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INTRODUCTION

any electronic devicesrequireasource of en-
M ergy at aspecific frequency which may range

from a few Hz to several MHz. This is
achieved by an electronic device called an oscillator.
Oscillatorsare extensively used in el ectronic equipment.
For example, inradio and television receivers, oscillators
areused to generate high frequency wave (called carrier
wave) in thetuning stages. Audio frequency and radio-
frequency signals are required for the repair of radio,
television and other electronic equipment. Oscillators
are also widely used in radar, electronic computers and
other electronic devices.

Oscillators can produce sinusoida or non-sinusoidal
(e.g. square wave) waves. In this chapter, we shall
confine our attention to sinusoidal oscillatorsi.e. those
which produce sine-wave signals.
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14.1 Sinusoidal Oscillator

An electronic device that generates sinusoidal oscillations of desired frequency isknown asa *sinu-
soidal oscillator.

Although we speak of an oscillator as* generating” afrequency, it should be noted that it does not
create energy, but merely acts as an energy converter. It receivesd.c. energy and changesit into a.c.
energy of desired frequency. Thefrequency of oscillations depends upon the constants of the device.

It may be mentioned herethat although an alternator produces sinusoidal oscillations of 50Hz, it
cannot be called an oscillator. Firstly, an alternator is a mechanical device having rotating parts
whereas an oscillator is anon-rotating electronic device. Secondly, an alternator converts mechani-
cal energy into a.c. energy while an oscillator converts d.c. energy into a.c. energy. Thirdly, an
aternator cannot produce high frequency oscillations whereas an oscillator can produce oscillations
ranging from afew Hz to several MHz.

Advantages

Although oscillations can be produced by mechanical devices (e.g. alternators), but electronic
oscillators have the following advantages :

(i) Anoscillator isanon-rotating device. Conseguently, thereislittle wear and tear and hence
longer life.

(ii) Dueto the absence of moving parts, the operation of an oscillator is quite silent.

(ill) Anoscillator can produce waves from small (20 Hz) to extremely high frequencies (> 100
MH2z).

(iv) Thefrequency of oscillations can be easily changed when desired.

(v) It has good frequency stability i.e. frequency once set remains constant for a considerable
period of time.

(vi) It hasvery high efficiency.
14.2 Types of Sinusoidal Oscillations

Sinusoidal electrica oscillations can be of two typesviz damped oscillationsand undamped oscillations.
(i) Damped oscillations.

Theelectrical oscilla- e ?ri e‘?ri
tionswhose amplitude
goes on decreasing
with time are called
damped oscillations.
Fig. 14.1 (i) shows N
waveform of damped -
electrical oscillations. \/ \/ v
Obvioudly, the electri-
cal system in which
these oscillations are
generated has losses 0) (if)
and some energy is
lost during each oscil-
lation. Further, no means are provided to compensate for the losses and consequently the
amplitude of the generated wave decreases gradually. It may be noted that frequency of
oscillations remains unchanged since it depends upon the constants of the electrical system.

* Note that oscillations are produced without any external signal source. The only input power to an
oscillator is the d.c. power supply.

o

Fig. 14.1
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(il) Undamped oscillations. Theelectrical oscillationswhose amplitude remains constant with
time are called undamped oscillations. Fig. 14.1 (ii) shows waveform of undamped el ectrical oscil-
lations. Although the electrical systeminwhich these oscillations are being generated has also losses,
but now right amount of energy is being supplied to overcome the losses. Consequently, the ampli-
tude of the generated wave remains constant. It should be emphasised that an oscillator isrequired to
produce undamped electrical oscillations for utilising in various electronics equipment.

14.3 Oscillatory Circuit

A circuit which produces electrical oscillations of any desired frequency is known as an oscillatory
circuit or tank circuit.

A simple oscillatory circuit consists of a capacitor (C) and inductance coil (L) in paralel as
shown in Fig. 14.2. This electrical system can produce electrical oscillations of frequency deter-
mined by the values of L and C. To understand how this comes about, suppose the capacitor is
charged from ad.c. source with a polarity as shown in Fig. 14.2 (i).

(i) Intheposition showninFig. 14.2 (i), the upper plate of capacitor hasdeficit of electronsand
the lower plate has excess of electrons. Therefore, there is a voltage across the capacitor and the
capacitor has electrostatic energy.

(@) (i) (iif) (iv)
Fig. 14.2

(if) When switch Sis closed as shown in Fig. 14.2 (ii) , the capacitor will discharge through
inductance and the electron flow will beinthedirectionindicated by thearrow. Thiscurrent flow sets
up magnetic field around the coil. Dueto theinductive effect, the current builds up slowly towardsa
maximumvalue. Thecircuit current will be maximum when the capacitor isfully discharged. Atthis
instant, electrostatic energy is zero but because electron motion is greatest (i.e. maximum current),
the magnetic field energy around the coil ismaximum. ThisisshowninFig. 14.2 (ii). Obviously, the
electrostatic energy across the capacitor is completely converted into magnetic field energy around
the coil.

(i) Once the capacitor is discharged, the magnetic field will begin to collapse and produce a
counter em.f. According to Lenz's law, the counter em.f. will keep the current flowing in the same
direction. Theresult isthat the capacitor is now charged with opposite polarity, making upper plate
of capacitor negative and lower plate positive as shown in Fig. 14.2 (iii).

(iv) After the collapsing field has recharged the capacitor, the capacitor now beginsto discharge;
current now flowing in the opposite direction. Fig. 14.2 (iv) shows capacitor fully discharged and
maximum current flowing.

