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1 Roadmap methodology and coverage

The original IPMMAN approach consisted of providing a wide, horizontal regee for
Macro- Micro- and Nanomanufacturing from a systemic, integggtierspective. This means
that originally it was not planned to differenciate betweenchmananufacturing”, “micro-
manufacturing” and “nano-manufacturing”, but the aim is to createlbalgview unifying all
three aspects through horizontal thematic areas:

The following picture shows some of the integrative aspects diogoto the IPMMAN
approach:

However, due to the delivery requirements of the joint roadmappfogsetoordinated by
the European Commission, it was decided to focus and present the wondy the first
period (February till July 2006) under the jointly agreed documemttste of the common
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Roadmap for Micro- and Nanomanufacturing (with four main topic sareanoparticles,
nanosurfaces, microprocesses, and integrated systems/platfomssktriicture was agreed
by all involved parties (a small group of delegates from IPMMANI Microsapient,
including representation of NMG- which is present in both CAs- angrtject officer), and
a joint document was elaborated, constituting a common agreed rendatoe for micro-
and nanomanufacturing topics in the 7FP NMP programme. For @agom, the current
roadmap is focused on this structure, instead of the IPMMAN integrapproach with
horizontal (not micro- or nano- specific) topics, which will be develdpeal second phase.
The following picture presents the preliminary agreed common gteutdr the joint Micro-
and Nanomanufacturing document.

In order to provide a funded background for the Roadmap, and also to compbemdent
coordinate with other running Micro- and Nano roadmap activities, a @wuailmain streams
were defined for the IPMMAN roadmap methodology. The elaborationgokationnaire for
a broad covering survey was initiated and discussed, as describatibsemuent section of
this document, but was finally discarded as key action in the roadmaggiiagies, in favour
of other actions, like consultation of experts and stakeholders, procedsmegults and
reports available from running activities, projects and events, amusinvolvement in the
activities of the Working Group Nanomanufacturing, through the persmmdtibution of
IPMMAN associated experts and partners, and through the coordinatiba Bkpert Group
for Nanoparticles. In parallel, and as a support to the other roadmaggiogs, a list of
micro- and nanomanufacturing technologies was elaborated, as well as aelafabeerts.

The following pictures provides an insight into the main streantiseofoadmap methodology
followed in IPMMAN.
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From the point of view of sectorial and geographical coverage,utinent roadmap reflects

and considers inputs from the following areas:

Sectors identified in the current status Geographical coverage
®  Electronics / Photonics / MEMS ®  Member states

® Medicine / Pharmaceutics ® East Europe/NIS

® Automobile / Aeronautics ® Middle East

® Textiles

®  Machine tools / robotics

® Energy/ Chemistry / Materials

We considered specially relevant to provide a well covered anitisnffy representative
background for the Roadmap results. In order to achieve this daafjeanumber of sources
of information, events and references were consulted. We intendethtr tgedback from

the following areas and sectors:

- Technology providers, R&D representatives (technology experts)

- Manufacturing industries, commercial companies, end-users (industepetd&rs)
- Stakeholders from decision making bodies and funding organizations (mé@siste

agencies, etc.)

- Sector and product oriented sources (ETP documents, existing market studies)
- Different geographical areas (European, Eastern Countries —NMSMiddle East,

etc.)

The figure below presents some of the sources and references that have beeredonside

5



Roadmap Micro- and Nanomanufacturing

The following sections present a summary of the work performed and resudigeac
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2 Establishment of a comprehensive  “List  of
Technologies”

In concordance with the approach agreed since the very(Qostdinatation Meeting in
Brussels for Micro- and Nanomanufacturing projects and initiatied,of 2005, IPMMAN
concentrated efforts, in a first phase, on creating a compregbéehsst of Technologies” for
Micro- and Nanomanufacturing, covering both all individual micro- asubn processes and
the higher level integration production issues. After severatitesaand extensive feedback
provided both by the Consortium members and by the associated expgemgllaas
stakeholders consulted by the IPMMAN partners, a final list el@sorated, including some
relevant remarks and application fields.

Due to the reporting and contribution requirements from the European Gsimmiand in
order to ease the integration of the resulting list, with theesponding proposed topics and
the structure for the Micro- and Nanomanufacturing roadmap (by titmat still under
discussion), the list was structured according to the following areas:

Production and functionalization of nanophased particles and their composite
incorporation (nanufacturing of nanomaterials)

- Creation and surface modification of micro- and nanosurfaces
- Micro- and Nanostructuring and processing technologies for micro/nano components
- Assembly and integration of multi-functional micro-nano devices

- Reconfigurable scalable and intelligent micro- and nanomanufactpiatfgrms and
systems

Nevertheless, the resulting list can be easily tranferredtinat original IPMMAN structure of
expert groups. This is exemplary shown in the following figures, and will constitetef the
future work lines for upcoming roadmap activities in the project IPMMAN.
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Micro and nano structuring and processing technologies

1. Top-down structures
2. Bottom-up approaches

3. Replication methods

Scalable processes (1)
® | ithography/etching (micro to nano)
® | aser structuring (macro to submicron)

® Physically & chemically suported structuring (from

Quality, test, characterization

® Vision / microscopy

® Scanning probe techniques (3D
surface measurement, electrical
probing, etc.)

methods

® Sensor integrated machine tools

® Material and surface characterization

precision milling to SP methods)

S EDM ... ... ...
Scalable processes (3) Scalable processes (2)
® (Injection) moulding ® Self-assembly
® Hot embossing ® Molecular engineering
® (Nano) imprint processes | -— """

Micro/nano-assembly and production (integration)of micro-nano

1. Micro- and Nanohandling
2. Assembly
3. Product integration

devices

Scalable processes (2)

® Combined self-assembly techniques

® Joining processes (laser welding, high density TIG welding,
friction stir welding, resistance, gluing, bonding)

Scalable processes (1)
® Micro/Nanopositioning

® Non-contact manipulation

® Micro/nanorobotics

® Sensory feedback integrated handling tools

®Special micro- and nanohandling processes...

Integration (3)

® Mechanical and electrical integration

® Microgrippers and nanohandling tools ® packaging

® Alternative approaches (direct
integration)

® Design for manufacturing

SRS (1111|211 Oy
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Reconfigurable Scalable and Intelligent Micro- and Nano-Manufacturing
Platforms and Systems

Integration of technologies Intelligent, flexible and modular
systems(2)

® |ntelligent, self-adapting manufacturing systems
® Scalable production systems (low to high

® i : - )
micro-nano sensory fusion for macro robotics volume, large to small size...)

® Desktop factories

® Customized production

Quality, test, characterization (1)

® Flexible repair systems
® Diagnostic (monitoring) systems with distributed | | ... ... ..
microsensorsa

® Miniaturisation new integration methods of sensors Standardization (3)
for on-line control of process parameters ® Metrol
etrology
® Integrated concept for self-adjusted production chains o
with quality feedback Product standards
® |ntelligent quality prediction, new models for quality ¢ Standardization of processes

mapagement. o | |

The complete IPMMAN List of technologies for Micro- and Nanomfacturing can be
found in Annex 1. This list was elaborated with support and contributiontireiPMMAN
experts (list available in Annex 2).
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3 Evaluation of the convenience of a Europe-wide su  rvey

In parallel to the mentioned “List of technologies” and in a fapproach to gather and
integrate relevant information on priorities and industrial potentitil the identified
technologies, it was proposed to make a broad covering survey throughegeE A
preliminary concept for a possible questionnaire under this approachinsalsited among
the IPMMAN partners and selected experts, in order to evalsatenvenience and potential
impact and, for the case of its relevance being confirmed,etofugther inputs for its
completion before proceeding to broad distribution. The initial concepstwatture for
proposed IPMMAN's questionnaire, including a number of general questossme of the
topics, can be found in Annex 3.

However, the danger of overloading industrialists with differentjglly overlapping, survey
actions initiated by the distinct Micro- and Nanomanufacturmmgatives involved in the
roadmap was identified. It was pointed out during coordination meetimgfs it was
convenient to be careful with this. Therefore, and due to methodology ceniside, the
realization of a broad covering survey was discarded, and the woilktloer elaboration of
an eventual final version of the questionnaire covering all aspeas stopped. IPMMAN
decided, therefore, to complement the results and methodology dpmiopSAPIENT and
NMG, with in-depth interviews with key experts and analysis dbtexy roadmapping
activities and results in the frame of related projects, pragpstudies and workshops. The
final results of IPMMAN, USAPIENT and NMG shows that th@emplementary approach
was clearly adequate. For the further investigation in IPMMA&tording to the Workplan
aproved by the European Commission, and on the basis of the spealBcagd priorities of
the project IPMMAN, an adequate set of instruments for furtherepdbhng with is being
ellaborated.
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4 Identification and analysis of roadmapping releva nt
documents, activities and results

Know-how of the Consortium Members is based on their extensive expelienelated
topics, as proved by the around 100 catalogued projects where theyrtanipgras and/or
coordinator. The list of projects consitutes important knowledge on miamd
nanomanufacturing related technologies that the partners direatly ioto the roadmap
activities through their direct participation. Nevertheless, an pthdeanalysis of the
technology results within all these projects, and its relevatme Micro- and
Nanomanufacturing sector, constitutes a very time consuming waskh has been
postponed to a later phase of the project (after July 2006).

Further, a number of roadmap relevant documents and resources wdedlantd compiled
by the IPMMAN partners. The investigation of European TechnoPlggforms activities
deserves special mention (see dedicated Chapter in this document)

In addition, the partners themselves and the experts consulted providedrisusmarized
relevant contributions from additional documents and information sources, including:
Nanoroadmap project: FP6 NMP Project finished in december 2005, vditatks
reports to selected topics within sectors Energy, Health and Materials
Elfnet (European Lead-Free Soldering NETwork)
Working Group Nanomanufacturing (including topic Nanoparticules, lgdab
IPMMAN’s member)
Contribution to Nanotechnologies and Nanomaterials Standardization
Brief Report “Creating of Nano Structures on Surfaces” (pegpary IPM RAS and Nano
Technologies Concern)
Nanoroad SME: A FP6 Specific Support Action focusing on Nanoroadmap for SMEs.
Survey of Networks in Nanotechnology
NAOMITEC: Nano and Micro- technology SMEs in EC projects (datid reports to
individual sectors: Automotive, Environment, Aerospace, Healt and ICTwedls as to
individiual countries)
IVAM e.v. Micro Technology Network— Statement and survey results
Results of the Industry Workshop “Micro Technology and Productronic” ofufldure-
Germany
Results of the 8 Karlsruher Colloquim of Research in Production 2006

Portfolio analysis and technology mapping: EVA1

Roadmap MANCEF — Micro- and Nanotechnology Commercialization Education Foundation
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NEXUS Market Analysis for MEMS and Microsystems Ill (2005-2009)

Nanomat (Supraregional network for Nanotechnology materials)

The results of the analysis of these documents and informatiorespsocfar as Micro- and
Nanomanufacturing are concerned, are summarized in subsequent setttbespresent

document.

The following table illustrates the degree of representalfittome of the explored results,
confirming that the conclusions reached are not only the expressiorieaést of a few

experts, and do not represent the particular interest of a certarget group or specific
country.

I # ( %
$%5& %' ) *
+
l i I 0
I + / 1 21/
l ) 22 ?
1 3
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5 Consultation of key experts and stakeholders

5.1 Expert Groups

Two parallel lines were followed by the Consortium in order to gddezlback from relevant
industrial stakeholders and key experts. On one hand, a large numberrtg @xgve invited

to join our Expert Groups. The list of those who confirmed interesbedound in Annex 2.
Following regular updating of the experts database, these Expers wformed and
consulted via generic mails, and their feedback was directlgratedl into the IPMMAN

working documents.

In order to ensure a well-balanced and distributed representation, ndtanlthe sectorial
and thematical perspective, but also geographically, a numberefiilba selected target
groups were identified and contacted.

Cooperation partners in Micro-/Nanomanufacturing related European fepeajects
(>100 contacts)

Hannover Fair- Micro & Nano (> 100 contacts)

Minos Strategy Forum (around 200 contacts, mainly Eastern Countries)

ETP Stakeholders (10 relevant ETPs, representing mainly Sefctersl users
perspective)

Contacts from other relevant networks: euspen, Elfnet,...

Eureka Factory Members

The following table shows the interdisciplinarity, multisector@daracter and different
geographical coverage of the target groups addressed, where nieMMMAN experts are
coming from.

MINOS Hannover |Cooperation |Eureka ETP
EURONET Fair partners Factory Contacts
4 1
Il
. # 1 .
% %/ 5
5
! 6 7 % 7 !
!
$ 8
! + % Yo % %
5 9
2
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Furthermore, many experts acquired by IPMMAN were spetlificdinked to
Nanomanufacturing issues and directed to the Expert Group on Nareparted by
Christian Wogerer (ARC Seibersdorf research), or to the qmnesng other Groups
coordinated by the NMG. In order to avoid duplication of presented seswt all these
experts are necessarily included in the annexed list, sinceatheglready listed under the
NMG Members list.

The rest of confirmed Experts (around 90) are listed in the annexed list (see2dnnex

5.2 Key Stakeholders selected by the partners

The IPMMAN partners were requested to provide a list of key tndusStakeholders in
sectors of relevance for the running roadmaping activity. The parsteould conduct
personal interviews with these stakeholders and report on the regulth, would be then
integrated into the IPMMAN working document.

Taking into account organization matters (to arrange an interviewngesth a high class
industrialist may take up to several weeks), only a limited nurobenterviews could be
conducted till now. Still, this has proven to provide an acceptable defjrepresentativity
with international coverage. On the base of the technology listjnteeviewed experts
provided a comprehensive overview on state of the art and future peezits, as well as
qualitative statements on proposed priorities.

Further interviews will continue being conducted in the next monthiufthrer work within
the IPMMAN Project. The rough distribution of key stakeholders caepralf industry +
associations, and half research and academia.

5.3 Main results of the consultation to experts and steeholders

This section provides a brief summary of the main conclusions, wheyert® and
stakeholders placed special emphasize and where coinciding opinions fobed. The
following points could by concluded (NOTE: the list is NOT ordebgdoriorities or degree
of relevance)

1. Nanotechnologys generally acknowledged as a major driver for innovation, with the
potential to enter any production area. Nevertheless, Microtechesiuill continue
being crucial and should definitely not be disregarded, with existirgkets
expanding more and more for products integrating MEMS that wilinast cases,
definitively not be substituted nor made obsolete by nanotechnologies.

2. For wide application of nanoparticles, processes for their induptoduction in large
guantities will need to be transferred from the laboratory alodl $tale to industrial
production. Beyond the fabrication of naanjicles itself, also effective dispersitor
nanoscaled particles in matrix materials, as well asratirfaces with nanoscaled
materials, and_nanostructuring of surfaces and sdl@msphasizing also in 3D
nanomanufacturing) for new and taylored properties, are important.

14
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3. From the different technologies for production of nanopartictEs phases (e.g.
graphene, fullerens and carbon nanotubes) and liquid phases (e.gjuangiéies of
magnetite, new methods based on high-boiling solvent, and biotechnology approach
—example: inorganic clusters by encapsulation of chemical substanpetein cells)
were pointed out as relevant

4. Technologies for Micro- and Nangrultimaterial processingincluding specifically
3D structuring technologies, were identified as very importaimge they enable
flexible and cost-efficient manufacturing of multifunctional produoade of different
materials in practically all manufacturing sectors, like biotetogy (biosensors,
microfluidics...), ICT (optoelectronics- optical+electronics), etc.

