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Fig. 1. (a) Schematic diagram for the radial magnetic vortex nano-oscillator; (b) dynamic response of the magnetic vortex core driven

by a direct current: the upper panel shows the time evolution of the displacement components X and Y, and the orbital radius Rs ;

the lower panel presents the variation of the steady-state orbital radius Rg as a function of the current pulse amplitude, with the

inset illustrating the stable motion state of the radial magnetic vortex core.
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Fig. 2. (a) Nonlinear dynamic responses of the orbital radius Rgs of the radial magnetic vortex nano-oscillator under excitation by

the uniform current pulses; (b) variation of the relaxation time with the current pulse amplitude.
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Fig. 3. (a) Process flow diagram of handwritten digit recognition using a physical reservoir computing system based on the magnet-

ic vortex nano-oscillator; (b) confusion matrix of the handwritten digit recognition results; (c¢) variation of the recognition accuracy

as a function of the number of training iterations under different current amplitudes.
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Fig. 4. (a) Schematic diagram of the chaotic time series prediction task; (b) prediction performance for chaotic waveforms under

two typical conditions; (c) computational performance of the chaotic time series prediction task as a function of the pulsed current

amplitude.
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Fig. 5. (a) Schematic diagram of the target function generation used to calculate the information processing capacity; (b) total in-
formation processing capacity as a function of the pulse current amplitude; (c) linear and nonlinear contributions to the informa-

tion processing capacity versus the pulse current amplitude; (d) relationship between the two contributions of the information pro-

cessing capacity and the relaxation time of the device response.
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Fig. 6. (a) Relationship between the performance in the handwritten digit recognition task and the chaotic time series prediction

task, and the components of information processing capacity; (b) correlation matrix of Spearman’s rank correlation coefficients.

150802-8


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

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 15 (2026)

150802

ARG (—0.65) FHXTH S, Fe B fig a8 it o &
Gl b i 2 M S B e ] LA BY T 1650 2 e i
S5 BRI, BT LA B SR, BT LA AR
FEL L 40K Bl TS 0 THE A 2 AR B 1y 2 P e 1 B ok
AR TR A 1a] 3 T T 55 (3 Sk e, i o
P I 0K 0TS 0 8 T A 2 A28 A i 1 L E P i 1, 7 T
RARTHF- R R BT S5 iR RE, X5 3(c)
FE 4(c) B AL S5 — 20, RIPrise it i 38 T/
WATER% 301 7 W P 3 £ i T3 R G vT LASE 2o Jik
TR I R ) R A S IS TR) s B it T AT 55 19
SEIVRIE/ S

5 & W

AKIFFE R AL T T 4 S R s e K Ak 7
AP BRA S T A R e, RIS T HELUA VA R e A
BT R, SEIL T RIS B A
T R G A TE T 5 e U ARNR i i 8] 5 51 751
DN SEIEEAT 55 P, SR T FIESh 12 b
BE] (7). PR 215 BAL A & (IPC) ALK
A MR S5 TR R 2 B I R 45 R R
FHERBTFPUINES R EIERE S (5 A A B
LML (Cio — Cr ) B3R IEASCHE (0.92), &
L7 v FL AR S I 10 A A ) DR s R AT O
M, TR ALK S0 (A RS T A 20 3 24 S T L
Wik 97.8% 09T 5 BT UM R A IR 7]
P TRINAT: 55 i T e 5 15 B AL B R i 4k
SrhE Oy BIRGUARSENE (-0.87), EEZ KA FRIKS)
WAL AR R G2 S AT R, /N T Y
TP T A% B0 7 2% T LAAE TR ) 1 1) T 4 55
PAHILZ 0.06 19H— L iR 2 (NMSE). ix 4k
SERAAHENT T AN RIS UEAT: 55 it 25 it 35
PERERI St B A] | 15 BAL IR B A5 OGS R A 1
SRR, AT DA B T 1, L 18 2 it R R A 08 A% 5l
TR AEARRIE 55 ZIR1 0 3 N Y, Sy F R
Pyt s A R G R RE AR S 24T 55 0 4
T EEN KIS

