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Hyper Suprime-Cam

• FOV:  1.5 deg in diameter
• ~ 10 times faster Survey speed than 
Sprime-Cam

• Image quality: Instrument PSF < 0.3 (FWHM)
• Equivalent with SC in r, i, z, Y band: 





HSC Collaboration
1. Camera Mechanics

- Dewar, Shutter, Filter Exchanger
2. PFU Mechanics

- Telescope I/F, Attitude Control, InR
3. Optics

- Wide Field Corrector
- Filter

4. Sensor
- CCD
- Readout electronics

5. Data Management
6. Project Management

- Schedule, Budget
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HSC Overview
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SC and HSC

SC is already very 
large.

SC

HSC



HSC System Design
HSC PSF 

0.324(FWHM)

Diffraction 
Limit 0.013

WFC 
0.200

Primary 
Mrror 0.100

Optics Mis-
alighnment 0.171

WFC to PM 0.085 Instrument Rotator 
Axis displacement  
0.020

Focal Plane 
Tilt 0.146

A 
0.077 

B  
0.077

C 
0.077

Instrument Frange 
to CCD Focal 
plane  0.06

Tracking Error 
0.151

CCD Height 
Variation 0.050

the largest PSF in the field

Error budget Distribution



Frame FEM Analysis

TM-N51167 

2. FEM
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COMPANY PROPRIETARY NOT TO BE REPRODUCED OR DISCLOSED WITHOUT 
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SPECIFIC WRITTEN PERMISSION OF MITSUBISHI ELECTRIC CORPORATION 

Flexure is 
allowed
but tuned by 
design and 
additional 
manufacturing

Alignment between Dewar 
and Lens is crucial.



PFU Mechanics Design
• Defining Specifications of 
• Frame
• Hexapod Actuators 
(steward platform)

• Instrument rotator



PFU Mechanics Design
• Defining Specifications of 
• Frame
• Hexapod Actuators 
(steward platform)

• Instrument rotator
Mitsubishi has almost 

finished this design study
just recently 



 Camera Mechanics
(a) CCD Dewar

Scale up of Suprime-Cam’s 
48 W(173K) Pulse Tube Cooler X 2

(b) Shutter
Prototype built

(c) Filter Exchanger
ASIAA Contribution, under design
Wang’s talk



HSC Dewar

Mechanical and thermal design completed
Prototype being built this spring



CCD Mosaic

(a) (b)

Figure 3. (a): The layout of CCDs on the cold plate. (b): The vignetting plot as a function of the field radius.

One unit of FEE handles 4 CCDs and its dimension is 240 mm × 150 mm. There are four 65 pin micro D-sub
connects on the bottom side of FEE and FPC cables from CCD packages are connected to these connectors. It
also has one 9 pin MDM connector one end of FEE which is used as a signal line. On the other end, a 60 pin
connector is attached and connected to the bus-type connector which is installed on the FEE assembly and the
DC power is supplied from the bus. A support bar which embeds a heat pipe is attached at the top end of the
FEE to fix the FEE to the beam of the FEE assembly, as well as to remove the heat generated from FEE to the
beam. We plan to equip coolant lines through the FEE beams and circulate coolant to efficiently remove the
heat.

There are two rooms reserved for the cooling path between the cold head of the cooler and the cold plate.
The size of the each room is 500 mm × 65 mm. The thermal analysis (see Sect. 4) shows that wide contact area
on the cold plate is necessary to keep CCD temperature uniform over the focal plane.

Back Assembly The back assembly is where two coolers and vacuum maintenance instruments are attached.
An ordinary vacuum valve of ISO-KF 40 size (e.g., Pfeiffer EVB 040 SA) and a full range vacuum gauge (e.g.,
Pfeiffer PKR 251) are attached. We also plan to adopt a noble pump Varian Vaclon Plus 20 which has a pumping
speed of 20 l/s. For more details of the cooler, see Sect. 4.

3.2 Focal Plane Layout

Fig. 3(a) shows the layout of 116 CCDs on the focal plane. The inner dashed circle represents the 1.5 degree
field of view, which corresponds to 498 mm in physical size. The outer dashed circle represents the area where
CCDs receive incoming photons. The diameter is 530 mm in physical and 1.59 degree field of view. The solid
line circle represents the outer diameter of the dewar (700 mm). As shown in the figure, 116 CCDs cover 1.5
degree field of view quite well. Fig. 3(b) shows the vignetting diagram as a function of the field radius. The
vignetting gets worse as the radius increases and it is 25% at 0.75 degree (i.e., 1.5 degree diameter), then steeply
degraded to ∼40% at the 0.8 degree edge.

The dimension of a CCD package is 31.54 mm × 66.825 mm with 9 mm thick and the gap between CCD
packages is 0.2 mm. Since the light-sensitive area of CCD is 30.72 mm × 61.44 mm, the effective gaps between
CCDs are 1.02 mm (11 arcsec) in 2k direction and 5.585 mm (62 arcsec) in 4k direction, respectively.

