Microelectronic Circuit Design
Fourth Edition - Part |l
Solutionsto Exercises

CHAPTER 6

Page292
NM, =0.8V" 0.4/ =0.4V | NM,=3.6V/" 2.0/ =1.6V

Page294
Vigss =V +0.1(" V) =#2.6V +0.1[#0.6%# (#2.6)] = #2.4V

Checking Vig,, =V, #0.9 (" V) =#0.6V #0.9 [#0.6# (#2.6)] =#2.4V

Voo = Vi #0.1(" V) =#0.6V #0.1[#0.6# #2.6)| =#0.8V
Checking Vy,, =V, +0.9 (* V) =#2.6V +0.9[#0.6# (#2.6)| =#0.8 V

_V, 4V, _#0.6#2.6
VSO%_ 2 -

=#1.6V | t =t,#t,=3ns | t, =t,#t =5ns

Page295
AtP=1mW: PDP= 1mw(1ns) =1pJ

AtP=3mW: PDP=3mW(ins)=3 pJ
AtP =20 mW: PDP=20mW(2ns) =40 pJ

Page297
Z:(A+B)(B+C):AB+AC+BB+BC:AB+BB+AC+BB+BC

Z:AB+B+AC+B+BC:MA+Q+AC+MC+Q:B+AC+B
Z=B+B+AC=B+ AC
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Page300

IDD=L=MV=1GOHA | R=VDD VL=2'5‘/ 0'2\/=14.4k#
Voo 2.3/ l oo 160uA
) \ '$ '
1.6x104A=104A2§L\ﬂ 25" 06" 029 2y2 ?ﬂ =444
V /d_%s/o 22 (1
Page301
V. "V 3.3V"0.WV
lpp =P = =31.4uA
PP R 102k# as
31.4x10° A= 6x10° A?ﬂ 33" 0.75 0%0.1v2 ?Lﬂ ~2.09
V2 /d-%s/o 2% /d‘%s 1
Page303
018/ = Rn 55/, R, =1.84kQ
R, +28.8Q
(V_V) _ 1 _)(v_v) _2.98
L)s 104(2.5—0.60 0215)(1 84kQ) L)s 1
R, = 103 1 05 =6.61kQ | L=6612'26]1(1%21@3.3\/=o.201v
6x10° == 3.3-0.75- —< : +
1 2
1] vi1 _ve_
KRl AQ VvV
Page305
e\ 03&( 6.30
— 5 —
R—(6x10 ) éﬁT( 1. 02x105)_T
2(3.3
M, =3.3" 0.75+ 1 w163/33 21.45v M, =0.75+ 1. ( ) =0.318V
2(6.3@ 6.30 6.30 3(6.3@
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Page309
Using MATLAB:

fzero(@(vh) ((vh1.9-0.5* sgrt(0.6))2-0.25(vh+0.6)),1) | ans=1.5535
fzero(@(vh) ((vh1.9-0.5* sgrt(0.6))"2-0.25(vh+0.6)),4) | ans=3.2710

V, =5" [o.75+ 0.5(1/\7H +0.6" \/0.6)] # Vi, =3.61V

fzero(@(vh) (50.75-0.5* (sqrt(vh+ 0.6)-sqrt(0.6)} vh), 1) | ans=3.6112

‘6 n . , 0.15 3w' 6.10
(a) 80x10° A=100x10° 2 §L }§1 55" 0.60 TZO 15V2 # §/‘I} ==

