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About SPIDER

In the future, the miniaturisation of electronic devices— epitomised by Moore’s law — will be
progressively limited by increasing power densities and the associated chip heating. Moreover,
autonomous microelectronic applications, for example for the Internet of Things, demand high
performance at ultralow power. Therefore, much research has recently focused on disruptive computing
technologies that limit power consumption and optimise performance per circuit area. Spin wave
computing is a disruptive spintronic technology that uses the interference of spin waves for computation
and has considerable potential for power and area reduction per computing throughput. Despite much
recent progress in the realisation of spin wave logic gates, no concept for a complete computing system
exists today that is based only on spin waves. Thus, to advance from devices to systems, spin wave
devices need to be complemented by CMOS in a hybrid spin wave—CMOS system. Using an
interdisciplinary approach joining partners with expertise in materials science, physics, device
manufacturing, electrical engineering, circuit design, and packaging, SPIDER targets the demonstration
of a complete operational hybrid spin wave—CMOS computing system. To date, complex spin wave
circuits are yet to be realised. SPIDER targets to fill this gap by developing spin wave logic circuits
based on majority gates. To embed these circuits into a CMOS environment, SPIDER will design mixed
signal CMOS chips that can drive spin wave circuits and read out computation results. The spin wave
and CMOS chips will then be combined on an interposer to obtain the final hybrid system. This work
will pave the way towards viable spin wave chips and provide a first benchmark of spin wave computing
at the system level. Based on the results, SPIDER will then develop a roadmap to advance spin wave
technology to compete with CMOS in technology nodes below 1 nm.
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Publishable

This deliverable D7.2 - First communication, dissemination, and innovation activity report, covers
the communication, dissemination, and innovation (exploitation) activities of the SPIDER project during
the last 12 months.

This deliverable will be updated twice more during the project, in month 26 (D7.3) and at the end
of the project, in month 42 (D7.4).

D7.2 — First communication, dissemination, and innovation activity report 4/32



S PI DE R

Contents

O 10} o To [ ot f To T o P PO ST PU RO VSRR 7
1.1. Objectives of commuNiICation @CtiVItIes ......ccccuiieiiiiiiie e e 7
1.2. Objectives of dissemination actiVities.......cccuviiiiii i e e e 7
1.3. Objectives of iNNOVALIoN ACHIVITIES .....eiicciiiiiiciiee e e e 7

2. CommMUNICAtION @CHIVITIES ..eeiiiiiiiee et s e s e s e s s 8
2.1, COMMUNICALTION FESUILS ..eeuiiiiiiiiieieeitte ettt sttt ettt esb e saeesaeesane e 8
2.1.1. Traffic on the Project WEDSItE ........uvvviiii i 8
2.1.2. Traffic on social Media (LINKEAIN) ......eeiiiiiiiiiiieee e e e e eaaes 10

3. DisSemination @CtiVITIES......ceiiiiiiie e e 12
3.1. Posts 0N the Project WeDSITE .......cciv i e e e s e enra e e e 12
3.2. Posts 0N SOCIAl MEAIAL ...ciiiiieieeeie e et 13
3.3. Participation at conferences, workshops, exhibitions, seminars, and networking events........ 15
3.4. Publications in conference proceedings, journals, and specialized magazines..........cc.uu....... 17
3.5. Dissemination actiVities Per PartNer ...cccccceeeeeeieiecececeee s 17
3.5.1. 1YL L G PP P PP PP P PPPPPPPPRPPPPPRPPRY 17
3.5.2. LIS 10 TP PP S P PRUPR PP 18
3.5.3. AKRONIC ...ttt ettt e e e e ettt e e e s e s bbb et e e e e e sesauanbbeeeeeeesesaannsnaaeeesesanaunns 18
3.5.4. RTPU ettt et s e sttt et e b e sh e e sate st e s bt e bt e bt e smeeemeeemteenneereens 19
3.5.5. 1Y PP P PP PP PP PP PP PPPPPRPPPPPRPRPRY 21
3.5.6. FraUNNOTEr ...t sttt b e s s et reenre e 23
3.5.6.1.  Conference CONTIBULIONS......cc.eiiiiiieiieeeie et et e s e 24
3.5.6.2.  Social Media Channels.........ccoiuieiiiiiii e 25
3.5.7. TALES e e e b e s ne e e b e e e b e e e enr e e s reeennreas 30

4. INNOVAtION ACHIVITIES ...eiiiiiiiiiiiiiiii e 31

LT Oo o [ol (U1 To ] o 1 OO P R PRPOTOUPRURIO 32

D7.2 — First communication, dissemination, and innovation activity report 5/32



9]

S PIDER

m

List of acronyms, abbreviations and definitions

Abbreviation Definitions

EC European Commission
GA Grant Agreement
KER Key Exploitable Result
WP Work Package

D7.2 — First communication, dissemination, and innovation activity report

6/32



S PI DE R

1. Introduction

This deliverable describes the communication, dissemination and innovation activities carried out
in the past 12 months under Work Package 7: “Dissemination, communication and exploitation”. The
main objective of this work package is to ensure the largest possible visibility, impact and uptake of the
project - generated results and findings in support of the widest-possible adoption of delivered
innovations in the broad electronics ecosystem. WP 7 aims at providing and executing communication,
dissemination and exploitation strategy of the project and its development.

