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1 Introduction

With the objective of turning Europe into the
most competitive and dynamic knowledge-
based economy in the world' by 2010 - as the
basis for an economic area able to achieve
sustainable and sustained economic growth
providing more and better jobs, greater social
cohesion and improved environmental protec-
tion - European governments have set an
agenda that highlights the current challenges

facing Europe.

During the next decade the European Union has
the strategic goal of becoming the most competi-
tive and dynamic knowledge-based economy in
the world...

Low economic growth has weakened Europe's
competitiveness during the past decade. The
European Union has fallen behind its global
competitors. There is fear that Europe risks
entering a process of de-industrialisation.
Economic growth of the European Union, at
0,8 % in 2003, is disappointing for the third
year in a row: average growth was about 1,25
% in recent years compared with 2,7 % in the
second half of the 1990s.?

Successful implementation of the Lisbon
strategy is ever more pressing when one looks
at the increasing growth gap between Europe
and North America or Asia. To make matters
worse, Europe has to deal with a slow-growing
ageing population, with consequent problems

for financing welfare systems. Resources di-

! European Council, 23 + 24 March 2000, Lisbon, conclusions of
the chair, paragraph 5

2 Report of the Commission at the spring conference of the Euro-
pean Council "The Lisbon strategy implement reforms for the
enlarged European Union", 20/2/2004, Brussels, COM (2004), 5ff

verted for this from productive investment

will be tied for a long time to come.

Europe's productivity growth has slowed.
While the average annual growth of labour
productivity per hour declined in Europe by a
full percentage point from 2.5% in the first
half of the 1990s to 1.5% over 1996-2003,
productivity growth in the US rose by a similar

amount to 2.4% per year.?

Competitiveness and productivity go hand in
hand. A high and sustainable increase in pro-
ductivity fosters competitiveness and leads to
improved living standards. Investment incen-
tives through market reforms, reorganisation
of working methods by using information and
communication technologies, raised innova-
tion capability through human capital devel-
opment (training and further education) and
investment in R&D, transformation of innova-
tive products into marketable offerings, sol-
vent markets for these products and services -
these are all key factors tending to raise pro-

ductivity and competitiveness.

Analysis of the key factors underlying
Europe’s lack of competitiveness concludes
that one of the main reasons for the slowing
of productivity growth is weakness in fully
exploiting information and communication
technologies to transform innovative research
results into innovative products. Europe is not
short of innovative ideas; it fails to develop
innovative production technologies and prod-

ucts.

Europe is behind the USA and Japan in R&D

expenditure, even if the latest figures show

®Key Figures 2005 on Science, Technology and Innovation
Towards a European Knowledge Area, 19 July 2005, p. 1
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that overall investment in R&D is slowly in-
creasing® and approaching 2% of GDP, the
highest level yet. Average annual growth of
1,3% is well below the levels of Japan and the
USA and far too low to reach the Barcelona
target of 3% by the year 2010.

In 2003, R&D intensity in the EU amounted to
1.93%, well below the US (2.59%) and Japa-
nese (3.15%) intensities, but above China
(1.31%). The rate of growth of EU’s R&D in-
tensity (+0.7% per year between 2000 and
2003) is far from sufficient to reach the 3%
objective in 2010: if this trend remains un-
changed, EU’s R&D intensity will be only
about 2.20% in 2010.°

Improvement can only come from a stable and
competitive industry with a high rate of prod-
uct innovation and a strong lead in technol-
ogy. The technological lead has to come from
broadening production from macrotechnology
to micro- and nanotechnology. At the same
time, it is essential to accelerate the trans-
formation of resourse-intensive sectors into
knowledge-intensive sectors. This requires the
establishment and the expansion of competi-
tive systems of (more product-technology-
based) R&D, favourable framework condi-
tions, an adequate system of education and

training, and a supportive R&D infrastructure.

The possible relocation of R&D as a result of
Europe’s weaknesses is a real danger. Espe-
cially in research-intensive high-technology
sectors like pharmaceuticals and biotechnol-
ogy, companies are increasingly carrying out
their research elsewhere, e.g. in the U.S.,

because of the more favourable regulatory,

4 European Competitiveness Report, SEK (2004) 1397, 8/11/2004,
. 54

1 Key Figures 2005 on Science, Technology and Innovation
Towards a European Knowledge Area, 19 July 2005, p. 2

structural and financial environment as well
as the availability of skilled labour. A 2001
European Round Table (ERT) study found that
major European companies were threatening
to invest a great part of their R&D resources
in countries outside the European Union -
where 40% of European R&D investments are
made already - unless framework conditions
within Europe undergo drastic changes. Thus
there is a real danger of science- and knowl-
edge-based activities which could improve
living standard in European countries being

marginalised.

The key for change lies in knowledge-based
activities. European industry faces a number
of challenges: modernisation, higher flexibil-
ity, qualitative improvement of products,
security of jobs in industry, and optimal use
of resources. The mutual dependency of com-
panies within the value-added chain, which
reaches from resource inputs to the final
product, requires common interdisciplinary
research. To undertake this research means
tackling certain problems in a sustainable

way.

“Innovation is not only limited to high tech sec-
tors of the economy, but rather is an omnipres-
ent driver for growth”

Erkki Liikkanen, EU Commissioner for Enterprise
and Information Society, 2003

These problems encompass the use of infor-
mation technologies within products and
processes, tools for speeding up their devel-
opment, closing the gap between research
and production, new approaches to organising
services and logistics as well as the deploy-
ment of human resources. Sustainable devel-
opment also means less material consumption

and fewer processing steps, thus enabling
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products which are more reliable, of higher
value, and more cost-competitive. This in its
turn will generate and safeguard competitive-

ness.

To achieve all of this requires the develop-
ment and introduction of new elements of
process management and manufacturing.
Redesigning European industry means training
and motivating highly skilled labour. Diversi-
fied know-how, a solid bedrock of scientific
and engineering skills, interdisciplinary ap-
proaches, and a capacity for co-operation are
prerequisites for the innovation competence
needed. This innovation competence, built on
“knowledge” and “knowhow”, on emerging
and implemented ideas en route to the mar-
ket, could generate commercially successful

products and services.

There is no lack of new ideas in the European
Union but failure in converting ideas into new
products and procedures.

In order to establish the European Research
Area and to increase research investments,
the European Commission is encouraging the
creation of European technology platforms in

key areas of technology development.

These European technology platforms bring
together public and private interests in order
to develop a common vision and strategy for
the development and use of key technologies.
They aim to encourage greater mobility in
research and to address non-technical barri-
ers. Technology platforms can also support
sectoral competitiveness. Hence they can
contribute to the development of Europe as a
competitive industrial location and profitable
target for investment, as an attractive market
with strong domestic demand, a research-and

innovation intensive region highly attractive

for researchers and developers, and an at-

tractive living environment for its population.
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2 Smart System Integra-
tion — at a glance

Future product generations will be smart in-
tegrated systems of increasing complexity
which use the convergence of a whole range
of technologies for the improvement of the

characteristics of the overall system.

It is Smart System integration which will release
the full product potential of “enabling technolo-
gies” like nanotechnology and biotechnology.

