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in Ferromagnetic Thin Films with Multi-domain State
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The spin-wave propagation characteristics in ferromagnetic thin films with a multi-domain state were investigated by micromag-

netic simulations and electrical measurements. The simulations showed that the spin waves propagated along the domain wall when

excited at low frequencies. The resonance frequency shifted to a higher frequency when an external magnetic field was applied normal

to the waveguide. By using a vector network analyzer, spin-wave propagation at the predicted resonance frequency was detected. The

external magnetic field dependence of the resonance frequency agreed with the simulation result.
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Fig. 1 (a) Three-dimensional view of thin-film strip with dimen-
sions of 1 pm X 20 pm X 10 nm. (b) Top view of sample indi-
cated by yellow dotted line in (a). White arrow indicates direc-
tion of magnetization. Magnetization configuration is enlarged in
green frame.
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Fig. 2 Simulation results when spin wave was excited by con-
tinuous magnetic field at point on domain wall indicated by ar-
row. (a) Snapshots of out-of-plane component of magnetization
m; when f = 0.60 GHz. (b) Dispersion relation of spin waves
propagating through domain wall. (c) Spin-wave distributions
detected at stripe 2 um away from excitation point, as shown in
inset. Full-width at half-maximum (FWHM) was 42 nm.
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Fig. 3
applied in x-axis direction.

Simulation results when external magnetic field was
(a) Spin-wave distribution across
waveguide. Spin waves were excited from antenna by pulsed
magnetic field and detected at antenna 2 um away, as shown in
inset. (b) Frequency spectrum of spin-wave propagating through
domain wall. Inset shows f-H relation for analyzed peaks. Fre-

quency exhibits linear dependence (gray dotted line).
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Fig. 4 Schematic illustration of measurement setup and optical

microscope image of sample. Antenna widths of excitation (up-
per) and detection (bottom) antennas and propagation distance d

of spin wave were all designed to be 2 um.
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Fig. 5 (a) Transmission spectra (LogM AS5;) in multi-domain
state Py with 180° Néel wall. (b) f-H relation for observed peaks.
Frequency exhibited linear dependence (gray dotted line).
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