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Standard imaging spectrometer of modern X-ray astronomical satellites ... 
-> X-ray CCD : Wide and fine imaging with the sensor size of ~20 ‒ 30 mm, pixel size 
    of ~30 µm sq. Fano limited spectroscopy with the readout noise ~3 e- (rms).
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However ... 
-> Non X-ray background (NXB) above 10 keV is too high to study faint sources. 
-> The timing resolution is too poor (~sec) to make fast timing observation of  
    time variable source.
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Non X-ray background of 
Suzaku XIS (BI)

Due to high energy 
particles on orbit. 

However ... 
-> Non X-ray background (NXB) above 10 keV is too high to study faint sources. 
-> The timing resolution is too poor (~sec) to make fast timing observation of  
    time variable source.



XRPIX for Future X-ray Astronomy
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X-ray
Hard Soft

Cosmic Ray 
(Non-Xray-BG)Field of View

XRPIX

X-ray SOIPIX with Active Shield

Onboard Processor 
・Anti-coincidence (NXB rejection) 
・Hit-pattern Selection (NXB rejection) 
・Direct Pixel Access (X-ray Readout)

Target Specification
(1) FWHM ≤140 eV at 6 keV 
     Readout Noise :  
                req. ≤ 10 e-/ goal ≤ 3 e-    
(2) <100 μm pitch pixel 
(3) ~10 μs per event readout 
     (Trigger, Direct Pixel Access)  
(4) Wide energy range : 0.3‒ 40 keV 
     (Thick Depletion Stacks)

The performance required of
a future X-ray astronomical satellite
is the following ...

In order to achieve specification, 
we have been developing X-ray 
SOI Pixel Detector (XRPIX). 
XRPIX has self-trigger function ! 
  -> Realization of event-driven
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- A monolithic pixel detector with silicon-on-insulator (SOI)  
  CMOS Technology -> 0.2 μm fully-depleted (FD) - SOI pixel process
- SOI Pixel Detector (SOIPIX) : Processed by LAPIS Semi. Co., Ltd.

SOI Pixel Process 
New Process to make pixel 
detector with SOI technology joint  
development with LAPIS Semi. Co., Ltd.

Basic Components 
Circuit Layer : ~40 nm 
Buried Oxide (BOX) : 200 nm 
Sensor Layer : 100 - 725 μm

SOIPIX Advantages 
- No mechanical bump bonding 
 -> High Density, Low Parasitic Capacitance, 
      High Sensitivity 
- Standard CMOS circuit can be built 
- Based on industrial standard technology

SOI Pixel Detector
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Our group presentations: 
Ms. Y. Yoshihara (poster, 8th Sep. 11:00 -, 16:55 - ) 
Dr. R. Hashimoto (next talk, 8th Sep. 12:05 - ) 
Ms. S.Bugiel (8th Sep. 17:40 - )
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History of XRPIX Series
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History of XRPIX Series
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Design Specification of XRPIX5
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Components 
- Chip size : 24.6 mm x 15.3 mm 
   (Effective area : 21.9 mm x 13.8 mm) 
- Pixel size : 36 µm sq. 
- # of pixel : 608 x 384 (= ~233k)  
- Thickness of sensor layer : 310 µm (CZ wafer) 
                                           500 µm (FZ wafer) 

XRPIX5

608 x 384 pixel array
1 Pixel : 36 µm sq.
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Our first prototype for a large-area device
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Other 
Programmable Gain Amplifier (PGA) circuit  
for column line. 

Differential output of signal and pedestal level. 

We considered more suitable architect  
constitution for event-driven readout. 
-> 8 x 8 pixel readout per unit.



Pixel and Analog Signal Readout Circuit
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Event-driven Readout
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XRPIX



DAQ Setup for XRPIX5
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Soi EvAluation Board with Sitcp (SEABAS) : General data readout board for SOIPIX.

