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Report: 
Anomalous x-ray diffraction at high momentum transfer and reciprocal space mapping has been employed to study 
the compositional evolution in SiGe domes on Si(001). The SiGe islands were grown via MBE deposition of pure Ge 
on Si(001) at various temperatures. The high momentum transfer significantly enhances the resolution in composition 
and strain and therefore supplies a tool to describe gradients in reciprocal space [1]. The determination of the 
concentration is based on a precise knowledge of the atomic scattering factors. A complementary x-ray technique to 
determine concentration profiles in epitaxial nanostructures is supplied by x-ray reciprocal space mapping.  Here, the 
composition is determined via the elastic response of the alloy to the epitaxial stresses. The reults rely on the 
knowledge of the elastic constants for SiGe alloys and are not sensitive to the atomic scattering factors. We 
determined the composition in a series of samples by grazing incidence anomalous diffraction and compared the 
results with the reciprocal space maps of the same samples. The results for both methods coincide well and confirm 
the existence of a well-defined interface between the SiGe domes and the Si-substrate. The increase in growth 
temperature leads to an increase of the Si-content and an increase of the concentration gradient inside the domes, 
without affecting the unblurred interface. Figure 1 (a) shows the results for the composition as a function of in-plane 
lattice parameter, determined by anomalous diffraction at the (800) in-plane reflection. In Fig. 1 (b), the reciprocal 
space maps for the (404) reflections are plotted. For pseudomorphic tetragonal distortion, the iso-composition lines 
are added for the minimum and maximum Ge-concentration as found inside the domes by anomalous diffraction. The 
diffuse intensity streaks origination from the islands lie indeed between those limits, however, an evaluation of the Ge 
content via reciprocal space mapping seems to underestimate the Ge content. The weak inclination of the intensity 
streaks with respect to the iso-composition lines confirms the rather poor evolution of the Ge-content throughout a 
wide lattice parameter distribution. Both methods confirm the importance of SiGe intermixing during deposition of 
pure Ge on Si (001) together with the conservation of a well-defined interface between the SiGe island and the Si-
substrate.  
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Fig.1: (a)-(c): SiGe domes grown by MBE deposition of pure Ge on Si(001) at different temperatures. Below 
the AFM images of each sample, the anomalous diffraction data for the (800) in-plane reflection is plotted 
for two energies, together with the Ge-concentration extracted from the data. Reciprocal space maps 
recorded by coplanar diffraction are presented for the (404) reflection for each sample. The lowest and the 
highest concentration as determined by anomalous diffraction are marked in the reciprocal space maps.  


