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Solutions Manual

Chapter 7

Exercise Solutions

E7.1
& Rs = Rp = 4 kU
bl 1
rs (Rs+ Rp)Cs
Ce= 1 _ 1
T T 2rf(Rs+ Rp)  2x(20){¢+4) x L®
Cs = 0.995 uF
‘ Ra wre
b. [T =
I {Jw}l (RS + RP) ‘/1 +U2T§

rs =(Rs+ Rp)Cs = 7.96 x 1072
Rp _ 4
Rs+Rp 4+4

=0.3

f=40Hz
T )] = [0.5)(2=}{40)(7.96 x 10~%)
14 [2m(40)(7.96 x 10~3))

IT(jw)f = 0.447
f=80Hz

3)(2= T. =3
IT(jw)| = {0.5)(2=)(B0)(7.96 x 10~%)

—\[1 + [27(80)(7.96 x 10-3))?

[T(juw)l = 0.485

F=1200Hz
{0.5)(2x){200){7.96 x 107%)

1+ [27(200)(7.96 x 10-9)]

[Tl =
T(jw)| = 0.498

E7.2
1 1

e (Rs[[Rp)Cp
1

o =
Cr = TeF(RsTER)

I
T 2x{300 x 102 }{10{[10) x 10°

Cp =63.7 EF

E7.3
a. V'D = —{gmvw]RL

Fo

Ve = — v
e + e + Re
% 3]‘ - mrrR
)= v?((sj . Ri+(1;scc}
_ —ImrrRi(sCe)
1+ -’{rg +R5)Cc
gmTe =ﬁ

_ AR ( s(re + Rs)Ce )
o= m: *\Tastm s Ro1Ca

1

b, fi-ap = T = RoCe

H
27(2 % 10° + 1 x 109)[10-%]

= !345 = 33.1 HZ

TOwl . = gmfe _ (2)(50)(4}

fieam =

re + Rz 241
[TFw) =133
<.
G,
193+~

1

TIAN= 5=

E74
1
a. Vn = —0m V' (RLIE ;-c,—L)

r'
Vr— (fﬂ+R5‘) xv.

R x...}....

T{s)""‘v’éfa)}:'?m r,,R ( - ’?L)
HE] T + fg

RL+-'CL

v _ —BRs 1
T(s) = re + Re X (I+SRLCL)

b 1 1

fd = R T = I8(5 x 109){10 % 10-17)
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= fldB = 3.18 MHz
gmreRL _ (75)(1.5)(5}

TG = Re = Ts5+03
\T(w)l,,, = 261
c.

2911 :

.‘ |
HT3) |
E7.5

Rp
a. 20log, (RP+R;‘) = ~1
Ap - _ _fis
= T+ ks -0.891_—RP+1

= {1 -0891)Rp =0.89]1 = Ap = §.17 k}

P S
L= Zr(R: + Rp)Cs
1

= s T 01 + 5.17) = 10°
Cz:=0.17¢4 pF
— |
I = SRR ICH
1
= CP = T (10)(1J8.17) % 107
Cp =173 pF

b. rsz = (Rs+ Rp)Cs

rs = (1% 10° + 8.17 x 10°) (0.174 x 107°)
rg = 1.60 ms opea-Circuit ime-constant

e = (Rs||lRP)Cr

rp = (14j8.17) x 10°(179 x 107"%)

rp = 0,160 us shon-circuit ime-constant

El1.6
g Open-circuit ime constant (Cr — open)
rs =[{Rs+rs)Cc
=(0.25 + 2) x 10°(2 x 10"} = 4.5 ms
Short-circuit tme constant {Cc — short)
ra=RCr = (4 * 103) (50 x 10-12)
e =102 us
b. Midband gain

Vo = - mV' ' V.= I'—"- A
b gmVaRe (r,+R5)v
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Vo —gmfr RL

Av = _I = e+ fs
_ =(e8)(2)(4)

7+ 0.25

A, = 231
1 1
= = =354 8

¢ = T has x 1079 =/1=354Hs
fn L = fn = 0796 MHs

= Trrr . 2n(0.2 x 10-9)

a ry= I[Il?. + R:)Cc
b, f=

21?1'_:

Rra = Rul|R: = 2.2/[20 = 1.98 kQ

. R, . 2.2
= [ S ~ = r———— 10
Vra (R1 +R;)“C' (2.2+‘20){ )

=0.991 V

oo o YIH = Ves(on) 0991 -07

B9 = Rrm + (1 + )R 1.98 + (201)(0.1)
' = 0.0132 mA

Icqg = 2.64 mA

=l 28 _
§m =T T Doz
Rp=rp+(l+8)Reg =197+ (201)(0.1)
=221k
Rp = Ri||R; =1.98 k0
R, = Rg||Ris = 1.98]j22.1 = 1.82 kO
rs = [R + Rs)Cc

= (1.82 + 0.1)(x10%) {47 x 10~}

102 mA/V

= 90.2¢ ms
1
= —— =176 H
f= oy T =10 R
Midband Gain
A = -3Rc ) R,
YT re+(1+ 3R R+ Re
___—(2a00)(2) 182
T 197 + (201){(0.1) 1.82 +0.1
Ap==172
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E7.8 E7.11
¢-0.7—(—10)
lp=K(V., -V} . = " = (.0230 m
o0 = K (Vs =Va) & lse = F3Tman mA
08 Icqg =2.30 mA
a. = +2=Vgs = Ves =226 V AVr  {100)(0.025)
2.5 =l = T T 113 kD
Ieq 2.30
Ieg 2.30
- V bl s I m = e R — \'r
Vs = =3.26 = Ipg = S_R_i_ﬂ P} SR = o =885 ma/
- R [RS + rr)CE
~3.26 4 _ &
Rs = == " = Rs =218 kD = Rs v+ {1+ BIRE
Vp=0= Rp =i=>ag =§.25 kD {4 x 10%){0.5 + 1.13}Ce
0.8 7054 1,13 4 (101)(4}
1 1
= = ? = memm = ——— = (.786
b. rs=(Rp+ R)Cc =(10+6.25) x 10° x C¢ e Tn7e = 7 200) 796 ms
. - -3
f=—— s Com b r5=16.orcg=~c5_—.°'gﬁﬁ"n_m
Trrs 2 f(16.25 x 109) 16.07
1 = Cg = 49.3 uf

Ce =

27m(20)(16.25 x 10%)

b. rta=RgCpe = {4 % 10*}(43.5 % 10~5
= Ce = 0.49 uF a=ReCe = | i )