5. In this respect, the special relevance of replication metfmasently not yet widely
used) was pointed out, since they may hold the potential to replacgréphy for a
number of applications. An important step would be in relation to the produati
the master stamp, which is normally very expensive.

6. Single materialtechnologies and products should nevertheless not be forgotten: a
considerable number of tecnologies with promising industrial potentiah foot
existing and totally new products (like materials for transpaededtronics), were
brought to discussion by the experts and stakeholders.

7. SPM technologiescollected contradictory opinions. Although critisized by its
sequential (and therefore slow) character, alternative approdohetast SPM
technologies, including massive parallel scanning, may open the wapnassing
applications and to its possibly wide utilization in the industry, aadaggested as a
relevant topic, with goal development from lab scale to industrial application.

8. Strong emphasize was placed also by many of the experts akehalders on
assembly, packaging and integratifor Micro-/Nano-technology based products.
Despite latest advances, assembly and integration acounts &ompart of the total
manufacturing costs in MST/NST.

9. Improvement of existing processes and tdotsmicro-/nano-assembly and integration
(microgrippers, sensory based manipulation, image feedback, joiningsgesce
heterogeneous assembly for electronics manufacturing -inclutiogation in solder
paste for special and taylored properties, new printing and depossthnologies,
etc.-, among others others) is important, but the experts and stakslattestressed
the need to develop promising, partially new, approafdresost efficient and reliable
micro-/nanoassembly and 3D packaging, like mixed technologies wilopriate
enabling joining techniques (e.g. direct integration of waveguidéisidic structures
onto electronics boards), quasi-monolythic approaches, or self-assembly.

10.Knowledge based fabricatiowith adequate intelligent data-bases for “design” of
process chains for highly flexible and adaptable manufacturingidessified as a
very relevant issue.

11.Metrology, characterization and teshere identified as a key factor for the succes of
Micro- and Nanomanufacturing. Not only normally the facility irtrology is too
expensive, but also currently EU is still heavily relying on dapa equipment, and
also lack sufficient development of “in-process” metrology and integrawith
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12.

13.

14.

15.

16.

manufacturing processes. Measurement starndards still do nofaxibe simplest
topographics properties, like roughness on the nm scale, whereaesudasurement
in the nano- and subnano range was mentioned as relevant. Also tionréta
metrology, issues like combination of metrology/inspection and manufagtur
processes, and metrology for in-process monitoring, were specificallyomeaht

Several experts indicated the need for design solutions, such gs deshodology

and toolsfor evolution of the micro/nano manufacturing systems. Europe lacks nano-
science and technology based product innovation, which could be adressedwith
design, testing and prototyping tools (e.g. multi-scale anadysitem, or numerical
modeling of potential deposition processes). It must be noted thatghieece new
design packages will have to be very different, as they have hadeeffects like
guantum chemistry and quantum mechanics; therefore, a simpleoadaptthe
existing tools would most likely fail.

Smart and miniaturized sensors and actua@sswell as new methods to integrate
them —including signal processing- for on-line control and supervisiorthe
manufacturing process chain, machines, equipment, etc. was ideasfi@dyrowing
application area by several experts. One of them proposed alspdtential for self-
diagnosis and recovery. Miniaturizationgeneral was seen as a key factor, enabling
less energy consumption, reduction of noise, lower costs, higher flexibility, etc

Environmental friendly production processes and equipmené also mentioned as
highly relevant by several experts and stake holders. One ekpests mentioned the
potential for design for dissasembly, higher recycling/reasesy use of ne active
nano/micro materials to achieve dissasembly, as well asratitay of nano/micro
labels on products, in order to inentify different materials and recycle thenrlgrope

Many experts indicated the high relevance of integrative produtg@mologies for
Micro- and Nanomanufacturing Platform&lithough some of the concepts discussed
(intelligent control, modular interfaces, quality control, etc.)ynmot look very
innovative or original, it was clear that there is a need toifsgly address this
issues in the frame of Micro- and Nanomanufacturing. Due to thafispgroperties
of the micro- and nanoworld, these topics may in most cases notydvecadapted
from the macro- manufacturing world (e.g. stiction problems whedlimg, quantum
effects, limitation of optical inspection due to refraction and wengdt, health issues
related to fabrication of nanoparticles, lack of standards in mamd-nanodomain,
etc.). Under integration was also frequently mentioned as relStg#rclean room
environments and less environmental demanding conditions.

Further to the issue of Micro- and Nanomanufacturing platforms, and it®nefatihe
macro world and the sector oriented production industries, it was anedtithe
convenience to consider separate sectorial calls/prigniigere inspiration for new
applications could be achieved. One of the experts also indicatedcthdt well-
known mass-production technologies, when looked at in detail, can b&lyach
some cases be related to micro- or nano-technologies, which nayhepeay to new
applications and possibilities (e.g. textile industry and compositeriala with glass
and polymeric (micro)fibers- and the use of micro fiber glasenology for -MEMS
3D technology)
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17.Issues related to robotics, mechatronics, handling and feedinghsystie. for Micro-
and Nanomanufacturing platforms were often brought to discussion. Ghe &éy
needs was, according to many experts, towards modularity anbldlegiandardized
interfaces

18.Embedding of intelligencen the production platforms and chains was indicated as a
crucial means to enable the systemic integration into Micro- ambianufacturing
platforms with a high level of flexibility, scalability, reconfiguratyland reliability.

19.Reliability and quality controlare also key aspects to ensure the future of the
European Micro- and Nanomanufacturing industry.

20.Upscaling and customization turned out to be also a relevant asppetially for
enabling rapid_scalingfrom large to small quantities and even be able to produced
one-of-a-kind products. This should comprise also flexibility for integration ofona
micro- and nanoprocesses and properties in a synergetic and systemic way.

21.SMEs It was pointed out the difficulties for SMEs, which are normajhgcialized
and cannot cover the whole range of micromanufacturing technslage facilities.
To deal with this problem, distributed manufacturing (tools for the gemant,
business processes and logigtiessociated to Micro- and Nanosystems where
proposed as key need by one of the experts.
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6 Evaluation of relevant surveys, workshop results amh other

activities.

6.1 General introduction to evaluation of existing resiis

This Chapter presents some of the documents, surveys, reports earahtravents whose
results were accesible to one or more IPMMAN partners, who, nre stases, have been
directly involved in their elaboration or organisation. These souvd@sh have been taken
into consideration to elaborate and support the results of the IPMM#NIRap, are briefly
presented below, including the scope and coverage, and some of thecanelusions
relevant for our roadmap.

However, it must be noted that many of these sources consisinohercially available
reports and not public available documents and presentations, which canilois feason,
be detailed or described in depth in our roadmap document, nor attactsed Aamex.

Furthermore, for the shake of conciseness and in order to avoid xé¢osiee document, not
all the consulted and utilized sources (listed in previous section) are presented her

6.2 IVAM Survey

IPMMAN evaluated the IVAM survey of 2006, whe@ industrial partners took part.
IVAM is the microtechnology network with more than 170 members fadndifferent
nations (Headquarter in Dortmund, Germany). The most important maocketbese
companies resulted to be MST-/MEMS -industry (Micro Systeohmelogy / Micro-Electro-
Mechanical Systems) and Medical Technology, whereas the elegant technologies were
identified as measurement and control, packaging and interconnectionllagswaicro
sensors.

Statement to Contribution of SME

A significant involvement of SMEs is needed both as suppliers anskas of knowledge and
technologies. The main barriers for SMEs identified by the survey are:

the high cost of making a proposal in combination with the complexcapiph
procedure (which is planned to be simplified in FP 7!);

the complexity and investment involved in managing large consortiarajetts; the
high responsibility of the coordinator; the long duration; the delayedhgatg of
granted money,

the research is too futuristic for SME, who are mainly looKorga technology and
markets that can be exploited within 5 years.

The future projects should be not too large and of shorter duration |lessvifethere

is appropriate assistance and guidance on consortia building and wahtrac
arrangements.

In connection to this, and as a suggestion for additional changes to the EC FP @adiallgs
for the Microsystems industnSME-driven projects (IP and STREP) could generate
excellent benefits in order to create a new industry in Europe.
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Statement of IVAM

About half of the member companies have less than 20 employees, and with it arsmathe
than medium enterprises.

Member companies are mainly within the MST / MEMS supply chéaie. Second important
market is medical technology.

Looking at the technologies of micro- and nanosuppliers, the mostan¢l®nes are
measurement and control, packaging and interconnection as well as micro.sensors
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For the IVAM members mainly three topics are interesting:
1. NBICT (Nano, Bio, ICT): Biosystems, health/medical, etc.

2. Sensorial/Actuating nanosystems:

Inertial, chemical, magnetic, optical, fluidic, Optimal combinatioh basic
disciplines, RF-MEMS, Wireless Sensor Networks, environment/automotive
3. Integrating functionalities in conventional materials: Organigtilee glass,

paper, RF-ID, integrated Intelligence

From all these three main topics, tecond onevas identified as the most relevant for the

companies, as shown in the following pictures:

Topic 1: NBICT (Nano, Bio, ICT)

Topic 2: Sensorial/Actuating nanosystems
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Topic 3: Integrating functionalities in conventional materials

A number of additional relevant topics proposed by the IVAM membessalga obtained as
a result of this survey, and have been taken into consideration biARMfor the
elaboration of the Roadmap and recommendations:

New processes for processing functional materials

Surface measurement in the nano and sub-nano range

Combination of surface technology / nanotechnology

Development of gentle treatment and processing methods in nanoprocesses
Photonic technologies

Integrated optics for (fast) signal processing (telecom)

Microsystems integration + reliability of microsystems

Process intensification through microreaction technology

Micro robotics, micro process engineering, micro production, micro assembly

micro machines/motors
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CAD/CAE solutions.

6.3 Manufuture-D Workshop ,Micro Technology and Productr onic “

IPMMAN is working in close cooperation with MANUFUTURE. In linatlvthis, the results
of the Roadmap-Workshop “Productronic and Micro Technology” were evallgtatie

IPMMAN-consortium. The Objective of this workshop was to specify the needseairobsin

this specific German industry. The workshop took place in Frankfuirt/ida 29th March
2006, and was organized by FhG-IPA and VDMA (Association of GeMerufacturers of
Machinery & Plant Equipment). Some concrete information is detailed below:

Governmental supporting organisation: Forschungszentrum Karlsruhe - PTKA
Participation: 11 industry partners

Methodology: The Analysis was done on the basis of the [PA-Ragyimg
methodology of Prof. Westkamper

Results Clear list of priorities of research activities includirsjimated capacity and
duration of the work (short-, midterm and long term activities)

Priorities list of the Workshop

1. Placement of intelligence in future products

2. Miniaturisation

3. Design and Configuration of products

4. Transfer of innovations to the market

5. Digital product development and design/simulation
6. Material-Engineering

7. Energy saving-technology (efficiency)

8. Material-Efficiency

9. Adaptive Production

10. Integrated Production systems

6.4 Karlsruher Colloquium of Research in Production

The 8th Karlsruher Colloquium of Research in Production 2006 was held in Karlsruhe on 14.—
15. March 2006 and counted with the participation of 604 participants fromnpdestearch
and associations for the whole conference.
Two special forums with different session were organized
e Micro Manufacturing systems
* Nano Technologies are on the cusp of industrial production

A total of 177 Micro- and Nano Expertgsparticipated to these forums

Within the conference the industrial demand for research regammg production
elaborated in expert groups in advance was discussed and confirhes® results were
processed for the 19th CaNlano goes productiofi, within the German Framework Concept
“Research for Tomorrow’s Production” April 2006 of the Federal Btigi of Education and
Research (BMBF). These result have been taken also intademtson in the frame of the
IPMMAN'’s roadmapping activity.
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Some relevant issues concerning “Nano goes production” are listed below:

Industrial production of large quantities of nanoscaled particles of pugity and
narrow size distribution and their specific modification
Processing of nanoscaled particles in matrix materials for new produetiesp
Processes for coating surfaces with nanoscaled materials on the ihduatea
Nanoscaled structuring of surfaces and solids structured on the nanoscale
Reliable online analysis of industrial production and processing of naadsca
materials in a production process
Many of these topics were registered and documented by the heprks
and have influence the Roadmapping of CA IPMMAN

6.5 German Competence Network NANOMAT

The Mission of the German Competence Network NANOMAT, with 25 pestrirom
academia and industry, is the “Synthesis and investigation of mabuased materials and
the properties arising from their nanoscale nature”. The NetworklOQMAT provides a
good background for justifying the high innovative potential and a good clodfmezoming

one of the key technologies of the 21st century for Nanotechnolaoggu®s based on
nanotechnology already have a turnover of 30 billion Euro with a prdjertevth rate of
10%. Nandat partners have registered more than 200 patents and 10 licenses aodenave
60 current cooperation agreements with industry in the field of nanotegyn@ discussion

of the future research needs took place, together with the NetManoMat and
approximately 150 participants, in the "Karlsruher Colloquium®”, as mentioned in Chapter 6.4

6.6 ELFNET

ELFNET is the acronym of the European Lead-Free soldering ddetvELFNET has
elaborated a Roadmap on Heterogeneous Assembly and provided IPMMAMeny useful
and relevant information on their activities and results. Due tdaittethat assembly and
integration issues have been repeatedly regarded as very teissaes in Micro- and
Nanomanufacturing, it was decided to include their feedback in our IPMMAN roadmap.

Heterogeneous assembly provide electronics industry and R&D sewitr innovative
technological solutions to all assembly-related challenges whdfgemient will roadmap to
maximum system integration in electronics manufacturing. Hgéeeous functions in
today's and tomorrow’s products call for merging of differerdgrittnents”. Smaller pitches
and higher degree of integration enabled by enhanced stencil printingtlzer dispensing
technologies, among others, will contribute to new technology for wpessible range in a
large number of applications. Benefited sectors, as illustizéow, include all those where
electronics is present, including automotive, communication, consumer, iagasrospace,
etc.
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Heterogeneous: functions

Identification

Personal Health Monitor
-heart rate

ol

Altitude

Personal Weather Station

-Temperature
-Humiciity
-Pressure

(Optical) Mouse

12 July 200608/06/2004 SEMICON; April 2006 www.europeanleadfree.n et 4

CEEE
ERE

UV Light

The following tables, provided by ELFNET, shows the roadmap for heterogeneemdhss
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ACTUAL DEMANDS

actual demands

Typical products

n

obile products

prototype research for
consumer and mobile
products

Consumer/Automotive

High end electronics:
aerospace, medical, telecom

automotive (electronic
control units, sensors)

Reliability requirements

life time cycles

-550C/1250C 1000 ¢

A:-40/125 2500cy
C: 0/100 2500cy

-55 /+125C 1% 500 cycles

F40/+125C 1000cycles

resonance frequency 30g X

vibration thd 3-20g, 10-1000Hz, 12-30h |thd - Z axis - 10h 3-20g, 10-1000Hz, 12-30h
thermal storage 1500C 11ms - 1009 X, Z axis - 25
shock -55 /+125C 1000 cycles |1000hrs JEDEC JESD 22B111: 30x |shocks -
Substrates
Epoxy high performance |e.g.

