i E 8K 2024

BE _jmit A R&
CMC 2024 & WMC 2024
July 8-11, 2024
Guangzhou, China

-
D12-Seit Rk T Re A Al

D12-Advanced Magnetic Functional
Materials

Organized by

Chinese Materials Research Society

Website: https://cmc2024.scimeeting.cn



rE MR K S 2024 B R AR R K S D12. SGitkpgtEThRe skt

D12. SeitmttETheeitE
NeERE. E5E

D12-01
TR AR A S B B S L T R

fEfm e Lo

1. HlikE

2. dbtR

YRR RLR B A BRI . T A A A R, SR T I IR IR, K
MBUIT =4 AE ZARBEEDURAPR R AT 26 o B et Ft . —J7 1, RIS R T R 51 ek
R, FERTIT T R T AL S FO % S B R A e RS o 55— T3 i A A S AR TTRRIR (CVDD
PG T R LA IR B B RR GBS A R T ARSI EuS 90K s Il RO E
J% T SRV FesSeg WK T BEAZ, IATAKRE V@M A5 3 I 3e B KA, Dy T A4
T YEAR R R R T AN e E A bs e, JF AR & T it VIR CVD JEERK T =
A e RAN . WS RA UK. BAh, BATE THRINEA K, EHR WSe, L
AT CrsTeg dhiA . IXUEHFFL N “ERATEM B W& R Bt 7 Ida T, JFIF A8 8 A e i 721
BLE T At

B, BATRR T BRI R REEE M . B FURIL, 7 Fe 9K Fr BT JE AN LT AR
TR AL o LA, TERRMEE G CosSnyS, HHsBl 1 FLVR EL £ S ROt MR HE B0 e, e SL 1 FR R AH Bl
HIWFEEIZ SRR, AT DA I 1 12 B fid F AR (0 T LT PR3t — 25 0/ N e e 77 (4 1R P 9L DA R 58 I i L
HIXIARIE, BT RRCRARBIMES A RERIE & THE. shihaimemit, JyscBURREFETH A
FEA# X B e L7 s PFBEE 7 AR .

R EpTd, BATB T RSV G R YRR R Sk, e B e G A T REREAT T TS 1
2, JRRE DR IEAE B e i AR SR R BT

D12-02
80 G K& Bl F7E 100 4K E T AR EIEE)
g >
1. v ERFE B A IR R AR E A TR

FLJAL SRS R A% B T oK 2 s B IS S T R BRIE SR B e HL AP F IR JE oG B . RV R A%
THIBBNHAT 7T 2T, (BN B 7R AR GRS Y 1 F R SR BE B A S B SR R S FELE,
FAIH7S T AETEE ALY 100 95K [K) FeGe AR A7 1 HLAS 80 KA/ W11 13z 5 . @I R 2
IR EOFE BT T8 L, A DL 2 ks B 7 RENS 2T V2 1 FL i 2 VG B IR B RS E M 8l o 1K Ff ) LT BR 45K
ARG LML G M A B RESIN T ks BT, SRR IR T TR Il Igsh B R A

D12-03
BEMEVE AR BL R BTAA kL ) DMI it
o GG
1. HERIME R

Realizing room-temperature magnetic skyrmions in two-dimensional van der Waals ferromagnets offers
unparalleled prospects for future spintronic applications. However, due to the intrinsic spin fluctuations that
suppress atomic long-range magnetic order and the inherent inversion crystal symmetry that excludes the presence
of the Dzyaloshinskii-Moriya interaction, achieving room-temperature skyrmions in 2D magnets remains a
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formidable challenge. In this study, we target room-temperature 2D magnet Fe;GaTe, and unveil that the
introduction of iron-deficient into this compound enables spatial inversion symmetry breaking, thus inducing a
significant Dzyaloshinskii-Moriya interaction that brings about room-temperature Né&l-type skyrmions with
unprecedentedly small size. To further enhance the practical applications of this finding, we employ a homemade
in-situ optical Lorentz transmission electron microscopy to demonstrate ultrafast writing of skyrmions in
Fes «GaTe, using a single femtosecond laser pulse. Our results manifest the Fe; ,GaTe, as a promising building
block for realizing skyrmion-based magneto-optical functionalities.
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Mechanically robust high magnetic performance Sm,Co;; sintered magnets via microstructure
modification with Al,O3 doping
Lei Wang', Qiangfeng Li', Meng Zheng', Ze Duan*, Minggang Zhu®, Yikun Fang**, Wei Li', Youhao Liu?,
Xiaofei Yi’
1. Division of Functional Materials Research, Central Iron and Steel Research Institute, Beijing
2. State Key Laboratory of Rare Earth Permanent Magnetic Materials, Earth-Panda Advanced Magnetic Material
Co.

