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1. NFFA FINAL PUBLISHABLE SUMMARY REPORT

1.1 EXECUTIVE SUMMARY

Nanoscience and nanotechnology are broad domaireseérch bearing great innovation potential infiglds of
health, environment, energy and communication.dDisensitivity to the atomic scale and to the funeatal time
scale of the processes ruling the assembly of matiek the response of materials, as well as tleetdaxploitation
of quantum phenomena, are requested for acquinmgriowledge to enable the design of new generatioducts
and sustainable technologies.

Nanotechnology requires special infrastructuresh watomically clean environments" for the assenpliof
nanosystems, whereas nanoscience needs adequags firat include radiation sources (Large Scaldifies:for
fine analysis of matter, LSF) for the direct cohtwbthe functionalities at the relevant space ane scale of the
fundamental processes. These infrastructures, whiphire substantial human and financial investsyesate most
often not co-located and not operated in closergyneith the LSFs, offering a unique integratedissvment for
advanced research open to the access of Europdantamational scientists. NFFA will be characted by:

*A single portal for open access to up to six cesttharacterized by specific fields of interest loal synergies
with complementary nearby Large Scale FacilitieSKE), with a central management based on a projecited
structure tailored by the scientific programme, kgl suited to establish local relationships atioral and
regional level that satisfy both a European visidrmodern research infrastructures as well as loeads and
sustainability. The distributed infrastructure veitlopt the legal framework of the European Resdafchstructure
Consortium (ERIC).

*A strategic access to LSFs to a wider nano-oretrdcemmunity of users by raising the standard inpam
definition. Advanced beam lines on radiation sosirgenerally lack adequate levels of sample preparand
delivery tools, or atomic resolution microscopycBsevere limitations to the optimal developmemanrfoscience
and consequently of nanotechnologies (that becoifimaiting factor for the full scientific return fra the LSFs)
will be overcome by co-locating advanced synthés@lities equipped with controlled sample transéerd by
developing dedicated beam lines and full charaddn lines all connected by a well suited mefggldn-
operando experiments will be also developed and will previd more reliable feedback to the assembly and
functionalisation protocols.

*A common platform of standards and metrology eimgplthe comparability and transferability of syrdlse
protocols and analytical results obtained in commglietary radiation sources. To achieve this it rdAmental to
join nanofabrication and synthesis with fine analyd the LSFs as well as to make the several Nédfres act as
a single-site infrastructure with several virtuial-situ and in-operando capabilities (in the frame of the
reproducibility certified by the common standards)quality management system approach has beemeqdato
account for a reliable implementation of such dfpten, including data and competence managemeri¢asth by
means of a Technical Liaison activity carried outskaff members and consisting in common practigesin the
development of an activity pointing to the full regucibility and transferability of nanoscience uis and
nanotechnology products capable to face the clgdlehatomic precision manufacturing.

*A first Data Repository of molecular data for fuilemal and complex materials and protocols fordjmethesis and
the metrology of nanostructured systems. The forofiahe data and the metadata (the set of all ¢hevant
information aiming at the reproducibility and thartsferability of the data) will be devised so asehsure full
exploitation of the results by a broad science camity.

*The indicative overall construction cost of NFFér f3-6 centres is 200-400 M€ in case of green-fieldstruction
(co-located next to LSF) and an operation cosbolia15% of the investment cost per year. The coctbn time
is 3 years per centre with several centres beiilgibyarallel. Based on the DOE experience 5 yeae necessary
for full regime operation. These goals are purdnethvolving national institutes and research aggenas well as
the European Commission in a strategic planningeiéker an update of the ESFRI Roadmap will congluer
inclusion of nanoscience and nanotechnology, NF&#lccrepresent a valuable option.

*The development of the concept of a NFFA demonstiahase to be started quickly with the initigpgart of all
the Institutions that participated in the NFFA ResBtudy and to be extended also to other relauatitutions in
the EU and Associated States within the framewdrkRy, WP2012 funding schemes. The NFFA Demonstrato
Phase will enforce and develop the NFFA concephiwiar limited programme that will integrate the stixig
nanoscience infrastructures co-located next to L{8FBine Analysis that do have some infrastrudtoapacity for
supporting a users programme if funded for theaestists that are involved.

While the European offer of LSFs is adequate, thalability of open access nanoscience centresvesatl
undersized, and the link to LSF is weak. NFFA dzardfore play a key role in the construction of Eneopean
Research Area creating a unique environment toastipgading research by users from academy anduitest,
offering advanced training to young researchers amgineers, providing an effective support to iratmn
projects by diverse stakeholders.
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1.2 PROJECT CONTEXT AND OBJECTIVES

Perspectives on Research in Nanoscience and Nandteclogy

Exploring the frontier of nanotechnology is an umidable challenge for addressing the key problems
of sustainability of our civilization. We need taderstand the properties of matter at the nanossaleto seek
control of functionalities based on nano-systentsabse the cost in terms of energy, raw materiadsveaste of
large scale “classical” devices is too high to awstfurther expansion of civilization on earth. Maaience
attempts to discover and understand the quantumophena that may lead simultaneously to downsiziegyrcts
and processes and to improve their performancesspecificities therefore enabling technologiesmf lenergy
content (i.e. low cost and highly efficient) in tiields of energy, health, food and environmentl #lese
developments rely on the understanding of the ptiggeof matter at the nanoscale, on the synthdsisaterials
with properties suitable to realize functional syss, and on the observation and control of théiabieur.

First principles analysis of model systems, synghe$ materials, nanofabrication with top-down dmuttom-up
methods, atomic precision manufacturing, atomicoltg®n microscopy, atom specific spectroscopy and
magnetometry, high resolution diffraction, time dlesion probes from 18s to 10s, single molecule
manipulation, spectroscopy and transport measuresnaga recent developments of research that nebdcimme
available as reliable methods in order to advanamieffective way towards new knowledge and nevalsdities
in synthesis and fabrication of novel materials dadices that are needed to address the grandaadiallenges
of this time.

Motivation and aim of the Nano Foundries and Fine Aalysis Research Infrastructure (NFFA-RI) is to
realize and operate such an integrated research einenment for nanoscience.

The infrastructure for fine analysis of matter teosg in Europe: 13 synchrotron radiation centi@&g)eutron
spectroscopy laboratories, the fast developmeritegfelectron-laser sources extending to soft aard X-rays
with very high brilliance anflemtosecond scale pulses, the developmenexdwatt laser prototypes arattosecond
optical pulse sources.

Large clean-room based nanofabrication laborataest as well in several EU countries and are atpelr by
universities, national research centres and putsliate institutions. Still most of the researchn@noscience is
carried out at university laboratories or publisgarch laboratories that have no or very limitedeas to the
relevant large scale infrastructures, and oftenlyce “demonstration experiments” of high scientfédue but of
limited technological impact, due to lack of scdliaband reproducibility.

High societal and economic impact advances in sei@md technology at the nanoscale require systematk in
which well-established advanced probes are applredhaterials grown in controlled conditions, or jsaked to
reliable external perturbations-situ and in-operando. This activity requires the development of a commo
platform with protocols, metrology and data struefias well as a working environment and orgaropatiapable
of creating the conditions for the reproducibilitfyresults and the effective transfer of knowledganometrology
and the complementarity of a large set of expertaiatata on the same sample or on very reliabliécesp as well
as modelling on the proper length and time scale, paerequisites for the advancement of nanosciefice
accomplish this, a step forward in data manageraadtdata repository is required. In particular mata on
synthesis and fine analysis protocols must be msiiead in an integrated data management systenrdardo
supply the first repository of nanoscience data il set the reference basis for standardizatiod for related
research and certification issues, like nano-tbxicdReproducibility is a frontier of nanosciencetthmust be
addressed with adequate infrastructure to allovargel number of European and international resegscioe
develop and use protocols and to perform researchanoscience taking full advantage of the methaats$
capabilities available at the Large Scale Facddifar fine analysis of matter.

The worldwide awareness of nanoscience potentadgphompted the EC and research infrastructuresated to
nanoscience and nanotechnology to work out vasopgorting programmes and schemes, all aimingidgibg
the gap between fundamental research and indusewgted research. Europe has a great potentiaipadting on
nanoscience and nanotechnology thanks to its rexblrlnfrastructural heritage of Large Scale Faedi(LSFs).
Nevertheless, at present, the effective impact3fFd.on nanoscience and nanotechnology is achiewstlymat the
level of basic research, proofs of principle andndastration experiments. In fact, most of the fzddion,
synthesis and analysis at the nanoscale level amently performed in laboratories (national andioeal,
academic and industrial) that do not take full adage of the advanced fine analysis methods.

Large Scale Facilities, as they are operated noygadae very well suited for advanced science énparts that
often demonstrate new phenomena by exploiting ewreonditions of sources and sample environmedtyesult
in articles that are generally published in higlpact journals. The dissemination of scientific tesuia articles
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further stimulates researchers to go and searchndar understanding at the phenomenological leveierge
development programmes, for instance on materasise, are greatly tributary to systematic worlcsithe well-
established and advanced probes are applied systallyaon materials grown in modified conditiors, subject
to thermal, pressure, or field treatments, andiplyswith in-situ and in-operando conditions.

The further development of this science howevestiengly dependent on the development of an addaand

reliable metrology. The measurements campaigns tmeistompared with each other and this requires ttieat
absolute values of key parameters (radiation iftgnslegree of polarization, focus dimension, degmf

coherence, monochromaticity etc.) are known wittéhl-established and routinely verified error baklso sample
preparation, characterisation and parameters opleaenvironment must be certified by an appropriatable

metrology. Similarly, data is to be obtained on panable samples in quantitatively comparable camitand

with enough quantitative information to feed inf@tmon and constraints directly into the overalladanalysis and
finally into the interpretation work.

ESFRI and EC Infrastructure Programmes

The European Strategy Forum for Research Infrasires (ESFRI) periodically brings up-to-date thadmap for
analytical facilities that covers presently the igog of the operating international sources of G (ESRF and
ILL) as well as the construction of the new infrastures for ultrafast X-ray pulses (X-FEL, EuroFElIntense
laser pulses (ELI) and long-pulse spallation sowteneutrons (ESS). These European laboratories thed
ensemble of large scale national facilities (syattions, neutron sources, FELS) offer unique raatiaieams for
advanced experimental research in all fields cagimgrwith nanoscience, from materials science tdionee,
from analysis and conservation of cultural heritéageconversion and storage of energy. Most of thalydical
facilities of the ESFRI roadmap are in the impletagan or pre-construction phase and corresporahtoverall
new investment of 4 G€ in the next 10 years, adttntpe current multi billion spending for operatiEuropean
and national facilities, and for the constructidmew national facilities (PSI-FEL, FERMI@Elettral BA, Max-
IV, SOLARIS, etc.).

On the side of materials synthesis and nanofalwitdtowever the ESFRI roadmap does not includeeptsjof
pan-European infrastructures based on the operssacoede NFFA addresses this weakness of the European
Research Area by defining a new kind of DistributedEuropean Infrastructure that will have laboratories
(Centres) co-located next to the analytical largecale facilities.

