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XRPIX 10e-/ A XEZH ! SOI Photon-Imaging Array Sensor (SOPHIAS) SPrina-$ )0/

15.3 mm - Chip size : 24.6 mm x 15.3 mm for X-ray Free Electron Laser (XFEL) SACLA SACLA
- Pixel size : 36 ym sq.
- # of pixel : 608 x 384 (= ~233k) N - - .
- Thick’;ess of sensor layer : 310 um (CZ wafer) SACLAD#:SPring-8 TH 2 TR THEONATINS,
500 um (FZ wafer) + Dynamics of Atomic Structure
s | « Direct Observation of Chemical Reactions
£ XRPIXEDIC £ B5Fe RN LIt oo,
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D 500 &
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400 -
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2

Specification of Single/Double SOI wafer

Layer Single SOI D-1 (SOITEC) | D-2 (Shinetsu) | D-3(Shinetsu)
MX2166
SOI1 | p-type 88 nm, | p-type 88 nm, | p-type 88 nm, p-type 88 nm,
<10 Qecm <10 Qecm <10 Q ecm <10Q ecm
BOX1 200 nm 145 nm 145 nm 145 nm
SOI2 - p-type 88 nm, | n-type 150 nm, | n-type 150 nm,
<10 Q ecm <10 Q ecm 3-5Q ecm
+ Shield Crosstalk BOX2 - 145nm 145nm 145 nm
* Compensate Substra | n-type/p-type n-type p-type p-type
radiation induced
oxide charge te ;éz;":&"fzm cz Low Oxygen CZ Fz
. 725um | >700 Q ecm >1.0kQecm | >5.0kQ ecm

Radiation
(Xay, Blectron, Alpha, Charged Particies. )
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Single Port SRAM Bit Cell

Only 1 Active region
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measurement of Space & Time)

High R-S1

> IMNESADEE

~ B

SCiPIX
(Si CdTe Integrated Pixel)

I sy SOPXMAL awEAsLm
¥

UIRER EF LI

SICLIR LTI OLT
WARORE SRR ALY

(FEXR.BEX KR L)

Lower Chip

T-Micro
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WD14. 6m
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< FEFLERYIr A BRDEEHEH;(C, SHASREE B
LTHRRGREBT AT 7 ATV RIEAZREL TS,

« RIEF12A DHBTOERERE, SADRRIHESND
CEEHRFLES,

11" International “Hiroshima® Symposium on the Development and
Application of Semiconductor Tracking detectors (HSTD11)
in conjunction with
2" Workshop on SOI Pixel Detector (SOIPIX2017)
OIST, Okinowa, Japan, Dec. 11-15, 2017.

TOPICS
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i Protection Tr.(D?]';U—U NFZ:N-1-5 FZT7T/\, 5.2-6.2kQcm (1 X 10%2 cm?)
Photo Diode > PEI PFZ:P-1FZT/\, 25kQcm (1X 1012 cm?)
Photo Diode DA 1—% DSOI: D-2 {EEERIBEMCZ T/, 1kQem (1 X 1023 cm3)
Dl 3@ BY
ThE¥hORS THEL DD SHE Ok
. MX2040 -001/002/003JA (HR-1, NFZ, PFZ, DSOI 500 um) DSOIIENS/PSHEHI K
Reset Tr. H Protection Tr.)ZA 7 —% e s
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FEOINQOERBEAERR

[RIEFTE]
0to-5V step-0.02V 0to5V step0.02V
® ®

0t020V step2V 0to-20V step-2V

[vt E ]

1w z
g = if!‘ﬁz("}s -W)

[HR-1] [PFZ]

Jeor Wl - Wl ) [ Vel Wi o)

[DSOI]

[ Vel - Tl [ Vsl - Tl 4

[EiRREEH] Handle Wafer | Type | Vi, (V) [ K (sart V) [ 29, (W) | Np (em™
HR-1 N | 0432 | 0285 | 042 |4.86E+13
. \-2‘5.‘{\ 5 2 NFZ N_| 00532 | 0279 | 0.442 | 7.54E+18 | BYEFLEDREA
L by + O |+ Ve P | -0.131 | 0.0302 | 0208 | 8.05E+11
Cox DSOI (62) 500 pm || P [ -0.0864 | 0.218 0.438 | 6.91E+13
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HOESOPIHIRE OEMAT 517 EEESOPNHIRR @BMAT 6/17
N = PN s
BESU—VBROES LS BEDRE REARSERTMOTEGHEE
(Daﬁﬁﬁ%“
P I
mmm @G’R“ﬁ papeton OB MLSEEEH T TRE
RECUOLREER
BAED=DIRAESNEL, Elﬁq(-{-hfho 2 BEREHZBET .
RATEQBERFNFATLIIAEAY N, o ORI
FETIRRAERAREEDIL, Neub
( EZ MAREICTEZThIECORRITFTO L
@!‘?Eﬁﬁ'}ﬁ‘ N, ﬂﬂii‘ﬁlﬁéﬁ'6h‘t‘Pl:F—7?6 ‘
)‘zs)ué_r T"T"isu- 0 = TieVenNie = L#ICT MR, £mIePWDBA HiRTEG W/ BPW L
(2G-R —
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i ' T UepNy H aNp j%:tthw ES
‘@ﬁmlﬁﬁ %R!ﬁ!lzvrﬁ#béhﬂ SRRV, s
Tips VIEEZT(VrVbi)eDT OV LS RETERLD 2 P fesit
diff =4 vuva- !
P —— PS:0.78um X 600um X 404
5. M. Sze, “Physics of Semiconductor Devices” 2 Ed.
- s e 717 . s e 8/17
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29 June 2017

SACLA

SOPHIASDIRIRE Sk

FFHFEC
B LSRR

SOLT RIS

Collaborators

L]
AIKEH

= RIKEN, JASRI
All members of SACLA members, especially,

o T. Kudo, K. Ozaki, M. Omodani, S. Ono,, T. Tosue, K. Kobayashi, T.
Kameshima, Y. Kirihara

= Univ. of Hyogo
o N. Teranishi, Takeo Watanabe, Hiroo Kinoshita
= SOIPIX collaboration

esp. Yasuo Arai (KEK), lkuo Kurachi (KEK), Jiro Ida (Kanazawa Inst. of
Technology), Takeshi Tsuru (Kyoto Univ.) , Kazuhiko Hara (Unv. of
Tsukuba)

= Private Sector
o Lapis Semiconductor, A-R-Tec Corp., Brookman Technology,
Kyocera Corp.
= SACLA Detector Advisory Committee
o Peter Denes (chair, LBNL), Andrew Holland (The Open Univ.),
Grzegorz Deputch (Fermilab), Yasuo Arai (KEK), Bernd Schmitt (PSI)

29 June 2017 SO AR S T. Hatsui, RIKEN 2

SACLA (SPring-8 Angstrom Compact Free Electron Laser)

X-ray Matter Interaction

L ]
RINEH

Operation for users from March 2012
7000 hours/year (3500 hours for users)
« 2" X-ray Free-Electron Laser Facility after LCLS
Shortest wavelength lasing achieved
Compact XFEL facility with stable operation
T. Ishikawa et.al., Nature Photonics(2012)

* X-ray Fluorescence

lpocA * Elastic Scattering
Energy Resolving Detector -4 i i
rgy ] 3 s oc g7 (uniform material)
Noise ~ 3 e-pms S5 & Wide Dynamic Range Imager

h ¥ * Absorption
WM A= - log (1/1,)
i Wide Dynamic Range
G- Imager

*  Wide Dynamic Range is inherently required ,:e'. C s .
for Elastic Scattering and Absorption. ompton Scattering
For X-rays, dynamic range is determined by Electron Tracking
photon shot noise, i.e.,
wide dynamic range = higher peak signal

29 June 2017

Imaging Area:
64.77 x 26.73 mm?2
Largest in class

Major Specifications

Pixel Number: 1.9 M

Pixel: 30 um0OJ

Rad. Hardness: 1 GGy @ 7 keV
Frame Rate: 60 Hz

Status

Development completed.
Yield improvement ongoing.
Sensor Production Completed in FY2017.

SOIF#HiAEIF R

Semiconductor, Kyocera etc.

Noise: 180 e-rms (0.1 phs.@6 keV)
Peak Signal: 18.7 Me- (11400 phs.@ 6 keV)

SO HIEHRS . Hatsul, RIKEN 3 29 June 2017 SO HIEHRS . Hatsui, RIKEN 4
[GSOFIAST] SOPHIAS (2007-2018) Lot e 04 Capacitance Density "ol

Diofoctric Constant: 5i 11.8; 0-5i0x 3.9 0-5iNx 7.5

Scientific CCDs
~0.25 fFipm®  ~1 IC/um? @ 4V
Polysilicon l-ﬁ.s m
| ~ 4 photons@ 8 keV / ym?
Insulator
Channel CCD area efficiency
~50 %

2 photons @ 6 keV / ym?
CMOS
(Hybrid, MAPS)
Matal {atens of nm 2 3
e n oo
Metal

~ 4 photons @ 6 keV / pm?

29 June 2017 SOl Rt BRE T. Hatsui, RIKEN 6

Higher Peak Signal
& & & demands larger pixel

. o . o
[ 324 Principle Peak Signal vs. Pixel Area
. L . Pie S fim |
Digital Higher Peak 1w 40 60 80100
Photon ‘ Charge ‘ ‘ Voltage ‘ ‘ . L R M .
‘\ J J L Number J Signal DensWFASPAst.s phs/um2@ " o Peak Signal, Ny max
A Ak o
k3 max
# N, = max___
Q=cCV 3 i _,r/':...-.a..- = PRmex = e tont W)
. @ ~ iRFEL 1.38 phs/umZ
C « Pixel Area £ o Qmar = € Vinar TS Caensity Vinax)
5 F.o.M.

s E Pixel Size

;‘“"‘"""‘""‘"‘l_*"'"‘”" Peak Signal Density: 12.7 phs./1 umJ@ 6 keV
10 10 i

Approach in this work Pl Ars| Cglgh;S;;Tor;?JXF(Etndef::Lclt?DrSSI)
Reduce the charge/photon ratio /P H girau,
SOPHIAS: 10 % of charge is collected for low gain channel Detoctors for E XFELS (LPD, AGPID, DSSC, PIFEL)

R . . etectors for European s ) X , PIXFEL),
— x10improvement in Peak Signal spectroscopic imagers (pnCCD, MPCCD phase lll-L) are

not targeting high peak signal density.
29 June 2017 SO MMEAFRE T. Hatsui, RIKEN 7 29 June 2017 SO MM RE T. Hatsui, RIKEN 8
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Implementation: Charge Collection

Entrance X-ray

Windowi ﬂgw
[ /]

Absorption Point

Low Gain Channel

Collecting
10 % of charge

[

Trace of Charge
Silicon

High Gain Channel

Patterned Implant
Oxide — 13
w
CMOS Circuitry =—_~"

29 June 2017 soi

‘ 0.25 pW/pixel without power pulsing ‘

Experiments: K. Ozaki et.al,
Is Charge Division Principle Working?

= Experiment
Cd-109 source

o

High: 142.36 + 0.050 (20)
Low: 6.953 + 0.014(20)
(cf) w/o charge division

— Low = 0 DN

= Analysis g
= Correlation between :; é

High/low outputs was £

(@]

found. =

Peak 8

o

—

0 0

High Gain Output (DN)

29 June 2017

SO RIEIAFIE

Preliminary

Higher Peak Signal: SOPHIAS (cont’d)“z3.7

{9

R

RINEH

[ GSOPHIAS | Deployment Status

SACLA BL3 6keV (1.5% 10" phtons/pls)

T. Kudo et.al., in preparation
CoO: dia. 22 nm; t=Tmm

Beam Stop

Attenuator

SPring-8: Internal

Structure of Synthetic

Fiber In collab. with
H.Masunaga, et.al|

70% of users

select SOPHIAS
SPring-8: Bulk Magnetic
Domain Observation

Tender X-ray Diffraction
Photon Factory

Heavy Ion Therapy Gunma
Univ.

Diffracted x-ray tracking
in collab. with Y. Sasaki (Univ.
Tokyo) and H. Sekiguchi (JASRI)

SACLA: Femtosecond
Chemical State Dynamics
In collab. with Katayama et.al.,

Non Destructive Imaging
for Industrial Use

KBL3
In collab. with M. Suzuki, et.al.
(JASRI), O. Sekizawa (The Univ.
of Electro-Comm.), T. Ono

(10000shot)

Phase Imaging

(Kyoto Univ.) BL39XU In collab. with Prof. Shimura
. = group of U. Osaka
L Kp2s
Log scale 40 ) Color Imaging

to be deployed by using

29 June 2017 SO T KL T. Hatsui, RIKEN

SOPHIAS-L (target 60 e-rms)

29 June 2017 SO IR R

Phase Shifts of the Measurement Methodologies
from the viewpoint of Major Applications

Ring-based XFELs (2040s-) Long Term

Open Question

SPring-8-1I (2020s-)
Temporal Info. or

-+

High Rep. Rate XFELs (LCLS-II

High Throughput Experiments
Sub MHz X-ray Imaging

SACLA (2012-)

“Diffract before Destroy”
60 Hz X-ray Imaging

>30 keV X-ray Imaging
SPring-8 (2007-)

High Throughput Experiments
~5 Hz X-ray Imaging

SPring-8 (1997-)
Static & Atomistic Investigation
Imaging Plates

Long Term Research Topics

= Photon Energy Limit of Silicon Sensor
= Traditional Explanation
- Attenuation length
“silicon becomes transparent > 20 keV"” s .82, ecss

—

1000 T
incoh. scattering 10keV
photoelectron 20keV
100 30keV
hv < dokeV
Ne- ok 8%V | photoelectfon
X-ray Fluores.

X-ray Fluorescence Auger cascade

Dose (Cicm/scurce)

coh. scattering

10 mm

Poaition (um)

Staked Sensor Development*

Higher Photon Energy gives “blur”
The blur
- degrades image quality of detector

T. Hatusi, preliminary.

cattering

Y

(Ref) Industrial Stacked devices

g
-

et S ki 4 C

c

() L:
¥ Py T ot
M. Tararuati, T Watanates, W, Kincihiea U Wogsh

it “Dictionary” Assembly

Solution Candidates (2):
s g [y p—
Addiigs
© S s byt
4 £ nmsor potie
P20 b TON @0 Y X-ray
+ St " et

BRI —r—

[Rel.) industrial Stacked devices
14 Peteat SELRITT (WA (19900

© bt it ey b an

Up to 30 keV
3-layer Stacking by Mechanics*

beyond 30 keV

*part of the METI proposal for 2018-2022 New PaCkagmg Technology?

29 June 2017 SOIRFFItRIIRFTE

29 June 2017 13 29 June 2017 SO AT S 14
>20 keV International Forum on Detectors for Photon Science (IFDEPS)
2014F 1811 HOMETES Feb. 28th to March 2nd 2016

IFDEPS2016
Highlight Topic: CMOS Image Sensors

IFDEPS 2018
Highlight Topic: Energy dispersive detect
¥/

Organizers
Takaki Hatsui
Pablo Fajardo
Gabriella Carini

(RIKEN SPring-8 Center)
(ESRF - The European Synchrotron)
(SLAC National Accelerator Laboratory)

29 June 2017 SOIFFilitRIsEATIS
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Summay

= SOPHIAS
o L UOREERET. BiEE2017FE TR T Z2BEY.
- EEGCEITTRESRERN o2 (F & THER)
s SACLA. SPring-8 D7 UL —23a > HNENDDDEH S,
o 1RTFIRHEED (TRIVF—DEER) 23k UK/ - Xhie
DSOPHIAS-LERFEH
= SEORMZRE (0—D)
s 20 keVI EDOT )L+ —5E1
- DU TARE(CHIGETERODD
= < 30 keV: 3-layer stacking (part of METI proposal)
= > 30 keV: E5RDEBRANNE

29 June 2017 SO RIS TS
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Hunt for Missing Black Holes

fernmbEnssior

SOIPIX

fHole Stack

Pt 27

Active
Shield

Insulator
(Si02)
Fast CMOS 2 : : = Ll
towps) v o oo

Each pixel has its own trigger logic
and analogue readout CMOS circuit.

Anti-coincidence Shield
by Scintillators
Rate ~kHz

e realize very low non-Xray BGD by anti-coincidence with
surrounding scintillators

* event rate from the scintillators is about kHz

* XRPIX is required to have time resolution much faster than kHz.

deeply-b uper-
Takeshi Tsuru (Physics, Kyoto Univ., JAPAN) mast)ize black hoIF;s
. (107 ~10A9 Myyn)
tsuru@cr.scphys.kyoto-u.ac.jp = i 5 Intern e massive
[y — black holes ‘
¢ Eﬁﬁ/‘f’\%—? o (100 ~1074 Mgun) Isolated stellar
o RHEH(RK) XRPIX6DEMREST Ve - mass black holes
o #k (RKA) XRPIX6 AR ML, BB s e - ¥ i (10~100 Msun)
o ME(GRK) R W IXRPIX . The primary scientific objective is to hunt for
o FE[E(ZIE) XRPIX6b XHRTID “missing black holes” in various mass-scales and
o FRFE(EA) BPSPIX to trace their cosmic evolution
“XRPIX” = SOI pixel sensor for X-ra Astronom Tar ification of the Devi
Sensor | Xoray X-ray Particle Imasi area ~ |5x45mm2, (prototype ~2x2mm2)
(highp, | "t Feld o View .- BGD magine pixel ~ 30-60pmo (17 @ F=10m)
depleted Si) : Req. I-40 keV, Goal 0.5-40 keV
Fletron o Energy Band Backside lllumination Req.<Ipm, Goal 0.1pum

Full Depletion Req. >250pum

AE: Regq.<300eV, Goal < 140eV @ 6keV
ENC: Req.<10e-, Goal < 3e- « Most Difficult

< |Opsec for the anti-coincidence with the rate of ~kHz

Spectroscopy

Time Resolution

> 2kHz / detector
for observation of bright X-ray sources

Non X-ray BGD| 1/100 of CCD at 20 keV H
(anti-coincidence) | (5e-5 c/s/keV/10x10mm2) EE oo
¥ 1o?

[
X-ray SOIPIX 3 0ep

N S
5 10 20 50
Energy (keV)

Max Count Rate

=
T gOE T %
ccp E

>
S

Non X-ray Ba
(count/sec/ke

XRPIX1: Pixel Circuit

B0,
. pmm pEm
i Voo é > Trigger :
: | output
T u T a = :
: L= e L”‘—_'l
GND 8>
Analog  ‘-Teeeoeoooooooooooooooooeoooet ] [ Analog
Readout e output
1 vDDI8 El
E’ STORE - 1 coLAMP T our Bur
.—| N G=1 G=
Sensor C — | : I
ample Tbsc v
! | = Nt L 100fF o “ XRPIX2b
4 HE 30umo, 64x64 pixel
B /Store H i TEST_ECA EOXX |
EGND\a PD_VRST CDS _VRST} VTHE H Room Temperature |
"""""""""""""""""""""""""""" kR}Uw‘ZU/TiEEE/TNS'.'?B','Z:’S'Z'S (thin depletion layer with VBB=5V)

XRPIX5 - 1A of 14x22mm?2, 3-sides Buttable.

XRPIX5 FZn(N-1-4) 500um
-40°C, Vb=200V, Frame Mode of 8x8 pixels

h_onepix_event

Pt 0o cition position :

soof- near the: far from:
13.95keV . 13.95keV .
ol ° chip ¢ the chip
17.75

= _J_,""" readout ' readout
“E ['] 2078Kev " L 2078keV

J,- #\ 26.34ke | . f A 26.34keV]

Mgl L Al i
ChanataoU]

£
Channel[ADU]

chip readout position
« Imaging Area of 13.8x21.9mm2. 3-sides Buttable.

« Readout noise ~37e (rms), AE ~ 700eV (FWHM) at 13.95keV in the
Frame mode. No change from small devices (XRPIX3b).

« There is no difference in the spectral performance by the position.

« We are now preparing readout of the whole region in the Frame

and Event-Driven modes.

Thick, fully depleted back-illuminated XRPIX E

Quantum Efficiency vs X-ray Energy

o Floating Zone (4kQcm) 102 !
§r b s e cs
< - & 80 A
o s 70 O X\v\‘——s}
£ E] {crk TK ek SF_Se-K
3 o & e Al-K
0 — E 50
> e 2
L= \ § 40
N S
3" ol Note thac th imental result includ
] . 0.5 30| Note that this experimental result includes
§ depletlon oV Al optical blocking layer of 200nm.

" Matsumura+14 NIM A IXRPIX3b-BI-300pm Laser Anneal,VBB 400V

]
. PP | 4 5 »

200V ©

back_bias

W
Back Bias Voltage X-ray Energy [keV]

* Depletion Thickness of 500pm is achieved by using a high p FZ wafer.

e Thickness of dead layer obtained from the QE ratio between Al-K and
CI-K is 0.66£0.31 pm (including Al OBL 200nm).

* |t satisfies the requirement of < | pym.

¢ Further improvement by parameter tuning is in progress.

-24 -
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Improvement of Spectral Performance in Frame Mode E
increase the node-gain by applying Introduction of
smaller BPW (parasitic C). charge-sensitive amplifier

-I_fl?r i_!-sr Al csa
5= 7
_

Early Development Now

200 nm ¢

Spectra of Am-241 X-rays in Frame mode

Noise peak 1395 kv
. |
e ] £ Notmal VT T £ T VT T T
| readout noise 20068 ¢ (ms) | 160 readout noise
e
1
"r 17.74 keV
=
.
r 100/ 80| B
w |. 971 kev l |
v 20,77 kev * v
wr 50 | | 40 B | w77k
f 1/ i i}
! bl vy | M b MW L LA
" Tresrls' ©20 a0 60 80 100 120 140 160 180  © 100 200 300 400 500
Pulse Height (ADU) Pulse Height (ADU) Pulse Height (ADU)
~600e (rms) ~68e (rms) ~35e (rms)

Enough area of BPW is necessary to suppress back gate effect.

We were unable to reduce the area of BPW further at this moment.
Takeda+2015 JINST

Double SOI Structure w/INTPIX8

- DSOI
0. |~ SO » DSOI structure increases output
) gain of CSA (Miyoshi+17)
0 ) ¢ DSOI structure reduces parasitic
¢ ik i capacitance between CSA - BPW
00 i Lo e
% 0w oO0 ®
X.rav e v [keV
sior "2 l =S =1 VDDIE  vpp3a
P uBNW) | e-E € g VDDIK
L6um 7 STORE
| {25k E‘
-t ey L 200¥ g T
f 0! soih BPWYboroqH s ooy
r"""' X Z, sio TOAD ouT
P d : pio x
16jan } (i;l) v RST (s
{ peiIkhcm) | Voshit
L -a00v Miyoshi+2017 JINST

Double SOI Structure ]

\
200V bk

I_{,,_. 200V :

* In stead of BPW, DSOI reduces back-gate effect.
e Can minimize BPW = Smaller parasitic C = Higher gain & Lower noise

New Device - XRPIX6 using Double SOI "2

XRPIX6D-DSOI-CzP 300um Front lllumination

€ T anKl r
8 5.9 keV F
= @0 gakev
400} 4000/~
= |
& Esingle
300~ FWHM : 3.2% (190 eV) «g— 3°°°§double
o F il
200) gamjtrlple
MnKB [ quadruple
100f- 64keV]  1000[- 7.1 keV
A \ A 14.4 keV
e £ &
= TR0 e e w700
PH Channel[ADU]
Ves 200V Ves 400V

8x8 pixels / No gain correction
Chip Gain : 39.82 pV/e-

Readout noise : 17.41 e~ (rms)
FWHM (@6.4keV) : 296 eV (4.6 %)
(single pixel event)

Spectrum collected with single pixel
Chip Gain : ~40 pV/e-

Readout noise : 10 e~ (rms)

FWHM (@5.9keV) : 190 eV (3.2 %)

Takeda Plot

RPN

XRPIX6H

i :N.PI‘J;;K i
/ XRPY -,
xuvmn.-'.//‘ o g Mari2b-0
— XRPINED-CSA

ELT LA AN
RRPIXIG-A

Readout Noise (e- rms)

requirement
0|

®XRPIX6D (8x8)

goal

| | |
1 10 10°
Gain (uV/e-)
* Thanks to DSOI, higher gain and lower noise.
But...

* Measured noise is higher than expected ENC of 3-4 (rms) from CSA design.
* XRéD on the line = Noise source is downstream

* Gain seems to be lower than expected — Parasitic Capacitance at Sense node
e Study TEG in XRéD well and figure out the source of Parasitic Capacitance.

Comparison of Event-Driven and Frame Modes!4
Spectra with XRPIX3-CZ w/CSA

Frame regagdfut mode Event-Driven readout mode
13.95 keV

\ 13.I95 keVv
” R s s e e R 2 ¥ -
£ 18012%Am ‘ %#i 0%
o CSA-PIX r
O 160 : ©
readout noise :
1401 35 e (rms) 1000l
1200 17.74 keV 11.44 kev 17.74 kev
CSA Pixel
SAPixel ‘L 800[~ FWHM : 9.6 % (1] 34 keV)
00[EWHM : 2.9% (400 eV), 9.71 ke'
—
80 1144 keV o
9.71 keV
60|
400 20.77 keV
40 " ' 20.77 keV
| \ 200~
20 ITARIR
0 bl 1 0 Y P I T P
100 200 300 400 500 1000 1100 1200 1300 1400

Pulse Height (ADU) Pulse Height (ADU)

Takeda+2015 JINST, Takeda+2013 IEEE/NSS, Takeda Ph.D Thesis, 201408 14_takeda_v0.pdf

Double SOI Structure

* in-pixel circuit consists of analog and digital circuits

e operation of digital circuit influences the analog signal in the event-driven
readout mode

1) analog and digital circuits have a common power supply line (common
impedance coupling) = modified the power lines

2) crosstalk between digital circuit and BPW (electrically connecting to the

Target Specification of the Devi

area ~ 15x45mm2, (prototype ~2x2mm2)

pixel ~ 30-60pumo (1” @ F=10m) m

Req. 1-40 keV, Goal 0.5-40 keV EEE—

Backside lllumination Req.<I I pUm
Full Depletion Req. >250pum

Imaging

Energy Band

AE: Req.< 300eV, Goal < [40eV @ 6keVIRAT N TN
sense-node) = “Double SOI Spectroscopy ENC: Req.<l0e-, Goal < 3e- « Mos
Single SOI Double SOI Time Resolution| < |0usec for the anti-coincidence with the rate of ~kHz
> 2kHz / detector Already achieved
Ml
M layer e Max Count Rate for observation of bright X-ray sources in a small device
L o ; Non X-ray BGD| 1/100 of CCD at 20 keV ~ Z g 0.1 .
Circuit capacitive | | Circuit M|dd|e (anti-coincidence) | (Se-5 c/sfkeV/10x10mm2) 3 EOO'F cco 1
coupling Si Layer »2 =
Insulator Insulator X-ray SOIPIX b
i si02 1
5i02) - 5i02) B In Frame mode, each 4
Sensor Sensor performance almost achieved ; T
the requirement independently. Energy (keV)
Ohmura+201/6 NIMA
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AN
&
o Fv T OERMER
o ERURIF EN > TE
o BEER RES A A — NHIBRTHRIRY 20 h
e HmAHUL /A XD TRO—F (FFIE

s BREREDRTFORSE L REIERE

o AR NEREITOIERE
« BEBHBRF & UTOREE - 8
C AVV—ZV T FyTLANLT
ETETTEZON?