S
V.., =0.6+0. s(x/ 15+0.6" 1/0.6 ) 0.646V

8010 A= 10000° AW, (2.5" 0.15" 0.644 V? # . —0'551:i
2 v2§7d_%L §7d_2 1 182
(b) 80x10°A=100x10"° A?ﬂ &.55" 0.60" 0L 1v2 4 ?ﬂ _889
V2 /d—zs/ 21 /d‘%s 1
V.., =0.6+0. 5(\/ 1+0.6" 0.6 ) 0.631V
8010 A= 10000° AW, (2.5" 0.1" 0.633 v # . =—0'511=i
2 VZ&L% R % 1.96
Page312
The high logic level is unchanged/ =211
9.16 16
60x10° A= 50x106— é{[( 4311" 0.75" —(o 1Vv?) ﬁ(
V., =0.75+0. 5(\/ 1+0.6" /0.6 ) 0.781V
.. &
sox10° A= 2040 Azﬁ‘W( (33" 0.1" 0.783'v?) %’il( -0410_ 1
v ) 1 244
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Page314
Using MATLAB:

fzero(@(vh) ((vh1.9-0.5* sgrt(0.6))2-0.25(vh+0.6)), 1) | ans=1.5535

#=0$ Vi =0.6V | V,=25-06=1.9V | I, =0 for v, =V,
0/ 6 0/
100x10°* 105«1 9" 0.6" % (v - 100407, Q((z 5"V, " 0.6)
&1)& 2) 2 &)
0, 0/
6V " 116.8/ +3.61=0$ V, =0.235/ | Iy, 100x106§10§& 9" 0.6" %E(o 235=278 A
6 0/
Checking 1, = %&g(z 5" 0.235' 06) =277 UA
Page319
V., ="15+ 0.5(\/0.2+ 0.6" \/0.6) ="1.44y
: &t & &
60.6x105:100x106§W( %33 0.6" 0—"2(0.2) #W( 117
& 2 &l ™
: © &
60.6:10° = 100x10 #W( (0" 1.44") fW( _0585_ 1
é{f & .1 171
Page320

s &
I,s =100x10 6%5%2((%23.5" 0.6" 07'2(0.2:79.9 pA which checks

Page321
The PMOS transistor is still saturated 50=144 uA, andV, =2.5V.

6 ,,6#58# . . VL& _
144x10° =100x10 %ﬁﬂg&S 0.6 ?(VL) V, =0.158V

Page326

Place a third transistor wit%w\_{ = ZTZZ in parallel with transistors A and

The WI/L ratio of the load transistor remains unchang{e\,%i) = 1T81
L
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Page327
Place a third transistor in series with transistors A and B.

"1 %
The new WI/L ratios of transistors B8, and C ar%%' = 32'22: 6'66.

n %
The WI/L ratio of the load transistor remains unchan%d = 1—81

Page333

4Ox106#1 13& 70 o o fo AT
% ['25"( 0.6)] =80.1pA

L

M, is saturated for all three voltages,, =

The voltages can be estimated using theresistance method.

For the 11000 cas®, , = 22NV 044V _g 4y g =044MV gy
80. 1A 80. 1A
For the 00101 cas®, . = oA™Y _go4) |
80.1uA
For the 01110 cas®y, < 203" 1320V _ o0 o _132mV" 6damy o
80. A 80. 1A

The voltage across a given conducting devidghs,. Small variations iR , are ignorec

ABCDE Y(mV) 2(mV) 3(mV) I (UA) ABCDE Y(MmV) 2(mV) 3(mV) I (UA)
00000 2.5V 0 0 0 10000 2.5V 25V 0 0
00001 2.5V 0 0 0 10001 25V 25V 0 0
00010 2.5V 0 0 0 10010 2.5V 25V 25V 0
00011 25V 0 0 0 10011 200 130 64 80.1
00100 2.5V 0 2.5V 0 10100 25V 25V 25V 0
00101 130 0 64 80.1 10101 130 130 64 80.1
00110 25V 25V 25V 0 10110 25V 25V 25V 0
00111 130 64 64 80.1 10111 100 83 64 80.1
01000 2.5V 0 0 0 11000 130 64 0 80.1
01001 2.5V 0 0 0 11001 130 64 0 80.1
01010 2.5V 0 0 0 11010 130 64 64 80.1
01011 2.5V 0 0 0 11011 110 43 22 80.1
01100 25V 0 25V 0 11100 130 64 64 80.1
01101 130 0 64 80.1 11101 66 32 32 80.1
01110 200 64 130 80.1 11110 110 64 87 80.1
01111 114 21 43 80.1 11111 65 32 32 80.1
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Pav = 25\/(280_HA) =0.100mWwW

Page335
P = 1012F(2.5/)2(32x106 Hz) = 2x10"W =200 4W or 0.200mW

P, =102F(2.5v) (3.2A0° Hz) = 2x10“W = 0.02W or 20mW

Page336
The inverter in Fig. 6.38(a) was designed for a power dissipation of 0.2 mW.

