
Investigation of High Temperature 
Thermoelectric Materials

Research Progress and Prospects for 
Completion

Jack Simonson



Outline

ÅReview of Themoelectricity

ÅXNiSn-type Half-Heusler DopantElectronic 
Structure Investigation

ÅRare Earth Telluride high-temperature 
thermoelectrics



Thermoelectricity
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ÅSeebeck:
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ÅThomson:



Thermoelectric Efficiency for Power 
Generation

ÅDimensionless Figure of 
Merit:

ÅZT is a measure of 
efficiency.  A ZT of zero 
indicates no power 
generation, and a ZT of 
infinity is Carnot 
Efficiency.  
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Thermoelectric Devices Power 
Generation

ÅP-type leg and n-type 
leg

ÅSegmented for greater 
efficiency.

ÅCompatible currents



Semiconductors as Thermoelectrics

ÅThe best thermoelectric 
materials are 
semiconductors.  

ÅGap at Fermi energy 
allows preferential flow of 
one carrier type.

ÅN-type: electron flow in 
conduction band

ÅP-type: hole flow on 
valence band.

ÅA sharp gap gives the best 
results.



Why half-Heusler?

ÅHigh symmetry: 
low resistivity, 
degenerate bands

ÅThree sites: options 
for doping & 
isoelectronic
substitution.

ÅThree 
semiconducting 
compounds

ÅThe downside: high 
thermal 
conductivity.  



Electronic Structure of MNiSn

ÅFor ZrNiSn: Zrand Ni 
bands form the gap

ÅSnbands have 
nothing to do with 
gap formation ςSn
site can be doped 
without interfering 
with the gap.

ÅThe same is true for 
MCoSb-type and 
VFeSb-type 
materials.



KKR-CPA-LDA Calculations

B.R.K. Nanda et. Al. J.Phys: CondensMatter 17, 2005



Cartoon Model of DopantEffects on 
XNiSnBandstructure

ÅTransition metal 
dopants: V, Cr, Mn, Fe, 
Co, Ni, Cu on either the 
Hf/Zror Ni site.

ÅResult: creation of 
dopantband in gap.

ÅLocation determined by 
high-temperature 
electrical resistivity



High Temperature 
Electrical Resistivity Curve 
Fitting
Composition Gap Size (eV)

ZrNiSn(theoretical) 0.50-0.51

HfNiSn(theoretical) 0.48

Hf0.75Zr0.25NiSn 0.23

Hf0.75Zr0.25Co0.05Ni0.95Sn 0.40

(Hf0.75Zr0.25)0.95Co0.05NiSn 0.47

Hf0.75Zr0.25Fe0.05Ni0.95Sn 0.27

Hf0.75Zr0.25Mn0.1Ni0.9Sn 0.27

(Hf0.75Zr0.25)0.9Mn0.1NiSn 0.27

(Hf0.75Zr0.25)0.9Mn0.2Ni0.9Sn 0.33

Hf0.75Zr0.25Cr0.1Ni0.9Sn 0.18

Hf0.75Zr0.25V0.1Ni0.9Sn 0.19
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Transition Metal Doping in XNiSn: 
Analysis

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

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

2:  Dopes inefficiently.  The dopantbands are not fully part of 
the conduction band.

ÅTransition metal doping is detrimental to high ZT.  Lesson 
learned: future doping efforts must be sp-type only.



Why Rare Earth Sesquichalcogenides?

ÅSemiconducting

ÅHigh melting points

ÅSelf-doping and highly sensitive

ÅLow thermal conductivities

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



Why La3-xTe4? (Or LaTey)

ÅContinuous series of solid 
solutions for 1.33 < y < 1.50

ÅAll have Th3P4 structure

ÅWide range of carrier 
concentration from 0 to 4.5 
x 1021 /cm3

ÅLow sublimation rate

ÅCoefficient of thermal 
expansion matches p-type 
ZintlYb14MnSb11

La3Te4