= ra=01955s

1 1
E79% fa=m—m=>h-ﬂ.ﬁﬂﬂz
s = (RL + REIIROJCcz E7.14
L 1 BoVr  (150}(0.026)
= —= Oy = _ Ha¥T _ -
f=% €= If(Re + Rz Ro) e e FiaE
= T= +(RS'|!RB)} 1
Ru—r"ﬂ{ l+ﬂ fﬂ""zwr"(c’r_“-c"'}
From Example 7-5, By = 35.6 O _ 1
Ro||Re = 0.0336}10 = 0.0356 kD T w(7.8 ¢ 103)(2 + 0.3) x 10713
Con = 1 = fp = 8,87 MHz
€2 = 2x(10)[10 x 10° + 35.6) —
Coz =159 uF E7.15
_ BoVr _ (100)(0.026)
E7.10 : e = Tea .35 = 10.4 k$}
1
z T ———
1 Lpg= K (Vig+Vy,) fa= 257y (Cr + Cu)
1 1 1
g3 - (FA=Vse = Vg =341V Gt G = e = 22115 % 10°)(10.4 = 10°)
Ve =3.41 Ce +Cu=133pF
Rs= 5':'“ = R: =159 ki Cu=0.1pF
= Cr =123 F
For Vspe = Vsgg = Vo = 0 Le= 023 PY
5 .16
=:»Ro=;—..—-.rRE=5m E7 s
']
fa = TR
b. rr = (Rol|RL)CL 1+ ){f/fs)
1 1 fa=5MHz, A =100
f=2!|"rp :CL=2xf{Rp||.RL) At f =50 MH:
1
CL

[41]

Zr{106){5[|10) x 109 A sel [hel =9.95
= Cp=47.7pF (5

Phase = — tan™’ (%-) = Phase = ~§4.3°
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E7.17
.
fﬂ"‘-ﬁ:— 50 = fa=4.17 MHz
N S
fa = 2rre{Cr + Cu)
1 1
Cr + Cu = 2% fara - 27[4.17 x 105)(5 > 103)
Cn- + cld =7.63 pF
C.=02pF
= Cr = T43pF
E7.18
. 0\ )
= BoVr = (]‘)0)[00'6] = r. = 3.9 k)
leq 1
1
fa =

27ra(Cr + Cut
1
= T7(39 x 109)(4 + 0.3)(10-17)
= fa = 9.07 MHz

Sr = fofa = (1501{9.07)

Y i-r = 1.36 GH:z
E7.19
Rrg = Ry ||R; = 200220 = 105 k)
R, 220
Vry = (Rl +R=)V°c - (200+220)(5}
=262V

£2—-0.7

Isq= —22=9%T __ _ 000832 mA

105 + (101)(1)
Iz =0.932 mA

leg Z 9932 _
Im = Vr __0 026 = gm = 35.8 va
_ BVr _ (100)(0.026) _
Te = Teo = 0.933 =1y = 279k
1 Cu = Cufl + gm(Rc||RL))

= (2)[1+ (35.8){2.2]|4.7)]
= Cp¢ = 109 pF

b R = r5| R |[R: = 100||200]220 = 51.2 k}

1
2r(Ra|r=)(Ce + Cu)
1

fram =

T 2A[51.2]]2.79] = 109 x (10 + 109) x 1072
= [3ap = 0.505 MHz

E7.20
(@) g.=2K (Vas -V ) =

2(04)(3-1)

= gm = LEmMASY
G = 80% of g = 1.28 mA/V

®) g,.=2K, (Vg —Vp, ) =2(04)5-1)

= gm = 3.2mA/SV

gm 3.2

= = =213
Im = Tt gmrs 1 +1{3.2)(0.156)
Sgm 32213 = A 33.4% reduction
gm 3.2
E7.21
fr = 2:r(C +c
2
I = K( T'N)

04=02(Vy —1) =V, =241V
8a = 2K, (Vias — Vi ) = 2(02)(241-1)

=0564 mA/V
foo_ 0s64xi0®
T 27025+ 0.02)x107"
fr=1332 MH:
E7.22
fr= g i—
T 27{091? + CI“T}
dm
- 2""{0!- + Caap + Cgap)
Cgl = ﬁ' - c!'? c gdp
0.3 x 10™°

= e — (0.0] + 0.01) x 16712
2x(500 x 10%) { )

= C-‘z. = 0.139 pF
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E7.23
gen
fr= 2r(Cos + Cpup + Cﬂr)
Cgsp = Cl#
gm 1 x 10~
S . SR, SR . W
3o rfr T 2n(350 x 10%)

2C,,p = 0.0547 pF
= Cﬂ'-'l’ = C',d,, = 0.0274 PF

E7.24
de amlysis

Ry ) ( 166 )
¢ (R, T &5 )70 = e ) (0 = 4

Ip=rlnst-Va Vos
o VeVar

Ku (Vas - Vm R
5

(0.5)(0.5){Vas = 4Vas + 4) = 4.15 - Vgs
0.25V3: ~3.15=0= Ves =355V

8n = 2K, (Vs ~ Vi ) = H(05)(255-2)

- 04 %10

=12

= 1.55 mA/V
Small-signal equivaient circuit,
g: =|a_£a_
¢ ¢
y ol .
; y _ )
% ? % W%

s Cu=C(1+2.(R]R.)

Cae = {D.1){L + (1.55)(4)120)]

= Oy = 0617 EF
I
b fu= 2erp

=(RR)C, +C,)
Rg = Ri||R; = 234]|166 = 97.1 k2
Rg||R:i = 97.1[{10 = 9.07 kD
rp= (997 x 10°)(1 +0.617) x 1073 =

fa = fy =109 MH:z

1
T 2r(14.7 x 10~9)

14.7 ns

E7.25

de analysis

Vrg =0, Rrg =10k}
0-0.7 = (=5)
10+ (126)(5)
Icg = 0.840 mA

lgg = =0.00672 mA

f',_-q _ 0.840
Ve — 0.026
Va 200
= w——m —— = 238 ki1
= Teq 083

High-frequency equivalent circuit

=323 mA/V

12,= \fa

T T
e, *

-

a.  Miller capacitance
Cu= Cu(l + ngFL)

Ry = roj|Rel|Re

Ry = 238|2.3)15 = 1.57 kD

= ()1 + (32.3)(1.37)} = €, = 155 pF

b Ree = Rs|lRalre = Rs|Ruf Rerx
Ree = 1]|20]/20)|3.87 = 0.736 k2
s = ch(C:r -+ CM)

= (0.736 x 10°){24 + 155} » 10™"?
=132 x 1077

fu= !

iz x0Ty = {a=12I MEz

RB"rw
Raadir s
_ 10[3 87
(Av)p = —(32.3){1.8 }[10"3 57+1}

= (A,,)“ = -37.3
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E7.26
dc analysis

VG=(_ 50

— —_— = "
au+1so)“°’ 5=-23

Vs - (=5)
R

: V. -V..+5
"Vr.v) -_-_Q_RGE_
5

(1)(2)[Vds — 1.6Vos +0.64] =

AWEe = 22055~ 1.22=0

222 /(2.2)* + 4(2)(1.22)
2(2)

SLV

Vs=Vg-Vgs. Ip=
KA(VGI

—253=Vgz+3

Ve

=>VG_==

8 = 2K, (Vs — Vi ) = 2(1)(151-08)

