Electronic Circuit Analysis and Degign, 2™ edition

Solutions Manu

Chapter 10

Exercise Solutions

El10.1
; _ V* — Vge(on) _lo-01
REF = Rl = 15
IBEE =0.62 mA
IrerF 0.62
o= 7= P
I+ .—8' 1+ ?‘g
Jo = 0.604 mA
El0.2

For [p = 0.7 mA

Iazr=[o(1 ) {D?S)(l+-i-6-6)

Irgr =0.165 mA
V* = Vap(on) —
R
5 0.5 —(—5)
0.763
R =122kQ

fRer =

R =

E10.3
VY —Vaglon) =V~ 5 -0.7—(-5)

Ingr = R; - 12

Irer =0.775 mA

aly = (0.02){0.754) = 0.0151 mA

and AI(] = LAVcsz = rg= M
o Aly
Va

4
n=m=255kﬂ—-r

= Vo = (265)(0.754) = V4, S 200 V

El104
V* —2Vgg(on) 9 -2(0.7}
Ingr = =
REF R iz
Igpp = 0.6333 mA
Jo = —1IREF ___ _ 0'53323 = 0.6331 mA

2
. A YL S
TEHivH T
Ip = 0.6331 mA = Ic:

I
Igtn=Im = 7;-’-#"31 =Jp; = 8.44 uA

Ipy =1y + Igz = [gs = 16.88 uA

i
Ipy = "ﬂ = Iay = 0.222 uA

1+

El10.5
Iagr = &:—%?—)(2-2- =0.71T mA
fg ~ IREF' = U 717
Va 100
To Tu— ﬁ:‘; = rg = 119 k)

1
139

= Afp = 0.0288 mA

Ale = —& cE2 =

El0.6
1 0.50

Lh=1I ‘ =
" bedem) (ra)

= Jo = 0.4996 mA

Iss =2 o iz =990us

Ies = (1 zﬂ)fc; = Igy = 0.5096 mA

lgs 0.5096

lex = =
2 2
(+3) (1+%)

- Icz = 0.490 mA = [C']_

oy =las = 1S = 151 = 157 = 9.80 uA

g
E10.7
Ing = V;r' In (!'}EP)
]
Re =T (IM_F) 0.026 (ﬂ)
E= T "\"h 2.025 "\ 0.025
= Rg =3.54 kD)

5-0.7
Rx-—w#ﬂ; = 5.73 k{2

Veey — Vags = o Re = (0.025)(3.54)

= VEE! - VEEZ = 88.5mV
E10.8
fngr = 5““1%)- = Igzr = 0.775 mA
IoRg = Vrln (“}f’)
Io(6) = (0.026} In (%5-)

E = 16.5 uh
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E10.9

LRz = Vrin (“‘”)
Ie
0.626 0.70
Rg = mln (0025) = Rs—si? k2
In u 025
gm1 = G = Fogg = Ima = 0.962 mA/Y
b o BV (150)0026) oo
Ta 0.025
Ve 100
Toz = ]—n' 3028 = 4000 k0

Rz = Reflrez = 3.47||156 = 3.39 k01
Ry = roa(l + gmz Rg) = 40001 + (0.962)(3.39)]

Ro = 17,045 ki1
1 3
d.ru =-E'o"ch: = m

= dly = 0.176 uA

E10.i0

E10.

Tpgrp=Ipn+Igp+im+...+lan
In=ln=lz=...=hw
I
deBR=Iﬂl=IBS=---=IBN=%
Irgr =l + (N + 1)(-9—) = In (1 + M)
g i
S0 Ios = =1 Irer
uTsm s WETTN L
1+
K]
i _ 0.9 1
Irer - N +1
1+~
N+1 1
I+ =
1
N+1_(ﬁ-—1)(su)
1
N-(ﬁ--1)(so)—1
N=435=>N=4
11
1. From Equation {10.52),
3 1=./3
Vo = 123 x10 + 12 x {1.8)
14 ) 14 T
0.5 1-0.5
Vas: = 1-03
o (1 )(1)+(1+ns)"(”)

Ves: =3.93ValsoVpsy =393V
Trer = (12)(0.020)(3.93 — 1.8]*[1 + (0.01)(3.93)]
= IBEE =1.13 mA

wiLy,
(WIL),

Iy = (1.13) % (s)x

= fp = 0.555 mA

[1 + AVps'g)
T+ 3Vos)

{1 +{0.0112}]
[ +(0.01){3.93)]

b. Iy =Ipgr x

c. PFalVeg =6V
= lp = 0.576 mA

E10.12 .
KnI(VGSI _VTN) =K \(Va:a —Vm)

0.10
Ves1 —2 = (\) e ’(Va_-.z —2)

Vas: — 2 = (0.632)(Vass ~ 2)

Vess = 10 — Ves

Vast — 2 = (0.632)(10 = Vst ) — {0.632)(2)
1.632Ves1 = 7.056 = Vos, = 4.32 W

Iy “K ( Gs1 ™ )z
I,EF =135mA

-’ =3K,,(Vas, ~Vi )’ = {025)(4.32-2)’
fo =34 = I,=404mA

H

=(025)(4.32-2)" =

E10.13

Vos(sat) =1V =V, ~Vp, =V, -2
= V5 =3V

C w
L= Ky (Voss = V) = [E—"E'E‘II) (Vasa Vi)
2
0.20= (0.020)(3-) (3-2)' = (E’.) =10
Ll 2

L
8 C YW
b= (25 [ ) Vo
Ven = Ves:

05= (o.ozo)(-‘g)l (3-2) =

3>
L),
Vosy =V Vg =10-3=7V

C W
Lpgr = [E"AI‘"‘) (VGSJ =V )1

(0020[ ](7 V= [%lﬂ

E10.14
ALY &( /AN

0.020 = 0.080(Vgs ~ 1)°
Vog = 1.5 V all mansistors
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b. Voi=Von+Vosi + V- =15+4+15=5==2V

