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Fig. 1. (a) Crystal structure of MnsSn (the blue region denotes the Kagome plane); (b) AFM topographic image of the MnsSn

single-crystal film; (¢) XRD pattern of the MnsSn single-crystal film; (d) optical micrograph of the MnzSn Hall bar device, consist-

ing of the MnsSn film and six electrodes (scale bar: 30 pm); (e) Ry as a function of the magnetic field in MnsSn film at different

temperatures.
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Fig. 2. (a) Schematic diagram of the Mn3Sn/Py heterostructure. (b), (c¢) Schematic diagram of the magnetic states and interlayer

coupling when using zero-field cooling and cooling field. Brown arrows indicate the magnetic moment direction of Py, and blue ar-

rows represent the Néel direction of the magnetic octupole. The B caused by the AF coupling in the MnsSn layer is indicated by

red arrows. (d) AFM topographic image of the MnsSn/Py heterojunction. (e), (f) schematic diagrams of the magnetic states and in-

terlayer coupling between MnsSn and Py after FC.
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Fig. 3. In-plane hysteresis loops of Mn3Sn/Py thin films at 300 K: (a) Zero-field cooling (ZFC); (b) +5 T field cooling (FC), cooled
from 400 K to 300 K. Insets schematically depict the hysteresis measurement procedures. By, B, denote the coercive fields of ascend-

ing and descending hysteresis curves, and their average is defined as the exchange bias field B,,.
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Fig. 4. (a), (b) In-plane magnetization-field curves of the Mn3Sn/Py heterostructure at 300 K, namely results measured under in-
plane magnetic fields of (a) Bpc = -5 T and (b) Bpc = +5 T; (c), (d) room-temperature test results of the interlayer coupling direc-
tion preset by FC, where (¢) FC (B = 45 T) and (d) FC (B = -5 T), with cooling from 400 K to 300 K, followed by the applica-

tion of a reverse isothermal magnetic field. The insets in the upper left show the corresponding measurement procedures.
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Table 1.  Comparison of the conditions required for realizing the EB effect in representative AFM/FM heterostructures and

in the Mn3Sn/Py system investigated in this work.
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Abstract

The exchange bias (EB) effect originates from interfacial spin exchange coupling in ferromagnet/
antiferromagnet heterostructures and is a key mechanism for stabilizing the reference state of magnetic memory
units and reducing the power consumption of magnetic tunnel junctions. However, traditional EB systems based
on collinear antiferromagnets generally suffer from limited operating temperatures, and the regulation of the
bias field relies on thermal cycling with insufficient flexibility. Topological noncollinear antiferromagnets (MnsX,
X = Sn, Ge, Ga, etc.) with Kagome lattice structures possess intrinsic time-reversal symmetry breaking, local
spin splitting, ultrafast dynamics, and nearly zero stray fields, making them ideal candidates for overcoming the
limitations of conventional EB systems. This work focuses on EB effect based on the noncollinear
antiferromagnet MnsSn. High-quality MnsSn is deposited on an MgO (111) single-crystal substrate by direct-
current magnetron sputtering, followed by the deposition of Permalloy (Py, NiFe) to establish AFM/FM
interfacial coupling. The surface roughness, crystal structure and topological-like Hall effect (THE) of MnsSn
are characterized by atomic force microscopy, X-ray diffraction, and magneto-electric transport measurements
in the temperature range of 180-300 K. Such heterostructures reveal a stable EB effect at room-temperature,
with By, = —1.6 mT under zero-field cooling and B,, = +1.8 mT after field cooling under +5 T (from 400 K to
300 K). Particularly, reversible switching of the EB direction could be achieved simply by applying an
isothermal in-plane magnetic field of +5 T at 300 K, giving B,, = 4+1.6 mT without thermal cycling. In
addition, the interlayer coupling state preset by field cooling can be completely overwritten by a reversed
isothermal magnetic field at room temperature. This behavior originates from the field-induced reorientation of
the noncollinear antiferromagnetic Néel order in MnsSn, which reconstructs the interfacial exchange coupling
and reverses the hysteresis-loop shift of the Py layer. The above results suggest that reversible control of the EB
effect in a topological noncollinear antiferromagnet/ferromagnet system can be achieved at room temperature
without thermal cycling, providing a new platform for developing novel low-power antiferromagnetic spintronic
devices.
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DOI: 10.7498 /aps.75.20260323 CSTR: 32037.14.aps.75.20260323

