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Requirements for WFI

u Effective FoV > 190□′ ⇔ > 14!×14!

u Spot size ≤ 0.11!!

u Pixel scale ∼ 0.11!!/pix
→ more than 8k x 8k pixels necessary :  Four H4RGs

u 0.9-2.5µm

u Installed on the Cassegrain
focus of Subaru
u length from the telescope 

focal plane to detector
< 1510mm 

VLT/HAWK-I
(7.5’ x 7.5’)

Subaru / IRCS
(1’ x 1’)

HST/WFC3
(2.0’ x 2.3’)

ULTIMATE-Subaru

JWST/NIRCAM
(2.2’ x 2.2’ x 2)

Subaru/MOIRCS
(4’ x 7’)

(14’ x 14’)



Optical Design is Limited by 
Available Glass Material

u Focal plane has large physical size :
𝜙20! → 𝜙600mm @Cassegrain focus of Subaru

u Largest optical glass material currently available
u Fused Silica

u > 𝜙1000mm / 𝑡 = 80mm  :  Suprasil / Company “H”

u CaF2

u 𝜙440mm / 𝑡 =? : Company “N”

u 𝜙350 − 400mm / 𝑡 =? : Company “C”



Four-barrel Optics

u Four independent relay optics with square 
field lenses
u Field lenses placed at ambient temperature of 

normal pressure

u 11 Lens/vacuum window per barrel

u 3 filter wheels / max 15 filters per barrel
1439.59

1599.59

Telescope

Focal Plane

Cassegrain 

Flange

 Telescope Optical Axis

Field Lens

CaF2 □223mm Vacuum Window

Fused Silica ～φ210mm Filter Wheel 2 & 3

Filter Wheel 1

(Broad-band)

1
7

1
.6

1
7

3
.6

16
3.5

Cold Pupil

文書番号 ：SWFI-ER0002 

改訂番号 ： 0  頁 ：11 

 

 

 

5.1.4 デュワの設計(光学系とのインタフェース及び真空窓の保持) 

2019年度より設計が進んだ光学系形状を取り込みデュワの設計を進めた。 

最新の光学系形状は、3.2項(6)CP0046-TM220202(光学系形状)、(7).WFI-Optics(4ch)_20220208(光

学系形状)のCADデータを参照した。図5.1.3-1に光学系形状及び寸法を示す。 

なお、フィールドレンズは、光学系側で保持機構まで設計を実施し、下記図のようにフランジ面を設け

て頂き、デュワ側と締結するインタフェースとした。保持機構についても光学系側で設計して頂く。正し

今年度は詳細な取付位置のインタフェース決定までには至っていないが、2段のフィルターホイールの

下面部でデュワ側の光学ベンチとインタフェースする計画である。 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

図5.1.3-1(1/2) 光学系形状および寸法 

 

 

 

 

Cryogenic

Ambient



Arrangement of FoVs

u Field Lenses
u CaF2 : 226mm x 226mm

u Held by a overhang with 
5mm width

u Effective Field of View
7.2!×7.2!×4 = 207□′

u Spacing between FoVs
∼ 30mm ⇒ ∼ 1′

u Diameter occupied by WFI at 
the focal plane : > 660mm

CaF2 
Field 
Lens

15mm (0.52’)

216mm
226mm

Lens Holding Overhang
5mm wide

Unvignetted
FoV

7.2’ × 7.2’
(211 × 211mm)



Optical Performance

u 0.11!!/pix, 15µm/pix (HAWAII-4RG)

u Image quality : ≤ 0.1!!

u Strong distortion at the focal plane (max 2.2% / 61pix)

CP0046-J21-RP001 -  - OptCraft-2022.03.18. 7
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図図図図    2222    ----2222        1111....1111----1.1.1.1.4 4 4 4 μμμμmmmm 䛾䛾䛾䛾スポットダイアグラムスポットダイアグラムスポットダイアグラムスポットダイアグラム    

 

CP0046-J21-RP001 -  - OptCraft-2022.03.18. 9

 

 

 0 2.5’ 5.1’ 

+5.1’ 

 
0.08 

  

+2.5’ 

 
0.09 

 
0.07 

 

0 

 
0.11 

 
0.09 

 
0.07 

-2.5’ 

 
0.08 

 
0.07 

 

-5.1’ 

 
0.08 

 

 

図図図図    2222    ----4444        2222....0000----2222....5555    μμμμmmmm 䛾䛾䛾䛾ススススポポポポットダイアグラムットダイアグラムットダイアグラムットダイアグラム    
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図図図図    3333. . . . 歪曲収差歪曲収差歪曲収差歪曲収差マップマップマップマップ    
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Spot Diagram (1.1-1.4µm) Spot Diagram (2.0-2.5µm) Distortion Map

3pix
(0.4”)



Remaining Issues/Challenges

u Chromatic aberration of cold pupil
u position of the pupil moves (max 14.4mm) with 𝜆

u adjustable cold stop is necessary

u Thermal emission from the telescope structure
u Additional cold baffles are necessary

u Optical transmittance will be degraded by 7 to 40% 
(max) due to the cold baffles

