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Feedback (Cont.) FB-2
N = N, —Ngy
nou: - fxno
n, = n,—fxn,
n, = axn,
= = _a = J‘ G T 6—, i
A, = n,an, 1+ax) fxé1+Tﬂ Closed loop gain
T©° Loop Gain = a xf
a = Open Loop Gain
f = Feedback Factor
1
Aﬂ|a®¥ - f
\ J
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( Feedback FB-1)
Basic Amplifier
Ne J
LI £(9) P "
/ Error Signall
©
5
s
x
&
¥
Id
Feedback Amplifier =
f = gain of feedback amplifier
a=gain of basic amplifier
N\ J
( Feedback (Cont.) FB-5)
There are 4 basic kinds of Feedback Circuits :
(Type of Feedback) (Type of Sensing)
1)  Series (Voltage) - Shunt (Voltage)
2)  Shunt (Current) - Shunt (Voltage)
3)  Shunt (Current) - Series (Current)
4)  Series (Voltage) - Series (Current)
N J
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' : A
Series-Shunt (ng/Nip) FB-6
Thisis avoltage amplifier, atypical example isthe well
known configuration shown below :
n,
o
+ + n,
Ne —CO
R,
n, any
Rl
(N J
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4 : FB-8)
Series-Shunt (Cont.)
Gain Calculation :
n, = a, xn,
n, = f, xn,
n,
n, =n+n, = Z+f xn,
N _ 1 T § .
— = = x¢ = A, Closed Loop Gain
n, f, €1+7T9 P
n o= n, xa,
° T 1+a, xf,
n, = n,x(1+a,xf)
N
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+
+ o
- \

f = R,
R, +R,
N\ J
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4 i FB-9)
Series-Shunt (Cont.)
Rout Calculation (Closed L oop Output Resistance) :
nt r i
Rﬂullnmzo = |_ ° <L
Drive output with n,, measurei | % |
. n—a,xn, n,
b= r, a,ne

n.+f,xn . =n,=0;n, = —f xn,

n,=0
:m A, =10 f, = 0.1 a, = 50,000
n_ . _r 0 T = 0.1%50,000 = 5000 r, = 100W
i, " 1+a,xf, 1+T R = =l = 002w

1+T
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Series-Shunt (Cont.) FB-10)

Rin Calculation :

>
B
1l
—~
=
+
_|
-
X
S
B
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Gain Calculation :

_12)
Shunt-Shunt (Cont.) FB-13

ifb = fG Xnu
- im

f, = n—u

ie = im_ifb

n, = a;x,

a, has units of resistance

n, = a, X(i,— f.xn, )

f—— (—

I

>
5
=

x@ 1 0
. E1+T9

5
—h
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Shunt-Shunt (Transresistance ngi/ijn) FB-11)

ro

r Y
i, n. I, . n,
" { a, X,

N

i'b = fG xno

el
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Shunt-Shunt (Cont.) FB-14)

-
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@ FB-15)
Shunt-Shunt (Cont.)
Rin Calculation :
R, = =
fin
le = im_fs xn, = im —ag Xfc Xie
\ i Ly
¢ 1+ ayxf
_n_ _ry
R = i. 1+T
(N
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4 i i FB-17)
Shunt-Series (Current Amp igut/iin)
i
. —.
—_— 1.

P

1
+
. a, Xl
(. n. lin
I
il

J
» = fixn,

N
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Shunt-Shunt (Cont.) FB-16
Rout Calculation (Closed L oop Output Resistance) :
nt
Royr = T
| PN PR,
(n, =ny)
i,=0=1i+i,
ie = _im = _fG Xnu
n, = i, Xr,+a,xi, = i, xr,—a, xf, xn,
n, _ _r, _
i‘ - 1+T - ROUT
\§
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é Shunt-Series (Cont.)

