TEX

AS INSTR (LIN/INTFQ)

@ Fast Response Times
® Strobe Capability
® Designed to be Interchangeable with

® Maximum Input Offset Current , .

National Semiconductor LM111, LM211,

and LM311
Maximum Input Bias Current . . . 300 nA

. 70 nA

@ Can Opaerate from Single 5-V Supply

description

-

The LM111,LM211, and LM311 are single high-
speed voltage comparators. These devices are
designed to operate from a wide range of power
supply voltage, including +15-V supplies for
operational amplifiers and 6-V supplies for logic
systems. The output levels are compatible with
most TTL and MOS circuits. These comparators
are capable of driving lamps or relays and
switching voltages up to 50 V at 50 mA. All
inputs and outputs can be isolated from system
ground. The outputs can drive loads referenced
to ground, Vg + or Vi . Offset balancing
and strobe capability are available and the
outputs can be wire-OR connected. If the strobe
is low, the output will be in the off state
regardless of the differential input.

The LM111 is characterized for operation over
the full military range of —55°C to 125°C. The
LM211 is characterized for operation from
—-26°C to 85°C, and the LM311 is
characterized for operation from 0°C to 70°C.
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TEXAS INSTR (LIN/INTFC) 18E D WM A9L1724 0078232 & MR

LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES 7T-73-~853

AVAILABLE OPTIONS

OPERATING Vio MAX PACKAGE
TEMPERATURE AT D SMALL | FK CERAMIC | J CERAMIC | JG CERAMIC | P PLASTIC u
RANGE Ta = 26°C | OUTLINE | CHIP CARRIER oip DiP DIP ELATPACK
~55°C to 126°C 3mv LM111FK LM111J LM111U
~40°C to 85°C 3mv LM211D LM211JG LM211P
0°C ta 70°C 7.5 mV LM311D LM311JG LM311P

The D package Is available in tape and reel. Add an R suffix when ordering, e.g., LM311DR.

schematic
B/S BAL
300 2300
Veet
13ke 1.3k 750 600
70
N i
1.2k % o BAL  Balance
3 1 I B/S Balance/Strobe
IN+ L2k " COUT Collector Output
. EOUT Emitter Qutput
b . IN+ Noninverting input
4k
=) - couT IN~- Inverting Input
- IN— 7 T E NC No Internal Connection
[+ Vees+  Positive Supply Voltage
‘8 60 400 130 Veg—  Negative Supply Voltage
| | e

(2 450 ,
Qo 250 . 200 4
= 2k £ OUT
S ¢ + ¢ Vee—
-
2 Resistor values shown are nominal and In ohms.
9
«\
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TEXAS INSTR (LIN/INTFC) LJ4E D W 89b1l724 0074233 & mm

LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

T-73-53

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

O 9 83 6 _.1 2 POST OFFICE BOX 865012 » DALLAS, TEXAS 75266

LM111 LM211 LM311 UNIT
Supply voltage, Vo 4 (see Note 1) 18 18 18 v
Supply voltags, Vo — (see Note 1) ~18 —-18 -18 \
Differential input voltage {see Note 2) +30 - %30 +30 v
Input voitage (either input, see Notes 1 and 3} +16 +16 +16 \
Voltage from emitter output to Voo — 30 30 30 v
Voltaga from collector output to Vec — 50 50 40 \'
Duration of output short-circuit {see Note 4} 10 10 10 s
\ Continuous total dissipation Sea Dissipation Rating Table
\ Operating free-air temperature range —55to 125| -26 to 85 0to 70 °c
| Storage ternparature range ~66 to 150| ~85 to 1560 | ~66 to 150 °C
1 Cage temperature. for 60 seconds: FK Pack 260 °C
1 Leed temperature 1,6 mr_n (1/16 inch) from case for 10 seconds: 300 200 300 oc
1 J, JG, or U package ]
Lead temperature 1,6 mm {1/16 Inch} from case for 60 seconds: 260 260 o¢
i D or P package ] - .
i DISSIPATION RATING TABLE
i PACKAGE Ta s 26°C DERATING DERATE TA = 70°C Ta= 85°C Ta = 126°%C
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING POWER RATING
| [5) 500 mW 5.8 mW/°C 64°C 464 mW 377 mW - "
FK 500 mW 11.0 mW/°C 106°C 600 mW 500 mwW 276 mwW ow
J(LM111) 500 mwW 11.0 mwy/°C 105°C 600 mW 500 mwW 276 mW 8
J 500 mwW 8.2 mW/°C 89°C 600 mW 500 mW - E
JG (LM111) 500 mwW 8.4 mW/°C 80°C 500 mwW 500 mwW 210 mW ©
JG 50O mW 6.8 mW/°C 74°C 500 mW 428 mW - Q
P 500 mW 8.0 mW/°C 88°C 500 mW 500 mW -~ £
U 500 mwW 5.4 mW/°C 67°C 432 mW 351 mwW 135 mW 8
NOTES: 1. All voltaga values, unless otherwise noted, are with respect to the midpoint between Ve + and Voo - ©
2. Differential voltages are at the noninverting input terminal with respact to the inverting input terminal, o
3. The magnitude of the input voltage must niever exceed the magnitude of the supply voltage or + 16 volts, whichever is less. I
4. The output may be shorted to ground or either power supply. =
>
1/
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TEXAS INSTR (LIN/INTFC) 18E D WM 89k1724 0078234 T WM

LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES T-973-53

electrical characteristics at sbeciﬂed free-air temperature, VGG + = 15 V (unless otherwise noted)

tUnless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded.
Full range for LM111 is ~B5°C to 125°C, for LM211 is —~25°C to 85°C, and for LM311is 0°C to 70°C.

Al typlcal values are at TA = 25°C.

NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the collectar output up to 14 V or
down to 1 V with a pull-up resistor of 7.6 k@ te VoG +. Thus these parameters actually define an error band and take into
account the worst-case effects of voltage gain and input impedance.

6. The strobe should not be shorted to ground; it should be current driven at —3 to ~5 mA, e.g., see Figures 13 and 27.

LM111, LM211 LM311
+ L -
PARAMETER TEST CONDITIONS WIN_ TYPT NAK NN TVPT MAX UNIT
25°C 0.7 3 2 1.5
+ mv
Vio  Input offset voitage See ﬂote 6 Fall range 3 0
26°C 4 10 ) 6 50
o  Input offset current See Note 5 Full range 20 7 nA
25°C 75 100 100 250
=1 -
1] Input bias current Vo Vi 14V Full rangs 150 0] nA
Low-level )
fiys)  strobe current Vistrobe) = 0.3V, Vip < ~10mV} 25°C -3 -3 mA
{see Note 6)
Common-mode 13 138 13 138
VicR input voltage Full range to to to to V.
range -145 -147 -145 -147
Large-signal differential
=5 v, = 25°C 40 200 40 200 Vimv
Avo voltage amplification Vo Vo35V, Ry =110 "
= - , 25°C 2 10 A
| High-level {coltector) lstrobe = ~3 mA ° o
IoH outnut current Vip = bmV, Voy =36V Full range 0.5 . ¥A
3 P ViD= 5mV, _ Vou = 35V 26°C oz 60| nA
N Vip= -6mV | 25° 075 1.5
Lowdevel fcoltogtor- | 'O = 0™ Vo= —tomv| 2s°C 7 075 1.5
< VoL to-emitter) Vec+ =45V, Vip = ~6mV | Full range 0.23 0.4 v
=] output voitaga Veeg- =0, -
aT joL = 8 mA Vip = =10 mV | Full range 0.?3 0.4
Q Suply current from = -1 No load 25%¢ 61 6 61 76] mA
© Icc+ Ve 4, output low Vio omv, o loa 5 1 5
O | 1o Stpveurentiiom |\ tomv,  Noload 250C 41 -5 41 5| mA
=) Vce - output high
<
[Y)
]
a
9
/]

switching characteristics, VeC+ = 15V, Vcc—- = —-16V, Ta = 26°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Response time, low-to-high-leve! cutput 115 ns
Response time, high-to-low-level output 165 ns

Ag = 6000t 6V, CL = 6pF, SeeNote7

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function
and the instant when the output crosses 1.4 V.
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TEXAS INSTR '(LIN/INTFC) L4E D WM 89bl724% 0078235 1 WM

LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

T=73-53

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
Vs 3 . Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
20 T 500 et
BN \ Voo = 16V I Vecs = *16V
18 \\ Vo = 1Vto 14 V] 450 LM31 Vo = 1Vto 14 V1
% 16 —N See Note 8 ] < 400 -LM111 - \‘\ _Sae Note 8
t
£ 14 M1 N-LM311 ;'5 350 [aap 2!
. 211t N\ 2 o0l
‘;’é \\ T cz N - CONDITION 2
10 250 :
£ ' [CONDITION 1 \\ | ~conpition 2 &
s 8 = & £ 200 !
2 I~ e N E o CONDITION 1 —-» |
& - . - | | 4
S 4Lt 3t | NN - M311 VA
= w211t -y - 3
) —~—1 50 | LM111 -
m211t
0 0 [ .
~60 -20 0 20 60 100 140 -60 -20 0 20 60 100 120
TA—Frea-Alr Temperature— °C TA—Free-Air Temperature— °C 2
FIGURE 1 FIGURE 2 £
o
®
VOLTAGE TRANSFER CHARACTERISTICS Vegt=30V +v=3gz {tm:};mz’" =3
60 v T T N 15| v I 1k g
cCx om LM111 OUTPUT QO
TA = 26°C LmM211 Vi |
50 ¥ D} )
> g
L 0 LM311 =
g /' E (d
3 EMITTER OUTPUT . = >
.>.. 30 |—R | = 600 Q COLLECTOR- COLLECTOR OUTPUT TRANSFER CHARACTERISTIC
F : OUTPUT TEST CIRCUIT FOR FIGURE 3
3 N RL = 1k0
> 20 Veei=30V
o

