FET Consultation - FET Flagship
1. ABOUT THE PROPOSER
Professor Stefano Maci is with University of Siena, Italy.He has abackground in applied
electromagnetism.He is IEEE Fellow, IEEE Distinguished Lecturer, and recipient of the European
Association of Antennas and Propagation Award. In the last 10 years, he has participated in five European
Union funded projects and 20 European Space Agency financed projects. 2007 – 2010, he co-ordinated a
24 institution Marie Curie Action (FP6) consortium. In 2005, he founded the European School of Antennas
(ESoA), a postgraduate school comprising 35 courses on Antennas, Propagation, Electromagnetic Theory,
and Computational Electromagnetics, and 150 teachers coming from 15 countries. He is presently the
Director of ESoA. In this action, he represents FORESEEN, comprising 36 institutions (universities,
research centres and industries) from9EU countries, https://eledia.science.unitn.it/foreseen/

2. CHALLENGE AND VISION
2.1. GAME CHANGER
European society’s grand challenge in Communications, Environment Sensing Systems, Safety and
Security, Bio-Sensing Systems and Imaging Nanosystems, brings today to a large variety of platforms,
systems and functionalities. Trying to address this broad variety of entities in a unitary frame implies
operation and communications in an extremely broad range of frequencies with high level of functionalities
and component integration. This requires anunprecedented level of technological convergence into a
revolutionary framework, which has the final vision to unify the interaction between humans or systems with
the surrounding environmentby means ofadaptive, cognitive, sensorial and scalable “skins”(i.e. “smart
interfaces”,some of them “wearable”, well beyond the capabilities of nowadays “connectors”, “antennas”
and “sensors”) connected with the environment. The game-changer, convergent, enabling technology
envisaged to develop such new kind of systems and components is called
NANOARCHITECTRONICS (NTX):
The name NTX comes from the merger of three key terms: “nano”, “architecture” and “electronics”.
Itis a new technology aimed at conceiving, designing and developingreconfigurable, adaptive and
cognitive structures, sensorial surfaces and functional “skins”with unique physical properties and
engineering applicationsin the whole electromagnetic spectrum,through assembling building
blocks at nanoscale in hierarchical architectures.
The NTXaims to sensorial interfaces between a subject (person or system) and the environment.In a
visionary future, these interfaceswillcognitively evolve its functionalities to maximize connections and
monitoring/sensing capabilities;it will look like synthetic,mutable skins, which hierarchically assembles
nanoparticles and nanosystems into increasingly complex reconfigurable structures.
The visionary innovation of the NTX paradigm requires multi-disciplinary efforts made by borrowing
concepts, methods and techniques from Physics, Electronics, Electromagnetics, Material Science,
Chemistry, Applied Maths, with special emphasis on Nanotechnology, Microwave to Terahertz Engineering,
Nanophotonics, Plasmonics, Nanoelectronics, and Advanced Materials.
NTXaligns fully with the Future and Emerging Technologies’ (FET) mission to turn Europe’s excellent
science base into a competitive advantage by uncovering radically new technological possibilities. It is as
well a science-driven, large-scale, multidisciplinary research initiative oriented towards a unifying goal,
aiming at transformational impacts with substantial benefits for European competitiveness and for society.
It also embodies a visionary idea which is emerging from both academic research and high-tech industrial
needs: to systematize, homogenize and broaden the connectivity and sensing.
2.2. RESEARCH PRIORITIES AND TECHNOLOGICAL ADVANCEMENTS
The research activities in NTX can be classified into 5 macro-areas, shortlypresented herebelow, each of
ones isdescribed in more details in the “Roadmap document for Nanoarchtectronics” available at the
URL:https://eledia.science.unitn.it/foreseen/.

