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4.8 ESSENTIALS OF AN OSCILLATOR

Figure 4.4 shows the block diagram of an oscillator.

s I, C \ - | Transistor
\ N Amplifier

Tank Circuit

\ Feed back

q‘ZﬁiE.r

Fig. 4.4 : Block diagram of oscillato,
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Its essential componen are

(i) T?nk cnrct.llt :.A circuit which can produce electrical oscillations of desireq fre
is called oscillatory circuit, 1 j also ca

. lled a TANK CIRCUIT OR TUNED CIRCUIT.
Basically it has » Capacitor C and ap inductance 1, conn

. ected in paralle]. The frequency of
oscillations depend upon values of C and [

Consider a charged cg
switch S is closed, the cap

capacitor will be converte

quency

pacitor C iy parallel with
acitor will disch
d into electroma

Inductor has property to o
inductor increases slow

inductor 1s maximum

an inductor L as shown in Fig. 4.5(a). When
arge through the inductor |, Electrostatic energy of the
gnetic energy in the inductor,

Ppose any change of current through it. The current through

ly. When capacitor is fully discharged, magnetic field energy around the
as shown in Fig. 4.5(b).

When capacitor gets fully discharged, the mg
collapse. EM.F. in the inductor maintains flow of cy

to charge in opposite direction as shown in fig. 4.5
through the circuit decreases

gnetic field around the inductor begins to
rrent in the circuit. This makes the capacitor

. The electromagnetic energy of the inductor

circuit.

Ideally all the electrostatic energy stored in capacitor should be converted in to
electromagnetic energy on the inductor during discharging and vice versa during charging. There
should be no loss of energy during this process. If so, the oscillations so produced would be
undamped and no external source of energy would be required to maintain undamped oscillations.
But the resistance of the tank circuit causes some loss of energy.

The loss of energy in the circuit resistance.: an.d dielectric loss in the capscitontncfz?s;s‘ t;z
Magnitude of oscillations to reduce. Thus the ‘osc1llatlof1s SO prqducgd ‘?}11re (:(z;n;pe : g{s:x islaote; o
Produce undamped oscillations, the loss of energy in the c1¢u;}t s‘.ouui[ Ifeﬂ[emp;l saed by
Supplying external energy. This is done by copnec;tmg a battery in ld R i;rcana ﬁm;ny - réduces o
energy is not connected the amplitude of oscillation .de?rea:ess( f)ra ually
2€10. The damped oscillation so produced are shown in fig. 4.

S S eor:
ALV \ o~
oo *’*\* J [\ /\\ = =’
T N\ \WWARY \} '_ \
) ) (o)

(a) (b)

e ono i i 5 1 ' nk (‘ir(l"'
|g. oD
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—_ . “oscillation produced in LC ¢jpn... )

Frequency of oscillation: The frequency of oscl oo P Circyjt depen
& 2 ¢ g 1 . .“

the value of inductance of coil and capacitance of capac i

Let I be current flowing through the tank circuit

Since voltage across C = voltage across L
IX(‘ = IXL
1
[.l— | = L@2xf])
(27rfc')
f= l
v " 2avLC

If L is measured in hennery, C is measured in farads, f is in Hz. This frequency s
resonant frequency or natural frequency of tank circuit. Thus frequency of oscillation depen:
circuit constants only.

(@) Amplifier: The transistor amplifier receives dc power form the battery and Chang
into a.c. power. The oscillations developed in the tank circuit are applied to the base ¢
transistor amplifier as an input. The transistor amplifier, amplifies the damped oscillation an
we get the undamped oscillation. This amplified output of oscillations is due to the dc
supplied by the battery.

(iii) Feedback circuit: The transistor amplifier with proper positive feedback work

oscillator. The feedback circuit supplies a part of collector energy to the tank circuit in cor
phase to aid the oscillation i.e. it provides positive feedback.

