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Subaru Prime Focus
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Wide field corrector
developed by Canon

F/2.0

f = 16400 mm
: . FOV 30 arcmin




CH3C, Suprime-Cam
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@® Good Image Quality

HST ‘wide—I’continuum NB nrrwba
HST WFPC2 Suprime-Cam
(All FOV) ( FOV/100)




V50,

Expand field of view while
maintaing equivalent
image quality with SC

0.5 deg

0.05 deg

—_—

]
HST  Suprime-Cam Hyper Suprime-Cam
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@ Hyper Suprime-Cam
Overview

® FOV: 1.5 deg in diameter

® Image quality equivalent with SCinr,i, z, Y
band

® Instrumental PSF < 0.4 arcsec FWHM

® Crucial for weak lensing survey

® Even Higher QE in red
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@ HSC Components
op Fra"q

PFU Mechanics

WFC Hexapod S\;Dten
HSC Mechanics [BISaan ois Rntatnr Dewar Frame
Sensor
Filter s \ [ - ens Frame
Base FramefR\gl | 2
Data Management Ly : e | 1o the
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158 cm high

310 cm high




@® Suprime-Cam and HSC

SC Is already very
large.



@® HSC Components

Wide Field Corrector (WFC)
Sensor
Filter

Attitude Control Mechanism
elescope Interface

Dewar

Shutter

Filter Changer
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Wide Field Corrector




WFC Specifications

80% Encircled Energy Diameter(D80")
gfilter <0.5"(420,470,530nm)
rfiter <0.3"(570,620,670nm)
| filter <0.3"(710,760,820nm)
z filter <0.3"(870,910,960nm)
y filter <0.47(970,1020,1070nm)

Nominal designed performance < 0.2" ({r.i,z filter),
< 0.25%g,y filter)
Manufacturing and fabrication errors < 0.22" (r,i,z filter)

sqrt{{Nominal error)2 + {MF error)2} =0.3"
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@® \Wide Field Corrector

Details of Design
1545, Jon Glase list
@1 . SIUCA
G2 : BBLFY
191. Som ADC1: BBLFY
> . ADC2: PBL1Y
S &3 : PEL1Y
3 G4 : BSL7Y
&6 :  SILUCA
= :Aspherical Burface
#
L & L
"
) Fllcer
* Dewar slados
GL i ADEL A2 it G: 05
dGlrr

Qensral Optioal Datas

If;'l"..'fu".tul.' 0.0888(m/arossa] designed by Canon

image size{1.5deg P 485mm 15
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@® \Wide Field Corrector

Availability of the glass

Fused sllica:
®max & 820mm, homogenelty & Sppm (for G1 & 2ppm)
Avallable from Shin-etsu Quartz or Coming

BSL7Y:
®max & 630mm, homogenelty & Sppm
Avallabls from Ohara or Schott

‘PBL1Y PBL6Y, PBM8Y,

®max & 610mm, homogenelty § 5ppm PBM18Y, PBL25Y,
Avallable from Ohara or Schott PBL26Y also

can be ~ 600 mm (t50)

Required common qualities

gtriae no visible striae
birefringence = 5 nm/om
bubble,inclusion the total cross section of
bubbles{mm"2/100ml) < 01 ~ 025
refractive index =£0.00050

Abbe number +0.5% 16




@ WFEFC Designed Performance
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@ WFEFC Designed Performance

Suprime—{am HE0
flald of vew Q.6dug 1.6deg
460nm > 885 ' 4Q0nm > 80.9% **
trensmisslon @48.1nm > 005 ™ 800nm > 80.08 "
§60nm > 478 1050nm > 8198 "¢
g 0.ig 0.is
Parf 0 F 008 015
| 011 01§ e—
EL=90" 2 013 013
¥ 0iF 0.20
g 021 020
e 0.13 018
Parformence (0807 ) 1) 013 0.19
2 0.9 019
¥ 019 022
foous length 16000 mm 16320mm
ADG laterd shift type ADO leterd shift vpe ADO
Vignetting Non max 29,85
Irnege ourvebwrs NoniPlane imege) Neon{Plans imege)
Dletortion +#.0% +3.10%
lens welght ne§Thg 2ty
iGhe stiuminance reticl] < 1.1E-07 < SAE-0R "

*{ imeasured value “Tdesigned value  "3not include the ghosl behreen fler surfeces.
B

0”.1 in FWHM
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ADC

Shift
Lateral shift type ADC was
Invented by the late Dr.Takeshi
(the designer of the Suprime-Cam
WFC)
NG T » conslsts of two glasses

BSLTY + PBL1Y

(not cemented)

Merlts

use only two lenses

(priem ADC usas four glassas)
*works as an achromatic doublst

This ADC |s the best because of the tight welght constraint.

