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S1: the circuit locks into this
state until Q2 is turned off by
S2. At that time the output
locks into the high state, and
this action can be repeated as
long as the circuit is powered.

Figure 2 shows a monostable
(one stable state) multivibrator
or one-shot pulse generator cir-
cuit. Its output is normally low,
but switches high for a preset
period (determined by the vales
of Cl and R2) if Q2 is briefly
turned off with S1.

Figure 3 shows an astable (no
stable states) multivibrator or
free-running square-wave gen-
erator. The on and off periods of
the square wave are determined
by the values of R3 and C1 and
R2 and C2.

Figure 4 shows a Schmitt trig-
ger or sine-to-square waveform
converter. Transistor @2 switch-
es abruptly from the on state to
the orr state, or conversely, as
the base of transistor Q1 base

Learn the basics of waveform generation and shaping with
bipolar transistor circuits that you can build and put to work.

RAY MARSTON

THE SUBJECT OF THIS ARTICLE IS
waveform generation and shap-
ing as performed by various
kinds of multivibrator circuits
and special-purpose oscillators.
It is a continuation of last
month’s article on tran-
sistorized RC and LC oscillator
circuits, and the astable multi-
vibrator. Previous articles in
this series have covered the
basics of the bipolar junction
transistor (BJT) and have pre-
sented a general roundup of
popular BJT circuits starting
with those basic transistor am-
plifiers: common-collector, com-
mon-emitter and common-
base.

Multivibrator basics

A transistor multivibrator is a
cross-coupled, two-stage
switching circuit. Each active
transistor stage is re-
generatively cross-coupled to its
companion; thus, one stage au-
tomatically turns on as the
other turns off, and conversely.

This cross-coupling can be ar-
ranged to give either stable or
semistable switching. When
stable cross-coupling is desired,
the transistor switch locks per-
manently into the oN or ofr
state until it is forced to change
state by an external signal.
When the circuit is cross-cou-
pled in a semistable manner,
the transistor initially locks
into the on or off state, but
then automatically becomes
"unlocked” again after a delay
period determined by the time

. constant of the cross-coupling
components.

Schematics of the four basic
transistor multivibrator cir-
cuits most commonly used are
shown in Figs. 1 to 4. The Fig. 1
circuit is a manually triggered
bistable (two stable state) multi-
vibrator. The base-bias of each
transistor is obtained from the
collector of the other transistor,
so that one transistor automat-
ically turns off when the other
turns on, and conversely.

The output can be driven low
by briefly turning Q1 off with
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rises above or falls below the
predetermined trigger-voltage
levels.

Several different practical as-
table multivibrator circuits
were discussed in last month’s
article. This article will examine
practical versions of three other
multivibrators.

Monostable circuits

The monostable multi-
vibrator circuit in Fig. 2 acts as
a triggered pulse generator. Nor-
mally transistor Q2 is driven
into saturation through R2, so
the output (taken from tran-
sistor Q2's collector) is low.
Transistor Q1, which derives its
base-bias from transistor Q2s
collector through resistor R4, is
cut off under this condition,
and its collector is at the full
supply voltage.

When a sTART signal is ap-
plied to Q2 by momentarily clos-
ing switch S1, Q2 switches off,
driving the output high and
driving Q1 on through R4. Re-
generative switching action is
caused by the reopening of Sl.
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Transistor Q2's base is driven
negative by the charge on CI,
and as soon as the regenerative
response is complete, Cl1 starts
to discharge through R2. Even-
tually its charge falls so low that
Q2 turns on again, thus initiat-
ing another regenerative re-
sponse. Now both transistors
revert to their original states,
and the output pulse termi-
nates, completing the action of
the circuit.

Thus, a positive-going pulse

is developed at the output of
this circuit each time an input
trigger signal is applied by mo-
mentarily closing switch S1.
The pulse period is determined
by the values of R2 and C1. The
relationship is:
Pulse period = = 0.7XR2xCl
Where the pulse period is in mi-
croseconds, C is in microfarads,
and R is in kilohms.

The circuit in Fig. 2 can be
triggered either manually by
closing a momentary switch or
by introducing an input trigger
signal. That trigger signal can
be either a negative pulse ap-
plied to the base of Q2, or a
positive pulse applied Lo the
base of Q1.

Figure 5-a is a practical sche-
matic for a manually triggered
monostable multivibrator. It
can be triggered with momen-
tary switch Sl by feeding a
positive pulse to Ql's base
through R2. Figure 5-b shows
the circuit’s waveforms.

