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ASCA 「あすか」(1993) 
Imaging Scintillation 
Proportional Counter

Suzaku 「すざく」 
(2005)  

X-ray CCD

XRISM 「クリズム」 
(2023) 

X-ray CCD

JEDI / Chronos  
(~2033) 

X-ray SOIPIX

Self Introduction
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XRISM X-Ray Imaging and Spectroscopy Mission   |   Media Kit

Introduction
With just 60 years of history, X-ray astronomy is a relatively new field compared with the several 

thousands of years we have been studying astronomy. However, even in its short history, X-ray astronomy 

has already provided the world with new views of the universe, including observations of previously 

unknown objects, such as black holes and neutron stars, and the discovery of intergalactic high-energy 

plasmas. X-ray astronomy has introduced observational techniques that reveal new aspects of the 

universe. The X-ray microcalorimeter instrument the X-Ray Imaging and Spectroscopy Mission (XRISM) 

carries, called Resolve, is another instrument that will greatly add to this growing history.

The objective of XRISM is to reveal the universe in X-rays, exploring new cosmic frontiers in the field of 

X-ray astronomy. XRISM will expand on advanced technologies from previous JAXA missions, including 

a state-of-the-art spectrometer with 30 times higher energy resolution than conventional spectrometers. 

Utilizing new capabilities and implementing lessons learned from past missions, JAXA is working with 

NASA, ESA, domestic and international universities, and research institutes to achieve state-of-the-art 

science with high reliability.
XRISM will be an X-ray observatory available to the international scientific community. XRISM will 

investigate the structural formation of the universe and the evolution of galaxy clusters, the history of 

material circulation in the universe, and energy transport and circulation in the universe. In addition, the 

mission will aim to pioneer new science using ultra high-resolution X-ray spectroscopy.

http://www-cr.scphys.kyoto-u.ac.jp/member/tsuru/index.html
mailto:tsuru@cr.scphys.kyoto-u.ac.jp


Major X-ray Astronomical Satellites 3

Hitomi

Athena

20302020

Hitomi / XARM

Gas counter
w/ Collimator

Gas Imager CCD Imager

Chandra X-Ray Surveyor 
Relative effective area (0.5 – 2 keV) 1 (HRMA + ACIS) 50 

Angular resolution (50% power diam.) 0.5” 0.5” 

4 Ms point source sensitivity (erg/s/cm2) 5x10-18 3x10-19 

Field of View with < 1” HPD (arcmin2) 20 315 

Spectral resolving power, R, for point 
sources 

1000 (1 keV) 
160 (6 keV) 

5000 (0.2-1.2 keV) 
1200 (6 keV) 

Spatial scale for R>1000 of extended 
sources 

N/A 1” 

Wide FOV Imaging 16’ x 16’ (ACIS) 
30’ x 30’ (HRC) 

22’ x 22’ 

• High-resolution X-ray telescope 

• Critical Angle Transmission XGS 

• X-ray Microcalorimeter Imaging 
Spectrometer 

• High Definition X-ray Imager 

Concept Payload for: 
 Feasibility (TRL 6) 
 Mass 
 Power 
 Mechanical 
 Costing (~$3B) 
 

NOT THE FINAL  
CONFIGURATION!!! 

Notional Optics & Instruments 

Lynx

NuSTAR

CdTe/GZT

JEDI/Chronos

High Speed 
CCD, APS



X-ray Imaging System 4

http://astro-h.isas.jaxa.jp/diary/1329/
https://user.spring8.or.jp/sp8info/?p=2925 Imager

Camera

X-ray Mirror

F=3-10m



Detection of Visible light and X-rat photon 5

• Both visible light and X-rays can be detected by silicon image 
sensors.

• However, there are differences. 

X-ray photon:
• One X-ray photon ⇒ multiple e-h pairs. 
• The number of e-h pairs ∝ X-ray energy 

(3.65 eV / 1 e-h pair).
• By measuring the signal charge, we can 

measure its energy.

one  
X-ray photon

Visible light:  
• One visible light photon ⇒ one e-h pair. 

one visible 
light photon



http://chandra.harvard.edu/photo/2013/sn1006/

Expos.1 Expos.2 Expos.3 Expos.4

Energy-resolved X-ray photon-counting

• Detect an X-ray photon as one-by-one event. 
• Measure position, energy and time of each X-ray event. 
• Typical observing time per object is one day.
• Make exposures of ~10^4 times.
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No. S1] Suzaku Observation of SN 1006 S143

As shown in figure 2, we found clear K-shell (K˛) lines
from Ar, Ca, and Fe, for the first time. With a power-law plus
Gaussian-line fit, we determined the line center energy of the
Fe-K˛ to be ! 6.43 keV. This energy constrains the Fe ioniza-
tion state to be approximately Ne-like.

3.3. Iron Line Map

We show in figure 3a an image in a relatively narrow band
(6.33–6.53 keV) that contains the Fe-K˛ line. This image was
generated by subtracting the continuum flux at energies of 6.1–
6.3 keV. (The image in this band is shown in figure 3b.)

We can see that the Fe-K˛ flux is enhanced at the
southern part of the remnant (outlined in red with a ellipse),

Fig. 2. Background-subtracted XIS spectra extracted from the whole
SE quadrant (SN 1006 SE). The black and red points represent the FI
and BI spectra, respectively.

Fig. 3. XIS intensity map at the Fe-K˛ line (a: 6.33–6.53 keV band), from which the continuum flux at 6.1–6.3 keV band [shown in (b)] is subtracted.
In both images, exposure and vignetting effects are corrected. The data from the three FIs are combined. Two corners of the calibration sources are
removed. The black squares indicate each FOVs of the XIS. The red ellipse shows the region where we extracted the spectra for a detailed analysis.

except for the NE and SW quadrants where the non-
thermal emission is dominant. The mean surface bright-
ness at 6.33–6.55 keV within the elliptical region is 8.5
(˙0.5) " 10#9 photons cm#2 s#1 arcmin#2, while that outside
it (only in the SE and NW quadrants) is 4.6 (˙0.3) " 10#9

photons cm#2 s#1 arcmin#2. In order to study the thin-thermal
spectrum with the best S/N ratio for Fe-K line, we extracted the
X-ray spectrum from within the elliptical region, excluding the
corner of the calibration sources. The background subtraction
was made in the same way as that of the full-field spectrum.
The results are given in figure 8. Hereafter, all detailed anal-
yses are made using this spectrum.

3.4. Energy and Width of the Emission Lines

In order to study the line features, we fitted the spectra
extracted from the elliptical region with a phenomenological
model; a power-law for the continuum and Gaussians for the
emission lines. The best-fit center energies and widths for the
emission lines are shown in table 1. Since the absolute energy
calibration error is ˙0.2% above 1 keV (Koyama et al. 2007),

Table 1. The center energies and widths of the emission lines.

