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Chapter 5
Exercise Solutions (a) Vgg =2V, Vpy=45V
Saturation region:
ES.1 I,=(02)2-1 = I,=02mA
(a) Vi =12V, V=2V
Vm(sal‘)=vm—vm=2—i.2=0‘sv {by V4 =3V, V=1V
0] Vs = 0.4 =5 Nonsaturation Nonsaturation region:
(i)  Vp == Saturation 1o =(02[23-11)-(1]= 1, =06m4
(i)  V, =5=s Saturation -
ES.4

(b) Vo =-12V, V=2V

Vps(sar) = Vg =V, =2 -(-12) =32V
(i Vps = 04 = Nonsaturation
(ii)  Vp; =1 = Nensaturation
(iii)  Vp; =5=> Saturation

E5.2 o
(a) K" = #n 13
2L
19)(885x10™
c, =Su =ﬂ-——-_-‘--)-=7.67110" Flem
L, 450x10
100)(500)(7.67x10
= UCOICONTET=O) 7t ma 19
2(7)
() Vo =12V, Vg=2V
(i) Vps =04 V = Nonsaturation
1, =(0274)2(2 - 12)04)- (04} | =
I,=0132mA

(i)  Vy =1V = Saturation
I, =(0274)2-12)° = I,=0175mA
{(iii) V,; =3V = Saturation
1, =(0274)2-12)' = I,=0175mA

Ve =12V, V=2V

i) Vps =04 V = Monsaturation
1, = (0274 2(2+12)04)- (04| =
I, = 0658 mA

(i) Vps = 1V =3 Nonsaturation

1o =(0274)202+12)1)- ('] = 1, = 148 ma
(iii) Vp, =5V = Saturation
I,=(0274Y2+12)' = I,=281mA
E5.3

Ve =1V Vg =3V V=45V

Vs =455 Vi(sat) =Vg —Vp, =3-1=2V

Transistor biased in the saturation region

L= K, (Vo —Vpy) = 08=K,(3-1)" =

K,=02mArv?

(@) Vp=-2V, V=3V

Vip(sat) =V +Vop =3-2=1V
(i) Vi, =05V =» Nonsaturation
(i) Vg, =2V = Saturation
(iiiy V=5V = Saturation

(b) Vi =035V, V=3V

Vip(sat) =V +Vp, =3+05=35V
{1 Vip = 05V = Nonsaturation
(it} V,, =2V = Nonsaturation
(iiiy Vg, =5V = Saturation

E5.5
(2) A=0, Vp(sar}=25-08=17V
For Vp, =2V, V¥, =10V = Saturation Region
I,=(01)(25-08 = I,=0289m4

(b) 2=002V"

1=K (Vos - Vm)z(l +AVp)

For V; =2V

1, =(01)25-08)'[1+(0.02)(2)] =
1, =0300 mA

Vs =10V
1, =(01)f(25-08)"(1+(002)10))] =
I, =0347 mA

©) Forpart (a), A=0= r =ca

For part (b), A=002V~",

=2, (Vs = Vi) ]" =[(002)(01)(25- 0.8)21_'
or r,=173k1
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Ve = Vo +1] 2¢,I+v,, - 24,

29, =070V, V=1V
(@) Vi =03, Vy, =1V

(b) Vg =1V,
Voy =1+{035[ V07 +1-407|= V,, =116V

(€) Vg =4V,

Vov = 14(035[¥07+4 - V07| = v, = 147

E57

( R o f_40 _
VG“[R,+R,]“0) 5 (40+60 10)-5
Ve=-1V

Ve=I,R; -5

Then

Vo =Ve =V =—I—(I,R; -5) =4~ IR,
Assume transistor is biased in saturation region

o= K\ (Vos V) =220

5
4- Vg = (05K0)Vys - 1] =
05V —35=0= V=265V
I, =(05)265-1) = 1,=136ma

Vs =10=1,(R; + Rp) = 10-(136)(1+2) =
Vo =592V
Vs > Vm(sar) . Yes

E58
= j__) -
"“‘(Rmﬁ: (10) =%
200
= (m)(lﬂ) -5=0714V
Vi=3-=IpRs=5-(1.2)In
So

Vig =V -Vo=5-(1.2}Jp - 0714
=4.286 — (1. NIp
4 286 - Vg
1.2
1
!D = KF(VSG +Vﬂ')

Ip =

4.286 = Vg = (1.2)(0.25}x

(Vic - 2Vse(=1) + (-1)%)
4.286 — Vig = (0.3)V35 — 0.6V56 + 0.3
0.3V3c + 0.4V55 — 3.986 =0

~0.4 % /(0.4) + 4(0.3)(3.986)
2(0.3)
Must use + sign = Vg =304 V

FG =

Ip =(0.25)(3.04 = 1})* = [p = 1.04 mA
Vip =10 — In(Re + Rp) =10 — (1.04)(1.2 + 4)
= Vsp =459V

Vip » Vip(sar), Yes

E5.9

Iy = K.(Vcs ‘Vm)!

0.4 =025{Vss - 0.8 = Vgs = 2.06 V
. R .

