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Module 11

= Multistage amplifiers: Cascade and cascode connections, Darlington circuits,
analysis and design.

» Feedback amplifiers: Feedback concept, different types, practical feedback
circuits, analysis and design of feedback circuits.
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Multistage Amplifiers: Cascade Connection

When the amplification from a single stage amplifier is not sufficient for a particular purpose or

when the input or output impedance is not of suitable magnitude for the intended application, two or
more stages are connected in series.

The output of one stage is connected as input to the other stage.

| + I I
V. Ay, Vor= Vi Ar; Vo = Vi Ay, Vs gf{.{

z Z,.-Z,
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Multistage Amplifiers: Cascade Connection

i i 1
| + | +
V, Ay, Vo = Vi Ay, Voy = Vi Ay, v, § Rr
. F—— -'l—i :_ i_._ - i—.— -
7. . 2 =2
E'rl Er E{"I Ei'E Ef’i‘ .E':I;3 a3 e

For the cascaded system, the input impedance is that of first stage and output impedance is that of
last stage.

Z,=2Z, and Zo=2Zog

The output of one stage is connected as input to the other stage.
Vi; = Vou and Vi3 =Vq,

A total overall voltage gain of the cascading amplifier is:

VO

Ayr = %
I




Multistage Amplifiers: Cascade Connection

Fa' A 4 F-':'lz Fr';] A'!?.E P:JE - iI:,--f’_l; AT'} 1-:3 § er_

Zi) =Z; Z,, % Z,,  Z Zoy=2,
A total overall voltage gain of the cascading A — Vo . Voo . Vo1
amplifier is: N 7N R

VO
Ayr = v, Ayp = Ayy * AV, * AV,
TV Vi ¥ ifi
i3 i2 I For n-cascaded amplifier stages,
V,=V and V,=V
i2 o1 i3 02 Ayp =AV, AV, * AV, ————— —AVn




Multistage Amplifiers: Cascade Connection

A total overall current of the cascading
amplifier is:

Zil
AIT = —AVT =« R_L
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Multistage Amplifiers: Cascode Connection

In this connection the output of Common
Emitter (CE) stage drives the input of Common
Base (CB) stage.

Low input capacitance

High input impedance (provided by CE)
High output impedance (provided by CB)
Excellent high frequency response

e

The voltage gain of CE stage is very low.

Rg is used to limit the bias current of Q,.
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Cascade Connection: Solved Examples

1. For the cascaded arrangement shown
below, determine

a. The loaded voltage gain of each stage

b. The total gain of the system, A, and A ¢
c. The total current gain of the system

Given:

Stage 1: Z, = 10kQ, Z, = 12Q, A, =1
Stage 2: Z; = 26Q), Z, = 5.1kQ, A = 240
Rs = 1kQ, R, = 8.2k

"{i"'] AFE I,
Emuitter follower ?_ Common base ?
A= 10 kL2 oo £y =26 62 Ry
Z,=120 op "l | Z =51kQ 8.2kQ Fo="Fe,
:‘ip' =1 — ;"1[! = 240
ML = i—r WL =-—i 5
E'ﬂl EI'E Eﬁg _zﬂ
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Cascade Connection: Solved Examples

R, I =1, "ir“]

: i
N [ _‘NWL z Emitter follower
y Lke2 Z,=10 kQ
. i Z,= 120
AF’?-,.“': |
L -
Z-Z

a.

For the emitter follower stage the load is Z;,.

