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Subaru telescope
• One of  thirteen 8-10 m class telescopes in the world  (2007)

• Superb image quality (mostly natural seeing limit)

• PM Actuators are controlled based on a static table. 

• Tracking is stable   (0’’.1 rms in 10 min blind tracking)

• High Image quality wide field camera is realized.

No image stabilizer is 
necessary



corrector PM

8.2 m

Suprime-Cam

F/2.0   f  = 16400 mm      FOV   D=30 arcmin



Canon G1 Phi 50 cm
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Suprime-Cam CCD

6 cm (4096 pixel)

3 cm 
(2048 pixel)

3.6 cm

EOS-1 Ds MkIII
2100 Mpixel

MIT/LL CCID-20
800 Mpixel



MIT Lincoln lab CCD
• One of  X-ray CCD suppliers

• ASCA, Chandra, Suzaku

• Low Noise, High CTE, Thick depletion layer (~ 40 micron)

• Optical CCD was supplied for astronomy communities 
through University of  Hawaii



Alignment Pins

Epoxy buffer blockbuffer blocks



Placement into the dewar



12 cm

15 cm

Focal depth +- 30 micron
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Suprime-Cam

Dewar

filter juke box

filter elevator



Prime Focus Unit
(Lens, Attitude Control, 
Cable wrapper)

Prime Focus Unit



Mounting on the telescope



Top Unit Exchanger (TUE)
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NGC 253  (B, V, Ic)



Thank You
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HST WFPC2
(All FOV)

Suprime-Cam
（FOV/100)



Thank You

HST WFPC2
(All FOV)

Suprime-Cam
（FOV/100)



Suprime-Cam

• Large Aperture

• Superb Img Qlty

• Wide Field

• High QE in red

Okamura Miyazaki KimuraDoi

Nakata Komiyama Sekiguchi Shimasaku



High Redshift Galaxies

Good example to show Suprime-Cam strength



Hyper Suprime-Cam

HST Suprime-Cam HSC

1.5 deg

Expand the Suprime-Cam FOV
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Hyper Suprime-Cam Config



HSC Side View
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HSC WFC NAOJ Design
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Img Qlty equivalent with SC

天文台による設計例



HSC Optics

Final design considering manufacturablity 

Detail tolerance analsysi

Design of  Lens Barrel
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HSC WFC Issues
• Tele-centricity must be improved to satisfy WFMOS 

specfication
page 3 of 4 

C:\DOCUME~1\YOKO\LOCALS~1\Temp\B2Temp\Attach\Vignetting and telecentricity 2.doc   

Figure 3.  Vignetting plot with allowance for non-telecentricity 

Figure 1. Vignetting without accounting for non-telecentricity. 

Figure 2.  ray pattern at final surface #31 with no aperture 

at surface #30 The circle diameter is 4.475 m. 
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Field Angle 0.75 deg

HSC
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Figure 3.  Vignetting plot with allowance for non-telecentricity 

Figure 1. Vignetting without accounting for non-telecentricity. 

Figure 2.  ray pattern at final surface #31 with no aperture 

at surface #30 The circle diameter is 4.475 m. 

WFMOS



HSC Development Team
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Camera Unit
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Camera Unit

!"#$%&'(

!"#$%&'()*!"#$+,-./0123456789:9;<=>?@AB!!%C7D9EFG(

:9EHIJ:9KL.MNOPQ>?@AB

!HIJ:9*RSTU;VW#XYZU>?[\,]$%&'()PQ^Y_5`ab>?@AB

!cd`ef(g-.*TUh9i9:9YjOklm@A/0[$%&'()*klYjnoUpqrstY

uvAnwxKyO@AB

&

)*'+,-

./01

#$%&'(2

%34567

#$%&'(

89:;<6=

>>?@;A6BC'=6

4DE=6

)*'+,-

F>GHIJ

4DE=6KL2

=6MN63E

!"#$%

• &'()*!"#$%
– +,-./012340

! 56789:;<=

– >?/$@>ABCDEF
• G%$%HIJK

! LMN)

• !%/4OPKQRS 

• TUV:WX : 1 sec

• V:WXYD KZ<0.1 %

rotator付きの最新のも
のにupdateする

Dewar

Actuator

Sh
ut

te
r

Rotator



CCD Dewar

60 cm



Fully Depleted CCD
• Red QE drops because the CCD is transparent: need 

thicker depletion layer (DL) to improve it

•  

• High     n-type Si is obtained through neutron dose

Merit

High QE in red
Less fringing
Easier to obtain BI CCD

ρ
dDL ∝ ρ [Ωcm]



Signal is carried by Holes

• 完全空乏型CCDの波形



Collaboration with HPK

• 2000  NAOJ - HPK Collaboration started

• 2001  Japanese X-ray groups joined

• 2006 2k4k BI CCD delivered



HPK FDCCD



FDCCD QE

Copyright © Hamamatsu Photonics K.K.   All Rights Reserved.
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X-ray Energy Resolution

wBB@-100℃
Vbb=20[V]

