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Abstract Fabrication of micro- and nano-optical structures has been the technical bottlenecks in the development of
micro- and nano-photonic devices. In order to meet the small size, high precision and wide applications requirements

raised by micro- and nano-optical structure fabrication technologies, we report the electron beam/X-ray/optical mixed
lithography technology for the fabrication of micro- and nano-optical structures. Home-made microlithography data

devices, 1X high-resolution patterning of the membrane-type masks is carried out by a vector-scanned electron beam
lithography tool, high-aspect-ratio micro- and nano-optical patterns are replicated by X-ray lithography, and accurate
reported.
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processing technology is developed for the generation of complex patterns of micro- and nano-optical photonic
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overlay between X-ray lithography and low-cost optical proximity lithography is carried out for the generation of metal
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Fig. 1 Schemes of the X-ray micro- and nano-photonic devices. (a) Top view; (b) side view
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Fig. 2 Basic process flow chart for the fabrication of micro- and nano-metal structures
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Fig. 3 Microlithography data processing system for the generation of complex patterns of micro- and nano-photonic devices
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Fig. 4 Simulated and experimental results of electron beam lithography. (a) 50 keV; (b) 100 keV;

(¢) 5 nm lattices; (d) 20 nm dot arrays
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Fig. 5 Experimental results of X-ray lithography. (a) Cross-sectional SEM image of 3333 line/mm resist structure; (b)

SEM image of 150-nm-half-pitch metal grating structure; (¢) SEM image of 5000 line/mm resist structure; (d) SEM

image of 100-nm-half-pitch metal grating structure
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Fig. 6 Structures with high aspect ratio. (a) Cross-sectional SEM image of hard X-ray zone plate with 200 nm outermost

zone; (b) top-down SEM image of hard X-ray zone plate with 200 nm outermost zone; (c) cross-sectional SEM

image of metal micro-column array
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Fig. 7 3333 line /mm free-standing X-ray metal transmission grating. (a) SEM photo with low magnification;

(b) free-standing structures
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Fig. 8 Transmission measurements of free-standing metal gratings at 5 nm wavelength. (a) Full spectrum;

(b) high negative orders; (c) high positive orders
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Fig. 9 Absolute diffraction efficiency versus tilting angle

of free-standing metal gratings
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