Electronic Circuit Analysis and Design, 2™ edition Solutions Manual
Chapter 16
Exercise Solutions E163 -
P:iD-VDp#I‘5=—5—=150ﬂ.A
El4.1 5/ W
s Driver in nonsaturation: 150 = 'z"('f) [E-oa - 0.8’
- , w AN
in= Vnn Yo =(£Iﬁ"ﬁ)2(,,’ 'Vm)"a —v;] 150 = 280(-?) . = (T) = 0.536
- kY W
3—‘%ﬁ (5}[‘2(a 0.8)(0.15) — (0.15)7] o =( > I]D[Z(": Voo IVo = ¥5]
“;5 = 87.5(1.2375) 150 = %(%) [2(4.2 - 0.8)(0.2) ~ (0.2)*]
= fp=und 150 = 23.1 (%) ”(T) = 6.49
frl D

b. From BEquation {16-10):

(“ ‘“5)(51(44 B)(Vie — 0.8)2 + (Vie —0.8) =5 = 0

3.920(Vy, — 0.8) + (V5. —0.8) -5 =1
. _ =1 /T +4(3.92)(5)

Vie-08 = 2(3.52)
Vie—=08=10=V, =18V

Vgi =10V

El16.2

a. i vi=0=>wm=4V

vy = 4 V, driver in nonsaturation

(5o

=("2 ’;’) (20 a0 Vo) ¥ox0 ~ Vo

2(5 = v — 1)° = (16}[2(4 ~ L}wo —
16 — Bug + vy = B{6wo — »3)
9w — 5610 +16 =0

56 £ 1/(56)* — 4(9)(186)

f= 2(9)

v =030V

b. P =ip-Vppo

, 35 2

ip = T{Z){S =030 - 1)° =479 A
= (0.473)(5)

= P=24mW

El64

a. Load in saturation; driver in nonsarurafion:

e
(5[] e

3(~[=1.5])% = (6)[2(5 — 0.T)vo — v3)
4.5 = 6(8.6u — v§)
6vf —51.6u0 +4.5=10

51.6 & 1/{51.6) — 4(6){s.5)

o= 2(6)
ve = 0.0881V
b. Load

Vg = Vpp + Ve Equation (16.26(b))
=5=15=>v =35V

From Equation (16 — 28(h)} :
K,

_("n‘ o) = Vo
‘/_(xm—ﬂ‘f}—-( 1.5) = 1.5

ve=15TV

vor = 3.5 v
Driver:
v =557V

por = 08TV

¢ ip= 3—25-.(2)(1.5)* = 78.75 uA
P=Ip-Vpp = (78.T5)(5)
= P =394 yW
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El16.5
P=ip- Vppﬁrp ﬂ=70;‘ﬂ

5D
0 () o ()

ip = i2.5. (%) a[z(s - 0.8)(0.05) - (0.05)7]
70 = 7.31- (_‘E:)o: (-L-) =9.58

El6.6

From Bquation (16 - 35) :

5 ~0.
Vin = 0.85 4 ossi{ 1 + 2(18) _1}

16 V1 +3(16)
s>Vg=18V

Then from Equation (16-34):

{5 — 0.85) + 16(1.81 — 0.85}

Verv =

(1+2(16))
%LU - 0.591 V
Vio = 0.85
Vowv = 4.15
So

NML = Vit - Vorv = 0.85 — 0.591

= NM, =0250V
NMyg = Vopr — Vig =4.15-1.81

#NME=2'34V

E16.7
Prom Equation (16-38):

1.7
Vir=1+ =V, =131V
V(5)(6)

Then from Equation (16-37):

Voruv = (56 - 1.7) +(5){1.31 - 1)
=485V

From Bquation (15-41):
Vig = 1+ Skl

W:’ Vig=188V

Then from Bquation (16-40):
188 =1

Vorv = = Voru =0.44 V
NMg=Vrg = Vorr = 1.31 —0.44

=> NM; =087V
NMyg =Vouu — Vig =4.85 - 1.88

= NMg =297V

Solutions Manual

El6.8

2 i A=lgicl=10V, B=Ilogic0
“A" driver in nonsaturaton, *8" driver off

(5]
(5)5) e

2(3)7 = (10){2(10 - 1.5)Vor — Vo]
9=5(17Vor = Vit }
5V, — 85Ver +9 =0
85 + /(35)% ~ 4(3)(9)
2(5)
= Vor = 0.107 V

VO.L =

i. A =B =logicl

(515
oY) a2

2(3)* = (2)(10)[2{10 — 1.5)Va, - Vo]
9= 10({1TVor ~ Vor)
10V3, — 170Ve, +9 =10
170 + /(170)F = 4(10)(9)
Vor =
2(10)
= Vg‘ = 0.0531 V

b. Both cases,
ip= %.(2)(3)2 =315 pA = P=ip- Voo
=P =315mW
E16.9
P=io Voo = ip = 2 = 160 uA

=B.(7 2 _za3{ X
ip = 160 3 (L)L(l.ti] —34.3(L)L

=>(-E-) = 4.66

2
w
== T) = 9.20

El16.10

. . ]
P=ID‘VDD=>‘D=E§_=160“A

35 4 1
ip =160 = = -(L)L{M)

= (T) =ese



Test Your Understanding

Chapter 16: Exercise Solutions

ip = 160 gA
w
=33 (—L-) D[z[s - 0.8){0.12) — (0.12)%]

= (T) =27.6
El16.11

a. From the load ransistor:

= 325(0.5)(5 —0.15 - 0.7)?
or
Tpr = 150.7T uA

Maximum v occurs when either A or B is high and €

is high. For the two NMOS in series, the effective kxn
is cut in half, so

) T

150.7 = %[% (l:_) D] [2(3 — 0.7)(0.15) — (0.15)7]
which yislds
(EL’-) =13.6

b. P=ip-Vop =(150.7T)(5) = P =753 uW

El6.12

8. w(max)occwswhen A=B=1andC=D=00r
A=B=0amdC=D=1

(), =3 %) oo Foole 3]

(0.5)(1.2)2 = % -‘:‘i)p[z(s — 0.7)(0.15) — (0.15)?]

