Microelectronic Circuit Design
Fifth Edition - Part 1
Solutions to Exercises

CHAPTER 1

Page 11
5.2y

5.2 5027
_ _ _5.00 mV yoo =212V 5 seom
LS8 = 104 0e  1024bits " Mo

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

or V= (2-1 +2742% 4 2-10) 512V =3.925V

Page 12
g = 580V = S'OOI./ =19.53 mV N =ﬂ256bits =61.44bits
2°bits  256bits 5.00V

61=32+16+8+4+1=2"+2*+2+27+2°=00111101,

Page 12
The dc component is Vo =4V.
The signal consists of the remaining portion of va: v, = (5 sin 2000xt + 3 cos 1000 xtt) Volts.

Page 23
v, = =5cos(20007r +257) = —[—5 sin(20007 +25° - 90")] = 55in(20007 - 65°)
Vv =5/-65 V.=000120° 4 =229 _ 5000, -65°
0.00120°

Page 25
=R 5 0K e 2010

Rl Rl
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Page 26
v, =[0.5sin(200077) + 5in (400077) +1.5sin (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(4000777) 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(2000z¢) volts.

Page 27
39k§2(1 - 0.1) <R< 39k9(1 + 0.1) or 351kQ<R<429 kQ
3.6k£2(1 —0.01) <R< 3.6k§2(1 + 0.01) or 3.56kQ <R <3.64 kQ

Page 29
2 2
J T
R+ R 54kQ2
2 2
(1.1x15) . (0.9x15)
"o L 53 mW P =L =321 mW
0.95x54kQ 1.05x54kQ
Page 33
10° . 10° .
R=10kQ |1+ ——(-55-25)"C|=9.20 kQ R=10kQ |1+ ——(85-25)°C|=10.6 kQ
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CHAPTER 2

Page 47

~0.66eV
(8.62x10‘5eV/K)(300K)

n, = |(231x10° K 7em ™ )(300K ) exp =2.27x10%/em?

Page 47

~1.12eV
(8.62x10'5eV/K)(50K)

S
I

= [(1.08x10" K=em™)(50K ) exp = 4.34x10™°[cm?

n = (1.08x1031K-3cm-6)(3251<)3 exp —1.12eV = 4.01x10" /em’
(8.62x107 eV / K)(325K)
Ci’}’l3 m ’
J=———1107°—| = L=6.13x10"m
4.34x10° cm
Page 48
cm’ %4 cm cm’ \% cm
v, =u,E =470 (10—) =470x10°— v =-u E=-1420 (1000—) =-1.42x10°—
V-s cm S V-s cm S
E-Y_ %1 _5.00x10°
L 2x107 cm cm
Page 48

(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
Mn=ﬁ=4.3x10 Cm/s=4300% u =V_p=2.1x10 cm/s=21000m
E 100V /cm S rF 100V /cm s
(b) The velocity peaks at 2x10cm / sec
5 2
" _Va _ 8.5x10cm/s =8SOO%
E 100V /cm K
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Page 50

~1.12
8.62x107 (400)

1

n? =1.08x10 (400)’ exp[

1
P T 6010 [(2.32x10")(1420) +(2.32x10)(470)]

-1.12
8.62x107 (50)

1

n? =1.08x10" (50) exp

1
P s T e0x10" [(4.34x107)(6300) + (4.34x10™)(2000)]

= =1420 Q—-cm

]= 5.40x10* /em® | n, =2.32x10" / cm’

=1.88x107"" /em® | n,=4.34x107" /cm’

= =1.69x10" Q-cm

Page 54

-1.12
8.62x107° (400)

n? =1.08x10°'(400) exp

] =5.40x10**/cm®

holes n

cm’ p 8x10"

24
p=NA _ND =1016_2-XI015 =8x1015 n=—=_5'4OXl0 =6.75x108 el@cl‘rons

3
cm

10'6 electrons

Antimony (Sb) is a Column - V element, so it is a donor impurity. n=N, =2x e
2 20
p=n—’—L16—500 10° holes n>p—n-type silicon
n  2x1 cm
Page 55
(a) N, =1x10"/em® | N,=0/cm’ | N, =2x10"/cm’ |
=522+ 199 180 em? /Vos | o =4494— 20 318w /v —s
16 . 16 :
1x10 1x10
I+ ———r I+ ————¢
9.68x10 2.23x10
Ny=0/cm’ | N,=3x10"/cm> | N,=3x10"/cm’ |
u, =522+ 1365 =484 cm®> |V -5 | u, =449+ 426 =102 cm®* /V -5
17 . 17 :
3x10 3x10
I+ — I+ ————~
9.68x10 2.23x10
(b) N, =N, +N, =4x10"/cm’ +6x10"° / cm’ =1x10" / cm’
u, =522+ 1365 5ax = 127 A u, =449+ 426 575 =153 cm® |V —s
17 . 17 .
N 1x10 N 1x10
9.68x10" 2.23x10"
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Page 57 Use the mobilty expressions in Fig. 2.8 with a spread sheet or MATLAB

