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12.2 12 8w & ¢ 5 S, = AS,7 5, = PS,i 8, =5, -8,

S % Se g Sy :A(Si _BSD):ASi_ABSD
Source —{)-@—»D - Load A SD A A

P

TS 1+AB 1+T

Srb 7 |- A R ¥ (open-loop gain)
B v F|+ (feedback factor)
T = AB - S .. A @ ik B E (closed-loop_gain)
) T = BA % i3  (loop gain)
A |
A 1> A, =2 —=—
B>=~1—> A, AP P v,

2Lk 4p ¥+ B (Non-inverting amplifier):

R R
b = —V, = 1
R +R, R +R,
It AB>>1, Af:V_°:1:1+&




s ARk O N 3
dA, 1 A 1
dA  (1+BA) (1+BA) (1+BA)
aa, = 9A
(1+BA)
dA
dA,  (1+BA) 1 .dA__(AfjdA
A, A (1+BA) A (A A
1+BA
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1+
4714 o,
A, Ao L A R v 5;‘53_‘,_
Wy » 3L B A
A BRI E S
1+;An A AO |
> Af(s): = ' S
o 1+pA  (1+pA)
@y woy(l1+pA,) @ (rad/s) 1_|_a)H (1+ﬁAO)
A
RHEP RN E (1+5m,)
P e B TR A S w,(1+ BA)
MAFF R R FEFR BRI ORH S A,

(1+ApB)

[m 1+BA,) | = A0,
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) 4 B (a)
| v..=AAV +Ayv =100V +10v,
uj_y.A1=10_>®_>A2=10_>uM S, 100v, -105
N, 10v. N
(a)
n E} m (b)
l Vo, =AAV. +AAV, =100v, +100v,,

Y

Uf —)*@—P Al =10 AQZ 10 — qu S 1OOV S
o | — |

N, 100v, N
(b)

o} |
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d @ (C)
V. l' Voc = A1A2Vs + A2Vn
A1:103 _"@_’ A2:10 e Vfb :BVOC Vg :Vi _Vfb :Vi _Bvoc
} Urb B=001 |< Voc = AIAZ(Vi o BVOC )+ AZVn
_ AA, . A, ‘
© (1+pAA;) 1 (14BAA,) 7
=100v, +0.1v_
S, 100v, 1000 S.
! N, O0.lv, :
4 # (d)
vf—b-@ﬁ-» A1:103 > A>=10 > U, D A A
v, =——"2 _.(v.+v, )=100v,+100v,
Vg B (1 + BA1A2)
S - S, 100v, S,

@ N, 100v, N,

1
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—————————————— Ay =250
|
|
A, =500 :
T |
\ |
f |
Ay=1000 :
! | .
Sel Sea S, (error signal)
(a)
250
P e R SR e R = A= 0.009)250) !
_F !
_ 500 _
____________ A2= 1370.0995300) - 020
| |
| |
|
1000
A= 150.099)1000) — 100 :
| 1
5 S

(b)

B ()7 2 B &% 451

R FRE 2R P PREBHET

S; (input signal)
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(a) 8- => §BI*
(b) ¥-8 => F =
‘ B -B
) gl i

AZ> { ‘ZéRL (C) => ﬁ%r%i”‘

(a) Series—shunt (b) Shunt-series

(d) Y- => #fedcs

ﬁ:; ﬂg

(c) Series-series (d) Shunt-shunt






~— V. +V, =V_+B,V, =0
! i T V. =-Vy =-B,V,
(v 2 YerAV, _Ve-A(BV) Vi (1+BA)
x R, R, R,
o
§ of=\|/XX=(1+ngAV) R
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lo = Al
© _ﬂ| :ﬂllo
. Ror Ifb_ 0| YRRV
_______ :*_O_ |i:|gl+ fo A RUR =B
s | o _
ﬁi - Al : ﬂ Ar = | _(1+'BiAi) — 1 +ﬂi(Alg)
S T: +> e | =1+ Al =1,
: §Ri< : _o_|:|+|fb_g
v b
dOFS | B :
e S | |g=(1+ﬁiA)
—“'i B i IiRi
Iy :§> | V=1 .:(1+,3i'6ﬁ)
|
S — | V. R







R,(I+ 6 A)

I:Qof =

R ;
(1+:Bi'6ﬁ)

Rif =

A )
(1+ G A)

Ar =



FLoF vRAEALIA
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VO=AZI£

Ifb=BgVo
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d+/5,A,)
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Rof = .
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12.21 Consider the noninverting op-amp circuit in Figure
P12.20. The input resistance of the op-amp is R=
and the output resistance is R =0, but the op-amp has
a finite gain A.