•

Extreme Scale Electromagnetic Interactions(EXEMI).This research area concerns with NTX
systems enabling or improving the performance of electromagnetic (EM) systems over the whole
frequency spectrum through wave-matter interaction at sub-opticalnanoscalelevel.
The main issues of EXEMI are: i) to insert quantum effects in the concept of the EMsystems, bringing
established EM concepts and architectures at nanoscalelevels, and ii) to control/reconfigure NTX-based
EM systems by nanoscale wave-matter interactions. This will enable the design of novel materials at
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different length scales at which elementary particles/quasi-particles such as photons, electrons, phonons
and atoms “communicate”,interacting throughmutual energy transfer.
•

Metatronics(MTX) This areaconcernswith the generation of space-timevarying, controllable nanostructured,new materials exhibitingunusual EM macroscopic properties and functionalities.
MTX brings a new dimension to metamaterial research with emerging challenges to make material
properties dynamically controllable in both space and time. This would open a multitude of new applications
and scientific explorations like: emulating electronic circuits at optical frequency based uponwave
interacting with nanoparticles, creating space/time transformation materials, artificial non-reciprocity, and
“computational metamaterials”, namely materials that can perform mathematical operations on input
signals (e.g. Fourier transform) directly by interacting with signal encoding EM waves.
•

Surfacetronics (SFX). This area concerns with the conception, analysis and realization of
reconfigurable, sensorial, adaptive and cognitive “skins”for sensing and communications.
Severaltechnologies are emerging to provide with modulation of metasurface responses using mechanical,
electrical, or optical control. Reduced dimension allows realizing unconventional deviceswithout volumetric
counterparts. We aim at developing a next generation of nanostructured metasurfaces as artificial and bioinspired “skins”, able to adapt themselves to the environment, being cognitive and reconfigurableas well.
SFX is aimed at combining radiating and sensing functions for future communication beyond 5G, namely
antennas, radars, and body area networks.
•

Nanoscale Material Engineering(NAME) This area concerns with the technologies for the
realization of new engineeredmaterials likehierarchical nano-composites and combination of them.
These materials will be lightweight and will exhibitmultifunctional mechanical, thermal and electrical
properties.
Recent advances in Nanotechnology made possible realizingnano-composites, a class of composites
where one or more separate phases havedimension in the nano-scale range (<100nm). Nanocomposites
are of great interest because they are intrinsically multifunctional materials, and by the joining of different
phases they generate themselves unique and high performance materials. Consequently, it is possible, in
principle, to design a composite (or hybrid) material for specifically targeted properties with a precise and
specific combination of phases, also aiming at creating a new generation of photonic crystals.The use of
different kinds of composites, starting from the classical combinations of two or more different materials,
can bring a superior and unique material with new features (e.g. valleytronics, featuring controlled presence
of a local maximum/minimum on the valence/conduction band)exploitable for improved mechanical,
thermal and electrical properties. This technology is likelycompatible with future generation of 3D printing
technology.
•

Multiscale Design Enabling Modeling (MDM).This area covers theoretical and computational
methods, which unifies multilevel,quantum andEM methods, and system by design methods.
NTX development is hindered by both technology limitations and limited availability of modelling and design
tools covering an extremely large range of spatial and time scales.MDM’s goal is the investigation,
modelling and design of a new generation of integrated, smart, multi-functional materials, devices, circuits
and systems.This requires a bridge across the gap between nano-science theoretical foundations and the
implementation of advanced numerical tools.
Being inter-leavedwith the modeling, system architecture by design (SAD) constitutes the engineering
paradigm on which the framework, as well as several current and innovative design methods and
algorithms, can be merged to enable the design/optimization of engineering NTX systems. SAD involves
task-oriented design, definition, and integration of Nanoarchitectronic system components to achieve
desired performance with minimum costs, maximum scalability and optimal reconfigurability.