DoE experience and the GENNESYS exercise

The Department of Energy (DoE) of the United Statedized a network of 5 Nanoscale Science Resd&zeakers
(NSRC-DOE) co-located next to synchrotrons and noeuspallation sources that operate under own seien
programmes and offer public access to researchieosevproposals are selected and ranked by peemreVhe
centres started operating in 2006. The number@égis per centre is of the order of 150-200 par y@volving a
substantial users flow in each centre. The acae#iset co-located LSFs consists in either using owstruments
(beam lines) or in sharing instruments co-operatéthi the LSF. Users of the DoE centres are trained
introduced to the advantages of the LSF-based igobs by the scientific staff of the DoE centred. dentres
include theory, synthesis, biology, nanofabricatoil spectroscopy/microscopy facilities.

In 2009 the GENNESYS White Paper summarized ayesr exercise of analysis and forecasting of teearch
needs for the development of nanoscience in Europell relevant fields of research the goals arethods of
nanoscience and nanotechnology were discussedeim of the relevant contributions that neutron anda)X
spectroscopies could make. Strategies were progosé&oridging” the science carried out at LargeafecFacilities
with the industrial research and development rglyom nanotechnology. GENNESYS suggests creating new
European Science and Technology centres focussingaierials, nanofood, nano/bio applications, enend
cultural heritage.

The NFFA User Survey

The NFFA Design Study started with a web surveyighesl to analyse the European context of nanoseienc
facility users and their perspective expectatianghie next 10 years, and to test their potentiglpett for a
Research Infrastructure with the general charattenf the NFFA Design Study.

The survey population included groups that areadlyeusers, or who are clearly potential users,iné Bnalysis
Infrastructures (synchrotrons, high power laseisl.9~and neutron sources) for experiments in the adorof
nanoscience, and groups that have not yet consideese methods. The main goal of the survey wdacinto
question the nanoscience community tlaes not integrate the access to LSFs in their currentarebe
programme. This includes research on functionalerr@s and systems, nano-bio, nano- metrology, hano
toxicology, certification.
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The outcome of the survey was detailed in the egledeliverable and discussed at the mid-term wevidie main
result was that 80% of the respondents were inuiawd the NFFA concept. Those who were againstctreept
expressed fears such as: “a centralised facility @iversion of national/European funds”; “will lmege a local
facility”; “only a minority of users would benefftom the centres”; “complex organization”; “eachpeiment is

unique, can’t have fit-all-purposes facility.”

A
.

Responders Profile

Do you support NFFA Nanoscience Centres

M LSFuser
L M Support
B LSF scientist

None of both m Do not support

Respondent profile and degree of support of the NFFA concept

Project objectives

The objectives of the NFFA-DS are a thorough asislpf the European context in which a novel Distiéd
Infrastructure for nanoscience could be built, ardktailed technical and strategic study on theacheristics that
such Distributed Infrastructure should have in ordeaddress the needs of European science, tegyaind
education in the field of nanoscience and nanotaolgy.

The Design Study is the joint effort of five Eur@peresearch institutions to investigate the fehisitmf a new
kind of user infrastructure for nanoscience coimgjsin a cluster of 3 up to 6 Foundry Centres sel connection
with LSFs which purpose is to:

a) carry out advanced nanoscience research in agratéel environment that requires state of the art
modelling and simulation methods, material synthesanofabrication, nano-characterisation, inclgdin
the use of radiation sources suitable for fine ymialas well as for material and system synthesis;

b) provide European researchers with a substantissacto state-of-the-art nanoscience instruments and
methods and fine analysis therefore increasingtnepetitiveness of European research by structihag
ERA and creating an ideal environment for advaricaiding of researchers;

c) raise the standards of sample definition and clexniaation for advanced experiments with ultrafast,
nanofocused, high energy resolution probes availabBynchrotrons, FELs and Neutron facilitiesriaeo
to maximise the impact of LSFs on European sciemecktechnology, thus providing European users with
a well defined metrology for synthesis and nanadéabion protocols, atomic resolution analysis, milbaig
and simulation methods;

d) implement a repository-type data bank for nanoseetata and protocols, with wide regulated accgss b
the research community.

To achieve all these aims the objectives of the Npfoject are:

WP2 a) to map the existing competencies in nanoeseithat already operate synergies with LSFs; bjtinate
range and size of the overall nanoscience commtimgtymay benefit from NFFA-Research Infrastructure
as both active users and users of the data repositeesults, nanofabrication/synthesis protocmsnote
access; c) to define the science programme araldBvelop the NFFA roadmap;

WP3 to define the technical layout of the NFFA Cesitthe common configuration of the infrastruct{alean
rooms specifications, particle beam lithographied manofabrication, characterisation and nanonagyol
tools) and the domains of specialization at théeght Centres (e.g. atomic resolution microscopies
spectromicroscopies based on electron beams TEMM, SEEEM and complementary nanometer
resolution microscopies and spectromicroscopiesdan X-ray beams);

WP4 to define the mission and general structuréhefNFFA- Research Infrastructure, including theegal
management of the central and the local faciliti§sto develop schemes for implementing the NFFA-RI
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repository of data and protocols and to make itlalvke to general users; c¢) to develop schemesefoote
use of NFFA-RI; d) to set quality standards of prcitbn and e) to define an efficient users’ access
scheme;

WP5 to develop actions aimed at increasing the amofucompetences in nanoscience methods: a) ricaiof
NFFA-RI staff; b) scientific and technological maig of potential users involved in NFFA-RI actieg
and advanced training for nanoscience and nanabbmdy operators and researchers; ¢) organisation of
schools and public conferences, circulation ofafiggation material and release of the NFFA book.

The long term objective is to actually build sudifrastructure and to realize a novel user prograrbased on
access to facilities, remote access to experimantgss to data repository and full integratiotheffine analysis
in the nanoscience protocols for nanofabricationsistem functionalization, and for advanced netean matter
at the nanoscale, with a multidisciplinary approank multi-application fields, from energy to hbalirom basic

science to prototyping.
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1.3 MAIN S&T RESULTS/FOREGROUNDS

The main achievements of NFFA-DS consist in thecgson of the distributed infrastructure from echnical
point of view and its integration with the co-loedtlarge Scale Facilities for Fine Analysis, of dperation mode,
the users access conventional and advanced mbdaprstruction of the data system and repositbeypotential
role in the nano-metrology domain and the govereariche Distributed Infrastructure.

NFFA-Distributed Research Infrastructure Description

Open Access Research
NFFA will provide effective open access to acadeand industrial researchers to a state of therattfi@xible

infrastructure with direct support of highly quadi scientific and technical staff. NFFA will primig perform and
support top-level non-proprietary research in tiperoaccess mode, in the form of both short and-teng
nanoscience proposals regulated by a peer revisteraytaking into account the scientific/technolagimerit of
the proposals.

Theaccess stef for a user groug will be the following:

. Idea submission (optional, addressed to the Teahhiaison)

. Proposal submission (this opens the Work-PlackarNFFFA Data Management)

. Technical feasibility check (quick in-house respgns

2
3
4. Scientific review (periodical, external, a few satler year)
5
6

=

. NFFA decision on acceptance (preparation of a ilork and schedule)

. User acceptance of workflow and scheduling

NFFA will have onesingle entry portal for proposals The final allocation of the proposals will takeéd account
firstly the thematic alignment with the distinctiesace programmes of the NFFA sites and the spégifod the
tools available at particular NFFA/LSF environmenasd secondly, other technicalities such as theent
availability of NFFA resources at the differenesitand the geographical proximity of the applicanthe facility
considered. The need to access the LSF instrun@ntahd beam time will be ruled under specific agrents.
LSF experts will be present in the proposal repanels.

In the context of proposaubmission and reviewing several time-entry points and a fast reviewingcpss will
be favoured. Short forms, with just enough desicnipto evaluate feasibility and scientific meritijvoe favoured.
Confidentiality issues regarding reviewers and NFE&f will be taken care of. For the sake of flekiy, a swift
access modsshortcutting the above procedure may be enviséged very limited quota of urgent proposals,
which will be evaluated posteriori.

A report should be filled by the user at the endhefproject. Reports will work both ways: the uadl be asked
about his/her satisfaction, and conversely NFFA etieck that the user team has made proper ardesffiuse of
the resources made available to the team. Long peajects may be submitted to intermediate repgrtirhe
primary purpose of such process is to improve NBpAration and to assure that the resources areposicbly.
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(Different access mode will be possible in relation to the personal inkehent of the users.
Users may be direct operators, clients, or traia¢dse facilities, according to expertise and
effective need/possibility. The different workingodes considered are the following:

* [Presential]lGenerally, the users will be present in NFFA psaaiwhen their projects a
being developed. However they will have a ‘handsaifcess in case the machines that
being used are considered too critical for beingrafed under a self-service mode. W
the machines allow a certain degree of self-service user will follow a ‘hands 6n
approach.

» [Non-presential/remotdh this type of access, the user does not ne@dvel to the NFFA
Centre. The user defines a sequence of standags fstan an established set available at
the NFFA site and NFFA staff does the work.

* [e-access]t refers to the on-line access to computer baseld (simulation, modelling...)
\ and resources (data repository) that will be pregjkely developed at the NFFA Centres

The final implementation of the access of usersimibact other managerial aspects such as theaggeements to
be prepared and to fulfil the repository feedindigations and the training schemes for users, rapfiom mere
information about techniques/processes to in depthing/qualification.

The NFFA operation rules will have enough builtflexibility to allow quick decisions on all aspeat$ the
operation and service to users, under the respbiysibf the local management and subject agosteriori
verification by the relevant boards.

In-house Research

The NFFA science Centres staff will include scigtsti research-engineers, and laboratory techniciensted to
the in-house and users programme as well as t@atilgy operation and development. The scientigffositions
will involve 50% duty towards the users programme &0% dedication to the in-house research. TheANRF
house science programme, coordinated at the Iét¥eedNFFA Centre and of the NFFA RI, will be cadiout by
exploiting all the relevant facilities, from theotg nanofabrication and fine analysis, with a naisitiplinary
approach, addressing:

Fundamental nanoscale phenomena and processediscovery and development of fundamental knowledge
pertaining to new phenomena in physical, biologiaad engineering sciences that occur at the naleosca
Elucidation of scientific and engineering principlelated to nanoscale structures, processes aftamsms.
Nanomaterials: research aimed at the discovery of novel nanosaate nanostructured materials and at a
comprehensive understanding of the properties obmaterials (ranging across length scales, andidiral
interface interactions). R&D leading to the abilitydesign and synthesise, in a controlled mam@argstructured
materials with targeted properties.

Nanoscale devices and systemR&D that applies the principles of nanoscale stéeand engineering to create
novel, or to improve existing, devices and systeimguding the incorporation of nanoscale or nanmstred
materials to achieve improved performance or nemctfonality. Though the devices or systems may ot
restricted to nanoscale, the enabling scienceestthblogy must be at the nanoscale.

Instrumentation research: next generation techniques and technical solutionextending the direct benefits of
fine analysis to complex nano-synthesis or realrenments.