Vie=Vou=Vogsu ==2-15=-35V
Vpa{min) = Vg + Vpgi(sat)

and Vg, (sar) =V, - Vi = 15-1=05V
So Vpd(min) = -3.5 + 0.5

= Vpu(min) = -3.0V

€ Ho = rog +roz(1 + gmrod)
74
= roy = = e~ 2500 kO
or =T = 3T T (0.02)(0.020)
8a = 2K, (Vs =V ) = 2(0080)(15- 1) =
2. =0080mA/V
Rg = 2500 + 2500(1 + {0.080){2500)) Ve =0, Vg = =Vx
= Re =505 M}
R
E10.15 ——
2 ) I’
Tpgr =020= K, (Vs — Vi) =015V ~ 1) n
= Vg = Vi, =215V Vv ol
2 015 . Ve Tea i
I0=an(vcs2_vm) —‘———i—(2.15‘-l) =
I, =010mA Qe
2
Iy =Kn:(vasa"vm)
010=005Vayy=1) = Vg, =182V -
E10.16 v, Ve — W
X X 1
= — mi V) 1
All transistors are identical Ix= gt T tomix @
=2lL=1 = 250 uA
P — LA Sl /. S @
Toge = K-(Vcs"'vm) Rp fo1 §rmi
0.25 = 0.20{Vgs — 1)?
=>Vee=212V Vx(L+yml)
Vi r
R T =
E10.17 B Tor
For Q2 : vps{min) = [Vp| =2 V 1 (1 + )
= Vs(min) = vps(min) -5=2 -5 I_x=__}__=_l_+_l_+gl_fo: o o™
= Ve(min) = =3 V Vx Ro rm oy RLD + %
Io = Ipssa(l + dwpsa) = 0.5(1 + (0.15)(2)) 2
=Jg = 0.65 mA = (L -
= 2 o2 (r +gﬂu) ! _+_1_
I =1 1~ _‘:_G_S_I_ R_D Q1
s =1ipss 77 L
F _ 1 = RD
0.35:0.80(1--‘%) T (r +g"") 2L
ven Ap Ta1

= 0.0986 = vgm = =0.13T V

vgnn = Vi - Vs
—-0.197 = V; = (=3} = Vi(min) = ~3.2 V
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For Rp «C roy
l - 1 1
= e = — b | ——  gm
RO Toz + (TUI +g 1)
Por Qs
¢ _ 2ipss (1 _ Vasg) _ 2(0.8) (1 _ —-0.197
™ Vel Ve 2 -2
gm1 = 0.721 mA/SV
1 1
Tg = Y _—-(0 15)(0.65) 10.3 k2
1 1
R = 103 103+07'21—0915
= =1.00 k¥

El10.18
For Qi : ip = Ipssi{l +dvps1)
2
For Qz M ip = IDS'S‘I (l - f—%:—’-) (1 -+ AVDS!}

vgs: = ~vpsi

and vps: = Vps —vpsy

So
Ipssi{l + Avps1)

il 2 E3Y

]
= Ipss {I - T] f1+ MVps - von )}

Ipssy = Ipss:
[ +(ﬂ.l)lﬁpsl]
=[1- ”"5‘] [ + (0.1)(3) = (0.1}vps1]

1+0dvpsy = (1=-vos1 +0.25055:) (1.3 — Qlvpsy)

This becomes

0.025vh ey — 0.425vh gy + L3vpsy =03 =0
We find vpoy =0.212V, vpe =273V,
vom = 0212V

in = Ipss1(l + Avps1)
ip = 2.04 mA

= 2{1 +(0.1)(0.212)]

Ra = rg3 + roa {1 + gmaroz)

g = 2Ipss - A 2(2) 1 —0.212

R Ve /T T \'T T2
1 1

Toz = B o = —

=M= Toss (0, S HI ] S ka2

Ro =3 +5[1 + (1.79)(3))
= By =548kN

E10.19

A, Iper = Isexp (vf,m)
T

}' -3
Veg: = Vrln (—-’“’—“') = (0.026) In (Mﬂ——)

Is 19-12
= Vegy =0321V
b Ry = 50521

03 = R =895 k{}

¢. From Equadon (10.72)

Vscz)
14 —=
v 1% ( v,
Igo[exp (—-’-)](l-i- cso) =IR£F><——A—F

T N

+

v 2.3
~12 T
107 [exn (72)] (14 555)

(1 + 2.5)
100
= (0.5 x 107%) AL
(0.5 % 1077 (1 N
100
Vi
1.03 x 107" exp (—’) =512 x 107"
Ve

Vi
exXp (ﬁ) = 4.976 x 10°

= V; =0.521V
d.
_(_1_) 1
4 Vi, _ 002 _ _=38.46
T .t - L1 0er+0.0
Van  Var 100 ° 100

= A, = —1923

E10.20
0.1 x10™*
a. VEB! (0 026)1 (-'——'i-o__T)
= VEEI = 0557V
5 — 0.557

b. = ——— =
R, oI = R =44.4 kO

Vi Ve zo
¢ s ["‘P (w)] (1 * m)

Veea

Var
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5x 107" [exp (VI 2'5)
2_
= (0.1 x 10™)
wu
v,
(5.125 x 107"*) exp (;,-’-) =1.019 x 10~*
T
7
axp (—;) = 1.988 x 10*

= V) =05857TV

d A = —1—0-11251— = A, = =1923

—-+-_

100 100

E10.21
1
& Ipg= KFI(VSG +Vpp)

0.25 = 0.20(Veg - 1)*
= Vs =212V

b. Prom Equation (10.89)

[1+l v V‘a)] KR(V,—Vm]z

Vosg =V, =

ose A+a, m.(,ln +2,P)
5o LH(0.018){10-2.12)  (0.2)(V; ~1)?

0.030 0.25(0.030)

0.15 = 1.12 — 0.8(V; — 1)?

= V; =210V

_ 2K (V- Vi)

¢ AS Tese (4, +4,)
A4 = 20.2)(2.10 = 1.0)

v 0.25(0.030)

= 4, = =587

E10.22
@) Togr = K, (Vg +Vrp}z
BO=50(Vys - 1)" = V,; =226V

(b) V.n:,,. —V [l+‘l SG)]_ K"(Vf -VTN)I
A, +4, fnsr(’l."'i,.)

