Microelectronic Circuit Design
Fourth Edition - Part 11
Solutions to Exercises

CHAPTER 6

Page 292
NM, =08V -04V =04V | NM,=3.6V-20V=16V

Page 294
Vi =V, + 0.1 (AV) ==2.6V + 0.1 [-0.6 - (-2.6)| = 2.4 ¥

Checking: Vo, =¥, =0.9 (AV) ==0.6V 0.9 [-0.6-(-2.6)| =24 ¥

Vo =V = 0.1 (AV) ==0.6 =0.1[-0.6 - (-2.6)| = -0.8 ¥
Checking: Vy, =V, +0.9 (AV)=-2.6V +0.9 [-0.6 - (-2.6)] = -0.8 V
_Vy+V, _-06-26

Vg, = 5 5 =-16V | t,=t,-t;=3ns | t,=t,-t,=5ns

Page 295
AtP=1mW: PDP = lmW(lns) =1pJ

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

Page 297
Z=(A+BXB+C)=AB+AC+BB+BC=AB+BB+AC+BB+BC

Z=AB+B+AC+B+BC=4A+Q+AC+MC+Q=B+AC+B
Z=B+B+ AC=B+ AC
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Page 300

Iy =L 208 6o pa | R Voo 23V 202V 4y 4uq
V,, 2.5V I, 160u4
1.6x10-“A=1o-“i2 ") 25-06-22 0217 (7| -4H
’\L), 2 L), 1
Page 301
Vop -V, 33V -0V
I, =-22""L_ =314
P R 102kQ ud
31.4x10° 4 = 6x10-si2 "1 (33-075- o1 2 -7} 209
’\L), 2 L), 1
Page 303
0.5V =— Bo 55y o R _1844Q
R, +28.8kQ
(K) B 1 _)(Z) 298
L . L 1
s 10‘4(2.5—0.60—0215)(1.84k9) s
R, = E 1 ™ =6.61 kQ | I/L=661:g'261k§)2k93.31/=0.201 14
6x10'5(')(3.3 ~0.75- ) OB
1 2
Ly
KR| 4Q V
Page 305
K,R =(6x107) 1.03 (1.02x10%) = 630
1 14
1 3.3 1 2(3.3)
NM, =33-0.75+ ————-1.63,/—— =145V NM,=0.75+ - =0318 7V
2(6.30) 6.30 6.30 \3(6.30)
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Page 309
Using MATLAB:

fzero(@(vh) (vh-1.9-0.5%* sqrt(0.6))*2 - 0.25(vh +0.6)), 1) | ans=1.5535
fzero(@(vh) ((vh-1.9-0.5%* sqrt(0.6))"2 - 0.25(vh +0.6)), 4) | ans=3.2710

v, =5- [0.75 n 0.5(1/VH +0.6 - \/0.6)] >V, =361V

fzero(@(vh) (5-0.75-0.5* (sqrt(vh + 0.6) - sqrt(0.6))- vh), 1) | ans=3.6112

(a) 80x10° 4=100x10° "] [1.55-0.60- 212015 2 - [} _&10
2\ L), 2 L)~ 1
V., =06+ 0.5(«/.15+ 0.6 —\/0.6) ~0.646 V
-6
80x10-04 = 0N AW 55 0.15-0.646) 12 - L] 2211
2 i\z), L)1 "1
(b) 80x10-6/1=100x10-6i2 " (155-060-2o1 2 || -882
L), 2 L)~
V., =06+ 0.5(\/.1+ 0.6 - \/0.6) —0.631V
-6
80x10° 4= 20010 AW (55 o 1-0631)p (L) 2L
2 \), L) 1 19
Page 312
The high logic level is unchanged: V,, =2.11
60x10‘6A=50x10-6i2 ") 2a1-075-2toa 2 | ) 2210
L) 2 Lj 1
V., =075+ 0.5(\/.1 £0.6 - \/0.6) ~0.781 ¥
-6
60x10° 4 = 2010 AW (33-0.1-0.781) 7" — Wy _0410 1
2 1AL, L)~ 1 244
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Page 314
Using MATLAB:

fzero(@(vh) ((vh-1.9-0.5% sqrt(0.6))*2-0.25(vh +0.6)), 1) | ans=1.5535

y=0—>V, =06V | V,=25-06=19V | I,,=0 for v,=V,
-6
100x10°| 19 1.9-0.6- 2 v, _100+107(2 (2.5—VL—0.6)2
1 2 2 1

