
Learn about transistor oscillators 
and multivibrators that generate 
useful sine and square waves. 

OSCILLATORS 
OSCILLATORS BASED ON THE Bi- 
polar junction transistor (BJT) 
are the subjects of this article. 
Previous subjects in this series 
have included an article on the 
characteristics of the bipolar 
junction transistor, one on the 
common -collector amplifier, a 
third on the common -emitter 
and common -base voltage am- 
plifiers (September, October, 
and November). 

Oscillator fundamentals 
An oscillator is a circuit that 

is capable of a sustained AC out- 
put signal obtained by convert- 
ing input energy. Oscillators 
can be designed to generate a 
variety of signal waveforms, and 
they are convenient sources of 
sinusoidal AC signals for test - 

48 ing, control, and frequency con- 
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version. Oscillators can also 
generate square waves, ramps, 
or pulses for switching, signal- 
ing, and control. 

Simple oscillators produce 
sinewaves, but another form, 
the multivibrator, produces 
square or sawtooth waves. 
These circuits were developed 
with vacuum -tubes, but have 
since been converted to tran- 
sistor oscillators. Figure 1 is a 
simple block diagram showing 
an amplifier and a block repre- 
senting the many oscillator 
phase -shift methods. 

Regardless of its amplifier, an 
oscillator must meet the two 
Barkhausen conditions for os- 
cillation: 1. The loop gain must 

be slightly greater than unity. 
2. The loop phase shift must be 
0° or 360 °. 

lb meet these conditions the 
oscillator circuit must include 
some form of amplifier, and a 
portion of its output must be 
fed back regeneratively to the 
input. In other words, the feed- 
back voltage must be positive so 
it is in phase with the original 
excitation voltage at the input. 
Moreover, the feedback must be 
sufficient to overcome the 
losses in the input circuit (gain 
equal to or greater than unity). 

If the gain of the amplifier is 
less than unity, the circuit will 
not oscillate, and if it is signifi- 
cantly greater than unity, the 
circuit will be over- driven and 
produce distorted (non -sin- 
usoidal) waveforms. 
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FIG. 1- OSCILLATION CONDITIONS of a 

sinewave generator. Loop phase shift 
must be 360 and there must be ade- 
quate loop gain. 

As you will learn, the typical 
amplifier- vacuum tube, bi- 
polar junction transistor, or 
field -effect transistor -imparts 
a 180° phase shift in the input 
signal, and the resistive- capaci- 
tive (RC) feedback loop Imparts 
the additional 180° so that the 
signal is returned in phase. En- 
ergy coupled back to the input 
by inductive methods can, how- 
ever, be returned with zero 
phase shift with respect to the 
input. 

Specialized oscillators such 
as the Gunn diodes and 
klystron tubes oscillate because 
of negative resistance effects, 
but the basic oscillator princi- 
ples apply here as well. 

RC oscillators. 
Figure 2 is the schematic for a 

phase -shift oscillator, a basic 
resistive -capacitive oscillator. 
'Thansistor Q1 is configured as a 
common -emitter amplifier, and 
its output (collector) signal is 
fed back to its input (base) 
through a three -stage RC ladder 
network, which includes R5 
and Cl, R2 and C2, and R3 and 
C3. 

Each of the three RC stages in 
this ladder introduces a 60° 
phase shift between its input 
and output terminals so the 
sum of those three phase shifts 
provides the overall 180° re- 
quired for oscillation. The 
phase shift per stage depends 
on both the frequency of the in- 
put signal and the values of the 
resistors and capacitors in the 
network. 

The values of the three RC lad- 
der network capacitors Cl, C2, 
and C3 are equal as are the val- 

ues of the three resistors R5, 
R2, and R3. With the compo- 
nent values shown in Fig. 2, 
The 180° phase shift occurs at 
about 1/14 RC or 700 Hz. Be- 
cause the transistor shifts the 
phase of the incoming signal 
180 °, the circuit also oscillates 
at about 700 Hz. 