Sk

[1] LiuJ Q, Feng G D, Li W, Hao S, Han S L, Zhu Q X, Tian B
B, Duan C G, Chu J H 2025 Innov. Mater. 3 100127

[2] Liu F Q, Zheng H, Ma S C, Zhang W H, Liu X, Chua Y S,
Shi L P, Zhao R 2024 Natl. Sci. Rev. 11 nwae066

[3] Mehonic A, Ielmini D, Roy K, Mutlu O, Kvatinsky S,

[10]
[11]
12]
[13]

(14]

[15]

[16]

[17]

(18]

[19]

20]

[21]
[22]

23]

[24]

[25]

(26]

150802-9

Serrano-Gotarredona T, Linares-Barranco B, Spiga S, Savel’ev
S, Balanov A G, Chawla N, Desoli G, Malavena G, Monzio
Compagnoni C, Wang Z R, Yang J J, Sarwat S G, Sebastian
A, Mikolajick T, Slesazeck S, Noheda B, Dieny B, Hou T H
(Alex), Varri A, Briickerhoff-Pliickelmann F, Pernice W,
Zhang X X, Pazos S, Lanza M, Wiefels S, Dittmann R, Ng W
H, Buckwell M, Cox H R J, Mannion D J, Kenyon A J, Lu Y
M, Yang Y C, Querlioz D, Hutin L, Vianello E, Chowdhury S
S, Mannocci P, Cai Y M, Sun Z, Pedretti G, Strachan J P,
Strukov D, Le Gallo M, Ambrogio S, Valov I, Waser R 2024
APL Mater. 12 109201

Conklin A A, Kumar S 2023 Nat. Electron. 6 464

Zhang W H, Ma S C, Ji X L, Liu X, Cong Y Q, Shi L. P 2024
Nat. Electron. 7 954

XuM Y, Chen X R, Guo Y H, Wang Y, Qiu D, Du X C, Cui
Y, Wang X F, Xiong J 2023 Adv. Mater. 35 2301063

Tanaka G, Yamane T, Héroux J B, Nakane R, Kanazawa N,
Takeda S, Numata H, Nakano D, Hirose A 2019 Neural
Networks 115 100

Bai K J, Thiem C, Lombardi J, Liang Y, Yi Y 2024 IEEE
Cire. Syst. Mag. 23 10

Cai H W, Ao Z, Tian C H, Wu Z H, Liu H C, Tchieu J, Gu
M X, Mackie K, Guo F 2023 Nat. Electron. 6 1032

Yan M, Huang C, Bienstman P, Tino P, Lin W, Sun J 2024
Nat. Commun. 15 2056

Liang X P, Tang J S, Zhong Y N, Gao B, Qian H, Wu H Q
2024 Nat. Electron. 7 193

QiZY,MiLJ, Qan H R, Zheng W G, Guo Y, Chai Y 2023
Adv. Funct. Mater. 33 2306149

Everschor-Sitte K, Majumdar A, Wolk K, Meier D 2024 Nat.
Rev. Phys. 6 455

Ren K, Zhang W Y, Wang F, Guo Z Y, Shang D S 2022 Acta
Phys. Sin. 71 140701 (in Chinese) T3¢, 5ki8¥r, F£IE, T
BE, iR 2022 WYPRAEAR 71 140701]

Zhang G H, Qin J R, Zhang Y, Gong G D, Xiong Z Y, Ma X
Y, Lv ZY, Zhou Y, Han S T 2023 Adv. Funct. Mater. 33
2302929

Gu D S, Yan B T, Zhang B C, Liao C R, Yang X D, Li P,
Wu B, Sun B, Zhou G D 2024 ACS Photonics 11 4444

