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High-performance Nd-Fe-B permanent magnet via the grain boundary restructuring approach
Mi Yan*
Zhejiang University

Since the 1980s, Nd-Fe-B with largest energy product (BH)max approaching the theoretical limit has become
the landmark of permanent magnetic material. However, the long-standing drawbacks of Nd-Fe-B, i.e. poor
corrosion resistance, low coercivity, high Dy/Tb and low La/Ce/Y consumption have greatly limited the
continually expanding of Nd-Fe-B magnets. Concerning the above obstacles, grain boundary restructuring (GBR)
is proposed by replacing the conventional Nd-rich intergranular phases with the novel ones. From GB design,
processing, structure evolution, to property evaluation, here we demonstrate that GBR approach provides a
versatile route towards high performance of RE-Fe-B (RE, rare earth) with low cost. New intergranular phases
with high-electrode-potential can lower the driving force for grain boundary corrosion, enhancing the intrinsic
corrosion resistance of Nd-Fe-B by ten times. New intergranular phases enriched with HREs permit the formation
of magnetically hardening shell surrounding Nd2Fel4B grains, increasing the coercivity for 250<C service
temperature at low Dy/Tb utilization. Meanwhile, series of RE-Fe-B magnets with high La/Ce/Y substitution level
(>40 wt%) and key technologies for mass production are developed based on grain boundary restructuring, saving
the RE resources and lowering the material costs substantially.
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[1] Zhao, H. F,, Wang, R. M.* and co-authors, Adv. Mater., 35 (2023) 2206911.
[2] Wang, R. M., Nature Catalysis, 3 (2020) 333.
[3] Ye, H.Y., Zhang, Z.H., Wang, R.M.*, Small, 19 (2023) 2303872
[4] Yang, F., Wang, R. M.* and co-authors, Science Advances 8 (2022) eabq0794.
[5] Cao, Y. D., Wang, R. M.* and co-authors, Nano Lett. 23 (2023) 1211
[6] Ye, H. Y., Wang, R. M.* and co-authors, Small Methods 6 (2022) 2200171.
[7] Shan, A. X., Wang, R. M.* and co-authors, Nano Energy 94 (2022) 106913.
[8] P. Wang, R.M. Wang and co-authors, Nature 635 (2024) 102.
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Highly sensitive surface acoustic wave magnetic field sensor
R
RS

Strong coupling between different quasiparticles is an intriguing topic in advanced quantum technologies.
Surface acoustic waves (SAWS), carrying coherent phonons at gigahertz frequencies, provide a viable platform to
achieve the strong coupling regime between SAW phonons and other quasiparticles, e.g. magnons. Although SAW
devices have also been used to develop magnetic field sensors based on the change of Young’s modulus E or shear
modulus G, showing an ultra-low limit of detection (LoD) and the application for detecting weak magnetic signals
at tens of picotesla. Concomitant disadvantages include single response direction, millimeter-scale size, complex
device structure and fabrication process still remain. The strongly coupled magnon-phonon system has great
potential to overcome the above challenges for weak magnetic detection. Here, we demonstrate a highly sensitive
SAW magnetic field sensor by achieving strong coupling between SAW phonons and magnons in a thin FeGaB
film embedded in an acoustic cavity. By analyzing SAW phonon dispersion, the strong coupling regime manifests
itself in a frequency anti-crossing and a cooperativity larger than 1. Notably, a high frequency sensitivity of 6
Hz/nT and a phase sensitivity of 440 9mT is achieved within the anti-crossing region. Combined with the
evaluation of phase noise, the LoD is determined to be 140 pT/Hz0.5 @ 10 Hz and 45 pT/Hz0.5 @ 100 Hz. | will
also present the observation of exceptional points in the magnon-phonon coupling system, based on which we
fabricated a highly sensitive surface acoustic wave magnetic field sensor. Besides the fundamental significance to
hybrid magnon-phonon quasiparticles, our work proposes brand-new sensing mechanisms for conveniently
developing miniaturized SAW magnetic field sensors with high sensitivity and low LoD.
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Magnetic topological spin textures such as skyrmions and antiskyrmions emerge as promising candidates for
information carriers in high-density memory, neuromorphic computing applications, and logic components due to
their unusual topological properties and emergent electromagnetic phenomenon. Here, we have experimentally
demonstrated the current-driven dynamics of antiskyrmions in a Mny4PtSn chiral magnet at room temperature,
without the requirement for an external magnetic field. This is realized by embedding antiskyrmions in helical
stripe domains, which naturally provide one-dimensional (1D) straight tracks along which the antiskyrmion
sliding can be easily launched with low current density and without transverse deflection from the antiskyrmion
Hall effect. The dominant factors for the higher mobility of antiskyrmion embedded in helical stripes are
discussed, manifesting the contribution of increased driving force and averaged pinning potential as unravelled by

4



[ BPEER 2 2025 D12. Jeitfi T Rers kL
micromagnetic simulation and the collective pinning theory. We further show that our method can be applied to
the sliding motion of merons in stripe domains. Our findings provide clear demonstration and comprehensive
understanding of antiskyrmion gliding along natural stripe tracks under a low current density.
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[1] Xin Song, Tianyu Ma, Xianglong Zhou, Fan Ye, Tao Yuan, Jingdong Wang, Ming Yue, Feng Liu, Xiaobing
Ren, Atomic scale understanding of the defects process in concurrent recrystallization and precipitation of
Sm-Co-Fe-Cu-Zr alloys, Acta Materialia 202 (2021) 290 — 301.

[2] Xin Song, Dan Huang, Wentao Jia, Yao Liu, Jianrong Gao, Yang Ren, Tianyu Ma, In-situ high-energy X-ray
diffraction study of the early-stage decomposition in 2:17-type Sm-Co-based permanent magnets, Acta
Materialia 244 (2023) 118580.

[3] Xin Song, Wentao Jia, Yao Liu, Jian Li, Dan Huang, Xiaolian Liu, Lizhong Zhao, Xianglong Zhou, Yang Ren,
Feng Liu, Tianyu Ma, Rapid-thermal-process pre-treatment promoted precipitation towards strengthening hard
magnetism of Sm2Co17-type magnets, Acta Materialia 274 (2024) 119966.

[4] Xianglong Zhou, Tao Yuan, Tianyu Ma, Shortened processing duration of high-performance Sm-Co-Fe-Cu-Zr
magnets by stress-aging, Journal of Materials Science & Technology 106 (2022) 70-76.

[5] Jian Li, Xin Song, Yao Liu, Wentao Jia, Zhiyi Ma, Lizhong Zhao, Xiaolian Liu, Tianyu Ma,
Magnetic-field-assisted solute partitioning in 2:17-type Sm-Co-Fe-Fe-Zr magnets towards enhancing coercivity,
Journal of Materials Science & Technology (in press).
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[1] Shubin Sun, Yudi Zhang, Xin Shi, Wen Sun, Claudia Felser, Wei Li, Guowei Li. Advanced Materials. 2024, 36
(37), 2312524.