These systems are often networked, energy-
autonomous, miniaturised, reliable. They are
becoming increasingly complex, involving other
disciplines and principles. Often operating
within larger systems they are embedded in,
they interface with each other, with their envi-
ronment and with the individual persons. New
features like ubiquitous information, security,
ease-of-use or the integration of mechanical,
optical or biological functions will be developed

using different technologies.

Intense international competition calls for rapid
product change and shorter time to markets. A
broad range of diverse materials and a wide
variety of technologies have to be developed

and integrated. Smaller and smarter by trans-

disciplinarity will be the key issue in the future,

systems integration the major challenge.

The evolution of the critical dimension of tech-

nologies into the nanometre scale, together

. A

with the exploitation of completely new physi-

cal phenomena at the atomic and molecular
levels, has given new momentum and opened
opportunities for new solutions to old and new
problems in bioengineering, the environment,
human-machine interfaces, and many more.
The integration of cognitive functions gives rise
to a new concept of converging technologies

(NanoBioInfoCogno).

The ability to miniaturise and integrate intelli-
gence and new functionalities into conven-
tional and new components and materials at
competitive cost is particularly relevant for the
implementation of ambient intelligence and is
key to realise the vision of ‘ambient assisted
living" a concept where individuals are asisted
in their daily activities at home, work or on the
road and are only contacted when really nec-
essary. The enabling factor for their realisation

is systems integration technologies.

Smaller and smarter by transdisciplinarity will
be the key issue in the future, systems integra-
tion the major challenge.

Such Smart Systems capable of mobile and

autonomous diagnosis, able to sense, act and

Page 9



to describe and to qualify situations, able to
decide or prepare decisions in an anticipative
manner, with the capacity of extended self-
diagnosis and their ability to communicate
among themselves and with their surrounding
area, to have vision and the ability to visual-
ise will revolutionise the whole product

world.

3 The Key for Product In-
novation

European industry leads the world in micro-
system technologies and related advanced
technologies. The enhancement of the prod-
ucts' capabilities and services through evolv-
ing complexity, integration and interconnec-
tivity will help ensure Europe’s global com-
petitiveness. Future innovations and market
success will depend on intensifying develop-

ments and infrastructure investments.

Europe has high competence and competitive-

ness in the various segments of micro- and

nanotechnologies

The key success factor is to shorten the time
between research in basic technologies and
the transfer of these technologies into inno-

vative products.

One important way to reduce time-to-market

significantly is to use processes and technolo-

gies specifically developed for mass produc-

tion and to reduce production costs.

New technologies will reinforce this trend.
Europe has high competence and competi-
tiveness in the various segments of micro- and
nano-technologies, a diversified and interna-
tionally competitive industrial landscape over
the whole span of the value chain, and a solid

scientific basis.

Nevertheless, compared with the USA and
Japan, the sector remains dispersed and
fragmented. The use of these resources and
competencies for competitive product innova-
tion can be much improved. The Excellent
RTD competencies in some of the European
regions need to be exploited in innovation all
over Europe and to establish or grow new
research and innovation ecosystems around
new emerging technology and application
fields.

3.1 Product Innovation - The Chal-
lenge

New and improved products and services are
providing added value to customers through
higher levels of integration, simplified inter-
faces and lower-cost manufacturing. Future
products will need to be increasingly flexible

in functionality and adaptability.
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These future generations of products will
make new demands on integrated product
design, incuding the modelling of functional
as well as technological details, reliabilty and
lifetime prediction methods and tools and
more complex simulation and prototyping
techniques. They will require multi-
technological production processes and ad-
vanced product miniaturisation, will set new
standards for precision require greater proc-
ess reliability in order to optimise the use of
resources and facilitate “intelligent” produc-

tion.

The new products will necessitate an optimi-
sation of the production and logistics envi-
ronment and they will require the develop-
ment of new generations of production facili-
ties, machines and apparatuses. The introduc-
tion of new methods for the extension of life
expectancy and intelligent maintenance and
operational systems for industrial processes

will accompany this development.

Ecologically efficient processes minimise ad-
verse effects on health, security and the envi-
ronment, optimise the use of resources and
support sustainable ecological process man-
agement. Products generated this way have a
clear advantage on markets which are charac-

terised by increased ecological awareness.

While Europe becomes less attractive as a
location for the low-cost production of goods
at the bottom end of the added value chain,
there are good prospects in the area of high-
worth goods that benefit from its competitive
strengths. In the area of high-tech products
requiring sophisticated equipment and em-
ployees with specialised know-how, Europe
has a clear competitive advantage which must
be exploited and maintained. This is espe-

cially important considering that even com-

panies whose R&D activities are still largely
concentrated in Europe (more than 75% of the
total) are planning to run down their estab-

lishments here.

The more systems become ubiquitous, the
more system knowledge is the essential basis
for cost efficiency and process reliability,
technological excellence and innovative prod-
ucts. Products using high system knowledge
need a very close interface with R&D and with
customers. This characteristic will tend to
require, and hence retain, the manufacture of

“smart systems” in Europe in the future.

~Relocation of R&D from Europe elsewhere
brings the risk of losing the lead in the produc-
tion of high-value, innovative goods*,

B. Klinaler. KPMG. 2004

Product innovation is essential, therefore. It
is essential, first, for productivity and, hence,
for competitiveness and for new markets
which, in their turn, will help ensure the sus-
tainability of the investment and other efforts
made. The erosion of employment in industry
has to be stopped by preserving and creating
new skilled jobs. Existing European strengths
in know-how, educational levels, and an ex-
cellent infrastructure in research and industry
must be used to generate competitive advan-
tage through superior technology in order to

successfully confront global competition.

3.2 Integration and Multi-functionality
- Key Drivers for Competitiveness

Integration, and with it multifunctionality,
are likely to be the key drivers for competi-
tiveness. Technologies in the micro and nano
domain will enable this.

Competitive pressures will push the search for
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greater system efficiency and consistent pro-
duction volumes, and will advance miniaturi-
sation. This is the "macro-micro-nano” inte-

gration pathway

Miniaturisation: More features, less weight,
handy size, less resources employment, more
mobility...and low price

Innovative products benefiting from diverse
micro- and nanotechnological effects have to
be manageable by their users and have to

operate reliably in everyday situations.

Take the keypad of a mobile phone. It should
be user-friendly, the display should not be
endlessly minimised and should be legible
under unfavourable conditions, communica-
tion should be possible everywhere. The same
basic requirements of a "human-machine-
interface” and for “environment-machine
interfaces” would also apply to next-
generation developments such as a virtual
keypad or a head-up-display reflected in
glasses. The example suggests that successive
miniaturisation of products with a human-
machine-interface is not very probable in the
near future. The component parts have to be

combined in a way that allows ergonomic and

user-friendly handling.

Further progress in systems will need methods
and approaches for using new developments
and miniaturising technologies and integrating
them to improve and enhance functions. De-
velopments from nano- and biotechnology

need to be applied, too.

Smart Systems Integration as a cross-section
technology opens up the possibility to harness
any physical effects - macro, micro or nano.

Smart Systems Integration as a cross-section
technology opens up the possibility to harness

physical effects - macro, micro or nano.
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This applies for the design of new materials,
such as nano-materials (CNTs) or nanopowder,
as well as for the use of highly porous materi-
als or functional surfaces. Developments in
nanoelectronics, polytronics, and new
achievements in high and highest frequency
techniques provide vast possibilities for sys-
tems innovation using the interdisciplinary
approaches of microfluidics, microanalytics,

biotechnology and cognitive knowledge areas.