Common metrology and standardsresearch on nanometrology is a prerequisite to ictstities of NFFA and

is needed to develop nanotechnology standardsaadvance nanotechnology research and commertiatiza
Round robin activities will be established to comgpprotocols for both metrology and synthesis afasdructured
materials.

Nanomanufacturing: R&D aimed at enabling scaled-up reliable and eff#ctive manufacturing of nanoscale
materials, structures, devices and systems.

Environment, health and safety: directed at understanding the environmental, heaitd safety impacts of
nanotechnology development and corresponding sskssment, risk management and methods for rigatnin.
Atomic precision: is potentially the new paradigm for exploiting gtuam effects to produce functional systems,
moving beyond the current definition of nanosciemesethods and techniques. NFFA will provide the most
adequate environment for developing atomic precisietrology and fabrication.
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Development of the Data Repositoryaiming to become the most relevant and effectisériment for a science
centre to make nanoscience outcome promptly aveitalihe broadest share of stakeholders.

The NFFA Centres will carry out the whole in-housesearch programme of the NFFA RI, with local
specialization according to the characteristicghef co-located LSF and other research institutidiie NFFA
science Centres will also carry out applicatiorenieéd research and development, including prototy@ind
technology proofs of principle when considered ightscientific/technological merit.

Innovation and Industrial Research

The NFFA-RI will work mostly with public and privatinstitutions in their nanoscience/nanotechnology-
proprietary research. This means that industryftagimitation in accessing the NFFA-RI for the opatcess
research, via a peer review competition and resuéissubjected to non-proprietary research inteiédqroperty
rights (IPR) regulation, which could be well suitied pioneering industrial research. Much innovatie expected
in this domain of activity, addressing the metrgl@ad certification and standardization issues dnatpreliminary
to high impact applications.

For precompetitive developments, there will be acg&d access time quota available for industri@pgetary
research. Arrangements in this sense have beenulfmied in the Design Study, including assistance to
inexperienced users and IPR issues.

Industrial Liaison Offices (ILOs) will be set-up @ach NFFA Centre and will act as the initial pafhtontact for
industrial companies and provide help and assistaas required. The technical-scientific supportntustrial
users will be provided mainly by the Technical k@ (described in the next section), with the ofld_O being
to accept the initial request and to deal with legl economic issues leading to the eventual aotgyincluding
intellectual property issues.

Industrial users are likely to be more demandinterms of formal operating procedures and so tli& hhay also
be appointed to set up quality standard for theagament of customer commitments (ISO 9000-900atali.

The Technical Liaison

The objective to create and operate a user friecwitymon platform of standardized protocols, mettgland data,
in particular among Centres located at differetessiwill require an adequate effort in terms ofspanel and
coordination. To this aim a Technical Liaison (Th)ade up of personnel across the NFFA Centres,opélate
under a defined set of rules and procedures andgeathe technical competences of NFFA. It will beeatension
of the concept of Technical Liaison developed fur National Nanotechnology Infrastructure NetwddN({N)
initiative in USA.

rThe NFFATechnical Liaisor (TL) is a coordinated management of technical cetemces
inside and among the several NFFA Centres in thewing areas:

» Users consultancyscientific and technological support to inexpeced users als
including activities promoted by the ILO and addexsto industrial potential users)

» Common metrology and protocsandard development and maintenance

» Data Repositorynanagement

* Local Desk Services set-up to provide support for quick charactéioss by means of th
well-established common metrology platform avagabl the NFFA Centres as well
rapid fabrication or synthesis by means of standaddprotocols.

» Characterization of associated LSF methods and@@went of technical solutions to lin
analytical methods at the associated L®fh nanoscience instrumentation running at
NFFA Centres

An editorial-like approach will provide the conniect between the NFFA-TL and the scientists who imaye the
specific competences for developing a given ideaahyser. For instance the TL staff, when implenmgnt
common protocol, can call for a review involvingtividest Scientific Community of the NFFA Centres, the
scientific staff and specially qualified users,iagtas referees. In such a way a peer review-lilehod will
account for the technical evaluation and competemgagement.

Integrated Data management and Data Repository
A second level of open access will be provided IBFN by means of the first Data Repository for namesce. It
will archive and make available, under fair ruliess data and protocols developed at NFFA as a basizrce for
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reproducible preparations and analytical resulthéobroadest community of scientists and devetodre impact
of research on society is mediated by the actuegésscto data by the various operators of innovati@ming
development laboratories, industry, test facilitissrvices, certification bodies, researchers agben education
institutions. Effective archiving, or open-accesiestific Data Repositories (DR) are a challengat tan be met
more easily by research infrastructures that careldp advanced data management methods buildirtten
intrinsic need to make collected data availabléh® users for the medium-long time required foradaalysis.
Suitabledata formats for transferability, analysis, archiviragnd possibly interoperability are mandatory as asll|
an effective link tometadata completing the relevant information on the protectllowed in the sample
definition and in the measurements.

NFFA has addressed the creation of the first DaggpoRitory (DR) in nanoscience, including the retdva
information for data analysis and, most importdot,the full reproducibility of preparations andp&ximents in
order to enable the exploitation of truly completaey data as obtained with different methods oe treplica
samples and environment conditions.

Fa 1 : . N A< 3
e |
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E info Processes Specific Info
R General @ each operation + UserAccess: flux
s Info; {preparation conditions, D through NFFA facilities
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Flux of data in the NFFA Data Repository

Beyond the focus on data storage, data retrievédlimteractive analysis (availability of significaimtermediate
analysis steps for others to continue), data forooatersion and management of the data dictionawe lbeen
considered as essential building blocks of the NEFA

The DR should be a key item monitored and develdyyettie NFFA infrastructure which will be operatedusers
who generate the data anthitd-users” who access the NFFA-DR according to suitablesuken integrated data
management system has been sketched for the NF§éaRxd Infrastructure in which a new entry is addkdn a
new proposal is received, generating a work-plabere all relevant information on users, samplesyipusly
acquired results, and related literature is upldaatdinked and where all proposal evaluation st scheduling
of access to the NFFA facilities are recorded. Tiada Management system will acquire actual date ftbe
NFFA facilities, as often as possible in automatey, providing an on-line recording of the relevaata and
metadata as the research work progresses. Teiktsbiy the users will be necessary, but limitednooverall
lower effort than conventional logbooking. The axcéo the experiment work-place will be extendeth&ousers
and to their collaborators in e-access/remote matethat remote data analysis or complementary work
(simulations, calculations, other) can be perforritedn interactive mode in real time. The syster swipport
some degree of remote-operation of NFFA facilitélewing complex experiments to be conducted by-tore
users on site (with NFFA assistance) and moreeatdinote home institutions, but effectively on-line

Once the research project is completed and thes (serthe NFFA scientists) publish their resultsigstific
papers, thesis, reports, presentationsyseful data and metadaté subset of all the content of the proposal
“work-place” will be archived in the open-accessPFDR, after a suitable and agreed-upon embargogberhis
information will be open to all qualified interedt@eople after acceptance of adequate rules oSsco®lying
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some limitations on the use of the data, mandasaknowledgement of the source of the data and rattad
including the scientists and institutions who di@é work and who should agree in its further usehwy“third
users”.

r

The most important technical guidelines of the NFFA-Data Repository are:
» The dataeside in file archivesThe metadata are managed using a database

* Metadata management and search criteria will béopeed by using both keywordsnd
semantic search

» Extensive support for metadata management andodatassing

* A flexible architecture that can be adapted to mpl@tscenarios (transparently extendible to
other «infrastructur.

s

The NFFA relational database will have basic tablganized in three levels.

1. Parameters characterising the object of the relsealdch will be useful for third users external ess:
Sample, Experimental technique

2. Parameters characterizing the user access: Prdpodaéscription, Users

3. The single experiment (measure, synthesis, falwitabr simulation): Data address, Data description,
Metadata (made of keywords and free text which bélhandled with semantic search), Useful data flag
(labelling final useful data with respect to prahary ones carried out in order to optimise theesipent)

All the input parameters for these tables will k®ywords easily recognisable in the search operation. @peci
keywords will be used also in the metadata desoripin order to make it as standardized as possitie
keywords sets will be managed by the Technicalsbiaj taking into account the requests by the usemsell as
the need to simplify the metadata input forms.

NFFA, within the scope of the Design Study, hasettgyed aDR-prototype built, after evaluation of the recent
advances in e-infrastructures and scientific dafpositories, on the I-CAT system and on the exgstn
infrastructure operating at the Elettra synchratron

The prototype was connected to three different ex@mtal facilities: a SEM instrument, a synchratradiation
beam line for spectroscopy, and an open code f@t firinciple simulation (Quantum Expresso) being
representative faciliies of a NFFA Centre. The eradl system is available on line at
https://nffa.grid.elettra.trieste.itor demo purpose. The design of the NFFA-DR angl deployment of the
demonstrator have shown that the integrated datsagesnent and repository is a key element of theareh
infrastructure that implies requirements not acdwshpd by simply assembling available e-sciencésto®d major
effort is needed by nevertheless maintaining amagg@proach based on maximum integration of valuabié
popular data formats and protocols.

Quality Standard

The NFFA-Research Infrastructure aims to createrancon metrology and protocols platform, open temdl
users and third-users; consequently it will be dawéh “quality” and “standard” issues.

The “quality” management system (QMS), as treated by the ISID §Bescriptions, is based on the continuous
improvement of the system and of assurance of conitip to customer and applicable statutory and lagguy
requirements. In this framework, the users politayp a fundamental role, and quality rules will sh@e be
implemented mainly for the following three objeetsy

» a more flexible access with respect to existingastfuctures, including a strategic access to ttadytcal
LSFs,

» actions to foster access of new users communities,
» implementation of an effective data management.

The latter issue brings about a newer concept alitglaspects that mainly concern:
 the data format and the metadata structure,

* |IPR issues,
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* the effects on users and third-users (users omkysaing the Data Repository).

Industrial users will be concerned with QMS andvill be the duty of the ILO (Industrial Liaison @f&) to
monitor the quality, to organise the users comnyusnitdit and implement the feedback.

A “standard” provides rules and/or characteristics for adgtor for ensuing results aiming at common and
repeated use. As the nanoscience competence ik isainly shared among scientific institutiowhich, unlike
manufactures and entrepreneurs, have little invodrd/interest in the normative activity, an effootvards
establishing more common practices and round rabifivities aiming at comparing processes and resilthe
atomic scale among scientific research groups, imiloduce standardization practices much needethén
nanosciences.

Measurements must be compared with each otheth#édequires that absolute values of referencenpetiers are
known, within well-understood and constantly vexifierror bars. The sample preparation, charactierizand the
parameters of the sample environment must be ieertlly an appropriate reliable metrology. This lisoaa
strategic issue for the best use of LSFs to oveectine “on-line” time-consuming sample preparatioting
difficulties in quantitative comparison of datarfraifferent sites, and the criticalities in perfangnpin-situ or in-

operando measurements.

