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CHAPTER 1:
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(a)
The doping density in the p-type material 13

N, =8x10" atoms / cm®
The doping density in the #-type material 13
Np= 107 atoms / cm®

The built in potential 1n a plane-abrupt p# junction iz

wh = Frln Ny END D
;

Where P}:&
o

Fr =26 mV at 300K
7,18 the intrinsic carrier concentration in pure semiconductor
n,=15x10%cm™ at 300°K
By substituting all values in equation (1) we can write

Ny Ny

W =Vrln—=5

(8x107)(107)
(1.5x10%)’

wh = (26x107)1n

w, = (26%107)(28.8995)
W, =0.751387
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W, =751mV

The depletion layer depth in the p-typeregion is

2

28 (1 +V5)

N

n

W, = L)

g is the electron charge 1.6 % 107" coulomb

£ is the permittivity of the silicon 1.04x 107 farad / cm
(4, +V;) is the total voltage across the junction
Wi+, =751%107 +5

o+ =57751V

substitute all these values in equation (2]

2(1.04x1072)(5.751)

(1.6x10'19)[8x10]j)(1+8?0$J

W=



1
| 1196208107 2
13824107

1
W, =[8.653125x107 |
W =9.3022%107
W, = 0 93um

The depletion layer depth in the »#-typeregion is
1

i )

7, = 25‘[1,{);]+;3)
gy | 1+ =L
L N-‘l
] 1

2
2(1.04x 107%)(5.751)

" oy (107 10 10"
1.6x107){107)| 1+
(16410)(19") 1+

1
r -1173

, | 1158768x10

0216



1
W, = 5.364666667 <107 2
W, =7.324x107°
W, =7 3um

The mazimum field that cccurs 13
_ gV W
e
(1.6x107°)(8x107)(0.93x107")
- 1.04% 1072
& =— 1144615385

£ =—1144x10* Vicm

(b)

For zero external bias voltage

Wi +V, =5.751

Wwh+5=5751

Wwn=5751-5

Wi = 0.751

MNow the depletion layer depth in the p-typeregion is

¥4
¥ =
1 mero biney 1[ %"‘VRJ




[ 0751
W rominsy = | 0.93%10° )| J———
i = | )[ o.?51+5}

_ —t
W, ainey = 033610

W manasy = 0.336 41m

Mow the depletion layer depth in the x#-typeregion is

¥
W R
Ymrobime’ 2{ %"'E’EJ

0.751
W ymmotaey =1 7-3%107° /—
xoming = )[ D.?51+5]

W g gmtiney = 2644410

For zero external bias woltage maximum field occurs

W
Iizerabiach
. = ¥, —
émmc(m‘-:-bns} éﬂlw{ er
0,336 %107
=11l I
Cnnamovn 0.92x107°
=-41331.6129

;nm{(m bas)



G(amotiny =~ 13310 Wiem

Civen forward bias voltage = 0.3V
Built-1n potential for this forward voltage
W —03=0751-03

Wi —03=0451V
MNow the depletion layer depth in the p-typeregion is

0451
7, | =
L0 3V foraerd ) 1[ 5?51]

| (0451
WI(DEHI-M}=(093XID )[ ﬁ

Wi 37 rmmgy = 0 2604 %107

W (0 3 tormengy =0 26 4111

The depletion layer depth in the »#-typeregion is

0.451
W =W,| J——

[ (0451
Wy 39 ety = | 1.3%10 )[ e

W0 3vsmnaty = 2044 %107

W0 37 formaray = 2044 44m

The mazimum feld that occurs wn 0.3V forward bias

WU.WfﬂIﬂm
émmc(DEVfl:mm‘d}: G X . }
W
0.26x107
_ 4
émnx(lilj-”‘iff y = 11.44 =10 X—D.QBXIG_G

&m0 sty = — 319827957

G0 3V ooty = - 198X 104 Wiem
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The zero bias junction capacitance 1s

1
9
o o4 9=V ! )
e 2{Ny+ Np) J‘:ETU

(3iven parameters
g=16x10"" columb

£=1.04%107" faradfcm
The doping density in the p-type matertal1s N, = 8x10" atoms / cm®

The doping density in the x-type material is ¥, = 10¥ atoms / cm?
The built in potential of the depletion layer 15 @y =0751 W
The junction area A= 2x10"cm?

