Lecture 29

Feedback amplifier



Lecture Feedback Amplifier

* Negative Feedback
* Feedback Topology
* Analysis of feedback applications

— Close-Loop Gain
— Input/Output resistances



Input/Output Resistance (Series-

Series)
Input Resistance: Output Resistance
Y (Closed loop output resistance with zero input voltage)
Rin — - V0
Ii Rout |Vi =0~ |_
1+T)-V, o
= | frominput port,
| V. =V, =—4-1
=(1+T)r, o=V =hl,
from outputport,
., ZAVE-I-\LZ—T'IO-F\Q
rO r0
=R, = \I/—O =1+T)r,




Series-Series Example

+VCC B C
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Feedback network —

CE amplifier with an un-bypassed emitter ac small signal equivalent circuit



Close loop analysis

r )
V= ”Z v,and i, =gv_
rﬂ' + 11f

Then open loop transadmittance gain is A, = b 59
v, T +Rg
T herefore,
r.g
- T r +R r
The close loop transadmittance gain is A, = Ap _ G+Re _ 2
1+ A8 1, H9Re  r +Re+1.0R
r.+Rg

Inputimpedance is:
r grR
Rin = (rﬂ' + lef )(1+ AOLﬂ) = (rﬂ' + RE )[14_%}
:(rﬂ' + RE)+ grﬂ'RE
Outputimpedance is :

Rou =[(232¢ )L+ Ay B)]



Final R, and R,
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V=
- Vv, o *
Rc Vo
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Vs VAR,
R1//R2
- - ZlZfio
R'in Rin Rout R'out
R. =R, /IR /IR, R ..=R../R:

=[(r, +Re) +gr.Re I/ R /I R, =[(202¢ )AL+ Aop B/ R



Feedback Structure (Shunt-Shunt)

Basic amplifier

__________________________
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Feedback network
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Gain Calculation :
V.=A-1_=A(l.-1,)
=BV,
Al = BV,) =V,
Al =(1+T)V,
(Close Loop Transimpedance Gain)
V,
= A = |_. E(ﬁ)
whereT = Af
And, we get
A
° 1+ A-pB
=11+ A-B)




Input/Output Resistance (Shunt-

Shunt)
Input Resistance: Output Resistance
V. (Closed loop output resistance with zero input voltage)
Rin — I_I Vo
! Rout |Vi =0~ |_
_r °
B (1+7) frominput port,
ri Ig = _I f = _ﬂvo
T (1+T) from outputport,
| V,-Al, V +TV,
’ I‘-0 I’-0
= R = Yo = "
I, (@+T)




Shunt-Shunt Example
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CE amplifier ac small signal equivalent circuit

Shunt-Shunt connection found! = y-parameter

Ref:080130HKN EE3110 Feedback Amplifiers



|1 — y11V1 + Y12V2 V1 R \VZ.

Feedback Network

, 1
Yia \71V2:O_R—F

, o, — L —
27y v 0"V, T R _1/RFVo

, 1 vi %8 Rr
y22_\72V1=0_R—F

y-parameter modeling

Ref:080130HKN EE3110 Feedback Amplifiers 10



Frominput port,
V,=1s(R:/IT,)

y |S<D RF§

=l = z
(RF // r;r)

+‘
V
\VA gVn ©
‘. § RE § Re/IRL

And from outputport, ‘
—1/RFiEVo
< +gV_=0
R IR IR, R I
V. =—gV_(R. /IR lIR,) "1+ Ay p)
Open loop tranimpedance gain :\i _ (Re/lr,)
ls 1+ Ay B)
AOP :_gvﬁ(RF // RC // I:QL)(RF // rﬂ') R _ rO
out —

With feedback factor g = —i, 1+ Aop f)

Re _(Re TR TRY)
the close loop transimpedance gain : 1+ A )
A = o Voltage Gain :V0 Vo

1+ Ayp V, LR +R,)

S



Feedback Structure (Shunt-Series)

Basic amplifier

__________________________

10 Vv

_______________________

Feedback network

Gain Calculation :

I, =A-1_=A(l.-1;)
=41

AL - Bl) =1,

Al =(1+T)I,

(Close Loop Current Gain)

l,

= A = |_. E(ﬁ)

whereT = Af

And, we get

| - .- A

° 1+A-pB

l=1,1+A-B)




Input/Output Resistance (Shunt-Series)

Input Resistance:

Output Resistance

(Closed loop output resistance with zero input voltage)

V

0}

frominputport,

Ig :_If :_ﬂlo

from outputport,l, =V, /r,+ Al

V,=(l,— AlL)r,
V.o=( +T-1)r,

= R, :\I/—O =@+T)r,

0



Summary

Feedback | Close loop Input Output | Parameter
Structure gain Impedance | impedance used
Series- |y 1 T
Yo _ 2 _ , _ I h-parameter
Shunt |v, ,B(1+T) R =(@+T) -0 Ry = 1T P
Series- , _1,. T R 1+T Z-parameter
Series V_I_E(ﬁ) Rin :(1+T)r| Out_( + )'ro
Shunt- Vo ZE(L) R — f R - I y-parameter
Shun L T LT Ut T T
Shunt- |1, 1, 7 r
L= (—)| R =_i R =@+T)r, g-parameter

Series |, A 1+T7| 1T




