Microelectronic Circuit Design
Fourth Edition - Part |
Solutionsto Exercises

CHAPTER 1
Pagell
5AN _ 51N 512/ _
o= Shopis -~ 102bits 00TV Vise = ——=2.560/

1100010001=2°+2°+ 2" +2° =785, V|, =78§5.00mV)=3.925V
or Vo =(2'+22+2°+2) 5.1 =3.925V

Pagel?2
Vi = 5'0_‘/ = 5'00_/ =19.53mV N —ﬂZSGblts 61.4%its
2%bits  256bits 5.00¢/

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

Pagel?2
The dc component is V, =4V.
The signal consists of the remaining portion of v4: v, = (5 sin 2000! t + 3 cos 1000 ! t) Volts.

Page23
v, =" 5c0{20004 + 25°) = [5sm (20004 +25° 90°)] 5sin(20004 " 65')

5" 65

=500@ " 65°
0.00%0°

V,=5"65 V,=0.00B0° A =

Page25

_"E n :" RZ
A = 5 | "5=" % R =50k
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Page26
v, =[0.55in(2000"t) + sin(4000't) +1.5sin(6000t)|

The three spectral component frequenciesfgrd000Hz  f, =2000Hz f, =3000Hz

() The gain of the bandbass filter is zero at bothandf,. Atf,, V, =10(1v)=10v,

andv, =10.0sin(4000't) volts.

(b) The gain of the lowpass filter is zero at bothandf,. Atf,, V,=6(0.5/)=3V,
andv, =3.00sin(2000") volts.

Page27
39" (1#0.1) $ R$ 39" (1+ o.]) or 35.1k $R$42.9k"
3.6k" (1#0.01) $R$ 3.6 (1+ 0.01) or 356k $R$3.64k"

Page29
2 2
p=_Y_ pon= 15 _417mw
R+R 54K"
2 2
(1.2a5) . (0.9x5)
mx= T/ _=531mW P™=1_"_1 =321mw
0.95¢54K" 1.05¢54K"
Page33
$ 3 ' $ 3 '
R=10k" &+1?# (#55#25)°C)=9.20k"  R=10k" &+1?# (85#25)°C) =10.6k"
% ( % (
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CHAPTER 2

Page4d7

; "0.66V &
n = |(2.31x10°K %cmi®)(300K ) exf = (=2.27x10%/cn?
6210V K)(300K (

Page47

# " &
, (1.()8)(10°’1K"?’Cmne)(SOK)3 exp% 1izv ( =4.34X10“39/CWF

@.6&10‘5ew K)(50K)(

S
I

# "1.12V &
= (1.0807K “om®)(325 )" ex2 = (=4.0a0°/cn?
6210°5%eV/ K)(325|<)(

-]
1

3
3= G )jgem

=X ./ L=6.1310"m
4.34x10 *°* cm:-

Page49
# & # &
v, = E = 5ooﬁ9§;oi( =5.00a0 "y ="y E=" 1350ﬁ?oooi( =1.35a0° "
V"s$ cm S V"s cm S
vV_ 1 V _ 0,SV
=—=—— = 2
L 2x10"cm cm
Page49

(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 \V; 5
" _V, _43x10°cm/s :430()@ u=Yoo 2.1x10°cm/ s :2100ﬂ
E 100V /cm S E 100V /cm S
(b) The velocity peaks at 2x10’cm/ sec
5
" _V, _8.5x10°cm/s _ SSOOﬁ
E 100V /cm S
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Page51
#
. S o T2
n; =1.08x10°'(400) exp;% BT (400)§
)=t= : ! =1450 + " cm
1.60x10"" (2.32x1012)(1350) + (2.32x1012)(500)]

#

n &
nf:1.08x1031(50)3 expo/gl'—l.g(Zl.88XIO"77/0mé | n =4.34x10"/cm
§8.62x107(50)(

_ |
1.60x10'" (4.34x10"39)(6500) + (4.34x10"39)(2000)]

&
=5.40x10*/cm’ | n, =2.32x10"/cm?’

=1.69x10% + " cm

>(-|»—

):

Page55
» #oe1p &

n? =1.08x10°(400 exi9% ———(=5.40a0"/cn

§8.62x1.0°°(400)(

holes _n’_5.40x10* _ electrons

cnt n p  8x10°® ' cnt

p=N," Ny =10°" 2x10° = 8x10°

:Zﬂﬂmdeamns

Antimony (Sb) is a ColumnV element,so it is a donor impurity. n= N s
c
n; holes .
=1 =_— _=500x10°—— n> n-type silicon
n 2x10° cnt P) P

Pageb56
Reading from the graph for Nt = 10'%cm?, 1230 cm?/V-s and 405 cm?/V-s.
Reading from the graph for Ny = 10'7/cm?, 800 cm*V-s and 230 cm*/V-s.
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Page58
" =1000=1.6010"°1n$ u,n=6.2510"/cn? =(6.2510°)(100) | % 1 =0.001& #cm

Hi#
(a) N, =2x10°%/cn?® | N,=0/cn? | N,=2x10°/cm’ |

U, =92+ 1270 =1170cn?/V#s | p,=48+

) g *091

14) 2x10' y

(1.3x10" +

(b) N; =N, + N, =2x10°/cn?® + 3x10°/cn? =5x10%/cn?’

