Chem 584
Introduction to Materials Chemistry

Homework #8
Due at the beginning of lecture, Wednesday December 10. (Show work)

Callister Problems: 18.9, 18.10, 18.25, 18.43, 18.59

1) Semiconductors in single crystal form are usually produced by solidification of melts. To
achieve extrinsic semiconductivity, it is customary to add to the melt “doping elements” that are
substitutionally incorporated (i.e., they replace a silicon atom in the crystal). If the doping element is P,
which has § valence electrons, and it replaces a Si atom (whose 4 valence electrons are normally
immobilized because of bond formation), each P atom will be able to contribute one electron to
conduction; its other four valence electrons take part in bond formation. Assume you add 3 mg P to 50
g Si and form a crystal in which the P atoms are uniformly distributed. What is the number of
conduction elctrons/em’ in the doped crystal? (You may neglect the volume of the substitutionally
replaced Si atoms and assume that only electrons from P atoms contribute to conduction.)

2) The number of electron-hole pairs in intrinsic Ge is given by:
-Eg
n, =9.7x10" T* 27 [cm’] (Eg=0.72 eV)
a) What is the density of pairs at T=20°C?
b) Will (undoped) Ge be a good conductor at 200°C? (If so, why?)

3) a) How do you expect the conductivity to vary in an intrinsic semiconductor with increasing
temperature? (Explain you answer.)

b) How do you expect the conductivity to vary in a metallic conductor with increasing
temperature? (Explain in terms of Matthiessen’s rule.)

4) Into 110 g Ge you substitutionally incorporate 27 mg of Sb.
a) Will the conductivity of the Ge be p-type or n-type?
b) What will be the number of free charge carriers/cm’ in the conduction band of the material?

c¢) What is the room temperature conductivity?

5) Read the following article and answer the questions below:

Chung, D.; Hogan, T.; Brazis, P.; Rocci-Lane, M.; Kannewurf, C.; Bastea, M.; Uher, C.;
Kanatzidis, M. G. CsBisTes: A High-Performance Thermoelectric Material for Low-
Temperature Applications; Science 287, 1024-1027, (2000)

a) Define what a phonon is and how it effects thermal conductivity.
b) Describe how a thermoelectric material works.

¢) In the context of the previous two questions, explain how CsBisTes makes a good
thermoelectric material.

d) Suggest a reason why the best thermoelectric behavior is seen along the b-axis of the crystal.
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