In this deliverable 7.2 we will describe the communication, dissemination and innovation activities
carried out in the last 12 months.

Table 1: Overview of deliverable D7.2.

First communication,
D7.2 dissemination, and RTPU R SEN Mi12

innovation activity report

1.1. Objectives of communication activities

The objectives of the communication plan are to:

* Create an identity to the project through graphically coherent material including the
development of a website and logo.

*  Define the communication activities and the responsible partners for the implementation.

1.2. Objectives of dissemination activities

The objectives of the dissemination plan are to:

* Identify the target groups, communication tools and distribution channels for the project
dissemination and communication activities.

*  Plan how to share the knowledge gained in the project, i.e. to which target groups each activity
and results are relevant, as well as the adequate channels to address these.

* To communicate and disseminate results to regional, national and international channels.

*  Define how to engage the community into adopting the results of the project.

* Interact with a wide audience through the internet, promotional materials and events.

1.3. Objectives of innovation activities

The objectives of the Innovation plan are:
- To systematic capture the exploitable results, related IPR and other exploitation, while
monitoring intellectual property rights, regulations, and other exploitation related issues.
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2. Communication activities

Communication is part of WP7 (Dissemination, exploitation and communication activities) and
more specifically of T7.1 — “Dissemination, exploitation, and communication”. As described in the
Grant Agreement, the main objective of the communication is to identify all stakeholders and make
them aware of the project. A communication plan (D7.1) was rapidly released (in January 2023) to
identify target audiences/stakeholders and briefly list the planned dissemination channels/tools in use
by the SPIDER project partners.

As described in the Grant Agreement and in the D7.1 report, these dissemination channels/tools
include:

e Posts on the project website and in social media (LinkedIn)
e Participation to conferences, workshops, exhibitions, seminars, and networking events

e Publications in conference proceedings, journals, and specialized magazines

2.1. Communication results

2.1.1. Traffic on the project website

The SPIDER project website (Spider Horizon (spider-horizon.eu)) has been set up at the beginning

of the project. It provides general information about the project including the technology objectives,
SPIDER’s concept and approach. It presents all project partners with the possibility to sort by R&D
centers, universities, SMEs and larger companies. A direct link to the social media platform LinkedIn
(see below) has been implemented.

PROJECT ~ TECHNODLOGY ~ PARTNERS RESULTS ¥ NEWS/EVENTS ¥

COMPUTATION SYSTEMS BASED ON HYBRID -
SPIN-WAYE-CMOS INTEGRATED
ARCHITECTURES. -

Figure 1: Homepage of the SPIDER project website.

Google Analytics tool has been set active since December 2023, to monitor the website traffic and
activities. Below is the report drawn on 15 Janurary 2024.
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2.1.2. Traffic on social media (LinkedIn)

We started to place regular post on LinkedIn (https://www.linkedin.com/company/spider-horizon-

project/) to provide the followers with information about the project progress, but also about
presentations of the project and its results on international conferences and other scientific events.

By the end of December 2023, the total number of followers on SPIDER company LinkedIn page
has reached 134. Below is the activity report generated on 15" January 2024,

Visitor metrics @

All pages ~ All filters

onda 1, 2024 JE

75 A % Mondav. Jan 1. 20
- 7 ) Y
i [}
/ \ /,' “\ === Mobile 11 e 0% previous meonth
H R\ = Desktop 7 ¥ 68% previous month ]
!
]

]

Figure 2: Visitor metrics of the SPIDER page on LinkedIn (from Jan.2023 to Jan.2024)


https://www.linkedin.com/company/spider-horizon-project/
https://www.linkedin.com/company/spider-horizon-project/

Visitor demographics @

Industry -

Research Services - 195

Semiconductor Manufacturing - 73 (14%

Higher Education - 29 (5.6%)

Security and Investigations - 29 (3.6%

Construction - 24 [4.5%)

Software Development . 17 (3.3%

IT Services and IT Consulting - 171 [2.1%

Venture Capital and Private Equity Principals - 5 (1.5%

Food and Bewverage Services - 7 [1.3%

Retail Art Supplies - 7 {1.3%)]

Figure 3:Visitor demographics per industry (from Jan. 2023 to Jan. 2024)
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3. Dissemination activities

In this part, we give a brief overview of the dissemination activities that have been performed by
the project partners in the last 12 months. This includes articles/proceedings/journals, participation to
conferences/workshops and involvement in networking events.