(TheNFFA standard will involve few actions of “common” practice.

e an internal common standard of metrology, aiming at establishing reliable references and
constant calibration of instruments of all NFFA centres, extended at the atomic scale where
relevant and exploiting the access to fine analysis in order to guarantee that the overall NFFA
research is performed with all the physical, chemical and morphological parameters under full
quantitative control with certified error bars.

e an internal common standard of protocols to optimize time-consuming clean-room practices as
well as sample preparation for measurements at analytical beam lines: for instance sample
transfer under UHV/cryogenic conditions to the beam lines or direct connection of synthesis
chambers to the beam lines for in-operando studies, or implementing EM-field manipulators for
cells or macromolecular assemblies, with known applied pressure.

* the standard of data (format, access, transferability), will be instrumental in making protocols and
metrology standards effective and exportable.

.

The implementation of common standards will reqtéehnical as well as organizational solutions tike correct
estimate of duty cycles in the equipment time, dagaate involvement of the staff personnel and-oatadata
management fitting specific requests concerningrotegy and protocols (e.g. the reference to cdiibna
operations). For such a purpose, the NFFA Techdi@ikon (TL) will act both in the common platforof
metrology and protocols and in the Data Managemantrder to guarantee an adequate level of rowfihr
activity for establishing internal standards andgerforming quality checks and calibrations ane pinoper level
of control/coordination of the quality data managem

Staff Training

In the NFFA scenario two communities come togetrstaff researchers/technicians and external useith the
appointed objective of extracting maximum profiorfr the available technical infrastructure and ghare
brainpower. To accomplish this goal a certain degrepreparation and training is needed for botiugs. Non-
surprisingly, both, staff and external users wiliie common training topics in some cases. The ldifference
between them will be the periodicity of such coaraad the degree of detail attained. Certainlyafor common
topic NFFA staff will be trained to a deeper leyat least as deep as to become good trainers thesssghen
interacting with external users).

The objective ofnternal training actions is to assure a safe and flexible operation ofdhdities.
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Specificinternal training to assure safe and professional NFFA operationadilress the
following topics:

* NFFA generic concepimode of operation and scientific/technical offérthe NFFA site,
associated LSF, and possible associated nano-labs

 Safetytraining: civil building and lab operation
» Clean Roonoperation protocols
* In-depth technical training about in-house proce&splipment

» Resolution of conflictof interests. Degree of involvement with useldser agreement
clauses.

» Data management and repository maintenanceis@duidelines

With the exception of the in-depth technical tramithe above training actions may be short (brietype) or
document based. All the mentioned actions will&eer punctual in time, only to be repeated for negvuitments
or when changes in internal policies/protocols occu

Additionally, periodic training to keep the staff technical/scientific proficiengil take the following form:
» Technical workshops about current and future tephes associated to NFFA operation.
» Science seminars programme.
Users Training
The external training schemes are divided fotmised short-termimplementations antbng term far-reaching
schemes. Among these, the collaboration with academgeneral and the contribution to post-gradwadsters in

particular are probably the most strategic andcéffe schemes in preserving the integrity of the-NFapproach
and guaranteeing its long term sustainability.

The focused training is the training scheme intended to make the peleosers proficient in applying for
proposals and in developing them at the NFFA sithen approved. Therefore two distinct stages can be
distinguished: a pre-proposal and a post-propdageswith different needs in terms of training.

In the pre-proposal stag: the training goal is double: to promote the NFF#aept in the(j
community of potentially interested users, and reont the potential user in the application
procedure. The material to be communicated in otdefulfil such goal should cover the
following issues:

* NFFA concept and mission as an open access naaatexdli distributed infrastructure
* NFFA portfolio: both scientific and technologicapacities

» The different type of users, type of projects expe@nd different access modes

» The application procedure (calls, form filling, rew process)

* NFFA Repository issues

* Rights and duties of users when performing a ptojea NFFA site.
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In thepost-proposal stagr a granted user will perform personally some wdr& BIFFA site

for a certain period of time, or will have some wdone for him by the NFFA staff. The
degree of training needed in relation to the opamadf NFFA equipment will vary accordingly.
In the more generic case the external trainingiatstage will comprise the following issues:

 Safety training
 Specific Clean Room / nano-labs operation protocols

» Hands off / hands on training, going from thorotigéoretical knowledge of the capabilities
of the available equipment to deep practical tregnof the set of equipments that could be
used under a self-service approach.

* Training on the repository access and feed

7

NFFA sites will have special traits (internatioealvironment, state of the art facilities, local meation with LSFs
etc.) that will make them privileged places to parffar reaching external dissemination and trainingactivities
for the benefit of future users themselves, bui fds students, young researchers and technicians.

The NFFAdistributed sites throughout Europe will offer their capagtie contribute to raise reano educated
scientific/engineering workforce and to thenano literacy of general public thus complementing any other
initiative that European authorities may devisehwitor in parallel to the EU Nanoscience and Nactutelogy
Action Plan.

Some of thdar-reaching training actions envisaged are:

* A science_seminar _programniaking advantage of the NFFA environment and to 'be
addressed to the NFFA community, thus involvingeexdl users, as well as visiting
experts and guest speakers.

» The extensive NFFA infrastructure and technicalegtipe, as well as groundbreaking
scientific labour, should be put into use in thenfoof summer schools and specialised
courses The fact of having a common infrastructure at difeerent NFFA sites makes it
possible to run courses in an itinerant way indifierent European regions.

* Collaboration with academia to rearrange in a stmec way whatever training content
may be found useful to be included as formativeditsein masters and/or doctor
programmes.

 Common _open daysvith the neighbouring LSFs addressed to the gémmrhlic and
schools to make the societal impact of ‘Nano’ ustterd, as well as its economic impact
(and entrepreneurial opportunities).

NFFA-Distributed Research Infrastructure Technical Layout

Overall Infrastructure

The planned NFFA-RI, distributed in three to sixi€@es, will be capable of combining open accedsoth state of
the art nanofabrication and complementary analygthods with the full exploitation of fine analygrabled by
radiation sources methods offered by large scaldities (LSFs). This combination, not yet presantong the
available European public research infrastructurvel, bring the added value to overcome barriers fioe
emerging of a more mature stage of developmentaobscience and to remove bottlenecks in the Eunopea
competitiveness in medium-long term research progras on nano-functional materials and nano-systeiths
special implications on energy, health and enviremtal issues. The infrastructure will offer Europeaientists a
unique access to advanced instrumentation coveheagsynthesis and fabrication of nano-materials aailo-
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structures, the advanced nano-metrology and clesization, and all relevant fine analysis metho8R,(FEL,
lasers, neutrons) by co-locating the NFFA Centréth wthe most relevant radiation sources at LargaleSc
Facilities. This choice guarantees short iteratipries with frequent and direct interaction amorgspns involved
in sample preparation and in fine analysis, thudewing the opportunities of exploiting materialdimidon and
nanoscale properties. It is the aim of NFFA to ptevmature, standardized micro- and nano-technodbgi
processes in the broadest sense with unrivallegldexf reliability and reproducibility. Each Censhball present
common characteristics in terms of basic instruatéott platform and organization, such as the divisnto a set
of internal facilities: nanolitography, material nglgesis, advanced analysis and metrology, nanomiatign,
nano-bio, theoretical modelling. In addition, thentres will differentiate themselves in conformityith
peculiarities connected to the type of radiationrse operating on the same site, other complememtasting
infrastructures and special regional competencdsiaars’ needs, which may be for instance morkérBio- or in
the IT area. NFFA Centres aim to provide Europeaensists with a novel infrastructure that can supgasic
science at the nanoscale in combination with atopriecision manufacturing and engineering, alonghwit
innovative applications that explore beyond thertsta medium term issues of electronics industrg aarrent
nano-bio applications.

The basic experimental infrastructure in each @ewill be the same, in order to safeguard compayitbhetween
the centres and an optimal level of redundancy.efy ymportant aspect of the NFFA centres is a stedided
metrology adequate for all relevant physical, cluamior biological parameters of the user's sampedbe
processed.

Typical NFFA Centres should have an approximatal wize of 6300 fmplus access to a guesthouse (~106p m
for users who may have to stay several weeks ar menths, compared to the usually short sojournssefs of
LSFs. Each Centre will include a state of the &am room of about 700 Twith various classes of cleanliness.
The layout will be “finger-type” which has provem be most effective and flexible. About 5006 ane necessary
for conventional labs, workshops, offices, meetimgms etc.

Nanolithography Facility

In a near future the production of the most tecbgichlly advanced materials will not only be ensuby the
methods of chemical/physical synthesis. New fumetianaterials may be produced by contribution gFdown
nanofabrication technologies. Thanks to the matunit the present technology, nanofabrication erslthe
structuring of materials at scales comparable mesimtrinsic physical dimensions (e.g. the meag frath of the
charge carriers, the wavelength of optical, acoaktiplasmonic or excitonic modes). Very frequentlyese
dimensions are on the scale between a few nana@raicka few tens of nanometres.

The possibility to reach, with lithographic cap#hik, the scale at which some physical phenomeke place in
materials, will allow the exploitation of nanofatation as a material synthesis technique, configtonmaterials
new properties departing from those inherited ftbenchemical/physical synthesis.

Among those new artificial materials, engineerednibgans of nanofabrication, we find for example phat
crystals, metamaterials, nanomagnets of a singi@adg superhydrophobic surfaces, and special dptiegerials
able to alter the polarization and the orbital dagmomentum of the electromagnetic radiation.

In addition to the nanopatterning of materials toveistigate the above-mentioned changes in their
physical/chemical behaviour, nanolithography cao &le of importance to NFFA in more indirect ways:

* When the materials under study cannot be pattedimedtly, top-down nanolithography can be combineith
bottom-up approaches. Nanometer sized templates lben used for the guided self-assembly e.g.cakbl
copolymer structures, colloids or for the growttsefmiconductor nanowires and nanodots.

» Nanolithography can enable researchers at LSFerform fine analysis on systems of increasing cexipt
that include working nano-devices. These devicagadrom very simple ones such as local electtiealters
or thermocouples, to more complex structures likerarcoils for fast magnetic switching.

* An additional close link between nanolithographyl ansynchrotron LSF is given by the fact, that ysrare
not merely used for analysis, but also for nanofation itself. The short wavelengths applied imay-
lithography or EUV interference lithography offére potential of high resolution, while the higlillamce is
favourable in terms of throughput.

» Nanolithography techniques can contribute signifiteto improving the performance of fine analyatd SFs.
These applications include the fabrication of tagects with well-defined nanostructures for benahdmg
and calibration of x-ray microprobes. In additi@avanced electron-beam writing techniques are egbpb
produce high resolution x-ray lenses
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To enable a research programme on the wide rangadeénced topics in nanoscienddfFFA
Nanolithography facilities will host the following instrumentations:

* high-end Gaussian beasystems,

« NanoimprintLithography systems,

« Dual Beam(FIB+SEM) with pattern generator,

« different scanning probi@éhography (STM, AFM and Dip Pen),
« photolithographymask aligners),

* spin-coaters

In addition, oneX-ray Interference Lithographyne X-ray (proximity) Lithographyand one Injection
Molding system should be available in the NFFA infrastruetu

Glove boxes, electroplating station, UHV evapomtand sputteringare other equipment that the
nanolithography laboratories in the NFFA centrel§ imclude.