Sm,Co,7-type magnets have high magnetic energy density, high intrinsic coercivity, good corrosion
resistance, and excellent thermal stability. However, the microstructures of the magnets are unique cellular one
with hexagonal 1:5 cell boundary phase, rhombohedral 2:17R cell phase and rhombohedral 1:3 lamellar phase.
The hexagonal and rhombic crystal systems are difficult to plastic deformation due to the low number of slip
systems. Thus, the magnets have intrinsic brittleness and are prone to brittle transgranular cleavage. making them
difficult to adapt to high stress, vibration or mechanical shock applications. In this work, a small amount of Al,O;
powders (< 0.3 wt%) were incorporated into the Sm,Coj7-type sintered magnets, obtaining with both high
mechanical and magnetic properties. It is found that 0.1 % weight percentage of Al,O3; doping is enough for
enhancing the flexural strength by about 20% (~ 180 MPa for the case of c-axis parallel to height). Meanwhile, the
(BH)max remains around 219 kJ/m3, Hcj is 2052 kA/m, which is over 95% of that of the original magnets
without doping. The promising improvement in flexural strength is mainly attributed to the grain size effective
refinement caused by Sm,0; particles including newly-formed ones from the reaction of the Al,O3; powder and
Sm in the matrix. Furthermore, the grain size of the magnets decreases significantly with increasing of Al,Os

6



rE MR K S 2024 B R AR R K S D12. SGitkpgtEThRe skt

doping up to 0.3 wt%. Especially, the grain size of 0.3 wt% Al,O; doped-magnets is refined by 37%. However, the
flexural strengths (for c-axis parallel to height and c-axis parallel to width cases) of the magnets decrease
sequentially and are even lower than that of the original magnet. The microstructure investigations indicate that
the decrease in flexural strength is may closely correlated to the larger cell size and the incomplete cell boundaries
phase. The obtained results infer that the flexural strength is susceptible to not only grain size but also cellular
structure of the magnets.
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Omnidirectional emergent electromagnetic induction in a short-period helimagnet MnCoSi



rE MR K S 2024 B R AR R K S D12. SGitkpgtEThRe skt

Yong Chang Lau*
1. Institute of Physics, Chinese Academy of Sciences

Helimagnet is an ideal platform for studying the intricate interplay between chirality, topology, magnetism,
and electronic transport. Recently, sizeable emergent electromagnetic induction was found in a few helimagnets
with short-period helical order (e.g. GdzRusAl; and YMngSng), pathing a route towards the realization of a
scalable, integrated quantum inductor that produces no stray field to the surrounding.

In the talk, 1 will present our recent progress on a non-chiral centrosymmetric magnetic functional material
MnCaoSi, including the direct observation of short-period helical order in MnCoSi using Lorentz Transmission
Electron Microscopy, the modulation of its helical pitch and magnetic transformation temperature via uniaxial
strain, and the surprising observation of omnidirectional emergent electromagnetic induction in MnCoSi at room
temperature.
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Giant spin-orbit torque (SOT) from topological insulators (TIs) has great potential for the low-power
SOT-driven magnetic random-access memory (SOT-MRAM). Here, we demonstrate the functional 3-terminal
SOT-MRAM device by integrating the TI [(BiSb),Tes] with perpendicular magnetic tunnel junctions (pMTJs),
where the tunneling magnetoresistance is employed for the effective reading method. The ultralow switching
current density of 1.5 x10° A cm™ is achieved in the TI-pMTJ device at room temperature, which is 1-2 orders of
magnitude lower than that in conventional heavy metals-based systems, due to the high SOT efficiency 65y = 1.16
of (BiSb),Tes. Furthermore, all-electrical field-free writing is realized by the synergistic effect of a small
spin-transfer torque current during the SOT. The thermal stability factor (4 = 66) shows the high retention time (>
10 years) of the TI-pMTJ device. This work sheds light to the future low-power, high-density, and
high-endurance/retention magnetic memory technology based on quantum materials.
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Manipulation and detection of the magnetic order in van der Waals magnets
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The quasi-two-dimensional (quasi-2D) van der Waals materials demonstrate versatile and intriguing
electronic and magnetic properties, such as unconventional superconductivity, quantum anomalous Hall effect
with dissipationless chiral edge states, proximate quantum spin liquid state, etc. One of the intense research
interests include the realization of magnetically ordered state(s) in atomic-thin van der Waals magnetic materials.
Here, we show that by chemical substitution, the magnetic order in the prototypical van der Waals metal FesGeTe,
can be effectively manipulated. In particular, the ferromagnetic onset temperature is greatly enhanced by Ni
replacement of Fe in FesGeTe,. On the other hand, the magnetic order, as well as the stacking order, of the bulk
van der Waals magnets can be investigated by the complementary scattering probes, including the well-established
neutron diffraction technique and the resonant X-ray scattering technique.
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X-type antiferromagnets
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Physical phenomena in condensed matter normally arise from the collective effect of all atoms in the
solid, while selectively addressing a lone atomic sublattice by common electric or magnetic means is elusive.
Here, we introduce cross-chain antiferromagnets as an uncharted class of magnetically ordered crystals,
where the stacking of two magnetic sublattices form a pattern of intersecting atomic chains, supportive to the
sublattice selectivity. We dub these solids X-type antiferromagnets and demonstrate that they reveal unique
spin-dependent transport properties not present in conventional magnets. Using S-Fe,POs as a representative
example of such X-type antiferromagnets, we predict the emergence of sublattice-selective spin-polarized
transport, where one magnetic sublattice is conducting, while the other is not. As a result, spin torque can be
exerted solely on a single sublattice, leading to unconventional ultrafast dynamics of the Néel vector capable
of deterministic switching of the antiferromagnetic domains. Our work uncovers a previously overlooked
type of magnetic moment stacking in antiferromagnets and reveals sublattice-selective physical properties
promising for high-performance spintronic applications.
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Manipulating exchange bias with a single femtosecond laser pulse
Boyu Zhang', Zongxia Guo™?, Gregory Malinowski?, Stéphane Mangin®, Weisheng Zhao®, Michel Hehn?
1. Beihang University
2. Institut Jean Lamour, CNRS, Universitéde Lorraine