4 The Challenge

European industry leads the world in micro-
systems technologies and related advanced
technologies. Highly complex and integrated
products can ensure Europe’s global competi-

tiveness.

European industry leads the world in microsys-
tems technologies and related advanced tech-

nologies
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Innovation and market success will depend on
intensifying developments and infrastructure
investments. New technologies such as
nanotechnology will reinforce this trend.
Europe has high competence and competi-
tiveness in the various segments of micro- and
nanotechnology (MNT), a diversified and in-
ternationally competitive industrial landscape
over the whole span of the value chain, and a
solid scientific basis. Significant public in-
vestments have been made in recent years.
Compared with the USA and Japan, however,
the sector is dispersed and fragmented in

Europe.

Today’s miniaturised systems go beyond
monolithically integrated or hybrid systems
and combine sensing, processing and actuator
functions. The future of microsystems will

consist of smart integrated systems which

e are able to sense, diagnose a situa-

tion, describe it and qualify it

e mutually address and identify each

other
e are predictive

e are (semi-)autonomous , intelligent

and decision-capable

e enable the product to interface, in-

teract with the environment, with

other smart systems, the systems they

are embedded in and with individuals

e are able to act, perform multiple

tasks and assist in different activities

Smart System Integration technologies
- the enabling factor

These systems are often networked, energy-
autonomous, and reliable - and miniaturised
as necessary. They are becoming increasingly
complex, involving different disciplines and
principles. New features - like ubiquitous
information, security, ease-of-use and the
integration of mechanical, optical or biologi-
cal functions - will be integrated using differ-

ent technologies.

Legacy systems will be equipped with these
same features, this “smartness”, using modu-
lar design and appropriate integration tech-

nologies.

Intense international competition calls for
rapid product change and shorter time to
market. A broad range of diverse materials
and a wide variety of technologies should be
developed and integrated. Smaller and
smarter by transdisciplinarity will be the key
issue in the future, systems integration the
major challenge. The evolution of the critical
dimension of technologies into the nanometre
scale together with the exploitation of com-
pletely new physical phenomena at the
atomic and molecular levels has given new
momentum and opened opportunities for new
solutions to old and new problems in bioengi-
neering, the environment, human-machine
interfaces, etc. The integration of cognitive
functions gives rise to a new concept of con-
verging technologies (NanoBiolnfoCogno). The

ability to miniaturise and integrate intelli-
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gence and new functionalities, in their various
forms, into conventional and new components
and materials is particularly relevant for the
implementation of the ambient intelligence

and the ambient assisted living vision.

The enabling factor is smart systems integra-

tion technology.

Smart Systems Integration — a defini-
tion

Currently, there is no common definition of
“systems integration”. It is understood here
as the progressive combining of components
to merge their functional and technical char-
acteristics into a comprehensive, interoper-
able system (interoperability meaning the
ability to exchange and use information).
Miniaturised integrated systems often use
technologies from optics, mechanics, elec-
tronics, fluidics and thermo-dynamics and
make use of various materials - silicon and
non-silicon (e.g. polymers). Biological compo-
nents are used, too. Systems integration may
be based on monolithic, hybrid, multi-chip
modules or other techniques spanning several
scales of size in a range between nano and
macro. Such a broad definition reflects indus-
trial reality and the large potential for minia-
turization to improve existing products and
create completely new ones. “Smart System
Integration” using integrated micro and nano-
systems, put also particular emphasis on the
clever interfacing, interaction and communi-
cation of the integrated smart system with its
environment, with other smart objects and
the system environment it is embedded in.
Smart systems integration will make a signifi-
cant impact on the competitiveness of entire
sectors such as aeronautics, automotives,

homeland security, logistics, medical equip-

ment, process engineering, new communica-

tion media and many more.

Smart Systems Integration - Techno-
logical Challenges

Systems integration has several facets: inte-
gration of different components and functions
into a small system, integration into the mac-
rosystem, and integration into the application
system. All raise new technological chal-
lenges. So far a parallel development of vari-
ous technologies has been sufficient to meet

customers’ needs.

A major challenge is to integrate the multi-
tude of different components, produced in
very different technologies and materials.
The link between application and technology
has to be tightened, both in research and in
product development by systems integration
methodology and technology, and by adapting

organisational structures.

These challenges are a unique chance for
European researchers and technicians to use
their technological excellence and consoli-
dated knowledge in miniaturisation tech-
niques, system know-how and manufacturing
processes to achieve a unique selling proposi-

tion.

Systems Integration — a progressive combining
of components to merge their functional and
technical characteristics into a comprehensive,
intearated and interoperable svstem.

The systems approach calls for integrated
design and manufacturing and the transdisci-
plinary combination of technological ap-
proaches and solutions. A set of compatible
technologies and design tools will ease the
combination of different modules. In the me-
dium term, technologies can be expected that
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exploit unique nanometer scale phenomena
integrated into microscale and macrosystems,
providing integrated systems with unprece-
dented functionality and performance. To
achieve this, numerous problems must be
solved, e.g. coupling molecular level struc-
tures and devices to larger-scale platforms
and devices, combining "top-down" and "bot-
tom-up” assembly in order to create new
classes of functional materials or to manufac-
ture an integrated system, controlling the
interface between Dbiological and non-
biological components in one architecture,
and coupling mechanical forces across nano,
micro and macro scales, including the control

of fluid-state transport or optical behaviour.

Smart Systems Integration will perform the
functional connection of components and

subsystems on several levels:

e Component level (Design, develop-
ment and manufacture of miniatur-

ised elements - “element level”)

e System level (integration into a macro

system - "handling level")

e Application level (integration into the

overall system - "product level”)

e Process level (integration of produc-
tion processes, including design,
simulation, verification - “manufac-

turing level”)

Smart System Integration is the key for “pro-
ductising” the enabling potential of technolo-

gies like nano-technology and biotechnology.

5 Europe’s Position

Increased investment in knowledge and inno-
vation is at the heart of the Lisbon ambition.

What is the European position in this area?

A comparison between the US, Japan, and the
European Union shows that Europe is not be-
hind in terms of R&D expenditure in the pub-
lic sector. This applies both to publicly fi-
nanced R&D activities and to R&D activities

performed by public institutions.

There are about 3,300 um'ersity institutes in
the European Union. The number of students
at these universities is growing. In 2000 there
were approx. 12.5 million, ten years earlier
about 9 million. The universities employ 34 %
of all researchers in Europe, with strong
variation between Member States (26 % in
Germany, 55 % in Spain and more than 70 % in
Greece). The European Union has more sci-
ence and technology graduates than the
United States, but fewer scientists than the
other leading technology countries. This
paradox is probably due to the lower em-
ployment of young scientists in Europe, par-
ticularly in the private sector: only 50 % of
European scientists work in enterprises, as
against 83 % in the United States and 66 % in
Japan. Universities carry out 80% of basic

research in Europe.

