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Report:

Introduction: The aim of this experiment at beamline IDO3 wasstady structural properties (local
composition, strain and atomic ordering) of Ge ndi (either {105} faceted pyramids or dome-shaped
islands) grown on nominal and nano-structured Si(OB8ubstrates, by combinindlultiwavelength
Anomalous Diffraction (MAD) and Diffraction Anomalous Fine Structure (DAFS) spectroscopy. The
MAD technique is nowadays well established, howeugrsome cases it fails to determine the chemical
composition locally since it collects the measwsgphal from a large iso-strain volume that mayue both
the nanostructures and part of the substrate osutreunding host matrix. This disadvantage is cv@e by
the diffraction anomalous fine-structure method {3 [1] that measures the fine structure of thegne
dependent diffracted intensity, so that a spacelugsn is achieved inside an iso-strain voluwia the
chemical selectivity [2].
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Information on the composition inside pyramids @atdhe basis of domes and a direct evidence f@BeSi-
ordering on atomic scalare still missingand are necessary to provide fundamental knowlexdgéhe
coupling between intermixing, strain and morphol@fySiGe nanoislands. Indeed, due to spatial résolu
issues, MAD alone can not determine the compositisidle pyramids and at the basis of domes.

This preliminary DAFS experiment was aimed to ansthese questions and to test and implement the
grazing-incidence DAFS spectroscopy technique airiiee 1D03.

Experimental data and resulfBhe experiment was performed in grazing incidegeemetry to reduce the
scattering contribution of the substrate. A subomicesize x-ray beam (less than 60 in vertical) was
obtained with an achromatic Kirkpatrick-Baez mirrdiwo samples were studied: dome-shaped islands
grown at a temperature of 650°C on a flat Si(OQbssrate (Fig. 1a) and {105} faceted pyramids gratn
720°C on a nano-structured Si(001) substrate (Y.




Figures 2a and 2c display the square root of th#tesed intensitylexp) close to the in-plane Si(440) Bragg
reflection, the modulus of the Ge and Si structiagtors, as well as the Ge content, as a function o
reciprocal unith, for the dome-shaped islands and pyramids, resmhgtithe MAD results reveal a lower
Ge content inside pyramids and a slight linearaase of the Ge concentration ab¢we.96 for domes.
Figures 2b and 2d show GIDAFS spectra measurethéodome-shaped islandshet3.972 anch=3.974 and

for pyramids ath=3.985 [ positions indicated by the grey arrows in Figs.a2a 2c). In Fig. 2d, the two
peaks at the energies of 11.46keV and 11.48kew@edo multiple scattering. Encouraging GIDAFS hssu
have been obtained as shown by the good qualitheoDAFS spectra of Fig. 2b. Nevertheless, beamline
optimization still needs to be performed: at thel eri the experiment, GIDAFS spectra were no more
reproducible and low frequency distortions appeamatie spectra (see Fig. 2d).
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Analysis of the DAFS edge shape close to the Gelgeéean give information about the Ge and Si nedati
composition inside different in-plane iso-strairgioms of the Ge islands. The Ge occupation factor i
dependent on the curvature and depth of the cugpeband at the edge. Figure 2b shows GIDAFS spectr
measured at two slightly different iso-strdirvalues. The curvature and depth of the cusp dierent,
suggesting a different Ge composition as obseryeMAD. However, the oscillations in the region abov
the Ge K-edge can be superimposed, revealing hiealotal atomic environment of the Ge atoms and thu
the chemical composition in these two iso-stragiaes of the dome are identical. This clearly destiates
that the MAD technique fails to determine the chehcomposition in these regions due to the scatfer
contribution of strained Si substrate beneath #sfends. From recent atomistic simulation resulis ffds
implies that the dome-shaped islands display anpalwmomposition profile at the interface.

Conclusion:These preliminary results show the great potemtiahe DAFS technique to unambiguously
determine the composition inside strained islafidge analysis of the Extended DAFS spectra is under
progress. Encouraging GIDAFS results have beernrmatat ID03. Optimizations still need to be penied.
Because of the low intensity of the diffracted sigand the need for a very good Extented DAFS signa
noise ratio (> 1000), a high brilliant source, sashthe one delivered at ESRF-ID03 is mandatorpfiFS
measurements inside nanostructures.
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