A range ofpattern transfer techniques based on reactive plasmas will be available, sisthductive
Coupled Plasma (ICP) etchers for silicon as well as for IlI-V semiconductorBeep Reactive lon
Etching, chromium etchers and anlon milling system. Finally, an area of the facility will be equippéat
Soft lithography methods.

Considering the different specifications and acaesgsilations of different equipment, the cleanrosimould be
divided into two main areas, Nanolith | and Narolit

Nanolith | will contain EBL (High-end Gaussian beam systemy,-Nanoimprinting, laminar flow hood with
spin-coater and hot plate, and will have tight ffetions for cleanliness (1ISO4), Thermal cont(@l+ 0.1 °C),
antivibration floor and shielding for electromagneind stray magnetic field. The use of EBL and NN-will be
restricted to scientific/technical staff.

Nanolith Il will contain all other instrumentations and will bpen to users after proper training.

Material Synthesis Facility

Within the European Scientific Community a stromgjuest for materials growth and nanostructureshegig
emerged in the NFFA survey as basic tools for aseirnce centre.

Nanostructured materials are becoming increasiimglyortant in many areas as energy storage, envieahm
detectors and biochemistry, and important advamcenicroelectronics is perhaps one of the most esiev
examples. The actual needs are to tailor novel stenziures with new geometries and functions (#uonctional
interfaces”) and to explore new combinations ofedént materials (“hybrid materials”) paying spécitiention to
the interface with biological materials. NFFA Castwill meet these needs as their major goals.

The NFFAstrategy for the wide range of synthesisivities will pursue the following objectives:

* explore the possibility to createew nano-materialswith new functionalities,

» improve the in-situ monitor of the synthesis procesesin order to better correlate the synthesis

parameters to the structure of the growing material

* takeadvantage of the unique co-location with LSEsby using fine analysis techniques as advanced
tools to investigate the atomic structure of thengr materials,

« foster the collaboration between nano-synthesis experimentats and material science
theoreticians
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There is an increasing need to identify well-dedirsand standardized processes for the synthesisatdrials so
that they can be reliably reproduced in any lalmoyatTo increase the reproducibility and to contadlthe
nanometre level all the structural parameters derna growth, which is a basic issue to correldie synthesis
parameters with the nano-material structure andtifom, it is fundamental to improvi@-situ and in-operando
characterization of all the relevant synthesis stepusing non-destructive and high-resolution néaples. In this
respect, an important goal of the NFFA infrastruetwill be to optimize theexploitation of LSFs A known
problem when accessing synchrotron radiation fasgliis the limited time available for sample prepan, a
preparation that has to be usually performed dubegm time and with a limited number of synthesis a
characterization techniques. This is in generadraéogs drawback and a waste of precious beam toeelly one
should be able to prepare and characterize sarmloles to LSFs prior to the measurements. Thiscistiaal point
that is not being adequately addressed in mostscaisé dedicated NFFA Centres close to LSFs wouier of
consistent solutions like a NFFA end-station ormbédme managed by the NFFA Centre dedicated taribsgtu
study of synthesis processes, or a battery of teelexynthesis chambers very close to the beam Vindsthe
possibility to transfer the grown sample from tkeaators to the fine analysis end-stations undetraited UHV
conditions.

Another original interconnection between the NFFAtenial synthesis and the collocated LSFs, welleduto

improve a systematic understanding of complex camgs, is that of implementing sample libraries, allpys or

metal oxide compounds as obtained by cross wedpesd®ns on a substrate or other gradient conatoitr

systems that will produce a continuous variatiorcahposition, crystalline, stress and strain priogeiof a class
of samples all grown on a common substrate andaklaterally by tens of micrometers. An autordagean of
these properties will quickly identify the “regidnsf interest for further investigation and spequ apnsiderably
the material science/nanoscience analysis.

A final important challenge for NFFA material syesis is the dialogue between material synthesigréx@and
material science theoreticiansthe systematic availability of experimental réswalboutin-situ characterisation of
the synthesis steps will serve as effective infut testing new theoretical models on growth anderabdy

processes and vice versa, easily accessible siongawill act as quantitative data analysis of smscopic and
imaging data.

The rather broad definition of materials considareNFFA Material Synthesis facilities
includes all different forms in which materials daaprepared, spanning from single crystals
thin films and nanostructured materials, to nantigdas and supramolecular aggregares
arsenal of both conventional and cutting edge pegjga techniques as well as the ability to
develop new techniques will be therefore inclugenting to make NFFA material synthesis
facilities excel over more conventional ones.

\

Advanced Analysis and Metrology Facility

One of the major bottlenecks for the developmenmnefv nanoscale science and applications is thdelimi
reproducibility of both sample fabrication protogaind experimental results. NFFA will fill this gap developing
the Advanced Analysis and Metrology facility prawvig full traceability of results and therefore opgnnew
perspectives in sample definition and new certiiicacriteria.

A reliable sample definition is crucial for accegpthe Large Scale Facilities (LSFs) in order torojse the use of
beam time and to achieve the research goals. Thanked Analysis and Metrology facility of each NFE&ntre
will warrant the consistency of the results ofatparation and characterization processes.

Besides the well-established techniques for thesighly chemical, magnetic, transport and mechanical
characterization of nanostructured systems, NFFRAapen the access to state of the art tools thattypically
available only in specialized laboratories.

The Advanced Analysis and Metrology facilities Wik partially located in the cleanroom and/or oiggeh with
modular set-ups that could be physically connetdeany other equipment fon-situ metrological analysis. The
staff of the facility will be constantly updated developments and potentials needs of developingtoels, with
the underlying philosophy of putting on the metgyidoench every new atomic/nano scale probe thatapp
suitable for a broader use.

The facility will extend inside the partner LSF,tiviNFFA staff personnel working in collaborationtviLSF
scientists to fully characterize the source ancedrental stations, i.e. the accurate determinaifaihe degree of
polarization, of the radiation spot size, timing.et
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The instrumentation inside the facility will be dled into abasictool set i.e. a common platform for all Centres,
which will be the skeleton of the NFFAommon metrology, and anadvanced tool set composed of very
specialised tools or state of the art instrumenisersified among the Centres according to the nsifie
specialisation of the single location, linked tce thther NFFA facilities, the co-located LSF, theestific
environment, and the local competences at the diFFA site.

The technical layout of NFFAdvanced Analysis and Metrolog! facilities includes sections and,
when deemed appropriate, sub-sections (in brackets)
» MicroscopySection (Electron Microscopy, Scanning Probe Micopy, Emerging Microscopes)

« Structural, Optical & Elemental Analys{X-Ray Laboratory, Optics Laboratory, Surface Atsé,
Composition Analysis)

» MagneticCharacterisation

* Thermal & MechanicaCharacterisation

» TransportProperties

» Advanced Radiation Sourc&gction located at the LSF

In addition, a_Total Characterisation Liséould be developed as a fully automated systetin avi
batch of samples moving inside a UHV pipeline tlglowconsecutive measurement stations, each
equipped for a different analytical technique, plovg complementary information for the sampl
definition standard. The line will be well connette the data repository for automated data stoiing
will be offered_as a fast means for fully traceatit@racterisation of a wide range of basic proesgrti
complementary to the standard, human-controlled/ipctdedicated to more specific and/or mor
challenging scientific questions.

D

D

The advanced tool set will also include new toalsxew applications of existing techniques develogedctly
inside the NFFA Advanced Analysis and Metrologyilfaes: once successfully implemented and testetBFA
staff, these new tools will be made available tersisThe choice of the advanced instrumentatioti, t@mmercial
and in-house developed, has to be guided by theANstitentific programme along the directions of f@en
scientific needs, with particular attention towadysmamic, real-time measurements. Possible suggssinclude
tools capable of working in specific environmertg). in-operando, high fields, high pressuresjdisjorin-vivo.

Nano-Manipulation Facility

Nanomanipulation, or positional and/or force conaibthe nanometre scale, is an enabling techndiidimg the
gap between top-down and bottom-up strategies eRtlgs nanomanipulation is applied to mesoscopigsjal
phenomena and to the investigation of biologicattena Sample handling and manipulation of bio-niatey
specifically for experiments at the LSFs, requisnormanipulation techniques, both for positionirfgnano-
objects and for applying controlled forces alscelzploiting tactile feedback technology (HapticsheTink of the
macroscopic world to the nano-world of single males, nanoparticle and functional nanostructuredevices
which operate under the LSFs beam lines constrgents microbeam, limited space and time) represent
technological challenge that will be addresseddiplmining multiple nanomanipulation approaches.

The manipulation techniques (MTs) can be class#igdcontact” and “contact-less”, both offering mlevrange of
possibilities for assembling nanosystems, for pasilg and orienting nano-objects in front of a foefor fine
analysis experiments, as well as for applying fert® reactive systems like living cells. The entiamge of
manipulation techniques will be implemented at NFRAspecial regard will be given to contact-lesshtaques,
which provide high flexibility in terms of the mamilation degrees of freedom and of the environntenthich
they can be implemented.
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Both contact-less and contamainipulation techniques will be available in NFFA Nano-
Manipulation facilities. The offer will include:

¢ Optical manipulation techniques (optical tweezers, optical levitation)
* Magnetic tweezers

* Dielectrophoretic tweezers

¢ Scanning Probe Microscopy manipulation (with both STM and AFM)

* Microgripper

* Haptic feedback manipulation

Nano-Bio Facility

The facilities for biological research will be egped according to the specialization and reseavctisf of each
NFFA Centre. The offered infrastructure will incud Biolab user facility with basic equipment (C@cubator,
sterile working bench, cryo-microtome) for sampleegaration and storage and provide access to $pecia
characterization techniques, i.e. a state of thdlanoBio facility supporting ambitious scientificogrammes. The
nano-bio facility will be developed in full synergwith the other NFFA facilities (material synthesis
nanopatterning, imaging, theory) and will establgmmon programmes with the co-located LSF androthe
institutions. Nanobiological research themes addmeksby NFFA are: Biointerfaces, Biomimetics, Bicsmn
devices, Nanomedicine, Toxicology, Proteomics, éinotrystallography.

A NFFA Nanc-Bio facility will need access to support lahst will to some extent also be
necessary or useful for other facilities:

e Chemistry lab: standard equipment and a chemical synthesis facility (fume hood, pH-meters,
heating/stirring plates, microcentrifuges, ultrasonic processor, and microscope with CCD camera,
glove box with controlled atmosphere, precision balance, and standard chemical lab supply) will
be available at every NFFA site.

* Microfluidics lab: including stopped-flow / rapid mixing equipment, and automated high-
throughput facilities for biological samples. Recent practical experience suggests also considering
the need for the presence of a clean area for microdevices assembly.

* Bio-lab: standard equipment includes a biological safety cabinet, laminar-flow box, CO,-Incubator
with inverse microscope with CCD camera and an autoclave. The basic layout of the Biolab should
provide sufficient space/infrastructure to allow further upgrades.

