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Abstract In order to carry out the research of adaptive optics (AO), we develop a series of continuous surface
deformable mirrors (DM) based on piezo— ceramic actuator, and the controllable number of the actuators of
each DM is 21, 97, 137 and 961, respectively. Many in— and out—door AO correction experiments are carried out,
in which the DM is used as the wavefront corrector of the AO system, and the experiments reach the
expectation. With the 137-element AO system for the 1.23-m telescope, the close—1loop correction of the 0.2”
binary star is attained, which approaches the diffraction limit of the 1.23—-m telescope at 700~900 nm band. The
basic structures of the DM, the testing of each main parameters and key performance of each DM are presented.
The applications of each DM in the AO system are also showed. The development and application progress of
the DM are presented.
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Fig.1 Construction of a continuous faceplate deformable mirror with piezo—ceramic actuators
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Fig.2 Schematic of inverse piezoelectric effect
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Fig.4 Actuator arrangement of 21-elements DM (DM21-1) Fig.5b 21-elements DM (DM21-1)
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Fig.6 Surface of 80% aperture and full aperture of DM21-1 after active flatting
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Fig.7 Actuator arrangement and photo of DM21-2
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Fig.8 Surface and interferogram of DM21-2 after active flatting
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Fig.9 Zernike polynomial fitting of DM21-1
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Fig.10 Zernike polynomial fitting errors of DM21-1
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Table 1 Characteristics of DM21-2

Number of elements 21
Pupil diameter /mm 35
Type of actuator LVPZT
Arrangement of actuator /mm 7
Actuator spacing Square 5x5
Stroke / um +2.5
Inter—actuator stroke / pm 3
Hysteresis /% <5
Coupling /% 24
Optical quality after flattened / A ( A =632.8 nm) <0.02
Optical bandwidth /nm 400~900
Reflectivity /% >95
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Table 2 Characteristics of 97-element DM and 137-element DM

Number of elements 97 137
Pupil diameter /mm 70 90

Type of actuator LVPZT LVPZT
Arrangement of actuator Square 11x11 Square 13x13
Actuator spacing /mm 6.5 7
Stroke / pm +2.7 +2.5
Inter—actuator stroke / pm >3 >3
Hysteresis /% <5 <5
Coupling /% 4.8 26
Resonance frequency /kHz >10 >12
Optical quality after flattened /A (A =632.8 nm) 0.346 (PV) 0.041 (RMS) 0.236 (PV) 0.018 (RMS)
Optical bandwidth /nm 400~900 400~900
Reflectivity /% >95 >95
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Fig.16 Open—and close—loop images of 0.2” binary star
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WA T B 1 142 Ok 243 mm, {2 2l 2% o4 35x35 [ 7 TR HES O =0, (BB 0 7 mm BN B 2R AE AT AR
i R+2.5 wm  FEBAE S 25 A A HERL AR TE 0 3 wm e Sh 28 M HR A R BN 23%., A8 B & o e J5 19 T
JERMS LT 10 nm . 5¢F 961 55028 T B2 i A M3 ) 17 50 AT LA 2% SCHR[17]

T3 gl T X LAY 961 BT AR I BE 5 R A1 R 28 R AR I g5 0 1 e 4R AR 6T L, L 941DM 2 36 [ Xinet-
ics A ]S L Y 3.67 m H 42 AEOS B2 it 5 i il 19 s fi 8 JE B8, © 45 3 1 2 i JH 5 SAM 1377 J2 % [ CILAS
I8 A R RN RS 7 KA B 8 m I AR L KR B (VLB il i e L AE e . XA 5 RER T H bR Lo
i 2l 245 1% 2 55 T 88 B 1 B e KO, AR TR AT LU Y A BRASEA 1Y A8 T B 3k B (7 — 2L 48 5y L 2 M) 7
] o [1) 24 25 0 45 1) d5e 5 7K T

3 T ITAS B REXT L

Table 3 Performance comparison between some thousand—elements DMs

961-elements DM 941DM AEOS SAM1377
Number of elements 961 941 1377
Pupil diameter /mm 243 288 188
Type of actuator LVPZT PMN PZT
Actuator spacing /mm 7 9 4.5
Stroke / pm +2.5 +2.4 +2
Inter—actuator stroke / pm 3 4 3
Hysteresis /% <5 <1l.5 <b5
Coupling /% 23 10~30
Resonance frequency /kHz >12 >12 >14
Optical quality after flattened /nm <150 (PV) <15 (RMS) <16 (RMS) 20 (RMS)
3Db bandwidth of amplifier /kHz >7.5 5
Optical bandwidth /nm 400~900 600~15000
Reflectivity /% >95 97
Working temperature /C -20~40 -10~30
Manufacture CIOMP Xinetics Inc.(USA) CILAS(France)
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Table 4 Performance summary of our DMs

Number of elements 21 to more than one thousand
Pupil diameter /mm Up to 300
Type of actuator LVPZT
Arrangement of actuator Square or hexagon
Actuator spacing /mm 6~12

Stroke / pm >+3
Inter—actuator stroke / um 4
Hysteresis /% <5
Coupling /% 5~25
Resonance frequency /kHz >12
Optical quality after flattened / A ( A =632.8 nm) <0.02 (RMS)
Optical bandwidth /nm 400~900
Reflectivity /% >905
Working temperature /C -20~40
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