5 < [+ (0.015)(10 — 2.26)]  (50)(Vy —1)*
0.030 {80){0.030)
2083(Vr-1) =322 V=224V

_ 2K (Y, ~Vn) 250224~ 1)
O A Tt 4, (5040030)
A, =-517

_Icq 0.8
om =2 = e = 308 mA/V

Va a0
To =Taz = IC.'Q 0_3- = 100 k(?

a. W= -?mvrl("cl"fd?)u Vo = Vi

A, = —gm{rollfog} = —{30.3][100"100]
= Ay = —1540

b, A, = "gm(rﬂllrﬂ2l|RL)

A, = -15% =-TT0
—T70 = —(30.8){50||Rz) = (50| RL) = 25
= R‘ = 50 kR
El10.24
Iea 0.5
= —— m = v
L g _V'r 0026.:’ 19.2 mA/
_ Vaw _ 120
ro = ya T = ro =240 k¥

Vas 80
Toa = Icq = E = Tos = 160 k

b. A= —gm(rellrez[|Re) = —(19.2)[240{|160]|50]

= A, = =611
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El10.25
(2) Neglecting effect of A and R,
lo=lpgr = -(qu "Vm)z
0.40 = 0.25(Vig — 1P
Then Vig = 2.26 v

1 1
= 2 e — = 17
b re=rn Mo (0.02){0.4) 135 k2

8n = 2K,(Vig — Vi } = 2(025)(226 - 1)

=0.63 mA/V
Av = =gm(ro||rez) = —(0.63)(125[[125)
= A, = =39.4

c. Ay = —gm{ra]roz] Re)
- 392'_4 = —(0.63)(52.5] Ry)

= 62.5||Ry =31.25 = R, =62.5 kO

E10.26
M, and M: identical = Jy = Iper

v = Kn(vi 'Vm)2

0.25 = 0.2(Vr — 1)?

Vr =212V

8= 2K, (V, -V, ) = 2(02)(2.12 1)
= gm = 0.448 mASV

1 1
Sl " GGy < =400k

1 1
r = Ty = 00025 e =200k

fon =

b. A, = —gm(roflrosflRe)

A, = —(0.448)[400[j200}|200}
= A, = 238
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Problem Solutions
10.1

2Vio + 2Ry = Vpe + IcR;

R, -
=2V, = V7)) = V, I
2V,+R1+R=(2, ) BE + Jc R

Ic=-ial-—{2Vw—(2V,+V+)( By )--Vs.s}

A+ R;

b. Vo=Veeand R; = R,

1 -
Ie= L{zv’, -z +V7) - Vas}

Rs
I ___V—
orilec = 2R
—(~10)
c. Ic=2mA=—2R = = 2.5 ki1
3

N _ =20.7) = (~10)

R =

=R, 4+ R =43k
=/ =, =215k

10.2
Ingr 1
fer= === —
1+ r] 14 50

Iy = I = 0.962 mA

[3] =Im=%$£§;=[§2=°.0192%

10.3
V' =V, (on}-V"
SRS LS
]
or
15-07—{~15
R,=--—O.5_{___)= R, =586k
*=Vyelon)-v"  0-07-(-
® R =Y —Vaeelon)-V" _0-07 13)
Loer 05
R, =286 k0

Advantage: Requires smaller resistance.

(¢) For part (a):
293

I,(max) = (58.6)095)

=0526mA

. 293
=22 0476 mA
ofmin) (586)(105)
Al, = 0526~ 0476 = 0.05 mA = +5%
143

For part (b): /,(max}= (2_3566-9_5)

=0526mA

14.3
(28:6)(1.05)
&I, =005 mA = £5%

f,{min)= =0476 mA

10.4

2 2
I - ) o -
4. REF In(l-+- 5) 2(1+100)
or fpepp = 2.04 mA

15 = 0.7

b rg = ?-;— = T = 40 kO
LY _ 1 _f1 -
AV = o= ak= (40)(9.3) = 1.2325 mA
Al _ 0.2325 _ Al
__.fo - 3 == -I— = 11.6%
10.5
Ipgr =1y 1+3- ={0.5) 1+'2'-
] ¥ 25
=0.54mA =Jppr
R=2"2T g o795k
1= 0.54 AL= f.0b Xy
106
8. fpgr = 507 =0.239 mA
18 -
Io = 0'23: = [p = 0.230 mA
1+E
Va _ 50 _
b. To—z——m—zlfkn

1 1
= = = =0. A
Alo= = AVic (2”_)(1.3) 0.00599 m

= Iy = 0,236 mA

1
c. AL = ('21—7) (3-3) = 0.0152 mA

= Jo = 0.245 mA
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. -3
(0.7 01 os) I, =t A "Ig =1, =203x10™ A
=1 = e 179 Z86 | exp| ——
a Irgr =1 T ex v, ] P(O.OZG)
=> R =33kN For O,
_ _ i 152107 s
b. Jo=2per = [y =2 mA Iy = £l = =609x107° A
¢. Por Vgca(min) = 0.7 = Rcz = 5207 exp) Vogz exp(%)
Vp 0026
= Rgg =2.15 kDD
10.11
10.8 I,=21, and I, =3I,
Ip = nlc (@) ,=10mA I, =15mA
IREF=IC!+IBI+IBQ=ICI+£F'L+‘& (6) {,=025m4,{,=075ma
£ B () I,=0167mA, 1, =0333mA
1 n l+n
Iasr=1c1(1+—+—)=fc:(l+ )
p 8 a 10.12
In 1+ﬂ) Ies
= -y = = = —
n(+ 3 2. Io=Icy and Iper = Icy + Igs Ic:+1+ﬁ
Iner
of [y = D BEF - Vor _ 2o | Ve
(1+1+n) 153-——15:+fm+'-—R2 =5 -i-—--h,-2
A Ingr = Tey + 2y Vez
109 REFTIETR +n T U+ AR,
Using the results of Problem 10-8, Irer ~ O+ARs L (1 + a0 .Hg))
2l reF Vez
2= =] =1.06 mA I ——
Ly & BEE=SEES R O 8k
+ 3 Io = -
,=§:-£=>-R;=4.06kﬂ (l+ﬂ(1+ﬁ])
1.06
10.10

First approximation - BE area of Q, is 3 tires that
of Q).