19
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LHC, Lens Barrel

Pile of Lens Ring Frames

Image plane

Total welght 883.0kg ~ " g

| ‘2188
<+—->  Each Lens Element is retained
~— 2 byseach lens frams.

The lens frames are stacked
and formed the lens barrel

assembly.

Lens Frame Material

CORDIERITE

- Feature
Last lens surface s : tow CTE (< |0.1| ppm)
High Young's modulus
{~ 140 Gpa)

mass density ~ 2.7 kg/m*3

20




@&® Flexure of lens Barrel

Deformation under the barrel own weight(EL=30° r-filter)
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Fabrication underway
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Sensor




@® CCD Requirements

[tems Requirement (-100°C)
Padaging Format {plxel alss) 2048x£006 (15 pm1)

Pixel to Packags edge < 0.5 mm

(Social rogister alde) < 5.0 mm

Global belght variatlon < 2§ pmn Feak-to-Valley
QE 400 um » 45 %

650 um > 8%

850 um > 00 %

770 um > 85 %

920 um >80 %

1000 nn > 40 %
CTE (per plx) Paralla] direction > 0.0900058 (1600 &}

Serlal direction > 0099095 (1600 &)
Dark Current < a few sfhour/plx
Chargs diffuslon o< 7.5 pm (400 < A< 1050 nm)
Full well 1 % depature > 160,000 &
Amp. Responsivity >4 ugVje
Readout nolwe 150 kHz readout <8e

CCD needs to be thick enough to

achieve high QE in red
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HC, NAOJ-Hamamatsu
Collaboration

1994 - 1996 Back llluminated small CCD
1996 - 1998 2k4k Front illuminated CCD
1999 - 2008 Bl 2k4k Fully Depleted CCD




@® HPK Fully Depleted CCD

2048 (512x4)

CCD Structure Full Frame Transfer

Si Thickness 200 pm (Can be 100 ~ 300 gm)
Vertical clock phase 3 phases

Horizontal clock phase 2 phases or 4 phases

Qutpul Arprilfiers 4 one s.age MOSFET on chip
and one J-FET on the packege

Imzge Ares
(15umx | Sumx 20482112}

204B+64

Package Malerial Aluminum Nitride

Storage Area
(15umx | Sume20L 852064
~ 14 Sumel bumx2048x48)

20458+16



@&® Package Structure
l hv CCD chip

Low viscosity epoxy

I CCD base

. Printed e
resn1 adhgsf(e

Pin base

qil an Il Prode me 463 b
533 4
Py -4
4 Ja ¥y
i
@31 n
5 10
E 30 * 12
E i - 14
#1929 RS R - 16
) R - - 18
E 6§98 I - __I_‘._f_:' _____ i: 1 Ou m
527 : )
«  flatness
5 26 .
“  achieved
5 2% )
o 10 20 30 a0 50 B0 70
Chip Positon (ms) al 4k-Side 27




@&® Quantum Efficiency

[ ]

1 1 1 1 x 1
44090 6000 8000 1

Wavelenglh[nm] 28
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@® Charge Transfer Efficiency

| X -ray test

pofonmbe 3% 1 =t g w2 L MnKﬁ
MnK,
5
un '.F“ {m " '.I :':' ':_: . i
‘ [ ]
-' hl‘liu .t f . .
.ul'.lll. W J'! l'-'q.ﬂil li.ﬁ' N ST Y B TN
- e & Lo € g 260 ASG .08 00
S TLY TR CR FPLLL T T L LI VR PP T

No slope indicates good CTE (>0.999995)
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Dark Current