FR4 0,6-1,2 mm , HDI 100x100mmx2mm FR4: 0.6 - 1.6mm 233mmx 160mm x 1,6mm [180mm x 200mm x 1,6mm
P, single, double and PI

Flex multilayer

Ceramic A: Al203; LTCC

line/space 100pm / 100um 100pmx100um 100pm/100pum 100um / 100um 100um / 100um

min dam solder mask 75um 150pm 100um 200

number of Cu layers 4-8 2-8 10 - 16 (daughter board) 2-6

pvias, pvia in pad, burried  |pvias, pvia in pad, buried TH via: 0.2mm

vias, ... vias BuildUpFoil: 25um pvias (2+x+2), buried vias |100pm via, pvia (1-x-1)
OSP, OSP+ ENIG, ENIG/

board finish Imm. Sn, Imm Ag NiAu/CuOSP HASL (SnPb), NiAu, Sn NiAu, Sn

Electronic Components

min. pitch 0,5 mm 400um 0,5 mm 0,5 mm 0,4 mm

min. pad size (C0603)

0201: 300pumx250pum

0201 components

0201: 0.5x0.5mm

0,85mm x 0,95mm

0,65mm x 1,1mm

max. pad size (D2-Pack) 3mm x 3mm 10,5 mm x 8mm 3mm x 3mm
min chip format 0201 0201 0402 0402

BGA 1/1,27mm - size 32x32 mm 32x32mm ceramic & plastic 45mm?  |32x32mm
MicroBGA 0,8/0,65mm 15x15 mm, 1/0 350 15x15: 0.5mm pi; 30010s  (~300 I/O -

CSP< = 0,5mm 2,5x2,5 mm- 15x15 mm pi 0.5; 2.5x2.5mm 256 1/0 -

QFN - exposed pad

0, 5mm 10x 10 mm

pi 0.5; 4x4mm

0,5mm - 10mm x 10mm

FC

pi 0,32; 4x5mm, 22 1/0

Process Technologies

Solder deposition

stencil printing

stencil printing

stencil printing

Stencil printing

stencil printing

Stencil thickness 100-150pm 75um-150pm 125/100 150 pm, staggered 150 um

No clean (but cleanable),
Solder paste No clean, type 3-4 type 4 Type 3 and 4 type 3 type 3

SnPb and Pb-free (SnAgCu

Solder alloy SnPb + SAC and SnCu) SnAgCu SnPbAg (2%) SnPb
Soldering Reflow reflow reflow Reflow, wave, manual reflow

AOI, x-ray, boundary scan,
testing technology X- ray, AOI X-ray, SEM AOI, x-ray, ICT flying probe, In situ AOI, x-ray
conformal coating No not standard Spray (manual, robot) not standard
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FUTURE DEMANDS

future demands (2009)

Typical products

Mobile products

rototype research for
consumer and mobile
products

Consumer/Automotive

High end electronics:
aerospace, medical, telecom

automotive (electronic
control units, sensors)

Reliability requirements

life time cycles

-550C/1250C 1000 ¢

A:-40/125 2500cy
C: 0/100 2500cy

-55 /+125T 1% 500 cycles
with adapted dwell time

-40/+155C 2000cycles

resonance frequency 30g X

vibration tbd 3-20g, 10-1000Hz, 12-30h |thd - Z axis - 10h 3-20g, 10-1000Hz, 12-30h
thermal storage 1500C JEDEC JESD 22B111: 30x ( {11ms - 1009 X, Z axis - 25
shock -55 /+125C 1000 cycles  [1000hrs to 50x) shocks =
Substrates
Epoxy high performance |e.g.
FR4 0,4-0,8 mm, 100x100x2mm FR4:0.6 - 1.6mm 233mmx 160mm x 1,6mm_[180mm x 200mm X 1,6mm
PI, single, double and work with flex is also Pl
Flex multilayer, rigid-flex desirable 0.1mm FR4/ PEN foil
Ceramic A: Al203; LTCC
line/space 50um / 50pm 50umx50pum or smaller 75um/75pm 75um / 75um 75um/75um (50pum/50um)
min dam solder mask 50(75)um 75um 75pum 150
number of Cu layers 6-12 2-8 12-20 (daugher board) 2-8
pvias, pvia in pad, burried  |pvias, pvia in pad, buried TH via: 0.2mm pvias (4+x+4), pvia in pad, |75um via, buried vias,
vias,... vias, stacked vias BuildUpFoil: 25um buried vias pvias (2-x-2)
OSP, OSP+ ENIG, ENIG,
board finish Imm. Sn, Imm Ag CuOSP/ImmSn/ImmAg Sn, Ag NiAu, Sn
Electronic Components
min. pitch 0,3 mm 200um 0,4 mm 0,5 mm 0,4 mm
min. pad size (C0402) 01005: 200umx200pm 01005 01005: 0.2x0.2mm 0,85mm x 0,95mm 0,5mm x 0,5mm
max. pad size (D?-Pack) 2,5x2,5 mm- 10x 10 mm 3mm x 3mm 10,5 mm x 8mm 3mm x 3mm
min chip format 01005 01005 0402 0201
BGA 1/1,27mm - size 32x32 mm 32x32mm ceramic & plastic 45mm®  [32x32mm

MicroBGA 0,8/0,65mm 15x15 mm, 1/0 500 15x15: 0.5mm pi; 30010s ~300 I/O pi 0,8; 11x11mm, <80 I/O
pi 0,5; <12x12mm, <330
CSP< =0,5mm 2,5x2,5 mm- 15x15 mm pi 0.4; 2.5x2.5mm 256 1/0 1/0

QFN - exposed pad

0, 4mm pitch 5x 5 mm

pi 0.4; 4x4mm

0,5mm - 10mm x 10mm

pi 0,5; 6x6mm, <50 I/O

FC

pi 0,35; 11x11mm, 530 I/O

Process Technologies

Solder deposition

stencil printing

stencil printing

stencil printing

Stencil printing

stencil printing

Stencil thickness 50- 100um stepped 50um 125/100 150 pm, 100pm, staggered |150um / 100pm
No clean (but cleanable),

Solder paste type No clean, type 5-6 type 6 Type 6 type 5 type 5

SnPb &Pb-free (SnAgCu

Solder alloy SAC and SnCu) SnAgCu+? SnPbAg (2%) - SnAgCu SnAgCu

Soldering Reflow reflow reflow Reflow, wave, manual reflow
AOlI, x-ray, boundary scan,

testing technology X- ray, AOI X-Ray, AOI AOI, x-ray, ICT flying probe, In situ AOI, x-ray

conformal coating No not standard Spray (manual, robot) not standard

Wafer Bumping

Without going much deeper into technical details, IPMMAN’s conohsiafter reviewing all
the documentation provided by ELFNET serves for reconfirming a nuwibstatements
already validated by other experts, surveys and reports, namely:
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- Importance of improving technologies for assembly and integratiaresssas a
considerable part of the final product costs

- Relevance of the manufacturing integrative approach (“macro meets micro”
- Heterogeneous assembly as a pre-requisite for “More than Moore”
- Relevance of System in Package approaches into direction of: industrialxaodsk.

- High potential of electronics / silicon based products (by decrgasost and
enhancing performance through product integration, gives accessferpeople to
more electronic functionality) Note by IPMMAN redacteur: in spite of the high
relevance of multimaterial MEMS, single material based technologies lik
semiconductor electronics keeps being considered fundamental

6.7 EVA_1: Portfolio analysis and technology mapping

EVA 1 is a study of Forschungszentrum Karlsruhe’s Nano and Microsystegrame and
is dedicated to the evaluation of global micro and nano technology ce8ftecenters have
been identified as having global importance by end of July 2005, and 4Xscéwoi@
Asia/Pacific, North America and Europe have been evaluated.

The study relates a comprehensive set of technologies to vapplisation areas as well as
to industrial sectors in a way to identify technological or indaistrot spots. First Results
were registered by CA IPMMAN and taken into consideration foreladoration of the
roadmap report, and will continue influencing the Roadmapping in the following months.

The Final Results of this Evaluation will be published by Forsctaemgsum Karlsruhe’s
Nano and Microsystems Programnmethe summer 2006.
6.8 Nanoforum

The Nanoforum report “Outcome of the Open Consultation on the European Strategy for
Nanotechnology” provides an analysis of the online questionnaire available on thermanof

webseit between August and October 2004. A total of 750 people participated in this survey

including research (39%), management role (29%), experts/consultants (13%) andjeurna

Eight main areas of nanotechnolog R&D were indentified, within which a vanabier of
sub-areas were provided. The respondents were invited to select areas (matpl=oald
be chosen) for which they think Europe should reinforce its R&D capability.

The different topics, ordered by number of respondants who considered the need for R&D in

these areas, (from a highest percentage of more than 16 to a lowest percdetsgthah
10%), are listed below:

Nanotechnology for sensor applications

Nanotechnology for information processing, storage and transmission
Health, safety, environmental and societal issues

Long term research with generic applications

Nano (bio)technology for medical applications

arwnE
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6. Nanotechnology for (electro)chemical processing technologies
7. Nanotechnology for structureal applications
8. Instruments and equipment, supporting sciences and technologies.

Priorities where also expressed for the different topic areas. Forbis, e have extracted
the topics which where selected as priority by more than 400 persons (53% of the
respondants):

- Nano-electronics, materials and devices (512)

- Interaction of nanotechnology with living organisms (498)
- Nanostructured sensors (462)

- Targeted drug delivery, molecular recognition (467)

- Public understanding of Nanotechnology (428)

- Opto-electronics / optical materials and devices (426)

- Risk assessment of nanotechnology (420)

- Interaction of nanotechnology with the environment (415)
- Catalysts or electrodes with nano-structured surfaces (410)
- Sensors based on biological molecules (409)

- Analytical equipment and techniques (407)

- Diagnostic systems (404)

From the point of view of horizontal research related in Nanotechnology, someestetem
which we consider of interest for the IPMMAN Micro- and Nanomanufacturingguse of
correlation with results from other reports and outcome from the experts earbeiow:

Some respondants stated that "Extend methods used in nano to larger /micro technologies
Nanotechnology should be seen as a way to improve Microsystems technology dodethere

a merge with micro systems technology should be envisaged; a strong divisiomhetaree

and nano makes no sense; micro nano integration should be the focus. A key issue will be to
establish a workable interface between the 'nanoworld' and the 'micro-aanalworld'.

Integration of nano devices into systems, i.e., an ‘architectural’ approach [ebba]vis

Improve the link between nano and mesoscopic scales.”

“ Special measures for SMESeveral respondents wanted better conditions and support for
SMEs including the scale-up, production and commercialisation of materials, dawvites
processes"

“Several respondents highlighted the need for the convergence of nanotechnology,
biotechnology, ICT and cognitive sciences”

“...modelling and simulations of surface interactions and of
crystal growth are important. In general, there is a call for more focusnmouter modelling
of nanomaterials”

“Nanobiotechnologyrhis includes topics such as biocompatibility, man-machine interface,
ageing in humans, animals and plants, pharmacy (targeted drug delivery),
medicine/healthcare, nanobioelectronics, molecular recognition biomaneitgnostics,
novel ideas on neural circuits, cosmetics. [...] A close link to pharmaceutical ieddetr

the development of biochips was also advised.”
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It mus be noted that this report is very extensive and a lot of important issuesexszic
here. Nevertheless, we also need to consider the fact that this report wasyaaesidid by
the time of elaborating the current document, therefore its weight in the findisions has
been accordingly ponderated.

6.9 Nanoroadmap

The NanoRoadMap (NRM) project, co-funded by the European Commission (EC),
is aimed at roadmapping nanotechnology related applications in three diffeasit a

- Materials
- Health & Medical Systems
- Energy

Within the project, an international consortium consisting of eight partners mgveri
eight European countries and Israel, has joined forces to cover the timedrame f
technological development in this field up to 2015.

Concerning the technologies identified in the IPMMAN list of tecbg@s for Micro and
Nanomanufacturing, we would like to make special mention to those \whigh been, in a
first overview, find mention within the different Nanoroadmap documents.

The Roadmap report on health and medical systems, e.g. make often afirindirect
reference to issues related nanoparticles and surfaces (niamgEo&arbon nanotubes,
dendrimers, etc.), active materials, technologies for selfraggeand bottom-up approaches,
and processes like special handling methods and micro/nanomanipuations Baiswl¢ools
for test, metrology and characterization, as well as min&ton of sensors and on-line
guality control are an issue.

The Roadmap on Materials makes mention to nanoparticles (nanovarben manotibes,
dendrimers) and methods for their production, including vapour methods, stéidaat gas
phases, as well as laser pyrolysis, transfer processing @atiaiion. Also Nanoparticle
functionalisation methods (coating, chemical modification, etc.) and oampmsite
incorporation (gas phase) are covered here. An additional issuerekintecharacterization.
Methods for bottom-up approach, like self assembly, molecular engigeesoi-gel
processes, templates (selforganization in electrochemistryttied processes) deserve also
mention here. As for creation and surface modification of micronandstructures, it is paid
attantion to both thick coating (thermal spraying, deposition —uniform, nater-mseelf
assembly nano-porous) and thin film (PVD, CVD, sputter deposition, spiay spating,
electroplating, as well as surface modification (e.g. oxidadioth passivation) and methods
like annealing and recrystallisation.

6.10 MANCEF Micro-Nano Roadmap

IPMMAN has evaluated the second edition of the Micro / Nano RopdmhadVIANCEF
“Micro and Nanotechnology Commercialization Education Foundation”. Thidnmrap is
designed to assist governments, organizations and individuals in tine didNano value
chain to develop their own strategic roadmap to improve their own efidac competitive
advantage. 26 major markets were identified for MEMS.
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The content of MANCEF- Micro-nano roadmap provides a clear insighttirdoaspects
considered as more relevant by this Roadmap. Its contributors providag salient
conclusions and major findings with high relevance for Micro- and Nanofaeturing.
Some of the roadmap information supports the current Micro- and Nanotegiesohs the
economic engine that could drive the next “big commercial opportynityile other identify
bottlenecks and roadblocks.

Some examples of relevant aspects include packaging and agdembbuce the (cited)
percentage of 70% of the total costs; basic efforts in relyalitid understanding micro-scale
failure mechanisms as an imperativ need; grow of MEMS in toadit markets, but also —
very important- in emerging markets (such as Microfluidics, BtdAMS, RFMEMS, Micro-
power and security-defence); need for standardisation; shift aMBS from only
sensors/actuators towards in-vitro and in-vivo devices with enhangebilides; more
accurate and interdependent toolsets for MEMS design, modelirgjranl@tion; process and
equipment for MST; equipment and tooling for emerging markets for MST/NST, etc.

6.11 NEXUS Market Analysis

The NEXUS Market Analysis for MEMS and Microsystems 21005 — 2009 coordinated by
WTC (Wicht Technologie Consulting) was analyzed. This report ca@@rproduct lines,
including blockbuster and emerging products. Regional strenghts ftin Nmerica, Europe
and Asia were analyzed.

According to the new NEXUS report, markets for microsystems will doaee the next five
years from $12 billion in 2004 to $25 billion in 2009, a CAGR of 16%. The NEX&j®rt
determines that MST/MEMS sensors and actuators continue to cotesahda position in
established IT peripheral markets for read/write heads and hdgels, in addition to creating
new opportunities for microphones, memories, micro energy sourceshgna@oolers, for
example. The automotive sector remains a major applicatiah\igh several high-volume
safety products including air bags and tire pressure monitoringnsystThe NEXUS report
updates two previous reports and covers 26 blockbuster and emergM§/MET products,
from accelerometers through micromirrors to zoom-lens autofocustaxsit NEXUS also
breaks out three new applications for consumer electronics, indysiiegss control, and
aerospace, defense and homeland security.
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Although the NEXUS report does not specifically focus on manufacfuechnologies, data
for relevant emerging products in and for different industrieprésented, which can be
directly linked to certain groups of technologies necessargucn products and sectors (e.g.
3D multimaterial micromanufacturing and assembly for medioglants and drug delivery
systems, which usually request multifunctional devices made on biatitaepmaterials and
integrating e.g. fluidic structures).