0 =1000 = 1.60x10™"° t,n — u,n = 6.25x10% / cm’ = (64.5)(9.68x10") 1 p = L0001 @-cm
(o)

(a) N, =2x10"°/cm’ | N,=0/cm’ | N, =2x10"/cm’ |
1365 s =1070 em® /V =5 | u,=449+ 426 -
16 . 16 K
L[ 2x10 14[ 2x10
9.68x10" 2.23x10"

2x10'° n?  10*° 5000 1 1

cm’ n 2x10°  cm’ qunn=(1.60x10'19)(1070)(2x1016)

u, =522+ — =266 cm’ |V —s

=0292 Q-cm

(b) N, =N,+N,=2x10"/cm’ +3x10"° / em’ = 5x10" / cm’
1365 a5 = 886 AT u, =449+ 426 5
5x10" 1\ 5x10° )
I+ — I+ ———¢
9.68x10 2.23x10
10* 10000 1 1

- | p=—= =3.16 Q-
0° o C qun (1.60x107"%)(198)(1x10") o

u, =522+ —==198 cm® /V -

2
n.

| n=—+=
p

Page 58
Boron (B) is a Column-III element, so it is an acceptor impurity.

n> 107 electrons .
| n=—+t= ==25 5 | p-type material
p 4x10 cm

holes

3
cm

p=N,-N,=4x10"

B 4x10"

3
cm

N, and mobilities from expressions in Fig. 2.8:

2 2
cm cm 1 1

| u, =548 | p= =0.0285 Q-cm

=153 = =
H V-s V-s qu,p 1.60x10"°(4x10")(54.8)

Indium (In) is a Column-III element, so it is an acceptor impurity.

2 20
| n=li _ 10 5 =143 electr30ns | p-type material
p 7x10 cm

7x10" cm’ cm?®
N, = — u =675 I =462
T em? Ha V-s Ho V-s
l= 5 ! S =193 mQ-cm
o 1.60x107°(7x10")(46.2)

holes

3
cm

p=N,-N,=7x10"

p=
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Page 59

kT 1.38x107(50) 1.38x107(77)

V,=—= 5-=431mV |V, = 5 =6.63mV
q 1.602x10° 1.602x10°
1.38x107(300) 1.38x107(400)
V, = ——=258mV | V, = ——=34.5mV
1.602x10 1.602x10
kT cm’ cm’
D, ==—u, =258mV(1365+52.2) =36.6
q V-s s
2 2
D, = T 25 8mv (426 +44.9) " 121"
q V-s s

2 16 4
Jn =an?=l.6Ox10"19C(2O cn )( 10 )(10 “m)=320 A
X

s Nem® —um cm cm’
2 16 4
j,=—aD, ™ 1 60x10c[ 4 || 20T |[107km) _ gy A
dx s \em” —um cm cm
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CHAPTER 3

Page 77
2x10"%(10%
PN LA RN ool L | I
' n; 10
2(11.7)(8.85x107"
P . LIS P ) _ /i L )(1.05) = 2.63x10 e = 0.0263
g \N, N,J" 1.60x10" 2x10" 10
Page 78
0 N Xy
E, . =€l f—qNAdx = % E .= —lquDdx = % For the values in Ex.3.2:
s -x, K s 0 s
) 1.6x10'19C(1017 /cm3)(1.13x10-5cm) -
max 11.7(8.854x10-14F/cm) cm

max = 2.63x10°cm cm

18 -1 20
X, = 0.0263um(1 + %) =0.0258 um x, = 0.0263um(1 + %018) =5.16x10" um
X

2(1.05V) .

