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Voltage Comparator Information And Circuits

This page provides basic information about voltage comparator integrated circuits and is to act as reference
material for other circuits. The circuits shown are based on the LM339 Quad Voltage Comparator chip or the
LM393 Dual Voltage Comparator chip. These devices are functionally identical. The LM311 Voltage
Comparator can be used for these applications as well and also has a number of unique features.

NOTE: Operational Amplifiers (OPAMPS) such as LM324, LM358 and LM741 cannot be used directly in
many voltage comparator circuits. OPAMPS can often be used as voltage comparators if a diode or transistor
is added to the amplfiers output. There is a diagram showing these additions further down this page.

Internal Circuitry For 1/4 Of An LM339
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(1 Comparator Only)

Pin Diagram For An LM339
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Print the diagram in the centre of a sheet of paper and then draw a circuit using the ICs pin locations.

© SUPPLY

Pin Diagram For An LM393

+ OUTPUT 5

LM 393 - DUAL COMPARTOR PINOUT DIAGRAM

http:/ Fharme cogeco.ca s/ rpaisleyd /Circuitindes: hirnl

Lk Z9% Pinout Diagram

SUPPLY

Print the diagram in the centre of a sheet of paper and then draw a circuit using the ICs pin locations.

Pin Diagram For An LM311
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Print the diagram in the centre of a sheet of paper and then draw a circuit using the ICs pin locations.

Comparator Equivalent Circuits

For Single Power Supplies

SINGLE POWER SUPPLY COMPARATOR EQUINVALENT CIRCUIT

BROE PAISLEY 2010 Cormnparator Equivalent
15 March, 2010
+ O - &
—A— ¥
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: + H IMPUT +
L[ OPAMP : QuTPUT
ol H MINUS _
: : INPUT
[
LMZZ9 / LM393
COMP ARATOR EQUIYALENT
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- INPUTS MUST STAY BETWEEN - OUTFUT SUFFLIED FROM THE FOSITIVE COMP ARATOR SYMEOL

THE + AND - WOLT AGES
http://home.cogeco.ca/~rpaisleyd/Circuitindes html

An integrated circuit "Voltage Comparator" is equivalent to an Operational Amplifier, Such as the LM358 or
LM324, with two NPN transistors added to the output of each amplifier. (Refer to the above schematic.) This
arrangement produces an "Open Collector" output for each of the four comparators in an LM339 chip. Each
output can sink 15 Milliamps and can withstand voltages of up to 50 Volts.

The output is switched ON or OFF depending on the relative voltages at the PLUS and MINUS inputs of the
comparator, see the rules below. The inputs are quite sensitive and a difference of only a few millivolts
between them will cause the output to turn on or off.

The LM339, LM393 and LM311 comparator chips can operate from a single or dual power supply of up to
32 volts maximum.

When operated from Dual or Split power supplies the basic operation of comparator chips is unchanged
except that for most devices the emitter of the output transistor is connected to the negative supply rail and not
the circuit common. An exception to this is the LM311 which has a separate emitter terminal that can be
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connected to either the minus or neutral of the supply.

Dual Supply Comparator Equivalent schematic

DUAL POWER SUPPLY COMPARATOR EQUIVALENT CIRCUIT

SROE PAISLEY 2003 Comparator Equivalent Dual PS

W - Ref :
{ QUTPUT
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W - Ref @ T TETTTTIERS ‘

LM3Z £ LM39Z
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*—&

- AMY COMEIMATION OF THESE INPUTS IS POSSIELE - OUTPUT 4N BE SUPPLIED FROM
- - THE POSITIVE OF: NEUTR AL
http:/fhome.cogeco.casrpaislieyd/Circuitindes.html

When operated from Dual or Split power supplies the input voltages can be above or below the common or
zero voltage of the supply. Also, one of the comparator'sinputs can be connected to the common so that a Zero
Crossing' detector is created.

Comparator Operation

The following drawing show the two simplest configurations for voltage comparators. The diagrams below
the circuits give the output results in a graphical form.

For these circuits the REFERENCE voltage is fixed at one-half of the supply voltage while the INPUT voltage
is variable from zero to the supply voltage.

