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General Feedback Structure

Vs + Vs V A-O :
MY N o : Open Loop Gain
Source |~ ® A Load AZV, IV
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V, =V, -V, Close loop gain: A, = VRV E(ﬁ)
Vi=p0-V, Loop Gain: T =A-p
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V.= AV, Note: Ay  =-—
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Negative Feedback Properties

* Negative feedback takes a sample of the output signal and applies
It to the input to get several desirable properties. In amplifiers,
negative feedback can be applied to get the following properties

— Desensitized gain : gain less sensitive to circuit component
variations

— Reduce nonlinear distortion : output proportional to input
(constant gain independent of signal level)

— Reduce effect of noise

— Control input and output impedances by applying appropriate
feedback topologies

— Extend bandwidth of amplifier
» All of these properties can be achieved by trading off gain



Gain De-sensitivity

Feedback can be used to desensitize the closed-loop gain to variations in the
basic amplifiler.

Assume f3 Is constant. Take differentials of the closed loop gain equation
gives,

A, = 1+A';\ﬂ Differential respected with A> dQZL = o iﬂ)z or dA, = afﬁ

Divided by A,, the close loop gain sensitivity is equal to,

dA,  dA  (1+AB8) 1 dA
A, (@+AB)? A  1+AB8 A

This result shows the effects of variations in A on A, is mitigated by the
feedback amount.

(1+Ap) is also called the desensitivity amount.



Types of feed back

Negative feedback: If the signal fed back is of opposite polarity or out of phase by
180- (or odd integer multiple of 180-) with respect to input signal, feedback is
called negative feedback.

—ve feedback is also known as degenerative feedback because when used it
degenerates (reduces)the output voltage amplitude and in turn reduces the
voltage gain.

Uses:

When used in amplifier,-ve feedback stabilizes the gain, increases the bandwidth
and changes the input and output resistances, reduced voltage gain, decrease in
non linear distortion and reduces the effect of variations in temperature and
supply voltages on the output of op-amp.

Positive feedback: If the signal fed back is of the same polarity or in phase with
the input signal, the feedback is called positive feedback.

In + ve feedback the feedback signal aids the input signal, so referred as
regenerative feedback. +ve feedback is used in oscillator circuits.



» A op amp that uses feedback is called feedback amplifier.
»Feedback forms a close loop between input and output so referred as closed loop amplifier also.

»Feedback amplifier consists of two parts: op-amp and feedback circuit (made up of either passive
,active or combination of both components)

> There are four ways to connect these 2 blocks according to whether the voltage or current is fed
back to the input in series or in parallel:-

Voltage series feedback | The voltage across RL is input voltage to feedback circuit.
Voltage shunt feedback | Feedback quantity is the output of feedback circuit and
esazx proportional to output voltage.

Current series feedback |Load current flows into feedback circuit . Output of feedback circuit
Current shunt feedback | (either current or voltage) is proportional to load current.



Basic Feedback Topologies

Depending on the input signal (voltage or current) to be amplified
and form of the output (voltage or current), amplifiers can be
classified into four categories. Depending on the amplifier
category, one of four types of feedback structures should be used.

(Type of Feedback) (Type of Sensing)
(1) Series (\Voltage) Shunt (Voltage)
(2) Series (\Voltage) Series (Current)
(3) Shunt (Current) Shunt (Voltage)

(4) Shunt (Current) Series (Current)
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Feedback Structure (Series-Shunt) OR
VOLTAGE SERIES

Basic amplifier

\Voltage Gain Calculation:

V. = AV,
Vf :ﬂ'vo

V. =V_+V, :VKO+,B-V0

(Close Loop Voltage Gain)
V,

:> . _
A== (=)
whereT = Af
Feedback network
. And, we get
» \oltage amplifier voltage-controlled
voltage source V = Vi-A
»  Requires high input impedance, low © O 1+A-B
output impedance V. =V _(1+A-p)

» \oltage-voltage feedback



Input/Output Resistance (Series-Shunt)

Input Resistance:

