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Feedback Amplifier

Introduction

Amplifiers are usually classified into two groups: open-loop
amplifiers and closed-loop (feedback) amplifiers

In amplifier design, feedback is usually applied to achieve one or
more of the following goals:

= Make the value of the gain less sensitive to
variations in the values of circuit components

= Extend the Bandwidth
= Modify the input and output resistances



Feedback Amplifier

Introduction

The basic idea of feedback is to trade off gain for other desirable
properties.

The most important parameter of any feedback amplifier is the
amount of feedback.

The amount of feedback is factor by which the gain is reduced,
by which the circuit is desensitized, by which the input resistance
of a voltage amplifier is increased, by which the bandwidth is
extended, and so on.



Feedback Amplifier

General Feedback Structure
The (—) sign at the bottom input

+ X
of the summer makes the xs_’p_’ G
feedback a negative feedback. .

f‘
The (+) sign at the bottom input For

of the summer makes the
feedback a positive feedback.

The gain A 1s the open-loop gain of the basic amplifier

The gain S is the feedback factor
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Feedback Amplifier

General Feedback Structure

The quantities x can represent

either a voltage or a current xs_tpi’ G = %o
signal fo

Xs Supplied signal B I

X; Input signal to the basic amplifier

Xo Output signal X, = Ax;

Xf Feedback signal Xf = fx,

The main assumption in the general Xi = Xs = Xf

structure is that the gain A is x,/A=x; — Bx,
completely independent on
x,(1+ AB) = Ax;,
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Feedback Amplifier

General Feedback Structure

The closed-loop gain of the

+ X
feedback amplifier Af, is given xs—»_C)—» A - Xo
A = Xo _ A B |
F 7 x, T 14+ AR
The quantity Af is called the Xo = AX;
loop gain Xg = X,

The quantity 14 AB is called Xo= Xs TS

the amount of feedback Xo/A = xs — X,
x,(1+ AB) = Ax,
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Feedback Amplifier

General Feedback Structure

The closed-loop gain of the

+ X
feedback amplifier Af, is given xs—»_C)—» A - Xo
X A ;

Ap==2= B
IfAL > 1
2 1
"B

When the loop gain is large, the gain of the feedback amplifier is
almost independent on A.
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Feedback Amplifier

Properties of Negative Feedback
Gain Desensitivity

A L, 44 ()AL AB) - (B)A)

1+Ap dA (1 + AB)2

_ 1 _ Af/A

S (1+AB)?  1+A4B
dAg 1 d4A The percentage change in Af
Af “1+48 A is smaller than the percentage

change in A by 1 + ApB.



Feedback Amplifier

Properties of Negative Feedback
Bandwidth Extension

Consider an amplifier A(s) whose high-frequency response is
characterized by a single pole wp,

The bandwidth of the amplifier
is defined as the range of the
frequency in which the gain do
not fall more than 3dB from its
maximum value

BW = ()
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Feedback Amplifier

Properties of Negative Feedback
Bandwidth Extension

Consider an amplifier A(s) whose high-frequency response is
characterized by a single pole wp,

_ An/(1+s/wp)
1+BAy/(1+s/wp)
Ay
1+ BAy +s/wp,




Feedback Amplifier

Properties of Negative Feedback
Bandwidth Extension

Consider an amplifier A(s) whose high-frequency response is
characterized by a single pole wp,

AM _ AM/(1+BAM)
A =T5/0r = A T TS lon (i + pay]

The bandwidth is increased by a factor equal to 1 + A4, while
the midband gain is decreased by the same factor

The Gain-Bandwidth product of a single
pole amplifier remains constant




Feedback Amplifier

Amplifier Types

Based on the input signal to be amplified and on the desired form
of output signal, amplifiers are classified into four categories:

O
O

L 1

is(1) SR SR Ay §Rol

O
O

Current amplifier

o

RO RS

+
Vs VigRi VAV, §R0

Transresistance amplifier Transconductance amplifier
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Feedback Amplifier

Feedback Amplifier Types

Based on the input signal to be amplified and on the desired form
of output signal, amplifiers are classified into four categories:

Amplifier Type Input signal | Output signal
Xs) Xiy Xf i
\oltage Amplifier \oltage \oltage
Current Amplifier Current Current
Transconductance Amplifier \oltage Current
Transresistance Amplifier Current \oltage



