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Refraction effect of light-induced plasma during
high-power diode laser processing

PAN Jixing ,TANG Xiahui ,SHENG Limin ,ZHONG Lijing ,XU Chengwen
(School of Optical and Electronic Information, Huazhong University of Science and Technology , Wuhan 430000, China)

Abstract: In order to solve the significant shielding effect of light-induced plasma on laser during high-power diode
laser processing, with the help of the mathematical model of electron density of light-induced plasma and ABCD matrix
algorithm, the shielding effect of light-induced plasma was studied from the view of absorption and refraction based on a
diode laser processing system with wavelength of 976nm, spot size of 0. 5Smm x Imm and the maximum power of 4kW. The
results showed that laser beam shielding effect is mainly due to refraction effect of light-induced plasma under the condition
of electron density n, <1.0 x 10"®/em®. Laser beam shielding effect changes laser beam shape, i. e. , making the laser
focus down-shift, enlarging the spot and making the laser energy density smaller. The effect of induced-laser plasma is

similar to a negative lens with non-linear gradient refractive index.
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Fig. 1 4kW diode laser processing system

Table 1  Parameters of 4kW diodes laser processing system

items content
maximum output power 4kW
wavelength 976nm

working distance focus position 300mm

spot size 0.5mm x 1mm
x:0. 17rad
divergence angle
¥:0.35rad

Fig.2 Thermal model of diodes light source
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Fig.3 Light-induced plasma air mass
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Fig.4 Negative lens effect of light-induced plasma
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Fig.5 Light coordinate
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Fig. 6 Relationship of Gaussian beam spatial parameters
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Fig.7 Refraction effect of light-induced plasma in the slow-axis and fast-
axis directions

a—slow-axis direction b—fast axis direction
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Fig. 8 Relationship between light-induced plasma length z and spot size in

slow-axis and fast-axis directions
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Fig.9 Relationship between light-induced plasma length z and spot size in

slow-axis and fast-axis directions
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