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HIGHLY FLEXIBLE VOLTAGE COMPARATORS

The ability to operate from a single power supply of 5.0 to 30 volts
or =15 volt split supplies, as commonly used with operational ampli-
fiers, makes the LM111/LM211/LM311 a truly versatile compara-
tor. Moreover, the inputs of the device can be isolated from system
ground while the output can drive loadsreferenced either toground,
the V¢ or the VEE supply. This flexibility makes it possible to drive
DTL, RTL, TTL, or MOS logic. The output can also switch voltages to

HIGH PERFORMANCE
VOLTAGE COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

50 volts at currents to 50 mA. Thus the LM111/LM211/LM311 can H SUFFIX
be used to drive relays, lamps or solenoids. METAL PACKAGE
' CASE 601-04
V
TYPICAL COMPARATOR DESIGN CONFIGURATIONS cc

Split Power-Supply with
Offset Balance

Single Supply

3.0k

RL

Output N SUFFIX
PLASTIC PACKAGE
CASE 626-05

(LM311 Only)

J-8 SUFFIX ﬁ'

Load Referred to
Negative Supply

CERAMIC PACKAGE

CASE 693-02
1
D SUFFIX
\'@a PLASTIC PACKAGE
8 CASE 751-02

1
Output Output SO-8

(LM211/LM311 Only)

VEE VEE Gnd 1 8 Vee
Input polarity is reversed when Input polarity is reversed when Inputs 2 7 Output
Gnd pin is used as an output. Gnd pin is used as an output. 3 6 Balance/Strobe
Veg 4 5 Balance
Load Referred to Strobe Capability (Top View)

Positive Supply

Vee

2 RL -
Output ORDERING INFORMATION
Device Temperature Range Package
LM111H o o Metal Can
tM111gg | TSSCHIC L oo nic DIP
LM211D S0-8
L LM211H —25°C to +85°C Metal Can
LM211J-8 Ceramic DIP
Strobe
LM311D SO-8
= LM311J-8 0°C to +70°C Ceramic DIP
LM311N Plastic DIP
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MAXIMUM RATINGS (Tp = +25°C unless otherwise noted.)

Value
. LM111 .
Rating Symbol LM211 LM311 Unit
Total Supply Voltage Vee +IVEE! 36 36 Vdc
Output to Negative Supply Voitage Vo - VEE 50 40 Vdc
Ground to Negative Supply Voltage VEE 30 30 Vdc
Input Differential Voltage Vip +30 +30 ‘Vdc
Input Voltage (Note 2) Vin *+15 *15 Vdc
Voltage at Strobe Pin — Vce to Vee-5 Veg toVee-5 Vdc
Power Dissipation and Thermal Characteristics
Metal Package Pp 680 mwW
Derate above Tp = +25°C 1//764A 5.5 mw/°C
Plastic and Ceramic Dual In-Line Packages Pp 625 mwW
Derate above Tp = +25°C 1/64A 5.0 mW/°C
Operating Ambient Temperature Range N oC
LM111 -55to +125 —
LM211 -25 to +85 —
LM311 — 0 to +70
Operating Junction Temperature TJ(max) +150 +150 °C
Storage Temperature Range Tstg -65 to +150 -65 to +150 °C
ELECTRICAL CHARACTERISTICS (Vcc=+15V, VEg = -15V, Ta = +25°C unless otherwise noted [Note 1].)
LM111
Ch teristi Symbol Lm211 et Unit
er| m
aracteristic v Min Typ Max Min Typ Max n
Input Offset Voltage (Note 3) Vio mV
Rg < 50k, Tp =+25°C — 0.7 3.0 — 20 75
Rs < 50 kQ, Tiow < TA < Thigh” — — 4.0 — — 10
Input Offset Current (Note 3) Tp = +25°C o — 1.7 10 — 1.7 50 nA
Tiow < TA < Thigh” — — 20 — - 70
Input Bias Current, Tp = +25°C i — 45 100 — 45 250 nA
Tiow < TA < Thigh” - - 150 - — 300
Voltage Gain Ay 40 200 — 40 200 — V/mV
Response Time (Note 4) — 200 — — 200 —_ ns
Saturation Voltage VoL \
Vip<-5.0mV, Ig =50 mA — ioFo — 0.75 1.5 — — —
Vip<-10 mV,1g=50 mA f A= *25°C - - - — 0.75 15
Vcc= 4.5V, VEE =0, Tiow < TA< Thigh™
ViD < -6.0 mV, Igjnk < 8.0 mA — 0.23 0.4 — — —
VIp<-10 mV, lgink < 8.0 mA - — — — 0.23 04
Strobe “On’’ Current (Note 5) Is — 3.0 — - 3.0 — mA
Output Leakage Current
VID=5.0mV,Vp=35V {Ta=+25°C — 0.2 10 — — — nA
ViD= 10 mV, Vo =35V §lstrobe = 3.0 mA — - —_ — 0.2 50 nA
Vip=5.0mV, Vg =35V, Tiow < TA < Thigh” — 0.1 0.5 — — — A
Input Voltage Range (Tjow < TA < Thigh™) VIR -145 | -14.7to 13.0 -145 |-147t0 | 130 \
13.8 13.8
Positive Supply Current icc — +2.4 +6.0 — +2.4 +7.5 mA
Negative Supply Current IEg — -1.3 -5.G — -1.3 -5.0 mA
NOTES:
* Tiow=-55°C for LM111 Thigh = +125°C for LM111 3. The offset voltages and offset currents given are the maximum