= 142 maA/V
Equivalent circuit
7€ ¥
;|
. QG g ‘?'D
& (2, :ﬁTCa 5%
—=
(a) Cy =C,(l+g,R,) =(0.2){1+(1.42)(5}]==.
C, =162 pF
® 7, =(R|Rs Y C, +Cu)

rp = [20]]50]|150] x 10° x {2 + 1.62) x 10™*?
= (13 10°)(3.62x 107*?) =471 x 10~ 5
P 1
4T 2err T Ix(aTx 10-5)
= fﬁ' = 1.38 MH:

R
<. (Av}u = "QMRD(T_:R";)

(Av)y = —(1.42)(5) (3—73;%)

= (Au)y = —4.63

E7.27
The dc analysis

10 - 0.7
I E rr——— = {) B0B3
#9 = 100 + (101)(10) 8 mA

fcg=0. 838 ma

8vr _ (100)(0.026) _
r”—fcq —W-Slﬂkﬂ
- = V —-3‘22mA/V
For the input
Thr = [(14.5) " Re HR ]
3.10 3 -12
%
= ]m“ 1] x 10° x 24 x 10
=713x 107"
1 1
e e T WA w 10-19)

= fuwe =223 MH:z

For the output

={Re||RLIC, = (10]1) = 107 % 3 x 10~*2

=273 x107?
frwm e = 1
e = Ixrr. - 27(2.73 x 10-9)

= fy. =533 MHz

{AV)M = gM(RC HRL]

= (32.2)(20[j1)

= (Au)y = 0.869
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Chapter 7

Problem Solutions

7.1

=Bl MGGy
¢ T =70 = o+ &
1

14 JR],C;

T(s) =

)

I
Il |
|

_;-—-;. ;#E' 157 R

PR 1
B= 3xR.C:  2e(109)(20-9)

1
1+ JR;C]_

ForasmpfuncﬁmV.-{a)=é
1 1 K1 K?

c. Va(s)=Vi(s)-

- K1(1 +IR1C1)+K2.!
- s{l+sRiCi}
_ K+ (KR Gy + )
- :(1-{-3}216‘;)

Kz = —K;R:,C] lﬂﬂ K; = 1

_ 1 —R;C;
%(’) T + 14+18:C,
=1 !
= P — 1

Rc T

wit) =1-— Pl Tt

72
_ Vale) _ R,
v T(a) = Vi(s} — Ra +[1/(4C2)]
T(a) JR:C!

= 1+ 2R3C;

Solutions Manual

1+ 3R

i
H

11’“ i

7.3

5.-;-'-‘1.{7!4:-

£ o= 1 _ i
L= 3rR:C;  2w(10%)(10 x 10-5)

= fi =158 Hz

1R C,

e, Vafs) = Vi(s)- TR0,

Vilsh= ¢

ReC: 1

%{J) = 14+37:C; - 1

wlt) = e~/ R2Ca

1
Reli~~

1 1
Rpl];a + (Rs + ;E;)

Yals) _

a T(s)= V(o) -

1
RPH-'-l-— = Re $p _ __fr
$Cr " pp g 1+ 4RpCr

WCp

Then

T(s)= Re

1
Re + (Rs + :CTS) (1 + s8pCp)

Rp

Hplp 1
> + TR 4+ aRsRpCp

Re +Rs +

T(s)

Rp Rp Cp
= =22 _ P4 —tr— S
(RP+Rs) K(II[ +RP+RS Cs
+ 1 sRpRs )
S{Rs-i-Rp)Cs Rs+ Bp

CP] )
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b. 1

For w = ——r——— = 2 x 10*
3 -T
T(s) (.‘; *x 10%)(10-T)
10 ) T(jw)=3- {1/(1.5 +j[(2 x 10°) (s x 107%)
= (10 +10 1
10 10~Y 1 - - D}
(”[1 20 To= TiEx109 10-¢ . (2% 10%)(2 x 10=°)
1 1 .
+’<5*1°’)-1°‘“]) =3 Tae;es — Llwl =028
=1 1 In each T 1 _Re
A + (5 % 107 e T B R
* ooy T
7.4
s = jw CiI‘CL‘l;t (a): % N
1 = l 1 T=—t= = 2
= 1+ '{w(& X 10-8) = — 1 __ ] v R, +R, L R2+____R,(H.TC,)
I =(0.02) 5C, R, +(Y/sC,)
1 1
Forwe = e T &rICs =~ Z = 10°)(10=5) =0 S S (6,12
. 1 1 R _ R R +sRRCHR
Thwl =5 —F - S P 1+sR G
1+J[(30)(3 x 10 )— W] or
- l 1 T _ 1- 1 V = R1 (I-I'SRC)
=7 17 fuull=3-7# V. R +R, L+sR]R,C,
Low frequcncy
For t_‘l 20 )
_ I _ 1 N ’ =3
“E = TEHTRAC, (8 x 1oy = 2% 10 R+R, 104203
) High frequency:
Tiiw)
A
L 1 7
1 +J[(2 x 107)(3 x 10-8) = "——_(2 < 101.)(00,2)] 7, =RI.CI =(104)(]0x10—6)=010=>
11 1
T = — =T =z —=
Gul= 5757 = TG 2 fi=s— L 159 Hz
. 1 R; 1
In T -
s =7 B+ 7, = (R} )C, = (10[20)x10° x(10x10) =

c. Rs=Rp =10k}, Cs=Cp=0.1 uF

1
W2 x 10°(10-7))

+ 3(5 x 10%) (m")])

T(s) = -1/[ %%+

7, =00667 =>

fi= 2#= 239 Hz

2

x|

1= jw {.o .-

T(jw)=-;- — 1 1 Ol7t ———— .
1+5+J[U(5K10"')‘W] \

= 1 - Ls9 2,39 5>

NU—W—SOO

T(jw)

=1, 1

—2

L5 +j[(500)(5 x1074) - {500)(2 = 10’)]
)

-—r e, [T(w)} = 0.298
2 1.5 —7(0.75) -
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Cireuit (b)

R L R
reYe 115G _  1+sRC,

i ! _&_
R‘IEC_,”‘ g, T
{ 2 !
Ri+R \1+5(R]R,)C,

Low frequency:
V.| . R, 20 2

. rrr—t— e

=R R, )C, =(1020)x10* x10x10"* = 0.0667
fe——=239 Hz
2xr

(=17 B

P\

y

237 §—>

7.5
8. rs=(Ri+ Rp)Cs =[30+10] x 10° x 10 x 10~°

T,
= 7 =040

rp = (Ril|Rp)}Cr = {30410} x 10° x 50 x 10~%*
= rp = 0.375 ua

1 1
b. f:.—m;-m=vfz,=0.3gﬂﬂz
1 1

fa = xrre = 2x(0.375 x 10-%) = fg =424 kHz

Vo = I{RillRp)
T(s) = Ril| Rp = 30J]10 = T{s) = 7.5 k2
C.
T
]
i : !
|
! ]
£ *

76
a) T=—]———1=b
(1+ j2nfr)
= ey =
(fivimey) 0o
s =1
Atf—zmzom 0z

|
|7, = ZOIOg,D(E)s |1, =648

Phase =2tan™(2af7} = -2tan"'(1) = -2(45") =
Phase =-90°
(b} Slope
=-2(6dB/oct)=
—12dB/ oct = 40 dB / decade
Phase =-2(90°) = Phase = -180°