As described in the GA and in the D7.1 delivery report, these dissemination channels/tools include:

e Posts on the project website and in social media (LinkedIn)
e Participation to conferences, workshops, exhibitions, seminars, and networking events
e Publications in conference proceedings, journals, and specialized magazines

3.1. Posts on the project website

As project coordinator and lead participant for WP7, IMEC has been setting up the SPIDER project
website (www.spider-horizon.eu) with the following sections: Project, Technology, Partners, Results,

News/Events (see Fig. 1). The Project and Partners sections contain static information that is not
changed during the project, unless changes are required following an amendment to the Grant
Agreement, that is accepted by the EU commission. The Results and News/Events contain information
that is updated regularly by IMEC and RTPU depending on when the information becomes available.
All the deliverable reports (or at least the publishable summary in case of confidential deliverables) are
uploaded in the Results section as soon as they become available. Latest news (interviews with project
participants, press releases, etc.) and events (upcoming conference/workshop, webinar, etc.) are the
subject of short posts that are published in the News/Events section. Finally, publications in conference
proceedings, journals, and specialized magazines are listed in the Publications section with the full
details available (Authors, Journal, Publisher, Publication date, DOI) to ensure open access.

Overall, the project website is a key tool to disseminate the project results. It’s also useful to increase
the audience of the electronic newsletter and redirect visitors towards the project accounts on social
media (LinkedIn) and vice-and-versa.
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Figure 4: SPIDER project website - Latest News/Events

3.2. Posts on social medial

Social media platforms such as LinkedIn can be effective tools to increase the participation and
awareness among the SPIDER project target audience/stakeholders (Members of the (EU)
semiconductor and chip manufacturing industry, international electronic companies buying EU-made
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technology, academic and industrial R&D communities, decision makers of the Member States and the

European Commission, the general public). Therefore, SPIDER project account has been created on
LinkedIn with all contributing partners as content admin. So far, the SPIDER project has gathered over

130 followers. Posts are made by all members.)

SPIDER project (Horizon Europe)

Computation Systems Based on Hybrid Spin - wave - CMOS Integrated Architectures

Bl e it e me e 27 L - 17 Fmllmaar T mmee e Esr
NOn-profit Lirganizations « Leuve 1 Tollowers « B-1 eEmpoyees

% Florin & 13 other connections follow this page

 Following | (EEILEL e

Home About Posts  Jobs People

SPIDER project (Horizon
Europe) - SPIDER project (Horizen Europe)

121 followers

- SPIDER project {(Horizon Eurcpe) reposted this

;:-@

@ Images Videos Articles Documents

SPIDER at the CAS International Semiconductor Conference,

Ads

i»

Sort by

by Top

Two members of the SPIDER consortium (Sorin Cotofana and Philipp Pirn ...z2e more

9 - “‘ Celebrate & Comment

Figure 5: Post made by contributing member on LinkedIn company page
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3.3. Participation at conferences, workshops, exhibitions,
seminars, and networking events

Participating to conferences, workshops, exhibitions, seminars and networking events is an
excellent way for SPIDER project partners to communicate about the project results and exchange
with the different target audiences (specialists, material and equipment suppliers, potential customers
and end-users, general public, policymakers, etc.). The SPIDER project partners were able to
communicate about the SPIDER project at multiple conferences, workshops, webinars, and exhibitions
as can be seen from the overview in Table 2 on the next page.

D7.2 — First communication, dissemination, and innovation activity report 15/32



Table 2: Dissemination activities by SPIDER members by the end of Dec.2023

Type of L
. . Event name Dates Author (Affiliation)
Dissemination
SPEAR Workshop on
. . . Gothenburg, . o o . o .
Invited Talk Spintronics for beyond- 20.-22.03.2023 (Sweden) Boolean spintronic logic gates and circuit benchmarking Florin Ciubotaru (imec)
weden
CMOS
. Sendai Spintronic logic: from transducers to logic gates and . )
Invited Talk Intermag 2023 15.-19.05.2023 o Christoph Adelmann (imec)
(Japan) circuits
) ) Sendai ) ) Martin Hempel (Fraunhofer
Plenary Discussion Intermag 2023 15.-19.05.2023 Magnetics for tomorrow’s chips
(Japan) 1ZM)
Social Media Different platforms 15.08.2023 Online Future Chips PR (Fraunhofer IZM)
2023 IEEE 13th
) International Conference Bratislava, | Spin Wave Based Computing: Promises and Hurdles on )
Invited Talk ) 10.-15.09.2023 ) Sorin Cotofana (TUD)
“Nanomaterials: (Slovakia) the Road
Applications & Properties”
46" International Sinai
inaia
Invited Talk Semiconductor 11.-13.10.2023 R i) Magnon Spintronics — Processing data with Spin Waves P. Pirro (RPTU)
omania
Conference (CAS) IEEE
46™ International Sinai
inaia
Invited Talk Semiconductor 11.-13.10.2023 R ) Spin Wave Based Threshold Logic S. Cotofana (TUD)
omania
Conference (CAS) IEEE
15th International ] A.C. Bunea,
) Horizon Europe SPIDER (grant nr. 101070417) — )
) Conference on Physics of ) L D. Neculoiu,
Oral presentation ) 19-26.11.2023 Egypt Romanian participation in the development of beyond .
Advanced Materials ) A. Cismaru
CMOS computing systems
(ICPAM-15) (IMT)
. A. Van Zegbroeck,
18™ ACM International o
) P.Anagnostou, S. Hamdioui,
) Symposium on Nanoscale Dresden, ) ) )
Oral presentation ) 18-20.12, 2023 Spin Wave Threshold Logic Gates C. Adelmann, F. Ciubotaru
Architecture Germany
and S.Cotofana
(NANOARCH)

