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Preface

Magnonics, a research field that uses spin waves, the collective

excitations of ordered magnetic materials, or magnons (their

quanta), as a tool for signal processing, communication, and

computation, has rapidly grown over the past decade because of its

low-energy-consumption property and potential compatibility with

next-generation circuits beyond CMOS electronics [1].

Magnonics systems investigated up to now are mainly planar

systems based either on insulating or on metallic materials. In

the former case, yttrium iron garnet (YIG) films with an artificial

micron-size periodicity have been mainly used as model systems to

demonstrate new magnonic functionalities due to their low damping

and long spin-wave decay length [2, 3]. Metallic materials are

polycrystalline magnetic alloys (NiFe and CoFeB) that offer a better

perspective to meet the industrial demand for miniaturization

and integration. Their drawback is the relatively high spin-wave

damping, which prevents propagation above a few microns [4, 5],

but this can be compensated by downscaling the lattice periodicity

to the nanometric size, thanks to the new possibility of launching

spin waves with submicrometric wavelength by ultrashort laser

pulse [6], spin-transfer torque [7, 8], and the spin Hall effect [9].

Several other strategies have been proposed to reduce the spin-wave

wavelength, such as the grating-coupler effect [10, 11]; magnetic

textures, including vortices [12]; domain walls [13]; and the spin-

wave refraction at the thickness step between films of different

thickness [14–16].

This book provides an overview of recent developments in the

exploitation of the third dimension in magnonics, with special atten-

tion to the propagation of spin waves in layered nanostructures, spin

textures, curved surfaces, 3D nano-objects, and cavity magnonics.
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The interest in 3D magnonic nanostructures follows the latest trend

in CMOS electronics based on the expansion from 2D planar to 3D

vertically integrated structures. To remain at the same technological

level, a similar expansion should be realized in magnonics.

Following this trend, researchers are proposing different strate-

gies to build the next generation of magnonic systems. The first

of them is an extension of planar patterned nanostructures, where

arrays of patterned magnetic dots or antidots have a layered

structure. In this case, the vertical stacking of ferromagnetic

materials, placed in direct contact or separated by a nonmagnetic

spacer, adds new functionality and degree of freedom for controlling

the spin-wave band structure [17–19].

A very promising alternative to physical patterning is based

on the use of hybrid heterostructures in the form of bilayer

systems. These include metal–insulator [10], metal–heavy metal

[20], metal–antiferromagnet [21, 22], and metal–ferroelectric [23]

systems, where new properties of spin waves, such as confining and

filtering, guiding and steering, nonreciprocity and reconfigurability,

and direct and indirect gap in the magnonic band structure, emerge

from interaction between the continuous (flat) magnetic film, in

which spin waves propagate, and the nonmagnetic component,

which induces periodic modulation of either the static or the

dynamic internal magnetic field on the magnetic film itself.

Interestingly, the efficient excitation of exchange-dominated short-

wavelength (down to about 50 nm) spin waves has already been

demonstrated for metal–insulator hybrid nanostructures [24] and

layered nanostructures [25].

Very recently, curved surfaces and 3D micro- and nano-objects,

such as nanotubes, nanospheres, and nanocaps, have been proposed

as model systems to control and manipulate the spin configuration

[26, 27] and spin-wave dynamics [28]. The ground states of these 3D

magnetic structures exhibit peculiar and unexpected spin textures,

which are normally not observed in planar nanostructures and can

dramatically affect the dynamic properties of the systems.

Finally, recent frontiers concerning cavity magnomechanics and

optomagnonics are presented and discussed.

This book contains 11 chapters written by outstanding inter-

national research groups in the field of magnonics, and it can
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be considered as the continuation and extension of the book

entitled Magnonics: From Fundamentals to Application, edited by S.

O. Demokritov and A. N. Slavin, published in 2013 by Springer.

The book is structured as follows:

In Chapter 1, Cottam et al. carry out a predominantly theoretical

study of the spin-wave properties in ferromagnetic nanostructures

consisting of single- and multilayer (or composite) ferromagnetic

nanowires, along with the 1D magnonic crystal arrays formed from

them. The results of the theory are compared with the experimental

findings obtained by Brillouin light scattering spectroscopy and

ferromagnetic resonance. The described dipole exchange theory

is based on a microscopic (or Hamiltonian) approach with a

discrete lattice of interacting effective spins. The long-range dipole–

dipole interactions are evaluated as direct lattice sums and can be

combined with the short-range intralayer exchange and interlayer

exchange (due to RKKY and biquadratic interactions).

Chapter 2 by Graczyk et al. presents the results of spin-wave band

structure calculations of planar magnonic crystals, which are also

inhomogeneous along their thickness. Cases of bicomponent antidot

lattices and arrays of elliptical Permalloy nanodots deposited on

top of a continuous Permalloy (Py) film and of a bilayer system

composed of a dipolarly coupled CoFeB and Py film with the

periodically corrugated surface, in the presence of a Cu spacer, are

presented. In these latter structures, the spin-wave propagation in

a uniform ferromagnetic film is modified by the vertical dynamic

coupling with the patterned element placed above. The chapter

ends with an example of band structure calculations of an fcc 3D

magnonic crystal obtained for nanometric magnetite/maghemite

spheres embedded in the Co matrix.

