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3D magnonics

High quantity of elements + new physics " 2alk _ xl f’// f

Inverse-design
magnonics
ChatGPT4:
Any type of computing, incl. neuromorphic “magnonic computer that looks like a human brain”
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The field of magnonics
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ersitat Nanoscale magnonic networks

PHYSICAL REVIEW APPLIED 21, 040503 (2024)
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uRrsitat Roadmap on spin-wave computing

IEEE TRANSACTIONS ON MAGNETICS, VOL. 58, NO. 6, JUNE 2022 0800172

Advances in Magnetics
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wien Spin waves for novel information systems

Neuromorphic

Magnonic
unconventional
computing

Digital data Stochastic

Neuromorphic computing,
holographic memory,
inverse-design magnonics,
nonlinear phenomena,
Ising machines

3D building blocks for magnonic Low-energy manipulation and
networks amplification of spin waves

3D YIG nano-structures, Ni nano-tubes, FEBID and VCMA, multiferroics, ferrite-ferroelectric and
FIBID, 3D ASI, 3D interconnects and magn. crystals ferrite-piezoelectric hybrids, magnon fluxonics

2D building blocks for magnonic networks

Conversion, superconductor hybrids, resonators, curved waveguides, controlled anisotropy, STIRAP

Magnonics at the nanoscale ¥ Quantum

YIG, Co,;Fe,5 , ASI, bias-free nanomagnets, simulations, AFMs, NV magnetometry

Sensing
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3D magnonics
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wien Chapter IV. 3D BUILDING BLOCKS FOR MAGNONIC NETWORKS
IVA. 3D YIG Nanostructures
G. Schmidt
IVB. Conformal Ferromagnetic Coatings for Tubular Magnon Conduits and 3D Magnonic Networks
D. Grundler and J. A. Otalora
IVC. Direct-Write 3D Magnonic Nano-Architectures
O. Dobrovolskiy, F. Porrati, and M. Huth
IVD. Magnonics in 3D Magnetic Meta-Materials
S. Koraltan, C. Abert, and D. Suess
IVE. Magnonics in 3D Magnetic Meta-Materials
R.R. Cheenikundil and R. Hertel
IVF. Magnetic Charge Transport and Spin-Wave Propagation in 3D Nanostructured Lattices 2
S. Ladak and A. Barman g
IVG. 3D Magnonic Crystals and Interconnects

G. Gubbiotti, A.V. Sadovnikov, E. N. Beginin, S. A. Nikitov, C. Adelmann, and F. Ciubotaru

for functional magnonic modules
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Three-Dimensional Magnonics, edited by G. Gubbiotti, 2019

Three-Dimensional
Magnonics

LAYERED, MICRO- AND NANOSTRUCTURES

edited by

Journal of
Applied Physics PERSPECTIVE

scitation.org/journalljap

Prospects toward flexible magnonic systems

Cite as: 3. Appl. Phys. 130, 150901 (2021); doi: 10.1063/5.0055976 @ |'1'| (!)
Submitted: 5 May 2021 - Accepted: 4 October 2021 -
Published Online: 18 October 2021
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LVOI\é%rSItat Three-Dimensional Magnonics, edited by G. Gubbiotti, 2019

Chapter Chapter 1 | 32 pages
P P |32 pag Chapter Chapter 6 | 23 pages
Dipole Exchange Theory of Magnons in Structured Composite Nanowires Emissi d Active Manioulati £ Soin W in Multif .
and Magnonic Crystal Arrays mission and Active Manipulation of Spin Waves in Multiferroic
Heterostructures
By M. G. Cottam, Z. Haghshenasfard, A. O. Adeyeye, G. Gubbiotti e . . ) .
By Sampo Hamdldinen, Huajun Qin, Sebastiaan van Dijken
Chapter Chapter 2 | 34 pages

Chapter Chapter 7 | 34 pages
From 2D Planar Magnonic Crystals to 3D Magnonic Crystals Chapter Chapter 11 | 30 pages

Patterned Spin Textures for Magnonics & Counling in Cavity M ;
By P. Graczyk, P. Gruszecki, S. Mamica, J. W. Ktos, M. Krawczyk, G. Gubbiotti g g T ISR NS