At the oscillation frequency, 
the three -stage ladder network 
has an attenuation factor of 
about 29. The gain of the tran- 
sistor can be adjusted with 
trimmer potentiometer R6 in 
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FIG. 2- PHASE -SHIFT OSCILLATOR has 
a three -stage RC network phase shifter. 
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180 feedback network in an oscillator. 

the emitter circuit to compen- 
sate for signal loss and provide 
the near unity gain required for 
generating stable sinewaves. lb 
ensure stable oscillation, R6 
should be set to obtain a sightly 
distorted sinewave output. 

The amplitude of the output 
signal can be varied with trim- 
mer potentiometer R4. Al- 
though this simple phase -shift 
oscillator requires only a single 
transistor, it has several draw- 
backs: poor gain stability and 
limited tuning range. 

There are ways to overcome 
the drawbacks of the phase 
shift -oscillator, and one of them 
is to include a Wien -bridge or 
network in the oscillator's feed- 
back loop. The concept is illus- 
trated in the Fig. 3 block 
diagram. A far more versatile 
RC oscillator than the phase - 
shift oscillator, its operating fre- 
quency can be varied easily. 

As shown within the dotted 
box in Fig. 3, A Wien bridge con- 
sists of a series- connected re- 
sistor and capacitor, wired to a 
parallel- connected resistor and 
capacitor. The component val- 
ues are "balanced" so that Rl 
equals R2 and Cl equals C2. 

The Wien network is excep- 
tionally sensitive to frequency. 
That shift is negative (to a max- 
imum of 90 °) at low frequen- 
cies, and positive (to a max - 
iumum of +90 °) at high 
frequencies. It is zero a center 
frequency of 1/6.28RC. At the 
center frequency, network at- 
tenuation is a factor of 3. 

As a result, the Wien network 
will oscillate if a non -inverting, 
amplifier with a gain of 3 is con- 
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FIG. 4 -WIEN- BRIDGE OSCILLATOR has an Wien- bridge network as its phase shifter. 
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FIG. 5- TUNED- COLLECTOR oscillator 
has a tuned- transformer resonant tank. 

nected as shown between the 
amplifier's output and input ter- 
minals. The output is taken be- 
tween the output of the ampli- 
fier and ground. 

A basic two -stage Wien- bridge 
oscillator schematic is shown in 
Fig 4. Both transistors Ql and 
Q2 are configured as as low -gain 
common -emitter amplifiers. 
The voltage gain of Q2 is slightly 
greater than unity, and it pro- 
vides the 180° phase shift re- 
quired for regenerative feed- 
back. The 4.7- kilohm resistor 
R4, part of the Wien network, 
functions as the oscillator's col- 
lector load. 

Transistor Q1 provides the 
high input impedance for the 
output of the Wien network. 
Trimmer potentiometer R5 will 
set the oscillator's gain over a 
limited range. With the compo- 
nent values shown, the Wien - 
bridge oscillator will oscillate at 
about 1 kHz. Trimmer R5 should 
be adjusted so that the sinewave 
output signal is just slightly dis- 
torted to achieve its maximum 
stability. 

Many different practical vari- 
able- frequency Wien- bridge os- 
cillators can be built with 
operational amplifier integrated 
circuits combined with an auto- 
matic gain -control feedback 
systems. No inductors are 
needed in these circuits. 

LC oscillators 
Resistive -capacitative sine - 

wave oscillators can generate 
signals from a few hertz up to 
several megahertz, but induc- 

54 tive- capacitive (LC) oscillators 

can generate sinewave outputs 
from 20 or 30 kHz up to UHF 
frequencies. 

An LC oscillator includes an 
LC network that provides the 
frequency -selective feedback 
between the output of the am- 
plifier and its input terminals. 

FIG. 6- HARTLEY OSCILLATOR has a 
tapped tank coil. 

