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Electronic Circuits II

UNIT I
OSCILLATORS
2.1 Introduction

An oscillator is a circuit which basically acts as a generator, generating the output
signal which oscillates with constant amplitude and constant desired frequency.

An oscillator does not require any input signal. An oscillator generates the output
waveform of high frequency up to Giga hertz. It works as positive feedback.

Definition: Oscillator is an amplifier, which uses a positive feedback and without any
external input signal, generates an output waveform at a desired frequency.

2.2 Basic Theory of Oscillators

As the phase of the feedback signal is same as that of the input applied, the feedback is
called as ‘positive feedback’.

Input signal Output signal

Amplifier Vo Vo

A

re—— Feedback
signal

Feedback
network

p

Here input V;, output Vj and gain A
A= %(called open loop gain)
For overall circuit supply voltage V; and net output V,
Ap = %(called closed loop gain)

S
Feedback is positive V¢ is added to V; generate input of amplifier V;

Vi=Ve+ Voo (1)
Ve=BVo oo (2)
Substituting (2) in (1)
Vi =BV + Vi
Vo=V, = BVy ... 3)
Vo
A j—
TTVi- v
Dividing numerator and denominator by V;
Vo
| f, _ 4

= _
1_ﬁvo/vi 1-BA
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2.3 Barkhausen Criterion

180° Phase shift

Vi & / Ampnﬁer\ A\,
o/ A >/

e — (o] i

Consider a basic inverting amplifier with an open loop gain A. the feedback network
attenuation factor 8 is less than unity. As basic amplifier is inverting, it produces a phase shift
of 180° between input and output.

Vo =AV; i (1)

Ve ==BVo e (2)
Substituting (2) in (1)

Ve = —BAV; ..........(3)
For oscillator V; must act as V;

Vi = —pAv;

-pA=1

Barkhausen criterion states that,

1. The total phase shift around a loop, as the signal proceeds from input through
amplifier, feedback network back to input again, completing a loop is exactly
0° OR 3609, integral multiples of 27 radians.

2. The magnitude of the product of the open loop gain of the amplifier (A) and
feedback factor () is unity.

ie). |ABl =1
2.4 Classification of Oscillators

1. Based on output waveform: Oscillators are classified as sinusoidal and non-
sinusoidal oscillators.

2. Based on circuit component: Oscillator using R & C components called as RC
oscillators. Oscillator using L & C components called as LC oscillators. Some
oscillators’ crystal used. So it is called as crystal oscillator.

3. Based on range of operating frequency: Oscillators are used to generate
oscillation at audio frequency range which is 20Hz to 100-200KHz then oscillator
are classified as LF and AF oscillators. While the oscillator used at the frequency
range more than 200-300KHz to Giga Hertz classified as HF Oscillators.

2.5 R-C Phase Shift Oscillator

RC phase shift oscillator basically consists of an amplifier and a feedback network
consisting of resistors and capacitors arranged in ladder fashion. Hence such an oscillator is also
called ladder type RC phase shift oscillator.
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2.5.1 RC Feedback Network

RC network is used in feedback path. In oscillator, feedback network must introduce a
phase shift of 180° to obtain total phase shift around a loop as 360° .

Thus if one RC network produces phase shift of ¢ = 60° then to produce phase shift
of 180° such three RC networks must be connected in cascade. Hence in RC phase shift
oscillator , the feedback network consists of three RC sections each producing a phase shift of
60 , thus total phase shift due to feedback is 180° (3x60).

Output of feedback network
-+——— Three R-C arcuits ———

Input 1o feedback
c : C c .
o—]} —{} i} -
— t input RS RSS! RS output e 1
1 — — "
60° + 60° +« 60" = {180 total phase

shift

The network is also called the ladder network. All the resistance values and all the
capacitance values are same, so that a particular frequency, each section of R and C produces a
phase shift of 60°

2.5.2 Transistorized RC Phase Shift Oscillator

In a practical, transistorized RC phase shift oscillator, a transistor is used as an active
element of the amplifier stage.

VO
£\ — £\ t
Vg :
Forward -
path Cc Cc

he*Ry=R

Feedback
path

The figure shows a practical transistorized RC phase shift oscillator which uses a
common emitter single stage amplifier and a phase shifting network consisting of three identical
RC sections.

The output of the feedback network gets loaded due to the low input impedance (h;.) of
a resistor. Hence an emitter follower input stage before the common emitter amplifier stage can
be used, to avoid the problem of low input impedance. But if only single stage is to be used
then the voltage shunt feedback, denoted by resistance R; in the figure is used, connected in
series with the amplifier input resistance.
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A phase shifting network is a feedback network, so output of the amplifier is given as
an input to the feedback network. While the output of the feedback network is given as an input
to the amplifier. Thus amplifier supplies its own input, through the feedback network.