7.7
{a) T(jw)=

—10(jo)
20(1+ﬂ 2000)(1+£)
20 2000

___25x10™(jo)
f +j—w + o
7= 25x107(w) ( * I 2000)

3 (sse)

frl
Se* T

- 2,9‘(3'7 >

(10}(10)[1 +%‘)’—)

1000(1+f—“’J
1000

®) T{jw)=




78

7.11
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" Vo =—gmV>R Ve = T [
1 ° g L (r.+Rs)V

171 = om e (5] = 129)(6)(#12—0—_3)

Tridband| = 159

b. Ty = (RE + rr)cc

= e T S T T W

= rz = 3.31 ms Open-circuit
_ 1

© Ixfn Im(480 x 107)
= rp = 0.332 us Shor-circuit

L o4

rs_ _ _531x 1073

. Ce= =
S e (P RVETE

= C¢c = 0.932 uF

Te=RCL
_rp _ 0332x107° .
CL_RL— leoa =#Cz,-—c>5.3pf

8.  Rrg = R:||R:; = 1015 = 1.30 k

FioS ) ( 1.5
Veg = [ —F e \ Voo = [ —
TH (R;+Ra ce 1.s+1o)(12)
=1565V
log <  1:565 = 0.7
Fe = 130+ (101)(0.1)
Iocqg =T7.59 mA

P = 100)(0.025 = 0.343 k{}

7.59

7.59

= 0.0759 mA

G

Ri = B || Ralllre + (1 + B) RE)
= 10|/ 1.5(}{0.343 + {101)(0.1))
=1.30||10.4 = R, = 1.16 ki

r={Rs+ Ri)Cc =[0.5+1.16] x 10° x 0.1 x 10~*

r=1.66 x 10~"

1 1
= o = T oy ¢ =989 Bz

Solutions Manual

b.
R R
B
R,
1
Vo = ~{BL)Rc

7.12

Rey=r.+(1+8)Ag
= 0.343 + (101){01) =10.4 k02

|| R
L= | A8
’ (RIHRH-R.-»)"

— 1.30

- (1-30 + 10.4)“" = (0.1
=

‘T Re+ BRI R

I R

= 05 + (L3))(10.4)

oV

~ 1.656

Vo| _ BRc{0.111)

V.|~  1.656
_ (300}(1)(0.111

1.656

=6.70

Ipg =0.5mA = Vs = (0.5(0.5) = 0.25 V
2
Ipg = K.(Vas _Vm)

fﬂ.s
= Vas = ﬁ+1.5-3.08\f
Voe=TVos+Ve=308+025=>Ve=331V

Ra 1
Ve=[ =—— |V 33d= — - Rin - Vi
[ (R|+Rz) Do = I oD
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3.33 = Ri(zuo)(sj = B, =541 k0
1
$41R;
—_—1 = 3117
S+ A W= R =317kD
Vo=Vosg+ Vs =4.54+0.25=4.T5

RD=$:RQ=s.sm

1
f;,_zrr;:n,_--— = = T.96 ms

e _ 796 x 107"

= fn G 200 = R = RO X 107

= Co = 0.0398 uF
g = 2(0.2)(3.08 — 1.5) = 0.632 mA/V

gmBp _ _  {0.632)(a.5)

|[Avlmianans = 14+gmRs 1+ (0.632)(0.5)
= |A.] = 4.08
"f-CS" i
|
lﬂv [ i
i
|

Paase
" 5.
i
1
1
-Fa { :
[
= e - — - .
-l g - ’

foo = K-(Vc: - m)z

fI F 1 '
=V .= -—5'-'L+V =, f— =
as ra ™ 05-!-1 241V

Ve==241V
~2.41 = {=5
Rg = _-l_{l= Rs = 2.59 k)
VD = Vpsq +Vs=3 -241 =059V
5 —0.59
Rp =

I = RBp=4410

b e
.
i Vﬂ-‘ 3“\";‘ le' fZL
R R
Rs
== ;
R
Iy = —{gmV3.) —'—'D_l“"
Rp + Ry + ——
:Ce
V;
Vor = 14+ gmis
lof2) _ __—9m Rop 2Cc ]
Vi(s) 14 gmRs 1+ s(Rp + R)Ce
I
T(s) = _l‘;([:)
—gm RD 1 3(Rp + Rp)Ce

“1+gmRs Ro+ R 1+aRo+ Ri)Ce

! T, g =13.9 ms
27T L= e 2x(10)

. fL=

e = (Rp + RL)Ce

L 15.9 x 10~*
Ro + R, (4414 4) < 10°
= Cc = 1.89 uF

=c.c=

7.14

-V,
a 2Veo 1, =K, (Vi +Vp )
R;
9 = Vse = (0.5)(12)(Vig - 4Vsc + 4)

6Vig ~23Vsc +15 =0

23 £/ (23)% - 4{6)(18)
2(6)

8. =2K (Vg +Viu ) =2(05)3-2)

= gm =1 mA/Y

Ro = gL " Rs=1j12= Ry =0.923 k0

-

5G =

= Vg =3V

b. r=(Rs+ R.)Cc

1 1 1
= —— = om— i e— = 7,96
s L xr =7 2x fL 27(20} ms
7. 10—
Ce r 96 x

TR AR, C(09B3+10) x10°
= Ce =0.729 EF
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7.15

8 Jcg=1mA, qu=%=000833m.&

Ri||R2 = (0.1}(1 + B} R=)
= (0.1)(121)(4) = 48.4 k@2

Vry = IpgRru + Veg(on) + (1 + ) oo Rz
1
R

= (0.00833)(48.4) + 0.7 + (121}{0.00833)(4)

- Rry - Vee

1
—_— . =5.13
Ro(48.4)(12)
R, =113k

113R;
— e 48 RZ = R4,7 k0}
113 + Ry 84 =

b Re= 15| e

= Eﬂﬂl"“_m =3.12 k2

rg:sT—GOkn

o«

Ro = % " 4 " 80 = 0.0255}4/[80
= Bg =2560

€. r=(Ro+R)Cc:

r=(0.0256 +4) x10° x 2x 10™% = 8.05 x 10~ s

= 5 = i ey 7 L= 128 H:

.16
(a)

=K (Vig + Vi)’

5- v,c = (1)(12)(Vs = 15)" = (12)(V2, - 3V, +225)
L2V - 2.6V, =23=0 =V, =284V

Inp =18mA

Ving =10~ (18)12+12) = V,,, =568V

8u =2K, [ =2.J(1)(18) =268 ma sV

R =12[0373=0285kQ
For Cey, 7, ={285+200){4.7x10¢) =228 ms
For Coy. 7, =(12x10° +50x10° Y10} = 512 ms