[2] Yang, Q.; Li, G.; Manna, K.; Fan, F.; Felser, C.; Sun, Y., Topological engineering of Pt-group-metal-based
chiral crystals toward high-efficiency hydrogen evolution catalysts. Adv Mater 2020, 32: €1908518.

[3] Li, G.; Yang, Q.; Manna, K.; Zhang, Y.; Merz, P.; Shekhar, C.; Sun, Y.; Felser, C., Observation of asymmetric
oxidation catalysis with B20 chiral crystals. Angew Chem Int Ed 2023, 62: €202303296.

[4] Yudi Zhang, Kathryn E Arpino, .Jian Liu, Claudia Felser, Guowei Li, Observation of a robust and active
catalyst for hydrogen evolution under high current densities. Nature Communications. 2023: 13 (1), 7784.
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Nonlinear magnetization dynamics has been studied since 1950s, which is mainly based on YIG with
millimeter size. However, this kind of investigations has rarely been carried out using magnetic thin films
sputtered on silicon substrate. In this talk, we will firstly introduce the linear magnetization dynamics of synthetic
antiferromagnet of distinct spin configurations. Secondly, we will present the magnon-magnon coupling in
different regimes: strong, ultra-strong, and deep-strong. At the end, we introduce the nonlinear dynamic
phenomena in SAFs. Especially, the proposal of magnonic scenario of generating chaotic combs based on
magnon-magnon coupling mechanism in silicon based synthetic antiferromagnet platform. The realized magnonic
frequency combs can transition to chaos via various routes, i.e., subcritical Hopf bifurcation, torus-doubling
bifurcation, and torus breakdown.
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[1] Zhang, L., Zhou, J., Li, H.,* Shen, L.,* Feng, Y.* (2021) Appl. Phys. Rev., 8 , 021308.

[2] Zhang, L.; Yuan, Z.; Yang, J.; Zhou, J.; Jiang, Y.; Li, H.; Cai, Y.; Tsymbal, E.; Feng, Y.P.; Zhu, Z.; Shen, L.
(2024) Phys. Rev. B 110 (22), L220409
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YRAIESE T I8 T2 s 2 B B SO O R it R R 408 (i, Zr, T, HRIESCHL T HL
AR ISR [ 3IE - | e e REERIER R (Bl In[Co/Pt],. CoFeB/Gd/CoFeB. Fe;GaTe,) MIREALHN%:,
BRAR T eI it s 20, [F, @i Pt, Gd Al MO 1524 Ti HUB & /REIE, eIl T X Ti e E
IR HLRERIPUE A IR, S5 T B R RCRE A RIS T R B R (4] AR, R A
W [l 58 S BB R 5 8 I AT 55 ) PR L 3 R A T R 0K 50 T T A AT o B ) S e

AR E K E SR E « E R E AR AR XIS AT L d BB REE E AR
e B IH SF 5 A
RPN
[1] P. Wang, D. Zhang*, Y. Jiang*, et al, Inverse orbital Hall effect and orbitronic terahertz emission observed in
the materials with weak spin-orbit coupling. npj Quantum Mater. 8, 28 (2023)
[2] Y. Yang, D. Zhang*, Y. Jiang*, et al, Orbital torque switching in perpendicularly magnetized materials. Nat.
Commun. 15, 8645 (2024).
[3] Heshuang Wei, D. Zhang*, Y. Jiang*, et al, Orbital torque switching of room temperature two-dimensional van
der Waals ferromagnet FesGaTe,. Arxiv 6046353 (2024) [Nat. Commun. (2025)]
[4] Y. Yang, et al., Enhanced orbital torque efficiency and magnetization switching through Ti; My (M = MgO,
Gd, and Pt) for efficient orbitronic devices. Adv. Funct. Mater. (2025)
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FIEHAE AR 58
ML
T RE A B T B RHEOR 5 AR TP

FNEMIAL KA A S T R E 45 TR 55 AT B AR A% S A AR A PRI L R B3 JR%
FOAEARFPET, T ) o R 1 R R Al e BRI S T RE, AENTEHLER N RESIL S SRR M U
A H N AT o AR 1, T A AL RS R RO RHE RSN 5 R AW, A5 AT B8 J i s Pk ik
I, ERARRAT T, ZHEFAARR G RIREN, WA R S 2 R A 2, SEE I EREA R E . 5t
TUA Bk, FRATITRE 7RI M AL BA B 6 2 . WA AR DT T AR, #8751 R SRtk
T P R 25 1) S ) o B R A, AR T SRR Ik T N 0 A T R AR B R B 17 S E B A T %
BRI T b AR AR B B IR AT SRR AR R =4 A IR AR A5 . IR LEBIF U 4h Ry SEIL S I 1 Fe D) RE AR A
FENAAE BAE SIS B B2 5E 1 R4 B FEA
ZH 3R
[1] Huali Yang#, Shengbin Li#, Yuanzhao Wu*, Xilai Bao, Ziyin Xiang, Yali Xie, Lili Pan, Jinxia Chen, Yiwei
Liu*, and Run-Wei Li*; Advances in Flexible Magnetosensitive Materials and Devices for Wearable Electronics,
Advanced Materials, 2024, 36(37): 2311996
[2] Mengchao Li, Huali Yang*, Yali Xie*, Kai Huang, Lili Pan, Wei Tang, Xilai Bao, Yumeng Yang, Jie Sun,
Xinming Wang, Shenglei Che, and Run-Wei Li*; Enhanced Stress Stability in Flexible Co/Pt Multilayers with
Strong Perpendicular Magnetic Anisotropy, Nano Letters, 2023, 23(17): 8073-8080
[3] Xilai Bao, Huali Yang*, Yali Xie*, Jiabin Wang, Ri He, Pavlo Makushko, Lili Pan,Yubo Wang, Jinxia Chen,
Mengting Zou, Ruoan Zou, Chenxu Liu, Lin Guo, Tao Zhu,Denys Makarov*, and Run-Wei Li*; Flexible
Exchange-Biased Films with Superior Strain Stability, Advanced Functional Materials, 2024, 34(51): 2409844
[4] Lili Pan, Yali Xie*, Huali Yang*, Xilai Bao, Jinxia Chen, Mengting Zou, and Run-Wei Li*;
Omnidirectionally Stretchable Spin-Valve Sensor Array with Stable Giant Magnetoresistance Performance, ACS
Nano, 2025, 19(5): 5699-5708
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D12-27
Highly efficient spin-orbit torque magnetization switching in a ferromagnetic single layer
Miao Jiang*
Beijing Institute of Technology

The explosive growth of artificial intelligence has exposed fundamental challenges in current memory
technologies (e.g., SRAM, DRAM, and Flash), including the memory wall, power consumption bottlenecks, and
volatility limitations. Spin-orbit torque magnetic random-access memory (SOT-MRAM), leveraging the electron
spin, offers a promising solution with non-volatile storage, nanosecond-scale read/write speeds, and high
endurance. The conventional SOT magnetization switching system typically consists of ferromagnetic/heavy
metal (FM/HM) heterostructures. To address the efficiency limitations caused by interfacial spin relaxation and
spin memory loss, researchers have proposed inducing SOT magnetization switching in single-layer FM films.
This approach significantly reduces the critical switching current density (J;) and has become a focal point in the
field.

