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Chapter 1

Exercise Solutions El.4
ElL.l (@) n, =5x10%em™, p,<<n,
o = ep,n, =(16x10"°)(1350)(5x10") =
_gran.. [ E o=108(Q-cm)”
n, = BT exp(-i-ﬁ-_‘-) ( )
Gads: b) p,=5x10"% cm™, n,<<p,
™
mo= {21 x 10%)(300)*/ exp (m ) o= e, p, = (16x1077)(480)(5x10") =
L~ A
n =1.8x10% cm™> o =384{Q-cm)”
Ge:
. s —_
ne = (1.66 x 10°%)(300)"? exp (WIE'(}-E_S][—JW) El5

n; = 2.40 x 10** cm~? -1

2 ng=Ng=8x10" cm

wl {15 x 101 -
El1.2 o = ng 5§ x 303

po =281 10" em™

Sic:
~1.1 b, n=ag+bén=38x 0" +0.1x 10" =
- 9 13 a2
n, = {5.23 x 107°){400)"/* exp (——-—-———2{86 = 10—5)(400))

n=8.1x10" em™?

n, = 4.76 x 107 em™

p=po+ép=>
Gads: = 10" em ™
-1.4 p=_01 cm
_ 14 32
n, = (2.1 x 10%*}(400)°/* exp (——————"2[86 = 10_5)(400))
n, =244 % 10° em™ ElL6
Ge :
—0.66
= 1% 312 J= = (10)(¥5} =
n,; = (1.66 x 10°"}{400)"'* exp (—-——-———"—"2(85 ” 10_5}(400)) ! :’Ei”( ]2( 5}
n; = 9.06 x 10°* cm ™ d=10A7cm
El.3 El.7
a. majority carrier: pe = 10'7 em ™ 3. V= ¥rln (h"?d)
minonty carrier; :
20“‘3’ 1 5ner10"* ? Vo = (0.026) 1 (107°)(107)
: . 2 - = . n|s——
ng = %— = ‘—:6-]-:-——)-— =225x 10° em™? " (.53 = 1019)°
V,, = 0.697 V
b. no = Ng—Na=5x 10" 1‘) .
: ) {10ty (10t
majority carrier: ng =5 x 10'° em™? 5. Vi = (0.026}1n [m‘;
minority carrer: Vi = 0.81T V
2 L5 x 10'%}°
po = ni QS X0 10t em™?

ftg 5 »x 1013




Electronic Circuit Analysis and Design, 2™ edition

Solutions Manuaj

EL8
N. N &) (107
Vi = Vrln [‘-—‘,—4‘-] = (0.026)In | 2021077}
i {1.8 x 108)?
Vp =123V
E1.9
1% ~-1/2
C, =Chp (1 + -‘f)

Vi = brln [‘V;f'r "']

“017)(101&)] —ox

= {0.026} ln [ 5TV

(1.5 x 1019)?
3 —12
0.8 = CJG (1 -+ E'?-E_T) = ;0(7-61)_1!2
= C,0(0.362}
C!u =221 pF
EiL.10

. I = Is[exp (:—D) —1}
T

ForVp =0.5: [=107"exp (ono:s)
Rt =0 12107 e ()
ForVp=07: I=10""exp (ot.)d:zﬁ)
So we have
Vo ;
05 2.25 A

0.6 0.105 mA
07 493 mA

b, 107 A both cases

Ei.ll

1%
I= Ig[exp (-1-’%) - 1]

-1 _ -3 __VD . _
1077 = (10 )[exp (0_0%) 1]
(0.026) In (10'%) = V)

¥p =0.399 V

El.12

AT = 100°C
AVp = 2 % 100 = 200 mV
= Vp = 0.650 —0.2

= Vp = 0450 V

El.13
Is=10""" A
. ~ Vo
Vps =IpR+Vpand [p =Jsexp| —
Vr
So
4=1pd)+ Vo= [p=(4~Vp]/4mA
and

~ Vo -9 Vo
In=Isexp (VTJ = Jo=10""exp (0.026 mA
By trial and error:

Ip=0864mA and Vp =03535V

El.14
=t I
Dicve.
C—w‘*) Crent
(=2 S,
\\‘
‘w\l&
P 2 FeSw A -
o&1 V= 0535V
L )