Line Center energy$ (eV) Width! (eV)

Mg-K˛ 1338 (1337–1340) < 5.4
Si-K˛ 1815 (1813–1816) 40 (38–42)
S-K˛ 2361 (2355–2365) 60 (54–65)
Ar-K˛ 3010 (2991–3023) < 50
Ca-K˛ 3692 (3668–3724) < 57
Fe-K˛ 6430 (6409–6453) < 60

$ Errors (statistical only) are given in parentheses (see text).
! One standard deviation (1").

Central 
Region

S156 A. Bamba et al. [Vol. 60,

Table 2. XIS spectral fitting parameters for the nonthermal rims (NE+SW1+SW2).!

Parameters thermal! + power-law thermal! + srcut
NH (cm"2) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6.8 # 1020 (fixed)
VNEI 1 (ejecta 1)

kT (keV) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.2 (fixed!)
nOneV (cm"3) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2.86 (2.45–3.06) #1052 4.19 (4.05–4.32) #1052

VNEI 2 (ejecta 2)
kT (keV) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.9 (fixed!)
[S=O] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2.7 (fixed)
nOneV (cm"3) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8.43 (8.18–8.55) #1053 3.82 (3.77–3.89) #1053

NEI (ISM)
kT (keV) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 0.45 (fixed)
net (cm"3s) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5.7#109 (fixed)
nHneV (cm"3) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.14 (1.06–1.21) #1056 3.45 (3.43–3.48) #1056

Nonthermal component
Γ="roll (—=Hz) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2.73 (2.72–2.74) 5.69 (5.67–5.71) #1016

Norm (photons keV"1cm"2s"1 at 1 keV=Jy at 1 GHz) : : : : 4.05 (4.04–4.07) #10"2 16.2 (16.1–16.3)
Gain offset for FI (eV) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3.9 "1.4
Gain offset for BI (eV) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : "5.0 "4.0
#2=d.o.f. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2200=588 857=588

! Parentheses indicate single parameter 90% confidence regions.
! Thermal parameters are fixed following Yamaguchi et al. (2008).

Fig. 3. XIS spectra of NE (left) and SW (right) regions. Thermal and nonthermal models are represented with dotted or solid lines. Black and red
represent FI and BI spectra, respectively. The lower panels in the figures are residuals from the best-fit models.

3.1.2. NE and SW rims
We applied the thermal model plus the srcut continuum

described above to the NE and SW rim spectra separately. The
plasma parameters of the three thermal components were fixed
at the values for the nonthermal rims (see table 2), except for
normalization. The best-fit models and parameters are shown
in figure 3 and table 3, respectively. The fittings are again
statistically unacceptable (#2 = 553=338 for NE and 527=368
for SW), but they show no large-scale structure.

3.2. HXD PIN Spectra

SN 1006 is an extended source for the PIN, as shown in
figure 1. We therefore have to consider the effect of the
PIN angular response for diffuse sources. In order to esti-
mate the total efficiency for the entire SNR, we assumed that

the emission region in the PIN energy band is the same as
that of the ASCA GIS 2–7 keV image available from Data
Archives and Transmission System (DARTS)3, which covers
the entire remnant. The derived efficiency in each observation
is shown in figure 4. The discontinuities around $ 50 keV are
due to the Gd K-line back-scattered in GSO, and the enhance-
ment above 50 keV in the SW bg1 effective area is due to
the transparency of the passive shield, which becomes larger
in the higher energy band (Takahashi et al. 2007). Takahashi
et al. (2008) checked the influence of the source size on the
effective area for extended sources, and found that it has no
energy dependence. The rim observations (NE, SW1, SW2,
SE, and NW) have similar efficiency, while the background

3 See hhttp://darts.isas.jaxa.jp/astro/i.
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3.1.2. NE and SW rims
We applied the thermal model plus the srcut continuum
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plasma parameters of the three thermal components were fixed
at the values for the nonthermal rims (see table 2), except for
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SN 1006 is an extended source for the PIN, as shown in
figure 1. We therefore have to consider the effect of the
PIN angular response for diffuse sources. In order to esti-
mate the total efficiency for the entire SNR, we assumed that
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that of the ASCA GIS 2–7 keV image available from Data
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the entire remnant. The derived efficiency in each observation
is shown in figure 4. The discontinuities around $ 50 keV are
due to the Gd K-line back-scattered in GSO, and the enhance-
ment above 50 keV in the SW bg1 effective area is due to
the transparency of the passive shield, which becomes larger
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et al. (2008) checked the influence of the source size on the
effective area for extended sources, and found that it has no
energy dependence. The rim observations (NE, SW1, SW2,
SE, and NW) have similar efficiency, while the background

3 See hhttp://darts.isas.jaxa.jp/astro/i.

Bamba+08 PASJ 60, S153 

Filaments

Map of the number of X-ray events

・・・

Histogram of energy (electron number) of X-ray events

Yamaguchi+08 PASJ 60, S153 



開発の歴史 7

1993 2000 2005 2008 2016 2023
ASTRO-E 
(XIS)

あすか 
(SIS)

すばる 
(SC)

ひとみ 
(SXI)

2K4K

すざく 
(XIS2)

XRISM 
(SXI2)

FI 70µｍ

HPK 
CCD

+ BI 30µｍ

FI 50µｍ

BI 200µｍ

2013
すばる 
(HSC)

PchNeXT4

20XX
??? 

MIT 
CCD

MIT 
CCD (ツルは参加し

ていません)

• 段階ごとに学んできた 
• XIS : CCDシステムとは何かを学んだ 
• SXI : CCDセンサとは何かを学んだ 
• SOI : イメージセンサを作るとは何かを学び中 
デバイス，プロセス，素子回路，パッケージ…

国立天文台 宮崎さんたちとの共同開発

MITとの共同開発

SOI XRPIX

SOIグループ: 多分野が連携 
素核・放射光・高エネ天文・赤外線
天文・医療・集積回路デバイス工学



厚い空乏層を持つ裏面照射型CCDの開発
•2000年 or 2001年  
宮崎さんとハワイ観測所でお話
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•鶴：僕たちは厚い空乏層のCCDを開発しているんですが， 
　　宮崎さんはどんなCCDを？ 

•宮：僕たちも厚い空乏層を持つ裏面照射型CCDを開発しているんですよ～ 
•鶴：おー,それは素晴らしい！　X線天文用のを開発したいです！ 
•宮 & 鶴：一緒にやりましょう！

