Microelectronic Circuit Design
Sixth Edition Supplement
Solutions to Exercises

CHAPTER S6

Page S6-8
NM,=08V-04V =04V | NM,=3.6V-20V=16V

Page S6-10
Vigs =V, + 0.1 (AV) = =26V +0.1 [-0.6 - (-2.6)] =24V

Checking: ¥y, =¥, =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)] 08V
Checking: Vi, =V, +0.9 (AV) = =2.67 +0.9 [-0.6 - (-2.6)] = -0.8 V
Vy+V, -0.6-26

Vo, = 5 5 =-16V | t=t,~t;=3ns | t,=t,~t,=5ns

Page S6-11
AtP=1mW: PDP =1mW(Ins)=1pJ

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

Page S6-13
Z=(A+B)(B+ C)=AB+ AC+BB+BC=AB+ BB+ AC+ BB+ BC

Z=AB+B+AC+B+BC=B(A+1)+AC+B(C+1)=B+AC+B
/Z=B+B+ AC=B+ AC
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Page S6-16

IDD=L=O'4LW=16OMA | R= Vop =V 25V =02V 14 410
Vip 2.5V I, 1604
/4 0.2 W\ 444

Lex10%4=10" 21 a5 06-22)02 12 -] 224
v\ L), 2 L),

Page S6-17

V. -V, 33V-0.1V
] =-DD 7L _ =314
P R 1024Q ud

w

31.4x10‘6A=6x10-Siz— 33-0.75- 21
VL), 2

0172 ") _209
' L), 1

Page S6-19

0.5V =— K55y o R _184140

R, +28.8kQ

w

(K) B 1 %( ) _2.98
L 10‘4(2.5—0.60—0'215)(1.8%9) L)

1

R = = ! 5601k | n=661]f£1kf(2)2k93.31/=o.201 4
6x10% 7 [3.3-0.75- "7 DU
1 2

R AN A
KR| 4Q 7
Page S6-21

B \(1.03 s\ 6.30
(@)K R= (6x10 )(T)(l.oleo )_ ==

NMH=3.3—0.75+;—1.63‘f%=1.45V NM, =0.75+ !

2(6.30)

- 2(3'3) =0318V
3(6.30)

6.30

(h)V, =0.090V, V, =322V, V. =177V, V, =0.591V
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Page S6-25
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+0.5(,/VH +0.6 -\/0.6)] ~V, =361V

fzero(@(vh) (5-0.75-0.5*(sqrt(vh+0.6)-sqrt(0.6))-vh), 1) | ans=3.61

(a) 80x10° 4 =100x10° L 7| [1.55-0.60- 212015 p2 [ 7| 2610
2\ L), 2 L),
V., = 0.6+0.5(\/.15+O.6 ~0.6)-0.646 ¥

80x10‘6A——100xm A( )(25—0.15—0.646)2V2—>(%) SLLCLY

L

(b) 80x10°4=100x10" ( ) (1 55- 060——)0.1 VZ%(%) =
N

Vi =06+0.5(\ 1406 -0.6) =0.631 ¥

80107 4 = 100x10™ A (W (25 0.1- 0631) pr (W) 01 1
2 P L

Page S6-28
The high logic level is unchanged: V, =2.11

60x10™° A = 50 10-6A W1 a11-075-% o1 2 () 216
L), 2 L),
V., 075+05(\/1+o _Jos ) 0781V

-6
60x10°4 =200 AW ) (35 01-0781) 2 - L] 2210 L
L), L

2 P 1 2.44
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Page S6-30
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 forv,=V,

-6
100x10°| 19| 1.9-0.6- " v, _100x107 (2 (2.5—VL—0.6)2
1 2 2 |1

672 -116.87, +3.61=0—V, =0235V | I,,=100x10" (110)(1 9-0. 6-%)0 235=278 uA
-6
Checking: 1,, = %(%)(2.5 ~0.235-0.6) =277 ud