348 mm

X-rays
Back Illuminated Front Illuminated

D
ata Transfer  

via 
Ethernet

Acrylic board  for chip & wire protection

XRPIX5 XRPIX5
SEABAS

Specification of SEABAS 
Power Supply : ±5 V 
Clock : 50 MHz 
Network : 100M bps 
ADC x 1ch, DAC x 4ch,  
NIM IN x 2, NIM OUT x 2



Spectroscopic Performance
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- We show the spectrum of X-ray from an 241Am radioisotope 
  by frame mode (not event-driven). 
  -> XRPIX5’s first light !! 
* We use only single pixel event for this spectrum.

Readout Noise : 48 e- (rms) 

Temp : -60 ºC 
VBB : 100 V

* Our best record is  
  35 e- (rms) of XRPIX3b.
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Introduction 
Existence of Dark Matter (DM) is supported 

by various observation results.

Weakly Interacting Massive Particles 
(WIMPS) are good candidates.

Expected mass of WIMPs is over 100 GeV 
from Supersymmetric  theory, but it has not 

yet directly detected.

Meanwhile, Light WIMPs (around 10 GeV) 
are claimed by DAMA experiment and 

recently by some other experiments as well.

Bullet cluster
Red: X-ray image
Blue: Gravitational lens
http://apod.nasa.gov/apod/
ap060824.html

http://sci.esa.int/planck/51557-planck-new-
cosmic-recipe/

Eur. Phys. J. C 73 (2013) 2648
visible star

gas

dark halo

observation & fit

Rotation of Galaxy

Detector Calibration and Simulation

Future Outlook

Preceding Research with CCD 

• DAMIC experiment has the lowest threshold (0.05 
keVee) among direct DM search experiments.

• Readout noise: 2.5 e- RMS
• With 0.5 g of CCDs achieved sensitivity 

comparable to kg-scale detectors.

Direct Detection of DM
Nuclei recoiled by WIMPs cause ionization.

Cross section of WIMP-nucleon scattering is very small 
(around 10-40 cm2 or smaller).

Then low BG is the key.

And for light WIMPs (~ 10 GeV), low threshold is more 
important.

Yesterday (June 2nd) was DM’s day!

WIMPs
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Recoil energy spectrum of Si
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Schematic view of our future detector.

External γ, n

Cosmic-ray μ

Radiation from internal RI

Advantage of SOIPIX 
• Low energy threshold.
• BG rejection by anti-coincidence (CCD can’t)

• External and internal BG can be 
reduced.

• X-ray will be the ultimate BG.

From Phys. Lett. B 711 264 From arXiv:1407.0347

Schematic view of MC geometry

R&D with Kyoto’s XRPIX2b in Kobe.

• Calibration with 241Am, 137Cs, 252Cf 
source.

• Developing Monte Carlo simulation 
based on Geant4 using calibration data.

Blue: Data
Red: MC

241Am Energy spectrum of single pixel event
(room temp., frame readout)

8 um

250 um

Circuit layer SiO2

Source case
Am Source

25 mm

1 mm

Sensor layer 
Si 

144x144 pixels

30 um
4.6 mm

3.5 mm

Next step

• Develop massive (~1 g) and low-noise (~15 e-)  SOIPIX.
• 15e- noise corresponds 0.3 keVee energy threshold.

• Evaluation of BG from detector material.
• Go to Kamioka underground.
• Achieve world’s best sensitivity for 2-8 GeV/c2 WIMP.

Tasks in One year

• Evaluation with event-driven readout.
• Demonstrate anti-coincidence 

measurement with scintillator.
• Calibration with neutron source (252Cf) 

using coincidence measurement (γ & n).
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Goal of this study
(1 kg・year)

Plan for Light Dark Matter Search
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• Develop massive (~1 g) and low-noise (~15 e-)  SOIPIX.
• 15e- noise corresponds 0.3 keVee energy threshold.

• Evaluation of BG from detector material.
• Go to Kamioka underground.
• Achieve world’s best sensitivity for 2-8 GeV/c2 WIMP.

Tasks in One year
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Recoil energy spectrum of Si

Direct detection of dark matter (DM) 
Nuclei recoiled by Weakly Interacting Massive Particles  
(WIMPs) cause ionization. 
Cross section of WIMP-nucleon scattering is very small. 
-> around 10-40 cm2 or smaller 
Low threshold is more important for light WIMPs (~10 GeV).
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important.