Symmetry breaking is a prerequisite for SOT magnetization switching in single-layer films. By exploiting
structural inversion asymmetry and strong in-plane effective fields in functional layers, we achieved SOT
magnetization switching in perpendicularly magnetized semiconducting single-layer films, reducing J. by three
orders of magnitude and enabling effective gate voltage modulation™ .. Furthermore, to enhance the scalability of
spintronic devices, we introduced macroscopic symmetry breaking through inhomogeneous elemental distribution,
utilizing the Dzyaloshinskii-Moriya interaction (DMI) to promote domain wall nucleation and motiont*"
81 Furthermore, we achieved a high SOT efficiency in an epitaxial half-Heusler single layer at room temperature,
which primarily stems from the intrinsic non-centrosymmetric structure, half-metallic properties, and optimized
epitaxial growth®®. Our findings enhance the understanding of the physical mechanisms in SOT magnetization
switching in single-layer systems and significantly advance the practical applicability of high-efficiency
SOT-based memory devices.

References:

[1] Jiang, M.; Asahara, H.; Sato, S.; Kanaki, T.; Yamasaki, H.; Ohya, S.; Tanaka, M. Nat. Commun. 2019, 10,
2590.

[2] Jiang, M.; Asahara, H.; Sato, S.; Ohya, S.; Tanaka, M. Nat. Electron. 2020, 3, 751.

[3] Jiang, M.; Asahara, H.; Ohya, S.; Tanaka, M. Adv. Sci. 2023, 10, 2301540.

[4] Jiang, M.; Yang, X.; Qu, S.; Wang, C.; Ohya S.; Tanaka, M. ACS Appl. Mater. Interfaces 2024, 16, 23497.

[5] Jiang, M.; Yang, X.; Yu, Y.; Ohya S.; Tanaka, M. APL Materials 2025, 13, 041106.

[6] Han, Z.; Huo, Y; ...; Jiang, M. 2025, in submission.
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Discovery of Unconventional Scaling in Orbital Hall Effect for Energy-Efficient Spintronics
Xuan Zheng", Siyang Peng®, Zhiming Wang**, Runwei Li"?
1. Ningbo Institute of Materials Technology & Engineering, Chinese Acadmy of Science
2. Eastern Institute of Technology, Ningbo, 315200, China

Orbital torque has recently emerged as a promising approach for electrically controlling magnetization in
spintronic devices. However, unraveling the underlying mechanisms governing the orbital Hall effect (OHE),
especially extrinsic scattering's role in its scaling with conductivity (oyy), is crucial for realizing the full potential
of orbital torque in energy-efficient spintronic devices. Using SrRuO3; (SRO) as a model system, we discover an
unconventional scaling of orbital Hall conductivity (con) with tunable oy Systematically oy tuning reveals
remains constant at high oy but strikingly enhances as o4 decreases, contrasting with spin Hall effect suppression
at low oy This behavior underscores the Dyakonov-Perel-like orbital relaxation mechanism as key to
unconventional OHE. Leveraging this scaling, we achieve enhanced orbital torque via concurrent increases in
orbital Hall conductivity and orbital Hall angle, demonstrating 3-fold power reduction in spin-orbit torque
switching with moderate oy reduction. Our work highlights the dominant role of extrinsic disorder scattering in
unconventional OHE and establishes a transformative paradigm for energy-efficient spintronics.
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Spin wave mediated quantum corrections in epitaxial antiferromagnetic Cr,Al films
Peng Chen, Cunxu Gao*
Lanzhou University

Although quantum corrections (e.g., weak localization and electron-electron interaction) due to disorder,
coherence, and interactions have been intensively studied for decades, understanding the magnon-electron
interaction effect on quantum transport properties in magnetic systems still remains a challenge. Thus, the role of
spin waves in the quantum transport of magnetic materials has not yet been fully understood. Driven by the
minia_x0002_turization of spintronics devices possibly moving forward to quantum transport dimensions, in this
work, we investigate spin wave mediated quantum transport in epitaxial antiferromagnetic Cr,Al films.
Temperature(T)- dependent conductance measurements reveal an additional linear T contribution in the
low-temperature range (T < 30 K), which can be ascribed to the spin wave mediated electron-electron interactions
in antiferromagnets. Brillouin light scattering confirms an antiferromagnetic resonance at near 80 GHz, consistent
with the spin-flop field Hsg =< 30 kOe derived from magnetoresistance measurements. Furthermore, the
anomalous Hall effect in 2 nm Cr,Al films exhibits Gay =< In T and G_AH o< G_xx"0.9 (T < 100 K),
indicating that electron-electron Coulomb interactions contribute to the anomalous Hall effect through the
extrinsic skew scattering mechanism, while the spin wave mediated electron-electron interactions show no
contribution. These results provide critical insights into the effect of spin waves on the quantum transport
properties of magnetic materials.
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[1] Dongxing Yu, Yonglong Ga, Peng Li, Jiawei Jiang, Jinghua Liang, Liming Wang, Chenglong Jia*, Kai Changt,
Hongxin Yang}, Voltage-Controlled Bimeron-Torques Switching of In-plane Magnetization, Phys. Rev. Lett. 133,
206701 (2024).

[2] Dongxing Yu, Yonglong Ga, Jinghua Liang, Chenglong Jia*, and Hongxin Yangf, Voltage-Controlled
Dzyaloshinskii-Moriya Interaction Torque Switching of Perpendicular Magnetization, Phys. Rev. Lett. 130,
056701 (2023).

[3] Dongxing Yu, Hongxin Yang*, Mairbek Chshiev, and Albert Fert, Skyrmions-based logic gates in one single
nanotrack completely reconstructed via chirality barrier, Natl. Sci. Rev. 9, nwac021 (2022).
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Topological spin textures and spin excitation in strongly correlated oxides
Yuelin Zhang*
Beijing Normal University

Manganite oxide Lagg7Srp33Mn0O; (LSMO) is a half-metallic ferromagnet with a Curie temperature of about
380 K, low magnetic damping and efficient spin-wave propagation. It has also attracted a lot of attention and
demonstrates the multiple functionalities for potential application in spintronics and magnonics.

At the beginning of this talk, I will briefly introduce previous progress, including current-controlled
propagation of spin waves M artificial symmetry designing of strain-driven DM interaction with coexisting

frequency nonreciprocities of spin-wave @, nonlinear scattering '), magnon-polarons in multiferroic
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heterostructures and so on. Then, | will mainly present the exploration of switchable and long-distance
propagation of chiral magnonic edge state in quasi-antiferromagnetic spin textures .. We artificially engineer
magnetic damping and spin spirals of strongly correlated oxide LSMO, by designing its electronic bands and spin
structures simultaneously. The coexistence of such a quasi-AFM spin texture with low magnetic damping made it
possible for us to probe the spin-wave propagation through LSMO films between two integrated coplanar
waveguides. We observed long-distance propagation of spin waves in spirals, associated with the optical mode of
the quasi-AFM spin texture. The antiferromagnetically coupled spin spirals provide a strong dynamic dipolar
interaction, which drive the strong coupling between optical magnons and domain-wall magnons. The
micromagnetic simulation indicates that such a hybridized spin wave highly localizes and chirally propagates
along the edge of nanochannel over long distance, i.e., chiral magnonic edge state. The observed hybridized
magnons with a robust chirality can be reversibly and selectively switched on/off under external field.