Page S6-31
Using a graph digitizer (Plotdigitizer.com):  0.64V,2.42V,146V,0.52V,0.12V,0.96 V

Page S6-35

V., =15+ 0.5(\/0.2 £0.6- \/0.6) 144V

60.6x107° =100x10_6(%) (3 3-0. 6——)0 2— ( ) —7
N

-6
10010717 (0-144) & _0585 1
L), 1 17

—_—

60.6x107° =

L

Page S6-38

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

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

L
J—VDD
M4
L NMOS 37
—y

<M2 M3

J :i‘NMOS <NMOS CJ q‘NMOS

181
1

A4

A B,C:W/L=222/1
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Page S6-40
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

f—

The W/L ratio of the load transistor remains unchanged : (%) = 181

1

—

VDD

)

ML
NMOS

e

J

i

MC
ANMOS

|

MB
NMOS

MA
ANMOS

oL o

q
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Page S6-46

-6
M, is saturated for all three voltages. [, = %(%) [—2.5 - (—0.6)]2 =80.1 ud
L

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

For the 11000 case, R, , = —2mV =034mV o q o g  034mV 40
80.1u4 80.1u4
For the 00101 case, R, = 6aAmV._ 804 Q.
80.1u4
For the 01110 case, R, . = 200V =132mV _ g o g 132mV =644mV_o\4
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) Iop(uA) ABCDE Y (@mV) 2@mV) 3(mV)

00000 25V 0 0 0 10000 25V 25V 0
00001 25V 0 0 0 10001 25V 25V 0
00010 25V 0 0 0 10010 25V 25V 25V
00011 25V 0 0 0 10011 200 130 64
00100 25V 0 25V 0 10100 25V 25V 25V
00101 130 0 64 80.1 10101 130 130 64
00110 25V 25V 25V 0 10110 25V 25V 25V
00111 130 64 64 80.1 10111 100 83 64
01000 25V 0 0 0 11000 130 64 0
01001 25V 0 0 0 11001 130 64 0
01010 25V 0 0 0 11010 130 64 64
01011 25V 0 0 0 11011 110 43 22
01100 25V 0 25V 0 11100 130 64 64
01101 130 0 64 80.1 11101 66 32 32
01110 200 64 130 80.1 11110 110 64 87
01111 114 21 43 80.1 11111 65 32 32
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Page S6-47

P, =M=0.100 mw

Page S6-48
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 S6-49
The inverter in Fig. 6.33(a) was designed for a power dissipation of 80uA(2.5V)=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 () 1471} 236
L), 2\tes) 336 (L) 2|1 1

To increase the power by a factor of 4mW
0.2mW

W) o L81) 362 | () _(222)_444
L), 1) 1 L) 1 1

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

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 (K) _1(3.33)_& | (Z) _1(6.66)_2.22
L), 31 1166 \L), 301 I L) 3\ 1 1
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Page S6-52
t,=2.2RC =2.2(28.8x10°Q)(2x107"°F) =12.7 ns

Ty = 0.69RC = 0.69(28.8x10°Q)(2x107°F) = 3.97 ns

VatV,

volt) =¥y = (Vs - V,)exp(-RLC) | Vo(Tom) = Vi -0.5( )= 25-1.15=135V

135=0.2-(0.2- 2.5)exp(—%) — 1, =—RCIn0.5=0.69RC
vo(t,)=Vy =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-(02-2.5)exp| ~—2-| =1, ==RCIn0.1

RC

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

Page S6-55
t, =3.7(237x10°Q)(2.5x10°F) =2.19 ns | 7, =12(237x10°Q)(2.5x10™° F) = 0.711 ns

t,=2.2(28.8x10°Q)(2.5x107°F) =158 ns | 1, =0.69(28.8x10°Q)(2.5x10 ™" F) = 4.97 ns
_ 0.711 ns +4.97 ns

Tp 5 =2.84 ns
Page S6-58
1 1

T =2Nt,, =2(401)(107s) = 802 ns =—=——=1.25 MH:

o =2401)107s) T 302 -
Page S6-59

I (2.5x10% em)’

thy = = =0.505 ps

2
(Voo =Vin) - 500 T (0.75)(3.3v)
-8
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Page S6-61

The NMOS switching transistor is in the linear region for v, =V,.

