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Fig. 1. Hardware structure diagram of timing system: This timing system consists of two parts, namely WR timing system and di-

gital delay pulse generator. The DDG receives signals from the WR timing system, and then distributes trigger signals with specific

timing relationships to the devices that require timing. GPS, global positioning system; PPS, pulse per second.
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Fig. 2. XFEL single-shot imaging devices connection schematic: The trigger signal with specific timing relationships is distributed to
the X-ray detector and the motor controller via the BNC505, used to synchronize the XFEL pulses. The trigger output signal from
the X-ray detector is used to control the switching time of the X-ray shutter.
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Fig. 3. XFEL single-shot imaging working sequence diagram: The time delay between the external trigger input and the
BNC505 trigger output is determined by the inherent switching time of the shutter. The operation of the X-ray shutter ensures that

only one XFEL pulse interacts with the sample during the detector’s exposure time, preventing additional pulses from damaging the

sample and the detector.
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Fig. 4. Results and analysis of single-shot coherent diffraction imaging. (a) A membrane with holes after the single-shot experiment.

The hole is caused by ionization of gold nanoparticles SizN, window deposited by a single XFEL pulse hit. Scanning interval of

50 pm is used. (b) Single-shot diffraction pattern of a hexagonal gold nanodisks. (c) Reconstructed image from (b), from 1000 inde-

pendent reconstructions, the 100 groups with the smallest error were chosen to calculate the average value. (d) The PRTF curve

dropping below 1/e as the grey dashed line shows, the half-period resolution is 22.1 nm.

120701-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024)

120701

RSk PR M E A 45 Rt — 2P Bl T B E I 3R
BiBENSSCEL SXFEL Hfiiknh s,

4 % @

ARICTEAAN BT SXFEL B ik w14 5 i
BT A SE B B2 . CST AL 58 ¥ R I WR il DDG
(BNC505) I 7 I 2 48 5 58 W] 52 B 50 Hz (1 FLJik
% . B RS2 0 8 T RE R i T Al X G
LR ] 42 T R 8 R E AR Y XFEL ko,
E B0 o A0 IR SRR S B . R O8I R SR AE
SXFEL 1 CSI S50 ui#E 17 T XFEL 5 ik vp B4
SCHY. AR A SRR, SR E R R R
0 b 42 ) i 5 st A 5 AL 48 1 B ] P 3 8 O ok
54 5 L R RE A S [) R AT A R R A, S
P SXFEL B ik mfif%. WR #1 BNC505 %311 E
B R 400 SXFEL HK i sl iR SC st 17 OCHEn
ARICHE, PRSI R HERPE | ATREVE. X T7E SXFEL
TE R Ak S2 56 HoA AR L, WHETF SXFEL
PRk pp ST R ATVR R A2 E 1 S

Sk

[1] Fan J D, Jiang H D 2012 Acta Phys. Sin. 61 218702 (in
Chinese) [JUZAR, LA 2012 P34 61 218702

[2] Sakdinawat A, Attwood D 2010 Nat. Photonics 4 840

[3] Zhou G Z, Tong Y J, Chen C, Ren Y Q, Wang Y D, Xiao T
Q 2011 Acta Phys. Sin. 60 028701 (in Chinese) [JH)GIR, 4&F
Z, BRhl, AT ER, RS, ERTE 2011 Pr3EE4R 60 028701

[4] Zhou G Z, Wang Y D, Ren Y Q, Chen C, Ye L L, Xiao T Q
2012 Acta Phys. Sin. 61 018701 (in Chinese) [, £ E T,
LR, Bl rEkEE, AT 2012 P34 61 018701]

[5] Thibault P, Dierolf M, Menzel A, Bunk O, David C, Pfeiffer
F 2008 Science 321 379

[6] Song C Y, Jiang H D, Mancuso A, Amirbekian B, Peng L,
Sun R, Shah S S, Zhou Z H, Ishikawa T, Miao J W 2008
Phys. Rev. Lett. 101 158101