Feedback Amplifier

Feedback Amplifier Types

Sampling and Mixing

\oltage signals are added or
subtracted (mixed) in series
fashion

Current signals are mixed in
parallel (shunt) fashion

\oltage is sampled in a parallel
(shunt) fashion

Current is sampled in a series
fashion

o~



Feedback Amplifier

Feedback Amplifier Types

\Voltage Amplifier
Xi> Xf and x,, are voltage xs——(O— A4 - X,

signals x; |
B

The subtraction is done in
series fashion and the
sampling is done in shunt @ ] g? '

i Vg 3R Ay,
fashion

IS+

\V

This feedback Topology is
called Series-Shunt feedback N %> Y
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Feedback Amplifier

Feedback Amplifier Types
Current Amplifier

x;, Xg and x,,, are current s—(O—1 4 o

signals x; |
B

The subtraction is done in
shunt fashion and the

sampling 1s done in series i @ al |7 L Sl W
fashion s S

This feedback Topology is

called Shunt-Series feedback o %> "
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Feedback Amplifier

Feedback Amplifier Types

Transconductance Amplifier

+
x;, and xf are voltage signals xs—()—> A

while x, 1s current signal & |
B

The subtraction is done in

series fashion and the

sampling is done in series @ o] # !
Vg v; E:Ri Al E;RD

fashion

This feedback Topology is

called Series-Series feedback . %>
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Feedback Amplifier

Feedback Amplifier Types
Transresistance Amplifier

+
x;, and xf are current signals s—(O—1 A

while x, is voltage signal x;l
gl

The subtraction is done in
shunt fashion and the -

sampling is done in shunt l.g@ Al E L, Q?AV

IS+

fashion

This feedback Topology is
called Shunt-Shunt feedback - %> ¥
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Voltage Amplifier

Series-Shunt Feedback Topology

V,o

3

[ e
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R,
:R,- <%Avi

o
+
By Vo
o=

AN
=

— VW—F
= (e}
o
[ %]

o~
3 L
S

1
()

=

For the feedback to be negative, V¢
must be of the same polarity as V;

scgll




Voltage Amplifier

Series-Shunt Feedback Topology

The Ideal Case

In the ideal case, the feedback
network has an infinite input
resistance and zero output
resistance

The feedback network does
not load the basic amplifier
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Voltage Amplifier

Series-Shunt Feedback Topology

The Ideal Case

Ve = B, = APv;

V; = Vg — Vf

v; = vs — APV,
vs = v;(1+ AB)

Vs Ui
Li Li

Rif = Ri(1+ AB)

R
Vsq:) R; #Avi
é +
Bvs Vo
Rof
o —AA—0

o



Voltage Amplifier

Series-Shunt Feedback Topology
The Ideal Case

ix - RO e :_: 3R éAvi ) & q\)vx
Vr = LUy
By Uy
v = —Vf = —fVy é? o
i Uy +Aﬁvx_vx(1+Aﬁ) Roy
x - O ANA——0
R, R, =
l'x
Ux R, 3Ry vx@
ROf - — =

RH
—
_|_
o

=

o
o



Voltage Amplifier

Series-Shunt Feedback Topology
The Ideal Case

The series-mixing results in an 2
. . . . + +
increase in the input resistance é:) s #A v
by a factor 1 + Af [

The shunt sampling at the ﬁ"‘é )
output results in a decrease in o
the amplifier output resistance

by1l+ ApB

Series connection always increases the resistance while parallel
(shunt) connection always decreases the resistance.




Voltage Amplifier

Series-Shunt Feedback Topology

The Practical Case

In the practical case, the
feedback network loads the
basic amplifier and affects the
values of A, R;, and R,,.

-+ -

R,
R; #Avi

R,
+

s v; R; Av;
- Vf + -

w +
By Vo

2 Rip

+
Bvs Vo
T o
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The finite source and load
resistances also affect the
values of A, R;, and R, .



Voltage Amplifier

Series-Shunt Feedback Topology

The Practical Case

The gain of the feedback
network is given by

Vr
p=—
Vo

if=0

The input resistance of the
feedback network is given by

Vo

Rig =

lo if=0
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Voltage Amplifier

Series-Shunt Feedback Topology
The Practical Case

The output resistance of the : .
feedback network is given by é:) v ¢A 3.
Ux
RO B -
lx +
Vy=0 ﬁvaé v

N
IS+
=
=




Voltage Amplifier

Series-Shunt Feedback Topology

The Practical Case
The gain of the modified basic

Rs R,
<+
V; 3R; Av; 3Rig 3R,

amplifier is given by é:)
Vo

L

Ry and R, are determined
from the modified basic

amplifier circuit
V] %
i 0
Rim = l_ Rom = l_
ti,=0 0ly/=0
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Voltage Amplifier

