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Fig.1 Schematic diagram for femtosecond

laser heating of a ¢-Si film
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Table 1 Physical properties of crystalline silicon used in the calculationt”’

Coupling coefficient Lattice heat capacity Thermal conductivity
Go/[W/(m* + K] G/[1/(m® « K] Ko/[W/(m+ K)]
310 a b

Reflectivity Relaxation time

R 7/(ps)
0. 327 0.5

Note:a=(1.978+3. 54 X107 T, —3. 68T *)MJ/m?® ;6= (158 500 T “*)W/(m * K).
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Fig.3 Evolution of electron and lattice temperature at front and rear surface of the thin film
(J=1.2 kJ/m?,t,=80 fs)
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Fig.4 Distribution of lattice temperature in thin film at different time delays(J=1. 2 kJ/m?,z,=80 fs)
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Non-Fourier Energy Transport in Silicon Thin Films
during Femtosecond Laser Heating

LIU Guo-Dong,LUQO Fu, WANG Gui-Bing
(Institute of Fluid Physics ,CAEP,Mianyang 621900;China)

Abstract: A numerical model which is based on the hyperbolic two-step model is developed to investi-
gate the microscopic energy transport in silicon thin films during ultra-fast laser heating. It is observed
that, electrons dominate energy transport within a few picoseconds. The coupling processes between
electrons and phonons are non-local due to the ballistic transport of electrons,and the coupling coeffi-
cient is found to be much more strongly dependent on electron temperature than lattice temperature.
The speed of heat wave propagation is the same magnitude as that of the electron energy transport.
Predictions from the numerical model agree with available experimental data during ultra-fast laser
heating.
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