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Introduction

This Deliverable content the technical part of the Progress report of the first period, Namely,
includes the explanation of the work carried loyithe beneficiaries and the ovew of the progress.

This FEFCSAproject entittedi Nanoar c hi t e proposalrgathers thirteerN\univesities,
research centers and hitggth industries, belonging to eight European countri@he name
Nanoarchiectronicsc omes fr om t he mer ger of three ke
Ael ect itsa newtschnology, based omanoscaléuilding block, for conceiving, designing
and developing reconfigurable,aative andfunctionalsystem interfaces fdCT applications This
is anew interdisciplinaryscientific areathat addresses the research and applicaiioriee huge
frequency spectrurat the crossroad dElectromagnetics, Metamaterial, Electronics, and Photonics
through the use of Nanotechnologiyd WaveMatter interaction

European societybés grand chall enge in Commu
Security, BieSensing Systems and Imaging Nanosystems, brings today to a large variety
platforms, systems and functionalitiesyifig to address this broad variety of entities in a unitary
frame implies operation and communications in an extremely broad range of frequencies with h
level of functionalities and component integration. This requires an unprecedented level
technol@ical convergence into a revolutionary framework, which has the final vision to unify thg
interaction between humans or systems with the surrounding environment by means of adapt

cognitive, sensorial and scalaliies y st e m iconteetad fwighctreesvisonmentNTX is the

gamechangerenabling technology envisaged to develop such new kind of systems and components

Nanoarchitectronics research can have a direct impact on an extraordinarily wide range of 1
generation communication systems, informatiprocessing devices, environmental sensors and
surveillance equipment, related to future applications in IETesponds to the need of unifying
within the same technologgpnceptsandmethodologiesthe ICT applications i€ommunications,

EnvironmentSensing Systems, Safety and Security, and Imaging Nanosystems

The visionary innovation of the NTX paradigm requires radikciplinary efforts made by

1%

ni

of

gh
of

ive,

ew

borrowing concepts, methods and techniques from Physics, Electronics, Electromagnetics, Material

Scierce, Chemistry, Applied Maths, with special emphasis on Nanotechnology, Microwave t{
Terahertz EngineeringNanophotonics, Plasmonics, Nanoelectroreeg] Advanced Materials. The
percentage of the researchers involvesl 40% in the ICT Engineering (Elednics,
Electromagnetics, Communicationsg0% in Physics (Nanophotonics and Plasmonics), 25% in
Material Science (Nanotechnology) and 10% in Applied Math (Numerical methods).
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The 12 partners of this NTX project are part at@sortium called FORESEENT@ntiers between
Optics and R Extended by Study of Extreme Electromagnetism at Nanoseeh@his a network
of 39 top Universities Research Centermnd HighTech Industries which focusem the NTX
research frontierThe remaining 17 partners are thpdrties of the projecfThis consortium has
constructed the main idea of the new discipline of NThough the study of NTXFORESEEN
partners aim at the integration and the harmonization of the current research actually scattered an
the European search centers and at the unification of concepts, methodologies, technologié

facilities, pertinent tahe Global EM-Spectrum(GEMS)from microwave to optics

1. Objectives

The major objective othis CSAis laying the foundatiorof an evefincreasingNanotechnology
basedsynergybetween Electromagnetics, Metamaterial, Electronics, and Photoni¢s bodst the
future applicatiordriven research through the establishment of an accepted language ama
physicists and engineers, a shared way of thinkanghmmon theoretical foundation and a common
strategy for the futureA second objective is concernemlestablish the boundary, the road map, the
research agenda, and the dissemination pldtaabarchitectronicand its boundary with respect to
existing and initiatives. A third objective is attracting new researchers, especially in early stag
and/or from SME in this new research, by organizing a training program constituted by a cycle

courses on the main research areas of NTX.
To achieve these olggves,NTX is structured in four main activities.

T The AConcepto activity i s devoted t o

nong

£S,

ng
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of

Nanoarchitectronics and its boundaries with respect to other disciplines and to the activity

carried out by other consortia.

T TheAaStrategyo activity identifies the p
consortium in terms of position, i mpact
internal web communication (private), and for dissemination (public).

T The #ADisnseanchaExploitationo activity, i
courses scientific Workshops and special sessiamsconferencesand it is carried out
mainly by the industrial partners of the consortium for the exploitation aspects.

1.2 Concept

Theit CONCE P T 0 is a supportvactiomyth the objectivao establish and define in the most
clean and rigorous way the concepts of Nanoarchitectronics. This is a mutual learning study ph
which is preliminary to other activities and airasrigorously systematizing, homogenizingnd

broadeimg the Nanoarchitectronics priority themes, while identifying the boundaries of the nev
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discipline with respect to those dealt with in established communities. The work packages of t
activity match the three mafiocus research areas (EXEMI, MTX, SFX) ahe transversareain
section 1.1.2 each one comprising the transversal area (MDM, and NAMIg individual

objectivesof this activity are therefore

i.  Definition of the Nanoarchitectronics conceptual framework f r a me wor k 0 ) ;

i. Establishmentft he excell ence inside and outside
ii. Coordination between the research of the
iv. Definition of the crossroads with other
v. Projectononthé ut ure research (Aprojectiono)

Nanoarchitectronics

Nanoscale Material Enginering j

o

r - (NAME) 3
Multiscale Design Enabling Modeling <
(MDM) 3

Extreme ol
Scale EM Surface o
Interactions Metatronics tronics 3
(EXEMI) (MTX) (SFX) O

Focus Areas

Fig. 1Focus areas and transversal aredkénCONCEPT definition

1.3 Strategy

The ASTRATEGYDO activity, identifies t he

consortium. The STRATEGY area cove®® of the budget and involves all the project partners.
The |l ogic structure of the activity is divi
i. APositiono establishes the strategic po:

researchn the international panorama,;
i. Al mpact o defines Nanoarchitectronics fut
iii. AVisiond establishes the research roadma

The oOPositionodo i sswae AWioBH g6 »hsdotulmdnton tivd akeh & d
influence of Nanoarchitectronics in EU and outside EU, aimnaingjving evidenceto the scientific
community that our position is valuable, reasonable, and provides advatdagesscience and
technologyand to @ademic and business entities beyond the present consortium pafimers
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position papemill discuss the usefulness of introducing the new area of Nanoarchitectronics, the

strategic view of the consortium, the connections with -esfablished researcheas, thereasons
why the development of Nanoarchitectronics can improve the future EU competitiveness, which
related to the Al mpacto topic. Tdosifion Pdpenilll t
require balanced contributions from all ypers (this will be the responsibility of the action
coordinatoy . The AVisionod establishes a shared vji
actions to establish Nanoarchitectronics, and the strategic planning and guidance to address

future research. The activity links the lotgrm vision of the consortium with the technological

concreteness between theoretical research and research driven by societal challenges and industrie

competitiveness. The activity will end with Strategic Agenda ar@hdRap, two technical

documents containing the strategic research and the key actors inside and outside the community, the

mapping of the infrastructures, the research areas which need more texpldiee application
overview andhe timelines for the gghications.

1.4 Virtual Networking

The AVirtual Net workingo activities wildl €

private part, accessible to the memsbef the consortiumserves asepository of the private

documentation of the consortium (Minutes of meetings, deliverables, internal presentations,

recording, repors from internal workshops, surveys of facilities). The public part is intended as a
tool for dissemination and growtfithe specific web support actions are called in the following the
AJoi nt common databaseo aaAd sufveyiofrthe carent Red the r

research facilities pertinent to the Nanoarchitectronics research will be specifically perfosied i

this area. The best EU facilities external to the consortium will be also individuated and mapped.

Comparison with the Ufacilities, as far as available will be introduced in the survey.

