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Analog circuits

UNIT No: 1

BJT Biasing, Analysis and design of small signal
low frequency BJT amplifiers



Different Regions Of Operation

Region of Operation | Emitter Base Junction | Collector Base Junction
Cut off Reverse biased Reverse biased
Active Forward biased Reverse biased
Saluration Forward biased Forward biased




Transistor VVoltage specifications For VVarious Operating

Regions
h. i . _ .
| Transistor "J.:E isat) vﬂ-‘E [sat) ‘\F‘gg.[“u"; Ug.g{m.h' |
Si D2v 08V 0.7V 05V
Ge 0.1V 03V 0.2V 0.1V

Condition for Active & Saturation Regions

d¢

For active region : Ve = Ve say




Operating point near saturation region gives Operating point near cut-off region gives
i_:lipping at the positive peaks clipping at the negative peaks

il
|B='¢

s lg=3

lg=2

Ig=1
lg=0

Operating point at the centre of active region
is most suitable



Transistor Biasing

Fixed bias circuit

Voltage divider bias circuit



CE, CC, & CB Amplifiers

Practical common emitter amplifier
circuit

Common base circuit



H-Parameters Representation Of An Amplifier

Definitions of h-parameter

The parameters in the above equation are defined as follows :

Vi

hy = T, = Input resistance with output short-circuited, in ohms.
IIIIIu-(fl
hyiz = ,q,’ = Fraction of output voltage at input with input open circuited.
lizo
This parameter is ratio of similar quantities, hence unitless
I : -~ ]
hy = [—“ = Forward current transfer ratio or current gain with output
i ‘In'lln,.'u e § g

short circuited.

This parameter is a ratio of similar quantities, hence unitless.

han = :ri{ = Qutput admittance with input upen-éircuited, in mhos.
Rl P

Vt = I"ll]I li +h1.1 -,.,r“
la = hyli +hn V,

a) With output short circuited :

hy =h;

: Input resistance

hy = hy : Short circuit current gain

b) With input open circuited :

hu =hr
ha; = h,

: Reverse voltage transfer ratio

: OQutput admittance



CE
Vi ™ hig Iy * g Ve

le= My Iy * g Ve

i
V=R lp* hye Vy
]-'ht[h'hﬂ:u-

cB .
Ve=hyly+hy Ve
]:nhl:rtl * |L"l:i:nll"'rl:

Transistor configurations and their hybrid models



Small Signal Analysis Of A Junction Transistor

%ﬁ%’* o *Ig"l %ff
T | 4]
:31 . | .',.n 2

Basic transistor amplifier

. % -1 lL.. 4'.:".' -_k -‘? +T|_
Vy h,'lu'=+ iy Vg Ry
- _l ': :1"1'1 % _i %
T >

Transistor amplifier in its h-parameter model




small-signal analysis of a transistor amplifier

| Z, = h + he A Ry = h.-h':‘,!:L
A= SR
Avs = e = e T R
Yo=hy i
Ao = Ay A = A? ;L




| o] e

whe D

5

Guidelines for Analysis of a Transistor Circuit

. Draw the actual circuit diagram.
. Replace coupling capacitors and emitter bypass capacitor by short circuit.
. Replace dc source by a short circuit. In other words, short Ve and ground lines,

. Mark the points B(base), C(collector), E(emitter) on the circuit diagram and locate
these points as the start of the equivalent circuit.

. Replace the transistor by its h-parameter model.



Problem

mmp  Consider a single stage CE amplifier with R, = 1 K2, R, = 50 K.
R,=2K, Rc=1K, R, =12 K, h, =50, by, = 1.1 K, h,. = 25 pA/V and h, = 2.5x1071,
as shown in Fig.

X
—
A
v
o AAAA
LAY




Approximate H-Model For CE Amplifier

Approximate CE model



i

- hie

Current Gain A.