I, = 100x10-6(12—7) (2.5—0.6-%)[0.2] =457md | P, =25V(451mA)=11.4mW
1), 2

1

_ 2.5V(4.57mA)
20x107°s

av

~5.72mW | P, = 10x10"2F(2.5V—0.2V)2( )= 2.65 mW

From the repetitive waveform, P, =10x10"2F(2.4V ~0.2V) (ﬁ) =2.42 mW
X N

We must increase the power by a factor of 20pF (20 ) _ 4,
10pF N\ lns

so the W/L ratios must also be increased by a factor of 4.

W 4103412 () _ 4127 308
L), \t) 1 (), 1) 1

1

07°s

P, = 20x10‘12F(2.5V—0.2V)2( )= 106 mW
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CHAPTER S7

Page S7-4

(a) K, =40x10"° 201 _ggo | K =100x10" 291 Z2000 #4500 ™4
r 1 " 1 v’ &

I
(B) Wy =0.6+ o.s(xlz.s +0.6 - M) ~1.09
(¢) V2 =-06- 0.75(«/2.5 +0.7 - \/ﬁ) —_131V

Page S7-6
(a) Forv, =1V, 7,

GSN

V,=1-0.6=04V and V_ -V  =-(2.5-1)+0.6=-0.9V

GSP

M, is saturated for v, =0.4 V. M, is in the triode region forv, =1.6 V. . 1.6 V<v <25V

N

(b) M, 1s saturated for Vy < l6V. -.04V < Vo < 1.6V

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

L), k\L)J 1) 1

Page S7-7
Both transistors are saturated since |VGS| = |VDS|.
K K
211 (VGSN - VTN)2 = TP(VGSP -Vip )2 Kn = Kp |VTN| = |VTP|
V,
Voss ==Vesp Vi =Vpp—v, =V, = %

10K K
TP(VGSN - VTN )2 = TP(VGSP - VTP)2 - \/E(VGSN - VT ) = _VGSP + VTP

J10(v,-0.6)=4-v,-06—v,=1273 V

K 10K
TP(VGSN Vi )2 - TP(VGSP - VTP)2 - (VGSN -Vi ) = \/ﬁ(_VGSP + VTP)

v, =0.6=+10(4-v,-0.6)=>v,=2727V
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w) K
slz), ©
yo_ 2K (Voo =Vix +Vie) (Voo = KeViw + Vi)
" (K -1+ 3K, Ky -1
L _225)(25-06-06) (2.5-25(0.6)-06) .
(2:5-1)1+3(2:5) 2.5-1
y Kt W =Vop =Ky =Wy (25+1)122-25-250.6)406
2K, 2(2.5)
_ 2\/K7R(VDD —Vy + VTP) _ (VDD - KiVpy + Vrp)
(K- K +3 Ky -1
2425(2.5-0.6-0.6) (2.5-2.5(0.6)-0.6)
L= - =0.902V
(2.5-12.5+3 2.5-1
v - (Ko +1)V + VDzD ~ KV =V (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 S7-10
107 F 3.16ns

Q=3.16ns | 7,= =0.63
2(107)(2.5-0.6) wom "

Symmetrical Inverter: 7, =12R C=1.2

Page S7-11
T, 1075

12C 1.2(5x10-”F)

Symmetrical Inverter: R == =167Q

(K) _ 1 _ 1 _315 | (W)
L)y R,K(Ves=Vi) 167(107)2.5-0.6) 1 L),
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Page S7-13

The inverters need to be increased in size by a factor of 22810 So112.
ps

W\ 3772422 () f983) 106
L), 1 1 L), 1 1

Wy (3.77)3.3-0.75) 3.43 | W) [943)3.3-0.75) 8.59
Ly, | 33-0.5 1 L), 1 33-0.5 1
Page S7-14

The current (i. e. the W/L ratios) needs to be scaled by the delay change.
To reduce the delay, we need to increase the current.