The sequence of charge and discharge resultsin alternating motion of electrons or an oscillating
current. The energy is aternately stored in the electric field of the capacitor (C) and the magnetic
field of the inductance coil (L). This interchange of energy between L and C is repeated over and
again resulting in the production of oscillations.
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Waveform. If there were no lossesin the tank circuit 4
to consumethe energy, theinterchange of energy betweenl  +7
and C would continue indefinitely. In apractical tank cir- \
cuit, there are resistive and radiation losses in the coil and N
dielectriclossesin the capacitor. During each cycle, asmall IS
part of the originally imparted energy is used up to over- =~
cometheselosses. Theresult isthat the amplitude of oscil-
lating current decreases gradually and eventual ly it becomes
zero when all the energy is consumed aslosses. Therefore,

=)
\
\
—
\

]

b

v
v

thetank circuit by itself will produce damped oscillations as / !
showninFig. 14.3. Ly

Frequency of oscillations. The frequency of oscilla-
tionsinthetank circuit isdetermined by the constants of the Fig. 14.3

circuit vizL and C. The actua frequency of oscillationsis
the resonant frequency (or natural frequency) of the tank circuit given by :
1
" e

Itisclear that frequency of oscillations in the tank circuit isinversely proportional to L and C.
Thiscan beeasily explained. If alarge value of capacitor isused, it will take longer for the capacitor
to charge fully and also longer to discharge. Thiswill lengthen the period of oscillations in the tank
circuit, or equivalently lower itsfrequency. With alarge value of inductance, the opposition to change
in current flow is greater and hence the time required to complete each cycle will belonger. There-
fore, the greater the value of inductance, the longer is the period or the lower is the frequency of
oscillationsin the tank circuit.

14.4. Undamped Oscillations from Tank Circuit

As discussed before, a tank circuit produces damped oscillations. However, in practice, we need
continuous undamped oscillations for the successful operation of electronics equipment. In order to
make the oscillations in the tank circuit undamped, it is .
necessary to supply correct amount of energy to the tank ’
circuit at the proper timeintervalsto meet thelosses. Thus

referring back to Fig. 14.2, any energy which would be  +7
applied to the circuit must have a polarity conforming to

the existing polarity at theinstant of application of energy.

If the applied energy is of opposite polarity, it would op- 0 > 1
pose the energy in the tank circuit, causing stoppage of
oscillations. Therefore, in order to make the oscillations J U U
inthetank circuit undamped, thefollowing conditions must max
befulfilled :

(i) The amount of energy supplied should be such Fig. 14.4

so asto meet thelossesin thetank circuit and the
a.c. energy removed from thecircuit by theload. For instance, if lossesin LC circuit amount
to 5mW and a.c. output being taken is 100 mW, then power of 105 mW should be continu-
ously supplied to the circuit.

(if) The applied energy should have the same frequency as that of the oscillations in the tank
circuit.

(ill) The applied energy should be in phase with the oscillations set up in the tank circuit i.e. it
should aid the tank circuit oscillations.
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If these conditionsarefulfilled, the circuit will produce continuous undamped output asshownin
Fig. 14.4.

14.5. Positive Feedback Amplifier — Oscillator

A transistor amplifier with proper positive feedback can act as an oscillator i.e., it can generate
oscillations without any external signal source. Fig. 14.5 shows atransistor amplifier with positive

s 180°
Vil ooy — o »
TVf l

n~ <4— |FEEDBACK
’ NETWORK

180°

Fig. 145

feedback. Remember that apositive feedback amplifier isonethat pro-
duces a feedback voltage (V; ) that is in phase with the original input
signal. Asyou can see, thisconditionismet inthecircuit showninFig.
14.5. A phase shift of 180° is produced by the amplifier and a further
phase shift of 180° isintroduced by feedback network. Consequently,
thesignal isshifted by 360° and fed to theinputi.e., feedback voltageis
in phase with theinput signal.

(i) We note that the circuit shown in Fig. 14.5 is producing oscil-
lations in the output. However, thiscircuit hasan input signal. Thisis
inconsistent with our definition of an oscillator i.e., an oscillator is a Positive Eeedback
circuit that produces oscillations without any external signal source. Amplifier

S @
—o [ ovELEEa)
Vin % o —— | AMPLIFIER ——— o V.,

Vy l
V. FEEDBACK ¢
f NETWORK

Fig. 14.6

(il) When we open the switch Sof Fig. 14.5, we get the circuit shownin Fig. 14.6. Thismeans
theinput signal (V;,,) isremoved. However, V; (whichisin phasewiththeoriginal signal) isstill applied
totheinput signa. Theamplifier will respond to this signal in the same way that it didto V;, i.e., V;
will be amplified and sent to the output. The feedback network sends a portion of the output back to
theinput. Therefore, the amplifier receives another input cycle and another output cycle is produced.
Thisprocesswill continue so long asthe amplifier isturned on. Therefore, the amplifer will produce
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sinusoidal output with no external signal source. The following points may be noted carefully :
(a) A transistor amplifer with proper positive feedback will work as an oscillator.

(b) Thecircuit needs only aquick trigger signal to start the oscillations. Once the oscillations
have started, no external signal sourceis needed.

(c) Inorder to get continuous undamped output from the circuit, the following condition must
be met :

mA, =1
where A, voltage gain of amplifer without feedback
m, = feedback fraction
Thisrelation is called Barkhausen criterion. This condition will be explained in the Art. 14.7.

14.6 Essentials of Transistor Oscillator

Fig. 14.7 shows the block diagram of an oscillator. Its essential components are:

(i) Tankcircuit. It consistsof inductance coil (L) connected in parallel with capacitor (C). The
frequency of oscillationsin the circuit depends upon the values of inductance of the coil and capaci-
tance of the capacitor.

(il) Transistor amplifier. The transistor amplifier receives d.c. power from the battery and
changes it into a.c. power for supplying to the tank circuit. The oscillations occurring in the tank
circuit are applied to theinput of thetransistor amplifier. Because of the amplifying properties of the
transistor, we get increased output of these oscillations.

TRANSISTOR
| AMPLIFIER

A\ 4

s
|

FEEDBACK
CIRCUIT

A

Fig. 14.7

Thisamplified output of oscillationsisdueto thed.c. power supplied by the battery. The output
of the transistor can be supplied to the tank circuit to meet the losses.

(i) Feedback circuit. The feedback circuit supplies a part of collector energy to the tank cir-
cuit in correct phaseto aid the oscillationsi.e. it provides positive feedback.

14.7 Explanation of Barkhausen Criterion

Barkhausen criterionisthat in order to produce continuous undamped oscill ations at the output of an
amplifier, the positive feedback should be such that :
mA, =1
Once this condition is set in the positive feedback amplifier, continuous undamped oscillations
can be obtained at the output immediately after connecting the necessary power supplies.



