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Negative Feedback

Negative Feedback

Advantages
1-Stabilizes the gain of the amplifier against parametér
changes in the active devices due to temperature . |
2- Modifies the input and output impedance in any
desired fashion.

3- Increases the Bandwidth .

Disadvantages
1- Decreases the gain .
2- Oscillation .
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Negative Feedback

General Feedback equation

SO = ASG
Se = Si—Sfb
_So __A4

Ap = S; 1+AB
AB = Loop gain
If AB>> 1

1
o Af — E

Y.

So

1/13/2017

A 4

Sfb

B

A 4

Feedback

network

Negative Feedback

General Feedback equation

Se = Si—Sfb
Se = S;_BS,
A
Se = Si — B msl
AB
Se =Si(1- T 25)
If AB> 1

AB
Se ~ Si(1-22)~ 0
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Negative Feedback
Gain stabilization

let A=10,000
B =0.01 ] . /\ 50
~ AB =100 > > \A/ > >
Af = A4 _99 "4
1+ AB
let A =9000 B <
B =0.01 Feedback
~AB = 90 network
Af—1+AB—98.9
ChangeinA - changein Af
10% = 0.1%

Negative Feedback

Increasing the Bandwidth.

In high frequency

Am
A(jw) = -
1+~
w2
~wH =w2
With Negative Feedback
Am 1
Af(jw) = = -
fUW) = amB 1t jw
w2(1+ AmB)

~wH =w2(1+ AmB)

Instructor :Mohammad AL-Jubeh
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Types Of Negative Feedback

1) Series — Shunt Feedback
Vo = AVe

Ve =Vi—Vfb
Vfb=BVo

'Vo_ A _
Vi 1+A4B

Af

Vi=Ve+Vfb

= Riii+ BVO

= Riii + BAVe
=Riii+BARiii

1) Series — Shunt Feedback

Z _ =0
Of_ix vi =

. Vx —AVe
X =——
: Ro

Ve =—-BVx

Negative Feedback

A=V S0 = Vo T E i Rmpiiier, .
—> : Cod
i - Ro 1 *
+ Ve Ri Ave : Vo
Vi
E Feedback © E
+ Network :
- ' BVo :
Vfb: Vo ;
; o—7i 1
o : .
e >
c4
vi
o Zlf = E = Rl(l + AB) Feedback

network

Negative Feedback

1/13/2017

=

—AMN—¢
+ Ro
Ve <Ri
) AVe@ Vx
. Vx+ABVx
ix=———7—
Ro d
Jx_ ko o—
Ix 1+AB BVx +
Vx
o_

Series Feedback at the input always raises the input impedance by (1+AB)

shunt Feedback at the output always lowers the output impedance by

(1+AB)

Instructor :Mohammad AL-Jubeh
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1) Series — Shunt Feedback

Negative Feedback

Equivalent ckt of Series - shunt amplifier

Zif = (1+AB) Ri

7 _ Ro
°f =17 B
Af = A _Vo
f_1+AB_Vi

1) Series — Shunt Feedback

Negative Feedback

Equivalent ckt of Series shunt amplifier

IfA > oo ;
Zif:oo;
Zof = 0;
1
Af=§
—AW
Rs .
Vso v —0
1
—O0

Instructor :Mohammad AL-Jubeh
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Vi Zif§ Af.vi Q Vo
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Zof

o

O

+

1 Vi O RL Vo
B

O

—A\——0
Zof
+

O
Zif = (1+AB) Ri
7 _ Ro
°f =17 4B
Af = A _Vo
f_1+AB_Vi
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Negative Feedback

1) Series — Shunt Feedback

Equivalent ckt of Series shunt amplifier

If we have R; and R;

1/13/2017

RL Vo

Ro

()Aie

1 —\VW\——
Vo=—=Vi Rs
B +
Vso —0
Vi=Vs i
) Vo _ 1
“"Vs B
Negative Feedback
2) Shunt - Shunt Feedback . . Te8
Si=ii ,So=Vo
-
e
Vo = Aie
= (A Vi @
ie = ii — ifb\ Vo O \
A = .— 7T\
ie
ifb=BVo
Vo = A(ii — BVo) Vo AN
Vo A _
. Af — =s.

