Ty | | |
Grazs Institute of Solid State Physics

Technische Universitat Graz

Boltzmann Approximation



Density of electrons in the conduction band

The free electron density of states 1s modified by the effective mass.
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Density of electrons in the conduction band
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Density of holes Iin the valence band

I E—
D(E)=D,\/E.—E - f(E)=1- ~ exp| —2
v v [E_luj kBT
1+ exp

—

-~

1- f(E) Boltzmann
approximation
E E

v C

E E
V V E—,Ll
= | D(E)(1- f(E))dE ~ D E, - EdE
p= [ DE)(1-1(E) V_jwexp(“] .

B



Density of holes In the valence band
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Law of mass action
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For intrinsic semiconductors (no impurities)
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Intrinsic carrier density
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Chemical potential of an intrinsic semiconductor
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Boltzmann approximation

of the valence band and the bottom of the conduction band the density of states of a semiconductor can be approximated as,

D,/E,— E, forE < E,
D(E) = { 0, for B, < B < E,
\DvE—E, forE.<E

1d D, are constants that describe the form of the density of states near the band edges. Often in the literature, these constants are given in terms of the
sses' m; and mg or the 'effective density of states at 300 K' N,,(300) and N.(300). The relations to D, and D, are,
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»w shows the density of states of various semiconductors in this approximation. The Fermi function is plotted as well. At low energies the value of the
tes are occupied. At high energies the Fermi function goes to zero and those states are unoccupied. In the limit of low temperture, the chemical potent
qap, i = E,/2. As the temperature increases, the chemical potential moves towards the band with the lower density of states.
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http://lampx.tugraz.at/~hadley/ss1/semiconductors/boltzmann.php