Input Impedance R = h,

c

AR AR

Voltage Gain:  Av = R, L = - L
Output Impedance Y, = 0

R, = =

Ro = Ro||Ru = ||RL =Ry




Approximate H-Model For CC Amplifier

5 - _-IJ E ;
-|:1+|'|.|:.'"tl *Iu 1 .

O R Vo
. [ 4] 19

I
o

A
el

Simplified CC model



Current gain  , _ :_o_ -ll. s
b b

Input resistance : R = ll,—'-’- = he +(1 + he) Ry,
b

_ (+hg)Ry
Voltage gain (A,) Ay = T YR Pk 1

vogx.n\.,!
Ie 1+hk;

Output resistance R, Ro =

Ro = Ro||RL =@ |[RL =Re




Approximate H-Model For CB Amplifier

Il
I.I—F

E
.‘1
W

Simplified CB model



A =
nt gain 1+ he
Curre -
) R 1+hg
istance (R,
Input res
hg x Ry, ——
1+hg < -

in (A) ) -

Voltage gain - i
s s v,
t res;t;nce (R) R, = I "

Outpu

Ro||Ru = || RL =Ru
R, =




Problem

For the circuit shown in Fig, estimate A, A , R, and R using reasonable approximations. The
h-parameters for the transistor are given as

hg =100 hy, =2000 Q h,isnegligible and h,, = 10~° mhos(23).

I, = 100 pA.

+vcc

R, = 21K0

CE Amplifier Circuit



Miller’s Theorem

Millers theorem is used to simplify the analysis of a circuit
whenever there is a feedback connection in the circuit




Analysis of Common Emitter Amplifier with Collector to Base Bias




AC equivalent circuit

Re
Bl Ic
[ T e
h

o 1
: e
hre Ve @ hee Iy
E
L




Problem

mmp  The Fig. shows common emutter ampiifier with collector to base

bi igs.. Cah:m’ﬂte Ri, R;, Ay, A, Aj. The transistor parameters are hi. = 1.1 K, hg =50

ho =25%x 10 A/V, by, = 2.5 10-4.




Problem

mep  For a2 Common Emitter Configuration, what is the maximum value of R; for which R, differs by nof
more than 10% of its value at R, = 0 ?

b, = 11002 ; hy =50

¢

h,=250x104; h, =25pAN



Analysis Of CE Amplifier With Unbypassed Re

* Rg is added to stabilize the gain of the amplifier
» Rg acts as a feedback resistor

% The overall gain will reduce with unbypassed R¢



AC Equivalent Circuit For CE Amplifier with
Unbypassed Re




AC Equivalent Circuit For CE Amplifier with Re Splitted
using dual of Miller’s Theorem




h-Parameter Equivalent Circuit
(Exact Analysis)

1+heR; 1+h¢.,(R,_ Nl RE)



h-Parameter Equivalent Circuit
(Approximate Analysis)

R .
Approximate model for CE amplifier with Rg



—_ = l‘!
[F
Ih
Cu"t“ i - .-
'tEII'h’.'E RI —- I -_ ]'.'IE' + {l + ]l& RE
n

in A, =
ltage gain
Vo

Re
" hie +(1 +hg)
R;

v,
Ru =
ut resistance
Qutp

I“ V=0

L
. Rn | o
R.-_-‘ —



Problem

mmp Example Fig. shows a single stage CE amplifier with unbypassed emitter

resistance find current gain, input resistance, voltage gain and output resistance. Use
typical values of h-parameter
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FET Amplifiers



FET BIASING

+ Voltage controlled device
+ General relationships that can be applied to the dc
analysis of all FET amplifiers are
IG= 0A and I;=;

+ For JFETs and depletion - type MOSFET and MESFET ,
Shockley's equation Is applied to relate the input and
output quantities

lo=hogs (1 -2
+ For enhancement-type MOSFETs and MOSFETs
lo=ky (Vgs = Vp)?
+ Different biasing circuit of FET are
Fixed Bias

A" 4F I .



