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Fig. 1. Sketch of the magnetoelectric effect in monolayer MoS,: (a) Valley Hall effect??; (b) valley magnetoelectricity®; (c) compar-

ison of magneto-optical Kerr response between spin polarizations induced magnetism and valley magnetization under external mag-

netic fields; (d) valley magnetization-induced Kerr rotation as a function of the azimuthal angle of current for zigzag and armchair

monolayer MoS,.
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Fig. 2. Illustration of the quantum nonlinear Hall effect: (a) Dependence of linear and non-linear Hall voltage on applied currents

[47).

(b) crystal structure of WTey; (c) angular dependence of longitudinal voltage and non-linear Hall voltageP; (d) relationship

between nonlinear Hall voltage and conductance. The inset shows two origins of nonlinear Hall voltage: Intrinsic Berry curvature

and skew scattering?".
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Fig. 3. Illustration of quantum anomalous Hall effect in twisted bilayer graphene (tBLG): (a) Sketch of quantum anomalous Hall ef-

fect in spin magnetization and orbital magnetization systems; (b) schematic of fully spin-polarized and but valley-unpolarized con-

duction bands in a moiré unit cell of tBLG; (c) schematic of fully spin-polarized and valley-polarized conduction bands in a moiré

unit cell of tBLG; (d) longitudinal resistance and Hall resistance as a function of magnetic field in the quantum anomalous Hall

state, and the insets show the bulk and edge conduction states of material; (e) current control of magnetization switching in the an-

omalous Hall state.
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SPECIAL TOPIC—Two-dimensional magnetic materials

Berry curvature-induced emerging magnetic response in
two-dimensional materials”
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Abstract

The magnetic response in a two-dimensional material has received increasing attention in recent years. The
magnetic effects and related quantum transport originate from Berry curvature, which is associated with crystal
symmetry and many quantum effects including electrons’ orbital magnetism, spin-orbit coupling, and
magnetoelectricity. The importance of studying the magnetic response in the two-dimensional material lies in
two aspects. First, the magnetic response of two-dimensional material provides a platform to investigate the
coupling between the above-mentioned intrinsic quantum effects and their couplings. Second, it possesses the
potential applications in energy-efficient quantum and spintronic devices. Here, we review the experimental
research progress made in recent years. In particular, we focus on the research progress of the valley Hall and
magnetoelectric effect, quantum non-linear Hall effect, anomalous Hall, and quantum anomalous Hall effect in
two-dimensional materials such as graphene, transition-metal chalcogenides, and twisted bilayer graphene. For
each session, we first introduce these phenomena and their underlying physics by using crystal symmetries and
band structures. Then, we summarize the experimental results and identify unsolved problems. At last, we

provide an outlook in this emerging research direction.

Keywords: two-dimensional material, orbital magnetism, quantum effects, Berry curvature

PACS: 73.43.Nq, 75.25.Dk, 75.75.—c, 85.75.Nn DOI: 10.7498 /aps.70.20202132

* Project supported by the HK University Grant Committee (Grant Nos. ECS26200520, N HKUST626/18, 26302118,
16305019), the HKUST ECE Start-up Fund, and the HKUST Postdoctoral Fellowship Matching Fund (Grant No. NA389).

1 Corresponding author. E-mail: eeqshao@ust.hk

127303-10


http://doi.org/10.7498/aps.70.20202132
http://doi.org/10.7498/aps.70.20202132
mailto:eeqshao@ust.hk
mailto:eeqshao@ust.hk
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

