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Question One [25 marks]

(a) Name two commonly used single-element semiconductors, and hence state the characteristic

feature that they have in common. _ . 4)

(b) Sketch the (625) plane if the lattice constant is «. ' (4)

. ) 0
(¢} Nickel has an fee crystal structure with a laftice constant @ = 3.52 A . Calculate the distance

between nearest-neighbor atoms in Nickel. (2)

(d} Describe the classification of solids as follows:

(i) Crystalline (0
(ii) Amorphous (1
(iii) Polycrystaliine (N

K

(e) Define the following terms/phrases in relation to crystalline solids:

a

(i) Lattice (1)
(i} Basis ' (1)
(iti) Primitive cell ()

(f) What is the difference between a semiconductor and a metal? Discuss the Fermi energy

when describing the difference. ey

(g} During Czochralski crystal growth, a Si crystal is to be pulled from the melt and doped with
arsenic (k, = 0.3), If the Si weighs 1 kg, deduce the number of grams of arsenic that should be

introduced to achieve 10'° cm™ doping during the initial growth. (5)
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Question Three [25 marks}]

(a) (i) State the Heisenberg uncertainty principle in two equations. 2)
(ii) State the meanings of the integral I P(x)dx =1 and its integrand. )]
(b) (i) State the three postulates of quantum mechanics. 3)
2
(ii) The probability density distribution of a particle is given by p(x) = dxe™#¥~9"
1. Calculate the normalization constant 4. (%)
2. Why is it necessary to normalize the probability density distribution? 4}
3. Find the expectation value of the probability density distribution. 3
4, Briefly describe the physical meaning of the expectation value. 2)
{c) Fig. 3.1 shows the particle in a potential well problem.
o o
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Fig. 3.1
(i) Use this diagram to deduce the Schrodinger wave equation for a free particle. (2)
n’n’h?
(ii) Show that the particle's eigenenergy is given by £,, = — where all symbols have
2mL
their usual meanings. 5




Question Four [25 marks]

(a) State three uses of p—n junctions. (3)

(b) In relation to the thermal oxidation of Si, write down the underlying chemical equations to:
(i) Dry oxidation. €))
(i) Wet oxidation. 4}

(c) Write short note on the following doping techniques:
(i) Thermal diffusion. 3
(i) Ton implantation. 3)

(d) Sketch and interpret the impurity concentration profile for the introduction of acceptor

“‘impurities on an originally #-type substrate by thermal diffusion. )]

B

(e) Fig. 4.1 shows the band structure of a semiconductor.
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(i) Classify this as a direct or indirect semiconductor, justifying your response.
(ii) Estimate the bandgap.

(iii) Explain how the effective electron mass can be determined from this diagram.

() Draw an n-channel JFET and describe its principle of operation.
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Question Five [25 marks]

(a) (i) Distinguish between a JFET, MESFET, and MOSFET. 3)
(if) Why is JFET slower than a MESFET? (1)
(iii} Draw a p-channel MOSFET showing the source, drain, gate, and body contacts. (5)

(b) (i) Distinguish between a BJT and FET. )
(ii) The base ofa pnp bipolar transistor is grounded, and a battety is connected to bias the
emitter junction. Another battery is connected between the base and the collector. This
is known as the common base configuration.

1. Draw the circuit indicating the polarities of the batteries that would put the transistor

in the forward active mode. Explain why you have chosen these polarities. 2)
2. Why is the emitter more heavily doped than the collector? @)
3. How do the carriers that are emitted into the base reach the collector? 2)
(¢} (i) With the aid of the I-V characteristics plot, describe how solar cell works. (5)

(i) The depletion region of.a solar cell has a certain thickness in the dark. What determines
this thickness? What happens to the depletion region width when light falls on the solar
cell? (1)

(iii) What limits the efficiency of a solar cell? 2




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

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

c¢=3.00x10*m/s
h=6.63x10""1s
k=138x107J/K
e=1.602x107°C
m, =9.11x107" kg

m, = 1.67x107 kg

g, =8.8542x107% C*N™
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Special definite and indefinite integrals
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