[7] Jiang H D, Song C Y, Chen C C, Xu R, Raines K S,
Fahimian B P, Lu C H, Lee T K, Nakashima A, Urano J,
Ishikawa T, Tamano F, Miao J W 2010 Proc. Natl. Acad.
Sci. U. S. A. 107 11234

[8] Chapman H N, Barty A, Bogan M J, Boutet S, Frank M,
Hau-Riege S P, Marchesini S, Woods B W, Bajt S, Benner W
H, London R A, Plonjes E, Kuhlmann M, Treusch R,
Diisterer S, Tschentscher T, Schneider J R, Spiller E, Méller
T, Bostedt C, Hoener M, Shapiro D A, Hodgson K O, van der
Spoel D, Burmeister F, Bergh M, Caleman C, Huldt G,
Seibert M M, Maia F R N C, Lee R W, Sztke A, Timneanu
N, Hajdu J 2006 Nat. Phys. 2 839

[9] Neutze R, Wouts R, van der Spoel D, Weckert E, Hajdu J
2000 Nature 406 752

[10] Thm Y, Cho D H, Sung D, Nam D, Jung C, Sato T, Kim S,
Park J, Kim S, Gallagher-Jones M, Kim Y, Xu R, Owada S,
Shim J H, Tono K, Yabashi M, Ishikawa T, Miao J, Noh D
Y, Song C 2019 Nat. Commun. 10 2411

[11] Gaffney K J, Chapman H N 2007 Science 316 1444

[12] Miao J, Ishikawa T, Robinson I K, Murnane M M 2015
Science 348 530

[13] Hidvegi A, Gessler P, Rehlich K, Bohm C 2011 IEEE Trans.
Nucl. Sci. 58 1852

[14] YeY,LiH, Li J, Yan Y, Yu P, Gong G 2022 J. Instrum. 17
T09009

[15] Fan J D, Tong Y J, Nie Y G, Gao Z C, He B, Luan H, Lu D
H, Zhang J H, Zhang D F, Yuan X Y, Chen J H, Guo Z, Liu
T, Zhang M, Feng C, Deng H X, Liu B, Zhao Z T, Liu Z,
Jiang H D 2022 Nucl. Sci. Tech. 33 114

[16] MFR homepage, http://www.mrf.fi/ [2024-4-11]

[17) Kim C, Baek SY, Kang H S, Kim J, Kim K W, Ko I S, Mun
G, Park B R 2015 Proceedings of the 15th International
Conference on Accelerator and Large Experimental Physics
Control Systems Melbourne, Australia, October 17-23, 2015
P79

[18] Kalantari B, Biffiger R 2017 Proceedings of 16th
International ~ Conference on  Accelerator —and  Large
Experimental Physics Control Systems Barcelona, Spain,
October 8-13, 2017 p232

[19] Krejcik P, Akre R A, Allison S, Browne M, Dalesio L R,
Dusatko J E, Frisch J C, Fuller R, Gromme A E, Kotturi K
D, Norum S, Rogind D, White W E, Zelazny M 2007
Proceedings of the 8th European Workshop on Beam
Diagnostics and Instrumentation for Particle Accelerators
Venice, Italy, May 20-23, 2007 p373

[20] WR homepage, https://white-rabbit.web.cern.ch/ [2024-4-11]

[21] Yu P G, Yan Y B 2023 Nucl. Electron. Detect. Technol. 43
923 (in Chinese) AW, IWLE 2023 #ZH T2 HEMEAR 43
923]

[22] Yan Y B, Chen G H, Gong G H, Gu J L, Jiang Z Y, Xiao Q
W, Ye Y M, Yu P X, Zhao L 2022 Proceedings of the 13th
International Particle Accelerator Conference Bangkok,
Thailand, June 12-17, 2022 p2415

[23] Yu C L, Zhao H, Hu S M, Ding J G 2019 Nucl. Tech. 42
040102 (in Chinese) [T-#H75, B, BI<FH, THME 2019 #
A 42 040102]

[24] Tong Y J, Fan J D, Nie Y G, Guo Z, Gao Z C, Yuan X Y,
He B, Chen J H, Zhang D F, Luan H, Zhang J H, Lu D H,
Xie M H, Cheng P, Feng C, Liu T, Deng H X, Liu B, Liu Z,
Jiang H D 2022 Front. Phys. 10 977957