FodrH U AR D BEBEENN.

U TIVICT LIVEH, ADCHE
o B e LTOEREMKE
ESEN

¢ SCiPIX (Si-CdTe integrated PIXel sensor)

o 3B EISA - Y1 T ZAANDER (g Stack-XRPIX, HIEXIRDHT)
e 8umtEZ )L/ Low Noise / BE O—U VY v vy

FRRBIGILBEAHED.. AR H .
RIS SHR~1504x%6
& K LA 2FT~50%

Thank you

T.Tsuru, T.Tanaka, H.Uchida, H.Matsumura, M.Itou, S.Ohmura,
H.Hayashi, K.Tachibana (Kyoto Univ.),A.Takeda, K.Mori,Y.Nishioka,
N.Takebayashi, S.Yokoyama (Miyazaki Univ.), S.Kawahito, K.Kagawa,
K.Yasutomi, H.Kamehara, S.Shrestha (Shizuoka Univ.),Y.Arai,
I.Kurachi (KEK), T.Kohmura, K. Tamasawa, Y.Ozawa, S.Sato (Tokyo
Univ. of Science), S.Nakashima (ISAS)

%

POES@
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AR ~ERENRISOIPIX
XRPIX>U—X, FRFESE
% 81 SORTLINEHMRS @ BHA
2017%6H29H
HA &

BlERT T2 EFYEIER
takeda @astro.miyazaki-u.ac.jp

4-5. 4 N> FERERE! SOIPIX [XRPIX ¥V —X| RS

AHORR : ChEATOMRRARZIRD ESBVHE
* BEOME L, DAMECRELTBNULET.

- XRPIX¥ U =XABHEFTHD (BRiEFELT)
- XRPIX> U —Z DB
- MEgEm EDESE
-ELTINDS

# 8 [B] SOTAITEER R @ ZHAT - BE £% - 2017.06.29 THU 2

XRPIXYU—ZXHEIETHD (RHEEELT) XRPIX Y —X
2010 2011 2012 2013 2014
XRPIXYU—=X = TRV NBEHTES, BEINET <& mmm

@ IRV MREBICHMEILT, HONRSESOHHHAET
> BERIER ARV MREKD Y12V,

v NMIB)

IAC A

BEBAIAET
& CCDIMtHDRHIEEE (3~5 e rms) ZHIST.
> AR NEBTE /1 DEREEER LB RIER 530,

% 8 Bl SOFATHEMES @ BRATF - KA £% - 2017.06.29 THU

First Model
Trigger Output
(Event-driven readout)

6.0 mm 6.0 mm

Middle Size

2014 2015

XRPIX6H
XRPIX6E
XRPIX6D

6.0 mm

New Readout Circuit JEaaduL

XRPIX U —X

2017 60 mm

1B

=2

i

K

&

i
SCiPIX1
XRPIX6C

4.45 mm

2017.06 Submit
2017.11 & ?

20187 153mm 20197

ERFFAZ
Il
REAED

N=TH4ZX
& Mk |:
nepmo |2
TNHAZ ~
SEROBETFEEF.
RHEHIIC, XRPIX5D 22721

2MEFA4 X (ZILRRY)

ZBEY. .77

% 86 SOFFATAEM%R @ BhHAY - RA 4% - 2017.06.29 THU

153 mm 2020 ?

Pixel Circuit
+ ! b
t < s
© S RsT.comp1 G RsT_comp2
i I 5
© S S
S
5 c |
© fmpRIRier RST SR Latch
....... oS
VB S ke 5 |ROW_ReAD
VB_Csa— - n
£ H New intra-chip Readout Circuit
8 I STORE CDS Cap. PGA : x1, x4, x19 XRPIX4~
H - S0S.n
o H & D: BASLST1Y
S| ! sense-node | & :-; £ 5" g _
< D H z Fv7Eik8EY b+
© sl 8 g H
N> ——————~ T T H 3
CsA H
DS RSTV VTH i
| Previous Readout Circuit} i T
~XRPIX3b} H H
COL AMP. i e N L
w/o CDS e E' a‘ﬂ: PED.
8L [
OUT BUF S/W Cap. TS Differental
_!_| ~>—oaout e
i Readout Circuit
% 86 SOFFATAEM%S @ BHAY - KA 4% - 2017.06.29 THU 6

aAVIL—%Vty FROBEBEERIMEIXE

EOLIIANI VL —F R (A VIN—% F3v/\—B) DR L,
AVNR—=L—=5DYVty NEILTIYYILOFRERE L 125,
In, BEOOYYIICAANSTNZ EBBERIRNTLUES 2o,

WEEECDRENH .
RST_COMP2

—

Ny REY RIS
HEEbEH LTS

SET
MASK
COMP2 /

(i, BERENMEZD EMBELRDED)

XRPIX6 TOEIEHERL (XRPIX5H' S AEDEH % RE)
ENESICL DS Sy FEEMREBICLTUEY T3,

El
TRIG_OUT

RST
ANBEDH->LOBED S v FEIEE

% 8 [B] SOMTAITEEMR S @ ZWAT - BB £% - 2017.06.29 THU

L1177 kBl (XRPIX1~2b)

I\ V7 — N RERF B RIETBPWHE -

R EDEWTA > EF W
XRPIXT BPWOEH : 428.81 um?
XRPIXTb BPWOET : 192.08 um?
BPWOEELLE (XR1b / XR1)

14,0 lim'

XRPIXIB'EPW

BPWOHELLE (XR2b / XR1)

XRPIX2b Pixel Layout

TCAD&L D, BPWHAS56 umE TOTrdHHULBRS,
VBB100 VETIE b TV Y R Y FMERIETE S,

XRPIX2b BPWDET : 138.24 um?

192.08 / 428.81 > 448 %

138.24 /42881 ->32.2 %
% 8 [E] SO SRR @ ZHAY - HE B# - 2017.06.29 THU
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1772 5l (XRPIX5 / 6H)

XRPIX5 Pixel Layout
HEsaFEHfccET, MIYIRIEIG

SER. REBRT XRPIXS) BEOBR. \mip st ke 5% TXRPIXGH, @,

RBELDIER, XRPIX5ERFEHEZRFERDNS,
BPW 16 ymf@RAIc k5 Y YR Y2 TERE.

# 8 [B] SOz S @ SWAT - KB £% - 2017.06.29 THU 9

XRPIXGJFaﬁ% | EEBRR

SFHHU /A DB [Takeda + JINST (2015)]

TS RRBOER BRERBIET > 7(CSA)DHA

T SF Icsa
200 nm > =

—
FRFAIEA

Noise Peak

HE

13.95 keV.

RED : 21Am
BLACK : BG

Counts
i 5 & &w

Counts

180rAm
csa-pix
T80 readout noise

readout noise 356 (1ms)

600 - (1ms) 140
120 17.74 kev

S pixel
EWHM © 2.9% (400 & |
o Bl AL P

o
gt
“ ,

£ ] °
Pulse Height (ADU)

100 200 300 400 500
Pulse Height (ADU)

/A4 ZALRIVZETHHER [~600 e (rms) -> 35 e~ (rms)]

% 818 SORFAITHISHRS @ BEAY - BE %4 - 2017.06.29 THU 10

XRPIX‘DEﬁ% | EEBRR

ERNNEMEZEDME . Matsumura, Takeda + NIMA (2015)]
”T?é%b\tz_ B EVWSHRKERAANRAICHKR.
> 'Y/ —RDSAN STV RINRE

o
200 nm
B
2" F2Am 1395 ke 2 1400
§ 20002 § 1200f
1600f b
3 L 1000 y
1200f P 800 F
800F 600 £
b 400 [
) 400 3
7% : single pixel event £ 200
##8 : double pixel event  © ¢ 50 100 150 200 0 307100150 200

Pulse Height (ADU) Pulse Height (ADU)11

XRPIXDR%E | EEBR

@ IR NEREIEFD Y O A b —% DEIRE [Takeda + Pos (2014)]
VN — 9 REBRERICZ FOJESNTELNH 5T,
> DHEREOBESIERI Ui
-> middle SIEDEA TR (Double SOOIV £ /\—)

T=H I &
200 nm[§ middle Sil —>

e

CMOSEIRE - €T EI A
MERANEABRLUTE L.

% 818 SOBFTAMAIAS @ BA% - HE £ - 2017.06.29 THU 12

WZ & TRA BRI > feh,

XRPIXDRIS | 4 3itae+ BREINEN R

H 1305 kev XRPIX2b-A | & "1395 kev XRPIXZb-B H XRPIX2b-C
ng, 1 BPW : 12 pm sq. | g‘mi 4 BPW:10 pmsq. | Sroo- \ BPW : 8 pm sq.
Gain : 7.0 pV/e- Gain : 9.7 yV/e- Gain : 12.5 pV/e
RON 68 e- (rms) RON : 56 - (rms)| RON : 46 e~ (rms|
2000 17.74 keV oo 1778 kev [ 13.95 keV.
| | = | i
d N o b
I NM )
oo - ‘ff if! 1 iy ]LIM eV
/ | 20.77 kev 200 Lt 20.77 kev
[ B 1 i e
Ay 26.3 keV 100t 1 263 ke
s N W Wi b
507100 150 200 250 300 350 400 507106 150 200 250 300 350 400 45 50100 150 200 250 300 3% 400 150
Pulse Height (ADU) Pulse Height (ADU) Pulse Height (ADU)
- T = T T
< E
5 E
2 &
8 z' E|
2
3
<
3
&
i Z5Z3WI5?
o ] > Blotlh OreE
-> E7 LS8R
f TRTA & LT3

107
Gain (uV/e-)
-2017.06.29 THU 3

BPW Area (um?)

% 8 6] SO #AEHMRR @ SHAY - REA 3

AHHERER _ED T8 D5t

Pixel Circuit ?'cim
= » < BADPIEL MASK | Frigger info. output
s P
g S rst_comer 5 rst_comp ESHEIRICED /1 XETF3
58 g B (CSA- NTLT VT - )
R TRiGGER | R .
=) HILOUT -EYR/—R
o Comparater 1 SR Tatch *DSOI RO FH4 V&7 5.
"""" V";’Ezﬁ 1 Y xow {EAD
o cead

STORE CDS Cap.| — PGA : X1, x4, x19

._—|

analog part

cus_r(sr_L _|_

9|
2
3

Sample Cap.

CSA

DS | xsw vm

EVILY1X 36 ymA

BN =YL > FHEEANONREHRS

A : BERAR

B: WS L7 v 7 TIEE

C:tvZ/—KTigiE (DSOI kR)
% 818] SO ATTRBR:

2 @ BWAY - A ¥ - 2017.06.29 THU 14

[ESIRIREIC &K DN MRENDIR

S 2PAMDANY MLICE D, DRI T 2HROLBZIT o
> YR/ - RERERICLZESHELIHRK.
*TL—LHFHAHLICED (ARY MNRBIFHAE L TR
* YVIIETRILARY NOBER. T VRERTo TV,

A GERKR - PGA x 1
B : fE3EhR - PGA x 4
C: #EHR - PGA x 1

REMEORERGE NN S,

2WAM ART KL IHLE-WE
[2] T T T o0 T 4 T
€ ! 13.9 keV 2 Gain [noise]
3 e RPN S1B: 731 pv/e [44e(rms)] q
Temp:-60°CH £ | ofC: 403 pv/e [15 erms)] E
20 VBB100V g LA 19.9 uv/e [49/e(rms)] A
w- | CNETODELER 35 e EHRDIENTER! !
wo  4.9%/680eV( V¥ a 7
3 (FWHM) | 800 E
600 |«
[ 29%/400eV SEINSGA—SARNDBE DR
soof- (FWHM) | 20.8 keV 0 E
t ) 263 keV 7
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TRy FFJ 1/\0)-%[?57 otz LTWL3,

(Matsushita, Toshiba)\. Teranishi (Watanabe, Toshiba)

\/% RE ” PPDOHELHR ”
1. 1ZLsIz Pinningf  PPD TG FD 1. LA VOP pinning/8
2. =2hH; L. H>, NE
RieRTs % P-Well DEBERET D,
N . . » FEROER
3. 598124 (Gettering) N-Substrate . ;%Uﬁﬂ*ﬂ
- BOERE
==) 4. Pinned Photodiode (PPD, IiA T+, 44 —K) x: GR center = VOD(EEF—N-70-
FLAv)ERLV-EF
5. FED o DR TES
£ 2 e
2 - ERR
= = EEmE /AR
22
\/% REFKPDIZH T BBHRBEDAN=Z L) ; \/% BEEPDIZH (T BRIED AH=ZXL(3)
G
oy IV o I~emict 4 i e BBED
i N ubthreshold B ] ""m::n T3
Pl Nt =it (m=1+Cp/Cp) ) |‘ \ o, v — o
P H . Caltation i "rlist Frame
= ‘ ov “ Ygr100mY H :
%l L W E . \ 2
E 3 i Mgy *5mV 3 5 r 7
g yag0n E l“nd Frame”/
EEEFOEEEREN: wo— Vip or Vi Vas (= vr6 =Vrp) - DEL JUES /r"*""_”_'_'__‘
TG ForL Bl  BIIDRLER 3d Frame
ZATv71. MHTIETGIXAMEE TEET .. ’ J' o L i |
AT972. s, subthresholdfBIKIZHY | Eark (LB S, . PRV I ”Slm u:’w _:u
Frame Number
Subthreshold i CEBIES 3 &M BEPIEE /A ADRE LS. Subthreshold®7 W& SRR &K<—2
©2017 N. Teranishi ©2017 N. Teranishi (N. Teranishi et al., [EDM, 1982)
S PPDICHIT2EGORERE (1) “ PPDICHITZRBOREBERE (2) “
PPD -.-iEGFD (B) TGREDSYS -
- [ P* | Nt A LESEFOEENHNARATCEMLTISE, —HOESEF
N MRREFSYTICHEIN T8N H S,
P HEShI-EEETO—IE
- #BHIL—LTHRESh, BiELES,
- -HRTAEEEVOREICED ;
"E TG H Ideal case”
£ PPD -.i.- FD % '
T @ mRANEL ) EEBFHRBLEA. TG P* —|£ N v ¥ th trdps
ETI-EREFAEHL. AR R Ml
‘ of fB¥(PD(ZRL T 13w s N
Churrier™} x: TGREDNYT PPDIZEREEIN-EFH

(B) TIGREDrSYS

(B) PDIYIZ/R) 7SS RN,
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25 26

\/5\1 BEREBRAN=ZL (1)

Schockley-Read-Hall 7AEZ

\/5\1 BERERAN=ZL @)

Ueovi N pn—n’ . 1) BEREBROMREATLL-OIC, UTERETS:
=Pl (E, - Eij (1) Uv:-EREL—k - P* pinning[BDHR—ILBEE(p): 107 cm?
n+ p+2n; cosh| .. e
) kT (Sze: “Semiconductor Devices,” - Intrinsic carrierf®E, n;: 1.45x 100 cm?
Assuming 6, =0,=0 Chap. 1 Eq.(59))
1L ZZELTOBE, 1 p< n, [U(Not depleted) _ ovy,Nyn/2 _ p 107
U=ovyN,— ~W |U(Depleted) ovy N2 /p  2m
E,-E;
2n; cosh[
E= E, D8 UERKIZHEHDT Q) ERDA A=V YIZHITBEHE
U m—ovy N, 2k @ mp KEEEEHTHS! Non-PPD (1982) | PPD (2012) | ¥ifi:
2. FESEETIE, p> 0, > n, S CCD FSI CMOS
— Az Az 4
U] %|ovy N, 21 < ov N, P (3) i BEEFIZIEESNG ! BEFRYAX 23 x13.5 L12x1.12  |pm
4 FEE L 1,300 5.6 e/s/pm? at
PPDIFEZLRBTRFMREZREL TS ! | Sosw 60°C

©2017 N. Teranishi ©2017 N. Teranishi
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\% BEREROH (1)

BERNMER = BEMR/ SSYFEPN)., Pavk/ 4 XHER

\?T EERIEHDOH (2)

i
HEEPDZ ALV CCD

gi% 384x490 Orion
FR: 17155 #AZ: Canon EOS20Da
REAFPNARDL. BHAFLL ! 19794 L>X: EF16-35mmF2.8L F8
(Teranishi, NEC) FHBEM: c0min. 1S0: 100
©2017 N, Teranishi o0 it EGan Akio Nakanishi
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Q P* Pinning[@DE#A (1) \/% P* Pinningl@DEH (2)

P+ pinning B DEHAEEDHLMBEL ? FHLWET W DFEE (N. Teranishi, IEEE T-ED, 2016)
* P pinningE DB HMEBFE LY /NSO ERBERILIEMT 5.
ETNEBIELEHLNET I BEEREEE J P e 5D,

* 1-Dim (— - ——- 12i82>T0) - COB, GREADHEFBLSE L ELEENTHS,

* GREVS—Z RO x= - xg, [TES 10 7

FCEE” [ZEIERERE. LHOL “ERE—R I EREET, % 3 \\ \1(30 =1000

P*-Pinning/& : N-PD Z‘t)" ) \\
i i 4 [0
hiESEEE 293 sENL; it I
L H = —
0 s
0 0.5 1 1.5 2
P* PinningfE DEH, Ax/L,,
; L, VLR
©2017 N. Teranishi ﬁ{-? v ©2017N. Teranishi G GRt‘JG‘@?ﬁE‘E%%?’E%&
- 31
\/% PPDIZE Y BH55H \/% b= )
1. PPD [ZCCDECMOS A A—SHH (> TRADHKB TH . 1. LI
E/4XERBER. REG. KSTHAN. SFTBEEZL-5T,
2. s

2. HEDTELEEPDTIIRVES DRBLEGE /A XANRET S, KBRS ik
3. HILLGREL A EBLERERET MERLT, P+ pinningBORE 3. 79827 (Gettering)

TAEROREBREBMLI=. P+ pinningBOEA DB EEELL . .

FTTHAL. VAV REOGREVIERERICF ST 5, REHKEN 4. Pinned Photodiode (PPD, A 74 A4 —F)

I JGR) o eEg/kT

n =) 5. FeED
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B Summary *

1. AA—=DRUHITE>T BREER. PEVAE (&
HIZEET—ITHD,

2. RADRED=HIZ, WAWALEFERAAALSATES,
- IRER- BEOLA WA REY BUWMEEISoTES:,
s AA—T L YFE/ M XTHY, BER- BRISHLTRETHY,

BEANAEFRTHS.

3. EEfi- AEROT=HIZI,

- FaER(O)—1e. Hya) oS FaeRoa—)
- BRERE., M A—UEU U2 EORE (BEEED)
EMERECHBE L. REZED)
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Fine-Pixel-Detector FPIX
Realizing Sub-micron Spatial

~ Resolution Developed Based
on FD-SOI Technology

D. Sekigawa, S. Endo, W. Aoyagi, K. Hara, S. Honda (U. Tsukuba)
T. Tsuboy M. Y: da, S. Ono, Y. lkegami, Y. Arai, I. Kurachi,

T. Miyoshi, J. Haba, K. Hanagaki. M. Togawa (KEK)

Project supported by

JSPS Grant-in-Aid for Scientific Research on Innovative Areas

auttor Flast Cetecior Pisjos!

SO>S ~

~

Japan/US Cooperation Program in the Field
KEK Detector Techno!:g,y Project

SOI W.S. Miyazaki2017
TIPP2017, Beijing

&)
High Energy Physic:

( i

| \/'_361 PIXEL DEVICES

T

CMOS Circuit
SOI: SILICON-ON-INSULATOR WMol
CMOS circuitry fabricated on o 8i =
buried oxide(BOX)
LAPIS 0.2um FD-SOI

Features:

+ monolithic (no metal bumps)

+ SOI-CMOS (FETs fully isolated)

+ Can choose* substrate of optimum
resistivity (fully depleted CMOS -
sensors possible) Back Piane

Ra‘:llalm
*SOITEC SmartCut™ (rmy, Election, Alpha, Chaeged Partcles, )

-

many excellent features

+ Material budget + speed « single event effects L
+ SIN . cost « latch up
+ power dissipation . Pixel size * Operation temp. (0.3K~570K)

{
el
TID tolerance improved to 1MGy by introducing double SOl wafer —\'-

K. Hara, SOI W.S. Miyazaki June 29-30, 2017 ~ N ) { - ‘J‘ 2,'1

L

FINE:PIXEL DETECTOR: FPIX2

« Pixel size: 8umO

“| « #Pixels: 128 x128

* Handle wafers:
>single SOI
25kQ-cm p, 500
>double SOI

1kQ-cm p, 300 umt
* Rolling shutter RO
8 parallel outputs

umt ]

L I t
O to d ate 1l 1 luti i
chip layout (3mm-sq) with SOI technology (->tracker for SOFIST TB)
. H0 as d ator of TID (FPIX2 i d with

ot etaes FE-14 (2mmx1.75mm ROI) a1 2/
+ Data of 4 FPIX2 and 2 SOFIST quired per TLU r D5 5%
All R/O boards (SEABAS2) implemented with same TimeStamp firmware
DECODER + Last FPIX2 made ible for h ing to irradiated DSOI '\.
- > SEABAS2(Soi EvAluation BoArd with Sitcp): 16ch 12bit 40MHz ADCs, Glga-bl}. Ethernet
K. Hara, SOI W.S. Miyazaki June 29-30, 2017 =~ \__Clev"esv of opis semconductor 3 K. Hara, SOI W.S. Miyazaki June 29-30, 2017 ~ N (N i A -/

On-pixel circuit o on s
"

three middle-SOIl regions'

TID: hole accumulation in BOX/GOX
Middle-SOI: compensate TID effects by

) ““FNAL TEST BEAM -

TBF: 120GeV protons from Main Injector
"'t" T T

4.2s beam spill every 1 minute

1
H
20mm. A0y SOmep 30wmit 2
2mpn | 2000m

Trigger Logic Unit

SEABAS2

system...”