The AJoint common da teafbtte gesavch iafbrinatiom {presently very x ¢

limited) and will be improved by sharing best practices, research results and adopted standard

Remote access will be provided with a straightforward procedure. The virtual access to the database

will provide sources of # Nanoarchitectronics information to be shared among the parfrers

AVirtual Research Communityo i s a di ssemi

Nanoarchitectronics community can enlarge itself recruiting new followers, yet safeguarding IRR

issuesLinks with social networks gaplay a role in this regards. Thalgic and private aresof the

Virtual Networking conceptuallgoncerndifferent pars of the activity of the project




1.5 Dissemination and Exploitation

Working as the external interface of the project, this activity will provide a set of service
currently mssing This activity will consistoft hr ee part s:, AMDG csosredri mag
int ernational a ct i vThe interasitihs betvmerndthe fraoup dctiwiiigssidettie o n
differentarea are shown in Fi@. This figure also showthe domairof the private and public virtual

networkingareas

Thef Bseminatiod i n cstiemtdicc@mmunication, and spreading of informatidnwill be
carried out through workshops, techni@ald vulgarization articlesechnical reportsand short
course at PhD levels$n particular, he scientific communicatiowill be carried out in conferences
and workshops andhrough the organization of wé&ing days The spreading of information
with/towards citizens and new partners will performed by spreading public information about

NTX, in a simple and clear forramphasizindhe difference withaspect to existing initiatives.

The fAcoor dim@aeili mat iwd n ehk theaNannoarchitettronecs commueity \&ith e
existing or future European organizagoacting in related research areas. Coordination with
international activities will be a fundamental step toward thevor&ing. The virtual retworking

support will be provided at public level.

The fAexploitationo part will be conducted
investigation of the main area of future Apgtive impact of the project.

’7 CONCEPT
Framework

Excellence

- -
Coordination Crossroad — E
. —
i Private :IL:
VN =
S =
Public AREA ;
VN  Doe|  Position — o 3
Impact Vision =
AREA | STRATEGY = —— N 7
I : ) Zz
‘ | =
Spreading of Information, LW — é
Scientific Communication Coordination with Exploitation -
International activities
DISSEMINATION AND EXPLDITATI‘ON (DE)
[

Fig. 2Nanoarchitectronics activities and their interactions

7

ttii

(@)



2 Explanation of the work carried out per WP

Fig. 3 reports the list of WPs and their time development (Gantt chart). Table in Fig 4 synthes
the WPs and Deliverable. Fig. 5 establishes the interaeimong the various WPs of the various

areas. The first year o f activity has been mali

Net wor kingdo areas, |l aying the basis for the

activities, that have beedeveloped only partially, according with the Gantt diagram of the project

Nine deliverables have been submitted in the ECAS Portal, (D1.1, D1.2, D2.1, D2.2, D3.1, D3.

D3.3,D7.2, D11.2.

WP WP Year 1 Year 2 Sart End
Num | Acronym Workpackage name Mont Month
3| &| & & 5| & 8| S| N

WP1 |CON.1 Extreme Scale EM Interactions 0 24
WP2 |CON.2 Metatronics (MTX) 0 24
WP3 |CON.3 Surfacetronics (SFX) 0 24
WP4 [STRA.1 _[Position Paper | 1 ] 6 | 15
WP5 |STRA.2 Strategic Resarch Agenda and Roadmap | | 12 24
WP6 |VN.1 Joint Common Database 0 24
WP7 |VN.2 Virtual Research Community 0 24
WP9 |DEX.1 Dissemination and communication 9 24
WP10 |DEX.2 Coordination with international activities 9 24
wP11 [DEX.3 Exploitation [ T ] 18 | 24
WP12 |MA.1 Project Management 0 24

Fig. 3. Nanoarchitectronics Gantt chart.

Wp Delive ) )
. . Dissem |Deliver
WP # Acrony |Workpackage name rable |Deliverable name Responsible |Type | . o y Data
m #
Extreme Scale EM D1.1 |Report on EXEMI Concept R PU M12
WP1 CON.1 Interactions (EXEMI) D1.2 |MDM and NAME for EXEMI ESPCI R PU M12
D1.3 |EXEMI PhD Course R PU M24
D2.1 |Report on MTX Concept R PU M12
WP2 CON.2 Metatronics (MTX) D2.2 |MDM and NAME for MTX MVI R PU M12
D2.3 |MTX PhD Course R PU M24
D3.1 |Report SFX Concept R PU M12
WP3 CON.3 Surfacetronics (SFX) D3.2 |MDM and NAME for SFX POLITO R PU M12
D3.2 |SFX PhD Course R PU M12
WP4 STRA.1 |Position Paper D4.1 [Position paper ICN2 R PU M15
Strategic Resarch Agenda Strategic Research Agenda and
wes  |sTRA2 |- EE9 P ¢ ps1 |o0° dn?ap 3 VTT R PU M24
WP6 VN.1 Joint Common Database D6.1 |Report on Joint Common Database FIT R PU M24
wer  lunp  |Virtual Research p7.1_[Report on VirtuarResearch IDS R PU_ | M24
) Community D7.2 |Data Management Plane DS ORDP PU M6
Dissemination and Report on Dissemination and
WirE D= communication D8.1 Communication activities e B b P
Coordination with Survey of International Consortia
WP9 DEX.2 international activities D9.1 and research communities NS B b WHLE
WP10 DEX.3 Exploitation D10.1 [Exploitaion plan THALES R PU M24
p11. [overning Board Meetings UNISI R co | m2a
D11.2 [Reporting Period 1 Deliverable UNISI R co M12
WP11 MA.1 Project Management D11.5 [Reporting Period 2 Deliverable UNISI R Cco M24
D11.3 [Action Check meeting 1 UNISI R PU M14
D11.4 [Action Check meeting 2 UNISI R PU M24
D11.6 [Website and Project logo UNISI DEC PU M2

Fig 4WP 6 responsibilities anddt of Deliverables
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CONCEPT (CON) VIRTUAL NETWORKING (VN)
QON.1 Extreme EM QON.2 Metatronics QON.3 Qurfacetronics
Interactions (EXBMI) ‘ (MTX) ‘ (S <::> WA
Nanoscale Material Enginering (NAME) \ . Private
<= Multiscale Design Enabling Modeling (VDM) — ) ?”‘_’?Y ol
L )L acilities VN
: AREA
STRA.1 Impact on STRATEGY (STRA) VN.2
H2020 STRA2 STRA.3 Srategic oot
Position Paper Research Agenda and Database
] ] Fbadmap TT
Public [ SNV J L
VN DEX1 z
Dissemination and DEX.2
AREA Gommunications Goordination with B ?cl)zii(aiion
\\//N-Saj > International activities P
irtu.
Research DISSEMINATION AND EXPLOITATION (DEX)
Community
MANAGEMENT

Fig 5Work Packagesiteractions

2.1 WPL1: Extreme Scale Electromagnetic Interactions (EXEMI, coordinated by
ESPCI)

Participants: UNISI, MVI, THALES, ICN2, VTT, KCL, ESPCI, POLITO, UNIVPM

This WP concerns with NTX systems enabling or improving the performance of electromagnet
(EM) systems over the whole frequency spectrum through wweateer interaction at nanoscale

level

The mainresults of EXEMI focus area arg inserion of quantumeffects in the concept of the
EM systems, ii) linging established EM concepts and architectures at nanoscale levels, and
controing/reconfiguing NTX-based EM system by nanoscale wavatter interactions.This
enable the design of novel materials @ifferent lengthscales at which elementary particles/quasi
particles such as photons, el ectrons, phono

energytransfeThe activity was divided in 3 Tasks,

Task 1was relevant to Concept, Impact and ldentification of the Excellences. The result of t
task is detailed in the deliverable called D11, which has been delivered at M12. This deliverable
divided in the following sections, which has been theecbpf several interactions within the

partners involved. All the partners of the WP have contributed to this Task and some of the partr
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to the preparation of the document. In parenthesis, the contribution of individual partners have b

indicated foreach of the section

D1.1.