To reduce the power by a factor of tvwwee must reduce the W/L ratios by a factor of 2.

w» 1" 1 % 1 | "W% 1"4.71% 236
ﬁl_gE 2%68s 336 | Flg 281& 1
(((

To increase the power by a factorég'% , Wwe must increase the WI/L ratios by a factor o
.2m

w_ 1810362 W% _ o 220% 444

%LgE 1e 1 | L& 1 1
(((
To reduce the power by a factor of threg, must reduce the W/L ratios by a factor of 3.
W% _1°1.81% 0.603_ 1 W% _1°3.330 1.11 | W% _1°6.66%0 2.22
LgE 3%1& 1 1.66 %L&A 3%1& 1 L&o 3%1& 1
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Page339
t =22RC=22(28.8x10™ )(2x10"*F) =12.7 ns
$.., =0.69RC= 0.69(28.8x103" )(2x10#” F) =3.97 ns

#H#

% t ( R, +V,_(
Vo(t) =Vi # (Vi #V, )exp'&# Rc§ | Vo (Bow) = Vi #0.5-&—;_2.5#1.15 =135V

%
135=02#(0.2#2.5) exp'&#%s(r + $,, =#RCIn0.5=0.69RC

Vo(t) =V #0.1(V, +V) =2.5+023=227 V

% 1 (
227=02#(0.2#2.5) eXp'&# Rlc§ + t, =#RCIn0.9

Vg (tz) =V, + o.1(vH +VL) =0.2+0.23=0.43 V
% t (
0.43=0.2#(0.2#2.5)exp #—2*+ t, =#RCIn0.1
& RC)

t, =t, #t, =#RCIn0.1+ RCIn0.9 = RCIn9 =2.2RC

Page343
t, =3.72.3%10™ )(2.510°F) =2.19ns | $,,, =1.72.3%10™ )(2.5:10"°F) =0.711ns

t, =2.228.810™ )(2.510"°F) =15.8ns | $,,, =0.6428.810™ )(2.510"°F) =4.97ns
_0.711ns +4.97ns

$, = =2.84
» > ns
Page346
T=2N"p, =2(401)(10”s) =802 ns | f 1ol o125MH2
T 802ns
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Page347
For our Psuedo NMOS inverter with=0.2V,

: 2
L =12R C=12 CoVL =12 L

uCo Vestv)  Holles Vi)

(25040 m) (1000 m)’
~ (500cnt /v #5)(3.3#0.823V

n

PHL

=0.606ps

2 (250x10°m)’ (100c/m)’
L =12R C=1.2 =1.2
0.4, (Vos #Vry (12&mz/v # s)(3.1# 0.829V

. _ 0.606ps+2.63ps

=2.63ps

= =1.62ps
p > P
Page349
6 #:
The PMOS transistor is saturated¥gr=V,. 1, = 40X210 0 7( "25" ("0. 6)] =1.71mA
2.5/(1.71mA 1 A1

P,=————1=214mW | R,=5x10"F(2.58/" 0.2V) op—— (:13.2mW

2 égxlo S

. #20pF &2ns&
We must increase the power byafactop (o ( 8,

o) the WIL ratios must also be increased by a factor of 8.

