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The coexistence of spontaneous polarization (Ps) and magnetic ordering in polar magnet makes it promising for multiferroic and
magnetoelectric applications in spintronics. A good example is the LiNbO;-type Zn,FeTaOg, which demonstrates Pg of ~ 51 u
C/em? and antiferromagnetic ordering below ~ 25 K. A weak switchable component is also observed around 2 K. Here we present the
study on the parent polar magnet Zn,FeNbOg. Attempts to make Zn,FeNbOg at similar high-pressure condition were successful but
original crystal structure analysis was frustrated. Although synchrotron X-ray diffraction techniques clearly indicate isostructural
LiNbO;-type symmetry of Zn,FeNbOg, routine Rietvled refinements never converge to an acceptable fitting. Detailed electron
diffraction and crystallographic simulation revealed stacking fault in the honeycomb layers in ab-plane, which well explained the
diffraction data using updated structural model. Given the similar ionic size and electron configuration between Nb>" and Ta®", the

reason that the stacking fault is absent in Zn,FeTaOg but appears in Zn,FeNbOy is unclear and thus needs further investigation.
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The proliferation of flexible and stretchable electronics has led to substantial advancements in principles, material combinations,
and technologies. The integration of magnetoelectric systems in the soft electronics is inevitable by the virtue of their extensive
applications. Recently, two dimensional (2D) layered materials have emerged as potential candidates due to their excellent flexibility
and atomic scale thickness scalability in addition to their interesting physics. This paper presents a new perspective on development
of magnetoelectric nanocomposites through materials engineering on a pliant mica with excellent mechanical, thermal and chemical
stabilities. The unique features of 2D muscovite mica and the power of van der Waals epitaxy are expected to contribute significantly

to the emerging transparent soft technology research applications.
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Ferroelectricity in perovskite oxides, such as PbTiO; and BiFeQOj3, has been studied extensively. However, epitaxial growth of
high-quality oxide films requires the careful selection of substrates and high temperature. In addition, dangling bonds and defects
drastically deteriorate the electronic coupling between ferroelectric and graphene-like 2D materials. The groundbreaking work on
graphene has triggered an intense search for other 2D materials with intriguing physical properties. However, ferroelectricity has
been scarcely explored in 2D materials. I will discuss our recent study on a 2D ferroelectric that can be cleaved into single/multiple
layers, CulnP,S¢. It has a Tc of ~320 K. Switchable polarization is observed in thin CulnP,S4 of ~4 nm, while piezoelectricity is
demonstrated in flakes only two layers thick. Unique behaviors associated with the reduced dimensionality, such as negative
piezoelectric response, will be discussed. More importantly, CulnP,S4 can serve as the parent compound, from which we can produce

other 2D materials with unique functional properties, even multiferroicity
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P e LT R 1 SR Jmal AP A 18] FROAR ELA T FHRE I 7 A T WA FE2SUSE, - BaFen010 KR IV SRR RS 5 SR ERATTA-13%

D02-25

MR T R 5 T B A ) AR 28R ST LA AR
IA-ZE 2, BER, R, fREE!

LAp E R B AR R 7T T

2HERE

TEJZ R B A RR R, Tl RE L/ B P o S I 445 DR 1) 5 17 B L Sl A e v AR e 33 R v DA B v g 1A D (AN 28,
ST RG] TR AR 2 ORI TN T IR DGR o e r ARG O e Bk AN s B 14 BB 1R (1-x)PbMg 1/3Nb,305-xPbTiO; (PMN-PT)
PR NATIR, WD REMEE/PMN-PT 5 i 45 OO I N A 2 8k A AR S i B Ty 2 — . 124 M1k,
FN RO E T EENAEY/PMN-PT. S5 4/PMN-PT. 2k#&J&/PMN-PT. Filii - 244/PMN-PT. KIGHME/PMN-PT, —
HEAE/PMN-PT. £ Z#R/PMN-PT. {8 FH/PMN-PT EZFRRIN) 45, EHSHE 7RI SLI6 77 1 # IS T F & 1w
TR o AR 25 G AR R SCHRFRGE (5L 36 45 T, XHHET PMIN-PT 6 FEBRL (5t (V0 B P AR & S A et OO 9 8 R EAT 1
TR, RN SRR S S I e T A AR 2SR A R T L AT 25K PR RS S R S AT AL, RIBIR TR 1 AN R A L
il B



D02-26

Complex Strain Evolution of Polar and Magnetic Order and Control of Spin Orientation in Multiferroic BiFeO3 Thin Films
PrAtge 1

LRE ZRE TP R 2RI X

2PN R AR LA 734

BiFeO3, which exhibits strong coupling between ferroelectric and antiferromagnetic order, has attracted significant attention
due to its room-temperature multiferroism and potential for magnetoelectric effects. To achieve such functionality, it is critical to be
able to control the antiferromagnetic spin structure in BiFeO; Despite this critical need and sustained interest in this topic, there are
few studies on the strain evolution of the antiferromagnetic structure in BiFeO; thin films. Here, X-ray linear dichroism and
first-principles calculations will reveal that epitaxial strain can be used to continuously tune the antiferromagnetic spin-axis
orientation in BiFeO; films across a wide angular space and thus control the magnetic anisotropy of an exchange-coupled
ferromagnetic layer. We highlight an unexpected deviation of the classical perpendicular relationship between the antiferromagnetic
axis and the polarization vector. First-principles calculations suggest that the magnetic anisotropy in is tunable with strain by

leveraging the interplay between Dzyaloshinsky-Moriya interactions and single-ion-anisotropy.
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HUE LI AR