1. Introduction(ESPCI)
2. Insertion ofquantum effects in EM systems(ESPCIUNIVPM)
2.1.Engineering the dyamics of single photon sources
2.1.1. Conceptsdr LDOS engineering
2.1.2. Characterization techniques of LDOS in real systems
2.2.Coupling quantum sources through surface plasmons
2.2.1. Longrange fluorescence energgnisfer through surface plasmons
2.3. Control of quantum coherence arullective effects
2.3.1. CDOS and engineering rules for quantum coherence
2.3.2. Superradiant sources in quantum well structures
3. Bringing established EM concepts and architectures at nanogecarCtUNIVPM-UNISI)
3.1. Design of antennas in opticddmain
3.1.1. Optical metallic antennas based on nanoparticles and DNA
architectures
3.1.2. Optical semiconducting antennas
3.1.3. Optical patch antennas
3.2.Characterization of optical antennas: From visible down tewaves
3.2.1. Standard SNOM andearfield fluorescent probes
3.2.2. Measurement of electric and magnetic LDOS at nanoscale in the visibl
region
3.2.3. Infrared SNOM and TRSTM
3.3.  Superconductor Quantum Interference Filters
3.4.Transmission / Reception ICs for Telecommunicatemd Radar
3.5.Microwave metasurfaces devices with optical interaction
3.6. CNT-based analogue circuits
3.6.1. CNT-based transistors
3.6.2. CNT-based filters and varactors
3.6.3. CNT-based switching
3.6.4. CNT-based interconnects
3.6.5. MWCNT bundlesbased microwave antennas
3.7.2D materials based circuits
10
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3.8.Designing nanostructured transmission linesl FN (Beam Forming Networks)

4. Control/reconfigure NTXbased EM systentsy nanoscale EM interactioi8SPCI)
4.1.Optical reconfiguration: Ight absorptia in semiconducting materials
4.2 Electrical reconfiguration: Refractive indé&xning of classical materials
4.21. Graphene hybrid interfaces
4.22. Strontium Titanate SrTiO3.
4.2.3. V02
42.4. Liquid crystals polymers

4.2.5. Superconducting materials
4.2.6. Microelectromehanical systems MEMS
4.2.7. Phase change materials

5. Impact(ESPCITHALES)
5.1.General Context
5.2.Global impacts on European Scientific Excellence
5.3.Impact on interdisciplinary knowledge
5.4.Impacts for Eropean Society and Industry
5.4.1. NTX/EXEMI impact analysis in Gartner Hypeycle
5.4.2. Smart Dust example
5.4.3. Potential applications of NTX/EXEMI in the field of ICT.
5.4.3.1. Internet of Things (IoT) and Internet of Everything
5.4.32. Wearable electronics
5.4.3.3. Smart buildings and smart facades
5.4.3.4. Autonomous interconnected vehicles
5.4.3.5. Detect and Avoid for Unmanned aircraft systems
5.4.3.6. Sixth Generation (6G) telecommunications
6. European Excellence Laboras{ESPCITHALES)
7. International (outside Europe) Excellence Laboratqies CITHALES)
8. Excellence LaboratoriesMost represented topics in NTX Consortium (ESPCITHALES)

Task 2 was relevant to the Nanoscale Material Engineering (NAME) and Multiscale Desig
Enabling Modelling (MDM) for EXEMI. This task is concerned with the aspects of fabrication
(NAME) and modelling (MDM) of NTX.

NAME is relevant to the technologies ftine realization of new engineered materials with

11




emphasis in nantechnology, lightweight and multifunctional mechanical, thermal and electrica

properties.

MDM is relevant to theoretical and computational methods, which unifies multilevel, quantur
and EM methods, and system by design methods, as described in the Annex 1 to the G

Agreement

The NAME and MDM aspects of EXEMI have been collected in the deliverable D1.2, which has

been submitted at TO+12. The partners that have mainly contributeddodineent D1.2 are listed

below, in relation with the various sections)

D1.2.

1. Introduction (ESPCI)
2. Multiscale Design enabling Modelling (MDM) in EXEMPOLITO, UNIVPM)
2.1.Multiscale modelling
2.2.Bridging the gap between Quantum and EM modelling
2.3.Modelling of low dimensionality electronics
3. Nanoscale Materials Engineering (NAME) in EXEMHESPCI, KCL, THALES)
3.1.0verview of Crystal growth techniques
3.2.2D materals growth
3.3.Vertically Aligned SW/MW CNT growth:
3.4.Semiconducting nanostructured materials fabrication
3.4.1. Photonic crystals
3.4.2. 11TV Photonic Crystals Resonators fabrication
3.4.3. Plasmonic waveguides
3.4.3.1. Plasmonic waveguiden bptical domain
3.4.3.2. Plasmonic waveguides in microwave domain
3.5.High Tc superconducting materials process
3.6.High-Tc Superconducting Quantum Interference Filters (SQIFS)
3.7.Spin Tansfer Nan®scillators

3.8.Towards heterogenous technolmgjiplatforms integration

Task of this WP is related to the organization of a PhD course. This has been predicted to

organized in 2018; part of the organization has been already started by ESPCI.

12
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Role of Partners:

ESPCI WP Leader,coordination of the activity, main writingfdhe deliverable D11 and D12.
Starting of the organization of the course (Task 3).

UNISI: Discussion on Task 1 and 2, contribution in writing P11

MVI: Discussion on Task 1 and@ntribution in writing D11

UNIPVM: Discussion on Task 1 and 2, cohtriion in writing D11 and D12

THALES:Discussion on Task 1 and 2, contribution in writing D11 and;D12

ICN2: Discussion on Task 1 and 2

VTT: Discussion on Task 1 and 2

KCL: Discussion on Task 1 and 2, contribution in writing P12

POLITQO Discussion ofask 1 and 2, contribution in writing D12.

2.2 WP1: Metatronics (MTX, coordinated by MVI)
Participants: UNISI, MVI, THALES, ICN2, TNO, KCL, ESPCI, POLITO, UNIVPM

This WP concerns with the generation of spditee varying, controllable narstructurednew

materials exhibiting unusual EM macroscopic properties and functionalities.

MTX brings a new dimension to metamaterial research with emerging challenges to ma
material properties dynamically controllable in both space and time. The original MTX ternyinolog
was introduced by Prof. N. Engheta @niversity of PennsylvanigUPenn) to indicate the
conceptually new electronics inspired by Metamaterials working at optical frequencies based on
ordered motion of photons rather than electrons, as it happesewentional micre and nane
electronics In our conception, MTXa broader meaning, bringing a new dimensiom&tamaterial
research with the new challenge to make the material properties tunable and dynamically change
in space and time. This aspect would opermaltitude of new applications and scientific

explorations

The main result of this WP is the geriaation of the MTX concept has consisted in the
introduction of 3 branches of MTX, called Tunable MTX, Transformative MTX, and Space
varying and non reciprocal MTX. This creates the possibility of new devices, among whig
Acomput at i on alkhe latertbaingaater@ls that tas perform mathematical operations
on input signals (e.g. Fourier transform) directly by interacting with signal encoding EM.\ide=s

activity has been coordinated by the Metamorphose institute of metamaterials @hdl)in

13

ke

the

able



particular by Universities inside it, namely Roma Tre, AALTO, University of Trento. Technica
details of MTX are given. As for the other WPs of the area Concept, the activity has been divided

three tasks.

Task 1 (Concept, Impact, and Identificat of Excellences) has been described in the deliverable
D21. All the partners of the WP have contributed to this first task and MVI have prepared ti
document. In parenthesis, the contribution of individual partners have been indicated for each of
section. In the MVI case, the specific institution belonging to MVI has been indicated (R3 fa
RomaTre, AA for Aalto, UTN for University of Trento)

2.