The loaded gain of each stage

Vo1 Z;
Ay = = A
"TVa T Zp+ 2 M
Ay = 1=0.684
V1T 96 +12

Ay, I,

+ Common base |
o=y £y =206 L2 R
B > Z,=5.1 kL 82kQ V= F-:-'g
A VL~ 240

z, Z4y =7,
Vo2 R,
Ayr = = A
V2 =y SR T 2, Avn
8.2k
Ay = 240 = 147.97
V2T 82k +5.1k

b. Total voltage gain
Ay =AV, AV,

Ay =0.684 «147.97 = 101.20




Cascade Connection: Solved Examples

R;: "r." ":.:1 A 'I'Ir] A F: Iﬂ
, [ W e Emitter follower i Common base i
” P2 Z=10kQ | . _ 7, =26 Q R,
'“ Vi Z,= 120 ot TR | Z,=51 kO 82kQ Vo=V,
’df"_x.-r =1 . "rlr','.,-',' = 240 -
- ‘ - Vot \‘ o [ i
Z;=Z;, Zy, i Zoy = Zo
Zi c. Total current gain

Ays = Ayt 7
i+ s A = —AVT + 2=

L
10k

Aye = 101.20 = 92
VS =10k + 1k

10k
A, = —(101.20) =

= —-123.41
8.2k
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Cascade Connection: Solved Examples

1. For the cascaded arrangement shown Given:

below, determine Stage 1: Z; = 1kQ, Z, = 3.3kQ, A\, = -420
a. The loaded voltage gain of each stage Stage 2: Z; = 1kQ, Z, = 3.3kQ, A, = -420
b. The total gain of the system, A, and A R = 0.6kQ, R =2.7kQ

c. The current gain of each stage
d. The total current gain

% ) e
) : CE amplifier CE amplifier |( ¥
1.- -+
v S ’ Z=1kQ Z=1kQ Ry
] @ ! Z,=33kQ £, =33 ki 27k Y,
™ . Ay 420 —’ | Ay, =420 —
z.: E& E’ﬁ E.-_..
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Cascade Connection: Solved Examples

R | UF

% ..I!Ix
- W |( CE amplifier
L ek i
; Vi 7, =33kQ
. Apyy, =420

I

a. The loaded gain of each stage

For the emitter follower stage the load is Z;,.

Z;
Ziy +Zpq

Vo1 _
Via

Ay, = Ayng

* —420 = —97.67

A =
171k + 3.3k

:

z,,

CE amplifier
E! =1 I{Q
Z,=3.3 kQ

Apyy =420

—

E":.E zlir

Ay, = = A
V2T Y TR, + Zy, VM
2.7k

—420 = -1
2 7k+33k 0 89

Ay, =

b. Total voltage gain
Ay =AV, AV,

Ayy = —97.67 + —189 = 18.45 + 103




Cascade Connection: Solved Examples

CE amplifier
E! =1 I{Q
Z,=3.3 kQ

Apyy =420

L HF 4
o

W
' W CE amplifier
+ 06 + P
! Z,=33 kL2
- Appy =~ 420 —’ [~
z z, Zz,
Z.
il
Ays = Ayt
Zil + RS

A —
ST 1Kk + 0.6k

+18.45 « 103 = 11.53 « 103

A

c. Current gain of each stage

A, =—-AV ,Ln
I1 1 Z

i2

1k
A, =—(—97.67) x— = 97.67

1k

Z. 1k
= —AV, * 2 _ —(—189) x— =170

R, 2.7k

A, = Ai, xAi, =97.67 %70 = 6.84 * 10°




Darlington Amplifier

( 'S
B, = Current gain of Q, ¢
B, = Current gain of Q, | |
The current gain of Darlington Transistor: Bo 0
—_ =1 = Bo | ()
Po = P1+B; 0,
If Bl = BZ - B <Q?
Bo = B*
A Darlington connection acts as single E £

transistor with a large current gain.
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Darlington Amplifier: DC Bias

Applying KVL to the base circuit we get;
Vee — IsBRg — Ve — IERE =0
Vee = Veer + Ve

le = (1+Bp) 1= Bplp
IsRg = Ve — Vee — IERE

_ Vee — Ve
Rg + (1+ Bp)Rg

Ip

Ve=I1c*R;
Vg =Vge + Vg

=n

f
|I --,l-H i E

4
[

O Vee




Darlington Emitter Follower

The Darlington transistor is replaced by

| 1. Input resistance r; between base and emitter.

1 2. Controlled current source between collector and
emitter terminals.

