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Report: 
 

The fabrication of semiconductor nanostructures represents a vivid field, as it promises new devices 
due to broad possibilities of band engineering. In particular, self-organized nanostructures are appealing due 
to their high density and virtually vanishing defect concentration. 

Here we present a study of structure of buried self-organized Ge islands in Si/Ge/Si layer structures, 
since a capping Si layer above the array of the Ge islands is necessary for optoelectronic applications. The 
crucial point in the growth of capped Ge islands are their structural changes during the overgrowth by the Si 
layer. During the overgrowth, the changes both in the island shape and the chemical composition are 
expected. From a preliminary investigation using cross-sectional transmission electron microscopy (TEM) it 
follows that during overgrowth an interdiffusion between the island lattice and its neighbourhood takes place. 
Consequently, the width of the island base increases and the height decreases, so that the aspect ratio of the 
island decreases. 

For the investigation of buried Ge islands we have used coplanar high-resolution x-ray diffraction 
(XRD). In comparison with TEM, the diffraction method is non-destructive and it probes a larger sample 
area, so that the island parameters have higher statistical relevance. The XRD is also sensitive to the strain in 
the lattice around and in the islands, from which the chemical composition of the islands can be deduced. The 
measurements have been carried out at the beamline ID10B at a wavelength of λ = 1.55 Å. The diffracted 
wave was analysed by means of an one-dimensional position sensitive detector. We have investigated a 
series of three Si/Ge/Si samples. In all of them, a nominally 5 monolayer thick Ge layer was deposited by 
molecular beam epitaxy on a thick (001) Si buffer. Then, a 150 nm thick Si capping layer was grown, at 
temperatures of 460oC, 540oC and 630oC. We have measured asymmetric coplanar diffractions 224 and 404, 
the resulting intensity reciprocal space maps are plotted in Fig 1. We we can resolve distinct peaks caused by 
the islands (denoted “I”) in addition to sharp substrate peaks (“S”) in reciprocal Si lattice points and the 
coherent crystal truncation rods. The position of the peak I depends on the strain in the island lattice and in 
the neighboring Si matrix and it corresponds to the mean elastic relaxation of the island lattice. The shape of 
the peak depends on the island shape; the larger the island dimension, the narrower is the peak width in the 
corresponding direction. It is obvious that with increasing temperature of the overgrowth the elastic 
relaxation of the islands decreases, which corresponds to a transition from a high narrow island with large 
aspect ration and relatively large elastic relaxation to a broad and flat islands with negligible relaxation. The 
strcutre of  the islands overgrown at higher temperatures is therefore similar to a two-dimensional strained 
layer. 
 



 
 
Figure 1. The reciprocal space maps obtained in coplanar diffractions 224 (a,c,d), and in diffraction 404 (b) for samples with 
various overgrowth temperatures. I and S denote the island and substrate peaks, respectively. In order to compare the positions of 
the I peaks in 224 and 404 diffractions, the values of Qx in the panel 2 were divided by 2 . 
 

A detailed information on the island shape and chemical composition can be obtained by a 
comparison of the measured reciprocal space map with numerical simulations. We have performed these 
calculations using kinemtical diffraction and continuum elasticity [1,2]. From the comparison it follows that 
increasing the overgrowth temperature from 460oC to 630oC the diameter of the island base increases from 
70 nm to 160 nm and the island height decreases from 15 nm to 6 nm. Due to interdiffusion during the 
overgrowth, a SiGe alloying in the islands takes place; the Ge concetration increases from the island bottom 
to the top. The bottom Ge concentrations range from 40% (for 630oC ovegrowth temperature) to 60% 
(460oC), the concentrations at the island top is between 50% (after 630oC overgrowth) and 85% (460oC). 

In Fig. 1 we also compare the reciprocal space maps in diffractions 224 and 404, the azimuthal 
directions of the scattering planes of these maps differ by 45o. The lateral distance of the island and  substrate 
peaks is proportional to the length of the lateral component h|| of the diffraction vector h. In order to visualize 
the azimuthal dependendence of the lateral elastic relaxation in the island lattice we have divided the in-plane 
component of the scattering vector Q by 2  in the 404 map, since )224(2)404( |||| hh = . From the figure 
it is obvious that the strain distribution around the island is nearly cylindrically symmetric, since the 
corrected position of the I-peak does not depend on the azimuth. Numerical calculations performed for 
islands with pyramid-like and paraboloid-like shapes showed that the actual shape of the overgrown islands 
lies between a pyramid and a rotationally symmetric shape, i.e., the overgrowth causes a rounding of the 
originally flat crystallographic facets. 

In summary, we have found that an overgrowth of self-organized Ge islands by a Si capping layer 
changes substantially both the island shape and its chemical composition. If, however, the overgrowth 
temperature is kept sufficiently low, a strain status of the overgrown islands similar to uncapped ones can be 
preserved. 
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