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Course outcomes

CO1 Discuss the frequency response and analysis of multistage
amplifiers and transistor at high frequency.

CO2 Analyze the effect of feedback on Amplifier characteristics in
feedback amplifiers.

Cco3 Discuss the frequency response of various oscillators and
analyze the large signal and tuned amplifiers.

Co4 Understand the linear wave shaping and different types of
sampling gates with operating principles using diodes,
transistors.

co5 Analysis and Design of Bistable, Monostable, Astable

Multivibrators and Schmitt trigger using Transistors.
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MODULE- |
MULTISTAGE AMPLIFIERS



CLOs Course Learning Outcome

CLO1 Understand the classification of amplifiers,
distortions in amplifiers and different coupling
schemes used in amplifiers.

CLO2 Analyze various multistage amplifiers such as
Darlington, Cascode etc.

CLO3 Understand and remember the concept of Hybrid -

model of Common Emitter transistor.




MODULE - 1

<»Multistage Amplifiers

L.

I1.

I11.

IV.

VL

VII.

Classification of amplifiers

Distortion in amplifiers

Different coupling schemes used in amplifiers
Frequency response and analysis of multistage amplifiers
Cascode amplifier

Darlington pair

Transistor at high frequency:

. Hybrid - model of common emitter transistor model

i. £, B and unity gain bandwidth, gain band width product



Multistage Amplifiers

<* Need for cascading

< Amplifier should have desired voltage, current gain and its
input impedance should match with source & output

impedance with load.
< Most of the times these requirements can’t be achieved by
using the single stage amplifier.

< Hence more than one amplifier circuits are cascaded such that
input and output provides impedance matching and the other

stages provide most of the amplification.



Multistage Amplifiers

<* Need for cascading

< Example for 2-stage cascaded amplifier is

Rg

“\\/- 1y A A A
Vs @ v | Stage V. v, Stage o ? v
¥ | N " 11 02

< These stages are connected such that output of first stage is

connected to input of second stage.




Multistage Amplifiers

v @JV\FV,F Stage |1 * | Stage t
S inl Vo Vina RSV
A ; ; I % %

< Overall gain = Output/ Input = Vo2 / Vinl
Ay = (Vo2 / Vin2).(Vin2 / Vinl)
Ay = (Vo2 / Vin2).(Vol / Vinl)

Ay = Ayy. Ay,

< Hence voltage gain of a multi stage amplifier is the product of

voltage gains of individual stages.



Classification of Amplifiers

I. Based on type of signal

| Amplifiers i

Small signal ‘. Large signal

amplifiers amplifiers




Classification of Amplifiers

II. Based on configuration

| Amplifiers

cE M << M cc

amplifiers amplifiers amplifiers




Classification of Amplifiers

I11. Based on coupling

‘ Amplifiers

Series fed




Classification of Amplifiers

IV. Based on conduction angle |BNGELEEA I
o]

‘ Class - AB I

‘ Amplifiers ‘ ,_
‘ Class - C I

‘ Class- D I

‘ Class - S I




Classification of Amplifiers

V. Based on

frequency range||

I Amphflers I

AF

: -~
5 IARE .
O \2

20 Hz - 20 KHz

RF

; Video Frequellcy

5 KHz - 8 Ktz

VLF

N ) f—\-"—\

10 KHz - 30 KHz

| |

LF

30 KHz - 300 KHz

MF

300 KHz - 3 MHz

HF

- MHz - 30 MHz

——

30 MHz - 300 MHz

300 MHz - 3 GHz

——

o

——




Distortion in amplifiers

< The input signal applied to amplifiers is alternating in

nature.

< The basic features of any alternating circuit are amplitude,

frequency and phase.

< The amplifier output should be reproduced faithfully. (i.e.

no change in amplitude, frequency and phase of signal).

“*The possible distortions in any amplifier are amplitude (or
non linear) distortion, frequency distortion and phase (or

delay) distortion.

14



Distortion in amplifiers

I. Amplitude (non linear or harmonic) distortion

>

In practical circuits, the dynamic characteristics of a

transistor are not perfectly linear in the active region.

Due to such non-linearities in the dynamic
characteristics, the waveform of the o/p voltage differs

from that of the i/p signal.

Such distortion is called “non-linear” or “amplitude”

distortion.

15



Distortion in amplifiers

II. Frequency distortion

> This type of distortion exists when the signal
components of different frequencies are amplified

differently.

> This distortion may be caused by the internal device

capacitances.

> If the frequency response is not a horizontally straight
line over the range of frequencies under consideration,

the circuit is said to exhibit frequency distortion.

16



Distortion in amplifiers

I11. Delay or phase distortion

> It results due to unequal phase shifts of signals of

different frequencies.

> When this distortion exists, the phase angle of the gain

(A) depends on the frequency.




Transistor at high frequencies

< The values of h-parameters are not constant at high

frequencies.

< Therefore, it is necessary to analyze transistor at each and

every frequency, which is impracticable.
< At high frequency h-parameters become complex in nature.

» Due to the above reasons hybrid mt model is used for high

frequency analysis of the transistor.

» This model gives a reasonable compromise between
accuracy and simplicity to do high frequency analysis of

the transistor.

18
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Hybrid-Pi (m) Common-Emitter Transistor Model %
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Hybrid-Pi (m) Common-Emitter Transistor Model %
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Hybrid-Pi (mr) Common-Emitter Transistor Model < are;




Discussion of circuit components

» C,or C,.: Diffusion capacitance between B' and E

A\

C.or C,.: Collector junction barrier capacitance

between B' and C

> Ty : Ohmic base-spreading resistance

> Ty : Resistance between B' and E

> Ty : Resistance between reverse biased B' and C
> g : Transistor conductance

> Tee . Output resistance between C and E

26



Hybrid-m Parameter Values

< At room temperature and [-=1.3mA

g 50 mA/V
IgRN 100 Q
Iy 1 KQ

I 4 MQ)
Iee 80 KQ
C.or C,.. 3 pF

C.or C,., 100 pF



Analysis of Hybrid-Pi (i) C-E Transistor Model *

1. Hybrid-Pi () Conductances

2. Hybrid-Pi (1) Capacitances




Hybrid-Pi (i) Conductances

1. Transistor conductance g,
2.  The input Conductance g, .
3. Feedback Conductance gy

4. The base-spreading resistance ry,,

5. The output Conductance g,




1. Transistor Transconductance g_.




1. Transistor Transconductance g_.

< It is the ration of rate of change of collector current to the
rate of change of V.,

ol
aVb'e

On = 1)

< The fundamental collector current equation is
lc =leo —l¢ (2)

Where ¢/, is current amplification factor

Ol =—a 0l 3




1. Transistor Transconductance g_.

< From (1) and (2)

ol
= —q 4
gm O avble ( )
< For pP-n-p tranSiStOr, VE=_Vb’e
ol
= 5
gm O avb'e ( )

< If the emitter resistance is r,,
A
I, =
ol

(6)

< Then




1. Transistor Transconductance g_.

< The dynamic resistance of a forward-biased diode is as

L=t ©)
IE
Where V. =—
g
<* Hence
ol
Op = (9)




1. Transistor Transconductance g_.

< For a p-n-p transistor Ic is negative.

< For n-p-n transistor Ic is positive, with V=V, leads to

<» Hence, for either type of transistor, g, is postive.