1 Origins of Metatronics (MVI-R3)
2 Extensions of the Metatronics concept (MVI-R3-AA)
2.1 Tunable metatronics

2.1.1 Electrically tunable Metatronics
2.1.2 Mechanically tunable Metatronics
2.1.3 Thermally tunable Metatronics

2.1.4 Optically tunable metamaterials
2.2 TransformativeMetatronics.
2.2.1 Transformation Optics
2.2.2 Combining the concept of TO and tunable metamaterials
2.3 Time-varying metalens: propagation control in rgaie
2.3.1 Metalenses based on random access reconfigurable metamaterials
2.3.2 Metalensbasedn acti ve Huygends materi

2.4  SpaceTime Modulated and nereciprocal Metatronics

24.1 Non-reciprocal Metatronics
2.4.2 Metatronics emulating moving media
2.4.3 Computational Metatronics

3 Impact of Metatronics on European technol@ighv| -R3)
3.1 High datarate communications (5G)
3.2 Remotely piloted and setiriving vehicles
3.3 Sensing in industrial robots
4 Centers of Excellences on Metatronics (MVI-R3-AA)
4.1 Excellences by topics

4.1.1 Excellences for tunable and reconfiguraidetatronics
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4.1.2 Excellences for transformative Metatronics
4.1.3 Excellences for spatio/tempo modulated and -remiprocal
Metatronics
414 Excellences for computational Metatronics
4.2  Geographical distribution of excellences
4.2.1 Excellences ifEurope
4.2.2 Excellences in the world
5 Conclusions (MVI-R3)

Task 2, relevant to the Nanoscale Material Engineering (NAME) and Multiscale EEs#ping
Modeling (MDM), have Ben documented in deliverable D2.2, prepared by MVI.

D2.2.

1 Nanoscale Matgal Engineering (NAME) for MTX(MVITR3i AA)
1.1  Fabrication techniques for nanostructured materials
1.1.1 Wet Processing
1.1.2 Lithography
1.1.3 Etching
1.14 Deposition
1.15 Metrology

1.2 Implementation of tunability and reconfigurability in MTX

1.2.1 Implementation of thermally tunable metatronics
1.2.2 Implementation of electrically tunable metatronics
1.2.3 Implementation of optically tunable metatronics
124 Implementation of mechanically tunable metatronics

1.3 European and NeRuropean facilities for prototyping and/or largeale fabrication
1.3.1 Institutes
1.3.2 Companies
1.3.3 Geographicatlistribution
2 Multiscale Design Enabling Modeling (MDM) for MTX(MVI11R3i UT)
2.1  Multiscale modeling: from microscopic to effective macroscopic parameters
2.1.1 From atom ballistic model to effective conductivity

2.1.2 From polarizability model to effective permittivity and permeability
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2.1.2.1 Effective Material Parameters
2.1.2.2 Homogenization Technique
2.1.2.Retrieval of effective material parameters
2.1.2.4Lontrol and tenability of material parameters
2.2  Metationicsby-Design concept
2.2.1 Introduction and MbD definition
2.2.2 Multiscale Synthesis Problem in MbD
2.2.3 Example of Multiscale MbD Application to Metatronic Radome Design
224 Example of Multiscale MbD Application to Metalens
3 ConclusiongMVIi R3)

4 References

The third task of this WP is related to the organization of a PhD course.

The cour se h aEM Material and Surfacestfor odel wave phenondéenalUn i v e r

of RomaTre Rome,ltaly, on December 282, 2017 The lecturers are given below

R 18-22 December 2017

“Roma Tre” University, Rome, Italy

1.5 ECTS credits
[ nttpelischool.metamorphose-vi.org
[ riliberto.bilotti@uniroma3.it
Yes

2

CONFIRMED LECTURERS

Prof. Andrea Alu — University of Texas at Austin, USA

Prof. Filiberto Bilotti - “Roma Tre” University, Italy

Prof. Vincenzo Galdi — University of Sannio, Italy

Prof. Silvio Hrabar — University of Zagreb, Croatia

Prof. Stefano Maci — University of Siena, Italy

Prof. Francesco Monticone — Cornell University, USA

Prof. Carsten Rockstuhl — Karlsruhe Institute of Technology, Germany
Prof. Mario Silveirinha — University of Lisbon, Portugal

Prof. Alessandro Toscano — “Roma Tre” University, Italy

Prof. Sergei Tretyakov — Aalto University, Finland

Registration: Address:
Deadline 30 November 2017 “Roma Tre” University — Dept. of Engineering —
http://school. metamorphose-vi.org Via Vito Volterra 62 — 00144 Rome - ltaly

The course has been frequentedhbhyaudience a89 students82% undergradued/PhD 15% Post
Doc, 5% from Industry; among those, 41% were from institutiondN®K and 59% from
Institutions outside NTXThe coursehas been concluded with an exafie course has been
organized jointly with the Metamorphose School of Metamaterellgd Euprometajn order to

increase publicity by using the well assessed commiimicahannels of Euprometalhe
16




information on the course and the program are given below. The course has been thought by 10
prominent professors well renowned internationally, among them 7 IEEE Fellow. Two instructors
(Alu, and Monticone) come from Unite8tates. Four instructurs (Bilotti, Maci. Toscano and
Tretyakov) belong to the beneficiary institutions of NTX. Galdi, Silverinha, Hrabar, ang
Rockstuhl belong to MVI members that are las members of the consortium.

This course has been has beercgdted with respect to what foreseen in the Annex 1, and

major details will be given in deliverable D2.3, due in the second report period. The program|is

given below.

18 Decenber i Monday

09:00:09:55 Participant registration

09:5510:00 Welcome and opening

10:0011:00 Lecture 1 The past, present, and future of active metamaterials and metasurfacédart |
Prof. Silvio Hrabari Zagreb University

11:0011:30 Break

11:3012:30Lecture 2- The past, present, and future of active metamaterials and metasurfacédart I
Prof. Silvio Hrabari Zagreb University

12:30:14:30 Lunch

14:3015:30 Lecture 3 Quantifying the T-matrix of a scattering object Part |
Prof. Carsten RockstulilKarlsruhe Institute of Technology

15:30-16:00 Break

16:0017:00 Lecture 4 exploring advanced material properties with T-Matrix i Part Il
Prof. Carsten RockstulilKarlsruhe Institute of Technology

17:0019:00 SekMstudy

19 Decembeii Tuesday
09:30:10:30 Lecture 5 Nonlocal, nonHermitian, and multiphysics of coordinate transformationi Part |
Prof. Vincenzo Galdi University of Sannio
10:30-11:00 Break
11:0012:00 Lecture 6 Nonlocal, nonHermitian, and multiphysics of coordinatetransformation i Part Il
Prof. Vincenzo Galdi University of Sannio
12:0012:30 Assignments
12:30:14:30 Lunch
14:3015:30 Lecture 7 Scattering engineering at the extreme: Anomalies, singularities, and physical bounds
in passive and active metastructuré Part |
Prof. Francesco Monticonie Cornell University
15:30-16:00 Break
16:0017:00 Lecture 8 Scattering engineering at the extreme: Anomalies, singularities, and physical bounds
in passive and active metastructurésPart ||
Prof. Francesco Monticai Cornell University
17:0019:00 SeHstudy

20 Decembeii Wednesday

09:303:10:30 Lecture 9 Non-reciprocal and topological electromagnetics, mechanics and acoustic®art |
Prof. Andrea AlU' University of Texas at Austin

10:30:11:00 Break

11:0612:00Lecture 10- Non-reciprocal and topological electromagnetics, mechanics and acoustic®art Il
Prof. Andrea AlU' University of Texas at Austin

