CIRCUIRS:

- WORKING WITH
VOLTAGE GOMPARATORS
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Voftage-comparatorsﬁand
window-comparators are
extremely versatile circuits.

‘Here are some practical
circuits that you can put to
use.

RAY MARSTON

WE'RE SURE THAT YOU CAN THINK OF
many applications for a voltage com-
parator: a circuit that abruptly changes its
output state when an input voltage crosses
a certain reference value. Voltage com-
paratots have plenty of practical applica-
tions apart from the obvious ones of over-
and under-voltage switches. The number
of applications becomes especially appar-
ent when you realize that the voltage can
be representing resistance, temperature,
light-level, and more.

Voltage comparators can readily be
made to activate relays (or alarms, or
other circuits) when load currents (or tem-
peratures, light levels, etc.) go outside
of—or come within—preset limits. We’ll
look at some practical circuits in the next
few pages. ¢,

Basic voltage comparator circuits

The easiest way to make a voltage com-
parator is to use an op-amp such as the
CA3140; two basic configurations are
shown in Fg. 1. The 3140 op-amp has a
typical open-loop, low-frequency voltage
gain of about 100 dB, so its output can be
shifted from the high to the low state {(or
vice versa) by shifting the input voltage a
mere 100 wV (microvolts) or so above or
below the reference voltage value. The
CA3140 can be powered from either a
single-ended or split power supply and it
provides an output that typically swings to
within a couple of volts of its positive rail
or to within a few millivolts of its negative
(or zero) supply rail. Unlike many other

FIG. 1—BASIC VOLTAGE-COMPARATOR CIRCUITS.

op-amps, the 3140 can accept input volt-
ages all the way down to the negative rail
value.

The operation of the circuit in Fg. 1-ais
very simple: A fixed reference-voltage
{(Vger) is generated via the combination
of R2 and Zener diode DL. It is applied
directly to pin 3, the non-inverting input
terminal of the op-amp. The input or test
voltage Vy is applied to the inverting
input terminal (pin 2) via current-limiting
resistor R1. When V is below Vo the
op-ammp output is driven high (to positive
saturation}, but when Vyy is above Vppp
the output is driven low (to negative sat-
uration). That response is shown graph-
ically in Fig. 2-a.

By simply interchanging the connec-
tions to pins 2 and 3, the action of the
circuit can be reversed; the op-amp output
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is normally low, but goes high when Vi,
exceeds Vg That circuit is shown in
Fig. 1-b, and its response is shown graph-
ically in Fig. 2-b.

There are a few points worth noting
about the basic single-supply voltage-
comparator circuits in Fig 1. The first
point is that the reference voltage can be
given any value from zero up to within 2
volts of the positive supply-rail. Thus, ei-
ther circuit can be made to trigger at any
desired value between those limits by sim-
ply interposing a potentiometer between a
fixed voltage-reference source and the
“Vgge pin of the op-amp.

The second peint to note is that the
voltage-input pin of the op-amp must be
constrained to the range from zero volts
up to within 2 volts below the positive
supply-rail value. Thus, if you want the
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FIG. 2—THE ACTION OF THE VOLTAGE comparators shown in Fig. 1 is shown graphically



circuit to trigger at some high value of
input voltage, you will have to feed the
input voltage to a simple voltage divider
before the op-amp input.

The final point to note about the basic
voltage-comparator circuits is that they
give a non-regenerative switching action,
so that the op-amp is driven into the linear
(non-saturated) mode when the input volt-
age is within a few tens of microvolts of
Vege Under that circumstance, the op-
amp output generates lots of spurious
noise and that output will vary with slowly
varying input signals. In some applica-
tions, (hat may be unacceptable. The
problem can be overcome by using
positive feedback, so that a regenerative
switching action is obtained,The feed-
back signal introduces a degree of hys-
teresis in the voltage switching levels; the
degree of hysteresis is directly propor-
tional to the amount of feedback.

Special voltage-comparator circuits

Figures 3 to 7 show how the three points
mentioned above can be put to practical
use to make various types of “special”

FIG. 3—THIS UNDER-VOLTAGE SWITCH lets
you vary the Vg trip point and offers re-
generative feadback.

