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Abstract

The effects of (1) phonon dispersion on thermal conductivity model and (2) differentiation of group
velocity and phase velocity are examined for germanium. The results show drastic change of thermal
conductivity regardless of the same relaxation time model. Also the contribution of transverse acoustic
(TA) phonon and longitudinal acoustic (LA) phonon on the thermal conductivity at high temperatures
is reassessed by considering more rigorous dispersion model. Holland model, which is commeonly used
for modeling thermal conductivity, underestimates the scattering rate for TA phonon at high frequency.
This leads the conclusion that TA is dominant heat transfer mode at high temperatures. But according
to the rigorous consideration of phonon dispersion, the reduction of thermal conductivity is much
larger than the estimation of Holland model, thus the TA at high frequency is expected to be no more
dominant heat transfer mode. Another heat transfer mechanism may exist at high temperatures. Two
possible explanations are the roles of (1) Umklapp scattering of LA phonon at high frequency and (2)
optical phonon.
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Fig. 1 Dispersion relation of germanium for
(a) longitudinal acoustic phonons and
(b) transverse acoustic phonons
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