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A Model of Region Defects under Nanosecond Pulsed Laser
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Abstract An improved laser induced damage (LID) model of absorbing defects causing temperature rise in material
is given. Starting with the equation of heat conduction and based on the single-defect LID model, this model gives the
absorption cross section of inclusions by Mie theory. The effective interaction distance of defects in the substrate,
namely the thermal diffusion length of substrate which is determined by the thermal proerties of substrate material
and inclusions. is calculated. The result shows that. considering the influence of inclusions in the substrate, the
obtained LID threshold (LIDT) is closer to the result of experiment than single-defect model. Meanwhile, the result

of surface LIDT is very consistent with the experimental time scale of Foct’®.
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Fig. 1 Damage threshold of substrate vary with
the inclusion size
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Table 1 Relevant parameters of the substrate

and the inclusion (Pt)

Type Substrate  Inclusion

Thermal conductivity /

Gromtoe ok 0.018 0.8
Density /(gecm ™ *) 2.2 21. 45
Capacity /(JeK teg™) 0.753 0.146
Refractive index 1.47 0.92
Extinction coefficient 0 2.5
Melting point /K 1940 2040
Size /nm o 10
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Fig. 2 Damage threshold of single inclusion
vary with laser pulse
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Table 2 Laser parameters

Energy density /(Jecm %) 0.5
Diameter /pm 300
Pulse width /ns 8

Wavelength /nm 355
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Fig. 3 (a) Plan view of the substrate; (b) sectional view of the substrate
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Fig. 4 Temperature rise in the inclusion without
any inclusion in the ambient environment

3000

2500 ———
\

2000

1500

1000 \

500

Temperature /K

-

0 10 20 30 40 50 60
Radial coordinate /nm
K5 B J BT A A — A 2 BB el A% 1 R B AR Ak
Fig. 5 Temperature rise in the inclusion with one

inclusion interaction in the ambient environment
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Fig. 6 Temperature vary with distance between

two inclusions
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Fig. 7 Temperature rise in the inclusion with three

inclusions interaction in the ambient environment
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Table 3 Inclusion parameters

Type Inclusion
A B C
Extinction coefficient 0.01 0. 005 0.001
Density /mm™? 2X10° 2X10° 2X10°
Size /nm 50 50 50
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Fig. 8 Damage threshold vary with the laser pulse width
when considering the influence of surrounding
inclusions
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Table 4 Number of inclusions around a single inclusion

vary with the change of laser pulse width

Laser pulse

1~6 7~9 10~12
width /ns
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