T = a xf,
-
i
Gain Calculation :

o
=

x2 T 0
€1+ T9

—

in
i

Rin Calculation :

Rout Calculation (Closed L oop Output Resistance) :

ROUT = rO X(l + T)

-

FB-18)
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é FB-19)

Series-Series (Transconductanceiq/nj,)
i,
4
a xn,
r,
io
iy = fon, !
(S J
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4 . . . N
Series-Shunt Example (Without L oading) FB-21
n a, = 10°
o T+ n. R, = 1kW
n. — o
o R, = 9kW
R, r, = 10 xkW
r,
R, |
+
n. r. a,n.
f, = Do
n,
Ny _ Rl _ _
= RyR - b =01
- J
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4 Series-Series (Cont.) FB-20)

T = a, xf,
fo =

Gain Calculation :

A =

-leTo
f. €1+ 719

iy
n,
Rin Calculation :

Ry =1, X(1+T)

Rout Calculation (Closed L oop Output Resistance) :

ROUT = ro ><(]' + T)

\ J
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é Series-Shunt Example (Cont.) FB-22)
A= 1, T T:aHan:aHX‘?'eRio
oo, 1+T ®R, + RSP

( No loading means we don'‘t taken into account the drop
acrossroduetoR; &R5)

x@el—oif’ = 10.000 precisely 10 to 4 decimal places

R, = r,x(1+T) = ¥ x(1+10) ® ¥

r, _ 100 _
ROUT - 1+T - 1+ 104 -
\ /
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FB-24)

(" Shunt-Shunt Example (Without L oading)

R\N
n,
=
R
\§
ROBERT W. BRODERSEN LECTURE 28
EECS140 ANALOG CIRCUIT DESIGN LECTURES ON FEEDBACK
4 Shunt-Shunt Example (Cont.) FB-26)

n. = _ieR1

AN
+
/\ a.n, = a,R,, v
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FB-25)

e
Shunt-Shunt Example (Cont.)

(N J
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é Shunt-Shunt Example (Cont.) FB-27)

216 - 5 x@R6 - 1056 = 117 10°
&go

T= (=) & Ro eRo
A, = == Tx LI -R, xéel-l—fl-of’ = R, = —9kW
lin f 1+T €1+1.1"° 109

N P
=R

Lo_n,l_. R_ g_n
N, i, R R, ni,
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Shunt-Shunt Example (Cont.) FB-28
_ T, _ 10k
ROUT - 1+T - 11 104»0.9W
Ry =
n,
> ’R\NI
But R, is not what we want.
\ J
4 Shunt-Shunt Example (Cont.) FB-30)

- -
AR
N, °

+

R, ™ Lo R
a

S

R\NI ==

n

R
R." = R +R, = R1+_2
a,

n

R, isthereal input resistance we want, but it doesn’t come out
directly since we used the Norton equvalent circuit at the input
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Shunt-Shunt Example (Cont.) FB-29
> R\N
. R R
v
L
R, = &
a,
R. = Rl XRINI _ Rl XRz
" R1-'—R|Nl - R2+an XRl
(Br=Ry) X(R, +a, xR)) = (R™*R,) X(R, xR\')
RlNl X%—/R:+ an XR1) = Rz XR1
R
R\N' =
a,
N J
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( Series-Shunt Example (With L oading) FB-31)

Series - Shunt with loading effects of feecback circuit
on the basic amplifier.

r, /—‘ Basic amplifier

- |

- = ra

For loading at OUTPUT For loading at INPUT assume short

assume open
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@ Series-Shunt Example (Cont.) FB-32)

a,n.

n, = I n, _ R +R, a,
RAIR +ry r,+R +R,
\ J
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4 Series-Shunt Example (Cont.) FB-34)
_ R
"TR+R
T za'xizax®@R 06, T, 06,2R+R 6

eR, +RZ ér, +R, IIRﬂ ér,+R,+RP

T'<T Because of Loading

o e ¥ o.m 10k g
T' =10 = (10°) x(0.1) &Y + 1K || 9k? "€ 10k + 10k 2

f—r— — i (—

1a2

f—r— — i (—

without loading N
5 10 =— uith loading

LECTURES ON FEEDBACK

FB-33)
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e

Series-Shunt Example (Cont.)

