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Abstract

Based on Monte Carlo method and fast Fourier transform micromagnetism method, the magneti-
zation characteristics of defective cobalt nanorings are simulated. It is found that there are many
transition states of hysteresis loops in defective nanorings, and the spin configurations of the sys-
tems are rich. When the Y value of the defects is different, the systems appear bistable. The rema-
nence of the systems is obviously related to the Y value: when the Y value is small and the systems
remain symmetrical, the remanence is close to zero; with the increase of Y value, the remanence of
the system increases gradually; When the Y value increases to a certain range, the change of re-
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manence decreases and a platform area appears; as the Y value continues to increase, the rema-
nence decreases gradually. The simulation results are consistent with the experimental results.
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Figure 1. Model of defective cobalt nanorings
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Figure 2. Hysteresis loop of defective cobalt nanoring
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Figure 3. Spin configurations of defective cobalt nanorings
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Figure 4. The variation of hysteresis loops of defective cobalt nanorings with Y value
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Figure 5. The variation of the remanence with the Y value

[E 5. FIERE Y ETL

B2 &2 Y = 70 nm I GRFE B AOR IR HREIT 12k . AP 2 SRl LU B, SR BE PRI AELE. “0UE
A7 ARPIE, RIS (] 2 i (F) T VRIS 5 B AR ) S B [10]0 3 LE OB SREER RGN K A, RIAR G047 15 T
Z W EERAS[9]

NT RGBT TR A B DRI RERAE A AR — PR T RGEH) H AR,

K, RGEAFE N ERASE

wE 3 fis. 5T

DOI: 10.12677/app.2022.125025

230

L 4 2


https://doi.org/10.12677/app.2022.125025

okl 2%

7K 3 91, 2 H =-2000 Oe i}, R LI “FEAEZL” (WK 3(2)); MEEMIA MWD, 7E H =-700 Oe
B, FEPRIR L2302 R B B —%t “ JRdfimieds” (il 3(b))s 4kl btidds, v LLRIAIE H =
—500 Oe B “JEfBiniie” MKAAFAE, AL E CA KA T MKl 3(c)): B2 H=-200 Oe B “Jm ik liE”
WA, TR “IWREES” (A 3(d)), FHRRE4ERFS] H =500 Oe [9]; 24 H =600 Oe i, FEYNKIF T35
HIL—XF “REimies” (W 3(e); 45K 2, wIkl “fHERimiess” ¥AE H =800 Oe I 2k, FFHEEUX
] PR [11], MOIRESFFZE4ERFS) H = 2000 Oe (U114 3(f)).

TR FUER AN BT RGN, BATEAL T Y {EM 0 nm E 120 nm (15 RE B 9K IR IR R 1] 28
mE 4. WEL A FRTLLEH, A Y EZRG T, REWFAE “AFRE” PFRHE. 24 Y =0~20 nm B (W&
4(a)), GRBEME NI, BIRGUAR HILERIG, R R (R 2 5 0 SR FE AR A TS — B[ 11]: B K
Y {H, %Y =30 nm B(WE 4(b), BT RGBT ERIEECN, HBG R 25 TR E UK IR L S H0T, H
WERERARH N ARSI R Y M5, 24Y = 40~100 nm B (W& 4(c)~(i)), KILRGHI T A BT 4
Y {6 = 1100 nm i~120 nm B (a1 4()~(k)), RGERFBEXICFREAEE. SR, Y > 120 nm
W, BREEM BT GUKER, I R GRS N TR AT, FORA 1B 261 B H BTG R B 9 K B 1
TR [12]

YRR RGP FREAE Z RO “IRTER”  ZTEA SRR SR B A IRAS [11] o DRI G 5 60
XK IR S bR B B S N T VRGN R IR R SRR AR, BRATIAERE] 5 LT RIRARE Y
AR RS B . B 5 el AEH, XY =0~20m i, REFEBILT- AZE, 1Y =20 5 30 nm i
WEFFAEHE R 24 Y A\ 60 nm B9 K% 80 nm B, FIBLK/NEWIEARE, EIH—MENREMRFEX: X
Y M 80 nm 4S8 I, ot T UG FRAR . X — A8k 35 5 [ 1 6k B S A K B 1R R 1 (1 A2 A S5 A AL 9]
HG I WAL [13]. X — WAL FERT AR IR 38 v = AR R R 1] A — 52 148 38

4, gEip

AR AR DR L AR il 270706 5 52 R (Monte: Carlo) AR & (K775, Bl 1 BRIEZAKIR
WEACIERE, 73 AT T SRFEEE ORI REAS . BT AU, ATAE P MMAR REAAE T HIEAS. 8t
BRI RIRERE S Y R EARSC: BIRANE Y EZAF T RS MRS, B Y 20 Rh 5126 (1
T2 e R GERIFIRE P W RS . Bl A IR S 45 AR

B O

AV SO AR A AR R 3 £(2021001191) A A AR E #0 B8 I H (FBJG20210295,
1202101007), A EITE RS 2021 44 G KA AEN I ZRH R H (5202110394015, cxxI-2021244).

