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Design OSCILLATOR Circuits
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Our subjects this month include one-shots, squarewave, and triangle wave oscillators.

FIG.1-A ONE-SHOT circu il's pulse output has a
duration of R3 x C2, if R6 = 0.58 R7.

several legit imate closures were made .
Some analog circuits can absorb the extra
pulses, but most digital circuit s cannot.

One way to debounce the switch clo
sure is by connectin g the switch to a one
shot, and using the output of the one-shot
to indicate contact closure . For that to
work , the duration of the output pulse
must exceed the time dur ing which the
contacts are bouncing.

An op-amp based one-shot is shown in
Fig. I; waveforms present at the output of
the circuit (V0) and across C2 (Vc) are
shown in Fig. 2. The one-shot has only
one stable output state, which in this case
is + Vz-The one-shot is triggered at time
t l so the output snaps to the unstable state,
- Vz- It will remain in that state for time
T, which is defined as t2 - tl .
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Normally the output of the op-amp is
high ( + Vz), but when a pulse is applied
to the trigger input, the output snaps low
( - Vz). At that instant capacitor C2 will
still be charged to a positive voltage (not

FIG. 2-DURING THE REFRACTORY PERIOD,
the one-shot circuit will not respond to a tr igge r
input. Adding a diode and a resistor can shorten
the refractory period.
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The one-shot
The monostable multivibrator, or one

shot, is so called because it has one stable
state, high or low, depending on the cir
cuit config ura tion. A monostable pro
duces one output pulse for each input
pulse. Each pulse has the same duration
and amplitude . Monostables are used in a
variety of applications:-pulse stretching,
switch debouncing, and others.

The concept of pulse stretching may be
somewhat confusing because a pulse is
not really stretched. Instead, a pulse with
a short duration is used to trigger one with
a longer duration.

Switch debouncing is a common ap
plication for one-shots ; it is actually a
form of pulse stretching . The mechanical
contacts in most switches don 't make and
break cleanly; they literally bounce . That
means that the contacts open and close
several times in quick success ion. The
multiple makes and breaks can fool the
circuitry that follows into thinking that

Part 4 LAST T IME WE DIS

cusse d several types
of sinewave osc illators . This time we' ll
investigate three different types of signal
generators: one-s hots, squarewave os 
cillators, and triangle-wave osc illators.
All our circuits this month are based on
op-amps, and they're easy to build and to
customize .

C/)

oz
occ
o
W
...J
W

6
is«cc

72



+V

FIG. 3-THIS SQUAREWAVE OSCILLATOR'S
frequency of oscillation is given by f = 1/(3.2 Rl
en
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point of the noninverting input (+ VF)'
the output will snap low. At that point the
charging of the capacitor reverses , and the
voltage will discharge from + VF toward
zero, and then toward - Vp When it
reaches that negative voltage, the output
again snaps high, the capaci tor begi ns to
discharge toward zero and then toward
+ Vp That osci llating cycle will continue

-v
FIG. 4-THE VOLTAGE ACROSS Cl (in Fig. 3)
var ies between +VF and - Vp

state . In other words, its output snaps
back and forth between the high (+ Vz)
and low ( - Vz) states.

The nonin verting input of the op-amp is
biased by a fraction of the output voltage,
as determined by the R2/R3 network; the
inverting input is biased by the voltage
(Vc) across capacitor CI. That voltage is
determine d by Vo and by the RICI time
constant.

When the circ uit is initially turned on ,
the capacito r has no charge , so the invert
ing input has no potential with respect to
ground. Therefore the output will be high .
The capacitor will begin to charge toward
+ V0 at a rate that is determined by the
product of the values of RI and Cl. •

Whe n that voltage reaches the ' bias100 REM Manostable Mu l t ivibrator
110 FOR 1=1 TO 30
120 PRI NT
130 NEXT
140 PRI NT " Manostable
150 PRINT '~lt iv ibrator

160 PRINT " Ci rcuit
170 PRINT " Design
180 PRI NT
190 PRINT
200 PRINT
210 INPUT "Pulse duration i n rns: ",T
220 T = T/1000
230 INPUT" Capac i tor in uF : ",C
240 PRINT
250 C = C/ 10A6