T D A
1270 447

' B0 %0.91 T 40.76

1+

11,3007} }6.3a0°%

447

. g %076
1+) 2x10 N
(6.3x10°%

=363cnt/V #s

u, =92+ =990cn?/V #s | p,=48+ =291cnt/V #s

1+

Page59
Boron (B) is a Columnlll element, so it is an acceptor impurity.

holes n?  10° electrons .
| n=—"= =25 | p-type material

=N," N_ =4x10° N =
P=Na” Mo cnt p 4x10® cnt

_4x10°

"o
1 1

QUP  1.60<10 **(4x10°)(70)

N, and mobilities from Fig. 2.8y, =150cn?/V"s | p,=70cnf/V" s

#$ =0.022%" cm

Indium (In) is a Columnlll element,so it is an acceptor impurity.

holes n?  10° electrons .
=N," N, =7x10° —= n=—=_"" __=143—" """ - type material
P=N," Np Cm3I A VIE o | p-typ
_7x10°

c

N, and mobilities from Fig. 2.8, =100cn?/V" s | u =50cnf/V" s

1_ 1
& 1.60x10 19(7x1019)(50)

=1.79m%" cm
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kT 1.38107%(50) 1.38x107(300
V==t -431mV |, = ——=25.8mV
q 1.6010 1.602A0°
1.38x107%(400)
V, = —/=34.5mV
1.60210°
nt cnt

D, -—un 25, 8m\/(1362—) 3519

. |D ——up—zsemv(495—) 12.8~—

6
i =qD, $_1 60><1019C(200r;2)( 10 )(104‘””) 320
X

cn?—um/\ cm cnt
: dp wa| ent)  10°  )(10%um A
- gD, " = -1.60x10°C| 4 - 642
Jo =95 ( s lem’-um)\ cm cnt
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CHAPTER

3

Page79
(a0 o)
$ 1

=V, |n9$(o—( 0.025/ In E =1.05V

1&  [2117)(8.85a0")# 1

Y&l

2 H1
q $N,

+

Wdoz\/ ND’\ J:\/

1.60x10*

Bao® 107

L &1.05) =2.6310°cm=0.0263um

Page80

0
E.o=— $igN,dx= e

S #X, s

Emax :#% &NDdX: %
s 0

X For the values in Ex.3:

S

1.6x10‘*190(1o”/cnf)(1.13<10“5cm) kv
¥ 11.78.85440"F/cm) ~ 7 Tem
Hitt
2(1.08/
" ——( 6) 708<Y
2.6310"”cm cm
% 8(#1 % 0 (#1
X, =0.0263m 1+ 2x10°3 =0.0258um  x_ =0.0263m 1+ 10 + =5.16x10" pm
& & 2x10%)
Page83
1.381x10 (300
KT g 399 _ g 0250 | =30 201k
q 1.602x10 1.03
Page85
5 =40x10 lsA—iex%BOE " 1 =143uA i, =40x10 15A|ex%@5( " 1 57.9mA
# &
V, =(0.025/)In%+ M( 0.643V
$ 40x10

—5x1015A-+exp> "1:"399fA | i :5x10'15A?|exp#"2'0&"J:
é?i 5( P x ﬁﬁ.oza‘ .

"5.00fA
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-6
(a) Vee=Vr1n 1+1o =0.025\/ln(l+w =0.593 V
I 2x107° A
-6
Ve =V Inf 1+ 12| 20,025V 1n 1+w —0.651V  AVy =57.6 mV
I 2x10
-6
(b) Vee =Vs In 1+12) 20,0258V In 1+w =0.612V
I 2x107° A
-6
Vi =\ In| 1412 =0.0258v1n1+w =0.671V AV, =59.4 mV
BE T I 2X10 15 BE
S
Page89
n, %
lnzl—f" —ln( )( ln( ) | Assume i is constant, and Eg = Egg
<&
b _X ol %EILEL_E{ L dlg | |=Kﬁ=Kgﬁﬁ; Eso
dT qﬁT&quﬂTTldT so %kT&
dig , E., % % E.%
=3KBT °'+KBT3 -
a7 =P % eng KT &? KT &
ldI 4+ Foo qVGO 3 Voo | av, _ vd( 1dlg _ vy (Voo (3Ve
dTTszTszTVT dTTTdT T
Page90

