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NFIRAOS and IRMOS

PIHAREESNFR  NFIRAOS = ZEH1& AO
— High Strehl ratio correction in 10-30" fov.
— RIS : IFU spectrograph + 17.2"x17.2" imager

— IRMS: NIR multi-slit spectrograph with 120"x120" fov : Keck
MOSFIRE

THARECFRE LCDIRE IRMOS = ZX{&[EK AO

— Simultaneous correction optimized for each object within d=5’
fov.

— |FU observation of ~20 objects simultaneously.




AO-PSF =2 L—2 32  JIHA(ZRBHIR)BELFRDE

0" 60" 120" 180" 240" 300"

NFIRAQOS PSFs in 1"x1” scale, from 0” to 300",

From bottom to top : J, H, K-band
PSFs are shown in log-scale (faint end enhanced)
Ensquared Energy within 0.05" ~50% up to 30"

IRIS:
— IFU 0.004"/element 0.5”"x0.5" fov — 0.05"/element 2.2"x4.6" fov
— Imager 0.004"/pixel with 17.2"x17.2" fov



AO-PSF 2 2 1 L—2 32 ZRAEMWENFERDES

0" 60" 120" 180" 240" 300"

TMT-MOAOG6 PSFs in 1"x1” scale, from 0” to 300",
From bottom to top : J, H, K-band

PSFs are shown in log-scale (faint end enhanced)
Ensquared Energy within 0.05” ~50% up to 150"




TMTEXBSHERRFRIFEIITIEE  mleeERsT EBRERE

2015£EF“ X COEBEZRRETCIMINAITCEBRES L TBLRRETICES T &
HEHEL WS, RARIE

R&D 1. MIRE+ZREMENTROY I 2 L= a3 VICEDCVAT
LR (REFEXRZZSR)

R&D 2. KAIZHEEEUEDERGET
R&D 3. F— T )b—THENFZRD on-sky EaFRER
R&D 4. HIFKEB+ZXAMENFTRDERRERIE. 8RENET

=1~ N\

74 —5TEDRIF
R&D 5. ZXRAEMHEINFZR RAVEN D on-sky SRaEEHER
R&D 6. /NUIZZHEF AR bO—7 ] ZHEDRE



TMTE BRI ERFRARAZEE RO

1. BRIt KFHENZERTIV—T
Mee> =2 L—r 3>, BEXFEMERFE. RAVENFEFENDEN
Ml ExE. KEF RA M2, BH SXMI)

2. TWRBERFEMECFERTIV—T
VAT LIRSS HFREREERE
RE B BH B Ei Ak 8H £ s8R =@

3. BRILKFFEMEMS 7)b—7
MEMS BIZ IR DFF
PR —13F B [F(D2)



FIRETE]
#E{FRR 2012(H24)4 E | 2013(H25)5 & J2014(H26)5EE § 2015(H27)ERE

R&D1 R B+Z XM ENLFRD VAT LT
TIEDRENS I BMENF
AR B OB TRT

SEBDEE || wmmmnes 2 Tmet /| o xmmmn
ritfemmesg [ LR AR MR | s xammb R
ﬁ{tﬁ;ﬁ;% DEBEFHE || OBMAFH || pamimmst

R&D2 ARIEH SR FDEBERRFY
9L BIHENT
ERFRERIC BRI TET

ERMARFE || RAFTEEMRE

RfEETREIER ST REfdY

R&D3 A —T )V —THEENFRD on-sky SEFFRER

RALARELF b Sl

HERAFAZE ICTET AEEEREICTRIT

A ERHA —T

—THIEERE || A —TIL—7 I NEU A g

AEATFR T on-sky
/NEIEMCCD & LT affiat B E et

=R HH L EAR




FIRETE

HE R 2012(H24)4E | 2013(H25)EE Q2014(H26)EE J 2015(H27)EE

R&DA M ZE /8 + & TR S ROEER AT

FL A ENS RILAHENLF
EFMAEQICTERT ARSI ICTRIT
REHEE D KIFESE
ZRIEHENTR =fEEL HFRDBRRE
" Zal—#& o
KFEZRDIIB T | |GPGPUMLFEHE(C aps
sommbogp|| PR
R&D5 ZX{FAH{ELF R RAVEN D on-sky 2EFEHER
eI r)T7 X ER)T K TIEBHENFE
AEGEREERREIER
Vs ask INDAERIFRT S
B fﬂ?ﬁ?‘t ERETD N S ?‘jjfﬁ’gﬁﬁ
et || BEE mErrRe® | ver2as || gsme
; TOREREH ’
R&D6 N ZFEFAAMO—T ] TR B DR H
1L AFEMEMS WAL ASEMEMS
Tz R B E s A iE AL ERT AEREERE I C T ER R EIC TRIT
WNRIFORZAT || NITOM 21T || 64x64FF 7Ot || 64x64FEF 7Ok
-ver&itfE ~ver2itfE 2ATver\GE || 21 7-ver B®8 || gaveaz=z 71
NETORAT || T a7 || eaxeamzEE || saxcamzTar | FT7VeR®
-ver 1 BRENFTi -ver2 BFENEH [B] B3 B 24 F-ver2iifE




