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LM3302
QUADRUPLE DIFFERENTIAL COMPARATOR

D2402, OCTOBER 1977 —REVISED APRIL 1988

e Single Supply or Dual Supplies

¢ Wide Range of Supply Voltage ...2
to 28 Volts

o Low Supply Current Drain Independent of
Supply Voltage . .. 0.8 mA Typ

e Low Input Bias Current .. .25 nA Typ
¢ Low Input Offset Current .. .3 nA Typ
o Low Input Offset Voltage ... 3 mV Typ

o Common-Mode Input Voltage Range
Includes Ground

# Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage ... 28V

e Low OQutput Saturation Voltage

o Output Compatible with TTL, MOS, and
cMOS

description

This device consists of four independent voltage
comparators that are designed to operate from a
single power supply over a wide range of
voltages. Operation from dual supplies is also
possible so long as the difference between the
two supplies is 2V to 28 V and pin 3 is at least

1.5 Vmore positive than the input common-mode voltage. Current drain is independent of the supply voltage.

D, J, OR N PACKAGE

(TOP VIEW)
ouT comp 1 1 Uha[] OUT COMP 3
OUT COMP 2 [J2  13[] OUT COMP 4
Vee s 12[] GND
IN-[Ja w1 [JIN+
P COMP 4
coM 2{IN+ s  of IN—}
IN-[Js 9N +}
coMp 3
COMP1{IN+E7 SF N
symbol (each comparator)
NONINVERTING
INPUT IN+
QUTPUT
INVERTING
INPUT IN—

AVAILABLE OPTIONS

SYMBOLIZATION OPERATING
PACKAGE | TEMPERATURE Vio MAX
DEVICE at 25°C
SUFFIX RANGE
M3302 | D,J.N Z40°C 10 85°C 20mV

The D packages are available taped and reeled. Add the suffix R to

the device type, when ordering. (i.e., LM3302DR)

The outputs can be connected to other open-collector outputs to achieve wired-AND relationships.

Voltage Comparators H

Vee
* (OR
80-uA Vee+!
CURRENT
REGULATOR
60 kA 10 4A 80
LA
10 uA s
NONINVERTING
INPUT OUTPUT
INVERTING
INPUT
GND
(OR
Vee-)
Current values shown are nominal.
PRNDUCTION DATA decuments contain informetion " Copynght © 1983, Texas Instruments Incorporated
£ 1 15 of publication date. Products cenform to v}

11 ruduations per the terms of Texas instruments
++n dl-+ | warranty. Production processing does not
huoussarily include testing of all parameters.
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LM3302
QUADRUPLE DIFFERENTIAL COMPARATOR

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

Supply voltage, VG (see Note 1) ... .. e e e e e e
Differential input voltage (seeNote 2) ................. e e e

input voltage range (eitherinput) .......... ... i,
Outputvoltage . . .. ........ e e
Outputeurrent . ... ... .. o, e e e

28V
+28V

-03Vto 28V

Duration of output short-circuit to ground (see Note 3) . .. ... ... .. e
Continuous total dissipation . . .. ... ... e e See Dissipation Rating Table
—40°C to 85°C

Operating free-air temperature range . ... ... e
Storage temperature range . . ... ... e e e
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds Jpackage ...............
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DorNpackage . .. ... ... ...

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

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. §hort circuits from the output to V¢ can cause excessive heating and eventual destruction.

DISSIPATION RATING TABLE

28V

20 mA
unlimited

—-65°C to 150°C

300°C

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 85°C
POWER RATING ABOVE Tp = 25°C POWER RATING ~ POWER RATING
3 D 950 mwW 7.6 mW/°C 608 mwW 494 mW
J 1025 mW 8.2 mwW/°C 656 mwW 533 mwW
< N 1150 mwW 9.2 mW/°C 736 mW 598 mW
=) : . ier
= electrical characteristics at specified free-air temperature, Vec = 5 V (unless otherwise noted)
-]
«© PARAMETER TEST CONDITIONST MIN TYP MAX UNIT .
® Voo =5Vto28Y, 25°C 3 20
O |vio Input offset voltage ViG = VIGR min, mv
s Vo =14V ~40°C 10 85°C 40
V| Input offset =14V 250 SENL A
8 [le) nput offset current Vo =1. 3G 10 85°C 300 n
B | Input bias current 25°C =2 500 nA
-4 8 P ~20°C 10 85°C ~1000
- Oto
25°C
«“ VicR Common-mode input Voe—-1.5 v
ltage ] 0t
votagerang ~40°C to 85°C o
Veoe-2
. ‘ ) Vec =15V,
AVD Large-signal differential Vo = 1.4 V1o 11.4V, 25°C 2 a0 Vjmv
voltage amplification
RL = 15kdto Vg
25°C 0.1 nA
igh-| =1V, =
IoH High-level output current Vip \ VoH =5V T30°C 10 85°C P A
Vi Low-level output voltage V] 1V | 4 mA 25°C 150 500 myv
y it v =1V, =
oL Vel output voltag 0 oL 40°C 10 85°C 700
oL Low-level output current Vip=1V, VoL=15V 25°C <] 16 mA
Supply current
=25V, No load 25°C 0.8 2 A
'cc (four comparators) Vo o108 m