370 ®  Principles of Electronics

(i) Mathematical explanation. Thevoltage gain of apositive feedback amplifier isgiven by;

_ A,

MTTTmA
If m A, = 1, then A; — oo.

We know that we cannot achieve infinite gain in an amplifier. So what does thisresult infer in
physical terms? It meansthat avanishing small input voltage would giverisetofinite (i.e., adefinite
amount of) output voltage even when theinput signal iszero. Thusoncethecircuit receivestheinput
trigger, it would become an oscillator, generating oscillations with no external signal source.

(ii) Graphical Explanation. Let usdiscussthe condition m, A, = 1graphically. Suppose the
voltage gain of the amplifier without positive feedback is 100. In order to produce continuous

AMPLIFIER

4,=100 — o %
y
A

FEEDBACK
NETWORK

Fig. 14.8

undamped oscillations, m, A, =1 or m,x 100=1or m,= 0.01. Thisisillustrated in Fig. 14.8. Since
the condition m,A, = 1ismet in the circuit shown in Fig. 14.8, it will produce sustained oscillations.

Suppose theinitial triggering voltageis 0.1V peak. Starting with this value, circuit (A, = 100;
m, = 0.01) will progress as follows.

Cycle Vin Vou V;

1 0.1vpk 10Vpk 0.1|V pk
v

2. 0.1vpk 10Vpk 0.1vpk

The same thing will repeat for 3rd, 4th cycles and so on. Note that during each cycle, V; =
0.1Vpk and V,, = 10 Vpk. Clearly, the oscillator is producing continuous undamped oscillations.

Note. Therelationm, A, =1 holdsgood for trueideal circuits. However, practical circuitsneedanm, A,
product that is slightly greater than 1. Thisisto compensate for power loss (e.g., in resistors) in the circuit.

14.8 Different Types of Transistor Oscillators

A transistor can work as an oscillator to produce continuous undamped oscillations of any desired
frequency if tank and feedback circuits are properly connected to it. All oscillators under different
names have similar function i.e., they produce continuous undamped output. However, the major
difference between these oscillatorsliesin the method by which energy is supplied to thetank circuit
to meet the losses. The following are the transistor oscillators commonly used at various placesin
electronic circuits:

(i) Tuned collector oscillator (il) Calpitt'soscillator

(ill) Hartley oscillator (iv) Phase shift oscillator
(v) Wien Bridge oscillator (vi) Crystal oscillator
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14.9 Tuned Collector Oscillator

Fig.14.9 showsthecircuit of tuned collector oscillator. It containstuned circuit L,-C, inthe collector
and hencethe name. Thefregquency of oscillations depends upon thevalues of L, and C, andisgiven
by :

1

The feedback coil L, in the base circuit is magnetically coupled to the tank circuit coil L;. In
practice, L, and L, form the primary and secondary of the transformer respectively. The biasing is
provided by potential divider arrangement. The capacitor C connected in the base circuit provides
low reactance path to the oscillations.

T— VCC

Fig. 14.9

Circuit operation. When switch Sisclosed, collector current startsincreasing and charges the
capacitor C,. When this capacitor is fully charged, it discharges through coil L,, setting up oscilla-
tions of frequency determined by exp. (i). These oscillations induce some voltage in coil L, by
mutual induction. The frequency of voltage in coil L, is the same as that of tank circuit but its
magnitude depends upon the number of turns of L, and coupling between L, and L,. The voltage
across L, is applied between base and emitter and appears in the amplified form in the collector
circuit, thus overcoming the losses occurring in the tank circuit. The number of turns of L, and
coupling between L, and L, are so adjusted that oscillations across L, are amplified to alevel just
sufficient to supply losses to the tank circuit.

It may be noted that the phase of feedback is correct i.e. energy supplied to the tank circuitisin
phase with the generated oscillations. A phase shift of 180°is created between the voltagesof L, and
L, due to transformer *action. A further phase shift of 180° takes place between base-emitter and
collector circuit due to transistor properties. Asaresult, the energy fedback to the tank circuit isin
phase with the generated oscillations.

Example 14.1. The tuned collector oscillator circuit used in the local oscillator of a radio

*  All transformers introduce a phase shift of 180° between primary and secondary.
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receiver makes use of an LC tuned circuit with L, = 58.6 uH and C, = 300 pF. Calculate the
frequency of oscillations.

Solution. L, = 586uH = 58.6x 10 °H

C, = 300pF = 300x 10 “F
1

2n L G
1

21 |/58.6 x 10°° x 300 x 102
1199 x 10° Hz = 1199 kHz

Example 14.2. Find the capacitance of the capacitor required to build an LC oscillator that
uses an inductance of L, = 1 mH to produce a sine wave of frequency 1 GHz (1 GHz = 1 x 10™ H2).
Solution.

Frequency of oscillationsisgiven by ;

Frequency of oscillations, f

Hz

1
f = —F——
2n L C,
or C, = 1 L

L (2r £)°  (1x107) (2n x 1x 10'%)°
253x 1002 F=253x 10 " pF

The LC circuit is often called tuned circuit or tank circuit.
14.10 Colpitt’s Oscillator

Fig. 14.10 shows a Colpitt's oscillator. 1t uses two capacitors and placed across acommon inductor
L and the centre of the two capacitorsis tapped. The tank circuit is madeup of C;, C, and L. The
frequency of oscillationsis determined by the valuesof C;, C, and L and isgiven by ;

f= ﬁ )
where C = C1C1+Céz
+Vee
RF CHOKE
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*Notethat C, — C, - L isaso the feedback circuit that produces a phase shift of 180°.

Circuit operation. When the circuit is turned on, the capaci-
tors C, and C, are charged. The capacitors discharge through L, + -
setting up oscillations of frequency determined by exp.** (i). The T
output voltage of the amplifier appears across C, and feedback volt- V.,

0
|
T j—
S

+
C, 2

+

age is developed across C,. The voltage across it is 180° out of
phase with the voltage developed across C, (V) as shown in Fig. =
14.11. Itiseasy to seethat voltage fedback (voltage across C, ) to FEEDBACK CIRCUI
the transistor provides positive feedback. A phase shift of 180° is Fig. 14.11
produced by the transistor and a further phase shift of 180° is pro-
duced by C, — C, voltage divider. In thisway, feedback is properly phased to produce continuous
undamped oscillation.

