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LM111/LM211/LM311 Voltage Comparator
General Description
The LM111, LM211 and LM311 are voltage comparators 
that have input currents nearly a thousand times lower than 
devices like the LM106 or LM710. They are also designed 
to operate over a wider range of supply voltages: from stan­
dard ± 15V op amp supplies down to the single 5V supply 
used for IC logic. Their output is compatible with RTL, DTL 
and TTL as well as MOS circuits. Further, they can drive 
lamps or relays, switching voltages up to 50V at currents as 
high as 50 mA.
Both the inputs and the outputs of the LM111, LM211 or the 
LM311 can be isolated from system ground, and the output 
can drive loads referred to ground, the positive supply or the 
negative supply. Offset balancing and strobe capability are 
provided and outputs can be wire O R ’ed. Although slower 
than the LM106 and LM710 (200 ns response time vs

40 ns) the devices are also much less prone to spurious 
oscillations. The LM111 has the same pin configuration as 
the LM106 and LM710.
The LM211 is identical to the LM111, except that its per­
formance is specified over a -25°C  to +85°C temperature 
range instead of -55°C  to + 125°C. The LM311 has a tem­
perature range of 0°C to + 70°C.

Features
a Operates from single 5V supply 
Da Input current: 150 nA max. over temperature 
n Offset current: 20 nA max. over temperature 
m Differential input voltage range: ±30V 
□ Power consumption: 135 mW at ±15V

Typical Applications** Strobing

Note: Do Not
G round S trobe 
Pin. Output is 
turned off w hen 
current is pulled 
from Strobe Pin.

**Note: P in  connections show n on schem atic  
d iagram  and typical app lica tions are for 
H08 metal can package.

Increasing Input Stage Current*

to 18V/JUS.

Detector for Magnetic Transducer

Relay Driver with Strobe
FROM D/A NETWORK

5-21

LM
111/LM

211/LM
311



LM
11

1/
LM

21
1/

LM
31

1
Absolute Maximum Ratings for the l m h i / l m 2h

If Military/Aerospace specified devices are required, Operating Temperature Range LM111 -55°Cto125°C  
please contact the National Semiconductor Sales LM211 -25°C to85°C  
Office/Distributors for availability and specifications. Storage Temperature Range -  65°C to 150°C 
(Note 7) Lead j emperature (Soldering, 10 sec) 260°C 
Total Supply Voltage (V64) 36V voltage at Strobe Pin V + -5 V  
Output to Negative Supply Voltage (V74) 50V So|dering |nformation
Ground to Negative Supply Voltage (V, 4) 30V Dual-In-Line Package
Differential Input Voltage + 30V Soldering (10 seconds)....................................... 260°C
Input Voltage (Note 1) +15V Small Outline Package
Power Dissipation (Note 2) 500 mW Vapor Phase (60 seconds)..................................215»C

Infrared (15 seconds).........................................220°C
Output Short Circuit Duration 10 sec 0 .. . .. .. .. . . .See AN-450 Surface Mounting Methods and Their Effect

on Product Reliability” for other methods of soldering sur­
face mount devices.
ESD Rating (Note 8) 300V

Electrical Characteristics to r th e L M m  an d LM 2n  (Note 3)

Parameter Conditions Min Typ Max Units

Input Offset Voltage (Note 4) Ta = 25°C, Rs ^50k 0.7 3.0 mV

Input Offset Current (Note 4) Ta  = 25°C 4.0 10 nA

Input Bias Current Ta  = 25°C 60 100 nA

Voltage Gain Ta  = 25°C 40 200 V/mV

Response Time (Note 5) Ta  = 25°C 200 ns

Saturation Voltage V|n  ̂— 5 mV, Io ut  = 50 mA 
Ta  = 25°C

0.75 1.5 V

Strobe ON Current (Note 6) Ta  = 25°C 2.0 3.0 5.0 mA

Output Leakage Current V|N>5 mV, V0 ut  = 35V 
Ta  = 25°C, Is tROBE = 3 mA

0.2 10 nA

Input Offset Voltage (Note 4) Rs <50k 4.0 mV

Input Offset Current (Note 4) 20 nA

Input Bias Current 150 nA

Input Voltage Range V+ = 15V ,V “  = -1 5V , Pin 7 
Pull-Up May Go To 5V

-14 .5 13.8,-14.7 13.0 V

Saturation Voltage V+ > 4 .5V ,V “  = 0 
V|n < —6 mV, Iq u t ^S mA

0.23 0.4 V

Output Leakage Current V|n >5 mV, V0 ut = 35V 0.1 0.5 jllA

Positive Supply Current Ta =25°C 5.1 6.0 mA

Negative Supply Current Ta  =  25°C 4.1 5.0 mA
Note 1: T h is  rating app lie s fo r ± 15  supplies. T he  positive input vo ltage lim it is  30V  above the negative supply. T he  negative input vo ltage limit is equal to  the 
negative supp ly vo ltage or 30V  below  the positive supply, w h ichever is less.

