12. Appendix G - Special Derivations

These derivations are for electrons only. The same techniques will yield the
corresponding equations for holes. All temperatures are electron temperatures and all

masses are electron density of states masses.

12.1 Derivation 1 - Free Carrier Quantum Well Concentration
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Assuming Boltzmann statistics and let:
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12.2 Derivation 2 - Fermi-Dirac Thermionic Emission Current
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Convert from spherical to cylindrical coordinates:
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Thisis the equation for tunneling current (include transmission probability).

let:
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Considerable algebra yields:
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12.3 Derivation 3 - Boltzmann Thermionic Emission Energy Flux
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h,=(Ey- E)/KT E-E,=3mv? dE = mvdv
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then assuming Boltzmann statistics:
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Convert to cylindrical coordinates:
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This equation can be converted into the Boltzmann tunneling energy flux.
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12.4 Derivation 4 - Fermi-Dirac Thermionic Emission Energy Flux
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Considerable algebra to show that:
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This equation can be converted into the Fermi-Dirac tunneling energy flux.
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Large amount of algebrato show that this equation evaluated at infinity is:
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Even more algebra to show that:
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