""-u\ =
+ Trigger generated by a SEABAS2 board using Scint.(5mm-sq) and ATLAS

RNishimura et al- “high speed DAQ

SINGLE/CLUSTER CHARGE

Qsum(7x7) vs

. “BIAS DEPENDENCE

Q(ADC) of single pixel Pedestal J dw/b 5x5 cluster charge about the maximum charge
o/ max. In a8 cvont Clustersize(ai>Qsum/as) || oo e wfieom -
\J s s VDET=4V -~ VDET=140V -
chusion_1_pnly - —_ - -
L 2
= | Max intensity B 4 [ & -
— 300 kWChits/spill FPIX2 @-9V - . I‘. i..
= Qseed>80ADC ey p ] A\
e FPIX2 @-70V I-w S W \-— i o A .
- ,’,' . TR RO = -l o Landau Gauss Fit
P - J E 449 55 cluster charge [ADC]
‘ Define Qcluster=Qsum(5x5) ‘ - ' € ~400um/500 =7
D L e e © 12
- = 2 t-beam ; : depleted B\
o = 20+03ADC @
i
™ FPIX2 @-70V Vper= 70V ;
v Qseed>200ADC s Signal=1134+3ADC 3
= . i;nensity max .: i Intensity min Noise = a x v3x5
- 300 kWChits/spill . b 60 kW Chits/spill . =15.6
" i =
B e W T I e 1 ’ SIN~B9 2 4 & 8 10 iz
N N 1 % Bias Volta, vV
K. Hara, SOI W.S. Miyazaki June 4 Beam y effect is igible ‘ 5 K. Hara, SOI W.S. Miyazaki June 29-30, 2017 -~ '\_ 7\ ge [WV] 6
/ = f . Newsl/
‘FPIX2:DSOI 100KGY ) TRACKING, oo
- e #clusters/event in 2" FPIX - 3 }
. ] f . T
+ 5x5 cluster charge about the maximum charge “ V=70V o E
ixel i t e e : 0ET =" s =
pixel in an even [ | %
= 7 T . 5
5x5 cluster charge [ADC] - o BOOKIC el - 2
— ¥ Teoll shutrer— 1MS é
| Non-irrad (200V) - =
00 Hirrad ~150um/300 < |} vsoi=0 i B =
500 @ non irrad depleted -J —— . Hit positi
' it position 1X [um]
00 A
! o Alignment&Cut
300 u L =+ A -
& I"\ =N - wackal | k2] fchidue M0 Schily<30]
- \ 100kGy (200V) =
200 ™ £ = £ "
) ) s VSOI2:1/0=-4V, % - N N
100 LDDIKEZERID T /AR | Pixel=-8V , Dec=-12V i - 5"
100 200 e X o Se K
0 - 8 ' 1
° ° 1 | tive double-SOI all t'LJ = s
innovative double-. allows operation T - u
VVDET V) of SO devices fo 100kGy { > :
Recent study extended to 1MGy = Py 2 5 ¥ - - = -
o 2 (hit residual)? [um?] Hit position 1X [Um] \
K. Hara, SOI W.S. Miyazaki June 29-30, 2017 ~ u (i, 7 K. Hara, SOI W.S. Miyazaki June 29-30, 2017 - u (Y \J\ 8 )
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).~ RESIDUALS i, x

—/ RESIDUALS j, y

-

Residuals of DUT hit wrt the track reconstructed using other three FPIXs ~— ~—
—— T -[@J T a [Commm easiia] || Residuals of DUT hit wrt the track reconstructed uslng other three FPIXs
00| e 02864 ¢+ 0008 100 @ I ook LEBL] "y [ msi | ||
500 D0 003 B0 ¥_ Maan 0002440 ¢ 000
igms. LTI : 00082
Lo = DUT= m‘i' =
aoof- PUT= a00f s00:-DUT=
29 FPIX2 R A 400274 FPIX2 0=0730
0 =1.077 200 0 =0.880 3005 =+ 0.006 pm
+0009Um | 400 + 0.008 pm 200 mi—
00|
B0 8§ 4 a6 8 0 o “;'
[um] 8 4 0o 4 8 [um] i 8 -4 o 4 8 [um]
o=4.15 700F- (1]
oo
DUT=
S0 3 FPIX2
£ o 0839 ;
2 = o =0. 1
ot =+ 0.007pm |
200
100} h
x 8 [um] B
rasidual fm] sermeelt g AETEE T )
R —— T ] =X ) Kt Saukhot [l 0

'~ SOFIST

\IN/ﬂvﬂNéjc SPATIAL RESOLUTION —

Detector system
RN SOFIST:
o ! P size: Bl um? Pixe size: 20020 pen' - # Observed residual spread: g, ==
SOFIST residual to FPIX track Auths area Lot st | | Active ared: 151 i
R . ) il - o Tobs = Oine® + Turack’
Bias=130V (~500um depletion) | under an assumption all four FPIXs
Readout: on-chip 8-b ADCs  suwnems -1~ . RO iimic resolurion.cnc & 1
| = contributions of misalignment/ +
I multiple scattering are negligible Ay 200 AROmen,
- (=conservative O, ., value ), _
SOFIST sensor 1 SOFIST sensor 2 we can calculate 0, analytically s/ Oy = 1.34,1.22,1.17 G
A :
Ll X 2X 3X ax
Meas. residual 1.077=0.009 08800008 08640008 4.1540,05
Intrinsic resolution.  0.80+0.01 0.7120.01 0.73+0.01 0.82+0,01.
3 1y 2y kg v
t O Meas. residual 0931=0.008  0.730=0.006 0.839:0.007  4.05+0.05. x
“t = Intrinsic resolution.  0.69<0.01 0.60:20.01 0.70:0,01 0,800,010 v
Lennn, Intrinsic resolution: i
LT 0.71~0.82 m in X o~
SOFIST Residual width: <1.7 [um] (Preliminary) - 0.60~0.80 Um in Y =
K. Hara, SOI W.S. Miyazaki June 29-30, 2017 -~ N / ( F ) 1L Vi K. Hara, SOI W.S. Miyazaki June 29-30, 2017 (effect of imperfect alignment included) U'\ 12,_‘
b

CHARGE SPREAD ABOUT PlX(QMA,b‘/

COMPARISON TO PREVIOUS STUDIES

ez “Physical limitations to the spatial resolution ~ Using a of Monte Carlo lation and test
beam duta we establish that energetic electrons forming sec-
of solid-state detectors”, M. Boront et al., o b ; et ; ) ; B
. ondary tracks known as d-electrons Himit the resolution 1o
IEEE TNS 62-1, p381 (2015) the bevel of approximately | pm, checking the improvement
“a simple formula G~p/(S/N) saturates of the resolution with increasing SN ratio predicied by (5
due to 8 electrons at higher S/N” It seems impossible, therefore, to produce position-sensitive
9 devices hased on interpolation of the signal in aujacent pixels
0.2 LABAS Ead Ae s Sihe and: o strips with a resolution significantly below 1 i,
» DEPFETTB 2000
B + smearing
sk — b
: 2 g . - z
1 FPIX _ FPIX £ o B-slectrons =
1 . o - - -
g 01 d=450um <1.4/€4) %
o P
]
Bias=70V foosf . H
Resolution evaluated better in the order g
s rall P PO O Ty
2nd 9 :>1rd 0% 20 40 B0 80 100 120 @
20d >>1st ~3rd jn Y o Fig.4 S/N ratio
Resolution may depend whether the beam incidents at Other device with ~ 1 pm resolution |
normal angle or not.....
i +
Suspect X-talk in X for degraded resolution... ] 13.75um ?'Xel (SOI) =1.07220.05 um \Lf
under investigation \ M.Battaglia et al., NIMA676,50(2012) FPIX2 achieved a sub-micron spatial resolution -
. - LT T ~ u (T ‘\-'l‘ 13 K. Hara, SO W.S. Miyazaki June 29-30, 2017 - u (ol V“ 4

'~ CONCLUSION it

O Performance of FPIXs of 8 pym pixel size has been
luated y in 120 GeV test beam.

Q Intrinsic spatial resolution of
0.71~0.82 um in X
0.60~0.80 um in Y

obtained (imperfect
charge-weighted mean hit p

t may r

) by
lation method.

Tuti

0 Silicon detect hieving on spatial r
was possible with a 0.20 pm SOl technology.

0 SOl detector irradiated to 100 kGy showed no degradation
in charge collection.

K. Hara, SOI W.S. Miyazaki June 29-30, 2017

Vu [-u
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K. Hara,
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Beamline

wirechamber
Tmm bin

)~ FTBF BEAM o

Beam spot measured with FE-14

row pixel i

Beam divergence ] i ’
T X 05 add 5
' column pixel #

dx/dz e

-

-
mrad mrad
K. Hara, SOI W.S. Miyazaki June 29-30, 2017 - N g ~ 7., K. Hara, SOI W
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X-May Color Movie Using the Uharge-Coupled Deviee
with a Dhrect X-Hay Detection Method

Hhlrushsl Toorin, Mikio Wana. Kivobi At
#ud Shin' i~
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The ENETEY-Fesalved MMABEY BIY LSty Bianed by
emphaying the Koedge subtractiun wedhod,"™ tn this

rary detection syvien uging Lhe chas ge-coupl:
CDY can huve good charscierisio both in
encrgy rewolution and im spatisl resolucion, | gemeral,
e LY i sivend s ccmimisdae the ineibestt ety Miis bes
e the ceado thaies. Therefoes, 6 cam mol abwiys ob-
wain v anerey of each phaon Ilowever. we can
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mevhod, bwo' Xany buapes o slightly diffcient energles
st be obsived, When the K-qdge oovergy of the
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material can e wiedifsed Iy subdiaction of U T i
ages. Thevelinee, an sppeopriate Xoray emergy munt be
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Vor M. S0, & Juwe. 1991, pp. 12901000

Performance of the Churge-Coupled Device for Direct X-ray
Detection in the Encrgy Range of 1-9 kel
at the Synchrotron Radiation Facility
Miroshi Tsuwess, Shin'ichi Kawai and Kiyoshi Havasuioa
Pheparrmgmns af Posics, forwits of Scwace, Onake Untvonics,
4od Mschitancyama, Tavonsta, Chaba 363

TlapanDFF
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used are availsble commercially. Our sysem can func-

e tion & an X-ray imager a3 well 4 an Neray spectrometer,
produce P
foe disect X-ray detection, particularly B3 Fuperimcntation
.7 These devices have a much bower L1 CCD camera 5

maise level than thase for optical wie. They also have &
much thicker depletion region than those for optical wse.

the 10 keV photon in the silicon is about 100 wm, whereas

piem
The CCD which we used it TC213, 2 product of TI
Japan Corp. This Is  frame-transies type £CD for op-
tical use, M contains 1024 % 1024 piuels, ench of which is
12312 gur’. Whsen we e it |n 2 frame-transler mode,

ihe image are costains W24=512 pils. The only

Single-pixel events for Mn K X-rays Single-pixel events for various X-rays
E" % I X
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' 1 5 J
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= [ d 6§ 1.8 9 10 il ¥,
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Direct measurement of sub-pixel structure of the EPIC MOS
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A, S
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4-9. WBFFHEE XIRRXFTERT 5 CCD 1 X T DREME

CCD camera on board ISS MAXI

Pixel size: 24 X 24um?, 1024 X 1024
Depletion depth: 90um

Hayabusa used 6chips. Kaguya used 8chips, MAXI
uses 32chips 5cm X 20cm X 2

Calibration results

SSC camera on board ISS MAXI

Performance of MAXI-SSC

2000 F -

[ ok
[ - ALKSIK Tk e ;Ni'K

= .. = Al-KSi- - *
1800 72 T . H
= . ' L l H "

= U 2 : ¢
= I o2 . : :

ERE S P>

2000 | . - . znk
g A x

300

o
Energy (keV)

S FEHXIECCDIBHE DX XHE

MEENY [Ra T xS '

et} A At

[RL18) ol 1 St 127x1 i ¥i

b (L] 1A | Ac L= 1 | FI/H
XMM-Newtan T 1908 1100e-T000 40 D i 1 1m0 _inlh 1l
MOE CCD « 4l 1 - -jat ¥l
i i X 1 i WPl

1 X Lox26 i i F1/BI|
MAXI 2004 {01 b6 s8¢ =20 M 1] Fl
ASTROSAT NI ) i a1 B 1 10 ) ¥

e 575 an SX1 Wi w30 i N {811 B
Spokar-ftc 20017 Lz «HORITA  IRAxINS T o0 (1]
STRFIRGE, * g, * e i 7 La

FEH

s AIRNTHEABRFLLTLLEHNTLIVHCCDIE, X
BRCIEMABRFELTRMET BESICHFETHRE—
RCEHN TS,

* X#RCCDIE. 9 A LR AR (T T=> T, XFRER A

BEDELMTRHBELTERELE, TNETOH

ABHBENSFEARRERBICEETHEDOTLS,

ERsE LA TENIL, BEEHHE LMD,

NG 59U RDRBACEREEMNATREICTE 5,

CCDANSSOIPIX, DEPFETAE WA NEH TH 5.

s CODIFNATILHRFELT, BIEBEE LITHIENT
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4-10. ILC %BH SOl £V L1125 :SOFIST DR ESHICDWT

S s
SHERZE: CO1TE
+ SOFIST (KEK)
= 0 . - ILC ZRARNEN—T v RS EE FA%
|LC§E5§FH SOI t 7 't’. }[’*ﬁll:l:ll%% CTC s;?;ﬁ:t v 7‘Z%%;%%5E‘Jﬁ§%$ﬁ?b?;§%EE’L
SOFIST@F’%% t ,_A;& ‘— o) L‘ -—c - BAENREEE R - RER. RIFHEI O £y FERIERERIS BE.
A

INEF I (KEK) - FPIX(#EA)

= 7o ] « FEOMEBERHL-LHC , FCC)THE L 4 2 BB N REEERICK T HR&D

FTEIHTFRCOLME 8 umAE I~ ym U EOTESREEBIEL TG,
2017/06/29 + Double-SOI % = /A —12 & Y MGy L ~JL T 0 BB i 4 1R EE

SO MR R @B IHAF

Target: ILC experiment ILC Vertex Detector

ILC detector concept (ILD)

ILC beam train

+ ILC Experiment: e+e — linear collider + Detector requirements

+ Precise measurement of the Higgs boson 1. (IESMREE 3 um ~1300 beam bunches (every 554nsec)
« Search for physics beyond the Standard Model « Pixel size: ~ 20x20 um?
- Low material budget: ~0.1%/X0 ""I “ ""I “
« corresponds to ~ 100 um Si

2. EESHFEE

« Detector occupancy: < 2%

« Bunch identification during beam train: 554ns interval
S3#RE: TID : > 1kGy / year, NIEL: > 101 MeVn,,/cm?/year

200msec

o R w

&7 — Z#53%: On-chip ADC, Data compression

FTEET LVEETOME - BRHA, HREEEMH BIR ‘

2017/6/29 sol: 2017/6/29 S0l

SOl sensor for ILC: SOFIST SOFIST Prototype sensors

+ SOFIST prototype chips
« SOFIST Ver.1
« Pixel with analog signal readout
« Delivered in Dec. 2015

« Pixel circuit: 20x20 um?
Pre-amplifier
Comparator
« Signal discrimination
Shift register
+ Record hit evets.
Analog signal memory
« Store charge signal for hit position calculation
Timestamp memory |
« Store hit timing for event separation

+ SOFIST Ver.2
« Pixel with time stamp readout
« Delivered in Dec. 2016

« SOFIST Ver.3 ~
« Pixel integration of Ver.1 and Ver.2
« Under designing

- Multiple memories in one pixel .Ii

SOFIST Ver.1: Beam test

+ Beam test @ Fermi national laboratory
+ Beam: 120GeV Proton
« Evaluation of SOFIST Ver.1 and FPIX Detector system with SOFIST

FPIX x4
Pixel size: 8x8 1 m?
Active area: 1x1 mm?

. H ome omm

SOFIST x2
Pixel size: 20x20 y1m?
Active area: 1x1 mm?

Parameter It Proton Beam

Pixel size 20x20 um? *,‘ ¥ H T700m

Pixel array 50x50 (Active area: IxImm?) T -

Sensor thickness 500 um s st s : ' ' I ¥

ADC Column-parallel (50 ch), 8bit/1V 017/6/29 SOl Trigger detector Trigger detector

-45-




4-10. ILC XBH SOl E7 ILi&H2s :SOFIST DRER ESHEICDODWT

SOFIST Ver.1: Signal spectrum

« Cluster signal spectrum
« SOFIST setup: External ADC (12 bit), On-chip ADC (8 bit)
« Bias voltage: 130V (Full depletion), Clustering: 6x6 pixels

On-chip ADC
o= Signal peal:~1400xDu}

SOFIST Ver.1: Position resolution

« Track reconstruction
+ Find track candidates from FPIX.
* Residual calculation
« Difference between reconstructed track and

Residual analysis result @500um sensor thickness

SOFIST sensor 1

SOFIST sensor 2
detected hit on the SOFIST. -

Track reconstruction

Beam

Sigma: 1.65+0.05um | | Sigma: 1.71+0.05 um

SOFIST Prototype sensors

+ SOFIST prototype chips
« SOFIST Ver.1
« Pixel with analog signal readout
« Delivered in Dec. 2015

- SOFIST Ver.2
+ Pixel with time stamp readout
« Delivered in Dec. 2016

+ SOFIST Ver.3 ~
+ Pixel integration of Ver.1 and Ver.2
+ Under designing

e

>
T
1
i
F

Parameter ..o

Pixel size 25%25 um? &

Pixel array 64x64 + (64x16: for analog readout) © RETIEE R

Sensor thickness | 75um (HRLALE) - EERNTOMERSE—-LRBRTE
ADC 8bit/1V

SOFIST Ver.3/Ver.4

« Design of next prototype chips: 2017 MPW run
« SOFIST Ver.3; L
« Pixel circuit integration of both Ver.1 and Ver.2
« 3 analog signal memories and 3 timestamps

« SOFIST Ver.4;
+ SOl sensor with 3D stacking technology
+ Reduction of the pixel size from Ver.3

A —

Ay vy

SOFIST Ver.3: Chip/Pixel

Chip top Pixel circuit

Analog memory
/Timestamp

Pixel array (128x128)

Shift register

Comparator Preamplifier

SOI-3D stacking sensor

« Stacking circuit chip on SOI sensor
« Connecting upper and lower chip by Au cone bump with 5um pitch

Upper layerss
'
Lower layer

Sensor layer =

Tohoku MicroTec Co., Ltd.

SOFIST Verd: Pixel circuit

Upper pixel

« Shift-register
+ Analog memory x3
+ Timestamp x3

Lower pixel
« Pre-amp
« Comparator
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ILC EERH SOl £ 7 & L#&HH2% :SOFIST DR ESHEICDNT

SOFIST Ver4: Chip overview

o Number of bumps: 35664
Design verification with 3D-LVS and DRC tools (At jthil4e £ 12 L)

Fed, SERICONWT

SOFIST Ver.1: Analog signal readout
+ Beam test at Fermilab Test beam line.
« Position resolution ~1.7 um @ 500um sensor thickness

SOFIST Ver.2: In-pixel timestamp circuit
« Chip production: Done
« Beam test in 2017 (Under planning)
SOFIST Ver.3/Ver.4
« Chip design: Done, Design submission at MX2166 MPW run

Ver.3, 4DRFEE TTE Y L BIKTOMIE - BREHAOMAARTE.
BILE - BHSRED LS ILEROSTRE BT,

Fed, 5EICONWT

- FHERE

E1:~5.4uW/pixel — 1.3W/cm?
« Power pulsingi= & 2 EBENHIR L 4
2. ®¥ET — Z¥5%: On-chip ADC, Data compression
1. 7 — 2 EHEE R (Zero-suppression): Ver.2F v 7ICREFH, FHEFE
- B IFEEADCOBIR:
MERAE: ~12bit/1V, ZHaF5R: Susecry, EEY 4 X: 20umX~1mm

>

o LRERICHEIF-RADL SEEA,
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4-11. BFHE 173y 7BFRNESSKREAVAERT— 57V ADC DR

Outline 1
1. TER.
F8EISOIPIXBIZ = 2 f;fgﬁ)iﬁco)ﬂyr
SAFSYIMERHESBERAL - A e R
24 —5T JLADCOHEIH A —TUN—TEES B
2017/06/29 —BAFIITT
- . o —Binary-mode DEM
rm:l:*»ﬂr—'—hu;i%sﬁﬁiuwﬁ 3. AEHER
RN FIRFZARA 4. £L
ER Eth
2017/06/29 2017/06/29 M. Miyahara, KEK
Outline 2 MEER 3
oode = e s HMPITROHRR
1. BRER. AR Hod EMBERKETRELIL
« loT/IoEMER
1B EDE Y/ —RIcLBBIBEE=4YY
)
\ L ] N : /il
B@ \imxﬂ“ ADC ‘ I E
BRADES t)*ﬁi;ﬁmm b=t A/DZEHSE TORIAHER
AL AT LIZBWNTADCIZR BN F—TH/00—
HoHBHZEETHEZDHADCHIZLLY
HorHIEETHEZSADCE(E? 4 ADC FELEBRT—XTHIOF ¥ 5
- SMEHREN (bit) P, o< 20N g v fvo e _—
—ESFNIEELIFELL DE&Z v _. e
o ZEHIREF, (Sls) P, oc F.° R E i
— R FHIEZENIFTELLY 1~d . IJE(FI?'sh):; EREERSAR)
. }ﬁﬁ%ﬁﬂd (W) ERE a% HEBEHNK hFEE, PE, R/INEH
—BIFRIZIENZEE L
MBREFN—FAIO0HS1-0. tEREE
AL TEB &SI B ENTEMLRELS.
=709 ECTHERERTEL Az
A7 —57 WADCERH o e | CmENs St
Noise shaping SAR ADC 6 HREO QY O R—5 T 7
YOI TRERENZ DL THIREE. TiEE, HBEHE
SARADC: /NENEIME | ORE-EEMIOVY % z o
AZADC:BEMEBAE | Rr—5TLi 5T R 8 8 o

RIS T T AEENMEVES OB AEEREHET .

HEDERE BTV T RFEHK(OSR) LRIZ&LY *f‘zjuya’)ﬁﬁw&';ﬁl:(:
- J ~ ey - = > b E 5 Y [
CHMABIA XTI HBBEATHEREREHRL. RREIRCR SRS PRRIEE TS
HEBAICOVWTY/OVIRT—FT NV ELELTL oo AR '
o [ _ | GR7UTER) -
& wws ; S
SAR g7 ARy I A
Logic S%\hsﬁh e E A N S R * N b et R B
oV y L fm B
CDAC Ld h Vout nt R p---rformorfrr- o= L =eHOYY "
Vin o L, | O“’s«‘”I"cu "?ﬂ-« 45 Y ayan N Vet
6-12 bit R
YT EKREFs YTV T EIREFs
2017/06/29 M. Miyahara, KEK 2017/06/29 M. Miyahara, KEK
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HRED B B 1R 8

Outline 9

57 :30dB-90dB (10,0004&)
EFE : 1kS/s-50MS/s (50,000£%)
BN B THARELRAINDENAEEZRE

100
% FHRAOBRET Sh—0E
[ 3
B8O
g 70 8], Varma, JSSC 2007
; &0
- i -
Zz 6 H H C 2014
H H
40 : H
: :
% '"i ... [5]M. Yip, IsSCC 2011 |
20
0.001 001 01 1 10 100

Sampling rate (MS/s)

2017/06/2y M. Miyahara, KEK

2. Rr—57J)LADCDELET
—ADCD £ HIERL
—F—=ToN—TEEHF
—FAFSvoTIT
—Binary-mode DEM

2017/06/29 M. Miyahara, KEK

ADC Architecture 10

ADC Architecture 11

[1]M. Miyahara, CICC 2017

Binary-mode
DEM
6bit
Int. J:>

Vin O— CDAC L

Mo

DSM |
Input I

G1=0.5, G;=0.33, G;=0.33

Reset Sampling SAR Conversion Integration
M- | H

2017/06/29 M. Miyahara, KEK

Binary-mode
DEM

6bit
v, 0 €0AC /T > J’— SAR Dout
Int. Logic 6bit

DSM
Input

G1=0.5, G;=0.33, G;=0.33

Reset Sampling SAR Conversion
=\= i | l |

2017/06/29 M. Miyahara, KEK

Proposed Open-loop Integrator 12

Proposed Open-loop Integrator 13

Phase: ¢, Phase: ¢,
vout = vout_n-1 vout = vout_n-1
Phase: ¢,
vout = vaut n-1+vin
Conventional closed-loop integrator Conventional closed-loop integrator
Vout i Phase: ¢, Phase: ¢,
# J_I_I_I_ B Vout = Vout_n- Vout = Vout_n-
n2 nA n Vi=AV, Vv, = AV,
# Vo= AVout na Vo= AVout na
Ss
Vin O .. v .. V2 Phase: ¢,
' S S, Xout:; fq voué_n-1+v1+vz)l3
Cu C. Cu 179, A=4,
I I I vout = outﬁn-1+‘/in
Proposed open-loop integrator Proposed open-loop integrator
2017/06/29 M. Miyahara, KEK 2017/06/29 M. Miyahara, KEK
Dynamic Amplifier Design 14 Previous works 15

* No DC current
* Gain controllable 1.5x~4.5x, 5bit resolution

VDD, X
CLK: -
O L 2
X Vem
Vo
MPA]}: . Vor P
Vem I~ CLK
z, EoC
37 output
I:Mus Cc & pre-‘;:a‘:'ge\A
Common-mode
detection
hop
nr

Common-mode
detection circuit

2017/06/29

EYV R
Time (ns)

Dynamic amplifier
No DC current

M. Miyahara, KEK

[2] K. Obata, et al., VLSIC 2016

Switched Opamp [2]

® Overhead of the recovery time

Opamp average curent = Recovery time + Operating time

bias

ADC conversion period

Opamps : OFF ON

SAR conversion

Reset Sampling
ey
I Tel

Integration

B (12 chock cycled

| 11
Toledel 1

2017/06/29

M. Miyahara, KEK
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Open loop vs. Closed loop 16

Gain error influence

17

An open loop integrator achieves 50~90% power reduction

110

Gain error of +£20% can be accepted ([ASNDR| < 3dB)

2000 Proposed | Opamp : :
% 1800 DC Gain(V/V) 3 100 105 i i
£ 1600 Folded cascode # of unit 2 1 S i i [ g
O 100 Ll 1 | 3dB down
©1400 Integrator o e T B Sor 0 o MO Mo
pen Closed & -
§_1200 Type g 1 '
2 95 - F
= 1000 Integrator g L T
£ g0 Output noise 100V RMS @ Lad I Lo
3 " N o 20 i } -
s 600 Telescopic Settling error ‘ 1% i i [
g 400 Settling time 1.8ns . |+20%|
2 200 Clock Freq. 150MHz :-‘—r.:
0 — Recovery N 1CLK 80
012345678910 time one | (6.7ns) 100 s 0 50 100
Opamp recovery time (ns) . . Gainerror (%) . .
Simulated SNDR vs. gain error of amplifier used in 1%t integrator
2017/06/29 M. Miyahara, KEK 2017/06/29 M. Miyahara, KEK
ADC Architecture 18 Conventional shuffler 19
Binary-mode * Logarithmic shifter  Barrel shifter
DEM So Sy do dy dp ds d3 do di dy
) ) GCo Gy C; Gy Co C; G, Cy
6bit do o - o Co PP RO U O O SR S O
vao| oPAC T, [ ] 2 R A ;
Int. Logic | = gpit d o c, —*1
---------------- ds o- H 0 C3 dz d
---------- d d
,\ Stagel  Stage2 3 S0 S Sy Ss 3 So Si S, Sy
2N
DSM | &~ Ny, = 2M1N Ny, =2
Input [ © Small number of switches © Small delay
® Large delay ® Large number of switches
G4=0.5, G,=0.33, G3=0.33 Ex)N=6 Ex)N=6
Reset Sampling  SAR Conversion Integration 768 switches, 6 gates delay 4096 switches, 1 gate delay

1N ) | L
I ] ]

2017/06/29 M. Miyahara, KEK

2017/06/29

N : Number of CDAC bits, Ng, : total number of switches

M. Miyahara, KEK

Proposed Binary-mode DEM (B-DEM) 20

Circuit implementation

21

Randomly select left(0) or right(1) unit capacitors each conversion.

3bit example
DEM Control Code

(DCC) MSB conversion

oo [ T T T oo (LT T T
MSB-1 conversion

oox I 1] x [T T
orx [T 1 T 10x [T T T
LSB conversion

o0o. T | 11
o' [ ) 110 [
010 [T T 01 [ T
Gl mma 100 [T T

2017/06/29 M. Miyahara, KEK

© An N-bit CDAC needs only 2N-bit control codes.
© A shuffler logic consists of OR and DFF only.

CMP —p a[—~CDAC .