" FIXED BIAS

» For dc analysis
ac input signal =0
C1and C2 - open circuit (=f=0)
’cz OA, VRG-'GRG'OV




- VOLTAGE DIVIDER BIAS
* For dc analysis
ac input signal =0
C1 and C2 - open circuit (~f=0)
Ic= 0A, Vegc=Il:R;=0V

Voo R:
Va= VDDR‘ R
Q, .OC,
ﬁ prdfm v,
<
vie—3 | !
%-} l‘?‘::



Problems
For the circuit shown in the figure calculate Vg, |
lpe and Vysq and draw dc load line.

Given data:
Voo =8V
Ry = 1kQ
Vee =2V
Rs;= 1MQ
lpss = 10mA
Vp=-4V




FET small signal model

> The hinear small sgnal model 15 same as the BJT,
> We can formally express as

ip = f(vgs, vps)

Trans onduciance and Drain Resistance

= If both vgs and vps both are varnable.

: i, i
Oip = v Hves + B Ovps

L4

dvgs lvps dvps |ves

» In small signal model, Dip = iy, Hvgs = vy, Hvps = vgs
» From above relation,

If = BeuVgs + — Vi




FET Model

e

= (a) The low-frequency small-signal FET model,
» (b) The high-frequency model, taking node capacitors into account

[ Or. Views Wemwr (T Sst) | "
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Low-Frequency Small-Signal Equivalent Circuit
Model

Regimes of Operations of MOSEE |

v | vaoa!
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Classification of amplifiers

Based on No.of
Stages

. Type of Classification based on Frequency of
Type of Signal ' _ ) )
Configuration conduction angle Operation
Single Stage
Small Signal Common Emitter Class A Amplifier Direct Current (DC)
Multistage
Large Signal Common Base Class B Amplifier  Audio Frequencies (AF)

Common Collector  Class AB Amplifier Radio Frequencies (RF)

VHF, UHF and SHF

Class C Amplifier :
Frequencies



Distortion in amplifiers

There are 3 types of distortion in amplifiers
1. Amplitude Distortion or Non linear distortion
2. Frequency distortion

3. Phase distortion



Need For Cascading

« When the amplification of a single stage amplifier is not sufficient, or,

« When the input or output impedance is not of the correct magnitude, for a
particular application two or more amplifier stages are connected, in cascade.
Such amplifier, with two or more stages is also known as multistage
amplifier.



Block diagram of 2-Stage Cascade Amplifier

v I Stage

ol

1l Stage

Gain of 2-Stage Cascade Amplifier

é ]:ll GI

P‘1—:'Iv- §Rl




G ; G, s i
l P] P 2 P;!.
Py
Owerall gain G = P
1
kB
PP
G =G, G,
Decibel Voltage Gain
Cascaded Stages
: lql'| A‘z e 2

Fig. 2.23 Cascaded stages
A=A *A,
A, =A," + A, (in decibels)
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Methods of Inter Stage Coupling

In multistage amplifier, the output signal of preceding stage is to be coupled to
the input circuit of succeeding stage. For this interstage coupling, different types of
coupling elements can be employed. These are .

1. RC coupling
2. Transformer coupling
3. Direct coupling



Two stage RC coupled amplifier using transistors



Two stage transformer coupled amplifier using transistors




Two stage directly coupled amplifier using transistors




Frequency Response of 2-Stage RC Coupled Amplifier
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Comparison Between Coupling Method

Parameter RC Coupled Transformer Coupled Direct Coupled
Coupling Resistor and Capacitor | Impedance matching -
Components transformer
Block DC Yes Yes No
Frequency Flat at middle Not uniform, high Flat at middle
response frequencies at resonant frequency and | frequencies and
low at other frequencies improvement in the
low frequency
response
Impedance Not achieved Achieved Not achieved
matching
DC No No Yes
amplification
Weight Light Bulky and heavy
Drift Not present Not present Present
Hum Not present Present Not present
Application Used in all audio small| Used in amplifier where Used in amplification

signal amplifiers. Used
in record players, tape
recorders, public
address systems, radio
receivers and television
receivers.

impedance matching is an
important criteria. Used in
the owtput stage of the
pubic address system to
match the impedance of
loudspeaker. Used in the
RF amplifier stage of the
receiver as a tuned
voltage amplifier.

of slow varying
parameters and
where DC
amplification is
required.