é‘f( _ zgﬂ& 15190 | 2%‘(&_ ’;ﬁ%‘f‘ 319 | p —20x1012F(23/"02\/) ﬁ—( =106mW
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CHAPTER 7

Page370
H20& o0&

(a) K,=40x10 6ozo(:aoo“—ﬁ | K,=100x10 6020(:2000
&1 v 1

(b) Vp, =0.6+ o.ix/z.5+ 0.6" \/0_.6) =1.00V

(¢) Vp="0.6" o.75(«/2.5+ 0.7" Jo.7) ="1.31V

f‘/—/jzz.oor\;‘—f

Page372

(a) Forv, =1V, Vogu" Viy =1" 0.6=0.4V and Vgep" Vip =" 1.5+0.6="0.9V

M, is saturated for v, #0.4 V. M, is in the triode region for v, #1.6 V. $ 1.6 V %v, %2.5V
(b) M, is saturated for v, %.6 V. $ 0.4V %v, %1.6 V

(C) M, is in the triode region for v, ¥0.4 V. M, is saturated for v, %1.6 V. $ 0%v, %0.4 V

&) K &) __ &0) 25
(ftP‘K—(f;* =2THE T

p N

Page373
Both transistors are saturated since ’VGS‘ = ’VDS‘.

K
%(VGSN " Vin )2 = TD(VGSP " VTP)2 Ky = Kp NTN‘: ’\/TP‘
Voo

VGSN :"VGSP# VI =VDD "’ VI # VI

2

10K K
> : (VGSN ! VTN)2 = 7'0
VIO(v, " 0.6)=4" v, " 0.6# v, =1.273 V

(VGSP ) VTP)2 # ’\/E(VGSN " VTN) =" VGSP +VTP

K 10K
Tp(VGSN " Viy )2 - Tp(VGSP " VTP)2 # (VGSN " VTN) - \/B("VGSP +VTP)

v, " 0.6=V10(4" v, " 0.6)# v, =237V
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Page375

“{1)
K, = L K55
(),
p L o
_ 2KR(VDD -Vin +VTP) B (VDD - KrVin +VTP)
" (Ke -2 14 3K, Ke -1
- 2(2.5(2.5-0.6-0.6) (25-2.50.6)-0.6) o
(2.5-1)\/1+ 32.9 2.5-1
Vo, = (Kg + Vi =Vop = KeVoy = Vi _ (2.5+1)1.22-2.5-2.50.6) + 0.6 o174y
2K, 2(2.5
_ 2\/K7R(VDD -Vin +VTP) B (VDD - KrViy +VTP)
" (Ke-DKq+3 Ke -1
- 2+/2.52.5-0.6-0.6) ) (25-2.50.6)-0.6) 090
(2.5-1)v2.5+3 2.5-1
v, - (Ke + 1V, +vDZD ~ KV =V (2.5+1)0.902+ 22.5- 2.50.6)+0.6 3/

NM,, =V, -V, =2.38-1.22=1.16V | NM, =V, -\, =0.902-0.174=0.728V

Page376
10"%F

Symmetrical Inverter ", =1.2R  C :1'22(10#4)(2_5#0.6)

$ =3.16ns

Page377
: _ " 107s _
Symmetrical Inverter R = = =167%
120 1.25x107°F)
Wr( 1 1 _ 315 W( _ %( 788
% | % =285 x =_"""

&L), R K(Vs#V) 16710%)(2.540.6) 1 &Ly, &L), 1
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Page379

The inverters need to be increased in size by a factor of ZESSgps =1.12.
PS
W 537770 422 W 94370 106
%Lgh' 1 & 1 L&'ﬁl&l
(((
W% _"37773.3(0.75% 3.43 W% _"9.43763.3(0.75% 8.59
flg, 71 &33(058 1 ﬁL&D 1 &33(058 1
Page380
wz24R Cc=— =t o 2% 4 56C
Ko(Vos #Vin) K, (2.5#0.6) K,
w=2.4R, C= 24 ___ 240 _1,6C
Ko(Ves #Vry)  K,(2.5#0.6) K,
H#t#
”PHL =2 4Rmn = 24C = 24C = 0-942
Ko(Vos #Vin) K, (3-3#0.79 K,
"w=24R,C=— 2 o 24 _;9,C
Ko(Ves #Vy ) K,(3.3#0.79 K,
Page381
The inverter in Fig. 7.12 is a symmetrical designmthe maximum current occurs