6V 1168V, +3.61=0—V, =0235V | I,, = 100x10_6(¥)(1.9 -0.6-$)0235 =278 uAd

-6
Checking: 1,, = %(%}(2.5 ~0.235-0.6) =277 ud
Page 319
V., =15+ 0.5(\/0.2 £0.6- \/0.6) —_1.44V

60.6x10° =100x107° w 3.3-0.6-E 02— wy _L17
L) 2 L), 1

-6
60_6x10-6=m w (0_1_44)2_> w =@=L
2 \L), L), 1 171

Page 320

I = 100x10'6(¥)(2.5 -0.6- 02;2)0.2 =79.9 ud which checks.

Page 321
The PMOS transistor is still saturated so/,, =144 uA, and V,, =2.5 V.

144x107° = 100x10_6(%)(2.5 -0.6- %)VL -V, =0.158 1V

Page 326

Place a third transistor with % = % in parallel with transistors A and B.

The W/L ratio of the load transistor remains unchanged : (%) = %
L
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Page 327
Place a third transistor in series with transistors A and B.

The new W/L ratios of transistors A, B and C are (%) =3"—=—"

ABC

The W/L ratio of the load transistor remains unchanged : (%) = 11—81
L

Page 333

-6
M ,, is saturated for all three voltages. 1,, = 40x10 (1 11

- T) [-2.5-(~0.6)] =80.1 4

The voltages can be estimated using the on - resistance method.

132mV - 64.4mV 64.4mV
For the 11000 case, R, , = =844 Q R ,=——=804Q
80.1uA4 80.1uAd
64.4mV
For the 00101 case, R, =—— =804 Q.
80.1u4
203mV -132mV 132mV - 64.4mV
For the 01110 case, R, = =886Q R ,= =844 Q
80.1u4 80.1u4
The voltage across a given conducting device is /,R . Small variations in R are ignored.

ABCDE Y(@mV) 2(@mV) 3(mV) Im (uA) ABCDE Y(@mV) 2(mV) 3(mV) I (uA)
00000 25V 0 0 0 10000 25V 25V 0 0
00001 25V 0 0 0 10001 25V 25V 0 0
00010 25V 0 0 0 10010 25V 25V 25V 0
00011 25V 0 0 0 10011 200 130 64 80.1
00100 25V 0 25V 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 25V 0 0 0 11000 130 64 0 80.1
01001 25V 0 0 0 11001 130 64 0 80.1
01010 25V 0 0 0 11010 130 64 64 80.1
01011 25V 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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Page 334

=M=O.IOO mW
2

av

Page 335
P, = 10'12F(2.5V)2(32x106Hz) = 2x107*W =200 uW or 0.200 mW

P, = 10'12F(2.5V)2(3.2x109Hz) =2x107*W =0.02 W or 20 mW

Page 336
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 two, we must reduce the W/L ratios by a factor of 2.

WY L)L () _1f471) 236
L), 2\1.68) 336 L), 2\ 1 1

To increase the power by a factor of , we must increase the W/L ratios by a factor of 20.

2m

W\ o L81)_362 (W) _,222) 444
L), 1 1 L), 1 1

To reduce the power by a factor of three, we must reduce the W/L ratios by a factor of 3.

(z) _1(1.81)_0.603_ L (Z) _%3.33)_& | (z) _1(6.66)_2.22
L), 3\1 1 1.66 L), 3\ 1 1 L), 301 I
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Page 339
t, =2.2RC =22(28.8x10°Q|(2x10"* F) =12.7 ns

7oy = 0.69RC = 0.69(28.8x10°Q)(2x10™ F) = 3.97 ns

Vit Vs

vo(t) =¥y = (Vs - V,)exp(-RLC) | Vo(Tom) = Vi -0.5( )=2.5-1.15 ~135V

135=0.2-(0.2- 2.5)exp(— ;’fg) —1,,, =—RCIn0.5=0.69RC
Vo(t,) =V =0.1(V, +7,)=2.5+023=227 ¥
227=02-(0.2- 2.5)exp(-’—1) —> ¢ =—RCIn0.9