(E) _3(0.89)_2.51 | (E) _2(0.89)_6.27
L)y 1\071) 1 L), 1\071) 1

() 2{24).20 | () (i ssi
L), 1\1.58 1 L), 1\1.58 1

Page S7-15
_guR C._ 24C _ 24C . C
PHL . onn KH(VGS — VTN) Kn (25 - 06) . Kn
T 24R C 2:4C 2:4C 1.26 ¢
P = AT oy = - STk,
v KP(VGS _VTN) Kp(2'5_0'6) K‘D
C _hap .. 24C _ 24C o, C
R ) B0
Ty =24R, C=—23C 09
pLH = T R~ = - K,
3 KP(VGS - VTN) KP(3'3_0'75) K,
Page S7-17
The inverter in Fig. 7.12 is a symmetrical design, so the maximum current occurs

4
forv, =v, = %. Both transistors are saturated: i), = %(%)(1.25 - 0.6)2 =42.3 ud

5
Checking: 7, = 210 (?)(1.25 ~0.6) =42.3 ud
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Page S7-18
13 2
crvy, 10°F(2.57)

(a) PDP = : =0.13 pJ =130 fJ
13 2
(p) PDP = C?D 10 F£3'3V) =0.22 pJ =220 fJ
13 2
(c) PDP = CVip 19 F(187) =0.065 pJ =65 fJ
5 5
Page S7-23

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

()4 ()

Page S7-26

The position of PMOS transistors C and D may be interchanged in Fig. S7.27(a) or (b).
Another possibility is to interchange the position of the NMOS transistors forming the B(C + D)
sub-network.

Page S7-28

(1) Either one or both of the NMOS and PMOS switching networks can be rearranged. In the
NMOS network, the positions of transistors A and B and transistors C and E can be
interchanged. Note that both of these changes must be done to retain the correct logic function.
In the PMOS network, the positions of transistors A and C and transistors B and E can be
interchanged. Again, both sets of changes must occur together.

(i1) There are two NMOS transistors in series in the BC and BD NMOS paths and three PMOS
transistors in the ADC PMOS path. Therefore:

L)y 1 L)y seo 1 1 L) ane 1 1 L)ps 1_1

5 15

(111) Add a second input labeled F to the lower AND gate in the logic diagram. Add NMOS
transistor F in series with transistor E in the NMOS tree and PMOS transistor F in parallel with
transistor E in the PMOS network.

13 ©R. C. Jaeger, T. N. Blalock & B. J . Blalock
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Page S7-34

1

3

B= oot 7p =31.67, +31.67,=63.27,
50 fF

1
7
B= S0PEN 5 683
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, =462 4,

A, =(1+2.68+7.20+19.3+51.8+139+373)4, = 5944,

Page S7-35
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(%) = 4T0

14 ©R. C. Jaeger, T. N. Blalock & B. J . Blalock
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CHAPTER S8

Page S8-4
28 ° 220 . 230 .
(a) NS = 77 eoi0 =2 =2048 segments | (b) NS = T =2 =2048 segments
Page S8-5
(a) N =2%+2% =2% =268,435,456
(B) Loy =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 S8-8
ForM,,, V,, =1V: i =60x10" (%)(3—0.7—%)(1)=108 uA
. o1 0.46
For M, Vy, =046 Vi i, =60x107| || 1.5-1.04-="10.46 = 6.35 u

M, Att=0",V -V, =4V and V', =25V, so transistor M, is operating in the triode region.
i, =60x10"° (%)(5— 1 —%)2.5 =413 uAd