260 R = T/ (. 693*C)
270 R = INT(R)
280 C = C*10A6

290 T = T*1000
300 PRINT "For a puls e duration of : "
310 PRINT
320 PRINT T; ''millisec onds''
330 PRINT " use a
340 PRINT R; "ohm res istor"
350 PRINT " and a
360 PRINT C; "uF capacitor. "
370 PRINT
380 PRINT
390 PRINT ''What Now?"
400 PRINT
410 PRINT "1. Do another"
420 PRINT "2. Qui t
430 PRINT
440 INPUT "Choose one : " , D
450 IF D = 1 THEN GOTO 200
460 END

LISTING 1
ONE-SHOT CALCULATIONS

Squarewave oscillators
As you can see in Fig. 3, an op-amp 

based squarewave genera tor is relatively

Since R7/(R6 + R7) = 0.632, we can
do a a little algebra and find that R6 =
0.582 R7.

In practical terms, we usually select a
capacitor and then calculate resistor val
ues, since there are fewer standard values
of capacitance .

simp le . The timing diagram of that circuit
is shown in Fig . 4 . Refer to both during the
discussion that follows.

In contrast to the one-sho t, the square
wave osci llator is called an astable os
cillator, because it has no stable output

Automatic calculations
Listing I contains a BASIC program

that will calc ulate component values for
the one-shot multivibrator, The program
is writte n for the dialect of BASIC used in
the IBM-PC (and compatibles) , but it
should run on many other machines as-is,
and it should be easy to translate into other
dialect s of BASIC , if necessary.

When you run the program it asks you
for the duration of the pulse (in millise
conds) and a value of capacitance (in fLF).
The program then calc ulates the required
resis tance, and reports it. At that point
you can either run the program again , or
exit.

+ vz because 0 2 clamps the voltage to
about 0 .7 volts).

However, the output voltage is - Vz -so
the charge across C2 will begin to ap
proach that potent ial. It will never reach
it, however, because the noninverting in
put of the op-amp is biased to a fraction of
the output voltage , B, as determi ned by
the voltage divider composed of R6 and
R7. When the voltage across C2 exceeds
BVa, the output of the op-amp will snap
back to the stab le (hig h) state.

The refractory period
The period immediately after the output

returns to the stable state is called the
refractory period. The circuit will not re
spond to trigger inputs during that period .
To understand why that is the case, first
assume that R4 and 0 3 are not present.
Then C2 can discharge only through R3,
and that takes a long time. However, by
including R4 and 0 3, we can shorte n the
refractory period . If the resistance of R4 is
much less than that of R3, then the circuit
will discharge much faster than it will
charge . Diode 0 3 ensures that curre nt
flows through R4 only during discharge.
The lower curve in Fig . 2 indicates the
different discharge times with and with
out those components.

The duration T of the output pulse is
given approximately by this equation:

T = R3·C2·ln [1 /(1- B)]

In that equatio n, T is given in seconds, R3
is in ohms, C2 is in farads, In denotes the
use of the natural logarithm , and B is the
feedback factor. B is determined from the
volt a g e -di vi d e r e q uat io n : B =
R6/(R6 + R7).

That timin g equation is derived from
the time it takes C2 to charge from + 0.7
volts to voltage BVa . We can simplify the
equation by making B a constant. For
example, if the values of the resistors are
equal, then B = R/(R + R) = 0.500, so
the equation can be simplified as follows :

T = R3·C2·ln [1 /(1- B)J

T = R3·C2·ln [1/(0.500)]

T = R3·C2·ln [2]

T = R3·C2

Therefore,
T = R3·C2·0 .693

IfR6 = 2R7, then B = R/(R+2R) =
R/3R = 0 .333 . In that case we can sim
plify the tim ing equation as follows:

T = R3·C2·ln [1/(1- 0.333)]

T = R3·C2·ln [1 .500]

T = R3·C2·0 .406

B is often given a value of 0 .632 . Doing
so allows us to reduce the timing equation
to
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LISTING 2-TRIANGLE-WAVE CALCU LATIONSfor as long as power is applied to the
circuit.

The time T that is required for one cycle
is determined by the resistances in the
circuit , and by the value of the capacitor:

T =2 xR1 x C1 x ln( 1+2:
32

)

In that equation , T is spec ified in sec
onds , CI is speci fied in farads, and all
resistors are spec ified in ohm s; In again
signifies use of the natural logarithm.

