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 There is a large incentive to develop thermoelectric materials which can function at 
high temperatures. 

 Oxides are attractive class materials for this end, but there is a need to find high 
performing n-type oxides

 It is important to analyze and control the atomistic structure of materials for 
thermoelectric energy conversion. 

 Structural study based on (higher-dimensional) crystallography can be an effective 
method to improve the performance of materials.
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 A new series of n-type thermoelectric materials 
with the low thermal conductivity was found.

 A composite material was prepared for 
thermoelectric energy conversion at high-
temperatures.

 Promising n-type thermoelectric materials for 
energy conversion at high temperatures were 
presented.

Crystal Structure of Ga2O3(ZnO)m (m = 6)

ZnO:Ga2O3=n:1

A new series of n-type thermoelectric materials Ga2O3(ZnO)m was found to have the low
thermal conductivity, and used to form a composite with a well-known thermoelectric
material of Ga-doped ZnO.
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In the composite, a
long-period structure of
Ga2O3(ZnO)m appears to
be effective in lowering
the thermal conductivity.

A structure model based on higher-dimensional crystallography was used for
the profile fitting.
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 Thin films are advantageous for combination with a sensor.
 Thermal conductance can be reduced in thin film materials.
 Boride materials are promising in fairly high temperature thermoelectricity.

 Thin film growth using hybrid physical chemical vapor deposition (HPCVD) method.
 High rate HPCVD with pure metal and decaborane sources.
 Alkaline-earth boride and rare-earth boride are targeted.
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Boride thin film growth for thermoelectricity

 On-chip micro power generator
 High temperature thermoelectric device
 High speed thin film growth

HPCVD furnace
Conventional stainless-
steel vacuum chamber 
(Base pressure <10–5 Pa)

 Improvement of the thermoelectric performance
 Making a device
 Determining the growth parameters
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Grown films
Growth rate: a few μm per 
10-15 min.

Schematic view of HPCVD furnace →
A crucible for metal evaporation is 
placed just below the substrate. 
Decaborane (B10H14) gas is introduced 
through a variable leak valve. 
The substrate is heated at 600-1000℃
by direct current through the sample 
holder.  

← Depending on the 
growth temperature 
and Yb supply rate, 
YbB6 and YbB4 (or YbB2) 
films were formed. YbB6
indicated higher 
Zeebeck coefficient 
than the others. Some 
YbB6 films showed very 
low electic conductivity, 
suggesting that the 
YbB6 film is a 
spontaneously doped 
semiconductor.
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