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Pt-coated light-weight X-ray optics prepared by plasma atomic layer deposition on-board
GEOspace X-ray imager (GEO-X)
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We have been developing light-weight X-ray optics for future astronomical and planetary exploration missions (Ezoe
et al. 2010 MST). Microscopic pores with a width of 20 u m and a depth of 300 x m are formed by deep reactive ion
etching on silicon substrates. The sidewalls of micropores are utilized as X-ray reflectors. The substrates are annealed
at high temperatures to obtain sub-nm rms surface roughness and deformed into a spherical shape to focus X-rays from
celestial objects. We have demonstrated X-ray reflection and imaging with micropore sample optics (Ogawa et al. 2017
MST). Our micropore optics will be on-board GEOspace X-ray imager (GEO-X; Ezoe et al. 2018 JATIS), which aims
at X-ray imaging of the Earth's magnetosphere. Silicon is relatively easy to process with micro-machining technologies,
while heavier materials such as Au and Pt can obtain higher reflectivity. Therefore, we focused on atomic layer
deposition (ALD) as a means to coat micropore sidewalls with such a heavy metal. This thin-film deposition technique
is based on self-limiting surface reactions alternately, providing high uniformity and good conformality on high-aspect-
ratio micropore structures.

We previously verified X-ray reflection from Ir- and Pt-coated micropore sample optics prepared by thermal ALD
(Ogawa et al. 2013 Appl. Opt., Takeuchi et al. 2018 Appl. Opt.). However, in the case of Pt, its surface roughness was
estimated to be 2.2 = 0.2 nm rms which did not meet a required micro-roughness of GEO-X (<2 nm rms). To achieve
better surface roughness, we newly tested plasma ALD. The higher reactivity of plasma species can promote more active
surface reactions. Using Pt(Cp™¢)Mej; as metal precursors and O plasma instead of O, gas as reactants for oxidization
decomposition of precursor ligands, we coated Pt films with a thickness of 20 nm following our previous protocol. The
estimated surface roughness was 1.6 £ 0.1 nm rms and significantly better than our previous results (Ishi et al. 2020
Appl. Phys. Express). This result is acceptable for the requirement of GEO-X. Furthermore, we found that a maximum
achievable surface roughness was 1.0 = 0.1 nm rms from Pt films on a silicon substrate surface. The similar surface
roughness is expected to be achieved in our micropore optics. Here we report on characterization of Pt-coated light-

weight X-ray optics and other coating results of currently considered materials such as Co, Ni, and light-elements, e.g.,
SiC and BN.
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