RC
Vo(ta) =V, +0.1(V, +7,)=02+0.23=043 ¥
0.43=0.2-(0.2-2.5)exp _ by —_RCIO.1

RC)

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

Page 343
t, =3.7(2.37x10°Q)(2.5x10°F) = 2.19 ns | 7, =1.2(2.37x10°Q)(2.5x107°F) = 0.711 ns

t,=2.2(28.8x10°Q)(2.5x107°F) =158 ns | 7, =0.69(28.8x10°Q)(2.5x107"°F) = 4.97 ns
_ 0.711 ns +4.97 ns

Tp 5 =2.84 ns
Page 346
s 1 1
T = 2N, =2(401)(10 s) =802ns | f=—= o —=125MH:
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Page 347
For our Psuedo NMOS inverter with V, =0.2 V,

" 2
Tpy =12R C=12 ML 10—~

1,C,, VZ(VGS - VTN) ‘un<VG - VTN)

(250x107 m) (100cm/m)

Frm =12 (500cm? /¥ - s)(33-0825)r 0-606ps
2 2
i ) P i (250x107m) (100cm/m) i
Truy =12 R C =12 0.4u,(Vis = Ve ) h2 (125¢m? /v - s)(3.1-0.825) m203ps
- 0.606ps2+ 2.63ps 162 ps
Page 349

The PMOS transistor is saturated forv, =V,. 1, =

40x107°(23.7
2 1

)L[—z.s ~(-0.6)] =1.71 m4

) 2.5V(1.71mA)

-12 2 1
Py==m o =214mW | P,=5x10 F(2.5V—O.2V)(

2x107%s

)=13.2 mwW

3

We must increase the power by a factor of 20pF | 2ns =8
SpF \lns

so the W/L ratios must also be increased by a factor of 8.

W) oo B0 () g 4741 3P P, =20x10"2F(2.5V 0.2V} 19 =106 mW
L), \1 1 L)y \ 1 I 1075
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CHAPTER 7

Page 370

(a) K, =40x10"° 201 _ 800 ﬂ; | K, =100x10°| 22| = 2000 M;=2.00 m—f
, 1 4 1 v 4

(B) Vi =0.6+ 0.5(\/2.5 +0.6 - M) ~1.09 7
(¢) ¥ =-06- 0.75(\/2.5 +0.7 - w/ﬁ) —_131V

Page 372
(a) Forv, =1V, Vogy =¥y =1-0.6 =04V and Vg, —V;, ==1.5+0.6=-0.97

My, is saturated for v, =0.4 V. M, is in the triode region forvy =1.6 V. .. 1.6 V=v, <25V
(b) M, is saturated for v, <1.6 V. ... 04V <v,=<1.6 V

(c) My, is in the triode region for v, =0.4 V. M, is saturated forv, <1.6 V. .. O0=sv,=<04V

L), K\L), 1) 1

Page 373
Both transistors are saturated since ‘VGS‘ = ‘VDS ‘
K
%(VGS - VTN)2 = Tp(VGS - VTP)2 K, = Kp ‘VT ‘= ‘VTP‘
Vosw =Vosp =V =Vpp—v, v, = %
10K,

K
B (VGSN - VTN)2 = Tp(VGSP - VTP)2 - M(VGSN -V ) =—Vesp + Vip

VI0(v, =0.6)=4-v, 0.6 v, =1.273 ¥

K 10K
TP(VGS - VTN )2 = —p(

v, =0.6=10(4—v, ~0.6)—>v, =237 ¥

Vase =V )2 - (VGSN -V )= \/E(_VGSP + VTP)
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Page 375

i)
Kp=— e K g5
Fd LA
[z,
_ 2KR(VDD - VTN + VTP) _ (VDD - KRVTN + VTP)
" (K -13143K, K, -1
- 2(2:5)(25-06-06) (25-25(06)-06) oy
(25-1)1+3(2:3) 2.5-1
v - (Ki + 1)V Voo = KV =V (2.5+1)1.22-2.5-2.5(0.6)+ 0.6 _ 0.17ap
2K, 2(2.5)
_ 2\/K7R(VDD —Viy + VTP) 3 (VDD - KiVoy + Vrp)
I (KR—I)\/KR+3 K, -1
, 242.5(2.5-06-06) (25-2.5(0.6)-0.6) o0y
(2.5-1)y2.5+3 2.5-1
Vo (Ke +1)7, + VD2D ~ KV = Vi (2.5+1)0.902 + 22.5 -2.5(0.6)+0.6 _ .

