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order to obtain the nanostructure with demanded optical
and electrical properties.

The II–VI quantum dots have attracted interest due to
application in red, green and blue laser diodes, as well in
fundamental physics [1]. The ZnSe-based laser diodes
are not long-term stable under electrical operation.
Nevertheless, it has been shown that such green emitting
ZnSe lasers are significantly more stable when replacing
the ZnCdSSe quantum well by a stack of CdZnSe/ZnSSe
quantum dots [2].
CdSe quantum dots can be formed in a ZnSe matrix
by molecular beam epitaxy (MBE). This system has a
high lattice mismatch (~7%) resulted in self-assembled
quantum dots (QDs) during epitaxial growth [3].
Since the self-organization process has a stochastic
nature, the resulting nanostructures have a certain
dispersion of their sizes and shapes and, in addition, the
dots are chemically inhomogeneous. Therefore, a reliable
and non-destructive characterization of the structure of
quantum dots is of a crucial importance to improve their
applicability. Several characterization techniques such as
transmission electron microscopy (TEM), scanning
tunneling microscopy (STM) and atomic-force
microscopy (AFM) have been employed to aid the
understanding of the growth mechanisms and to
determine optimal growth conditions.
The structural investigations of CdZnSe/ZnSe
quantum dots were mainly performed by high-resolution
x-ray diffraction (HRXRD) using synchrotron radiation,
high-resolution transmission electron microscopy
(HRTEM) and luminescence [4, 5], yielding the structure
and the correlations of the positions of CdSe quantum
dots.
The capping process of quantum dots plays an
important role for their optical properties; however the
capping layer introduces additional strain and changes in
the chemical composition by intermixing during the
deposition of the capping layer. To get information about
the intermixing of substrate and capped layer a key issue
is to determine the optimal technological conditions in

In order to explain the influence of the overgrowth
parameters on the structure of the formed CdSe quantum
dots Extended X-ray Absorption Fine Structure (EXAFS)
and Diffraction Anomalous Fine Structure (DAFS) were
employed. Due to its selectivity for a chosen element,
EXAFS is well suited to determine the bond lengths CdSe, Cd-Cd and Cd-Zn and atomic ordering within
strained CdSe/ZnMgSSe quantum dot layers. However,
the EXAFS signal provides structural information
averaged over all absorber atoms selected. To obtain the
bond lengths and the atomic ordering within regions with
a chosen elastic strain, the DAFS technique was used.
From the DAFS spectra we determined the structure of
the neighborhood of absorbing atoms in a region of the
dot volume with given strain (iso-strain volume).
Therefore, local atomistic structural parameters for this
volume are obtained as results. The advantage of the
DAFS method is that the EXAFS-like information can be
obtained "locally," allowing us to detect possible atomic
ordering in CdSe/ZnMgSSe alloys.
A series of CdSe/ZnSe/MgS single quantum dots
layers grown by molecular beam epitaxy (MBE) on
GaAs(001) substrates were studied. The CdSe
monolayers (ML) were embedded in a 1.4 nm ZnSe layer
surrounded by 2 nm MgS barriers grown on a GaAs
substrate with 50 nm ZnSe underneath and 25 nm above
this dot structure. The investigated samples differ in the
amount of deposited CdSe monolayers.
The EXAFS spectra at the Cd K edge (~27 keV) were
collected at fluorescence mode using a multi-element Ge
detector.
The DAFS spectra at the Se K-edge (~12.7 keV) were
collected in grazing-incidence geometry at different
positions in reciprocal space near the (800) diffraction
spot (for various deviations qr from the reciprocal lattice
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point) in order to obtain local chemical information and
information on the atomic ordering in a particular isostrain volume. The qr axis was chosen along the (h00)
line (radial direction). The DAFS signal stems from an
iso-strain volume, the position of which is determined by
the value of the qr coordinate, where the DAFS signal
was collected. The grazing incidence geometry allowed
us to reduce the contribution of the substrate to the
scattered intensity and enhances the contribution of the
quantum dots to the measured signal. To avoid the
oxidation, the samples were kept in He atmosphere
during the measurement.
The Athena program was used to subtract the preedge background, normalize to the experimental edge
step and absorption data from the EXAFS data [6]. The
DAFS spectrum χ(E) depends on the real (χ’) and
imaginary (χ’’) parts of the anomalous form-factor of the
Se atoms. The numerical Kramers-Kronig transformation
was used to extract the imaginary part χ’’(E) of the
DAFS spectrum [7]. Then, the data were transformed to
the direct R-space and both EXAFS and DAFS data were
fitted in R-space to theoretical curves generated by the
FEFF 8 code for the Cd-Se, Cd-Cd and Cd-Zn pairs [8].
Then, the Artemis program was used to obtain the
structure parameters, i.e., bond lengths (R), DebyeWaller factors (σ2) and coordination numbers (N) [9].
The EXAFS and DAFS results are discussed in details.
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