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Oxide Interface Coupling by Design at Atomic Scale

Jiandi Zhang"
1. Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences

Surfaces and interfaces of crystalline materials host unique quantum states that diverge fundamentally from their
bulk counterparts due to broken symmetry, confined dimensions, and tailored atomic interactions. These
states—governed by altered lattice structures, electronic bands, and magnetic orders—enable phenomena such as
superconductivity, two-dimensional electron gas (2DEG), and interface magnetism. Here in this talk | will present
our recent results on the spin-polarized 2DEG of EuTiO3/KTaO3 (KTO) interface and noncolinear interface
magnetic couplings of SrRuO3/(La, Ca)MnO3 (SRO/LCMO) through the design of the heterostructures with
atomic precision. The ETO/KTO system demonstrates a magnetic enhancement, whereby the combined effect of
magnetic atom doping and magnetic proximity can significantly amplify the magnetism in 2DEG situated on the
surface of KTO substrates, as shown in a temperature-dependent unambiguous hysteresis loop in the anomalous
Hall effect (AHE). By controlling the relative thickness, a non-collinear spin configuration emerges in the
SRO/LCMO heterostructures. Such non-collinear spin structure, induced by interfacial antiferromagnetic coupling,
results in a Topological-Hall-effect-like (THE-like) transport in anomalous Hall effects (NCS-AHE).
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Topological Reduction-Driven Phase Transition in LaCo0O3 and Evolution of Electronic Structure
Long Wei*,PeiHeng Jiang? Pan Chen® XueZeng Tian®,ZhiCheng Zhong",Kai Chen*,ZhaoLiang Liao*"
1. University of Science and Technology of China
2. Xi'an Jiaotong University
3. Institute of Physics, Chinese Academy of Sciences

Transition-metal oxyhydrides, which consist of oxides and unique hydride anions, are rare and remarkable
materials with significant potential applications in catalysis, battery technology, hydrogen storage, and
photocatalysis. Here, we demonstrate the successful modulation of LaCoOj5 thin films grown on compressively
strained substrates through the application of topological reduction techniques, resulting in the
hydrogen-incorporated LaCoO,s phase. This approach has enabled the realization of a ferromagnetic insulator
with a Curie temperature surpassing room temperature. Scanning transmission electron microscopy (STEM)
images reveal a distinct lattice contraction in H-LaCoO, s compared to its pristine LaCoO, 5 counterpart. Density
functional theory (DFT) calculations indicate that the incorporated hydrogen atoms form hydride anions that
occupy oxygen vacancy sites. This unique phase exhibits ultra-high-temperature ferromagnetic insulating behavior,
characterized by a Curie temperature exceeding 400 K and a saturation magnetization of 0.47 pg/Co at 380 K. Our
findings establish a novel platform for advancing energy-efficient room-temperature spintronic devices.
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Study on Magnetron Sputtering Deposition of Al, AlSi, and AISiCu Thin Films and Their Surface Properties

TengYu Wang', Xiuhua Chen®, Wenhui Ma*?, ZhaoRui Sun', LiQiong Wang",ZiFan Xu*
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Institute of Precious Metals, Kunming 650106, China



rh E B4R 4 2025 D34. TjRe#E

As integrated circuit feature sizes enter the nanometer scale, interconnect layers face the dual challenges of
electromigration failure and increasing resistivity. This study focuses on the application research of aluminum and
aluminum-based alloys in electronic materials under low power conditions. Al, AlSi, and AISiCu thin films were
prepared using magnetron sputtering technology under various sputtering power conditions, investigating the
influence of power parameters on the regulation of film surface morphology, electrical properties, crystal
structure.Experimental results indicate that films deposited at lower sputtering power exhibit densely packed,
smooth grains with a small root mean square roughness. As the power increases, the surface roughness Ra value
rises from 0.8 to 1.8 nm. All three materials exhibit a common trend in electrical properties: an increase in carrier
concentration and a decrease in mobility. Al films prepared at low power demonstrate optimal conductivity, with a
resistivity as low as 3.58 uQ-cm. When the power reaches 100 W, the film performance tends to stabilize, with
resistivity maintained around 10.3 pQ-cm and mobility decreasing by 43%.The deposited Al, AlSi, and AlSiCu
films are polycrystalline at low power, possessing a face-centered cubic crystal structure. As the sputtering power
increases, a distinct preferred orientation along the crystallographic plane becomes evident.First-principles
calculations were employed to study the effects of alloying elements Si and Cu doped into Al on the Al/Si surface
properties. The surface work of separation, interface energy, electronic structure were calculated to explore the
influence of alloying elements on surface stability. The microscopic mechanism of the alloying elements' effect on
the surface was discussed based on the electronic structure.This research provides experimental evidence and
theoretical reference for optimizing the metallization layer process in microelectronic devices.
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Proton-induced metallization and magnetic phase transition in Sr2lrO4
SR
Lrh E R B AT 5 T

