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Abstract

The main aim of the present article is numerically to investigate the micro-scale heat transfer phenomena
in a silicon microstructure irradiated by picosecond-to-femtosecond ultra-short laser pulses. Carrier-lattice
non-equilibrium phenomena are simulated with a self-consistent numerical model based on Boltzmann
transport theory to obtain the spatial and temporal evolutions of the lattice temperature, the carrier number
density and its temperature. Especially, an equilibration time, after which carrier and lattice are in equilibrium,
is newly introduced to quantify the time duration of non-equilibrium state. Significant increase in carrier
temperature is observed for a few picosecond pulse laser, while the lattice temperature rise is relatively small
with decreasing laser pulse width. It is also found that the laser fluence significantly affects the N * decaying
rate of Auger recombination, the carrier temperature exhibits two peaks as a function of time due to Auger
heating as well as direct laser heating of the carriers, and finally both laser fluence and pulse width play an
important role in controlling the duration time of non-equilibrium between carrier and lattice.
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Table 1 Physical properties of a silicon layer

Property Value
Heat capacity of the carriers [J/m’K] ¥ C.=3N.kp
Heat capacity of the lattice [J/m’K] 1o C.=2.07x10°

Thermal conductivity of the carriers [W/mK] ‘?

& =-0.556 +7.13 x 10°T,

Thermal conductivity of the lattice [W/mK] @

K= 1.585 x 10°T %

Energy relaxation time [s] .10

=7 [1+(Nc/Ncycr)2]
%=05x10"% N,,=2x10%

Absorption coefficient [1/m] ©

a=a+ ox N,
0=5.1 x 10 B [L17/(hV)]* [T L/300.]

Auger recombination coefficient, [m%/s] ©

y=38x10%

Reflectivity 1%

R=032

Band gap [eV] ¢ )

E,=1.167 —0.0258 [T, /300.] - 0.0198 [T /300.]*
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Fig. 2 Influence of the laser pulse duration time on T,
T, and N, at the silicon layer front surface
when A =790 nm and J = 3.82 mJ/cm’
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Fig. 10 Influence of the laser fluence on an equilibration
time for different laser pulses when A = 530 nm
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