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Abstract In the process of wavefront correction, the thermal deformation appears on deformable mirrors(DMs)
radiated by high—power continuous wave (CW) laser, leading to the additional wavefront distortion to the incident
laser, and further the restriction of the correction ability of deformable mirror and the degradation of the beam
quality. A prediction model of deformable mirror with thermal deformation radiated by high—-power continuous wave
laser is presented based on Zernike polynomial decomposition. According to the prediction of the thermal
deformation of the deformable mirror, the control signal of the actuators have been obtained by finite element
simulation, and further control the actuators to compensate the thermal deformation distribution of the deformable
mirror in real time. Simulation results indicate that,the self- correction method can compensate the thermal
deformation distribution of the deformable mirror effectively and reduce the influence of thermal deformation on
the correction ability of the deformable mirror. As a reference, the local heat transfer method can only reduce the
piston and defocus of the distorted wavefront caused by the thermal deformation of the deformable mirror to a

certain extent, and the effect on beam quality is not efficient enough. However, the self-correction method can
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eliminate almost all the optical path difference caused by the thermal deformation of the deformable mirror and

further improve the beam quality effectively.
Key words lasers; prediction model; self-correction; deformable mirror; thermal deformation
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Fig.1 Thermal deformation distribution of deformable mirror and its first 65 Zernike coefficients.

(a) Thermal deformation distribution; (b) Zernike coefficient of each order
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Fig.2 Schematic illustration of the actuators of deformable mirror
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Table 1 Thermo—physical properties of films and substrates

Material Density Specfic heat Heat conductivity Thermal Young's Poisson Refractive
/(kg-m™) /(J+kg" K™ /(W-m"-K™") expansion /K™ modulus /GPa ratio index
TiO, 3800 1368 1.8 9x107™ 230 0.27 2.21-i5.0x107
Si0, 2100 787 3.53 5.8x107 73.1 0.17 1.44-i1.0x107
Si 2329 733 173.6 4.15x10°° 130.91 0.266 3.44-i2.4x10"
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Fig.3 Thermal deformation distribution of deformable mirror. (a) 10 s; (b) 20 s
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Fig.4 Distribution of the deformable mirror surface. (a) Thermal deformation; (b) prediction; (c) self-correction
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(a) Distribution of the incident wavefront; (b) filter function curves
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