Feedback fraction m,. The amount of feedback voltage in Colpitt’s oscillator depends upon
feedback fraction m, of the circuit. For this circuit,

Vf X Cl***
Feedback fraction, = = =2 =
mv VOUt Xcl C2
- G
or =~
m, c,

Example 14.3. Determine the (i) operating frequency and (ii) feedback fraction for Colpitt's
oscillator shown in Fig. 14.12.
Solution.
(i) Operating Frequency. The operating frequency of the circuit is always equal to the reso-
nant frequency of the feedback network. Asnoted previously, the capacitors C, and C, arein series.
_ GG 0001x001

= = = 9.09x 10 * uF
Cr = g+c, T ooorroor | 0910w

= 909x 10 2 F
L = 15uH = 15x 10°H
1

Operating frequency, f = ———

2n JLC,
1

= Hz
2m /15107 x 909 x 1072

1361 x 10° Hz = 1361 kHz

(ii) Feedback fraction

m, = & = m =01
G 001
*  The RF choke decouples any ac signal on the power lines from affecting the output signal .
**  Referring to Fig. 14.11, itisclear that C, and C, arein series. Therefore, total capacitance C; is given by;
_ GG

Cr= G+C
*** Referring to Fig. 14.11, the circulating current for the two capacitors is the same. Futher, capacitive

reactance isinversely proportional to capacitance.
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+ Vee
RF CHOKE
% R] ! °
. 0.001 pF :L c, Vou
11 1
R, l L v
15 uH
o R T 0OETC
Fig. 14.12

Example14.4. A1 mH inductor isavailable. Choose the capacitor valuesin a Colpitts oscilla-
tor sothat f = 1 MHzand m, = 0.25.

Solution.
. C,
Feedback fraction, m, = c
2
— C1 —
or 0.25 = C_2 C,=4C,
Now f = S
2r \JLC,
1 1 12
or = = =25.3x10 “F
Cr L2nf)?  (1x107%) (21 x 1x 10°%)?
= 253pF
C1C2 .. _ Cch
or c.+C, = 25.3pF 'CT_C1+C2
2
or 1+ %2 =253
S 25.3 . C,=253%x5=126.5pF
or 1+4 - 2 s C,=25. =1265p
and C, = C,/4=1265/4=316pF

14.11 Hartley Oscillator

The Hartley oscillator is similar to Colpitt’s oscillator with minor modifications. Instead of using
tapped capacitors, two inductors L, and L, are placed across acommon capacitor C and the centre of
the inductors is tapped as shown in Fig. 14.13. The tank circuit ismade up of L,, L, and C. The
frequency of oscillationsis determined by thevaluesof L;, L, and C and isgiven by :

I p—— 0
2n \/a
where L = L,+L,+2M
Here M = mutual inductance between L, and L,
Notethat L, — L, — Cisalso the feedback network that produces a phase shift of 180°.
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+ Vee

RF CHOKE

|
1
a

Fig. 14.13

Circuit operation. When the circuit is turned on, the capacitor
ischarged. When thiscapacitor isfully charged, it dischargesthrough
coils L; and L, setting up oscillations of frequency determined by
*exp. (i). The output voltage of the amplifier appears across L, and
feedback voltage across L,. The voltage across L, is 180° out of
phase with the voltage developed across L, (V) as shown in Fig.
14.14. ltiseasy to seethat voltage fedback (i.e., voltage acrossL,) to
the transistor provides positive feedback. A phase shift of 180° is
produced by the transistor and a further phase shift of 180° is pro-
duced by L, - L, voltage divider. In thisway, feedback is properly
phased to produce continuous undamped oscillations.

+&

[ gl
Vaut Ll L2 V/
l- |

FEEDBACK CIRCUIT

Fig. 14.14

Feedback fraction m,,. InHartley oscillator, the feedback voltage is across L, and output volt-

ageisacrosslL,.

Feedback fraction, m, = Vi = %L, :*ﬁ

Var | XL
L2
or m = 2
L

1

Example 14.5. Calculate the (i) operating frequency and (ii) feedback fraction for Hartley
oscillator shown in Fig. 14.15. The mutual inductance between the coils, M = 20 uH.

Solution.
(i) L, 1000uH; L,=100puH;
: Total inductance, Ly = L, +L,+2M

Capacitance, C = 20pF = 20x 10 ?F

Ly=L,+L,+2M

*%

tance is directly proportional to inductance.

M = 20 uH

1000+ 100+ 2x 20 = 1140 uH = 1140 x 10°°H

Referring to Fig. 14.14, it isclear that L, and L, arein series. Therefore, total inductance L is given by :

Referring to Fig. 14.14, the circulating current for the two inductors is the same. Further, inductive reac-
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+ Vee

RF CHOKE
R 1

o

<

1000pH X L, out

-llll—o

C—=20pF

Fig. 14.15
1 - 1 Hz
2t JLLC  2n[1140x10° x 20 1072
= 1052x 10°Hz = 1052 kHz

N . L 100 uH
ii Feedback fraction, = 2 - ZHT
(i ™ = T, T 1000uH

Operating frequency, f

=01

Example 14.6. A1 pF capacitor isavailable. Choosetheinductor valuesin a Hartley oscillator
sothatf=1MHzand m,= 0.2.

Solution.
Feedback fraction, m, = %
— I‘2 —
or 02 = E L,=5L,
1
Now f= o2r JLC
or L. = 1 = L
T 7 c(enf)? @Ax10 ") (2rn x1x10°%?
= 253x10°H=253mH
or L,+L, = 253mH (v Ly=L,+Ly)
or 5L,+L, = 253 o L,=253/6=4.22mH
and L, = 5L,=5x4.22=21.1mH

14.12 Principle of Phase Shift Oscillators

One desirable feature of an oscillator isthat it should feed back energy of correct phase to the tank
circuit to overcome the losses occurring in it. In the oscillator circuits discussed so far, the tank
circuit employed inductive (L) and capacitive (C) elements. In such circuits, a phase shift of 180°was
obtained dueto inductive or capacitive coupling and afurther phase shift of 180° was obtained dueto
transistor properties. Inthisway, energy supplied to the tank circuit wasin phase with the generated
oscillations. The oscillator circuits employing L-C elements have two general drawbacks. Firstly,
they suffer from frequency instability and poor waveform. Secondly, they cannot be used for very
low fregquencies because they become too much bulky and expensive.
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Good frequency stability and waveform can be obtained from oscillators employing resistive
and capacitive elements. Such amplifiers are called R-C or phase shift oscillators and have the
additional advantage that they can be used for very low frequencies. In a phase shift oscillator, a
phase shift of 180°isobtained with aphase shift circuit instead of inductive or capacitive coupling. A
further phase shift of 180°isintroduced due to the transistor properties. Thus, energy supplied back
to the tank circuit is assured of correct phase.