* Project supported by the National Natural Science Foundation of China (Grant No. 51975400), the Youth Fund for Applied
Basic Research of Shanxi Province, China (Grant No. 20210302124429), and the Science and Technology Vice General
Manager Program of Jiangsu Province, China (Grant No. FZ20250823).

1 Corresponding author. E-mail: geyang@tyut.edu.cn

1 Corresponding author. E-mail: sunboa-sang@tyut.edu.cn

150806-8


http://doi.org/10.7498/aps.75.20260323
https://cstr.cn/32037.14.aps.75.20260323
mailto:geyang@tyut.edu.cn
mailto:geyang@tyut.edu.cn
mailto:sunboa-sang@tyut.edu.cn
mailto:sunboa-sang@tyut.edu.cn
mailto:sunboa-sang@tyut.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

Mn,Sn/Py 5% R 45 SR FT 8 S e A
B A# F 5B KEE REK
Room-temperature reversible exchange bias in Mn,;Sn/Py heterostructures

GE Yang ZHAOTian XUFei SUYing ZHANG Haitao = SANG Shengbo

5] Fi{5 &, Citation: Acta Physica Sinica, 75, 150806 (2026) DOI: 10.7498/aps.75.20260323
CSTR: 32037.14.aps.75.20260323

TELR T2 View online: https://doi.org/10.7498/aps.75.20260323

IS View table of contents: http://wulixb.iphy.ac.cn

AT REBOGEBR  HAN S

Articles you may be interested in

BTN MR T AORAY B R TR
Spintronic devices based on topological and two—dimensional materials

YIBR2A4R. 2024, 73(1): 017505  https://doi.org/10.7498/aps.73.20231166

FEF IeMn/Fe/PAZ i H 25 ¥4 1) IG5 A e R 2% I

Field—free spintronic terahertz emitters based on IrMn/Fe/Pt exchage bias heterostructures

YrH2E 4. 2022, 71(4): 048703  https://doi.org/10.7498/aps.71.20211831

SCEEHERT TE I J: RPN 28 SN

Recent advances in altermagnetism research: Material properties and cross applications

PIFEAEAR. 2026, 75(6): 048703 https://doi.org/10.7498/aps.75.20251637

T SOk ) JC SN Bl B AR i s T A R A

Analysis of spin—orbit torque magnetic tunnel junction model without external magnetic field assistance based on antiferromagnetism

WIFEAEAR. 2023, 72(19): 198504 hitps://doi.org/10.7498/aps.72.20230901

B A FEL U R B0 IS R R S A5 i B S A v 1 S

Significant role of thermal effects in current—induced exchange bias field switching at antiferromagnet/ferromagnet interface

WAL 2024, 73(2): 027501  https://doi.org/10.7498/aps.73.20231374

BRAEAMEE RS LaMn O/ LaNiO 8 i 52 fh fif B 3758 L 14 5 il
Influence of polarity compensation on exchange bias field in LaMnO,/LaNiO, superlattices

WAL 2022, 71(15): 156801  https://doi.org/10.7498/aps.71.20220365


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260323
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231166
https://doi.org/10.7498/aps.73.20231166
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211831
https://doi.org/10.7498/aps.71.20211831
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251637
https://doi.org/10.7498/aps.75.20251637
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230901
https://doi.org/10.7498/aps.72.20230901
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231374
https://doi.org/10.7498/aps.73.20231374
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220365
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220365
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220365
https://doi.org/10.7498/aps.71.20220365

	1 引　言
	2 研究方法
	3 结果与讨论
	3.1 Mn3Sn/Py微观结构与磁输运特性
	3.2 Mn3Sn/Py交换偏置效应调控机理
	3.3 Mn3Sn/Py室温交换偏置效应调控

	4 结　论
	参考文献