For satisfactory working of an oscillator it js cssential that:
1. The amount of external energy supplied fMust meet the losses in tank circuit. When'

3. Frequency of energy supplied must be equal to the frequency

in tank circuit. of oscillations prod®
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4.10 LC OSCILLATORS

The different types of LC oscillators circuit are explain below.

4.10.1 Tuned Collector Oscillator

Fig. 4.6 shows the circuit of tuned collector oscillator. The tank circuit (L, —C,) is connected
w0 the collector terminal of the transistor. The circuit uses a transformer. Primary of the
ransformer is connected in the tank circuit while the secondary is connected to the base. The
biasing is provided by potential divider arrangement. The Biasing of transistor is done by resistor
R,. R, and Rg. Capacitor (Cg) is used as bye pass capacitor. Capacitor (Cz) is also used as a bye
pass capacitor to bye pass R, form flow of a.c. Capacitor (C,) allows a low resistance path to a.c.
Hence there is no a.c. voltage drop across R,.

cc

]

——

Out

put C,
— o

1
-

I [ -

—o =

Fig. 4.6 : Tuned collector oscillator
Working : When supply is switched on, collector current starts increasing and charges the
c . . . . o g =
apacitor C,. When this capacitor is fully charged it discharges through coil L,, for setting up the

Oscillatiq 1 Theas watoral Geoillaiion i
ns = . ese natural oscill: S -
of frequency | f & Tl..\r_ﬁ_ ¢ Hation induce a small e.m.f in L,

N_M.Mﬁﬁcm_ induction. This voltage 15 mE.V:ac.,S. H.:c :.s.:v.mu,ﬂc.‘ »Uwaina: base and emiiter) and
tank o.“qoa .cEvE mnvnwnm across the Q.V:an.ﬂo” rmﬁ ::.. ::z., :o<a:.d::=m the losses occurring in the
losse, Wc_.r .H:o:&o_,.n. we can KQ that, .*.E,a_.._v ‘ _M «.”6_:_0; <c:=ma (or energy) is used 0 meet
smo:c_s._C:m .Ewon in the oscillatory circuit and the balance is radiated out in the foese GF

am:a:eimﬁum.
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[t may be noted that the phase of feedback is correct. The amplifier provides a phas
difference of 180° between output at the collector and input at its base. Another phase difference
of 1807 is provided by the transformer . Thus the input and output has a phase difference of 36(°

or 0°. Hence the feed back is positive. As a result, the energy fed back to the tank circuit is is
phase with the generated oscillations.

Example 4.1. The tuned collector oscillator circuit used in the local oscillation of a
radio receiver makes use of an LC tuned circuit with L; = 58.6 uH and C, = 300pF

Calculated the frequency of oscillation.
Solution: L, =58.6uH=58.6 10°H
C, =300 pF =300x10™"*F
I 1
20JLC 27 58.6x 107" x300x 10~ 12
= 1199 x 10’ Hz = 1199 kH; Ans, -

Frequency of oscillation, f =




4 10.2 Hartley oscillator
a radio frequency choke. It

' Fig. 4.7 shows circuit of a Hartley oscillator. The circuit uses
Lovides @ Jow resistance path to d.c.; thus collector terminal s connected to Vce through the coil.
oscillations. Thus a.c. can not get

a high impedance path to high frequency a.c.
wrough Radio frequency choke (R.F.C) Capacitor C_ acts as a coupling capacitor o

R, R,, R, are used

It rOVideS

f d.c. in to the tank circuit while allowing a.c. to pass through it.

a.c. feed back through R_. Output
two coils L,

plock floW Y

for biasing and Ck is used to bye pass a.c. preventing negative

is taken across the tank circuit using transformer coupling. Tank circuit consists of

and L, wound on the same core. Thus there is mutual inductance between coils L and L.
[V oe

