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Low-Frequency
Dual-Pulse Generator

Offers digital-circuit experimenters a source of
reliable clock pulses to 10 kHZ

By Duane M. Perkins

menting with digital circuits, you

will soon discover that you need a
source of reliable clock pulses. You
can, of course, buy an expensive
pulse generator to meet your needs.
However, for less than $100 you can
build the Dual-Pulse Generator de-
scribed here, using only readily
available parts.

Each of the two pulse outputs is in-
dependently adjustable in phase,
pulse width and amplitude. Though
both are driven by the same oscilla-
tor, which provides for clocking a cir-
cuit that requires a two-phase clock,
one output can be set up to provide a
frequency that is a subharmonic of
the other.

If you intend to do serious experi-

Circuit Description

Though the pulse generator provides
two independently controllable out-
puts, it has a single oscillator from
which the pulses are derived, as
shown in Fig. 1. Therefore, the fre-
quency of the pulses is established by
the relaxation oscillator designed
around unijunction transistor Q/. In
addition to providing four frequency
ranges for the internal oscillator, the
generator’s RANGE switch (S2) has a
position for a 60-Hz pulse, derived
from the ac line at the center tap of
the power supply transformer (see
Fig. 3), plus an input at BP4 for an
external signal source.

There are four internal oscillator
frequency ranges. These are 1 to 10
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Hz, 10to 100 Hz, 100 to 1000 Hz and
1to 10 kHz. These limits are only ap-
proximate. Exact range limits will de-
pend on the intrinsic standoffratio of
the UJT used for Q1.

Because the pulse generator con-
tains a + 2 circuit, its output will be
half the frequency of the oscillator.
The 60-Hz output is generated from
the 120-Hz pulses taken from the
center tap of the power transformer.

Any waveform with an amplitude
between 0.5 and more than 9 volts
can be applied to the EXTERNAL IN-
PUT at BP4. Output pulse frequency
will be half the input frequency and
can go as high as 15 kHz. For maxi-
mum phase control range, a saw-
tooth dc waveform with a peak am-
plitude of about 9 volts works best.
However an ac sine wave will permit
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some degree of control. A square
wave or pulse input will drive the
pulse generator but will not permit
phase control.

Referring to Fig. 1, the TRIGGER
OUTPUT at BP3 is taken from the
base-2 (B2) terminal of Q1, after be-
ing amplified by Q2 to a peak ampli-
tude of about S volts. This amplitude
is sufficient to assure positive trigger-
ing of an oscilloscope. Trigger fre-
quency will be twice that of the out-
put pulses from the generator cir-
cuits. PHASEcontrol R15inFig. 2 sets
the amount of delay between the trig-
ger pulse and the following output
pulse. This delay permits events just
prior to the output pulse to be viewed
on an oscilloscope’s screen.

Both pulse generator circuits are
identical. Hence, when you refer to
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totem-pole configuration, one tran-
sistor will be saturated while the
other is cut off. Hence, the output is
alternately switched between ground
and the supply voltage. This enables
the amplifier to sink or source a large
current with equal ease and results in
very fast rise and fall times.

Since the output amplifier is an in-
verter, it is the intervals between
pulses from the timer that become
positive output pulses. The pulse
WIDTH control, R/9, has the direct
effect of varying the interval between
output pulses, which directly varies
pulse width. This becomes apparent
if the control is set for a certain pulse
width and the frequency is then
changed. Pulse width varies with fre-
quency, but the interval between
pulses remains fixed.

By varying the supply voltage to
the output amplifier, the amplitude
of the output pulses is also varied.

Adjustable voltage regulator IC6
permits a range of from 1.2 to 12
volts.  Alternatively, amplitude
switch S5 can be set to TTL to supply
the output amplifier from the fixed
5-volt supply. This arrangement
maintains a constant output im-
pedance regardless of amplitude. Re-
sistor R25 prevents damage to the
transistors in the event that the out-
put is short-circuited to ground or a
positive supply voltage. Since output
impedance at the collectors is very
low, output impedance at the output
terminals is essentially equal to the
100-ohm resistance.

The voltage-sensing circuit con-
nected to the output consists of volt-
age comparator /C3B with a 5-volt
reference and missing-pulse detector
IC5B and Q5 with a timing cycle of
about 0.5 second. If the amplitude of
the output signal exceeds 5 volts, the
pulse will be inverted by the compa-
rator. The negative-going pulse
causes Q5 to conduct, discharging
timing capacitor C16, and trigger the
timing circuit to begin a 0.5-second
positive output pulse that causes
LED] to turn on. The timing cycle
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NOTES:

* These parts are common to both puise generators.

