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Report:

Fundamental questions still remain on diffusion at the nanoscale. There are indications that short
range diffusion is no more Fickian and display linear-with-time kinetics. The group of Prof. Beke in
Debrecen, Hungary [1] has shown recently that diffusionnal asymmetry, i.e. the strong concentration
dependence of the diffusion coefficients (eg. The diffusion in B is much more faster than in A), controls the
interdiffusion profile in an A/B couple. When the asymmetry is large enough and A-B is a miscible system
intermixing preserves the sharpness of interface. In the same way an initially smeared out interface may
sharpen after annealing [1]. These surprising theoretical results lack of experimental evidences. We would
verify these predictions on the model system Mo-V. This system is perfectly miscible and displays a large
asymmetry in diffusion coefficients, mostly caused by the difference in melting points between the two
elements [2]. Moreover, the lattice parameter misfit is small enough: 3.8 %, which ensures a good crystalline

quality of the multilayers.

The method used here is anomalous diffraction i.e. energy dependent diffraction while crossing the
absorption edge of Mo. The strong variation of Mo x-ray scattering factor in the vicinity of the edge induces
a variation in the Mo/V contrast and hence gives chemical sensitivity to diffraction. Theoretical results

indicate that Mo diffuses in V layers and V does not diffuse in Mo layers. It is then better to do experiments



at the Mo K edge. This kind of experiments has already shown its ability to clearly determine the
concentration and interplanar distance across the interfaces [3].

As noted above we want to evidence here interface sharpening as a result of annealing in Mo/V (001)
multilayers. To fulfill that purpose we studied two kinds of samples: either samples prepared with sharp
initial interfaces or having diffuse initial interfaces. In this latter case, the interfaces extend over 7-8 planes
with a linear concentration dependence. The Mo-V superlattices are grown on MgO (001) by magnetron
sputtering at 650 °C. For these two kind of samples, we have looked at as grown samples and samples

annealed at 700 °C for 60 min.

The experiments which have been done are:
- long range high angles symmetric 6/26 scans below the absorption edge to refine interplanar distance.
- long range small angles symmetric 6/20 scans below the absorption edge to refine concentration profile
(only for sample with diffuse interface).
- energy scans (across Mo K edge at 19.95 keV) of the different satellites in the 1% order symmetric
diffraction to extract the concentration profile.

- X ray diffraction in grazing incidence to measure the in-plane lattice parameter.

Unfortunately, none of the the dafs measurements reveal a significant change in the global shape of
the scan (fig 1). The only significant change was found in the relative intensities of the satellites of the high

angles symetric scans (fig 2).
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Figure 1: Typical intensities changes measured at the top of one satellite crossing the Mo adsoprtion edge.
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Figure 2: high angles symetric scans at 19.9 keV for the 4 samples

Several informations can be extract straighforwardly when we compare the symetric scans measured
for the samples as grown to the ones measured for the sample annealed :
- Increase of the intensity of the satellite corresponding to the average lattice parameter of the multilayers
- decrease of intensities of the satellites at large angles
- no change of the period of the multilayer

- small decrease in the avegare perpendicular lattice parameter of the multilayer

Now, we are working on the refinement of the perpendicular structure of the multilayer using Suprex

9.0 to simulate the high angles and small angles symetric scans.
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