Electronic Circuit Analysis and Desipn, 2™ edition Solutions Manual

Chapter 12
Exercise Solutions E126
Ay - fa=As- fr
El12.1 Ao- fi (20%)(8)
A A; = =
a. A‘f = m fu 250 % 108
A A = At(ﬂ) =32
|.+Aﬁ='—"=>Aﬁ=——l
Ay Af
.B=AL-—%—L——1--005-00001 B12.7
P 20 ~ 10¢
a. V¢=Vg—Vf5-100—99=1mV
= 3 = 0.0499
Vo= AV, = A, = ——— = A, = 5000 V/V
b ke Do D . CImu 099——-
© /8 T (Te.odes) — zeaan w2 Vie= @Ve = f§ = -% 0098 L s —o0.0198 V/V
El2.2 = Ay = 5000
A Avt = T{ B4, = T+ (0.0198)(5000)
At =TT a8 o Ay = 8UV/V

Af+AfAf=A
Ay = A(l - As8)

A= Ay - 80
1-A;8 11— (80)(0.0120)
= 2000
E123
A
Ar =TT AB
-l 1 -5
=& AT e ou-1
3 = 0.009959
dA,- _ 1 fi_(A_;) da
{1+84) A L\ A A
._L‘M =(E
Ay 10¢ (20)%
= AL _ 9.002%
Ay
El24
da, 1 dA_ (A dA
Ay (1+84) A \A/) 4
dA _ dAy (A)_ 5% 10°
y vl Uy -(0.001)( 5 )
dA
= — = 5%
A

Ei2.5
Bandwidth = wx (1 + AAq)

=wg (Aa) (2r )(10)(100)

w = (2r}(10") radfeec = f = 10 kHz

b, B = Ri(l+AA) = (5)(1 + (0.0198)(5000)]
= R.'! = 500 k0

E12.8

E12.9

P s
I'=Y¥BA. 1+ /(0.0198)(5000)
= Roy = 400
4. L:Ig-—f,;:lﬂﬂ-—g‘!:l;ﬂ\
A= T = oo = A= 5000 A/A
ﬁ‘=fI!l °°99 0099 _ §=0.0198 AJA
A F=00108 AR
A A. _ 5000
UZTFAF 1+ (5000)(0.0198)
= Ay =50 A/A
R 5
b Ry =TLF4 = T+ (0.0188)(5000)
= Ry =500
Ry = (1 + AA)Ro = {1 + (0.0198)(5000)](4)
= Roy = 400 kit
Ve Vg=V =100 - 99 =1mV
Ay 1’2 5"“:; = Ag=5A/V
g=- V“' 9::: = =198 V/A
A 5
Alj’ 2

1+AA, 1+ (19.8)(5)
= Ay =0.05 A/V =50 mA/V
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El2.10

Ie=ls—Ip=100-99=14A

Vo 5V
A,:-I-j-n-i—A#A;=5x10'VfA
ﬂ_fi_’_gi‘:f‘ B =198 x 10* A/V

As 5 x 10°
At =T3R4, S

14 (1.98 x 10=3)(5 x 10%)
= Ay =5 x10' V/A =50 V/mA

El2.i1
Ay 10*
Av!=l+ Av -l+ 10*
1+ (RafRy) 1+ (30/10)
= A,y = 3.9984
5
Auy = mm‘ = 3.99984
1+ ooy
3.99984 — 3.9984
00% = 0.0360
30084 0% %
E12.12
.« r hngf (100)(0.025)

lecg 0.5
Ico 0.3
=259 o =10.23 mA/V
9m = = oz = B mA/

(Gem)e (&

5t 19.23) (2)

=35.2k0

= 1 = 1
1+(;‘:+9m)RE l+(g—~2~+1923)(2)
{19.42)(2)
= vy = 0.97
1+ (12.42)(2) = Ay = 0.97490

Rig =re4(1+hpe)fiip =52+ (101)2)
= .R.! = 207.2 kit

5.2
Ros = Rz ﬂ 1+ h FE 101
= Roy = 0.0502 kil = 50.2 0
b. hrr=150=r, = T8 kil, gm = 19.23 mA/Y
A + 19.23) (2)
T.8 (19.36)(2)
A.,f -

1+ ('rl_s + 19.23) (2) B

1+ (19.36)(2)
Ay = 0.97482 = 0.0082% change in A.,

Riy = 7.8+ (101)(2) = 209.8 k2
=+ 1.25% change in R,
Rey= Rz

re T.8

———— — a.
T zu = =12jj0.0517
Ros = 50.4 0 = 0.387% change in Re,

El12.13
Ve
L +~
Vs

Vo = (gmvg.:}RS

Vi= Vga + ngSVg:
Vi

Vo =7 + gmRs

Solutions Manual

= 2,{!( Tog = 24J(02)(025) = 0447 mA [V

% _&
Auf - V. 1+ ngS
(0.447)(5)
T ———— Aur = 0.691
At = T oaany(s) - 2 =
R'E = oo

\{s g‘s @ 31‘\4’ @ \4
i )
-

Vi .
Ix = ﬂngl = R—..:‘
Vgn = ~Vx

1
=V m+ —
Ix x(s + Rs)

1 1
R""g_,,.ll Rs = sqa “5
Roy = 1.55 k}

El2.15
i¢=( L RE 4
1+ fig R, +
1+h
F(so)(o.ozﬁ) = 4164
05

Then
e A8 oosiakq

1+ by 1

Then we want



Test Your Understanding

fo _095= (.83 R
i I\ R, +00514

or

_._EL._ =09619
R, +00514

which yields
Ry {min)=1304Q

and

V*=IRe+07= [‘E‘é 05)(1.3) +0.7 =

V*(min)= 136V

El12.19
o A= hEEA {200){10%)
© Y T Y (hreAg)RE 1+ (200)(10°)(10%)
= Ay =100 A/V =1 mA/SV
_ (200){10*) ~
b A= (o0~ Au oAV
Percent change is negligible. (4.5 x 107" %)
{200){10%) (200}(10%)
1+ (200)(104){10%) 1+ (200)(103)(107)
16-3
_ (200){10%) [1 +(200)(10%) (10%);
(10-3)(2 x 10°)(2 x 10%)
{200){10°) [1 + (200){10*){10°)]
T T (1073){2 x 10%)(2 x 10%)
200 x 10* — 200 x 10° . -
= )2 < 100y 2 < 108y — 2 * 10 )
E12.20
= [ = (20 _ -
v Vo= (R: +Ra){m)-5 = (20+3n)(m) ;
= =1V
Ve=—1~Vgs

V - —5 1
I =%1=Kn(yd!_ mr)

]
1—Vas+5=(15)(0.4)(Vas - 2)?
4 - Vos = 0.6(V3s — 4Vos + 4)
06Vis —14Ves — 1.6 =0

1.4 £ 1/ (1.4)* + 4(0.6)(1.6)
2{0.6)

Vos =
Vogs=3.1TV
g = 2K (Vos =V ) =2(15)3.17-2)

Wl
FS

4

Io= —(R—D-’%i;) (gmVea) = —(2—%) (3.51)V,,

fo = ~1.76V,

Vi =V, V. R Vs = L
i = g:+gm gsils = "—1+9mRS
V
= —te——— = (0.416)¥;
Vi 1+ {3.51){0.4) (0.415)

In = =(1.76)(0.416)V;

> Agy = .{;2‘. = —0.732 mA/V

b. For K,=1md/V*

From dc analysis:

4= Vgs = (1)(0.4)(Vas - 2)°
4~ Vgs =04(Vis — 4Vas +4)
0.4Vi5 — 0.6Vgs =24 =0

0.6 £ /(0.6)* + 4(0.4)(2.4)
20.4)

Vas =

Vos =331V
gm = 2(1}{(3.31 — 2) = 2.62 mA/V

lo= _(2-:-_2) {2.62)Vy, = —1.31V,,
Vi

1+ (2.62){0.4)

fo = —(1.31)(0.488)¥

Vgl = = ‘/.(0.488}

Ay = {7“ = —0.63¢ mA/V
732 = 0.
s changs = L0 _ a1



Electronic Circuit Analysis and Design, 2™ edition

E12.22
dc analysis:
10-Vo _ (]
w7 St Erm
1
Ip= K-(Vcs 'Vm)

20

Vos = (20 Y

)'ﬁ, = (.2985V4
2,13 - V4(0.213) = Ip + {0.0149}V,
Ip = 2.13 ~ V5 (0.2279)

From (2):

2.13 — V{0.2279) = 1[(0.2985V3) — 1.5
2.13 = ¥5(0.227T9) = l),l:iBSlV.,2 — 0.89551; + 2.25
0.0891Vy — 0.6676% +0.12 =10

0.6676 = 1/(0.8676)" — 4(0.0891)(0.12)
2(0.0891)

a =
Vo=1731V

10 - T7.31 7.3
= e 05720,
Ip 7 57 0.572 —0.109

Ip = 0.463 mA

Vos = 1’0'—‘:.63-4-1.5 = 2.18

. gm = ZKn(VG -V:I'N) = 2(1){2.18—1.5)
= gm = 1.36 mAJSV

AR
PpredTic

Rg=2ok

m

o)

3)

n

()

2)
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Ve (0.0713) = V4 {0.0213) + Vi(0.050}
Voo = V(0.299) + V;(0.701)

From (1):

Va v V
2 1.2 Jo _ Zse
4.7 + {1361V + 47 4T

Vo(0.213) + (1.36)V,,

=10

+ Vo (0.0213) — V,,(0.0213) = 0
Vo(0.234) + V,,,(1.34) = 0

Va{0.234) + {1.34)[(V0}(0.299) + (VI }{0.701)] = 0
Vo{0.635) + V;{0.939) = 0

= Ay = % = ~1.48

1

b. For K ,=15mA/V?
From dc analysis:

2.13 — %(0.2279) = 1.3[(0.2085V} - 1.5}
= 1.5{0.0881V; — 0.8953Vp + 2.23]
= 0.1337Vg - 1.343V + 3.373

0.1337V7 = 1.115V; + 1.245 =0
1.115 £ 1/(1.115)* — 4(0.1337)(1.245
v o Y(1.135)" — (0.1337)(1.24)

tH

2(0.1337)
1.113 £ 0.7597
Vo= s =701V
o= hamn =0
10 = 7.01 T.01
= em——— e =[] - .
Ip y; re 0.636 105
Ip =0.531 mA
Vas = 0'5?1 +1.5=2.09
1.5

gm =2K,(Vog =¥p, ) = 2(15)209~15)
=177 mA/V

From ac analysis:
Y
4.7
Vo(0.213) + (L.TT)V,,

Vo V.
T . P R LI,
+(1TT)Y, +47 47 o

+ V5(0.0213) - V,,{0.0213) = 0
Vo(0.234) + V,, (1.75) = 0

Vo(0.234) + (1.75)[Vo(0.288) + Vi(0.701)] = 0
Vo(0.757) + Vi(1.23) = 0
=V
= A,y = V. = -1.52

1.62 - 1.48
138 = 9.46%

% change =




Test Your Understanding

Chapter 12: Exercise Solutiops

Ei2.23
a.  input resistance,

= 7 -
&
@
%

ﬂ ﬂ\-\‘é‘ >

Vo -V

Yo g _

Ro + gm Vi + Rr =0

o Yust

Rr

SOWJ-'—'VQJ"II'RF
1 i 1

(Vio = I (47)]( :7) + V,.(l 36 - ;17-) =0
[Vae = [:(47)](0.234) + V;,(1.34) =0
V. (L57) = L{(11.0)

=>R.'f=-v-?—"-=7.0kﬂ

i

Quiput Resistance.

