Design of x-ray multilayer mirrors with maximal integral matching
efficiency with a typical Mo-K_ x-ray source
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We describe several techniques to design x-ray multilayer mirrors with enhanced
bandwidth and, more especially, bandwidth with a shape that optimizes its matching with a
given source angular distribution. A Gaussian angular distribution source emitting at the
characteristic Mo-K, radiation (A= 0.071 nm), a radiation regularly used in x-ray
analytical applications, is used for the demonstration.

Three approaches are developed and compared to design multilayer structures with
maximum efficiency, where efficiency is defined here as the product of the source and
reflectance angular profiles. The first (most general) approach, which can be applied for
arbitrary source profiles, is based on the exact Euler - LaGrange equation and a general
expression for the multilayer mirror reflectivity of arbitrary wideband. With this method,
the depth-distribution of the multilayer bi-layer thickness was found to be smooth.
Numerical refinements of the obtained analytical solution were not useful, giving
insignificant efficiency increases despite significant complication of the thickness depth-
distribution. The efficiency of some of these depth-graded structures exceeds that of a
periodic mirror by a factor of two, in our specific case. The main factor limiting the value
of the efficiency was absorption of the radiation by the materials.

The second approach is based on designing a simpler depth-graded multilayer mirror with
a linear variation of bi-layer thickness and a constant thickness ratio. Such a mirror proved
to have an efficiency close to the maximum possible one. The same conclusion is also true
for the simplest design of a wideband multilayer mirror, where several periodic
substructures are stacked together, our third described approach. We found that the
necessary number of substructures is only four. In this case the optimization procedure is
based on simply three fitting parameters, independently of the number of periodic
substructures.

We show that the efficiency decreases quickly with increasing interface width. Therefore,
multilayer structures with abrupt interfaces, e.g., Mo,C/Si multilayers instead of the more
conventional Mo/Si multilayers, are preferable in practice. The efficiency also depends
strongly on the mean grazing angle incident on the mirror and the angular width of the
source (for a fixed number of bi-layers). This must be taken into consideration when
designing wide-band multilayer coated x-ray collimators or concentrators.
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