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Fig. 1. Perovskite structure and its derived structures: (a) Perovskite ABOj; (b) brownmillerite ABO,j; (c) infinite-layer structure
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Fig. 2. Transport properties and electronic states of SrFeO, films!'”: (a) The out-of-plane lattice constants of SrFeO, films as a func-
tion of the misfit strain; (b) p-T curves of SrFeO, films grown on DSO and STO substrate; (¢) XAS and (d) XLD for SrFeO, films
grown on various substrates. The solid and dashed lines in (c) represent the XAS measured with X-ray beam aligned with angles of

90° and 30° respect to the sample’s surface normal, respectively.
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Fig. 3. Superlarge lattice expansion of SrCoO,  films is induced by ultrafast laser excitation/*l: (a) Diffraction intensity distribution

upon the excitation of 3.1 eV laser pulses; (b) 6-20 scans of the SrCoO, 5 (008) reflection before and after excitation; (c) the extrac-

ted angular shift of (008) peak and the corresponding strain as a function of time at different pump fluence and photon energies,

one of which is empirically fitted to a biexponential decay function; (d) photoinduced strain at 7 = 150 ps as a function of incident

fluence upon excitation of 3.1 eV and 1.55 eV laser pulses, together with a linear fit to the data.
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Fig. 4. Real-time tracking of the electrically controlled formation of infinite-layer SrFeO, and its atomic process™: (a) Time-lapse

high-resolution TEM images showing the further layer-by-layer transition to SrFeO, under the electric field; (b) the corresponding
fast Fourier transform (FFT) of the TEM images in (a), the (002) and (006) diffraction spots in SrFeO, 5 are marked by dashed yel-
low circles. The newly formed diffraction spots of SrFeO, were marked by the red arrows; (c) structure illustration of the phase

transition from SrFeO, 5 to SrFeO, corresponding to the TEM images in (a).
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Fig. 5. Micromechanics of the SrFeO,; based resistance switching devices and filamentary resistance switching mechanism/®!:

(a) STEM-HAADF image of the SrFeO,; film in the electroformed state, showing some typical SrFeO; nanofilaments almost ex-

tending through the SrFeO,; matrix; (b) typical IV characteristics showing bipolar resistive switching behavior with an electro-

forming process of the Pt/SrFeO, 5/SrRuO; devices. Schematics illustrating of (c) the pristine SrFeO, 5 film with the SrFeO, 5 mat-

rix, (d) the formation of SrFeO; conductive filaments after the electroforming, and (e) the rupture of SrFeO; conductive filaments

after the reset.
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SPECIAL TOPIC—Novel physical properties of functional oxide thin films
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Abstract

Perovskite transition-metal oxides can undergo significant structural topological phase transition between
perovskite structure, brownmillerite structure, and infinite-layer structure under the external field through the
gain and loss of the oxygen ions, accompanied with significant changes in physical properties such as
transportation, magnetism, and optics. Topotactic phase transformation allows structural transition without
losing the crystalline symmetry of the parental phase and provides an effective platform for utilizing the redox
reaction and oxygen diffusion within transition metal oxides, and establishing great potential applications in
solid oxide fuel cells, oxygen sensors, catalysis, intelligent optical windows, and neuromorphic devices. In this
work, we review the recent research progress of manipulating the topological phase transition of the perovskite-
type oxide films and regulating their physical properties, mainly focusing on tuning the novel physical
properties of these typical films through strong interaction between the lattice and electronic degrees of freedom
by the action of external fields such as strain, electric field, optical field, and temperature field. For example, a
giant photoinduced structure distortion in SrCoQO, 5 thin film excited by photons is observed to be higher than
any previously reported results in the other transition metal oxide films. The SrFeQO, films undergo an insulator-
to-metal transition when the strain state changes from compressive state to tensile state. It is directly observed
that perovskite SrFeO3 nanofilament is formed under the action of electric field and extends almost through the
brownmillerite SrFeO, s matrix in the ON state and is ruptured in the OFF state, unambiguously revealing a
filamentary resistance switching mechanism. Utilizing in situ electrical scanning transmission electron
microscopy, the transformation from brownmillerite SrFeQO, 5 to infinite-layer SrFeO, under electric field can be
directly visualized with atomic resolution. We also clarify the relationship between the microscopic coupling
mechanism and the macroscopic quantum properties of charges, lattices, orbits, spin, etc. Relevant research is
expected to provide a platform for new materials, new approaches and new ideas for developing high-sensitivity
and weak-field response electronic devices based on functional oxides. These findings about the topological
phase transition in perovskite oxide films can expand the research scope of material science, and have important
significance in exploring new states of matters and studying quantum critical phenomena.

Keywords: topological phase transition, oxide films, oxygen vacancies, tuning by external field
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