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\ 4 Thermoelectrics
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Conductivity 101
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v Careful...

e Doping: rigid band
o Gap problem

 Temperature dependence of the
electronic structure.

« Alloys. Single site approximations do
not work.

 Many k-points
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N Application to
Thermoelectrics
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\ g Transport Distribution
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P Application to Thermoelectrics:
The best thermoelectric
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v Transport Distribution
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Band transport
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w Program: BoltzTraP

Smoothed Fourier expansion

of band energies Y
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Pickett, Krakauer, Allen, PRB 38, 2721

Transport distribution

o\\lTraP o(2) = X os

Rigid band approach
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ﬁ Testing BoltzTraP. Bi, Te;
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The Grand Search

L/APW+lo, DFT 1T /
) Spin orbit coupling (incl. p; 5) - [
Efficient RS =N
All space groups | R
DCSC, SDU Odense l

960 node PIV cluster

Semiclassic equations
Efficient: FFT, blas
Full conductivity tensors

' Inorganic Crystal
Structure Database

All known inorganic crystal structures
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ﬁ TGS + BoltzTrap

=

Formula Ey[eV] T IK] n [e/u.c.] 2T
LiznSb  0.13(PBE) 150 -0.03/-0.02 0.14/0.25
44903 0.62 (EV) 300 -0.02/-0.01 0.58/0.89
42064 600 -0.01/-0.01 1.84/2.36
ZnSb 013 (PBE) 150 -0.00/-0.01 0.07/0.06
76937 045(EV) 300 -0.01/-0.02 0.30/0.30
600 -0.02/-0.01 0.85/1.12
ZnSb 0.05(PBE) 150 -0.01/-0.01 0.06/0.08
43653 043 (EV) 300 -0.01/-0.01 0.26/0.35
600 -0.03/-0.02 0.68/1.14
TIZn,Sby  0.00 (PBE) 150  -1.55/-1.71 0.01/0.01
76499 0.00(EV) 300 -1.53/-1.69 0.02/0.05
600 -149/-1.66 0.06/0.13

OBS ki =2W/mK, 1 =2 x 10~ % s MRI
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LiZnSb structure

LLi: Black spheres. Zn: White spheres. Sb: Grey spheres. J
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LiZnSb Fermi-surface
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Bi,Te,

Bismuth Telluride
(p-doped n=7.8 x10'8 cm??) »
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w Transport coefficients and thermoelectric figure of merit of n-Hg,_,Cd, Te

J. 0. Sofo and G. D. Mahan
Solid State Division, OQak Ridge National Laboratory, PO. Box 2008, Oak Ridge, Tennessee 37831-6030,

and Department of Physics and Astronomy, The University of Tennessee, Knoxville,
Tennessee I7906-1200 )

J. Baars
Fraunhofer-Instifut fiir Angewandte Festkorperphysik, Tullastrasse 72, D-79108 Freiburg, Germany
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| T Thermoelectric figure of merit of superlattices

J. 0. Sofo and G D. Mahan

Kalid Niate Division, Oak Ridge National Laboratory, PO Box 208, Oak Ridee, Tennessee 3783 1-00310,
and Depariment of Physics and Asivenomy, The University of Tennessee, Knoxville,

Tennessee 37006-1200

2500 Appl. Phys. Lett. 5 (21), 21 November 19594
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« Different
scattering for
phonons and
electrons.

« Work done
for Allied
Signal Corp.

e Not an
alternative...
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g Summary

e Tool to explore new compounds,
pressure, “negative” pressure.

* Prediction of a new compound by G.
Madsen.

e Easy to expand adding new Scattering
Mechanisms

« Limited applications to “non-correlated”

semiconductors.
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\ ¢ Collaborators

Claudia Ambrosch-Drax| (UNI-GRAZ)

Georg Madsen

John Badding (Penn State)

 Timo Thonhauser (Wake Forest)

« Tom Scheidemantel (Penn State)

With the always present coaching of Jerry Mahan.
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\ ¢ Bismuth
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JOURNAL OF APPLIED PHYSICS VOLUME 34, NUMBER 1 JANUARY 1
Transport Properties of Bismuth Single Crystals
C. . Gatro, B, 5. Coanprasexuan, ann P. H. Surrer
Westinghouse Research Laboratories, Pittshburgh 35, Pennsylvania
(Received 11 June 1962)
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Bi vs. Bi,Te,
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Thonhauser, Scheidemantel, Sofo, Appl. Phys. Lett. 2004
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¥ Why is Bi so good?
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h g Is there any hope?
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