Py
%)



Test Your Understanding

Chanter 1: Exercise Solutions

El.15
a.
Rzdk
PR AT A T
——
w« I T +

Wos =V, Vee — V.
b lp = = =
D 7 = A T
8 —0.7 -
R= T35 = &=410
c.
Ie .
CemA)
Vs =3V
\ R=6AaK
o &
\r\,s (NOLTS )
El.16

Power dissipation in diode = [pV5

1.05 mW = Ip(0.7} = fp = 1.5 mA
po Vs =V _10-07

= =52
Ir 1.5
EL.17
o 0% iams
94 = 5 = pogs - 2
El.18
_ Ve 00z o 0.0%
e T YT ST
.[Q =0.52 mA

. 1077
P juncrxon: VD = (0026“[1 (F)

Vp =058V

o 1077
Schortky Diede: Vp = (0.026) In (10—5)

Vo = 0.299 V

El.20

For the pn junction diode

Vo =Vrin (Ir—f_) = (0.026}In (___1'2 x 107

4 x j0-i3

Vp = 06871V

Schotkey diode voltage will be smaller

= Vp = 0.5871 — 0.265 = 0.4221 V
hY

4
Ip =Isexp(b?a)

/ 1.2x 107}

e m e = [ = 1LOT x 107 A

# 04221
el ( 0.026
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El.21

Power = I - V3

W=736)==17ImA
10 — 5.6

= = 1.79
I 7 1
R = IUI—T:.S = =246 0
El.22
L N
XT Vio
® - V‘_
L= 200

Vz = Vgo + Izrz
SoVzo=Vz = Jfzrz
Vizo = 5.20 — (107)(20) = 5.20 — 0.02 = 5.18
“Then
Vz =518+ (10 x107°}{20) = Vz =338 V
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Problem Solutions

L1
{a) n = BT:lr‘ze—E,,fz.tr
() Silicon, T=275K
n, = (5.23.:10'5)(275)’” e—l.ﬁ[mm*)[r;s]

i, = 190x10° em™

()  T=325K
n, =(5:23x10'%)(325)" ¢ Y2619 No2)

n =871x10" em™

(b) GaAs
(i) T=275K

n = (2.1):10" )(275)312 e-l.njz(sass 14 )(275)
n, = 134x10° em™

(iiy  T=325K
n; =(2.10x10*)(325)" o r{pen102)023)

n, = 1.63x107 cm™’

1.2

T
10'? =5.23 x 101*7T3/2 exp (

a. 0, = BT exp (-—E-g-)

~1.1

3
1.91 % 107 = T3/ oxp (_5.40; 10

)

By wial and error, T = 367 K
b. ni = 10° em™

10° = 5.23 x 10™*T/% exp ( -1

191 x 1077 =T % exp (——6—'“%,103.-

)

By trial and error, T = 268° K
1.3

4. Ny=353x10"ecm™ = n - type

- 15 -3
o =Ne=3x10" cm

n? {13 x10°)°
5% 1014

Po =

= py = 4.5 x 10 cm™

Chapter 1

2{86 x 10"5)('1"))

2(86 x m-s}(r))

3

ma

1.4

b, Na=5x10" em™ = n —type

ng = Ny =5 x 10"° em™?

—1.4
. = (2.10 x 10'*)(300)*" _—
m = (210 x 107) (3000 exp | Treea = 5w

(2.10 x 10°*)(300)*/3(1.65 x 107'%)

1.80 x 10° em™®

2 (18 x10%)°

Po=—==

= pg = 6.48 x 107" em™?

o 3 x 100
8, Na=10" cm™ = p ~type
po = N, = 10" cm ™
7 (1.5x16")°
n, \ 4 -3
== = e— =23 x 10" ¢
Mo - 1016 L o

b, Gemanium

Ns= 10" tm™! = p—type

pp = Na= 10°% em™?

o 15 e __.-:_.OL_
n: = (1.66 » 1077){300)"" exp (z(as x 10-6)(300))

= {1.66 x 10"*)(300)*/* (2.79 x 107%)

=2.4x10" em™
1 1312
ng = l;j = BL;}—}E—) =g =5.76 x 10" em™?
(@) n,=5x10"% cm™
H
2 (15x10"
’. =:_r =—_-—( 5.:10") = p, =45210* em™