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

-6
Vs =1+06(V2.540.6 -0.6) <1592, - 60’“210 (%)(5—2.5-1.592)2 =247 pd

Page S8-10

For both M Al and M

A2° " MIN

ooy i=60x10°(1][3-07-1 (1)=108 u4
1 2

15 ©R. C. Jaeger, T. N. Blalock & B. J . Blalock
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Page S8-11
M, Att=0",V, =5V, V. =5V, V=25V |V, =V, so transistor M | is

-6
operating in the saturation region: i = 60x210 (%)(5— 1)2 =480 uAd

M, At1=0,V, =25V, V =5V, V=0V |V, -V, =5-1=4V,V, =2.5,50

transistor M ,, is operating in the triode region: i, = 60x10~° (%)(5 -1- %)2.5 =413 uA

Page S8-13
(a) Att=0",V -V, =3-07=23V and ¥, =1.9 V, so transistor M, is operating in

the triode region. i, = 60x1 0° (%)(3 -0-0.7- %)1.9 =154 u4

50x10"° F
60x107° (3— 0.7)

(b) From S7.18 and 87.19: ¢, =2.4R C=2.4 =0.87 ns

c = i =60x107"] - -0-0./—=|[1= u
) V, =1V 1601061 3007;1 108 uA

Page S8-14
V.=V, -V, | VC=3—[0.7+0.5(,/VC+0.6-\/0.6)]—>VC=1.89v | V.=3-0.7=23V

_Cv_25x107°F(1.89V)

n=—-= - =2.95 x 10’electrons
q 1.60x107°C
Page S8-15
(a) AV = Vé_ Vor _ 14350'95 V=19.0mV | AV = 2‘ Vo _ fg‘co'% V=-19.0 mV
SBLy1 T4 Lyl —C+1
Ce Ce Ce Ce
(b) T=R,, CCC = 5kQ 215fF =0.123ns or T=R,C.=5kQ(25/F)=0.125 ns
—< +1 —+1
Cy, 49
Page S8-16

(a) At1=0", Vg —V;, =(3-0)-0.7=23 V and V), =1.5 V, so transistor M,,
is operating in the triode region. i, =60x107° (%)(3 -0.7- %)1 S5=279 uA

b)Y Vyy =1V 1 i, =60x10"° (%)(3-0.7-%)1 =216 uA
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Page S8-19
(a) In setting the drain currents equal, we see that the change in W/L cancels out, and

the voltages remain the same.

iy = %(6%10"’)(?)(1.33-0.7)2 =595 uA | P,=2(59.5uA)(3V)=0.357 mW
As a check, the current should scale with W/L: i, = %(23.5‘1114) =58.8 uA
(B) Vs =133 V, Vi = Vyy, =1.33-0.7=0.63 V, Vg =1V =V, =067 V

i = (60x10’6)(§)(0.63—0'—263)(0.63) =595 uA | P, =2(59.51A)(3V)=0.357 mW

. . 1 6\[2 2 1 s\[2 2
Equating drain currents: 5(25)(10 6)(T)(2.5 -V,-0.6) = 5(60)610 6)(T)(V0 -0.6)
1.4V;+092V,-2.746=0—V, =111V
iy = %(25)(10'6)(%)(2.5—1.11—0.6)2 =156 uA | P,=2(15.6uA)(2.5V) =780 uW

Checking: %(60x10'6)(%)(1.11—0.6)2 =15.6 A

Page S8-20
1

Kon = 60x10°(3-13-1)

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

Page S8-23
(1) Depletion-mode load devices: 1.81/1 NMOS switching devices: 2.22/1

(i1) For all possible input combinations there will be two inverters and 3 output lines in the low

state for a total of 5 conducting paths. P, = 5(0.2m W) =1.0 mWw

Page S8-24

w) 2 (181) 163
L), 222\ 1 1
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Page S8-26
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 Vaslongas V, <2 V.
v, =07+ 0.5(\/3 +0.6- \/0.6) ~1.26 V. Thus the nodes will all be a 3 V.

