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Semiconductors and insulators - 1d
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Semiconductors and insulators - 2d
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Semiconductors and insulators - 3d

( D,JE,_E E<E,
D(E) = 0 E,<E<E, J'm’
' D, JE-E, E,<E

c




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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Silicon valence bands
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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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Chemical potential of an intrinsic semiconductor
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Density of electrons in the conduction band
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Density of electrons in the conduction band
Density of holes in the valence band
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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
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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

In the Boltzrmann approsxmation, the density of states of a semiconductor 13,
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Here m and m} are the 'density of states effective masses' for electrons and holes. Usually in the Iterature, effective density of states at 300 K 1z given instead of the 'density of states effective maszes'’. The
relationship between the two i3,
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In an mirinsic semiconductor, the density of electrons equals the density of holes, n = p=n; = v N. ( %) N, ( WT‘}) exp( % )

By sething the concentration of electrons ecqual to the concentration of holes, it iz possible to zolve for the chemical potential. The bandgap of most semiconductors 1z temperature dependent. The form below
lets you input the temperature dependance of the bandgap. The bandgaps for some semiconductors can be loaded into the form with the buttons on the nght.
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