Neglecting R; and R,, as these are sufficiently large, we can write,
h;, = Input impedance of the amplifier stage

Now the resistance R; and h;, are in series and the value of R is also selected such that
the resultant of the two resistance is R, which is the required value of the resistance, in last
section of RC phase shifting network.

hie + R3 =R
This ensures that all the three sections of the phase shifting network are identical.
2.5.3 Derivation of the Frequency of Oscillation

Replacing the transistor by its approximate h-parameter model, we get the equivalent
oscillator circuit.

L S— - <

E |
§“w @ eelo Vo §Rc R R

: | b

=

®
©

.
p—
—

@
1=

Now we can replace h;, + R, as R from the equation. Similarly we can replace the
current source hg, I, by its equivalent voltage source. And assume the ratio of the resistance
Rc to R be k.

Rc
“=r
the modified equivalent circuit is shown below

R =kR c C c
AN ——o—| i 1
+ - + - + - + -
+ g + - 4’
M R§3R§3R§
Voltage St e T 3
source Iy I, Iy

Applying KVL for the various loops in the modified equivalent circuit we get, for Loop 1,

1
_IIRC _J(L)_Cll - IlR + IzR - hferRC =0

Replacing R¢ by kR and jw by s we get,
38
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1
I [(k + DR E] — LR = —h¢ I, kR
For Loop 2,

1
_]a)_CIZ - IzR - 12R + IlR + ]3R =0
Replacing jw by s we get,
1
LR+ [ZR —]—1R=0
iRt 1 +SC 3
For Loop 3,

1
_]a)_C13 - 13R - 13R + IzR =0

1
— —| =0
12R+13[2R+SC]

Using Cramer’s rule to solve I5

1
(k+ DR+ — —R 0
sC
1
D = — R —
R 2R+SC R
0 R 2R + !
sC

o 1)R+é]{[2R+$r_Rz}_Rz |27+ 2]

[+ R+ 2] [ZR%]Z_Rz [+ DR+ |- [er 2]

[t +DsRC +1 [ZSRC + 1]2 e[k DSRCHT] [ZSRC + 1]
N sC sC N

sC sC
_ [(k+ DsRC + 1][2sRC + 1]* R? (k+1sRC +1 R? [ZSRC + 1]
N s3R3 sC N sC

First term can be written as,
[(k + DsRC + 1][2sRC + 11> _ (ksRC + sRC + 1)(4s2R2C? + 4sRC + Ny
S3R3 - S3R3
4ks3R3C3 + 4s3R3C3 + 4s2R?C? + 4ks*R?*C? + 4s?R?C? + 4sRC + ksRC + sRC + 1
- s3R3
s3R3C3[4k + 4] + s?R?C?[4k + 8] +sRC[5+ k] +1
- s3R3
Second and the third term can be combined to get,
_ —R?[ksRC + sRC + 1] — R*[2sRC + 1]
- sC
_ —[2R? 4+ 3sR3C + ksR3(]
- sC
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Combining the two terms and taking LCM as s°C’ we get,
D= s3R3C3[4k + 4] + s?R?C?[4k + 8] + sRC[5 + k] + 1 — [2R? + 3sR3C + ksR3C]s?C?

s3(C3
s3R3C3[3k + 1] + s?R?C?[4k + 6] + sRC[5+ k] + 1
= $3C3
1
(k+ DR+ C —R —hsoI,kR
Ds = R 2R + =
sC
0 —-R
= R?(—hy.I,kR)
= —kRshfer
D;
I3 =—
)
I = —kR3hferS3C3
® 7 S3R3C3[3k + 1] 4 s2R2C2%[4k + 6] + sRC[5+ k] + 1
Now I5= output current of the feedback circuit

I, = Input current of the amplifier
I¢c = hg.I,= input current of the feedback circuit
output of feedback circuit I3
- input of feedback circuit - hsely,

And
output of amplifier circuit I,
= ———————— =—=hy,
input of amplifier circuit I,
I3 I
aF _hferthe I
ag = —kRghf,,,SSC3
= s3R3C3[3k + 1] + s2R2C2[4k + 6] + sRC[5 + k] + 1
Substituting s = jw, s? = —j2w? = —w?,s% = j3w? = —jw?

jw3kR3C3hg,
AP = S R Bk T 1] — w?R2C2[4k + 6] + jwRCI5 + K] + 1
Separating the real and imaginary parts in the denominator we get,
_ap = jw kR3C3hy,
[1— 4kw?R?C? — 6w2R?C?] — j[3kw3R3C3 + w3R3C3® — 5wRC — kwRC(]
Dividing numerator and denominator by jw3R3(C3
khg,

_A'B T [1-4kw?R2C%2—6w?2R2C2| . [3kw3R3C3+w3R3C3—5wRC—kwRC]
jw3R3C3 ] ijRSCS

Replacing _1/]- =],
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—Ap=—7 1k 6 e 5 K
e a7 B CL e e eror

J w3R3C®  wRC  wRC w?2R?¢c?

