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Introduction

Oxide dilute magnetic semiconductors (DMS) are
gathering much attention since their discovery[1] and yet
there are still arguments on the origin of the magnetism.
We measured X-ray magnetic circular dichroism
(XMCD) and X-ray absorption spectroscopy (XAS) of a
group of those materials, (Fe or Co) Nb TiO,,, [2-4]. It
is considered that local spin of Fe or Co is the origin of
the magnetism whereas Nb provides n-type carriers that
induce the ordering of the spins of magnetic dopants (Fe
and Co). The position of the Ti3d level is very
important in the magnetic polaron model[5]. Nevertheless
the energy levels of dopants have not been measured
directly and it has been awaited in order to elucidate the
origin of the magnetism.

Experiments
The samples were prepared by pulsed laser deposition

epitaxial growth technique on SrTiO,(001) or
LaAlO,(001) substrates. X-ray diffraction of the sample
showed the epitaxial growth of anatase TiO, structure.
XAS and XMCD were measured at BL-7A under high
vacuum (~ 3x10° Pa) under the magnetic field of +
2000G. Remanent condition after the application of the
magnetic field was also used for the measurement. The
XAS and XMCD signals were detected by using total
electron yield technique with an extraction bias electrode.
It is established that the n-type carrier concentration is
nearly proportional to the Nb dopant concentration[4].

Results and Discussions

The experimental results so far suggest the relationship
between energy levels in this system as shown in Fig. 1.
Energy levels of Fe* and Fe™ lie close to the partly filled
Ti 3d band. The energy levels of Nb dopant and oxygen
deficiency are also close to the Fermi edge. Figure 2
shows the Ti L- XAS and XMCD of Fe Nb,  TiO, It
shows a weak indication of XMCD signal which is
negative in sign. This result shows that the spin
polarization in Ti is opposite to that in Fe, and is
consistent with the magnetic polaron model.
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Fig.1: Relationship between energy levels
of chemical species in FeNb[Ti, O,

determined by the XMCD and XAS

experiments.
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Fig.2: Ti L-XAS of Fe,, Nb,, TiO,
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