(a) Write the closed-loop transfer function in the form

v A

A T A

(b) What is the expression for 5 7?
(c) If A=10° and A =20, what is the required 5 and R,/R,"
(d) If A decreases by 10%, what is the % change in A?




10°

R, o
: . W=—
— AM— c 1+(10°) 8
R 1;} N
— W — ™ So f= —f’s = 3 =0.04999
M
R,
. Avy Then — :l— = l -1
R A 0.04999
vy Al = 2 -19.004
- R
Ve — ¥y T" (ve —v;) and 1 _ ¥
R R, T4 d A - 9x10°
0x10*

R R R R
Vg A
=3 " ]
1+{:1.-':1+—3
\ R]___.l
1
p= R,
1+—

A, = 4 ~19
T T 14+(9%x10%)(0.04999)

A, —4444%10°
4 20

AA,
A,

— = —0.005%

99956

= -2 222x107%%



12.24 Consider the op-amp circuit in Figure P12.24.
The op-amp has a finite gain, so that i ,=Ai ., and
a zero output impedance.

(a) Write the closed-loop transfer function in the form

Io — Ai
ARy Y

(b) What is the expression for 5,?

(c) If A=10° and A;=25, what is the required /5, and
R-/R,?

(d) If A decreases by 15%, what is the % change in

Mjf *
_)"| | of
— |‘ _.
—
I I'g ZL ]: O
+
; -~
IS :
— o R3




{
v,

L]
1]
I R,

Assume that F] 1s at virtual ground. 7, =-J R

F
|4 IR
Iy=I+—-=1I,- !;EF
Iy=1I;-1I, and Iﬂzxife—l—u
1, 4
50 Iﬂ_l’: e ==
: 4
/ \ \
Iu=fﬂ_.,‘ 142 | IS—I—“” 143
LR 40K
)
II:I I._\ .R!_ .__.' a-'i:
'ﬁ".f_l" :I— = 1 - R — = ‘]I =
: 1+—‘1+—*F 5
‘4'.‘ b R3 A ].+_F

1
b. ﬁ — 7 R N
‘ 1+—=
L 'R3 A
5
c 2?3=—m|5
1+(10°)5,
L
s0 3 = 213[}5 = 3. =0.03999

R _1 1 _ R

8 —=——] = — ::?—F:j‘{Iﬂ
R A 0.03999 R
d. A4 =10°—(0.15)(10°) =8.5x10°
5 4
o A, 8.9x10 989

"~ 1+(8.5x10°)(0.03999)
A -

LA 110x10
4, 25

=4 41x10”° = -4 41x107%




R Ve visv, (5 VBV, GE)

= A —,L/.Q.— AV s . AV
Vo=Av VE:AV( Vi~ Vfb) :AV(Vj _B Vf’) T AvEs V; 1 JrAvB 1 +A Rl
YR|+R,
AV A,
Ry oo . Lfﬂ_f V-V + R, V.=V + ==V |1+ R
el $z& l ——ov, "7 IRy +R, 1+£ [1+—2
Vio Y : + | 5 Ra | i ‘ R_l R-l
: V, : §R; AyVe i - -
| |
T = J Yo Vi pli A
; b4 L (V./R,) {H{&B




= +0

O |

rﬂ'
rﬂ'
?;?:
(1+g,7.)
1 R
Ay:(r_ﬂ“}%:?ﬁ? B =1V, =)
1
Rfrf+(1+hFE)RErf|:l+£+gm}RE:|
rﬂ'
r
=R, | —F—~= r
Rnf E“ (l—l—hFE) E” &
R .= R,

of
1
1+{—+ g, }RE
r:i'i'



Draw the circuits of basic blocks A and S,
and find the value of 5.