NM, =V,, -V, =238-122=1.16V | NM, =V, -V,, =0.902-0.174=0.728 V/

Page 376
. 107°F
Symmetrical Inverter: v, =1.2R , C=1.2 " Q=3.16 ns
2(107)(2.5-0.6)
Page 377

T, 107s

- ~167Q
1.2C 1.2(5x10"12F)

Symmetrical Inverter: R, =

(W) 1 1 31.5 (W) (W) 78.8
—| = , = = =] =252 =22
L)y RuK,(Ves=Viy) 167(107)25-0.6) 1 L), "\r), 1
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Page 379
280ps

50ps
(Z =1.12(3.77)= 422 (K) =1.12(9.43)= 10.6

The inverters need to be increased in size by a factor of =1.12.

1 1 1 1

W) _(377Y33-075) 343 | (W) _(943)33-0.75)_8.59
L), \ 1 N\33-05) 1 L), \ 1 \33-05) 1

Page 380

Tpy =24R, C= 24¢€ ___24C =L26£L
K, (Vos =Viw)  K,(2.5-0.6) K,
TPLH = 2'4R0npc = 24C = 24C = 126£
K,(Vas=Vin) K,(2.5-0.6) K,
Tpy =24R, C = 2.4¢ = 2.4C =094£1
K,(Vos =Viv)  K,(3.3-0.75) K,
Tpy =2.4R, C= 24¢€ = 24€ =094£L
K,(Vas=Vin)  K,(3.3-0.75) K,
Page 381
The inverter in Fig. 7.12 is a symmetrical design, so the maximum current occurs

4
forv, =v, = %. Both transistors are saturated : i, = %(%)(125 - 0.6)2 =423 ud

-5
Checking: i,, = 4’20 (?)(1.25 ~0.6) =42.3 ud

Page 382
cry, 10°F(2.57)

(a) PDP = 5DD - : =0.13 pJ =130 17
cry, 10°F(3.37)

(p) PDP = 5DD - - =0.22 pJ =220 fJ

cvy, 10°F(18V)
(c) PDP ==20 -
5

=0.065 pJ =65 fJ
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Page 388
Remove the NMOS and PMOS transistors connected to input E, and ground the source of

the NMOS transistor connected to input D. The are now 4 NMOS transistors in series, and

HRCENEE

Page 392
There are two NMOS transistors in series in the AB and CD NMOS paths, and three PMOS

transistors in the ACE and BDE PMOS paths. Therefore:

I e

Page 396
(a) The logic network for F = AB + C is

r B;—I_l
L T

A O—

il

P=CVf= (50x10'12F)(5V)2(107Hz) —12.5mW

12 ©R. C. Jaeger and T. N. Blalock
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Page 400

1

2
p=|22PE N 316 7,-3161,+3167, =632,
50/F

1 1
Z=elnz ZE=(€IHZ)E=6

1
;
B= S0pF =2.683
50 fF
1, 2.68, 2.683" =7.20, 2.683° =19.3, 2.683" =51.8, 2.683° =139, 2.683° =373
A, =(1+3.16+10+31.6+100+316) 4, = 4624,

A, =(1+2.68+7.20+19.3+51.8+139+373)4, =594 4,

Page 401
From the figure, 10/1 devices give a maximum R of 4 k€. The W/L ratios must be 4 times
larger in order to reduce the maximum R to 1 kQ. .. (%) = 4(?) = 41—0
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CHAPTER 8

Page 419
28 ° 220 N 230 .
(a) NS = 2Teg0 =2 =2048 segments | (b) NS = Feg0 =2 =2048 segments
Page 422
(a) N =2%+2% =27 =268,435,456
(8) oo =22 152 ma | Currenticell = 222 _ 56,4 p4g
3.3V 2% cells

Reverse the direction of the substrate arrows, and connect the substrates of the PMOS
transistors to V.