Note 2: The  m axim um  junction tem perature of the L M 1 11 is 150°C, w h ile  that of the LM 2 1 1 is 110°C. Fo r operating at e levated  tem peratures, dev ice s  in the H08 
package  m ust be derated  based  on a  therm al re s is tance  of 165°C/W , junction to am bient, or 20°C/W , junction to case . T he  therm al re s is tance  of the dual-in-line 
package  is 110°C /W , junction to ambient.

Note 3: T hese  spec ifica tion s app ly  for V § =  + 15V and G round  pin at ground, and - 5 5 °C ^ T a ^ +125°C , un less o the rw ise sta ted. W ith the LM 211 , however, all 
tem perature spec ifica tion s are lim ited to  - 2 5 °C ^ T a ^ + 85°C . T he  o ffse t vo ltage, o ffse t current and b ias current spec ifica tion s app ly  for any supp ly vo ltage from  a 
sing le 5V  supp ly  up to ± 1 5V  supplies.

Note 4: T he  o ffse t vo ltages and o ffse t currents given are the m axim um  va lues  required to  drive the output w ith in a  vo lt of e ithe r supp ly  w ith a  1 m A load. Thus, 
these param eters define an error band and take into accoun t the w orst-case  e ffects  of vo ltage gain and input im pedance.

Note 5: The  re sponse  tim e spec ified  (see defin itions) is for a  100 m V input step  w ith 5 m V overdrive.

Note 6: Th is  spec ifica tion  g ive s the range of current w h ich m ust be draw n from  the strobe pin to ensure the output is properly d isab led . Do not short the strobe pin 
to ground; it shou ld  be current driven at 3 to 5 mA.

Note 7: R efe r to  R E T S 1 1 1 X  fo r the LM 111H , LM 111 J and LM 111 J-8  m ilitary specifica tions.

Note 8: Hum an body m odel, 1.5 k ft  in se ries  w ith 100 pF.

5-22



Absolute Maximum Ratings for the l m 3h

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications.
Total Supply Voltage (V84) 36V 
Output to Negative Supply Voltage V74) 40V 
Ground to Negative Supply Voltage V i4) 30V 
Differential Input Voltage ± 30V 
Input Voltage (Note 1) ±15V 
Power Dissipation (Note 2) 500 mW 
ESD Rating (Note 7) 300V

Output Short Circuit Duration 10 sec 
Operating Temperature Range 0° to 70°C 
Storage Temperature Range -  65°C to 150°C 
Lead Temperature (soldering, 10 sec) 260°C 
Voltage at Strobe Pin V + -  5V 
Soldering Information 

Dual-ln-Line Package
Soldering (10 seconds)....................................... 260°C

Small Outline Package
Vapor Phase (60 seconds)..................................215°C
Infrared (15 seconds).........................................220°C

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur­
face mount devices.

Electrical Character S t i C S  for the LM311 (Note 3)

Parameter Conditions Min Typ Max Units

Input Offset Voltage (Note 4) Ta  =  25°C, Rs <:50k 2.0 7.5 mV

Input Offset Current (Note 4) Ta  =  25°C 6.0 50 nA

Input Bias Current Ta  =  25°C 100 250 nA

Voltage Gain Ta  =  25°C 40 200 V/mV

Response Time (Note 5) Ta  =  25°C 200 ns

Saturation Voltage V||\j< —10 mV, Io u t = 50 mA 
Ta  =  25°C 0.75 1.5 V

Strobe ON Current Ta  =  25°C 1.5 3.0 mA

Output Leakage Current V|N^10mV, V0 u t =35V 
Ta  =  25°C, ls T R O B E  =  3  mA
v ~  =  Vg r n d  =  ~ 5 V

0.2 50 nA

Input Offset Voltage (Note 4) RS <50K 10 mV

Input Offset Current (Note 4) 70 nA

Input Bias Current 300 nA

Input Voltage Range -14 .5 13.8,-14.7 13.0 V

Saturation Voltage V+>4.5V, V ~ = 0  
V||\j< 10 mV, Iq u t ^8 mA

0.23 0.4 V

Positive Supply Current TA =25°C 5.1 7.5 mA

Negative Supply Current Ta  =  25°C 4.1 5.0 mA
Note 1: T h is  rating app lie s for + 15V  supplies. The  positive input vo ltage lim it is 30V  above the negative supply. The negative input vo ltage lim it is  equa l to the 
negative supp ly vo ltage or 30V  below  the positive supply, w h ichever is less.