0.72= (0.634)( =114

- (%),
o L
i kKXW 35
i =(2)%) o =(ZNosft-12r
ip = 12.6 pA
P=1ip-Vpp =(12.8)(5) = P =63 uW

El16.13
s K/[/K, =1
Viem 22403 oy

1+1
Vor =V +V | =5+20,, =7V
Vo =V ~Vigy =5-23¥,, =3¥

b. K_/K, =05
= Vie = EL*‘/_—J v0.50) Ly, =552V
1 ++/0.5
Vope = T.52V
Vane =352V
c. K,J[K, =2
10 - 2 + /2(2
= V“ - ——l-—:v,—i—("l =>V,rg = 4.49 y
Vope =649V
Vopr =249V
El6.14

8. K =K, =50 wd/V?
V=25V )
1
io{max) = K.V, Vo) = 50(25-08)
= ip(max) = 145 uA

b, K, =K, =200p4/V°
Vie=25V
ip{max) = (200){2.5 — 0.8)°

= ip(mu) = 578 aA

El16.15
P=f-CL-Vip
{0.10 % 10°%) = £(0.5 x 107%)(3)
f=222%x10"Hz = f = 22.2 kHz

E16.16
. K,/K,=200/80=25

o Vi = 0 -2+V25(2) Ly v
T+ V28

Vope =632V
Vone =232V

10-2-2 25
=2+ 2222 g /=1
b Vn=2+ =0T [2 75+3 ]

= Y7 =3.39 \'4
Voo = %{(1 +2.5)(3.39) + 10 — (2.5)(2) + 2}
Vagy = 943 V

Vig=a24 022 ) 2025
"= 25-1 | /328 +1

>Vig =486V
, = 488)(1+25) ~10 - (2.5)(D) +2

Vor 2(2.5)

Vory = 0.802 V
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e NMi=Vi—=VWir=2339-04802

= NM; =250V
NMy = Vopu = Vig = 9.43 — 1.86

= NMy =457V

E16.17
5 =24 (1)(6.8)
a Vi = —1+1
V[. = 1.9 v
%Pe - 3.9 V
Vowe =11V

b. Vip =08+ %-'[5 -2-0.48)

=V, =163V
Vorru = %{2(1.53) +5-08+72)
Vopur =473V
Vig =08+ %{5 -2 -0.8)
=>Viag=210V
Vorw = -;-{2(2.13) ~5—0.8+2)
Voru 0275V

e NMp=Vie—Vorr =1.63 —-0.275
=>NM =135V

NMg = Vogy - Vig =473 - 2.18

> NMg =25V

El6.18

& A =0=> Mp, (assume zero resisrance)

x~(£)2)
2AL),

x,-(4Y%) -4{£)4%)
sl AL), 2\2 L),

K, 1
K=k=>% "2

»

From Equation {16~33),

5 =14 +0.5{1)
V; =———4—=-V =278V
e 1+0.5 e 8

Vopr = 3.T8 V
Vowe = L.76 V

Solutions Manual

b. PFrom Bquation (16-38(b)}
'.D(peak) = Kn(Vn = V‘I‘N )‘lt

=3 E 2 _547 w
50 = 2(1. (2.76—1) "“"(L)

N

=>(W) = 0.923
L)

hi

Or
- (W/L), _2
(W/l)y, 9
E16.22
NMOS:

[

M, , M inseries = [%).—.—

~i ¥

M, Mg inparallel = (a-):l
. P w
M, in series with M,p]M,; = (_f)=2

Effective composite (%] =1 for each side.
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PMOS: E16.25

Want the effective composite (%) of each side to be 2. The NMOS part of the circuit is;

M,, M., in series = (%):4

M, M, inparallel = (%—) 4

B

My, M, inseries = (%—):8

EB16.23
Vo
A e..l[_: C_IE
|
D—I E—I El16.26
i w=¢=53Vapm=4V
T b, =3V, ¢9=5V=au=3V
A_* c. v;=4.2V,6=5V=>9_-9=4V
d wer=5VY,¢d=23Vap=2V
o —
s E16.27
(a) v, =8V =10V v, =8V
E—| M, in nonsaturation
= Ko[Avom ~Von)¥o ~¥3)
KL[VDD —Vo _;"mr.]z
K. 1.
E16.24 -El:-[z(s—z)(os)-(os)’]=[1o-05—2]‘
The NMOS part of the circuit is: - ﬁ-:QTB
K,
lq_ o |— — _—: b) v, =g=8¥ =g =6V
Lolo(s- —(05)' |=[10-05-2
- | {26 203)-(05] < i
T K
| j - | > s
| = E16.28

il
—C e |
-
[=T Rl = 0 e

:
______ | A ]3I
-
T T

-

|
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E16.29

v
4
-c-)ﬁ—_
5

@ ]

I
oV

NMOS condusting for 0 < vy € 4.2 V
=NMOS Conducting. 0 <t < 845
NMOS Curoff : 84<t< 105

PMOS cutoff for 0 < v < 1.2V

=PMOS Cutoff : DLt< 24
PMOS Conducting: 2.4 €t <10

El16.30

(a) 1K =>32x32 array

Each row and column requires a 5-bit word =
& transistors per row and column, =
32x6+32x6 =384 transistors plus buffer
transistors.

{b) 4 K = 64x64 array

Each row and column requires a 6-bit word=
7 transistors per row and column =

64x7 +64xT =896 transistors plus buffer
transistors.

(c) 16 K = 128x128 array

Each row and column requires a 7-bit word =
8 transistors per row and column =

128x8 + 128x8 = 2048 transistors plus buffer
transistors.