CE-CE Cascade Amplifier




h-parameter equivalent circuit for CE-CE cascade amplifier




Cascode Amplifier

—

Ry C

S 2
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_.,gﬁ,, cs Re VEq
735"




AC equivalent circuit
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h-parameter equivalent circuit for cascode amplifier
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h-parameter equivalent circuit when output shorted
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h-parameter equivalent circuit when I, = 0

1 -
—_— §HL Uﬂbz-h




CE-CC Amplifier

Analysis for first stage

E1

[+
R an




Darlington Transistors

Darlington Transistors ..v.




AC Equivalent Circuit :

Ipo i

<l o Ay == &
Pig {1+hg )l
C [ | mu“‘,

hely < Rg ‘T G‘ ;u'u l°§ Re

— =

~
Rz




AMA £\

v Pre o ot Ve §Hu = (1+ hlRg

1.

Parameter Single stage Darlington
Input Resistance Ry = {1+ hy) Rg = 1683 kO ___(1+h PR;
R = TR (e R = 185 MO
Current Gain A; =1+ hy = 51 _ {1+ hh,f
A= T e R =5




Bootstrap Emitter Follower

=z



Bootstrapped Darlington circuit




AC Equivalent circuit for bootstrapped Darlington circuit

gz lea c,

h I
B 1 -2 C B.n.z_ﬂlﬁﬁﬂ,— T
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Bootstrapped Darlington Circuit Alternative Approach

+Vee

AC equivalent circuit



Bootstrapped Darlington Circuit Alternative Approach

+*Vee
4]

Ry c

E
—

“®

)

—ANA—] Q,
R, Q;
Ry

I.r.-,n{ =L}



AC equivalent circuit



Frequency Response of an RC Coupled Amplifier

1IlIIIDI.II#
of voltage
gain (Ay) Mid frequency
- | region i"'—
....... ) -~ Ideal frequency response
: : -—Frequency response
: ' of a practical ampiifie
Low . +High
5 L = Frequency
¢ Low : v High :
frequency frequency
region gain

Bandwidth of an Amplifier

Voltage |
qain
—=| Mid frequency region |-—
Aglmid) foeeeneees
0.707 Ay(mid) peeeeeefooremreramnnanannanaas cenneas ¥
i » Frequency
0 fy f

Frequency response, half power frequencies
and bandwidth of an RC coupled amplifier



Hybrid—m Common Emitter Transc onductance
Model

1
Tye = e
AW
r'b&r B'
Bo WV J- ¥ = oC
1 = e
Ly =— 1
v Bye —‘7' Ve T Beo g, Ve
Eo _l oF
o

Hybrid - = C.E BJT Model



“The High frequency model parameters of BT interms o o frequency ybrid parameter
5 given below

Transconductance gy= |V

Internal Base node to emitterresitance rye= o ga= (i Vi) |

Internal Base node to collector resstance rb'e = (re* ')/ 1- hre) assuming hre ¢e 1 it
reduces to rb'e = (hre* b’

Base spreading resistance rbo' = hie = e = hig= (hfg* i ) I

Collector to emitter resitance rce = 1/ { hog = 1+ fe) e



The Ceshort circuit current gain (A)

Ce
i1
u 11
thb' B o
B a—ann & AAAN o
F Th'c
I Ca _
g D
EmVy's
E ¢

hybnd z-model of CE amplifier

i<

L]