SR
FIG. 4—THIS OVER-VOLTAGE SWITCH also of-
fers regenerative feedback and adjustment of
Veer )

FIG. 5—A VOLTAGE DIVIDER allows us to use
the voltage comparator to give high-value, vari-
able-voltage triggering. This circuit does not of-
fer regenerative switching.

FIG.6—THIS CIRCUI;I', like thatin Flg..Vﬁ, givesus
high-value, variable-voltage switching. It offers
regenerative switching.

FIG. 7—THIS SINEWAVE-TO-SQUAREWAVE
converter needs an input of under 100 mVY to
provide a t0-volt P-P squarewave output. The
circuit can be used to about 15 kHz.

voltage-comparator circuits; plenty of
other variations are possible. For exam-
ple, Figs. 3 and 4 show how the basic
comparator circuits can be modified so
that the switching voltage can be varied by
using a potentiometer (R5) to set the desir-
ed reference or trigger voltage at any value
in the range 0-5.6 volts and to give re-
generative (noiseless, snap-action)
switching by feeding part of the op-amp
output back to the non-inverting-terminal

-

via R3. Note that in Fig. 4, the circuit’s
input terminal is terminated via R6 to en-
sure controlled hysteresis. '

Figures 5 and 6 show examples of how
the circuits can be modified to give high-
value, variable-voltage (0-150 volt) trig-
gering by interposing a simple voltage
divider (R2 and R3) between the input
signal and the input of the op-amp: The
circuit in Fig. 5 gives non-regenerative
switching, while that in Fig. 6 gives re-
generative switching.

Figure 7 shows how the comparator can
be used as a sensitive audio converter that
converts sinewaves to squarewaves. It can
operate from input-signal amplitudes as
low as 10 mV peak-to-peak at 1 kHz and
can produce decent squarewave outputs
from sinewave inputs with frequencies up
to .about 15 kHz. The converter’s input
impedance is 100K. The operation of the
circuit is rather simple: The voltage divid-
er made up of Rl and R2, and capacitor
C2 apply a decoupled reference voltage to
pin 2 of the op-amp and an almost identi-
cal voltage is applied to signal-input pin 3
viaisolating resistor R3. When a sinewave
is fed to pin 3 via C1, it swings pin 3 about
the pin-2 reference level, causing the op-
amp output to transition at the **zero volt-
age difference” cross-over points of the
input waveform and produce a squarewave
output. Potentiometer R3 is used to bias
the op-amp so that its output is just pulled
low with zero input signal applied (so that
the circuit operates with maximum sen-
sitivity and stability). Because of the gain-
bandwidth product characteristics of the
op-amp, circuit sensitivity decreases as
input frequency increases.

Window comparators

The voltage-comparator circuits that
we have looked at so far give an output
transition when the inputs go above or
below a single reference-voltage value.
It’s a fairly simple matter to inferconnect a
pair of voltage comparators so that an
output transition is obtained when the in-
puts falt between, or go outside of, a pair
of reference-voltage levels. Figure 8-a
shows the basic configuration, which is
known as a window comparator.

The action of the circuit is such that the
output of the upper op-amp goes high
when Vg exceeds the 6-volt Vi (upper
limit) reference value, and the output of
the lower op-amp goes high when V
falls below the 4-volt V| (lower limit)
reference value. By feeding the outputs of
the two op-amps to R4 via the D1-D2
diode or gate, we get the situation where
the final output is low when Vyy is within
the limits set by V, and V|, but goes high
when the input is outside those limits.

By taking the output via a simple inver-
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FIG. 8—TWO WINDOW COMPARATORS. When V, is outside the window determined by V,,and V, ; the

output of the circuit in a goes high whlile the output of the circuit in b goes low.
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FIG. 9—THE ACTION OF THE WINDOW COMPARATORS shown in Fig. 8-a and B-b are shown here in a

and b respectively.

B
FIG, 10—OVER-CURRENT SWITCH. The output
goes high when the load current exceeds a val-
ue determined by the setting of R6. By reversing
the connections to pins 2 and 3 of IC1, the output
will go low to signal the over-current condition.

ter stage, the action of the circuit in Fig. 8-
a can be reversed so that its output goes
high only when the input voltage is within
the “window” limits. Alternatively, the
required action can be obtained by trans-
posing the two reference voltages and tak-
ing the output via a diode anD gate, as
shown in Fig. 8-b. The actions of the two

circuits shown in Fig. 8 are shown graph-
ically in Figs. 9-a and 9-b.

