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Fig. 1 Time histories of the electron and lattice temperature
at the front (irradiated) surface with different pulse

width and laser fluences
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Fig. 3 Time histories of electron and lattice temperature

gradient at different locations inside the metal film
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Abstract: Based on the dual-temperature hyperbolic two-step heat conduction and hot- electron blast
models, a new set of fully coupled and nonlinear ultra-fast thermo-elasticity model was derived to
investigate the thermo-mechanical coupling effect of metal films caused by ultra-fast pulsed laser. Taking
the 200nm gold film irradiated by a 100fs laser pulse as a typical example, thermal stress development in
the lattice sub-system, temperature along with temperature gradient and electron heat flux were modeled by
using artificial viscosity and the adaptive step finite-difference algorithm. It is shown that the early period
of laser heating is a non-equilibrium process and forming large hot-electron blast force. It is also found that
electron heat flow presents bimodal phenomenon. In addition, thermal stress induced by ultra-fast laser
heating could be the main reason for mechanical damage.

Key words:; Ultra-fast pulse Laser; Metal films; Ultra-fast thermo-elasticity; Thermal stress; Non-thermal
equilibrium
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