Replacing ﬁ = a for simplicity
khse
—4p = {3k + 1 —5a2 — ka?} + j{a® — 4ka — 6a}
To find frequency of oscillation, the imaginary part of the denominator term must be 0.
sad—4ka—6a =0
a(a? —4k—6) =0
a? =4k + 6 Neglecting zero value

a=vV4k+ 6

1
—— =V4k +6
wCR
1

0=
RCV4k + 6
fe 1
 2mRCVAk + 6
As per the barkhausen criterion|A | = 1

Substituting @ = v'4k + 6 in the equation we get

khye khg,
A BT I= GG+ @k 6)] Bk + 1= 20k — 30— 4kZ — 6K}
kh,
T “4k? — 23k — 29
Now |AB| = 1
| khge — 1
|—4k2 — 23k — 29

khg, = 4k* + 23k + 29

29
hye = 4k +23 +~=

Minimum value of hg,for the oscillations

To get minimum value of kg,
dhse
dk

d [4k+23+29]— 0
K Kl =

=0

k? = 2.6925 for minimum hy,
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(he) . =4x2.6925+23 + > 690E

(hse) . =44.54

NOTE: Thus for the circuit to oscillate, we must select the transistor whose (hfe)
should be greater than 44.54.
2.6 Wien Bridge Oscillator

Generally in an oscillator, amplifier stage introduce 180" phase shift and feedback
network introduces additional 180° phase shift, to obtain a phase shift of 360° (2n radians)
around a loop. This is required condition for any oscillator. But Wien Bridge oscillator uses a
noninverting amplifier and hence does not provide any phase shift during amplifier stage.
As total phase shift required is 0° or 2nr radians, in wien bride type no phase shift is necessary
through feedback.

Note: Thus the total phase shift around a loop is 0°.

min

A basic wien bridge used in this oscillator and an amplifier stage is shown below.

R, The output of the amplifier

(% Ry is applied between the terminals 1
\ ' and 3, which is the input to the

¢ - — ] Ag::;?’_ feedback  network. ~ While the
| amplifier input is supplied from the

) 4 diagonal terminals 2 and4, which is

\w : the output from the feedback
= it network. Thus amplifier supplied its
own input through the wien bridge as

Basic circuit of Wien bridge oscillator a foedback network.

The two arms of the bridge,
namelyR;, C; in series and R,, C, in
parallel are called frequency
sensitive arms. This is becausethe

J
R1
Z4
=G components of these two arms decide
v 1 the frequency of the oscillator. Let as
'" find out the gain of the feedback
R; vy

&

network. As seen earlier, input Vi, to
the feedback network is between is 1
and 3 while output V¢ of the feedback
network is between 2 and 4. Such a

2<C ==

|
=

32 feedback network is called lead-lag

L network. This is because at very low

Feedback network of Wien bridge frequepmes it acts l$e a lead \yhlle at

oscillator very high frequencies it acts like lag
network.
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_ 1 1+jwR1Cy
Zl - Rl + JjwCq jwCyq =
1
1 Rax——
Z,=R = =
2 2"ij2 R, + z,
JjwCs
R
Zy=— 2 Vi
1+ jwR,C, f
Replacing jw = s | Z, v,
_1+skRG
Tosq ) {
Z, = L Simplified circuit
1+ sR,C,
From the simplified circuit,
-V
And
Ve =17,
Vin
it
gl B
Vin  Z1+2,
Substituting the values of Z,&Z,,
[z
1+5R,C
1+5R,Cy
[ sCy ] [1+sR26‘2]
_ sCiR,
p= (14 sR,C)(1+ sR,C,) + sC4R,
_ sCiR,
" 1+ s(R,C; + R,C,) + s2R,R,C,C, + sCyR,
_ sCiR,
" 1+ 5(RCy + R,C, + CiR,) + s2R R, C,C,
Substituting s = jw, s? = —j2w? = —w?
JwCiRy