Rin :¥

V. =(1+T)V.
Vv V.

& 1

" :(1+T)-ri

R =-L=(1+T)-r

in
Ii

Output Resistance

(Closed loop output resistance with zero input voltage)

V

Rout |Vi:0:|_0 Fo <I—°

| = Yo AV, B AV, OV,
I"0

V. +B-V, =V, =0

V,=-p-V, o

| V., +A-B-V,

0 ro

:> ROU'[ :VO = ro = ro
. 1+A-B 14T
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Series-Shunt Example

Given: A=10°, R =1kQ, R, =9kQ, r. =10MQ andr, = 40Q

Vio + V
o Vo
Vel Ve
Vi t—AAA——
R.
R.
— Vo

It is observed that:

(1) Series connection in input ports

(2) Shunt connection in output ports

= Series-Shunt connection
h-parameter should be used.

Equivalent circuit
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Feedback Structure (Series-Series)
OR current series

I Basic amplifier Gain Calculation:

AV 0 |0=A-V(9
_ §§ Vf :ﬁ°|o
Ii ro |
| V. =V_+V, :K+,B-I0

_______________________

(Close Loop Transadmittance Gain)

l,
= AL = v E(ﬁ)

whereT = ApS

And, we get

Feedback network V.- A
|

| =
° 1+A-pB

V.=V, (1+A-f5)
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Input/Output Resistance (Series-Series)

Input Resistance:

Output Resistance
(Closed loop output resistance with zero input voltage)

V

0

Rout |Vi =0~
0

from input port,

V, =V =51,

from output port,

|, = AV, +V—°:—T : I0+V—0
I I

= R, :\I/_O =(1+T)r,

0
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Feedback Structure (Shunt-Shunt) or
voltage shunt

Basic amplifier

——————————————————————————

:

R r. +

VERE: Al V.

| | -
— o

_______________________

Feedback network

Gain Calculation :
V,=A-1,=A(,—-1,)
=PV,
A(l, _,BVO) =V,
Al =1+T)V,
(Close Loop Transimpedance Gain)
_ Vs
whereT = ApS
And, we get
l.-A
° "1+ A B
I =1,0+A-p)
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Input/Output Resistance (Shunt-Shunt)

Input Resistance: Output Resistance
V (Closed loop output resistance with zero input voltage)
Rin =1 V
l. R _=-2
out IV;=0 |
_ b °
T (1+T) from input port,
, =1 ==pY,
T (1+T) from output port,
I VAl V +TV,
’ I"0 I"0
= Ry = Yo = L
I, (@+T)
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Feedback Structure (Shunt-Series)

Basic amplifier

_______________________

Feedback network

Gain Calculation :

l,=A-1_=A(l,—-1,)
=p-1,

Al - Bl,) =

Al =1+T)I,

(Close Loop Current Gain)

_ L

whereT = ApS

And, we get

| - l.-A

° 1+A-pB

I =1,0+A-p)
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Input/Output Resistance (Shunt-Series)

Input Resistance:

Output Resistance

(Closed loop output resistance with zero input voltage)

V

——
Rout |Vi:0_ |
0

from input port,
Ig =—1 f = _ﬂlo

fromoutput port, I, =V, /r, + Al

V,=(l,-Al)r
Vo=(,+T-1)r,

= R, :\I/—O =(1+T)r,

0]
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Summary

Feedback | Close loop Input Output | Parameter
Structure gain Impedance | impedance used
Series- |y 4 T
"
Yo _ _(_) R =(1+T)-r __lo h-parameter

Shunt V. B 1+T in ( + ) i Rout 14T

Series- | 1T Z-parameter

: o =-—_(—)|R, = ‘r|R , =@A+T)-r| Z

Series |v et [Re =T R =@+ T) 1,

Shunt- V_O:E(L) d n __To | y-parameter
Shun Ii ﬂ 1+T n 1+T out — 14T

Shunt- L 1 (L) L g-parameter
Series |1, B 1+T | " T T |Ru=W+T)N
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