Vee=10V
Rea=
gR“ = 13 k(2
R= <S88KQ
g*mn kQ) I/Q -
Ry | : + —MW—]—+
~ J 0, +—T=° X Ry 'ﬂ Cp— oo
Co—res | o Ut o= 10k
T Fo 0.5k

‘ T ' Rps=14kQ B

_ Rgr 0.BK
CRptRer 10K+0.5K 1721



12.36 Consider the series-shunt feedback circuit in
Figure P12.36, with transistor parameters:
hee=120, Vgg(on=0.7V, and V,=oo. (a) Determine
the small-signal parameters for Q,, Q,, and Qj.
Using nodal analysis, determine: (b) the small-
signal voltage gain A =v /v.. (c) the input
resistance Ry, and (d) the output resistance R




a. Ry =R || R, =400|75=63.2 kQ

i R

A [F’C _|' ?5 |{ID) =1579V
(R +R, | 75+400,
sor = LP-07 __ 4007106 ma
2T 632+ (121)(0.5)
Iy =0853 mA
¥, =10-(0.853)(8.8) =249 V
o _
Iy ~ 22797 0497 ma
Y
e =10-(0.497)(13) =3.54 V
54 _
e 334-07 5 03ma
14
Then S
1T 0.853
o
2. = 0853 35 81mA/V
" 0.026
.
., 23200026 _ ch0i0)
2T 0497
g =27 1910 masv
"~ 0.026
, (20006 o
2.03
s == _ 7808 mA/V
0.026

b.

+ EmlV= ®
R~ V Iy % Vas T3
[ | =2 ) 2
oL
A
Ha‘
V.=V, +F, =>I'1—I' -V, (1)
/ 7V~ (1.1} 7
Vel t g,V =V,,(35.18) = A T e 515 =N 101010 @)
Tl £l F !\D 10

Ver =gV ) By || 73,) = —(32.8D7, (88| 6.28) = 17, (120.2)

(3)

VitV V;
EniVe2 WAL - B DT £ =V ,(19.12)+V_;(0.7263) +1,(0.07692) =0 (4)
2 L
;}+ 7= (7873 = W +I’;_I”;1
?'m Emi¥e: ,ﬂ{: . ) R£1 -R}-

Now substituting V., =—F_..(120.2) in (4)-

(19.12)[-V,, (120.2)]+ V. (0.7263) + 7,(0.07692) = 0
V., (2298.2)+¥,5(0.7263)+ ¥, (0.07692) =0 Then

Substituting V; =

V., (3164.3)—¥,(0.1039) in (5):

=7,(0.8143) - ¥;(0.10) +7,,(0.10) (5)

V., =V, (3164.3)—F;(0.1059)

(78.73)[V,,(3164.3) - F, (0.1059)] = F; (0.8143) —¥;(0.10) + ¥,, (0.10)

or Py (2.49x10°) -V, (9.152) = -F;(0.10)
Then V,, =V,(3.674x107 )~V (4.014x107)
in (2): (35.18)[F, (3.674) 107 ) — I’{-l 014x107)]

Now substituting ¥, = ¥,(3.674x107)Y=F;(2.10)-V,(0.10)

or F3(0.1013) =F;(2.10) So II— =207



T

Iyp = I,
i RE' : &l

V., =(20.77,)(3.674x107°)—¥,(4.014x107)
=V, (7.60x107")

Then
I
R‘f: = = : i
b ¥ +I’.;(?.61}><1Cl b
63.2 3.66
1

= — =624k
0.01582+2.077x10~ —————

d. ¥, =0 Equation (1) 1s modified to V,, +F,, =0
Equation (3) 1s modified to:

V_,(78.73)+1, =V,(0.8143)+V,(0.10) (3)
Now

V,,(3518) =-F,(0.10) (2)

Vs =—¥,(1202) @)
V_,(1912)+V_,(0.7263)+F,(0.07692) =0 (4)

Now

V.. = -V, (0.002843)

S0

V,, =—(-¥,)(0.002843)(120.2)
V., =V,(03417)

Then

¥,(0.3417)(19.12) + 7., +(0.7263) +¥, (0.07692) =0

or ¥V, =-F,(9.101) (4

So then

(O 10NTE T3+ 1
=F,(0.8143) + (01031, )(0.002843)

or

Iy =V, (7173) (3

or

ij :% =0.00139 k2 = Rﬂj‘ =1390
A' D E—]
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AI_Io hFE
== =
. 1+h 1+A







El(b)

".\..&.