The absolute gap between the United States
and Europe in the volume of publicly per-
formed R&D activities is relatively limited.
The last decade of the 1990s saw a slight

European lead.
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The volume of scientific research in the EU -
measured, for example, in terms of the num-
ber of publications per researcher, or per
millions of euros spent on public R&D - is not
below the United States. The absolute growth
in internationally accepted scientific articles
in Europe has been higher than in the United
States. This suggests that in both scientific
inputs and outputs Europe has not been lag-
ging behind the US. Other analyses, e.g. of
numbers of patents, confirm this impression,
and indicate that Europe has not been lagging
behind in awareness and diffusion of scientific

knowledge.

This (“British research”) paradox ... was ele-
vated to a European paradox in the 1990s fairly
quickly.

Luc Soete, International Workshop on “Re-
search Policy: Incentives and Institutions”,
Rome, 2002

The weakness in European R&D seems to be
what was once termed the British research
paradox®. Europe has good science and tech-
nology but is risk-averse and performs poorly
in terms of innovative, market-oriented appli-

cations.

The European knowledge paradox appears to
be grounded in inadequate cooperation and
weak links between public and private R&D.
Innovative technologies are not developed for
use in (mass) production but to demonstrate
proof of principle among academic col-
leagues. In order to use academic research

results in industry it is often necessary to

6 In the early 1960s, Britain appeared good in terms of
scientific performance and technological inventions, but
poor in terms of innovative, market-oriented applications

begin the technology development all over

again.

EU Member States’ research policies have
generally raised the quality of public research
in Europe but have not lead to specialisation
of research, rather to further research dupli-

cation.

The European Research Area also comprises
the private research performed in Europe,
and it is precisely this research that is ex-
pected to encourage the future development
of the EU towards a knowledge economy.
Public policy oriented towards private re-
search, and the link between public and pri-
vate research, helps to avoid an even larger
European research paradox and its conse-

quences.

In spite of the high scientific quality of Euro-
pean research, the US has gained a significant
advantage in many but not all scientific ar-
eas. Some of these technology areas are cur-
rently hard-fought between the technological

great powers. In some Europe is in the lead.

The design and development, integration,
manufacturing, testing and quality manage-
ment of integrated and complex systems is
doubtless one. Producing multi-functional
micro-components needs an engineering de-
sign process aimed at transferring a technical
concept from the ‘idea’ phase to a commer-
cialized product. Europe has strong engineer-
ing knowledge and scientific tradition, and a
competitive infrastructure in research and
manufacturing. Foundries and device makers
are located in all major industrialized coun-

tries.

This raises the question of how to use this
winning margin for the enhancement of the

European research and innovation process by

Page 16



the rapid introduction of new products onto
the market, the implementation of new com-
petitive production techniques, the right or-
ganisational framework, the creation of new
innovative companies, the local innovative
and entrepreneurial culture, launching sup-

porting measurements etc.
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6 Exercising Options -

Providing Solutions

Europe’s competitive position

The European countries currently hold a good
competitive position in Smart System Integra-
tion internationally. The reason for this is the
huge research competence in different fields
of microtechnologies, bio- and chemical tech-
nology and microfabrication, a diverse and
internationally competitive industrial land-
scape for using the results of these along the
value-added chain, and investments in public
funding in recent years. This good basis and
the opportunities of Smart System Integration
in Europe have to be exploited and devel-
oped. This chapter illustrates some applica-
tion fields for Smart System Integration. In
some cases the markets for these applications
are still emerging but it is clear that once a
mass market begins to appear US and Far
Eastern governments will spare no efforts to

respond very effectively.
Leadership in Automotive

Automotive is one of the strongest industries
in Europe, which is also where applications
based on a combination of elements of micro-
technologies first started to be industrialized,
e.g. acceleration sensors, navigation systems.
Smart systems were also introduced to meas-
ure and reduce concentrations of pollutants
to improve air quality, support active security
systems, emergency functions, and deliver
comfort functions, new displays and a number
of communication items. One of the most
important applications with an enormous po-

tential are driver-assistance systems. They

support drivers by “preparing” decisions and,
by use of cogno-abilities, make decisions ab-
solutely reliable and earlier than a driver can

alone.

Maintaining and improving mobility of citizens
and goods and the associated transportation
system are essential for the development and
creation of wealth within any society. Road
transport is the most common and accessible
mode of transport for individuals as well as

for commercial needs.

Important challenges for Smart Systems for
automotive applications in the near future

will be

e Production costs (on component and

system level)

e Production technologies based on

mainstream technologies
¢ Flexibility and scalability of systems

¢ Integration factor and performance

(at very low cost)

e High Reliability (<1 ppm/10 years) in

harsh environmental conditions

(T>150°C)
e Ultra-low power for all systems

Important new fields of application for Smart

Systems for automotive applications will be

Accident Prevention - Vision enhancement
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With the ageing population in Europe (in 2030
about one-third of the population will be
older than 60 years) vehicles must offer older
drivers an opportunity to remain independent
and mobile. These drivers will have a pro-

longed recognition and reaction time.

Older people also suffer from weak eyesight,
which increases their probability of being

involved in an accident.

Better lighting, infrared cameras and object
recognition systems are new developments
that could provide additional information to
drivers, displayed on a screen. With
nanotechnology there is hope for smart inte-
grated electronic-bio-cognitive systems that
could allow the vehicle to provide this image
enhancement information directly into the

driver’s eyes.

More complex Smart Systems could even pro-
vide vision capabilities for blind people, al-
lowing them to drive vehicles and hence be

independent and mobile.
Navigation-in-Mind

Navigation systems in vehicles offer useful
information to the driver, but they are user-
unfriendly. The driver must type in a destina-
tion and then keep looking at a navigation

console to get the navigational information.

With a Smart System, it is possible for the
vehicle navigation system to provide pre-
processed information to the driver’s mind so
that he can follow the route using his own
imagination. The mind could also trigger in-
telligent queries to the navigation system,
e.g. “What is the name of the street in which
| have to turn next?” or “Is there a fast-food

restaurant near the current position?”.

The most important features and components

of such a Smart System are:

e Radar and video sensors with a 360-

degree view
e Forward-thinking car
e Accident prevention behaviour
e Zero accidents due to driver fatigue
e Autonomous braking

e Pre-crash sensing, blind spot and pe-

destrian detection
Driving Comfort - Dynamically moulding seats

The seats in today’s vehicles are universal
seats, designed to be appropriate for all kinds
of body physique (high, short, fat, slim, etc.).
One could imagine future seats made out of
an intelligent material that moulds itself to
fit the person sitting in it. Integration with
biological smart systems on the driver’s body
could allow the seat to determine how the
backbone or the neck feels in a certain con-
figuration. Any pain or numbness could be
detected by the seat and the seat could re-
configure itself to provide comfort to the

driver.
Individual characterization of a vehicle

The vehicle’s whole body could be made of an
intelligent material composed of small con-
figurable systems integrated to the vehicle’s
computer. The driver could then select a col-
our or pattern for his vehicle from his on-
board computer and the vehicle’s body would

adopt the selected colour/pattern.
Such a Smart System for convenience provides

e Capability for a fully personalised car
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e Efficient Human-Machine-Interface
(HMI): easy to operate, operator con-

venience, voice and gesture control

e Mood sensitive/adapted reaction of

the car (for driver and driving)
e Ensuring driver’s wellbeing

e Tailored entertainment and informa-

tion adapted to driver preferences

e Personalized displays, head-up-
displays, flexible OLED displays, pro-
jection displays, displays covering

large areas of the dashboard
e Switchable colours
e Solar cells integrated in the paintwork

Driving Behaviour - Emotion-driven Automo-

biles

Through system integration of the vehicle’s
electronic control systems and cogni-
tive/biological smart systems within the hu-
man body, vehicles will be able to sense the
driver’s emotions. The engine power, re-
sponse behaviour of brakes, shifting of gears
could all be configured by the vehicle to fit
the driver’s emotions. For example, if the
driver were in a hurry, the vehicle would de-
tect it and enable faster acceleration and
sharper braking, the cell phone could be
switched off automatically and the music
volume turned low to avoid sudden noises
that could divert the driver’s attention from

the road.