El16.31

16 K = 16384 cells
Total Power =125mW =(2.5){,

=1, =50md
50mA
heell, J = >——=71=305
Then, for each ce 16334=> o
Vo Ve 25
Now,I:R or R T -—BDS:)

R =082 M

Solutions Manual

El6.32

From Equation (16.93)
(D) _ WooPms) -V
(W/L)“ (Voo -V ):
_ 225)(04)-3(04)" _ 0526
(25-2{04))’
From Equation (16.95)
(W/L).a = £, _Z(VDBVTN)_BVJ;'
WD), & (Voo +Ve)
_ 5)[2(25)(0.4)— 304) ] a1

(25-04)°

So [%) of transmission gate device must be
. W . .
<0526 times the T of the NMOS transistors in
. w .
the inverter cell. The -E of the PMOS transistors

must be <131 times the (—PE) of the transmission

gate devices. Then the [%] of the PMOS devices

must be < 0.589 times (%) of NMOS devices in

cell,

E16.33

Initial voltage across the storage capacitor
=Vop Vo =3-05=25V.
Now

av I
J=C— gV =-=t+k
= or c +

where K=25V, t=15ms, V=?=125V, and
C=005pF . Then

1(15x107%)

——— =

(0.05x10™)

I=417x10" A= [ =417 pd

125=25-~
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Chapter 16

Problem Solutions

16.1

@) AV =¥ R G55 - 3, ]

Cu _ (3.9)(885x10™)

C . =—= et = 767x107
1 450x10

J2e e N,

=[216x10"" X117)(8 850107 YEx102)]

=$15x10°"

Then

_S515x10™ 15x10™*

Y, J200343)+ v, - f2(0343) ]
Ao = 7wt [ (

For Vg =1V

AV, = 0671[ V1686 - V0686 |= AV, =0316¥
For V=2V

AV, =0671[\2686 ~J0636|=> Ay, =0544V

(b) For Vs = 2.5V, Vps =3 V, mansistor biased in the
sarurarion region.
Ip= Ku(Vas "er
For Vsg = 0,
Ip =0.2(2.5 — 0.8)* = 0,578 mA
Poxr Vzp =1,

Ip =0.2(2.5 =[0.8 +0.316])* = 0.383 mA
For Vzg =2,

Ip =0.2(2.5 — [0.8 4 0.344])® = 0.26T mA

16.2
(0) I,=

ioff;,}—x[z(s -08)01)-(01)’]

8x10°* (g’_)
2 \L

%0 = K [V g =V o - v3]

or K =1476x107 A/V? =

So that (%) = 3.69
b. Prom Equation (16.10),
KRo[Vu~Viu T + Vi =V ]~V =0
(0.1476)(40)[Vi: — 0.8]* + [Vis — 0.8] =5 = 0

—1%/(1)® +4(0.1476)(40)($)
2(0.1476(40)
or [V'" . G,B] = [,839

or [V = 0.8] =

Sothat Vi, =164V
P = Ip{max}- Voo

and [p{max) = 5—-4%0—1-1 = 0.1225 mA

or P =106125 mW
16.3
a. Prom Bquadon (15.10), the transistor point is found
from

KRV =V + (Vi =V )~ Vo =0
K, =S50 gd/V? R, =20k, V,, =08V
(0-05)(20)(Vn "Vm): +(Va ~V)=5=0

_ =—1i,j1+4(o.os}(20)(5)

g 2(0.05)(20)

=179VS V=259V
Voe =179V

Output veltage for vy = § V is determined from Equa-
ton (16.12):

vo = 5 — (0.05)(20){2(5 — 0.8)wo — v§] -

vg —94m +5=0

9.4+ \/(9.4)’ = 4(1)(5) — 0586V

200)

Sowm =

b. For Rp = 200 ki1,

-1+ 1+ 4{0.05)(200)5)

2(0.05)(200)

(Vn ‘Vm) =

=0659 VS0V, =146V
Voe = 0.658 V

vp = § — (0.05)(200) [2(5 = 0.8)» — ¥3)
or 101 = B85 +5=10

85 &+ /(85)7 — 4(10)(5) - 0.0892 V

2(10)

vy =
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16,6
{a) From Equation (16.23)

%”-[2(3 ~05)(025)- (025)'| = (3-025-05)’

= Ko 42
KL
) ﬁ[z(zs ~05)(025)-(025)’ | = (3-025- 05)
hadle & - K,
= Ko _s506
Kl'.
16.4 .
P=i,-¥, (e} ip = K (Vo V) = KVoo =vo - o)
=!p"¥ oo 0.080 :
1=iy(5) =i, =02mA = [T 13-025-05) =
Now ip = 0203 mA
o = K {2V, ~V o - V3] —
fo = &AW 7V Vo = Yo P=iy-Vy, =(0203)(3)=> P =0608mW
02= K_[Z(S -08){02) -(o.z)’] for both parts (2) and (b).
or K,=0122md/V" =[9-'928—° 3'9:3 16.7
W (a) P=04mW =i, .V, =iy(3}=
I )=305 i, =0133md
Also ip= KL(VDD — Vo "V:n'\ﬂ'.)2
Vo = Voo = KRo[ 2y, ~Ve)vo =¥} ] 0133= [9%5'-9 5;_’—) (3-01-05) = (0.2304)(%)
02 =5-(0122),[2(s- 08Y02) - (02)} | v . L
R, =24 k02 So (—L-)L =0577
K
16.9 -é-[z(zs-oﬂ(o._i) -(01*]=(3-01-03)"

Prom Equation {16.21) :

= -K—"=14.8 so that (E) =854
1o-2+2(1+\/§) K. L)o
Vie= — y =3-05+05(1+~IF§)
1+ 50 i 1+J148

= 46TV or
o Ve S4STY V, =102V, V, =052V

Vo =V Vo =467-22 ¥, =267V

(b) Wl- = VH. "Va:.u
P ton (16.23):
o B : NMy =V oy Vi

200{2(8 — 2)vs ~ 13} = 5010 - v ~ 2)? From Equation (16.35)

41200 ~ 3] = (8 — w] = [64 - 16w + 4] v, =as+ 3295 (1+2(148)) -1} .

Sui — B4wp + 64 =0 148 | J1+3148)

64 £ 1/ (64)° — 4(3)(64) Vg =LI0V
Yo = 25) Vouy =30-05=25V
¥ = ~Vy=25-1 =140V

of g = L.09YV NM, =V, V= 25-110 NM,

Vy=Vpmp =05V
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(Voo 'Vm)‘*ﬁ(y -Voo)

Voo =
A
_(3-05)+148(1.1-05)
1+2(148)
Vo =0372V

Then MM, =V, —Vy, =05-0372>
NM, =0128V

We have
K
"_D'[z("r Vo Vo - "':r] =(Vop = Vo~ mz.)z

((F:,ﬁ)) [€Vo0 ~Vine ~ Vi K008V 10) - (008’ |
= (Vo ~ 008V V)
%[Z(VDD ~ 2(02)V 5 (0.08,,,) ~ 0.0064¥ 3, |
={(0s2-02W,,] = 05184173,
(w/L),
(w/L),