Ex.) 6bit

DCC 3:>—> Data 64 DFFs
64 OR

Total: 128 gates
Latency: 2gates

sul

1

A <i>

[ 3

e

(1/4 Gates, 1/3 latency)

B iii

2017/06/29

M. Miyahara, KEK

B-DEM control procedure 22

B-DEM control procedure

23

CMP: Comparator output
A<2:0>, B<2:0>:

DEM Control Codes

A: Left side select

CMP —p a[—-CDAC
DCC3:>— Data

A R il + B: Right side select
B <
Conv. step | Reset MSB MSB-1 LSB
A<2> 0
A<1> 0
A<0> 0
B<2> 0
B<1> 0
B<0> 0
2017/06/29

M. Miyahara, KEK

—pb af—CDAC
pce 3:>_ Data

CMP: Comparator output
A<2:0>, B<2:0>:

DEM Control Codes
A: Left side select

M. Miyahara, KEK

A R i B: Right side select
B 4
Conv. step | Reset MSB MSB-1 LSB
A<2> 0 1
A<2> or B<2> A<1> 0 0
turns high A<0> 0 0
B<2> 0 0
B<1> 0 0
B<0> 0 0
2017/06/29
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B-DEM control procedure

24

B-DEM control procedure 25

cMp —o a
pcc 3 >

CDAC
Data

CMP: Comparator output
A<2:0>, B<2:0>:

DEM Control Codes
A: Left side select

CMP: Comparator output
A<2:0>, B<2:0>:

DEM Control Codes

A: Left side select

CMP —po a[—-CDAC
Dccq>— Data

<o>—e U H ! B: Right side select <o>— U H B: Right side select
A < T T A < T T
B < B <
Conv. step | Reset MSB MSB-1 LSB Conv. step | Reset MSB MSB-1 LSB
A<2> 0 1 1 A<2> 0 1 1 1
A<1> 0 0 0 A<1> 0 0 0 0
A<1> or B<1> A<0> 0 1] 0 A<0> 0 1] 0 1
turns high B<2> 0 0 0 A<0> or B<0> B<2> 0 0 0 0
B<1> 0 0 1 turns high B<1> 0 0 1 1
B<0> 0 0 0 B<0> 0 0 0 0
2017/06/29 M. Miyahara, KEK 2017/06/29 M. Miyahara, KEK
Effect of proposed B-DEM 26 Outline 27
. B-DEM disable
5 -20
[ OSR=16, Mismatch 0.1%
3 % 20 times Monte Carlo Simulation
%-100
£ ol
g Bl
1 10 100 1000 10000 SFDR (dB) SNDR (dB)
Frequency [Keel Disable 88.2 83.0
, B-DEM enable Enable 103.2 88.5
iy Improvement| +15.0 +5.5
o 20 N
£ 3. AIERR
3 -60
% -80
5100
g 120 M” haii
140
1 10 100 1000 10000
Frequency [kHz]
2017/06/29 M. Miyahara, KEK 2017/06/29 M. Miyahara, KEK
Chip photo 28 FFT Spectrum 29
+ 65nm 9M1P CMOS technology Fs=10MS/s, BW=250kHz, OSR=20, 10kHz input
* Chip area of 0.08mm? .
) 400 pm . 20 ' SNR=84.2dB | |! | i
o il SFDR=96.5dB —_ W
o -0 Hl—sNDR=83.4aB [ Wi DEM
] i i
Z 60 i  BW=:
o H "
? 80 i il
N 8 1 it
s E 100 E i
k= 5 - AV + i i
3 2
120
140 i
TR PR R 1 " o e
Frequency [kHz]
2017/06/29 M. Miyahara, KEK 2017/06/29 M. Miyahara, KEK
Dynamic range 30 Clock scalability 31

2017/06/29

Dynamic range = 84.2 dB

100

Dynamic range = 84.2dB

80 -

60 -

SNR, SNDR [dB]
-y
o

20
0 p
-20 ‘ —
-100 -80 -60 -40 -20 0 20
Input power [dBFS]
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Dark Current Measurement

<>Pixe| size: 40 ym x 40 ym
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2017.06.29
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« IDEBFVIEA B LVIREEE
* Virtuoso g% &t HR—k
* Design rule check(DRC)
* Logic vs schematic(LVS)
» Dummy4 R
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SDHEEFVIRIEE

FEMOLATIRTIE,
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BumpDi#ENERE !
Micro bump

Logic in pixel
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W .-__.‘__-..1._.
. ) BRCHRT 5L AR
C15 Pixel Array
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SDHEEFVIREE
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* LVS
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» Technology file
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* DRC, LVS
— 3D_rules_tutorial_v3.pdf
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RS node
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B a7

TRER—MEE
Upper-tier port
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HFREN

A4 2 To O L
SOl FFMRAM A S@EIA 2017.6.30 ARED SEFRMECHT TEEBREEZE T2 XA—IJ VYO
AIRHE(RGB) LEFRAN(NIR) ZER—E T LICT
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BEVEIICE—LRICKERT
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M EEFREZRY.

BREXE EFIPMER
INBER, EEEE

TSXEZY R %BEA

1 2
Our research activities related on plasmonics BEFZAA—JEVHATSIEY T4
Metallic nanolens for nano-imaging 515
Ag nan A. Ono et al., Phys. Rev. Lett. 2005 R OPRECEREE {énﬁ
S. Kawata et al., Nature Photon. 2008 (i&=3¢)
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Agenda
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BF LIy FIBaVT R AX
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HIA(REAR), NEEZ (EAE), Fridk (KEK OIST)

Feo
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EBEIFZE S 2017/6/28-30 @ BiFAF
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1. }i%ﬁ?rh? v ® 2 JAREESOIE Y &

(Posntron Emission Tomography) (Single Photon Emission CT)
ml-t-‘-k-‘—ml
AYX—R—LRORE (RE211)

PETV@ W HEXTF. 2EFSPECTHIE
18F FDG 511 keV 99m-Tc, 111In 100 ~ 250 keV — gL —
- %E ’Gﬂ:’ffﬁﬁ&li)l«‘\"—lﬁlﬂr’ffﬁuﬁ
SPECTH 5 v 7 b v H1 X5~ (<3E 2mm)

) (BFFFv*vyav7rvhxs
~PET(8F)/SPECT(L11In DS IR, F/tUESDUSE | | [L5aFT (o nmsts/speci e

p 2o ase GEANT4 £V Ty Ialb—valQirarr v h xS
HFH T RARREEA X -9 FEE - kT 7)
1. 2HFABHEALT b hAS -

SOV R EBRIESC AV T by I— Y OERBHER & Y14 <Y b THEE—BICBE PRSI

Fr A bya—yA Min ey "o
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e (R85 [ s

e e
as 2o ’ oG T (100
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2 Fh¥A=3R (L | *
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ERERRTE "Cd

M VEEE = SN
2EFM 1 fY F TARONE NECRE 1 FHEA & R L T>BEDSNLL, 2fE (B AREE

2. BFrFvRvyav7rvhx3, (TOF?)

=ary7tya-y > ar7try7—s~0HRICE3EREL. 1A~NOHTE
ARV FFYT V(MY H-EEREEIFEONS) BRIREL Y H%E (SOI, XRPIX series)
FHEER ~>10k, E7ELY 4 X = 10 pm, THAX¥ —5REE, RAUBEFRIFFERBEA (~ps)

GEANT4 £ T hvuayIal—yalQiFar T o AT) GEANT4 £ T hvayIal—ya Qi Far T v AT)

Mmoo | MO (30,4000
e imaging methods
“Emergence elficiency of single | Spatial resolution [mm] SNR
Complon events
™ 278 % 107 4246 -43328 6.68
Ties 333 % 107 4439 - 4657 6.51
v "o 243 % 107 $1.45- 5268 634
[~ Emerpense efficiency of double | Spatial resolution [mm] SNR
. Compton events
. i 156 % 10° 2813 - 2987
. ™
- Ao, L

Yoshihara, Y., Shimazoe, K., Mizumachi, Y., & Takahashi, H. (2017). Evaluation of double photon
coincidence Compton imaging method with GEANT4 simulation. NIMA
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GAGG-GAGG=a > 7 b B A 7&\_3:62%%:! VIR RAT

HUKT, OIST, JAXA

134-Cs (SNR ~ x 5)

" 22Na 2 #iR

134-Cs, 22-Na D2 F FIIS {5515 (GAGG + GAGG) T s s

Scintillator selection

For better angular resolution, the scintillators described below is chosen

Scintillation properties of conventional scintillators and semiconductor detectors

Ce:GGAG CeBr, EusSr,|  Si#Mff  CdTeuEik
Eff. Atomic 54 46 49 14 50
Number
Density (g/em3) 6.63 52 46 233 5.85
Energy resolution | 5.2% 4o a0 o ,
@662keV/ (APDfR) 4% 3% 2% %
wavelength(nm) 520 380 420 - -
Light yield ~ ~
(photonMeV) 56000 70000 70000
Decay time(ns) 88 19 1400 - -
Hygroscopisity None  Strong  Strong None None
Self radiation None  None  None None None
Note Cannot thicken Cannot thicken

Imaging ability test

v Compton Experimental setup

Rotate the pedestal

Fabricate the scintillator array
Problematic of hygroscopicity with halide scintillator
Although it is difficult to miniaturize the halide scintillators, 2.5 x 2.5 x 1.5mm? Eu:Srl2
array were successfully fabricated in a dry room under an air atmosphere with <2 %
humidity.

Deliquescence

CeBr,

Eussr,

Typical spectrum (TOT) HR-GAGG+MPPC

N 5cm HR-GAGG .
m 241-Am -
| 57-Co
& keV -
= 60ke - 122keV
fits Colint™ = = = = - = == dwe -‘:A‘L, L )

18 TOT(*10ns)

3mm pixel device (64ch parallel
readout)

Shows enough performance for
PCCT

Scatterer HR-GAGG arrays]

HR-GAGG Bl > b U1 A T2 & BREE (Compton 7R 1451)

scatierar

(i) psgpieg
fusi] pEagase,

#

&

SOI'E v —DEAFRIL - (XRPIX2b TCOEF F T v ¥ 2)

SOI'E > —DEAFRIL - (XRPIX2b TOEF F T v ¥ )

I8 0 ILF st Artay
1Pimsl = 10 pom 0 10 g

CZ wafer Vbias=5V room temperature integration
time = 1000us

¥ pixels

-i

144 x 144 pixels

X pmels
25 x 25 pixels (patterniit)

Shimazoe, K., et al. "Electron Pattern Recognition using trigger mode SOl pixel sensor for Advanced Compton
Imaging." Journal of Instrumentation 11.02 (2016): C02030.
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SOIE > —DEFERI — (XRPIX2bTOEF T v ¥ 7 CC)

XRPIX2b + GAGG-MPPC Compton Camera

IMBq 1V7Cs (IR ER s, TAL A 71 & B Som)
AT AL S R £~ ops

TlL—AhtELZ bR 06%

BERT xS

. Timing spectrum: FWHM=1128 ns

Yoshihara, Yt, et al. "Development of electron-tracking Co“wpton imaging system with 30-um SOI pixel
sensor." Journal of Instrumentation 12.01 (2017): C01045.

SOItE > —DBAFEIRYL — (Stack-XRPIX5 + HR-GAGG BF F T v ¥ %)
. RO, BRT. BAT., AR

’./FPC RERAELER RPN Y =T DX EART
o — (SEABAS)

A
an W $IR—F
Side View ' YYFL—Z—TLA
Top View

XRPIX
4

310 pm €1

500 um IFEY

—am A3hA

FYITR—F 3gpmm

$TFPGA A ~FPGA e

72 HZF D DRFID, D24 27, @7 FLRA, @TRNF— 22 TEHA +

ARV

WRUN A & o R

SOIE > ¥ —DBAFIRIL — 20um E°Z L 96 x 96 pixels)

E L, SROMERE

2017/6% 7 2 v b BRI A ZH/N (36um -> 20 um) T H A > IEXRPIX% B

4 pixel layout

R

AV —2—1RBUEE
AE 7L THE LAT T M

20pm pixel 45 mm#

AT NI AT
GEANT4 simulation (SNR ~ x 5 % fifé38)
JFFRRRAERER (SNR ~x 5 % filEid
HR-GAGGHI =1 > 7" |k ) A T D4R
(18F, 1111n PET/SPECTEZH [r] REfif {4 % fiff i)

Stack-XRPIX ¥ A7 A (%)
20um Electron Tracking 17 submit

A%

Stack-XRPIX + HR-GAGG 1> F b A5
B N7 yFU 7286727 Moh AT ORGE

20
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4-18. BENMICLIEEED T X — T 2 J M = FEFEHEEZR MALPIX DBIS

StE#Z D02
HESNICKISREBES T/ A—CUTICRIT:
HEEBRHBMALPIXD R

M AE' A2 BIE" #ME AR, FR IE, #E B3
A RS, MDY W R, S IR FE 518
TKIRKE RERTEHER, *KIEXE KERELHRR,
SEIRLF—IMERFREE, LEEAS KERIERE2HRH
KBRS RFBREDYIEHEH, ARAS ERETHR 25—

QAMAY (@) i dimHEAY

OSAKA UNIVERSITY HOKKAIDO UNIVERSITY

A AT T BB AWICE D AT HEAD LI LREG
(TALAI/ R HBER)

A9k L(0.05 mol/L) & AR KB KRR T2LEMMAE L= AF HDIEER
-
#:Cs* (miz=133)

#r:Na* (miz = 23)
#:K* (miz = 39)

> AERTE Y LADFREHERAAPCsZANTEY ., BAEMEDKNEEE
FRHERMATREN DMEICRAIE TETHAREMA RSN

> 2D LARRICERLOT VO AREMNHHE NaPKER TN RLZSHI LA DT

AA—SVTRBAMDOFE

4 N\
B « 2. ik
1. Jo—JEEN NERC L ot ) T~k
RAYOF YR
HRAATL i FL—k(MCP)
i .;ﬁfi-ﬂ%ﬁﬁ@%ﬂﬁ :
ﬁ ﬂ_ | h ” " 3 AF B
m/z m/z
; A+ 18
- S T
« TOFMS ; TOFMS
MALDI b_ﬁ_%—
(Matrix-Assisted / //'/;VIALDI
P Laser Desorption o=
v /lonization) YT . . e
b L b AL R > TALASAUT /—FOREIHIESHEES DRHETNODEN ATV HAGE
—H— Bl —J— ~ i 3 = e
SIBEN(10-100 pm) HESRA LB ERRERDDIENTED )
e B B A [ ——— > ERMICERO AU ABIOMEICAST e, ThOERATES, 1 ps B1-Y
b 2FYTBEORMIDNS ) b AFE LB o TRER TR VB TLA A BRI TE L

HEROGIE - FRBRABE A ARH T LA
(TALASM1BRHEB)

BEBMA—DUTHESTA

—_ 16ns,
_ﬂ_l_'t\_l_

B9 R EE1 nsZ 15 51=5HD oLk

(6 x6 mm?) (6 x6 mm?) (6x6mm?)

16)(16 o D n n

| 192x192
1 (13.75 x 15.3 mm?)

MALPIX8

FRREE MALPIX Time Memory Cell (TMC)
Tlme Latches k
ifier . )Y | | P T1<7:0> ———= HIT! =1ns
AmphflerComparator Gray Code T1<7:0> | i a1
Latch1
Counter 8 I !
PAD 7 ! T s
™ 62.5MHz | )
15.625 MHz (T=16ns) | <
L 62.5 MHz) / 4 L
MEMORY: =0 h ‘ o e ' Erger EAY ) | ® ®
Switcl |
. PLL T<11: D>
v .
TIME Phase Charge Loop
") Detector || Pump |7 Fitter [7] V€O —‘ Pixel0 - Pixelt Pixel15
Pixel size 50 pm x 50 ym Time resolution 1ns D|V|der S i 1ns | 1ns 1ns 1
Number of pixels 512 x 512 Readout 40 ns/pixel, : s = l
Sensor Area 25.6 mm x 25.6 mm 0ms/ams B T1 (Coarse) ISNZ
. . . kU1 PLL: Phase Locked Loop
Time Dynamic Range ~ 14-bit IS&Y 1 nsHARREERT VCO: Voltage Controlled Oscillator
A
MALP'XF*ﬁ%D— V\yj’ — MALPIX5QE AL ATk MALPIX6DEZEILAL LTI+
1/ (KEBS M AE!) (DRAM)) (FAEYZENEIE)
64 x 64 64 x 64 64 x 64 aviL—4

MALP|X3 MALP|X4 MALPIX5 MALPIX6 MALPIX7
DRAM SRAM DRAM
2013.12 2014.7 2015.3 2015.12 20171 2017.6
HE W #hih sk gk HIT39k
FYI34 FYI32Z FYi4 FY15 FYte. Y17, 64 ym
y G: v Ly } y } y }
FY2013 FY2014 FY2015 FY2016 FY2017 * MALPIX6TI&, AEBVIZERIN TSI/ UETIORMINEL TN
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4-18. BENMICL2BBRERF A X — 2 > JIZ@EI - FBFEHEF MALPIX DR

MALPIX6DE S ILBIL AT - MALPIX7 DE 7+ LRLA 7k HEIRMALPIX8D & At
BRI
avRL—4 '7‘—?/7*/7 * MALPIX6, 70D ELHESRAMD EIEIZRE AN RO T

aviL—4

Z&ITmA ., L—Y =23y EIZ2E TOSRAME —FIZ vk
FTHIENTERL

* MALPIXSTIEFR L TIIH BN EBRETOFARI ML DEFA
TETLVD

I

* MALPIX8TIZE)MEEAE DL EIER DA T8 F =LV =D
DRAMZ BLV=MALPIX5ZR—2R &L T, MALPIX6, 7T{To1=
TLAA—FAI 58— TMCOBRR. BLUVREILTF 10T TE

: Mz F=HOEMALPIX8EL T c,
40 pm .
45 um s BDRH.BERTAOTUT C
- Vin 1 Vour
[FRAVFDYYEZT
IN{INRTEBKSIZLE
- BEISAUTUIRERCBIEL, FROSHEEDS (185N (A e Your_ G
« AEYIZONTRIEEHEL FAHELHICIS—HRONEIELHS Vin G,
MALPIXSL A7 2k
DRAMO B

15.3 mm

* DRC Errors - ————— -
— MAX AREA(MET1., = = * MALPIX1~5[Z& LV TDRAMIFERL TLVEM2T=AY,
MET2, MET3. MET4) e i BEATER N EHLETIERETEL:
« 50 mm? 8Bz 5FvS
AR DK TR - DRAM & £I[ 37.5 fF (MALPIX5, MALPIX8)
10000 pm2 T

cRBERILT
- Nl
« E&: Core GND
« T&: VCO Analog GND
— HMAl
« bEF: Core 1.8V
« T&: VCO Analog 1.8 V

12.2 ym

13.75 mm

- BOARRYY BOERRITBFDI4B B, DRAM (MALPIX5) DFF DRAM (MALPIX8) SRAM
— GrayCounter &0 VCO Digital LT E&EHABOIT—) I/ BEEELL

MALPIX8DE2tILAL A7 2k
FLEDH

192 x 192 pixels (13.75 x 15.3 mm?2) OMALPIX8%HTIwh5E T

s BEDOEIIVINYT—TITIRELSLBNKESTH LA,
FETKEEIIVI Ny —CEEETHFENLH,
STERISFVIZEMRITIEFE

* MCPEMALPIXDAHFEZEHRIZFHBEL. ERERTDICHET D
= DHEERE TR
— SPring-8TREITHESNI=T4—RFRIL—ZEFIH?

50 ym TIN<0:11>
TOUT<0:11>
BB/ SyREDaV A
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4-19. KEK/PF T® SOPHIAS (C& % X #REF - /A EIELEER C S E 7 £ILFHE O IR

<\ IMS

BNNANVERN

D soiee

KEK/PF T® SOPHIAS IZ&% X #£[H]
- /NARELEER LT HEE Y ILETE
fli DK 5%

FHE#FZE DO1
KEKIMSS #BAZ. AR BBHBE.A+E %2
KEKIPNS #i k. =67 =
HH WFH FiL. Lk BE
IHEP Yunpeng Lu. Qun Ouyang
FZX5 DN Ak BEARER

TRTH B AR F T Y
B FAA—Z2 T D)
EWAR

RITDIKR
HEAR
TET I RER AT AR SOl R 28R %
SOPHIAS # B =15t =8

2017/6/29-30

Rii{Tot=l&
- CNPIX1 ST EIBREMERERQT AT
- SOPHIAS I2&%
). Z0avEEY LTIV O EIFTEER
2). TAvIHESKRRRBREICETLERKRNSTFIUY-
HRNR—=DI T IRNDOBITOHRF DS BEAEICLS
B
- B X #2588 75 um [ CPIXPTEG2 RO TAU YT

KEK IMSS #53 7, KEK/PF TP SOPHIAS =8 X #REIHT -/ B E RS M EE D I EFHRDUS

TBRTHEF IR T Y
H1-BBFAA—S2 T DRBI

I DK
HMERE
AT HEER AR R SOI & FRpF
SOPHIAS # L - iS5 e 28R

2017/6/29-30

w712k
- CNPIX1 SHHE R EERER@T AU F
* SOPHIAS [2&%

D). 7RV EY L TILORETERE

KEK IMSS #57 78, KEK/PF TD SOPHIAS [543 X #RIETHT -/ AL ELER LG MEE S NGFHBD KR

TBXTHEF IR T Y
H-BBFAA—S2 T DRBI

FyTEHITR—FIZEE
BIRIE

- H#EAR—F (Xilinx-KC705)

- BREDA—IL

DRI SEBETE RIVF
THYBEZ BN ST PC- il
R—FEL CEEFENTES,

S

CNPIX1 &t 2B R ENVERERR

T3RTH BB E T
HEBBFAA—D2 T DRI
EAE

CNPIX1 &t B BRENERESR

2017/6/29-30

FERAL-ES+IL TEG DEKEXR

ANl AOUTIA SIN1 ~ SOUTIA DIN1 ~ DOUTIA CNTINT
0
=
z
cnategl 8
(cnpix1 base) o
ADUTIB SOUTIE DOUTIE  SROUTIB CNTIND
l =
e z
cnategd = =1
i
{cnpixl base) g

KEK IMSS #57 58 KEK/PF TP SOPHIAS (=3 X #REIH7 -/ AL ERESH M EE D IFHBD UL

T
g Ll 71 A~ DR
Preamplifier ey
2017/6/29-30
AIN1  AOUTIA [sIN1 ~ SOUTIA DIN1 ~ DOUTIA CNTINL
SRINO u
o S
cnategl) [JSROUT1A 8
(cnpix1 base) 0 o
SRIN1
; Ve ——
teykL AL
-
T — T )
Tk e Tar o

m H A1

il i

Jo Jo

- T ]

KEK IMSS #57 58 KEK/PF TP SOPHIAS (=3 X #REH7 -/ A AL ERESH U EE DI FHBD UL

: T,
& =2 /]
Shaper amplifier et T
2017/6/29-30
AINI  AOUTIA|SINI ~ SOUTIADINI ~ DOUT1A CNTINI
m]
=
=z
cnategl 8
(cnpix1 base) o
Tk s o S Nl 391
Uty RIL
-
e = v e -
il[l\- Ty o 3
e s
— — M ANgEE

N sppunens -
KEK IMSS #57 78 KEK/PF T SOPHIAS [=3 X #REIHT -/ BB EREFA HEE L€ NFFHBDLK S

o ST,
Discriminator= SRFF S
AIN1 AOUT1A SIN1 SOUT1A| DIN1 DOUT1A CNTIN1
L iE
cnategl 8
(cnpix1 base) o
Tk Tigd 2 e P (1
. i Chl: AKEH
e Ch2 : Discri. 71
A S R Ch2 : SRFF A
f ) Ch4 : Function generator 0D
4 . : Sync {5 (trigger [Zf£ )
B PR i

KEK IMSS #57 78 KEK/PF TD SOPHIAS =3 X AREIHT -/ AMELEREFAHEE L€ NFFHBDLK S
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4-19. KEK/PF T® SOPHIAS (&3 X #REH -

NARELEER CEHHAE 7 IVFHE ORI

> —-Preamplifier el

2017/6/29-30

AOUTIS SOUTLR
cnategd ﬂ}.. l | | £
(cnpix1 base L /

REL—Y—IZ ﬁ'd'%')t/"ﬂ'— — preamplifier DHEDHRF

Tl imp. b P 1

DOUTIS  SAOUTIS CNTING

COUNT

G|

e T T

ﬁrbpg_éﬁ(n-l'ﬁ@ﬂﬁl 20T, E)j{’ﬁﬁ&mu;‘???

KEK IMSS #57 78 KEK/PF TP SOPHIAS 1243 X #RIEHT -/ AR AL ER LA HEE S ) EHRD YR

%%ﬁ“%':*éaD:yuﬁ*ﬁiﬁg{tiﬂ“i TBRTTHFRBUFTYYHC

gﬁigf AA—Z2 T DR
PR M
TALEBOERELTEDN TS, D)

JNaVERERERICH T SRR . HHEFEATHD,
BIEEN-BRSBOFKIEL 30 pC/em? THREL TSI
BEBREIIVIRLYBE,

http://www?2.kek.jp/imss/news/2017/highlight/05CRCA/
WIRER/ N4k 2017.05.31

2017/6/29-30

SEIE, YU TILADBENMTRIS/BRERICHESEEE L
% SOPHIAS THITE.

KEK IMSS #53 7 KEK/PF TP SOPHIAS S8 X #EIHT -/ B EL ERELH B E S N EFHRDUE

[BXTHF IR T Y
H-BBFAA—Z2 T DR

BIERHAICLDI 00V BEEELEE

1y
&

2017/6/29-30

InaVEEROERXR

KEK IMSS #57 78 KEK/PF TD SOPHIAS [543 X #RIETHT -/ AL EL R EFH MEE S NGFBD KT

[BXTHF KR T Y
H-BBFAA—Z2 T DR

yna v EAIE Y7y T @BL-SA

§

2017/6/29-30

IRILF— 124keV

'/ it A 0E

;A%Xﬁw

P 224 £ T SOPHIAS #
29 =~90° fHEICEEL .