“» Since, |C| >> ||CO|

gm:\/_

|
T




1. Transistor Transconductance g_.

< By substituting, V. g - || ; | g (12)
T
< At room temperature, 300°K
B 1. [x1.6x107°
In = 1.38x107%° x300
Ic[(mA)
= 13
9n =g (13)

< For Ic=1.3mA, g =0.055 =50mA/V
< For Ic=10mA, g_=400mA/V

< These values are much larger than the transcon

obtained with FET




2. The input Conductance g,

Fig. The hybrid-rt model at low frequencies
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2. The input Conductance g,

, N
7, \J
% ron W°

Y

Fig. The h-parameter model at low frequencies




2. The input Conductance g,

<* While determining the input circuit parameters, output is

short circuited i.e V=0

<+ While determining the output circuit parameters, input is

open circuited i.e 1,=0

< Let us assume the output is short circuited i.e V=0

IC:hfe | b+hoevce

< as VCE:O IC:hfe I b




2. The input Conductance g,

< From hybrid m model Vb'e — rbe Ib ...... (2)
<+ As Vce=0,
h
B f
IC — ngb'e — r'b'e =—
B 0
:>IC_gmrb'e°|b '
| _ 9
C _ = Gpe =
= — =0l e hf
l, :
B |
:>hfe _gmrb'e :>g n — C‘
b'e I,, V
fe™ T

39



3. Feedback Conductance g,

Fig. The hybrid-rt model at low frequencies
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Fig. The h-parameter model at low frequencies




3. Feedback Conductance g,

< As gy is feedback conductance, we need to assume the

input in open circuit condition, i.e 1,=0
o AS Ib:O’ Vb'e — hre 'Vc:e ...... (1)

< From the output part of hybrid 1t model

V

ce

|, =

rb'e T r'b'c




3. Feedback Conductance g,

“* From (1) and (2)
Vce e

h .V =
re ce
rb'e | rb'c

— hre (rb'e T rb'c): rb'e
., —Nn.n

__Tpe  'Ire'pe
— r.b'C o h
re
(1-h)r.
. re/"b'e
— r-b'C o h

e

Since h_<<1

. rb'e
. rb'c — h_
re
h
_re
= Gy = —
rb'e
— gb'c — hre'gb'e
| ]
re|" C
— e sV
fe" T




: : E
4. The base-spreading resistance ry;,

Fig. The hybrid-rt model at low frequencies
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4. The base-spreading resistance ., "=:

0
¥ ror v

Fig. The h-parameter model at low frequencies




4. The base-spreading resistance ry,

< Assume output is short circuited, i.e VceZO

“* From the h-parameter model, the input resistance

I:ai — hie (1)[ Vce — O]

< From the hybrid 1t model

Ri = Ty + (rb'eHrb'c)
R=r.+r. (2 (-r.,>r




: : F
4. The base-spreading resistance ry;,

< From (1) & (2)

e =Ty + 1o

%w:hm_%@
h.V
fe'T

%w:hm |
c|




5. The output Conductance g,

Fig. The hybrid-rt model at low frequencies
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5. The output Conductance g_,

v «
N pon v\

Y

Fig. The h-parameter model at low frequencies




5. The output Conductance g_,

< Make input as open circuit, i.e 1,=0

<* From h-parameter model 1 \V/

< From the hybrid 1t model, by applying KCL to the output
circuit \V/
__ ‘ce
IC R r T ngb'e + Il

ce




5. The output Conductance g_,

V
__'ce
IC =—T gmvb'e + Il
r.ce
< By substituting the values of Vb’e and [,
V V
__ ce | ce
=>l.=——=+0,l,5
ce rb'e + rb'c
V V_r, V
__ ‘ce ce ' b'e : ce
=>l.=—+0Q, |
rce rb'e + rb'c IFb'e + rb'c
I 1 I 1

C 'a |
— =—* gm | (2)
Vce r rb'e - rb'c rb'e T rb'c

ce

—

51



5. The output Conductance g_,

< From (1) & (2)

1 " 1
:> hoe — I gm b'e I
rc;e rb'e T rb'c rb'e + rb'C
1 h 1
=h, = | LR
rce rb'e T rb'c rb'e T rb'C
1 1+h
—h_ = | e

o€

r rbl

ce e T rb'C




5. The output Conductance g_,

: hoe — gce _I_i (... hfe >> 1and rb-c >> rb-e)




Representation of Hybrid-Pi (r) parameters in terms §ig

of h-parameters § 1ARE ¢

1]

1. Transistor conductance 9n= v
]

I

Ic

2. The input Conductance Y. =

hfeVT
. hre“C‘
3. Feedback Conductance ¢, =
hfeVT h V
4. The base-spreading resistance I .=h_ — ‘fle ‘T
C

5. The output Conductance g =h_—h. g,.

54



Typical values of h-parameters

Parameter _CE (B CC

1100 £) 21.6()
fJ 2.5X104%  2.9X1074

h¢ 50 -0.98

11002

h, 25 HA/V  0.49 HA/V 25 yA/V

55



Typical values of h-parameters

< At room temperature and [-=1.3mA

Sm
IgRK
Iye
Iye

rCC

C.or C, ..
C.or C, .

50 mA/V
100 O

1 KQ

4 MQ

80 KQ

3 pF

100 pF



Analysis of Hybrid-Pi (i) C-E Transistor Model *

1. Hybrid-Pi () Conductances

2. Hybrid-Pi (1) Capacitances
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Discussion of circuit components

» C,or C,.: Diffusion capacitance between B' and E

A\

C.or C,.: Collector junction barrier capacitance

between B' and C

> Ty : Ohmic base-spreading resistance

> Ty : Resistance between B' and E

> Ty : Resistance between reverse biased B' and C
> g : Transistor conductance

> : Output resistance between C and E




Hybrid-Pi () Capacitances

1. Diffusion capacitance Cy, or C,

2. Transition capacitance Cy, or Ce.




Hybrid-Pi () Capacitances

1. Diffusion capacitance Cp, or C,
»  The capacitance Ce represents the sum of the
emitter diffusion capacitance C,, and the emitter

junction capacitance Cg,.
Ce - CDe + CTe
»  For a forward-biased emitter junction, Cp, is

usually much larger than C,
Ce - CDe
»  Cp.1s proportional to the emitter bias current Iy

and is independent of temperature.

61



Transition Capacitance

Cc

<*When P-N junction is reverse biased, depletion region
acts as insulator and p-region, n-region acts as

parallel plates.

“*Thus, this P-N junction can be considered as parallel

plate capacitor called transition capacitance.

62



Transition Capacitance

“*For transistor as an amplifier, output should be
reverse biased. Hence C; is formed at output junction.

Hence named as C, . or Ce.

“*Since reverse bias causes the majority carriers to move
away from the junction, so the thickness of depletion
region denoted as ‘W’ increases with the increase in

reverse bias voltage.



Transition Capacitance

“*Hence the value of transition capacitance varies as

VCB_n i.e CC (X: 1
—nN
(Vee)
Where n=1/2 for abrupt junction

Where n=1/3 for abrupt junction

“*Transition capacitance is represented as

A
W

C.=




Diffusion Capacitance

< When P-N junction is forward biased, the capacitance

exists which is known as diffusion capacitance Cy.

<+ As shown in the above figure diffusion capacitance is
formed in the forward bias where emitter base junction

of a transistor is forward biased for an amplifier
CD=(:b’e=(:e



Diffusion Capacitance

“*During forward bias the potential barrier is
reduced and charge carriers move near to the

barrier.

“The density of charge is higher near to junction

and reduces as distance increases.

“*Thus, charge stored on both sides of the junction

and varies with applied voltage.

66



Derivation for Diffusion Capacitance

2 000
"A
<
s &
"0y oa o

Emitter Collector

p’(0)

+4++++

x=0 x=W

1. Figure represents the injected hole concentration Vs

base distance in base region of PNP

2. The base width W is assumed to be small with

diffusion length of minority carriers.




Derivation for Diffusion Capacitance

3. Since collector junction is reverse biased, the injected
charge concentration P’(0) at collector junction is

Z€TrO0.

4. It W<<Lg , P’ varies almost linearly from the value

P’(0) at emitter to zero at collector.

5. The stored base charge

P (0)
2

x x AxW

Qp=



Derivation for Diffusion Capacitance

5. The stored base charge

Qg= PéO) x x AxW

Where, P (0) = Averageconcentration
A = Crosssectionalbaseareas
AxW =Volumeof base
q = ElectronCharge

= P (0) = °Q

AWQ



Derivation for Diffusion Capacitance

< Diffusion capacitance is directly proportional to diode

current
| = quxDBx%
dx
Where, D, = Diffucion constant
dp = Difference of concentration
=p'(0)-0
dp=p'(0)

dx =W

70



Derivation for Diffusion Capacitance




2000

Derivation for Diffusion Capacitance *

» The static emitter diffusion capacitance Cp, is
given by the rate of change of Qg with respect to

emitter voltage V, or

2

Lo, 00, W’ d

dv 2D, dV

2

=>C .= W - L

2D, T,

dv. V
> Where —I.= W = |_ is the emitter-junction
. .

incremental resistance.