By E. Albisetti, D. Petti, R. Bertacco

By Angelo Leo, Silvia Rizzato, Anna Grazia Monteduro, Giuseppe Maruccio
Chapter Chapter 3 | 38 pages

3D Magnonic Crystals Chapter Chapter 8 | 41 pages

o ) ) Spin Textures as Sources for Magnons with Short Wavelengths and 3D Mode
By E. N. Beginin, D. V. Kalyabin, P. A. Popov, A. V. Sadovnikov, A. Yu. Profiles

Sharaevskaya, A. I. Stognij, S. A. Nikitov ) )
By Volker Sluka, Sebastian Wintz

Chapter Chapter 4 | 16 pages Chapter Chapter 9 | 53 pages

Spin Waves in Magnetic Metal-Insulator Hybrid Nanostructures Precessional Magnetization Dynamics and Spin Waves in 3D Ferromagnetic

By Chuanpu Liu, jJilei Chen, Haiming Yu Nanostructures

By Sucheta Mondal, Sourav Sahoo, Anjan Barman
Chapter Chapter 5 | 39 pages

Spin Waves in Thin Films and Magnonic Crystals with Dzyaloshinskii-Moriya Chapter Chapter 10 | 31 pages
Interactions Spin Waves in Nanotubes: Impact of Curvature on Transport Properties

By Rodolfo A. Gallardo, David Cortés-Ortufio, Roberto E. Troncoso, Pedro By Jorge A. Otdlora, Helmut Schultheiss, Attila Kékay

Landeros
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Why 3D magnonics?
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Motivation befind 3D magnonics

Number of data No problems

: : : : Access to new physics
processing units with heating

(a) Damon-Eshbach geometry

't( Parameters YIG® YIG® (30 nm) CMOse S =
". =
'.,= (100 nm) (7nm) SN
N Area (pm?) 5.58 1016 1.024
i"
::. Delay time (ns) 150 18 6x10
= Total energy 24.6 1.96 35.3 (b)

consumption without *

amplification (aJ)

Wang, et al., Nature Electronics 3, 765 (2020) “Glll ! ::” i
. l _ | a8

10x10x10 nm?3 unit e M‘I ””H I
1x1 mm? chip, one layer: 1010 units l | =
1x1x1 mm? chip: 10%> units Otalora, et al., Phys. Rev. Lett. 117, 227203 (2016)

Andrii Chumak SPICE workshop “Nanomagnetism in 3D” Ingelheim, 02.05.24 Page 12



wien Nanomagnetism and Magnonics

1st row: Noura Zenbaa, Andrii Chumak, Qi Wang, Oleksandr Dobrovolskiy, Barbora Budinska;
2nd row: Rostyslav Serha, Andrey Voronov, Khrystyna Levchenko, Fabian Majcen, Sebastian Lamb-Camarena, Pedro del Real;
3rd row: Richard Emberger, Sebastian Knauer, Simon Peinhaupt, Clemens Schmid; 4th row: David Schmoll, Andreas Hofinger, Aram Sajdak
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Lvrx}l\éﬁrs'tat Engineered nano-volcanoes

Microwave spectroscopy of 3D Nanodisks with crowns [depleted-precursor writing regime]
nanomagnets '
16 nm
18 nm
0 nm
ferromagnet nanodisk -

superconductor _
eIy ofnanemagnet SMIA Designed nano-volcanoes
or a single nanomagnet adaptor

active area made
from a metal or a
superconductor
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universitat 7 )
wien 3D case: “Drum modes” in nanovolcanoes
&6:vm aof - - nar.lovolcano | | | _
i = insulating 1L : . b
Nl G layer . .‘ ' nanovolcano
; 5 |D1j I NV300/200
: 0 100 200 300 S S _ ! - R
X, nm = , :
) - !
CPW 2 T
o d ! |
2| #o\ \R2
i~ Hi(T) I |
: 40 AN A | LW A
V300/200 Oy W Seq@ v 7
20 —~ r ' i nanovolcano
d . i g E D1 i N;V3OO/;220i
' 203 5 T
L ) )NR3OOL20( (( < G I
0 _ ‘ S SR R A
I I = # experiment simulation
2 %\ ' LN
_ : 700 150 200 250 300 <
nanoring  nanodisk x (nm) Oﬂ’h S sl O
Nonuniform demag. field ! 5 10 15 20 25 30
Dobrovolskiy, et al., APL 118, 132405 (2021) Frequency, f(GHz)

