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Useful Constants
Electronic charge, g = 1.6x107° C
Permittivity of free space, &, = 8.854x107* F/cm
Boltzmann constant, k = 8.62x107° eV /K
Planck constant, h = 4.14x10715 eV =5
Free electron mass,m, = 9.1x10731 kg
Thermal voltage kT /q = 26 mV at room temperature
kT = 0.026 eV = 26 meV at room temperature
kTIn(10) = 60 meV at room temperature
Question One (14 marks)

(a) What are the advantages and disadvantages of quantum free electron theory? (3 marks)

(b) Calculate the thermal equilibrium electron and hole concentration in silicon at T = 300K,
where the Fermi energy level is 0.22 eV below the conduction band energy E.. (Er =
E.- 0.22 eV). Assume N, = 2.8 X 10 cm™3 and N, = 1.04 x 10 cm™3 (6 marks)

(c) Find the resistivity of intrinsic silicon at room temperature and classify it as an insulator,
semiconductor, or conductor. (z; = 1350 (cm?/V-s), = 500 (cm?/V-s also assume “room
temperature” with n; = 10%cm™=3) (5 marks)

Question Two (14 marks)
(a) Distinguish between intrinsic, extrinsic and compensated semiconductor (2 marks)

(ii) Derive the expression for intrinsic carrier concentration in intrinsic semiconductors.(4 marks)

(b) Explain with aid of a diagram the difference between degenerate and non-degenerate
semiconductor. (8 marks)

Question Three (14 marks)

(a) Derive the expression for current generated due to drifting of charge carriers in semiconductors
in the presence of electric field. (7 marks)

(b) Consider a gallium arsenide sample at T = 300K with doping concentration of N, = 0 and
Ny = 10" cm™3. Assume complete ionization and assume electron and hole mobilities given is
Uy = 8500 cm?/v.s and Uy = 400 cm?/v.s. Calculate the drift current density if the applied
electric field is E= 10 V/cm. (7 marks)

Question Four (14 marks)
(a) Differentiate between Complete ionization and Freeze-out as applied to semiconductors.
(2 marks)
(b) Assuming there is complete ionization, consider Germanium at 300K:n; = 2.4 X 1013¢m™3,
Ny =5 x10"cm™3, and N, = 0. Calculate the electron n, and hole p, concentration. (4 marks)
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(c) Prove that the Fermi level is lies exactly in between conduction band and valence band of
intrinsic semiconductor. (8 marks)

Question Five (14 marks)
(a) Explain quantum confinement distinguishing clearly between Quantum Wells, Quantum Wire
and Quantum Dots. (6 marks)

(b) Describe with the aid of diagrams the three primary processes used in lithography. (8 marks)

Question Six (14 marks)
(a) Describe with aid of a diagram the Hall Effect in a semiconductors. (7 marks)

(b) Give the expressions of the electron density n (hole density p) in the conduction band (valence
band, respectively. (2 marks)
(c) Discuss qualitatively the evolution of the Fermi level from 0K until high temperatures above
600K. Sketch also qualitatively the Fermi level position and the fraction of ionized impurities in
such a wide temperature range. (5 marks)
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