(TUD, imec)




3.4. Publications in conference proceedings,
journals, and specialized magazines

Publications in conference proceedings, journals and specialized magazines are an effective to reach
to the R&D and academic communities and members of the semiconductor industry.
By the end of project month 12, there has been two publications:
e (. Adelmann, F. Ciubotaru, F. Meng, S. Cotofana and S. Couet, "Spintronic logic: from
transducers to logic gates and circuits", 2023 IEEE International Magnetic Conference -
Short Papers (INTERMAG Short Papers), Sendai, Japan, 2023, pp. 1-2, doi:
10.1109/INTERMAGShortPapers58606.2023.10228488.
Open access version at https://arxiv.org/abs/2401.10007

e Arne Van Zegbroeck, Pantazis Anagnostou, Said Hamdioui, Christoph Adelmann, Florin
Ciubotaru and Sorin Cotofana, "Spin Wave Threshold Logic Gates”, proceedings of the
18th ACM International Symposium on Nanoscale Architecture (NANOARCH), Dresden,
Germany, 18.-20.12, 2023, in press.

Open access version at https://arxiv.org/abs/2401.12136

In the future, all publication will be made available in an open access public repository, as required
by the EC. In addition, the details of each publication will also be listed on the SPIDER project website.

3.5. Dissemination activities per partner

3.5.1. IMEC

A central goal of IMEC’s dissemination activities is the communication of SPIDER’s concept and
results to the semiconductor industry. IMEC’s activities within SPIDER are embedded in the Industrial
Affiliate Programs on beyond CMOS logic and on MRAM. These programs have numerous partners
from the entire supply chain of the semiconductor industry, including all major integrated device
manufacturers and foundries. In the first 12 months, SPIDER’s concept and ideas have been presented
to the semiconductor industry via dedicated teleconferences (e.g. most recently, a dedicated
teleconference with Intel in January 2024) as well as to a broader audience at IMEC’s semiannual
Partner Technical Week (PTW), where more than 500 people meet onsite (and many more online) for
an update of IMEC’s recent progress. Dedicated presentations on SPIDER’s results will be planned
when system-level data become available.

A second goal of IMEC’s dissemination and communication activities is the creation of a scientific
and industrial community that addresses the understanding of spintronic computation at the system level.
Research on spintronic computation today is focused very much on the device level with little to no
insight into circuits and systems. However, commercial applications can only occur when spintronics
becomes competitive at the system level. Community building was supported by a workshop at IMEC
in April 2023 with participants from both academia and industry. Although the workshop did not focus
on spin-wave approaches only, concepts such as SPIDER’s were very much on topic for the workshop.
The program of the workshop including speakers is shown in the figure below. Discussions to continue

by organizing additional workshops with a similar audience are ongoing. The groundbreaking results of


https://arxiv.org/abs/2401.10007
https://arxiv.org/abs/2401.12136

SPIDER will then become of great interest to discuss future directions of microelectronic applications
based on spin waves.

Day 2. Friday April 14c

0%.30 Arrival at Imec [ Coffee

) 9.00 Markus Becherer (TU Munchen)
10,00 Workshop introduction (Sebastien Couet) I focus: lon beams for magnetic patteming
10.30 Guillaume Prenat (Spintec) . .
Spintronics: from device to system for low-power, reliable applications and non-conventional 10.00 Jean-Anne Incorvia (U. Austin)
computing Progress and Challenges of Domain Wall-Magnetic Tunnel Junctions for In-Memory and

Neuromerphic Computing
11.30 Mehdi Tahoori (KIT) 11.00 Coffee break

12.30 Lunch / Coffee / Discussion
11.30 Azad Naeemi (Georgia Tech)

14.00 Felix Casanova (CIC Nanogune) Physical Modeling and Design for Current- and Voltage-Controlled Magnetic Devices and Their
Progress in magnetoelectric spin-orbit (MESO) logic Application in Compute-in-Memary
15.00 Panel discussions (moderated by Francky Cathoor) ) 12.30 Lunch
* System needs for an efficient spin-based compute imp n (457)
16,00 Robert Chau (Intel) 13.30 Alice Mizrahi (Thales)
16,45 Panel discussions (moderated by Christoph Adelmann) 14.30 General discussion & wrap-up

s What breakthroughs are needed for spin devices to be viable beyond CMOS
candidates! (457)