Annex 4 includes a statament to the relevance of Microtechnologgdey IPMMAN's

partner FZK on the basis of NEXUS and other reports, and which hapéeiatly included
in jointly agreed recommendations for Micro- and Nanomanufacturingweeéd to and
coordinated by the EC.
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7 Micro and Nano- cross cutting issues with other E TPs

7.1 ETPs and their Micro- Nano relevance

European Technology Platforms (ETPs) provide a framework fakeboblders, led by
industry, to define research and development priorities, timefrangesaction plans on a
number of strategically important issues where achieving Egropdure growth,
competitiveness and sustainability objectives is dependent upon magarclesand
technological advances in the medium to long term (see http://@ntipa.eu/technology-
platforms/home_en.html)

ETPs are considered by IPMMAN as a very relevant source ligibles credible, and
justifiable information with important component of industrial feedbadieifTpriorities and
vision should be, therefore, considered in depth, so long as concerning Miudo-
Nanomanufacturing aspects. As already mentioned before, a nwhlg€FPs have been
selected by IPMMAN in a first approach, having a certain impac Micro- and
Nanomanufacturing issues.

ETP Topic Available
documents
ENIAC Nanoelectronics Overview, vision
paper, SRA
Nanomedicine Nanomedicin Vision paper
Photovoltaics Photovoltaics Vision paper
SusChem Sustainable Vision paper, SRA,
Chemistry Implementation
action paper
ETPIS Industrial Safety Vision paper, SRA
ManuFuture Manufacturing SRA, Vision 2020
EUMAT Materials Roadmap, priorities
Europ Robotics SRA
Photonics 21 Photonics SRA
ETP-FTC Textiles and clothing Common strategy
paper, Euratex Final
Statement...

(In bold text, ETPs with which IPMMAN has currently on-going dialague cairggr
synergies between our respective roadmapping activities; the resbhaweonly preliminary
contacted)

In a subsequent phase, further ETPs with potential or demonstetggdrce to Micro- and

Nanotopics, which may have overseen or which have just appeared now, cauldebeto
this list.
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7.2 ManuFuture

In the first place, cross cutting issues with the platform ManuEwere considered. Due to
the particular composition of the IPMMAN Consortium, with a number dihpes involved
in the national Manufuture Platforms, as well as in Manufuture Eufeph one High Level
Group member), synergies with IPMMAN can be easily and effectivtinad.

It has been stated, in general, the Micro- and Nanomanufacissings are not covered in the
actual SRA, except for a few mentions, like “[...] added value edthe primarily from an
incrasing convergence of microelectronics, nanotechnology and bioteggtdl[...] from
macro to micro- and nanoscale” and “[...] miniaturisation of components”.

Beyond the results of the Manufuture-D Workshop, already mentioned be&ferealso
identified common areas and topics where Micro- and Nanomanufactane to be
considered, within the structure of Manufuture. The following figumesents the structure
and pillars of Manufuture. IPMMAN proposed to integrate the Micro- and
Nanomanufacturing topics under the pillar “Emerging Manufacturiegenses and
Technologies”

Agenda objectives Transformation of industry Transf.
of R&D

I
Innovatina products vating
. products rocanreh
Drivers o
Competition
Rapid technology renewal New New Advanced Emerging Infra -
added business industrial manu- tructures
- value models engi- facturing and
Eco-sustainability products neering sciences  gducation
: and and tech-
Regulation services nologies

Socio economic environment
Processes | Standards

Values — public acceptability

Short -
medium
term

Medium
term

Con-

Time scale e

Proposed Pillar for Micro- and Nanomanufacturing, within the ManuFuture
structure

IPMMAN participated in the Manufuture Roadmapping Conference in Stuttgauly. In the
frame of the Micro- and Nanoroadmaping activities, we propdsedallowing micro/nano
relevant topics, to be addressed during the sector oriented parallel sessions:

Machine /Equipment-Area
--> micro/nanomanufacturing equipment and production systems
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Transport-area
--> MST and nanomaterials/nanocoatings in aeronautical, aergspat@mobile
industry...

Materials & Basic products
-->Nanomaterials

ICT-Area
--> Micro and nanoanufacturing (for optoelectronics, nanoelectroditS] e.g.
peripherals like inkjet heads, R/W head, etc.)

Consumer Products-Area
--> Nanotextiles, MEMS/MST/precision engineering for medipatcision and optical
instruments, watches and clocks...

Food/Pharma/Bio-Area
--> Bio MEMS/NEMS, nanomedicine...

7.3 ETP on Nanomedicine

A large number of Micro- and Nanomanufacturing related topiosbeabe related to the
statements and technology issues include in the document of this\HSiBn“Paper and
Basis for a Strategic Research Agenda for Nanomedicine”. 4rodmers, there is frequent
mention to nanocoatings, nanoparticles/materials and self-assenoolgsges. Beyond the
application of such nanocoating, nanostructured surfaces and nanomatkeadsis also
mention to a number of devices and MST/NST applications of relexarttavith promising
potential. All this demands the corresponding manufacturing capabihidr its industrial
implementation, without which such advances would not be efficiently inteaducto
products. Some examples of needs and/or promising technologies mentiaghedraport
are:

technologies for bioactive nanocoatings,

New interfaces with nanostructured and/or biological functionalised surfaces
Requirement for advancedment in deposition techniques and surface ohemist
including self assembly of biomolecules, hybrid conjugates of biorastewith
nanoparticles or moleculary imprinted polymers

Biodegradable polymer nanopatrticles for controlled resease of drugs

Application of bioactive nanoparticle coatings on the surface of mglao make
possible to bond the implant more naturally

Particles or molecules for medical imaging (some recentig@went focus on using
nanoparticles)

Development of new probes for molecular imaging including new rexga in
nanostructures such as particles, tubes, capsules, fullerenesidesdnew polymer
structures, etc.

The conjugation of biological molecules (peptides/proteins) and simpgwymers as
an efficient mean to improving control over the nanoscale structureation of
synthetic polymers that can be used as drug delivery systems
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electronic and/or communication componets in forms of nanowires and nan(gores
their equivalents) for the stimulation and biosensing of cells within arcettifatrix.

As an ultimative goal for controlled release, the development moiceofabricated
device with the ability to store and relese multiple chemiobs&nces on demand
(Microelectromechanicals systems —MEMS- have enabled theicddbn of
controlled-release microchips)

Since this is a ETP for “Nano”medicine, references to michstelogy in medicine is not
covered here —except few mentions-. However, a general conclusitmsopreliminary
analysis is that there is large potential for many coneggpéications for Nanotechnologies in
Medicine, including coatings and structured materials, as watlaasdevices, in products
such as tools for molecular and medical imaging, controlle@dseland bioactive properties
in implants, devices for stimulation and biosensing in cells, ets.dpparent to us that bio-
and medical applications suppose a big challenge for Nanomanufacsiriog the needed
integration and compatibility with a number of specific relatethateds calls for a new
manufacturing approach supporting integration of technologies.

7.4 ETP Photovoltaics

Concerning Manufacturing, the ETP Photovoltaics specifically inecaélhat “the lack of
availability of dedicated processes and equipment for high-throughputfacturing of PV
components is a major barrier towards cost reduction and qualitpuempent”. Taking into
account that, citing the Vision document, “photovoltaics has the potenp&y an important
role in the transition towards a sustainable energy supply sysfteéne 2f' century and to
cover a significant share of the electricity needs of Europes, nbed for lower costs and
higher qualitie becomes one important issue within the sector of Energy.

The related processes cover Micro- as well as Nanomanufactissogs (wafer-based
crystalline silicon technologies, thin film technologies, sesmitioxide-based and other
nanostructured solar cells and modules, polymer and molecular sdigr tcansparent

conductor and encapsulant materials, etc.).

The issues to be addressed in Manufacturing for photovoltaics anufiétke by the ETP
(cited from their document), include in-line processes and equipfoerthin, large-area
crystalline silicon cells and the corresponding modules, handling anstidtpdarge-area
deposition, advances for reducing energy and materials consumptioranaofacturing,
standardisation of equipment, in-process quality control and feedback systems, etc.

A particular characteristic for this sector seems to beintespreted by IPMMAN after
reading the document, the fact that micro- and nanofabrication pescesed to be combined
in part with the need for large-area products and surfaces thétbhorresponding need for
adapted, special in-line processes and equipment, including handling, moduogctality
control, energy and material consumption, etc..

7.5 ENIAC: ETP on Nanoelectronics

According to the ENIAC SRA, “the semiconductors industry and ufgpkers are the
cornerstone of today’s high-tech economy. Representing a worldwids salue of 250
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billion euro in 2004, the sectore supported a global market of more6thillion euro in
terms of electronic systems and services”. This covers a raidge of products, from
telecom, to consumer, medical, transport, security and space applications.

The SRA of ENIAC presents the vision and agenda for semiconductotrindicaled down
from the micro- to nanoelectronics. Below are some statemenissares extracted from the
SRA, which have been selected by as examples of relevance foMmwo- and
Nanomanufacturing technologies (i.e. focussing more on the producttiraitsl less on the
products), or indicating concrete technological needs for specific gsodnd sectors, which
might have stronger demands:

“[...] new sensors (MEMS technology, combining mechanics, nanoelecdramd
softwares) for the recognition of different types of object on and beside the road”
Biochips and fluidics

RF MEMS

“[...] new assembly and packaging technologies, following the stzieiction of
semiconductor components as a prerequisite for the realisation of highly irdegrate
“Cost effective packaging solutions for sensor/actuator, MEMS NEBIS (nano-
scale MEMS) applications”

Heterorgeneous integration and Systems-in-Package (SIP) solutions

“Develop technology and infrastructure to extend [...] lithography”n{arsion
lithography to 45nm and 32 nm., EUV for below 32 nm, resist developmerf, ML
lithography) and “clarify the importance/potential of imprint anceot non-
evolutionary lithography strategies”

technologies for domain ‘Beyond CMOS’, including among others “bioldgica
inspired (molecular computing), [...] metallic nanowire transistor,] [nanotube
interconnect [...] "

“Improve methods and practices of designing for manufacturibilgyability and
testability”

“Develop and implement integrated multiscale and multi-process mgdel
simulation, optimisation and design tools and methods”

“Develop and apply novel nanotechnologies, such as nanowires and nanotubes, for
sensors and actuators”

Protection systems and smart sensors for machines, production aspottation
processes

Technologies to reduce emissions of hazardous substances

Some of our general conclusions, after analysis of this docunoererm the manufacturing
technologies (for integration of nano-structures like nanowirensigtors, nanotube
interconnects), advances in lithography and exploration of impritégtes, improvement of
assembly packaging strategies, design/modeling/simulation tawds pepduct application
areas (e.g. RF MEMS, sensors for automotive sector, biochips and fluidics, etc.)

7.6 EUROP

One of the topics of relevance within the ETP on Robotics condegrez¢a of “Miniaturised
robotics. Some extracts of this document:

36



Roadmap Micro- and Nanomanufacturing

“A range of new, very small and highly distributed micro and nabots needs to be
developed for a variety of new applications areas”
“[...] integration of sensing and control directly into actuators making therartsactuators’™

The challenge roadmap for miniaturised robotics shows an evoluli@®2i0 going through
millimetre scale intertial sensors, milimeter scale dmactuators, surgical application of
miniatur manipulators and millimetre scale robot.

The key research goals (cited from the SRA draft) focus on:

- Miniaturisation of actuators and the improvement of performance paesnfor a
given size

- Miniaturization of sensing

- The use of novel materials to achieve the desired performance goals

- Investigation into the effectiveness of using multiple small ®hotcertain tasks of
types of task and the levels of communication and interaction recheteesen them
to obtain a successful outcome.

- Reducing the production costs for micro robots to be (swarm-) cong#bitdingle
larger robots.

7.7 SUSCHEM

The following references have been extracted from the SRA dadumhich give an insight
into some relevant issues for this ETP, which are directbte@lto the Micro- and Nano
areas.

“intelligent clothing fitted with nanosensors will record paréene such as blood
pressure, pulse and body temperature”

“... engineering of microrectors is entering biotechnology”

“Nanomaterials themselves can be very interesting as potential aaldiytis”

A number of goals and highlights for Nanotechnology, as far asiBSakte Chemistry is
concerned, are listed in this document within different sections,ioneérg, among others,
the following important aspects:

- stability and safety of new nanoparticles in dry, wet and colloid forms.

- exploitation of surface characteristics e.g. in catalysesteldes, sensors, and their
interfaces with gases.

- allow their use (of of nanoparticles, which have very highesarireas) in composites
and also as coatings

- new computational methods and tools for formulations: nanocomposites, real
interfaces and biological systems; to describe the fundamentatiahgroperties; to
bridge the length-time scales.

- The production and the processing of ultra-pure nanomaterials

- Integration of nanomaterials into continuous production processes and-reel-t
manufacturing.

- The development and production of large-scale self-assembled nsateygiems and
devices.

- Health, safety and environmental issues of nanomaterial production.
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7.8 ETPIS (ETP on Industrial Safety)

It is known that most of the safety related industrial challerage not confined to a single
industrial sector and usually they are complex in nature. Therdfog solution may need to
take into account of the knowledge and expertise of several Focus GFaufteermore, to
enable the mobilisation of the critical mass to solve interdiseipt problems and attract the
interested sectors, the ETPIS has decided to create the concept of

research HUBs. A research HUB is a topic-based group of staleebohiming at both
exchanging knowledge and starting projects, once they have defiasdaach agenda that is
specific to their topic of interest. Two research hubs are exteat the ETP on Industrial
Safety, one of them devoted to NANOSAFETY, and addressing it ssklresafety-related
issues in the field of nano-technologies and nano-materials. gig®meawith this group will
need to be explored and used in further activities.

7.9 EURATEX

Already by the time of the elaboration of the Common Stratemyer of the ETP for the
Future of Textiles and Clothing (March 2002) it was acknowledged ahleey field for
research and development was new materials, processing technglogilests and product-
servieds. Breakthroughs in nanotechnology, among others, would allow navdbgaing,
coating or laminating processes that would give new and traditgpheous and textile
materials high desirable properties, both in terms of subsequentsgabdey and final
product characteristics.

Nevertheless, in the preliminary overview of the public availedperts and papers we could
not find deep or updated consideration to the potential and implications f
Nanomanufacturing in the textile Industry. This issue should be fuettored, consulting
documents updated and/or not available in the public webpage, and requiisticty
feedback.

7.10EUMAT

The European Technology Platform for Advanced Engineering Mistextad Technologies
has with no doubt a large number of common interest areas iromelaiih Micro- and

Nanomanufacturing. Some of the issues related to Micro- and Nag&s present in the
EUMAT documents include micro- and nanostructured materials, nanoHalssematerials

enabled components and micro-systems, multi-scale analysis antingoete., aspects also
considered in the IPMMAN roadmap.

In particular, we expect that a stronger interaction ihEUMAT focus group on Materials
production technologies, testing and characterization, would provide goodjisgnend
efficient coordianation of further roadmapping efforts.

EUMAT Polls, on the other hand, conducts an automatic and unmonitored sumeeyg a
stakeholders interested in the EuMaT initiative, which colleatscg@ants’ inputs about their
appreciation of general importance of new materials and techngloggesvell as the
priorities. IPMMAN analysed the actual results, with a viewextract supporting numerical
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data concerning issues of relevance for the Micro- and Nanoawnuhg Roadmap. From
all the 552 entries, IPMMAN considered only the 128 answers frorinthestry, in order to
get more industrially oriented results.

