Microelectronic Circuit Design
Sixth Edition - Part 1
Solutions to Exercises

CHAPTER 1

Page 1

5.12¥F 5.12) 5.12V
P52t 1024bits MsB 2

1100010001, =2° +2°+2* +2° =785, ¥, =785(5.00mV)=3.925

or W, =(2"427+2°+27") 5,12V =3.925 7

Page 12

sp = 58.oy = 5‘001_/ =19.53 mV N =227 o56biss = 61.44birs
2°bits  256bits 5.00V
61=32+16+8+4+1=2"+2%+2+2°+2°=00111101,
5.12V 1.2V _ _
Visg = m = 20.0mV Visg = m256blts = 60 bits

60=32+16+8+4=2°+2%+23+22 =00111100,

Page 12
The dc component is Va =4V.
The signal consists of the remaining portion of va: va = (5 sin 20007t + 3 cos 1000 rt) Volts.

Page 23
v, = ~5cos(20007 +25°) = —[—5 sin(2000 + 257 - 90")] = 5sin(20007 - 65°)
5/-65°

V,=5,-65 V.=0.00120" A = = 5000 - 65°
0.00120°
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Av=—& I —5=—%—>Rl=20k9
Rl RI
Page 26

v, =[0.55in(200077) + sin (40007) +1.55in (600077

The three spectral component frequencies are f; =1000 Hz  f, =2000 Hz  f, =3000 Hz
(a) The gain of the band-pass filter is zero at both f; and f;. Atf,, V, =10(1V)=10V,
and v, =10.0sin(40007¢) volts.

(b) The gain of the low-pass filter is zero at both f, and f;. Atf,, V,=5(0.5V)=25V,
and v, = 2.50sin(200071) volts.

Page 27
39k£2(1 - 0.1) <R< 39k£2(1 + 0.1) or 35.1kQ<R<42.9kQ
3.6k§2(1 - 0.01) <Rs< 3.6k§2(1 + 0.01) or 3.56kQ <R <3.64 kQ

Page 29
2 2
P= Vi P = 15 =417 mW
R +R, 54kC2
2 2
(1.1x15) . (0.9x15)
e 2L =53lmW P™M=—-"""=321mW
0.95x54kQ 1.05x54 k€2
Page 34
2x1073 ) 2x1073 o
R = 10k0 [1 + o (—=55—25) C] =840k R = 10kN [1 + o (=55—-25)°C|=11.2 kQ
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CHAPTER 2

Page 48
n = (2.3 1x10* K'"3cm'6)(300K)3 exp ~0.66eV =2.27x1 013/cm3
’ (8.62x10‘5eV/K)(300K)
n = (1.08x1031K"3cm‘6)(50K)3 exp —1.12eV = 4.34x107°/cm’
: (8.62x10-5eV/K)(50K)
n = (1.08x1031K'3cm-6)(3251<)3 exp —L.12¢V =4.01x10"/cm’
’ (8.62x10'5eV/K)(325K)
cm’ , m ’
L=———2107"—| = L=6.13x10"m
4.34x10° cm
Page 49
2 2
v, = E =470 (10 1) =470x10°%  y -y E=-1420" (10001) ——142x10° <"
V-s cm S V-s cm )
V. %1 = 5.00x10°
L 2x107 cm cm

(a) From Fig. 2.5: The drift velocity for Ge saturates at 6x10°cm /sec.
At low fields the slope is constant. Choose E =100 V/cm

5 2 5 2
u Y _ 43x10°cm/ s =4300cm u =V_p= 2.1x10em/ s =2100cm
E 100V /cm s P E 100V /cm s
(b) The velocity peaks at 2x10"cm /sec
5 2
u VY 8.5x10°cm /s =8500€m
E 100V /cm S
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Page 51 See Table 2.1 page 44

~1.12
8.62x107(400)
1 1
0 1.60x107"[(232410")(1420) + (2.32x10") (470)]

n? =1.08x10" (400)’ exp

]= 5.40x10%* /cm® | n,=2.32x10" /cm’

=1420 Q-cm

o=

~1.12
8.62x107 (50)

= ! =1.69x10> Q-cm

1
0 1.60x107"[(434x107)(6500) + (4.34x10~)(2000)

n’ =1.08x10" (50)3 exp[ =1.88x107" /cm® | n,=4.34x107° / cm’

p=

Page 55
~1.12
8.62x107° (400)

n? =1.08x10°(400) exp

} =5.40x10**/cm®

l

2 24
cm P 810 o

0'6 electrons

Antimony (Sb) is a Column - V element, so it is a donor impurity. n=N, =2x1 5

cm
2 20
n 10 ; holes .
=—=——=5.00x10 n> p — n - type silicon
P n 2x10" cm’ P P
Page 56
(a) Np =10%/cm3 | Ny=0/cm3® | Np=10%/cm3
u, =522+ 1365 5eg = 1180 A u, =449+ 426 575 =318 AN
N 1x10" 14 1x10"
9.68x10" 2.23x10"
Ny=0/cm® | N,=3x10"/cm’ | N,=3x10"/cm’ |
u, =522+ 1365 =484 cm* [V -5 | u, =449+ 426 5 =102 cm® |V -5
1+ 3x10" " 3x10"
9.68x10" 2.23x10'
(b)N, =N, +N, =4x10"/cm’ +6x10" / cm’ = 1x10" / cm’
u, =522+ 1365 = =127 A u, =449+ 426 — =153 cm® |V —s

1x107 )" 1x107 \"
+ 16 1+ 16
9.68x10 223x10
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Page 58 Use the mobilty expressions in Fig. 2.8 with a spread sheet or MATLAB