Andrii Chumak SPICE workshop “Nanomagnetism in 3D” Ingelheim, 02.05.24 Page 15




Lniversitat
wien

MuMax3 simulations

Mode profiles in nanovolcanoes

S

top view

side view
N
w
N
o
T
N

nanodisk ND300 T | nanovolc. NV300/200

11.67 GHz

) =
o |
>
(2]
> D1
R
>
o
2(Y7.92GHz

11.37 GHz

D3
17.01 GHz

D3

15.05 GHz

R1
21.95 GHz

D4

19.11 GHz

D5

23.66 GHz

spin-wave
amplitude

=

0 05

1

(c) nanoring

24.89 GHz

= Low-frequency modes: volcano crater

Absorb. power (a.u.)

Absorb. power (a.u.)

—

- O

o

experiment
y02 D3 R

nanovolcano
NVBOO/ZOO .

simulation
} ]

N

experime

nanovolcano

V300/220

nt S|mul _tlon
1 ]

10 15

20 25

= High-frequency modes: ring around crater 5
Dobrovolskiy, et al., APL 118, 132405 (2021) Frequency, f(GHz)
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L ersitat Mode profiles in nanovolcanoes

Article

3D Magnonic Conduits by
Sebastian Lamb-Camarena 1%*0), Fabrizio Porrat C h d | | en g es.

Sven Barth 3(9, Denys Makarov ), Michael Hutl

0.75 1.00 1.25 1.50 1.75 2.00
Field strength (kOe)

Quality of 3D Nanomagnets

. . . . Max.
Limited choice of materials
Laser focus 4 % .
10 um g "5 :
) - ‘ Min.

0.50 0.75 1.00 1.25 1.50 1.75 2.00
Lamb-Camarena, et al., Nanomaterials 13(13), 1926 (2023) Feld strength (kOe)
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Nano-scaled directional coupler

nature . ARTICLES Integrated BLS
ele ctronics https://doi.org/10.1038/541928-020-00485-6 intensity (a.u.)
0 051.0
"‘) Check for updates : : —2.25
A magnonic directional coupler for integrated 5
magnonic half-adders
2.25
Q. Wang ®'28 M., Kewenig?, M. Schneider®2, R. Verba3, F. Kohl? B. Heinz®24, M. Geilen?,
M. Mohseni?, B. Ligel®, F. Ciubotaru¢, C. Adelmann©5, C. Dubs ©7, S. D. Cotofana®8, 0 05 1.0
0. V. Dobrovolskiy ©@, T. Briacher?, P. Pirro®2 and A. V. Chumak ®"2X 2 -
4.0 - -0
(igﬁ: 3.8 %:’ o< 168° Waveguide 1 505
-; 3.6 E i 320 nm ]1.32 um
[$] £
e 2
%’_ Ot g Waveguide 2 '0_2_25
T 32 | & -
o K : Stabilization
3.0 o S G . marks ﬂ 0
0 3 6 9 12 15
Wavenumber, k, (rad um™) ' | =
X 2.25
Wang, et al., Nature Electronics 3, 765 (2020)
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Non-reciprocal magnonic directional coupler

T T

IG/CoFeB bilayer L =

Lk # Lk

Ak - |kas_ks|’

Frequency f(GHz)

=20 o 0 10 20 At a special frequency where L_;, = 2 X L
Wavenumber £, (rad/um)
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y\niversitat k-resolved BLS results
YIG(100)/CoFeB(40) film YIG(100)/5i0,(5)/CoFeB(40) film
9.5 9.0 ITEEN R0 T TR