Vos=| ———— )V
Gs (R, +R,) oo

2.06 = B N5 Ry =681 k0

. = 250 I.J) 7 = .

Ri=181.3k0

Vpe=4=Vpp —Iphp
T5—-4

Rp = 03 = Rp =875k}

Vis > Vps(sar). Yes

E5.10
Ip = %—}Lﬂ and Vs = =Viss
s
5 —-Vgs
S0 Re=—47

I, =K (Vos =V )

0.1 = (0.080)(Vge ~ 1.2} = Vgs =232 V

5—-12.12
= 26.8 ki1
o3 = Rg 6.8

S0 Rs =

Vps=Vo=Ve=2Vp=Vps+Vs=45-232
Vp =2.18

5—Vp _5-218

= = Rp =282 k0
fp In 0.1 =

Vos > Vipg{sat), Yes

E5.11
Ip = E—%;ﬁ and  Ip=K, (Ve +Vep)
0.12 = (0.050)(Vse — 0.8)°
Vg =235V
Rg = 39-6;%5-5— = Re = 61.75 kT

Vsp =8=20—Ip{Rs+ Rp)
8 =20 % (0.12)(83.75) - (0.12) Rs

20 — (0.12)(63.75) — 8
Ro = 0.12
=> Rp = 36.25 k{1
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E5.12
[0=MV R-V ' ID=K-|(VGI_V‘I‘N)1
s

10— Vg = (10)(02)(Va, - 2V +V3,)

W~ Vos = 2Wds — §Ves + 8
ZVéS—TVGs-—I:O

/17 +4(2)2

Ves =
G§ 202

Use + Sigl.'ll Vag = VDS = 37TV
0-377

Ip= lm-ir-‘- = Ip = 0623 mA

Power = [pVps = (0.623)(3.77)

= Power = 2313 mW

E5.13
For V, =22V

5-22
lp==""= I,=056ma

!nzKu(Va:—vrﬂ)l

056 = K,(22-1)}

K, =0389masv =2 4aCa
L 2

- (389)(2) w
L (40) L =193
E5.14
{a) The transition point is
_ Voo = Ve +an(1 +yKo/Ky ,
" 1+ K /K,

5-1+1{1+,/005/01)
1 +/0.05/0.01

7235

Vo =Vy =Vpp =224- 1= V, =124V

(b) We may write

Iy = Kp(Vow ~ m): =(005)(224~ 1)1

= I, =769 pA
E5.15

Voo — Ve + Vao(1+ K/ K,, )
1+ K, /K,
5-1+1(1+ JK /K, )

1+ K0/ Ky

V, =

25+25JK, /K, =5+ (K [K, =

5-25
K, =—=16
-n/ s 7=

K,/K, =278

b, For V¢ = i diver in nonsaturated region.

fpp=1lp.s
a::r[2 v _Vma)v _VI] uL( GsL )
K & 212V =Yoo Vo = Vo] = Voo ~Vo Vo'

2.73[2(a - -VWl=5-%%-1]
22.24V; — 2.78V) = (4 - W)°

=16 - 8Vh + V4
3TRVE - 3024V + 16 =0

30.24 & /(30.24)" — 4(3.78){16)
2{3.78)

"0:

=1 =037V

ES.16

If the transistor is biased in the saturation region
2 2
Iy = K.(Vcs ‘Vm) = Kn(_vm)

Ip = (0.25){2.5) = Ip = 1.56 mA
Vpe =Vpo - IpRe =10 - {1.56)(4)
= Vps = 3.76

Ve > Vg =V, =V,

3.76 > —(—2.3}
Yes — biased in the saturztion region
Power = [pV¥pe = (1.56)}{3.76)

= Power = 5.37 mW

E5.17

Wehave V,, =12V <V, -V, =-V,, =18V
Transistor is biased in the nonsaturation region.
Ip= K-[Z(Vcs ~ Vi Wos “V;:]

and

1, =Yoo =Vos _5-12

R, 8
I, =0475mA

0475 = K,[2(0-(~18)(12) - (12)']
0475=K (288)= K,=0165mA/V?
K, __..-’un_-t_
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(a) Transition point for the load transistor — Driver
is in the saturation region.

Ipo =10,

K p(Voso ~ Vo ): = Ky (Ves _Vn\rt.)!

Vosu(saf) = Veq — Ve = ~Vim

= Vg =Vop—Va =2V

Then V, =5-2=3V, V, =3V

K

““—K"D v, - )= (—Vrm_)
al.

0.08

m(v,, ~)=2= V¥, =189V

(b) For the driver:
Vo =V, -V
vV, =189V, V, =089V

ES5.19

(a) For ¥, =5V, Load in saturation and driver in
nonsaturatien.
Top=1p,

K., [2(V: Vo Vo -V5 ] =K (Vi )2
K.p _ _ 1] _
?.[[2(5 1)025)-(025) =4 =

Ko

—=£ =206

K

al

®) I = -:.("Vma.)z =02=K, [‘("2)11
K,=50pA/V? and K, =103pA/V?

