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Introduction
Co doped TiO, anatase is a promising candidate for a room-temperature ferromagnetic semiconductor. Such materials are critically important in the
development of spintronics as spin injectors for semiconductor heterostructures that can operate without cryogenic cooling. Co doped anatase is found to be
ferromagnetic well above room temperature when doped n-type with oxygen vacancies. Critical to elucidating the mechanism of magnetism in this material is a
determination of the local structure surrounding the magnetic impurity. XAFS measurements have been used to investigate the local Co environment and Co
valence. Some questions to be answered:

1) Can nanoparticles of Co metal explain the ferromagnetism?
2) What is the Co valence?

3) What is the Co environment: is the Co substituting for Ti in the lattice?

4) What about oxygen vacancies that are required for charge neutrality (each Co substitution for Ti should result in an O vacancy)?
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Samples and measurements EXAFS results
Th_e samples were grown by oxygen plasma assisted moleqular beam_ LaAIO3(001) Substrate
epitaxy (OPAMBE). Co concentrations were about 5%. Typically the films 1.5
are about 20 nm thick. Substrates used include LaAlO4(001) and SrTiO; — Pol perp.

grown on Si(001). The measurements were made at the PNC-CAT
bending magnet and undulator beamlines at the Advanced Photon
Source. To improve the Co signal, the samples were oriented at about 1-
2° relative the incident beam. Since the samples are oriented, polarization
dependent measurements were made with the x-ray polarization parallel
and perpendicular to the sample surface.
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STOISi(001) Substrate: Al three samples have B a1 naton[] Sondiengh_[[Toctye wate
P : : : oanatase in ab plane . . . . . .
significant contributions from metallic Co Coanatase along ¢ axis 5.48(03) 201 (0.0D) 00110 (0.001)
16 — CoTiO3 Anatase in ab plane 6 1.937 -
14 —_Co metal Anatase along c-axis 6 1.966 -
— Si(1/27/03) *Scaled to unoriented values
2 — Si(1/30/03) ] o ) B ]
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s reduced O coordination suggests there may be some correlation of
208 the oxygen vacancies with the Co atoms.
% 0.6
£
2,4
o Acknowledgements
0.2 This work was supported by the PNNL Nanoscience and Technology Initiative,
the US DOE, Office of Basic Energy Sciences, and the DARPA Spins in
0.0

Semiconductors Initiative. Use of the Advanced Photon Source was supported

0 0 10 2 %0 40 %0 by the U.S. DOE, under Contract No. W-31-109-ENG-38.

~
o

Portions of this work published in: S. A. Chambers, S. M. Heald, and T.
Droubay, Phys. Rev B 67, 100401(R) (2003).