Figure 6: Program of IMEC workshop on spintronic systems in April 2023

3.5.2. TUD

TUD strategy is to make known SPIDER’s theoretical and experimental results within the academic
environment. Specifically, our target is the further spread of knowledge on spin wave devices, circuits,
and computation paradigms within similar fields and to future professionals. To achieve that, we plan
to publish our results and conclusions in collaboration with the other SPIDER partners in conferences
who mainly focus on magnonics and spintronics. The goal is to increase the interest and research in the
field of spin waves by showing their true potential. These publications will mostly materialize from the
start of the second year of the project when our results will be thoroughly examined and analyzed, but
the first TUD lead scientific paper has been already presented at 18th ACM International Symposium
on Nanoscale Architecture NANOARCH), Dresden, Germany, 18.-20.12, 2023 and uploaded in arXiv.
Apart from publications, preprints of publications will be uploaded to arXiv enhancing in that way the
accessibility to a wider public. Invited talks and keynote addresses within domain related conferences
and/or other public events are also envisaged, as they constitute a very effective dissemination avenue.
During 2023 TUD members gave invited talks at 13th IEEE International Conference “Nanomaterials:
Applications & Properties”, 10.-15.09.2023, Bratislava, (Slovakia) and 46th IEEE International
Semiconductor Conference (CAS), 11.-13.10.2023, Sinaia (Romania), and, as SPIDER project evolves
we plan to continue following this dissemination thread. Last, but not least, we also plan to expose
Electrical and Computer Engineering (ECE) students to the Spin Wave technology by including its
fundamental concepts within the graduate level ECE curriculum.

3.5.3. AKRONIC

Akronic is exploiting two parallel paths with regards to dissemination and communication. One is
to exploit LinkedIn, where through posts of individual Akronic members or through the company’s
LinkedIn page or the project’s LinkedIn page, we communicate the progress of the project and various
developments. The second is through publication of papers in scientific journals as open access articles
and in peer-reviewed conference proceedings. In this way, we will target both industrial and academic
communities in the fields of future computing systems and RF/mm-wave microelectronics. We aim to
participate in conferences in the field of microelectronics and circuit design. These conferences, in

D7.2 — First communication, dissemination, and innovation activity report 18/32
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addition to a publication that can be referenced by others, will allow Akronic to receive valuable
feedback from experts in the field, share knowledge and meet others working in relevant fields. They
also give the opportunity for more people to become familiar with Akronic, its services and products, as
well as with the SPIDER project. The latter will be of great value to the microelectronics community,
as magnonics is a growing field that is not yet attracted much attention from this community. Following
experimental validation of the microchips we will design and fabricate we will aim towards journal
papers, focused on the microelectronics we will develop, while other papers will follow through the
combined work with our SPIDER partners when the different project elements come together to form a
complete system.

Examples of social media posts (LinkedIn) can be seen below:

n Akronic
1 ]

Akronic is excited to announce its participation in the consortium of the Horizon
Europe-funded project, SPIDER.

Want to stay up-to-date with what is going on with the SPIDER Horizon Europe

SPIDER (Computation Systems Based on Hybrid Spin-wave-CMOS Integrated project? Follow our Page for the latest updates.
Architectures) is a 42-month project coordinated by imec in Belgium. The consortium

is also comprised by University of Kaiserslautern and Fraunhofer IZM Berlin from

Germany, IMT-Bucharest from Romania, Delft University of Technology in the
Metherlands and Thales from France.

Akronic is tasked with developing a CMOS RF mixed-signal integrated circuit as part
of a hybrid 2.5/3D integrated magnonic spin-wave system, aiming to demonstrate the

SPIDER (Computation Systems Based on Hybrid Spin-wave-CMOS Integrated
Architectures) is a 42-month project, developing a hybrid magnonic spin-
wave/CMOS system, aiming to demeonstrate the first ever realizations of adders
composed of spin-wave inverters and majority gates.

first ever realization of an 8-bit adder composed of spin-wave inverters and majority

gates. . A .
#spiderprojecthorizoneurope

#spiderhorizonproject

cﬂ‘i\“ﬁ/s“/“‘i\ SE’.IEEAR’[-anr-oje‘ci(j-lir:i’z.on Europe) | LinkedIn

CCe s

This is a significant milestone for Akronic, as it strengthens further the company’s
R&D capabilities and IP portfolios, by allowing its involvement in cutting-edge
research on next generation microelectronic technologies for computation.

If you are interested to join Akronic’s team and be part of this exciting R&D project,
please send us your CV: career@akronic.com

#spintronics #spinwavedevices #magnonics #hybridsystems #cmos
#microelectronics #rf #horizoneurope #eu #euresearch #collaboration #research
#md g

#majoritygates #fulladder #spinwaves

#analog law #moret pinelectronics

[ v

3.54. RTPU

We want to show that European research and industry is developing disruptive technologies that
lead to more energy efficient integrated circuits. RPTU’s interest to exploit the results generated within
SPIDER is mainly on the side of fundamental research. Hence the target audience is the scientific
community in spintronics and magnonics. These will be addressed by publication of our results in
scientific journals. By publishing the results as open access articles or by making them available on
well-known repositories, such as arXiv, we want to make them accessible to the largest possible
audience. Further we will participate in various international spintronics and magnonics conferences to
present our research outcomes. These conferences are an excellent platform to meet experts in the field,
share knowledge, and receive valuable feedback. We aim to participate in at least two major conferences
every year.

