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Report:

We characterized novel high transmission planar waveguides making use of the third
generation synchrotron radiation. The bending magnet BM20 beamline offers high
flexebility by the wide and easily accessible energy range on the one hand, giving us the
opportunity of testing waveguide samples of different lengths at two characteristic
energies. On the other hand, the high precision six-circle goniometer with large sample
holder enables accurate sample positioning for exact waveguide characterisation
without the need of rearrangement of the different waveguides measured. We used a
low noise scintillation detector mounted on the diffractometer arm (712.5mm distance
waveguide-detector, 0.52mm slit) for high angular resolution 6-26 scans of the farfield
pattern and the farfield tails.

We have shown the advantages of using an optimized multilayer waveguide design with
a C guiding layer and a Mo interlayer embedded in Ge at a hard x-ray energie of
19.5keV in a previous ROBL beamtime (T.Salditt et al., PRL 100, 184801 (2008)). In
this beamtime we have studied the efficiency of the waveguide on a wide energy range
by reducing the waveguide length. Prior limitations of the two-component waveguides
resulted from the need of efficient blocking of the over-exposed beams. The beam
directley above the multilayer optic must be absorbed to isolate only the waveguide



beam. Ge and Mo enable sufficient blocking of the multi-keV beam at waveguide length
down to | = 200um. To place an appropriate material above the 1um thick Ge cladding
on the top of the waveguide, two designs were ellaborated and tested at the ROBL
beamline. First, making use of the electroless Nickel Plating technique on a thin Ni layer
deposited by e-beam evaporation where strainless layer thicknesses d of up-300um are
realized. Secondly, a In52Sn48-alloy offers excellent wetting properties on thin Ni
layers which was exploited to realize a waveguide/alloy/Ge-Wafer ‘sandwich’.
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Fig 1: On the left, top: Farfield Intensity for different angles of incidence «; , along
with Gaussian fits. The maximum positions are found to be at o = 0°. On the lefft,
bottom: Electron microscopy image of the InSn alloy along with the waveguide
multilayer. On the right: measured and calculated values of the transmission T at
different energies and waveguide lengths.

We succesfully measured a series of Ge/Mo[d; = 30nm]/C[d = 35nm]/Mol[d; = 30nm]
waveguides of different length | = 460um/690um/860um at two different energies
11.5keV and 15keV with the In52Sn48-alloy as blocking material. The farfield pattern
shown exemplarily on Fig.1 clearily identifies the expected waveguide properties. No
artefacts of overexposed beams are measured. This observation is in agrement with the
fact that the electron microscopy image shows wetting on the nanometer scale at the
interface waveguide/InSn alloy. We obtained a maximum transmission T = 0.512 for the
shortest waveguide at 15keV. The transmission of an ideal waveguide without real
structure effects such as interface roughness was determined to be T = 0.846 by FD
simulations . The measured and calculated values of the transmission for the considered
sample series show the strong dependency on the energy and the waveguide length.
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