901-F,N ¢ MC3302-N
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DESCRIPTION

The LM193 series consists of two independ-
ent precision voltage comparators with an
offset voltage specification as low as 2.0mV
max for two comparators which were de-
signed specifically to operate from a single
power supply over a wide range of voltages.
Operation from split power supplies is also
possible and the low power supply current
drain is independent of the magnitude of the
power supply voltage. These comparators
also have a unique characteristic in that the
input common mode voltage range includes
ground, even though operated from a single
power supply voltage.

The LM193 series was designed to directly
interface with TTL and CMOS. When oper-
ated from both plus and minus power sup-
plies, the LM193 series will directly interface
with MOS logic where their low power drain
is a distinct advantage over standard com-
parators.

ABSOLUTE MAXIMUM RATINGS

FEATURES

¢ Wide single supply voltage range 2.0Vdc
to 36Vdc or dual supplies +1.0Vdc to
+18Vdc

® Very low supply current drain (0.8mA)
independent of supply voltage (2.0mW/-
comparator at 5.0Vdc)

* Low input biasing current 25nA

s Low input offset current =5nA and offset
voltage £3mVv

¢ Input common-mode voltage range in-
cludes ground

* Differential input voltage range equal to
the power supply voltage.

¢ Low output 250mV at 4mA saturation
voltage

¢ Output voltage compatible with TTL,
DTL, ECL, MOS and CMOS logic sys-
tems.

APPLICATIONS

A/D converters

Wide range VCO

MOS clock generator
High voltage logic gate
Multivibrators

PARAMETER RATING UNIT

Vcc supply voltage 36 or 18 Vdc
Differential input voltage 36 Vdc
Input voltage -0.3 to +36 Vdc
Power dissipation’

Molded DIP 570 mw

Metal can 900 mw
Output short circuit to ground? Continuous
Input current (ViN < -0.3Vdc)3 50 mA
Operating temperature range

LM193/193A -55 to +125 °C

LM293/293A -25 to +85 °C

LM393/393A 0 to +70 °C

LM2903 -40 to +85 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering 10 sec.) 300 °C
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PIN CONFIGURATIONS

outpuT A [T
INVERTING
INPUT A

NON-INVERTING
INPUT A

ano [@

N PACKAGE

Bl
[ 7] output B

INVERTING

6 | INPUT B
NON-INVERTING
INPUT B

INPUT A

outpuT A (1)
INVERTING (77 !A
NON-INVERTING l

INPUT A

T PACKAGE

INVERTING
INPUT B

NON-INVERTING
INPUT 8

EQUIVALENT CIRCUIT

(One Comparator Only)

+INPUT

>1oou A

OUTPUT

Qs

O
- INPUT




LM193/293/393/193A/293A/393A/2903-N, T
DC ELECTRICAL CHARACTERISTICS V+=5Vdc, LM193/193A: -55°C < Ta < +125°C unless otherwise specified.
LM293/293A: -25°C < Ta < +85°C unless otherwise specified.
LM393/393A: 0°C =< Ta < +70°C unless otherwise specified.

LM2903: -40°C =< Ta =t +85°C unless otherwise specified.?

LM193A LM293A/393A LM2903
PARAMETER TEST CONDITIONS UNIT
Min| Typ | Max [Min] Typ | Max |Min| Typ | Max
Vos Input offset voltageSs Ta=25°C +10} 20 +1.0 ] x2.0 20} 7.0 my
Over temp. +4.0 4.0 +9 | *15
Vcm  Input common mode Ta=25°C 0 V+-1.5! 0 v+-1.5] 0 V+-1.5 \"
voltage range$.10 Over temp. 0 V+-2.0] 0 V+-2.0] 0 V+-2.0
Vipr Differential input Keep all Vin's = 0Vdc V+ v+ V4 \
voltage4 for V-if need)
ls Input bias currents ling+) or ling=) with output in
linear range
Ta=25°C 25 | 100 25 | 250 25 250
Over temp. 300 400 200 | 500 nA
los  Input offset current ling+) = TGy
Ta =25°C +3.0 [ +25 +5.0 | *50 +5 | £50 nA
Over temp. +100 +150 +50 | +£200 nA
loL  Output sink current VING-) 2 1Vde, Ving) = 0,
Vo < 1.5Vdc,
Ta =25°C 6.0 16 6.0 16 60| 16 mA
lon Output leakage ViNg+) 2 1Vdc, VineE) =0
current Vo = 30Vdc
Over temp. 1.0 1.0 1.0 uA
Vo = 5Vdc, Ta = 25°C 0.1 0.1 0.1 na
Icc  Supply current RL =« on both comparators.
Ta=25°C 0.8 1 0.8 1 0.8 1 mA
V+ == 30V, over temp. 1 2.5 1 2.5 1 25
Av  Voltage gain RL = 15kQ}, V+ = 15Vdc 50 | 200 50 | 200 25 | 100 V/mvV
VoL Saturation voltage ViNg-) = 1Vdc, Ving) =0,
ISINK < 4mA
Ta=25°C 250 | 400 250 | 400 400
Over temp. 700 700 400 | 700 mV
Tusr Large signal VIN = TTL logic swing, 300 300 300 ns
response time VRer = 1.4Vdc,
VRL = 5Vdc, RL = 5.1k,
Ta=25°C
Tr  Response time9 VRL = 5Vdc, RL = 5.1k, 1.3 1.3 1.3 us
Ta =25°C
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DC ELECTRICAL CHARACTERISTICS Cont'd) v+