(c) C,, dominates,
b 1
27r,  2x(512x10°7)

fm = =31 Hz

Solutions Manual

7.17
Assume Vo, =1V, k'=80uA/V?, A=0
Neglecting R;, =200Q, Midband gain is:
IAVI= &Ry
Let I, =02mA, Vpg,=5V

Then R, = 90_25 = R,=20i0

We need

g,,,=]il=i{3=05m.qlv2
R, 20

and
(YW
gk=21fK"Im =2 (?XI)IDQ
or
05=2 (0080 )(0.2)= E—';".81
2 L L
9 9

(02)7,,  (02)(02)
Ipe =02= [9923—0 781V - 1)

= Vg = 180= {E%z:](g) (EYo=

R, =45k, R,=18040
Ry = R|R, = 180]45= 36 k2
7)== = 7962105 = (R, + Ry )Co

Let R+R, =

=225kQ

796x107
(200+36x10%)
1 L

T == = 53141075 = R, C,
T, 243a10) P

c:

= C.=220uF

or

7.18
Rz +(1/sC)
Ry +(1/2C)+ R
14+ s7;C
1+ s(R: + Ra)C

TAa=RaC, ra={R” + R)C

. T(s) =

T(n=

e

b. i

l--

=Ry
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e ra=RaC = (10%)(100 x 107'%) = 1077

8 = Ta

ro = (Ry + R2)C = [10 + 1] x 10% x 100 x 1077

=11x10"s=1rp

1 1
fa® sy = ) fa=133 M7
1 1
fo=

Iwre | 2m(1.1% 10-9)
= fp = 0.145 MBz

7.19
10-07

50 = 130+ (201)(25)
oo =(200) 5, = 199 mA
200)(0: '
= (____DO_).(.OE =261K)
159
R, =2.61+(201)(25) =505 k&0

T,=-l—-—-——-=0,01063

27f, 2x(15)

= 000997 mA

= R,,C =(05+505430}x10C, = 232.7510°C,
Or
Cp =456x10™ F = 456 nF

7.20
Rz =RR, =1212=06kQ

Vou =[R,f-1R1](VCC) N [Lzlf 1.2}(5) =25V

_25-07
" 0.6+(101)(0.05)
o =319mA

r, = (100X0026) _ 30815 k2
319

=0319 mA

Te, >> T, and f =$ 50 that

Frea(Ca) << froua(Cen)
Then, for f,_,4{Ce)=> Ce, acts as an open and for
frsa(Ces) = Cg acts as a short circuit.

1
fa-.fa(ccz)=25 HZ':EM"—Z, so that
1

27(25)

where R, =R, +R;

T, =

=000637s=R,Cp,

r 4 Rl“R,"Rs
1+
=10+ Sﬂu[ﬂﬁ%@) =10+50{2.79 =

0.00637

R, =126Q = Co="""

= Cgp =506 uF

R, =r, +(1+B)R; Assume C, anopen

R, =815+(101)(50)=5132Q

7, ={100)7, = (100)(0.00637) = 0637 5= R,,,Cry

R, = R+ RpyIR, =300+600J5132 =837 Q
0.637

. == C, =161
So Cy a7 01 HF

7.21
H
a. I =K, (Vc;.i' _VTN)

1'05 +08=18V

—Vas—[ 5) _3-18

g = = R; =64k
Rs 0.3 0.5 LA
VD=Vpsq+Vs=4-1.8=2.2V
Rp = 5;:'2=~RQ=5.sm

) g.=2JK,1, =2,/(05)(05) = 1 ma/V
From Problem 7.20,
ra = RsCs = (6.4 x 10°){5 x 107°)

=32x10"°
1 _ 1
2rra 2m(3.2%107%)

Rs ) [ 6.4 x 10% -
o | — C = | —— (5 % 10
= (o) % = [Ty ) 6 <70
=432x 1078

1 1
= = = 36.8
fa 2xre  2x(4.32 % 10-3) = fp=368Hz

fa= = fa =497 Hz

c.
14, = gmAp(1 +sRs§s) )

1+ gm i) [l + s (m) Cs]

As Rg becomes large

lAvl - ?mRD(’.RSE:)

(gmRs) [1 + 1 ( ngS) Cs]

o} (2]
A, = §m -
1+a (-1-) Cs
gm
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1
ﬁecomerﬁ'equcncyfg=mlndm

corresponding fa — 0

- -Z,fKI .J 05)(05) =1mAlvV
fo = = fp =31.8 Hz
2:-( )(axlﬂ"‘}

]
2rry
Re{Rs + re)Ce
Re4re+(1+8)Rs
RereCg
re + (1 + 385

=7 ==
feg = ———5-1——}-9-)- = 1.86 mA

8=75=Ilcg=184mA
8 =125 = Ieqg = 1.835 mA
For f5 < 200 Hz

i fa=

mdr_;:

For Rs =0 rp =

1
D e 2= ),
#rg_zf(zuo) 0.796 ms

recf 50 smallest g will occur for smallest 3.

ﬂ = 75; Foe = 4 0'026} = 1.06 k1

1.84
(5 % 10°)(1.06)Cze
1.06 + (T6)(5)

= Cp = 57.2 ¥

0.796 x 10~ =

o ime. . (125)(e.026)
b, Forf =125 re. = 1
(5 10°) (1.76)(57.2 x 10~¢)
1.76 + (126)(5)
1 _ 1
2xrp  2x{0.797 x 10-3)

= fp = 199.7 Hz Bssentially independant of 4.
ra = RgCg = (5% 10%)(57.2 x 10™°%) = 0.286 sec

= 1.76 k2

=0.797T m

fag=

P
AT 2xra | 2x(0.286)
=+ fa = 0.556 Hz Independent of 3.

7.23
o Expression for the voltage gain is the same as
Equation (7.58) with R, =0.
b. Ta = RECE
RereCE

B T (+A)Rs

Sclutions Manual

7.24
ry = (R Re)CL = (10||5) x 10* x 15 x 1077
rg=5x10""s

1 1
fa= Pl T T fr =3.18 MHz
0-0.7
Igg = 1 100 =0.93 mA, fcg =0.921 mA
0.921

A, =gm(Rc||RL) = 35.4(5]]10) = A, =118

7.25

R 166
Vo= — = | ——
¢ (R: +R=)VDD (1ss+234)“°}

=415V
V.-V
Ip 2.3.;{_.@5_: K, (Ves Vi)'
X

4.15 - Vgg = (0.5)(0.5)(VEs = 4Vas + 4)
0.25VEs —3.15=0= Vs =355V

8 = 2K, (Vs ~ Vi) = 2(05)(355-2)

gn=155mAlY
Ry = Rs || —_05" ——05,10645
Ro = 0.282 kQ2

r=(Rol|RL)Cy and fir = 2—‘-

nr
fw= fg =5 MH:z

1
D= —— -
T 7705 = 10%) 118 x 107" s

Com e = 3.18 x 10™*
Ro||R. — (0.282))4) x 109

= Cp =121 EF

7.26
(a) Low-frequency

iza
N
<
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us

High-frequency

&

(b)

N o

fu

12-07
=113
Q A

© I,y=
Iop=113mA

.- (100){0.026)
*T L3
Li3

=23 346 mAry
8= =026

A= —-(m:dband) = —g_(RC“R {

- _(43.46)(5-1"500){%)

=-(43.46)(s.os)( 2.29 )=> |4,|=153

229+1
|, =437 4B

1
fu= .
Y 2mr,

or
7, = (1+1000[2.3)x10°(10x107) =
7,=329x10% s f, =484 Hy
!
fa= 2,
= (5.1[500)x10*(10x1072) = 505210~ 5
= f,, =3.15 MHz

=230

Rg|”,

T, =(Re+ R,[]r,)C,_.