Ultrafast manipulation of magnetic order has challenged our understanding the fundamental and dynamic
properties of magnetic materials. So far single shot magnetic switching has been limited to ferrimagnetic alloys
and multilayers. Whether a similar scenario can be observed in antiferromagnets remains unknown. In
ferromagnetic (FM)/antiferromagnetic (AFM) bilayers, exchange bias arises from the interfacial exchange
coupling between the two layers and results in a field shift (He) of the FM layer hysteresis loop. Exchange bias
phenomena have found widespread use in fundamental scientific research and a large variety of spintronic devices,
including sensors and magnetic random-access memory (MRAM). Many studies have already focused on the
possibility to manipulate the exchange bias effect using thermal annealing with or without applied magnetic field
and spin polarized current. Here we demonstrate the possibility to manipulate the exchange bias (change of the
sign and amplitude of H,) with a single femtosecond laser pulse in perpendicular to film plane magnetized
IrMn/CoGd bilayers. We have studied the influence of the laser fluence and the number of pulses for various IrMn
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thicknesses to determine the fastest and the most energy-efficient way to set the exchange bias field. Our results
establish a method to set the exchange bias in a bilayer system that has potential application for ultrafast and
energy-efficient spintronic devices.
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Tailoring the Ferromagnetic-Antiferromagnetic competition and Spin reorientation in Cry.5Te; thin layers
with temperature and Cr intercalation
Feiyue Wang™?, Ying Deng®, Guangi Li*, Huai Zhang®, Xin-Jie Liu®, Ben-Chuan Lin®, Xuewen Fu®, Zhipeng Hou®,
Ya-Qing Bie*"?
1. State Key Lab of Optoelectronic Materials and Technologies, Guangdong Province Key Laboratory of Display
Material and Technology, Sun Yat-sen University, Guangzhou 510006, China
2. School of Electronics and Information Technology, Sun Yat-sen University, Guangzhou 510006, China
3. Ultrafast Electron Microscopy Laboratory, The MOE Key Laboratory of Weak-Light Nonlinear Photonics,
School of Physics, Nankai University, Tianjin 300071, China
4. School of Integrated Circuits, Guangdong University of Technology, Guangzhou 510006, China
5. Guangdong Provincial Key Laboratory of Optical Information Materials and Technology, Institute for
Advanced Materials, South China Academy of Advanced Optoelectronics, South China Normal University,
Guangzhou 510006, China
6. Shenzhen Institute for Quantum Science and Engineering, Southern University of Science and Technology,
Shenzhen 518055, China