Yesterday (June 2nd) was DM’s day!
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Advantage of SOIPIX 
• Low energy threshold.
• BG rejection by anti-coincidence (CCD can’t)

• External and internal BG can be 
reduced.

• X-ray will be the ultimate BG.

From Phys. Lett. B 711 264 From arXiv:1407.0347

Schematic view of MC geometry

R&D with Kyoto’s XRPIX2b in Kobe.

• Calibration with 241Am, 137Cs, 252Cf 
source.

• Developing Monte Carlo simulation 
based on Geant4 using calibration data.
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Next step

• Develop massive (~1 g) and low-noise (~15 e-)  SOIPIX.
• 15e- noise corresponds 0.3 keVee energy threshold.

• Evaluation of BG from detector material.
• Go to Kamioka underground.
• Achieve world’s best sensitivity for 2-8 GeV/c2 WIMP.

Tasks in One year

• Evaluation with event-driven readout.
• Demonstrate anti-coincidence 

measurement with scintillator.
• Calibration with neutron source (252Cf) 

using coincidence measurement (γ & n).
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Introduction 
Existence of Dark Matter (DM) is supported 

by various observation results.

Weakly Interacting Massive Particles 
(WIMPS) are good candidates.

Expected mass of WIMPs is over 100 GeV 
from Supersymmetric  theory, but it has not 

yet directly detected.

Meanwhile, Light WIMPs (around 10 GeV) 
are claimed by DAMA experiment and 

recently by some other experiments as well.

Bullet cluster
Red: X-ray image
Blue: Gravitational lens
http://apod.nasa.gov/apod/
ap060824.html

http://sci.esa.int/planck/51557-planck-new-
cosmic-recipe/
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Future Outlook

Preceding Research with CCD 

• DAMIC experiment has the lowest threshold (0.05 
keVee) among direct DM search experiments.

• Readout noise: 2.5 e- RMS
• With 0.5 g of CCDs achieved sensitivity 

comparable to kg-scale detectors.

Direct Detection of DM
Nuclei recoiled by WIMPs cause ionization.

Cross section of WIMP-nucleon scattering is very small 
(around 10-40 cm2 or smaller).

Then low BG is the key.

And for light WIMPs (~ 10 GeV), low threshold is more 
important.

Yesterday (June 2nd) was DM’s day!
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Advantage of SOIPIX 
• Low energy threshold.
• BG rejection by anti-coincidence (CCD can’t)

• External and internal BG can be 
reduced.

• X-ray will be the ultimate BG.

From Phys. Lett. B 711 264 From arXiv:1407.0347
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R&D with Kyoto’s XRPIX2b in Kobe.

• Calibration with 241Am, 137Cs, 252Cf 
source.

• Developing Monte Carlo simulation 
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Next step

• Develop massive (~1 g) and low-noise (~15 e-)  SOIPIX.
• 15e- noise corresponds 0.3 keVee energy threshold.

• Evaluation of BG from detector material.
• Go to Kamioka underground.
• Achieve world’s best sensitivity for 2-8 GeV/c2 WIMP.

Tasks in One year

• Evaluation with event-driven readout.
• Demonstrate anti-coincidence 

measurement with scintillator.
• Calibration with neutron source (252Cf) 

using coincidence measurement (γ & n).
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Direct detection of dark matter (DM) 
Nuclei recoiled by Weakly Interacting Massive Particles  
(WIMPs) cause ionization. 
Cross section of WIMP-nucleon scattering is very small. 
-> around 10-40 cm2 or smaller 
Low threshold is more important for light WIMPs (~10 GeV).
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Fig. 10. Schematic of DAMIC vacuum vessel and lead shield.