In theory the REFERENCE and INPUT voltages can be anywhere between zero and the supply voltage but
there are practical limitations on the actual range depending on the particular device used.
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BASIC OPERATION OF YOLTAGE COMAPARATORS

©ROE P&ISLEY 2012 Comparator Operation
07 January, 2012
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YOLTAGE AT REFEREMCE  WOLTAGE AT YOLTAGE AT REFERENCE  WOLTAGE AT
MINUS IMFUT YOLTAGE OuTFUT FLUS INFUT WOLT AGE OuTFUT

Input Vs. Output Results

1. Current WILL flow through the open collector when the voltage at the PLUS input is lower than the
voltage at the MINUS input.

2. Current WILL NOT flow through the open collector when the voltage at the PLUS input is higher than
the voltage at the MINUS input.

COMPARATOR - IMPUT %s. OUTPUT RULES

Comparator Rules Sheet 2a

L QUTPUT TRANSISTOR H OUTPUT TRANSISTOR
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http:./fhome.cogeco.cas“rpaisieyd/Circuitindes. html

Input Offset Voltage

Voltage comparators are not perfect devices and their performance may suffer from the effects of a parameter
known as the Input Offset Voltage. The Input Offset Voltage for many comparators is only a few millivolts
and in most circuits can be ignored.
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Problems related to the Input voltage normally occur when the Input voltage changes very slowly.

The net result of the Input Offset Voltage is that the output transistor does not fully turn on or off when the
input voltage is close to the reference voltage.

The following diagram attempts to illustrate the effect of the input offset voltage with a slowly changing input
voltage. This effect increases as the output transistor current increases so keeping the value of RL high will
help reduce the problem.

EFFECT OF INPUT ¥OLTAGE OFFSET ONM THE OUTPUT YOLTAGE

ER0E PAISLEY 2010 Comparatar Inpot Offset
24 July, 2010

' - REFEREMCE --

V- QUTPUT

W= IHPUT - \

oy & &

oy

W= INFUT ' - REFEREMCE V- QuUTRUT
THE LO'WER: THE ¥ALLUE OF RL - THE SLOWER THE CHANGE IM THE OUTPUT YOLT AGE

The effects of the input offset voltage can be countered by adding hysteresis to the circuit. This causes the
reference voltage to change when the comparators output goes high or low.

Input Offset Voltage And Hysteresis

For most comparator circuits Hysteresis is the difference between the input signal voltages at which a
comparator's output is either fully ON or fully OFF. Hysteresis in comparators is generally undesirable but it
can also be added to a circuit to reduce the sensitivity to noise or a slowly moving input signal.

Internal hysteresis that is normal for comparators causes the output of the comparator to go from OFF to ON
and vice-versa relatively slowly.

External hysteresis uses positive feedback from the output to the non-inverting input of the comparator. The
resulting Schmitt trigger type circuit gives additional noise immunity and a cleaner output signal.

The effect of added hysteresis is that as the input voltage slowly changes, the reference voltage will quickly
change in the opposite direction. This gives the comparator's output a "snap" action.

A mechanical analog of added hysteresis can be found in many toggle switches: As the handle moves past its
center point, a spring in the switch forces the contacts of the switch to open or close, ensuring that the switch's
contacts snap to the ON or OFF position.
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HYSTERESIS IN VOLTAGE COMPARATORS

©ROE PAISLEY 2011 Cornparator Hysterezis 02
16 Decernber, 2011

IDEAL HYSTERESIS
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http://home.cogecoca/~rpaisleyd/Circuitindes html

TYPICAL HYSTERESIS

- IN & TYPICAL COMPARATOR, THE HYSTERESIS YOLTAGE RANGE MAY BE & FEW MILLIYOLTS
&MD THE OUTPUT HAS A RANGE WHERE IT 1S BETWEEN FULLY ON OF OFF.
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SEE THE COMPARATOR'S
DATASHEET FOR W ALUES

(1] VRO
|
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|
OFF |

- —{>

|
| (MEASURED VOLT &GE)
[
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(% Reference)

The width of the loop outlined by an OFF-ON-OFF cycle is the input hysteresis voltage.

