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Magnonics is a well-established research field in nanomagnetism and nanoscience that addresses the
use of spin waves (magnons) to transmit, store, and process information.
Is it considered as the most promising beyond-CMOS Technology (no Joule heating).
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Magnonic Crystals

Electron Photons Magnons
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* Magnonic Crystals (MC) are a class of
metamaterials  with  periodically = modulated
magnetic properties. The spin wave dispersion is
characterized by magnonic bands separated by
frequency regions where propagation is prohibited
(magnonic band gap).

trap into cavities

Frequency (GHz)
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Tacchi et al, PRL 2012 Duerr et al., APL (2011)
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Discrete Substrate Interplay between intra-
MC ‘omagnet and inter-nanowires
Ferromagnet dynamic dipolar coupling

Non magnetic film

Y
Layered structure

Continuous
MC
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Twisted Magnonics: Moiré superlattices based on twisted antidot lattices

Exchange interlayer coupling
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Vertical magnonic crystals:
CoFeB/Ta/NiFe meander-shaped bilayer

Ly

(a) Ly
Y,
ey 00,
Tal) L2t
N —NiFe(23 nm)
T —CoFeB(15 nm)

A

G‘
CoFeB/Ta/NiFe min " T max

n/a

® ISTITUTO
. o OFFICINA DEI
MATERIALI

Y-direction

CoFeB

2n/a 3n/a 4rn/a

/ 27/ 3l A/
(a)22 R =2 ()22 =
20 '
1 ~ 18
&L
1 <)
Iy

) M e -
0 5 10 15 20
k (rad/um)
Gubbiotti et al, APL (2021)

e ()22

w0
.

10 15 0 5 10 15 20
k (rad/um)

k (rad/um)




® ISTITUTO
. OFFICINA DEI
MATERIALI

Moiré fringes in optics are large area interference patterns produced when a periodic grating
is stacked on another similar one with different spacings or twist angles.
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Single layer Single layer Moire superlattice without (&)

. @  without twist (AB) (b) With twist 6=3.5° (AB) (c)interlayer exchange coupling
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Moiré magnonic antidot lattices in single layer YIG film .Ol" D

YIG thickness = 80 nm, deposited on GGG (111)

a=800 nm (lattice constant); d = 260 nm (hole diameter)
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Phase diagram of the moiré edge mode

Table 1] Mode profiles obtained by p-BLS as a function of twist angle and applied magnetic field.
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Note: Red dashed lines are the guide to the eye for the edges of a moiré unit cell. Spin waves are excited by the microwave
antennas (white rectangles) placed at y = 0. The white stars denote the optimal edge moce profile at each twist angle.
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The edge mode is optimized around
at magic-angle that depends on H
and the twist angle:

* signal intensity

* peak linewidth

* propagation length.
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Spin-Wave Circulator

spin-wave propagation

coupling direction
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. Szulc et al., PRApplied (2020).
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3D Magnonics enables novel functionalities that cannot be achieved in
2D structures and enables more compact device design with lower
power consumption.

Twisted magnonics in the form of morié superlattices is a model
system to study novel spin-wave properties.

‘:;\4! <§ 2024- one open PhD position on 3D magnonics at the

,_ ﬁ University of Perugia for three years.



