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SACLA:
An X-ray free-electron laser facility at SPring-8 site

XFEL @SPring-8

Experimental hall
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Coherent X-ray Imaging

Coherent X-ray Imaging at SACLA with MPCCDs

Target sample

MCOctaI Sensor Detector




Detector requirement

Features of XFEL experiment signal

FEmge: 2D wide
second X-ray
pulse angle

— Detector requirement —

e Fast readout

e Large dynamic range
for single shot

e Large sensitive area
e Radiation hardness




MPCCD
(Multi-Port Charge Coupled Device)

- Requirements

Multi-port readout

e Fast readout

e Large dynamic range
v" Single photon detection
v" Large peak signal

Readout parameters

Pixel readout: 5.56 [ MHz / port ]
(180 nsec)

Line transfer time: 3.2 [ usec]

I 60 [Hz]

<16 [msec / frame] - (16.6msec)

}Q Sensor specification

Pixel size: 50 [um]

Image format: 512 x 1024 [pixel]

Peak signal: ~¥2700 [photon@6keV]
System noise: ~0.18 [photon@6keV]



Readout electronics

Required dynamic range(Peak signal; 5Me-, readout noise; 110e-)

= 15~16 bit

* video chain for MPCCD: Schematic for a readout port
— Frame rate: 30Hz (Pixel readout: 3.3MHz)

on-chip Amp
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Event Number [DN ']

MPCCD performance:
Noise and Peak signal

- Detector performance

* System noise: < 250e-
(<0.18[photon @ 6 keV])

* Peaksignal: >3.5Me-
(2100 [photon @ 6 keV])

Single photon Detection
Fe55 (5.9keV)
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MPCCD detector family

+ HRAGRBRICHICT 2EHEH P —HASEICLIRHBZRE
— Single(MPCCD x1), Dual(MPCCD x2), Octal(MPCCD x8)

Single detector Dual detector
54.6 x 26.2 mm? 54.6 x 52.1 mm?




MPCCD detector family

Octal detector Octal detector

~110 x 110 mm? (Short Working Distance)
110 x 110 mm?




Operation status

1) —RXB#

— Singlef®H 38: 48

— DualfEHizs: 28

— Octalf&Hi28: 38 (Octal x2. SWD x1)
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Sensor synchronization
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Clock 100MHz x8

( Trigger 20Hz
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Detector calibration
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Background drift
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Inter-port crosstalk

R—rEoOXN—2
« BR—FERZA DAL
—EER—MEOIOR NI X

(7EIZI~—7>*<TJ% A
- ZRLUEEIHE B
BRIV EHDEEZ N
BEiEAR—rE IO N—2

| MPCCD Image |

700 101
690 !
680 801

670

2000-2500 ppm
\_ PP

J
L )
VI T7X¥)IL—13y
g B R—MREITD ., VT FILRBEIZE
Ci=V0X—V4#EIEZE
BEEAR—ME IO R—2

<100 ppm
N\

J

660 601
650
640 ke 401
630

’ 201
620
610

0
6000 20 40 60 80 100 120
| Corrected Image | ‘

700 - 101
690 oo !
680 [ 801

670
660 et 601
650
640

630
620

610

6000 20 40 60 80 100 120



Detector upgrade
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Summary

SACLA XFELAA#R 28 DRI FE - BiEDIRIK
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Target performance | Current performance
Frame rate 60Hz 30Hz
System noise 300e- < 250e-
Peak signal 4.4Me- > 3.5Me-
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