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Interfaces in multilayer nanostructures play an important role in determining their physical properties.  In this context, nanoscale diffusion across the interfaces in multilayers has acquired a great significance, as it can modify their properties significantly, be it desirable or undesirable.  Furthermore, in general, as-deposited films contain a high density of defects and internal stresses.  Subsequent thermal annealing or other post-deposition treatments like pulsed laser or ion-beam irradiation are used to relax these defects in order to improve the material properties. Such structural relaxations are governed by atomic diffusion, and hence understanding of self-diffusion of the constituent species of a layer is also important.  

In the present work we demonstrate the use of some novel x-ray based techniques for the study of atomic diffusion with an accuracy of a fraction of a nanometer.  Of particular interest is the techniques based on nuclear resonance scattering and nuclear resonance fluorescence, which can differentiate between two isotopes of the same element and thus, can be used to study self-diffusion in chemically homogenous films.  In the case of isotopic multilayers, in which alternate layers have the same chemical composition and differ only in the abundance of a Mössbauer isotope (e.g. 57Fe), nuclear resonance scattering causes x-ray scattering contrast between adjacent layers, resulting in the appearance of Bragg peaks corresponding to the bilayer periodicity. Diffusion of 57Fe across the isotopic interface results in a decrease in the scattering contrast and thus a decrease in the intensity of the Bragg peaks, making it possible to measure diffusion lengths of the order of 0.1 nm in chemically homogeneous films.  Results on Fe self-diffusion in iron nitride, amorphous FeZr alloy and epitaxial FePt films will be presented.  

It will be demonstrated that x-ray standing waves can also be used for diffusion measurements as a function of depth, thus making it possible to study possible effect of surface or interfaces on atomic diffusion.  It is found that in Fe/Si system, Fe diffusivity at Fe-on-Si interface is different from that on Si-on-Fe interface.  Such asymmetry in diffusivity can have important repercussions on the use of controlled diffusion for tailoring the properties of multilayers.

