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Fig. 1. Schematic diagram of magnetic structure.
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Fig. 2. The excitation and propagation of spin waves with ¢; = 0: (a) Relationship between the spin waves amplitude at z =
3000 nm and the excitation width when f= 17.3 GHz; (b) relationship between the spin waves amplitude at z = 3000 nm and the
excitation frequency when [ = 100 nm; (c¢), (d) f = 17.3 GHz, the amplitude distribution of spin waves at different positions of the

magnet for [ = 150 and 100 nm, respectively.
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Fig. 3. Relationship between the spin waves amplitude and STT with f= 17.3 GHz and [ = 100 nm: (a) Relationship between the
spin waves amplitude at z = 3000 nm and the current coefficient when STT is applied to the entire magnet (the blue dots and the
red triangle), and the relationship between the theoretical cosine value of the phase difference ¢ and the current coefficient (black
squares); (b) relationship between the spin waves amplitude at z = 3000 nm and the current coefficient when STT is only applied to

the excitation region.
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Fig. 4. Relationship between the critical current coefficient required for the phase difference variation w of two coherent spin waves

in the right propagation region and the excitation frequency when STT is applied to the entire magnet, [ = 100 nm: (a) The rela-

tionship between the positive critical current coefficient and the excitation frequency; (b) the relationship between the negative crit-

ical current coefficient and the excitation frequency.
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Abstract

Magnons possess spin angular momentum without electric charge, thus magnonic devices can avoid the
high energy consumption caused by Joule heating in conventional electronic devices. Microwave antennas are
one of the simplest and most effective means to excite spin waves. However, for a given microwave antenna, it
can only excite spin waves in a very narrow frequency range, and there is an obvious excitation forbidden band.
Therefore, the efficient broadband excitation of spin waves remains a key challenge in magnonic devices. This
article proposes a method for achieving wideband and high-efficiency excitation of spin waves with the
assistance of spin-transfer torques (STT). Theoretical analysis and simulation results of micromagnetism show
that the excitation efficiency of spin waves is highly dependent on the width of the excitation antenna and the
excitation frequency, and the spin waves can only be excited efficiently within a narrow frequency range. By
introducing STT and modulating the current density, the spin waves can been effectively excited that were
previously difficult to excite, and the efficient excitation of spin waves are achieved in a wide frequency range.
The wave interference theory are adopted to account for these phenomena, and the theoretical predictions are in
excellent agreement with the simulation results. This method of improving the excitation efficiency and
bandwidth of spin waves is suitable not only for microstrip antenna excitation, but also for other excitation
methods. Furthermore, it is also found that STT can give rise to asymmetric excitation of spin waves. The STT
not only has a positive significance in the excitation of spin waves, but also offers valuable insights into
interference regulation, the generation of coherent spin waves, and the unidirectional transmission of spin waves.
This method is more reliable than those that directly use multi-antenna or multi-pulse to excite coherent spin
waves, and the manipulation of phase difference is simpler and more accurate, and it is more efficient and
adaptable than some unidirectional transmission using non-reciprocity. These results have significant
implications for the excitation and propagation control of spin waves, and offer a novel strategy for designing

next-generation magnonic devices.
Keywords: spin waves, interfere, excitation efficiency, spin-transfer torques

DOI: 10.7498 /aps.75.20260114 CSTR: 32037.14.aps.75.20260114

* Project supported by the Guangxi Science and Technology Program Projects-Guangxi Science and Technology Base and
Talent Special Projects, China (Grant No. Guike AD23026204), the Major Program of the National Natural Science
Foundation of China (Grant No. T2495212), the National Natural Science Foundation of China (Grant No. 12074437).