By making the value of R2 equal to that
of R3, we can simplify the equation to:

T = 3.2·R1·C1

Solving for the resistance,

R1 = T / (3.2 C1)

To work in frequency rather th an
peri od , recall that T = 1If. Then we can
substitute:

1/t = 3.2·R1·C1

or

t = 1/(3.2·R1·C1)

Now let's work a practical example.
Calculate the values of the components
needed to build a 1500-Hz oscillator. As
sume we' ll use a O.OO I-ILF capac itor.

R1 = T / (3.2 C1)

R1 = (0.00067) / (3.2 x 10-9 )

R1 = 209,375 ohms

The duty cycle of the squarewave cir
cuit in Fig . 3 is 50 percent ; in other words ,
the output is high for the same amount of
time that it is low. However, we don't
always want a 50 percent duty cycle;
sometimes we need the high portion of the
waveform to be sho rte r th an the low
port ion , or vice versa. There are several
circuits that will yield different high and
low times.

One alternative is shown in Fig. 5. That
circuit uses different timing resistors for

100 REM Triangle wave gene r a tor
110 FOR 1=1 TO 30
120 PRINT
130 NEXT I
140 PRINT "Fi xed or Variable?"
150 PRINT
160 PRINT "1. Fixed
170 PRI NT "2. Variabl e
180 PRINT
190 INPUT "Choi ce: ",A
200 IF A > 2 THEN GOTO 140
210 GOSUB 1100
220 ON A GOTO 230, 480
230 PRINT
240 PRINT "Fi xed Frequency."
250 PRINT
260 INPUT "Frequency in Hz: ",F
270 PRINT
280 PRINT
290 INPUT "Capaci t or i n uF : ",C
300 C = C/ (10 ~6 )

310 IF K = 1 THEN R = . 25/(F*C)
320 IF K = 2 THEN GOSUB 940
330 R = INT(R)
340 C = C*10~6

350 PRINT
360 PRI NT "Fi xed f r eq uency ";
370 PRI NT "component va l ues : "
380 PRINT
390 PRINT "Frequency="; F;" Hz"
400 PRINT "Capac itor=";C;" uF "
410 PRINT "Resistor ="; R; " Ohms"
420 IF K<>2 THEN 450
430 PRINT "RI ="; Rl;" Ohms "
440 PRINT "R2 ="; R2;" Ohms"
450 PRINT
460 PRINr
470 GOTO 820
480 PRINT 'Variable Frequency
490 PRINT
500 PRINT "Enter upper and lo wer "
510 PRINT "frequency limits in Hz"
520 PRINT
530 I NPUT "Lower Limi t: ",FL
540 PRI NT
550 INPUT ''Upper Limit: ",FH
560 PRINT
570 INPUT "Capacitor in uF : ",C
580 C = C/10~6

590 IF K = 2 THEN GOSUB 1020
600 IF K = 1 THEN RL = •25/ (FL*C)
610 IF K = 1 THEN RH = . 25/ (FH*C)
620 C = C*10 ~6

630 RL = INT(RL)
640 RH = INT(RH)
650 PRINT 'Variabl e f requency

660 PRINT "ccxnpone nt va l ues
670 PRI NT
680 PRINT "Frequency r ange: ";
690 PRINT FL; " to "; FH;" Hz"
700 PRINT "Capac i t or =" ;C;" uF"
710 PRINT "Resi s t or ="; RH;
720 PRI NT " t o "; RL;" Ohms"
730 PRINT
740 IF K <> 2 THEN 770
750 PRI NT "Rl ="; Rl; " Ohms , "
760 PRINT "R2 =" ; R2; " Ohms"
770 GOTO 820
780 I NPUT "Choi ce : " ,W
790 IF W > 2, THEN GOTO 780
800 ON WGOTO 810, 240
810 RE'lURN
820 PRINT
830 PRINT ''Wha t' s next?"
840 PRINT
850 PRINT "1. The same aga i n"
860 PRINT "2. Options rrenu"
870 PRINT "3. Qui t "
880 PRINT
890 INPUT L
900 IF L > 3, THEN GOTO 820
910 ON L GOTO 220 ,14 0 , 920
920 PRINT "PROGRAM ENDED "
930 GOTO 1210
940 PRINT
950 INPUT 'Value of Rl : ",Rl
960 PRINT
970 INPUT 'Va l ue of R2: ", R2
980 PRINT
990 R = Rl/(4*R2*C*F)
1000 R = INT(R)
1010 RETURN
1020 PRI NT
1030 INPUT 'Value of Rl : " ,Rl
1040 PRINT
1050 INPUT 'Va l ue of R2: ",R2
1060 PRINT
1070 RH = Rl/ (4*R2*C*FH )
1080 RL = Rl/ (4*R2*C*FL)
1090 RETURN
1100 PRINT
1110 PRINT "Se l ect One: "
1120 PRI NT
1130 PRINT "1. Standard Vers io n " ;
1140 PRINT " (Rl= R2)"
1150 PRINT "2. Cus tcxn Val ues ";
1160 PRINT "( you ent e r Rl and R2) "
1170 PRINT
1180 INPUT "Se l ect One : ",K
1190 IF K > 2, THEN GOTO 1110
1200 RETURN
1210 END