Numbers in parentheses indicate Channel B components/connections.

Fig. 2. Because both generator channels are identical,
only one channel’s circuitry is shown here. Items in

parentheses are components/connectors for channel B;

those not in parentheses are for channel A. Only R13 and
R14 are common to both channels.
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Fig. 5. Details for wiring front-panel-mounted components into rest of generator’s circuitry.

cable ties (or lace with cord) to form a
neat cable harness.

Checkout

With IC3, IC4, IC5 and IC7 still not
installed on the board, plug the gen-
erator’s line cord into an ac outlet
and flip the POWER switch to on. The
neon lamp should light. Now, refer-
ring to Figs. 3 and 2, measure the
voltage at the points indicated in the
power supply and at the supply pins
of IC sockets. When you are satisfied
that all is okay, turn off the power
and unplug the line cord. Wait a
minute or so for the capacitors to
discharge. Theninstallthe DIP ICs in
their respective sockets, taking care
to properly orient them and practic-
ing safe handling procedures for
CMOS I1C2.

Plug the line cord back into the ac
outlet and flip the POWER switch to
on. Set the RANGE switch to any of
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the generator’s internal oscillator
ranges and use an oscilloscope to
check for the presence of a sawtooth
waveform at the emitter of Q/.

Next, check each pulse generator
as follows:

Set the PHASE controls to about the
middle of their ranges. Using the
scope, check the outputs of the com-
parators in /C3. All should be deliv-
ering positive dc pulses. Rotate the
PHASE controls while observing on
the screen that the widths of the
pulses vary as you do this.

A square-wave pulse should be ob-
served at the outputs of /C4 at pins 1
and 13. Set S3 (S6) to SQUARE and S5
(S8) to TTL. The output pulses at A
and B OUTPUT terminals BP5 and
BP7 should be square and have an
amplitude of 5 volts. (This part of
checkout will be easier to perform
with a two-channel scope that can si-
multaneously display the outputs
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from generators A and B.) Set S5(S8)
to VARIABLE and rotate AMPLITUDE
control R22 (R36). Observe that the
amplitude of the displayed pulses
varies between 1.2 and 12 volts and
that LEDI (LED?2) lights when the
control is rotated past the 5-volt posi-
tion. If this does not occur, measure
the supply voltage at the output of
IC6 (IC8) as the control is rotated.
Check for output pulses from both
generators with all four frequency
ranges and over the full range of the
FREQUENCY control. Set the RANGE
switch to LINE and check for 60-Hz
output pulses. It may be necessary to
rotate the PHASE control to a point
below mid-position to obtain an out-
put pulse. Set the RANGE switch to
EXTERNAL and apply an appropriate
signal to EXTERNAL input BPA4.

(Continued on page 85) .
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Dual-Pulse Generator
(from page 50}

Rotate the PHASE control to a posi-
tion that results in an output pulse.

Return the RANGE switch to the
LINE position and rotate the PHASE
controls as necessary to obtain out-
put pulses. Set S3 (S6) to VARIABLE
and S4 (S7) to SHORT. Slowly rotate
WIDTH control R19 (R33) counter-
clockwise from its fully clockwise po-
sition. Observe that the pulse, which
will be almost equal to the period of
the fully clockwise position, becomes
shorter as the control is rotated coun-
terclockwise.

Set the RANGE switch to its highest
range and the FREQUENCY control to
about the middle of its rotation. Set
83 (S6) to SQUARE and observe the
square pulse output. Set S3 (S6) to
VARIABLE and S4 (S7) to LONG.
Rotate WIDTH control R19 (R33) ful-
ly clockwise and then slowly counter-
clockwise. As you do this, the pulse
width will become narrower and con-
tinue to narrow until it suddenly be-
comes wide again and drops to half
the original frequency. Further coun-
terclockwise rotation will cause the
pulse to narrow again until the fre-
quency drops to a third of the origi-
nal, and so on.

Feed the TRIGGER pulse output at
BP3 into the scope. You should ob-
serve a very narrow positive pulse
with an amplitude of 5 volts. Because
this pulse is very brief, it may be dif-
ficult to observe on the CRT screen.
If your scope has a triggered-sweep
capability, use this pulse to trigger
the sweep while observing one of the
output pulses. Note that the PHASE
control varies the position of the
pulse on the CRT screen.

For details on how to use the Dual
Pulse Generator, refer to the ‘‘ Appli-
cations’’ box.

In Closing

From the foregoing, it should be ob-
vious that this is no ordinary *‘experi-
menter’s”’ instrument. With its two
independently adjustable genera-
tors, it offers a flexibility not usually
expected in an instrument that costs

as little as this one does to build. ME
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