& M)A O
L iy
- 'V.;‘ ﬂ"‘i‘ g °
= ==

n

@

I

Vx Vx
Ix = R—D’ +§1nvgl + __RS -

Rs 20 )
— |V = | =] Ve = 0.294851
Rs + RF) x (20 + 47 x X

Ix= %’f? +(1.36)(0.2985)Vix +

Vyu =
Ve
20 + 47
Ix= Vx[n 213 + 0.406 + 0.0149]

Roy =I—=153kﬂ

b. From part {a)

1
ng - I|(47)]{0.234) + V,,(l.?? - Z'F) =10
Vi (1.98) = Li{11)
= R = YI!.!. = 5.56 k2

Vx Vx
Ix = e + {1.77)(0.2985)Vx + 0+ 47

Ix = Vx[0.213 + 0.528 + 0.0149]

v
=>Ro,=l,—:-=1.32kn

5.5
= =22 373V
Vra. (5.5 +51) (10)=41.

Rry = 5.5||51 = 4.96 k{2
Lo o 0973 =07
29 = 136 + (121)(1)
fcq = 0.260 mA

= 0.00217T mA

fr =12 K, gm = O mA/V
Raq = Rs||R:]|Rallr= = 10,000[|S1}15.5[12

= 3.51 kit

From Bquation (12.59(b}):

R,
- — R
T =(gmRe) (Rc + Rr + R.,)

3.51
= (10)(10) (m)
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Ei226

)

e

]

Vi= -V, h=AV=-AV

_ R, "R-‘ ) = _( R || R ) WV
Vo = (mnm +5) T \@mjR+ &) A

T=-% =A,(_Rli1§~'_)

Vi Ry + R,
ar
I
R
R1||R.‘
E12.27 .
. 10°)(0.
T=Aif = Amﬂf - ( )( Ofl)
(1+J‘E‘) 1+J-(1—n)
Thl=1=

107
" z
1+(f)

1+ (%—)z = 10"

Fi = 16v10° = 1 = fp = 10" Ha

- () o ()
= —tan~! (103)

é = 90"

Phase Margin = 180 — 90 => Phase Margin = 90°

Solutions Manual

Ei2.28

=Af = Anf

BN RIS

oot () o ()
Phase Margin = 60° = Phase = —120°

o o () oo ()]

At f' = 7.66 % 10* Hz,
Phase = —[tan™" (7.66) + tan™" (0.786)]

= —~[82.56 + 37.45)
=-=120°
5
T =1= L2
V1 +(766) x /14 (0.786)?
l—ﬂ-—» =973 x 107
= {7.725)(1.26) B=973x10
E12.29
Phase = —180° = =3tan™’ ({5-’7)

or tan™ (I%;) =60° = f' = 1.732 x 10° Hz

T =1= =208
{ 1+ ()
— ,B!lﬂl)]
[ I+ (1732
=8=008
E12.30 .
Phase Margin = 60° = Phase = —120°

L] -1 f'
Phase = —120" = —-3tan (E?)
ff

tan™? (TD_"-) = 40° = f' = 0.83¢ x 10° Hz
IT(f) =1= ___.J?_Eﬂ'l.?
ff
[ 1+ (ﬁ)
- £(100)

= g =0.0222
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El1231
The new loop gain function is
10t

T(f) = (1“_%)(1+1-ﬁ)

1

(13-55) (2 )

pase = =™ (575) + 0~ (5)
ran () (5w}

For & phase margin 45* = Phase = —135°, the poles are far
apart so this will occur &t approximately {' = 5 x 10* Hz.
Then

lT(f]I =1= - 2105
\ﬁ-i-(sxw)xvm:cﬁxﬁ
fep

(1unJ1+( “ws

- 5y 2
1+(°xm) =5 % 10°
fep

- 5x 105
\/5 = fpp = 7.0T Hz

b

El2.32

Phase Margin = 45° = Phase = —135°
This will occur at approximately f' = 107 Hz

T (A =1= -
10
1} xﬁxﬁ

i+ =5 x 10°
IPD)

~ 10
= — = fpp = 141 Hz
fro EBTH fro

E12.33
Ap 2 x 10°
A’@ = 1+ 8A; 1+ (0.05)(2x 10%)
= A0) 220
fe = fep{l + BAo) = 1001 + (0.05)(2 x 10%)]
= fc =1 MHz
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Problem Solutions

12.1
A
a. A[ = m
10* s
ao_mau(m),ﬂ w
W
=>ﬁ=%;—=>ﬁ=0.01249
dA; if.) dA _ a0
b. Ay "(A "2 TN
or
dA;
vl = =0.016%

Aj = 80 — (0.00016)80 = Ay = 79.99

10%

¢ 8 =18

10’
-L—aﬂ =0.0115

As
Ay = 80 — {0.016)(80) = A; = 78.72

12.2 .
{4)

e A= —21

T T (ars

1000
1000 T
00 = ——emre——— =100 = 0.
! T (100008 A o0 = £=0.008

b. A goes from 10 to 1l so

-’1-’- ( )(—20)»‘!—'4-’-——-16%
100 A,

(11)® 1331
A= 3
1+ {11)*(0. 009) 1+ (1331){0.009)
ar
As = 102.55
0
a4y 255
= % oo = 2.55% change
12.3

@ ¥, =(-10)(-15)(-20)V, = -3000¥,
Vo= BV, +V;

So ¥V, =-3000(8F, +¥,)

We ﬁnd

_=3000
A= V, 1+30003

v, =Y -V 2V, =v..—v_,
Then v, = Ay, ~v,}= dv,— 4v,
And

\’g(l“i'A)=AV|

SO

v A

= =09998=> A=4999

v, 1+4 —_
12.5

(10°)(8)=(50}f, = fp=8Kiz

12.6
@ (50)f>-0

(b) (lo)fs-a (105)(4):’ Srm =40 kHz

12.7
(50)(20 x 10°) = 5Aq 0 Ao =2 x 10°

12.8
v = Ardzwi + A1vn

vo = (100)w; + {1)wn = (100)(10) + (1)(1)

Sp _ 1000
—_— = 1000
= A 1 19

=(10)4) = S =8 KHz

Solutions Manual
Chapter 12
-3000
F 2 -120= ———= f=0008
or 4, 14300048 ﬂ—-——
{b) Now V¥, = (-9Y-135)~18)V, =-2187F,
Then
_-2187 2187 _ 1ao4
A 1+21874  1+2187(0.008)
% change = ED_I‘;I_B__Z__{ x100 = 147 % change
12.4

oC
'

al
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12.9

12,11
@ (8 R(max)=R{(1+T)=101+10")=
A, “o @57 R{max) = 10* K&}
Ano [+Ca Yen)
Aa R,{min):L= 19 + =107 k2
Fo _ 1+7 1410
(NG 7 Or R(min)=1Q
() R,(max)=R (1+T)=11+10")=
R, (max) = 10* iQ
R (min) = R ——-—l-—-—; =10 Q)
1+T 1+10
734 Or R,(min)=01Q
Mer _—
7 12.12 i
Overall Transconductance Amplifier, 4, =+
]
Series output = current signal and Shunt input =
o) current signal. Also, Shunt output = voitage signal
and Series input = voltage signal. Two possible
solutions are shown,
A
i «(sf : - e
o v Y <d h
-'_"S:ER"ES —SE.Z.'ss > > SHW‘ ERiEs -
AL
i+eAA. ; (w) G L.
— Speige - Sutwer [ —] St s _SERiEs [
Circuit (b) - less distortion 12.13
12.10 s 2.
(a) Low input R = Shunt input MV
Low output R = Shunt output €,
Or a Shunt-Shunt circuit _.__EV\/W—-: —
= y
(b) High input R => Series input - A
High output R = Series output -
QOr a Series-Series circuit 'c.;
{c) Shunt-Series circuit
(d) Series-Shunt circuit
vs =~ b4 _ o —(vs — vd) _ v
y- and v, 2



Chapter 12: Proble lutions

R:)
1422
'"0 Rl
Vs 1 Ra
1+A(I+R1

which can be written as

A,f:E-q—= A i
s 2
H[M(Hm)]
1
b f=—x
1+El-
10°
<. 20*1_*'-(—10_5)_13-
0
Soﬁ=19mT:ﬁ=n.04999
R 1_ 1

Thea B =5~ 17 55a908

R
= R = 19.004

d A4 —8x10*

§ x 10*
Af = T3(8 = 1099(0.04999) 19.399
AAy 0001 _ AA;
A, = 20 = = 0.005%

12.14

R =19

A.;z(i+-——)=2o=ﬁ

i
Ri R

vy =isHi

¥s—be (vs —wva) =10
+
Ry B3

g =

vg — Agrbd +Vo—[l-'s'—;r¢) =
Ro R,

0

1 1N Agrwa (s —wd)
VO(RO+RZ)‘ Ra t Ra

A -
0LVd+{US Vi)