= Zy AC equivalent circuit
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Darlington Emitter Follower

AC Input Impedance (Z,): e B C
:|_ W L . it
Applying KVL to the circuit we get; Is \ " Bl
V=l + I Re %fﬁr
Vi | I,
I, = (L+Bp)1, B G
<Ry
V= 1+ (1+Bp)1,Re N ' LV,
z, = +(1+ Bp)Rg ~ BpR T
=— =1y o —
b Ib i D E D™ E Z Eb =
Vv, . o
Z; = I_I = Rp "Zb AC equivalent circuit




Darlington Emitter Follower

AC Current Gain (A)):

| | |
A, = o_lo I

I, I, I

lo=1,

| | |
AI:_e:_e*_b

I, I, I

le = (1+Bp)1,= Bol,

I,
I,

Bo
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= B C
L | r = ¥
fﬂl%f @ﬁﬁﬁj
E': .Ir'i.r_l._'.ll . fﬂ
Eo—o
I
|[< Ry
. L
7. Zp -

AC equivalent circuit
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Darlington Emitter Follower

AC Current Gain (A)):

Applying KCL to the circuit we get;

II:R_B+Ib
V.= 1,2,
I,Z), b
=224 =22+ 1]« 1
I Rp b [RB | * I
Z, + Rp
1= Rp | = I
I Rp

Ih\ r; @ﬁnﬁ:

‘ I
Ly e o)
+
I .
E" R.II:. J-..rl:-r
L

AC equivalent circuit

1 PpRp _ PpRp
'~ Zz,+Rg  BpRr+ Rp




Darlington Emitter Follower

AC Voltage Gain (A)):
VO = IeRE

Vo = (1+Bp)I,Re
V) = l[r + (1+Bp)Re]

Vo (1+B,)IbRE

Ay = V,  L[ri+ (1+B,)RE]

Vo (1+p,)RE

V,  [ri+ (1+p,)RE]

- Emitting Elite Energy

1
o —w
T
!: [

B
I l %f @.ﬁn Iy
H,.':a' L f
R

C
e
F

AC equivalent circuit
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Darlington Emitter Follower

AC Output Impedance (Z): 5 Fi ,
| - W A
Applying KCL to the circuit we get; Iy | B
V=0 R Poly %RE v
l,+Bpl,—1'+1=0
Ej L
-V v
I,=— and I' =— =
ri RE Z,
By -t 1=0 [ T
T; Bo T; Rg B ! +
é o % Ol
1 1 B o< .
1.6, ]V =1 = i
ri ri RE ’




Darlington Emitter Follower

AC Output Impedance (Z): 5 ri
W —
L I|
Zop = K — 1 Fi=0 Rp Poly Rg
I [1_ Bp 1
r; r; RE C
= )
7 V 1
—_ — = E
71 1. 1 1 . =
ri Ti/Bp Rg I -
WZn P % O
r; r;
ZO = [r' R —] ~ — .
l” E” Bpl PBbp 5 i; —
— 7




Darlington Emitter Follower

For the Darlington emitter-follower shown below:

(a) Calculate the dc bias voltages V_, V

K

$ and currents / . and [ ..
(b) Calculate the mput and output impedances.

(¢} Determine the voltage and current gains. 18V
. ]
3.3 ML %
rp= 5 kO
T .
J; fp= 8000
Ca
L 0,
"ru
shf—r
)
3900 -
4
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Darlington Emitter Follower

{ﬂ } J!r VI'_'C B VEE
B RE _l_ ﬁ.’]‘ RE'
18V —-1.6V 555 UA
— = 4. L1
3.3MQ4(8000)(390€2) '
J!I-IE- JI'II.'".-_'E = I;rl:'z 'IBL" jﬂ

= (8000) (2.55 pA) =20.4 mA
V, = I,R,=(20.4 mA) (390 Q) = 7.96 V
V, =V, +V,=1.6V+796V=956V

B

e

Smee the collector 1s directly tied to V., the collector voltage equals the de supply voltage V_

c*

Vo=V _=18V

¢
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Darlington Emitter Follower

