Question 1 (25)

(a) (7) Using a schematic diagram show the difference between unit cells of a face-
centred cubic (FCC) lattice and body-centred cubic (BCC) lattice. How many atoms
each unit cell has? BeC ‘
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(b) (5) Assuming that atoms are hard spheres with diameter a, what is the sides of FCC
and BCC unit cells, if atoms are closely-packed.
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(c) (7) What ratio of the unit cells are filled with atoms in FCC and BCC?
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(d) (6) What are the Miller’s indices for the two planes shown in
» the figure? What is the type of silicon unit cell?
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Question 2 (15) 1

(a) (7) The figure on the right shows a wavefunction ~ ¥(x)
w(x) for an electron with energy E. List the regions
1 to 5 in order of having the highest probability for
the presence of the electron. Start with the highest
probability. Explain your reason for choosing the
order.
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(b) (3) In which region does the particle have the highest kinetic energy? Why?
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(¢) (5) For which regions we have E <U,(x), where U,(x) is the potential energy in
region i. Why?
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" Question 3 (35)
(a) (5) For a 3-D infinite potential well with dimensions (L, L,, L) and U(x.y,z) =0

inside the well, write the Schrédinger wave equation for an electron inside the well.
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(b) (7) Using the separation of variable method show that o (x,y,z)=AX(x)Y()Z(2) and
E=E +E +E,.
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(c) (6) Write the boundary conditions for z direction, and show that Z(z)= sin(n’; Z]
and £ = n22ﬁ2h2 h
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(d) (5) Write the normalization equation and find 4.
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(e) (6)For L, =L, =a and L =1000a (the case for a nanowire), what is the energy
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hv and wavelength (as a function of a) of a photon emitted when an electron makes
the transition /¢ 5, = V54, (The index numbers are for quantum numbers 7, r;,
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(f) (6) How many states are available in the range Ioa h2 < E<§” h2 )
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Question 4 (25)
(a) (9) Using lattice schematics, explain the difference between crystalline,
polycrystalline and amorphous materials.
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(b) (8) A semiconductor film (conductivity of 1 S/cm) wire has a length and width of 10
um and thickness of 100 nm. Find the current that goes through this wire, if we apply
10 V to its sides.
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(c) (8) Four different materials have identical band
structures (shaded areas represent state bands), however,
their intrinsic Fermi energy levels are different as shown
in the figure. What are the best guesses for the type of
these materials (metal, semiconductor, or dielectric)?
Briefly explain why. leV i ------- Er;
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