FIG. 7- COLPITTS OSCILLATOR has a 
dual- capacitor voltage divider. 

FIG. 9-REINARTZ OSCILLATOR induc- 
tively couples emitter and collector sig- 
nals to its tank circuit. 

Because of the inherently high 
Q or frequency selectivity of LC 
networks or resonant tank cir- 
cuits, LC oscillators produce 
more precise sinewave out - 
puts-even when the loop gain 
of the circuit is far greater than 
unity. 

The tuned -collector oscillator 
shown in Fig. 5 is the simplest 
of many different LC oscillators. 
Transistor Ql is configured as a 
common -emitter amplifier, with 

base bias provided by the 
junction of series resistors Rl 
and R2. Emitter resistor R3 is 
decoupled from high- frequency 
signals by capacitor C3. 

The primary turns of trans- 
former Ti (L1) in parallel with 
trimmer capacitor C1 form a 
tuned collector resonant tank 
circuit. Collector -to -base feed- 
back is provided by coil L2 in 
transformer Tl. Coil L2, with a 
smaller number of turns than 
Ll, is inductively coupled to Ll 
by transformer action. 

The necessary zero phase 
shift around the feedback loop 
can be obtained by adjusting 
trimmer capacitor Cl. If loop 
gain exceeds unity at the tuned 
frequency, the circuit will oscil- 
late. Loop gain is determined by 
the turns ratio of L1 with re- 
spect to L2 in transformer T1. 

The phase relationship be- 
tween the energizing current of 
all LC tuned circuits and induc- 
ed voltage varies over the range 
of 90° to + 90 deg, and it is 
zero at a center frequency given 

FIG. 8 -CLAPP OSCILLATOR is a by the formula: 
Colpitts oscillator with improved sta- f = 1 /21tVL . 
bility. Because the circuit in Fig. 5 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


+9V 
465kHz IF 

TRANSFORMER 

R1 

47K 

AM 
OUTPUT 

01 
2N3904 

R4 C1 
12051 101LF 

AUDIO 
INPUT C2 

0.1 

C3 
.068 

FIG. 10-BEAT-FREQUENCY oscillator 
that can amplitude modulate audio sig- 
nals. 
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FIG. 11 -BEAT FREQUENCY oscillator 
with varactor tuning frequency modu- 
lates input signals. 

provides a 0° overall phase shift, 
it oscillates at this center fre- 
quency. The frequency can be 
varied by trimmer capacitor Cl 
from 1 MHz to 2 MHz. The cir- 
cuit can be enhanced to oscil- 
late at frequencies from less 
than 100 Hz to UHF frequencies 
with a laminated iron -core 
transformer. The same circuit 
will oscillate satisfactorily in the 
UHF regions with an air -core 
transformer. 

Classic LC oscillators 
Figure 6 illustrates the 

Hartley oscillator, which is a 

variation of the tuned -collector 
oscillator that was shown in 
Fig. 5. This oscillator is recog- 
nizable by the tapped coil in its 
tuned resonant circuit. Oscilla- 
tion of the Hartley oscillator cir- 
cuit depends on phase -splitting 
autotransformer action of the 
tapped coil in the tuned reso- 
nant circuit. 

The tap is located on load in- 
ductor Ll about 20% of the way 
down from its top so that about 
1/5 of the turns are above the tap 
and 4/5 are below. The positive 
power supply is connected to 
the tap to obtain the necessary 
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FIG. 12--ASTABLE MULTIVIBRATOR 
produces 1 -kHz square waves (a), and 
waveforms at the collectors and bases 
of 01 and 02 (b). 

autotransformer action. 
the signal voltage across the 

top of L1 is 180° out -of -phase 
with the signal voltage across 
its lower end, which is con- 
nected to the collector of Q1. The 
signal from the top of the coil is 
coupled to the base (input) of Q1 
through isolating capacitor C2. 
The oscillator will oscillate at a 
center frequency determined by 
its LC product. 