Window comparators can readily be
made to activate from any parameter that
can be turped into an analog voltage, in
the same way as a “normal” voliage com-
parator can. Let’s look at some examples.
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FIG. 11—AC OVER-VOLTAGE SWITCH can be tr
peak.

Anaiog-activated comparators

Figure 10 shows how a comparator cir-
cuit can be made to function as an over-
current switch that gives a high output
when the load curent exceeds a certain
value—which you can choose via potenti-
ometer R6. The value of Ry, is chosen so
that it drops roughly 100 millivolts at the
required trip point. Thus, a fixed refer-
ence voltage of 1/2 the supply voltage is
fed to pin 3 of the op-amp via the voltage
divider made up of R3 and R4. A similar
but current-dependent voltage is fed to pin
2viaRy, R1, R6, and R2. In effect, those
two sets of components are configured as
a Wheatstone bridge—with one side feed-
ing pin 3 and the other side feeding pin
2—and the op-amp is used as a bridge-
balance detector. Consequently, the trip
points of the circuit are not significantly
influenced by supply-voltage variations
but are highly sensitive to load-current
variations.

By simply transposing the connections
to pins 2 and 3, the action of the circuit in
Fig. 10 can be teversed so that it functions
as an under-current switch: The cireuit
can then be used as a lamp- or load-failure
indicator in cars, test geat, etc.

Figure 11 shows the circuit of a sensitive
AC over-voltage switch that gives a high
output when the input signal exceeds a
peak value (6 mV to 111 mV) that is preset
via potentiometer R12. The AC input sig-
nal is applied to the non-inverting input of
variable-gain amplifier ICI. Its gain can
be varied from 43 to 850 via R12. Note
that the input of IC1 is DC-grounded via
RI-R2, so the op-amp responds only to
the positive half-cycles of the input sig-
nal. Consequently, the output of IC1 is an
amplified, half-wave-rectified version of
the input signal. That rectified signal is
peak-detected via RS, DI, C2, R6, and
R7, and is fed to the input of non-inverting
voltage comparator IC2. The circuit’s out-
put is positive when the voltage across C2
exceeds the value on the junction of R§-
R9.




FIG. 12—THIS PRECISION OVER-TEMPERATURE SWITCH will control a relay.

s

FIG. i4-—~LIGHT-OPERATED SWITCH. A monotonhe alarm will sound when the light detected by R7 rises '
above a value determined by the setting of R8.

_ Figures 12 to 15 show a variety of ways
you can use comparator circuits as light-
or temnperature-activated switches, For
light-sensitive circuits we use a cadmium-

sulfide photocell, for temperature-sen-
sitive circuits, we use an NTC (Nega-
tive-Temperature-Coefficient) thermistor
as the sensing element. The sensing ele-

ment is used as one arm of a Wheatstone
bridge and the op-amp is used as a simple
bridge-balance detector. Thus, the trip
point of each circuit is independent of
supply-voltage variations. In all cases, the
sensing element must have a resistance in
the range 5K to 100K at the required trip
point. The potentiometer is chosen to have
the same resistance value as the sensing
element at the required trip level.

The circuits shown in Figs. 12-15 also
show a variety of ways we can use the
output of the op-amp to activate a relay or
to generate an acoustic alarm signal.
Thus, the over-temperature switch in Fig.
12 has a transistor-driven relay output,
while the undertemperature switch in
Fig. 13 has a FET-driven relay output.
Similarly, the light-operated switch cir-
cuit of Fig. 14 generates a monotone
alarm output signal in a small speaker,
while the dark-operated switch of Fig. 15
generates a low-power pulsed-tone signal
in a small acoustic transducer.

Micro-power operation

All of the 3140-based comparator cir-
cuits that we have looked at so far are
continuously powered; they draw continu-
ous currents of about 4 mA per op-amp.
So if you wanted 1o use a 3-volt battery as
a power supply, you'd find it running
down after a couple of days of continuous
operation. As you can see, the circuits
that we’ve shown you so far are not well
suited to battery operation in portable ap-
plications. In practice, however, all of
those circuits can easily be modified for
long-life battery operation by using a
micro-power “sampling” technique; the
principle behind that technique can be
explained very easily with a simple exam-
ple, as follows.