Uo:M—m

e
Re " R

From (1):
2. A°L”¢+(”9-Ud}
is=p5-”d+v5_”‘_n" Ra Ra
R R, (L'f"“l—)
Ro R
+
15 = ¥#s -—-+L.—,_R'3.__
1 Rﬂ 1+_El
Re
Aor 1
L L-+—1'-+ B R,
B R 2
Ry
va =t Ry
1 1 R,) Aoi 1]
: R‘[(m*ftz)( "R)TR R
tsq 1+ 2
1+E
1 1 R 17
, (z+ &)%) -=
1+ &
B LS - IR T B A_on.}
‘S{I+H°+RI[R1+R1 Rn+ﬂo+.ﬂa

Ro 1 R, w
EE)
Lat R; = 190 k2, R = 10 k0
is{ﬂ.l + 190 + 100 - [01—;- +20+ m’]}
= e[ 2]

i$(1.000219 x 107) = »5(20.01)
R =22 25 % 10° k2 = Riy =500 MO
is
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Output Resistance

From sbove
In(l + -RR-?) =1Iy
I NV | I R
'21 2:_ Is — A—o' 14 -Ral =T
- - = 1 R
= a Is(1+%)=fo 1"'?(”1{)]
3 3%, % '
h ﬁ 1-_3&
. bt o
= = —
Rp
In= Vx = Aprva Vi = I _ (l + -R—a)
TR TRARIR TR E)]
va = _:MR‘__VX A Ra
RI."RI + Rg ..... A _ A';
- Ai -
I+
Ix 1 _ 1 Aoz - Ra|| R + 1 (1+£§)
Vx Ror R Re(Rij|Ri+ R2)  Ra+ RyjjR. A3
Ri||R: = 10][100 = 9.09
1 U Ui 9.09 ) 1 N
Ry o1 tol (9.09+190 * oo+ 909 b f=—p
1+ -)
= 10 + 4.566 x 10* 4 0.00502 ( Ra
Roy =2.19 % 107° k02 = Roy = 0.0219 Q 10°
¢ B = 1Then
12.15 108
—-1
i W 0 f; = B = ;= 0.0309
AN
— Ar l. = _—l——- —_ E.E. = 24.0
v 5o 2 WE = " T faee TR
[ [ V
| y I, - d A = 10° — (0.15)(10%) = 8.5 x 10*
3"_;-, T ®: s
AT 8.5 x 10 24,9989
& R . = 24.
= L )l %0 Ais = 77785 x 10°)(0.03899)
Ay 110x1070 s
WL, T om T
Assume that ¥ is at virrual ground. = —4.4] x 1073%
Yo = ~Inkr 12.16
Now R;:
Va IEbRF __)l N e
= —_—=l - ?‘
I I°+R; ] R _:.$ 1 _’I;_\, Z.
Iji =ls—1I. ] V" 1
I
Io=AiI-=?'I¢=A—°i = = = =
10
I,rb=fs~"fff Is=Ie+Ipp, i = LR

I;b=10+%lnd%=‘ﬁ—1ﬁﬁ?

I
Iu=A.'L=>I¢=f'_



Chapter 12: Problem Solutions

v

Now

I = Ade+ 7=V = InRr)

Ifi[l"" i—:] = Aile + %

Lyy=1s =1,

(fs-fc][l‘*‘%f =A.‘I¢+‘—;:-
I3 e e

Bel _yf L T(y, BF L
pe gz [0+ F) o] 5}

fe
1+ =%
v ( +%)
Rip = s - T1 Rp T
([0 %) ra] 2}
The IR, term in the denominator will be negligible.
Using the results of Problem 12.15:
P
W= 1 .
E[{'zs) + 10%)
Ry=sx10kQ=R;=050

Ourput Restsrance (Let 2, = 0)

Re
ES
-5 -— |
s Ty
Rl'. a; L
g
r— = - e
Vx Vi
Ix = X AT 4 =X
Xx= R TANYREIIE
[o= =X
< RF+Rt
50
Ix 1 1 A‘ +1 RF

Vi Ry R TRFYE R
Let Rp =240 k2, Ry = 10 k&2
_1__=_1__+105+1

Ray 10 ' 240 +2

Re+R, 24042
A +1 7 105 %1
= Roy =242 x 10> k2 or Ry 224200

30 Ry =

12.17

4

_(+hee) o Vs - Ve
- hps RE

Also o = hpe{A Vi) s Ve =

Ig

s

kpgdg

Then

Ithee Vs 1y
Are Rg hreAg REe
1+hrg 1 ] _ Vs

[ hre hrzA,Rz| ' Rg

[A,(l + hep}Re + 1]10 - E

hrgAg g R

I L deaels ]
Vs~ Rz |1l+ Agl +kre)Re
Is hrsA

= =3
Vs 1+ [h_&'EA,)RE

b. .3==RE
5 x 10°
¢ 0= I Ex109s,
5 % 10*
-l . = Rg = 0.099998 k(2
Bo=— g <Lz fs

d I A; — 535 x 10° thea

_ 5.5 x 10°
? = T3 (5.5 x 105){0.099998)
AAgs _ 1.82x107°
Agp 10

A

= 10.0000182

= 1.52 x 1079
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12.18 l
rﬂ
j ». AV, N e
%S - ¥
€ g :
2 . 1 (Z
£
T
b; =
V.
Ie=(1+hre)AgVe, [g= 7y ~Isand V, = IsRi,
V,=Vs =V, =V - [5R,
Now (14 hpg)A JsRi = RLE (Vs =IsR) = Is
R V-
[(1 + Arp)A R + R—E- + l] Is = -R—SE
v, R,
Riy = -f%= Rz|(1 +hre)AgR; +R_5:+1]
From Problem 12.16:
{(1+hre)Ad; = hrgAy =35x10° mS
R =~ 0.1k0
20
so Ry = (0.1)[{5 x 10°)(20) + T+ 1]
or Riy = 10 k2
- - v
v v %'--rl' R ED
& R: A‘V‘/ e T ™
- 3 =

Vx ~ (=Vo)
Ry

o= —{Ix + AV)(Rz| )

Ix = ﬂme +

or V, = [1 + A (Rel| )] = —Ix(Re||Ri)

Solutions Manual

(L

2

Now
Vx W

IX = Q'mAg"wV; + E + E‘;‘

o= (it )[R &

Rop = =~

(1}

= Ro{l + (ymﬂef« + I:';) [T%{—]%LLR_J]}

gmTeAg = hrpA, = § x 10° mS
Lethps=ll}0mA,=5><lﬁamS
RE||Ri = 0.1]}20 = 0.1 kQ

Then

or floy = 5.04 MO

12.19

Assuming V; is at virtual ground

Ve
(~V) = ~IsaRp and (~Vh) = —Asle = Lo = =

Ifb=Is—I¢
o
SOVB = (IS"‘Ic)EF = ISRF - (1—) RF

Vn[l+ i—’] = IsRr

A __E__ RF — AzRF
i ""Is'( Rr]  A:+ RF
14+ ==

A,
A Az
ofA:_f= =
1 14 A8,
1+ A, —
* (R?)
b, By = —e

)

1 0.1
Roy =5u{1+ (s x 10° +33) [W



5 x 10°
. S 10 = ———
¢ 1+(5 % 10%)4,
5x10°
_ 5104 _ -3
bo= o = g =198 x 10

Rr = — = Rr = 50.5 kQ
3,

d. A. = {0.9)(5 x 10°) = 4.5 = i0®

A, = 4.5 % 10°
T 1+ (4.5 x 109)(1.98 x 10-%}
AAg _ 55.4939

Ay . 5100

12.20

Vi=1R, -Vo==A, 1l =V, =A,l,
Ira=[s—fglﬂd -V =W -IIbRF

=Asdle=Vi~{Is -1 )RF

Wy _ .. W
—A;(Rl) =¥ —IS‘RF‘*(R‘)RF

A, R
Isﬂp=va[1+—+—f-]

R, R
W Re
Bi=15= HA_:,,R_F]
R, R

Or, using the resuits from Problem 12.18.

50.5 x 10°
1+ 5x 10°  50.5x 10°
10 x 103 © 10 x 109

__ 50.5 x 10°
~ [1 + 500 + 5.08]

= Riy=98.79 0

iy

12.21
Assume ., =02 md

;= (100)(0.026) _ .
- 02

Then I K2

= 4.994 x 10"

=-111x10"" = —0.111%

Chapter 12: Problem Solutions

- a
v R
+ o I, 4_§ ==
O Vo, D=
< Siof Al & -
- | " o hee T,
a K
- @,_rlo_ﬂ.n_
lﬁa-
L
V-V, ¥V, V, -V
) A% 24 T4
L T T
V. ¥ [1 1 1]
Sit=Pl—t—t—
R'R R R R
Now

LA/ V,[J—+%+%)=~V, +V, =V (12)

where V_=V, -V,
Then
[AV(K—VA)-K}1+}'FE)=VG-VJ
R, +r, R,
we find
AV(\+hg) V(i+hy) ¥, AV (l+he) ¥,
R+r,  R+r, R R+r, R
Then
(5x10°¥101; w,(101) ¥,
14 1a 10

(sx10°)(101)
N A TEET] £

Rearranging terms, we find

Ay =7e=1097
v ¥ (W
R"=E"(;ﬁ-vg)"['€-h)ﬂ
R

1 1
V,= E(p; +) = ﬁ.(V, +10.97V)) = 0997,
Then
i
=| ———— (10 k)= =4 MQ
R (1—0_9975)( 1= &
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+
ﬂ =
et ‘
-+
\'ﬁ \'!"I bl
V V:r Lt
® ! +§mLVnI+9m1Vr2+LZ'=0
Twi Tl
= = (Vwi+vw2)(;'}':+gm1) =1
Ve = =V,
[ AP Y, DO .
) R +r, R, +R[R,
Vo
V= _[ R[R, )_V‘ V= I Rs+ 1) = Ver + Via
RIR+R, o .
Now Rs
R.HR, = 1“10 =0.909 Vi= Vg (1 + —') — Ve + Vi
Tri
Then
V, = -0083%,
Now But V2 = =V
5x10°0.0833) +1 i
1, =V, L_._)(_....)_ 101)4._]'__ &s
1+13 10+ 0509 VizVai{2+ — + Via )
rl
=¥,{3012x10° +00917}
Or . Vo Vas - Vs
" Rz +9mew:+mr—3=0 £}
Zt=R,=332x10" k2> R, =0332Q "
1, e \%A Vo | Vo—Wi
rd -] 0 = Vb2
. p— + ymaV«s = EL-+ A
12.22 .
4. Neglecting base currents Vou = Vo — o
Ica = 0.5 mA, Vo =12 —(0.5)(22.6) = 0.7V o LA . ) v
reY _f 1 1Y Ve
ey =05 mA (mevo)( Te3 )-%(RL+31) R, “
>rp=0
Thea los =3 mA Va-% Y Ve _, 5
R Ry Tai
hrg - Vo _ {100)(0.026}
b tm=re=—p— =g =52kl Substitute aumbers into (2), (3), (4) and (5):
0.5
= g B — = A"
gmi = gmz = pon 19.23 mA/ o (2+—)+Vn
100)(0.026
Tey = L—(,‘,——-—z =13 kQ Vi = — Ve (2.192) + Via {2)