10* | 1 | 1 I

V50,

1000

100

Dark current [e/hour/pix]
o

120 100 80 60
Temperalure [*C] 30
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Full well
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V50,

Read noise

P
&

Noisc RMS |c]
o o
] I ]

o

4%,
o

0 L1 1 1

0

H0

100

Pixel rale [kHz] ‘

- 60

<00

4.5 erms
(150 kHz)
MFront2
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LHC, Charge Diffusion

Expected Charge diffusion: op ="7um, t = 200 um

Suprime-Cam

A [nm] focus pos. [um] o [um] FWHM ["]

700 0.6 6.9 0.21
800 19.2 6.6 0.20
900 43.8 0.8 0.18
1000 84.7 4.5 0.14

lambda of 700 nm results can be adopted for shorter lambda

Sufficiently small charge spread

(HSC pixel scale is 15 % smaller) .
B



Measurement

< ' L Measurement setup
® 405 [nm |

8 A& 900 [nm
RN
oo 0o,

s 1 e

E LN I T

& Expected

0 L | L L I

¢ 20 40 L0
Beckblas voltage [V] 10 micron pin hole is projected with

X 1/10 (NA ~ 0.25) optics

Measurement is consistent with
expected value.
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@® Mounted on Subaru

Replacement of MIT/LL CCID-20
July, 2008
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B band

0 ¢ 5 SAOImage ds9

Re: blue PSF — 3HE

.: Hisanori Furusaws

Re: biue PSF
20091 R23H 13:0316J8T

|nbject33_satsuki.fils
Object

saloshi> fE L LWREDATE 3, ECpEMOTHSADERD

anat3 ade.nao.acip /miss:

File Edit View Frame 0 Zoom Scale Color Region WCS Analysis Help
ILLI?&b

|
LSRRMNLET.

a r)_ é 5 tektronix(Tek)

MOARD/IRAF V2, 14EXPORT satoshiBanela.mtk.nso.ac.jp Thu 18:49: 5‘5 29-Jarr2
object090_satsukl , Fits: F’adlal profile at 190,10 91,
£.77 13543051 1244 4 n T : z.4n 0z

T T 1 2728y

suprime.sum naoj.ongJpubisatoshi
zoom 164 zoom 172

S

valoaada v beranalag s Lo a b

3
3 y
i
2000 ;
1000
of
S N VIR B 1
o 2 4 B 8
Radius

48" FWHM

Image size at Subaru

0.38" FWHM




HIC Cosmetic defects
New Suprlme Cam case (10 CCDs):

One block of
No defect bright columns

Block width:
6 CCD: 2 column
1 CCD: 5 column

3 CCD 7 CCD




Resi

al Images

Delayed charge emission from the surface traps

Pinning clock sequence between exposures fixes this entirely. 39
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0

CCD Performance

Lteas Bequirsnent {-100°C) Mozmured
Packaging Format {pixed siza) 20484008 {13 pnCl) -
Pixel {0 Paclage eelge < (1.3 0.410=20.025
(Serial pogisler side) < 3.0 mn 4.975:0.025
Clobal hoigltt waristion < 25 g Peak-lo-Valloy
QE 400 mn = d4h 42
350 mn ™ 86 7
0 mn = 0 a4
Ti0 mn = 8D a1
920 mn = 80 8
1000 mn = 40 40
CTE {por pix} Parallol diroction > 0.099985 (1600 o) 0000950
Serial dirsetion > 0.999995 (1600 o) 0.999952
Dark Current < & lew of hour fpix 14
Chargr: diflusion oy < 1.6 pm (4100 < A < 1050 nm} 7.5
Full »wll 1 3 departare > 160KN) ¢ 150,000
Amp. Rrepomsivily =4 p¥je 45
Readmik nose 160 kik: reackoul L3 4.5




@® Hamamatsu FDCCD

® Installation on Subaru FOCAS multi object
spectrograph underway

® Now Commercially Available

® Gemini GMOS North and South placed an
order.

