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Abstract

We studied the spin wave modes in permalloy nanodisks with different thicknesses under the ex-
citation of a perpendicular ac magnetic field, using micromagnetic simulations. When the thick-
ness of permalloy nanodisks is comparable to its radius, the magnetic moments are nonuniform
along the disk thickness, forming a football-like vortex core in which middle part is larger than the
ends, due to competition between demagnetization energy and exchange energy. And we observe
not only the excitation of radial spin wave modes, but also hybridization of standing wave along
the disk thickness with radial spin wave modes. The eigenfrequencies of such hybrid modes are
much larger than the low-order radial spin wave modes. When the thickness of the disk is large
enough, we observe hybridization of the high-order standing wave with radial spin wave modes,
but near absence of pure common radial spin wave mode. By applying a perpendicular phase-matched
resonant magnetic field, the vortex polarity can be easily switched.
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1. 518

LR AR G5 ) S 2530 W Pl S BE A AR BE TR A LS8 4 LURTRARPE [1]. O T A RE, 97
KRS B B 5T 18 T BR3P T PAY s DR P 5 ), S 3 A8 o ) TR R O A 1) 25 5 1 /7 17 LA
D E WA A RE, A TPRIX A RN e e A [2] . Whi eSS B A g AR AN AR 45 0, LR B
T XA AR A % . IR BT, AR R DUE SO AR AR I p = +1. I B A%
M, AT RASEIL RIS BRI E N, A A BN T i R A il A v T R R REATL AT i 85 o

SR LI A TN — T A R BB I, T RASOR HE AR AR (<1 GHz) Rl i) B e 1 2 (>1
GH2) [3]. izl s ftin ik oh i3 (4] A2 A2 w37 [5] 808 B ek Ak R [6] 55 il T BOR B -
Matthias Kammerer [71%5 A3 78 s S T ARG AR AP PRI 2 A9 10 1 e apto A Qv i A gt A
AFEFEE K. EmNEIZERT, WM O E IR ARIS ), BOZ s 2 a0 L E K
M RZ, BERNZ - S P B K, SRR EIR . T AR B 8l 20 B A7 o RO 1 U™ A=
—UBRRAG . g A A N — N BT R RO R I, R PO AR ) A e (~10 GHz).
FITINAIR % S 37 025 R B4R 1] B B A AIEIR R I, A% AR Ak B P 7 ) I 537 L A S T [ /0
— MRS, HI R R B KRS (8] [9]. FETE MG T, AT LAS IR e A5 Wk i AL
B (B AR 2 A T R P oL), SR T RAAA s 5 B AR . EIRT (10158 N ik — 2B S i — A
7 DLRC I 3R SN R SR B AL Ve BB, A Ve R B LA B KR B e v, ELRRC BT 5 A et
[F1) 6 5 AR A B ) 8 o 25 82 PR A1
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Figure 1. Magnetization distribution of initial vortex states in permalloy nanodisks with diameter of 300 nm and thickness of
20 nm (a) and 80 nm (b), respective. For simplicity, only one half of the nanodisk is displayed. The color bar shows the
z-component of magnetization. (c) Variation of vortex core diameter and the biggest diameter difference, in the bottom,
middle and top layer, with respect to the sample thickness
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Figure 2. Spatial distribution of the total, exchange and demagnetization energy in a cross section along a diameter in nano-
disks with thicknesses of 20 (a), 50 (b), and 80 nm (c), respectively. The color bar denotes the relative magnitude of energies
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Figure 3. (a) The FFT amplitude spectrum of a nanodisk with diameter of 300 nm and thickness of 20 nm, after excitation of
a pulse square field applied along z direction. The inset shows spatial distribution of FFT amplitude of radial spin wave
modes in the bottom layer of the nanodisk. (b) Spatial distribution of FFT amplitude and phase of mixed spin wave modes in
the bottom layer of the nanodisk
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Figure 4. Spatial distribution of FFT amplitude and phase of radial spin wave modes (a), and mixed spin wave modes (b),in
a cross section along a diameter of the nanodisk with diameter of 300 nm and thickness of 20 nm. The color bars on the low-
er left and lower right represent the FFT amplitude and phase, respectively. Use the color bars in all amplitude and phase
profiles
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Figure 5. (a) FFT amplitude spectrum of a nanodisk with diameter of 300 nm and thickness of 30 nm. The inset shows spa-
tial distribution of FFT amplitude of radial spin wave modes in the bottom layer of the nanodisk. (b) Spatial distribution of
FFT amplitude and phase of radial spin wave modes in a cross section along a diameter of the nanodisk
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Figure 6. Spatial distribution of FFT amplitude and phase of mixed spin wave modes of a 30 nm thick nanodisk. The num-
ber of nodes along the thickness is TS = 1. The numbers of nodes along the radial direction are n = 1, 2, 3, and 4 for (a), (b),
(c) and (d) respectively. The FFT amplitude and phase images are displayed underneath the cross sections images
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Figure 7. The spatial distributions of FFT amplitude and phase of hybridization of the high-order standing wave with
high-order radial spin wave modes in thick nanodisks
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Figure 8. Snap shots of the magnetization dynamics of the top (a), middle (b) and bottom (c) layers of a 20 nm thick mag-
netic vortex, under the excitation of a phase-matched resonant field
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