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Ideal Feedback Configuration

Basic Amplifier

a S,
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So a
— = A= , T = af
Sij 14+ T
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Effect of Feedback Gain sensitivity

Gain of the basic amplifier (a) usually depends on temperature,
operating conditions and process parameters.
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Effect of Feedback Distortion
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Two-Port Networks

y parameters

I— ]
~____Two-portnetwork
Il b
P -
1 1
n® v OV
S Y12V2  Y21V1 22
1 =¥Y11V1 + Y12V2
Il = Y21V1 + Y22V2
I1 11
Yi1 = — , Y12 = —
V]. V2=O V2 V1=
12 1>
Y21 = — , Yoo = —
V]. V2=0 V2 V1=
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Two-Port Networks

Z parameters

I— |
~____Two-port network
T Z11 Z3p 1t
HOREE | | v, Wi
_ Z12l2 2211 o
V1 = Z311i1 + Z1202
Vo = Z21i1 + Z22io
Vi Vi
Z11 = — y 212 = —
11 li,=0 12 i, =
Vo V2
Z31 — —— y £22 = —
11 io=0 12 i1=0
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Two-Port Networks

h parameters

i,
° -
+ h
HORZ ; i f%— OV
h12V2 h21|1 22
vi = hyii1 4+ hiovo
Io = hoji1 + hoovo
\' Vi
hi1 = -1 , h1p =
I]. V2=0 V2 I1=0
i in
hop = 2 , hoo =
11 Vo= Vo i1=
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Two-Port Networks g parameters

B— |
~_____Two-portnetwork |
' 5
o =
Vi(F S . - vo (D2
5911 J12l2  Q21V1 o

i1 = 911V1 + 91202
Vo = g21V1 + d22io

1 1
V]. i2:0 |2 V]_:O
V2 V2
Jdo21 — — » 922 = ——
V]. i2=0 |2 V1=O
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Feedback Configurations

According to whether the output signal So is a current or a
voltage and whether the feedback signal Sgp iS a current or a
voltage, four feedback configurations exist:

® Series-Shunt Feedback
St = Vfp (voltage), So = vo (voltage)

® Shunt-Shunt Feedback
Stp = ifp (current), So

Vo (voltage)

®» Shunt-Series Feedback

Stp = ifp (current), So = ip (current)

® Series-Series Feedback
St = Vip (voltage), So = ip (current)
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Series-Shunt Ideal

Basic amplifier

i Zo
- : . o
+ | 4
— I I
V. +\ | T mTTTTTTTTTTTTmTTTTo !
| C) ‘Feedback network
f o——
i Vo i
f —
VvV a Z
= Zi = (1 + af)z Zo=
Vi 1 4 af 1+ af
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Series-Shunt h-parameter representation

Basic amplifier

- hygg i
M) vs | |
i 1
: h12f Vo h21f li -
| hoot
" Feedback network
Ih12¢| > |h123] |h21a| > |ho1¢
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Series-Shunt h-parameter representation - simplified

Basic amplifier

zi = Zs + h11a + h11r

Yo = VYL + hoog + hoor
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Series-Shunt h-parameter representation - simplified

Basic amplifier

: | Z |
I' | O :
—— —AN\——
+ | N
Ve | Z; <i> avg Vg
— = .— o
Ovs | |
_Feedback network
| o |
<i h12f Vo
Z o Z
hoja 1
a= — f = hyof Zo = —
Zlyo yo
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Series-Shunt Example

Q12

Vil,dc = Vi2,dc =0, VAo =00, VT =25mV, 8 =100
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Series-Shunt Example

Differential-mode AC half circuit:

Feedback network

Input: Voltage
Output: Voltage

Icit = 1.3 mA
Ico = 0.5 mA
Ic3 = 0.7 mA

h-parameter representation of the feedback network:
5k 238

Vi I 12 Vo Vi I1 12 Vs
250 |:> 0.0476 v, %5.25k
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Series-Shunt Example

[ — I——— ]
Ideal feedback

______________

'0.0476 VO@ ; =
| L 5.25k
238§ R EEETREE

50 f=0.0476

Ve
Zi = 26 k2
Zo — 64.6 Q
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Series-Shunt Example

| ——
64.6
+ +
26k§ Ve 192 v, Vo a=192
o Zi = 26 kQ
%0.0476 Vo Zo = 64.6 Q2

6.37

N /\/\/\/ oVO A . VO . a . 18 9

Vi 263.6k Yi 18.9v, o Vi o 14 af - .
Zo

Z; = zi(1+af) — 263.6 k2 Lo = = 6.37

1-+}af

Rig = 2 X 263.6k = 527.2 kQ
Rog = 2 X 6.37 = 12.7 Q
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Shunt-Shunt Ideal