[1] C. Liu. et al., Nat. Nanotechnol. 14, 691-697 (2019)

[2] Y. Zhang et al., Phys. Rev. Lett. 127, 117204 (2021)

[3] Y. Zhang et al., Chin. Phys. B 32, 107505 (2023)

[4]Y. Zhang et al., Nat. Mater. 24, 69-75 (2025)
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Neuromorphic computing based on skyrmions in two-dimensional van der Waals ferromagnets FesGaTe:
Yuejie Zhang'  Peng Li ?*
1. Corporate Research Center, Midea Group, Foshan 528311, China
2. School of Microelectronics, University of Science and Technology of China, Hefei, China

Magnetic skyrmions offer a pathway to low-power, high-density spintronic devices, yet their practical
realization at room temperature in two-dimensional van der Waals ferromagnets remains underexplored. Here, we
investigate skyrmion nucleation, control and readout in FesGaTe: flakes, a 2D magnet with a Curie temperature
above 350 K and strong perpendicular anisotropy. We demonstrate that skyrmion formation and stability depend
sensitively on flake thickness. Spin-orbit torques generated by platinum contacts stretch isolated skyrmions into
elongated stripe domains and drive domain-wall propagation under current pulses of order 10° A cm™
Micromagnetic simulations reproduce the observed dynamics and clarify the underlying mechanism. Real-time
electrical detection of the skyrmion-stripe transition is achieved via anomalous Hall resistance, which we exploit
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to implement a multiply-accumulate convolutional neural network that reaches 92% accuracy in handwritten-digit
recognition. Our results establish FesGaTe. as a versatile platform for room-temperature, neuromorphic and
racetrack spintronic applications.
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Control of magnetism through voltage-driven ionic processes (i.e., magneto-ionics) holds potential for
next-generation memory devices and computing. This stems from its non-volatility, flexibility in adjusting the
magnitude and speed of magnetic modulation, and energy efficiency. The search for alternative mobile ions is
pivotal to embracing new phenomena and applications. Here, we demonstrate voltage-driven dual-ion (C & Fe)
transport to modulate ferromagnetism in Fe40C60-based heterostructures (reaching a modulation of saturation
magnetization exceeding 400 %). The interplay between C & Fe segregation and iron carbide formation upon
partial thermal recrystallization results in a layered heterostructure, consisting of an amorphous-like C-rich region
atop a Fe-rich layer containing non-stoichiometric iron carbides. This leads to an increased electrical resistance
across the heterostructure (by a factor of ~ 104 concerning the as-grown sample), which is central to achieving
such a strong magneto-ionic response. Voltage-driven ion transport occurs uniformly, with C and Fe acting as
negative and positive ions, respectively. Since carbon exhibits minimal cytotoxicity, this introduces a
biocompatible dimension to magneto-ionics, paving the way for the convergence of spintronics and
biotechnology.
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Low-Field-Driven Giant Magnetocaloric Effect in KGdF4 for Sub-Kelvin Cryogenic Refrigeration
Jiwei Yao™? Weijun Ren®,Qing Guo®,Peng Liu*,Zigi Guan®,Changjiang Bao*, Zhenquan Zhang*,Dan Huang®,Kun
Zhang',Yanxu Wang®,Dongliang Zhao? Jun He? Bing Li**
1. Institute of Metal Research, Chinese Academy of Sciences.
2. Division of Functional Material Research, Central Iron and Steel Research Institute, Beijing 100081, China

Magnetic refrigeration is a promising technology capable of achieving sub-Kelvin temperatures without
using ®He. However, conventional magnetocaloric materials suffer from drawbacks such as high driving magnetic
fields, low magnetic entropy change (ASy), and structural instability, limiting their practical application. In this
work, KGdF, with different crystal structures was synthesized, and the structure dependence of the
magnetocaloric effect was investigated. Notably, in the cubic KGdF; (C-KGdF,), the chemical disorder of
Gd**/K*, increases the Gd**-Gd*" distance and weakens the dipolar interactions, and thus leads to a large -ASy =
30.5 J kg? K™ at 1.3 K at the magnetic field change of 10 kOe, which is more than three times of that of the
commercial Gadolinium Gallium Garnet (GdsGasO.,, GGG) under the same conditions. Furthermore, the
magnetic ordering temperature of 0.6 K of the C-KGdF, is lower than most reported Gd-based magnetocaloric
materials. These excellent magnetocaloric performances suggest that C-KGdF, is a highly promising candidate for
ultra-low-temperature magnetic refrigeration.
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Antiferromagnetic tunnel junctions (AFMTJs) hold great promise for spintronic devices with high operation
speed, high storage density, and low power consumption. The realization of their information read/write
functionality relies on achieving high tunneling magnetoresistance (TMR) and deterministic Né&l vector switching.
Through theoretical modeling, we reveal three distinct TMR mechanisms in AFMTJs based on 1)
momentum-dependent spin splitting, 2) sublattice-projected Né&el spin currents, and 3) uncompensated interfacial
spin-polarizations. Furthermore, we demonstrate the mechanism of deterministic Nél vector switching via
asymmetric spin torque generated by electric-field-induced non-identical spin accumulations between sublattices
in collinear antiferromagnets. The proposed mechanisms establish a comprehensive theoretical framework for
developing high-performance AFMTJs.
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Low-energy helium ion beam irradiation on the magnetic properties of thin films
sylvain Eimer*, BOYU ZHANG, KAl WANG
et P 5 R 4 ] B S 5

Spintronics, a burgeoning field aiming to manipulate electron spins for information processing, has spurred
intense research into enhancing device performance. This study will investigate the efficacy of employing helium
ion irradiation on thin film multilayers with diverse substrates to augment spintronics functionality. The utilization
of helium ions offers unique advantages, including precise control over irradiation dosage and minimal damage to
underlying structures. Multilayer thin films, comprising alternating ferromagnetic and non-magnetic layers, serve
as the foundation for spintronic devices, with substrate variation influencing material properties and device
characteristics.

The research will employ advanced fabrication techniques to produce thin film multilayers on distinct
substrates, including silicon, sapphire, and gallium arsenide. Helium ion irradiation is systematically applied to
these samples, with varying doses and energy levels, to evaluate its impact on spintronics performance metrics
such as magnetoresistance and magnetic coercivity. Through comprehensive characterization utilizing techniques
such as X-ray diffraction, scanning electron microscopy, and vibrating sample magnetometry, the evolution of
material structure and magnetic properties post-irradiation can be elucidated.

Results should indicate that helium ion irradiation induces structural modifications and tailored magnetic
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properties in thin film multilayers, thereby enhancing their suitability for spintronics applications. The observed
enhancements in magnetoresistance and magnetic coercivity demonstrate the potential of this approach in
optimizing spintronic device performance. Furthermore, substrate-dependent effects on irradiation response
highlight the importance of substrate selection in spintronics device design.