B =T oRC ¥ R,C, + CRy) — 0’ RIRC.G,
Separating real and imaginary values
JwCiRy

F=az 2R R,C,Cy) + jw(R Gy + RyCy + C1Ry)
Rationalizing the above expression,
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_JwCiR, [(1 = w?R R,C,Cy) — jw (R Cy + R,Cy + C1R,)]
(1 = w?R R,C,C)% + w?(RCy + R,C, + C4Ry)?
w2CyR,(RCy + R,C, + C4R,) + jwC R,(1 — w?R{R,C,C,)
T (1= w2R,RyC1C)% + w2 (R Cy + RyCy + CiRy)?
To find frequency of oscillation imaginary part must be zero.
wCiR,(1 — w?R,R,C,C,) =0
w?RR,C.C, =1
2 _ 1
RiRC, G,
1
_ 1
I iR
In practice, R, = R, = R and C; = C, = C then
1

w

= 2nVR2C2
1
f=%re

At Ry = R, = R and C; = C, = C the gain of the feedback networks becomes,
_ w?RC(3RC) + jwRC(1 — w?R%C?)
T (1-w?R2C?)2 + w?(3RC)?

. . 1 . 1
Substituting f = -——i.e. @ =—

We get the magnitude of the feedback network at the resonating frequency of the oscillator as,

g = 3 3
= - ==
0+ xBRC)? 9
1
F=3

The positive sign of B indicates that the phase shift by the feedback network is 0°. To
satisfy barkhausen criterion for sustained oscillations, we can write,

lABl= 1
1 1
Al > ﬁzT
3

Al > 3

This is required gain of the amplifier stage without any phase shift.
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2.7 Twin-T Oscillator

This is another type of RC oscillator, which uses a typical circuit consisting of R and
C called twin-T network or twin T filter.

Note: Twin T filter is basically lead-lag circuit whose phase angle varies between +90° to -

90" against the frequency.

At f=f,, its phase angle is 0° and it does not introduce any phase shift. Its gain isl at
low and high frequencies but at f=f,, the gain reduces to zero. So it acts like a notch filter as it
notches out frequencies near f;. the equation for its resonating frequency is

1
fr= 2nRC

In fact a twin-T filter is combination of high pass filter and low pass filter. The
combined parallel combination of the two gives twin-T filter which is acts as notch filter.

C C
|1 11 9
i = 1]
YTy
v 23 ¢ Phase
n— F—o Vout response
— -90°} -
R - R
Vou! Vin
1
_ 2C ¢ Gain
I f, response
Twin-T circuit Frequency response

The positive feedback is noninverting input is given though the potential divider of R,
and R,. The resistance of the potential divider is a lamp. The negative feedback to the inverting
input is given through twin-T filter.

When power is given to the circuit the lamp resistance R, is low and positive feedback
is maximum. This helps to build the oscillations. As oscillations grow, the lamp resistance
Rsincreases, decreasing the positive feedback. This controls the growing oscillations and makes
them as the sustained oscillations. So lamp helps to stabilize the level of the output voltage.

o
(e}

Nl L
/
<

T I AN
Twin-T =

2C
circuit I Ry T Potential

R'i’ Lamp divider

Fig :Twin-T Oscillator
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2.8 LC Oscillators

The oscillators which use the elements L and C to produce the oscillations are called
LC Oscillators. The circuit using elements L and C is called tank circuit or Oscillatory circuit,
which is important part os LC oscillators.

2.9 Hartley Oscillator

A LC oscillator which uses two inductive reactance and one capacitive reactance in
its feedback network is called Hartley Oscillator.

2.9.1 Transistorised Hartley Oscillator
The amplifier stage transistor in common emitter configuration.

Tank circuit
adds further
180° phase shift

Fig :Transistorised Hartley Oscillator

The resistances R; and R, are the biasing resistances. The RFC is the radio frequency
choke. Its reactance value is very high for high frequencies; hence it can be treated as open
circuit. While for dc conditions, the reactance is zero hence causes no problem for dc
capacitors.

The common emitter amplifier provides a phase shift of 180°. As emitter is grounded,
the base and the collector voltages are out of phase by 180°. As the centre of L; and L, is
grounded, when upper end becomes positive, the lower becomes negative and vice versa. So the
LC feedback network gives as additional phase shift of 180°, necessary to satisfy oscillation
conditions.