Basic amplifier

i Zo
L 4 - L O
+ | +
G [ Vi Zi alg Vo
. . : — o

_Feedback network

I o :

; fv, |

; o E
Vo a Zj Zo
— = : == o= ——
I 1+ af ' 1+ af 1+ af
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Shunt-Shunt

y-parameter representation

[ — — ]
_____Basicamplifier
1 y 1 1 y 1
I — V \' \Y | \Y —
CD S s [ Y1i1a Y12aVo Y21aVi Yooq 0 VL
_____Feedback network
1 1
\' Vi
Vi1 Y12f Vo %? Yo1f Vi Voot
lY1i2¢| > |Y12al [V21al > Y217
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Shunt-Shunt y-parameter representation - simplified

[ — B— ]
__ Basicamplifier
L 4 . L 4 O
+ | +
: | 1 1
f I Vi : , Y21aVi N Vo
C> : Yi Yo
L 4 L 4 O
___Feedback network
O
Y12t Vo
O

Vi = Vs + Y11a + Yiif

Yo = YL + ¥22a + V2of
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Shunt-Shunt y-parameter representation - simplified

Basic amplifier

¥ o
L 4 | ' | L 4 O
+ | +
G is Vi Z; ais Vo
° _ — o
_Feedback network
f o——
Y12f Vo
: -
Y21a 1 1
a=-— f=Yyior zi = — Zo = —
YiYo Vi Yo
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Shunt-Shunt Example

— e
. . +3V
%1k 1k§ lek" é(;lz
100 Qs Qe 100
Q1 Q2 1 [ Qs Q4 2.3k§
1 Voot 4o Ver 1
Vi1 /\/1\0 —VVv— /\/1\0 Viz
N ™ ™ ™
Ql(‘ Qs f(‘ Qg f(‘ Q10 f(‘ %11
-3V

Vil,dc = Vi2,dc =0, VAo =00, VT =25mV, 8 =100
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Shunt-Shunt Example

Differential-mode AC half circuit:

Input: Current
Output: Voltage

Ic1 =1 mA
Ico =1 mA
Ic3 =2 mA

o—ll'—/\/\/\/—g—o Vi 1 Vo
V1 1k Vo :> Vo

1k -— %E 1k
_T_ _T_ 1000
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Shunt-Shunt Example

—_—
f = —0.001
\"/
a= - =—-3403
le
zy = 87.7 Q
Zo — 21.7 Q

ECEN 326 Electronic Circuits - Aydin I. Karsilayan - Feedback 23



Shunt-Shunt Example

| —— B— ]
ie 21.7 - Vj
% i AR EE: '~ 100
10) 87.7 ~3403 i Vo
? 9o a = —3403
© f = —-0.001
é—o-om Vo z; = 87.7 Q
7 Zo = 21.7 Q
: A="0— 2 _ 773
19.9 773|, = T 1d4af
Z
P = — 19.9 Q Zo= > —=49Q
1—|—a 1-+}af
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Shunt-Shunt Example

Voltage-mode equivalent circuit:

100 4.9
VVV + Vo
Vi Ri Vy AVVX
1 1 1
100 R; Z,
_ Vj ] Vo
i = , Vo= —773ij = — = —-7.73
100 Vi
7.73 Ri = A 38.9
Vo = —I. V; — V; —_ — .
© ' Y R;+ 100 v

,d_2><(100+248)—2496§2
Rog =2 X 4.9=9.829
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Shunt-Series Ideal

Basic amplifier

— -2
+ |
C* ii Vii Z; aie Zg i
. . |

=h
@)
@)

I a Zj
° Zi = B Zo = Zo(]. + af)

i 1+ af
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Shunt-Series g-parameter representation

Basic amplifier

ny
1 | 1
i L v | i
G S Vs I glla nga 0
<1 -
< O12f |
| O11f 12t 7o
" Feedback network
|912¢| > |912a] |921al > 9217
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Shunt-Series g-parameter representation - simplified

Basic amplifier

| N
+ | 1
G s Vi| V; J21aVi
| i |
J12f lo

Feedback network

Vi =V¥s + 9d11a + J11f

Zo = Z|_ + 9223 + 9oof
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Shunt-Series g-parameter representation - simplified

Basic amplifier

e o
4 > : <
+ |
(} Is Vii Zi <3 alg Zo
. . E
Feedback network
EROLITE ;
d21a 1
a=— f = di1of Zi = —
YiZo Yi
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Shunt-Series Example