Es5.20
(@) fper = .J(Vcs: 'Vm)! = K.4(ch "Vm)l
Vggy =2V = Vg =3V
K 2 K 1
2-f=22(3-1) = =M=
(2-9 K,,( ) ra

®) I, = K-z(van ‘Vm)z
But Vg, =V, =2V
01=K,(2-1)' = K,=0lmAsV?

© 02=K,2-1)'= K,=02mA/V’
02=K,(3-1) = K, =005mA/V?

Solutions Manual

ES.21
For R, =10k, Vyy =5V, and V, = LV

[=2"l-04ma
10

Ip= K,‘[Z(VG, ‘Vm)vos "Vclls]

I, =04 = K,[2(5- 1))~ ()] =
K,=005TmA/V?
P=1,Vy,=(04) )= P=04mW

E5.22
I,= K,[E(VG, - m)vns "Vgs]

= {0.050){2(10 - 0.7){0.35) — {0.35)7]
fp =0.219 mA
Ro = Voo -~ Va _10-035
Ip 0.319
=> Rp =103k}

E5.23

(a) Transistor biased in the nonsaturation region

I,= 5-15-Vp, =12

Ip= K“IZ(VGS = Vi WVos "Vozs]
12= 4[2(5- 08V, - Vi ]
Vi -336V, +12=0= V,; =0374V

Then

R=.5_:%E_—_, R=12610

E5.24

a. V=38V, ¥W¥i=10, M:Clﬂcff:&rgzzn

5-V,
1, = KJ2V, -V Wo=Vo ] ="
]

(0.05}(30)[2(5 = )Vo - V&, =5 - Vo
1.5V2 — 13V 4+ 5=0

13 4 /(1332 = 4(1.3)(5
(13) (:')“—_-»w:o.wv

2(1.5)

Q=

5-0.
Ipn=Ip1 = 2 3040 = lp=Ip; =0.133 mA

R Vi=W=>3 .V
2 ;VD = 2{K.[2(Vr Vo )Vo - Vg ]}

5 — Vo = 2(0.05)(30)[2(5 - 1)Vs - V4]
3VE -5V 4+5=0
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— E5.29
BEYE) MOy aaesv

°= (3) —
fa= 5—'—-:%’-§-=» Ig =0.160 mA

ID]. = !DI = 0.080 mA

E5.25

@) I,= = K"[Z(Vz -V )Vo - Vg]

5-(2%10) = &,[2(5-1)(010)- (010 =

K =0248mA/V?

5 -
25

5~ Vp = 12.4[8% - V]

124V — 1002V, +5=10

b.

W = 2(0.248)(2(S -~ 1)V - V)

100.2 & 1/(100.2)% - 4(12.4)(3)
212.4)
= Vp = 0.0502 V

E5.26

Vos(sat) = Vgs — Vp = =1.2 - (—4.3)
= Vpr(sa) =33V

Vas\? (-1.2)
In=1Ipssil-— = -
o= toss(1- 32) = (- {5
= [p =645 mA

Es5.27
Ve
Ip =Inss(l - __ic_s)
[
Vas 3}
L= —_— e = —0.5 r
1.2 2(1 (_2.5}) = "’r':- 0.564 V.
E5.28
Ic =1lpss (1 - Eﬁ
Ve

: 0.81?
i= fnss(l - ﬁ) = fpez =421 mA
Vsplsat) = Vp —Vos =38-04
Vip{sat} =30V

a. Ver=015= Ip

)

= K( m)z

25{0.35 — 0.23)7

= fp=0.25uA
b, Vas = .50 = !D
= Ip =156 puA

25(0.30 — 0.25)°

1

E5.30

Assume the ransistor is biased in the saturation region.

Ip = Ipss(l - v;f)z

8 = 13(1 - (f‘fs])! = Ver=~117TV
= Vs = =Vgs = 1.17

Vp =15 — (R)(0.8) = 8.6

Vpos =86~ (1.1T)=T743V

Vps = T43 > Vgs = Vp = =1.17 = (=~1.5)

=233

Yes, the mansistor is biased in the samrarion region,

Ve=IpRs —5=(2.5)(0.25) — 5

Vs = —4.375
Vps=6=Vp=6—-4373=1.623
RD=°_‘2.1._§:.°.=>RD=135m
(20 _ -
AR =2= R; + Ry =200k}

Vo =Vor+Ve=—-142-4375=—3.793
Vo = (El—-‘g-’-ﬁ-){zn] —-10

Ra
200
Ry = 42.03 k2 — 42 k0
Ry =13795k0 — 158 k2

—8.795 = ( )(20]—10::-
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ES5.32
0=V Vas
Vs = —-Ves. fo= s =-§c1:.-
ZTAS
In "[D”(I_-V—p-)
. Vg ? Y Vae VI
Vt_‘._=5(1_ Gs) GLI— :-+1¢:6>)

4+ /16 - 4(0.375)(5)
£= 2(0.375)

Vos =B.86 or Vgs =181V
. et

unpossible

Ve
In =—R€f-= 1.81 mA

Vo = IpRp ~5 =(1.81)(04) — 5 = —4.276
Vsp = Vs — Vp = =1.81 = (—4.276)

= VEQ =247V
Vsp(sal) = Vp — Vs =4 - 1.81 =2.19
So Vsp > Vap(sat)