Note 2: The  maxim um  junction tem perature of the L M 3 1 1 is 110°C. Fo r operating at e levated  tem perature, d ev ice s  in the H 08 package  m ust be derated  based  on a  
therm al re s is tance  o f 165°C/W , junction to am bient, or 20°C/W , junction to case. T he  therm al re s is tance  of the dual-in-line package  is 100°C/W , junction to 
ambient.

Note 3: T h e se  spec ifica tions app ly  for V g =  ± 15V  and the G round  pin at ground, and 0°C < Ta  < + 70°C , un less o the rw ise specified . The o ffse t vo ltage, o ffse t 
current and b ia s current spec ifica tions app ly  for any supp ly vo ltage from a sing le  5V  supply up to ± 15V supp lies.

Note 4: T he  o ffse t vo ltages and o ffset currents g iven are the m axim um  va lues required to drive the output w ith in a vo lt o f e ither supp ly  with 1 m A load. Thus, these 
param eters define an erro r band and take into accoun t the w orst-case  e ffects  of vo ltage gain and input im pedance.

Note 5: The  re sponse  time spec ified  (see defin itions) is for a  100 m V input step  w ith 5 m V overdrive.

Note 6: T h is  spec ifica tion  g ives the range o f current w h ich m ust be drawn from the strobe pin to ensure the output is p roperly d isab led . Do not short the strobe pin 
to ground; it shou ld  be current driven at 3 to 5 mA.

Note 7: Hum an body model, 1.5 k ft  in se ries w ith 100 pF.
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LM111/LM211 Typical Performance Characteristics

Input Bias Current

-55 -35 -15 5 25 45 65 86 105 125 

TEMPERATURE (°C)

Input Offset Current

-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C>

Input Characteristics Common Mode Limits Transfer Function

DIFFERENTIAL INPUT VOLTAGE (V) TEMPERATURE (#CI DIFFERENTIAL INPUT VOLTAGE (mV)

Response Time for Various Response Time for Various
Output Saturation Voltage

OUTPUT CURRENT (mA)

Response Time for Various Response Time for Various

TIMERS) TIMEIjus) OUTPUT VOLTAGE (V)
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LM111/LM211 Typical Performance Characteristics (Continued)
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Application Hints
CIRCUIT TECHNIQUES FOR AVOIDING

4. When comparator circuits use input resistors (eg. sum­
ming 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 very little lead length or printed-circuit foil run between 
comparator and resistor to radiate or pick up signals. The 
same applies to capacitors, pots, etc. For example, if 
R s= 10 kfl, as little as 5 inches of lead between the re­
sistors and the input pins can result in oscillations that are 
very hard to damp. Twisting these input leads tightly is 
the only (second best) alternative to placing resistors 
close to the comparator.

5. 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, for example, one 
side of a double-layer circuit card. Ground foil (or, positive 
supply or negative supply foil) should extend between the 
output and the inputs, to act as a guard. The foil connec­
tions 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 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, at 
most, a few inches away from the LM111, and the 0.01 
juF capacitor should be installed. If this capacitor cannot 
be used, a shielding printed-circuit foil may be advisable 
between pins 6 and 7. The power supply bypass capaci­
tors should be located within a couple inches of the 
LM111. (Some other comparators require the power-sup­
ply bypass to be located immediately adjacent to the 
comparator.)

TL/H /5704-29

P in  connec tion s show n are for L M 1 11H in the H08 herm etic package

FIGURE 1. Improved Positive Feedback

OSCILLATIONS IN COMPARATOR APPLICATIONS
When a high-speed comparator such as the LM111 is used 
with fast input signals and low source impedances, the out­
put response will normally be fast and stable, assuming that 
the power supplies have been bypassed (with 0.1 juF 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 k fl to 
100 kft), the comparator may burst into oscillation near the 
crossing-point. This is due to the high gain and wide band­
width of comparators like the LM111. To avoid oscillation or 
instability in such a usage, several precautions are recom­
mended, as shown in Figure 1 below.
1. 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 jaA 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 1.

2. Certain sources will produce a cleaner comparator output 
waveform if a 100 pF to 1000 pF capacitor C2 is connect­
ed directly across the input pins.