• (少なくともツルは)割と気楽な気持ちで「共同開発」を始めた 
•大まかなスペックを共有できることを確認 
• 2015頃まで定期的にHPKでのmeetingを開催．多分100回近い． 
•評価結果の共有がメイン． 
•特に開発の分担などは決めずに，ゆるい感じで行った



厚い空乏層を持つ裏面照射型CCD w/HPKさん 9
SofｔX‐ray Imager/ASTRO‐H to Xtend/XRISM

27

FPC with Al tape

30mm

60mm

CCD Chip

AlN with Au coat

ASTRO‐H Satellite

�JAXA

�ASTRO‐H/SXI team

Pch Fully depleted BI CCD
24umx24um, 1280x1280, FT type
200um depletion depth
Al coating window

2kx4k CCD for Subaru Hyper Supurime‐Cam 
28

CCD Chip

4side buttable assembly
Thermistor

PGA

AlN base

Pre‐
Amplifiers

30mm
60mm

S10892‐02:
Pch Back illuminated CCD
15umx15um, 2048x4096
200um depletion depth
5e‐rms readout noise
Anti‐reflection coating
‐100C cooling
AlN base plate
40% QE @1um

SofｔX‐ray Imager/ASTRO‐H to Xtend/XRISM
27

FPC with Al tape

30mm

60mm

CCD Chip

AlN with Au coat

ASTRO‐H Satellite

�JAXA

�ASTRO‐H/SXI team

Pch Fully depleted BI CCD
24umx24um, 1280x1280, FT type
200um depletion depth
Al coating window

2kx4k CCD for Subaru Hyper Supurime‐Cam 
28

CCD Chip

4side buttable assembly
Thermistor

PGA

AlN base

Pre‐
Amplifiers

30mm
60mm

S10892‐02:
Pch Back illuminated CCD
15umx15um, 2048x4096
200um depletion depth
5e‐rms readout noise
Anti‐reflection coating
‐100C cooling
AlN base plate
40% QE @1um

HPK-imagesensor_HisanoriSuzuki_20180926.pdf

•N型ウェハ（ホール収集）比抵抗 >10kΩcm 
•バックバイアス　20～30V 
•空乏層厚み　200µm　裏面照射（ただし裏面の構造は違う） 
•ピクセルサイズ　X線用：24µm□　　可視光：12µm□
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2008年11月20日 - 京都新聞(夕刊) -

これはもちろん宮崎さんらによる
2k4kBICCDのことです．

HSCの2k4kBICCDとASTRO-HのPchNeXT4は兄弟
光赤外とＸ線 ⇒ 実は欲しい物は似ている．

(裏面照射，厚い空乏層，低ノイズ)



厚い空乏層・裏面照射 11

• 空乏層厚みに対する要求は似ている．適切な厚みというものがある． 
• 厚すぎると電荷が拡散．バックグラウンドが増加． 

• 裏面構造は違う．裏面からの暗電流が低いことは共通． 
• 可視光はARコートが必要．Ｘ線は1個のイベントに対する100%の電荷収集効率

細かい違いはあるが 
だいたい同じ



必要な性能 12

エリア 20 - 60mm□

ピクセル 望遠鏡・チャージシェア 
転送速度(CTE)・データ量

20 - 40µm

ノイズ エネルギー分解能 
CCD読み出しアンプ < 6e (rms)

暗電流 1回の露光<<読み出しノイズ < 0.1e/pix/s

フルウェル 40 keV Ｘ線が作る電荷量 10ke- 

電荷転送 分光性能 CTI << 1e-5

転送速度 パイルアップしないサイクル
(1-10秒)で読む必要がある

～100kHz

D=540mm (HSC)
20 - 60mm

～15 µm

似たような値． 
Ｘ線の方が厳しい感触． 
結局はプロセスで決まる

長露光時間 ⇒ 厳しい要求 
< 5e/pix/hr = 1e-3e/pix/s
明るい星も暗い星を同時観測 
大ダイナミックレンジ．～150ke- 

値はほぼ変わらないと思うが， 
低い転送速度で達成すれば良い

一般的には．もう少し 
低い転送速度で良いはず

3サイド 4サイド (HSC)

Ｘ線 可視光

細かい違いはあるが，だいたい同じ

望遠鏡
CCDプロセス(センサ)

(バタブル) モザイク・パッケージ

(モザイク)
項目 決定要因

数字は目安です．実際の仕様と
一般的な値が混ざっています



パッケージや読み出し 13
SofｔX‐ray Imager/ASTRO‐H to Xtend/XRISM

27

FPC with Al tape

30mm

60mm

CCD Chip

AlN with Au coat

ASTRO‐H Satellite

�JAXA

�ASTRO‐H/SXI team

Pch Fully depleted BI CCD
24umx24um, 1280x1280, FT type
200um depletion depth
Al coating window

2kx4k CCD for Subaru Hyper Supurime‐Cam 
28

CCD Chip

4side buttable assembly
Thermistor

PGA

AlN base

Pre‐
Amplifiers

30mm
60mm

S10892‐02:
Pch Back illuminated CCD
15umx15um, 2048x4096
200um depletion depth
5e‐rms readout noise
Anti‐reflection coating
‐100C cooling
AlN base plate
40% QE @1um

全く違う

4枚 116枚

3m, 3t41kg



Limitation due to low time resolution of CCD (~1sec)
• Unable to take advantage of the performance of the latest X-ray telescope that 

provide large X-ray collecting area and high angular resolution. 
• Event pileup occurs due to slow readout. Energy-resolved photon counting is 

impossible. 

• Unable to resolve fast variability of compact objects such as blackholes and 
neutron stars, which requires better than 30µsec (=10km/c). 

• Unable to apply anti-coincidence technique using anti-counter
• Unable to make use of the excellent performance of Si in the band above 

10 keV due to the high detector background
• The technique requires time resolution better than 10µsec. 

14

High time resolution better than 10µsec is Key  
to open the next generation of X-ray Astronomy
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Column readout (1kpixel)

• time resolution 1msec. dose not meet. 
• only a few pixels have X-ray events 
• almost all the pixels are empty 
• However, must read out all the pixels

• read out X-ray hit pixels only

Conventional type of 
CCD and CMOS

FPGA

Trigger output Event Driven readout
(X-ray SOIPIX)

Trigger Output Event-Driven Readout

・Power consumption at post-stage date processing  data rate∝

• time resolution better than 10µsec

• data rate = pixel readout rate  
⇒ reaches 1GHz

• data rate = X-ray event rate  
⇒ 1kHz at the maximum

・Event Driven readout reduces power cost

in-pixel trigger 
circuit

output  
trigger signal 

and hit address

read out the  
X-ray energy



SOI-CMOS image sensor (SOIPIX) 17

• fine imaging (small pixel size ～20µm, large size > 20mm)
• low noise ( < 10e rms),
• on-chip signal processing (high speed CMOS）
• wide-band, high quantum efficiency (thick depletion max 

500µm, backside < 1µm）

2015 JINST 10 C06005

~8 µm

200 nm BOX (Buried Oxide)

BPW (Buried p-Well)

n+

Si Sensor Layer
(High Resistivity Substrate)

p+

n-

50 ~ 
725 µm

Peripheral CircuitBias Ring Pixel Array

CMOS Circuit Layer

+
+
+

+

-
-
-

-

X-rays

PMOS NMOS

sense-node

Figure 1. The cross-sectional view of SOIPIX.

has a charge-sensitive amplifier (CSA) circuit in each pixel in order to increase the conversion gain
and reduce readout noise. We also provide some details of the next design challenge from the
information obtained.