B
A& N2 i3
SayVIE -$ DI 3
J—
|

U

@(a)pﬁﬁ‘:f Tt T-8 v
3 E”,

——————————




12.46 The circuit in Figure P12.46 is an example of a
shunt-series feedback circuit. A signal proportional
to the output current is fed back to the shunt
connection at the base of Q,. However, the circuit
may be used as a voltage amplifier. Assume
transistor parameter of hge=120, Vgg(,=0.7V, and
V,=00. (a) Determine the small-signal parameters
for Q, and Q,. (b) Using nodal analysis, determine
the small-signal voltage gain A, =v_/v..

% R(‘l =4 kQ




- - i 5 ™
a Ry =135(383=998kQ 1, =13 (10) = 2.606 V

. 13.5+383

_ (120)(2.606—0.7) _

I, = 1.75 mA V., =10—(1.753)(3)=4.75 V

il | 993"'1:121}(1} 1 |: :H: ]

., - 475-0.7 _ S

- 8.1

~(120)(0.026) _ R VAT,

r, = EE =1.78 kQ &m =5 006 31mA,

~ (120)(0.026) _ 050 _ 1923 mA /V

oy = N =624 kO T : :
b.

Rq
-+ 1 -ﬂln_"ﬁ';:lf
Ve Vel == Tl Re Va2 > T2 % Rea
HH — i"":m"'rn: . '|.";_:
F e




F‘E_Hr]_ I‘:n _|_JT"::1‘JT’EE

= (1)
R, Ryl R
gy smtte Tn o
R, Te2
SRR AN AMANNC
T R, R:

and 7, =—(g, V,,)R;, (4)

Substitute numerical values m (1), (2). and (3)

Vo |1 V, 1]V,
— =V t + -
0.6 06 998|178 12] 12

V.(167) =V, (4011)-V,,(0.8333) (1)
(1 1) Ve _

(67301, +
3 624) 3

V..(6731)+V,,(04936)+7,(03333)=0 (2)

L +1923|=12 47 s

" 624 21 12 12
7.(1939)=V,(09568)-7,,(08333) ()

From (1)

V,=V,(4813)-V.(2.00)

Then

VL (6731)+7,(04936)+(0.3333)[7,(4.813) -V (2.00)] =0
or

V(6891 +7,(0.4936) =T, (0.6666)=0 (27

and

V,(19.39) = (0.9568 [I (4.813)-V,(2.00 ] V7, (0.8333)
or

Ve, (1939 =T, (3.772)-F;(1.914) (3"

We find

V., =V.(0.009673)-1_,(0.007163)

Then

V. (19.39)=(3.772)[V;(0.009673) -V _,(0.007163)] -V, (1.914)
V,(19.42) =V.(-1.878) or V_, =-V.(0.09670)

sothat 7, = —(19.23)(4)(-V)(0.09670)

4
Tha 7= 74
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12.6 8 -8 wise i

+ l & E—L“‘té ?a /;:-“

b Vi=Vy =1 Ry
Re I 1

Agf— ° = ——

. V. R
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e
h .1 hFEAgV
R FE b I |
I‘O 'E Vb — Y i 0IL
E)
i IO
| h o\ 1 ]E"
I | g( (hFEZ&g)
(0] IO
A







(b)

(a)




| =i —t= |
| Rp |
AV
| — |
| Iy |
T oV,
I,

+ Az_i_r”RC
A :I_-: R r 1 r R
' 1+ | 1+—= |- A +-2=%
R, R-) R R
hee =0, >>1, /R, R.=<<R., 1, <<R;
_Vo _ Az ~ -1
Ay == =2
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Load

(b)

(a)

R E R

Si=0

1.

7 BT B

3. je i B

2.

e}

pS, = ABS,

_Aﬂ

fo

I
wn|um



[
[
: p_osﬁ

_OS“

T

v
T=Af=-——"L
P v

e
|
T=Af=-—L



FoF% RRARIA

f}lj : Vee=10V Ir — Verrrﬂ'; It — Vt:Itrﬂ'
gf]]zg Re=10kQ T:Aﬂ:_:_r:_i//_r
Break\ A I/T 0V, t t
Cm“—)m e Vo =—09nV, [RC | (RF T Req )]
f,-CD o gf?ig Re= o V, = Req A
S | Re + R,
| ’ 1L '_
- Vv R
p=82ka  Cooe T=-—t=+ 2 R I (Re + R
R'vjv\,k i Vt gm RF+REQi|[ c H( F eq)]