E5.33
B R,

Rin = Ry||R2 = R+ R = 100 kQ

Ipg=3mA, V= —IpgRs=~(5)(1.2} = -6V

Vspg =12V = Vp = Vs — Vipg

=—6—-12=-18V

Rn=ﬂi:s(;m-=>ag=o.4m

Ves\' _ . _ Vas\?
fnc—fnss(l- VF) :»5—8(1— y

Vgs = 0.818 V
Vg = Vgs + Vs = 0.838 — 6 = —5.162

Ra

~5.162 = RL(mo)(-zuj = R, = 387 kO
1

R A
R+ R
(387 - 100) R, = (100}(387}

= Rz = 135 k}

= 100 = (387} Rz = 100(387) + 100R;

E5.34
Iog = K(Vas —Viy ) = 5= 50(Vgs ~015)"
= Vgs=0.466 V
5 = (0.005){10) = 0.050 V
= Voo = Vs + Vs = 0466 + 0.050

= Vo =0.516 V

Vp =5 — (0.003)(100) = Vp = 4.3 V
Vps =Vp — V5 =4.5-0.050
= Vps=443 Y
E5.35 ‘
Ip= K[E(Vas =V Wos -V;,]

= 100[2(0.7 - 0.2}{0.1) = (0.1)]

Ip =% uA
2.5-0.1
o e — = 7
Rp 2.008 = Rp =267 kil
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Vm(sat) =158V

() 15=

15
02
Vos(sat)=354-08 = V, (sar)=274V

[ooso K ~08)

—+08=Vy = V=354V

5.3
L Vs =0
Vps{sat) =V Vo, =0-(-25)=25V
i Vps=0.5V = Biased in nonsaruration
Io = (1.1)[2(0 - (~2.51)(0.5} — (0.5)%]
= Ip =248 mA

ii. Vps = 2.8 V = Biased in saturation
Ip = (1.1)(0 = {=2.5))

= fnzﬁ.samﬁ
i Vps=8§YVY Samel.s(ii)=>fg=s.88mA

b. Ves =2V

Vps(sat) =2 — (~2.5) = 4.5 V

Chapter 5
Problem Solutions i. Vps = 0.5V = Nonsaturation
5.1 In = (1.1}[2{2 - (~2.5))(0.5) - (0.5}°]
(8) Vs =6V >V =V, =5-15=35V = Ip=468mA
Biased in the saturation region
I, = K"(V“_Vm )1 _,_(0_25)(5_ I5)1 = i. Vps =125V = Nonsamraton
1p =306mA Ip = (1.1)(2(2 - (~2.5))(2.5) = (2.5)%]
Ip =17.9mA
(B) Vs =25V <Vpy(sar) =35V TSR
Biased in nonsaturation region _ ;
K [Z(VG,— m)VM—V;S] iii,. Vps =5 V =Saturaton
= (112 - (=23}
I, =(025%2(5-15)25)-(25)
ID (2.8111( K23)~( 5)]23 = Jp =223 mA
o 3
54
52
v W ) Vs > Vg —Vpy =0-(-2) =2V
(a) Ip _?H—E( ‘Vm) Biased in the saturation region
k! W
ooso fp==2. —(v Vi )’
05=| —— {(5)(Vs ~08)’
0080 W
o3 ( I l - —2 —=9375
55 T08=Vor = Ve =238V L
Vos(sat) =V —Vpy =238-08 = 3.5

; €ax  (3.9)(8.85 x 107}
8 Cgg ===
Loz 450 x 10-°

= 5% —767% 107" F/em?
O

Kn = ”ncm' _‘E
2 L
L <&
= 2(650)(7.67:10 )( " )

K, =0399mA/V?

b. Vgs = Vos =3 V = Saturation

Ip =K (Vs —Vy ) = (0399)(3-08)
= I,=193mA

5.6

tar _ (3.9)(8.85 x 10~}
tox 00 x 10—*

£

= 2= =575 % 107" F/em®
lox

a. Coz =

#ncu E
2 L

- %(500}(5.75:10“ _1_2_0) =

K, =0288 mAtV?

K =
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LAY Vgs =0 Vpe=5YV L Vp=0=2Vip=5YV

Vos{sat) =0 = (=-2)=2V
Biased in saturation

= Biased in samuration
Ip=2(5-05) = [p =405 mA
Ip = (0.288){0 = {=2))* = [p = 1.15 mA
B, Vo=V = Vep=3V
i, Ves=2V, Vpg=1V
= Nonsaruration

Vos(saty =2 - (=2) =4V Ip = 2{2(5 - 0.5)(3) = (3)*]
Nonsaturation = Ip=36mA
Ip = (0.288}{2(2 — (—2)}{1) — (1)7]
= 1p =202 mA g, Vp=4V=Vsp=1V
= Nonsaturation
- _ _ 2
tor _ (3:9)(8.85 x 10=1) Ip =325 - 0.5}(1) - {1)7]
C“=_.:"' 400 x 104 = Ip =16 mA
=8.63 x 10™° F/cm?
d Vop=3V=aVigp=0=]p=10
g =HCa W =2
2 L 5.10
=-;-(600)(3.63x10“')[2—“;) Vip(sat) = Vig + Vi

(a) Vip(sar)==~1+2= V(sar)=1V
(b) Vip(sar)=0+2 = Vy(sar)=2V
(©) Vip(sat)=1+2= Vop(sar) =3V

K, =(104x107W

[D = Kn(vm‘ "'Vn' )2

k, w : kW 3
- . Ioz?u'z(vm“'vm) =?P'I'[Vm(mr)]
1.2107% = {1.04 5 W0} (5 - 1)° 0,040 .
= W =721 m @ 1, =(—2- 6 1)’ = I,=012mA

®) 1,,:[‘)‘;& 6)2) = I,=048mA

Biased in the saturation ragion in both cases.