This research will contribute to the ongoing efforts in advancing spintronics technology by providing
insights into the strategic utilization of helium ion irradiation on thin film multilayers with varied substrates. The
findings offer valuable guidance for optimizing device performance and underscore the significance of innovative
fabrication techniques in pushing the boundaries of spintronics research and applications.
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Angular Dependent Tunneling Magnetoresistance in a Tunnel Junction with Ferromagnetic and
Noncollinear Antiferromagnetic Electrodes
Qingging Luo, DING FU Shao*
Key Laboratory of Materials Physics, Institute of Solid-State Physics, HFIPS, Chinese Academy of Sciences

Magnetic tunnel junctions (MTJs) based on ferromagnetic (FM) metal electrodes exhibit a tunneling
magnetoresistance (TMR) effect, which can be well understood using a model of two spin-conduction channels
and spin conservation in the tunneling process. Recently, TMR has been predicted and observed in
antiferromagnetic (AFM) tunnel junctions (AFMTJs) based on noncollinear AFM electrodes, promising for
high-speed and high-density spintronic applications. These findings challenge the conventional mechanism of
TMR due to generally no spin conservation in noncollinear AFM metals. Here, we explore spin-polarized
tunneling in an Mn;GaN/SrTiOs/SrRuO; (001) MTJ, where the reference layer is a noncollinear AFM
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MnsGaN electrode and the free layer is a collinear FM SrRuO; electrode. Based on quantum-transport
calculations, we predict that the rotation of FM magnetization of SrRuO; leads to the angular-dependent TMR
being largely controlled by the matching of the average momentum-dependent spin polarization of the two
electrodes. These results demonstrate that despite broken spin conservation in the tunneling process, the
momentum-dependent spin polarization of the electrodes is a valuable quantity which can be used for elucidating
TMR in MTJs with noncollinear AFM electrodes.

D12-P04
Highly Efficient Room-Temperature Spin-Orbit Torque in an Epitaxial Half-Heusler Alloy NiMnSb Single
Layer on MgO (100) Substrates
Zeyu Han, Yongjun Huo, Miao Jiang*
School of Materials Science and Engineering, Beijing Institute of Technology

A central challenge in spintronics lies in realizing highly efficient, room-temperature spin-orbit torque (SOT)
devices to advance low-power magnetic memory and logic technologies. The conventional SOT systems rely on
heavy metal/ferromagnet bilayer structures. Their efficiency is constrained by interfacial spin scattering, short spin
diffusion lengths, and the inherent complexity of multilayered architectures. Meanwhile, the competition between
the “bulk” spin Hall effect and the “interface” inverse spin galvanic effect has limited a deep understanding of the
physical mechanisms of SOT. Breaking the inherent crystal inversion symmetry of single-layer ferromagnets
provides a direct pathway to generate current-induced spin polarization, effectively reducing the current density
required for the magnetization switching [1-3]. However, existing demonstrations of such systems have been
confined to low-temperature operation or exhibited only moderate efficiencies. Achieving both room-temperature
functionality and high efficiency remains a critical, yet unmet, challenge in spintronics.

In this work [4], we overcome the limitations mentioned above via a synergistic design of materials and
structures in an epitaxial half-Heusler NiMnSb single layer. By employing a 45 rotational epitaxial alignment, we
reduced the lattice mismatch to only 0.15% and achieved high crystallinity with atomically flat surfaces (Ra =
0.45 nm) utilizing high-vacuum magnetron sputtering. The SOT efficiency was confirmed to be 16.8 Oe/(10¢
Al/cm3rat room temperature in our NiMnSb single layer, which is higher than conventional Pt/Co bilayers [5] and
surpasses previously reported values for GaAs-based NiMnSb single layer [6]. This breakthrough stems from
NiMnSb’s intrinsic non-centrosymmetric structure, half-metallic properties, and optimized epitaxial growth. Our
work advances the development of practical applications for a single-layer SOT-based memory device with higher
efficiency, lower power consumption and better integration.

D12-P05
Micromagnetic simulations for magnetic-field-free magnetization switching by spin-orbit torque in a
perpendicularly magnetized (Ga,Mn)As single layer
Yitao Yu, Miao Jiang*
School of Materials Science and Engineering, Beijing Institute of Technology

Spin-orbit torque magnetic random access memory (SOT-MRAM) has emerged as a highly promising
candidate for next-generation memory technologies due to its reliability, high density, and nonvolatility. It offers
significant advantages in mitigating write-read interference and enhancing device endurance. To improve
scalability and optimize magnetization switching efficiency, field-free SOT magnetization switching has been
successfully demonstrated in a perpendicularly magnetized (Ga,Mn)As single-layer system.[1] Nevertheless, the
underlying physical mechanism of this phenomenon requires further investigation to advance the practical
application of high-efficiency SOT-based memory devices.
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In the present work, we performed micromagnetic simulations using the Object Oriented MicroMagnetic
Framework (OOMMF) to understand the field-free magnetization switching behavior in a (Ga,Mn)As single
layer.[2] Through the micromagnetic simulations, we confirm that the field-free switching is mainly attributed to
the giant in-plane component of Dzyaloshinskii—Moriya effective field (HDM), which can serve as an assist field
to break the in-plane symmetry and achieve deterministic switching. Furthermore, the direction of HDM is
determined by the initial magnetization states, leading to varying polarities of SOT magnetization switching. Our
findings elucidate the physical mechanism of field-free SOT switching in single-layer systems and advance the
development of practical applications for a single-layer SOT-based memory device with higher efficiency, lower
power consumption and better integration.
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[2] Jiang M, Yang X, Yu Y, et al. Micromagnetic simulations for magnetic-field-free magnetization switching by
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Interface-controlled antiferromagnetic tunnel junctions
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1. Institute of Solid State Physics, HFIPS
2. University of Science and Technology of China
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A magnetic tunnel junction (MTJ) is the key building block of high-performance spintronic devices. While
the conventional MTJs are based on ferromagnetic (FM) materials, using antiferromagnetic (AFM) materials
instead may largely increase the operation speed and the packing density. The existing protypes of the AFM tunnel
junction (AFMTJs) are associated with a magnetic phase transition or the spin-dependent current within the bulk
antiferromagnets. Here we emphasize a previously overlooked protype of AFMTJs, where the electrodes with an
A-type AFM stacking supports an interfacial spin current capable of driving a notable tunneling
magnetoresistance (TMR) effect, despite the spin-independent nature within the bulk. Using a van der Waals
(vdW) antiferromagnet FedGeTe2 as a representative A-type electrode, we demonstrate a negative TMR solely
attributed with the interfacial spin current. This protype of AFMTJs can be also realized by a broad range of
non-vdW A-type antiferromagnets supporting the roughness-robust interfaces, allowing convenient switching of
the Néel vector, and thus open a new paradigm for AFM spintronics employing the properties at interfaces instead
of within the bulk antiferromagnets.