7y =(RJR)C, =

x

Rp[r. + R;

7.27

<

Vi = (gmug}(ﬂo " &z }] ﬁ)

Vig = -V
ae) = B8 g (50 e | 1)

1
Al . m—
[R,m = }
Rp|| R +;C—L

Av(s) = —gm(Rp] R} -

1 +3(Rn||R:_)C:_

b r = (Rpj|RL)CL
¢ r=(10]]20} = 10 x 10 x 1072

= r=F6Tx10"%s

[ S S
= 20r T 2x(6.67 x 10-%)
= fa = 2.39 MH:z

From Example 7.6, gm = 0.705 mA/V
lA.| = gm{Rp] R} = (0.705){10]{20)

= [A| =47

7.31
e gm
fr= zx(c, + c -
= feg _ =
gm == e 026 38.5 mA/V
fr = 288 x 102
T T 10+ 2) x 10-12
!r =511 MHz
_Ir - 511
fo= T = 1o = [ =426 ME:
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7.32
_ fr _ 5000 MEHz _
fa= 5= 150 = fa =333 MHz
frm —t
21|'(C|r +Cp)
0.5
gm = m =19.2 mA,«’V
19.2 x 10°
5 x 10° = 2n(Cy +0.15) x 10-17
19.2 x 107
Cr+0.18 = ooy = 0611 oF
Ce = 0.461 QF
7.33
2000 MH:z
a. fg=%=—1§-—--"133“32 fa
150
b Ry = —
! 1+ j(f/fs)
150
Ihsel = e = 10
V9I+(f/fa}
N ry
(f (150\ - 25
f 0 )
I=fs V222 = (13.3)v223%
= f == 199 MH:z
1.34
(a) V,=—g V R, where
r ‘1: L
V.= 1: Ly = 1+asr,C, v
— Lt 1y
fe sC, *l 1+sr,C °
r r, 1 :
= x V.= X ‘V
ro+n+snnC ! [r,+r,,{l+s(r;||r,)€,] ’
So

__(_)__ r, 1
A=30 “'"R‘(.H,Im(r,nr.)c,]

(b) Midband gain:

- (100)(10.026! —26ia .

1
8= G g = 3846 mA TV
() Forn=100Q
3846 4 : = -
=—{(38.46)( (26 01] A, =-1481

(fi) For np=50002

A, = -(38.46){4)( z.ﬁzfo.s) = A,=-1200

© fra=5=. *=(h)G
(i} For , =100Q
7, =(C1R6)x10°(22x107) = 2.12x10™ 5
= fy =751 MHz
(i) For 5 =5000

» =(023)x10°(2.2x107?) = 9.04x10°° 5
fJ =176 MH:

7.35
8 Cn=Cul+gmRL)
b.
2\!“"‘! -’!;, P
W T LT
a
gy ¥ ‘4%‘1— Tq TC" v %

Vo = —-ng,RL laaC, + CM =C,

1
re |l —
" R
V, = 30, . 5 :
r “"‘1—+R3||Rs+ra (R‘B"'Rs g
ol SC:

_ Va(n)
A= 5
- S -
" sC,
Ta + !
Ry ) T
= —gR
g I'(Rs+z':!‘-s .
ﬁ’-cf—+Rs|]Rs+r,
_"+E ]
Ry
= —gmR
d L(RB+RS)

Te
X [r, L+ -G ) (Ral|Rs + r.,)]

Let R = (B3| Rs + rh)

* [((r, T -is(n"R..)C“]
-8R, {_Rs ) 1

A, = .
O =\ TG+ B ToRaC,

c f - 1_!
T T (7] eg)Cn




1.36
High Preq. = Cey, Ce3, Cg — short chreuits

Chapter 7: Problem Solutions

Upper 3 — d B frequency:

gm ¢ B85.4x1073
fr=me. +o = 40~ 27(Ce + C)

Ce+Cu=34pF, C, =2pF = Cp =32 pF

¥ Cu =Cull+gmRec) =21 +(85.4)(4))
= Ca = 685 pF
> C.=Cr+Cpy =32+ 685 = 717 pF

|5
| i ¢
+ i }
L ’
1’ gi"'?';_ L{r N ,--\q 3"\,;' L b @_
Icg 5
= = —— v
Im = T Gz 12 mA/
gm & 192 x 102
B ——— 1] E ee———————
f'.l"' 2?(0" + cu] = 250 x 10 ZT(CW + Cﬂ)

Ce+Cu=122pF = C, =5pF, Cp =117 pF

Can = Cu(l + gm(Re||RL))

= 5{1 + (192)(1]|1)] = Car = 485 pF
Ci=Cr +Cn =117 + 485 = 602 pF
_ (200){0.026)

T =1.04 kQ}

Re¢ = Ryl Raljre = 5[[1.04 = 0.861 kQ
r=R. - Ci = (0.861 x 10°) (602 x 10713)
=518x10"" s

1 1

f= s T T X T0°T)

= f =307 kHz

7.37

Rru = Ri)| Ry = 60|5.5 = 5.04 k2

_ Rs _ 5.5
Vra = (m +R,)Vc° = (m)“s’ =126V

1.26 = 0.7

Tse = 5577 {101){0.2)

= 0.0222 mA

Icq=222mA

re = 1000(0.026) ., orq

2.22

2.22
— BE 4 mASV
0.026 854 /

Lower 3 — dB frequency:
L =Reg-Cen
Reg = Rs + Ry || Rz|lre
= 2 4 60]|5.5/{1.17 = 2.95 k2
ro=(2.95 % 10°){0.1 x 107%) = 2.95 % 10™* »

1 1
fr= Trry | 2x(2.95 x 104} fe=5408s

Roq = R3[|Rij| Rallre = 2(|60]|5.5)|1.17

= 0.644 k(2
T = Rog - G = (0.644 x 10°) (717 x 10~1?)

=462x10"" s

fg=L=$ £H=344kHZ
2rr

7.38

fr= n(C +C )
2. =2JK.0, . K,,:(IS)[-?%J:GOM/V’
£n = 24(60)(100) = 155 a7 v

o= 155210
T 27(05+005)x10™?

= fr=49 MH;

7.39
& Cu =Cu (1 +gm(re||Rp))
Cr = 5[1+ (3)(15[j10)] = Car = 95 pF
b, 7= {r)(Cor +Car)

r= (10 x 10°){50 + 95) x 10" = 145 x 10~ 5

fe oL
T 2zr 2m(1.45 x 10-€)
= ! = 110°kHz
7.40
= —_—m
fT 2"'{6‘9"1" + cng) (Eq- 7-90)

Let Cyer = 0 80d Cur = (-g-) (W LC.)