KEK IMSS #§75 78, KEK/PF T SOPHIAS (=3 X #RIEIHT -/ L ELEBRES HEE S LFIBDKE 11

3L+ B T YHEC
BB FAA—T2 T DRI
EWAE

yoay R

-650V ~ 650 V DEE TEHNMEBEEZELSE TRIE
BREEEZRO—H

8% (7.4, 11)

2017/6/29-30

X
=

0.5 MBH D X RS

-

B} DAV SVIHIOS

LIRE, E—VfEEIE ZRTA™
STUTI4vRLENMEBREC E
DE—VEZEH,

Column pixel

KEK IMSS #87 72 KEK/PF TD SOPHIAS 1243 X #RIEHT -/ AR AL R L HEE O )LFHBD KR 12

3L+ B T
BB FAA—T2 T DRI
EWAE

ETE - EDEHKFE

2017/6/29-30

HEITEKYZOR—=DIFAYRLTLET,

KEK IMSS #87 72 KEK/PF TD SOPHIAS 123 X #RIEIHT -/ AR EL R L MEE O )LFHBDUR 13

TBRTTHF B FTYYHEC
FBREFAA—Z2 T DR
EUpAF

FEH

+ CNPIX1 T EIBEAEI/EL TLND S EEFERR,
at e E R =EHEl X CNPTEGL TIT3,

2017/6/29-30

- SOPHIAS I2& 2700 B H O R &RIE T, BIfE—71{u
BOEIBIKFHEEZIRE.
— FEMBIHE B FROTILEERMICEATE,

SHOEHE
SOPHIAS ZRALN-EEBREMETTHLLHIC
* CPIXPTEG?2 M5t it BR D 2 i
DL 10keV IBED X #REEA.
X BRARICETTEERTORBR YN VT DEE,
* CNPTEG1 FlfE1S R T L DEAFE - ISt L RER D #

KEK IMSS #53 72 KEK/PF TP SOPHIAS =8 X #EIHT -/ B E ERELH M EE O N EFHBDUE. 14
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4-20. INTPIX DOIRIK

INTPIXD IR K
(FIFIRR)

HEPTRBERAT
T3RFTHGABH B TUYVIEH R TF A A—D0 T DER
FEHRE
201746A298(K) # ~ 30H(£)R

BERE RIEF v/ R THEBH2ME B209
A+ F—T: ~ SOIPIXDFERERIZAIGTT ~

BlaKE#

2017.6.30 = 51 E (KEK)

SOIPIXtoH—& K EE)
FF(EFEoTL=1K
FOoTHTESWSLDEEY =L DNEZD(TL—UA—30Y)

(1)

XRPIXS ) —R (FLEBK) INTPIX3 - XRPIXBAFBALA
BHFAA—CU T (FEH>EEK) DIPIX > SOPHIASHEL T A EA O 1T
EIRK INTPIXA > 22?2

KK INTPIX3, 3e, INTPIXh2,... > FPIX2... (FHIE V)Lt H—FA)

Krakow,AGH INTPIX3,DIPIX,INTPIX6,7... > ???

— AT BINRAKRET, FOBFABLEZSFEANINDIELHD
(BEITTEITITo1=FITRER)

YRR TEC
AT LEYHELE ZIEDENFTELN
INRIE: BTV TAE B, SBISHBRTED

EZ DHEEN ROND
KIFHE: LY SDHENTE, WEEAFTEEL TS
. YT YTHKRE
4
7 | &
FLAINTPIXOD FI INTPIXELER
INTPIX4 = FY2009 FY2011 FY2012 FY2013 FY2014
DIPIX INTPIX4 INTPIXS INTPIX6 INTPIX7 INTPIX8
Process W30 w501 w1594 w1655 w1786
INTPIX5 £ FAX T 2 2 2 16w
EFEH (pix) 512 x 832 (425,984 896 x 1408 896 x 1408 1408 x 640 x 1024 (655, 360)
INTPIX6 pix) (1,261, 568) (1,261, 568) 1408 (1, 982, 464)
INTPIX7 FuIH4 X 10.2 x 15. 4nm2 12.2 x 18.4 mm2 12.2 x 18.4 mm2 18.4 x 18.4 mm2 12.2 x 18.4 mm2
R FRl 8.7 x 14. 1mm2 10.7 x 16.9 mm2 10.7 x 16.9 mm2 16.9 x 16.9 mm2 10.9 x 17.4
INTPIX8 Global Shutter aY aY aY aY #Y
) S SSmd Rol ing Shutter wL #Y =Y #Y #Y
(BAR/ Ny —UFEE) Frontend Amp PMOS Source Fol lower | PHOS Source Fol lower | PHOS Source Fol lower | PHOS Source Fol lover | _PHOS Charge Amp
CDS In Pixel CDS Column CDS Column CDS In Pixel CDS In Pixel CDS
B /e “2.5/15 W/e- “2.5/15 W/e 16 uW/e- “12/18/36/80 u/e
+ DAQ board Gain v "L #Y (Ibit) #Y (Ibit) "L Y (2bit)
HAF v o FIH 1RIF13 1RIE 1 1RIE 1 1RIE 1 1RIF 16
SEABAS1 DIN—5A4T n# n#& INTPIX6n (n &, n-DSOI) p &, p-DSOI n&
SEABASZ INTPIX6p (p &)
KC705 MX1413(FY2010) DIPIX: 256x256,14um-pixel,in pixel cds, wafer type(n,p)
ERIEER. BEMA).
/—kPC(Windows, Linux)
(+ BB Eetc...)
3 4
= /\ 5 S 2009
INTPIX4 (FERBIAA—D 2 H—) -
Ui DIPIX pixel & top layout 2010
Pixel layout Chip layout

10 mm
17x17 um, 512 x 832 pixels (13 Analog Out)
CDS circuit in each pixel

RIZICHRE

ERRBEEREF R ERAP

N-type (Cz/FZ) sensor only. Double SOI k3t i

Sense
node

128x256
pixels x 2
(2a&2b)

3.584 mm
x3.584 mm

p-n implant are reversed each other

DIPIX1 n-type: BPW+BP2 (the same size) <->p-type: BNW+BN2
DIPIX2 n-type: BPW only and BPW & BNW
(256x128x2) & >p-type: BNW only and BNW & BPW

HEEH. BMIUXETHERAS

NCZ/NFZ INTPIXS

INTPIXS5 (FY11)
1408 x 896 pixels (>1Mpix)
Pixel size 12 x 12 um
Effective area

16.896 x 10.752 mm

BREME LY —THY,
LKA DREDFEAHH o=
EVtILY A X12um, KEHE
NFZERMNELIEY D DHENDT
WEFE

NCz, NFZ only

oor b Gxd | fard R 1R i

31mm

2011

INTPIX6N & 6P 2012

EHIZINTPIXSERIL

Krakow-AGH group D FHfiztE&Z 1T o1
(JINST proceeding)

INTPIX6N
KEZTL(~GND)AEVILREIZHY
CCDBHDBVWTFy—oozT7)o I
KEHD

INTPIX6PTIEE V/LRIISBNWASH B 1=8)
FRRLTULDHY, INTPIXTD A A

W& 5BARVITEBANKENDT
KRATED

DSOI(n) REEFRLAHY . [RE T
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4-20. INTPIX OIRIK

Pixel layout and circuit (INTPIX7) 2013
st b e Sense node 1
¥ : : I ™= Pixel size 12um + Transistor 9
T | o~ CDS circuit in pixel + MIM capacitor 1
Fate—[ o[ sToRE - | in 12 pm?
_— e o e L L KEKCRBAAMOESH—
L s BRI VR T Y S—
| LY L] woon FEEHEVRARMBLL oW
N = e P-type(ver.1,ver.2) SO
- 18mm DSOI i:‘;ze LayerZ &L

Pixel area

(12um pixel)
1408 x 1408

X-ray tube, W target,50kV20mA
With Al-2mm, Back illumination,
2ms x 6848

X-ray tube, Cu target,20kV30mA
Front illumination, 2ms x 694%

XHR& Dl

S s g 300V, 27deg.

PEIINTPIX7 (3)B)
LI AVINESL 28D (1kOhm) B & EE
EIRMHS VLRV DTHETE

FY14-1 MX1786

18 x 12 mm chip

1024(H) x 640(V)

16 (x 64ch.) parallel output
16 um pixel size

P- substrate

leum

Active layer (blue) Soi2 for DSOI

PFZ, DSOIp CH| AT

Pixel layout 16 x 16 um

X%ﬁ{%@{&“ PFZ,back illumination, 200v

PFZ,back illumination, 200v

Cu Target
Gain 01, 2ms x 373#% 8

Cu Target
20kV5mA

20kV5SmA

Gain 01, 2ms x 3784%

Byl
DSOlp, back illumination, 300V yy Target

___Gain 11,2ms x 3788 sorv20mA
With Al 2mm

e S

DSOlp,front illumination,300v  Cu Target
20kV10mA

Gain 00(f%X),10,01,11(&F/])

SOINEZHRTHF A

~500mm

SEABASEE B D EEBH AR—MILUTIVITHD (A —FRvbDH)
SEABASE & $h 5 & KE! - SEABASD FEE D R

HIJ7R—KR-DSUBLE Z 2 & iR

45+40=85

25+80+29=134

B35 SEABASL

EPVNAY By
SEABAS12ZE(EST R THOERTHER S 224-54=170
avyk
BZGTE Y —EHEATHEE, DSUBSO(IES), dsubls (BiR) AL =
IIUTEER
AHBRKRTHA 4

CNPIX1 «

CNPIX1 sub-board + DAQ

ADC 8ch x 2
DAC x 4ch x 2

FHLFRRE— (AR EF) SR
kc705

FFRTHAEREBLEZWVMEE I,
LPCaR Y54

75075 E4R(ADC, DACHE )
EESTD

(B4Eeh)

FPGAME > TE= DT,
KC705%% %=L TSEABAS3MD
FRICLEFTD

k2 SPRiT (SOI Portable Radiation imaging Terminal)

R—=BT LSO A= —E iR 1E
i

4342 F 480 x 272 dot

TFTAS—H& &, SvF/ R

UF I LRYT—NyT)—

TIFR R ERIRIE

BHRE—F/TL—RT—)L

K- HEN T IV LYBYY

ART—Z 144 x 100 x 17 mm

T H—E47—2X 80 x 80 x 20 mm

T —E - D7 — LT T T AR

f=12L. BIEIXINTPIX4D A3 AT §E

XERFABRDBRF
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4-20. INTPIX DOIRIK

FEH

KUEITRAINTPIXEE S TLV=12KIET,
TU—V A=V BTE BRLGHLLTATT7H
EFENTEELT.

SHLIEHE CEENHYELED
RAINTPIXEFE > TV E N EBNVET,

Y7 YT ODAQIZ DN TDERIZHEZH AL,

FRERWE, DAQ7 YT T L—REEHTNEET,

-76-



4-21.

INTPIX4 % B = X ERICHBIE

INTPIX4Z FH U =
X$R It 178 7E

— EXHROBREFMOIHDITILEAL

INEIHREIHTERE —

(BRKREVERKEE, =ZHEE
(#aBf K) FEHTREAER
(KEK) =1F 8=, FiHEX

ZRBISHhDRE
XHERIG 77380 B R (PR

X8 S8 psPC
(S22 —)

Y34y 1970%FH~
(BEE. BRORZVT—F)

B RZ RIS DR R EE)

PROTO Manufacturingtt (h74)

HRE- =oae
KHER ®

o
Y

XRBRLE
(SA4t4%—)

ety faww prosourd com/lard portatie s

FixREHOTH
SR TR ENF 1= RS SR
(REONE. MEDMIE. RAFRS)

ANEIEE M- AMIEIZEY,
WRERWICRATRESON
BITLND

EIRKFTHXIRBA;T
ZRTRHBOBAIEBHAME

* EIRKE 1993~

rotation-1 » Xeray
= ’

rotation2 £ 71
/
/
/
/ Xeray detector
0D (Scinillation
counter)

or 1-D (PSPC)

(single exposure)

/5
"

Diffraction ring

PELE] LT
. v,

"sangduunn®

Diffracted
Xeray

Sumple VA
\ ” 2

Xeay lne profile

n
i
I
|

b

6
v
IS DT SRR R
= Tsin2yik ] = lcosaik ]
EWRIT O, £

7

Two-dimensional X-ray detector
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Blocked impurity band (BIB) detector

high-doped Non-doped
IR active layer Blocking layer

. Zﬂ%%f&’éi%(?% "

- BEOMLE
o TNV EDRHL.
— BRATRMY/AURT
#2IB
- BEARE b
o EHEEELIZ-200umE
THND/N—

ERMOBRABE,

*snss® -
FIG.2. &3

1 7o)
Pt P

Petroff and Stapelbroek 1986, US patent 4568960
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RELGTHMRERELDERE(1014/107° /cc with Tum) 2

SiIRBIBEZERFHFE

Photograph of Si:As 1Kx1K for JWST/MIRI
(Love et al., 2006, SPIE 6276, 62761Y)

2017/06/28-29 Miyazaki Uni

e ik
BT 50N EE

Ge%RBIBEIY{EE

F—TENELDGeBLIEE
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2017/06/28-29 SOIPIX WS

2017 at Miyazaki Univ.

REEMCES THERLEEL S

Summary of Ge BIB detector
by SAB technique

* BIB operation is confirmed
— responsivity : 1.5 A/W, QE: 1% (without cavity)

* Reduction of dark current by blocking layer
— Less than 5 fA/mm?

* NEP of <2x10Y W/sqrt(Hz)

— 2x10°W/sqrt(Hz) can be achieved if we remove non-sensitive
area and reduce the detector area down to 0.1 mm x 0.1 mm.

* Longer cut-off wavelength without stressing
— From 120 to 160 um (240 um is also fabricated)

BRAEOI=Fa7ILIKYERTTHE

S
~ Transmission Electron Microscope
image of the Ge/Ge interface
1 mmI
Ge:Ga Ge - i Thin (3 nm) amorphous layer is
Ga 1 x 10%cm—2 l;.?' found, but I-V show no potential
~ barrier
+ BHEGe 4
The Ge/Ge bonding was done by Mitsubishi heavy industry.
Watanabe et al. 2011
2017/06/28-29 SOIPIX WS 2017 at Miyazaki Univ

2017/06/28-29

BERIRIETO

FD-SOI MOSFETG)@MI‘E

BRI BN 1 Se A Hi LR TE B B8 D Bl ¢

2017/06/28-29 SOIPIX WS 2017 at Miyazaki Univ 29

€3£ E N-ch MOSFET

2017/06, SOIPIX

FD-SOIZ! N-ch MOSFET

12 B
S i

0.4

IDS[uA]

02
) o}
Figors 3 Tpg in 8 NMDOS transivtor e & Saction of Vp, for varions
Grate Sempce voltages at 8 7K. Kk and bytereuss effects ave clomly s | L |
e %7 0 02 04 05 08 12
Merken et al., SPIE 5498, p.p. 622--629 2004 VDSM
PMOSH I T#<, NMOSHREL TEIfEF B! (Negatactal. 2009)
CMOSEIB#EHMfiAMEZ S !
%F@ﬂ%kbra)ﬁﬁ&iﬁm:

017 at Miyazaki Univ 31
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(Baba et al. 2017 submitted to Trans. JSASS, Aerospace Technology Japan)
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Large thermal
expansion
et by | ” mismatch between
= Ge detector and Si
ROIC.

i e
il 5 5
Ry e—— CTE for Si :2.6 x 108 K-

CTE for Ge : 5.8 x 10° K

2017/06/28-2¢ SOIPIX WS 2017 at Miyazaki Univ.

R EROICEHHA B HET: HybriddbIZE]I+1=T %k
hybrid 2 Bi{&t > H— GeBIB on Si wafer
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Hybrid{E 2@+ X HybriddEIZ@] (+7=Tk
micro-bump I &F 85 LE

FAHRFET wmAEIET
transparent hande waler (51) [ TR T e e ]
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FD-S01 CMOS A J FD-501 CMOS ROIC (51)
)2 )m,-\"\i'fl !ali.lﬂ?@ * Nano-particle deposition (NpD) ) T B A L ERER
Au cone bump

DAV IETRIMRITH LEBRIZA, F?ﬁ&b‘jﬁf(ﬂx? )LEETDX;&\?{%L\

== . T ' HEAS BRI DR LB EFHOHBTHELL, £, AHEO R
S Rin, m, ERMOE TR, _

AR OTUIMREH: £/ HTF LT HITRREEEANRETHLLEZE R
EBHITE, BHIES 5. (Wadaetal2010)

Sk L 3 (S kDR TR ERSHERR T — A

Technology is ready, but not
planned for this demonstration

because of S|mpI|C|ty
waveiangm siruciure FIR phmgn

transparent handie wafar [51/

IR photons reach IR active laper without absorption

v

commen transparant contact
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o0 s _.,n.

Kokusho +13

Metal via I
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B-.magla,gn

pixel shmic contact

Bpletion layer (the effective aclive layer

ROIC
external PADs
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AVRTIFRI mEEHEEFA FEINIELD (SEFRINFIBR) .
RE(15%5) DHRHARE [#5]] SNROFHIRINRIFSEED

FD-S0I CMOS ROIC (Si) / micro-cone-shaped Au-bumps
Scheduled this year
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128x128 BPW-IR SOIPIX £&H
(FY2017-1, KK15)

« SiXFFRGetR H BRFAF L)
« AKTOCITAEMEIZE DS
» NpD Au cone bump 4K S ENEER R T

* 5x5 Ge BIB E{&tz>H—(wire bonding)
* 32x32 Ge BIB E[f&tz>H—(3D)

o RUBKERRIEER

« EDOFRHHRSOIPIX

REERIZ. MHE1F. .0

reference

* Ge:Ga BIB FIR sensor
— MBE: Wada et al. 2010, IRMMW-THz 2010
— SAB: Watanabe et al. 2011, JJAP, 50, 015701; Kaneda et al. 2011, JIAP
50, 066503
— Transparent contact: Suzuki et al. 2012, PASP 124, 823
— Spectral response: Hattori et al. 2012, 2013; Hanaoka et al. 2016, JLTP
184, 225.
¢ FD-SOI CMOS ROIC
— Cryo CMOS FET: Nagata et al. 2009, AIPC 1185, 286
— Cryo CMOS OP-AMP: Nagata et al. 2011, IEICE Trans. Commun. E94-B,
2952; Wada et al. 2012, J. Low Temp. Phys. 167, 602; Nagase et al.
2016, JLTP 184, 449.
— Cryo CMOS Analog switch: Nagase et al. 2013, WOLTE10
*  GeBIB/FD-SOI FIR Imaging sensor
« Sisupported array: Wada et al. 2016, JLTP 184, 217.
¢ SWS-AR
* Wada et al. Appl. Phys. Express 3 (2010) 102503

* Makitsubo, Wada et al. 2016, Infrared Milli Terahz Waves doi:10.1007/s10762-016-
28-z

* Makitsubo 2013, Ph.D. thesis, Univ. of Tokyo

-84-



4-23. 1#B{ER SOl ARt > #— & CMB BRBIAXFRHEDICH

WAKRSOIR R —&
CMBELRI At F R 5 I~ D it F

BAHEM (ELXZE)
20174%6HA28H
EEISOPXHRR@EIFKE

B8 1 FEY D ORERBE (CMB) ZRBUV\E VI L —Y 3 YOREE
© AYIU-Y 3 YFBRFISREENRDEREFS
* FRIBBORIECMBORNY v TICBE — R ETFNDASES
BEEORN [ YIU—Y 3 V0B 25T
+ LiteBIRDIFCMBEXEZN 2N 2 KIEBEHA TS

LIGOD R MLty LRI E hil
CVBREDS—F Y ITREDORTFHEETEZWIE I

B-mode power spectrum measurements
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B-mode power spectrum measurements
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" Gravitational waves L'teBIRD
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Figure by Yuii Chinone Muitipols Moment, sil 3 Hgure by Yuj Chinone Multipole Moment, all *
t(optical depth) and neutrino mass Mt chrolc AEEME
:;’:T:'C‘% + Mission module benefits from heritages of
o T DBIFESL EE—RDBIFEIzLYHET p— other missions (e.g. Hitomi) and ground-
REREE AEICEYHETED, > based experiments (e.s. POLARBEAR).
. ThIzEY, Za—hU/EEROMEMELRETES, ‘9% |* Busmodu based on high TAL
S A components Continuously-
o, it Line of sight rotating half wave
. | 0.1rpm FOV 10 x 20 deg, plate (HWP)
= spin
Do =" ‘.“—: =
Fa 7
oom i %
o S e — T
a| 7 <
nam " 4 L M
t o o i ~ S
L — MmN Y| Cryogenies ~ AN
R M W . - o ® JT/ST and ADR towasem

Za—hJ/EEMOEHIZHNESVIDAENEER !

L
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"3 pa e.;-_ | Mirrors at 4K
Bus module
HGA: X b: data transfer to the groun

201776730 Y

Mission components

Btk B8N

F A 25 ELiteBIRDD . F R D MERETE

LiteBIRD : FE ¥ A VDK H RRST (CMB) DIRAERIBO R
ETHEL. RILENRERET HEEAMETIRIERD
HEBE
. FEHMLCHOMBEYRK, KR~ 2mm)EEREICER T IRFERICI2ROFEEAN S,
- WESHRTBRBHFENMA D120, HEKITHHT B,
© AETHE, BIUBICEDEHO, TIMAUMDTINELS,
- RFEREERTHELIL,
© Planck Tl AERF T2/ S— BIARESHL TERE, MERAKILTHE
- SR (77~4K) THI{E Y BSOIEEEE AL AT RSOt Y —Z ALV IE, B AEICHCE
&Y, FHliEREATISEMATRE
- TRAL—F—RBERERICANT, AT CORSHIBELREEEREASHELLL  BHEED
Zlehd FEOBRELEDTNERET 2.
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NETOER
* MPW run (MX2040) chip-jk15[ZH T 3wk
 DIPIXICE DT H AL (FF L. NIIAEE)
o EARMZIVEAIEIXSE T (i)
c FBIEETORAHL AT LOEE
< BRIEANYY LT2T—
o BipE
7=
* TLyIRY—Fub
s BAHLILF
* DIPIXD &AL
o SARNY—/ 1 FE A=A HL (R -#H%)

ik
* RaspberryPiCDIPIXD Fd+ i L (R H - 45 45)
- RERBREBIERICELD T, EEDHHH LY R T L (SEABAS)[EEZ ALY,
* RaspberryPiCHIEILI= T4 SHIEBEERL. EVRILOTFRTHH%E
ADCTiR#d %,
LB EBERRLEL.

RaspberryPi

* Raspberry Pi 2 Model B
* 40 pins total
* 17 GPIO (General Purpose Input and
Output ) pins
* 5SPI (serial peripheral interface) pins
* MOSI (master-out slave-in)
* MISO (master-in slave-out)
* SCLK (serial clk)
« CEO, CE1 (chip enable, for 2 devices)

* 33V
* GND

DIPIXD A L 274D B S (I #1455 0 & BL)

RH

R=aF7LD

E:

£ B Y

DIPIX1/2 User’s Manual($ 3 S A)) kY

RE
2017-2-22-1 dat
0 Pixel D KEE 14umx14um
8-+ -150x14um=2.1x 103[m]
o =0.21cm
» #it - - -80x14um=1.12x 10~3[m]
=0.12cm
460
e
a8
| T5voy—+
400 [ZREHIT1=
#

MAHLILFDFRED
cHDEBLLELEDIERA -,
c BEMEHZRELLSIELTLSD . BEHATRE,
c REGBEZBIET.
« —D—DONESROAIARI—TTOFIVY,
cBREE-EROREMEFIVY, =t
* ADCDF VY -
s LWANAITWELEZA PIFYVREE T 0o

 RaspberryPiDEIEN TR E - e .;
* CPUDBENTRE ? =
« ADCOHAHH UM EEEETTOTSLIEPTIHFTLES, ———
o CHHAEMNCPUDFERKRICEKYELS, =
o KYRTTLECPUERALVS, i

BEAHLILFIZDOLVTDS#

* Raspberry PIZES &I ARVTAUT 2T BT EIT,
« BCEEBEHEHTE, CPUNRT—NKYKELN—R D7 DIRE
* DIPIXTEIZAEIMN T S &ILT=,
¢ S—NRURTLEREHA
« FPGAD AV AR—IL,

ETVRT—

cEREICBTAREBROMEEZBHTEIRT—,
BEZE-BEE T COIEEN AL,

- BnmDFEE

I LT BIET BT EIEHERR.
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P LI, SOIKIDDBAFIZ DT =0

SOl pixel detector+ Kinetic Inductance Detector
* SOIE V)L B S BRI B/ KID -

+ 70eV @ 6keV (STJ. M. Kurakado et al.)
Kip

s FYLUDUIBRRER
+ 0.3KT. 100uWDHEEH

FHAEDHEREES
. BEESESOIE S LILRIEBTRIEL .
BERE 1 | - |
* TH/ASSEKDTRIEL, THRILF—f B -,
C EEARIEBEBAITILE—HREE oo WLE\/ i
DEREER 'mm"f\\\
« Cf. 1200V @ 6keV (LI RRHIZ) ..@m“ @-}D e

FEDH

* LiteBIRDD X F R EBIER THET 27TV r—>av

* SOIZEF
* DIPIXIZE DW= F v T DIERL: chip-jk15

¢ RAHLVRTLELTSARNY—/(%EEE
BIEBNEA REE T SARY—/SADCPURE ?

c SHDFE
* DIPXDMANEREE LT H5BRBFEDS—/NRTET [FENT
¢ SARNY—=( 2R OZIFAHLEBORR

- BERTORAHLERET
* ETVRT—UFRAWAFERIMES R T LOHEE,
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COW Experiment
R. Colella A. W, overhauser, and S. A. Werner, PRL 34, 1472 (1975)
3He neutron counter

n+3He -> p + 3H (Q=764 keV)

for beam intensity monitoring

for interfered beam
Make phase leading difference due to
gravitational potential between A->B and C->D
passes, by rotating the interferometer in the axis.

cold neutron beam
(A =1.445 A)

Bragg angle
0=221°

FIG. 1. Schematic diagram of the neutron interferom-
eter and "He detectors used In this experiment.