0'=1000=1.60x10" u,n — u,n = 6.25x10°" / cm’ = (64.5)(9.68x10") 1 p = L _0001 Q-cm
o
(@) N, =2x10"/ecm® | N,=0/cm’ | N,=2x10"/cm’ |
u, =522+ 1365 e =1070 A u, =449+ 426 575 = 266 cm® |V —s
16 ’ 16 '
2x10 2x10
+ 16 1+ 16
9.68x10 2.23x10
16 2 20
n=ND=% |p=n—i=Ll6=5()—03() | p=—b _ _ I _=0.292 Q-cm
cm n 2x10°  cm qu,n (1.60x10° )(1070)(2x10 )
(b) N, =N, +N, =2x10"/cm’ +3x10" / cm® = 5x10'° / cm’
u, =522+ 1365 a5 = 886 A u, =449+ 426 57 =198 cm® [V —s
16 : 16 ’
5x10 1 5x10
+ 16 + 16
9.68x10 2.23x10
1x10" n’ 10 10000 1 1
p=N,-N,= — ln=-—~= == — | p= = 5 —~=3.16 2-cm
cm p 1x10 cm qu,n (1 .60x10 )(198)(1x10 )
Page 59
Boron (B) is a Column-III element, so it is an acceptor impurity.
2 20
p=N,-N,=4x10" holess | n=lio 10 ==25 electr30ns | p-type material
cm p 4x10 cm
18
N, = 4X12 and mobilities from expressions in Fig. 2.8:
cm
cm’ cm’ 1 1
=153 | u =548 | p= = =0.0285 Q-cm
H vos vos P qu,p 1.60x10™"(4x10")(54.8)
Indium (In) is a Column-III element, so it is an acceptor impurity.
2 20
p=N,-N,=7x10" hole3s | gl 19 =143 electr?ns | p-type material
cm p 7x10 cm’
7x10" cm’ cm’
N, = — u =675 | u, =462
Toem? o vos b V-s
p—l— ! =193 mQ-cm
o 1.60x10™"(7x10")(46.2)
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Page 60
1.38x107(50
V- kT X ( )

1.38x107(77)

== L =431mV |V, = =663 mV
g 1.602x10 1.602x10
1.38x10%(300) 1.38x10 (400)
v, = S =258 mV |V, = 2 =34.5mV
1.602x10 1.602x10
kT cm’ cm
D, =", =258mV (1365+522)—"—=36.6
q V-s
2
D, =Ly =25 8mv(426+44.9) L _ 121"
q V-s s
2 16 4
j,=qD, ¥ 21 .6Ox10'19C(20 - )( 10 )(10 “m) =320 2
dx s J\em” —um cm

2 16
j,=—aD, %~ 1 .60x10-“’c(4 m_“ )( 10
s J\em’ —um

4
10" um __64 A
cm

2
cm

6
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CHAPTER 3

Page 78
2x10"(10%
PN LA e ks UL | I
' n, 10
2(11.7)(8.85x107"
PR C BT ¢, = (117) S ) —+ 120 (1.05) =2.63x10cm = 0.0263 um
g \N, N, 1.60x10~ 2x10° 10
Page 79
0 N X,
E_ . = 1 f—qNAdx - Ty E_ . = —lquDdx _INpY, For the values in Ex.3.2:
gs -X, gs gs 0 gs
_ 1.602x107'°C (10" /cm®)(1.15x10 °cm) 78 kv
max. 11.7(8.854x10714F /cm) B cm
2(1.05V
L) e
2.63x10"cm cm
18\~ 20\~
x, =0.0263um 1+% =0.0258 um x,=0.0263um|1+ 10 = =5.16x10"" um
10 2x10
Page 82
7 1.381x107%(300
nk—=1 (19 )=0.0259 | =ﬂ=291K |
q 1.602x10° 1.03
1.602x10719(0.025)
Forn=1 T=() = 290

1.381x1022

Page 84 Using Vr=25.0 mV

0.55 0.70
i, =40x107"° 4e -1|=143 i, =40x107° 4|e ~1|=57.9 m4
o= P (0.025) ] ud iy =40x " 0.025 "
3
¥, =(0.0257 )| 1+ 209 A | g 643
40x105 4

i, =5x10""4

~0.04
ex 1|==3.99/4 | i,=5x10"4
p(o.ozs) ] R

-2.0
ex -11=-5.00 /4
p(O 025) ] f
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Page 86

-6
(a) Vg =V;In 141220025V 1+w =0.593V
I 2x107° A
-6
V,=VIn 1+§—D =0.025V1n(1+%)=0.651 V AV, =576mV
s X
-6
(b) Vye =V, In|1+22]200259V1n 1+w ~0614V
I 2x10° A

-6
Vo =V, 10|14 72| =0.0250v In[ 1+ 29994} 6 670y AV, =596 mV
I, 2x10 A

Page 87

ln(l]ﬂ) =In(i,)-In(I) | Assume i, is constant, and E, = E,
N
%Jm(i)_k_TL%: '

— Ti% | 15=Kn3=KBT3exp(-@)
ar q \I,) qI;dT T I, dT kT
di

=3KBT? exp(—@) + KBT" exp(_@)(.kﬁ)
T kT kT

kT?
l%=i+EGO=E+qVGO=i+@ | dvD—vd

I,dT T kT° T kI* T V,T  dT T

v ddls _vi=Ve0=3Vs
"I, dr T
V,(275K)=0.680V -1.82x10" %(3001( ~275K)=0.726 V

V,(350K)=0.680V ~1.82x10~ %(3501{ ~300K)=0.589 V

Page 88

/ 20V + ¢, 2(10.979V
w, =0.113um4|1+ Loy =0378um | E_ . = ( ¢_/) = ( ) —581k—V
0.979V

w, 0.378x10%cm cm

/ 10V
I.=10 41+ —— =36.7 14
s =107 0.8V f
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Page 92

11.7(8.854x10° F /
_1L7(3 854x M) _g177F | C,(0v)=917

7 0.113x10cm cm’ cm

C(5v)=—22PF 464 pr

nF

2

(10'zcm)(l 25x107° cm) =11.5 pF

1+

0979V

Page 93
-5 -4 -2
_107A 105 =4.00 pF | CD=SXI0 A10-85=320pF | CD=—SXIO A

b 10°5=0.02 uF
0.025V 0.025V 0.025V

Page 98

Two points on the load line: V, =0, I, = % =1lmd4; 1,=0, V, =5V

The intersection of the two curves occurs at the Q- pt : (0.88 mA, 0.6 V)

Page 100
10=10"1,+V, | VD=VT1n(1+§—D) | 10=104ID+0.025111(1+I—D)

N N

Page 101
id = fzero(@/(id) (10-10000*1d-0.025*log(1+id/1e-13), 5e-4)
ans = 9.4258e-004

Page 102 Using MATLAB:
vd = fzero(@(vd) (10-10000*(1e-14)*(exp(40*vd)-1)-vd), 0.5)
vd=0.6316 V
id = (1e-14)*(exp(40*vd)-1)
1d = 9.3684¢e-04
id = fzero(@(id) (10-10000*1d-log(1+id/1e-13)), .001)
1d = 9.4258e-04
id = fzero(@(id) (10-10000*1d-log(1+id/1e-15)), .001)
1d =9.3110e-04
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Page 109
From the answer, the diodes are on,on,off.