3. When the signal source is applied through a resistive net­
work, Rs, it is usually advantageous to choose an R s' of 
substantially the same value, both for DC and for dynamic 
(AC) considerations. Carbon, tin-oxide, and metal-film re­
sistors have all been used successfully in comparator in­
put circuitry. Inductive wirewound resistors are not suit­
able.
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6. It is a standard procedure to use hysteresis (positive 

feedback) around a comparator, to prevent oscillation, 
and to avoid excessive noise on the output because the 
comparator is a good amplifier for its own noise. In the 
circuit of Figure 2, the feedback from the output to the 
positive input will cause about 3 mV of hysteresis. How­
ever, if Rs is larger than 100H, such as 50 kft, it would 
not be reasonable to simply increase the value of the 
positive feedback resistor above 510 kn. the circuit of 
Figure 3  could be used, but it is rather awkward. See the 
notes in paragraph 7 below.

7. When both inputs of the LM111 are connected to active 
signals, or if a high-impedance signal is driving the posi­
tive input of the LM111 so that positive feedback would 
be disruptive, the circuit of Figure 1 is ideal. The positive

Application Hints (Continued)
feedback is to pin 5 (one of the offset adjustment pins). It 
is sufficient to cause 1 to 2 mV hysteresis and sharp 
transitions with input triangle waves from a few Hz to 
hundreds of kHz. The positive-feedback signal across 
the 82H resistor swings 240 mV below the positive sup­
ply. This signal is centered around the nominal voltage at 
pin 5, so this feedback does not add to the Vqs of the 
comparator. As much as 8 mV of Vqs can be trimmed 
out, using the 5 k fl pot and 3 kn  resistor as shown.

8. These application notes apply specifically to the LM111, 
LM211, LM311, and LF111 families of comparators, and 
are applicable to all high-speed comparators in general, 
(with the exception that not all comparators have trim 
pins).

Pin connec tion s show n are fo r L M 1 11H in the H08 herm etic package

FIGURE 2. Conventional Positive Feedback

TL/H /5704-30

FIGURE 3. Positive Feedback with High Source Resistance

5-28



Typical Applications (Continued) (Pin numbers refer to H08 package)

Zero Crossing Detector Driving MOS Switch

100 kHz Free Running Multivibrator

V+=5V

*TTL or D TL fanout of two TL/H /5704-14

10 Hz to 10 kHz Voltage Controlled Oscillator

T L/H /5704-15

Driving Ground-Referred Load Using Clamp Diodes to Improve Response

FROM
LADDER

NETWORK

TL/H /5704-16
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Typical Applications (Continued) (Pin numbers refer to H08 package) 

TTL Interface with High Level Logic

V+ 5V

INPUT*
-TO TTL LOGIC

‘ V a lu e s  show n are fo r 
a  0 to  30V  log ic  sw ing 
and a  15V  threshold. 

tM a y  be added  to  contro l 
speed  and reduce  
susceptib ility  to  no ise  sp ikes.

TL/H /5704-18

Crystal Oscillator

V+ =  5V

Comparator and Solenoid Driver

T L/H /5704-20

TL/H /5704-19

Precision Squarer

V+ = 5.0V

Low Voltage Adjustable Reference Supply
R1 V+ = 5.0V R4

tA d ju s t to se t c lam p  level TL/H /5704-21
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Positive Peak Detector Zero Crossing Detector Driving MOS Logic

Typical Applications (Continued) (Pin numbers refer to H08 package)

+ 15V

Negative Peak Detector Precision Photodiode Comparator
+15V

*Solid tantalum TL/H /5704-25

♦5V

*R2 se ts the com parison  level.
A t com parison, the photod iode 
has le ss  than 5 m V a c ro ss  it, 
decreasing  leakages by an order 
of magnitude.
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Typical Applications (Continued) (Pin numbers refer to H08 package)

Switching Power Amplifier

Switching Power Amplifier

v+

TL/H /5704-27

TL/H /5704-28
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Schematic Diagram*
BALANCE/STROBE BALANCE

Connection Diagrams*
Metal Can Package Dual-In-Line Package

- 8  V+

-  7 OUTPUT

>6 BALANCE/ 
STROBE

Order Number LM111H, 
LM211H or LM311H 

See NS Package Number H08C

Order Number LM111J-8, LM211J-8, 
LM311J-8, LM311M or LM311N 
See NS Package Number J08A, 

M08A or N08E

Dual-In-Line Package

NC

GNO

INPUT

INPUT

NC

V

BALANCE

NC

NC

NC

V+

NC

OUTPUT

BALANCE/
STROBE

T L/H /5704 -6

Order Number LM111J, LM211J, 
LM311J or LM311N-14 

See NS Number Package 
J14A or N14A

*Pin connections shown on schematic diagram are for H08 package.
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