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K=1.38x1072 J/K h=6.64x10 J.s q=1.6x10"° C my=9.1x107! Kg [Si] ni=1.5x10" cm-3
[Si] me=1.18 m, [Si] my=0.81 m, [Si] E;=1.12 eV [Si] a=1400 cm?/V.s [Si] o= 400 cm?/V.s
€,=8.85x10* F/cm €= 11.7 Eg=1.12eV
Solution

Question 1

(12 marks)

Answer this question in the form of table. Choose the correct answer (only one answer is accepted).

1- For intrinsic semiconductor ...........

(a) All bonds are complete at 0 K

(c) There are some impurities added
2- The collision due to ......ccccceeeneen. May change both magnitude and direction of the carrier speed

(a) lonized impurities

(c) Thermal motion

3- As the time between collisions increased, the mobility

(a) Remains constant

(c) increased

(a) Remains constant

(c) increased

5- Fick’s low can describe ................
(a) Diffusion phenomena
(c) Both drift and diffusion

6- For the fabrication of GaAs pn junction. The most common method is ......c.cccccevenune

(a) Diffusion
(c) Epitaxy

7- The linearly graded pn junction are usually made by

(a) Diffusion
(c) Epitaxy

8- The pn junction depletion width varies as ......c.cccceuuu.n.

(a) &2
(c) &€

(c) becomes zero
10- For the active mode of operation of bipolar junction transistors. The EBJ/CBJ must be connected as .........
(a) Forward/Forward
(c) Forward/Reverse
11- For a bipolar junction transistor (BJT), the base region is
(a) Moderately doped
(c) Lightly doped

12- Most of the electrons in the base of an npn transistor flow

(a) Out of the base lead
(c) Into the emitter

(b) &

@ &
9- Asthe reverse bias voltage increases, the depletion capacitance
(a) Decreases

(b) Part of valance electrons is released at high T

(d) Both (a) and (b)

(b) Lattice vibrations

(d) Drift of particles

(b) Decreased

(d) is affected only by the impurities concentration
4- Asthe doping concentration increases above 1x1015, the mobility ................

(b) is affected only by the impurities concentration

(d) Decreased

(b) Drift phenomena
(d) Non of the above

(b) Evaporation
(d) lon implantation

(b) Evaporation
(d) lon implantation

3/2

(b) Increases
(d) Remains constant

(b) Reverse/Reverse
(d) Reverse/forward
(b) Very thin

(d) Both(b) and(c)

(b) Into the collector
(d) Into the base supply
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Question 2 (20 marks)

a- Inasemiconductor, the Fermi level is 250 meV below the conduction band. What is the probability of finding
an electron in a state KT below the valance band edge Ey at room temperature?
b- A bar of silicon is 0.2 mm long and has across-section of 0.2 x 0.2 mm. One volt impressed across the bar

results in a current of 8 mA. Assuming that the current is due to electrons, calculate:
i. Concentrations of free electrons and
ii. The drift velocity.

c- The doping process of a Si changes its conductivity. There is always a certain specific doping level that causes
the conductivity to be a minimum. An n-type semiconductor is doped with that specific level. Calculate the
minimum value of the conductivity. (T=300 K)

Solution
(a)
EC f
0.25 eV I
EF yy i
| Eg=1.12 eV
i
1
P!
EV s v
E KT =0.026 eV o
F(E)= EE
1+e KT

E.—E=(E,—E,)+KT
E. —E =1.12-0.25+0.026 = 0.896 eV
E—E, =-0.89 eV

1 1
F(E)= 08% 15 =1
(b)
Vot i
|  8x10
L
R=p—
pA
)
_RA _12502x02x107 _ 55, 103m = 2.50em
L 0.2x10

0:1:0.4:q,unn
Y2,

n= qu =1.785x10"cm
1.6x107 x1400
v, = uE =1400 v =70000 cm /sec=700m /s

0.2x107 x100
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(c)
o =qun+qQLu,p