=

Fig. 4.7 : Hartley oscillator

Working : . )
oscmaﬁons“;i-p\’ri)*;irl e\;cz is first switched ON, an initial bias is established by (R, -R.)
constitute L), e.m.f. induc C(.:ause. of p.osmve feedback form the LC tank circuit (IL (2 el
back. When, the.fe;eab' :ged n 0011. L, is fed back to base of transistor giving it a .-|- ‘md‘ =

The fre ac 1's proper, it produce undamped oscillation. A positive feed

quency of oscillation is given by

e 1
2nJLC
. Where il (4.0
WhereM- L=-'L|+Lz+2M
[ 1s the mutual inductance between L, and L,
3 2.
E

-



4.10.3 Colpitts Oscillator

: i apacitor while H;
Colpitts oscillator is similar to Hartley oscillator. It uses a split tank capacit ile Har

oscillator uses a split tank inductor. It is commonly used for genefa“fm of 'h'gh frcqu.e;,
oscillations above 1MHz. REC serves the same function as in Hartley oscillator f.e. [0 provig
low resistance path for d.c. and a high resistance path for a.c.

+V ¢
R, l'j RFC .
G

l ‘]_._J E— Output
R R + 1
2 g Ce L

N

ol

Fig. 4.8 : Colpitts oscillator
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Frequency of oscillations depends upon values of L, C, and C,.
fo_ 1
N Te ...(4.7)
where C is series equivalent of capacitors C, and C,
& = C'ICZ
C,+C, ...(4.8)

Output has been taken il N ;
. p- _ by using Ce, as capacitor coupling. Output can also be obtained by
using a coil across inductance to [, shown in fig. 4.9

I Vee

[ g

—k ¢

R F:\‘ﬁ‘l -[_;‘
?E “‘CE ._I_LCZ L @utput

—
—— —
—
-




4.11.2 Wein Bridge Oscillator

Wein bridge oscillator is used for generation of low frequencies of the order of 10 Hz 1y
KHz. Commercial audio signal generators use this circuit. As shown in Fig. 4.10 it essen

consists of two blocks of amplifiers and a feed back network for positive feed back.
=%}

Feedback path

Ry

7

A>—{A>
C; == R, / /

o, Do

Fig. 4.10 : Block diagram of wein bridge oscillator

Blocks A, and A; represent two stages of amplifiers. As shown, the output of A, is in pha¥
with input of Aj. Thus there is positive feed back. The amount of feed back is varied by

components R,. C,, Rz and C; of feed back net work. Voltage developed across R., Cs is fed back
to Aj.
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Frequency of oscillation

1

Rl =R2,=R,C|=C2=C

— 1 N
f—2]IRC ...(4.10)

The value of feed back factor B

If

should be l
3

and hence gain should be equal to 3 SO as to satisfy
the condition A8 = 1. To redyce gain of the
amplifier, a negative feed back i provided in the

circuit. Negative feed back not only
the amplifier,

reduces gain of
but it also improves stability of
frequency of oscillations. This ig done by using

re31stor§ 1;‘ aidlf{“ In the feed back net work as Fig. 4.11 : Circuit for positive as well
shown in Fig. 4.11. as negative feed back

Capacitors C, and C, are generally ganged variable capacitors. Their value can be changed
to change the frequency of oscillation. The feed back network can be drawn in a slightly different
manner to show formation of a brid

ge as shown in Fig. 4.12. A practical circuit of Wein bridge
oscillator is shown in Fig. 4.13.

Fig. 4.12 : Formation of bridge

When V.. is switched ON the noise voltage is amplified by amplifier A,. It is further
cc 1t

amplified by amplifier A, which shifts the phase of input by another 180°. When this output is fed
ack, through feed back network of R, C, R, and C 2, a positive feed back takes place.
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o

————————

= ;

Fig. 4.13 : Transistorised Wein bridge oscillator circuit

Negative feedback has been provided by :
(@) Removing Cg across RE

(b) By resistive network R3 and Ry. Voltage drop

across Ry acts as negative feed back. R
also acts as RE for first stage of amplifier.