2[0.096] = 05184 = E ]) =54

Vo =Va —Vgs =Logic |
So

(a) Vy=4V = V,, =3V
O) Vy=5V=> ¥V, =4V
(c) Vy=6F= WV, =5V
@ V=TV = Vp =6V

For v, =V,

Ko|2(v, =V )vp - ] K[V, -vo-V,]

Then

(@ (203~ We -Vi]=(04)f4 -V, -1 =
V,, =0657V

@) (N[2(4- W -V J=(04)5-¥, -1] =
V, =0791¥

@ ()2(5-Wo -V ) =(0a)6-¥, ~1] =
¥, =0935V

@ (Of2(6- W —Va]=(04)7-V, -1 =
V.. =108V

16.10
s Forload V¥, =V,p+Vmy =5-2=3V

’K
}f"'(Vu "Vm} =V

500 Vi - 0.8) = =(~2)

= Vi, = 1.63V
Load

100

Vg,=3V

Driver: V,, =V, ~Vop = 169-08=089V

Vie=163V
Driver
Vor =089 V

b. From Equation (16.2%b)):

. [2(5 = 0.8)w0 — 4] = [~(~2)

Sui — 42w +4 =0

42 % \/(42)? — 4(5)(9)

= = yp = 0.0963 V
Va 2{5) W

¢ ip= K:.('Vm)z = 100[—(—2)]1 =
i, =400 zd

16.11

[%12(3 —0s)o1)- (01 |=(-¥ne)’

So
(V) =49 Vi =-221F

16.12
(@ P=ipVyp
150=1f,-(3) =i, =50 gA

ip= Kr.( m]!

so=(3 5] [0 = @:—j

%[2(3 ~os)01)- (0] =[<-D}

2 = (W/L)D =204 = [E) =255
K, (W/r L]L Ljp
Faor the Load:

Vo =Vop #Vpg =3-12> ¥, =2V

J204(V, -05)=[-(-1)] = ¥, =120¥

For the Driver:

Vo =V —Vp =120-05 ¥, =070V
¥V, =120V
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(b) NM_ =V, -V,
NMy, =V — Vi

IPPRI e o))
Vg =05 FGLW—QWZV

1)

Vg =05+ =137
o 3204
Then ¥, =(3-1)+(204)0902-05) = 282¥

Vo = (131-03) 12— 03) _ ga0s¥

NM, =0902-0405=> NM, =0497V
NM, =282-131=> NM, =151V

16.13
s. From Hquation (16.29(b)):

w 2
(T:.') N [2(2.5 — 0.5)(0.05) — (0.05)"]

= (F) l-t-or

(7).

w
Then (T) = 5.06

b ip= (922 = (-1F
o ip = 40 uA
P =ip-Vpp = (40){2.5)
= P =100 EW
16.14
a L y=05Vip=0=L=1Q

i vy =35V, From Bquatica (16.12),

wo = 5 = (0.1}(20)[2(5 — 1.5)vo — v}
Wy —1Sm+5=0

15 = 1/ (15)° - 4(2)(5)

2(2)

w = = =035V

5-0.35
20
P=ip-Vop =(0.2325)(5) = P=116mW

= 0.2326 mA

ip=

b. L rr=028V3ip=0==10

i. wr =43V, From Bquation (16.23},
100{2(4.3 = 0.T)vo — v§] = 10(5 — ug — 0.7T
10[7.200 — ¥3] =18.48 — 8.600 + 45

Then
13 — B0.6rg + 1B.49 = 0

80.6 & \ﬂau.ﬁ)’ —~ 4(11)(18.49)
v = 201)

=1 =021TV

Then
ip = 105 — 0.237 — 0.7 = 165 wA
P=ip-Vpp = (165)(5) = P = 825 uW

C.
i vr=0.03V=iD;0=>£=0

g wr =35V
ip= KL(_VM )I = (10)[_(_2)]1 =40 ud
P=ip Vpp = (40)5) = P =200 uW
16.15
From Bquation (16.35)

Vig = 0.8 4 o (0:8) { 14 2(10) —1}

ic V1 +3(10)

21
Vig = 0.8 +0.42. -
g =08+ {5.57 1}

ar

Vig =196V

M p; in non-saturaton region. Then
Kn[z("cxz Ve Vg2 = "'t:m]
= L[VDD—VOZ— m]:I

vps: = bgp and vas = Viy = 1.96

10[2(1.96 — 0.8)raz — w33l =[5 — voa — 0.8]°
23.2v02 — 1000 = 17.64 — 8.4m02 + vh2

or

1108, — 31.6wgz + 1764 =0

N6x \/(31.6)’ ~ 4{11){17.64)
= 2(11)

Vo2

= vy = 0.758 V
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Now Mp, in saturation region. Then
Kp["} -V ]: = K:.[Vm Vo —Vry ]:I
VIO - (vr —0.8) =5 -1.96 - 0.8 = 2.24

Theny; =151V

16.16

4. Prom Bquation (16.41),

V;H=B.S+M =2 Vg =195V = uy

N

Mp2 in noa-saturation and M3 in saturaton.
Kn[z(val =V Vor = ";1] =K (Ve )2

4[2(1.95 — 0.8)ugz ~ "E:] = (1)[—{ -2)]2
4vd; = 9200 +4 =10

%2z J09.2)* — a(4}(9)

iz = 24) = gy = 0.582 ¥
Both Mpy and My, in saturation region. From Equa-
dem (16.2B(b)).
V& (b1 —0.8) = =(-2)
orpyy =18V

(+2)
4(1 +4)
Mp; in saturarion, Mz in non-saturation
Kp["ot"ym]z
= K[ A Va5 -Vor)~(5-a)'|
4(1.25 — 0.8)% = 2(2)($ ~ va2) = (5 = my)*
(5 —vgz)® —4(5 —vo2) +0.81 =0

_4x 1/(4)’ - 4(1)0.81) 0214 V

5=z = TR)

b, Vie =08+ =125V =uy

20
voz = 4.786 V

To find w1

(1 = 0.8)° = (1)(=(-2))°
vey —-0.83=1
vor =18V

c. Vig=195V, Vio=125V

16.17

.. i

Neglecting the body effect,
v = Vop ~ Vra

MMVDD =5V, then vy =42V

ii. Taking the body cffect into account:
From Problem 16.1,

Ve = Voo + 0671 f0686 4V, —O.686]

and Vsp =

Then

vo=5- [o.a +0.671 (V5586 + v - v’O.EEﬁ)]
vo = 4.756 — 0.671/0.686 + vy

0.671+/0.686 + vy = 4.756 — 1
0.450(0.686 + v} = 22.52 — 9.51m + v
v3 —9.96p +223=10

9.96 £ 1/(9.96)% — 4(22.3)
= =

g 2 =340V

b. PSpice results similar to Figure 16.18(a).

