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Abstract: The present status and recent advances in nanofabrication of X-ray diffractive lenses in
domestic and overseas were reviewed. The research and achievements of in the past three years by
author’s group were introduced. For the key technology of diffractive lenses, the basic processes of
electron beam lithography for large aspect ratio profiles in resists was established. By combing with
Au electroplating, a solid technical background for nanoscale zone plates was successfully built up and
applied to the fabrications of Siemens stars and grating based beam shapers. Furthermore, by
applying Monte Carlo simulation and developing dynamics, the aspect ratio (zone height/zone width)
limit by electron beam lithography was explored and the physical essence leading to the limit was

discussed. A serial of diffractive lenses, such as 50100 nm zone plates (in which the 100 nm zone
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plate shows its aspect ratio of 16 : 1),50—300 nm Siemens stars(in which the 300 nm Siemens star
has the aspect ratio of 10 : 1)and 200 nm grating based condensers(with the aspect ratio of 10 : 1)
were successfully fabricated. The optical characterizations of these fabricated lenses were measured in
Shanghai Light Source, It demonstrates that the focusing spot of 100 nm zone plate is 234 nm. The
300 nm Siemens stars and the condensers fabricated in this work show their optical quality at the
world level. The standard deviation of the illuminated intensity is measured to be 1%. Finally, this
paper summarizes the development of X-ray diffraction lenses in our country in recent years, and
points out that the biggest bottleneck of the development of diffraction optics is the interaction
between resolution and diffraction efficiency. It puts forward some specific ways to improve the

diffraction efficiency of optics and gives a technical road-map for the lens technique in China in the

next five years.

Key words: diffractive X-ray optics; zone plate;
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Fig. 1 Schematic diagram of full field transmission X-ray

microscope
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Tab.1 Dimensions of SiNx membranes manufactured

by author’s team

e B2 )22 B2 / nm % M A/ mm?
100 0.5X0.5
300 1X1
500 2X2
1 000 3X3
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Schematic diagrams of process flow for SiNx

membranes and fabricated one
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Fig. 3 Process flow of fabricating zone plates by

electron beam lithography
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Fig. 4 Golden nano-pillars fabricated by author’s group
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Tab. 2 Dimensions of fabricated zone plates in this work
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Fig. 6 Micrographs by scanning electron microscope (SEM)
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for zone plates with outmost zone width of 200 nm,

100 nm and 50 nm, respectively
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Fig.7 SEM photos of SIEMENS stars with heights of
300 nm,50 nm and 20 nm, respectively
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Fig.8 Three kinds of Fresnel zone plate based condensers
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Fig. 9 Squared condenser based on integrated gratings
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Fig. 10 Design of grating-based condenser in each

sub-field
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Fig. 11 Layout of grating-based condenser
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Fig. 12 SEM photos of fabricated golden condenser

on SiNx membrane
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Fig. 13  Simulation result of charge distribution in PMMA

after e-beam exposure at 100 keV
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Fig. 17 Conceptual diagram of Si-Au combined zone

plates
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Tab. 3

Physical parameters for materials ( Au, Si,

diamond and Ge) used in the work

~ Specfic heat capacity  Thermal conductivity ~ Coelficent of linear
Material ‘ o §(107%) #1007
[Jekg P KT J(WenK™") expension/(pn e K1)

SNz 10 30 2.8
S 794 148 2.5 6.0 0111
Au 132 3T 14.2 338 323
Ge 31 b4 6.1 1.4 0.28
Diamond 142,68 136. 16 1 5.65 0,007

FAAR G FFE 3 PSS AR
H 4B VR B IR AN B I SRR o 60 R AT Y
RO BE AT JREBE Co 972 fE R B 181 18 fis .
T X BHRBERN 9 keV, AT LIS SN AN R 2598

COR7 58 8 A R A R B bR DI G . 3G
HL T WA R RE XS T XA ARG A R IR
NS P AT S A A AT Gk BB B R 4006, (HLED
PA12 pmn B JEEJEE D AR . & A ply o T 1A X
ARME R A P R 385 BT B AR . B RRE B Al A
S 00 B e L 3 T T PR A BIR 0k ) e R R
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Fig. 21 SEM micrographs for fabricated Si-Au combined

zone plates with outmost zone width of 100 nm
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Fig. 22 Testing system for focusing property of zone plates
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Fig. 25 Photos of measurement facility used for X-ray

imaging of fabricated Siemens stars
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Fig. 26  X-ray images of fabricated 300 nm SIEMENS
stars by Micro-CT (right side). For compari-
son, SIEMENTS star supplied by ZEISS Ltd.
with same design (left side)
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