72



Derivation for Diffusion Capacitance

° IE

2D, V.

» Which indicates that the diffusion capacitance is

=(C .=

W2
2D,

"Un

proportional to emitter bias current I;

» Experimentally, Ce is determined from a

measurement of f, the frequency at which the CE

short-circuit current gain drops to unity.

—C

e

N/
"N/

O
27

73



Validity of hybrid - m model

<*The network elements of Hybrid-m equivalent circuit, are

frequency-independent provided that
W 2

<<1 (1)

*Where W 1S base width

Dy  is diffusion constant
f is input signal frequency
“*We know
W * g
C pe— Im T C.~ =

2D, " 2af




W2 2
ComGn e Crle | oW _ G _ 1
2D, 27f 6D, 39, 64,
<+ Eq. (1) becomes 2 7f W <<1
6D,
1
=271 —<<1
67f.
—|f << 3f;

<»The hybrid-m model is valid for frequencies up to

approximately f;/3



Summary




<» Dependence of parameters upon current, voltage, and
temperature

Parameter

Gm

Increases
Decreases
Decreases
Decreases
Increases
Independent

Decreases

Increases for small values of Ic and
decreases with large values of Ic

|Ic|

Variation with increasing:

|Vce|
Independent

Increases
Increases
Independent
Decreases
Decreases
Increases

Increases

| T|

Decreases
Increases
Increases
Increases
Decreases
Independent
Increases

Increases

77



Miller’s theorem

“+In general, Miller’s theorem is used for converting any
circuit having configuration in the form of Fig. (a) to

another configuration shown in Fig. (b).

Z

78



Miller’s theorem

“+Z is the impedance connected in between two nodes 1

and 2.
Z

T . ,,

< It is replaced by two separate impedances Z; and Z,;
where Z, is connected between 1 and ground and Z, is

connected between 2 and ground.

79



Miller’s theorem

“*Vin and Vo are voltages at node 1 and node 2,

respectively.

<+The values of Z, and Z, can be derived from the ratio

K=o

in




Miller’s theorem

< Statement: Miller’s theorem states that the effect of
resistance Z on the input circuit is a ratio of Vin to

current I which flows from input to output.

“»» Proof: Z, = \i 1 Z 2

: =1




Miller’s theorem

<»Output side: Miller’s theorem states that the effect of
resistance Z on the output circuit is the ratio of output

voltage Vo to the current I which flows from output to

input. - _Vy 1 Z 2
2 I CT‘ ‘VV\,
Where | = 2 ;V‘” I ?
Vv Z Vi —— Vo
Z,=—>2—7=7,= l
VO _Vm 1_\i @)
V, > >
~z,=-f 7. Zy

82
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The CE short-circuit current gain

< By applying the Miller’s theorem

B B’ C
O WV O ¢  § ® ® ® O
Fyec Cc rbCK
(1—K)§1— K (K -1)
T —— — K
b’e Ce/ AT~ rce C‘D § 1~ C, (K——l)

ngb’e

O ® ® ® o ® ® O




The CE short-circuit current gain

*Input Side

I.
b'c __
I

1-K
rb'eHrb'c

C

V

WhereK =2 =

in

but . >>r.,

rb'eHrb'c — rb'e
C.|C. /1K)

— C,[C, =C, +C.

=0
V.

In
*Output Side
K

.. ——=0 &r_, =0
K-1
CC%: Negligible




The CE short-circuit current gain

“* Approximate equivalent circuit for the calculation of

the short-circuit CE current gain

B Ipy B’ lc C




The CE short-circuit current gain

“* Approximate equivalent circuit for the calculation of

the short-circuit CE current gain

B I_b> 'y B’ Ic C
_|_Q Wy ? T < O
Vie Zz3 Vie 8mVpe® I Y
| | | L
E E

WhereZ =r,.[(C, +C.)

88



The CE short-circuit current gain

| WhereZ =r,,[(C, +C¢)

..CurrentgainA =—+- e Xe o
IB :>Z — e C

I’b'e_I_XC +C

Where |, =—g,V,. . ©

— . -
Vie = lo2 e jw(Ce"'Cc)
-0 1.7 -
:>A| — gm B I‘b.e+ | 1

IB Ja)(Ce_I_CC)

—|Z foe

:>A| =—ng :1+ ja)rb'e(Ce+CC)




ain
tg
n
Ire

1t cu

Ircuit

-C1

It

ho

S

CE

e

Th

rb'e +CC)
rb'e(Ce
o
Z:1+
—
S 4 ) _
Al ) ja)rb'e(Ce _hfe
:> n On
_gm 1 |
A = : -
— :_m
loe g_hfe +CC)
but ",
B +ja)b_hfe
A=
—
AI
—

+ Ce)
C
+
j 2741, . (C,
]
1




The CE short-circuit current gain

o hfe
1+ j2Ar, (C,+C.)
_ 1
2m‘b'e (Ce + CC )

= A

Let f,




The CE short-circuit current gain

1.f << 1, A | =h;
2.f =f, Al=h./v2

Al
3.f>>f, |Al=l -1
g e
go hfe
o2
>f

Frequency
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Cut-off frequencies: 1) The parameter f; 7,

%It is defined as the frequency at which the transistor

short circuit current gain drops by 3dB or 1/V2 times
the highest magnitude in CE configuration.

‘AI‘:




1) The parameter f;

< Frequency response

Al

-

D

-

D

)

Current gain

Frequency



2) The parameter f

%It is defined as the frequency at which the transistor
short circuit current gain drops by 3dB or 1/V2 times
the highest magnitude in CB configuration.

hfe

(1)
27, (1+ h, IC.

\A,\:

Where f =




2) The parameter f

< Frequency response

Al

-

D

-

D

)

Current gain

Frequency




3) The parameter f;

< It is defined as the frequency at which the short-circuit

common-emitter current gain attains unit magnitude.

ie at f = f. A|=1
Al

PR

%D hfe

= V2

o




3) The parameter f;

< The relation of f;/f; is quite large compared to 1

f

= 1= e 15

° =|f. =h




3) The parameter f;.




The CE short-circuit current gain with resistive load = are
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The CE short-circuit current gain with resistive load = are

v,

< By applying the Miller’s theorem

) B’ C
O—W\ O ® 9 ® o *—=o
I rblc CC IFb‘c K Cc vy, 1\ R
b (1-K | “(K=1)] v,

've S C N g_% ® Tee (K‘1)§ ~ 3V,

ngb’e £
O ® ® ® ® ® ® ® _
E
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The CE short-circuit current gain with resistive load ==

7

*Input Side

rb'eH rb'c — rb'e rb'c >> rb'e
(1-K)

C|- e —c, 4 ¢
(1- K) (1-K)

*Output Side %
rceHrb'c: —| RL ~ RL
K-1

I, =80KQ 1, =4MQ
R, =1KQ
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The CE short-circuit current gain with resistive load ==

7
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The CE short-circuit current gain with resistive load = are

%

“* Approximate equivalent circuit for the calculation of

the short-circuit CE current gain

B I_b> 'y B’ Ic C

+7 W— T T |
V“:)e / § Vb’e gmvb’e ® Ry §
) || |

WhereZ =r,.[[(C, +C.(1- K))

104



The CE short-circuit current gain with resistive load = are

v,

~.CurrentgainA, = il

in IB

| R, Where ||, =—g,V,.
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The CE short-circuit current gain with resistive load = are

WhereZ =r,.|(C, +C. (1- K))
L = r'b'eH(Ce T CC (1+ ngL ))

—~7 = rb'e°XC
. +X¢
i 1
_ " jo(C,+Cc(1+9g,R,))
1
e+
; Ja)(Ce_l_CC(l-l_ngL))
=7 = e

1+ jor., (C,+C.(1+g R
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The CE short-circuit current gain with resistive load = are

7

I..
_ Z = v
Al B _gmz 1+ jwrb'e(Ce +CC (1+ ngL))
= A =—0 o
| "1+ ja)rb'e(Ce+CC(1+ngL))
hfe
but e == lhe Uy = hfe
O
_hfe
= A =

"1+ jor,.(C,+C.(1+g_R,))
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The CE short-circuit current gain with resistive load ==z
B hfe

"1+ jor,,(C,+C.(L+g,R,))
1

& 27, (C, +Cc(1+9,R.))

