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Experimenting with the Analog Comparator

By Forrest M. Mims 111

electronic circuits are sometimes
considered obsolete. Of course,
nothing could be further from the
truth. Indeed, analog circuits can
perform many tasks for which digital
circuits are totally unsuited. And, us-
ing just a few components, they can
perform some tasks that would re-
quire highly complex digital circuits
like programmable microprocessors.
One of the key analog circuits is the
operational amplifier. This circuit is
a two-input, differential amplifier
that uses a feedback resistor from its
output to one of its two inputs to con-
trol the circuit’s voltage gain. When
the feedback resistor is omitted, even
a very small input signal will cause

In this digital age, analog (linear)

the output of the amplifier to swing
wildly from ground to the maximum
possible positive or negative voltage
extreme. When used in this fashion,
the operational amplifier is consid-
ered an analog comparator.

The comparator has an amazing
number of applications. Because of
the comparator’s two-state (on/off)
mode of operation, many of its appli-
cations are digital in nature. In this
column, I’ll explain how the compar-
ator works and provide some sample
application circuits with which you
can experiment.

The Basic Comparator

Many different analog comparator
integrated circuits are available com-
mercially (in future columns I’ll de-
scribe some of them). Often, how-

Fig. 1. Shown here is a basic comparator demonstration

ever, you can use a commonly avail-
able op amp, such as the 741, in a
comparator mode simply by leaving
out the usual feedback resistor. Fig-
ure 1, for example, shows a basic
comparator demonstration circuit
made from a 741 integrated circuit
and several resistors.

In operation, resistors R2 and R3
form a voltage divider that places
half the supply voltage, or 4.5 volts,
at the 741’s inverting (— ) input. This
is called the reference voltage. Poten-
tiometer R1 functions as an adjust-
able voltage divider that delivers a
variable voltage to the noninverting
(+) input of the 741. This voltage is
called the input.

When the amplitude of the input
voltage is below that of the reference,
the output of the 741 comparator is
low (near ground). Therefore, the

circuit. Fig. 2. This is an adjustable light-dark detection circuit.
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Fig. 3. An adjustable-threshold temperature-controlled relay.

ampere in its standby mode and
about 4.5 milliamperes when the
alerter is sounding.

Comparing the two circuits, note
that the photoresistor in Fig. 2 has re-
placed R2 in Fig. 1. Therefore, the
photoresistor and R/ in Fig. 2 form a
light-dependent voltage divider. Po-
tentiometer R2, which forms a sec-
ond adjustable voltage divider, per-
mits the reference voltage at the + in-
put of the 741 to be altered.

When the sensitive surface of the
photoresistor is illuminated, its resis-
tanceis very low, typically a few hun-
dred ohms. Therefore, the voltage
appearing at pin 2 of the 741 can ap-
proach the supply voltage when the
photoresistor is brightly illuminated.
The 741 will switch on as soon as the
voltage at pin 2 exceeds the reference
voltage from R/ that is applied to pin

3. The alerter will then be actuated.
When the light level at the sensitive
surface of the photoresistor is de-
creased, its resistance is increased.
Indeed, the resistance may reach a
million ohms or more when the light
level is very low. When this occurs,
the voltage at pin 2 approaches
ground. In any case, when the light
level falls to a point where the voltage
at pin 2 falls below the reference volt-
age, the comparator will switch off.
The trigger point, of course, can be
conveniently altered simply by
changing the setting of R2.
Incidentally, this operating mode
can bereversed simply by exchanging
the photoresistor and R/ in Fig. 2.
The circuit then switches off when
the photoresistor is illuminated and
on when the photoresistor is dark.
The alerter in Fig. 2 can easily be
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The alerter in Fig. 2 can easily be
replaced by a relay that can control
external lamps, motors and other de-
vices. Thecircuit in Fig. 3 shows how.

Adjustable Temperature
Detector

The photoresistor in the Fig. 2 circuit
can be replaced by a thermistor to
transform the circuit into an adjust-
able-threshold, temperature-sensing
alarm. Properly calibrated, the cir-
cuit can function as a freeze detector.