ii

AB is dimensionless

Instructor :Mohammad AL-Jubeh
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2) Shunt - Shunt Feedback Negative Feedback
The input impedance
Vi
Zlf = - ?
u —MWNV °
Ro
. .. + +
Vi=Riie - C‘ vi 3 Ri @Aie Vo
. -
ie=ii—ifb T 4k °
ifb=BVo o—
B.Vo Vo
o ® -
°=1+a" °
Zif — Ri
U =11aB
» The output impedance -
e

» itis easy to show
7 _ Ro +
> Zof =105 - CD vi géw Ri

7\

> using:

> Zof = |ii=0

B.Vo GD

Instructor :Mohammad AL-Jubeh
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Negative Feedback

2) Shunt - Shunt Feedback

Equivalent ckt of Shunt _Shunt amplifier -
i
co C AW 40
A > ! Ro/(1+AB)
Zif =0; + . +
Zof = 0; Vi Ri/(1+AB)§ Oasa+asyii Vo
) -
Af ~ B (o, — o
i
O O Zif =
e U =1+vas
§ R
C 3 O
<) 1/(B)ii Vo Zof =
O /(B) ) of T AB
Af = A
° I =1748B

Negative Feedback

2) Shunt - Shunt Feedback

Equivalent ckt of Shunt Shunt amplifier
e
—————AWW—0
Ro/(1+AB)

+ +
Vi Ri/(1+AB) ()A/(1+AB) i Vo
If we have R, and R; - -
O
1..
Vo ==ii
B _ o
i =is T )
Vo 1 Vo
E — B 2 CD Rs O vmi w

Instructor :Mohammad AL-Jubeh
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3) Shunt - Series Feedback

Ro
Ro + Z1

io = Aie
if Zl <K Ro
io=Aie

ie=ii—ifb

ifb=Bio

4) Series - Series Feedback

Si=Vi ,So =io

if Zl < Ro
iO—A _ A
Vi f_1+AB

Zif = Ri(1+ AB)

Zof = Ro(1+ AB)

Instructor :Mohammad AL-Jubeh
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Negative Feedback

Si=ii ,So=io —
ie

T~

+
= CD Vi ¥ Ri
-

1/13/2017

O/

Aie (

Ro

B.io GD

Ri

Y.

Zif =
U =1+asB

Zof = Ro(1 + AB)

Negative Feedback

Sfb

Feedback

network

A

Ro

(o,
. +
Ve Ri
Vi
Bio
(o,

Sfb

A

Feedback

network
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Negative Feedback

Practical configuration and the effect of loading
1) Shunt - Shunt Feedback

Basic
Amplifier
Si=is 0
+ y1l2a.vo +
o (4 Y vi |y11 DN y22a YL vo
So=Vo - y2la.vi N
7\ Y —0
Af Vo A
"~ is 1+AB
Feedback
Net k
Y12 a| « |Y12 f| R I
y12f.vi ol
y1if A/ \J y22f
Y21 a| > |Y21 f]| -

1) Shunt - Shunt Feedbgtk

+ yl2a.vo . . .o
D) YS w1 DA y22a YL vo New basic amplifier =
: y21la.vi -

basic amplifier + loading

is
N

Feedback
Network

v New basic amplifier
y1if < y12f.v ) ‘:l Vi %yzzf /
\ 4 @ PY
+ +
2 CD Vi v Y y22 | vo
- y21a.vi .
Y11 =ylla+ yl1l1f+Y °
Y22 =y22 a+ y22f +Yl
o
+
~yl2f =B yl2f.vo\ ¥ Vo
o=

Instructor :Mohammad AL-Jubeh
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Negative Feedback

Practical configuration and the effect of loading
1) Shunt - Shunt Feedback

Example:

p RF
MN
100k

AN

§ k| Basic Amplifier °'”‘§ vo

Negative Feedback

Practical configuration and the effect of loading

Basic amplifier

e

- N
1) Shunt - Shunt Feedback ST \
Example: RF / /
AN

/s

| 1ook
Vo'
R . ib3
) lk1b1 " z ib2 o L 3@D émok 0.1k
* % g g 2 y

v = = == 1|7

L
Current source oad

Instructor :Mohammad AL-Jubeh
ENEC
BZU 11



ENEE3304
ELECTRONICS2

1) Shunt - Shunt Feedback

New Basic Amplifier: 4

Is’