Basic amp with loading :

r, IR, +R,)

[(R+R)][ M ]n'
r.+R,+R RIR+r,1°

o = e[tk MEmeer )

r.' = r,+(RIR,)

r. = rl(R+R)

EECS140 ANALOG CIRCUIT DESIGN LECTURES ON FEEDBACK

é Series-Shunt Example (Cont.) FB-35)

Ry = (r+RIR)X(1+T))

T'»1

Ru = (o +RIR) <@ L2 0,2 R*R 6, R0
+R|RZ € +R,+RZ €R +RY

Ry = T XTxore—RJrR 0
" er,+R,+RZ

r. xR, +R)
R = re r.+R +R,
ouT T [
1+7 & 6, R 6
er, +R IR? €r,+R,+RP
r
ROUT = N
x2__ T 0
er,+R [ RZ
_ J
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e A
Shunt-Shunt Example (With Loading) FB-36
A\~
ro
n, \
J\/Q/ . /\/\/ Nour
n, a.n,
N T
(N J
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( Shunt-Shunt Example (Cont.) FB-38)
Redrawing :
i % é ‘_n'

- % I
‘J R, Assunl-reshort

Assume short

for OUTPUT % for INPUT loasing

loading

_
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4 2N
FB-37
Shunt-Shunt Example (Cont.)

Transforming to current source input :

ROUT
- -
nOUT
N ¥ R, j
in R1
:»
RIN

EECS140 ANALOG CIRCUIT DESIGN LECTURES ON FEEDBACK

4 20\
Shunt-Shunt Example (Cont.) FB-39
Basic amplifier with loading :
ie'ﬂ /\/\/rn”Rz
lin ﬁouT
r. IR IR, ar aaR”R oXaaR &
T FRIRS €L +RP"
N
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Shunt-Shunt Example (Cont.) FB-40
a; = —a o &RIR 0.2 R 6= 5« |IR|R) @B
er,+R,IRZ €r,+RP er,+RZ
r.. =R IR,
rouTl = Rz “rn
[ l
= e T R
(G J/
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Shunt-Shunt Example (Cont.) FB-42
T'»1
‘ M IR IR,
R‘N = , =
1+T a xfnx® RIR. 6,& R 6
"R, er,+RIRZ ©r,+RZ
oLt R ;
R,' = independent of R;
RIN "= R1 + R\N " at n.n
_ Moyt _ R 1, _ r, _ ,
Rour = 1+T' 1+T‘_anfox(rm”R1”R2)_ Rour
N J

EECS140 ANALOG CIRCUI

T DESIGN LECTURES ON FEEDBACK

- ™
Shunt-Shunt Example (Cont.) FB-41
Finally we get :

Qoo _ 1o T’ 0

i, f, €l+T'@

Tz arxf, = a xlox® RIR 6,2 R &

R, er,+R/I|RZ € ,+RHZ

Nour - l xgﬂomt')

n;, R €i,9

nOUT — @20 Xie T ! (o]

n, €eR% €1+T9
N\ J
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4 FB-43)

-

Noyr -

ne — Noyr

N, = Nip—Noyr

Series - Shunt
= nm _nm = n\n_f XnOUT

f=1

/
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@ FB-44)
Replacing current sour ces with resistances :
Nsg N
(o] (o]
A .
i |
<4 OmNs = C Xg,Ns * § 1
C Xg,
~ A4
1= gmnns
no_ 1 __1
i Ow  C X0,
\ J
LECTURE 30 FALL,1998
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4 Single Transistor : Series- Shunt (Cont.) FB-46)
With L oading :

nOUT
n.
e
n ’ lo
in — 9 ) Py

1

Rl

m

" J
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4 Single Transistor : Series- Shunt FB-45)
=nOuT
9.0 =
) ®
nOUT é
>
R
C Xgn,
™ Short(Shunt)
nfh nO
nfb -
R, f, = N, - 1
N\ J
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Single Transistor : Series- Shunt (Cont.)