The inheirent hysteresis voltage for most comparators is only a few millivolts and usually only affects circuits
where the input voltage rises or falls very slowly or has voltage spikes known as "noise".

Adding Hysteresis To A Comparator Circuit

A comparator's Hysteresis range can be increased by adding a resistor between the comparator's output and
the PLUS input terminal. This creates a feedback loop so that when the output makes a transition the feedback
changes the voltage at the positive which increases the voltage difference between the PLUS and MINUS
inputs.

The feedback can only be made to the PLUS input terminal.
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ADDING HYSTERYSIS TO THE PLUS INPUT OF A COMPARATOR

@ROE PAISLEY 2010 Comparator Hysteresis E
04 May, 2012
COMPARATOR CIRCUIT with HYSTERYSIS EQUIYVALENT CIRCUIT 1 EQUIVALENT CIRCUIT 2
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= THE VOLTAGE LOSS ACROSS THE COMPARATOR'S OUTPUT TRANSISTOR HAS BEEM IGNORED
I THE ABOYE CALCULATIONS.

Increasing The Input's Hysteresis Range

If the comparator's output is initially 'OFF', the MINUS input voltage has to become above the PLUS input
voltage by the hysteresis voltage range before the comparator output turns 'ON".

If the comparator is 'ON', the MINUS input voltage needs to drop slightly below the PLUS input voltage by
the hysteresis voltage range before it turns 'OFF'.

The hysteresis voltage range can be made large in order to force the comparator's output to change as quickly
as possible. The FLIP-FLOP circuits shown later on this page make use of a large hysteresis to create the
memory effect with large input voltage changes needed to trigger a change in the output.

("Vref' is the supply voltage)

Adding Isolation Diodes To A Comparator's Output
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A diode can be added to the output of a comparator to allow a LED to indicate if the output of the comparator

is HIGH or LOW without affecting the circuit that the comparator is connected to.

Diodes can also be used to separate mupltiple circuits connected to a single comparator.

YOLTAGE COMAPARATOR WITH ADDED DIODE AND LED

ER0E FAISLEY 2012 Comparatar Outpot Diade

02 May, 2012
V+ O & & & & O
R1 é 22K RT
LED 51" TIMING
+ CIRCUIT
IC 1A
RZ [l - 1N4148
+
OUTPUT cT
) @ ’[
o O—e + O

= THE 1MN4142 DIODE AT THE OUTPUT ALLO THE USE OF A LED AT THE OUTPUT
WITHOUT AFFECTING THE REST OF THE OUTPUT CIRCUIT.

- THE TIME COMSTANT OF THE RC CIRCUIT % ILL BE AFFECTED SLIGHTLY.

YOLTAGE COMAPARATOR WITH ISOLATED OUTPUTS
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QOutput Diodes

Voltage Window Detector Circuit

Comparators with Open Collector outputs such as the LM339 or LM393 must be configured so the both
outputs are HIGH when the voltage is within the desired limits. The LM311 comparator can have other output

arrangements as it has both an open collector and open emitter on the output transistor.
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YOLTAGE WINDOW DETECTOR CIRCUIT

@ROE PAISLEY 2011 Cormnparator W indow Detectar 1
18 June, 2011
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Window Comparator

Comparator Oscillator Circuit
Comparators can also be used as oscillators but are not well suited for this type of application.

COMPARATOR OSCILLATOR

@ROE PAISLEY 2008 Comparator Oscillator
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http://home.cogeco.ca/~rpaisleyd/Circuitindex html

Oscillator Made From A Comparator

Basic Comparator Circuits

The following diagrams are of some basic comparator circuits. Most have a Cadmium Sulfide photocell input
but could just as easily use a phototransistor or a voltage signal from another circuit as an input. The resistance
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values are not critical but should be used as a guide. In most comparator circuits the ratio of the resistances is
more important than their actual values.

