Tutorial

Using Voltage Comparators

A hands-on look at the popular and readily

available LM339

By Robert Witte

irst cousin to the ubiquitous

op amp, the versatile voltage

comparator offers circuit de-
signers and experimenters a con-
venient means for bridging the
worlds of analog and digital circuits.
The need for such a bridge grows as
more and more digital circuits have
built into them or must communicate
with external analog elements.

A typical case is the personal com-
puter, which often requires some sort
of interface circuit to translate the
real world’s analog informaton into
the digital format it needs. Here, the
voltage comparator provides a TTL
logic signal that is high when a sensor
reaches a particular temperature,
pressure, light level, or any other
condition that can be monitored elec-
tronically. Comparators can be used
in a variety of other applications,
too, such as monitoring the voltage
on a battery and converting from one
logic family to another. As you fol-
low the examination of this device,
other uses will suggest themselves.
Our discussion focuses on the popu-
lar LM339 voltage comparator,
which is readily available from mail-
order houses such as Digi-key for
only 88¢, as well as from many local
electronics parts stores.

The LM339 offers four separate
comparators in a single 14-pin DIP.
It can be powered from any +2- to
+ 36-volt dc supply, including bat-
teries, making it suitable for 5-volt
logic circuits and portable applica-
tions. It is easy to incorporate into
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Fig. 2. Depending on input voltage.

Fig. 3. Contained inside a single
LM-339 are four comparators.
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circuit designs and is ideal for elec-
tronics experimenting.

How It Works

Operation of a compatator is really
quite simple. Referring to Fig. 1, if
the voltage at the noninverting (+)
input, referred to as Vi, is greater
than the voltage at the inverting (—)
input, referred to as Vref, the output
is a logic high. However, if Ve is
greater than Vi, the output is a logic
low. Hence, with a 2-volt V;, and a
1-volt Vyef, output voltage Vg will
be high (approximately the same as
supply voltage V +). On the other
hand, if Vi, is 1 volt and Vief is 2
volts, V gy Will be low (approximate-
ly 0 volt). Both of these conditions
are illustrated in Fig. 2.

The LM339 voltage comparator
(see pinout diagram in Fig. 3) has an
open-collector output, which means
that no pull-up resistor is required to
make it TTL and CMOS compatible.
Since the LM339 s the subject of this
article, it is important that you know
something about its operating para-
meters. Its major specifications are
as follows:

210 36 volts dc
2 mA maximum,
0.8 mA typical
1.3 us typical

6 mA minimum,
16 mA typical
400 mV
maximum,

250 mV typical
100 nA
maximum

Supply voltage
Supply current

Response time
Output sink current

Saturation voltage

Input bias current

With a maximum supply current of 2
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Zero-Crossing Detector. A sine
wave, such as a low-voltage version
of the 60-Hz power-line signal, can
be converted to a square wave simply
by using a zero-crossing detector.
This type of circuit, shown in Fig. 7,
simply compares the input voltage
against ground (0 volt) and outputs a
high whenever the input is greater
than 0 volt. The circuit is slightly
more complicated than this, since the
L.M339 cannot handle voltages more
negative than —0.3 volt.

To keep the voltage from going
very negative, a diode is added to the
circuit to limit the voltage to some
small negative value, typically 0.7
volt for a silicon diode. The 10k and
1k resistors in the Fig. 7 circuit pro-
vide additional voltage attenuation.

A good application for the Fig. 7
circuit would be to supply a computer

or other digital system with a known
signal frequency to be used as the
reference for a software-based real-
time clock.

Hysteresis

Since the comparator is a very-high
gain device, if no special steps are
taken, a slowly varying input can
cause an erratic output to be gener-
ated when Vg is close to V. Con-
sider a slowly rising Vj, that typically
includes some small amount of noise
(Fig. 8). As V;, increases, it will pass
through the V;, = Vf point, causing
the output to swing high. As it passes
through the Vj,= V. point, any
noise (or feedback caused by stray ca-
pacitance) can momentarily cause
the output to rapidly switch between
the high and low states. In many cir-

cuits, this toggling of the output may
be of no concern. However, if the
comparator’s output drives an edge-
sensitive circuit, such as the clock in-
put to a digital counter or flip-flop,
erratic operation will result. Conse-
quently, the edge of the signal must
be cleaned up to assure stable opera-
tion of the circuit.

A small amount of positive feed-
back—commonly called ‘‘hysteresis’’
—from the output back to the input
of the comparator solves this ‘‘glitch-
ing”’ problem. This feedback ar-
rangement is illustrated in Fig. 9,
where the 1-megohm resistor feeds a
small amount of the comparator’s
output voltage back to its noninvert-
ing input. When the output first
swings high, the feedback causes the
voltage at the noninverting input to
increase slightly. This increase is
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comparator circuit is to have the out-

put go high when the input is between

two predetermined voltages.
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Fig. 7. This zero-crossing detector

compares the input voltage to ground

and outputs a high whenever the in-
put exceeds the 0-volt ground.
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Fig. 8. If no special steps are taken

with the very-high-gain comparator,

noise can cause the output to be er-

ratic (Vip). Adding asmall amount of

feedback, called ‘‘hysteresis,”’ as-
sures stable operation.
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