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I. PROBLEM SESSION 10

A. Problem 10.1

-Describe how energy bands are filled with electrons? What is the difference between a metal, a semi-metal, a
semiconductor and an insulator in terms of band structure and electron filling?
-Describe the meaning of the effective mass concept. Why is the effective mass is different from that of the electron
rest mass? Can the effective mass be negative? What does it mean?
-Recall the concept of holes in a semiconductor. Compare the properties of holes and electrons.
-Describe the concept of impurity doping of a semiconductor. How do different forms of doping alter the electronic
properties of semiconductors? What is the role of temperature?
-using what you have learnt previously in the course, discuss how phonon interactions might affect the conduction
properties of semiconductors?

B. Problem 10.2

(a) (b)

Figure 1: Silicon in pure elemental form (a), and in polycrystalline form for use in solar cells (b).

Silicon is the most commonly used semiconductur in industry today. The property of semiconductors that makes
them most useful for constructing electronic devices is that their conductivity may easily be modified by introducing
impurities into their crystal lattice. The concept of adding impurities to a semiconductor in a controlled way is known
as doping and even a very low concentration of impurities can alter the conduction properties of the crystal by orders
of magnitude.
Consider a silicon crystal is doped with 1 × 1015 donors per cm3 having ionization energy of 45 meV. Estimate the
concentration of free electrons in the conduction band (n) at 4, 77, 300, 600 K. Assume the effective density of states
in the conduction band Nc = 3×1019cm3 and th band gap Eg = 1.12 eV are independent of temperature (to be more
precise these are actually room temperature values, assuming no temperature dependence in Nc/Eg we still may do
a reasonable approximation of n(T), attempt to give an argument why this is a reasonable assumption).
Calculate free electrons concentrations in undoped Si at the same temperatures/conditions. Compare electron con-
centrations in undoped and doped materials and illustrate similarities/differences by use of a n versus 1/T plot.

C. Problem 10.3

In this exercise we will familiarize ourselves with the concept of energy bands in different directions of the Brillouin
zone.
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Consider the free electron energy bands of an fcc crystal lattice in the approximation of an empty lattice, but

in the reduced zone scheme (in which all ~k’s are transformed to lie in the first brillouin zone). Plot roughly in
the [1, 1, 1] direction the energies of all bands up to six times the lowest band energy at the zone boundary at
~k = (2π/a)(1/2, 1/2, 1/2). Let this be the unit of energy. This problem shows why band edges need not necessarily be
at the zone center. Several of the degeneracies (band crossings) will be removed when the crystal potential is taken
into account.