Scte:0.9999998

Pcte:0.9999993

FWHM 145.7[eV]
R.N. 5.6[e]
Sv　 2.46[uV/e]



FDCCD Characterization

2007 IEEE Nuclear Science Symposium Abstract

EVALUATION OF HAMAMATSU FULLY DEPLETED CCDS AND THE APPLICATIONS TO SUBARU
TELESCOPE IMAGERS

SATOSHI MIYAZAKI
1,2 , YUKIKO KAMATA1, HIDEHIKO NAKAYA2,

YUTAKA KOMIYAMA2, YOSHIYUKI DOI2 , HISANORI SUZUKI3,
MASAHARU MURAMATSU

3, TAKESHI TSURU4, EMI MIYATA
5, HIROSHI TSUNEMI5

satoshi@subaru.naoj.org

ABSTRACT

Large aperture telescopes always require improvement of quantum efficiency (QE) of detectors in order to make
science output maximum within a limited amount of the observing times. In longer wavelength of optical band
(> 700 nm), QE drops because lights penetrate the depletion layer of the detectors. If we have a thicker depletion
layer, the QE can be improved. To meet this goal, National Astronomical Observatory of Japan and Hamamatsu
Photonics have been collaborating in building the thick back illuminated CCDs by adopting high resistivity n-
type silicon. The format is 4 side buttable, 2048×4096 15 µm square pixels with 4 low noise output amplifier.
The evaluation results show that all the specification have been met. We plan to replace CCDs of Suprime-Cam
(Subaru Telescope wide field imager) with these devices to improve the performance. We also have an upgrade
plan of Suprime-Cam itself that is called Hyper Suprime-Cam (HSC). HSC will have field of view of larger than
1.5 degree diameter covered by more than 100 CCDs. HSC is expected to see the first light in 2010.

1. HAMAMATSU FULLY DEPLETED CCDS

FIG. 1.— Appearance of Hamamatsu fully depeletecd CCD. CCDs is
epoxyed on a ceramic package (light blue) with electric connectors. The pack-
age is then epoxyed with “Pin Base” which is a AlN block with alighment pins.
Four side buttable mosaic configulation is allowed.

2. EVALUATION RESULTS

Parallel CTE 0.999995
Serial CTE 0.999995
Quantumn Efficeincy 40 % (400 nm)

90 % (650 nm)
40 % (10000 nm)

Thickness ≥ 150 [µm]
Dark Current 1.4 [e/hour/pixel]
Full Well 180,000 [e]
Amplifier Responsivity 5.8 [µV/e]
Read Noise 4.4 e at 150 kHz reaout

All measured at -100 ◦C

3. SUPRIME-CAM FOCAL PLANE

FIG. 2.— Assembly of Suprime-Cam mosaic focal plane. Ten CCD will be
placed eventually to cover 34 arcmin ×27 arcmin field of view.

4. HYPER SUPRIME-CAM

FIG. 3.— Schematic view of Hyper Suprime-Cam. The diameter of the first
lens is about 1 m.

1 Advanced Technology Center, National Astronomical Observatory of Japan Tokyo Japan
2 Subaru Telescope/NAOJ, Hawaii, USA
3 Hamamatsu Photonics, Hamamatsu, Japan
4 Kyoto University, Kyoto, Japan
5 Osaka University, Osaka, Japan
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TCCD = −100◦C



Sc CCD Replacement
CCDs : 2k x 4k 

2048 x 4096 
(15 micron) 
device in process!

New Suprime-Cam dewar is waiting for 

10 CCDs to deliver. It will be tested on 

Subaru Telescope next summer.

• 2007 MIT/LL CCIDs of  Suprime-Cam will be replaced

New Dewar for
HPK FDCCD



FDCCD for HSC

Copyright © Hamamatsu Photonics K.K.   All Rights Reserved.
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HSC Schedule

2007        2008        2009        2010        2011

 ManufacturingDesign

CCD Manufacturing

FLPDR FDR

Assembly and Test

Design Manufacturing

Optics

HSC 
Mechanics

Concept

Design Manufacturing
Camera 

Mechanics
Concept



Comparison

HSC Pros
Demonstrated High Img Qlty
High Performance CCD

HSC Cons
Difficulty in obtaining
telescope time

Project AΩ F.L. Obs. Time Survey (deg2)

DES 37 2009 △ 5000

Pan-STARRS 13.4×4 2007 PS1 ○ 1200, 31000

HSC 91 2011 × 2000

LSST 329 2013∼2014 ○ 20000

DUNE 0.57 - ○ 20000

SNAP 1.1 - ○ 1000, 10000

1



Message to WFMOS Design Team
Happy to work with you 

Space constraint is 
tighter than originally 
expected.

Some compromises of  
specs. will be inevitable.
(eg vignetting)

More flexible and 
frequent communication 
is crucial at this stage.



Summary

• HSC ~ 10*SC with red QE enhancement

• Competitive with others but not outstanding

• Telescope time is hard to obtain:

• Pursuing single science case (eg DE) is not the 
only option.

• Good Astronomical  Survey have to be designed

• Princeton collaboration

• WFMOS extension is unique and interesting.



Thank You