TN

2> 0.7+y(\/3+0.6 —\/0.6) sy <1.158 V03

Voo =Vp|=3-1.9-0.7=04V.
Vs =V =1.9-0.7=1.27.

The output will drop below V_ /2. For the PMOS device,
The PMOS transistor will be saturated. For the NMOS device,

Assume linear region operation.

-6 V
A0x107 (5 (~1.1+0.7) =100x10° 2l19-07-Lo
2 1 1 2

V=24V, +0.16=0—>V, =68.6 mV

Page S8-28
(1) An NMOS transistor is connected to Bs, B4 and B;.
(1) Wo: 0010 W1: 0100 W»2: 1011 W;5: 0100
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CHAPTER SS9

Page S9-4

Tz oxp| 02 ) 008 x10° | T2 coxp| 03 | c163x10° | F2 cexp| -2 ) Zg.89 x 10°
i, 0.025V i, 0.025V i, 0.025V
Page S9-5

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

JEE=%=60MA | R, =5(2kQ) =10 kQ

Page S9-6
5 = I | IB3=92'9“A=4.42MA | IB4=M=5.IOMA
B +1 21

IR, =4.42u4(2kQ) =8.84 mV << 0.7V | Iy,R. =5.10ud(2kQ)=10.2 mV <<0.7 V
Page S9-8

V,=0-07==07V | ¥,=0-02mA(2kQ)-0.7V =-1.1V
0.7V +(-1.107)
) =-09V | AV=-0.7V-(L.1V)-04V

I+In 04 -11{=0.107 V
0.025

VREF =

Page S9-10

NM, = NM, = % ~0.025V
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Page S9-12
P=3.3V(03mA+02mA)=1.65mW | P= 3.3V(0.357mA+0.2mA) =1.84 mW

0.6/ 1410 %% _1ll=0.20 ¥
0.025

NM, = NM, == -0.025V
2

From the graph, the VTC slope is-1 for ¥, =-1.08 V',V =-0.71 V' and
Vy=-091V,V, =128 V. NM, =-0.71-(-0.91)=020 V. NM, =-1.08-(~1.28)=0.20 ¥

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.

-1V -(-5.27)
= =17.5kQ—18 kQ
0.20mA
-1.4V -(=-5.2V
I, = ( )=0.211mA ]RCI=ﬂ=1.9OkQ
18 kQ 0.211mA4
Page S9-13
. —1—0.7—(—5.2) 174
For all inputs low: [.. = —=299uA
P tE 11.7 kQ a
A—V=VH—VREF=—O.7—(—1)=0.3V | AV=06V | R, = 0.6V =2.00 kQ
2 299uA
-0.7-0.7-(-52
For an inputs high: I, = ( )l=325yA | R, = 0.6V =1.85 kQ
11.7 kQ 325uA
Based upon analysis above, R. = 0.6v =1.85 kQ
25uA
For all inputs low: / ~1-07-(-52) v 299uA
or all inputs low: = —=
P e 11.7 kQ “
A—V=VH—VREF=—O.7—(—1)=0.3>V | AV=06V | R.= 0.6V =2.00 kQ
2 99uA
Page S9-15
V. —(-V, 0-07-(-52V
o Vem(Ver) 52 V15010
0.3mA 0.3 mA
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Page S9-16

10£Q2
For/,=0,v,=-52V. (b) For/,=0,v,=--52V ————=-2.08 V/
(2) For £, =0, v, (b) For ; =0, v, 10kQ + 154
Page S9-17
The transistor's power dissipation is

P=V,I.+V,I, = 5V(2.55mA%) +0.7V(2.55mA) = 14.3 mW
The total power dissipation in the circuit is

P=Vod. +Vyl, = 5V(2.55mA2—(1)) +5V(2.55mA) =253 mW

Forv, =-3.7V, I, = 37-(5) 37 =260 ud
o Tk 1300 5000 '
-0.7-(-5
At the Q- point, [, = ( )— 0.7 =3.17 m4
1300 5000
The transistor's power dissipation is

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

(a) -4V = 5oy 0K, R, =3.00 kQ
10kQ + R,

(b) I =22 173 ma | 1E=_4‘(‘5'2)_ 4o 1E=4_(_5'2)+ 4
3k 3000 10000 3000 10000

=3.47 mA

Page S9-19
Increase the value of each resistor by a factor of 10.