In addition to disseminating the results to the scientific community, we want to make the ideas and
results available to a broader public. As a first start, we could attract a lot of attention for the topic of
spin-wave computing by contributing to an article in the science section of the renowned German
newspaper “Frankfurter Allgemeine Sonntagszeitung” (15.10.2023). In this article, the Spider-Project
is explicitly mentioned and the concept of a CMOS-magnon hybrid is presented to the public including
the principle of a wave-based majority gate. In general, spin-wave computing is presented as one of the
technologies relevant to decrease the carbon footprint of a digitalized word.
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On the one hand, we plan to use the results of the project in teaching, for example in lectures for
university students. On the other hand, we have and will continue to present the project to the public at
local events for the public, such as the "Tag der Physik" (Day of Physics, took place on the 03.12.2023),
“Nacht, die Wissen schafft (“Night that creates knowledge”, which will take place summer 2024) and
other scientific fairs.
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3.5.5. IMT

IMT will mainly focus on disseminating the results of the project in the academic environment and
towards the education of future professionals in the field. We plan to participate in one to two IEEE
conferences per year, mainly in the microwave and microelectronics areas (e.g., IEEE European
Microwave Week, IEEE International Microwave Symposium, IEEE Asia-Pacific Microwave
Conference, IEEE International Semiconductor Conference — CAS). Our dissemination actions will start
to materialize in the second year of the project, when the first experimental results of the system circuit
blocks will become available. The scientific community we target has limited contact with the spin-
wave computing field, which will lead to interesting inter-disciplinary approaches and discussions and
a better understanding on how to reconcile microwave engineering with spintronics. We aim to publish
the results, in collaboration with other SPIDER partners, in high-ranking journals in full open-access
format. Alternatively, pre-prints will be uploaded to online repositories such as arXiv. The publications
will be highlighted on platforms such as ResearchGate or LinkedIn. We plan to organize a dedicated
workshop as a satellite event to the IEEE International Semiconductor Conference in either the second
or third year of the project. One additional dissemination direction is related to graduate and post-
graduate lectures taught to students attending the University “Politechnica” of Bucharest.

During the IEEE International Semiconductor Conference — CAS organized by IMT Bucharest in
Sinaia, Romania in October 2023, a poster showcasing the SPIDER project was placed in the exhibition
area. CAS 2023 was co-located with the 2023 International Conference on Analog VLSI Circuits - AVIC
2023, offering wider exposure to an interdisciplinary audience. Around 200 professionals from public
research institutions as well as private companies were present at the event.

The Abstract entitled “Horizon Europe SPIDER (grant nr. 101070417) — Romanian
participation in the development of beyond CMOS computing systems”, authors Alina Cristina Bunea,
Dan Neculoiu and Alina Maria Cismaru, was presented orally at 15th International Conference on
Physics of Advanced Materials (ICPAM-15) (19-26 November 2023, Egypt). The expenses were
partially covered by a national support action associated with the Horizon Europe projects. Flyers based
on the SPIDER presentation poster from CAS 2023 were distributed to interested parties.
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3.5.6. Fraunhofer

Fraunhofer IZM aims a dissemination of the results through multiple channels and tailored for
different target groups. Initially, the results of SPIDER subsystems and the planned SPIDER overall
demonstrator will be presented in cooperation with the project partners in appropriate journals and at
conferences. Here, we strongly follow the suggestions of journals and conferences made by the partners,
who are already involved for decades in expert circles on magnetic spin waves. Furthermore, Fraunhofer
IZM will publish further technical papers on sub-aspects of packaging. Here too - together with partners
from the consortium - corresponding publications and conference papers will be prepared. In particular,
the specifically developed packaging methods for the phase-correct control (essentially through
precisely controlled lengths) of a large set of channels promises to be of great importance for
applications in wireless telecommunications (5G/6G, WiFi) and radar sensor technology. Since with
such techniques the transmit beam can be precisely controlled by driving different antenna elements
with a defined phase offset. This is presented in technical papers on packaging (e.g. IMPAS, IMPACT)
and on radar conferences (e.g. EURAD and RadConf). In addition to providing highly technical
information about the project and sub-technologies, Fraunhofer IZM will use its established social media
channels to present the main project content in a comprehensible way, even for laypersons in this field,
and to highlight the potential added value of the targeted developments. Likewise, the knowledge
generated in the SPIDER project will be incorporated into university knowledge transfer, as Fraunhofer
IZM will take on teaching activities there in cooperation with universities and colleges. The same applies
to the transfer of knowledge in the context of qualification theses, which are prepared directly at
Fraunhofer 1ZM or are supervised at corresponding institutions. Following this general concept, the

following dissemination activities have been carried out.
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3.5.6.1. Conference contributions

At the Intermag 2023 conference in Sendai (Japan) a special session was organized by Paolo
Bortolotti (THALES) a podium discussion started by the presentation of a slide set was given. The title
was “Magnetics for Tomorrows’s Chips”. The panelists were Andrii Chumak, University of Vienna,
Austria; Martin Hempel, Fraunhofer, Germany; Guohan Hu, IBM, USA; and Nian Sun, Northeastern
University, USA. (https://2023.intermag.org/program/program/special-sessions). In the slide set the

project SPIDER was present as a milestone and proto-typical example for future architectures of
integration of CMOS-based with magnetics-based systems. The slides are shown below.