In Fig. 5, the base-to-emitter
Jjunction of Q2 is reverse-biased
during the operating cycle by a
peak voltage equal to the supply
voltage. This means that the
maximum supply voltage
should be limited to about 9
volts to prevent damage to the
transistor. However, a supply
voltage greater than the reverse
base-emitter breakdown value
of Q2 can be applied safely if
silicon diode D1 is placed in se-
ries with Q2’s base, as shown in
Fig. 5.

This higher supply voltage
provides the same kind of fre-
quency correction that was de-
scribed for the astable multi-
vibrator in last month’s article.

The value of timing resistor
R3 in the Fig. 5 circuit must be
large with respect to R1, but

FIG. 1—A BISTABLE MULTIVIBRATOR
intended for manuai-triggering.

FIG. 2—A MONOSTABLE multivibrator
designed for manual triggering.

FIG. 3—AN ASTABLE MULTIVIBRATOR
or free-running squarewave generator.

FIG. 4—A SCHMITT TRIGGER circuitisa
sinewave-to-square wave converter.
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must be less than the product of
R5 and the hgg of Q1. The pulse
period for Fig. 5 equals 50 milli-
seconds divided by the value of
capacitor Cl in microfarads; it
will be 5 seconds with the value
of C1 shown.

Long delays

If a Darlington transistor pair
is substituted in place of Q2 in
Fig. 5, the circuit will be able to
provide very long timing peri-
ods. That substitution results
in a very high effective hgg, and
permits the use of large values
of R3, as shown in Fig. 6.

The Fig. 6 circuit can be
powered from any DC source
with an output between +6 and
+ 15 volts to give a pulse output
period of about 100 seconds
with the values of the resistors
and capacitors shown.

Keep in mind that a manually
triggered monostable circuit
such as those of Figs. 5 and 6 is
dependent on the duration of
the input trigger signal. The cir-
cuits trigger at the moment that
a positive-going pulse is applied
to the base of Q1 in Fig. 5 or Q3
inFig. 6. If this pulse is removed
before the monostable multi-
vibrator completes its normal
timing period, the period will
end regeneratively, as pre-
viously described.

However, if the trigger signal
has not been removed by the
time the monostable completes
its natural timing period, the
timing cycle will end non-re-
generatively. This means that
the output pulse will have a lon-
ger period and falltime than if
the trigger signal were removed
earlier.

Waveform triggering

Figures 7 and 8 show alter-
native ways of applying input
signal triggering to the mono-
stable pulse generator. In each
case, the circuit is triggered by a
square-wave input signal with a
short rise time. This waveform
is differentiated by the differen-
tiation circuit consisting of Cl
and R1 to produce a brief trigger
pulse.

In the Fig. 7 circuit, the dif-
ferentiated input signal is rec-
tified by diode D1 to provide a
positive trigger pulse on the
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FIG. 5—A MANUALLY-TRIGGERED
monostable pulse generator.

base of Q1 each time an external
trigger signal is applied. In the
Fig. 8 circuit, however, the dif-
ferentiated signal is fed to the
gate of transistor Q1. That
change in the circuit makes the
trigger signal independent of
Q2. Notice that “speed-up” ca-
pacitor C3 in Fig. 8 is connected
in parallel with feedback re-
sistor RS to improve the shape
of the output pulse.

Both the circuits in Figs. 7
and 8 provide an output pulse
period of about 110 microse-
conds with the values of re-
sistors and capacitors shown.
This period can be varied from a
fraction of a microsecond to sev-
eral seconds with a suitable
choice of values for capacitor C2
and resistor R4.

The circuits in Figs. 7 and 8
can be triggered by sine or other

non-rectangular waves if they
are conditioned by a Schmitt
trigger or similar sinewave-to-
squarewave converter circuit.
(The Schmitt trigger circuit is
discussed later in this article.)

Bistable circuits

Figure 9 is practical sche-
matic for the manually-trig-
gered bistable multivibrator
shown in Fig. 1 and described
earlier. This circuit is also
known as a R-S (reset-set) flip-
flop and, like a toggle switch, it
is also an elementary digital
memory. [ts output can be seT
to the high state by momentari-
ly closing switch S2. (Alter-
natively a negative pulse can be
applied to the base of Q2.)

The circuit then “remembers”
this state until it is RESET to the
low state by a momentary clos-
ing of S1 (or by applying a nega-
tive pulse to the base of Q1). The

FIG. 6—A LONG-PERIOD (100-SECOND)
monostable circuit.

circuit then “remembers” this
new state until it is again set by
S2. This cycle can be continued
indefinitely as long as power is
applied.