In operation, the output from the
comparator at pin 6 is connected via
R3to QI, which functions as a switch
that turns on and off a low-voltage
relay. When the comparator’s output
is high, Q1 switches on and, in turn,
allows current to flow through the re-
lay coil. Transistor Q/ can be a
2N2222 or any other general-purpose
silicon switching transistor. The re-
lay is Radio Shack’s No. 275-004.

Some electronics parts suppliers
stock thermistors. You can mail-or-
der purchase them if they are not
available locally. Check the ads in
this and other electronics magazines.
Some of the many thermistor manu-
facturers include Keystone Carbon
Co. (Thermistor Division, 1935 State
St., St. Marys, PA 15857); Fenwal
Electronics (63 Fountain St., Fram-
ingham, MA 01701; Thermometrics,
Inc. (808 U.S. Highway #1, NIJ
08817); and Omega Engineering,
Inc. (One Omega Dr., Box 4047,
Stamford, CT 06907).

Many different kinds of thermis-
tors are available. For best results,
select a thermistor that has a room-
temperature resistance of from 25 to
S0 kilohms or so. I prefer to use glass-
bead thermistors, since they are very
small and can be safely calibrated in
water. But they are more expensive
than other types of thermistors.

If the thermistor you select can be
calibrated in water, you can easily ad-
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Fig. 4. This circuit demonstrates how a sine wave is converted to a square wave

with a comparator.

Incidentally, while experimenting
with the circuit in Fig. 4, I applied a
square wave to the input. The output
was a trapezoid wave with sloping
sides. When the amplitude of the in-
put signal was adjusted to match that
of the output, a substantial delay
could be observed in the arrival of the
maximum positive and negative ex-
cursions of the trapezoid.

For instance, when the frequency
of the incoming wave was 10 kHz, the
duration of both the positive and
negative peaks of the incoming
square waves was 50 microseconds.
The positive peak of the trapezoid
trailed the positive leading edge of
the square wave by 20 microseconds.
The negative peak of the trapezoid
trailed the negative leading edge of
the square wave by 32 microseconds.

This delay, which also occurs when
other waveforms are processed by
the circuit, has several possible appli-
cations. One is the conversion of a
single-phase digital clock for a logic
circuit into a two-phase clock.

Peak Detector

Often, it’s important to measure the
maximum amplitude of an event such

as rainfall, wind velocity, light level,
temperature, revolution rate and
many others. If a transducer is avail-
able that converts an event to be mea-
sured into a proportional voltage,
then the simple comparator circuit in
Fig. 5 will detect and store for several
minutes the maximum amplitude of
the signal from the transducer.

The circuit in Fig. 5 is called a peak
detector. Digital circuits are avail-
able that can perform the same func-
tion, but they are far more complex
and costly. Furthermore, they re-
quire an analog-to-digital (A/D)
conversion stage in order to measure
the input voltage.

The peak detector in Fig. 5 is
placed in operation by pressing S/ to
discharge CI and reset the system.
Since this removes any charge stored
in ClI, the reference voltage coupled
back to the inverting input at pin 2 of
the 741 via R2is 0. Any signal voltage
applied to the input terminals of the
circuit will immediately switch the
741 on, since the signal voltage will
exceed the reference voltage. Capaci-
tor CI will then begin charging to the
supply voltage through DI.

When the charge on CI exceeds the
input voltage at pin 3, the 741 imme-
diately switches off and CI stops
charging. At this point, the ampli-
tude of the charge stored in C/ equals
the input voltage. If the input voltage
rises above that stored in CI, the
comparator will again switch on and
C1 will again begin charging until the
voltage level exceeds the reference.
The comparator will then switch off.

As you can see, the peak detector
automatically tracks the input volt-
age and stores its peak value. At any
time, a new cycle can be initiated sim-
ply by pressing S/ to discharge CI

and reset the system.
Reverse-biased diode DI prevents

C! from discharging through the
comparator. The circuit, however, is
not perfect, since CI will not long re-

(Continued on page 96) '

Fig. 5. This circuit uses a comparator as a peak-voltage detector.
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