Page 81
1.381x107(300
Ty BO) o059 | 7239 o9k
q 1.602x10" 1.03
Page 83
0.55 0.70
i, =40x107" Alex ~-1[=143 i, =40x107" Alex -1|=57.9 m4
> p(o.ozs) ] ud - p(o.ozs) ]

6x107 4

07" 4

v, =(0.0257) ln(l * o

) =0.643 1V

i, =5x10"°4

~0.04 . .
ex 1|=-399/4 | iy =5x10""4
p(0.025) ] A

2.0
e _1|=-5.00 /4
Xp(o.ozs) ] %
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Page 85

-6
() V=V, In[1+12 =0.025V1n(1+W)=0.593 %
1 2x10°
N
-6
V, =V.In 1+§_D =0.025Vln(1+%)=0.651 V AV, =576 mV
s X
-6
(b) Ve =V, In|1+2 =0.0259V1n(1+W)=0.614 v
I 2x10

-6
v, =V In|1+12] 200250V In 1+w 0674V AV, =59.6 mV
I 2x1075 A

Page 86

ln(llﬂ) =In(i,)-In(ls) | Assume i, is constant, and E; = E,

N

dﬁ=kln b _k_Tl%=v_d_VTi% | IS=an=KBTBeXp(—h)
ar q \I,) q I;dT T " I,dT kT
9% _s3kpr exp(—%) +KBT’ exp(—ﬁ)(+E—<@)

dT kT kT )\ kT

Ldly 3 Ego 3,4V _3 Voo | Do _Va_y 1dls _vi=Voo=3Vr
I,dT T kT* T kT* T V,T dr T "I, dT T

V,(275K) = 0.680V ~1.82x107 %(3001{ ~275K)=0.726 V

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

Page 87
20V + ¢, 2(10.979V

w, =0.113um1/1+ 1oy =0378um | E_ . = ( ¢j) = ( ; ) =581k—V

0.979V w, 0.378x10""cm cm

10V
I, =10f4.1+ —— =36.7 f4
s =107 \" o8y %
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Page 91
11.7(8.854x10-‘4F/cm)

~91.72E 1 ¢, (0v) = 91725 (10 em) (125510 em) = 11.5 pF

s 0.113x10* cm cm cm
C (V)= 2PF 464 pF
1+
0.979Vv
Page 93
s 4 2
C, =29 A 10552400 pF 1 €, =30 A5 2300 pF 1 0y =20 Ao 0,02 wF
0.025V 0.025V 0.025v

Page 97

Two points on the load line: V, =0, I, =55—k2 =lmd; 1,=0, V,=5V

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

Page 99
10=10"1,+V, | VD=VT1n(1+§—D) | 10=1041D+0.0251n(1+§—D)

S N

Page 100
id = fzero(@/(id) (10-10000*1d-0.025*log(1+id/1e-13), 5e-4)
ans = 9.4258e-004

Page 101 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

Page 108
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From the answer, the diodes are on,on,off.
10V-V, V,-0.6V - (—ZOV) . V,-0.6V - (—IOV)

I =1 +1 —0—>V, =187V
PRI ) 5kQ 10kQ 10kQ i

1.87-0.6-(-20V)
= =213 mA

10kQ
1.87-0.6—(~10V)
- =1.13mA1V . =—(187-0.6)=-127V

D2 10/(9 D3 ( )

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

Page 110
R =5k—9=1.67 kQ
min 20

=

5

152

V,=20V———=333V (V, is of
© 5kQ +1kQ (Vz s off

V,=5V (V, is conducting)

Page 111
VL—20V+VL—5V+ v, L0V, =625V | IZ=6'25V_5V
1k€Q2 0.1k 5kQ 0.1k

2
P, =5V(12.5mA) +100Q(12.5mA) =78.1 mW

=12.5mA

Line Regulation = 0.IKQ 196" [ oad Regulation = 0.1kQ[5kQ =98.0 Q
0.1kQ + 5kQ v
Page 117
Vo=V, -V, =632-1=7911V 1,=220 1584 ytep 13841 459y
0.5Q C~  0.5F 60

180°

=19.7°

arol hVo 1 2(0.5271/

) =0.912ms 6, =1207(0.912ms)

o\ ¥, 2x(60) |\ 891V T
VoV—V, <1N2-1=1317 1,-2 6574 c-tep 841 140 p
2Q V.©  0.1F 60
ar=L ple 1 O 316 e ec=120n(0.316ms)180 = 6.82°
o\ ¥, 2x(60)\ \14.17 T
Page 119
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1.38x107J / K(300K
At300K: 7, ILZA PO 19( )ln 1+ 48'165/1 =0.994 7
q s 1.60x107°C 07" 4
1.38x10J / K(273K + 50K
At 50°C: VD=k—Tln1+]—D = ( S )lnl 48'165A =107V
q p 1.60x107°C 07" 4
Note: For V, =0.025V, V, = k—Tln 1+ I =0.025V In|1+ 48'165A =0961V
q ¢ 107 4
Page 126
V.+V  15+1 I 24 1
V, o=odel Ton =113V | C=2T=— =2 ¢-(222F =222,000
S Y \2 | V. 0.01(15/) 60 ut
Ise =wCV, =2m(60Hz)(0.222F )(16¥) = 1340 4
0.01)(15
ar=t ple__1 2( J03) =0363ms | I, =1d62—T=2A2—S=184A
oV,  2m(60) 16 AT 60(0.363ms)