12:00:13:00 Poster presentation by students

13:06:14:30 Lunch

14:3015:30 Lecture 11fi Onveay 0 | i g hion: tgpologyipabagdaPT D-symmetric photonic platformsi |
Prof. Mario Silveirinhal University of Lisbon

17




15:3016:00 Break

16:0017:00 Lecture 12 Onveay 0 | i ght pr opagat i-symmetrid pogbonid ptaormsidll  a n
Prof. Mario Silveirinhai University of Lisbon
17:0019:00 SeHstudy

21 Decembefi Thursday
09:30-10:30 Lecture 13 Materiatronics: Modular approach to understanding and design of metamaterials
and metasurfaces Part |
Prof. Sergei Tretyakov Aalto University
10:3011:00Break
11:0612:00 Lecture 14 Materiatronics: Modular approach to understanding and design of metamaterials
and metasurfaces Part Il
Prof. Sergei Tretyakov Aalto University
13:00:14:30 Lunch
14:3015:30 Lecture 15 Synthesiscycle of metasurfaces bylat optics and method of moments Part |
Prof. Stefano Madi University of Siena
15:30:16:00 Break
16:00:17:00 Lecture 16 Synthesiscycle of metasurfaces by flat optics and method of momeritsPart Il
Prof. Stefano Madi University of Siena

22 Decenber i Friday
09:3010:30 Lecture 17 Linear and non-linear metasurfaces: From cloaking to enabling smartness in EM
components and devices Part |
Prof. Filiberto Bilottit A Roma Treo University
10:30:11:00 Break

11:0012:00 Lecture 18 Linear and non-linear metasurfaces: From cloaking to enabling smartness in EM
components and devices Part |
Prof. Filiberto Bilottit A Roma Treo University
12:00-13:00 Exams
13:0014:30 Lunch

14:3015:30 Lecture 19 Research activiteson metamatetge | s and met asurfaces devel
University 7 Part |
Prof. Alessandro Toscariof Roma Treod University
15:30:16:00 Break
16:0017:00 Lecture ZOResearch activities on metamaterials and
University 7 Part Il
Prof. Alessandro Toscariof Roma Tred University

Role of Partners:

MVI: Coordination of the activityDiscussion on Task 1 and Qrganization of the school in Task 3,
writing of D21 and D22 provided teachers in the school (three speakers).

UNISI: Discussion on Task 1 and 2, contribution to the school (one speaker)

UNIPVM: Discussion on Task 1 and 2,

THALES:Discussion on Task and 2

ICN2: Discussion on Task 1 and 2

KCL: Discussion on Task 1 and 2

POLITQO: Discussion on Task 1 and 2
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2.3 WP3: Surfacetronics(SFX, coordinated by POLITO)
Participants: UNISI, MVI, TNO, FIT POLITO, UNIVPM, IDS

This WP concerns with the conception, analysis and realizatiomeocbnfigurable, sensorial,
adaptive and cognitive interface for sensing, communicatindsadar.

Various technologies are emerging to provide with modulation of metasurface responses us

mectlanical, electrical, or optical controReduced dimensions alloWr realizing unconventional

devicesthat do not haveny volumetric counterparts. We aim at developing a next generation of

nanostructured metasurfaces as artificial andibios p i r e, dblefies ddapntisemselves to the

environment, being cognitive and reconfigurable as well.

The main result 06FXis he systematization of the definition of electromagnetic metasurfaces in

a broad range of frequency (GEMES), and collect the presentutue fssues irsensingand/or
transmit/receive antenrfanctions for futurecommunication beyond 5G. Similar technology can
accomplish radar or cloaking functions as walthough the general purpose of these approaches is
to obtaina tunable versionsfcstatic metasurfaces, recent studies have uncovered that the impact
dynamic metasurfaces far exceeds tunability alone and comprises new physical seffbeciss
Lorentz norreciprocity and edge mode propagatiorhe activity has beeooordinated by POTO

and developed in coordination with other partners of the consortium. UNISI has also participated

ing

of

to

discussion and writing (not foreseen in Annex 1 to Grant Agreement). Task 1 of the activity has been

described in the deliverable D31, whose conterd amain contributors in writing has been

summarized below

£

1 Introduction (POLITO)
2 Framework (POLITO)
2.1 Surfacetronics: placement in the overall picture
22Theinanostructured interfaceo paradi gm:
2.3 Spatictemporal Heterodyne
3 Passive MetasurfacésNISI, MVI)
3.1 Electromagnetic boundary conditions
3.2  Functionalities
3.3  Current and Future Challenges at Microwaves
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3.4

3.3.1 Phasegradient and Huygens MTSs for spagave control,
3.3.2 Phase gradient MTSs for surfacaves
3.3.3 Sinusoidallymodulated MTSs for radiation control
Current and Future Challenges in Photonics
3.4.1 Space Gradient MTS
3.4.2 Surface PlasmoRolariton (SPP) control with gradient MTS

3.4.3 Improved Plasmonic Material for Metasurfaces

4 Reconfigurable MetasurfacgsNISI, MVI)

4.1
4.2
4.3
4.4

Current and Future Challenges at Microwaves
Current and Future Challenges in Photonics
Non-reciprocal MTS based on time modulation

Topological EM modes (states): protected propagation (edge modes)

5 Excellence (POLITO)

6 References

Task 2, relevant to the Nanoscale MateriajiBaering (NAME) and Multiscale DesigBnabling
Modeling (MDM), have been documented in deliverable D2.2, prepared by POLITO and MVI.

1 Framework(POLITO)
1.1 MDM and NAME for Sufacetronix: placement in the overall picture
1.2 Multiscale Design Enabling Modeling (MDM) for SFX
1.3 Nanoscale Material Engineering (NAME) for SFX

2 MDM for Surfacetronic§POLITO, UNIVPM, MVI)

2.1 MDM combined electromagnetguantum transport prédm: Vision

2.2 MDM: the Multi-Scale approach to Maxwellian fields at continuum level

2.3 System by Designpproach to MDM for Surfacetronics

Task 3 of this WP is related to the organization of a PhD course. The course has been organ

and held at the University of Siena:

AMet asurface and Metratroni c-29&eptémben2@l7 si t vy
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Teachers

Filiberto BILOTTI (NTX) Roma Tre University, Italy Prof, IEEE Fellow

Nader ENGHETA University of Pennsylvanig  Prof., IEEE Fellow
USA

Yang HAO(NTX) Queen Mary College  Prof., IEEE Fellow
London, UK

Silvio HRABAR University of Zagreb, Croatig  Prof.

Stefano MACI(NTX) University of Siena, Italy Prof., IEEE Fellow

Eva Iglesias RAJO University Carlos l,|  Prof.
Madrid, Spain

Zvonimir SIPUS University of Zagreb, Croatig  Prof.

Sergei TRETYAKOV(NTX) Aalto  University, Espoo| Prof., IEEE Fellow
Finland

YiannisVARDAXOGLOU (NTX) Loughborough  University  Prof., IEEE Fellow
UK

Giuseppe VECCH(NTX) Polytechnic  University o] Prof., IEEE Fellow
Turin, Italy

The major part of the course (4 days over 5) is centered on issues relevant on WH
(Surfacetronics) and the last day on issue more relevant WP2 (Metatronics). It has been consid
important to anticipate some of the contents of the WP2 in this course. Thesdalbag mainly to
the NTX consortium, with three coming from outside the consortium. This course has be
organized with the support of the Bpean School of Antennas (ESoA), a school founded in the
framework of a Network of Excellence of FP6, and tlgwed in a Marie Curie Action of FP7

https://www.facebook.com/europeanschoolofantefinas

http://www.euraap.org/Activitieesoa

This allowed to increase publicity by using the well assessed communication channel§ ESoA.
school was also sponsored bypiameta Schol, founded in a NoE of FP6, now conductedthg
Metamorphose Virtual Institute.