Liu Q, Li P, Kai C, Hu C Q, Cai Q, Zhang J G, Xu B J 2021
Acta Phys. Sin. 70 154209 (in Chinese) [XI#F, 258, JF#,
i, B0 IREE, FREA 2021 PR 70 154209)

Sato D, Shima H, Matsuo T, Yonezawa M, Kinoshita K,
Kobayashi M, Naitoh Y, Akinaga H, Miyamoto S, Nokami T
2023 ACS Appl. Mater. Interfaces 15 49712

Nishioka D, Tsuchiya T, Namiki W, Takayanagi M, Imura
M, Koide Y, Higuchi T, Terabe K 2022 Sci. Adv. 8 eadel156
Chen Z W, Li W J, Fan Z, Dong S, Chen Y H, Qin M H,
Zeng M, Lu X B, Zhou G F, Gao X S, Liu J J 2023 Nat.
Commun. 14 3585

Ma H Q, Du Y, Chi L L, Shi T 2025 Artif. Intell. 4 1 (in
Chinese) [Ha3E, FL3%, IRk, IF4h 2025 N THGE 4 1]
Marrows C H, Barker J, Moore T A, Moorsom T 2024 npj
Spintronics 2 12

Zhang S, Chen L N, Liu R H 2025 J. Sichuan Norm. Univ.
(Nat. Sci.) 48 176 (in Chinese) [3KUii, PRERSK, XZ&4E 2025 1Y
JHIRE 24 (1 AAREERR) 48 176]

Liu X 'Y, Wen H, Lei K, Lan X K, Wang K Y 2025 Chin. Sci.
Bull. 70 1874 (in Chinese) [XIFEiE, SOW, 3, 2B, £
& 2025 FleFm R 70 1874]

Jiang W D, Chen LN, Zhou K Y, LIiLY, FuQ W,DuY W,
Liu R H 2019 Appl. Phys. Lett. 115 192403

