SOLID STATE CHEMISTRY

Annual Research Highlights

(1) “Electron mass anisotropy in Ti;«NbO,”

TixNbO, (TNO) is a new member of transparent
conducting oxides (TCOs) and has been regarded as a
promising candidate for ITO (tin-doped indium oxide)
alternatives. TNO has an anisotropic crystal structure
with tetragonal symmetry, so that its electronic band
structure is thought to be anisotropic as well. In TNO,
however, the anisotropy in electon mass, which represents
the band dispersion, has not been studied so far. Here, we
have investigated electron mass anisotropy in TNO from
optical spectra observed on (012) oriented epitaxial films.

Epitaxial thin films of TNO (x = 0-0.06) with
(012)-orientation were grown on LaAlO; (LAO) (011)
single-crystalline substrates by pulsed laser deposition
(PLD). Polarized infrared (PIR) reflection and
transmission spectra were measured by an FT-IR
spectrometer with a grid polarizer. The samples were
irradiated with IR light at an incident angle of 0°, where
the electric polarization vector was either parallel or
perpendicular to the <100> direction of the TNO films. In
order to evaluate anisotropic m* values, we analyzed the
PIR spectra using Drude model with permittivity tensors
as fitting parameters, from which electron mass values
along the <100> and <001> directions were deduced.

The obtained m*.jg- and m*y- values are plotted
against carrier density (ng) in Fig. 1. The m* 0> at ne =
3.0x10" cm™ (x = 0.002) is approximately 0.2 my, and it
increases up to ~0.6 m, as n, increases to 7.9x10% cm™ (x
= 0.03), reflecting the nonparabolicity of the conduction
band. In contrast, m*.q;- is 3-6 times larger than m*.yo0
for the whole n, range examined in this study. The m* of
TNO is highly anisotropic compared with those of
conventional TCOs, such as SnO,. This indicates that the
large electron mass anisotropy in TNO is attributable to
the anisotropicity of not only the crystal structure but also
Ti 3d-orbitals.
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Fig. 1 Electron mass m* of the TNO films along the <100> and
<001> directions as functions of carrier density.
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(2) “Magnetic domain structures of granular
La; 4 SryMnO; films probed by UHV-LT-MFM”

In LageSro4sMnO; (LSMO), being a typical colossal
magneto resistance (CMR) material, magnetic domains
are known to change its shape and size depending on film
thicknesses. In addition to the film thickness, grain size is
also an important factor affecting the magnetic domain
structure. Here, we investigated the magnetic domain
structures of granular LSMO films using a home-made
low-temperature UHV-MFM.

Fig. 2(a) is a topographic AFM image taken at 78 K,
which clearly shows spherical grains ~50 nm in diameter.
A magnetic image of the same region is shown in Fig.
2(b). Within the maximum scanning area of 3800 nm x
3800 nm, entire individual magnetic domains could not
be imaged. Instead, we observed the boundaries between
antiparallel perpendicular magnetic domains. Note that
the magnetic field changed gradually across the boundary.
The width of the transition region was estimated to be
~250 nm. Based on the MFM result, we have proposed a
unique domain model that bottom grains have in-plane
magnetization, while top grains are composed of either
perpendicular or in-plane domains.

(@)

(b)

Fig. 2 (a) AFM and (b) MFM images of a granular LSMO film
observed at 78 K.
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