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Report:

The chemical composition and strain in self-assembled semiconductor nanostructures are
important quantities determining to a large extent the electronic properties. We have used x-
ray diffraction in order to obtain this information on Gay,ln/As islands with a nominal
composition as small as x=10%. The islands are embedded in a multilayer, which is deposited
on a prepatterned GaAs(111) substrate with an array of holes. These holes are fabricated by
electron beam lithography and wet chemical etching, leading to pits with the shape of
inverted pyramids with (111) side facets.

On top of this sushbtrate a stack consisting of the following layers has been deposited:
AlossGag4sAS | AlosGag7AS | 1Ng1GagoAs | AlpsGag7AS | AlpssGagssAS. The layers have been
grown by chemical vapor deposition. Asthe islands are in the deep pits and contain only 10%
In nominally (it can be expected that the In content decreased even further during capping of
the idlands), it is clear that the scattering will be dominated by the GaAs. In order to reduce
this scattering contribution, we tuned the x-ray wavelength at beamline IDO1 to 12.65 keV,
dlightly above the Ga K-edge, as for this energy the scattering factor of the weak (226) GaAs
reflection becomes minimal.

Although the choice of energy reduces the elastic scattering from GaAs, it leads to a strong
inelastic scattering signal (fluorescence) from the GaAs. The energy resolution of the position
sensitive detector we used for this measurement is by far not sufficient to separate the elastic



and inelastic scattering contributions. Hence we used an analyzer crystal in front of the
detector in order to remove the inelastic part. In principle, the Graphite (110) crystal available
at IDO1 provides sufficient resolution for this purpose. Unfortunately, however, it does not
provide enough resolution in reciprocal space to resolve the structure of our sample: with a
pit spacing of 500 nm, an angular resolution in the 0.002° range is required (depending on the
reflection) in order to resolve satellite maxima due to the periodic pit and island
arrangements. Although for the evaluation of strain and composition it is sufficient to
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Figure 1. Reciprocal space maps recorded around the (226) reciprocal lattice point of GaAs at an
energy of 12.56 keV. The left panel shows the measurement with a graphite(110) analyzer,
right is the measurement with the Si(111) analyzer.

measure the envelope of the satellite maxima, the result obtained with the graphite analyzer is
still distorted due to the influence of the diffuse scattering around the substrate reflection, as
can be seen in Fig. 1 (left panel). Therefore we used a Si(111) crystal analyzer to record the
reciprocal space map (right panel of Fig. 1). In order to obtain the structural parameters of the
islands, finite element simulations of the strain fields have to be performed. This is a very
time-consuming procedure due to the rather complicated geometry of the etched pits with the
InGaAs islands embedded into a multilayer. A first crude aproximation of the In content
based on the maximum of the satellite envelope (marked by a black cross in Fig. 1) and
Bragg's law yields a very small value of xn,as=0.5%. This can be underestimated, as a
hydrostatic pressure component, which is present for overgrown islands [1], is not taken into
account. However, it is unlikely that the InAs content is close to that of the deposited alloy
(10%): Asindicated by the red crossin Fig. 1, aready alnAs content of 3% would result in a
significantly different peak position than observed. A more elaborate analysis including finite
element calculationsis currently under way.
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