Series-Shunt Feedback Topology
The Practical Case

The overall gain of the @ e ¢A N "
feedback amplifier is given by oy >
Am
Af=—"71" by
=T Anp 9
The input resistance with The output resistance with
feedback is given by feedback 1s given by

Rom

Rif = Rim (1 + Apf) R,f=—"7—
I 71+ 4,8
m
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Voltage Amplifier

Series-Shunt Feedback Topology
The Practical Case

The actual input resistance of

(o)

the feedback amplifier is (@ 2k, G .
given by =
Rin == le — Rs
Rs Roue
The actual output resistance of 'j o,
the feedback amplifier is v v 3R Avi v SR,
given by s o
r ; 1 1
out — / Rof — R, Rof = Rout//RL
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Voltage Amplifier

Example (1)

Analyze the shown amplifier obtain
its voltage gain, input resistance,
and output resistance.

Im1 = 9mz = 4mA/V,

Rp; = Rp, = 10K},

R, = 1KQ,R, = 9K

Neglect 1, for Q;and Q,
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Transconductance Amplifier

Series-Series Feedback Topology

+ -
v, v; R, DAL 3R Lo Yoo
= Uf + -
Yoo
SRos
Yoo
§RD2 +——oV
Bio io

1 l: QZ l[o
Q1

For the feedback to be negative, 17 ng
must be of the same polarity as v, N
ERH iesz




Transconductance Amplifier

Series-Series Feedback Topology

The Ideal Case

In the ideal case, the feedback
network has an zero input é:) s y b vz, ot
resistance and zero output

resistance

The feedback network does
not load the basic amplifier

®)
@)

I
A=Y T T+ pa v(%) SRy A S Ror ]

®)
@)
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Transconductance Amplifier

Series-Series Feedback Topology
The Ideal Case

Due to the series connection at
the input, the input resistance é:) b avign, ot
. . —Uf+ —
is given by

le = Rl(l + Aﬁ) Bioé i)

Due to the series connection at
the output, the output resistanc

®)
@)

1s given by

Rof =R,(1+ Ap) USCD §Rif <DAfUS§R0f i,,T

@)

o
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Transconductance Amplifier

Series-Series Feedback Topology

The Practical Case

In the practical case, the
feedback network loads the
basic amplifier and affects the
values of A, R;, and R,,.

+
vg v; 3R Av; $R,
i Uf + -

B%é iol
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The finite source and load
resistances also affect the
values of A, R;, and R, .



Transconductance Amplifier

Series-Series Feedback Topology

The Practical Case
The gain of the feedback

- - -+
network 1s given by d:) vdn Qv

Rop Rig

if=0 Bioé ial

p=-

Lo

The input resistance of the

feedback network is given by -
of
vo Bi, iol:zRiﬁ
RM;==T—
Lo

V=O



Transconductance Amplifier

Series-Series Feedback Topology
The Practical Case

The output resistance of the :
feedback network is given by é:) vgn avin

Uy

Rop = 3

io=0




Transconductance Amplifier

Series-Series Feedback Topology
The Practical Case

The gain of the modified basic ‘.
- - - -+
amplifier is given by é:) i R
. RoB Rip
Lo
L Bioé o)

Ry and R, are determined

from the modified basic

amplifier circuit

—
o] S+
| S +
VAVAV
=
S
S
AVAV
=
L
S

IU' vo

Rim - . Rom - Rop Rig

l; [
t 0 ly/=0
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Transconductance Amplifier

Series-Series Feedback Topology
The Practical Case

The overall gain of the éi) g
feedback amplifier is given by For o

Am
Ap=—T > i
T 71+ A8 ¢

The input resistance with | The output resistance with
feedback is given by feedback 1s given by

Rif =Rim(1+ AnP) Rof = Rom (1 + Amp)
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Transconductance Amplifier

Series-Series Feedback Topology
The Practical Case

The actual input resistance of 5

the feedback amplifier is |
given by L6 SRy J?Af”s SRo o]
Rin = Rif — Rg
R, . .
The actual output resistance of T,
the feedback amplifier is Us i SR Agui SRow WfZR,

given by

Four = Ror = K Rof = Rout + Ry




Transconductance Amplifier

Example (2)

Analyze the shown amplifier obtain
its voltage gain, input resistance, = $Ros
and output resistance. L Sk Loy
S Rox H':Q
—Le |,
Lo
V. —_—
Ry
— ,\M




