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Figure 1 (Color online) An overview of the structural evolution,
synthesis methods, physical property tuning, and device applications of
the Cr;,Te, system.
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Figure 2 (Color online) From CrTe, to CrTe: structural evolution of
self-intercalated Cry,,Te, systems.
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Table 1 Structural evolution and application characteristics of the Cr,,, Te, series materials
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Figure 3 (Color online) (a) Schematic illustration of the MBE
chamber used for the growth of Cry,Te, [55]. (b) Pronounced
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Figure 4 (Color online) (a) Schematic illustration of the “tube-in-
tube” confined structure [23]. (b) Temperature-dependent morphologi-
cal evolution of the samples during the growth process [23]. (¢) Design
of the delayed hydrogen introduction (#4,y) process for the preparation
of two-dimensional CrsTeg nanosheets [26].
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Table 2 Comparison of different synthesis methods for the Cr,.,Te, family of materials
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Figure 5 (Color online) Origin and consequence of the Stoner mechanism [61]. (a) Fermi surface of 1T-CrTe,. (b, ¢) Comparison of the electronic
structures between ferromagnetic and nonmagnetic states. (d, ¢) Density of states (DOS) of the ferromagnetic and nonmagnetic states.
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Figure 6 (Color online) (a, b) Magnetic properties of Cr,Te; thin films. (c) Unconventional anomalous Hall effect in Cr,Te; thin films.
(d) Anomalous Hall conductivity o,y near the Fermi level . (e) Depth profile of the X-ray scattering length density [44].
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Figure 7 (Color online) Thickness- and temperature-driven anomalous Hall effect in CrTe, thin films [54]. (a) Schematic diagram of the six-terminal
Hall bar device geometry. (b) Anomalous Hall resistance and magnetoresistance characteristics of the thin films. (c) Long-range magnetic ordering
with perpendicular magnetic anisotropy. (d, e) Thickness-dependent and temperature-dependent anomalous Hall responses in 14, 9, and 5 ML samples.
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Figure 9 (Color online) (a) Schematic diagram of SOT-assisted magnetization switching and the corresponding write/read current pulse sequences.
(b) Current pulse-induced magnetization reversal. (c) Room-temperature spin-torque ferromagnetic resonance (ST-FMR) spectra of the bilayer
heterostructure. (d) Density functional theory (DFT)-calculated electronic band structure and spin Hall conductivity of ZrTe, [36].
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Figure 10 (Color online) Thickness-tunable spin-orbit torque-driven magnetization switching in Bi,Tes/CrTe, heterostructures [54]. (a) Schematic
diagram of the SOT-induced magnetization switching mechanism. (b) Optical image of the SOT device array. (c) Current-driven magnetization reversal
in Bi,Tes;/CrTe, heterostructures with varying CrTe2 thicknesses. (d) Thickness-dependent evolution of SOT switching characteristics. (¢) Highly
reproducible switching hysteresis loops. (f) Long-term endurance performance of the SOT devices. (g) Benchmark comparison of SOT switching

performance with other magnetic bilayer systems.
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Two-dimensional chromium telluride magnetic materials: from
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Abstract: The Cr;,,Te, system of two-dimensional magnetic chromium tellurides, owing to its metallic nature, high
Curie temperature, and strong spin-orbit coupling, has demonstrated significant potential in the study of 2D magnetism
and spintronics. This review focuses on the structure, magnetic regulation, and device applications of this system.
Starting from the parent 1T-CrTe, structure, we analyze the formation mechanisms of various phases driven by Cr self-
intercalation, including CrsTeg, Cr,Te;, CryTe,, and CrTe, and discuss the impact of self-intercalation on the electronic
structure and magnetic properties. Subsequently, we summarize recent progress in phase control, thickness engineering,
and two-dimensional growth achieved via molecular beam epitaxy, chemical vapor deposition, and related methods. In
terms of physical properties, we discuss the roles of itinerant electron magnetism, magnetic anisotropy, and interfacial
coupling in stabilizing low-dimensional magnetic order. Representative phenomena such as the topological Hall effect,
skyrmions, and spin-orbit torque are also reviewed, along with related device applications. Finally, we address current
challenges in phase purity control, stabilization of room-temperature topological magnetic states, and device reliability,
and outline potential future research directions for this system.

Keywords: chromium telluride, two-dimensional magnetism, self-intercalation, anomalous Hall effect, chemical vapor
deposition
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