Integrating-pixel detectors development
at SPring-8 and SACLA

,.“:- W—"‘ ‘ —_— S
Fablenne Orsini, on behaIfEQf the Detector Team
' GoB-Center — v —d

:ill I‘E .‘ e

XDEP workshop o ——
6t February 2024 ==

2




, : T3
SR light sources and XFEL in JAPAN s
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SACLA

General Features of SPring-8 htto://wwwsprings.otp/en/

25m-long Undulator Construction: 1991-1997

21 o
10 SPring-8 Standard Undulator___ ' = Operation: 1997- ...

8 GeV, Circumference: 1436 m

-

Soft X-ray Undt]fator

= Synchrotron radiation ranging from the soft X-ray (photon energy
300 eV) to hard X-ray region (300 keV) with the highest brilliance
in the world. High-energy gamma rays (1.5-2.9 GeV) and infrared
radiation are also available

(photons/sec/mm2imrad? in 0.1% bandwidth)

X-Ray Tube
= Many undulators (up to 38) can be installed and they can be used

=107 independently
o
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SPring-8 beamlines
Number of beamlines in 2023: 57 (62 possible)

JAEA Actinide Science 1 (Japan Mamic Enargy dgency) BL22XU &
Madical and Imaging | BL2OB2

Medical and Imaging Il BL2OXU

¥-ray Diffraction and Scattering 11 BL19B2

RIKEM SR Physics BL19LXU #

RIKEN Coharant Soft ¥-ray Spectroscapy BL17SU #

SUNBEAM BM BL16B2 @

[SUNBEAM Consortium)

SUMNBEAM ID BL16XU @

(SUNBEAM Consortium)
RIKEM Materials Science 1T BL15XU O

XAFS 11 BL14B2 *
QST Quantum Dynamics 11 BL14B1 @

(Mational Institutes for Quantum Science and Technalogy)

X-ray Diffraction and Scattering | BL13XU
NSRRC EM BL12B2 ®

(Mational Synchratron Radiation Research Centar)
MSRRC ID BL12XU @
[Mational Synchrotron Radiation Research Canler)

QST Quantum Dynamics | BL11XU @

[Mational Insbtutes for Quwantum Sciance and Tachnolagy)
High Prassure Research BL10XU
HAXFES | BLOGXU ¥
Hyoga BM (Hyogo Prefecturs) BLOBB2 @
High Energy Inelastic Scaltering BLOBW  #

RAD-ID 1l BLOTLSU &

AE0-ID 1 BLOSXU #
High Energy X-ray Diffraciion BLO4B2
High Tesngaratura and High Prassure Research BLOJB1 %

Advanced Softmaterial BLOIXU @

(Advanced Softmaterial Beamline Consortium)
FPowder Diffraction BLO2B2 %
Single Crystal Structure Analysis BLO2B1
XAFS | BLO1B1

& BL235U JAEA Actinide Science 11 {apan Aamic Energy Agency)
® BL24XU Hyogo |0 (Hyega Preleciure)

% BL25SU Sofl X-ray Speciroscopy of Solid

# BL26B1 RIKEM Structural Genomics |
# BL26B2 RIKEN Structural Genomics 11
% BL27SU Soit X-ray Photochemistry

® BL28XU Advanced Batteries

[Kyela University)

W BL2BB2 White Beam X-ray Diffraction
# BL29XU RIKEN Coherent X-ray Oplics

® BLILEP Laser-Eleciron Phaoton 1T
|Research Cenler b Nuchar Prysics -:Igaml_rwe-glg.-:\
# BL32XU RIKEN Tarpoted Proteing

# BL32B2 R&D-BEM

® BL33XU TOYOTA
(TOYOTA Central R&D Labs.. Inc.)
<» BL33LEP Diagnosis Beamline 11

% BL35XU Inelastic ard Nuclear Flesonant Scattering |
# BL3IGXU RIKEN Materials Sciance 11

% BL37TXU Trace Element Analysis

# BL38B1 RIKEN Structural Biology |

# BL3BB2 Diagnosziz Beamling |

* BL39XU Maognetic Materials

* BL40XU High Flux

Jr BL40B2 SAXS BM

 BL41XU Macromoecular Crystallography I
“ BL43IR Infrared Materials Science

# BL43LXU RIKEN Quantum ManoDynamics
® BL44XU Macromaolecular Assemblias

[Institula for Protain Research, Osaka University)
& BLAAB2 RIKEN Matarials Science 1
“ BL4A5XU Macromolecular Crystallography 11
“ BL46XU HAXFES II
* BLATXU Micre-CT

Beamline Map

Total numbear of beamlines : 62
= Insartion Devica (6 m) 2 34| e |
= Long Straight Sec, (30 m) : 4 ———)
- Bending Magnet 24—}

Main Bldg.