2 D7
b. Irzr = (u.’ro)(l + (80){81)) M)

[REF = 0.700216 + 0.000864
10 — 2(0.7)

I IgEr = 0.7011 mA =
R=307=09 1 p lissia '
= R =1227k0
Second approximation — take intc account IovsVy
variation, 10.13
For Q,: . bislIcasmdliper=TIca+Iss=1Icrn+ lfisﬂ
[—""'=exp Yor = Vues
ra Vr Isszfgg-{-]gl+Im+..-+IEN=(1+N)IEﬂ
or =U+Mics
Vie, = Vg, = V. In] J2L ?
g1 " ¥ega = Vy Tes Then Jrgr = Icn+wk_ﬂ
1 A1+ £}
07—V, = 0.0261n(6)=: Vae =068B2V for or loi = ( !};B_:N )
14 {2 M)
I.=05mA A1 +5)
Then
5~ 0682 -(~5)
R=""22270 L R-
\ 53 = R =1864 k2 b. Iger = [0,5)[1 + _gﬁ)s(T} = 0.5012 mA

Now ( }

_ 5-2(0.7) = (=5)

B= 0.5012

= A =17.16 k{0
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10.14 10.16
The analysis is exactly the same a3 1o the ext. We have

Io=ln.sr-( 1

+ —?—)
B(2 + B)
10.17

lo=2mA, Iga= % = 0.0267 mA

1
Ies=1mA, Im = — =0.0133 mA

75
lza = lgy + g7 = 0.0133 + 0.0267 = 0.04 mA
Iz 0.04
I =-——--—-—=000052E~m.A
83 1+ﬁ
v- Ingrp =lci 4+ 1py = Iapr = 1.000526 =1mh
Iup=fu(1+—-—2——) =(u.5)[1+;. Ry = 10}-20.7) Elﬁ = R =86LkQ
B(1+7) {50)(51) REF
= {gpr = 0.500¢ mA
=307 =(=5) - 10.18
R, = 0.5004 = B =17.19 kO
4 We have
10.15
et fraa
V=P 2 .
_Va A _ 80
Toz = In ~ IR_E;‘ = 03 = 160 k0
Thea
& a, Ry = __(ao)glﬁo) = R, =2 5.4 MO
b, Afo= o AVe = —— = Al = 0.781 yA
. 0= R AVe=gr T ab=0lu
@, 10.19
Vee = Vrln (fﬁ)
@ P
.}
5ml ! LI° 0.7 = (0.026) ln (1%-;-—) = s = 2.03 x 107 A
1
[ 2x 1072
_ Al 2 mA, Vag = (0.026} In (W)
V=-7vV
=0718V
Jo=IRgr- 1 3
2 15 = 0.718
(Hﬂ(“*ﬂ)) Ri=——7 =i =T1iQ
Poc Is = 0.3 mA _ Vr (Ingp 0.026 ( 2 )
w1 Re=7-{ =3 5050 2\ 050
Trer =( )( + 25(27)) = Rg = 1.92 k0
= lpgp = 0.8024 mA
2, = 18-20)

ez = B, =2060k02
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10.20

2, Irer = 10 = 0.7 = 0.465 mA

20
laa¥V" =0
Vaeg = Vrln (IREF)

Is

10~? —13
0.7 = (0.026) In 7 = Je=203x 10 A

5
Then
- 0.465 x 10~°

Vee = [0.026)In (W) =0.680 V
Then
Irgr = 10—2%2 = lppr =10.466 mA

b, Rg= Zq_-ln (Ia_ar) = 3.025 n (0.466)

10.21

Ta To 0.10 6.10
= R = 4009}
V'V =V~ 5-07-(-5)
a I = BE| a =
@ Loz R, 100
Iogr =93 A

IRg =V, 1n("—;#£] = 1,(10)= 0.0261n(wJ
o 4]

By triel and error, [, =68 uA
Rﬂ = 52(l+3n1R2)

Now
30
===441 MQ
rcl 6.8
0.0068
=——=0262mA/V
€~ ="0026
ro= 100)(0.026) = 38210
0.0068
So
Rp =r,|R; =38210=974 k2
Then

R, =441[1+(0262)974)] = R =157 MQ
(d) Vg, =Vipgy = IoR =(0.0068)10) =

Voer = Vi, =0.068V

10.22
1
Al = E -AVe
Ro = roa(1 + gm2 Rg)
Va B0
Toz = -I-o-zm—‘i.ﬁ Mﬂ
Iy 00174
gmz = § = Zgoet = 0.6 mA/V
_ (80)(0.026) _
o2 = o171 119.5 k©}
R = Rellres = 7||119.5
Rz =6.61 k02

Ro = (4.6)[1 + (0.669)({6.61)] = Ry = 24.9 MQ

Now

Al = (24}—9) (5) = Al = 0.201 uA
10.23

Ry = roz(1+ gmz R} where Ry = Rellrr

roz = ‘;—: = Z—‘;’ =3 M0

Sz = -‘*;‘;’_- = %‘3—2—2- =0.962 mA/V

oy = %=5%‘-;:-—5]-=53.sz

_Vr, {Irer\ _0.026 . 0.75
=7, h‘( I ) = %03 O (0.025)

=1.54 kO
R'e = 3.54{83.2 = 3.40 k2
Ry = 3{1 4 {0.962){3.4)] = 12.8 M{2

I =3 _ -2
Aly = A AV = 58 0.234 pA
So
Als 0.234
T = 25 = 0.936%
10.24

Let R, =5k, Then

12-07-(-12
fagr =———5(——)= Tper =4.66mA
Now

IR, =V, ln[’}'” ] =

o

R, = 0.026 ln(4'66}=: R, =14
G.10 0.10 —_—




10.25

0=07=(—
Ingr = 1 10 = 0.4825 mA
40
Vez = Vrln (I“E"‘)
Ie

-3

0.7 = (0.026) In (“} ) = Isr=2.03x107* A
s

Now

-1
Vae = (0.026)1a (G_M

2.03 x 10-15 ) =0.681V

Vogr =0.681 V
So

~ 10 - 0.681 = (=10)
40

= Jpger =0.483 mA

ITper =

ItRs = Vrin (I”")
Iy

Ip(12) = (0.026} In (Lﬁli)
By trial and error,

= I =48.7 BA

Vee: = Vag: - loRg = 0.681 — {0.0087)(12)

