
LM211 , LM311 

Single Comparators
The ability to operate from a single power supply o f  5.0 V  to 30 V  or 

+15 V  split supplies, as commonly used with operational amplifiers, 
makes the LM211/LM311 a truły versatile comparator. Moreover, the 
inputs o f  the device can be isolated from  system ground winie the 
output can drive loads referenced either to ground, the V c c  or the V ee 
supply. This flexibility makes it possible to drive D TL , RTL, T TL , or 
M OS logie. The output can also switch voltages to 50 V  at currents to 
50 mA. Thus the LM211/LM311 can be used to drive relays, lamps or 
solenoids.

Input polarity is reversed when 
Gnd pin is used as an output.

Ground-Referred Load

Gnd pin is used as an output.

Load Referred to Negative Supply

Figurę 1. Typical Comparator Design Config u rations
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Device Package Shipping
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LM211DR2 SO-8 2500 Tape & Reel
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LM211, LM311

MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

Rating Symbol LM211 LM311 Unit

Total Supply Voltage < O o + <■ m m 36 36 Vdc

Output to Negative Supply Voltage V 0  “ V EE 50 40 Vdc

Ground to Negative Supply Voltage Vee 30 30 Vdc

Input Differential Voltage V ID ±30 ±30 Vdc

Input Voltage (Notę 2) V jn ±15 ±15 Vdc

Voltage at Strobe Pin - Vcc to V cc-5 Vcc to V cc-5 Vdc

Power Dissipation and Thermal Characteristics
Plastic DIP Pd 625 mW

Derate Above Ta = +25°C 1/eJA 5.0 mW/°C

Operating Ambient Temperaturę Rangę TA -25 to +85 0 to +70 °C

Operating Junction Temperaturę T j(m a x ) +150 + 150 °C

Storage Temperaturę Rangę Tstg -65  to +150 -65 to +150 °C

ELECTRICAL CHARACTERISTICS (Vcc = +15 V, VEE = -15 V, Ta = 25°C, unless otherwise noted [Notę 1 ])

LM211 LM311

Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage (Notę 3) VIO mV
Rs < 50 kn, Ta = +25°C - 0.7 3.0 - 2.0 7.5
RS -  50 kO, T|0W <T/\< Thjgh* - - 4.0 - - 10

Input Offset Current (Notę 3) Ta = +25°C ■io - 1.7 10 - 1.7 50 nA
TIow -  Ta -  Thigh* - - 20 - - 70

Input Bias Current Ta = +25°C ■lB - 45 100 - 45 250 nA
TIow -  Ta -  Thigh* - - 150 - - 300

Voltage Gain Av 40 200 - 40 200 - V/mV

Response Time (Notę 4) - 200 - - 200 - ns

Saturation Voltage VOL V
V|o < -5.0 mV, lo = 50 mA, Ta = 25°C - 0.75 1.5 - - -
V|D <-10 mV, l0 = 50 mA, TA = 25°C - - - - 0.75 1.5

VCc ^ 4.5 V, VEE = 0, T|0W ^ TA < Thigh*
V|o Z<6.0 mV, Igjnk < 8.0 mA - 0.23 0.4 - - -
V|o Z< 10 mV, Igjnk <8.0 mA - - - - 0.23 0.4

Strobe ”On” Current (Notę 5) >s - 3.0 - - 3.0 - mA

Output Leakage Current
V|o > 5.0 mV, Vo= 35 V, Ta = 25°C, lstrobe= 3.0 mA - 0.2 10 - - - nA
V|d > 10 mV, V0 = 35 V, Tą = 25°C, lstrobe= 3.0 rnA - - - - 0.2 50 nA
V|D > 5.0 mV, Vo= 35 V, T|0W < Tą < Thigh* - 0.1 0.5 - - - pA

Input Voltage Rangę (T|0W < TA < Thigh*) V ICR -14.5 -14.7 to + 13.0 -14.5 -14.7 to + 13.0 V
13.8 13.8

Positive Supply Current icc - +2.4 +6.0 - +2.4 +7.5 mA

Negative Supply Current Iee - -1.3 -5.0 - -1.3 -5.0 mA

* LM211. Tiow — 25°C, T̂ jgi-, -  +85°C 
LM311. Tiow = 0°C, Thigh = +70°C

1. Offset voltage, offset current and bias current specifications apply for a supply voltage rangę from a single 5.0 V supply up to ±15 V supplies.
2. This rating applies for ±15 V supplies. The positive input voltage limit is 30 V above the negative supply. The negative input voltage limit is 

equal to the negative supply voltage or 30 V below the positive supply, whichever is less.
3. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1.0 mA 

load. 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 5.0 mV overdrive.
5. Do not short the strobe pin to ground; it should be current driven at 3.0 mA to 5.0 mA.

http://onsemi.com
2651

http://onsemi.com


I l
B

, I
N

PU
T 

BI
 A

S 
C

U
R

R
EN

T 
(n

A)
 

I ,
B

, I
N

PU
T 

BI
AS

 C
U

R
R

EN
T 

(n
A)
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Ta, TEMPERATURĘ (°C) Ta, TEMPERATURĘ (°C)

Figurę 3. Input Bias Current 
versus Temperaturę

Figurę 4. Input Offset Current 
versus Temperaturę
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Figurę 5. Input Bias Current versus 
Differential Input Voltage

Figurę 6. Common Modę Limits 
versus Temperaturę
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LM211, LM311