2 Reduction of readout noise by small BPW

The chip output gain and the readout noise of XRPIX1, the first prototype of the XRPIX series,
were 3.6 µV/e� and 129 e� (rms) [8], where the chip output gain and the readout noise are defined
as the conversion gain from signal charge to output voltage at the output of the chip (figure 2) and
the width of pedestal peak, respectively. We found the parasitic capacitance of the sense-node is
dominated by the capacitive coupling between a transistor layer and a buried p-well (BPW) [10,
11]. The BPW is the p-type dopant region in the sensor layer under the BOX layer (see figure 1),
which is one of the key technology of SOIPIX and is introduced as an electrical shield to suppress
the back-gate effect [7]. In XRPIX1b following XRPIX1, we decrease the area of the BPW to
14 µm square and obtained higher chip output gain of 6.2 µV/e� and better readout noise of 70 e�

(rms) [13].
In order to further increase the gain, we developed the XRPIX2b, which is the forth prototype

of the XRPIX series (figure 6). The detailed description is found in [14] and its pixel circuit is
shown in figure 2. XRPIX2b has four kinds of test element groups (TEGs) with the same pixel
circuit layout but with different BPW sizes (table 1). We obtained spectra of X-rays from an 241Am
radioisotope with the four TEGs in the frame readout mode, in which we read out analog signals
from all pixels serially. After the data reduction and analyses, the details of which are found in [8],
we obtained chip output gains and readout noises given in table 1. The examples of the spectra
(TEG–A and –C) is shown in figure 3.

We successfully increased the chip output gain and made further reduction of the readout noise
by decreasing the area of the BPW. Figure 4 shows the relationship between the BPW area and the
gain, which is fitted with a power-law function. We plot the readout noise as a function of the chip

– 2 –

Fast CMOS 
(low ρ Si)

Insulator
(SiO2)

Sensor 
(high ρ,  

depleted Si)



XRPIX12

XRPIX9

Digital I/O

XRPIX11

36μm□ 
592×368

X-ray SOIPIX - “XRPIX”

XRPIX-X

XRPIX7

XRPIX2

XRPIX2b

XRPIX3

XRPIX3b
XRPIX5b

XRPIX6H XRPIX6DXRPIX1

XRPIX1b

XRPIX4

2010 2011 2012 2013 2014 2015 2016-2017
1st Generation 2nd Generation 3rd Gen. 4th Gen.

Source 
Follower Charge Sensitive Amp.

5th Gen.

XRPIX6E

XRPIX8

Interface

Pixel Amp.

Analog Output

Double 
SOI PDD SOISingle SOI

Device Structure

2018~ 2020~

36μm□ 
608×384

LAPIS Semi. 
0.2µm FD-SOI CMOS
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36μm□ 
608×368

36μm□ 
608×384



5.9keV

FWHM:200eV

2017 Nov.

No Tail

Mn-Kα 
(5.9 keV)FWHM 

200eV

Mn-Kβ 
(6.5 keV)

Kamehama, Kawahito+17
ENC ~10e (rms)

Improvement of Spectral Performance in Frame Mode
2009

FWHM 
4keV

Cu-K (8keV)
Zero 
level

2010Cu-K (8keV)

FWHM 1.4keV

ENC ~130e (rms)ENC ~600e (rms)

2011-2013

Mn-K (6keV)

FWHM 730eV

Energy [keV]
ENC ~68e (rms)

2017 Mar.

Tail

FWHM 200eV

Mn-Kα 
(5.9keV)

Mn-Kβ 
(6.5keV)

ENC ~16e (rms)

2013
Mn-Kα 

(5.9keV)
FWHM 
320eV

Mn-Kβ 
(6.5 keV)

Separation of 
Kα and Kβ

Energy [keV]
ENC ~35e (rms)
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XRPIX: Pixel and Readout Circuits 20

Yukumoto et al., in prep. (2024)

for X-ray. Their sensor layer thickness is typically a
few µm. A thick sensor layer of >100 µm is neces-
sary for X-ray detection with high quantum efficiency.
To overcome this situation, we have been developing
a novel CMOS pixel detector, named “XRPIX”, based30

on silicon-on-insulator (SOI) CMOS technology [12].
The SOI CMOS technology allows both a thick high-
resistivity silicon for sensor layer and a low-resistivity
silicon for high-speed circuit to coexist in a single
monolithic detector [13]. XRPIX achieves a more than35

300 µm-thick fully depleted sensor layer.
Utilizing the on-chip functionality, XRPIX incorpo-

rates a self-trigger function in each pixel [14]. Re-
stricting readout pixels to a triggering and surrounding
ones enables XRPIX to achieve a fine time resolution40

of ∼10 µsec with a high throughput of ∼1 kHz. With
this “event-driven readout” mode, XRPIX can signifi-
cantly reduce non-X-ray background applying the anti-
coincidence technique and mitigate the degree of event
pile-up for point sources.45

The event-driven readout mode of XRPIX is certainly
unique function beyond X-ray CCDs. However, with re-
gard to spectroscopic performance, XRPIX still falls be-
hind X-ray CCDs. We have recently developed XRPIX8
to improve the spectroscopic performance of XRPIX in-50

troducing a Pinned Depleted Diode (PDD) structure in
the sensor layer [15]. The PDD structure is relatively
complex compared to our previous XRPIXs and opti-
mization studies were necessary to finalize the design of
the PDD structure. We successfully found out the best55

design, achieving both the suppression of large leak-
age current and satisfactory X-ray spectroscopic perfor-
mance [16]. Here, we report a detailed study on the
spectroscopic performance of XRPIX8 with the opti-
mized PDD structure1. We also provide our post data-60

acquisition (DAQ) processing. The data was obtained
with the event-driven readout mode at −60 ◦C, the low-
est operation temperature of our intended use. This
spectroscopic performance study was performed for not
only the single-pixel events but also the all-pixel events65

including charge-sharing pixel events. Evaluation only
with single pixel events is useful for understanding ba-
sic response of pixel detectors, especially in the early
stage of the development. Actually, we have been eval-
uating our XRPIX with single pixel events. On the other70

hand, the fraction of single pixel events is typically less
than half of the total, about 20 % in our case. There-
fore, evaluation with all-pixel events including charge-
sharing pixel events is necessary to utilize all the events

1XRPIX8 has five subversions. “XRPIX8 with the optimized PDD
structure” here is specifically XRPIX8.5 in the terminology of [16].

detected.75

Section 2 gives the device description of XRPIX8 and
data format of the event-driven readout mode. Section 3
describes the post DAQ processing step by step. Sec-
tion 4 presents the details of the spectroscopic perfor-
mance of XRPIX8. Then, Section 5 discusses the causes80

limiting the current spectroscopic performance. Finally,
Section 6 summarizes this study.