7

= A

Let f




The CE short-circuit current gain

< Frequency response

Current gain

1< f, Al=h_
2. f = fﬂ Al= qfe/\/z Frequency




Summary




Summary




Problems

“H-parameters of a transistor are I[c=8mA, Vce=10V at
room temperature, hie=1KQ, hoe , hoe=2x10° A/V,
hfe=50, hre=2.5x10-*. At the same operating point
f:=60MHz. Compute hybrid-pi parameters if Cob=2pF.

“*An NPN transistor has 3 cutoff frequency of 1Mhz and
CE short low frequency current gain is 200. Find unity

gain frequency and fa. Assume Ce=9pF and Cc=1pF.

112



¢

MODULE- I
FEEDBACK AMPLIFIERS



Course Learning Outcome

CLO4 Analyze the importance of positive feedback and
negative feedback in connection in electronic
circuits..

CLO5 Analyze various types of feedback amplifiers like
voltage series, voltage shunt, current series and
current shunt.




> | . — | 0 L
; asic r -
Signal T omparatiod T+ : T+ Sampling
s:::::e Vg £ v, amplifier ¥ Network Vo Ry
+ mixer | ¥ = A : i !

I
* o+ Feedback
AL network
oo B




« 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 inthe
operating characters of the amplifying device.

3. The amplifier may introduce noise (undesired signals)

« The above drawbacks can be minimizing if we introduce
feedback

166



amplifiers

Feeczback

| -
Positive (d:l :ﬁ:::t,icve)
(regenerative) - l

Voltage Current

| I | | |
| | | -

Series Shunt Series Shunt




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

-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

|amPuFiER |1+

—»
: FEEDBACK

- NETWORK
A INTRODUCES 180°
PHASE SHIFT

\

ol

%

V,IN PHASE
WITH ¥,

Fig. Block diagram for positive feedback



*When the feedback energy (voltage or current) is out of phase with the input

signal and thus opposes it, it is called negativefeedback.
*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.

I‘}IE- 180 QUIT OF
PHASE WITH ¥,

F"rf e

S w

e

INTRODUCES 1807

PHASE SHIFT
{ AMPLIFIER |
FEEDBACK I
METWIORK
INTRODUCES 0°
FHASE SHIFT

Fig.negative feedback a




AMPLIFIERS

voltage series feedback. \oltage shunt Feedback

Current ShuntFeedback Current Series Feedback




Rmr= 7

5

EFFECT OF NEGATIVE FEEDBACK ON TRANSFER GAIN

“* REDUCTION IN GAIN

A

' W

" 1+BA,

Ay Denominatoris>1. .. A, <Ay




S’ =fu (1 By Ay )

fLr = fL
1+ G?A?[mﬂ}

¢ REDUCTION IN DISTORTION

is <D

1+B,A,




’0‘ FREQUENCY DISTORTION

.
*¢® BAND WIDTH

(BW),= (1 +BA_) BW

without feedback

Gamn fpe-mmvnnnes

with negative feedback

et it —

r

2 f?




GAIN

Sensitivity = W

Densitivity[ D= (1 + BA).

¢ REDUCTION OF NONLINEAR DISTORTION

B,

Byr =14pA Bar<By




N. =
FolepAa
Ng < N. Noise is reduced with negative feedback.

TRANSFER GAIN WITH FEEDBACK

Consider the generalized feedback amplifier

Comparator
mixer +  Difference signal Output signal
X=X Basic X,=AX
Xq > Amplifier A Y
Input signal =
Feedback

X,=BX, Network ‘f

Feedback signal

External




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- (-PA) = 1+BA.



There are four types of feedback,

1. Voltage series feedback.
2. Voltage shunt feedback.
3. Current shunt feedback.
4. Current series feedback

v
v v, A v, %RL
i

voltage series feedback.

= < e

Voltage shunt Feedback



Current Shunt Feedback Current Series Feedback

EFFECT OF FEEDBACK ON INPUT RESISTANCE

Voltage shunt Feedback Current Shunt Feedback

] Rt R, = Vl = __R.'__
R, = (1+B, A) (4 BA,  1+BA,




urrent Series Feedbac

Ruf': R. {1+BA) R]f= R](l+ﬂ'%J= R|(1+B‘A\")

1

EFFECT OF NEGATIVE FEEDBACK ON Ro

voltage series feedback.

Current Shunt Feedback
RU‘
x R
R ‘= 1+BAy, L _ R,R, R. =R (1"‘ BA}
of Ro . g R,+R_ +BAR, of "0 !
L

1+BAy




Block Schematic




Equivalent circuit.
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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 .

V A

0=

V. 1-AB

5

If BA=1then V= ; Very high output with zero input.

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

~ If the feedback signal is not

positive and gain is less than m
unity, oscillations dampen out.
~ If the gain is higher than unity mw

then oscillation saturates. Nemat A e crily | oot uareirs
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




I. Harmonic Oscillators 2. Relaxation Oscillators

PERFORMANCE MEASURES OF OSCILLATOR CIRCUITS:

7
*6* stavility:

R/

% Amplitude stability:

R/

*%* Output Power:
** Harmonics:




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 0' or 360". (Amplifier circuit produces 180° phase
shift and feedback network another 180°,

SINUSOIDAL OSCILLATORS

1 X -
B : Base Amplifier |- > )
X'f=X, 2 XO:AX' Vo
Mixing on inverting
network Feedback

network
X.=BX,

Block schematic




IBA| = 1 and phase of — A} = 0.




L

lVCC
HI'I
— 1

B/F%?‘ﬁ ik by

A4

RS AT LU R I
2)

(a)

Transistor phase shift oscillator.

he K> 4K? + 23K + 29

29
hre}4K+23+ ?

K <27

h, > 44.5

R - C Egquivalent circuit.







- AR 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




(a) Colpitts oscillator (b) Hartely oscillator circuit

_ ] 1
P yron f=

GGy
where C;= CiiCh




|
Lead Network : —

I I —AM Same [ is passing through C and R.
— v s Solleads V.
1 C
Lag Network : - { I lags with respect to V.




Wien Bridge oscillator circuit.

1

/= 3R

29
h, =4k +23+ -




- 1\{1_1:@.1
f_Z?t LC |

b | b
Crystal Electrical Model




e A transistor amplifier which raises the power
level of the signals that have audio frequency
range is known as transistor audio power
amplifier.

* A transistor that is suitable for power
amplification is generally called a power
transistor.

* The typical power output rating of a power
amplifier is 1W or more.
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* Output power

* Distortion Operating
* region Thermal

e considerations

* Efficiency




block diagram of an audio amplifier

L 2
L

MICROPHONE ))

W VOLTAGE VOLTAGE POWER
AMPLIFIER AMPLIFIER AMPLIFIER




and Power Amplifiers

S.No. | Particular Voltage amplifier Power amplifier
1. B High (> 100) low (5 to 20)
2 R. High (4 -10kQ) low (5 to 20 )
: Coupling usually R— Ccoupling | Invariably transformer coupling
4. Input voltage low (a few mV) High(2-4V)
5. Collector current low (= 1 mA) High (= 100 mA)
6. Power output low high
7. Output impedance low (200 2)

High (= 12 k()




Power Amplifiers

(i) Collector efficiency

The ratio of a.c. output power to the zero signal power (i.e. d.c. power) supplied bythe
battery of a power amplifier is knownas collector efficiency.