2.9.2 Derivation of Frequency of Oscillation

The output which is the collector current is hs.lp where I is the base current.
Assuming coupling condensers are short, the capacitor C is between base and collector. The
inductance L, is between base and emitter while the inductance L, is between collector and
emitter. The equivalent circuit of the feedback is shown in the fig.
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Input to @ Input to
feedback ~ the amplifier
hielb

Fig: Equivalent circuit
As h;, is the input impedance of the transistor. The output of the feedback is the
current I,, which is the input current of the transistor which is I = hg,l,, converting current
source into voltage source we get,

T awb
V,

lo | Lo B \I
i

Fig: Simplified equivalent circuit

VO = hfe]bXLZ = hfelbijZ N TIR I RI] (1)
Now L, and h;, are in parallel, so the total current I drawn from the supply is,
I= — @
X+ Xl Xy W]
Note: Negative sign, as current direction shown in opposite to the polarities of V
Now
. 1
XLZ +XC —](,l)Lz +](U_C and
ijlhie
Xl hye =————
L1 " le ij1+hle

Substituting in the equation (2)
- hfe IyjwL,

I =
[](UL ] [ Jjwlihie
2 jwC jwLi+hie

e (3)
|

Replacing jw = s

[ = —ShgelpL,
[ste+ 2l + 225
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_Shfe Ib L2
- [1+52L2C] sLihie
sC (sL1+hie)

_ —shgelyL,(sC)(sLy+hie)

(1 +52L,0)(sLy+hye) + (SO (sLyhye)
—5%Reoly,L,C(sLy+hy,)

= $3L,L,C +SL, + hy, + s2CLyhy, + s2CLy Iy,

B —5%hgel,L,C(sLy+hy,)

"~ 53L,L,C + 52Ch;,(Ly + Ly) + sLy + hy,

According to current division in parallel circuit,

I

X1
I, =1 X —
b XLl + hie
jwL
— I X ](D—l
jwL; + hy,
I, = I % [ sl ] (4)
b —_ SL1 + hle TR TN T
Substituting value of I from equation (3) in equation (4)
I = _SzhfelbLZC(SLl+hie) % [ SLl ]
P 7 |S3LyLyC + 52Chig(Ly + Ly) + Ly + hye |~ IsLy + Ry,
I = —SshferLleC
P 7 (s3LyLyC + 52Chio(Ly + Ly) + sLy + hy,)
1 — _S3hfeL1L2C (5)
(s3L,L,C + s2Ch;y(Ly + Ly) + sLy + h;,) 777"
Substituting s = jw,s? = j2w? = —w?,s3 = j3w? = —jw?
_ jw3hseL L,C
_ja)3L1L2C - (A)zChie(Ll + Lz) +](,UL1 + hie
Separating real and imaginary values
jw3he,L,L,C
1 ] reliplip .(6)

" Thie — @2Chi(Ly + L] + joLy (1= w?L,0) 7777
Rationalizing the R.H.S of the above equation,
- Jjw3hsoLaLyCl[hie — w?Chyp(Ly + Ly)] — jwLy (1 — @2L,0)]
[hle - (L)zchie (Ll + Lz)] +j(l)L1(1 - (I.)ZLzC)
1 _ w4hfeL%L2C(1 - (l)szc) +jw3hfeLlLZC[hie - wZChie(Ll + Lz)] (7)
- [hie — @2Ch;o(Lq + Ly)]?2 + 0212 (1 — w2L,C)?

To satisfy this equation, imaginary part of R.H.S must be zero.
U)3hfeL1chhie[1 - (UZC(Ll + Lz)] =0
1-— (.UZC(Ll + Lz) =0
(UZC(L]_ + Lz) =1
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5 1
@ CC(Ly+1Ly)

_ 1

A

1
Yo
1

f:

27, /CLeq
"Where L.y =L+ L,

This is the frequency of the oscillations.To find condition for oscillation equating the real part
(magnitudes of both sides) of the equation (7),

. W*hso 2L, C(1 — 0?L,C) . 1
= at w = ——
[hie — @?Chye(Ly + L)1 + w?L3(1 — w?L,C)? JC(L, +Ly)
he L 1
T e R
(1-w?L;0) JC(L, +1y)
hselL, _ hpely
T(1__LC L
(1 C(L1+L2)) !
Ly
Rte = L

This is the value of h¢, required to satisfy the oscillating condition.
2.10 Colpitts Oscillators

A LC oscillator which uses two capacitive reactances and oneinductivereactance in its
feedback network is called ColpittsOscillators.

2.10.1 TransistorisedColpitts Oscillators
The amplifier stage transistor in common emitter configuration.

The basic circuit is same as transistorized Hartley Oscillator, except the tank circuit. The
common emitter amplifier causes a phase shift of 180°, while the tank circuit adds further 180°
phase shift, to satisfy the oscillating conditions.