(b)

- Emitting Elite Energy

Z, = r+(1+ 1'3#;') Ky
= 5k +(8001) (390 Q)=3.13 MQ
Z = R, || £,=33 M| 3.13 MQ=1.6 MQ

i
I::

Z r 'R |
Py

|'|

_ 5kQ
5KQ 390 Q|| ggg = 0-625 Q
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Darlington Emitter Follower

Rg(1+f,)
n+Re(1+6,)

___Goo@00n
SkQ+(390Q)(8001)

By R,
" R+, R,

(3000)(3.3MQ)
3.3MQ+(8000)(390Q)

(c) A,

A

4112.15

(d) Vo= A,V =(0.998) (120 mV)

= 119. 76 mV
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Analog Electronic Circuits — BEE303
Module-l11: Feedback Amplifiers
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= A feedback amplifier is one in which a fraction of the amplifier
output is fed back to the input circuit. This partial dependence
of amplifier output on its input helps to control the output. A
feedback amplifier consists of two parts:

= Positive feedback: If the feedback voltage (or current) is so
applied as to increase the input voltage (i.e. it is in phase with
it), then it is called positive feedback. Other names for it are :
regenerative or direct feedback.

" Negative feedback: If the feedback voltage (or current) is so
applied as to reduce the amplifier input (i.e. it is 180° out of
phase with it), then it is called negative feedback. Other names
for it are : degenerative or inverse feedback.



Feedback Amplifiers

Advantages of Negative feedback:

1. Negative feedback stabilizes transfer gain.

2. Reduces Non-linear distortion by a factor, 1 + BA.
3. Noise output is reduced by a factor, 1 + BA.

4. Negative feedback reduces frequency distortion.

5. Voltage amplifier generally have high input resistance and low output resistance. Negative
feedback further increases the input resistance and further decreases the output resistance.

6. Improves frequency response of the amplifier.
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Higher fidelity i.e. more linear operation

Highly stabilized gain
Increased bandwidth i.e. improved frequency response

Less amplitude distortion

Disadvantages of positive feed back

Less harmonic distortion

Less frequency distortion
* Increases the distortion.

* Increases the noise.
« Poor stability.

Less phase distortion
Reduced noise

Input and output impedances can be modified as desired

Due to these features:
* itis seldom used in amplifiers.

e jtis used in oscillators.



Feeaback Amplitiers

Voltage Amplifier

Re Ro
—\VWW\—p —AVW 9+
Vs (i) +”'~"'| R; t) Ay Vi RL Vo
; Y + X_
_ Hi‘:b}RE I'_"'L::‘H:;'F":'_*m

R,>>R;and R, >> R,

For Ideal Case: R, = Infinite and Ry = Zero
Output voltage is proportional to the input
voltage.

Current Amplifier

W
T ° T L

Ri 0QorRj==Rg Ri== Rgyor R,

R, <<R;and R, << R,

For Ideal Case: R, = Zero and Ry = Infinite
Output current is proportional to input
current.




Feedback Amplifiers

Transconductance Amplifier

Rs Il:.'- = IL
el TATATAT T .
v.(%) v 3x ® 3= R
l G, V.
i -
- I:al‘i - }RE |:al‘c:-::':='|'_'.‘L -

R,>>R;and R, << R,

For Ideal Case: R, = Infinite and R, = Infinite
Output current is proportional to the input
voltage.

Transresistance Amplifier

1 H—AW
mID
A
ke
Fa's
p—
Al
2
ANV,
s
U*I—U{' —0

R, <<Rgand Ry << R,

For Ideal Case: R, = Zero and R, = Zero
Output voltage is proportional to input
current.




Feedback Amplifier

The amplifier in which a part of output is sampled fed back to the input of the amplifier is called

feedback amplifier.