(ii) Distortion

The change of output wave shape from the input wave shape of an amplifier is knownas
distortion.

(iii) Power dissipation capability

The ability of a power transistor to dissipate heat is known as powerdissipation
capability.




+Class A: It is one, in which the active device conducts for the full 360°.
«Class B: Conduction for 180 °.

+Class C: Conduction for < 180°,

«Class AB :Conduction angle is between 180°. and 360°.

«Class D: These are used in transmitters because their efficiency is high: 100%.
«Class S:Switching regulators are based on class'S' operation.




«If the collector current flows at all times during the full cycle of thesignal,
the power amplifier is known as classApower ampilifier.

«If the Q point is placed near the centre a/the linear region a/the dynamic
curve, class A operation results. Because the transistor will conduct for
the complete 360, distortion is low for small signals and conversion
efficiency is low.

AL, LOAD LINE




1. Series fed

There is no transformer in the circuit. RL is in

series with V cc. There is DC power dropacross
RL. Therefore efficiency = 25% (maximum).

2. Transformer coupled
* The load is coupled through a transformer. DC
drop across the primary of the transformer is

negligible. There is no DC drop across RL.
Therefore efficiency = 50% maximum.
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RL cc ¥y alc
Icf [:; lc-[}. | VoolRe / VeelRe
1 \}: J Lo - - __7____ .
RB : TV"" > Vg
% Q) )
Y L
= T
W ! i
Yeo Ve
2

Fig.(a)Series fedClass A power amplifier circuit

Fig.(b)Transter curve




Apower Amplifier

le— D.C. LOAD LINE

Fig.(a) Transformer Coupled Class A power amplifier circuit Fig.(b)Transfer curve




Atransformer coupled class A power amplifier
has a maximum collector efficiency of 50%

The power dissipated by a transistor Is given by :
Pdis = Pdc — Pac

When no signal is applied to a class A power
amplifier, Pac = 0.

. Pdis = Pdc
When a class A power amplifier is used in the

final stage, It Is called single ended class A
power amplifier.



*If the collector current flows only during the positive half-cycle of the inputsignal,
it is called a class B poweramplifier.

«For class B operation the Q point is set near cutoff. So output power willbe
more and conversion efficiency is more. Conduction is only for 180

F 9 jC

ALC. LOAD LINE

* Veg

Transfer curve



* Push-PullAmplifier

The standard class B push-pull amplifier requires acentre
tapped transformer

« Complimentary Symmetry Circuits (Transformer
Less Class B PowerAmplifier)

Complementary symmetry circuits need only one phase
They don't require a centre tapped transformer.
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Amplitier

Advantages
1. More output power; efficiency = 78.5%. Max.

2. Efficiency is higher. Since the transistor conducts only for
180°, when it is not conducting, it will not draw DC current.

3.Negligible power loss at no signal.
Disadvantages:
4. Supply voltage V cc should have good regulation. Since if V

cc changes, the operating point changes (Since Ic changes).
Therefore transistor may not be at cut off.

5. Harmonic distortion is higher. (This can be minimizedby
pushpull connection).
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v

r g r g . r .
@ '

B Power Amplifier)

V ] Q PN Ve
C
Wy

Fig. Complimentary Symmetry circuit




« Advantages

(i) This circuit does not require transformer. This

saves on weight and cost.
(i1) Equal and opposite input signal voltages are not

required.

« Disadvantages

()1t is difficult to get a pair of transistors (npn and
pnp) that have similar characteristics.

(i)Werequire both positive and negative
supply voltages.



& B power Amplifiers

Class A |  ClasB |
Less power More power

Lesser 1 More 1 upto 78.5%

Less Harmonic distortion Harmonic distortion is more




*The metal sheet that serves to dissipate theadditional

heat from the power transistor is known as heat sink.

*The purpose of heat sinks is to keep the operatingtemperature
of the transistor low, to prevent thermal breakdown.

«Almost the entire heat in a transistor is produced at the
collector-base junction. If the temperature exceeds the
permissible limit, this junction is destroyed and the transistoris
rendered useless.

« Most of power is dissipated at the collector-base junction.
This is because collector-base voltage is much greater thanthe
base-emitter voltage, although currents through the two
junctions are almost the same.
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Hm

.+ 8.+ 0
=T/ P
T.— T/ P
T,— T /P

I

° o
3

> D
I
~ o~

Junction to ambient thermal resistance
Junction to casing thermal resistance
Casing to heat sink thermal resistance
Heat sink to ambient thermal resistance
Average junction temperature

Average case temperature

Average heat sink temperature
Ambient temperature

Power dissipated in Watts.
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Classification of heat Sinks 2
1. Low Power TransistorType.

2. High Power Transistor Type.
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MODULE- Il
OSCILLATORS



CLOs Course Learning Outcome

CLO6

Understand the condition for Oscillations and
various types of Oscillators.

CLO7/

Design various sinusoidal Oscillators like RC Phase
shift, Wien bridge, Hartley and Colpitts oscillator for
various frequency ranges.

CLO8

Design different types of power amplifiers for
practical applications of desired specifications like
efficiency, output power, distortion, etc.

CLOS

Design the tuned circuits used in single tuned
amplifiers and understand its frequency response.
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Any circuit which is used to generate a periodic voltage

without an input AC signal is called an oscillator.

To generate the periodic voltage, the circuit is supplied

with energy from DC source.

It converts DC signal to AC signal.
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1. According to waveform generated

 Sinusoidal oscillators

«  Non-sinusoidal oscillators

R

+ 24 1

4
_ O N 3 S
R Time t—
_24
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2. According to fundamental mechanism involved

* Negative resistance oscillators:

= Consists primarily 2-terminal devices that have negative
resistance in a portion of its operating characteristics and a

frequency selective network.
= Eg: UJT, Tunnel diode
«  Feedback oscillators:

= Uses the positive feedback in the feedback amplifier to

satisfy the Barkhausen criteria.
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3. According to frequency generated

d  Audio frequency oscillator -

d Radio frequency oscillator -

High frequency oscillator -
Very high frequency oscillator
Ultra high frequency oscillator

Microwave frequency oscillator

up to 20 KHz

20 KHz - upto GHz

3 MHz - 30 MHz
-30 MHz - 300 MHz
-300 MHz - 3 GHz
-Above 3 GHz
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4. According to type of components used

d LC tuned oscillator

d RC phase shift oscillator
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P I~

A= = Gain without feedback
A; = = Gain with feedback
S
Af:XO— Xo  _ A, AX A
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X —>@X1_> A > Xo Af — A

1- AS

o N If AB=1= A; =

The condition for oscillations (Barkhausen criterion)
1. Magnitude of loop gain must be unity

2. The total phase shift around the closed loop should
be 0° or 360"
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—AAN
Il

« CE amplifier followed by RC phase shift network which
provides phase shift of 180°

* Feedback network is positive and provides a total phase

shift of 360°.
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" Yes!

2Ri[R;
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 After applying source transformation

—w—| I I

\\ 3
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« KVL atloop 1

1
_hferRC == IlRC +](U_CI]' + R(Il - 12)

1
_hferRC — 11 (RC +E + R) + 12 (_R)

180



 KVL atloop 2

1
—— 1, +R(l, = 13) +R(I3 —1,)=0
ja)C 2 (2 3) (3 2)

1
~RIl; +(2R+—)I, =RI; =0
1 +( km)z 3

181



« KVL atloop 3

1
— I3 +RIg+R(l3-1,)=0
S 1a+RI;+R(; - 1)

JaC
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* From equations (1), (2), and (3)

) ) RC+_L+R
0 = - R
L O —
0

- R

2R+_i

[
-R

Determinant of coefficient matrix

RC+_L+R
Joc

-R

0

- R

2R+_i

jac
-R

-R

2R+_i

JaC
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 Determinant of coefficient matrix

R, +_L+R
[

-R

0

-R

2R+_i
jac

-R

* Consider, R.=kR and jo=s for simplification

(k +1)R+i
SC

-R

0

-R
2R+i
sC

-R

0

-R

2R+i

SC
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. Output of amplifier is applied between 1 and 3 terminals

which is input to the feedback network.

