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Annual Research Highlights

(1) Metastable A-TizOs thin film epitaxially stabilized
on a pseudobrookite seed layer

A metastable phase of Ti3Os, 4-Ti3Os, has been studied
as a promising optoelectronic material applicable to optical
memories and switching devices because it undergoes
structural phase transitions, accompanied by changes of
optical and electrical properties, under a variety of external
stimuli such as heat, visible light, pressure, and electrical
current. Theoretical calculations and optical and magnetic
measurements have suggested that A-Ti3Os is a metal.
However, its electrical transport properties have not been
directly measured to date, because A-Ti3Os has so far been
synthesized only as nanocrystals or aggregates thereof. In
this study, we synthesized (100)-oriented A-Ti3Os epitaxial
thin films on perovskite LaAlOs (110) substrates by pulsed
laser deposition. Precise control of the oxygen supply
during the growth and introduction of a MgTi,Os seed
layer with pseudobrookite structure enabled epitaxial
growth of A-Ti3Os. These A-Ti3Os epitaxial thin films
showed a lower electrical resistivity p (~7.9x1072 Q cm)
than bulk single crystals of 5-Ti3Os (high resistance phase)
at 300 K. On the other hand, the p of the A-Ti30s thin films
exhibited a semiconducting temperature dependence with
negative dp/dT.
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Fig. 1 (a) 6-260 XRD pattern of TiOy films fabricated on a
MgTixOs seed layer (feeea = 5 nm) under various Poo.
Diamonds represent diffractions from LaAlO3 substrate.
(b) O/Ti ratios of the TiOx films shown in Fig. 1(a). (c) 6-
20 XRD pattern of Ti3Os films fabricated on MgTi,Os seed
layers of different thicknesses.
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(2) Influence of fluorination on electronic states and
electron transport properties of Sr2lrO4 thin films

We synthesized new layered oxyfluoride SrolrOs.Fa
thin films using a topotactic fluorination method, and
investigated the influence of fluorination on electronic
states and electron transport properties of SryIrO4 thin
films. Figure 2(a) shows the schematic of the fluorination
of a Sr>IrQj4 thin film. In the fluorination process, fluoride
ions were inserted into the SrO rock-salt blocks in
perovskite Sr»IrO4, and oxide ions were partially removed
while maintaining the Ir*" valence state. Figure 2(b) shows
the valence-band photoemission spectroscopy (PES)
spectra of the SrlrOs4 precursor and SrolrOs.Fa.
fluorinated films. It was observed that the main peaks were
shifted towards higher binding energies in the fluorinated
film. Optical and PES measurements revealed that the
effective total angular momentum Jer = 3/2 state was
stabilized upon fluorination owing to the large
electronegativity of fluorine. The Sr2IrO4..F», film with 2x
~ 3 exhibited semiconducting behavior with a resistivity
(p) value at 300 K of ~3.2 x 10"' Q cm, which was nearly
equal to that of the Sr2IrOy4 precursor film (Fig. 2(c)). At
low temperatures, p(T) was proportional to -, which can
be explained by the Efros—Shklovskii variable-range
hopping mechanism.
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Fig. 2 (a) Schematic of the fluorination of a Sr2lrO4 thin film. (b)
Valence-band PES spectra of the Sr21rO4 precursor and Sr2lrOa-
xF2x fluorinated films. (c) Temperature dependence of resistivity
of the Sr21rO4 precursor and Sra2lrO4xF2x fluorinated films.
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