The Colpitts oscillator shown 
in Fig. 7 is another classic cir- 

cuit. It is identified by the volt- 
age divider in its tuned reso- 
nant circuit. With the compo- 
nent values shown, this Colpit- 
ts circuit will oscillate at about 
37 kHz. 

Capacitor Cl is in parallel 
with the output capacitance of 
Q1, and C2 is in parallel with 
the input capacitance of Q1, 
Consequently, changes in Q1's 
capacitance (due to tempera- 
ture changes or aging) can shift 
the oscillator frequency. This 
shift can be minimized for high 
frequency stability by selecting 
values of Cl and C2 that are 
large relative to the internal ca- 
pacitances of Q1. 

The Clapp oscillator, a modi- 
fication of the Colpitts os- 
cillator, shown in Fig. 8, offers 
higher frequency stability than 
the Colpitts oscillator. This is 
achieved by adding capacitor CI 
in series with the coil in the 
tuned resonant tank circuit. It 
is selected to have a value that is 
small with respect to C2 and C3. 
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FIG. 13- ASTABLE MULTIVIBRATOR 
with frequency correction produces 1- 

kHz square waves. 
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FIG. 14- ASTABLE MULTIVIBRATOR 
produces long -period square waves. 55 
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As a result of the presence of 
this capacitor, the resonant fre- 
quency of the tank and os- 
cillator will be determined 
primarily by the values of Ll and 
C1. 

Capacitor C3 essentially elim- 
inates transistor capacitance 
variations as a factor in deter- 
mining the Clapp oscillator's 
resonant frequency. With the 
component values shown, the 
Clapp oscillator oscillates at 
about 80 kHz. 

Figure 9 shows the classic 
Reinartz oscillator. In this cir- 
cuit, tuning coil Ll in the collec- 
tor circuit and the tuning coil 
L2 in the emitter circuit are in- 
ductively coupled to tuning coil 
L3 in the resonant tank circuit. 

Positive feedback is obtained 
by coupling the collector and 
emitter signals of the transistor 
through windings L1 and L2, 
and inductively coupling both 
of these coils to L3. This 
Reinartz oscillator oscillates at a 
frequency determined by L3 
and trimmer capacitor C2. With 
the values and turns ratios 
given in Fig. 9, the circuit will 
oscillate at a kHz. 

Modulation 
The LC oscillator circuits 

shown in Figs. 5 to 9 can be 
modified to produce amplitude - 
or frequency -modulated (AM or 
FM) rather than continuous - 
wave (CW) output signals. Fig- 
ure 10 is the schematic for a 
beat -frequency oscillator (BFO). 
It is based on the tuned- collec- 
tor circuit of Fig. 5, but modi- 
fied to become a 465 -kHz ampli- 
tude- modulated (AM) BFO. 

A standard 465 -kHz IF trans- 
former (T1), intended for tran- 
sistor circuits, is the LC 
resonant tank circuit in this os- 
cillator. An audio -frequency AM 
signal fed to the emitter of Q1 
through blocking capacitor C2 
will modulate the supply voltage 
of Ql and thus amplitude -mod- 
ulate the circuit's 465 -kHz car- 
rier signal. 

This BFO can provide 40% 
signal modulation. The value of 
emitter -decoupling capacitor 
C1 was selected to present a low 
impedance to the 465 -kHz car- 
rier signal, while also present- 
ing a high impedance to the low- 
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FIG. 15- ASTABLE MULTIVIBRATOR 
with waveform correction. 
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FIG. 16- ASTABLE MULTIVIBRATOR 
with sure -start capability. 