= 5Vdc, LM193/193A:

1.M193/293/393/193A/293A/393A/2903-N,T
-55°C < Ta < +125°C unless otherwise specified.

LM293/293A; -25°C < Ta < +85°C unless otherwise specified.
LM393/393A: 0°C < Ta < +70°C unless otherwise specified.
LM2903: -40°C < Ta = +85°C unless otherwise specified.”
LM193 LM293/393
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Vos Input offset voltages Ta=25°C +2.0]| +5.0 +20 | £5.0 | mV
Over temp. +9.0 +9.0
VeMm Input common mode voltage Ta=25°C 0 Vt-1.5]1 0 vt-1.5] V
ranges,10 Over temp. 0 v+-20] 0 V+-2.0
VIDR Differential input voltage4 Keep all ViN's = 0Vde V+ V+ Vv
(or V-if need)
IB Input bias currents ling+) oF Iine-) with output in
linear range
Ta=25°C 25 100 25 250
Over temp. 300 400 nA
los Input offset current hNg+y -~ NING-)
Ta=25°C +3.0} +25 5.0 +50 | nA
Over temp. 1100 +150 | nA
loL Output sink current VIN@)y 2 1Vde, ViNg) = 0,
Vg < 1.5Vdc,
Ta=25°C 60| 16 6.0 16 mA
loH Output leakage current VING+) = 1Vdg, Vi) =0
Vo = 5Vdc,
Ta=25°C 0.1 0.1 nA
Vo = 30Vdc, over temp. 1.0 1.0 uA
Icc Supply current RL = « on both comparators
Ta=25°C 0.8 1 0.8 1 mA
V+ = 30V, over temp. 2.5 2.5
Ay Voltage gain RL = 15K}, V+ = 15Vdc 50 | 200 50 | 200 v/mV
VoL Saturation voltage VING-) = 1Vde, ViINE =0,
IsiNk < 4mA
Ta=25°C 250 | 400 250 | 400
Over temp. 700 700 mv
TLsR Large signal response time ViN = TTL logic swing,
VrErF = 1.4Vdc, VRL = 5Vdc,
RL = 5.1kQ,
Ta=25°C 300 300 ns
TR Response time? VRL = 5Vdc,
RL = 5.1k(,
Ta=25°C 1.3 1.3 us
NOTES

1. For operating at high temperatures, the LM393/393A and LM2903 must be derated
based on a 125°C maximum junction temperature and a thermal resistance of
175°C/W which applies for the device soldered in a printed circuit board, operating in
a still air ambient. The LM193/193A/293/293A must be derated based on a 150°C
maximum junction temperature. The fow bias dissipation and the “On-Off”
characteristics of the outputs keeps the chip dissipation very smali (Pp < 100mW),
provided the output transistors are allowed to saturate.

. Short circuits from the output to V+ can cause excessive heating and eventual

destruction. The maximum output current is approximately 20mA independent of the

magnitude of V+.

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) fo- the time duration that an input is
driven negative. This is not destructive and normal outpus states witl re-establish when
the input voltage, which was negative, again returns to a value greater than -0.3Vdc.

4. Positive excursions of input voltage may exceed the powar supply level. AsJong as the
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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 -0.3Vdc (Vde
below the magnitude of the negative power supply, if used).

. At output switch point, Vg = 1.4Vdc, Rs = 0Q with V+ from 5Vdc to 30Vdc; and over the

full input common-mode range (OVdc to V+ -1.5Vdc)

The input common-mode voltage or either input signal voltage shouid not be altowed
to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ ~1.5V, but either or both inputs can go to 30Vdc without damage.

. With the LM293/293A, all temperature specifications are limited to -25°C < Ta <

+85°C and the LM393/393A, all temperature specificaticns are limited to 0°C = Ta <
+70°C. The LM2903 is limitaed to -40°C < Ta <85°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 response time specified is for a 100mV input step with a5mV overdrive. For larger

overdrive signals, 300ns can be obtained, see typical performance characteristics
section.

. For input signais that exceed Vcc, only the overdriven comparator is affected. With a

5V supply, Vin should be limited to 25V max., and a limiting resistor should be usec on
all inputs that might exceed the positive supply.
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