D12-P07
Magnetic and microwave absorption properties of highly Al-doped strontium hexaferrite nanoparticles
obtained by glass crystallization
Haochen Wei', L.A. Trusov*', E.A. Gorbachev', E.S. Kozlyakova’, L.N. Alyabyeva’
1. Shenzhen MSU-BIT University
2. Moscow Center for Advanced Studies

MFe;,019 hexaferrites (M = Ba, Sr, Pb) are important industrial materials widely used in the production of
permanent ceramic magnets and high-frequency electromagnetic wave absorbers. Aluminum substitution
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enhances the material's coercivity and natural ferromagnetic resonance frequency. However, modern applications
require the development of structured anisotropic materials composed of aligned magnetic particles. Conventional
synthesis methods, which involve high-temperature particle sintering, are unsuitable for this purpose. The glass
crystallization method, in contrast, eliminates the sintering and enables the production of isolated hexaferrite
particles, which can be separated as stable colloids or non-aggregated powders.

The aim of this study is to synthesize aluminum-substituted strontium hexaferrite nano- and submicron-sized
particles via crystallization of SrFe;, AlO19:4Sr,B,05 glass (where x = 2 and 4) and to investigate their
properties. Partial substitution with aluminum is necessary to increase the coercive force and millimeter-wave
absorption frequency of the material.

Amorphous glass samples were prepared by melt quenching between rotating steel rollers. Subsequent heat
treatment at 700-950 <T yielded glass-ceramic composites containing crystallized hexaferrite particles. The borate
glass matrix was then dissolved in 3% HCI, isolating the magnetic particles in the form of powders and colloidal
suspensions for further analysis.

The hexaferrite particles were studied by powder X-ray diffraction, electron microscopy, inductively coupled
plasma atomic emission spectroscopy, magnetic measurements, and terahertz spectroscopy. Colloidal solutions
were investigated by dynamic light scattering.

XRD analysis confirms that the particles consist of a single-phase M-type hexaferrite. Within the temperature
range of 700-800 <C, thin platelet-like nanoparticles form, while annealing at 850-950 <C reduces their
diameter-to-thickness ratio. The average particle diameters are 40 nm (700 <C), 50 nm (750 <C), and 70 nm
(800 <T), with a consistent thickness of 10 nm across all nanoparticle samples. At 950 <C, the particles grow
significantly, reaching dimensions of about 170 nm x 120 nm. Hexaferrite particles are also partially doped with
aluminum. The aluminum content in SrFe;, Al O19 increases with an increase in the annealing temperature from
X =0.9 (700 <) to x = 2.8 (900 <T). It has been confirmed that aluminum is predominantly included in octahedral
positions 2a and 12k.

The coercivity of nanoparticles increases with the degree of substitution and particle size, reaching values of
3900, 5500, and 6500 Oe at annealing temperatures of 700, 750, and 800 <C, respectively. The saturation
magnetization of the samples lies in the range of 30.0 — 37.6 emu/g.

Stable colloidal solutions were obtained from particles synthesized at temperatures ranging from 700 to
800 <C. It is demonstrated that particles in an acidic medium are positively charged, which ensures the stability of
colloids within the pH range of 2-4. At pH < 2, the particles reversibly aggregate, and at pH > 4, the surface is
discharged, and strong aggregates of particles are formed.

The samples were examined by terahertz spectroscopy. It was determined that the resonant absorption of
electromagnetic radiation by samples occurs in the range of 50 — 70 GHz, and the resonant frequency rises with
increasing aluminum content and particle size.

This research was supported by the Russian Science Foundation, grant number 24-79-10053.

D12-P08
Magnetism and Phase Transition in Fe3Ge2
Zhikang Cui', Boyu Zhang*!, Peng Wu®
1. School of Integrated Circuit Science and Engineering, Beihang University
2. Beihang University

In recent decades, extensive research has been conducted on the Fe-Ge system. As a complex alloy system,
certain Fe-Ge compounds exhibit magnetic behavior that changes with phase transitions, demonstrating unique
properties.

As an intermetallic compound, Fe3Ge2 has been widely studied in the form of nanospheres and nanowires.
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Studies have shown that nanocrystalline Fe3Ge2 exhibits clear ferromagnetism with a Curie temperature close to
room temperature. [1]In contrast, bulk Fe3Ge2 powder demonstrates a Curie temperature above room temperature,
which may be attributed to size or dimensional effects.

This paper reports a phase transition of Fe3Ge2 occurring around 120 K, which is similar to that observed in
FeGe[2], and attempts to explore structural changes during this transition by using Raman spectroscopy.

Single crystal samples were grown using chemical vapor deposition[3]. The samples were characterized by
EDX and XRD, and other magnetic properties of Fe3Ge2 were studied by Raman[4] and PPMS.

The composition of the grown samples is Fe3Ge2, which were characterized by EDX and XRD. Further
studied by Raman to gain a deeper understanding of the magnetic properties of Fe3Ge2.

Iron Germanium, Metal Germanide Alloys, X-ray diffraction.
[References]
[1] Vaughn, Dimitri D., et al. Chemistry of Materials 25.21 (2013): 4396-4401.
[2] Teng, Xiaokun, et al. Nature 609.7927 (2022): 490-495.
[3] Wu, Xueliang, et al. Physical Review Letters 132.25 (2024): 256501.
[4] He, Ge, et al. Physica status solidi (b) 259.5 (2022): 2100169.

D12-P09
Optimizing terahertz emission in magnetic materials using light ion irradiation
Zhenbin Zhu,boyu zhang*
Fert Beijing Institute, School of Integrated Circuit Science and Engineering, Beihang University, Beijing, China.

Ferromagnetic (FM)/non-magnetic (NM) multilayers have attracted significant attention for their terahertz
emission due to the spin-charge conversion mechanism. The novel spintronic THz source can achieve a peak
electric field of 300 kV/cm [1]. And recently, orbitronic terahertz sources based on the inverse orbital
Rashba-Edelstein effect or the inverse orbital Hall effect in Ni have been discovered [2,3]. We aim to explore
methods for optimizing spintronic THz sources.

Ni/Cu/MgO, Ni/Pt/MgO and Ni/Ta/MgO structures exhibiting in-plane anisotropy were deposited on glass
substrates. We employed light ion irradiation using He+ ions on these heterostructures and measured the resulting
changes in THz radiation intensity via a terahertz time-domain spectroscopy system.

In this study, we observed enhancements in terahertz emission, demonstrating that ion irradiation can
effectively enhance terahertz sources in magnetic heterostructures. Specifically, we achieved a 77% increase in
THz signal for the Ni/Cu heterostructure and a 50% increase for Ni/Ta. In contrast, no observable change was
detected in the Ni/Pt structure after irradiation, indicating that ion irradiation has a pronounced effect on
orbital-related mechanisms, while it does not influence spin current contributions. Additionally, we varied the
irradiation duration and fluence, both of which led to different degrees of enhancement. With a deeper
understanding of the underlying mechanisms, we anticipate further improvements in THz emission performance.

