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A Deformable Mirror with 9 Actuated Points for LLow Order Aberration

Correction-Design and Experiments
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Abstract An effective aperture of 120 mm continuous face-sheet, discrete actuator deformable mirror (DM) is
designed and experimentally tested. DM is aimed to correct defocus, astigmatism and coma, and the parameters of
the DM are optimized, and it has nine actuated points and three fixed points. The fixed points are used to determine
spatial position of the mirror and the actuated points are used to generate desired surface. Actuators are linear step
motors with springs on the pushing end, which convert displacement to force. Test instrument used for DM is 4D
dynamic interferometer. The test results show that the DM can generate defocus, astigmatism and coma with high
accuracy, and it has a large dynamic correcting range.
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Fig. 1 Surface of deformable mirror after magnetic-media-assisted finishing

ARTE B ER o SR AR B2 G 1) 59 s L LI 02 58
¥t g 1 Ve B BT L S P 2 T L SR 1 4 A
RER 52 B R BE 19 0. v L A0 4% o 4% R T 0 2

Pmac ¥l 2418 2(b) ], 445 PCI $: 0 AJ Pmac

PE AR YR R A LA Sl A . RS B AR I 5
#HREAD BT WAAULE 20 . THICR B
FHEA L RE 2 BRI F- 65 41k 2 1Ry 32 0 5 B i g 2
HOEzI P G 2 Rl

K2 BREAM O R RS (D) SRR & (o

Fig. 2 Deformable mirror with supporting (a), control system (b) and testing instrument (c¢)
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Table 1 Zernike coefficients of surface response functions

(the first 24 terms, piston, tilt removed)

Apermations Fig. 3(a) Fig.3(b)  Fig. 3(c)
Power —36.88 —38.44 —5.932
Astig X 35.39 —146.4 234.1
Astig Y —1.325 —238.4 4,301
Coma X 2.965xX10° —18.80 —5.624
Coma Y —17.80 —8.482 1. 026
Primary spherical 0.19517 —0.53138  0.0574
Trefoil X —0.13073  —0.33586 —0.53106
Trefoil Y 11.42 —42.67  —41.95
Secondary astig X 6. 200 7.112 —14.69
Secondary astig Y 1. 805 9.332 1. 944
Secondary coma X —0.53796 —0.36586 —0.35625
Secondary coma Y —0.91973 0.0620 —0.24808
Secondary spherical ~—0. 62059 0.39566  0.0461
Tetrafoil X 1. 565 6.279 —14.02
Tetrafoil Y 0.43140 —13.10 0. 0557
Secondary trefoil X 1.215 0.29169  1.133
Secondary trefoil Y 1.527 3.259 6.276
Tertiary astig X —0.70228 —0.47817 —0.52738
Tertiary astig Y —1.734  —0.0171 —0.51711
Tertiary coma X 0. 26486 0.27812  0.34213
Tertiary coma Y 0. 28166 0.23304  0.0141
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Fig. 4 Astigmatism (a), coma (b) and defocus (¢) generated

by DM and corresponding residual RMS (right column)

0322001-4



MBS RIEMREMR 20 9 N2 32 TB 5 R 5555

X T AR B L B T RE % 7 AR AR 22 8 Al &
TILBLRE S AL IE MR 22 . MRS AR ik R
AT B = A (Zernike & %X 2000 nm {4 H(, 400 nm
fYES 22 R0 500 nm Y 125 £8 55 206 n 14 42 3 4% 15 5 O
T 4 ZR G AR B B AL A5 B Y B T T OE £ 4D T
WK I Q8] 4 Fr 7R A% B IR 22 R A0S Hinig 22
F R AR T HL B A 5k 22 B AR A/30 UYL R
T2 58 RE f% = K 1Y) S Bk B4R 22 Y AL OE

g T A T G B AR S AL TERE T L A TE 1) 2

B 5 OKO 2w i) PDM37 288 B #1471 b 3.
OKO 24wl AT 4% 400nm £ 22 (1 {5 B 1E 45 58
5 /R Z5 I L AN 2 iR . AT LAE B, B
MG LA 5% 22 228 8 = T OKO PDM37, {H J&
LA R ) o SR AR BT L X 5 v e R
Xof 22 )R E T A A ShER HEA A OG . KT 9 AU
ARTE B8 o LA 25 LU0 W 5T ) A R A E M L R )
Xof 2 2 TP HE A IE AR 22 U T B R

error calculation results

fitted wavefront results

reference wavefront results
JSom=—1.993X107" ¢, =—1.628 X107 e

=8.162X 108

eak-to-peak

Jae=1:993X 1077 € =1.620 X107 e =71.133X10°

o o =3.987X 107 Co o po=3-257X 107
FosTbTsx 10 ¢ =7.039X10°*
Bl 5 OKO 2w PDM 37 MG £ 22 450 (AL m)
Fig. 5 Coma and residual map generated by OKO's PDM 37 deformable mirror (unit; m)
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Table 2 Comparison of simulated correcting ability: DM9 and OKO PDM 37

Defocus Astigmatism Coma
Coefficients to be generated /nm 500 2000 400
OKO PDM37 PV/RMS /nm 499/5.1 1963/3 326/7.13
DM 9 PV/RMS /nm 508/17. 4 1982/21. 4 401.6/10. 4
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