. N
)N

0
-1 -0.5 [+} 0.5 1
Vip— Diffarential input Voltage—mV
FIGURE 3

EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 3

tData at high and low temperatures are app only within the rated operating free-air temperature ranges of the various devices,
NOTE 8: Condition 1 is with the balance and balance/strobe terminals open. Condition 2 is with the balance and balance/strobe terminals

connected to VoC 4+
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b3

. QUTPUT RESPONSE FOR
_ VARIO_l_JS INPUT OVERDRIVES

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR

VARIOUS INPUT OVERDRIVES -

S|l acomv b)) Tk
, § - Vgex = 16
B . Rc = 500 Q to
~ o} ox | Ta - 28000 ;|
. > 8 : ;
| 3
2-4
~ 20mV-
5 mV —1
§ 2 ym= =2 my™
91
- $o - :
-0 50100150200250300350 ) 50100150200250300350
R t-Tlmo-—m (R P t—Tlmo—m :
FIGURE 4 FIGUR,E 5
I ."..;_ .'.-.’t_ 3 . :
‘ N T - Voo =18V 5V
. . :.‘m - . . .
L Vgga = -18V
TEST CIRCUIT FOR FIGURES 4 AND 5 O
¥ 4 - :
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TEXAS INSTR (LIN/INTFQ)

L8E D

M 49L172Y% 0078237 5 m
LM111, LM211, LM311

DIFFERENTIAL COMPARATORS WITH STROBES

T-73-5$3

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

- & _ e
38 | | | HEN 35
§3 00 v - £15V §3
53 3100 mv Voo = 15V £3( |]100mv
- 0 - -1 -
5 g Ti = 26°C i Vect = 216V
£ ‘ £ RE = 2kQ to —15 V-
Ta = 25°C
15 15 ,
"1 20mv \ N
>.|, 10— i_\/' w 1 10 ‘\ﬁ’ 2.'“"\'/
. 5 m
g B [—B mV/ / /A E 5 w‘/-
>, > 0 \\
74 NPy H .
- IN A T2 - N
o / v/ Q- 20 mV— N -
| -10 / | - 1 N \ s
> 15 / > | U ] 3
0 0204060810 1.2 1.4 1.6 1.8 0 0204060810 1.2 1.41,6 1.8 3
t—Time—us t—Time—pus H
7
FIGURE 6 FIGURE 7 &
)
]
™
©
£
Q
(&)
S
$+—Vo S
S2k0 b
(~]
" Veg- = 16V >
TEST CIRCUIT FOR FIGURES 6 AND 7 :
- IEXAS 4
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES T-73-53
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o S

TYPICAL CHARACTERISTICS

OUTPUT CURRENT and DISSIPATION

SUPPLY CURRENT FROM Vg +

vs vs
QUPUT VOLTAGE SUPPLY VOLTAGE VGG +
r . 800 6 :
Vec: = 16V é Ta = 26°C
:,S 108 10 mV 700 | No Load B
D= - m 3 + B - =
TA = 26°C o 4eco E 8 Vip= -10mV_L—"
\5“ ] = /
@é\/ 500 -§ E 4 = =
I S e § 2
>( mg g 3}—~ ViD = 10 mV—
s § |/
300 2
l // ~ 3 2 /
; 1200 L 3
l / 0 (Left Scale} o h
1
100 &
/
0 0 -
0 6 10 16 0 1] 10 15
Vo—Output Voltage—V Vee + —Pasitive Supply Voltage—V
FIGURE 8 FIGURE 9
SUPPLY CURRENT FROM Vce ~
vs
SUPPLY VOLTAGE V¢C -
-6 T T T
E Vip = 10 mV or =10 mV
| Ta = 25°C
1 ~5 ["No load
8
> 4
E - - ——
§ -3
3
o
2 2 /
z -
g /
7
1 -1
Q
o
0 -
0 -5 -10 =156

