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1. [4 marks]
The E-k relationships for the conduction bands of two semiconductor materials, A and B, each with spherical
constant-energy surfaces, can be expressed as
EA − 0.7 = αk2 and EB − 1.4 = 2α(k − k′)2,
respectively, where α is a constant, k′ > 0, and the energies are in units of eV.
Both materials have the same valence-band structure, with the top of the valence band at E=0 and k=0.
Which material has the higher electron mobility?

2. [8 marks]
The partial energy band diagram shown on the back of this page is drawn to scale in the vertical dimension
(1 mm≡10meV). Horizontally, the diagram is only approximately to scale.
From the diagram, determine the following:
(a) whether the semiconductor is silicon or gallium arsenide;
(b) the doping density of the n-region;
(c) the doping density of the p-region;
(d) the applied bias voltage (state whether it is forward or reverse).

3. [8 marks]
(a) Write down the master set of equations, as presented several times in class.
(b) Write down the equations from this set that you would use to solve for the steady-state electron current
density in the p-type quasi-neutral region (p-QNR) of a diode.
(c) Write down the boundary conditions for the electron concentration at either end of the p-QNR, given
that the back contact is ohmic.
(d) Consider a short-base diode in which the width of the p-QNR is much, much, much less than the electron
minority carrier diffusion length.

(i) Sketch the approximate profile of the excess minority carrier concentration (np(x) − n0p) in the p-
QNR.

(ii) Consider the diode to be made from silicon, and to have a p-type doping density of 1017 cm−3, a
p-QNR width of 100nm, and to be subject to a forward bias of —0.8—V
Evaluate the electron current density in the p-type region.