0.040 :

’ I:-————63=}1=1.08m
Ip=%'%(vw+vrr)1 @l ( 2 y )( ) L
o 0.225=(°‘L24° -‘{- 34v,, ) 5.11

Vip(sat) =V, +Vp =0+2=2V

(2) 1.40=(°£§I%)(4+v,,)‘
Take ratio of (2) to (1) (a) Vo =1V, I‘«'o1'|sat1.:ratn':nn2

L40 (v ) o= K2V + Ve Wi - Vi3]
v Gy 1, =(05]2(0+2)(1)~(1)"] = I, =15ma
J8333 =249 =4+Yn -

6.222 = 2.49 = 3 +V" = VTP =-233V (b) Vso = 2 V . Saturalion
Then

1y = K, (Ve +Vy) =(05)(0+2) =
0225= (E%EI%]O -233) = le- =251 Ip=2mA

{c) Vg =3V, Saturation

Same as(b), I, =2mA
Ve=5V, Vo=l Veg =85V —_—

Ve =05V
= Vgp(sat) =V +Vip =5-05=45V
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5.12

c = cor _ (3.9)(8.85 x 10='1}
=T e 500 x 10—
=6.90 % 107 F/em?

kL = (#nCar) = (675){6.90 x 10™*}
= 46.6 uA/V?

kp = (ppCox) = [375)(6.90 x 107")
= 25.9 pA/V?

PMOS:

um::-W,,—mapm

00259
K,=( 5 )(3.19):: K,=413pA/V? =K

Ves=1V, Ip=(0.2){2~-1.2)° =0.128 mA
1

1 -
"= T N © =t ki

Vos =4V, Ip ={0.2)(4=1.2) = 1.57 mA

1

rg = = rg = 63.7 kil

(0.01){1. 57}
Va= 3= o @ Lz 100V
5.14
I -(ﬁ:q 4)(3-08)" = (016)(3-08)' =
I, =0774 mA
1 1 1

E T R T YT
A(max}:0.00MGV"

1 1
max) 000646

V,(min) = FT

= V,(min)=155V

5.15
Vi = Vo + {28, +Ves — 20, |
AVpy =2=(08] 24, +Vy7 - {2(039)]
25+0837 = [2{035)+ Vg = Vg =104V

5.16

8V = [ f20, +V; - [26,]
12 = {/2(037)%10 - {2(037) | = r(242)

Then y=0496V"?

5.17

8. Vo = eortor = (6 x 105)(275 x 107¢)

Vg=165V

b. VG=1_53'2—_~.VG=3.5\£

5.18

Want Vo = (3)(24) = €ortar = (6 x 16%)2o:
tos = 1.2 % 107" cm = 1200 Angstroms

3.19

. R 18 .
= | ——— - =36V
Ve (R;+R:)V"° (184-32)(10’ 18

Assume transistor bizsed in saturation region

Ip=b=—t— = K (Vo ~Vi)*
3.6 — Vos = (0.5)(2)(Vos - 0.8)°

=V3s - 1.6Vgs + 0.64

Vés —0.6Vgs — 296 =10

0.6 = 1f(0.6) + 4{2.96)

2

G =
= Vge =205V

Vo —Vor 3.6 —2.03

Ip=
Vos = Vpp — Ip(fp + As)
=10 = (0.775)(4 + 2)

= Voy =535 V
VD; > Vgg{slt)

s = Z = p =0.775 mA
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V. = ——i— 20)=-10=} —— -

Vo=V

Assume transistor is biased in saturation region

[ = Vs "("10) = Ve =Ves +10
? R R;

K,= (0060)(60) 13 mA/V?
4~ Vg +10={18Y05)(V,s - 2)

=09V - 36V, +36
Then 05V} -2.6V,, —24=0

261 /(26)" +4(09)(24)

=K, (Va: -

Vos =

Vog=Vos+10 | 4-362+10
R, 05
I, =476 mA

I,=

Vos =20-1,(R, + R;) = 20— (4.76)(12+05) =

Vps =119V
Vos =118V >V, -V, =362-2=162V

5.21

2
= KF(V,G +Vp)

Assume mansistor biased in saturation region

Vo = (ﬁ-%’-ﬁ-)(zo) —10

- 10
(a +22)[2°} !
> Vo= 467V

Vs = Vo + Vs
10 — {4.867 + Vsg) = (1}0.5)(Vsq — 2)°

5.33 = Vg = D.5(Vszc — 4V + 4)
0.5Vig—Vss —333=0

1z V12 + 4(0.5)(3.33)
2(0.3)

10 - (4‘:7,"' 377) Iy =312mA
]

Vsp =20 — Ip{Rs + RD}
=20 — (3.123(0.5 + 2)

= Vip=122V
Vsp > Vsp(sar)

Ip=

Solutions Manual

209) = Vg =362V

522

Vo=0 Vic=Vs
Assume saruration region
1,=04=K (Ve +Vp )
0.4 = (0.2){Vs - 0.8)?

