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Problem 1

(a) Derive the primitive lattice vectors for the BCC unit cell in terms of the lattice parameter a.

Find the angles between the primitive lattice vectors.
What is the volume of the primitive cell?
Find the reciprocal lattice vectors. What is the lattice structure in reciprocal space?

(b) The figure above shows the FCC structure.
How many 4-fold and 3-fold rotation axis describe this structure?
How many mirror planes are contained in the structure?

(c) Formulate the Laue condition for x-ray diffraction and define the involved quantities.
Derive the extinction rules (norsk: utslokkingregler) for the BCC structure.

(d) The total lattice energy for an ionic solid may be described by the Born-Landé equation:
2
U = n|[BR_ _Ad”

Define the quantities in the above equation.
The bulk modulus B is a measure of the stiffness of the ionic solid, and is given by:

62
B = v{_lﬂ
ov2),

where the subscript O refers to the equilibrium distance Ry between atoms in the solid.
Find an expression for the bulk modulus B expressed by Ry, A, g and n.

Define the Madelung constant and calculate the contribution to the Madelung constant from

one unit cell for NaCl.

(Tip: start with the sentral atom in the unit cell and consider the nearest, next nearest, and third

nearest neighbors.)
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Problem 2
ky

® ®
The figure shows a two
dimensional reciprocal
lattice. The circles represent

Ky constant energy contours in

the free electron model.

L

(a) Derive the 3D density of states g(E), find the Fermi energy in terms of the electron density n,
and find the average electron energy at T = 0 K in the free electron model.

(b) Find the Fermi wave vector kg for the 2D system that corresponds to the figure above, in the
case of 2 electrons per unit cell. Use this to sketch qualitatively the Fermi surface in the 1st and
2nd Brillouin zones in the repeated zone scheme. Does the Fermi surface exist in the 3rd
Brillouin zone? Explain.

(c) Compute the three lowest energy bands in the empty-lattice approximation in one dimension.
Plot these bands in an E(k) versus k diagram, using the reduced-zone scheme. Show
qualitatively how these bands are modified in the NFE (nearly free electron) model.

(d) Consider a phonon annihilation process in which two transverse acoustic phonons combine to
one longitudinal acoustic phonon. Assume that the phonon wave vectors are all parallel. The
dispersion relations for transverse and longitudinal acoustic phonons are:

) )

Determine if this is an allowed process for acoustic wave vectors k1 = k2
Explain your reasoning!

O1p = O and O p = 20,

3a’



Page 4 of 5

Problem 3
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(a) Sketch qualitatively the effective electron mass corresponding to the electron band shown in
the figure above. Please explain your reasoning.

(b) Find the concentration n of electrons in the conduction band for an intrinsic semiconductor
when T = 300 K and the value of the energy gap is E; = 1.2 eV.
Assume that the effective mass of the electrons is 50% of the mass of a free electron.
Find the concentration p of holes in the valence band.

EC
E Ec-lEd The figure shows the donor level
for a hydrogenic dopant in an
extrinsic semiconductor.
EV

(c) Find the position of the donor level relative to the bottom of the conduction band for the
semiconductor as shown in the figure above, when the effective mass of the electron
me* = 0.1 m, and the dielectric constant of the semiconductor ¢ = 10 &,

The figure shows a semiconductor pn-junction.

p-type n-type
(d) Draw the energy diagram for p-type and n-type semiconductor before they are contacted.
Also draw the energy diagram after they are contacted. Show the Fermi level.
What is the origin of the potential difference across the junction?
Give a brief qualitatively discription of the resistance and number of charge carriers in the
depletion region.
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Vedlegg (Appendix): Some constants and expressions that may or may not be of use.

kg = 1.38.1022 J/K e=1.6101°C gp = 8.85.102 s*A%kgIm3
h=6.63-103* Js m, = 9.1.103! kg c=3.0108 m/s
h=hP2r=1.0510%%Js Ry=13.6eV

1 2
—x1+x+x...
1-xX

. 13
SINX = X=X ... forx<<1
3!
X
l+x=1+z+ ...
2
_ 1 Planck distribution law for phonons
n(w) = ———— !
ehw/kBT _1 (average phonon occupation number)
K|.:.ka
o(k) = 2«/&‘“”?‘ phonon dispersion relation
3
2
g(E) = _\/_Z(Z_rzn) E'? 3D free-electron density of states
21" h
mL?
g(E) = - 2D free-electron density of states
h'n
2
E, = -Ry/n"  energy levels of the hydrogen atom
4
e'm,
Ro = —555 the Rydberg constant
32n"gyh
f(E) = 1 Fermi-Dirac distribution function
e(E—u)/kBT +1 (Fermi-function)
3
2tm*kg T2 —(E, - w)/ksT ~(Eo— ) /ksT
nzz(e—ZB]e(cu)B:Nce(cu)s
h
3

_ (Bv—p)/keT
= N,e

5 - 2[2nmh*kBTj§e(Ev—H)/kBT
2
h