1. Concerning materials, multimaterial (hybrid) systems, ttogre with ceramics &
composites/polymeric have higher priority (59.38% for the most itapbapplication
field), closely followed by nano/small-scale bioinspired materaald films/coatings
(50.78%)

2. From all proposed application areas, the one with higher priority geaeral
engineering/ multifunctional (for multimaterial and nano/smedlla/bio-inspired,
ranging from 59.38% to 50.78%)

3. Smaller relevance show other applications, like extreme conditions(ltimaterial
and nano / small-scale / bio-inspired ranging from 25.78% to 19.53%gyen@ower
/ cryo (22.66%-20.31%), electronics / photonic / microdevices (10.94%-21.88%) and
biotech / medicine / eco (13.28% - 18.75%)

4. In proportion, more industries declare as interesting nano/so@dl/sio-inspired
materials and in multi-material, than are currently working on it

5. From all horizontal issues, the strongest interest was declai@d
manufacturing/fabrications related material technologies, ami festing,
characterization and qualification.

7.11Photonics 21

The SRA of the European Technology Platform Photonics 21 clearly saawsnber of
common issues concerning both Photonics and Micro- and Nanomanufacturing. This concerns
two different aspects. On one hand, the relevance of photonics technaodiegvices for

Micro- and Nanomanufacturing is often mentioned in this document, not famly
manufacturing (large future industrial field of photonics in manufagy foreseen in optical
micro- and nanoprocessing), but also inspection and qualification w@ifacaured parts is

also a vast application field for photonics.

The field of optical micro processing is already emergindg & predicted to have a very
bright future by using high brilliance lasers like cw, Q-swjtfemosecond, NIR green, and
UV. The reason is that our daily life objects are becoming &vailer and smarter and the
properties of the Photon are adapted very meaningfully to the prodpctioesses of these
goods.The vast field of micromachining exhibits some of the mogirexgrowth figures in
photonics. It covers the modification of surfaces, cutting of small or thin ialatexs

well as tiny functional modifications inside workpieces. Just as in macrogsingehybrid
approaches can open up new applications or improve and replacageigsiinologies in
micro processing. In some sectors such as micro-machining thetrindssready to
implement the photonic technologies but is still awaiting industry-dasér systems.
Interferometric processes offer the ultimate precision in photonics by th&ng

wave character of light on nanometre and sub-nanometre scalestioulpr if combined
with nonlinear processes.
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On the other hand, from the analysis of this document, it was found ¢ouwRhb#onics also
provides a wide range of challenges and needs for micro- and nanootaroda

technologies, e.g. for fabrication of nanoscale photonic devices atriatllstel enabling

ultra high speed photonic networks, as well as for micro- and namoiegy enabled

products like lights and displays, data storage systems, sens@ectoity and safety, and
many others.
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8 NanoManufacturing

The Roadmapping activities in the field of Nanomanufacturing warered under the frame
of the Working group NanoManufacturingvf/w.nanomanufacturing.¢u The IPMMAN
Consortium and the Experts of IPMMAN are strongly involved in tbad®apping activities
of this group, both as contributing experts and as leader of expeg {Christiand Wdgerer
for Manufacturing of Nanoparticles). This summary should help to findifspéopics and
results without reading the whole roadmap of NanoManufacturing.

8.1 The working group NanoManufacturing

The Working Group was founded on the initiative of the European Commissidayir2005.
Currently there are about 200 members from industry and reseaath.dWdjective of the
Working Group is to strengthen the position of Europe on the fields avfufacturing
Nanoproducts. The generation of the roadmap has been supported frok-pineject CA
IPMMAN and others.

Working
Group
KI—N})M anufacturing

The results are published on the web Bitp://www.nanomanufacturing.eu/roadmap.php

8.2 Summary

The Roadmap NanoManufacturing shows the development of the productioolteyy for
the next years. It expresses, that some technologies asalyalseiccessfully used for
manufacturing and processing nanomaterials, e.g. PVD, Spin CoatingtheQother hand
there are a lot of technologies known in the field of applied reseatuch are forecasted to
be ready for industrial application in 5 to 6 years. The most irmpbtechnologies are the
Sol-Gel-Method, (PVD, Milling), Plasma Synthesis, Sintering, ekad®ased methods,
Cleaning. It has been identified, that self assembly and irsittinesis are in basic research.
But nevertheless they have a very high potential.

The aspects of automation, quality and cost effectiveness will fgeinaportant in the next
years. For the production and functionalisation of nanophased pagraetheir integration
into bulk materials the main focus will be on economical aspeuisaahigher degree of
automation. For nanostructuring and coating as well as for the sdtfactionalisation and
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nanolayering, the aspects concerning quality and measuremepmequiwill be highly
important.

The market, which requires NanoManufacturing, is emerging oraadyrpartly existing. In
particular the markets in the field of electronics, energsgremitics and space, automotive
and life science/medicine will rely in the next years on theveld@pments of
nanomanufacturing.

8.3 Sources and Production Technologies of the Roadmap

Several inputs from the sources illustrated in the table belowilmotetl and supported the
development of this Roadmap NanoManufacturing:

Development issues
from members
of the working group
NanoManufacturin
& 9 2013 %
(prepared with 4 é
= 5
template and S -2012 = i i
stakeholder interviews) '% - Questionnaire
developed by experts
— 5 2011 of the working group
Eg”t:b’;‘é'::;‘s from NanoManufacturing.
Y X — @ | Distributed b
(Christian, Bertrand, 2010 ‘5 © organisationgand
Gabi, Paolo, Raphael, g e
Matthias, Wolfgang ....) 2009 g %
Other Sources / é- 8 g
2008
Contributions E ‘% %
(uSapient-Roadmap, 2007 > p=
IPMMAN, 4M,
BMBF-Call,
Nanoroad-SME,
Nanoforum...)

The main source, the questionnaire was developed in 2006 by the memtrexrsNdrking
Group in close collaboration with several projects, networks and organgzal3 members
from five countries were involved in generating the contents - mamgr ehembers were
supporting with their inputs.

The main part of the questionnaire - was split into 4 clusteesich part assorted several
production methods and processes and represented one relevant topic in nanomanufacturing
Choosing or naming at least one production process and estimatiegelt of development
(“basic research”, “applied research”, “prototype / pilot line”“product / serial level”)
regarding to the time periods “2007”, “2010” and to the period from “2013 to 2016".

Clusters of Technologies:

Cluster 1: “Production of Nanophased Particles”
Cluster 2: “Nanoparticles Functionalisation”
Cluster 3: “Nanocomposite incorporation”
Cluster 4: “Creating Nanosurfaces”

The goal was to estimate the development demands for eactedgbecduction method to
reach an industrial manufacturing level. Valuing with “very int@ot’, “important”,
“existing” or “no needs yet” will give an overview about the actstand of the selected
production method regarding to 4 areas:

1. Automation (which is defined as: process availability, -stabilityntegration,
handling/transportation/assembly, mass-production, flexibility).
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Quality (which is defined as: quality control, measurement, standardization
Production environment (which is defined as: environmental friendfgtys health,
cleanroom).

4. Economical aspects (which is defined as: cost efficiency, yield, ecaiedlec

w N

8.4 Results of the Questionaire

General aspects:

The evaluation of the 100 returned questionnaires shows that sligieythan half (53%)
were from research, 39% from industrial companies and 8% fronr otiganizations,
representing all branches - 53 returns from the manufacturingrs@&-25 returns from
automotive, ISTech or other sectors.

Needs and demands of “pushing nanotechnology”

It is clearly shown, thatesearch (76) andfinancing/funding (49) are the most important
points for the development of nanotechnology. This reflects the bigt@dtand the many
unexplored areas of this upcoming technology and showing that mostly all
NanoManufacturing-topics are dealing with very high costs in dpweént and production -
another point to interpret out of these numbers would be the need for more fundings.

The very high important aflissemination (46) shows the need of technology transfer from
research to industry. Also the other named topics “material, “equigmand “networks” are
important for the development of nanotechnology.

“Pushing Nano-networks$ which was named 54 times as an important issues shows the big
demand and the high interest on networking about the topics of nlanolegy - “Nano-
dissemination” also reflects the needs for interaction and knowksddeange for example in
platforms like the Working Group NanoManufacturing.
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Targets of a Micro- and NanoManufacturing industry are:

1. to establish a new industry for the manufacturing of products basesimerging
Micro- and Nano-Technologies.

2. to develop Europe as the leading location for the production of NanoParhtikro-
and Nanostructures and components with “Micro/Nano inside”.

3. to establish the complete Micro- and Nano-Technology value chaiinge#o the
manufacturing of European MNT products.

4. to ensure that the new MNT products are produced at Europeaitiegailsing
equipment and systems of European origin.

8.5 Development issues in the next seven years

Manufacturing of Nanomaterials
Manufacturing of Nanomaterials - Development issues

1Bulk Integration = Nanocomposites Incorporation
2 Nanoparticles = Production of Nano-Phased
Particles & Functionalisation

4 State of the Art 2006 : b 4 )

* Manufacturing of mass - \ Vision:
products by big Chemical Bulk Integration & 2013 « Education -" European
Companies Nanoparticles Nanomanufacturer”

- manufacturing of special quality / automation - Standardised control
materials by small and - - system and parameters
medium sized companies [ Bulk Integration ] m working
is missing automation « Continuous process from

« Companies for _ Nanoparticles m_aterial to production
development of equipment quality without transport leak
are missing . « Expert Data base for

«only one continuous_ Bulk Integration prod_uction parameters
process f_or prqductlon of production environment « Equipment for safe
Nanopatrticles is known \ transports of particle
(HPMN Reactor) _ Nanoparticles » Methods for High_Energy

*no closed process chain production environment processes of particle
from materials production
development to (" Bulk Integration « Continuous high pressure
endproduct o economical production & Process -

« Issue in reproductibility, [ automation « Definition of standardisized
agglomeration, size - control systems
distribution Nanoparticles 2 » Materials for production

« low yield processes and economical production & evaluated, process basic

\_ high waste volume. J L automation \_ design done J

Nanophased Particle Production and Functionalisation
Year 1: Economical Production & Automation: Yield, ease of implementation, dost
material ; up-scaling, reproducibility, reliability
Year 3:Production Environment: Healthcare, safety handling, easy handiingpremental
effects
Year 5:Quality: Low cost tool, simulation model, online control, easy to use
Year 7:Automation: Up-scaling, reproducibility, reliability
Sectors:Electronics, Automotive, Aeronautics & Space, Energy
Bulk Integration:
Year 2: Economical Production & Automation: Yield, easy implementation, last c
material; reproducibility, upscaling
Year 4:Production Environment: Easy handling, safety handling, healthcareprmental
effects,
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Year 6:Automation: Reproducibility, upscaling

Year 7:Quality: Online control, easy to use

Sectors: Electronics, Automotive, Aeronautics & Space, Energy, Consumer,Sdfence,
Environment

Manufacturing of Nano-Surfaces
Manufacturing of Nano-Surfaces - Development issues

e —— ™
(" State of the Art 2006: ) Vision:
- Processes in lab-volume - higher quality (robustness,
controlled shape/size, long
- Structures from 10nm to range order)
sub-micron available - - —
) Surface functionalisation - better performance
0 Matﬁnty strongly depends and nanolayering (optimized functionalities)
on the Automation, economical 2013 . -
deposition/structuring production - higher flexibility (self-
process (eg plasma vs self- \{ assembly, combination top-
assembly) 2012 down _/ bqttomTup, .
) - ) (Nanostructuring and combination with robotics)
- insufficient integration / coating of surfaces ol . .
i - high process integration
L%TS:%I?%J;?P“H e Automation, economical 2011 _
e y production - high throughput (self-
applications assembly, replication)
\ 2010
- Lack of

- high yield

- smaller structures, smart

theoritical/simulation tools

o [ Surface functionalisation
for predicting the

and nanolayering 2009

HEHHEEE

structure/function . surfaces
T S Quality - quality control including

- Lack of understanding of L 2008 methodologies and
adhesion mechanisms Nanostructuring and coating measurement equipment

. Difficulties for of surfaces 2007 - Surface system (Substrat,
homogeneous coating Quality layers, surfaces)
complex 3D \_

- J _ )

Nanostructuring and Coating of Surfaces

Year 1:Quality: online control, low cost tools

Year 5: Automation & Economical Production: Reproducibility, reliability, upsaal yield,
easy implementation

Sectors:Electronics, Life Science, Automotive, Aeronautics & Space

Surface Functionalisation and Nanolayering

Year 3:Quality: online control, low cost tools

Year 7: Automation & Economical Production: Reproducibility, reliability, upswgl low
cost material, yield

Sectors:Electronics, Automotive, Aeronautics & Space, Energy, Life Science, Consumer
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Roadmap Nanomanufacturing

Manufacturing Manufacturing
NanoMaterials NanoSurfaces
.| Nanophased Particles .| Nanostructuring and coating of
Production & Functionalisation surfaces
.| Year 1: Economical Production -
& Automation > Year 1: Quality
—’I Year 3: Production Environment | [Year 5: Automation and

—>| Year 5: Quality | Economical Production

—>| Bulk Integration |
> Year 2: Economical Production

Surface functionalisation and

y

& Automation nanolayering
—>| Year 4: Production Environment | :
—>| Year 6: Automation | Year 3: Quality
Nanophased Particles Year 7:Automation and
» Production & Functionalisation Economical Production

Bulk Integration

\—P{ Year 7: Quality & Automation |

8.6 Topics for the next years in detail
Year 1: 2007: Manufacturing of Nanomaterials

1. Nanophased patrticles production and functionalisation
Processes for production of nanophased particles e.qg.:
Colloid chemistry, sol gel, Hydrothermal chemical methods, Green chgmistr
Plasma synthesis, PVD, Flame pyrolysis
Milling and Mechanical alloying
Processes for functionalisation of nanophased patrticles e.qg.:
In-situ synthesis, Grafting, Sol-gel and MW-RF Plasma
2. Economical production
High Yield, Easy implementation and Low-cost material
And automation: Up-scaling, Reproducibility and Reliability

The manufacturing of new nanomaterials with new propertiels ¢at development of
processes and equipméat industrial production of (functionalised) nanophased patrticles as
basis for incorporating nanocomposites and other bulk nanomateriadsidition, special
designed nanophased functionalised particles can be the basiahstdricould be straight
used for an instant coating for realising new surfaces.

The target is to industrially manufacture and functionalise naneghaarticlesof highest
industrial relevance for the end-user groups in the nano-micro-manufacturinghaine

As example the energy sector covers a wide range of applicdtimes by strong industrial
needs. By energy application it is understood (i) the production of naictgsaneeded to
build devices for energy production like fuel cells (PEMFC, SORQ) energy storage
(batteries, super-capacities or even hydrogen storage) arfdr(iipe reduction of energy
consumption. The second point can be achieved through the development of nan®powde
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needed in the transportation field. As an example new generati@anopowders are needed
to build thermal barrier in different part of an aircraft eegin order to increase its operation
temperature leading to a higher combustion efficiency and theredoesm optimum fuel
consumption.