Next Japanese X-ray satellite decided to
employ Hamamatsu's FDCCD




HSC Focal Plane

112 + 4 Guides




Filter




@9  Filter Specification

Supr (me=Cam
Substrate BK7
Diameter 200x170mm
Clear aperture(CA) 192x168mm
Thilcknass 20mm
Thicknesa error < 0. 2m
Paralleliem < 1 arcmin
Sub aperture(SA) 30m : ;
Wavefront error in SA  N/A Suprlme-Cam S
Peak tranemiasion > 9b% spec
Out of band [eak < 0.1%

Cut-off wavelength error 0.6%1.0%
Uniformity (wavelangth) 0. 4%
Uniformity(transmiseaion) 1%

Ripple of transmission 5%




@® Filter Configuration

“Combination of color glass and interference
film” used be traditional.

No large color glass is available

Pure Interference filter is the only option for D
> 50 cm




Two ways of coating

[]

[ R I e

Vacuum evaporation

Advantage
Good uniformity
Large surface
Disadvantage

Porous film
Low durability

less number of layer can be
accumulated

I R I

Sputter deposition

Advantage

Dense film
Good durability

more number of layers can
be accum.

Disadvantage

Difficulty to realize uniformity
over large area

Three substrate
required

One substrate
IS enough

46



LHC, Prototypes

» Broad band filter » Narrow band filter

» Vacuum evaporation » Sputter deposition
» ' band » Ac= 600nm
- 550-695nm - Band width = 8nm
* No out-of-band * No out-of-band
blocking layer blocking layer
Optics Coating Japan Barr Associates
Inc.
47



Broad band prototype

r Bend Trensauission wa Radus from Filter Center

100 T T T T
- T e i —— r[g'::] @Cclﬂr T
= o R Scm
30 f- S ﬂ\“‘l. e —— -
[l 1Ecm — F

i 20cm
’.1.\ ZBEm
I
|
il
1

E’ffj.w | D=60cm

[%]
e
== —_—=—
e e

£00
Wiavzlength[nin]

Uniformity
cut off 3 nm
Trans. 2-3 %




Broadband prototype

Results Supr Ime—Cam (BB)
Substrate N/A BK7
Dlameter G00mn 200x170mn
Clear aperture{CA) 5B0m 1902x1568mn
Thlokneas 10mn 16mm{w/0 Trame)
Thlokness error N/A < 0. 2
Parallellsm N/A <1 aromin
Sub aperture(SA) N/A 30mm
Wavefront error In SA  N/A N/A
Peak transmisslon 4% > 85%
OQut of band leak 0.4% 0.2% <0.1%
Cut-of f wavelength 546rm, 692rm g, r, |, Z (examp|e)
Gut—-of T wavelength error 0.9%, 0.4% 0.6% to 1.0%
Unlformity{wavelength) 0.5% 0. 4%
Unlformity{transmlesion) 1% 1%
Rlpple of transmission 2§ b%

All the performance satisfied Suprime-Cam

specification except “out of band leak” 40
S




mostly radial variation




Substrate
Dlameter

Clear aperturs(CA)
Thiokness
Thiokness error
Parallal | sm

Sub apertures(SA)

Wavefront error In SA

Peak transmlsslon
Out of band |leak

Central wavelsngth(CW)
CW error {r<200mm)
C¥ arror (r<250mm)

Band-pass wldth(B¥)

BW error (r<200mm)
BW error (r<250mm)

Results

N/A
g00mn
B80mn
16mm
N/A
N/A
N/A
N/A
20%
N/A
800
1. 7
ann
Bnn
0. 6nm
0. 8nm

Narrowband prototype

Supr Ime~Cam(NB)

206x170mm
192x168mm

16 {w/0 frame)
< 0. 2mm

< 1 aromin
J0wm

N/A

84%

816nm (exampl e}
anm

10nm
0. 3nm

spec.

Only band pass error do not meet the

o1



“&® Direction of HSC Filter
development

® Barr’s result is much better than originally
expected.

® Sputtering deposition seems the most
favorable option.

® Development of Sputtering chamber is
underway at Asahi Spectra

Barr and/or Asahi would be the
likely option for us -
e




HSC Schedule
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LHC, Summary

® HSC is being built. (Upgrade of 10 years old
Suprime-Cam)

® featuring superb inst. image quality < 0.4
® the fastest survey speed ever

® Most of the technical risks have been reduced
through prototyping.

® HSC will see the first light in late 2011.

We are happy to share technical

iInformation

_ _ o4
e
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