Page S9-22
AV 0.6V
=—=—""=12kQ T, =0.69(1.2kQ)(2 pF ) =1.66 ns
Re I, 0.5mA L ( J2rF)

P=52V(0.5+0.1+0.1)mA=3.64 mW | PDP=6.0pJ
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Page S9-25
0-v, 04V
I, 05mA

PDP = 1.4mW(50ps) =70 fJ

Rcz = RCl =

=800 Q | P=1,,V,, =0.5mA(2.8V)=140 mW

I, = % =250 uA | P=1,,V,, =025mA(2.8V)=0.70 mW

V,=0 | V,==02V | V, ==0.1V | V,,==07 | V,, =09V | V, ,=-08V
Vy=-14 1V, =16V | V,  =-15V
V=V, -07V-07V=-14-07-07=-28V | -V, =-28V

Vy,+V,

V,=0V, V,=-04V, : The C-level biasis V,,, . = =-02V

Using the level shifter in Fig. 9.27,
Ve =07 | Vp, ==11V | V, ., =09V

BiasB —
Viy=-14 1 V,=<18V | V,  =-16V
WV, =V _07V=-07=-28V | -V, =28V

emitterA

Page S9-30
Forv,=V,,I.=0,and P=0. P=V,,I,,=5V(2.43mA)=12.1 mW

Increase R by a factor of 10: R =10(2kQ) = 20k<.
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20
+7
0.1 10A| 0.1(482) 10A
I =ex =482 | I, = =334A | -— =300
p(0.0 58) P20 Pro =3 344
482
20
1+02(54 6)
a, =92 1 J104) BSDRO)) 59 4
02+1 6 20| ,_ 6
54.6
20
" 0.1(403)
F=exp(ﬂ)=403 | IBZIOA ' =0.769 A
0.025 20| _ 11
403
1.38x107 (273 +150) 0.05+1
V, = T =365mV | Vg =36.5mV In —|=1my
Page S9-33
r=exp(£)=s4.6 |- 1
0.025 14025 5
40
1+025(546) 10mA
10mA . . m
I,= =108 mA | = =924
P40 | 5 Pror =1 0gma
54.6
Page S9-35
Ins = 6.4nstn| A= Lo || g9 1Al Ly 549 ma
2.5mA 0.0614mA - I,

407

2.5mA

Vee =Ver _5-0 _ 2.5mA | Qy = 6.4ns(1mA - W) =6.01 pC

fapy = -
cr B 2500
Op =iy, =2.5mA(0.25n5)=0.625pC | Q5 >> O,
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Page S9-37

5-v,, 5-(0+0.7+0.7)
vy =V, and vp =03 [y == 8t = 00 =225md | I, =411,,=92.3 mA

5—1600%—0.7—0.723—>IL515.4 mA

5-(3+0.7+0.7
I, = ( 7600 )=O.375mA | I, =411,,=15.4 mA

Vep =5-130Q1 -V, = 5V -130Q(15.4mA4) - 3.7=-0.702 ¥

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+o.7+3)
I =1, +1. = 00 + 0 =9.16 mA

Page S9-48
BiCMOS 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..

VDD

PMOS
— B ;‘PMOS
EﬂM3 M4
}—l Q2
= . xNPN
JcMZ =—VO0
t———
B— I PMOS / PNP
Q1
M1
. AMOS
A4
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