Amplifier produces
C==—=2>180° phase shift

Tank circuit
provides further
180° phase shift
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2.10.2 Derivation of frequency of oscillation
The output current I which is hg.lp acts as input to the feedback network. While the
base current Iy acts as the output current of the tank circuit. The equivalent circuit of the

feedback is shown in the fig.
©
O TI0 e O _T
l L l .
T —|' Cl ghie

G,

hfc'b

Fig : Equivalent circuit

Converting the current source into the voltage source, we get the equivalent circuit as
shown in the fig.

c, L Tt

Ny ) §h,e

Fig : Simplified equivalent circuit
1
VO = hferXCZ = hfe[b](;_)_cz (1)
Now C; and h;, are in parallel, so the total current I drawn from the supply is,
-V,
= R 3
[Xcz + X1+ [Xeq I g ]

Note: Negative sign, as current direction shown in opposite to the polarities of V

1

Now
1 .
XCZ +XL—E+]U)L al’ld
1
. X hie
[jwcl + ie]
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Substituting in the equation (2)
1
~geb jwCy

R o I

jwCq

I =

Replacing jw = s
1
_hfelb

[ o + SL] [iﬂne

_ _hfe Ib (SCZ)

T (14s2LCy) [ hie ]
sCy 1+sC1hie

—hyely () (SC)(1 + sCihye)
T (14 52LC,)(1 + sCyhy,) + hipsC,

_ _hfelb(l + SClhie)
"~ $3LC,C hy, + S2LC, + sCyhy, + 1+ sCyh;,
_ _hfelb(l + SClhie) (4)
T S3LC,Cyhye + S2LC, 4+ shi(Ci + Cy) +177 77
According to current division in parallel circuit,
X
I =1 x —=
Xe1 + hie
1
I % jwCy
1
E ie
I, = ! 5
e T e (5)
Substituting value of I from equation (4) in equation (5)
I = _hfelb(l + SClhie) % [ ]
b7 [s3LC,Cohy, + S2LC, + shy, (G + C,) + 1 (1+5Cihy)
I = _hfelb
b7 $3LC,Cohy, + S2LC, + shy,(C, + C,) + 1
—h
1= B L e e e (6)
s3LC,Cyhy, 4+ 52LC, +shy (C; +C,) + 1
Substituting s = jw, s? = j2w? = —w?,s3 = j3w3 = —jw?
—hse

N _j(l)sLClCZhie - (I.)ZLCZ +ja)hle(Cl + Cz) + 1
Separating real and imaginary values
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= - ™
(1 — szCZ) +fwhte(01 + CZ — wZLClCZ) T T AT
To satisfy this equation, imaginary part of denominator R.H.S must be zero.
wh;,(C; + C, — w?LC,C,) =0
C,+C, — w?LCC, =0
C, + C, = w?LC,C,

LC]_CZ L [&]
Ci+Cy
1
w =
€, Co
L]
Now cclf; is nothing but the equivalent ot two capacitors C; and C, in series
1 2
GG
C,, =
“ G+ G,
1
w =
LCeq
1
f=

This is the frequency of the oscillations. To find condition for oscillation equating the real part
(magnitudes of both sides) of the equation (7),

—h c,+¢C
1=—2°  _gte?=—"—2
(1 - (,UZLCz) LCch
1= hye
C1+Cy
<1 - (Lclc2 LCZ))
oM
C1+C;
<1_( a ))
_( G ) = ~hye
G,
1-1-g =Ty,
G,
hfe = C_l

This is the value of hy, required to satisfy the oscillating condition.

2.11 Clapp Oscillators(Modified form of colpitts oscillator of variable colpitts oscillator)

To achieve the frequency stability, colpitts oscillator circuit is slightly modified in
practice, called Clapp Oscillators. Thebasic tank circuit with two capacitive reactance’s and
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oneinductivereactance remains same. But the modification in the tank circuit is that one
more capacitor C3 is introduced in series with the inductance as shown in fig

2.11.1 TransistorisedClapp Oscillators
The amplifier stage transistor in common emitter configuration.

°+Vec  Capacitor Cy

decides the
& Re C., frequency
1 I | &
1 Bl
Ce2
11
Q
[l
C,

p—

!

Fig :TransistorisedClapp Oscillators
2.11.2 Derivation of frequency of oscillation
The equivalent circuit of the feedback is shown in the fig.

© . sy
hielb() J‘ Ci _l §n,,

il ®
Fig : Equivalent circuit

Converting the current source into the voltage source, we get the equivalent circuit as
shown in the fig.

