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Fig. 1. Schematic of laser interaction with target before the

initiation of the evaporation.
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Fig. 2. Schematic of laser interaction with target after the

initiation of the evaporation.
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Fig. 3. The variation of the ratio of laser intensity to
maximum laser intensity with time (£, = 170 fs (FWHM)).
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Table 1. Parameters of Cu used in the model.
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Fig. 4. Schematic of computational grids.
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Fig. 7. Distribution of temperature along the target depth
at different ratios B (74 is constant) (Fuence = 0.2 J/cm?).
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Fig. 8. The effect of ratios B (74 is constant) on temperature

of surface layer (Fiyenee = 10.0 J/cm?).
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Fig. 10. The effect of ratios B (74 is constant) on ablation
depth (Fiyence = 10.0 J/cm?).
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Fig. 13. Surface temperature changes with time at different

laser fluence (7r = 12.0 ps, 74 = 1.0 ps).
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Fig. 15. The ablation depth, the superheated liquid layer, melting layer and heat affected solid layer as a function of time at

different laser fluence (7 = 12.0 ps, 74 = 1.0 ps).
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A model of femtosecond laser ablation of metal
based on dual-phase-lag model”
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Abstract

Femtosecond laser ablation possesses a variety of applications due to its better control, high power density,
smaller heat-affected zone, minimal collateral material damage, lower ablation thresholds, and excellent
mechanical properties. The non-Fourier effect in heat conduction becomes significant when the heating time
becomes extremely small. In order to analyze the femtosecond laser ablation process, a hyperbolic heat
conduction model is established based on the dual-phase-lag model. Taken into account in the model are the
effect of heat source, laser heating of the target, the evaporation and phase explosion of the target material, the
formation and expansion of the plasma plume, and interaction of the plasma plume with the incoming laser.
Temperature-dependent optical and thermophysical properties are also considered in the model due to the fact
that the properties of the target will change over a wide range in the femtosecond laser ablation process. The
effects of the plasma shielding, the ratio of the two delay times, and laser fluence are discussed and the
effectiveness of the model is verified by comparing the simulation results with the experimental results. The
results show that the plasma shielding has a great influence on the femtosecond laser ablation process, especially
when the laser fluence is high. The ratio between the two delay times (the ratio B) has a great influence on the
temperature characteristic and ablation characteristic in the femtosecond laser ablation process. The augment of
the ratio B will increase the degree of thermal diffusion, which will lower down the surface temperature and
accelerate the ablation rate after the ablation has begun. The ablation mechanism of femtosecond laser ablation
is dominated by phase explosion. The heat affected zone of femtosecond laser ablation is small, and the heat
affected zone is less affected by laser fluence. The comparison between the simulation results and the
experimental results in the literature shows that the model based on the dual-phase-lag model can effectively

simulate the femtosecond laser ablation process.

Keywords: femtosecond laser ablation, dual-phase-lag model, hyperbolic heat conduction equation, plasma

shielding
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