116 CCDs
Height variation
< 25 micron(p-v)

~ 500 mm

SiC monolithic 
cold plate



Shutter Prototype
• Goal 10 second exposure with 1 % precision



Optics (WFC)
Designed Image quality : FWHM << 0.2 arcsec

0.17 arcsec/pix (15 um pix)

Convex Aspheric lens
is feasible only at few 
optics firms including 

Canon



Designed Image quality

1

Suprime-Camと HSC光学系設計性能の比較

宮崎 聡, 小宮山　裕

2008年 12月 15日

RMSの比較

Suprime-Camと Hyper Suprime-Camの光学系設計性能を比較するために，zemax を用いて，spotの
rms radiusを調べた．

0 0.125 0.25 0.5 0.75 [deg]
g 1.0 2.7 3.6

(0.49) 5.8 5.5 6.3 9.2 5.2
r 1.9 3.0 4.2

(0.63) 1.3 1.5 3.4 4.0 4.5
i 3.1 3.8 5.7

(0.77) 2.8 3.8 5.1 5.3 4.4
z 3.8 4.3 6.7

(0.90) 2.8 4.1 5.0 6.3 4.6

単位はミクロン．g 以外では，HSC の設計値は全ての画角において，SC と同等かむしろ良い．Plate
scale は HSC において，0.17 秒角/ピクセルであるので，視野角 0.25 秒以内の最悪値は FWHM =
6.3/15 × 0.17 × 1.67 = 0.12 秒角となり，Natural Seeing 0.4秒角以上の場合は実質問題ない．ここで，
FWHM = 1.67σ を使った．

RMS spot radius (micron) upper:SC, lower:HSC
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4. Sensor CCD
Hamamatsu (HPK) Fully Depleted CCD

Product of long term (10 years) NAOJ-
HPK Collaboration

HSC is a primary motivation of the 
development (upgrade of Suprime-Cam)



HPK FDCCD
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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

1

TCCD = −100◦C

200µm



QE Comparison

E2V CFHT

E2V HDS

SSC
HSC





Super Suprime-Cam

• Prototype of Hyper Suprime-Cam
• Offered to general observers (shared risk 
basis) since August, 2008

• 40 % QE increase in z’ confirmed



Super Suprime-Cam

• Prototype of Hyper Suprime-Cam
• Offered to general observers (shared risk 
basis) since August, 2008

• 40 % QE increase in z’ confirmed

No observer’s complaint so far.



M17  B Rc z’



Filter

! !

Designed Transmission Curves

! g' (400nm-550nm)Designing Interference Filter



Filter Prototype
• Standard Evaporation method
• 60 cm phi

! !

Prototype Filter Transmission Curve

! r' (550nm-695nm)

All specs are met 
including the uniformity



Filter Structure
• 6 glass surface is required because the 
film built by the standard evaporation is 
porous 



Sputtering deposition

• A way to obtain dense film
• We need to explore this option to make 
things simpler

• Possible vendors
• Asahi Spectra
• Barr Associate



Narrow band Filter
• Prototyping at Barr Associates through 
Hayashino-san
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Narrow band Filter
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Narrow Band Filter

• Asahi Spectra’s effort
• Building new sputtering facility
• Goal of cut off wavelength uniformity 
• < 10 A

Both Asahi and Barr are possible options.



Project Milestones
Constraint
- Dark Energy Survey (2011/01 Survey start)
- Grant-in-Aid ends (2012/03)

2009/03  Design Review
2010/12  Assembly Completed at Mitaka
2011/1    Ship to Hawaii
2011/6    Engineering First Light
2011/9    Science Observations starts



フィルター持ち込みポリシー

• 必要性
• Suprime-Camでは、ポリシーが不明確だっ
たため、運用現場が混乱してしまった。

• HSCはよりフィルターはより高価になる
（SCの最低10倍）



ポリシーの決め方

1. 観測所、HSC製作組でたたき台を作成
2. 科学的、運用面を含め多角的に検討
　(SAC + 観測所で検討WG ?)
3. 観測所長が決定
4. 予算申請等を開始

T副観測所長の提案



ポリシーたたき台
• 現場レベルで検討中
• 基本的な考え方
• フィルターを観測所に引き渡した時点で、
制作者にはその所有権を放棄してもらう

• 観測所は受け入れ後、一般公開を行う
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ポリシーたたき台
• 現場レベルで検討中
• 基本的な考え方
• フィルターを観測所に引き渡した時点で、
制作者にはその所有権を放棄してもらう

• 観測所は受け入れ後、一般公開を行う

破損等における責任
を観測所は負わない

フィルター製作はコミュニティーへの貢献



HSC Project Status
1. Camera Mechanics
2. PFU Mechanics
3. Optics

- Wide field Corrector
- Filter

4. Sensor
- CCD
- Readout electronics

5. Data Management
6. Project Management

- Schedule
- Budget

  80 %
  70 %

  95 %
  60 %

  95 %
  60 %
  40 %

Design completed 
by 2009/1 Risk



Summary

HSC design and prototyping is 
underway almost on schedule.

Design Review is scheduled on 
March 2, 2009


