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Semiconductor nanofilms and nanowires are a classic example of struc-
tures in which mean free path of heat carriers (phonons) is comparable to
the characteristic size of the sample. This condition leads to the so-called
size effect – dependence of properties on the characteristic size and geome-
try of the sample [1,2]. The method based on the solution of the Boltzmann
transport equation in the relaxation time approximation is widely used to
estimate the size influence on thermodynamic properties [3]. In this case,
specific quantitative calculations required, firstly, the dispersion law (the
dependence of phonon frequency on polarization and wave vector), and
secondly, the relaxation times of phonons between consistent interactions.

In this paper, the dispersion relations are obtained from the solution
of elasticity equation for continuous media for film and cylinder [4,5] with
free boundaries.

Relaxation time was determined according to the Matthiessen rule as
a combination of 1) time between consistent phonon interactions (three-
phonon processes), 2) time of scattering on inhomogeneities (impurities)
of the crystal lattice and 3) time between successive interactions with the
sample boundaries [3].

Dependences of heat capacity and thermal conductivity on temperature
and characteristic size of the structure for semiconductor nanofilms and
nanowires were obtained. Results of the research can be used for the
estimations of heat-transfer processes in advanced semiconductor devices.

Work was supported by Russian Ministry of Science and Education,
project 16.8107.2017/6.7.

1. Khvesyuk V.I. // Engineering Journal: Science and Innovation, 2013. Vol. 5(17).
http://engjournal.ru/catalog/machin/criogen/721.html

2. Khvesyuk V.I., Skryabin A.S. // High Temp. 2017. Vol. 55(3). P. 434.
3. Khvesyuk V.I., Barinov A.A. // J. Phys.: Conf. Ser. 2017. Vol. 891.

P. 012352.
4. Victorov I.A. Fizicheskie osnovy primeneniya ultrazvukovyx voln Releya i

Lemba v technike. (rus) M. :Nauka, 1966
5. Physical Acoustics: Principles and Methods: Vol. 1, Part A / Edited by

U. Mezon. Academic Press, 1964.

1

http://engjournal.ru/catalog/machin/criogen/721.html