= Vpp =0.53766 V

10.26

Vars + InerRe1 = Vegs + LhRe:
Vee: — Ve = loRg: — [REFRm
Foc matched fransistors

Vg =Vrin (-’R.B—F)

Is
Io
Vo =Vrln| —
Ig
Thea

Vrln (I’}f’.) = JoRz2 ~ IrerRe1

Qutput resistance looking into the collector of (s is increased.

10.27

&

=]
p | i 3‘@ 'k'l

Re

Chapter 10: Problem Solutions

Vi1 Voo |, Vi
Iy= Bt gV + ;04 i\
]
v, o
Ve = Ve + (-—“— + g Viy + l/—]') RE {2
Farl o1

Vx = Vm [l + ("1— + 9m1 + —)RE‘J]

- 10~07

i D= sma
REF = 136+5 o

oy = 50)(0.026) 005025 =26Kk0

75
Toy = r—lso k2

Pl = e 0.5 =19.23 mA/V

0.026

1
Vi = Ve [1 + (2— +18.23 4 1-57]-)(5)]

= Vi = Vi(0.01009)

1 Vi
Then [ = V5 (0.01009) | =~ + 19.23 X,
x = Vil )[ + +1sn] *t s

Iy = Vi (0.1980) + V¢ [0.0735)

»Rﬁ—%-—asaskn

=~

Ve -V,

Ix =

+9’m3Vr2
Ve = Ix[Reafl{re: + Rd)]

Vi = — _"‘.'.?__._)V‘
! (7*2*'33

Then

Ix= Y _ —[lel Te1 + Ro)]

To2 Taz

—gm ( R,) (Ix) [Rezli(rra + R5)]

Rpy = Rgz = Iper = Ip 2re; =26 kD2
gmz = 19.23 mA/SV
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Vx

Ix=1%~ 150[

5(i(2.6 + 3.68))
2.6

- (19. 23)(m) (Tx)[5||{2.5 + 3.58}]

Ix = Vx[0.00666) — [x{0.01853) = /x(22.13)
1x(23.148) = Vi (0.00666)

='R0=Ex—=3.4BMQ
Ix

b. When BRp1 = Rzz =0

s

& =r92 = 150 kﬂ

10.28
Assume all transistors are matched.
A

2Vaer = Vee: + o Re

I
Vo -V-rln( F}fr)
Io
Vegs =Voln| —
Is
2Vr1a (“‘") —Vrin (i"-) =IoRe
Is s

b, Vag=07ValmA= 10" =Isexp(

or Is =203 x10"%% A

Ver at 0.1 oA
|
= Vag = (0.026)1n (%) =0.840 V
Sincs Jo = Irer, then
Vg =lhRcs= Re = %
or RE = 6.4 k{}
10.29
Iur=lu-0-‘= :R,_laskﬂ
R,

IoaREs = Veln (£§£)

Ia

0.026 0.50
E e—— — = N
£ = 505 In (0_01) = Rpz = 10,17 kQ

0.026 In (0.30

Rgy = 2028 | (050 —2
£ = 5.030 0.03) = Ry =2430k0

0.7
0.025

Vegr = 0.7 — foa Rz = 0.7 — (0.01){10.17)

= Vpe =0.598 V
Vaps = 0.7 = fos REy = 0.7 = (0.03}(2.438)

= Vpgy =062TV
10.30

{(2) Vag, =Vies
o= V=2V, -V"

ad R+ R,
Now ‘
Wepr + Lper By = Vigey + [5Re
or
[oRe =2Vpe) — Ve, + 1 5er Ry
We have

Voo, =V, 1n[%ﬁﬂ] and Ve, =V, anr 0)

3 3

(b) Let R, =R, and I, = I e = Vyp, = Vags =V,
Then
Vee = [oRe —Ipge Ry = 15(Re = Ry)

50
V-V = 20,(R, =Ry

Toer =1p= 2R,

=V -V _1, Ry 1,

2R, R,

Then

Vr-v-
I, =
7 2R

{c) Want I, =05mA

=
So R, = 5-(5) = R, =10k

z(o-S)
5-2(0.7)-(-5) _
Ry = l?ZkQ
fa= 05
Then R =R, =86 k2
10.31
2 Irer= 20-07-07 =155 mA

12
Iql = 2135}-‘ =311mA
Ioa = Iprer = 1.55 mA
Ios = 3 gpr = 4.65 mA

b, Vem = —laRe — {(—10) = =(3.1){2) + 10
»Vep =38V
Veca = 10 = foz Rz = 10 = {1.55)(3)

= Vpoy =535V
VEcs = 10 — foa Rex = 10 - [4.65)(1)

= Vers =535V
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10.32

L. Ist approximation

20— 1.4
&

Irgr =

=2.325 mA

Now Vas — 0.7 = (0.026) In (2—1:’2

= Vag = Veg = 0.722 V

Then 2nd spproximation

Ings = 20 — 2(0.722 =2.32 mA

8
oy = 2lper = 4.64 mA

fo2 = Irer =232 mA
Ioy = 3 REF = 6.96 mA

b. At the edge of saturation, Veg = Vg = 0.722 V

0-=0. -
Rey = 22218 -1

4.64 B =20k
Rem = -m—;% = Ro; = 4.0k
B =508
10.33

Ist approximation

10 -0.7
= —
83+3
= Vg = 0.7V a1 assumed

Vagr = Ingr-Rea ={1)}(3) =3 V

IrEr =1mA

Vam=3\’=-ﬂm..—.%=%=>ﬁm=3kﬂ
Vm=3v=ﬂm-—.VLﬁ-=i=§-Ra=l.5kﬂ
loz 2
Vu;=3V=>Rm=‘G£=i=-RE;'=O.75kﬂ
o 4
Jot =1mA
Iz =2mA
Tas = 4 mA
10.34
! 200
Vos =Van + |~ =1+ | —=189V =
Gs = Vmn X, 250 Vs

Lo _ 14+AVps
Irer 14 AVps

a Vosa =2V

_ 1 4 (0.02){2) -
= (200}[I+—(l](ﬁ'8—9)] = Jp = 200 17,8

b, Vpsz =4 V

Io = {200)[—1—*1&93)1*—)-] = Iy 208 uA

1 + {0.02)(1.39)

c. Vopsmm =86V

1+ (0.02)(5)

Io = [200)[m

]5‘!0;—216,3.5\.