Output can be taken by capacitive coupling using capacitor Cc
2

In practice R, is replaced by a filament lamp which i sensitive to temperature. Tk
resistance of lamp increases with currents it helps to keep the output constant .
Advantages : .

1. It gives constant output.

Highly stabilized amplitude and voltage amplification

It is most suitable for fixed frequencies Audio w«o@:m:ow range,
The overall gain is high because of two transistor amplifier g
The frequency of oscillations can be easily ch
changing value of ganged capacitor C,C,.
Disadvantage:

2
3.
4. tages.
5

anged :
gec by USing o Potentiometer ¢

1. It requires two transistors and a large number of components.
2. It cannot generate very high frequencies.
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LI ) \7) '2

? R V, }

V!'l R R P ‘

(b) Vector diagram
(a) RC circuit

Fig. 4.15

4.11.3 Phase Shift Oscillator

. i a conventiong] .
Fig. 4.16 shows the circuit of a phase shift oscillator. I.t consxstskof e fhoee p}l)l;ti it
stage transistor amplifier and a three-section R-C phase shift network. i

network are R, C, R, C,, R, Cs. Tt produces a total phase shift of 180° (i.e. 60° per section) in
signal feed back to the base.

e VCC
R R¢
Phase Shift Network ! ,CL
LR 9
C1 C2 03 ’/
A

Output

R1 R2 R3 RE I CE

T
- = v T

Fig. 4.16 : Block diagram of phase shift oscillato,

The frequency of oscillation is given by
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8"
1
/= 2aRCA/6 iz (40
where R, =R, =R, =R
C, =Cy=C3=C

Working: When the circuit is switched on, it produces oscillation of frequency f. The output
(¢,) of the amplifier is feedback to the 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. Obviously, the
circuit will stop oscillating the moment phase shift differs form 180°.
Advantages:
1. Since they do not require any bulky and expensive high value inductors, such oscillator
are well-suited for frequency below 10kHz.
2. Tt does not require transformer or inductor. Thus cost is reduced.
3. In this, positive feedback occurs only for one frequency. Hence pure sine wave output
is possible.
Disadvantage:
1. Tt produces a distortion level of nearly 5% in the output signal,

2 The feedback or output is small, so it1s difficult to start oscillation.

3. It necessitates the use of a high § transistor to overcome losses in the RC network.
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< a resonant tank circuit in the 0§Clliamn -_
Piezo-electric crystal us’es as ely Rochelle salts. ammonium dip, .
terials, namcs which exhibit the piezoeleectr.
d :tezr?;r:zi C;:ramicsf A and 'B are manmade ij\:-_
properties in their original state but these pre;

4.13 INTRODUCTIO

Basically, .
1 yS ma
oscillator). Certain C rystalline

ithi tz., an
phosphate, lithium sulphate, quar -
called Piezolectric crystal. Except for ¢ c
. : .

ceramic materials do not have piezoelectr
are produced by special polarizing treatment. i SR
al 1s nly used because 1t 1 L

The quartz crystal is most commo : . i
' ' its permance, low ..

nature. It also has control of frequency in oscillator which comes from its p | »

efficient and high mechanical strength of quartz.

4.13.1 Piezoelectric Effect

crystal, electrical charges appear at some other faces and vice-versa. It is called piezoel
ge is applied to appropriate faces, mechanical vib-

1

e frequency of the applied ac voltage matches the -
he amplitude of vibration will be m

are produced at some other faces. If th
frequency of vibrations of the crystal, t aximum.

4.13.2 Properties of Pizo-Electric Crystals

4.13.3 Quartz Crystal

It is normally used material for -
mechanical strength and also of its frequency control ip oscillators, T} ‘xt?q S[ab\ilit.\ﬁ their ;
hexagonal. It contains three axis x — axis, y — axis and z — axis, Thé . f bﬁflpe of quartz cr_\?»
axis, y — axis is called mechanical axis and z — axis is called optjcq) a\i:‘lx;\tlls an\\-n as elet!
be made from it depending on the application,. S Many different cuts

Working: In order to use crystal in an electronic circuit,
mounted between two metallic plates. The crystal behaves ljke
conducting plates. Mechanical vibrations are produced in the cpy
to it. Frequency of vibration depends upon.

