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"¢ to prepare high quality single-crystalline Gd-doped EuO thin
:<fined Gd concentrations. Using Eu-distillation assisted molec-
MBE) and a systematic variation of the Gd and oxygen depo-
e observed layer-by-layer epitaxial growth on vitria stabilized
521 (001). The RHEED and LEED patterns are extremely crisp.
“tion spectroscopy (XAS) at the Eu M, ; edges confirm that the
<ely free from Eu’* contaminants. The true Gd concentration
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-7d magnetic properties of the dilute magnetic semiconductor
repared by reactive magnetron sputtering were studied using
“rotron radiation. By means of x-ray linear dichroism (XLD)
d respective simulations using the FDMNES code [1] the local
“tructure was investigated. For Co:ZnO with optimized growth
-al environment for both Co and Zn is the wurtzite structure of
‘erial. Virtually all Co dopant atoms are incorporated on cation
“reviously shown for pulsed laser deposited samples [2]. X-ray
- dichroism (XMCD) and the corresponding element specific
o K-edge reveal pure paramagnetic behavior as corroborated

~-_rements. Altered preparation conditions lead to the onset of

2« revealed by a clear reduction of the XLD signal. With the
< a superparamagnetic blocking behavior arises which is typ-
- ensemble. Changes in magnetic and electronic properties of
- due to annealing effects will be discussed.
+ Rev. B 63, 125120 (2001)
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cering a dilute magnetic semiconductor (DMS) with ferromag-
“oom temperature still motivates research on suitable material
“~rroaches with Co doped ZnO have shown that films with high
-rely paramagnetic behaviour [ 1], which turns to be superpara-
a5 clusterformation starts. The comparison of ion-implanted
= Zn0 showed that Gd might be a better candidate [2]. There-
10 was prepared by reactive magnetron sputtering with high
nging from 1.4% to up to 16% of Gd in ZnO. X-ray diffraction

“- 1 x-ray linear dichroism (XLD) were used for the structural

The corresponding magnetic properties were measured with
metry and - again element specific - with x-ray magnetic circu-
“CD). Due to the large Gd-atom, the structural quality of the
«ith increasing Gd-content. Nevertheless, in the entire doping
< zn of intrinsic ferromagnetic interaction for the homogeneous

stem as well as no long range magnetic order.
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Special features of the magnetic dispersion relations in long-range exchange-
coupled rare earth superlattices have been revealed with inelastic neutron scat-
tering and can be explained by our theory. In details we have investigated mag-
netic low energy excitations propagating normal to the interfaces in Dy/Y and
Gd/Y superlattices. The data, obtained by cold three-axis-spectroscopy, strongly
suggest a separation of the continuous’ bulk dispersions into discrete energy lev-
els and Brillouin zone folding effects, due to the periodic sample structures and
the finite number of magnetic atomic planes in each bilayer. The observed in-
elastic intensities are broad in energy though, but match with similar results on
a (thick) Dy film. A considerably opening of the spin wave gap at the Brillouin
zone center has been found as a function of an increasing applied magnetic field
on the Gd/Y superlattices.
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Transition metal (TM) doped ZnO has been extensively investigated due to its
potential application as a diluted magnetic semiconductor with Curie temper-
ature above room temperature. After one decade effort, however, the reported
results are still very controversial concerning the reproducibility and the origin
of the observed ferromagnetism. H. Pan et al. reported strong room temper-
ature ferromagnetism in C-doped ZnO films grown by pulsed laser deposition
[1]. Together with the first-principles calculations, evidence is given that car-
bon ions substitute for oxygen and their p-orbitals contribute the local magnetic
moments. In this contribution [2], we introduced carbon into ZnO films by ion
implantation. Room temperature ferromagnetism has been observed. Compar-
ing with two reference samples, C implanted Ge and Ne implanted ZnO, which
show only diamagnetism, our analysis demonstrates (1) the achievement of C-
doped ferromagnetic ZnO by an alternative method, i.e. by ion implantation,
and (2) the chemical involvement of carbon in the local magnetic moments is
indirectly proven. [1] H. Pan et al,, Phys. Rev. Lett. 99, 127201 (2007). [2] S.
Zhou et al., Appl. Phys. Lett., arXiv:0811.348Z
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On the quest for the intrinsic origin of ferromagnetism (FM) in ZnO doped with
a few percent of gnetic (d0) and magnetic transition metals, we present
detailed XMCD measurements, performed in various detection modes to be sen-
sitive to the surface, bulk, and interface related magnetism. The PLD prepared
samples show strong FM at room temperature (RT) (SQUID: about 2muB/Co).
On the other hand, XMCD at the Co 12,3 edges revealed only very small para-
magnetic moments, while the Zn 1.2,3 and the O K edge measurements do not
show any sign for magnetism at all. The Co 12,3 edge spectra reveal a multiplet
like shape, which is clear evidence for Co located at the Zn site in a 3d7 con-
figuration, also excluding metallic precipitates [1,2]. Therefore, we can exclude
without doubt Co as a possible origin for EM in this system [2]. In addition, we
have performed systematic investigations on the role of grain boundaries. These
results strongly suggest grain boundary based vacancies, most likely at the oxy-
gen site, as the source for the intrinsic RT-FM in doped ZnQ. [1] M. Gacic et al.,
Phys. Rev. B 75 (2007) 205206 and APL 93 (2008) 152509 [2] T. Tietze et al.,
New Journal of Physics 10 (2008) 055009,