10V-V, _ Vi —O.6V—(—20V) . Vs —O.6V—(—10V)

I =1 +1 0=V, =187V
T 10 10kQ 10kQ B
1.87-0.6-(-20V)
1= =2.13mA
10kQ
1.87-0.6-(-10V)
= e =1.13mA | V,,=—(1.87-0.6)=-127 V

1, >0,1,,>0,V,, <0. These results are consistent with the assumptions.

Q-Pts: (2.13 mA, 0.60 V) (1.13 mA, 0.60 V) (0,-1.27 V)

Page 111
R K 0
min 20
EAL
5
Vo220V K2 333y (Voisoffy | ForR, > 1.67 k@
o SO+ 1kQ 2 | Forfy = LO7kE,

V,=5V (V, is conducting)

Page 112

V=20V V=S5V 1 L0V =625 | Iz=6.25V—5V
kQ  0.1kQ  5kQ 0.1kQ

P, =5V(12.5m4)+ 1009(12.5;71/1)2 =781 mW

=12.5mA

: : 0.1kQ 14 .
Line Regulation = -19.6™"  Load Regulation = 0.1kQ[5kQ = 98.0 Q
0.1kQ + 5kQ 14
Page 118
V=V, -V, =632-1=791V 1d0=ﬂ=15.8/1 yodep 1841 0 5y
0.5Q C  0.5F 60
ar=L Yo L 02TV 615 ec=120n(o.912ms)180 =19.7°
o\ V, 2a(60)| | 891/ T
Vi=V,-V, =102 -1=13.1V Idc=—13'1V=6.57A Cotep 03741 (o F
2Q V.©  0.1F 60
ar=L pte L O 6316 ms 90=120Jt(0.316ms)180 =6.82°
o\ ¥, 2a(60)| \14.17 n
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Page 119

At 300K: VD =_1n 1+_ 19 -15
q I 1.60x107°C 074

kT I 1.38x10'23J/K(273K + SOK) 48 64
1+-2|= In|1+

1.38x1072J/ K(300K
kT ( ID)= ( )ln(l 48'6A)=0.994V

At50°C: V,=—1In =
q 1.60x10"°C

15
s A

)=1.07 V

Note: For V, =0.025V, V, = Eln(l + I—D) = 0.025V1n(1 + 14(?1651:) =0.961V
q s

Page 127
VeV, 15+1 I, 24 1

v, - Prlonsv ) cstera 24 102007 2222,000
N N L=y 0.01(15/) 60" ue

Iye =wCV, =2m(60Hz)(0.222F )(16¥) = 1340 4

ar=L pte 1 2(0'0112(15)=0.363 ms | I, =1, 2L 04— 28

- AT 60(0.363ms)

=184 4
o\ V, 27(60)
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CHAPTER 4

Page 152
(5) @ =%=j—0=0-976 | o =%=o.995 | a, =%=0.750
Page 154

0.700) (—9.30)- 107154 (—9.30) = 0547 s
exp 05 [“P\o0259) 7] =™

. s, [ 0.700 —9.30\1 10714y -9.30 ]
ir =10 Aexp( )—exp( ) + exp( )—1 = 0.552mA

0.0259 0.0259 100 0.0259
107154 (0.700) (—9.30 ) 107154 <—9.30) e carm
=100 |“P\0.0259) ~ ¢*P\0.0259 05 |“P\o.0259) | T > A
Page 156
- 10-154] < 0.75 ) < 0.70 )] 10‘16A[ < 0.70 ) 1] _ 185 uA
e = #*P\0.0259) ~ “*P\0.0259 04 1“P\0.0259 T O M
—10-154] < 0.75 ) < 0.70 )] +1O‘16A[ < 0.75 ) 1] 327 A
e = #*P\0.0259) ~ “*P\0.0259 75 1P \0.0259 T oelH
__107teAT < 0.75 ) 1] N 10‘16A[ < 0.70 ) 1] 142 A
5= 75 [**P\0.0259 04 %P \0.0259 T ReH

) [ 0.75 —-2.0
ir =107154 exp( ) — exp( )] = 3.77mA

0.0259 0.0259
. 10-154 [ < 0.75 )_ (—4.25)] I
't = **P\0.0259) ~ “*P\0.0259/)] ~ >/ ™
Page 157

Veg = —0.0259 In(0.001) = 179 mV
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Page 159
104

107"°4

Ve =V, 1n(§—c + 1) = 0.0ZSVIn( + 1) =0.691 V
S

107 4

107"°4

Ve =V, 1n(§—c + 1) = 0.025Vln(
S

For V'7=0.0259 V: Ve =0.716 V, 0.775

+ 1) =0.748 V

Page 160

npn :Vy, >0, Vy. <0 — Forward — Active Region | pnp:V,, >0, V,, >0 — Saturation Region

Page 162
B, __o 095 B, o 025 1
l-a, 0.05 l-a, 075 3
1 _ 1
Vg =0, Ve <<0: I, =IS(1+E)=IO 16A(l+ 0.333)=0.400fA
-16
1.=1,=0.100/4 I, __ 1 104 =-0.300 /4
Br 0.333
Vg <<0, Vye <<0: 1, _Ls 3x107"° 4 =0.300 74
R
-16 -16 -16
IE=I—S=10 A=5.26aA IB=—I—S—]—S=—IO 4_10 A=—O.305fA
Br 19.0 Br  Br 19.0 1/3
Page 164

(a) The currents do not depend upon V.. as long as the collector - base junction is reverse

biased by more than 0.1 V. (Later when Early votlage V, is discussed, one should revisit

this problem.)