CP0046-J21-RP001 -  - OptCraft-2022.03.18. 12
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図図図図    4444. . . . 各波長䛾各波長䛾各波長䛾各波長䛾瞳䛾様子瞳䛾様子瞳䛾様子瞳䛾様子    

 

波長 0.9μm 

波長 1.5μm 

波長 2.5μm 
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これら䛾バッフルを使用した場合䛾視野内䛾透過率分布を 図 8 に示す。こ䛾透過率䛿、バッ

フルなどによる光線䛾ケラレ䛾みを考慮して計算してあり、言い換えると光学素子䛾表面反射に

よる損失䛿加味していない。また、最もケラレ䛾小さい視野中心付近で、透過率䛿 92.4%になって

いる。最もケラレ䛾大きい下方（図 1 で䛿望遠鏡光軸に対して最も大きな入射角で入ってくる光

線に相当）で䛿、約 60%まで低下している。こ䛾数字を見るとバッフルによるケラレが非常に大きい

ように感じられるが、バッフルを設けなかった場合䛿代わりに構造物などから䛾輻射が入ってくる

だけ䛾ため、こ䛾効率䛾低下䛿必然と捉える必要がある。 

 

 

 

 

   

    
図図図図    8888. . . . 視野内䛾視野内䛾視野内䛾視野内䛾相対的な相対的な相対的な相対的な透過率分布透過率分布透過率分布透過率分布    
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Focal Plane Arrays

u One HAWAII-4RG per barrel
u 4088 x 4088 sensitive pixels 

u 15um/pix

u Expensive!!

u Readout electronics
u ACADIA ASIC (Markury Scientific)

u Better bias performance than SIDECAR
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Figure 2: Phase 2 H4RG-15 SN 18575 mounted to the ULBCam cold surface through a SiC attachment 
assembly. The two ribbon cables are attached to the package through AirBorn connectors and separate digital 
lines from the video outputs and bias supplies. They run to the SIDECAR ASIC located beneath the mounting 

plate at the same 60K operating temperature. 

The Phase-1 and Phase 2 test programs at UH have utilized a SIDECAR ASIC operated at the same 60K 
temperature as the H4RG-15 SCA. While SIDECAR operation is ideal for many space applications which place a 
premium on low power consumption along with the immunity to RFI offered by the proximity of the ASIC 
controller to the SCA, it is less satisfactory for initial characterization of a new SCA, primarily because of the lack 
of access to the clocks, power supplies and signal lines between the controller and the SCA. This necessitates 
delicate fine tuning of the ASIC controller and the H4RG-15 SCA as an integrated system rather than optimizing 
each separately and prevents direct separation of noise sources. However it should provide a valid comparison of the 
noise performance of Phase 2 relative to Phase 1 H4RG-15 ROICs. 

3. INTERLEAVED REFERENCE PIXEL READOUT 
IRP and CRP readout are additional features of the H4RG-15 that are not available in either the H2RG or earlier 

HAWAII arrays. As described in Section 1.1 of reference (1), both of these readout modes utilize separate rows of 
reference pixels, located between the body of the array and the output pads, that are clocked in sync with the 
columns being read out from the science array.  To generate the CRP output the reference pixel in the same column 
as selected for output 0 is read out through a dedicated reference output (RefOut) channel while for IRP readout 
mode all outputs are toggled between the row being read out and corresponding columns in the reference row to read 
out a reference pixel immediately following all or selected active pixels. Although not clocked, the reference output 
of the H2RG has been used to advantage in sophisticated post-processing noise reduction (5). However as the new 
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Hall+2016

SIDECAR ASIC 
(HST test data)
• Bias buffer noise: 35µV

ACADIA Design 
(ADC Test Chip data)
• Bias buffer noise: 6.8µV



Structure

u Sumitomo Heavy Industries design
u Cylindrical shape

u Connected to the Cassegrain
interface flange by truss structure

u Fits the requirements of Subaru 
Cassegrain Instruments Interface
u Total Weigh 2.9ton

u Total Height 1.91m

u Handled by CIAX cart



Funding Status and Schedule

u Budget : external funding is necessary
u Planning to apply to 特別推進 FY2024

u Only 1~2 out of 4 barrels will be fabricated

u The rests are expected through international collaborations (but not secured yet)

u Medium-band filters are funded by 国際先導

u Schedule
u 2021/6 : CoDR completed
u 2023 : finish preliminary design (国際先導)
u Start fabrication in FY2024 if 特別推進 is successful

u FY2024-2026 : Final design, procurement, and fabrication

u FY2027 : Assembly, Integration and Test

u FY2028 : Transport to Hawaii, First Light !



Summary

u WFI is a NIR wide-field imager for ULTIMATE-Subaru to cover 𝜙20’ FoV with 
0.2” stellar image delivered by the GLAO system

u Optics
u Covers 15.7!×15.7! with four identical relay optics with square field lenses
u Effective FoV : 7.2!×7.2!×4 = 207□′
u 0.11”/pix, <0.1” image quality

u Max 15 filters can be mounted at once

u Structure
u Fits within the Cassegrain Instrument Interface of Subaru
u Dewar with two GM-cycle cryogenic coolers, achieve 50K at the optical 

bench

u Focal Plane Array
u Four HAWAII-4RGs

u Expecting the first light in FY2028