To conclude, we optimized the emission efficiency of spintronic terahertz sources through ion irradiation and
demonstrated its selective impact on orbital-related effects in different material systems. The enhancement in
terahertz emission also varied under different irradiation conditions. Our work provides valuable insight into the
interplay between spin and orbital dynamics and offers a promising strategy for the development of advanced
terahertz sources.

Femtosecond laser, Terahertz emission, lon irradiation, Orbital effects
[References]
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[3] P. Wang, Z. Feng, Y. Yang et al. npj Quantum Mater. 8, 28, 2023.
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D12-P10
Y-Co co-substitution strategy towards jointly enhanced magnetic performance and thermal stability of
Ce-rich Nd-Y-Ce-Fe-Co-B nanostructured permanent magnets
Jia Li,Jiaying Jin*, Mi Yan
School of Materials Science and Engineering, Zhejiang University

Developing the Ce-rich Nd—-Ce—Fe—B permanent magnets with low cost and high competitiveness is strongly
desired for the balanced utilization of rare earth (RE) resources, while hindered by the degraded magnetic
properties and thermal stability. Here we present a Y—Co co-substitution strategy to address the trade-offs between
coercivity, remanence, maximum energy product, and thermal stability in the
[Ndos(YxCe1.x)o05]305(CoyFery)essB1o (x = 0 and 0.15, y = 0, 0.05, 0.10, 0.20 and 0.30) nanostructured permanent
magnets. The optimal Y and Co concentrations (x = 0.15, y = 0.05 or 0.10) yield the maximized room-temperature
Hg of 1.08~1.12 T, J,of 0.71~0.74 T, T¢ of 579~618 K, together with favorable temperature coefficients o of
-0.15~-0.12%/K and g of -0.35~-0.34%/K within 300~400 K interval, all of which are better than those of the
initial Ce50 magnet (x = 0, y = 0). The enhanced magnetic performance and thermal stability are attributed to Y—
Co co-substitution in the 2:14:1 lattice to improve the temperature coefficients, together with the tailored Ce
valence. Upon moderate Y—Co co-substitution, the preferential Co occupation of the Fe(4c) and Fe(8j,) sites
among the six non-equivalent Fe sites enlarges the local Ce-site steric volume and induces a Ce valence shift
towards Ce®*, as demonstrated by the hyperfine structure analysis via joint >'Fe Mcssbauer spectra and Ce Lg-edge
X-ray absorption near-edge fine structure spectra. Above findings delight future work towards high-performance
Ce-rich RE-Fe-B permanent magnets via fully exploiting the synergistic effects of multiple REs and alloying
elements.
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D12-P13
Submicron particles of SrFel2-xMnx019: crystal structure features, magnetic and microwave absorption
properties
Jianing Chen', Lev Trusov**, Evgeny Gorbachev?, Ekaterina Kozlyakova®, Liudmila Alyabyeva®
1. Shenzhen MSU-BIT University
2. Moscow Center for Advanced Studies

To date, M-type hexaferrites (MFe12019, M2+ = Ba2+, Sr2+, Pb2+) are the most important hard magnetic
insulators. Due to their large magnetocrystalline anisotropy, they can provide rather high coercivity (even
comparable to rare-earth materials) and, being dielectrics, are characterized by the natural (i.e., observed in a zero
applied magnetic field) ferromagnetic resonance (NFMR) in the millimeter range (30 — 300 GHz). These
functional properties are in demand in many application areas, ranging from magnetic recording to spintronics.

The magnetic properties of the hexaferrites are most conveniently controlled by substituting iron ions in the
crystal structure. However, only some cations lead to an increase in the hard magnetic properties, i.e., the coercive
force and the resonant absorption frequency. It is currently known that such cations are Al3+ and chromium Cr3+,
and there is also information that substitution with Mn3+ can lead to this effect. The challenge is that to obtain a
material with improved properties, it is necessary to maintain the particle size within the single-domain region, i.e.,
about 1 pm, which is usually difficult under high-temperature solid-phase synthesis conditions.

In the present work, for the first time, we obtained submicron particles of single-phase hexaferrites with the
chemical composition SrFel12-xMnx019 (x = 0 — 8) and systematically studied the features of their crystal
structure, particle morphology, magnetic, and millimeter-wave absorption properties. The samples were obtained
via an optimized citrate-nitrate auto-combustion method, in which the porous structure of the precursor makes it
possible to limit diffusion and maintain submicron particle sizes even at high temperatures. It was found that the
optimal synthesis temperatures are in the range of 900 — 950 degrees; at lower temperatures, the reaction does not
proceed completely, and at higher temperatures, the reduction of Mn3+ and the formation of MnFe204 occur.

The features of the crystal structure were studied using anomalous X-ray diffraction. It was shown that
manganese ions predominantly occupy the octahedral sites 4f2, 2a, 12k (in descending order) and avoid the
trigonal bipyramidal site 2b. The substitution resulted in a gradual decrease in the saturation magnetization and the
magnetocrystalline anisotropy. However, the anisotropy field increased with substitution, causing the
enhancement of the hard magnetic properties. The introduction of Mn3+ ions into the hexaferrite structure up to x

35



H E M KK £ 2025 D12. JeitrErEThaeArt

=7 led to a significant increase in the coercive force from 4.5 to 10.6 kOe and a rise in the natural ferromagnetic
resonance frequency from 50 to 95 GHz at room temperature. The substitution was also accompanied by a gradual
decrease in Curie temperature.

Magnetic and absorption properties at low temperatures were also studied. The coercive force and FMR
frequency pass through a broad maximum at temperatures of 250 — 300 K and then drop to 50 K. Below 50 K, the
coercivity and FMR frequencies for all compositions show anomalous behavior and increase again.

Thus, the substitution of hexaferrites with manganese ions allows for smooth control of magnetically hard
properties, which makes manganese-substituted hexaferrites extremely in demand for the development of
rare-earth-free permanent magnets, subterahertz electronics, and spintronics, as well as next-generation wireless
technologies.
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Synthesis of &-Fe,O3 through conversion of M-type hexaferrite nanoparticles for advanced magnetic storage
applications
Jingtong Duan*"?, E.A. Gorbachev*?, L.N. Alyabyeva’
1. SHENZHEN MSU-BIT UNIVERSITY
2. Lomonosov Moscow State University
3. Center for Photonics and 2D Materials, MIPT

M-type hexaferrite nanoparticles remain the predominant medium for magnetic data storage applications.
However, the persistent demand for higher recording densities necessitates corresponding reductions in particle
size, a trend that has pushed hexaferrites to their intrinsic superparamagnetic diameter (Dg,) limit. This
fundamental limitation arises from the impracticality of further decreasing Ds, through existing methods, thereby
creating a critical need for alternative high-coercivity materials. Among promising candidates, g-Fe,O3 stands out
due to its significantly greater magnetic anisotropy compared to M-type hexaferrites, enabling a substantial
reduction in Dy, and improved performance in magnetic recording media.

Despite its potential, -Fe,O3 synthesis remains challenging owing to thermodynamic metastability, with
existing methods being economically inefficient for industrial-scale production. Therefore, the objective of this
work was to develop a methodology for obtaining g-Fe,O3 through conversion of M-type hexaferrite nanoparticles.
Key steps included: preparing strontium hexaferrite nanoparticles with controlled size and magnetic properties via
borate glass crystallization; their coating by silica via TEOS hydrolysis; optimization of annealing conditions; and
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confirmation of &-Fe,03 phase formation using synchrotron X-ray diffraction and SQUID magnetometry.