The circuit in Fig. 9 can be
modified to provide a divide-by-
two or counting function by in-
cluding two steering diodes (di-
odes D1 and D2} and associated
components, as shown in Fig.
10.

The Fig. 10 circuit changes
state each time a negative-going
trigger pulse is applied. If, for
example, the input pulses are
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derived from a squarewave in-
put signal, the circuit will gen-
erate a squarewave output
signal at half the input frequen-
Cy.

The circuit generates a pair of
output signals that are 180° out
of phase, shown here as Q1 and
Q2. The introduction of CMOS
IC versions of the bistable coun-
ter circuit have largely elimi-
nated any need for the con-
struction of these circuits from
discrete components.

Schmitt trigger

The last member of the multi-
vibrator family to be discussed
here is the Schmitt trigger cir-
cuit. It is a voltage-sensitive
switching circuit that changes
its output state when the input
signal exceeds or falls below pre-
set upper and lower threshold
levels. Figure 11 shows how the
Schmitt trigger converts sine-
waves to square waves.

The Schmitt trigger circuit is
emitter-coupled and has cross-
coupling between the base and
collector of transistor Q1, which
provides the required re-
generative switching. Capacitor
C2 speeds up the switching ac-
tion by shunting R4. The sine-
wave input signal is superim-
posed on a DC voltage. (The
voltage is determined by trim-
mer potentiometer R8 and re-
sistors R1 and R2} that is
applied to the base of Q1.

A practical Schmitt trigger

- needs a sinewave input signal

with an amplitude of at least 0.5

FIG. 7—A WAVEFORM-TRIGGERED
monostable circuit.
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FIG. 8—A MONOSTABLE CIRCUIT with
gate-input triggering.

volts, rms. The squarewave out-
put signal symmetry varies with
the input signal amplitude, so
R8 must be adjusted tooptimize
that symmetry. The Schmitt
trigger performs satisfactorily
as a sinewave-to-squarewave
converter at {requencies up to a
few hundred kilohertz. The de-
vice produces squarewave out-
put signals whose rise times are
only a fraction of a microse-
cond.

Sawtooth generators

The astable multivibrator
shown in Fig. 3 is one of a vari-
ety of circuits that can generate
sawtooth waveforms. For exam-
ple, it can generate negative-go-
ing sawtooth waves at the bases
of both transistors Q1 and Q2.
As a result, the astable multi-
vibrator can be considered as
another free-running sawtooth
generator.

Similarly, the monostable
multivibrators shown in Figs. 5
to 8 each generate a negative-
going sawtooth on the base of
Q2 during their active phases.
They can be considered as trig-
gered sawtooth generators.

Practical versions of Figs. 5 to
8 generate slightly nonlinear
sawtooth waveforms because
each of their timing capacitors
charge exponentially (rather
than linearly) through their
timing resistors. This abbera-
tion can be easily overcome by
replacing each timing resistor
with a constant-current gener-
ator capable of generating lin-
ear waveforms.

A timing circuit based on the
555-type integrated circuit

timer offers the best way to gen-
erate positive-going triggered
sawtooth waveforms. However,
if you want to generate free-run-
ning, positive-going sawtooth
waveforms, this can be done
with a unijunction transistor or
UJT, connected in the circuit
shown in Fig. 12.

The UJT is a three-terminal

i+V

AAA

Q2
araasal OUTPUT

S1ET) I_l ._lO‘SsEz_n
(RES
E ity

|||—0

FIG. 9—A SWITCH-TRIGGERED FLIP-
fiop (R-S) bistable multivibrator.

i+9V

abruptly to the o~ state. When it
is on, the emitter presents a low
input impedance. and it draws
a significant amount of current
from the input circuitry. How-
ever, if this input current falls
below a certain threshold value,
UJT Q1 automatically switches
back to its high input imped-
ance state.

In Fig. 12, capacitor Cl
charges exponentially towards
the positive supply voltage
through trimmer potentiometer
R4 and R1 until the voltage on
Cl reaches the firing value of the
UJT Q1. At that time. the Q1
switches on and rapidly dis-
charges Cl. As soon as Cl is dis-
charged, Q1 turns off again. so
Cl starts to recharge again
through R4 and R1.