Focus is on developing industrial production processes for a cost effibight yield
manufacturing of nanophased particles

Continuous process from material to production without transport leak

Expert Data base for production parameters

Equipment for safe transports of particle

Standardised control system and parameters
A key issue related to the production of nanomaterials is thectiolh of the nanopowders.
The collection should be as efficient as possible (high yield of recuperatidispée.
The actual more promising methods for producing nanopowders are bads&idtoprocesses.
A huge effort has to be done to switch to continuous production mode wimresrelevant
for industry.
The high specific surface area is an inherent property of nan@pswtimplies that the raw
nanopowders exhibit a low tap density.
At an industrial production scale with a production rate of kg /hourctineesponding high
volumetric production (m3/hour) has to be carefully managed. This issu@nethe same if
the nanopowders collection is implemented in a solvent.
At the production line end the as-produced nanopowders have to be storeaferma in
order to limit the potential contamination and to avoid agglomerationhwhibarmful to the
unique properties of nanomaterials.
A general target is the zero emission of nanopowders during the whole productiosgsoces

The deliverable from research proposed under this topic should cleangnsgtate how
nanophased particles can be produced on industrial scale that willthesleenew materials
available in required quantities and at affordable prices. Upngcahe processes and
simultanously increasing reproducibility and reliability can é&ched by a higher degree of
automation.

Automation, easy production and safe handling are necessary. The modlwuld be
assisted by simulation. These are indicators for integratioknofvn technologies and
equipment from existing processes. The importance of automatiory, lsafetling and online
control systems shows the overall production approach (from material to bulk, .in situ)

Year 2 and 3: 2008/09: Manufacturing of Nanomaterials
Processes and Equipment for an Economical and Automated Industrial Pragttion of
Bulk Nano Materials:

Year2:

The manufacturing of new nanomaterials with new propertiels éat development of
processes and equipment for industrial production of nanocomposites and other bulk
nanomaterials, incorporating (functionalised) nanophased particles.

Focusis on industrial manufacturing of bulk nanomaterials of highest industlevance for

the end-user groups in the nano-micro-macro-manufacturing value thmscaled processes

and equipment with high yield, easy implementation, and high reproducibility aresickqui
Processes may include Sol gel, melt compounding, Sintering, Laser sintering, HIPing, spark
plasma sintering, finished products net shaping, finished products rapid manufacturing,
Resultsfrom research proposed under this topic should clearly demonstrate Howabok
materials can be economically produced at industrial scal#é) Wwigh vyield, easy
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implementation, low cost materials, reproducibility and upscalingkingathese new
materials available in required quantities and at affordable prices.

Year 3:

Production Environment for Nanophased Particles Production and Functioalisation:

The manufacturing of new nanomaterials with new propertiels ¢at development of
processes and equipment for industrial production of (functionalisedpinased particles as
basis for incorporating nanocomposites and other bulk nanomaterials.

The focus is on Production Environment: healthcare, safety handling, easy handling,
environmental effects and safe handling and transport of "Nanoparticles” and atgegr
quality control methods.

Resultsshould provide “easy to use” processes with a full standardizatioranbmaterials

and flexible production technologies with a control and quality system for safespesc

Processes include nanophased Particles Production, Sol gel, Colloigteypehydrothermal
chemical methods, PVD, PE_CVD, plasma synthesis, flame pypbadf assembly, electro-
deposition, Milling, mechanical alloying, mechanochemical productiamoNhased Particles
Functionalisation.

Year 1: 2007: Manufacturing of Nanosurfaces

Nanotechnology makes now possible to deliberately modify the prepesti surface and
endow them with any desired functionality. It results the elalooraif nanosurfaces with
new chemical, physical and biological properties specific to nheometer scale (e.g.
catalytic, magnetic, electronic, optical, antibacterial).

Nanosurfaces are surfaces containing at least one dimensiahakfemaller than 100nm.
Manufacturing of nanosurfaces is thus concerning both surface furisatioa (nanolayered
thin films) and surface structuring (topographical nanofeatures, nanoetlisteatings).

This call focuses orSurface nanostructuring. Surface nanostructuring consists of the
fabrication of surface structures with typical dimensions sm#éiien 100nm. The structure
can be topographical presenting designed nanostructures (e.g. pores,graitings) tailored
for a specific application resulting in outstanding properties. Namatated surfaces might
also involve coatings (up to the mm size) having phase modulatiostlsizes, embedded
particles in the mentioned range. Nanostructures are creatdt @urfaces of varied solid
materials, e.g. metals, ceramics, glasses, semiconductorsmegosly Concerning the
nanostructuring processes both top-down and bottom-up approaches are considered.
Among the several sub-fields of nanoscience, surface engineeringlreasy made the
transition from fundamental science to real world applications thosniiag an enabling
technology (with applications in many) for existing and emerdielgls such as material
science, optics, microelectronics, power engineering, sensomsysted bioengineering.
Efforts have now to be done to improve and simplify the production pracsssthat high
guality nanosurfaces can be manufactured at low cost. Reproducitilitirol of the size,
shape, homogeneity and robustness of the manufactured structures! havege considered
as key parameters for an industrial use of the processes.

The target is to control and up-scale "surface nanostructuringégses with respect to
throughput, yield and cost efficiency, developing those processes anpimequi most
urgently needed in the industrial production of nanosurfaces responding tmdirstry
priority needs identified in the nano-micro-manufacturing value cii&ea.main focus of this
call is the increasing of the quality/reliability of theusturing processes supported by the
joint co-development of appropriate measurement equipment. To reach higy qudl
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reliability a holistic cleanliness system is required incigdneeded air cleanliness, the
systematic material design, the conception and design of produetjuipments, the
contamination control and the quality assurance.

The main development issues and targets are:

1. Higher quality of processes and equipments:
a. Optimized surface functions and increasing robustness of nanostdictu
surfaces for better performance
b. Controlling the shape/size and increasing homogeneity of mauardect
surface nanostructures
c. Increasing throughput
d. Holistic cleanliness system for the manufacturing of nanosensitive products
Processes are e.g. laser based coating, thermal sprayidgPEMCVD, polymer self-
assembly, sol-gel texturation, lithography and etching, molding andrhibbssing
imprint

2. Higher Quality through measurement equipment
a. Surface characterization equipments and procedures
b. Online control and online control systems to reach reproducible amadbleeli
processes and a high yield.
c. Higher resolution
d. Control homogeneity of structures

Deliverables will be demonstrators of technologies for induséjmdlications and higher
quality, higher and/or new performances and address up-scalirggproc
integration/characterization tools for online quality control ai a® automation/economic
aspects for massive production, all demonstrating their contributiestablishing integrated
industrial manufacturing systems for micro- and nano-components.

Year 3:

Surface Functionalisation and Nanolayering:

Surface functionalisation/nanolayering processes to develop newgotgchnologies for the
production of functionalised surfaces with a deep understanding of Ithefdimation
mechanism and resulting thin film properties. The focus is@istunctional thin films with
tailor-made properties and controlled chemical functionalisation.,(#eggegated polymer
blends, block-copolymer films). Nanolayers with sub-micron thicknesseaused to tailor
surface properties such as e.g. wettability and non-foudiptizal properties, wear resistance,
surface protection

Processes may includ&elf-Assembly, atmospheric pressure plasma, cleaning methpds, S
and spray coating, sputter deposition, electroplating deposition, PVDCVEE
characterizatiomnd in-line quality control by low cost tools and methods.

Results should clearly demonstrate how Nanosurfaces can be processeal ligh quality
by functionalisation and nanolayering.
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9 Main conclusions, priorities and recommendations

The analysis and evaluation of roadmap results and available docuorentatied out to
corroborate most of the conclusions previously extracted from the ctrmulbf experts and
industrial stakeholders. Below is only a selection of aspects braogéther into general
issues of priority, which demonstrate this corroboration of concsgtects of the IPMMAN
concluding statements by the different sources:

Sensorics (and actuators) (IVAM, Nanoforum, experts, ETP Enjac...

Aspects related to metrology, characterization, measuremimst, quality,
gualification (experts, IVAM, Nanoroadmap, ETP Photovoltaics, ETP BEJETP
Photonics 21 ...)

Relevance of SMEs / need for specific approaches (ETP Cooé&re/AM, Minos,
Experts, Eureka...)

High relevance of assembly, packaging, handling, System InaBacknd other
alternative approaches (experts, Mancef roadmap, IVAM, Elfnet, ETIR Enja
Tendence towards miniaturization (Manufuture, experts, “ProductronichVao
Technology”, IVAM, ETP Europ...)

3D multimaterial products, but also single-material (EUMat, Experts, Nexus
Hight potential of (nano)electronics / semiconductor / silicon d@seducts (Elfnet,
Nanoforum, ETP Photovoltaics, ETP Nanoelectronics,...)

Different aspects related to knowlegde based approaches, congivehproduction
chain design tools, digital product development, design/simulation/modebtisgy(eg.
multi-scale and multiprocess, and for manufacturability, religbaihd testability)
(“Productronic and Micro Technology”, Mancef, Manufuture, ETP ENIACPET
EUMAL, ETP Suschem)

Integrated production systems (“Productronic and Micro Technology”, NMaumef
SUSCHEM, experts...)

Multidisciplinary Micro-Nanomanufacturing, Integration with Microahb, Bio, IT,
medicione (Nanoforum, ETP Nanomedicine, Experts, Nanoroadmap...)
Macro/Micro/Nano integration: Manufacturing mesoscale productsgingemicro
and nano, nano-technologies over large areas (Nanoforum, ETP Photovoltaics,
experts...)

Large scale manufacturing of nanoparticles, nanomaterialg€ &Ep nanocoatings

(ETP SUSCHEM, Call “Nano goes production”, ETP Photovoltaics, experts...)
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Placement of intelligents in devices, systems and platformedtetronic and Micro
Technology”, Manufuture, experts...)

Adaptive production, scalable approaches, industrial upscaling (“&rodic and
Micro Technology”, Manufuture SRA, experts...)

“Produce more with less” (less consumption, less material, emalthission of
hazardous substances or less health risks) (Manufuture Roadmapinghdyorks
Stuttgart, ETP ENIAC, “Productronic and Micro Technology”, SUSCHEMPIS,
Photovoltaics, experts...)

On the basis of this results, a time schedule has been agradtemither involved parties as
recommendation to the EC in the preparation of (h&F, NMP Programme. The priorities
have been set according by grouping together related identifietbges into broader but
coherent topic areas- and proposint a time schedule which providesdimaeence (i.e. that
the results necessary from other topics areas will be awiladfiore hand). This is all
reflected in the documents delivered as common agreed recommenidatiwlicro- and
Nanomanufacturing.

Further priorization could be done by performing an extensive asalythe markets and
forecasts, sectorial needs and ETP priorities (as alreathtedi by IPMMAN), and linking
this to the necessary technological advances in the field of Micro- and Nanawctanng.

The fact that the conclusions extracted from consultation and eteswvith IPMMAN'’S
experts and industrial stakeholders coincide with the results afativag existing reports and
studies clearly demonstrates that that the selection of elgp@keholders was correctly done,
well balanced and provided an adequate representation of the industipjtéi of the fact that
most interviews could not be arranged fast enough to be considetbeé turrent report, and
therefore only a small number of selected key contributors coulttdigiewed), and that the
derived results are valid and representative.

The preliminary conclusions of this Roadmap were regularly diecusvith the other
participants in the Micro- and Nanoroadmaping, and the key aspedsinvetrded in the
draft documents of recommendations to the European Commission for - Vaci
Nanomanufacturing in the 7th Framework Programme. The following picbows the
IPMMAN Roadmap vision, including its different key areas and pawtsch we find
absolutely coherent with the Structure of the Roadmap and recomiesdat Micro- and
Nanomanufacturing in the 7th FP, agreed involved participants involved idigb@ssions
during last months.
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In the IPMMAN Roadmap results, we have tried to adequately dbeeissue oheed for
mastering micro- and nanotechnologiesvhich was generally pointed out as key for the
future of the European Industry, by elaborating a list of Micro- adomanufacturing
technologies, whose potential and priorities were discussed witbxpearts and compared
with the results of available documents.

IPMMAN philosophy of providing arnintegrative, systemic approag¢ihproved to give a
valuable perspective, as corroborated by the received feedback andspdbagformation.
Instead of focusing only on standard microelectronics/MEMS and/dioitnscaling towards
nano, we have explored all application possibilites which provide induattied value by
integrating micro, micro and nanotechnologiésg. nanocoating over large areas for
automobile or space applications, macro-micro solutions like syist@mekage for assembly
and integration in order to solve the proble of high assembly cost, etc.)

The issue ofadvanced manufacturing taylored to micro and nano neddsconsidered a
crucial concern in IPMMAN, and was also confirmed by thelysea information and
received feedback. Many of the topics recommended —like metrobtpgglity assurance,
intelligent control, modeling and simulation, etc.) are also encadtén horizontal
multisectorial manufacturing studies and initiatives like ManufeutHowever, it has been
clearly shown that Micro- and Nano imposes totally new chgélepwhich are not considered
elsewhere and demand totally new approaches (e.g. multi-sesign and modeling
approaches taking into account micro- and nanointeractions, miadonaroscale stiction
effects, manufacturing technologies compatible with quantum phys$s, These and many
other issues request totally new production systems and platfaithsmere adaptation of
the tradicional macro-manufacturing systems in most cases not being possible
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Finally, asectorial (end-user) industrial focutias been provided in IPMMAN’s roadmap,
through the consideration of market oriented studies and documents ttomaséechnology
platforms. This serves the purposes of ensuring the industrialanelevof the attained
conclusions, as well as providing a justification for the recommepdedties, in terms of
market estimates and quantitative figures. The following impokantlusions have been
attained in the IPMMAN Roadmap (in relation to the issue of thtosal, end user focus),
which has been introduced in the jointly agreed document of recommendatit@sEC: In
the first place, multi-disciplinary and cross-sectorial Micrand Nanomanufacturing
platforms (e.g. merging micro- and nanotechnologies with bio- and)omiroduce very
challenging aspects and have high relevance for the future of BuFapther, the relevance
of SMEs was acknowledged, as well as the need to encouragaalmaté the optimal
utilization of their potential in Micro- and Nanomanufacturing (e.g. in networks).
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ANNEX 1: List of technologies

1

Manufacturing of Nano-Materials

11

1.2

1.3

Nanophased particles production & functionalization

1.1.1 New methods for energy efficient production methods (laser or
ultrasonic assisted mixing methods, high pressure or high energy
mixing systems.....

1.1.2 Solid State

1.1.3 Vapour Methods, Vapour phase reactions

1.1.4 Scalable processes

1.1.5 Chemical Methods

1.1.6 High energy irradiation

1.1.7 Gasphases synthesis

1.1.8 Sol - Gel processes

1.1.9 Biogenesis

1.1.10 Laser pyrolysis, laser transfer processing, laser irradiation

1.1.11 Microemulsions (e.g. study of surfactants and related metbods
avoiding formations of undesired colloids or favouring an anisotropic
growth of particles)

1.1.12 Milling, Drying

1.1.13 Hydrothermalprocesses

1.1.14 Ultrasound and microwave reactors

1.1.15 chemical precipitation

1.1.16 Supercritical Process (CO2 and others)

1.1.17 Templates (selforganization in electrochemistry and other preresse

1.1.18 Ultrasound and Microwave Reactors

1.1.19 High temperature processes, including
Fluidized bed reactions
Laser ablation
Arc discharge

Bulk integration

1.2.1 Methods and equipment for purification, separation, drying, re-disperse
and handle nanoparticles

1.2.2 Methods and equipment for purification, separation, drying, re-disperse
and handling of nanopatrticles

1.2.3 Online quality control of nanomaterials, nanosurfaces and devices
(differentiating from functional testing) applicable in currentnm and
macro production technologies

Nanophased particles production & functionalization - bulk integration

1.3.1 Functionalization of Nanoparticles

13..11 Investigation on properties of high resistance steels
1.3.2 Characterization of Nanoparticles
1.3.3 Flexible and modular systems
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1.3.4 Design of molecular components

1.3.5 Development of tools with molecular structures in order to build up
new structures with new functionalities

1.3.6 Steps of manufacturing to fix properties and relations of thecolek

and self-proceed

1.3.7 Molecular nanotechnologies, molecular engineering (join moleaules t
complex structures by self organizing, molecular assembling

1.3.8 Self assembling of bio-molecules on nanostructures, and only there)
1.3.9 Standards

1.3.9.1 pressing, spraying and deposition of Nanoparticles
1.3..9.2 Coating

1.3..9.3 Chemical Modification

1.3.94 Photochemistry

1.3.95 2D/3D structuring

1.3..9.6 Mechanical reinforcement

1.3.9.7 Energy storage

1.3..9.8 enhance thermal and electrical proprieties

1.3.9.9 enhance mechanical properties of materials (strength,

stiffness, hardness, decrease of weight )
1.3.10 Standardisation

1.3..10.1 Avoidance of the build up of tolerances in assembly
1.3..10.2 tools to enable lower investment and higher reliability,
higher complexity and increased precision of products and processes
1.3..10.3 reduction in component size by orders of magnitude
1.3..10.4 Control systems focused on closed loop processes.