(1) isinshunt with short circuit and behaves as open circuit and hence is removed from

the equivalent circuit.
(2) el | ryere



Cc|| Ce=Cc+Ce
(3) Current delivered directly to the output from input though ry.& Ccis negligibly sm;
compared to dependent
current source gm\Vye

Under these assumptions the simplified hybrid model of Ce amplifier.
Tbb’ C

B o AAAAS o '_1
—y
Ii

The —Cce+Ca C‘L EmVp's

E &

Simphfied hvbrid II- model of cE amphfier for cE E
I'E ~Bm [|
A==y
by  ——aai
— + 3"-'-“:::: + EEJ
I_E - —EmTbre
Ii 1 i 3 jW[Cc + ':I}rhl'.
s —EBmlbre
- - .
- Zrrnra(Ce+Ca)
s —hys
Ay 1+ jf/fg 0
1
wherefg=———"—— — — — — — — (2)

2"’---r"l:l ra {EL‘. + Ee}



oy A Nk s T R o 2

At f=0, Aiz'h'e

At f=fg, Ai=-1—"f-;'

—hg, max™current gain
V2 V2

Thus atf = fp. the short ckt current gain is v'ii times the max= short ckt. current gain available atlow

Oor |Al=

frequency.

vl’ corresponds to -3dB and hence fgin called 3dB frequency and the frequency range 0 —fg is called

bandwidth of the amplifier.

A




The parameter fr: The frequency at which the magnitude short ckt. current gain of
Ceamplifier reduces to unityis
defined as frequency f;

fr--> Gain bandwidth product of an amplifier.
i
e B if/fg
hee
[1+ (/6)°)

A =

= From above

= hee
[1 + (fr/60)7)=

1

[1 + (Fr/fa)?]z = he,

fr = fg ’h,.’- 1

he? > 1

fr = fghe,

e hee
2nrp(Cc + C.)

Also, f'r



_ B
Cce+Co=5nr
- B
Co =3ns, — Cc

Em/ 2l > C¢
Em

2nf+

A 1
hee  [1+ (F/6)2 1

A‘
Ihfol (1 + (f/65)%)=

= —10logl0 [1 + (f/fg)?]

A =atf=f = —20logl0 (f/fg)



‘i‘ﬂdﬂ
higs

E
fr f



Gain Bandwidth product

It is defined as performance of an amplifier also known as Figure of
merit
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Feedback amplifiers



Signal
Source

GENERALIZED BLOCK SCHEMATIC

-, < >

l‘-—<-§l

+ | o

> |
Comparationy s Bas.lc.

o v, amplifier

mixer |___ ¥ T A

If
4+ Feedback
v, network
y v i

Sampling
Network

+




Introduction To Feedback

« The process of injecting a fraction of output energy of some
device back to the input is known as feedback.

 some of the short comings(drawbacks) of the amplifier circuit
are:

1. Change in the value of the gain due to variation in
supplying voltage, temperature or due to components.

2. Distortion in wave-form due to non linearities in the
operating characters of the amplifying device.

3. The amplifier may introduce noise (undesired signals)

« The above drawbacks can be minimizing if we introduce
feedback



basic types of feedback in

amplifiers
Feeqhﬂck
| v
Positive ; thﬂ!.'l\fl:‘:
(regenerative) (degenerative)

[
Voltage

|
Current

Series Shunt Series

Shunt



Positive feedback

*\When the feedback energy (voltage or current) is in phase with the input
signal and thus aids it, it is called positive feedback.

*Both amplifier and feedback network introduce a phase shift of 180 . The
result is a 360 phase shift around the loop, causing the feedback voltage Vf
to be in phase with the input signal Vin.