2
= =16.92 mA/V
gm3 = 5026 wA/ 1

Vg = =
%:(2264-13)-!-(1923) " %(13) 0
Voa(0.8135) + (19.23) V2 — (0.7692)V, = 0 (3
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101 101 1 1
%’(13) "V°(13 *+3 +50) V"’(E

Voa (T7.69) = Vo (77.96) — V42 (0.02)

va(g+15) ~% () + ¥ (53) =

Vaz(0.120) — Vo (0.020) + Vx2(0.1923) = 0

“

(5

From (2): V2 = Vi + Via(2.192). Substituse in {4)

and (5) to abtain:

Via (77.69) = Vo(T7.96) — [Vi + V,2(2.192)}{0.02)

(Vi + Vr2(2.192)](0.120) - V4(0.020)
+ V22(0.1923} = 0

50 we now have the foliowing three equations:

Voz(0.8135) + {19.23) Vg — (0.7692)Vp = 0

Vaa(77.69)
= Vo(TT.96) = Vi(0.02) — Va2 (0.04384)

(0.120)V; + Va2 (0.4553} — ¥5(0.020) =0

’

“)

’

(5)

Q)

T

@)

i

$)

From (3): W;_? = Vp(D.9485) — V,2{23.64). Substitute

for Vea in (4 ) 1o obtain:
(77.69)(Va (0.9455) — Vira(23.64)]

= Vo (77.96) — Vi(0.02) — Vir2(0.04384)

or

0 = Vo({4.504) — ¥5(0.02) + Vg (1836.5)

Next, soive (5) for Viz :
{(0.120)V; + Vi2(0.4553) — V4(0.020) =0
V2 = V5 (0.04393) — V;(0.2636)
Finally,
= Vo(4.504) — V:(0.02)

+(1836.5){V5(0.04393) — V;(0.2636)]
0 = Vo(85.18) — V;(484.12)

So

Vo 484,12

A.;=-ﬁ_' ssla»Au[-—568

12.23

4. Rep =Ry "ﬂz = 400"75 = §31.2 k01

Vea = (a. +R=)V“ = (75+4nn)“°’

= 1.579 V
1.579 = 0.7
Tsa: = G D 0.5)
fogr = 0.853 mA

= 0.007106 mA

Vor =10 - {D 553)(8.3) =249V

2.49 = 0.7
ST 7
Toz = e 0.497T mA
Vea = 10 — {0.497)(13) = 3.54 V
3.54-0.7
2 —— = 2.03 mA
Tee = =13
Then
poy = (2000028} _ 4 oo
0.853
0.853
gt — - V
gmi 0.036 32.81 mA/S
_ (120)(0.026) _
Tuy = 0497 = §.28 k{2
0.457
my = m— = 10 A"
gm2 = gz = 1912 mA/
ros = LJ!—mz 3&“25’ =154 kO
2.03
= — = 78.08 mA/V
gm3 = 0026 f
b.

V5=V,,1 +Vu =?V¢1=“-V1r1

Vm Va  Va=-W
Il Vi = a2 2L 0
Txl Fgmi Ve RE!I. + RF

Vez = —(gmx Vﬂ)(-ﬂ-m“fﬂ)

Vr:+"a+ﬁ

Ve =0
gmaVez + Rea T3

Ves M BV
-3, Vs = 28 " Tel
s + gma Ve REJ + Rr

Substiture qumbers in (2, (3), (4) and {5):

(n

@

&)

@

(s
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Vs (ﬁ +32.31) = (Vi - V.,)(_"_ + L) -

Solutions Manual

4.5 10

or Vy(35.18) = Vi(2.10) — V4 {0.10)

Vez = —{32.81) V.1 (88]16.28)
or Ver = —Vo1(120.2)

Ve
(19.12)Viz + —= +

ar

% Vr 3

2 P10

Vi2(19.12) + Va3 (0.7263) + Vo (0.07692) = 0

1 1 1 Vi-Vn
— T8, = Vol — — ] = —
Vna(l‘54+ soa) o(u+w) —

or

Vea(78.73)

= V,(0.8143) = V;(0.10) + Vi (0.10)

Now substtuting Va2 = -V (120.2) in (d):

(19.12)[= Vi1 (120.2)] + Vaa (0.7263)

or

— Vi (2298.2) + Vira (0.7263) + V4 (0.07692) = 0

+ Vo (0.07692) = 0

Then
VN = Vprl (3154.3) - %(0,1059)

Vo

10

@

&)

4

L)

Substituting Vey = Vi1 (3164.3) — 5(0.1059) in (5):

(78.73)[Vie1 (3164.3) = V5(0.1059)]

or

= Vo (0.8143) — ¥;(0.10) + Vi (€.10)

Vier (2.49 x 10°) = ¥(9.152) = =V{(0.10)
Then
Ve = Vo (3.67¢ x 107°) = V;(4.014 x 10~7)

Now subatituting Ve, = V5(3.674 x 10™*)
—Vi(4.014 x 1077) in @)

(35.18)[Va (3.674 x 107°) — Vi(4.014 x 1077)]

= Vi(2.10) — ¥3(0.10)

or V(0.1013) = 5{2.10)

Ve
So 7 = 20.7T
Vi
c. R.';=T-lndf.'=fnm+1m
Vi

Naow

Vi = (20.7Vi)(3.674 x 10™%) ~ V;(4.014 x 1077}
Vi = Vi(7.60 % 107")

Then
V.
R, = :
! v, Vi{7.60 x 207)
g2 ¥ 3.66

1
T 0.01582 + 2,077 x 10—*
ar R.f = 2.4 kQ

d. To determine Roy:

Equation (1) is modified to Ver + Vaa =0 (Vi =0)

Bguation (5) is modified o:

Vea(78.73) + Ix = V5(0.8143) + Vi (0.10)
Now

Ve (35.18) = ~15{0.10)

Vipp = =V (120.2)

Vi2({19.12) + Via (0.7263) + V2{0.07692) =0
Now

Vi = —Vo(0.002843)

50

Vi = —(=V4)(0.002843)(120.2)
Viez = V5{0.3417)

Then

V5(0.3417){19.12) -+ V43 (0.7263) + Va[0.07692) =D
or

Vea = =1(9.101)
So then

~ Vo(9.101)}(78.73) + Ix

= Vp(0.8143) + (0.10)(—V5)(0.002843)
ar

Ix = Vo(T17.3)
or

Roy = .?’_;=0'00139 k= Roy = 1.39 00

&)

3]

16)]

0]

@

3
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12,24
b.
v
&
W= (gml Vgl + 9’m2Vw)RL (L)
W= Vy.l + (2)
¥
— 4 gmzVe + -R-i-;- =10
=>V..(——-H"'”'E)+--—Vl =0 3
Fr Rg
Vv 1 _Vw -
Tz = gm V" RD] - 0
or
v, v,
= —_ e —— 4
Vl = RDI[T, + Rox Fm1 Vgs] 4)
Then
l+hprx Rm v v,
miVasl =0 )
V"( Tx ) Rea [ Ror = Jmi ”]
1+hre Rpy - RD')V
V'{( r ) + Reare RE:} ym‘(Rsz e
Lt
i RD!.)
Ve - o = g | 228Yy,,
¢ d I(Rm

30 Ve = gm qu(-{t-gi)v.

3

Then

Rp:
Vo = [levga “+ gml ﬂmchq(—R—) V,.] R
S0

Rp
VD = gmi RL [1 +§m2Raq(R_“")](v - Vo)

Rp
AL MR,(_)]
Ve 9::.[+9'an£2

R
14 gms A [1 + gmzﬂ-cq(ﬁ—i:)]

c. SaV,. =10

v
Iv + g1V + gmale = R_):,

Vg.l = -Vx

From part (b), we have

R
Vo= gm1 Raq('RR—;zL) Vgl = =Jml Req (ﬁ) Vx

Re
Then
IR
” - 1
Ro=RLﬂ g1 mgmﬂq(%)
12.25

%={ng,.)Rs
W=VII+% S0 ‘/’l =“—%

{(n
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Then
" - 1. . ¥
Vo = gm Rs(V: - Va) RS s Re 03, & A
- ngS . 1(2) — =
A, = 1+ngs—l+(1)(2] = A, = 0.667 [ -
£, VAAAAS
R
To determine Ry
Ix +ng'.=;—'.xslng’=—Vx V5=Va‘l+vl
Ix 1 1 Vi v, Ve = Vi
e ——=gn+— s B L R R
Vx Ror gm Rs — +gmi Ve = R: -+ ir

1 1
soRo,=—“ Rs=TI 2 = Roy = 0.667 k2
— gm v. Va Vea Ver _
gVl + = == === 0
Reyv  Rpe