Van der Waals magnetic materials have emerged recently as the forefront of innovation for atomic-thin data
storage solutions. Among these, magnetic transition metal dichalcogenides, particularly chromium telluride with
its varied lattice structures and atomic stoichiometries, have garnered significant interest largely due to their
potential for exhibiting room temperature ferromagnetism and strong perpendicular magnetic anisotropy. Yet, the
compound Cry5Te,, which allows for tunable valency from Cr** (3d*) to Cr**(3d?), stands out for its capacity to
modulate electronic and magnetic properties across a broad spectrum. Despite its promising attributes, the full
understanding of Cr.5Te, has been elusive, complicated by the interplay of ferromagnetic and antiferromagnetic
interactions, noncollinear spin textures, and adjustable magnetic anisotropy. In our study, we delve into the
relationship between magnetic phase transition, spin orientation, and various factors such as intercalation lattice
structure, temperature, thickness and strain, aiming to provide a detailed microscopic insight into the magnetic
tunability. By employing exfoliated Cr-intercalated CrTe2 samples, we have investigated their magnetic behavior
across different temperatures using polar reflective magnetic circular dichroism and Lorentz transmission electron
microscopy. Furthermore, our research extends to the exploration of temperature-dependent magnetic circular
dichroism across varying intercalation ratios and material thicknesses. Incorporating first-principal calculations,
we observed a pronounced competition between antiferromagnetic coupling in the interlayer chromium elements
and ferromagnetic coupling within the intrinsic layers. Additionally, we noted that intercalation-induced
concentration changes significantly influence spin reorientation at lower temperatures. Our study sheds light on
the potential microscopic mechanisms underlying magnetic competition in intercalated chromium telluride,
offering valuable insights for the advancement of two-dimensional spintronic devices.
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SOT-MTJ-Based True Random Number Generators (TRNGs) and Their Applications in Probabilistic
Neuron Networks
Caihua Wan*!, Ran Zhang", Xiaohan Li*, Guogiang Yu', Xiufeng Han"
1. Institute of Physics, Chinese Academy of Sciences

Such artificial intelligence as generative neuron networks are booming, which allows spintronics as a spring
of randomness to have immense chances to apply for. Based on the studies on the field-free spin-orbit torque
(SOT) effect and successful development of high-performance SOT-magnetic tunnel junctions (MTJ), we have
been investigating applicability of SOT-MTJ as stochastic samplers in probabilistic neuron networks and
probabilistic computing such as the Bayesian Networks (BN) for inference and reasoning, the restricted
Boltzmann machines (RBM) prevalent in unsupervised learning and combinational problem solvers. These works
show SOT-MTJs well match the needs of BN and RBM nodes, enabling the SOT-MTJ-sampled RBM to achieve
handwritten and spoken digits recognition, generation and crossmodal learnings. Their works clearly demonstrate
spintronic devices ready for developing hardware tailored for probabilistic neuron networks and also open a
promising outlet for spintronics, especially, SOT devices.
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Fabrication, Properties and Device Applications of Topological Functional Thin Films and Heterostructures
Xuefeng Wang*
1. Nanjing University

Recently, topological materials have attracted intensive attention mainly due to their high carrier mobility,
spin-momentum-locking surface states and unique physical properties for various applications. However, it is
essential to obtain large-area, high-quality thin films and heterostructures from the practical electronic devices
viewpoint. In this presentation, we demonstrate high-quality, single-crystalline topological telluride films with
centimeter-scale size either by pulsed laser deposition or by chemical vapor deposition. For Weyl semimetal WTe,
films, they exhibit intriguing quantum phenomena, such as Shubnikov-de Haas quantum oscillations, weak
anti-localization, and nontrivial Berry phase at low temperatures. The anisotropic spin dynamic relaxation process
is revealed by the ultrafast time-resolved magneto-optic Kerr technique. For ferromagnetic CrsTeg films, they
show a colossal intrinsic topological Hall effect (THE) up to about 1.6 pQ-cm. Such a THE can be maintained
until 270 K, which is attributed to the field-stimulated noncoplanar spin textures induced by the interaction of the
in-plane ferromagnet and antiferromagnet infrastructures. The first-principles calculations further verify the
considerable Dzyaloshinskii-Moriya interaction in CrsTeg. Meanwhile, the helicity-dependent terahertz (THz)
emission is observed in Dirac semimetal PtTe, films via circular photogalvanic effect (CPGE) under normal
incidence. This is activated by artificially controllable Te-vacancy defect gradient, which is unambiguously
evidenced by the electron ptychography. The defect gradient lowers the symmetry, which not only induces the
band spin splitting, but also generates the Berry curvature dipole (BCD) responsible for the CPGE. Such
BCD-induced helicity-dependent THz emission can be manipulated by the Te-vacancy defect concentration. These
findings set up an important foundation of topological functional films/heterostructures for the future applications
in high-speed spintronic and terahertz devices.
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1. Inner Mongolia University of Technology
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Manipulation of Magnetic Properties in Vertically Aligned Nanocomposite Films
Rui Wu'
1. South China University of Technology