This circuit generates a stable
but nonlinear sawtooth wave-
form that van be varied from 25
Hz to 3 kHz by R4, with the val-
ue of capacitor Cl shown. Tran-
sistor Q2 and Q3 are connected
as a Darlington emitter-follower

A -AA-
R1 R2
TRIGGER 18K  pg R 18K
PULSE 47K 47K
o O b
L ar Q2
2N3904 2N3904
RS € D2 R6
< Dt ‘;
100K P m‘““!! 1NA148 $ 100K
c1 | c2
o1 | .01
at : Q2
OUTPUT H-o4(—o ' OUTPUT
<& R7
T $10x T

ey

FIG. 10—A DIVIDE-BY-TWO BISTABLE circuit.

transistor whose terminals are
identified as emitter (E). base 1
(Bl), and base 2 (B2). A UJT is
connected as shown in Fig. 12
as Q1 with its B2 positive with
respect to Bl, and with the in-
put applied to its emitter termi-
nal.

The emitter of the UJT Q! pre-
sents a very high impedance
until the input (emitter) voltage
reaches a specific firing voltage.
At that time, UJT Q1 switches
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FIG. 11—SCHMITT TRIGGER sinewave-
to-squarewave converter.
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FIG. 12—A NONLINEAR SAWTOOTH GENERATOR that works over a range of 25 Hz to 3

kHz.

FIG. 13—THIS LINAR SAWTOOTH GENERATOR can function as a oscilloscope time-

base generator and can blank the CRT beam.

bufter stage. This arangement
makes a low-impedance
sawtooth waveform available at
an output terminal taken from
the wiper of output level poten-
tiometer R5.

The linear sawtooth generat-
ing circuit in Fig. 12 can be
modified to become an os-
cilloscope timebase generator.
The modified circuit is shown
in Fig. 13. Capacitor C1 is
charged by a constant-current
source. In this circuit, Q1 func-
tions as a temperature-compen-
sated, constant-current gener-
ator. It current can be varied
from 35 to 390 microamperes
by adjusting frequency trimmer
potentiometer R6.

The linear sawtooth is avail-
able as a variable output whose
amplitude can be varied by set-
ting level potentiometer R7. The

FIG. 14—A WHITE-NOISE GENERATOR
has many applications.

output between R7 and ground
can be fed via a coaxial cable to
the external timebase jack of an
oscilloscope.

Positive “flyback’ pulses
taken between resistor R5 and
Bl of UJT Q2 at the beam-blank-
ing output can be used to blank
the oscilloscope beam if taken
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through a high-voltage blocking
capacitor.

The operating frequency of
the Fig. 13 circuit can be varied
from 60 to 700 Hz with R6 if all
of the component values are as
shown. Other frequency ranges
can be obtained by substituting
other values for capacitor C1.
The timebase generator can be
synchronised to an external sig-
nal by feeding the external sig-
nal to UJT Q2 through the
synch input capacitor C2.

This external signal, which
must have a peak amplitude be-
tween 200 millivolts and 1.0
volt, effectively modulates the
supply voltage (and thus the
trigger point) of UJT Q2. It
causes UJT Q2 to fire in syn-
chronism with the external trig-
ger signal.

Capacitor C2 must have a
lower impedance than resistor
R4 at the sync signal frequency.
Also, capacitor C2 must have a
working voltage that is greater
than the external voltage from
which the external signal is ap-
plied. If the sync signal has a
rectangular form with short rise
and fall times, the value of C2
need only be a few hundred
picofarads.

White-noise generator

“White noise’ is another
useful waveform. It is a signal
that contains a full spectrum of
randomly generated frequen-
cies, each having equal mean
power when averaged over a
unit of time. White noise is
useful for testing audio and ra-
dio frequency amplifiers, and it
is widely used to mask back-
ground noise to serve as a sleep-
ing aid.

Fig. 14 is the schematic for a
simple, practical white-noise
generator. In operates on the
principle that all reverse-biased
Zener diodes inherently gener-
ate white noise. In Fig. 14, R2
and D1 are connected in a nega-
tive-feedback loop between the
collector and base of common-
emitter amplifier @1. Negative
feedback stabilizes the DC
working levels of the generator.
Capacitor C1 serves to decouple
alternating current from the cir-
cuit.

The Zener diode acts as a
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FIG. 15—A PIERCE OSCILLATOR with a
parallel-mode crystal.

FIG. 16—A 100-kHz COLPITTS oscillator
with a series-mode crystal.

FIG. 17—THIS 50-kHz to 10-MHz os-
cillator will work with most series-mode
crystals.

white-noise source that is in se-
ries with the base of transistor
Q1. The Zener noise is amplified
by the transistor to a useful level
of about 1 volt peak-to-peak.
Any Zener diode rated for 5.6 to
12 volts should work well in this
circuit. Try different Zener di-
odes and compare the white-
noise output.