The school has been held by 10 renowned professors (among which 7 IEEE Fellow), with
speakers belong to the NTX consortia and 4 from outside. The school has had an afdkénce
students, among which 18 PhD students 5 PostDocs, and 2 engineers working in industries.
school has taken 5 days, with a final exam on Fridagtail3 of the school are given in deliverable
D3.3, delivered at TO+12.
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https://www.facebook.com/europeanschoolofantennas/
https://www.facebook.com/europeanschoolofantennas/
http://www.euraap.org/Activities/esoa
http://www.euraap.org/Activities/esoa

The course has been held $iena, at the UNISI premises, and coordinated by POLITO andg
UNISI. The course has been given in one week, starting Monday and ending Friday. The course
been opened to any PhD students of Europe with a very low registration fee, and for free to
people from the institutions involved in NTX. The PhD programs of all the institutions involved ir

the project have accredited thaucse for their PhD student®rogramand teachers are given below.

Program

Monday September 25 Thursday September 28

09:00 - 10:00 Introduction S. Maci 09:00 - 10:00 SW Control by Modulations Y. Hao
10:00 - 10:45  |Basic MTS Concepts S. Maci 10:00 - 10:45  |Transformation Optics Y. Hao
Break Break
11:00 - 12:00  [Phase Gradient Metasurfaces S. Tretiakov 11:00- 12:00  |Full Wave MTS Modelling G. Vecchi
12:00 -12:45 Phase Gradient Metasurfaces S. Tretiakov 12:00 -12:45 Full Wave MTS Modelling G. Vecchi
Lunch Lunch
14:00 - 15:00 |Bianisotropic Metamaterials S. Tretiakov 14:00 - 15:00  |3D prining MTS Y. Verdaxoglo
:00 - 15: Biani ic M rf i -
15:00 - 15:45 ianisotropic Metasurfaces S. Tretiakov 15:00 - 15:45 3D prining MTS Y. Verdaxoglou
Break
16:00 - 17:00 Flat Optics for Surf W S. Maci Break
:00-17: a ics for Surface Waves . -
P - ad 16:00 - 17:00 Self Study and Group Assignments
17:00 - 18:00 Flat Optics for Surface Waves S. Maci -
17:00 - 18:00 Self Study and Group Assignments
Y ——
09:00 - 10:00  |Hard and Soft Surfaces Basic Concep[Z. Sipus r| 2y Septemper 29
10:00 - 10:45 Hard and Soft Applications Z. Sipus 09:00 - 10:00 Metatronfcs N. Engheta
Break 10:00 - 10:45 Metatronics N. Engheta
11:00 - 12:00 Numerical and Approximate Modelling|Z. Sipus Break
. 11:00 - 12:00 Phase Change Materials N. Engheta
12:00 -12:45 EBG Concepts E. Rajo
12:00 -12:45 Graphene MTS N. Engheta
Lunch
; ) Lunch
14:00 - 15:00 Gap Waveguide Concepts E. Rajo
) i 14:00 - 15:00 Exam
15:00 - 15:45 Packaging E. Rajo 15:00 - 16:00 Exam
Break
rea : 16:00-17:00 |Exam
16:00 - 17:00 Self Study and Group Assignments
17:00 - 18:00  |Self Study and Group Assignments
Wednesday September 27
09:00 - 10:00 MTS Antennas S. Maci
10:00 - 10:45 MTS Antennas S. Maci
Break
11:00 - 12:00 Active MTS: Basic Concepts S. Hrabar
12:00 -12:45 Active MTS Applications S. Hrabar
Lunch
14:00 - 15:00 DB and general boundary MTS S. Hrabar
15:00 - 15:45 Cloaking MTS F. Bilotti
Break
16:00 - 17:00 Non Linear MTS F. Bilotti
17:00 - 18:00 Non Linear MTS F. Bilotti

Role of Partners:
UNISI Discussion on Task and 2, contribution in writing D3Drganization of the coursia

Siena.UNISI hasprovidedoneteacher in the courg&laci), in coordination with the ESoA activity.

! Contribution of UNISI was not foreseen in this WP in the annex of the Grant Agreement
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MVI: Discussion on Task 1 and @ntribution in writing D31, D32organization of thecoursein
Siena providedfour teaches in the courséBilotti, Hao, Tretiakov, Vardaxoglou), coordination with
the Euprometa activity.

TNQ: Discussion on Task 1 and 2,

FIT: Discussion on Task 1 and 2

POLITO Coordination of the activity. Discussion onskal and 2, main writing of D31 and D32,
Organization of the school in Siena grdvidedoneteacher in the courg®ecchi).

UNIPVM: Discussion on Task 1 and 2, contribution in writing D32

IDS: Discussion on Task 1 and 2

2.4 WPA4: Position Paper(coordinated by ICN2)
Participants: UNISI, MVI, THALES, ICN2, TNO, VTT, FIT, KCL, ESPCI, POLITO, UNIVPM, IDS
In WP5, the following objectives have been identified:

1 Structure, content and expected impact of the position paper,
1 Impact on the Industrial Leadership and Societal Challenges areas of H2020;

1 Design a methodology toward gathering and collecting the inputs for from WP1, 2, 3
The tasks of this WP have been defined as

Taskl: Cansultation on scope, structure, concapd target of the position paper
Task 2:Dialogue with EC to spreadTX and identiication ofpossible themef®or H2020and FP9.

Task 3:Modus operandi and implementation

Task 1 has been fulfilledICN2 haveprovided examples of similar Position pageand a preliminary
analysis of their suitability for the case of TK. The SWOT methodology
(Strength8Veaknes®pportunitie§Threats) has been identified in such a sense to interface eac
CONCEPT activity of NTX. Key issue of this methodologies are

Techmical capabilities and figures of merits (target parameters)
Scientific challenges

The availability of design tools and methodologies

Manufacturability and reliability considerations

Application and exploitation perspective: user demand and memkéfsis

Global competition landscape

= =4 4 A4 A A -

Infrastructural considerations: consortia and capabilities in Europe and worldwide
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The presentation has been done in the second meeting of the project in March, and also presenljed te
the Advisory Board. It has been ésaged that the Position Paper expands on the definition of NTX
showing specific examples of benefits from the research carried out in the field, examples suitable
for the laypersons and for decision makers. It will include an international perspeative an

summary of actual and potential application fields, among others.

Task 2 has been started mainly by ICN2, VTIh. particular, the targeted impact will be on ICT
applications for future computing, sensing, and communication systems, taking advdmage o
semiconductor material properties and ligmtter interaction phenomena at nanoscale, and merging
nanophotonics, nanoelectronics, and rddeéguency conceptslhe procedure and timing of the

WP4 and WP5 is presented in Fig 6. The Position Papidoewieady for March 2018.

All the partnershaveparticipatel to Tasks 1 and 3CN2, VTT, UNISI havebeen more devoted
to Task 2. ICN2hascoordinaté all the task.

N N )

Position paper:
Framevr\)/ofk Sl
o Goals definition RM:
definition
i . Research and Plan for
Potential economic o . .
. . applications implementation
and societal impact
Impact
SoA

SWOT

(Strength WeaknessOp \ /

portunities\ Threats)

\ Y J \ Y )
M15 (March 2018) M24 (December 2018)

Fig.6 Procedure and timing for Position paper (WP4) and Strategic Research AgB#daand
Roadmap (RM) (WP5).