R 10*" 2%
forv, =v, = Both transistors are saturated,, __i 1.25( 0. 6) =42.3u4

5" 50
Checking i,, = 4’20 ii 8{’1 25( 0.6) =42.34

Page382
oz, 10%F(2.5/)

(a) PDP" =0.13pJ =1301J

CV2, :10**13F 3.

L

2
(b) PDP" ) =0.22pJ =2201J

5
oz, 10%F(L8v)

(c) POP" =0.065pJ =65fJ

11 ©R. C. Jaeger and T. N. Blalock
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Page388
Remove the NMOS and PMOS transistors connected to in@ndeground the source «

the NMOStransistor connected to input D. The are now 4 NMOS transistors in sem

"W % "2%8 ‘W% _5
flg, e 1 | BLg 1

Page392
There are two NMOS transistors in series in the AB and CD NMOS patdghree PMO
transistors in the ACE and BDE PMOS paths Therefore

"W % 2%4 w % w% "5% 15

ﬁt&mm lg 1 ﬁL&Q(E : ﬁt&: eﬁl& 1

Page396
(a) The logic network for F=AB + C is

r B;—’_l
L T

A O— |

P=CV3, f =(50x10"F )(5v) (10" Hz) = 12.5mw

12 ©R. C. Jaeger and T. N. Blalock
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Page400

’-2{?5%( =316 ),=31.6,+31.6,=63.2,

1, 2.68, 2.683=7.20 2.683=19.3 2.683 =51.8 2.683 =139, 2.683 =372
A =(1+3.16+10+31.6+100+ 316) A = 462A,

A, =(1+2.68+7.20+19.3+51.8+139+ 373 A = 594A,

Page401
From the figure 10/1 devices give a maximum Fof 4 K' . The WI/L ratios must be 4 tirr
' $0 40
larger in order to reduce the maximum B 1K . # = =—
J i Sl %l 1

13 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 8

Page419
28 ° 220 230
(a) Ns= g 2"~ 2048segments | (b) NS= g 2'* = 2048segment
Page422
() N =227 2% - 268435456
(b) 1op = 22 _15.2mA | Currenticelk 212 _ 56 4pA
3.9 2”cells

Reverse the direction of the substrate arrams] connect the substrates of the PI
transistors to ..

Page426
M, : Att=0", V"V, =4 VandV,, =2.9, so transistor \j is operating in the triode regit

: 1 2.5%
i, =60x10 Ggﬁ(%é 1 7(2.5: 413 A
M,,: Att=0", ¥, =V,,, So transistor I}, is operating in the saturation region.

o
VTN2:1+0.6(V2.5+0.6" VO.G):1.592/ j, = O0x10 9&?(5 2.5" 1.59g2=24.8uA

Page428
M,,: Att =0, V=V, SO transistor ) is operating in the saturation regi

60x10°#1& 2
b= %ﬁs 1)’ =480 uA

M,,: Att=0", V,s =V,s, SO transistor I}, is operating in the saturation regi

_60x10"6#18( w2
17— %(5 1)’ =480 uA

14 ©R. C. Jaeger and T. N. Blalock
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Page431
(a) Att=0", Vo Vi =3-0.7=2.3V andV,s =1.9V, so transistor ) is operating in

& &
the triode region. i, =60x10 6ol(o "0"0.7" E)(1.9=154uA
1 éﬁ 5

\' 15
(b) From Table 6.10 t, =3.7R,C=3.7 SOA0TF __j 34ns

60x10"6(3" 0.7)

Vo=V "V, | V=3 [o.7+ 0.5( \, +0.6" \/0.6)]) V, =1.89V | V. =3"0.7=2.3V
cV _ 25x10"15F(1.89J)