Sun Y M, Lin T, Lei N, Chen X, Kang W, Zhao Z Y, Wei D


https://doi.org/10.59717/j.xinn-mater.2025.100127
https://doi.org/10.59717/j.xinn-mater.2025.100127
https://doi.org/10.59717/j.xinn-mater.2025.100127
https://doi.org/10.59717/j.xinn-mater.2025.100127
https://doi.org/10.59717/j.xinn-mater.2025.100127
https://doi.org/10.59717/j.xinn-mater.2025.100127
https://doi.org/10.59717/j.xinn-mater.2025.100127
https://doi.org/10.1093/nsr/nwae066
https://doi.org/10.1093/nsr/nwae066
https://doi.org/10.1093/nsr/nwae066
https://doi.org/10.1093/nsr/nwae066
https://doi.org/10.1093/nsr/nwae066
https://doi.org/10.1093/nsr/nwae066
https://doi.org/10.1093/nsr/nwae066
https://doi.org/10.1063/5.0179424
https://doi.org/10.1063/5.0179424
https://doi.org/10.1063/5.0179424
https://doi.org/10.1063/5.0179424
https://doi.org/10.1063/5.0179424
https://doi.org/10.1063/5.0179424
https://doi.org/10.1038/s41928-023-00985-1
https://doi.org/10.1038/s41928-023-00985-1
https://doi.org/10.1038/s41928-023-00985-1
https://doi.org/10.1038/s41928-023-00985-1
https://doi.org/10.1038/s41928-023-00985-1
https://doi.org/10.1038/s41928-023-00985-1
https://doi.org/10.1038/s41928-023-00985-1
https://doi.org/10.1038/s41928-024-01277-y
https://doi.org/10.1038/s41928-024-01277-y
https://doi.org/10.1038/s41928-024-01277-y
https://doi.org/10.1038/s41928-024-01277-y
https://doi.org/10.1038/s41928-024-01277-y
https://doi.org/10.1038/s41928-024-01277-y
https://doi.org/10.1002/adma.202301063
https://doi.org/10.1002/adma.202301063
https://doi.org/10.1002/adma.202301063
https://doi.org/10.1002/adma.202301063
https://doi.org/10.1002/adma.202301063
https://doi.org/10.1002/adma.202301063
https://doi.org/10.1002/adma.202301063
https://doi.org/10.1016/j.neunet.2019.03.005
https://doi.org/10.1016/j.neunet.2019.03.005
https://doi.org/10.1016/j.neunet.2019.03.005
https://doi.org/10.1016/j.neunet.2019.03.005
https://doi.org/10.1016/j.neunet.2019.03.005
https://doi.org/10.1016/j.neunet.2019.03.005
https://doi.org/10.1016/j.neunet.2019.03.005
https://doi.org/10.1016/j.neunet.2019.03.005
https://doi.org/10.1109/MCAS.2023.3325496
https://doi.org/10.1109/MCAS.2023.3325496
https://doi.org/10.1109/MCAS.2023.3325496
https://doi.org/10.1109/MCAS.2023.3325496
https://doi.org/10.1109/MCAS.2023.3325496
https://doi.org/10.1109/MCAS.2023.3325496
https://doi.org/10.1109/MCAS.2023.3325496
https://doi.org/10.1109/MCAS.2023.3325496
https://doi.org/10.1038/s41928-023-01069-w
https://doi.org/10.1038/s41928-023-01069-w
https://doi.org/10.1038/s41928-023-01069-w
https://doi.org/10.1038/s41928-023-01069-w
https://doi.org/10.1038/s41928-023-01069-w
https://doi.org/10.1038/s41928-023-01069-w
https://doi.org/10.1038/s41928-023-01069-w
https://doi.org/10.1038/s41467-024-45187-1
https://doi.org/10.1038/s41467-024-45187-1
https://doi.org/10.1038/s41467-024-45187-1
https://doi.org/10.1038/s41467-024-45187-1
https://doi.org/10.1038/s41467-024-45187-1
https://doi.org/10.1038/s41467-024-45187-1
https://doi.org/10.1038/s41928-024-01133-z
https://doi.org/10.1038/s41928-024-01133-z
https://doi.org/10.1038/s41928-024-01133-z
https://doi.org/10.1038/s41928-024-01133-z
https://doi.org/10.1038/s41928-024-01133-z
https://doi.org/10.1038/s41928-024-01133-z
https://doi.org/10.1038/s41928-024-01133-z
https://doi.org/10.1002/adfm.202306149
https://doi.org/10.1002/adfm.202306149
https://doi.org/10.1002/adfm.202306149
https://doi.org/10.1002/adfm.202306149
https://doi.org/10.1002/adfm.202306149
https://doi.org/10.1002/adfm.202306149
https://doi.org/10.1038/s42254-024-00729-w
https://doi.org/10.1038/s42254-024-00729-w
https://doi.org/10.1038/s42254-024-00729-w
https://doi.org/10.1038/s42254-024-00729-w
https://doi.org/10.1038/s42254-024-00729-w
https://doi.org/10.1038/s42254-024-00729-w
https://doi.org/10.1038/s42254-024-00729-w
https://doi.org/10.1038/s42254-024-00729-w
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.7498/aps.71.20220082
https://doi.org/10.1002/adfm.202302929
https://doi.org/10.1002/adfm.202302929
https://doi.org/10.1002/adfm.202302929
https://doi.org/10.1002/adfm.202302929
https://doi.org/10.1002/adfm.202302929
https://doi.org/10.1002/adfm.202302929
https://doi.org/10.1021/acsphotonics.4c01415
https://doi.org/10.1021/acsphotonics.4c01415
https://doi.org/10.1021/acsphotonics.4c01415
https://doi.org/10.1021/acsphotonics.4c01415
https://doi.org/10.1021/acsphotonics.4c01415
https://doi.org/10.1021/acsphotonics.4c01415
https://doi.org/10.1021/acsphotonics.4c01415
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.7498/aps.70.20210355
https://doi.org/10.1021/acsami.3c08638
https://doi.org/10.1021/acsami.3c08638
https://doi.org/10.1021/acsami.3c08638
https://doi.org/10.1021/acsami.3c08638
https://doi.org/10.1021/acsami.3c08638
https://doi.org/10.1021/acsami.3c08638
https://doi.org/10.1021/acsami.3c08638
https://doi.org/10.1126/sciadv.ade1156
https://doi.org/10.1126/sciadv.ade1156
https://doi.org/10.1126/sciadv.ade1156
https://doi.org/10.1126/sciadv.ade1156
https://doi.org/10.1126/sciadv.ade1156
https://doi.org/10.1126/sciadv.ade1156
https://doi.org/10.1126/sciadv.ade1156
https://doi.org/10.1038/s41467-023-39371-y
https://doi.org/10.1038/s41467-023-39371-y
https://doi.org/10.1038/s41467-023-39371-y
https://doi.org/10.1038/s41467-023-39371-y
https://doi.org/10.1038/s41467-023-39371-y
https://doi.org/10.1038/s41467-023-39371-y
https://doi.org/10.1038/s41467-023-39371-y
https://doi.org/10.1038/s41467-023-39371-y
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.16453/j.2096-5036.202537
https://doi.org/10.1038/s44306-024-00019-2
https://doi.org/10.1038/s44306-024-00019-2
https://doi.org/10.1038/s44306-024-00019-2
https://doi.org/10.1038/s44306-024-00019-2
https://doi.org/10.1038/s44306-024-00019-2
https://doi.org/10.1038/s44306-024-00019-2
https://doi.org/10.1038/s44306-024-00019-2
https://doi.org/10.1038/s44306-024-00019-2
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.3969/j.issn.1001-8395.2025.02.004
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1360/TB-2024-0923
https://doi.org/10.1063/1.5115183
https://doi.org/10.1063/1.5115183
https://doi.org/10.1063/1.5115183
https://doi.org/10.1063/1.5115183
https://doi.org/10.1063/1.5115183
https://doi.org/10.1063/1.5115183
https://doi.org/10.1063/1.5115183
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