A % 1k

Feedback network

1/13/2017

Basic amplifier

Yo
S0.1k
<

Practical configuration and the effect of loading

1) Shunt - Shunt Feedback

The Feedback network

L1 1
YT RF~ 100k
gz L _ 1
Yo& = RF 100k
12="=
Y14 =RF~ 100k

Instructor :Mohammad AL-Jubeh
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Load

100k
ib3 @
:® 1Dt 1O 223
1
///' = = -
VO Current’source
is
Vo *
D 1/y22f 100k]| 0.1k
Negative Feedback
- | al
il i2
+ RF +
V1 V2

12
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Negative Feedback

1) Shunt - Shunt Feedback
To calculate A : New basic amplifier

Vo

D 1fy22f 100k| 0.1k

Vo =
A=—

Ls

ib2 = —40ib1
1
V0 = —50ib3 (100k||0 1K|| S22 f> 1K||y11f
ibl = is
ib3 = —50ib2 1K|| = + 1k
yiif
g ib1 o ib2 b3[ 3
.2 C :; 1k 1[v11fl% 1k§ \Dl l:: 1k g Gj E: 1k 3 GD 1fy22f 100k| |01k

>~ A=-4965k ()
»B=-0.01mJ

» AB = 49.65
A
> Af = ; = 98K O
1 _ _100kQ
B

Instructor :Mohammad AL-Jubeh
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Negative Feedback

"7

1/13/2017

— AAA——
Practical configuration and the effect of loading RF
1) Shunt - Shunt Feedback ,
NN l[;JF o o
Example: Inverting Amplifier Rs .
Vs() ng Vo
MWV -
RF e
AMN —\W Yo ® = —
RS ) Ro —
L RL
vdg g Q) Adwd Rs = 100kQ
. Rf = 1MQ
L Rl = 10k2
— - Ro =75 ()
= i Ri=2MQ
- Ad = 200,000
Negative Feedback
Practical configuration and the effect of loading
1) Shunt - Shunt Feedback
The Feed-Back Network:
Sz w4
1 + RF +
1 V2
22 f = — v I I
y22 f RF ) | | )
12f = — — = I
y RF B

Instructor :Mohammad AL-Jubeh
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1/13/2017

_M_
Practical configuration and the effect of loa T .
1) Shunt - Shunt Feedback ] v
RL
v V2 C) Ad.vd
New Basic Amplifier : 4 = % N "
1 —
Rl|| 55—+ =
Vo = o 22] _ pava —
Rl|| 55—+ y2Z + Ro
Ro
., _Wv Vo o
Vd = —is'(Rs|| 1/y22f

7 IR0 j

Vo 10
A=—=-1.726 X 10
is

B=—=-1x10"°
RF 0
AB = 17260
A _Yo_ 4 _ 999.94k ()
f_is_1+AB_ '

Instructor :Mohammad AL-Jubeh
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1/y11f v-d Ri

. Vo
To find Av = Vs

S
Vo Vo is 1
Vs lS Vs

Av = —9.9994

If the Op.amp is ide
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Negative Feedback

Practical configuration and the effect of loading

2) Series - Shunt Feedback

V1 = h11il + h12V2
i2 = h21i1 + h22V2

|h12,| < |h12;

)

|h21,4| > |h21;

)

2) Series - Shunt Feedback
ﬁ

Vs@

1/13/2017

ii
MV
hlla
N h22a
21a.ii

Vs(

h11f

Zs
h21f.ii
NE h22f

p _Vo_ A
f_Vs_1+AB

Instructor :Mohammad AL-Jubeh
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i
MN °
Zs hila +
v h22a YL vo
21a.ii -
hil2a.vo N o
h11f _
h21f.ii
Jd h22f
hi12f.vo
vo The new basic amplifier
-
ii P @
+
h11€2 vo
21a.ii h22 -
O

Vs@

h12f.vo Vo
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Negative Feedback

