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Fig. 1. (a) Schematic illustration of nanomagnet excited by
perpendicular microwave magnetic field and bias magnetic
field, the magnet in this figure is not tilted; (b) top view of
nanomagnet, where 6 is the defect angle and ¢ is the tilt

angle between y-axis and the long axis of nanomagnets.
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Fig. 2. Static spin orientation without external excitation of
different nanomagnets (tan 0 = 0, 1/6, 2/6, 3/6, 4/6, 5/6)
at room temperature. With the increasing of the defect
angle, the magnetization direction of the asymmetric strip

nanomagnets deviate from the y-axis gradually.
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Fig. 3. Normalized magnetization components m, of nano-
magnets versus the excitation time of magnetic field ap-
plied.
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Fig. 4. FMR spectra and spin wave modes of different nanomagnets (tan = 0, 1/6, 2/6, 3/6, 4/6, 5/6). The spin wave mode in

this figure is the edge mode, the red region is the position of the high precession amplitude of the magnetic moment, and the blue

region is the position of the low precession amplitude of the magnetic moment.
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Fig. 5. FMR spectra of nanomagnets(tan 6 = 0, 2/6, 4/6, 5/6) for different tilt angle . The green arrow marks the highest absorp-

tion peak.
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Fig. 6. Spin wave mode of rectangular and asymmetric strip
nanomagnets (tanf = 4/6) at different tilt angle. The color
scale for the precession intensity of the spin modes is shown
at the right side of the figure, the red region is the position
of the high precession amplitude of the magnetic moment,
and the blue region is the position of the low precession
amplitude of the magnetic moment.
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ORI d) iR RERREEAM R RS 1/e (M
T 35%) VEFIRTEREE (7€ LREFT BRI d, = 0)
FRZFEGIRIRTE d, W, B H\(d) = Hy/e, Kigia
FRIR

ds =503/ (p/ f) % n, (7)
Hp =70 x 107 Qm MBI EA S H B,
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15 GHz R AMMAS A8 Rl iR . 45 2] B AR Y
GRRIREE d, ~ 1022.2 nm. BRI S0 R K
T2 00 B 2 375 BT AT R BR A5 1R i i
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T R FE B AT LA Ry R T A rhuc 32 B A A AR
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JEEIAE RO N REAR B s, T2l g mg A )
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FE SCA 20 nm(APRTEERE A AYEE]). 20 nm ik
INTH PR E 1022.2 nm, B AT LA N A 2 1Y
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Fig. 7. Under the excitation of high frequency (15 GHz) al-
ternating magnetic field, the relation between the effect of
external magnetic field acting on the inside and the depth
of the nanomagnet. H,, is the amplitude of the external al-
ternating magnetic field acting on the inside of the material,
and H, is the amplitude of the alternating magnetic field.
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Ferromagnetic resonance frequency and spin wave
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Abstract

Recently, the operating frequency of nanomagnetic logic device has reached the spin wave frequency of
nanomagnets. Therefore, the dynamic magnetic properties of nanomagnets, which are excited by microwave
magnetic field, have been explored by many researchers. In this paper, the micro-magnetic model of asymmetric
strip nanomagnets under microwave excitation is established. By using the anisotropic stress field (along the z-
axis direction) that is generated by a constant voltage and the SINC function microwave magnetic field (along
the y-axis direction) to excite the nanomagnets at the same time, the effects of tilt angle and defect angle on the
ferromagnetic resonance (FMR) spectrum and spin wave mode of the asymmetric strip nanomagnets are
studied. Spectral analysis is performed on the micromagnetic simulation data. Simulation results show that as
the tilt angle of the asymmetric strip nanomagnet increases, the ferromagnetic resonance frequency increases.
What is more, this phenomenon is independent of the defect angle of the nanomagnet. When the tilt angle is
constant, there exists a monotonically increasing relation between the ferromagnetic resonance frequency of the
asymmetric strip nanomagnet and the defect angle. The spin wave modes of the nanomagnets differ a lot as
defect angle changes. The asymmetric strip nanomagnet is compared with the rectangle nanomagnet, and the
spin wave mode of the asymmetric strip nanomagnet is localized. Specifically, the spin wave mode of the
asymmetric strip nanomagnets is asymmetric and the high precession region exists at the edge, which is termed
asymmetric edge mode. The changes of the tilt angle lead to the changes in the demagnetizing field inside the
nanomagnet, which gives rise to the movement of the edge mode. However, the center mode is not sensitive to
the change of tilt angle. Finally, the magnetic loss of the model under the excitation of high frequency
microwave magnetic field is analyzed and the reliability of the model is verified. These findings indicate that the
defect angle and tilt angle can be used to tune the spin wave mode and the ferromagnetic resonance frequency
of nanomagnets, and thus providing an important theoretical basis for designing the tunable microwave

nanomagnetic devices.

Keywords: asymmetric strip nanomagnet, ferromagnetic resonance (FMR), spin wave mode, microwave

devices
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