I o A s
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2/ (o) (F) 0

2 (;) (W LCas)

Gme) ()

WCoas

So fr=

_ A
3 #nID
L N IWC. L

gll
i+gur3
"'EK( ] Vm)

k- [ ETC‘ I%) ) [(400)(7.25;:10'“}] (10

K, =145z10™ mA/V?

fr=

741
(a) gl =

For Vgs =5V
gm = 2{1.45 % 107*){5 — 0.65) = 1.26 x 10~
Gon = {0.80)gm = 1.01 x 107*

1.26 x 102

1.01x107% = -
x 1+(1.26 x 10~3)rs

14 {1.26 x 107" )rs = 1.28

=>rz=1980
b. PForVes =3V

gm = 2{1.45 x 207*)(3 ~ 0.65) = 0.6815 x 10>
v 0.6815 x 10~*

Im = T47(0.6815 = 10-7)(358)

@ = 0.60 > 107 AV

Reduced by = 12%

742
a.
- \é, I
;h ;; - 3 "“‘és T lz
g % )

IO = QmVp and Vg: =LR —ngg:"s

sV, = IR
1+ gmrs
Then A; = 2 o _gmPB:

I; 1 + gmT3

2™ edition

Solutions Manual

7.43

b. As an approximation, consider

STl
A l \;-J’: &; ‘Tc,f Tc,. cd:};,I.I &,
==
In this case
A.--f,—' gm R, - 1+,R,(cl,.r+c'u)

here Cpy = ’ R . S
where Cas = Coar(l + g Az) and g, TT g,
¢.  AS rs increases, Cyr decreases, so the bandwidth in-
creases, but the current gain magnitude decreases.

Ry 225
Vos = [ =22V vop = { —225 _
Gs (R1+R;) oo (225+5ao)“°)
Ve =310V

8n = 2K (Vs - Vi) = 2(1}(3.10-2)
8n=22mAlV
a. :'
B ¥ [V
l'\ : -
A ‘a’wl-%rr % 3%
b. Cwm = Cpar(l+gmRp) = (1)1 +{2.2X3)}

Cy =12 pF

¢ = (R]RiIR2)(Cper + Cas)
R||R:|| Rz = 1jjso00||225 = 1|J155 = 0.994 k02

r=(0994x10°)(5+12) x 107 =169 x 10~ s
1 1

fr= e = W=f5=9.42MHz
_ gm.VgJRD
Ay = v and
|| R, 155
Vs = V= V. =0 8
“ T RR + R 155 41 0.994
A, = —=(2.2)(5){0.994) = A, = —10.9



7.44
Rrg = RifjRy = 33))22 = 13.2 k2

Ven = (e e = (zos )@ =2v

2-0.7
———r———— () 0026
1.2+ (1z1)(4) — 00261 mA

Ieg =0.314 mA

re = (120)(0.026 - 9.96 k0

Igqg =

0.314
0.314
Om = m =121 mA/V
100
= e——
0= fa1q o8 kE
- m
1. fr= Z%(Cr + C,)
-3
G, +C, = In 12.1 x 10

2efr | 2n(600 x 10°)
Cr+Cu=321pF; €, =1pF = C, = 2.21 pF
Cae = Cull + gm{rol{ R[] RL))]
= (1){1 + (12.1){318][4[|5)]
Cpx = 27.7 pF
b. = Reg(Cr + Car)
Req = Ra|Ral|Rsllrx = 33[|22||2(fr»

= 1.74)19.94 k¥ = R.; = 1.48 kO}
= (148 % 10°)(2.21 + 27.7) x 1012
r=443x107%

P T 1
B or T @ x 1079
=+ fo =3.59 MH:z

Vo = —gmVa{ro||[Rc||RL)

_ Bl Raflrw ,
Ve = (W'HT)V

Ry{|Rz||re = 33)22[]9.94 = 5.67 kDD

5.67
Ve = (g—am)v: = 0.739V;

rol| Rcl| R = 318|4){5 = 2.18 ky
Ay = —(12.1)(0.739)(2.18)

Au = —19.5
745

Rrg = Ri|[Ra = 4015 = 4.44 kO
Ry ) 3

V = e ——_ = ——r—— — *

TH (R;+R: ce (5+40)(10) imyv
1.11 - Q.7
Ipg =

mm)— = 0.00631 mA
Ieg =0.758 mA

Chapter 7: Problem Solutions

= 120)(0.026 = 412 k0

0.738
0.758
m = = 23. Y
9m = 502 ZmA/
g = oC
_ gm
fr= e v ey

gm _ _ _20.2 x 1077
CotCu =t = Toizio 10¢]

Cre+Co=186pF, C.=3pF == C,. =156 13

2 Cu =Cull +gm(Rc||Ry)]

Cae = 31 + (29.2)(512.5)] = Cus = 149 pF
For upper frequency:

T8 = Reo(Cr + Ciur)

Req = rel| Ruf| Ral| Rs = 4.12]40]5]}0.5

Rep = 0.405 k)

rg = (0.405 x 10°)(15.6 + 149) x 1072
=6.57 x 107" s

1
fg= ﬁ=fﬂ—2-39 MHz

For lower frequency:

L = RetCon

Reg = Rs+ Ry||Ryjlr~ = 0.5 + 40[f5]4.12
Raq = 2.64 k{2

o= (264 x 10%){4.7x 107™*) = 1.24 x 102 s
fi=

= fiL =128 Hz

2%rg
b,
1A
37y ,
% N\
|

{
% S

Vo = —gmVe(Re||RL)

Rl Ralr
V. = .._ﬂl_%llw_)p;
(R1 Ra|lre + Rs

2.14
Ve = (m) Vi = 0.8106V,

|Au] = (29.2)(0.8106)(5{12.5)
A= 39.4
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7.46
Ip=K (Va"'vrr): =2V
5
(2H1.2{ V3G — 4Vsc +4) =9 - Vsg
24V3; —8.6Veg +0.6 =0
Lo s V(8.8 - 4(2.4)(0.6)
56 = 2(2.4)

Vsg =351V
8. =2K,(Vio +V;, ) =2(2)(351-2)
g, =604 mA/V
Ip ={2){(3.51 = 2)® = 4.36 mA

1 1
Ta _—I-={—0.-01)(Tﬁl=éro=21.9kn
8. Cwu = Cpar{l + gm{rol{RD))

= (1)[1 4+ (6.04){21.9|1)] = Cy = 678 pF

b. g = (R."RG)(CQJT + CMj
ro = (2[]100) x 10°(10 + 6.78) x 10~*?
e =329%10""s
fu =3 L s =484 MH:

TTH -_—
Vo = —gm(roliRp) - V.
o Rs {100
Ver = (.Ra+ R-)V‘ - (102)“

160
Ay = —(ﬁ.04}(102)(21 9|1}
A, = =566
7.47

Vo = (ET_R:)(Z")' 10 = (2222 )(20) ~10

V=467V
10-V,. —467
= T 8G PH
I, “ =K,(Vig + Vi)’
5

5.33 = Vg = (1)(0.5)(Vig - 4Vsc + 4)
0.5Vis - Vsg-3.33=0

1
Veg = =+ /1 + 4(0.5)(3.33)

2(0.5)

=377V

8a = 2K, (Vig + V5 ) =2(1)(377-2)
g2, =354mA/lV

Solutigns Manual

b. CM = C,,trtl + Jm(RD"RL ))

= (3)[1 + {3.54)(2I5)] = Cas = 18.2 pF

a. T =- REQ(CQJT <+ CM)

Req = Ri||R;||Rs = 0.3]|8{22 = 0.461 kQ2
= (0.461 x 10°)(15 + 18.2) x 107 *?