Fig. 11. Energy spectrum for nuclear recoil candidates measured in a 107 g-day
exposure for DAMIC. The upper histogram shows the spectrum for all hits, the solid
line just below is the result of eliminating the single pixel hits, and the hatched
histogram corresponds to the events passing the selection cuts described in the text.
The 8.0 keV peak can be attributed to Cu Kα X-rays from the material surrounding
the CCD. The 5.9 keV and 6.4 keV peaks can be attributed to the Mn Kα X-rays most
likely from cosmogenic 55Fe. The 9.6 keV peak matches the Au Lα line. The peaks
at 11 keV, 12 keV and 14.0 keV match Ge, Br and Sr X-rays, but these elements can
not be attributed to any known component in the DAMIC apparatus.

its mechanical and thermal properties and was measured to have
low concentrations of radio-isotopes. The CCD package was in-
stalled inside a copper box and cooled down to −150 ◦C to re-
duce dark current intrinsic to the CCD. The copper box was also
cooled to eliminate the infrared radiation impinging on the de-
tector from warm surfaces. A closed cycle helium gas refrigera-
tor [31] was used to maintain the low temperature. The detec-
tor was connected with a passive readout cable and the active
electronic components (preamplifiers) were located outside a 6′′

lead shield. The detector package was housed in a cylindrical vac-
uum vessel fabricated with oxygen-free copper, and maintained
at 10−7 Torr by continuously running a turbo molecular pump
as in Fig. 10. The apparatus was installed 350′ underground in
the NuMI [32] near-detector hall at Fermilab, where other DM
experiments have already been performed [33]. The system oper-
ates without the need of any human intervention, and was pro-
grammed to collect exposures every 40 000 seconds. The experi-
ment operated for 11 months starting June 2010, and accumulating
a total exposure of 107 g-days. The observed spectrum in shown
in Fig. 11. The spectrum shows several X-ray peaks coming from
known components the apparatus. It also shows three peaks at
11 keV, 12 keV and 14 keV for which the source has not been iden-
tified. The isotopic composition of the commercial cable and high

Fig. 12. Low energy spectrum of events passing the selection cuts. The vertical lines
at 0.04 keV and 2 keV show the energy range used for the DM analysis.

Table 1
Number of events passing selection cuts for the 107 g-day of data shown in Fig. 11.
Two energy bins are shown: (1) from 0.04 keV to 5 keV, (2) from 0.04 keV to
15 keV.

Cut Bin (1) Bin (2)

1) E > 0.04 keV 81 754 102 469
2) npixel > 1 26 971 45 353
3) hit size 433 5529

density connector used for the CCD have not been fully character-
ized, and are the most likely source of these unidentified features.
These X-ray peaks limit the DAMIC reach in a DM search, and
point to the need of improving the isotopic control of the appa-
ratus.

The low energy nuclear recoil candidates were selected as de-
scribed above and the resulting spectrum is shown in Fig. 12.
Given the shallow depth of the underground site, we expect that
most of the events in the spectrum correspond to neutrons pro-
duced from cosmic ray muons hitting the rock or the lead shield.
Because of the lack of timing information from CCDs due to the
long exposure, DAMIC cannot benefit from an active muon veto as
is commonly used in other DM searches. The number of events
passing each selection criteria are shown in Table 1.

6. Results and conclusion

Standard techniques described in Ref. [27] were used to inter-
pret these results as a cross section limit for spin-independent
DM interactions. We assume a local WIMP density of 0.3 GeV/cm,
dispersion velocity for the halo of 230 km/s, earth velocity of
244 km/s and escape velocity of 650 km/sec. The Lindhard model
was used to obtain recoil energies as discussed above. Other pos-
sible combinations of parameters could have been used, in partic-
ular, the choice of escape velocity might be considered optimistic
for this analysis. However, these choices were made to compare
directly with recent publications from experiments looking for low
mass dark matter particles [4].