2. Device and data description

The details of XRPIX8, including the PDD structure,
are given in [16]. The description here focuses on the85

pixel circuit and the format of data, which are related to
the following post-DAQ processing and spectroscopic
performance study.

Fig. 1: Pixel circuit of XRPIX8.

Fig. 1 shows the pixel circuit of XRPIX8. The pixel
circuit consists of a readout circuit and a comparator90

circuit. The readout circuit includes a charge-sensitive
amplifier (CSA) circuit to convert the charge produced
by an X-ray photon to a signal voltage and a correlated
double sampling (CDS) circuit to suppress the kT/C re-
set noise in the sense node. The comparator circuit is95

for trigger output. When the signal voltage exceeds the
trigger threshold, a digital trigger signal is output from
the comparator circuit. An exposure time is defined as
the time from when the RST CDS is turned off, starting
charge accumulation from the sense node, until the dig-100

ital trigger signal is output, and hence each event has a
different exposure time.

XRPIX8 has 96 × 96 pixels with a pixel size of
36 µm × 36 µm. When a digital trigger signal is out-
put, we read out the analog signal voltages of 8 × 8 pix-105

els centered on the triggering pixel and store them as an
event. Fig. 2 shows the pixel map of an event, in which
the x and y coordinates are named as read-X and read-
Y, respectively. The triggering pixel is placed at (read-
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PDD (Pinned Depleted Diode) Structure 21

Conventional Single SOI

• large n-well connected to the sense node  
to collect signal charge, and  
to suppress the back-gate effect of Tr. against 
the high backbias voltage.

• a large sense node capacitance (Csense)  
→ not easy to achieve low readout noise

• causes capacitive coupling and interference 
between pixel circuit and sensor layer  
→ degrade spectroscopy performance

n-well Sense node

p--p+

Insulator

CMOS circuit

Sensor layer

Pinned Depleted Diode (Kamehama+18)

• pinned p-well is formed under the interface 
of insulator and sensor layers 

• the pinned p-well suppresses  
  - interference between pixel circuit  
    and sensor layers 
  - dark current from the interface between  
    the sensor and insulator layers

• small sense node capacitance (Csense)  
→ easier to achieve low readout noise

p-well
n-well 1

n-well 2
Sense node

p--p+

Insulator

Sensor layer

CMOS circuit

X-ray
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Cd-109, Vbb=10V,  Room Temp.

14mm

Capability of event rate > 500Hz

 (movie in10 times speed)

透かし彫り栞/金
https://www.u-coop.net/kyodai/goods/indicate.php?mode=detail&id=27&category=6 860 円

SIZE:W35×H85mm
◆純金表面加工◆時計台を透かし彫りにした実用性の高いアイテムです。

Imaging in Event-Driven Mode (2G / XRPIX5b) 22

22
m

m

Hayashi+2018 
NIM A

Trigger delay and time resolution better than 10us using laser. 

36μm□, 608×384 pixel



Spectral Performance of Large Device

20241022_LGX_miyazaki_fuchita.pdf

23

XRPIX11 - the latest large device

 Imaging Area : 21.3mm x 13.2mm
 Pixel Size : 36μm x 36μm
 Format : 592 (H) x 368 (V)

 T = -20℃
 VBB = -300V
 full depletion of 300μmXR11-Bにおけるゲイン補正後のスペクトル比較

• ゲイン補正後は、ばらつきの範囲内には収まらないが、下側領域と同等の
エネルギー分解能を得た
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下側領域 ：189±3 eV
素子の中心：203±2 eV

8

XR11-B の各領域におけるゲイン補正後の241Amスペクトル。
黒が下側、赤が素子の中心。縦軸はLiner

XR11-B の各領域におけるゲイン補正後の241Amスペクトル。
黒が下側、赤が素子の中心。縦軸はlog

ΔE = 200 eV (FWHM)

6.4keV

7.1keV 14.4keV

Fe-K



NOT FOR DISTRIBUTION JINST_014P_1020 v1
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Figure 9. Island length plot for single-island events depending on the type of radioisotopes. The cumulative
fraction is shown in the inset.

Table 1. Cumulative fraction of island lengths for each radioisotope.
Length 2 3 4 5

55Fe 0.904 0.999 1.00 1.00
90Sr 0.0585 0.170 0.347 0.510

i.e., the sum of the projected RA and CA lengths. Table 1 summarizes the cumulative fraction
of events up to the island lengths of 5. The distribution of the island length di�ers significantly
between X-ray and beta-ray events. In fact, 99.9% of the X-ray events are included within an island
length of 3, whereas only 17% of the beta-ray events are included within this length. This suggests
that we can remove the remaining 83% of the beta-ray events without discarding the most of X-ray
events when adopting LENGTH_TH = 3 in this case.

The value of LENGTH_TH to be adopted is not always “3.” For example, a larger value of
LENGTH_TH is expected to be more appropriate for detectors with a thicker depletion layer and/or
a smaller pixel size than XRPIX6E, which we have evaluated herein. This is because the signal
charge spread due to the drift in the depletion layer will become relatively larger with respect to the
pixel size. Hence, the value of LENGTH_TH should changed depending on the thickness of the
depletion layer of the detector, pixel size, and assumed background particles and their energies to
maximize the e�ectiveness of background rejection.
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Figure 3. Conceptual examples of the proposing pattern processing.
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Low-edge
Address

High-edge
Address

skip skip

: firing pixel

パターンスキャン

Low-
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Figure 4. Conceptual diagram of the hit address scanning function by the pattern processor. Here, (a) shows
the definition of the high-edge and low-edge, and (b) shows an example of the pattern-scanning process.

accept this kind of incompleteness and prioritize the simplicity of architecture. Pattern (d) makes
both flags HIGH.