1 All characteristics are measured with zero common-made input voltage unless otherwise specified.

P TEXAS {f
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LP111, LP211, LP311
LOW-POWER DIFFERENTIAL COMPARATORS WITH STROBES

D3019, JUNE 1987 ~REVISED MAY 1888

® Low Power Drain — 900 uW Typical with LP111 . .. JG DUAL-IN-LINE PACKAGE
5-V Supply LP211, LP311 ... D, JG, OR P PACKAGE
[TOP VIEW)

& QOperates from £15 V or from a Single

Supply as Low as 3 V emT out [+ U'svees

. . IN+[]2 7[] coL out
Qutput Drive Capability of 25 mA n-[13 s BALSTRE
vee-[4 5[] BALANCE

Emitter OQutput Can Swing Below Negative
Supply
Response Time — 1.2 us Typ

LP111 .  FK CHIP CARRIER PACKAGE
{TOP VIEW)

Low Input Currents:
Offset Current . . . 2 nA Typ
Bias Current . . . 15 nA Typ

® Wide Common-Mode Input Range:
-14.5 V to 13.5 V with *15-V Supply

Same Pinout as LM111, LM211, LM311 NC Ne
IN + coL ouT
Designed to be Interchangeable with NC NC
National Semiconductor LP311 IN - BAL/STRB
NC NC
description
The LP111,LP211, and LP311 are a low-power g ‘_I, g8 g n
versions of the industry-standard LMi11, R 2 5
LM211, and LM311. They take advantage of = -
stable, high-value, ion-implanted resistors to @ E
perform the same function as the LM311 series, NC —No internal connection ©
with a 30:1 reduction in power consumption but E‘
only a 6:1 slowdown in response time. Thus, functional block diagram g
they are well-suited for battery-powered (&}
applications and all other applications where fast BALANCE
response times are not needed. They operate BAL/STRB g
over a wide range of supply voltages, from NONINVERTING o
+18 V down to a single 3-V supply with less INPUT IN + -coL =
than 300 wA current drain, but are still capable o
INVERTING EMIT >
INPUT IN—
AVAILABLE OPTIONS
PACKAGE
TaA \11\?2M5‘:)C( SMALL OUTLINE | CERAMIC | CERAMIC DIP | PLASTIC DIP
(D} (FK} (JG) (P
0°C
to 75 mv LP311D - LP311JG LP311pP
70°C
-25°C
to 7.5 mV LP211D - LP211JG LP211P
85°C
~55°C
o 75mv — LPT11FK LP1114G -
125°C
The D package is available taped and reeled. Add the suffix R to the device type when ordering,
{e.g., LP311DR)
PRODUCTION ocuments centain infermatien . Copyright © 1987, Texas Instruments Incorporated
currant as of ion date. Praducts conferm te ]
specifications jai tha tarms of Texas Instrumants TEXAS b 3.29

standard warranty. Preductien processing does net
necessarily include testing of :Il pawml?lavs, INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265









H Voltage Comparators

132





















LT1011, LT1011A
VOLTAGE COMPARATORS

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

SUPPIY VORAGE, VO G+ .+ v v vt it i s e e e e s 8V
SUPPIY VORAGE, VO = -t ot ot i e e e e -18V
Voltage from outputto VCC—:M-suffix ... ... .. o 50V
C-sUMfiX . o vt e e 40V

Voltage from GND H0 VO — -+« + + o v v v et e i e e e e 30V
Voltage from Strobe to VO G+ - -« v oo e e 5V
Differential input voltage (see Note 1) . ... .. i e e *36V
Input voltage (either input, see Note 2) .. .. .. .. i i i e Vee+
Duration of output short circuit (see Note 3) . . .. ... ot i i e 10s
Continuous power dissipation ... ....... . i i e See Dissipation Rating Table
Operating free-air temperature range: M-suffix .......... ... ... ... .. ... ... —~55°C to 125°C
Csuffix ... v e 0°C to 70°C

Storage temperatUre range . . . . . o it e e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JGorLpackage . ........... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package . . .. ............ 260°C

NOTES: 1. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
2. Inputs may be clamped to supplies with diodes so that the maximum input voltage actually exceeds the supply voltage by one diode
drop (refer to "input protection” in the applications section).
3. The output may be shorted to ground or to either power supply.

w

DISSIPATION RATING TABLE

0

Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 125°C =

PACKAGE A A A =)

POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING "a

JG (M-suffix) 1050 mW 8.4 mW/°C 672 mW 210 mW o

JG (C-suffix) 825 mW 6.6 MW/°C 528 MW N/A g

L (M-suffix) 825 mW 6.6 mW/°C 528 mW 165 mW E

L (C-suffix) 650 mW 5.2 mW/°C 416 mwW N/A o

P 1000 mW 8.0 mMW/°C 640 mW N/A o

" Y]

recommended operating conditions o

1]

M-SUFFIX C-SUFFIX o

UNIT -

MIN NOM MAX | MIN NOM MAX o

Supply voltage, Voo + 15 15 \ >
Supply voltage, VoG- -15 -15 \
Input voltage, Vi, (see Note 4) Veex ='I’5 v ~145 13]-145 By

Ve = single 5-V 0.5 3| 05 3

Operating free-air temperature, Tp ~55 125 0 70| °C

NOTE 4: See “Input Signal Range" under "Typical Application Data."

Texas {" 3-39
INST1RIIMENTS
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LT1011. LT1011A

VOLTAGE COMPARATORS

TYPICAL APPLICATION DATA

V|0 —-Input Offset Voltage—mV

FIGURE 21. COMPARATOR WITH HYSTERESIS

input protection

INPUT O

FFSET VOLTAGE
vs

TIME TO LAST TRANSITION

8
e Il
6 — 1
5
a A ‘ -
3 C1 = 0.003 yF
2 \ B ’
\ . | e
1 \ u Output Low to High | +HH
0 i U -
Output High to Low
-1 - 1
| . (50 kHz) ] \ ‘ (5 kHz) | I
_2 e L
1 10 100 1000

i—Time—yus

FIGURE 22

The inputs to the LT1011 are particularly suited to general-purpose comparator applications because iarge
differential and/or common-mode voltages can be tolerated without damage to the comparator. Either or both
inputs can be raised 40V above the negative supply, independent of the positive supply voltage. Internal
forward biased diodes conduct when the inputs are taken below the negative supply. In this condition, input
current must be limited to 1 mA. If very large (fault) input voltages must be accommodated, series resistors

and clamp diodes shouid be used, as shown in Figure 23.

vVee+

R3

R1 300 Q
(See Note C) (See Note B}
—— A AAA
R2
{See Note C)
——AAA— -
D3 D4

{See Note B)

NOTES: A. D1-D4 1N4148.
B. May be eliminated for fault current <= 1 mA.
C. Select according to allowable fault current and power dissipation.

FIGURE 23. LIMITING FAULT INPUT CURRENTS

T
vee -
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LT1011, LT1011A
VOLTAGE COMPARATORS

TYPICAL APPLICATIONS

Vce -~ OR GROUND
Vee -
NOTE: V¢ canbe greater or less than Vi 4+ -

FIGURE 28. DRIVING LOAD REFERENCED TO
POSITIVE SUPPLY

vVee+ Ve

INPUTS
{See Note A}

Voo -

NOTE A: Input polarity 1s reversed when using
Pin 1 for output.

NOTE: Do not ground strobe pin FIGURE 29. DRIVING LOAD REFERENCED TO
FIGURE 27. STROBING NEGATIVE SUPPLY

Voltage Comparators H

CURRENT-MODE INPUT 2 ;
(DAC, ETC)
LT1011 7 OUTPUT
D2
3 -
VOLTAGE
INPUT R1

GROUND OR LOW-
IMPEDANCE REFERENCE

FIGURE 30. USING CLAMP DIODES TO IMPROVE FREQUENCY
RESPONSE (See Figure 16}

TeEXas ‘vl’ 3-51
INSTRUMENTS
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TL721
DIFFERENTIAL COMPARATOR

D2781, FEBRUARY 1984 —REVISED OCTOBER 198B

Operates from a2 —5.2-V Power Supply D. JG, OR P PACKAGE

{TOP VIEW)
® Self-Biased Inputs
P Ne[Tr UslI6hp
® Common-Mode Input Voltage Range IN-T2 Pour-
OVto -52V IN+ 3 egoun
® MECL il and MECL 10 000 Compatible Ne(e_ s[dvec
@ Complementary ECL-Compatible Outputs NC —No internal connection
° is ...
Hysteresis 5 mV Typ symbol
® Response Times . . . 10 ns Typ 2) -
IN - ouT -~
description 3 6
IN+ ouT +

The TL721 is a high-speed voltage comparator
fabricated with bipolar Schottky? process
technology. The circuit has differential analog
inputs and complementary ECL-compatible iogic
outputs with symmetrical switching
characteristics. The device operates from a
single — 5.2-volt supply and is useful as a disk
memory read-chain data comparator.

w

The TL721 is characterized for operation from

0°C 0 70°C. 2
=]
=]
]
B
(]
Q.
3
Q
o))
3]
x
S

7\ntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments. U.S. Patent Number 3,463,975.
PFul -CTION 1475  jcuments contain infermatien B Copynight © 1984, Texas Instruments Incorporated
[ .-a':. of .14 o on date, rr{_:duclxl conferm to T b
i Jtions pu. L.u terms of Texas Instruments

i 'AwurramJA Productien pr ing does not l EXAS 3-85

necessarily includo testing of ell psrameters. NSTRUMEN1S
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TLC354M, TLC354), TLC354C

LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS

equivalent schematic (each comparator)

siojesedwon abejjon !