1‘ 1?'3“-1! IS suitably cut ar
< (l N o
‘. Clcc(“k‘ blaced between:
Stal whe

n ad.C. \‘L)“ilﬂe i\ ‘IE\E‘
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(a) Size of crystal

(b) Orientation of crystal surfaces with respect to its axis

(c) Mounting of crystal.

Equivalent Circuit : When the frequency of a.c. voltage is equal to the natural frequency of
crystal, resonance takes place and then vibrations reach its maximum value. Electromechanically
-esonance of crystal can be represented by an equivalent electrical resonant circuit. Figure 4.17
(a) shows & crystal mounted between plates while its equivalent circuit is shown in figure 4.17

(b).

Crystal

Fig. 4.17 (@) : Mounting of Crystal  Fig. 4.17(b) : Electrical Equivalent Circuit of a Crystal

It consists of two cases .

(i) When the crystal is not vibrating, It is equivalent to capacitance C,,. This capacitance is
known as mounting capacitance.

(ii) When the crystal is vibrating, it is equivalent to R -L - C series circuit. In this case, it is
shunted by the mounting capacitance C,, The value of C is much lower than that of C,,.

The circuit has two resonant frequencies.
(@) Series resonant frequency : It is the resonant frequency of RLC branch of electrical

equivalent circuit of crystal shown in fig. 4.17 (a)

1
Seri tf ency, .= —=——= Hz 5
eries resonant frequency, f, 2 JIC ..(4.12)

(b) Parallel resonant frequency : The series branch RLC has parallel resonance with

capacitor C,,,.

1
Parallel resonant frequency, f, = P red Hz ..(4.13)

Where C’ is equivalent capacitance of C
parallel with C,,

C'= Clm_ (4.14)

C+Cm Y
Parallel resonant frequency f, is always greater than
f.. However, difference between f, and f, is small.
When a crystal is used as an oscillator, its resonant
frequency lies between f, and f,.

S

-

}

\

-~
P

——

Y

A
-
-

~

Fig. 4.18 : Frequency Response of Crystal.
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4.14 CRYSTAL OSCILLATOR

+V

Fraure 410 shows the circuit diagram of H’oo
transistor erystal oscillator. In this crystal s used ,
o stabihize the frequency of a tuned -collector RFC
oscillator which has a crystal in the feedback f
cireuit. L2 L l_loﬂ

When Ve is switched on. the capacitor C, !
gets charged. Discharging of C, through L, A Crystal
produces oscillations in tank circuit. It induces an L

circuit makes the oscillations to sustain at
resonant frequency of the crystal and also
provides positive feedback with necessary phase
shift. RFC coil provides dc collector load and . .
also prevents any ac signal form entering the dc - Fig.4.19: nq.«\mﬁm_ omnm__mﬂoq circuit
supply. using transistor

emi. m L, by mutual induction. This is
positively fed back to the amplifier and the ,
oscillations build up. Crystal provided in the base e _H_ R
2 = -
=

Here. the crystal is excited in the series resonance mode because it is connected as a serie
element in the feedback path form collector to the base. Since, in series-resonance, cryst!
impedance is the smallest, the E,:o_wsﬁ of positive feedback is the largest. The crystal not onl!
provides the feedback but also provides the necessary phase shift. Here, R|, R, and R provit

voltage - divider dc bias circuit. The capacitor Cg is shunted acrogg Re to avoid degeneration.

e il 1 \ﬂ A CIry T,ﬂm— —Hm@ r = u:o O = c-cmcﬂﬁd z -_— N—ﬂo oyl Y - o - - S 273
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