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Abstract

combining grating, which is irradiated by laser with different power densities,

In our previous work, the surface thermal distortion and far-field beam quality of 960-line spectral beam
are studied by experiment and
theory. The conclusion is that the thermal expansion of the substrate is the main cause of the distortion of the
the improvement of grating surface heat

grating surface and the decrease of the beam quality. However,

deposition and the far-field beam quality are not considered. In this paper, the surface temperature, thermal
distortion of grating and far-field beam quality at different irradiation power densities are analyzed with the
improved model. The influences of the substrate thickness on the temperature, thermal distortion and far-field
beam quality of the spectral beam combining grating are also calculated and analyzed. The conclusion is that the
increase of substrate thickness can improve the power tolerance of beam combining gratings and the far-field

beam quality of diffraction spots.
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Fig. 1 Experimental device for thermal distortion of spectral beam combining grating
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Fig. 2 (a) Variation of maximum temperature of spectral

beam combining grating surface with irradiation power density;

(b) variations of H .., and M? with irradiation power density
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Fig. 3 (a)-(¢) The middle processes of model building;

(d) the simulated light path diagram after simplification
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Table 1 Thermodynamic parameters of silica substrate

Parameter Value
Density /(kgem *) 2200
Refractive index 1.44
Heat capacity /(Jekg '+K ') 670
Thermal conductivity /(Wem 'K 1) 1.4
Thermal expansion /(10 °* K ') 0.55
Young’s modulus /GPa 72
Poisson ratio 0.17
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Table 2 Maximum temperature, maximum thermal

distortion and far-field beam quality of spectral beam

combining grating at different irradiation power densities

Irradiation power density /
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Table 3 Far-field beam quality of spectral beam combing
grating with different substrate thicknesses at laser

irradiation with same power density

Thickness /mm 1 2 3 4 5
M? 1.60 1.55 1.50 1.45 1.39
M:? 1.04 1.04 1.04 1.03 1.03
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