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Abstract: The primary concern of this research is to examine the phonon mean free path (MFP) spectrum contribution
to heat conduction. The size effect of materials is determined by phonon MFP, and the size effect appears when the
phonon MFP is similar to or less than the characteristic length of materials. Therefore, knowledge of the phonon MFP is
essential to increase or decrease the heat conduction of a material for engineering applications, such as micro/nano-
systems. In this study, frequency dependence of the phonon transport is considered using the Boltzmann transport
equation based on a full phonon dispersion model. Additionally, the phonon MFP spectrums of in-plane and out-of-
plane heat transport are investigated by varying the film thickness of the silicon layer from 41 nm to 177 nm. This will
increase the understanding of anisotropic heat conduction in a SOI (Silicon-on-Insulator) transistor.
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Table 1 Phonon group velocity and specific heat!''¥

Group velocity, v; Specific heat, C;

(m/s) J/mPK)
Band (V) LA TA LA TA
1 9147.8 5329.6 582.0 314.5
2 8559.9 5523.3 4497.6 2071.1
3 7459.1 4976.7 15054.3 5424.7
4 6503.8 4122.1 35587.3 18289.9
5 5398.2 2926.7 79411.9 55692.0
6 3907.5 1315.2 184226.8 | 580061.4
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Fig. 2 Two-dimensional computational domain of Silicon-
on-Insulator (SOI) transistor and simulation
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Fig. 3 Comparison of the thermal conductivity accumulation
distribution for silicon films of various thicknesses as
a function of phonon MFP at 300 K (Results of Wang
etal™: L =4.34 nm, 13.03 nm, 130.3 nm, 1303 nm,
and Bulk; Present results: L =70 nm and 130 nm)
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