[25] Park J, Eom I, Kang T H, Rah S, Nam K H, Park J, Kim S,
Kwon S, Park S H, Kim K S, Hyun H, Kim S N, Lee E H,
Shin H, Kim S, Kim M J, Shin H J, Ahn D, Lim J, Yu C J,
Song C, Kim H, Noh D Y, Kang H S, Kim B, Kim K W, Ko I
S, Cho M H, Kim S 2016 Nucl. Instrum. Methods Phys. Res. ,
Sect. A 810 74

[26] Rodriguez J A, Xu R, Chen C C, Zou Y, Miao J 2013 J.
Appl. Crystallogr. 46 312

[27] Shapiro D, Thibault P, Beetz T, Elser V, Howells M,
Jacobsen C, Kirz J, Lima E, Miao H, Neiman A M, Sayre D
2005 Proc. Natl. Acad. Sci. U. S. A. 102 15343

[28] Chapman H N, Barty A, Marchesini S, Noy A, Hau-Riege S
P, Cui C, Howells M R, Rosen R, He H, Spence J C H,
Weierstall U, Beetz T, Jacobsen C, Shapiro D 2006 J. Opt.
Soc. Am. A 23 1179

120701-6


https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.7498/aps.61.218702
https://doi.org/10.1038/nphoton.2010.267
https://doi.org/10.1038/nphoton.2010.267
https://doi.org/10.1038/nphoton.2010.267
https://doi.org/10.1038/nphoton.2010.267
https://doi.org/10.1038/nphoton.2010.267
https://doi.org/10.1038/nphoton.2010.267
https://doi.org/10.1038/nphoton.2010.267
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.60.028701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.7498/aps.61.018701
https://doi.org/10.1126/science.1158573
https://doi.org/10.1126/science.1158573
https://doi.org/10.1126/science.1158573
https://doi.org/10.1126/science.1158573
https://doi.org/10.1126/science.1158573
https://doi.org/10.1126/science.1158573
https://doi.org/10.1126/science.1158573
https://doi.org/10.1103/PhysRevLett.101.158101
https://doi.org/10.1103/PhysRevLett.101.158101
https://doi.org/10.1103/PhysRevLett.101.158101
https://doi.org/10.1103/PhysRevLett.101.158101
https://doi.org/10.1103/PhysRevLett.101.158101
https://doi.org/10.1103/PhysRevLett.101.158101
https://doi.org/10.1073/pnas.1000156107
https://doi.org/10.1073/pnas.1000156107
https://doi.org/10.1073/pnas.1000156107
https://doi.org/10.1073/pnas.1000156107
https://doi.org/10.1073/pnas.1000156107
https://doi.org/10.1073/pnas.1000156107
https://doi.org/10.1073/pnas.1000156107
https://doi.org/10.1073/pnas.1000156107
https://doi.org/10.1038/nphys461
https://doi.org/10.1038/nphys461
https://doi.org/10.1038/nphys461
https://doi.org/10.1038/nphys461
https://doi.org/10.1038/nphys461
https://doi.org/10.1038/nphys461
https://doi.org/10.1038/nphys461
https://doi.org/10.1038/35021099
https://doi.org/10.1038/35021099
https://doi.org/10.1038/35021099
https://doi.org/10.1038/35021099
https://doi.org/10.1038/35021099
https://doi.org/10.1038/35021099
https://doi.org/10.1038/35021099
https://doi.org/10.1038/s41467-019-10328-4
https://doi.org/10.1038/s41467-019-10328-4
https://doi.org/10.1038/s41467-019-10328-4
https://doi.org/10.1038/s41467-019-10328-4
https://doi.org/10.1038/s41467-019-10328-4
https://doi.org/10.1038/s41467-019-10328-4
https://doi.org/10.1038/s41467-019-10328-4
https://doi.org/10.1126/science.1135923
https://doi.org/10.1126/science.1135923
https://doi.org/10.1126/science.1135923
https://doi.org/10.1126/science.1135923
https://doi.org/10.1126/science.1135923
https://doi.org/10.1126/science.1135923
https://doi.org/10.1126/science.1135923
https://doi.org/10.1126/science.aaa1394
https://doi.org/10.1126/science.aaa1394
https://doi.org/10.1126/science.aaa1394
https://doi.org/10.1126/science.aaa1394
https://doi.org/10.1126/science.aaa1394
https://doi.org/10.1126/science.aaa1394
https://doi.org/10.1109/TNS.2011.2151205
https://doi.org/10.1109/TNS.2011.2151205
https://doi.org/10.1109/TNS.2011.2151205
https://doi.org/10.1109/TNS.2011.2151205
https://doi.org/10.1109/TNS.2011.2151205
https://doi.org/10.1109/TNS.2011.2151205