WRRDZRIKAOY AT L

BEOL—Y—HA F2 Hh 3% =+ 2% KK
ISR R T L ZRAFEELERT L BIEREE S, 2 5/

5 ;;FE% B—5Fy FXRE 4—4 v XK B—4Hy bEE 4—4 v FEE
® ."* ® '*'.
L—H—0DE L—H—0DE L—H—0E L—H—nE

EREDEH Et T{0kES 2IRFOEEHE

BEShT : mEBOH 8
L LR _ WIE & IR
BE=nIRE W BEInRE T
Wh—b o 1P Wa—ny 1




RAVEN collaboration:
MOAO Science Verification on Subaru

RAVEN MOAQO is a bring-in instrument to Subaru telescope led by Univesity
Victoria group (PI: Colin Bradley)

3 NGSs + 1 LGS for tomographic correction in 2 science paths.
First light is planned in 2014

DM Wrs
Acquisition
camera To IRCS
OL-
WES

Science

From Dave Andersen

Room
for
LGS-
WEFES

Beam
from the
telescope



RAVEN collaboration:
MOAOQ Science Verification on Subaru

Open-loop wavefront sensor design

I

From Colin Bradley
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RAVEN collaboration:
MOAOQ Science Verification on Subaru

Real open-loop wavefront sensor

From Colin Bradley

17



TMT-Z XIEETCFRD B ZRZERNDERIEE ¢ 8IS

TMT OBENZERICER I NAERNNTRRIIFEODOY 14 X & KK IE
S5TXDHEEHS.

1. EFH~64x64EF

2. BE[ERAEBOA MO—2 = 4um

3. BEZEEEFEBDA ME—%2 =20um

ThHbd, KJUES TIFEZERBREBTCL Y BWN/NT —5F D8
FONKELGBIFEXRETLGRA MO—IDERINS (1 L\
Hw b AT BRI D B),

ZRABENLZRTIETETNTNOED I Y NHRIEHEEFFD
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Element count

1024 = 32x32 (goal: 4096 = 64x64)

Pitch

300 ~ 1,000 um

Aperture size

10~ 30mm (goal: 20~ 60mm)

Fill factor 98%
Actuator yield > 99%
Stroke (overall) 20 um
Stroke (at highest spatial freq.) 4 um

Surface roughness (RMS)

< 20nm (goal: <10nm)

Flatness (controlled; RMS) < 20 nm

Bandwidth > 100Hz

First resonance > 1kHz

Hysteresys < 0.1%

Reflective surface Gold (Silver) w/ overcoat
Uniformity of surface reflectivity +1% RMS

Stability < 4nm

Repeatability < 4nm

Resolution < 4nm

Maximum drive voltage < 300V

Operating temperature

-5°C ~ +15°C (goal: -30°C ~ +30°C)

Relative Humidity

0~90 %

Altitude

0~ 4500 m
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Actuator Facesheet
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INETORNATIZFA A= DKREVE LY AIEFEHRE IR DIES T & FHE
I BESIHAT B (Woofer-Tweeter system)Z EHDMREINTWLB D, BN
FRNEBASREEDL D S,

hdirror

Continuous mirror
(smooth phase control)

PAirror
Actuator Facesheet
Array
Electroda
> .
I I I [\' I I rl Boston Micromachines, AO4ELT2 presen, webpage.

Spatial Light Modulator
(uncoupled control)
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We propose a new structure membrane MEMS-DM using

Si/HfO2 Bimorph spring Original Points

S Srystallized hafg‘“m oxide t . 1. HfO2 crystallization-induced
< = > ompressive siress | : :
B o0y / | ‘ ! stress Is used to introduce
| | large out-of-plane deflection.
|
i

| @
|1 ;Binding point . |
Crystal silico 2. Relatively soft spring

O s G i = e e e structure (small spring
Silicon Mirror Membrane constant) instead of fixed

. : - y,  Posts is used to increase
Bimorph spring .- Activation .. the strok
'>/” - bondlng g e S ro e.
Ele(r“,trode 5

.1 © 3. High optical quality mirror
I surface is guaranteed by
the top layer of SOI wafer
and the Si-Si plasma
activation bonding.