(@)

=

= =
W Re +Re + R,

B o Req =R || R [| R, [| T,

§Rs R, IR, TV, C_') VeSS, gnVe SR
_ | Re
T = (ngC ;



The transistor
parameters for the
(transresistance -
amplifier) circuit are: %=1« R

hee=80, Veg=0.7V, Sitibf -

and V,=100V. ® ©
Find the loop gain T. = 05k ¢

(Calculater_, g,, and | g
then T) Rp=10kQ (e




12.64 The transistor parameters for the
circuit shown in Figure P12.54 are:
-hee=50, Vge=0.7V, and V,=100V. Find
the loop gain T.

Rp =100 kQ

AAA"AY {1
Rp=10kQ (e



5 %ﬁ.‘, —1 L2
fip = 1-','|-!|L.U.E |
£

0 e
|1
i

1

wl

@

[

dc analysis

IRy +Vig(on)+ I R +V. =0

Tx

}'_.-"'

T

— I,»’

.

_ (50)(0.026)

H

rd
gr.uar_

5

Then (65.77)(-F;) = (14.26)F,(1.0930)

v,
V.

+
R. R:+ER; ”’:}

( Rj‘”};r !

=—422 sothat I =422

0.0343 3 I, =(50)(0.0343)=1.71 mA

— =0t en0s)

=65.77 mAV

0760 kQ;

> (65.77), = rs;l I: 7,(1.0930)

1 10+100[0.760

W, =(0.07011)F, —> TV, =(1426)V,

A rrare—
Ry | © \10+0.754,



S + SS Su
Source ——> A Load
s, A A _
Af = S :l = ‘ Sb
: +Ap 14T a b
—>Af(Jw)=1 (J.) ; T(jo)=A(jo)B(jo)=T(jo)£T(jo)
+T(Jw)

Pk B2 AP iR I T(w)2 o8k
TR FLRTE

Tlw)>-1 ¢ £T(w)=180 " | T(w) | < 1— &2 (3t B)
cT(w)<-1 ¢ £T[(w)=180 "> | T(w) | =2 1—> * f2(ERT R)

FrEIBRIZTIELTR(EL(w)=6)
— /T(w)= £ Ajw)

% * T(w)eBlode plots 2| ¥ 3~ B2 E 2 fd



where R, =r ||[Rg=r1, | R [IR,

>
Il

i ngﬂ' RC 1
Re+ R J|1+sR_ C,




|Ailag 4
Phase A

io

—6 dB/octave

: or 0 >
| —20 dB/decade J
: ~45°
|
|
I " -90°
fi f
(a) (b)

@ (@) Rind & ~ -] 2 A H
B (b) % i3 £ 4p 2 AL B
M AE ﬁJ?fﬁﬁ»?ﬁkﬁ
MAEPE o B R IR R AP A 5900



Iiy==gu, V.,

1
V., = _gmlvnl|:RL1 | R, |£ )}
sC ,
1
A,
sC,

A=t o (g )RR, IIan{ : H 1 }

' I. 1+sR C, 1"*‘S(Ru Han)Cz

1

(1+ jf](l+jf]
f1 f2
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|A]aB A -6 dB/octave
o Phase
Ao _20 dB/decade 0

I -

| —12 dB/octave 450
I or

: | _40 dB/decade _90°
| l -135°
| | . )

- 180
.f[ fz
(a) (b)

UNCIERTE: R A, |

B ()% i3 £ 4P 2 A B

LA ST TR o ¢

AR o g 3 TR~ ik A A S 1800






—6 dB/octave

o —12 dB/octave

—20 dB/decade 0
or

—40 dB/decade

—18 dB/octave
or -90°
—60 dB/decade

-180°

-270°

S ———
o
oh
b

(a) (b)

# ()T i3 &~ o 2 AL

B (b) v & Ap =2 AR )
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7] 1 A(f)= . B=02%0.02

B(100)  B(100)

~ T(f) = - 34—3tan—1[_f5]
10
1+J'i 1+ L
10°

10°

a4 —3tan”’ [%} — _180"

— 18048 1 8z 38 %f,5,=1.73x10°Hz

A.B=02
T(£y) = (0.2)8(100) S35 > RBE
B. p=0.02
~ (0.02)(100)

T(f5)|= - =025 — #%
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12.66 The open-loop voltage gain of an amplifier is
given by

10°
Y, f

(i) (1)

(a) Assuming the feedback transfer function is not a
function of frequency, determine the frequency at
which the phase of the loop gain is 180 degrees.
(b) At what value of 5 will the feedback amplifier
break into oscillation? (c) Using the value of S
found in part (b), what is the low-frequency closed-
loop gain? (d) Is the closed-loop feedback system

stable for smaller or larger values of closed-loop
gain?

