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Report:

3" generation synchrotron facilities offer high photon flux appropriate for x-ray based
imaging such as holography and coherent diffraction imaging. Waveguide optics enable
to control coherence properties and to focus the x-ray beam down to the nanometer
scale in order to improve the resolution in imaging experiments.

We report on the properties of lithographic and two-component planar x-ray
waveguides. The lithographic air/Si waveguides are fabricated using electron beam
lithography, subsequent Reactive lon Etching (RIE) and wafer bonding to obtain 10um
X 40nm channel cross-section dimensions minimal. Beam losses of the modes
propagating through the waveguide are essentially due to absorption at the air/Si-
cladding interfaces. Therefore the transmission of the waveguide is intrinsically high.
As already shown previously (7.Salditt et al., PRL 100, 184801 (2008)) the efficiency
of a waveguide can be strongly optimized by placing an appropriate interlayer (Mo)
between the guiding layer (C) and the cladding (Ge). The absorption of the evanescent
tails of the modes propagating through the guiding layer is significantly reduced while
the cladding dampes out the radiative modes. These two-component planar waveguides
of 9/18/35nm guiding layer thicknesses are fabricated by Magnetron Sputtering.
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Fig 1: (a) Farfield Intensity of the lithographic waveguide for different angles of
incidence a; , along with Gaussian fits. The maximum positions are found to be at oy =
0°. (b) CCD image of the farfield of the 10um X 40nm channel. (c) Farfield intensity of
the planar waveguides as a function of q along with simulations. (d): measured and
calculated transmission T at E=13.5kev as a function of the waveguide length.

The experiments were performed at the Rossendorf bending magnet beam on a wide
range of energies defined by a double-crystal Si(111) monochromator. The beam shape
and size was controlled by two collimating Pt-coated mirrors and motorized slits. A flux
of 1-3 x 107 ph/s impinged on the waveguide entrance at 2 x 0.04mm’ beam size
depending on the energy and ring current. The farfield patterns of the waveguides were
measured to obtain the divergence of the beam and therefore resolution properties of the
optics in imaging experiments. The maximum of the farfield at different angles of
incidence o is always found at 20 = o, as expected for waveguide properties. The
farfield pattern of the planar waveguides are in good agrement with the simulations. The
divergence Aq = 0.00255nm of the 9InmC mono-modal waveguide is significantly
higher than for the 35nmC two-modal waveguide (Aq = 0.00147nm), i.e. the numerical
aperture of the optics is enhanced. The transmission of the 9nmC two-component
waveguide depends strongly on the energy £ and the waveguide length /. The measured
transmission at £=13.5keV reaches 7=0.256 at /=200um which is 84% of the calculated
value (7=0.305). The experimental results show that high transmission is obtained for
sub-10nm waveguides. A novel generation of lithographic waveguides with air-gap
channels capped by wafer bonding was also tested. However, the flux density was
seriously compromising these efforts.
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