When a driver’s adrenaline or heart beat
reached a level indicating lack of confidence
in his own driving behaviour, then the vehicle
could reconfigure engine power, gear-shifting
behaviour etc. in order to encourage the

driver to slow.

Driver’s health / consciousness

Alcohol and drugs are frequently the cause of
accidents, especially among young drivers.
Through integration of the vehicle’s elec-
tronic systems and body-side smart biologi-
cal/cognitive systems, the vehicle could de-
tect if the driver is able to react sufficiently
fast to danger situations. If the vehicle de-
termined that the driver is not well, drugged,
drunk or had lost control of the vehicle, it
could switch on driver assistance systems that
would warn other drivers of danger. The sur-
vival chances of a drunk driver would be in-
creased if the vehicle advised the driver how
to behave. In extreme cases, where a severe
danger was detected and the vehicle sensed
the driver’s inability to respond adequately,
the vehicle could react on its own to avoid an

accident.
Relevant features enabled by Smart Systems:

e Automated travel on special lanes
may be possible, self-navigating vehi-

cle
e Automatic parking
e Stop-and-go adaptive cruise control
e Personalisation

e Propulsion: Integration of sensors-

actuators-management
¢ Intelligent chassis control
e Xx-by-wire
e resource efficiency

Vehicle Security - Vehicle theft detection

information

Modern vehicles detect theft attempts and
inform the police and/or the owner using

long-range wireless communication technol-
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ogy. An almost invisible smart molecular-
nano-electronic system within the vehicle
could detect useful information about the
thief, current location etc. and transmit it to

the police or vehicle owner.

Smart Integrated Systems for automotive ap-
plications will replace existing mechanical
solutions in still further ways and in a time-
frame which are difficult to estimate today.
New areas of technology are likely to de-
velop, e.g. micromechatronics, nano-based
intelligent catalysts or driver assistance sys-

tems.
Competitive Aerospace

The European space sector is competitive on
the world market, achieving significant roles
in scientific programmes, navigation and
communication systems, remote sensing,

launchers and space infrastructures.

Applications for governments and citizens

Space applications are increasingly becoming
an integral part of major regional and global,
institutional and commercial infrastructures
in Europe. Governments and citizens are more
and more dependent on the use of space-
based systems, or are becoming increasingly

aware of their enormous potential to:

e achieve greater security for all: pre-
vention and management of conflicts
and natural disasters, meteorology,

environmental security, rescue at sea

e develop the economy: navigation,
communications, natural resources

management, meteorology

e contribute to social progress: equal
access to information, distance learn-

ing, telemedicine

e open up new spheres of knowledge

and inspire future generations

Space activities today form an integral part of
a political, social and economic environment
which is exerting an increasingly powerful
influence over the development of the tech-
nological capabilities of the European Union.
Europe faces the opportunity and challenge of
increasing commercial space applications, in
particular with the growth in telecommunica-
tions and especially global navigation satellite
systems. Smart System integration technolo-
gies comprise a wide range of innovative
spacecraft concepts. The creation of EADS
Astrium promises to improve European com-

petitiveness on the world market.
Today’s challenges

The benefits offered by Smart System integra-
tion technologies of reduced mass, size and
power requirements, when combined with
possible cost reduction (use of mass produc-
tion capability), robustness and enhanced
performance through high levels of integra-
tion, are clear. The technology will be espe-
cially beneficial for missions where mass is

critical.

The space community is exploring the advan-

tages of microelectronic devices, microelec-
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tromechanical systems (MEMS), and the rap-
idly evolving micromachining technologies,
for enhancing the mission capabilities of
“next-generation” micro- and nano-

spacecraft.

A~

W

They will permit the installation of devices
which will outperform the simple systems
installed on their earlier grandparents by

many orders of magnitude.
Nanosatellite Concepts

The present vision is one of swarms of micro-
and nano-spacecraft circling Earth, the Sun or
other planets in the solar system, performing
critical and highly complex tasks, interacting
with each other and with the ground or space
operators, and with a high degree of autono-
mous control capability. Advanced micro- and
nano-spacecraft with distributed functionality
could replace large and expensive conven-
tional spacecraft, with the additional advan-
tages of increased survivability and flexibility.
In this scenario, very small satellites (<30 kg),
alone or in constellations, have been pro-
posed for a number of missions both in the

commercial and in the scientific segment.

Very small satellites can significantly reduce
mission costs as launch costs - which are
roughly 30% of mission costs - are largely de-

pendent on spacecraft mass.

Future nano-satellites are expected to be
much more advanced than today’s. Future
nanosatellites could use advanced smart sys-

tem integration with substantial modularity

(‘plug and play’ modules), and advanced inte-
gration could build a smart instrumentation

into the structure.
Benefits from Smart Systems Integration

In the longer term, satellites will be further
miniaturised. Smart System integration tech-
nology can be used to get very small nano-
satellites. New technology will open up new
possibilities for scaling down. Only where the
physics dictate that MNT is inappropriate will

the current design of spacecraft prevail.

For instance, resistors can be implemented
using thick film metallisation and laser trim-
ming. The active components like amplifiers
and microcontrollers will be integrated at the
die level, i.e. without the need for chip hous-
ing. The electrical connections will be wire-

bonded or metallised.

The laminating of components into the carrier
material will enable three-dimensionally

stacked multi-layer modules.

The whole multi-layer including sensors, sig-
nal conditioning, controlling and communica-
tion, can be seen as a new smart system alto-
gether. These micro packs will have a range
of advantages such as small size, modularity,
robustness, low cost, etc, which are of high

value for space applications.

Multiple micro packs can be combined to op-
erate in swarms, enabling new functionality

such as resource-sharing or measurement
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functions. Data fusion will allow handling of
the whole as a common system. Reliability
and repair management will be easy: faulty
systems can have their functionality replaced

by healthy ones.

Smart System integration technologies will
ensure safe and stable operation during the
whole mission. They will ensure European
competitiveness on the world market for

space applications.
In-Time Logistics & Retailing

Transport and logistics play a growing role in
the development of modern economic sys-
tems. They are the backbone of sustainable

economic growth.

Their importance varies according to the loca-

tion of an activity in the supply chain and the

bulkiness of products.

Moreover the trade and retailing industry has
been undergoing fundamental transformations
in recent years. The changing economic and
political circumstances as well as the con-
tinuously shifting of expectations of consum-
ers require flexibility and innovative power. A
permanent task for these businesses in this
context is the continuous optimization of

processes.