Photocell Circuits

FHOTOCELL DETECTORS USING COMFARATORS

+ &8 & & & 5
Rif | 1ok 1K R1| | 10K 1K
& &
+ LED +
A B
—T1 14 - LMz39 -
R2 Rz
e
] ek | ok
RZ = Cd5 PHOTOCELLS R1 = T ¥ R2 WHEM UNCOVERED

CIRCUIT "&" - LED IS5 OFF WHEN THE PHOTOCELL IS COVERED

CIRCUIT "B - LED IS OM wHEN THE PHOTOCELL 1S COVERED

Photocell Circuits Schematic

If higher current loads are to be driven a PNP transistor can be added to the comparators output this will
allow loads of up to 300Ma. to be controlled.

SOLEMOID DRIVER QUTPUT

+ s
2N
Rif | 1ok 3308
1K
+ REL &Y
e SOLENDID
r
- 1M
R2 4001 ‘I:jm
[ 1ok
RELAY IS ON

WHEM THE PHOTOCELL 1S COVERED

Relay Driver Output Schematic

Time Delay Circuits

Short timing functions such as a pulsed outputs or time delays can also be created with one or two comparator
sections.

Comparator Time Delay Schematic 1
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TIME DELAY CIRCUIT

Comparator Time Delay b
©R0E PAISLEY 2000
* +
12 VOLTS
FMARIMUM INPUT YOLT AGE
= SUPPLY VOLT AGE S B3 B 1
X
LED
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IC 1 -
- IC1E
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L
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@ APPROAIMATELY 3 SECONDS
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g 100K, 100K = EEF
» - * -

IC1A, IC1B-1/2 LM39Z or 1/4 LMIZS

http://home.cogecoca/~rpaisleyd/Circuitindes. html

Notice that the second comparator section in the time delay circuit shares the same reference voltage input as
the first. In most cases any number of comparators can have the same voltage source at one input, this can
make circuits much less complicated.

More Delay circuits.

Comparator Timer Delay Schematic 2

12 of 19 12/8/2013 11:07 AM



Voltage Comparators

TIME DELAY CIRCUITS - AUTOMATIC AND MANUAL RESET

©ROE P&ISLEY 2010 Cornparator Time Delay o
23 Septernber, 2010
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Comparator Timer Delay Schematic 3
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OPPOSITE END - TIME DELAY CIRCUIT
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Comparator Power-On Delay Circuit

COMPARATOR - POWER ON - DELAY CIRCUIT

@R0E PAISLEY 2010 Camparator Power On Delay
2% February, 2010

ZHEI0E
+
i 33K »
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]
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Tm @1%
O - - L
DELAY =R1 ® 1

http:/ home.cogeco.cas“rpaisleyd/Circuitindes html
THE RELAYS TURM ON "' SECOMDS AFTER POWER 15 APFLIED TO THE CIRCUIT

Basic Memory Functions

Comparators can be made to perform a basic memory function by wiring them as a 'SET / RESET" type of
FLIP/FLOP. This type of circuit can be used in unplugable walk around throttles to remember the direction of
the train when the controller is disconnected. In the next diagram the comparator will remember which switch
was pushed last. If the 'SET' button is pushed the LED will be on, the 'RESET' button will turn the LED off. A
higher current version is also shown.
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FLIF/FLOP CIRCUIT
MADE WITH & COMPARATOR

+ . .
A
33K 10K 1K
10K
SET
L
— +
Ic
.
-— e -
RESET
10K H]
HIGH CAPACITY COMPARATOR FLIP/PLOP
+ . o ‘01
3K H] [T]mK z3K
10K
SET
1
— " +
N Ic 1
— -
RESET
LOAD
10K [i] []

Comparator FLIP/FLOP Schematic
How the Flip Flop works. A very basic description.

1. When the output of the comparator is off the voltage at the PLUS input will be the same as the supply
voltage. With the PLUS input voltage higher than the MINUS input voltage the output will remain off.

2. When the SET button is pushed the voltage at the PLUS input will go to zero and the output will turn
on.

3. When the SET button is release the voltage at the PLUS input will rise to 1/2 of the supply voltage and

the output will remain turned on because the voltage at the PLUS input is remains below the voltage at
the MINUS input.

4.  When the RESET button is pressed voltage at the MINUS input will go to zero from its normal level of
3/4 of the supply voltage. The output will turn off because the voltage at the MINUS input is below the

voltage at the PLUS input. When the output turns off the voltage at the PLUS input will rise to the
supply voltage level.

