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Fig. 1. Schematic diagram for FZP’s imaging.
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Fig. 2. Spatial resolution of X-ray imaging by FZP versus
incident light spectral bandwidth under different source

sizes.
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Fig. 3. Extended source model and its imaging results: (a) Extended source model; (b) image of extended source by FZP;

(c) intensity distribution along y, axis in panel (b); (d) intensity distribution near y, = 0 in panel (c).
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Fig. 4. Spatial resolution in the field-of-view center and

image contrast versus the size of extended source.
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Fig. 8. Images of 3 mm-diameter source for different spectral bandwidth, and the corresponding intensity distribution along z, axis:

(a) w=0.5%; (b) w=1.5%; (c) w=8%; (d) w=12%.
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Fig. 9. Experimental results for spatial resolution and
image contrast in the field-of-view center versus spectral
bandwidth.
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Fig. 10. Experimental results for spatial resolution and
image contrast in the field-of-view center versus extended

source size.


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

¥ 12 Z R Acta Phys. Sin. Vol.

68, No. 3 (2019) 035202

ARSCAE AT WL Bt 9™ LIRS 5 A
G SEXT FZP R A2 W BEAT T RU(E RN,
FIEAT TR IR, Z5AR I B YT OIS
34N, A7 S B 2 R RE T AR ANE TR L
FEREAR. SRR ASDERAT — ik sen, B
A OCIEH TE RGN, Bl b e i 50 BERE T ARG L
JE [ PG, SR A5 AR SE T AUH AU EE R,
1 H S RS R A i BT S A A SRt
PRSP AT RO 258 5 Z A X BT FZP R
TREE R AL — 0, AR R AR T i
AT, AR AR FZP X ROCIRBUR AN, 1
PR RICIR ST, Rl BRI A SR EE
SRS B s 2 3 A X O E B B AT AT Y.

PRI IR | K B 1E X STAOR B AR, = s et
SEH MR TAE, fE I — 20

Sk

[1] Lindl J D, Amendt P, Berger R L, Glendinning S G, Glenzer
S H, Haan S W, Kauffman R L, Landen O L, Sute L J 2004
Phys. Plasmas 11 339

[2] Fujioka S, Shiraga H, Nishikino M, Shigemori K, Sunahara A,
Nakai M, Azechi H, Nishihara K, Yamanaka K 2003 Phys.
Plasmas 10 4784

[3] Xu P, Bai Y L, Liu B Y, Ouyang X, Wang B, Yang W Z,
Gou'Y S, Zhu B L, Qin J J 2012 Appl. Opt. 51 7820

[4 HouL F, Wei M X, Yuan Y T, Yi T, Zhan X Y, Yi R Q,
Yang G H, Liu S Y, Jiang S E 2013 High Power Laser Part.
Beams 25 2313 (in Chinese) [E37 &, F, Bk, 5%,
BET, HoeiE, Rk, X, TR 2013 S0 SR TR
25 2313)

=

(10]
(1]

(12]

(16]

[17]

(18]

(19]

(20]

035202-7

Marshall F J, Bennett G R 1999 Rewv. Sci. Instrum. 70 617
Aglitskiy Y, Lehecka T, Obenschain S, Bodner S, Pawley C,
Gerber K, Sethian J, Brown C M, Seely J, Feldman U,
Holland G 1998 Appl. Opt. 37 5253

Koch J A, Aglitskiy Y, Brown C, Cowan T, Freeman R,
Hatchett S, Holland G, Key M, MacKinnon A, Seely J,
Snavely R, Stephens R 2003 Rev. Sci. Instrum. 74 2130

YiS Z, Mu B Z, Wang X, Jiang L, Zhu J T, Wang Z S, Fang
Z H, Wang W, Fu S Z 2012 High Power Laser Part. Beams
24 1076 (in Chinese) [(F2&4R, 5, T8, ¥, Kailg, T
Al JPEME, E45, MEA 2012 SREOE SR TR 24 1076]
Chao W, Kim J, Rekawa S, Fischer P, Anderson E H 2009
Opt. Express 17 17669

Young M 1972 J. Opt. Soc. Am. 62 972

Wang X F, Wang J Y 2011 Acta Phys. Sin. 60 025212 (in
Chinese) [EBJr, EfT 2011 P34 60 025212]

Cauchon G, P-Thomasset M, Sauneuf R, Dhez P, Idir M,
Ollivier M, Troussel P, Boutin J Y, Le Breton J P 1998 Reu.
Sci. Instrum. 69 3186

