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Abstract: Deformable mirror is the core component of the adaptive optics system and the primary research object
for the research of adaptive optics technology. In this review, the research history of adaptive optics technology,
especially the deformable mirror technologies of IOE is reviewed and the early development of our deformable mirror
technology is briefly described. The application of the deformable mirror in the inertial confinement fusion (ICF)
system of China is introduced and the typical multi-channel deformable mirror technology and application results in
the field of astronomical optical observation is also described. Then we introduce the application of compact de-
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formable mirror in biomedical research. At last, some new research directions of deformable mirror technology are

revealed.
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Fig. 1 The first deformable mirror of China
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Fig. 3 Some deformable mirrors for the prototype facility
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Fig. 2 19-element deformable mirror for SG-I facility

B4 17 LTI R 2 EHBEREAEE
Fig. 4 17-element DM prototype
with replaceable actuators
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Table 1 Specification of different large aperture DMs

LLNL 52552 NIF 1 4% LLNL 52453 NIF 2 f{ L
EiSTr 4 39 39 39, 45, 77
42 /mm 400%400 365x365 380%x380, 368x330, 453x400
WG T E RMS/um — S <0.1
PHER L IE TiJE RMS/um 0.031 0.031 <0.027
KSR TR lum 4 4 >6
A[AZIE Zernike KT 16 16 20
B B (E/(Jem?) — — 218
ST % 299.5 299.5 299.5

B 5 FHoRuETHEHRBEEY

Fig. 5 Some of the large aperture DMs with replaceable actuators

BH6 kupgTHHEHNELRAST

Fig. 6 Large aperture DMs with replaceable actuators in application site
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Fig. 7 61-element DM (a) and 127-element DM (b)
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Fig. 8 913-element DM being tested (a) and its flattened surface map (b)
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Fig. 9 Typic surface maps of 913-element DM
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Fig. 10

200337-6



YT https://doi.org/10.12086/0ee.2020.200337

UEA, AT R B ISR R G N AT
e SRS AR BT K, G T4t ZAER S 11K
K, R T R A ) e R AR SR B AR A5 A, T
AHAR S e 25 B AR TE B A AR ZE AT L i/ NS s L BIK
BRI G SRR, TR T MR Y e 2 FE 2 F R
WRHAR KL . TERFRI — R Y E HICH B Y
BEItr Z N TR A0 iR R 52210 Kot
FRG2E (8 11), e T 2015 58 T HAE
105 mm . HE[E]#E 3 mm. 1085 BAICHYE B CEURZ
W AR B (B 12), AHLLTZHIHY 913 BAITHIAR
WhE, HORRRSN, WM TBIKRG I
Ml IR 5 SL T ALY [ 38 N2 2R
BEprits ECT 2 T BT R T BT SR A TR
SRR TR

T kiB1E 0 137 $0E % R H4EPY
Fig. 11 137-element high density DM for
laser communication system®®

@ 11

(b)

A12 1085 £ LHBEEE

5 HEYIEFIURINA

) A W NI SISL Al =P S <A = B A
FEEERARMET B RS, SIS AT BA S T
R PR BB 12 A B S 11 1 & D2 AR . 1997 4F55
2 UITRER4 1Y Liang 85 A4 H T LASEERI 4%
TE ARG 22 AR IO I BG83 95 55 SR RIS
VA BB RIS SEFE [ N T T AR ST, Se)a e
T/INRVAR T BRI AR A 25 s B i A5 B A
T 2000 AFEENT TS ST RS R
ASILEERY 19 BT AR RS A 15 D62 R 5 %
R TEG 7% 20 mm 1Y 19 SAICHU NS S,
PASTT ML EAR N 3 um ~ 4 pm 2545 AL 40 A L &
PRI RS A I PR, 43 038 LE XY I e S A TR 284
e, PO NRATEIER . 25 iZ RS —
Ao, FAMERE T E . TR K (35 mm)AY 37 BTG
AT (UL 13) U T SE g 10 I 25 SR 2

