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Linear magnetoelectric effects in the van der Waals antiferromagnets As(TeO3).X; (A = Co, Ni; X = Cl, Br)
Lin Lin*!,Bing Yu? V. Ovidiu Garlea® Qiang Zhang® Jiasheng Li*,Yongsen Tang*,Zhibo Yan?,Shuai Dong® Jianguo
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The van der Waals (vdW) layered multiferroics, which host simultaneous ferroelectric and magnetic orders,
have attracted attention not only for their potentials to be utilized in nanoelectric devices and spintronics, but also
offer alternative opportunities for emergent physical phenomena. To date, the vdW layered multiferroic materials
are still very rare. Herein, we report remarkable magnetoelectric (ME) effects in the vdW As(TeO3)4X; (A = Co,
Ni; X = CI, Br) single crystals. The neutron-powder diffraction reveals that the noncoplanar antiferromagnetic
(AFM) state with preferred Néel vector along the c axis is established below Ty ~ 18 K in Cos(TeO3)4Cly, while
Nis(TeOs)4Br, shows a noncollinear spin arrangement in the ac plane below Ty ~ 29 K. it is found that
Cos(TeO3)4Cl, is one of the best vdW multiferroics studied so far in terms of the multiferroic performance. The
measured linear ME coefficient exhibits the emergent oscillation dependence of the angle between magnetic field
and electric field, and the maximal value is as big as 45 ps/m. The present study suggests that As(TeO3)4X; is an
unusual class of vdw materials hosting linear ME behaviors, and is an appreciated platform for exploring the
emergent multiferroicity in vdW layered compounds.

D02-05
Flexoelectricity and piezoelectricity in epitaxial hafnia
Yurong Yang*,Peijie Jiao,Hao Cheng,Di Wu
Nanjing University

HfO,-based thin films exhibit robust ferroelectric properties even for nanometric thicknesses, are compatible
with current Si technology and thus have great potential for the revival of integrated ferroelectrics. Phase control
and reliability are core issues for their applications. Here we show that, the flexoelectric effect in (111)-oriented
HfO,-based thin films, arising from the strain gradient along the film’s normal, induces a rhombohedral distortion
in the otherwise Pca2l orthorhombic structure. This rhombohedral distortion greatly improves the fatigue
endurance of HLO thin films by further stabilizing the metastable ferroelectric phase against the transition to the
thermodynamically stable non-polar monoclinic phase during repetitive cycling.

On the other hand, piezoelectricity of HfO,-based thin films have been reported and can be positive or
negative. Here, we show that the sign of the longitudinal linear piezoelectric coefficient of HfO,-based thin films
can be tuned from positive to negative via epitaxial strain. Nonlinear and even parabolic piezoelectric behaviors
are further found at tensile epitaxial strain. This parabolic piezoelectric behavior implies that the polarization
decreases when increasing the magnitude of either compressive or tensile longitudinal strain, or, equivalently, that
the strain increases when increasing the magnitude of electric field being either parallel or antiparallel to the
direction of polarization.
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[1] X. Sun, J. Wu, Y. Xu, J. Gao, B. Lin, G. Yang, B. Ge, Z. Hu, and M. Liu. Sensors and Actuators A: Physical,
submitted
[2] X. Sun, J. Wu, X. Liang, Y. Du, Y. Xu, Y. Qu, M. Guan, H. Huang, F. Li, S. Liu, D. Ju, Z. Wang, Z. Hu, J. Guo,
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and M. Liu. IEEE Sensors Journal 2023 Vol. 23 Issue 12 Pages 12695-12701
[3] X. Sun, J. Wu, J. Gao, G. Wang, X. Liang, F. Li, B. Lin, Y. Du, Y. Xu, H. Huang, Z. Hu, J. Guo, and M. Liu.
Sensors and Actuators A: Physical 2024 Vol. 365, 114904

D02-11
Quantum fluctuation of ferroelectric order in polar metals
Fangyuan Gu' Jie Wang'? Zi-Jian Lang™® Wei Ku****°

1. Tsung-Dao Lee Institute, Shanghai Jiao Tong University

2. Zhiyuan College, Shanghai Jiao Tong University, Shanghai

3. School of Physics and Astronomy, Shanghai Jiao Tong University
4. Key Laboratory of Artificial Structures and Quantum Control (Ministry of Education), Shanghai

5. Shanghai Branch, Hefei National Laboratory, Shanghai

The polar metallic phase is an unusual metallic phase of matter containing long-range ferroelectric (FE)
order in the electronic and atomic structure. Distinct from the typical FE insulating phase, this phase
spontaneously breaks the inversion symmetry without global polarization. Unexpectedly, the FE order is found to
be dramatically suppressed and destroyed at moderate ~10% carrier density. Here, we propose a general
mechanism based on carrier-induced quantum fluctuations to explain this puzzling phenomenon. The quantum
kinetic effect would drive the formation of polaronic quasi-particles made of the carriers and their surrounding
dipoles. The disruption in dipolar directions can therefore weaken or even destroy the FE order. We demonstrate
such polaron formation and the associated FE suppression via a concise model using exact diagonalization,
perturbation, and quantum Monte Carlo approaches. This quantum mechanism also provides an intuitive picture
for many puzzling experimental findings, thereby facilitating new designs of multifunctional FE electronic
devices augmented with quantum effects.