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 15 (2026)

150802

(27]

28]
[29]

(30]

[31]

32]

H, Chen C, Pang S M, Hu L L, Yang L, Dong E X, Zhao L,
Liu L, Yuan Z, Ullrich A, Back C H, Zhang J, Pan D, Zhao J
H, Feng M, Fert A, Zhao W S 2023 Nat. Commun. 14 3434
TuY C, Guan Z Y, Bu H F, Jin W T, Shen Z J, Pei F F,
Gan Y L, Zhang H'Y, Zhu Z X, Li Q, Liao Z L, Shen S C,
Yin Y W, Li X G 2026 Adv. Funct. Mater. 36 19753

Kitano H, Nishioka D, Terabe K, Tsuchiya T 2025 Appl.
Phys. Express 18 024501

HuHM, YuGL, LiYT, QiuY, Zhu H B, Zhu M M, Zhou
H M 2022 Micromachines 13 1056

Zhu M M, Hu HM, Cui S T, Li Y T, Zhou X P, Qiu Y, Guo
R D, Wu G H, Yu G L, Zhou H M 2021 Appl. Phys. Lett. 118
262421

Torrejon J, Riou M, Araujo F A, Tsunegi S, Khalsa G,
Querlioz D, Bortolotti P, Cros V, Yakushiji K, Fukushima A
2017 Nature 547 428

Tsunegi S, Taniguchi T, Miwa S, Nakajima K, Yakushiji K,
Fukushima A, Yuasa S, Kubota H 2018 Jpn. J. Appl. Phys.