I, 100
(b) I, =100 u4 | IB=ﬁE+1= SfA=1.96uA | I.=B.1, =501, =98.0 ud
F

Vit = Vr In (1+1¢/Is) = 0.0259V In (1+98uA/0.1fA) = 0.715 V
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Page 165
(a) The currents do not depend upon V. as long as the collector - base junction is reverse

biased by more than 0.1 V. (Later when Early voltage V', is discussed, one should revisit

this problem.)

(b) Forward -active region: I, =100 ud | I, = (/J’F + I)IB =510mA | 1. =B 1, =5.00 mA
5.00mA

1074

Ve = V5 ln(j—c + 1) = 0.025Vln(

S

+ 1) =0.789 V' | Checking: V,.=-5+0.789 =-4.21

Forward - active region with V., =0 requires V.. =V, or Vcc>0.792V

For Vr=259mV, Vge=0.0259V In(5SmA/0.1fA+1)=0.817 V and Vcc20.817 V

Page 167
Iz = = 1.48mA Ip=———=—
E 5.6k mA | I =575

Veg = Vo — Vi = (9 — 43001.) — (—=0.7) =3.47V | Q — Point = (1.45mA,3.47V)

=29.1uA | I, = Brlz = 5013 = 1.45mA

=Pt o0 = 102 w4 R—_0'7V_(_9V)—814k(2
p= g le=gpl00pd=102pA | R=——0 i =81
The nearest 5% value is 82 k.
Page 168
I —_O'7V_(_9V)—148 Al L=t e ogqua 1= 8.0 =501 = 1.45mA
E— 5 6k = lLdom | B_ﬁp+1_51_ Ry | C_,BFB_ p— Laom
Ip=5y =52 = 1021, | VBE=VTln(’—C+ 1)=0.0259ln(2x101516+1)
.BF 50 IS
VBE
2000 (1.02 1-16,4[ (—)—1] =
Vgp + 8200 [ 02(5x10 ) |exp 002597 9V

Using a calculator solver, spreadsheet, MATLAB or WolframALPHA etc., Vgg = 0.7333 V.

I, = 5x10716 (m)A—989 A| Ve =9—4300I, —(—0.7333) = 5.48V
=% “*P\0.0259v) " T 77 H CE = ¢ ' -
Page 169
Isgr  20fA
Ijp=—"—=——=21.1fA
S0 @ 095
Page 171
-0.7V - (-9V _ _
- C=#=1.48m14 | 18=i=i=0.741 mA | =1, =Bl =(1)1,=0.741 mA
5.6kQ B.+1 2
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Page 173

ImA
2 (40uA)
Vigsar = (0.025V)In (_)T =99.7 mV

- 7
50(40uA)

0.1mA +(1-0.5)1mA

Vyssar = (0.025V)In 1 =0.694 mV
10-15A(+1—0.5)
_ 50
0.1mA - lm—A
Vyesar = (0.025V)1In 0 =0.627 mV

IO_ISA(OIS)(SIO +1- 0.5)

Note: VCESAT = VBESAT - VBCSAT =67.TmV

For V; = 25.9 mV, scale the above results by zi—'i yielding 103 mV, 0.719V, 0.650 V.

kT
(a) D, = 7;1” = 0.0259V(500cm?/V — s) = 13.0cm?/s

_ qADpn} _ 1.60x107°c(50um?)(10~*cm/um)(13.0cm? /s)(102° /cm®)

_ -18
(b) I = N (10T /em™) (Lam) 1.04x10 rounded to 1 a4
Page 179
1.38x107J/ K |(373K
v, = | 19)( ). R2mV | Cp=icq, =&(4x10'9s) =1.24 uF
1.60x107°C v, 0.0322V

=t 2OV
B, 12
Page 180
I —10—15( 07 )(1+E)A—0656 Al B —75(1+E)—90|1 _0656mA _ 09 4
¢= “*P.02591 50/ T e mA L PE= 50/ B= T g9 7K
I —10—15( ' )A—0547 A |1 —w—729 A
¢= “Po.0259y) 7 T O maA 1is =T = AT A
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Page 182
40

2= 7(10-4/1) =4.00mS | g, = %(10'3 A)=40.0 mS

C, =4.00mS(25ps)=0.100 pF | C, =40.0mS(25ps)=1.00 pF
Im 1 1

=—=—— =386/V
I, V; 002588V /

Page 185
1.38x107*(300
v, _AT (19 )=25.9 mV | 1S= fe ___ 350ud =1.39 /4
q 1.60x10" Vi 0.68
exp| — | €Xp
v, 0.0259
BF=80 | VAF=70V
Page 189
o __I8KQ oy 4007 | Ry = 18kQ364Q =12 kQ
184€2 + 36kQ2
4.00-0.7 V

B

-7 P 2687 1.=751,=202 1, =761, =204
12+(75+1)16 kQ ud | de =751, ud 1, ’ o

Vep =12-220001, 160007, =429 V | Q- point: (202 ud, 4.29 V)

o= K2 o) 400 V| Ry, = 180kQ360KR =120 kQ
180KQ + 360kQ
400-0.7

B

_ 22470 I.=75I, =185 1. =761, =188
120+ (75+ 1)16 kQ ud [ 1e s ud | 1y g .