/ 2v+")  2(10.97%
=0.113um,[1+ v =0.378um | E,, = ( ‘)= ( 4) 581KV
0.97% W, 0.37810"cm cm

HHH

< =10fA[1+ 1(;\// =36.71A
Page93
11.7(8.854x10*F /em)  pp nF
= : =917 | C(0ov)=91.7——(10"2cm)(1.25x10>cm) =11.5 pF
° 0.113x10™“cm cnr | J( ) cmz( )( ) P
_11.5pF _
C,(3V) = ——=———=4.64 pF
1+
0.979V
"5
=10 A ss=400 pF | C, 8XI0TA s 2300 pF | C, _SXIOCA 0,02 uF
0.025V 0.025V 0.025V
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v
B
The intersection of the two curves occurs at theQ (0.88 mA, 0.6 \/)

Two points on the load lineV, =0, I, = =ImAl,=0,V, =5

Pagel00

- VI I
10=10"1,+V, | Vo =V; Ingl+ -
#

s&

n I %
| 10=10I, + o.ozangu |_D

s&

Pagel01
fzero(@(id) (10-10000*1d-0.025*log(1+id/1e-13), S5e-4)
ans = 9.4258e-004

Pagel02
fzero(@(id) (10-10000*(1e-14)*(exp(40*vd)-1)-vd), 0.5)
ans = 0.6316

Pagel09
From the answer, the diodes are on,on, off.

10V -V, _ Ve #0.6V #(#20V) =V, #0.6V #(#10V)
" =lor o 2.5k"B: 10K" * 10K"
_1.87#0.6#(#20V) 1.87#0.6:# (#10V)

I
. 10k 10k"
5, >0, Iy, >0, V,; <0. These results are consistent with the assumptions.

=0$ V, =187V

=2.13mA| I,, =

=113 mMA | Vp, =#(1.87#0.6) =#1.27 V

Pagelll
5k . 1K" : . :
R, ==——=1.67k" | V,=20V ———=3.33V (V, isoff) | V, =5V (V, is conducting
20 5k* +1k"
—#1
5
Pagell?
\A 20\/+VL 5V+ \A =0$ V, =6.25V | |Z:6'25/—5V:12,EmA
1k 0.%k#  Sk# 0.1k#

P, =5V (L2.5mA) +1004 (12.EmA)2 =78.1mW

Line Regulation= 0.1k :19.6mv
0.1k# + 5k# \Y

Load Regulation= 0.1k HSk# =98.0#
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Pagell8
V=V "V, = 6.3y2" 1=7.91V lge = 7. =15.8A V.= ET = @is =0.527V
0.5¢ C 0.5 60

1L,V 1 052N _ 180° _
$T=1, /zv—P = 2259 fzz 5 o1 - 0-912ms -6_120&(0.912ng7_19.7°

V=V, "V, =10y2" 1=13.1V I =0 =B57A C= T ="

$T:0i A 'O'NT:OBles -c:120&(0.318n§@:6.82’
m\/ Ve 2&(60) \/2214.Jv+ &

Pagel20

" % 1.38x10*J/ K(300K) " %
At 300K: vD:k—Tm L 19( )In +%-:0.994v
q s & 1.60x10:*°C 10 A&

" % 1.38x10%J/K(273K +50K) " %
At50°C: V, =k—TIn$L+ b2 ( — )In + 48fA- =1.07V
qa # & 1.60x10°*°C 10°A&

mn % n %
Note: ForV. =0.02%/, V, :k—TlnﬁH lo, =0.025/ In§l+ @. =0.961V
q ls & 105 A&

Pagel27

Vo= VaetVon 1541 _4) oy c:%T——_szozz;:zzzpoouF

™2 AR © 0.0115/) 60

lsc =" CV; =2#(60HZ)(0.22 )(16v) =1340A

2A 1

$T=1 [pVr=_1 2(0'01)(15):0.363ms| IP:IdCE:ZALzlwA
"1V, 2#(60) 16 $T 60(0.363n3
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CHAPTER 4

Pagel53
, " 3.98.854x10"F /cm

K, = 2= = 5005 4 - ) 69.110° = =69.142
T, Vi#s 25x10"cm V#s \%
. $ '

K, = K, W = 50HARZ0H™, _1000H2 | _50"%60le =10002

L Saum {2 mt

K, =50M0 1M ) — 5000H2

V2 89 25m] V2

For \;s =0V andlV, Vs <V;, and the transistor is off. Therefolg =0.
Vgs -Viy =2-1.5=0.9 andV,g =0.1V * Triode region operation
w$ Vs, pA$L 0.1
lp = K, — &V #Vpy #-22 =25— #1.5#—0.V* =11.3uA
D L gges T VN T, Z V2 §L—/01um Z§2 % U