V5=\f09+03=$\r”5=2 2V

Vo=IpRp-3=(04)(53)-5==-3V
Vsp = Ve — Vp = 2.2} — (-3}

= Vep =521V

Vsp > Vsp(sat)

Voo = I pgRy +Vpgy + I, Re
(1) 10=1,,(5)+5+V,; and

kYW
= (?Iz](va: -V )2
or(2) I, = (_._D‘O:OI"_Z.)(VGS ~12)

Let Vg =25V
Then from (1), 10=17,,(5)+5+25= I,=05ma

Then from (2), 05= (L(;GQI%}(zsn 12)' =

W96
2

V. 25
lpgRe=Vo = Re === R =50
oQits G5 . IpQ 05
10
I,= =(05)(005) =0.025 mA
e= =030
Then R +R1-—19-
! 0.025

( % R:& ](vpa) =2V = (%)(10) =2(25)=

R, =R, =200 k0

Vo = (m)(lﬂ) -5
5.5
(m) (10) -5 ==225V
~Vig~ (=5
A e TR,
£

Assume transistor bissed in satrarion region
- 2.25 — Vog + 5 = (0.5)(0.6){Vas — (-1))?
2.75 — Vos = (0.3)(Vis + 2Vos + 1}



0.3Vis +1.6Vgs =245 =0

—1.6 & /(1.6)° + 4(0.3)(2.45)
2(0.3)

Vos =

S Vos =124V

—2.25-1.2445
Ip = _os—-ﬂi——=>fp=2.52mA

Vps =10 — Ip(Rs + Rp)

= 10 — (2.52)(0.6 +0.8)
= VQE = 64TV
Vos > Vos(sat)

525
0= Ty R +Vipg + 1poR,
(1) 20=Vy; +10+15,R,

Ing= [-k—"xy-)(vm +V )
@) log = (0040 W)( .

For example, let 1, =08 mA and Vo, =4V

Then 08= [004013}4 -2 =

IngRs =V = (0B)R; =4 = Rs—Sk-Q
From (1) 20=4+10+(08)R, = R, =75k}
20

[& f—'R, )(20) =2V, =(2)(4)

250(20) 8=> R =100k2, R, =150k

={08}00)= R, +R, =250k

5.26

(a) (i) I, =50=500(Vp —12)" =V = 1516V

Vos =5—(-1516)=> V,, =6516V

(V)  la=1=(05)Vy=12)" =5 V, =261V

Ve =5~(261)= V,, =761V

{b) (i) Same as (a) V=V, =1516V
(iv} Vg =V,=261V

527

[D = KR(VG’ _Vﬂl\l')z
0.25 = (0.2)(Vas — 0.6)°

V55—=‘J00225 +0.6=Vgsg=17T2V

2Ve=-1T2V
Vo=9-(025}{24) > Vp =21V

Chapter 5: Problem Solutions

528
[‘°=5R:D 08 === Rp =35k
Ve=0
Ip=K, (Vo —Vpe) = 08=(04)Vgs —17)

529
op =Vep +1pgR
9= 25+(01R=> R=65102

G

(o1)= [oozsxw]ﬁ_w] = "E_S

Thenfor L=pm, W=32pum

530
S=TpgR; +Vipg = L pg(2) +25
Ipp=125mA
10

8=

vy =(125}0.)= R, + R, =80 k2
1
g = Kp(vsc +V1"1")2

125=05(V,, +15)" =2 %—15 Vis

Vi =00811V
Vo =V, —V, =25-00811=242V

v =| F -

G_( - )(10} 5
=] — -

2.42_(8“‘0)(10} 5

R, =594k, R, =206t
5.31

0.
K,=(% 20)=>030mA /V?

1
=K, (Vig + Vi)
05=030(V,; -12)" = V,; =249V
V=V =249V

5-V, -2,

I,= Rf:m, 502;9=> R, =502k
o= 53, R, =4iQ
1,, 05 = ——
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5.33

534

fp= —¥ep— (=100 o 6+ 10

Rp Rp
= RE = 0.8 ki
Ip =K, (Vi +Vp)| =523V, -175)

VSG = ﬁ-" 1.75 = 3.04 v = VG = -3.04

Ra
Vo = (Rl + R

Rin = Ry||Rz =380 kD
I}" (80)(10) = § — 3.04 = Ry = 408 ke
1

408 R,
408 + Ra

)(10) —5=-3.04

= 80 = Ry =99.5 kD!

() K, = (—659)(4) =120 uA V!

K, =(%q}(1)= 30pAIV?