SiO, sacrificial layer

Silicon substrate

High-stroke MEMS-DM Structure o
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(a) Actuator chip (b) Mirror chip

(1) Silicon DRIE(Form bonding point) (4) Annealing(HfO2 crystallization) (1) Silicon DRIE(Form mirror membrane)

(2) Silicon DRIE (Form Electrode) (5) Au/Cr deposition and patterning

meless SR

(3) HfO: Liftoff

mirror membrane

(2)HfO2 liftoft

s B so: s [ Jawe
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(c) Bonding and release

(1) Au-Si eutectic bonding (4)S102 Dry Etching (CHF3)

T

(2) Actuator chip handle layer etching (5) SiO2 Dry Etching (CHF3)

— =

(3) Mirror chip handle layer etching

- Si - Si102 - HfO2 Au/Cr
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« Actuator chip & Mirror chip & Au-Si OHERILIES TIES T D,

Actuator chip Mirror chip
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e AU-SIi HBRbIEESZ T OTRZZ X CHENEU )7 IJF 1T —FFVv IES
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mirror with 2 X 2 electrode array
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SEAR

A=NHH/ 17 I/ \

& TMS - [mirrorir_0V.tms *] B e® Ak 2e 00 -
[ Eile Edit %iew Messurement SurfaceView Profile View Process Magro Tools Window Help 1= x|

DeEEaRk>s > E@aH) | @FamEE=s]lg

EeaO|k-Bsag| -~ |[¢de | X|E Field of iew
— o - "R 2.25mm = 1.68mm

Ares of Interest

1.6mm x 1.58mm
Resolution
1.61pm = 1.61pm
Measurement Mode
Short Coherent

1. Regression

x[mm]

AN AR |+ & [[H[EM% ¢ 2@

8.5

z[pm ]

18

w[mm]
[
Fize-H Y a O E (@ % TMS - [mirrorlr_OV.t.. @ GiEm S s

Peak-valley value: ~2um

Electrode gap: 20pum 26



INERA bA—7 Z%RF MEMS AIZERZER D/ Z=FalfF

Deflection(um)
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Mirror with suspension

— oV
—— 20V

—— 40V

—— 60V

—— 80V

—— 100V
—— 120V
—— 125V
--- 20v*
- -~ 40V
- -~ 60V
--- 80v*
- -~ 100V*
- -~ 120V

|
200

| | |
400 600 800

Position(um)

|
1000
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To image
| section
o
o store
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charge to
voltage
conversion
HEEEEE 0
R output
readout  ©9°
register

Robbins et al. 2003
Fig. 2. Schematic of the EMCCD arrays studied here.
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BFIBIRDS V2 LE ERVFidH LITH S Clock Induced Charge H\fEE T %,

EM output probability (G = 3000) Effect of the ratio G /
0-0004- T T T T I T T T T I T T T T } T T T T I T T T T I T T T T ] 1-0 | I ‘ |
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C ] I BEEEEETEE G/o = 10
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- 1 - | —-—-—6/c = 30
] ogk | ——— 6/ =50
g ’ —4A— G=1, 0=2
0.0003 | s - | —e— 6=1, 0=10
r ] i —= = =
) [ ] 06 f// ’ ." /
2 i e S S
0 w) / ’
[¢) r 1 ® I /
5 0.0002 C 5 g L / , ,
= r 4 o L ’ /
a + ] © /, .
= L 4 x 0.4 /' EMCCD
i ] AR
i ] A
0.0001 ne3 7 -/ g
- 1 0.2 Vi .
- ] R :
e A %
0.0000 0.0l Aat o oo !
3.0x10° 107 107? 1072 107" 10
Output electrons Flux (photonspixel™'image™)

FiG. 1.—(Lefi) Output probability of the amplification register of an EMCCD, for a mean gain of 3000 plotted for various amount of input electrons, n. The over-
lapping regions are the result of the ENF induced by the multiplication process. (Right) Relative SNR as a function of the photon tlux per image, the readout noise of the
EMCCD and its operating gain. A saturation level of 200,000 electrons is assumed, the readout noise is 50 electrons unless noted, the dark noise and CIC are neglected.

Daigle et al. 2009
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1.0-25um IFU C 7.2 BERED 24 XKMEZE DR T 5, N2 IFU
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ZRARE D FLERERDFETE - 8m VLT/KMOS D% Ftic

FAED pick-off B3I 2 BhD BlEREEHE THLFMIIC IS EBHSFER T cold-

stop =2,
II]lll input collimating




ZRAE D TCEaalDIEE @ 8m VLT/KMOS D% Tl

REZRDT L —T 4 TR 3B THERIND, EES5DKE T
AUy M, 15SEORS+ TR X+ L—T7 4 2 T+AXZ

Wavelength Spectral Resolution
range for the range
window (no overlap)
0.80-1.05um 0.25um 3380
J 1.05um-1.37um | 0.32um 3380
H 1.45um-1.85um | 0.4um 3800
K 1.95um-2.5um | 0.55um 3750
| JH 1.05um-1.85um | 0.80um 1500
HK 1.45um-2.55um | 1.10um 1500
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