Figurę 7. Response Time for 
Various Input Overdrives

Figurę 8. Response Time for 
Various Input Overdrives

Figurę 9. Response Time for 
Various Input Overdrives

Figurę 10. Response Time for 
Various Input Overdrives
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Figurę 11. Output Short Circuit Current 
Characteristics and Power Dissipation

Figurę 12. Output Saturation Voltage 
versus Output Current
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Figurę 13. Output Leakage Current 
versus Temperaturę
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Figurę 14. Power Supply Current 
versus Supply Voltage
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Figurę 15. Power Supply Current 
versus Temperaturę

APPLICATIONS INFORMATION

Figurę 16. lmproved Method of Adding Figurę 17. Conventional Technique
Hysteresis Without Applying Positive for Adding Hysteresis

Feedback to the Inputs
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LM211, LM311

TECHNIQUES FOR AVOIDING OSCILLATIONS IN COMPARATOR APPLICATIONS

When a liigh speed comparator such as the LM211 is used 
with liigh speed input signals and Iow source impedances, 
the output response w ill nonnally be fast and stable, 
providing the power supplies have been bypassed (with 
0.1 pF 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 i f  the signal source impedance is liigh (1.0 kO 
to 100 kQ ), the comparator may burst into oscillation near 
the crossing-point. Tliis is due to the liigh gain and wide 
bandwidth o f  comparators like the LM211 senes. To avoid 
oscillation or instability in such a usage, several precautions 
are recoimnended, as shown inFigure 16.

The trim pins (Pins 5 and 6) act as unwanted auxiliary 
inputs. I f  these pins are not connected to a trim-pot, they 
should be shorted together. I f  they are connected to a 
trim-pot, a 0.01 pF capacitor (C l )  betweenPins 5 and 6 will 
minimize the susceptibility to A C  coupling. A  smaller 
capacitor is used i f  Pin 5 is used for positive feedback as in 
Figurę 16. For the fastest response hme, tie bothbalance pins 

to V Cc-
Certain sources w ill produce a cleaner comparator output 

wavefonn i f  a 100 pF to 1000 pF capacitor (C2) is connected 
directly across the input pins. When the signal source is 
applied tlirough a resistive network, R l ,  it is usually 
advantageous to choose R2 o f  the same value, both for DC 
and for dynamie (A C ) considerations. Carbon. tin-oxide, 
and metal-film resistors liave all been used with good results 
in comparator input circuitry, but inductive wirewound 
resistors should be avoided.

W lien comparator circuits use input resistors (e.g., 
smmning resistors), tlieirvalue and placement are particularly 
important. In all cases the body o f the resistor should be close 
to the device or socket. In other words, tliere should be a very 
short lead length or printed-circuit fo il run between 
comparator and resistor to radiate or pick up signals. The 
same applies to capacitors, pots, etc. For example, i f  R l  = 
10 k Q  as little as 5 inches o f 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 
altemative to placing resistors close to the comparator.

Since feedback to almost any pin o f  a comparator can 
result in oscillation, the printed-circuit layout should be 
engineered thoughtfully. Preferably there should be a 
groundplane underthe LM211 circuitry (e.g., one side o f  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 fo il connections for the 
inputs should be as smali and compact as possible, and 
should be essentially surrounded by ground fo il on all sides 
to guard against capacitive coupling from any fast 
h igh-level signals (such as the output). I f  Pins 5 and 6 are not 
used, they should be shorted together. I f  they are connected 
to a trim-pot, the trim-pot should be located no morę than 
a few  inches away from the LM211, and a 0.01 pF capacitor 
should be installed across Pins 5 and 6. I f  this capacitor 
cannot be used, a shielding printed-circuit fo il may be 
advisable between Pins 6 and 7. The power supply bypass 
capacitors should be located within a couple inches o f  the 
LM211.

A  standard procedurę is to add hysteresis to a comparator 
to prevent oscillation, and to avoid excessive noise on the 
output. In the Circuit o f  Figurę 17, the feedback resistor o f  
510 kQ  from the output to the positive input w ill cause about 
3.0 m V  o f  hysteresis. However, i f  R2 is largerthan 100 O, 
such as 50 kO, it would not be practical to simply increase 
the value o f  the positive feedback resistor proportionally 
above 510 kQ  to maintain the same amount o f  hysteresis.

When both inputs o f  the LM211 are connected to active 
signals, or i f  a high-impedance signal is drhring the positive 
input o f  the LM211 so that positive feedback would be 
disruptive, the Circuit o f  Figurę 16 is ideał. The positive 
feedback is applied to Pin 5 (one o f  the offset adjustment 
pins). This w ill be sufficient to cause 1.0 m V  to 2.0 m V 
hysteresis and sharp transitions with input triangle waves 
from a few  H z to hundreds o f  kHz. The positive-feedback 
signal across the 82 Q  resistor swings 240 m V  below  the 
positive supply. This signal is centered around the nominał 
voltage at Pin 5, so this feedback does not add to the offset 
voltage o f  the comparator. As much as 8.0 m V  o f  offset 
voltage can be trimmed out, using the 5.0 k il pot and 3.0 k il 
resistor as shown.
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LM211, LM311

Vcc = +15V

Output
to CMOS Logic

Figurę 18. Zero-Crossing Detector 
Driving CMOS Logic

Figurę 19. Relay Driverwith
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*Zener Diodę D1 
protects the comparator 
from inductive kickback 
and voltage transients 
ontheVcc2 supply linę.

Strobę Capability
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