R&D activities targeting MOAO and demands from a university group
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Key word for next generation adaptive optics systems:
Tomographic reconstruction with multiple guide stars
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Three R&Ds targeting next—generation AO systems
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Development of large—stroke (20um) large—elements (3600ele) small MEMS

deformable mirror
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Development of large—stroke (20um) large—elements (3600ele) small MEMS

deformable mirror (Wu Tong: D1 Hane Lab.)

A new structure membrane MEMS-DM using Si/HfO2 Bimorph spring

Crystallized hafnium oxide

150 4m / ’ Compressive stress

| 1204 m |
[ T—=0 | |

t \ Bgnding poi:/
Crystal silico

Activation

Ry~ bonding
=z Electrode

7

SIO, sacrificial layer

Silicon substrate

Large-stroke MEMS-DM Structure

Original Points

1. HfO2 crystallization-induced
stress is used to introduce
large out-of-plane deflection.

2. Relatively soft spring
structure (small spring
constant) instead of fixed
posts is used to increase
the stroke.
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3. High optical quality mirror
surface is guaranteed by
the top layer of SOI wafer
and the Si-Si plasma
activation bonding.



Development of large—stroke (20um) large—elements (3600ele) small MEMS
deformable mirror (Wu Tong: D1 Hane Lab.)
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Development of large—stroke (20um) large—elements (3600ele) small MEMS
deformable mirror (Wu Tong: D1 Hane Lab.)
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Development of large—stroke (20um) large—elements (3600ele) small MEMS
deformable mirror (Wu Tong: D1 Hane Lab.)
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Development of large—stroke (20um) large—elements (3600ele) small MEMS
deformable mirror (Wu Tong: D1 Hane Lab.)

Deflections measured by

Polytec Topography Measurement System (TMS)

Deflection(m)

4 tri-angle type 1
F] tri-angle type 2
tri-angle type 3
3.0x10° o -
2.5x10°
2.0x10°
1.5x10° -
‘_—’/\/—'
1.0x10°
1 . 1 N 1 o 1

0.0 1.0x10* 2.0x10* 3.0x10™*

Possition(m)

11



High—dynamic range, large element number wavefront sensor :
Wavefront measurements with 50cm university telescope (B4 Y.Ohno, C.Hara)
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High—dynamic range, large element number wavefront sensor :
Wavefront measurements with 50cm university telescope (B4 Y.Ohno, C.Hara)
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High—dynamic range, large element number wavefront sensor :
With Electron—multiplication—-CCD
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Tomographic reconstruc

BADOMED £ (TR 4
A ELETE) OIRE(RIEZE)
DIFHALHILDE (TREFR
B 3=y E) DIKE
DHEZET B,

Target WF

GS1 Wavefront Phase e n GS2 Wavefront Phase
(NGS 60" away from target) ! (NGS -80" away from target)

Target WFP estimated by Target WFP estimated by
averaging 4 GSs RMS 518(nm) Target WFP tomography (MMSE) RMS 345(nm




Tomographic reconstructoin

J—IZRTHO#HETILTYALEBWTEEL-EFED FEEDHE
BROD—PIZETIZTRT . FETALEREDHENTETLVEL, ACAF
BEDEETHDINGA—RGELTEZTEILIZTTAMNELTH S, GELLIX
http://www.astr.tohoku.ac jp/ akiyama/index Res TMTinst.html)

A—Eyh BB OEE FLT HEDKRE HEDRE
? Rk (RLRZ—IL) (350)

MK r0=0.20m
RMS=3405nm RMS=176nm



Tomographic reconstruction
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Optics lab. Simulater of MOAO system
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Optics lab. Simulater of MOAO system (B4 Y.Ohno, C.Hara)
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Optics lab. Simulater of MOAO system (B4 Y.Ohno, C.Hara)
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Optics lab. Simulater of MOAO system (B4 Y.Ohno, C.Hara)
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Our approach as a university group, and our demand
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University group demand regarding Subaru/TMT development
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Road to TMT

O AFNDFELTT LB TES=AEEFE->TCEERAIZSET
H5DM?

S FNFhOERRMTOREIZOLTWALYVA—KTYTE
YERLS DL ETET ?

O AFADELN(ERE. TFR. LF R HMBEPER)AED
FOCERERREDEEZLITHIMN?

o EHNLGT—02avT & LWEHEICEERLTITIZETT

ZTHELIToNHEM?
“ ZRHTORMEZ LT THENICFREERICOLENS
h ?

O “International TMT fund” ZRAUN-BEFIZD%IT S,



Development of large—stroke (20um) large—elements (3600ele) small MEMS
deformable mirror (Wu Tong: D1 Hane Lab.)
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Development of large—stroke (20um) large—elements (3600ele) small MEMS
deformable mirror (Wu Tong: D1 Hane Lab.)
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