FIG. 17- VARIABLE MARK/SPACE gen- 
erator runs at 1.1 kHz. 

frequency modulation signal. 
Figure 11 shows how the BFO 

circuit in Fig. 10 can be modi- 
fied to become a frequency mod- 
ulator. Mining is adjusted by 
trimmer potentiometer R5. Sil- 
icon diode D1 functions as an 
inexpensive varactor diode. A 
1N4001 diode frequency modu- 
lates the 465 -kHz BFO circuit. 
Here, C2 and diode "capacitor" 
D1 are in series. 

Consequently, the oscillator's 
center frequency can be 
changed by altering the capaci- 
tance of D1 with trimmer poten- 
tiometer R5, and frequency - 
modulated signals can be ob- 
tained by introducing an audio - 
frequency modulation signal to 
D1 through a C1 and R4. Capac- 
itor C2 provides DC isolation 
between Q1 and D1. 

Astable oscillators 
Conventional oscillator cir- 

cuits produce sinewaves, but 
repetitive square waves are im- 
portant in electronics. One way 
to generate them is with the as- 
table multivibrator circuit 
shown in Fig. 12 -a. 

This multivibrator is a self -os- 
cillating regenerative switch 
whose on and off periods are 
controlled by the time constants 
obtained as the products of R2 
and C21, and R3 and Cl. If these 
time constants are equal (be- 
cause both values of R and C are 
equal), the circuit becomes a 
square -wave generator that op- 
erates at a frequency of about 
1/1.4 RC. The waveforms taken 

of tran- 
sistors Q1 and Q2 are shown in 
Fig. 12 -b. 

The frequency of the astable 
multivibrator in Fig. 12 can be 
decreased by increasing the val- 
ues of C1 and C2 or R2 and R3, 
or increased by decreasing 
them. The frequency can be var- 
ied with dual -gang variable re- 
sistors placed in series with 10- 
kilohm limiting resistors in 
place of R2 and R3. 

The operating frequency can, 
if required, be synchronized to 
that of a higher- frequency sig- 
nal by coupling part of the exter- 
nal signal into the timing 
networks of the astable circuit. 
Outputs can be taken from ei- 
ther collector of the circuit, and 
the two outputs are in opposite 
in phase. The multivibrator's 
operating frequency is essen- 
tially independent of power sup- 
ply voltage between + 1.5 and 
+ 9 volts. 

The upper voltage limit is set 
by inherent transistor be- 
havior: as the transistors 
change state at the end of each 
half -cycle, the base -emitter 
junction of one transistor is re- 
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FIG. 18- VARIABLE MARK/SPACE gen- 
erator features waveform corrrection 
and sure -start. 

verse biased by a voltage that is 
about equal to the supply volt- 
age. Consequently, if the supply 
voltage exceeds the reverse 
base -emitter breakdown voltage 
of the transistor, circuit timing 
will be affected. 

This characteristic can be 
overcome with the circuit modi- 
fications shown in Fig. 13. A sil- 
icon diode is connected in series 
with the base input terminal of 
each transistor to raise the 
effective base -emitter reverse 
breakdown voltage of each tran- 
sistor to a value greater than 
that of the diode. 

The protected astable multi - 
vibrator will operate with any 
supply voltage from + 3 to + 20 
volts. Its frequency will vary 
only about 2% when the supply 
voltage is varied from + 6 to 
+ 18 volts. This variation can be 
further reduced to 0.5 % by 
adding another "compensa- 
tion" diode in series with the 
collector of each transistor, as 
shown in Fig. 13. 

Multivibrator variations 
The basic astable multi - 

vibrator shown in Fig. 12 can be 
modified in different ways to im- 
prove its performance or change 
the shape of its output wave- 
form. Some modifications are 
shown in Figs. 14 to 18. 

A shortcoming of the multi - 
vibrator shown in Fig. 12 is that 
the leading edge of each of its 
output waveforms is slightly 
rounded. The lower the values 
of timing resistors R2 and R3 

with respect to collector load re- 
sistors R1 and R4, the more pro- 
nounced will be this waveform 
rounding. 