HNow equation (1) becomes

T e 1.6x107% % 1.04 %1072 =8 x10™ =107
fre} 2(8x10" +10")
1
12312 |2 1

o =2x107 %

Jmm) [2.16><10”:| 0751

C ooy = 5. 72934 % 10°°F
C ooy = 572934 10°F

C ammy = 0.57F




(iwven reverse bias voltage g =5V

Eeverse bias junction capacitance is

1
ge NN, 4 1
O repsey = 4 R %)
oA st
1
Q'ENAND 2 1
(2)_ Citmes)_ 2007 9] | 5775
(1) C}'[zern:l L
[ g€ NN }2 1
EENA+ ND) ¥h
1
le:reverse:l_ Wy +¥p
le:zem) 1_
V4D
C [reverse)
[zero) 1+V_R
Ll
o _ C zeru:u)
jlreverse) = T
1+-£

=



0.57 %1072

reverse] —5
1||'l+—
0751

=2 05970x10713F

Cil

Cil

I’E‘.?EI’SEJ

Ty = 0.2pF

I'WEISE}

iven forward bias voltage Vf = 0.3V

Forward bias junction capacitance is

geN N, |1
o = N
#lfarmard) [ N+N:|.J% %

1
[ g€ N4Vp }E 1
G f.mard) 2(Mg+ Np) | Jun -V
1 - !
0 Cteer) ﬂ[ ge N4 Vp }2 1
2(Nat Np)| Ju
le:f'ma.rd:l_ 1
leizem) Jl _ V_f
Ll

C,

Jjlzera)
. = RN
J[forward)

h-lr

Y0

0.57=10712

il

forward) = T
l-—
0,751

o =7.3554%1073F

forward)

|cj.(fwﬂd) = 0.?4pF|
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The maximum electric field value in the depletion region 13

1
_| 2adV N :
|¢m|_[—E[NA+ND)} (D)

Given parameters

g=16x10"" columb

£=104x107"" farad/cm

The doping density in the p-ype material 1s N, = 8x10" atoms / cm”
The doping density in the »-type material 1s N, = 107 atoms / cm®
The maximum electric field |§]m | =&, =4x 10° Viem

MNow equation (1) becomes
1

4108 =| 221.6X107 xBx10% X107 <7, :
1.04 %107 [gxmlﬁ +1[:|1?)
r 1
4107 = 2.56 x10% x7, |2
112320
14
16X1DID:M
112320
_ 112320x16x10%
2Ty sex10"

V=702V
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The maximum electric field value in the depletion region iz
1
2gN N Ve |2
e || A2 ()
(N + I )

Ifjunction curvature causes the maximum field at a practical junction to be 1.5 times the
theoretical value, then we can write

1
_ 2g N Nl :
|QM|—1.5[—E[NA+ND):| RN ¢!

Giwen that one side of the junction is much more heawily doped than the other.
Nyo= N,

& = 3%10" Viem
The break down voltage ¥ =150V
From equation (2) we can write
1
7
3510° =1.5| 24ValoVe
E(Ny+Np)

Souaring on both sides we have

9w 10" =225 2aN Ny
EI:NA+ND:]

v ox 10V Y[ e (W, + N,)
Bl 2o 2gN, N,




(iven that A, == M, 20 we can modify above equation as below

[QXIDNJ_ g M) }

225 )| 2gN N,
910"

= :
225 )| 2gl,

oo | 2X10°0( & )
2= %o N )

By substituting £= 104107 farad/cm , ¢ =1.6x107" columb and Fp =150V in

=

equation (3) we can get
910 1.04x 1071
Np= i)
2.25 ]| 2(1.6x107)(150)
N, =(4x10")(21666.66667)
N, =8.6666x10" atom sicm®

N, =867x10" atomsicm’
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Consider mpa transistor

The collector doping density in the transistor iz N, =6x10" atoms/cm?®
The break down voltage
E(N, M) L2 1
—— e (1
2N Ny,
igiven that collector doping density ( M) 15 much lesser than the base doping density
(V4]

BV ogn =

ig Ny <<
How equation (1) becomes
— E[NA:] 52
CBL ngAND cht
£ .2
BV gy =——— &2 (2
CBL EQND éCﬂt I: :I

By substituting £= 1.04 %107 faradicm , g =1.6x107" columb, Ny = 6x 10" atoms/cm”
and &£

3x10° Viem in equation (2) we can get

crit =
B - 1.04 %1072 (mej)z
=] 2(1.6x10™) (6x10%)
1.04%1071 "
BV cao _(1.92><m-3 J[me )
BV g =4875V
BV,
Wehave BVg, =—22 (3)
7] G
(Given parameters:
n=4,
Ge = 200
By substituting » =4, S = 200 and B¥F g, =45.75V in equatien (3), we can write
48,75
BV gn=
44200
4875
% 37608

BV g =12.9633

BV gy =13V
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Consider xpa transistor
The collecter deping density in the transistor 1z My = 10% atomsfom®
The break down voltage
(N, +N,) 2
— (1)

2g N,
Given that collector doping density ( Mp) 15 much lesser than the base doping density
(I 4]
ie Ny << N,
Mow equation (1) becomes

ECAN
CED EQNAND crt

£ a
=" Eq%émt (]'

BV gy =

By substituting £= 1.04 %10 faradicm , g =1.6x107" columb, Ny, =10" atoms/cm®

and £ . = 3%10° Viem in equation (2) we can get

_ 1.04x107% 52
Ve _[2(1.5><10-”)(10”)](3X10 )

1.0d4%1071 1
BV ={WJ[9><10 )

