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Simulation and structure design of a high power laser mirror with
self-compensation of thermal distortion

PENG Yu-feng' WU Ding—un® ZHANG Yi' CHENG Zu-hai’
(1. College of Physics and Information Engineering Henan Normal University Xinxiang 453007 China; 2. Department of Phys—
ics & Electronic Engineering Zhoukou Normal University Zhoukou 466001 China; 3. Wuhan National Laboratory for Optoe—
lectronics Huazhong University Science and Technology Wuhan 430074 China)

Abstract: A high-power laser mirror with self-compensation for thermal distortion was presented and numerically simulated
on the basis of its thermal deformation behavio, optimizing its substrate structure. When 7kW laser was input in 17c¢m
diameter and the reflectivity of the mirror was 98% the difference between central maximum thermal distortion and boundary
thermal distortion within laser radiation region on the mirror surface for the general silicon substrate ( peak valley values) was
0. 167pum 0. 174pm and 0. 172pum respectively under the radiation time of 2s 4s and 10s. However the thermal distortion
difference ( peak valley values) of the laser mirror with self-compensation of thermal distortions was 0.092pum 0. 052pum
0.027pum respectively. The study results are useful for improving the heat-effective stability and beam quality.
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Fig. 1 Diagram of heat conduction analyses
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Fig. 2 Laser mirror substrate with self-compensation of thermal distortions
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Fig. 3 Structure model for finite element analyses
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Fig. 6 Radial profiles of thermal deformation on the general silicon substrate
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Table 1  The thermal distortion PV values within the laser radiation region
radiation time/s 0 2 4 6 10

thermal distortion PV values/pm 0 0.095 0.052 0.046  0.027

central deformation/pm 0 0.8 1.02 1.16 1.33
8 N
4s o
P 100W  140W
(PV )
0.124pm 0. 174pm
P’ 100W  140W (
8. 5mm) PV 0. 074 pm
0. 052 pmo,
1.2 T S N SO S
1.0 —P' =140W
= T N P! =100W |
%0'8"‘". FIU O S gaedien

-eea P=100W ]

radius distance/cm
Fig. 8 Radial profiles of thermal deformation on the general and self-com—

pensated silicon substrates
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