3.3 Algorithm of island position and length calculation

The projected island positions and the projected island lengths are defined as the centers and
numbers of the corresponding consecutive HIGH bits in the pattern registers, respectively. Reading
out the entire pattern register serially is the simplest way, but cannot be our choice because of its
time-consuming fashion; this method would need time proportional to the number of pixels on a
side. Instead of this method, it would be much faster to detect “edges” of the consecutive HIGH
bits and obtain their addresses through an encoder; it takes time in proportional to the number of
projected islands on a side. The figure 4–(a) shows a conceptual diagram of this algorithm. In this
way, high- and low-edge addresses on the high- and low- bit sides are obtained per projected island.
The projected island position and length can be calculated as the central address and the di�erence
of the two edge addresses, respectively.
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オンチップパターンプロセスによる非X線判定

1400

1500

1600

1700

1800

1900

2000

2100

2d img

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

2d img

1400

1500

1600

1700

1800

1900

2000

2100

2d img

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

2d img

1400

1600

1800

2000

2200

2400

2d img

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

2d img

34 35 363332313029 CA

24
25
26
27
28

23
22
21

RA
2400

2200

2000

1800

1600

1400

ADU

15 16 171413121110 CA

21
22
23
24
25

20
19
18

RA
2100

2000

1900

1800

1600

1400

1700

1500

ADU

36 37 383534333231 CA

15
16
17
18
19

14
13
12

RA
2100

2000

1900

1800

1600

1400

1700

1500

ADU

1400

1500

1600

1700

1800

1900

2000

2d img

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

2d img

1400

1450

1500

1550

1600

1650

1700

1750

1800

2d img

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

2d img

1400

1450

1500

1550

1600

1650

1700

1750

2d img

0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

2d img

18 19 201716151413 CA

21
22
23
24
25

20
19
18

RA
2400

2200

2000

1800

1600

1400

ADU

32 33 343130292827 CA

15
16
17
18
19

14
13
12

RA
1800

1700

1650

1600

1500

1400

1550

1450

1750

ADU

45 46 474443424130 CA

8
9

10
11
12

7
6
5

RA
1750

1700

1650

1600

1500

1400

1550

1450

ADU

90Sr[SI]

2Dイメージの例をいくつか抜粋しました。

109Cd[SI] 109Cd[SI] 109Cd[SI]

90Sr[MI] 90Sr[MI]

代表的なイベントサンプル【Figure 7】
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109Cd[SI] 109Cd[SI] 109Cd[SI]

90Sr[MI] 90Sr[MI]

代表的なイベントサンプル【Figure 7】

X線が作る電荷雲はコンパクト 荷電粒子線はトラックを作る

オンチップでヒットパターン判定 オンチップで非X線除去が可能

「アイランド」の長さが長い 
or 

「アイランド」が複数ある
⇒ 非X線

24
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Fig. 5. Histogram of the noise (1 *�) in each ADC of XRPIX9.

Fig. 6. X-ray spectrum of XRPIX9 read via the on-chip ADC. Red spectrum were
obtained with 55

Fe and black spectrum with 109
Cd. In this spectrum, only single events

were extracted by 8 ù 8 pixels.

at 5.9 keV and 366 ± 49 eV at 22.1 keV, consistent with previous studies
of 300 eV at 6 keV.

5. Discussion

5.1. Basic performance of ADCs from a perspective of astronomical obser-
vation

In X-ray astronomical observations, local INL features have a con-
siderable impact on the local spectral features such as emission and ab-
sorption lines. In Fig. 3, the INL plot has two jumps around 7000 chan-
nels and 12,000 channels. This results in multiple AD outputs for a
single energy. Thus, the energy resolution is worse around these specific
channels. Though local structures can be reduced by coadding outputs
from different ADCs in general, it is not the case for our cyclic ADC
in XRPIX9. The large jumps around 7000 and 12,000 channels are
inevitably caused by the 1.5-bit stage configuration adopted in our
cyclic ADC [17]. Alternatively, it can be handled by changing the offset
level of signal to move the jumps to energy bands where there are no
emission lines from celestial objects.

The DNL directly affects spectroscopic observations of the contin-
uous component of X-ray spectrum, commonly observed in the hard
X-ray band. Fig. 4 is equivalent to observing continuous X-ray emission
in an astronomical observation. Fig. 4 clearly shows local negative
DNLs of up to *0.7 LSB. It means that there will be artificial spectral
drops at specific channels on the X-ray spectrum. However, under
the more realistic situation, the effect of DNL would be significantly
suppressed. By considering an event-by-event fluctuation of the offset
level and assuming to extract spectra from more than eight columns,
the DNL decreases to ±0.1 LSB, as shown in Fig. 7. These results show

Fig. 7. The improved DNL under the realistic observational situation. We evaluated
the DNL averaged by 8 ADCs with signal offset fluctuations for each event.

that the performance of the DNL is not a problem for astronomical
observations.

5.2. Comparison between an external ADC and the on-chip ADC

We more quantitatively evaluated the spectral performance by com-
paring on-chip and external ADCs. All the previous studies of the
XRPIX series used an external ADC. An external ADC is installed on
the readout board. We compared the width in the standard deviation
of 5.9 keV line from 55

Fe. We defined the width of an on-chip ADC
and an external ADC as �on-chip and �ext, respectively. Fig. 8 shows
a correlation between �on-chip and �ext in each pixel. From Fig. 8,
most of the pixels are distributed along �on-chip = �ext (blue line). This
result show that there is no crucial performance difference between an
external ADC and an on-chip ADC.

A more careful investigation indicates that the data points locate
slightly above the blue line. We estimated an additional noise originat-
ing from the on-chip ADC by convolving it with �ext as

�on-chip =

t
�2ext + �2add. (1)

Here, we assumed that all noise follows gaussian distributions. By
fitting with Eq. (1) (red line in Fig. 8), the additional noise �add was
found to be 44 ± 3 eV. To investigate whether �add is energy dependent,
a similar measurement was made at 22.1 keV and found to be �add = 58
± 7 eV. Thus, there is no clear energy dependence. The noise of ADC
of 5 e

*
= 18 eV described in Section 3 cannot explain this additional

noise. The cause is still unknown, but one possible cause is interference
between the on-chip ADC and other circuits. This additional noise will
be investigated more in future.

This additional noise is practically compensated by increasing the
gain of the pixel output signal. We re-evaluated the energy resolution
with the on-chip ADC by increasing the gain by a factor of 4. As a result,
the additional noise was reduced as shown in Fig. 9. Quantitatively, we
obtained an upper limit of the additional noise of 10 eV from the fitting
with Eq. (1). Here, changing the gain of the pixel signal does not change
INL and DNL. However, in the X-ray energy scale, INL decreases by 1/4
when the pixel signal increases by a factor of 4.