In vertically aligned nanocomposite (VAN) films, one can take advantage of various interactions (strain,
exchange interaction, magnetoelectric coupling etc) at the interface between different phases to achieve the
enhancement of magnetic properties. In this talk, I will introduce our works related to the manipulation of
magnetic properties in "3-1" type nanocomposite films: First, we introduced the interfacial p-n junction in
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(Na,Bi)TiO3-CoFe,0O4 VAN to successfully suppress leakage and achieve in-situ electric field control of
magnetism; Then, we introduced the antiferromagnetic material NiO into the VAN film to achieve self-biased
magnetoelectric effect and electric field control of the exchange bias effect simultaneously in the
(Na,Bi)TiOz-NiO-NiFe,O, three-phase nanocomposite film; recently, with optimizing the growth process, the size
of the magnetic unit of the three-phase system was successfully reduced down to 10 nanometer level, which
greatly increased the area density of the magnetic unit. At the same time, the system based on soft magnetic
NiFe,O4 shows a coercive force of up to 2T, which is approximately 10 times higher than before. We ascribe the
increase in coercivity of this system to the ferromagnetic-antiferromagnetic interface exchange interaction,
vertical strain, and reduced magnetic column size.
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Magnetostriction, Soft Magnetism, and Microwave Properties in Co-Fe-C Alloy Films
Jiawei Wang“*?, Cunzheng Dong?, Yuyi Wei?, Xianging Lin®, Mingmin Zhu®, Guoliang Yu', Yang Qiu’, Yan Li,
Haomiao Zhou®, Nian X. Sun’
1. China Jiliang University
2. Northeastern University
3. Zhejiang University of Technology

In the past decades, ferromagnet-metalloid alloy films of Co-Fe-B have been widely used in
spintronic devices due to their excellent performance, such as easy industrial-scale fabrication, considerable
ability for tunneling magnetoresistance and perpendicular magnetic anisotropy. However, the insufficient thermal
tolerance and interfacial state densities in the typical Co-Fe-B/MgO system limits the devices' optimization. Here,
we report on the magnetostrictive behavior, soft magnetism, and microwave properties of a series of
(CogsFeo5)xCi—x films grown on silicon (001) substrates. The addition of carbon changes the Co-Fe-C films from
nanocrystalline body-centered-cubic to an amorphous phase and leads to a high saturated magnetostriction
constant of 75 ppm, high piezomagnetic coefficient of 10.3 ppm/Oe, excellent magnetic softness with a low
coercivity less than 2 Oe, narrow ferromagnetic resonance line width of 25 Oe at the X band, extremely low
Gilbert damping of 0.002, and up to 500 <T thermal stability. The large saturated magnetostriction constant and
piezomagnetic coefficient result from the coexistence of nanocrystalline body-centered-cubic and amorphous
phases. The extremely low Gilbert damping is related to the minimized density of states around the Fermi energy
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of the alloys induced by carbon doping. It indicates that the high thermal stability of the medium doping Co-Fe-C
alloy films originate from the stable structure phase and elements distribution during thermal annealing. The
combination of these properties makes Co-Fe-C films promising candidates to be widely used in
strain-mediated magnetoelectric devices and microwave magnetic devices.
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D12-P01
Restricted Boltzmann Machines Implemented by Spin-Orbit Torque Magnetic Tunnel Junctions
Xiaohan Li*, Caihua Wan*!, Xiufeng Han*
1. Institute of Physics, Chinese Academy of Sciences

Artificial intelligence has surged forward with the advent of generative models which rely heavily on
stochastic computing architectures enhanced by true random number generators with adjustable sampling
probabilities. In this study, we develop spin-orbit torque magnetic tunnel junctions (SOT-MTJs), investigating
their sigmoid-styled switching probability as a function of the driving voltage. This feature proves ideally suited
for such stochastic computing algorithms as the restricted Boltzmann machines (RBM) prevalent in pretraining
processes. We exploit SOT-MTJs as both stochastic samplers and network nodes for RBMs, enabling the
implementation of RBM-based neural networks to achieve recognition tasks for both handwritten and spoken
digits. Moreover, we further harness the weights derived from the preceding image and speech training processes
to facilitate crossmodal learning from speech to image generation. Our results clearly demonstrate that these
SOT-MTJs are promising candidates for developing hardware accelerators tailored for Boltzmann neural networks
and other stochastic computing architectures.
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Skyrmion and antiskyrmion have attracted great interest in condensed matter physics due to their application
prospects in data storage, which requires deep understanding and feasible control of their dynamics. Despite
recent progress on their current-driven dynamics, the effects of Kitaev interaction are rarely explored. Here, we
take monolayer frustrated magnet NiBr, as an example to reveal the general current-driven skyrmion and
antiskyrmion dynamics induced by Kitaev exchange. Through first-principles calculations and Monte Carlo
simulations, a magnetic field-strain phase diagram is proposed, which contains five different phases, including
topological skymion and antiskyrmion. Subsequently, by performing Landau-Lifshitz-Gilbert simulations, we find
that the skyrmion / antiskyrmion has specific helicity in the present of Kitaev term, leading to its translational
motion under current driving. Furthermore, the helicity is unlocked for sufficiently high current density, resulting
in its rotation. The critical behaviors and skyrmion velocity are analyzed by Thiele theory. Based on these
phenomena, we propose two new proof-of-concepts devices, skyrmion separator and non-gate logic unit. Our
findings lay a foundation for studying topological structures dynamics in Kitaev magnets.