Vep =12-220001, -160007, =4.29 V | Q- point: (185 ud, 4.93 V)

16 ©R. C. Jaeger, T. N. Blalock and B. J. Blalock
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Page 190
I. 501

L,="C¢=""8_101
2 5 5 B
EQ=&12V=4.00 V | Ry =18kQB6kQ =12 kQ
18kQ +364Q
4.00-0.7 ¥V
= —=04111pd | I, =500, =205.6 ud | I, =761, =206.0 ud
©12+(500+1)16 £Q ud [ e ’ ud | 1y =761, ‘

Vg =12-22000/. -16000/, =4.18 V' | Q- point : (206 uAd, 4.18 V)

Page 192
The voltages all remain the same, and the currents are reduced by a factor of 10. Hence all

the resistors are just scaled up by a factor of 10.
120kQ —=12MQ 82kQ—=820kR 6.8 kQ — 68 kQ

Page 193
9-0.7 V

" 36+(50+1)1 4Q
Vep =9-1000(1. +1,)=4.13 V| Q-point: (4.77 md, 413 V)

B

=954 ud | 1.=501,=47TmA | I,=511,=487 mA

Page 194
IS 1.00E-15 VT 0.0259 BF 75
VBE IC V'BE
7.0000E-01 2.0155E-04 6.7416E-01
6.7416E-01 2.0313E-04 6.7436E-01
6.7436E-01 2.0311E-04 6.7436E-01
6.7436E-01 2.0311E-04 6.7436E-01
6.7436E-01 2.0311E-04 6.7436E-01
6.7436E-01 2.0311E-04 6.7436E-01
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CHAPTER 5

Page 220
2 3.9(8.854x10"F / cm
K, =, 2o = 500" ( ' )=69.1x10"6 € 01kl
. V-s 25x107" cm Vi-s Vv
-7
Scaling: K, = M(@.l%) = 345%
5x107 cm

K, =K, 2 - soﬂ(zo“m) - 1000’““/—‘;‘ K, = 50ﬂ(—60“m) ~ 100044

L V2 \ lum V2 \ 3um Vv
K};SO@ Oum 1 _» 0%
0.25um %

For Vo =0 V and 1 V, V,, <V,, and the transistor is off. Therefore I, =0.

Vis-Viy =2-1.5=0.5V and V), =0.1 V — Triode region operation

1D=K;,K(VGS-VTN-Q)V _ o5k (10um (2 15-2)0 V2 =113 uA
L 2 V2 \ lum 2

Vis-Vpy =3-1.5=1.5V and V, =0.1 V — Triode region operation

1D=K;K(VGS-VTN-Q)V _ o5k (10um (3 15-2)0 1V? =36.3 uA
L 2 V2 \ 1um 2

K. =25 “A(loo“m) _25044

Vi lum V?
Page 221
R, =—0 ! - M; =4.00 kQ | R(m:#:l.OOkQ
K, Z(VGS ~Viy) 250?(2 -1) 2505 (5-1)
Vs VTN+K1R =17+ ! =3.00 ¥
non 250%(20009)
v
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Page 222
Ves-Vin =2.5-1=15V and V,;= 0.25V - Triode region operation

1D=K;%(VGS—VTN VgS)VDS_looo“‘/A(zs 1—0725)0 25V? =344 uA

g, =KV, = 1000‘;—?(0.25v) =250 usS

Page 224
Ves—Vey =5—1=4V and Vpg =10V — Saturation region operation
K, , 1mA .
K, =Kk, oW _1ma 25 W = 25L = 8.5
L L " 40ua” 1 = 4 =olopm
Page 225

(@) Veg—Vyey=25-1=15V and Vps =0.28V — Linear region operation

Vps mA 0.28 )
ID=Kn<VGS_VTN_T)VDS=1V ( 5_1_T)OZ8V _381,1,(14

mA
9m = KnVps = 17,7 0.28V = 280 S

(b) Veg—Vey=25-1=15V and VDS =4V — Saturation region operation

Kn 2772
ID = ?(VGS VTN) 2 VZ (2 5 1) Vs =1.13mA

Page 226
Vi -Viy =5-1=4 1 and V,,; =10 V' — Saturation region operation
K 1 mA
S AL ) (14 AV, ) = 5"; (-1 °[1+0.02(10)] = 9.60 m4
I, = %(Vgs V) (14 A7) = %V—A(s 1) 7?1+ 0(10)] = 8.00 mA

Page 227

Vog -V =4-1=3V and V,,;, =5 V' — Saturation region operation

1= v P e ary) =§%(4—1)2V2[1+ 0.01(5)] =118 pud

A

2 25 ud 2,
(Vas = Vi ) (14 AV,p5) = 7?(5 - 1) 7?[1+0.01(10)] = 220 pd
Digitizing the graph with a digitizer App yields (5V,204 uA) and (10V,214 pA)
1= 1 (214,uA—204uA)_0010 v
- 200u4 10V -5V = 0.010/

19 ©R. C. Jaeger, T. N. Blalock and B. J. Blalock
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Page 228
50

2P

Assuming pinchoff region operation, 7, = £, (0 Viy )2 = (+2V) =100 ud

=V 1/ 1 4.00 V
GS TN 50

TE

Assuming pinchoff region operation, /,, = %(VGS -V )2 = ?OM[ (—2V)]2 =225 ud

2

Page 230

Vi =V + y(\/VSB +0.6V -V0.6/ ) =1+ o.75(x/0 £0.6- M) %
TN—1+075(«/15+0 \/_) 151V | TN—1+075(\/3+0 \/_) 1.84 7

(a) V. 1s less than the threshold voltage, so the transistor is cut off and I, = 0.

(b) Vi -Viy =2-1=1V and V,; =0.5 VV — Triode region operation

I, = Kn(VGS 7, -%)VDS 1”;/1 (2 1-%)0 5V =375 ud

(¢) Vo -Voy =2-1=1V and V, =2 V — Saturation region operation
K, mA
I, = 7( (

VGS—VTN)2(1+AVDS) 0.5 (2- 1) V2[1+002( )]=520MA

Page 232
(a) Vs 1s greater than the threshold voltage, so the transistor is cut off and /,, = 0.