2

n:
6=que?'+whp

do

At minimum conductivity =— E =0
. d_o-—q +q n 2 _i
c dp :uh :ue i pz
do_g
dp
2
qlueni
q:uh pz
pz _&nlz
Hy
p:n/ &
Hy,
p=1.5x10" /@ =2.8x10"cm™
400
np=n’
2
2 (1.5x10%
n:n—’:gz&wxlogcm%

p  2.8x10%
G =16 05 (1400><8.03><109 +400x 2.8><101°)

o A=1.6860 " (1.1242 x10" +1.12 ><1013)
G = 3.6 IORICHSEm
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Question 3 (20 marks)

a- Explain the dependence of mobility on temperature. (not more than 6 lines)

D KT
b- Prove that: &£ =—

H. 4
c- A bar of silicon of length 0.4 x 10°cm is illuminated at one end creating An= Ap = 10* cm™ excess
electrons and holes. If the diffusion length L, for the minority holes is 4 x 10® cm and if all the excess
electrons and holes recombine at the other end of the bar. Calculate and plot the steady-state excess
minority hole distribution Ap(x) as function of the distance along the bar. (Hint Use the approximation, e*
=1+x, for x << 1.)

Solution
(a) 104
Np=10'%cm-3 \V,f
At high temperatures (T>150 K) the mobility is mainly ol TR
limited by the lattice vibrations. i decreases with
-3/2 ] 10" S FERING SCATERING
increaseof T(paT ). 7 . ™ N Los T
‘\E © 1017 L \ — | |
At low temperatures (T<150 K) the mobility is mainly ¢ N
limited by the ionizge/cz:l impurities. p increases with — o \\\1\1
N I | |
increaseof T(LmaT ). NN
5 10— |
10 — N[
AN =
(b) 50100 200 500 1000
T(K)
E.—E
n=n exp| —+ d
kT
g 19k
q dx

d
J, :qunnE+an—n:0
dx

qu,,n,exp{ - '}1L=—1Dnn[exp{ F ,}{d p d ,}

kT |q dx kT kT dx dx

o,

dx
Then

_4ab,
Ho kT
D kT
==V
u, q
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(c)

Continuity equation (no light/steady state)

Note (the light is absorbed in very small region .ie at x=0 and creating an excess of minority carrier of 10'> cm™ but
the semi conductor does not expose to light

o°Ap _Ap
ox L2

=0

This equation has a solution as:

—X X

Ap(x)=Ce' +Ce"

VIl = 0.4x10° cm UL = 4x10° cm

since L <« Lp .'.L<<1
p
“=14X when x<«1
Then

Ap(x) =c1<1—Li)+cz<1+Li)

p p

or Ap(x)=(C,+C,)— ( )

** Atx=0 Ap=Ap, =10"

ie  C+C, =10" I
**Atx=L Ap=0

ie  (C1+C,)-0.1(C;-C,)=0 I

A p‘k
. cm?
By solving (I) and (I1)
1012
C;=5.5x10"
C,=-4.5x10"
x=0 X= 0.4x10° xcm

. Ap(x) =10" —2.5x10"x

Thus for x/L, <<1 the distribution becomes linear not exponential as shown
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Question 4

(18 marks)

a- For the shown abrupt pn junction drive an expressions for the electric field in the region —x, <x < x,.
b- Define: the barrier potential and then derive the expression for the barrier potential (built-in potential) in
terms of the doping concentration

c- An abrupt silicon pn junction at zero bias has dopant concentration of Ny= 10" cm®and Np =5x 10 cm™. T =

300 K.

i. Calculate the Fermi level on each side of the junction with respect to the intrinsic Fermi level.
ii. Calculate the built-in potential.

iii. Determine the peak electric field for this junction.

