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Fig. 1. Structural model and magnetic configurations: (a) Schematic diagram of a Pt/NigoFego/Ti multilayer;

(b) schematic diagram for the radial vortex state, the colors display the local m; (c) the m_ profiles through the

vortex core zone along the z-direction.
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Fig. 2. The IDMI value of nucleating a magnetic radial

vortex as a function of diameter of nanodisk.

3.2 [EZEEXRES R RERIF M

W BT e, AR E RS A =
80 nm, 15X KR e T B S PR B i e 1) 490 oK [ 4 )2
FEHATIIC. AR FE R, AT R4 157 4 )R B
KT 14 nm B, 45 THT P ARG 65 R0 AS T 8 S DR i i
JWE, T AR 20T ) A% B 3ok U 9 R DR A, BT RA,
TEARRL AR T EEEt = 113 nm Z [A] () 8 4>
ANTAMEL, SR 5 A% 5 P55 o T b e s 5 S0 IR R e )
AR

B3 o, B 45 B 3, T8 ke e 4
SR B WE 1 | D ABLYE FELZ RIS, | D] e/ IME B 2
K. X2 i TR B A R RN e R ER R
FNAE e e 70 55 G v BV FHOB W 5, 7% 22389 K | D)
{E R ORFF IDMI B ) 3 S AE I, T 2R ilfe e 15
SHIRBEIRIE. 4R ERONE, | DB K, &’
WA M RT 6 nm i, BE#E |D|EREK,
FEAZ WA ELAE - R RE S IDMI BE A B 324+
R ST IR e JE P 40 B T 5 PRI R IX SR T4 K i

228502-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 22 (2018) 228502

RS 1) ks B 1 e Ak, BRIt | D| s KA 3 KR
FERUIN. G535 R s i AN AZAE T
t=1nm MRS, HEEFL ¢ =13 nm, |D|
B0 2.6—3.3 mJ/m? Z [}, SRR B0 et v] LARR:
SEAFAE. FTUATEIE 41 | D] VSR A, 2 B 4 5 R
BN — AN BRI, AT LA AR E B SRR
Jig. e R L, RS IR s e T AR BRI [ 4 )R
JEE 36 A T 1, (BB A J5 P 3G K, T B A
WL R | D| F/ME ALK, BT | DA S H 12 H7
/N, 2 | DI EART S AME, BT Y AT IR ER;
| DB T i AR, BT Y R 2 W 2 Bl A% B
T

4.0

i

|D|f&i/mJ-m—2
N w
ot =} o
—— T

N
il o
L —

— D
1.5F —o— Diax
1'0 n 1 " 1 n 1 " 1 " 1 " 1 " 1

0 2 4 6 8 10 12 14

JEE t/nm
B3 9K A5 R 5 0BRSS IR eI | D] 18]
HIBRHR &
Fig. 3. The IDMI value of nucleating a magnetic radial

vortex as a function of thickness of nanodisk.
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Fig. 4. Temporal variation of the skyrmion number

in the magnetic radial vortex nucleation process (the
red arrow points to the initial state): (a) The initial
state is the circular vortex; (b) the initial state is the

uniform state.
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Fig. 5. Temporal variation of the energy in the mag-
netic radial vortex nucleation process: (a) The initial
state is the circular vortex; (b) the initial state is the

uniform state.
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Abstract

Recently, the topological magnetic textures, such as magnetic vortex, skyrmion, meron, have attracted wide atten-
tion. Siracusano et al. [Siracusano G, Tomasello R, Giordano A, et al. 2016 Phys. Rev. Lett. 117 087204] found a
new topological magnetic configuration, named a magnetic radial vortex. The magnetic radial vortex state is a stable
topological magnetic texture. The magnetization in the center of the magnetic radial vortex, namely the radial vortex
polarity, points upward or downward. The in-plane component of the magnetization, namely, the radial vortex radial
chirality, orientates radially outward or inward. The magnetic radial vortex has become another emerging research
hotspot after skyrmion, which can be attributed to its better thermal stability and lower driven current density. In this
paper, we investigate the nucleation mechanism of magnetic radial vortex under the effect of interfacial Dzyaloshinskii-
Moriya interaction (IDMI) by using the micromagnetic simulation. The results indicate that the smaller the diameter
of the soft magnetic nanodisk, the more easily the wider range of the intensity of IDMI is created. When the thickness
of the disk is increased by one order of magnitude, the magnetic radial vortex can be formed stably. Therefore, the
intensity of IDMI can be further reduced by appropriately choosing the disc size. The magnetic radial vortex can be
nucleated no matter whether the initial magnetization configuration is circular vortex or uniform state. However, if
the initial state is uniform, the magnetization component along the z-axis direction is prerequisite. In the magnetic
radial vortex nucleation process, the nucleation time of the uniform state is significantly longer than that of circular
vortex, and the energy variation time of circular vortex is longer than that of the uniform state. In the process of the
formation of magnetic radial vortex, the variation of magnetic moment, skyrmion number and energy are determined by
different initial magnetization configurations. This work contributes to the understanding of the mechanism of magnetic
radial vortex and provides a theoretical guideline for choosing reasonable disc size and IDMI strength. Moreover, the

above-mentioned conclusions contribute to the practical applications of magnetic radial vortex in spin electric devices.

Keywords: magnetic radial vortex, topological magnetic texture, micromagnetic simulation, interfacial

Dzyaloshinskii-Moriya interaction
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