Computing with Magnetic Waves
Recently started EU project to demonstrate computing based on spin wave majority gates

Major goal

* More energy-efficient way of computing (up to a factor of 100 lower energy consumption)
* Smaller computer chips , =

* Computing with magnetic spin waves instead of electrons . Bump

Goal in project

* Up to now a single logic unit was demonstrated, the connections were made by laboratory equipment.

* In SPIDER, an application (adder) is to be demonstrated as a combination of many logic units (>25)

= System can no longer be controlled with individual laboratory equipment

=> a classical integrated control chip is required =% PCB interposer establishes the connection between the classical IC (Si CMOS
technology) and the novel circuit (spin wave chip)

Conventional Si CMOS IC

Saite 19 04122023 - o = % Fraunhofer
et e - —_= FuDelft s Y romn s A AKIOMIC iz

Challenges and Opportunities
Embedded Spin Wave Circuit

*  Ower 100 high-fregeuency (~10 GHz) channels between CMOS
chip and spin wave circuit

*  Short signal ways with reduced losses

lavers

* Shielding layers (coplanar waveguides, coaxial vias, ground
planes)

CMOS Chip

* control of >100 channels with reliable phase relationship

Spin Wave Circuit

Multiple routing

= excellent platform for setups with a very high number of RF
channels, e.g. in basic research, but also for the next generation
telecommunication via control of the directional characteristic
by phase relationship of the antenna patches

Seite 20

I - it ® 1O E R ‘l'l'l'lec THALES RPTU Z Fraunhofer
== fupelftz @-wmmonmiaa A Akronic -

@ Fraunhaofer 2
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3.5.6.2. Social media channels

In order to make the results of the project accessible to the widest possible audience, IZM has
endeavored to present the intended developments and also more concrete short-term effects of the
developed technologies in a form that is as generally understandable as possible. These presentations
were disseminated via IZM's social media channels in parallel to SPIDER's own channels (with
reference to these). On the one hand, this is intended to arouse the interest of the wider public in the
research topics. On the other hand, it was also important for us to inform interested parties from related
areas of research and industry about developments in the SPIDER project. In particular, we consider
interposer technology with phase-locked control of a large number of channels to be an interesting topic
for this community.

The following is an overview of the published content:

e Fraunhofer IZM website: same article in a German version and an English version :

https://www.izm.fraunhofer.de/de/news_events/tech_news/chips-der-zukunft-koennten-

100-mal-weniger-energie-verbrauchen.html

b

https://www.izm.fraunhofer.de/en/news_events/tech _news/hundredfold-reduction-in-the-

power-consumption-of-future-chips.html
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Using magnetic effects in electrons for a hundredfold reduc-
tion in the power consumption of future chips

Electronic devices are shrinking all the time. At the same time, the computer chips inside them are getting more and mare powerful, but
they are also using more energy, and running hotter. This makes it essential to find new ways toreduce the power consumption of high-
performance computers. A new EU-funded project has brought together a high-profile consortium from science and industry to
nvestigate how changes to the magnetic properties of semicenductors could achieve a hundredfold reduction in the power consumption
of computer chips. Researchers at Fraunhofer IZM are on the team to investigate how the semiconducters” tiny contacts could be

connected.

Download

PR - Using magnetic effects in electrons for a hundredfold reduction in the power consumption of future chips [ FOF 0.27 MB] [

< Download center - images in print guality

e Pressebox as a provider of compiled press releases:
(https://www.pressebox.de/pressemitteilung/fraunhofer-institut-fuer-zuverlaessigkeit-und-
mikrointegration-izm/Chips-der-Zukunft-koennten-durch-Magneteffekt-in-Elektronen-100-mal-
weniger-Energie-
verbrauchen/boxid/11684047utm_source=Belegmail&utm medium=Email&utm_campaign=Aktiv)
e idw online, a portal for scientific press releases (German: https:/idw-
online.de/de/news819148 ; English: https://idw-online.de/en/news819147)
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o LinkedIn including a small video clip and links to the relevant info websites (via Fraunhofer
IZM channel; https://www.linkedin.com/feed/update/urn:li:activity:7097155042486403072 )
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-
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#Press

# Electronic devices are shrinking all the time. At the same time, the computer
chips inside them are getting more and more powerful, but they are also using
more energy and running hoter. This makes it eszential to find new ways to reduce
the power consumption of high-performance computers.

