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Report:

In this period at the beamline BM 20 at the ESRF we carried out the following investiga-
tions:

(i)  Completion of the measurements for the structure refinement of the silicon carbide
(SiC) polytypes 6H and 4H (Ref.[1]).

(i)  Silicon and germanium nanocrystals on silicon carbide substrates.

(1): To complete previous measurements at the BM20 [1] the following measurements were
done. An absolute calibration of the integrated intensities of the “quasiforbidden” reflections
rocking curves required measurements on a nearly perfect silicon crystal. Selected SiC-
reflections, e.g. the 00.2-reflection of the 6H polytype (Fig. 1) with phase invariantsp, close
to 0° and 180°, respectively, were investigated. Such combinations of reflections allow a
very precise determination of the phase invariant to obtain an unambiguous structure re-
finement model. We also measured the forbidden 6H-SiC 00.9 reflection (same angular po-
sition as the “quasiforbidden” 00.6-reflection of the polytype 4H) to ascertain the polytype-
purity of the crystal. An azimuthal scan of the 00.9 reflection shows no asymmetry of the
“Umweg”-reflection. More over an o-scan displays no peak.
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[1] Forschungszentrum Rossendorf, Project-Group ESRF-Beamline (ROBL-CGR), Report
January 1998 — June 1999, p 68.

(ii): Different SiC-surfaces were coated with thin layers of Si resp. Ge and subsequently an-
nealed to 900 °C respective 600 °C. Such a procedure produces, according to AFM, Si- or
respectively Ge-nanocrystals whose number, size distribution and shape depends on the pro-
cess parameters. Three of those samples were investigated on the ROBL-beamline at the
ESRF. The 6/26 - scans show for all samples 111- and 220-reflections of Si respectively Ge
(Fig. 2). This reveals unambiguously that the nanocrystals grow preferentially in two differ-
ent orientations (<111>, <110>). Interestingly, for the Ge-samples those reflections are
shifted towards the angular position of the respective Si-reflection. Such a peak shift could
be explained by a lattice distortion due to the lattice mismatch or by the change in the lattice
constant due to the formation of a Si/Ge solid solution. The lateral orientation of the (111)-
and (110)-nanocrystals was investigated by comparison of the¢-scans of an appropriate na-
nocrystal-reflection (220-reflection for (111)-nanocrystals and 111-reflection for (110)-
nanocrystals) with an appropriate substrate-reflection (Fig. 3). This comparison showed thaf

the (111)-nanocrystals as well as the (110)-custers grow coherently with respect to the sub-
strate,
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Fig. 2: 0/26 scan of Ge-clusters on  Fig. 3: Comparison of ¢§-scans of the Ge(111)-
6H-SiC: 111-reflections of Ge clusters (220-reflection, ¥ = 35.27°) with the
the SiC substrate (10.4-reflection, y = 54.79°)
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