16.18
Results similar to Figure 16.18(b).

16.19

s My on, My cutoff.
From Equation (16.29(b)):

%[2(5-0.8)(02)—(02)’]=[—(-2)]’

or ﬁ =244
KI.

b, Parvx =1y =5V
2(2.44)[2(5 - 0.8} = 3] = [-{~2)F
43807 —41.0vy b 4=10

41 £ /(41 - 4(4.88)(4)

2(4.88)

=

b = 0.098T V

c. ip= (%)(1)[—(-2)]' = 160 zA

P = (160)(5) = P = 800 yW
for both parts (a) and (b).
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16.20

{a) Maximum value of v, in low state- when only

one input is high, then,
22605000 |=[--0f
Ko 204

_t
{) P=iy-¥,
0l=i, 3)::,,—333p1

oo B[ e
(B - (5o

Then [ﬁ) =170
L/,

() X204)[2(3-05p, ~v3]={-{-1)]' =

v, = 00329V

16.21
i P=ip-Vop
250 = ip{5) = ip = 50 4A

o
w=(%) (%) e

So that (E) = 0.417
L My ;

Ep'[z("z' o Vo = "a] [‘V ]

'ig'[z(s-os)(o.l 5)-(015)"}=[-{-2)]

L

b. Porvy =vy =0= vy =5amd v = 4.2

Then
Kmlz("ot Voo Vor - "tzn]
"’Kas[z("o: =V Vo1 — sz] =K, [—Vm:.z]l
Ky, <8, Ky 8, K, 1
8{2(5 ~ 0.8)vuz — ¥3a] + 8[2(4.2 — 0.8)wo2 — vy}
=-(-2)F
87212 — Bvd; + Sddwez ~ By = 4
Thea
1603 — 1218 +4=0

1216 £ 1/ (121.6)° — 4(16)(4)
3(16)

g =

So ypp = 0.0330 V

Solutions Manual

16.22

. We can write
Kx[z("x =~V JPpgr = Vzna']
= Ky[l(v, ~ Voo —Vow Wosr "":ur]
= KL[VDD —V¥g - ﬂ'v]1
where vy = vpsx + Yosy
‘We have

Ve =¥ =92V V=10V V, =08V

As 2 good first approximation, neglect the vh sy and
vhey terms. Let vg = 2rpsx. Then from the frst and
third terms in the above equaton,

9{2(9.2 — 0.8)vpsx) = (1}10 = 2vpsx — 0.8)°

(151.2)rpsx = 84.64 — 36.8vpsx

So that vpsx = 0.450 V

From the first and second grms of the above equadon,

9(2(9.2 — 0.8)rpsx] = 9{2{9.2 — vpsx — 0.8)vpsy}
or

(16.8)(0.45) = 2(3.2 — 0.45 — 0.8)rpsy

which yields ppoy = 0.475 V

Then vo = ¥psx + ¥psy = 0.450 4+ 0.473
orv =0925V

We have pgex =9.2 V
ad posy = 9.2 —vpsx = 9.2 - 0.45

orygsy =8.75 V
b. Since wp is close to ground potental the body effect
will have minimal effect on the resuits,
From & P3pice analysis:
For part (a) :
vpsx =0.462 V, vpsy = 0.491 V, 1o = 09536 V,
vasx =92V, and rgsy =8.T38 V

Por part (b) :
vosx =0.441 V, vpsy = 0475 V, 1 = 0.9134 V,
vosx =92V, and vgsy =8.759 V



Chapter 16: Problem Solutions

16.23
1. We can write
K,[z("x Voo Wouxr "’fmr]
= K,[?.(v, = Vo =V Vo = "A::sr]
= KL[_ mr.]z
From the first and third rerms, (neglect v35x).
4[2(5 ~ 0.8)vp sx] = (1){~{—1L.5)]°
aorypsx = 0.087 V
From the second and third terms, {(peglect vh sy ).
4{2(S - 0.087 — 0.8)wpsy] = (1)[-(-1.5)]
or ypsy = 0.068 V

Now
vGgsx =5, rosy =5 = 0.067T = vogsy = 4933 V
and o = vpsx + vpsy = 1y =0.135 V

Since wo is close o ground potential, the body-effect
has ligle effect on the results.

16.24

Complemeat of (B ANDCY)ORA = (B -C)+ A
16.25

Considering a truth table, we find

- oo 2f>
- o ~ oafts
o = = O™

which shows that the circuit performs the exclusive-OR fung-
tion.

16.26
(a) Carry-out = A¢(B+C)+BeC

Vhp? TV

VG757

(b) For v, = Low =02V

%[2(5—0.8}(0.2) -(02)']=[-~19)]' >

For (E) =1, then (E) =137
L) Lo

So, for M,: (EL,-) =137
]

To achieve the required composite conduction
parameter,

For M, - M,: [E] =274
L 1-5

16.28
3. Prom Equation (16.55),

5-08+08 _
T =Va=25V

vi=Vn=

p — channel, Vap, = 2.5 — (—0.8) = Vopr = 3.3V
n—chansel Ve = 2.5 -0.8= Vo =17V

¢ Borw; = 2 V. NMOS in saturation and PMOS in
nonsaturation. From Bquation (16.49),

(2 — 0.8 = [2(5 — 2 — 0.8)(5 — va) ~ {5 — w)7]

1.44 = 4.4(5 ~ w) = (5 - n)*

So (5 — 1) —44(5 —m)+ 144 =0

(5 =) = a4/ (44)7 - 4(1)(1.44)

ar

5—m=0.356=&5=4.64v
By symmeiry, for vy =3V, w =035V

16.29

@ X, =(§-29- 2) =80 24/V?

K, =(?}4) =80 A /V?