A\/:



B10%)

@ T=pA =
A+ = |1+
ASTA "’1{:{,]
¢ =—2tan™" i*— tan™ i
10 10°
Set ¢ = —180°

By trial and error. £ =4.58x10* Hz
(b) Set [T|=1 at f=4.358x10" Hz

i B0

rd

1 (458x10° ) | 1 (458x10° |
+|.. 100 ) | +|._ 100

i

___BAY) 5002417
(21976)(1.10)

(c) A = 10 =397
% T 1+ (10°)(0.02417)

(d) Want |T | <1 at f=458x10" Hz, so system is stable for smaller values of /.




10.69 A three pole feedback amplifier has a loop
gain given by

fy p(10%)

f _f _f
+j— 1+i—|1+ji—
(Hlo?’j(“lo“)(“losj

Sketch Bode Plots of the loop gain magnitude and
phase for (a) 5=0.005, and (b) 5=0.05. (c) Is the
system stable or unstable in each case? If the
system is stable, what is the phase margin?
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C. For f=0.003,
IT(f)|=1(0dB) at f=2.10x10" Hz
Then

s
f

-1

210x10°)  L(210x10*) L [2.10x10°)
- | =

, fan 4 ;
R (1 N U T/ 10°
=-8727-64.54-1186 =-1637
System 1s stable. Phase margin =16.3"
For f=005,
T(f)|=1(0dB) at f=644x10" Hz
Then
o femx10t) (6mx10t) [ 644x10°)
p=-ta| = "“"ﬂ |- =
0 ) 10 10

=-89.11-81.17-32.78 =-203.1°= System 15 unstable.
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A(f) = 7
1+1—
+JfPD Al 4
AWMD
Ar(0)= (1+ BA(D))
A
A ()= T pA) -
f
Ag
T
1—|—_]f—fPD
where A, = A, ; frpp= I A+ BA,)
(1+BA,)

and AgXfpp = A X1
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12.77 A loop gain function is given by
500

1+'L 1+ ] f 1+'L
. 10* J 5x10° . 10°

(a) Determine the frequency f,g, (to a good
approximation) at which the phase of T(f) is -180".
(b) What is the magnitude of T(f) at the frequency
f= 1,5, found in part (a)? (c) Insert a dominant pole
such that the phase margin is approximately 60".
Assume the original poles are fixed. What is the

dominant pole frequency?

T(1)=




(a) @ =-180 =—ta.11']‘ % :—ta.11'1| Ji I'—ta.u']‘ Jio |

L 5x10* ) 107 )
fiao = 8.06x10° Hz
500
®  |7]= _ ——
Eﬂlﬁxlt} (8.06x10° Y | (8.06x10* Y
1\ |1+|q4.1+‘ — |
_.-' N, "K]'D .-'I '\.. ]'[:] ..-'
500
= =253
(8.122)(1.897)(1.284)
(c) T=- .jF}D

m*,.‘il '3 m* |l1 T J

: Y
| 1+_,i"fL || 1+_,i"i
ED N

Phase Margin = 60°=> ¢ =—120° = —tan™ f —tan" 1S —tan”" L— tan™" i

fop 10* 5x10° 10°
: 500
Assume tan™ = 00° Then f=42x10°Hz [T|=1= = = ,
feo (42x10°) | (42x10°) [ (42x10°Y | [42x10°)
1+‘ 1+| : | 1+‘ : ‘ 1+ :
Cfe VL 100 Y a0t YL 10 )
. ‘:1[][!
T A
1+ 4210 \ (1.085)(1.004)(1.0)
\ o/
42x10° _ 500

fop (LOB46)(1.0035)(1.0)
fop =9.14 Hz