(b) |Vis-Viw|=|]-2+1|=1V and |V,|=0.5 V — Triode region operation

1D=KH(VGS-VTN—%)V 04”;—A( -2+ 1—%)(—05)v2=150 uA

(¢) [Vas-Vin|=|-2+1|=1V and |V,5|=2 V — Saturation region operation

K 04 A
n(VGS_VTN)( A'VDS) - (

Iy==

~2+1)° V2[1+0.02(2)] =208 uA

20 ©R. C. Jaeger, T. N. Blalock and B. J. Blalock
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Page 235
Vbs

1.9
I, = 60pA (3 ~0.7 — 7) 1.9 = 154 uA

50fF
(b) See Table §6.10 Fall time: t; = 3.7R,,,,C = 3.7 f = 1.34nS
60x10-¢(3 — 0.7) Q

(c) Oops! — See Sec. 5.10.7

VMIN

Ip =K, (VGS —Vrn — T) Vuin | Vuin = min(VGS —Vrn, Vps, VSAT) =1V

1
I, = 60pA (3 - 0.7—5)1 =108 uA

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 237

(a) AV = Vé‘Vﬁ = 14350'951/49.0 my | AV = Vé‘Vﬁ = 29;0'95 V =-19.0 mV
Byl T4 | “+1
CC C'C CC CC

(p) 7= RMCL = 5k9215—fF =0.123ns or T=R,C.=5kQ(25/F)=0.125 ns
—< +1 —+1
C,, 49

Page 240

(a) K, =40x10"° 201 _ 800 ﬂ; | K, =100x10°| 22| = 2000 ﬂ;=2.00 ’"—f

? 1 14 1 Vv Vv

(b) Vi =0.6+ 0.5(\/2.5 +0.6 - w/ﬁ) ~1.09 1
(¢) Vi =—0.6- 0.75(\/2.5 +0.7 - x/ﬁ) —_131V

21 ©R. C. Jaeger, T. N. Blalock and B. J. Blalock
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Page 241
(a) Forv, =1V, Vygy =¥y =1-0.6 =04V and Vg, =¥y, ==1.5+0.6 =-0.97

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

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

L), K\L), 1) 1

Page 242

Both transistors are saturated since V| =|V,,g|-

K K,

Tn(VGSN - VTN)2 = TI(VGSP - VTP )2 Kn = Kp |VTN| = |VTP|

_ _ _ _ Yop
Vosv ==Vosp = Vi =Vpp—v, = v, =

2

10K K
—p(VGSN - VTN )2 = _p(VGSP - VTP)2 — 10 (VGSN - VT ) = _VGSP + VTP
2 2

J10(v,-0.6)=4-v,-06—v,=1273 V

K

TP(VGSN - VTN )2 =

v, =0.6=+10(4-v,-0.6)—>v, =2727V

—IOKP (VGSP - VTP)2 - (VGS Z ) = \/ﬁ(_VGSP + VTP)

Page 247
Co = (200@)(5x10-6m)(0.5x10-6m) = 0.500 fF
m
: : Coc pr -6
Triode region: C;, =Cyg = > + CyoW =0.25fF +|300— (5x10 m) =1.75fF
m

Saturation region : C =2C +C.o W =0333fF + 300£ 5x10°m)=1.83 fF
GS 3 GC GSO m

C. = Co 7 =[3002E (5510 m) =1.50 F
GD GSO

m
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Page 249
KP=K, =150U | LAMBDA=A=0.0133 | VITO=V,, =1 | PHI =2¢,. =0.6

W=w=15U | L=L=0.25U

Page 251
0.18um? 0.18um \?
ircui 2 2 = = = (18)%2 = 324
Circuits/cm?* o< a ( 10nm) <0-010Hm) (18) 3
1 1
Power — Delay Product « = 18 — g3z’ Rounding — 5830 times improvement
K £ Wla 1% . * K .
Ip=U, I;:'/xam(vcs -Viv _%)VDS =ai, | P =Vyi,= VDD(O! lu)=a P
P*=L=a3£ - iy=ai, | P=aP | P—*=a3£
A (Wia)(Lia) A A A
Page 252
(a)fT 1 500cm®/V —s (lV) 127 GHz

21 (0.25x10'4cm)

2 2
(b)fT 21 500cm” 1V - S(lV)—ZL 500cm” 1V -s 2(1‘/):4.97 THz
7 (40nm)’ ﬂ[(40x10_9m)(1006mﬂ
m
Page 253
|4

|74
—>10°— >V = (105 )(10 tem) =10V
L cm

V= (105 )(10 Sem) =1V | L= (105 )(15x10 “em) = 0.15V
Vi = min[(Vos = Vi ), Vg, Veyy | =min[3.5,4,2.5] =25V

[
ID=KH(VGS—VTN—V’;’N) Vi (1+ AV,) =1 -4(4 05—?)(2.5)[1+0.02(4)]=607.5 uA
[
)=

Vi = min[(Vos = Vi ), Vi, Vi | = min[3.5,4,20] =35 V

I,=K, (VGS Vo -%) Vi (1+ AV, ) = 10 -4(3 5-3—25)(3.5)[1+0.02(4)]= 661.5 uA
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Page 258
(a) From the graph for V, =025V, [, =10""4 |

(b) From the graph for V=V, —0.5V, I, =3x10" 4
(c) I = (109 transistors)(3x10'15 A/transistors) =3 ud

From the graph in the exponential region:

Ves — Vi
Vs, Ip) = (0.45V,107104), (0.70V,10784) and I, = Iy exp (%)
T
070 - VTN
10 lhoesr nr ) 100 (O'ZS) 0.25 2.096 — 2.10
= = = = 2. - 2.
IR (0.45 - VTN) Plav,) 7 ™ T (0.0259)n(100)
DO vy
108 s 10-10 &
Ipo = 55— = 0.251x10°4 and I, = —505~ = 0:251x107 | Ipo = 0.251nA
exp (0.054287) exp (0.054287)

Using the previous values: nV; = 2.086(0.02590) = 54.286 mV — 54.3 mV /decade

Ip = IDoexp(

Ves—VTNn Ip g 1 1
GS—) | Gm = —= | gm _ -~ _ =184
nVvr nvr

Ip nVp 0054287
Ves = Vey:  |In[1+ <O_nVDs) 2—(005)1 1+ ( 0 ) 2
(@) Vgs = Vi n exp A = (0. n exp A