% A new European Union-funded project has brought together a high-profile
consortium from science and industry to investigate how changes to the magnetic
properties of semiconductors could achieve a hundredfold reduction in the power
consumption of computer chips. Researchers at Fraunhofer IZM are on the team 1o
inwestigate how the semiconductors’ tiny contacts could be connected.

More information about it in our newest press releases https:/f owly rywjS0PyvIC

L]

Az a HORIZON project. "SPIDER” (Spin Wave Computing for Ultimatehy-Scaled
Hybrid Low-Pawer Electronics) is supported in European funding funding ID
E01055). The project is scheduled to run from 1 December 2022 to 31 May 2026. It
includes Fraunhofer IZM, the Technical University of Delft. the Rhineland-
Palatinate Technical University of Kaizerslautemn-Landay, the IMT-Bucharest and
the companies Thales and Akronic 2z project pariners, coordinated by the
Interuniversity Microelectronics Centre (imec) of Leuven.

(bersetzung anzeigen

COMPARED TO TRADITIONAL LOGIC GATES WITH THEIR
TWO INPUTS, SPINWAVE LOGIC GATES CAN HANDLE
MULTIPLE INPUTS AND ALLOW NEW COMEINATIONS FOR
THE COMPUTING SYSTEM.

SO0 Sie und 22 weitere Persone Kommentar - £

o  Twitter (now X; https://twitter.com/Fraunhofer 1ZM/status/16913896246759096327s=20)
12:01 nachm. - 15, Aug. 2023 - 95 Mal angezeigt

e Facebook (as video; https://www.facebook.com/watch/?v=1479401352847925)
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3.5.7. Thales

The dissemination activities pushed by Thales are two-fold. On one side, we are monitoring the
latest results of the partners of SPIDER involved in the integration of spintronic devices with CMOS in
order to present these results to Thales Global Business Units (GBUs) and make them aware of the
progress of the SPIDER technology. Secondly, Paolo Bortolotti (Thales) organized two events during
the INTERMAG meeting in Sendai, Japan in May 2023. The first one was a symposium related to
spintronics applications (see figure below) where 5 different partners (including the coordinator of
SPIDER) presented their recent results on the field of integration of spintronic devices with CMOS;
furthermore, a special panel (with participation from FHG) was also organized to discuss the implication
of industrial partners in those activities.

Onsite Session FA
Symposium SG: What is the Place of Magnetic Materials in
Tomorrow’s Chips?

Thursday, May 18, 2:00pm - 5:00pm, Main Hall (Conference Building)

Magnetic materials were always considered “dirty & risky” for integration in production lines. The
emergence of Spintronics as an Emerging Technology is breaking this myth and several example of
integration of magnetic materials with other technologies are now possible. In this special
symposium, we invite representatives from industry and big R&D centers to highlight different type
of integrations and clarify the place of magnetic materials in the Roadmaps of future chips. This
symposium is linked to an Evening Event to further discuss with the main stakeholders.

GuoHan Hu Juue GROLUIER Riccarpo Bertacco
IBM Unité Mixte de Physique CNRS, Politecnico di Milano
ALEX JENKINS Université Paris Saclay Kosuke Mivan
International Iberian Nanotechnology CHRIsTOPH ADELMANN Shinshu University
Laboratory IMEC

Wirite Pulse Widih = 250 ps
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4. Innovation Activities

Since the SPIDER project is still in an early stage, no IP has been generated yet. Nevertheless, the
SPIDER partners are working to identify the results that could lead to potential patents/IP generation,
new products and technologies. This will be the focus of the exploitation of the results in a later stage
of the project.

IMEC possesses background IP that is relevant for spin-wave computing as well as for SPIDER
and/or longer-term successor projects:

Granted patents:

1. Wave based majority gate device, US patent 2018175863, European patent EP3339871,

Odysseas Zografos, Florin Ciubotaru, Christoph Adelmann, Bart Sorée, Granted in October
2019.

2. System and method for applying a magnonic-vector-multiplier arrangement, US 11,599,138 B2,
EP 3 632 840 A1, Christoph Adelmann, Jose Diogo Costa, Florin Ciubotaru. Granted in June
2023.

Pending patent applications:

1. Logic gates based on phase shifters, US 2022/0392683 Al, EP 4 099 571 A1, Florin Ciubotaru,
Christoph Adelmann. Published in December 2022.

2. Magnetoelectric device, US 2023/0012461 Al, EP 4 120 372 A1, Christoph Adelmann, Florin
Ciubotaru. Published in January 2023.

A list of identified key exploitable results is planned to be included in the upcoming report: D7.3 in
month 26 and D7.4 at the end of the project, in month 42.
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5. Conclusions

This deliverable covers the communication, dissemination and innovation activities of the SPIDER
project in the past 12 months.
Here, we present an overview on:
e Report the number of people that were addressed in our dissemination activities.
e Dissemination activities carried out by all partners.
It is a living document that will be adapted during the project to reflect the status of the actions
undertaken and planned. A second communication, dissemination and innovation activity report will be
submitted in January 2025.
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