——~ =2.95 x10°electrons
q 1.60x10 °C

Page432
(a) "v= Vé AL 1422&0.95\/ =19.0mV | "V = Ve # Ve - 2910'95v =#19.0mV
—BL+1 ©+1 9%+1 —c+1
C. C. C. C.
_ Co  _ oo, 25fF _ _ _
(b) $=R, o =5k ——=0123ns or $&R,C =5k%(25fF ) =0.125ns
< 41 ~ +1
o 49
Page434
Att=0", V"V = (3 - 0) -0.7=2.3Vand V5 =1.5V, so transistor M, is operating in
the triode region i —wmo"ﬁfz% "0.7" 1;5% 5=279 uA
gion. D I G H
13 ©R. C. Jaeger and T. N. Blalock
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Page436
In setting the drain currents equal, we see that the change in W/L cancels out, and

the voltages remain the same.

" =%(60x10'6)§$f(1.33) 0.7)2 =595 A | B, =2(59.5uA)(3V) =0.357 mW

As a check, the current should scale with W/L: iy = %(23.5/.1A) =58.8 UA

)))
Equating drain currents: ;(25X10 8(2 5)V,) 0. 6) =— 60X10 8(V ) 0. 6

1.4V2 +0.92V,) 2.746=0* V, =1.11V

S =%(25x10-6)§f2ff(2.5) 1.11) 0.6)2 =15.6 uA | P, =2(15.6uA)(2.5V)=78.0 uW

Checking: %(60X10'6)§{2ff(1.11) 0.6)2 =15.6 pA

Page488

Ry = L

60x106(3—1.3— 1)

=23.8kQ | T=23.8Q(25fF)=0.595ns

Page440
For all possible input combinations there will be two inverters and 3 output lines in the lo

P, =50.2nW)=1.0mW

Page442
‘W% _ 2 "1.81% 1.63

¥lg 220018 1

16 ©R. C. Jaeger and T. N. Blalock
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Page444
For a G V input, all transistors will be on and the input nodes will all discharge to 0 \

For the 3 V input, the nodes will all charge to 3 V as long\as" 2 V.
V., =0.7+ o.5(w/3+ 0.64# \/0.6) =1.26V. Thus the nodes will all be a 3 V.

2$0.7+ of,\/3+ 0.6# \/0.6) & 9 1.158

HHt#
The output will drop below ¥ /2. For the PMOS deviceYs #Vip| = 3#1.9#0.7=0.4V.
The PMOS transistor will be saturated. For the NMOS deP\Vgg#VTP‘:l.Q#OJ:LZ\/.

Assume linear region operation.
V *

6' =% *
40x107, 5 (#1.1+ 0.7)2 =100x10° 3, 1.9#0.7# -2\,
%l-r% 2%

2 {14
VZ#2.4/,+0.16=0& V, =68.6mV

17 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 9

Page462
M n % . n % . n %
I_C—Zzex%o'zv "=2.98x10° | k—zzex%o'w "=1.63x10° | '_C—Z:ex%o"w =8.89x10°
oy 02%/ & icy .025%/ & ey .02%/ &
Page464
The current must be reduced by 5 while the voltages remain the

_ 30QuA _ ot \ =10 k"
lee == —=604A | R. =5(2k" ) =10k
Page465

I 92.QA 107uA

I, =—F lgs = =4.42 uA lg, =——=5.10uA
B "1 | g3 21 HA | g, 21 u

lgsRe =4.42uA2k# ) =8.84mV <<0.7V | I4,R; =5.1QuA(2k# ) =10.2mV <<0.7V

Page467

V, =0"0.7="0.7V | V_ =0" 0.2mA2#)" 0.V ="1.1V
"0V +("1.10V)