K
Vip Ve + =2V
. K 3-04 4
@® V= q R _33 +{1)(04)

- i+ K, 1+1
K.-
PMOS:

Vo =V, —Vip = 165-(~04) > ¥, =205V
NMOS:
Vo =V, —Vp = 165~(04) = V, =125V

V, =165V
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(iii)  For v, =04¥ : NMOS: Non-sat: PMOS:Sat 16.31

K. {2l =V Wos =] = K, [Vrr 4V, T b Yo S S Vo
(v, ~04)04) - (04) =(33-v, -04) = By symmetry, Vi, =2.5V

v, =189V Vopr = 2.54+08=33V
For v, =29V, By symmetry ad Vo =25 -08=17V
v, =165-(189-165) = v, =141V S01.7 € vy £33V

®) x,=[§29 2) =80 zd IV

b. For vy, =06<Vy, = v, =5V

K (40)2) 40 g 1V N, in nonsaturation and 7, in saturation. From
S\ T Equation (16.57),
13-04 + ’_8_(1_(04) [2(vr2 — 0.8)(0.6) ~ (0.6)*} =[5 — vr2 - 0.8]
M V,= ‘ . 40 = ¥V, =144V 12053 = 1.32 = 17.64 — 8.4v12 + ¢52
30 —
1+ 1-6 or
PMOS: R _
Vo =144=(-04)= V, =184V v}z = 9.6vr2 + 18.96 = 0
NMOS: Sowvr; =wv =278V

V,=144-04= V, =104V _
— For vg; = 2.78, both N, and P, in samradon. Then
(iit) For v, =04V

pp=325V
y_ " _ 2
(s0)[2(v, 1;2(0.4)-(0.4) ]=(40)(33-v, - 04] 1632
= v =1 -
g - . ’1 = JKR v, =V,
For v, =29 ¥ : NMOS:Sat, PMOS:Non-sat - (=)
(s0)[v, —04] =(4ci)[2(33-vJ -0,4)(0,4)_(0,4)’] Vipesk = VU1 - (2.5 - 0.8) = 0.538 (mA)'/*
= v, =116¥
" B fipem = V0.1 (7.5 — 0.8) = 2.12 (mA)'"?
16.30
a. Forv, =06<V, = v, =5V PR
N, in nonsaturation and P, in saturation. From /\
Equation (16.57}, \ {—‘.
2 2 to / \
(2(vr — 0.8){0.6) — (0.6)°] =[5 — vy — 0.8] / Vosis
1207 — 1.32 = 17.64 — 8.47 + 1} / N\
) o \
=5
v} —9.6u; +18.96 = 0 "l \\.
R )
9.6 £ 1/(9.6)? - 4(1)(18.96) oF (T nT o, el
vy = 7 =
16.33
o 50
K =|=K2)=50 pd/V?
p=278V @ X, (2 ) »4
25 2
E =|=f4)=50ud/V
b. Vowe S voz & Voru ’ (2 ) ~
z 2
From symmerry, Vie = 2.5 V Lo poat = K (v, -Vm) =50(25-08)
Vipr =25+08=33V O L puut = 1445 114

ad Vo =25-08=17V
Sel7<my €33V



) K, =50d/V* K, =25 A 1V?

From Equation {16.55),
5- 03+J5—E(0.8]
v, = 25 -221¥
50
1+,]—
25
Then

Iy e = K (Vi =V )" = 50(2.21- 08’
Of Jp pu =994 24

16.34

8. P=fCVip

For Vpp =5V, P = (10 x 10*)(0.2 » 10 ") (5)*

or P =50 g W

For Vop =15V, P = (10 % 10®){0.2 x 10™22)(15)*

ar P = 450 uW

b. PorVpp =35V, P= (10 x 105 (0.2 x 10='?}(5)?

or P=30 uW

16.35
(@) P=fCYi =(150x10°)Y04x107)(s)"

=15x107 W/inverter
Total power: P, ={2x10°)(15x107") =
P, = 30001111

(b) For f =300 MH:z
152107 = (300x10°04x10"" W3, =
Vo = 354V

Chapter 16: Problem Solutions

So
1 di 38784
—=—L=|-L AV, +V,
. dvg [zIL),( V)
or

1
r“=

(5

1
r, = oG- 08):>r_* 238402

L =M=~r¢=238m

For (Er-) =2,.
L r

1

==, =476 k)
“ o8
Now, for NMOS:
v, 05

=fr ot =Lt=—umo |, =021mA
VaSllaOtl =l mE o T e
For PMOS:
Forr,,=2381Q,
ip=e 9 i 021ma

r, 238% —«—
For r, =476 k),
=205 0105 md

r, 476 <L

16.37

From Bquation {16.73)

16.36
(a) For v, =V, , NMOS in nonsaturation Vie =13+ g- (10-15-18) =V =4125V
in= K [Z(VI - ,,,)vm -V;‘] and Voo = 0 and Bquation (16.72)
1

So _=_L- V.. — Vogur = = (2(4.125) + 10~ 1.5 + 1.5}

P Tt ) ,
Or o Vogy =9.125V

1

L YW Prom1 Equation (16.79)

(5)%) 20 -7) 5
or " Vu,c=1.5+E-(10—1.5-1.5}=>Vm=s.875 v

1 and Bquation {16.78)

rL= 7 N

k’:(f]_'(y"" -Va) Vorv = 3 [2(5.875) ~ 10 — 1.5 + 1.5]

or Voruy =0.875V
For v, =0, PMOS in nonsaturation

ip = Kp[z(ynn -V +¥n)vg "‘:n]
and v, =0 for v, =0.
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Now

NMyp = Vig ~ Vory = 4.125 — 0.875

> NM; =325V
NMy = Vagu — Vryg = 8.125 — 5.875

> NMy =325V

16.38
Fram Equaticn {16.71)

100
—-15-1,
VIL:LS-'.“_O-ITIO#—_S) 2 —l-o-g'o—-—l
(&) Vs

= 1.5 + 7(2(0.632) - 1]
V“ =J].348 V
From Bquation {16.70)

1 100
Vo = 3 {(1 + -3-6-)(3343) + 10

—(%)(1.5) + 1,5}

a YVpy =9.272V

From Equation (16.77)

2(10
(10 — 1.5 - 1.5) 50
100 )
W _3) | fofao0y
(50 J3(50)+1

= 1.5 + 7[1.51 — 1]

Vie=135+

-1

Vig=507Y

From Bquatioa (16.76)

o = o (1+57) - (oss

@

Now NMr = Vi - Vory = 3.348 — 0.827%

or Voru =0.9275 V

orNM; =242V
NMg = Vogy - Vig = 9.272 - 5.07

oo NMg =420V

16.39

4. va=vg =3V
N and Nz on, sovpsy S vpsy =0V

P] and Pz off

So we have 3 P; — N3 CMOS inverter. By symmerry,
ve = 2.5 V (Transidon Point).

b, PBorva =vg = ve = v;

With ki, = 2kp, then

3.1.(2) _1.3.(2

23 \L/), 2 L/,
w 9 /W

°’(T);5'(T)F

c. We have

w510,
«-(4)2),

Then from Equation (16.55)

5+(—08) + ? -(08)

v, = =

K

P

1+

Now

x-3)-2

Then
v, = 5+ (—08) + 3(0.8) o
1+3

V, =165V

16.40

By definition, NMOS is on if gate voltage is 5 V and is off
if gate voltage is O V.