6. Conclusion

We developed and evaluated XRPIX9, which is the first device in
XRPIX series equipped with the on-chip cyclic ADC. We evaluated the
performance of the ADC unit by inputting external signals. We found
that the INL, DNL, and noise were 6 LSB, *0.7 LSB, and 5 e

*, respec-
tively. All of these have no critical adverse effect on X-ray astronomical
observations. Also, we evaluated XRPIX9 including X-ray sensor part
as well as the on-chip ADC. We successfully obtained spectrum from
the on-chip ADC. Then, we found that the energy resolution was as
good as 294 ± 4 eV at 5.9 keV. We compared the width (1�) of 5.9 keV

• The energy resolution is almost identical to that with an external ADC.
• The on-chip ADC has sufficient performance.
• Developing new devices equipped with DACs and pattern generator.

X-ray spectrum with on-chip ADCXRPIX9 equipped with on-chip ADC

• Small Size: 20 μm × 2 mm width/1ch
• Fast Conversion : 5.96 μsec
• Low Current Consumption : 125 μA / 1ADC
• Voltage Range : 0.4 - 1.5V (67 μV / LSB)

14-bit 1-stage 
Cyclic ADC
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for X-ray. Their sensor layer thickness is typically a
few µm. A thick sensor layer of >100 µm is neces-
sary for X-ray detection with high quantum efficiency.
To overcome this situation, we have been developing
a novel CMOS pixel detector, named “XRPIX”, based30

on silicon-on-insulator (SOI) CMOS technology [12].
The SOI CMOS technology allows both a thick high-
resistivity silicon for sensor layer and a low-resistivity
silicon for high-speed circuit to coexist in a single
monolithic detector [13]. XRPIX achieves a more than35

300 µm-thick fully depleted sensor layer.
Utilizing the on-chip functionality, XRPIX incorpo-

rates a self-trigger function in each pixel [14]. Re-
stricting readout pixels to a triggering and surrounding
ones enables XRPIX to achieve a fine time resolution40

of ∼10 µsec with a high throughput of ∼1 kHz. With
this “event-driven readout” mode, XRPIX can signifi-
cantly reduce non-X-ray background applying the anti-
coincidence technique and mitigate the degree of event
pile-up for point sources.45

The event-driven readout mode of XRPIX is certainly
unique function beyond X-ray CCDs. However, with re-
gard to spectroscopic performance, XRPIX still falls be-
hind X-ray CCDs. We have recently developed XRPIX8
to improve the spectroscopic performance of XRPIX in-50

troducing a Pinned Depleted Diode (PDD) structure in
the sensor layer [15]. The PDD structure is relatively
complex compared to our previous XRPIXs and opti-
mization studies were necessary to finalize the design of
the PDD structure. We successfully found out the best55

design, achieving both the suppression of large leak-
age current and satisfactory X-ray spectroscopic perfor-
mance [16]. Here, we report a detailed study on the
spectroscopic performance of XRPIX8 with the opti-
mized PDD structure1. We also provide our post data-60

acquisition (DAQ) processing. The data was obtained
with the event-driven readout mode at −60 ◦C, the low-
est operation temperature of our intended use. This
spectroscopic performance study was performed for not
only the single-pixel events but also the all-pixel events65

including charge-sharing pixel events. Evaluation only
with single pixel events is useful for understanding ba-
sic response of pixel detectors, especially in the early
stage of the development. Actually, we have been eval-
uating our XRPIX with single pixel events. On the other70

hand, the fraction of single pixel events is typically less
than half of the total, about 20 % in our case. There-
fore, evaluation with all-pixel events including charge-
sharing pixel events is necessary to utilize all the events

1XRPIX8 has five subversions. “XRPIX8 with the optimized PDD
structure” here is specifically XRPIX8.5 in the terminology of [16].

detected.75

Section 2 gives the device description of XRPIX8 and
data format of the event-driven readout mode. Section 3
describes the post DAQ processing step by step. Sec-
tion 4 presents the details of the spectroscopic perfor-
mance of XRPIX8. Then, Section 5 discusses the causes80

limiting the current spectroscopic performance. Finally,
Section 6 summarizes this study.

2. Device and data description

The details of XRPIX8, including the PDD structure,
are given in [16]. The description here focuses on the85

pixel circuit and the format of data, which are related to
the following post-DAQ processing and spectroscopic
performance study.

Fig. 1: Pixel circuit of XRPIX8.

Fig. 1 shows the pixel circuit of XRPIX8. The pixel
circuit consists of a readout circuit and a comparator90

circuit. The readout circuit includes a charge-sensitive
amplifier (CSA) circuit to convert the charge produced
by an X-ray photon to a signal voltage and a correlated
double sampling (CDS) circuit to suppress the kT/C re-
set noise in the sense node. The comparator circuit is95

for trigger output. When the signal voltage exceeds the
trigger threshold, a digital trigger signal is output from
the comparator circuit. An exposure time is defined as
the time from when the RST CDS is turned off, starting
charge accumulation from the sense node, until the dig-100

ital trigger signal is output, and hence each event has a
different exposure time.

XRPIX8 has 96 × 96 pixels with a pixel size of
36 µm × 36 µm. When a digital trigger signal is out-
put, we read out the analog signal voltages of 8 × 8 pix-105

els centered on the triggering pixel and store them as an
event. Fig. 2 shows the pixel map of an event, in which
the x and y coordinates are named as read-X and read-
Y, respectively. The triggering pixel is placed at (read-

2

Lapis Meeting 報告
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次回Lapisミーティング：10/2 (金）13:30 - @新横浜＋Zoom

• MPWラン(MX2274)

2023.7.19 全データサブミット終了。

ご協力ありがとうございました。

今回のランからBN5濃度が0.5E+11から

1E+12に変更になります。

裏面研磨は前回と同様CMP。

• 第５回「量子線イメージング研究会」

2023 9/28-29@大阪大学豊中キャンパス

ポスター発表受付予定。

https://qbi2023.github.io/

ダイシング

ベアウェハ製造設計
回路

レイアウト

デバイス

CADデータ
5.1. XRPIX6bD素子の開発 53

恒温槽は、容器内の温度を一定に保つことができる装置で、SU-662は −60◦Cから
150◦Cまで設定が可能である。

• 電源系
読み出しボード及び素子の電圧源には、KENWOOD社のトランジスタ電源2と

KEYTHLEY社のソースメータ3を用いた。使い分けとしては、数百V程度のHVを
印加する場合や、電圧印加口に流れる電流値を詳細に測定したい場合にソースメー
タを用いている (トランジスタ電源ではmA以上でないと測れないのに対して、ソー
スメータは µA以下の精度で電流値の測定が可能である)。