. -V
lln (1 +exp ( 2V”:)>l = (V0.05)In(2) | 1+exp( ZV’;S) = 1.1676
| Vps = —2(0.0259)In(0.16765) | Vps = 92.509 mV

2

92.509mV
) = 45.643 uA

2(25.9mV)
Check: Ip = 100uA(0.95)[In(2)]? = 45.643 uA

2 2
(B) Vas = Vey = =02V lln (1 +exp (- %))l — (0.05) lln (1 b (- %)ﬂ

0.2 + 1.5V, 0.2
In[{1+exp (— —Ds) = (\/0.05)ln 1+exp (— —) = 0.016427
3V, 3V

I, = 100uA | [In(2)]? - [ln (1 + exp (—

3V,
0.2 + 1.5V, = —3V;In(0.016563) - Vs = 79.077 mV

2
0.2
I, = 100uA(0.95) [ln (1 + exp (— —))l = 0.51271 uA

0.2 + 1.5V,
exp (— —) = —1+ exp(0.016427) = 0.016563

3V,
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Page 261
(a)
L=2A=0250 um | W=10A=1.25 um

Active area = 10A (12A) = 120A” = 120(0.125um)’ =188 um’
Gate area = 2A(10A) =20A° = 20(0.125um)2 =0.313 um’

Transistor area = (10A +2A+2A)(12A+2A +2A)=224A% = 224(0.125um)2 =3.50 um’

=28.6 x 10° transistors

(b)
L=2A=40nm | W =104 =200nm
Active area = 200nm(240nm) = 4.8x10* nm? = 0.048x1072 um?
Gate area = 40nm(200nm) = 8x103 nm? = 0.008x10~2 um?
Transistor area = 280nm(320nm) = 8.96x10* nm? = 8.96x10~2 um?
(10*um)?
~ 8.96x1072 um?

= 1.12x10° transistors
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Page 270 Upper group

V(?S + VGS (L

n-S

2
1 1 2V, 2V 1
V.=V, - * SN VR -V A — L =Y+ ( 1+2K R.(V,, -V —1)
@ N UK R \/(KHRS) KR, ™ ™ kKR " KnRS\/ Ry (Vig = Vi)

2
2V 1 1 2V
—2VTN)+VT2N—KEQ =0 | VGS=_(KR —VTN)i\/(KR —VTN) -V5N+K;Q
S n' 'S nt's

n'S n

Assume saturation region operation.

1 2
T (\/1 +2K,Rs (Vo — Vs )—1)

! (\/1+ 2(30uA)(39kQ)(4-1) —1)2 =36.8 uA

7 2(30uA)(39kQ)°
Vs =10-114kQ(36.8uA) =581V | Saturation region is correct. | Q-Point: (36.8 uA, 5.81 V)

Assume saturation region operation.

! J1+2(251A)(39kQ)(4-15) -1)2 ~26.7 uA

I, = 2 (
2(25uA)(394Q)
Vs =10-114kQ(26.7uA) =6.96 V | Saturation region is correct. | Q-Point: (26.7 uA, 6.96 V)

Assume saturation region operation.

! ; (J1+2(25ua)(62k2)(4-1) —1)2 =254 uA

2(25uA) (624
Vs =10-137kQ(25.4uA)=6.52 V | Saturation region is correct. | Q-Point: (254 uA, 6.52 V)
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Page 271 Second group

Vio = R Vop = 110 10V =4V | Assume saturation region operation.
R +R, IMQ+1.5MQ
2
=5 R2 (\/1+2K Ry (Vi VTN)—l)

1
2(25uA)(1.8kQ)’
Vps =10-40.8kQ(99.5uA)=5.94 V | Saturation region is correct. | Q-Point: (99.5 uA, 5.94 V)

R Vop = 1.5M< 10V =6 V | Assume saturation region operation.
1.5SMQ+1MQ

(J1+2(25u)(1.8k2)(4-1) -1)2 ~99.5 uA

D=

1%
EQRR

1
2(25uA)(224kQ)°
Vps =10-40kQ(99.2uA)=6.03 V | Saturation region is correct. | Q-Point: (99.2 uA, 6.03 V)

(J1+2(2504)(22k2)(6-1) -1)2 ~99.2 uA

Bias VDD _>R1+R2= VDD = 10‘/ =5MQ
Rl + RZ IBias ZIMA
Vio
7% =LVDD R =(R +R))=2 _smeY_o po
R +R, Voo 10V

R,=5MQ-R =3MQ | R,,=R|R, =12 MQ

Page 274 Should refer to Fig. 5.46

Vgs =4=390001, Vg =390001, Vy =1+0.75(\V, +06 -0.6) 1, 25‘“‘(

Vos = Vin )

Spreadsheet iteration yields I, =28.2 uA.

Page 276
I =0 - Vs =Vps =Vpp —IpRp
Eqn.5.87: K,Rp = (50x107°)(75x103) = 3.75V

Vee = 1 1 + (1 1 )2+2(10) 12 |V = 2940V
Fs— 3.75 — 3.75 3.75 -

50pA
I, = “ (2940 — 1)2 = 94.13 uA
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Page 279 - Use equation set on page 229
Assume saturation region operation.

25x10"6(62x104)
2

I, = 25me-6(_2‘426+ 1)2 =254ud | V= -[10-1371@(25.4“/1)] -652V

10-6= (Vs + 1)2 Vo = VA +0.710V, —4.161=0 — V,, =-2.426V, +1.716V

Saturation region is correct. | Q-Point:(25.4 u4, -6.52 V)

