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Report:

During the time of application for our recent beamtime, nearly one year ago, we hold a close collaboration
with the Institute for Crystal Growth, Berlin concerning unidirectional ordering of SiGe dots on
homoepitaxial Si(113), and although we have been successfully in the preparation [1], the samples did not
fully meet our initial expectations. Since high uniformity shape- and size-vice are essential requirements for
the proposed GID and GISAXS measurements we have decided (in advance, and in agreement with the local
contact) to focus on a similar, however different system - vertically stacked InGaAs quantum dots embedded
in a GaAs(311)B matrix grown by means of MBE. Regardless the actual material, similar questions on the
mutual impact of strain energy emerging during dot growth and its partial relief, on the one hand side, and
dot morphology and directed self-assembling on the other side have been focused on. Thus, we are interested
in the influence of various substrate orientations on the interplay between lateral ordering and vertical
inheritance. Previously performed high resolution-ray diffraction measurements along with finite element
simulations on the strain field demonstrate a dedicated control of lateral and vertical ordering [2,3].

Here we report on GaAs(311)B based vertical superlattices comprising 16.5 periods of 10 monolayers
Ing.4Gag gAs, forming quantum dots, and subsequent GaAs layers with spacer thicknesses between 30 and 240
monolayers. During the recent beamtime we have performed grazing incidence diffraction (GID) to probe the
impact of various spacer layer thicknesses on the vertical inheritance of the initial dot assembling. Since the
strain modulation of an underlying dot should become more decisive for lateral ordering within subsequent
dot layers with decreasing spacer thickness [4], one would expect a decreasing angle of inheritance.
Surprisingly high resolution x-ray diffraction (performed prior at HASYLAB) indicate that there is no
obvious dependence between spacer thickness and the direction of inheritance. This probably hints at an
additional effect, presumably related to the particular dot shape, which is — in particular for the buried dot
layers — not solved yet.
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Fig. 1: Atomic force micrograph (a) of the topmost InGaAs dot layer (180 ML GaAs) and grazing incidence diffraction
(b) close to the (022) reflection recorded at an angle of incidence of 0.5°. The pattern depicts an extended diffuse
scattering due to strain distribution within the GaAs matrix superimposed by pronounced lateral correlation peaks
along the dot chains and perpendicular to them. (c) and (d) show respective line scans through the substrate reflection,
wherein the mentioned g-vector notates the scattering vector in addition to qo;.

As one example we will briefly discuss a vertical dot stack where the dot layers are separated by 180 ML
GaAs, a value which provides extended dot chains running 47° azimutally off the [011] direction, fig.1(a).
The lateral dot assembling causes intense modulations close the GaAs (022) substrate reflection, fig.1(b).
The satellites distance perpendicular to the chains Aq of 0.045 nm™, fig.1(c), yields an inter-chain separation
of 139 nm (via 2n/Aqg) which corresponds well with the AFM value of 138 nm. Regardless the obvious
asymmetry due to ordering, one may consider the diffuse scattering at Qragia < Gcaas(oz2) IS slightly shifted
towards negative values of angular momentum transfer, an effect which becomes more pronounced on
further samples, even in opposite angular direction. To meet the reader’s rather plausibel objection, that
sample drift during the scan (which can cause a similar effect) has been omitted: the angular positions of
substrate reflection are identical before and after the scan within the goniometer accuracy. To interpret this
surprizing result, which is most probably related to (a vertically evolving or asymmetric?) dot shape, we will
perform semi-kinematical scattering simulations on the base of finite element calculations which can also
provide the established indium profile within the dots.

In parallel with this report we will apply for an additional beamtime at ID 10B considering the described set
of samples in order to perform grazing incidence small angle x-ray scattering, an analytical tool which will
provide strain-free shape and ordering information.
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