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Fig. 1. Physical mechanism and prototype device of spin-transfer torque, spin-orbit torque, and orbital torque magnetic random

access memories!?,
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Fig. 2. Schematic diagrams of orbital Hall effect: (a) Schematic of orbital current generation via the orbital Hall effect!"!l; (b) mech-

anism diagram of orbital Hall effect based on orbital hybridization®!; (¢) mechanism diagram of orbital texture formation in mo-

mentum space due to orbital hybridization™; (d) mechanism diagram of orbital Hall effect induced by orbital magnetic moment!>?.
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Fig. 3. Schematic diagrams of orbital Rashba-Edelstein effect: (a) Schematic of orbital current generation via the orbital Rashba-

Edelstein effect?; (b) mechanism diagram of orbital Rashba-Edelstein effect in momentum spacel'*7.
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Fig. 4. Mechanisms of orbital torque generation: (a), (b) The comparison of spin-orbit torque and orbital torque mechanismsl'?;

)

(c¢) mechanism diagram of orbital current interacting with magnetic moments via orbital hot spot transport in ferromagnetic materi-

als®?!l; (d) orbital angular momentum distribution in momentum spacel®”; (e) schematic of orbital hot spot generationl>!.
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Fig. 5. Orbital Hall angle and the measurement methods in orbital Hall materials: (a), (b) Schematic of orbital Hall effect measure-

ment in light metal Cr by magneto-optical Kerr effect and the dependence of the magneto-optical Kerr rotation on Cr thickness®;

(¢), (d) schematic of the generation mechanism and measurement of Hanle magnetoresistance in Mn, and the dependence of Hanle

magnetoresistance on Mn thickness®!l.
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SPECIAL TOPIC— Applied magnetism

Orbital torque magnetic memory: From physical
mechanisms to device applications”
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Abstract

In the post-Moore era, the increasingly prominent bottleneck of power consumption in conventional devices,
together with the rapidly growing demand for computing power from artificial intelligence, poses unprecedented
challenges to the performance of memory and logic chips. Consequently, the development of novel memory and
logic devices has become a research hotspot to address these issues. Orbitronics, which focuses on the
generation, transport, and manipulation of electronic orbital angular momentum, opens a new pathway to
overcome the technical bottlenecks of conventional spintronic devices and realize high-performance magnetic
memory and logic devices. This review summarizes the research progress on the orbital Hall effect and related
devices in terms of physical mechanisms, torque efficiency manipulation, and device applications. First, the
microscopic mechanisms of the orbital Hall effect and orbital Rashba-Edelstein effect in materials with weak
spin-orbit coupling are introduced, and the physical mechanisms for achieving efficient charge-to-orbital current
conversion are discussed. Then, the generation mechanisms of orbital torque are elucidated, followed by a
systematic overview of characterization methods and modulation strategies for orbital torque efficiency. On this
basis, the research progress on orbital torque-driven magnetization switching of perpendicularly magnetized
ferromagnetic materials is reviewed. Further focusing on device applications, the performance breakthroughs
achieved by orbital torque-driven magnetic tunnel junctions in terms of write power consumption and switching
speed are discussed. Finally, key advances in the field of orbitronics are summarized, and an analysis and

outlook on current challenges and open issues are provided.
Keywords: orbitronics, orbital Hall effect, orbital torque, magnetization switching, magnetic tunnel junction
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