(b) #,>>p, = n-type
() n,=N,=5z10"em™
. Add Donors

Na=Tx 10" em ™
b. Wantps = 10° cm™ = n?/N,
So n? = (10%) (7 x 10**) =7 x 10%*
—Eg
- n?
= B*T exp ( T )

7 x 107 = (5.23 x 10"*)*T° exp ( —Ll

{86 x 10“)('1'))
By trial and error, T = 324° K
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1.7
I=J A=gEA

1=(22)(15)(10) = 1 =33 mA

1.8
J 83
J=aE o= =5
o = 7.08 (ohm — em) ™! 1.13

1.9

(a) For n-type,
o =e, N, =(16x107")(8500)N,

For 10 SN, <10% em™ =
L36 < 0 < 136x10* {Q—cm)™

(b} J=0F =o{0l)=
01365 J $1.36x10° A/om’

1.10

3. Ne=10"em™ = py = 10" em—?

o = nl_ (18x 10%)?
Po 1017

L)

=y =324 1070 cm ™

1.14

b, n=ne+in =2324x10"*+10% = n = 10! em™?

P=pe+bp=10" + 10" = p=1.01 x 10" cm ™

1.1l

Ve = Vrln (N V")
n?
.{10”')(10"’}-

. Vi =(0.026)1n
¢ Vo = 0028) | e oy

. [ (10%) (20'%) ]
b Ve = (0.026)In L—“-5 10w}
[ (104%) (10°%)} ]

. Vi = (0.026}1n
e Vo= (0.026) (15 1080)? |

= Vi = 0937V

1.12

Vi = Vrln (%)

'{1015)(1015)'
. Vai=(0.026)In | ~———F| = W, =105V
e V= }n_(l.sxmﬂ)’_ ’
. [ 101% 183 ]
b. Vp,.' = (0026}!1\. ul—o—zl = Va. 1.23 V
[ (1.8 x 10%)" |
-(10"}(10“)1
. Vi = (0.026) L V=141V
e Vo=( )n_{l.axlﬂ‘)idj *
N (10"
v, =V, m{ N“']:(G.OZG}I:: #
: (15x10°)
For N, =10% em™, V, =0637V
Fot N, =10%com™, V, =0817V
57
0.5
T
| : \
o' (© 7 (o'¥
Aé__(i'm;!)
T
kT = (0.026}(@)
T kT (Ty*"?
200 0.01733 28284
250 0.02167 39528
300 0.026 5196.2
350 0.03033 65479
400 0.03467 8000.0
450 0.0390 9545.9
500 0.04333 11,1803

= (2.1 x 10"%) (T”z) exp (

V.,,zV-rln( ‘,‘r )

—-14

2(86 x 10—6)(1"})
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T . Vi . ;
n b C(avg)=000743_‘_00“8:0.00962 oF
200 1256 1.405 2

i
250 6.02 x 10° 1.389 Vc(l) — vc(ﬁnal}-l-(vc(inirial)—vc(ﬁna!))e""

300 1.80 » 10° 1.370 where
350 1.09 x 108 1.349
— - — 1 -
400 24dx10° 1327 T=RC = RC,(avg) = (47x10’}{0.00962x10")
or
10
490 280 x 101 130 e 4520107 <
500 2.00 x 10% 1.277 Then
ve(t)=15=0+(5~0)e™'*
i—e*"" =1 rln[ > J
V‘-.t(V) 15 - 15
VAS t, =544x10™" 5
1.3S
(b) For V=0V,
\.15"‘ C,=C;, =002 pF
-~ For V, =35V,
M N N . i i 35 -z
260 Mo ec 140 %eo A5e See C; =(002) 1+= =0.00863 pF
T () 08
115 ¢ (avg) = 22200883 _ 60143 pF
Va ~if2
CJ = C,u (1 + V_R) 0
bi T=RC (avg)=612x107" ¢
15 1% AavE
2x 10 2x 10
Vb.=(0.0’26)}n[( x 10%)( = )]=u.srav
{1.5 x 1047) ve(t)=vo( final) + (ve(initial) ~ v ( final))e ™"
a. Va=1V 35=5+{0~5)e " =5(1-e™")
1\ th =809x107"
c,=(1}(1+—) = C, = 0.634 pF S0 tnat f =alix 3
0.673 e
B Va=3V 1.17
s N7 £ Vo, = (0.026)1n | BE209D | vz
CJ=(1}(1+ m) =C,=034p be = (0. }a (1.5,(1[,10]2 =0
. Ve =1V
1.16 & PR
v -ir2 1 -2
(@ C = C’“[H;:T} C, = [0.23](1 + ﬁs_'.') = 0.164 pF
1 1
For ¥ =5V, o T S T % 00 Ts x0T
¢, =(002) [l-e-%) = 000743 pF fo = 8.38 MRz