State N2 Ny N M

M My
1 off on of on on 0
2 off off on on off 0
3 on on of off oa 5
4 on on off oo on 0

Logic function (¢x OR vy) ® {vx AND vz)

Bxclusive OR of (¢vx OR vy) with {vx AND vz)
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16.41
(a) A classic design is shown;

A,B,C signals supplied through inverters.

(®) For Inverters, [%] =1and [%) =2

For PMOS in Logic function, let (%) =1, then
r

for NMOS in Logic function, [%) =225

LJ

16.42
{a) A classic design is shown:

16,43

[AOR B} AND C

16.44

Let (%] =1 for each PMOS: Composite PMOS
»

[%) =5. Want composite [%) =25 for NMOS,

So that (%) =5(2.5) =125 for each NMOS.
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16.45 16.47
(a)Let (%) =1 for each NMOS. Composite (%) State b1 vex vos
y w 1 5 L 0
of NMOS = 6. Want composite (I) of PMOS = 2 0 0 5
3 5 3 a
12. Then [E) =6(12) =72 for each PMOS. Let
L), 4 5 0 s
(E) =1 and [%) =2 for gach transistor in 5 5 5 0
L/, ’ 6 0 5 1]
inverter.
Logic function:
{a) For 3-input NCR.:
W : W w3 = (vx OR vz} AND vy
Let (—E) =1 for each NMOS. Composite [I] of
: w 16.48
NMQS = 3. Want composite (I) of PMOS = 6. v
4
W
Then ) = 3(6) = 18 for each PMOS.
r
For 2-input NAND:
Y
Let [—}-’—r-) =1 for each PMOS. Composite (—H—,-) of
L/, L
PMOS = 2. Want composite (E) of NMOS = 1. ®
L <LK
W —
Then (f) =2 for each NMOS.
L]
Sizes of PMOS transistors in (b) are substantiaily
less than those in (a).
16.46
By definition:
NMOS off if gate voltage =0
NMOS on if gate vollage =5 V —_
PMOS off if gate volmge =5V 16.49
PMOS on if gate voltage = 0
Smte Ny P Na Ng Nc v N2 P2 vm
1 of on of of of 35 on off ¢
2 oo of on of of 5 on of O
3 of on of of of 5 on of O e
4 on of of of on 5 on off 0 7
5 of on of of of 5 on of 0
6 on of off on om O of on b
Logie function is

vga = {va OR v5) AND v
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16.50

| =
<+ =" -
@ T 25SF
Mua Mg
L
ch
2l = —C?
So

-4
AV, =——={21)¢
4 C( )
For AV, =-05V

16.51

2(2x16™)-¢
52— £=3125ms
25x10 _—
(2)
(i) v, =0

(ii) v, =42V
@iy v, =25V

®)

(i) Vp =

(i) v,=32V
{Fii) v, =25V

16.52

Neglact the body effect.

a. vu(logicl) =42V, ve{logicll=5V

b. W =5V S>vgsn =42V
M), in nonsaturation and M in saturation. From Equa-
tion {15.23)

(5),an T3]

(%) Cao-vo i)

(Eg—) [2(4.2 ~ 0.8)(0.1) - (0.1)*!
2

= (1)[5 - 0.1 — 0.8]}

Or
w w
Now

Mt = 4.2V > vgsa =42V

M; in nonsaturation and M, in saturation. From Equa-
tion {16.29(b)},

W 2 W 2
[I)D[z("as: ~Voo)Vor - "'o:] = [I)L[_th.]
) [2(4.2 - 0.8)(0.1) - (0.0 = ()[=(~1.9)
o

) (0.67) = 2.25
D

w
—— = 3.36
Dr(L)

rX/p
16.53
B¢ =1, ¢6=0thenY = 8. Andfore =0, ¢ = 1,
then ¥V = A,
A muitiplexer,
16.54
A 8 f
o o 1
0 L 0
1 0 0
1 1 0.1 =indeterminaie

Without the top wansistor, the circuit performs the exclusive-

NOR function.
16.55 4 g ¢
0 0 0
1 0 1
Q 1
1 H o

Exclusive-OR function.

16.56
This circuit is referred to as & ratioless circuit. Identical
minimum-sized ransistors can be used throughout.

When ¢, is low, C3 is charged to Vpp. Then when ;1 i3
high and ¢7 is low, Me ums on. f A = B = 0, then
M, and M, are off so C: remains charged and vo; = high.
When ¢ goes high. then vo; is applied o the gates of M,
and Mo. The circuit performs the OR logic function.

16.57
This circuit is referred to 45 a two-phase mtosd circuit.
The same widdi-to-length ratios between the driver and load
transistors must be maintained as diseussed previously with
the enhancement load imvester.