- 2
b. For K_—O.BMAEV Va . A

gma Vs + —Rc: + Zr =1
g = 2+/(0-B){0.3) = 1.265 mA/V
(1.265)(2) Substituts aumerical values in (2), (3) and (4):
Ay = = {1.7167
1+ (1.265)(2)
AA; _ 0.7167 —0.667 , Ve=Vs—Vn
= = 7.45% increase
Af 0.667 Vo
Tog + (35.96)Vm
11 1
1 - a— s r— — -— —
Roy = 13 | 2 = 0.7905)2 (Vs - ¥, 1)(0.1 + 4.7) %(4.7)
’ or
Roy = 0.5666
A;lo 0.5666 — 0.667 Vi1 (46.89) = V(10.213) — Vo(0.2128)
= ————— = 15.05% decrease
Roy 0.667 A3 SRS 59V . ) .
5.96 RENNREE SEUPIES S
(35.96)Vs +V"’(1u *That 0.703) 0
12.26 or
dc analysis: (35.96} Vi + Vi [1.3T4) = 0
Rpm = 15047 = 35.8 k{1, 1 1
4 (T118)Vs + Vo (ﬁ + ﬁ)
Vra = -—) (25) =5.96 V . .
47 +150 .
- (Vs -— V,;)(ﬁ-) =0
Rruz = 33j|47 = 19.4 ki, or
3 {TL.16)Vaz + Vo (0.4255) — Vs(0.2128)
Vem = (———) 25) =103 V
T = \ra7 )9 4 Viry (0.2128) = 0
5.96 — 0.7 From (3) : Viz = =V (22.85)
I = mer—eemre = 0.0187 mA e
35.8 + (51)(4.8) Then substitute in (4) :
Ic1 = (50)(0.0187) = 0.935 mA —(71.15) Vi1 (22.85) + V5(0.4255)
' — V5(0.2128) + V1 (0.2128) = 0
10.3 = 0.7 <
- ————— = 00370
I = oGy - RS mA o

Ice = (50){0.03708) = 1.85 mA

el = M = 1.39 k1;

0.935 From {2} : Vi = V5{0.2178) — ¥5{0.004538)
ter = "’0195':26 = 0.703 k0 Then :
' —(1625.6){V5(0.2178) — V4 (0.004538]]
0.935

gmt = g = 3596 MA/V + Vo(0.4255) - Vs(0.2128) = 0
1.85

Im3 = g = TL15 mASV

~ Va1 (1625.6) + Vo(0.4255) — Vs(0.2128) = 0

5

4y

2

&)

4)

n

1#))

)

@
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or — Vs(354.3) + Vo(7.802) = 0
Finally

Vo
= e = 45.4
——

12.27
For example, use the circuit shown in Figure 12.23

12.28

Then K .=

L

0
(%q 25) = 1md IV

Want v, =0 for v, =0, so that
Iy =1gy =04 =1 -(Vog =V’

Then Vo, = 1!0;14+2=2.'63V

For Vor =263V =V, = 12~1,,R,
Or263=12-(01)R, = R, =937iQ}

L -L +

&m =2y Kol = 2,(1)04) = 126 mA 1V

(R Ny (10 Yool
Vi= (R, +R }V.) = (m}ﬂ) =00769V,

{Small amount of feedback)
(1) p: = V'I ”Vyz +VA

(2) g.y"| +gnVy1 = O:V’| = _sz

Then

V=4V, =V, = %(VJ -¥)

¥, = 003846F, - 0.5V,

(3) Vy = 8.V uaRo = ~£.R5[003846/, - 05V]
av,= Vy-V, and ¥, = g—JVps[RL K’R1 + Rz)]
So

V,= gm[RLIKRI + Rz)](Vn -V,

Then

V, = | R (R + R) [ ~8.R(0.03846F, - 057,) -V,
Or

V,[1 + g R R + R, 84Ro(003846) + 1]

= g-z[RLll(& + R!)IO‘SgnRD]'VI
Now
R|(R +R)=4]130=338
So
¥, [1+(126)(388)[g.(93.7)(0.03846) + 1]]
=(126)(388)0:5)g,,(93.7W,
Rearranging terms, we find

Yoo 8 _j0sg =111mA/V
v 589+176g,

We have

Ll1= 2,’(-‘%‘3 —T—)(O.l) =
(25"

12.29
Assuming an ideal op-amp, then from Equation (12.58)
Jo R 20
—_—= —_— = =100
L= TR T
R,
Then R_z =99

For exampls, set Bz = 5 kfl and R; = 495 k2

12.30
h 100
Iy =| —&— |1, =| — {02} =0.
@) I [l+hﬂ) £ (101 }=0.198 mA
Ve = 10-(0.198)(40) =2.08V
_208-07
|

lgs= =138 mA

100
I = —K138) =137 ma
a (lm)( )



For Q,:

. (100)0026) _ . o
0.98

=22 _r2mAry
0026

For (;:
_ (100)(0.026)
KR
1.37

Qg = = = 52T ALV
0026

=190 k22

(b}

R.o —!

- i

2nd

an Vn v, 1 ‘V.-

Jpm—tlypmb sl . !

Re R, 0

8..|V;| +‘_/L+..YL+‘_IQ=0
L5 JI-ar!

v -

T £ R

@

e}

Substitute numerical values in (1), (2), and (3):

Lot 1
v [Le Lo L)y(L
s "[10+|3.1+10] '[10)

I, =V, (02763)-V,(0.10) (Y]
11 ;
(7.62)‘/_" + Vﬂ(4ﬂ +]—.§E] + V‘[Z&] =0

(71.62)V,, +V,(05513)+V,(0025)=0 (2)

vl b))

V,(5323) =V, (110} - v, (0.10) &)]

From (3),
V, =V,,(48.39) +V,,(00909)

Substituting into (1),
I, =Vv,,{02763)

~(0.10){V,,(48.39)+V,,,(00909)]

I, =V, (02672)~V,,(4839) ()

Solutions Manual

and substituting into (2),
(1.82)V,,+V,,(05513)

+0025)[V,,(48.39) +V,,(0.0909)] = 0
Qar
(7.622)V,, +V,,(1761)=0
=V, =-V,(02310} (2%}

Then substituting (2') into (F'), we oblain

1, ={02672)(-V,,)(02310) - V,,(4839)
ar
Iy =-V,,(4901)

Now

R,
!0 = —gmlvxl[ R j—zR )
C2 L

2
=—(52.7 V., =-{42.18)V_,
( )(2+05) xl ( ) (3]

Then

(©) R = "t'_' and R =Ri|R,
5
We had
V., = V,,(02310) and I, = -V,,(4901)
50 ;
I = _(_—_.VH'L_ 4901)=V,,{2122)
02310

Then

Vv I
R == 004713

T 2122

Finally
004713=

R, =474Q

1231

(a) Using Figure 12.25

Vg), V:rl - lvel
i
I 3 (1)

= +
Rs||lRar|lrm:

Vs V.
USLAL - SN.£ R
ReillRpa t e

Vw:
RerjRaallre

Im1 VI'] +

@
= fmi V!rl. +
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Y—:’1+ymzvﬂ=%+%+ﬁ €))
b= BT T~ B a)
30 that

Vig = (m) Voo = Rel,

Then
1+ﬂz) ( 1 1
Veil =] = — 4+ —
a( Txy Rea +Rr)
Rp ) Vel !
x| == |Vi — RpL,} — =%
{(Rsnﬂmumuar : R""} Rr )

From (2):

Vor = Vz 1
xl e D v
gm1 {Reil|Re2fires)
Then
v ( 1+ ﬁi) Vrz 1
2 = .
Te2 gmiBr  Becr||Raz]re

Re ) ( Re
l1=f1+4—— —_—
8 { ( * Re/ \Rs[Rm ||rﬁ1|ar)}
R\,
(‘ * E) .
Solve for Vr2 and substitute into Equation 4.
®) R, = 20“30= 16 k2= R,

20
V. =|—¥N10)=
=[5 10 =27

2-07

Ly = o 0011

2 = 15+ (101)(1) tmA =
feq=111mA

R, =19B5=12754Q

15
Vepn = 10) =
™ (15+35) )=15V

15-07

Loy = === 00126 mA
802 7 12,75 +(101(05) =
Iog; =126 mA
111
=—— =42 4
B 0028 269 mA/
126
2= ——— = 4846
€< =026 mAlY
(100)0.026)
Iy = =23
- 111 442
_ (100)(0.026)

[ —12—'3—— =206 k2

From part {(a)
LA —
\206)  (42.69)10) 21275206

[[_){_.W]}(_)

So

V_,(4934) = -(21)f,
ar

V,, = ~04256/,

Now

4
[, = —— {4846} 04256},
o= g Jassoi-oaasey

or
I
==2=103
4 1
From Example 12.9, computer analysis showed
A, =958, The difference in results is usually in the

calculation of quiescent currents which leads to
slight differences in the small-signal parameter
values.

12.32

a. Rrz = 13.538.3 = 9.98 kQ

13.5

Vrg = [ e
TH (13.5+3s.3

)(10) = 2.606 V

(120)(2.606 = 0.7)
= = 1.7
fev = 358 + (1200 SmA

Vor =10 — (L.75)(3) =475 V
4.75 - 0.7

Iea = = 0.50 mA

L—E_"mx ?;“25) =1.78 k00
A

1.75
gmt = 55 = 6731 mA/Y

Try =

_ {120)(0.026)
@ = B NDD0D)

= 6.24
.50 k2
0.50
g = e = 19, v
g2 3026 19.23 mA/S
b.
£
< + 4 oo \{
&
(4 L4 e, LA oY (?.,h
. _ L M
>
'~ fer
-
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VS - Vl'l = Virl + Vrl -~ V.:z
Rs Relrm Rr

Vr! + Vl! + E!l
Rer Tx2

Vr V. Vea — V,
—3'+§m’zvsr2=—‘2"+#

P2 Rea Rr

ﬂlerl + =10

and

W= -“(Fma Ves }Rc:

Substitutz numerical values in (1), (2), and (3}

Vs — 1 Vrl 1 Vel
gs =™ [0.6 toseLe T 1.2] ¥
or

Vs(1.667) = Viey(4.011) ~ Vi2(0.8333)

(57.31)“’*1 + Viez (% e e
or
Vr;(67.31) + V2 (0.4936) 4+ V2(0.3333) =0

1 . Vel Ve! erl.
V"’(s.u + 19'23) Bl Tz 12

ar
Vie2(19.39) = V,2(0.9568) — Vi1 (0.8333)

Prom (1)

Vi = Vi (4.813) — Vi(2.00)

Thea

Ve (67.31) -+ V32 (0.4938)

+ [0.3332)[V1 (4.813) = Vs (2.00)] = 0
or
Vi1 (68.91) + V2 (0.4936) — Vz{0.6686) =0

and

Vw:(19.39)

= (0.9568)[Vimi (4.813) — V(2.00)] — V1 (0.8333)

or
Via(19.39) = Viry (3.772) = V5(1.914)

Solutions Manual

0
(2)

)

@)

n

(2)

3)

2)

3)