=-25°C for LM211 = +85°C for LM211

=0°C for LM311 =+70°C for LM311
1. Offsetvoltage, offset current and bias current specifications apply for
asupply voltage range from a single 5.0 volt supply up to £ 15 volt supplies.

values required to drive the output within a volt of either supply with
a 1.0 mAload. Thus, these parameters define an error band and take
into account the “worst case’ effects of voltage gain and input
impedance.

4. The response time specified is for a 100 mV input step with 6.0 mV
overdrive.

2. This rating applies for =15 volt supplies. The positive input voltage
limit is 30 volts above the negative supply. The negative input volt-
age limit is equal to the negative supply voltage or 30 volts below the
positive supply, whichever is less.

5. Do not short the strobe pin to ground; it should be current driven at
3.0t0 5.0 mA.
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LM111 @ LM211 @ LM311

FIGURE 1 — CIRCUIT SCHEMATIC
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TYPICAL PERFORMANCE CHARACTERISTICS

FIGURE 2 — INPUT BIAS CURRENT versus

TEMPERATURE
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FIGURE 3 — INPUT OFFSET CURRENT versus

TEMPERATURE
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TYPICAL PERFORMANCE CHARACTERISTICS
FIGURE 6 — RESPONSE TIME FOR VARIOUS FIGURE 7 — RESPONSE TIME FOR VARIOUS
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

"FIGURE 12 — OUTPUT LEAKAGE CURRENT
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FIGURE 13 — POWER SUPPLY CURRENT
versus SUPPLY VOLTAGE
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APPLICATIONS INFORMATION

Techniques for Avoiding Oscillations in Comparator Applications

When a high-speed comparator such as the LM111 is used
with high-speed input signals and low source impedances, the
output response will normally be fast and stable, providing the
power supplies have been bypassed (with 0.1 uF disc capacitors),
and that the output signal is routed well away from the inputs
(Pins 2 and 3) and also away from Pins 5 and 6.

However, when the input signal is a voltage ramp or a slow
sine wave, or if the signal source impedance is high (1.0 kQ to
100 kQ)), the comparator may burst into oscillation near the
crossing-point. This is due to the high gain and wide bandwidth
of comparators like the LM111 series. To avoid oscillation or
instability in such a usage, several precautions are recom-
mended, as shown in Figure 15.

The trim pins(Pins 5 and 6) act as unwanted auxiliary inputs. If
these pins are not connected to a trim-pot, they should be shorted
together. If they are connected to a trim-pot, a 0.01 uF capacitor
(C1) between Pins 5 and 6 will minimize the susceptibility to ac
coupling. A smaller capacitor is used if Pin 5 is used for positive
feedback as in Figure 15.

