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Effects of transient thermoreflectance on the thermal responses
of metal thin film exposed to ultrashort laser heating

ot & 5,2 3 A
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ABSTRACT

This work studies the effects of transient reflectances on the thermal responses of a metal
(gold) thin-film during ultrashort laser heating. The heating process is calculated using the
conventional conduction model (parabolic one-step: POS), parabolic two-step model (PTS)
with and without variable properties, hyperbolic two-step model (HTS). Results from the
HTS model are very similar to those from the PTS model, since the laser heating time in
this study is greater than the electron relaxation time. PTS model with variable properties,
however, results in totally different temperature profiles compared to those from POS models
or calculation with constant properties. Transient reflectances are estimated from electron
temperature distributions and based on the linear relationship between the electron temperature
and complex dielectric constants. Reflectances of the front surface can be changed with
respect to dielectric constants, while those of the rear surface remain unchanged.
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Table 1 Physical properties in this study® "
Parameters Estimated values
T, 300 K
k 315 W/m K
C 25 x10° J/m* K
Co 21 x10* J/m® K
G 26 x10*° W/m’ K
L 100 nm
J 500 J/m?
t 0.1 ps
0 153 nm
T 0.04 ps
A 50.653 um
m= n+ ix 0.166 + 3.154
vy, U2 -1x1073%< vy, 0,<1%x107% K™
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Fig. 2 Temperature profiles in a 100 nm
thick gold film during 0.1 ps laser
pulse heating (J = 500 J/m?.
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