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Table 1. Temperature dependent aluminum material parameters/2>28:41:42],
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Table 2.  Thermal constants for aluminum materials
(reproduced from Ref. [27,41,43,44]).
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Fig. 1. (a) Schematics of the flat-top beam laser interaction with aluminum target; (b) normalized laser intensity before and after

beam shaping; (¢) laser beam profiles; (d) geometric model and mesh generation.
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o Experimental data
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Fig. 2. Comparison of the ablation depth of aluminum with

different laser fluences between simulation results and ex-

perimental results!*’.
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- Gaussian beam, 7o = wy (with shielding)
—— Flat-top beam, r; = wy (with shielding)
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Fig. 3. Temporal profile of the normalized intensity of laser

pulse reaching the target surface before and after the

plasma shielding.
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—— Gaussian beam, ry = wy (without shielding)
— Flat-top beam, r = wp (without shielding)
—— Flat-top beam, r; = 1.2w (without shielding)
---- Gaussian beam, 7o = wy (with shielding)

---- Flat-top beam, ry = wy (with shielding)

---- Flat-top beam, r; = 1.2w, (with shielding)
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4500

3000

Temperature/K

1500

4 F=20J/cm? L o0 R BE ] A AL
Fig. 4. Time evolution of target surface center temperature

for laser fluence of 20 J/cm?.
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Fig. 5. Temperature distribution of the target for laser fluence of 20 J/cm? with considering the plasma shielding: (a)-(e) Gaussian

beam ablation results; (f)—(j) flat-top beam ablation results; where among them, (a), (f) the initial time of evaporation; (b), (g) the

initial time of high temperature; (c), (h) the end time of high temperature; (d), (i) the end time of evaporation; (e), (j) the end time

of simulation.
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Fig. 6. Time evolution of target surface center ablation velocity and ablation depth due to vaporization for laser fluence of 20 J/cm?:

(a) Ablation velocity; (b) ablation depth.
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Fig. 7. Target ablation crater morphology due to vaporization and total ablation depth for laser fluence of 20 J/cm? (a) The real-

time morphology due to vaporization; (b) the final morphology due to vaporization; (c) total ablation depth.
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Simulation of evaporation ablation dynamics of materials by
nanosecond pulse laser of Gaussian beam and flat-top beam”
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Abstract

Based on the established two-dimensional asymmetric model of the interaction between a nanosecond pulse
laser and metallic aluminum, the effect of beam shaping on the evaporation ablation dynamics during the
ablation of metallic aluminum by a nanosecond pulse laser is simulated. The results show that plasma shielding,
which has a significant influence on the ablation properties of the target, occurs mainly in the middle phase and
late phase of the pulse. Among the three laser profiles, the Gaussian beam has the strongest shielding effect. As
the diameter of the reshaped flat-top beam increases, the shielding effect gradually weakens. The two-
dimensional spatial distribution of target temperature is relatively different between ablation by a Gaussian
beam and that by a flat-top beam. For the Gaussian beam, the center of the target is first heated, and then the
temperature spreads in radial direction and axial direction. For the flat-top beam, due to the uniform energy
distribution, the target is heated within a certain radial range simultaneously. Beam shaping has a great
influence on the evaporation ablation dynamics of the target. For the Gaussian beam, the center of the target is
first ablated, followed by the radial ablation. For the flat-top beam, the evaporation time of the target surface is
delayed due to the lower energy density after the beam has been shaped. In addition, the target evaporates
simultaneously in a certain radial range due to the more uniform distribution of laser energy. For each of the
three laser profiles, the evaporation morphology of the target resembles the intensity distribution of the laser
beam. The crater produced by the Gaussian beam is deep in the center and shallow on both sides, while it

becomes relatively flat by the flat-top beam.
Keywords: beam shaping, laser interaction with matter, evaporation ablation, plasma shielding
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