11 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 4

Page 152
, 2 3.9(8.854x10"F / cm
K, =, 2o = 500" ( ' ) 69.1x10° S —69.144
" V-s 25x107" cm V:-s Vv
-7
Scaling: K|, = M(@.l@) ~34544
5x107" cm

K =K‘E=soﬂ(zo“m)=1ooo’““/_‘? Kn=5oﬂ(_60“m)=1ooo@

L V2 lum V2 3um 1%
K, =50LA[ 104m 500014
25um

For V,s=0 Vand 1V, V<V, and the transistor is off. Therefore 7, =0.

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

ID=K;K(VGS-VTN-5)V _ o5 kA 10um (2 15-2)0.1\/%11.3 1A
L 2 Vi Lum 2

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

ID=K‘”K(VGS—VTN—M)V _ o5 kA 10um (3 15—2)0.1V2=36.3 uA
L 2 V2 lum 2

K, = 25ﬂ(—100“m) - 25044

V2 lum V?
Page 153
R, = W ! = ! =4.00 kQ | Ron=;=1.00k9
K;1I(VGS VTN) 250‘“14(2 1) 250‘;/1(4 1)
GS TN"‘KIR =1+ ! =3.00 V
on 250%(20009)
14
12 ©R. C. Jaeger and T. N. Blalock
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Page 154 Vpg should be 0.25 V
Voo -Vin =25-1=15V and V,, =0.28 V — Triode region operation

1D=K;,%(VGS-VTN %)VDSAOOOP“/A(% 1-%)0 25V =344 uA

A
g, =KV, = 1000%(0.251/) =250 usS

Page 156

Vi -Viy =5-1=4V and V, =10 V' — Saturation region operation
K, 2 1 mA
I, = 2 (VGS_VTN) —2 )2

K% W 1mA 25

(5 1) V2 =8.00 mA

—-—=——=— W =25L=8.75 um

Assuming saturation region operation,

I, = n(VGS_VTN)2= : mA(

2.5- 1) V=113 md
2

A
=K, (Vos =V ) = 1”;—(25 1)V =1.50 mS

Checking: g, = 21, 2(1.125mA)=150 mS
DT Vs =V (25-17

Page 157
Vig-Viy =5-1=4V and V, =10 V' — Saturation region operation

Kn

) lmA(

(Vs = Vi) (14 AW 5-1)¥ *[1+0.02(10)] = 9.60 m4

(Vs = Vi) (14 AV,p5) = ;”;A(s 1) y?[1+0(10)]=8.00 ma

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

DN

(Vs = Vi ) (14 Wi ) = %%(4 -1 72[1+0.01(5)] =118 pud

g

Iy =22 (Vg = Vi ) (14 A5 ) = %%(5-1)2 V?[1+0.01(10)] =220 ud

\S)

13 ©R. C. Jaeger and T. N. Blalock
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Page 158
Assuming pinchoff region operation, /, = £(O Vm) = 52—0%(+2 V)2 =100 u4

e

Assuming pinchoff region operation, 7, = %(Vcs v, )2 _50

e [ -(-21/)]2 ~205 ud

w|§

Page 160

V. =V, + y(\/VSB £ 0.6V - \/O.6V) “1+ 0.75(x/0 £0.6- \/0.6) -1V
Vi =1+ 0.75(\/1.5+ 0.6 - \/0.6) “151V | ¥, =1+ 0.75(«/3 +0.6 - \/0.6) —1.84 7

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

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

I, = Kn(VGS -V, —%)VDS 1”;/1 (2 1—%)0 57> =375 ud

(¢) Vi -Viy =2-1=1V and V, =2 V' — Saturation region operation

ID=7”(VGS—VTN)2(1+)LVDS) 0.5+ (2- 1) V?[1+0.02(2)] = 520 ud

Page 162
(a) Vg is greater than the threshold voltage, so the transistor is cut off and ,, = 0.