FIG. 5-TO OBTAIN UNEQUAL DUTY CYCLE in
the squarewave oscillator, use two different tim
ing resistors. Resistor RB controls the positive
half-cycle, and RA controls the negative half-

CJ) cycle.
o
~ the high and the low portion s of the cycle;
a: the diodes switch RA or RB into the circ uit
@ at the appropriate time . When the output
m is high , D2 is forward-biased , so RB con
e) trois timing. Simil arly, when the output is
o low, DI is forward-bi ased , so RA controls
~ timin g.

Cl 01

02

OUTPUT

Another method of obtaining a non
symmetrical waveform is shown in Fig. 6 .
In that circuit we bias the timin g capacitor

+v

FIG. 6-UNEQUAL DUTY CYCLE may also be
obtained by biasing the timing capacitor (C1)
positive or negative through RO F F and R2.

either positive or negative by the actions
of potentiomete r R2 and Ro w The polar
ity of the bias voltage is deter mined by the
setting of R2; that voltage can vary any
where from - V through zero to + V.

Triangle-wave oscillators
There are numerous ways of designing

a triangle-wave osc illator, but few have the
simplicity of a squarewave oscillator fol
lowed by a Miller integrator. The latter is
shown in Fig. 7; its timing diagram is
shown in Fig. 8.

The slope of the waveform in the lower
trace depends on the RIC I time constant.
When that time con stant is long compared
with the per iod of the squarewave input , a

continued on page 79
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OSCILLATORS

continued f rom page 74

fairly linear output will result , because the
capacitor is never allowed to fully charge
or discharge . You can thin k of that graph
icall y as restri ctin g charging and dis
charging to a small portion of the curve
shown in Fig. 4 .

culate the resistor and capaci tor values of
the triangle-wave circuit in Fig. 9. TIle
progra m is very similar to the one for
ca lculating the circuit requ irements for a

+V

+V
IN

C1

R4 Rl

01

02 R2
'=

R3

OUTPUT

Cl
FIG. 9-A COMPLETE TRIANGLE-WAVE GEN·
ERATOR may be buil t from a Miller integrator
and a squarewave generator.

one-shot that is shown in Listing I. The
triang le-wave program, however, will cal
culate resistance values for both fixed
and variable-frequency osci llators. For
the latter, a variab le resistor (or a ser ies
combination of a fixed and a variable re
sistor) shou ld be substituted for R2.

Next t ime
In the next installment in this series

we ' ll discuss the crystal-based sinewave
osc illator. Future installments will also
deal with crystal-based squarewave os
cillators; among other things, those cir
cuitsw are used in com puters and in other
dig ital circ uits for clocks and other se
quence con trollers . R-E

- V
+V

-V

FIG. 8-L1NEARITY OF A MILLER integrator is
maintained by making the R1C1 time constant
long compared with that of the incoming
squarewave.

SQUAREWAVE
INPUT

f = R2 I (4·R1·R3· C1)

In Listing 2 is another program (also in
IBM-PC BASIC); that program will cal-

The schematic of a co mplete triangle
wave generator based on the Miller inte
grator is shown in Fig . 9 . In that circuit a
Miller integrator is co nnec ted to a square
wave generator. That circuit's frequency
of oscillation is given by the following
equation:

TRIANGLE
WAVE

OUTPUT

FIG.,7-A MILLER INTEGRATOR may be used to
create tr iangle waves from squarewaves.
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• 60 chann els
• Rem ote channel changing
• Remote ON/OFF switch
• Remote fine tuning
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• Volume control
• 68 channels
• Mute control
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