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Nuclear spectroscopic studies on electric conductivity and dilute magnetism in
zinc oxide doped with impurity ions
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Local structures and their thermal behaviors of indium impurities in zinc

oxide (ZnO) were investigated on an atomic scale by means of time-differential perturbed angular
correlation spectroscopy with the radioactive 111In(-111Cd) probe. We found that In impurities
associate in the process of thermal diffusion to form nanoscale clusters in the ZnO matrix under
heat treatment in air. Heat treatment under vacuum, however, causes dissociation of the clusters,
suggesting that In ions leave the clusters and migrate into the ZnO matrix.
The magnetic properties of Zn0 co-doped with several at.% of Co and Mn synthesized by a solid-state
reaction were investigated by means of 57Co emission Mossbauer spectroscopy. We found that majority
of the probe ions residing in defect-free substitutional Zn sites take 57Fe2+ state. Ferromagnetism
was absent at room temperature, but, spectral broadening was observed at 10 K, implying a possible
presence of a weak magnetic component.
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measured at 1000 K.

Fig. 2. Schematic structure of the most
stable CdZngIngO 4 cluster.
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Fig. 3. Emission Mdssbauer spectrum of
'Co(—""Fe) in ZnO co-doped with 5 at.%.
Co and 5 at.% Mn. The measurement was
performed at 10 K.
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