When input and a part of output signal are in phase, is called positive feedback.
When input and a part of signal are in out of phase, is called negative feedback.

f :
i i S
i Comparator [+ Basic amplifier T |
55[;%?5; or mixer I V| forward transfer gain UI SHE?E?ELLTHQ
network |= A B "
Feedback network

+
I Vs | reverse transmission




Feedback Structure

Sampling Network:

» The output voltage is sampled by connecting feedback network in shunt across the output.
» The output current is sampled by connecting feedback network in series with the output.

Voltage (node) sampler
Current {loop) sampler

o B— ] ¥ I
Basic 4 o—| _ mL
amplifier Vo SR Basic
! amplifier Ry
o | A

Feedback

Feedback
network

network

mal

(a) Voltage or node sampling (b) Current or loop sampling




Feedback Structure

Mixer Network:

sSeries mixer

R Basic
amplifier
1 A
Feedback
1"-"'lf' network

(a) Series mixing

- Emitting Elite Energy

Shunt mixer

amplifier

Basic

A

(b) Shunt mixing

Feedback
network
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Basic Feedback Topologies

Series Voltage
mixing sampling
5
L
: f
+ +
Ve V. VDIt;ge F{‘T’
+| amplifier Lfﬂ
1""'Ill:II-
e E—
- +

network

+ Feedback
Vs

\Voltage amplifier with voltage series feedback

Current
sampling

ID:IL

—_—

Shunt
mixing
— ]
.
\ Current
Eq) Rs amplifier
L= 1
: ﬂl Feedback
network

Current amplifier with current shunt feedback
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Basic Feedback Topologies

Series Current
mixing sampling
Rg I,=I
+ 4 Trans - —
Ve V;|conductance R,
—y | amplifier

+ | Feedback
I,= Vs network

Trans-conductance amplifier with current
series feedback

Shunt Yoltage
sampling sampling
— |
T Trans - ? [
I, R< resistance RV,
amplifier ¥ -
.= V
' ”l Feedback
network

Trans-resistance amplifier with voltage shunt
feedback
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)

o]
OO

- Emitting Elite Energy

(c)

(d)
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Gain with Feedback

Comparator

or mixe Difference signal
Input _ Xa =X
signal "% © :6; _
J ’ Xg = X5 — Xg

Feedback signal

Output signal
Basic Ky = AKX
amplifier - - o Xg
A
RL
Feedback
circuit -

A= 2o andAf=ﬁ
X X

1 S

Where,

Xo = Output voltage or output current.
X, = Input voltage or input current.

X = Source voltage or source current.

><I:><S_><f

X; = feedback voltage or feedback
current.

! _Xo_ Xo
fEo =
Xy X, +Xf




Gain with Feedback

Comparator | | Output signal A, = %o = %o
or mixe DIﬁEFEﬂiEI$IQHE| Basic X, =AX o X B X, + Xf
Input b | amplifier — o X ’ I
signal s + Xq= Xg — X A ’
_ X,/ XI
2l 1+ Xf/XI
Feedback
— circuit  J—o—dl = A
i~ “p Ap =
Feedback signal 4 1+ Xf * XO]
Xo X,
| A
B is a Feedback Factor F=
1+ [BA]




Effect of Feedback on Input Resistance

Voltage Amplifier:

If feedback signal is added in series with the input signal, it increases the input resistance.

If feedback signal is added in shunt with the input signal, it decreases the input resistance.

I I
+ —= _ 4 -
: Sampling L) :
Vi | Amplifier R : - Sampling
Q i network § LI Gb ::’. Amplifier network
W
- '
5 I;
B

- Emitting Elite Energy PREPARED BY SHREESHAYANA R,ASSISTANT PROF,DEPT OF EEE,ATMECE,MYSURU




Input resistance of Voltage Series Feedback amplifier

Input resistance with feedback:

v
R;f= ,—f (1)

Obtain Expression for Vs
Applying KVL to the input side we get;
V- IR =V,=0

Vo= IR+ V=R, + Vo  (2)

Obtain Expression for Vo in terms of li
The output voltage is given by;

