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1. (20%) What are direct-bandgap and indirect-gap materials? Explain their inter-band optical emission and

absorption processes.

2. (30%) A new semiconductor has a bandgap of 0.5 eV and an intrinsic carrier density of N; = 10 ¢cm™ at
T=300K. The electron and hole mobilities are 8000 cm?V-s and 4500 cm¥/V-s, respectively.
(a) What are the electron and hole diffusion coefficients? (10%)
(b) A bar made of this new material has a cross-sectional area of 100 um? and a length of 10 pm. Find
the current when a bias of 10 V is applied across the bar, (10%)
(¢) Schematically draw the absorption coefficient spectrum of this material. If a 100 mW CO- laser
with wavelength of /=10 pm is incident on this material, determine the number of electrons and holes
generated per second. (10%)

3. (10%) Consider a Ge pn junction at 7'= 300 K with an acceptor concentration of N, = 10'5 cm™ and a donor
concentration of Ny = 1012 cm™, respectively. The intrinsic carrier density is N; = 10'° cm™. Calculate the

built-in potential barrier in this Ge pn junction.

4. (40%)

(a) Please sketch the ideal energy-band diagrams (before and after “ohmic” contact; before and after
“Schottky” contact) for an ideal metal-to-n-type semiconductor Junction. (20%)

(b) Please sketch the ideal energy-band diagrams for an ideal metal-to-n-type semiconductor Schottky
Junction under reverse bias. (10%)

(c) Please sketch the ideal energy-band diagrams for an ideal metal-to-n-type semiconductor Schottky
Junction under forward bias. (10%)

(please label the following terms in the depletion region: W (the width of depletion region), ¢n (work function
of metal), ¢ (work function of semiconductor), g, (barrier height), x (electron affinity of semiconductor), Vi

(built-in potential barrier), V' (reverse-biased voltage) and V; (forward-bias voltage).)




