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QUESTION ONE (25 marks)

a)
b)

4

¢)

f

Determine the number of atoms per unit cell in a body centered cubic Lattice. 3)
For each of the diagrams below, determine
i.  The plane shown (shaded) (3)
ii. The direction indicated by the arrow. 3)

Consider the plane (100) in a face centered cubic lattice. Determine

i.  The number of atoms in the plane (2)
ii. The surface density of the atoms if the lattice constant is 5 A. NB: the surface
density is the number of atoms per plane / surface area of the plane. 3)
The probability that a state at E. + kT is occupied by an electron is equal to the
probability that a state at E, — kT is empty. Determine the position of the Fermi
energy level as a function of £ and £,. (5)
The de Broglie wavelength of an electron is 85 A. Determine the electron energy (eV),
momentum, and velocity. 3)
Given that the lattice constant of GaAs is 5.65, determine the number of Ga atoms and

As atoms per cm®. (3)
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QUESTION TWO (25 marks)

a)

b)

d)

If the density of states function in the conduction band of a particular semiconductor is
a constant equal to g.(E) = K where K is a constant, derive the expression for the
thermal-equilibrium concentration of electrons in the conduction band, assuming
Fenﬁi—Dirac statistics and assuming the Boltzmann approximation is valid. (5)
Silicon at T=300K is doped with acceptor atoms at a concentration of 7x10*>cm ™3
1. Determine Er — Ey. 3)
ii. Calculate the concentration of acceptor atoms that must be added to move the
position of the Fermi level 1kT closer to the valence-band edge (5)
Consider a sample of silicon at T=300K. Assume that the electron concentration varies
linearly with distance as shown in the figure below. The diffusion current density is
found to be J,, = 0.19 A/cm?. If the electron diffusion coefficient is D, = 25cm?/s,

determine the electron concentration at x = 0. (6)
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The electron concentration at T=300K is given by

n(x) = 10*exp (%8{) cm™3

where x 1s measured in Nm and is limited to 0 < x < 25. The electron diffusion
coefficient is D, = 25cm?/s and the electron mobility is p, = 960cm?/Vs. The
total current density through the semiconductor is constant and equal to], =
40A/cm?. The electron current density has both drift and diffusion current density
components. Determine the electric field as a function of x which must exist in the

semiconductor. (6)
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QUESTION THREE (25 marks)

(a) In Silicon, the hole concentration is given by p(x) = lOlsexp(—»x /Lp) for x = 0 and the
electron concentration is given by n(x) = 5x10*exp(x/L,) for x < 0. The values of
Ly and L, are 5107 *cm and 107 3c¢m respectively. The hole and electron diffusion

coefficient are 10cm? /s and 25cm?/® respectively. The total current density is defined as
the sum of the hole diffusion current density at x = 0 and the electron diffusion current
density at x = 0. Calculate the total current density. 4)

(b) Consider the ideal long silicon pn junction shown in the figure below at T=300K. The
n-region is doped with 10*®donor atoms per cm® and the p-region is doped with
5x 10 acceptor atoms per cm?. The minority carrier lifetimes are T, = 0.05us
and 9 = 0.01ps. The minority carrier diffusion coetficients are D, = 23cm?/s
and D,, = 8cm?/s. The forward-bias voltage is V, = 0.610V.
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Calculate
(1) the excess hole concentration as a function of x forx = 0 (5)
(ii) the hole diffusion current density at x = 3X10 %cm (3)

(¢) Consider a uniformly doped silicon pn junction with doping concentrations N, =
5%X107cm™3 and Ny = 107 em ™3,
(i) Calculate V; at T =300 K. (2)
The junction has a cross-sectional area of 10 *cm? and has an applied reverse-bias
voltage of Vg =5 V. Calculate

(i1) the depletion region width W. )
© (i) Epnay 2)
(1v) the total junction capacitance. 2)

(d) A Schottky diode is formed by depositing Au on n-type GaAs d~ped at N; =
5x10%cm™3, T=300K. Determine the forward-bias voltage required to obtain  J,, =
5A/cm?. Assume @p,, = 0.867V. (3)
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QUESTION FOUR (25 marks)

(a) A silicon pn junction in thermal equilibrium at T=300K is doped such that

Ep — Ep; = 0.365 eV in the n region and Ep; — Er = 0.33 eV in the p region.