Phase shift circuit. A phase-shift circuit essentially consists of an R-C network. Fig. 14.16 (i)
showsasingle section of RC network. From the elementary theory of electrical engineering, it can be
shown that alternating voltage V; across R eads the applied voltage V, by ¢°. Thevalue of ¢ depends
upon thevalues of Rand C. If resistance Risvaried, the value of ¢ also changes. If Rwerereduced
to zero, V, will lead V, by 90°i.e. ¢ = 90°. However, adjusting R to zero would be impracticable
because it would lead to no voltage across R. Therefore, in practice, Risvaried to such avalue that
makes V] to lead V, by 60°.

M n ¢ o
v, R f % R R R T
(@) (i)
Fig. 14.16

Fig. 14.16 (ii) shows the three sections of RC network. Each section produces a phase shift of
60°. Consequently, atotal phase shift of 180°is produced i.e. voltage V, leads the voltage V, by 180°.

14.13 Phase Shift Oscillator

Fig.14.17 shows the circuit of a phase shift oscillator. It consists of aconventional single transistor
amplifier and a RC phase shift network. The phase shift network consistsof three sectionsR,C,, R,C,
and R,C,. At some particular frequency f,, the phase shift in each RC section is 60° so that the total
phase-shift produced by the RC network is 180°. The frequency of oscillationsisgiven by :

i H ' T OUTPUT

Fig. 14.17
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_ 1 .
fo = o RC\/E (I)
where R =R =R =R
C,=6C=(C=¢C

Circuit operation. Whenthecircuit isswitched on, it produces oscillations of frequency deter-
mined by exp. (i). Theoutput E, of theamplifier isfed back to RC feedback network. This network
produces a phase shift of 180° and a voltage E; appears at its output which is applied to the transistor
amplifier.

Obviously, the feedback fraction m=E; /E,. Thefeedback phaseiscorrect. A phase shift of 180°

isproduced by thetransistor amplifier. A further phase shift of 180°is produced by the RC network.
Asaresult, the phase shift around the entire loop is 360°.

Advantages

(i) 1t does not require transformers or inductors.

(i) It can be used to produce very low frequencies.
(iif) Thecircuit provides good frequency stability.

Disadvantages

(i) Itisdifficult for the circuit to start oscillations as the feedback is generally small.
(if) Thecircuit givessmall output.

Example 14.7. Inthe phase shift oscillator showninFig. 14.17, R, = R, = R, = 1IMQand C,
= C, = C; = 68pF. Atwhat frequency does the circuit oscillate ?

Solution.
R, = RR=R,=R=1MQ = 10°Q
C, = C,=C,=C=68pF = 68x10 °F
Frequency of oscillationsis
f = 1
°  2nRC6
1
~ 2nx10° x 68x 102 /6 Hz
= 954 Hz

Example 14.8. A phase shift oscillator uses 5 pF capacitors. Find the value of R to produce a
frequency of 800 kHz.

Solution.
1

o = 2nRC\6
1 1
2n f,.C\/6 21 x800x10° x 5x 1072 x /6

16.2 x 10° Q = 16.2 kQ
14.14 Wien Bridge Oscillator

The Wien-bridge oscillator is the standard oscillator circuit for all frequencies in the range of
10Hztoabout 1 MHz. Itisthe most frequently used type of audio oscillator asthe output isfreefrom
circuit fluctuations and ambient temperature. Fig. 14.18 showsthe circuit of Wien bridge oscillator.
Itisessentially atwo-stage amplifier with R-C bridge circuit. The bridge circuit hasthearmsR,C,,

or R =
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R, R,C, and tungsten lamp L. Resistances R, and L, are used to stabilise the amplitude of the
output. Thetransistor T, serves as an oscillator and amplifier while the other transistor T, serves as
an inverter (i.e. to produce a phase shift of 180°. The circuit uses positive and negative feedbacks.
The positive feedback is through R,C,, C,R, to the transistor T,. The negative feedback is through
the voltage divider to the input of transistor T,. The frequency of oscillations is determined by the
series element R,C, and parallel element R,C, of the bridge.

1

f= ——/—m———
mJRGR G
IfR = R =R
and C;, = C, = C, then,
- 1 -
f = o RC (i)
C3
-~ I N

OUTPUT

|

Fig. 14.18

When the circuit is started, bridge circuit produces oscill ations of frequency determined by exp.
(i). Thetwotransistors produceatotal phase shift of 360° so that proper positive feedback isensured.
The negative feedback in the circuit ensures constant output. Thisis achieved by the temperature
sensitivetungsten lamp L, Its resistance increaseswith current. Should the amplitude of output tend
toincrease, more current would provide more negative feedback. Theresult isthat the output would
returnto original value. A reverse action would take place if the output tends to decrease.
Advantages
(i) It givesconstant output.
(il) Thecircuit works quite easily.
(iii) Theoverall gainis high because of two transistors.
(iv) Thefrequency of oscillations can be easily changed by using a potentiometer.
Disadvantages
(i) Thecircuit requirestwo transistors and alarge number of components.
(i) It cannot generate very high frequencies.
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Example 14.9. In the Wien bridge oscillator shown in Fig. 14.18, R, = R, = 220 kQ and
C, = C,= 250 pF. Determine the frequency of oscillations.

Solution.