Due to the competition among strong spin-orbit coupling, on-site Coulomb repulsion and crystal field, the 5d
oxide Sr2IrO4 with Jeff = 1/2 state exhibits an exotic Mott state and octahedral-pattern-related magnetism.
However, the wide-range and multi-state electronic and magnetic modulations remain challenge. Here, using
hydrogen intercalation, we realized proton-induced metallization and magnetic phase transition in Sr2lrO4.
Hydrogen doping first drives Sr2lrO4 from a Mott insulator into a metallic state with robust
linear-temperature-resistivity, a strange-metal regime similar to optimally doped cuprates, and then into a band
insulator at higher doping level. Simultaneously, the magnetic order transforms from the original canted
antiferromagnetism, through an enhanced-Tc weak-ferromagnetic state, to a nonmagnetic regime. Moreover,
first-principles calculations nicely reproduce the proton-induced lattice distortions, electronic state evolutions and
magnetic transitions. A complete electronic—magnetic phase diagram was mapped. This work establishes a
powerful route for engineering correlated phases in 5d oxides and designing materials with novel functionalities.
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Enhanced gas sensing in transition metal-doped Ga203
Zihan Chen*
1.Xiamen University

We employed first-principles calculations to analyze the adsorption behaviors of four gases on pristine and
transition metal (TM)-doped two-dimensional Ga203 (2DGO). The adsorption configurations, energies, electron
transfer mechanisms, band structures, density of states, and desorption characteristics of 2DGO were examined to
assess its potential as an adsorbent and gas sensor. The results revealed that pristine 2DGO exhibited the highest
adsorption energy for ammonia (NH3) among the studied gases. Furthermore, TM-doped 2DGO significantly
enhanced its chemical interactions with carbon monoxide (CO), oxygen (O2), and nitrogen dioxide (NO2) gas
molecules. Specifically, V-, Cr-, and Ni-doped 2DGO emerged as promising candidates for gas sensing applica
tions involving O2, NO2, and CO/NH3 detection, respectively, at specific temperatures.
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Synergistic Absorption Mechanism of Magnetic Permeability and Dielectric Thickness inMultilayer
Magnetic Thin Films

Yan Wu?, Yu Wu'? Xiaoxi Zhou? Wenjie Ji?, Weixin Lu?
1. Soochow University
2. School of Optical and Electronic Information, Suzhou City University & Suzhou Key Laboratory of
Biophotonics, Suzhou 215104, China

In this paper, based on the electromagnetic field theory, a three-layer magnetic functional thin film structure
consisting of a substrate, a dielectric layer and a two-dimensional structural layer is designed, and its
electromagnetic wave absorption characteristics are investigated by CST simulation system. The influence of the
magnetic permeability of the substrate and 2D structural layer materials and the thickness of the dielectric layer on
the frequency and half-height width of the absorption peaks is explored with emphasis on the theoretical analysis.
The simulation results show that (1) when the substrate and the 2D structural layer are the same magnetic material,
the absorption peak frequency (fo) exhibits a non-monotonic change of blue-shift and then red-shift with the
increase of the thickness (d) of the dielectric layer, while the half-height width (FWHM) decreases and then
increases. Theoretical analysis shows that the phenomenon originates from the multiple reflection interference
effect caused by the variation of the thickness of the dielectric layer. (2) When the fixed substrate is PEC and only
the permeability of the two-dimensional structural layer is regulated, fo is significantly red-shifted with the
increase of p, and the FWHM width is significantly widened. This result is consistent with the theory of skin
effect in magnetic materials, where the increase of permeability leads to the enhancement of eddy current loss,
which in turn broadens the absorption bandwidth. (3) two-dimensional structure layer is PEC, only change the
substrate permeability, the absorption characteristics of the law of change is similar to (1) (2), but the change in
the frequency of the absorption peak verifies the magnetic material on the electromagnetic wave reflection phase.
This study reveals the physical mechanism that the thickness of the dielectric layer and the magnetic parameter
synergistically regulate the absorption performance, which provides a theoretical basis for the design of
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high-performance magnetic wave-absorbing films. With optimized dielectric layer thickness and magnetic

permeability, the structure can achieve nearly perfect maximum absorption (absorption rate ~100%), which has
potential applications in microwave stealth and electromagnetic compatibility.
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