(33]
(34]
35]
(36]

(37]

38]

(39]

SPECIAL TOPIC — Applied magnetism

57 120307

Yamaguchi T, Akashi N, Nakajima K, Kubota H, Tsunegi S,
Taniguchi T 2020 Sci. Rep. 10 19536

Yamaguchi T, Akashi N, Tsunegi S, Kubota H, Nakajima K,
Taniguchi T 2020 Phys. Rev. Res. 2 023389

Fang N, Qian R L, Wang S 2023 Acta Phys. Sin. 72 214205
(in Chinese) [Jr¥a, Bt 2%, T 2023 #HI24fR 72 214205
Wang X, Zhang J G, Wang Y C 2023 Electron. Device 46 951
(in Chinese) [T £, KEE, F A4 2023 fL T4 46 951]
Tsunegi S, Kubota T, Kamimaki A, Grollier J, Cros V,
Yakushiji K, Fukushima A, Yuasa S, Kubota H, Nakajima K
2023 Adv. Intell. Syst. 5 2300175

Akashi N, Yamaguchi T, Tsunegi S, Taniguchi T, Nishida M,
Sakurai R, Wakao Y, Nakajima K 2020 Phys. Rev. Res. 2
043303

Lee O, Wei T, Stenning K D, Gartside J C, Prestwood D,
Seki S, Aqgeel A, Karube K, Kanazawa N, Taguchi Y 2024
Nat. Mater. 23 79

Physical reservoir computing based on spin-torque nano-
oscillator and the information processing capacity evaluation”

LI JiaweiV

YU Guoliang V)

HUANG Ankang!
QIU Yang !
ZHU Haibin 2

ZHU Mingmin DT
WANG Jiaweil)

SONG Guangxiao V)
LI Yan!

ZHOU Haomiao V)

1) (Key Laboratory of Electromagnetic Wave Information Technology and Metrology of Zhejiang Province,

College of Information Engineering, China Jiliang University, Hangzhou 310018, China)

2) (Jiaxing Key Laboratory of Flexible Electronics based Intelligent Sensing and Advanced Manufacturing Technology,

Institute of Flexible Electronics Technology of THU, Jiazing 314006, China)

( Received 27 January 2026; revised manuscript received 25 March 2026 )

Abstract

Physical reservoir computing has emerged as one of the cutting-edge directions for designing efficient and

low-cost neuromorphic computing systems due to its elimination of complex matrix calculations. Currently, the

key challenge hindering its development lies in achieving adaptive control of complex computational tasks

within a single physical reservoir layer architecture. This study constructs a physical reservoir computing

system based on radial magnetic vortex nano-oscillators and investigates the relaxation characteristics of

current-modulated magnetic vortex core dynamics. Two benchmark tasks, handwritten digit recognition and

chaotic time series prediction, are demonstrated using the proposed magnetic vortex physical reservoir

computing system architecture. Furthermore, the relationships between the relaxation time (7) of the magnetic
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vortex core, the information processing capacity (IPC) of the physical reservoir layer, and the computational
performance across different reservoir computing tasks are explored. The results indicate that the computational
performance of the handwritten digit recognition task exhibits a strong positive correlation (0.92) with the
nonlinear component of the IPC, primarily influenced by the rapid relaxation behavior of the magnetic vortex
core radius under high driving currents. Large-current-driven magnetic vortex core dynamics can achieve
handwritten digit recognition accuracy of up to 97.8%. In contrast, the chaotic time series prediction task
demonstrates a strong negative correlation (-0.87) between computational performance and the linear
component of the IPC, mainly affected by the slow relaxation behavior of the magnetic vortex core radius
driven under low driving currents. The optimized magnetic vortex core dynamics within small currents can
attain a normalized mean square error (NMSE) as low as 0.06 in the chaotic time series prediction tasks. These
results not only establish connections between the reservoir computing performance for different benchmark
tasks and typical physical parameters such as relaxation time and IPC, but also enable adaptive switching
between different tasks based on current-controlled radial magnetic vortex core dynamics. This work provides
an important reference for hardware optimization and multi-task applications in adaptive physical reservoir

computing systems.
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