February 6th, 2024 XDEP Workshop / F. Orsini

SPrinsi 8

€ RIKEN Beamline (16)

Mainly used for RIKEN’s own research
activities with partial availability for public use

% Public Beamline (26)

80% of operation time provided for the
public use (20% for coordination)

e Contract Beamline (15)

Constructed by industrial, academic or
governmental organizations in Japan and
abroad. Contract beamlines are used by
themselves.
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SACLA beamlines ~
.
Accelerator Building Undulator Building Experimental Hall SACLA-SPring-8 Exp. Facility

SCSS+ ’_‘_,
| —(~0.8 GeV, 60 Hz) OH1 — LHe %
I 1

— —— pl EH4a X
Fast Switching Magnet L] — b BL1 Lle%_li EH4b v EH6
0 : » 700 m long

\}_ I 1 BLZ £] \ \Q(EHS’/ \

N — VIV o W

[ I 1
Main Linac BL3| gq1~EH2 EH3 EH4c
(~8 GeV, 60 Hz)—1__ _ L—oH2 LS
to SPring-8
BL1 (SXFEL) BL2 (HXFEL) BL3 (HXFEL)
FEL Operation for Users Since July 2016 Since April 2015 Since March 2012
Photon Energy 40-150 eV 4-22 keV 4-22 keV Fast switching magnet delivers electron beam
Pulse Duration ~30 fs <10 fs <10 fs to desired path in a pulse-by-pulse manner (to
SACLA BL2/3 and SPring-8
Band Width (Pink) ~1072 ~3x103 ~3x103 / g-8)
Pulse Energy ~50 W@100 eV ~500 W@10 keV ~700 W@10 keV
Pulse number per second: 60 pps
Photon Number (/pulse) ~3x102@100 eV ~3x10"@10 keV ~4x101 @10 keV
Repetition Rate 60 Hz 30 Hz (Max. 60 Hz) 30 Hz (Max. 60 Hz)

SACLA has been operating for 10+ years, providing access to users (~100 user experiments per year)
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SR Science at SPring-8 / SACLA

Various fields of thematic in fundamental and applied research

Material science

Metal material

Non-metal material

Magnetic materials

Semiconductors & Electronics

Crystal structure & Molecular structure

Life Science /

Life science
Drug discovery

Medicine Medecine and Health Care
Environmental L'V".]g

. Environment
science Energy

Earth Science /
Astronomy

Earth materials, meteorite's structure and cosmic dust

Industrial use

Material evaluation in the industrial world

+ Nuclear physics

{@SUSTAINABLE S ALS
22 DEVELOPMENT \J %’

8 DECENT WORK AND
ECONOMIC GROWTH

7 Panezsips

ruumz GOALS @
SUSTAINABLE
DEVELOPMENT

In 2022, a booklet has been published illustrating
latest press-release of SPring-8 / SACLA achievements
in relation to Sustainable Development Goals

m) Specific innovative instrumentation and services are also developed:

accelerator components, optics, DETECTORS, sample environment, automation, data center, etc

February 6th, 2024
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Detectors development: from MPCCD to CITIUS

Silicon Integrating-pixel detectors [Hatsui IFDEPS2021]

X-ray imager for SACLA
——

2009-2011

0.5 Mpixel 60 Hz

14 variants 30 Mpixel/s
More than 40 systems deptoye

x8 Aout

Scientific CCD
with Teledyne e2v

T. Kameshima et al., Rev. Sci. Instrum.

85, 033110 (2014).
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Wide dynamic range imager
SOPHIAS

High speed X-ray imager
CITIUS

SR variant

0.28 Mpixel 17,400 Hz
4872 Mpixel/s

XFEL variant 2013-

0.28 Mpixel 5,000 Hz
1400 Mpixel/s
Under assembly, constructjg

2009-2014
Peak signal 18.7 Me-/pixel
1.9 Mpixel 60 Hz

114 Mpixel/s

10 systems deployeg

# 0On chip ADCs
Digital Out

SOIPIX with Lapis Semiconductor Dedicated CMOS Image Sensor with Sony
Installed to 10 BLs at SPring-8
T. Hatsui, et.al., lISW proc. 2013

XDEP Workshop / F. Orsini

T. Hatsui, et.al., in preparation



CITIUS performances =

[Hatsui ULITIMA2023]

SACLA
Architecture [1-3]

[1] SPring-8 II CDR (2014) with updated values.
[2] T. Hatsui, presented at IWORID 2014.

Integrating Pixel & High Frame Rate

— =

[3] T. Hatsui, AOSFRR 2015.

