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4 % SOI vy —Hiffi#FIH L 7z SOPHIAS (Silicon-On-
Insulator Photon Imaging Array Sensor) #H %1 % 20094F
ITHEE LR D TE /o, P TRBEMSHICAL Ty
% MPCCD # i 25 OBEEIC DWW TN 5,

XFEL FIHEBR TR ARG ERAF—ADPREINT
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WCHATE ORISR T Ty F 7 — L% THI LICL
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T IEEHL o NlokEGEAEHAL, ab—L v FE
PrERMEE - MU NS SRS R 7 K ORI, W—t v
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Table 1 Specifications and Achieved Performance of Multiport

CCD sensor
Description Achieved Unit
Pixel size 50 x50 um
Pixel Number 1024 x 512 —
Imaging Area 51.2%25.6 mm?
Sensing Material Epitaxial Silicon —
Sensing Layer Thickness 50 um

Sensor Structure
Image format

Front-illumination
Full Frame Transfer

Operation Temperature!) 0~-30 ‘C
Quantum Efficiency 80 9% @6 keV?)

20 % @12 keV
System Noise <300% e ¥

0.18 photons@6 keV#
Peak Signal® 2500-3000 photons/pixel @6 keV
4.1-5.08 Me~ /pixel

Radiation Hardness >1.6x10" photons/mm?@12 keV
Frame Rate” 60 Hz
Pixel Readout Speed?” 5.4 MHz
Readout Port 8 —
Dark signal 600 ke~ /pixel/sec@20°C

DSensor should be operated below —20°C in order to suppress the
radiation induced leakage. 2 The detection layer is epitaxial silicon
with a thickness of 50 um. ¥ Typical noise performance is 130-230 e-
rms. Yin rms. YFull well capacity. ® Performance is lot dependent. 7
Sensors are currently operated at the reduced frame rate of 30 frame
/sec with 3.3 MHz pixel readout.
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BOFAH LR —F 2 BAFNCHAM T C & T60 fps 5
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phase [ ¥ v ¥ — 3 Z=RIGME L V-V 552 EEIH
Fit e o TV A0, BIRIVF— X FREK CTORRE
ICHEMD B, 22T, BREEZ50 um 2> 5300 um ~NJE <
T AT LI &0 BRI 2 giE L /- phase ITI v —%
BIFEL Tk D, 2013 FEICBABOTETH S, Ch
IZ & D 12keV TO®ET4h3 (L phase I 1D20% 7> 570% ~
WEI N5,
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T2 IR SN T —Y —IHR LICY 7V 2 4 LA TE
ransb (LiveView),

YUY —EY 12— VDIE A Fig. 210" T, TV —K
EOTHEICA VN—F 2 EE L, SHICA /=Ty
7 XD Y —PIMUANR D RS & 7> T b, O
DOHEEIC & - T, vy —aRilJjm & F077 m O 5 )
KB EFHEDL LN TED, BEBBHO8 >OL YV
=% W7o g (MPCCD Octal-Sensor Detector) %
Fig. 2c i7" 9, Z ORI TIEARIIC AL X fj/ /A
LA PIRICE S RABT TR, OV A XeE—X —
CEOHET 2 ERTRETH S, i, EVvd—nb
DOEMICEKMEL L OSFHOTVFV TV r—T e
BFHT A ETERL T 5,

MPCCD i Em A MO 4B E &k (MOS) K
WEERFFEOT VY —D, —MIC X FRREITH A A
BIREW, 22T, FH X HRESEY % 1.6 X 101 photon/
mm? » HE LRAEL VT — 122 T AR % 47 - 72
& 2%, XFELH®BOBEITY — 7 BIROWEAK L
JBOWEIC L BBIEEEDY 7 P32/ Y —DFa & HliR
THIEEHOPIC L7, TORREY S LICE 7 VS
il L e kK v — s Lo s 2, 1EHOBE
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Fig. 1 Schematic of module layout for MPCCD octal-sensor detector. Each sensor is connected to a DAQ-frontend
board via a readout board, where the analog signals are converted to digital data. All the data are sent to the
storage system via data-handling and storage servers. Cached data on the data-handling servers are also transmit-
ted to an event-building server, and reconstructed to arrayed data, which is displayed on the user terminals.

Fig. 2 Examples of MPCCD sensor array for 1024 x 1024 pixels (a)
and 512 x 2048 pixels (b). Sensor is mounted onto an invar
packaging block with an overhang assembly. The MPCCD
sensor package with 4-side buttable modular design allows
wide range of array formats. The 8 sensor array with 2048 x
2048 pixels in operation at SACLA is shown (¢). The central
hole is used to deliver the direct x-ray beam downstream,
where another MPCCD detector is positioned to detect ultra-
small angle scattering.

XRgEri O To2EEEASIL v 2 LR
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Equivalent to the noise
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Fig. 3 Leakage current measured for a MPCCD Phase I sensor af-

ter x-ray irradiation of 1.6 x 10'4 photons/mm? at the photon
energy of 12 keV, which is a presumed annual x-ray dose at
SACLA. Radiation induces larger leakage charge by 230
times. In order to keep the single photon sensitivity, the leak-
age induced noise should be less than 100 e~ rms, which cor-
responds to the leakage current of 6 X 105 e~ /pixel/sec. This
will be achieved by cooling the sensor down to —20°C.
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% EH2TByte DETF— 2o nsbt, COXDEKE
DF— 2 I HEBRI A ZW 9 5 O EHE Cld v, £
Trun 5 — X %47 vHa—F458IC1E, F55ENH
W7 U — DR %R 5T ¥ OBRE % O low-level 7
4 IR =TT, FFCHEE LT SVADT =2 DR
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SACLA DAQ System
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Fig. 4 Functional Schematic of SACLA Data Acquisition (DAQ) System. Data from all the detectors as well as the mo-
tors positions are labeled with the tag number of the associated XFEL pulse, and stored into the SACLA DAQ
system. The shot data can be fetched from user terminals. Real-time monitoring scheme called LiveView dedicat-
ed to the real-time monitoring of the waveform and image is also available. Users can download the datasets of
the specified experimental runs after low-level filtering.
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User PCs &
Instruments
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Fig. 5 Overview of the SACLA DAQ system. Data from the detectors are first transmitted to the DAQ frontend, and
pooled on the memory of the data-handling servers. These data are securely saved into the high-speed disk cache
of the storage system. High-level filtering and pre-analysis of the data are carried out on a PC cluster, The super-
computer ‘‘K computer’’ is connected via networks so that on-line analysis of the experiment will be feasible.
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6. Detector, Data Acquisition System,
Instrument Control, and Data Analysis
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'RIKEN Harima Institute, RIKEN, 1-1-1, Sayo, Sayo-cho, Hyogo, 679-5148

2Japan Synchrotron Radiation Research Institute, 1-1-1, Sayo, Sayo-cho, Hyogo, 679-5198
SInstitute for Molecular Science, National Institutes of Natural Sciences,

38 Nishigo-Naka, Myodaiji, Okazaki 444-8585

Abstract SACLA generates intense femtosecond X-ray laser pulses by SASE mechanism. Each X-ray pulse
is so intense to induce the frequent specimens damage, which demands the shot-by-shot data acquisition syn-
chronizing with the pulse X-rays. This system also enables the post analysis to correlate the obtained data and
the pulse fluctuation inherent in SASE XFEL. In this report, we summarize the development of the detectors
and data acquisition system. The raw data stream becomes maximum 2 TB/hour at SACLA. The current sta-
tus of the development for large-scale data analysis is also addressed.
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