Page 426
M, : Att=0", V-V, =4 Vand V,, =2.5V, so transistor M, is operating in the triode region.
i = 60x10"6(%)(5 -1- 22;5)2.5 =413 uA

M,,: Att=0", V=V, so transistor M, is operating in the saturation region.

-6
Vs =1+ 0.6(\/2.5+ 0.6 —1/0.6) “15920 i = 60’“210 (%)(5—2.5—1.592)2 ~24.8 ud

Page 428
M, : Att=0", V , =V,,, so transistor M, is operating in the saturation region.

-6
i = 60x210 G)(s—l)2 — 480 ud

M,,: Att=0", V_ =V,, so transistor M, is operating in the saturation region.

-6
iy = 60x21 0 (%)(5—1)2 =480 pd

14 ©R. C. Jaeger and T. N. Blalock
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Page 431
(a) Att=0", Vo=V, =3-0.7=23 Vand V,;, =1.9 V, so transistor M, is operating in

the triode region. i, = 60x10"6(%)(3 -0-0.7- %)1 9=154 ud

50x10°° F
60x10'6(3 - 0.7)

(b) From Table 6.10: ¢, =3.7R,C=3.7 =134 ns

V.=V, -V | VC=3—[0.7+0.5(1/VC+O.6—\/0.6)]—>VC=1.89V| V.=3-07=23V

e 25x10"°F(1.897)

n — =2.95 x 10’electrons
q 1.60x10"°C
Page 432
(a) AV = Vc_ Vir _ 14250'95 V=190mV | AV = Vc_ Vs _ 39‘(70‘95 V=-19.0 mV
—BL 11 €+l —BL 41 €41
CC CC CC CC
(p) T=R,, Co _si @B 012305 or 7= R,C. = 5kQ(25/F)=0.125 ns
—<+1 —+1
Cy 49
Page 434
At1=0", Voo =V;y =(3-0)-0.7=2.3 Vand V5 =1.5 V, so transistor M, is operating in
. : , o2 1.5
the triode region. i, =60x10 n 3-0.7- EX 1.5=279 uA
15 ©R. C. Jaeger and T. N. Blalock
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Page 436
In setting the drain currents equal, we see that the change in W/L cancels out, and

the voltages remain the same.
iy = %(60x10'é)(§)(1.33—0.7)2 =59.5ud | P,=2(59.5ud)(3V)=0.357 mW

As a check, the current should scale with W/L: i, = %(23.5,[1,14) =58.8 u4

. . 1 o\ 2 2 1 o\ 2 2
Equating drain currents: 5(25x10 )(T)(25 -V, - 0.6) = 5(60x10 )(T)(VO - 0.6)
1.4V, +0.92V,-2.746 =0 =V, =1.11V

i, = %(25x10'6)(%)(2.5—1.1 1 —0.6)2 =156 ud | P, =2(15.6u4)(2.5V) =78.0 uw

Checking : %(60x10‘6)(%)(1.1 1 —0.6)2 =15.6 ud

Page 488
1

Ron = 60x10°(3-13-1)

=2384kQ | T=23.8kQ(25/F)=0.595ns

Page 440

For all possible input combinations there will be two inverters and 3 output lines in the low state.

Py =5(02mW)=1.0 mWw

Page 442

w) 2 (181) 1.63
L), 222\ 1 1
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Page 444
For a 0-V input, all transistors will be on and the input nodes will all discharge to 0 V.

For the 3- V input, the nodes will all charge to 3 V aslongas V,,, =2 V.
v, =07+ o.s(w/3 £0.6- \/0.6) ~1.26 V. Thus the nodes will all be a 3 V.

2207+ y(w/3+0.6 —\/0.6) —y<1.158

The output will drop below V,,,/2. For the PMOS device,

Vos = Vip|=3-1.9-0.7=0.47.
The PMOS transistor will be saturated. For the NMOS device, [V — VTP‘ =19-0.7=1.2V.

Assume linear region operation.