Crystal oscillators

Crystal oscillator circuits gen-
erate accurate, stable frequen-
cies because they include pre-
cisely cut piezoelectric quartz
crystals which function as high
precision electromechanical
resonators or tuned circuits.
The crystals in these circuits
typically have Qs of about
100,000, and they can provide
as much as 1000 times greater
frequency stability than can
conventional inductive-capaci-
tive (LC) tank-circuit os-
cillators.

A piezoelectric crystals oper-
ating frequency of a few kHz to
100 MHz is determined by its
mechanical dimensions. The
crystal, can be cut to provide ei-
ther series or parallel resonant
operation. Series-mode crystals
present a low impedance at res-
onance, while parallel-mode
crystals present a high imped-
ance at resonance.

Figure. 15 is a practical sche-
matic for a crystal oscillator that
is designed for a parallel-mode
crystal. The circuit is actually a
Pierce oscillator, and it will os-
cillate with most 100-kHz to 5-
MHz parallel-mode crystals
without any circuit modifica-
tion.

Figure 16 shows an alter-
native 100-kHz oscillator that
was designed for a series-mode
crystal. It is known as a Colpitts
oscillator.

Its tank circuit, consisting of
L1, Cl1, and C2, is designed to
resonate at the same frequency
as the crystal. However, the tank
circuit component values must
be changed if any other crystal
frequencies are desired.

Figure 17 is the schematic for
a useful two-transistor os-
cillator that will work with most
50 kHz to 10 MHz series-reso-
nant crystals. In this circuit, Q1
is connected as a common base
amplifier, and Q2 is an emitter
follower. The output signal
(from Q2's emitter) is fed back to
the input (Q1's emitter) through
C2 and the series-resonant
crystal. This is a versatile os-
cillator circuit that will work
even with a low-cost, marginal
crystal. Because of that, the cir-
cuit can form the heart of a sim-
ple crystal tester. Q0
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FUN WITH
ELECTRONICS

4 (J160—COIL DESIGN &
CONSTRUCTION MANUAL
... $5.95. How to make RF, IF,
audio and power coils; chokes
and transformers. Practically
every possible type is dis-
cussed.

(1 PCP113—THE PC MUSIC D>
HANDBOOK .... $13.95.
Leam the basics of computer
music systems. For the pro-
fessional musician, gifted am-
ateur or just plain curious.

« (0 BP297—LOUDSPEAK-
ERS FOR MUSICIANS ....
$6.25. Loudspeaker design
from the musician's point of
view! All you need to know,
and you should be able to de-
sign your own after reading
this.

(] BP277—HIGH POWER )
AUDIO AMPLIFIER CON-
STRUCTION .... $6.25. Here's
background and practical de-
sign information on high power
audio amplifiers capable of
300 = 400 watts rm.s. You'll
find MOSFET and bipolar out-

put transistors in inverting and
non-inverting circuits.

«q (JBP302—A CONCISE
USER’S GUIDE TO LOTUS
1-2-3RELEASE 3.1 ....$6.25.
If you are a PC user and want
to upgrade to Lotus 1-2-3 re-
lease 3.1, this book can teach
you how to do that in the shont-
est and most effective way.

(] BP298—A CONCISE IN- p
TRODUCTION TO THE MAC-
INTOSH SYSTEM AND
FINDER .... $6.25. This intro-
duction for those new to the
Mac, this book also serves as

a quick refresher for experi-
enced owners that have not
used the machine in some
time.

MAIL TO: Eiectronic Technology Today, Inc.
P.0. Box 240
Massapequa Park, NY 11762-0240

SHIPPING CHARGES IN USA AND CANADA
$0.0110 $5.00 . ..

$20.01 to $30.00 .$4.50

SORRY, No orders accepted outside of USA and

Canada

$1.50 $30.01 to $40.00 . £5.50
$5.01 to $10.00 .. $2.50 $40.01 to $50.00 . $6.50
$10.01 to $20.00 . $3.50 $50.01 and above . $8,00

-
MON SOION0R(] ‘pE61 Arenuer

Total price of merchandise . . . .. s
Shipping (see chart) . ..... ... $

. Subtotal ................. $
Sales Tax (NYSonly) ......... $
Total Enclosed .............. $
Name

Address

City State Zip

~
[2)]


www.americanradiohistory.com