Vier = 5 ="0.9V | $V=-0.V -(1.ZN) " 0.4V

Page469

NM,, = NM_ =%—0.025/[1+ In(oo(;;s—l)] =0.107V

18 ©R. C. Jaeger and T. N. Blalock
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Page4d71
P=3.3/(0.3mA+0.2mA =1.65mW | P=3.3/(0.357mA+0.2mA =1.84mW

) i &
NM, = NM_ =% 0.025%/4+ In%oé—;" . =0.20V

From the graphthe VTC slope isl forV, ="1.08V, V,, ="0.71V and
Viy ="0.91V, V, ="1.28V. NM, ="0.71" ("0.9)=0.20V. NM, ="1.08" ("1.28=0.20V

The voltages remain the same. Thus the currents must be reduced by a factor of 3,
and the resistor values must be increase by a factor of 3.

YA ( 5.2\/) "1V ( 5.2\/) Y

R, = =175k | I.= =0.211mA | R, = =1.90K

0.20mA 18 K/ 0.21mA
Page472
For all inputs low | o ("5'2) V. —20quA
or all Inputs Iow = —=

P £E 11.7 kit H
$V . o Ay _ _ 0.6V _
= V" Vige =" 0.7 (")=03Vv | $v=06V | F{Cz—m—z.OOk#

"0.7"0.7"("5.9 v 0.6V

For an inputs highl .. = — =325IA =———=1.85k#

P e 11.7 kit A Ry 325uA

. _ 0.6V _
Based upon analysis abovg, = ———=1.85k#
325uA

Page473
For all inputs low | o ("5'2) V. - 20quA
or all Inputs Iow = —=

P £E 11.7 kit H
$V . o oAy _ _ 0.6V _
— Vo " Veer =707 ("=03Vv | $v=06V | &—M—Z.OOK#
Page474

Vo' ("V,) 0"0.7"("5.2v
Ve (Vee) ( )i:15.0k#
0.3mA 0.3 mA
18 ©R. C. Jaeger and T. N. Blalock
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(@) Forl.=0,v,="5.2V. (b) Forl. =0, v, =" 5w 10 s 0gy
10k# +15k#

Page476

The transistor's power dissipation is

50%0
P=Vgle+Veele =5V 55mA— +0.7V(2.55mA =14.3 mW
ce'c " VBe'E %2 518 ( A)
The total power d1ss1pat10n in the circuit is

50%
P=Vlc+Vele = 5v£2 55mA— e 5V(2.55mA) =25.3 mw

3.7(C((5
(3.7((C )( 37 260 ua
1300 5000
0.7(((5
OTC) 07 _3 15
1300 5000
The transistor's power dissipation is

%
P=Vle +V,le = svg 17mA5—(1)&+07V(3.17mA):17.8 mw

Forvy =(3.7V, I =

At the Q- point, | =

(a) (4v=(5.2v&* R. =3.00 k)
10k) + R
4 5.2 4 5.2
(b) |E_ﬂ_173 mA | | - ({¢ )( 4 =0 | I.= ((( )+  _347ma
3Kk) 3000 10000 3000 10000
Page478
Increase the value of each resistor by a factor «
Page481
AV 0.6V
=—=——=12kQ T, =0.691.2kQ|)(2pF)=1.66ns
R Il 0.5mA I 9 )(2pF)
P=5.2/(0.5+0.1+0.)mA=3.64mW | PDP=6.0pJ
20 ©R. C. Jaeger and T. N. Blalock
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5 0"V _ 04
R = R Il 0.5mA

PDP=1.4mW(50ps) = 701J

=800# | P=lgVee =0.5mA2.8V)=1.40mW

- :%:ZSO/JA | P=1geVee =0.26mA2.8V) =0.70mW

V,=0 | V.="0.2V | Vgue=0.1V | V4 ="0.7 | V5 ="0.9V | V,.s="0.8V
Vi ="14 | V, ="1.6V | Vgon="1.5V
"V =V, " O.V" 0.V ="14"07"07="28V | V.,.=2.8V

Yu tVe 2 2y

V, =0V, V, ="0.4V, : The C level bias isV;, =

Using the level shifter in Fig. 9.27,
Vo, ="0.7 | V5 ="1.1V | Va,s="0.9V

iasB —
V,, ="14 | V,, ="1.8V | Vy.,="1.6V

iasA
"VEE :VemitterA" 0.nV="0.7="28V | VEE =2.8V

Page488
For Vo =Vy, I =0, and P=0. P =Vl o0 =5V(2.43mA =12.1 mA

Increase R by a factor of 10: R= 10(2k" ) =20Kk" .

