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Report:

GaN doped with transition metals is one of the predictetlidates for obtaining Zener-type ferromagnetism
with T, > 300K [1,2]. As a necessary condition, the transiti@taimion should be incorporated on isolated
(i.e. not clustered) substitutional sites and exhildiigh-spin ground state. So far, the Mn doped GaN has
been intensively studied, but it turned out that holesdha mediate the spin ordering in these structures are
localized on Mn, therefore Zener-type magnetism is exgiected in GaMnN. In this respect, the GaFeN
system is much more promising. However, very littlknewn about the incorporation of Fe in GaN. From
secondary ion mass spectroscopy the total amountroincorporated into GaN was determined. An electron
spin resonance (ESR) study [3] revealed the existentte@harge state Fe From the discrepancy between
the two methods we infer that¥és also present at interstitial lattice sites.

The aim of the project was to determine the latticeitipms of Fe ions in the wurtzite-type GaN latticel a
their dependence on the conditions of epitaxial growtlseAes of GaFeN epitaxial layers was grown by
metalorganic chemical vapor deposition method (MOCVD)tbick GaN buffer layers deposited on sapphire
substrates. In the series, both the thicknessesdb#freN layers and the Fe flux in the growth reacerew
systematically varied. Magnetic measurements (SQUIDgnet@metry) revealed a superparamagnetci
behavior of these layers with a small ferromagnedimponent. For the determination of the lattice pmrssti

of the Fe ions, x-ray standing-wave method (XSW) wasl u& which the intensity of the FaKluorescence
radiation was measured as a function of the directidheprimary x-ray wave with the energy of 10.0 keV.
Special attention has been paid to a minimizatiorheffluorescence background originating from Fe-rich
parts of the sample holder, slits, collimmators, etc.

For each sample, a series of XSW scans has beerumn@gas various coplanar and grazing-incidence
diffractions. Typically, we have used coplanar 002 and 004adifn, as well as grazing-incidence
diffractions 100 and 110. In the diffraction curves measursuilsineously we did not find only one
diffraction maximum — this indicates that the latticsmatch between the GaFeN layer and the GaN buffer
underneath is very small. This fact made it possiblestothe standing x-ray wave produced in the GaN buffer
for the determination of the Fe positions in the GaRfayer also in coplanar scattering geometry (see the
discussion in [4]). In addition to XSW measurements arowamgbus reciprocal lattice points, we have also



measured Fed fluorescence intensity excited by a primary wavediating the sample under very small
incidence angle (i.e., during x-ray reflectivity measwgeta far away from any diffraction maximum). This
data make it possible to determine the density profileecditoms in a thin surface layer.

Figure 1 presents some examples of measured curves of sgBfApleconsiting of a fm thick GaN buffer
layer covered by a 50 nm thick GaFeN layer.
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Fig. 1 Fekx fluorescence excited by x-ray reflection
(upper left panel), coplanar XSW measurement (upper
right) and GID XSW (lower left panel) on GaFeN
sample #5960; denotes the incidence angle of the
primary radiationn is the azimuthal angle of the
primary radiation with respect to the diffracting net
planes.
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Combining the XSW measurements using various mutualy natlgdadiffraction vectors it is possible to
determine all three coordinates of the Fe atomsara&N wurtzite unit cell, as well as the coherenttioa,

l.e., the relative amount of the Fe atoms in cohleladtice positions [5]. Recently we are working on a
theoretical description of the XSW experiment botltaplanar and in a general non-coplanar geometries,
based on two-beam dynamical diffraction, as well as oamerical method for the treatment of experimental
data, including a convolution of the simulated XSW curviek an angular resolution function, depending on
the optical elements in the primary beam.

The coherent positions and coherent fractions of Rbeatoms determined from the XSW data will be
correlated with the magnetic properties of the layetsrdened previously. A publication of the results is
expected in near future.
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