For v, =1V, M, Sat. region, M, Non-sat region.
{pr =1y

30[2(-Vm)(5 ~v5)=(5-vo)' | = 120(1 - 08)’

We find v} -64v,+716=0= v,=4955V

(b) For v, =3V, M, Non-sat region, M, Sat.
region. [, =1y,

30{~(-18)]" =120[2(3~08)v, - v2]

Wefind 4v}-17.6v,+324=0= v,=0193V

(c) For v, =5V , biasing same as (b)
30~(~18)] = 120{2(5-08)v, - v2]

We find 4v} =33.6v,+324=0= v, =00976V

For v, =5V, M, Non-sat region, M, Sat. region.
Ipy=lp

G
(513}
() -onu-us i

which yields (‘-"L-) =323

1

5.35
a. M, and M, in saturation

H H
Knl(VGSI —V,-m) = Knl(VGﬂ "sz)
Koa=Ka Vou=Vpg

= Vog = Vgsa =25V, V=25V

Ip = (15)(40)(2.5 - 0.8)° = [p = 1.T3 mA

w W
LAl —_ "7 < Vi
b. (L)lzv(L)z:' G51 G52

40(Vgs1 — 0.8) = (15)}(Vgsz — 0.8)°

Vo2 =5=Vom

1.63(Vgs1 = 0.8) = (5 — Vs — 0.8)
2.63Ves =550 = Vg5 =200V

Vorm =291V, V5 =Ves, =209V

Ip = {15}{15)(2.91 — 0.8} = Jp = 1.0 mA

5.36
Bach transistor biased in saturaton.
My Vi=Vgaa =2V

Ip=0.5= o.om(ELV-) {2-1)?
3

-} =127
=:>(L) 27.8
My: Vo=V -V =5-2=1V

Ip =05 =o,oxa(%) (3-1y

Fi
w
= (T) . = 6.94

M,: Vesi=10-Va=10-53=5V

Ip=05= 0.01s(£) (s-1)°
L 1

= (-}-;-) =174

537
M, in saturation

M, in nonsaturation
W
(Z) L(Vr;s:. Ve )1
W
= ['E‘) [2(VGSD ~Vruo Voss = vgso}
/]

(1)}s — 0.1 — 0.8)?

= (HL:) [2(5 - 0.8)(8.1) — (0.1)%]
Fa)

1681 = (%) e

(), =
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5.38 ,
M, in saturation
M, in nonsaturation

(%) Vs~V

w
= [I)D[Z(VGSD - VTHD)V v;so]
(1)(1.8)°

= (T {2(5 - 0.8){0.05) ~ {0.05)"]
]

z)
32U = (-T%) D[ﬂ.-u‘rs]

—_ =T.7
(L)g ’
5.39
2 2
Teer = al(VGS4 ‘Vm) = K.:(Vas: ‘Vm)
Vose =5 = Vas
400
mﬁ - Vess — 1) = (Vgsm — 1)
2.41Ves = 6.66 = Vgia =276V
Vasy =224V, Vogo = Vs =276V

Ixar = K 5(Vesa - )2 =(02)(2.76— 1)2
Toge =0620mA

- K..z(van ¥ )1 = (0.])(2.76— l):
I,=0310mA

Iy =K {Vos "Vm):
= 0310 = (008)V;q, - 1)’

0310
Then V.. = J——t 1> V. =
1 =008 Yo =297V
340 Voo — Vi
_¥Yop=Va 35-0.1 _
Ip= Ro =1 =0.49 mA
Trangistor biased in nonsaruration
Ip = 0.49

= (o.ms}(p—r—) {2(4.2 = 0.8){0.1) - (0.1)*

0.49 = (P—:-) (0.67) = “T =10.731

541

5=1,Rp+V, +Vy
5=(12)R, +16+02= R, =267Q

o5
E

542
5=Vp+ 1R, +V,
5=015+(I5)R, +16= R, =217Q

_G_IW.V +V,,
-2

543
Vos(sat) = Vos — Vp
So Vps > Vpg(sat) = ~Vp, Ip =Ipgs
5.44
Vps(sat) = Vas - Vp = Vas + 3 = Vps(sat)
4. Vogs=0=1 =1 =8 mA
Vas -1\?
= ——— = B an —
b. Ip fﬂss(l Ve ) (1 _3)
= [p =2.6T mA
—2%°
c. ID=G(1——3) = Jp =0.66T mA
d. In=10
5.45
Vos\®
Ip= Ipas(l - V_P)
1\?
2.8 = Ipss(l - VF-)
33\2
0.30 = ]D,s(l - V_P)

0.

