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Fig. 1. An illustrative procedure of the Scotch-tape based micro mechanical cleavage of highly oriented pyrolytic graphitel®!.
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Fig. 2. Schematic diagram of liquid exfoliation method for preparing MoTe,/WTe, nanosheets!*.
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Rl A 2 1) B4 R ik 25 S 10

Fig. 3. (a) Dependence of the magnetic anisotropy energy on the externally applied electric field which is perpendicular to the CGT

layer planel*l; (b) energy difference of the AFM and FM configurations with the in-plane and out-of-plane easy axes!*.
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_;_ :
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< &! [} <
\ .
X —50 ol . - {-5
x o !ﬁfm w 50
—4 —2 0 2 4

J/(109 A-m-?)

{4 (a) Bt 4 0L Hall bar TR B9 F T4 0 59 CGT/Pt S B 45 Ay 622 2 BY; () fy HL 3 7 A B9 2R BEL 2 J14E (ABpy) FIZE
Y S35 (ABpy) 1 T REAL R B m T 77 42 194G 20377 16 10; (¢) Wi 3% B, = + 100 mT B, CGT (8.9 nm)/Ta (6 nm) £ & i 7

UK 3l T 5 B i 2 (1)

Fig. 4. (a) Optical image of a CGT/Pt heterostructure patterned into a Hall bar geometry (4 um x11 pm) for transport measure-

mentsi!!l; (b) orientation of effective fields due to current-induced damping-like torque (ABp;) and field-like torque (ABy;) acting on

the magnetization vector mi*!); (c) spin-orbit-torque switching of the magnetization in a CGT(8.9 nm)/Ta(6 nm) sample in the pres-

ence of an in-plane field B, = 4+ 100 mT!"!.
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L RH 5 T MR 7 1 O R 4 L 1B 5(c) WoR TR
[Fi& &~ CGT/Ta ki i i — a1 (magnetic
circular dichroism, MCD) il & i% # ¥t 71 £ (411, 22
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Fig. 5. (a) Anomalous Hall resistance observed in CGT/
Pt(10 nm) heterostructures at 5 K, for different CGT thick-
nesses; (b) anomalous Hall resistance observed in a
CGT(10.5 nm)/Ta(6 nm) sample; (c) optical MCD detec-
tion of magnetization in the same CGT(10.5 nm)/Ta(6 nm)

sample at different temperatures!*!l,
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(b) JH T iz 42 1Y Hall bar #2527 B 4% 150

Fig. 6. (a) Schematic view of the FGT/Pt bilayer structure,
Pt layer (top) is sputtered on top of the exfoliated FGT
(bottom). The green arrow represents the in-plane current
flowing in the Pt layer, which generates a spin current flow-
ing in the z direction, the accumulated spins at the bottom
(top) Pt surface are indicated by the red (blue) arrows, the
spin current exerts torques on the magnetization of FGT
and can switch it in the presence of an in-plane magnetic
field®. (b) Optical image of the measured Hall bar devicel™"..
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Fig. 7. Magnetic properties of FGT /Pt bilayer: (a) Hall resistance as a function of magnetic field at different temperatures; (b) ar-
rott plots of the Hall resistance of the FGT /Pt device, and the determined T is 158 K; (¢) Rapr as a function of in-plane (IP) and
out-of-plane (OOP) magnetic field at 90 K.
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Fig. 8. SOT-driven perpendicular magnetization switching in the FGT/Pt bilayer deviceP: (a), (b) Current-driven perpendicular
magnetization switching for in-plane magnetic fields of 50 mT (a) and ~50 mT (b) at 100 K, the switching polarity is anticlockwise
and clockwise, respectively, the dashed lines correspond to the Rayp at saturated magnetization states; (¢) current-driven perpendic-
ular magnetization switching with a 300 mT in-plane magnetic field at 10 K (red), the arrows indicate the current sweeping direc-

tion; (d) switching-phase diagram with respect to the in-plane magnetic fields and critical switching currents at different temperat-
ures.
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Fig. 9. (a) Optical image of a typical Fe;GeTe, nanoflake sample with a Hall-bar geometry electrode, and the white scale bar repres-

ents 10 pumPY; (b) thickness of sample is 21.3 nm as measured by AFMPU; (c) longitudinal resistance R,, as a function of temperat-

ure T with current = 0.05 mA, the red arrow indicates the magnetic transition due to spin-flip scattering, from which T, = 185 K is

determined®!; (d) Hall resistance R,, as a function of magnetic field H at 2 KP!l.
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SPECIAL TOPIC—Two-dimensional magnetism and topological spin physics
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Abstract

The rapid development of information technology has put forward higher requirements for the performance
of information processing and storage devices. At the same time, with the continuous reduction of device size,
traditional semiconductor devices based on electron charge properties face the problems and challenges of
thermal dissipation and quantum size effect, and semiconductor technology has entered the post-molar era.
Unlike traditional charge-based electronic devices, spin-based non-volatile spintronic devices not only have high
integrated density, read and write speed and read and write time, but also can effectively avoid heat dissipation,
establishing a new technical platform for developing the information storage, processing and communication. In
recent years, two-dimensional materials have attracted a lot of attention due to their unique band structures
and rich physical properties. Two-dimensional magnetic materials have shown great research and application
potential in the field of spintronics. Compared with traditional block materials, the two-dimensional materials
can provide great opportunities for exploring novel physical effects and ultra-low-power devices due to their
atomic thickness, ultra-clean interface and flexible stacking. At the same time, with the rise of topological
materials (TMs), their topological protected band structures, diversified crystal structures and symmetries,
strong spin-orbit coupling and adjustable electrical conductivity provide an ideal physical research platform for
studying spintronics. In this paper, we first introduce the common methods of preparing two-dimensional
materials, then focus on the research progress of two-dimensional magnetic materials in the field of spin-orbit
electronics, and finally look forward to the research challenges in this field. In the future, with continuous in-
depth research on the preparation, physical properties and device applications of two-dimensional magnetic
materials, two-dimensional magnetic materials will show more extensive research prospects and application
value in the field of spintronics. Two-dimensional magnetic materials will provide more material systems for

spintronics development.
Keywords: spintronics, two-dimensional magnetic materials, spin orbit torque
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