SE K

[1] Chen, Y.H. and Zhang, J.F. (2017) Effect of Crystal Morphology on Magnetic Structure of Nano-Magnetites. Solid
State Communications, 250, 92-98. https://doi.org/10.1016/j.ssc.2016.11.021

[2] Awvila, J., Tumelero, M., Pasa, A.A. and Viegas, A.D.C. (2015) Magnetoresistive System with Concentric Ferromag-
netic Asymmetric Nanorings. Journal of Applied Physics, 117, Article ID: 103901. https://doi.org/10.1063/1.4914346

[3] Zhou, K., Wang, X.K. and Li, S.C. (2017) Tunable Storage States Transition in Slotted Ferromagnetic Nanoring.
Journal of Applied Physics, 121, Article I1D: 123905. https://doi.org/10.1063/1.4978966

[4] Xu, J, Du, C.X, Du, Y.Y., Jia, Q., Liu, Y.H. and Wu, Z.M. (2018) First-Principles Calculations of Magnetoelectric
Properties of New Diluted Magnetic Semiconductor Mn-Doped LiZnN. Chinese Journal Of Computational Physics,
35, 711-719.

[5] SREEMS, XUBENH, 5Kk, 5KZN, SeHamk, S0, R Il g KSR — 508 A R YR 9K 6 0], A9
124 5 Yt 2, 2015, 42(7): 593-605.

DOI: 10.12677/app.2022.125025 231 S A B


https://doi.org/10.12677/app.2022.125025
https://doi.org/10.1016/j.ssc.2016.11.021
https://doi.org/10.1063/1.4914346
https://doi.org/10.1063/1.4978966

Kl %

(6]
[7]
(8]
[9]

[10]
[11]
[12]

[13]

v, DHREVEEREL & I HETEGUR B A ORI ] 25 S AE R 2 b S i #gT R [D]: [t 22 Ari 3. A E:
ATk K2, 2019.

Allwood, D.A., Xiong, G., Faulkner, C.C., Atkinson, D., Petit, D. and Cowburn, R.P. (2005) Magnetic Domain-Wall
Logic. Science, 309, 1688-1692.

TRV, PRI BETE 45 BB RGN K L B LA Ui 2 A SR 7T [3]. oh B R RCR, 2015(6): 258-260.
Yek, Q., Chen, S., Huang, S., Wu, J., Xu, J., Wang, W., Fan, W. and Huang, Z. (2019) Magnetic Dynamic Properties
of Defective Cobalt Nanorings: Monte Carlo Simulation. Journal of Magnetism and Magnetic Materials, 473, 301-305.
https://doi.org/10.1016/j.jmmm.2018.10.038

BECtE, DA, HERER, PSR, PR AR H L s T VA[T]. THEEEE, 2005(6): 64-68.

MBI RIS R BUE T H[D]: [ 226018 30). 4N AR E S K27, 2009.

XA A, SREFUR, BRAKUE, RTHE, MIEE, HES. DERFEERPUORI KA VED] THEEE, 2020, 37(4):
473-478.

Zhu, F.Q., Chern, G.W., Tchernyshyov, O., Zhu, X.C., Zhu, J.G. and Chien, C.L. (2006) Magnetic Bistability and
Controllable Reversal of Asymmetric Ferromagnetic Nanorings. Physical Review Letters, 96, Article ID: 027205.
https://doi.org/10.1103/PhysRevL ett.96.027205

DOI: 10.12677/app.2022.125025 232 S A B


https://doi.org/10.12677/app.2022.125025
https://doi.org/10.1016/j.jmmm.2018.10.038
https://doi.org/10.1103/PhysRevLett.96.027205

	Effect of Defects on Magnetic Properties of Cobalt Nanorings
	Abstract
	Keywords
	1. 引言
	2. 模型与方法
	3. 结果与讨论
	4. 结论
	致  谢