INTRODUCES 180°
PHASE SHIFT

Vg o—1 AMPLIFIER o j——f%*‘é‘lﬂ.;

\
\I

\

V IN PHASE \
WITH V,, \

2 \ v

X *+— | FEEDBACK
NETWORK

¥ INTRODUCES 180"
~ PHASE SHIFT

Fig. Block diagram for positive feedback



Negative feedback.

*When the feedback energy (voltage or current) is out of phase with the input
signal and thus opposes it, it is called negative feedback.
*The amplifier introduces a phase shift of 180° into the circuit while the

feedback network is so designed that it introduces no phase shift (i.e., 0°

phase shift).
*Negative feedback is also called as degenerative feedback.

INTRODUCES 1807

PHASE SHIFT 2,
o LD > AMPLIFIER ey P
> —b —b o
Y "
Y
¥, IS 180° OUT OF
PHASE WITH 7,
}“« — FEEDBACK —
v, - A . NETWORK
= ‘\\I\HT%DDUﬂEE 0

PHASE SHIFT

Fig.negative feedback amplifier



CLASSIFICATION OF FEEDBACK
AMPLIFIERS

v ¥
.___\"f A Vo %RL v, A v, éRL
_ 5 X
p L p
voltage series feedback. Voltage shunt Feedback

IH
B A - é‘% Y y
[ [a 1IIIPrl
p L B ’

Current Shunt Feedback Current Series Feedback




v
Aye= —2
MY

|
Aip = l_u'
[U

G = —
Vo

Ry = I
5

EFFECT OF NEGATIVE FEEDBACK ON TRANSFER GAIN

¢+ REDUCTION IN GAIN

A

' W

Ay ——— Denominatoris=>1. .. A, <A
v 1+BA, vooEw



¢ INCREASE IN BANDWIDTH

fH! =fH (l+ E’u A\r {m'ld}:'

_ Ju
I+ ﬁ‘-"A‘i'I:mld]

fi'

¢ REDUCTION IN DISTORTION

]+ﬁvAu Is<D



¢ FEEDBACK TO IMPROVE SENSITIVITY

¢ FREQUENCY DISTORTION

s BAND WIDTH

(BW), = (1 + BA_) BW

Gamn fpeveenrn-as

without feedback

with negative feedback




¢+ SENSITIVITY OF TRANSISTOR GAIN

Sensitivity = -l—"I‘

Densitivity[ D= (1 + PA),

¢ REDUCTION OF NONLINEAR DISTORTION

B,
Byr =14pA Bar<By




“+ REDUCTION OF NOISE

N
N. =
F o 14BA
N < N. Noise is reduced with negative feedback.

TRANSFER GAIN WITH FEEDBACK

Consider the generalized feedback amplifier

Comparator ; '
mixer +  Difference signal Output signal
xd = x' Basic XO = AX.
Xs Amplifier A o i
Input signal ¥ R,
External
load
Feedback
X_=pX | Network ‘B’
f 0

Feedback signal



A
T 1+BA
A, = gain with feedback.
A = transfer gain without feedback.

If |A] <|A| the feedback is called as negative or degenerative, feedback
If |A] > |A| the feedback is called as positive or regenerative, feedback

LOOP GAIN

Return Ratio
BA = Product of feedback factor B and amplification factor A is called as
Return Ratio.

Return Difference (D)
The difference between unity (1) and return ratio is called as Return difference.

D = 1- (-BA) = 14BA.



Let us now tabulate the amplifier characteristics that get affected by different types of

negative feedbacks.

Characteristics

Types of Feedback

Voltage-Series

Voltage-Shunt

Current-Series

Current-Shunt

Voltage Gain Decreases Decreases Decreases Decreases
Bandwidth Increases Increases Increases Increases
Input resistance Increases Decreases Increases Decreases
Output resistance Decreases Decreases Increases Increases
Harmonic distortion | Decreases Decreases Decreases Decreases
Noise Decreases Decreases Decreases Decreases
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Analog Circuits

UNIT : 5

Oscillators



OSCILLATORS

Oscillator is a source of AC voltage or current.

