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Abstract

With the wide application of nanomaterials in electronic devices, the
interfacial thermal property has become an indispensable parameter in the
thermal design of nano-devices. However, the mechanisms and parameters that
dominate the interfacial thermal property are not fully understood so far.
In this thesis, the thermal property and the phonon transmission property
of interfaces in semiconductor nanostructures are investigated by molecular
dynamics simulation, phonon wave packet simulation, theoretical analyses
and femtosecond pump-probe thermoreflectance method, aiming to reveal
the parameters and mechanisms that affect the thermal property of interfaces in
nanostrucutres,

The interfacial thermal resistance in bi-layer nanofilms is investigated
by the nonequilibrium molecular dynamics simulation. The relationships
among the interfacial thermal resistance, interfacial temperature, film
thickness, heat flux direction and film materials are studied. Discussion
and analysis based on the phonon density of states and the phonon
transmission coefficient indicate that the interfacial thermal resistance
depends not only on the overlap of phonon density of states, but also on
the frequency distribution. The thermal rectification of bi-layer nanofilms
is found due to the phonon frequency shift at different temperatures by
using the phonon transmission coefficient and the Landuer formula. The
thermal rectification under different ensembles can be quite different. The
interfacial thermal resistances in nanofilms are also measured by using the
double-color femtosecond pump-probe thermal reflectance system, and the
result indicates that the film thickness has no obvious influence on the
interfacial thermal resistance.

The phonon transmission in one-dimensional atomic chain and

nanocomposites are calculated by the phonon wave packet simulation. A
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multi-scattering model is proposed which can predict the transmission
coefficient in nanocomposites with periodic-particles and the results agree
well with the direct phonon wave packet simulation. The decomposition
phenomenon of phonon wave packet is also studied and it is found that the
decomposition obey the phonon dispersion relationship, which suggests a
new method to obtain the phonon dispersion relationship of materials.

The nanocrystalline thermal conductivity calculation is conducted by
direct molecular dynamics simulation by using the three-dimensional Voronoi
tessellation method, and the thermal conductivities of nanocrystalline bulk
materials as well as the nanocrystalline nanofilm are investigated. The
results indicate that the nanocrystalline thermal conductivity is far below
that of the single crystal bulk material. The reduction can be attributed to
the grain boundary thermal resistance from interfaces in nanocrystalline
materials as well as their limitations on the phonon mean free path. The
average grain size is found to be the most important parameter that
determines the nanocrystalline thermal conductivity, which indicates that
the thermal property of nanocrystalline materials can be controlled by the
average grain size,

Three structures are designed including asymmetric silicon nanoribbons,
silicon nanofilms with cone cavity and triangle holes, in consideration that
asymmetric structures could result in thermal rectifiation. The thermal
property and thermal rectification in these strucutres under different
temperatures and geometry sizes are investigated by the nonequilibrium
molecular dynamics simulation. The transmission coefficient in the asymmetric
structures for phonons with different frequencies is obtained by the
phonon wave packet simulation, The difference in phonon transmission
coefficient is regarded as the main cause for the thermal rectification in

asymmetric nanostructures,

Key words: interfaces; thermal property; semiconductor nanostructures;

molecular dynamics simulation; phonon transport
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