Europe faces complex challenges in logistics:

e  High availability of products
e Improved quality assurance

e Efficient inventory and warehouse man-
agement

e  Low warehousing and transportation
costs

e  Quick and precise control of the supply
chain

e  Permanent inventory

More varied delivery patterns will result in a

mixture of different stock-holding strategies.
Intelligent solutions are required.

A new application for Smart System integra-
tion, but in Europe one regarded as having a
high potential to become a mass market, are
smart labels used for logistics and retailing.
The basic approach is to attach RFID chips to
loading equipment, boxes, or directly to
goods, in order to track, trace, and monitor
the commodity flow via stationary readers.
Expected benefits for strengthening European
competitiveness in this sector are reduction
of logistic costs and better support for up-to-
date logistic concepts like supply chain man-

agement and efficient consumer response.

Chipless and read-only RFID systems have
been used for years in numerous low-level
applications like animal tracking, theft pro-
tection, and access control. Really ‘smart’
labels, i.e. read-write systems with a chip of
their own and possibly sensors and a battery,

are still under development.
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Challenges and opportunities for such systems

are:

e Use of Smart System integration to

achieve a smart combination of systems.

Aim: clever system integration improves
cost efficiency of the design process, the
production process and the maintenance

of the complete system

Approach: Each component of a smart
RFID tag, involving several process steps
(chip, antenna, inlay, etc), is designed so
that the production of the entire tag be-
comes much more cost-efficient than at

present.

e Use of Smart System integration to
achieve smartness by combining different

systems.

Aim: combining a set of systems creates a
complete system which is predictive, self-

learning, error-tolerant, etc.

Approach: by combining tags, readers,
communication systems, and new applica-
tions in back-end and front-end com-
puters, a holistic RFID system can be de-
veloped that provides a self-correcting,

real-time supply chain for retail shops

e Use of Smart System integration to han-

dle a combination of Smart Systems.

Aim: Systems that in themselves are al-
ready predictive, self-learning, error-
tolerant, etc. are combined to improve

their “smart” characteristics

Approach: A new type of RFID tag would
combine not only data (i.e. EPC data) but
also sensors and actuators that enable
immediate action within the self correct-
ing real-time supply chain without back-

end connection at all locations

There is huge potential for European indus-
tries to innovate in components, structures

and process organisation.
Future-proof with Life Science

Ageing is increasingly a challenge for Europe.
It is estimated that by 2050 the number of
people over 60 will have doubled to 40% of
the total population (60% of the working age
population), Over the next few decades, the
"baby boomers”, the largest generation, born
in the 1950s and 1960s, will start to retire.
The situation will be exacerbated by the very
different expectations and life expectancy of
their parents and grandparents. The future
structure of the health market depends criti-
cally on the national health-care regulatory
environment and the preference structures of

individuals.

Ageing is increasingly becoming one of the
most salient social, economic and demographic
phenomena of the near future. In Europe the

problem will be acute.

The Ego Patient

The currently most realistical scenario is the
"Ego Patient” scenario, which is characterised
by high private expenditure for health prod-
ucts and services, provoked by a growing mar-
ket with lots of innovative offerings. The
combination of a market economy and per-

sonal responsibility in health care provide -
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together with voluntary expenditures for
health - a higher-than-average growth poten-
tial (consumer market). Innovative health

products will profit from this development.

Life Sciences have become an interesting and
economically significant field in Europe. The
elderly will need healthcare, pensions, hous-
ing, and community care - and on a greater
scale than ever. Smart care, health care,
self-therapy and self-diagnosis as well as
ambient assisted living are the drivers for
use of smart systems in this application field.
There is substantial interest in Smart System
integration for medical applications which
hold the promise of revolutionizing the way
people receive treatment. Smart System
technology can act as an “enabling technol-
ogy” which makes specific biotechnological

and (bio)-medical applications possible.

One fits all?

The number of medical and life science prob-
lems that could be addressed by Smart Sys-
tems is huge. However, in the vast world of
medicine and life science the challenge is

always to develop products that perform their

task with exceptional reproducibility. No sin-
gle device can possibly cover the spectrum of
applications. Platform technologies with a

clear potential for differentiation according

to the application can be successful. Smart
System integration will provide this opportu-

nity.

Smart System integration technology holds a
great deal of promise for elaborate miniatur-
ised fluidic systems including possibilities for

data processing in an elegantly simple way.

For example, the use of DNA micro-arrays as
highly parallel tools for decoding the func-
tional significance of billions of bases of ge-
netic code has led to the use of semiconduc-
tor technologies for patterning these parallel
devices. Another approach, involving directly
controlling surface chemical reactions using
an active semiconductor device, has a great

number of potential applications.

These possible applications will provide long-

anticipated improvements in
e Preventive/predictive healthcare
¢ More personalised healthcare

e Earlier diagnosis and treatment of cancer,
Alzheimers disease, diabetes and other

widespread diseases

e Detection and avoidance of epi-

demic/pandemic
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e Advancement of peoples well being and

well feeling

To be successful, Smart Medical&BioSystems
must meet the requirements of a demanding
market. The more complex the device (e.g.,
“sample-to-answer” concepts), the more

challenging the specifications will be.
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Materials — a critical factor

There are critical challenges in the area of
materials. For example, materials developed
for the microelectronics industry were never
intended for medical/biological applications.
Many materials used in semiconductors or
their packaging are unsuitable for biological
applications. Changes in manufacturing tech-
niques will be needed to succeed. Biological
samples can be highly sensitive to surface
chemistry, and most biological systems are
optimized for low protein binding and low
background fluorescence applications. Semi-
conductor devices have never performed well
in warm aqueous solutions containing large
amounts of chloride ions - the one common
denominator of most biological fluids. Hybrid
devices made with combinations of materials
can solve many of these issues. However,
multi-material approaches also present their
own technological hurdles. Smart System
integration technologies can address these

challenges.

Silicon, though versatile, cannot possibly
meet the technical requirements for every
type of bio & medical application. The micro-
fabrication of polymers has economic advan-
tages and is an attractive alternative route

for developing Smart Medical&BioSystems.

Using hybrid silicon devices for non-volatile
memory applications such as serial number
incorporation may allow existing technologies
to leverage hybrid multi-material bio-
nanotechnology in familiar ways. An example
are cellphone-like miniaturized devices that
can rapidly scan, sequence, and identify sig-
natures of DNA, proteins, and infectious
agents; their development is likely to be
driven by the combined demand of personal-

ized diagnostics, forensics, and defence mar-

kets. Implantable Smart Systems for real-time
diagnostic sensing and biological augmenta-
tion of endocrine, neural, and visual functions
are entering the realm of the possible. Such
ambitious applications are likely to be driven

by Smart Systems integration technologies.

Materials expertise will be critical for success.
Whether biology will begin to follow Moore’s
Law will depend on whether silicon can de-
liver on its promise of more rapid, more par-
allel analysis with the ability to interrogate
increasingly smaller amounts of biological
sample without adding to the tremendous
amount of “noise” that is biological variabil-
ity.