D12-P06
Enhancement of Perpendicular Magnetic Anisotropy in Tm3Fe5012(111) Epitaxial Films via Synergistic
Stoichiometry and Strain Engineering
Zhengguo Liang®, Lingfei Wang*"
1. USTC

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 kJ/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.
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J2 55 4 B BN 2 TR ) S R ST R 8GR R T A FRARARRR T, R SRS IRFIAS Ml iR R, A ke
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FI RIS STCE WS SmFel2 EPELE R IR A
PR, RESSY, B il D9t
1. P EBEEGEET AT

ThMny, B SmFey, FE K BIATRHE L3 H m 0 SR RE . s e e e B f L&, RWE KRB I
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Horb Sm it & 40 wt.%) FfiAR . JEId 2 BhERAE 7200 ISR e T T XU AT, R TARMS ST R Cu i
DA R AR T R SR R )R Sm dm [AIAH,  [FIINHAE =M s SR TE R T Sm-Cu A BRIk, BRI i)y ol
Ty 5l 4.7 kOe. 5.4 kG #2712 5.1 kOe. 6.1 kG, 1%l (152 ik 5 AN s T R AN A ] T W AH e 4h
{E RGP B BEE = O o ML BE— D Fie sl T 2RI, mrli B i Ta) e 4 vl DAE, 35 38 R A 1) 350
{HAF] T AT RE -

gr b, AT IMIIE 5 Cu TG SmFeqp FEBRAEREARM T X LU 7L, UESE T i B8NS RTe I
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1. P EBHEEGEE SRR U
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EF RS R A RO B 18 R S B R B E A MR
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1. EREE R T R S TR 5T BT
2. TLPHEE T R

H AT R (EMWD IR TR SR W g i, AMYELH ARG, <, <57, “5i”, EESRA
A H S b I B AR CRAE % 25 R85 K AR e R R AR A M R, DRI R T R RE 0% 8 508 FH T i 5 ok
IAEE T 1) v 25577 5 LR R R SO R BAAE AT, L 2 A 8 ) st I 8 o AR SO SV R - v A v i A Ak
AR T BA T EMW IRSORIR S 68 il it XA (ZrO,/Si0,) BB EL (CD E&aMEL. HET
ZrO, Z B AHIFL Si02 EX A B B A MOV, Biril & =AM BH SN R FE (RLpin) 4-48.58
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TS FE e SR P PR DR RIS AR = B T — P A L
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R ERIRBLEESE Nd-Fe-B REII G5 SREMERT T
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WX, AR R, AR Dt
1. P EBEEGEET AT
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Kk, BEE XK RGBSR PRI, 1% T @SR G RV R IR B kI A4 75 5K o 1 Ja 1
MR R v R R R R, R MR G, R BB ANEM TR (HRE) Dy. Th REHHE
PR 1) 11 32 5 5 ) (HRE, Nd)oFeqsB AR SEEUFF ) g iy, H2 BT Fe E-1H1 Th/Dy Ji 2 [A] (1) Je £k
BEAR & S AR TR, AN, HRE TSR T Nd (0K, HRE R IR 235 58w i ) i
IR LA . DRI, TR RAR A B i (0 s o0 0 AL I R 5ot 1 i 6 L A AR R R AR e AN PR A
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il T =Hm ) (~18.5k0e). m=ilE (~14.8kG) [FMK Th & & (<1.2 wit%) (Nd,Th)-Fe-B #i -7k ifA,
SEIUE A LT RN SRR . W AEE R, BRI A 1 sk S I A, BRI T A Aok ]
S A s RN M SRR ETE R T H#M To-Fe 522, e/ 7 EM MRS S, R=AFm . @
ST REC A R A A, B T AR GRS B T2 I AN R W I, dE DR e T R R TR R S
71~ IR SE Nd-Fe-B BEM I FT B AE T8 07 ) AL
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ML & S A VIR A RS FUE SRR
D, DR,
L o SRR BE BT RHEOR 5 TR
2. Jb R A

TAER, TR T2 BB RARL LI (PEMFC) e AR O V2 M F AR iR 42 . AT, N T R AR 55 7Y
B A PR SA O EZE R T, PEMFC 5 B /0 KL% S T IR R st pe A A F 5. [Rlk, PEMIFC
)32 N FEAR KRR FE AR T AR R v M B 5 3 v, DA 28 18 1Y) 4800 Ji s o2 (ORR) AT /N R
REEEIIZ AT 2 N ke M. BEIRAISIGIT S S5 8, o Pt 555+ 48 (REMs) & &40 S 2K ORR &1
RIES NIEIRIE &N . R, P-REM &4 B A8 &EMKIREN, 5k 7T%RAME. P-Gd &
BetfiE N ORR i A ATIE N P-REM B4 —, FRATEII A5 E AR B H AR J5 753 5 AR
AR PtGd/ C GRS AT . AR R AT 0.90V, fEZ it 10000 FEJEHA G, ik A R %
B, RIS R E .