Vgs - Vi =3-1.5=1.5/ andV,g =0.1V * Triode region operation

WS \V/ UASL 0.1
lp = K =@V # Vi #-0S 25—§‘— #1.5#—30.vV2 = 36.3 A
D n L /OGS TN 22 V2 /OllJm z§3 % I’l
K 25“—A$1§170q‘m' = 250H2

V? % 1um 2 V?
Pagel54
Rn=— 1 = ui =4.00k# | R, = ui =1.00k#

an(vGS " Vi) 250\72(2" 1) 250\72(4" 1)
v —vTN+K1 =V + Al =3.00V

"Fon 2502 (2000¢ )
%
11 ©R. C. Jaeger and T. N. Blalock

08/09/10



Pagel57
Vgs-Viy =5-1=4V andV,g =10V " Saturation region operati
Kn

= 7(\/@5 #Viy

Iy =

) = 1 mA(S#l) V2 =8.00mA

K=k Wo W_1MA_25 =25 =875um
L L 40uA 1

#HH##
Assuming saturation region operation,

K

R

2. 5#1) V2=1.13mA

mA(

O = Ko (Vs #Viy ) = =107 2.5#1)V =1.50mS

21, 2(1.125mA) 1 50msS
Vos#Viy (25#1V

Checking g,,=

Pagel58
Vs -Viy =5-1=4V andV,, =10V — Saturation region operation

1mA
v

1o =~ (Vg = Vi ) (L AVips) = 5-1)'V[1+0.0410)] = 9.60mA

A (5-1°v 1+ 0(10)] - 8.00mA

o - (VGS ~Viy )2(1+ )"VDS) = %V_

Vs -Viy =4-1=3V andV, =5V — Saturation region operation

) 2

o

4-1) v2[1+0015)] 118 uA

I = %(vGS ~Vin ) (1+ WVps) = ZE2(5-1) VZ[1+ 0.0110)] = 220 uA

Pagel59

Assuming pinchoff region operatior, :K?(O" VTN)2 =S\ +2V) =100 LA

20y s 2(100uA)

=4.00V
Kn 50uA/V?

VGS VTN +

50 pA

el V)| =2250A

Assuming pinchoff region operatior, = K?(VGS " VTN)2 =

12 ©R. C. Jaeger and T. N. Blalock
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Pagel6l

Vo, =V + "(\/vSB +0.6/ #4/0.6v) =1+ 0.7E(w/0+ 0.64# M) =1V

Vo :1+O.7E(\/1.5+O.6#\/0.6):1.51V | Vi, :1+O.7E(\/3+0.6#\/O.6)=1.84V

(a) Vs IS less than the threshold voltage, the transistor is cut off ang# 0.

(b) Vas -Vey =2-1=1V andVps =0.5V $ Triode region operation

% %
I = Ky Vg #\oy #7 DS(\/DS mA 2#1#0—25§o 5/% =375 A

(€) Vgs-Viy =2-1=1V andV,s =2V $ Saturation region operation

= %(VGS#VTN)2(1+ #Vps) =0. 5$—A(2#1 v2[1+ 0. 02(2)] =520 UA

Pagel63
(a) Vs is greater than the threshold voltage,the transistor is cut off ahg=0.

( ) NGS -VTN‘ =\-2+4:1v and[\/DS‘ =0.5V " Triode region operation

=K @/GS#VTN #stz bs = 0. 4MA §#2+1# %52(#0'3\/2 =150 uA

(c) Mos-Vin| =2 +1=1V and)V,s|=2V " Saturation region operation

I, = %(vGS #Vey ) (14 *Vps) = %‘”V"—A(#zﬂ v2[1+ 0.042)| =208 A

13 ©R. C. Jaeger and T. N. Blalock
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Pagel67
_ HF % hG 0¢m =
Coc =200 8(5x1 m)(0.50°m) = 0.500fF
: : _ _Cu _ IS o=/ IR
Triode region C,; =Cgg = > + CosdWV =0.25fF + ?OOFI&()S)QO( m) =1.75fF
. . 2 _ " PRy
Saturafion region Cug = Cyc +Coodl =0.333(F +§300F'£5x10( m) =1.83fF

" %
Cep = CosV =%300p—n5éf5x10‘6m) =1.50fF

Pagel69
KP=K,=150J | LAMBDA="=0.0133 | VTO=V,, =1 | PHI =2# =0.6

W=W=18) | L=L=0.2%

Pagel70

$ 1m 2
Circuits/cmi " #° = =16

%.Z@m%

1 1 1 . :
Power- Delay Product’ — =—=-—* 64 times improvemel
# 4 64
Pagel71l
- e, Wla v _ N + ,
Ip =MnmU—G(VGS —Viw _%)VDS =ai, | P =Vyi,= VDD(a ZD) =aP
P oP . P
e Ve i

A4 (Wia)Lla) — 4

2 2
(a) £, =iM(1V)=7.96GHZ | (b)f; _ L S0em’ TV * (W) =127 GHz

27 (1U4cm) 2m (0.25x1(T4cm)