840k, 560k and 280k detectors

Features £ {
High Dynamic Ultralow Single Photon Spectro-Imaging | High Spatial
Range Systematic Error | Sensitivity Resolution
Parameters Value 840k to be
Thickness Si 650 pm deployed on
: : BL13XU
Pixel Size 72.6 um 560k to be > > M detect 280K shipped
: : etector
Pixel Number . 0.28 Mpixel/sensor XFEL variants deployed at SAC — at ESRF
SR variants pixel/ e =
Sensor Noise \ 0.027 phs.@8 keV (60 &) /
Peak Signal 1,800 phs @ 12 keV 17,000 phs @ 6 keV
Frame Rate 17.4 kfps 5 kfps
Sat. Count Rate @12 keV 30 or 600 Mcps -
Largest Pixel Number 20.2 Mpixel
System Image Area 325 x 363 mm

February 6th, 2024
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CITIUS architecture choice [Hatsui PIXEL2022] <>

Fully exploit CMOS image sensor process/circuitries

- N
* Integration-type pixel  (2)

- 70 um sguare pixel |
Chip level 3T-type circuit x
On-chip ADC \\‘ ?%
o Benchmark on performance / power dissipation (techno of 2014) °TEI.m_
Vertical signal lines v
o Massively parallel

Single Column structure
s

Global shutter operation

Multi-gain pixel circuitry without switching
o Similar to lateral overflow scheme
o No charge amplifier
o Gain selection at the periphery

Pixel :
Sensor: Silicon 3

Radiation hard pixel design \ 120 ADCs/column J
1) SPring-8 Il CDR with updated values
2)T. Hatsui, presented at iWorid (June. 2014)

Power consumption: 3.6 uW/pixel
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SPring._8

CITIUS: demonstrated performances . =
(not exhaustive) @/

Frame Rate of 17.4 kHz demonstrated in XPCS experiments

BL29XU EH3 in July 2021 |
XPCS @ 8 keV 40 Mph/s/pixel at 8 keV 100

Photon flux: 2x10° ph/s
Direct beam was also detected

W
un

P"
o
I

>
M
300 2.53.
<
CITIUS: 400 =
Pixel Number: 280 kpixels 500 1.5
Frame rate: 17.4 kframes/s Er
Frame Cycle: 57.5 ps 600 1.0™
700 0.5
Sample:
Silica (100 nmd, 28.8 wt%) in MEK + PE| + MeOH (66.8, 3.9, 0 200 0.0

0.5 wt%) in 0.5 mm capillary
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CITIUS: demonstrated performances [Hatsul ULITIMAZ023] C?./

(not exhaustive) 4
SACLA

Count rate capability and linearity

BL29XU Sl b d h fthe b
it pattern observed at the extremity of the beam pipe
E =10 keV P Y PP
. . . . . 0 109
Slit to CITIUS: 15 m / Slit size: 20x20 um Edge of the
- 8 to 9 order of magnitude observed inside a single chip vacuum pipe 108
Photon Energy = 10 keV The most intense .
— 1200 ; pixel : 590 Mcps 10
8 945 Mcps/pixel & ]
) \ a4 1058
T 1000} a
S 20 2
g 1053
1]
G 800F Single g
§ photon 0 104§
4 o
-§_ 600r Edge of the S
. 1032
B vacuum pipe o )
$ 400}
‘0-.; 102
© 600
© 200t
()] 101
Q
£
=] . : . 700
= % 200 400 600 800 1000 1200 10°

Number of Input photons per second [Mcps]

Linear response observed up to ~ 1 Geps/pixel
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CITIUS 20.2M for SACLA: deployment status C?/
[Hatsui ULiITiIMA2023] v

CITIUS 20.2M to be integrated to SACLA
= 20.2 Mpixel @ 60 frames/s
=  Total 1.5 kW/camera head
=  About 30,000 components/system
o 72 sensors (good yield demonstrated)
o composed of 8 subsystems
o 2.52 Mpixel/subsystem

General layout of CITIUS 20.2M

Dedicated Data Acquisition System
= Feasibility study with 580k and 2.52 Mpixels are in
progress
= Data flow management is under study (‘data deluge’)

Schedule
= Assembly and testing of the 1st subsystem were completed
in July 2023

= -l‘ . \ _‘
Mechanical Model under thermal testing

=  User operation in 2024
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Summary and future plans

Detectors plan

SPrins-: 8

= CITIUS camera variants are under assembly and are planned to be deployed progressively for various
experiments in SPring-8 and SACLA (e.g. SFX on XFEL, WAXS, ptychography, etc)

= CITIUS is under discussion for several beamline upgrades

=  Other ‘commercial’ detectors are also under evaluation tests (with high-Z material for the sensor part)

Upgrade of SPring-8 = SPring-8-ll and beyond

FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
ﬁ:ﬁg&r&ed Development and construction ‘_} SPring-8- 1I
development (4 years) open to public

(Shutdown period: ~ 1year)

=  SPring-8-1l will be a 6 GeV storage ring-based light source with 50 pmrad
horizontal emittance

= After the SPring-8-11 will come SACLA-II, with 100 times more rep-rate
than the present SACLA

February 6th, 2024 XDEP Workshop / F. Orsini

[T. Ishikawa, SPring-8-11 Symposium,

/‘\ August 2023]
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https://new.spring8.or.jp/
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SACLA

Thank you for your attention
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