D12-P15
Observation of planar Hall effect in quasi-two-dimensional topological insulator candidate NizBi,Se;
Yuzhe Ma**
1. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences

The observation of the Planar Hall Effect (PHE) sheds light on the spin textures and topological
characteristics of materials, indicating potential applications in quantum computing and electronic devices.
However, in bulk single crystals of topological insulators (TIs), where the chiral anomaly is absent and the
contribution of topological surface states can be overlooked, the origin of PHE remains elusive. Here, we have
obtained high-quality single crystals of NizBi,Se, and systematically investigated their magneto-electric transport
properties. The ordinary Hall resistivity reveals the simultaneous presence of electrons and holes. A novel n-period
PHE, which depends on the relative angle with the driving electric and magnetic fields, has been observed,
indicating the breaking of mirror reflection symmetry. The angular dependence of in-plane anisotropic
magnetoresistance and the field-dependent PHE signal underscore the critical role of anisotropic orbital
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magnetoresistance. Our findings offer a new platform for deepening our understanding of the PHE and its
underlying mechanisms in Tls.

D12-P16
LS RPRREL AT R
i g

1. HPEBEEG T A ROR S TR AT

R e R R SR R HLAE B R L RBOAE  BAT IR B A A D BRR VAT AT ) 2 DO RENE T A2 BT R
W, AEEES T SR R AR . 1989 4F Kupka FT Budniok F1JH HLAEE AL A= i Ni-Co—P Jf:
T OER [NL. A2, AT DARSE SATAEE SR EE AR, JF BAE S N RE R, BT
WHEA B E TN A A . 2015 48, ZBXTUTFEIPETAENE R, Yoo AMIFEZH(2015)% fEfLid e
BEAT TIRABE T . BEEE, Xt CoP GoKBURLHEAL JG 1l I 0 M o, X SSBAE DAL O Hh ' B Hh il
220y 7 BT R R 2 SLMRL, A SRR . EAR TR, ST a5 R ER
PEIR RV 54, £ 500mA cm-2 [ FLILE T, AT BLAR e 1T 280h, HIEHIE £ 2108 10%.

D12-P17
MnBi Z 5 & AR K Bk REVE BB B L
FIEs
1. REEEERE T AR AR S TR LT

FEFORAE N BAT R 80 TIEA2 R0 UM IEREVE SR 41 Weyl 2-<e )& T L ZR BB I AR AN RARH . 2R110 5
BRIEE R GURADRIL R HIWEE,  ROAAEARSORR LA d A7 PR 7 AW T8 B A %A K MnBi
F, R T Bk EEYE MnBi 7RI T RTA F] 1200%01 K ITE MR FIOR 26 v R i e BH A s e A 2

D12-P18
Flexible anisotropic Ce,Fe;7N;@CN /PU composite for electromagnetic wave absorption
Hind Bourouis®, Wu Chen®, Yan Mi*
1. Zhejiang university

Electromagnetic energy conversion materials have been widely developed and applied in the fields of
communications and military radar cloaking to increase the resistance to electromagnetic interference with the
development of electronic information technology and communication technology. The rapid growth of smart
portable electronics has led to an increasing demand for flexible microwave absorbers. Excellent microwave
absorbing materials must have high absorption, wide effective absorption bandwidth, low thickness, and good
mechanical properties.

In this study, we developed an ultrathin, self-foaming composite using the rare-earth magnetic alloy
Ce,Fe17N; powder and carbon nanotubes in a polyurethane matrix. Ce,Fe;7N; was selected for its high
permeability at high frequencies and significant magnetic loss. Ce,Fe;;N3 was synthesized by arc melting and ball
milling Ce,Fe;; followed by nitriding at 724 K for one hour. The carbon nanotubes and magnetic powders were
mixed into the polyurethane matrix using a simple mixing and casting method. A magnetic field was applied to the
composite, the phase structure and powder morphology were characterized by X-ray diffraction and scanning
electron microscopy, and the VSM test was also performed.

The self-foamed anisotropic composite exhibited a minimum reflection loss value of -47.6 dB and an
effective absorption bandwidth (EAB) of 6.75 GHz at a thickness of 1.5 mm. The material exhibited a high strain
rate of 134% at break, indicating excellent flexibility. The porosity and anisotropy improved the impedance
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conditions and attenuation, and the synergistic effects of dielectric and magnetic losses, combined with the good
mechanical properties of the polymer, significantly enhanced the electromagnetic energy conversion performance
of the composite.