Vool - (10’5 L)(l@“cm) 10V | L= (105 L)(lﬁscm) =1V
L

cm cm cm

14 ©R. C. Jaeger and T. N. Blalock
08/08/10



Pagel72
a) From the graph for, =0.25V, 1, " 10%°4 |

(
(b) From the graph for, =7;, #0.57, I, " 3x10"°4
(c) 1= (109transistor)(leO”A/transistor)s: 3uAd

Pagel76
Active area=10" (12" ) =120"% = 120(0.125;um)2 =1.88 um’
L=2" =0.250um | W=10" =1.25um
" 1 n 2 2 2
Gate area 2" (10" ) =20"* = 20(0.125m)" =0.313um
Transistor area (10' +2" +2" )(12" +2" +2" ) =224"% = 224(0.125um)2 =3.50 un??

(10“um)2 _
N=1_——1 =286x 10° transistors
3.50um

Pagel80
Assume saturation region operation &nel0. Thenl, is indpendent o¥,5, andl, = 50 uA

Vos = Voo # 15 Ry =10#50k$ (504A) =7.50V. Vg WV # Vi, SO OUr assumption was correct.
Q- Point=(50.0A, 7.50V)

v = 270k$
FQ270k$ +750k$

6

10V =2.647V | R, =270k$ H750k$ | Assume saturation region.

Vps YV #Vyy, SO OUr assumption was correct. - RQint= (33.9;1A, 6.61V)

_ 30x10 A

V2

2\ 2
V¢ does not changeV, =3.00V | I, (3#1)'V? =60.0 uA

Vos =Vop # 15 Ry =10#100k$ (60.QuA) =4.00V. V5 %Vgs #Vry, SO OUF assumption was corr
Q-Point:(G0.0uA, 4.oov)

15 ©R. C. Jaeger and T. N. Blalock
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Pagel81

\' 6
V¢ does not changeV,; =3.00V | I, :25X210 \%(3" 1.5)2V2:28.1;1A

Vs =Vop " 1Ry =10" 100k# (28.1uA) =7.19V. Vo $ V5" Vi, SO 0Ur assumption was corr
Q-Point:(28.1uA, 7.19v)

25x10 °(10°
Vs =10" #(3 1)2(1+ 0.0¥55) % Vs =10" 5{1+0.0Mp)
10" 5 25x10° /... B
Vos = g5V =476V I, = (3 1)2[1+ 0.01(4.76)] =52.4 uA
Pagel82
Forl, =0, Vs =10V. ForV,c =0, I, = 62% =15QuA

The load line intersects thé, =3-V curve al ; =50 A, Vs =6.7V.

16 ©R. C. Jaeger and T. N. Blalock
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Page185 Upper group
# 2 & .Y/ Ho1 & # 1 i} & . N
VGZS +VGS%?<niRS 2VTN( +VT2N KnERQS =0 | Vgs= M Vin (£ \/M VTN( VTZN + KnERQS

1 1 & o . 7Y 1 —
Yos = Kan\/‘fﬁa_RJ R T VR Ve [ 2KR e V)

Assume saturation region operation.

I, = ﬁ(\/u 2K, Ry (Veo " Vi) 1)2 -

1
2(30uA)(3%)
Vps =10" 114K) (36.8uA) =5.81V | Saturation region is correct. Q-Point: (36.8A, 5.81V)

_ \/1+ 2(30uA)(39K) )(47 1) " 1 ©-36.8.A
)

. . . 1 2
Assume saturatio tidn.= ( 1+2(25uA)(39%) )(4" 1.5 " 1) =26.7 uUA
n region operatidp R )2 \/ (25uA)(39K) )( ) u

Vs =10" 114K) (26.7uA) =6.96V | Saturation region is correct. Q- Point:(26.7 A, 6.96V)

Assume saturation region operatidg.= 2(25;1A)1(62k) )2 (\/1+ 2(25/1A)(62k) )(4 1) " 1)2 =36.8 A

Vps =10" 137) (25.4uA) =6.52V | Saturation region is correc{. Q- Point: (25.41A, 6.52V)

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

R IMQ
VEQ=— DD = Th1s L 1 2 MO
R+R IMQ +1.5MQ

1 2 1

I, = ( 142K R(Veg — Vi) - ) . (
" TOK R Y1+ 2K R Voo =V 2(25uA)(1.8kQ)’
Vps =10-40.8k(99.5uA) = 5.94 V | Saturation region is correct. | Q-Point: (99.5 uA, 5.94 V)

R _ 15MQ
R+R ™ 15MQ+IMQ
1 2
o= 1+ 2(25uA)(22kQ)(6 - 1) ~ 1] =99.2 uA
2(25uA)(22kQ) (\/ 2 2su)22kas-1) ) g

Voo =10-40k(99.2uA) =6.03 V | Saturation region is correct. -Point :(99.2 uA, 6.03V
DS g

10V =4V | Assume saturation region operation.

