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Abstract

With the emergence of a new generation of synchrotron radiation science devices, it is possible to
obtain high-quality X-ray light sources. X-ray microscopic imaging technology is widely used in
material science, life science, environmental science and other fields. As the core element of fo-
cusing and imaging in X-ray microscopic imaging system, Fresnel Zone Plate (FZP) has attracted
more and more attention in the methods of preparation and performance improvement. In this
paper, the basic concepts, main types and application fields of FZP are introduced. Based on these,
the current research and progress in the fabrication of FZP at home and abroad are reviewed. Fi-
nally, the bottleneck of the development of FZP is summarized. It is pointed out that the multilay-
er-film-slicing method is ideal for the preparation of hard X-ray FZP. And the relevant research is
urgently carried out in our country.
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Figure 1. Schematic diagram of a full-field X-ray transmission microscope
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Figure 2. Structure of X-ray FZP (a) and schematic of focused X-ray (b)
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Figure 3. Three structures of X-ray FZP
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Figure 4. Process flow of fabricating FZP by electron beam lithography
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Sergey Gorelick [27]F1 Y. T. Chen [28)f 5t 2@ ik ) Ho 7 W RE 6 T2 S 8tAk, il 2% e v
IRAMNRGE B4 30~70 nm, {5 FE AIIA 450~1100 nm, & 96 FLiORZ)N 16, X St 2kRE R TE N 2.8~13.2 keV,
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Figure 5. SEM images of Au FZPs [26]
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W, 5 AN HER G, TETALE N 19%. Istvan Mohacsi 25 A[35]FREFI I HER 715, K G RO F
BEAT B, P T AT . HOTiE e SR BT O G ZIAIAR s T A% 20 3 GBI ALk
W RIEIEPAN BT HES, AT 6 BT . Wil 6 R X STERREEN 6.5 keV B, 6 B
By B AT BCR A 53.7%, (HiRAMNETEEECR, 4 200 nm.

Weilun Chao %5 AR UOGZIFE AR, SCHLEDEAG#HES], Jef5scl 7 sAb RN 15 nm [36]F1 12
nm [37]3H F IHl &, Wi 7 R, s g 3 2.5, X BRI RE R FEITE 4K X S 2R3 B 0.6~0.8
keV, HTHRUEIBAK, 214 0.6%.

Figure 6. SEM image of the three-level nickel FZP (a) and the six-level FZP profile obtained
by stacking a three-level FZP with a binary FZP (b) [35]

6.3 iR FEY SEM El(a)lARK 2. 3 Bl B 6 ZE® H B REE (D) [35]
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(O KRR BIGNIA b, [REE-SNIAE &R, WE 8 fw, B S/ A% 100 nm, &
L4 25:1, X STEGREEN 8 keV I, e v IATH AR IR S 2 14.5%.
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FAR o IS U) i i & T2 PTARAE 5 kI, B ) B . Ak, R A AT R B A

Figure 7. SEM images of Au FZPs with 15 nm (a) [36] and 12 nm (b) [37] outermost zone
B 7. &K+ FRE SEM B, JIMNATEE A 15 nm (a) [36]F0 12 nm (b) [37]
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Figure 8. SEM image of W-Di FZP [38]
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Figure 9. Process flow of fabricating FZP by sputtering-slicing
method
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Figure 10. SEM images of Cu/Al multilayers (100-layer) (a) full view, (b) close-up view (inner part) and (c)
close-up view (outer part) [40]
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Shigeharu Tamura. Nagao Kamijo Z5[ZP\[39] [40] [4 117 fE 306 S5 AE B4R 47, 50 um [ Au 22 Ll 4%
Ag/C FI Cw/AL 2 25, HUbRRE . JOGE13 300 f, @& 10 Frs; Marcel Mayer 55 A\ [42] [43]F]H
JR ¥ 2T FA(ALD)ELE B2 30 um J64T B % ALOy/Ta,0s I 2K, REE THRIIE. b5 52100
F, Wil 11 f7R, Umut Tunca Sanli 558 A [44 18] H [FIFE UM . D)%) T 2H/EEARA 31.4 pm GEF Efil &
ALOyHIO, M2 JZ i Jr 4544; Christian Eberl 55 A [45]F H Bk SO TR (PLD)AAE HAR 0.9 pm 522
A12.9. 1.2 pm HEF _EH & W/Si. W/ZrO,. Ta,05/Zr0, K1Z 2, BERFRIE. WMt EE R
w12 fos. Bl 2 2 A S5O0 1.