TEALER AR SE 8 A R, DG H BT LB M A
il HB T o A R U H AR T LA ik 2 R ek AR
RERBEMN R MR IETR . A 2010 4FFF46, Ot
FL BT HAIF [T A Bl 8 S A HRAL I JIEE 2R SE 0 17 4% 20
mm 1) 9 BLICH 35 BLITRUE HL 7 A8 TR a8 (L&) 14)
XU HL AR T R s BN, il E B
X ARBEHIRBME 22 B BRI IERE ), BAE
N HEAIL IO FE B 22 0 HP A o o8 4538 46 PR RE RS T
SRR RS, S BT RHIF B 7E I H — 1R = a0
PG RGP IR IMAT 169 BITH) % s
AR 2 T KA .

________________________________________________

mm
™

T
160 176

1

VGGCO Contour Plot .

1

1

176 {20 ek 281 |

Measurement Parameters |

File: 160 I

Wavelength \
Wedg 200

X/YSize 992 140 e !

Pixel  erieoay ~N 150 !

Date 12125/ ’ PP R S, !

Time 09 120 s D T 100 :

[P . e ¥

fie sy S |

Analysis Results 100 HEE e SRS ‘i‘\ 50

Ra 3.348 nm ‘li;;:; £ 63 t‘.'-“.! 00 !

Rms 4.483nm | 80 {iet - B R !

20PLPV 44,551 nm e ’,-',/ 50 )

2Pt.PV 51.56 nm 60 N Sl o™ ¥ |

\;, ® 1A 100 |

Analysis Parameters 40 b u:, Ay I

Terms ey 50

|

1

1

1

1

1

|

W45 52 4 (a) BAe ) 2 2 (b)

Fig. 12 1085-element high density DM (a) and its flattened surface map (b)
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Fig. 13 DMs used in early human retinal imaging systems??"!
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Fig. 14 Bimorph DMs used in human retinal imaging systems
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Fig. 17 Space-based light-weight adaptive primary mirror prototype (a) and its flattened surface map (b)
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Overview: Deformable mirror is a particular optical device which is different from general optical mirror which re-
quires high-quality and stable surface shape, it is precisely to compensate for other aberrations in the optical system by
dynamically changing its surface shape. According to the requirements of the adaptive optics system, the surface shape
of the deformable mirror needs to achieve precise with nanometer-level resolution and controllable dynamic changes
with millisecond-level response speed, which is very technically difficult. There are many adaptive optics research teams,
but relatively few of them have the ability of manufacturing practical deformable mirrors, mainly in the United States,
Europe, and Russia. The Institute of Optics and Electronics, Chinese Academy of Sciences (IOE) in China is the earliest
team engaged in the research of engineered adaptive optics technology, and has become the world's largest adaptive op-
tics research team. In terms of deformable mirror technology, IOE has carried out synchronization technology research
since the beginning of adaptive optics technology research in 1979. It has been more than 40 years and has achieved
many remarkable results. The deformable mirror developed by IOE covers many types of structures, with diameters
ranging from several millimeters to hundreds of millimeters, and the number of actuator ranges a few to thousands.
They are widely used in Chinese inertial confinement fusion system, photoelectric imaging telescope system, and hu-
man eye retinal imaging systems, satellite-to-space laser communication system, etc.

This review firstly introduces the historical background of the research on adaptive optics, especially deformable
mirror technology by the Institute of Optics and Electronics, Chinese Academy of Sciences, and briefly describes the
early development of our deformable mirror technology, including the first deformable mirror and the first set of adap-
tive optics system. Then it introduces the application of the deformable mirror developed by IOE in the Chinese inertial
confinement fusion system, especially the development of the large-diameter detachable deformable mirror used in the
‘Shen Guang IIT’ facility in recent years. It also introduces the typical multi-element deformable mirror technology and
application results in the field of astronomical optical observation. Two different technological routes have been formed
in the development of thousand-elements deformable mirrors, which fully guarantees the development needs of China’s
future large-aperture telescopes. Afterwards, the development and research status of compact deformable mirrors used
in biomedicine and other fields are introduced, and finally, the research situation of new directions of deformable mir-
ror technology of our institute was introduced.
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