1.3.11 Quality control
1.3..11.1 Scanning Probe Induced Oxidation
1.3..11.2 Scanning Probe Resist Exposure
1.3..11.3 Dip-Pen Nanolithography
1.3..11.4 Scanning Probe Mechanical Machining
1.3..11.5 Stereolithography

1.3.12 Nano-sterolithography

1.4 Nanoproducts

1.4.1 Nanowires

1.4.2 Carbon nanotubes

1.4.3 Organic Electronics

1.4.4 Organic LEDs

1.4.5 Printed Electronics

1.4.6 Polymers

1.4.7 Dendrimers

1.4.8 Development of new materials (organic, inorganic hybrids,

biomaterials, CNT based materials

1.4.9 Development of nanotubes and nanowires

1.4.10 Development of , fullerene-like structures

1.4.11 Development of nanodots, dendrimers, biomolecules-nanoparticles

hybrid systems,etc)

1.4.12 Development of multifunctional nanomaterials

1.4.13 Development of complex structures designed to perform multigke tas
(for example materials that recognize, detect and catatimee
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destruction of toxic molecules (environmental toxics including air
pollutants, chemical threats, etc.).

1.4.14 Development of Active materials, active structural elensgmtdybrid
materials which are electroactive, or chemomechanicallyeacti
multiferroic, composite multiferroics, etc)

1.4.15 nanoreservoirs and nanoreactors (i.e. nanostructured materials for
Hydrogen storage)

1.4.16 Composite, materials with form memory,

1.4.17 Development of dielectric, semiconductor,and/or conductor.Materiskl

1.4.18 Nano- taylored properties- best potential for ultra-low dnicti
controled electrical properties, controled optical properties, product

monitoring

1.4.19 On-line microsensors for web-based macroproduction global

monitoring
1.5 Safety and security

1.5.1 Enviromental friendly production processes and equipment (1

1.5.2 safe handling of nanomaterials during production and transport (1)

1.5.3 security aspects (e.g. security marks, etc.)

1.5.4 integrated quality control methods (e.g. thermography, interfaggme
3D imaging with atomic accuracy, etc.) (3- 1 for thernapdry
interferometry)

1.5.5 How to assure the overall function, especially if severabngg
molecules, cells (biological or also structural) are actingeafit or
failing

2 Manufacturing of NanoSurfaces
2.1  Nano-coating (e.g. composite nanocoatings in automobile production)

2.1.1 Metrology of complex surfaces (freeform surfaces and/oromic
structured surfaces)

2.1.2 Nanoindentation and FEM supported evaluation of coatings stress-
strain and hardness

2.2 Nanocoatings over extense areas

2.2.1 Micro- and nanostructuring (surfaces and 2.5 till 3D structuring)

2.3 _Advanced and new technologies for 2D, 2.5 and 3D fast and cosiveffec

nanopatterning over large surface areas.

2.3.1 High production rate/low cost nm structures for larger swfacg00

mm,)

2.3.2 Photolithograpy (including extrem UV / etching

2.3.3 electron and ion projection lithography, AFM lithography, Interference
Lithography, nanosphere lithography, soft lithography)

2.3.4 Other Lithography methods (e-beam, nano x-ray and ion beam)

2.3.5 Laser structuring/laser direct patterning/ (laser bentarféerence
lithography)
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2.3.6 EDM, -electromachining and electric-spark technology

2.3.7 Microcontactprinting / micro- and nanoimprint

2.3.8 Use of biological self-assembled layer as mask (S-layer technique)

2.3.9 Dynamic Shadow mask technique for 3D shapes

2.3.10 3D processeS

2.3.11 Nano electro-chemical structuring

2.3.12 Multi-axes machining (e.g. raster milling)

2.3.13 Precision machining of steel/difficult-to-machine materials

2.3.14 Deterministic (micro) grinding and deterministic polishing

2.3.15 Hybrid processes

2.3.16 Spindle technology

2.3.17 Cutting tools

2.3.18 electrochemical deposition

2.3.19 Thin film

2.3.20 PVD, CVD, PECVD, PLD

Sputter deposition

Molecular Beam Epitaxy

Spin, spray coating, printing

2.3.21 atomic layer deposition

electroplating

2.3.22 chemical bath depostion

2.3.23 self assembled molecular films

2.3.24 Langmuir Blodget films/ (Langmuir Blodgett) Self Assembly

2.3.25 Nanostructures separated from wood-based and others materials

2.3.26 Thick coating

2.3.27 Laser based thermal spraying

Laser based cold spraying

2.3.28 Deposition (uniform, nano-meter)

2.3.29 Self assembly (nano-porous)

2.3.30 High energy irradiation

2.3.31 Surface Modification

2.3.32 Chemical grafting

2.3.33 Cleaning technologies

2.3.34 Oxidation

2.3.35 Passivation

2.3.36 lon Implanting

2.3.37 corona conditioning

2.3.38 flamming

2.3.39 Planarisation of silicon wafers, including coated wafers

2.3.40 Wafer thinning

2.3.41 Biological self assembled molecules deposition

2.3.42 Laser direct synthesis

2.3.43 Annealing / Recrystallisation

2.3.44 Laser based surface treatment

2.3.45 Gas plasma surface treatment used to modify on a microsc@pbithée
surface of polymers, ceramics and metals as well as textiles

2.3.46 Laser ablation

2.3.47 Processing and synthesis with cluster ion beams

2.3.48 Plasma immersion ion implantation for surface modification and
surface coating
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3

Manufacturing Micro Components.

3.1

3.2

3.3

3.4

3.5

3.6

Technologies for (micro/nano) components and devices

3.1.1 Micro fiber glass technology for MEMS (f-MEMS) - 3D Technology.

Volume production processes

3.2.1 injection molding

3.2.2 LIGA

3.2.3 hot embossing

3.2.4 fiber optics (-MEMS) processes

3.2.5 libraries with standard circuits and designs for microsystems

Assembly and integration processes

3.3.1 Replication methods / forming processes for smaller size mL0
structure diameter 150 mm with higher aspect ratio, higher flayiloi
material choice and more complex structures)

sintering (nano-powders,...)

micro- and nanoforming

Epitaxy on Patterned Substrates

Micro- and Nano Manufacturing Systems and Platforms

4.1

4.2

Knowledge based fabrication

4.1.1 Multi-scale simulation

4.1.2 Design and simulation

4.1.3 Tools for test, metrology and characterization)

4.1.4 Characterization by SEM, TEM EDX, SAXS, FIB, AFM, , EELS,
Micro-Raman

4.1.5 Scanning probe measurement (AFM) (topography, electrical, trjbolog
probing, etc.)

4.1.6 Optical techniques (image processing, microscopy, thermography, etc.)

4.1.7 Parallelisation of test concepts. especially the rastesos techniques
or test techniques from the biology area like the patch-clamping

4.1.8 Electrical/optical Measurement of reactions at the surfate
nanostructures

Development and implementation of scalable, intelligent and moch&so-,
micro- and nanomanufacturing systems

4.2.1 New generation of software design packages with high@uties for
nanofeatures for manufacturing, covering both lithograhpy and
(nano)manufacturing in integrated format.

4.2.2 Design for manufacturing, assembly and test; New design tmols f
improvement of quality and reliability; Virtual prototyping;
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4.2.3 Finite element implementation of multiscaled models, coupled

simulation
4.3  Reconfigurable Scalable and Intelligent Micro- And Nanomanufacturing
Platforms and Systems
4.4  Integrated platforms
4.4.1 Multiscaled models of multifunctional materials, micromechanics-based
models, phenomenological macroscale modelling, molecular mechanics
of active nanomaterials
4.4.2 Further Evolution of methods and algorithms for nanoscale mechanisms
design by means of determine combination of molecules and nano parts
4.5 Development from lab scale to industrial applications
45.1 Step Growth Methods
4.5.2 Selfassembly
45.3 Strain induced physical and/or Chemical and/or biological Self
Assembly
4.5.4 Template Assisted Self Assembly
455 Services for microsystems testing
5 Assembly and Integration of Multi-Functional Micro-Nano Devices (topics to be

integrated under previous areas)

5.1

Assembly and integration, design, control and test

5.1.1 Electrical and mechanical integration

5.1.2 Alternative methods (e.g. direct integration, combined integration
approaches)

5.1.3 Packaging

5.1.4 Novel processes for integration of nano and micro structures, ®og. na
structures in a micro channel and nano devices in connection with the
macro world (e.g. photonic crystals in connection with fibreglass a
laser)

5.1.5 micromechatronic integration

5.1.6 Integration of SW and HW tools, including smart functional materials
towards the development of Micro-factory

5.1.7 network based interface hardware and software for flexible andanodul
fabrication network.

5.1.8 Robotics, automation and control

5.1.9 Adaptive and intelligent mobile robots with integrated micro and nano
technological sensory systems .

5.1.10 swarm robotics

5.1.11 miniaturization of actuators, smart actuators, nanoactuatorsaireg
of micro- and nanoactuators

5.1.12 Intelligent control (ANN, fuzzy, neurofuzzy, genetic algorithmb; se
learning approaches, decision making systems, expert sysbamAs,
inspired algorythms...)
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5.2

5.3

5.4

5.1.13 Miniaturisation of sensors, new methods to integrate them intmgxist
(macro)machines for on-line control of process parameters

5.1.14 macro and miniature mobile systems with micro controllers
miniaturized mobile robots

5.1.15 micro-nano sensory fusion for macro robotics

5.1.16 macro diagnostic (monitoring) systems with distributed microsensors

5.1.17 nanostructure suspension for macro rubbing pairs for friction
decreasing.

5.1.18 “smart actuators”. Integration of sensing and control dirently
actuators#

5.1.19 miniaturization of power sources for autonomous robots

5.1.20 new forms of bio-inspired climbing and walking motion

5.1.21 new man-machine interfaces: new input devices (haptic and tactile)

5.1.22 standard mechatronic interfaces

5.1.23 Flexible automated repair lines

Micro- and nanohandling

5.2.1 Micro- and nanogrippers

5.2.2 Micro- and nanohandling robots

5.2.3 Special handling methods with intelligent control (e.g. avoiding sticking
effects, guaranteeing precise release and positioning etc of
nanocomponents

5.2.4 Special sensoris for feedback (vision, force, position...

5.2.5 Non contact manipulation processes

5.2.6 Macro robotic grippers with micro

Micro- and nanoassembly

5.3.1 Combined self-assembly techniques

5.3.2 Joining methods (laser welding, high density TIG weldingjdnctir
welding, resistance, gluing, bonding...)

5.3.3 Robotic nanoassembly

Integration

5.4.1 Integration of standard manufacturing processes with miard- a
nanostructured materials

5.4.2 Fully automated equipment with expert systems for production of
special Nanoproducts in fast and flexible upscaling quantitiegaabling fast
change of products without a complex change of production paramters
upscaling)

5.4.3 nano applications in life-science (lab-on-chip systems)

5.4.4 enhancement of production processes and machines by integrated
micro- and nanotechnologies (e.g. motors with nano suspension for reduced
friction providing higher durability, endurance limits, reliabiiitgreasing and
supply energy decreasing.

5.4.5 Integration of MST/NST sensoric and actuation devices with
monitoring, self-learning adaptive process control
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5.4.6 Combined production process to merge on one chip functions of various
technologies, (e.g. detection and information processing, enablirggatita

and production of artificial vision system,

5.4.7 photon components on the base of nanostructures for new types of
telecommunications, robotics and monitoring.

5.4.8 Combined production process for manufacturing of biotechnological,
medical and pharmaceutical processes, e.g tissue. engindariifgial
organs, new skin, implants, pharmaceuticals, etc.)

5.4.9 Control systems focused on closed loop processes.

5.4.10 manufacturing lines with low investment (e.g. micro-/nano desktop
factories) with flexibility and low risk of failure
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ANNEX 2: Authors and contributors to this document

This report has been realized by the Coordinated Action IPMMAhe partners of the
Consortium contributed strongy by providing and reviewing related docuticenta
contacting and interviewing experts and stakeholders, and delitbengsults of their work
for its integration into this final document, edited by ARC Switterf research (Austria) and
Forschungszentrum Karlsruhe (Germany).

The following tables list the internal experts who have contributiéhin the participants of

the IPMMAN Consortium, as well as the members of the Industry Sufpmard (as
described in the project Description of Work):

Table 1. IPMMAN Internal Experts

Ana Almansa
Christian Wégerer
Wolfgang Mann
Inge Hausbichler
Nils Stelzer
! #$
% ! Duc Truong Pham
& ! '3
) *
( ! +,
- | Forschungszentrum Karlsruhe Helmut Rempp
Forschungszentrum Karlsruhe Matthias Gebauer
Forschungszentrum Karlsruhe GmbH Germany Norbert Fabricius Research Institute
Forschungszentrum Karlsruhe GmbH Germany Horst Hahn Research Institute
Forschungszentrum Karlsruhe GmbH Germany Regine Hedderich Research Institute
Forschungszentrum Karlsruhe GmbH Germany Matthias Kautt Research Institute
Forschungszentrum Karlsruhe GmbH Germany Irmgard Langbein Research Institute
% | Forschungszentrum Karlsruhe- IMT Germany | Volker Seile Research Institute
& | Forschungszentrum Karlsruhe- IMT Germany Joachim Schulz Research Institute
( $' 1= Michael Harms
= |, + Wolfgang Schéfer
. + Johann Dorner
) o012 =
3 *4 ) *$ 5 Carmen Moldovan
)y o012 =
3 *4 ) *$ 5 Raluca Muller
)y o012 =
3 *4 ) *$ 5 Dan Dascalu
)y o012 =
3 *4 ) *$ 5 Dana Cristea
* + 6
7 7 Donats Erst
%| 8 4 + $* Helena Gouveia
& | 8 4 + $* Paulo Jorge Morais
( 8 4 + $* Rui Louro
- |/102 * Francesco Paolucci
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/02 3
7 ) I *
) $9% $6 *
/[ * Bouzakis
7 ) I/ *
) $9% %6 *
!/ * Kyriacos Efstathiou
7 ) I/ *
) $9% %6 *
[ * Nikolaos Michailidis
)/)+0 * ;3 * Udo Manes
Y U4
$ Geza Haideger
)Y U4
% $ Zsolt Biro
& 94 Arantxa Renteria
( 94 Jesus Maria Lopez
Valery Gradetsky
Table 2. IPMMAN Industry Support Board (DoW)
! #$ @ Quan Zhou
* [ *$ ¥ !
[ *$ +* ) <+,
) = *$ 2 , * 2 , *
397/ 3 9 67%
3 >$ 1<t $
%E&|), 9 7 9 + *1
%'
(( Dumitru Ulieru
& ) %* + Elena Ulieru
(|97 ) +9 7 =< > *
4 9 4 $$ 4+
> 634 ! "0
2 o * :
> 634
2 ) * * 4 ]