. Output of feedback network between 2 and 4 terminals is

applied as input to the amplifier.

. Wien bridge oscillator uses a non-inverting amplifier and

provides 0° phase shift during amplifier stage.

. The two arms of the bridge R,, C; in series and R,, C, in
parallel are frequency sensitive arms as they provide

frequency of oscillation.
186



g % % Output of amplifier VO is

} applied as input to feedback

network between 1 and 3.

% Output of feedback network,

{ = % V;is obtained at 4 w.r.t

' ] | ground.
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JaCy
7, = 1+ .ja)RlCl
JoCy

R, X
Z, :R2||Xcz = R 2 ;2

2 T Aco
:>Z2 _ Ja)CZ _ R2

R, + 1 1+ joR,C,
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T 14 joR,C, 1+ joR,C, LR
i joCiR,
1+ JoR,C)A+ JoR,C,) + JaR,C,
|oC,R
— B = : J "1
1-o°RR,C,C,)+ jJo(R,C; +R,C, +R,C;)

JoCiR, (1 @ R1R2C1C2) Jo(R,Cy +R,C, +R,Cy)
(1-w*RR,C,C,) + jo(R,C; + R,C, + R2C1) (1- »*R;R,C,C,) — jox(R,C; + R,C, + R,Cy)

= f=

190



JaoCiR,

= f = > .
1-o°RR,C,C,)+ Jo(R,C; +R,C, +R,Cy)

(- »°R,R,C,C,) - jo(R,C, + R,C, +R,C,)
(1- w°RR,C,C,) — joo(R,C, + R,C, + R,C,)

_ joCR, — j@’RR;CC, + 0°RiR,Cf + w°R3C,C5 + w”R5C/
(1- w°R;R,C,C,)* + ®*(R,C, + R,C, + R,C,)?

= f
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At frequency of oscillation imaginary terms should be zero.

WCiR, (11— v RiR,C, C,)

— 2 2 2 2 =0
_ oCiR,(1- w*RR,C, C,) 0
(1- w°R,R,C,C,)? + ®*(R,C; + R,C, + R,C,)*
=1-w°R;R,C,C, =0
If R, =R, =RandC, =C, =C
N w:\/ 1 1= R 1 =L
RR,C,C 1 1
S = f=——|o0r|lo=—
1 27RC RC

= |f

27yRR,C, C,
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Ny joC,R, — jw’RR5C{C, + @°RyR,C{ + w*R5C,C5 + w°R5C/

(1- w°R;R,C,C,)* + ®*(R,C, + R,C, + R,C,)?

- »°R,R,C{ + w*R5C,C{ + w*R5C/
(1- w*R{R,C,C,)? + @*(R,C; + R,C, + R,C,)?
NS ®°R,C; (R,C; +R,C, +R,Cy)
(1- w*R{R,C,C,)? + @*(R,C; + R,C, + R,C,)?

= f

According to barkhausen criterion

R1:R2 :RandC1:C2:C

) = |Ap| =1
»°RC(3RC)
- 1 1
=/ (1—0)2R2C2)2+a)2(3RC)2 — A‘Z |,B‘ > }/
51 :
173 :>|A‘23 s




Frequency of oscillation Amplifier gain condition

1
27RC

= f =|A23
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< Advantages

= Uses both positive and negative feedback. Hence it
provides better stability.

= QOverall gain is high, because of cascaded amplifier
stage.

= Frequency can be easily adjusted by varying R or C.

“* Disadvantages
= Frequency is not more stabile.
= Cannot be used to generate high frequency of

oscillations.
195






The oscillators which use elements L and C to produce

oscillations are called LC oscillators.

Any active device like BJT, FET, Op-amp or vacuum tubes

can be used for amplification.

Z,, Z,, and Z, are reactive elements used for feedback tank

circuit which determine the frequency of oscillation.

Voltage across Z, is the feedback voltage and voltage

across Z, is the output voltage.
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A
v

(<)

\/

% The overall impedance of the above circuit is

L = [(Zluhie )+ Z3]sz
198



Z, =z )+ Zs]HZz

_Zl+hie
7 =  Zihie +Z5(Z; +hie) ~
. I Z,+hig 2
Zihie +Z3(Z, +hye) i
, Z; +hi, 2
:> —
} Zhie +Z5(Z; +hye)
+Z,
Z,+hi
7, = Z,he +Z5(Z, + 1) 2,

B Zihie +Z3(Z; + i) + ZZ(Zl + hie)

199



By applying voltage division rule V;

| can be calculated as

Zl||hie
‘ ° Zl||hie + ZB
Z1hie
Vo Zlhie
Z,+hig
_ Z1hie
Zyhie +Z3(Z;h;e)

f ==

+ 23

= f
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% According to barkhausen criterion, to generate oscillations

AB|>1
_ hfe [Zlhie + Z3(Zl + hie)]zz B= Z1hie
A= h. ) Z.h. +Z.(Z,+h Z (Z h. ) Zyhie +Z3(Z1hye)
e 1|e+ 3( 1+ |e)+ 2 1+ e € €
~hre o [Zihie +Z5(Z4 + i) 2, . Zyhie _
hie Z1hie + Z3(Zl + hie) + ZZ (Zl + hie) Z1hie + ZS(Zlhie)

_hfezlzz
—
Zihie +Z3(Zy +hie) + Z5(Z, + e )
= Zh+2,2,+250h.+2,Z,+Z50 +0 2,2, =0

=1
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<+ The general equation of LC oscillators is given by

= (A+h¢)21Z, +2Z53+0 (Z7+25+25)=0
1

Z, = Joly Z, = Jol, Z; :%

L,
= (1+hfe)(0) L L,)+—= C +h|e[160(|—1+|—2)+]—] 0

L,
:>_(1+hfe)((0 I—1|—2)‘|' C +h|e[Ja)(|—1+L2)__] 0
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At resonant frequency imaginary terms should be zero

1
= hieloo(Ly + LZ)_E] =0

1
=>L+L,=
1 2 (02C
1
— =
J(L+1,)C
I
= f =
27J(Ly +L,)C
By including mutual inductance
1
= f =
27 J(Ly + L, +2M)C
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From the general equation,

L
= —(1+ hfe)(w2L1L2)+€1=o
1+ h)(@2LyLy) = =2 0= ——
= (1+he) (@ 2)—6 \/(L1+L2)C
L
= 1+hgp=—F+1
L2
L
— hfe :—1
I—2
By including mutual inductance
L, + M
=|Ng =
L, + M
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<+ The general equation of LC oscillators is given by

1 1

Z, =— Z, =— Z, = jol
" jaC ©jaC,
1 L . 1 1
=—(1+hy,) +—+h [ Jo(L- — )=0
*otcc, ¢ ° 0*C, ®’C,
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et =
Cl CZ Ceq
1
= w’lL = i 2 = L = 0=
eq Ceq LC,
=|f = L
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From the general equation,

1 L

= —(1+hy,) +—=0
*Tw2cc, C
= L=(0+hg) 21

w°C,

, 11 1
= (1+hg) =Lo"C, w_\/f(cfclj
:>(1+hfe):L1 1+1 C,

L\C; C;
:>(1+hfe):1+&:>hfe:&

Cy Cy
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MODULE- IV
LINEAR WAVE SHAPING AND SAMPLING GATES



CLOs Course Learning Outcome

CLO10 Analyze the response of high pass RC to different

non sinusoidal inputs with different time constants
and identify RC circuit’s applications.

CLO11 Understand the basic operating principle of sampling
gates.
CLO12 Analyze the response of low pass RC circuits to

different non sinusoidal inputs with different time
constants and identify RC circuit’s applications.

211



Transistor Audio Power Amplifier:

A transistor amplifier which raises the power level of the signals

that have audio frequency range is known as transistor audio
power amplifier.

A transistor that is suitable for power amplification is generally
called a power transistor.
The typical power output rating of a power amplifier is 1W or

more.