. Experimental data at By= 200 mT|
Numerical simulations ‘

= Experimental data at B,= 200 mT| 7 *
Numerical simulations

9.0 - BT

oy =5 851
N

:rl\:J 5 N
Oss =
i =
%) &8.0
S o)
® 8.0 =
=
3 o
L L 7.5

75

76 _ T ..L'lf'..‘ e 70 i i .d“ 1” H

-10 0 -20 -10 0
Wavevector k (rad/um) Wavevector k (rad/pm)
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wien Fabrication of the non-reciprocal coupler

SEM HV: 2.0 kV WD: 8.40 mm I | MIRA3 TESCAN SEM HV: 2.0 kV WD: 8.91 mm | | MIRA3 TESCAN SEM HV: 2.0 kV WD: 8.88 mm MIRA3 TESCAN
View field: 15.0 pm Det: SE View field: 12.6 pm Det: SE 2 pm View field: 11.7 pm

SEMMAG: 9.25kx | Date(m/dly): 10/13/23 Ceitec Nano SEMMAG: 11.0 kx | Date(m/dly): 08/05/23 Ceitec Nano SEMMAG: 11.9kx | Date(midly): 08/05/23 Ceitec Nano

Andrii Chumak SPICE workshop “Nanomagnetism in 3D” Ingelheim, 02.05.24 Page 22



Jgrsitat 3D magnonic directional coupler

IG/CoFeB bilayer L=2 = ._Mﬁcpgtroyggrﬁoygj{ing!

| v
Ak |Kas—Ksl

Frequency f(GHz)
o0

=20 o 0 10 20 At a special frequency where L_;, = 2 X L
Wavenumber £, (rad/um)
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Wl\éﬁrs'tat Bulk and Surface Modes in 3D Nanomagnonic Networks
RESEARCH ARTICLE ‘)IVIDX%ENR?EII.)S

www.advmat.de

Realization and Control of Bulk and Surface Modes in 3D
Nanomagnonic Networks b

D

Ferromagnets
Huixin Guo, Axel J. M. Deenen, Mingran C h a | |e N ge -
Adv. Mater. 2023, 35, 2303292 “' §
I
—> Spin-wave excitation and detection 2|
5
3
%)
I
m4
e two-photon-lithography (TPL) 2
e 3D nanonetworks conformally coated with a Ni shell

e plasma-enhanced ALD
e BLS measuremetns of thermal spectrum

N

/\/;50 mT]

—_— ﬁttmL

/\/\2/(\)0 mT]
— ﬂtting

/J\GO mT
—— fitting

ml\)-hl\)-h

/\ 100 mT,|
\f ttmg

/\ 50 mT
. A_c fitting,

10 20 30
f (GHZ)
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wien Spin-wave dynamics in gyroid nanostructures

APPL'ED&MATERIALS

INTERFACES

Open Access

This article is licensed under CC-BY 4.0 @ @

www.acsami.org

Collective Spin-Wave Dynamics in Gyroid Ferromagnetic

Nanostructures

Research Article

Mateusz Golebiewski,* Riccardo Hertel, Massimiliano d’Aquino, Vitaliy Vasyuchka, Mathias Weiler,

Philipp Pirro, Maciej Krawczyk, Shunsuke Fukami, Hideo Ohno, and Justin Llandro

Cite This: ACS Appl. Mater. Interfaces 2024, 16, 22177-22188 I: I Read Online

* unit cell of the investigated gyroid
sample measures 50 nm

* volume fraction of approximately
10% (4 nm node)

* block copolimer

* micromagnetics and FMR

Intensity (arb. units) {(}'gg'ri .?}_Q} (d) 1.0 i
max < - S
» .'.:’.‘.\. l:‘?‘f.'o -:.’;'.'_
theory Q PR R
. . = PR NI L P Y
2 g FpAv AT A
5 Lo 4, S0 .':':P" -
I B
= . = —_—
a e uniform Ni = [100]
i i 2 0.6 e gyroid § m— [110] > 6X6X6
-0.5 -025 0 025 0.5 0 025 05, E  |gob ) [111)
Magnetic flux density (T) Magnetic flux density (T) € S (100]
S 0.4 g o [110]}4x4x4
- -
’ s 2 0 2 4 6 8 10 “ o 1 16
0O 0.1 0.2 03 04 05 Frequenc (GHZ)
Mag. flux dens. (T) q Y
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Lvrx}l\éﬁrs'tat Coherent spin waves in a 3D ASI

