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Introduction:  Proven state-of–practice Si0.8Ge0.2 

alloys have a combined dimensionless figure of merit 

(ZT) value of only 0.55 when averaged over operating 

temperatures of 1275 K to 575 K [1].  We present an 

overview of NASA-funded collaborative research ef-

forts to identify and characterize advanced bulk ther-

moelectric materials capable of quadrupling average 

ZT values while maintaining reliable operation for 

more than 15 years at temperatures up to 1300 K.  

The research areas include structurally complex re-

fractory rare earth compounds, electronic band-

engineered advanced PbTe and bulk 3-D nanostruc-

tures that emulate results obtained on low dimensional 

superlattices through “force engineering” and “self-

assembling” techniques.  

The first research area concerns two families of 

very low lattice thermal conductivity refractory rare 

earth compounds, based on n-type La3-xTe4 and p-type 

YbxMnySbz which have demonstrated peak ZT values 

near 1.5 at 1273 K [2]. We report on recent experi-

mental results, guided by first principle electronic 

structure calculations, in tuning the properties of these 

rare earth compounds through suitable chemical substi-

tutions and structural modifications.  

A second research area focuses on advanced PbTe 

materials and utilizing high degeneracy bands due to 

band convergence at high temperatures to generate 

large power factors [3].  The more efficient PbTe mate-

rials have demonstrated 40 to 50% gains in average ZT 

values, and are of particular interest for possible appli-

cation to higher performance multi-mission radioiso-

tope thermoelectric generators [4]. 

The last main research area focuses on engineering 

bulk homogenous and composite 3-D nanostructures 

that effectively decouple electrical and thermal 

transport effects to enable independent optimization 

strategies.  Silicon and silicide nanostructured materi-

als have been predicted to have the potential for large 

gains in ZT values through a combination of low lattice 

thermal conductivity [5] brought by effective interface 

scattering and tuning of electrical transport through the 

introduction of suitable nanoscale inclusions. Strategies 

to achieve the necessary grain size, size distribution 

and nanoscale inclusion “seeding” in thermally stable 

bulk structures are presented. 

Validation of the high ZT values of some of the 

more mature novel thermoelectric materials is carried 

out by fabricating and testing simple high temperature 

thermoelectric couple devices.  A factor of more than 2 

improvement in average ZT values (Figure 1) and up to 

15% conversion efficiency has been achieved to date 

on couples tested in vacuum and inert gas environ-

ments under RTG-like operating temperatures. 
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Figure 1: Novel materials have achieved more than a factor 

of 2 improvement in average ZT values over state-of-practice 

Si-Ge alloys used in radioisotope thermoelectric generators.  

15% efficient segmented device technology has the potential 

to lead to the development of much higher performance radi-

oisotope thermoelectric generators. 
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