5. When the RESET button is released the voltage at the MINUS input will rise to 3/4 of the supply

voltage. The PLUS input voltage will stay above the voltage at the MINUS input and the output will stay
turned off.

Open Collector Output Transistors

Because the output transistor of the comparator has an open collector the supply and load voltages do not

have to be the same. This means that the comparator could use a 12 Volt power supply while the load could be
a 24 Volt relay or 5 Volt LED circuit.

The following three diagrams are some examples of Dual voltage circuits. In the first two the voltage at the
output of the comparators could even be full wave direct current.
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EASIC COMPARATOR
DUAL WOLTAGE

+ svoLTs

+ 1z2voLTs

i

LED 15 ONM
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Dual Voltage Output Schematic

SOLENOID DRIVER OUTPUT
DUAL wOLTAGE

4+ 24 wOLTS l_i_
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24 WOLT

RELAY
LM33>_ SOLENOID

4
1N
mmT]H
RELAY |5 0N

WHEM THE PHOTOCELL 1S COYERED

Dual Voltage Relay Driver Output Schematic

DUAL WOLTAGE FLIP/FLOP CIRCUIT

+ zavolts ZHz308

4 12volts

z3K [LJ 10K 22K
10
10K 4148
SET » [
1
— e —F
I 1

1W9 o] |

Dual Voltage FLIP/FLOP Schematic

4 Level - voltage Detector
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This circuit can sequentially indicate 4 voltage levels. The voltages that the LEDs turn on at are determined
by the values of resistors R1 through RS arranged in a simple voltage divider circuit.

4 LEVEL - WOLTAGE DETECTOR
@ROB PAISLEY 2005 Comparator 4 Level

R g R

% RS
o

&
L L

R1,2,3,4,5- SELECTED TO GIVE THE DESIRED DETECTION VOLTAGE LEVELS
45 EACH LEVEL IS PASSED THE CORESPONDING LED TURNS ON

http://home.cogeco.ca/~rpaisley4/Circuitindes html

4 Level Detector Schematic

This circuit lacks a stable reference voltage and is therefore not suitable for indicating the voltages of
batteries as the reference voltages will decrease as the the battery voltage decreases.

An IC that is designed for voltage level indication is the LM3914 - Dot/Bar Display Driver. The LM3914 is a
monolithic integrated circuit that senses analog voltage levels and drives 10 LEDs, providing a linear analog
display.

There is also the LM3915 - Dot/Bar Display Driver. The LM3915 is a monolithic integrated circuit that
senses analog voltage levels and drives ten LEDs, LCDs or vacuum fluorescent displays.

Using An OPAMP As A Comparator

Operational Amplifiers can be used as comparators by adding a diode or transistor to the OPAMP's output.
Using a transistor allows for a greater output current capacity than that of a typical comparator.
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MAKING A COMPARATOR FROM AN OPAMP - 2 METHODS
DROE PAISLEY 2003 Comparator Equivalent OFAMP
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Comparator Made From An Operational Amplifier

Some Other Circuits

LIGHT ACTIVATED RELAY with 5 SECOND RELEASE DELAY
@ROE PAISLEY 2005 Comparator LA/TD Relay &
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Light Activated Relay With 5 Second Release Delay

Please Read Before Using These Circuit Ideas

The explanations for the circuits on these pages cannot hope to cover every situation on every layout.
For this reason be prepared to do some experimenting to get the results you want. This is especially true
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of circuits such as the ""Across Track Infrared Detection' circuits and any other circuit that relies on
other than direct electronic inputs, such as switches.

If you use any of these circuit ideas, ask your parts supplier for a copy of the manufacturers data sheets
for any components that you have not used before. These sheets contain a wealth of data and circuit
design information that no electronic or print article could approach and will save time and perhaps
damage to the components themselves. These data sheets can often be found on the web site of the device
manufacturers.

Although the circuits are functional the pages are not meant to be full descriptions of each circuit but
rather as guides for adapting them for use by others. If you have any questions or comments please send
them to the email address on the Circuit Index page.
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