Review of Last Lecture

e Phonon spectrum in solids
e Electronic band structure

 Density of states and carrier
density
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Phonons Dispersion in Crystals

Image removed due to copyright restrictions. Please see Fig. 1a and 2a in
Giannozzi, Paolo, et al. "Ab initio Calculation of Phonon Dispersions in Semiconductors."
Physical Review B 43 (March 1991): 7231-7242.
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Electronic Band Structures of Real Crystals
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Electron Density
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Simplified Kinetic
Formulation of Thermoelectricity
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Electrical Conduction

Isothermal Electrical Conductor
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Coupled Charge Transport

Built-In Potential ¢
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Coupled Charge Transport
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Meaning of Seebeck Coefficient
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Heat Conduction: Diffusion Only

Equipotential Conductor
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Coupled Electron Heat Transport

« Thermodynamics dU = &:] + IUdN
» Heat Carried Per Charge: (E N ,u)

e Electrical heat flux:
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Formal Theory
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Transport Coefficients
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Results from Formal Theory
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Semiconductor
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Boltmzann Statistics Results
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Multiple Bands
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Property Examples

Images removed due to copyright restrictions.

Please see Fig. 2a,b in Poudel, Bed, et al. "High-Thermoelectric
Performance of Nanostructured Bismuth Antimony

Telluride Bulk Alloys." Science 320 (May 2, 2008): 634-638.

2
G:e_JNZD(E)(_éfe JOE)dE  Optimal thermoelectric materials
3 ! are usually degenerate
 Multiband transport important at
high temperatures, leading to
decreasing Seebeck coefficient
with increasing temperature
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semiconductor only
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