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Abstract: Knowing the mean free paths (MFPs) of thermal phonons is an essential step in performing heat transfer
analysis for nanomaterials, and in determining the optimum design for tailoring the heat transfer characteristics of
nanomaterials. In this study, we present a method that can be used to calculate accurately the phonon MFP spectra of
nanostructures based on simple phonon kinetic theory. Here, the kinetic theory may be employed by extracting only the
diffusive-transport part of the phonon spectrum (i.e., the MFPs are less than a thermal length). By considering phonon
dispersion and polarization effects, the phonon MFP distributions of silicon at room temperature are calculated from
phonon transport properties and the spectral MFP. Our results are validated by comparison with those of the first
principle and MFP spectroscopy data.
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Fig. 1 Schematic diagram of the thin film and diffusive-
transport part of the phonon spectrum (i.e., their
MFPs are less than a system length). Ango and
Agq are the phonon MFP responding to non-
equilibrium and equilibrium states, respectively
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Fig. 2 Calculated spectral Phonon mean free path by
Romano et al.®® for different phonon
polarizations. Dashed lines are curve fittings (TA:
Transverse acoustic branch; LA: Longitudinal
acoustic branch)
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