1 Corresponding author. E-mail: zhouzhenwei@glut.edu.cn

100704-8


https://doi.org/10.1103/PhysRevB.88.184404
https://doi.org/10.1103/PhysRevB.88.184404
https://doi.org/10.1103/PhysRevB.88.184404
https://doi.org/10.1103/PhysRevB.88.184404
https://doi.org/10.1103/PhysRevB.88.184404
https://doi.org/10.1103/PhysRevB.88.184404
https://doi.org/10.1103/PhysRevB.88.184404
https://doi.org/10.1038/s41598-021-02967-9
https://doi.org/10.1038/s41598-021-02967-9
https://doi.org/10.1038/s41598-021-02967-9
https://doi.org/10.1038/s41598-021-02967-9
https://doi.org/10.1038/s41598-021-02967-9
https://doi.org/10.1038/s41598-021-02967-9
https://doi.org/10.1038/s41598-021-02967-9
https://doi.org/10.1038/s41598-021-02967-9
https://doi.org/10.1088/1361-6463/ac31f4
https://doi.org/10.1088/1361-6463/ac31f4
https://doi.org/10.1088/1361-6463/ac31f4
https://doi.org/10.1088/1361-6463/ac31f4
https://doi.org/10.1088/1361-6463/ac31f4
https://doi.org/10.1088/1361-6463/ac31f4
http://doi.org/10.7498/aps.75.20260114
https://cstr.cn/32037.14.aps.75.20260114
mailto:zhouzhenwei@glut.edu.cn
mailto:zhouzhenwei@glut.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

H R /AR B T B e Y SR ABOR
Bl¥sh FRER RBRFE KR FOLE

Efficient wideband excitation of spin waves assisted by spin—transfer torques

ZHOU Zhenwei  GUO Furao ZHAO Junyang ZHU Hongyu  GUO Guanghua
5] Fi{5 &, Citation: Acta Physica Sinica, 75, 100704 (2026) DOI: 10.7498/aps.75.20260114
CSTR: 32037.14.aps.75.20260114

TELR L View online: https://doi.org/10.7498/aps.75.20260114

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

AT RRROSGER A HA SCEE

Articles you may be interested in

PRI — A BERRE S S B P i

Surface acoustic wave—spin wave coupling and magneto—acoustic nonreciprocal devices

WFEEEAR. 2024, 73(15): 158501 hitps:/doi.ore/10.7498/aps.73.20240462

FIEBIE A BB 1 e A% S K Sl i Aot B2 e

The magnetization reversal driven by spin—orbit-assisted spin—transfer torque

YrE2E 4. 2023, 72(8): 087202  https://doi.org/10.7498/aps.72.20222433

RGBT E ) AR RS IR IR G
Field-like torque—induced tunable zero—field spin—torque nano—oscillator

YrHE2E 4. 2023, 72(16): 167501  https://doi.org/10.7498/aps.72.20230628

BRAGWERE T F e AL FRLIA S A ZE BERAL 1 T

Left—handed polarized spin waves induced by spin polarized electric currents in ferromagnetic domain walls

YIBR2F 4. 2024, 73(14): 147501  hitps://doi.org/10.7498/aps.73.20240651

SrRuO MR A 1 HEALIE 3 HE 3O R A 1 it i ) 42

Crystal orientation regulation of spin—orbit torque efficiency and magnetization switching in SrRuO; thin films

YIBR2A 4. 2024, 73(11): 117701 hitps:/doi.org/10.7498/aps.73.20240367

FHBiSePri 44 5 B e B FE AR
Spin—-orbit torque efficiency improved by BiSePt alloy

WIFAEAR. 2023, 72(13): 137201 https://doi.org/10.7498/aps.72.20230285


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260114
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240462
https://doi.org/10.7498/aps.73.20240462
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222433
https://doi.org/10.7498/aps.72.20222433
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230628
https://doi.org/10.7498/aps.72.20230628
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240651
https://doi.org/10.7498/aps.73.20240651
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240367
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240367
https://doi.org/10.7498/aps.73.20240367
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230285
https://doi.org/10.7498/aps.72.20230285

	1 引　言
	2 模型与结果
	2.1 微磁学模拟
	2.2 理论分析

	3 讨　论
	4 结　论
	参考文献