\/1 +2(25uA)(1.8kQ)(4 - 1) - 1)2 =99.5 uA

Vo = 10V =6V | Assume saturation region operation.

IBias= VDD _>R+Rz=ﬂ=ﬂ=5MQ
R"'Rz IBias 2ALl'A
v,
VEQ=LVDDeR=(R+RZ)LQ=5MQﬂ=2 MQ
R+R Voo 10V

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

Pagel87
Ve =6" 22000, V., =22000, V,, =1+ 0.75(\/VSB+0.6" \/0.6) g =22iA(vGS " VTN)2
Spreadsheet iteration yields F 83.2UA.
Pagel83
Equation 4.55 becomes$- |1+ 0.75(\/VSB+0.6" \/0.6) +2.81% " Vs =0.
V" 6.065/, +7.231=0# V,, =1.63/.
10" 6" 1.63V
RS:1.§?/ =16.3k$ # 16 k$ RD:( - : =23.7%k$ # 24k$
10“A 10“A
18 ©R. C. Jaeger and T. N. Blalock
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Pagel89
Assume saturation region operation.

25x10"6(62x104)
10" 6=

(VGS+1) 'V # VE+0.710/, " 4.161=0# V,q="2.426/, +1.716/

_ 25x10°

Iy =

("2.426+1)2:25.4/1A | VDS:"[lo" 137k$(25.4;1A)]="6.52V

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

Pagel95
(a) Vos =3V, Vss" Vp ="2" ("3.5=+L5V. The transistor is pinched off.

v & ) oy &
DSS/:b" ( _1mA41" o;/p—( =184 uA | Pinchoff require®¥g/ Vzs" Ve =+1.5V

(b) Vs =6V, VGS AVAES ( 3.5=+25V. The transistor is pinched off.

2

# )
Iy = IDSS&' ( —1mA+’L" éﬁ—( =510uA | Pinchoff require¥yg / V" V, =+2.5V

(c) Vos =0.5V, Vgg" Vp ="2" ("3.5 =+1.5V. The transistor is in the triode region.

# & 2(Im
lp = 2|D2880 es Vo Yos (Vos = ( A)£2+3 > .52%'5: S1.OpA
V& 2 ("3.9

Pinchoff required/,s / V" Vo =+1.5V

(a) Vos =05V, Vg Vp ="2" ("4)=+2V. The transistor is in the triode region.

_2|DSS# " n VDS(,& OZT‘I # n
o =S 220" Ve " (V% 5{2+4 (05 21.9 A

p

(b) Vos =6V, Vis" Ve ="1" (" 4) = +3 V. The transistor is pinched off.

2

# oy & ) #v&
= 1. 04" Yes. =0.2mAL" o =113 A
S o Pyl T
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Pagel97
(a) Vos="3V, Vgs" V, =3" 4="1V. The transistor is pinched off.

VAR 2
DSS$/1;" ( =2. 5mA2|1" ﬂ =156 uA | Pinchoff require®,g/ Vgs" Vo =" 1V
(b) Vos="6V, V55" Vi =1" ( ): 3V. The transistor is pinched off.
# V& ), VS | .
Iy = IDS$/J; 25 =2 5mA4;L" N =1.41mA | Pinchoff require¥pg/ Vgs" Vo ="3V

() Vos=" O.5V, Vss" Ve =2" (4) ="2V. The transistor is in the triode region.

# & 2(2.5mA# "
Is :%%{Gs Ve V;S (Vos = ( A)gz 4" 075(8(05) =273pA

P

Pinchoff required/,s / V" Vo ="2V

Pagel98
_ lpss _ 2.5MA O m L 1
BETA=2>=——--=0.625mA | VTO=V,="2V | LAMBDA =#=0.025V
o (o
BETA:%:EBZ—A:lZSmA | VTO=V,=2V | LAMBDA =#=0.02V™"
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Page200
VTO=V,="5V | BETA:V———:02mA | LAMBDA =#=0.02V"*

VGS:VG ! VS:" IG%" ISRSZOH IDRS:" IDRS

12 12
Ves = K?(VGS " VTN) = &f" % = DSSRS&-" VGS% for IDSSZ%VTZN and V, =V
™ P
1 2 12
Vs =" m( 5) (il )% V52 —S%ﬁ VLSS% + V2" 15V, +25=0 and the rest is identical.
0 0

Assuming pinchoff], =1.91mA and Vs =9" 1.9ImA2k* +1k* ) =3.27V.
Ves" Ve =3.09V, Vs >V " Ve, and pinchoff is correct.