• データ取得システム

XRPIX
設置箇所

ADC

User FPGA SiTCP FPGA Ethernet

Sub Board
SEABAS Board

345 mm

12
4 

m
m

Control Signal

Analog Signal Digital
Signal

Setup Parameter

図 5.7: XRPIXの読み出しボード。SEABASボードとサブボードの 2つから成る。

XRPIXの制御と外部へのデータ出力のために、読み出しボードを用いる。図 5.7
に、実際に使用する読み出しボードを示す。読み出しボードは、素子に依らない共通
の汎用読み出しボードSEABAS (Soi EvAluation BoArd with Sitcp)ボード [32]と、素
子毎に異なるサブボードの 2つから成る。SEABASボードには、素子制御用のUser
FPGAとデータ転送用の SiTCP FPGAの 2つが搭載されている。使用する素子に合
わせて、User FPGAを書き換えることで、デジタル回路が組み替えられ、望みの制
御を行うことが出来る。SiTCP FPGAはUser FPGAから出力される信号を、イーサ
ネット形式で転送できるよう変換するものである。これにより、読み出しボードと
PCをイーサネットケーブルで接続することで、簡単にデータのやり取りを行える。
上記の他にも、SEABASボードにはDACを、サブボードにはADCを搭載してい

る。ADCの分解能は 2 V/12 bitで、1 ADU(Analog-to-Digital Unit)あたり 488 µVに
なる。DACの分解能は 3.3 V/12 bitである。このDACにより、素子で必要となる電
圧の一部を供給している。

PC上では DAQ (Data AcQuisition system) Softwareを用いて、データの送受信を
行なっている。DAQ SoftwareはROOTライブラリ (C++)を用いて開発したもので、

2https://www.texio.co.jp/product/detail/1
3https://jp.tek.com/keithley-source-measure-units/keithley-smu-2400-series-sourcemeter?mn=2790

読み出し

評価 (羅針盤) ⇒ 改良部分の洗い出し 

マスク製造

組み立て
プロセス

科学的目的 ⇒ ミッションコンセプト検討 ⇒ システムの概念設計・センサの概念設計



SOIPIXコラボレーション
• 2005年からKEK新井先生が開始

• 素核半導体検出器 : Strip → Pixel，Hybrid → Monolithc
• CCD, バルクCMOS, DEPFET等と比較し, SOIを選択

• 2007年からツルは参加
• 2013-17年度 新学術領域「量子イメージング」多分野が結集

• 素核, 放射光, 天文・宇宙, 質量分析, プロセス, 集積回路
• 年1回のMPWラン: それぞれ予算と設計を持ち寄り，合同で素子プロセスを行う

• 要素回路，デバイス構造などを情報交換し，自分の素子を設計する
• 2-3ヶ月に1回のLapis Meeting，年1回のf2fのSOI研究会，2週毎の zoom Meeting…

SOIの経緯 27

Ｘ線SOI「XRPIX」の開発
• 2008年 既存の素子を借りての評価からはじめた
• 2010年 科研費をとって自分の素子 XRPIX1 を作った
• KEKに相当助けて頂いた．汎用の読み出し回路が準備されているのは大きかった
• 12モデル，20近い設計を投入．30本以上の投稿論文 (2.5本/年)
• 現在 XRPIX collaboration 16機関，61名
• Ｘ線天文 + MeVコンプトン（医療用, 宇宙用） + 暗黒物質 + 中性子・ミュオン…



共同開発はどんな感じだったか 28

CCD: Ｘ線・光赤外 + HPKの共同開発
• 素子のスペックは大体同じ
• 「特定のセンサ」の共同開発
• 設計と製造はHPKさん 
⇒ リスクは低い

研究者間の協力関係
• 評価をそれぞれの観点で行う

• 空乏層をＸ線 or 赤外で決める
• 不得意な評価をお互い補う
• 困ったときの相談相手
• 似て非なる部分の勉強になった

SOI: 異分野間の共同開発
• SOIは未知のデバイス・全く違う素子
• 「SOIセンサの作り方」の共同開発
• 全部自分でやる・製造のみラピスさん

• ウェハメーカとの交渉も必要
• 好きにできるが，動作保証なし  
⇒ ハイリスク・コスト大

研究者間の協力関係
• MPWラン ⇒ コスト削減の鍵
• 設計データ・知見の共有
• 様々な評価方法
• 半導体工学とのコラボレーション
• 違う粒子・違う測定量・違う回路
• 言葉が違う

• 基本的に全部自分で行う
• 研究者人生の全てを掛ける気概が必要
• 色々なバックグラウンドの仲間が必要

SOIは大変だった．やって良かったし，とっても楽しい (まだ終わっていないけど)

• 多くの様々な分野の方と知り合えた
• 勉強になったし，知識も増えた
• 新しいアイディアも出てくる



違う分野の人との共同開発ってなんだろう？ 29

• やりたければやれば良いし，無理に行うこともないと思う
• 結局は人間関係じゃないかなぁ

• Win - Win で Give & Take
• 大きく妥協しなければいけないものは，共同開発できない．
• 相手を尊重し，自分の出来ることをやる．
• お金はその時に持っているほうが出す．
• お金は一部．ソフト，回路，評価，色々できることはある
• 学生同士の交流 ← 研究会の飲み会

• 軽いところで，相手のものを借りてスタートで良いと思う．
• 予算を一緒に取る．研究会を一緒にする．論文を一緒に書く．

• Ｘ線と光赤外で共同開発できるか？
• 断言：少なくともイメージセンサは間違いなく「できます」
• 出会いの場も作っています



量子線イメージング研究会 30

• イメージング検出技術を議論する分野横断の研究会
• 可視光、赤外線、X線、ガンマ線などの光子、電子、中性子、分子、イオンなどの 
量子線の検出・解析技術を議論

• 素粒子・原子核物理学、宇宙物理学、物質科学から生命科学、医学まで幅広い分野をカバー
• 理学・工学や産官学の連携を深化し、新たな展開を生む
• 学生の優れた発表には、 優秀発表賞を授与する

• 2018年から6回目．大体毎年 9月後半の2日間．QBI2024 115名参加
• 来年(7回目)は静岡大学 (浜松)で開催予定．tennet や天文月報でもアナウンスしています

常深博（大阪大学, チェア） 
新井康夫（KEK） 
大久保雅隆（産総研） 
片山晴善（JAXA） 
倉知郁生（ディーアンドエス） 

幸村孝由（東京理科大学） 
高橋忠幸（東京大学 IPMU） 
鶴　剛（京都大学） 
中村哲（東京大学） 
初井宇記（理研） 

松本浩典（大阪大学） 
宮崎聡（国立天文台） 
安富啓太（静岡大学） 
山谷泰賀（QST）

SOC