In addition to these experts proceeding from 23 different institu(@meng them 6 industrial
companies), a very large number of experts and stakeholders (wital $pegs on industrial
representation) have been informed, consulted, interviewed and/or providedt dire
contribution in different degrees to the present document. The folloaiig provides a list

of them.
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Table 3. IPMMAN External Experts

53 | Agency Institute of Solid State Physics
University of Latvia Latvia Ivars Tale University
54 | BESI Netherlands | Ben van der Zon Company
55 | Biotransfer Unit, University College Cork Ireland Justin D.Holmes University
56 |CSEM Switzerland | Raphael Pugin Research Insitute
57 Czech
Czech Technical University in Prague Republic Rudolf Novak University
58 Maddalena
DIAD Italy Rostagno Company
59 | DIMEC, Unige Italy Rezzia Molfino University
60 | Dolphin Otis - Mark Aiyeola Company
61 | Eidgendssische Materialprifungs- und
Forschungs-Anstalt Switzerland | Johann Michler Research Institute
62 | EMPA Switzerland | Stephan Fahlbusch
63 |EPFL Switzerland | Jean Marc Breget | University
64 | EPFL Switzerland | Jean Marc Breget
65 | Eskola Mondragon Spain Carlos Garcia University
66 | Swiss Federal Institute of Technology Zurich | Switzerland | Bradley Nelson University
67 |ETZH Switzerland | Lixin Dong
68 | European Associated Laboratory in
Microtechnic France Research Institute
69 | European Chemical Industry Council
(CEFIC) Belgium Marian Mours Others
70 | Forschungsforderungsgesellschaft Austria Regina Korntner Others
71 |FORTH Greece Kiriakidies Research Institute
72 | IFIN-HH Romania Lidia Purghel Research Institute
73 |IMM CSIC (Instituto de Microelectrénica de
Madrid) Spain Pablo Aitor Postigo | Research Institute
o IMT (National Institute for Research and
Development in Microtechnologies) Romania Research Institute
75 Kostadin Grozov
Institute of Mechanics and Biomechanics Bulgary Kostadinov Research Institute
76 | Interstaatliche Hochschule fiir Technik
Buchs NTB Switzerland | Martin Gutsche University
77 | IPMMAN Industry Support Board
78 | IRIAM (Industrial Research Institute for
Automation and Measurements ) Poland Roman Szewczyk Research Institute
79 |ISSP, University of Latvia Latvia Janis Teteris University
80 |JACLYN SA Romania Liviu Jalva Company
81 |Join Stock Enterprise Semiclndustryuctor
device Plant “ALFA” ?? Latvia - -
82 | Kaunas University of Technology Lithuania Valentinas Snitka University
83 | Klocke Germany | Volker Klocke Company
84 | Koniker Spain Jon Arana Company
85 | Microglass Germany | Thomas Dietrich Company
86 | Microglass Germany Andreas Freitag Company
87 | Microglass Germany Thomas Dietrich
88 | Nano Functional Materials Israel Rebecca Goldscher | -
89 | Nanofactory Instruments AB Sweden Olin Hakan Company
90 |Nascatec Germany Thomas Debski Company
91 | Philips Netherlands | J. Clerk Company
92 | PROFACTOR Produktionsforschungs GmbH | Austria Christoph Eberst Research Institute
93 | PROFACTOR Produktionsforschungs GmbH | Austria Rainer Schoffner Research Institute
94 | R&D NATIONAL INSTITUTE FOR Romania Elena Ulieru Research Institute
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NONFERROUS AND RARE METALS

95 | Reishauer AG Germany Company
96 |Research Institute of Textile Machines Czech

Liberec Republic Pittnerova Radka Research Institute
97 | Suss Group Germany M Gabriel Company
98 TNO Netherlands _ Research Institute

Arun Junai

99

NG MBS Erik Puik Research Institute
100

NG MBS Research Institute
101 | TU Wien Austria Werner Brenner University
102 | UNINOVA Portugal Rodrigo Martins University
103 | University of Genoa, Department of

Communication Computer and System

Sciences Italy Carmelina Ruggiero | University
104 | University of Latvia, Institute of Chemical

Physics Latvia Jane Andzane University
105 | UNIVERSITY OF MALTA, FACULTY OF

ENGINEERING Jonathan C. Borg University
106 | University of Malta, Faculty of engineering Malta Pierre Vella University
107 | University Oldenburg Germany Albert Sill University
108 | warsaw University Poland Zygmunt Rymuza University
109 | Weizmann Institute of Science Israel Tenne Research Institute
110 |WTCM Belgium Peter Ramaekers | ?
111 | SGS-Thomson Microelectronics SA Swiss Liviu Jalva Company
112 | Boehringer Ingelheim microParts (ehemals

STEAG microParts GmbH) Germany Joachim Eicher Company
113 | Boehringer Ingelheim microParts (ehemals

STEAG microParts GmbH) Germany Stefan Kreuzberger | Company
114 | Bruker Optik GmbH Germany Frank Muller Company
115 | Bruker Optik GmbH Germany | Arne Simon Company
116 Klaus-Friedrich

Carl Zeiss AG Germany Beckstette Company
117 carl-zeiss AG Germany Thomas lttner Company
118 | coherent Lambda Physik GmbH Germany | Kai Schmidt Company
119 | coherent Lambda Physik GmbH Germany Gerd Spiecker Company
120 | Efm-Systems GmbH Germany | Gerd Bauer Company
122 | Bayer Technology Services Germany | Olaf Stange Company
122 Physik Instrumente (Pl) GmbH & Co. Germany Karl Spanner Company
123 | physik Instrumente (P1) GmbH & Co. Germany | Steffen Arnold Company
124 | SEW-EURODRIVE GmbH & Co. KG Germany | Jorg Leonhardt Company
125| siemens AG Germany | Hans Meixner Company
126 | Robert Bosch GmbH Germany Heinz Neubert Company
127| jJenoptik Mikrotechnik GmbH Germany | Lutz Miiller Company
128 | Rohwedder AG Germany Hans Erne Company
129 | Rohwedder AG Germany | Joachim Rohweder | Company
130 | VDMA - Verband Deutscher Maschinen- und

Anlagenbau e. V. Germany Eric Maiser Association
131 | jvaM (Fachverband fur Mikrotechnik) Germany Christine Neuy Association
132 | VDMA - Verband Deutscher Maschinen- und

Anlagenbau e. V. Germany Klaus Zimmer Association
133 | CFN - DFG Research Center for Functional

Nanostructures Germany Christian Réthig University
134 | yniversitat Karlsruhe (TH), Institut fur Germany Martin Wegener University
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Angewandte Physik

135 | ENIAC Selma Tedeschi ETP

136 | suscHEM Marian Mours ETP

137 | Nanomedicine Sebastian Schmidt | ETP

138 | ETPIS Olivier SALVI ETP

139 Euratex ETP

140 | photonics 21 ETP

141 | photovoltaics George Deschamps | ETP

142 5e0L (UK) Ltd UK Larry Stoter Industry

143 | scanwel Ltd UK Rhys Jones Industry/SME
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ANNEX 3: Questionnaire

QUESTIONNAIRE

Project Information

Project acronym: IPMMAN

Project full title: Improvement of Production Processes through Integratidiac,
Micro and Nanotechnologies

Programme: The Sixth Framework Programme (FP6)

Thematic priority: Nanotechnologies and nanosciences, knowledge-based
multifunctional materials, and new production processes and
devices (NMP)

Call identifier: +0--02)+0/0
Reference number: 033205
Start/End date: 1 February 2006 — 31 January 2009

The IPMMAN project was funded by the European Commission
under the 8 Framework Programme (FP6) — Priority 3:
Nanotechnologies and nanosciences, knowledge-based
multifunctional materials, and new production processes and
devices (NMP).

Part 1 Scalable Production Processes

For the following topics, please identify the relevance degree for the industmpedium
term of “traditional” macro production processes scaled down to the micro- and ngro-ran

No Topics Low Medium High

1.1 | laser machining

1.2 | mechanical milling, grinding and
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polishing
1.3 | stamping and embossing
1.4 | moulding
1.5 | handling and assembly
1.6 | others (please specify)

Please identify the relevance degree for the following topics for the industnpedium term
of processes typically used in the semiconductor and MST processes, furtheretbaeldp
with improved accuracy down to the nano-range:

No Topics Low Medium High
1.7 | e-beam lithography

1.8 | x-ray lithography

1.9 | ion beam lithography

1.10 | others (please specify)

lon implantation

Please estimate the potential level of the use of the following technologfeli scale
industrial applications (usinffor, 2 for and3 for):

No

Topics

Technologically
impossible

High
investment/cos|

Technologically
achievable

1.11

replication methods/nano
imprint

1.12

epitaxy on patterned substrat

1.13

self-assembly

1.14

robotic or positional assembly

1.15

structuring scanning probe
techniques

1.16

immersion lithography

1.17

others (please specify)

Focused ion beam
nanomachining

Focused ion and electron bea|
deposition

m

Part 2 Macro / Micro / Nano-integration
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Please indicate the future potential of nanotechnology for macro-products:

No Topics Technologically High Technologically
impossible | investment/cost  achievable

2.1 | Products made from
nanomaterials for tailored
properties

2.2 | Nanocoatings over extensive
areas for enhanced product
properties

2.3 | Nanostructured surfaces over
extensive areas for enhanced
product properties

2.4 Where relays the best potential possibilities for tailoredewohanced product
properties?
self-cleaning
super corrosion resistance
ultra-low friction
anti-adhesive effect
controlled electrical properties
controlled optical properties
others (please specify)

2.5 In which of the following industrial sectors do you see the best chance(s)?

automobile

energy

medical

transport
semiconductor

others (please specify)

Please estimate the future potential for creation of new products with combired amd
nanotechnologies:

No Topics Low Medium High

2.6 | CNT and nanowire based
electronics

2.7 nanotube 3D architectures

2.8 | new characterization and testing
methods (advances in nano
identification and FEM-
supported techniques, highly
efficient and fast scanning prob
techniques...)

D
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2.9 | self-assembled systems

2.10 | micro-nano-sensors and
actuators based on
nanostructured materials with
controlled properties

2.11 In your opinion, what could be the bottlenecks for integration of micro- and
nanotechnologies in industrial production processes?

Part 3 Quality Control, Test and Characterization

3.1 Would new special topography methods and tools for ultrahigh-accuracy
characterization help you to improve the quality of your products oruptioc
processes?

Yes No

3.2  If yes, which accuracy would you demand?
1-100 pm  10nm-1 pm 0.1 -10 nm

3.3  Within this area, where should the focus of research lay on?
Higher accuracy Higher speed Larger areas Feedback of additional information

What is the potential of the further development of following technologies fooiraprent
of industrial production processes?

3.4  Scanning probe microscopy
Little Medium High Very High

3.5  Optical microscopy
Little Medium High Very High

3.6  Advanced Image Processing methods
Little Medium High Very High

3.7 Nanoidentification
Little Medium High Very High
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ANNEX 4 : Statement to the relevance of the
Microtechnology market

(Edited by IPMMAN'’s partner FZK on the basis of NEXUS and other tgpand partially
included in jointly agreed recommendations for Micro- and Nanomanufacturing reelive
the EC)

Only for the micro market there is predicted an increas® fL.2 billion $ 2004 to 25 billion $
2009 that means an growth rate of 16% p.a (NEXUS). Other reporta@iw® conservative
estimations but state that there will be a growth rate of aboit (MANCEF) that would
mean a market volume of about 35 billion 2010. This is an estimaticthddiirst level of
packaged components.

Taken into account the smallest units being commercially avaithlelefigures are quite
higher: a market growth from 36 billion $ 2004 to 52 billion $ 2009 (NEXUSye suppose
for this level a not so conservative growth rate, too, we could edzmitt 70 -75 billion $ in
2010 (rough estimation). This would show a leverage effect on a figdt IEwe suppose that
more and more goods will be affected by micro (and nano) the ¢gveféect is even higher,
because the competitive situation for more and more products will depenidaving
integrated micro (or nano) or not. This could be consumer goods as well as investotmnt

If we assume that Europe will particpate in this wordwide ntdokel/3 we could reach a
market of about 25 billion $ and more in 2010 (about 20 billjon

The nano market has to be added to these figures.

For more detailed information please find figures for the branch level (NEXUS)

1) “Micro” industries with high absolute market share 2009

- IT peripherals 13,7 billion (54%)
- consumer electronics 5,5 billion(22%)
- automotive 2 billion (8%)

2) ,Micro“ industries with above-average growth (> factor 2, 2004 - 2009)

- consumer electronics factor 7
- telecommunications factor 4
- aerospace, defense and homeland security factor approximately 3.5

3) Capital goods industry with low volume but high leverage effects

Sectors addressed (participating and benefiting)

1 Sectorgarticipating from advances in this area include:

- Producers of micro- and nano-manufacturing equipment and infrastructurieiding all different
production steps and related tools and supporting systems for thie- Mied Manufacturing
(suppliers of design and modeling packages, handling systems, ditinggsystems, high accuracy
positioning, laser systems, etc.)

2 Sectordenefiting from advances in this area include:
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- consumer electronics/goods RW heads, micro display, pressure sensors, accelerometers,
inclinometer, RF MEMS, microphones, micro energy resources, MEMBames and effuses,
liquid lenses, MEMS fingerprint sensors (fastest growing nbaskeeond large market)

- Information technologies/IT peripherals. micro displays, RF MEMS, microphones, micro energy
sources, micro-cooling devices, MEMS fingerprint sensor, etc. r@vithin largest market)

- Automobile industry: Micro displays, pressure and flow sensors, acceleromeajgrescopes,
IR/micro sensors, inclinometer, RF MEMS, Microphones, micro adsvintegration; e.g. new
sensors combining mechanics, nanoelectronics and softwareadtive" safety” and “driver-
assistance” (third highest market)

- Aeronautics, defense and homeland securitMicro displays, accelerometers, gyroscopes, micro
sensors, RF MEMS, MEMS fingerprint sensors, micro sensacso revices integration; e.g. new
sensors combining mechanics, nanoelectronics and softwareadtive* safety” and “driver-
assistance”

- Telecommunications optical MEMS, RF MEMS, etc. (second highest growth rate)

- Medical, biochemical, pharmaceutical and life sciencepressure sensors, gyroscopes, IR sensors,
micro fluidic chips, micro spectrometers, drug deliverytays, MEMS memories and effuses,
micro pumps, micro mirrors for optical processing/production of highihjiaturized and integrated
multifunctional MEMS/NEMS devices with biocompatible matksridgor drug delivery, novel
implentable devices e.g. artificial vision, intrumentation fanimal invasive surgery, in vivo
monitoring and therapy, etc. (fourth largest market)

- Industrial process control/engineering and machinery industy/Robotics: Micro displays,
pressure and flow sensors, gyroscopes, IR sensors, chemicaisasgbfems, inclinometer, RF
MEMS, micro machines wafer probes, micro motors etc./ toodgyiiating micro sensors, micro-
manipulation tools, miniaturized robotics integrating sensing, @omind perception, special
sensorics for sensory feedback (vision, force, position...) (lost, aniniaturized, recyclable, low
power consumption sensors)

- Household applicancespressure sensors, accelerometers, IR sensors, micropumps

- Chemical industry: Micro reaction products
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