Vo CI) [ 9 TJ g hie

1
VO = hferXCZ = hfe[b](;_)_cz (1)
Now C; and h;, are in parallel, so the total current I drawn from the supply is,
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_VO

I = e (2
[Xcz + Xes + Xp ]+ [Xeq 1 Ryl @

Note: Negative sign, as current direction shown in opposite to the polarities of V

Now
Xep +Xez + X, = v + v + jowl and
1
—X hie
C
Xer W hye = 70—
[jcu61 +hie]
Substituting in the equation (2)
—ho ] ——
felb
I= S - (3)
1 jwCy
[jwcz t e jw + “’L] [ = +me]]
Replacing jw =s
1

| =

ek [{ l

Multiplying by sC,to denominator

hfelb
"1 +2 £+ 52LC, + Liizchw ]
1 e
—hs 1, C5
Tt Gyt S2LC,Cs + |fCzcatie]
1 e

— —hgel,C3(1 + sCyhy,)
3 +5CiCshye + Gy + 5CiCohye + 52LC,C5 + S3LCCC3hye + 56, C3hy,
— _hferC3(1 + sCihi) A
= 53LcchC3hie + SZLCZC3 + Shie[C2C3 + C,C, + C1cs]+C2 +Cs e e e (4)

According to current division in parallel circuit,

J‘Ucl

jwe, +hle

I
T+ SCih) )
Substituting value of I from equation (4) in equation (5)
I = —hferC3(1 + SClhl-e) % [ ]
b7 s3LC,C,Cah;, + S2LC,C5 + 5hi,[C,C5 + C1Cy + C,C51+C, + Cs (1+SCh)

]b:
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—hglpCs
b= S3LC,C,Cshy, + S2LC,Cs + Ship[C,Cs + C1Cy + C1C5]+C, + Cs
1= _hfeCS
S3LC,C,C3hy, + 2LC,C5 + Shiy[CoCs + C1Cy + C1C31+C, + Cs
Substituting s = jw,s? = j2w? = —w?,s® = j3wd = —jw?
_hfeC3

- —jw3LC,C,C3h;, — w2LC,C5 + jwh,[C,C5 + C1Cy + CC5]+C, + Cs
Separating real and imaginary values
—hsCs ®
Cy, + C3 — w2LC,C5 + jwhi {[C,C5 + C,C, + C1C5] — w2LCC,C5 7 7
To satisfy this equation, imaginary part of denominator R.H.S must be zero.
wh; {[C,C3 + C,C, + C;C3] — w?LC,C,C5}3 =0
C,C3+ C,Cy + C;C3 — w?LCLC,C5 =0

1=

RIS NI B
2 _ CiC; + 05+ (G _G G G _ Ceq
L.C,C,C L L
1
2 __
¢TI,
1
w =
JIC.,
f= 1
2m,/LCeq
Where 1,1,

Cq C1 Cp C3

This is the frequency of the oscillations. To find condition for oscillation equating the real part
(magnitudes of both sides) of the equation (6),

1 — _hfeC3 at wz _ C1C2 + 6263 + C1C3
Cz + C3 - (UZLCZC3 LC1CZC3
C1C2 + CZC3 + CIC3
CZ + C3 - O)ZLCZC3 = _hfeC3 at 0)2 = LCchC3

CiC, + C,C5 + C1C5
C+C—( )LCC = —h.C
2 3 LC1CZC3 2%3 fe 3
CiC, + C,C5 + C1C5
Cz+63_( C ):—hfecs
1
C1C2 + C1C3 - C1C2 - Czc3 - 6163
Cl = _hfeC3
GG
- = —hzoCs
G
he =G

This is the value of hy, required to satisfy the oscillating condition.
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2.12 Armstrong Oscillator

Pri Sec :‘,/ Transformer

Fig :Armstrong Oscillator
In this circuit collector drives an LC resonant circuit. The primary winding of
transformer L and capacitor C; forms a resonant circuit. The feedback signal is taken from a
small secondary winding and feedback to the base. There is a phase shift of 180° in the
transformer and another 180° phase shift is produced by amplifier as a result total phase shift is
0° or 180° which satisfies the Barkhauen Criterion, thus the circuit produce sustain oscillation.

2.13 Frankling Oscillator
In this circuit tank circuit connected in the collector circuit acts as load impedance it
determines the frequency of oscillation.

ff 0N Sk AL
Feedback resistor

Fig :Frankling Oscillator
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2.14 Crystal Oscillator

The crystals are either naturally accruing or synthetically manufactured, exhibiting the
piezo electric effect. This means under the influence of the mechanical pressure, the voltage
gets generated across the opposite faces of the crystal. If the mechanical force is applied in such
a way to force the crystal to vibrate, the a.c voltage gets generated across it. The influence of
mechanical vibration, the crystal generates an electrical signal to very constant frequency.
2.14.1 Construction Details

The natural shape of a quartz crystal

| — . is a hexagonal prism. But for its practical
g pieke use, it is cut to the rectangular slab. This slab
Crystal slab is than mounted between the two metal plates
I (Holding Plates).
2.14.2 A.C. Equivalent Circuit R
When the crystal is not vibrating, it is a equivalent to a e,
capacitance due to the mechanical mounting of a crystal. Such a .
capacitance existing due to the two metal plates separated by a c
dielectric like crystal slab is called ‘Mounting Capacitance’ Cy;. T—l——

A.C. equivalent

When it is vibrating, there are internal frictional losses circuit of a crystal
which are denoted by a resistance ‘R’ inductance ‘L’
capacitance ‘C’. The mounting capacitance is shunt capacitance.