10.35

! 05
(@ V.. =V, + / £EF =l+1f—=2V
cs ™l K, 05
f ! f
1’ ___Kﬂ REF =K REF
? 2[ K"' J "1( Knl )

0.5
0.5
0.5
03

Io(max) = (0.5)(1.05)( ) = Iy(max) = 0.525 mA

Io{min) = (0.5)(0.95)( ) = [o(min) = 0.475 mA

So
0.475 € 1o € 0.525 mA

2
(b} Ip= Kuz[ LKM_F Vo ‘sz]

2
fo(min) = (u.s)[ 241 1.05]

= ly(min) = 0.451 mA

— 2
Io(max) = (0.5){\/%+ 1- o_gs]

= [p(max) = 0.55] mA

So
0.451 £ In £0.551 mA
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10.36 10.37
-, (@) Vpg{sat)=V -V,
T J, n ]\ or Vs =Vps(sat) +V,, =02+08=10
= = k(W 2
Z:E:\ Vé\sz. ...\4“ Ip= E‘(’Z](Vas ~Vin)

EAN

v;.LzK . ol ooy = (7)-

(b) Voss = Vi =2(Ve ~Vo)
Vass =08+2(02) = V, =12V
iy
Y, v (€) Vpy(min) =2V, (sar)=2(02) =
= ‘j». Vp,(min) =04V

10.38
I, =u-+g,_'v",z Vosa(sat) =2V = Vg, =V, =V — 15=
A
v Vi, =35V
@ I, =f'+ En¥yn hab X w .
- (. 2 O
V‘.l'l =Vx 1 Vp‘! = “VA ? 2 o "
So ) : 250 = (20) ( ] (35-15)" =
(1) l: Z_I-_VA[—"_gu] W
I'; ru (—L-) =3125
2 IL==2+gV, =V, =5[] -gV] I
A
Then 1 W
IREF = (_ﬂncn:I—] (VGSI -VTNI)
1, =ﬂ--r.(f. -x.V.)[-l-+ g..)
o % 100= (20)( ) (35-15)' =
Vv, { £
J =t X -1 N 7 -
T, r'[ T g"v'] [ﬂ) =125
14 L
lL=t-l -grl +gV +glV,
G : Now V5, = 10~V =10-35=65V
- = b .
I.[2+8.f.]~":[,- *Eat Safa] So 1oo=(zo)(%] (65-15)" =
3
) 1
Sinc > — w
< gll > r‘ [“E]3 = 0.2
L2+ g.n]zvie. 1+ e.r)
Then 10.39
Vecp a2%8a & From Equatioa (10.50),
I.: ’ gm(l+ g-rc)
Usually, g_r, >>2,s0that 1/—5- 1 — 2
! Ves: = Vgsz = 2 (s)+ —t (0-5)

R =
, = 5 5
£ AR'ET: +y3m

0.447 1 - 0.447
= (1 +u.447)(5J + (1 + 0.441) (0-8)

Vesi=Vemm =174V
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Lrer = Ky (Vos ~Vi )’ = (18)(25)(1.74 - 05)" = 1042
M & Ly = K (Vo Vi |

. W
h ( HeC J{ )(“’ ) (1+ AV,q;) 100 = 100(Vos = 2)* = Vas =3 V

2 For Vpy = -3V, o = 100 uA
fo = (18)(15){(1.74 — 0.5)°[1 + (0.02)(2}) —_—

= 0 = {.432
(415){104) =+In =432 mA b, fo = ros + r0a(k + gmrod)

¢ la = (415)[1 + (0.02){4}} 1

Toz =T = A_I{ = oy ekl
= Jg = 0.448 mA 8 = 2K, (Vs — Vi ) = 2(0.1)(3-2) = 02 md ) V
10.40 Ry = 500 + 500{1 + {0.2){500)]
. =51 MQ
(a)::ﬂﬁ(vw= N 6
L sa1 +Vrp) Ola= 5= AVpi =z = Ay =0.118 sA
w
[ J( Vsa\ + Ve 10.43
But Ve, =3V, _ e 2,
oo 2 s s
ZS(V_W, _0-4) =5(3'Vscl "0-4) - s o
which yields Vg, =108V and V.. =192V L,% < 3)“\/;5‘ & et
Tegr = 20(25)(108 —04) = [, =231 A -
(w/L), 15 Vi =
== =06
1,,5, (w/L), 25 L+
Then I, =(0.6)(231)=139 x4 174 -
25y
M- S =
(5) Vyg,(sat) = 108-04 =068V Y T
V, =3-068=232=1,R A
then Jta;
R= 2—31 = R=167TkQ
0.139 e
10.41 h
V,m(sat) =025=V +V, =V, — (4= Vor = =Ixray
Vig; =065V Vae = (Ix — gm VouiJroe + Ixroz
f, =k—;-(E) Vsos +VTP)= = (Ix + gmIxroz)roe + Ixroz
0/ W Ve = Ix{roz + (1 + gmroz)rod] = —Vius
W
25-—(—) (065-04)" = (—] =20 ;
2 L) rx=g,..v,,a+l’.‘-:ﬁ=v—”-vss(gm+~l-)
( fL D — Tas Toe
Tper =75 ——-—-'—I =| =80 - Vx RY
o A (w/L), ° (Ll Ix == =Ixlgm+ -y froz + (1 4 gmroz)rod]
k: 1 =
Teer _?( ) (Vsa: +V ) Ix{l + (gm + rns){fug +(1 +gmrnz)ru.]} =
Vig, =3-065=235V Vi