D02-12

SR S P R IRE R R i
A i
WK, MEERE, MU E SO SRR =

AR BB AL SREERE T T 2R EHAE, A THE SR KIS maE. &
W B R B WAL AN FiREE T, S8 RSB R A SEan
BRI NE T AR TEASAH, % AH B R A T o AR R R S5 A BRI X BRI 0 B R B — 1 R, A
— P TE SRS h SEELAR H E () SR N, BB MY (HFO2)1/(Ce02)1 M dbks, TEFAZEM KL 5] N A3k
AR E I [L,2]

[1] L. Yu, H. J. Zhao, P. Chen, L. Bellaiche, Y. Ma, Nature Communications 14, 8127 (2023).

[2] H. J. Zhao, Y. Fu, L. Yu, Y. Wang, Y. Yang, L. Bellaiche, Y. Ma, arXiv:2309.12800 (2023)..
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Ferroelectric bismuth oxides: from crystal structure prediction to device implementation
Yue-Wen Fang*
University of the Basque Country

Atomic-scale ferroelectrics are of great interest for high-density electronics, particularly field-effect
transistors, low-power logic, and nonvolatile memories. Herein, we designed a structure based on the
bismuth-based fluorite structure by removing a whole layer of bismuth, leading to a layered structure with a
framework of bismuth oxide [1]. Using high-throughput crystal structure prediction, we found some layered
bismuth oxides show excellent stability. In particular, BigOq is potentially an excellent ferroelectric material. In
experiment, we find that a layered structure of bismuth oxide can stabilize the ferroelectric state down to 1
nanometer through samarium bondage. The thin films with thicknesses that range from 1 to 4.56 nanometers
possess a relatively large remanent polarization from 17 to 50 microcoulombs per square centimeter. The crystal
structure is cross-validated by comparing the predicted crystal structure and the experimental structural analysis.
In addition, the electron localization function analysis shows that the driving force of ferroelectricity is the
lone-pair electrons of Bi ions. Ab initio molecular dynamics simulation results show that Sm has a stronger
oxygen binding ability than Bi, which helps maintain the polar phase of BigOgat room temperatures.
Correspondingly, our experiment shows that the main phases are BigO; and some Bi,O; phases without the Sm
substitution.

Based on the above nanometer ferroelectric bismuth oxides, we have investigated the performance of
ferroelectric tunnel junctions (FTJs) for memory devices [2]. It is found that the FTJs can maintain tunnelling
electroresistance of 7 x 10°with the ferroelectric barrier film down to one nanometer, three orders of magnitude
higher than previous reports with such thickness, owing to efficient barrier modulation by the large ferroelectric
polarization. These ferroelectric tunnel junctions demonstrate up to 32 resistance states without any write-verify
technique, high endurance (over 5 x 10%, high linearity of conductance modulation, and long retention time (10
years). Furthermore, tunnelling electroresistance over 10° is achieved in ferroelectric tunnel junctions with
4.6-nanometer samarium-substituted bismuth oxide layer, which is higher than commercial flash memories. The
results show high potential towards multi-level and reliable non-volatile memories.

References
[1] Q. YangT, J. Hut, Y.-W. Fangt, et al., Science 379 (2023) 1218.
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[2]Y. Jiat, Q. Yangt, Y.-W. Fang*, et al., Nat Commun 15 (2024) 693.
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D02-16
Extra hole Stabilized Ferroelectric phase of HfO2 and Interlayer- Polarization Effects on topological
transport properties of MnBi2Te4
K
[N

Ferroelectric materials have a spontaneous electric polarization that can be switched between two or more
orientations with an applied electric field. They enable devices such as nonvolatile random-access memories,
ferroelectric field-effect transistors, and ferroelectric tunnel junctions. The discoveries of ferroelectricity in HfO2,
and sliding ferroelectricity in Van der Waals (VDW) materials are both attractive as they can be integrated with Si
relatively easily, and provide an extra avenue to tailor magnetic orders as well as topological transport properties.
However, the ferroelectric phase of HfO2 is metastable, and it can only be stabilized on proper substrates or under
specific growth conditions. Here, we will show that charge redistribution in HfO2 can efficiently modulate the
relative stabilities of its polar and non-polar phases, and hole doping contributes to stabilize polar phase of HfO2.
Furthermore, we will show that out-of-plane polarization that can be achieved in VDW materials through
interlayer sliding. Even the sliding polarization is relatively week (0.01 pC/cm?2), it determines the direction
anomalous hall current in even-layer MnBi2Te4, and can make odd-layer MnBi2Te4 magnetic topological
insulator or trivial insulators.