R, = R, = R=220kQ = 220x10° Q
C, = C,=C = 250pF = 250x 10 *F
_ B 1
Frequency of oscillations, f = o RC
1
= 3 —17 Hz
21 x 220 x 10” x 250 x 10
= 2892 Hz

14.15 Limitations of LC and RC Oscillators

The LC and RC oscillators discussed so far have their own limitations. The major problem in such
circuitsis that their operating frequency does not remain strictly constant. There are two principal
reasons for it viz,
(i) Asthecircuit operates, it will warm up. Consequently, the values of resistorsand inductors,
which are the frequency determining factorsin these circuits, will change with temperature.
This causes the change in frequency of the oscillator.
(i) 1f any component in the feedback network ischanged, it will shift the operating frequency of
the oscillator.

However, in many applications, it is desirable and necessary to maintain the frequency constant
with extremelow tolerances. For example, the frequency tolerance for abroadcasting station should
not exceed 0.002% i.e. change in frequency dueto any reason should not be more than 0.002% of the
specified frequency. The broadcasting stations have frequencies which are quite close to each other.
Infact, the frequency difference between two broadcasting
stationsislessthan 1%. Itisapparent that if weemploy LC !
or RC circuits, achange of temperature may cause the fre- |

quencies of adjacent broadcasting stations to overlap. , J 2-AXIS

In order to maintain constant frequency, piezoelectric [
crystalsare used in place of LC or RC circuits. Oscillators |
of thistype are called crystal oscillators. Thefrequency of !
acrystal oscillator changes by less than 0.1% due to tem- RN
perature and other changes. Therefore, such oscillators of- S — T y-AXIS
fer the most satisfactory method of stabilising the frequency  f
and are used in great majority of electronic applications. |

14.16 Piezoelectric Crystals ;“'-'-'-‘- -------- | | AXIS
Certain crystalline materials, namely, Rochelle salt, quartz Jy S |

and tourmaline exhibit the piezoel ectric effect i.e., when we '
apply an a.c. voltage across them, they vibrate at the fre-

I
quency of the applied voltage. Conversely, when they are i
]
I
|

el

compressed or placed under mechanical strain to vibrate,
they produce an a.c. voltage. Such crystals which exhibit
piezoelectric effect are called piezoel ectric crystals. Of the
variouspiezoelectric crystals, quartzis most commonly used
becauseit isinexpensive and readily available in nature.

Fig. 14.19
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Quartz crystal. Quartz crystals are generally used in crystal oscillators because of their great
mechanical strength and simplicity of manufacture. The natural shape of quartz crystal is hexagonal
asshownin Fig. 14.19. Thethree axes are shown : the z-axisis called the optical axis, the x-axisis
called the electrical axisand y-axisis called the mechanical axis. Quartz crystal can be cut in differ-
entways. Crystal cut perpendicular to the x-axisis called x-cut crystal whereasthat cut perpendicular
toy-axisiscalled y-cut crystal. The piezoelectric properties of acrystal depend upon its cut.

Frequency of crystal. Each crystal has a natural frequency like a pendulum. The natural fre-
quency f of acrystal isgiven by :
K

f:T

where K is a constant that depends upon the cut and
t is the thickness of the crystal. It is clear that fre-
quency isinversely proportional to crystal thickness.
Thethinner the crystal, the greater isits natural fre-
quency and vice-versa. However, extremely thin
crystal may break because of vibrations. Thisputsa
limit to the frequency obtainable. In practice, fre-
quencies between 25 kHz to 5 MHz have been ob-
tained with crystals. Piezoelectric Crystals

14.17 Working of Quartz Crystal

Inorder to use crystal in an electronic circuit, it is placed between two metal plates. The arrangement
then formsacapacitor with crystal asthe diel ectric asshown
inFig. 14.20. If an a.c. voltage is applied across the plates,
the crystal will start vibrating at the frequency of applied
voltage. However, if the frequency of the applied voltageis
made equal to the natural frequency of the crystal, resonance

takes place and crystal vibrations reach a maximum value. @
This natural frequency is amost constant. Effects of tem-
perature change can be eliminated by mounting the crystal
in a temperature-controlled oven asin radio and television Fig. 14.20
transmitters.

T CRYSTAL

N/
I&\I

14.18 Equivalent Circuit of Crystal

Although the crystal has electromechanical resonance, we can represent the crystal action by an
equivalent electrical circuit.
(i) Whenthecrystal isnot vibrating, it isequivalent to capacitance C_ becauseit has two metal
plates separated by adielectric [See Fig. 14.21 (i)]. Thiscapacitanceisknown asmounting
capacitance.

0) (i)
Fig. 14.21
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(i) When acrystal vibrates, *itisequivalent to R— Quartz wafer
L — C series circuit. Therefore, the equivalent
circuit of avibrating crystal isR—L — C series
circuit shunted by the mounting capacitance C,,
asshownin Fig. 14.21 (ii).

C,,,= mounting capacitance

R-L-C = electrical equivaent of vibrational char-
acteristic of the crystal

Typical valuesfor a4 MHz crystal are :
L = 100 mH ; R = 100 Q
C = 0.015pF ; C, = 5pF

A quartz crystal

- 1L
Q-factor of crystal = R \/;

_ 1 [100x10°
~ 100 \po15x 102 - 2600
Notethat Q of crystal isvery high. The extremely high Q of acrystal leadsto frequency ** stahility.

14.19 Frequency Response of Crystal

When the crystal is vibrating, its equivalent electrical circuit is as shown in Fig. 14.22 (i). The
capacitance values of C and C, are relatively low (lessthan 1 pF for C and 440 pF for C.,). Note
that the value of Cis much lower than that of C_..

X, (+)
A

(o 4

L
0 / Efp » f
Cc — : -
c |
v

o T Y
X ()
0) (i)

Fig. 14.22

(i) Atlow frequencies, the impedance of the crystal is controlled by extremely high values of
Xem and X.. Inother words, at low frequencies, the impedance of the network is high and
capacitive as shown in Fig. 14.22 (ii).

(if) Asthefrequency isincreased, R— L — C branch approachesitsresonant frequency. At some
definite frequency, the reactance X will be equal to X.. The crystal now acts as a series-

* Whenthecrystal isvibrating, L isthe electrical equivalent of crystal mass, Cistheelectrical equivalent of
elasticity and Ris electrical equivalent of mechanical friction.

