SOLID STATE CHEMISTRY

Annual Research Highlights

(1) High - mobility and air - stable amorphous
semiconductor composed of earth - abundant
elements: amorphous zinc oxysulfide

Amorphous oxide semiconductors have been widely
studied as key materials for flat panel displays and flexible
electronics devices. Recently, it has been reported that an
amorphous mixed-anion semiconductor consisting of only
earth-abundant elements, zinc oxynitrides, showed high
electron mobility as well as good performance as the
channel layer of a thin-film transistor. However,
amorphous zinc oxynitrides are unstable in air. In this study,
it is demonstrated that another type of earth-abundant
amorphous mixed-anion semiconductor, amorphous zinc
oxysulfide (a-ZnO.S,) thin films, exhibits electron
mobilities comparable to those of conventional amorphous
oxide semiconductors, in addition to good chemical
stability under ambient conditions. a-ZnO,S, thin films
with a wide compositional range are fabricated through
pulsed laser deposition, by alternately depositing ZnO and
ZnS. The transport properties of a-ZnO,S, thin films can
be controlled by adjusting the laser fluence and anion
composition, and conductive a-ZnO,S, thin films (~0.30 <
y/(x+y) < ~0.35) show high electron Hall mobilities of 10-
15 ecm?>V''s! at a carrier density of < ~10'® cm™.
Furthermore, the Hall mobility can be maintained in air for
at least 12 months. An a-ZnO,S, thin-film transistor having
bottom-gate and top contact configuration showed clear
field effect transistor behavior, although the field effect
mobility (1.65 ¢cm?V'-s!) was smaller than the Hall
mobility (Figurel).
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Fig. 1 Characteristics of an a-ZnOiS, (y/(x+y) = 0.34) TFT
having bottom-gate and top-contact configuration. (a) Output
curves measured at Vs = 0 to 25 V. (b) Transfer curve acquired
at Vps =4 V. An on/off ratio of >10%, threshold voltage of ~—0.5
V, and a subthreshold swing S of ~1.4 V dec™! were calculated
from the curve.
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(2) Selective fluorination of perovskite iron oxide /
ruthenium oxide heterostructures via a topotactic
reaction

We performed selective fluorination of a StFeO, s (SFO)
layer in an SFO/SrRuOs (SRO) epitaxial bilayer film,
which is known to exhibit excellent bipolar resistance
switching properties, in order to demonstrate a new
approach for selective anion doping into the top layer of an
epitaxial bilayer film without changing the properties of
the bottom layer. The topotactic fluorination of
brownmillerite SFO thin films can yield perovskite
SrFeO,F (SFOF) thin films, which exhibit G-type
antiferromagnetic insulation with a high Néel temperature
of 685-710 K and wider bandgap of 2.4 eV than that of
SFO (1.7 eV). Fig. 2(a) schematically illustrates the
fluorination process of an SFO/SRO bilayer film using
polyvinylidene difluoride (PVDF). First, SFO/SRO
epitaxial bilayer films as precursors were grown on an
SrTiOs (100) substrate by a pulsed laser deposition method.
The obtained precursors were further subjected to
fluorination with PVDF. As a result, we succeeded in
selectively fluorinating the top SFO layer in the SFO/SRO
bilayer film to produce a SFOF/SRO bilayer structure. We
also demonstrated that the SRO layer in the SFOF/SRO
bilayer film could work as a bottom electrode, even after
the fluorination reaction (Fig. 2(b,c)). The present results
will promote research and development of devices based
on mixed-anion oxides.
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Fig. 2 (a) Schematic of the fluorination process of an SFO/SRO
bilayer using PVDF. (b) Resistivity vs. temperature curves of the
SRO single layer film and the SFOF/SRO bilayer film. (c)
Dielectric constant and loss tangent as a function of frequency for
the SFOF/SRO bilayer film measured at room temperature.
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