=153x10""s

fa o= L = fg = 10.4 MHz
2rr

e Vo= ~gmVe(Ro|Rc)

R||R2 5.87
V = {
(R,||R,+R)V (5.a7+0.5)v
= V,. = (0.9215)V,
= —(3.54)(0.9215)(‘2"5)

= A4, = —~4.66
748
100
Ig=05mA= Jcg= (101){0 5) = 0.495 mA
0.495
gm = o3¢ = 19.0 mA/V
.= %}. = 5.25 k02

a. Input From Eq. 7.107b

e = [1+Bﬂﬂs | Rs]Cr

5.25 -1z
[101 "osunus] % 10° % 10 x 10
=243 x 107"
frn= o gy = 656 MHz
2XTDy

Output: From Bq. 7.108b
rpa = (Rl RL)C, = (100)]1) x 10° x 107"

= 5.590 % 1079 5
fean = Tere = fyg. =161 MHz
b. v
s ks
<< %




Vo = —gmVe(Ra||RL)
V- Ve Vi- (-V"}

rnv! — =10
g *: + Rg T Rs

1, 1 1 =V
"’w[ﬂm*—*ﬁ“’fﬁ;] s

i 1 -V
V"[lg"' 5.25 +_+ 0.05| ~ 0.05
Va(41.19) = —V;(20)

= —(0.4856)V;

Vo
o = —(19)(~0.4856)(100()1)

Ay =9.14

€. r=Cr(Re]Rg} = (15 x 107} 1))100) = 10°
r=1485x 107"
1
f= E;:—f= 10.7 MHz
Since f < fr. = 345 freq. dominated by Cy.

20 —0.
10
1
Ieg = -
cg (101)(193) 1.91 mA

* = 1.93 mA

Igg =

191
gm = g = 3.5 mA/V

- {100){0.026) = 136 kQ

1.1

a. Imput:

TEr = [1:3 IRE [l Rs] -Cy

1.36 3 -12
{101 w"]xmxmxm
e = 1.32T % 1070 ¢

1 ;
f’, = 2?;.-.-: = th = 1.20 GHz

output

re. = (Re||RL)C, = (6.5]|5) x 10° x 10”2
T, = 2.826 x 1077 5

1
2l"rp“

fa, = — fpu = 36.3 MH:z

b. W = -ngw(RC‘HRL)

Ve Vo Vi = (=)
Ve + = B A7
4 -+ + R =+ Re 4]
l 1 1 v,
Vol gm — =
(9 -1- + Rz + Rs) Rs

Chapter 7: Problem Solutions

1 1 -V
136 +} Yy

Ve(75.34) = =V, = Vi = —(0.01327)V,
Vo = —(73.5){~0.01327)(6.5(|5)VA

Ve [73 34 -

Ay, =278

e. r=Cu{RL[|Re) = (15 x 107*2)(6.5||5) = i0°

r=424x10""s

= . f=375MH:
2xr

Since f < fpu, 3dB frequency is dominared by C,.

7.50

Vs +IpAs =35

5~V
Ip= RGS =K, (V,, _Vm)

s
5 = Vos = (3(10)(Vés — 2Vgs + 1)

30V3s —59Ves +25=10

59 £ 1/(59)* - 4(30)(25)

Vos = 3(30) = Ves =135V
w=2K (Vo =V ) =2(3)(135-1)
Bn=21lmAlV
On the outpur:

Pu = (RE[JRLYCar = {5]4) x 10" x ¢ x 10712
Tru =38.89x 107" s

1
fru= — fpu =179 MHz

2x7p,
\/\(Jz"‘;:/\- -@% lp.v:
%% R, 52

Va = -g,..v‘,,(anR;.)
L7 -V,

i 1 V.
V, m - -_ - -
o (g * RE + R.) RI

1 1 ¥,
V. 2.1 —— — =——'
v ( +10+2) 3

Vye = —{0.185)V,

IJ
<=

A, =(2 1)(0.385)(3]|4)
A .86

L]

=]
m
[<+]
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7.51
dc amlysis _ " Re __im sz "
V+ Vg.l - 1 = 1 "’l
ID_T-K(V +VT|') ;:Il Rs + R, m|l4+0.3
5= Vsg = (1{{4}Vsc — 0.8)7 = —0.492V;
= 4(Vig - 1.6Vsc + 0.64) Vo = —gm Voo (Rl RL)
4V.§G —54Veg ~2.44 =0 A, = (0.492)(1.813(4)|2) = A, = 1.19
5.4 % 1/{5.4)% + 4{4){2.44
Vsg = \/ 2)(4} (4)2.24) =1.707 7.52
(120)(0.026)
e = R = 3,06 kO
8w = 2K, (Vi + Vi } = 2(1)(1.707 - 038) 1.02
£n=181mAsV gm = 392 mA/V
®: V:s 1
_ —L a. Imput: fy, = T
’t' =
\ V' %!T’ {zn RI. Te = [RS"R:”R; IErﬂ'](CW +2C.}
- ¥ = 0.1[|20.5|{28.3}{3.06 = 0.096 k2
re = (96)(12+22)) x 107 = 1.536 x 107 s
1
fre= T3 % 1079 — 103.6 MHz
. . . , 1
3-8 frequency due © Cour : Rug = = | s | & Outpur: fiw = 52
1
A= R Cor = (ReliR:)Ca
- 3 -
R.q=11—31||4|os_024sm = (5H110) x 10% x 2 x 107"
fom ) 162 MH = 6.67 x 107°
4= 2#(246)[4 x 10-12) z frn = ; .
27(6.67 x 10-7) 3.3 MHz
3 — dB frequency due to Cpar Ral2s)
1 b. A= gm(Rel& _=|L_=.l'*_]
T = R RoIR G sntactan| gl
. Rzl Ralre = 20.5}28.3]|3.06 = 2.43 kR
= 2x(2||4) = 100 x 10-12 A= {39.2)[51510)[“%30—1] = A=1253
f =119 MH: : :
) ¢ Ct = 15 pF > C. = C. dominmes frequency
Midbaad gein response.
z.‘ MV‘
<y
- v -
Y4
Vi "é’ "zs %Ru P
e