Many characterization tools that will be provided the Advanced Analysis and Metrology facility fother
research areas will require only some adaptabgitgcautions and suitable environmental conditimnbe also
useable for biological tasks. At specialised Nawef@cilities, analytical techniques that are maosgbiently used
by this facility will be installed directly insidéhe BioNano lab area. Duplication of basic tooldl wnly be
necessary whenever the danger of (mutual) contdiming present or to handle an overload.

Instrumentation of general use, which will be vémgguently used for NanoBio research and shouldbbated
inside the biolabSpectroscopy (u-Raman, UV-VIS, IR,) (Fluorescence) Microscopy and Imaging Environmental
Scanning Electron Micraoscopy (FE-SEM) Mass spectrometry, HPLC.

Methods that are also of interest for other faesitand that shall profit from further developméygtdedicated
research group<Cryo- Electron microscopy / -tomography NMR spectroscopy Optical tweezers, Sngle particle
chemistry on biological macromolecules

A specialised NanoBio facility could also be indlto do research at the S3 safety level, requinfrastructure
for storage, handling and disposal of highly infme$ or biohazardous material. This would requirstrang
interest also from the associated LSF, becauseltdwrequire investment and safety adaptation fatsu this side.
The most probable location for such a facility wbbk at a LSF that is already involved in suchaege
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Theory Facility

Nanoscience is born out of atomic precision measenés of small objects and is addressing, thankiheo
availability of short-pulsed sources, the dynanatshe nanoscale. On this ground, the direct itdgrpf theory
and experiment is taking place at a much more die@l| than even in condensed matter science,taube
capability of modelling and simulating the exacagum behaviour of small size systems and the fesotund-
picosecond dynamics. NFFA does therefore includénemry facility aimed at developing a fully intetgd
approach to the challenges of nanoscience. The NREdéry facility for materials modelling and simiiden will
provide numerical and theoretical support to thersign conjunction with experimental activitiesrgad out in the
NFFA Centres. It will cover a large spectrum of gatences ranging from phenomenology, nanobiology,
theoretical materials science, physics and cheynidown to algorithmic and software engineeringe general
goal of the theoretical facility is to provide tdetailed and fundamental atomistic insight intoariats' properties
that allows for optimising their functional proded and for guiding a more efficient and controlsgtithesis. The
NFFA theoretical facility will develop and apply itietscale computational techniques for the numénmeaterials'
simulation.

The NFFA facility should be organized aroundnaltidisciplinary research group with diverse expertise and
background covering nanoscale materials sciencesagtheering / solid state physics / surface sepneethod
development/ computational spectroscopy / many kbdgretical physics; quantum chemistry / compoieti
chemical physics; soft matter/statistical and tgatal physics/polymer theory; scientific softwargaeering.

The general methodology approachof the computational facility will be multi-scalené multi-level, with a
particular emphasis on the atomic level. The metheill be optimized for quantitative predictions mfterials’
properties at time and length scales as differenti)athe optical electronic transitions in photaied
heterogeneous nanostructures (requiring many-bedybation theories), ii) the electronic grounates of large
collections of atoms from several tens up to hudslf@equiring Density Functional Theory approachig)the
kinetic and dynamical properties of materials sasimolecular self-assembly (involving molecularawics with
DFT or empirical forces), iv) rare events suchlesrmmally activated processes and chemical reacf{i@ogliring
the use of accelerated dynamics), etc. In particatanputational techniquesbased on DFT, in combination with
the Car-Parrinello (CP) first-principles molecuthmamics (MD), will be the central computationathieiques of
the NFFA theory facility.

The main objectivesf theTheory Facility include:

* providing theoretical suppotb the NFFA users. This can be achieved by theareh
staff, who will perform quantitative numerical sifations necessary to complement the
selected experimental analysis, as well as theork Wy external theory users;

* providing computational resourcéscientific software, in house computing clustend
access to massively parallelized external computiagources, including PRACE)
necessary to carry out the numerical calculatiohsetevance, both in presential and
remote mode.

* providing trainingand assistance to the users who request accdbkg twomputational
resources;

» developing_novel theoretical approaches and metbgas as well as optimizing the
available implementations. NFFA should become eresifce point for the development of
new theoretical, numerical, and computational mgshfor the more efficient and accurat
calculation of the spectroscopies and microscopieslable in the NFFA Centres. The
most challenging and urgent issues on which theryhfacility should focus include the
accurate description of the excited states of nubdeccompounds or of complex
nanostructured systems (starting from the gas phatsaiming at the complexity of liquid
solutions), ultrafast spectroscopies, multiscalenugations with embedding or for
accelerating rare events, and molecular dynamiexafed states.

D
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NFFA-Distributed Research Infrastructure Management Structure

Governance of NFFA

The NFFA Research Infrastructure will be a “disitdd facility”: i.e. a facility with one unique narand legal
status, one management structure, one strategyevelopment plan, and having one annual reportfacdl
address although its research facilities are lacaelifferent sites and different countries.

LSF 1

, NC1 Ty Ne2 |
NFFA A
\ Managemant__

LSF 6
NC6
y LSF 3

— | N3
NC5
- NC4
LSFS ; * LSF 4
SYNCHROTRON

NEUTRON
SOURCE

NFFA Distributed Research Infrastructure

FEL

NFFA’s unique portal and central management willhosted at one of the NFFA Centres. The legalyehtis
been designed making reference to the ERIC CE RegunlN. 723/200 and accordingly the NFFA prototype
statutes have been drafted. The organization muatek central hub, responsible for the coordinapeatation of
the distributed nodes (NFFA Centres), supported spgcific councils with different responsibilitiesnda
competences ranging from the overall strategy @ccéntral administration accounting and reportmthe CE and
stakeholders.

At thecentral levelthe Governance structure of NFFA-RI consists oéghmain bodies:

1. The General Assembly (GQAis the top decisional body representing all itsmhers (Member States,
Associated Countries, Third Countries, and Inteegomental Organisations). Each Member State may
nominate a delegation composed of as many delegaté¥presenting Entities. The General Assembly is
constituted by the delegations of the Members. Bdember has one single vote in the General Assembly
that is the full power decision-making body.

2. The Board of Directors (BoD} the top executive body appointed by the Genksaembly and constitutes
the legal representative of NFFA-RI. The Board dfebtors shall consist of up to 9 components: the
Scientific Directors of the 6 Centres plus 3 othembers not directly involved with the Centres agien.
The Board of Directors implements the decisionthefGeneral Assembly by directing and co-ordinatiig
the activities of NFFA-RI and is accountable fag RlI's finances and management.

3. The Scientific Advisory Council (SAds an external consultancy body appointed by tbagBal Assembly.
It is composed by experts in the field of Nanoscgeresearch, and by experts of Fine Analysis mathaido
representing the user community. Its task is tasadthe Board of Directors and the General Assemblthe
scientific and technical activities carried outN#tFA-RI.
Other ad hoc committees (e.g. Technical Advisorym@uitee, Evaluation Panels, and Users Association
Committee) may be established for the implementatiospecific activities and are also consultanogties.
At the NFFA Centrdocal leveloperates a Local Executive Board (LEB) composed of:

» The Centre Scientific Directpri.e. the body having decision-making powers. He/ts appointed by the
General Assembly and also sits in the central Bo&firectors.
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» The Managing Directomwho is responsible locally for Administration, g@eal Services, Safety Issues,
Industrial Liaison Office, User Office and Desk Bee.

» Science Programme Leadems many as there are scientific programmes. Tdreyresponsible for the
implementation and results of the scientific prognae.

A Local Advisory CommittegLAC) will involve all the local/national stakeld®rs of each Centre in a support
role towards optimizing the local impact and thenesgies with the co-located facilities for reseaid
teaching/training.

A flexible funding schemewill allow to pool together financial resourcesadable from the different channels:
European Commission, Members of the ERIC, Europgeaestment Bank and revenues from limited economic
activities. In-kind contributions are likely to lzeconsistent part of the initial dowry of NFFA atiebse can be
essentially premises (land, new/refurbished bugsljn equipment and seconded personnel. In-kindribatibns
will be evaluated and accepted through strict ¢yaind cost criteria.

The Members must assure a cash flow in order tpa@tighe basic operation of the NFFA. The costhaf t
Distributed Facility Management and Coordinationsinbe overcompensated by the higher capacity of the
Distributed Infrastructure to obtain financial medrom the future Framework Programmes and froerinational
competitive research projects. NFFA will pursue fual of a positive balance with respect to the sinthe
national cash contributions to the individual Cestr

[ GENERAL ASSEMBLY ]

1
l Technical Advisory Committees | |

|- /BQARDOFD!RECTORS \
[scmmnncmwsonvcoumcu‘

(with L5Fs and industrial [ Scientific Director NFFA-Centre 1 ]

reprasentatives)

&

= [ Scientific Director NFFA-Centre 2 ]
[ Evaluation Panels ]—

— - Scientific Director NFFA-Centre 3 ]
Saentific Committee

{Scientific Directors, Programme

Leadersof all NFFA-Centres, Chisf
Officars and staff representatives) 1)

\[ ] Y

Commeon Lagal Strategy Common Policy Commeon Platform

Chief Chief Chief

S i Chief
Financial Operations Technical B
Officar Officer Officer Information
o Gl Officer
{user access, ILO . .
{administration S g (Technical Liaison . o
£ training, outreach S [T coordination)
coordination) coordination)

coordination)

The NFFA-RI central management structure. In bold characters the governance
bodies are evidenced, while in dashed contour optional structures are specified

Scientific Management

The scientific management shall be able to follbe tapid evolution of nanoscience and nanotechyadagwell
as emerging techniques pointing to atomic scaléralon

The scientific management of the NFFA distributefilastructure will be tiered such that two levels eelevant:
the NFFA interface to the European researchersesognizable element of ERA and, equally importtre local
(national) level representing the actual environhahoperation of each NFFA Centre. Thus the Cantudl
operate autonomously at the local level, within filaenework of the NFFA distributed infrastructuréssion and
science programme, therefore optimizing their @gtithrough full integration of skills and techniegiand internal
(inter-Centre) mobility of personnel. Advisory Coitiees, invited from academia and industry as vesll
representatives from the local Large Scale FasliiLSFs), will cooperate with the management tsuen that
research follows the correct direction and is updats time progresses.
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The local managementstructure of each NFFA-Centre will be project-driiike, that is, the main scientific
responsibility will be channelled into the SciemtifProgrammes. This will be better suited, withpex to
competence driven management, to address sciemfifddlenges and better guarantee the proper lelvel o
interdisciplinary research. In parallel, Facilityalbagers (FMs) will operate the laboratories andwark-plans for
users. The NFFA-Centre Scientific Director, a MdngdDirector and the Programme Leaders will constithe
Local Executive Board (LEB). A Local Advisory Contteie (LAC) will be formed from representatives o€l
(national) academic institutions, industries and~£.%0 give a voice to their needs and opinionsaliinwith the
main target to make two of the NFFA key objectiyg® common platform of metrology and protocols émel
data repository) effective and reliable, a NFFARm@cal Liaison (TL), made up of personnel operatinger a set
of rules and coordination procedures, will mandgeteéchnical competences inside and among the NFéfAves.
The central managementstructure of the NFFA-RI, will operate with reface to the governance structure of the
ERIC (or similar international legal entity). Topvel management will consist of a General AssentGig,
decisional body) and the Board of Directors (BDe@xive body). They will be advised and assistedthsy
Scientific Advisory Council (SAC, consultancy bodghd the Evaluation Panels. Financial, Operatiom$ a
Technical Chief Officersvill be appointed to coordinate responses on Ideahands and needs in such a way that
common strategies, policies and technical platfomitisbe found across the distributed infrastruetud Scientific
Committee (SC, which may include a number of sttdzted representatives) will operate to have tarnal inter-
Centre consultancy.