\

E
(=]

I I 2 G
T
—1r — it
[ » R
(4 [ - LY

=
L, g
— | R
a0 =
S A e T
lEi SEAN
7T TTL
|
9 N
) 7T
T
[
AT
- — 1z
ol
T30 _ll 71
— L
I B i
3 Sl ]!
<§zl — - ) i
Jjemna L JTT i
gl [_]' ___Tl j
g LT7T TIT !
§;"—ny] LW’}
o '__ 1_5 |
| 3T TR 4
S O _t
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TLC374M, TLC374], TLC374C
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS

PARAMETER MEASUREMENT INFORMATION

Response time is defined as the interval between the application of an input step function and the instant
when the output reaches 50% of its maximum value. Response time, low-to-high-level output, is measured
from the leading edge of the input pulse, while response time, high-to-low-level output, is measured from
the trailing edge of the input pulse. Response-time measurement at low input signal levels can be greatly
affected by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting
input {(as shown in Figure 3) so that the circuit is just at the transition point. Then a low signal, for example
105-mV or 5-mV overdrive, will cause the output to change state.

Vpp

PULSE
l GENERATOR

.=
j
e

109
10 TURN

INPUT OFFSET VOLTAGE

CL
I (See Mote A)
COMPENSATION ADJUSTMENT =

TEST CIRCUIT

OVEFIiVj L OVERDRIVE
INPUT *f:t e ¥ _:L

=
100 mV 100 mv |

LOW-TO-HIGH-
LEVEL OUTPUT

HIGH-TO-LOW-
LEVEL QUTPUT

Voltage Comparators I i

PLH—— M—P—1PHL
VOLTAGE WAVEFORMS

NOTE A: C| includes probe and jig capacitance.

FIGURE 3. RESPONSE, RISE, AND FALL TIMES CIRCUIT AND VOLTAGE WAVEFORMS

TeExas {? 3-133
INSTRUMENTS
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tpLy—Low-To-High-Level
Output Propagation Delay Time—us

TLC393M, TLC393l, TLC393C
DUAL MICROPOWER LinCMOS™ COMPARATORS

ipp—Supply Currént—pA

TYPICAL CHARACTERISTICS?

SUPPLY CURRENT
vs
SUPPLY VOLTAGE

100 I — T 71
a0 | Outputs low Ta = -55°C
No load
80 -40°C ]
70 —t
60 25°C
50 Pl
7 — 85°C 7]
40 [ —
o —+—T | 125°C
30
20
10
0
4] 2 4 6 8 10 12 14 16

Vpp—Supply Voltage—V
FIGURE 12

LOW-TO-HIGH-LEVEL
OUTPUT RESPONSE TIME
vs
SUPPLY VOLTAGE

CL = 15 pF
RL = 5.1 kQ {Pullup to Vpp)
5| TA = 25°C
|t
'J OVERDRIVE = 2 mV
* !
5 mvV
3 .
o s ]
10 mvV
2 p—— 20 mV ]
|
foo""] :
] — 40 mv |
0

0 2 4 6 8 10 12
Vpp—Supply Voltage—V

FIGURE 14

14 16

tpHL —High-To-Low-Level
Output Propagation Delay Time—pus

IpD — Supply Current—pA

SUPPLY CURRENT
Vs
FREE-AIR TEMPERATURE

40 —
Vpp =5V
35 No load 1
30
25 ™
N\l OUTPUTSLOW
20
M~—
15 -
~|_ OUTPUTSHIGH
10
5
0
-75-50 -26 0 25 S0 75 100 125

Ta—Free-Air Temperature— °C
FIGURE 13

HIGH-TO-LOW-LEVEL
OUTPUT RESPONSE TIME

vs
SUPPLY VOLTAGE

5
CL = 15 pF
4.5 | RL = 5.1 k© {Pullup to Vpp)
Ta = 25°C
4
S~y
3.5 ——]
3 OVERDRIVE = 2 mV =~ ——|
25
2 e 5 mV
T
1.5 — 10 mV
1 20 mv —
0.5 L
40 mv
0 1 1
0 2 4 6 8 10 12 14 16

Vpp~— Supply Voltage—V
FIGURE 15

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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