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Thermoelectric Efficiency for Power
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A ZT is a measure of
efficiency. A ZT of zero
Indicates no power
generation, and a ZT of
Infinity is Carnot
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Thermoelectric Devices Power
Generation

A P-type leg and rype Heat Source
leg mﬂmﬂj

A Segmented for greater
efficiency.
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Semiconductors as Thermoelectrics

A The best thermoelectric
materials are
semiconductors.

A Gap at Fermi energy
allows preferential flow of
one carrier type.

A N-type: electron flow in
conduction band

A P-type: hole flow on
valence band.

A A sharp gap gives the best
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Why haltHeusler?
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A ForZrNiSnZrand Ni
bands form the gap

A Snbands have
nothing to do with

| ¢ Zrcharacter

.......

150

NiTiSn| | gap formationg Sn
100 “semiconductor .
site can be doped
l M , without interfering
%0 03 06 . ) ‘ with the gap.
S A The same is true for
B MCoShtype and
N =S 4 VFeShype
? __,_ = ,_ l - -rrSn character matel‘lals_
< =




KKRCPALDA Calculations
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Cartoon Model oDopantEffects on
XNiSrBandstructure

A Transition metal

dopants V, CrMn, Fe,
Co, Ni, Cu on either the

Hf/ Zror NI site.

A Result: creation of
dopantband in gap. IL\A / ft\k /

A Location determined by
hightemperature ;
electrical resistivity ﬂ\




High Temperature
Electrical Resistivity Curve o

Fitting
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Thermopower (uV/K)
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Thermoelectric, Resistivity, and Hall Measurements
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Transition Metal Doping IKNISH
Analysis

A Transition metal doping on the X or Ni site has two effects:

1: Lowerghermopowerby placing the Fermi energy in a
partially unfilled DOS location.

2. Dopes inefficiently. Thaopantbands are not fully part of
the conduction band.

A Transition metal doping is detrimental to high ZT. Lesson
learned: future doping efforts must be gppe only.



Why Rare Eart®Besquichalcogenides

A Semiconducting

A High melting points

A Selfdoping and highly sensitive
A Low thermal conductivities

A Good results (ZT=1.5) reported by JPL in
1980s.



WhylLa ,Te,? (OrLaTe)

A Continuous series of solid
solutions for 1.33 <y < 1.50

A All have TP, structure

A Wide range of carrier
concentration from 0 to 4.5
X 1*1/cms3

A Low sublimation rate

A Coefficient of thermal
expansion matches-fype

Zintl Yb ,MnSh, Lasted