Factors to be considered in large signal amplifiers:

1. Output power

2. Distortion Operating
3. Region Thermal

4. Considerations

5. Efficiency




Difference Between Voltage and Power Amplifiers

S, No. | Particular Voltage amplifier Power amplifier
1! B High (> 100) low (5 to 20)
2. R High (4 - 10 kQ)) low (5 to 20 )
3. Coupling usually R— C'coupling | Invanably transformer coupling
4. Input voltage low (a few mV) High(2-4V)
5. Collector current low (= 1 mA) High (> 100 mA)
6. Power outprit low high
7. Output impedance | High (=12 k(Q) low (200 Q)




Performance Quantities of Power Amplifiers

(i) Collector efficiency

The ratio of a.c. output power to the zero signal power (i.e. d.c.
power) supplied by the battery of a power amplifier is known as
collector efficiency.

(ii) Distortion

The change of output wave shape from the input wave shape of an
amplifier is known as distortion.

(iii) Power dissipation capability

The ability of a power transistor to dissipate heat is known as power
dissipation

capability.



Classification of Power Amplifiers

»>Class A: Itis one, in which the active device conducts for the full
360°.

»Class B: Conduction for 180 °.

»Class C: Conduction for <180°.

»Class AB: Conduction angle is between 180°. and 360°.

»Class D: These are used in transmitters because their efficiency is

high:100%.

»Class S: Switching regulators are based on class'S' operation.



Class A power amplifier:

If the collector current flows at all times during the full cycle of the
signal, the power amplifier is known as class A power amplifier.

If the Q point is placed near the centre a/the linear region a/the
dynamic curve, class A operation results. Because the transistor will
conduct for the complete 360, distortion is low for small signals and
conversion efficiency is low.

AL, LOAD LINE

=



Types of class-A power Amplifiers:

1. Series fed:

. There is no transformer in the circuit. RL is in series with V cc.
There is DC power drop across RL. Therefore efficiency = 25%
(maximum).

2. Transformer coupled:

* Theload is coupled through a transformer. DC drop across the
primary of the transformer is negligible. There is no DC drop across
RL. Therefore efficiency = 50% maximum.



Series Fed class-A power Amplifier:

RL cC ¥¥ .y
Icf [‘:,q l[.‘ = [}. VeolRe / VeolRe
1] \}: .I, % R o d N1
RB / ! Vee
Vy @ o 7 e
v a8
T = B
2 o
Vee Vee
2
Fig.(a)Series fedClass A power amplifier Fig.(b)Transter curve

circuit




Transformer Coupled class-A power Amplifier

'y EC

le— D.C. LOAD LINE

Fig.(a) Transformer Coupled Class A power amplifier circuit Fig.(b)Transfer curve




Class B power amplifier

* If the collector current flows only during the ]i)ositive half-cycle of the

input signal, it is called a class B power amplifier.

For class B operation the Q point is set near cutoff. So outputpower
will be more and conversion efficiency is more. Conduction is only
for18o.

Alo

ALC. LOAD LIMNE

AN
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Transfer curve



Types of class-B power Amplifiers

Push-Pull Amplifier:

The standard class B push-pull amplifier requires a centre tapped
transformer

Complimentary Symmetry Circuits (Transformer Less Class B
Power Amplifier)

Complementary symmetry circuits need only one phase They don't
require a centre tapped transformer.



Advantages & Disadvantages of Class B power Amplifier

Advantages:
1.More output power; efficiency = 78.5%. Max.

2.Efficiency is higher. Since the transistor conducts only for 180°, when it
is not conducting, it will not draw DC current.

3.Negligible power loss at no signal.
Disadvantages:

1.Supply voltage V cc should have good regulation. Since if V cc changes,
the operating point changes (Since Ic changes). Therefore transistor may
not be at cut off.

2.Harmonic distortion is higher. (This can be minimized by push pull
connection).



Class B Push-Pull Amplifier:

AN E ) )]
BT 87
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Complimentary Symmetry Circuits (Transformer Less Class B
Power Amplifier):




Differences between class-A & B power Amplifiers

Clﬁss A

Less power
Lesser n
Less Harmonic distortion

More pnwér
More 1 upto 78.5%

Harmonic distortion is more




UNIT -V
MULTIVIBRATORS
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MODULE-V
MULTIVIBRATORS



CLOs Course Learning Outcome

CLO13

lllustrate the Bistable multivibrator with various
triggering methods and apply design procedures to
different bistable multivibrator circuits.

CLO14

Analyze the Monostable, Astable multivibrator
circuits with applications and evaluate time,
frequency parameters.

CLO15

Evaluate triggering points, hysteresis width of
Schmitt trigger circuit and also design practical
Schmitt trigger circuit.
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* Most natural quantities that we see are analog and vary
continuously. Analog systems can generally handle
higher power than digital systems

Temperature

P
100
95
90
85
80
75
70

"

7

N

A

™.

Wr

K

= Time ofday

54030170

WWIlIZ1 /25400709 1U11L1Z

Digital systems can pfocess, store, and transmit data more
efficiently but can only assign discrete values to eachpoint



 Digital systems can process, store, and transmit data more
efficiently but can only assign discrete values to eachpoint

JuU L U "/\'\N\
10110011101 | pigital-to- . Linearamplifier

ofmusic Speaker >>>
audio signal

Digital data % Analog ‘ y
reproduction i




* Digital electronics uses circuits that have two
states, which are represented by two different
voltage levels called HIGH and LOW. The
voltages represent numbers in the binary
system

* In binary, a single number is called a bit (for
binary digit). A bit can have the value of
either a0 oral, depending on if the



 Digital waveforms change between the LOW and HIGH
levels. A positive going pulse is one that goes from anormally
LOW logic level to a HIGH level and then back again. Digital
waveforms are made up of a series of pulses

HIGH - -

ignals

Risingor /

leadingedge

LOW |
to

(a) Positive—goingpulse

Falling or
trailing

sdde

i

HIGH ——

Fallingor /

leadingedge

LOW __

to

(b)Negative—going pulse

4

Rising or
trailing edge



 Actual pulses are not ideal but are described by the
rise time, fall time, amplitude, and other

characteristics.

Overshoot

Amplitude

Ringing

Undershoot

Risetime




Periodic pulse waveforms are composed of pulses
that repeats in a fixed interval called the period.

The frequency is the rate it repeats and Is
measured In hertz. The clock Is a basic timing
signal that is an example of a periodic wave.

f

What is the period of a repetitive wave if f = 3.2 GHz?



Definitions

 In addition to frequency and period, repetitive pulse
waveforms are described by the amplitude (A), pulse
width (tw) and duty cycle. Duty cycle is the ratio of twto
T.

lts
A

T Puls
. widt
Am plltude1 (tw
Time

l~— Period, —*
;




Shaping
Definition: It is the process of changing the

shape of input signal with linear / non-linear

CIrCUILtS.
Types:

i.Linear Wave Shaping ii.Non-lineal Wavex

Shaping

:

£0



Definition: The process where by the form of a

non-sinusoidal signal is changed by
transmission through a linear network is called

Linear Wave Shaping.

Types:
i.High Pass RC Circuit. ii.Low Pass RC Circuit.




Non-sinusoidal
wave forms

1) Step

2) Pulse

3) Squarewave
4) Ramp

5) Exponential wave forms. .




A step voltage is one which maintains the value zero for all times t<0

and maintains the value V_for all times t>0.
!

‘ Vi=0 t<0
V,

Vi=V  t>0

t

Il
o

Pulse

The pulse amplitude is Vv and the pulse duration is t,.

i
A

\'"/ O<tstp Vi=V
Otherwise V=0




and at other constant Level Vi for a time Tzand which is repetltlve with
a period T=T1+T:is called a square-wave.

A

T —'|| I

Ramp

A waveform which is zero for t<0 and which increases linearly with time for t>0.
Vi

A

Vi=at, t>0




 The exponential waveform input is givenby
where T Is the time constant of the exponential input
Vi,

\'}




Circuit

If f=low, X.becomeshigh
C act as open circuit, so theV,=0.

