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Report:

Preliminary note: Change of sample and scientific background
The sample initially chosen for this experiment were InGAN quantum dots in a GaN
matrix, synthesized at the CEA. However, a new "modified Stranski-Krastanov" method was
recently developped at the CEA/SP2M to improve (Gogneau et al., J. Appl. Phys. 94 (2003),
2254) the control over the growth of quantum dots, and notably the density of quantum dots.
Our experiment was therefore modified, in agreement with ID1 scientists, to focus on GaN
quantum dots in a AIN matrix grown using this new method, around the Ga K-edge. The
fundamentals of the experiment were otherwise not changed.

Samples studied




During our experiment we studied 4 different samples:

1: single layer of GaN quantum dots (QD), uncapped
2: single layer of GaN QD, capped by AIN

3: 10 layers of GaN QD, capped by AIN

4: 78 layers of QD, capped by AIN

The purpose of these measurements was to study the evolution of the quantum dots as a
Junction of the number of layers deposited, notably because PhotoLuminescence results
suggest that the size of the QD increases with the number of layers.

All diffraction data was measured in grazing incidence mode, so that we would only be
sensitive to the first layers (penetration depth around 1000 A) of the sample where the QD
are located. Also, we used a PSD as detector so that each 1D scan produced a 2D map in
reciprocal space.

Anomalous diffraction measurements (1D)

After orienting each sample, we measured theta-2theta scans near the (300) (in-plane) and
[302] (out-of-sample-plane) reflection. In figure 1 is shown the evolution of the scan around
the [302] reflection, for the different samples.
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Figure 1: theta-2theta scan near reflection [302]. Each scan consists of several peaks more
or less separated. From left to right, the GaN peak (largest cell parameter, smallest
diffraction angle), the AIN peak, and the intense peak beginning on the right is the SiC peak
of the substrate. Also shown is the extracted structure factor F . from the Ga, which can be
obtained by analysing the evolution of the diffracted intensity as a function of the energy
near the Ga K-edge. Only anomslous diffraction can thus separate the GaN diffraction from
the AIN bulk.

These scans where repeated at 9 different energies around the Ga K-edge, to measure the
evolution of the diffracted intensity as a function of the energy. Analyzing these variations
allows us to extract the structure factor F, of the resonant atom (Ga), i.e. gives us the
location of the diffraction from the QD in reciprocal space. In figure 1 is shown the extracted
F, for the 10-layers sample. From this extracted structure factor, we are able to quantify the
difference of relaxation between the uncapped QD and the buried ones. With a standard



diffraction measurement it would have been impossible to separated the contributions of AIN
and GaN in the diffraction pattern.
Reciprocal space mapping

The reciprocal space maps collected allowed us to separate the contributions from the
different parts of the sample (GaN QD, GaN from the wetting layer, AIN from the bulk, and
SiC from the substrate- all have different cell parameters and therefore diffract at different
positions in reciprocal space).
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On the 78-layers sample we collected a "large" map around the (302) reflection, using
several scans.This has revealed the existance of correlation peaks corresponding to the
GAN (QD) part of the structure. Although a correlation was expected due to the short spacing
between successive layers, the absence of associated correlation peaks corresponding to the
AIN parts of the sample is yet fully unexplained, it may be due to a thickness effect : the
AlN+wetting layer regions being thicker than the GaN/AIN regions.

Conclusion

We have measured anomalous diffraction scan and successfully shown that it can be used
to extract the sub-structure of the QD thanks to the selectivity of resonant diffraction. The
analysis is now focused on the determination of the strain values for the buried QD in the
different samples (using the average diffraction angle), as well as the evolution of the size
(using the size of the extracted F, peaks). A careful analysis is required to take into account
the complex absorption and transmission effects due to the grazing incidence geometry,
which is dependent on the energy and therefore influences on the anomalous signal.

The correlation peaks observed will be analyzed using structural models taking into
accounts strains in the material, and it will be necessary to perform another anomalous
experiment to investigate the nature of the correlation peaks, specifically to determine if no
AIN constrained by the GaN contributes to these peaks.