Role of Partners:

UNISI: Discussion on Task 1 and 2
MVI: Discussion on Task 1
THALES:Discussion on Task 1 and 2,
ICN2: Coordination Discussion on Task 1 and 2, definition on SWOT, start activity in Task 3
TNO: Discussion on Task 1 and 2
VTT: Discussion on Task 1 and 2, definition on SWOT
FIT: Discussion on Task 1
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KCL: Discussion on Task 1 and 2
ESPCI:Discussion on Task 1
POLITQ:. Discussion on Task 1
UNIPVM: Discussion on Task 1
IDS: Discussion on Task 1

2.5 WP5: Strategic Research Agenda and Road Magjcoordinated by VTT)

Participants: UNISI, MVI, THALES, ICN2, TNO, VTT, FIT, KCL, ESPCI, POLITO, UNIVPM,
IDS.

The target of this WP is to producedacumentcomposed by two parfs St r at egi ¢ Re s ¢
(SRA)and ARoad Ma pr¥ related adivitiesamEarepe &hd to consolidate the European
Research Area in this field. Tmeethodwill include the strategic research and the key actors inside
and outside the community, the mapping of the infrastructidlestification the research areas

which need more exploration and resources, and the timeline for the actions.

The work on this WP will start in 2018.

2.6 WP6: Joint Common Database (coordinated by FIT)
Participants: MVI, TNO, VTT, FIT, IDS

This WP represestthe private area of the virtual acce§he main objective of the WP is the

preparation of a fAJoint ¢ ommofrdata @dults,nodels,dools |
and information concerning the research activities carried out by the Project partners, which
currently limited. Moreover, this common database will enable the direct sharing of best practig
and adopted standards argothe partners, in order to allow a more effective cooperation and
exchange of advancements. The remote access to the database will be provided with
straightforward welbased procedure, whichhas therefore suppoed the sharing of the
Nanoarchitectronicse:formation among the partnersamely an area accessible he partners of the

consortium. the activity was divided in two Tasks
Task 1 Data set reference and name

This task is aimed at providing the overall design of the information collection emdirah will be
conceived to receive, collect, and organize heterogeneous information on NTX coming both frg

partners inside the consortium, and from major internatjolagkers working on the topic.
25
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Task 2 Survey of facilities

The task is devoted tosarvey of the capabilities and current use of the research facilities pertinent

to Nanoarchitectronics. The leading EU facilities within and external to the consortium will b

assessed and mapped. As far as significant information is available, a compatistacilities in
the US will be introduced in the survey.

During the first months of the project, we realized that it was possible to reach a convergence

between the WP6 and WP7, using an homogeneous approach to provide both the Joint Com

Databas€WP6) and the sharing of info needed in the Virtual Networking (see next section WP7).
Role of Partners

MVI: Discussion on Task 1, link with the FORESEEN web site
TNO: Discussion on Task 1 and 2, link with WP9 (International Activities)

FIT: Coordination of the activity, Discussion on Task 1 and 2 setting with IDS the private wel

accessible data space, sent the login information was sent out to all of the project partners. As a
step of task 3 (collecting, archiving, and preserving d#ia) minutes of the meetings and the
presentations were stored on the private data space.

IDS: Discussion on Task 1, link and interoperability with Virtual Networking in WP7.
Implementation of the link. Setting with FIT the private vaglzessible datgpace.

2.7 WPT: Virtual Research Community (coordinated by IDS)
Participants: MVI, KCL, FIT, IDS
During the first year of the NTX project, the activities on WP7 have been focused on:

1) Analysis of the expected services of the Virtual Networking and seleatiantool able to
provide them

2) Definition of the Data Management for the project

3) Deployment and starting the use the Virtual Networking.

In detail, the Virtual Networking features were fixed according to:

9 Security: protected by Username/Password, in otoldeeep under control the access and
hosted on a controlled server
Services: providing the file sharing and meeting management, at least

1 Easy access: directly linked with the project website
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and the tool VCM3.0 was selected for implementing théudl Ne@working. From the point of
view of the Data Management, the details of the data collection, the data types and formats, the
origin and reuse mechanisms together with the data size were analyzed and described in

deliverable 7.2, as listed below.

The Virtual Networking framework was created deploying the VCM3.0 on the same serv

hosting the project website and linkedhe website homepage (Fig. 7).

! N'KNANIJAHLHHHJH[IN\EB #

Home

Partners

Management

Project Structure

Welcome to NanoArchitectronics

WPs list

This FET-open Coordination and Support Action is called “Nanoarchitectronics” (NTX) to denote a new interdisciplinary
Deliverables research area at the crossroad of Electromagnetics and Nanoelectronics. NTX It is a new technology aimed at conceiving,
designing and developing reconfigurable, adaptive and cognitive structures, sensorial surfaces and functional “skins” with
unique physical properties, and engineering applications in the whole electromagnetic spectrum; through assembling building
NTX matrix blocks at nanoscale in hierarchical architectures. The conception of this new area responds to the need of unifying concepts,
methodologies and technologies in Communications, Environment Sensing Systems, Safety and Security, Bio-Sensing Systems
and Imaging Nanosystems, within a wide frequency range. This FET project proposal gathers thirteen universities, research
centers and high-tech industries, belonging to eight European countries.

Strategic agenda

Roadma
P According to the FET work-program, the major objective of “Nanoarchitectronics” is to boost the future application-driven

; research through the establishment of an accepted language among physicists and engineers, a shared way of thinking, a
Advisory board common theoretical foundation and a common strategy for the future. Therefore, the project aims at laying the foundation for
an ever-increasing synergy and progress of Nanearchitectronics.

Contacts

To achieve these objectives, Nanoarchitectronics is structured in four main activities. The “Concept” activity is devoted to
Useful Links establish and define the concepts of Nanoarchitectronics and its boundaries with respect to other disciplines and to the activity
carried out by other consortia. The “Strategy” activity identifies the policy dialogue and the strategic view of the consortium in
terms of position, impact and vision. The “Virtual Networking” serves to internal web communication (private), and for

News dissemination (public). The “Dissemination and Exploitation” activity is carried out mainly by the industrial partners of the
consortium.
NTX Courses
—

‘ Vinualgre

Fig. 7 NTX Website and the Virtual Networking link

The Virtual Networking was then open the NTX participants; additional users can be easy

added by the webmaster following a simple request sent by email by whaskeefor the access
(Fig. 8).

It is important to mention that the File Sharing service of the VCM 3.0 (see above) supports
policy of access rights defined per user; this feature allows a selective access to the data contain

the File Sharing giving, for instance, the access to the NTX private data only to the NT|

participants.

During the first months of the project, we reatizéhat it was possible to reach a convergence
between the WP6 and WP7, using a homogeneous approach to provide both the Joint Com
Database (WP6) and the sharing of info needed in the Virtual Networking (WP7). This choi
allowed a more efficient managent of the exchanged data and a better coordination between th
WP6 and WP7. In particular, the File Sharing service provided by the tool VCM3.0 was customiz

in order to support both the outcomes of the WP6 tasks, such as relevant information circulating
27
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the scientific environment, survey of facilities, collection of NTX design guidelines, etc. and the
outcomes of the WP7 mainly focused on aggregating a database of the research results, to be used &

the source for the dissemination and communicatitimiaes.

e RTUAL CENTRE MANAGER
= EB APPLICATION FOR COLLABORATIVE WORKING
Logout News Events Links Contact us
My Personal Page
Caraar FILE SHARING Ly
Project ,
Work Breakdown SNTX SOBREYONTE & @ @ m & 2 & M
Consortium
User Management =58 NTX [] [(] CON.1 - Exireme Scale Electromagnetic Interactions B
Meeting ‘.-‘:;nage*nem D CON.1 - Extreme Scale Electromagnetic Inter| [ D CON.2 - Metatronics B
File Sharing (Jcon 2 - Metatronics [] (23 CON.3 - Surfacetronix B
Online Voting D CON.3 - Surfacetronix O D DEX_1 — Dissemination and Communication B
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Fig. 8 NTX Virtual Networking' File Sharing service

From the contractual point of view, a contract amendment was asked and achieved at To+3

months, in order to support the above mentioned synergy between WP6 and WP7.