(b) [Vas-Vay|=]-2+1|=1V and |V,s|=0.5 V — Triode region operation

I,= Kn(VGS ~ Vo —%)VDS =0 4’:/1—A( -2+ 1—075)(—0.5)V2 =150 uA

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

K 04 A
2n (VGS_VTN)( A'VDS) - (

I,

~2+1)° V2[1+0.02(2)] =208 uA

14 ©R. C. Jaeger and T. N. Blalock
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Page 167
C.o = (200“—f)(5x10-6m)(0.5x10-6m) =0.500 /F

m

Triode region: C,, = Cyg = % + CyoW = 0.25/F + (300£)(5x10‘6m) =1.75 fF
m

Saturation region : Cp = %CGC + Cug W = 0.333 fF + (300£)(5x10_6m) ~1.83 fF
m

Cp = CosoJV = (300£)(5x10_6m) =1.50 fF
m

Page 168
KP=K, =150U | LAMBDA=A=0.0133 | VITO=V,, =1 | PHI =2¢.=0.6

W=w=15U | L=L=025U

Page 170
2 2
Circuits/em? o« o’ = (0'18“’”) _[ O-8mm 1 (g 18) 669
22nm 0.022um
Power-Delay Product o« % = % = L; Rounding — 550 times improvement
a’  8.18 548
e, Wla v . . .* .
Ip=u, Tox /am(‘%s _VTN _%S)VDS =al, | P = VDDlD =VDD(a ZD) =a P
P*=O{—P=Ot3£ — il*):aiD | PP=a P | P*=a3£
A (W/a)(L/a) A A A
Page 171

1 500cm*/V -5
(a)

= 1V) =127 GHz
" o2n (0.25x10'4cm)2( )

2 2
LSOOcm /V_S(IV)=L 500cm” /V =

27 (40mm)’ g l(40x10"9m)(1006121)]

(b) f; ~(1vV)=4.97 TH

15 ©R. C. Jaeger and T. N. Blalock
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Page 172
VowY - (105 L)(10-“(:;71) 10V
L cm cm

L= (105 L)(IO'Scm) -1V | L= (105 L)(22x10'7cm) =022V

cm cm

Vi =min[(Vos = Viy ) Vig: Vo | = min[3.5,4,25]=25 V

25

I,=K, (VGS v~ -VM%) e (14 AV, ) =107 (4 0.5 —7)(2.5)[“0.02(4)] = 607.5 uA

Vi =min[(Vos = Viy ) Vs, Vi | = min[3.5,4,20]=3.5 v

’D=K,,(VGS—VTN—V”§’N) Vi (1+AV,5) =10 (3 5—%)(3.5)[1+0.02(4)]=661.5 UA

[
)=
[
)=

Page 174
(a) From the graph for V, =0.25V, I, =10""4 |

(b) From the graph for Vs =¥,y 0.5V, I, =3x10"" 4
(c) I= (109transistors)(.’>x10'15 A/transistors) =3 ud

Page 176
L=2A=0250 um | W=10A=1.25 um

Active area =10A (12A) = 120A% =120(0.125um)’ =1.88 um’

Gate area = 2A(10A) = 20A =20(0.125um)” = 0.313 um”

Transistor area = (10A +2A +2A)(12A +2A +2A) = 224A% = 224(0.125um)’ =3.50 um’
(101

TS0 28.6 x 10° transistors
S0um

N=

16 ©R. C. Jaeger and T. N. Blalock
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Page 183 Upper group

2
2 2V, 1 1 2V,
VG2S+VGS —— -2V "'VT2 -——=2=0 | VGS=_( _VTN)i\/( —Viv _VT2N+ -
n" 'S KnRS KnRS KnRS KnRS
2
= 1 1 2V 2 2 2V _ 1
Gs — VIN _KnRS I\/(KnRs) _KnRS +VTN _VTN + KnRs _VTN + KnRS (\/1+2KnRS(VEQ _VT )_1)

Assume saturation region operation.

1 2
T (\/1 +2K,Rs (Vg = Vi —1)
1

I, = 2
2(30uA)(394Q)
V,s =10-114kQ(36.81A)=5.81 V | Saturation region is correct. | Q-Point: (36.8 uA, 5.81 V)

ID

(J1+2(30u4)(39k2) (4-1) -1)2 -36.8 uA

Assume saturation region operation.
o

2(25uA)(39kQ)’

Vps =10-114kQ(26.7uA)=6.96 V | Saturation region is correct. | Q-Point: (26.7 uA, 6.96 V)

J1+2(25uA)(39kQ)(4-1.5) -1)2 =26.7 A

Assume saturation region operation.
1 2
I, = (1+2(2504)(62k)(4-1)-1) =254 ua

Vys =10-137kQ(25.4uA)=6.52 V | Saturation region is correct. | Q-Point: (254 uA, 6.52 V)

17 ©R. C. Jaeger and T. N. Blalock
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Page 183 Second group

Vio = R Vop = IMQ 10V =4V | Assume saturation region operation.
R +R, IMQ+1.5MQ
2
=5k R2 (\/1+21< Ry (Veg = Vi) —1)

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

R Vop = [.SM<2 10V =6 V | Assume saturation region operation.

