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Multilayer Mirrors for Soft X- Rays
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Multilayers which consist of multiple ultrathin layers of altemating high- and low - atomic number

materials can be used as effective reflectors, focusing mirrors, or dispersion elements for hard and soft

x - ray synchrotron radiation, Multilayers are artificially structured crystals, so the wavelengths and

angles of incidence for which they are highly reflective are determined by the Bragg equation with the

period of the multilayer, that is, the sum of thickness of one high-Z and low-Z layer.

We try to fabricate of multilayers, and design implement new reflective optical elements, such as

soft- x - ray focusing optics for x- ray reduction lithography, x- ray microscopes, X~ ray lasers, and light

element analysis using X - rays,

Flat and curved multilayers are fabricated using a newly - developed altemating- material sputter

deposition technique. Short periodic length (up to 2 nm) multilayers can be fabricated using this

technique. The Cuka radiation reflectivity of these multilayers agrees well with theoretical caleulations

and the reflectivity for soft x- rays of about 2 nm is about 10%.
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Fig.1 Multilayer structure and diffraction of soft x-rays .
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Fig.2 Schematic view of an alternating - material
sputter deposition system.
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Fig.3 W/C multilayers formed on a 4 - inch diameter Si
wafer and a 70 X 60mm? quartz substrate.

W/B4C d=7.1nm

Fig.4 TEM image of the cross- sectional of a W/B.C
multilayer with a periodic length of 7.1 nm.
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Fig.5 TEM image of the cross - sectional of a Ni/C
multilayer with a periodic length of 7 nm.
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Fig.6 TEM image of the cross - sectional of a W/B.C
multilayer with a periodic length of 2 nm.
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Fig.8 TEM image of the cross - sectional of a Ni/C
multilayer with a periodic length of 5 nm.
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d=2.3nm

W/Si

20nm

Fig.7 TEM image of the cross - sectional of a W/Si
multilayer with a periodic length of 2.3 nm.
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Fig.9 Reflectivities of the W/Si multilayer.
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Fig.12 Dependence of the peak reflectivities on the

periodic length for Ni/C multilayers.
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Fig.13 Schematic view of the soft x- ray reflectometer.
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Fig.14 Soft x- ray reflectivity of a W/Si multilayer with
a periodic length of 4.1 nm.
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Fig.15 Soft x-ray reflectivity of a W/B,C mkultilayer with
a periodic length of about 2 nm.
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