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Report:
Grazing incidence anomalous x-ray scattering was used to monitor in situ the molecular beam epitaxy growth
of  GaN/AlN quantum dots  (QDs).  The  strain  state  was  studied  by  means  of  grazing  incidence  Multi-
wavelength Anomalous Diffraction (MAD) in both the QDs and the AlN during the progressive coverage of
QDs by AlN monolayers.  Vertical correlation in the position of the GaN QDs was also studied by both
grazing incidence MAD and anomalous Grazing Incidence Small Angle Scattering (GISAXS) as a function
of the number of GaN planes and of the AlN spacer thickness.
Samples were grown on 6H-SiC(0001) substrates in a  plasma assisted molecular beam epitaxy chamber
installed on the SUV apparatus at BM32. The nitrogen flux was supplied by a radio-frequency plasma cell ;
Knudsen cells provided the Ga and Al fluxes. Wurtzite GaN QDs were synthetized on top of AlN buffers via
the modified Stranski-Krastanow mode, at ~ 730°C, with a GaN equivalent amount of 6 MLs. A grazing
incidence and exit setup was used to enhance the scattered x-ray signals from the QDs with respect to that of
the substrate. Diffraction anomalous measurements were carried out around the Ga K-edge (10.367 keV). For
the MAD experiments reciprocal space scans along the [10-10] direction around h=3 were systematically
recorded at 12 energies around the Ga K-edge using a point detector. The detector slits were opened so as to
measure the integrated intensity over the grazing exit angle. A 2D charge-coupled device detector placed
perpendicular to the incident beam was used for GISAXS measurements.
The progressive capping of GaN QDs by AlN was analyzed in situ by means of MAD, that is the Ga and AlN
structure factors could be extracted (cf. Fig.  1) from the measurement  of the diffracted intensities at 12
energies across the Ga K-edge. Figure 2 depicts the evolution of the in-plane lattice parameters deduced from
the position of the maximum of the partial structure factors, in both AlN and GaN, as a function of the AlN
cap layer thickness. It is clearly demonstrated that the AlN capping initially stressed by the QDs is then
progressively relaxed.  Two regimes can be distinguished,  in which QDs and AlN capping are mutually
influenced. A rapid decrease is observed until  16 MLs,  followed by a more gentle diminution probably
lasting after 34 MLs. Jointly the partially relaxed  surface QDs are gradually compressed by the AlN capping
untill 16 MLs, leading to a plateau. Interestingly, the AlN strain state varies only very slowly above an AlN
thickness of < 30 MLs (7.5 nm). Under this semi-quantitative limit, the AlN tickness is such that the presence
of buried dots significantly affects the AlN strain state, and a GaN QDs vertical correlation is expected.



Another grazing incidence MAD study has been carried out for a gradual QDs planes stacking. The AlN
spacer was chosen in a regime of mutual QDs and AlN influence and fixed at 25 MLs. From the width of the
structure factors extracted for 1, 2, 3, 5, 7, and 10 capped QDs planes, the size of the QDs was estimated
according  to  the  Debye-Scherrer  formula.  A 50% increase  in  the  size  of  QDs is  put  in  evidence,  as  a
consequence of a vertical correlation effect.
The vertical correlation effects were further investigated by anomalous GISAXS. The incident angle was set
slightly  above  the  critical  angle,  for  a  sensitive  to  the  whole  stacking.  Figure  3(a)  shows  GISAXS
measurements for a stack of 5 QDs planes separeted by 25 AlN MLs. The occurrence of Qz satellites at Qx≠0
is  an  evidence  for  the  QDs position  vertical  correlation  along  the  [0001]  direction.  The  strong  energy
dependence at the Ga K-edge of these satellites (Fig. 3(c)) confirms that the scattering yield is mainly from
the QDs. Finally, fig. 3(b) shows a GISAXS map measured for a QDs planes stacking with 53 MLs AlN
spacers. Compared to the case of thiner (25 MLs) AlN spacers (Fig. 3(a,c)) 53 MLs AlN spacers (Fig. 3(b,d))
seem large enough to inhibit the vertical correlation effects, likely because they are out of the regime of QDs
and AlN mutual influence. This is consistant with the above conclusion that the critical thickness of the AlN
spacer requested to allow correlation lays around 30 MLs.
The results were submitted to Appl. Phys. Lett. (http://arxiv.org/abs/cond-mat/0508126).

Fig. 1 : Square root intensity at 10.267 keV, Ga (FA) and
non anomalous (FN) structure factors for GaN QDs

covered by 8 MLs AlN.

Fig. 2 : In-plane lattice parameter in AlN and GaN
deduced from MAD measurements

Fig.3 : GISAXS maps measured for GaN QDs / AlN
multilayers with (a) 25 MLs and (b) 53 MLs AlN spacers,
and corresponding ((c) and (d)) diffused intensity along
Qx=-0.033Å-1, at different energies (c).