The under-temperature switch shown in
Fig. 13 monitors temperature continu-
ously and draws about 5 mA of quiescent
current (with the relay off). In reality,
however, temperature is a slowly-varying
parameter and thus does not need to be
monitored continuously—it can be effi-
ciently monitored by briefly inspecting or
sampling it. We can sample it by con-
necting the supply power and looking at
the op-amp output only once every second
or so. If the sample periods are very brief
(say 300 microseconds) relative to the
sampling interval (1 second), the mean
current consumption of the monitor can
be reduced by a factor equal to the inter-
val/period ratio (in this example, by a
factor of 3300). Thus, by using the sam-
pling technique, we can reduce the 5-mA
consumption of circuit in Fig. 13 to a
mean value of 1.6 p.A.

Figure 16 shows the basic circuit of a
“micro-power” or sampling version of
the undertemperatore switch we saw in
Hg. 13. It operates the relay when the
temperature of the thermistor falls below a
preset value but it draws a mean quiescent
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current of only a few pA. The monitor
network, made up of R5, R6, R1, R2, and
IC1, is almost identical to that of Fig. 13.
But instead of being continuously
powered, it is powered via a 300-microse-
cond pulse just once every second via a
sample-puise generator and Q1. Note that
the output of IC1 is led to temporary
“memory”” store R4-Cl via DI, and that
the memory store operates the relay via
Q2.
Thus, if the thermistor temperature is
outside the trip level when the sample
pulse arrives, the output of ICI will re-
main low and no charge will be fed to C1,
so Q2 and the relay will be off. On the
other hand, if the thermistor temperature
F1G. 15—ANOTHER LIGHT-OPERATED SWITCH. A pulsing tone will sound when the light detected by is within the trip level when the sample
R6 falls below a value determined by the setting of R6. pulse arrives, the output of IC1 will switch
high for the duration of the pulse and thus
rapidly charge C1 up via DI and drive the
relay on via Q2.

The circuit in Fig. 16 illustrates the
basic principles of the micro-power sam-
pling technique. In reality the sampling
interval and pulse width used (and, thus,
the reduction in mean power consump-
tion) will depend on the specific applica-
tion. If, for example, you wish to monitor
transient changes in light or sound levels
and know that these transients have mini-
mum durations of 100 ms, you may have
to use a 50-ms sampling interval and (say)
a 500 ps sample pulse. In that case the
mean consumption of your circuit will be
SAMPLE-PULSE reduced by a factor of 100.

BENERATOR In some cases, you may have to slightly
maodify the operating principle of the sam-
pling circuitry to obtain the desired micro-
power operation. Figure 17, for example,
shows how the principle may be adapted
: to make a coded-light-beam detector, in
FIG. 16—MICRO-POWERED UNDER-TEMPERATURE SWITCH draws a quiescent current of only a few which the “code™ light signal is modu-
microamps. lated at 1 kHz for a mmimum duration of
100 ms. Thus, the sample-puise generator
is designed to produce a minimum pulse
width of 1.2 ms so that it can capture at
least one full 1-kHz code cycle. Further,
the sampling interval is set at 60 ms so that
part of a tone burst will always be cap-
tured. The sampling circuitry thus gives a
R e 50:1 reduction in monitor-current con-
sumption.

Thus, in the circuit shown in Fg. 17,
the sample generator repeatedly feeds 1.2
ms ““inspection” pulses to the 3140 detec-
tor circuitry via one input of the or gate
and via Q1 to see if any trace of a coded
signal exists: If no trace of a coded signal
PASSIVE is detected, the output of the op-amp re-
?:L]G'S'[’;#IUNER mains low and another sample pulse is
applied 60 ms later. If a trace of a code
signal is detected, the output of the op-
amp switches high and the resulting pulse
is “captured” and applied to the remain-
ing input of the or gate. That temporarily
applies full power to the 3140 circuitry so
that the code signal can be completely

FIG. 177—THIS CODED-LIGHT-BEAM DETECTOR uses a modified version of the samplingtechniqueto ~ 1spected via the passive signal con-
monitor for the presence of a coded light-signal. ditioning circuitry. : R-E.