Practical configuration and the effect of loading
2) Series - Shunt Feedback

Vec+ Basic Amplifier

Example: T
Ské Ské 42K "
1
i o]
T B
N AAA Il .
0.5K _K « ¢ A 20K I Vo
VS
<§’o.51|< EEIOK %ZK
veg Feedback Ne-twork 55!
Negative Feedback
Practical configuration and the effect of loading
2) Series - Shunt Feedback
The Feed-Back Network:
Example:
P — RF «—
il i2
o MY —o
h11; = 0.51||20k 20K
+ +
e 1 Vi 0.51K V2
I~ 20k +0.51k )
C O
0.51k

0.51k+ 20k D

Instructor :Mohammad AL-Jubeh
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veer

2) Series - Shunt Feedback

Practical configuration and the effect of loading 5k§ Sk%

Q1 Q2

Vs

New Basic Amplifier : A = Yo

<)
Vs ! 310k 2«
<

ib2
Feedback
Nie2 network -§E7E
-VEE
it;B _
, > - Vo'
Vs Ro(1+hfe)§ h11fZ = - 1/h22f
1 GND3
hfe = 100, hie = 3k l -
Negative Feedback
ib2
Practical configuration and the effect of loading :
2) Series - Shunt Feedback hie2
Differential Mode Analysis: ve

Ro(1+hfe)

N
AMA

. 1 = = =
Vo = hfe ib3 (hzzf ||10k||2k>

_ _ 5k )
ib3 = hfeibl Sk 13k ﬁ) . s EC) i

hfe.ib1

ib1 = —ib2 GND3

Vs ‘L

0.5k + hiel + hie2 + h11f

i

ibl =

Instructor :Mohammad AL-Jubeh
ENEC
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»A4=22-1379
Vs

»AB = 34.3

»Af =22

o A
Vs

"~ 1+AB

39

1
>E—40.2

2) Series - Shunt Feedback

Example: Non-Inverting Amplifier

—AMAN—
100k

Zo

1k _)> —=

Zi 10k§ Vo

O

Foropamp g _ 75 ohm
R; =300k A, =20000

Instructor :Mohammad AL-Jubeh
ENEC
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Negative Feedback

tical configuration and the effect of loading

eries - Shunt Feedback

ample: Non-Inverting Am

he Feed-Back Network:

- RF -
o—iL _ AN IZ_.
100K
+ +

vi 1K V2

h11f = 100k||1k

1
h22f = 15+ 100k
h2f = 700k~ B

2) Series - Shunt Feedback

Example: Non-Inverting Amplifier

Vo
A:?
Vs

Vo =

(10k ||h+2f)(zoooo Vd)

300k

Vd =300k + niif '

A=19771

AB =195.75

Instructor :Mohammad AL-Jubeh
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AAA

75

1/13/2017

network

1/h22f

Vo

10k

MN
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Vo A
> Af =~ =—=100.487
1
> 7= 101

If the op amp is ideal .. Av = (1+Rf/Rs) =101

Zif = Ri(1 + AB);

—AW;
75

+

Ri = 300k + h11f WO V2 ()

h11f

«~ Zif =59.221M Q

Negative Feedback

2) Series - Shunt Feedback

Example: Non-Inverting Amplifier

Ro New Basic Amplifier

2{ —

of 1+ AB

--JVV¥ Vo=
Ro = 10k||101k||75 Al
Ro =74.4() VSI(D 3006 zoooode) /h22f 10k
~Zof =0.377Q < - —

Zof = Zo||10k
~Zo=0.378Q = = = =

Instructor :Mohammad AL-Jubeh
ENEC
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Practical configuration and the effect of loading

Negative Feedback

3) Shunt - Series Feedback

1/13/2017

7 A

i1=g11V1 + g12i2 %
N Ys

V2 = g21V1 + g22i2

gl2a.io g22a
gll 3
1 g2la.vi Q

|g12f] > |g12al;

|g21al » |g21f|

g22f

gl1f gl2f.io
Y g21.vi e

3) Shunt - Series Feedback

gl2a.io g22a
w (4 vss * S
2 < Vi gllag v
g21a.vi
g22f
g11f g12f.io<>
S \/ g21.vi

3a The new basic amplifier

Instructor :Mohammad AL-Jubeh
ENEC
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1/13/2017
Negative Feedback
3) Shunt - Series Feedback
Example: V“*I
33k£: ZOk:: VO(t)
R1||R2 = 24k .
Rlii @ ¢
,-—»*\\ ]
hfe =50 4“ / ~ 04k
. g :
hiel = 1.3k; 20) |
hie2 = 1k | J \
/ !
‘x [ \ Feedback
‘ Network