https://doi.org/10.1109/TNS.2011.2151205
https://doi.org/10.1109/TNS.2011.2151205
https://doi.org/10.1088/1748-0221/17/09/T09009
https://doi.org/10.1088/1748-0221/17/09/T09009
https://doi.org/10.1088/1748-0221/17/09/T09009
https://doi.org/10.1088/1748-0221/17/09/T09009
https://doi.org/10.1088/1748-0221/17/09/T09009
https://doi.org/10.1088/1748-0221/17/09/T09009
https://doi.org/10.1007/s41365-022-01103-0
https://doi.org/10.1007/s41365-022-01103-0
https://doi.org/10.1007/s41365-022-01103-0
https://doi.org/10.1007/s41365-022-01103-0
https://doi.org/10.1007/s41365-022-01103-0
https://doi.org/10.1007/s41365-022-01103-0
https://doi.org/10.1007/s41365-022-01103-0
http://www.mrf.fi/
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/ICALEPCS2015/papers/MOM306.pdf?n=ICALEPCS2015/papers/MOM306.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/icalepcs2017/papers/tucpl04.pdf
https://accelconf.web.cern.ch/d07/papers/wepc28.pdf
https://accelconf.web.cern.ch/d07/papers/wepc28.pdf
https://accelconf.web.cern.ch/d07/papers/wepc28.pdf
https://accelconf.web.cern.ch/d07/papers/wepc28.pdf
https://accelconf.web.cern.ch/d07/papers/wepc28.pdf
https://accelconf.web.cern.ch/d07/papers/wepc28.pdf
https://white-rabbit.web.cern.ch/
https://white-rabbit.web.cern.ch/
https://white-rabbit.web.cern.ch/
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://doi.org/10.3969/j.issn.0258-0934.2023.05.005
https://accelconf.web.cern.ch/ipac2022/papers/thiygd1.pdf
https://accelconf.web.cern.ch/ipac2022/papers/thiygd1.pdf
https://accelconf.web.cern.ch/ipac2022/papers/thiygd1.pdf
https://accelconf.web.cern.ch/ipac2022/papers/thiygd1.pdf
https://accelconf.web.cern.ch/ipac2022/papers/thiygd1.pdf
https://accelconf.web.cern.ch/ipac2022/papers/thiygd1.pdf
https://accelconf.web.cern.ch/ipac2022/papers/thiygd1.pdf
https://accelconf.web.cern.ch/ipac2022/papers/thiygd1.pdf
https://accelconf.web.cern.ch/ipac2022/papers/thiygd1.pdf
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.11889/j.0253-3219.2019.hjs.42.040102
https://doi.org/10.3389/fphy.2022.977957
https://doi.org/10.3389/fphy.2022.977957
https://doi.org/10.3389/fphy.2022.977957
https://doi.org/10.3389/fphy.2022.977957
https://doi.org/10.3389/fphy.2022.977957
https://doi.org/10.3389/fphy.2022.977957
https://doi.org/10.3389/fphy.2022.977957
https://doi.org/10.1016/j.nima.2015.11.147
https://doi.org/10.1016/j.nima.2015.11.147
https://doi.org/10.1016/j.nima.2015.11.147
https://doi.org/10.1016/j.nima.2015.11.147
https://doi.org/10.1016/j.nima.2015.11.147
https://doi.org/10.1016/j.nima.2015.11.147
https://doi.org/10.1016/j.nima.2015.11.147
https://doi.org/10.1016/j.nima.2015.11.147
https://doi.org/10.1107/S0021889813002471
https://doi.org/10.1107/S0021889813002471
https://doi.org/10.1107/S0021889813002471
https://doi.org/10.1107/S0021889813002471
https://doi.org/10.1107/S0021889813002471
https://doi.org/10.1107/S0021889813002471
https://doi.org/10.1107/S0021889813002471
https://doi.org/10.1107/S0021889813002471
https://doi.org/10.1073/pnas.0503305102
https://doi.org/10.1073/pnas.0503305102
https://doi.org/10.1073/pnas.0503305102
https://doi.org/10.1073/pnas.0503305102
https://doi.org/10.1073/pnas.0503305102
https://doi.org/10.1073/pnas.0503305102
https://doi.org/10.1073/pnas.0503305102
https://doi.org/10.1364/JOSAA.23.001179
https://doi.org/10.1364/JOSAA.23.001179
https://doi.org/10.1364/JOSAA.23.001179
https://doi.org/10.1364/JOSAA.23.001179
https://doi.org/10.1364/JOSAA.23.001179
https://doi.org/10.1364/JOSAA.23.001179
https://doi.org/10.1364/JOSAA.23.001179
https://doi.org/10.1364/JOSAA.23.001179
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 12 (2024) 120701

