Problem 2.29

A piece of n-type silicon is doped with 10*” cni® shallow donors.
Cdculate the dendty of eectrons per unit energy a kT/2 above
the conduction band edge. T = 300 K. Calculate the electron
energy for which the dendity of ectrons per unit energy hasa

maximum. Whét is the corresponding probability of occupancy
a tha maximum?




Solution

The dengty of eectrons per unit energy at a given energy
equas.

n(E) = gc(E) f(E)

where
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The pogtion of the Fermi energy is calculated from the doping
dengty:

Ep - Ec = KTIn-— = kTIn—— - 168 meV
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Thislast equation isonly vaid if the semiconductor is nor
degenerate, which is ajudtifiable assumption since the eectron
dendty is much smdler than the effective dengity of Sates. The
Fermi function then becomes.
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And the density of dectrons per unit energy can then be further

smplified to:
n(E) = gC(E)f(E)@&/Ep—m E- B ep—

The maximum is obtained by settl ng the derivative equa to zero:
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Thisresultin:
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Which can be solved to yield:
E = Emax = Ec + KT/2

The corresponding probability of occupancy equas the vaue of
the Fermi function caculated above.




