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Abstract

The two-body and three-body linear force constants in silicon crystal were calculated based on the
interatomic force constant matrix elements obtained by Rignanese with the ab initio method, and
then the two-body and three-body non-linear force constants were obtained by derivate the cor-
responding linear force constants with respect to bond length. Finally, the thermal expansion
coefficients of silicon crystal were calculated based on these force constants and formula for
thermal expansion coefficients of silicon crystal, and the calculated results are in good agreement
with experimental results, it means that the results of all the linear and non-linear force constants
are correct. It is also found that the thermal expansion caused by two-body potential is positive
because of the negative two-body non-linear force constant, the thermal expansion caused by
three-body potential is negative because of the positive three-body non-linear force constant, and
at low temperature the total thermal expansion is negative because the absolute value of thermal
expansion caused by three-body potential is greater than thermal expansion caused by two-body
potential.
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Table 1. The calculated results of the linear force constants and the non-linear force constants
Fl MNEH L, SEEENER g, F g, HITESER

a/B a/H-B”? B/H-B? f/N-m* f,/N-m* g,/N-m”? g,/N-m?
10.18 —0.03385 —0.02348 125.9 4.039

—4.948 x 10" 5.420 x 10"
10.26 —0.03225 —0.02137 116.8 4.238
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Figure 1. The thermal expansion coefficient of silicon crystal vs
temperature
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