A, ViR,
= = AyV;
" Ro+R, TV
A,R
Where, Ay = — v+1§
0 L

Vo = AyIiR; (3)

o

Vg Vi
Rir= = Voltage amplifier
|

Obtain Expression for Ry
Substitute Eq.(3) in Eq.(2)
Vs = iRj+ BVo = IiRi + P AyI;R;

Vs
Rif = T - R; + B AyR;

l

Vg
Rif = T - R; [1+ B Ay]

l




Input resistance of Current Series Feedback Amplifier

Input resistance with feedback: L_»
vV
R;f = ,—f (1)
Obtain Expression for Vs R, R
Applying KVL to the input side we get;
Ve— LR = V=0
R = E Transconductance amplifier
Vs =R+ Vi =IRi+ Bl (2) I
Obtain Expression for 1o in terms of Vi o f
- A : tain Expression for R;¢
The output cu Cr;re[r/\’F Ilzsoglven by; Substitute Eq.(3) in EQ.(2)
Ip =————= GyV;
Ro + R, V= LR+ Bl = LR, + B GyI;R;
G Ro _Vs_
Where, Gy = Rif =~ =Ri+BGuR;
Ro+R; i
v
I, = Gyl;R; (3) Rif =~ =R [1+B Gyl




Input resistance of Current Shunt Feedback Amplifier

Input resistance with feedback:
Rif =— (1)
Obtain Expression for Is

Applying KCL to the input side we get;
Is=1i+ I

Is=1; + Plo (2)
Obtain Expression for 1o in terms of I
The output current is given by,

_ AiliRg _ _
A;R
Where, A; = - l+1(;
0 L

Ik I

—_— —
1 i 1
v R, AL SR, R W

I =[31,
¥ X

Vi _
= Current amplifier
E

Obtain Expression for Ri¢
Substitute Eq.(3) in Eq.(2)

Is=1;+ Bl =1 + BA L= I; [1+ BA|]

R Vi V,
Y7 I T L,(1+BA)
R Vi R,
YT Ig T (1+p4)




Input resistance of Voltage Shunt Feedback Amplifier

Input resistance with feedback:
Rif =1, (1)

Obtain Expression for Is
Applying KCL to the input side we get;
=1+ I

Is=1i+ BVo (2)

Obtain Expression for Vo in terms of li
The output voltage is given by;

RmliRo
Vo=—""——= Ryl; (3
0 Ro+Ry M*i ()
RmR
Where, Ry = 22
Ro+R|

O

L R,

* 1 —VWhy T+

@ v 2R Or. RV,
1¢ =|3I""I:.

. L . A

Transresistance amplifier

Obtain Expression for Rj¢
Substitute Eq.(3) in Eq.(2)

Is=1; + Blo = I; + BRyl; = I; [1+ BRy]

R Vi Vi

Y7 Is T L;(1+BRy)
R Vi R,

Y7 Is T (1+BRy)




Effect of Feedback on Output Resistance

The negative feedback signal which samples the output voltage, it decreases the output resistance.

The negative feedback signal which samples the output current, it increases the output resistance.

Mixer -
GE network I EIE

& T"’
/ Mixer :
§ R, _‘;_,: network Amplifier

i

- Emitting Elite Energy

— -
j T |
I'_"~L 1""fuzu
L=
Ror =Ry
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Output resistance of Voltage Series Feedback

Output resistance with feedback:
1.0Obtain Expression for | in Terms of V.

Applying KVL to the output side we get;

AV, + IR, -V =0

V — A,V;
Ro
The input voltage is given as;

I =

VIZ'VfZ'BV

CV+BAYV  V(1+BAY)