1.5SMQ+1MQ

(J1+2(2504) (1 8k22) (4-1) -1)2 =99.5 uA

V. =
"R +R,

1
©2(25uA)(22kQ)°
Vps =10-40kQ(99.2uA)=6.03 V | Saturation region is correct. | Q-Point: (99.2 uA, 6.03 V)

(J1+2(2504)(22k)(6-1) -1)2 =992 uA

Bias — VDD _>R1+R2= VDD = 10V =5MQ
R +R, gy 2uA
Vio
V=D y, R =(R+R) 2 =5MQ 2 -2 M@
R +R, V., 10V

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

Page 187 Should refer to Fig. 4.30

V., =4-390001, V,,=390001, V, =1+ 0.75(1/VSB +0.6- \/0.6) _2oud 2 V= Viy )’
Spreadsheet iteration yields I, = 28.2 uA.
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Page 190
Assume saturation region operation.

25x10'6(62x104)
2

10-6=

(Vs + 1)2 Vo = V2 +0.710V, —4.161 =0 — V,  ==2.426V, +1.716V

I, - 25"210_6 (242641 =254 ud | Vg = J10-1374Q(25.44)] = 652 ¥

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

Page 194
(@) Vs =3V, Vyg =V, ==2-(-3.5)=+1.5 V. The transistor is pinched off.
) i ;
I, = IDSS(I - I;LPS) =1mA 1—(%) =184 ud | Pinchoffrequires Vg =V s -V, =+1.5V

(b) Vg =6V, Vog =V, =-1- (—3.5) +2.5 V. The transistor is pinched off.

, )
=1mA4 1—(%) =510 ud | Pinchoff requires Vg =V o —V, =+2.5V

%
[D = ]DSS(I _%

P

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

2(1mA
1, = 2Los (VGS -7, —%)VDS A 2)(-2+ 3.5—02;5)0.5 ~51.0 ud
Ve (-3.5)

Pinchoff requires Vs =V, -V, =+1.5V

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

2(0.2mA
[D _ 2IDSS (VGS _ VP _Q)VDS — u(_2+4_%)05 =219 MA

(-4

(b) Vs =6V, Voo =V, ==1- (—4) =+3 V. The transistor is pinched off.
V) w\[
Iy =1y |1--%| =02md |1-|—|| =113
o= o152 [=)| 113 s
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Page 196
(a) Vos ==3V, V.g-V,=3-4=-1V. The transistor is pinched off.

2 r 12
I,= ]DSS(I —%) =2.5mA 1_431_11; =156 u4 | Pinchoffrequires Vy, <V o -V, =-1V
P L i
(b) Vpg==6V, Vog =V, =1- (4) = -3 V. The transistor is pinched off.
Vs | T
I, = IDSS(I - %) =2.5mA |1- il 1.41mA | Pinchoffrequires V, <V o -V, =-3V
P i

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

27 v 2(2.5mA -0.5
I, = D2SS (VGS —Vp _%)VDS =¥ 2_4_7 (_0'5)=273 ud

P

Pinchoff requires Vs < V.-V, =-2V

Page 197
I, 2.5mA y
BETA =—">= —=0625m4 | VIO=V,=-2V | LAMBDA=4=0.025V
)
I, SmA .
BETA=7=—2=1.25mA | VIO=V,=2V | LAMBDA=A=0.02V
P
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Page 199

VIO=V,=-5V | BETA=V—=(—)=0.2mA | LAMBDA=1=0.02 V"
P -5

Vis = Vo =Vs ==1R; = IRy =0—1,R; = I, R;
2 2
2 K, V V K,
(VGS_VTN) Rs=__V72NRs(V_GS_ ) =_IDSSRS( _ﬂ) for IDSS=7 o and V, =V,

2 N P

KI’L
2

Vs =—

2 2
Vs = —%(—5)2 (1k§2)(1 - h) = 5(1 + %) — V2 —15V,+25=0 and the rest is identical.

Assuming pinchoff, 1, =1.91 mA and V,; =9-191mA(2kQ+1kQ)=3.27 V.
Vo =V =309V, Vo >V, -V,, and pinchoff is correct.