For V, =15V,

=112
002)([-1- ) =00118 pF
08
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bh. Ve=10V¥
10\~
7357 ) = 0.06563 pF
fo= -
27/(2.2 x 10-7)(0.0663 x 10-1%)
fo = 13.2 MHz

= (0. 25}(1 +

1.18
Vi
a [ =1Is [exp (FZ-) - l]
Vo

—~ 0.90 = exp (ﬁ-} -1

Vo _
exp (VT-) =1~090 = 0.10
Vp = Vrin{0.10} = ¥p = —0.0599 V
b.

Vr 0.2
f_.r__f_s [exp(vr)—l]_exp(unz
Ir| " Is Va - —

[exp (VT -1 axp 002
\2190
I —
o= 2190
1.19

8.

{107") exp D5 = [=225mA

0.026 y
_ -1 0.6 =

I={10""}exp (u 025) =[=0103 4
I=(107"") exp (*EEE) = [=4933A

0.5
0025) = =225 pA

(
I=(10"") exp (0002,6) =/=10
(s5

= (107"*) exp

7
I={(10"")exp L

1.20

£.21

1.22

(a) [ = Is(eVm‘Vl' - |)

150x107 = 107" ("™ ~ 1} = 107" "™
Then
150x107 150x107

Qr
V, =0430V

(b
1501078
VD = VT h’l[—ﬁ:’_)

Or
vV, =0549V

Vo
a. ID_Iexp( V)

-

]0—3=13exp( )::»Ic:l.fﬂxl[)_gﬁl

0.7
2{0.026)

—a 7 08
b. Jo={142x10"")exp tz—(ﬁﬁﬁ—}

0.7
-3
c. 107 = [sexp (0.026)
Je =203 x 1071% A

0.8
To = (2.03 x 107} exp (———)

IQ = 46.8 mA

I, doubles for every 5C increase in
temperature.
I, =107 A4 atT=300K

For I, =05x10"% A = T=203K

For [, =50x10" A, (2)"=50 =n=564

Where n equals number of 3C increases.
Then
AT =(564){5)=1282K
So
205<T<3282K
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1.23 1.26
_ —13
IS(T)- = 2&1"}5' AT = 155°C Iy = 5% 10 A
Is({=53)
]5‘(100  pl88/s = 3 R‘:sﬁl
'—")-15(-55) =2 2.147 x 10 -
Vr@100°C = 373°K = Vp = 0.03220 b d +
Vr@ — 55°C'= 216°K = Vp = 0.01865 Wy - R,= 30K S o
0.6 g N
— - T
150100) _ ) 147 10%) <P (0.0322) L o
Ip(=53) ‘7 ( 0.6 )
%P | 3.01865
_ (2147 % 10%){1.237 x 10%) Rew = RUR=18.15K
(9.374 x 1019)
Ip(l00) 3
Tol—53) ~ »53x 10 + 4 +
V-n.. ;. \JD
1.24 - Io
Ip2 (Vm -Vm)
a. — = 10 = exp | ——————
imn Vr R 305
. ‘ 2 = (3 - :
AVp =Vrin(10) = AVp =59.9 mV = 60 mV Vrg = (m)(l-z) = (30)(1-2) =045V

b. aVp =1¥rin{100) = AVp = 119.7 mV = 120 mV

I
0.45 = IpRrg + Ve, Vo=Vrin (Ti‘)

1.25 By tial and error:
a. Ip=2.6puA, Vp=0402V
R=zioMn
PV VN 1.27
I W +
Ve Vo

1.5 = Ip(10 x 10°) + Vp end

Ip =Is[exp (%’%) - 1]

