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Overview

✘ Band transport
➠ electric and magnetic fields and

thermal gradients
➠ Semi-classic theory
➠ Program: Transport

✘ Thermoelectrics
➠ The figure of merrit
➠ Phonon Glass - Electron crystal
➠ Skutterudites
➠ Clathrates
➠ Phonon DOS

✘ Outlook
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Transport

Transport equation

ji = σijEj + σijkEjBk + σijklEjBkBl + νij∇jT + · · ·

• j current density

• σ conductivity tensors

• E electric field

• B magnetic field

Seebeck coefficient

Sij = Ei(∇jT )−1 = σ−1

iα νjα

V

Hall coefficient

Rijk = j−1

i EjB
−1

k = σ−1

jα σ−1

iβ σαβk

jx

Ey

Bz
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Semi-classic approximation

σαβ =
e2τ

Ω

∑

k

vα(k)vβ(k)

(

−
∂f(ε)

∂ε

)

(1)

ναβ =
e2τ

ΩT

∑

k

vα(k)vβ(k)(εk − µ)

(

−
∂f(ε)

∂ε

)

(2)

σαβγ =
e3τ2

~Ω

∑

k

vα(k)[v(k) × ∇k]γvβ(k)

(

−
∂f(ε)

∂ε

)

(3)
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J. M. Ziman, Electrons and Phonons (Oxford Classics Series, Clarendon Press,
Oxford, 2001).

4



Program: Transport

Smoothed Fourier expansion of band energies.

ε(k) =
∑

εmSm(k) , Sm(k) = 1/n
∑

Λ

eikΛRm

FFT (εm) FFT (εmkmi) FFT (εmkmikmj)

↓ ↓ ↓

N(ε) N(ε)σij N(ε)σijk

σij =

∫

N(ε)σij(ε)dε

Sij = σ−1

iα

∫

N(ε)σjα(ε)(ε − µ)dε

Rijk = σ−1

jα σ−1

iβ

∫

N(ε)σαβk(ε)dε

W. E. Pickett, H. Krakauer, and P. B. Allen, Phys. Rev. B 38, 2721 (1988).
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Figure of merrit

h (+)e (_)

_
+

H
T

T
L

Heat source

Waste heat

n-type p-type

ZT = (σT/κ)S2

• Electrical conductivity, σ

• Thermal conductivity (electronic and lattice), κ

• Seebeck coefficient, S
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CoSb3
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D. J. Singh and I. I. Mazin, Phys. Rev. B 56, 1650 (1997).
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Zintl clathrates. (II)8(III)16+x(IV)30−x
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Type-I transport
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Type-I phonon DOS
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Type-VIII
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Type-VIII transport
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Type-IV AFM clathrate
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