The optimal interval method [34–37] was used for determin-
ing the upper limit on DM cross section as a function of mass.
The energy range used for this analysis is between 0.05 keVee
and 2 keVee as shown in Fig. 12. The resulting 90% C.L. limits
are shown in Fig. 13, and constitute the new best limit for dark
matter particles of masses below 4 GeV. This corresponds to an
improvement over the limits produced by CRESST-I [38], which
were achieved using sapphire cryogenic detectors with a thresh-
old of 600 eV and exposure of 1.5 kg-day. The region consistent
with a DM interpretation of the DAMA/LIBRA signal is shown as a
shaded area in Fig. 13, along with recent results from the CoGeNT
Collaboration interpreted as a DM signal [4,9]. These two results
make the low mass region very interesting and clearly in need of
further studies.

from Phys. Lett. B 711 264
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Figure 3: a) Histogram of all the pixel values in an image after the median pixel value over many images has been subtracted. The readout noise
is the Gaussian distribution centered at zero, while the right-hand side tail corresponds to pixels where charge has been collected. The spike at
zero is due to the image processing procedure, as every image is expected to contain some pixels whose value is the median over a set of images.
b) 50⇥50 pixel segment of a DAMIC image when exposed to a 252Cf source on the surface. Only pixels with deposited energy >0.1 keVee are
colored. Clusters from di↵erent types of particles may be observed. Low energy electrons and nuclear recoils, whose physical track length is
<15 µm, produce “di↵usion limited” clusters, where the spatial extension of the cluster is dominated by charge di↵usion (Fig. 2). Higher energy
electrons (e), from either Compton scattering or � decay, lead to extended tracks. ↵ particles in the bulk or from the back of the CCD produce large
round structures due to the plasma e↵ect [9]. Cosmic muons (µ) pierce through the CCD, leaving a straight track. The orientation of the track is
immediately evident from its width, the end-point of the track that is on the back of the CCD is much wider than the end-point at the front due to
charge di↵usion.

the gates. The electrons are drained from the backside. Due to the mobility of the charge carriers, the ionized charge
will di↵use as it is drifted, with a spatial variance that is proportional to the carrier transit time. Charge produced by
interactions closer to the back of the CCD will have longer transit times, leading to greater lateral di↵usion. From the
lateral spread of the charge recorded on the CCD x-y plane, we can reconstruct the z position of the charge deposit.
This is depicted in Fig. 2.

3. Energy threshold

In DAMIC, the CCD is operated by applying the substrate bias across the active region and collecting the ionized
charge over a few hours. Then readout is performed, where the charge is shifted row-by-row and the signal extracted
through the serial register on one side of the CCD. As the capacitance of the output sense node of the CCD is very
small, it is possible to measure only a few electrons of charge collected at the gates. The data stream is digitized and
the pixel charge is measured. The read out rate is ⇠1 Mpixel per minute. The RMS noise in each pixel measurement is
⇠2.5 e� (Fig. 3(a)). Considering that the average energy to create an electron-hole pair in Si is 3.62 eV, this corresponds
to 9 eV. From the measured pixel values an image is constructed, containing all ionization energy deposits within the
CCD over the exposure time (Fig. 3(b)).

The number of dark electrons (i.e. those produced by thermal excitations in the Si substrate) collected in each
pixel, which introduce Poissonian noise on its value, is proportional to the exposure time. For a 250 µm DAMIC CCD
running at 133 K the dark current is typically ⇠1 e�/pix/day. The exposure length of a DAMIC image is a few hours,
therefore readout noise is the dominant source of noise.

As every image contains millions of pixels, to positively identify a pixel that has collected any charge, the condition
that a pixel value is 5–6� above the noise level is required. This sets the nominal DAMIC threshold at ⇠50 eVee. The

3
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Previous research with CCD -> DAMIC experiment 
DAMIC experiment has the lowest threshold (0.05 ke Vee) 
among direct DM search experiments.
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Introduction 
Existence of Dark Matter (DM) is supported 

by various observation results.

Weakly Interacting Massive Particles 
(WIMPS) are good candidates.

Expected mass of WIMPs is over 100 GeV 
from Supersymmetric  theory, but it has not 

yet directly detected.

Meanwhile, Light WIMPs (around 10 GeV) 
are claimed by DAMA experiment and 

recently by some other experiments as well.