12

$
Assuming pinchoffV,, =" DSSRS&" % =" 5x10 2x103)§%+vi531 + V2 +12.5/,,+25=0
12 12
Vee="2.5V | I, 581" mA?g; "2:3 _1 25mA
= S

Vps =12" 1.25mA2k* +2k* ) =7.00V.
Vos" Ve ="2.5" ("5) =+2.5V, V,s >Vgs" Vi, and pinchoff is correct. QPoint:(1.25mA 7.00V)

(a) Vs =" IcR; =" 10nA(680k* ) =" 6.80mV.
12 12

Vae=Vs " Vo =" IgR, " |DSSRS?%" \%% =".00680" (5x10° )(103)§+ gsz + V24" 15V, +25=0
P

The value of\j; is insignificant with respect to the constant term of 25. So the answers are
the same to 3 significant digits.
(b) Vs =" 1R, =" 1uA(680k* ) =0.680V and now cannot be neglected.

12 12

Ves =V6 " Vs =" IcR " IDSSRs(%-" \%% ="0.680" (5X10 )(109’)§1+ gsz + Vs " 18V5+28.4=0

P

I2 I2
$ n
Vi ="2.226V | I, Dssgg_ =5mAg" 2228 =1 54mA
vl T s |

Vps =12" 1.54mA(2kc* +1k*):7.38V | Q-Point: (1.54mA 7.38V)
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CHAPTER 5

Page223
(@) ", = #o L 0970 o0 w0993 ), | 0250 4 40
1$#. 1$0.970 1$0.993 1$.250
(b) F:—F_@_ogm | #F:@:o.ggs | #F:§:o.750
"+l 41 201 4
Page225 ] ] ]
— _]5 —
ic =107 Alexp 0.700 —exp 9.30) 100" A exp 930 ~-1|=1.45mA
1 0.025 0.025)] 0.5 | 10.025) |

) T )
iE=10'15Aexp(—O'700 —exp(_9'30 +10 A exp(0'700)—1 =1.46 mA

0.025 0.025)| 100 | 0.025
-15 -15 _
B=10 AeXp 0.700 _1+10 AeX 9.30 _1|=145 uA
100 0.025 0.5 0.025
Page227

#0.700% 10 16A) #0.700%

e ) #7508 . 3
ic =10 A;fex%mé ex M e ﬂ 1= 563 uA

#0. 700&+ 10 16A) #0.750%

. 16 ) .
|E:1016A;|€exg§?o).z)72g(gﬁ'e Y o X0 o '1=9384A

10 A)  #0.750%, 1016A) #o

i = + ("1 =376 uA
's =75 iex%.oza( L 04 & éboza‘ l H

#ll

i =10 15%ex%#g;—gé ex%g—é =10.7mA

'16 0%, #4258
;=10 A4exp> 025( exp%ms(__—l.mmA
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Page230

% "100A %
Ve =V, In$—+1'& 0025/In$T+I =0.691V
e, L10°A
Ve =V, |n£ c +1, =0.025/ In$0<T+I =0.748V
&

Page231
npn:Vge >0, V. <0" Forward# Active Region | pnp:Vg; >0, V. >0" Saturation Regio

Page233
. _ #. _0.95 . _ #g _025_1
" 1$#. 0.05 i 1$#, 0.75 3
% %
Voe =0, Vg <<0: I =1 -1+i£— 10 A T+ T 5«=0.400fA
") & 0333

16
I, =1,=0.100fA I, _gls gl07A

"7 0.333

=$0.300fA

I, =5 =3x10%° A= 0.3001A

R

Ve <<0, V. <<0:

16 16 16
"o 19.0 "o "a 19.0 1/3
Page235

(a) The currents do not depend upqQR &s long as the collectobase junction is revers

biased by more than 0.1 V. (Later when Early votlages\discussedpne should revis
this problem.)

(b) 7, =100p4 | 1, =22 10010604 | 1. =p,1, =501, =98.0u4
B.+1 51

Ve =V, In| 2 1) = 0.02971n) 234 4| _ 0 6007
I 10754

N
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Page236
(a) The currents do not depend upggp as long as the collectobase junction is reverse

biased by more than 0.1 V. (Later when Early volt¥ges discussedone should revisit

this problem.)

(b) Forward - active region 1 =100pA | I =("¢ +1)1; =5.10mA | Ic="¢1, =5.00mA

Ve =V, In#lc+ &:O.OZWIn#S'OGnA+ &:0.789V Checking V,. =)5+0.789=) 4.21
Be = Vr ﬁz L éﬁldTA e | g Vac =) )

)))

Forward- active region withv; * O requiresV. * Vg or V. * 0.764V

Page238
(a) Resistor R is changed.