Ry, R,
2. Obtain Expression for Ry
|4 Ry
ROf = — =

I~ 1+ BAy

o] T 1.7

Draw the Equivalent Circuit with Vs = 0 & RL disconnected

Rof *RL
R, +R,

I:zofl = I:eof ” RL =




Output resistance of Voltage Series Feedback

3. Obtain Expression for R'g¢

il
Ros *RL $ T
0f+ L . : -

1"-". I'_"=| CDA"'V' W I'_"'=L
[1 +PA 5 J < V=BV Rnfz% Rot
R,
(+BA,) L
— R{]RL — R'URL . R"'ﬂ
R, +Ri (1+pBA ) R, +Ry +PA Ry of ~1+BA v
R:::RL
’ R'I_‘+-|-RL
of — e RuRL _ H,_,RL
1+BﬂvRL .RG_R,:,-I-RL E[ﬂd.ﬂl _Rﬂ+RL

Rﬂ +RL



Output resistance of Voltage Shunt Feedback

Output resistance with feedback:
1.0ODbtain Expression for | in Terms of V

Applying KVL to the output side we get;

R I +IR;—V=0

. V — Rmli
= R,
The input current is given as;
L=-1=-pV
I V+BR,V V(1+BR,)
Ry R,

2. Obtain Expression for Roy
% R,

R = — =
° 7T~ 1+BR,

s _"'IiT —/\NW—E"'_ +
® ‘I A G

I =BV

W
5
Ru:uf

R

-

R

1
of

Draw the Equivalent Circuit with Is = 0 & RL disconnected

Rof *RL

Rofl - Rof ”RL: R, +R,




Output resistance of Voltage Shunt Feedback

3. Obtain Expression for R’ ¢ L R, I
o -— |T AN A A -~
Ros *RL
1= = / = " F. +yR.. L R
ROf - ROf || Rl__ Rof +RL Is 0 G:)Tf =ﬁ'...|.' l| [ (-) m = A L
o Y ;_4-‘ ‘-‘
Rﬂ i RL R o
— 1+ R'm [j _ RU RL of of
R, T R,+Rp (1+R, )
1+Rmﬁ+RL "
4 — Cr
Rot = T3BRy
R, R
E.,+R
Riyf = —gn ¢ R, xR R R
f | + PRy Ry where R/, =t *of  and Ryg = oy Tk
"Ry +Rp Ry, +R ) (Ro +Rp)
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Output resistance of Current Series Feedback

Output resistance with feedback:
1.0Dbtain Expression for | in Terms of V

Applying KCL to the output side we get;

I—V GmVi
=R, mVi

The input voltage is given as;

Vi=-V;=-Bl,=pl

I—V empI
_RO mB

v =1+ G, [l

2. Obtain Expression for Ry

V
ROf — 7 = Roy(1+ BG,,)

— [ -— -
i T -
V=0 Vi SR (Mg v SR,V R,
1""'I.f =F’I|:- L
—y
@ e
H‘Df = % Hlﬂf

Draw the Equivalent Circuit with Vs = 0 & RL disconnected

Rof *RL

Rofl - Rof ”RL: R, +R,




Output resistance of Current Series Feedback

3. Obtain Expression for R’ ¢

Rof *RL

R, +R, R fl =R.

Rofl = Rof ” RL =

'~ R (IR _RyeXRy _ Ry (1+BGu)Ry _ Ry Ry (14B Gy)
of of P*LTR - +R; R, (1+pPG,)+R; R,+R;+PG, R,

R; R, (14+p G,,)

. Ro+Rp o Ro(1+BGp) R, = e Re g6, = Sm R
-1+le|11 R, . 1+B Gy R,+Rp R, +Ry
R,+R¢
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Output resistance of Current Shunt Feedback

Output resistance with feedback:

1.0ODbtain Expression for I in Terms of V

Applying KCL to the output side we get;

I d Aili
= — — Aili
Ro

The input current is given as;

li=-1;=-Bl,= Pl
I = v AiBlI
_RO lB
4 .
— =1+ Aifl

Ry

2. Obtain Expression for R o¢

V
ROf — 7 = Ry(1+ BA)

o—9 _"'"IiT = T+ —=
I.=0 CD B, V| R; G AL Rg V R
- nE Ry
Rof:% R ot
_ _ Ros *RL
Rof Rof ”RL_ R, +R,




