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Fig. 1. Simple classification of two-dimensional magnetic materials.
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Fig. 2. (a) Schematic of FesGeTe, exfoliated by Al,Os-assisted mechanical method®?; (b) optical image of typical few-layer
FesGeTe, flakes exfoliated on top of an Al,Oy thin filmP?; (c) schematic illustration of FeTe nanosheet growth route by CVDI33;
(d) optical image of few-layer FeTe flakes!'*’); (e) schematic illustration of NiPSs growth route by liquid exfoliation['%); (f) the AFM
image of NiPS; flakes!'¥%; (g) schematic illustration of VSe, growth route by molecular beam epitaxy; (h) the AFM image of

monolayer VSe,!*3l.
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Fig. 3. (a) Schematic diagram of magnetic circular dichroism; (b) and (c) tunneling current and reflective magnetic circular dichro-
ism (RMCD) as a function of out-of-plane magnetic field (uoH,) of double spin-filter magnetic tunnel junctions from bilayer and
trilayer Crl; at a selected bias voltage —290 mV and 235 mV, respectively, green (orange) curve corresponds to decreasing (increas-
ing) magnetic field®; (d) comparison of RMCD sweeps for Fe;GeTe, of thickness 48 nm as a function of the magnetic field, respect-
ivelyl*d; (e) schematic diagram of magneto-optic Kerr effect; (f) Kerr rotation signals of bilayer Cr,Ge,Te; vary with
temperaturel; (g) the magneto-optic Kerr signals of different Crl; layers as a function of the magnetic field®'l; (h) the polar MOKE
signal of TagFeS; nanosheet as a function of magnetic field at different temperatures!'!l; (i) MOKE signal of TazFeSg nanosheet as a
function of magnetic field acquired before and after 4 months aging under atmospheric conditions!'5!.,
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Fig. 4. (a) Schematic diagram of magnetic force microscope (MFM); (b) MFM phase image of monolayer/bilayer/trilayer VSe,
flakel'%%l; (c) topography height and MFM phase profiles of the MFM image corresponding to the white dashed line in panel (b)10%];

(d), (¢) MFM domain images for Fe;GeTe, at 204 K and 103 K, respectively, inset of (d) is the MFM image at 300 K, and the
white rectangles outline the same areal'¥l; (f) MFM signal as a function of magnetic field for 200 nm Crl; flake; (g) MFM signal as
a function of magnetic field for 25 nm Crly flakel'™; (h) illustration of the stacking orders and spin configurations insurface and in-
ner layers!™; (i) schematic diagram of scanning tunneling microscope™; (j) the STM image of VSe, monolayer on HOPG, VSe,
monolayer islands preferentially nucleate at step edges on HOPG%); (k) the STM image of VSe, monolayer on MoS,, the growth of
VSe, monolayer on MoS, is more uniform and gives rise to larger monolayer islands!'®%); (1) ferromagnetic coupling between H-type
bilayer CrBry layers®; (m), (n) antiferromagnetic coupling between R-type bilayer CrBry layerslfl; (o) schematic illustration of an
octahedral FeClg unit (top) and a hexagonal island of FeCl, with a 1T structure (bottom)!"; (p) STM image of 1T-FeCl, with two

non-equallateral hexagons!!?7.
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Fig. 6. (a) Top: A schematic side view of a dual-gate bilayer Crl; field-effect device. Bilayer Crl; is encapsulated in few-layer
graphene, which also serves as source and drain electrodes for out-of plane transport measurements. Bottom: An optical micrograph
for monolayer and bilayer Crl; sample devices. Scale bars, 50 pm (left panel) and 20 um (right panel). The metallic ring structure
(left panel) is used to create a magnetic field for the susceptibility measurement for monolayer Crl;. The electrode structure (right
panel) is used for the susceptibility measurement for bilayer Crl;, the red dashed line marks the boundary of a bilayer sample in the
right panelP!l. (b) The magnetic properties of monolayer Crl; as a function of gate voltage (bottom axis) and induced doping dens-
ity (top axis)P!l. (c) Doping density-magnetic field phase diagram at 4 K for monolayer Crls5!. (d) Schematic diagram of a few-
layered h-BN/Cr,Ge,Teg/h-BN heterojunctionl. (e) Kerr angle as a function of magnetic field at 40 K for negative gate voltages!*!.
(f) Kerr angle as a function of magnetic field at 40 K for positive gate voltages!’.
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Fig. 7. (a) Phase diagram of Fe;GeTe, (FGT) as a function of layer number and temperature?. (b) conductance as a function of

gate voltage V, measured in a trilayer FGT device. Data are obtained at T = 330 K, the inset shows a schematic of the FGT device

structure and measurement setup, S and D label the source and drain electrodes, respectively, and V,, labels the voltage probes. The

solid electrolyte covers both the FGT flake and the side gatel®. (c) R,, as a function of external magnetic field recorded at repres-

entative gate voltages obtained at 7 = 10 K and T = 240 KP; (d) the phase diagram of the trilayer FGT sample as a function of

the gate voltage and temperaturel*?; (e) R,, of four-layer FGT as a function of magnetic field under a gate voltage of V, = 2.1 V at

room temperaturel?.
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Fig. 8. (a) Crystal structure of Crls, the monoclinic phase (left) and the hexagonal phase (right)!'%J; (b) the optical image of Crly
tunnel junction'®; (c) the side view of the Crly tunnel junction!'d; (d), (e) the MCD for 2L and 5L Crl; before (d) and after (e)
pressured as a function of the magnetic field under the temperature of 3.5 KI'4; (f) the tunnel current for bilayer Crl; as a function

of the magnetic field under different pressures!'; (g) the RMCD signal for bilayer Crly tunnel junction as a function of the magnet-

ic field before and after pressured!'S”; (h) schematic of high-pressure experimental set-up'®; (i), (j), (k) the RMCD signal for any

three points of trilayer Crl; as a function of the magnetic field!'6.
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curve)l'8l; (f) the Kerr rotation as a function of the temperature for FGT (red curve) and FPS/FGT/FPS (blue curve)!'6s.
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SPECIAL TOPIC—Two-dimensional magnetic materials
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Abstract

Two-dimensional (2D) materials represented by graphene and molybdenum disulfide (MoS,) have attracted
much attention in recent years due to their advantages in electrical, thermal, optical and mechanical properties.
As a branch of 2D materials, 2D magnetic materials have special properties such as magnetic anisotropy and
single-layer magnetic order. Especially, their magnetism can also be controlled by a variety of physical fields,
and it possesses various physical properties and potential applications. Therefore, they have received widespread
attention of researchers gradually. In this article, we summarize the types, synthesis methods, basic
characteristics and characterization methods of 2D magnetic materials in detail, and the magnetism controlling
of 2D magnetic materials as well. Finally, a simple outlook on the research directions and future challenges of

2D magnetic materials is given.

Keywords: layered materials, magnetic materials, two-dimensional materials, two-dimensional magnetic

materials, spintronics
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