Then T; = Ro = rog + {1 + gmros{roz + (1 + gmrez)rai]

40(wW 2 w Io = Irgr = 0.2 mA = 0.2(Vgs - 1)°
7s=— ——— 2.35— ¥ —_— =
2 [Ll( 35-04) = (Ll 0.986 Yoy =1V
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8 = 2K, (Vos —Vix ) =2(02X2-1) =04 mA 1V
1 1

R = 250 + [1 + (0.4)(250)]

x {250 + [1 + (0.4)(250))(250)}
Ry = 2575750 k{0
= Ry =258 x10° 0}

KTW KW
?(Z]I(VGSI - TN ' "f‘(f) (Vas: "Vm)!

= () tau v

() 50(20)(\/6,[ - 0-5) = 50(5)( 33! ‘05)
(2) 50020}V, - 05) = 20{10K V54 —05)
(3) Vg + Vgt Vg, =6
From (1) 4(V,g, —05) = (Vg —05) =
as: = 2( G5~ 0'5) +05
From (2) 5(V, =05 = (Vg ~05) =
Vesa = Jg(van ~05)+05
Then (3} becomas
5(V5, —05) +05+2{V,g - 05)+05+Vy =6
which y:elds Vg =136V and
Vo =222V, Vi, =242V
Then
Ty = %(%] (Vag, = Vi)' = 50(20)(1.36 -05)’
1
or lpe =1,=0740mA
Vs = Vg = 136V
m(sat} =Vgry — Vi = L36-05=
Vipsa(sat) =086V

10.45

Vosa(sat) =05V =V, = Viy =V, ~05 =
Ve =1V

4

k(W
f,=50uA =“.£‘(‘E‘) (Vcsz ‘“Vm)z
]

= so(‘—z—l(l -03)" = [EVE): =4

Vesi = Vo =1V

Tner ‘150'%( ){VGSI Vrn)

=50[FI:)1(1-05) = (—‘Bl:lz

vﬂ,w +Vyq =6
s =6 1= SV = Vgsy =25V

I,,EF=150=50(~‘Y-) (25-05) = (E) =075
L) L/

kW
Dogr = “?_L(“El (Voo + Vrr):I

150 =2 fﬂ) (25-05)" = (EJ 188
L 4 L 4

10.46
a. As a first approximation

Irer =80 = 80(Vos1 — 1)’ = Vosa =2V
Then Vpsi = H2)=4V

The second approximation

B0 = SG(VG.ﬂ - 1)1 4 (0.02)(4))
Of m = {VGS], — 1) = VGE!. = 1.962

Then
2
To = K, (Vos =V ) (14 4,Ve5)
= 80(1.962 — 1)*[1 + (6.02){1.962)]
Or fo = 76.94 A
b. Pram a PSpice analysis, Jo = 77.09 pA for Vps =

—1V and Jo = 77.14 uA for Vpa = 3 V. The change
is Alp == 0.05 gA or 0.065%.

1047
s. Por a first approximation,

Ingr =780 = 80(Vgse — l): =2 Vesu=2V

As a secood approximation

Irpr = 80 = 80(Vosd — 1)°[1 + (0.02)(2}]
O Vasi = 1.98 V = Vog
lp= K.(Vasz Ve )t(l * ZVGH)
To & very good approximation
Io = B0 uA

b. From a PSpice analysis, /o = 80.00 A for Vpa =
-1 demcoumutmummmﬂq 76.9 MQ.
Then

1 4
ﬁfo = E Vp; = ﬁ = 0.052 HA

ar a change of 0.065%.
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10.48

(a) K, -k— %) =50(5) =250 A /v?
1

2
)
JKnllm (W/L)z

5
- ‘/— (8.94)(0.684)
;?025 005 ( 50] X

R=611k0

() V* V™ =V, (sat) +V,,,

Vips(sat) =V, +V,,

5 =50=20(5)(Vie, ~05)' = V., =121V
Then

Vm,(mt} =121-05=071V
Also

I, =50=50(5)(Vs, ~05)" =V, =0947V
Then
(Ve -v)  =071+0947 =166V

€y 15 =25 =5[{E) (0947-05) = [E] =25
L/ L/

102=75=20(~“1) (121-05) = [E] =744
L) L),

10.49

Vosa = %(5) =166TV

1 w
Togr = [EF.C.;I'L')](VGS: =Viw ):

100 = (20) (-v{-) 3(1.657 -1
- (§),= ()= (8) -0
T = (';'#n Ca I%]l (Vasz Vo )2

(T),
Or Iner _ L

=)
(5)- ()2, - @

Also

REF 40(')( Gsw "~ 12)
{per = ’8(1)(er - 1-2)
Then
NA0(V,g, —12) = V1BV, - 12)
which yields
6325

EE(V“” —12)+12

sep =

Then

[0.040(v,, - 12)']- R = 24~V =149V, —12) - 12

which yields
=269V and V=342V
Now

24-342-2.69
T:b IREFzsgjm

IREF -
[=232=179 ua

I, =(125)(895) =112 A
1,=(08)895)=716 u4
1, =4(895)= 358 pA

10.51

We have Vg, =269V and V,, =342V
So
fpee = - 10-269-342 26: 342 igz Tpgr = 1945 pA
Then
1, =(0:2)(1945) =389 uA
1, =(1.2519.45) =243 pA
={08)(1945)}=1556 A
I, =4{1945) =718 pA

10.52

Fot vgs = 8, ip = Ipss{l + Avpg)
A Vo=-5V, wvwps=5

¢p = (2)[1+ (0.05)(5)]

=ip= 2.5 mA

b Vo=10, wps=10

ip = (2}t +(0.05)(10))
=ip=3mA

€ Vop=5V, pps =15V

ip = (2)(1 + (0.05){15))
= ip=315mA
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10.54
Ve
o= Inss(l - V—:)
1= 4(1 _ YesY’
f]

