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Lecture 14 — Semiconductors
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Ashcroft & Mermin, Ch. 28 (p. 562-570, 572-580)
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Central concepts

Energy gap, valence band, conduction band

Semiconductors have a energy gap &, smaller than ~ 2 eV between the highest filled band, called the
valence band and the next empty band, the conduction band. This allows a small fraction of electrons to
be thermally or optically excited across the gap. Since there still is a gap, the resistivity of semiconductors
increases with decreasing temperature in contrast to regular metals.

Effective mass

The constant energy surface close to the band edges can be typically described as an ellipsiod in k-space.
Expressing the curvature with an effective mass m, for electrons in the conduction band and m, for holes in
the valence band, one has
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Density of states

The density of states of the conduction and valence bands are similar to the free electron density of states,
except for the electron and hole effective masses replacing the free electron mass, and the energies measured
from the band edges:
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e Carrier concentration

The number of carriers n and p present at temperature 7" in the conduction and valence bands are given
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n(T) = N(T)e €/ksT

po(T) = P(T)e W=kl

where

o0 1(2m.ksT\*"*
Nc T = c _(g_sL.)/kBTd ~ - <’B
(1) fp 8c(&)e St s,
1(2mykgT '
_ —(ey—€)/kgT ~ = hiB
PT) = f T 4( e )

e Intrinsic semiconductors

An intrinsic semiconductor means a semiconductor in the state where impurities / doping is not controlling
the carrier concentrations n. and p,. In this case

ne=py =n;
where n; is given by
ni — [NCPve*Sg/ZkBT

e Law of mass action

The carrier concentrations n, and p, are controlled mainly of the value of the chemical potential u, which
depends strongly on doping. However, the product n.p, only depends on the energy gap and temperature

nepy = nl2 = NcPve_Sg/kBT

The product n.p, is thus not sensitive to the presence of doping.

¢ Donor level, acceptor level

The intrinsic semiconductor can be doped with impurities, called donors and acceptors, having more or
fewer electrons than the semiconductor. The binding energy of the extra electron to a donor impurity is
small compared with the energy gap, so that the donor level will lie just below the conduction band edge.
Similarly, the acceptor level lies just above the valence band edge (the hole is bound when the level is

empty).
e Conductivity

For electrons, we had earlier
Jj=0FE = —nev,

where the drift velocity
Vg = —ﬂE

and y is the mobility.

For semiconductors, the electrical conductivity becomes

O = neelle + pyefy