—M—148mA| l,=—& _=1e =29 1yA | I_=8.1, =50, =1.45mA
E™ 5.6k = B_$F+1_51_ ApA | cC~¥FiB ™ g =L.40Mm
Vee =V " Ve =(9" 43001)" ("0.7)=3.47V | Q-Point:(1.45mA 3.47V)
(b)|E:$;B+1IC=%lOQ1A:102uA | R= 0.71\; (9v): 8.3V

- 2UA 102uA
The nearest 5% value 82 k# .

=81.4k#

Page239
| —M—148mA| | =_le —l—E—291uA | 1c =%:15=501; =1.45mA
S g ' "8, +1 50 coTe TR
%%
IE:$F +l|c:§'|c =1.02 VBE:VTln'q_c+1£:0'025n(2)(1015|°+1)
$. 50 &s )

+ . % :
Vo + 8200-1.02(5x10 16) exp OVee (. 10=91 V,. =0.7079V using a calculator solver
80.025 7/

. %
or spreadsheet,. =5x10 " exp @'707% =992 A | V,=9"4300." ( O.YOE) =5.44V

&0.025

_lspor _ 2x10™A

|
20 0.95

=21.0fA
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Page242
Resistor R is changed

L "0V (Mov) "le _"lg ’
o= g = L4BmA | g —H—T—O.MlmA | " 1e =%l =(1)15 =0.741mA
Page244
) 1mA
el
1% 2(40;1A) _
Vegsar =(0.025/) In e A = 99.7mV
M 50(40uA)
(((
) )
+

Vaeour = (0.025/) A (1€ O'glmg =0.694mV

1 Q
10 A~ +1( 0.5
107 A5 +1( 05,

+

0.1mA( 1A

T 0 0/:0: 0.627mV | Veesar = Veesar( Vocsar=67.1mV

Page247
(a) D, = %un - 0.025/(500cnT /V - s) =12.5n7 /s

_gAD?  1.6x107°C(50unt)(L0"*cm/ um)(12.5enf /)(10°/ enf)

(b) 15= = 10" A=1aA
N W (20 /en? ) (1m)

Page250

(L.3820%// K)(373K) J 104
v, = . =32.2nV | C,=-S#, = 4x10°s)=1.24

T 1.60:10 °C A 0.0322/( ¥10%) HFE

fs —Q—W—Z.A]-OMHZ

$. 125
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Page251

—1015Aexp3é8—5(§;+—( 1.74mA | )F—75;§9+—( 90.0 | Iy
_1.45mA

o —1015Aexp3é8—5( =1.45mA | ). =75 | I =19.3uA
Page253

40 40
9. _V(lo A) 4.00mS | gm—v(lo A) 40.0mS
C, =4.00mg25ps) =0.100pF | C, =40.0mg25ps) =1.00pF
Page256

1.38x10 (300
vT:k—T: (19 ):25.9mV | 1IS= le __ 3SQA  _; 39
q 1.60x10 &

ox A & ox # 0.68
R T 0254

BF=80 | VAF=70V

Page260
Voo =— 8K ___1o =400V | Reg=18k" [36k" =12K"
0 18k" +36K" ' ©
4.00#0.7 V
= =2687uA | I =75, =202 A | I =761, =204 uA
° T2+ (75+ 116K PA | Ig B pA | g B H

Ve =12#22000 #16000 =4.29V | Q- point: (202 A, 4.29V)

HH#
180k"

Ve = 12V =4.00V =180k" |[360k" =120k"
EQ 180‘(" + 36(](" | REQ H
4.00#0.7 V
= —=2470uA | 1. =755 =185uA | |. =761, =188 LA
120+ (75+ 16K PA | 1 =73lg pA | e : p

Ve =12#22000; #16000 =4.29V | Q- point: (185uA, 4.93V)

_1.74mA

=19.3uA
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Page261

) =I—C=%—1OIB
Veo = 18 =00V | Req = 18K# |[36k# =12 kit
18kt + 36k

4.00"0.7 V
= —~_=0.4111uA | 1. =500l =205.6 A | |- =76l =206.0 uA
B 12+(500+1)16k# HA | 1 B HA | I B .

Ve =12" 22000, " 16000 =4.18V | Q- point: (206 LA, 4.18V)

Page262
The voltages all remain the sanagd the currents are reduced by a factor of 10. Her

the resistors are just scaled up by a factor of 10.
120K # 12M' 82K # 820K  6.8K # 68K

Page264

V.. =0.7V at the edge of saturation12V -(& + ;—:16k£2)(205uA) >0.V — R. =38.9kQ
Vagsar = 4-12kQ(24uA) — 16kQ(184uA) = 0.768V

Voesar=12-56kQ(160uA) — 16kQ(184uA) = 0.096V

Page265
9" 07 V
= 2 20 Y -954uA | 1.=501.=4.77mA | |.=51l. =4.87mA
® 36+(50+1)1k# HA 1 e B e B

Vee =9" 1001 +15)=4.13V | Q-point: (4.77mA 4.13V)

Page266

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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