COW Experiment - newest results -

S. A. Werner ct al., Physica B 151, 22-35 (1988)

My,

25 . sing

(8 =2d(d + a) tan6 )

(~10® mm?)

relative phase AS = —gX(

—
Ggrav = 58.72 £ 0.03 (EBxp)
Ggrav = 59.21 (Calc) 7 08% difference

@rcas = (Ggrav + Gbend)” + GBagnac

L¥ el T S N e T vend = 1.41
s Sugmc = 145
Fig 1. Gravisticeally-isduced quantum interference data of agnac = 1.

Staodesmuns o1 al [2]. The cwanting rste (counrs. 7 ména) i
detector 3 iy, 3) & abown e s Gescron of the inierierome-

' J.-L. Staudenmann, S. A. Werner, R. Colella, and A. W.
ter tpping sagle &

‘Overhauser, PRA 21, 1419 (1980) is report < 0.4% difference
L | between Exp. and Cale. However, S. A. Werner pointed that
Gravity-induced quantum phase was observed! there is unwilling bias in analysis.

Testing WEP using Neutron Interferometer

J.-L. Staudenmann et al., PRA 21, 1419 (1980)

(Bias in analysis was pointed out) SOATAY) 4 TLE (NI MY %)
relative phase ne¥o - +* LIOAIMAV) + 3(065 M)
m, g al1TRAMV) 4T LILOE MY w1
AB = —gX(=2)2S -sin ¢ Froquency 5 :
h of 1 Groviationaty nduced i
write inertial and gravitational masses explicicly ~ oslaton 1 e #1
q ] /
mimg : 100 4
AB = —gX = S - sing 00
by measuring wavelength dependence of AB A —
i (20 nm
(mimg)*/ = (1.675+0.003) x 102" kg =l 28 G200y
(Experiment) $i0,(350 nm)
m; = 1.6731 x 102" kg
(Particle Data Group)
5 Si (20 um)
o
7h4
Charge Shearing Effect (geant4; Sandwich (double-sides) two body decay
T Configuration WLAT V) T L (084 MeV o)
5 F T improves spacial resolution n ) LAY S ypa)
g b R ) {LTSMeV) +7 LICLOI MY 0
e pixel size: 24 microns > -
_’Q E . thickness: 20 microns =
E
2 5 s previus detectof (COD-based)
g F £
=} = : et =
SN = . previous CCD-base(l detector 5 af ”
= . 3 F
g F 2 F
S F 8 double-sides
Z o S Pasicles
= 3E orks well 2
2 F 8
F g
L2
£ F b
R 2
Q F E simulation
& F of I o L
L 1 | | | 1 1 1 0 1 2 3 4
2 4 ] 8 10 12 14 i readout noise ( microns-equiv. )
g ) . . .
— - kinematic energy of ultra-cold neutron is around 200 neV
Charge Diffusing

diffusion scale/pixel size
or
thickness/pixel size

Preferable materials
Mn, Ti, V, Cs, K, Rb, Ba, Na, S, Ca, Pr, |, Sr, Ce, Te, Br, Sn, P, Sb, Al,Si

84 oty
Am 1T X % oft IS 7 A b (XRPIX2b) Am 12 X % oft IS 7 A b (XRPIX2b)
INEE A INBE AGERE) B s
ESBHBONESTENET T ~— | A7 R:100V

= 95254+ X Ix7 T charge % i
: hcharge
= / i, o
= |
7!

BRShAD, EERRHBFYT
NBSADEZZ0D, EEE/DAQYZT A

fon

|

|

|

|
[
#
|

oer)
3 %z o5 T 25 35
| ~ MeV
e
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hchargeLow

ean 3653
[steDev 2600

~+437% Charge Shearing

I R e
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FESEISOIPXIR R @F IHKE
PR KE REAE S XTLHRMR 201746 H30H

e Lasveniet or Sustainabilty

SOIEVRILIRHBRDBFIRAA—D T ~DIGFA

GHSE. EHE, RFEAN FER
BEEXRFE
ZIFEE. FTHEX
BIRILF—IERATEE

EP/Y

1. BEREFEMBEORELRE
- REOEBETFEMS
- REURIE LR BBET B

- AHEOEM
2. BEtybTyT
3. EEBRER

— INTPIXATDEFHRA A=Y
- NYINATRABERFEEEFREARSORERK
- BORELESHMTLOMR

4. FEHESEDFE

BFR7—ILOERNENS |
—AT..

B 2 RRE IS DAS DEE T2
HEND

JEM-2100F Cs-corrected (JEOL)

85 (SP-TEM)

AERIB/ VLR E B

<EHE>
OBFiR“GaAsBI F BRI+ MY —R &8
ARIEL—Y— > REVREBEFHR
ISWARL—Y— > SWRAETFR

<fEgE>
OZEM5 REE ~1nm
OTRILF—5EIE 0.24 eV
O/8LRIE 18+ 3ps
OREVRIBE ~90%

AFRDEH

CCDAAZ (HFA-FOP) FALYNEFRE
SUFL—BTHRITER EEREBICKYSEFHE
BOBFHREBETEL EEAA LA

1 ] .
HIE
/==,
cco CMOS

B
SP-TEMESOIE VLR F A EHE .
F/BF /R — L TRIDEZREZAHRIETS

INTPIX4A CDBEFIRAA—D 2T DEERITONTHRE

EEMLEFHEMN
L AST BESICEE

-

INTPIX4

R INTPIXATDEFRAA—20Y

<EHBEH>
EREBEE: 30 kv

A H—RUE EDGaP
OB 16 ms
1INV INAT ABE: 250 V
JBE: R.T.($920°C)
EYtILE: 512 x 832

TEMH#} Cutya

16 ms X 1000

BEFRTHEMNREZT!

ETROMBEEE: 30 kv
Al Hh—RUE E DGaP R H
FESBERE: 1ms x 1000

200 «~ 300 VCEEBRICE M BN
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BFRDSINDEAR

- EUTAHNLAOVIAL—IaY
s SICERBEFEASSELIGEOHERZRE

100 pm

Ealb—2avITAVEEF O 1000 e

! 100 pm Software : CASINO v3.3
30 keVD BF R (F8UMFEEL MSIISRALLL

4-25. . SOIEV I BERDEFIRA A - > I DIsH
HER Bk EFESE

12 ms X 1000 16.ms X 1000

20 ms X 1000 32 ms X 1000

(V,=250V)

EEXMBF L DEDFREKRFSE

70
60
50
40

SNR

30
20

10

E 224515 (8 % 8 pixels) D 0
SEHAIUMRETDREMD 0 10 20 30 40
ESHMT TR B4 EERE [ms] X 1000

20 msE TIFFES BFE I LEAIL TSNRAMEIN T 4%,
BN BEZEIELTESLE (32 ms) HITREIFIETTS

INTPIX4% AE R8NV A BB E FIRMEICHREL
* INTPIX4T30keVDBEFREFANTEREMEBTESLELD

Mhot=
o INYINATRABEKRFMEZA. 2007300 VO EEAEL
TWBIEL T

« EESAMELOBEDFRHOEFEZR . REFRH (32 ms)
DESHETIZESHMFLIMET LR

SHRDTE

* 30200 keVD B FHETHDEAMRE (MTF-DQE) D&EHAI
o MEHEEOEE

s NILRBEFR(L—F—) BRTILII—EDRH

=EZIZ

ERLLEZ T TIIEKEE T

' BETAILYI—
1 zl 3
/ \ /son:"at)wﬁ.‘ﬁ%fé

\ A a
SO R RIZSMEINT- B SR RETRNARETATHEENTT

<

500 ns 500 ns
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5-1. SOl #ifi & AV AR BRI HER DR 5

20175065290 El&EK%
S 8EISOIFT R tEIsA RS

Development status of monolithically integrated linear-avalanche detector using SOI-technology

FEIREERHERA JMURIEE, BREER BT FHC, RSB0, FA# 0, = IiF4EP, BMARKD, HiHmMRRD,
MSOIPIXZIL—7 (A #HAX B.XRX C.EMX D.KEK )

T4 T4 TOIBETIEEREORHETH > EIRILF—XIRBERICEREDH D1RPBORMFEEBIEBLTVD. FFICHMESE
I8, TxRILF—, BREIEHRI B CEE TE DigFIEZE dMAvalanche PhotoDiode (APD) 7 L RUERBLOREESOIRIMTIC KD F v T Elc—i&
EUESREEREDEFMA—IVIREBORKEEIT oOTS.Z 2 TRIVB & 18155818 % 78 U7=Reach throughZ!APD, K UWinterrupted-
Finger APDICDWTCHRZEDH TS, AEKR TIIFingerB&ICH (FDERBERE, IBIBEDREBRICDOVWTIRET 3.

SOIAPDRREZBEDFI =

SREICENT

T SOI CMOST O£ R : HKAESNEEBOET, BEAES (HES, M) THERTLE
APD : i - TRILE—IEHERIS, 10~100REDHIARTE, SNERUBRIS IR E

Reach throughB Q&R URFEHKIES

EERE - BSESOREN
- RRRZH - ABFICLDIBE
SSOI-RT-APD

% L

1w 07— R HRABIOD
Burried Nwell EBITZRE

DSOI RT-APD

1907~ R HRMBIORD
middle i wafer EGHI= & T8

0 PwellEASM B, Sttt LUDEEERET
0O IvITLADF 0V U7 — SFHRINE

= TCAD simulation

0 HyENEXSS TCADZF\W\CFinger APDOAUYFIL - 7O 7
TIVEER, BREE(ZRZB) R, PNESTIY VIO EIHEE
[EDVWTAAN T 7AIVEER. Ty YEE 75 v RMBIKICDWT
-20VDEEENNNEF T800,10[kV/cmIDEBIZFERD T LA OS5
VYNNI VBOBABHBRERATH DI EHIBRTEDS.

Electron density@Vop=-20[V] Electric field density@Vop=-20[V]

R T s
Depth [um] 8 Position of x-direction [um] A

= Conclusion

= RTABIBEI D2RITTA X— I Y TR HBESOIAPDDERFHFRE ZEDH T D
= APDEMEE—R : UZ7E—NK, APD#EiS : Interrupted Finger APD

= Vb~17[|V|],dVb/dT~12[|mV|/°C], Multiplication~10

= Finger APDDIBIBRFIE & U TBRENEMEBE(FNE WHERIJREMENH D Z & ZIRSE LT
= 5% Reach throughB(CDWTERAERVHFERY I 1 L—9ZRAVRTFEEDRE
EZTV. BNRERE A X—Y VI RBBOEGZiBET S

= Reach through APD = [nterrupted-Finger-APD

Interrupted-Finger-APDE& &t

Buried PWeIIl;%U'C*%?#:(LJ R(n+)&A Y TF>59 2% & TFRingerAPDZE/ER L. RBE LD
EVERICHRENE S, KTy VEOBBEPEINH L TLRBRWOHBZIC TN VY TBEN
HfFTE 3.

SOIAPD Test chip
+ apd4_retype2_4apixel
+ 10x10arrays
+ 26um/1 pixel size }
+ N4+/PW/Nsub. HE
(NS/BPW+BP2/Layer) =
+ APD for Linear-mode 1
+ w/o Quench R &TE

#1510 APDTLGH apdd_retyped dpheed A Interrupted-Finger APD

= Test chip measurement

[J 26um pitch ,10 x 10 pixels,SSOI-Interrupted-Finger-APD,

O 24 N\—HBAHBRLEDDTRH(A ~530nm) % ED )L 1 XICEX U THREH(1.42uW)
[ keithley source meter & B8 EZ AL\ T ERBEHERREREZEES

O BE) (A PREBEBEICEVTHABREZR UIZEL DIBEREER

O Vb~17[|V|],dVb/dT~12[|mV|/°C], Multiplication~10

Dark current vs. Vop Gain vs. Vop

L) L)
M T LW

R
Reverse voltage [IV]]

m_Reference

- S.L. Miller, “lonization Rates for Holes and Electrons in Silicon,” Phys.Rev.105,1246(1957).

- R.JMcINTYRE "Muliplication Noise in Uniform Avalanche Diodes"IEEE(1966).

- M.AKaramiTunneling in submicron CMOS single-photon avalanche diodes Chinese optics letters(2014).

- H. Zimmermann, Integrated Silicon Optoelectronics. Springer-Verlag Berlin Heidelberg, second edition, (2010).

* TK. Woodward, A.V. *“1Gbit's CMOS
at 850nm,” Electron. Lett, p1252, (1998).

- B. Giftcioglu, L. Zhang, J. Zhang, J. R. Marciante, J. Zuegel, R. Sobolewski, and Hui W, “Integrated

Silicon PIN Photodiodes Using Deep N-Wellin a Standard 0.18um CMOS Technology.” Journal of
Lightwave Technology,(2009).

with Integrated Detector Operating
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20174F06 290 HiFKF
EBEISOF PR RE

SO fiTE ALV fR SRR R H AR D F

GRS MURIKS, WidsfRe, M THC, MaA® e i Ee,
SHFRAMS, A AEDS, MRS, SOIPIXT L—T (A #HFX B.MX C{RMX D.KEK)

***mg***
RIBIBE T NS oz A A=V TR BRSOIAPDDERERF L HH TS

* . 'SOI-Avalanche PhotoDiode' DB

R
"‘&E’ ﬁ APtﬁiﬁl-Té
***ﬁ]ﬁ***

QM E S B AR OER. BEIIREARIER A, BRI )T AR
2 8 - TRILF 158 ZE R, 1071005 DRAIERE . SNR BRI IER £

17/06/29 HEF ARG AR @EHKE

Interrupted-Finger APD

TYPEBTA—RALBVDTERICT NS ELN SN HiEE

N+(NS) ™" -"i- e
P+(PS) N H 3 I I - I
A 1 2
o ety
i e i T
i; | item R, A
[ [ |
ot
ST LT R ——
FEE
SOIAPD Test chip W 40°C

¢ 10x10arrays
*  26um/1 pixel
N+/PW/Nsub.

(NS/BPW+BP2/Layer) §

* APD for Linear-mode
(w/o Quench R &JTE)

17/06/29

g w

Dark current

"

B R T TR ]
Heverso voltage V)]

Vb~17|V|,dVb/dT~12(|mV|/°C},Multiplication~10

HEFFRGHRR @EHKE

i II#ZG‘—’E—:’E%E?L\.
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5-2. X ## Photon counting 1 * — < > J(Z[E]lF 7= SOI-SiPM DEI%

Guixr LoMrT B EEWRrIIAT @KEK 25 anarnnn

X#EPhoton counting 4 A— > [Z[a][17=SOI-SiPM D Bl &

INLRIRY, GEBEARER?, BRER, BBt TR ZF8E,EMEE, PR B ERB IS HrFEX
1HKT, 2 88K, 31EM K, 4 KEKZRAZHE, 5 KEKEFERT

[

e
RE

i3

8
R

)

XRIEFDIRIF—EHRFIEITHBTHET, MESEDRBB R EOKRIURDBVEREL . RFESOHEEZEITS Photon Counting
CT(PCCT) DEBEMNEEN TS, AARTEIHHAEEEEZET 50 FL—E2DFIAZHRETICAN, 1 Mcps/pixel DEFHEETICENT,
10~#100 pmDEYFH A X TO U FL—EDAF HEH A H LU ARG IR R E ORI LYERT 5.

. YRab—ar  agRAohL
R e 8y 1s 1 mm 0.5mm spo0,(©eatd) Fe BBRARIML
WY W TR & ‘ Z (Atomic number) 64 20 2 /) b gl; %ﬁiigt})t
e 0.5 mm & 4 ]
8 - 153G4 B A Eiﬂﬂﬂ !
' 5 c 2000 [ lny
TSN g FAVUTmMIIES Scintillator |
BRGIZ Y FL—5 W FL—ETLA (GAGG:Ce) : [
Fe Cu ‘G“ 75‘11 100
St ERMER Energy (keVj
HE €3 INILRSEREE 100 ns™~1 s (100 k™ 1M HzD EHEKER 24 )
EZELYAX 10 ~ 500 um THLF—EERHCEBERETICLT
IRILF—FAED GAGG:Ce (60000 photons/MeV)Z{HFAT 5154 EIRLF—XERFITHLTH
R fE 2K VOFL—EDZRI;FERIETE 1200 ~ 2400 photon BAI TR FEMAREATREL D

TUToT RNV RADERERRET HENED) D/AXLANJILELT

LGAD [y, (2016)
APD-PET , (2007)

: 1000 e- <input capacitance 20 pF, >
: 1060 e- <input capacitance 20 pF >

(600e +28¢e/p

F)

B4 M AF—FTIE
1000 photon FREDH AFZL/ A LR

[

B89

DUFL—EADOHNESFHBENDOSMIE SRR T H LRI IR H AR D

[

ik

> SOl 7T/\LETSiPMERHR, ZAHLAIKRE (TV72T . ITRILEF—FHF]) 22—k

BREEEIMEEI L ARERERRTS

NE e e o
Avalanche g™,

1 \uL
PRI "
_L_

»S0I T2/ \T® Test chip® 4k
REBBDHND)N—REGeigertEIBE—FEFEER

PD3; Linear APD;,,  SiPM;5

i3

Layour= 4

LS 1 10 ~ 1000 104~ 106 RUBE
High Resistive - (siPm)
Risetime  0.5ps~ 450 ps~ ~ 500 ps Substrate (p-) R
B
e .-
41 200 kQ HEHL
| |n_‘ T \\\\ | i .
Burried Oxide | | I . _ I i
[Eoe :H e neT] b - =1 —_—
( | Deep N-well ) ﬁ_
_____________ valanche 2630003
6.84um | = tTom-opEss=cr
- 13 um 1508402
Guard ring 1.48 um
_______________ - —oooocoo—coooooo———oooe | 1300401
P-Substrate  PixelSize 31 um Electric field [V/cm] oo

[

RERIE

R

HV (Keithley 6517A)  Optical fiber
1

Keithley4200 SCS% RN T/N\—RX B GeigertEIEE—REF (400 cell) DERBE(V) L., BLUFDEBERESEZAELE
510nm /NILAREZREES L BRI LYEBEIL. BREETHZ3IVHENST NSV TICLIH ABREDEMERHEEL-

S—

iy

Laser module
PLP10C10196

SiPM 5,_5

H Preamp
100

kohm  Tremp. control
box (ESPEC)

DC 50ohm

i

Internal Trigger
Oscilloscope

20 GHz sampling
5 GHz bandwidth

11

37~ 40 VIEEE TEIMNE HEEZ BRTOMEAF AL (FASU 1) ICkDERERALERMELD

3 Z 0.05
10 EHETRILE— —ijl = P === | i Transient analysis (0 degC)
"): " T -10daClo g w"i M e " ! . wavelength : 510 nm
0] Bt Tl * sdaC g6 5 T* e aﬁﬂ_f | > With Preamp
210, . T e < T [H |0.17fC(=1000 electrons)
10, 7 aiee loa E g | >13fC (75 times multiplied) [—2 ¥
10 WéuClo F 0 P
£ 109 PR 1S degC = e
810 10 * 20 degC St i
~ 10 - 28 degC ® H 3829V
a2 2 386V
100 paetimss E WX = 1 e
10l [+ Activadion enerey £ 0 g Ry j i s
0 10 20 30 40 S0 60 = % 37 38 3 & 015 . -
Reverse Voltage (V) Rexerse Voltage (1) 0 0.2 T:::, : (:.6 08 1
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[

+ =4,
iha i

J

& Rk

> MEHEEHEIXERPhoton CountingtRHi ([T Geiger Mode APDZSOITVz/\ EIZELELI=H D%

REtL. EHEERET o2
>
XERHEEHIEETERL

»

500 nm REDL—H—/3LR (7 ULRIG 70 ps) ZERETL A ERHL-1EIRIES & /E
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5-2. X #& Photon counting 1 * — < > 7 (@} 7= SOI-SiPM DEI%

X##&Photon Counting{ A—< > 7 IZ[A111=S0I-SiPMD B F { P ]
EARESS
U B 2 w LE 7 B o= s .
'r‘r‘F’é&JS lﬂi’g‘ya,g ;giﬂ fﬁﬁ %x $’? = ”%2 Bx o TASUUTHELRIEN SRR EFAL TR ABEE
e, =hrmE, BAMELE", EARBZS B M L& kAR B A0 T/ \ ETRET B v
1RKTI, 288K, 318K, 4 KEK FAZHR, 5 KEKIIHEDF +'§
q H Q h resist:
Light Gl
EXH (207120 keV) $EI8IZ #5115 Photon counting 4 A—S2% WEZEDBHBRYE® g 1 10 ~ 1000 104~ 108 ““i'%"“ﬂ*}{hu
> VUFU—SHES L ER R BICE DB SRR KORIREE 038 L\ 1
1mm 0.5 mm oo Smulation- Rise time >500ns  >450 ps <500 ps P
b AFHRAGRL =
° L P G BBAR I
e \A - A BBANIIL o SOIYT/NETHAH—EIRRE St ILKARH 25 (SiPM, MPPC, SPAD,..)
i k JORSATERL AR EE 71
SV MTIZES ‘ scintilator k- s )
FL—BTLA (GAGG:Ce) 1o
L e o Tmergy ikeVy I 1
St BRI :
EHE /LR RRE 100 ns™1 ps
ESELYA4X 10~ 300 pm
IFLX—HBDEER | PUFL—EDZRAFERIETE 1200~ 2400 photon BT THH .
p-Substrate Pixel Size 31 um
[ B#: UFL—EOHNEBHEENDOBVIE N FRETHAH LA AR RO ] 2017/06/29 FERARTEAR SR BB TOVEIBRT A A—D0 ) ORM) FEHRS 2

-100-




5-3. XRPIX6D, 6H MaELEE

XRPIX6D,6H TERELLER

WHEIE, BB, HhZaE, NHA e, MNER, dfEmd, RAEEX (FXE), RAES, Fs=, Al 0, g, #LEE,
BHST (BIBKRI), HFARK, ZFHE, )/-;\%Dﬁﬁi (KEK) ENZR, HFE— BRERN, KBED, SEENE GRIEAET),
WA=, F)I|E— BK, 8&81E4C, Sumeet Shrestha (88KXT)

r \

Introduction

A2, REROXFRXFHE "FORCE,
BHECmEIT T, XERSOIEY LR

Device Description of XRPIX6D,6H

XRPIX6D

The cross-sectional view of XRPIX6D

A X-ray

‘ ~ [l BacksBias Voltage

TXRPIX; ZRFLTWS [1], REER
DEY 2IVRIEEETH S XHRCCD ITiE,
K RREN B LBV & ICEEA L T,

Si Sensor Layer ? P type Si substrate
(~300 ym) ~ “--f.

BOX (Buried Oxide) \

4.45 mm

-60C

s\.

