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Fig. 1. Commonly used methods to induce magnetism in 2D non-magnetic materials: (a) Adatom!”; (b) vacancy defect!'"); (c) hole

doping in the materials with Mexican-hat band dispersion!'!.
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Fig. 2. Typical magnetic configurations of 2D magnetism: (a)—(d) FM, stripy-AFM, ZZ-AFM, Néel-AFM of a 2D hexagonal lattice;
(e)—(h) FM, bicolliear-AFM, stripy-AFM and Néel -AFM of a 2D tetragonal lattice; (i)—(k) FM, stripy-AFM and ZZ-AFM of a 2D

triangular lattice; (1) schematic for an interlayer A-type AFM state.
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Fig. 3. Several main mechanisms of exchange interaction:

(d) Stoner itinerant electron model.
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Fig. 4. Interlayer non-covalent interaction dominated magnetic coupling (a) and multi-intermediate double exchange interaction (b)?*?

of 2D magnetic materials.
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Fig. 5. Typical classification of 2D magnetic materials.

— e, A PR IT R AR A i 4 Y 3d il
JE YEREVEAT R T EREE ORI, 1S5 P s
THARS TR T4 5, JE P R 2
K 020, I8 U RE B R REAT 1. AR R b R R
BIRICRIMZES:, B e R 9 LU R LS i
Bampa ey S BmGACEY) | SRk
AALEY . —ouid SR AE Y R F IR

127504-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 12 (2022) 127504

3.1

TEEExLY 2 Tsing BRREIAR, Ji B BES 45 K, BERESS ] T Sh,

L
. N _ WA 5 RE (magnetic anisotropic energy, MAE)
Tj“x{\ Y Tj“x(\ _ .
T4 T AW v LAy ki U 4 TR = ki Ak 4 0.69 meV. 11 6(a) FiR, B2 Crl, fOREAL 3

(MX;, X = CL Br, 1) LRI =PI (MY, e g 15 6 4 1 F I N K IO Ol T,
X = CL Br 1) P 728, 2007 RS EMIRSR g coma pyy Fatt s, A/ AR IR S T, O
S R TR Oy, WS T —4EREERE 34 d BT HHEEATH A4 3 A IRAEAY b, B3,
BHFFERO3 10, W ROETURBOSTIN R R, VP AR A0 e, BL AT T 4R, B Ot
BERRBFICAL BILA R 10 I T U2 Oty 24 o1 S = 3/2. Cul, Bk i) MAE 8 & T4
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Fig. 6. Structural and magnetic properties of transition metal halides: (a) Atomic structure of monolayer Crly; (b), (¢) scanning tun-
neling microscopy of (b) monolayer and (c) bilayer CrBry%); (d) spin-polarized tunneling spectra under out-of-plane magnetic field;
(e) dI/dV signal as a function of the magnetic field; (f) layered triangular crystalline structure of Nil,['"); (g) cycloidal order of mag-
netic moments in bulk Nil,; (h) temperature-dependent magnetic susceptibility of the bulk Nily; (i), (j) angle-dependent second-har-
monic generation (SHG) intensity of bulk Nil, at 30 K and 70 K; (k) temperature-dependent S intensity at the selected azimuth

angle.
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HIMEFE Rz, WKL 7(a) iR, o 4 m ik
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Al R G OT R YR SR p B0 S AR A E I, T
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— € W HL T %5 B2 (charge density wave, CDW)
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HY /NS WTIE K, JF HAEE)Z VSe, HOUIN R T 58
BREEME, ANR TR AR R R Be TR
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SRR V R RRE RN, IR 5 A A gk
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PRGN DA R R R (K] 7(c)). 1A, 7528
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Fig. 7. Structural and magnetic properties of transition metal sulfides: (a) Atomic structure of transition metal sulfides in 17 phasel®!);

(b) atomic force microcopy images of CrSe, nanosheets with different thickness!'”); (c) magnetic phase diagram for CrSe, of layer

number versus temperaturel'”); (d) theoretical calculations for CryTe,/graphene heterostructure, including spin density, differential

charge density, in-plane average electrostatic potential across the interface and partial density of states (PDOS)!%%.
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FE R 6 nm. I 0% 00 i i I e B PR A A
1) CrsTeg FJHATER MM AR 38 04 T B RG2S 1) S
38 2 FE R o B R AR Z5 R FR B CryTeg 1Y )3
HRBE AT IR 200 K. BeAh, A fiT7E AR 14 SR
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Fig. 8. (a) Structurall'® and (b), (c) magnetic properties?!% of MXene.
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Fig. 11. Several common manipulation methods in 2D magnets: (a) The Curie temperature of Fe;GeTe, as a function of pressurel'!];

(b) band structures of Crly monolayer with spin perpendicular and parallel to Crl; planel®); (c) schematic diagram of spin configura-

tion of bilayer Crl; under external field%”; (d) interlayer exchange energy of bilayer Crl; as a function of in-plane shifts?!.
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Fig. 13. Main physical properties of 2D magnetic materials: (a) Spin-orbit torque®™; (b) anomalous Hall effect?™; (c) magnetic
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Fig. 14. (a), (b) Schematic diagram of a magnetic tunnel-
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ing junction in parallel configuration and its band structure;
(c), (d) schematic diagram of a magnetic tunneling junc-
tion in antiparallel configuration and its band structure;
(e) —(g) three types of potential applications of magnetic
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Fig. 15. Spin field effect transistor24.
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SPECIAL TOPIC—Novel properties of low-dimensional materials

Recent research advances in two-dimensional
[ ] [ ] *
magnetic materials

Liu Nan-Shu® Wang Cong  Ji Weit
(Beijing Key Laboratory of Optoelectronic Functional Materials & Micro-Nano Devices,
Department of Physics, Renmin University of China, Beijing 100872, China)
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Abstract

Two-dimensional (2D) magnetic materials with magnetic anisotropy can form magnetic order at finite
temperature and monolayer limit. Their macroscopic magnetism is closely related to the number of layers and
stacking forms, and their magnetic exchange coupling can be regulated by a variety of external fields. These
novel properties endow 2D magnetic materials with rich physical connotation and potential application value,
thus having attracted extensive attention. In this paper, the recent advances in the experiments and theoretical
calculations of 2D magnets are reviewed. Firstly, the common magnetic exchange mechanisms in several 2D
magnetic materials are introduced. Then, the geometric and electronic structures of some 2D magnets and their
magnetic coupling mechanisms are introduced in detail according to their components. Furthermore, we discuss
how to regulate the electronic structure and magnetism of 2D magnets by external (field modulation and
interfacial effect) and internal (stacking and defect) methods. Then we discuss the potential applications of
these materials in spintronics devices and magnetic storage. Finally, the encountered difficulties and challenges

of 2D magnetic materials and the possible research directions in the future are summarized and prospected.
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