D02-17
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Xi'an Jiaotong University
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B EE AR, BRINH & T B A B8R 1 SR/ R 5T K FAPDI 854K 5 . GAIN IR S R IR 0 25 b
7RI FUAEAE IR T A . RO, GAI PR L . AR U T RS 1 P [E) 4 FH AT DA
I 2 PR AU E S R TG, M2 ZH0H] T BB IR R 2 A . X PO A REE A T
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FIRZIAR KR, XIART GA+H LB RSB /K. HE 5 mg/ml GAI IR B AN E R W 45 7E 5 43 P JTE [ A o
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D02-19
EREREE SN IETHR IR N AR o Sk ri k5 PRI BRSO
GRAR*
] B A K

PAER (MC). HR (EC). iR (mC) AR IAEE AT B [ 5] 1 AR 24 T il ¥8 A7 Mk K Ji B i
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[1] X. Moya and N. D. Mathur, Caloric materials for cooling and heating. Science 370, 793-799 (2020).
[2] I. Takeuchi and K. Sandeman, Solid-state cooling with caloric materials. Physics Today 68, 48-54 (2015).
[3] X. Moya, S. Kar-Narayan and N. D. Mathur, Caloric materials near ferroic phase transitions. Nature Materials
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13, 439-450 (2014).

[4] S. Zhang, G. G. Guzman-Verri, X. Moya and N. D. Mathur, Electrocaloric effects at a phase transition created
by strain, Nature Materials 23, 594-595 (2024).

[5] S. Zhang, J. Deliyore-Ram ¥ez, S. Deng, B. Nair, D. Pesquera, Q. Jing, M. E. Vickers, S. Crossley, M. Ghidini,
G. G. Guzman-Verri, X. Moya and N. D. Mathur, Highly reversible extrinsic electrocaloric effects over a wide
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SN R FA R RS R ARE, DR 5E PZT BB H I RE X T HES A DG 5 RA M i B A B 2
B NTIBL R B, SRS T it SOk SEEL PZT M % i E S M I SR B . —
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Harbin Institute of Technology, Shenzhen
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KIGHETE T AR P & i BN AR RE, 7 Mn $32%(BigsNag s) TiOs-BaTiO: LA & 3k T 0.55%
R KT T HL R AR (Spna) P 917 p/V RIS HEL 3 2 dag™ (Smax/Eimax) » [RIIN IR Zr 12 %% BaTiO; Pl e (475 25 1 L )
N dag KMEHRE 5 212 610 pC/N . B A5G ) 2 18 Ay 2 A4k H B B a8 PR AR B AR A AT DA K PR A1t J 1)
[ B 2 v LSS AR R R LA e R o DL B SCRSR  T SAR R R B 2 B A T A S AR P B e R R i
BERRIER BRI J). A 8¥E Bk 24 Advanced Functional Materials 2020, 2004641, Nano Energy 2021, 90,
106519, ACS Appl. Mater. Interfaces 2022, 14, 1434—1442 J% ACS Appl. Mater. Interfaces 2024, 16, 9,
11497-11505 25— R H1R 3 L.
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Electric-field control of perpendicular magnetic tunnel junction via magnetoelectric coupling
Yonggang Zhao
Department of Physics and State Key Laboratory of Low-Dimensional Quantum Physics, Tsinghua
University, Beijing 100084, China
Frontier Science Center for Quantum Information, Tsinghua University, Beijing 100084, China

Magnetic tunnel junctions (MTJs) are the core elements of spintronic devices. Currently, the mainstream
writing operation of MTJs mainly relies on electric current with high energy dissipation, which can be greatly
reduced if an electric field is used instead. In this regard, strain-mediated multiferroic heterostructure composed of
MTJ and ferroelectrics are promising with the advantages of room temperature and magnetic field-free as already
demonstrated by MTJ with in-plane magnetic anisotropy. However, there is no such report on the perpendicular
MTJs (p-MTJs), which have been commercialized. Here, we investigate electric-field control of resistance state of
MgO-based p-MTJs in multiferroic heterostructures. A remarkable and nonvolatile manipulation of resistance is
demonstrated at room temperature. Through various characterizations and micromagnetic simulation, the
manipulation mechanism is uncovered. Our work provides an effective avenue for manipulating p-MTJ resistance
by electric fields and is notable for high density and ultralow power spintronic devices.
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Beijing Insititute of Technology
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AL R B JEAERE R BRI ERIDOANTE R . I E, FATM A EAUSCIL 1 HME Hf0.52r0.502 i
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D02-30
Competing Charge Transfer and Screening Effects in Two-Dimensional Ferroelectric Capacitors
R
fipiPNES