** When Q ishigh, frequency is primarily determined by L and C of the crystal. Since these values remain

fixed for acrystal, thefrequency isstable. However, in ordinary LC tank circuit, thevalues of L and C have
large tolerances.
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resonant circuit. For thiscondition, the impedance of the crystal isvery low; being equal to
R. Thefreguency at which thevibrating crystal behaves asaseries-resonant circuit iscalled

series-resonant frequency f.. Itsvalueisgiven by:
1
f. = Hz
*  2ndLC
whereL isin henry and Cisinfarad.
(iii) At adightly higher frequency, the net reactance of branch R—L — C becomesinductive and

equal to X Thecrystal now actsasaparallel-resonant circuit. For thiscondition, the crystal offers
avery highimpedance. The frequency at which the vibrating crystal behaves as a parallel-resonant

circuit is called parallel-resonant frequency f,.
1
f = — —
P onfLC
CxC
h = m

wnere & = cic,
Since C; islessthan C, fp isalways greater than f.. Note that frequenciesf and fp arevery close

to each other.
(iv) At frequencies greater than f,, the value of X drops and eventually the crystal acts asa

short circuit.
Conclusion. The above discussion leadsto the following conclusions:

(i) Atf, thecrystal will act asaseries-resonant circuit.

(ii) Atf,, thecrystal will act asaparallel-resonant circuit.
Therefore, we can useacrystal in place of aseriesLC circuit or in place of parallel LC circuit. If
we useit in place of series LC circuit, the oscillator will operate at f. However if we use the crystal

in place of parallel LC circuit, the oscillator will operate at fp. In order to usethe crystal properly, it
must be connected in acricuit so that itslow impedancein the series resonant operating mode or high

impedancein the parallel resonant operating mode is selected.

14.20 Transistor Crystal Oscillator
Fig. 14.23 shows the transistor crystal oscillator. Notethat it isa Collpit’s oscillator modified to
act as acrystal oscillator. The only change is the addition of the crystal () in the feedback net-

work. Thecrystal will act asa parallel-tuned circuit. Asyou can seein thiscircuit that instead of

+ Vee

RF CHOKE

[ F—
e
-||||—o§‘ o

CE
L

Fig. 14.23



384 W Principles of Electronics

resonance caused by L and (C, + C,), we have the parallel resonance of the crystal. At parallel
resonance, the impedance of the crystal is maximum. This meansthat there isamaximum voltage
drop acrossC,. Thisinturnwill allow the maximum energy transfer through the feedback network
af .

P Note that feedback is positive. A phase shift of 180° is produced by the transistor. A further
phase shift of 180° is produced by the capacitor voltage divider. Thisoscillator will oscillate only at
f,. Even the smallest deviation from f, will cause the oscillator to act as an effective short. Conse-
quently, we have an extremely stable oscillator.

Advantages

(i) They have ahigh order of frequency stability.

(ii) Thequality factor (Q) of thecrystal isvery high. The Q factor of the crystal may beashigh
as 10,000 compared to about 100 of L-C tank.

Disadvantages

(i) They arefragile and consequently can only be used in low power circuits.

(if) Thefrequency of oscillations cannot be changed appreciably.

Example 14.10. A crystal has a thickness of t mm. If the thickness is reduced by 1%, what
happens to frequency of oscillations ?

Solution. Frequency, f =

or f oc

= ,_,.lx

If the thickness of the crystal is reduced by 1%, the frequency of oscillationswill increase by 1%.

Example 14.11. The ac equivalent circuit of a crystal hasthesevalues: L = 1H, C = 0.01 pF,
R = 1000 Qand C,, = 20 pF. Calculatef,and fp of the crystal.

Solution. L=1H

C = 00lpF = 0.01x 10 ?F
C, = 20pF = 20x 10 % F
f= 1L
s~ 2n4LC
C Hz
21 \1x 0.01x 102
= 1589 10°Hz = 1589 kHz
Now C, = CxGC, _ 001x20 _ 9.99x 10 pF
C+C, 001+20
= 9.99x 10 °F
f = 1
P onLC,
= 1 Hz

2m \1x 9.99x 107%°

= 1590 x 10° Hz = 1590 kHz

If thiscrystal isusedin an oscillator, thefrequency of oscillationswill lie between 1589 kHz and
1590 kHz.
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MULTIPLE-CHOICE QUESTIONS

1. Anoscillator converts............
(i) a.c. power into d.c. power
(i) d.c. power into a.c. power
(iii) mechanical power into a.c. power
(iv) none of the above

2. In an LC transistor oscillator, the active
deviceis.............

(i) LCtankcircuit (ii) biasing circuit
(iii) transistor (iv) none of the above

3. Inan LC circuit, when the capacitor energy
is maximum, theinductor energy is...........

(i) minimum (if) maximum
(i) half-way between maximum and
minimum
(iv) none of the above

4. In an LC oscillator, the frequency of
oscillator is........ LorC.

(i) proportional to square of
(i) directly proportional to
(i) independent of the values of
(iv) inversely proportional to squareroot of
5. An oscillator produces........ oscillations.

(i) damped (if) undamped

(iii) modulated (iv) none of the above
6. Anoscillator employs........... feedback.

(i) positive (i) negative

(iii) neither positive nor negative
(iv) datainsufficient
7. AnLC oscillator cannot be used to produce

........... frequencies.
(i) high (i) audio
(iii) verylow (iv) very high

8. Hartley oscillator is commonly used in

(i) redioreceivers (ii) radiotransmitters
(iii) TV receivers (iv) none of the above

9. Inaphase shift oscillator,weuse............ RC
sections.
(i) two (ii) three
(iii) four (iv) none of the above

10. In a phase shift oscillator, the frequency
determining elementsare............

(i) LandC (i) R,LandC
(i) RandC (iv) none of the above

11. A Wien bridge oscillator uses ...........
feedback.

(i) only positive (ii) only negetive
(iii) both positive and negative
(iv) none of the above
12. Thepiezoelectriceffectinacrysta is...........

