
Semiconductors

Homework No. 6: Modern Physics

1. Assume that electrons in copper are distributed according to the Fermi-Dirac dis-

tribution. The Fermi energy in copper is EF=7.04 eV. (a) The Fermi velocity has

magnitude vF , the speed of an electron that moves with a kinetic energy equal to EF .

What is vF for copper? (b) The fermi-Dirac distribution is

f(E) =
1

1 + exp
(
(E − EF )/kBT

) . (1)

What is the value of f(E) at a temperature of 300 K for an electron with a speed 1

percent higher than vF ? (c) Estimate the temperature in which the probability f(E)

is 10−10 if E is 1.2 eV above EF ?

2. Generally speaking, insulators are transparent to visible light; semiconductors are

opaque to visible light and transparent to infrared light, and metals are opaque to all

forms of visible light. Why might this be true?

3. What is the probability of finding an electron at the bottom of the conduction band

in GaAs for which Eg=1.43 eV, at T=300 K.

4. The Fermi temperature TF is defined by EF/kB, where kB is the Boltzmann’s constant.

What is TF for silver (EF=5.1 eV), (b) copper (EF=6.95 eV) and (c) a white dwarf

star (EF
∼= 2× 105 eV)?

5. What is the maximum wavelength of light that will excite an electron from the valence

band to the conduction band in (a) InSb (Eg=0.18 eV), (b) GaSb (Eg=0.68 eV) and

(c) GaAs (Eg=1.43 eV)?

6. Consider a hypothetical element that forms a solid with bands as shown in the figure

given on the next page. (a) Suppose that the isolated atom has the configuration

1s22s2. If its equilibrium separation is r0=a, is the solid a conductor or an insulator?

What if r0=b? Answer both questions for the case that the atomic configuration is

(b) 1s22s22p1 and (c) 1s22s22p6.
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