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FUNDAMENTAL THEORY OF LATTICE THERMAL CONDUCTIVITY
AND ITS APPLICATION IN MATERIALS COMPUTATIONS
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(Department of Physics, Hunan Normal University, Changsha, Hunan 410081)

Abstract With the size and thickness of micro/nano electronic devices shrinking progressively
in the post-Moore era, investigating thermal management of solid-state materials and under-
standing microscopic mechanisms of heat conduction have become critically important. In this
work, we systematically analyzed four theoretical approaches for calculating lattice thermal
conductivity: the Slack model, Boltzmann transport equation, Wigner thermal transport theo-
ry, and Green-Kubo method. By considering anharmonic effects in crystal lattices and phonon
scattering processes, we obtained temperature-dependent thermal conductivity for semicon-
ductor Si and the thermoelectric material PbTe through first-principles calculations. We fur-
ther compared our computational results with experimental data to elucidate the origin of devi-
ations observed in different theoretical approaches, providing theoretical evidence for explo-
ring thermal transport properties in both crystalline and amorphous materials.
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