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Finite element simulation of thermal distortions of deformable

mirror with laser irradiation
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(1. Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu 610209, China;
2. The Key Laboratory on Adaptive Optics, Chinese Academy of Sciences, Chengdu 610209, China)

Abstract: The thermal distortions of deformable mirror with such materials as mono-crystalline silicon,
silica and nucleated glass (ULE), irradiated with diode-pumped solid-state laser (DPL) were calculated
and analyzed using FEA software. The results show that when the power density of input laser is
0.225 kW/cm?, and the reflectivity of the deformable mirror thin film are 99.9%, the temperature rising
and thermal distortions of the deformable mirror are separately 0.804, 6.751 and 7.122 C, and 0.049 3,
0.034 8 and 0.005 4 pm respectivel, under the radiation time of 10 seconds. By comparison, the
temperature rising of deformable mirror with mono-crystalline silicon substrate is smaller; the deformation
and stress of ULE is the lowest, which would be a kind of more promising material for producing
deformable mirror in future DPL laser system. In the end, some results of the long pulse laser irradiation
were calculated and analysis.
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Fig.1 Theory model of calculation
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Fig.2 Finite element analyses model of deformable mirror
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Tab.1 Physical parameters of some materials

Material /kg’f . E/GPa a/K' kgcf/]lfjléfl meV:(]
Silicon 2330 121 25x10° 024 0714 144
Silica 2210 73.1  5.8x10-7 0.17  0.800  1.46
ULE 2210  67.6 0£30 10° 0.7 0.767  1.31
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Fig.3 Surface temperature comparison of experimental and calculation
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Fig.4 Temperature and deformation distribution of deformable

mirror made by silicon, silica and ULE after 10 s
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Tab.2 FEA calculation results of three materials

Material Tem.pérature Therm%l Thermal stress
rising deformation
Silicon 1 1 1
Silica 8.390 0.705 2.690
ULE 8.858 0.109 0.079
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Fig.5 A—A direction stress distribution of deformable mirror made

by silicon, silica and ULE after 10 s
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Fig.6 Temperature distribution of deformable mirror made

by silicon after 10 s
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