D02-28

%3 B FEL AT RAUBLAE. Bag g5Ca0.152 101 Tl 903/ Lag 67510, 3sMNO3 7 G541 IR A i fk B P 1R R
MaEE, BHKER

it [y N5

PRI HARAE LaAlOs (1115 Fr EA KT Bag sCag.i5Zro, 1 Tig.9O03/Lag 67510 33Mn0O; (BCZT/LSMO) 74, ik 7 H
BEAIR | I 2 LA A R A B A LR B o £ 120 KR R KGR i P 5 T P B A 4 1 P ] I ML 381 57 e, X T BCZT
R (R) BIEASAH (O) HIARAZ. Arrhenius 24 A5 5t B FEAOHAH REN 2 meV o TS HELIELIE B vh WL 52 3 B KB v
15 20%, SN BRI EAR S . S IR IR LA FSOS I PR T A (] AT AR AE BCZT/LSMO Ft % F ) 3 8]
FLT 22 |17 BCZT 5 LSMO JZ K RAS FTEC SR, AESMEZ/E T LSMO B4t SR R 2 M L 0 e, SR A
R R WA RS T E T R/ 32 R B T BCZT AHAR SRS D Rk i I B2 AR A3 B



D02-29

Ruddlesden-Popper £5#] Sr3Sn,0; H:H & H— & 24 IE ATk AR
XNk, BB, MRATEH

WL K2 ERRL Bt

H R AR AR 7 S8, MEAEAR MR 1 AR TR EF 58, € REHEREN EFZREES
MTH A, WA R e 2. S H 00 2 Ah AR AR 0 vh e U2 e 79 0 \ T 0 T 6 DU 00 8 25 (L5 K0 R 1 a-a-cO A1
a0a0cH)TMT 5 H (1. Z4 b AEANERR Bk B P9 SEI0 ra P RRe I, DRV B L rh SR A LA SR rE R A () 2 RV A R

HAl, 7£ n=2 1Y Ruddlesden-Popper Z5#4¥] CasTi,0; LA K Sr;Sn,O FE B, B REAENRL IR T iR i B, 1iE
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lonic liquid gel gating control of magnetism for flexible spintronics
1B

(RSB EPNES

One of the central challenges in realizing magnetoelectric (ME) devices lies in finding a deterministic way to modulate
magnetism in integrated circuits with a circuit-operation voltage. Ionic liquid (IL) gating on magnetic thin films with abundant
electronic, chemical and magnetic interactions at the interface has become an emerging technology for controlling magnetism in a
fast, compact and energy-efficient way. Compared with conventional strain effect dominated piezo/ferroelectric layer multiferroics,
IL gating method has advantages like small gating voltage (V<5 V), easy-to-integration and compatibility with varied substrates
such as Si, flexible substrates etc. In additional, unlike the oxide structures require a high temperature to overcome the oxidation
energy barrier, the IL gel gating control process can be operated at room temperature, suitable for applications in room temperature

environment. Here, we will summarize our recent progresses of IL gating control of magnetism in varied magnetic heterostructures.
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B R AEARAR TiO, T RIMEN IR, SR T P ET LB MM LS &R Zr BB R FF RIFRIA B bERE,
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fn SR L] 7E(Er, Nb)3Ed5 TiO, R B & (K58 AR By T iR AR s . i TiZ 2R B s RL N R A v 37 588 1 £
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Multiferroic Z-type hexaferrites Bag 5,St, 45C0,Fe,4041 have been reported to show giant electric field control of magnetization
and small magnetic field control of drastic change of polarization, i.e., giant magnetoelectric (ME) effects up to room temperature.
Here, we report the investigation of angle dependent ME effects in this compound. When the in-plane H is rotated clockwise by 360
degrees, in-plane P vector is rotated counterclockwise by 720 degrees. A symmetry-based analysis reveals that the faster and opposite
rotation of P vector in the Z-type hexaferrite is associated with the existence of a mirror plane perpendicular to c-axis. Moreover,
such a peculiar crystal symmetry also results in p-d hybridization dominated microscopic origins for the spin-driven ME behaviours.
This work demonstrates the importance of the crystal symmetry in the determination of ME properties in the hexaferrites and
provides a fundamental framework for understanding and applying the giant ME properties in various ferrites with hexagonal crystal

structure.
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High quality Pb(Zry s,Ti( 45)O5 thin film was fabricated by pulsed laser deposition on flexible mica substrates. The XRD results
show that The PZT film with (001) preferred orientation was grown on Pt/Mica substrate. Different strain gradient of the film can be
obtained by bending the substrate with the applied stress. The macroscopic electrical properties measurement showed that it had
excellent ferroelectric properties. At different bending radii, its ferroelectric properties remain basically unchanged. It is likely to the
strain gradient is too small to cause changes. What is more noteworthy is that, under the same bending curvature, the electrical
hysteresis loops and C-V curves of the different lateral capacitances of the PZT film show obvious differences. Raman analysis and
finite element simulations have differences in strain along the in-plane direction, and the contribution of the flexural electric effect

caused by the strain gradient in the local area results in the difference in ferroelectric properties of PZT.
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