3. BENFITS FOR EUROPE
3.1. INNOVATIONS FOR EUROPEAN ECONOMY AND RELEVANCE FOR THE EUROPEAN
INDUSTRY
Application
drivers
for
NTX
cover
fields
included
in
the
Gartner
hype
cycle
2015(http://www.gartner.com/newsroom/id/3114217), from autonomous vehicles and IoT with the highest
expectations, smart robots and IoT platforms to the upstream area of smart dusts.However, NTX may
includetechnologiesnot even predicted in the upstream part of the diagram, whose innovative impact and
possible evolutions in European Economy and Society are described below, indicating possible
demonstrators. The latter are just possible examples of success measure, and many other can be
conceived and proposed in the NTX framework.
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• High data-rate communications: beyond 5G
Future 5G systems will seek for high area throughput efficiency in order to meet the exponentially growing
requirements for data. After 2030 and following the analysis of the NetWorld organization and the 5G PPP
Vision, beyond 5G architectures and systems will address ultra-dense networks, fragmented frequency
management, fundamental techniques for Tb/s communications, enabling techniques and technologies for
higher carrier frequencies, realizable Massive MIMO architectures, Device-to-device (D2D) networking,
wireless and optical fronthaul/backhaul. These high-speed systems, in frequency band rangingfrom
microwavesto THz. could help to mesh extremely dense urban areas to bring high-speed internet access,
or high-speed networks (typically 10Gbps). Optical wireless communications (Infra-Red (IR) and optics
(visible) spectrum region) will be extremely useful to access to ultra-wide spectrum bandwidth. NTX
research program is well aligned with massive MIMO architectures requirements, by covering the design
and development of novel device architectures such as custom antennas, transmitters, amplifiers,
switches, filters, transceivers, linearisers throughout the radio frequency (RF) up to THz and to IR and
optics domains.
Measure of success: demonstrator of a low cost, highly-directive, large bandwidth, scanning-beam,
nanoelectronic-integrated antenna system in millimetre-wave bandwidth.
• Remotely piloted aircraft systems (RPAS)
An extremely challenging example in the field of autonomous vehicles areremotely piloted aircraft systems
(RPAS). The main challenge is the integration of the RPAS into the European Aviation Systems. Following
the road-map realised by the European RPAS Steering Group, it appears that functions such as detectand-avoid will be mandatorily included in the air traffic.NTX technologies will provide opportunities to
extend the coverage of the sensing systems through integration into the “skin” of the RPAS.Benefits for the
citizens cover the missions related to: civil protection (management of natural disasters), security (costal
surveillance or sensitive sites monitoring) and environment protection.According to ASD (AeroSpace and
Defence) international organisation, the industries in Aerospace and Defense business employ about
800,000 people with an overall turnover of almost €200Bn. ASD foresees that RPAS might represent 10%
of this.
Measure of success: demonstrator of a smart “skin” for detect-and-avoid radar system on dedicated RPAS
at the end of project.
• Smart Dust
Smart dust networks (i.e. extremely miniaturized wireless sensor networks) will play a role complementary
to the oneof RPAS. Smart dusts might be deployed over a region, allowing ground based distributed
sensing and communications systems to monitor eventsand environmental conditions together with
massive MIMO architectures.Smart dust dense networks environment are envisaged as potential solutions
for deep distributed sensing of the environment. Applications to biological research or to bio-sensing are
also envisaged for these kinds of sensing units.
Measure of success: demonstrator of a sensing and communicating smart dust system, with particles of a
few micron cube size at the end of project.
• Security Sensors
A further candidate for NTX application relates to security sensors. Sub-millimeter and millimetre-wave and
THz imaging technology, as opposed to X-ray imaging, can provide solutions for safe, accurate and fast
security screening of people, parcels, luggage and shipped goods. However, current systems still show
severe limitations for widespread use in public areas, such assafety concerns, throughput rate, resolution,
complexity and cost. Novel concepts based on Multiple-Input-Multiple-Output (MIMO) radar topologies can
achieve the required the high resolution images with a considerable reduction in the number of transmitters
and receivers, and thus reducing costs. NTX aims at achieving an extreme modularization of the approach
in scalable systems with unprecedented flexibility towards different operational requirements enabling the
use of hybrid RF and photonic technologies. NTX can also have a strong impacton the area of biological
hazard, enabling the realization of reliable, sensitive, selective and noise protected biosensors, comparing
thermodynamics and kinetics of DNA and RNA hybridizations both in the bulk and when immobilized on the
surface of a substrate.
Measure of success: demonstrator of NTX composed by nanostructured electrode obtained by polymers –
nanocarbon composites, equipped with agents for the detection of hybridization.
• Impact on Semiconductor Industry
Reducing costs and time-to-market are essential factors to sustain the current capabilities in the technology
roadmaps for the semiconductor industry. This must be done while simultaneously maintaining reliable
nano-manufacturing processes. The process geometries and device dimensions are shrinking to the level
whereconventional technologies, currently used for production and quality control, are approaching
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physical boundaries, and a further reduction will soon appear neither technologically nor economically
feasible. Besides shrinking the critical dimensions even further, 3D scaling is expected to introduce new
functionalities and to optimise the available space. Moreover, introduction of 3D architectures requires a
breakthrough in the manufacturing process potentially based on a hybrid 3D nano-manufacturing and
packaing. Using only optical/electron subtractive technologies is insufficient to manufacture the 3D
nanoarchitectures at the required scale because of limited resolution or, when the resolution is high
enough, limited scale of the processed field.
The rapid development of semiconductor technology places demands not only on lithography, but also on
inspection, in particular for the localisation of nano-scale defects. The major requirements that NTX could
solve are:very high resolution and sensitivity to be able to detect 3D structures down to ~10 nm and high
aspect ratio; very high speed of measurement on large area such as 100 cm2 / hour; the ability to flexibly
manufacture and resolve 3D features below 10 nm with high aspect ratio; and low cost per surface area.
• Impact on Space technology Industry
Applications of space technologies dedicated to providing civil systems and services has a turnover of
around €5Bn and counts more than 15,000 employees in Europe. Main areas of activity are satellites for
spacecraft and ground segments, solutions covering secure and commercial satellite communications
(SatCom) and networks, high security satellite communications equipment, bespoke geo-information and
navigation services worldwide. The European Space Agency identifies SatCom as the mainstay of space
industry, with market value estimated as €100Bn, including launchers, user terminals and derived services.
Simultaneously, the market of micro-, nano- and pico-satellites, with emphasis on cube-sat,isdrastically
increasing with mainstream in science mission and earth observation. Thousands of vectors will be
launched before 2020, and multibillionaire investments have been carried out especially in USA
(http://www.spaceworksforecast.com). Through this value-chain, NTX could represent a key future
technology in ultra-broadband chip-sets, highly-integrated packaging for flexible, high performance and
low-cost SatCom transceivers. However, paradigm-shift introduced by NTX consists in changing the
technology of antennas for space, almost not evolving since many year, into SFX “skin” that use the entire
satellite surface as an antenna. This can be donenot only in the perspective to reduce weight and volumes
in SatCom on board applications, but also for enabling communications in a swarm of pico/nano satellites.
NTX, at optical frequencies, can be also an enabling breakthrough technology for innovative space
scientific instruments. MTX and STX, for example, can provide new ways to buildoptical components
simpler and easier to be manufactured and integrated and/or with improved performances compared to
conventional optics. Examples are polarizers, polarization scramblers, ultra-selective filters, zero-reflection
coatings.
• Impact on robotic industry
The impact of NTX on robotics is also relevant, especially withinhaptic communication, namely the
technology that recreates the sense of touch by applying forces, vibrations, or motions to the user.
Sensorial SFX skins can link mechanical stimulation minimizing the degrees of freedom of the mechanic
machines in tactile sensors that measure forces exerted by the user on the interface. This will allow a
drastic improvement in assisting the creation of virtual objects in a computer simulation, to control such
virtual objects, and to enhance the remote control of machines and devices), as well as system to assist
disabled persons.