2 2
Assuming pinchoff, V., = -1, R; (1 - %) = —(5x10‘3)(2x103)(1 + %) — V2 +12.5V,+25=0

P

2 2
V., =-25V | 1D=1DSS(1-%) =5mA(1_is'5) =125 mA

P

Vs =12-125mA(2kQ+2kQ)=7.00 V.
Vs =Vp==25-(=5)=+2.5V, V3 >V, = V,, and pinchoff is correct. Q-Point:(1.25 mA, 7.00 V)

Page 200
(a) Vg =-I5R; =-10nA(680kQ)=-6.80 mV.
VGS ’ -3 3 VGS ’ 2
Vs =V = Vo = ~16Rq = IpgsRs| 1=-2* | =-.00680 - (5x107)(10%) 1428 = Vg =15V +25 =0
P

The value of V, is insignificant with respect to the constant term of 25. So the answers are
the same to 3 significant digits.
(b) Vg =-14R; =-1uA(680kQ)=0.680 V and now cannot be neglected.

2 2
V=V, -V, =—I R, - IRy (1 - ﬁ) = -0.680 - (5x10-3)(1o3)(1 + %) — V2 15V +28.4=0

P

-2.226

2
Vi =-2226 V| 1D=1Dss( -%) =5mA(1—

P

2
) =1.54 mA

Vs =12-1.54mA(2kQ+1kQ) = 7.38 V | Q-Point:(1.54 mA, 7.38 V)
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CHAPTER 5

Page 221
a, 0.970 0.993 0.250
4 _ _ Gl = =0.333
() B l-a, 1-0.970 P 1-0.993 P 1-.250
() o, _ P 0976 1w, =22 0095 | a, =3 -0.750
Br+1 41 201 4
Page 223 ] ) ]
-15
i =107" Alexp 0.700 —exp| 930 1074 exp =930 -1|=1.45mA
| 10.025 0.025)] 0.5 0.025) |
i T .
i, =107" 4|exp 0.700 —exp —9.30)), 104 exp 0.700} _, =1.46 mA
| 10.025 0.025)] 100 0.025) |
107° 4 0.700 107" 4 -9.30
i, = ex -1{+ ex -1{=14.5
*= 100 |F (0.025) ] 05 | P0.025 i
Page 225 ] ] ]
0.750 0.700)| 1074 0.700
i.=107"" Alex —ex - ex ~-1{=563
¢ _ p(o.ozs) P (0.025)_ 04 | P (0.025) | ud
[ (0.750 0.700\] 107°4] (0.750) ]
i, =107"% Alex —ex + ex -1[=938
g _ p(o.ozs) P (0.025)_ 75 | p(o.ozs) | ud
107'°4 0.750 1074 (0.700
i,= ex -1+ ex -1{=376
LTS p(o.ozs) ] 04 |7 (0.025) ] u
i, =107" Alexp 0.750 —exp =2 _\1210.7 ma
0.025 0.025)]
i, =107'° A|exp 0.750 - exp —4251]_ 1.07 mA
0.025 0.025)]
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Page 227
4
Vo =Vt 2 1] 20,0257 10 1A 1] <0601 1
I 107 4

107 4

107"°4

V, =V, 1n(§—c + 1) = 0.025V1n( + 1) ~0.748 7
N

Page 228

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

Page 231
B, - arp =0.95=19 B, - a, _025 1
l-a,. 0.05 l-a, 075 3
1 6 1
Ve =0, Vpe << 0: I =I[1+—|=10""4 1+ =0.400 f4
BE BC C S( R) 0333) f
-16
1, =1,=0.100 4 IB=—I—S=—10 A=—O.300fA
B.  0.333
Ve <<0, Voo <<0: I = Ls _3y10 4= 0.300 14
R
-16 -16 -16
1E=I—S=10 A 526 a4 13=-I—S-I—S=-10 4_10 A=—O.305fA
B 19.0 B. Bs 190 1/3
Page 233

(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) 7, =100 pd | 13=ﬁ'11= SfA=1.96MA | 1. =PI, =501, =98.0 ud
F

98.0

074

Ve =V ln(ﬁ—c + l) = 0.025V1n(

N

+ 1) =0.690 V

23 ©R. C. Jaeger and T. N. Blalock
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Page 234
(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: 7, =100 ud | I, = ([J’F + I)IB =510mAd | 1. =1, =5.00 mA
5.00mA

107"° 4

Ve = V5 ln(j—c + l) = 0.025V1n(

N

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

Forward - active region with V., =0 requires V.. =V,, or V.. =0.764 V

Page 236

-0.7V -(-9V)
(a) I, =———~=148mA

5.6kQ
f=—te e 2914411 =B.1,=501,=145mA
B B.+1 51 L u c rlp p =1
Vg =V =V, =(9-43001.)-(-0.7)=347 V | Q-Point:(1.45mA,3.47 V)
-0.7V -(-9V