Ve - —Negative Supply Voltage—V
FIGURE 10
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TEXAS INSTR (LIN/INTFC) 14E D WM 89L1724 0078239 9 WA

LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

T-93-43
TYPICAL APPLICATION DATA

Vees Vees

SQUARE WAVE
ouTPUT

(Fan out to two
Series 54 gates
or equivalient)

39k
20k

FIGURE 11. 100 kHz FIGURE 12. OFFSET BALANCING
FREE-RUNNING MULTIVIBRATOR

U

[]
| l 5
| —_——d =
| | 4
| TTL ©
; STROBE Q
| E
| 1ka =]
i = 9
| FIGURE 13. STROBING g’
| ‘ =
| o
| >
|
1 21k

wputt 220 ka L outeut
TOTTL
|
| 1
|
\
1
i tResistor values shown are for a 0-t0-30-vV logic swingand a
15V threshold,
£May be added to control speed and reduce susceptibility to
noise spikes.
| FIGURE 15. TTL INTERFACE WITH HIGH-LEVEL LOGIC
)
T {l’
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TEXAS INSTR (LIN/INTFC)  18E D WN 89L1724 0078240 5 WM
LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES T=73-53

TYPICAL APPLICATION DATA

4
p-OQUTPUT

60 k2

|

|

! MAGNETIC

TRANSDUCER - = -
|

|

\

FIGURE 16. DETECTOR FOR MAGNETIC FIGURE 17. 100 kHz CRYSTAL OSCILLATOR
TRANSDUCER FROM D/A NETWORK

ANALOG
INPUT

SAMPLE ~-TTL STROBE

Typical input current is 50 pA with inputs strobed off.
FIGURE 19. STROBING BOTH INPUT AND
QUTPUT STAGES SIMULTANEQUSLY

Vee+=5V

FIGURE 18. COMPARATOR AND SOLENOID DRIVER

si0jeiedwon abejjoA m

INPUT: ouTPUT
TOMOS
10ka
Veeo=—10V
FIGURE 20. LOW-VOLTAGE FIGURE 21. 2ZERO-CROSSING
ADJUSTABLE REFERENCE SUPPLY DETECTOR DRIVING MOS LOGIC
EXAS U’
3-12 l
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

7=73-53

Veg+=6V

TYPICAL APPLICATION DATA
|
|

AAA

31 ka

QUTPUT

INPUT
FROM
TTL

FIGURE 22. PRECISION SQUARER

+8V Veer =5V

TiL102 5kag 31ka

L__TTL

OUTPUT

FROM 100 22 1kQ
L 0 STV

>
GATE 3 kad 0oL 163 b——
uE T

¢

FIGURE 23. DIGITAL TRANSMISSION ISOLATOR

Vecs =16V

INPUT

tAdjust to set clamp level,
|
|
|

15 uF L
1M C=E
Veg-=—-18V

FIGURE 24, POSITIVE-PEAK DETECTOR

Voltage Comparators n
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES T=73-43

TYPICAL APPLICATION DATA

Vec+=16V

l__.;_.___

1Mo

VWA~

2k
|NPUT_.W?._j>

p—OUTPUT

Veg-=-15V

F|GURE'25. NEGAT|VE-PEA_K DETECTOR
Vee+=5V
\

<
2 1kQ

_OUTPUT
TOTTL

TR1 ssts the comparison level. At comparison, the photo-
diode has less than & mV aeross it decreasing dark current
by an order of magnitude,

FIGURE 26. PRECISION PHOTODIODE COMPARATOR

siojeredwon abejjop u

$Transient voltage and inductive kickback protection

FIGURE 27. RELAY DRIVER WITH STROBE

*ip
314 INSTRUMENTS
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LM111, LM211, LM311

DIFFERENTIAL COMPARATORS WITH STROBES

T=73 ~-53

‘Voltage Comparators

TYPICAL APPLICATION DATA
Vees
r Se20
! TiP30
100 ka3 —
100 k23 I— | | | oureuT
10ka !
INPUT——AAA, b
I
(i
b & TiP20
0.1 4F 7S 703 i ?
swas| |s0a3
& Vee-
FIGURE 28. SWITCHING POWER AMPLIFIER
\ ¢ Vees
. 62093
39k é
M —— = L TiP20
300kn$ n/’sj\ ::G‘Zf
J/ & Yriez
15k | 8202
REFERENCE~—~—AA -
I A
AY L 7t
0-2pF0 ouTPUTS
35100 r
15kn
INPUT. b !
51003 o o0 1
2 Tip2e
DS
$ 3620
39 kn‘: $a
AA  veeo TiP30
300 k2 +== e
$a
FIGURE 29. SWITCHING POWER AMPLIFIERS
T *ip
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