When ¢, is high, vo; becomes the complement of vr. When
#2 goes high, then vy becomes the complement of vay or is
the same as ;. The circuit is a shift regiater.
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16,58

Let Q=0and J=1;as § increases, J decreases.
When {J reaches the transition point of the

M, - M, inverter, the flip-fiop with change state.
From Equation (16.28(b)),

fK
Vp= EE' '("er.) +Yowo
o

where K, = K, and K, = K;.
Then
30
v, = m.[-.(—z)]-q-] =V, =Q-= 20051

This is the region where both Af, and A, are
biased in the saturation region. Then

S= J%-(-—Vm) +Vpp = —2?10%-[—(—2)]“

16.59

K,[o25-05)0 -0 =K, [25-05]

Or
0.0 (2

For the other circuit, M, — M, in saturation and
M, in nonsaturation. Then

K,(25-05) + K,(T ~05)’

= K,[2(5-0 -05)25)- (257)]
Combining these equations and neglecting the J°
term, we find

O =14V and X 09
=1 an =0,
== K

16.60
or S=177V
This analysis neglects the effect of M, starting to
turn: on at the same time. —{
Letvy = R, vx = 8, vaa = @, and vy = Q. Assume
Vranw = 0.5V and Vppp = =05 V. For S = 0. we have
the following:
2 |
Voo=5V Voo=sV ._._i *_.f
MJ' h __i M(- c'v.il :l E F:uc
. a S— G L <+
_G ~—
16.61
M, |-

L‘ My M I_E‘

If we want the switching to occur for. B = 2.5 V, then
because of the nonsymmetry between the two circuits, we
cannot have ¢ and @ both equal to 2.5 V.

Set R=0Q =25V and assume @ goss low.

Por the M; — M, inverter, M, in nonaaturation and M, in
sarucation.  Then

4. Poaitive edge triggered flip-flop when CLK = 1. output
of istinverter s Dand then @ = D = D,

b. Por example, put 8 CMOS mansmission gate between
the output and the gate of My driven by a CLK pulse.
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16.62

For J =1, K =0, and CLK = 1; this makss Q@ = 1 and
a‘=ﬂ.

Px J=0, K=1 andCLK =1, and if Q@ = 1. then the
circuit is driven so that @ = 0 and 7 = 1.

If initially, @ = 0, then the circuit is driven so that there 8
no change and Q@ = O and 0 = 1.

J =1 K =1 andCLK = 1, and if @ = 1, then the
circuit is driven so that Q = 0,

If initially, @ = 0, then the circuit is driven so that = 1.

Soif J = K = 1, the output changes state.

16.63
For f=ux =1, K=vy =0, andCLK = vz = 1
then ¥ = 0.
Fg J=vu =0, K =wvy =1, and CLK = vz = 1,
then mo = 1.

Now comtider J = A =CLK =1. Withevx = vz =1, the
output is always i = 0. So the output does not change state
when J = K = CLK = 1. This is not actually a J - K
fAlip-fop.

16.64
64 K => 65,536 transistors arranged in a
256x256 array.
{a) Each column and row decoder required 8 inputs.
(®)
0] Addresgs = 01011110 so input
=a,3a,a0,3,0,a,
()  Address= 11101111 so input
=qdaa,aa,aa,
(©)
(i) Address = 00100111 so input
=aa4d.4a034a4,
(i) Address=01111011 soinput
=a,834,d,a,0,3,
16.65

Put 128 words in 2 Bx16 array, which means B row

{or column) address lines and 16 column (or row)
address lines.

16.66

Assume the address line is initially uncharged, then
dvV, 1 I
==L =— =_.
[=C=% or Vc_cjm_c t
V.-C_ (27)(58x10™?)
I 250x10°
r=626x10"" 5= 626ns

Then =

16.67
() > —10'1 - [%I%’Izﬁ -o7)o)-(o1) ]

W
—|=0329
o (£)

(b} 16 K = 16,384 cells
oo

Power per cell =(2 pAY2V) =4 4V

Total Power = B, =(4 zW)(16,384) =

P, =655mW

Standby current = (2 u4)(16,384) = [, =328md
16.68

16 K => 16,384 ceils
B, =200 mW => Power per cell

Ty

= 200 =122 uW¥

16,384

P 122 ¥ 25
w t =T 488 =WBE =
LAY =R TR
R=0512 MQ

IF we want v, =01V for alogic 0, then

fo=(45) 5 Jotoo ~#avo-3]
488= [?I%lz(z.s -07)(01)-(01)’]

W
: — |=0.797
So [L)

16.69

Q=0.Q_=1
So D = Logic1=5V

A very short time after the row has been addressed,
D remains charged at ¥, =5V . Then M,,, M,
and M, begin to conduct and D decreases. In

_ steady-state, all three transistors are biased in the
nonsaturation region. Then

Kp:[z(yms "’Vrpa)V.mJ —V.:n]
= _‘[Z(Vw - M)Vm "V;m]

=K, [Z(Vm ~V21 Wosn _V;ﬂ]
Or

K_,,[Z(Vm +VpsXVoo = D)~ (Voo ~ D)I]
= Ku[2Vo0 -2~V (D~ 0) - (0-O)']
= Knl[z(VDD_VTNI)Q—Qzl (N
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Equating the first and third terms:
[% nf2(s-02)s-D)~{5- D)’]

= [?}2)[2(5—0.3)@ - @

As a first approximation, neglect the (5- D)" and
Q* terms. We find

0=125-025D (3)
Then, equating the first and second terms of
Equation {1):

(? 2(s-08)s- D) ~(5- DY’

40
-(Z Jofets-0-08x0-0)-(0-0)
Substituting Equation (3), we find as a first
approximation: D=214V

Substituting this value of D into equation (2), we
find

8.4(5-2.14)~(5-214)" = 4840~ Q"]
We find Q=050

Using this value of {}, we can find a second

approximation for D by equating the second and
third terms of equation (1). We have

22(¢2-0)(D-0)-(D- )]
= 402(420)- 0%

Using Q=0507,wefind D=179¥

16.70

Initially A, and M, tum on.
M,,, Nonsat; M, sat,

KM[VDD -0 "er = Kul[z(VDD -V )2~ Q!]
(©Yts-0-o - Dpfs-owe-0]

which yields
0=0771¥F

Initially Af,, and M tumon
Both biased in nonsaturation reagion

Kﬂ[Z{Vw +Vers Voo = @)~ (Voo - g)’ ]
= KM[Z(VDD - m)a _(ji]

(Z)afts-osis-2)-5-27]
-(Dyops-onz-77

which yields { =378V

Note: (/L) ratios do not satisfy Equation (16.95)

16.71

For Logic 1, v:
(5)(0.05) +(4)(1) =(1+ 005, = » =40476V

vy

(s):(o.ozs) +(4))={1+1025)v, = v, =40244V

For Logic 0, v,:
(0)(0.05) +{4)(1) =_(1 +005v, => v, =38095V

E'a):(o.nzs) +{@{1)={1+0025)v, = v, =35024V