BV = 292.5V

BV

P

We have BV g, =

3iven parameters:
n=4,

e =400
By substituting » =4, S =400 and BV, = 2925V 1n equation (3), we can write
2925

BV s i
2925
4472
BV g, = 65.405V

BV 4, =654V

CED
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(Fiven parameters
B =100,
V=50V,
BV oo =120V and

n=4
We know that @y = L
Bs +1
I 100
710041
Gy =099
(given J, —F; characteristic equation
. M
fc:{H EJ e (1)
1
Here M=

Agsume Fyp = Vg, then



1

T w4
(Ve
120

120t
120" - (¥,

M=

Mow ecuation (1) becomes

i 4 _
[ﬁ}ﬂ.%

fc=[1+V£] [ ng
- —2" loes
120 = (Vg )

50
504V g 120% x0.99 ;
50 J120° (V) —120% % 0.99

[ 4105728 (50+F,)
Io= T |z
| 2073600 (Vg )

For different walues of [, we can get [, — 1V characteristic curve as below



¥ ¥ * ¥ ¥ o
U 2 46 ¢ 1012141618 202224 26 28 30323436 38 ; o)
oF
Fga



(k)

Io— Vg characterstic curve for Vg 0 to 10V

001t i
3,009
3,008
3.007 ‘5 O
amﬁfﬁfﬁ”éﬂﬂ#ﬂ#ﬂ#fﬂ#####
3,005
7,004 fp=30us
7003
7009
3,001 jﬁ_lﬁ A
e
0l 051 1620263364465666667 7688699510

Vo V)
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Bipolar transistor small-signal equivalent circuit is as below

u
_ W
"B n Cu 't
B O — e [\ C
I T 1
Co== 17‘1 v, Em‘lCll) ‘_|PCI I .
L =
£
[
O T C
niven data

[,=02mh, V=3V, V=4V
C e = 20F, C 5 = 10FF, C,, = 20fF, § = 100, Tp = 15ps,

7 =107, #, =20002, r, =100CY, »_ =402 and r.= 247
Here assumption 1s g =055V

The collector base capacitance 13

o= Cw e

W

#, walue varies from 0.2 to 0.5,

Let us assume »#, =05
How equation (1) become

=
6454545

C,=3.936x107"
C, = 3.936{F



Collector substrate capacitance is

oy =ln ........... (23
V &5
s
Here 5, =05
HNow equation (2) becomes
_ C:.'JIZI
1+
Y
C. = 20%1077
1+i
y  0.55
_20x107
¢ 2876
O, =6.95x1070
', =695F
Transconductance is
i
By =—
Vr
_0.2x107

b

C26%107



g, =7.6%92x107
g, = 7.692m Vi

Input resistance is

100

.?': = P
THR2x10
ro=13000.5202

r.=13kE)

Chtput resistance is

¥, 1

Fa =

Ya_
fo 7w
_ 1
107 %7 692 %107
r, = 130005262

r, =130k0

Fa

Collector-base resistance is

. =58,
r, = 5(100){130%10°)
r, = 651G



Baze charge capacitance 1s

Co = TrEn

Given Ty = 15pF

C, =(15x107)(7.692x107)
¢, =11538%107"

, =115.38 {F

Base-emitter capacitor is
¢, =0+ T,
We know that T, = 20,
_ -1
C, =2[20x1077)
C, =40x1077
C, =115.38x107" + 40107
C, =155.38x107"
' =1553581F

The equivalent circuit with all parameter values iz

HIND
A
20061 5 3 536F 1004

B Ot —1 ‘ * AV
155.3E[‘E+ ! 1'.:0-% v, (T€smViay (%) %.%limcf % 5.95F




9-

Bipolar transistor small-signal equivalent circuit 15 as below

D
Wy
i, "
B i .
B Hlf*? T " 11 J_ .'Nn i
C?t |£ }‘I..::lé "L-‘.I Em 114} % ¥ I '1{3‘.!'
L =
T}' Vo
O - C

Given data

To=1mh, V=1V V,=2V

Chen = 206F, Oy =10fF, C, = 20fF, § =100, Tz = 13ps,
7 =107 r, =20002, ~ =10002, » =402 and r.=0 47
Here assumption 1z @y =055V

The collector base capacitance 1s

=02 (D

e n
Yo

#, value varies from 0.2 to 0.5,



Let ug assume », =05

MNow equation (1) become

C’
e p—
* v
1+-L2
Yoo
o= 10x107%
* 1
1+—
0.55
oo 10=107"
* 4281818
C,=596x107"
C,=596fF
Collector substrate capacitance is
C
o5 =ﬁ ........... (2}
(H—"“J
s

Here 2, =05



MNow equation (2) becomes

C' — Ccs[l
147
o
Cﬁzzoxm-“
1+i
\f 0.55
_20x107
#21532
O, =9288x107"
., =9 288fF
Transconductance 15
i
By =—
Yy
g - 1x107
" o6x10”

g, = 38.462x107
g, = 33.462mVIA
Input resistance is
b

En