Input —p Amplifier

Signal
>1gnd

DC power

(a) Amplifier circuit

output

Oscillator

DC input

output

(b) Oscillator circuit



Oscillator Circuit

~ Oscillator is an electronic circuit which converts dc signal into ac
signal.

~ Oscillator is basically a positive feedback amplifier with unity loop
gain.

~» For an inverting amplifier- feedback network provides a phase shift
of 180° while for non-inverting amplifier- feedback network provides
a phase shift of 0° to get positive feedback .

Ve - A If BA=1 then V == ; Very high output with zero input.
V. 1-AB

Use positive feedback through frequency-selective feedback network to ensure sustained oscillation at w,

Use of Oscillator Circuits
% Clock input for CPU, DSP chips ...
+» Local oscillator for radio receivers, mobile receivers, etc

<+ As a signal generators in the lab
<+ Clock input for analog-digital and digital-analog converters 3



Oscillators

; Sweady-aime envelne
7 limited by cront saturation

~ If the feedback signal is not ¥ /fﬁ"_
positive and gain is less than i /’i \
: R e AWA [
unity, oscillations dampen out. L\'\ /f = \\ / \ ]
s - [/ \ /
~ If the gain is higher than unity - X~
then oscillation saturates. gyt ™ Noasiaasol vaveiora

Ao o wiurstion

Type of Oscillators

Oscillators can be categorized according to the types of feedback
network used:

~ RC Oscillators: Phase shift and Wien Bridge Oscillators
~ LC Oscillators: Colpitt and Hartley Oscillators

~ Crystal Oscillators 4



There are two types of oscillators circuits:

I. Harmonic Oscillators 2. Relaxation Oscillators

PERFORMANCE MEASURES OF OSCILLATOR CIRCUITS:

e

*%

Stability:

Amplitude stability:
Output Power:
Harmonics:

e

*%

J J
000 000



Total phase shift = 360" (180 + 180). Therefore, to get sustained oscillations,
1. The loop gain must be unit 1.

2. Total Loop phase shift must be 0V or 360°. (Amplifier circuit produces 180° phase
shift and feedback network another 180°,

SINUSOIDAL OSCILLATORS

o » : Base Amplifier - > o
X' =X 2 X, =0aX. v,

Mixing on inverting
network Feedback

network 3
X.=BX,

I A

Block schematic



BARKHAUSEN CRITERION

IBA| = | and phase of — A} = 0.



R - C PHASE-SHIFT OSCILLATOR

C
e

r
© R

Transistor phase shift oscillator.

he, K> 4K2+ 23K +29

29
hrﬂ}4K+23+ T{

K <2.7

hg, > 44.5

R - C Egquivalent circuit.



A GENERAL FORM OF LC OSCILLATOR CIRCUIT

2
:l; m T l'f RO
f/ %ZJ (AVY, %Z" Z,
Z 5 ' t
: % Wl
l } Lo
L
(a) (b)




Z3
vﬂ
1wr Z
y sh |
AuX
~AB= ;;2‘,

- AB must be positive, and at least unity in magnitude. Than Xl and
X2 must have the same sign.

So if X, and X, are capacitive, X, should be inductive and vice versa.

If X, and X, are capacitors, the circuit is called Colpitts Oscillator
If X, and X, are inductors, the circuit is called Hartely Oscillators



e E-}
—_—

—_e

—

(a) Colpitts oscillator

! i

/" amfier ™ ey

C,C
where C;= C.+{§—,



Wien bridge oscillator circuit.

vD
+ L
VE V 1
7y
y £ R
Lead Network : —»——' } —AW Same | is passing through C and R.

" - v s Solleads V.
C

Lag Network : - { { I lags with respect to V.




hfc

29

=4k+23+ =

K




CRYSTAL OSCILLATORS

B 1\/1_&3
f‘z:: LC |}

Crystal Electrical Model
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