6
40x107 (5 (~1.140.7) =100x10° 219-07-Yo|n
2 1 1 2

V2-2.4V,+0.16=0—>V, =68.6 mV

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

Page 462

fer _oxp| 22 ) 008 x10° | 2 coxp| 03 | C163x10° | F2 cexp| 2 ) Zg.89 1 10°
- 0.025V ioy 0.025V i 0.025V
Page 464

The current must be reduced by 5 while the voltages remain the same.

I = 302“‘4 =60 ud | R.=5(2kQ)=10 kQ
Page 465

1 92.9u4 107u4
I,=—2% I, = =4.42 I,,=———=5.10
B/3F+1|B3 21 ud 1= -

IR, =4.42ud(2kQ) =8.84 mV << 0.7V | Iy,R. =5.10ud(2kQ)=10.2 mV << 0.7 ¥

Page 467

Vy=0-07==07V | ¥,=0-02mA(2kQ)-0.7V =-1.1V

0.7V +(-1.107)
2

=-09V | AV=-0.7V-(1.1V)-04V

VREF =

Page 469

NM, = NM, = % ~0.025V

I+ In 04 -1|[=0.107 V
0.025

18 ©R. C. Jaeger and T. N. Blalock
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Page 471
P=3.37(0.3mA+0.2mA)=1.65mW | P =33V(035TmA+0.2mA)=1.84 mW

0.67 I+In 0.6 -1|[=0.20 V
0.025

NM,, = NM, === ~0.025V

From the graph, the VIC slope is-1 for V,, =-1.08 V', V,,, =-0.71 V' and
Vig=-091V,V,, =-128V. NM, = —0.71—(—0.91) =020V. NM,=-1.08 —(—1.28) =020V

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.

~1.7V - (-5.27) —1.4V -(-5.27)) 0.4V
e = =175kQ | I, = =0211mA | R.,,=——=1.90kQ
0.20mA 18 kQ 0.211mA
Page 472
For all inputs low: /,, = ~1-07- (_5'2) v _ 299uA
P e 17 k9
AV 0.6V
= Va=Vasr =-0.7-(-1)=03V | AV=06V | R, =m=2.oo kQ
-0.7-0.7-(-5.2
For an inputs high: 7, = ( )L=325,uA | R =M=1.85k9
11.7 kQ 325u4
Based upon analysis above, R. = 0.6 _ 1.85 £kQ
25u4
Page 473
For all inputs low: /,, = =07 (_5'2) Vo 299uA
P e 17 k9
AV _ Vi =Vige ==0.7=(=1)=03V | AV=06V | R _ 0 50040
2 299uA
Page 474
V. =(-V, 0-0.7-(-5.2V
R, =— ( EE)= ( )L=15.0k9
0.3mA 0.3 mA
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10£Q
Forl,=0,v,=-52 V. (b) Forl,=0,v,=--52V —————=-2.08
(2) For £, =0, v, (b) ForZ; =0, v, 10kQ+ 15k
Page 476
The transistor's power dissipation is

P =Vl + VI, = 5V(2.55mA§—(1)) +0.7V(2.55mA) = 14.3 mW
The total power dissipation in the circuit is

P=V. . +Vyl, = 5V(2.55mA%) +5V(2.55mA) =253 mW

Forv, =-3.7V, I, = 37-(5)_ 37 =260 pd.
1300 5000
~0.7-(-5
At the Q-point, /, = ( )— 0.7 =3.17 m4
1300 5000

The transistor's power dissipation is

P=V,I.+V,I, = 5V(3.17mA%) +0.7V(3.17mA) =17.8 mW

(a) -4¥= 5oy 10K, R, =3.00 kQ
10kQ + R,

(b) 1, =225 <173 ma | el e BNl 2 .
3kQ 3000 10000

=3.47 mA

- +
3000 10000

Page 478
Increase the value of each resistor by a factor of 10.