NANO@ * two-photon-lithography (TPL) + thermal evaporation

N

€19

pubs.acs.org/NanoLett

Observation of Coherent Spin Chal Ienge. ns of coherent magnons
Artificial Spin Ice Structure

Sourav Sahoo, Andrew May, Arjen van Den Berg,

—> 1
Cite This: Nano Lett. 2021, 21, 4629-4635 S h a d O W | n g e-l:fe Ct

(b) M21.8 kOe

—> Localised spin-wave source

—> 3D spin-wave detection

BLS counts (arb. units)

5 10 15
Frequency (GHz)
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3D spin-wave mapping

nature communications a

CP X-rays

Lamlnography axis
O

Article https://doi.org/10.1038/s41467-024-47339-9 Soe S0 oo
Three-dimensional spin-wave dynamics, ' “
localization and interference in a synthetic

antiferromagnet © oo 0000 eecs soe

Received: 16 June 2023 Davide Girardi®", Simone Finizio ®?2, Claire Donnelly ® 34, Guglielmo Rubini',
Sina Mayr?%, Valerio Levati®", Simone Cuccurullo', Federico Maspero®’,
Jorg Raabe ®2, Daniela Petti®'' ' & Edoardo Albisetti®’

Accepted: 28 March 2024

CoFeB NiFe

Published online: 09 April 2024

le—'x -1.2 ~v] 1.2 \
Nature Communications | (2024)15:3057 ¢ @@ s0ee e .-.-C oa
e SAF: CoFeB50/Ru0.5/NiFe40/Ru 4 (nm) P N e[S, #
* time-resolved magnetic laminography e SN ¢ A
e the full 3D landscape of coherent propagating spin waves &
was reconstructed o o0 00 a0 sov e 0 02 04 05 08 10 12 14
Distance (nm Time (ns)
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Inverse-design
magnonics

ChatGPT4:
Any type of computing, incl. neuromorphic “magnonic computer that looks like a human brain”
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wien Inverse-desigh concept

50¢, 36°

XPude Puds X9ud 1000nm
Xl 3=de Xuds Sl 3¢ 1300nm
1685 (e) W D.sell, et al. Nano letters 17, 3752, 2017

Frequency (GHz)

1 2 - LENN L AL DR P T DL
01 2 3 4 5 6 7
Wavevector (rad/um)

Inverse design

Input ) Geometry (design) { Output |

1.8—_ (eD

1.0

o
3

Frequency (GHz)
Far Field intensity (a.u)

g
o

1-2-'l'|-|'|'1'|' . ‘:‘
012 3 45686 7 0(deg)

Wavevector (rad/um) W F callewaert, et al. Scientific reports 8, 1, 2018
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Magnhonic demultiplexer

Design Region
(*) Bew=200mT 1um Output 1 Yttrium Iron Garnet (YIG):

- >
A

s —f Igoo nm M, = 1.4%105 A/m
—

Input waveguide

A=35pl/m
I3oo nm  fith - P
oa=2x10"
VI I ~ 1 I3OO L thickness = 100 nm
, > / Output 2 Cell size: 20 nm

f1:2.6 GHZ, 7\;1:2Mm
f2:2.8 GHZ, 7\,2=1Mm

100 nm

100 nm

Wang, Chumak, Pirro, Nature Commun., 12, 2636 (2021)
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uRrsitat Inverse design algorithm

Initial 1.,
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Wang, Chumak, Pirro, Nature Commun., 12, 2636 (2021)
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() \ersitat Inverse-design (de-)multiplexer
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Wang, Chumak, Pirro, Nature Commun., 12, 2636 (2021)
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Nonlinear spin-wave switch

. 100 —e— QOutput 1
S\O/ —— QOutput 2 !
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Excitation field » (mT)

Inverse-designed nonlinear
spin-wave switch works!