Negative Feedback

Practical configuration and the effect of loading

3) Shunt - Series Feedback

Example:
The Feed-Back Network:
I RF 3
! — A '

11f=——"—" v v e

91 = kT o.18k 22K
+ +
g22f = 22k||0.18k Vi 0.18K V2
12f = 0.18k _ _ _
912 = = sk v 22k - - "

Instructor :Mohammad AL-Jubeh
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3) Shunt - Series Feedback
33k 20k
Example: ) —
RiiE _K Q2 ¢
4“ r a 0.4k S
& 0.18k
skg S 4.7k h
20)
- 10K
. . Tk v The feedback network
New Basic Amplifier : ib1 ib2
l ’ ] Vo
< 5k S hiel E hie2 S (D
w (A S$s 1/g1af < s (v s ¢ J 20k] | 0.4k
< = >
33k
1]|R2
J_ g22f L
e— i - — e 2 i B

Negative Feedback

Practical configuration and the effect of loading

3) Shunt - Series Feedback ib1 b2

hfe.ib2
(D
O/
N
=]
=
S
o

-
< . 2
< sk 1/g11f Shier 2 (¥
> < £

. 33k
A 10 1||R2
is’ i g22f =L

Is
>
I

A

Example:

= = — = — g °

io =(1+ hfe)ib2

33k =

ib2 = —hfe ib1 Dy
' Je bl o T hiez + g22f (1 + hfe) A =-1429
sk i|—L 1| Rl AB =11.5
L || R1|IR2
11
ib1 = is’ L o 5
5kl 517!l R1IIRZ + hiel Af =5 =13~ 1134

Instructor :Mohammad AL-Jubeh
ENEC
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Negative Feedback

Practical configuration and the effect of loading

4) Series - Series Feedback

222a io

V1=711i1+2712i2

z21a.ii
V2 =12721i1+ 722 i2

|[Z12f| > |Z12a] 222f

|Z21a| > |Z21f]
221f.ii

4) Series - Series Feedback

The new basic amplifier

221a.ii /
$ - N
:,ZL

222f

222a io

222

z11
221f.ii

z21a.ii

=) 1 %
Z12f = B z12f.io

Z12f=B

Instructor :Mohammad AL-Jubeh
ENEC
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Negative Feedback

Practical configuration and the effect of loading VCC+

4) Series - Series Feedback

Rs = 0.6k ,,Rc||Rl =2k
Re = 0.2k,,R1||R2 = 50k
hie = 1k ,,hfe =100
Ac small signal equivalent circuit ng

—AN—
Rs

R1| |R2§
<

Example:

Vo(t)

|
Vo II

I_ C
‘D RC| |RL Rs

O

Negative Feedback

RC| |RL
o
= Vo
‘D RC| |RL
The Feed-Back Ne-twork:
P & -
+ + é
V1 RE V2 C J_ ®
i Z11f = Re =\
Z22f = Re Feedback network

Z12f =Re =B

Instructor :Mohammad AL-Jubeh
ENEC
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®
Vo
2
3 GD RC| |RL
=
The new basic amplifier
RE AAA
\AAJ
© Q@ Rs —-
= g

Vs’? R1||R2

4) Series - Series Feedback

_ i_O New Basic Amplifier :
VSI """
Rs —- <
. . ii ib hie 8
io = (hfe)ib W(P 1| R0 = ‘
Rc||RL:'
. R1[|R2 ng
ib =i - .
R1||R2 + hie + Z11f io
- Vs = = =
Il = =
RS + R1||R2||(hie + Z11f) - =
A =564 A Ay V0 _lo Vo
=7.= =% Vs Vs io
AB = 11.29 Vs 1+A4B — _ Af.(RI||Rc)

Av =-9.18

Instructor :Mohammad AL-Jubeh
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