Bullet cluster
Red: X-ray image
Blue: Gravitational lens
http://apod.nasa.gov/apod/
ap060824.html

http://sci.esa.int/planck/51557-planck-new-
cosmic-recipe/

Eur. Phys. J. C 73 (2013) 2648
visible star

gas

dark halo

observation & fit

Rotation of Galaxy

Detector Calibration and Simulation

Future Outlook

Preceding Research with CCD 

• DAMIC experiment has the lowest threshold (0.05 
keVee) among direct DM search experiments.

• Readout noise: 2.5 e- RMS
• With 0.5 g of CCDs achieved sensitivity 

comparable to kg-scale detectors.

Direct Detection of DM
Nuclei recoiled by WIMPs cause ionization.

Cross section of WIMP-nucleon scattering is very small 
(around 10-40 cm2 or smaller).

Then low BG is the key.

And for light WIMPs (~ 10 GeV), low threshold is more 
important.

Yesterday (June 2nd) was DM’s day!
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Advantage of SOIPIX 
• Low energy threshold.
• BG rejection by anti-coincidence (CCD can’t)

• External and internal BG can be 
reduced.

• X-ray will be the ultimate BG.

From Phys. Lett. B 711 264 From arXiv:1407.0347

Schematic view of MC geometry

R&D with Kyoto’s XRPIX2b in Kobe.

• Calibration with 241Am, 137Cs, 252Cf 
source.

• Developing Monte Carlo simulation 
based on Geant4 using calibration data.
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Next step

• Develop massive (~1 g) and low-noise (~15 e-)  SOIPIX.
• 15e- noise corresponds 0.3 keVee energy threshold.

• Evaluation of BG from detector material.
• Go to Kamioka underground.
• Achieve world’s best sensitivity for 2-8 GeV/c2 WIMP.

Tasks in One year

• Evaluation with event-driven readout.
• Demonstrate anti-coincidence 

measurement with scintillator.
• Calibration with neutron source (252Cf) 

using coincidence measurement (γ & n).
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Advantage of XRPIX 
We are planning a light dark matter search using XRPIX.  
- Low energy threshold 
- BG rejection by anti-coincidence (CCD can not) 
  -> External and internal BG can be reduced. 
- X-ray will be the ultimate BG.

Schematic view of our future detector.
from N.Oka et al., SOIPIX 2015

N.Oka et al., arXiv:1507.06987



- We have been developing an event-driven SOIPIX sensor, “XRPIX”,  
  for future X-ray astronomical satellite mission. 

- We realize the event-driven readout mode and very low non-X-ray  
  background by the function of the trigger signal output. 

- We designed the first prototype, “XRPIX5” to achieve a large-area 
  device for satellite loading. 
  -> chip size: 24.6 mm x 15.3 mm, pixel size: 36 µm sq.,  
      number of pixel: 608 x 384 (= ~233k)  
  -> readout noise: 48 e- (rms), 580eV (4.1%) @ 13.95 keV (FWHM) 

- We will optimize operation and evaluate characteristics uniformity 
  of XRPIX5. 

- We are planning a light dark matter search using XRPIX. 

Summary
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Smart CutTM 

Smart Cut™

7_Donor wafer becomes new wafer A SOI wafer

5_Splitting

6_Annealing and
CMP touch polishing

1_Initial silicon

2_Oxidation

3_Implantation

4_Cleaning and bonding

Smart Cut™

7_Donor wafer becomes new wafer A SOI wafer

5_Splitting

6_Annealing and
CMP touch polishing

1_Initial silicon

2_Oxidation

3_Implantation

4_Cleaning and bonding

CMOS (Low R)

Sensor (High R)



LAPIS 0.2 µm FD-SOI Pixel Process
Process 0.2µm Low-Leakage Fully-Depleted SOI CMOS  (LAPIS) 

1 Poly, 5 Metal layers, MIM Capacitor (1.5 fF/um2), DMOS 
Core (I/O) Voltage = 1.8 (3.3) V

SOI wafer Diameter: 200 mmφ, 725 um thick 
Top Si : Cz, ~18 Ω-cm, p-type, ~40 nm thick  
Buried Oxide: 200 nm thick 
Handle wafer: Cz(n) ~700 Ω-cm,  
                       FZ(n) ~7 kΩ-cm, FZ(p) ~40 kΩ-cm

