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Question One [25 marks]

(a) In tabular form, differentiate between conventional electronics and modern solid-state

electronics. (4)

(b) Copy and complete the following table to give examples on the classes of semiconductors

depicted per column. (10)
Elemental Binary Compounds
(group} ni-v I-VI I-VIl IV-VI

(c) With aid of appropriate chemical formulas and using the keywords listed below, describe the
formation of a single-crystal of electronic-grade Si (EGS). Keywords: raw material, extraction

process, reaction by-products, and impurities. (6)

L1} .
(d) For a bec lattice that consists of identical atoms and with a lattice constant a =5 A, calculate
the maximum packing fraction and the radii of the atoms that are treated as hard spheres with

their nearest neighbors touching. (5)




Question Two [25 marks]

(a) Name the plane shown in fig. 2.1. (3)

ZI

Fig. 2.1

(b) A Si crystal is to be grown using the Czochralski technique such that the resultant ingot must
contain 10® phosphorus atoms per cubic centimeter.
(i) Given that the distribution coefficient k; = 0.35 for phosphorus in Si, determine the

concentration of phosphorus atoms in the melt that yield the above impurity concentration in

the crystal ingot. (2)
(ii) Given that the initial load of Si in the crucible is 5 kg and the atomic weight of
phosphorus is 31 g/mole, determine the grams of phosphorus that should be added. (5)
(Hint: m, = N, x Atomic Weight

Avogadro's Number

(¢) Various techniques are used for semiconductor crystal growth. Amongst those techniques:
(i) Distinguish between the Czochraiski and Bridgman techniques of semiconductor crystal

growth. 4




(i) With the aid of well written chemical formulas, describe the formation of Si and GaAs
thin films by metal-oxide chemical vapour deposition (MOCVD). (6)
(iii) Describe semiconductor crystal growth by molecular beam epitaxy (MBE). (5)




Question Three [25 marks]

(a) Copy and complete the following table to distinguish amongst the various types of materials

depicted in the columns. (6)

Conductor Insulator Semiconductor

(b) An experiment by Einstein involved the absorption of oﬁtical energy by electrons in a metal,

and this was later referred to as the photoelectric effect.
(@) Classical physics predicted that the number of photoelectrons ejected from the surface of
a metal is unaffected by the intensity of incident light. Experiments, however, showed that an
increased number of electrons are ejected as the intensity increases. Account for the results of
experiments, 2}
(ii) Classical physics predicted that the kinetic energy of photoelectrons increases as the
intensity of incident light increases. However, experiments showed that the kinetic energy

does not change with intensity. Justify the results of experiments. (2}

(¢) The Bohr model was initially constructed for the hydrogen atom, and it assumes that an

electron orbits about the nucleus at a radius r as shown in fig. 3.1.




(i) By first deriving an expression for the energy of the n™ electron orbit, show that the

4
. , . mq 1 1
energy difference between orbits n, and n, is E, — £, =——| —F =% 12
gy 1 2 Hy " 2h2K2 [nlz ng ) ( )
(ii) Show that the frequency of a photon emitted during the transition of an electron from
: bitm is eiven by v.. mq* 11
orbit 1z to orbit ny is given by v,; = HKE n—lz—;g- | 3)




Question Four [25 marks]

(a) Apply the uncertainty principle to predict the velocity of the electron in a 'H atom given that
m, =9.11x10™" kg and 4x ~107° m, (3)

(b) Quantum mechanics was developed via wave mechanics and matrix mechanics, the results of
which converged to the same solution.

(i) State three postulates of quantum mechanics. (3)

2

(ii) The classical expression for the total energy of a particle is £ = 12—U-~ +U , where p is the

m
momentum, m is the mass, and U is the potential energy. Using you knowledge of quantum
mechanical operators, or otherwise, derive the Schrédinger wave equation. (5)

(iii) A particle in an infinite potential well from x=0 to x=L in the n=1 state has the
wave function y(x)= %sin(%). Deduce an expression for the probability of finding a

particle that lies anywhere from x =0 to x =/ such that 0 < ILL. (5

{Hint: J.sin2 axdxzf—w—l—sin2ax+c=£——1—sinaxcosax+C}
2 4a 2 2a

(iv) With the aid of a clearly labeled diagram, describe quantum mechanical tunneling and

the role it plays in solid state devices. (5

(c) With the aid of an (£, k) band diagram, describe the classification of semiconductors into

direct and indirect. “4)




Question Five [25 marks]

(a) Given that argon (Ar) has an atomic number Z =18, write down its electronic configuration

using your knowledge of the quantum numbers denoted by 7, 7, m, and s. (6)
(b) Differentiate between an electron in a solid and an electron in isolated atom. (4)

(c) Classify semiconductors into extrinsic and inirinsic, and hence show understanding of the

phrases p-type and n-type semiconductors. (5)

(d) With the aid of well explained equations, show that the current contribution by a hole in the
valence band is equivalent to that of a positively charged particle with velocity v, where v; is the

velocity of the /™ electron removed during the creation of that hole. (5)

{¢) Show that the effective mass of an electron in a band is determined by the curvature of the

band, and state its nature near the top of the valence band. (5)

2

{Hint: The momentum p =%k and energy E = g; }
m




Useful Constants and Conversion Factors, and the Periodic Table of Elements

Conversion factors

1eV =1.60218x107"J

The periodic table of elements

Physical constants

Speed of light

Planck's constant

Boltzmann constant

Electronic charge

Electron mass

Proton mass

Permittivity of free space

c=3.00x10*m/s
h=6.63x10"Is
k=138x107J/K
e=1.602x10"C

m, =9.11x10™ kg

m, =1.67x107" kg

g, =8.8542x10™* C°N™'m™
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