D12-P19
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PRI BETH SRt 7 — Rl B, RIS T A SEE B B S R 1) AL AEAL SR Bt 17— o IR

D12-P20
R TEHEBE S T SEPLRHTAE U1 T FL YR IR S) ) S
(HEV S i
1. HERFEBEIELRT AT

BAHINFYERGR RIERE (5O Wt B 7 AW RS B e e . Rl k2l
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D12-P22
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D12-P23
Room-temperature spontaneous exchange bias in antiferromagnet FesBOg polycrystalline
Lifeng Wang', Ling Cai®, Xiong He', Liging Pan*
1. Hubei Engineering Research Center of Weak Magnetic-field Detection, College of Science, China Three
Gorges University

The exchange bias (EB) effect refers to a shift of the hysteresis loop along the magnetic field axis.! The
conventional exchange bias effect is generated by the high temperature field cooling process, and the spontaneous
exchange bias ( SEB ) effect is generated from the high temperature zero field cooling process. The EB has been
extensively studied and has broad applications in ultra-high density magnetic recording, giant magnetoresistance,
spin valves and other spintronic devices. In ferromagnet (FM)-antiferromagnet (AFM) particle systems such as
Co/Co0, Ni/NiO and Fe/FeO,, the EB effect can be applied to suppress the superparamagnetic effect, which
shows great potential for high-density information storage applications. In FM-AFM bilayer or multilayer film
system, such as NiFe/CoO, permalloy/FeMn/Co and permalloy/Au/Co0, the CEB effect can used to design spin
valves and spin tunneling devices.

In this work, we observed a giant SEB effect in FesBOg, where the value of the spontaneous exchange bias
field at room temperature is as large as about 4234 Oe. We propose that this giant SEB originates from the
exchange-coupling interactions between the surface weak ferromagnet state and the bulk antiferromagnet state.
This theoretical analysis results are further verified by comparing the magnetic properties of the FesBOg with
relatively low crystallinity. The results of this investigation will help to find promising candidate materials for a
device based on the SEB effect.

D12-P24
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TR LR FesGeTe, B AT Fe SREATT Y& HLIEE (TC) , b Fe B5 TR BE AR, H TC I 7E 270 - 310
K X[a1284k, XK Fe BREFASTE FesGeTe, I NE BT . N T IRANERME Fes GeTe, TRENE N, FRA
I AT Fes-GeTe:  (FeusGeTen) fifATE TC MG IS, RGWIL T HBZHMLH] . B FHAE 8587
7, BRAVER] T —H A EEMIN A8 5E : TC =285K, B =0.364(2), y =1.293(1), & =4.62(1).
X LI SR BT LA BT FewsGeTes MOREMEAT At —Fh —4E (3D) RESS L, AT HFE B8 8
AR J(r) ~ r—4.85, 5 =4 AR BN NTZERMAGIEH AL TATX FersGeTes IIRESS HALT
TN T — AT T2 R R T BRI RIS

D12-P28
SRR TR E R H) %
Yue Wang®, Yufeng Liu®, Xin Wang*
1. School of Materials Science and Engineering, Jilin University

Creating room-temperature ferromagnetism in carbonaceous materials is of great importance in fundamental
physics and various potential applications in fields where the characters such as low density, transparency, and
biocompatibility are essential. Graphene and its derivatives graphene oxide (GO) and reduced GO (rGO) possess
extraordinary physicochemical properties, low weight, and nontoxicity. Pristine graphene is diamagnetic in nature
due to solely sp2 hybridization, while GO and rGO show ferromagnetic (FM) ordering at low temperature and the
ordering can preserve up to room temperature. However, an all-carbon material with desirable FM properties,
abundant resources, and cost effectiveness has not been prepared yet. In this study, we used an available method
of cast-coating followed by a step-by-step thermal treatment to fabricate rGO-based carbon films composed of
rGO nanosheets and rGO microfibers. We studied their room-temperature FM and magnetoresistance effects. The
composite film exhibits enhanced FM effect (saturation magnetization, Ms ~ 0.096 emu g-1 and coercivity ~ 61
Oe), around 1332.8% enhancement compared to rGO (0.0067 emu g-1, 87 Oe) and rGOF. Magnetoresistance
effects show negative values that also confirm the FM characteristics in the rGO-based composite films. ICP-MS
measurements exclude the contribution of FM metal elements to the mass susceptibility of the samples. The high
ratio of sp3/sp2, moderate oxygen content and density of hydroxyl and epoxy groups were found to be
corresponding to a high Ms in the rGO-based films. This type of all-carbon film has been expected to be applied
in spin electronic devices and biomedicine in the near future.
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