Two-dimensional (2D) ferroelectrics hold promise for ultrathin flexible nanoelectronics, typically employing
a metal-ferroelectric-metal sandwich structure. The electrodes can play a dual role in these systems - they can
either contribute free carriers to screen the depolarization field, enhancing nanoscale ferroelectricity, or they can
induce charge doping that disrupts the long-range crystalline order. We explore the interplay between these two
roles of the electrodes in 2D ferroelectric capacitors, supported by first-principles calculations covering a range of
electrode work functions. Our results reveal a volcano-type relationship between the ferroelectric-electrode
binding affinity and the electrode work function, which can be further unified by a quadratic scaling between the
binding energy and the transferred interfacial charge. At the monolayer limit, the charge transfer dictates the
ferroelectric stability and switching properties. This general characteristic is confirmed in various 2D
ferroelectrics including a-In2Se3, CulnP2S6, and SnTe. As the ferroelectric layer thickness increases, the
capacitor stability evolves from a charge-transfer-dominated state to a screening-dominated state.
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Zhejiang University
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HIBR AT RHEE A R RR SRR T AR AL & . BEBATHAL  BITERMRHRI B A MR AE SCRR B T
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Spintronics utilizes the spin degree of freedom in condensed matter for information processing and storage.
The generation of different memory or logic states in spintronic devices usually related to the reversal of the
spontaneous magnetization. “Standard” methods to reverse magnetization, such as a magnetic field or a spin
torque generated by substantial electric currents, suffer from large energy dissipation. Electric control of
magnetization by voltage has significant advantages for low-power spintronics. This requires strong
magnetoelectric coupling, which is usually very weak in metallic systems. In this talk, | will discuss two proposals
of electric field control of the spintronic properties without reversing the magnetization. We found that in Van der
Waals heterostructures composed of two-dimensional magnetic metals and ferroelectric insulators, the spintronic
properties, such as anomalous Hall effect and magnetic skyrmions, can emerge due to the reduced symmetry at the
interfaces. In addition, the symmetry and the resulted properties in these heterostructures can be further controlled
by ferroelectric switching, in spite of the weak magnetoelectric coupling. Our proposal provides an alternative
direction for voltage-controlled spintronics and offers as-yet unexplored possibilities for functional devices by
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heterostructure design.
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Interfacial coupling-induced multiple phase transition in LSMO
Zhaoyang Wang*,Zihao Zhu,Hui Yang,Bangmin Zhang, Yue Zheng
School of Physics, Sun Yat sen University

In functional oxide heterostructures, asymmetric engineering can serve as an effective means to regulate the
performance of thin films. Especially at the interface of heterostructures, asymmetric structures can affect the
crystal structure, electronic structure, and orbital occupancy of thin films. In this work, different types of
asymmetric interfaces were introduced into the BTO/LSMO heterostructure through different growth sequence. It
was found that different types of films both have magnetic phase transition points in three temperature ranges.
And, attribute it to the differences in interface, bulk, and surface of LSMO. By changing the thickness of the
LSMO layer and adjusting the contribution of the interface in the thin film, the high-temperature phase transition
can be attributed to the bulk phase. Through XPS testing, it was found that the effect of BTO on LSMO only stays
within the interface range. Based on the variation of Tc value, the phase transition in the middle temperature range
is attributed to the surface phase of LSMO, while the phase transition in the low temperature range is attributed to
the interface phase of LSMO. Finally, a model was established to investigate the effects of structure and charge on
LSMO. The study of magnetic phase transitions through asymmetric structures is of certain significance for
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understanding the influence of interfaces and surfaces on magnetism.
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Shanghai University

Two-dimensional (2D) multiferroic materials with coexisting ferroelasticity (FA) and ferroelectricity (FE)
have potential applications in high-density data storage and sonar detectors. Here, based on first-principles
calculations, we predict a series of stable 2D FA-FE multiferroic structures, namely y-XOOH (X = Al, Ga, and In)
monolayers. By analyzing the lattice symmetry and orientational distribution of hydroxyls, we find that XOOH
monolayers possess both in-plane ferroelastic and ferroelectric polarization, as well as antiferroelectric ordering
caused by the anti-parallel alignment of hydroxyls. Interestingly, the perpendicular reorientation of in-plane FE
polarization accompanies 90< ferroelastic switching. Besides, they show an unusual negative transverse
piezoelectric effect originated from the clamping-ion term. The multiferroic properties of the XOOH monolayers
provide an excellent platform to study electroelastic effects
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