3.2. IMPACT ON SOCIETY
• Health and well-being
Late diagnoses, as well as incorrect adherence of patients to the prescribed medications, are two
majorcauses of mortality. The availability of miniaturised and personalised monitoring systems to be
implanted into or positioned on the human body could drastically reduce the incidence of these. The
improved miniaturisation levels offered by the use of metamaterials/metasurfaces, and simultaneously their
capability to control and manipulate electromagnetic wavefronts at nanoscale offer the possibility to create
miniaturised sensors to be permanently inserted in or positioned on the human body; e.g.,using
oligonucleotides/antibodies on a nanostructured biochip and surface enhanced Raman scattering allowing
to detect even extremely low concentrations of specific markers from cancercells, even in the case of
unknown cancerous sources. These sensors can provide a continuous monitoring of important vital
parameters, as well as the presence of specific compounds through enhanced spectroscopic analysis. This
constant monitoring can guarantee timely diagnoses and trigger prompt corrective actions.
• Energy Efficiency
Efficient use of energy and waste reduction are current and future political, societal and technical
challenges, as our environment is flooded with waste and unused energy. Energy harvesting devices that
convert ambient energy into electrical energy have attracted interest from both the industrialand
commercial sectors. Solar energy has been used for years, and the harvesting of solar energy can be
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revised by using antenna concepts new materials and nanosciences. Therefore, the EXEMI area of NTX is
pertinent to this topical issue.