Depletion region -~

| >

Solution
(a)
Yl __dEX) _p(x)
dx’ dx €
—-Xx,<x<0 O<x<x
dE(x) _ —qN, dE(x) _ gN,
dx P dx &
N
E( )__q A x+E, E(x)_qNDx+E2
& &
Elz—%xp E __qND
o 2 £ n
gN gN
E(x)=——"(x+x E(x)=—2(x—x
Sl ) = (x-x, )
N N
Emax — E(O) — _q_A q—DXn

(b)

Barrier potential:

when the n type material put in contact with the p type material, free electrons from n type

Junction
A
an,,
+
2 X
xn g
aN,
— X X
P n

diffuse and cross the junction and combine with holes in the p type material leaving behind
(+ve ions) in the surface of the n type. While (-ve ions) on the p type reign. These positive

and negative ions create an electric field which in turn produces an electric potential

(barrier potential) that prevent more electrons from crossing the junction.

Derivation: straight forward until:

KT NN,

V. =—1In

o

q

- X



(c)

d- An abrupt silicon pn junction at zero bias has dopant concentration of Na= 10" cm®and Np =5 x 10”° cm™>. T =
300 K.
iv. Calculate the Fermi level on each side of the junction with respect to the intrinsic Fermi level.
v. Calculate the built-in potential.
vi. Determine the peak electric field for this junction.

n-side:
15
£, £ ="Tin " K110 _ 602612210 _p33ev
q n q n 1.5x10
p-side:
KT, P KT N, 10"
E—-E, =—In—=—In—4= 0.026InL10:0.4OSeV
g n q n 1.5x10
KT, NN, 10" x5x 10"
V,; =—In—-2=0.026In —=0.7391
qg n (1.5x10%)

2 N
X = —g—Asz;
qg NN, +N,

gn, gh,

E__ =E(O):—Txp =-—-x,
-14 17
. :\/2><8.85><10 _19><11.7 3210 073
1.6x10 5x10™ +2.5%x10
-14 17
X, =\/2X8‘85 A0 117 19 —0.73=4.26x10"°cm = 0.426 um
1.6x10 5x10% +2.5x10
N 1.6x10 " x5%x10"° x4.26x10°
E,, =E0)=—I70, = =2X=" XOoX-T XRONTT  _33913.22=329x10° V/cm
& 8.85x10 “ x11.7
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Question 5 (20 marks)

12
_ ng(vb,+vR)[NAj 1
a- Giventhat: x = — .
" [ q Ny ) (N, +Np)
Drive an expression for the depletion capacitance of the p'n, and then draw the relation between the
reciprocal of the squared of the capacitance and the reverse voltage.

b- Anideal one-sided silicon p*n junction has uniform doping on both sides of the abrupt junction. The doping
relation is Ny= 50 Np. Given that: V,;= 0.752V, Vg =10V, T = 300 K and the cross-sectional area of the junction
is A =5x 10" cm? Determine:

i. Naand Np
ii. xn, forVg=10
iii. The junction capacitance.

v
D
c- A half wave rectifier with a transformer coupled input
is shown in the adjacent figure 10:1 >y
T
i. Draw the waveforms V, and Vp 220 Vac
ii. Calculate the values of Vy(p), Vo(p), Vaverge ;‘;“:: v, v, R, v,
and Fgu: .

Primary Secondary

Solution

(a)
12
. 2gs(vb,+vR)(NAj( 1 |

q

1/c2A

» VR
Vi
(b)
KT N_N 50N
V,, =—In—>4=0.026In——~—
q n (1.5x10)
50N’
0.752=0.026ln——=2—
(1.5x10)

50N’ =8.19x10%
o N, =4x10"cm™
N, =50N, =2x10"cm™

Page 8 of 9



2¢,(V,; +V,)
aN,

. \/2><8.85><10‘” x11.7%(0.752 + 10)
" 1.6x107"° x4x 10"

. C' _ qNDgS
B 2(V, +V,)

C— 1.6x10° x4 x10" x8.85x107* x11.7
2(0.752+10)
C'=5.551x10"F / cm’

X =

n

=1.86x10"*cm=1.86um

.C=C"xA=5.551x10"x5x10" =0.2775x10*F =0.2775 pF

(c)

10:1 I
220 Vac
som () % o BV R

Primary Secondary

4 >t
w2 T 3n |
Ur &
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