RA

/GHA—ZOC

40°C.-}
F A -60C |

Leak Current [e-/ms/pixel]

S e

XRPIX6H [e-/ms/pixel]

5 10 20 I3

|Vback| [V]

~ 10 keV RUEDFIRTIXIR/NY 775 Xeray SOIPIX with Acive Shield +DSOI (Double-S0N | | | %™ rtemasemnode) \ middesi
YUK (NXB) AW E WS BEEN 5 5. - 045 ym) .| |
XRPIX (&, CCD &RZEDMBLREEE 5 e (anhrer 36) Gireuit L I o
HERESERAS, LT RILICARY - 4 ircuit Layer | I 1= 1|1 £
-8 . Ti €
NRUA—EEERAZ T, ~ 10 s : copm = >
DB D REZTIRET 5. ZOERES | | e P 3
BREEIC & D NXB £BREY 2 R fisre XRPIX6D XRPIX6H
EEAWSZ EMNTE, 0.5-40 keV DA
o = J] - p— 1) 1 - —
EIBES N EEET 3, Bt BEFINER Double-SOI[7/R—/LIREER Single-SOI[  XRPIX6D,6H :x;gk
S, XRPIX6D, XRPIX6H & 15531 YIN-94T P-type CZ N-type FZ ‘ég ‘Ej‘;;'f ZBZ 33;"1 5.
4t . - - . X
gem EEIBV & Ui BRFERF LT [T 1 KO -cm 52.6.2 kKO -cm
INSDRFDOUEEZLERL, ZOFERE # 6D [CIHRR B ET RILEEEANT
HET D, o —BOEH 300 um 500 um HH, TTERTTEREG, —BRLEY
L JIR BiL7Es e LBEO T~ THS
s \ )
Pixel Circuit of XRPIX Spectral Performance *TL—LFHHEL (1AY FEBFHAL L TEEL)
Pixel Circuit 57Co (6.4, 7.1, 14.4 keV) % XRPIX6D XRPIX6H
2 R XRPIX6D,6H (2 ok o ooy '
§ o d e o S (EBEES) B L. 6.4 keV e
iy y :mlcss:l_| - DRMEREE BT B 5 “Fsingle H “Fsingle
e 1Y ) . SR -60 'C. BE 1 ms £ » double £ wnfdouble
oo New Intra-chip Readout Circuit o ; 3 ) 3 X
oo i Vback (/5 7 RBFE) 1 ~400 V (6D) o triple st triple
e [ . - +400 V (6H) wfauadruple ¢ amf-quadruple
e cos o 3 o . N 14.4 keV Tomf- e
T TFAY vs. mHEL/AX e W e
S ;—i :" H _ Channel[ADU] Channel[ADU]
T lE i (XEZOv K) o o
s 5 1 [og— z T I Chip Gain : 39.82 pV/e- Chip Gain : 19.62 pV/e-
o5 "5“’ Y ‘/ o o T s XRPIX6H Readout noise : 17.41 e~ (rms) Readout noise : 47.32 e~ (rms)
) ! - o - E,.’wz ‘i\ ARPIKZ-E . 2.84 ADU (rms) 3.81 ADU (rms)
Frevious Roadowt Cireutt wlocos ] o s FWHM (@6.4keV) : 296 eV (4.6 %)  FWHM (@6.4keV) : 500 eV (7.8 %)
our sur g, f Kud.ml:"gi'é'.‘.""' g Wl ¥ single events THEH ¥ single events TEH
- <
3
- CDS Cap. lc& b Uty h/1 X&1H = L - XRPIX6D A 6H &£ b a¥iEaEn BLWald. DSOIl itk b 6D oY R/ —
- £HZLF4 vIc Programmable Gain Amplifier (PGA) [Bl#§% & & t RYA4 X% 6H KDNSLTE, EYR/—RBENNS K BofcZ &tk
- BELANJL%E—E Sampling Hold Cap. IC{R# ool T PAUDKREL B e tehTH S
CEBLALERFRYILL NI ZEEN ) I “ XRPIX6H K, 6D & b 6AHERGE N, single & double O E—2fi
©8xBETELEIZY FEUTHAMT (11> MEBTHAM L IC & v 0 I3 BOTAHEEE, £y Y—EBCOBHRAKNE THNASNEEXSNS [2]
| EfEL7A8E) JL Gain (uV/e-) )
( \
Vback &7zt 3% [RACAJ=[5,10] DEI£ILO Y —4BFRETOY b U—VBREER
Leak Curre ‘L
F XRED o -20C + XR6D DA 6H L HEEHKREWN
XRPIX6D le/ms/pive] i 2L 0-40C ZEemB, PCZ & NFZ & b Bififsfiss

Y—Y8BR 2RTIYV T
(-20°C, Vback=|%100|V)

"nsmw&znzﬁ:m:éwos

V]
/,

'7:/\—031?%%/\%:3: DIEENREZ TV

EEZTWS ~ — — —

107 n

I L
0 a2 a4 6 48 52 54

Ffc. XRED THADKEFEARZITWE DI
EV)EEDEWC LS )~ DEWTH D

C REEREE (FL=9Z70v k)
o T YFmT o Z0¢C ~0¢C E
X
o
[ XR6D @ Vb=-100V
1 £ : § 0 Vb=-20V
o V2 \\ ® Vb=-5
) ' E \ .
[ N
.
O
X
. ©
8

1/ksT [1/eV]

ehDU—INREVWT ENTRESND
- XR6D (&, A® Leak Current Oz
D a lTREICEZNTYFNHD

-> OEIEEY —7 OREKREFRNSVE
EZ5N3dH, QOODEENKE N
ZENREINZEH, ZOFTH QF
HY—7 I[CEEULTSHRAET 2

i

Al
SREETIFTH. 1-10e/ms/pixel & Leak Current ~ a+ b X \/Viack
TU—UBRNTABE, ThLBESED (D+@+@+B) ®
=B TOUABVRRAEREND fm-mmmmmmmmm e mcc e cm o m e
> BERKET 2MSD (+3+@+6) &iF __XRGDEIH _XRGbDIEIE&
EREELBVED (D) O2HATHAT ooy wony—

e [PT—
EZ0TRBVD (ER — —) <

> DEEY—7 OEBFEERE LT, GX
DRESAA—RNEZS5ND

> RETAA—ROBM|EDBREEZD T
ET Y=Y DERIHAFFTE S XR6bD

Summary and Future

LI

(rms) TH 3

FEHICRARELLDOT, SRIDRFOY—IBRIMETS

"TFORCE, ##ilc@m} T XRPIX DFIFEZHEH TH D SEL XRPIX6D, XRPIX6H & WS kR L 2B\ & UTcfilcBRF
+ XRPIX6D D71 > AU /A XiFZnZ2h. 39.82 pV/e, 17.41 e~ (rms) TH D XRPIX6H (&, 19.62 pV/e, 47.32 e

U—UBRBBEICELD. NFZ ICHERT PCZ DY —oRKEVNT & D, £fo. EEEY—ZERICHEIT T XRPIX6bD &W53%

ZREL - 5% V-V ZRETS
Reference

N

[1] T.G.Tsuru et al., Proc. SPIE 9144 (2014) 914412.
[2] H. Matsumura et al., Nucl. Instrum. Methods
Phys. Res. A 794 (2015) 255.
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XRPIX6D,6H Ic2WT
The cross-sectional view of XRPIX6D
Al Xeray, |- Back Bias Voltage
X R P I X 6 D 6 H IIE 'ﬁb tt Eﬁ Si Sensor Layer ‘ X IA_' P type Si substrat:
9 b (~300 pm) - 5 »@
BOX (Buried Oxide) Buried n-well )
+ DSOI (Double-SOIl) ‘ n+{sense-node) \ middle Si
(- 045 um) ... |
Circuit Layer ] u-'I-‘J__IL?__‘ uT‘J:‘FJJ u-'l-"‘_'Li_‘ uf"
2017.6.29-30 %BIEISOW??L% @ BIFK -8pm) I T T T
# FiE (REKF) h hys.k 1 pixel size
#BH), A8, AE#RZ, Yhﬁ%% _LT’%?ﬁ J?EEHEU( (F'_ij(fi) XRPIXGD XRPIXGH
HE%R, HRE=, AR H, BMAEE, BILEE, BHEBT (BT, - ;
SHEX, SIFHRE, BIRE (KEK), me o | o
JIIAREZ, FIFE—BB, ®REEX, &&{E, Sumeet Shrestha (B#KT) FIER T kQ-om 5262 kQ-cm B2 L1 X 1 36 um sq.
LY —EBDEH 300 pm 500 pm POl 48 x 48
XRPIX6D,6H A% NILELE XRPIX6D,6H AXRYJ NILELE

XRPIX6D

57Co (6.4, 7.1, 14.4 keV) RHRS (MEHERIHS),

-60°C, |Vback|=400V
XRPIX6H

so0o 6.4 keV
a000 |
% E single H
2 s~ double £
3k . 3
S £ triple S
2000
E quadruple
1000~ 7.1 keV
E 14.4 keV
T AW

Cznaunnel[l:gu]
Chip Gain : 39.82 pV/e-
Readout noise : 17.41 e (rms)

2.84 ADU (rms)
FWHM (@6.4keV) : 296 eV (4.6 %)
% single events THEH

oo e
Channel[ADU]

19.62 uV/e-

Chip Gain :
Readout noise : 47.32 e~ (rms)
3.81 ADU (rms)

FWHM (@6.4keV) : 500 eV (7.8 %)
¥ single events THEH

57Co (6.4, 7.1, 14.4 keV) RHRS (MBHERHS),

-60°C, |Vback|=400V

XREz [ : IX6H
= | RN 7 —
¢ ~Hr ~ XRPIX6H \ '°9§T
s000f 6.4 keV ;10 XRPOIb-g,
g
5 haa single 2 [rrecabose”; RENZh-D! J” W
2 s double § [ ymmxiy [ e KRPOIb-CSA { \\r ﬂ W
3 triple S NRFIXZD-A o
2000 3
quadruple 4 ol
“F & 14.4 keV
%% goal EE 3
= bllADU
Chip Gain : 39.9 . } U 1 L] B wvie
Readout noise : B 10 10 47.32 e (rms)
Gain WV/e?) 381 ADU (rms)

FWHM (@6.4keV) : 296 eV (4.6 %)
% single events THEH

FWHM (@6.4keV) : 500 eV (7.8 %)
¥ single events THEH

XRPIX6D,6H Y—%

Bl

- Vback {&kFiE BEMREE (PL=oRX70OY )

2 XR6D @ -20C o

a XR6D @ Vb=-100V
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E = -60°C o Vb=

© ——— e B \Vb=-5V

S T 7 xmeHa-20C .

5 e SO

O :
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S o : oy L

] 10 10" U PR TR RN R R
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- ik EEO/NE-FE1E
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BEHEATFOHRABEN DO EMEAFLL L—ILOBIBIZRDBRBBL OO RILOEENDET . BROEELRE DKRBHBIE
COTWS, CMODREAD—DEEZLNDDMN, EEICNZRDEMDEHLERICIDIBRTH D MM B DBE KT E. MBS
MOEGFRCEGRORED=OISBRGICENWTERBISNZATET 4 EFERTH S, HKEBEYE T TR ERESKCMIREE
DIFEHRIBVTHLREEEDEDOM LEARMNM IUERREE L0 RHEBRENDELLYDDHSH. BRIDILTERELHERET D
ERLBITETHY. it B mEDEFEOERE, Fa I"'JJ:(DT_&)I LEHRESEELLHTVS,

COEIBHEBEREFH=TEBLLT, INTPIXAZE LV =/NEL - SRR IS DAIEEEZFHFE LTS,

XS AT
' " o NEIFZH T
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B e ———— « REFRIEEI:20 > 100 msec
oce2 « {EEE:200> 70V
s \_' 1ss mm
- | — o SEABAS2
B REG @¥EF®7D774)L cosatfE EZELHAX L7517 e £ K45 fps
B BXIRREIBR(NTPIXA 2 ER VT, RBRE TRIL THREFROEH EOLLE  832xs12(4sosapiels) ) g kg
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1IECEICEIRROFEERD. cosoffRIZTAVNT B LTHNEEHT S, s e i i EYYBZTE
BES LITHFINIET B LI LY BRI EITo TS, el L L7 HHLTOG,
BREE  EE-EYLIULSER o
TEFHE DB E B REIX1~ 1002, INTPIXATIR U T DI 7 ILAA LBIEEBIET .

INTPIX4Z FAULN=XERIG R E & E

. = FCEARD YT VT
DAY —iRy 4/_? AR (WBEAR):80 x 71 mm? < X - Cr. B3 cm, BA2S k5 mA XS DREEEDEE
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. . - LS N S—r 4 c BUY—EBE: TR = B b - XiRFABEE]
> SERE OIS L RO BIE A T B Ay S R 7

HEBAEBIUV— B HEOBIE
1A TG TAIE (WBEAR . FCEAR) 0.1 F TS5 I E(WBEAR . FCEAR) —fEHE O D EE (WBER)
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G ED IS EED LA 5
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I Abstract

I SOl Detector

D so=e

SEF, ZLOXREFTRERICENT, KY/ME
DEV L ERBL-REROFHEE
WTATIINREESNTIND, ChERE
FBRITHOTIE REDEIEILALDT
—HENEY B, BEGHRAHLRT
LORBNEELYG D, BRITBREHFEDE
HEISOIR H 5 CNPIXY FHDDAQY AT LD
BAFZELESH TLVS, CNPIXLIE 328 x 256 EV+
LORABBEE I ILEETRKL. Y TILD
HWEELERZ D120, 1kHZA EDTL—L
L—rDOEHEZB LTS, ELIZTDDAQ
SRTLDOEBRD=. KC705ERERAT
BHEELTz, CDEARIEKintex-7 FPGA, DDR3
AE)E & UGigabit EthernetZHE &L THY.
CNPIX1&(E FPGA XY =2 h—FI/0Z L THE
fieh b, A RRA—TIEDAQY R T L DR

SOl pixel detectors are being developed by a SOIPIX collaboration
led by High Energy Accelerator Research Organization, KEK. They
are based on a 0.2 um CMOS fully depleted (FD-) SOI process of
Lapis Semiconductor Co., Ltd.
The SOI detector consists of a thick (50-500 um) and high-
resistivity (more than 2 kQ-cm in Floating Zone type wafer) Si
substrate for the sensing part, and a thin Si layer for CMOS
circuits. Furthermore, the detector which uses double SOI wafer
has additional Si layer in middle, as a dedicated shielding layer.
s

l CNPIX1

CNPIX1 is the latest photon-counting type SOIPIX detector.
This detector has 328 x 256 pixels of hexagonal pixels and
frame rates more than 1 kHz is demanded to observe
dynamic structure of the samples.

CNPIX1 Specification

Pixel shape Hexagonal
52 um pitch (2,340 um?)

320 x 256 (81,920)
+8x32x8TEGs

Pixel size
Number of pixels

Counter depth 18 bits (+1 overflow bit)

=L T |
" " ﬂ 1 Number of threshold 1
Care for Fharge Yes
Sharing

HIRRERET S, Counting rate ~1MHz

Raiation
(OX-ray. Bectros, Aphs, Charged Particles, )
Structure of SOI Detector (Double SOI)

I New DAQ System

I Schematic of Firmware implementation |

DAQ Board
sol FPGA /\/\ D _ -
Sensor TCP Reciever — ethernet | CALE TIXSEABAS 1/2 & SOITA T2 D
SiTCP TCEI:{‘UDP on CNPIX_CTL (TCP Input) PHY DAQY AT LIZFALNTET=
ernet (Chip Control)

DAQ PC
(Linux/Windows)

KC705A—RMDDAQY AT AIZH W TH
ChETHORREELHERT D=0,
SITCPZXIPCAI/OIZFHLYTLNS

H

i
\
Y

DDRIO T 7
(DDR3 Memory Control)
X

7
o
S |

i

WERRDCNPIXIFADAQY AT LTI
DDR_IOEZa—/LERLTULVEL 5.
IL—LL—hE~200HA2 EIZHIRESN S

i SEABAS 2 (Existing DAQ Board)
i+ Virtex-5 FPGA I
(7,200 slices* 2,160 Kb BlockRAM) =

KC705 (FPGA Evaluation Board)
Kintex-7 FPGA
(50,950 slices* 16,020 Kb BlockRAM)

DDR_IOEVa—/LIFREFE 2D AT L
ANOEEICEITTREPTHIH,

DDR3
Memory

g

2~

2

Fl

E

g%
ER
2

8
m
2y
3 X
LS

1<§

B

SEX
>
K
=
£
£=

5

i Gigabit Ethernet with SITCP : | + DDR3Memory N . . ) IL—LL—hE1kHZLL LR LTS
I+ NIMIO/12bit 16 channels ADC : || * Gigabit Ethernet (can be used with SiTCP) Experimental implementation BAHTHD

* FMCIO/ Optical IO

CNPIX1 Test Status

CNPIXLIFIRFEBMEARP TH AL UTFICREDKRRETRS
| Preamplifier output test with LED light input |

I Structure of New DAQ framework for practical purpose

Motivation of DAQ framework construction |

SMERHERR -V TR T D

HNLD=—Z U External Software | PAPC | gy . ——
s A2 & B BARARYIE L OIS BT 1L Gonrol by shell f Sty Inthis test, we use TEG ~ roPe thisoutput e ) :
I\ F BB DB command | on CNPIX1 pixel array. i s o— & H
E> (IEEEHROBYELIMEE T DAQ Software [~ connection can be used. Input LED light to TEG'S  Input-
B -FERONEO-HBEEOTO SOI Detector sensor and check the - Output of AOUT1B _
TS5 LEDRARMESE AL BN DAQ Software _ output of AOUT1B.

RO DR O FEHR L AT REISL LY
[2F—S-27—SaBH@EEN |
ChbDEREEITDAQV AT LIZEST,
AR FIZEDXRA A= T | FHBETEGHERD BB RITH AT HE

Sensor’s bias voltage is

-20V(p-type wafer). | S — 1
______________ N e "

(3D CTAIF—2 /8. BHHTEG R IEXHE — A ERRBR TOBAREE) DAQTCT R B HE O R - s —
O] e > | Readout test (after reset process) |
etector
| Structure of DAQ framework | DAQ Software“ Initial version of CNPIX1 (256, 328) (256,328) (256,328)
© E—LHRE, MA OO BE LU BEE—E | \ has Sev?ri' bugs and |
[ZHIFEL LS B IS, SOI Detector | some of them are critica
- SOURHBHIEY T T7 - SMMSBHEY TR I TEE DAQ Software" \ PAQ Control PCI T o0 oadout.
;;_,’Ht PO AR L TR R P2 >\ SOIDAQ Thus we have no photos
. Ta—)LFTcPTAka) T R— - " . .
(QString) PITKIZE>THIE DAQIHDZ q Mgi:ﬁll::m :f . ITagLngﬁ
 HHPC-EHOSTODAQY R T LD T Software owever, when we
 BEICBELTIVUROEAB T A—LERET IS SEABAS— Mool 44 readout after normal
HhDDAQY AT LEDEBL AT HE QlSoftwarcl| reset process, we can (5’ (©,0) ©,0)
Y see some behavior’s V012 : 0V vsoi2: ov V012 : -4.4V
GhheY ~[&DAQUTRITFESa—ILIZIE change depends on the :25°C i-0°c i-40°C
KIBHE - B4 S EIN Y 1 Stage IIVFREDHDI0ERE voltage of middle SOI (Room Temperature)
FDAQY AT LD C 1 | d Blue region : Initial value pixels
hDDAQY AT L~ DHEAAH T3 i jontrol or ayer (VSOI2) an Green region : Invalid value pixels

temperature.

I Conclusion

+ IRFECNPIXLEADAQY R T LDBIFEEHEDH TIND

* CNPIX1IFY AT L TILSEABAS 1/2 2420 TKC705 EAREAWLNDIEELT

o WHIRDAQY AT LIZHE N TIL200HARE D IL—LL—FEERK LTS

o CNPIXIRAV AT LAEMAEHETRHWNSDAQIL—LT—IDRARELHE THEH TS
o IRTECNPIXIDERERZEHEHTLND
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5-5. JAH FPGA &4 KC705 %\ /-5H#% SOl #&H25H DAQ ¥ X 7 LDFEFRE

SLFAFPGAEARKC705% A L /=
ST AISoIR H 28
DAQY R T L DBAF

OFH AR (RAHRKERKF)

i3t BER (KEK IPNS) , =#F B(Z (KEK IPNS),

A B (KEK IMSS) , #84 5& (KEK IMSS),

Longlong Song (IHEP), Yunpeng Lu (IHEP), Qun Ouyang (IHEP)

SEABASIR— KA A & v —

o =

16t Ethamet bAare
(Linux/Windows)

SEABAS

User SIiTCP
EEEEE FPGA M FPGA

X it
EIADIEX
® kY E L —>A 508 D FEEE(~600Mbps)
o kU< . is Ei::—im/\*—x/@eufﬁ%ﬁiﬁ%&
® ] {Z— >Windows/Linuxt 7k — |
* Kk YREIZ DNEBHESE - VT kY T T & DB
° L Y{EH|IZ A Beetc
& BRAD LY &
. i .L\b
rt o LEC LS SEABAS (D [ AE
)\/L FPGAMSTH LY,
)\)\ ANER A E 1 AR LN

etc

S SIIN |
7/\0\\{
KC7057% 5
*FPGANYHET L LM (Kintex-7) KC705 PR % — 5
Rl =A5 SHS RSO 28
*HNERAE ) % & 5 (DDR3) CNPIX1FHDAQ
* LA T = % (FMC)
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5-6. MALPIX Z W\ /oA X =2 L JEED

MALPIXZHWcAI A=YV JBED

AR ML« ] A2 < R B3« Wl .24« ASE RS2 - KB 202 - G st - S 32 - Bk HERS
RBCRFBFWEFERH « KBRS TAERIFERIZ « R 30V ¥ — MDEEGIITERERES - LSRR AR

BEBAA—IVTEBRRDI AV KER

RiE
RTRREONE . REEICHEREL A AVD
g <11'Z|§ (9 #EEE : 50 um)
B (9F%EE - 1ns)
ZFEBICREHT IDEDLB D
| FALA51vpmEOMEF—y | cholesterol ?
Sr 5
MALPIX Roadmap
Milestones =~ ~ 1”'%3&? = ekl

MALPIX6 MALPIX7 " MALPIXS
‘ [ I FPS
|MPIXTEG TMCTEG Fr=fifTsEist END
FY13-1 FY13 2 FY14 FY15-1 FY16-1 FY17-1 ‘l,
I — ] >
2014 2015 2016 2017 2018
MALPIX : 7 > Z BB TIRIHY SiRiHES - WIBER—FDE/ Vv IC N
— MCP—{48/Cy &y —

® MCP&EMALPIXZIE D% Z & THRZERIL

Row Address

LERRE CiE (S

21 54 % 64 Pixel Array
(2830 x 2880 u m’]

L aEdesie —
g - v - |

Row Selector

SRAM Pracharge

[

{nlurr.r' Aclcwu

=+>{ Column Data Seiecturl

MEMEL Yt AL REQ SN,

MALPIXF v

REQTHA EXTE S F (BRMSTFTHN

FEH

MCP Z—E Uic/Xy r—YZWB T &lc kD

) #—1(4Y (Cs) DBHCHHLL (@64um)

HREINBEE
« PLL: 15-17 BRIBERICR 1T B Ew MEIEANKE L
AV VTH I ESDEICL 271 VIEEDEEH
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5-6. MALPIX ZHW A X =2

MALPIXZHAWEA A=YV JEENH

A2 - BB 002 - WA IR -
I 2 3L — M EHIT AR - ki

* Wik M
2P

A M - T A
RILREPRFEDRRE - KB

o o .
Time *%J_]‘Z ( R 7 ) Time Memory Cell
Distribution I\ J (PLL based)
F\m_eiti’"e E Sensor Area Pixel size
4 1
Coarse time : J, 50pm x 50um
8 i
1
! .
I i| 192 x 192 Pixel Array
= 1
v 2
Row Address = i ! (9600 x 9600 pm?)
- I I -
[6:0] w3 § : 4 IREQ 0>I
g : Latch I:T_g!(b L_
2 || 1
o || 1
=l ppf—TREQ<9S
! [ ]
| ) = 1
- T<11:0>

Column Address
[6:0] Column Selector [=—> Time Out[11:0]

¥R (E9tL)
s

Of B 4 B/
< =
Qin
,,,,,,,, Vi
emory  READ
Voo Voo 1
Logic out N
— 12
Vs 4d Comparator Logic
s D 5
Vi
j_, Vi . RST_MEM —
Compensation 12
/ . i -
~— Vgst_per
RST_DET TcHE REQ
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5-7. ¥4 707 % —AXAXIRREERBIBF £ AV XRAB A X =9 2 7 - IREERF OIRAR DR E L DRRET -

SE8EISOIF ETfEE RS 20174E6 A29-30B, @EIEAF

VA0 T —HIXERIRERIEEFZ N -XERILIF A A — 7“

- a5 T D IR R DI TR IE DR

TR, EAKH, IS E, HEE, THRHEES RERNS, 05T, £ £—5, MR, ERED, SHEH
RARET, 2RARSEE, SHBHE, 4JASRI, SEER AR

lIntroduction|
oduction
XEBERERE LSS

|RA907+—HAXREE BV B A—S T i |

BHIELE RSBV R CHR BRI (22)

TAY AT+ —HAXRE AV-XBREABA—DU T
Purpose of this work

HEHAREERIETERR > ER. EX, X7 —2F : TalbotFiE B TRV SR
ex. TAPAT+—hAXEEE  BumDRR Y1 X I | M. Engelhardt et al., Appl. Phys. Lett. 90, 224101 (2007). IS5 1ts, FOIEGAMEE S BELHMAS 19p-H137-8,
= Bz ! i — BTRER
SRS R o : 7471:71—7:1 . ’FE? - 747;!71 gzﬁ . (*;m\ﬁ
s = . E
> :(Elﬁﬂ)'- iy B
m i () : !Es‘- H :E = H @ W
b BRiL AT L avFUY 1 2 -2 ° -
SHIMADZU Co. HP&Y  EEFHEME (CTHE) | XBOTH o
1 (TalbotZh ) =TFiRER
XIS A—T T () XBEHEL A=V P x a2RoStonE  x RRERY O XBIFNF—I=thF#d O SHREER
= XROBEREOZE B = XROUAE LERMH | L @Ekmyax.) BEEOENEE = WESA-HHAE
AsxE R |- = ——mmm e e mm e e e e e e e e e m—mm— = = =
/\/\/\/\6 ~ 1 SO||:° t)l« H:Il L\f: HHEF fh, E77ESYERIFMRS 13p-C31-9.
xaan | FIEOBE| 1\t AT ™
] ! SHEOXR-EIMTFR o | e
i ! + EORLBRHBIZERTHRLF—S R B (1)
F. Pfeiffer et al., Nat. Phys. 2, 258 (2006). : = ®HE & 1shot X . A=y g glom® [soﬂi;ué\s}
5T q \$ bt z
x BRERMHTIEBRELSF+5 O BRUVIIKIZH L TR EE . £ HE DURIR- AR EE 1 shot CHE E .
|
1

FHRE QE/+NV1FH)

2K IRy
T EEOR L B9 B ILIRIMBORR
(fRUMELHVEY)
B EORKNTL = 188 : 5 - 2SR (EEE)
EM5fERE *Eﬂﬂﬁﬁﬂ&&
EFROIBHE PRI X#E—L ex. ZHYL®3mm EhL XEE—n omﬁ
| eriment & Discussion T
, EOAREMFER ;@S 15p-318-3.
B AL | 1vbeL YL avEHR (XRPIXOETLY) = - -
2Py UL P ML R TR (B A—UoF 2B HILERESEIRILED LB~ | ﬁ
o KPR QB IV 5E EIVE) o EIffELDLE: (PTFEH#. L r—_U D)
Rumisn, 25 e
F m: - *
AL Ll J : == — -
—""gg um i: 1: PTFEH# H PTFER | popins “A;D_ﬂ*y
150 pm § 0 B SEoHILE
RBUUERAR) < DAREISE RS ey 2] om0 S il
?Eat)bw ,‘(j‘ﬁ&ﬁgao o . 0 50 100 150 2"0 0 100 200 300 400
pil N2} 114 Fo—TVIFPULTRFOE 102 em MR (pixels) R (pixels)
4 R e iy ' PEZIIE Y i SESLE
L mR R AN
nim P : WRE 40KV BSLESM:66.4 5 5
eoen | WEA Ebtn X‘T-“ HEF:10 uA (8.3 ms 8000frm) :
= @i R s :
MR- B Ll : :
I et < IR P Y - PTFE## (® 1.0 mm) :
A B L SH—RUO (© 0.5 mm) R
w® =R IyCT7—FI75+

[Summary|

S=12cm (LK E #8.5(%)

HBFROBRERL2EIILOHIUMNEOBEF B3R OLEEDE * NEEELIER O
- ﬁmﬂﬁﬁwﬂf oLk St * BENAELRERBONE
115;5 - 053 = SNEAEL
. BEERIE( AT

27 RILDEEBRET
TR - Gr ARGy - R T R D
3IDDJREMBTELLEHR

0.79 pm 1.14 pm

05 10 15

BB (sinh—T 24274 F)
PRTE-
z 07 /‘l' :
0.6 !
£° Ly

~—
e
Sosl .9 fopeoy * YIERILBITERLM:
=—5—m §osf S35 MRGham EARIELIEAA—S2T
R * SEEXBS—7IrERL

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
ol 3 !
N AREERORE |
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

(AR ELI Ve oA = HEBRORE | [ sRslEEE-RHOBRISHLTEES | TERBAIXERS =TT
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5-7. YA 7074 —HZXXIRRERBIEF £ AV XA X — 2> F - IRIEBFORFGDOEE L ORE -