Spin-wave amplitude (a.u.)

Wang, Chumak, Pirro, Nature Commun., 12, 2636 (2021)

Andrii Chumak SPICE workshop “Nanomagnetism in 3D” Ingelheim, 02.05.24 Page 34




Nonreciprocal magnonic circulator

Spin wave f=2.6 GHz

_>

Port 1 &= -'W—

]
,"‘ :‘ Port 2
Port 3 -.-L -

Spin wave

Spin-wave amplitude (a.u.)

Advantages compared to
inverse-design photonics

1) Scalability
(10 nm was shown)

2) Pronounced nonlinearity

3) Natural nonreciprocity

Wang, Chumak, Pirro, Nature Commun., 12, 2636 (2021)
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Nanoscale neural network using non-linear spin-wave interference

O

COMMUNICATIONS

'.) Check for updates

ARTICLE

https://doi.org/10.1038/s41467-021-26711-z

Nanoscale neural network using non-linear
spin-wave interference

Adém Papp!, Wolfgang Porod® 2 & Gyorgy Csaba® ®

OPEN

NATURE COMMUNICATIONS | (2021)12:6422 | https://doi.org/10.1038/s41467-021-26711-z | www.nature.com/naturecommunications

Ingelheim, 02.05.24 Page 36

Andrii Chumak SPICE workshop “Nanomagnetism in 3D”



Wl\éﬁrsﬂat Nanoscale neural network using non-linear spin-wave interference

a b 2 input waveguide absorbing boundary C input waveguide
7
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240

N
w
o

N
N
o
Magnetic field (mT)

S350 e . e
.e . .

'TE . -e
'YL L
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Fig. 1 Nanomagnet-based spin-wave scatterer. a The schematics of the envisioned computing device. The input signal is applied on the coplanar
waveguide (CPW) on the left and the magnetic state (up/down) of programming magnets on top of the YIG film define the weights. b Magnets exhibiting
perpendicular magnetic anisotropy are placed on top of the YIG film and generate a bias-field landscape. The training algorithm finds the binary state of the
programming magnets. ¢ Spin-wave intensity pattern for a particular applied input, which results in a high intensity at 0,. The size of the simulation area is
10 pm x 10 pm.

Papp, Porod, Csaba, Nature Commun., 12, 6422 (2021)
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Nanoscale neural network using non-linear spin-wave interference

b 50 mT (nonlinear)

Challenge:

I —> Limited computational
' power/memory

CHCHC)®™ C)C) C) C)

Papp, Porod, Csaba, Nature Commun., 12, 6422 (2021)
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universitat Experimental Demonstration of a Spin-Wave Lens Designed
wien with Machine Learning
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universitat Experimental Demonstration of a Spin-Wave Lens Designed
wien with Machine Learning

5 m  measured wavelength
polynomial fit 145
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Fig.1. Nonlinear trend of the ion-dose-dependent change in YIG. The
modified wavelengths A g were measured in 38 x 38 um regions irradi-
ated with the respective ion dose. Subsequently, the effective magnetiza- 30 40
tion change was calculated from the respective Arg and the spin-wave

dispersion relation. The largest Mgt = 144.7 kKA/m is used as the basis X [um]

for the training.

Kiechle, et al. IEEE Mag. Lett. 13, 6105305 (2022)
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universitat Experimental Demonstration of a Spin-Wave Lens Designed
wien with Machine Learning

BPEL
Challenges:

—> A perfect match between experiment
and numerics is required

measured m, [a.u.]

—>  Simulations are time and energy consuming

Fig. 3. Focusing of spin waves by a machine-learning-designed magnetization pattern. (a) SpinTorch uses the two values M.¢ o and Mg pig @s
training parameters, and constructs a binary nontrivial saturation magnetization map by the inverse-design algorithm. (b) Plane wave propagation
through the pattern in (a) simulated in mumax?. (c) Measured spin wave waveform in the FIB-irradiated magnetization pattern, showing the wavefront
focusing to the center output. The dashed rectangle corresponds to the 50 x 50 um design area used for the training.

