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Magnetoelastic interactions

between surface acoustic waves and spin waves
in nanopatterned structure
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In the system where the magnetostrictive layer is deposited on non-magnetic substrate,

the spin waves (SWs) can interact with surface acoustic waves (SAWSs) in a strongly

anisotropic manner [1]. This interaction depends both on the direction of the applied

magnetic field and the polarisation of SAW [2]. The matching between the wave vectors

of SAW and SW is necessary to avoid the spatial averaging of the dynamic interaction

for propagating plane waves and observe the coupling between them [2]. This picture is

more complicated for the SWs propagating in the nanostructures.
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Figure 1: (a) The unit cell of considered
system. External magnetic field Hy is
applied at oblige angle to the wave vec-
tor k (for SAWs and SWs). (b) The
dispersion relation of SAW (Rayleigh
wave) and SW with interaction magni-
fied in the red box (for magnetoelastic
coupling constants by = 4.39 x 10°-Z;,
by = 8.77 x 10°-Z;). Marked with pink
arrow: the profile of the in-plane dy-
namic magnetization.
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We extended our previous work [1] and considered
the impact of the patterning on magnetoelastic inter-
actions. Using the finite element method, we calcu-
lated the magnetoelastic dispersion relation for an ar-
ray of thin (30 nm) stripes (of the width 200 nm or 100
nm) differing in saturation magnetization (Mg = 475
or 95 %, respectively) but identical in terms of elastic
properties (¢1;=260 GPa, ¢15=176 GPa, ¢44=39 GPa,
p=11535 29,

We investigated the SAWs and SWs propagating
in the direction of periodicity, which causes the fold-
ing of magnetoelastic dispersion relation into the first
Brillouin zone. The magnetic field is applied in-plane
at the angle 45° to the k-vector, to make the interac-
tion between Rayleigh SAWs and SWs possible.

Our main findings are: (i) the higher SAW dis-
persion branches are exhibited only due to the mag-
netoelastic interactions, (ii) the partial confinement
of SWs within the stripes and nonuniform changes of
SWs’ phase affect their coupling with freely propagat-
ing SAWs.
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