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Question One

(a) ® State Heisenberg’s uncertainty principle in quantum mechanics. (2 marks)

(i) Consider a particle of mass 50 mg moving with a velocity of 3 ms™. The

momentum p of the particle is not known more accurately than Ap= 10 p.
What limitations does quantum mechanics impose on the simultaneous
measurement of its position?

(5 marks)
®) @ Define “ionisation energy” of an atom. (2 marks)
(i1) Calculate ionisation energy of silicon. (3 marks)

@)  Calculate the thermal energy of an electron at 300K and hence comment
on the conductivity of silicon at room temperatures. (4 marks)

(c) @) Draw a unit cell of an fcc lattice. (2 marks)

(i) State with reason whether or not the unit cell you have drawn is primitive or non-
primitive. (2 marks)

(i)  One of the planes in a cubic crystal has intercepts 2, 3 and 4 units along its axes.
Find the miller indices of this plane. (2 marks)

(iv)  Calculate the spacing between two such planes in terms of the lattice constant
( 3 marks)
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Question Two
(@)  Explain briefly how energy bands are formed in solids. (4 marks)
(b)  Calculate the density of states N and Ny for silicon at 300 K. Hence obtain the value of

(©)

its intrinsic carrier concentration. ( effective masses of electrons and holes are 1.1 m, and
0.56 m, respectively) _ (11 marks)

A uniformly doped silicon sample has a donor concentration of 5x10" ¢cm™ and an
acceptor concentration of 1.1x10' cm™. Assume that all dopant atoms are ionized.

@) Calculate the electron and hole equilibrium concentrations n,and p,,

(5 marks)
(i)  Determine the position of the Fermi level in the sample. (3marks)
(i) Draw the resulting band diagram of the sample. (2 marks)

[ given: ny= 1.5 x10" cm™]
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Question Three

(a)

(b)

©

Explain how Hall voltage is produced in a rectangular uniformly doped n - type
semiconductor. (Draw necessary diagrams)

(6 marks)

A Hall voltage of 6 mV was obtained in a semiconductor sample of length Z'cm and a
thickness of 0.4 cm when a current of 75 mA was flowing along its length. Magnetic

field applied across its length was 5 x10”° weber cm™ and the applied voltage was 1.5V
Calculate:

6)) the Hall constant

()  the carrier concentration of the sample.
()  the Hall mobility

(9 marks)

An intrinsic semiconductor sample has a resistance of 10 ohms at 364 K and 100 ohms at
333 K. If this change is caused by temperature variation, calculate band gap of the
sample.
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Question Four,

(a)

(b)

(c)

Excess electrons are generated in a semiconductor sample by illumination. Write down the
expression showing how the electron concentration varies with time after the light source
has been cut off. State what each term represent in the expression.

(3 marks)

A p-type germanium sample has a resistivity of 40 Q- cm at 300 K. It is illuminated with
light that generates 10" excess electron - hole pairs per second.

@ Calculate the change in conductivity of the sample caused by the light.

(5 marks)

(i)  If the light is switched off at t = 0, calculate the time required for the excess
conductivity to drop to 10% of its value at t = 0.

[Given: T,=10%s, b, = 3900 cm®V's. = 1900 cm® Vst
By
n, for Ge = 2.4 x 10 cm?]
(4 marks)

A silicon sample doped with 10" donors ¢cm™ is illuminated producing 2 x 10" cm
eXCess pairs.

6)) Calculate the non-equilibrium electron and hole concentrations, n and p.
(4 marks)

(i)  Find the position of the electron and hole quasi- Fermi levels.
(6 marks)

(i)  How far does the equilibrium product n,p, differ from the non-equilibrium np

product?
(3 marks)

[p, = 1325em? Vs p, =450 c® Vs Egof Si=1.1eV. T = 300K
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Question Five

(a) Explain how an electric field is created when a P - type and an n - type semiconductor are
joined together to form a junction. (6 marks)

(b)  Derive an expression for the built-in potential of an abrupt p-n junction in terms’ of the
dopant concentrations on each side. (8 marks)

(c) A p-n junction is formed between an n- type p-type silicon having donor and acceptor
concentration of 10/cm*and 4x10'%/cm’ respectively.

@{) Calculate the built-in potential. (3 marks)
(11) The zero bias depletion region width (4 marks)
(i) Maximum electric field in the depletion region at zero bias (2 marks)
(iv)y  Depletion region width for a reverse bias of 3 V (2 marks)

-(take T = 300K; intrinsic concentration of silicon = 1.5x10'%cm?)






APPENDIX A

SOME USEFUL EQUATIONS.
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PHYSICAL CONSTANTS N

Quantity

Symbol

Valuc

Angstrom unil

Avogadro number
Boltzmann constant
Clectronic charge

Electron rest mass
Llectron volt

Gas constant

Permeability of [ree space
Permittivity of free space
Planck constant

Proton rest mass

hj2

Thermal voltage at 300 K
Velocitly of light in vacuum
Wavclength of 1-¢V quantum

TA=10"%em = 10" m
6.023 x 10* /mol

8.620 x 107 eV/K = 1.381 x 10°% ]
1.602 x 107" C

9.109 x 107" kg

eV =1.602 x 1077 7]
1.987 cal/mole-K

1.257 x 107 H/m

8.850 x 107" F/m

0.626 X 107" J-s

1.673 x 107% kg

1.054 x 107 J-s

(.02586 V

2,998 x 10" cmi/s

[.24 um
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Properties of Ge, Si and GaAs at 300K
Property Ge Si GaAs
Atomic/molecular weight 72.0 28.09 }44.63
Density (i em™) 5.33 2.33 5.32
Diclectric constant 16.0 1.9 13.1
Ellcctive density of stales
Conduction band, N¢ (cm™) 1.04 x 10" 2.8 x 10" 4.7 = 1(
Valence band Ny (cm™) 6.0 x 10'8 1.02 x 10" 7.0 X 1C
Electron affinity (cV).. 4.01 4.05 : 4.07
Encrgy pap, £, (V) 0.67 1.12 1.43
Intrinsic carricr
concentration, n, (cm™) 2.4 % 10" 1.5 x 10™ 1.79 x 1
Lattice constant (A) 5.05 5.43 5.65
Effcclive mass
Density of states m /[ /m., 0.55 118 0.068
o, 03 0.81 0.56
Conductivity m, /i, 0.12 0.26 0.09
my/m, . 0.23 0.38
Melting point ("C) 937 1415 1238
Intrinsic mobility
Elcctron (cm* V- 'see™) 3900 1350 8500
Flole (cm* V7' see ) 1900 480 400




