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Abstract  Extreme ultraviolet, X-ray and neutron optics are the high-precision observation methods for the
development of modern science, which requires the support of different thin film optical components and systems
with high quality. Due to the limitation of the short wavelength and optical constants of materials, the structure,
optical performance and fabrication techniques of the short wavelength optical components are significantly different
with those of the long wavelength optical components. The Institute of Precision Optical Engineering (IPOE) in
Tongji University had 20 years research experience in this field. We have built a high-accuracy fabrication and
detection platform based on the short wavelength mirrors, developed interface engineering methods for deposition of
ultrathin multilayer {ilm, extended the coated technology of large size mirrors, innovated the diffraction theory and
fabrication process for high-efficiency/high-resolution multilayer nanostructures, preliminarily studied the basic
damage mechanism of the mirrors under short wavelength irradiation, and formed a complete technology chain to
develop thin films and crystal based optical systems. These optical components and systems have achieved a series of
successful application in the short wavelength photon/neutron science facilities, both in China and in other
countries. This paper will briefly introduce the recent research progress of the above mentioned optical components

and systems in [POE.
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optical components and systems
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Fig. 2 Polishing platform and machining results for large size mirrors. (a) Large size annular lapping machine in the

laboratory; (b) measured figure result of a 200 mm-diameter quartz mirror based on annular lapping technology;

(c¢) measured surface roughness of the mirror using optical profiler
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Fig. 3 Measured results of the single crystalline Si mirror

with 240 mm length after figure correction
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Fig. 4 Figure measurement results of an elliptical
cylindrical mirror fabricated by profile coating.
(a) Original figure of the elliptical cylindrical
mirror; (b) residual figure error after removing

the best-fit power
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Fig. 5 Full spatial frequency characterization platform

components. (a) Laser interferometer;
(b) contact-type profiler; (c¢) optical profiler;

(d) atomic force microscope
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Fig. 7 Algorithm-based
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(a) Schematic of the stitching measurement
procedures; (b) measurement repeatability error
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Fig. 10 Interface engineering methods for different kinds of layer defects and their experimental results. (a) No interface

engineering; (b) interface barrier layer; (c) immiscible materials; (d) reactive sputtering; (e) heavy ions sputtering
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Fig. 11 Fabrication of large-size circular multilayer mirror. (a) Planetary rotation deposition method; (b) picture of a
200-mm diameter Mo/Si multilayer mirror fabricated by this method; (c) its thickness uniformity measurement

results; (d) its reflectance measurement results
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Fig. 12 Fabrication of long multilayer mirror. (a) Large-scale sputtering deposition machine based on

linear motion mode; (b) thickness uniformity result of a 500-mm length W/Si multilayer mirror
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Fig. 13 Pd/B,C multilayer mirrors fabricated for the multilayer monochromator used in Shanghai synchrotron radiation
facility. (a) Pictures of the mirrors with 150 mm and 330 mm length; (b) X-ray reflectance measurement results at

different positions of the mirror
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Fig. 14 Multilayer parabolic collimating mirror. (a)Schematic design of the parabolic collimation mirror; (b) thickness

distribution of the deposited lateral graded multilayer; (c) reflectance measurement at different positions of the mirror
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Fig. 15 Measurement results of the EUV Mo/Y
broadband multilayer polarizer™® . (a) Measured
multilayer;

polarization = degree  of  the

(b) measured reflectance of the s-polarized light
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Fig. 16 Reflectance measurement and simulation results of
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Fig. 17 Schematic of diffraction model of the general

X-ray multilayer gratings™"
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Fig. 18 Applications of multilayer gratings in the beamlines
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Fig. 20 Experimental results of multilayer nanogratings. (a) Transmission electron microscopy image of

the Mo/Si multilayer nanograting; (b) measured angular dispersion result of Cr/C multilayer nanograting
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Fig. 21 Experimental results of the deep etched MoSi,/Si multilayer grating

B9 (a) Scanning electron microscopy

image of the large aspect-ratio multilayer grating structure; (b) X-ray reflectance measurement result
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Fig. 22 Experimental study of radiation damage on different materials. (a) EUV radiation damage

research system; (b) damage results of different materials under radiation
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(a) Schematic of Schwarzschild optical system;
(b) imaging resolution test result of the system
working at 18. 2 nm wavelength; (c¢) local

enlargement of Fig. 23(b)
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