Certain sources will produce a cleaner comparator output
waveform if a 100 pF to 1000 pF capacitor (C2) is connected
directly across the input pins. When the signal source is applied
through a resistive network, R1, it is usually advantageous to
choose R2 of the same value, both for dc and for dynamic (ac)
considerations. Carbon, tin-oxide, and metal-film resistors have
all been used with good results in comparator inputcircuitry, but
inductive wirewound resistors should be avoided.

When comparator circuits use input resistors (e.g., summing
resistors), their value and placement are particularly important.
In all cases the body of the resistor should be close to the device
or socket. In other words, there should be a veryshortlead length
or printed-circuit foil run between comparator and resistor to
radiate or pick up signals. The same applies to capacitors, pots,
etc. Forexample, if R1=10k(, as little as 5 inches of lead between
the resistors and the input pins can result in oscillations that are
very hard to dampen. Twisting these input leads tightly is the
best alternative to placing resistors close to the comparator.

FIGURE 15 — IMPROVED METHOD OF ADDING
HYSTERESIS WITHOUT APPLYING POSITIVE
FEEDBACK TO THE INPUTS

Since feedback to almost any pin of a comparator can result in
oscillation, the printed-circuit layout should be engineered
thoughtfully. Preferably there should be a groundplane under the
LM111 circuitry (e.g., one side of a double layer printed circuit
board). Ground, positive supply or negative supply foil should
extend between the output and the inputs, to act as a guard. The
foil connections for the inputs should be as small and compact as
possible, and should be essentially surrounded by ground foil on
all sides, to guard against capacitive coupling from any fast high-
level signals(such as the output). If Pins 5 and 6 are not used, they
should be shorted together. If they are connected to a trim-pot,
the trim-pot should be located no more than a few inches away
from the LM111, and a 0.01 uF capacitor should be installed
across Pins 5 and 6. If this capacitor cannot be used, a shielding
printed-circuit foil may be advisable between Pins 6 and 7. The
power supply bypass capacitors should be located within a
couple inches of the LM111.

A standard procedure is to add hysteresis to a comparator to
prevent oscillation, and to avoid excessive noise on the output.
In the circuit of Figure 16, the feedback resistor of 510 kQ} from
the output to the positive input will cause about 3.0 mV of
hysteresis. However, if R2 is larger than 100 ), such as 50 kQ}, it
would not be practical to simply increase the value of the positive
feedback resistor proportionally above 510 k() to maintain the
same amount of hysteresis.

When both inputs of the LM 111 are connected to active signals,
or if a high-impedance signal is driving the positive input of the
LM111 so that positive feedback would be disruptive, the circuit
of Figure 15 isideal. The positive feedback is applied to Pin 5 (one
of the offset adjustment pins). This will be sufficientto cause 1.0
to 2.0 mV hysteresis and sharp transitions with input triangle
waves from a few Hz to hundreds of kHz. The positive-feedback
signal across the 82 Q) resistor swings 240 mV below the positive
supply. This signalis centered around the nominal voltage at Pin
5, so this feedback does not add to the offset voltage of the com-
parator. As much as 8.0 mV of offset voltage can be trimmed out,
using the 5.0 kQ pot and 3.0 k) resistor as shown.

FIGURE 16 — CONVENTIONAL TECHNIQUE FOR
ADDING HYSTERESIS
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CMOS LOGIC

FIGURE 17 — ZERO-CROSSING DETECTOR DRIVING

APPLICATIONS INFORMATION

FIGURE 18 — RE

LAY DRIVER WITH STROBE CAPABILITY
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OUTLINE DIMENSIONS
A NOTE:
1. LEADS WITHIN 0.25 mm (0.010)
l— B ——1 H SUF,F'X DIA OF TRUE POSITION AT
I METAL PACKAGE SEATING PLANE AT MAXIMUM
I CASE 601-04 MATERIAL CONDITION.
L L ¢
[
r' HIN
E ” o7 1 . MILLIMETERS | INCHES
COIM [ MIN | MAX | MIN | MAX
| K T A | 851 | 940 | 0335 | 0370
B | 775 | 851 | 0305 | 033
] [Tc [ 419 | 470 | 0165 | 0.185
SEATING . D | 041 ] 048] 0016 | 0.019
L E | 025 102 [ 0010 | 0.040 |
F | 025 | 102 | 0010 | 0040
G 5,08 BSC 0.200 BSC
[ H | 071 [ 086 | 0028 | 0.034
J | 074 | 114 ] 0029 | 0.045
K | 1270 | — | o500 | —
L | 305 | 406 | 0120 | 0.160
M 45° BSC 45° BSC
N | 241 | 267 | 0035 | 0105
NOTES:
1. LEAD POSITIONAL TOLERANCE:
ILE LWL N SUFFIX (#1013005 @[T[A®[s @]
8 5 PLASTIC PACKAGE 2. DIMENSION L TO CENTER OF LEADS WHEN FORMED
D S CASE 626-05 PACKAE