So Vs = (0.293)(—4) = -1.1T V

Then]u=%des=—Vcs

=Vos . _(—1.17}

_— == =
R A 3 = B =0585 k0

10.55
V)
8. Iper=1In EIP( ;:1)

IREF 1% 1073
or Vam = Vi ln (252 = 0026)ia (1250
= Vppy = 0.5568
b. Ry = w» R =444 k0

c. From Equation (10.72) and leting Vego = Vee: =

25V

1072 ex —L I-i-£ =107 _13_.0_
Ay, 120 05568
===

1020810~ exp| 2L =(10.,)(L03125)
Vr 100696

Then
V, = 0:0261n(1.003613x10°)
S0 V, =05389V

={1/V7)

& A= V) + (1/Var)

_ Tho7s _ 384
T = 0.00833 + 0.0125

10.56
£. Veg=Vrhn (I“’) = (o.ozs)ln(
I

0.5 x 10™?
10-13

= Vpr = 0.5208

5 -~ 0.5208

b Ri=—er— o By =896kh

c. From Equation (10.72) applics with slight modifications

Ve
Vero Veco I+ V
Isuexp( )[1+ ] = [pgr - | DA

Vr VAP 1+ VBE?
Var
K Vi 2.5
5 x 10-1 EBa ]
(5% )[exp (_Vr + 35
= (0.5 -3, )
= (0.5 x 107 . | — 4l
120

) Ve _sv 1.02083
5.15625 x 10~ ) =(05x107)-
15625 x 1 =xp( Ve (05 % 107) - T

ngg =0.35384 = Vr =5—-053584
= VE =4.462 V

—{1/Vr)
d A= T+ VD

1

A = —m - —38.46
L _1_ 0.00833 + 0.0125
120 ° 80
A!: = —1846
10.57

Ignore (W/L), = 5 spacification
A M) and M2 matched, 50 we must have

Vsp:=Veg=Vses = Voo =25V
For M, and M,:

1 W
Tagr =(EF'C“II) (Vi + Vi ) (14 2,V5)
100 = m(w) (2.5 - 1)%(1 + (0.02)(2.5)]

= (%) =+»= (T), - (),

Bar M,:

1 w
I,= [E #£,C, ){‘E]o(va&'

100 = zo(w) (2 ~ 1)1 + (0.02){2.5)]

=-( T) =es

- vm)z(l +4,Vos)
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b, ron = rop = -t =1 s00 k{1 10.60
Ao (0.02)(0.1) Cutput resistance of Wilson source

Em J —H, me ;ﬂ;i

(0.02)(4.76)(0.1) Taea
= —gm(ro] £o)
gm =0.195 mA/V
Au = —gm(ronllrep) = —(0.195){500{500)
il ool Taa“!i'a—n-=400kﬂ
= A, = —48.75 Toer = 02
ro= 2AL 2 10 _ 0k
10.58 Irer 0.2
Irer 0.2
! g R ol v
v e = K (Vig + Vi) e ¥ i
100 = 100(Vso — 1) = Vso =2 V Av = ~T.69 [suu I 80)2400 ] = —7.69(600]16, 000]
b. Vps-g = Vpgg =5V
From Bquation (10.87) 10.61

s 2. (M) =2fK I
100(V; - 1)* = 100[1 + (0.02)(5)]

' = G. Q0.2
x [1 = (0.02)(2)]1 — (0.02)(5)} gm(Ma) = 2v/(0.25)(0.2)
= gm(Mp) =047 mA/V
(Vr = 1) = (1.1){0.96)(0.90) = 0.9504 ) T e
>V =197V S Ty (G T he=280a
fop = 1 = 1 = rop = 18T k2
P A lpzy T (0.03)(0.2) T e
c. » = -gm(rOﬂllfnp)
1 ) b Aw = ~gmlroenfires) = —(0.447)(250{]167)
Tan = fﬁp = = = 500 kﬂ
Mazz _(0.02)(0.1) = A, = —44.8
2 = 2K, D rgr =2J{0.1)0.1) =02 mA/V .
A = —{(0.2)(500||500) ¢ Ry = 250||167 = ron|lrop or Ry = 100 k2
= A, = —50
10.59 10.62
-
a. Using the results of problem 10.27, we find the resis-

tance looking into the collectar of O 0 be

&=r°=[1+M

Toz

+oma (L) [Rel(ren + R5)

where R{ is the resistance from the base of Q3 oward
@1, We found

b Ay = —gma(ro||Re||R0)

Since V_, =0, the circuit becomes
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V -V
Il =—g;v:gt +_L-_f£ and Vr‘2 = I:rfal

for
Then
l‘[l‘l-g;rr__‘ +—r-"-’-]=L
fal Ta
so that
¥

-
—~=R, =’nz[l+g;rn}+ﬂ]

[. ol
or

R, =rg+ra(1+glr,)

= :_: = -gml(rn:HRv)

Now

8. = 2,(0.050)(20)(0.10) = 0.632 mA /V

1 |
G W T (T2 YT R

gn = 2K, 15, =2,/(0.020)(B0)0.1) = 080 mA /V
S SV
T A0, (0020)00)

Then

R, = 500+ 500(1+(08)(500)] = 201 MQ

A, =-(0632)(500[201000) = A, =-315

= 500 k3

10.63

A= "'gul(Raz 'Ral)

From the results of JFETs:

Ry =ry+rp{l+gln)

From restlts of Problem 10.62

Ra=ra+ ":m(l + 3:.".-.1)

We find

8w = 2,/{0.05)(20)(0.08) = 0566 mA /v
1 1

Ao (002){008)

1 1

e T T e (002)(008)

8n = 2,/(0.02)(40)(0.08) = 0506 mA 1V

Then

R,y =625+6251+(0506)(625)] = 199 MQ

R,; = 625+6251+{0506)(625)] = 199 MQ

Then

A, = -(0566)199000(199000] = A, = -56,317

=62540

'rrl| B=ra=

=625 k2