an'zgmx?u“Rsll 161 sincef, = 1

¢ xg,@

ro» R

g, xR, || 8
1, T € cxgp 9u R :
AT “Trg R x1+c)
' 1+g, xR, || 10 n
e c xgmﬂ
Foor = IR —2—» R | —2—
C xg, ¢ g,
=¥ .
, Rl
R = tar _ C Xg, B R.
T T 14T s 1+g,%(1+c) xR,
1+g, X@QSHLO On ( )
e c Xgmﬂ
= Rs”%) = ROUT
g.X(1+c
\ Y,
LECTURE 30 FALL,1998
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@ Series - Serieswith Degeneration FB-48)
. R.
T
n.
S~ r,
nOUT —®
~ iOUT T iOUT
@ [ J
in n
Ny, R
OPEN (Series) v OPEN (Series)
For Simplicity,c = 0 -~ —
(N J
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4 Series- Series Degeneration (Cont.)

Basic amplifier with loading :

Nijgp—s +

FB-50)

n, )
RL IOUT
R¢
Redrawn :
iOUT
No—@ ﬁ
<) r o]
n, Xg, =——*—— r,+R +
gerD+RL+Rsﬂ R R,
f—t— e e N e I e (e - rOUT
as
- J
ROBERT W. BRODERSEN LECTURE 30 FALL,1998

EECS140 ANALOG CIRCUIT DESIGN

LECTURES ON FEEDBACK

4 Series - Series Degeneration (Cont.) FB-49)

—.

n —.

o RS )
IOUT
R, R Re
nlD = iOUTRS

N\ J
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4 Series- Series Degeneration (Cont.)

Feedback Network :

n,®
% R, %} four

T'=a X, =g, x8—To OxRp
9 er,+R + RZ
r,xRs 4
Rovr' = Fow' X(1+T") = (r,+ R +R) x& + g, x—e—2_0
G e TR R

=r,+R+R+g,x, xR, = RO+ R+ (1+g, xR, xr,

-

FB-51)

/

ROBERT W. BRODERSEN LECTURE 30
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@ Series - Series Degeneration (Cont.) FB-52)
G, = our =1, T
N f, 1+T"
& g. % r, XRs 0
L, LrRAR 9o X, .
R QR LR R g TR
€ r.+R +R 2
G. = 9., > O
" RAR+r,X(1+g,xR) (1+g,%R)
ro»R,Rs
(N J
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s

Shunt - Shunt (Cont.)
Basic amp with loading :

R, Il R,
im nOUT

R. IR

Nowr = =i X(Re I R xg, X(R, I R I'r,)

= Do o (RIR) xg, X(R, IR IIT,)

FB-54)

J/

a, =
lin
.
r' = RJIR: r ' =R IR,
ROBERT W. BRODERSEN LECTURE 30 FALL,1998
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e

Shunt - Shunt

N

FB-53)

)
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Shunt - Shunt (Cont.)

T = a, = Elx(&lla)xgmx(RD IR MIT.)
T'»1

R SR R. I R.
R =177 7

= (R IR) g, x(R, IRl 1)

— RF R;
= e » —
g, X(Ro IR I r,) 4,

-

FB-55)

/
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( A
Shunt - Shunt (Cont.) FB-56

R
R = Ri+RJ = R+ o R,

n

T'»1

R T (R IIR- 1)

T T 1+T T 1
B *(R. I R-) xg, x(Ro I R- I r,)
_ 1
g, x@ e 0
eRF+ RG!ZJ
(N J
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