Design and implementation of timing system for single-shot
imaging at Shanghai soft X-ray free-electron laser”
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Abstract

X-ray free-electron laser (XFEL), as a novel advanced X-ray light source, has excellent properties such as
ultra-high brightness, ultra-shot pulse duration, and full coherence. The coherent X-ray diffraction imaging
(CDI) has a lot of advantages at high resolution and quantitative imaging compared with the traditional lens
based X-ray imaging methods. By combining the excellent properties of XFEL and advantages of CDI, the
single-shot imaging has been realized, based on the concept of “diffraction before destruction”. Shanghai soft X-
ray free-electron laser facility (SXFEL) is the first XFEL facility operated at the X-ray wavelength in China.
The coherent scattering and imaging (CSI) endstation is the first commissioned endstation at SXFEL, focusing
on the high spatiotemporal imaging for nano materials and micro materials by using a single-shot imaging
method. To realize the single-shot experiment at XFEL, especially for single-shot imaging, the timing system
plays a crucial role in ensuring the operation of the equipment in sequence. This paper introduces the design
and implementation process of SXFEL single-shot imaging timing. The timing system is implemented with
White Rabbit (WR) and digital delay and pulse generator (BNC505). Single-shot imaging is realized by
synchronously moving the sample scanning stages and X-ray shutter to select a single pulse to illuminate the
sample. At the same time, the X-ray detector is triggered with the timing system to record the single-shot
diffraction pattern. During debugging, a gold nanodisks each with a side length of approximately 300 nm and a
thickness of about 30 nm, as test samples, are imaged at the CSI endstation. The nanodisks are uniformly
dispersed on SizN, membranes for single-shot imaging. Because of the ultra-high peak intensity at the focus
spot, the samples and membrane are ionized for each XFEL pulse shot. A raster scan is performed on the
membranes at intervals of 50 pm to update the sample. With the timing system and X-ray shutter, single-shot
diffraction patterns can be recorded by using an X-ray detector. From the image of the SisN; membrane after
raster scanning, the ionized holes with an interval of 50 um can be recognized. Finally, phase retrieval is applied
to the single-shot diffraction pattern to obtain a real-space image of the sample. The resolution of the
reconstructed image is estimated by calculating the phase-retrieval transfer function (PRTF). With a citation of
the PRTF curve dropping below 1/e, the spatial frequency cutoff is determined to be 22.6 um !, corresponding
to a half period resolution of 22.1 nm. The results show that the designed timing system can accurately control
the time sequence of the imaging process, meeting the requirement for single-shot imaging within 50 Hz at
SXFEL.

Keywords: coherent X-ray diffraction imaging, X-ray free electron laser, single shot imaging, timing system
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