About theVirtual Networking, it is also necessary to mention the bapstexpected by linking
the NTX website and Virtual Networking to the wédhown Social Networks, such as LinkediIn,

mainly expected by WP8 activities.

At TO+6: a Data Management Plan deliverable was #tdun reporting howthe research data
collected omgenerated will be handled during and after the end of the research project.

The Virtual Networking (VN) activityhas beerdevelopedto implement the dissemination by
Internet, towards the public and tkeientific communities. From the future exploitation point of

view, specific measures and tasks are planned in the Nanoarchitectronics work plan.

The VN portal provide both internal and external servicelse tlatter by protected acce3he
internal serices has beerused for the information exchange among the partners, to keep them
informed about the project status, planning and all other issues important toTthemeb site
provide an efficient mean for communication inside the project consortiunallf@rganizational

issues (calls of meetings, agendas, minutes, etlmyy the partners to exchange, store and retrieve
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technical data and information (numerical/experimental data sets, technical documents, et
including intellectual property rightsprovide visibility to the consortium and disseminate the
scientific/technical achievements to the outside wadrlte dissemination towards the public and the
scientific community is planned in thgame of theVirtual Research community. All public

documetation draft and final versions, including public presentations made at consortium meetin

will be publishedFurther details are given in the work plan description.

Role of Partners
MVI: link with the FORESEEN web site

FIT? Link with WP6,
KCL: Link with WP8 (Dissemination and Communication)
IDS: Coordination of the activityDiscussion on Task 1link and interoperability withvirtual

Networking in WP7. Implementatioof the Virtual Center Manager

2.8 WP8: Dissemination and communicatior(coordinatedby KCL)
Participants: MVI, THALES, KCL, POLITO, IDS,UNISI, TNO

Dissemination and communication of the work is conceived to create awareness among acadé
and industrial players and to produce a viable technology transfer and exploitation plan. Alepossi
means for exploiting the resulting knowledge will be considered by the consortium during all tk
project period as well as after the conclusion of the project. Both the dissemination a
communication will be carried out through workshops, technicdl \arigarization articles, and
technical reports. The interface with/towards citizens and new partners will be performed
spreading public information about Nanoarchitectronics, in a simple and clear form, underlining t
difference with respect to exisg initiatives and in synergy with the opaacess part of the virtual
networking activity.

Taskl. Link with the networking activity VN.2 (Virtual Research Community). This link
ensurs a coordinationwith the public part of the web site and the updating of the information
devoted to the external audience. Livds beemprovided by IDSand UNISI

Task 2. Organization ofNTX -related workshops and convened sessions at conferences
One workshop has beéeld in Paris, April 21, inviting participants having interest in NTX. This

2 Participation of FIT wasnotwrittenin the Annex 1 of theGrant Agremmentlt has been important to include FIT in
this WP because of the link for WP6
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workshop gave to new possible partners the opportunity to present their results to the N
partnership. The activity offered an international framework to discuss the issued teldate
subjects of Nanoarchitectronics with international researchers outside the project, assuring

continuous international evaluation of the obtained results. The list of the speakers is given below

Friday 21 April 2017, Venue, ESPCI,Paris,NTX workshop presentations

o Maja BULIJAN (Ilnstitut Ruler Bogkovil, Zagreh
i Sealsfsembl ed quantum dots and wires in gl ass
o Mile I VANDA (lnstitut Ruler Bogkovil, Zagreb,

ANanostructured si lliRolni dgplytbrs ensdievg casd f 8ERS
0 Hervé LEGAY (Thales Alenia Space, Toulouse, FR)

fiRoleoftheSspace Ant ennaso
o Stefano BELLUCCI (INFN, Frascati, IT)

ANanoengineering at | NBN next nanotechnol ogy
0 Claude AMRA (Institute Fresnel, Marseille, FR)
AfResearch activioty at Fresnel I nstitute

0 MehmeKAYNAK t (IHP microelectronics, Frankfurt, D)
iLat est Developments on Si GethaBMoCoMOeSO T eMachdwaveeosy
and THz Application® er specti ve of | HP Microelectroni csd
0 Lluis JOFRE Polytechnic University of Catalonia, Barcelona, ES)
ATHz activity at UP©
o Patrice GENEVET (CNRERHEA, Valbonne, FR)
AERC activity on metasurfaceso
0 Eric RIUS (LabSTICC, Lorient, FR)
fLabSTI CC Activitieso

The slides of the preentations areavailablehenweb sitePublicity to NTX has been provided also
to the European Optical Society Biennial Meeting (EOSAM) 2018, Delft, The Netherlands,
October 2018 12 October 2018, and to 3rd ERP 3D Nanomanufacturing Dissemination Worksho
Delft, The Netherlargl November 2017 his latter action has been coordinated by TNO.

Two additional workshop have been organized to be held in 2018, one inside EUCAP 20
London, 913 April 2018, and one within the METAMATERIALS 2018, Espoo, Finland3@7
August 2018.

The Workshop in EuUCAP 2018 has been organized by UMISId wi | | be enti
EM i n Nan o ethegconfirmedrspeakgr® partially belong to the NTX group and are listec
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below, with preliminary title of the presentation.

1 |s. Maci The Role Qf EM ir7 Nanoengineering and
Nanoarchitectronics
, |F-Vemi, M.Righero, G.  |Multi-scale computational
Vecchi electromagnetics for nano-engineering
3 |G Oliveri, P. Rocca, M. High-Complexity Electromagnetic Synthg
Salucci, and A. Massa in Nanoengineering
4 |S Tretyakov Metasurface technology as a route towa

artificial intelligent skins
Optical metasurfaces based on spheroid
5 |V. Monti, F. Bilotti plasmonic nanopatrticles: theory and
applications

6 |D. Mencarelli, L. Pierantoni|Brdging the Gap Between Quantum and
EM technology
Symeta project and link with

Nanoengineering
Electromagnetic 1D and 2D materials

7 |Y.Vardaxoglou

Charlotte Tripon Canceliet

8 43 Chagzel characterization techniques for microwa
and Jjean Lhazelas antennas design
9 S. Revuelta, M. de Cea, J. [Femtosecond nano-scale EM interactiorn
Romeu, L. Jofre with matter"
10 |G, Gerini Nanq-PattgrQed Metasurfaces for Spectr
polarimetric filters
Table I. Title and athors of the presentations iwWor kshop on ARol e of EM in Na

London, 913 April 2018

Task 3Communication activities

The communication activity toward general public has been conducted. Press heledsen
published under activity of KCL and UNISI; The web sites of the various Partners have publish
info, news angressreleaseon the various web sites in the various languages. The text was agree
various partners in English, and next translated published in the various languages. Fig. 9 shows
the snap shot from web of the preskeasepublished by KCL. Fig. 10 shows otherepsrelease
from lItalian sites (in Italian). Commnications on Facebook and Twitter has been activated. Fig.
showsa spot from the twitter web site.

Another important part of the dissemination are the publications. The Nanoarchitectroni

N o ¢

CcS

consortium has promote the results obtained in the project via refereed journals and international

conferences. In particular, pidations related to the topic projects has been presented at the

Metamaterial 2017, SPIEurope the IEEE MTTES International Microwave Symposium, the

European Microwave Week, the European Conference on Antennas and Propagation, the IE
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Antennas and Ppagation Society International Symposium.

Fig.9Presgelease n t he web site of Kingés Coll

Communication towards academic and industry researchers has been performed in primis tow

the nonBeneficiary Parties of the project; the latter anainly belonging to the FORESEEN

consortium. This ois done by UNISI, since the coordinator of NTX is also Coordinator of the

FORESEEN consortium. The communication toward the industraadvias been provided by
THALES
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