(1) Sketch the energy band diagram for the pn junction. 3)
(ii)  Find the impurity concentration in each region. 4)
(i)  Determine Vp;. (3)

(b) Consider a uniformly doped silicon pn junction at T=300K. At zero bias, 20% of the
total space charge region is in the p region. The built in potential barrier is V,,; =

0.71V. Determine

i N, (3)
(i) Ny @)
(i) X, _, 3)
iv) X 2)

) |Emaxl - )
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USEFUL INFORMATION AND EQUATIONS

dn
|, = qu.nk + gD, —
ax

didp,lx
s = —ep, 8PV |

! efx

.t I el B! 35
R T e e L =
« ¢ I ! F‘t 2

N . . I eV, (X = A
AT = ) — gy = :xr(.gcxp{ﬁ} o ]}c,\;p'if——]

’ L VKT u
@ FpGH = Fpa i — Nt

—T“f} - léexp(‘r" —‘;Y}l
£T 4 Tr‘ K T eRLP T E s (N“ _ Ne]

P=D.r := Dime Jroxnl Eilexpl €t BTN IRV N IR
i “Z};A o : ¥ R j.r_c.\pik 8 ln.xpi——l A LJ!:L \ =t Vs

etV + Vel

E.—nux = _{ €,

/oy [N, + Nv”‘” , o - T
W i T ﬁ’é:“}\‘a-"\".‘ 1 of o= A,[ ff}_:z — J
NN, C =T VN T w} 7= e[ ) - 1

g o TTEMR

5

[

r f

NN, }

12
y B é’b‘n = f.(.-g’!?i - X)
Wi, Ci
i3

Typical mahility values at T = 300 K and low doping concentratinns In=

: {";{;}{ - VT) "}DS

e e T P e T R SR TR

o, tentfY.s) p, tem?

Sthenn 1350 80 . i
Galliam arsenide R300 4060 ey I
Germanem 3960 1O0H

Comnzonly accepted vafpes of oot ¥ = 0K

sssss e

e elements A
1t Waork function. 4, Stticon . ne= L3 o 0% e
s - e Casthom arsenude o= PR Hrom ?
AR stver 426 Germaunivm #; w1

Al afuminum 473 e et i s s
Ag.gold 5.1
Cr. chromium
Mo, molyhdenam
Hi, aickel

Pd. patladiung

Pr. platinum

Th. sitaniem

W, Engsten

Wark foneti

(2

weoaduelors
I

LAt

Electry alfing

o ks o

Efement ctyon affinity, 3

le

Ge, germsnim 413

5 an 403

s, callion arsenids L7
¢ i 3.5

e de L0 LA g g
P e
LSRRI O %

ZARFERD

chnde




EE429 SOLID STATE ELECTRONICS Page 7 of 8

PHYSICAL CONSTANTS
Phwsicul constants
A.x D'Tdd!'ﬂ 3 number N, = 6.02 X 10“"‘

atoms per gram
molecular weight

Beltzmann's constant k=138 X107 1/K
= 8.62 X 1077 eV/K
Electronic charge e=1.60xX10""C
imagnitude)
Free electron rest mass mp,=9.11 X 1073 kg
Permeability of free space oy = 47 X 107" Him
Permittivity of free space €. = 8.85 X 107" F/em
=885 X 1072 Fim
Planck’s constant i =6.625 X 10715

=4 135 ¥ 10" P eV
B =k =1.054 X 107 s

29T
Proton rest mass M=1.67xX 10" kg
Speed of light in vacoum ¢ = 2.998 > 10" cm/s
Thermal voltage (17 = 300 K V.= Y 0.0250V

e

AT = 0.0259 eV
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Silicon, gallium arsenide, and germanium properties (T = 300 K

Property Si GaAs Ge
Atoms (em™) 3.0 % 10% 442 2 107 442 % 107
Atomic weight 28.09 t44.63 72.60
Crystal structure Diamond Zinchlende Diamond
Density { gfem?) 2.33 532 5.33
Lattice constant IA} 5.43 5.63 .65
Melting peint {"C) 1413 1238 937
Dielectric constant 1.7 131 16.0
Bandgap energy eV} 1.12 1.42 0.66
Electron affinity, y (V1 4.01 4.13

Effective density of states in
conduction hand. N. {cm ™)
Effective density of states in
valence band. N. {cm™)

Intrinsic carrier concentration (cm’™

Mobility (cm™/V-s)
Electron. p.,
Hole.

Effective mass [% j
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