Te=2x10"1"4

- Vo
1.5 = {10 x 10*} (30 x 10 ’).[exp (W) - 1] +Vp Vo = 0.60 V
% . _ 0.60
Vi . = 2= = 1 —t
= O.S[exp (Vi-) - 1] + Vo . I; = Isexp (Vr) = (2x 107 }exp (0_026)
By trial and error, Vp = 0.045 V =72.105 mA
Thmzp=l$.=>rg=o.msga Ig:;%:ﬂ.GOmA
L= +Iqg=2703mA

b. Reverse-Bias

ny _ 2.705 x 1077
I=Is=130nA Vp =Vrin (E) = (0.026) In ( e )

Va = (30 x 107" {10 x10%) =030 V
R ( ){ * ) = 0.6063

Vp==13+03=>Vp==12V )
Vi=2Vp+W=ir =131V
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1.28 {b) Diode is conducting
(a) Rad&k + Vg -

5=V, +1,{10)-5
P _Ib or

-
g8y = Sl Av) b= 101—00.5 = I,=094mA
- T T - V, =I,R-5=(094)10)-5= V, =44V

{c) Diode is reverse biased

Ts=5x10""% A

I,=0 V,=-10V
I =0.50 mA

0.53%x 107
Vp = (0.026) tn ("593:_10—_-1) (3]
Vp = 0.479 V Minimum diode current for V,s(min})
S={R+Vp+V [(min)=2m4, V,=07V
= (0.3 % 10" (4.7 x 10°) + 0479 + V L 07, 5-07_43
V=217V R OROR
We have

() P=1,V,=(05)0479) L=h+l,
or s0

=024 . ,

P02 mWw ay 397,
& R
1.29 Maximum diode current for V,p(max)

(a) Assume diode is conducting.
Then, V, =V, =07V P=IV, 10=1,(07)=1,=143mA

1 ¥p T Yy T
So that f,,,=9'1=>23.3,m L=hL+1,

30 or
12—-0.7
o =2 = 50 @ 2= 4143
1 2
Then I, = I —{, =50-233 Using Eq. (1),
o 267 ?-é-ﬂ—2+143=> R, =041 K2
I, =267 A R R . , = O
1) Diode i Then
{b) Let R, =50 Diode is cutoff. R, =825Q
30
Vp = {(12)=045V
? 30450 (12)
Since V, <V,, ;=0
1.30

ta) Diode is conducting

5=1,{10)+V, -5

or ID,,—.-.-;-Im:Im:IR:&f—s:O.GSmA
10-06
Iy= o = I,=0%mA Ips=1.3mA = 5 = 3(0.65)
R,

V,=V,-5=06-5= V,=—44V R, =235k0, Ipy =0.65mA, Ip;=130mA
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1.33

1.34

1.35

136

I
st

V, =063V
Power =1 .V, = 0.2 mW = J(0.63)

= [ = 0.308 mA
508517
I= — = - 0.308

2.65
=R = ma-,ﬂ:ﬂﬁﬂ]sﬂ

For forward Bias
15-07

10 MQ

=008 zA

D=

For reverse bias
[D =0, VD=_15V

V; .
. rta= I—T-= {0-028) _ 5,026 k2 = 2602
g 1
tg = 0.05/pg = 50 pA peak-to-peak
va = tafg = (26)(50) pA
= vy = 1.30 mV _peak-to0-peak

b. Foripg =0.1 mA = rq = w = 26002
L

ta = 0.05/pg = 5 uA peak-to-peak

Vg = idfg = (260}(5) ﬁ\'.

= pg =130 mV peak-to-peak

R
AN ac. equivalent circuit
e

AVARY

e
[
——

a. diode resistance ry = Vr/J

v¢=( T4 )Vs= Vr/l ve
ra+ Rs Vr + R

I

by = (V—T)vs=ug
Vr+IRs

b. Rs = 2600

v .
I=ImA.:—°=( T ) 0.026

. Vr +1Rs] = 0.026 + (1)(0.26)
= 22 _ 0.0909
B '
o 0.026
[=01mA == ¥ (0.1(0.26)
= 2 0350
Y
" 0.026
[=001mA. %= 7536 + (0.01){0.26)
= 2 _9.909
k- S

~ Va I
I = [sexp (V_'r)' Va=Vrin (E)

