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We fabricated multilayer mirrors for the Solar XUV Doppler telescope which is presently
being developed at the Japanese National Astronomica Observatory. The telescope will be
launched with the 22nd S520CN-22 rocket in January, 1998. The telescope will be
employed to observe the coronal velocity field of the sun by measuring Doppler shifts of
the Fe X1V 21.1nm line. For this purpose, multilayer mirrors whose peak wavelengths are
tuned to the two wavel engths shifted shorter and longer by 0.15nm from 21.1nm are used.
In order to separate the two wavelengths, it is required that the multilayer mirrors have a
high wavelength resolution of more than 20. The required reflectivity is more than 10%.
We examined the optimum combination of materials for the multilayers and fabricated the
multilayer mirrors.

We studied new combinations of silicon carbide/aiminun (SIC/Al) multilayers and
popular combinations of molybdenum silisde/silicon (MoSi2/S)) multilayers. SIC/A
multilayers with athickness period of 10.8nm, layer thicknessratio (SiC layer thickness
over the thickness period) of 0.25 and 80 layerpairs were fabricated. MoSi2/Si multilayers
with athickness period of 11nm, layer thickness ratio (MoSi2 layer thickness over the
thickness period) of 0.2 and 60 layer pairs were fabricated. The two kinds of multilayers
were deposited by ion-beam sputtering on Si wafers. The measured reflectivity and the
measured wavelength resolution of the SIC/AI multilayers were 12% and 36 at the
wavelength of 21.1nm, respectively. And those for the MoSi2/Si multilayers were 15%
and 26 at the wavelength of 21.1nm, respectively. For the purpose of the investigation of
the long term stability of these multilayers, the multilayers were heated for 1hour at 573K
in vacuum. The MoSi2/Si multilayers retained their periodic structure, but the SIC/AI
multilayers were destroyed. Therefore, we selected MoSi2/Si multilayers for the telescope.

The XUV Doppler telescope consists of a spherical mirror (primary mirror) and a plane
mirror (secondary mirror). The primary mirror is doughnut shapedwith the diameter of
158mm and a radius of curvature of 1891mm. The diameter of the secondary mirror is
96mm. We graded the thickness period distribution in the direction of the radius using
deposition masks. The thickness perioddistribution in the direction of the radius was
adjusted within 0.2% from the target. To measure the Doppler shifts, it isrequired that the
two peak wavelengths of the multilayers should be on either side of 21.1nm. The peak
wavel engths of the multilayers were 20.98nm for the shorter wavelength and 21.28nm for
the longer wavelength. The measured reflectivities and the measuredwavel ength resolutions
of the two mirrors were 15% and 26, respectively. To prevent the contamination of abright
Hell line at the wavelength of 30.4nm which deteriorates the imaging performance of the
telescope, we employed a single-layer antireflection coating (ARC) consisting of a Si layer
with an optimized thickness on top of the multilayers. The reflectivity around the 30.4nm
was suppressed to 1/500 of the peak reflectivity.

References

1. T. Sakao, S. Tsuneta, H. Hara, R. Kano, T. Yoshida, S. Nagata, T. Shimizu, T.

Kosugi, K. Murakami, W. Wasa, M. Inoue, K. Miura, K. Taguchi, and K. Tanimoto,
" Japanese sounding rocket experiment with the solar XUV DopplerTelescope”, Proc.

SPIE 2804, pp. 153-164, 1996.



2. S. Nagata, S. Tsuneta, T. Sakao, T. Yoshida, H. Hara, R. Kano, W. Ishiyama, K.
Murakami, and M. Ohtani, "High-wavelength-resolution extreme-ultraviolet multilayer
mirror”, Appl.Opt., Vol. 36, No.13, pp. 2830-2838, 1997.

3. S. Nagata, H. Hara, T. Sakao, T. Shimizu, S. Tsuneta, T. Y oshida, W. Ishiyama, K.
Murakami, and T. Oshino, "Development of the multilayer mirrors for XUV Doppler
telescope”, Proc. SPIE 3113, pp. 193-201, 1997.

4. H. Hara, R. Kano, S. Nagata, T. Sakao, T. Shimizu, S. Tsuneta, T. Yoshida, and T.
Kosugi, "XUV Doppler telescope with multilayer optics’, Proc. SPIE 3113, pp. 420-4
29, 1997.