New manufacturing procedures have allowed
miniaturized, mechanical construction ele-
ments to be linked with electronic compo-
nents in recent years. The extreme miniaturi-
zation and the reduced energy consumption
enable wide-spread application. The minia-
turization of surgical instruments took mini-

mal invasive surgery to a higher level.

Biotechnological application will also benefit
from Smart Systems. Applications in analytics
and diagnostics play the major role here, like
the determination of nucleic acids, peptides,
proteins, biochemical or cellular components.
Micro detection and microfluidics are perhaps

the most important disciplines in life sci-
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ences, since usually “weak” signals of biologi-
cal reactions have to be detected in liquid

systems.

Smart Systems technology will powerfully
influence the upcoming era of individualized
medicine. It will have a considerable impact
on public health systems in Europe, which are
currently in a process of change due to obso-

lescence.

Smart Systems technology in life sciences is a
recent application field and market penetra-
tion in Europe is at its beginning. New prod-
ucts and devices are expected to emerge
soon, e.g. integrated smart systems for lab-
automation of various biological, medical and
pharmaceutical analyses, technical platforms
for cell analysis and cell handling, micro cul-
tivation systems, stand-alone devices for mo-
lecular diagnostics or biodetection systems

for contaminated sites.

SMEs will have opportunities to create their
individual portfolios of core technologies to
use Smart Systems integration for new health-
related products. Earrings can check stress via
the body’s blood volume pulse. A running bra
can measure respiration rate and muscle ten-
sion. A shoe can track skin conductivity, an-
other sign of stress. A glove can double as a
computer text editor. A ring can silently re-
cord the wearer’s vital signs, contacting a
physician by computer if necessary. Because
the user of such products is not normally able
to interpret the complex data, the integration
of a “sample-to-answer” concept as a human

interface will become an important necessity.
Interdisciplinary Approach

An interdisciplinary approach means links bet-
ween disciplines, e.g. between material sci-

ences, microsystems and RF techniques for a

new class of implantable sensor to detect
blood pressure, flow rate and other key in-
formation from deep within the body and able
to wirelessly transmit the collected informa-
tion to equipment located outside the body. A
similar Smart system could be used to monitor
the pressure within an aortic aneurysm and in

the treatment of congestive heart failure.

Flexible with Polytronics

In addition to “traditional” approaches for
silicon-based applications, and increasingly in
combination with them, polymer electronics
today already covers the development and
application of active and passive electronic
and optical devices, based on organic and/or
inorganic materials and their complex system

integration.

The increasing interest of the industry can be
seen primarily in the advantages of polymers
in comparison with conventional semiconduc-
tors, i.e. their mechanical flexibility, simple,
economical and extensive workability by the
use of solvent processes (spin coating, spray-
ing, printing, etc.) and the possibility to op-
timize their characteristics by chemical modi-

fications.
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Polytronics opens up new innovative possibili-
ties that connect applications like transistors,
LEDs, detectors, sensors, actuators and dis-
plays with features like flexibility, free design
and novel combinations of functionality. The
mid-term goal is to integrate a variety of
electronic functions, such as sensing, comput-
ing and information storage, into a wide
range of materials, including consumer pack-
aging, and to enable all these to communi-

cate via low-cost radio frequency technology.

Polymer-based electronic systems will play a
key role. In developing these new technolo-
gies, European researchers and engineers can
aim to apply existing system and circuit-
design expertise gained from their work on
advanced silicon systems to new materials
and devices that can be manufactured at

substantially lower cost.

In principle two fundamental trends in poly-
tronics can be observed. The first is the de-
velopment of active suitable polymer elec-
tronics for simple products ("disposable elec-
tronics”) which today due to cost limitations
can only partly be covered by silicon. For this
high-volume printing technologies suitable for

mass applications are being developed.

The second trend in polymer components can
be seen in the manufacture of hybrid micro-
systems. Examples include: active smart
cards, which contain polymer batteries and
displays, e.g. for showing account balance;
smart labels with integrated temperature
sensors and self-sufficient power supply for
monitoring the cold chain in the food indus-
try; disposables for medical applications, and

electronic paper and electronic books

This technology can be expected to lend itself

to many different applications. The simple

printing process for manufacturing means that
SMEs should have many opportunities for
adopting the technology to create innovative
products responding flexibly and fast to cus-
tomer demand. The creation of lucrative

niche markets is possible.

Mass market applications are also in view.
Logistic service providers and manufacturers
around the world are eager to see the devel-
opment of low-cost RFID chips and smart tags
to replace bar codes. One possible application
for the technology would be to print RFID
chips directly onto consumer packaging.
Manufacturers of medical devices, e.g. for
self-diagnosis or self-therapy, may also be
able to use the technology to provide even
more complex smart active systems in the

form of low-cost disposable devices.

A polymer-based RFID chip functions just as a
silicon RFID chip does, but polymer-based
chips are cheaper to produce. An expensive
semiconductor fabrication facility with clean
rooms is not necessary. The replication tech-
nologies are very similar to (ink-)printing
technologies, and a polymer-based chip, be-
ing made of plastic, is more flexible and thin-

ner than a silicon chip, which is rigid.

Page 29



Components based on a basic organic poly-
meric semiconductor technology will be ap-
plicable in many advanced applications re-
lated to hospital-patient monitoring and
tracking, supply chain management and large
flat-panel displays. They can replace more
expensive silicon solutions but also enable

completely new applications.

Smart Systems based on polytronics can ad-
dress multiple industry segments. Within the
healthcare industry, applications will include
patient monitoring, asset tracking, inventory
control of pharmaceuticals and medical
equipment, and other forms of information
management. Other targeted industry seg-
ments will include the semiconductor, paper,

chemicals and computer industries.
Prospects in ,,Unforgettable“Systems

All Smart Systems need efficient memory.
They need to be able to diagnose a situation,
describe it and qualify it, mutually address
and identify each other, to be predictive and
decision-capable, and enable the product
where they are within to interact with the
environment. The ability of storage the ac-
quired data, information is undoubtedly a

basic requirement of Smart Systems.

Storage and memory technologies will have to

satisfy at least the following requirements

e Conveniently store huge quantities
of information, often with stringent
requirements on data density
(memory size), security and price

e Process this information to allow
practical and efficient handling

e Transfer the data at high speed

With the growing usage of networking sys-
tems, more and more data will flow from

complex networks of sensors and wired or

wireless components, for health, process

automation, workflow, traffic...

A second key challenge is the capability to
handle such data flows while preserving se-
curity, privacy and accessibility. This will
require the combination of all available in-
novations in memory technologies and radi-
cal evolutions in the treatment of informa-
tion at all levels based on integrated smart
systems (sensor, processing, collecting, back
up...). The “no data loss” criterion will be

the norm.

This huge flow of data will be used to im-
prove work productivity, health monitoring,

safety applications, logistics, education...

)
et "

Data storage appears to be central to all
smart system applications. Enhanced mem-
ory performance could be the driving force
leading to better system behaviour and per-
formance. A memory is always a strategic
part within a however smart system. The
race for increased performance requires the
use and improvement of diverse and wide
areas of technological know-how in mechan-

ics, semiconductors, magnetism, and optics.

. a device in which an individual stores all
his books, records, and communications, and
which is mechanized so that it may be con-
sulted with exceeding speed and flexibility".

