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Guorui Zhaot'#", Yibin Zhao'4, Yu Zhang?, Cheng Zhang'4, Zhe Wang?, Jia-Wei Mei°T, Zhe Yuan!®t, Wu Shit2

IState Key Laboratory of Surface Physics and Institute for Nanoelectronic Devices and Quantum Computing Fudan University, Shanghai, 200433, China. 2Zhangjiang Fudan International Innovation Center, Fudan University, Shanghai, China. 3Center for Advanced Quantum Studies and
School of Physics and Astronomy, Beijing Normal University, Beijing, China. “‘MOE Key Laboratory for Nonequilibrium Synthesis and Modulation of Condensed Matter, School of Physics, Xi’an Jiaotong University, Xi’an, China. °State Key Laboratory of Quantum Functional Materials,

Department of Physics, and Guangdong Basic Research Center of Excellence for Quantum Science, Southern University of Science and Technology, Shenzhen, China. éInterdisciplinary Center for Theoretical Physics and Information Sciences, Fudan University, Shanghai, China.

Overview

Two-dimensional magnetic semiconductors offer a promising route toward electrically programmable spintronic devices, but reversible zero-field control of magnetic order and

all-electrical control of spin-polarized transport remains challenging. In this work, we show that carrier doping provides a unified route to control both magnetic order and spin

polarization in CrSBr. lonic-gate drives a reversible zero-field AFM—FM transition, while graphene-induced interfacial charge transfer creates a lateral spin valve with gate-reversible

spin polarization. In addition, the resulting spin-polarized current enables STT manipulation of magnetic order in the CrSBr channel at ultralow current density (<103 A cm-2).

I. Concept: Doping as a Route to Control Magnetism and Spin Polarization I1I. Local Doping Creates a Gate-Tunable Lateral Spin Valve

Bl Calculated spin-resolved DOS of AFM and FM states in CrSBr B Local charge transfer defines the lateral spin-valve geometry B Gate-reversible MR polarity in the lateral spin valve
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transition control manipulation IV. Dynamic Control: STT Manipulation in the Channel

« Carrier doping is predicted to stabilize the FM phase in CrSBr, converting a spin-
degenerate AFM semiconductor into a spin-polarized transport platform.

. Electrical manipulation of magnetic order in CrSBr channel
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* The spin-polarized current from the locally doped FM contacts exerts STT on
the CrSBr channel and switches magnetic order at ultralow current density.
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» Global carrier doping enables a reversible zero-field AFM—FM transition in CrSBr and Reference & Contact
stabilizes the doped FM phase to above 180 K, far beyond the intrinsic AFM ordering
temperature (~132 K). Guorui Zhao et al., Nat. Commun. 17, 853 (2026)
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