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Thermal Conduction Control by Phononic Crystal Nanostructures
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Artificial control of phonon transport, that is heat transport, by phononic crystal nanostructures
attract much attention due to its high academic impact and usefulness in application to
thermoelectrics. We investigated thermal conduction in various Si nanostructures including
nanowires and phononic crystal nanostructures. Thermal conductivity of air-bridge silicon
nanowires with various widths between 60 and 150 nm and a one-dimensional phononic crystal
nanostructure are investigated at room temperature. Large reduction in thermal conductivity is
observed for thinner nanowires due to more frequent surface scattering of phonons. This result
indicates that the phonon transport is ballistic in the investigated systems. The 1D phononic
crystal showed smaller thermal conductivity compared with a nanowire with the same width.
Phononic band diagrams of 1D phononic crystals with a period of 100 nm was calculated. The
simulated phononic band diagram shows that it opens a complete band gap around 20 GHz, and
the band width is 25 % of the center frequency. The frequency is very low compared with the
thermal phonon frequency. Therefore, the reduction in thermal conductivity at room temperature
should be caused by the group velocity reduction, which occurs around the Brillouin zone
boundary. We consider that the observed reduced thermal conductivity in our structure is still
described by particle nature of phonons, not by wave nature. We keep challenging to observe
and establish the coherent control of thermal conduction using phononic crystal nanostructures
by fabricating shorter period phononic crystal nanostructures and/or performing experiments

at lower temperatures.
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