V. Bush, As We May Think, 1945
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Products based on smart systems will satisfy
consumer needs, but also more targeted
applications such as process automation,
security issues, applications for mobility,
space missions, health monitoring, with the
continuous recording of parameters. Huge
amounts of information will need to be
stored, all accessible in several manners. The
size of the necessary memory will be in the
TBits range, and new ways to handle the
complexity of the stored information have to
be designed.

Many of the exciting visions of progress build-
ing upon advances in Smart Systems integra-
tion will require progress in mass data stor-

age technologies.

Mobile or “un-tethered' (smart) systems are
on the way to replace the PC as the domi-
nant memory-using electronic platform. Ex-
amples of such un-tethered devices are nu-
merous and include laptop computers and
personal digital assistants as well as digital
video and mobile telephones.

The change of dominant platform, from
“tethered' PC to hundreds of applications of
‘'un-tethered' devices, will have to be consid-
ered in R&D-roadmaps of future applications
of memory technologies.

The change in dominant electronic platform
is not the only reason to look at future stor-
age technologies. The need for storage ca-

pacity has driven the areal density at which

data is stored ever higher. This is primarily
due to the now well-known super-
paramagnetic limit, and many novel ap-
proaches are being considered for overcom-
ing it.

It will probably not be long before an indi-
vidual bit on the surface of a disk is of mo-
lecular or atomic size.

There are reasonable prospects for nano-
scale, and even molecular or atomic, surface
storage as alternative approaches (to con-
ventional optical, magnetic and solid state
storage techniques) and using new materials
and technologies of Smart Systems integra-

tion.
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7 Objectives of the Euro-
pean Technology Platform
on Smart Systems Integra-
tion

Developments towards realising smart systems
integration will continue to need significant
investments in human resources, research
infrastructure, equipment, and knowledge
and would benefit a strategic approach, a
common vision and common research agenda.
A European Technology Platform is considered
to be the preferred instrument to put fore-
ward such a strategic approach. A primary
objective of such a European Technology Plat-
form (ETP) therefore will be to mobilise a
sustainable critical mass in the European Re-
search Area (ERA) which will concentrate
common structured efforts in the seminal
technological field of Smart System integra-

tion.

The European Technology Platform on Smart
Systems integration must address the follow-
ing issues in order to obtain significant struc-

tural improvements:

e Understanding the systems-centric view

of tomorrow’s world

e Harnessing, exploiting and utilising cur-
rent capabilities (technical and intellec-
tual)

e Enhancing European competence in
knowledge management and metadata

management

e Establishing scenarios for current prod-
uct/technology developments (hard- and
software) as well as for future applica-

tions.

Translate the Smart Systems Integration
vision and product/technology scenarios

into common Research Agendas

New integration technologies, new mate-
rials, new packaging technologies for sys-
tem integration, testing, design, etc. as a
basis for new products and production

methods

Micro- and nanotechnology (MNT) manu-
facturing issues for European industry:
design and foundry concepts for microsys-
tems as well as nano-particle processes
and back-end or packaging issues includ-
ing equipment for MNT manufacturing,

metrology and characterisation

Shared “open” access to excellent but
dispersed research infrastructures:
Europe-wide strategy for managing the

distributed research infrastructure

Standardisation of processes, interfaces

and tools.

Implementation of Intellectual Properties

Rights Protection

Development of multi-disciplinary human
resources, skills and flexible mobility in

Europe

Reduction of barriers between new and
old EU Member States and candidate
countries and improved co-ordination,

communication and information

Research and Innovation ecosystems for
emerging smart integrated systems
and/or smart system integration tech-

nologies.

Greater public awareness, acceptance

and buy-in

Page 32



e Preparedness against disruptive techno-
logical changes and promotion of compe-
tition and commercialisation of research
results considering the role of SMEs in the

supply chain

Europe has developed strong resources in the
microsystems and smart system integration-
sector over the last decade - through private
and public initiative - and an encouraging
position for building a competitive European
innovation cluster has been achieved. Further
progress requires a change in paradigm in
terms of aggregating the heterogeneous in-
dustry and research community and of devel-
oping new instruments for interdisciplinary
and for applied R&D activities as well as new

models and formats of policy support.

The European Technology Platform on Smart
System Integration is a tool to support these

efforts in an effective manner.
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8 Structure and Govern-
ance of the Smart System
Platform

A number of permanent expert working
groups as the operational element will be

created after the launch of the platform.

High Level Group

Mirror Group —l_—
Steering Committee [

; 1 —— ]
WG Aerospace WG Aut i l " WG NN
| utomotive f wa ICT [wa MedTech WG Logistics
t T T

Platform structure

office

I?retaries

Each working group will be led by an industry
representative and will involve representa-
tives of public research, universities, public
authorities and scientific, industrial and civic
associations which are deeply involved in the
targeted field of the respective working
group. Each group should develop a long-term
vision and implement a corresponding road-

map.

In addition to the working groups, a steering
committee will be formed to deal with all the
cross-sectional issues related to framework
conditions for research targets and directions.
Such cross-sectional issues include securing
the necessary financial and human resources,
initiating development of adequate education
and training structures as well as issues of
standardisation. A specific task will deal with
strategies, methodologies and measures for
faster and more effective implementation of
research results and technology advances into
product applications, process modernisation
and organisational innovation. This group will

also provide an operational link to the Euro-

pean Commission, other public authorities
and to the working groups, with the aim of
establishing an innovation framework in Smart

System integration for companies in Europe.

Above this operational structure, a High Level
Group (HLG) will guide the overall strategic
development of the Technology Platform. The
HLG will provide the link to the European
Commission and to other thematically related
European Technology Platforms. The chair-
man of the HLG will be a senior industry rep-
resentative. The work of the platform will be
supported by a dedicated secretariat. The
main tasks of the HLG will be:

e representation of the Technology
Platform to the public and to policy

makers

e initiation, restructuring and termina-
tion of working groups (and other

special task groups, if necessary)

e development and updating of the
Technology Platform’s overall mission

and long-term strategic targets

e initiation of partnerships with other
Technology Platforms, public and/or
private funding programmes or bod-
ies, public authorities or other rele-
vant partners, and the definition of
goals and conditions of such partner-

ships
The tasks of the Working Groups will be:

¢ development of a long-term vision, of
innovation targets and a strategic
roadmap, for merging these efforts
into a strategic research agenda to
support the development and applica-
tion of Smart System integration in

Europe.
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e development of the platform into a
key scientific, industrial and political

reference

e definition, preparation, acquisition,
evaluation, benchmarking, guiding
and launching of specific research
programmes, innovation and other-

supporting activities and projects

e publicity at European as well as at in-

ternational level

e preparation and internal and external

dissemination of activity reports

A Mirror Group will be set up composed of
high-level representatives of the European
Commission and EU Member States, interme-

dians, and politicians.
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9 Disclaimer

This document has been compiled from many
contributions from many individuals in indus-
try, academia and elsewhere who have taken
part in this initiative to set up a European
Technology Platform on Smart System Inte-
gration. The author has made every effort to
include all views and to verify all figures and

statements.

The paper is intended to serve as an input for
a more intensive discussion. It should provide
the rationale for and support the mobilisation
process in politics, research and business that
is needed to implement a coordinated initia-

tive which includes all stakeholders.
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