In this work, hexaferrite nanoparticles were coated with silicon dioxide to both promote the target chemical
reaction and prevent their recrystallization into a-Fe,O3 with larger crystal sizes. During heat treatment, strontium
ions migrated into the silica matrix while the iron oxide transformed into &-Fe,0s.

Thermogravimetric analysis in a gradient magnetic field demonstrates that thermal treatment of SiO,-coated
hexaferrite composites in the temperature range of 910-1000 <C initiates the partial phase transformation,
producing a mixed-phase composition dominated by &-Fe,O3 with residual M-type hexaferrite as the secondary
phase. Complete conversion to phase-pure e-Fe,Oz is achieved through subsequent isothermal annealing at
1100 <€ for 30 minutes. Magnetic characterization reveals hysteresis behavior with a notable inflection point at
zero field. The measured coercivity of 7.4 kOe, substantially lower than the characteristic 15-20 kOe range for
e-Fe,03, indicates the presence of superparamagnetic contributions attributed to the formation of &-Fe,O3
nanocrystallites with dimensions below 10 nm.

This work successfully demonstrates, for the first time, a viable pathway for converting M-type hexaferrites
into &-Fe,0s, thereby opening new possibilities for repurposing existing hexaferrite materials in advanced
magnetic storage technologies.

The research was supported by Russian Science Foundation grant no. 24-79-10053.
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Enhancement of Perpendicular Magnetic Anisotropy in Tm3Fe5012(111) Epitaxial Films via Synergistic
Stoichiometry and Strain Engineering
Zhengguo Liang, Lingfei Wang*
University of Science and Technology of China

Establishing a reliable control of perpendicular magnetic anisotropy (PMA) is challenging but essential for
the full utilization of rare-earth iron garnets in spintronic devices. In this study, we present a feasible approach to
enhance the PMA of ferrimagnetic thulium iron garnet (TmIG) films. This approach involves precise adjustments
in cation stoichiometry and epitaxial strain state. By fine-tuning the pre-ablation process and oxygen partial
pressure during pulsed laser deposition, we can grow a series of high-quality TmIG films with variable cation
stoichiometry, i.e. the Tm/Fe molar ratio. Our finding reveals that cation stoichiometry plays a crucial role in
determining the magnetic properties of the TmIG films. Particularly, the stoichiometric TmIG film has the
strongest PMA due to the maximized magnetostriction coefficient. Combining this stoichiometry optimization and
strain engineering, we achieved an unprecedented PMA strength of ~30 kd/m® for TmIG. This achievement
demonstrates a simple and effective method for harnessing the magnetic properties of rare-earth iron garnet films,
paving the way for their advanced applications in next-generation spintronic devices.

D12-P19
Interface-Engineered Oxygen Vacancy Channels in Epitaxial Brownmillerite Manganite Films
Qiming Lv, Feng Jin, Lingfei Wang*
Hefei National Research Center for Physical Sciences at the Microscale

Controlling ordered oxygen vacancies offers a promising approach to inducing emergent phenomena and
novel functionalities in materials. However, achieving precise geometric control over oxygen vacancy channels
(OVCs) in brownmillerite (BM) manganites, whether horizontally or vertically aligned, remains a challenge. Here,
we demonstrate the modulation of OVC orientations—horizontal and vertical—in coherently epitaxial
BM-Lag 6;Cay 33Mn0O, 5 thin films by varying the crystalline orientation of NdGaO; substrates, which share the
same orthorhombic symmetry. Importantly, horizontal OVCs result in a sharp heterointerface with substrates,
while vertical OVCs form an interface layer due to the necessity of oxygen connectivity across the interface. All
these films can undergo reversible topotactic phase transitions to and from perovskite Lagg;Cag3sMnOs,
accompanied by a crossover between half-metallic ferromagnetism and insulating antiferromagnetism.
Furthermore, the modulated topotactic phase transitions are attributed to reduced manganese valence states, and
the significant suppression of oxygen-manganese hybridization. These findings provide new insights into the
design of oxygen-vacancy-engineered electronics with tunable properties, opening pathways for potential
applications in memory devices and sensors.
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A Low-Cost Thermogravimetric Approach for Semi-Quantitative Control of Magnetic Phases: Case Study
on &-Fe:0:s in Fe-Si-O Xerogels
Yifan Wang*', Evgeny Gorbachev', Liudmila Alyabyeva®
1. Shenzhen MSU-BIT University
2. Laboratory of Terahertz Spectroscopy, Center for Photonics and 2D Materials, Moscow Institute of Physics and
Technology, Moscow, Russia.

In the field of materials production, optimizing preparation conditions to achieve materials with superior
performance and higher yields has long been a goal for scientists. Magnetic materials, with their unique properties,
find widespread applications in modern society, such as in data storage, communications, healthcare, and
spintronics. However, conventional sample detection methods face limitations, including long processing times,
high costs, sample damage, and limited sensitivity. Therefore, developing accessible alternatives for real-time
monitoring is crucial for advancing materials research from both fundamental and industrial perspectives.

In this study, we developed a strategy for semi-quantitative phase analysis using a thermogravimetric
analyzer equipped with a permanent magnet, focusing on Fe203 polymorphs (a-, y-, €-) embedded in a silica
matrix. The initial samples were Fe-Si-O xerogels containing 10, 20, 30, 40, and 50 wt% Fe,0s.
Thermogravimetric cycling under a gradient magnetic field was performed across multiple temperature ranges
(900-1100<C), with systematic variations in the final cycle temperatures (900-1100<C) and isothermal durations
(0-20 h). In this methodology, each curve kink is attributed to the critical point of a specific magnetic phase
(a-Fey03: Ty = 950 K; v-Fe,03: Ty = 840 K; e-Fe,03: Ty = 490 K), with the transition magnitude proportional to
the phase concentration. This work successfully established a model, advancing the idea to aquasi in
situ approach that enables the acquisition of phase composition information during cyclic heat treatment of the
sample through analytical signals.

The results, validated by powder XRD, magnetometry, and particle size measurements, showed excellent
consistency. The proposed method is suitable for magnetic systems exhibiting phase transitions and distinct the
Neel temperatures among phases. In the case of these samples, XRD demonstrated better sensitivity to weakly
ferromagnetic a-Fe,Os, while the proposed method exhibited significantly higher sensitivity to &-Fe,Oz and
v-Fe,03. e-Fe,05 is a material with low raw costs, high coercivity, and ferromagnetic resonance frequency, yet its
metastability poses challenges for industrial applications. The measurements revealed that the content of e-Fe,O3
increased with higher annealing temperatures and remained relatively stable during prolonged isothermal
annealing at 1100°C. The highest yield of &-Fe,O3 (approximately 0.3 g per gram of Fe,O3@SiO2) was observed
in xerogels containing 30 and 40 wt% Fe,0s.
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