RLC forms a resonating circuit. The expression for the resonating frequency f, is,

__1 Q
fr = 2mVLC 1+ Q?
Where,
Q- Quality factor of crystal
wlL
=%

The Q factor of the crystal is very large, typically 20,000. Value of Q upto10° also can

2
be achieved. Hence ’1202 factor approaches to unity.

1
I = Siie
The crystal frequency is in fact inversely proportional to the thickness of the crystal.

_ 1
f= t
Where t- Thickness.
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2.14.3 Series and parallel Resonance
The series resonance frequency is same as the resonating frequency given by

1
fs = 2nVLC
Under parallel resonance the equivalent capacitance is,
CyC
Ceq = Cy+C
The parallel resonance frequency is given by,
1
f;) =

27m\[LCpq
2.14.4 Pierce Crystal Oscillator

The colpitts oscillator can be modified by using crystal to have as an inductor. The
circuit is called pierce crystal oscillator.

’VCC
RFC (Radio Frequency Choke)
R, c
==
Ce2

C;

Crystal L
L

Fig :Pierce Crystal Oscillator

2.14.5 Miller Crystal Oscillator

The Hartley oscillator can be modified to get miller crystal oscillator. In Hartley
oscillator uses two inductorsand one capacitor is required in the tank circuit. One inductor is
replaced by crystal which acts as an inductor for frequency slightly greater than the series
resonant frequency.
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*Voo

Fig :Miller Crystal Oscillator

2.15 Example with Solutions

Example 1: The frequency sensitive arms of the wien bridge oscillator uses C; = C, =
0.001uF and R, = 10KQ while R, is kept constant. The frequency is to be varied from 10kHz
to 50kHz, by varying R,. Find the minimum and maximum values of R,.

Solution: The frequency of the oscillator is given by,

1
/= 21JR,R,C,C,
f = 10kHz
1
10 x 10° =
2m,/10 X 103 X R, X (0.001 x 1076)2
R, = 25.33kQ

Example 2: In a transistorized Hartley oscillator the inductance are 2mH and 20pH while the
frequency is to be changed from 950kHz to 2050kHz. Calculate the range over which the
capacitor is to be varied.

Solution: The frequency of the oscillator is given by,

1
/= 2m,[CL,,
Where Leg=Ly+L, =2%107%+20x 107°
= 0.00202kHz
f = finax = 2050kHz
1

2050 X 103 = ——u——

2m/C x 0.00202
C = 2.98pF
f = finin = 950kHz

1
950 x 103 =
2my/C % 0.00202

C = 13.89pF
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Hence C must be varied from 2.98pF to 13.89pF, to get the required frequency variation.

Example 3: find the frequency of the oscillations of a transistorized colpitts oscillator having
C, = 150pF,C, = 1.5nF and L = 50uH.
Solution: The frequency of the oscillator is given by,

1

=i

Where,
co— CC,  150x 107 x 1.5x 1077 136.363pF
0T +C, (150 10712 + 1.5 x 10-9)  ooP°P
1 1
f= = 1.927MHz

21 [IC,,  2mV50 X 1076 x 136.363 x 10~ 12
Example 3: A crystal L = 0.4H,C = 0.085pF and Cy, = 1pF with R = 5KQ. Find

i Series resonant frequency
il. Parallel resonant frequency
iil. By what percent does the parallel resonant frequency exceed the series resonant
frequency?
iv. Find the Q factor of the crystal.
Solution:

Series resonant frequency
1 1

Js 2nVLC  2mV/0.4 X 0.085 X 1012
Parallel resonant frequency
c CCy _0.085x1_0078F
0T CxC, 008x1 P
fs ! ! 0.899MH
= = = U. VA
* 2m[IC,, 2mV0.4x0.078x 1012
% increase
. 0.899 — 0.856
% increase = WX 100 = 5.023%

Q factor of the crystal
wsl  2mfl 2w x 0.856 X 10° x 0.4
R R 5% 103

Q= = 430.272
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