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Laser-Induced Thermal Damage Influenced
by Surface Defects of Materials
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Abstract The thermal damage analysis model of a classical circular cone protuberance on the surface induced by
laser is set up. The modulation light field distribution and the temperature field distribution around the defects are
calculated by finite-difference method, and the influence rule of the defects on thermal damage threshold is obtained.
Results show that the thermal damage threshold increases while incident wavelength of laser increases and the size of
defects decreases. In conditions of the same wavelengths, thermal damage occurs first in the defect when there is a
defect, while thermal damage occurs in the middle region of the two defects first and it is more likely to make
damage when there are multiple defects. For different wavelengths, the laser wavelength of 800 nm is more likely to
cause damage in the material than the laser with wavelength of 1064 nm.
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Fig. 1 Three-dimensional model of material with circular cone protuberance defects irradiated by plane light
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Fig. 2 Light field distribution of materials with different numbers of cone defects on xoy surface when

the wavelength is 1064 nm. (a) Single cone defect; (b) double cone defect; (c) three cone defects
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Fig. 3 Maximun and submaximum of light field distribution of single, double and three cone

defects with different heights when the wavelength is 1064 nm
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Fig. 4 Temperature field distribution of single cone defect with different heights when

the wavelength is 1064 nm. (a) Ah=100 nm; (b) A=150 nm; (c¢) A =200 nm
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Table 1 Damage threshold of materials affected by different heights of defect

h /nm 50 100 120 150
A=1064 nm, E/(10° V/m) 7.930 7.680 7.060 6.180
A=800 nm, E/(10° V/m) 6.280 3.720 3.480 3.383
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Table 2 Damage threshold of materials affected by different horizontal sizes of defect

r/nm 100 150 200 250
A=1064 nm, E/(10° V/m) 7.880 7.440 7.060 6.560
A=800 nm, E/(10° V/m) 6.286 4.350 3.480 2.790
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Fig. 5 Thermal damage threshold versus Fig. 6 Thermal damage threshold versus

longitudinal extension of defects

horizontal extension of defects
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