Backside Mechanical Grind, Chemical Etching, Back side Implant, 
Laser Annealing and Al plating



Analog Signal Readout Circuit

PIXEL2016 @ Sestri Levante, Italy - A. Takeda - 8th Sep. 2016
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Readout Pixel Unit : 8 x 8 pixels  
S/H Cap. : 8 sets
8 pixels scan / line x 8 lines
* The hit event information is obtained from XRPIX5.



Design Specification of XRPIX3b
Components
- Chip Size : 2.9 mm sq. (Effective Area : 1.0 mm sq.) 
- Pixel Size : 30 um sq. 
- # of Pixel : 32 x 32 (= 1,024) 
                -> SF : 32 x 16 (Left) , CSA : 32 x 16 (Right) 

Modification of XRPIX3 which is first 
prototype of XRPIX CSA circuit. 
Comparison of SF and CSA pixel. 
(Fabricated Jun, 2014)
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Spectra of XRPIX3b
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X-ray Mirror and Camera

http://astro-h.isas.jaxa.jp/diary/1329/
https://user.spring8.or.jp/sp8info/?p=292508 May, 2015

ASTRO-H
ISAS/JAXA



Plan for Satellite Mission

FORCE (NGHXT) に搭載する
広帯域Ｘ線撮像検出器 WHXI

鶴剛, 武田彩希, 田中孝明(京都大学), 幸村孝由(東京理科大), 渡辺伸, 中島真也, 佐藤悟朗, 
高橋忠幸(宇宙研), 中嶋大 (大阪大学), 中澤知洋(東京大学), 森浩二(宮崎大学) 他 FORCE チーム

FORCE&(FOcusing&Rela1vis1c&universe&and&Cosmic&Evolu1on)&(元名&NGHXT)&は0.5@80keVを10秒角(HPD)で撮像分光し，隠されたブラックホールの探査と宇宙線加速機構の解明を主目的とする小型衛星計
画である．この講演ではスーパーミラーの焦点面検出器の開発中の現状を述べる．
検出器に求められる性能は，(1)エネルギー帯域0.5@80keV，(2)ミラーが持つ10秒角(HPD)の分解能を活かせる位置分解能，(3)鉄K輝線帯域でのプラズマ分光が可能なエネルギー分解能，(4)低い非
Ｘ線バックグラウンド，である．これを満足するために，0.5keVから20keVを主に受け持つX線SOIPIX検出器と20keVから80keVを主に受け持つCdTe検出器のハイブリッドカメラの開発を進めてい
る．CdTe検出器はASTRO@H& HXIのものをさらに発展させ，FOXSI2実験の経験も踏まえ，ピクセルサイズ100μm(2秒角に対応)，厚み750μmの検出器を開発する．X線SOIPIXはピクセルサイズ
36μm(0.74秒角に対応)，13.8mm×21.9mmサイズのXRPIX@Full検出器を3つモザイク状に並べ，44mm×45mmの撮像エリアを構成し，15分角の視野を実現する．SOIPIXの開発の現状として，2015年末
にXRPIX@Fullの1/2のサイズのXRPIX5が完成する予定である．また，イベント駆動読み出し時のノイズを下げる方策，軟Ｘ線感度を向上させる新しいＸ線入射構造を持つ素子の試作を進めている．
素子自身のＸ線性能に並ぶ大きな課題は，Ｘ線SOIPIX用のトレイの開発である．Ｘ線SOIPIX素子は44mm×45mmの撮像エリアで3@4Wの発熱が起こる．これを排熱しつつ，CdTeが受け持つ20keV以
上のＸ線を透過させる構造が必要である．そこで枠状のパッケージ兼トレイの検討を開始した．設計段階で問題がなければ，&4月末をめどに樹脂でモックアップを作る予定である．

P-094
第16回
宇宙科学
シンポジウム