M SL:I I M 6T—’| I M 7
50/1 |l 50/1 || 50/1
1k 09 09 1k

50k 50k
M, 100u()
40/ 1 40/1
20/ 1 20/ 1
M
20k 20k 8
30/ 1 30/1
I D[L
-3V

kj, = 190 pA/V?, ki, =110 pA/V?, An =Xp =0

th m— 1.5 V, th — —1.6 V, X — O
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Shunt-Series Example

Differential-mode AC half circuit:

Feedback network

Input: Current
Output: Current

IDl = 50 ,U,A
ID2 = 100 ,LLA

g-parameter representation of the feedback network:

. 2k . . .
Vi 11 12 Vo Vi 11 12 Vo
2.5k =3 4.5k% <-;>—o.55 2 %1.1&
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Shunt-Series Example

[ — I— |
Ideal feedback

—_—— e e e e — — — o

50k f = —0.55

Ie
|
| 7 = 818.2 Q
! 1k 4.5k L, — oo
O —
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Shunt-Series Example
[ — —
ig Vi
? ° " 1k
10 818.2 %Ellﬁ .
0k a—=-11.6
f = —-0.55
?‘0-55 o lo zi = 818.2 Q
° Zo — OO
Il :io o Vg
lo a 1.57
I . -1.57j; = = — — 1.
? 110 9% ? 571 20k i 1-|—af
Zj
1+a
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Shunt-Series Example

Voltage-mode equivalent circuit:

1k 20k
+ Vo
Vi Ri Vy AVVX
1 1 1
k| Ri=Z = -+ - =—-— = R =124.7 Q
1k R; Z;
] Vj ] Vo
i—=-—, Vo = —(20k)(—1.57i;) = — =31.4
1k Vi
31.4 A Ri — A, = 283.2
Vo = 31.4v; = Vi — :
(0] I Vv Ri + ].k I Vv

Rig =2 X (1k 4+ 124.7) = 2.25 k{2
Rod = 2 X 20k = 40 kQ

ECEN 326 Electronic Circuits - Aydin I. Karsilayan - Feedback 34



Series-Series Ideal

Basic amplifier

ii io _
+ 5
Ve Zi aVe Zy
V' + !
| CD _Feedback network
- O i i
io a
— = Z; = z;(1 + af Zo = Zo(1 4 af
vi 1+ af i i(1 + af) o o(1 + af)
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Series-Series z-parameter representation

Basic amplifier

Z12f o

Feedback network

1Z12f| > |Z123] 1Z21al > |Z217]
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Series-Series z-parameter representation - simplified

Basic amplifier

Zi = Ys + z11a + Z11r

Zo = Z| + Z223 + Z2of
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Series-Series z-parameter representation - simplified

Basic amplifier

@)
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Series-Series Example
_—— —
L 4 +3V L 4
M?jl MST—>” M9T—>” MlOT—>” Mll
30/1 |l 30/1 |l 30/1 |l 30/1 |l 30/1
! AN !
500
IRAAA ! ! VYV 100u(})
5k Lo 5k
30k 30k
| M 1k M j |
Via o_“t 1011 101 }_O Viz
M3 Mg
10/1 10/1
Mo Ms
20/1 [F Vo1 Vo2 %] 20/1
25k [ 25k
M M
$1Sk 15k 50/}?1;_ l %}f
-3V

kj, = 190 pA/V?, ki, =110 pA/V?, An =Xp =0

th m— 1.5 V, th — —1.6 V, X — O
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Series-Series Example

Differential-mode AC half circuit:

Feedback network

Input: Voltage
Output: Current

Ip; = 100 A
ID2 = 100 ,U,A
ID3 = 100 ,LLA

i1 P i1 P
V1 MV V2 V1 V2

250 500 239 o171, Z4s6
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Series-Series Example

[ — I— |
Ideal feedback

____________

Vi o—|[M1 ) 30k fF—=21.7

M3
M2 VO
25k = 15k
L - 456
239 30K = o
i a=—=0.106
Vgo—| M Ms Ve
§ M L Zo
2 R
Z; Vo Z| — OO
25k =
15k Zo =— O
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Series-Series Example
[ — I—— ]
—O+ O
\ﬁg 0.106 v a—0.106
v@® [ 15K f=21.7
. . Zj = OO
21. 715 Vg
. Zo — OO
+ o Vo
. Vi o ad
Vi ?0.0BZ \ %15k A—  — — 0.032
| 1 il 1 Vi 14 af
Zj = oo Lo = o©
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Series-Series Example

Voltage-mode equivalent circuit:

+ Vo

Vi Vi Ay Vi
_j__
Vo — —(15k)(0032V|) = Avvi = Ay = —480

Rig = oo
Rog = 2 X 15k = 30 kQ
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