F8[E SOIfF RS 2017.6.29-30 Q@ERKXF

ARFHZE A02-M

RAIATH—HAXBRRERIBE FERAL
XBEEAA—DUT
—IRIEHETF D BREBROE AP OBREH-

BB, BRKBEEE2, EHF, JASR, EEIR KXW ERS

OMiEr ", FAAML, |IIsnE B2, #RHEAE2, THEHE, 43+ F8°
RIBZSANS, SFE{E—S, MR, BEHFRL SHEHN

X =
ER. EX. X1V T—HE%
XIS A—D T (BERE)

= XBREARA A= T (HREHE)
Bir-/hAREL

& FZ A= F;

<440 B L]
7r—hA iREET §OI)

XER

(H7[E]) SOI& Hi 5D
IRLX—SREEEFIALY:
SEERREEEAAA—DVT

RIERFZEAVXEEENA—D0T

.
112
AN

(E)HRDOBAMIEIZED
EESEEORL

AoV HEOER

188 : 528980
ARV NRE
v EfimE v INABENR
(FrR#sR) (REREHR)
Fr—SvITULYT
RFOEHA
Fo—3

(_>| L7V

2ESELD

ESL 5o
YAX oxpysy

R
EStL

XERE—L X@E—L

ol 3

» i
L'&‘i‘ .! K L iﬁﬁm

¥
1

KER QESHILE I 5ESEILS
INAEH8.5E TIRKIRE

2BV
MRS R BB

EBE:40kV FEAEHM:664s
WRF:10 pA (8.3 ms 8000frm)

S5EStLk
40
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5-8. XRPIX MOIRMA - EEMBEIC L 3 X#R TID SR DAEIE

XRPIXDFEM - EmBHIC L D XRTIDENR DBIE

% § RN, FE =, REXHS, REE, #LEE, EHAEY (BEAZ) |, BRI, EHh=08, J

‘%Tmf&“ NERAZ, MR, it m, MSE, REEAX (REKF) , FiHEX, BHE (KEK) , 5
ENZR, KEFE—, NARBR, AFET, REEN, BAHE GERERAD)

abstract

F4 1%, Silicon On Insulater (SOI) HFMfiARAWVWE & TEWE Y Y —BESEDFAH L EKE —F#EE L L TERLXERSOI CMOSE' 7 /LR H S

[XRPIX| #BIFL T35, XRPIXIZ, RXEELHAZBHEL THY. BERMEIEELTFMEEO—2ThHh 5, BIBEMECEHAN L, ZOBETIEE
FZ VP REBFHSIOBICL) LYY —BEXTLNTWEED, Y ILARY FHRICIEFVIEZIFO—H. Z DSI0, BN REFHE ORITIRIBSTIC &
WFv—2T 975 ETHEFOEMICEE%E KRIFTTTID (Total lonizing Dose) HEDEETA. SOI CMOS TIFEEICH 2, KITHIZEA HSOlI MOSFET
ZFAWT, 100kradfBEDBHFICENTH b T v PR LBHIZRERBINE ZEHPHRINTH Y., ZORIUREDMEIZ. XRPIXO#HE ETHFA (10krad)
ICHEATHDICKERETH D, — AT, XRPIX EXIIBREDHZFE L THLONEDT, HDHUREFEE WS EaN STIDMREDFEE AT 57012,
RE - EED OXIRERE T 52 LICL DXIRTIDBRDBEZIT 572 FFICHALRL /A X, T4 VIZOVWTFHE L 72#ER. BOXEB TORNGE ICEREF L 7=
HAHAHL /AR - TAOEADERI NIz, FmAHL /A XICBE L TlE, BERECRE S BEERD / A4 XYY ol TR L. BEEEZRED / A D HHX
B THDZ MDD o772, SHRITZFDEN% LTV,

XRPIX & (& BREER
XRPIX & i, SOHEAIIC& V. XERHMOSit > ¥ —FE Fam LEABRE—HE  ERHL /AR

& L7z, X#RSOI CMOSE 7 LR HEE TH %, KI1LICSOI CMOSE 7 &Lk HER D
WER%E R,

F7o. F2ICXRPIX U — XA, RERICER L 7XRPIX2bD 4R, F1ITXRPIX2b
DAy 7 %KY,
SOI Pixel Detector

xERS (F) . ZEES (B) #IcRsHHEE (@) . EWlFES (A) TOZHAEL/
1 X[e-1%BOXBTORIREEISR L5 7 % X6, REHEE & BEREHOES TX
L1=5 7%RTRYT, $7-. E#EzL  Y—BCORIGEICHE L1475 7% X8
IZRT, BtHH L/ A X0EMEL, BOXBRETORINIRETIE, FI- Bl b ICREE
&L XRPIX2bD 2~y 7 EH. Y —BRETKRT EBIOAN L ORIIGENRLE L LB,

Badiation

i 1 ESEE  sum COZEhD, FEEY. £ —ECORREETIEAE <, BOXETORNEE
= = BOXEE  02um B LB L/ A XA LI E WA By & T BICT B T & CHEHRI 51
Pixel Size  30umf el s DS,
Pixelf 152X 152 i = ] 1
J H3hPixellk " == : ] |
Bl CMOSE v REBOHER] HE2 XRPIX2bOAE LRCESIE o s b "HE
7 EVR 5 PEREN AR _. il i e %
S - T B B Tl —=—espetamert— i1 ST
TIDZhRIC & 2 2E I o o odl e S B A

K6 FHH L / A XDBOXE 7 ZHH L/ A XDOBOXE M8 ZmHRHEL /A XDErH—F

T DRI B A () TORNRBRFEGEAOZS)  TORNRBEEFEEROZS)

RIS, HFAEL /A ZDOEDEUATOAETOY DI CFL, FHEFIEL LT, B
KEEEE ISk 7FHE L/ A X o [ADU] %25 L 7-E% — KRB T7 1 v T L,
EE (BERERD/AX) LU (EBERD/ M4 X) 1297, HIICRINREA
Orad, 13kradBs D BABMEOZTAL L / A XZ2RT, 77 75 5RIGRE ORI HE
W, MADRED /A XHEMTEZ hDh 5B,

oI, RIREEICEERERD /41X (M10) . @EEERD /41X (M11) T
BT LERBHOES (@) 2FANZ L, EHOLRIVREBDOMITIKIFEL T/ A

RNEELFHORHBREEFET 5 LT, MEHRIHEE
BRFEEN—DOTH 5,

XRPIX(x, 22 DSiBDRIC, BOXE LMHIEN 5Si0,h 5
B HEBEHFEL., T OBOXE THEHRIC & 2 BEEH
ZHEBBEOEVICLYR—LAL VEIN, EICHE
T3, TNICEY, FSYPREDY—Z-FL A ICE
WM, FIUORABELIERLTLES (K3) .

Z DEEAEZTID (Total lonizing Dose) Zh&EE WS,

FATHIFR Tld. SOl MOSFET%{EM L. REBKER O MEHR

MiftE% I-VEFEICE B L CRFME L 7255 R, &K A912200krad
BEHRY b7 P R2ERIERIN (R4) .

SE., H4 FBEOHEF L LTOBERL S ZORE
&Y H+5EN10krad (REBHOBETH=EZ%
1.5MsecHl L 2B ICBOXEB TR\ 2 RAVRE) % BIEIC
XIRTIDF R DFEZ TN,

B4 FUREBICL D
-V D 251K [2]

EBty F TV

F o yN—|ZIYF I TXRE (2—45 v b:Mo) B Mo7 4 ILZ—%@E L THEEM
EEOTXIREXRPIXOXKREA - BEAEAASBE L7z (K5) , HXEEXEHNBH SN DB
gisEs (FI) &80tk Rk L 728 (B (2o, XIROBEEN —EHIC2%1Am
SR BHELE TS L THHRMEETEL 7=, BIKH I BOXBHRE T0krad £ T

BREY L 7=,
EREM
#4 ok Mo

mEE : $9-60°C

mVBB : 200V

MR 241Am

WEEREER ¢ Ims

* FRAH L/ A XBIER L,
BTN %0.1, 0.5, 1.0, 2.5ms (Z
ZE L TG

MoZ « jp- 4 —

5 gty b7y 7

o)

ZHEMLTWB A, BEEERED / A RDAHEXRETH D, ZDEEERERED / 1 XH
REETATIRD / A ISR TREVWDIF, GIDLMEAIVWTWEDTIEARVAEERT
W3,

Readout Noise -Siope- Readout Noise -Intorcept-

!-- e i e
. .
s S PR+
- 3 L3 0
% - £ B
13 o A
-t "5 -~
Ko o o o B . |
e o o
e T i T

(10 BERER/ 1 X0
RN BARTF M

11 EIEER/ A X0k
AR R I

B R

T4

xERS F) . ZERS (B) #IcRsHHEE (@) . EWlFE (A) Tosr4( >
[uV/e-1%#BOXBTORIIREEICSR LT 7% K12, RETEE &ERBEHOESN T
£ LS5 7%MIBISRY, £, HEA LYY —BTORMREICHREL-SF 7%
M14127Y, BOXBREOBRIRE TIE, 10kradUB&ISEE T 5 £ Fl - BICRREL
N, Y —BBREORIGEE TIE. BIRFICHR TS OBRIGENLE L LB,

s | 524 -
" = Dlpm enrs i

H— | anl ¥ an t

= i :)i - a:i .

ity | v 4t o + 404

E ey . e -l o . ¢ st . " o

2t ' i 51 o + " 11

:,', = L= t -.-j ) el o -.-j i BB

N AT o T A T

K12 44> DBOXET
ORIIF BRI

H13 44 > DBOXETH
TIRAR B ARTF IR0 ZE %)

14 FArowrH—ETo
TRIRAR B ARTFIERE D ZE5)

o XRPIXIZB I BXIRTIDMRBDOEEEDKEEISIE L THANS O, EFOXRE - EAICXIRE (X—4 v + : Mo) TX#g%BOXBHE ©30krad £ TR

L7

o TAHAHL /A XE, BOXEB., oY —BRETORIGREZ LKT 5 Z & TBOXB TORIVRE ICKEL TEIML TWA Z & Dh 7,
e Fo AHL /A XEBERERD /A4 X, BEEZRD /A XYY TFFMT 22 &ic& ), EERED/ A XOANTENTHS Z &M -7,

ZOERICOWTIE, GIDLBEAZHNTWEDTIRBRWLNEEZ T WD,

« SAYHBOXEB., vt Y —BBRETORINREZLLET S Z & TBOXBTORIRE ITREFEL TEMLTWBE I EADHh o7,
o S XA - EEEHTXIRTIDMROAEE T2 LICLY . DAERDENIIBOXB TORIREICKFL TWD Z e 7z, SEL. AW-kF
|3{ES2ELDD (Lightly Doped Drain) T#®% %7, BEHRMMEAS W EEZ SN D SRELDDROEFT THRBOERZTS .

SE
1. HFHERX et al. 2010, HAHEFEREE, Vol. 65, No. 9
2. Onuki et al. 2011, Proceedings of science (Vertex 2011), 043
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5-8. XRPIX OIRMA - EEMBEIC L 3 X#R TID SR DAEIE

i

Y OF T

XRPIXD KM - %ﬁ,.ﬂ Tl
XHRTIDXNE DA E

b-\‘\"-!

mEET, FE—, REZHE, RHER, BUEE EHST

(ZEAY) , 8B, ARZH, AERZ, MRRR, L8,
WHEB, RHEEA (REAZF) , FHEX, BABE (KEK) ,
ENFH, REE—, NARBR, AFEE, RERT, RARE

(RRERKFE)

X$ESOI CMOSE 7tz LR HH 28 TXRPIX ]

X#RSOI CMOSE 7t )L H B3 TXRPIX J &1, SOIATIZ LY. X
BRHBOE Y —BLRAHLEIEE—REEELXE
CMOSE VLR H# TH D, ZRICHERETRY .

XRPIXI ) —ZX DA, XRPIX2bZE S RIDERERIZEA (AR)

CMOSE 7tz )LiR H 2R D BTE

.0 mm

XHESOI CMOSE 7tz )L & HH 28 TXRPIX ]

X#RESOI CMOSE Z 7 )L H ZRTXRPIX 1 &1 SOFRATIZLY . X
BRERHBOE Y —BLRAHLEIRE —REEELXR
CMOSE /LI THD . ERICHERETRY

XRPIXI ) —ZX DA, XRPIX2bZS BN RERIZHEA(AER),

T IEI ;w% \J'cﬁf'%%&b'co)iﬁﬁb\b XRP|x2bo)§E-

REAOXRERG L. XRTIDHRDRAEETE 0T,
—

v

6.0 mm 5.0 mm

CMOSE /)L B DB & XRPIXI ) —X

EEtyrbT7vT

FroN—IZRYR H-XRE (82— Yk :Mo) hbMo T4 ILA—%EL T
HEMESOHXIREXRPIXOREEE@M BT LTz, ZREIIXER
BTSN 2 B At &SNtk TERL I BIEEISa 1=,

— RS EEICHAMEREE AN TOEHHDORRIE. 2MAmIRRE £ E
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4. Chip Layout
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BIfRILT—E—LHRERIZLBS0IEYEILIEH ZBFPIX20 511

* gk S.ENDO, K. HARA , S.HONDA (UTsukuba) 'Y ARAI , T. MIYOSHI , LKURACHI S.ONO , M.YAMADA , TTSUBOYAMA ,
Elniveraiey of Tkuba

M.TOGAWA , Y.IKEGAMI

, J.HabaKEK) ' D. SEKIGAWAHITACH)
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BIRILF—RERTOMR A% B L TSOI(Silicon On Insulator) i iz ALV - S #EHILE VLR EBRORFEEITo TS, ERIEIZIETID(Total
lonizing Dose)si RIC & A EBRFIED EB A RBEL> TV M 2B EARLRBEZEALTMDY AV BICTADENEER 5 LTEFNHEIND
CENFERESN TS, KB TIRSFPIXIE, FEZEILEBERDStrange CapacitanceNENZEMND, EVEILABumEWNSHIZELERIRL, BB
AHBSNG. 2017F1 BICHZREBERVTITOLFNALTOEIRILF—E—LRBROBRICOVTHRET 5.

Beam Test at FNAL FPIX(Fine PIXel detector)2

Condition & Setup

2017/01/23~02/07 @7 /LEE TR AEETZLF
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=
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Beam Test at FNAL

Condition
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Trigger Logic Unith >4 TDFPIX2 , SOFISTIZ
3F L CTime Stamp , Trigger % £, &IRHERIC
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RFE BT TRIHBORMETS.

06/29/2017
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VS0I12(1/0) 4.0V 400 g @ onirrad ’
VSO0I2(Decoder) : —14.0V 5 .
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Fald, AFREAVBVIL LWL A TOX BBGReT. THAEREL TV 5, BEiR, RUNGEPORT X BokBeRbsgzEbbe - HidamR T, f%
AHRS>TL ZERTHAIETEEBL TOL 2RERTT 2, RIFETFLRLCAMELODT, ZNERTCEREDE 2 I L TXRREDT AT 7 1 LAY ET
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EROX R RNT 2RENH DD, TNHARETHNIEEMABEDOF St L TE<, ThaXREERTEFLFATNS, 5um 'y F. FOR02OEIFTEF
ZfEL, 0.1nm(12keV) DX RENRET 2 &, B_AMOGRA TE 2 EREIE50cm. BESBROIEIZ0.4 BAICHIET %, /87 X — 2 &i#@{t TChandra 2% #BZ 2 AE
DEREERNEBEE CRRETE2ARKLH D, WITNOBEICH, EXELAVDTIYXA—XHPRET, HRLE\LVREICEOSNZ A, BNEFETEREN A
H5, THitoBa, BEBEOTO7 7 AL EBDIHICIIHBEORROABLEDSVONY FIgEERATEZHNEVSHELH D, 7L XUEIROFE TRITET
W, BELECK TR CRFIREBEO AT 7 A L4182 C L BRICTNE. 10%2EONY FBIEHIATE 2, BRERCER. 2DAHASOARIEEET D

I X RXEEDHRAESE I #a. Y7HBOREHR
Col RGOEE.Y(XEBDHOBE  Angular Resolution

Yx— ~ ~ A
L:‘Imlﬁ)‘) B LT IO ARIRN ;II’\LS le!mc{lon L-ml. L.2A/D for Diameter D
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WSS 2 IHXT) " ~0.5FE ~5¥f 20000 00
gt 3 7 P
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T 727 (Kotoku+2003) 1R ERER MAXI 2009 ~1m Clysters,

3T KTRD AT 25% o 1754 Galoiies——_— v g
oo ol 1
29 Aol e o . — ABNlet
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s BLAENRELENRT H-OICEIXBREERFEAOE T2V LE 100 g:;:.r;;;,au" 10.00 ’
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Multi Image X-ray Interferometer Module

I X @3 ERFHHMIXIV) BanfEmics2a26  IAESREDRER

X# 18122 (CCD/CMOS# &) d SHTTI f 0.2 Hayashida+2016SPIE Proc.
KB A ) - 0. o
BT At Talbot Distance ;-9 sm A=0.100nm (m=2) S5um®d £y FOEF, 0.1nm(12keV) DX

Pk Iy BE&TR7 740 o . s
- EE :; " é (m = HEOH) Simulated Image | Approximation (not stacked) ° %?t%ﬁﬁ%@ﬁﬁﬁﬁtim%j{ﬁd& ET .
=1 = I 2= mag =i =s0m (2) () (25)
=—=l i sl N - BEEONOI, MOFE/E LT
— oo L 4 (55) () / (o)
A0S ik Hayashidas2016SPIE Proc. o o0 ; I O : - . e (L)) (4) @)
e - - (Double Slit} . Hm
102 7 AV EBOBT & KBS EREREEEEHE 0 | : S -@%@ﬁrﬂmmmavraOAT Chandraféi 2
b s, oo F (B SBEEELOmM) #78
.7 DG IE DR E KR L TWB, BITICHEWT, - - ¥ N=3 'Ef D& HEZI£1007, ZOZSE?J’EBHOJATHENA‘({)B”D
W d CE B T BB R S g A B, ot T 'H T " 72375 L 0SB 1OuarcsecHEL WA m f
B M B 04 f | ||I II 1 . = EHRET LT, Hl0marcsecd ATAE,
+ RIBIZO = fd/z = 0.4 (n )(SMM)/(SULm) 05 NS\ " Ilmul 'l_..lll J\ : .
+ 50cm GChandrafii £ |- P e AR R TR RN A ﬁ T
B A <IBETHTHIC & > CHEBBICHET 08 2&A 5 | | o
TEBXIKEME B THROKIRA R mmﬁﬁwm % m  -m 0 w £ w» Self Image

PIEYECEIEOND, mrEme LTELFRES

Position (um) on the Detector
SumO 'y FOBF. 0.1nm(12keV) DXIRIZH T BB 4 LK

\
B/ FiB10% SRR, IEEE— FTHNIEH > LIEL 74700 EMIXIMEEEFH 1~

. CLBEE Hayashida+2016SPIE Proc. and Updates 9 Image Width
Two X-ray beams incidence from

032431

- / d Pitch
0.5arcsec offset direction d=5um f=0.2 Near Field z < z; ; X N AN  :Open. Frac
= = . = = — ) [— Z :Distance
. 2=0.5m m=2 o z=md*/2=50cm (2) (Sum) /(ﬂ.lnm) m Talbot Order
9540 g At DL\ I e B . _ —aar 2 ) (fl)(m)
0967 o3 T ST 078% 0 =" =f/dm =04 ( 2) (0 ) | Gan) 2
0972 A =< = =t 0844, o Posmonal Resolution of Pixel Detector is essential.
0981, + /-\:' o=t _,‘f =y 0894 * Energy Range 5-20keV
0.991, + - t + 0952 4 * Grating transmission 74,4 at open (Si filled) part, and Detector
20=0. 1: | ===t == = 20=0.1nm efficiency 14¢, limits the range.
,,? : + - + 4 - : « Effective Area Aerr = Ageo * Ngra * Naee f + AL/A
1,021 t + 111 * FOV must be limited by colllmators to ~1deg.
022, o ; oo Collimator  Grating 2 sraungs micro-collimator Detector
n + b 5mm
1041, @ S 1222 iteh —I I - ':MII f02 I
1054 o i 1On 12720 —— 0 =5 2=50cm
Average . y P ¥ Average 25cm (Active) Shield 100pm (Active) Shield
(0.0954nm-0.1045nm) & ) a (0.073nm-0.127n) _?g =5 - —-—f“n_"“* s X  Background
Band width (42/2) = 10% 1 Position (Hm) on the Detectorr Band width (12/2) ="60% Position (um) on the Detector + (1D) Imaging capability reduce the CXB and NXB factor of f.

maybe more + Rough estimate CXB=0.2 mCrab, NXB=4mCrab Very preliminary

B<1s07+—% ) RXHRR I & 5%@%& B MIXIVB/ANEL, /NBY, chEVEE
ision s Toamper Sror_Trat__[Grnce

L= X-ray SOIPIX

XRPIX2b Talbot Distance for a Spherical Wave Distance z
o inside Vacuum
Chamber oty Doub ) (‘7 “sliam.p) -
Cooled -40degC Events split long CA T falichld 2oL i o | i
Windgi=0.4mm Thick direction) are Open. Frac. f 0.2 0.2 0.2 0.1(1Dor2
T Al ) — employed D)
. X-ray Grating Projected Profile (One Part) R=235mm (correspond
microFocusX-ray onch ot 8um Red2mm, Mag, =25¢ Re102mm Mage10x to Talbot Condition), Talbot Order m (0.1) 2 2 10
60KV, 100uA, Target=W. M Mag Mag.=4.4x for O.tnm Xeray
Source Size=3~5um = /] 2" 0.4” 0.2” 0.02"”
i [ ] i AL/2 1 0.2 0.2 0.2
g 3 e No. of X+Y unit ~ 1+1 4+4 25+25  500(for2D)
T —— Stacked Profile - (Ageo=10cm?/unit assumed) 100+100(for1D)
XRPIX2HTourus2016) ' *Heiona Ampliude  Fractional Ampltude fractional Ampituce aee 8t 10keV 078 0.78 0.78 0.78
pixel size v =0.172+/-0.015 1 =0.011+/-0.006 =0.0996+/-0.0073 (200um Si assuemd)
30pum o Effective Area 3cm? 25cm?  16cm2  7cm2@D
152x152 pix I i (@10keV) 31em2(10)
R 1-1040.5mm (fixed) ) 1 2 1Crab source 1c/s/cm?/5-20keV  1mCrabx50ksx3cm? ~150c/day
——> [=1090.5mmplixed) « o o o
= T Bomexer} | shmex®ex] -ZIm@XReX 07b) (IR option b RGP
] —~ -~ it
o P
Focus =  micro-Focus source size of 3-5urm s not small enough to be regarded as :
(Grating 30um/pixel apoint source as illustrated in the Stacked profile. Hayashida et al. 2016, SPIE proc. 9905, 990557
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Multi Image X-ray Interferometer Module
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1)y (MAXI) 2RT ~90f& SONIES
S R 5t »HY 0.1~1HE

05WE~25 A | ¢
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+ Chandrafff 2 DAESERRE S AZBIT 5/BRHD(EIHICHLLY

Hayashida+2016

Multi Image X-ray Interferometer Module (MIXIM)
HEIRED RIR [r =2 X85 H #3152 33(CCD/CMOSHEE)
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— 39 Bnep
— 41
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F o T
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Lab. Expemment with Spherlcal Wave

~4-~/ X-ray CMOS
(XRPIX2b)

|
88 ] 55— inside Vacuum Chamber
" Cooled -40degC
Wlndow—O 2mm Thlck Al
— i

. X-ray Grating
microFocusX-ray -
Pitch d=4.8um

60kV, 100pA, Target=W

Source Size=3~5um Open frac. f=0.5

17pum thick Au on Si

XRPIX2b (Tsuru+2014)
pixel size 30pm

* micro-Focus source size of 3-5um is not small enough to be regarded as
a point source as illustrated in the Stacked profile.

SumDEYFDIEF . 0.1nm(12keV)DXFR I3 %214 )L EEEEAYS0cm 152x152 pix
Talbot Distance for a Spherical Wave M IXI M le} ptIO ns
XRT AR ) | | T T
Projected Profile (Double Pixel, Charge Sharing) R=235mm (correspond Distance z 0.5m 0.5m 2m
R=42mm, Mag. =25x R=102mm,Mag.=10x T\‘Z::I_b:ifondltmn) Pitch d 25um Spum 10pm 10pm
Pt M Bt T
i | g L
Dt S ARG | | et
i s S T s 2} 2" 0.4” 0.2” 0.02”
Stacked Profile . .
Fractional Amplitude Fractional Amplitude Fractional Amplitude AL/2 1 0.2 0.2 0.2
1o =0.172+/-0.015 ,15=0.011+/-0.006 .,.=0.0996+/-0.0073
i S No. of X+Y unit 1+1 4+4 25+25 500(for2D)
- Bl N N [ (Ageo=10cm?/unit assumed) 100+100(for1D)
e P ETeT P T ~ Naet at 10keV 0.78 0.78 0.78 0.78
L Y B - ” (200um Si assuemd)
P ——
F 120um@XRPIY % 51Um@XRPIX | r21pm@XRPIX, 0.7pjx Effective Area 3cm? 2.5cm? 16cm? 7cm?(2D)
L T I B R a‘sm:‘ D TR B S F I ¥ ws‘ o R L (@10keV) 31cm?(1D)

1Crab source 1c/s/cm?/5-20keV 1mCrabx50ksx3cm? ~150c/day

Angular Resolution

Lines: Diffraction Limit 1.2A/D for Diameter D
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. d=5um f=0.2 Targets: e.g. Structure of Relatively Bright Point-
At Talbot Distance z=0.5m A=0.100nm (m=2) like Sources, i.e., (SM)BH and NS

Simulated Image Profile with Fresnel Approximation (not stacked) Recoiled SMBH candidates Binary SMBHs
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Another X-ray beam incidence from d=5um f=0.2 d=25um, f=0.2, A;=0.1nm
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(Slit) Camera is the baseline

Multi-Pinhole
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STACK

these multiple
images in the
analysis
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