(b) IE=/5F+11C=2100MA=102MA | R= (-9v) _ 83V =814 kQ

B 50 102uA 102uA
The nearest 5% value is 82 kQ.
Page 237
1 0T ) g s 1=—te _de 094 | 1 =BT, =501, =145 mA
£ 5.6kQ ' Pop.+l 50 T e B

[y Ly B N N EL ) 0.0251n(2x10" 7, +1)
Br 50 I

Ve + 8200 [l.OZ(leO’lé)exp(%) -1{=9—=V,,=0.7079 V using a calculator solver

or spreadsheet. 1. =5x107"° exp( 0670();59

)= 992 ud | Vg =9-43001, -(-0.708) =5.44 V

_14
po s 26107
a, 0.95
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Page 240

0.7V —(-9V _ _
-1, =#=1.48 mA |1, e A —1, =Bl =(1)1,=0.741 mA
5.6kQ e+l 2
Page 242
1mA
b 2(40uA)
1
VCESAT = (OOZSV)IH (E)I_T = 997 mV
50(40uA)

0.1mA +(1-0.5)1mA

Vyssar = (0.025V)1n 1 =0.694 mV
10“5A(+1—0.5)
_ 50
0.1mA - 1mA
Viesar = (0.025V)In 0 =0.627 mV

10“5A(015)(510+1—0.5)

Note: VCESAT = VBESAT - VBCSAT =67.TmV

Page 245

(a) D, = LI 0.025V (500cm® /V —s) =125 cm’ / s
q

_gAD?  1.6x107°C(50um® )(10™ em / um)(12.5em” /5)(10% / em®

b) 1 =10""A=1aA

) 5 N W (10" 7 cm?)(1am)
Page 248

1.38x107J /K )(373K
VT = ( 19)( ) = 322mV | CD = [_C‘EF = M(4X10_9S) = 124 MF

1.60x10""C V. 0.03221V

fﬁ =£=M=2.4OMHZ

B 12
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Page 249

1. =107" Aexp 07 V1419 2174 ma | /5F=751+Q ~90.0 | 13=1'74mA
0.025)" " 50 50

I.=10"" Aexp 0.7 =145md | B.=75 | I, = LasmA _ 19.3 ud
0.025
Page 251
_40

gm—V(10'4A)=4.OOmS | g =30

= 7(10-3 4)=40.0 mS
C, =4.00mS(25ps) =0.100 pF | C, =40.0mS(25ps)=1.00 pF

Page 254
1.38x107(300
v, _AT (19 )=25.9 mV | 1S= e ___ 350u4 =1.39 /4
q 1.60x10" Ve 0.68
exp| ——| exp
v, 0.0259
BF=80 | VAF=70V
Page 258
Vip=— M2 1oy _ 400V | Ry, - 18kQ|36KQ =12 kQ
18kQ + 36kQ
4.00-07 V

B

T T 2687 I.=75I, =202 1. =761, =204
12+(75+1)16kQ ud | e 5 wd | 1y B ud

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

o= K215 400 V| Ry, = 180kQ360KR =120 Q2
180kQ + 360kQ
400-0.7

B

_ Y 2470 I.=75I, =185 1. =761, =188
120+ (75 +1)16 4 ud [ 1 s ud | 1 ? i

Vep =12-220007, 160007, =429 V' | Q- point: (185 ud, 493 V)

26

=19.3 ud
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Page 259

pede 30 gy,

=—18k9 12V =4.00V | R,, =18kQ|36kQ =12 kQ
EQ EQ

18kQ2 + 36kC2

400-07 V
- 204111 I.=5001, =205.6 1. =761, =206.0
12+(500+1)16kQ wd | e 5 wd | I, B ud

B

Ve, =12-220007/,. -16000/, =4.18 V' | Q-point: (206 ud, 4.18 V'
CE C E

Page 260
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—=820kQ 6.8 kQ— 68 kQ2

Page 261
9-0.7 14

2 T _954 I.=501, =477 mA | I.=511, =487 mA
36+(50+1)1kg2 ud | 1 5 e B

Vep =9-1000(1. +1,)=4.13 ¥ | Q-point: (4.77 mA, 4.13 V')

B

Page 266
VBE (V) IC (A) V'BE (V)
0.70000 2.0155E-04 0.67156
0.67156 2.0328E-04 |0.67178
0.67178 2.0327E-04 |0.67178
0.67178 2.0327E-04 |0.67178
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