Conversely, the larger the val- 
ues of R2 and R3 with respect to 
R3 and R4, the sharper the 
waveform edge will be. The max- 
imum permissible values of R1 
and R2 are, however, limited by 
the current gains of the tran- 
sistors. These gains are equal to 
hFE multiplied either by the val- 
ue of resistor R1 or R4. 

One way to improve the cir- 
cuit waveform, of course, would 
be to replace transistors Q1 and 
Q2 with Darlington transistor 
pairs and then substitute tim- 
ing resistance values that are as 
large as permissible. That is 
done in the long -period astable 
multivibrator that is shown in 
Fig. 14. 

Resistors R2 and R3 can have 
any value between 10 kilohms 
and 12 megohms, and the mul- 
tivibrator will run from any sup- 
ply voltage between + 3 and 
+ 18 volts. With the R2 and R3 
values shown in Fig. 14, the 
multivibrator's total period or 

microfarad when Cl and C2 
have equal values. This multi - 
vibrator generates sharp -cor- 
nered square waves. 

The square waves with the 
rounded leading edges pro- 
duced by the multivibrator 
shown in Fig. 12 are caused by 
an inherent characteristic of 
the transistor. As each tran- 
sistor is switched off, its collec- 
tor voltage is prevented from 
switching abruptly to the 
positive supply value. This is 
due to the loading between that 
collector and the base of the ad- 
jacent conducting transistor 
from timing capacitor cross - 
coupling. 

This characteristic can be al- 
tered, and sharp square waves 
can be obtained by effectively 
disconnecting the timing ca- 
pacitor from the collector of its 
transistor as it turns off. That 
improvement is shown in Fig. 
15, a schematic for a 1 -kHz asta- 
ble multivibrator. It includes di- 
odes D1 and D2 that disconnect 
the timing capacitors at the mo- 
ment of switching. 

The important time con- 

stants of the multivibrator in 
Fig. 15 are also determined by 
Cl and R4, and C2 and Rl. The 
effective collector loads of Q1 
and Q2 are equal to the parallel 
resistances of R1 and R2, and 
R5 and R6, respectively. 

Basic astable multivibrator 
operation depends on slight dif- 
ferences in their transistor 
characteristics. Those dif- 
ferences cause one transistor to 
turn on faster than the other 
when power is first applied, 
thus triggering oscillation. 

If the multivibrator's supply 
voltage is applied slowly by in- 
creasing it from zero, however, 
both transistors could turn on 
simultaneously. If this hap- 
pens, the oscillator will be a 
nonstarter. 

The possibility of nonstarting 
can be avoided with the "sure - 
start" astable multivibrator cir- 
cuit shown in Fig. 16. There, the 
timing resistors are connected 
to the transistor's collectors so 
that only one transistor can 
conduct at a time, ensuring 
that oscillating will always be- 
gin. 

All the astable multivibrator 
circuits shown so far are in- 
tended to produce symmetrical 
output waveforms, with a 1 to 1 

ratio of square wave to space 
(1:1 mark /space ratio). Non - 
symmetrical waveforms can be 
obtained by installing one set of 
RC astable time constant com- 
ponents that is larger than the 
other. 

Figure 17 shows a 1.1 kHz 
variable mark/space ratio gener- 
ator. The ratio can be varied 
over the range 1 to 10 with trim- 
mer potentiometer R5. How- 
ever, the leading edges of the 
output waveforms of this cir- 
cuit could be too round for some 
applications when mark/space 
control is set at its extreme posi- 
tion. Also, this generator could 
be difficult to start if the supply 
voltage is applied slowly to the 
circuit. 

Both of those drawbacks can 
be overcome with the modifica- 
tions shown in the schematic of 
Fig. 18, another 1.1 -kHz varia- 
ble mark/space ratio generator. 
The circuit includes both sure - 
start and waveform -correction 
diodes. i2 57 
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