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Fig. 1: Schematic of Si/Ge nanodot stacked structure and carrier and phonon
transports.

The improvement of thermoelectric materials that can directly convert
wasted heat to electric energy may lead to one of the solutions for energy
issues. For high performance in thermoelectric materials, it's required to
easily conduct electricity while making it difficult for heat to pass
through. Namely, high electrical conductivity and low thermal
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conductivity are needed. However, it has been very difficult for long
because both conductivities are correlated. Now, nanostructuring was
expected for the independent control of both conductions, but its
methodology by nanostructuring was still unclear.

Yoshiaki Nakamura, Professor of Osaka University proposed a unique
nanostructure (Fig. 1) and established a methodology for the
development of a material in which heat and electricity conductions can
be controlled simultaneously.

His research group created a nanostructure in which ultrasmall
germanium (Ge) nanodots were formed with identical crystal
orientations in silicon (Si). In this structure, electric current flows in Si
and thermal conduction was prevented by Ge nanodots, therefore, high
electric conductivity and low heat conductivity were realized
simultaneously. By making the shape and dimension of Ge nanodots
control factors, it has become possible to control thermal conductivity at
will. Using this technique, this group succeeded in increasing Si/Ge
interfacial thermal resistance by 2 to 3 times of conventional figures,
gaining the largest Si/Ge interfacial thermal resistance in the world.

The results of this research show that by introducing epitaxially-grown
ultrasmall Ge nanodots into materials with high electric conductivity, the
conduction of heat and electricity can be successfully controlled
simultaneously. In addition, because these results are not limited to Si,
one can anticipate that this research will be employed in the
development of thermoelectric materials that utilize other materials as
well, which are in high demand for waste heat utilization in factories and
automobiles.

In our present information society, the waste heat given off by the LSI
(Large scale integrated circuits) in our PCs and servers has grown
massive over the years, and the development of Si-based thermoelectric
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materials compatible with LSI has become necessary in order to utilize
this waste heat as thermoelectric power. This research has shown a
possible improvement of the efficiency of this conversion of waste heat
to electricity through introducing nanostructures to Si, a potential
breakthrough in the realization of Si-based thermoelectric materials for
use in LSI waste heat conversion.

  
 

  

Fig. 2: Scanning tunneling microscope image of ultrasmall Ge nanodots formed
by our technique.

  More information: Shuto Yamasaka et al. Phonon transport control by
nanoarchitecture including epitaxial Ge nanodots for Si-based
thermoelectric materials, Scientific Reports (2015). DOI:
10.1038/srep14490
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