100 x 10'°)

pn junction, ¥z = (0.026}1n ( o1t

Vaz0509V

Schoitky diode, V, = (0.026)In (

100 x 10~°
102

V,=10289 V

SawmoTuny

I . .
L s TR
LA

e L

!
/

e

Schottky: [ = Isexp (-:;;)

V. =Vrln (TI;) = (0.026) In (9-55;1110";)
= 01796 V
Then
¥, of pn junction = 0.1796 + 0.30
= 0.4796
I 0.5 x 10*°

Is = .y B (0.4795)
P\ P\ o0z

Is=48T x 1072 A
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1,39

pnjunction [, =05mAa

I,=le""T =V, vm(")
li,.'n'

_ yp=12 Voay _ ~ (Y_Q_z)
I=10 exp(-f;r—)-S)tm exp T

Vo1 + ¥p2 = 0.9

—12 — -8 0.9 = Vo,
10 exp ( 7 ) S x 107 exp (_—VT

Then 0.9 -~V
052107 =5x 10" exp = - eXp -
X
v, ={0.026)In (—m———] 0521V W, 5 10-° 0.9
expl — | = exp
(52 = (55 = (5
Schottky diode 5% 10°*
QVD; =Vrln -——1-'6':&—— +0.9=1.1813
0.5x10'] Vpp =0.591 pa junction
V, =(0026)1n =0281V Vpy = 0.308 Schortky diode
Then IT=10"2exp (0'5907) = ] =T36mA
Vo(pn)-Vo($) _0521-0281 0.026
05 05
R=4800
1.41
R:OISK
1.40 No
V., -
@ R J— v
L S| Vp5=1° — l VE R\.
—— -
1| - [ Ii I‘L
— T =
QsmA I, H_‘
Vz=Vza=56Vatlz=01mA
rz =100
I+ 1 =035x10"° Izrz =(0.1)(10) = 1 m¥
Vzo = 5.599
Vo
5x 10" exp (K ) + 1072 exp (VT) =0.3%x10"3
. Ry — =
5.001 % 107" exp (:;—i) =05 x 10-? a L >
i -1 _10-5399 4400 .o
Vp = (0.026)In (;gu%li-:%n—_i-) = Vp =0.2395 le= g, T isoxom - 8w
. ' Vz = Vzo + fzrz = 5.399 + (0.00863}(10}
Schortky diode, [; = 0.49999 mA ; .
Ve =Vy =35.685V
pn junction, ; = 0.00001 mA
b, Ves =11V e [z = 22238 1550 ma
(b) 0.31
=V = 5.599 + {0.01059)(10) = 5.705 ¥V
Ves =8V =Iz= w:&ﬁﬁgmz\

+Np, V-

Tt

I:.. o.A0V

0.51
Vz = Vi = 3.399 + (0.006665)(10) = 5.666 V

AVp = 35.705 - 5.666 = AVy =0039 V
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1.42

1.43

c. I =Iz4+1.

hcy I_Vps—VE- 7 _Va-=Vzo
R' '~ R ' OPT T
10—V V=559  V
950 - oow ‘T 7

10 5.399 [ 1 1 1]
o

Ip=

950 T o010 T3
20.0 + 559.9 = ¥,(102.5)

0.50 T 0010 - *+3

Vo =5.658 V

9~ 6.8
. Iz = = [z =11 mA
a z 0.2 iz= - ma

Pz = (11)(6.8) = Pz = T4.8 mW
12 =68

b. Iz=—02—=»I;=2SmA
R o= 261'111 x 100 = 136%
Pz =(26)(6.8) =176.3 mW
176.8 = 74.8
%= 743 x 100 = 136%%

Izrz = {01)(20} =2mV
Vzeo =68 -~0002=6.T98 V

a. Ry = oo

_l0—6.798
0.5 +0.02

Vo = Vz = Vzo + Izrz = 6.798 + {0.006158)(20)
b =6.921 V

Iz = [z = 6.158 mA

b, I's=lz+41iL

10-Vy _ V5 —6.798 Vo

030 - oo T T

10 . 6.798 1 11
530 " a0z - [n.sn toom T]
359.9 = Vi(53)
Vo =6.791V

AV = 6.791 - §.921

Alg=-013V