FIRE, AT BRI FIOATE R,  Shigeharu Tamura [FPAH| 4 T AR G BB 2 2 B0 H, 2ERT FURE
AL 5 Cw AL RJZAZ SR AURLRE B [46] FIFERE_L, #1148 T 4 GBN[47].6 GI48] [49]22 2 BT F s
RPdN s s A el 4 6 FRAPRIEIIE AL, R Cu AT AL JE4h, HAMEE i CwAl AR AL,
PERLEE MK ENEERY, Wil 13 B, X SR RERTE 70~90 keV B, ATl & (03 B AT 8GR =T 40%.

a)

Figure 11. SEM images of Al,05/Ta,0s multilayers with 35 nm (a) and 10 nm
(b) outermost zone [42]

& 11. Al,05/Ta,05s ZZFERT SEM [El(a) & SMEA 35 nm (b)E MR 10 nm [42]

Table 1. Parameters of multilayer FZP

1. ZSRERHRIEY

il & 7 i X e R (keV) 5 #A AL BAMNZ RS mm) it S SEIUATHRCR (%)
8 E;;xii 290 <172 28
8.1 & Ag/C 16
: 250 3236 50
8.54 Mez: Au 16
AR + FUbs S 8.1 it 10
. . Cu/Al
250 80~88 50
[39] [40] [41] 144 L Au 20
8.1 E;E’Qf‘”ﬁ 190 42-47 100 12
100 iﬁ;f“ﬁ 160 1125 70
H 35 169 103 15.58
. Al,O3/Ta,0
8 m. s 35 243 103 11.93
10 190 360 1.87
;AL O3y/Ta,O
ALD + FIB [42] [43] [44] 12 QEQZ ;ﬁ;; : 35 285 103
1.4 15
i ALOyHIO,
15 i et 25 28 - 1.9
1.6 02
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ALD VETEH DAl 22 AR K 2 IR, 4l 22 0 7 e vl 3R 15 R R X SO I s, SR It R P2 0.1
nm, [KUb AT IRAS K 56 L, FLR AR B8 FE /N BT Fr, BDSRI m r FE 3 L T S 0 Al i IR 4
BT, ACAEH BB AW R T 454 ALD Ml FIB [ 2 )2 VL6 2 9 i L EWF 7T, FEAR L
Wr: SeR A ALD VEAE BAE 30 pm 322 EAZ BT ALOS/HIO, 2 2 M, 3L 360 J2, R b 3  4
360 ARJERIH FIB Y1l I, IRAF AT 10 nm, & AN 50 pm W1k 454, ailsl 14
FTR o

u 100 nm nm\

Figure 12. SEM and TEM images of Ta,0s/ZrO, multilayers, the multilayer zone plate attached to a tilted W tip (a) and a
cross section area (b), overview of a TEM lamella cut from the multilayers (c), high resolution TEM images of the layers and
1nterfaces (d) (e) [45]

12. Ta,05/ZrO, % ZFEHT SEM # TEM [, % B FEK T A RE7E W $T5R £ (o) RE&E (b)#Y SEM B, ZRREF (o)fE
|Eﬂﬁﬁﬂ’] TEM [El(d) (e) [45]
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Figure 13. SEM images of 4-step (a) [47] and 6-step (b) [49]

multilayer FZPs

13. 4(a) [47]. 6(b) [49] &M % RIEKH H B SEM

5. B4

|

Figure 14. SEM images of Al,O3/HfO, multilayer zone plate, (a) full view, (b) close-up view (inner part) and (c) close-up
view (outer part)
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