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Wave-Front Fitting Capability Analysis of 61-Element Voice
Coil Deformable Mirrors
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Abstract Deformable mirrors is the key element for adaptive optics system, and wave-front fitting capability is the
main parameter. The Ansys software is used to calculate the actuator’s influence function. Fitting capability is
compared, which is based on the three arrangement schemes (diamond arrangement, square arrangement, annular
arrangement) fitting low order primitive aberrations and 1000 frames combination of Zernike aberration. Simulation
results show that annular arrangement is the best actuator arrangement schemes of contactless force actuator
deformable mirror, and the average root-mean-square value of fitting combination aberration is 0. 016 pm; annular
arrangement deformable mirror also has a good fitting capability to the defocus and astigmatism when its peak valley
value is larger than 30 ym and 15 ym. The influence of a broken actuator on the deformable mirror fitting capability
is analyzed. Results show that it has little influence on the deformable mirror fitting capability, its root-mean-square
value increment is below 0. 01 pm.
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Fig.1 Three actuator arragement schemes of 61-element DM. (a) Diamond arragement; (b) square arragement;

(c¢) annular arragement
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Fig. 2 61-element diamond arragement DM. (a) Voice coil actuator; (b) three-dimensional model
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Table 1 Main parameters of voice coil motor

Weight of coil Transmission shaft
Motor diameter /mm Motor height /mm Peak force /N
assembly /g diameter /mm
8 20 26.2 8 5
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Table 2 Material parameters of DM

Young's Poisson’s Density
Component Materials ) )
modulus /GPa ratio /(10° kg/m*)

Mirror, annular support K4 glass 71 0.21 2.5
Transmission shaft Aluminium alloy 71 0. 33 2.7
Coil Cu 12.3 0. 35 8.9
Base plate Steel 210 0. 269 7.85
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Fig. 3 Part actuators influence function of 61-element diamond arragement DM
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Table 3 Comparison of three arragement schemes fitting capability with best fitting aperture

Actuator distributing Fitting residual RMS /pum Max force /N Mean force /N Rys X My /(pmeN)
Diamond 0.0145 6.7052 1.1115 0.0184
Square 0. 0359 74.5356 5.5071 0.2151
Annular 0.0158 2.8346 0.9204 0.0162
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Table 4 Results of annular arragement DM fitting low order primitive aberration when max drive force is 8 N

Fitting valid Aberration Aberration Residual Mean Fitting

Aberration
aperture /mm RMS /pm PV pm RMS /pm force /N error
Defocus 264 35.91 66. 30 0.71 2.97 0.0199
Astigmatism 207 6. 14 15. 81 0.11 2.59 0.0178
Coma 222 3. 86 11.52 0. 40 2.90 0.1036
Trefoil 213 4.55 13.70 0.17 2.69 0.0372
Spherical 213 6.07 10. 86 0. 66 5.33 0.1087
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Table 5 Results of annular arragement DM fitting low order primitive aberration when fitting valid aperture is 207 mm

and max drive force is 8 N

Aberration Aberration Residual Mean Fitting

Aberration
RMS /um PV /um RMS /um force /N error
Defocus 16. 87 31.15 0. 24 4,27 0.0140
Astigmatism 6. 14 15. 81 0.11 2.59 0.0178
Coma 3. 36 10. 02 0.16 2.70 0.0473
Trefoil 4., 46 13. 42 0.11 2. 64 0.0255
Spherical 4. 87 8.72 0.42 4.98 0. 0853
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Table 6 Results of annular arragement DM fitting low order primitive aberration when fitting valid aperture is 213 mm

and max drive force is 8 N

Aberration Aberration Residual Mean Fitting

Aberration
RMS /um PV /um RMS /um force /N error
Defocus 19. 32 35.67 0. 37 4. 46 0.0194
Astigmatism 6.11 15.73 0.16 2. 65 0.0270
Coma 3.58 10. 70 0.24 2.78 0.0670
Trefoil 4.55 13.70 0.17 2.69 0.0372
Spherical 6.07 10. 86 0.66 5.33 0.1087
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Table 7 Results of annular arragement DM fitting low order primitive aberration when fitting valid aperture is 222 mm

and max drive force is 8 N

Aberration Aberration Residual Mean Fitting

Aberration
RMS /um PV /um RMS /um force /N error
Defocus 23.82 43.98 0.67 4. 83 0.0282
Astigmatism 5. 96 15. 33 0.28 2.76 0. 0464
Coma 3.86 11.52 0. 40 2.90 0.1036
Trefoil 4. 60 13. 84 0. 28 2.77 0.0615
Spherical 8.58 15. 36 1.23 6.08 0.1428
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Fig. 7 Influence on DM fitting capability with a broken actuator. (a) Fitting error; (b) fitting force needed
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