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Motivation

X-ray reflectometry (XRR) is a classical technigue for thin-films and multilayers internal structure study. The appearance of new optics for X-ray laboratory and synchrotron sources increased
opportunities for the development of X-ray investigation techniques, including reflectometry. In this work, we demonstrate a new X-ray reflectometry technique based on compound refractive

lenses (CRL) for thin-film structures study.

The advantages of parabolic refractive lenses X-Ray Reflecto-Interferometry Concept
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- high time resolution (one shot experiment & In-situ)

- high spatial resolution

- simple optics for large range of samples thicknesses

- lower requirements to quality and geometry of the sample surface
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N.A. - numerical aperture, F - lens focus distance, A - wavelength,
§ - decrement of refraction index, u - absorption coefficient.
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Figure 1. Reflecto-interferograms from Si;N, membranes with thickness of 1E3 | | ' AR R
200 nm (a), 500 nm (b) and 1000 nm (c). The scale 100 mm corresponds to 224 mrad. ] ' i v
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Figure 2. Interference patterns for a 200 nm membrane at different inclination angles with
14.4keV X-rays (a). The scale 200 mm corresponds to 486 mrad. The intensity Is represented
In logarithmic scale. The experimental curve obtained by combining interferograms recorded

at membrane inclination angles from 2.4 to 5.6 mrad (b).
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Figure 3. Image in the optical microscope of Au strip on the membrane. Insert shows locations
where reflecto-interferograms were recorded crossing the Au edge. (b) Interferogram detected
at the position 1 on the membrane/air interface. (c) Interferogram recorded at the position 2 at
the boundary membrane/air and membrane/gold/air. (d) Interferogram registered at the
position 3 on the membrane/gold/air interface at the centre of the gold strip. The intensity of
Interferograms Is represented in logarithmic scale.
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Figure 5. (a)—(c) Experimental reflecto-interferograms recorded at different exposures time.
The Intensity of interferograms is represented in logarithmic scale. (d) The X-ray topogram of
the damaged structure.

Main conclusion

The new reflecto-interferometry technique opens a wide horizons for both rapid thin-film and multilayer systems analysis, studying of the processes dynamics at the surface and in sample
depth, and for complex structured and biological samples studying. The recording of the interference pattern in a single shot allows a express analysis of films, which is especially important for
radiation sensitive materials, including organic and biological films. The spatial resolution property is very significant possibility to study samples with small lateral size, and is also necessary

for the local analysis of the film.
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Basic MetalJet specifications X-Ray source technology
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Experimental Setup Samples
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The Si;N , membranes drawing (a). Specially designed glass holder for
membranes with burnt beam print (b)
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Detector Photonic Science — pixel size 6,5um

Compound refractive lens Be, N=29, R=50um
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Interference patterns of 500 nm membrane at inclination angle is 5.4 mrad with
9.25keV X-rays (a). The experimental curve (b). Interference patterns for a 500 nm membrane at different inclination angles with 9.25 keV X-rays.

The experimental reflectivity curve obtained by combining interferograms recorded at membrane
from 5.2 to 5.8 mrad inclination angles.
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