1
(-%)

3“’ = 3.053
(‘ - ‘ﬁ:)

1 9.163
- — = 3.055 —

1- o 3 7
B.163

1 y? -
28 = fpss(l - m) = Ips5(0.360)
= ]EE-E = 5.0 mA
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Vs = =Vas, Vep =Vs— Voo
Warnt Vsp > Vep(sat) = Vp — Vs
Ve — Vpp 2 Ve - Vo5
=Ves—Vpp 2 Vp =Vgs = Vpp < -Vp
So Vpp < =25V

Vi) ?
Ip=2= Ipss(l - _E_S_)

Ve
Vas )’ . ; .
= - — V =106V
2 6(1 2_5)==*c;s 1.06
=>V§=-LUGV
547

fp= K-(Vas _Vm)2
185= K,(035-V,,)*
862 =K, (05-V,, )’

Then
185 (035-V,, )’
=02146 = M Y =0221V
362 (050-v, ) H——n

185= K,(035-0221) = K, =LlimA/V?
5.48 '

Ip= K(Vas - m)z

250= K(075-024)' = K =0961mA/V?
5.49

Vos\?* _ Ve Vas

to=oas(1= ) = 2= -
Ves\" _ _Vas
10(1- _5) =-=3

2.4 .9

= =V 2=10

7 Vs + gres +

WEc +45Ves +50 =0

—45 =+ /(45 — 4(2){50)

2(2)
= Vgg = —1.17 v

Vos =

52 D e = [y = 5,85
Ip=-pr=37 ~{p=58mi
Vo =20—({5.85){2) =82V
Vos=Vp —Vs=83-11T=Vps=T13 V

Solutions Manual

5.50
Vos =Vop - Vs
§=10-Vs= Ve =2V =IpRs = (5)Rs
= Rs = 0.4k}

i’GS ?
=lIps -
{p D-s(l VP)

2
w1

3= IDSS(I - ——) Let Ipse = 10 mA
VP —_—

3
5= 10(1 - —_,1) = Vp = —341V
Ve =/ = =

. Rz .
‘, -— A ———— - m—— "o
[l (R, - R})"DD R1 - R,

Rl—(socn{m; > R =35 M0

=05 = Ry =0.5536 MQl

5.51

Voo —In{fe+ Rp)

20— (5)(0.5+2) = Yap =75 V.

Ve =20-(5)(05)=173 V¥
Vo=Vs4 Ves=175+0818 =183V

R . 1
Vo={ —2—\Vpp==—-: Rin-V,
(e (R1+Rz) oD = o R =373

18.3 = RL{moa(zn) = R, =109 kD
1

105R:  _ o ars
s+ Ra 100 = R, = 1.21 M
5.52 Y
Vas
= Ioss(l - -17;-) )

Ves\’ .
5=1T 1——3—- = Vos =0463V

Vsp = Vpp = Ip(Rs+ Ap)

§=12— (3}{0.3+ Rp) = Rp = 0.9 kO

=12 -{5)0.3) =105V
Ve =Vs+ Vgs = 10.5+ 0465 = 10.965 V

= R; = 8.6 kO



5.53
Ry ) 60
Vo = | e | 1 | ——
G (R|+R1 it (140+GD)(20)
=V§=5V

? 0
fp:[nss(l—%:i) =L=£G;EE§.

P Rs Rs
Ves \*
(BY(2 (1.._) =6 = V¥,
(1= 22 os
Vas  Vis) _
16(l+ o+ ) =6 - Vos

Vis+9Vos+10=0

—9 % /{9)* - 4{10})

Ves = 3 = Vos = —130

—1.30}\?
Ip=3(1-£(_—4)}) = [p =3.65 mA

Vps = Vpp — Ig(Rs + Rp)
=20 — {3.65)(2 + 2.7}

Vps =285V

Vos > Vpos(sat) = Vgs =V
= —1.30 ~ (—4)
=27V (Yes)

5.54
Vos = Voo — Ip(Rs + Rp)

i=12-/p(05+1) = Ip = 4,67 mA
Vi=1IpRs=(467){0.3) = Vs =233V

. Ra . 20
Vo= [  Vop = { =20
“ (Rn+Rz) 20 (4504—30)(12]

= Vg =0311V

Vas = VG - Vs = 0.511-2.32
= VE: =182V

v 2
Ig= Ipss(l - —‘fi)

P
(=182
Ve

4487 = lﬂ-(l
P

2
) = Vp==573V

5.55
V 1
Ip= Inss(l - Vci) . Ves =10
P

Ip=Ipss =4 mA
Vop — V, 10 —
Rp = 2822 - e Rp=175k0
D 4

Chapter 5; Problem Solutions

5.56
Vso = Vop — IpRs
10=20-(1}Rs = Rg =10k
Voo 20

R:+Rz=—-}—=a—i—=2'ﬂﬂkn

_ Ves\®
fn—fnss(l— VF)

Vos\?
1=2 1—T =~V95=0.586V

Vo = Vs + Vos = 10 + 0.586 = 10.586

10.586 = ( ){20) = R; = 106 kf2

200
K =94 k0
5.57
Vps = Vpp — Ip(Rs + Rp)
2= 3 = (0.040)(10 + Rp) = Rp = 15k}
L= K(Vg -V
40 = 250(Vgs — 0.20)7 = Ve = 0.60 V

Vo = Vas + Ve = 0.60 + {0.040){10) = 1.0 V

5.58

For ¥V, =070V =
Vos =070 > Vg (sat) =V =V

075-015=06
Biased in the saturation region
Von—Vps _ 307

Ip= = I,=46

°T 7R, o = fo=46s4

Iy = BV V) = 46 = K(075-015) =
K=128 yA/V?