Page490
+ 20 -
#01 & 10A'1+01(482)0 10A
":exp%o'—z =48.2 | 1) —— 8:3.34A | 1.r=——=3.00
.025 20- ,, 11 3.34A
- 1*"= 0
48.2 |
* % %
+ 20 -
A+ 0
02 1 10A. 0.2454.6¢_
2, = == ] lg) = 0=1.59A
0.2+1 6 20-
"~ T 546 D
Page491
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# & -1+ mo
" :ex%o'ﬂa( =403 | [B ) lOA: . 8: 07694
.02 20 r £ 0
403 /
* % %
1.38¢107(273+15() #0.05+1&
T 1.6Qv10*° =36.5mV | Vepran =36.5mV Ing 0.05 (zlllmV
* % %*
#0184 025 1
" =ex =54.6 1.= _ =
o2d 54 | 1105675
* 40 A
0.2954.6
40 * i 0 1.08n4
54.6 ?
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# &
% n ( n
Ins=6.4nsindg WA ler (| 1169 A ey w549 ma
98- SMA, | ( 0.0614mA" |4,
$407 X
. Ve."Ve 5"0 # 2.5mA&
i =-cc TCE 4 =2.5mA =6.4nYMA" =" =6.01 pC
CMAX *F 2500 | st é)m 40.7 ( Y

Q- =i, ¢ =2.5MA0.25n5) =0.625 pC | Qs >>Q:

Page495

. _,.5"0.95_, _
Forv, =V, =0.15V: i, = 2000 1.0ImA | Ve, =V, +Veeoan
Using the value 0¥, In Fig. 9.32,V;., =0.15+ 0.04=0.19V

A better estimate i/ =25mV In;gt2 - 1&— 10.1mV
CESATL éﬁ?( .

V.., =0.15+0.010=0.16V

Page496
5"1.5

Forv, =V, =5V: i, =27 - =175mA | Vo =08V

7,2
0.878NA+ %" 2.4mA
=0.729V

Using Eq. (5.29),V,esar =0.025/ In

. # 2&
10 15A1i+o " E(,
*40 é 3%\
Page499
59%.5
5 - N(2K" )#,1; $1.5v I = =0.875MmA
(2K )#:lg $ | e =000
3.5/ | # & 3.5

o & 5(2k" )(0.875mA) =04 10(2k" )(0.875nA =02

Page500

g, = (2+1)% =2.63MA | 2.43mA+ N(1.0ImA #28.3(2.63mA)$ N #71
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5"y, 5" (o+ 0.7+ 0.7)
1600 1600

|

5" 160%" 0.7" 0.7#3% | %l5.4mA

v, =V, andv,=0: I, =2.25mA | | =41;,=92.3mA

5" (3+0.7+0.7)
lg, = =0.375mA | I =41,,=15.4mA
1600
Ve =5" 130&I1. "V, =5V " 130&(15.4mA) " 3.7="0.702V
Oops! - the transistor is not in the forwardctive region. Assume saturation wWhg,.=0.15/.
5" (0.8+0.7+3.0) 5" (0.15+0.7+3)
+

1600 130

=9.16mA

[ =1+ =

Page513
(a) BICMOS NAND gate Replace the CMOS NORyate with a twe input CMOS

NAND - gate,and connect its output to the bases pa@d Q.
(b) BINMOS NAND gate Replace the input CMOS NORjate with a twe input CMOS
NAND - gate,and connect lMand M, in series instead of parallel.
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