Kiechle, et al. IEEE Mag. Lett. 13, 6105305 (2022)
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Experimental inverse-design unit

a I‘}(lv > physics > arXiv:2403.17724

Physics > Applied Physics

[Submitted on 26 Mar 2024]
Magnonic inverse-design processor

Noura Zenbaa, Claas Abert, Fabian Majcen, Michael Kerber, Rostyslav Serha, Sebastian Knauer, Qi Wang, Thomas Schrefl, Dieter Suess, Andrii Chumak

Artificial Intelligence (Al) technology has revolutionized our everyday lives and research. The concept of inverse design, which involves defining a functionality by a human and then using an algorithm to
search for the device's design, opened new perspectives for information processing. A specialized Al-driven processor capable of solving an inverse problem in real-time offers a compelling alternative
to the time and energy-intensive CMOS computations. Here, we report on a magnon-based processor that uses a complex reconfigurable medium to process data in the gigahertz range, catering to the

demands of 5G and 6G telecommunication. Demonstrating its versatility, the processor solves inverse problems using two algorithms to realize RF notch filters and demultiplexers. The processor also
exhibits potential for binary, reservoir, and neuromorphic computing paradigms.

Subjects: Applied Physics (physics.app-ph); Materials Science (cond-mat.mtrl-sci)
Cite as:  arXiv:2403.17724 [physics.app-ph]

(or arXiv:2403.17724v1 [physics.app-ph] for this version)
https://doi.org/10.48550/arXiv.2403.17724 6

Zenbaa, et al., arXiv 2403.17724 (2024)
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Experimental inverse-design unit

Port 2

Zenbaa, et al., arXiv 2403.17724 (2024)
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Connector

49 DC
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Connector

Andrii Chumak
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Ingelheim, 02.05.24
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\éﬁrs ltat First run

Fabian Majcen,
Claas Abert,
Noura Zenbaa
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Propagating spin wave spectrum
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Zenbaa, et al., arXiv 2403.17724 (2024)
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Iegrsitat Direct Search optimization
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; ﬂo Lvr\}l\éﬁrsﬂa’[ Notch filter
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jniversitat Notch filter
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Two-port demultiplexer

DS _ cref__clapp ref__ clapp
Oj - (521 _521,]' )fl,outputlx(521 ) )fz,outputz
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to 5.155 GHz

f2

forangeis 5.18
to 5.185 GHz
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aRrsitat Two-port demultiplexer
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Two-port demultiplexer

DS _ cref_ clapp ref__ clapp
Oj - (521 521,1' )fl,outputlx(521 521']' )fz,outputz
Oun

s —40 4
= ] N 3
M V[ 5 -50 @
§ _eoqlr 'y < 2
@ : : (Ref) Iz = Oun : : e -60 5
= 11 | —- (Ref)Iyz2 = Ourz | 1 § 31
G —80 1 : : = In2 » Oun : : g -70 =
= 1 1 [ In2 = Ours 1 I e )
-100 *H4+—+-+-~+r——++—++—7++—-—+—"L -80 ~

5.15 5.16 5.17 5.18

Frequency f (GHz)
100 A
] —&— Inz = Oyn -30
= ] Ing = O = 3
3\, 75 1 N2 uT3 E 40 g
- n
c 1 o 3
i) i « =
& 50 1 > -50 &
= ] 5 3>
2 ] S -60 W
5 25 g =
2 : & -70 &
0 T T LA I S LB LR R R R B -80
5.15 5.16 5.17 5.18
Frequency f (GHz) Iterations
Andrii Chumak SPICE workshop “Nanomagnetism in 3D” Ingelheim, 02.05.24 Page 51




> Lniversitat
Jwilen

Tenured Senior Scientist position to be
announced soon

e Experimental magnonics

* Group of Nanomagnetism and Magnonics,
Faculty of Physics, University of Vienna

* Tenured (after some period)

Please write to: andrii.chumak@univie.ac.at

ahadin
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Wl\éﬁrs'tat Conclusions
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_ Challenges:
Thank you for your attention! * Quality and choice of nano-materials
* (Localised) SW excitation and (3D) detection
* Limited computational power/memory
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