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Abstract

The lattice vibration frequency and displacement under harmonic approximation are obtained by
solving the eigenvalue problem of lattice dynamics matrix of silicon single crystal, then the ther-
mal expansion coefficients are calculated with the aid of the formula derived based on lattice dy-
namics and quantum mechanics. The numerical results show that the thermal expansion coeffi-
cient of silicon single crystal is mainly composed of two parts, one is positive, which is related to
the central potential between the nearest atoms, and the other is negative, which is related to the
non-central potential energy between the nearest atoms. When increasing temperature from 0K,
the negative part increases faster than the positive part, so the total thermal expansion coefficient
is negative and more significant with the increase of temperature; when temperature is exceed-
ing80K, the positive part begins to increase faster than the negative part, so the negative thermal
expansion property begins to weaken. At about 120 K, the negative thermal expansion disappears.
With the aid of the linear force constants with different lattice constants calculated by Rignanese
et al, it is found that the third order force constant of the three-body potential in silicon single
crystal is positive. Thus, the direct evidence is found to support the physical mechanism of nega-
tive thermal expansion of silicon single crystal at low temperature suggested by us before.
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Figure 1. Phonon frequency vs. ka/2
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Figure 2. Thermal expansion coefficient of silicon sin-
gle crystal vs. temperature
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Figure 3. Phonon contribution to heat conduction coefficient vs. ka/2 at different temperatures
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