Beginin et al. in Chapter 3 explore both experimentally and

theoretically single-layer and vertically coupled magnonic crystals

with the meander configuration based on YIG films grown onto

a structured nonmagnetic gadolinium–gallium garnet substrate.

Propagation of different waves such as backward-volume, forward-

volume, and surface magnetostatic waves has been considered.

These vertically integrated 3D magnonic structures open the

perspective to increase the density of magnonic and spintronic
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elements for the fabrication of scalable and configurable magnonic

networks. The authors propose a new strategy of how magnonics

can go in three dimensions, thus staying on the same technological

platform as conventional electronics.

In Chapter 4, Liu, Chen, and Yu address the recent experimental

results based on the hybrid magnonic crystals composited of a

YIG thin film with an array of ferromagnetic Co nanowire arrays

deposited on top. Short-wavelength spin waves in the exchange-

dominated range of the spectrum are observed. Results show that

the interlayer magnon–magnon coupling strength can be tuned by

different magnetic configurations of the Co/YIG bilayer, that is,

parallel and antiparallel orientations of the magnetization in the two

layers.

In Chapter 5, Gallardo et al. study the dynamics of spin

waves under the influence of bulk and interfacial Dzyaloshinskii–

Moriya interaction (DMI), either in thin films or in magnonic

crystals. Calculations are performed within the micromagnetic

theory and using the plane-wave method. Results are substantiated

by micromagnetic simulations. Nonreciprocal properties induced

by different classes of DMI in thin-film magnets are presented and

discussed, with special emphasis on the band structure of a chiral

magnonic crystal created with a periodic DMI.

Hämäläinen, Qin, and van Dijken review in Chapter 6 their

recent work on strain-coupled multiferroic heterostructures and

discuss their potential as programmable hybrids in magnonics

research. They show that multiferroic heterostructures permit the

imprinting of magnetic domain patterns with a regular modulation

of magnetic anisotropy, strong pinning of straight magnetic domain

walls, and electric field control of magnetic anisotropy and magnetic

domain wall motion. All these features represent an attractive

platform for the emission of short-wavelength spin waves, the

confinement of spin-wave modes in structurally uniform films, and

the manipulation of spin-wave transmission.

Albisetti et al. present in Chapter 7 their recent work on spin-

wave propagation control using nanopatterned spin textures in

continuous magnetic films. First, they discuss thermally assisted

magnetic scanning probe lithography and its use for stabilizing

2D magnetic domains, 1D domain walls, and 0D topological
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spin textures with highly controlled properties. A new method

for realizing reconfigurable magnonic crystals, based on periodic

magnetization patterns, is then discussed. Finally, they shift their

focus from micron-size magnetic domains to nanoscopic spin

textures and discuss the use of tailored domain walls for confining at

the nanoscale and steering propagating spin waves. The properties

of confined spin-wave modes have been studied experimentally and

via micromagnetic simulations, and a strategy for realizing tunable

spin-wave circuits based on domain walls for finely controlling the

interference of confined spin-wave modes is presented.

In Chapter 8, Sluka and Wintz give an overview of contemporary

methods for spin-wave excitation and propagation. They focus on

the exploitation of spin textures for the generation and propagation

of spin waves with very short wavelengths as well as on the 3D

nature of such excited waves. In particular, a layered vortex pair

system is discussed as a generator for directional spin waves with

nanometric wavelengths, while domain walls are presented as 1D

spin-wave propagation channels. The spatial profiles of the emitted

spin waves were imaged by means of time-resolved scanning

transmission X-ray microscopy.

In Chapter 9, Mondal et al. present the recent development and

precessional magnetization dynamics and spin waves in different

classes of 3D micro- and nano-objects. This is followed by a

discussion of the advantages of topological magnetic objects with 3D

spin texturing, patterned magnetic multilayers, spin configuration in

a 3D magnetic curved surface, and spin ice over the 2D planar arrays.

Otálora et al. present an analytical description of the

magnetostatic-induced chiral effects on the spin-wave transport in

magnetic nanotubes and compare it to their thin-film counterparts

in Chapter 10. The nanotubes are in a vortex-like configuration, and

spin-wave propagation is considered to be along the tube length for

different nanotube radius. The curvature-induced nonreciprocities

in the spin-wave dispersion relation and in frequency linewidth and

decay length have been investigated.

In Chapter 11, Leo et al. give an overview of the emerging

field of cavity magnonics, analyzing the concepts, key results and

experiments, and perspectives. They first present the basics ideas

about magnon–photon coupling and then discuss the fingerprints
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of a magnon–photon strongly coupled system. Key results are

discussed concerning respectively coupling to high-order magneto-

static modes, in the case of multiple YIG spheres, and to trasmon

qubits. Finally, recent frontiers concerning cavity magnomechanics

and optomagnonics are presented and discussed.

I would like to thank all the participating authors who have

enthusiastically accepted and contributed to this book. Without

their efforts and dedicated time, this project could not have been

successful. I gratefully acknowledge Helmut Schulteiss for preparing

the cover book figure.

I sincerely thank my parents, Angelo and Maria, who supported

me throughout my life and career as a physicist.

Gianluca Gubbiotti
Perugia

2019
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