We find

Vi = V5(0.009673) — V,»(0.007163)

Then

V2 (19.39)

= (3

172)[Vis{0.009673) — Vi (0.007163)]
- Vs(1.914)

Ve2{19.42) = V(—1.878) or V. = —V(0.09670)
30 that
Vp = —(19.23){4)(~Vs){0.09670)

Then

1233

_[{n_ =1.36

Y

Using the circuit from Problem 1232, we have R, =

where /s =

Vg — Vi
Rs

From Problem 12.32

Ver

So

Ry

or

12.34

= Vi (0.009673) — Vira(0.007163)
= V5(0.009673) — {0.007163)(~-V5){0.09670)
= V5(0.01037)

Vs(0.01037) - (0.6) _ o 0629 k0

= Vs — V3(0.01037)

Rip=6290

Rrg = 1.4[[17.9 = 1.298 k1

1.4
Vra (1.4+17.9)(1°) 0
0.7264 — 0.7
= = 0.0196 mA
I 1.298
Icy = (50)(0.0196) = 0.98 mA

Neglecting dc base currents,

Ve

Igz

Icz

=10 - (0.98)(7) = 3.14 V
3.14 - 0.7
=305 B mA

= (%) (3.25) = 3.19 mA

Vo
fs
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50)(0.026
Ty = L-Jé-'g—s-—-l = 1.33 k)
0.98
gm1 = 0026—317 mA/YV
Ty = (50301':25 =0.408 k%
3 19
Jma = 0 076 =123 mA/V
I.¢ l I% ‘ ﬁb'é
-b—
~ e
™)
Is Vi
Rif| fallrm
Vr! Vfr! + Vcl e
Dlewl + Py + Res =0
Vi - W
=2 4 gma Vg =
* £1

Enter numerical values in {1), {2}, (3) and (4):

IS = V«l Vﬂ. - V:l
17.9{1.4]]1.33 5
Qr
Is = Vi (1.722) — V4 (0.20)
V-’z Vn-z + Vsz
(31.7War + ——= 0.408 + 7 =0
or

Vet (37.7) + Vi (2.594) + Vi (0.1429) =0

Vra Vaa— Wi
Taos T (133 = =2
or

Vi2(125.3) = Via(4) = VA (4)

Va-W W +V‘I-Va'1
0.25 ~ 0.30 5

or
Via(4) = V3(6.20) — Vi (0.20)

@

&)

@)

)

2

»

@)

From (4):

Ve = Vi(1.55) — Vi (0.05)

Then substituting in (3):

Vie2{125.5) = (4){Vi(1.55)} — Vi (0.08}] — V1 (4)
or

Vaz(125.5) = ¥4 (2.20) — Vi, (0.20)

and substituting in (2):
Vi1 (37.7) + Viea(2.594)

+ (0.1429){V1{1.55) — Vir1 (0.05)] = 0
or

Ve (37.69) + Vi3 {2.594) + ¥1(0.2215) =0
Now

Vi = =V (170.16) — Vg {11.71)

Then substituting in (1):
Is = Ve (1.722)

= (0.20)[=Vr2{170.16) — Viez (11.71)]

or

Is = Ve (35.75) + Vaa(2.342)

and substituting in (3 )

Vin (125.5) = (2.20)[=Veer (170.16) — Vi {11.71}]
-~ Vm(0.20)
or Viez(151.3) = =V (3T4.55) g0 that
Vi = —=Vie2(0.4040)

Then

Is = (35.75)[= Vg (0.4040)] + Virz(2.342)
Is = ~Viea(12.10}

Ih = -(yszﬂ)(m)

—(123)(m) Vri = —{64 43)‘/«2
or Vi = —(0.01552) ),

Then

b D gy
s (0.01552)(12.10)  Is _

(3)
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12.35
For example, use the circuit shown in Figure P12.30

12.36
ey = 6.24 k01, re2 = 3.12 K02, rea = 1.56 k(2
gmi = 18.22 mA/V, gm2 = 3846 mA/V,
gm3 = 76.92 mA/V

tw e
-
Ve=Vn +Va (1

Vit Va | Va—-Va

— i Vil = ——— 4 e

rel * gmi Vel Rar * fp @

Vier = —gm1 Vi (Reifirez) (3
Vs + V. Ve
g...:Vﬂ+—’R—+—°’-+--—’—=o (@)
C1 Tra

Viea Ver | Ves = Va

— Vg = = o e,

r— + gms Va3 Bm + R {8)
BEnter numerical values in (2)(5):
th 1 1 1

2NV = V| = == =Ty =—

524 T (1923 = Va (0.1 + o.s) "(u.s)
of
Vi1 (19.39) = Via(11.25) = Vea (1.25) @)
Via = =(19.23) Vi (5]13.12) = —(36.94)V;y o

1 i 1
or
Vaa(38.46) + Vea{L.141) + V,3(0.5) = 0 {4)

1 1 1 1
Vies (m + 76.92) = Vi (6—1' -+ ﬁ) - Vaa (ﬁ)
o
Vea{77.56) = Vea (11.25) — Var (1.25) 5

Prom (1) th = Vs - Vci
Then

(Vs = Var)(19.39) = Vs (11.25) — Vaa(1.25)
or
V5(19.39) = V,,(30.64) — Vo3(1.25) @)

Vi = —V5(36.94) + V.1 (36.94) @)

{38.46)[—V5(36.94) + Vi1 (36.94)]
+ Viea(1.141) + V,3(0.5) = ¢ @)

Prom (5): Vi = Vra(6.804) + Vo {0.1111)

Then

Vs(19.39)
= Vi (30.64) — (1.25)[Viea(6.894) + V0, {0.1111)]
or

Vs(19.39) = Vi1 (30.50) — Vis(B.6175) @)

and

- Vs(1420.7) + V.1(1420.7} + Vm(ll‘ll)
+ (0.5)[Vza(6.894) + Va (0.1111)] = 0
or

= Vg(1420.T) + Vo1 (1420.76) + Vea(4.588) =0 (4 )

Fram 2 ):
Vir = Vs(0.6357) -+ Via (0.2825)

Then substituting in (4"):

— Vs(1420.7) + (1420.76)[Vs(0.6357) + Vi3 (0.2825)]
+ Vra(4.588) = 0
~ V5(517.5) + Vya{405.95) = ¢

Now

Io = gma Vs = 76.92Ves or Via = [5(0.0130)
Thea — Vs(517.5) + Io(0.0130)(405.95) = 0
or

o _
F- = 98.06 mA/V
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12.38
o m 100005.026) 52k
= gt = o = 1923 mA/V
gm1 = 9m1 = 5026 :
oy = (100 20.026 L3k
2
= —— = 76.9 v
9m3 = 5028 2mA/

L V2
= 4 gmiVer + gmaVia + == =10
Twl T2
Since rq1 = rez and Imi = gma, then Voo = —Vwi‘

Vs = Vo ~ Viza + Vear = =2V + Vi

v, V. V.
ym:Vﬂ + a-a + x3 + ¥ey =0
w3 RC!

Via Ve
= Vg = — o —
os * gm3¥ma Br + =

I = ( Reca

Reoa + RL) (gm Vs )

From (2): Vo3 = V5 4+ 2V

Ves . Ve
S (Vs +2Vi) =0

(19.283)Vm+ Ty + gt 13 5

or
(19.23)Viz + {0.8230)Virs + (0.05376)Vs = 0

1 1 Vo

—-—+76.02) = ) O
V"‘(l.3+ 69‘2) (m)(Vs+2Vz)+ "
ar

(77.69) Vs = (0.3923)Viz + (0.1)V5

fo = —(22?)(76.92]%’,; = —(51.28)Vina

From (3'):

Via = —{0.04255)V,a — (0.002780)Vs

Then
(77.69) Vs
= (0.3923)[—(0.04255) Vies ~ (0.002780)V]
+ (0.1)Vy

(1)

)

3

{4)

H]]

3)

@)

57

(T7.71)Vas = {0.0989)‘/5
or
Ver = (0.001273) Vs

so that
fs = —(51.28){0.001273}V5
or

Lo (0.0653) mA/v
Vs

12.39

Use the basic circuit shown in Figure 12.27.

Vet tz,
VT —
4=

e

Far the ideal case

b _ 1
~ Rg
we. want
b 107 AV =1mAsV
Set Rg =1kil

Since the op-amp has & fnite gain, finite nput resistance,
and finite cutput resistance, the closed-loop guin is stighty
less than the ideal. Bp will need t0 be alightly decreased to
increase the gain

12.40

de anatysis
IgRe + VEE(M) +igRa + Voo =1
Ig = .._STLT._— = 0.0243

100 + (51)(0.5)

Ie= {50)(0.0343) = 1.7t mA
Then ry = MP_UZ_G)_ = 0.760 k{2

1.7
1.71
= —— = 65.TT mA/V
Im = T2 - O /
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a. Now
g @ 7
. ) e _ { _=(100}j0.760) — —(0.0T014)V
.'s_’[ Ve = ((1oo||o.'mo)+1o)(v") (0.07014)Vx
' - 'V. 50
1 1
= . — . 07014
% ﬁs v Pl £, Ix Vx(l + To7ag + (657D ))
- I Vi
L L Rop = <2 = Roy =175 0
=3 = = = Tx =0
To determine Ry b. From part (a). we find
Ve  Vo-(=Va) _ _ s
Is+ Zalirs Rr 0 L Ve = —5ame
then
Vo  Wo—=(=V) _ -Is )
A T @ Vo = (33.7)\ §32a
Now from (2) o v
— = —8.75 k§
(EE5TWe~ ==Ll L L—
ST T\ T 0
(63.67) Ve = V2(1.10) c. If capacitance is finitc, a phase shift will be introduced.
or
Vo = (59.7)Var 12.41
de mly&h: Vgs = Vps
and from (1): I= VEE «Fos - K_{P’G,—Vm):
RD
I+ s Yo g 10 - Vas = (0.20)(8)(Vas — 2)°
100[j0.760 © 10 ' 10 10— Vog = 1.6(Vie — 4¥os + 4)
Is + Ve (0.8543) + (0.1)(59.T)V, =0 a5 =10\ es = 2Vas
Ie = -V, (8.824
d ~(8.824) 1.6V8s = 5.4Vgs — 3.6 = 0
Now 5.4 % /(5.4)° + 4(1.6)(3.6)
v Ves = 5(16) =395V
R"!si—lsllﬂﬂ.'[=l4"fn o s
ip= —_:8-— = 0.756 mA
To determine Ry: gm =2/E.1, =2,J(02)(0.756)
= gm = 0.778 mA/V
X )
Vs v
(&
Tl T, y -
«6 \'C' a.: % s "és V4 (zo
e z w3
= =1 = = —_ = ..I__ = =
a,
Vx V.'IC Vgl - VS Vgl — "’0
X Ve =0
Ix= g ¥ ®r + Rolrs ™ al P Rr
Ve Vi
Vn(ﬁl—-+ﬁl—)=—5+—l’- (1
~(Ralre ‘ s F 5 F

