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Semiconductors and insulators - 1d
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Semiconductors and insulators - 2d

[ D, E<E,
D(E)=4 0 E,<E<E, J'm”

. D, E.<E

< Eg >

v



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

D(E) f(E)dE = D jexp[ Q}F

B

j E—E,_dE

nm'—DS

i — 2 3/2
_E_ JxX X ldx = —=— (k.T
X=E-E _([ cXp kBT \/;( B )

u—E 2D, 3/2 u—E
n=N ex KeT) ~ex :
M| [ el A

. 3/2

m kT : :

N, = TC(kBT )3/2 = 2( - ] = effective density of states
T

2rh



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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Intrinsic carrier density
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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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