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|.  Twist Engineering of 2D Magnetism
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AMoiré heterostructures

AVan der Waals heterostructures
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Commensurate moire superlattices

ACommensurate condition
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Stacking-dependent interlayer magnetism in Crl3

AStacking order © Interlayer Exchange Aorbital hybridizations © Interlayer Exchange

a) FM-interlayer
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AFM-interlayer

c) SSE path for AFM J1. d) SSE path for FM Ja, f) SSE path for AFM J’1.
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N. Sivadas et al., Nano Letters, 18, 7658 (2018)



Spatial modulation of interlayer exchange

AcCoexistence of various stacking orders

(a) AFM
AFM patch : | D 0.4meV

AAAAAAA

\/\/

A A VYV VOTAAAAAAA AL

A A AAY \/ AAAAAADN FM

Av;‘ A AAVAYAVAY WV .V A AA AATAYAVAY ¥ Y, AB )
A AVAYAVAUA A AVAYAYAYAY WVAVAVAA'A A ATAYAVAV.Y V.V 1
AVAVAVAVAYA A A AVAVAVAVAY WMVAVATA'A A ATAYAVAVAV.V ¥
AYAYAYAY A ATAVAVAVAYV Q VAYATA A A AVAYAY.Y Y VAV‘V‘V‘Y'
v AVAYAVAY ATAVAVAYAY YW YAYA A ATAVAV. ~VAVAV‘VL-:.
ViV v AVAYAY. ATATAVLY MYAYA A AAVAYY ) ATAVAVAYAY AA -
\ A 4 YAVAY ¥ N \ A A A v A AVAVAY AVA A
V.V Y \AAAAN/ ) A A ANA AVATAYAY
YyvYy YY Ry "“ﬁ‘,‘“‘ A ATAA
A VYV Y YV VAVAVANAYAYLY AAATATATAA A A AATAYA A -
AVA VY.V YYY VAVAVAVAVAYAVAY A': ;fz A AAA \A bw
AYAY vYY \ A A  ATAYAYAVAVAYAYA A AA v-'v¢ M % AAA AB % an
YvYyYyY VYV NAAA i VA / A
BAAAAALALALALIDY. YyYYVYY FYVYVAYA'A A A A
\AAAADLAAL LN AVAVAVAVAYATAVATATAVANAN NV VN ALl I :ZAAAAAAAAAAA AAAAAAAAAA
: AVAYAY
VAVAYAVAV-V Y VN, VAVAVAYAYA A v AA V.V VAVAVA'A AV
AAA ' '

AAAAAAAAAAA

VAVAVAVATA A ATAAA
VAVAVAVATA A AVAYAY

vvv'v$v¢ VA AAAA¢'¢' v A S u b I att i C e

.V
\ J
\Z>4 \/
J\/\ YA A
YaY YAYA"A
\/\J AV, AVA £
N, A A A
X A v v .
TAVAYAVAVAV.Y A B bl tt
AT AYATAYAVAYAVAY supiattice
VAVAYAVAVAY
x Vavavw

Sublattice symmetry breaking

AStacking order © Orbital-hybridizations © Interlayer spin interactions

- Intralayer spin interactions: stacking-order independent approximately
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Energetic competition

ANCD phase H\‘H+1‘H1‘f‘)‘/‘/»’»wmr»’»’»’f’ff1‘HHHHH

weak AFM
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strong AFM
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AGradient energy (0 D 0 T0) vs. potential energy (0D 00 10

- Twist angle controls K-V competition (6 D— )
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Observation of moiré magnetism

AAFM measurement in twisted bilayer Crls

ATwisted 2D magnets: formation of
magnetic domains

A C

AWnhat kind of new magnetism in twisted
2D magnets?

D  Magnetization map m, (Hs/n3f82)"
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T. Song et al., Science, 374, 1140 (2021)
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AMerons: 6

AMerons: topological spin textures with a half-skyrmion number 0
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forms

HMmerons In various
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Square lattice in a chiral magn

Core-down antimeron

Core-down meron Core-up meron

Core-up antimeron
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X.Z. Yu et al., Nature 564, 95 (2018)

Cr-Py)

Py

|solated forms in magnetic disks (Exp.,

fm
o s
%]
2 o
=
S 8
3 £
et
R=J3]
a2
et
5]

NiFe (20 nm)

Cr (2 nm)
NiFe (20 nm)

Mag. Color Map

LTEM image
, 089901 (2012)

Phys. Rev. Lett. 108

C. Phatak et al.
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Unstable pairs in 2D van der Waals magnet (Theo., CrCl3)

M. Augustin et al., Nat. Commun. 12, 185 (2021)
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Unstable meron-antimeron pairs in conventional 2D magnets

AEasy-plane ferromagnet
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Moiré Magnets: Magnetic Domain Array Patterns

A Twisted bilayer easy-plane magnets A Domain array patterns in twisted bilayer Crl3
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I-m diverse potential topological soliton lattices.
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Meron Quartet

A Domain arrpMepanhtkeantice consisting AOHrotedlienragaihst Sam aniitiladidn

Bottom i - Minimize interlayer exchange energy
Twisted bilayer easy-plane magnet - W
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Core positions

ACruci al cbodi geoasat i nagn tsitnaebrl oen npeariorns

Twisted bilayer easy-plane ferromagnets can create a meron lattice with a uniqgue Meron Quartet configuration.

Nano Lett. 2024, 24, 1, 741 81
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Il. Meron Kekulée Lattices in Twisted Antiferromagnets

np] Quantum Materials 10, 68, (2025)
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Meron Kekulé lattices in in twisted vdW antiferromagnets

A Meron lattices in twisted bilayer easy-plane Neél antiferromagnets
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