(i) a voltage developed because of
mechanical stress

(if) a change in resistance because of
temperature

(iii) a change of frequency because of
temperature

(iv) none of the above

13. If the crystal frequency changes with
temperature, we say that crystal has............
temperature coefficient.

(i) positive (ii) zero

(iii) negative (iv) none of the above
14. Thecrysta oscillator frequency isvery stable

dueto........... of the crystal.

(i) rigidity (ii) vibrations

(iii) lowQ (iv) highQ

15. Theapplication where onewould most likely
find acrystal oscillator is...........

(i) redioreceiver (ii) radiotransmitter
(iii) AF sweep generator
(iv) none of the above

16. An oscillator differs from an amplifer
becauseit ...........

(i) hasmoregain
(if) requiresnoinput signal
(iii) requiresno d.c. supply
(iv) awayshasthe sameinput
17. One condition for oscillationiis...........

(i) aphase shift around the feedback loop
of 180°

(if) againaround thefeedback loop of one-
third
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(iii) aphase shift around the feedback loop
of 0°

(iv) againaround thefeedback loop of less
than 1

18. A second conditionfor oscillationsis..........
(i) againof 1 around the feedback loop
(if) no gain around the feedback loop

(iii) the attenuation of the feedback circuit
must be one-third

(iv) thefeedback circuit must be capacitive

19. Inacertain oscillator, A, = 50. The attenu-
ation of the feedback circuit must be...........

() 1 (i) 0.01
(iii) 10 (iv) 0.02

20. For an oscillator to properly start, the gain
around the feedback loop must initialy be

(i) 1 (i) greater than 1

(iii) lessthan1

(iv) equal to attenuation of feedback
circuit

21. InaWien-bridge oscillator, if theresistances
in the positive feedback circuit are de-
creased, the frequency .............

(i) remainsthesame
(if) decreases
(iii) increases
(iv) insufficient data
22. InaCaolpitt’soscillator, feedback isobtained

(i) by magneticinduction
(if) by atickler coail
(iii) from the centre of split capacitors
(iv) none of the above
23. TheQ of acrystal isof the order of ...........
(i) 100 (ii) 1000
(iii)y 50 (iv) more than 10,000

24. Quartz crystal is most commonly used in
crystal oscillators because............

(i) it hassuperior electrical properties
(i) itiseasily available

(i) itisquiteinexpensive
(iv) none of the above

25. In LC oscillators, the frequency of oscilla-
tionsisgivenby .........

; 2n T’ 1
O e ©ane
o JLC Ly o2ml

(iii) o (iv) Jic

26. The operating frequency of a Wien-bridge
oscillator isgiven by ............

0 —— Gy —2
2n +J/LC 4 \JLC
1 . 1
(i) S RC (iv) 29 RC
27, e isafixed frequency oscillator.

() Phase-shift oscillator
(ii) Hartley oscillator
(iii) Colpitt'soscillator
(iv) Crystal oscillator

28. In an LC oscillator, if the value of L isin-
creased four times, the frequency of oscilla-
tionsis.....co.e....

() increased 2 times

(ii) decreased 4 times

(i) increased 4 times

(iv) decreased 2 times
29. Animportant limitation of acrystal oscilla-

() itslowoutput (ii) itshighQ
(ill) lessavailability of quartz crystal
(iv) itshigh output
30. The signal generator generally used in the

|aboratoriesis............... oscillator.
() Wien-bridge (ii) Hartley
(iii) Crysta (iv) Phase shift
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Answersto Multiple-Choice Questions
1. (ii) 2. (i) 3. (i) 4. (iv) 5. (i)
6. (i) 7. (i) 8. (i) 9. (i) 10. (iii)
11, (iii) 12. (i) 13. (i) 14. (iv) 15. (i)
16. (i) 17. (iii) 18. (i) 19. (iv) 20. (i)
21. (iii) 22. (iii) 23. (iv) 24. (i) 25. (i)
26. (iii) 27. (iv) 28. (iv) 29. (i) 30. (i)
Chapter Review Topics
1. What isan oscillator ? What isits need ? Discuss the advantages of oscillators.
2. What do you understand by damped and undamped electrical oscillations ? Illustrate your answer
with examples.
3. Explain the operation of atank circuit with neat diagrams.
4. What is the nature of oscillations produced by tank circuit ?
5. How will you get undamped oscillations from atank circuit ?
6. Discuss the essentials of an oscillator.
7. Discuss the circuit operation of tuned collector oscillator.
8. With aneat diagram, explain the action of Hartley and Colpitt's oscillators.
9. What are the drawbacks of L C oscillators ?
10. Write short notes on the following :
(i) RC oscillators (ii) Wien bridge oscillators (iii) Crystal oscillator
Problems
1. Figure 14.24 shows the Colpitt's oscillator. Determine the (i) operating frequency and (ii) feedback
fraction. [(i) 245 kHz (ii) 0.1]
+ Vee
RF CHOKE
% Ry 1 °
V
I I 01 ]JF —_ Cl jut
% R, ! LZ) 470 uH T
H IuF == C,
Fig. 14.24
2. Figure 14.25 shows the Hartley oscillator. If L, = 1000 pH, L, = 100 pH and C = 20 pF, find the
(i) operating frequency and (ii) feedback fraction. [(i) 1052 kHz (ii) 0.1]
3. For the Colpitt's oscillator shownin Fig. 14.24, C,= 750 pF, C, = 2500 pF and L = 40 uH. Determine

(i) the operating frequency and (ii) feedback fraction. [(i) 1050 kHz (ii) 0.3]
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4. For the Hartley oscillator shown in Fig. 14.25,C=250pF, L, = 1.5mH, L, =1.5mH and M = 0.58

mH. Determine the operating frequency.

+ Vee

RF CHOKE

[159.2 kHZ]

Fig. 14.25

A crystal has L = 3H, C = 0.05 pF, R=2 kQ and C, = 10 pF. Calculate the series-resonant and

parallel-resonant frequencies of the crystal.

[411 kHz ; 412 kHZ]

o wDdPE

Discussion Questions

Why is amplifier circuit necessary in an oscillator ?

Why is crystal oscillator used in radio transmitter ?

Why do you use three RC sections in RC oscillator ?

Why is negative feedback provided in Wien bridge oscillators ?
Why is quartz crystal commonly used in crystal oscillators ?
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