One NFFA-Centre will act as Headquartdisat is legal seat, central Administration, s&eiat supporting the
Board of Directors and central User Office. It wilhst items and activities which cover the wholeFNRI (e.g.
Data Repository hardware and maintenance and l@ffopin, as well as administration functions, orgation of
periodic reviews, media and public awareness, pragre assessments and reporting).

The overall research time at the Centres shouldOBé user programme 30% in-house research (NFFAtgae
programme). To this effect, scientific reseasthff will work 50% of time in support of the users ab@% in
carrying out the NFFA in-house research programrhe. facility staff engineers, on the other hand lné mainly
dedicated to the user programme with the optiatetticate up to 15% of work-time to the original elepment of
specific in-house research projects. NFFA persowiiebe either hired directly by NFFA or secondédl time or
part-time) to NFFA by other institutions for a givemumber of years (possibly reiterated) as welliaging
scientists in sabbatical leave from universitiestber institutions.

LOCAL ADVISORY LOCAL EXECUTIVE BOARD — -
COMMITTEE Scientific Director ]
with representative of: . |
local LSF L
local industries [ Science Programme Leaders ] [ Managing Director ]
funding/parther institutions
|
Science Programme |5+ 5 vears
‘ :
: + Administration
P1 P2 P3
e —
o
Programme Programime Programme
Leader Laader Leader Services
Scientific Scientific Scientific =
Staff Staff Staff
0
F1 F2 F3 F4 F5 s
Facility Faciliby Facility Facility Facility
Manager IManager Manager IManager Manager User Office
Fesearch Research Resesarch Fesearch Research Teaining :
Facility Facility Facility Facility Facility — -
Staff Staff Staff Staff Staff coordination! Desk
: =N Service
Technical Liaison

Local Coordinator
Research Facility Staff and Scientific Staff

The local management structure for a typical NFFA-Centre
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Access and Partnership with Large Scale Facilitiefor Fine Analysis

The NFFA concept is based on a close collaboratith the LSF for Fine Analysis both in terms of ewe
programme and user programme, i.e. access rulegratéd within the NFFA proposal scheme. Differgptions
are valuable and a variable geometry scheme dafriaien shall be adopted. The general philosophMEFA is
that most or all the advanced methods based oati@disources (SR, FEL, neutrons) are relevanhdmoscience
and should be supported when integrated in the swégmce proposals submitted to NFFA. This implies a
framework agreement with the LSFs in general andhtise co-located with NFFA centres in particular f
optimized access to the facilities. One exploresisjimlity is to establish a BAG (Block Allocationr@ip) system
that, while undergoing the periodic peer reviewcpss by the LSF, does allow direct managementeohtcess,
within the BAG quota, by NFFA. Such scheme is opiegasuccessfully at several European facilities tfee
structural biology community that needs quick ascefien new protein crystals become available andasc
consortia of users. NFFA could, under such scheaaant the optimal access to NFFA proposals inoyavork

at the LSF to be done on “fresh” samples or urgardies, whilst the LSF would maintain peer-reviemtrol a-
priori anda-posteriori on the science. The BAG could extend to all orsahthe beam lines and instruments.
Alternatively, or complementarily, some specificabelines or instruments on high demand by the NEB&rs
could be built and operated jointly with the LSFoould be entirely owned and operated by the NF&Aocated
centre. These options may apply differently inatiént centres and with different LSFs, but will aj represent a
substantial optimization of access to fine analylsis nanoscience research and, vice-versa, a stibktan
improvement of sample preparations and metrologyrobfor the LSF experiments. Part of the collattimn with
the LSF will be on development of instrumentati@séd on nanotechnology and nanometrology, so tkaala
economy will result from the framework agreements.

IPR

Intellectual Property Rights (IPR) issues requir@anonsense policy to be established in orderakenthe open
access as effective as possible, avoiding theelnettk of heavy paperwork even for industrial usgogh for non-
proprietary and proprietary research a Non Discsigreement (NDA) will be issued by the NFFA stuures
(User Administration, Advisory Panels, Technicaisbn, facility research staff, etc.) involved le idea/proposal
processing and the proposal will be tracked bynapteal mark testifying the temporal allocation bé tspecific
idea, as it enters the NFFA Data Management gbriygosal submission time. Afterward, the main IPiedon is
based on a user request basis, in case evaluafgastxrying to avoid stringent fixed rules whictay turn out to
be annoying bottlenecks with little positive effect

The proposed user-request-based option for norrptapy data is that the IPR could be handled iedlstages:

1. For an agreed time window (expected no longer thgears) the data work-space will be accessiblg tnl
the “parent” users and their authorized collabosatafter the embargo time, the work-place willleeluced
in the useful data to be archived in the Data Rigmnys therefore becoming available to open acdess
“third-users”. If, within the embargo time, a pat@ending or intent is addressed, additional NoscDisure
time windows will be provided, via ex-post evaloation the previous window. The evaluation will agab
for actions made by the users (patent filing, cets with other institutions, etc.) and prior apaorts.

2. The Data Repository will be open for a “read ondternal access; the use of the data for furthalysis by
third-users will be subject to permission by theepa user. This can stimulate collaborations arel th
exploitation of non-published or marginal data.

3. After a longer time (say ten years) the data wétdme completely free access with a caveat that tise
always an explicit reference indicating the sourd@éerefore, from the third-user point of view, wbger an
access request is submitted to read or downloadatgtrotocols from the NFFA data repository, he/ghil
be asked to formally accept the rules and conditgat by the NFFA DR.

Industrial property and in general IPR concerninggte institutions, will be properly managed irder to avoid
even non controlled internal leak among the NFFa&ffsthat can eventually translate in an extermealkl of
protected information. Only authorized NFFA staffl wave access to sensitive information regargingprietary
research and industrial property.

In order to satisfy an adequate level of qualittadaanagement, any operation on the data repostats entry or
output request, will be recorded on the data répgsand the user will be identified.

Construction Costs

The financial issues relate to NFFA-RI constructeomd exploitation. According to the NFFA roadmalpe t
implementation of the NFFA-RI will take place indwphases — firstly, three Centres will be funded set-up,
while additional sites will be installed later andl profit from the experiences of the phase 1 e
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The preliminary construction layout includes a taeea of 6300 m2, of which 700 m2 will be resenfed
cleanrooms. Additional 1000 m? should be availdbfea guesthouse for the users. Current constricasts of
cleanroom area are about 8 k€/m2; building costsgeneral use area” and standard laboratoriesuarend 4-6
k€/m2 (€ value 2010). According to these numbeesitivestment for construction of one NFFA Centra igreen
field would be about 35 M€.

Besides the construction costs, additional 22 M€ dommon infrastructure including support labs,htecal
infrastructure, basic scientific equipment shouwddonsidered. A sum of 5 M€ must be budgeted fditiadal
costs during the installation phase of equipment.

Costs for specialized computing and for the whdlenffrastructure at one NFFA Centre are estimaredirad 2
ME. All Centres will have similar basic activitibsit they will differ in their particular specialtsan. The average
investment cost for advanced instrumentation, edlab the specialisation of the particular Cergegstimated to
be 6 — 8 M€. The overall reference cost figureaféully equipped and operational NFFA Centre iZ@ME.
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Graphical representation of the investment averaged costs for facilities and supplementary
infrastructure for one NFFA Centre
The specialisations are likely to be driven by\atés of already existing facilities and by na@mand regional
interests. Duplication should be avoided to ensaethe NFFA distributed infrastructure covers biest possible
range of techniques, and acts as an effectivaliisdd infrastructure scheduling different partaafiven proposal
in different NFFA centres where needed.
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Development of investment costs for one NFFA Centre during the first five years
(Development/Construction/ Investment for primary infrastructure)

Operation Costs

The layout of érototypical Reference Centrehas been used as the basis for addressing runostg specific to
the operation of the NFFA infrastructure, withoakihg into account possible synergies with existimgitutions
or facilities on the same sites. Therefore the d®ypical Reference Centie introduced as a newly constructed
facility on a green-field including all basic infrastructure and equippedhwitstrumentation for basic activities as
well as advanced instrumentation in the specialiesgarch areas as Metrology and Advanced AnaRagidlity,
Nanolithography, Material synthesis, Molecular awraho-particle manipulation, Nano-bio laboratoryn@aiting,
but not including general urban services.

Provisional costs for the employed staff have bestimated to be about 5.1 M€ for ~65 people. Aruahbudget
of ~1 M€ for the renewal of the Centre's equipmeas estimated; additional costs directly relatethtonumber
of users and the users' activity were also constleThese costs are actually very variable sineemhges and
taxes are not at all uniform in Europe. A referenalele has nevertheless been taken into account.
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The total running costs for basic instrumentaticgrevestimated to be about 3.4 M€; additionally4IME for
advanced equipment were considered.

In this exercise we do not take into account theel expenditures of users to come to the NFFA i@sntn the
current framework programme (FP7) I3-type contrastgpport the users access to European research
infrastructures. Our hypothesis is that in the &xtopean research and innovation common strategitework a
direct support of the UE towards the running cadtshe facilities enabling the open access willibeplace.
Accordingly the issue of users travelling costd b redefined.

Overall a yearly budget of 13 M€ has been estimatéith also contains the sufficient provisions fisgintaining

the state-of-the-art level of the nanofoundry.
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specialized instrumentation.

NFFA-Distributed Research Infrastructure in the ERA

The NFFA Distributed Research Infrastructure witlypa key role in the European Research Area\adliin fact
provide unique services to the scientific commuratyd optimize the use of the large scale facilifasfine
analysis in the strategic domain of nanosciencenandtechnology. The NFFA centres will provide femence for
nano-metrology, standardization of protocols, ptdércertification and open-access to relevant daet will
support both the basic science by European resarthat do not have access to advanced nanofoladokyin
their home institution, and by nanoscience centrasdo not have the possibility of reproducingrtipeotocols in
an integrated environment including synchrotron neutron or FEL measurement stations and advanced
experiments. Likewise a structured open accessutaerical analysis and theory of matter at the neadesand
mesoscale will be offered integrated with the ralgexperimental programmes. The expectation dfl lug of the
users community is very high. New nanocentres Emened in the large concentrations of science ktbades, like
Lund and Hamburg. These have the option of devetppi the context of a European distributed infrature,
optimizing the offer to the science community, apossibly realizing scale economies (procurement) an
standardization of protocols and metrology suclergate an attractive offer also for the industdalelopment
sector, at the precompetitive innovation level.
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1.4 POTENTIAL IMPACT

Expected impacts listed in the work programme

The concept of a cluster of nanoscience facilisét®iched to LSFs, which aims at raising the stalsdaf
nanoscience experiments and offering access te-astdhe-art synthesis and nanofabrication to aewiesearch
user's community, has been included in the 2006 FESBadmap by one of the specific Emerging Promosal
named NANOSCIENCE. Thus, the NFFA proposal fullyees in the structuring project for the ERA, witiet
support of the EC under FP7.

