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Research progress of transmissive thin-film filters in
the extreme ultraviolet ranges
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Abstract: Transmissive thin-film filters are important optical elements in the extreme ultraviolet
(EUV) bands, which have been widely used in many scientific and technological fields such as
semiconductor manufacturing, synchrotron radiation, material analysis, space astronomical
observation, etc. In this paper, we review the research progress of transmissive thin-film filters on
their design, preparation process and performance, focusing on the mechanical strengths of the
filters and their optical properties at different wavelengths, and analyze the effects of material
choices and layer-stack parameters on their thermal stabilities. Furthermore, we also discuss the
problems of pinhole defects and challenges of film contamination in engineering applications,

aiming to promote the development of EUV transmissive filters in domestic research.
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Fig. 4 Polyimide supporting grids with different shapes
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Fig. 5 Variations of the stress and microstructure of Al-Si

composite films with different Si contents™”
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Tab.1 Testing results of strength properties of mul-

tilayer self-supporting filters”"

Layer Periodic Total Diameter/

. . AP/bar
stack thickness/nm thickness/nm  mm
Zr - - 200 6 0.12
Zr/Si 3.9 0.75 260 6 0.42
Zr/Si 2.0 0.75 260 6 0.56
Zr/Si 1.6 0.6 59 2.5 0.23
Zr/Si 2.2 0.7 52 2.5 0.34
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Tab.2 Summary of key parameters for EUYV filters near the wavelength of 13.5 nm

Year Structure Layer stack Transmission/% Reference
2001 Grid-supporting 50 nm—Si/50 nm—Zr/50 nm—Si 71341 <<60 [9]
2008 Grid-supporting 220 nm—[Zr/Si]*" T3 pm=32 [21]
2008 Self-supporting 50 nm—[Zr/Si]™" T130m=76 [21]
2010 Self-supporting 300 nm—Zr/200 nm—PI T39m=14.9 [36]
2011 Self-supporting 300 nm—Zr Ti3~140m=20~23 [31]
2011 Self-supporting [Mo/ZrSi,]™" Ti3 u=70 [35]
2023 Self-supporting 50 nm—Si T13.5 0m=86 [38]
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Tab.3 Summary of key parameters for EUYV filters in the 17-60 nm bands
Year Structure Layer stack Transmission/%  Reference
2009 Self-supporting 5 nm—Cr/500 nm—Al/5 nm—Cr T30.4 am=7.6 [43]
2009 Self-supporting 5 nm—SiC/100 nm—Al/5 nm—SiC T30 =29 [44]
2014 Grid-supporting [2.85 nm—Al/2.05 nm—Si]*" Ty7 1 =43 [41]
2016  Self-supporting  [(3 nm=Al/1 nm=Sc)™, 3 nm—AI] on [2.4 nm—Si,(3 nm-A1/2.4 nm-Si) ] Tsg 4 om=7.1 [39]
2022 Self-supporting 80 nm—Al T5.25 um max=23 [45]
2023  Grid-supporting 2.5 nm—MoSi,/150 nm—Al/2.5 nm—MoSi, T17.14 um=063 [42]
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Fig. 9 Distribution of oxygen contents for filters measured by
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