V== @alire) + Rr)“”"
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wle b g Ve + ot
RD+3 ge + Ry 0
1 1 1
Vol —+ — | = —_——
°(RD+RF) V"(R.r gm) @
So from {1);

1 1 Ve W
Vol =+ —=—} ==+ 2
’(m+100) 10 * To0
or

Vo, {0.11) = V5(0.10) + V4 (0.010)
Ve = V5(0.909) + ¥5{0.0909)

Thena from (3):

1 13 _ 1
Vo (E + Eﬂ-) = Ve (10—0 - 0.778)
V2{0.135) = V,.(—0.768)

= {—0.768)[V$({0.909) + V5(0.0909)]

Vo(0.2048) = —V3(0.6981)

Vo
A, = o= —3.41
b. We have

V,, = Vs{0.909) + V5(0.0909)
= Vs(0.909) + (0.0809)( —3.41V5)

= 0.599Vs
Now
Ay = E:_ = Va _ {=341Vs)Rs
* Ig Vs; Voo ~ Vs —0.599Vs
5

ar

—3.41}(10
Agp = L—u—) = A, =—850 V/ma

0.401
V. v, 0.599V
. R.’ =-—-'-'-= 21 = 5‘.
¢ F=Ts T 0.401Vs T 0.401V5 (10}

Rs

= Ry =14.9k0

d.
AN
2 Re
AT ‘%‘_
% o o O
-; .y

Vx

Vx
= X gV e
[x Rp+g “+RS+RF
Rs 10
= | e | Wy = | ———— V]
Yas (ﬂs+RF) X (1n+wu) x
= (0.0909)Vx
Ix = Vi |L 4 (0.778){0.0908) + ——
x=EVxlgTY : 10 + 100
Ix 1
-——=——=U.204B=ﬁvﬂo!=4.38kﬂ
Vx  Roy
12.42

To be within 10% of ideal,

Y =
7 = ~10(0.9) = -8

From Problem 12.41, we had

V,, = Vs(0.909) + V;(0.0809)
= V5(0.909) + (~8V5)(0.0909)
= 10,0909V

Also from Problem 12.41, we had

Va(0.138) = V,.{0.010 = gm)
or
{~9V5)(0.135) = (0.0908)V(0.010 ~ gm)

—1.215 = 0.000909 = 0.0909gm
or
gm = 13.36 mA/V

12.43
de anslysis
Rrz = 24J|150 = 20.7 k2

24
Vg = (..-—2” 150)(12) = 1655V

Lo o - 1:655 =07
B2 = 30.7 + (151)(1)
30 [cg =0.834 mA

_ (130)(0.026) _
Txr = 0.834 = 4,68 k)
0.834
gm = oo = 32.08 mASY

= 0.00556 mA
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e
dc analysis
Vv
s Rry = 4|15 =316 k(1 = Rp
“s N ¥ (8 v —( 4 )12—2525\!
?”G v-dn THE\T+s) T
- -
[ =
= BGQ = —2.2.26—.:—9;?— = 0.00251
ve_v v v v 3.16 + (181){4)
g = V¥r w v = ¥y
Ve _ _¥n lcq = 0.452 mA
Rs  Rolle = Rr 1 cq m
Vo Vo-Ve _ (180)(0.026) _
gmVe + o= + —-"—-R——- =0 () Ty = 0.4k
Re F 0.452
Im = ——— = 17.4 mA/V
From (1): 0.026
Vs _ 1 1 1 _ _‘{q_
5 V’[s * 07468 T RF] R
W
- 3 ; 1.
- Jy_Y v K s XX
Vs(O.Z’D)—Vg(ﬂ.4ﬁ20+ R,) i ad gin ?#m; “-i*-z ‘Ji "‘é"? %i a{
il .
From (2):
Vi—Vm Ve Ver — Vo
1 1.1 = (1
(32.03 - -é;) Ve+ ¥ (E + R_F') =0 Rs Rplirs Rp
30
sz
1 L. S
- (u.xss‘r+ R—) gm V1 + RSl Rslre 0 2
'
Ve = ( T
32.08 — —) Ve
m Var i == ) 3
Rye gm Va2 + Rol|Ralir 3
@
Ve - Vi
Qnga+i+-‘i‘+%=0 (4
Vs{0.20) fe R F
1
-V | 0.1667 + — Now
1 u( 1667 + Rr) Ve
= (0.4620 + — - =

Rr 1 Br
732.05 - R.F‘)

Neglect the Ry in the denominator erm. Now

D=5 Vs= -—% = —4{0.20)

— Vo{0.20)(0.20)RF

= (0.4620RF + 1)[_%(0'1657R’ ns 11] -Y

32.08RF .

—1.283R% = —(0.4820RF + 1)(0.166TR# + 1)

—32.08Rp
1.206R% — 32.T1Rp -1 =10

3271+ /(32.71)% + 4(1.206)(1)
r= 2(1.206)

30 that
Br=212Lk0

Re||Rallr» = 8]}3.16[}10.4 = 1.86 k2
Raflre = 3.16]j10.4 = 2.42 kQ

Now substituting in (2):
Veez

(17.4)Ve1 + = = 0 0r Vi = =(32.36}Vn,
1.86

and substituting in (3):

Vira
(17.4) Va2 + T8 = 0

{17.4)[—(32.36) V] +
of Vea = {1047.3)Va

1.86
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Subatituts numerical values in (1):

Vi 1.1 1 Ve
AR (PR SN R
10 "(10+2.42+Rp) Ry
or

1 Vo
Vi(0.10) = Vi [ 0513 + — | = =
( ) 1( + R.r) 7,

Substitute numerical values in (4):
- 1 1 1 Ve
. 7.3\ Ve et e

(17.4)(104 3)V1+V&(8+ 4*3,»)

Rp
-V (0.315 + -L)
E

Vi = J;,-
1.822 % 104 = —=—
k.4 RF
so tat
vi(0.10}

1
-V, (0.375 + ——)
= (0.513 + L) Re/| _ Yo

F/llaaxiot —— | BF
Rp

s Va
Wehlvew 80 or M
_ {e.10)

B0

i
—(0.375 + —)
= (0_513+ L) N BRe/ 1

Re/{1822 10t = —| &F
Rre

Neglect the 1/ R term in the denominator.

— (0.00128Rs) = — (03138 £ V(O3T5Rp 1) _

_R_F.=

Vir (1,322 x 10° — RL) +V (0_375 + L) -0
F

1.822 % 10*RF
22.175R%

= (0.513RF + 1){0.375R¢ + 1) + 1.822 x 10* R#

We ind

22.58RL - 1822 x 10*Rp -1 =0

P =

1.822 x 10° & 1/(1.822 x 104)? + 4(22.58)(1)

2(22.58)
or

Rr =0.807T M

12.45

[
|
-

Vs—(-Va) =Va- Vi
Rs Rr

1 1 Vs 1%
e =0
Vd(Rs-l'-RF) +Rs+Rp

or

Vo-Wi W K-V
R.[ Rﬁ RF‘

1 1 1 Ve
R, —%(R1+Ra+ﬂﬁ}+ﬂr

v
and Vo = ApgVaor Vi= ——
 Substitute qumerical values in (1) and (2):

Va 11 Vs . WA
Jo (Lo Y+l
10*.(5+1o)+5+10
ar

¥2{0.3 % 10™*) + V5(0.20) + V4(0.10) =0

% 101, 1Y, W% (1
'5'5““(5"’10""10)"’10* (m
or

v (0.02 — 107%) = 13(0.22)

0.02 =10~
Then V; = Vu(-——m )

0.22
amnd

Vo (0.3 x 107*) + V5(0.20)

+(o.1u)[va (%752—“:-)] =0

1)

L

@

LN
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Va[0.3 % 107" — 0.4845 % 107" + 0.00909]

+ V3(0.20) = 0 3 o Y 9t
Vo =00 Yo 510 e, O v, O &S Gl
m?}'s.usnu-’”g;___ e e ™ - v
.*-
o ~-Va _ —-Va- Rz A J Loy
b. R.'r— Vs—-!—Vd! - V3+Vd St Ay
Rs
Vo 21.94Vs Viry Ve Va— %
B I Ea LA Ym APIPRR.L WL WulhL 1
Now Vy4 AoL 104 - + gm;V i Bor + Rr L
(21 94 x 1074)(35)
Then Rip = 7154 x 10—
or Riy =1 099 x 107 kO g Vot + _E_I_fﬁ_ _
Ct||Tw2
- Ry =1090 =V = —{gm1 Ver)(Rerllre) @
c. Because of the Aoy Vy source,
Roy =10
= V; so that
12.46 gmaVi + Vs + ¥ + Voo _y 3
Rea Tra
For example, use the circuit shown in Figure 12.41
V Vb VD - Vel
=t gmaVea = —— + —5— 4}
T + gma Va3 Res + i (
12,47
Break the loop From (4):
1 1 1 Vel
o) = Vg =+ gma | + =
AN~ V“(Rza+ﬁr) ’(m” “)+RP
. But V¢1 = —Vgl
v,
— * 1 Vot
ITel Te & Vea (; + !ma) - f—
i 2 R, &; > 2, 0V = - ¢
e (Rs: + E;)
- ‘ Then
=1 1 1
V V V!r:l. [(L't‘gml) - (—+—)]
Now Al; + = R Rr oy Rs||R. Tl Rm  Ap
[ =( Rs ) Y —Vga(L+yma)+% ,
r Rs+ R/ Rr+ Rs||R, = bl - - £ ()
al= fr(Rs;R‘) -(Rr + Rsli &) Ry (-—-——-Rm + Tf;)
S
and
1
. V Vw e -
AI+(1 1 ) gma¥e + J(Rcl+fwl)
13 Rp + Rs||R: Vﬂ(—-i-g ) - %—— ,
x[z,(R‘;'R){ap+Rs||R)]-u + Ty @
Rz (R R—)
T=-F= . ,
I N From (3'), satve for Vies and substitute into (1'). The from

(1 3, solve for Vi and substiture inta (2). Then T = ——.