3.3. POSITION OF EUROPE AND EXISTING LINKED INITIATIVES
• Position of Europe
The proposed research, in its complex framework, is interdisciplinary and involvesmaterial science,
classical EM, quantum effects, manufacturing processes, multi-physics and multi-scale numerical modelling
and design. The coordination and integration of the existing European know-how of leading research
institutes in academic and non-academic environments, driven by hi-tech industries, will provide new
understanding, new processes, and new tools. Thus, the proposed activity will promote European
competitiveness in heterogeneous integration and encourage the networking and strengthening of related
but scattered industrial efforts across Europe. Afurther important output will be establishinga new level of
post-graduate education.
• Existing international research initiatives linked to this proposal
FORESEEN (https://eledia.science.unitn.it/foreseen/)already counts research groups of 36institutions (20
universities, eight research centres, eightindustries) coming from 9 EU countries. The numerous and highly
qualified European industries employing a highly-skilled workforce constitute differentiated and competitive
all-embracing value chains in the Smart Systems sector which cannot easily be transferred to other world
regions in the near term. The leading position of Europe results from the existence of R&D cooperative
organisations aimed at developing innovative solutions for the technical and technological domains needed
in the today applications and system solutions such as ECSEL, PHOTONICS 21, CATRENE, ITEA,
EURIPIDES and EPoSS focussing on Smart Systems modules and their application using a broad range of
micro-technologies aim to advance complex functionalities and further miniaturisation.Other national or
European research initiatives are linked to this proposal; in particular, i) METAMORPHOSE Virtual Institute
on metamaterials (http://www.metamorphose-vi.org), ii) the European Association on Antennas and
Propagation (EURAAP), iii)SYMETA - Synthesizing 3D Metamaterials for RF, microwave and THz
applications is a UK-based 5-year project launched in 2016 comprising 5 universities- led by Loughborough
University - and over 15 companies. Members of FORESEEN also belong to the consortium RPLAS
(www.reactiveplasmonics.org)
• Comparison with other initiatives in the world
Inthe U.S., theMultidisciplinary University Research Initiative (MURI) “Active Metasurface for Advanced
Wavefront Engineering and Waveguiding”has been launched in 2014 with support of AFOSR (Air Force
Office for Science and Research);thisproject involves:Harvard University (leader), Columbia University,
Purdue University, Stanford University and University of Pennsylvania. It explores the underlying physics
with focus on the connection between active metasurface design and the control of surface polaritons and
reflected/transmitted beams and on the interaction of device building blocks (optical antennas, dielectric
resonators, quantum emitters, etc.) with metasurfaces including nonlinear metasurfaces for broadband
frequency conversion. This MURI project has many affinities with a portion of the NTXInitiative.

4. WHAT WOULD IT TAKE TO DO IT
• Added value
For the creation and establishment of this new discipline, the Nanoarchitectronics, we need first the
integration and the harmonization of the current research, actually scattered among the European research
centres for unifying concepts, methodologies, technologies, facilities, pertinent to a huge extension of the
wave spectrum from microwave to THz and optics, and next to boost the future application-driven research
in this new area through the establishment of an accepted language among physicists and engineers, a
shared way of thinking, a common theoretical foundation and a common strategy for the future.
• Scale of the effort ad time required
The Nanoarchitectronicsinitiative is also aiming at association with other European research initiatives.
Including all the main European actors in this field, we aim at reaching in one year more than 50 academic
and industrial research groups with a global effort estimated in the range of €200M over the 10 coming
Years.
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