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Report:

The aim of the proposal is to study the structawradl magnetic properties by measuring the x-rayatine
dichroism (XLD), the x-ray magnetic circular dicksm (XMCD) of CoO stabilized in the wurtzite phassd
the transition to the (cubic) spinel Znx. During the beamtime three different sample sesiee studied:

(i) 30%Co:Zn0O films grown from a metallic Co/Zn gat using reactive magnetron sputtering with vagyin
oxygen partial pressure from an Ap.@atio from 10:1 to 10:6 at a substrate temperatird50°C, (ii)
ZnCo04 films grown from a ZnO/CsD, oxide target grown under varying oxygen parti@ssure with an
Ar:O, ratio from 10:0 to 10:2 at different growth temgteires from 20°C to 525°C, and (iii) Zns
reference films grown by pulsed laser depositiomhwroven p-type conductivity and thus the Co(lll)
containing spinel phase. In the following we restourselves to the discussion of the two samplese
grown by reactive magnetron sputtering. Figure rhrearizes all XANES and XLD spectra recorded at the
Zn K-edge for sample series (ii) while Figure 2whdhe respective XANES and XLD spectra at the Co K
edge. After a closer inspection of the data thepdasncan be divided into three sub-categories whreh
corroborated by lab-based X-ray diffraction (nobwh). One sort of samples, typically grown at tighbst
temperatures shows the typical signatures of thézitel (Co:)ZnO samples with a strong characterixtiD

and the associated XANES signatures. The secomdisya transition region with suppressed wurtzitdX
signature at both Zn and Co K-edges and a XANEStspa resembling a mixture between spinel and
wurtzite. The third group of samples is virtuallyrp spinel resembling the reference series (iiignghardly
any XLD is visible. The Zn K-edge XANES is broaddditat without a distinct maximum and the Co K-edge
XANES shifts to higher photon energies and devebopsong maximum characteristic for Co(lll) (F&).
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Figure 1: XANES and XLD at the Zn K-edge for all ZnCo,0, | Figure 2: XANES and XLD at the Co K-edge for all
samples grown from a ZnO/Cos0, target varying oxygen ZnCo,04 sa_mpl% grown from a ZnO/Co;0, target varying
partial pressure aswell as growth temperature. oxygen partial pressure as well as growth temperature.
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We also investigated sample series (i) at the Zsdie (not shown) and the Co K-edge (Fig. 3). Hixeal
growth temperature one can observe the developofethie characteristic spectral features of CoAiijh
increasing oxygen partial pressure, especiallynadO, ratio of 10:6 (black line). However, this same i
still in the transition regime, where a rather cheartzite type XLD is observed, also X-ray difftexn does
not detect any spinel reflection. Obviously it isspible to stabilize some fraction of Co(lll) in awerall
wurtzite type Co:ZnO environment making such saspi¢eresting for more detailed studies with regard
their transport properties. The second interestingervation in Fig. 3 is that it is obviously pddsito
stabilize ZnO in the pure wurtzite structure eviea third of the Zn cations are replaced by Co, Bige 3
blue and cyan lines. This is also corroborated )y Zn K-edge data. Since this is well beyond the
coalescence limit of the wurtzite lattice of 20%puhw, this sample contains a substantial fractib@@O in
wurtzite structure; we even have measured one saoguitaining 40% of Co (not shown). Obviously it is
possible to stabilize either Co(ll) in wurtzite @mwment or Co(lll) either in wurtzite or in spinel
environment depending on the chosen preparatioditiomns irrespective of the use of oxide or mesagjets.
The tendency is that high growth temperatures amd dxygen partial pressures favor wurtzite and low
temperatures and/or high oxygen partial pressuresrfspinel type samples. The XANES and XLD data
recorded during this experiment lay the foundatidemsunderstand the transport and global structural
properties on a microscopic scale where a clearrigiation of Co species and physical properties
made on solid grounds.

We have also studies the magnetic properties efexted set of samples from series (i) and (iijhwvaitfocus

on disentangling the magnetic properties of Caglwurtzite environment, which are well-known from
previous experiments on phase pure Co:ZnO sampbtksauld be found here for the 30% and 40% Co:ZnO
smape grown with an Ar:QOratio of 10:1 (not shown), and of Co(lll) in thpirsel environment. Figure 4
summarizes the XMCD spectra of different samplegwlare representative of the different sub-categor
as found by the analysis of the XLD data. We hdge aecorded the field dependence of the XMCD at
various photon energies of the distinct spectraiuiees seen in the XMCD spectra (not shown). \WDd€i)

is best measured at the pronounced pre-edge fetliisanagnetic signature decreases upon goingrttswva
the spinel type Co(lll) also, the maximum of the M at the main absorption shifts to higher enerbies
going from Co(ll) towards Co(lll) so that one catord valence-selective XMCD(H) curves at thesandis
features. However, the high field data suggestt #taboth species there seems to be a tendency for
antiferromagnetic coupling of the adjacent Co mamsesince in all samples a finite slope of the XM&D
curves is found which is suggestive of these tygesamples being a sort of uncompensated antifergowet.
Figure 4 also contains one interesting sample, @/hestrong up/down feature can be seen in the XMAD.
present the origin of this is still unclear butduld be taken as a hint of antiparallel couplifi@o(ll) and
Co(Il) moments which could open perspectives tilotamagnetic properties in A/B disordered spinel
samples by this antiparallel alignment of Co monwodrdifferent size.

In summary, we have measured a comprehensive sangples based on the Zn-Co-O system where we
could identify distinct spectroscopic features af(l and Co(lll) in different structural environmes and
further identify the characteristic magnetic prag@s:. This large set of spectroscopic data willobaas in to
establish reliable relationships between globakpta) properties and the responsible Co species.
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Figure 3: XANES and XLD at the Co K-edge for all | Figure 4: Comparison XANES and XMCD spectra of

30%Co0:Zn0 samples grown from a Zn/Co target with varying | various Co:ZnO and ZnCo,0, films measured at 2K and 17T
oxygen partial pressure. under grazing incidence.
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