If f=high, Xcbecomes low
C acts as short circuit, so we get the output.

Thehigher frequency components
in the input  signal
the output with less '




e For Sinusoidal input, the output

C

increases in
amplitude with increasing frequency.
Vo:iR .T I{
i= Vin = Vi, Vi“,-i)
R-jXc R-— 1 J'




At the frequency f =f;

Vo= 1 - 1707
Vol 1+1 2




Gain V; Frequency plot

0.707

> f

At f = f; the gain 1s 0.707 or this level corresponds to a signal reduction of 3
decibels(dB).

.. fiis referred to as Lower 3-dB frequenc



* Percentage Tilt ( % Tilt)

Tilt is defined as the decay in the amplitude of the output voltage wave

due to the input voltage maintaining constant level

1
P=V1\;V * X100
%
Viov.e ke . ()
_T2

Vi-v .e /RC > (2)




By substituting these in above equation (3)

. v, =-V,
_T2RC -
_T2RC4+ V=Vi.€ Vi

V=Vi(1+€ )

Equation (1)

_T2RC

v




vV T

T
V= V_(1+_)&V1; (1- )

2

ARC ' 2 4RC
Vi-V

1
Thepercentagetilt PisdefinedbyP= ——7— x100
V2R

v v

p— lie WRC {1a VRC 100
e
_ : 1
P__l+e_T/';1R-: _1_|_ET/1|1-::|K2{}D
_ 1,
1 v
P= - x 200
_l+e-Tf/1F~'3 1.|_ET«/:LR-:
| o /R
P= % 200%

{ 2o /EC




 The time constant of high pass RC circuit in very small in comparison
within the time required for the input signal to make an appreciable
change, the circuit is called a “differentiator”.

 Under this circumstances the voltage drop across R will be very small
In comparison with the drop across C.  Hence we may consider that
the total input V;appears across C, so that the current is determined
entirely by the capacitance.

» Then the current is i = Candthe output signal across R is Vo=1IR
d
Vo= RC ’

* hence the output is proportionéirﬂr_%o the derivative of the input.
f



+— W ~+
1
_— X =——_
V; ~C V, ¢ 2rIf

If f=low, X becomes high
C act as open circuit, so we get the output.

If f=high, Xcbecomes low
C acts as short circuit, so V,=0.

As the lower frequency signals appear at the output, it is called a
“Low pass RC circuit”.
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A =1 , and 6=tan e

2)
1 ) '

At the frequency f =1,

VT: 1 = 1707

Vi T+ |2

Vi







* Rise Time( tr):

The time required for the voltage to rise from  %to
10 900.0f the final steady value is called

“Rise Time”.
t =22RC




:FV,D=Vf+ vi—vf 'E

The output voltage Vo1 & Vo2 isgivenby

T1
Voir = Vi4+ (V1-VL) . ¢ /RC ..................... (1)
Vo2 = V4 (v2-V1) . e~ / ..................... (2)
if Vo1 = V2 at =G
Wedset Vo2= Viat t= Ti+T>
an 1 1 T
V=V +( Vl-V) e %C

_Ty
Vi=VEe+(V2-VH) e /RC

Since the average across R is zero then the d.c voltage at the output is same as that o
the input. This average value is indicated as Vd.c.

Consider a symmetrical square wave with zero average value
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» The time constant is very large in comparison with the time required for the
Input signal to make an appreciable change, the circuit is called an

“Integrator”.

» As RC>>T the voltage drop across C will be very small in comparison to the
voltage drop across R and we may consider that the total input Viappear and

across R, then

Vi=IR
v,
1: —_—
E

For low pass RC circuit the output voltage V, is given by

Vi éj idt
=1 Vg
e

_ 1,
\VA= RCjv.dt



Integrators are almost invariably preferred over differentiators in analog
computer applications for the following reasons.

*The gain of the integrator decreases with frequency where as the gain of
the differentiator increases linearly with frequency. It is easier to stabilize
the former than the latter with respect to spurious oscillations.

*As a result of its limited band width an integrator is less sensitive to noise
voltages than a differentiator.

*If the input wave form changes very rapidly, the amplifier of a
differentiator may over load.

*It is more convenient to introduce initial conditions in-an integrator.



alesS

« Sampling Gates are also called as Transmission gates

Jinear

gates and selection circuits,in which the output is exact
reproduction of the input during a selected time interval
and zero otherwise.

« It has two inputs — gating signal, rectangular wave

Gating

|

Input

‘ v




* Principle of operation of a linear gate: Linear
gates can use (a) a series switch or (b) a shunt

awinteh fin

(a)

Fig. Linear gates

In (a) the switch closes for transmitting the signal whereas in (b) the switch is open

for transmission to take place.



Gate

« unidirectional sampling gates are those which transmit signals of only
one
polarity(i.e,. either positive or negative)

« The gating signal is also known as control pulse, selector pulse or an
enabling pulse. It is a negative signal, the magnitude of which changes
abruptly between —VV2 and —V1.




gate

Consider the instant at which the gate signal is —\VV1 which is a reasonably

large negative voltage. Even if an input pulse is present at this time instant,
the diode remains OFF as the input pulse amplitude may not be

sufficiently large so as to forward bias it. Hence there is no output. Now
consider the duration when the gate signal has a value —VV2 and when the
Input is also present (coincidence occurs).

-

V
o
.

R,
RL Vo




* When the control signal shifted to upward

Signal

LAY

) N et

+HV

— 20y —

Gate

Output




» When the control signal is shifted to positive value ,so it will
be superimposed on input and control signals .so the pedestal
OCCUrs

Cranput

Control voltage ol A




gate

*When any of the control
voltages is at —V1, point X is at
a large negative voltage, even

if the input pulse Vs is present.,
DO is reverse biased. Hence
there is no signal at the output.

*When all the control voltages,
on the other hand, are at -V2, if
an input signal Vs is present, DO
Is forward biased and the output
Is a pulse of 5V. Hence this
circuitisa coincidence circuit
or AND circuit.

A unidirectional diode coincidencs gate is shown below.

¥

-5V

'

Va Ve and Vg are

D
X
P f+
B ?Rlvo
! D3
Dl! ! !
(T7ORT e
Riz Ri Rx?
Y
Va1 Va a, control signak

1
/7

Fig. A unidirectional diode AND gate




» Bidirectional sampling gates are those whichtransmit
signals of both the polarities.
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e Circuit that minimizes the pedestal

A circuit arrangement that reduces this pedestal is shown in fig.
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*The control signal applied to the base of Q2 is of opposite polarity to that applied to
the base of Q1. When the gating signal connected to Q1 is negative, Q1 is OFF and at
the same time the gating signal connected to Q2 drives Q2 ON and draws current IC.
As a result there is a dc voltage Vdc at the collector. But when the gate voltage at the
base of Q1 drives Q1 ON, Q2 goes OFF. But during this gate period if the input signal

is present, it is amplified and is available at the output, with phase inversion.

But the dc reference level practically is Vdc.
As such the pedestal is either
eliminated or minimized. - -
Gating signal for Q;
O S S . :._ e
/
|
Gating signal for Q; l |

I
I
‘ |
spikes in the output due to —» |
gating signak

(2) when the rise time of the gating signal is large




*When the c%\trol signals are at V1, D1 and D2 are OFF, no input signal is
transmitted to the output. But when control signals are at V2, diode D1
conducts if the input is positive pulses and diode D2 conducts if the input is
negative pulses. Hence these bidirectional inputs are transmitted to the
output. This arrangement eliminates pedestal, because of the circuit
symmetry.

Ra A Dia
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P
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 When thgcérE% signals are at V1, D1 and D2 are OFF, no input
signal is transmitted to the output. But when control signals are at
V2, diode D1 conducts if the input is positive pulses and diode D2
conducts if the input is negative pulses. Hence these bidirectional

inputs are transmitted to the output. This
arrangement eliminates pedestal, because of the circuit
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* ChopperAmplifier

* Multiplexers

*« ADC

« Sampling Scope

« Sample and hold circuits







