SOLID STATE CHEMISTRY

Annual Research Highlights

(1) “Enhanced conductivity in sputter-deposited
Ti,xNb,O, thin films”

Ti;Nb,O, (TNO) is a new member of transparent
conducting oxides (TCOs) and has been regarded as a
candidate for ITO (tin-doped indium oxide) alternatives.
We developed “post-annealing” method for fabricating a
TNO film with low resistivity, where amorphous TNO
film deposited at low-temperature is crystallized by
annealing. The resistivity R of TNO films on glass
substrates reached down to 4.6x10™* Qcm by using pulsed
laser deposition for fabrication of amorphous film.
However, the resistivity was degraded to ~10” Qcm when
amorphous film was deposited by sputtering. We
considered that microstructure of amorphous TNO films
affects the conductivity of crystallized TNO films, and
investigated the influence of deposition condition.

Amorphous TNO films were deposited on glass
substrates by RF-magnetron sputtering and crystallized
by post-deposition annealing under H, atmosphere.
Figures la and 1b show polarized optical microscope
images of the crystallized TNO films deposited under
different total pressure P, indicating the decrease of the
crystal grain size with increasing P. According to
Thornton model, sputter-deposited thin films under high
P consist of micro-columns due to “shadowing” effect.
Thus, we speculated that voids between these columns
prevented the grain growth. In fact, the grain size of TNO
films grown at low P obviously increased. However,
these films with improved grain size still showed large R,
which might be due to sputtering damages by high energy
particles or introduction of impurity Ar.

In order to suppress the shadowing effect at high P, we

used a filtering mask blocking obliquely incident particles.

By using this filter, the grain size was dramatically
enlarged even at high P and resistivity decreased as low
as 5x10™* Qem (Fig. 1c, 1d).
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Fig. 1 Polarized optical microscope images of crystallized TNO
films fabricated by post-annealing method. (a) P =1 Pa, (b) P =
0.2 Pa, and (c) P = 1 Pa with filtering mask illustrated in (d).

1.(1)-8) Appl. Phys. Express, 4, 105601 (2011)

(2) “Carrier doping into SrFeO, epitaxial thin film by
Eu-substitution”

Recently, SrFeO, with infinite FeO, layers of
corner-sharing FeQ, square planes has been synthesized
by a solid-phase reduction of SrFeO;_5(0 [ 6 [] 0.5) with
CaH,. This compound is an antiferromagnetic insulator
with Néel temperature of Ty = 473 K, but it is
isostructural  with an undoped high-temperature
superconductor cuprate, SrCuO,. Therefore, it is expected
that carrier doping into SrFeO, by cation substitution can
develop unique transport properties, such as
superconductivity. However, thus far, no such substitution
has been reported. In this study, we have fabricated
Eu-substituted SrFeO, (Sri_Eu,FeO,) epitaxial thin films
by combining pulsed laser deposition with solid-phase
reduction using CaH,, and investigated their transport
properties.

Figure 2 shows resistivity vs. temperature (p—7) curves
for the Sr;_Eu,FeO, films with different x values. As can
be seen, Eu substitution substantially suppresses p(300 K),
and the p(300 K) value of SrygsEug5FeO, is as low as
~0.15 Qcm, which is approximately four orders of
magnitude lower than that of the undoped SrFeO, film
(~2><103 Qcm). In the optimal SrygsEugsFeO, film, the
carrier denisty and Hall mobility at 300 K were evaluated
to be 2.5x10" em™ and 0.94 cm®V™'s™', respectively. The
Hall coefficient is negative, indicating that electrons serve
as carriers.

In contrast to the SrFeO, film exhibiting insulating p—T'
behavior with a steep negative dp/dT slope, the p—T
curves of Sr;_Eu,FeO, films with x = 0.10 and 0.15 films
are almost temperature independent in the range of
50-100 K. However, even in these films with p(300 K)
~0.15 Qcm, the resistivity increased sharply at <10 K,
suggesting that electron localization becomes significant
at very low temperatures.
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Fig. 2 Resistivity vs. temperature curves of Sr;_Eu,FeO, films.
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