ene EX-P279.log

Circuit: % /Users/microman/Documents/LTspice/P5-171.asc

Direct Newton iteration for .op point succeeded.
RD Semiconductor Device Operating Points:
——- MOSFET Transistors ——
Name: ml
Model: nmos
75K 1d: 3.59e-05
Vgs 2.60e+00
Vds 5.91e+00
Vbs 0.00e+00
1.00e+00
Vdsat 1.60e+00
M1 Gn: 448005
Gds 6.41e-07
Gnb: 0.00e+00
NMOS i
h Cbs: 0.00e+00
Cgsov: 0.00e+00
_ Cgdov: 0.00e+00
39K 10V Egbov: g.gge+gg
s: -00e+
cgd: 0.00e+00
RS Cgb: 0.00e+00
Operating Bias Point Solution:
vEnm: .31079  voltage
V(n0o4. 4 volt
V(:ZBSD 1.39839 :zlt:gi
V(noo1) 10 voltage
m:m; 3.58561e-05  device_current
Ig(M1. [ devi it
4 IElMl) -5.9224e-12 d:::ﬁ::i::::t
_op I?M}) -3.58561e-05  device_current
I(Rd 3.58561e-05  d
.model NMOS NMOS KP=25uA W=10U L=10U VTO=1V 1(R1) ie0s  devicercurrent
= = = 1(R2) 4e-06  device_current
+GAMMA=0 PHI=0.6 LAMBDA=0.02 I(Rs) 3.58561e-05 aeﬁce,c:rrent
I(v1) -3.98561e-05 device_current

Page 280

Kp=1: Vegy = mﬁ% = 125V | I =2 (1.25 - 0.6)* = 10.6 uA

2.5+v5(0.6)—0.6
KR=5: VGSNzT_ 1OOV | ID

Kp=5: Vegy = ””f# = 150V | I, =2 (150 - 0.6) = 203 ud

22(1.00 - 0.6)* = 4.00 pA
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Page 286
(a) Vs =3V, Vog =V, =-2- (—3.5) =+1.5 V. The transistor is pinched off.

> -
I,= IDSS( —%) =1mA 1—(__32—;/) =184 ud4 | Pinchoffrequires V3 =V -V, =+1.5V
fs I .

(b) Vs =6V, Vo =Vp ==1- (—3.5) =+2.5 V. The transistor is pinched off.

> -
) =1mA 1—(%) =510 u4 | Pinchoffrequires V3 =V -V, =425V

Vv
ID = IDSS( _%

P

(c) Vs =05V, Vo =V, =-2- (—3.5) =+1.5 V. The transistor is in the triode region.

2(1m4
1, = Hoss (VGS —V, - @)VDS - (—2)(-2 +3.5- %)0.5 =51.0 ud

Ve 2 (-3.5)

Pinchoff requires Vg =V s -V, =+1.5V

(a) Vs =05V, Vog =V, ==2- (—4) =+2 V. The transistor is in the triode region.

2(0.2mA
I, - 21D2ss (Vcs _y, —%)VDS - (—2)(-2+4-%)o.5 ~21.9 ud
; )

(b) Vs =6V, Vog =V =—1- (—4) =+3 V. The transistor is pinched off.

2

2

V, -1

I, =1,|1--%| =02mA [1-|—|| =113

D DSS( VP ) (—4V) luA

Page 288

(a) Vs ==3V, Vog =V, =3-4=-1V. The transistor is pinched off.
Vs | NEAl

I, =1,|1--%| =2.5mA |1-=—| =156 ud | Pinchoffrequires V3 <V -V, =-1V
Ve L 4V

(b) Vs =—6V, Ve =V, =1- (4) = -3 V. The transistor is pinched off.
Vs | T

I, =1,|1-—%| =2.5mA |1-—| =1.41mA | Pinchoff requires V3 <V, -V, =-3V
Ve | 4V

(c) Vs ==05V, Vg =V, =2~ (4) = -2 V. The transistor is in the triode region.

27 |78 2(2.5mA) -0.5
I, =#(VG$ -V, —%)VDS = 2-4-—- (-0.5)=273 u4

Pinchoff requires Vg <V o -V, =2V
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Page 289

BETA = 1255 294 _ 635 ma | VIO=V,=-27 | LAMBDA =2=0.025 "

()

I, SmA y
BETA=7=2—2=1.25 mA | VIO=V,=2V | LAMBDA=A=0.02V

P
Page 290
VIO=V,=-5V | BETA=I‘1;_525=(5L5’)42=()_2 mA | LAMBDA=A=0.02V"
e (-
Page 291
Vos =V = Vs =—IoR; — IR =0 -1 ,R = -1, R;
K s Ky or o (Ves o) Vi) K, . »

Vos == 2" (VGS_VTN) Ry =~ 2n VTNRS(VTN_ ) =_IDSSRS( _Vp) for 1 =7Vm and V, =Vp,
Vs = _0.42mA (-5)’ (le)(l —V—GSS) = 5(1 +%) — V2 —15V,+25=0 and the rest is identical.

Assuming pinchoff, 1, =1.91 mA and V,;=9-191mA(2kQ+1kQ)=327 V.
Ves =V, =3.09V, Vi >V -V,, and pinchoff is correct.

2 2
Assuming pinchoff, Vs = -1, R (1 -“//G‘) = —(5x10'3)(2x103)(1 + %) — V2 +12.5V,,+25=0

P

2 2
Yos =5mA(l—ﬁ) =125mA
\% 5

Ves==25V | I, = IDSS(I—
A _
Vps =12-1.25mA(2kQ+2kQ)=7.00 V.
Vs =Vp==25-(=5)=+2.5V, V¢ > V= V,, and pinchoff is correct. Q-Point:(1.25 mA, 7.00 V)
(a) Vg =-I,R; =—-10nA(680kQ) = -6.80 mV.
Ve | Vs |
V=V, -Vi=-I R, - IDSSRS( -%) =-.00680 - (5x10'3)(103)(1 +%) —= V2 =15V, +25=0
P
The value of Vj is insignificant with respect to the constant term of 25. So the answers are
the same to 3 significant digits.

(b) V; =-I,R; =-1uA(680kQ)=0.680 V and now cannot be neglected.

2
Vos =V = Vs ==1sR; _IDSSRS(] _%) =_0'680—(5X10_3)(103)(1+

P

V 2
%) — V2 15V, +284=0

2 2
Vi ==2226 V | ID=IDSS( —%) =5mA(1_‘2~2526) 154 mA
A —

Vys =12-1.54mA(2kQ+1kQ) =7.38 V | Q-Point:(1.54 mA, 7.38 V)
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