The European potential users of NFFA belong tord@reas: materials science, physics, chemigaysdiences,
various branches of engineering, bio-medical appbn, etc., and come from academia, national rekea
institutions, and industry. Currently there areapen facilities for supporting full nanosciencejpots involving
design and nanofabrication of samples and fundtieystems. The research is done via collaboratimig/een
different institutions, with a generally low pacé&en complex processes are involved at far awaitutiens (like
growth, lithography, electrical characterizatiomtpction of samples, acquisition of beam time BE&).

For this reasons, a strategic plan for a scaledeimgntation of Centres and their locations in Earbpth in close
connection and synergy with specific LSFs is neetdluropean level. This action will provide effeetservices
also to nanoscience users from Countries that dbogi LSFs.

The NFFA-Distributed Research Infrastructure wileatly empower the European Research Area by providing
unigue Nanoscience and Nanotechnology research and innovation instruments. NFFA will help toovercome the
fragmentation of the European research landscape and foster competitive research excellenceapproviding
nano-foundry activities angtate-of-the-art facilities for nanoscience and fine analysis to a large European and
international research community operating basiense, b) building a fully synergetic infrastructure of
nanocentres and the co-located ALSFs for fine analysisintegrating the most relevant fine analysis methods in
nanoscience research protocols. NFFA-DRI will affedy increase the potential for innovation anaicibute to
the development of ampen and competitive European Research Area (ERA). The communication and transfer of
knowledge will be implemented with a new data mamagnt system, the free circulation of researchens f
academic and industrial laboratories will be supgmbrand an advanced training programme with academi
relevance as well as for the requalification of ieagrs and technicians operating innovation in stiguand
services will be implemented.

NFFA aims at filling a gap in the ERA concerning thanoscience and nanotechnology research infcasteu No
large European Infrastructure for nanoscience iiseatly in the ESFRI roadmap, although the NFFA/gebhas
been included in the emerging projects in the 2BB&dmap and in the landscape in the 2010 Roadmadgteup
(that was restricted to Energy, Food and Bioteabgiek projects).

Strategic Impact: structuring effects on quality and operation of European nanoscience |aboratories and ALSFs
enabling advancesin science and in innovation

The NFFA Design Study has addressed the need apolrtapities to build a European Distributed Researc
Infrastructure on Nanoscience integrating the @ai¢methods of Analytical pan-European and natioggibnal
Ris.

A first impact has been the inclusion in WP201FB¥ of a topic on nanoscience infrastructures @ af).
Europe makes large investments in nanoscience andtechnology research as well as in analyticaareh
infrastructures. The NFFA expected impact is irreasing the volume of world leading research infiéle of
nanoscience taking fuller advantage of the exidtmidjities, and contributing to attract and traimew generation
of scientists capable of exploiting the ERA in ttemain of hanoscience and to establish direct larig synergies
with the relevant industrial developments and newises.

Impact of realizing a European common advanced baseline for Nanoscience research with full integration of

the Analytical Large Scale Facility methods

The NFFA-DS has set the basis for advancing thenwmmmbaseline of methodological, metrological, data
management and user interface of the consortiumrémesents a significant fraction of the wholéo®fin
European nanoscience. NFFA has addressed dirbetinhovation issues, the improvement of effectiveess by
industry and services to basic science infrastractand may develop further synergies with Joiigmmming
and other EU and national and international un#emns in hanoscience and nanotechnology. The denedat of
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a data repository for such multidisciplinary andngbex research will potentially impact also a breradccess to
the knowledge and the know-how developed by narosei projects.

Innovation based on research is expected to be adset for recovery and sustainable developmenavation
contributions from the NFFA-DRI shall come from higriority actions in know-how transfer, data/metizd
public availability, and involvement of industry/giee operators in training by experimental develept
activities, stimulus towards productive enterprisased on research results.

A specific training activity will be addressed todst access of industry. The chance where industigts “hands-
on” activities carried out in research laboratomnasst be increased, most likely starting from desksdce where
typically characterization is the dominant requékinds-on is the definition adopted in the NFFA iDesStudy
where people, in this case employed in the indusirly spend a bit of time in carrying out some exmental
development in the laboratories, in alternativeanplementing colloquial contacts

Impact on future European Distributed Research I nfrastructures

The NFFA-DRI will be an asset for the EU and theAERFFA-DS has a direct impact to the ERA sincdgast,
two co-located projects are underway implying savdens of M€ investments: the nanocentre at DESY
(Hamburg) and the nanocentre LINXS at Lund reprieseby ESS.

Impact of Joint Research on key enabling tools for advanced nanoscience research and innovation, in a fully
integrated effort of nanofoundries and fine analysis ESFRI -class RIs

Innovation will be relevant both in the direct damaf research infrastructures for nanosciencey thgeration,
their ability to exchange protocols and to haveollie metrology, and in the direct collaboratiorthwindustry.
The Integrated Access concept of NFFA-DS addreaskarrier that has been indicated as a key bottkené
knowledge and know-how transfer from research doistry.

The training and mobility of researchers, enginegid general users is another prerequisite to pedhnovation
by creating a distributed interface (the traineleshween their employer companies / public servimed the
research infrastructure and data repositories.

Exploitation

The main effort of NFFA is to improve the overadturn of the investments in nanoscience, and tlagecequota
of investment in the relevant ALSFs, by offeringeigrated access and developing integrated joirgarel to
optimally exploit the existing facilities, eitheational, regional or pan-European to the benefitesiearch and
innovation activities. Introduction of an acceptatyanced data/metadata management and of thesfissitory of
nanoscience data and protocols will create aneall method of work for a broad community and essaéblin the
field of nanoscience a novel knowledge managemeribgol.

The NFFA activity will directly impact on Europearanoscience by monitoring the effective responsestrs’
needs, qualitative and quantitative, contributimghte development of a RI integrated science policy

The expensive equipment for nanofabrication wilble¢ter procured and exploited in NFFA user Cerdtlesving
also for a faster update. E-beam lithography mashor TEMs, as examples, are multi-million Eurdrunsents
with a 5-6 year life at the edge of technologyeisive use at NFFA Centres will make overall finalhg possible
to stay at the state-of-the-art by replacing angraghng even the top equipment. This is hardly rafible by
typical nanoscience national laboratories in Eur@ye simply not available to most of the acaderasgearch
groups, or to entire national research communitigsin Europe.

Routine technical cross checking of the nanofabdoaand nanoprobing capabilities of the NFFA Cesitwill
provide the metrology for establishing a NFFA stadthat should result in great benefits for Eusspeesearch
in nanoscience.

Just one example of research that will take adgentdé the NFFA paradigm is the wide effort in thedy, design,
fabrication and experimentation in vitro and ino/igf nanostructured devices and micro systems ahédical
interest for insitu release of drugs (e.g., oncological cures, pharlogimal treatment of tumours). The world-wide
research is aiming to the development of smartegystthat allow driving in time and space the redeafsdrugs
inside the human body by means of an in-out intera@ommunication, leading to an &tu controlled drug
release. NFFA Centres would be excellent facufiegshe materials synthesis and nanofabricatiogestaf this
research, and for designing and performing inngeagkperiments using diagnostics of the LSF sources

Integration. Researchers joining the project will be part afdy European cluster, with co-ordinated science
planning and with geographically distributed Cestsharing common facilities as well as specialisethods and
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tools. This implies that NFFA researchers will lestainly mobile within the NFFA Centres, as a kewtfire of
NFFA, which will be able to enforce effectively thaiformity of quality standard.

The NFFA researchers will be exposed to a high @tsnternational users bringing in their advaneedearch
projects (selected by international review) andriiated challenges that will often push forware #tate-of-the-
art of nanoscience, and the standard of NFFA. TREANresearchers will be in close contact with thergtific
and technical staff, as well as with the users ggoaperating at the neighbouring LSF, making therail/
environment extremely rich and multidisciplinary.utdal benefits of seminar and conference activiieshe
NFFA and LSF are easily foreseen. The NFFA reseascand associated personnel will also carry otiouse
research programs with full access to the advafastities, i.e. in a unique environment for Europée expect
NFFA researchers to be, after a 3-5 year workimgn t@xtremely qualified to contribute at the highlesel to
industrial research and development, or to start aetivities, perhaps with NFFA spin-off or stag-schemes to
be analysed at a later stage of structuring of NFFA

Users’ serving or coaching as well as teachingteaiding in nanoscience will also be an opportuidly NFFA
researchers to develop communication skills thdtdewvelop their attitudes to co-ordinate reseanchanoscience
and in general, helping the formation of a muchdeeeechnically and scientifically aware Europezadership.

We believe that NFFA will increase the level oftavhl uniformity in research at the highest leva,it will
favour integration in its broad sense We also believe that the project itself will tedkdvantage from the melting
of different points of view and cultural roots.

Finalizing dispersed high quality research.European research in nanosciences has strengthveakhesses
typical of the large number of good level sciestigtut the relatively small number of “critical rsagroups and
centres capable to fully support the exploitatidmew ideas and the reproducibility of results stahelp in
quickly translating into nanotechnology the nanesce findings that bear that potentiality. NFFA &i#lrin part
this lack of infrastructures by making a top-quatine open to the users. Active groups will be sujgal and best
projects by sub-critical groups may become joimjgrts involving some in-house effort. All theséeefs should
be greatly beneficial to European science andtegration of research efforts.

The NFFA project will strongly contribute in optiring the activity of the European research commyuinitthe
very important field of nanoscience and nanoteabmol Synergies with the e-infrastructures and vather
distributed RIs will be developed on many relevaspects in the formation of the ERA, including asceodes,
interoperability of data, open information and refee standards and protocols.

Socio-economic I mpact

The socio-economic impact of NFFA will be measuireterms of “increase of amount and quality” of &pean
nanoscience research. The indicators will be plaltifrom the more easily measures, like publicetiaith high
impact factor, patents with exploitation agreementsnber of advanced trainees (Ph-D- thesis, simatian of

engineers, technicians, managers), spin off ass/ivith commercial aims. Local socio economic actpat the
NFFA sites will reach beyond the usual emploympricurement and operation contracts (utilitiesyises) since
it will contribute to the establishment of sciengarks with nanotechnology/nanomedicine mission iping

advanced services to large, medium and small erdesy Local universities will also greatly behdfom the

presence of NFFA for engineering, materials scigfgelogy, physics, medicine and more, improvingith
competiveness on the global level and attractirgg fteidents from all Europe and abroad.

NFFA will also contribute to improving the sciermeareness of Europeans with specific outreachiaesy
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