Output resistance of Current Shunt Feedback

3. Obtain Expression for R’ ¢

o _—— = o+ —
| T
Ror *RL
R4=R "RL: R0f+R =0 G)mn v, R, G)Ai[i R, V R,
of L
R S "'I l_ *‘
R::ufz% I'_"-'.;.f
R’ = R Ry = RL'I.[.}{RL- _ Ru “"'Bﬂ-i}RL _ R,-_, RL [1+[3PLI-]|
Ru E“L “"‘B fﬂ"*i]'
R, = R, # Ry Rs__R:;.UJrﬁf*ii] R = Ry Ry and Aq = A R,
. 1o BAI R, T T (+BAD R, +Rp R, +Rp
Rn-I—RL
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Emitting Elite Energy

Table  summarizes the effect of negative feedback on amplifier.
Parameter Voitage series Current series Current shunt Voltage shunt
Gain with =_A ._G - A lp =R
Av=T3PpA, | Sw TepG, | M TTipA | R T THPR
decreases | decreases decreases decreases
Stability Improves Improves Improves Improves
Frequency Improves Improves Improves Improves
Frequency " Reduces |  Reduces Reduces Reduces
distortion
Noise and Reduces Reduces Reduces !i Reduces
i
Input resistance Ry = R(1+BAy) | Ry = R(1+p Gy) . _FK R.
ot fim:rlﬂm ' Ifh:"ﬂ.uuﬂ Rir '+EI‘“"1 Ri':““ﬂnm
decreases | decreases
R R,=R,(I+p G R.=R{1+p A, R
istance = (1+pGy) (1+p A;)
Output res Rer = T35 o = Ro il I Ror = 73R
decreases decreases
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Characteristics Type of Feedback
Voltage Voltage Current Current
series shunt series shunt
Voltage gain Decreases | Decreases Decreases Decreases
Bandwidth Increases | Increases Increases Increases
Harmonic Decreases | Decreases Decreases Decreases
Distortion
Noise Decreases | Decreases Decreases Decreases
Input Resistance | Increases | Decreases Increases Decreases
Output Decreases | Decreases Increases Increases
Resistance




Feedback Amplifiers: Solved Examples

1. Determine the voltage gain, input and output impedance with feedback for voltage series having
A =-100, R, = 10kQ and R, = 20kQ for feedback p =-0.1.

1. Voltage Gain with feedback 2. Input resistance with 3. Output resistance with feedback
feedback
a, =2 Ry = — 0
F 71+ p4 Ris = R; (1+pA) 71+ By
—100 20k
= = — R = 10k (1+(-0.1)(-100 _ —
A =TT coneton - % it (1+(-0.1)(-100)) Ror = 15 o 1y—100) ~ L B18K0
R, =110 kQ
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Feedback Amplifiers: Solved Examples

2. An amplifier with negative feedback has a voltage gain of 120. It is found that without feedback an
input signal of 60 mV is required to produce a particular output, whereas with feedback the input
signal must be 0.5V to get the same output. Find A, and .

A % %
Biven: Ay = 120 Ay = Vz = Gomv = gomy — 1000
4, = Vo _ Vo
V¢ 60mV 4. = Ay
71+ 4,
Avf =05 120 — 1000
1+ 8 +1000
Vo =A,*0.5=120*0.5 =60V
B = 0.00733
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Feedback Amplifiers: Solved Examples

3. An amplifier has a voltage gain of 4000. Its input impedance is 2kQ and output impedance is
60kQ). Calculate the voltage gain, input and output impedance of the circuit if 5%o0f the feedback is
fed in the form of series negative voltage feedback.

1. Voltage Gain with feedback

4000

= = 19.
1+ (0.05)(4000) 2.9

Af

- Emitting Elite Energy

2. Input resistance with
feedback

Rif = R; (1+BA)
R, = 2k (1+(0.05)(4000))

R, = 402 kQ

3. Output resistance with feedback

R, = 10
°F ~ 1+ Bay

o 60k
%7 ™ 1 + (0.05)(4000)

= 298.5Q
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THANK YOU
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