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Semiconductors and insulators - 1d
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Semiconductors and insulators - 2d
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Semiconductors and insulators - 3d
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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
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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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Chemical potential of an intrinsic semiconductor
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Density of electrons in the conduction band
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Properties S1 Ge GaAs
Bandgap Eg 1.12 eV 066 eV 1.424 eV
Effective density of states i conduction band (300 E) N 272 % 1097 2 1.04 x 10%% g3 4.45 % 104 g2




Density of electrons in the conduction band
Density of holes in the valence band
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Properties 51 Ge GaAs
Bandgap Ko 1.12 eV 066 eV 1.424 W
Effective density of states m conduction band (300 K N 978 % 10% g 104 x 10% 2 445 % 104 2
Effective density of states in valence band (300 E) Ny 084 % 1084 ;2 60 % 1044 2 779 % 1094 3
Effective mass electrons m;* =038 m_r* =164 -
*, * * m =0067
b myp =019 my = 0.082
Effective mass holes min = 0.16 wapp = 0,044 wapp = 0.082
mE [mp mhh* =049 mhh* =025 m;m* =045
Crystal structure diamond diamond anchlende
Denaity 2.328 gfem?® 2.3267 glem® 5,32 glom®
Atoms/m?® 5.0x 10% 4.42 % 10% 442 % 10%




The electrical contribution to the
thermodynamic properties of insulators
depend on band edges

Boltzmann approximation

The table below gives the contribution of electrons in intrinsic semiconductors and msulators to some thermodynamic quantities. These results where calculated i the Boltzmann approzimation where it is
assumed that the chemical potential les m the band gap more than 2kgT from the band edge. The electronic contnbution to the thermodynamic quantities are usually much smaller than the contnbution of the

phonons and thus the electronic components are often simply ignered.
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Intrinsic semiconductors

Near the top 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, for E<E,
D(E)=<0 for B, < E < E,

D./E—E,, forE.<E

Where D, and 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 'density of states effective masses' mj, and m? or the 'effective density of states at 300 K' N, (300) and IV, (300). To calculate m; and

mg you determine ), and ), from a band structure calculation and then calculate the effect mass that would be needed to produce the same density
nr
2m* "

of states from a dispersion relation consisting of a single isotropic parabola F =

B, ==0" p
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In the Boltzmann approximation, the concentration of holes in the valence band p and electrons in the conduction band n are given by,
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Narrow bandgap semiconductors

/

Use the programs for metals for small bandgap semiconductors.
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- Bilicon Ce - Gertnatium
- Gallm Phosplude Cads - Gallum Arsenide
- Indiwm Arsemde C - Diamond
- Gallium Antimonmide InSh - Indnum Antimomde
- Indium Phosphide Gadia] ohy - Gallm Avzeride Antimonide
- Alumintum Gallym Arsenide
- Al Mitride Ink - Indnun Mitride
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- Gallnyn [ndnyn Arsemde Graglng x=h - Gallm Indixn Antrmomde
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Effective Masses

Flectrons:
The surfaces of equal energy are elipsoids.

= [. 9 &,
= 1. 1 9t
Effective tass of density of states 1y = 0. 361,

There are 6 equivalent walleys i the conduction hand.

= U, 2611,
Holes:
Heawry mny = 0.4%1m,
Light myp = 0. 1fimg
Spht-off band Men = 0. 24111,

Effective mass of density of states 1w = 0.8 11114
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Large gap -> large effective mass
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