Azechi H, Tamari Y 2003 J. Plasma Fusion Res. 79 398

Dong J J, Cao L F, Chen M, Xie C Q, Du H B 2008 Acta
Phys. Sin. 57 3044 (in Chinese) [EHZE, W&HIE, MRk, BHH
T, AAEIK 2008 PIELEAR 57 3044]

Chen X H, Wang X F, Zhang W W, Wang W H 2013 Acta
Phys. Sin. 62 015208 (in Chinese) [, F BTy, 50,
TE3CE 2013 WIFI=AAR 62 015208]

Zhang W W, Wang X F 2014 High Power Laser Part. Beams
26 022003 (in Chinese) [5K#18, ELEJT 2014 MFOL SR TR
26 022003]

Chen L M, Liu F, Wang W M, Kando M, Mao J Y, Zhang L,
Ma J L, Li Y T, Bulanov S V, Tajima T, Kato Y, Sheng Z
M, Wei Z 'Y, Zhang J 2010 Phys. Rev. Lett. 104 215004
Powers N D, Ghebregziabher I, Golovin G, Liu C, Chen S,
Banerjee S, Zhang J, Umstadter D P 2013 Nat. Photon. 8 28
Yu D Y, Tan HY 1999 Engineering Optics (Beijing: China
Machine Press) pp249—250 (in Chinese) [BBif4R, #RfHIE 1999
TR (dbnt: MU Tl i) 55249— 25001

Attwood D (translated by Zhang J) 2003 Soft X-rays and
Extreme Ultraviolet Radiation: Principles and Applications
(Beijing: Science Press) p354 (in Chinese) [F/4#¢fifE D 2% (5K
A% 1E) 2003 BRXETL 5 M 5 AN Y S BRAIN T (AL B2y
HpRAL) 2535470


http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1063/1.1622951
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.1364/AO.51.007820
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://doi.org/10.3788/hplpb20132509.2313
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1063/1.1149312
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1364/AO.37.005253
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.1063/1.1537448
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://doi.org/10.3788/hplpb20122405.1076
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/OE.17.017669
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.1364/JOSA.62.000972
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://doi.org/10.7498/aps.60.025212
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1063/1.1149082
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.1585/jspf.79.398
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://doi.org/10.7498/aps.57.3044
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://doi.org/10.7498/aps.62.015208
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://doi.org/10.3788/HPLPB201426.022003
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1103/PhysRevLett.104.215004
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
http://dx.doi.org/10.1038/nphoton.2013.314
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 Z 3R Acta Phys. Sin. Vol. 68, No. 3 (2019) 035202

Influence of source size and spectral bandwidth on
the imaging of a zone plate
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Abstract

Direct X-ray imaging by a Fresnel zone plate (FZP) has achieved a spatial resolution of 10 nm on a
synchrotron beamline. It may be used to obtain submicron-resolution X-ray images of laser-plasma sources or
fusion targets. However, none of previous imaging experiments with laser-plasma kilo-elelctron-volt X-ray
sources shows such a high resolution. In comparison with the FZP imaging on a synchrotron, we consider a case
of imaging an extended object with a laser-plasma X-ray source that the illumination monochromaticity is lower
and the field of view larger. Our simulations show that the spatial resolution is affected by both the object size
and the spectral bandwidth of the source, which can explain the previous experiments. We conclude that by
using a 100-zone FZP to image an object with up to 700 pm in size, a spatial resolution better than 1 pm can be
realized by using X-rays of several kilo-electron volts and a spectral bandwidth just less than 3%. In this paper,
we report a proof-of-principle study in simulation and experiment in an optical range centered at 632.8 nm. The
simulation is performed with the same method as that previously used for X-ray imaging but with a 100-zone
FZP working in the optical range. Simulations show that with the increase of the object size, the field-of-view
contrast is degraded, but the spatial resolution is nearly unchanged. With the increase of the spectral
bandwidth for the illumination, both the contrast and the resolution are degraded. In the experiments, different
spectral bandwidths are realized by band-pass filters and different object sizes by an adjustable aperture. The
experimental results are confirmed to be in agreement with the simulations. These results reveal that given a
satisfied spectral bandwidth of laser-plasma X rays, the FZP imaging will be a promising approach to 1 um or

higher resolution X-ray imaging of a 1-mm-size object.
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