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Heteroepitaxial and polycrystalline anatase Ti1⫺x Cox O2 (0.0⭐x⭐1.0) thin films were prepared by
soft chemical processing on LaAlO3 共001兲 and thermally oxidized silicon substrates and the
crystallinity and magnetic properties were investigated. X-ray diffraction 共XRD兲 spectrum of the
Ti1⫺x Cox O2 films on LaAlO3 共001兲 substrate shows 共004兲 and 共008兲 peaks of heteroepitaxy anatase
without any impurity phase. The full-width at half maximum of the 共004兲 peak rocking curve is
0.4°. The XRD patterns of thin films deposited on the SiO2 /Si(001) substrate are anatase type
polyscrystalline structure. Microstructural characterization on Ti1⫺x Cox O2 thin film employing
atomic force microscope showed island type grains in 20 nm in size and the surface roughness of
typical thin films was 1.5 nm. Sharp hysteresis loops, indicating a well-ordered ferromagnetic
structure, appeared in the magnetization versus magnetic field curves when the magnetic field was
applied in the plane of the film. This result clearly indicates that the anatase Ti1⫺x Cox O2 thin films
fabricated on LaAlO3 共001兲 by soft chemical process have crystal quality equivalent to high-vacuum
technique. © 2002 American Institute of Physics. 关DOI: 10.1063/1.1451880兴

I. INTRODUCTION

homogeneity are easily achieved. The purpose of the present
study is to give a guideline to synthesize a new magnetic
material by using a simple soft chemical process. In this
article, we focus on the crystallinity and magnetic properties
of anatase Ti1⫺x Cox O2 thin films fabricated on LaAlO3
共001兲 and thermally oxidized silicon substrates by using soft
chemical process. TiO2 , a wide-gap oxide semiconductor, is
attracting much interest for its unique properties, such as
high dielectric constant, high-refractivity, and photocatalysis.
Titanium dioxide has three crystal structures; rutile, anatase,
and brookite. Rutile has been the subject of many experimental investigations, because it is the most thermodynamically stable and commercially available crystal structure.
However, the pure anatase with high crystallinity is difficult
to obtain in a bulk process, because anatase is not thermodynamically stable. For thin films, the appropriate choice of
process parameters and substrate material has enabled us to
grow anatase.

The history of diluted magnetic semiconductor 共DMS兲
started in the late 1960’s aiming at realization of new functionality by combining electrical transport and magnetism.
Since the discovery of carrier induced ferromagnetism in 共In,
Mn兲As and 共Ga, Mn兲As, DMSs have been of much interest
from the industrial viewpoint because of their potentiality
such as semiconductor devices. In spite of numerous studies
carried out in this type of DMS, no practical application of
DMS has been realized. Most of the reason that hampered
application may be a low Curie transition temperature of
DMS materials. From the practical point of view, it is indispensable to overcome. Owing to recent intensive studies,
new DMSs were discovered such as Ti1⫺x Cox O2 , 1 Mndoped CdGeP2 , 2 and zinc blende CrAs3 with room temperature ferromagnetism. Matsumoto et al. reported on the discovery of ferromagnetism in the Co-doped anatase
Ti1⫺x Cox O2 /LaAlO3 共001兲1 thin films by using the combinatorial laser molecular beam epitaxy technique.4 However,
it is still necessary to synthesize a high Curie temperature
ferromagnet based on a typical simple fabrication process.
Soft chemical processing was developed to fabricate glass,
glass fiber, or polycrystalline oxides, and later extended to
electronic and magnetic materials. This processing should be
attractive, since precise composition control, lowtemperature synthesis, low-cost, simple process, and high

II. EXPERIMENT

In order to facilitate the optimization of the synthesis
process, we controlled the various fabrication parameters.
Anatase Ti1⫺x Cox O2 (0.0⭐x⭐1.0) thin films were prepared
by spin coating on polished LaAlO3 共001兲 pseudocubic
single crystal and Si 共100兲 with a thermally oxidized SiO2
substrates with a stock solution prepared by a soft chemical
processing. To fabricate Ti1⫺x Cox O2 stock solution, titanium
and
cobalt
acetate
butoxide
Ti关 OCH(CH3 ) 2 兴 4
Co(CH3 COOH) 3 •4H2 O were dissolved in mixed solvent
关2methoxyethanol (2-MOE):diol⫽4:1兴 an appropriate mo-
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