w

. PACKAGE CONTOUR OPTIONAL (ROUND OR SQUARE
CORNERS).

. DIMENSIONS A AND B ARE DATUMS.

. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.

o o

MILLIMETERS INCHES
DM [ MN | MAX | MIN | MAX
A | 940 | 1016 | 0370 | 0400
B | 610 | 660 | 0240 | 0.260
C | 394 | 445 | 0155 | 0475
D | 038 | 051 | 0015 | 0020
F [ 102 | 15 | 0040 | 0060
G 2548SC 0100 BSC
H | 076 | 127 | 0030 | 0050
J | 020 | 030 [ 0008 | 0012
K | 29 | 343 | 05 | 0435
L 7.62BSC 0.300 BSC
M| — [ w | — [
N | 076 | 101 | 0030 | 0.040

@ MOTOROLA Semiconductor Products Inc.
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OUTLINE DIMENSIONS

l * J-8 SUFFIX N?ngws WITHIN 0.13 mm (0.005) RAD OF TRUE
. .13 mm {0,
AAAD CERAMIC PACKAGE POSITION AT SEATING PLANE AT MAXIMUM
3 3 t CASE 693-02 MATERIAL CONDITION.
2. DIMENSION “L” TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
L 4 ' MILLIMETERS INCHES
DIM | MIN | MAX | MIN | Max

A | 991 | 1092 | 0390 | 0430
L B | 622 | 699 | 0245 | 0.275
C | 432 | 508 | 0170 | 0200
[ | D | 041 | 051 | 0016 | 0.020
K c F_| 140 | 165 | 0.05 | 0.065
nl ! G 254 BSC 0.100 BSC
- H | 114 | 165 | 0.045 | 0.065
N J | 020 | 030 | 0008 | 0.012
L K _| 318 | 406 | 0125 | 0.160
—|yi=to ~~_, \\’/ L | 73 | 787 | 02% [ 0310
M M| — | 15 [ — | 1
Al: L_ N [ o051 | 102 | 0020 | 0040
SEATING PLANE
NOTES:
D SUFFIX 1. DIMENSIONS “A” AND “B" ARE DATUMS AND
PACKA “T" 1S A DATUM SURFACE.
PLASTIC GE ‘2. DIMENSIONING AND TOLERANCING PER ANS!
CASE 751-02 Y145M, 1982
——— SO-8 3. CONTROLLING DIM: MILLIMETER.
R R FH 4. DIMENSION “A” AND “8" DO NOT INCLUDE
s s MOLD PROTRUSION.
5. MAXIMUM MOLD PROTRUSION 0.15 {0.006) PER
SIDE.

& P410250010 ®[8 ®]
0} s an MILLIMETERS INCHES

_H._H_ v | MIN | MAX | MIN |

4.80 5.00 0.189 | 0.19
o 3.80 400 : 0.150 | 0.157

__1 G L_ c -»l I«—Rx45 010 |
ot e {j%ii
e Tk

é

t=3

&

0.35 049 | 0014 | 0.019
0.40 125 | 0016 | 0.049
1.27 BSC 0.050 BSC
0.19 025 | 0008 | 0.009
0.10 025 | 0004 | 0.008
0° 7 1) r
5.80 620 | 0229 | 0.244
0.25 050 | 0010 | 0.018

135 | 175 1 0054 [ 0.
M Fsl LE"

410250010 ®[T[8 Ola O]
8PL

Motorola reserves the rightto make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and @ are registered trademarks of Motorola, inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

Literature Distribution Centers:

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.

EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England.

JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141, Japan.

ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate,
Tai Po, N.T., Hong Kong.
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