1 1 BRs + R Ve

E'i' E}+Rs“ﬂ{ s )[RF-PRsHR;)
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12.49

Vo
L)
il
=

s

NN

le

V. Y V-V o
s Trl Rp =

__V*’+V°+E’i=g

m Ve +
gmi¥e Rev Tx2

Va2 v, Ve - V-
— Vg = = o i
" + gmiVe2 Rz + Rir

Using the parameters from Problem 12,29, we obtain

1 1 1 Ve
V'(l_n+157+1_0)—1—0‘°

ar
V.{0.2833) = V,(0.10)
1, 1 Ve
(7.62)V; +Vn(m + -2—2*8_) + o= 0
ar

Vi(7.62) + Viea (0.4636) + V,(0.025) = 0

V,,(,‘,_%q-sz.'r) = V.(-i-+-1%) - -‘1%
ar

Viea(53.14) = V4(1.10) — V.(0.10)

Then

Ver = Va(0.0207) — V;(0.001882)

Substituting in (2):

Vi(7.82) + (0.4636)(V, (0.0207) — V.-{0.001882)]
+ V,(0.025) = O
or

Vi(7.62) + V.{0.03460) — V,(0.0008725) = 0

From (1) V, = V,(2.633)
Thea

V:(7.62) + V;(2.633)(0.03460) — 15.{0.0008725) = 0
Vi(7.62) + V-(0.09023) =0
v,
ot F‘ = —§4.45
Now

T=—-E=>I = 84,45
]

* ﬁ“ ry it A Y
Qs P L

0

@

(5]

13

@

1&)]

12.50

jons
AN
Qe
174
% - A
A
W 9 4O w3 2.
v
|~ N
=
V:r'-=-‘rt
Vo Vo
S I (B 1
ImVr = Ro ¥ Rr + Ralrs W
and
Rallrn )
o [ —Bllre Yo
v (Ra||r.,+ﬁp o @
Now

1 1
IV, = Vol = e e e,
(65.77) ¥ “(1 BT 100||o.?so)

or (65.7T)V, = Vo(1.0930)

and

0.754
Ve (10 +0.754

so Vo = (14.26)V,

Then(55.77)(—V;) = (14.26)V.(1.0930)

% =—4.22 so thar T = 4,22
[ 4

)% = (0.07011)Va

12.51

R G R )

or
_ -t [ _fie \ _ =t { fiso
~ 180 = —tan (-———5 ! 101) 2tan (_"'10- )
= fiao 22 1.05 x 10* Hz

b.
IT(Hea)l =1
_ B{10%)
- 1.05 x 10%Y* 1.05 x 10%?
\/1"'( S % 107 ) [1"'( 10¢ )]
L AL
= {21.02)(2.108) or

§=4142x10""
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12.52
sx10°

T
(I+j%‘—)(l+jl—fo—,)
Phase = ¢=— tan"(L.] - Ztan"(%)
10 10
By trial and error, when f =1095x10° Hz,
$=180°
For [T}=1 at f =1095x10° Hz,

. ﬂ(ixw’) .,
) )]

Bsx10%)

'= [rososz2199)

A=

= f=484x10"

At f = B.1x 10* Hz, ¢ = —150.28°
Detecmine [T f)| at this frequency.

[T
= A(10") x 1
L4 (L% 1y ?
100
i 1
I TS A B e———
8.1 x 10* 8.1 x 10
H’(sxlo'-) “'( % )

8(10%)
= [5.161)(1.904)(1.287)

& PBor g2 = 0.005

IT(f)] = 0.250 < 1 = Stable

b. Por § = 0.05

IT(f)| = 2.50 > 1 => Unstable

Solutions Manual

12.54
(b)Phase margin = 20°=> ¢= ~-100°

= -100= -2 tan"{ Lo - tan-t[ L
¢ (10’] sxio*
By trial and ervor, f = L16x10° Hz

Then
=1 A(5x10°)
| o[ L16x10 ) L [Lisno ’
10 sx10*
_ B(5x10%) ~ -
= ————(2‘3 3100) = f=47x10
12.55

o 1

e. Por # = 0.005,
{T(f) =1 (0 dB) at f ~ 2.24 x 10* Hz
Then '

¢ =—tan™’ ( o7

2.24 x 10* — tan™ 2.24 x 10*
104

- (2.24 x 10*)

108
= —8T.44 - 65.94 — 12,63
or
¢ = =166" System is stable.

Phase margin = 14°



Foc 5 = 0.05,
I7(f) =1 (0 dB) at f = 7.08 = 10* Hz
Then
1 [1.08 x 10* - £ 7.08 % 10*
oot (LX) (1880 101)

e T.DBxlB')
an 10%

= —89.19 — B1.96 — 35.30
ar

¢ = —206.45" =>System is unstable,

12.56
10

. f I I . I )
I+ 1+j==11+
( Tl AT ST
Phase Margin = 60°= = -120°

So

(ke

By trial and error, at f =10° Hz, ¢=-120°

Then
A1e)

n=1= : - -
JH(;;.;%) \([_0_5) | J(_)
A1)

1= e Latayi02)

= f=322x10"

12.57

a. Phase Margin = 60° = ¢ = —120°
Then

o L -1 L
¢ =-—120" = ~2tan (103)

or f m 1.732 »x 10* Hz

Then

8(10%)
- (1.732 x 103)z
10

which yields

|T(f"=1= [

g=4x10"?

apter 12: Problem Solutions
12,58
T(0) = 4(0) 8= (500%0.6) = 300
300
TU)= 1+jL 1+ L l+jl—)
10* 10° 10°
Find f at which [T'=1|
300

o) () ()

By trial and error, f, = S5.12x10* Az
Then

Af A N A A
=- FINE L tant| L
g=-on [w‘) = (10’] [10‘)
=-8888-7895-271=-1949°
System is unstable, Phase margin is not defined.

12.59

[

[

12.60

Phase Margin = 45° = ¢ = —135°
¢ =—135°

= —tan”! -F%) -tan™ (1%) —tan”™ (l_f;s')

At f = 10" Hz, ¢ = —135.6°
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Th=1=

=ﬂ(103) x 1

\/x+<%)’"\/x+(:—z:->"‘

Solutions Manual

®
10‘ m‘ 2
\/l + 106 \/ (105
5010°)

(10.05)(1.414)(1.005)(1.00)

1l =
or

8 = 0.01428

1
b

1
(1+j7£?) (“"aﬁf@
1

1
®

. f . f
(‘+Jmu-=) (‘“m)

Phase Margin = 45° = ¢ = —135° at f = 300 LkHz

3
~135° = —tan ™ (—300 x 10 )
fro

-1 {300 x 10°
tan (300x10= —0-0

= —30° —
Now
[T} = 1@ f =300 kHz

T=1% 5000

3y 2
1+ 300‘10) -v@.-l.l
frp

1+ (300 x 103)’ _ (soon :
fao \z

300 % 10°v2
fro = =550
= fpo = 84.8 Hz
12.62

1. T(0) = 100 dB = T(0) = 10°

'4v);
_ 10°

(i) () ()

() 1 x 1
r] 2
fe & ()
1
x
\/“(ﬁf—la")

By irial and ervar

f=10.976 MHz

_ —1 {0.976 x 10° - 0.975)
¢ = —tan (—_10 tan -

.97
— tan~! 0.976
10

= —90° = 11.05° - 5.574° = —106.6°

Phase Margin = 180° — 106.6° = 73.4°

1 10 TS
b. fplocc—-sofh—-z—o
or
f;:; =2.67 Hz
Now
TI=1=
= 10* x 1 - x 1 -
f ! )
\/l + (2.51) \/:(s = 108
1
* T
1+ (whw)
1+ (10 x 108
By trial and error
f=266x 10® Hz
then

- -1 (2.66 x 10°Y ., (0.266
¢ =—tan ( 7.67 an "
~agt [2:268
10

= —90° — 3.045° — 1.524° = —-94.57°

Phase Margin = 180° — 94.57° = §5.¢°
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12.63

@ fim =§“}”“r‘ where 1'=(R,,“R,,)C,

=(50001000)x10*x2x10™? = r=667x10" 5

Then
Srow = 5;{6_6;1—10"):’ oo =239 kHz
(b) For
1
Sop =10 Hz, r-m-mﬂ.o}s%

Then 7=(R,[R,)(C +C,,)

0.0159 = (50041000}x10* x(C, +C,,)

ar

(C+C,)=4T1x10" =2x107" +C,, =
C, =477 pF

12.64

Want f, =12 MHz for a phase margin of 45°
T,(0) = 804B = T(0) = 10°

Then

_ 1(0)
nf)=

1+]—{- 1+ f )
+ )
Teo 12x10¢
Set f=/f and |T|=1
So
10
ln: - 12x10°
X
1+ 2
(2
which yields
4
12"106 ‘70- fop =170 kHz
12.65
Ag = B0 dB = Ao =10
Ao
As(0) = T A Ag
10*

asi= -I-TI-_E(IT) = f=02

Then T{0) = BAq = 0.2 x 1¢*
Inserting a dominate pole

o= () o () o

If we went o phase margin of 45°, then

- % . G0Y - -1 -f— - =1 _f_
135° = ~90° - tan (100) tan (107)

By trial and error, f = 0.845 MHz

Then

0.2 x 10t

1!
f1+ 0545x 0)\/1+
1+ 0.345 2
10

0.845 x 10° 0.2 x10'
frp (1 309)(1.0036)

so frp = 555 Hz

ITI=1=

12.66

Assuming a phase margin of 45°,

an”! (2 xflﬂ“)

- b
—ta™ (25 ” 10')

By trial and ervor, f = 1.74 MH:z

— 135" = —00° —t

Then
T =1

= 5000 x :

\/ (L.Tulu‘)’
14 | —————
fro
1 1
® 3 = 3
1.74 1.74
Ju(z) \/14-(25).

1.74 » 10° ~ 5000
frp (1-325)(1.0024)

30 tpp = 462 Hz

or