Page 481
Ro=——=—"—=12kQ | 7,=0.69(1.2kQ)2pF)=1.66 ns

P=52V(0.5+0.1+0.1)mA=3.64 mW | PDP=6.0 pJ
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0-V, 04V

Rez = Ker = I, 0.5mA

PDP =1.4mW (50 ps) =70 /7

=800 Q | P=1,V,, =05mA(2.8V) =140 mW

I, - % =250 ud | P =1,V =0.25mA(2.87)=0.70 mW¥

Vy=0 | V,==02V | V,, =01V | Vyy==07 | V,==09V | V, ,=-08V
Viy=-14 | V,=-16V | V,  =-15V
V=V, =07V =07V =-14-0.7-07=-28V | V,, =28V

Vit Vs

Vy=0V, V,=-047V, : The C-level biasis V,, . = =-02V

Using the level shifter in Fig. 9.27,

Ve ==0.7 | Vy==11V | Vs =-09V
Vig==14 | Vy=-18V | Vg =-16V

Vg =Voiira =07V ==0T7==-28V | V=28V

Page 488
Forv, =V, I =0, and P=0. P =V,,1,, =5V (2.43md)=12.1 m4

Increase R by a factor of 10: R = 10(2k£2) =20kQ.

Page 490
20
1+01(48 2)
0.1 104 0.1(48. 104
I =ex -482 | I, = =334 4 - —= 23,00
p(o.ozss) CE T | Pron =334
48.2
20
1+
02 1 104] 02(54.6)
o= == | I, =159 4
02+1 6 20 ., 6
54.6
Page 491
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14—
0.1(403
I'=exp 0.15 =403 | [BZIOA ( ) =0.769 4
0.025 20| ,_ 11
403
1.38x107(273 +150) 0.05+1
= =365mV | Vigyy =36.5mV In| = =111 mV
' 1.60x107" | Vesa ( 0.05 )
I'=exp 0.1 =546 | ay= 0.25 =l
0.025 14025 5
40
0.25(54.6
1, = 0m4 (549) S1.08mA | By =—2mA _g 04
40 i 1.08mA
54.6
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Ins = 6.4nstn| A= T || g9 AT Ly 5 49 ma
2.5mA 0.0614mA — 1,
407
Vee=Vez _5-0 _ 2.5mA

[} e =2.5mA =6.4ns|1lmA-———|=6.01 pC
cMAX B, 2500 | Oy ( 40.7 ) p

O =iy, =2.5mA(0.25n5)=0.625pC | Oy >> O,

Page 495

. 5-0.95
Forv, =V, =0.15V: i,=- 2000 - -1.01mAd | Vi =V, +Vegun
Using the value of V,,, in Fig. 9.32, V,,, =0.15+0.04=0.19 V

A better estimate 1S V., =25mV ln(%) =10.1mV

Vepr =0.15+0.010=0.16 ¥/

Page 496
L. 5-1.5
Forv, =V, =5V z,H=2M=1.75mA | Vi =08V

0.875mA + (1 - 2)(2.4%4)
3

Using Eq. (5.29), V., =0.025V In =0.729 V

10754 L 4|1-2
40 3
Page 499
5V -NQkQ)B I, =15V | I, = 5=LS 0 875ma
4000
3.5V 3.5
Br = =04 | Bps= -
5(2kR)(0.875mA) 10(2kQ)(0.875mA)
Page 500
5-1.5

Iy, =(2+ I)M =2.63mA | 243mA+ N(1.01mA)<28.3(2.63mA) — N <71
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v, =V, and v,=0: I, = 1_600 - 00 =225mAd | I, =411,,=92.3 mA

5—1600%—0.7—0.723—>IL <154 mA

5—(3+0.7+0.7)

1, = =0.375 mA 1, =411,, =154 mA
B4 1600 | L B4

Vep =5-130QI. -V, = 5V -130Q(15.4mA) - 3.7 = -0.702 V

Oops! - the transistor is not in the forward - active region. Assume saturation with V., = 0.15V.
5-(0.8+0.7+3.0) 5-(0.15+0.7+3)

I, =1,+1.= +
LotE e 1600 130

=9.16 mA

P 1
(;)geBSiC?\/IOS NAND gate: Replace the CMOS NOR - gate with a two - input CMOS
NAND - gate, and connect its output to the bases of Q, and Q,.

(b) BINMOS NAND gate : Replace the input CMOS NOR - gate with a two - input CMOS
NAND - gate, and connect My and M, in series instead of parallel.
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