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At the beginning of the 21st century, imaging of the Earth’s inner magnetosphere using extreme ultraviolet light (EUV)
became possible, bringing significant achievements to the field of geophysics. A multilayer mirror that efficiently collects
the resonance scattering line of singly ionized helium (wavelength 30.4 nm) played a key role in this success. By stacking
20 layers of molybdenum (Mo) and silicon (Si) on the mirror surface, the reflection rate, which would normally be less than
a few percent, was increased to 20%, leading to the success of the "Nozomi” satellite’s inner magnetosphere imaging. The
”Kaguya” satellite carried out an ambitious attempt to provide a comprehensive view of the Earth’s magnetosphere from lunar
orbit, where Mo/Si multilayer mirrors also contributed to new achievements.

The Mo/Si multilayer mirrors possess numerous advantages, such as high resistance to environmental changes like tem-
perature, humidity, and pressure, and can sometimes be cleaned if contaminated. For this reason, they are also utilized in the
field of extreme ultraviolet lithography (EUVL), which uses a 13.5 nm wavelength as a light source.

As EUV imaging became recognized as one of the observational methods in the field of earth and planetary sciences, a
team combining science and engineering was recently formed at the University of Tokyo, which developed the ultra-small
(6U) satellite ’ZEQUULEUS.” To mount an EUV imager on a 6U-sized satellite, it was necessary to reduce the mirror surface
area to about half of the conventional size, which required improving the multilayer reflectivity by at least twofold. At that
time, the project leader focused on the fact that multilayer mirrors composed of magnesium (Mg) and silicon carbide (SiC)
(and also B4C and Mg) exhibited high reflectivity, aiming to miniaturize the imager.

The reflectivity of the Mg/SiC multilayer mirror that was manufactured reached over twice that of the Mo/Si multilayer
mirror (about 50%) in laboratory calibration experiments, but it was discovered that exposing the mirror to slightly high hu-
midity ("65%) or high temperature ("55° C) for a short period led to the formation of spots, as shown in Figure 2, resulting in
a decline in reflectivity. It was identified that these spots did not occur on the surface of the multilayer mirror, but rather at the
interfaces between the layers, where Mg was found to diffuse into the SiC layer, causing interfacial degradation. However,
no decisive solution to this problem has been found.

Because Mg and Al have low absorption (k) and high refractive index in the EUV wavelength region (making them optimal
as one part of a multilayer pair), researchers in space science worldwide, as well as in the EUV lithography field (EUVL),
have attempted to use them in multilayer mirrors. However, through joint research with industrial researchers in the EUVL
field, it was found that Mg and Al exhibit significant diffusion at the interfaces, making it difficult to create stable interfaces.
It seems that researchers around the world share this understanding.

In this study, we present experimental results on the use of Mg and Al alloys, which cannot form stable interfaces as single
elements, as materials for multilayer mirrors.
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